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Congress Joint Session . Pinna nobilis crisis
(C5 -C6)
Moderator : Gionata De Vico

Moderator's Synthesis

The session was introduced by a short report by Prof. Gionata De Vico on the state of the art of the crisis
involving Pinna nobilis, the largest bivalve in the Mediterranean, which has been in decline since 2016
due to repeated episodes of mass mortality: retracing the various stages of research on the topic, Prof. De
Vico recalled how from the original idea of mortality due to a parasitic cause (Hplosporidium pinnae) we
moved on to the hypothesis of a multifactorial disease also involving other pathogens (mycobacterium
sherrisii, Vibrio mediterranei, etc.), up to the most recent discovery of a picornavirus (PnPv) that
multiplies in the bivalve's haemocytes, causing its death and therefore a state of acquired
immunodeficiency responsible for the attachment of opportunistic pathogens with consequent mortality.
Then, Prof. Cizmek described a new method to understand the historical population structure of an
isolated population of Pinna nobilis in the Malo Jezero lagoon as a model for future population restoration
efforts, using shell width as a proxy for height estimation. Dr Raul Gonzales reported the results of a
recent study to identify optimal sites for the reintroduction of Pinna nobilis in the Balearic Islands. The
study involved twenty-eight sites, among which Estany des Ponts within the Albufera of Mallorca was
chosen as a reference site based on environmental analyses carried out. Dr Carmelo laria then reported in
an interesting study, the first detection of PnPV in the declining population in Faro lake in Messina
(Sicily, Italy), confirming the pathogenetic importance of this cirus in determining the decline of
populations in the Mediterranean. The report was followed by the speech of Dr. Elisabet Nebot Colomer,
who reported the results of an interesting study on the genetics of a residual population of Pinna nobilis in
the Mar Menor lagoon with that of a now extinct population located in Cabrera National Park. Using 19
microsatellites and comparing the genotypes of the two populations, it was concluded that the Mar Menor
is a crucial area as a genetic reserve, retaining over 80% of the species genetic variation. DR Marco
Sigovini, then described the conservation status of Pinna noblis in the Venice lagoon and finally Dr
Domen Trkov reported an interesting study on the role of the shell of dead fan mussel for fish community
conservation. The discussion that followed was very lively, testifying to the interest of the papers
presented, in particular on population genetics, and the ecological impact of PnPV and the shells of dead
subjects.
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THE TOTAL HEIGHT OF NOBLE PEN SHELL PINNA NOBILISIN THE ISOLATED POPULATION OF
MALO JEZERO LAGOON, MLJET MPA (ADRIATIC SEA): A NEW EQUATION

Hrvoje Cizmek 1*, lvana Zubak Cizmek 1 and Barbara Colic 1
1 Marine Explorers Society 20 000 L eagues - hcizmek@gmail.com

Abstract

Pinna nobilis, an endemic species in the Mediterranean Sea, has recently faced mass mortality. Accurate measurement of its shell
height is crucial for ecological studies and conservation efforts. Measuring partially buried shells presents challenges. Fieldwork in
Malo jezero lagoon in 2018 yielded data on the shell dimensions of 47 deceased individuals to explore the possibility of using width
as a proxy for height estimation. A simple linear regression model accurately predicts shell height and enables a better
understanding of this unique population. Understanding the historical population structure can help in future efforts to restore

the P.nobilis population in the Mediterranean Sea.

Keywords: Adriatic Sea, Bivalves, Biometrics

Introduction - Pinna nobilis, the Noble pen shell, is a species of bivave
endemic to the Mediterranean Sea and affected by mass mortality in the last
eight years. Known for its large size and elongated shell, P. nobilis plays a
crucial ecological rolein coastal ecosystems. Accurately measuring shell height
is essentia for studying population dynamics [1], changes in the environment,
conservation of species, and, in this case, monitoring the repopulation of the
species. Measuring the height of the shell when partially buried presents a
significant challenge for researchers. Indirect methods, such as using width as a
proxy for height estimation, offer a promising solution to this issue, facilitating
morphometric studies of P. nobilis populations[2].

Materials and Methods - To investigate the correlation between shell height
and width, we conducted fieldwork in Malo jezero lagoon, Mljet MPA, in 2018,
the year before the pandemic of Noble pen shell reached the Adriatic Sea. Using
SCUBA diving, unbroken shells of 47 deceased individuals were measured
using aruler to validate maximum width and total height data. This rigorous
methodology ensured accurate data collection, providing a robust foundation for
subsequent analyses. Statistical analysis was done using R version 4.3.3.

Results and Discussion - The data on the maximum width (W) of the Noble pen
shell population displays a narrow range of sizes (16 — 27 cm) and low
interquartile range (IQR) (Fig. 1).
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Fig. 1. Distribution of Nobel pen shell width (cm) observed in the dataset. The
left panel shows a boxplot with jittered data points and the right panel presents a
histogram with adensity line for width measurements. The plots provide insights
into the variability and central tendency of Nobel pen shell dimensions.

Subsequently, the data on total height (Ht) has a narrow range (54 — 71 cm +
outlier 84 cm). For determining which method is the most appropriate for
determining height based on width data for our population, five different
predictive models [1,3,4,5,6] were evaluated, and an additional one was
proposed. The population in Malo jezero lagoon best fits in correlation: Ht =
1.18W + 40.39. Compared to other models, our simple linear regression
provides an accurate prediction of the overall height. Using Kruskal-Wallis and
subsequent DSCF pairwise comparisons, we found no statistically significant

difference between the measured data on Ht and our modeled data (p=0,999).
Additionally, our proposed model had the lowest Mean Absolute Error (MAE),
showing that the simplicity of the linear regression model indicates its
effectiveness in describing the relationship between P. nobilis height and width
for this population in Mljet MPA lagoon in 2018 (Table 1).

Tab. 1. Pairwise comparisons of Noble pen shell width (cm) across different
models. The comparisons include W-statistics, p-values, and Mean Absolute
Errors (MAE) for each comparison. The results provide insights into the
differences between groups and the statistical significance of these differences.

Pairwise comparsons
w p MAE

Measured - Regression -0,36 0,999 344
Measured - Ref[1] -2,79 0,434 362
Measured - Ref 3] -1,34 0,964 5,89
Measured - Ref[4] -11,69]<.001 18,39
Measured - Ref|5] -7,15|=<.001 7,54
Measured - Ref[6] -§,2]<.001 12,09

This finding has significant implications for the Noble pen shell population in
Mljet MPA, offering a reliable method for estimating shell height when direct
measurement is impractical. This research provides insight into the historical
population structure. Understanding the population status of P. nobilis before the
mass mortality event (MME) pushed the species to the brink of extinction could
help predict future population structure.
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SUCCESSFUL REINTRODUCTION IN THE BRINK OF EXTINCTION?: LOOKING FOR OPTIMAL SITES
FOR THE ENDEMIC AND CRITICALLY ENDANGERED SPECIES PINNA NOBILIS

Raul Gonzélez 1*, Maria Francisca Mesquida , Elvira Alvarez 1 and Maite Vézquez-Luis 1
1 Instituto Espariol de Oceanografia (IEO-CSIC). Centro Oceanogréfico de Baleares, 07015, Palma de Mallorca, Spain. -
raul.gonzalez@ieo.csic.es

Abstract

The endemic bivalve Pinna nobilis from the Mediterranean Sea is on the brink of extinction since a Mortality Mass Event (MME)
started in 2016, where Haplosporidium pinnae is one of the main agents involved in this MME. Thus, the identification of optimal
sites to perform conservation actions has been carried out. In the Balearic |slands, twenty-eight |ocations have been proposed and
analysed. The Cabrera National Park has been chosen based on P. nobilis populations information before the MME and
preliminary results, based on environmental monitoring, have placed the focus on the Estany des Ponts, within the Albufera of
Mallorca. This study, may suggest a new way to support and enhance the conservation status of the species.

Keywords: Mediterranean Sea, Bivalves, Endemism, Mollusca

The endemic Mediterranean filter-feeder Pinna nobilis (Linnaeus, 1758) is
on the brink of extinction due to aMortality Mass Event (MME) that began
in Spanish waters in the fal of 2016 and has spread to the rest of the
Mediterranean Sea [1]. The new endoparasite speciesHaplosporidium
pinnae is one of the main agents involved in this MME although synergistic
effects with other pathogens cannot be discarded [2]. Its populations have
declined close to 100%, becoming locally extinct in some regions of the
Mediterranean. Thus, is now protected as a critically endangered species
[1,3].

In the frame of LIFE PINNARCA project, a consensus criterion has been
achieved on the parameters for defining optimal sites for P. nobilis
considering two different scenarios: optimal sites for H. pinnae resistant
individuals (HPRI), and optimal sites for H. pinnae non resistant individuals
(HPNRI), where the presence of a natural barrier against the pathogen allow
the survival of HPNRI. Within the latter scenario, only two P. nobilis
populations remain in spanish waters, the Ebro Delta and Mar Menor
lagoon, which are considered “sanctuary areas’. These “sanctuary areas’
face many pressures and impacts affecting the resident P. nobilis
populations (fishing, anchoring, water sports, agricultural discharges, etc.)
[4].

Therefore, the general aim is to conserve the remaining natural sanctuary
populations and find suitable places for breeding, thereby increasing the
survival rates of P. nobilis individuals and improving the conservation status
of the populations. Thus, the identification of new optimal sites to perform
conservation actions plays a vital role to reach successful reintroductions /
reinforcements / restoking inP. nobilis populations (fattening
juveniles/breeding programmes).

In the Balearic Islands, twenty-eight locations were evaluated as possible
optimal sites including both scenarios (23 for HPRI + 5 for HPNRI).
Cabrera National Park has been chosen as an optimal site to host HPRI,
based on previous information on P. nobilis popul ations before the MME.

Regarding HPNRI, five localities were proposed as possible new optimal
sites based on environmental parameters. Estany des Peix and Estany
Pudent (Formentera); Albufera des Grau (Menorca); Estany des Codols
(Ibiza) and Albufera de Mallorca (Mallorca). Monthly environmental
monitoring and measurement of other physicochemical parameters have been
conducted and preliminary results have placed the focus on the Estany des
Ponts, within the Albufera of Mallorca as a new pilot area to support pilot
actions and enhance the conservation status of this species.

Funding: This work was supported by the European Union's LIFE
program through the project LIFE PINNARCA (NAT/ES/001265).
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FIRST REPORT OF THE PICORNAVIRUS OF PINNA NOBILIS (PNPV) AFFECTING THE POPULATION
OF THE LAKE FARO (SOUTHERN ITALY)

Carmelo laria 1*, Maria Giovanna Piro 1, Sabrina Natale 1, Fabio Marino 1 and Francesca Carella 2
1 Institute for Comparative, Experimental, Forensic and Aquatic Pathology “ Slavko Bambir”, University of Messing, Messing, Italy.
- ciaria@unime.it
2 Department of Biology, University of Naples Federico |1, Naples, Italy.

Abstract

Pinna nobilis L., 1758, is a unique bivalve species native of the Mediterranean Sea and it is currently facing threats to survival.
Designated as a protected and endangered species since 1992 under the European Council Directive 92/43/EEC, P. nobilis has been
increasingly at risk since 2016 due to mass mortality events (MMES) causing local extinctions across the Mediterranean Sea. This
research aims to assess the health state of Pinna nobilis population within the Capo Peloro natural reserve in Sicily (Southern Italy),
by conducting seasona health monitoring of local specimens during the 2023. This study reports for the first time the presence of
PnPV (Pinna nobilis Picornavirus) in in the population of the Lake of Faro (Sicily, Italy).

Keywords: Biodiversity, Bivalves, Pathology, Mortality, Messina Strait

Since 2016, P. nobilis populations in the southwestern Mediterranean Sea have
suffered mass mortality events (MME) due to several pathogens such
as Haplosporidium pinnae and Mycobacterium sp. [1]. Recently, Carella et al.
(2023b) identified the presence of a Picornavirusin animal population from Italy
and Spain. The virus affects the Pen shell immune cells, leading to
immunosuppression with consequent vulnerability to opportunistic infections.

Over the last years, the P. nobilis population in the nature reserve from Capo
Peloro Lagoon in Sicily (Southern Italy), has been extensively studied, and
considered possibly resistant to the MME [3]. In the context of the LIFE
PINNARCA (LIFE20 NAT/ES/001265) Project, the study aims to evaluate the
health state of the natural population of P. nobilis in the marine reserve. The
study was conducted in Lake Faro, located in in the Capo Peloro natural reserve
(Southern Italy). Visual censuses were conducted from January 2023 over 9
sampling stations. Each station was monthly monitored by 3 operators, who
identified, labelled, and sized in situ (outside the substrate) P. nobilis individuals.
Haemolymph and biopsies of the mantle were taken with a non-destructive
method as reported in the Italian Ministry Permission (Prot. MATTM 0016478
del 05/03/2020) and sent to the University of Naples Federico Il for
Transmission Electron Microscopy (TEM) and molecular analysis. The presence
of PnPV, Mycobacterium sp. and Hapl osporidium pinnae have been evaluated.

During the visual census performed from January to June 2023, nine specimens
of P. nobilis have been observed on a sandy or gravelly sediment rich in shell
debris (Fig.1). Anima displayed different size with mean length of
40.5+8,54 cm and mean width of 16.88+4,03 cm, found at mean depth of
1.21+0,31 m.

Fig. 1. Health monitoring stations with position of P. nobilis specimens.

Animals were reactive, displaying promptnessin closing the valves, appearing in
good health state. During the following observations, P. nobilis specimens
showed signs of illness represented by weskness in closing the valves. In
October 2023 three specimens (labelled as n. 1, 2, 3) were found dead, while
other 6 individuals (n. 4, 5, 6, 7, 8 and 9) died around the last census in January
2024. TEM and gPCR analysis revealed the presence of PnPV in the haemocytes
of the Pen shell collected between January and June 2023 with Ct values

between 20-27. Melting curve analysis confirmed the presence of a single
specific product (Fig. 2). Samples were sent to sequencing, giving 100%
identity with the Picornavirus PnPV affecting species in Spain and Italy [2].
Other analysis about the presence of other pathogensisin progress. In 2021, 20
specimens of P. nobilis were reported in Lake Faro asin good health state [3].

Fig. 2. Melting Curve confirming specificity of the amplicon obtained from the
gPCR performed from the hemolymph samples of Sicily in 2023.

Although the local P. nobilis population was previously considered resistant to
MME, the following year, in 2022 only few specimens remained alive, and
mortality was attributed to the haplosporidian parasite H. pinnae following
molecular investigations [3]. Our study conducted during the year 2023, report
the death of the totaity of the local individuals found, aso recording the
presence of a Picornavirus for the first time in the area. Animals affected by
PnPV can maintain persistent infections until the disease becomes chronic,
weakening them, and susceptible to opportunistic infections, as also reported in
other immunosuppressive viruses (Carella et a., 2023b). This can explain the
apparent resistance of the residual individuals during the years, that instead were
slowly dying.

References

1 - Carélla, F, Palic, D., Saric, T., Zupan, ., Gorgoglione, B., Prado, P, ... &
Vico, G. D. (2023a). Multipathogen infections and multifactorial pathogenesis
involved in noble pen shell (Pinna nobilis) mass mortality events: Background
and current pathol ogic approaches. \eterinary pathology, 60(5), 560-577.

2 - Carella, F, Prado, P, De Vico, G., Pdic, D., Villari, G., GarciaMarch, J. R,,
... & Aceto, S. (2023b). A widespread Picornavirus affects the hemocytes of the
noble pen shell (Pinna nobilis) leading to its immunosuppression. Frontiers in
\eterinary Science, 10, 1273521.

3 - Donato, G., Lunetta, A., Spineli, A., Catanese, G., & Giacobbe, S.
(2023). Sanctuaries are not inviolable: Haplosporidium pinnae as responsible for
the collapse of the Pinna nobilis population in Lake Faro (centra
Mediterranean). Journal of Invertebrate Pathology, 201, 108014.

Rapp. Comm. int. Mer Médit., 43, 2024



IMPACT OF MASSMORTALITY EVENTSON THE GENETIC DIVERSITY OF THE CRITICALLY
ENDANGERED SPECIES PINNA NOBILIS

Elisabet Nebot Colomer 1*, Claire Peyran 2, Emilie Boissin 2, Maite Véazquez Luis 1 and Serge Planes 2
1 Inst. Espariol Oceanografia,C.0.Baleares (IEQ,CSIC) - eli.nebotcolomer@gmail.com
2 pSL Research University: EPHE-UPVD-CNRS, UAR 3278 CRIOBE, Université de Perpignan, 66860 Perpignan Cedex, France

Abstract

Pinna nobilis, an endemic Mediterranean species that has experienced recurrent mass mortality events (MMES) since 20186, is now
critically endangered. Assessing the impact of the MMEs on the genetic diversity levels of the species is crucial for its recovery.
This study compares the genetic diversity of a remnant isolated population located in the Mar Menor coastal lagoon with the now,
extinct population located in Cabrera National Park (CNP). Using 19 microsatellites, we analyzed the genetic structure and
compared genotypic data of 284 Mar Menor and 771 CNP P. nobilis individuals. Results indicated the Mar Menor's crucia roleasa
genetic reservoir, retaining over 80% of the species genetic variation.

Keywords: Conservation, Mediterranean Sea, Genetics, Bivalves

Understanding the genetic make-up and health of endangered populationsis vital
for their conservation. Maintaining high levels of genetic diversity is essentia
for species adaptation to environmental changes, resistance to diseases, and
overall population resiliencel. Therefore, knowledge of the level and the
distribution of genetic diversity within and between populations of a given
speciesis necessary in order to design conservation strategies. In the case of P.
nobilis, the MMEs suffered by the species have highlighted the need to
determine the impact of populations reductions, fragmentations and isolations on
the genetic conservation status of the species. Here, we compare genotypic data
from two unique populations, one located in the Mar Menor coastal lagoon,
which currently acts as a potential reservoir for the species as one of the few
populations remaining alive, and another that was located in the CNP and it is
considered as akey extinct population. Specifically, we seek to (i) compare the
genetic diversity levels between them, and (ii) to determine what was the genetic
differentiation of the populations.

Different analytical methods were used to study the genetic diversity and
population structure of P. nobilis in Mar Menor and Cabrera National
Park. Results from Mar Menor showed genetic diversity values comparable to
other populations. Moreover, contrary to expectations, and considering the
magnitude of the MMEs and the great isolation of Mar Menor population, we
did not find any significant genetic differentiation between these two
populations (Fst = 0.0005, p.value > 00.5). In fact, the genetic variation observed
in Mar Menor is encapsulated within the greater diversity observed in the CNP,
indicating a subsample of the species CNP genetic diversity (Figure 1).
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Fig. 1. Principal component analysis on the 1055 individuals from Mar Menor (n
= 284) and CabreraNational Park (n = 771).

In terms of genetic diversity level, the Mar Menor P. nobilis population
displayed lower private allele diversity (20%) (Figure 2). This outcome aligns
with expectations, as low-frequency alleles (freq. < 0.005), like most of those
identified, are typicaly the first to be impacted and diminish following a
substantial population reduction 4. In any case, despite the severe decline
suffered by the species 23, it still retains around 80% of CNP's species diversity
and harbours 16 private aleles from unknown populations. This highlights Mar
Menor's crucia role as a genetic reservoir, retaining over 80% of the species
genetic variation.
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Fig. 2. Number of private alleles per locus in both sampled populations, Mar
Menor (n = 16) and Cabrera National Park (n = 53).
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Abstract

The present work describes the status of a significant surviving population of the endemic Mediterranean bivalve Pinna nobilis in
the Lagoon of Venice in the wake of the ongoing epidemic. Results of monitoring activities in the period 2020-2024 are presented.

Keywords: North Adriatic Sea, Lagoons, Bivalves, Mortality, Monitoring

Since 2016 an epidemic has affected the Mediterranean endemic fan mussel
Pinna nobilis (L. 1758), causing Mass Mortality Events (MMES) with mortality
rates up to 100% and a drastic decline of populations all over the species range
[1]. The disease has been associated with the protozoan parasite Haplosporidium
pinnae [2]. However, the underlying dynamics has not yet been fully clarified,
and might also involve picornavirus infection causing immunosuppression [3].
The Lagoon of Venice (NW Adridtic, Italy) is one of the largest coasta
transitional ecosystems (CTESs) in the Mediterranean, covering about 550 km?
with a complex mosaic of intertidal and subtidal habitats. The overall
distribution of Pinna nobilis in the Lagoon has been mapped through a citizen
science initiative, called “Mappa La Pinna’, based on a collaborative platform
launched in 2020 by CNR-ISMAR, followed by on-field validation, as well as
other exploratory surveys. The distribution was found to span about 60 km? of
subtidal flats in the open lagoon, mostly overlapping with seagrass meadows
distribution. Pre-epidemics density was very high, reaching in some areas values
higher than 1em2. In October 2020, the first signs of a MME were observed in
the Venice lagoon. The mortality trend was thereafter monitored by monthly
samplings at a study area on a subtidal flat (about 1.5 m below m.s.l.) located
near Ottagono Alberoni island, in the Central Lagoon. Both alive and dead Pinna
nobilis specimens were preliminarily mapped by underwater photogrammetric
surveys on three replicates of about 120 m? each, with atotal of 417 individuals
counted (mean overall density 1.1em™2). The produced high-detailed maps
alowed divers to check the status of each specimen monthly until February
2024, even in high turbidity conditions, without the need to mark them.

Results of monthly monitoring in the study area are sinthetically presented in fig.
1. Therisein mortality lasted for several months up to around 80%. After amost
two years of stasis, a new wave of deaths was observed in summer 2023, which
caused a significant further decline in the population. Although significant
extreme values were recorded during the summer months, temperature alone
does not seem to explain the observed trend. In the study area, density dropped
roughly to 1.7% of the pre-epidemic's density. However, other areas of the
Lagoon seem characterized by a slightly lower mortality, and consequently
higher density of living specimens. Juveniles and young individuals seem to
present alower mortality rate. Spawning or recruitment has been recorded in all
the years of activities. Due to pre-epidemics wide distribution and extremely
high density, despite the low percentage of survival, the Venice lagoon still likely
hosts one of the largest extant population of Pinna nobilis, which can be roughly
estimated in the order of magnitude of 10°. Moreover, the delayed dynamics of
the infection in the lagoon have guaranteed a significant reproductive population
for two years more than in the surrounding marine waters, which could have
allowed recruitment in the northern Adriatic basin, due to larval dispersal by
tides and marine currents. In addition to being a refugium to relic populations,
CTEs may have arole as source of propagules, as well as potential donor sites
for transplanting of adult individuals. At the same time, these ecosystems are
very vulnerable to several threats, such as climate change, anoxic events, alien
species, etc. It istherefore necessary to identify and monitor CTEs hosting relic
Pinna nobilis populations, acknowledge their role, develop, and implement
specific management policies and conservation strategies, within a larger
framework and trans-boundary scale.
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Fig. 1. Cumulative percentage of observed deaths in the study area, three
replicates (monitoring of replicates B and C started in autumn 2022); water
temperature recorded in the area during monitoring is also presented.
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Abstract

The fan mussel (Pinna nobilis) is an important habitat builder whose shells are increasingly disappearing in the environment. In the
present study, we investigated the fish fauna associated with fan mussel shellsin the northern Adriatic Sea. The results showed that
the presence of fan mussels in the environment has a positive effect on fish density and diversity. Fan mussels have proven to be an
important element in the environment, as many fish species use their shells as cover, hiding and nesting places. The disappearance
of the shells after the death of the specimens could have a negative impact on the fish species associated with these shells in the
near future, which could lead to a change in the fish faunain certain areas.

Keywords: Fishes, Bivalves, Adriatic Sea

Introduction - The fan mussel (Pinna nobilis Linnaeus, 1758) is the largest
mussel in the Mediterranean Sea, whose shells can reach alength of up to 120
cm (1). It isfound at depths between 0.5 and 60 m on sediment bottom, mostly
in seagrass meadows (1, 2). The species is considered an important habitat
builder, asits shells form a hard substrate in soft-bottom areas, which increases
habitat variability and provides a surface that can be colonised by many benthic
organisms (3). Nowadays, the fan mussel is critically endangered as specimens
are dying out throughout the Mediterranean Sea (4). Consequently, the shells,
which continue to fulfil an ecological function after the death of the animals, are
slowly disappearing from the environment. The am of this study is to
investigate the importance of fan mussel shells for the fish fauna and to
determine how the absence of these shells might affect the fish community of
the sediment bottom.

Material and methods - The study was conducted in the Gulf of Triestein the
northern Adriatic Seafrom August 2022 to October 2023. It was carried out at
different sites from 1 to about 10 m depth in the habitat of P. nobilis on the
sediment bottom (Fig. 1). A total of 142 quadrats (of which 43 quadrats
contained P. nobilis shells) of 50 cm x 50 cm were sampled using a fish
anaesthetic (Quinaldine).

Results - Fish specimens were found in 47.9 % of the quadrats, with atotal of
106 fish specimens of 17 fish species recorded. The density of fish in the
samples with shell was 3.5 individuals/m? and in the samples without shell 2.7
individuals/m?. Four species (Parablennius gattorugine, Serranus scriba,
Gobius cruentatus, Seranus hepatus) were only found in the quadrats with shell.
There were statistical differences between quadrats with and without shells
(Permanova, p-<0.05), with the most representative species in the quadrats
without shells being Pomatoschistus bathi and Callionymus risso, while in the
quadrats with shells the most representative species were Gobius fallax,
Millerigobius macrocephalus and Parablennius tentacularis (SIMPER
analysis). These 5 species explain 61 % of the dissimilarity between the
quadrats with and without shells.

Discussion - Fan mussel shells, whose specimens have the highest densities in
the Gulf of Trieste (5), have proven to be very important habitat providers for
various fish species. Some species typical of sedimentary bottoms and seagrass
beds, such as Gobius niger and P. tentacularis, nest in them during the breeding
season or retreat into them in case of danger, while the nectobenthic S. scriba
and S. hepatus linger and hide in the shelter of the standing shells. The shells of
the fan mussels aso provide shelter for species that mainly live on rocky
bottoms (e.g. G. fallax), but can aso be found on the sediment bottom and in
seagrass meadows due to the presence of shells. Oysters, which are often found
on the shells of fan mussels, provide additional nesting and hiding sites,
especially for smaller species such as Apletodon incognitus, which only occur in
these microhabitats (6). The fan mussel therefore has a positive effect on fish
diversity and density in the environment. It is therefore important to understand
and monitor the impact of fan mussel shells on fish communities, especialy as
fan mussels and their shells, are disappearing, which could have serious
consequences, especialy for speciesthat depend on their shells.

Fig. 1. Sampling sitesin the Slovenian part of the Gulf of Trieste (A). Shells of
Pinna nobilis increase habitat variability on the sediment bottom (B) and in
seagrass meadows (C), where they provide hiding and nesting sites for various
species such as Gobius niger (D) and Parablennius tentacularis (E).
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Congress Joint Session : Climate Change Impacts
(all committees)
Moderator : Paolo Galli

Moderator's Synthesis

The "Climate Change Impacts" session provided valuable insights into how climate change is affecting
marine ecosystems and human activities such as fishing and port management.

One of the key topics was the integration of climate variability into fisheries management, particularly for
Mediterranean albacore tuna. Researchers developed models that incorporate climate-driven habitat
changes, improving fisheries advice and stock assessments.

Another significant discussion centered on the northward shift of Parapenaeus longirostris (red prawn) in
the western Mediterranean, driven by rising sea temperatures. This highlights how climate change is
altering species distribution and needs to be considered in fisheries management.

The interaction between marine heatwaves (MHWs) and Mediterranean cyclones (medicanes) also
emerged as a critical area of study. The research showed that MHWs can intensify cyclones, while the
strength of the cyclones can reduce or eliminate MHWSs, emphasizing the complexity of climate events.
The vulnerability of marine species like Lepas anatifera to rising sea temperatures was another key
finding. The study showed significant population declines linked to marine heatwaves, underscoring the
need for proactive conservation measures.

Lastly, climate impacts on human infrastructure were addressed, with a study on Greek ports proposing a
framework to assess and mitigate the effects of climate change on coastal areas.
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Diego Alvarez Berastegui 1*, Pilar Tugores 1, Josetxu Ortiz de Urbina 1, Patricia Reglero 1 and Samar Saber 1
1 Instituto Espafiol de Oceanografia-CSIC - diego.alvarez@ieo.csic.es

Abstract

The fisheries of the Mediterranean albacore tuna (Thunnus alalunga) are managed by ICCAT, which is seeking innovative ways to
integrate climate variability into fisheries advice. We propose that integrating climate-driven habitat changes in catch
standardization, and using population models adaptable to environmental data, provide paths for climate-informed fisheries
assessment. To show the potential of this proposal we develop an albacore larval abundance index standardized to spatio-temporal
changes of habitat distribution in the Western Mediterranean. Then, we integrate temperature variability into the stock recruitment
of apopulation simulation using FLR. Results indicate improved fisheries advice with environmental indicators tailored for abacore

Keywords: Fisheries, Global change, Habitat, Balearic Islands, Population Dynamics

Introduction - The regional fisheries management organizations are currently
confronted with a significant challenge: integrating climate variability into the
process of fisheries scientific advice. One promising approach to progress in
this regard is to incorporate climate variability indicators at various steps of the
fisheries assessment process. Two potential strategies to achieve this objective
include: i) Improving indices of abundance considering changes in the spatio-
temporal distribution of fish stocks. ii) Providing fisheries models with the
flexibility to adapt population parameters (such as stock-recruitment
relationships) to time series of ecologicaly meaningful environmental
variability indicators. By adopting these approaches, fisheries management
organizations can better address the complex interplay between climate
variability and fisheries dynamics, thus improving the accuracy and
effectiveness of their scientific advice. This exercise responds to the objectives
of the Mediterranean Tuna Habitat Observatory, an initiative to monitor climate
effects on Mediterranean tunas and to propel climate informed fisheries
assessment.

Methods - We studied the Mediterranean stock of Albacore tunain the Western
Mediterranean. First, we assess how the larval abundance index used in the
fisheries assessments of the ICCAT scientific working group [1] is sensitive to
climate-induced spatio-temporal changes in larval habitat distribution.
Secondly, we explore the possibility of reducing the uncertainty of a fisheries
population model by providing the model with flexibility to adjust the stock-
recruitment relationships annually as a function of the temperature in the
albacore spawning ground during the reproduction and larval developmental
season. The larval abundance index, expressing captures per unit area (CPUA)
[2], has been developed with time series of ichthyoplankton surveys in a
recognized albacore tuna Western Mediterranean Spawning ground [3] using a
delta-log normal genera additive model, where the presence probability is
informed by oceanographic information on salinity and temperature in the
mixed layer depth (MLD). These two environmental variables are highly
dynamic and dependent on climate forcing. The fisheries assessment model has
been developed with the "Fisheries Library in R" (https:/flr-project.org/). linput
abundance indices of fisheries catches for the Mediterranean between years
2000 and 2016 were obtained from ICCAT albacore assessment reports [1].
Three models were compared by their AIC and BIC: M1) a model where
temperatures were included as informative in the Ricker productivity parameter,
M2) amodel with arrandom time series of values (with the same ranges of SST)
included as informative in the Ricker productivity parameter, and M3) a model
with no temperature information included (the recruitment model is fitted as
Factor (year)). Models M2 and M3 are computed as null models to provide a
reference for the improvement of the M1 model.

Results - Standardization of larval CPUA: Salinity and temperature in the MLD
are significant in the larval standardization model (p<=0.001). The response
functions (Figl) show that higher temperatures, associated with the day of
sampling and lower salinities of the recent Atlantic waters determine higher
catch probability. The non-consideration of these variables in the larval index
model would cause interannual variability to be affected by changes in timing
and habitat distribution of the sampling.
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Fig. 1. Sampling area; Larval abundance index;response function of the salinity
and temperature in the mixed layer depth(MLD)
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indicators (the lower the better) for the three models were;
M1:AlC=452,BIC=618; M2: AIC=472, BIC=638; M 3:AlC=482,BIC=639.The
model with informative temperatures (M1) performed better than the two
reference models M2 and M3, providing a more robust assessment on
population status
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Fig. 2. Temperature anomalies in the study area (June:July) and Spawning stock
Biomass from FLR modelsM1,M2 and M3
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Abstract

Information on the distribution and habitat preferences of species of ecological and commercia importance is essential for their
assessment and management. This is especialy relevant within the current context of climate change. We have developed
Generalized Additive Models (GAM) to model the spatial distribution of P. longirostris (Parapenaeus longirostris) along the
western Mediterranean during the period 2001-2020, in relation to topographic, environmental and temporal variables. The results
showed that bathymetry and sea bottom temperature were the most relevant predictors of the distribution and abundance. Predictive
maps suggest that during the last two decades the P. longirostris is increasing its distribution area northwards along the north-

western Mediterranean, as response to global warming.

Keywords: Fisheries, Demersal, Habitat, Marine policy, Western Mediterranea

The climate change can modify the structure and function of the marine
environment, habitats and ecosystems. The P. longirostris is a fast-growing
demersal species, with a thermophilic preference [3]. In this study we analyze
data on the density of this species combining them with oceanographic data for
understand the habitat preferences and spatial ecology of P. longirostris and
spatio-temporal changesin its distribution. Data from the of program MEDITS
has been used. Data on standardized abundance of P. longirostris were compiled
during the period 2001-2020 for GSA 1 (Northern Alboran Sea), GSA 2
(Alboran Island), GSA 5 (Balearic Islands) and GSA 6 (Northern Spain). Nine
environmental variables considered as potential predictors were selected. GAM
were used to construct a two-part model, consisting of a binomial model and an
abundance model. The best model was selected based on AIC, UBRE and the
explained deviance. The results showed that bathymetry and SBT were the main
drivers of P. longirostris presence and abundance. Predictive maps indicate
changes in the abundance and distribution of P. longirostris, with an increasing
northward gradient along the northwestern Mediterranean (Fig. 1), mainly due to
theincrease in Sea Bottom Temperature (Fig. 2).
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Fig. 1. Prediction map of the probability of density of the P. longirostris in
period: 2001 and 2005, -2010 and 2013 and 2019 and 2020.
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Fig. 2. Graph showing the increasing trend in the Sea Bottom Temperature (°C)
at 200 m depth during the last decade (>37°N latitude).

These results are corroborated by other authors who point out the preference of
this species for warmer waters increasing its abundance and distribution in
Iberian Peninsula[2], lonian Sea[3], Ligurian and Tyrrhenian seas[1].
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Abstract

In our study, we explore the interaction between marine heatwaves (MHWSs) and tropical-like cyclones (medicanes) in the
Mediterranean Sea. We have found that these events influence each other: warm sea surface temperatures (SSTs) during MHWSs can
enhance the intensification of cyclones, leading to higher wind speeds, lower mean sea level pressure (MSLP) and more
precipitation. Conversely, depending on the strength of the medicane, it can weaken or completely eliminate MHWSs. Although our
findings are based on the analysis of 15 events from 2011 to 2023, they provide valuable insights into the interaction between these

two extreme events.

Keywords: Air-sea interactions, Mediterranean Sea, Remote sensing, Temperature, Warming

Introduction

The Mediterranean Sea, a semi-enclosed basin, has experienced rapid warming
in the recent decades that has resulted in both marine heatwaves (MHWSs) and
Mediterranean hurricanes (medicanes) [1,2]. MHWSs are prolonged episodes of
anomalously high temperatures that disrupt marine ecosystems and contribute to
the intensification of storms [3,4]. Medicanes are rare cyclonic systems with
tropical-like characteristics that bring heavy rainfall and strong winds, causing
coastal flooding, infrastructure damage, economic disruption and threats to
human safety [2]. In this work, we aim to investigate the interaction between
MHWs and medicanes that occurred between 20211 and 2023.

Data and M ethods

For this study, we used daily satellite-derived sea surface temperature (SST;
OSTIA product) and modeled mixed layer depth (MLD) and potentia
temperature (NEMO model output), both from CMEMS. The atmospheric
variables and heat flux components are from the ECMWF ERAS reanalysis.
Using the standard MHW definition from [1], we determined MHWSs from 2011
to 2023 using a 30-year climatology from 1993 to 2022. We selected 15
Medicane events from the literature during the study period. The coincidence of
a MHW and medicane was determined based on the proximity of the storm
tracks to the MHW areas, as described in [5]. The medicane events were then
categorized into two groups (with or without MHW) and the composite mean
and standard error for the main atmospheric variables were calculated to
compare these groups 5 days before to 4 days after the storm lifetime maximum
intensity (LMI).

Results and discussion

Of the 15 selected events, 5 originated in the western Mediterranean (WMED),
8 formed over the central basin (CMED) and 2 in the eastern basin (EMED).
This is agrees with other studies highlighting WMED and CMED basins as
hotspots for Mediterranean cyclogenesis. Ten of these medicanes coincided with
MHWs. During the intensification phase 2 days before the LM, these had on
average a lower MSLP and higher wind speeds and precipitation than the
medicanes without MHWs (Fig. 1). Our results are consistent with those of [5].

5883888

Fig. 1. Composite mean and standard error of wind speed (A), MSLP (B) and
precipitation rete (C) for the medicanes with or without MHW for 5 days before
and 4 days after the storm lifetime maximum intensity (LMI).

On the other hand, we found that the medicanes also affect the intensity and
vertical extend of MHWSs. We found three categories of impacts based on the
storm intensity and the amount of latent heat flux (LHF) released from the ocean
to the atmosphere. The first category is characterized by a slight reduction in
MHW intensity and vertical extent with an average LHF < 50 W/m? (e.g.
Xandra 2014 and Scott 2019), the second by a stronger and more extensive
reduction in MHW intensity and vertical extent asin the case of Rolf 2011 and
Trixie 2016, which were associated with an average LHF between 50 and 100
W/m2, and the third category by the complete termination of the MHW event as
in the case of Zorbas 2018 and lanos 2020 with an average LHF > 150 W/m2.

Fig. 2. The SSTA and LHFA before, during and after Zorbas (A-F), and (G) is
the temporal (top) and vertical structure (bottom) of the MHW event that began
before Zorbas.

During the passage of Zorbas, the SST anomaly decreased from +2.5°C one day
before the storm to ~-2.0°C one day after, corresponding to a temperature
cooling of ~4.5°C (Fig. 2). During Zorbas, the MLD deepened by about 7
meters, indicating mixing in the water column. In combination with the heat loss
(> 200 W/m?) to the atmosphere, this mixing contributed to the cooling of water
temperatures and the end of the MHW event (Fig. 2). These results are in well
agreement with those of [6].

Conclusion

The interaction between exterme events can amplify their impacts. Our research
reveals that although medicanes occur mainly in fall and winter, they often
coincide with MHWSs. Both MHWs and medicanes influence each other.
Medicanes that occurred alongside MHWSs exhibited higher wind speeds, lower
MSLPs and higher precipitation rates. In addition, medicanes can weaken
MHWSs by reducing their intensity and vertical structure.
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Abstract

Lepas anatifera, a widely distributed epipelagic cirriped crustacean with remarkable attachment abilities, experienced a notable
population decline in the Balearic Sea between 2021 and 2022, coinciding with a marked increase in Sea Surface Temperature
(SST) and marine heat waves (MHWS) episodes. Laboratory experiments, mirroring observed SSTs, revealed a concerning 50%
mortality rate and significant oxidative stress damage in L. anatifera, underscoring its susceptibility to warming temperatures and
MHWSs compared to other environmental factors. Understanding these stressors is crucial for predicting and mitigating future
declines in L. anatifera and similar species, urging proactive conservation efforts.

Keywords: Balearic Islands, Crustacea, Warming. Surface waters, Sressors

Introduction

Lepas anatifera (Linnaeus, 1758) is a marine pedunculate cirriped crustacean
of the family Lepadidae. It is an epipelagic drifter with a wide oceanic
distribution under different temperature ranges, athough with some
preferences and limitations [1]. Between 2021 and 2022, a marked decline in
its population was observed in the Balearic Sea, prompting research into the
determinants of this occurrence. In 2022, mean maximum SST values were
notably higher compared to the previous year (+ 1.93 °C in spring; + 1.55°C
in summer), coupled with strong MHWSs episodes. As a record average, the
Balearic Seareached 29 °C on august (Fig. 1) [2,3].
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Fig. 1. Daily Sea Surface Temperature (°C) in the Balearic Sea over 2022 and
compared to the previous year and average historical records[2,3]

Material and Methods

To assess whether heat played a detrimental role for L. anatifera, a group of
individuals collected in S'Estalella (south of Mallorca) was exposed to a
water temperature of 32 °C for 72 hours, while a control group was kept at
27 °C (temperature of the Balearic Sea when collected). Oxidative stress
markers, including catalase (CAT), superoxide dismutase (SOD), and
malondialdehyde (MDA), were quantified using established procedures [4].
Finally, ANOVA and Tukey HSD tests were used to compare results
between experimental groups.

Results and Discussion

At 32°C, only 50% of individuals survived, showing stress signs (barely
moving and overextended cirri). High temperatures led to significant
increases in SOD and CAT activities (Fig. 2) (p < 0.05) by 66% and 53%
respectively. Enzyme activities contained significant lipid damage (MDA),
although an increase of 48% was also recorded. This is a striking heat
susceptibility of L. anatifera that contrasts with its remarkable resistance to
other environmental variables demonstrated in previous tests. Such findings
raise concerns about the warming trend and MHWSs episodes in the
Mediterranean Sea [5]. In addition to observed mortality and oxidative
damage, temperatures above 28 °C can also reduce attachment abilities in

other barnacles [6]. This places heat as a major stressor for L. anatifera and
similar species, and may explain the population decline observed in 2022.
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Fig. 2. Enzyme activities (SOD and CAT) in L. anatifera after 72h exposure
to control temperature, 27°C and to warm water, 32°C. Significance: *<0.05.
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Abstract

Ports are crucial economic hubs developed in coastal zone, the presence of which both influence and is influenced by coastal
physical forcings. Climate Change is expected to further intensify impacts on port itself as well as on the adjacent coastal areas.
This study presents the application of a methodological framework for tackling and mitigating climatic forcing on Greek port

coastal areas.

Keywords: Coastal management, Aegean Sea

Introduction

Ports are critical coastal infrastructures located in low coasts and/or deltaic areas
the design of which has frequently resulted in erosional processes in the adjacent
areas. Furthermore, their location constitutes port areas particularly exposed to
the impacts of Climate Change which is expected to pose additional challenges
in physical setting (eg. inundation) (Monioudi et a., 2018). As many port
infrastructures have been constructed for a different climate regime and
considering their essential character as a blue economy sector, addressing their
climatic vulnerability becomes a major priority (ESPO, 2023) as part of
sustainable development and a matter of strategic economic importance
(UNCTAD, 2020).The scope of this study is to introduce an integrated
environmental impact assessment framework and a coherent response plan to
mitigate climate change impacts on coastal port areas.

M ethodology

A research methodology for the climate Port Risk Assessment in Heraklion and
Volos ports, located in the Aegean Sea, in Greece, is applied. The approach
investigates the potential for climate Hazards and subsequent impacts to result in
damages on ports’ infrastructures (infrastructure risk) and their adjacent coastal

area. Risk Assessment is expressed as a function of: (i) Hazard (H), (ii)
Vulnerability (V) (sensitivity and adaptive capacity) and (iii) Exposure (E)
(IPCC, 2022) and is, followingly, mitigated through Response (R) actions
(Figure 1). Hazard refers to the projections of climatic factorsi.e. mean sealevel
rise, winds, waves and associated increased frequency and intensity of ESLs,
that pose serious threats to the selected case studies ports areas. Extreme coastal
flooding is driven by Extreme Sea Levels (ESLSs), estimated as the sum of the
mean sea level (MSL), the astronomical tide, and the episodic coastal water level
rise due to storm surges (SSL) and wave setups. Considering the lifetime of port
infrastructure (~30 years) the extreme short term SSP 8.5 scenario for 2050 of
the latest IPCC (2021) report is applied. The propensity or susceptibility of each
port area to be adversely affected is considered at the VVulnerability Factor, viaa
series of indicators (natural or artificial). The assessment is based on both soft
adaptation capacity or sensitivity assessment including geomorphological/
physical characteristics (bathymetry, terrestrial morphology), river presence in
the vicinity, hydrodynamic conditions and hard adaptation capacity or artificial
defenses (coastal defense structures) considering -also- the viability (age) of the
infrastructures. Port exposure anaysis identifies the extent that port assets
(population, services, infrastructure, hinterland, transport facilities) are exposed
and may be adversely affected by climate risk.

Results and Discussion

The application develops a comprehensive methodological framework for the
identification of the climate change risks for ports infrastructures and
surrounding coastal area. Based on the assessed risks and impacts, the study
resultsin a set of proposed adaptation responses (regulation, management, and
technical measures) for each port under investigation, considering their
vulnerabilities and exposures toward each outlined potential hazard.
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Abstract

The low-pressure system named Minerva by the Italian weather service Meteo Aeronautica Militare, brought heavy rainfal and
strong winds to Italy and neighbouring countries in May 2023, causing widespread damage and tragic loss of life. During the event,
the Tyrrhenian Sea the Sicily Channel and the lonian Sea was monitored by autonomous instruments (Argo floats; Figure 1), as
well as satellite and model products. In this work we use these data to investigate the physical and biogeochemical responses of

the oceans to the impact of Minerva storm.

Keywords: Air-sea interactions, Currents, Circulation, Eastern Mediterranean, Western Mediterranea

Severe weather systems are important components of the global atmospheric
circulation and play a fundamental role in shaping the water budget, the
location and the magnitude of extreme events [1]. The Mediterranean region is
one of the areas where severe weather system activity is more frequent [2].
Nowadays, these systems are studied with increasing interest, as they can have
potentially damaging natura and socioeconomic consequences. Recent
simulations projected a decrease in their frequency in the future, but also an
increase in their intensity and duration [2]. Weather systems intensification
and predictability are strictly linked to the preexisting upper-ocean conditions
[3]. Satellite data are an important source of information but have some
limitations. Modelled data reconstruct the 3D physical and biogeochemical
variables during the passage of severe weather systems, but they can be
affected by large uncertainties. In this context, autonomous instruments allow
us to study the effect of cyclones in real-time and provide critical in-situ
measurements at and beneath the ocean surface useful to initiaize numerical
weather prediction models [3,4,5]. In this work, we combined autonomous
oceanographic instruments with satellite and model products to describe the
impacts of the extreme weather system Minerva on the upper layer of the
Mediterranean Sea.
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Fig. 1. Argo float positions (colored symbols) and track of the Minerva Storm
(black dashed line) superimposed on the geography and bathymetry of the
Mediterranean Sea (sea bottom depth in blue shade). Circular arrows indicate
the daily position of the Minerva Storm from 15 May 2023 00:00 UTC to 18
May 2023 00.00 UTC; arrows are colored by cyclone depth.
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Fig. 2. MSLP (red) and cyclonic depth (blue) derived from ERAS.

The tragjectory of the storm Minerva was reconstructed by applying an
objective procedure [5] based on searching the minimum in the 6-hourly 0.25°
ERAS5 Mean Sea Level Pressure (MSLP) fields (Figure 2). Minerva storm
showed its largest intensity on May 15th-16!, exhibiting the maximum
cyclone depth (defined as a cyclone intensity metric that takes into account
both the MSLP at the centre of the system and in the surrounding area) and the
lowest MSLP (Figures 1 and 2). The low pressure centre is located on the
Sicily Channel and lonian Sea on May 15t and over the central Italy on May
16th. The upper ocean response typically consists of the sea surface cooling
and subsurface warming (“heat pump” effect), driven by a combination of
different physical processes. This effect can be more or less pronounced
depending on the oceanic conditions that the storm encounters on its path. The
Argo float which was located in an anticyclonic meander of the lonian Ses
(Figure 1; magenta square), was affected by a sharp drop in temperature in the
upper layer and awarming of the subsurface that propagated to a depth of 150
m due to a combination of mixing and downwelling in its interior. The Argo
float which was located in a cyclonic vortex of the Sicily Channel (Figure 1; red
diamond), was characterised by mixing and upwelling in its interior. The
subsurface warming was reduced in intensity and stored in a thin layer
(between 30 m and 40 m depth) compared to the anticyclonic condition. The
Argo float which was located in an anticyclonic vortex of the Tyrrhenian Sea
(Figure 1; yellow dot), showed a stronger heating of the subsurface in the
thermocline compared to the others.
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Abstract

This study investigates the variability and response of surface chlorophyll (CHL) concentrations in the southern North Sea to
marine heatwaves (MHWSs) over 26 years (1998-2023). The analysis uses daily high-resolution cloud-free SST and CHL data
obtained from CMEMS. The SST showed a significant positive tempora trend, while the CHL concentration showed a non-
significant trend. Spatially, the CHL trend map showed high variability, with significant negative trends along the French coast and
in certain regions west of the Dogger Bank and significant positive trends along the east coast of the United Kingdom, the Belgian
and Dutch coasts, and the German Bight. The analysis of MHW and low chlorophyll (LCHL) events showed an increasing trend
in the total number of MHW and LCHL days as well as compound MHW-LCHL days over the study period.

Keywords: Chlorophyll-A, North Atlantic, Temperature

Introduction

The SNSis a highly productive region characterized by dynamic physical and
biological processes [1]. In recent years, the SNS has experienced the effects of
marine heatwaves (MHWSs) [2], which are prolonged periods of unusually warm
SST [3]. These MHWSs can have profound impacts on the marine environment,
including alterations in CHL concentrations [4,5]. The CHL is akey indicator of
the productivity of marine ecosystems. It serves as a proxy for phytoplankton
biomass, which forms the base of the marine food web and plays acrucia rolein
global carbon cycling. However, the response of CHL to environmental changes,
such as MHWSs, can significantly impact ecosystem dynamics [5]. The aim of
this study is to investigate the variability and trend of CHL concentrations in
the SNS and their response to MHWs over the last 26 years (1998-2023).
Methods

To identify MHW metrics and their compound MHW-LCHL events, we follow
[5,6], who defined the MHW (LCHL) as days when the SST (CHL) anomalies
are above (below) their 90th (10th) percentile threshold for that time of year.
For more details on the compound MHW and LCHL events, the reader is
referred to [5]. Here we have used the daily high-resolution cloud-free SST and
CHL concentrations at the surface downloaded from the CMEMS. Both data
sets are available from 1998 to 2023 with a horizontal resolution of 2 km for
SST and 1 km for CHL. The CHL data were re-mapped by cubic spatial
interpolation to obtain the same resolution as the SST (i.e. 2 km).

Results

Figl shows the tempora evaluation of the SST and CHL concentration
anomalies (SSTA, CCA) in the SN'S during the period from 1998 to 2023. The
highest SSTA was found in 2007, 2014, 2016, and 2022, while the highest CCA
was observed in the spring of 2001 and 2003. Although there is no strong
significant correlation between SSTA and CCA over the whole study period,
there is a coincidence between the extremely positive SSTA and extremely
negative CCA in some years during the study period (see the pink linein Fig.1).
Excessive heat in these years can lead to thermal stress, which affects the
growth, photosynthesis, and overall productivity of phytoplankton.
Consequently, this can lead to a decrease in CHL concentrations. The SST
showed a significant temporal trend of 0.28 °C/decade, while the CHL
concentration showed a non-significant trend of 0.09 (mg/m3)/decade (Fig. 1).
The analysis of the seasonal chlorophyll cycle (not shown) usualy peaks in
April and May and describes the phytoplankton spring bloom in the SNS.
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Fig. 1. Time series of SST anomaly and CHL concentration anomaly averaged in
the southern North Sea. The pink lines show the coincidence of low CHL with
high SST.

The CCA trend map shows high spatial variability, ranging from significant

20

negative trends to positive trends (Fig. 2). The negative CCA trend is found
aong the French coast, in the Wadden Sea, and in the deep part west of the
Dogger Bank. The strongest significant positive CCA trends are found along the
east coast of the United Kingdom, in the central part of the study area, along the
Belgian and Dutch coasts, and in the German Bight. The regions where higher
CCA trends were recorded coincided with lower SSTA trends (see Fig. 4in[2]),
which is influenced by the inflow of freshwater. The spatial correlations
revealed a non-significant relationship between CCA and SSTA for most of the
study area. However, significant positive correlations (p<0.05) are found in the
same regions that show positive CCA trends (i.e. aong the Belgian and Dutch
coasts and in the German Bight), while a patch of negative correlation is
observed in the deep regions around the Dogger Bank.
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Fig. 2. Trend map of chlorophyll-a concentration anomaly (mg/m3)/decade and
its correlation with sea surface temperature anomaly. The abbreviations stand
for the Dogger Bank (DB) and the Wadden Sea (WS).

To investigate the temporal development of MHW and LCHL events or
composite MHW-LCHL events, we calculate regional annual mean values of the
total days in the entire study area from 1998 to 2023 (not shown). The highest
total number of MHW days and MHW frequency were recorded in 2007, 2014,
2016, and 2022. The highest mean MHW-LCHL days were also recorded in the
same years. The overall trend of MHW and LCHL days was 8.31 and 2.84
days/decade, respectively. The mean MHW-LCHL days also show an upward
trend of around 0.87 days/decade over the entire study period.

Conclusions: This study highlights the complex relationship between MHWs
and surface chlorophyll concentrations in the SNS, providing valuable insights
into the dynamics of this productive marine region.

Funding: This work was fully funded by the North-Heat project (STEREO-IV
BEL SPO # project SR/00/404)

References

1- Alvera-Azcérate et al. (2021). https://doi.org/10.3389/fmars.2021.707632
2 - Mohamed et a. (2023). https:/doi.org/10.3389/fmars.2023.1258117

3- Hobday et a. (2016). https:/doi.org/10.1016/j.pocean.2015.12.014

4 - Hamdeno et a. (2022). https://doi.org/10.3390/RS14184653

5- Cheneta. (2023). https:/doi.org/10.3389/fmars.2023.1303663

6 - LeGrix et al. (2021). https:/doi.org/10.5194/bg-18-2119-2021

Rapp. Comm. int. Mer Médit., 43, 2024



ANALY SIS OF SEA SURFACE AND STRATIFICATION TRENDS THROUGH SUB-SURFACE MOORING
AROUND MALTA

Rebecca Herbst 1, Adam Gauci 1, Audrey Zammit *, David F. Ramirez Montafio 1 and Alan Deidun 1
1 University of Malta - audrey.zammit@um.edu.mt

Abstract

This study presents an analysis of water temperature data from the Maltese Islands in the southern Mediterranean, using moorings
equipped with temperature loggers at various depths. This research aims to explore thermocline formation, shifts in peak
temperatures, and the varying response times at different depths, which may provide insights into the effects of climate change. The
data collected hourly from 2019 through mid-2022, and averaged into daily values, not only highlights short-term fluctuations but
also revedls significant long-term trends in sea temperature. The findings underscore the importance of continuous and precise
temperature monitoring to better understand and predict future climatic changes in marine environments.

Keywords: Temperature, Mediterranean Sea, Time series

Introduction - Over the past four decades, a consistent upward trajectory in sea
surface temperatures around the Maltese islands has been documented,
exhibiting an average annua increase of 0.05°C. This trend is particularly
pronounced during summer months, with mean temperatures aligning closely
with Mediterranean averages [1]. Recent findings from the Intergovernmental
Panel on Climate Change (IPCC) underscore this phenomenon, indicating a
general escalation in Mediterranean Sea surface temperatures over recent
decades, varying regionally between +0.29°C and +0.44°C per decade across
the entire upper mixed layer [2]. Thisisof high interest since these averages are
above the global average of 0.01°C per year, highlighting the role of the
Mediterranean region as a critical zone for future climatic changes[3]. Thisis
especially pertinent given the heightened frequency and intensity of marine
heatwaves [4]. Consequently, there is an urgent need for enhanced operational
data collection, monitoring trends in the seasonal water temperature cycle. A set
of temperature loggers was initially provided by the CIESM Tropica Signas
Program to be installed at a single location in Maltain 2012; subsequently, the
Oceanography Malta Research Group (OMRG) within the University of Malta
installed additional loggers at multiple locations within Maltese coastal waters.
Thiswork presents an improved and extended implementation of these loggers.
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Fig. 1. Mooring setup designed for continuous monitoring, with temperature
loggers attached at 5m intervals.

Method - A buoy, positioned five meters below the sea surface, and equipped
with HOBO Water Temperature Pro v2 data loggers, was deployed in proximity
to the Mgarr ix-Xini coast in Gozo, Malta, for continuous monitoring. The
deployment strategy involved mounting loggers at regular intervals of five
meters, starting at a depth of five meters and extending down to a depth of 45m
(Figure 1).
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Fig. 2. Time series of water temperature measurements (in °C), obtained from
the Mgarr ix-Xini location using the implemented mooring setup.

Results - Hourly temperature data was measured and subsequently averaged
into daily values to mitigate short-term fluctuations and emphasize longer-term
trends. This dataset spans from the beginning of 2019 to mid-2022 (subset
shown in Figure 2). During 2020, the formation of the thermocline occurred in
April, coinciding with the subsequent warming of water across all measured
depths, a pattern consistent with other sampled years (2019-2022).
Homogeneous temperatures were reestablished by mid-October. Throughout the
sampling period, September remained the warmest month, with peak sea surface
temperature values typically occurring at the end of August or the beginning of
September. Besides the multiple deployment of water temperature loggers, the
OMRG has also installed dissolved oxygen, pH and salinity loggers through
permanent moorings within Maltese coastal waters as part of its operationa
monitoring mission.
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Congress Joint Session : Marine Data Analysis and Management I
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Moderator's Synthesis

Among the main issues debated, we can mention the interconnectedness of oceanographic processes. The
EMSO-E2M3A South Adriatic Regional Facility presented high-frequency temperature and salinity data,
highlighting the interconnectedness of oceanographic processes across various temporal scales. This data
is crucial for understanding daily, seasonal, and climatic trends in the region. We also discussed about the
evolution of data management. The National Oceanographic Data Centre (NODC) of OGS showcased its
journey from floppy disks to modern databases. The emphasis was on the importance of Open Science
and the FAIR data principles (Findable, Accessible, Interoperable, Reusable) in marine data management.
We also address the topic of long-term oceanographic measurements and the associated challenges
(especially in terms of sustained funding), with the example again of the EMSO ERIC marine observing
system in the southern Adriatic Sea (13 years of uninterrupted oceanographic measurements). These long-
term datasets are vital for studying deepwater dynamics and their implications for climate change.
Finally, the use of Sentinel-2 satellite data for monitoring water quality in Vrana Lake, Croatia, was
discussed. The study demonstrated the applicability of remote sensing technologies in assessing water
quality dynamics and confirmed the suitability of Sentinel-2 data for such purposes.
The discussions in this session underscored the importance of continuous innovation in marine data
analysis and management. The transition from traditional data storage methods to modern, interoperable
databases is a testament to the progress in this field. Additionally, the integration of remote sensing
technologies and governance tools highlights the multidisciplinary approach needed to address complex
marine and coastal challenges. The session provided a comprehensive overview of current advancements
and future directions in marine data management.
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THE MULTIDISCIPLINARY SOUTH ADRIATIC FACILITY(EMSO E2M3A): INTERCONNECTEDNESS OF
PROCESSES ON DIFFERENT SPATIAL AND TEMPORAL SCALES, INTERACTION AND RECURRENCE
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Abstract

The EMSO-E2M3A South Adriatic Regional Facility provides high-frequency (hourly) temperature and salinity data from 2006 on
along the water column from the surface to the seafloor. Their study shows processes taking place in the area at different
temporal scales, i.e. daily, seasonal, intra-annual and inter-annual, as well as their recurrence (seasona or not) and climatic trends.

Keywords: Deep sea processes, Adriatic Sea, Open sea, Vertical migration, Time series

The southern Adriatic Pit where the EMSO-E2M3A is located, is characterized
by a cyclonic circulation and deep convection processes involving both
atmospheric and ocean dynamics, forming new, dense and oxygen-rich waters.
There are intermittent inflows of water with high salinity from the lonian Sea,
which favor salt fingering [1], and dense overflows from the northern Adriatic
Sea[2].

The data collected by the E2M3A observatory alow the monitoring of
variability on short scales related to convection and submesoscale processes.
ADCP data indicate that zooplankton migration at the surface/intermediate layer
is enhanced by convection-induced mixing. Factors such as thermocline depth
and dtratification, the daily light cycle, the lunar cycle, physica ocean
conditions and the deep clorophyll maximum could be responsible for the
accumulation and movement of plankton and other planktivorous organisms
such asfish (Fig. 1).
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Fig. 1. Backscatter strength (Sv) shows the vertical migration from an upward
looking 150kHz RDI ADCP and from a downward looking 55 kHz Nortek
Signature ADCP between November 2022 and July 2023

On intermediate time scale, changes in the basin circulation are monitored, and
on alarger time scale, climate variability in the areais observed. On the monthly
scale, thermohaline variability increases significantly due to oscillations triggered
by a combination of factors including sdinity intrusion into the intermediate
layer, strong heat loss at the surface and variability in vorticity during the winter
months. The lower layer of the pit has been characterized by a slightly positive
trend in temperature and salinity over the last decade, interrupted only by the
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inflow of dense water from the northern Adriatic Sea cascading through the
Canyon of Bari.
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Fig. 2. Hovmuller diagram of potential temperature and salinity from the
E2M3A mooring in the SAP. The isotherm of 13.4°C and the isohaline of 38.78
(black, solid line) show a strong oscillation after winter 2016/2017.

The Hovmdller diagrams, based on time series of potential temperature and
salinity measured at SAP (Fig. 2), show a clear change in the characteristics
before and after 2017. Looking at the 5-year dataset presented in this figure
(November 2014—October 2019), the water column from the end of 2014 to the
end of 2016 shows a clear signature of LIW occurrence restricted to the layer
between 400 and 600 m, with a core value of 38.84.

The different processes interact in a non-linear way, which emphasizes the
importance of high-frequency measurements of fast processes and their
interaction with and correction of slowly varying properties on a longer time
scale.

Measurements at the EMSO-E2M3A facility have demonstrated the Eulerian or
fixed-point observatories’ importance as an essential component of the global
ocean observing system. They alow the detection of extreme events that occur
rarely during the multi-year observation period, such as the strong convection
events that homogenize the water column leading to long-term alterations of the
density structure. They provide a unique opportunity for multidisciplinary and
interdisciplinary work combining a variety of observations on a large range of
timescales[3].
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FROM FLOPPY DISKS TO MODERN DATABASES: OGS REPORTS ON TWENTY YEARS OF THE
NATIONAL OCEANOGRAPHIC DATA CENTRE
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Abstract

This year marks the twentieth anniversary of the National Oceanographic Data Centre (NODC), which is managed by the
National Ingtitute of Oceanography and Applied Geophysics - OGS. In 2004, the OGS formalised the infrastructure for the
management of marine data under the name NODC to fulfil its obligations as the Italian representative in UNESCO's IODE/IOC:
the International Oceanographic Data and Information Exchange (IODE) programme of the Intergovernmental Oceanographic
Commission (10C). Specificaly, the NODC's mission is to pursue Open Science, fostering free access and use of data following
the FAIR data principles, which require data to be easily Findable, Accessible, Interoperable and Reusable. After twenty years of
activity, this article traces the main stages of the NODC, recent achievements and improvements in the pipeline.

Keywords: Management, Temperature, Salinity, Oxygen, Mediterranean Sea

The first step as marine data manager was taken by the OGS in 1979, when a
relational database model, was implemented on the IBM 4341 system to collect,
archive and analyse the temporal variability of marine data first in the Northern
Adriatic and then in the whole Mediterranean [1, 2].In 2004, the OGS
established the National Oceanographic Data Centre to meet the obligations as
the Italian representative in UNESCO's International Oceanographic Data and
Information Exchange (IODE) programme of the Intergovernmental
Oceanographic Commission (I0C). It ams at facilitating the exchange of
oceanographic data and information while maintaining the research integrity. To
this end, the Centre manages the assignment of identifiers as Digital Object
Identifiers  (https.//nodc.ogs.it/catalogs/whattheyare) via the internationa
DataCite consortium. The NODC infrastructure also pursues the principles of
open science by using open softwares and tools to offer more and more efficient
services (https://nodc.ogs.it/data/data-access), which can be found on its website
(https://nodc.ogs.it). Some examples in Fig. 1 and Fig. 2. In 2024, the Centre
was recognised as an accredited IODE NODC: the only one in Italy and the
11th of 101 data centres in the IODE network. In order to be certified, the
NODC at OGS has ensured compliance with IODE standards and set up a
quality management system in line with 1SO 9001:2015 [3] . This enables an
organisation to identify risks and opportunities and work towards
improvements. The NODC:s certified by IODE are also accredited as part of the
World Data System (https://worlddatasystem.org).
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Fig. 1. ERDDAP, the server to download subsets of NRT oceanographic
datasets.
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@ (OGS Geoportal (beta)

Fig. 2. The geoportal (https://nodc.ogs.it/geoportal) to view the OGS NRT data
inthe Adriatic Sea.

Currently, the NODC database with delayed mode data includes more than 460
million measurements from 1880 to 2024; 75.8 % of it is freely accessible to all
users, 24.1 % by arrangement. All these data are made available through the
European Blue Data infrastructures, such as SeaDataNet, the pan-European
infrastructure for ocean and marine data management, EMODnet, the European
Marine Observation and Data Network, and Copernicus. The NODC is
improving its geoportal and ERDDAP server for near real-time data, its database
and data access service for marine datain delayed mode.
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THE EMSO ERIC MARINE OBSERVING SYSTEM IN THE SOUTHERN ADRIATIC SEA: 13-YEARS OF
UNINTERRUPTED OCEANOGRAPHIC MEASUREMENTS WITH MOORINGS BB AND FF

Francesco Paladini de Mendoza *, Leonardo Langone 1, Vanessa Cardin 2, Patrizia Giordano 1 and Stefano Miserocchi 1
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Abstract

The observing activities started in 2004 aong the western margin of the southern Adriatic Sea is developed with the establishment
of the EMSO-ERIC regiond facility operated by CNR-ISP and OGS. The observatory produces a high-quality and FAIR-
compliant dataset, that provides information on the long-term changes in deepwater dynamics along the southern Adriatic

continental margin.

Keywords: Continental slope, Adriatic Sea, Mediterranean Sea, Deep waters

Monitoring activities along the southern margin of the Adriatic Sea began with
the objective of addressing several scientific questions related to sediment
transport pathways along the Adriatic shelf and slope and the dynamics of
Dense Shelf Water (DSW) cascading events exploring its role in particle
transport. Since 2012, two moorings have been permanently deployed in the
Bari Canyon (mooring BB) and in the open-slope (mooring FF). These moorings
were dtrategically placed at sites where the passage of Dense Shelf Water
(DSW) was most anticipated. Both moorings produce a high-quality open-
access dataset that complies with FAIR principles
(https://erddap.emso.eu/erddap/index.html). The development of standardised
procedures and best practices ensure uninterrupted monitoring of several key
ocean variables available from 2012 to the present [1]. The measured data have
played a key role in understanding the dynamics of DSW masses along the shelf
and slope [2], and demonstrate the primary role of the Bari Canyon as a conduit
for sediment dispersa from the shelf to the deep basin [3] where DSW
cascading events are primarily responsible for particle and organic matter fluxes
across the western margin of the southern Adriatic [4].
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Fig. 1. A) Study Area Monthly mean T measured on FF (b) and BB (c).
Dashed lines show the trend obtained by linear regression.

A long-term analysis of temperature and salinity in BB and FF in the last 100 m
of the water column (500-600 m in BB and 637-737 m in FF) reveals a
consistently positive trend at the various depths investigated. In particular,
there has been a notable cumulative increase (p-val < 0.001) of +0.67°C and
+0.23 PSU in the near-bottom level (-590 m) since 2010. The DSW passage
typically occurs between late winter and spring, although its occurrence is not
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consistent between years. Moreover, the thickness of the water column exhibits
vertical variability and shows site-specific behaviour. The characteristics of
DSWsinfluence the buoyancy of water masses and determine their sinking along
the slope and basin.
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Fig. 2. &) Current speed measured by ADCP on the last 100m water column,
rectangles refer to DW passage events, b) T at BB measured at 590m; c) TS
diagram of selected DSW passage events. Different years are colour coded.

In BB, which is the shallowest mooring, DSWs were observed in 7 different
years and the properties of the water masses revealed a change in density
anomaly of about 0.105 kg m-3 with a reduction in the sinking capability of
DSWs thus affecting the renewal of bottom waters with an impact on
biogeochemical cycles. The long-term measurements shed light on the recent
changes in the deep-water dynamics of the southern Adriatic continental margin,
emphasizing the central role of the EMSO-ERIC observatory in understanding
the climatological evolution of the Mediterranean basin.
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ADVANCING GOVERNANCE IN MARINE AND COASTAL SOCIO-ECOLOGICAL SYSTEMS
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Abstract

This study describes the main features of the OGMAR platform, an online tool designed to assess the governance of marine and
coastal socio-ecological systems. OGMAR includes a novel GIS map viewer depicting the limits and essential characteristics of
more than 800 Spanish Marine Protected Areas (MPAS). Our assessment methodology enables the effective evaluation of the MPAs
governance based on a battery of 27 indicators and facilitate management proposal's based on the gaps detected. The OGMAR tool
will enhance decision-making and ensure sustainable ecosystem governance.

Keywords: Management, MPAs, Mediterranean Sea

The current socio-ecologica crisis demands a profound re-evaluation of our
approach to manage our oceans and coasts, compelling science to take aleading
role. Researchers worldwide have shed light on key research priorities necessary
to tackle this challenge [1]. These priorities encompass understanding socio-
ecological systems, effective governance, and the pivotal role of institutionsin
ecosystems [2] [3] [4] (Fig. 1).

Fig. 1. Complexity of coastal and marine social ecologica systems.

A main challenge lies on achieving good governance, i.e., discerning whether
decision-making processes result in environmentally and socialy sustainable
outcomes [5]. Here we introduce a methodological framework for assessing the
governance of socio-ecological systems, with emphasis on marine protected
areas (MPA). This framework integrates various complementary approaches,
including the MPAG framework [6] and the socia theory of incentives.
Incentives, in this context, denote interventions shaping behaviour to align with
biodiversity conservation goals[7].

Building upon these principles, we have developed an evaluation tool —
OGMAR — comprising a survey featuring 27 indicators, with special emphasis
on the assessment of the system of incentives, encompassing economic,
interpretative, knowledge, lega and participative aspects. Consequently,
OGMAR can propose interventions to enhance decision-making and problem-
solving processes. Utilizing the OGMAR platform, we have successfully
identified and mapped over 800 MPAs in Spain, spanning different protection
categories such as Natural Parks, Natura 2000 marine sites, the OSPAR Network
of MPAs, SPAMI, and Biosphere Reserves (Fig. 2). This Geographic
Information System (GIS) tool aggregates essential data for each MPA,
including their size and responsible administrations. Notably, we have also
incorporated considered coastal protected areas |lacking a marine component due
to their significance in land-sea interactions.

This approach has facilitated the establishment of a comprehensive Gl S-based
registry of marine and coastal areas in Spain across international, national and
local levels. The compiled data enables us to conduct an initial analysis of the
geographical and administrative overlaps, posing significant challenges to
effective management and governance. Stakeholder responses to the OGMAR
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survey provide detailed insights into individual and collective perceptions
regarding MPA governance, culminating in an anaysis of the marine-coastal
governance efficiency of Spanish MPAs across various spatial and temporal
scales.

ESPACIOS MARNOS PROTEGIDOS & x

Fig. 2. Observatory of Marine Governance map viewer.
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SPATIAL-TEMPORAL ASSESSMENT OF WATER QUALITY DYNAMICS USING SENTINEL-2 SATELLITE
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Abstract

The aim of this research is to investigate the applicability of Sentinel-2 imagery in monitoring the spatio-tempora dynamics of
water quality using the example of Lake Vransko. The estimates of water constituents were generated using the C2RCC (Case 2
Regional Coast Colour) processor, in particular the C2RCC, C2X and C2X-COMPLEX versions. Model validation was performed
using 20 samples collected by in situ measurements. The correlation results showed investigated parameter have an R2 greater
than 0.5. Due to the considerable variability of the water composition, the C2RCC algorithm showed the best results. The
chlorophyll-a concentration (Chl-a) values show that the lake falls into the category of mesotrophic/eutrophic conditions. The study
confirms the suitability of the Sentinel-2 data for water quality monitoring.

Keywords: Chlorophyll-A, Remote sensing, Mapping, Analytical methods, Adriatic Sea

Introduction

Spatio-temporal monitoring of water quality is important to protect lakes from
various forms of pollution and to preserve aquatic ecosystems [1]. In this
complex process, remote sensing methods offer numerous advantages over
traditional field measurements, as they provide a cost-effective and less time-
consuming way to obtain information for large areas [2]. In this study, two
approaches were applied: (1) in situ field measurements and (2) remote sensing
(Figure 1) to evaluate the utility of Sentinel-2 satellite imagery in predicting the
spatio-temporal distribution of water quality in the case of Lake Vrana in the
Republic of Croatia

(2] I

Sentinel-2 images L1C Lake In-situ measuring
v v v
C2RCC toolbox SNAP YSI EXO2 Meteo sensors
I

A 4
Correlation of In situ with #

CRCC (R?, RMSE) Predict water quality

Fig. 1. Flowchart of research methodology

Lake Vrana is the largest natural lake (28.849 km?) in the country, exposed to
various anthropogenic and natural influences. The estimates of water
constituents were produced using the C2RCC (Case 2 Regional Coast Color)
processor based on deep learning approaches, specifically C2RCC, C2X and
C2X-COMPLEX versions, using the Sentinel Applications Platform (SNAP).
The C2RCC atmospheric correction is a full spectrum version using a set of
neural networks which are trained on simulated top-of-atmosphere reflectance
[2]. The raditiave transfer simulations include the full ocean and atmosphere
system. As aresult of the methodological process, values of Chl-a concentration
in [mg/m3] as well as their spatio-tempora distribution were determined for 4
months (Figure 2). The model vaidation was carried out using 20 samples
collected with an YSI EXO2 multiparameter probe. As part of the study, a
correlation was established between satellite images and samples collected on
site. The results will provide valuable insights into the dynamics of water
quality in Lake Vranaand can serve as a basis for the further management of this
important protected ecosystem.

Result and discussion

The measured concentrations of Chl-o for al sampling events were plotted
against reflectance values and agorithms. RMSE and R2 values as calculated by
field data against the values from the automatic products of each C2RCC
version. The best atmospheric correction was C2RCC. The method is optimal
for lakes with low levels of water pollution (higher water transparency and
lower Chl-o. and total suspended matter concentration values) where trophic
activities are limited [2]. Chl-a values, based on a four-month average, are
relatively low and vary between 0.207 to 13.981 mg/m®. The highest

27

concentrations and area (3.243 % of tota area) of Chl-a (in the class from 10 to
19.995 mg/m3) were recorded in September 2023. Generally, the distribution of
Chl-o indicates higher concentrations in the northeast section of the lake, near
the primary freshwater inflow from the Kotarka and Lateral channel (Figure 2).
This elevation in Chl-a levels can generally be linked to the input from
freshwater channels, which fosters the growth of local phytoplankton through
the introduction of nutrients. Conversely, the eastern part of the lake
consistently exhibits lower Chl-a. concentrations. In this environment, where
macrophytes are absent, phytoplankton predominantly account for the
chlorophyll present in the lake. These phytoplankton populations are subject to
distribution across the lake driven by various dynamics such as wind activity
and variations in water density. These factors complicate the ability to
accurately predict and model the fluctuations in phytoplankton levels. The
study emphasized the importance of chl-a in the lake ecosystem and its
relationship with another water quality parameters and meteorological data.

7/17/2023

~ 12/192023
i, o
s

Lateral e X Samples

4 -
+ w‘! Chl-a (mg/m?) ™ High - 15

B Low: 0.01
Kotarka — +

Fig. 2. Spatial-temporal distribution Chl-a of using the best atmospheric
correction C2RCC version
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Congress Joint Session : Marine Data Analysis and Management 11
(all Committees)
Moderator : Antonio Terlizzi

Moderator's Synthesis

The Marine data analysis & management II' session saw the presentation of interesting contributions
concerning the monitoring of biodiversity, from microbes, to the planktonic component, to algae and
invertebrates. A common thread of the session was the reconstruction of diversity data also and above all
through museum collections and historical data. The session looked essentially at historical information
without neglecting innovative approaches such as, for example, promising perspectives of metabarcoding
analysis of historical zooplankton samples preserved in formalin. The communications, on the proposal of
the coordinator, were followed by a single and broad discussion that ranged from the importance of
taxonomy, to the need for data sharing, and the importance of historical data for the quantitative
reconstruction of changes in the structural patterns of biodiversity in a context of increasing anthropic
pressure on marine ecosystems.
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FROM PHYSICAL TO DIGITAL SPECIMENS: HOW TO MAKE THE SCIENTIFIC COLLECTIONS
AVAILABLE FOR RESEARCHERSAND STAKEHOLDERS

Simona Armeli Minicante 1*, Elisa Camatti 1, Roberta D'Onofrio 1, Irene Guarneri 1 and Laura Giordano 1
1 CNR-ISMAR, Italy - simona.armeliminicante@cnr.it

Abstract

The Natural Science Collections (NSCs) represent evidence of a territory's historical and present biodiversity and geodiversity,
thus assuming the dual role of a vehicle of cultural information and study material. Digitalization of NSCs is a priority to obtain an
irreplaceable database of information on species diversity and habitat changes at large areal and temporal scales. We present the
NSCs workflow developed by the Institute of Marine Science (CNR-ISMAR), as part of a national repository for marine digital
collections, shared according to the FAIR principles. The obtained data will contribute to detecting biodiversity changes and
developing appropriate conservation measures. Furthermore, the available data will allow us to contribute to developing the

European RI DiSSCo (Distributed System of Scientific Collections).

Keywords: Biodiversity, Mediterranean Sea, Instruments and tech, Worldwide

The Natural Science Collections (NSCs) have historically been pivotal in
addressing fundamental questions in science, innovations, discoveries, and
sustainability. The digitization of NSC plans the transition from Physical
Specimens to Digital Specimens, providing data findable, accessible,
interoperable, and reusable according to the FAIR principles. In this context, the
DiSSCo Research Infrastructure (Distributed System of Scientific Collections),
aim to virtually bring together NSCs and related information preserved in natural
history museums, botanical gardens, research ingtitutes and universities in a
single portal at the European level [1]. The Institute of Marine Science (CNR-
ISMAR) hosts a large heritage of naturaistic collections relating to different
fields of study (botany, zoology, paeontology and geology) (Fig.1) and capable
of making a significant contribution to the knowledge of marine biodiversity and
geodiversity.

As part of the "Italian Integrated Environmental Research Infrastructures
System" - ITINERIS project, a flowchart has been defined from cataloging to
the release of the NSCs of the CNR-ISMAR (Fig.2). The actions needed to
organize and make the scientific collections available for research are the
following: curatorship of physical collections; specimen cataloguing and
assignment of the permanent identifier; taxonomic revision; digitisation and
metadating to create digital collections according to international standards[2,3];
data storage; release of the data and metadata in the open access I nstitute catalog
and the Global Biodiversity Information Facility (GBIF) [4], to make the NSCs
available from different stakeholders (researchers, teachers, museums, citizen,
etc.). The creation of digital twins of NSC objects originating from research
activities, together with maintaining the physical sample, will contribute to
detecting biodiversity changes and developing appropriate conservation
measures; furthermore, it will offer fast and efficient information sharing,
encouraging collaboration, communication, and dissemination within and outside
the scientific community.

Geographical origin of the
Natural Science Collections
of CNR-ISMAR
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Fig. 1. Geographical origin of NSCs of CNR-ISMAR concerning the different
fields of study
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Fig. 2. Workflow for the cataloguing, metadating and digitisation of the NSCs
hosted in CNR-ISMAR
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BLAST FROM THE PAST: METABARCODING ANALYSISOF FORMALIN-PRESERVED
MESOZOOPLANKTON ASSEMBLAGES
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1 Universita Degli Studi di Trieste- DSV - elettra.chiarabelli@phd.units.it
2 National Institute of Oceanography and Applied Geophysics OGS

Abstract

Historically, zooplankton samples preserved in formalin pose challenges for molecular analysis due to induced DNA alterations.
This study aimed to develop an extraction method and amplification protocol for DNA metabarcoding of such samples. Pre-treated
with an alkaline buffer, samples underwent amplification targeting two gene regions. nuclear 18S rRNA and mitochondrial COl,
using four primer sets. Results suggest DNA metabarcoding as promising for studying historical collections, with successful
amplification for both genes despite optimization needs. This method represents a significant advancement in the study of historical

zooplankton communities.

Keywords: Zooplankton , Adriatic Sea

Formalin has long served as a preservation method for various biologica
samples, including zooplankton assemblages. However, formalin treatment
induces DNA dterations, such as cross-links between DNA and proteins,
resulting in significant fragmentation of the nucleic acids contained in the
samples. This issue, known among researchers as the "formalin problem" [1]
presents a challenge for molecular techniques. Nonetheless, scientific interest in
resolving the latter has grown, recognizing the value of historical and museum
collections for biodiversity research, especially in understanding potential shifts
within mesozooplankton communities amid rapid climate change.

Samples from the "MAMBO Station" in the Gulf of Trieste were collected
monthly in 2017 using vertica nets and taxonomically identified before
preservation in formalin. The study aimed to evaluate if annual taxonomic
changes in assemblages could be detected through metabarcoding after
long-term formalin preservation.

In this study, seven years old samples underwent pretreatment with an alkaline
buffer followed by thermal treatment. This method, commonly employed for
FFPE samples, effectively breaks cross-links and has proven successful for
formalin-preserved plankton samples [2], Extraction utilized the EZ.N.A.®
Mollusc DNA kit (Omega Biotek), following the manufacturer’s instructions.
Testing different thermal profiles, we were able to amplify four primer sets
targeting 18S and COlI DNA markers.

However, the number of PCR cycles required to obtain amplification was
extremely highin all four cases. Despite being a common requirement in such
studies [2], reducing the number of cycles is one of the necessary future
developments for this type of analysis. Amplicons were sequenced in two test
samples; figure 1 illustrates the first metabarcoding analysis with the COl DNA
marker.

50% —

1 Metazoa, Arthropoda, Hexanauplia,
80% Calanoida, Clausocalanidae

1 Metazoa, Chaetognatha, Sagittoidea,
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] Metazoa, Arthropoda, Hexanauplia,
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Metazoa, Arthropoda, Hexanauplia,
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Fig. 1. Results of metabarcoding analysis with the COl DNA marker for Jan.
2017 and Feb. 2017
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The results of the metabarcoding analyses were then compared with the results
from classical taxonomic analysis to enable a potential comparison between the
two methods. The main aspect we are now working on is related to increasing
theyield of amplifiable DNA, thus reducing amplification cycles and increasing
the biodiversity that can be captured by sequencing zooplankton preserved in
formalin even for many years.
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FROM ECOLOGICAL RESEARCH TO NATURAL SCIENCE COLLECTIONS: AN EXERCISE WITH
MARINE BENTHIC INVERTEBRATES.

Edoardo Di Russo 1*, Irene Guarneri 1, Marco Sigovini 1, Andrea Sabino 1 and Francesca Maggiore 1
1 National Research Council (CNR) - edoardo.dirusso@crr.it

Abstract

Biological samples produced by ecological research and biomonitoring can convey broader information than that for which they
were collected. A test study to give wider access through the RI-DiSSCo to natural science collections composed of marine
benthic invertebrates, stored in the CNR-ISMAR Ingtitute, is here presented.

Keywords: Zoobenthos, Gulf of Venice, Biodiversity, Crustacea, Mollusca

Research and biomonitoring activities on benthic assemblages typically produce
a big number of biodiversity samples with related (meta)data Benthic
biodiversity is characterized by high number of phyla and a wide range of body
structure and size. When the original scientific questions are answered, the
collected specimens can have different fates: they could be preserved for along
time, sometimes outliving those who collected them, or, in the other side of the
spectrum, they can even be lost or destroyed once the original project is over.
Unlike museal specimens, these samples are generally available only to experts
in the sector, remaining inaccessible to awider public.

The goa of the Research Infrastructure DiSSCo (Distributed System of
Scientific Collections), is to virtualy bring together all kinds of Natural Science
Collections (NSCs) and related information in a single Findable, Accessible,
Interoperable and Reusable (FAIR) portal at European level. The core is the
Digital Object, a virtual representation of the physical sample stored in a
collection, identified by MIDS (Minimal Information of Digital Specimen), such
as name of the species, image, sampling date and location, to which further
information can be associated (related literature, functional traits, molecular
sequences, environmental parameters associated with sampling sites) [1].

The present test-study has been performed in the framework of the RI-DiSSCo
and project ITINERIS. The am is to create a digital twin in order to make
virtually available the NSCs to any level of audience simplifying access and
sharing information. Main steps include curatorship, cataloging, and digitization.

As a preliminary step, however, in order to optimize the effort, is crucia to
select NSCs to be prioritized (e.g. participation to alarger scientific community
effort, relevance for assessing global and local biodiversity changes, including the
role of invasive alien species, access to primary biodiversity data, target the
most urgent biodiversity and ecological imperatives). With these purposes, we
selected 3 NSCs as starting point: “DC” Crustaceans of mobile bottom collected
in the mud flat of the Dese estuary inside the Venice Lagoon, “ Xi-LoVEU”
wood borers collected in European seas and“NadEm” epimegabenthos
organisms (>1 cm) collected in the Northern Adriatic (Fig. 1, 2) [2,3]. The
heterogeneity of these collections serves as a stress test, which made it possible
to identify the critica issues [eg. 4] and define the criteria useful for
digitization.This exercise was carried out in parallel with other research groups
dealing with other taxa in different geographical areas but sharing the availability
of physical samples and the goa to make them FAIR.

NCSs legend
DC

® NadEm
O Xi-LoVEU

P

& -

Fig. 1. Location of the samplings. Xi-LoVEU (13 sites), DC (12 sites), NadEm
(3 sites).

31

DC Collection
20 families with 20.200
specimen

Xi-LoVEU Collection
3 families with 350
specimen

NadEm Collection
55 families with 1100
specimen

Fig. 2. Families and number of specimen ongoing cataloging of NSCs in CNR-
ISMAR.
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ZOOPLANKTON ABUNDANCE IN SEDIMENT TRAP SAMPLESAT THE LONG-TERM OBSERVATORY
SYSTEM IN THE SOUTHERN ADRIATIC SEA.
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Abstract

The four oceanographic moorings. BB, EE, FF, and E2M3A constitute an observatory of the Southern Adriatic Sea, which aso
enabl es the monitoring of the seasonal cascading of dense waters originating from the Northern Adriatic Sea, and the tracking of the
seasonal and inter-annual variability of the zooplankton over the long term, as a response to climate changes.

Keywords: Adriatic Sea, Zooplankton , Deep sea basins, Monitoring, Particle flux

The Bari Canyon plays a crucia role in the sinking of dense water and the
transfer of sediment to the deep Southern Adriatic Pit. Indeed, the dense waters
of North Adriatic origin flow southwards, mostly intermittently, along the
Adriatic shelf and sink into the deeper basin, both along the open slope and
through the Bari Canyon [1]. The North Adriatic Dense Water (NAdDW)
cascading events transport organic matter from coastal regions to the depths of
the sea, and hold significant importance in the biogeochemical cycles [2].
Consequently, the input of new nourishment sources resulting from cascading
events profoundly influences deep-water communities, enriching deep-seafood
availability and deep-sea fauna energy requirements. Thus, the basin due to its
morphology is considered as areservoir that collects these waters together with
those formed in-situ by open sea convection, exiting the Adriatic as ADW that
feeds the thermohaline circulation of the Eastern Mediterranean Sea [2].
Continuous measurements are essential to assess the inter-annual variability of
the thermohaline circulation, water masses properties and transports,
bio-geochemica fluxes and contents, and finally biomass composition and
variability over times. Here a high-frequency sampling and long-sustained
measurements of multiple interrelated variables from the sea surface to the
seafloor are provided to resolve events and rapid processes on different time
scale. The Southern Adriatic Observatory System (Fig.1) is formed by the
E2M3A observatory in the Southern Adriatic Pit (Eastern Mediterranean), two
oceanographic moorings (BB, FF) positioned along the Bari Canyon and the
open-slope, and EE east of the Dauno seamount. E2M3A is a constituent of the
European component of the Global Ocean Observing System of UNESCO
(https://eurogoos.eu/), and, together with BB and FF, forms an integral part of
the European Multidisciplinary Seafloor and water column Observatory
European-Research Infrastructure Consortium (https://emso.eu/observatories-
node/south-adriatic-sea). The zooplankton specimen collected by four moorings
are pat of the European National Biodiversity Future Centre
(https://www.nbfc.it/en) aimed to monitor, conserve, restore, and valorise the
Mediterranean biodiversity since 2022.

1600
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Fig. 1. Study Area. Bathymetry of the South-Adriatic Sea and the Bari Canyon
System [3] where moorings E2M3A, BB, EE and FF are located.
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The four oceanographic moorings have been gathering year-round data of
oceanographic parameters, and collected zooplankton and sinking particles by
mean of automatic time-series sediment traps since 2013 to present.
Trap-collected zooplankton samples (TCZs) have been checked following the
World Register of Marine Species (WoRMS), ensuring accuracy and
standardisation of species data linked to thermohaline measurements. TCZ data
proves valuable for investigating biodiversity, revealing seasona trends and
dynamics. Copepoda and Polychaeta were found in each sample at both depths,
suggesting that their entrapment activity was relatively constant throughout the
year (Fig.2).
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Fig. 2. Examples of Zooplankton taxonomic assemblages found at the two
sediment traps (120 m and 1150 m water depths) in E2M 3A in 2020.

Moreover, long-term TCZ data provide insights into deep-sea zooplankton
distribution, diversity and ecology, and assess temporal dynamics and variability
of zooplankton fluxes, composition and structure in relation to environmental
changes. Specifically, we aimed to: (1) classified the zooplankton communities,
analyse their long term and seasonal changes; (2) identify if the NAdDW
cascading has arole in zooplankton abundance and variabilities; (3) harmonised
long term zooplankton data with the adoption of standardised guidelines; and
finaly (4) sharing long-term series data as OPEN in the EMSO-ERIC and NBFC
net. Signals of transport through the canyon to the deep pit layer are evident and
the intrusion of dense waters of North Adriatic origin (cascading) is remarked
from salinity homogenization at the 900 - 1000 m depth from the physical and
biogeochemical data measured simultaneously at high frequency by the E2M3A,
BB, and FF moorings.
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BIODIVERSITY DATA MANAGEMENT FOR GOOD ENVIRONMENTAL STATUSASSESSMENTS
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Abstract

Marine biodiversity data are fundamental for good environmental status (GES) assessments. Swift access to dependable and
precise information plays a critical role in observational studies, shaping policies and legislation safeguarding coastal and oceanic
regions. EMODnet Biology, one of seven thematic disciplines covered by EMODnet, specifically focuses on marine biodiversity
data. The tasks within EMODNEet Biology (EB) are covered by the Nationa Oceanographic Data Center (NODCs), who are
responsible for receival, storage, harmonization, data access, data products, and training. Using a macrozoobenthos time-series
collection, this article provides an overview of the data flow, and underscores the significance of collecting and sharing marine

biology data for GES assessments.

Keywords: Biodiversity, Worldwide, Coastal management, Mediterranean Sea

The OCE-OGS group conducted a study on the soft-bottom
macrozoobenthos invertebrates at a coastal site within the buffer zone of a
marine protected area in the Gulf of Trieste. The collection spanned from
July 2014 to January 2018, forming a comprehensive time series. Sediments
were gathered using avan Veen grab (0.1 m2; 18L), and species identification
and counting were performed using a stereomicroscope. Totally, 235 distinct
species were counted during 13 collection campaigns. The research was
meant to shed light on the fluctuations and seasonal and yearly changes in
species composition within the area.

The OGS-NODC performed the retrieval, storage, harmonization, and
feeding of the data into the EB system. Data harmonization was done using
the Darwin Core (DwC) approach, with standardized and controlled
vocabularies used to define time frames, geospatial localization, species
identification, and experimental methods, ensuring interoperability and
reusability. The EB system is composed of severa inter-related data
platforms. The metadata and data was fed into the EB system using the
Integrated Publishing Toolkit (1PT) software and subsequently to the Global
Biodiversity Information Facility (GBIF) data system. Data was then
harvested in a semi-automated process into the European Ocean
Biodiversity Information System (EurOBIS) database, before being rendered
on the EMODnet Central Portal Viewer and the EurOBIS Download
toolbox. The EB system, by means of IPT/GBIF and EurOBIS, is designed
to alow researchers and policy makers to access the data in a Findable,
Accessible, Interoperable, and Reusable (FAIR) manner, and observe the
geographical and temporal fluctuations in abundance of multiple species, to
comprehend the evolving trends and predict future changes, and shape
policies and legislation accordingly.

We performed a simple linear regression using the macrozoobenthos data.
We calculated the t-statistic for the slope coefficient and its associated p-
value using the t.cdf function from SciPy's stats module in python. The data
showed a statistically significant increasing trend (T-statistic: 5.33; p-vaue:
0.001) for the species Amphiura filiformis. Commonly known as the mud
brittle star, Amphiura filiformisplays severa significant roles in marine
ecosystems, such as bioturbation and nutrient cycling. As sensitive
organisms, they respond to environmental stressors such as pollution,
habitat degradation, and changes in water quality. Monitoring popul ations of
Amphiura filiformis provide valuable insights into the health and resilience of
marine ecosystems. The results of this campaign could indicate an
improvement of the GES of the marine protected areain the Gulf of Trieste.
Importantly, feeding the data into the EB system gives the possibility to
compare the abundance of Amphiura filiformis (and many other species) in
multiple geographical locations and time frames, thus using this indicator
species to compare the GES of nearby marine areas.
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This article showed the importance of sharing marine biodiversity data and
how proper data management via an established internationa infrastructure
can complement observational studies in multiple regions leading to better
GES assessments.

Trends of Amphiura filiformis from 2015 to 2018 in The Gulf of Trieste

® Observed data °
40 1 — Linear regression line

Number of individuals per m2

Fig. 1. Simple linear regression of Amphiura filiformis from 2015 to 2018 in
the Gulf of Trieste
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DIGITIZATION OF ALGAL COLLECTIONSAT CNR-IRSA TARANTO: AN EXAMPLE OF LONG TERM
DATA ENHANCEMENT

Loredana Papa 1*, Lucia Spada , Antonella Petrocelli 1 and Ester Cecere !
1 CNR-IRSA Taranto - loredana papa@irsa.cnr.it

Abstract

The digitization of natural science collections was started about twenty years ago, to make this cultural heritage usable by the
scientific community. However, only recently the creation and implementation of scientific infrastructures, such as the Distributed
System of Scientific Collections (DiSSCo) allowed to start a mass digitization process of biodiversity data, to make collections
digital and available online. In this context, within the framework of the PNRR project “ITINERIS’, the CNR-IRSA Taranto is
involved in the digitization of two marine macroalgal herbaria: herbarium TAR, and the historical “Irma Pierpaoli” Herbarium.

Keywords: lonian Sea, Gulf of Taranto, Algae

Natural historical collections, preserved in museums and research institutes
around the world, represent an important source of long term data, which can
help to integrate information from past and ongoing research. To this end, their
digitization can allow to make this cultural heritage usable by the scientific
community [1]. In order to digitize correctly any biological data, the minimum
level of information of the Digital specimen (MIDS) has been established [2].

In addition, international standards have been developed to create datasets
collecting metadata for each digital specimen, which can be managed according to
FAIR principles. At CNR-IRSA Taranto (southern Italy), the TAR herbarium,
preserving marine macrophytes mainly from the Taranto sea, is stored and
continuously implemented since 1984. In addition, the“Irma Pierpapoli”
herbarium, owned by the Marine Biological Station of Porto Cesareo (Lecce,
Italy) and preserving seaweed samples from the Adriatic and the lonian Sea
dating back to the Twenties, is also stored for research purposes.

For this reason, CNR-IRSA Taranto is involved in the DiSSCo infrastrucure.
Within the framework of the PNRR project “ITINERIS’, aimed to enhance the
Italian research infrastructures and create a national open repository for each of
them, starting on February 2024, the digitization of herbarium sheets has been
initiated, with the simultaneously acquisition of the metadata in a dataset
defined according to the Darwin Core terms for biodiversity data[3].

Herbarium sheets are being scanned with a planetary scanner (BUCAP,
Bookeye 5 V2, Monterotondo scalo, Italy) and photographed. High-resolution
images are obtained and currently stored in a local repository. The digitized
images include the color-check table, a paper ruler and two labels. The former
label reports the institute name, the herbarium name, and the progressive
number of the digital specimen. The latter reports the mandatory information,
such as the species name, the collection place, the collection date, the collector
name (legit), and the identifier name (determinavit) (Fig. 1).

Fig. 1. An example of digitalized herbarium sheet.
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To date, about 320 agal sheets belonging to Herbarium TAR have been
digitized. When all the sheets from both the herbaria will be digitized, the two
datasets, including-images and metadata will be uploaded on an international
biological data sharing platform, as agreed within the ITINERIS project.

The research is carried out within the framework of projects funded by EU -
Next Generation EU Mission 4- Component 2- Investment 3.1-
Project IR0000032 — ITINERIS
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MICROBIAL DIVERSITY IN THE CENTRAL ADRIATIC SEA

Danijela Santic *, Iva Stojan 1 and Ana Vrdoljak Tomas 1
1 |nstitute of oceanography and fisheries - segvic@izor.hr

Abstract

By combining qualitative and quantitative methods with neural gas analysis, different patterns of the microbial community were
revealed at finer taxonomic levels in response to changing environmental conditions. We present the results of a one-year study
carried out in an oligotrophic environment where increased salinity was recently observed. A general pattern of increasing diversity
under harsh environmental conditions, particularly under the influence of increasing sdinity at the expense of community

abundance was observed. <\/div>

Keywords: Adriatic Sea, Bacteria

Introduction

Microbes play a key role in the marine environment. Through their different
processes, they are involved in the functioning of the marine environment,
especially in oligotrophic areas. Determining the patterns of bacterial
communities provides a suitable approach to ng their response to changes
in the environment.

Material and methods

A samples were collected monthly in February 2021/January 2022 on vertical
profiles in the central Adriatic. All members of the picoplankton community
were determined using flow cytometry (Gasol and Morén, 2015.), infra-red
microscopy (Masin et a., 2006.) and for DNA extraction, a modified DNeasy
PowerWater Kit (QIAGEN) was used. To extract characteristic distribution, an
artificial neural network algorithm called neural gas (NG) (Vesanto and
Alhoniemi, 2000.).

Results:

Acidobacteriota
Actinobacteriota
Bacteroidota
Bdellovibrionota
Chloroflexi
Crenarchaeota
Cyanobacteria
Dadabacteria
Dependentiae
Desulfobacterota
Firmicutes

Gemmatimonadota

Halobacterota

Hydrogenedentes
Margulisbacteria
Marinimicrobia_(SAR406_clade)
Methylomirabilota

Myxococcota

Nanoarchaeota

NB1j

Nitrospinota

Planctomycetota

17960

Proteobacteria |

SAR324_clade(Marine_group_B) 145
Thermoplasmatota 356
Verrucomicrobiota 1018

PHBMU1 PHBMU2 PHBMU3 PHBMU4

Fig. 1. Bacterial phyllumsin each BMU.

The 24 observed phyla were presented as the sum of the relative abundances of
OTUs, which were classified into four distinct classes called phylum best match
units (PHBMU1-PHBMU4) using NG and associated with other ecological
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factors (Figs. 1-2). Considering the classification of phyla patterns via NG
analysis into four distinct BMUs described as specific environments, we
analysed the diversity of the picoplankton community according to each BMU.
The average values regarding the number of archaeal and bacterial OTU counts,
Shannon diversity index, and bacteria Pielou's Pidlou’s evenness were the
lowest in PHBMU3, which is described as the environment with the highest
abundance of heterotrophic bacteria, AAPs, Synechococcus, picoeukaryotes,
bacterial production and chlorophyll concentration. On the contrary, the
environment with increased salinity, nitrates, nitrites and total nitrogen
(PHBMU2) showed the highest bacterial diversity and evenness. The cold and
ammonium- rich environment (PHBMU1) was represented by the highest
percentage of high nucleic acid bacteria and the highest archaeal Shannon index.
The highest archaeal Pielou’s evenness was observed in PHBMUA4.

UHB 0.4 0.38 0 0.32
HIGH 26.21 26.34 8.09
SYN 14.11 6.6 6.12
PROCHL 1.67 3.97 1.82
PE 4.36 4.03 3.85
BP 0.16 0.12 0.13 0.13
HNF 0.38 0 0.20
AAP 1.08 8 96 1.03
Temp 14.58 8.69 15.62 15.64
Sal 38.17 37.73 8.8
NO; 1.34 0.89
NO; 0.15 0.09 0.34
NHZ 0.26 0.21 0.20 0.20
DIN 1.79 1.25 8
NTOT 12.25
SRP 0.04 0.04 0.03 0.0
PTOT 0 0.17 0.14 0.15
Si0;” 1.66 1.86
Chla 0.20 0.44 0.25
PHBMU1 PHBMU2 PHBMU3 PHBMU4

Fig. 2. Ecological parametersin each BMU.

References

1- Gasol, J. M. & Morén, X. A. G. 2015. Flow cytometric determination of
microbial abundances and its use to obtain indices of community structure and
relative activity. In Hydrocarbon and lipid microbiology protocols. (Springer,
Berlin, Heidelberg) 159-187.

2 - Masin, M. et al. 2006. Seasonal changes and diversity of aerobic anoxygenic
phototrophsin the Baltic Sea. Aquat. Microb. Ecol. 45, 247-254.

3 - Vesanto, J. & Alhoniemi, E. Clustering of the Self-Organizing Map. 2000.
|EEE Trans. Neural Netw. 11(3), 586-600.

4 - Pernthader, A., Pernthaler, J. & Amann, R. 2002. Fluorescence in situ
hybridization and catalyzed reporter deposition for the identification of marine
bacteria. Appl. Environ. Microbiol. 68(6), 3094-3101.

Rapp. Comm. int. Mer Médit., 43, 2024



Congress Joint Session : Deep Sea & Extreme Environments
(all Committees)
Moderator : Mikhail Yakimov

Moderator's Synthesis

The deep sea is the largest ecosystem on our planet, and at the same time one of the least studied and
unexplored. It is therefore no coincidence that even today the ocean depths hold a huge number of secrets
and mysteries. The session “Deep Sea & Extreme Environment” featured eight contributions covering a
wide range of topics and aspects. This was quite adequate, considering that this complex environment is
home to a vast variety of all kinds of life forms, including some very bizarre creatures, such as
carnivorous deep-sea sponges (presentation of Dorte Janussen), deep-water amphipods of the families
Ampeliscidaea and Carangoliopsidaea (presentation of Sabrina Lo Brutto) and hydrothermal vents-
associated bivalve molluscs of the genus Bathymodiolus (presentation of Karen Power). The latter
organisms, in addition to containing intracellular chemoautotrophic bacterial symbionts, ultimately
possess proterandrous hermaphroditic gonads.

The Mediterranean Sea is a unique hydrological formation of Earth that can be fully classified as a
deep-sea habitat, since its average depth is approximately 1,500 m with a maximum depth of 5,267 m in
the Calypso Deep (Hellenic Trench). Like deep ocean, the Mediterranean Sea still holds many secrets,
such as not yet fully understood origin and stratification of abyssal water layers in lonian Sea
(presentation of Beatrice Giambenedetti), deep-sea mud volcanism and enormous flat-top methane-
seeping structures on the Calabrian Accretionary Prism (presentation of Giulia Lisi), extreme
heliothermal hydrological formations on the eastern Adriatic coast (presentation of Irena Ciglenecki-
Jusic). Of particular note is the presence of huge hypersaline anoxic lakes on the seabed of the
Mediterranean Ridge at depths of about 3,000-3,500m (presentation of Violetta La Cono), where living
conditions are more reminiscent of extraterrestrial habitats, such as Mars, Europa and Enceladus than on
Earth.

Another unique abyssal structure are deep-sea mountains, which rise from the sea floor without
reaching the ocean surface. They are hot-spots of biodiversity in the vast ocean that swirls around them,
and each one acts as a unique oasis in the desert. The deep Mediterranean is no exception, and is home to
these fascinating formations in many places. One of these is the seamounts located in the Mallorca
Channel. Their exposed rocks support a wide range of marine life and are colonized by sessile organisms
including corals and sponges, which host numerous different species including shrimps, crabs, worms,
brittlestars and fishes (presentation of Aida Frank). This dense benthic population is among our world’s
greatest biological treasures and supports the designation of the Mallorca Channel seamounts as a site of
Community Interest for inclusion in the Natura 2000 network.

To sum up, the session was very intense and there were so many questions at the end of the
presentations that the time allotted for the section was slightly exceeded.
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ROGOZNICA LAKE (DRAGON'SEYE), AN EXTREME, EUXINE ENVIRONMENT ON THE EASTERN
ADRIATIC COAST

Irena Ciglenecki 1*, Marija Margus 1, Iva Dominovic-Novkovic L, Niki Simonovic ! and Sarah MateSa 1
1 Division for Marine and Environmental Research, Rudjer Boskovic Institute, Zagreb, Croatia - irena@irb.hr

Abstract

The integration of long-term data (30 years) on physico-chemical conditions and ecological status shows that the marine system of
Rogoznica Lake (RL) - Dragon's Eye is an example of an extreme, euxinic environment on the eastern coast of the Adriatic Sea.
The main characteristics of the RL water column are: i) warming with the highest ever measured temperature of 34 °C in July
2023 at a depth of 4 m, ii) deoxygenation with the expansion of the anoxic layer towards the surface (0-5 m), iii) accumulation of
organic carbon and toxic sulfides and ammonia in the anoxic layer. The large density difference between the surface and the
middle layer leads to the development of an increasingly pronounced subsurface temperature (and oxygen) maximum, which

makes this marine lake one of the so-called heliothermal systems.

Keywords: Anoxic basin, Stratification, Eutrophication, Warming, Adriatic Sea

Rogoznica Lake (RL, Dragon’s Eye; Fig.1) is a small (ca 1 ha, 14 m deep)
karstified and highly eutrophic marine system on the eastern Adriatic coast of
Croatia (43°32" N, 15°58" E). It is located close to the sea and has only limited
water exchange with the surrounding coastal waters due to the porous limestone.
The only supply of fresh water to this marine system is atmospheric
precipitation and surface runoff, the frequency and intensity of which are
directly influenced by climatic fluctuations.
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Fig. 1. A-B) Photos of Rogoznica Lake (RL) during spring strtification (A) and
fall (2016) mixing (B), when the surface of the lake is greenish-milky white due
to the presence of colloidal sulfur [1,3] in the water column; C-D) Photos taken
by a submersible camera (D. Petricioli) in a purple water layer rich in PSB (C)
and in an euxinic layer (D) where complete darkness and mixotrophic life exist
[2,6]; E) Map of the Adriatic coast with referenceto RL; F) RL water column
profilein June 2023.

RL can be considered an extreme environment due to the strong stratification
that separates the water column into a well oxygenated (up to 300% oxygen
saturation) surface and a deep euxinic layer characterized by complete darkness
(Fig. 1D) and a millimolar concentration of toxic sulfide (up to 5 mM) and
ammonium (0.3 mM) [1-3].
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Under certain (extreme) meteorological conditions, RL fluctuates between
stratified and holomictic euxinic conditions, which strongly influences
biodiversity [1].

At the oxia-anoxia boundary, a pink chemocline up to 50 cm wide forms
seasonally (Fig. 1C), in which anoxygenic phototrophs, mainly represented by a
dense population of purple sulfur bacteria (PSB) [2], contribute to a relatively
high occurance of elemental sulfur (SO) in the chemocline and below [3]. The
depth of the chemocline changes seasonally and migrates to the surface layer in
the long term, accompanied by deoxygenation of the water column [4,5].
Organic matter (OM) with a high concentration of refractory dissolved organic
carbon (DOC) of up to 6 mg accumulatesin the dark euxinic water column [4].

The observed reduced exchange of seawater with the surrounding open sea [5]
confirms that this marine system is increasingly developing into a lentic-
lacustrine system, in which the influence of freshwater becomes more and more
dominant and contributes to the strengthening of stratification. The large density
difference between the surface and the middle layers leads to the occurrence of
an increasingly pronounced subsurface temperature maximum (STM) [6] with
the highest temperatures in the water column (up to 34°C) (Fig.1F). The STM
usually occurs below the layer with high oxygen saturation (> 200%). Such
extreme ecologica conditions have a strong impact on the biological processes
and changes in the communities of RL [1,6], mostly in an irreversible direction.
All observed characteristics of the RL water column can be discussed as a
consequence of pronounced natural and anthropogenic eutrophication due to
climatic and environmental fluctuations.
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DISTRIBUTION OF BENTHIC HABITATSIN THE MALLORCA CHANNEL SEAMOUNTS (WESTERN
MEDITERRANEAN)
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1 Centre Oceanogréfic de les Balears, IEO-CSIS, Spain - aida.frank@ieo.csic.es
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Abstract

Seamounts play a critical role in deep-sea biodiversity. The LIFE IP INTEMARES project aims to enhance knowledge of benthic
communities of the seamounts in the Mallorca Channel: Ses Olives, Ausias March and Emile Baudot. We use presence data of
habitat-forming species, obtained from several sampling methods, and environmental and fishing variables, to map 12 benthic habitats,
using spatial distribution models. Additionally, the presence of 8 other benthic species of conservation interest was mapped. These
results will support designating the Mallorca Channel seamounts as Site of Community Interest to be included within the Natura 2000

network.

Keywords: Habitat, Zoobenthos, Models, Mallorca Channel, Western Mediterranean

Seamounts are relevant seafloor hotspots of biodiversity [1]. The LIFE IP
INTEMARES project aimed to enhance scientific knowledge on biodiversity
and distribution of benthic species and habitats in the Mallorca Channel
seamounts: Ses Olives (SO), Ausias March (AM) and Emile Baudot (EB).
The aim istheinclusion of this areain the Natura 2000 network, aligning with
prior proposa [2]. Preliminary results of the project [3] highlighted their
biodiversity, identifying over 740 species or taxa, some protected by
regulations, and others new to science or new records in the Mediterranean.
Up to 31 benthic habitat types have been aso identified [3], many of which
are Habitats of Community Interest (HCI), including 1110 Sandbanks which
are slightly covered by seawater all the time, 1170 Reefs and 1180 Submarine
structures made by leaking gases.

This work uses spatia distribution models (SDMs) to map habitat-forming
species (HFS) and benthic species of conservation interest. To do so, we used
presence/absence data of single species or assemblages of HFS collected from
standard methodologies [3]: 532 ROV scenes, 48 photogrammetric sledge
transects, 85 beam trawl samples, 46 rock dredge samples, along with 21 ROV
transects provided by OCEANA. We analyzed up to 8 geomorphologic, 7
sedimentologic, 12 oceanographic and 3 fishing footprint variables, which
were reduced to 14 after correlation analysis. We used them as explanatory
variables in two types of SDMs:. generalized additive models (GAMs) and
maximum entropy modeling (Maxent). The models were used to predict
probability of occurrence on a 100 m resolution grid. For each HFS, the
presence of an habitat was only considered in a particular grid cell when both
models predicted probability of occurrence above a threshold (determined by
the kappa statistic). Twelve benthic habitats were modeled and mapped,
while the presence of 8 species of conservation interest was only mapped due
to data limitations (Fig. 1). The Maérl/rodoliths beds (HCI 1110) were found
in the summits of AM and EB,largely overlaping with sponges bottoms.
Moreover, six habitats categorized as HCI 1170, including sponge and
gorgonian gardens on rocky substrates, and Bathyal muds with Isidella
elongate were detected. Finally, Pockmark fields (HClI 1180)were aso
identified. Considering the presence of these benthic species and habitats,
their representativeness, singularity and sensitivity, we propose an area of
4498 km? to be proposed as Site of Community Interest for its inclusion in
the marine Natura 2000 network.
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Fig. 1. Benthic habitats and habitat-forming species of conservation interest in
the Mallorca Channel seamounts (Western Mediterranean).
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ROLE OF STRATIFICATION ON ABYSSAL PROPAGATION OF POTENTIAL VORTICITY IN THE IONIAN
SEA WITH A STATIONARY QUASI-GEOSTROPHIC MODEL

Beatrice Giambenedetti 1*, Nadia Lo Bue 1 and Vincenzo Artale 1
1INGV, Rome, Italy - beatrice.giambenedetti @ingv.it

Abstract

The variation of the deep sea stratification, what generates it, and the impact it produces, are still under discussion. The
mechanisms involved in such variability and the connection of the abyss with the above layers of the water column have yet to be
fully understood. Starting from available observations of the deep lonian Sea, we applied an idealized four-layer, non-linear, quasi-
geostrophic model with a mathematical artifice to parametrize the observed decadal variability of the abyssal layer in the area. We
found that even without considering a more redistic flow, the abyssal stratification influences the stability and rotation of vorticity
among different density layers, linking deep-sea variability to the entire water column.

Keywords: Abyssal, lonian Sea, Deep sea basins, Sratification, Models

Observations made in the lonian Sea in the last decades, either from CTD
(Conductivity, Temperature, and Depth) casts, moorings, or seafloor
observatories, revea the variability of the abyssal zones of the Mediterranean
Sea at both interannual and decadal scales (Artale, et al., 2018). In particular,
available observations in the lonian Sea evidenced the presence of a dense and
stable deep layer, whose thermohaline and dynamical properties changed
drastically over a decade (Giambenedetti, et a, 2023; Favali, et a., 2013). These
observations hinted at the stratification's role in deep sea variability, highlighting
that the density profiles are not as linear in the deep as it has been considered so
far (Smith, and Vallis, 2001). Hence, we numerically investigated the impact that
deep stratification can have on the propagation of Potential Vorticity (PV). The
theoretical framework and parameters used (i.e., primarily density profile) are
based on hydrological observation of the lonian Sea (Giambenedetti, et al, 2023).
We applied a non-linear quasi-geostrophic model, with four layers. For the
discretization of the layers, we used the z-coordinate instead of isopycnals since
the observed density structure is not linear in z in the abyss, as commonly
parametrized in models (Smith, and Vallis, 2001). To simplify as much as
possible the model, no external forcing is applied, bathymetry effects are
ignored, and only small-scale dissipation is retained. We fixed the first two
layers' thicknesses and changed the relative thicknesses of the 3rd and 4th layers
for each configuration, to parametrize the decadal variability observed in the
abyssal layer in the lonian Sea (Giambenedetti, et al, 2023; Artale, et al., 2018).
Each stratification configuration is solved in time to reach stability, assumed as
the state at which dissipation between consecutive iterations becomes negligible.
The basic state considered is a cyclonic vortex only in the first layer, with no
background flow.
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Fig. 1. Ratio of the sign-preserving max absolute values of 3rd and 4th layers PV
versus thicknesses ratio.

The resulting ensemble of stationary state showed that as the relative thickness
of the 3rd and 4th layers varies, there is a sort of phase transition for a critical
ratio (Fig.1), where the rotation direction inverts, around a critical thickness
ratio for the bottom layers of 0.8. Hence, the PV that propagates through the
layers has a structure that differs significantly when atering the stratification
configuration. From the spatial fields for configuration before and after the
critical transition in Fig. 2, it can be seen how PV penetrates more in the 3rd
layer when h3/h4=0.77 (before the transition) and more in the 4th when h3/h4 =
0.84 (after the transition). In particular, the 3rd layer vorticesin Fig 2 show how
the rotational direction inverts.
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Fig. 2. Spatial fields of PV for two configurations of 3rd and 4th layers
thickness.

Adding complexity to the vertical structure of the water column could give a
more realistic picture without setting a priori conditions for stability, as is
commonly done (Smith and Vallis, 2001). Moreover, the rotation direction
inversion we found for some stratification configurations is consistent with the
observed variability by the NEMO-SN1 observatory at the bottom of the
lonian Sea between 2003 and 2013 (Favali, et a., 2013). Therefore, stratification
has a crucia role in directing the rotation of PV generated at the interface
between layers of different densities depicting how the whole water column
engages in the abyssal dynamics. This can have a role in stabilizing the
propagation of Rossby waves, affecting the sub-surface circulation.
Furthermore, it points out the impact of the bottom on the vertical propagation,
which can have important implications on how the energy stored by the deep
sea is redistributed, stressing the need for extended deep monitoring and
investigation.
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NEW SPECIES OF CLADORHIZIDAE (SPONGES) AND INSIGHTSINTO THE DIVERSITY AND
DISTRIBUTION OF CARNIVOROUS DEEP-SEA SPONGES
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Abstract

Three species of carnivorous deep-sea sponges of the the genera Abyssocladia and Cladorhiza from hydrothermal vent fields of
Scotia Ridge (Antarctica) were discovered. They are new to science and show zoogeographic affinities to the Pacific and
Central-North Atlantic, indicating high connectivety of Antarctic deep-sea sponges. As al our identified species were new to
science, this underlines the need of further research effort in the deep oceans.

Keywords. Abyssal, Porifera, Deep sea ecology, Worldwide, Hydrothermal vents

Introduction

Cladorhizidae (carnivorous sponges) is one of the most common and diverse
sponge families in the deep Oceans World-wide and it occurs also in shallow
submarine caves, e. g. of the Mediterranean [1, 2]. Focus of our study isasmall
collection of deep-sea sponges from hydrothermal vent fields of the East Scotia
Ridge, Antarctica, collected 2010 during the James Cook Cruise JC42 from two
sites JC42-E2 (56°05'19.2" S, 30°19'07.7" W, depth ~2600 m) and JC42-E9
(60°02'35.6" S, 28°58'55.3" W, depth ~2400 m).

Results

The sponges were examined taxonomically by skeleta morphology and
molecular methods and identified as two genera of the Cladorhizidae, this
family is recorded here for the first time from the vicinity of hydrothermal vents
within the Southern Ocean. We describe three species new to science:
Abyssocladia sp. nov. 1, 2 and Cladorhiza sp. nov. 1. According to our
morphological investigations combined with molecular phylogeny results by
Georgievaet a. [3], close relationships can be established between Cladorhiza
sp. nov. 1 and C. corallophila from the Sahelian Upwelling Zone [4], aswell as
with C. abyssicola and C. gelida from Central-North Atlantic, including
Mediterranean. Abyssocladia sp. nov.1 and sp. nov. 2 show closest affinity to A.
oxeataand A. inflata respectively A. bruuni and A. dominalba, all Pacific species
of wide-spread occurrence.

Discussion & Conclusions

These findings confirm the assumed high connectivity between the Antarctic
abyssal basins and other deep oceans [5]. Apparently high endemism within the
Cladorhizidae may be due to fact that many species of this family reach only
tiny individual sizes, e. g. Abyssocladia n. sp. 1 and 2 measure less than 5 mm.
Therefore, they may tend not to be sampled by most trawling benthic gears (e.g.
AGT), or to remain undiscovered within the samples. All the species found in
our study turned out to be new to science. This emphasizes the high potential
and urgent need of investigations into the abyss for the discovery of many, still
unknown marine species.
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THE HABITABILITY OF MEDITERRANEAN DEEP SEA HYPERSALINE ANOXIC LAKESRICH IN MG2*
ASA MODEL FOR STUDYING BRINESON MARS.
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Abstract

The recent discovery of magnesium-rich evaporite minerals and subglacial brines on Mars is sparking interest in exploring the
potential habitability of terrestrial environments rich in Mg2*. Among these environments are the deep-sea, magnesium-rich lakes
Discovery, Hephaestus, and Kryos, situated at the bottom of the Mediterranean Ridge. They appear to be the only known
terrestrial areas with ecological conditions such as high pressure, anoxia, athalassohaline hydrochemistry, magnesium richness,
excessive chaotropicity, and extremely low water activity that closely resemble those of Martian subglacial lakes. Despite being
inhospitable to most life forms, the interfaces between their brine and seawater layers are inhabited by highly stratified, diverse,
and enigmatic prokaryotic communities adapted to thrive in such polyextreme conditions.

Keywords: Deep sea basins, Anoxic basin, Bacteria, lonian Sea

Until now, nine such DHALs, L’Ataante, Bannock, Discovery,
Hephaestus, Kryos, Medee, Thetis, Tyro, and Urania, have been discovered
in the deep eastern Mediterranean and studied during last 40 years. The
surfaces of these brine lakes lie between 3.0 and 3.5 km below sea level, and
the salinity of their brines ranges from five to 13 times higher than that of
seawater. DHALSs of the Mediterranean Ridge represent some of the most
hostile environments on our planet, as the saltiest, pressurized, highly
reduced and H2S-rich habitats. Although these DHALS lie geographically
close to each other, their hydrochemical diversity suggests that the
processes leading to their formation were qualitatively different and can be
unambiguously explained by the salt deposition dynamics during
desiccation/re-flooding cycles occurred in the past. Notwithstanding harsh
environmental conditions, both brine and seawater-interface of
thalassohaline Bannock, I’ Atalante, Medee, Thetis, Tyro, and Urania are
populated by diverse and enigmatic extreme halophilic organisms that belong
to all three domains of life, while brines of Discovery, Hephaestus and
Kryos are sterile and only their interfaces act as refuges for Mg2+-adapted
microbial communities [1-4]. The interface between the seawater column
and the underlying MgCl2-dominated brines of Lakes Discovery,
Hephaestus, and Kryos provides a unique biophysical environment for
studying the limits of life at high magnesium levels. Using reconstructed 16S
rRNA, investigations into phylogenetic diversity in Lake Hephaestus have
unveiled a stratified native prokaryotic community at the seawater-
Hephaestus brine interface down to 2.97 mM MgCI2, referred to as the low
interface (LIF). Despite Lake Hephaestus's relative juvenility, it's evident
that LIF layer-specific microbial communities; are phylogenetically distinct
from microbial populations in the overlying seawater. This community
exhibits similarities in 16S rRNA phylogeny, and even more so in mRNA
phylogeny, to those found in the seawater-brine interfaces of Discovery and
Kryos. These findings suggest the presence of previously unidentified
hyperhal ophiles, adapted to withstand the chaotropic nature of MgCl2 and
capable of metabolic activity under harsh athalassohaline conditions. This
layer is predominantly composed of methylotrophic methanogenic
organisms (Methanohal ophilus group) from the phylum Halobacteriota and
acetogenic representatives of the KB1 group, recently classified
as Acetothermia (phylum Bipolaricaulota). Notably, the LIF community,
like the aforementioned methylotrophic methanogens and acetogens, exhibits
asignificantly higher percentage of sequences belonging to known extremely
halophilic archaeal groups (13% vs. 1%) such asHalobacterialesand
Candidate Division Nanohal oarchaeota, compared to the overlying interface
layers (Figure 1). These four groups of highly halophilic and chaotolerant
prokaryotes warrant special attention, as their trophic interactions may
provide insights into the adaptation mechanisms enabling them to thrive in
polyextreme conditions within MgCl2-saturated environments, pushing the
boundaries of life.
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Fig. 1. Lake Hephaestus: Detailed CTD profile of the of conductivity and
temperature data (a). Stratification of microbia community (b).
Abbreviation used: LIF, the subsample of low interface; MIF, middle
interface; UIF, upper interface; SW, seawater sample.

References

1 - La ConoV. et al., 2019. The discovery of Lake Hephaestus, the
youngest athal assohaline deep-sea formation on Earth. ci. Rep., 9: 1679.

2 - Yakimov M.M. et al., 2015. Microbial community of the deep-sea brine
Lake Kryos seawater-brine interface is active below the chaotropicity limit
of life as revealed by recovery of mMRNA. Environ. Microbiol. 17: 364-382.
3 - HallsworthJE. et al., 2007.Limits of life in MgCl2- containing
environments: chaotropicity defines the window. Environ. Microbiol. 9:
801-813.

4 - Edgcomb V. et al., 2009. Protistan community patterns within the brine
and halocline of deep hypersaline anoxic basinsin the eastern Mediterranean
Sea. Extremophiles 13: 151-167.

Rapp. Comm. int. Mer Médit., 43, 2024



NEW INSIGHTSINTO A SEEPAGE SYSTEM ON THE CALABRIAN ACCRETIONARY PRISM - |ONIAN
SEA: RESULTSOF THE PIONEER CRUISE (GAIA BLU R/V)

Giulia Lisi *, Claudio Pellegrini 2, Alessandra Mercorella 3, Giuliana Panieri 4 and Marzia Rovere 3
1 Consiglio Nazionale delle Ricerche-Istituto di Scienze Marine (CNR-ISMAR); University of Bologna - giulia.lisi@bo.ismar.cnr.it
2 Consiglio Nazionale delle Ricerche-Istituto di Scienze Marine (CNR-ISMAR), Milano, Italy
3 Consiglio Nazionale delle Ricerche-Istituto di Scienze Marine (CNR-ISMAR), Bologna, Italy
4 Department of Geosciences, the Arctic University of Norway (UiT), Tromsg, Norway

Abstract

The occurrence of mud volcanism in an active tectonic scenario such as the Calabrian Accretionary Prism (CAP) has been
intensively studied over the recent years in the lonian Sea, with many interesting seepage systems revealed. This intriguing
phenomenon involves geological, geochemical and microbial processes that sustain life in extreme environments. It was one of the
primary research objectives of the PIONEER oceanographic cruise by CNR-ISMAR in the lonian Sea. The acquisition of
geophysical, geological and geochemical data allowed a multi-scale and multi-proxy investigation of a flat-top seepage structure
located at 610 m water depth adjacent to an antiformal dome. The seepage structure exhibits active discharge of methane into the

water column and is a result of multi-phase fluid migration across the Pliocene-Quaternary succession.

Keywords: |onian Sea, Mud volcanoes, Deep sea processes, Seismics, Tectonics

PIONEER was the first scientific cruise on board of the CNR's research vessel
Gaia Blu that took place from November 18!, 2023 to December 9th, 2023 in
the lonian Sea. The lonian Sea is located in an active geodynamic region
straddling the African-Eurasian plate boundary and the Thyrrhenian Calabrian
subduction zone, where the Calabrian Accretionary Prism (CAP) was
emplaced. The CAP is a thick accretionary complex that extends from the
Calabrian onshore to the lonian Abyssal Plain, where the subduction front is
till active. The interplays between sedimentation, tectonics, oceanography and
bio-geochemical processes have shaped the morphology of the seabed and sub-
seabed. In the offshore CAP, the active deformation is evidenced by the
occurrence of fluid seepage in the subsurface to the seabed giving rise to
geological features such as: mud volcanoes (MV), mud diapirs, and pockmarks.
In particular, MV's result from the upward migration of mobilized sediments,
gas (e.g. CO,, CH4 and N) and water by an advective or diffusive fluid flow and
the extrusion of a mixture of these components referred to as mud breccia. Until
today approximately 70 MVs [1] have been discovered in the CAP, mainly
concentrated in the inner morpho-tectonic (pre-Messinian, clastic) and in the
Spartivento-Crotone forearc basins domains [2]. Here, we present geophysical,
sedimentological, and geochemical data gained from the PIONEER cruise in the
offshore Crotone Basin over a cold seep structure detected at 610 m water
depth. The cold seep structure was previously identified with commercial 3D
seismic data kindly provided by Eni Sp.A. Seismic reflection profiles reveal
that the cold seep is rooted in the Miocene and acted as a preferential pathway
for fluid mobilization during, at least, two main phases of activity in the
Pliocene-Quaternary. Multibeam bathymetry and high-resolution sub-bottom
profiles confirmed the nearly circular morphology of the structure with a flat
top and a diameter of ~ 1250 m, for which reason was caled Pool [3]. In
general, the surface of the Pool is characterized by a high seafloor multibeam
backscatter signal related to a rough morphology and it is confined by outer rims
dightly emergent from the seafloor. Two gas flares detected by the water
column backscatter, extend for a hundred of metres above the seabed and could
indicate an active discharge of gasinto the water column confined in the northern
sector of the Pool. Two sediment gravity cores were collected in the central
core (GCO08; 1.85 m) and at the edge of the Pool (GC09; 3.8 m). An additiona
sediment piston core (PC12; 8.5 m) was collecetd slightly outside the Pool to
serve as a reference and stratigraphic benchmark of the sorrounding area. Pore
water was retrieved from sediment cores while on board. As soon as dispatched
to the laboratories at ISMAR Bologna, sediment cores were analyzed with X-
rays, magnetic susceptibility and core scanning X-ray fluorescence (XRF).
Visua inspection and X-ray images highlight the presence of mud breccia
especialy in the lower part of the sediment core retrieved in the middle of the
Pool, where the magnetic susceptibility signal is obliterated, possibly related to
deformation caused by active diapirism. Breccias are made of mud clasts with
calcite veins, over which thin sections have been prepared for SEM analysis.
XRF data show high Zr/Rb ratios along the mud breccia, and peaks in the Ba/Ti
ratio. These are important bio-geochemical proxies for deciphering the depth of
the Sulphate-Methane Transition Zone (SMTZ) where the Anaerobic Oxidation
of Methane takes place, which consumes methane by microbially-mediated
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reactions and release carbon and sulphates in the sedimentary environment.
Geochemical analysis on pore waters show high content of SO, (mmoal).
Further analysis are to be conducetd on sulphides and Dissolved Inorganic
Carbon (DIC). 313C (%0) on foraminifera shells will be analysed to further
reveal the presence and the inferred depth of the SMTZ [4] and reconstruct the
seepage history of the Pool. Overall multi-scale and multi-proxy data have been
integrated to investigate the bio-geochemical and diagenetic processes and
highlight the multi-stage history of a mud/fluid Pool during the Pliocene to the
recent.

Crgtone
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T eceptibiny
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Fig. 1. Study area (Crotone basin) with the available data: from 3D seismic and
wells to sub bottom profiles, sediment cores and geochemical data. Pool is
highlighted with white dots lines.
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Abstract

An update on the amphipod fauna from the deep waters of the Levantine Basin is described. It is herein reported the first record in
deep waters off the Israeli coast of the families Ampeliscidae Krayer, 1842 and Carangoliopsidae Bousfield, 1977.

Keywords: Crustacea, Levantine Basin, Deep waters

Introduction

The Levantine basin has been considered for long time as an area with a low-
diversity deep water fauna [1], though this hypothesis has always been treated
as weak as efforts of sampling were limited by the inaccessible habitat
[2]. Recently, new data integrated the previous knowledge, focusing on different
taxa and shifting the vertical zonation range of deep sea to depths less than
200m. Knowledge of the amphipod peracarids is still scarce. Amphipod
crustaceans inhabit all marine benthic habitats and show diverse feeding types,
including scavengers, crucial in degp-seafood webs.

Material and M ethods

In a previous investigation, performed in a period between 1993 and 1996 [3],
22 species of amphipods were identified from samples collected at depths
ranging from 734 to 1558 m. After twenty years, 20 sites were sampled in 2013
at depths between 198 m and 1812 m along the Isragli coast. The samples were
collected using a 0.062 m2 and 0.025 m? box-corer with an effective penetration
of 40 cm (Ocean Instruments model 700 AL) (see for details [4]). Each sample
was preserved in 10% buffered formalin aboard the ship. In the laboratory,
samples were washed and sieved through a 500 m mesh, preserved in 70%
alcohoal, and stained in Rose Bengal .

Results and Discussion

Amphipod bathymetric distribution was analysed to improve the knowledge
about the distribution of this taxon. A total of 144 specimens belonging to 11
amphipod species were collected belonging to 7 families.t is herein reported the
first record of two families in deep waters of the Israeli coast (Ampeliscidae
Kreyer, 1842 and Carangoliopsidae Bousfield, 1977). Regarding three families,
it was possible to extend their depth distribution: the family Leucothoidae
Dana, 1852 was collected from 303 m to 601 m; the family Oedicerotidae
Lilljeborg, 1865 from 994 m to 1301 m; the family Phoxocephalidae G.O. Sars,
1891 from 198 m to 1122 m (Figure 1).

The most relevant result was the discrepancy between the assemblage detected
by [5] and the composition herein shown; some families found previously
resulted absent (Lepechinellidae Schellenberg, 1926; Liljeborgiidae Stebbing,
1899; Pardaliscidae Boeck, 1871; Stegocephalidae Dana, 1852; Tryphosidae
Lowry & Stoddart, 1997; Uristidae Hurley, 1963).

Conclusion

This study improves the knowledge of the bathymetric distribution of deep-sea
amphipods including the addition of new records. Recently, studies have
revealed that the deep-sea biodiversity of both the Eastern and the Western
basins of the Mediterranean Sea is similar [6], however Amphipoda taxon still
shows alow richnessin the Levantine Basin compared with the Western basin.
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Fig. 1. Bathymetric distribution of species within the amphipod families. Dark
blue indicates the number of species which were previously recorded by [3] and
not found in our samples; light blue the new species recorded herein; violet
indicates that the species recorded by [3] were herein confirmed.
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Abstract

Thirty specimens of Bathymodiolus spp. collected from the East Pacific Rise 9-13 N segment hydrothermal vents, were studied
by histologica and histochemical methods, and revealed some peculiar characteristics which distingished them from B.
thermophilus of which the most remarkable was the proterandry hermaphroditic gonads. This leads us suggest the examined area
could accomodate more than one species of Bathymodiolus.

Keywords: Bivalves, Worldwide

Introduction

Among symbiotic metazoans found at deep-sea hydrothermal vents and cold
seeps, fourteen bivalve species pertaining to the family Mytilidae, genus
Bathymodiolus (Kenk and Wilson, 1985), are currently recognized in the
Pecific, Atlantic, and Indian oceans. Bathymodilous thermophilus (Kenk and
Wilson 1985) is the type species of the genus (Duperron, S., 2010), and it is
found living throughout the hydrothermal vents of the East Pacific Rise 9-13
N segment. At deep-sea hydrothermal vents, B. thermophylus constitutes
the basis of the food web in lower temperature diffuse flow areas, playing a
crucial ecologica rolein structuring vent communities.

Material and methods Fig. 2. Hermaphroditic gonad follicles in Bathymodiolus spp.
Thirty specimens of Bathymodiolus spp. collected from the above area, were
studied by routine histological methods, using H.E. and Masson Trichrome.

Results and discussion References

microsopic examination (Fig. 1) revealed some peculiar characteristics which 1 - Kenk, V.C. & Wilson, B.R., 1985. A new mussel (Bivalvia, Mytilidae)
distinguished them from B. thermophilus of which the most remarkable was from hydrothermal vents in the Galapagos rift zone. Malacologia, 26, 253-
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the mussels leads us to suggest that the examined area could accommodate
more than one species of the Bathymodiolus genus, as aready occurring in
other regions. Ongoing molecular investigations will be able to clarify
whether the individuals studied belong to a species different from B.
thermophilus or represent hybrids. our study testifies the great variability of
the biology of organisms living in these extreme environments and the need
for further investigations to clarify the biological mechanisms that regulate
their adaptations.
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Fig. 1. Genera description of the microscopic anatomy of Bathymodiolus
Spp.
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Congress Joint Session : Biodiversity changes & environmental crisis
(C5 - Co)
Moderator : Bayram Oztiirk

Moderator's Synthesis

During this session 9 presentations made by different scientists from the entire Mediterranean Sea on
Thursday 17 October 2024, during the 43rd CIESM Congress in Palermo/Italy.

Effects of multi-stressors on phytoplankton and zooplankton communities were discussed.

Main discussion topic was how environmental crisis will impact on biodiversity in terms of species,
habitat and ecosystem. Also how it can be responded by nature in short time. Besides, how we can
monitor bioidversity changes related to environmental crisis.

It is expected that bioidversity change will continue as parallel to environmental crisis around the
Mediterrnaean Sea. At a species level: Spawning period of fish can change, invasion of non- indigenous
species number can increase in both the Mediterrarnean and Black Sea basins, and temperature
anomalies can impact endemic soft and stony coral species in the Mediterranean Sea.

Temperature anomalies are often reported in recent years in the Mediterranean Sea and even
mediterranization has also been reported in the Black Sea (see CIESM workshop monograph number 39).
In that context, monitoring of marine environment of both the Black Sea and Mediterranean Sea is of
crucial importance with regional cooperation, including the exchange of information in the entire basins.
Finally, among presenters, the majority was young scientists, which is promising and presenting a hope
for the monitoring of the Mediterranean and Black Seas.
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INVESTIGATION OF THE EFFECTSOF MULTI-STRESSORS ON BLACK SEA BY DIATOMSAND
DINOFLAGELLATE CYSTSCHANGESAT BENTHIC ECOSYSTEMSIN THE CASE OF SINOP
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Abstract
The Black Sea faces environmental challenges like warming,

eutrophication, and human activities. Benthic diatoms and

dinoflagellate cysts are used as indicators due to their sensitivity. This study aims to assess their abundance and composition against
multiple stressors, tracking biogeochemical changes using conventional and innovative methods. Core samples from 7 stations
offshore Sinop were collected by the R/V Bilim-2 on June 2023. Measurements of porewater for dissolved inorganic nutrients and
solid state Total Organic Carbon (TOC), and Total Nitrogen (TN) are performed for biogeochemical characterization. Results show
spatial variations among stations. Diatom and dinoflagellate cysts analysis is ongoing. Integrating biological indicators with
sediment biogeochemistry can enhance future studies and monitoring efforts significantly.

Keywords: Diatoms, Dinoflagellates, Biodiversity, Bio-indicators, Black Sea

Introduction - The Black Seais a semi-enclosed basin fed by ten major rivers,
forming a unique coastal-deep-sea system and recognized as the largest euxinic
seain the world. It receives Mediterranean seawater from the Marmara Seavia
the Bosphorus, and the excess water is discharged through the straits [1].
Findings indicate that even at safe levels for individual stressors, eutrophication
and climate change combination might reduce ecosystem resilience and cause
unexpected collapses, like Harmful Algal Blooms [2]. Diatoms serve as a
vauable tool for studying diversity-productivity relationships [3]. Also,
dinoflagellate cysts in sediment offer knowledge due to their distribution,
including diversity, abundance, and specific taxa against changing
environmental factors influencing [4]. Benthic diatoms and dinoflagellate cysts
are significant elements of the Black Sea seafloor ecosystem. Understanding
how biodiversity change will influence the structure and the function of fragile
ecosystems like the Black Sea and how the components can be implemented as
early warning signs are critical to coping with the challenges faced. Furthermore,
the assessment the ecologica status of the Black Sea can be achieved by
identifying and comprehending the responses of phytoplankton communities to
various environmental factors, such as nutrient levels, water quality, and
temperature. The primary objective of this study isto comprehend the ecological
implications of changes within these communities.

Materials and Methods - Sediment samples are taken by the Multi-Corer
(Oktupus) in 7 stations with depths ranging from 40 to 250 meters from oxic,
suboxic and anoxic characteristics stations in two different regions the east and
the west of Sinop at Black Seain the cruise conducted by the R/V Bilim-2 on
June 2023 as a part of Bridge-BS Project. The cores are sliced to adepth of 1 cm
in the selected intervals. CTD System was conducted to measure oceanographic
parameters. Physicochemical analysis which contains Dissolved Inorganic
Nutrient Analysisin porewater, and Solid TC, TOC, and TN are applied. Also,
pigment anaysis in the surface sediment samples through the stations is
conducted. Diatom analysis and dinoflagellate cysts analysis are under process.

Results and Discussion - It is observed spatial differences for the
physicochemical parameters. Porewater nutrient analysis results show variations
through the stations due to their different physicochemical characteristics.
Values for each parameter are observed from 0,89 UM to 42,36 uM for PO4,
from 2,4 uM to 520,78 uM for Si, and from 3,94 uM to 595,83 uM for DIN. The
highest values are encountered in the anoxic station. TOC/TN values indicating
the organic matter presence show differences in the samples through the stations
with arange from 4,05 to 13,36. Pigment values demonstrate diverse patterns
among the stations and several parameters such as Chl-a, Chl-b, C3, and C2
show elevated valuesin the same anoxic station.

Acknowledgements: This study has been supported by Bridge-BS Project has
received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement No 101000240. We thank to Prof
Dr Neslihan Balkis Ozdelice and her lab for their support in dinoflagellates
study.
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Fig. 1. Profilesin physicochemical parameters across different sediment depths
at each sampling station.

Fig. 2. Diatoms species observed in the samples: Diploneis sp. (left) and
Coscinodiscus sp. (right).
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PSEUDO-NITZSCHIA AND GLOBAL CHANGE FACTORSIN THE MEDITERRANEAN: IDENTIFYING
KNOWLEDGE GAPS
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Abstract

Globa change factors shape pelagic communities worldwide, and some of them, such as climate change and eutrophication, raise
concerns about their effects on the proliferation of harmful algal blooms (HAB) such as Pseudo-nitzschia. Their consequences
are expected to be most prominent in quasi/enclosed seas such as the Mediterranean, yet only a few studies address the issue of
HAB. To this end, we performed a literature review to assess the current knowledge on the impacts of global change on Pseudo-
nitzschia in the Mediterranean. A limited number of studies indicates a potential phytoplankton shift to Pseudo-nitzschia
dominance under dfferent eutrophication scenarios, but effects are strain-specific. Importantly, we reveal a knowledge gap on the
combined effects of global change factors on Mediterranean Pseudo-nitzschia populations.

Keywords: Phytoplankton, Mediterranean Sea, Warming, Eutrophication, Diatoms

Different global change factors and their interplay raise concerns about their
effects on harmful agal bloom species (HABs) because those can
profoundly alter ecosystem services and threaten human health [1]. Among
them, diatoms from the genus Pseudo-nitzchia cause problems worldwide as
some strains can produce domoic acid, which is toxic to humans and other
vertebrates, and the number of toxic events has been steadily increasing since
the 1980s [1]. In the Mediterranean, several strains were reported, among
which are potentia (i.e., P. delicatissima, P. fraudulenta, P. multiseries, P.
seriata) and confirmed toxic producers (i.e., P. galaxies, P. multistriata, P.
calliantha, P. brasiliana and P. pseudodelicatissima) [2]. Global change can
have particularly pronounced effects in land-locked seas such as the
Mediterranean. For instance, the most prominent climate change effects are
intensified heat waves leading to 20% faster warming than the global average
[3]. Moreover, reports on undesirable plankton blooms, often in coastal
aress, are not isolated incidents [4]. It can be expected that the change in
precipitation regime and aeolian processes as the major nutrient transport
routes to oligotrophic waters will play progressively important roles. Yet, it
is unclear what we know about the effects of global change factors on
Pseudo-nitzschia in the Mediterranean. To learn about the experimental
efforts on this genus in the Mediterranean, we performed a literature
screening (March 2024) using the Scopus database and the TITLE-ABS-
KEY search. The terms pseudo-nitzschia OR pseudonitzschia were used,
firstly together with terms: climate OR "climate change" OR "globa change
factors' OR "temperature change® OR warming OR acidification OR
greenhouse, which resulted in 132 articles. Most werein situ findings, 11
were community, and 18 were single-strain experiments, but only 4 were
Mediterranean studies that did not include experiments testing for global
change factors. Secondly, an extended search applied the terms nutrients OR
eutrophication OR nitrogen OR silica OR phosphorus OR nitrate OR nitrite
OR ammonia OR ammonium OR phosphate, resulting in 437 other articles,
of which ~10% were Mediterranean studies. Among them, only 3 tested the
response of the phytoplankton community, including P. delicatissima group
[5] and non-harmful P. cf. pungens [6] and P. cf. seriata [7], while 2
reported on singe-strain experiments using P. multistriata, P. calliantha [7,
9] testing only single factor rather than combined effects. None of the
studies tackled the effects on toxin production. Community experiments
that simulated the riverine input showed increased numbers of Pseudo-
nitzschia when nutrients were abundant and when the riverine inflow was
low [5]. This might indicate that, regardless of the lowered overall inflow
that the region has recently witnessed [8], Pseudo-nitzschia might still be
able to bloom and thrive even on organic nitrogen supply [7]. The
dominance of the genus was also noted when the community was exposed to
pollutants such as PAHs and heavy metals [6], hinting at its resistance in
the coastal areas exposed to extreme anthropogenic pressures. Because it
was shown that domoic acid production requires a sufficient nitrogen
supply and can be stimulated by urea [10], coastal areas might be especially
prone to bloom development. Single-strain experiments were focused on
growth rates for different treatments, including differenr temperatures,
salinities, irradiances, as well as nutrient and silicate depletion [8], and
different nitrogen sources [7]. Strains grew slower in suboptimal conditions
but increased their RNA content as a rapic response to stress, possibly as
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resilience against diminished protein production, which sets them apart from
other diatoms [8].Other studies also examined the effects of ocean
acidification and an increase in pCO, and concentrations of metals (iron and
copper). While increade/decrease of sdinity and silicate-limitation
consistently negatively affected the growth of Mediterranean strains, the
growth discrepancy between species, e.g. P. multiseries exhibited about 3x
sower growth rated under N/P/Si-limitation thanP. calliantha [8],
underlines the importance of testing various strains.

In conclusion, the literature gives a sufficient rationale for studying Pseudo-
nitzschia in the Mediterranean but also identifies existing knowledge gaps,
i.e., low variability of tested ii) strains, ii) factors, and iii) no tests on
multiple-factor effects.
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Abstract

We have estimated the Sentinel of the Seabed indicator for the benthic habitats in the Levantine-Balearic (western Mediterranean),
one of the five Spanish marine established for the implementation of the European Marine Strategy Framework. The assessment is
summarised by Broad Habitat Types and depth stratum. The results show that the habitats most affected by bottom trawling are
Circalittoral mud, Offshore circalittoral mud and Circalittoral sand. The greatest extent of surface adversely affected is found off
Iberian Peninsula. In terms of bathymetric strata, the least affected depth is between 100 and 200 m.

Keywords: Western Mediterranea, Habitat, Trawl surveys, Zoobenthos

Bottom trawling is the most widespread anthropogenic disturbance to seabed
habitats, affecting the structure and functioning of benthic communities by
atering their species composition ([1], [3]). In the Marine Strategy Framework
Directive, Sentinel of the Seabed (SoS) indicator has been used to assess Good
Environmental Status of circalitoral and bathyal benthic habitats. SoS species
are the most representative species sensitive to bottom trawling in non or low
impacted areas.

We have caculated the SoS indicator ([3]) in the Levantine-Balearic
demarcation (western Mediterranean), one of the five Spanish marine
established for the implementation of the European Marine Strategy Framework,
at two levels: (i) Broad Habitat Types (BHT), obtained from the Emodnet BHT
layer; and (ii) depth strata sampled. This indicator combines three types of
information: habitat distribution, trawling effort (in terms of Swept Area Ratio,
SAR) and biological data.

The standardised biomass of epibenthic fauna (g/km?) were obtained from
MEDITS annual bottom trawl surveys carried out between 2014 and 2022. The
sampling strategy applied consider five depth strata: A) <50 m; B) 51-100 m; C)
101-200 m; D) 201-500 m; and E) 501-800 m. Based on this data, the BESITO
index ([2]) was calculated to estimate the sensitivity of each species to bottom
trawling and to obtain SoS species.

The correlation between the proportion of SoS species and trawling effort has
been analysed with General Additive Models. Based on the significant
pressure-state curves obtained for each BHT or depth stratum and the SAR layer,
the proportion of SoS species was predicted for the whole area. Finaly, the
extension of areas disturbed by bottom trawling was estimated applying quality
thresholds obtained from those curves.

Lower fishing effort, and therefore higher proportion of SoS species, have been
shown in the Balearic Ilands compared to the Iberian Peninsula (Figure 1).
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Fig. 1. Prediction of sentinel species based on the mean SAR value.
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From the BHT, Circalittoral mud, Offshore circalittoral mud and Circalittoral
sand showed the higher percentage of areas adversely affected by bottom
trawling (85%, 63% and 52% of the area, respectively), while Offshore
circalittoral sand and Upper bathyal sediment or Lower bathyal sediment
showed the least ones (25 and 13% of the area, respectively). The most severely
affected areas are off |berian Peninsula (Figure 2).
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Fig. 2. Distribution of the degree of disturbance in relation to trawling.

Preliminary results of the second approach carried out, based on depth strata,
showed significant pressure-state curves in three of the five strata analysed (B, C
and D). Stratum C showed the smallest area adversely affected by bottom
trawling, whereas B and D strata showed alarger area affected by fishing.
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Abstract

We investigate the impact of sediment depositional events on benthic foraminiferal (BF) assemblagesin the North Adriatic focusing
on two Italian Long-Term Ecosystem Research Network (LTER) stations, S1 and E1. Results show that BF assemblages at S1 are
mainly influenced by the Po riverine discharges causing density and diversity decrease, and dominance of opportunistic taxa. In
contrast, BF assemblages at E1 are dominated by taxa tolerant to moderate organic matter and are mostly affected by sediment
reworking related to storm waves causing changes in environmental parameters and shifts in species composition. Specimens of this
E1-S1 Foraminifera Collection are being digitised within the frame of DiSSCo (Distributed System of Scientific Collections) which
will alow accessible information enhancing the role of foraminiferal records.

Keywords: Adriatic Sea, Biodiversity, Sediment transport, Foraminifera

Introduction storm wave episodes (Fig. 1 B2), lowest BF density and diversity values are
While many studies investigated the effects of changes in sedimentary supply on recorded, accompanied by a significant increase in Ammonia species,
macrobenthos [1], the meiofauna response remains largely unexplored [2]. Aubignyna perlucida, and a marked decrease in fragile agglutinant taxa (Fig. 1

Indeed, increase in rainfall patterns and severe storms, due to the ongoing Aland A4). Notably, E1 environmental BF indices do not show any significant
climate change, is significantly affecting the sedimentary supply to coastal changes during these events.
areas, with detrimental effects on aquatic ecosystem and biodiversity [3,4]. As
meiofauna occupies lower trophic levels, has the potentia to affect the i
ecosystem functioning through a bottom-up dynamic. Therefore, understanding
their response to sedimentary supply fluctuations is crucia for predicting v
climate change impacts on marine ecosystems. Primary goal of this study isto s e i
document the relationship between changes in benthic foraminifera (BF) “ = <
Yo

assemblages of the North Adriatic Sea and sediment depositional events. The
investigation is based on samples collected from 2016 to 2023 in two stations,
S1 and E1, located south of the Po Delta River and in the Rimini offshore
respectively, at the LTER-Italy research Site "Delta de! Po and Costa @ s -
Romagnola’. '
Material and M ethods

Sediment samples were collected using a box corer during research cruises or
during the ordinary maintenance activities of the S1 and E1 autonomous meteo-
oceanographic systems. For foraminiferal analysis, the uppermost 0-1 cm
interval was stored in buffered ethanol at 70% stained with rose Bengal (2 g per
liter) for at least 14 days. In this work we report BF data collected on living
(rose Bengal stained) assemblages from the>63 um size fraction in order to
obtain information on small-sized species. The used BF sample time-series is
part of the Ingtitute of Marine Science (CNR-ISMAR) Natura Science
Collections which are currently involved in the DiSSCo (Distributed System of Fig. 1. A) Pie charts of living foraminiferal assemblages from stations S1 and E1
Scientific Collfectlons) Research. Infrastructure in the framework of the 2018-2019 samples. Species illustrated with the same color belong to groups
ITINERIS (Italian Integrated Environmental Research Infrastructure System)  yith gimilar ecological characters as following listed: Ammonia group (blu),
P_ro_]ect and are under the process of digitization (tra_nstmn from physica to Bolivina group (pink), Bulimina group (grey), Steinforthia group (green),
digital specimens). Related data and metadata will be shared on open  Nonjonella group (cyano), Miliolids group (purple), Agglutinants group
institutional archive and GBIF (Global Biodiversity Information Facility) portal, (orange). B) Graphic showing environmental parameters fluctuations in

fulfilling the FAIR (findable, accessible, interoperable, and reusable) principles. 2018-2019 as recorded by the autonomous meteo-oceanographic stations S1 and
Making information accessible will contribute to detect potential biodiversity EL

changes to distinguish major drivers, and to develop appropriate conservation

measures thus enhancing the role of foraminiferal records for environmental and

ecosystem sciences.

gﬁfjflit:d?:\]gsljrg:aﬁﬁgtsthe primary driver influencing BF assemblages at S1 References

Station is the Po riverine discharge, while at Station E1, BF composition is lt IHendrlckf, V: ‘] HUtChlsonénZe'bLa't’ &PLLasg (I)( ’ Sil(zzmgé'lfgfﬂ]em buria

mainly controlled by sediment reworking due to storm waves which lead to |2n ogar:eo_magne'\lmadc&cl)l_n\llw PrMﬁ. etoA T_e’ M( _)’ D & .H H

alterations in key environmental parameters for BF (Fig. 1). Following major 2623UI ;mlf’t - Naraell, .f”betgtui'lr' ' ¢ o L€ lfmgn(:, f Sgga‘ t

flood episodes at S1 (Fig. 1 B3), closer to the delta, BF density and diversity ((j _)t'. rorbiom response of a1 e

markedly decrease, environmental quality deteriorate, and the BF population epositional events Simu N MICrocosm. B10geoscl. DISC., 2023, 1-46.

becomes dominated by highly opportunistic taxa tolerant to organic-rich 3 - Dudgeon, D. (2019.)' Multiple threats imperil freshwater biodiversity in the

sediments and oxygen deficiency, such as buliminids and Nonionoides turgidus, 2”5\:2?]009”? (iurrbB'ZI('t‘ 2?0(\19?:’ R96|(_)—RS;67H“ M. 1. & Wood. P J. (2022

with subordinate Stainforthia fusiformis and Hopkinsina pacifica (Fig. 1 A5 and N ers, K. L., DOretto, A., enoglio, ., iifl, M. J, & wwood, ¥ J. ( )-

A8). Conversdly, at Site E1, BF assemblages are typically dominated by taxa Tempora effects of fine sediment deposition on benthic macroinvertebrate
) ' - p : community structure, function and biodiversity likely reflects landscape

tolerant to moderate concentrations of organic matter. However, after major setting. Sdi. Total Environ,, 829, 154612,
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PPCI mep, A NEW PHYTOPLANKTON COMPOSITION INDEX RESPONDING TO ANTHROPOGENIC
PRESSURE IN THE MEDITERRANEAN SEA
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Abstract

As phytoplankton reflect immediate effects of changes in nutrient inputs in ecosystems, they have been retained by severa
European legislations to assess the health status of marine ecosystems. Here, we present a new phytoplankton composition index,
PPCI \eg (Pigment Pressure Composition I ndex) adapted to the specificities of the Western Mediterranean coastal waters. It
uses diagnostic pigments of total phytoplankton measured by HPLC. Only pigments responding positively to pressures (i.e. nutrient
concentrations) are considered. The calculation protocol is described, and an evaluation grid is proposed. PPCl \eq i designed to
be scientifically robust yet easy to implement by stakeholders lacking expertise in phytoplankton biodiversity. PPCI is transferable
in other coastal zones if pigments/ pressure relationships are established.

Keywords: Western Mediterranea, Phytoplankton, Pigments, Bio-indicators

Materials and methods

PPCI g Was developed in the French coastal waters of the Med Sea where
arobust dataset of nutrients and phytopigments was collected in reference
sites and impacted water masses (15 stations, 744 nutrients/ pigments
samples; [1]).

Index elaboration and calculation protocol (Fig. 1)

1. Relationships between pigments and proxies for pressure

Only pigments responding positively to nutrient concentrations (as proxies
for pressure) are integrated to PPCI (Spearman correlations, tho > 0.45, p
value < 0.0001). For phytoplankton groups identified by multiple diagnostic
pigments, only the one that is most responsive to pressure is chosen. In our
study, 4 diagnostic pigments, peridinin, fucoxanthin, prasinoxanthin and
alloxanthin, were selected according to the criteria defined above. In the Med
Sea, they act as biomass tracors for photosynthetic dinoflagellates, diatoms,
prasinophytes, and cryptophytes, respectively. Consequently, PPCI peq is
composed of 4 sub-indexes (Sj) S; Peridinin, S; Fucoxanthin,
S; Prasinoxanthin and S; Alloxanthin.

2. Construction of reference curves

Reference curves are established for reference stations identified by the
Water Framework Directive monitoring and/or ongoing programs. For each
selected pigment, a reference curve is constructed. It describes the seasonal
evolution of this pigment. Idedly, the curves are constructed from bi-
monthly data acquired over a diding 6-year period. Each curve comprises 12
values (1 value per month) obtained by calculating the monthly Pgy of
pigment concentrations and adding a 50% safety margin to account for
natural variability. For very low pigment concentrations, a minimum
threshold of 5 ng L1 is imposed. The principle of sliding reference curves
contributes to incorporate long-term effects of climate change.

3. PPCI calculation

To assess phytoplankton composition quality at a site, a score and an
ecologica quality ratio (EQR) are calculated for each selected pigment :

3.1. Compare the pigment concentrations at the site to be assessed with the
reference values, respecting the temporality,

3.2. Cdculate the frequency (%) of overpassings from the reference, the
relative magnitude (%) of each overpassing during the observation period (1-
6 years) and the averaged overpassing (%),

3.3. Calculate a score for the considered pigment : score= (frequency of
overpassings X averaged overpassing) / 1000,

3.4. Transform scores < 20 into EQR by applying the formula : EQR = 1-
(0.050 x score). If the score is > 20, EQR = 0. The threshold of 20 was
defined on the basis of our field expertise.

4. Repeat step 3 for all selected pigments and calculate the final EQR

The final EQR is the arithmetic mean of the sub-indexes EQRs. PPCI ranges
from 0 (phytoplankton composition highly degraded) to 1 (phytoplankton
composition in very good condition). Classification boundaries (Fig. 1) were
established on the basis of our field knowledge, and what we consider to be
very good and poor phytoplankton compositions in the study area. We then
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set the boundaries for the different states, checking the consistency of the
classifications obtained with our expertise and other expert judgement.

Applications of PPCI

PPCI peq dlows to detect the effects of anthropogenic disturbances on
phytoplankton composition over different spatial and temporal scales. It
can aso be used to highlight the seasonality of disturbances, such as those
caused by recreationad boating,and to measure improvements in
environmental quality following restoration efforts.

Fucoxanthin reference curve (Eastern Corsica, 2016-2021) Calculation of overpassings for a test point

Test site 2017 Theoretical examples for pigment A and month X :

Reference : 10ng1t | 10mgLt
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MULTI-INDICES APPROACH OF ZOOPLANKTON LONG-TERM MONITORING SURVEY IN THE BAY
OF MARSEILLE REVEALED THE EFFECTS OF INCREASING OLIGOTROPHY ON PLANKTIVOROUS
FISH
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1 Aix-Marseille Université, CNRS, IRD, MIO MIO UM 110 - mireille.harmelin@univ-amu.fr

Abstract

Plankton constitutes the base of marine food webs. Tempora studies of zooplankton are alowing to understand the effects of
global change on marine ecosystems. A study of quantitative and qualitative components of zooplankton related to environmental
parameters was conducted in the Bay of Marseille from 2005 to 2020. Nutrient concentrations decreased and water temperature
increased, leading to a decrease in phytoplankton size and a decrease in zooplankton quantity and quality. Changes in zooplankton
were observed in 2008, concomitant with a decrease in size and weight of sardines. This study highlights the interest of a multi-
indices approach (biomass, species, sizes, biochemical and energy content) of zooplankton to understand the link between

environmental changes and zooplanktivorous fish populations.

Keywords: Zooplankton , Time series, Food webs, Chemical analysis, Gulf of Lyon

In recent decades, the coastal zones of the northwestern Mediterranean Sea have
undergone major changes: nutrient concentrations have decreased and water
temperatures increased. In parallel, the relative body condition and size of two
small zooplanktivorous fish (sardine and anchovy) have decreased in the Gulf of
Lion. This pattern was suggested as a bottom-up consequence of quantitative
and qualitative changes of zooplankton.

This study presents a holistic multi-index analysis of a time series from
bimonthly monitoring of zooplankton in the Bay of Marsellle, in the eastern
Gulf of Lion, over the last two decades (2005-2022). This study analyses the
temporal variations in biomass, species composition, size structure, energy
content, elemental composition and isotopic composition of the zooplankton
community [1].

In the Bay of Marseille, zooplankton showed strong seasonal and interannual
variations. This study evidenced the relationships between the quantitative and
qualitative variations of zooplankton communities and the oligotrophisation of
the environment, suggesting a strong bottom-up control at the base of the food
webs.

During periods with high nutrients concentrations (winter-spring, and the
beginning of the time series), the zooplankton community was largely
dominated by copepods (herbivores, omnivores). At the community level,
biomass and abundance were higher, while size and diversity were lower.

During periods with low nutrient concentrations (summer-autumn, and the end
of the time series), the dominance of herbivorous and omnivorous copepods is
reduced and large filter-feeding organisms (e.g., pteropods) and predators (e.g.,
chaetognaths and aso large carnivorous copepods) are more abundant. At the
community level, biomass and abundance were lower, while size and diversity
are higher.

Analyses of the biochemical and isotope composition of the 300-500 pm
zooplankton size-class, taken as the reference for zooplankton, have shown a
decrease in lipids, an increase in proteins, and in nitrogen and carbon stable
isotope ratios since 2009. These changes are in line with the increasing
oligotrophy of the environment. Analyses of biochemical content and isotope
ratios, carried out on al size classes of zooplankton (from 200 to >2000 pm) for
a set of contrasted years, confirmed the decrease in lipid concentrations of all
size classes.

The values of many indices drastically changed during the 2010s, in line with
other observations of Mediterranean time series. However, the inter-annual
variations in the biomass of the 1000-2000 um size-class, lipid and protein
concentrations, and isotope ratios were observed earlier (since 2008)
concomitant with the crisis period for small zooplanktivorous pelagic fish.

These results provide insights into the potential effect of changes in
zooplankton on the reduction in size and body condition of small planktivorous
fishin the Gulf of Lion, linked to environmental changes[1].
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This critical period in zooplankton community of the Bay of Marseille would
have been missed without a combined analysis of the specific, quantitative and
qualitative composition of the various size classes of zooplankton. The results
of this study demonstrate the interest of a multi-indices approach during
zooplankton long-term monitoring surveys.
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Fig. 1. Influence of environment on plankton and fish
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INFLUENCE OF EFFLUENT DISCHARGE ON MALTESE SHORE BIOTIC ASSEMBLAGES
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Abstract

Effluent discharges in coastal areas are a growing problem in a constantly developing world, with rocky shores being some of the
most impacted by coastal development worldwide. The present study was aimed at establishing whether effluent discharge, having
low nutrient levels, influences attributes of the associated bictic assemblages. Results indicated a significantly higher number and
abundance of macroinvertebrate taxa, but lower diversity and evenness at effluent sites compared to reference sites. Therefore,
even a low levels, nutrients in discharged effluent have a significant effect on shore biotic assemblages, but this impact is

restricted to the vicinity of the effluent discharge point.

Keywords: Malta Channel, Pollution, Mediolittoral, Nutrients, Coastal waters

Introduction

Rocky shore habitats are an important component of coastal ecosystems,
including those in the Mediterranean Sea [1]. Nutrient enrichment from
effluent discharge can influence primary productivity on shores, which in
turn may affect ecological attributes of shore macroinvertebrate assemblages,
such as species diversity and abundance, ultimately reshaping the taxonomic
and functional structure of the shore community [2]. Although numerous
studies have assessed the influence of nutrient enrichment on shore agal
communities, relatively few works have focused on the effects of nutrient-
enriched discharge on shore macroinvertebrate assemblages. The available
information indicates that nutrient enrichment can lead to reduced shore
invertebrate diversity, while promoting dominance of certain species;
thereby influencing the species composition and structure of shore
invertebrate assemblages [3].

Method

Four study localities having effluent discharge with low levels of nutrients
were identified for the study: Mellieha Bay, Bahar ic-Caghag, Sliema, and
Xghajra (Fig. 1.). A reference site without effluent was also assigned to each
locality; this was located between 250 m and 1.8 km from the effluent site.
Levels of nutrients were as follows: phosphates ranged from 0.051 ug-at P
L'l t00.152 pg-at P L1 at sites with effluent, and from 0.017 pg-at P L1 to
0.102 pg-at P L1 at sites without effluent. Ammonia ranged from 0.750 ug-
atPL1t03.179 ug-at N L1 at sites with effluent, and from 0.667 pg-at P L
110 1.393 ug-at N L1 at sites without effluent. Nitrate ranged from 1.030
png-at P L1 to 1.570 pg-at N L2 at sites with effluent, and from 0.993 ug-at
PL1 to 1.356 ug-at N L1 at sites without effluent. Using a 20 cm x 20 cm
quadrat, three replicate samples were collected from the mediolittoral zone
at both ‘reference’ and ‘effluent’ sites.
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Fig. 1. Map of the Maltese Islands (excluding Gozo and Comino islands)
showing the study localities, and effluent (filled circle) and reference (hollow
circle) sites at each locality.

Results and Discussion
Results indicated that, when comparing the ‘reference’ (RS) and
‘effluent’ (ES) site at each study locality, total abundance and number of
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macroinvertebrate taxa were significantly higher but species diversity and
evenness were significantly lower at the ES (Fig. 2.). Amphipods Hyale
spp., polychaetes Syllidae spp. and Neries rava had significantly higher
abundance at the ES compared to the RS. Abundance of agae, in particular
of Jania sp. and Palisada perforata, was higher, but not significantly so, at
the ES. It was concluded that effluent discharge influenced attributes of the
rocky shore biotic assemblages; namely total abundance, number of taxa,
taxon diversity, and taxon evenness and abundance. However, the magnitude
of influence of the nutrient enrichment varied, such that some attributes
increased and others decreased in value. In any case, the presence of effluent,
even though having low levels of nutrients, resulted in changes to attributes
of the shore biotic assemblages, but the changes were restricted to the
vicinity of the effluent discharge point.
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Fig. 2. Mean tota number of taxa (A), Shanon's diversity (B), Pielou's
evenness (C), and total abundance (D), recorded from the Mediolittoral
Zone at Mellieha (M), Bahar ic-Caghag (BC), Sliema (S), and Xghajra (X).
ES = effluent site; RS = reference site.
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POTENTIAL ENVIRONMENTAL IMPACTS OF UNDERWATER POWER CABLESIN THE
MEDITERRANEAN SEA
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Abstract

Underwater power cables connect territories and offshore renewable energy platforms to electrica grids al over the world. The
submarine power cable industry is expected to boom in the coming years to help satisfying ever growing energy demands.
Improving connectivity at basin, sub-basin and local scales and the need of evacuating future wind power produced offshore are
pushing this industry in the Mediterranean Sea too. These developments require investigating the potential impacts of submarine
power cables due to heating and electromagnetic radiations under the unique environmental conditions of the Mediterranean Sea.
Infaunal communities appear as key indicators to assess such potential effects.

Keywords: Sediments, Bio-indicators, Thermal pollution, Polychaeta, Mediterranean Sea

State of the art There are amost 8,000 km of power cables running at the
bottom of Earth’s oceans. The era of submarine electrical connectivity begun
in 1954 when the first commercial High Voltage Direct Current (HVDC)
cable linked Sweden and Gotland Island in the Baltic Sea. Since then, major
technology advances in terms of transporting capacity, material durability,
cable length and installation techniques have led the network to spread
around the planet!. Further growth is expected in the coming years as new
offshore renewable energy platforms and higher connectivity between
territories will play an essentia role for transitioning to an electrified and
carbon neutral world.

Such an exponential expansion has raised concerns about the environmental
effects underwater power cables might have on organisms and habitats.
These effects are classified as physical habitat disturbances, sediment
resuspension, chemica pollution and underwater noise emission during
installation, maintenance and decommissioning phases —which are beyond
the scope of this contribution—; and changes in electromagnetic (EM) fields,
heat emission, risk of entanglement, chemical pollution, and creation of
artificial reef and reserve effects during the operational phase?.

We focus on two of the least known and more controversia drivers of
potential impacts of power cables while in operation, which are heat
increase and EM fields, using as bioindicators small organisms inhabiting
within the bottom sediments, such as polychaetes, crustacea and bivalves.

The Mediterranean Sea case More than 70% of the world's underwater
power cables are in European waters, both in terms of number and
cumulated length. These infrastructures are becoming more and more
important in the Mediterranean Sea, with 5 international cables and multiple
island-mainland and island-island links in operationS. In order to achieve the
grid development objectives for 2030 the Association of the Mediterranean
Transmission System Operators (Med-TSO) has published a Master Plan
of Mediterranean Interconnections* where 11 new international underwater
power cables are considered (Fig. 1).

Offshore renewable energy platforms, mainly wind energy, will also grow in
Mediterranean waters, which implies more cables landing on its coasts. The
most suitable areas are the Gulf of Lion, the North Adriatic Sea, the gulfs of
Hammamet and Gabes, the Gulf of Sirte, and the Nile Delta®. At present,
the only farm in operation isin Taranto, Italy, with several more in different
stages of development.

Preliminary results First in situ measurements and sediment sampling for
infaunal analysis were carried out by scuba in January 2024 along a newly
laid double cable at water depths less than 10 m in between the islands of
Eivissa and Formentera, in the Baleares. Methodological details are omitted
for concision. An initial analysis of thein situ sediment temperature shows
no correlation with the distance to the cable. Preliminary results on infauna
in the sediment show a higher abundance and diversity in the upper 10-15
cm than in deeper layers (15-40 cm bsf), asis usually the case.
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The view forward We advocate for more, systematic research on the
effects of underwater power cables and, most importantly, it has to keep up
with the pace of new instalations. As for our work, after finishing the
processing and analysis of al samples and measures, we will be able to draw
firm conclusions about the effects of heat and EM fields on infauna. We are
planning future field campaigns to study seasonal variations in the infaunal
community and perform comparisons between different environments. A
final goal of our work is drawing up a protocol to assess the environmental
effects of temperature increase and EM fields caused by submarine power
cables.
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Fig. 1. Main underwater power cables in operation (solid lines) and planned
(dashed lines) in the Mediterranean area. Main offshore wind power farms
in operation (triangle in Italy) and under development including pilot phases

(dots) are also shown. Based on data from various sources.
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Abstract

Canopy-forming species, particularly Cystoseira s.l., provide essential ecosystem services in the Mediterranean coastal area.
However, these species face significant regression due to anthropogenic stressors and climate change. This study aimed to assess the
status and distribution of brown algal forests along the Slovenian coastline in the northern Adriatic, employing non-destructive, in
situ methods and remote sensing techniques. A detailed distribution map was created, revealing signs of regression attributed to
various anthropogenic pressures. Additionally, species distribution modelling and future scenario predictions were employed to
understand spatial trends and potential future developments, providing valuable in formation for a better implementation of

conservation measures, particularly in marine protected areas.

Keywords: Habitat, Adriatic Sea, Coastal models, Phytobenthos

Introduction - Canopy-forming species are widespread in the Mediterranean
coastal area and represent the final stage of the succession of photophilic algal
communities on hard substrata. Among them, Cystoseira s.l. spp. play an
important role as habitat-building species, providing substrata for species
settlement, protection from predators, and shelter from different
disturbances. Cystoseira s.I. spp. contribute to numerous ecosystem services[1],
such as high primary production, food sources and nutrient cycling. In recent
decades it was observed that coastal ecosystems are subject to multiple
anthropogenic local stressors, and Cystoseira s.l. species have been often
replaced by persistent and |less complex algae, defined as turf-forming taxa[2].
The regression of the most widespread Cystoseira s.l. algal belts was confirmed
aong the Slovenian coastline (northern Adriatic), with a consequent
replacement by turf-forming taxa [3]. Moreover, anthropogenic climate change
is causing unprecedented alterations to marine ecosystems and is known to
induce species re-distributions. It is expected that under a warmer climate,
species will move towards higher latitudes, higher altitudes, or to deeper waters
[4], but in the semi enclosed and shallow northern Adriatic these migrations are
not possible. The overall objective of the research was to assess the status and
distribution of brown algal forestsin Slovenian coastal waters, prepare a detailed
cartography and identify the main causes for their regression.

Material and Methods - A non-destructive method was used, based on visual
observation of sea-bottom segments occupied by brown algal forests (amodified
CARLIT methodology [5] for the upper-infralittoral belt). Sedimentary bottoms
were surveyed as well. Additionally, remote sensing techniques based on freely
available satellite (Sentinel, Landsat) and ortho-photo multi-temporal imagery
were applied to objectively develop a precise brown algal forests distribution
map by combining fieldwork and multispectral geospatial data. Moreover, the
current geographical distribution of brown algal forests was modelled by
considering several species distribution modelling agorithms and environmental
variables that co-crate their spatia pattern. Finaly, the Bio-ORACLE 3.0
database [6, 7] was used to predict potential future spatial development of brown
algal forest suitability in the Mediterranean and Adriatic Seas considering
optimistic (SSP1-2.6, SSP2-4.5) and pessimistic (SSP4-6.0, SSP5-8.5) shared
socioeconomic pathways scenarios.

Results and discussion - A brown algal forest distribution map in the Slovenian
coastal sea was developed (Fig. 1). This product was then compared with
existing (published) algal forest suitability products for the Mediterranean Sea
[8]. The results of the study provide spatially accurate information on the
distribution of different upper-infralittoral algal communities and signs of brown
algal forests decline, which can be related to different anthropogenic pressures.
Moreover, the identified and predicted geospatial trends in brown algal forests
cover/ suitability can serve as a decision support system for a better
implementation of conservation measures, especialy in marine protected areas.
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Zamuda and Daga DonZa for their help during the study. We acknowledge the project Factors
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Fig. 1. The upper-infralittoral vegetation distribution according to the mapping
along the Slovenian coastline. The green colours refer to seagrass meadows. The
different red colours indicate the cover of canopy-forming species.
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Congress Joint Session : Technical advances for marine observations I
(all Committees)
Moderator : Sara Gian Luca

Moderator's Synthesis

The session "Technical Advances for Marine Observations " reported on seven innovative approaches
highlighting the potential of emerging technologies and collaborative methods for marine monitoring. The
ANDROMEDA project demonstrated the use of artificial intelligence combined with citizen science to
detect microplastics in coastal environments, providing a scalable and cost-effective method to tackle this
pervasive pollution issue. In parallel, machine learning algorithms and satellite data were employed to
model the bathymetry of the Maltese Islands with remarkable precision, representing a significant
advancement in coastal management. The "LanderPick" was another significant innovation: a towed
vehicle designed for the deployment and recovery of low-cost benthic landers, which has already proven
successful in over 100 operations down to 1500 meters depth. Its potential for long-term benthic
monitoring is substantial. Sustainable fisheries management was addressed through a methodology to
calculate the "Swept Area Ratio" using GPRS/GMS data, applied to an artisanal fleet in the Gulf of Cadiz.
This approach highlighted the value of real-time spatial data for assessing fishing effort and impacts.On
the topic of chemical pollution, the RHE-MEDiation project demonstrated how microalgae-based
technology can significantly reduce contaminants in urban wastewater, underscoring the potential of
biotechnological solutions. The Fishing Vessel Ocean Observing Network presented a coastal observation
system leveraging fishing vessels, capable of addressing gaps in oceanographic data collection. Finally, an
ecotrophic model simulated radionuclide dispersion in the Gulf of Lion, providing insights into transfer
and depuration mechanisms under various scenarios. These contributions underscore the critical role of
advanced technologies and open science in addressing marine environmental challenges, fostering
international collaboration, and enabling informed decision-making. The session attracted an average
audience of about 30 attendees, reflecting a strong interest in these cutting-edge marine observation
technologies.
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ENHANCING MICROPLASTIC DETECTION IN COASTAL AREASTHROUGH AI-ASSISTED CITIZEN
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Abstract

The ANDROMEDA project, implemented in Malta by the University of Malta and funded through the JPI Oceans framework,
introduced an innovative approach to parameterising microplastics in coastal environments. This study outlines the development of
an algorithm, incorporating artificial intelligence (Al) techniques, to analyse microplastic pollution from images submitted by citizen
scientists. The main aim of the app’s development was to provide a cost-effective and scalable method for recording the
distribution of microplastics along European coastlines, whilst engaging the public in simple sampling and microplastic recovery
protocols, ultimately aiding in the mitigation of this pervasive type of pollution.

Keywords: Plastics, Malta Channel

Introduction Microplastics, small particles between Imm and 5mm in size, are
significant pollutants in marine environments due to their durable, flexible
nature, and resistance to natural degradation processes. These particles originate
from various sources, including industrial products and consumer waste, and
pose substantial ecological risks, particularly in the Mediterranean region [1].
The Oceanography Malta Research Group (OMRG) of the University of
Malta, through the ANDROMEDA project (funded over the 2020-2023 period,
through the JPI Oceans‘Microplastics in the marine environment’ Call),
addressed these challenges by launching a citizen science campaign. As part of
the project, a smart phone app that makes use of Artificial Intelligence (Al) for
an in-situ and cost-effective analysis of microplastics, was devel oped.

Materials and Methods The public is being engaged in microplastic collection
through the provision of extraction kits. A quadrat, 1mm and 5mm sieves, a
shovel, and aruler are provided to beachgoers who can participate by following
the sampling protocol to extracting plastic fragments within a volume of 0.5 x
0.5 x 0.1m3. These extracted LMPs can then be photographed on a scanning
card (Figure 1) and uploaded to a computer server at the University of Malta
through a dedicated mobile app (ANDROMEDA microplastics, Figure 2),
which is currently freely available to all iOS and Android mobile phone users.
An in-house developed algorithm will process these images in batches. Plastic
fragments within each photo are detected and the size, surface roughness, and
colour, are estimated [2]. Before this parameterisation, the images undergo pre-
processing to correct any distortions in the scanning area, remove skewness,
balance colours, and determine each pixel's spatial dimensions using the QR code
on the scanning card. This innovative process offers almost immediate feedback
to participants and integrates the collected data into a European-wide database,
significantly enhancing the scope of microplastic research. All submitted reports
are plotted on a European continent map.

Results and Discussion Preliminary results from the ANDROMEDA project
indicate that the Al agorithm successfully identifies, characterises (in terms of
dimensions, surface roughness and colour) and quantifies microplastics from
diverse beach environments. The agorithm's accuracy and efficiency in
analysing microplastic characteristics have proven to be reliable, with
considerable implications for assessing comparatively the degree of microplastic
pollution of different sandy coastlines and for acquiring interesting microplastic-
specific metrics. For instance, the characterisation of microplastics in terms of
surface-roughness is a proxy for classifying the same particles as primary or as
secondary microplastics and for shedding light on the putative length of time the
same particles reside within the natural environment. The integration of citizen
science has also fostered community engagement and increased awareness
regarding marine pollution issues. Extracted and photographed microplastics are
not discarded back into the environment but are retained for subsequent
adequate disposal and, possibly, for further compositiona analysis through, for
example, hand-held NIR (near-infrared) scanners. Future developments aim to
enhance agorithm accuracy and to expand the project's scope to include more
diverse environmental conditions and microplastic types, with uptake of the
ANDROMEDA microplastics app being promoted on other coastlines outside
the Maltese archipelago.

Fig. 1. Scanning card for mobile phone photography purposes.

My Submissions

ANDROMEDA

Logout
My Submissions
Start New Submission

How to use

Statistics

About

Contact

Fig. 2. Developed mobile phone application for photo submission.
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Abstract

This study combinesin-situ data, satellite data, and machine learning algorithms to accurately predicted the bathymetry in the
coastal region around the Maltese archipelago. Using data collected from a single embayment, the Random Forest algorithm was
used to predict the bathymetry of the entire Maltese Islands, resulting in highly precise outcomes. These predictions were validated
and spatially visuaised to provide a better understanding of the variation in depth.

Keywords: Bathymetry, Coastal waters, Mediterranean Sea, Remote sensing

Introduction

Bathymetry denotes the depth difference between the seabed and the sea
surface [1]. Precise determination of bathymetric data plays a pivota rolein
coastal modelling [2], underscoring the significance of having comprehensive
depth data available at various temporal and spatial scales[3]. This objective
can be redised through the integration of remote sensing and in-situ
methodologies, aongside the application of machine learning (ML)
frameworks, to generate precise and current bathymetric mappings.

Random Forest: Bathymetry 2023

Predicted depth values (m)

0 3 10 15 20 25 30 35 40

In-situ depth values (m)

Fig. 1. Graph showing the correlation between thein-situ and predicted
depth data.
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Fig. 2. Random Forest predicted bathymetry of the Maltese archipelago.
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Materialsand Methods

During a Multibeam Echosounder survey in 2023, in-situ bathymetric data
was collected from Marsaxlokk Bay. Simultaneously, satellite data from the
Sentinel-2 constellation for the same day, was acquired. The integration of
these datasets was followed by a band ratio computation utilising the
protocol outlined by [4]. Subseguently, they were processed by the
Random Forest algorithm to develop a predictive model. The Pearson
Correlation Coefficient was employed to quantify the linear correlation
between the aforementioned data and the effectiveness of the algorithmic
model. Finally, this model was validated through a comparison between the
predicted depth data and a set of in-situ bathymetric data, which was
originally excluded during the model's devel opment phase.

Results and Discussion

A correlation coefficient of 0.99 was computed between the in-situ and the
predicted depth values in the testing set over Marsaxlokk Bay (Figure 1).
The ML model was then run on &l the other data points and the results
were visualised to illustrate the bathymetric variation around the entire
Maltese Islands (Figure 2). Additionally, during the model’s vaidation, a
high association was obtained between the predicted depth data and the
excluded in-situ dataset, demonstrating the efficacy of the methodology
employed in this study in generating precise bathymetric predictions. This
work was part of the BathMalta project funded by MCST (Malta Council
of Science and Technology) through the Space Research fund call 2022.

This methodology was aso implemented on a dataset from 2022 to
investigate the temporal variations in the underwater topography
surrounding the Maltese Islands by comparing the predicted depth data of
2022 and 2023. The am was to establish an efficient method for
comprehending the evolving bathymetric patterns and identifying regions
more susceptible to fluctuations in depth.
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Abstract

Benthic landers are structures devised to be placed at the seabed, hosting sensors for autonomous sampling. Landers offer
valuable insights into the physical, biochemical, and ecological conditions of the benthic layer, but a notable limitation lies in their
costly recovery systems. The LanderPick development involves the design of a remotely operated towed vehicle to deploy and
recover basic landers provided with a recapture mesh for hitching. Two LanderPick vehicles and a fleet of about 30 low-cost
suited landers have conducted more than 100 successful operations of up to 1500 m around Spanish waters, including western
Mediterranean, since 2021. Low-cost lander arrays have a strong potential to provide sustained seafloor monitoring in the long

term.

Keywords: Circulation, Hydrography, MPAs, Monitoring, Western Mediterranea

The need for sustained observation of the Earth's climate system, including the
ocean, is acknowledged by severa international panels. Monitoring of the deep
ocean has traditionally relied on regular intensive oceanographic cruises as well
as eulerian systems (mooring lines) at strategic sites. The hydrochanges program
[1] is a nice example of international coordination to track the changes of the
deep Mediterranean Sea. Focusing on conditions right at the seabed, benthic
landers are already identified as a robust eulerian approach for long-term deep-
sea observations [2]. The high cost of the recovery systems, tipically based on
buoyancy modules and expendable ballast uncoupled by an acoustic release,
prevents the expansion of monitoring strategies based on lander arrays.

Fig. 1. a) Cylindrical lander, suited with a Lowell TCM-3 tilt-current meter, a
Seabird-56 thermometer and a hydrophone, set as payload in the LanderPick
vehicle ready to be deployed. b) Underwater image of aflat-type lander about to
be hitched. c) Year-long (330 days) average currents as measured by a 5-lander
array at the Mazarron escarpment in 2022-2023.

Assisted by vessel dynamic positioning and the underwater positioning systems
of modern oceanographic fleets, the 'LanderPick’ concept [3,4] was conceived
and developed by the Spanish Institute of Oceanography in partnership with
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the engineering company Envisad. LanderPick consists of a Remote Operated
Towed Vehicle specifically designed to deploy and recover landers devoid of
built-in recovery systems, but provided instead with a mesh for easy hitching
(Fig. 1a). The LanderPick vehicle, controlled through the vessel
electromechanical cable, is provided with a camera, spotlights and propellers to
assist in the target approach manoeuvre. A mechanical mechanism allows for the
precise placement of landers as a payload on deployment-mode, and their
recovery using atriple hoist hook on pick-mode (Fig, 1b).

A first LanderPick vehicle prototype was built in 2020, followed soon by a
second advanced vehicle along with an ambitious fleet of landers of various
designs. To date, more than 100 successful operations, including deployments
and recoveries, have been conducted at depths ranging from 50 to 1500 meters.
Missions encompass short-term deployments for time-lapse image monitoring
of endangered habitats, mid to long-term lander arrays at complex topography
locations and a large fleet covering the north-western Iberian continental
shelf/slope. A first mission in the Mediterranean consisted of an array of 5
landers deployed in 2022 in a Marine Protected Area canyon complex system
known as '‘Mazarrén escarpments (southern Spain) to explore near bottom
dynamics along the shelf-break in such an intricate site (Fig.1c). The nearly
year-long record challenges our established understanding of regional circulation.
After recovery of the array, a sentinel lander is set in place to operate on a
permanent basis.

Our primary aim for developing the LanderPick concept was establishing a cost-
efficient system to sustain the near-seafloor monitoring required for (i) the
management of the Spanish Marine Protected Areas network and (ii) tracking
prevailing conditions to comply with the Marine Strategy Directive
implementation. Once the technology has matured, our god is to facilitate its
transfer to a broader oceanography community.

Funding: Project LanderPick-3 (Pleamar Program, Biodiversity Foundation-MITERD
Ministry, UE EMFF) and project LanderFleet (grant TED2021-132887B-100, UE
NextGenerationEU/PRTR).
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Abstract

This research presents a method to calculate the SAR (Swept Area Ratio) using General Pack Radio Service/Globa Mobile System
(GPRS/GMS) technology data from afleet of nearly 100 vesselsin the artisanal fishery of striped venus clam in the Gulf of Cadiz.
Artisanal fisheries often lack comprehensive data, hampering, among other things, know impacts on exploited populations and their
ecosystem, and consequently, carry out an effective management. GPRS/GM S data offers a unique advantage by providing real-time
spatial information on fishing activity. We can identify the fleet effort trough SAR in both spatial and temporal terms. The main
objective is to develop a methodological protocol based on reproducible science with accessible codes and open data applicable to

other fishing contexts similar to this type of artisanal fishery

Keywords: Management, Artisanal fishery, Gulf of Cadiz

The intertidal and subtidal biological communities have a special ecological
value due to their biodiversity and their productive role. Bivalves mollusks and
other sedentary and sessile species had traditionally been caught by artisanal
vessels using towed dredges. The introduction in the early 90's of the hydraulic
dredges radically changed this type of fishery. These vessels had much more
power and were much more efficient, which resulted in an increase in catches of
this benthic species[1]. As aresult, a series of measures had to be taken, since
2004 the Andalusian Regional Government started installing its own monitoring
system, called SLSEPA (“Sstema de Localizacion y Seguimiento de
Embarcaciones Pesqueras Andaluzas’). Boats carry a device, regionally called
“green boxes” on board hydraulic dredges and towed dredges. With this system
it is possible to continuously monitor the activity of these vessels, to know the
exact time of fishing (fishing effort) as well as the spatial distribution of this
fishing effort [2]. Knowing the pression and intensity of a fishing gear on a
habitat or community of organismsis essential when implementing management
measures, for thisit is necessary to implement a methodology which can be used
and adapted to all types of gears. A way to describe the intensity of “areas fished
with some type of fishing gear” is based on the Swept-Area-Ratio (SAR) value.
The Swept-Areais estimated as hours of fished x average fishing speed x gear
width [3]. We propose a methodological protocol for the trawl fleet in the Gulf
of Cadiz, which includes the minimum steps for calculating the SAR.
We have designed a step-by-step protocol for processing GPRS/GSM data in
this context [3].The database underwent the following sequence: 1- Removing
duplicate records, 2- Removing recordsin ports, 3- Calculating the time interval
between successive records, 4- Distinguishing between fishing and non-fishing
records based on speed, 5- Calculating the distance between effective hauls (Fig
1), 6- Computing effort indicators, 7- Spatially gridding (0.5 x 0.5 mn) the data,
8- Presenting estimates using spatial objects.

calcular_DISTANCIA <

# Converto to radians
- lati * pi / 180
lont * pi / 180
- lat2 * pi / 180
lon2 * pi / 180

function(lat1, loni, lat2, lon2) {

1000

e using haversine equation

lat1_rad

<~ lon2_rad - loni_rad
a <~ sin(dlat / 2)°2 + cos(lati_rad) *
¢ <= 2 * atan2(sqrt(a), sqrt(l - a))
DISTANCIA <- radio_tierra * c
return(DISTANCIA)

¥

# transform date POSIXct con lubridate

_hora <~ ynd_hs HA, )

cos(lat2_rad) * sin(dlon / 2)"2

# orden DF
datos <- datos
arrange (fech:

by row

mapply(calcular DISTANCIA,
datos$N_LATITUD,
datos$N_LONGITUD,
lag(datos$N_LATITUD),
lag(datos$N_LONGITUD))

# estimate
datos$DISTANCIA <

# firts row is NA because is f
datosSDISTANCIAL1] <- NA
head(datos)

s Firts ragiste
irts register

Fig. 1. Routine to calculate distance (mts) between trawl register in dataframe

The methodology employs R-CRAN and libraries including tidyverse,
lubridate, and sf. These libraries facilitate data wrangling, handling of date-time
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objects, and spatial analysis, respectively. In this sense, we consider the
foundations of reproducible science, standard methods, open data, and
transparency [4]. This approach is necessary to unify criteria and develop
common concepts for this type of fishing gear, given the complexities of each
fishing reality. This research explores three key elements in fisheries data
management. Firstly, it investigates the challenges and opportunities of
small-scale fisheries with monitoring systems to estimate intensity fishery on
ecosystem calculating SAR in Cédiz Gulf. Secondly, it focuses on developing
specialized algorithms for estimating fishing effort in trawl fisheries, crucial to
know the impact in the ecosystems and effective management. Lastly, the paper
advocates for a reproducible science methodology, emphasizing transparency,
open data, and open-source software usage.
https.//github.com/MauroMardones/IN_BENTOS.
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Abstract

The RHE-MEDiation project aims at establishing a responsive hub deploying long-term governance to destress the Mediterranean
Sea from chemical pollution. The focus is on removing pollutants from wastewater before they enter the sea. RHE-MEDiation
optimizes the Wastewater Treatment Plant by treating wastewater using microalgae technology, namely the GREEN DUNE®
Photobioreactor since microalgae have demonstrated the ability to remove a wide range of environmental inorganic and organic
contaminants including nutrients, metals, PCBs, PAHS, pesticides, pharmaceuticals and forever chemicals.

Keywords: Mediterranean Sea, Pollution, Chemical analysis, Coastal management, Stressors

Addressing the urgent challenge of chemical pollution in the Mediterranean Sea
is of utmost importance, as decades of land-based toxic pollutants have
significantly degraded its marine ecosystems [1]. ‘Restore our Ocean and
Waters by 2030" is an EU Mission launched to develop and demonstrate
innovative technological, social, business and governance solutions, and
promote new forms of co-operation to destress the Mediterranean from chemical
pollution. The RHE-MEDiation project intends to remove heavy metals, PCBs,
PAHSs, pesticides and ‘forever chemicas, namely PFAS, from wastewater
before they reach the marine environment [2].

The RHE-MEDiation demo site in Greece is the Thriaso Waste Water
Treatment Plant (TWWTP) by the Gulf of Elefsis [3], where the
RHE-MEDiation GREEN DUNE® Photobioreactor using microalgae is to be
applied after the secondary treatment (Figure 1).

UV disenfe:
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Fig. 1. The microalgae bioreactors system at Thriasio WWTP.

The water will pass through microfiltration and sensors on its way to the mixing
tank. Membrane filtration equipment based on industrial micro and ultra-
filtration solutions collect microalgal biomass, while the monitoring system
deployed consists of appropriate continuous and periodical sampling points: (i)
at the WWTP outlet and the RHE-MEDiation pilot system (ii) in the Gulf of
Elefsis, using a multi-sensor microsystem platform with mobile, autonomous
drifters. The sensors include measurements for Redox Potential, pH,
temperature, turbidity, conductivity, anmonia and chlorophyll-A.

The experiment duration is one year while maintenance periods with reduced
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sampling frequency are designated, emphasizing reliance on microalgae for
water bioremediation. Emerging contaminants (e.g. PFAS, pharmaceuticals)
analyses are performed to detect dominant substances in the WWTP effluent,
using wide-scope screening analytical techniques, which provide better
understanding of the chemical imprint of related anthropogenic activities. The
annual average of TWWTP wastewater inflow is 6,089 m3/d, whereas
approximately 1,500 kg BODg/d enter the marine environment. TWWTP is
already very efficient, since chemical analyses of COD, BODs, NO3-N, NH,4-N,
TN, TP and TSS (mg/l) do not exceed national legislation thresholds. The
prismatic shape of the photobioreactor, which is placed after secondary
treatment, ensure increased microalgae productivity, wastewater treatment
capabilities and enhanced water quality. Achieving ammonium removal rates
>80% meets stringent environmental standards, while pollutant sampling aims
to balance data comprehensiveness with resource efficiency.

The deployment of RHE-MEDiation in Greece demonstrates a tailored approach
to remove undesired chemicals that conventional WWT technologies do not
treat. The innovative GREEN DUNE® Photobioreactor, now positioned as a
financially viable solution for large-scale applications, aigns with Blue Growth.
Hence, RHE-MEDiation emerges as a promising and sustainable solution in the
ongoing mission to mitigate chemical pollution in the Mediterranean Sea.
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Abstract

The Fishing Vessel Ocean Observing Network (FVON) is a collaborative, innovative approach involving cost-effective coastal
observations with the aim of supporting climate-informed advice, reducing risks. Here, we showcase examples of FVON projects
from deploying oceanographic sensors in canoes to industria trawlers. The FVON network as it evolves has the potential to
complement existing ocean observing systems in areas where oceanographic data is lacking and needed most for long-term coastal

and ocean monitoring.

Keywords: Coastal systems, Fisheries, Monitoring, I nstruments and tech, Worldwide

The Fishing Vessel Ocean Observing Network (FVON) [1,2] aims to foster
collaborative, cost-effective ocean data collection, democratize ocean
observations, establish community standards, and best practices, and
facilitate observation uptake to enhance ocean predictions while promoting
sustainable fishing practices. Fishing vessels offer potential as platforms for
hosting and deploying a variety of oceanographic instrumentation (Fig.1
upper left panel). Many fishing gear types already profile through the water
column, presenting a unique opportunity for subsurface data collection (Fig.
1 upper right panel). This approach demonstrated to be valuable to provide
data to feed oceanographic models, advance knowledge on climate change
and improve ecosystem approach to fishery management, as in the case of
the Adriatic Fishery and Oceanography Observing System (AdriFOOS)
[3].Integrating ocean data collection into fishing vessel operations
complements existing ocean observing networks, enabling cost-effective
collection of subsurface ocean data to significantly enhance coverage in data-
sparse regions. These data represent a win-win scenario, enabling the fishing
industry, fisheries scientists, and managers to adopt innovative solutions to
enhance fisheries sustainability, profitability, and community resilience.

Fig. 1. The Fishing Vessel Ocean Observing Network (FVON) (upper left
panel) concept and a selection of depth over time series showing the
diversity of data which can be produced by fishing (upper right panel).
Ghana's fishing canoes (lower panel): solar deck unit; fixing a sensor to a
net; and portal displaying data acquired by the Obeye Yie canoe.

An innovative coastal observing system in Ghanas fisheries involved the
attachment of temperature depth profiling sensors to fishing nets on two
local fishing canoes (Fig. 1 lower panel) [4]. The Moana project in New
Zealand instrumented approximately 250 fishing vessels. The Argo program
provides sustained observation in the open ocean but there are important
gaps in subsurface ocean observation coverage in shelf and coastal regions
(Fig. 2 upper panel). These latter regions have complex bathymetry,
coastlines and frontal mixing zones that complicate autonomous
observations but concentrate fish and therefore fishing. Beyond being
productive biodiversity hotspots, the coastal seas are also the regions most
directly relevant to coastal communities and the blue economy. Comparing
today’s operational subsurface observation networks with the distribution
of fishing activities suitable for sensor integration shows that fishing occurs
precisely where observations today are lacking in shelf and coastal regions.
This pattern is repeated, with few exceptions, around the world [5]. These
data can be used for a wide range of purposes. For example, data collected
through the eMOLT program in the northeast U.S are used both to improve
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the forecast used by the US Coast Guard for search and rescue operations,
and in the American lobster (Homarus americanus) stock assessment [1,5].
FVON

Argo

Fig. 2. New Zealand's Moana project (upper panel): the coverage of the
Argo program (left map); and the coverage of the NZ fishing vessel
observing network (right map). The Portuguese ferrybox programme (lower
panel): MV COIMBRA cod-trawler and the Undersee's ferrybox (left); and
data (SST, DO and pH) from a transcontinental transect to the fishing
grounds of the Grand Banks of Newfoundland and a meridional transect to
the fishing grounds of the Barents Sea (right).

An Undersee ferrybox is installed under the Portuguese ferrybox programme
inacod trawler vessel sailing from Portugal Mainland to the Grand Banks of
Newfoundland and to the Barents Sea. The ferrybox measured continuously
temperature, salinity, chlorophyll, dissolved oxygen, pH, ORP and turbidity
from water pumped from the surface (Fig. 2 lower panel).
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MODELLING RADIONUCLIDE TROPHIC TRANSFER IN THE GULF OF LION ECOSYSTEM (NW
MEDITERRANEAN SEA)

Thomas Seyer 1*, Daniela Banaru 2 and Sabine Charmasson 1
1IRSN, Institut de Radioprotection et de SOreté Nucléaire - jmdaniela@yahoo.com
2 Aix-Marseille Université, Université de Toulon, CNRS, IRD, MIO UM110

Abstract

The nuclear authorities aim to be in capacity to model radionuclide dispersion in ecosystems likely to be exposed to accidental or
controlled emissions. Being under the influence of Rhone River, one of the most nuclearized European river, the Gulf of Lion is one
of those ecosystem. In this work, a detailed Ecopath with Ecosim ecotrophic model was build (called GOLEM), including the
Ecotracer module parametrized for cesium-137. The simulation of 4 accidental scenarios revealed that both season and duration of
the emission influence the spatial dispersion and transfer intensity of radionuclides. The model aso alowed the understanding of
smaller scale mechanisms, such as a higher concentration in microzooplankton during winter and a slower depuration in rays.

Keywords: Models, Radionuclides, Food webs, Gulf of Lyon

The Chernobyl and Fukushima accidents led to renewed interest in
radioecology from the international scientific community, and a desire of
nuclear authorities to be able to model the dispersion of radionuclides in
ecosystems likely to be exposed to accidental or controlled emissions.

The ecosystem approach is particularly well-suited for addressing this issue
thanks to its ability to represent both the environment and the organisms of
the ecosystem of interest. Despite its increased need for species data and
computing power, this method is becoming increasingly popular, favored by
advances in computing and sampling capabilities.

The aim of this study was to simulate the fate of cesium-137 in the marine
ecosystem of the Gulf of Lion (northwestern Mediterranean) in the context
of accidental scenarios along the Rhéne River.

Ecopath software with Ecosim was used to develop an ecotrophic model,
called GOLEM (Gulf of Lion Ecopath Model) parameterized and calibrated
for the period 2010-2014 and covering the 0-200 m depth range of the
continental shelf.

Particularly detailed, especially for invertebrates, GOLEM is made up of 68
groups representing 99% of the biomass in the study area. The Ecosim
dynamic and Ecospace spatidized modules have been implemented, and
Ecotracer has been parameterized for cesium-137.

Each module, designed to increase the model's ability to achieve its
radioecological objective, also brought interesting intermediate results. In
particular, the study of the effect of a cessation of fishing activities,
expected in the event of a nuclear accident, showed that around 10 groups
showed variations larger than 10%, with Dicentrarchus labrax and Lophius
spp. being the most impacted fishes. The effects were long-lasting, even
after the resumption of catches.

Four accident scenarios were simulated, differing in terms of release period
(summer or winter) and release duration (6 days or 1.5 month). The
simulations showed that the time during which 137Cs concentrations in
groups of organisms remained at high thresholds was longer in winter. In
winter, trophic inputs were responsible for particularly high 137Cs
concentrations in microzooplankton. Increasing the duration of the discharge
increased peak 137Cs concentrations in high trophic level species and
slowly depurating organisms, such asrays.

The GOLEM model was able to simulate the fate of cesium-137 in a detailed
and credible manner. Nevertheless, some further improvements can be made:
some of these are relatively straightforward through the acquisition of new
data, while others are more complex and would require a partnership with
the developers, notably for the implementation of the vertical dimension.
Other uses for GOLEM are also envisaged, either with new contaminants, or
for different issues such as fisheries or marine ecosystems management.
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Congress Joint Session : Technical advances for marine observations 11
(all Committees)
Moderator : Gioele Capillo

Moderator's Synthesis

The session on “Technical advances for marine observations II”” hosted seven presentations (one was not
present at the conference) that focused on different topics related to marine observation, ranging from
“classical” marine data collection to innovative ones, with a total of 26 authors contributing to the session.
Contributions covered observations on both faunistic and floristic assemblages within the Mediterranean
Sea, and particularly from French Catalonia, north-western Med, Southern Black Sea and other nearby
areas, Levantine Sea, Central and Southern Tyrrhenian Sea, and Adriatic Sea. The most covered aspect
was related to marine biodiversity, explored in the different studies with the application of various
methods: DNA-based methods have been used in most of the studies for marine species present in the
water column via eDNA and DNA metabarcoding approaches, also for detection of non-indigenous
species; Two studies covered topics related to seagrass monitoring, one focused on monitoring methods of
Cymodocea nodosa, and the other one, more related to the observation of faunal assemblages associated
with Posidonia oceanica meadows; Comparison of the efficiency of two different bottom trawl methods for
epibenthic and nectobenthic species monitoring has been also presented pushing out the necessity to
integrate information derived from both the methods; the use of artisanal fishing of fauna species
monitoring highlighted the importance of the fisherman communities in marine biodiversity observations.
Despite the wide topic coverage of the contributions, the importance of standardization among different
marine observation methods has been highlighted, especially for the DNA-based, as well as the importance
of update, also following the technological advances, the data collection methods. The session 38 had an
open and active discussion with several interactions which posed the attention on the need of multi- and
cross- disciplinary approaches to reach as more as possible completeness of data collected.
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INNOVATIVE AND EASY TO IMPLEMENT METHODS TO MONITOR THE MEDITERRANEAN
THERMOPHILIC FAST GROWING CYMODOCEA NODOSA
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Abstract

Cymodocea nodosa is a thermophilic seagrass found in the Mediterranean Sea and the eastern Atlantic, likely to benefit from
climate warming. The C. nodosa seagrass meadow, located off Le Barcarés (French Catalonia, northwestern Mediterranean)
was monitored in April and July 2023. Meadow cover and mean leaf length differed significantly between the two periods,
whereas shoot density did not. The meadow constitutes a functioning ecosystem, hosting a remarquable fish nursery. The mean
horizontal rhizome growth, measured by the underwater photomosaic method, was about 6.4 mm.day-1. We propose here easy-to-
implement tools for assessing the dynamic and the health of this fast growing species. Monitoring the capabilities of thermophilic
speciesis essential for understanding the trends related to the long-term effects of climate warming.

Keywords: Sampling methods, Gulf of Lyon, Warming, Infralittoral

The seagrass Cymodocea nodosa (Ucria) Ascherson is a marine plant which
grows in shallow soft substrate along the Mediterranean and Eastearn Atlantic
coasts [1]. Despite its importance, C. nodosa meadows undergo significant local
regressions linked to both natura and human-induced phenomena [2]. As a
thermophilic species, C.nodosa is favoured by the current climate change [3].
The dynamic and the health status of the C. nodosa meadow at Le Barcarés
(French Catalonia, western Mediterranean) were assessed in April and July
2023. Meadow cover, leaf length, shoot density and growth rate were measured
in four sites within the meadow, and a non-exhaustive inventory of visible
epibenthic macrofauna (e.g. fish teleosts) and macrophytes was carried out.

Meadow cover ranged between 1% and 2% in April and between 19% and 42%
in July. Mean leaf length was significantly higher in July (38 + 7 cm) than in
April (14+ 2 cm). Shoot density was not significantly different between
seasons, With 125-205 shoots.m2 in April and 165-198 shoots.m2 in July. The
mean horizontal rhizome growth was measured on thirty rhizomes per site at
two sites after 100 days using the underwater photomosaic technique (Fig. 1).

April 2023

Fig. 1. Zoom of the rhizome marking (yellow dots) photomosaic in April 2023
on the left and in July 2023 on the right to measure horizontal growth

The results showed a mean daily growth of 6.4 mm.day™! (between 0.2 and 12.2
mm.day2, Fig. 2). The faunaand florainventory of the C. nodosa meadow at Le
Barcares alowed the identification of 55 taxa including the threatened long-
snouted seahorse Hippocampus guttulatus. Furthermore, it was also found to be
aremarkable fish nursery for the common seabream (Pagrus pagrus) and the red
mullet (Mullus surmuletus).

The results show arelatively sparse seagrass meadow, with low shoot densities
(125-198 shootsm2), whereasC. nodosa can exceed 1 000 shootsm2 [4].
These densities can be explained by the depth of the sites (9-13 m), while very
high densities are typicaly found in shallower meadows (less than 5 m). The
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hydro-sedimentary dynamic in the area is likely to limit the meadow density.
The seasonal dynamic of the meadow showed a very sparsely populated
meadow with very low cover during the April campaign. Monitoring in July
showed a much higher cover, which is consistent with the literature [4]. Our
work highlights the importance of this meadow as arefuge and food supply for
juveniles of the common seabream and red mullet, species of interest for the
local artisanal fishery. The growth values measured in this study are much
higher than those reported in the literature (i.e, 2 mm.day™l) [4]. We propose
here easy-to-implement tools (in situ sampling, photomosaics) to assess the
rapid dynamic of C. nodosa. Furthermore, increasing underwater temperatures
and dryer periods will lead to an increase in C. nodosa plant production [3;5].

Fig. 2. Horizontal rhizome growth after 100 days.
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EDNA METABARCODING FOR SPATIOTEMPORAL MONITORING OF BLACK SEA MARINE
BIODIVERSITY
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Abstract

Biodiversity assessment and monitoring via environmental DNA (eDNA) metabarcoding has a highly ascending interest due to its
non-invasive, labor-efficient and cost-effective nature for complex marine ecosystems. To evaluate overal biodiversity, the
Southern Black Sea was sampled in December 2022 and June 2023. Sampling was performed in line with whole Turkish coast of
the Black Sea and from different depths representing the unique oxygenic conditions of the Black Sea. Preliminary results show
that the technique is able to catch marine biodiversity widely, and indicate difference in species composition across 3D spatial

variations.

Keywords: Black Sea, Biodiversity, Monitoring, Metagenomics, Genetics

eDNA metabarcoding is a revolutionary tool to be a non-invasive and highly
sensitive method used for assessing biodiversity and understanding spatial and
temporal community patterns and processes. It involves analyzing DNA
sequences released by organisms into their surroundings, directly from
environmental samples such as air, water, and sediments. Utilizing eDNA with
genetic markers enables the simultaneous identification of multiple species,
providing valuable insights into species presence and distribution [1,2].

The Black Seais a unique marine environment characterized by distinct layers of
water with varying physical and chemical properties. The strong stratification
of water imparts special oxygenic characteristics to the layers, such as oxic,
suboxic, and anoxic conditions. These dtratified layers influence species
distribution, nutrient cycling, and ecological processes [3]. Thus, understanding
and monitoring the changes in this complex marine ecosystem is very important.
This study aims to assess overal pelagic biodiversity of the Black Sea and
monitor it for spatial and temporal variations using eDNA metabarcoding.

eDNA samples were obtained by collecting water from 16 stations during the
cruise expeditions in December 2022 and June 2023. Different depths of water
column were employed to represent biodiversity in oxic, suboxic and anoxic
conditions of Black Sea. The water samples were filtered through 0.45 pm and
0.2 um pore sized filters. A total of 104 filters underwent eDNA extraction
using the Phenol-Chloroform method, al of which met the quality and quantity
requirements for library preparation. Libraries were prepared by amplifying
specific gene regions to identify prokaryotic, eukaryotic, and fish biodiversity
with 16S, 18S, and 12S genetic markers, respectively. Overall, 146 libraries were
selected for Next-Generation Sequencing (NGS), which is currently underway.
Following NGS, raw sequence data are expected to be obtained May 2024, and
several bioinformatic tools and pipelines will be utilized for biodiversity
assignments.

Previously, two samples from the December 2022 underwent library
preparation and NGS for 18S and 12S markers to validate the method's
capability to capture biodiversity. Samples were chosen from two different
stations and depths, representing oxic (B31) and suboxic (B19) conditions. The
raw sequences of these samples were subjected to the bioinformatic analyses
using Qiime2 software [4]. The biodiversity assessment results via the 18S
marker confirmed the eDNA metabarcoding technique's accuracy in capturing
the eukaryotic diversity of the Black Sea (Fig. 1.8) [5]. Additionally, the taxa
assigned to these two samples varied according to locality and depth, indicating
the efficacy of the eDNA metabarcoding approach (Fig. 1.b). The 12S marker
identified one fish species per sample: Engraulis encrasicolus in the surface
sample and Trachurus mediterraneus in the suboxic sample, validating the
method’ s usefulness for fish diversity monitoring.

Monitoring through eDNA metabarcoding offers a rapid, redistic, and non-
invasive method for detecting changes in biodiversity, as well as ecosystem
health and dynamics, which reflect the impacts of anthropogenic stressors and
climate change. The application of this technique in the Black Sea represents a
transformative approach to the comprehensive monitoring and management of
marine biodiversity, enabling quick and informed decision-making for the
conservation and sustainable utilization of this unigue ecosystem.
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Fig. 1. (@ 18S Eukaryotic Biodiversity Assessments in Phylum Level
Taxonomy. (b) Comparative Heatmap of All Eukaryotic Phyla Frequencies.
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IMPROVING THE EFFICIENCY OF BENTHIC SPECIESAND COMMUNITIES SAMPLING
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Abstract

In this work we have compared the efficiency of the Jennings Beam Trawl (BT) and the experimental bottom trawl GOC-73 to
sample epibenthic and nectobentic species. The results have shown better estimations of abundance and biomass of epibenthic
species with BT than GOC-73. Although the higher area covered by GOC-73, Jennings BT is more accurate to study the spatial
distribution of benthic habitats. The high number of species captured exclusively with one of both samplers make them

complementary to sample benthic species and communities.

Keywords: Sampling methods, Western Mediterranea, Habitat, Demersal, Trawl surveys

Benthic species and habitats are receiving increasing attention in the framework
of European regulations such as the Marine Strategy Framework Directive
(MSFD) and the implementation of Ecosystem Approach to Fisheries
Management by the current European Union Common Fishery Policy (CFP). As
a consequence, scientific surveysinitially designed to assess demersal resources,
like MEDITS [1], have broadened over the years from demersal species and
their communities to benthic ones. At the same time, in the framework of the
MSFD, new scientific surveys have also appeared to properly identify and
characterize benthic communities.

The aim of thiswork isto compare the efficiency of Jennings Beam Trawl (BT;
[2]) and experimental bottom trawl GOC-73, to sample epibenthic and
nectobenthic species and communities. To do that, data from 144 stations
sampled during MSFD surveys conducted in 2021 and 2022 were compared to
their corresponding 144 stations conducted in the same period from MEDITS
surveysin the Levantine-Balearic demarcation (western Mediterranean; Figure
1). Mean values of abundance and species richness of epibenthic and
nectobenthic species between gears were compared with the paired
Mann-Whitney-Wilcoxon (WMW) test. From the mean abundance, the list of
the 10 most abundant species by taxonomic group and depth stratum for each
gear were obtained. Instead of abundance, biomass was used for algae and
spongesin all the analyses. Species accumulation curves were also performed.
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Fig. 1. Map of the study area showing the stations sampled with Jennings beam
trawl (green) and bottom trawl GOC-73 (blue) in the Levantine-Balearic
(LEBA) demarcation, during CIRCA-LEBA and MEDITS surveys respectively.
The isobaths represent 50, 100, 200, 500 and 800 m depth.

The results showed that catch composition for each taxonomic group varied
across depth strata and showed relevant differences between gears, based on size
and behaviour of species. BT provides better estimations of density and species
richness for small species closely associated to the seabed and GOC-73 of the
occurrence of some macroepibenthic species presenting low abundances.
Whereas GOC-73 permits a higher spatial coverage, BT gives more precise
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information on the location of benthic species and the patchiness distribution of
benthic habitats. Although sampling the same habitats, an important fraction of
the speciesis collected exclusively using one or another gear (Figure 2).
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Fig. 2. Total number of species or taxons by taxonomic group and depth
stratum. Number of species obtained exclusively from Jennings beam trawl and
experimental bottom trawl GOC-73 are in green and blue, respectively. Number
of species detected using both gearsis represented as green and blue stripes.

Both sampling methods provide complementary information that improves
biodiversity estimations and the description of benthic habitats This sampling
combination allows a better assessment of the fishing and other anthropogenic
impacts on them, hence improving the objectives required in the MSFD and
CFP.
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USING DNA METABARCODING OF ZOOPLANKTON ASAN EARLY DETECTION TOOL FOR
NON-INDIGENOUS SPECIESIN THE LEVANTINE SEA
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Abstract

DNA metabarcoding of zooplankton is a potent tool for an early detection of non-indigenous species (NIS), with implications for
managing biological invasions and environmental risks. Zooplankton communitiesin the Israeli Mediterranean Sea were monitored
monthly in a coastal LTER station from 2019 to 2024. NGS of COI and 18S v9 markers classified using five different databases
revealed 635 OTUs, including new validated records. Metabarcoding proved effective in early NIS detection, aiding in
understanding larval dispersal and native/non-indigenous species recruitment. It is further recommended to augment the existing
reference barcoding libraries and standardize analysis protocols for effective regional management of NISin the Mediterranean Sea.

Keywords. Zooplankton , Invasive species, NIS, Monitoring, Levantine Basin

Introduction

Early detection of non-indigenous species (NIS) has been advocated as an
important management measure for dealing with biologica invasions and
limiting the environmental risks associated with their establishment. For this
purpose, many countries have adopted regulations to prevent, minimize and
mitigate the adverse impact on biodiversity of the introduction and spread of
invasive NIS. To accomplish that, powerful early warning tools were devel oped
to identify species at all developmental stages and detect NIS at even very low
concentrations in the introduced geographical range. These systems are required
to be highly efficient in order to detect invasive species at low densitiesand in
al their life stages. The use of DNA metabarcoding, i.e. the identification of
multi-species samples in high throughput using al the genomic DNA extracted
from a bulk sample, enables efficient identification of species in plankton
communities.  Although this method is generally qualitative, or
semi-quantitative, and strongly limited by the existing reference libraries (e.g.,
NCBI GenBank, BOLD), it allows arapid and relatively inexpensive detection
of NIS. Furthermore, metabarcoding overcomes the need to isolate or identify
individual specimens and thus avoids morphology-based identification
problems, e.g., morphological complexities, cryptic, different life stages, sexual
dimorphism, and dependence on taxonomic expertise.  The zooplankton
communities of the Israeli Mediterranean Sea are especially prone to biological
invasions due to the migration of species through the Suez Canal in combination
with the acceleration of climate change, facilitating the establishment of
Indo-Pacific thermophilic species. In shallow coastal area, meroplankton—early
life stages of benthic or nekton species—make up nearly a third of the
zooplankton community. Their survival is an essential step in the establishment
of NIS.

Materials and methods

In the framework of the Nationad Monitoring Program of the Isragli
Mediterranean Sea, zooplankton samples were collected monthly from the
LTER station in Hadera between 2019 and 2024, using vertical net hauls. COI
and 18S (v9) markers were amplified and sequenced using Next Generation
Sequencing. Demultiplexed paired-end reads were processed in a QIIME2.
Reads were edited, merged and grouped into amplicon sequence variants
(ASVs) with DADA2. Multiple databases (NCBI GenBank, BOLD,
MetaZooGene, Silva and PR2) were used to classify the ASVs to species or
higher taxonomic level.

Results

Overall 18S and COI metabarcoding results yielded 2405 ASVs, of them, 635
classified to species level. Numerous molluscs, crustaceans, algae, hydrozoans
and other taxonomic groups were identified for the first time in the Levantine
Basin. Among these species, several records were validated by morphological
identification (Velasquez et al. 2021, Guy-Haim et al. 2022), or by finding adult
specimens in the benthos (Belkin et al. 2022, Rabi et al. 2020).
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Discussion

Using zooplankton metabarcoding in the monthly biological monitoring proves
as an efficient early detection system for NIS. Furthermore, it enables the
identification of seasona patterns in the larval dispersal and assessments of
larval pelagic duration, and contributes to the understanding of the recruitment
processes of native and non-indigenous species. Expanding the reference
libraries and unifying zooplankton monitoring and analysis protocols will
promote our ability to detect, minimize and mitigate NIS and their impacts in
the Mediterranean Sea.
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Abstract

The study for the conservation of marine biodiversity isincreasingly important and data from fishing can contribute to thisaim. In
this study we propose to use two trammel nets as a tool for monitoring marine biodiversity. Data collection involved the use of two
similar fishing methods, the conventional trammel net and its modified version, employed in different locations. the idand of
Favignana (Aegadian Islands, Sicily) and the southern region of Sardinia. Analysis of the data collected showed a total of 93
species, showing a higher average number of species in southern Sardinia, while a greater species richness with the conventional

trammel net than its modified version in Favignanaisland.

Keywords: Biodiversity, Mediterranean Sea, Fisheries

Fishing represents a serious threat to marine biodiversity, but at the sametime it
can be used as a valuable tool to monitor it over time and space, drawing
conclusions on population structure and marine community dynamics [1].
Artisanal fishing remains a longstanding tradition in countries bordering the
Mediterranean Sea and, as such, represents an important socio-economic sector.
The main fishing gears used in artisana fishing are longlines or fixed nets
(trammel nets and gillnets) [2]. In this study we propose to use two trammel nets
as atool for monitoring marine biodiversity present in the areas of Favignana
island and southern Sardinia. Catches, in two different locations, were collected
using two similar fishing gears, the classic trammel net (TN) and its modified
version, the guarding net (GN), designed to reduce fishing discard; this allowed
comparison of catch data in two separate time periods. Eighteen experimental
fisheries were conducted in June (period 1) and October 2023 (period 2) in
Favignana, and sixteen in July (period 1) and September 2023 (period 2) in
southern Sardinia to test the two types of gillnets. For each fishing trial,
individuals found in the gears were identified to the lowest possible taxonomic
level. To examine differences between the factors locations, periods and fishing
gears, we applied univariate and multivariate PERMANOVA on species
richness (S), Margdef's index (d), Shannon-Wiener index (H') and on the

assembly matrix.

Tab. 1. Mean values and standard deviation on biodiversity indices (S= species
richness; d= Margalef’ sindex and H’ = Shannon-Wiener index) on the factors:
fishing gears (TN= trammel net; GN= guarding net), locations and periods and

esults of pairwise comparison.

Period 1 Favignana Period 2 Favignana Period 1south. Sardinia | Period 2 south. Sardinia
N GN ™ GN N GN N GN

S [10,67(2,18) [8,89(2,42) |10,44 (3,09) | 9,78(3,27) | 10,56(4,64) | 12,56 (4,69) | 14,29 (3,99) | 12,57 (3,55) | sovth Sardins > Favignans
d | 3,31(0,79) |2,45(0,69)| 3,35(1,08) | 2,9(0,74) | 2,79(1,01) [ 3,32(1,01) | 3,33(0,76) | 3,38(0,78) | Favignana: TN > GN
H'| 2,09(0,18) [1,78(0,37)| 2,09(0,28) | 1,84(0,50) | 1,75(0,58) | 2,11(0,29) | 2,14(0,30) | 2,17{0,31) | Favignana: TN >GN

In order to understand the factors influencing community structure we used
SIMPER (Similarity Percentage analysis).

-

Pairwise

Tab. 2. SIMPER (Similarity Percentage analysis) performed for species on the
|ocalities.

Species Av.Abund group Favignana | Av.Abund group south. Sardinia | Av.Diss | Cum.%
Scorpaena porcus 1,02 2,04 4,5 6,17
Scorpaena scrofa 1,45 2,07 3,86 11,46

Uranoscopus scaber 0,39 1,33 3.8 16,68
Sepia officinalis 1,36 1,46 3,7 21,76
Posidonig oceanica 0,22 0,97 3,18 26,12
Diplodus vulgaris 0,87 0,75 31 30,37
Mullus surmuletus 0,54 0,8 2,49 33,78
Scieena umbra 0,03 0,72 2,34 37
Diplodus annularis 0,3 0,7 2,23 40,06
Symphodus tinca 0,4 0,59 2,17 43,04
Pogellus acarne 0,74 0 2,14 45,97
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The results showed atotal of 93 species, including 8 species listed on the [lUCN
Red List of Threatened Species, such as Mustelus mustelus, Myliobatis aquila
and Sciaena umbra [3]. The analyses highlighted a significantly higher average
S in southern Sardinia, while in Favignana TN showed significantly higher d
and H than GN. PERMANOVA conducted on the assemblage showed
significant differences between the two locations in periods and between TN
and GN in Favignana locdity. SIMPER analysis found that the genera
Scorpaena and Sepia characterized both localities, but with different relative
abundances. The research results highlighted the potential of trammel nets in
assessing the biodiversity of necto-benthic and nektonic assemblages, along
with their spatial and temporal variations.
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Abstract

Environmental DNA (eDNA) analysis offers a game-changing approach to marine biodiversity assessment, providing a non-
invasive and comprehensive method for species detection. Here we present the outcome of two Mediterranean campaigns where
eDNA was utilized to assess biodiversity in coastal and offshore waters at varying depths. By targeting three key markers, these
campaigns revealed a rich taxonomic diversity across different marine habitats. eDNA analysis shows high sensitivity and
specificity, making it ideal for time-constrained oceanographic expeditions with limited resources. This study underscores the
importance of eDNA as a crucia tool for monitoring and managing marine biodiversity, particularly in contexts where the entire
spectrum of biodiversity, ranging from micro- to macroorganisms, needs to be taken into account.

Keywords: Biodiversity, Metagenomics, Monitoring, Adriatic Sea, Western Mediterranea

The exploration of marine biodiversity is crucial for understanding
ecosystem dynamics and informing conservation efforts. Traditional
methods for biodiversity assessment often involve time-consuming sampling
techniques and regardiess of the rising necessity for taxonomic information
across trophic levels to support ecological research and ecosystem-based
management, morphological taxonomic expertise isin decline. Environmental
DNA (eDNA), which refers to genetic material shed by organisms into their
environment, offers insights into the species composition present in a given
habitat and has revolutionized biodiversity studies by providing a non-
invasive, efficient, and highly sensitive monitoring tool.

Within two projects, SNAPSHOT [1] and the Med-Ship campaign
TAIPro22 [2; financed by the Eurofleets+ project and by CIESM], eDNA
analysis on water samples was utilized to explore marine biodiversity. The
SNAPSHOT surface water samples were taken in two coastal ecosystems
within the Northern Adriatic Sea, the Venice Lagoon and the Po Delta,
representing two very productive transitional environments subjected to
high anthropogenic pressure, while the TAIPro22 campaign was focused on
two north-south transects through the Western Mediterranean Sea crossing
the Tyrrhenian and the Algero-Provencal basins and involved the sample
collection at the surface, 75 meters, and seabed with more than 3000 m
depth.

Fig. 1. Map of the two investigated areas in the Mediterranean Sea.

After DNA extraction, the samples were subjected to eDNA analysis
targeting three key markers: 18S V4 for eukaryotes [3], COI for metazoans
[4], and MiFish U for fish diversity [5]. Subsequently to amplification, the
samples were sequenced on Illumina NGS platform and taxonomy was
bioinformatically assigned. The results revealed the vast potential of eDNA
in elucidating marine biodiversity patterns and the utilization of multiple
markers enabled a thorough examination of taxonomic diversity across
different marine habitats, maximizing the taxonomic coverage. The three
investigated depths of the offshore samples exhibited distinct community
compositions. In the surface layer and at 75 meters depth, the communities
were characterized by Dinophyceae, Bacillariophyceae, Arthropoda,
Chaetognatha, and Ciliata. In contrast, the bottom samples displayed an
increased presence of cnidarians and radiolarians. Within the Northern
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Adriatic samples, the Venice Lagoon showed for fishes a typical lagoon
community dominated by Chelon saliens, Atherina boyeri as well as
Gobiidae and Blennidae, while Engraulis, Sardinia and Solea dominated the
Po Delta samples. These coastal samples were also characterized, among
others, by the presence of the rotifer Synchaeta, the calanoids Paracalanus
parvus-complex, Acartia clausi and A. tonsa,as well as the Pacific
oyster Magallana gigasand the clam Chamelea gallina. However, the
percentage of the taxonomically assigned sequences decreased in the offshore
bottom samples, probably due the presence of unknown taxa, therefore
missing in the reference database. Moreover, especially for the COI marker,
eDNA samples showed a particularly high amplification rate of non-target
DNA with more than 95% of taxonomicaly unassigned sequences,
highlighting the need of increased sequencing depth when using this marker
gene. Despite the challenges posed by diverse environmental conditions and
spatial scales, eEDNA analysis consistently demonstrated its ability to detect
a wide range of taxa with high sensitivity and specificity. Moreover, the
limited requests of eDNA sampling in terms of water volumes and time, as it
can be samples just like any other environmental parameter, makes it
particularly suitable for use in oceanographic cruises, where time constraints
and water budget limitations are significant.

Overall, the findings of this study, which was supported by iINEST [6] and
NBFC [7], highlight the promising role of eDNA analysis in marine
biodiversity research and conservation, facilitating informed decision-making
and sustainable management of marine ecosystems.
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INHABITING POSIDONIA OCEANICA MEADOWS
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Abstract

The Posidonia oceanica meadows has been widely recognized as the richest habitat for fish in the Mediterranean. However,
there is a significant disproportion in species richness reported for the Posidonia meadows between studies using using fishing
gear that report relatively high species richness, and those using underwater methods that report considerably lower number. The
underwater methods focus solely on Posidonia beds, while fishing gear inevitably samples other habitats neighboring Posidonia,
which results in reporting species that are not essentially associated with it. Thus, the aim of this paper is to describe the method
for a better assessment of fish species inside the Posidonia meadows.

Keywords: Posidonia, Habitat, Monitoring, Adriatic Sea

The importance of Posidonia oceanica seagrass meadows for various fish
communities has been widely recognized, which consequently resulted in
opinion that these seagrass meadows are the richest habitats for fish in the
Mediterranean [1]. However, there is a significant disproportion in fish species
richness reported for the Posidonia habitats between studies using different
sampling methods. While some studies using fishing gear report relatively high
species richness, those using underwater research methods report considerably
lower number. This can be explained by the fact that underwater methods allow
researchers to focus on Posidonia beds, while fishing gear always and inevitably
samples also other habitats neighboring Posidonia, thus reporting even species
that are not essentially associated with seagrass meadows. Therefore, biases
induced by sampling techniques resulted in different interpretation of data and,
consequently, different conclusions. However, while fishing gears probably
collected fish inside Posidonia, above it and nearby it and visual census recorded
only fishes above the Posidonia, there is no quantitative research up to date to
describe the fish assemblage inside Posidonia. Recent studies showed that some
other habitats, such as coralligenous reefs, are probably the most important
habitats in terms of species richness in the Mediterranean [2]. However, even
Soldo et al. [2] used the underwater research methods in their study they
combined different methods (DVT-Deep Vertical Transect and square with
anesthetics method) for assessing fish assemblages which resulted in high
number of observed cryptobenthic species that are usually not reported by
other sampling methods. Thus, the aim of this paper is to describe the method
for a better assessment of fish species inside the Posidonia seagrass meadows.
This underwater method uses divers who apply the protocols of Kovacic et al.
[3] which were modified to fit the Posidonia habitat (and non-Posidonia habitat
for a comparison) by the application of cube and the suction sampler. It
matches Hofrichter’s [4] cube and the suction sampler method for Posidonia
habitats, except for the 4x increased size of the cube bottom surface, matching
the size of squares (1 m?) studied by Kovacic et al. [3], based on the pretesting
Posidonia fieldwork results. The first diver sprayed anaestethic, collected and
stored fish from the manual check and from the suction sampler, while the
second diver fixed cube, took cube photographs, recorded habitat characteristics
and handled suction sampler. A stratified systematic sampling approach was
applied to achieve equa representation of cubes from Posidonia and non-
Posidonia habitats at different depths (5, 10 and 15 m). The bulky equipment
requested the diving immediately below the boat, so the diving boat on every
dive was anchored on the randomly chosen edge of Posidonia meadows. The
sampling cubes were performed in blocks of three in arow at each position: at
edge of Posidonia distribution, up to five meters inside Posidonia meadows and
up to five meters from the edge of Posidonia distribution on other type of
bottoms. Each cube was sampled and documented according to the following
protocol: 1) fixing a cube (1 x 1 x 0.4 m) onto the bottom, 2) photographing the
surface inside the cube, 3) recording habitat characteristics of 1m?, 4) spraying
the anaesthetic Quinaldine into the cube, 5) catching eventua escaping fishes
with a handnet and manual check with handnets for anaesthetised fish inside the
cube, 6) extracting the anaesthetised fish from the cube by the application of the
suction sampler. The anaesthetic used was Quinaldine diluted 1:15 with 96%
ethanol and then mixed with sea water 1:5 in 750-mL bottles. The total volume
of Quinaldine deployed was 3 750-mL bottlesm?2. The following habitat
characteristics were recorded: “ Depth” ranging from 5 to 15 meters. “ Distance”
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as outside or inside distance from the edge of Posidonia meadow, ranging up to
5 meters. “ Inclination” as three estimated classes: gentle (<20°), medium (20° —
60°) and steep (>60°. “Bottom substrate” as five types of different estimated
particle size (sand <2 mm, gravel <60 mm, cobbles <200 mm, boulders >200
mm, bedrock) expressed as estimated percentages (10 %, 20 % ...100 %) of the
total surface in each box (1 x 1 m). “Number of bottom layers’, i.e. no layers,
single layer, multiple layers. “ Biocover” as seven types (no biocover, dense
Posidonia, sparse Posidonia, long thallus algae, short thallus algae, calcareous
algae, zoocover). The standard length of each fish was measured thereafter.
Initial field species identifications of cryptobenthic specimens were later
rechecked in the lab on preserved specimens. Preliminary results showed a
significant difference in species composition compared to the previous studies
by other methods and much less fish abundance inside Posidonia, compared to
other types of tested bottoms.

Fig. 1. Divers performing a new method for assessment of fish in Posidonia.
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Congress Joint Session : Ocean Literacy
(all Committees)
Moderator : Teresa Romeo

Moderator's Synthesis

The session on "Ocean Literacy" brought together a diverse team of experts, including marine biologists,
engineers, sociologists, architects, illustrators, and philosophers. Their presentations explored various
methodologies for promoting ocean literacy, particularly those engaging children, families, and the broader
public. A key focus was on societal perceptions of marine environmental issues, from deep-sea
ecosystems, to marine biodiversity, climate change, marine spatial planning. The session also discussed
strategies for making complex research accessible to diverse audiences, including the use of iconography
and design. Citizen and community engagement emerged as a priority for communicating scientific
findings and fostering a sense of ownership in ocean conservation. The session was highly interactive, with
participants enthusiastically sharing ideas for sustainable ocean management. Experts emphasized the need
for a dedicated session on ocean literacy at future conferences to integrate the results of various research
areas. They underscored the importance of ongoing efforts to communicate marine research and data
effectively, acknowledging the challenges posed by traditional conference formats. To address these
challenges, the session highlighted the value of cross-disciplinary collaboration and the collective
responsibility of all stakeholders in protecting our oceans and planet. Finally, we've agreed on the need for
a more holistic approach to ocean management, one that incorporates scientific knowledge, traditional
ecological knowledge, and societal values.
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Abstract

| examine how marine biodiversity research in the Mediterranean is contributing to redefining ideas of biodiversity and how to
manage it. The Med is a biodiversity hotspot, containing many more species than other marine regions with respect to size. It is
also warming much more rapidly than other regions, leading to a growing frequency and intensity of mass mortality events, with
severa species being corralled toward cooler areas in the North and creating risks for Mediterranean marine protected areas. |
review recent work on Mediterranean marine biodiversity loss and its impact on regional resilience, highlighting the hotspot nature
of the Mediterranean and the importance of protecting its biodiversity. | also examine how these findings can inform broader

societal discussions about biodiversity and socio-ecological resilience.

Keywords: Biodiversity, Mediterranean Sea

Like many other scientific concepts, ideas of biodiversity have evolved with
time. Here, based on recent work in the Mediterranean Sea, | revisit the
recent evolution of the biodiversity concept and its role within
public debates about conservationist and socio-environmental policy.
Although discussions on biological diversity somewhat precede the coinage
of the concept, biodiversity first emerged in 1980s [1]. Initially, it was
framed as the absolute number of species on Earth, or species richness,
which probably remains the most important measure and/or way of
understanding the concept. However, with time, biodiversity
was reconceptualized in several other ways [2] and inconnection to
different scientific and conservationist aims. For example, species richness
has been challenged as an insufficient account of biodiversity for changing
environments. Also, within an ecosystem focus, certain keystone and
‘engineer’ species are morecritical than others, for example due to their
greater role in the ecosystem’s functional or response diversity and hence in
its resilience [3,4]. Further, from an Earth systems science perspective, not
all Earth subsystems play an equivalent role in forecasting Earth's futures.
For example, an acidified ocean may, among other things, disrupt
phytoplankton communities, which hold a key role in the biologica carbon
pump, one the Earth’s most critical mechanisms and an indispensable agent
in carbon capture [5,6]. This exampleillustrates that some understandings of
biodiversity somewhat return to the traditional conservationist emphasis on
some species over others - although the reasons for this shift have, indeed,
littlein common with traditional conservationism.

In  my contribution, | address how Earth-scientific and
environmental research on the oceans and on marine biodiversity are further
redefining prevailing ideas of biodiversity and how to manage it. | focus
specifically onthe Mediterranean sea The Mediterranean is a critical
biodiversity hotspot, containing disproportionately more species than other
marine regions with respect to size [4]. It is aso warming substantialy
more rapidly than other regions [7,8], leading to a growing frequency and
intensity of mass mortality events[9], corralling many species toward
cooler areas in the North [4] and thus posing exceptional challenges for
the management of Mediterranean marine protected areas, most of which
locatein these cooler pockets [10]. In my presentation | review recent
research about the loss of Mediterranean marine biodiversity and its
influence on regional resilience, highlighting the multi-hotspot nature of the
Mediterranean and the importance of protecting itshbiodiversity. | also
examine how the lessons obtained from this stream of work can inform
broader societal discussions about biodiversity and socioecological resilience,
at regional and at higher scales.
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Abstract

The study explores the effectiveness of the "Youth thinks (of) blue" Program in enhancing ocean literacy (OL) among high school
students in Croatia. The three-day interdisciplinary program integrates STEAM and OL principles to foster understanding of the
ocean influence and human impact on it. Pre-post assessments revealed a significant increase in participants knowledge, with
notable improvements in understanding the principles of One Ocean. While there were no siginificant differencesin results between
participants' gender and age, variances were observed between town of origin. Attitudina shifts reflect heightened awareness of
personal connections, while behavioural changes indicate a shift towards more conscientious actions. The program will further
support integration of OL and STEAM principles into partcipants daily lives.

Keywords: Adriatic Sea, Behaviour, Marine policy

Introduction - Ocean Literacy (OL) is defined by two questions: “How does the
Ocean influence you?’ and “How do you influence the Ocean?’ [1]. In Croatia,
students' scientific literacy achievements have shown a considerable decline
[2]. While STEAM (Science, Technology, Engineering, Arts, and Math) is
becoming more and more popular, Ocean Literacy (OL) remains a relatively
new ideain Croatia. OL education can integrate all areas of STEAM and isthe
basis of scientific literacy [1]. There are gapsin formal education, but the agility
of civil society organisations can be used to fill those gaps by implementing
high-quality, non-formal education initiatives. Youth Thinks (of) Blueisthe first
interdisciplinary hands-on Program that combines STEAM with OL principles.
Its concept, design, and efficiency were tested. The study objectives were to: 1)
quantify participants' understanding of ocean literacy; 2) evaluate participants'
perspectives, and 3) identify potential behavioural changes with respect to OL
issues.

Materials and methods - Youth thinks (of) blueis athree-day Program divided
into six platforms that follow the seven OL principles, encouraging critical
thinking and providing simple tangible examples for complex science postulates
about how the sea supports life on Earth through fieldwork, sample collection,
games, and group work. Participants in the Program used a pre-post
questionnaire setup [3] to assess changes in their knowledge (multiple choice
responses), attitude, and behaviour (5-point Likert scale). The 41 questions
mostly focussed on the level of concern about overexploitation of marine
resources, on the willingness to participate in local actions or share knowledge
among peers. Questionnaire data were gathered from two groups of 15
participants in the Programme, who were all high school students, aged 14 to 18
years old, with similar gender ratios but from two different non-coastal townsin
Middle Adriatic. Data analysis was performed by using non-parametric
Wilcoxon signed rank test for paired up data and Kruskal-Wallis test to assess
differences of participants response based on gender, age, or town.

16
14
12

Ni. of correct answers

[ Pre-programme questioner response Il Post-program questioner response

Fig. 1. Bar plot illustrating the correct responses in pre-post Program
questionnaires.
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Results and Discussion - The Program demonstrated a significant increase in
participants knowledge, with the mean relative frequency (MRF) of correct
answers rising from 15 to 17.5 out of 21 (Fig.1). Notably, understanding of One
Ocean and ocean connectivity principles showed the highest increase, while
links to climate regulation remained problematic. Gender and age were not
significant in questionnaire results, but variations were observed beween towns
(Fig. 2). The pre- and post- questionnaires between the participants from the two
towns showed significant difference in their knowledge, while there was no
significant difference in their rate of knowledge learning. This leads to the
presumption that the scale of change in their knowledge is similar, but students
from one town had the better starting position. Attitudinal shifts reflected
heightened awareness of persona connections to the ocean. Significant
improvements were seen in three out of ten attitude questions. The rest of the
questions had a highest rank in pre-questionnaire so no significant change could
have been expected. Behavioural changes towards more conscientious actions
were noted in four out of ten scenarios. The remaining situations remained close
to pre-questionnaire. Future Program revisions aim to inspire greater change in
participants attitudes and behaviour to integrate OL and STEAM principlesinto
daily life.

Fig. 2. Participants in a dynamic session, blending role-play and social network
analysis to discuss options for enhancing MPAs effectiveness.

References

1 - Santoro F, et al., eds, 2017. Ocean Literacy for All — A toolkit, IOC/
UNESCO & UNESCO Venice Office, Paris.

2 - OECD, 2019. PISA 2018 Results (Volume I): What Students Know and Can
Do, PISA, OECD Publishing, Paris.

3 - Koulouri P, Mogias A., Mokos M., Cheimonopoulou M., Realdon G.,
Boubonari T., Previati M., Tojeiro Formoso A., Kideys A.E., Hassaan M.A.,
Patti P, Korfiatis K., Fabri S. and Juan X., 2022. Ocean Literacy across the
Mediterranean Sea basin: Evaluating Middle School Students Knowledge,
Attitudes, and Behaviour towards Ocean Sciences Issues. Mediterranean
Marine Science, 23(2): 289-301.

Rapp. Comm. int. Mer Médit., 43, 2024



DEEP SEA: DEVELOPING HUMAN CONNECTIONSBY HIGHLIGHTING A FUNDAMENTAL
INVISIBILITY. WHAT DO PEOPLE THINK ABOUT THE DEEP SEA?
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Abstract

We live on a deep blue planet whose vast depths remain in a distant darkness. Given today's environmental, political and economic
challenges, how do people perceive the ocean? What do they think of the deep sea? How does society deal with ocean matters?
This study aims at integrating knowledge from social psychology and oceanography to answer these questions. Peopl€'s beliefs,
emotions, and attitudes, as well as their understanding of the deep sea are explored. This initiative should help develop scientific
mediation and educational content, improve deep-sea knowledge and foster interdisciplinary collaborations related to the ocean.

Keywords: Deep waters, Worldwide

Beneath its surface, our blue planet harbours an immense dark territory of
depths - unlighted even in our minds. Y et, the deep sea (below 200 meters
depth) is the world's largest ecosystem, accounting for over 90% of the
ocean’s volume and regulating atmospheric temperature, storing carbon, and
serving as a nutritional reservoir necessary for the survival of our species. In
acontext of climate change and ever-growing economic appetite, the ocean is
receiving increasing attention. We are in the midst of shedding light on the
large gap between scientific knowledge and public understanding of the deep
sea[1]. We can also observe that in the eyes of people living on land, the
ocean most commonly seems to represent coastlines, reefs, waves and a
number of ocean related activities. Whereas the open sea and the deep sea
seem to hold less space in the community's mind [2]. This distance may be
explained by the fact that we, as humans, have evolved being physicaly and
emotionally  disconnected from the deep sea[3].Yet in this
environmental, political and economic context, how do people per ceive
the ocean? What do they think of the deep sea? How does society deal
with ocean-related challenges? This study integrates expertise from
socia psychology and deep-sea oceanography to answer these questions by
exploring the existing beliefs, the related emotions and imaginary universes
of individuals, and the materials that people use to perceive and comprehend
the deep sea. The methodology consists of a descriptive approach to study
social representations, based on individual semi-directive interviews prior to
collective interviews (the results of these interviews will serve as the basis
for a questionnaire survey). As afirst step in exploring the field, one-to-one
interviews started shedding light on peopl€'s perceptions of the deep sea.
They revealed a variety of beliefs about the concept of the depth of the
ocean, a differing imagination of its biodiversity, and a mixed knowledge of
human activity on the deep seabed. Thoughts seem to be shared on the
desire to preserve the deep sea, the belief that all animals without distinction
deserve our protection, and on a sinister future for the ocean. This new
approach toward the Ocean in France provides insights that allow us to
understand the relationship people have with the deep sea, and what
society expectsin terms of political action.

Fig. 1. Symbolic values attributed to four different remote environments
including the deep sea [4].
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Fig. 2. Perceived environmental and social risk of mining in the deep sea (and
the three other remote environments) [4].

Symbolic values (Fig 1) - emotions, moods, and meanings associated with
environments -significantly shape people's environmental care (Fig 2).
Despite perceiving deep-sea mining as both likely and risky, people tend to
feel less well-informed about the deep sea. This emphasizes the critical
importance of enhancing public understanding and emotional connection to
the deep sea to foster stewardship and informed decision-making regarding
deep-sea mining activities [4]. There have been socia sciences studies that
have focused on the ocean [5], and we noticed how relevant it could be to
compare the difference in results between the “ocean” and the “deep sea’.
Regarding the public discourse and the media coverage of the ocean, we
focused our attention on an exceptional French television program,
broadcasted at prime time and bringing together ocean scientists, users,
politicians and activists for ocean conservation. This media coverage alowed
us to carry out a case study to explore the value given to the ocean
(instrumental VS intrinsic) and the motivations of individuals to protect or
appreciate marine ecosystems (aesthetics, recreational, survival, etc.). All of
our observations help us create scientific mediation and educational content
to develop the ocean literacy of the deep sea and increase collaborations
between disciplines around the ocean (legal sciences, ocean sciences, socia
sciences, arts, and others).
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Abstract

The exploration of Mediterranean deep waters and currents has been long embedded in a network of geopolitical, strategic and
epistemic constraints that play a crucia role in the integration of knowledge of the multiple scales of ocean dynamics, from the
meso-scale up to basin and global scales. This paper aims to delve into this set of constraints in order to criticaly assess the
historical split between global and regiona oceanography, tracing the missing connections between the actors and practitioners
involved in the 'big oceanography' experiments of the second half of the 20th century and research conducted in the so-called

'margina’ seas like the Mediterranean.

Keywords: Currents, Deep waters, Circulation, Eastern Mediterranean

In the past two decades, historians of science and technology and
environmental historians have pushed forward a global history of
oceanography focused on the interplay of scientific, territorial and
colonidist aims of imperial powers over the past two centuries [1,2,3].
Against this historical scholarship, some remarkable contributions have
engaged with a‘regiona’ or ‘mediterranean’ turn that bridges the missing
links between histories of Mediterranean and global oceanography,
providing a historiographic breadth to the several scientific literature reviews
that physical oceanographers have written of their own field from both a
globa [4,5,6] and a Mediterranean perspective [7]. The objective of this
paper is precisely to foster this ‘mediterranean’ turn and to give an outline
of how the contributions of the Physical Oceanography of the Eastern
Mediterranean (POEM) experiment to the understanding of some
unresolved issues of the large-scale globa ocean circulation in the period
1970-2000 are a clear example of this embedding of local and global histories
of science. In fact, the planning, execution and success of POEM gave the
Mediterranean Sea central stage in the discussion of fundamental
oceanographic questions, like the mechanisms of deep water formation,
mixing and spreading, the causes of open ocean deep convection, the role of
meso-scale eddies in the large-scale circulation and the contribution of the
Gibraltar outflow to the Atlantic deep water budget [8]. However, delving
into these open problems in the specific setting of the Mediterranean basin
was only possible thanks to the linkages of POEM with previous collective
efforts in deciphering the functioning of a time-dependent unsteady ocean,
like the International Decade of Ocean Exploration (1971-1980), within
whose framework the Mid-Ocean Dynamics Experiment (MODE, 1973)
and its siblings POLYGON and POLYMODE were devised [9]. Both
projects informed the design and research questions of POEM [10] under
the auspice of UNESCO and the CIESM and the world-leading expertise of
oceanographer Allan R. Robinson in air-sea interaction and meso-scale
dynamics [11;12], who held the co-chairmanship of the program. These ‘big
oceanography’ research programs of the 1970s casted evidence about the
importance of meso-scale features, such as eddies and jets, that were later
discovered in the Mediterranean basin during POEM [13]. Secondly, in
combination with the current knowledge on the Mediterranean embodied by
the other co-chairman of POEM, italian oceanographer Paola Malanotte-
Rizzoli [14], both supervisors of the program pointed at the largely
underexplored Eastern Mediterranean basin as a easily manageable,
surveyable and perfectly suitable spot to conduct a basin-scale research
program on the poorly known phenomena of deep water formation and
convection [15]. The ‘regiona’ approach in history of science, of which this
paper is a follow-up, claims that the scientific concept of the global
environment [16;17] and associated notions, like the global ocean and the
globa climate, are not self-evident wholes, but their emergence is rather a
piecemeal and contingent process that builds on the reciproca shaping of
local and worldwide scientific practices [18;19]. The origins, contribution
and outreach of the Physical Oceanography of the Eastern Mediterranean
Experiment (POEM) to the exploration and understanding of ocean
dynamics serves as a clear example of this reciprocal relationship. Ongoing
research on conference proceedings, workshop reports, peer journal articles
and personal papers communications will continue to draw historical
connections  between ‘big oceanography’ in the 1970s, Mediterranean
oceanography in the 1980s and beyond. The subseguent reproduction,
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dissemination and globalization of POEM outcome, which enabled the
discovery of the Eastern Mediterranean Transient in the 1990s, was
instrumental in fixing the goals and focus of physical oceanography [20], a
legacy that is yet to be historicized.
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Abstract

The Planet Tuna ocean education project combines multidisciplinary and accessible scientific knowledge in a unique and creative
way through tunas, reflecting a very particular vision of scientific outreach based on processes, multidisciplinarity, the quality of
information and scientific dissemination to a diverse audience in terms of interests, backgrounds, ages, and languages, to promote
fascination with the sciences and their cultural, economic, and technological values. And to do so, we rely on the combination of art

and science.

Keywords: Open sea, Mediterranean Sea, Tuna

For centuries tunas have been a symbol of the Mediterranean Sea. Although
they possess great ecological, social, cultural and economic vaue, these
species remain largely unknown to science and society, despite the fact that
the Mediterranean Sea represents one of the most crucia areas in the world
for the reproduction of species such as the Atlantic bluefin tuna. Tunas, and
large oceanic migrators in general, allow us to address various topics, such as
biology, history, critical thinking, art, consumption, environment among
others. In Planet Tuna, they constitute a platform that, through ocean
education, impacts various fields of knowledge (Science, Arts, Humanities
and Society). Complex scientific discoveries are communicated in Planet
Tuna in an accessible and inspiring way through articles, infographics,
interviews, videos, illustrations, reviews of current research from IEO-CSIC
and other national and international research groups related to the theme, and
photography, as the main communication tools. To improve the availability
and acceptance of scientific research, Planet Tuna draws on the connection
between art, humanities, society, and science.

Fig. 1. Planet tuna combines art and science. Illustration by Flavia Gargiulo.
Our work can be consulted at Planettuna.com; FB, X @planettunal EO; IG
@planettuna_IEO ; YT youtube.com/youtuna.

Some examples of our content are: Informative articles and photographies,
for example in the area of ecology https://planettuna.com/en/when-the-
hunter-becomes-a-prey-who-eats-who-in-the-worl d-of -the-tuna/ , as well as
illustrated articles in ecology, Mediterranean history
https://planettuna.com/en/from-the-strait-of -gibral tar-to-greece-the-tuna-
trade-in-phoenician-times/consumption and sustainability
https://planettuna.com/en/canned-tuna-i-whats-in-the-can/.

Infographics covering topics related to ecology and the importance of the
Mediterranean Sea https:./planettuna.com/en/bluefin-tuna-migtation-routes-

infographics , archeology and the  Phoenician  amphora
https://pl anettuna.com/en/phoeni cian-tuna-anphorae-infographics/, fact

sheets of key species of marine migrators https://planettuna.com/en/tuna-
that-breed-in-the-mediterranean-infographics/ and Figure 2
(https://pl anettuna.com/en/why-tuna-breed-in-the-bal earic-isl ands-and-how-
we-know/ ). On our platform, we've placed speciad emphasis on the
intersection between art and science. Throughillustrated videos, we
explore the discipline of scientific illustration: what it is, its practical utility,
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and how it can become an exciting career
path https://planettuna.com/en/scientific-ill ustration-i-a-quided-tour/, and
examples of how international illustrators

work https://planettuna.com/en/scientific-illustration-iii-illustrating-a-
bluefin-tuna-with-pedro-salgado-part-2/.

@ e dest

WHY tuna breed in the Balearic
slan w

Fig. 2. Example of inphographics based on the work developed during the
oceanographic survey TUNIBAL. Illustration Flavia Gargiulo

Additionally, we offer explanatory videos on marine ecology, providing a
unique window to understand and appreciate marine ecosystems and
processes as for example https://planettuna.com/en/who-eats-who-baby-
tuna-vs-baby-jellyfish/, https.//planettuna.com/en/marine-heatwaves/. We
aso publicly answer some of the questions to the scientist that we receivein
our section “ Ask ascientist”.

This outreach platform receives funding through national and regiona
competitive calls aimed at promoting dissemination, as well as research
projects that allocate part of their funds to the dissemination of scientific
results. As an impact indicator, Planet Tuna’s activity data in 2022 are
Twitter 312451 reach; Instagram 13841 reach; Facebook 46975 reach;
Y outube 56300 reach; Web page 197991 visits. We can summarize it had an
impact of over 50.000 views. Hence, the importance of combining channels
and formats to achieve a greater impact. We are seeking to interact with
offline content that includes educational activities and exhibitions. Many
scientific partners collaborate in the development and help with the
scientific content created in the platform. We believe we should reflect on
responsibility and accessibility in scientific dissemination, flexible
communication models, information and science times and the limits in
science communication. Scientific literacy is an essentia tool to understand
the processes of science.
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Abstract

Ocean Literacy implies not only educational but also cultural and outreach actions related to marine sciences and processes. The
present research investigates the visual communication effort put in place by some countriesin and for their Maritime Spatial Plans
using the EU MSP Platform. The screening takes into account the presence of infographics in MSP plans or in linked official
communication materials. The overall quantitative results and key examples are discussed. This study opens a path of study on the

visual communication of MSP.

Keywords: Marine policy, Western Mediterranea, Eastern Mediterranea

Introduction

Ocean literacy is nowadays considered a framework to promote the
sociocultural aspects of Marine Spatial Planning [1]. In its broadening scope we
wish to consider the visua communication that can be retraced in Maritime
Spatial Planning (MSP) processes at European level. The study aimed at
identifying and quantifying the presence of infographic in MSP plans, as
approved by EU Member States and publicly available. The plans from the
United Kingdom were also included in the analysis since they were mostly
approved before Brexit. This exercise helps understanding the role of visua
communication as an enabler of M SP processes according to the MSP Directive

2.

M ethodology

The study screened the countries' official web pages and documents accessible
via the MSP Patform. “Plans’, i.e. policy documents, and related
communication materials approved by the government were considered. The
choice was motivated by the fact that plans are heterogeneous in their nature and
outcomes. Other forms of visual communication (diagrams, illustrations,
layouts) and maps, inherently present in M SP documents were not included in
the study. We only considered the use of infographics (as defined by [3] and
[4]), and motion graphics, aform of infographics in which written text is mainly
replaced by an oral description and a narrative is presented in a sequence. We
specified when motion graphics have been employed not only as a promotional
tool but as away to present specific visions within the plan. We aso specified
the type of infographic according to the classification proposed by [5].

Results

Only 7 out of 23 plans employed infographics, none in the Mediterranean Sea.
Only the English and Finnish infographics are included in legally binding
documents. The Finnish infographics, as a digital format, were used structurally,
i.e. as atool to convey information that is expected to trigger intellectual and
emotional engagement. This is also the only case in which a limited level of
interactivity can be retraced, thanks to the slider. Diagrams are used more often
(12 cases) but generally to organize more simple information.

Conclusions

The study shows that, in general, the infographics were not extensively used.
This can be linked to several reasons, often limited access to time and financial
resources. It must be said that maps are a priority in this type of management
tool, hence, the possibility that more importance was given to those types of
visualization rather than in developing infographics. However, this can aso
show alack of effort and willingness to engage citizens and stakeholders and it
may aso imply a low level of transparency if a plan remains in a technica
language.
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Tab. 1. Infographics presence in MSP plans by country.

Country.

Infographic presence

BE Motion graphics, a short animation presenting the plan.

8G No

oy No

EE Infographics are used in a video presentation hosted in the official webpage.

1
2
3
a4 |0k No
5
3

Al Yes (Process and Geographical Based). Interactive infographics to show sector-
spe admaps. for

7 | No

s | DE No

Yes, planning areas and units sintesis.

10 | No

n | No

12| MT No

13| N No

1| PL No

15 | PT no

Yes (Timeline/Process Based) to present roadmap to national MSP framework.

17 |8 No

18 |Es No

19 | sE No

20 | GB-EN Based) infographic. Expl y for
promotion of the general process.

21 | GBNI [ No

22 | GB-SCO | No. Use of motion graphics in avideo promoting the 2020 assessment of the plan.

23 | GB-WE | Yes (Process Based) regarding terrestrial planning permission. Use of motion graphics

1o present the general process of MSP.
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Congress Joint Session : Non-Indigenous species
(C5-Co6)

Moderator : Ernesto Azzurro

Moderator's Synthesis

The session on ‘Non-Indigenous Species’ hosted nine contributions that shed light on the complex and
varied realm of marine bioinvasions, addressing a diversity of topics wich ranged from Lessepsian
foraminifera and small ciliates to invasive fishes. Presentations covered taxonomic, monitoring and
management aspects, and a particular attention was given to the blue crab (Callinectes sapidus) due to its
recent spread across several Mediterranean countries. Key environmental factors, notably temperature and
salinity, were discussed as critical influences on the success of non-native species and rapid assessment
methods for benthic species were presented. Sicily’s strategic location in the Mediterranean was
highlighted as a crucial crossroads for species dispersal and a valuable observatory for tracking
biodiversity changes across the region. Community engagement emerged as a central theme, exemplified
by successful participatory initiatives in the Strait of Sicily and other Mediterranean regions. Citizen
involvement in species detection has significantly enhanced the monitoring capabilities of traditional
methods, particularly for conspicuous species that are easily identified taxonomically. Constructive
discussions addressed challenges related to data validation, management, and international collaboration,
underscoring the importance of stakeholder participation in monitoring and management processes, which
may consider certification schemes to foster sustainable practices. The session also underscored the
significance of comprehensive data collection, processing, and application throughout the entire data
lifecycle, in line with Open and FAIR science principles. This approach received broad support as vital for
advancing bioinvasion science in the Mediterranean. Reflecting the enthusiastic spirit of invasive species
research, the session was highly interactive, fostering cross-disciplinary dialogue and underscoring the
need for active and broad cooperation among the increasing number of Mediterranean scientists working
on the fascinating subject of Non-Indigenous Species.
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EFFECTSOF TEMPERATURE AND SALINITY ON THE MOVEMENT AND BLEACHING OF
AMPHISTEGINA LOBIFERA LARSEN, 1976
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Abstract

Amphistegina lobifera Larsen, 1976 is a Lessepsian immigrant foraminiferan which has invaded many areas of the Eastern and
Central Mediterranean Sea. Movement and bleaching of individuals from the Central Mediterranean (Malta) were tested at
different salinities and temperatures. The test individuals became stressed at temperatures lower than 14°C and higher than 30°C.
The optimum salinity range was 36 - 37gL-1, but individuals survived at &l salinities tested (25 - 48gL-1). Temperature, but not
salinity, may limit expansion of the range in the northwestern Mediterranean.

Keywords: Behaviour, Erythrean species, Foraminifera, | nvasive species, Mediterranean Sea

Introduction:

The Lessepsian immigrant foraminiferan Amphistegina lobifera Larsen, 1976
has been recorded from the Central and Eastern Mediterranean Sea, including
Albania, Egypt, Greece, Israel, Italy (including Sicily), Lebanon, Libya, Malta
and Turkey [1 and references therein]. This species hosts diatom
photosymbionts but when stressed, such as due to extremes in temperature,
salinity and light intensity, shedding of the photosymbionts (‘bleaching’) can
occur, which reduces the energy production of the foraminiferan, increases the
chances of reproductive failure and weakens the test, making the foraminiferan
more susceptible to predators and parasites [2]. The aim of this study was to
determine the effects of different temperatures and salinitiees on the movement
and bleaching of Amphistegina lobifera sourced from the Central Mediterranean
(Malta).

Methods:

Temperature: Fifteen A. lobifera individuals picked at random from a stock
tank were placed in aquaria maintained at different fixed temperatures (10, 12,
14, 16, 18, 20, 25, 30, 32, 34 and 36°C). The aquaria were placed over gridded
paper (5x5mm) and any movement of the foraminiferans from one sguare to
another was recorded for seven days, after which the amphisteginids were
examined under a stereomicroscope for signs of bleaching. Salinity: Six salinity
concentrations were prepared using distilled water and “ Aquaforest reef salt”:
25gLl, 36gL1 (cf. Western Mediterranean), 37gLl (cf. Centra
Mediterranean), 39gL1 (cf. Eastern Mediterranean), 41gL"1 (cf. Northern Red
Sea) and 48gL L. Fifteen individuals of A. lobifera from a stock aguarium were
placed in each and daily readings of movement were taken for seven days, after
which the foraminiferans were inspected for signs of bleaching. All
experiments were conducted in an aquarium room with lights set to mimic the
intensities and day/night cycles of the natural environment at 25°C.

Results and Discussion:

Temperature: Movement in A. lobifera was noted at temperatures between
14°C and 32°C, peaking at 20°C (Tab. 1). Similarly, bleaching was observed to
peak at the extremes of the temperatures tested, with minimal bleaching
observed at temperatures close to 20°C (Tab. 1). This suggests that A.lobifera
are least stressed at temperatures between 20-30°C. These findings extend
those of Schmidt et a. [3] who found that this temperature range is ideal for
the species in the area around Israel. The present results suggest that A.
lobifera may be less stressed during the spring and summer months, compared
to the winter months, in the Central and Eastern Mediterranean Sea, and that
under present temperature conditions, the expansion of this species to colder
waters such as those in Liguria, France, and Spain is unlikely. While A. lobifera
would be viable in these waters, it would be under high stress in winter
months. A southwesterly expansion to countries such as Algeria and Morocco
is more likely. However, the warming trend of Mediterranean waters can
change the situation, allowing this species to thrive in new, warmer waters [4].
Salinity: Highest movement was observed at salinities of 36gL™! and 37gL 1,
although movement was noted even at the extremes of 25gL"1 and 48gL"1 (Tab.
2). Bleaching in these experiments was not as evident as in the temperature
experiments but whitening at the edge of the test was noted. The highest degree
of bleaching was observed at 48gL™! and 41gL™! whilst no bleaching was
observed at 36gL"1 and 37gL"1 (Tab. 2). These results suggest that A. lobifera
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is able to thrive in salinities characteristic of different areas of the
Mediterranean Sea, including the Western basin, and can possibly survive aso
relatively brackish waters of salinity ca 25gL"1. Salinity, therefore, does not
seem to impede A. lobifera from colonising the Northwestern parts of the
Mediterranean Sea.

Tab. 1. Number of Alobiferaindividuals which moved in each day of the
experiment and the number of bleached individuals at the different
temperatures tested.

Temperature
10°C | 12°C | 14°C | 16°C | 20°C | 25°C | 30°C | 32°C | 34°C | 36°C
1 0 0 0 1 7 1 1 1 ] 0
Day 2 0 0 1 2 7 3 2 1 0 0
Number | 3 0 0 1 4 7 5 2 % 0 0
4 0 0 2 6 8 6 3 1. 0 0
5 0 0 3 6 9 7 4 2 0 0
6 4] 0 3 7 11 9 7 4 0 0
7 ] 0 3 8 11 10 7 4 0 0
10°C | 12°C 14°C 16°C | 20°C | 25°C | 30°C | 32°C | 34°C | 36°C
Bleached 4 3 2 1 o 2 6 10 13 14
individuals

Tab. 2. Number of Alobifera individuals which moved in each day of the
experiment and the number of bleached individuals at the different salinities
tested.

Salinity ation

25gL! 36gL! 37gL! 39gL! a1gLt aggl!

1 0 12 10 2 3 0

Day 2 1 14 11 3 5 0

Number 3 2 15 14 4 6 0

a 3 15 15 7 8 0

5 5 15 15 9 10 1

6 5 15 15 12 10 1

7 5 15 15 12 11 1
I salinity | 25g1™ | 3egl’ | 37gl™ | 39glt | a1glt | asglt |
‘ Bleached individuals | 3 | 0 ‘ 4] ‘ 2 | 4 ‘ 7 |
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Abstract

ORMEF https.//www.ormef.eu, is a new interactive Web platform that consolidates a vast historical repository of georeferenced
records of exatic fish species extracted from scientific literature. Covering observations spanning over a century, from 1896 to the
present day we incorporated 12,553 georeferenced occurrences distributed across 221 fish taxa. As an authoritative yet user-
friendly reference, ORMEF offers promising applications not only for marine biocinvasion research but also for informed decision-

making at both the Mediterranean and EU levels.

Keywords: Alien species, Fishes, NIS, Mapping, Mediterranean Sea

Introduction

Dedicated information systems are becoming increasingly essentiad in tackling
the mounting challenges presented by invasive species. This need is particularly
apparent in European and Mediterranean seas, due to the current introduction
rates and to the growing importance of georeferenced data for predictive models
[1]. Recent efforts by the CIESM exotic task force, have documented in the new
atlas of exotic fishes [2] the occurrence and distribution of 188 exotic fish
species, adding 107 species to the initial 2002 edition. In light of this situation,
there is a pressing need for new information systems. These systems would
facilitate regular updates on new species and validated occurrences, ensuring the
accessibility and ease of accessto this crucial information.

Materials and methods

The ORMEF web platform is based on a three-level architecture consisting of 1.
the user interface, which includes a Gl S-based user graphical user interface plus
anumber of user functiona tools; 2. the application layer, which consists of the
various web services such as map rendering, feature streaming, data projection,
geographic and attribute-based queries, metadata query and management, and
data extraction and 3. the data layer, where the application data is stored and
managed. Each record in the ORMEF database has undergone a meticulous
validation process, cross-checked against original sources, and subjected to
multiple peer reviews according to the publication procedures of the
aforementioned papers. The ORMEF database has played a pivotal role in
supporting various basin-scale scientific research projects. ORMEF datasets
follow the FAIR principle of Findability, Accessibility, Interoperability, and
Reusability of data (Wilkinson et al, 2016), and its vocabulary follows the
Darwin Core Standard (DwC, https://dwctdwgorg/).

ORMEF ..

Welcome to the ORMEF GeoPortal

ORMEF is a free. online searchaole

€

12553
GEO-REFERENCED RECORDS

Fig. 1. The homepage of the ORMEF web platform, freely consultable at the
address https://www.ormef.eu (https://www.ormef.eu — accessed January 30th
2024).
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Results and discussion

As of April 2024, the ORMEF web platform enables users to visualize 12,553
georeferenced occurrences across 221 accepted species and 88 families, including
Abudefduf cfr. saxatilis/'vaigiensis/troschelii. Map-based searches enable usersto
visualize species records on the map and filter the data set based on various
fields. Each point record provides interactive information on the data source,
bibliographic reference, and the details of each capture or observation. The Web
platform system also allows for the production of animations of point records
according to the selected filters and along the chosen temporal frame. These data
can be used to reconstruct the invasion history at different spatial and temporal
scales [3].

Conclusions

The ORMEF web platform serves as a dynamic and interactive resource for
exploring historical occurrences of exotic fish in the Mediterranean and
neighboring seas. It consolidates and updates information relevant to European
and Mediterranean policies, serving researchers, scholars, Marine Protected
Areas, and the general public. Aligned with international and regional legislation,
it supports biodiversity strategies such as the EU 2020 Biodiversity Strategy
and the Convention on Biological Diversity's Strategic Plan.
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Abstract

Sicily's central position in the Mediterranean Sea makes it a crossroad for marine species dispersal routes. This study, through data
collected along the coast (sampling sites: Trapani, Palermo, Catania, Siracusa, Marzamemi, and Portopalo di Capo Passero),
confirms its strategic role in connecting sub-basins, for both native species and NIS, also favoursing the detection of rare or
neglected species. Surveys in this area could improve understanding of biodiversity changes, biological invasions, and rare and

neglected marine species distribution.

Keywords: NIS, Mediterranean Sea

Sicily is the largest island of the Mediterranean Sea and is located in a strategic
and central position within the basin making it a crossroad for dispersal routes
of marine species. In fact, aong its coasts, three main sub-geographic areas are
interconnected, namely the Tyrrhenian Sea on the north, the lonian Sea on the
east, and the Strait of Sicily on the south. Recent studies (e.g. [2]; [3]) showed
that Sicily is a suitable area for monitoring the spread of non-indigenous (NIS)
or vagrant species from the eastern Mediterranean or the Atlantic Ocean.
Moreover, the Island can be also of interest to carry out general studies
assessing the Mediterranean biodiversity [1]. The present work further
supports the idea that Sicily is a point of connectivity between the
Mediterranean sub-basins, employing some study cases of detection of NIS,
rare, or neglected species.

We present herein new occurrence data of invertebrate species collected in
2023-2024 at the following localities: Trapani, Paermo, Catania, Siracusa,
Marzamemi, and Portopal o di Capo Passero (Fig. 1).

\ A
€B Traparli

[

WJPalermo

& ¢
*

#Catania

¢ N
#Siracusa | "
Marzamemi

Portopalo di Capo Passero

Fig. 1. Map of Sicily with the four sampling localities (Trapani; Palermo;
Catania; Siracusa; Marzamemi; Portopalo di Capo Passero). Collected NIS and
neglected taxa were: A) Botryllophilidee Sars G.0.,1921; B) Paranthura
japonica Richardson 1909; C) Mesanthura cf. romulea Poore & Lew Ton, 1986;
D) Pinctada imbricata radiata (Leach, 1814); E) Pontarachnidae Koenike, 1910;
F) Isognomon sp. [Lightfoot], 1786; G) Portunus segnis (Forsskal, 1775);
H) Erugosquilla massavensis (Kossmann, 1880); 1) Penaeus aztecus Ives, 1891,
J) Callinectes sapidus Rathbun, 1896.

Data from Catania, Siracusa, Marzamemi and Portopalo di Capo Passero were
obtained through a participatory approach (Citizen Science) — i.e. from
professional fishermen and fishmongers operating along the lonian coast of
Sicily. Four NIS crustaceans of commercia interest were detected, namely
Callinectes sapidus Rathbun, 1896, Erugosquilla massavensis (Kossmann,
1880), Penaeus aztecus Ives, 1891, and Portunus segnis (Forsskal, 1775). The
observations indicated a significant increase in abundance compared to recent
years. Their presence was also linked to an increase in local markets, highlighting
the economic and social impact of such species. On the contrary, data from the
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western coast of Sicily (Palermo and Trapani) were collected by direct scraping
of fouling communities grown on nautical ropes immersed at about 2 m depth.
The invertebrate taxa identified were both NIS and neglectedspecies. The
Lessepsian bivalve Brachidontes pharaonis (P. Fischer, 1870) was found in the
Trapani harbour and the Palermo marina with an unexpectedly high number of
individuals (more than 500 specimens), byssed on a rope fragment of about 50
cm. The records of the bivalve Pinctada imbricata radiata (Leach, 1814) and of
the isopod Mesanthura cf. romulea Poore & Lew Ton, 1986 confirmed their
presence in the Trapani harbour and the Palermo marina, suggesting the presence
of established populations. The isopod Paranthura japonica Richardson 1909
and the bivalve Isognomon sp. [Lightfoot], 1786 were first recorded in Trapani.
Further taxa found during the present field work are generally considered rare or
neglected species. Copepods parasitic of tunicates of the family
Botryllophilidae Sars G.0.,1921 were recorded for the first time in the central
Mediterranean at Palermo, while marine mites of the family Pontarachnidae
Koenike, 1910 were first recorded from Sicily at Trapani. The results of this
work highlight the role of Sicily as a territory of connectivity between different
Mediterranean sub-geographic areas, both for native and non-indigenous species.
Its strategic position in the centre of the basin and its variability of habitats also
favour the establishment of species that request peculiar conditions. Thus,
changes in marine biodiversity could be easily monitored to better understand
biological invasions and to improve the knowledge about rare species that often
tend to be neglected.
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Abstract

The Mediterranean Sea is considered the world's most invaded marine region but many invasive species have economic potential
to be exploited as new fishery resources. Fishers harvesting Aquatic Invasive Species (AlS) could receive support to adopt
selective fishing methods and to develop specific labeling requirements for edible species. In the present study, we attempt to
include the invasive blue crab (Callinectes sapidus) as a new fishery resource for a responsible exploitation within the framework
of alocal Italian certification scheme. We mention the challenges that the blue crab poses and how it could be a new opportunity
for local artisanal fishing communities, who can be actively involved to mitigate the expansion of the species and yield economic

advantages.

Keywords: Mediterranean Sea, Management, Fisheries, | nvasive species, Ecosystem services

The Mediterranean Sea has experienced a dramatic increase of Aquatic
Invasive Species (AlS) over the last few decades [1, 2]. It currently stands
as one of most invaded seas in the world [3] in terms of number of taxa
recorded with high reproductive rate and high dispersal ability [2, 4]. With
such biological traits, AIS can have negative ecological and economic
consequences on native communities and their associated ecosystem
services. Thus, there is an urgent need to develop an adaptive management
strategy to cope with potential impacts of increasing AlS expansion. One
way to mitigate this harmful spreading would be to support fishers on
adopting selective fishing methods and to develop specific labeling
requirements for edible AIS. For instance, the ongoing expansion of the
Atlantic blue crab (Callinectes sapidus) is posing significant challenges to
local ecosystem and artisanal small-scale fishing community in the
Mediterranean [5-7]. In this contest, the use of C. sapidus as a target species
fishery resource would be a potential case for a responsible exploitation in
the framework of the regional certification scheme. Here, we outline a
potential adaptive management strategy (Fig.1) to mitigate the expansion of
the C. sapidus in invaded coastal habitats in the Adriatic Sea and assess
quantitatively trade-offs between ecosystem impacts of the AIS and
ecosystem impacts of its exploitation.

web modellin
e.8. Ecopath)

considering

potential conflicts
with other fishing
practices or other

SUSTAINABLE MARKET PENETRATION.
Main actors: Producer Organizations (Market Driven HCR)
ADDED VALUE

Fig. 1. Conceptual framework of a potential adaptive harvest strategy to
contain the expansion of C. sapidusin invaded coastal habitats. The
collection of key information will be carried out through consolidated
participatory approaches for AIS monitoring applied to small-scale
fisheries. Active monitoring on the abundance and distribution of C. sapidus
will be carried out according to standard protocols.

Identifying and implementing a certified fisheries to mitigate the expansion
of an edible AIS such asC. sapiduswould yield ecological benefits and
economic advantages for local fishing community. This will make value
chains more efficient and responsive to market demand, while ensuring food
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security and ready access to local products. However, there are still gaps to
be addressed to better understand and monitor local knowledge and
perception regarding C. sapidus. Thus, awareness initiatives and responsible
fishing practices should be promoted through effective communication and
training tools by engaging the public. Finally, this strategy may serve to
promote certification as a sustainability driver through capacity building,
appropriate regulatory frameworks and awareness activities of other edible
AlS, heightening consumer awareness.
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Abstract

A dataset with abundance and distribution records of invasive arkshells, Anadara kagoshimensis and A. tranvsersa, was
gathered and published as a result of the collaboration between two national projects, SoleMon and USEit. The dataset includes
about 2,000 records of Anadara spp. in the Northern-Central Adriatic Sea collected between 2008 and 2023. The entire data
lifecycle, including collection, harmonisation, sharing, and archiving, was meticulously managed to ensure the integrity and
reusability of data and metadata according to the principles of Open and FAIR science. This endeavour exemplifies the potential
for (re)using by-catch invasive species data to inform conservation efforts and effectively manage biological invasions.

Keywords: Alien species, Invasive species, Bivalves, Management, Adriatic Sea

Introduction

The scientific community has increasingly acknowledged the importance of
Open Science and FAIR practices to share Findable, Accessible, Interoperable
and Reusable research products [1]. Scientists can also take advantage of data
management practices and digital tools provided by environmental Research
Infrastructures. For example, Lifewatch Italy, the national node of LifewWatch
ERIC [2], offers a set of digital services to support scientific research in the
domain of biodiversity and ecosystems. Exploiting such digital services for data
management can be beneficial for Invasive Alien Species (IAS) data, which often
remain obscured, widely dispersed and unavailable for long-term reuse. The
collaboration between LifeWatch Italy and two national projects, SoleMon and
Usel T, enabled the FAIR publication of existing data on IAS. This joint effort
allows to overcome the current fragmentation of scientific information on IAS,
facilitating their reuse and integration with other evidence to find efficient
solutions for managing biological invasions.

Methods

This case study presents a dataset of Anadara kagoshimensis and A.
transversa, two invasive bivalveswidespread in the Adriatic Sea. Their "by-
catch" sampling occurred within the framework of the SoleMon project, an
experimental beam trawl survey designed to collect data on commercial marine
species. The harmonisation of (meta)data was performed through the curation of
the structure, syntax and semantics in alignment with international (meta)data
standards. Specifically, the data schema adheres to the Darwin Core standard [3]
and other controlled vocabularies [4,5], whereas the metadata schema to the
Ecological Metadata Language (EML) version 2.2.0 [6].

Results and Discussion

The final dataset consists of 20 attributes describing sampling events, locations,
taxonomy and abundance of Anadara species. Overdl, the dataset includes
1,998 records distributed over 66 sampling sites in the Northern-Central
Adriatic Sea and collected between 2008 and 2023. This dataset, and other IAS
data, are available within the LiféeWatch Italy Data Portal. The dataset is
designed to perform spatial analyses on the abundance of Anadara spp. in the
Adriatic Sea. Moreover, additional information onAnadara spp., i.e.
nutraceutical and elemental composition data, are published using the same
approach and standards, enabling a seamless integration of scientific evidence
and ensuring a more effective reuse of these data. This approach is expected to
offer significant advantages for IAS management, including their potential use as
an economic resource under the principles of a sustainable circular economy.
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Fig. 1. This composite image symbolises the harmonious integration of three
distinct projects dedicated to the study of Anadara spp.. Central to this union
is the adherence to the FAIR principles, ensuring that data are Findable,
Accessible, Interoperable, and Reusable.
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MONITORING NON-INDIGENOUS SPECIESWITH RAPID ASSESMENT METHODSIN THE NORTHERN
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Abstract

The number of non-indigenous species in the Mediterranean Sea is on the rise annualy, highlighting the urgent need for
comprehensive monitoring. From January 2022 to July 2023, rapid assessments were conducted at 10 locations in the northern
Adriatic, revealing 46 species, bringing the total number of marine introduced species in Slovenia to 70. The fouling community
dominated, with bryozoans, mollusks and crustaceans prominent. Maritime transport, particularly hull fouling and ballast waters,
emerged as the predominant pathway for introductions. The results of the study have significant implications for marine
conservation and the implementation of the Marine Strategy Framework Directive.

Keywords: North Adriatic Sea, NIS, Fouling

Introduction: Non-indigenous species (NIS) pose significant threats to
biodiversity, inflicting adverse impacts on both the environment and the
economy [1]. Each year, the Mediterranean Sea witnesses arising influx of NIS
[1]. Although efforts have been made to monitor marine NISin Slovenia[2,3],
the last scientific paper with a comprehensive list of marine NIS was published
in 2012 [4]. The aim of the present study was to assess the most current number
of introduced (including cryptogenic and questionable) species, improve the
methodology for screening introduced marine species and identify hotspots of
introduced speciesin Slovenian coastal sea.

Materials and methods: The study was conducted in the Slovenian coastal
area, located in the southeastern part of the Gulf of Trieste (northern Adriatic).
During January 2022 to July 2023, a total of 59 rapid assessments were
performed targeting introduced and common species. They were carried out in
10 locations, comprising two types of donor locations — ports and marinas, and
mariculture facilities, as well as coastal wetlands serving as special recipient
areas. Sampling was conducted at least three times at each location: in winter
(November—February), in spring (March-June), and in the summer-autumn
period (July—October). Conspicuous species were identified on-site (e.g., Syela
plicata, Bugula neritina), while other species were identified in the laboratory
using a stereomicroscope or Scanning Electron Microscope.
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Fig. 1. Introduced species in Slovenian coastal waters by A) status, B)
introduction pathway and C) taxonomic composition. TS = Transport-
stowaway, TC = Transport-contaminant on animals, REL = Release in nature,
EC = Escape from confinement, COR = Corridor, UNA = Unaided, UNK =
Unknown.

Results and discussion: The fouling community emerged as the most prevalent
community in the surveyed areas. A total of 46 introduced species were
identified, comprising 29 NIS and 11 cryptogenic species, as well as 6 species
with questionable status (unresolved status or uncertain identification) (Fig. 1).
Notably, this study revealed 10 new introduced species, bringing the total
number of introduced marine species in Slovenia to 70 when combined with
data from previous screening activities [4]. Of significance was the presence of
three introduced species belonging to the genus Watersipora (Fig.2), previously
misidentified in the Mediterranean Sea [5]. The most represented phyla were
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bryozoans, mollusks, and crustaceans. Among the NIS, the three most common
were Syela plicata (Fig.2), Magallana gigas, and Tricellaria inopinata. The
primary pathways for introduced speciesin Sloveniawere attributed to maritime
transport, including stowaways (hull fouling and ballast waters— TS), aswell as
contaminants on animals (TC), aligning with NIS pathways across the entire
Adriatic subregion [6]. Most species were recorded in ports and marinas. The
findings of the study represent the most up-to-date status of marine introduced
species in Slovenia, serving as a vital knowledge base for future assessments
under the EU Marine Strategy Framework Directive and to inform policymakers
and stakeholders.

Fig. 2. Two important species found in this study: A) Syela plicata — the most
frequent species, B) Watersipora subatra complex —afirst record for Slovenia
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REPORTING MARINE ALIEN AND RANGE EXPANDING SPECIESFROM MALTA THROUGH CITIZEN
SCIENCE CAMPAIGNS

Alessio Marrone 1* | Adam Gauci 1 and Alan Deidun 1
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Abstract

Citizen Science emerges as a crucia strategy for documenting and monitoring the occurrence of Non-Indigenous Species (NIS)
and range expanding species within heavily-invaded seas. This study presents findings from two Citizen Science campaigns, the
'Spot the Alien' and 'Spot the Alien Fish' ones, implemented for Maltese coastal waters over the 2019-2023 timeframe. A total of
310 reports were collected, documenting 659 NIS individuals, with their occurrence varying across years and seasons. The results
highlights the importance of Citizen Science in providing valuable data for monitoring and management strategies. However, the
study also underscores the need for revised engagement techniques involving a broader range of stakeholders, particularly

professionals, within NIS monitoring and managing protocols.

Keywords: Invasive species, Mediterranean Sea, LEK, Global change, NIS

Introduction

The phenomenon of the spread of non-indigenous species (NIS) in the
Mediterranean Sea is one of the major concerns in terms of ecological and
socio-economic impacts [1]. The Maltese archipelago has witnessed the
occurrence of these species for decades [2], due to active migration, larval
dispersion and human facilitation. One of most insidious challenges is the
monitoring of the spread of the NIS, hindering the formulation of effective
managing protocols. Targeted monitoring actions are expensive and scientists
have focused their attention on Citizen Science (CS) as an effective tool for
providing reports on the occurrence of NIS in coastal waters [3]. For these
reasons, CS campaigns have represented so far the most cost-effective
method for monitoring NIS populations and range expanding species,
providing the dua benefit of observational data collection while aso
increasing the commitment of local communities to understand the threats
these species may pose [4].

Materials and M ethods

In the present work, we retrieved records submitted to the ongoing CS
“Spot the Alien” and “ Spot the Alien Fish” campaigns, implemented by the
Oceanography Malta Research Group (OMRG) at the University of Malta,
with the support of the International Ocean Institute (10I). Public
engagement was carried out amongst stakeholders (e.g. diving centers and
fishing clubs) through social media channels, workshops and outreach
events. Despite the availability of the campaigns website
(www.aliensmalta.eu), social media platforms (Facebook, Instagram) were
preferred. Reporters provided details on the location, depth, date and habitat
where the specimen was encountered and paired with photographic evidence
for validation. The dataset was anayzed with PRIMER 7 statistica
software using a SIMPER routine to identify which species contributed the
most in terms of abundance across years and seasons [5] and, graphicaly
represented through boxplot and bar chart.

Results and Discussion

A total of 310 reports were collected between 2019 and 2023, documenting
a total of 659 individuals. An increasing number of NIS records were
recorded over the 2019 (31) to 2022 (82) period with a slight decrement in
the number of reports registered in 2023 (69). Concerning the NIS reports
received, the 26 NIS recorded belonged mostly to Actinopterygii (73%),
followed by Crustacea (22%), Mollusca (2%), Cnidaria (2%) and
Platyhelminthes (1%). From the SIMPER analysis, seven species were
identified as the most relevant (80% of the dataset). The most abundant
species reported were Aplysia dactylomela, Fistularia commer sonii, Lobotes
surinamensis, Portunus segnis, Seriola fasciata, Sganus luridus and
Sephanolepis diaspros. However, the individual abundance of these species
varied significantly over different years and seasons (Fig. 1). In 2019, A.
dactylomela, P. segnisand S. fasciata were the main species reported, while,
in 2020, S. luridus was by far the most commonly observed species. In
2021, P. segnis and S. diaspros alone contributed up to the 78% of the NIS
sightings. 2022 was dominated by S. diaspros followed by L. surinamensis
and P. segnis. Findly, in 2023 there was a dominance by S luridus (42% of
the submitted reports). Looking at the differences in terms of seasons:
winter was the season with the least number of records, with S. diaspros
accounting for 50% of the sightings. In spring, mostly young individuals of
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P. segnis were sighted. As expected, most records were obtained in summer
(39%) with evenly distributed sightings of P. segnis, L. surinamensis, S
diaspros and S Iuridus. In autumn, S luridus and S diaspros together
accounted for 71% of the records. From our results, CS confirmed once again
its value as a tool in monitoring the spread and the occurrence of NIS, as
well as an important predictor of potential outbreaks. The effectiveness of
CS campaigns relies on the commitment of researchers to engage the public
through adequate educational materials and ad hoc workshops for target
groups [4] whitnessed by the increading number of reports aquired every
year. We observed how most of these categories belonged to recreational
users rather than professionals, highlighting the importance of involving
professional fishers as they represent daily sea-users [3-6]. For these
reasons, we suggest to revise some of the most commonly used engagement
techniques.

M Lobotes surinamensis
W Portunus segnis
Seriola fasciata
W Siganus luridus
I Stephanolepis diaspros

W Aplysia dactylomela
I M Fistularia commersonii

2023_Winter

sample

Fig. 1. Results of the SIMPER analysis showing differencesin terms of year
and season for the seven NIS contributing up to 80% of the dataset.
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FIRST RECORD OF HIGH OCCURRENCE OF THE NON-INDIGENOUS TINTINNIDS EUTINTINNUS
MACILENTUS (KOFOID & CAMPBELL) IN THE OPEN WATERS OF THE SOUTH ADRIATIC SEA

Jakica Njire 1*, Mirna Batistic 1 and Rade Garic 1
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Abstract

This study presents the first occurrence of the non-indigenous tintinnids Eutintinnus macilentus in the open waters of the South
Adriatic Sea. Presence of high abundances in December 2021 and September 2023 indicates that the mechanism, named Bimodal
Oscillating System (BiOS) strongly influences on the biodiversity of the Adriatic Sea. The impact newcomers make a significant
contribution to the zooplankton community in the southern Adriatic and have replaced native species.

Keywords: Adriatic Sea, Invasive species, Zooplankton

Tintinnid ciliates are a common component of planktonic communities and they
are present in al of the world's oceans. These pelagic ciliates are generally
significant consumers of pico- and nano-plankton and their distribution is related
to hydrographical conditions. They have been often used as indicators for the
effects of physical forcing on zooplankton communities. The first investigation
of composition and distribution of tintinnids in the open South Adriatic was
started at the end of the last century and it has continued until the present time,
with shorter or longer interruptions. The recent research indicates changesin the
zooplankton composition are connected with mechanism, named Adriatic-lonian
Bimodal Oscillating System (BiOS), ([1],[2].[3]). Besides hydrology, BiOS also
affectes the biological diversity of the Adriatic; it modulates the connectivity
patterns between different Mediterranean ecosystems, in its cyclonic mode,
favouring Lessepsian migrations in the Adriatic ([4]). In this paper, we present
this phenomenon, i.e. the high occurrence of non-indigenous tintinnids
Eutintinnus macilentus at station P1200 (in the central part of the South Adriatic
Seq) (Fig. 1).

Fig. 1. Sampling station P-1200 in the South Adriatic Sea.

These investigations were conducted in the framework of a research DiVMAd
and the first mass occurrence was noted in December 2021. The main bulk of the
tintinnid population was in the upper 100 m layer. Tintinnids E. macilentus
prevailed in layer 0-50m with high value of 384 ind.m3. Lower abundance (115
ind.m3) was recorded in the subsurface layer (50-100m). In deeper layers, only
a few individuas were found. Measurements were made for total length
(average 223,2 um), oral diameter (average 45,9 um) and aboral diameter
(average 30,9 pm) (Fig 2.).
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Fig. 2. Tintinnid Eutintinnus macilentus

The following mass occurrence was in September 2023. Even more numerous
then December, tintinnids again inhabited upper layers (474 ind. m3 in the layer
0-50m and 179 ind. m™3 in the layer 50-100m). This remarkable presence of
non-indigenous tintinnids E. macilentus indicates two events: first the influence
of Levantine Intermediate Water in late autumn and winter and second, probably
an intensive late-winter phytoplankton bloom in the central area of the south
Adriatic. It's evident that the impact newcomers now make a significant
contribution to the zooplankton community in the southern Adriatic and, in
certain cases, have replaced native species. Further studies will be important in
confirming the maintenance of natural populations of tintinids under the
influence of winter physical conditions, as well as the emergence and effects of
new non-native species.
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Abstract

The American blue crab, Callinectes sapidus, is one of the worst invasive alien species in the Mediterranean. The Canet Saint-
Nazaire Lagoon Complex (CSNLC) is among the most affected and it is imperative to control its expansion because its presence
hampers traditional eel fishing and threats endemic crab species. The aim of this study was to understand the spatio-temporal
distribution of C. sapidus yields within this lagoon, and to make relations to certain environmental factors and its life cycle, with a
view to implement the most appropriate management measures. The yield was the catch per unit effort in number (using fyke
nets) considered as a proxi of an abundance index. The yields of both sexes were significantly lower in Spring.

Keywords: Invasive species, Conservation, Fisheries, Crustacea, estern Mediterranea

Introduction

This study focuses on the Canet Saint-Nazaire Lagoon Complex (CSNLC),
which is one of the lagoons the most affected by Callinectes sapidus[1], one of
the worst invasive alien species in this area[2]. This invasion threatens native
and endemic species and the traditional eel fishing activity. Moreover, it
amplifies the threats that the CLCSN is already facing, notably that of climate
change [3]. Hence, it is necessary to better understand blue crab spatio-temporal
distribution on this site. The objectives were to understand the seasonal
variability of blue crab yieldsin the CSNLC, by sex and season, in relation to its
life cycle and certain environmental factors.

Material and methods

The study site, the CSNLC, islocated on the coast of the Gulf of Lion (France).
With an area of nearly 600 ha for a depth not exceeding 1 m, the lagoon is
connected to the sea by a single artificial channel (Fig. 1)

Fig. 1. Map of the study area, its general characteristics and the sampling
stations (created with QGIS©Latinis C.).

The pond receives a supply of fresh water from several streams and is subject to
two main regular winds. A total of 10 fishing stations with 3 replicates were set
in the pond per trip and fyke nets were deployed by 4 to 5 financialy
compensated fishermen. Catch per unit effort in number of individuals per
fishing effort, considered as an abundance index, was computed as : CpueN; =
n; / TpPosg; with i, line index for a given number, n the number of blue crabs,
TpPose, the fishing time corresponding to the number of days of installation
time of the nets that varied between 1 and 8 days (mean of 2.81 +/- 1.18 days).
For each individual, the number and sex were identified such as other biological
measures. Data analyses were performed for dates between December 18, 2022
and December 20, 2023, corresponding to 75 field trips. During this period, the
number of monthly field trips was respectively: 5,4,5,7 and 6 for the last
months.
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Results

A total number of 570 blue crabs were caught in the lagoon during the
considered period (mean of 43.83 ind/month) with a total average yield of
0.1+/-0.18 individual/fishing day. Among them, 351 individuals (61.58%) were
males (with an average CpueNm 0.4+/-0.11 individua/fishing day), 207
(36.32%) were females (with an average CpueNf of 0.4+/-0.12
individual/fishing day), and 12 (2%) were not identified, due to forgetfulness
(2.11%). No ovigerous females were captured. The CpueN for each sexes varied
significantly between seasons (One-way nonparametric analyses of variance
with Kruskal-Wallis rank sum test : CPUENmM ~Season, p-value
4.85%1077; CPUENf ~Season, p-value = 2.19*10'5) and were significantly
lower in Spring than in Summer and Autumn (Fig.2), this last season being the
one with the highest total CpueN.
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Fig. 2. Boxplots of catches per unit of effort in number of individuals/fishing
day (CpueN) according to sex and seasons.

Conclusion

In a next step the spatial variation will be explored in link with environmntal
factors. A similar study of CPUEs is renewed in 2024 which will make it
possible to monitor its evolution from one year to the next.
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CIESM Congress Session : Geodynamics and marine geological hazards
Moderator : Maria Conceicao Neves

This session featured four presentations on submarine landslides and their associated geological hazards,
with a focus on the Tyrrhenian continental margins and the Levant Fracture system. The talks explored
the distribution and morphology of mass-wasting features, the neotectonic reactivation of fault systems,
and the factors contributing to submarine landslides.

Key findings highlighted the spatial distribution and morphometric analysis of landslide scars and
submarine canyons, emphasizing the risks associated with mass-wasting processes along southern Italy's
coastlines. The RETURN project investigates the preconditioning, preparatory, and triggering factors of
submarine landslides at canyon heads. By examining multiple case studies, the project aims to deepen our
understanding of slope instability and contribute to a time-based classification of landslide factors in the
Mediterranean.

Research on the Aeolian-Tindari Letojanni Fault System (ATLFS)—a seismically active strike-slip fault
system at the southwestern edge of the Ionian Slab—revealed the complex interplay of slab dynamics,
crustal block movements, volcanism, and seismic activity. Additionally, studies of the Levant Fracture
System offshore Northern Lebanon, utilizing 2D and 3D seismic data, showed ongoing neotectonic
activity throughout the Quaternary period. This activity reactivated deep structures, creating features on
the seafloor that pose seismic hazards to the Levantine basin.

The session concluded with a discussion on the challenges of effectively communicating the risks of
submarine landslides and geological hazards to the public and policymakers. While Italy has made
signficant progress in identifying landslide precursors and triggering factors, other countries need further
research to systematically address the characteristics and areas at risk. A critical challenge is bridging the
gap between scientific knowledge and policy action, as decision-makers often prioritize immediate
concerns over less visible but potentially catastrophic threats. Building trust and fostering ongoing
dialogue between scientists and policymakers is essential to promote a proactive approach to managing
these hazards.
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DISTRIBUTION AND MORPHOMETRY OF MASS-WASTING FEATURES ALONG THE TYRRHENIAN
CONTINENTAL MARGINS, WITH PARTICULAR REFERENCE TO THE SOUTHERN ITALY

Daniele Casalbore 1* and Francesco Chiocci 1
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Abstract

The Italian continental margins are generaly affected by mass-wasting processes, mainly including landdlide scars and submarine
canyons, often largely indenting the continental shelf. In this paper, we present the spatial distribution of such processes as well as
a preliminary morphometric analysis of these features, mainly focusing on geologically-active margins in the Southern Tyrrhenian
Sea. The potential hazard associated with these events is very high, considering their proximity to the coast and the retrogressive
evolution that commonly characterizes such features, as also demonstrated by historical damages to coastal and offshore

infrastructures along the Italian coastlines.

Keywords: Continental margin, Tyrrhenian Sea, Geohazards, Bathymetry

The bathy-morphological setting of Italian continental is complex and largely
variable mainly in relation to the interplay between sediment supply, sea-
level fluctuations, tectonic evolution, volcanic (along insular margins) and
erosive-depositional processes [1]. These margins are affected by a large
suite of mass-wasting features (i.e., erosive scarps, landslide scars and
associated deposits, canyons and so on) ranging at different and temporal
spatial scales. More than 8,000 landslide scars and some hundreds of
submarine canyons, sometimes deeply indenting the continental shelf, were
mapped along most of the Italian Continental Margins through the
multibeam data collected in the framework of the MaGIC Project (2007-
2013). Mass-wasting processes are largely concentrated in geologically-
active margins, such as the Ligurian, Eastern Sardinian, Calabrian and Sicilian
margins (e.g., [2; 3; 4]), and along the submarine flank of insular volcanoes
[5]. In such areas, mass-wasting features are recognized from coast to over
2500 m water depth, affecting large percentage of the continental slope, up
to 97% off the W Pontine islands in the Central Tyrrhenian Sea [6]. Our
analysis shows that small-scale (e.g., diameters of tens or hundreds of
meters) landslides scars are mainly recognizable aong the flanks and
headwall of submarine canyons as well as aong tectonically-controlled
scarps present on the margins. Landslide deposits associated with these
scars are rarely recognizable on the bathymetry. Differently, open-slope
failures tend to have larger size (a few kms in diameters) and it is often
possible to recognize the associated deposits on bathymetry. The number
and density of landdide scars largely varies between open-slope and
canyons as well as between different margins. For instance, we counted over
400 landslide scars along the Calabrian Continental Margin encompassed
between Capo Vaticano and Scilla or 450 submarine landslide scars affecting
the submarine flanks of the active Vulcano volcano. We measured the main
morphometric parameters of these landslide scars and roughly computed
their tsunamigenic potential through semi-empirical equations available in
literature [7]. The results shows that several shallow-water landside scars
have potentially generated local tsunami waves that affected the facing
coastlines. Because of the proximity of landdlide scars and canyon heads to
the coasts and the common retrogressive evolution of these slope failures
and the concomitant occurrence of multiple predisposing, preparatory and
triggering mechanisms, the morphological evolution of these areas should be
carefully monitored in the next future, mainly in consideration of the strong
anthropization and touristic exploitation of these coastlines. The high hazard
associated with retrogressive slope failures is demonstrated by historical
examples along the Itaian and French coastlines, such as the 1977, 1979 and
2005 landslides at the head of the Gioia, Var and Punta Alice Canyons,
respectively [8; 9; 10] or the Stromboli 2002 landslide [9] and reference
therein).
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Abstract

By using high quality deep 2D and 3D seismic dataset) and grounding our observations on a detailed seismic mapping of the
Messinian to quaternary units we produce evidence and a detailed 3D mapping of the Levantine Fracture System across the shelf
edge aong the offshore Northern Lebanon. We do provide and discuss examples for those Neogene-Quaternary structures
pointing that the main regional tectonic activities re activated deep structures and persisted across the Quaternary producing active
structures affecting the seafloor which represent potentially a seismic hazard for the Levantine basin.

Keywords: Tectonics, Levantine Basin, Sediments, Seismics

Introduction

The eastern Mediterranean Levant Basin is an area where the effect of an
adjacent major strike-dip fault in a complex geodynamical context can be tested.
Recent fieldwork has shown crustal shortening and mountain building in
Lebanon to be initiating only around 10-15 Ma ago [1]. Strong evidence for
recent and ongoing shoreline uplift along the coast, happened most prominently
between Beirut and Tripoli [1]. Moreover, the identification of active thrust
faults in the Tripoli region [1; 2] proposed the existence of a large thrust fault
system (MLT, Mount Lebanon Thrust) underlying the L ebanese flexure, which
would reach the surface in the offshore area between the cities of Saida and
Tripoli. Despite the presence for structures taking up the convergent
component of motion within the bend has since then been acknowledged none
had been adequately mapped the 3D structures affecting the Messinian salt and
the post Messinian deep water deposits.

Dataset

The dataset consist of around 3067 km? of merged Post-Stack Time Migrated
3D seismic cubes and several deep 2D seismic lines from Petroleum Geo-
Services (PGS) acquired and processed between 2006 and 2013 were used in
this work across the northern Levant Basin. All data were acquired and
reprocessed through time with the same acquisition parameters as a part of the
Lebanon MC 3D project. The final stack data are represented as zero-phased
data and displayed with SEG reversed polarity . As in the Lebanon offshore
basin, there are no publicly released well data-to-date, stratigraphic correlations
(including their nomenclatures) of the different units based on previous studies.
Average P-wave velocities for these intervals (2000, 4200 and 3000 m/s,
respectively) are derived using information from exploration wells in the
southern Levant Basin and data-processing reports by PGS Geophysical AS.
Using the end-member velocities and frequencies, we estimate a vertical
resolution (defined as tuning thickness, /4 = v/4F, being) of 10, 42 and 44 m,
respectively. [3] suggest a velocity of 3600-4000m/s for the top salt units in
our paper showing a dominant frequency of 45Hz.

Results

We did explore the offshore expression of the recent shortening in Northen
Lebanon linked to Levant Fracture System (LFS) which are flanking transform
fault related to the Dead Sea fault system . Grounding our observations on a
detailed seismic mapping of the Messinian to quaternary units we produce
evidence of thrust linked to the LFS across the shelf edge along the offshore
Northern Lebanon. Neogene active shortening in the offshore Lebanon were
already in part observed and mapped by the Shalimar cruise [1] but here we did
focus on a detail mapping of the 3D structures including the Aabde-Rankine
oblique thrust fault architecture and the surrounding fold structures affecting the
Messinian units and the post Messinian deposits. The structures in part re-
activate well known Mesozoic structures and are represented by both anticline
and oblique ramp thrust structures affecting the seafloor and producing mini
thrust top basin (Figure 1).
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Fig. 1. E-W seismic section across the Northern offshore Lebanon. The main
structure represent a fold and thrust ramp affecting the Messinian units and
deforming the Plio Pleistocene Units.

The Mini basin provides the opportunity to study the geometry characteristics
of the basin-filling deposits and their timing respect to the neo tectonic activity.
In other case they deform both the Messinian Units (laterally pinching out
toward the shelf) through both soft linkages affecting the post Messinian deep-
water and deep water units mapped across the shelf edge. The structures are
partly coeval with but un-related to the salt tectonic activity observed in the
slope basin offshore Lebanon. We then do provide and discuss examples for
those Neogene-Quaternary structures pointing that the main regiona tectonic
activities persisted across the Quaternary and produce structure which
represent potentially a seismic hazard for the L evantine offshore basin.
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Abstract

The Aedlian-Tindari Letojanni Fault System (ATLFS) is a seismically active dextral strike-slip fault system representing the
superficial expression of the Subduction-Transform Edge Propagator (STEP) fault at the southwestern edge of the lonian Slab. We
combined morphostructural and seismological analysis to describe the tectonic setting of the sector of the upper plate insisting
above the northernmost portion of the STEP fault. This is a region where slab dynamics determine a complex tectonic and
geodynamic framework that influence relative movement of crustal blocks, volcanism and seismic activity.

Keywords: Tyrrhenian Sea, Tectonics, Seismics, Aeolian Arc

Introduction

The Gulf of Patti extends from Capo Calavato Capo Milazzo and separates the
island of Vulcano from the northeastern coast of Sicily. It isaseismicaly active
tectonic depression controlled by the ATLFS, an important structural boundary
that separates crustal domains featured by different rheology and styles of
deformation [e.g. 1, 2]. Near the Sicilian coast, the transfer zone broadsin a set
of strike-dlip tectonic features that control the formation of basins and ridges
onshore and offshore [3]. The gulf, which is one of these basins (Fig. 1), could
be the expression of a step-over formed between two sectors of the ATLFS [4].
In this work we study the active deformation induced by the ATLFS, trying to
understand how it can relate to the deeper deformation induced by slab tearing.

Fig. 1. Location of study area. Schematic model of the ATLFS from [2].

Methods

The tectonic setting described in this study is the result of a morphostructural
analysis based on a detailed bathymetry map and a dense grid of seismic profiles
acquired with different seismic sources. A seismological analysis was conducted
to identify relationships between tectonic features and seismic activity.

Results

We map N-S to NW-SE oriented tectonic features that show an extensiona
dip-slip component. The major faults are on the lateral margin of the tectonic
depression, where the seafloor is shaped by two canyons. The Gulf of Patti is
one of the most seismically active areas of Sicily. Earthquakes concentrate on
the two sides of the Gulf, near the Sicilian coast and onshore. Their foca
mechanisms confirm the presence of an extensional domain inside the gulf and
the strike-slip component of the mapped faults.
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Discussion and Conclusions

The gulf is featured by the overstepping of large-scale strike-slip faults. This
tectonic setting is compatible with transcurrent motion expected in the shear
zone insisting on the southwestern termination of the Calabrian slab, where a
STEP fault induces significant deformations of the upper plate
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Abstract

Submarine landdlides are hazardous geological events due to the threat posed to coastal infrastructures and their tendency to
generate tsunamis. Canyons are one the most prone areas for submarine landslides and the retrogressive failures affecting canyon
heads, reducing their distance from the coast, increase their hazardous potential. In general, stability at canyon heads is less known
compared to deep water landslides and the assessment of their hazard is crucial. Our analysis, focused on landslides occurring at
the canyon heads in the Mediterranean Sea, aims to highlight which processes and to what extent affect sope instability processes.
Anayzing different case studies, a time-based classification of controlling factors (i.e. predisposing, preparatory, and triggering)

leading to landslides at the canyon heads has been constrained.

Keywords: Geohazards, Mediterranean Sea, Canyons, Continental slope

Introduction

Shallow-water instabilities, as those occurring at the head of shelf-indenting
canyons, are as hazardous for coastal infrastructures and settlements as very
difficult to study due to: 1) the poor penetration of seismic sources, 2) the
usual disintegration of failed sediment mass, and 3) the frequent overprinting
of multiple events. To reduce the knowledge gap due to the lack of
monitoring when instabilities at canyon heads occur, arevision of published
case studies was performed. The scale of the landslides and the potential
factors conditioning the slope instability process have been defined through
reiterative discussions among experts and detailed analysis of case studies. A
time-based classification of landsides controlling factors, such as
preconditioning (long scale), preparatory (short scale), and triggering
processes has been applied following the approach used for subaerial mass-
wasting in the RETURN project.

Results and Discussion

The predisposing factors are those considered invariable at the observational
scale; with this perspective, from our analysis emerged that a high
sedimentation rate (>1 mm/yr) and slope morphology (> 20°) are the most
important factors predisposing small-scale landslides (<1 Mm3) as those
occurring on the Calabrian, Sicilian and Ligurian slopes [1,2]. In addition to
these factors, medium-scale (>1 Mm?3) and tsunamigenic landslides are also
influenced by the stratigraphy and especially by the presence of weak layers
[3]. The preparatory factors are those changes considered time-variable or
cyclical at the observational scale. Therefore preparatory are the processes
that increase the sedimentation rate as the seasonal occurrence of flash
floods [1], submarine depositional terrace formation [4], littoral drift [1], and
other processes like groundwater level variation [3].

The triggering events are processes that act in a short and well-defined
time. Triggering factors for small-scale landdlides are earthquakes [2], storms
[1], and extreme flash-floods [1]; medium-scale landslides, according to the
case studies analyzed, are principally triggered by anthropic activity [3,4].
The mass-wasting process is therefore fully constrained in a chain of
processes and states with different temporal durations of influence
controlling the failure occurrence. Our analysis highlights that without real
monitoring of pre-, sin and post-failure conditions, the same factor can be
considered either preconditioning, preparatory or triggering such as the
sedimentation rate that can be predisposing (as it produces a genera
proneness to instability not allowing overpressure to dissipate), but it may
also be preparatory (when it increases in a relatively short time change in
littoral regime or river inputs) and trigger the failure (in case of extreme load
due to flash flood or sediment dumping). Of course, the usua lack of very
important information such as the geotechnical (often even lithological)
character of the failed mass makes the identification but especialy the
quantification of these factors very difficult for the submarine landdlide.
However, the elaboration of alandslide predictive model according to atime-
based approach may be crucial, providing a conceptual framework for sea
hazard mitigation and identifying the knowledge gaps that need to be
detailed.
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CIESM Congress Session : Coastal and shelf-to-basin processes
Moderator : Ahmed Elshazly

Moderator's Synthesis

The session on “Coastal and shelf-to-basin processes” hosted four contributions that shed light on the
importance of using the past as a key to understand the future. The presentations covered different spots
in the Mediterranean; from Sardinia and Sicily in Italy to the Nile Delta subsurface in Egypt, as well as,
different geological periods including: post Last Glacial Maximum, Plio-Quaternary and late Neogene to
mid Pleistocene. A land-sea stratigraphic continuum of the aeolian architecture of the western coast of
Sardinia has been used to reconstruct the transgressive post-LGM episodes, and related coastal dynamics,
this has been done by coupling geomorphological and stratigraphic information of the modern and ancient
deposits outcropping along the coasts with geophysical and HR bathymetric data from the facing
continental shelf. Still in the north-western part offshore Sicily, where the use of different seismic sources
allowed developing a detailed seismostratigraphic characterization of the Transgressive Systems Tract
and the Highstand Systems Tract and the reconstruction of their sedimentary and morphological
evolution. The dataset consisted of high-resolution seismic profiles, integrated with cores and grab
samples. Moving southward, The stratigraphic succession of the Plio-Quaternary megasequence in north-
central Nile Delta in Egypt has been studied employing seismic stratigraphy, 3D geomorphology, and
detailed cyclostratigraphic and electrofacies analysis lead to a detailed depositional dynamics across a
transitioning open-marine to deltaic environment, marked by evolving sedimentation from hemipelagic
conditions to mass-transport deposits and channel-levee systems, in addition to refining the age model for
the sequence, offering insights into sedimentary processes, paleocurrent dynamics, and the potential for
hydrocarbon accumulation within high-quality reservoir facies. Land-Sea exchange was present in the
session as well through a study detailed the input of continental water to sea along the Arda and Stirone
Rivers, northern Apennines in late Neogene to mid Pleistocene. The behavior and temporal changes in the
Sr isotope system were studied by analyzing the radiogenic 87Sr/86Sr and stable 88Sr/86Sr ratios in
skeletons of fossil shells and recent organisms. The 87Sr/86Sr ratios display a pronounced excursion
(~0.7090 to ~0.7088) at ~5Ma indicating an enhanced input of continental waters to the sea. The
88S1/86Sr ratio (expressed as d88/86Sr ~0.39%o) is constant and similar to the modern value. The isotope
balance of the two Sr isotopic systems suggests that the discharge of brackish submarine groundwater
from the continents to the sea is an important but generally neglected pathway in the marine Sr budget.
Regarding the importance of the session’s topic, the session was highly interactive, fostering a rich
dialogue recommending the importance of having more research work on coastal and shelf-to-basin
processes in the Mediterranean.
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Abstract

The sole examples of currently stabilized and active transgressive dune fields in Italy are on Sardinias west coast, due to
conditions of strong unimodal wind from the north-west. In the context of a MUR-PRIN 2022 Project we present a series of
preliminary results regarding the coast of Piscinas (Sardinia, Italy), where an active dunefield develops, covering 132 ha
Geomorphologica and stratigraphic information of the modern and ancient deposits outcropping along the coasts is coupled with
geophysical and HR bathymetric data from the facing continental shelf. The main aim is to obtain a land-sea stratigraphic
continuum of the aeolian architecture in order to reconstruct the transgressive post-L GM episodes, and related coastal dynamics.

Keywords: Coastal processes, Continental shelf, Stratigraphy, Sealevel, Tyrrhenian Sea

Coastal transgressive dune systems are large-scale, mobile, partialy
vegetated dune complexes that can de-couple from the backshore and migrate
inland. Coastal transgressive dunes are found worldwide, but require
abundant sediment and wind energy to develop the complicated cut-and fill
sequences seen in mature systems. The only examples of stabilized and
active transgressive dunefields in Italy are found along the west coast of
Sardinia, where they are exposed to strong winds with a unimodal wind
regime from the north-west (Mistral). Today, there are no significant or
extensive sedimentary sources, and active aeolian systems tend to migrate
inland. As evidenced by Andreucci et al. (2010), several phases of active
wind transport to the hinterland with the deposition of aeolianites have
aready been documented in the past, probably when a lower sea level
exposed large areas of the shelf and therefore offered a greater contribution
of sediment to onshore winds. The studies carried out in the geographical
area concern the stratigraphy of Middle and Upper Pleistocene aeolianites
that outcrop along the west coast of Sardinia. Information on the active
dynamics and morphology of the dunefields, as well as on the
superimposition (and/or cannibalisation) of the transgressive aeolian bodies
linked to the sealevel rise-and-fall history is still poorly understood. Due to
the tectonic stability of Sardinia, the stratigraphic sequence records an
amost uninterrupted succession of paeoclimatic events (MIS) that
governed wide sea-level fluctuations during the late Quaternary, resulting in
a succession of transgressive-regressive domains and subsequent coastal
adaptation. After the Thyrrenian highstand (MIS 5e) sea level dropped
progressively, alowing for the development of dunefields on more wind-
exposed areas along the west coast of Sardinia (Pascucci et a., 2018). Similar
conditions and subsequent sea level fall exposed the shelf up to at a depth of
-125 m (Deiana et a., 2021) during the LGM. The subsequent Holocene
transgression induced a rapid flooding of the shelf, and a consequent
overstepping of the submerged landforms, as the transverse barrier-dune
systems discovered off the coast of Oristano (De Falco et a., 2015). Here
there is no evidence of transgressive aeolian bodies inland. Conversely, there
is no evidence of transverse barrier-foredunes on the inner shelf facing the
large transgressive dunefield of Piscinas. This opposite information can be
associated to the possible evolutionary trajectory for coastal transgressive
dunefields suggested in literature: in the lack of foredune, transgressive dune
sheets can freely migrate inland from the backshore. In this context, two
major questions regarding the occurrence of the aeolian activity remain
unanswered: (i) what are the specific conditions triggering historic and older
pulses of aeolian activity (i.e. transverse vs. parabolic) along the Sardinia
coast? (ii) what is the significance of the dune building phases within the
broader regional or even global context? In the framework of a project
funded by the Italian Ministry of University and Research (MUR-PRIN
2022), here we present the preliminary results regarding the land-sea
continuum of the coast of Piscinas (Sardinia, Italy), where an active
dunefield develops over 132 ha. The main aim is to investigate the role of
transgressive aeolian episodes as potential environmental indicators as part
of alarger understanding of their significance on alocal and global scale.

The first results are based on a detailed geomorphological description
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obtained by UAV and GPR surveys in Piscinas dunefield, as well as a
stratigraphic survey of the Pleistocene aeolianites outcropping along the
coasts. The main parabolic dune, aligned with the prevailing Mistral wind
(from the northwest), extends from the coast for about 2 km inland to a
maximum atitude of 113 m. Topographic sections and GPR profiles show
the presence of a geologica control due to the gradually sloping Paleozoic
rocky basement over which the dune accommodated while climbing. The
transgressive climbing dune is characterised by typical foreset beds dipping
in the landward direction, with a series of well-marked bounding surfaces
separating possible erosional/cannibalisation phases, as reported in the
figure. Buried post-LGM (Late Glacia Maximum) aeolian deposits of
partially consolidated sands were also recognized. These sands represent the
sediment layer of the established transgressive dunefield and serve as the
sediment source of the current active dune lobes, migrating downwind.
Extensive outcrops of Middle and Upper Pleistocene aeolianites throughout
the coasts attested to extensive aeolian activity in the context of sea level
rise variation and tectonic stability in the past. On the continental shelf
facing the study area, geophysical data have been acquired in the last 15
years, including high-resolution morpho-bathymetric surveys, acoustic
backscatter maps, and high- and very-high-resolution seismic profiles.

A preliminary examination of the marine landforms on the inner shelf reveals
the presence of parabolic bodies at a depth range of 31-40 m. These relict
coastal landforms, which may have been subjected to early cementation (as
previously explored at neighboring sites), attest to an aeolian pulse affecting
the exposed continental shelf during the LGM, as a continuum to connect
with the analogous signature on land.

The comparative stratigraphic and morphological analysis of present-day
active dune fields and the transgressive deposits resting along the shelf will
alow to reconstruct the unconformity surface related to the last sea level
fall, the stratigraphy of the barriers and dune systems formed during the
transgressive phases, partialy preserved along the shelf, as well as the
stratigraphy of the modern dune systems. The integrated analysis using
direct and indirect stratigraphic information collected in the coastal area will
permit to reconstruct the depositional palimpsest and order of
accommodation of several aeolian transgressive bodies during the
transgression, thus highlighting possible differences or ana ogies between the
present regime and the climatic phases that drove the aeolian activity during
the late Quaternary.
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CLIMATIC CONTROLS ON THE EVOLUTION OF THE PLIO-QUATERNARY SEDIMENTARY COVER IN
THE NILE DELTA SUBSURFACE (EGYPT)
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Abstract

The stratigraphic succession of the Plio-Quaternary megasequence in north-central Nile Delta includes the Kafr El-Sheikh, El-
Wastani, Mit-Ghamr, and Bilgas formations. Employing seismic stratigraphy, 3D geomorphology, and detailed cyclostratigraphic
and electrofacies analysis, we accurately define their high-resolution stratigraphic architecture and associated depositional systems.
Our results detail depositional dynamics across a transitioning open-marine to deltaic environment, marked by evolving
sedimentation from hemipelagic conditions to mass-transport deposits and channel-levee systems. This study also refines the age
model for the sequence, offering insights into sedimentary processes, paleocurrent dynamics, and the potentia for hydrocarbon

accumulation within high-quality reservoir facies.

Keywords: Stratigraphy, Nile Delta, Sediment transport, Deep sea sediments, Seismics

The stratigraphic succession of the Plio-Quaternary megaseguence in the north-
central part of the Nile Delta comprises four main rock units: 1) the Kafr El-
Sheikh Formation (Early-Middle Pliocene), 2) El-Wastani Formation (Late
Pliocene), and the Quaternary, 3) Mit-Ghamr, and 4) Bilgas formations. The
analysis of stratigraphic succession of the Plio-Quaternary megasequence in the
north-central part of the Nile Delta stratigraphic units according to the
principles of seismic stratigraphy and 3D geomorphology, combined with
detailed cyclostratigraphic and electrofacies analysis (wireline logs), results in a
high-resolution definition for their stratigraphic architecture and the associated
depositional systems. Our results confirm the depositional dynamics of the
overall prograding Plio-Quaternary megasequence from the Kafr El-Sheikh to El-
Wastani succession [1] characterized by sedimentation in an open-marine
domain initidly transitioning from hemipelagic sedimentation to rapidly
evolving mass-transport deposits (MTDs) and channel-levee systems (CLS)
typical of an active prograding prodelta subagueous deltaic subenvironments.
The configuration of CLS reveals a SW-NE trending flow, with some lateral
crevasse splays, suggesting a complex interaction between paleocurrent
dynamics and sedimentary processes in the basin. The upper part of the Kafr
El-Sheikh Formation is characterized by a transition to a more proximal
environment of submarine fans a the base of clinoforms affected by
characteristic mega sediment waves associated with hyperpycnal currents at the
base of sub-marine canyons. El-Wastani Formation (Late Pliocene) were
deposited as a constructive delta front pushing its way northward, characterized
by a coastal environment of deltaic bars and distributary channels. The
Pleistocene Mit-Ghamr Formation evolved as a direct result of significant fluvial
input, organized as laterally extensive sand-rich bars, typica of the
establishment of sandy deltaic plain environments. This study thus
demonstrates the progressive infilling of the post-Messinian available space by
a prograding Plio-Quaternary sequence. The cyclo-stratigraphic study has
permit us to propose a more precise age model from the base of the Pliocene
(5.33 million years) to the top Kafr El sheikh Formation (ca. 2.5 million years).
The Nile plio-quaternary mega sequence is subdivided into seven 400,000-year
sub-sequences. The base of each sequence is characterized by a submarine
erosiona truncation surface potentially linked to significant changes in climate
events. Both Mass-Transport Deposits (MTDs) and Channel-Levee Systems
(CLS) are capped by hemipelagic sediments, creating favorable conditions for
the accumulation of hydrocarbons within high-quality reservoir facies.
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Fig. 1. The 3D seismic block used for the 3D geomorphological and seismic
stratigraphic study is located above the Damietta branch of the Nile Delta, near
the hinge line corresponding to the edge of the Tethys carbonate platform [2].
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LATE PLEISTOCENE TO HOLOCENE RELATIVE SEA-LEVEL RISE IN THE NORTH-WESTERN SICILY
OFFSHORE: THE CASTELLAMMARE BASIN EXAMPLE

Maria Rita Mancuso 1*
1 Consiglio Nazionale delle Ricerche IRBIM-CNR - mariamancuso@cnr.it

Abstract

The post Last Glacial Maximum (about 30-19 cal. kyr b.P.) transgression of the continenta shelves testifies how coastal
environments dramatically migrated landward, in a brief span of time, and how their sedimentary architectures revea the interplay
between depositional and erosional processes. We discuss the sedimentary evolution of the Transgressive Systems Tract and the
Highstand Systems Tract of the Castellammare Basin, NW Sicily offshore, during the Holocene to Present by the application of
Sequence Stratigraphy concepts. The dataset consists of high-resolution seismic profiles, integrated with cores and grab samples.
The use of different seismic sources alows us a detailed seismostratigraphic characterization of the TST and HST and the

reconstruction of their sedimentary and morphological evolution.

Keywords: Sea level, Mediterranean Sea, Continental shelf, Seismics, Stratigraphy

Relative sea-level curves, established for the Centra Mediterranean region,
taking into account glacio-hydro-isostatic effects, assess small variations in the
rate of the relative sea level rise since the Last Glacial Maximum [1]. However,
morpho-bathymetric and seismic stratigraphic studies have depicted drowned
coastal features (cliffs, terraces, barrier beaches and infralittoral wedges), which
occurred at specific water depth intervals (between -100 m and -70 m; between -
65 and -40 m) and have been attributed to phases of decreasing rate or relative
sea level stillstands, preceded and followed by phases of rapid sea level rise
likely the Melt Water pulses [2]. Analysis of high-resolution seismic profiles,
integrated with cores and grabs from the north-western Sicily offshore enable
the reconstruction of the stratigraphic variability of the post-glacia
transgression and highstand, and the understanding of the interactions of
different controls (hydrodynamics, sedimentary supply, moderate regional
uplift) on the accommodation space during each sedimentary stage.
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Fig. 1. Morphobathymetric scheme of the Castellanmare Basin, showing the
main geomorphological and sedimentary features of the continental shelf and
upper slope. In the box, regional location of the study areais shown.

Marine areas of north-western Sicily belong to the Sicilian-Maghrebian thrust
belt, which was generated by Africa-Europe plate convergence [3]. Above the
unconformable type 1 sequence boundary, the Last Depositional Sequence
Q.5.e. [4] consists of four late Pleistocene to Holocene sedimentary units,
comprising Falling Stage Systems Tract (FSST, MIS 3 and MIS 2), Lowstand
Systems Tract (Last Glacial Maximum, upper MIS 2 about 20 ka b.P.),
Transgressive (TST, 18 ka— 6.0 ka b.P.) and Highstand ( HST, 6 ka— 0 kab.P.)
Systems Tracts. The TST is particularly well developed and is composed of up
three parasequences, with a retrogradational stacking pattern; accumulation
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occurred only in areas with a consistent supply of sediment, while laterally
shoreface erosion prevailed. The HST (up to 30 m of thickness) is made up of
two parasequences with an aggradational to progradational stacking pattern. The
main depocenters are located along a stretch of coast supplied by several small
seasonal streams, and sedimentological analysis suggests a great efficiency of
sedimentary supply and longshore transport. In the highstand evolution, fluid
migration played adecisive rolein triggering slides and slumps.
N S

(1m) 'sw) ipdsg
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of
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Fig. 2. Sliding structures affecting the Holocene Highstand Systems Tracts.
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RADIOGENIC 87SR/836SR AND STABLE 838SR/86SR RATIOS IN LATE NEOGENE TO MID PLEISTOCENE
MEDITERRANEAN WATERS- THE ROLE OF BRACKISH SUBMARINE GROUNDWATER DISCHARGE
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Abstract

The behavior and temporal changes in the Sr isotope system in Mediterranean seawater between ~5.3 to ~0.8 Ma were studied by
analyzing the radiogenic 87Sr/86Sr and stable 88Sr/86Sr ratios in skeletons of fossil shells and recent organisms. The fossils were
collected in marine sedimentary rocks exposed along the Arda and Stirone Rivers, northern Apennines. The 87Sr/86Sr ratios
display a pronounced excursion (~0.7090 to ~0.7088) at ~5Ma indicating an enhanced input of continental waters to the sea. The
885r/86Sr ratio (expressed as d83/86Sr ~0.39%o) is constant and similar to the modern value. The isotope balance of the two Sr
isotopic systems suggests that the discharge of brackish submarine groundwater from the continents to the sea is an important but

generally neglected pathway in the marine Sr budget.

Keywords: Geochemistry, Sediments, Time series, Adriatic Sea

The temporal changes in the Sr isotopes: the 87Sr/88Sr (the radiogenic Sr
isotope ratio) and the 88Sr/86Sr (the stable Sr isotope ratio) comprise a
powerful tool to evaluate and quantify the sources, sinks, and input fluxes
of Sr and Cato the oceans. It appears that the input fluxes of Sr and Cafrom
rivers and hydrothermal sources (at the mid-ocean ridges) are not in balance
with the output fluxes. Previous studies suggested that this imbalance
reflects a delay in the Sr input stemming from the difference in the
weathering regime of continental material during glacial and interglacial
periods. This study is an attempt to deal with this topic by analyzing the
Sr-isotopic ratios and chemical compositions of the fossils collected from
the sedimentary marine sequences of the late Neogene— Pleistocene
Mediterranean Sea (spanning the time interval of ~5.3t0 0.8 Ma) [1]. These
marine sequences were deposited in the ancient “ Po Bay” and are exposed at
the banks of the Stirone and Arda rivers that currently flow from the
northern slopes of the Apennines to the Po Valley. The Sr isotope and
chemical data were used to construct a simple box model that helped to
evauate the question of the Sr balance in the oceans. The marine
sedimentary sequence contains various fossils: brachiopods, mollusks (e.g.,
Pectinids), and foraminifers that were collected from the exposures and
identified, observed petrographically under the binocular microscope, and
analyzed chemically and isotopicaly. First, we established the fractionation
factors between gastropods and pectinid skeletons and seawater, which are
needed for assessing the effect of the bio-mineralization mechanisms in
brachiopods and mollusks and consequently the successful reconstruction of
Pliocene-Pleistocene seawater. The isotope analyses indicate that during the
studied timeinterval of ~5.3t0 0.8 Mathe 87Sr/86Sr ratios follow the global
array with a significant excursion to lower values around ~5 Ma that is
attributed to the contribution of continental groundwater whose enhanced
flow is related to the hydroclimate conditions in the early Pliocene (Fig. 1).
We think that the contribution of continental brackish groundwaters to the
sea, a generaly neglected pathway, is an important component in the global
budget of marine Sr (Fig. 1). The importance of this water source is reflected
by the calculated 588/865 ratios and the measured modern ratios, which are
largely constant. This means that the amount of Sr that was deposited in the
oceans versus the amount that was removed remained roughly the same
during the past 5 Ma. We conclude that the Sr budget cannot have been
balanced only during the ice ages. Modeling of al known inputs to the
marine water indicates a missing Sr source [1], which we attribute to the
inflow of brackish submarine groundwater discharge from the continents.
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Fig. 1. The87s/88sr (left) and 588/86Sr (right) ratios of the seawater of the
Plio-Pleistocene Po Bay presented on the columnar section of Stirone River
(according to [1]). The middle shows the 87Sr/88Sr ratios measured on the
different groups of marine organisms. From them, the 87Sr/86Sr seawater
values were caculated. Time anchor points, Pliocene and Pleistocene
Epochs, and the time span of the first cooling event [2] are marked. The
purple area in the 87Sr/86Sr section shows the results of this study and the
blue area represents the generally accepted coeval range for seawater [3].
The red arrow shows the evolution of the seawater 588/86r ratios according
to the model of [4].
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CIESM Congress Session : Open Ocean Processes
Moderator : Bayoumy Mohamed

Moderator's Synthesis

The session covered various topics based on experimental, observational, and modeling studies of open
ocean processes, focusing on the Mediterranean Sea and its sub-basins. Several important issues were
discussed, including deep water warming, carbonate system dynamics, dense water supply mechanisms,
light climate characterization, and ocean dynamics modeling.

These studies concluded that the observed warming of deep water in the western Mediterranean was
closely related to the history of deep convection and the interactions between deep and intermediate water
masses, emphasizing the role of turbulent mixing in heat transfer. The significant changes in the western
Mediterranean during the transition event, including warmer, saltier, and denser water properties, indicate
ongoing climatic shifts. The dynamics of the carbonate system were investigated in the southern Adriatic
indicating that physical processes such as the increased vertical mixing have a decisive influence on the
variability of the carbonate system in this region. The mixing of the deep water off Menorca shows that
there is considerable diapycnal mixing due to boundary effects, especially in times of increased dynamics.
This has an impact on regional mixing processes and nutrient distribution. A climate modeling study on
the dynamics of dense water in the Adriatic successfully reproduced historical ocean data and provided
insights into the properties of dense water in the Adriatic over three decades. Large-scale laboratory
experiments modeling the Strait of Gibraltar and adjacent waters revealed the complexity of turbulent
mixing and internal solitary wave formation and provided insights into the hydrodynamics of this critical
region.

In conclusion, the session provided a comprehensive overview of the evolving dynamics of the
Mediterranean Sea, emphasizing the interplay between ocean processes and climate change. The
discussions indicated the importance of continued research and monitoring to understand these complex
systems and their implications for marine ecosystems and regional climate.

*
+
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WARMING OF WESTERN MEDITERRANEAN DEEP WATER IN THE CONTEXT OF HALTED DEEP
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Abstract

Winter 2013 saw the last major open-ocean deep convection in the Northwestern Mediterranean Sea. Since then, Western
Mediterranean Deep Waters have evolved under the action of slow turbulent mixing processes. Warming rates of bottom waters
were close to zero between 2013 and 2018, and have increased to 0.002°Clyear since then. Warming of bottom WMDW are
tighly linked to the the history of deep convection and vertical gradients between deep and intermediate water masses. The
evolution is compatible with turbulent vertical diffusivity transfering heat down from intermediate depths.

Keywords: Warming, Time series, Deep waters, Monitoring, North-Western Medite

Since 1950, Western Mediterranean Deep Waters have warmed by about 0.3°C
[1]. This warming trend has been linked to the warming of surface and
intermediate waters propagating verticaly during intense deep convection events
in the Gulf of Lions (Northwestern Mediterranean Sea). In particular, WMDW
have undergone major abrupt shifts in their properties caused by intense deep
convection events occuring after a period of reduced convection intensity (e.g.,
the Western Mediterranean Transient in 2005, [2]).

The MOOSE network is a multi-disciplinary ocean observatory of the
Northwestern Mediterranean Sea runing since 2010 to monitor the physical,
biogeochemical and biological evolution of the NW Mediterranean Sea [3]. It
combines different platforms in order to resolve spatia and tempora gradients
using moored time series, autonomous platforms (gliders and Argo floats),
monthly CTD stations, and a yearly basin-scale cruise (MOOSE-GE, [4]).

After a period of intense mixing from 2009 to 2013 characterised by bottom
reached mixing at 2500m, the typical maximum mixed layer depth observed in
winter during the last decade (2014-2024) has only been of about 200-500m,
with the exception of winters 2015 and 2018 with mixing observed down to
respectively about 1500m and 1800m [5].
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Fig. 1. Vertical structure of WMDW observed during the MOOSE-GE cruises
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(thick line represent the mean profile). Each individual profile is represented by
athin line in the background, and the thick line is the mean profile. All profile
are colored according to the year of the MOOSE-GE cruise.

Until 2018, bottom WMDW were located below a slighty colder (and fresher)
WMDW, and no warming below 2000m observed since 2013. However, the
2018 deep convection event disrupted the temperature structure of WMDW.
The temperature minmum found at around 2000m disappeared and vertical
gradients of temperature of O(0.01/200 °C/m) started to prevail directly above
the homogenoeous bottom layer of WMDW (Figure 1).

This had further important consequences for the evolution of the bottom
WMDW, which are warming at a rate of 0.002°C/year since 2018. As vertica
temperature gradients became more intense above the bottom layer, these
gradients could convey heat fluxes all the way down to 2000m from warm and
sdty Estern Intermediate Waters (EIW) found at around 500m. EIW's
temperature and salinity have aso increased significantly during the study
period [5].

Considering typical vertical diffivity coefficient of K, = 104 m? s estimated
from microstructure profiles in the region [6], the slow turbulent diffusion of
heat between warm EIW and colder WMDW would typically flux O(10) mW
m2 to the bottom layer. This downward heat flux converges at the top of the
homogeneous bottom layer where fluxes drop to zero (due to temperature
gradients close to zero), hence contributing to the warming. A simple heat
budget for a 200m thick bottom layer would give a warming rate of O(0.001°
Clyear) associated with this typical heat flux. The intensity of vertical diffusion
due to turbulence, as well as the role of geothermal heating for the heat budget of
WMDW requires further assessments.
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EXPLORING CARBONATE SYSTEM DYNAMICS IN THE SOUTHERN ADRIATIC
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Abstract

The analysis of the time series of temperature, salinity, density, and of the carbonate system measured in the Southern Adriatic
Sea between 2008 and 2023 allowed to identify some relevant changes in the region. Since 2017 higher salinity and temperature
have led to increased vertica mixing suggesting that physical processes play an important role in the variability of the carbonate

system.

Keywords: Carbon, Ph, Open sea, South Adriatic Sea, Eastern Mediterranea

The Southern Adriatic Pit (SAP) is the deepest part of the Adriatic Sea (Fig. 1).
This area is characterized by the presence of a basin-scale cyclonic circulation,
and dense water forms in the center of the gyre through open-ocean winter
convection. This area is also characterized by the interaction of different water
masses: Atlantic water, Levantine surface and intermediate water and the dense
water of the northern Adriatic. The final characteristics of the carbonate system
are therefore the result of complex interactions between the different
oceanographic processes in this basin and the transit and accumulation of
different water masses.
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Fig. 1. Map of the study region. The black box identifies the Southern Adriatic

(SAd) and the red box represents the Southern Adriatic Pit (SAP).

The aim of the research isto investigate the temporal variability of the carbonate
system through the influence of physical and biological processes. We used data
from oceanographic cruises between 2008 and 2023 in the SAP as well as pCO,
data from the surface (2 m depth) acquired by an automated high-frequency
system at the EMSO E2M3A regional facility moored at the center of the SAP.
Samples for total alkalinity (At), pHyosec, dissolved oxygen (DO) and
inorganic nutrients (NO3, NO,, PO, and Si(OH),4) were collected. pH at in situ
temperature (pHy) andpCO, were calculated based on pHyosec, AT,
phosphate and silicate concentrations, pressure, in situ temperature and salinity
using CO2Sys software [1]. Apparent oxygen utilization (AOU) was calculated
as the difference between the oxygen saturation and the measured DO
concentration. Argo float profiles collected in this area (2010-— 2023;
doi:10.13120/bxf7-pb83) were aso analysed. From 2017, the entire water
column was characterized by warmer and exceptionaly salty waters. The
changes in the thermohaline properties in the SAP have led to increased vertical
mixing, resulting in a significant homogenization of the water column. The
concentration of At showed an increase particularly evident from 2017
onwards. Thisincrease could be attributed to the reported increase in salinity of
the SAP [2]. Similarly, a progressive decrease in both pHyo5.c and pHy was
observed in the subsurface and intermediate layers (Fig. 2a). The decrease in
pH+ is probably more related to the increase in temperature and CO, exchange
with the atmosphere. Biological processes and the increase in pCO, contributed
to the decrease in pHyo5ec in the intermediate layers. A pronounced seasonal
variability of pCO, was also observed, as shown by the high-frequency data
collected on the E2M3A. From 2019 onwards, higher pCO, concentrations were
observed in the intermediate layers, possibly due to the accumulation of CO, in
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the subsurface layers, which is then redistributed along the water column during
vertical mixing events (Fig. 2b). Analysis of AOU and inorganic nutrients has
revealed seasonal and depth-dependent variations with higher concentrations in
bottom waters. The effects of biological processes on the variability of the
carbonate system are likely to be less important compared to the changes
associated with thermohaline and physical processes.
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Fig. 2. Hovmoller diagram showing a decrease in (&) pHy250¢ and an increase in
(b) pCO, in the SAP.

This study highlighted that the warming and sdinification of the SAd has led to
relevant changes in the properties of the carbonate system, such as a decrease in
pHand an increase inpCO, throughout the water column. Continuous
monitoring of the area through an integrated oceanographic approach is essential
for understanding the response of the carbonate system in the Adriatic to
climate change.
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Abstract

Using 15 years of high-frequency data from the European Multidisciplinary Seafloor and water column Observatory (EMSO)
South Adriatic Regional Facility (moorings E2M3A, BB and FF), the occurrence of gravity currents in the deep South Adriatic Pit
(SAP) isinvestigated. Six different criteria were used for the investigation of gravity currents. Four gravity current events were
reported at the bottom of the SAP, in 2012, 2017, 2018 and 2022 (bottom mixing years). These events took place from mid-
February to June and are followed by a relaxation phase that lasts a few months. While the 2012 gravity current event was driven

by temperature, salinity played a governing role in the other years.

Keywords: Deep sea processes, Adriatic Sea, Instruments and tech, Gravity, Time series

Introduction

The Adriatic water masses that fill the deep SAP, are subject to the influence of
various physical processes that occur on different spatial and temporal scales
such as deep convection, double diffusive mixing (Amorim et al., 2024, Cardin et
al. 2020) and gravity currents. Deep convection rarely occurs in the SAP
(Cardin et d., 2011). Indeed, bottom water masses in the pit are renewed by
gravity currents of high-density water, the North Adriatic Dense Water
(NAdDW), which originates in the northern Adriatic where shelf convection
occurs (Vilibic et al., 2023). These gravity currents flow along the western flank
of the Adriatic and reach the SAP as intermittent pulses through the Canyon of
Bari.

Results

To determine the arrival of gravity currents in the deepest layer of the southern
Adriatic we applied six different criteria to different parameter time series. The
first two criteria consist of deriving the normalized local-temporal variance (7/x)
(2).

Nx — 7
iix = Ix — (nx)

”(”\’)
for density (rho), potential temperature (theta), salinity (S) and oxygen (O) at
E2M3A and density at BB and FF. It results that, for X=rho, 7x>1 (first
criteria) are observed at E2M3A, in the Bari canyon (BB) and in the open slope
areanorth of it (FF) only in the years occurring bottom mixing 2012, 2017, 2018
and 2022 (Fig. 1a). Moreover, there is a consistency for ix between the
different variables at E2M3A: strong 7x (X=rho, theta, S) occur only in the
years with a strong increase in 77x (X=0) (second criteria) associated with the
ventilation of the bottom layer of the SAP (Fig. 1b).

with iy = (X (1) = (X(8))a0)*)ar (1)

— Mo

Tip.o8.

Tix,eamza

Fig. 1. Normalised local-temporal variance for density (a) at the three moorings
and (b) for al variables at E2M3A

Comparisons were made between the density at the three moorings. It was
assumed that the density of the water masses at BB and FF during gravity

current events should be close to each other (third criteria):

Ap < 1with Ap = [{ppr)ac — (pss)arl (2)

and greater than the density at the bottom of the SAP (fourth criteria):

pPBB OF prr > pramza (3)

Years that fulfill these criteria correspond to the years of bottom mixing which
are determined by equation (1).

103

The high-density waters produced in the northern Adriatic were analysed during
the winter months using the equation (4 - fifth criteria). This criteria is only
verified for the years of bottom mixing.

(Max(pn))ar > 29.75 kg.m™ (4)

The analysis of the mixing ratio of water masses (sixth criteria) at the three
moorings, complemented by the analysis of heat fluxes and integrated salinity in
the northern and middle Adriatic, shows that the gravity current formed in 2012
was driven by temperature, while after 2017 salinity played a governing role.
Indeed, in 2017 (Fig. 2), the mixing ratio of these water masses confirms that
salinity isthe main driver as potential temperature increases.
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Fig. 2. Theta-S diagram of the different water masses involved in the mixing
process at the deep SAPin 2017.
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Abstract

The euphotic layer depth is a deterministic factor of phytoplankton productivity within the water column. In this study, we explore a
large spatiotemporal dataset of Secchi disk depths and subsurface PAR sensors to determine the long-term light climate trends in an
extensive region of the Western Mediterranean basin. Differences between two different ecoregions within the basin are aso

explored.

Keywords: |nstruments and tech, Global change, Mediterranean Sea

Introduction

The euphotic zone is the uppermost layer of the water column which receives
sunlight and therefore, where photosynthetic rates are higher than respiration by
the phytoplankton community. Water transparency, euphotic layer depth and the
light attenuation coefficient, can be easily determined using the Secchi disk
depth (SSD)[1]. Variation in maximum euphotic depth may depend on
environmental conditions such as wind regimes or temperature. However, in
contrast with the open ocean, coastal waters are generally less transparent due to
the input of particulate matter and nutrients from land [2]. These variations
determine the phytoplankton biomass and productivity. The main goal of this
study is to explore the light climate, defined as the variations in subsurface
natural light conditions [3], on the euphotic layer depth in the Western
Mediterranean.

Data and methods

To analyze the temporal trends of light climate we use the comprehensive
database of the RADMED project, which is along-term monitoring program of
the Spanish Oceanographic Institute Observing System (IEOOS) [4,5]. This
project has been seasonally monitoring hydrographic and biogeochemistry
parameters since 2007, including SSD, phytoplankton, and zooplankton biomass
samplings. From 2015 onwards, both surface and subsurface PAR sensors were
incorporated in the sampling strategy.

Results and discussion

The incorporation of PAR subsurface sensors has allowed calibrating the Secchi
empirical coefficient for the Western Mediterranean region, and to infer the
euphotic layer maximum depth (Fig. 1). Subsequent analysis of the long-term
evolution of light climate in the euphotic layer let us to identify differences
between the Alboran Sea and the Levantine Basin, two differentiated ecoregions
within the Western Mediterranean[6,7]. The constructed dataset also sets the
basis to infer the extent of the euphotic layer using other technologies such as
satellite imagery or artificial intelligence-based methods[8,9].
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Fig. 1. Left panel: Fluorescence profile (mg/m3, green line) with the measured
Secchi disk depth (black line). Right panel: Light attenuation (PAR/SPAR, blue
line) and the estimated euphotic layer depth inferred using the Secchi disk depth
(black line). The vertical blue line indicates the 1% CPAR.
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Abstract

Results from large scale laboratory experiments of aredlistic physical model of the Gibraltar Strait and adjacent Gulf of Cadiz and
Alboran Sea are presented. The physical model includes all forcings: the baroclinic exchange flow, the barotropic tide, the realistic
bathymetry and the Earth’ s rotation. Results show that experiments are able to model and correctly reproduce such alarge area of
250km x 150km with different dynamics, including turbulent mixing at the hydraulic control areas, the Mediterranean outflow
propagation in the Gulf of Cadiz and the formation of internal solitary waves propagating in the Alboran Sea, revealing intriguing

insights in the reach dynamics of the area.

Keywords: Gibraltar Strait, Sraits and channels

Results from large scale laboratory experiments of a realistic physical model
of the Gibraltar Strait and adjacent Gulf of Cadiz and Alboran Sea are
presented, including all forcings: the baroclinic exchange flow, the barotropic
tide, the realistic bathymetry and the Earth’ s rotation. The experiments were
conducted at the Coriolis platform at LEGI, Grenoble (France), the largest
rotating tank in the world. The baroclinic exchange flow was realized using a
lock-exchange configuration with two different salinities at each side. Scaled
semi-diurnal (M2) tides for both spring tide (ST) and neap tide (NT)
regimes were generated, including the transient with the superposition of the
M2+S2 tide. The experimental duration was of 13 rotational days. Similarity
has been achieved for the Froude, Rossby, Burger numbers, and the
Reynolds number is 5,000. Variation parameters in the experiments were the
density difference and the different barotropic flows. The results show that
experiments are able to model such a large area of 250km x 150km with
different dynamics, including turbulent mixing at the hydraulic control areas,
the Mediterranean outflow propagation in the Gulf of Cadiz and the
formation of internal solitary waves propagating in the Alboran Sea.
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175

lull (cm/s)
hod o ko

Fig. 1. Instantaneous PIV/PLIF image downstream CS (0,-3). Vertica scale
1/2,500, horizontal scale 1/25,000, velocity scale 1/20, density scale 6.25.
Bottom - Fluorescent dye highlighting the propagation of the MOW in the
different channels of the Gulf of Cadiz.

Measurements techniques were based on PIV in all regions at different
horizontal and vertical sections, including combined PIV/PLIF in high mixing
regions (Camarinal/Espartell Sills) which deliver the full turbulent fluxes
crucia for parametrization of small-scale turbulent processes (see Figure 1).
They appear to be very different during the different phase of the tide.
Intrusive devices (ADV, ADV profilers, SSH, CTD) have been used as well,
especialy to track the Mediterranean outflow in the Gulf of Cadiz. The
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dense water transport reveals to be crucially determined by the bathymetric
features (see Figure 1).
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Fig. 2. Hovmoller diagram of the Mediterranean interface during two tidal
cycles highlighting the internal tide, the soliton and small-scale instabilities
propagating in the Alboran Sea. (Bottom) Dye image with the evident
soliton with superposed characteristic velocity field. Speed: 8cm/s,
amplitude: 2cm, wavelength 20cm. Scales asin Fig.1.

Solitons are produced during spring tide (ST) at CS and propagate toward
the Alboran Sea (see figure 2), at each tidd inversion (West-Est).
Preliminary results suggest hence that they are not related to the relaxation
of the internal hydraulic jump downstream of Camarinal Sill, but rather from
an internal bore generated by the interna tide at CS at the tidal inversion
(West-Est).
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Abstract

The continental slope of Menorca has been suggested to be a site where persistent, depth-intensified diapycna mixing may occur
in the deep layers due to strong boundary mixing. Here, from hydrographic and current observations gathered across the
northeastern continental slope of Menorca between 2017 and 2020, we explore the occurrence of turbulent mixing enhancement
over the sloping boundary. Our results indicate that regional deep mixing intensification can occur in the Menorca continental slope

during periods of enhanced dynamics.

Keywords: Deep waters, Currents, Turbulence, Continental slope, Balearic Islands

Introduction

Deep waters, intermittently renewed in the Western Mediterranean, can
eventually be incorporated into the Mediterranean Outflow leaving the basin
through the Strait of Gibraltar. To be able to do so, deep waters must be
uplifted to a certain level [1] either by the production of new denser deep
waters [2] or by diabatic upwelling [3]. In the Western Mediterranean
interior, contribution of turbulent diapycna mixing to this process is known
to be generaly small [3]. However, deep mixing intensification is expected
during transient highly dynamic periods and near topography.

Strong, depth-intensified mixing has been suggested to occur in the deep
layers off Menorca during post-convective stages following major deep-
water formation events [4]. Near-boundary mixing intensification over the
deep continental slope and lateral export of well-mixed waters are
hypothesized by these authors. They show evidence of near-boundary
turbulent mixing intensification in observations during post-convective
stages of winter 2017-2018, and stress the similarities with a deep boundary
mixing mechanism thoroughly documented by [5] in the Southern Ocean.
This mixing mechanism is associated with topographical stress induced by
an abyssal along-slope flow that promotes large diapycna mixing levels and
lateral exchange between near-boundary, well-mixed waters and stratified
ocean interior waters.

Dataset and methodology

To explore the evidence of deep boundary mixing intensification shown in
[4], we analyze current and hydrographic data from an oceanographic
section repeated four times between summer 2018 and winter 2020 across
the northeastern continental slope of Menorca. We characterize the loca
deep boundary circulation and the development of conditions prone to
small-scale turbulence production over the topographic boundary. We aso
further analyze the hydrographic cross-slope observations during the
convective winter of 2017-2018 presented in [4], and expand the
observational record with a deep mooring deployed in the outer continental
slope.

Results

The analysis of the local deep hydrographic structure and currents in the
cross-slope oceanographic section between summer 2018 and winter 2020
enable us to characterize the variability of the deep boundary circulation and
the stability of the boundary flow off Menorca (Figure 1). From our results,
evidence of the development of the boundary mixing mechanism observed
by [5] will be presented. Additional evidence compatible with deep
boundary mixing intensification and lateral exchange between near-boundary
and interior waters is found in the observations of the convective winter of
2017-2018, and will be discussed.
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Fig. 1. Ertel's potentia vorticity field beneath 800 meters in January 2020,
during the RADMEDO0120 cruise. Solid lines indicate isopycnal levels every
0.001 kg m3 (the 29.11 kg m3 isopycnal is |abelled for reference).
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Abstract

An historical simulation of the kilometre-scale atmosphere-ocean climate model Adriatic Sea and Coast (AdriSC) was evaluated
against a collection of ocean observationa data in the 1987—2017 period. A comparison of the AdriSC simulation, the newest
reanalysis product for the Mediterranean Sea and the Adriatic atmosphere-ocean forecast model was performed in terms of their
reproduction of Adriatic dense water dynamics for the 2014—2015 period. The results of the AdriSC ocean simulation were then
used to obtain afirst kilometre-scale assessment of the Adriatic dense water dynamical properties during the 31-year period.

Keywords: Adriatic Sea, Deep waters, Salinity, Temperature, Water transport

Introduction

One of the main processes driving the circulation of the Adriatic Sea is the
formation of the North Adriatic Dense Water (NAddW). This water mass forms
on the open northern Adriatic shelf and in the Kvarner Bay during winter bora
events, subsequently spreading and ventilating the deep layers of the Adriatic.
Due to the complex geomorphology of the Adriatic region, processes at coastal
scale are very challenging to simulate, requiring sufficient model resolution. In
order to accurately reproduce the Adriatic dynamics at the climate scale, the
atmosphere—ocean climate model Adriatic Sea and Coast (AdriSC) has been
developed [1], with a horizontal resolution of 3 km and 1 km in the ocean, and
up to 3 km in the atmosphere. This research aims to perform a skill assessment
of the AdriSC ocean climate simulation and quantify the dense water dynamics
inthe Adriatic Sea.

Material and methods

The results of the ocean component of the 31-year (1987—-2017) AdriSC climate
simulation are compared to remotely sensed and in situ observations [2]. The
variables analysed include sea surface temperature and height for the 3-km
model, daily temperature and salinity, as well as hourly current speed and
direction for the 3-km and 1-km models. The results of four different
simulations during the 2014-2015 period, were compared in the reproduction of
Adriatic dense water dynamics. These are: the AdriSC historical climate
simulation, the most recent physical reanalysis for the Mediterranean Sea, and a
modelling system used in both hindcast and data assimilation modes [3]. The 1-
km AdriSC results were used to quantify the main phases of dense water
dynamics — generation, spreading and accumulation, by anaysing the
thermohaline parameters during the 1987-2017 period.

Results and discussion

The skill assessment of the AdriSC ocean simulation showed that the AdriSC 1-
km model is capable of reproducing the observed thermohaline and dynamica
parameters with good accuracy. The comparison of the different simulations of
Adriatic dense water dynamics highlighted that kilometre- or finer-resolution
atmosphere-ocean models and non-hydrostatic atmospheric models, fine vertical
resolutions in atmosphere and ocean, proper forcing of the open boundaries of
the models and an appropriate representation of the air-sea interaction, are
crucial prerequisites for modelling this process. The 31-year dense-water
analysis revealed that winter differences in NAddW density between the two
generation sites are primarily influenced by bottom temperature difference,
while the Kvarner Bay generation site contributes 25-35% of the overall
NAddW (Fig. 1). Further, the bottom of the deep Kvarner Bay accumulation
site is renewed annually, whereas the renewal of the bottom of the Jabuka Pit
and Southern Adriatic Pit occurs every 1-3 and 5-10 years, respectively.
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Fig. 1. Time series of monthly bottom dense water mass transported outward at
transects T1 (northern Adriatic; top) and T2 (Kvarner Bay; bottom) in the
1987-2017 period.
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Abstract

Recent water mass properties in the Western Mediterranean are investigated using data from the TAIPro22 cruise, as part of the
Med-SHIP Programme. The study focuses on changes in the Eastern Intermediate Water (EIW), and Western Mediterranean
Deep Water (WMDW). The Western Mediterranean Transition (WMT) event has led to significant modifications in deep water
characteristics, with warmer, saltier, and denser water spreading throughout the region. Recent oceanographic campaigns,
including the TAIPro22 cruise, provide insight into water mass properties, showing a progressive increase in salinity in the
intermediate layer. Comparison with historical CTD data over repeated stations further highlights climatic changes over a 20-year

period.

Keywords: Open sea, Algerian-Tyrrhenian , Salinity, Vertical profile, Western Mediterranea

The circulation in the Western Mediterranean Sea (WMED) is an open
thermohaline cell with three major water masses: the Atlantic Water (AW)
entering at the surface the Strait of Gibraltar to the west, the Eastern
Intermediate water (EIW) of eastern Mediterranean origin entering from the
Sicily Channel and the locally produced Western Mediterranean Deep Water
(WMDW). All these water masses are nowadays undergoing significant
changes in their properties (Chiggiato et al., 2023).

The Western Mediterranean Transition (WMT) generated warmer, saltier
and denser deep water and the timeline of spreading of this new water mass
has been reviewed in Schroeder et al. (2016), occupying eventually large part
of the deep layer, overflowing into the Tyrrhenian Sea and outside the Strait
of Gibraltar. EIW entering from the Sicily Channel is routinely monitored
and showed positive trends both in temperature (0) and salinity (S) as well
(Ben Ismail et a. 2021). This progressive signal of warming and
salinification has been detected also downstream in the North-Western
Mediterranean (e.g., Vargas-Yanez et a., 2021). The lack of significant open
ocean convection in the Gulf of Lion after 2013 (e.g., Josey and Schroeder,
2023) prevented this signal to be further transferred to deep waters, with
only limited diffusive mixing along the way to Gibraltar.

NW

Fig. 1. NW - SE transect of salinity in the Tyrrhenian Sea from TAIProl6
(left panel) and TAIPro22 (right panel) cruises

Recent oceanographic campaigns in the Western Mediterranean have been
conducted with fundings from CIESM, and the EU Projects Eurofleets2 and
Eurofleets+, under the umbrella of the repeat hydrography programme Med-
SHIP (Schroeder et a., 2024), which has been endorsed as an UN Ocean
Decade Project. These cruises allow us (i) to evaluate the major differences
in water mass propertiesin selected repeated CTD stations over time, (ii) to
understand the final fate of the water masses generated during the WMT
climatic event, (iii) to characterize at basin sub-level the EIW properties
during this period of increased 6 — S values and reduced convection, possibly
implying very high salinity Mediterranean Overflow Water (MOW) to
appear soon outside Gibraltar.

In particular, two large scale cruises were carried out in the WMED in 2016
(TAIProl6, Schroeder et a., 2024) and in 2022 (TAIPro22, Schroeder et al.,
2022), alowing a large-scale comparison of tracers, clearly indicating the
progressive increase of salinity in the intermediate layer all over the
Tyrrhenian (figure 1), in agreement with up-current data from the Sicily
Channel and corroborating the recent literature on these changes.

In order to increase the spatial domain, many recent regional cruises have
been included in the dataset as well (RADMED, Lopez-Jurado et a., 2015;
MOQOSE, Testor et al., 2010), so as to have a larger picture of the WMED
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changes over the last years. Including aso historical CTD data, over
repeated stations, allowed to detect climatic changes over a 20 years period.
Figure 2 shows CTD data over a repeated station located in the southern
Tyrrhenian. The shift toward a higher salinity and warmer intermediate layer
is evidenced.
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Fig. 2. CTD data from the station 051 (39.7 N, 11.9 E, see Durante et a.,
2019)
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CIESM Congress Session : Sea Level Variability and
Coastal Hydrodynamics
Moderator : Luis Pinheiro

Moderator's Synthesis

The session on “Sea Level Variability and Coastal Hydrodynamics” consisted of six presentations
covering a wide spectrum of aspects on this topic. These included: the hydrodynamic modelling of
seasonal variation of microplastic distribution and accumulation taking into account forcing by the
Atlantic Current; the conditions that govern moderate to strong high-frequency sea level oscillations
during extreme sea level events; the influence of wind stress and river outflow on modulating surface
currents; the changes in water circulation patterns under different meteorological conditions, including
seasonal variations; the atmospheric state during high frequency sea level extremes; and the apparent
simultaneity of Mediterranean meteotsunami events under specific synoptic conditions. During the
discussion, it was also recognized the need to better understand and monitor the combined mechanisms
responsible for storm surges, meteotsunamis and other extreme events, with high impact on populations.
There was a general agreement that his requires sustained high resolution monitoring and improved
modeling, forecasting and early warning systems, taking into account present atmospheric, climatic and
hydrodynamic variations, as well as their future trends under different climate change scenarios. Another
recognized aspect was the need to remediate the present asymmetry in observation networks in the N and
S Mediterranean and the need to encourage open data access, sharing of best practices, and a collective
effort on capacity development for less developed countries. The use of emerging technologies, such as
SMART cables (e.g. Medusa), were identified as an excellent opportunity for high resolution and long
term sustained observations. These aspects were considered fundamental to build resilient coastal cities
throughout the Mediterranean region, to better understand and forecast pollution dispersal and to protect
costal populations from marine extreme events, in a climate change scenario.
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COUPLED HYDRODYNAMIC-LAGRANGIAN TRANSPORT MODELING OF MICROPLASTIC
DISTRIBUTION AND ACCUMULATION IN THE GULF OF TUNIS

Jihene Abdennadher * and Moncef Boukthir 1
1IPEIT - jihene.abdennadher @ipeit.rnu.tn

Abstract

Identifying distribution and accumulation patterns of Microplastics (Mps) in the Gulf of Tunis were assessed using coupled
numerical models. Surface water circulation forced by the Atlantic current (AC) develops seasonally changing patterns of Mps
accumulation. Indeed, the AC circulates cyclonically during autumn and winter within the inner part of the gulf,facilitating the
movement of surface waters and ensuring rapid exchange of water masses. However, in spring and summer, the AC branch fails to
penetrate the inner part,leading to the emergence of mesoscale features and M Ps beaching.

Keywords: Circulation, Circulation models, Coastal waters, Currents, Gulf of Tunis

Introduction

The Gulf of Tunis, much like the Mediterranean Sea, suffers from considerable
pollution, particularly plastic debris. Although the Gulf naturally accumulates
floating particles such as microplastics, comprehensive studies are lacking, with
only a few sampling stations in place. This study seeks to examine how
hydrodynamics affect the dispersion and accumulation of floating debrisin the
Gulf of Tunis, aswell asto map its residence time.

Modeling approach

The analysis is based on the hydrodynamic model ROMS [1] and the mass
conserving TRACMASS tragjectory model [2] . The modeled areaincluding the
Gulf of Tunis extends from 10°E to 11.2°E and from 36.5°N to 37.5°N. A high
spatial resolution of 1/240° (~370m) was adopted. Grid spacing in sigma
coordinates was used in the vertical with 24 vertical levels. The ROM S model
was initialized by MEDATLAS monthly climatology for temperature and
salinity [3]. The open boundaries are prescribed from monthly output
(temperature, salinity, elevation and velocities) of MED12. Forcing included
wind, atmospheric pressure, heat fluxes, and tides. The integration ran from
1995 to 2007, with focus on the last 4 years (2004 to 2007) after a 9-year
spin-up period. ROM S velocity and mass transport fields were then utilized to
compute Lagrangian trajectoriesin TRACMASS [4] starting from al grid cell
walls at the northern boundary in surface layers up to 1m depth, once daily
during one month and for each month, and tracked until exiting the Gulf at the
same latitude at the open boundary (Figure 1).

Fig. 1. Current streamlines on the currents magnitude (cm/s) a 1 m depth
predicted by ROMS model in winter.Stations of Mps sampling are denoted by
stars. The dashed line indicates the northern boundary from which trajectories
wereinitialized in the Tracmass model.

Main results

The sdlinity evolution of trajectories in autumn and winter falls within the range
of Atlantic water masses. The cyclonic circulation of water masses advected by
the Atlantic currents strongly influences the spatial distribution of Mps in the
Gulf during winter and autumn. Notably, stations 23, 10, and 2 (Figure 1),
situated roughly at the same isobaths, exhibit similar polymer compositions and
trends in bacterial concentrations on Mps, suggesting a common origin.
Additionally, the positive volume transport through the northern boundary leads
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to the outflow of surface waters from the gulf, resulting in fluctuations that
affect the residence time variability of surface water masses (Figure 2). This
variability is particularly evident when volume transport is low, with spring and
summer showing an increased residence time of water masses, typically ranging
over 30 days compared to an average of 10 daysin winter.

Days
SR8 &8 &8 8

Fig. 2. Residence time of surface waters in the gulf (in days) as a function of
time (). Volume transport through the Gulf of Tunis (in 100 m3/s) as a function
of time for an average year (b). Dashed lines represent the yearly mean. The
x-axis denotes the months.

References

1- Haidvogel, D.B., Arango, H., Budgell, W.P, Cornuelle, B.D., Curchitser, E.,
et al., 2008. Ocean forecasting in terrain-following coordinates: formulation and
skill assessment of the Regional Ocean Modeling System. J. Comput. Phys. 227,
3595-3624.

2 - DoosK,Jonsson,B and Kjellsson,J.,2017. Evaluation of oceanic and
atmospheric trajectory schemes in TRACMASS trajectory model v6.0.
Geoscientific Model Devel opment,10(4):1733-1749.

3- MEDAR/MEDATLAS Group, MEDAR/MEDATLS 2002. Cruise inventory,
observed and analysed data of temperature and bio-chemical parameters (4CD-
ROMs)

4 - Abdennadher, J, Boukthir, M and Do6s, K. 2023. Water Mass
Transformation in a Secluded Bay of the Mediterranean Sea. Tellus A: Dynamic
Meteorology and Oceanography, 75(1): 375-391. DOI: https://doi.org/10.16993
[tellusa. 3243.

Rapp. Comm. int. Mer Médit., 43, 2024



QUALITATIVE ANALYSIS OF SYNOPTIC CONDITIONS GOVERNING MODERATE TO STRONG HIGH-
FREQUENCY SEA LEVEL OSCILLATIONS DURING EXTREME SEA LEVEL EVENTS

Ivo Jukic 1*, Marijana Balic 1, Jadranka Sepic 1 and Kresimir Ruic
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Abstract

Recent research has shown that storm surges can happen jointly with shorter period sea level oscillations, such as meteorological
tsunamis and infragravity waves, potentially leading to extreme sea level events. In this work we classify synoptic conditions under
which two types of sea level extremes occur: (1) compound extremes, i.e., extremes for which long period and short period sea
level oscillations act jointly to form the total sea level maximum; (2) high-frequency extremes, i.e., extremes in which short period
oscillations play a dominant role. The analysis of relevant meteorological observables at the time of each event, such as mean sea
level pressure field, shows that thereis a clear distinction between synoptic images corresponding to the two types of extremes.

Keywords: Mediterranean Sea, Sea level

Extreme sea level events are, due to flooding, well-known for causing significant
infrastructural damage and potential loss of human lives [1,2]. The most
common cause of the sea-related floodings are storm surges which manifest at
periods of a few hours to a few days, followed by seismic and meteorological
tsunamis, which manifest on periods from minutes to tens of minutes. Recent
research reveals, however, that storm surges can happen jointly with shorter
period oscillations, such as meteorological tsunamis and infragravity waves [3].
In this work we classify synoptic conditions under which two types of sealevel
extremes occur: (1) compound extremes, i.e. extremes for which long period and
short period sea level oscillations act jointly to form the total sea level
maximum; (2) high-frequency extremes, i.e. extremes in which short period
oscillations play a dominant role.

We analyze sea level time series measured with a 1-15 min time step at 5 tide
gauge stations spread aong the Mediterranean Sea, and mostly available through
the UNESCO 10C Sea Level Station Monitoring Facility. We focus our
analysis on the following stations: Lampedusa (LA23), Carloforte (CF06),
Formentera (FORM), Otranto (OT15), Peiraias (PEIR). For each station, we
extract six strongest episodes of compound extremes, and six strongest episodes
of high-frequency (HF) extremes. To determine governing synoptic conditions,
we use the following ERAS reanalysis variables: mean sealevel pressure, 10-m u
and v wind components, 850 hPa temperature fields, 700 hPa humidity field,
500 hPa geopotential height and wind.

Our andysis showed that, in the context of gauge stations across the
Mediterranean Sea, it is possible to see clear distinction between synoptics
related to strong HF events versus synoptics related to compound events. While
compound events appear to be strongly related to the existence of cyclones
above the gauge station of interest, this is not the case for HF events, for which
the sea level pressure above the gauge station at the time of event is closer to
monthly mean value. However, strong HF events seem to be strongly related to
the temperature at 850 hPa pressure surface above the gauge station. Namely,
these HF events appear to be followed by the inflow of warm air at this
pressure surface, coming generally from south (from Africa) or east-south (from
Middle East) directions. In addition, wind at 500 hPa pressure surface, which is
another commonly discussed observable in the context of HF sea level
oscillations [2,4], exhibits speeds of about 30 m/s during both HF events and
compound events, coming generally from western and south-western directions.

Mean sealevel pressure fields and total wind at the height of 10 m above the sea
level are shown in Figure 1 for typical compound event (left panel) and typical
HF event (right panel) at Peiraias gauge station (marked with red dot in the
map). The dark blue area above the gauge station in the left panel indicates the
presence of cyclone, leading to the mean pressure at the sea level exhibiting
vaues which are about 20 hPa lower than average value. However, during the
typical HF event (right panel), mean sea level pressure at the gauge station does
not deviate significantly from the average, indicating that the presence of strong
cyclones is more characteristic for compound events, rather than HF events.
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Fig. 1. Mean sea level pressure field (see the color bar for the reference values)
and total wind at the height of 10 m above the sea level for typical compound
event (left panel) and typical HF event (right panel) at Peiraias gauge station.
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INFLUENCE OF WIND STRESS AND THE ISONZO/SOCA RIVER OUTFLOW ON SURFACE CURRENTS
IN THE GULF OF TRIESTE
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Abstract

Between October and November 2023, heavy rainfal in the Isonzo/Soca River catchment area led to two major runoff peaks with
significant discharges into the Gulf of Trieste (GoT, northern Adriatic Sea). These events are an ideal case-study to investigate
how the Isonzo/Soca outflow and associated winds affect ocean currents. Through an integrated multi-platform analysis of
hydrometric, meteorological and oceanographic data, the mechanisms governing the interaction between river runoff and ocean
currents in the GoT were analyzed and the importance of prevailing winds such as Bora and Sirocco in modulating current
dynamics was addressed. It was also observed that intense I1sonzo/Soca runoff, triggered by heavy rainfall, can prevail over wind
effects, leading to a dominance of river-induced circulation patterns in the GoT.

Keywords: Adriatic Sea, Currents, Wind, River input, Circulation

Introduction

In the period between October and November 2023, the Isonzo/Soca river
catchment area experienced particularly heavy rainfalls. Remarkable surges
in river discharge were recorded, exceeding all previous records for the year
and leading to significant outflows into the GoT. Concurrently, sealevel rise
and coastal inundation were observed. The event at the beginning of
November is of particular significance as it was also accompanied by strong
storm surge and waves that caused severe damage to the coast. The aim of
this study is to investigate how an exceptionaly strong Isonzo outflow,
together with the wind patterns associated with the meteorologica event,
influenced the ocean currentsin the surrounding coastal region.

Data

Through an integrated analysis of hydrometric, meteorologica and
oceanographic data, we want to study the mechanisms and processes that
regulate the interaction between fluviad discharges and ocean currents in the
GoT. The river discharge data were provided by The Regiona Agency for
the Protection of the Environment (ARPA FVG); the wind data come from
the Weather Research and Forecasting (WRF) model (available at the
link https://www.mmm.ucar.edu/models/wrf), version 4.2.1; the data on
surface ocean currents originate from the combination of four WERA-type
[1] HF radar stations operating in the GoT. The description of the system
and the data ae avalable a the European HFR node
website: https://www.hfrnode.eu/networks/hfr-nadr-2/ [2].

Results

The prevailing winds in the GoT come from the north-eastern (Bora wind)
and southern sectors (Sirocco and Libeccio winds). During Bora events, the
surface currents normally leave the GoT, while during Sirocco events the
surface currents enter the GoT [3]. It was observed that in the days before a
precipitation event, awind with a strength of more than 3 m/s from the S-SE
direction almost always affected the area. The strong precipitations acting
on the hydrographic basin at the end of October and beginning of November
led to exceptional increases in the 1sonzo/Soca runoff into the GoT (October
27 and November 3). This is also clearly seen in the Sentinel-2 satellite
images for November 4 (Figure 1).

Fig. 1. Image Sentine-2 04th November 2023 10:11
from https://link.dataspace.copernicus.eu/|3n1.

UTC,

112

HFR sea surface current data confirmed that wind-induced Ekman transport
appears to dominate the surface current dynamics in the GoT (Figure 2).
Nevertheless, exceptionally intense outflows from the I sonzo/Soca, triggered
by heavy precipitation and accompanied by S-SE winds, can overlay the
effects of wind-driven transport, leading to the dominance of river-induced
circulation patternsin the GoT.
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Fig. 2. Left: surface currents from HFR data (red),wind data from WRF data
(blue) for November 3, 2023, 12:00 UTC; the red triangles represent WERA
HF stations. Right: the hydrometric height of the Isonzo/Socariver.
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ANALYSIS OF WATER CIRCULATION ON IZMIT BAY UNDER DIFFERENT METEOROLOGICAL
CONDITIONS WITH MITGCM
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1 |stanbul Technical University - mutlu16@itu.edu.tr
2 |stanbul University

Abstract

We used the MITgem model with Orlanski boundary conditions and process-oriented modeling to examine the sensitivity of the
Izmit Bay water circulation to wind speed, direction, and duration. The simulations demonstrated that there is little variation in
seawater temperature, salinity, or stratification under modest forcing. Depending on the direction, substantial forcing at wind
speeds of 4.9 m/s, 6.7 m/s, and 10.1 m/s produces notable and sub-mesoscale processes. Easterly component winds raises
subsurface waters to the surface, whereas westerly component winds causes downwelling over the eastern shore. It is found that
the hydrography of the bay is open to be largely impacted by extreme wind occurrences that exceeded 4.9 my/s.

Keywords: Air-seainteractions, Marmara Sea, Salinity, Wind, Upwelling

In the study, we investigated the sensitivity of I1zmit Bay to the wind, which is
one of the most important driver of the Bay [1]. First, we classified the wind
speeds using data from the wesather station located on the nearest breakwater,
Tuzla Breakwater. In addition, we built up aregional ocean circulation model by
customizing the MITgem based on the previous studies [2,3,4]. Since we
followed the process-oriented hydrodynamic modeling [5], we omitted al
forcing factors except the wind stress. The simulations were initiated with a
state at rest and the forcing was gradually increased to the idealized wind speeds
to avoid unwanted gravity waves. The runtime of the simulationsis 11 days, the
optimum runtime to balance computation cost and obtain distinctive model
results. A late summer measurement was preferred for the homogeneous initia
condition. The results of 48 adiabatic simulations are limited to the first 60
meters of depth due to negligible changes below 60 meters.

The simulation results indicate that the bay experiences quasi-stationary
conditions or remains stagnant at weak wind speeds of 1.3 (10%), 2.1 (25%),
and 3.3 (50%) m/s. The stagnancy of the bay under cam or weak wind
conditions can encourage the degradation of the water quality because the bay is
aways under severe anthropogenic pressures. This can result in hypoxia or
worse, eutrophic conditions, mucous formations and accumulations, heavy
metal loads in sediment and biota, and a longer recovery period following any
environmental disaster.

Depth fm]
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Fig. 1. Fina profiles of salinity in the central basin after 11-day runtime with
theinitia conditions.

Stronger wind speeds (4.9 (75%), 6.7 (90%), and 10.1 (99%) m/s) show how
the direction of the wind affects the forcing. The upper layer converges towards
the east due to onshore winds, which have a west component, creating a deeper
upper layer. The upper layer is transported outside the bay by winds with an
east component, or offshore winds, which produce a jet that travels at around
50 cm/s. This jet breaches the permanent stratification, generates upwelling
zones, and causes an overturning circulation in the bay. The greatest fluctuation
in sainity and surface temperature is simulated under the NE 6.7 mv/s forcing,
which aso produces the most remarkable upwelling event. A more salinized
water mass is transformed at the top layer and accelerated westward, out of the
bay, despite the forcing being adiabatic between the air and the sea. These
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mixing mechanisms under heavy winds were characterized by Altiok et al. [6] as
the dominance of shear and the decrease in buoyancy frequency leading to
mixing. The modeling results in our investigation are consistent with the storm-
driven impacts reported before [7]. The results further show that the abrupt
cooling (up to 5 °C) during strong wind events, one of which was observed by
Tugrul et d. [8], is mostly caused by mechanical interactions. On February 13,
1975, the surface salinity was measured at 24 ppt. On February 24, eleven days
after the scientific mission of Tugrul et a. began, the 10 m/s northeasterly wind
caused an almost 5 ppt increase in the surface salinity [8].

It was discovered that the water circulation in 1zmit Bay is also very sensitive
to the wind's strength, direction, and duration, the bay's size and form, the
vertical stratification, and the oceanographic conditions in the nearby offshore
region. Severe winds are shown to have the power to control the mixing and
water exchange across basins, as well as to shape the physical characteristics of
strata down to a depth of sixty meters. Additionally, narrow passages prevent
much water from moving between the basins, particularly because the Hersek
Delta regulates both layers.
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Abstract

In this study we use 17 years long regiona climate model version 4.6 (RegCM 4.6) developed by the International Centre for
Theoretical Physics (ICTP) [1] to investigate atmospheric state during high frequency (HF) sea level extremes in order to asses
impact of different atmospheric variables and subsequently possible formation of meteotsumamis. The results show that during
winter and summer months, for most of the stations, variables such as mean sealevel pressure, surface wind speed and geopotential
height act in the opposite direction, indicating different triggers for HF extremes formation.

Keywords: Air-sea interactions, European Seas, Sea level

Introduction

Meteotsunami are tsunami like waves induced by atmospheric processes [2].
Although hazardous to coastal communities and infrastructure, due to their
complex nature and rapid onset, unique identification index is still missing
making them hard to predict. Due to their unpredictable onset, sea level
measurements, of small sampling step, such as of a minute, are necessary. Such
series were obtained from: (1) Intergovernmental Oceanographic Commission
Sea Level Station Monitoring Facility (IOC SLMSF) and (2) National agencies
for the 2004 to 2021 period. Altogether we used 282 sea level stations along the
European coast.

Material and methods

In this study we examine atmospheric state during high frequency (T<2h) sea
level extremes (HF extreme) which were determined in the following way. First,
portions of the raw dataset had various data quality issues, hence quality control
procedure was required. Following quality control, all data series were de-tided,
and residuals were split into a low-frequency (T>2h) and a high-frequency
(T<2h) component. From the high-frequency series, the five highest positive sea
level extremes per year were extracted, with the condition that the extremes are
separated by at least three days and designated as high-frequency extremes.

In order to assess atmospheric state during HF extremes we employed evaluation
regional climate model version 4.6 (RegCM 4.6) developed by the International
Centre for Theoretical Physics (ICTP) [1] in the framework of the Coordinated
Regional Climate Downscaling Experiment (CORDEX). Herein we analyzed
the period of 17 years starting at 1 January 2000 and ending on 30 November
2016. Altogether five different variables were analyzed: mean sea level pressure,
surface wind speed, zonal and meridional wind components at 850 hPa and
geopotential height at 500 hPa.

We divided European coast into 30 different regions and present atmospheric
state during HF extremes of all stations confined inside specific region and
contrast this state to the overall period of investigation.

Results

The results show that during the winter HF extremes besides lower mean sea
level pressure and the increase in surface wind speed, which can be of up to 8
m/s above average, the zonal or meridional wind component are
increasing/decreasing depending on the orientation of the coast in such a way
that if the coast is oriented north-south, the zonal wind component will increase
while meridional will stay unchanged or even dlightly decrease. Moreover, a
dipole in geopotential height is found, where negative values can be up to 100 m
and positive of 50 m during HF extremes occurrences where region is usually
located in the middle of the dipole, example for the Finish region is shown in Fig
1. However, if separating winter from the summer season, we see that during
summer, mean sea level pressure, surface winds speed and geopotential height
are around or above climatological mean of the respective station, being in
complete contrast to winter season HF extremes.

Discussion and concl

Herein we present atmospheric state during HF extremes over European coast in
order to search for a quantitative value of each variable and its significance to the
HF extremes. This is done in order to include the most relevant atmospheric
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component into the meteotsunami identification process. In thisway it would be
possible to use mentioned identification process to predict future
increase/decrease of meteotsunami events by usage of different climatological
scenarios. Moreover, due to high contrast in atmospheric state during HF
extremes during summer and winter season it is necessary to specify different
identification processes of summer and winter HF extremes.
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Fig. 1. Anomalies of sea surface pressure (top left), geopotential height (top
right), surface wind intensity (colour shading) overlaid with the wind direction at
850 hPa (bottom left), zonal component of the wind at 850 hPa (bottom middle),
meridional component of the wind at 850 hPa (bottom right) for the Finish
region noted in green rectangle.
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Abstract

In the Mediterranean, meteorological tsunamis are common occurrences, but in May 2021 and June 2022 as well as in June 2014
unusually strong meteotsunamis hit multiple locations more than 500 km apart. Sea-level and atmospheric data analysis confirmed
that their occurrence was under specific synoptic conditions, notably marked by a strong south-westerly jet stream in the mid
troposphere. Apart from the synoptics, meteotsunamigenic properties of affected bays these events was studied revealing that the
strongest meteotsunamis happen when the synoptic conditions are favourable for meteotsunami creation and the bays have

characteristics that amplify the incoming long-ocean waves.

Keywords: Sea level, Mediterranean Sea, Adriatic Sea

Meteorological tsunamis (meteotsunamis) are long-ocean waves generated by
atmospheric pressure disturbances. Following their generation, meteotsunamis
can be amplified by different resonance mechanisms. These mechanisms, such as
Proudman, Greenspan, and shelf resonances, contribute to increasing wave
height as meteotsunami waves approach the coastline. Additionally, bays with
resonant properties, such as Ciutadella in the Balearic I1slands and Vela Lukain
the Adriatic Sea, can further amplify the waves, heightening the risk of flooding
coastal communities and infrastructure. General synoptic conditions that give
rise to meteotsunami events have already been observed, characterized by (i) a
surface pressure low to the west of the affected area; (ii) an inflow of warm and
dry air at altitudes of approximately 850 hPa from the African continent; (iii)
strong south-westerly winds at around 500 hPa; and (iv) the presence of
unstable atmospheric layers at approximately 500 hPa, identifiable by a small
Richardson number, Ri < 0.25 [1]. The conditions (ii)-(iv) are typically found
directly over the area hit by a meteotsunami.

During June 22-27, 2014, several aress in the Mediterranean and Black Seas
experienced significant tsunami-like waves. The event began with Ciutadella
Harbour on Menorca Island, Spain, where sea-level oscillations of up to 1 meter
occurred on the night of June 22-23. Subsequently, on June 25, waves reaching
heights of up to 3 meters hit bays in the Adriatic Sea, Croatia. The following
day, Mazara del Valo inlet on the Sicilian coast experienced a 1.5-meter tidal
bore [2]. In the Adriatic Sea, six harbours were hit by multiple meteorologica
tsunamis within a two-day span. In May 2021 and June 2022, a series of
powerful meteotsunamis hit severa bays in the western Mediterranean and
Adriatic seas. Notably, Bonifacio in Corsicaand Siroka Bay in the Adriatic were
both struck in May 2021, while Ciutadella in Menorca and Bonifacio faced a
similar event in June 2022 while Siroka Bay was not affected in the 2022. event.

These occurrences highlight the vulnerability of certain coastal regions to these
atmospheric-induced phenomena, as well as the possibility of multiple
meteotsunamis happening as a consequence of the same atmospheric instability
traveling long distances (more than 500 km). While Ciutadella and Siroka Bay
have garnered attention as known meteotsunami hot spots, Bonifacio's
susceptibility to such events emerged as a newer discovery, although anecdotal
evidence suggests meteotsunami events are not entirely uncommon [3]. The
influence of bathymetry and basin orientation on the generation of long-ocean
waves was assessed thought Proudman length focusing on places shown in
Figure 1. Subsequently, climatology of winds in the mid-troposphere during
meteotsunamigenic conditions was studied showing that at most studied
harbours an explanation can be drawn to why meteotsunamis are strong and
frequent. Further research is needed, considering factors like wind velocity,
synoptic conditions, and orography, to fully understand meteotsunami
occurrences and especialy their basin wide occurrences which may have a
potential for future forecast.
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Fig. 1. Thelocations of meteotsunami events.
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CIESM Congress Session : Mesoscale and sub-mesoscale variability I
Moderator : Milena Menna

Moderator's Synthesis

The session on "Mesoscale and sub-mesoscale variability - I" featured eight presentations focusing on
different regions and dynamics within the Mediterranean and neighbouring areas. Topics covered a broad
spatial range, from the Mediterranean Outflow Water's trajectory near the Iberian Peninsula—exploring
its transformation as it exits the Mediterranean— to the detailed mesoscale and basin-scale circulation
patterns observed in key Mediterranean sub-regions: the Western Mediterranean, Adriatic Sea, Sicily
Channel, Ionian Sea, and Levantine Basin. This geographic spread provided a comprehensive look at the
entire Mediterranean system, including its northern, southern, eastern, and western extents. The room was
packed, with an engaged audience that showed sustained interest throughout the presentations and
discussions. The presenters illustrated a wide array of oceanographic phenomena, utilizing diverse data
sources and methodologies that ranged from satellite data (e. g. advancements from new satellite missions
like SWOT) to in-situ observations and water tank experiments. The scope of research spanned from
long-term variability to detailed, fine-scale measurements captured over shorter time frames. This
multifaceted approach highlighted the Mediterranean’s complex circulation patterns, driven by
interactions between mesoscale and basin-scale processes and influenced by both internal and external
forcings. Interactions between basin-wide and mesoscale circulation patterns were shown to influence
interannual variability and impact thermohaline properties distribution across the basin. New, fine-scale
observations also highlight some features of mesoscale structures that were previously unexplored in the
basin, paving the way for future work and exploration. Discussions raised challenges around defining
mesoscale and sub-mesoscale features in the Mediterranean and establishing consistent methods for
identifying gyres and eddies—topics slated for further examination under the C2 CIESM Commission
with broad community collaboration. Other engaging discussions centered on the mechanisms governing
Rossby wave propagation within the basin and the role of transitional eddies, both of which have
significant implications for regional circulation patterns. Overall, the session underscored the
Mediterranean's status as a dynamic, multi-scale system, where interactions between mesoscale and larger
processes shape oceanographic characteristics and drive variability. With ongoing advancements in
observational technology and a collaborative research agenda, the community is well-positioned to
deepen its understanding of these processes in the years to come.

116 Rapp. Comm. int. Mer Médit., 43, 2024
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Abstract

Satellite observations show that the Adventure Bank (AB) in the Strait of Sicily isan area of high dynamical activity leading to the
generation of sub-mesoscale phenomena, like filaments, sub-mesoscale eddies, and internal waves. In particular, high-resolution
synthetic aperture (SAR) images have revealed, for the first time, the presence of internal wavesin the AB in the summer months.

When decaying, they generate turbulence and thus enhance mixing in the upper water layer which affects marine life in the AB.

Keywords: Remote sensing, Straits and channels, Scily Channel, Coastal processes

Introduction

The Adventure Bank (AB), located at the western end of the Strait of Sicily, isa
shallow sea area with an average depth of 80-100 m and steep slopes around it.
The main oceanographic features affecting the dynamics in the AB are the
meandering Atlantic lonian Stream (AIS) and cold filaments and sub-mesoscale
eddies that are generated in the wake of upwelling events at the Southern coast
of Sicily[1], [2]. Synthetic aperture radar (SAR) images acquired from space
have revealed, for the first time, that internal waves are also present in the AB.
Thisissimilar to the Strait of Messina, where also SAR images have revealed,
for the first time, the presence of internal waves [3]. The existence of internal
waves generated by interaction of the tide with topography in the AB areawas
unexpected since here, unlike in the Strait of Messing, the tidal currents are
weak. However, there are a few locations at the AB margins with sufficiently
swift flow where internal wave generation is possible by current- topography
interaction. When decaying, the internal waves, aswell as the filaments and the
sub-mesoscal e eddies, generate turbulence which affects marine lifein the AB.

Material

In this study, we use SAR images from the Sentinel-1A and -1B satellites
(launched in 2014 and 2016), which have a spatial resolution of 20 m, sea
surface temperature (SST) images from the Sea and Land Surface Temperature
Radiometer (SLSTR) onboard the Sentinel-3A and -3B satellites (launched in
2016 and 2018), which have a resolution of 1 km, and chlorophyll-a (Chl-a)
images from the Ocean and Land Colour Instrument (OLCI) onboard the
Sentinel-3A und Sentinel-3B satellites, with have aresolution of 300 m.

;)m

Results
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Fig. 1. (a) Sentinel-3A SST image acquired over the AB on 6 August 2019 at 20:28 UTC showing a
cold filament with a small-scale cyclonic eddy at its end; (b) Sentinel-3A Chl-aimage acquired over
the same area on 6 August 2019 at 09:08 UTC; (c) Sentinel-1B SAR image acquired over the same
areaon 6 August 2019 at 17:03 UTC; (d) Zoom on the area marked by arectanglein (d) showing a
complex short-scale internal wave field. The white star in Pane (d) marks the center of
sub-mesoscale cyclonic eddy at the end of the filament, and the white arrow denotes an eddy-like
feature within the filament. The white lines denote boundaries of SAR scenes.
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The figure shows a typical example of our analysis of SAR, SST, and Chl-a
images acquired over the AB. They were taken after a strong upwelling event at
the south coast of Sicily, during which cold and nutrient-rich water was
transported from deep waters to the sea surface. The SST image in Panel (a)
shows that cold water (yellow color) intrudes southward into the AB, curls
eastward ,then northward, and finally terminates in a sub-mesoscale cyclonic
eddy. This feature finds its correspondence in the Chl-aimage depicted in Panel
(b), where enhanced Chl-a concentration (dark green color) is visible in a
similar pattern asin the SST image. (The blue patches denote invalid data due to
the presence of clouds). Upwelled cold water carries nutrients to the
near-surface layer leading to plankton growth and thus to enhanced Chl-a
concentration. This feature is also visible in the SAR image in Panel (c) by a
reduction of theimage intensity or radar backscatter. The reduction is due to the
fact that cold surface water changes the stability of the air-sea interface from
neutrally stable to stable and thus the wind stress, which determines the
generation of the sea surface ripples, which are responsible for the radar
backscatter [4]. The most noticeable feature visible in the zoomed area of the
SAR image (Panel (d)) are the short-scale internal waves. The internal waves
become visible on SAR images because they are associated with variations of
the sea surface current, which modulates the sea surface ripples [5]. From the
analysis of alarge number of SAR images in conjunction with SST images, we
conclude that there must be several mechanisms involved in generating internal
wavesin the AB. One mechanism is by interaction of tidal flow (modulated by
the AI'S current) with underwater bottom topography. Another mechanism is by
instabilities which develop at sharp fronts associated with sub-mesoscal e eddies
and filaments. These sub-mesoscale phenomena are expected to affect marine
lifeinthe AB.
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Abstract

Interannual variability of early summer circulation around the Balearic Islands has been studied since 2001 by geostrophic
approximations in the framework of the TUNIBAL monitoring program. In the last years, the Acoustic Doppler Current Profiler
(ADCP) was available during the TUNIBAL cruises. A detailed comparation of the geostrophic currents, deduced from
interpolation of data obtained from CTD profiles, and currents, directly measured with the vessel -mounted ADCP, will be
presented for various cruises. The results will also be compared with altimetry derived currents and modelled currents from the

available Copernicus models

Keywords: Currents, Mesoscale phenomena, Western Mediterranea

Interannual variability of early summer circulation around the Balearic 1dands
has been studied since 2001 in the framework of the TUNIBAL monitoring
program [1].

Data and methodology

During the Tunibal surveys, hydrographic stations were 10 nmi apart
(approximately 18.5 km). Such spatial resolution alows to resolve the typical
regiona mesoscale structures, which range from 50 km to 100 km [2]. CTD
were obtained from surface to 350 m. Measurements were extended down to
600 m for dynamic height calculations every two hydrographic stations (every
20 nmi).

Dynamic height was calculated by vertical integration of the specific volume,
using 600 m as the level of no motion [3]. At shallow stations, or when data was
recorded only down to 350 m, the density anomaly of the closest station (closer
than 15 nmi) was assigned at the lower recorded level. Horizontal hydrodynamic
fields were objectively analyzed onto a regular grid by using minimum error
variance methods [4]. Geostrophic velocities were obtained by the first-
derivative of the dynamic height profiles objectively analyzed onto the regular
grid.

ADCP currents were measured using an ADCP Teledyne RDI 150 kHz system
using aternative broadband ping (4 m bins) and narrowband ping (8 m bins)
without bottom tracking. Data was analysed using the CODAS processing
software from the University of Hawaii Currents Group [5]. Results were
interpolated onto the same regular grid that had been used for geostrophic
caculations.

Results

Preliminary results are obtained for summer 2023 TUNIBAL_0623 cruise. The
top figure shows the measured ADCP speed at the bin centered at 20 m depth
with the direction indicated by the arrows. Red line shows the vessel route.
Bottom figure shows the geostrophic speed calculated from the interpolated
CTD dataat 15 m depth. Calculated geostrophic speed seems to be smaller than
measured speed. This may be due to the correlation length used to smooth the
interpolated data.

Detailed analysis of the effect of correlation lengths on the calculated
geostrophic currents will be presented. Results will be compared with altimetry
derived currents and modelled currents.
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from CTD data
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Abstract

An extensive investigation the Eastern lonian Sea was conducted during the oceanographic cruise PROTEION in March-April
2024 (R/V L'Atdante, La Seyne sur Mer — Kalamata — La Seyne sur Mer). The large collection of hydrological and dynamical
data provided afine scale description of a remarkable mesoscale structure: the PELOPS anticyclonic eddy, and its influence on the
regional circulation, a the crossroads of Atlantic Water and Cretan/Levantine Intermediate Water. This new investigation
contributed to refine the assumption of the Taillandier et a (2022) which pointed out the role of Pelops anticyclones in buffering
newly formed LIW among the thermohaline circulation of the Mediterranean Sea.

Keywords: lonian Sea, Mesoscal e phenomena

Introduction

Pelops eddies have been mentioned in the literature for a long time [1] and
many times since then (e.g. [2,3]). The reason this vortex is so often
mentioned is because it is a very stable mesoscale anticylconical structure of
large size (~150km diameter) and is quasi-permanent whatever the state of
the Bimodal Oscillating System -BIOS- [4]. Its persistence can be explained
by the formation mechanism advanced for the lerapetra eddy by [5] but
which transposes perfectly to PELOPS. On the other hand, very few
studies have focused on its hydrological and dynamic structure a. For this
dual reason, [6] proposed the hypothesis that its zone of residence acted as
a buffer zone for the transport of intermediate Levantine water. The
Proteion campaign (R/V L'Ataante), March/April 2024, focused on a
PELOPS eddy at 35°30N and 21°30'E. It collected a set of both
hydrological and dynamic data, enabling us to put forward new hypotheses
on its key role as a connector between the lonian and Aegean Seas and the
Levantine Basin.

Fig. 1. Top lef map of the transect and sketch of PELOPS position ; top
middle horizontal velocity magnitude along the transect and main isopycnal
lines ; top right salinity and main isopycnal lines; bottom left collection of
all vertical density profiles performed along the transect ; bottom middle :
cross eddy vertica nitrate distribution ; bottom right cross eddy vertical
oxygen distribution.

Results

A preliminary survey of the area by means of SeaSOAR and VM-ADCP
sketched the presence of an intense dynamical structure and its spatia
extension over more than 150 km. Then a transect composed of 27
oceanographic stations characterized the vertical extension of the structure,
and its hydrological properties. Centered at (20°30'E, 35°30'N), a salty core
isolated from the surface stretched down to 1200 m depth. The flanks of the
eddy are marked by currents reaching 50 cm/s, which may provide vorticity
barrier and avoid any lateral exchange. Thus, water inside the eddy is quite
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homogenous, in the density class of 29.05, well-oxygenized and depleted in
nitrate. For these observations, the eddy can be acting as a large reservoir of
newly formed LIW/CIW. The regional circulation looked strongly influenced
by the presence of the anticyclone: the dynamical structure stirs around
very saline water which undoubtedly originated from the Aegean Seas. As
long as, this Cretan Water wraps around the structure, flowing within an
intense surface geostrophic jet observed stuck to the western flank of the
eddy. In this winter 2024 situation, the eastern side of the lonian Sea (after
20°E) is retained within a large anticyclonic flow, entrained by the Pelops
eddy, gathering surface waters of Atlantic origin and denser waters of
Cretan/Levantine origin.

Discussion

Some crucial questions are pending to understand the origin and fate of such
long-living Pelops anticyclone. In its stage of formation, the eddy might have
been fed by an important discharge of LIW/CIW at the end of winter. The
strong summer restratification might have encapsulated this volume by light
surface waters, which have not been ventilated again during the following
winter, but deepened by the accumulation of lighter water in its capping
layer. The wrapping geostrophic jet of Cretan Water might have also
inferred avertical stretching of the eddy, reducing the horizontal extension of
its core and intensifying its vorticity barrier. In the situation of winter 2024,
the eddy seems stable and slow-moving, as it is trapped by the bathymetric
bowl offshore the Peloponnese. However destabilizing processes are
expected to act in the future, make the structure evolve and possibly move
westwards. Such fate of the eddy is crucial in the perspective of LIW
circulation in the lonian Sea, how it is regulated to a nearly constant flow
when leaving the basin at the Sicily strait.
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Abstract

A hierarchy of idealized deterministic-stochastic models is developed for the Gulf of Trieste (Northern Adriatic Sed),
whose current dynamics is strongly influenced by the wind regime. The model includes the tidal signal, Ekman dynamics and a
stochastic component that models unresolved processes. The observed velocity’s probability density function with fat-tails is

reproduced, permitting to study the extreme events statistics.

Keywords: North Adriatic Sea, Models, Currents, Air-sea interactions, Surface waters

Introduction. The Gulf of Trieste (GoT) is a shallow basin in the Northern
Adriatic Sea, in which two main strong wind regimes occur: Bora, causing
surface water outflow [1] and Sirocco, leading to Adriatic water inflow in the
GoT [2]. High Frequency Radar (HFR) sea surface current measurements
are performed in the GoT [3]. The amount of data allows us to move from
considering low order moments of fluctuating observations to their
Probability Density Functions (PDFs). Our study in [4] obtains the
analytical fat-tailed PDF of the observed velocity increments in the GoT
through superstatistics, a formalism for considering dynamics on two
separated time scales, and the principle of maximum entropy. On the other
hand, stochastic models [5] consider systems with a clear time scale
separation: a rapidly varying "weather" system and a slowly responding
"climate" one. As the fast dynamics shows a random-like behaviour, the fast
variable is modelled using stochastic differentia equations. The noise term
can lead to fat-tailed PDFs. This study aims to develop a hierarchy of
deterministic-stochastic models that reproduce not only the superstatistical
observed fat-tailled PDF, with a focus on extreme power injection events,
but allows also for a prediction and interpolation of the current velocities.
Results. The idedlized models (DETerministic, ANalytical-Stochastic and
STOchastic), defined in Fig. 1, for the sea surface current u,, include the tidal
signal (uyy), the Ekman dynamics (ug) and, in the cases of the latter two
models, the stochastic velocity (ug). The models are wind forced, using the
forecast datafrom ARPA FVG [6].

up (t) = ¥ ay cos(wt — by) N
{v,,,(t) =Y a, cos(wt — by) S1, M, and S, tidal components
* pis the density
+ h=poh
* Cg = pocy
* F = paCaltta = | (Ua — u,)

+ w=1/T and y, = 1/7 are the inverse

)

G-(50 L e
o=

dx =~y xdt +/QudW, |dy = -y, ydt+/Q, dW,
dug = —y, ugdt +nx dt dvs = =y, vsdt +nydt

=l
=lo

superstatistical time scales

« B =syay; is related to the observed
superstatistical variance s2

* ¥, and 1) are proper constants

da; = —p a; dt + B dW;

i 0 xandy Sug and Svg -
distribution | distribution °
DET |ug| no icity no icity no ug +uy

ANS  |ug + us| 28%/u gaussian gaussian
Not analytical,
but numerically
similar to

superstatistical

Uup +uy +ug

4
STO  |ug + ug| Z at superstatistical Ug + upy + ug
i=1

Fig. 1. Models definition and stochastic distributions characteristics. Tidal
parameters are obtained from the harmonic analysis of the HFR data, his
the considered ocean surface layer depth, cyis the underlying layer drag
coefficient, fis the Coriolis parameter, c;is the atmosphere drag
coefficient, dW;, dw and dWy are independent Wiener processes. The
subscripts "0" and "&'refer to the ocean and amosphere variables
respectively.

The models can be organized in a hierarchical order of complexity. The DET
model is totally deterministic, it explains about the 56% of the observed
variability, but completely fails in reproducing the velocity
HFR/superstatistical PDFs (Fig. 2). The ANS model has a gaussian noise,
its velocity PDF misses the fat-tails (Fig. 2) and therefore underestimates
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the occurrence of extreme events. The ANS ensemble mean of the velocities
do not differ significantly from the DET model results, while the ANS
standard deviations differ from the analytica stochastic gaussians and, with
the ensemble means, almost coincide with the STO model results. The STO
model has an almost superstatistical noise, it shows a lower peak and fatter
middle range velocity PDF, while the tals follow a superstatistica
behaviour (Fig. 2). The stochasticity permits to reproduce the Ekman
dynamics variability.

Fig. 2. Observed HFR velocity increments, models variables and
superstatistical PDFs, where du(t)=u(t+38)-u(t).
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Abstract

The BioSWOT-Med cruise (https://doi.org/10.17600/18002392) was carried out in the northwestern Mediterranean Sea during the
fast-sampling phase of the satellite SWOT mission (i.e., fixed tracks were revisited every 24h), between April and May 2023,
contributing to the international efforts of studying the oceanic submesoscale to mesoscale (1 to 100 km) dynamics. The SWOT
satellite captured a (sub)mesoscale anticyclone not recognized with conventional (i.e., pre-SWOT) dtimetry. In this work, we
present the preliminary outcomes derived by autonomous platforms (BGC-Argo floats, gliders, and surface drifters) with high-
frequency sampling, in defining the sub mesoscale anticyclonic characteristics.

Keywords: Mesoscale phenomena, Circulation, Remote sensing, Western Mediterranean

Introduction

The ocean's fine scales, which spans around 1-100 km with a short lifetime
of days to weeks, play a crucia role in ocean physics and ecology,
influencing climate due to their energetic dynamics creating strong gradients.
These gradients facilitate vertical exchanges between ocean's surface and its
interior, impacting biogeochemical cycles, biodiversity, fish distribution, and
mega-fauna foraging strategies. Numerical studies and field campaigns have
enhanced our understanding of these processes, but empirical evidence
remains limited [1; 2]. Efforts have focused on novel platforms like satellite
missions, offering extensive coverage and high spatial-temporal resolution of
the ocean surface. While remote sensing doesn't capture fine-scale processes,
it provides valuable context, aiding in distinguishing spatial from temporal
variability, guiding in-situ sampling strategies, and validating field data
representativeness. The deployment strategy achieved high spatial-temporal
resolution multidisciplinary measurements within SWOT swaths to resolve
biological and physical interactions at fine scales.

Material and methods

The BioSWOT-Med cruise used an adaptive and Lagrangian sampling
strategy, determined from near-rea time satellite observations analysis,
combining in-situ shipborne measurements with drifters, gliders and
Biogeochemical (BGC)-Argo floats, to achieve high spatial and temporal
resolution measurements within the SWOT passages. Drifters combined
with SWOT observations have been able to observe distinct festures such as
frontal zones, cyclones, anticyclones, and filaments. BGC-Argo floats
collected measurements within an anticyclonic eddy and along a meander of
the North Balearic front visible in SWOT images. Lastly, glider and
Zooglider collected information at the edge and in the center of the
anticyclonic eddy, with high resolution sampling.

Results and discussion

The combination of SWOT-HR maps and in-situ observations from
autonomous platforms allowed us to explore the three-dimensional structure
of the anticyclonic eddy including its tempora evolution and giving new
insight about the physical and biogeochemical properties both at the edge
and the center of the eddy. As revealed by gliders measurements, the
anticyclonic eddy, located south of the front, was characterised by fresher,
warmer, and less productive Atlantic Water, and exhibited a distinct
horizontal gradient compared with waters north of the front. The BGC-Argo
floats captured the changes of the phytoplankton biomass along the water
column and its temporal evolution. In addition, such robotic platforms
enable to characterize the 4D changes of particulate organic carbon at the
boarder of the gyres. This study demonstrates the importance of performing
a synergic approach combining unprecedented high resolution satellite
observations from SWOT and autonomous platforms (BGC-Argo floats,
gliders, and drifters) to unveil the bio-physical dynamics at fine scales both
in space and time which are at the base of ocean ecosystem functioning.
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Fig. 1. Study area during the BIOSWAT-MED experiment, alongside with
fixed ship survey (blue cross), glider (purple circle), BGC-Argo Float (red
circle), drifter (black circle), zoo-glider (green circle) and SWOT swaths
(orange area) in the Wester Mediterranean Sea.

BIOSWOT-Med Science Team: Francesco d Ovidio, Maristella Berta,
Aude Joel, Massimo Pacciaroni, Elena Mauri, Giulio Notarstefano, Pierre
Marie Poulin, Luca Centurioni, Anthony Bosse, Anne Petrenko, Maxime
Arnauld, Pascale Bouruet-Aubertot, Barbara Barcel 6-LIull, Roxane Tzortzis,
L ouise Rousselet, Robin Rolland, Sven Gastauer, Mark Ohman.
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EFFECTS OF ROSSBY WAVES ON THE EASTERN MEDITERRANEAN MESOSCALE DYNAMICS DRIVEN
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Abstract

The most prominent and persistent feature of the eastern Mediterranean Levantine Basin (LB) is the warm anticyclonic Cyprus
Eddy (CE) located above the Eratosthenes Seamount (ESM). The center of the CE moves between 31.75° — 33°E and two smaller
cyclonic and anticyclonic eddies, the South Shikmona Eddy (SSE) and North Shikmona Eddy (NSE), occasionally form
downstream of the CE. The reason for this zonal drift and the formation mechanism of the CE, the SSE and the NSE is largely
debated today. Using coherent results from a variety of research methods - theory, models, laboratory and field experiments - we
give a precise answer to the CE, SSE and NSE formation mechanism, and we show that the LB and lonian dynamics are highly
correlated.

Keywords: Levantine Basin, lonian Sea, Circulation models

In the present study we show that the Cyprus Eddy (CE) is an anticyclonic
Taylor column generated by the eastward Mid Mediterranean Jet (MMJ)
impinging over the Eratosthenes Seamount (ESM) and that the wake meandering
downstream is a standing Rossby wave whose embedded cyclonic and
anticyclonic eddies correspond to the South Shikmona Eddy (SSE) and North
Shikmona Eddy (NSE), respectively (Fig.1).

0.2 -015 -01 -005 0 005

p—
16%E 20°E 24°E 326 36%E

Fig. 1. Absolute Dynamics Topography (ADT) averaged for the period
January-March 2015. Black arrow indicates the Mid Mediterranean Jet (MMJ).
Red circles indicate anticyclonic eddies: Pelops Gyre (PG), Marsa Matrouh gyre
(MMG), Cyprus Eddy (CE), North Shikmona Eddy (NSE), and North lonian
Gyre (NIG) anticyclonic mode. White circles indicate cyclonic eddies: Rhodes
gyre (RG), South Shikmona Eddy (SSE) and the NIG cyclonic mode. The
incoming flow Uo averaged in the upper 1000 m was computed across the
section 33-34° N, 31° E highlighted by the gray line. The topography of the
study areais shown in the upper corner of the figure.

Furthermore, we prove that the position of the CE center is regulated by the
intensity of the incoming MMJ and thus, by the dynamics of the North lonian
Gyre (NIG). The formation mechanism of the mesoscale eddies in the Levantine
Basin (LB) was demonstrated for the first time with scaled laboratory
experiments (based on 2015 in-situ ocean data) in the Coriolis Rotating Platform
LEGI rotating tank. These experiments were carried out under both
homogeneous and stratified fluid conditions and following the work of [1]. The
ESM was represented by abump (L=34.5 cm, ho’=21 cm) placed on an inclined
boundary (slope s=0.1) that reproduced the topographic [2-plane effect. The tank

122

was filled with water at a depth of H=47 cm at the section on the top of the bump
on the inclined boundary. The barotropic inflow Uo=0.7 and 1.4 cm/s was
considered. Results show that for both homogeneous and stratified conditions
the system CE, SSE and NSE forms, although in the case of high Uo, the center
of CE is more shifted to the west. This simulation is observable in the LB solely
when the center of the CE iswest of 32.7°E allowing room for the development
of a Rosshy wave with a zonal wavelength ranging between 180 and 250 km.
Using 1993-2021 reanalysis data, a time series correlation analysis between the
CE longitude center (detected with the TOEddies algorithm from[2]) and the
velocity Uo averaged in the upper 1000 m depth at the section upstream the ESM
(Fig. 1), is performed. It shows that the CE starts to move westward when Uo
exceeds ~ 3 cm/s and reaches a maximum of ~ 6.5 cm/s (in agreement with the
laboratory experiments and in-situ glider data) whereas, when Uo decreases
from ~ 6.5 to ~ 3 cm/s the CE shifts eastward. We also show that this
strengthening/weakening of Uo and therefore of the MMJ, depends on the
cyclonic/anticyclonic mode of the NIG, respectively, about three years ahead.
These results emphasize the key role that the central Mediterranean Sea plays on
the LB mesoscale dynamics and that the coherent results of the multi-approach
used are proof of the uniqueness and reliability of our work
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UPPER LAYER MEDITERRANEAN WATER REVEALED BY HIGH RESOLUTION OBSERVATIONS
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Abstract

The ocean at the shelf break off SW Iberian Peninsula, was intensively sampled during the summer 2022. High resolution (2 Hz)
and high tempora density (5-6 profiles/hour) vertical profiles of temperature, salinity, Chla, turbidity and dissolved oxygen were
acquired, along with the vertical description of the horizontal velocity. An abrupt temperature and salinity increase was detected
between 20-140 m, along with a decrease in chlorophyll concentration, appearing as a “blob” of a water resembling the signature
of Mediterranean Outflow Water (MOW). Ahead, an increase in westward flow was observed, followed by a sudden eastward
veering at the time of the event, suggesting the appearance of a shallow eddy carrying MOW in its core. Although previously
hypothesized, thisis the first direct evidence of MW at such depths.

Keywords: Gulf of Cadiz, Mesoscale phenomena, Continental shelf

In the frame of the European Multidisciplinary Seafloor and water column
Observatory (EMSO-ERIC) the lberian Margin Cape Sdo Vicente
observatory (IbMa-CSV) was deployed at the edge of the continental slope,
10 nm south of Cape S&o Vincente (CSV), the SW tip of the Iberian
Peninsula (Fig.1). The observatory comprise an EMSO Generic Instrument
Module (EGIM), a vertica wave-powered profiler (Wirewalker), and an
acoustic-doppler current profiler (ADCP) (Fig.1). The instruments operated
for a period of four months during the summer 2022, at 200 m depth
(EGIM), and from 150 m to near-surface (profilers). A time series of high
resolution (2 Hz) and high temporal density (5-6 profiles’hour) of vertical
profiles of temperature, salinity, chlorophyll-a, turbidity and dissolved
oxygen was acquired, along with the vertical description of the horizontal
velocity.

Fig. 1. Location of the EMSO-ERIC IbMa-CSV observatory (top) and the
single point EGIM mooring anchored at 200 m depth (current velocity and
direction, passive acoustics, conductivity, temperature, absolute pressure,
dissolved oxygen, turbidity) (left), Vertical wave power profiler Wirewalker
traveling the top 150 m of the ocean collecting data at 2 Hz and 5/6 profiles
per hour (conductivity, temperature, pressure, dissolved oxygen, turbidity,
chlorophyll-a) (middle), and the upward looking ADCP moored at 200 m
depth profiling the top 150 m of the ocean (current velocity and direction,
and temperature) (right).

The analysis of the data collected at the IbMa-CSV observatory revea an
abrupt temperature and salinity increase at depths between 20-140 m during
a five day period in June, appearing as a“blob” of a water mass from a
different origin, resembling the signature of MOW (Fig. 2 A-D). A decrease
in chlorophyll concentration was observed in this period, an indicator for
MOW (Fig. 2F). Ahead, an increase in westward current from averaged 0.09
ms-1 to 0.39 ms-1 was observed (Fig. 2G), followed by a sudden change in
direction towards the east at the time of the event, suggesting the appearance
of ashallow eddy carrying MOW in its core.
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Fig. 2. Time series 8 to 30 June 2022: Temperature (A), Sdinity (C),
Dissolved oxygen (E), at the EGIM, at the 200 m depth; Vertica field of
Temperature (B), Salinity (D), Chlorophyll-a (F), from the wave powered
vertical profiler (Wirewalker) from near surface till the 150 m depth; Vertical
field of the zonal component of the velocity from the ADCP data (G). The
green box encompasses the five days period of anomaous parameters,
claimed as a shallow sub-mesoscale eddy carrying mediterranean water.

A vein of MOW, leaning the northern continental slope of the GoC and
turning poleward around the CSV, was identified before at depth as shallow
as 350 m in the region (Ambar, 1983). The possible interaction of this
MOW shallow core with the upper layers of the ocean, and conseguent
interaction with the upwelling mechanism, was aready hypothesized by
Filza (1982). However, the observation of MOW at such upper layers was
never experienced. Our findings suggest that a sub-mesoscale eddy detached
from the shallow vein of MOW, shoaling upwards the continental slope,
reaching the upper 20-140 m layer. The rough topography, such as the
Portim& Canyon, as well as the Ekman suction, characteristic of the
enhanced upwelling center off CSV, are the major candidates to explain this
feature, and must be further investigated. The moored observatory south of
CSV offers great opportunities to acquire long-term and continuous water
column data, able to capture sudden events such as the one described here
and provides valuable datasets for model validation.
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Abstract

The current contribution aims to unlock the circulation patterns of the Levantine based on, a) long term in-situ monitoring gathered
mainly during CYBO and HaiSec cruises at the post POEM period, b) Mediterranean MEDREA16 reanalysis, ¢) the available
reanalysis datasets from the Copernicus Marine Service, and d) dedicated numerical experiments, all of which provide answers not
only about the generation mechanisms of the Cyprus and Shikmona eddies, but also on the Mid-Mediterranean Jet as an offshore,

cross basin current.

Keywords: Circulation, Mesoscale phenomena, Levantine Basin

Introduction

The results from the pioneering POEM cruises (1985-1990) undoubtably
revolutionized our understanding of the mesoscale circulation pattern in the
Levantine basin, composed of cyclonic and anticyclonic eddies interconnected
by an offshore cross basin jet, named as the Mid Mediterranean Jet (MMJ) [1]. It
was shown that the dominant feature in the south-eastern Levantine was a
non-permanent, multi-pole gyre, one eddy offshore Egypt, a secondary eddy
offshore I srael-Lebanon and a third eddy closer to the Eratosthenes Sea Mount
(SM) [2]. During the post POEM period the generation mechanisms of the
Cyprus and Shikmona eddies remained unresolved, leading to confusion
between the Shikmona eddy and the Cyprus eddy. Moreover, the existence of
the MMJ as an offshore cross basin current was a so challenged [3].

Discussion

To address the above-mentioned uncertainties, two large in-situ datasets (CTDs
and XBTs) gathered in the SE Levantine from 1995-2015 were analysed
recently by a collaborative team and combined with the Mediterranean
MEDREA16 reanalysis [4], the Copernicus Marine Service reanalysis and with
results from extensive numerical model simulations to investigate the generation
mechanism of the Cyprus eddy [5].

The difference between eddies and gyres is primarily scale dependent with the
gyres being the larger (sub basin or basin) and quasi-permanent features, while
eddies are smaller and shorter lived. As noted by Beer (1996): “thereisno single
size characterising coastal and oceanic eddies. They exist in all sizesfrom globs
of water a few centimetres in size to large eddies associated with boundary
currents that can be 200 km across’. A vortex with a mean spatial extent
between 80-100 km, such as the Cyprus vortex, which is associated with a
boundary current (MMJ), obviously cannot be defined as a gyre. Since POEM,
the Cyprus vortex was defined as an eddy, that is documented to undergo strong
seasonal and interannual variability [4]. The location of an anticyclonic eddy
center along a vertical cross section is designated as the point with the deepest
depression of the isotherms at the base of the warm, saline thermostad forming
the core of the eddy, or the highest point in the horizontal map of the dynamic
height topography. The thermohaline vertical structure of an anticyclonic eddy
isan inverted cone, while for acyclonic thisis reversed.

The andlysis of the dynamic height topography during two decades of post
POEM data revealed that, a) the most prominent mesoscal e features are the
anticyclonic Cyprus eddy appearing in the vicinity of the Eratosthenes SM and
the Shikmona eddy which appears to the southeast of the Cyprus eddy; b) there
issignificant migration of the Cyprus and Shikmona eddies' centers, where the
Cyprus eddy center migrates eastward and south-eastward from the
Eratosthenes SM, while during periods of the appearance of the Shikmona eddy
offshore along the Israel-L ebanon shelf and slope, the Cyprus eddy is forced to
migrate westward or south westward from the Eratosthenes SM.
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The trajectories of drifters deployed offshore Israel [7] showed that when the
northward flowing current along the Israel-Lebanese shelf and slope becomes
unstable and meanders offshore, an anticyclonic Shikmona eddy was formed.
During these events the Cyprus eddy shifted westward or south westward from
the Eratosthenes SM.

To examine the mechanism responsible for the generation of the Cyprus eddy, a
three-layer quasi-geostrophic model was implemented to examine the
topographic eddies generated around the Eratosthenes SM [5]. The numerica
experiments were carried out using the Contour Dynamics Method, imposing an
eastward flow with different inclinations and intensities along the western
boundary of the model domain to imitate the MMJ. The consideration of
baroclinicity simulated a single vortex attributed to the Cyprus eddy
accompanied at its periphery by a small-scale cyclone. These numerical
experiments showed qualitative agreement with the geostrophic patterns derived
from the CYBO in-situ observations around the Eratosthenes SM.

Dozens of salinity profiles gathered along 33°E north-south cross sections, from
Cyprus to Egypt, together with the geostrophic currents computed along the
same transects clearly reveal a salinity minimum in subsurface layers, attributed
to the Modified Atlantic Water (MAW) which is transported: a) eastward by a
strong current flowing between the southern shelf of Cyprus and northern flank
of the Cyprus Eddy, b) westward by a weaker flow along the southern flank of
the Cyprus Eddy and c) eastward along the North Egyptian shelf and slope. The
analysis of the CYBO and HaiSec datasets regarding the pathway of the MAW
confirms the POEM group’s results [1] describing the MMJ as a cross basin
offshore current, thus putting to rest the dispute regarding its existence.
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CIESM Congress Session : Mesoscale and sub-mesoscale variability 11
Moderator : Katrin Schroeder

Moderator's Synthesis

The main issues debated comprise physical and biogeochemical characteristics of water mass. The
PIONEER Cruise provided a comprehensive overview of the physical and biogeochemical properties of
the water masses in the Gulf of Taranto. The study highlighted the vertical structure, horizontal
variability, and distribution of water masses, offering insights into the dynamics influenced by various
oceanographic processes. We also discussed about the role of mesoscale eddies, crucial elements in the
transport and mixing of heat, carbon, and nutrients. These eddies create unique habitats with distinct
physicochemical conditions, supporting diverse marine life. The study examined the areas of influence
and seasonality of these eddies in the Southeastern Mediterranean Sea. The coupling between fine-scale
physical structures and biodiversity was explored, particularly in the context of phytoplankton dynamics
across a frontal system in the Mediterranean Sea. The BIOSWOT-Med campaign utilized advanced
remote sensing technologies to achieve high spatio-temporal resolution, revealing the intricate
interactions between physical and biological processes. Furthermore, it was discussed that the effects of
surface circulation in the Ionian Sea on the biodiversity of larval fish communities off southern Sicily
were analyzed. The study found that the frontal area south of Cape Passero provides favorable conditions
for fish larvae survival and development, with biodiversity patterns linked to the alternating cyclonic and
anticyclonic modes of the North Ionian Gyre.

The discussions in this session emphasized the complexity and interconnectedness of marine ecosystems.
The detailed studies on physical and biogeochemical variability, mesoscale eddies, and fine-scale
dynamics provided a deeper understanding of the factors influencing marine biodiversity. The innovative
use of remote sensing technologies and long-term datasets showcased the advancements in marine
research. Overall, the session highlighted the need for continued multidisciplinary approaches to address
the challenges in marine science and conservation.
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Abstract

We present a description of the large-scale physical & hiogeochemical characteristics of the water masses and their distributions
in the lonian Sea, along the transect closing the Gulf of Taranto. Oceanographic data were collected during the PIONEER cruise:
a CNR initiative of a multidisciplinary cruise “Processes in the lonian Sea:Exploring, Experimenting, researching” carried out in
winter 2023. Physical & biogeochemical properties have been measured. Preliminary, results about the vertical structure horizontal
variability and the distribution of the water masses cores are discussed.This study delineates the large-scale physical &
biogeochemical characteristics of water masses within the Gulf of Taranto transect. Our findings revea insights into the dynamics

of water masses influenced by various oceanographic processes.

Keywords: Eastern Mediterranean, lonian Sea, Salinity, Oxygen, Circulation

The lonian Sea, a sub-basin of the EMED, is a confluence zone for Atlantic
Water (AW) and Eastern Intermediate Water (EIW), with origins traced to the
Levantine and Cretan Seas. The sub-basin is an exceptional case study to
investigate processes/dynamics of the deep layers in the light of turbulent and
diapycnal mixing due to internal-wave breaking. Its proximity to the Gulf of
Taranto, a strong industrialized coastal system considered as an important
source of contamination for the intermediate and deep waters (DW).
Nevertheless, this peculiar coast-to-sea Taranto system remains poorly
investigated . Within this context, PIONEER-2023 has been carried out across
the deep lonian Sea and the Gulf of Taranto in November/December 2023. A
total of 36 CTD stations (Fig. 1) were collected during which physical
(temperature, salinity and velocity) and biogeochemical (oxygen, nutrient and
carbonate system) tracers were measured to detect changes. Results indicate the
presence of four distinct water masses (Fig.1). Surface waters, potentially linked
to the Western Adriatic Coastal Current (WACC), exhibit considerable
variability in O2 and salinity. Intermediate waters are characterized by salinity
maxima and temperature gradients indicative of diapycna mixing. DWs show a
reduction in sdinity and O2, with signals of O2 enrichment below 1000m depth.
Warm surface waters, originating from the Adriatic and distinguished by their
low salinity, are conveyed by the WAC Current. This current possibly
transports the surface water. Notably, there is considerable variability in this
surface layer; as depicted in Fig.1, the water masses at the transect's edges
exhibit lower O2 levels compared to the centra region. The central surface water
mass is not only cooler but also possesses a higher salinity. Below 100meters,
sdlinity reaches its maximum at 189m depth. Here, we identify two distinct
intermediate water masses: the first is warmer, with a temperature of 15°C, has
a salinity of 39.21, and a lower density of 29.2 ¢6. In contrast, the second is
cooler at 14.8°C, has a salinity of 38.19, and a higher density of 29.25 ¢6. The
T-S reveals variations in water properties below the 29.2 66 isopycnal, which
corresponds to depths between 100-200 meters, indicative of the intermediate
water characteristics. This stratification suggests the presence of diapycnal
mixing processes. In the deeper layers of the transect, a pattern emerges where
lower salinity corresponds with diminished O2 levels. The DW here are both
cold and dense, exhibiting a relatively reduced salinity that suggests an Adriatic
origin, as pointed out by Pinardi et al. (2016). Notably, the S-O2 diagram in
Fig.1 indicates an increase in O2 below 1000 meters. Further exploration is
presented in Fig.1, clearly illustrates the influence of Adriatic waters, as
evidenced by distinct salinity and temperature profiles. The stratification and
exchange of various water masses are captured, highlighting the dynamic
interactions at play. The surface layer, extending to a depth of less than 50
meters, exhibited warm temperatures ranging from 16-17.3°C. This layer aso
showed low salinity levels, both at the surface and the bottom, which is
indicative of an outflow consisting of fresh and dense water. Notably, the
surface water entering from the Adriatic was warmer compared to that on the
western side of the transect. In the subsurface zone, between 100-200 meters,
Fig. 1 highlights three distinct peaks in salinity that may signal the presence of
the EIW core. Further down, >1000 meters, two streams of water with a
relatively high salinity of 39.03 were identified. The vertical profile of O2, as
shown in Fig.1, indicates a notable subsurface peak of O2 concentration,
reaching 240 pmol kg-1. This peak suggests active downwelling processes that
transport O2 to intermediate depths. At these depths, enhanced levels of O2 are

observed centrally and at both edges of the transect, indicative of a well-
oxygenated water column. An influx of oxygen-rich water is evident from the
Adriatic, contributing to this pattern. Moreover, O2 profile supports the
presence of oxygen-enriched currents flanking the sill, which may play arolein
the ventilation of DW layers. Pinardi et al.(2016) identified an anti-cyclonic gyre
in 2014, while Federico et a.(2020) observed a shift in circulation patterns from
anticyclonic to cyclonic. This suggests that the inflow of warm, saline Adriatic
surface water into the GT, at depths ranging from 70-150 meters, supports the
current evidence of cyclonic circulation. To understand the vertical mixing
mechanisms at play, the Turner angle was analyzed, which helps to pinpoint
regions within the water column where different types of double diffusion
occur. The predominant regime is sat fingering, identified within the range of
45°<Tu<90° (Fig.1). Evidence of diffusive convection is apparent on both sides
of the transect, corroborating the observations of fresh, cold water overlaying a
saline vein near the seabed. Observations alowed to assess the mixing and the
intrusion of the Adriatic water into the GT and inflow to the lonian and EMED.
This study underscores the region's role as a critica nexus for water mass
transformation.

Fig. 1. Water mass properties and vertical cross-sections of Temperature,
salinity, oxygen and Turner angle along the Gulf of Taranto transect.
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MESOSCALE EDDIES AS POTENTIAL ZOOPLANKTON TRANSPORT VECTORS
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Abstract

Ocean eddies play a vital role in the transport and mixing of heat, carbon, and nutrients. They form unique habitats with distinct
physicochemical conditions, characterized by high (cyclone) or low (anticyclone) biological productivity, supporting a wide variety
of organisms from phytoplankton to zooplankton, as well as the larvae and eggs of benthic organisms and fish. The mean lifetime
of cyclonic and anticyclonic eddies in the Southeastern Mediterranean Sea (SEMS) is 122 + 25 & 98+ 9 days, respectively,
suggesting this timeframe is sufficient for the accumulation of community composition changes due to increased or decreased
reproduction and selection processes. We examine the areas of influence (AOI) of mesoscale eddies and their seasonality in the
SEMS as a potential mechanism for species facilitation via selection and transport.

Keywords: Mesoscal e phenomena, Zooplankton , Larvae, NI

Complex and persistent eddying activity was observed in the ultra-oligotrophic
SEMS [1], where eddies are particularly important as they can create islands of
high productivity within this impoverished, Low-Nutrient-Low-Chlorophyll
region [2]. Furthermore, eddies can promote the dispersal of native and non-
indigenous biota [3]. Current knowledge on the impact of eddies on biodiversity
is scarce, and the contribution of submesoscale physical forcing to ecosystem
dynamics remains uncertain, especialy in the SEMS, which is experiencing a
major biodiversity shift due to climate change and bioinvasions.

Here we used the DYNED Atlas [4] to characterize the estimated AOI of
anticyclonic (ACE) and cyclonic eddies (CE) in the SEMS over a two-decade
period (Fig. 1 a&b). The area of influence was calculated as the geometric convex
hull of their trajectories buffered by their detected radius at each timestep. This
analysis revealed that although some long-lived (>400 days) CE had a large area
of influence, ACE area of influence is much denser in the southeast
Mediterranean Sea (Fig. 1a) compared to CE areas of influence (Fig. 1b), with
the exception of the Marsa Matruh area. The monthly analysis of eddy
occurrences showed a bimodal pattern and months in which both ACE and CE
activity are more pronounced (Fig. 1c). Whereas, during July there is less
eddying activity in general. This dynamic might be critical for the dispersal of
larvae and eggs of species that reproduce during these months with varying
levels of dependency.

To analyze eddy connectivity, eddy trajectories were generalized and aggregated
using the Douglas-Peuker algorithm to simplify and decrease the number of
points along a trajectory, following the identification of regions of significance
by clustering the coordinates along the trajectories, and lastly aggregating
trajectories that cluster to and from those assigned clustered points [5]. The
aggregated movement patterns of eddies reveal movement along the Israeli coast
in both northward and southward directions. In some cases, the eddy origin and
destination were located within the next adjacent point. The Israeli coast seems
to be a birthplace of both ACE and CE.

These movement patterns demonstrate potential transport and entrainment
processes that these eddies facilitate. Using an ocean glider mounted with a
UVP6-LP [6], we map and quantify zooplankton abundance in CE and ACE in
situ and observe the particle distribution profiles that can be sustained over the
deployment time frame.
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Fig. 1. Overlaid areas of influence of eddies for a 19-year Dyned Atlas dataset
for Anticyclonic (a) and Cyclonic (b) over their lifetime. The area was calculated
as a geometric convex hull of their trajectories buffered by their radius at each
time step. (c) The monthly occurrences of mesoscale eddies.
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COUPLING BETWEEN FINE-SCALE STRUCTURE AND BIODIVERSITY: WHY PHYTOPLANKTON
DYNAMICS IS CONTRASTED ACROSS A FRONTAL SYSTEM IN THE MEDITERRANEAN SEA
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1 Medterranean Institute of Oceanography (AMU CNRS IRD Univ Toulon) - gerald.gregori @mio.osupytheas.fr
2 Medterranean Institute of Oceanography (AMU CNRS IRD Univ Toulon)

Abstract

The oceanic fine scales (1-100 km, with lifetimes of days to weeks) profoundly influence ocean dynamics and ecology. Their
energetic dynamics create strong gradients with vertical transport, linking surface and deep layers. Despite advancements in
numerical modeling, empirical evidence for fine-scale processes remains limited. Remote sensing, with the new NASA-CNES
SWOT satellite, offers synoptic views crucial for understanding spatio-temporal variability. The BIOSWOT-Med campaign (2023)
focused on the Mediterranean Sea, known for high biodiversity and oligotrophic conditions. The adaptive sampling strategy and
innovative methodologies achieved high spatio-tempora resolution. Preliminary results show the coupling between physical and

biological processes at fine-scale.

Keywords: Biodiversit:

Balearic Islands, Circulation, Western Mediterranea, Plankton

The oceanic fine scales (1-100 km) have relatively short lifetimes (days to
weeks) but crucially affect ocean physics and ecology up to the climate scale,
due to the strong gradients created by their energetic dynamics. These gradients
are associated with strong vertical transport connecting the ocean's upper layer
toitsinterior. Moreover, the temporal scale associated with this horizontal and
vertical dynamics is the same as that of many important oceanic processes
including biogeochemica cycles, biodiversity, fish distribution, and even
foraging strategies of the mega-fauna. Over the past few decades numerous
numerical studies with physical and biophysical configurations for km-scale
processes allowed significant progress in characterizing this regime. Field
campaigns have also shown that individual fine-scale features may be
experimentally targeted, but these in situ studies are usualy biased by the
choice of targeting the stronger and longer-lived features. Then, an important
lack of empirical evidence for fine-scale processes remains. The scientific
community has been focusing large efforts on novel platforms. Among these are
satellite missions that provide extended coverage and high spatio-temporal
resolution of the ocean surface. Obviously, remote sensing does not provide
ground truth of al fine-scale physical and biophysical processes, but can
provide acritical resource that helps to define the synoptic context of fine-scale
features, helping to disentangle spatial from tempora variability, supporting
adaptive in-situ sampling strategies, and assessing the representativeness of
field data. In this context, the NASA-CNES satellite SWOT (Surface Water and
Ocean Topography), launched on 16 December 2022, is the most ground-
breaking mission for ocean science in the near future. Indeed, with respect to
current nadir measurements the new SWOT altimeter sees two-dimensional
scenes, like sea surface temperature and ocean color, but without being affected
by clouds. Moreover, during its initial so-called «fast sampling phase », it
associates to high spatial resolution a 1-day revisit period over ~150 km wide
oceanic regions, a feat never achieved in the past, and not expected from other
planned missions in the future. The BIOSWOT-AdAC project (Pl F.d'Ovidio,
A.Doglioli, G.Grégori, S.Speich and P.Garreau), funded by the NASA-CNES
joint call for the SWOT Science Team, focuses on the specific opportunities of
the SWOT fast sampling phase, promoting the international consortium
SWOT-AJAC endorsed by CLIVAR, coordinating severa field campaigns
during this specific period of the satellite mission. The BIOSWOT-Med
campaign contributes to this international effort, focusing on the Western
Mediterranean Sea. The latter is the ideal area to verify the hypothesis
considering the fine scale circulation as the driver of the plankton biodiversity.
Indeed, here a high biodiversity is associated to conditions of oligotrophy and
moderate energy, unlike oceanic areas as western boundary currents or eastern
boundary upwellings that are largely explored and where the intense dynamics
or the large nutrient input can mask the fine-scale coupled dynamics. An
adaptive and Lagrangian sampling strategy was applied combined with
innovative methodologies allowing to obtain high spatio-temporal resolution
multidisciplinary measurements in the SWOT swaths (see figure below, with
the SWOT ground tracks in gray and the ship's route colored by date).
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Fig. 1. Map of the region investigated in the Western Mediterranean Sea
onboard ther.v. L'Atalante (F.O.F) during the BioSWOT-Med cruise (2023)

The BIOSWOT-Med cruise aims to improve our understanding of the coupling
of physical processes to biological ones from viruses to zooplankton. As the
Mediterranean conditions are representative of a large mgjority of the world
Ocean, our research has a globa significance. Moreover, our highly
interdisciplinary research it aims to highlight the importance of the SWOT
mission data for biogeochemical and ecological studies. Finally, our in-situ
experiment will aso bridge a long-standing gap between modelling and global
observations for ng the role of the ocean fine scale on the Earth system.
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EFFECTS OF SURFACE CIRCULATION IN THE IONIAN SEA ON THE BIODIVERSITY OF LARVAL FISH
COMMUNITY OFF SOUTHERN SICILY (MALTA CHANNEL)
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Abstract

Off the southern coast of Sicily, the frontal area south of Cape Passero (Mata Channel) provides favorable conditions for fish
larvae survival and development, and hosts a biodiversity hotspot for larval assemblages. Using data from 16 ichthyoplankton
summer surveys carried out between 2001 and 2016, our results show in the same area a cyclical pattern in the Shannon index,
which appears to be linked to the alternating cyclonic-anticyclonic modes of North lonian Gyre's (NIG). Specifically, the cyclonic
mode of NIG, in enhancing the advection of Atlantic Water towards the southern Levantine basin, is supposed to strengthen the
frontal thermohaline structure, as indicated by lower surface current speeds across the front, so fostering the retention and the

survival rates of fish larval stages.

Keywords: Biodiversity, Fishes, Larvae, Circulation, Malta Channel

Introduction

Local surface circulation in the Strait of Sicily (SoS) is dominated by the motion
of the Modified Atlantic Water (MAW), which off the southern Sicilian coast is
known as “ Atlantic lonian Stream (AlS)”, ameandering current flowing towards
the lonian Sea. The path of AlSis characterized by year to year variability, with
consequences on the predominant hydrological phenomena occurring in the
region, such as, on the extension of coastal upwelling and on the formation of
frontal structures, in particular in the eastern border of Malta Channel off the
southern-most tip of Sicily (Cape Passero). The AlS affects the distribution on
eggs and larvae of many fish species, in particular of small pelagic species,
which are mostly distributed on the surface layer. Previous studies have shown
that the frontal area off Cape Passero is characterized by environmental
conditions that are good for the survival and development of fish larvae [1]. It
was also supposed that a longer permanence over the frontal area of fish larvae
might be beneficial for the recruitment success, and eventually even impact on
the biomass of the entire parental fish stocks. For the anchovy stock, in
particular, arecent study evidenced how the yearly biomass of adult population
at timet can be largely predicted by just using simple indices of larval retention
in the shelf area at time t-1 built on the yearly distribution of eggs [2]. Using
survey-based information involving the whole summer ichthyoplankton
assemblages in the SoS over the period 2001-2016, a recent paper found a
biodiversity hotspot in shelf stations located across the frontal structure South
of Cape Passero [3]. This contribution reports on the temporal patterns of
larval assemblagesin this areaand its relationship with local surface circulation.

Material and methods

Plankton data from 16 summer surveys carried out in the SoS every year from
2001 to 2016 were used for this study. Plankton samples were collected using a
bongo net (Bongo40, with 40-cm opening) equipped with a 200-um mesh size
net. The sorting of this material produced in total about 10.000 classified larval
specimens, distributed in 15 orders and 49 families. The analysis of temporal
changes in the biodiversity of larval fish assemblages over the Malta Channel
was addressed by calculating the average yearly Shannon diversity index (H’, at
the family level) on selected sampling stations across the thermo-haine front
South of Cape Passero. The surface circulation features in the same area were
evaluated by using u and v components of geostrophic currents, as delivered by
Copernicus  Marine  Environment  Monitoring  Service (CMEMS;
http://marine.copernicus.eu/).

Results and discussion

Shannon index presented a cyclical pattern (Fig. 1a), which appears to be linked
to the alternating cyclonic-anticyclonic modes of the North lonian Gyre (NIG;
[4,5]). Higher biodiversity levels (and total larval abundance; not shown) were
found to be associated to the cyclonic mode of NIG, which is able to enhance
the advection of MAW towards the southern Levantine basin and to reduce
deflection toward the Adriatic, as testified by lower surface current speed across
the frontal structure South of Cape Passero (Figure 1b). So, in conclusion, it is
postulated that the larval retention induced by the frontal area could be
modulated by the strength of the front itself as determined by the alternating
cyclonic/anticyclonic modes of NIG.
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CIESM Congress Session : Environmental Toxicology
Moderator : Marina Mlakar

Moderator's Synthesis

In sessions 04 and 10 on ,,Environmental Toxicology“, 10 papers covered various topics related to
environmental toxicology, apostrophizing topics such as monitoring and wastewater treatment, pollution
of water, sediments and biota with various trace metals (Hg, Cd, Pb, Co, etc.) and toxic organic
compounds (oils, pesticides). In session 16 on ,Bioaccumulation®, 8 papers were presented on
microplastics in the Mediterranean biota (mussels, copepods, maiofauna) with a focus on filtre-feeding
organisms as bioindicators. In addition, the bioaccumulation of heavy metals (Hg, Cd, Pb, Cr, Cu, Fe, Zn,
Ni), pesticides and radionuclides in different biota (muscles). Sessions 22 and 25 on ,,Marine litter and
nano/microplastics® included 12 papers dealing with the occurrence and distribution of microplastics in
different environmental matrices (seawater, sediment and biota), the assessment of microplastic pollution
and the effective treatment of the seawater system. It also dealed with the adsorption of trace metals on
microplastics and the effects on the growth and development of various biota in the Mediterranean and
Black Seas. warming-induced acceleration of metabolic rates is a systematic change in the spatial patterns
of respiration and associated oxygen consumption in the water column.

The biogeochemical cycle of the Mediterranean and Black Sea will show increasingly intense changes in
the future with climate change having the greatest impact on temperature, salinity and acidity, which in
turn will affect the growth and abundance of different species. Atmospheric inputs including the transfer
of chemicals from the atmosphere to the ocean, will have a long-term impact on the oceans (e.g. nutrient
source, influence on pH), so joint monitoring should be up to date. Effects of stratification and circulation
changes - as the ocean warms from above, stratification tends to increase, which together with the effects
of stratification and circulation changes leads to a net reduction in oxygen flux between air and sea. The
interactions between microbes, trace metals and organic matter with microplastics have severe impact on
distribution, circulation, transport and sedimentation of plastics and will be the most important topic for
the incoming period. The ecological responses of microorganisms to the deposition of microplastics and
plastic-containing chemicals in our seas and oceans are of great importance, leading to changes in
phytoplankton community structure, resulting from the unique environmental sensitivity of these groups,
as well as significantly altered elemental cycling from the local to the global scale. Therefore all sessions
should be highly interactive and promote cross-disciplinary research as well as active and broad
collaboration among Mediterranean scientists.
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COBALT CHLORIDE-INDUCED LIPIDOMIC CHANGESIN CARCINUS AESTUARII FLESH
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Abstract

This study, therefore, sought to establish the possible poisonous outcomes of progressive granulose cobalts (ii) chloride (CoCly)
treatment on lipids of C. aestuarii flesh. The cobalt accumulation was significant according to a dosage manner compared to the
control group. Further, the results showed great variations in fatty acid profile which confirmed that CoCl, induction of toxic

damagein C. aestuarii flesh.

Keywords: Trace elements, Crustacea, Physiology, Redox, Mediterranean Sea

Introduction

Cobalt is commonly used in various applications and also as avital constituent
in the manufacture of many things. However, its main compound like cobalt
chloride (CoCl,) has become a matter of great concern due to its considerable
risks to animals and human health. Known for its toxic nature, cobalt chloride
represents significant hazards since it may accumulate within food chains and
ecosystems [1].

Materials and methods

C.aestuarii were divided into four groups of 30 individuals each and placed in
100 L experimental aquaria in duplicates. They were then exposed to varying
doses of CoCl,: 0 pg.L-1 (CT), 25 pg.L-1 (D1), 50 pg.L-1 (D2), and 100 pg.L-1
(D3) for 10 days. After the experimental period, crab flesh samples were stored
at 30°C for cobalt content [2] and fatty acid determination [3]. Statistical
analysis was conducted using R software.

Resultsand discussion

Our results revealed a significant increase in CoCl, accumulation after exposure
to 50 and 100 pg/L, respectively, compared to the controls, while no significant
change was observed in flesh exposed to 25 pg/L (Table 1). The accumulation
of cobalt (Co) in the flesh led to excessive production of reactive oxygen species
(ROS), causing damage to lipids. Correspondingly, our findings indicated a
significant increase in malondialdehyde (MDA) levelsin CoCl,-exposed flesh
at concentrations of 25, 50, and 100 pg/L (p < 0.01) (Table 1). Furthermore, a
decrease in lipid content was observed in flesh exposed to 50 and 100 pg/L,
showing a concentration-dependent pattern compared to the control group
(Teble 1). Particularly noteworthy was the significant decrease in
polyunsaturated fatty acid (PUFA) content, notably PUFA-3, including
C20:5n-3 (EPA) and C22:6n-3 (DHA), in CoCl ,-treated flesh at the highest dose
of 100 pg/L. The inhibition of elongase activity was evident in all exposed crabs
across concentrations of 1, 10, and 100 pg/L of CoCl, (p < 0.01). Conversely,
there was a marked increase in PUFA-6, especially C20:4n-6 (ARA) and its
precursors such as C18:2n-6 and C20:2n-6, in CoCl,-exposed flesh at
concentrations of 50 and 100 pg/L (Table 1). Such findings could reflect a
protective mechanism against membrane oxidation caused by CoCl, exposure
via eicosanoid pathways [4]. Our results underscored the sensitivity of C.
aestuarii to graded CoCl, concentrations at the lipidomic level, as evidenced by
significant increases in saturated fatty acids (SFA) and monounsaturated fatty
acids (MUFA), particularly at higher doses compared to the control group. This
finding was particularly pronounced in the elevation of C16:0, C18:0, C16:1,
and C18:1 acid levels (p < 0.01). Our work was in accordance with the previous
investigation carried out on invertebrates under exposure to metals [5] [6].
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Tab. 1. Cobalt content, Malondhualdehyde (MDA), total lipid and fatty acids
profile of C.aestuarii flesh under graded-CoCl2-exposure. Statistical difference
of CoCl2-treatments vs control group was detected at 5%.

CT 25pg/L 50ug/L 100pg/L

Cobalt content 0.01+0.00  0.03+0.00* 0.10£0.02*** ' 0.15+0.05***
MDA 22.12£1.19  22.20£2.61 32.61£1.96™*  38.10£2.45**
Total Lipid 19.01+1.11  19.41+1.21 12.66+1.33*** | 8.96+0.45"**
Sat ted FA (SFA) 22.81£1.33  25.11+1.36  24.09+1.45"* 39.47+1.95**
16 :0 15.01+0.79  17.22+0.79 15.16+2.63 28.63+1.14**
18:0 7.7420.52  8.71x0.96 8.18x0.08 10.990.30**

d FA (MUFA)  6.39+0.22 7.21+0.26 18.38+1.23 17.96+1.41***
C16 :1 1.42+0.23 1.24+0.21 1.48+0.07 3.44+0.57**
C18:1 4.95+0.80  4.59+0.21 16.85+1.47*** | 14.36+1.32**
Poly turated FA (PUFA) 41.4422.91  39.10£2.36  39.41x2.41 31.62£3.06™"
PUFA-6 11.26+1.17 | 11.29+1.63 19.65+1.69*** | 25.69+2.12***
18 :2n-6 4.06+0.67 3.33+0.56 11.06+1.22*** | 10.15+1.93***
18 :3n-6 1.1210.16 | 1.46+0.08 0.76+0.05 3.88+0.39***
20 :2n-6 1.510.12 | 1.98+0.46 1.02+0.32 2.39+0.45"*
20 :3n-6 1.19+0.51 0.79+0.09 2.29+0.29"** | 2.36+0.20"**
20 :4n-6 (ARA) 3.58+0.58 3.47+1.00 3.91+0.07 5.93+0.31***
PUFA-3 30.18+2.15  27.81+1.66*  19.77+1.36** 5.93+0.31***
18 :3n-3 1.59+0.61 0.910.04 4.50+0.68"** | 5.51+0.28"**
18 :4n-3 1.84£0.35 | 1.1320.16 1.44£0.43 1.48£0.09
20 :3n-3 0.15+0.02 0.13+0.02 1.50+0.42 0.15+0.01
20 :4n-3 0.13x0.09 | 0.18+0.03 0.13+0.00 0.150.01
20 :5n-3 (EPA) 13.43+0.78  12.22+0.25  4.09+0.02*** | 1.76+0.15"**
22:5n-3 2.6420.27  2.98+0.36 1.13£0.27** | 0.98x0.14"**
22 :6n-3 (DHA) 10.23+0.97 | 9.30+1.24 5.33+0.50"** | 2.52+0.33"**
Elongase activity 1.1840.13 | 0.83+0.04** | 0.56+0.05*** | 0.27+0.02***
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BEYOND THE SHELL: DECRYPTING HEPATOPANCREATIC LIPID DYNAMICSOF THE
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Abstract

Our 24-hour investigation delves into the repercussions of sublethal dimethoate (DMT) exposure on the fatty acid (FA)
composition of the hepatopancreas in the Mediterranean green crab, Carcinus aestuarii. Our findings uncover significant
alterations suggestive of oxidative stress and lipid peroxidation (LPO), followed by a significant variation in the FA composition in
all treated crabs, emphasizing the potential of FA analysis as a pivotal tool for assessing DMT toxicity in crustaceans.

Keywords: Ecotoxicology, Crustacea, Monitoring, Pesticides, Mediterranean Sea

Introduction

Despite its widespread agricultural use, DMT poses unavoidable hazards to
non-target organisms, with documented presence in Mediterranean surface and
groundwater [1; 2]. Previous research has primarily focused on the oxidative
potential of DMT, thus requiring new toxicity assessment methods to
comprehensively understand its effects, and monitor ecosystem health. FAs
serve as vital physiological indicatorsin invertebrates [3], yet investigations into
C. aestuarii's response to organophosphate pesticide (OPP) exposure,
particularly DMT, remain limited. Our study addresses this gap by examining
FA composition as an indicator of C. aestuarii's responsiveness to DMT
treatment.

Material and methods

Green crabs (C. aestuarii) from the Bizerte lagoon were exposed to sublethal
doses of DMT (0, 00; 50; 100 and 200 pg.L1) for 24h. Following exposure,
hepatopancreas samples were collected for Oxidative stress, LPO and FA
analysis. The significance of differences between al DMT conditions was
estimated by the one-way analysis of variance (ANOVA), with post hoc
analysis Tukey test.

Results and discussion

During the 24-hour exposure to sublethal doses of DMT, all treated crabs
exhibited an overgeneration of H,O,, peaking under the highest DMT dose (200
ug.L ™), when compared to the control group, indicating oxidative stress. This
was evidenced by elevated levels of LPO biomarkers; including LOOH levels
which were significantly (p<0.05) 10 times higher than those in the control
group across al treated crabs, as well as a significant (p<0.05) increase in MDA
amounts by nearly +50% under 100 pg.L". Previous research has highlighted
the acute toxicity of DMT, leading to the excessive production of reactive
oxygen species and subsequent L PO byproduct formation [4]. Accumulation of
these byproducts in the membrane bilayer contributes to structural changes in
the membrane. In line with this, significant variations in FA composition were
observed in the treated crab's hepatopancress (fig.1), characterized by decreased
levels of saturated fatty acids (SFA), indicating probably their retention in order
to meet essential energy demandsto support detoxification of the pesticide.
Moreover, increased levels of monounsaturated (MUFA) and polyunsaturated
fatty acids (PUFA), particularly in the omega-3 series, such as eicosapentaenoic
acid (EPA, C20:5) and docosahexaenoic acid (DHA, C20:6), were noted.
Furthermore, there was a notable increase in the omega-6 series, and its
precursor, linoleic acid (LA, C18:2), particularly under the medium dose of
DMT. Such results suggest an adaptive response of C. aestuarii hepatopancreas
cells to mitigate pesticide effects by initiating repair processes that ater FA
composition.

133

C3
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Fig. 1. Radar chat diagram summarizing FAs levels in C. aestuarii
hepatopancreas upon 24h of exposure to DMT, using the following exposure
concentrations: 50 pg.L"1 (C1), 100 ug L1 (C2), and 200 ug L1 (C3) and non-
contaminated seawater as negative control (CT)
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Abstract

Penconazole (PEN) is a widely used pesticide in agriculture that is reported to contaminate a variety of aguatic organisms. This
study aims at evaluating the PEN toxicity on the siphons of the marine clam Ruditapes decussatus by investigating oxidative stress
parameters (H202, MDA, SOD) and examining histopathological injuries caused by different concentrations of PEN. The results
showed that PEN exposure enhanced the levels of hydrogen peroxide, malondialdehyde, along with altering antioxidants status in
all treated clams. Eventually, histopathological changes detected in treated animals varied in a concentration-dependent manner and

were consistent with our biochemical findings.

Keywords: Bivalves, Ecotoxicology, Pesticides, Western Mediterranean

Introduction

Penconazole, (1-(2-(2,4-dichlorophenyl)-pentyl)-1H-1,2,4-triazole) a systemic
triazole fungicide with preventive and curative properties for plant growth [1]. It
is an active ingredient of many fungicides that are used worldwide such as
Topas, Omnex, Oron, Ofir and Dallas [2]. Ecosystem pollution can be assessed
by using sentinel organisms as bioindicators. Bivalve mollusks are used
worldwide as marine pollution sentinels due to their sessile nature, filter-feeding
habits, and ability to concentrate pollutants [3]. Thus, in the present study, we
investigated the damages to the antioxidant defense system and histoarchitecture
in the Ruditapes decussatus siphons caused by exposure to PEN- different
concentrations (4, 40 and 400ug/L). Hence, the use of the battery of cellular and
biochemical biomarkers as well as histological analysis could be a useful
approach to assess PEN contamination in marine invertebrates.

Material and Methods

Clams were collected from the Bizerte lagoon and transported to the laboratory.
They were acclimatized in filtered seawater for 72 hours. After acclimatization,
clams were exposed to different concentrations of penconazole (negative
control, D1 (4ug/L), D2 (40ug/L) and D3 (400ug/L)). Following PEN exposure,
the animals were euthanized, and siphons tissues were extracted for subsequent
analyses.

Results

Our study reveals significant enhancement of H,0, levels with the highest dose
(400pg/L). Moreover, for MDA amounts results revealed significant induction
compared to the negative group. In addition, SOD activities were significantly
affected by PEN treatment (+59%) at the highest dose. Histopathological
observations showed significant lesion of tissues analyzed. In the control group,
no morphological abnormalities were detected. Contaminated siphons exposed
to 4 pg/L and 40 pg/L of PEN show changes such as lipofuscin granules
degradation and rupture (Fig. B & C). The upper dose of PEN (400ug/L) caused
severe histologica damages ranging from lipofuscin granules degradation to
rupture, haemocytes infiltration, epithelial aterations and deformation of
epithelial cells, when compared to the control group (Fig. D).
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Fig. 1. Representative histological sections of the siphons of control (A) and
exposed Ruditapes decussatus to different PEN concentrations ((B): 4 ug/L; (C):
40 pg/L and (D): 400 pg/L) after 96H of exposure, stained with hematoxylin-
eosin. EPC: epithelia cells; mt: muscular tissue; hi: haemocyte infiltartion; 1gd:
lipofuscin granules degradation; blue circles indicate: rupture; red circles
indicate: epithelial alterations; = deformation of epithelial cells; Scale bar = 40
pm,
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Abstract

Monitoring irrigation water is critical to ensuring water quality for agriculture, promoting sustainable production and protecting the
environment. Membrane Biological Reactor (MBR) implants treat wastewater effectively, preventing pollution and harm to
ecosystems. Zebrafish are used to assess wastewater toxicity. The aim of the study was to investigate the toxicity to zebrafish
embryos of effluents from wastewater treatment plants using different treatment systems, namely activated sludge and MBR. The
results suggest that the MBR method is safer for zebrafish survival compared to the activated sludge method, which caused mass
larvae mortality at 96hpf. The MBR system is an advanced wastewater treatment technology with significant benefits in terms of

effluent quality and water reuse.

Keywords: Fishes, Pathology, Global change, Mediterranean Sea

Introduction

In view of the global warming, and the consequent increase in periods of
drought, it has become essential to adopt innovative approaches to ensure
the availability, safety of water resources [1]. This involves the reuse of
treated wastewater, in accordance with the 'drought decree' regulation
68/2023. In the context of the Sicilian territory, it is crucial to preserve the
sustainability of agriculture and protect water resources and the
environment. The Membrane Biologica Reactor (MBR) is a water
purification system that combines activated sludge with a filter membrane
separation system. This method is particularly suitable to delate proteins,
heavy metals and discharge of agri-food companies [2]. These contaminants
can harm aquatic ecosystems and negatively impact biodiversity. Inside the
Samothrace project, the aim of the study was to investigate the toxicity of
effluents of sewage treatment plants using different purification systems,
namely activated sludge and MBR, on zebrafish embryos.

Material and Methods

To verify wastwater toxicity, we conducted several samplings at wastewater
treatment plants in Sicily using two different depuration technologies,
activated sludge (AS) and MBR. At each wastewater treatment plant, a raw
sample, consisting of unpurified water, and a post-purified water sample
were taken. The samples were tested on fertilized zebrafish embryos at the
Zebrafish Facility of the Institute for Experimental, Comparative, Forensic
and Aquatic Pathology “Slavko Bambir”, University of Messina
Experimental groups were kept in raw and depurated water, while control
group was kept in only embryo medium. Each group was tested following
the OECD n. 236 Guideline.

Results and Discussions

Results showed that the untreated water, in both AS and MBR treatments,
resulted in 100% mortality of zebrafish embryos at 24 hpf. The embryos
subjected to the activated sludge system developed normally up to 72 hpf
without showing any pathological changes. A slight delay in hatching was
observed compared to the control group. However, 100% mortality was
observed at 96 hpf. On the contrary, MBR depurated water had no toxicity
effect on zebrafish larvae, resulting in 100% of survival rate, and the heart
rate was comparable to the control group (fig.1).
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Fig. 1. Survival rate of zebrafish larvae up to 96hpf

The results of the study indicate that the toxicity observed in AS sample
was likely caused by the presence of toxic substances that were not removed
through the purification process.

Conclusions

All results indicated that MBR method is economica and eco-friendly for
treatment of wastewaters. In addition, the use of treated wastewater for
irrigation purposes can be a vauable solution to address water scarcity
challenges and improve the sustainability of the agricultural sector.
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Abstract

The present study aimed to illustrate the toxic effects of chloride cobalt concentrations (O(CT), 2.5(D1), 25(D2), 100(D3)
pg/LCoCl5) on oxidative biomarkers responses of Cyprinus carpio intestine. After 3 days of treatment, Co caused increases in
MDA levels. MT's and PCO levels raised in carp of al treated groups. We revealed elevation in enzymatic (GPx and GST
activities) and non-enzymeatic (GSH and NPSH levels) antioxidants defense system.

Keywords: Fishes, Metals, Pollution, Stressors, Tunisian Plateau

Introduction

Common carp (Cyprinus carpio, Linnaeus 1758) is considered as the most
abundant cyprinid species in the world's aquaculture with 54% of total world
fish production Common carp is known for its resilience to various
environmental stressors, making it a valuable model for toxicological studies
[1]. Cobalt (Co) is an essential element for animals due to its crucid role for
the synthesis of vitamin B12 [2], when it's concentration in aquatic ecosystem
exceed the authorized limit, Co becomes toxic element. At high concentrations,
one of the mechanisms of cobalt toxicity can be generated by the induction of
oxidative stress through the overproduction of ROS affecting the
macromolecules such as proteins, lipids and DNA [3].

Material and methods

Cyprinus carpio with body weight (4.59g+0.05) and length (3.88+0.11cm)
exposed to unmixed CoCl, metal (Cobalt chloride; CoCl 2 Sigma-Aldrich;
powder 98%) which was dissolved in pure water. Experiment was maintained
for aperiod o 3 days under graduated CoCl, concentrations as following: CT:
control; D1: 25ug/L; D2 25ug/L and D3: 100ug/L. Intestines were
homogenized in Tris-HCI buffer (20mM; pH=7.4) at cold. Supernatants were
stored in eppendorf tubes at-80°C for oxidative stressMDA level was
determined according to [4] method. GSH and Non protein —SH levels were
measured according to [5]. SOD activity was assayed according to the method
described by [6]. GPx activity was measured Using [7]. MTswere determined
according to the method developed by [8].

Results and Discussion

The impact of cobalt on the antioxidant response in C. carpio intestine after
exposure to graded CoCl, doses suggest an installation of oxidative stress due
to the increase of formation of free radicas (ROS) in cells [9]. Similar MT's
induction recorded in our treatment suggested the better response of intestine
cell against the cobalt toxicity. A lipid peroxidation induced by Co toxicity
revealed by anincreasein MDA levelsin all treated groups (Tablel).

Tab. 1. The stress biomarkers response in control and treated C.carpio
intestine with graded CoCl doses for 3 days Results are expressed as means +
SD (n=9) CT : Opg/L CoCl D1: 2.5ug/L CoCl ; D2: 25ug/L CoCl ; D3: 100pg/L
CoCl CoCl groups VS controls: *p < 0.05; ** p < 0.01; *** p < 0.001.

Stress biomarkers CT D1 D2 D3
MDA(nmol/mgPr) 0.97+0.177  1.89+0.033" 53.61+5.320™" 75.36+9.425™"
NPSH (umol GSH/mg Pr) 0.275+0.063 0.28+0.068 0.345+0.069°  0.391:0.062™"
GSH(ug GSH/mg Pr) 19.1242.297 24.18+3.528™" 26.88+2.803"" 19.46+2.798
MT(umol GSH/mg Pr)  0.496+0.093 1.099+0.15™  1.337+0.169"" 1.3570.166™
GST(mmol/min/mg Pr)  0.074+0.011 0.082+0.026  0.084+0.019  0.115+0.023™
SOD (U/ugPr) 1.132+0.144 1.157+0.199  1.047+0.108  1.015+0.173
GPx (mol/mgPr) 81.119.443  189.0+12.91"" 194.6+9.639"" 155.8+6.239™"
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Abstract

KaStela Bay has been a black spot polluted by various industries developed in a previously pristine area, such as the Hg cell chlor-
akali plant, closed in 1990 (active 40 years). During this time and since, Hg speciation has been periodically analyzed in al Bay
environments. Even after 30 years, the Hg results in sediment do not show positive change, so that Hg levels are still as high as 6
mg/kg. Similarly, various fish species contain Hg amounts (1-6 mg/kg) above the levels permitted by law. The Hg conc. in the
water column during the plant active time and 10 years after closure were up to 1 pg/L. 30 years later they stabilized at up to 0.02
Hg/L. The self-purified water column is significant and calls for caution, as it gives the appearance of an unpolluted environment,

athough it contains contaminated fish and polluted sediment.

Keywords: Mercury, Adriatic Sea, Sediments, Fishes

The semi-enclosed and oval-shaped Kastela Bay is located in the central part of
the eastern coast of the Adriatic (Fig. 1). It has an area of 61 km?2 (maximum
length 14.8 km, maximum width 6.6 km) and a total volume of 1.4 km3, which is
polluted by mercury discharged into the sea from the former polyvinyl chloride
(PVC) plant. According to rough estimates based on possible mercury losses
during the production of one ton of chlorine, between 250 and 500 tons of
mercury were released into the sea in front of the plant over 40 years. The
systematic measurement of mercury and its species in seawater, solid samples
and air began in the 1980s and continues to this day [1-6].

Fig. 1. Research area. Red dot - chlor-alkali plant

The seawater samples were taken directly by scuba diver or manually from the
boat against the current. Sediment samples were also collected by scuba diver
with an acrylic tube (20 cm length, 6 cm inner diameter) or from the boat with a
Uwitec core sampler (6 cm inner diameter). To ensure authenticity of origin, fish
were caught in situ with alongline by laboratory staff during water and sediment
sampling. Analyzed fish specimens were common pandora (Pagellus erythrinus,
Fig. 2), gilthead seabream (Sparus aurata), comber (Serranus cabrilla), common
seabream (Pagrus pagrus), and from shellfish limpet (Patella caeruela) and
marine mussels (Mytilus galloprovincialis). CVAAS (Cold Vapor Atomic
Absorption Spectrometry) was used for mercury measurements in al sample
matrices. It is evident, and what could have been expected that after the closure
of the PVC plant, mercury first began to be lost from the seawater column of
the Kastela Bay, which means that the concentrations in a slow process began
to approach the values from before industria activity. Of course, in the
conditions of a purified water column shellfish living on or in immediate vicinity
of its surface will have mercury concentrations that correspond to
concentrations in shellfish from clean and unpolluted environment.
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Fig. 2. Sampling of common pandora (Pagellus erythrinus) in Kastela Bay.

Contrary to the water even after thirty years, the sediment is still heavily
polluted with mercury which results in the contamination of various fish that
feed on the benthos of such seabed.

In conclusion, it can be said that fish heavily polluted with mercury live in
seawater with relatively low mercury concentrations.
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LITHIUM-INDUCED CHANGESIN LIPID METABOLISM AND FATTY ACIDSCOMPOSITION OF NILE
TILAPIA FISH MUSCLE TISSUE

Feriel Ghribi 1*, Safa Bejaoui 1, Imene Chetoui 1, Wafa Trabelsi 1 and Nejla Soudani 1
1 Lab. of Ecal., Biol. and Physiol. of Aquatic Organisms, Univ. of Tunis El Manar, Tunisia - ferielghribi @yahoo.fr

Abstract

The present study aimed to asses the potential toxic effects of LiCl on the fatty acid composition, malondialdehyde (MDA) and
lipid hydroperoxides (LOOH) in the muscle of fish Nile Tilapia (Oreochromis niloticus). Tilapia juveniles were exposed to LiCl
graded doses (20, 40, and 80 mg/L) for 48 h. Compared with the control group, the monounsaturated fatty acids (MUFA)
increased while saturated (SFA) and polyunsaturated fatty acids (PUFA) decreased upon exposure to LiCl. Results showed that
LiCl mechanism of toxicity involves lipid metabolism disruption and induced oxidative damage.

Keywords: Mediterranean Sea, Ecotoxicology, Redox, Trace elements

Introduction

Lithium (Li) isthe lightest metal that occurs naturally at low concentrations in
water and can easily enter the food chain. Li has been used worldwide in
household items common to industrial applications (e.g., air conditioners, TV
screens, batteries...) [1]. Last decades, the use of Li-ion batteries has strongly
increased; raising concerns about its potential toxic impacts on aquatic
organisms. Fish are key components of aquatic food webs as well as an
important source of nutrition for human. Understanding the toxic effect of this
metal is essential to evaluate the possible risks on fish and ultimately on the fish
consumers. Nile tilapia fish has been often used in ecotoxicological studiesas a
bioindicator of water pollution because it is sensitive to physical changes and
contamination. The current study explores the toxic effects of lithium on tilapia
(Oreochromis niloticus) under controlled conditions in order to assess how Li
exposure affects oxidative stress levels and lipid metabolism.

Material and Methods

Prior to the experiment, O. niloticus specimens were maintained in natura filled
fresh water for 15 days at atemperature of 20°C for acclimation with 12 h: 12 h
(light—dark) photoperiod. During this period they were fed twice a day with
commercia fish feed with a daily ration of 3% of their biomass. Following
acclimation, Tilapia juveniles were divided into 4 groups (CT, D1, D2 and D3)
of 20 individuals placed in 80 L experimental glass aquaria in duplicate design
(n=10) under controlled conditions. Fish were exposed to graded doses of LiCl
(20, 40 and 80 mg/L) for a short duration (48 hours). Total lipids were extracted
following [2] method using chloroform-methanol buffer (2V:1V). FA
composition in fish muscle was determined by gas chromatography (GPC) as
described by [3]. The levels of MDA were determined according to [4] and
LOOH levels were quantified according to [5].

Results and Discussion

Results showed that in the control group, saturated fatty acids (SFA) were the
major FA class (38.35%) followed by polyunsaturated fatty acids (PUFA) and
monounsaturated fatty acids (MUFA) with 32.92% and 28.73%, respectively.
Significant decrease of SFA and PUFA against an increase of MUFA after LiCl
exposure was observed. The decrease in PUFA n-3 levels in all treated groups
from D1 to D3 was closely associated to the reduction of eicosapentaenoic
(EPA, C20:5n-3) and docosahexaenoic (DHA, C22:6n-3) FA. While, the
arachidonic acid (C20:4n-6) was the most affected FA by LiCl contamination
among PUFA n-6. In exposed fish groups, starting from the lowest (D1) to the
sharpest dose (D3), MUFA levels increased upon exposure to LiCl by 15%,
26% and 34%. In the current work, LOOH concentrations increased
significantly when compared to CT group. This probably indicate the presence
of oxidative damage to lipids, potentially compromising the structura integrity
and functionality of cellular membranes. The enhanced MDA levelsin D1, D2
and D3 suggest increased lipid peroxidation, reflecting the extent of oxidative
damage to cell membranes and overal cell health. Overall, the observed increased
levels of MDA and LOOH would suggest a higher degree of oxidative stress and
potential damage to the muscle tissue. The usefulness of FAs profile as a
biomarker of Li toxicity has been reported previously by [6] in seaworms.
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Fig. 1. Maondialdehyde (MDA) and lipid hydroperoxides (LOOH) levels in
control and treated O. niloticus. The letters above the columns, a b, and c,
indicate significant differences (p<0.05) between exposure concentrations.

Conclusion

The observed changes in fatty acids composition suggest potential disruptions
in cellular membrane integrity and metabolic processes. Our findings give new
insights on the toxic effect of LiCl on the lipid metabolism of O. niloticus
muscle and highlighted the usefulness of the FA composition as an early
sensitive bioindicators of lithium toxicity in fish.
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Abstract

Petroleum industries generate wastewater with crude oil emulsions, posing environmental risks. Marine microagae like
Nannochloropsis gaditana play vital roles in ecosystems and offer potential solutions for pollution mitigation. This study
investigates the impact water soluble ail fraction (WSOF) on N. gaditana physiology, revealing insights into its growth, biomass

yield, and physiological properties under exposure.

Keywords: Adriatic Sea, Ecotoxicology, Physiology, Phytoplankton

Introduction

Petroleum industries generate significant quantities of wastewater containing
stable crude oil emulsions, formed spontaneously during oil production.
These emulsions or water-soluble oil fractions (WSOF) pose environmental
risks due to their toxic substances [1]. Marine microalgae play vital rolesin
aguatic ecosystems, contributing to primary production, ecological balance,
and pollution degradation [2]. Microal gae can represent an excellent solution
given their ability to metabolize various pollutants, using them as carbon
sources, in green process, releasing oxygen into the atmosphere and
subtracting CO2 [3]. However, the effectiveness of microalgae in treating
water contaminated with WSOF remains uncertain. This study aims to
assess the impact of WSOF on the physiology of the marine microalga
Nannochloropsis gaditana.

Materials and M ethods

Marine microalga Nannochloropsis gaditana (SAG 2.99) was obtained from
the Culture Collection of Algae at Gottingen University (SAG). Experiment
was performed in four 2.6L photobioreactors (PBRs) controlled by SCADA
system. Conditions included a light intensity of 130 pmol photon m-2s-1
with 12:12h day/night cycle and the temperature was set at 26°C. WSOF
was prepared by mixing crude oil with 50:50 mixture of distilled and sea
water for 24 hours. One PBR served as a control, and other three reactors
had different percentage of WSOF: 1, 5 and 10%. The growth of N. gaditana
was monitored daily. Biochemical analyses in order to determine protein
content, lipid accumulation, fatty acid profile, and pigment production were
performed according to protocols [4;5]. Daily samples were taken for
dissolved nutrients analysis. The extent of lipid peroxidation was estimated
by [6].

Results

Cultures grown under 5% and 10% WSOF demonstrated faster initial cell
division, however the final biomass yield was similar under all experimental
conditions (Fig.1).

6 d

—— Contro 1% WSOF 5% WSOF 10% WSOF

Fig. 1. Biomass growth of N. gaditana when exposed to different levels of
WSOF

However, chlorophyll a concentration was notably lower in culture grown
under 5% and 10% WSOF (0.43 and 0.39 pg/mL). Protein percentage in dry
biomass ranged from 14% to 19% during the exponential growth phase. The
highest lipid productivity (43.76%) was observed in PBR with 10% WSOF.
The fastest inorganic nitrogen removal, on day 3, was observed in PBR with
10%WSOF. Elevated MDA levels were observed in cultures grown under
5% and 10% WSOF (115.08 uM/mg and 117.36 uM/mg) (Fig.2). The lipid
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accumulation under the highest concentration of WFOS was followed by
highest unsaturation degree, mostly contributed by C18:1 and C18:2 fatty
acids.

m Contro 1% WSOF 5% WSOF  m 10% WSOF

Fig. 2. Mdondialdehyde levels measured in PBRs

Discussion

N. gaditana demonstrated increase in growth rate in presence of WFOS,
however without contribution to the final biomass yield. In accordance with
the later, the chlorophyll a anaysis confirmed decrease in primary
productivity, leading to the stationary growth phase. While the growth was
stagnant under the highest WSOF concentrations due to the toxicants
inhibition of the photosynthetic apparatus, accumulation of lipids and high
proportions of unsaturated fatty acids show overall satisfying physiological
condition. These results prove the successful adaptation of N. gaditana on
harsh environment in spite of the toxicants interference with the cell
membrane permeability and low pigment production [1;8]. Greater extent of
lipid peroxidation was related to the presence of oil derived toxic substances.
However by the end of experiment MDA peroxidation decreased by the end
of the experiment which is in correlation with progression in N starvation
[9]. Resulting oxidative stress led to the aternations in cell metabolism of
N. gaditana such as lower protein content and higher lipid accumulation [8].
Conclusions

N. gaditana demonstrated potential for cultivation in crude oil-water
emulsions.These findings provide insights into the physiological responses
of marine microalgae to emulsified oil exposure, informing potentia
applicationsin pollution remediation.
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Abstract

Benzisothiazolinone (BIT) is a biocide widely used in building materials and cleaning products, but its potential toxic effects on
agquatic organisms are poorly explored. The present study aims at investigating the cellular and physiological responses of Mytilus
galloprovincialis cells to BIT exposure. Haemolymph and digestive gland (DG) cells were exposed to two different BIT
concentrations (0.03 ug mL-1 and 0.3 ug mL-1) for three different exposure times (1 h, 3 h, and 24 h). Cell viability was assessed
by the Trypan blue exclusion test and the Neutral Red retention assay, and through cell phagocytosis ability. Furthermore, oxidative
stress-related gene expression was evaluated by gPCR, to investigate the antioxidant response to BIT exposure. The study
revealed physiological, cellular and gene expression changes following BIT exposure.

Keywords: Mollusca, Bivalves, Ecotoxicology, Cell, Mediterranean Sea

Introduction

Biocides are chemicals commonly used for the elimination of harmful organisms
or the prevention of microbia contamination [1]. Their increasing use, especially
following the emergence of the COVID-19 pandemic, has increased their release
into aquatic environments via sewage systems, negatively affecting the well-
being of organisms [2]. Among these substances, benzisothiazolinone (BIT) has
been studied for its toxicity [3]. This biocide is found in several household
cleaning products, such as dish soap and laundry detergents. [4; 5]. The study
evaluated the effect of BIT on M. galloprovincialis after in vitro exposure to
two concentrations (0.03 and 0.3 pg L™1) for three exposure times (1h, 3h, and
24h).

Material and Methods

Cytotoxicity assays were conducted on haemolymph and DG cells using the
Neutral Red (NR) retention assay that provides information on the stability of
intracellular lysosomal membranes and the Trypan Blue (TB) exclusion test that
distinguishes viable cells (which appear unstained) from non-viable cells.
Additionally, we evaluated the phagocytosis activity levels of immune cells and
the volume regulation capacity of DG cells. The regulation volume decrease
(RVD), was determined in DG cells isolated both mechanicaly and chemically
and then exposed to a hypotonic solution to determine their ability to restore
their original volume when subjected to stresssinducing compounds.
Furthermore, the oxidative stress-related gene expression has been evauated.
Total RNA was extracted from DG and haemolymph cells and, subsequently,
cDNA was synthesized, for amplification of specific genes involved in the
antioxidant response using qPCR analysis.
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Results

Overall, findings on the physiologica and cellular changes as well as the
modulation of the gene expression showed that BIT can affect the lysosomal
membrane stability and the phagocytosis activity while impairing the
antioxidant cellular system in aquatic organisms.

These data provide a significant contribution for elucidating the potential
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ecological impact associated with BIT exposure in the M. galloptovincialis
model and suggest the need to explore and develop environmentally friendly and
sustai nable alternative compounds.
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Abstract

Mercury (Hg) is a highly toxic metal in aguatic ecosystems, raising significant concerns in recent years. Despite this, the precise
effects of HgCl, on the bilayer structure in aguatic organisms remain poorly understood. This study aimed to investigate the effect
of mercury chloride (HgClo) exposure at different concentrations (1, 10, and 100 pg/L) on phospholipids composition in
Cerastoderma edulegills. Analysis of phospholipids in the exposed gills revealed reductions in phosphatidylcholines (PC),
phosphatidylethanolamines (PE), phosphatidylserines (PS), and phosphatidylinositols (Pl) across all treatment groups. These
findings highlight the specific toxicity of HgClo on phospholipids, which may disrupt cellular homeostasis in organisms.

Keywords: Bivalves, Bio-accumulation, Ecotoxicology, Mediterranean Sea

Introduction

Biological membranes play a crucid role in the adaptive responses of organisms
especialy marine species [1]. Mercury pollution poses significant threats to
aguatic ecosystems, affecting the health and physiology of aquatic organisms.
Phosphoalipids (PL), vital components of cell membranes, play crucia roles in
maintaining cellular integrity and function [2]. Mercury interaction with PL, can
cause changes in membrane structure and integrity. This disruption can
compromise the selective permeability of cell membranes, affecting cellular
processes such as ion transport and nutrient uptake. The current study explores
the effects of mercury chloride (HgCly) exposure on phospholipids in
Cerastoderma edulegills, highlighting the interconnection between mercury
toxicity and membrane composition.

Materials and methods

Cerastoderma edule specimens (average length: 45.25+ 4.65 mm; average
weight: 22.54 + 2.50 g) were sourced from a bivalve shellfish farm within the
Bizerte Lagoon in northern Tunisia The specimens were divided into four
groups of 30 individuas each, arranged in triplicate, and housed in 50 L
experimental tanks. After acclimation, these groups were subjected to graded
concentrations of HgCl, (0, 1, 10, and 100 pg/L) for 6 days. Lipids were
extracted following the method of [3]. Subsequently, lipid classes analysis was
conducted viathin-layer chromatography (TLC) based on the method of [4].

Results and discussion

Phospholipids fractions (PC, PE, PS and PI) of control and treated C. edule gills
are given in Figure 1, showing significant fluctuations in PC, PE, PS and PI
levels. Our results demonstrated that short-term exposure to HgCl, graded
doses had the strongest binding affinity to PC and PE resulting by significant
decreases of their levelsin al treated gills. Additionally, significant lower levels
of PSand Pl were observed in treated C. edule with the sharpest dose.
Phosphoalipids are essential for maintaining the fluidity and permeability of cell
membranes, as well as facilitating important signaling activities crucial for cell
survival.  The decrease in levels of phosphatidylserine (PS),
phosphatidylinositol (GOB phosphatidylcholine (PC), and
phosphatidylethanolamine (PE) indicates changes in membrane composition and
behavior induced by mercury. These alterations could disrupt cellular balance,
impair normal functions, and heighten vulnerability to environmental stressors.
Consistent with our results, depletion of the major phospholipids contents has
been recorded in Mytilus edulis following copper and cadmium exposure [5].

Conclusion

Exposure to mercury can potentially disrupt the composition and organization
of phospholipids, causing shifts in membrane fluidity. This alteration can
impact the movement and function of proteins and enzymes associated with the
membrane. Recent studies suggest that variations in lipid classes could be
indicative of exposure to mercury chloride (HgCl2), providing important
information about its varying levels of toxicity on different membrane layers.
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Fig. 1. Phopholipids fractions in control and treated C. edule specimens.
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Abstract

The distribution of Copepoda in relation to environmenta factors in the El Bibane lagoon was studied during summer. Copepoda
were the most abundant mesozooplankton group (occurrence ranged from 69.8 to 83.1% of total specimens). Small copepods
reached important abundance, particularly with the presence of Oithona similis, Acartia clausi, O. nana, Paracalanus parvus
and Centropages typicus. The summer spatia distribution of Copepoda appeared to be mainly affected by salinity fluctuation and

eutrophication.

Keywords: Copepoda, Gulf of Gabes, Eutrophication, Salinity

Introduction

El Bibane lagoon is recognized as a Ramsar Wetland since 2007 and as the most
important fishery resource. This shallow lagoon is under eutrophication stress.
The objective of this study was to investigate the summer spatial distribution of
Copepodain relation to environmental factors.

Material and Methods
Samples for physicochemical and zooplankton data were collected during
summer of 2019 in four stations (Fig.1).
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Fig. 1. Location of sampling stations (S1-$4) in the El Bibane lagoon.

Mesozooplankton was captured using a cylindro-conical net. Temperature,
sdlinity, and pH were measured immediately (Multi 340 i/SET). Nutrients were
analysed with a Bran and Luebbe type 3 autoanalyzer. Zooplankton
enumeration was performed under a vertically mounted deep-focus dissecting
microscope (Olympus TL 2). The Eutrophication Index (E.l.) developed by
Primpas et a. [1] was employed to evaluate the eutrophication level. This index
incorporates nutrients and chlorophyll-a (Chl-a), categorizing the results into a
five-scale scheme aligned with the criteria outlined in the Water Framework
Directive (WFD), based on specific threshold values: 1. (High ecological water
quality, E.l. < 0.04); 2. (Good E.I. = 0.04-0.38); 3.(Moderate, E.|. = 0.38-0.85);
4. (Poor, E.I. = 0.85-1.51); 5. (Bad, E.I. > 1.51).

Results and discussion

The physical characteristics of the study are summarized in Table 1. This
study's high-water temperature and salinity are typical of the arid
Mediterranean climate. E.l. values were indicative of a generalized
eutrophication (Table 1). High eutrophication levels of the coastal waters of the
Gulf of Gabés were confirmed [2]. Mesozooplankton assemblages were
dominated by opepoda accounting for 69.8 (S3) and 83.1% (S1). The highest
total adult copepod density (41.8 x103ind m™3) was observed at station 3.
Sampling station S2 showed the highest eutrophic situation together with the
lowest abundance of mesozooplankton and total copepods. E.I. was negatively
correlated with total mesozooplankton (r =-0.812, p < 0.05) and total
copepods (r = -0.760, p < 0.05).
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Tab. 1. Physicochemical and biological variables measured off the coast of the
El Bibane lagoon.

[s1 [s2 [s3 [s4 |
Physico-chemical variables
Temperature (°C) 28.0 |28.7 |28.4 |287
Salinity (psu) 453 |466 |454 |452
pH 8.4 8.2 8.3 8.4
Ammoenium (uM) 1.2 14 1.2 14
Nitrates (uM) 1.0 16 1.6 09
Nitrites (M) 0.2 0.3 0.3 0.2
Phosphates (pM) 24 3.8 3.1 22
E.l 1.6 22 1.9 16
Biological variables
Chlorophyll-a (ug I'Y) 1.3 0.9 0.9 15
Total mesozooplankton (x102 ind m-3) 514 |93 68.6 |43.9
Nauplii of copepoda (<107 ind m- %) 124 |05 6.1 8.3
Calanocida copepodids (x10° ind m-2) 21.31 | 419 |20.58 | 17.79
Cyclopoida copepodids (%102 ind mr %) 727 | 282 |20865 |982
Harpacticoida copepodids (x10% indm %) | 1.76 | 0.12 | 0.57 | 0.26
Oithona similis (x10% ind m-3) 6.3 14 105 |69
Acartia clausi (x10° ind m™2?) 46 0.1 10.9 |55
Oithona nana (x10° ind m-3) 0.8 14 198 23
Paracalanus parvus (x10° ind m- %) 0.7 26 0.7 25
Centropages typicus (x10° ind m-3) 2.6 0.5 1.4 0.9

Calanoida dominated the Copepoda during the summer of 2019, accounting for
59.6% of total specimens. Nauplii abundance was negatively correlated with
salinity (r =-0.976, p < 0.05) and E.I. (r =-0.937, p < 0.05). A total of 23
different copepod species were identified belonging to three different orders
such as Calanoida (11 species), Cyclopoida (7 species) and Harpacticoida (5
species). The lagoon of El Bibane showed alow copepod species richness than
the Boughrara lagoon (43 species) [3]. Sma neritic and tolerant species to
eutrophication and pollution: Oithona similis, Acartia clausi, O. nana,
Paracalanus parvus and Centropages typicus are characterised by high
abundances (Table 1) with contributions of 22.4, 15.6, 13.4, 12.4 and 5.6%
respectively of adult Copepoda. O. similis, A. clausi were negatively correlated
with salinity (r =-0.949, p < 0.05 and r =-0.966, p < 0.05, respectively).
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Abstract

Bagno dell'Acqua Lake, holds a unique blend of volcanic and biogenic features. A multidisciplinary project was realized to define
the biodiversity of the lake and the geologica and biological processes occurring there. The study involved many researchers from
different universities and research centers and was coordinated with the National Park activities. The study encompasses severa
disciplines such as hydrogeology, geochemistry, petrography, geophysics, sedimentology, microplastics, microbiology, botany,
zoology, limnology, ecology. The interest of the lake is due to the peculiar alkaline chemistry (pH9) and the widespread emission of
CO, from diffuse and punctual sources, feeding large microbial communities that form seasonally varying mattes, loose and soft

sediment on the lake floor and hard crust on the lake shores.

Keywords: Bacteria, Biodiversity, Geochemistry, Lagoons, Scily Channel

Pantelleria Island is the emerged portion of an active volcano located in the
central Mediterranean Sea; Bagno dell’ Acqua lake is the only body of water
on theisland. It is an endorheic basin of 0.2 km?2 formed within the "Caldera
dei Cinque Denti." It has a sub-circular shape, an average depth of about 2 m
and a max. depth of 12 m. Two-thirds of the lake is a vast platform (from O
to about 2 m in depth), mainly present in the western and southern parts,
followed by a steep slope down to 10 m water depth and an almost flat
basin floor. The lake is affected by hydrothermal emissions mainly located
along the southwestern sector. The emitted gas is mainly CO, (about 98%),
athough significant amounts of CH4 have been detected at shallow depth
within the sediment, where reflection seismic profiles show widespread
presence of fluids. Gas emissions led to the formation of pockmarks, two of
which are giant and located in the deepest parts of the lake. The slopes are
morphologically characterized by instability phenomena, both localized or
widespread. Gravitational instability is also recognized in the subsurface.
The water composition is controlled both by surface meteoric input and
inputs from groundwater mixed with seawater and hydrothermal fluids [1].
The lake waters are chemically relatively homogeneous, both verticaly and
spatially, with temperatures ranging between 14-25 °C and pH values of
approximately 9. The most characteristic and predominant biota of the
ecosystem is that of cyanobacteria, photosynthetic prokaryotes that
produced free oxygen in the primordial Earth atmosphere approximately 2.3
billion years ago. Cyanobacteria represent the first level of the aquatic food
chain and contribute to the biodiversity of the lake along with a wide range
of other microbial organisms. Bacteriaform thick bacterial mattes on the lake
bottom, are responsible for the formation of the characteristic carbonate mud
which gives the lake bottom its white/turquoise color (however, becoming
anoxic immediately below the water/sediment interface) and generate
peculiar microbialite crusts present along the shores and in the sub-bottom
of the coastal platform. Microbialites are organo-sedimentary deposits made
up by carbonate/silicate mineral components formed through the interaction
of bacterial activity with the lake water, a process that was reconstructed
with laboratory experiments in which bacterial communities were nourished
with lake waters. Subsurface microbialites appear organized in centimeter-
thick laminae, possibly due to seasonal variability in environmenta
conditions. Water biota only includes invertebrates. Due to the peculiar
hydrochemical conditions of the lake water (i.e. pH, sdlinity), many
common groups are excluded (Gastropods, Polychaetes, etc.), fishes are
absent and the trophic chain strongly simplified: photosynthetic
prokaryotes constitute the production level, utilised by the crustaceans
Moina salina and Arctodiaptomus salinus, while few species of insects of
the order Heteroptera and Coleoptera (Dytisciidae, Hydrophilidag), both
larvae and adults, represent the next consumers level. On the bottom the
anoxic conditions at the water/sediment interface lead to the absence of
common burrowing animals (such as worms, bivalves, etc.), dlowing the
occurrence of only some dipteran larvae of the families Chironomids and
Ceratopogonids. Some ostracods occur in marginal micro-biotopes feeded
by freshwater. As for the subaeria shores, botanica and zoological
communities are rich in endemism such asLimonium secundirameum,
whereas the zoological communities are characterized by the presence of the
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endemic Gryllotalpa cossyrensisand by severa reptiles asChalcides
ocellatus, Hemorrhois hippocrepis and Podarcis siculus. All of them are
included in the Annex 1V of the EU-Habitat Directive and thereby strictly
protected by European law. Three species of geckos are reported around the
lake, one of which, Tarentola fascicularis, has been found in the island for
the first time. Among mammals noteworthy is the presence of the
autochthonous Crocidura pachyura in sintopy with three invasive mammal
species (Rattusrattus, R. norvegicus and Mus domesticus). Finaly, the lake
represents an important element of attraction for at least 50 species of
migratory and/or wintering birds.

Fig. 1. Lake Bagno dell'Acqua, red dots point pockmarks, bubbling and
mofettas.
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Abstract

The richness and diversity of phytoplankton in EL-Bibane and Boughrara lagoons were low suggesting a pioneer community. This
pattern may be due to the unbalanced nutrient loading in the lagoons causing the eutrophication of the water body. The low
DIN/DIP (0.91) recorded in El-Bibane may induce the proliferation of dinoflagellate coupled with a bloom of the harmful species,
especialy Peridinium. Phytoplankton in Boughrara Lagoon seems to be more structured than that in EL-Bibane.

Keywords: Phytoplankton, Gulf of Gabes, Eutrophication, Nutrients

Introduction

Phytoplankton plays a crucial role in the transfer of energy and biomass
through the pelagic food webs and the Redfield ratio in the ocean [1].
Phytoplankton, which quickly respond to environmental variations, has
widely been used as a bioindicator of marine ecosystems. The Gulf of Gabesis
a heavily anthropized area and exposed to the pressure of anthropogenic
activity such as fishing and industry [2]. The Boughrara and El-Bibane lagoons,
RAMSAR sites of ecologica importance, are exposed to specific climate
forcing such as high evaporation, Saherian winds and flooding. This study aims
to compare the phytoplankton community structure in Boughrara and El-
Bibane.

Material & methods

The Gulf of Gabes located in the south of Tunisia in the southwestern lonian
Sea (between 35° N and 33° N) has a dry Mediterranean climate. The Gulf
shelters two natural lagoons Boughrara and El-Bibane which are delimited by
Djerbalsland to the north and by the governorate of Medenine. Phytoplankton
samples were collected at the surface of the two lagoons in July 2019 with a
Niskin bottle. Physical parameters, nutrients and chlorophyll-a (Chl-a)
content were assessed. Phytoplankton taxons were identified and enumerated
(cdlls. L™1) with the Utermohl technique. The eutrophication state was
evaluated using the eutrophication index E.I [3]. Nutrient limitation for
phytoplankton was assessed by the Redfield ratio (DIN/DIP). To assess the
phytoplankton structure in the lagoons the species richness (S), Shannon
diversity index (H') Pielou (J) and dominance indices were calculated. The
interrelationship between phytoplankton and abiotic factors was assessed
using multiple linear regression.

Results

The surface layer of the two lagoons showed the same salinity of 45 PSU
(Table 1). The DIN/DIP was highest in Boughrara reaching 20.84 + 3.15
suggesting that phosphorous was the limiting nutrient. However, DIN/DIP
ratio was very low not exceeding 1 in El-Bibane. However, the eutrophication
index (E.I) was similar in the two lagoons averaging 2. In summer, the
phytoplankton was composed of 25 and 29 taxons in the lagoon EL-Bibane
and Boughrara, respectively (Table 1). The total phytoplankton density was
quite similar between the two lagoons (Student, P > 0.05) (Table 1). While the
total dinoflagellate dominates in El-Bibane (74% of total phytoplankton), the
diatoms bloomed in Boughrara reaching 8241 + 20390 cells L~ corresponding
to 96.5 % (Table 1). According to the dominance index, the lagoon El-Bibane
was mainly dominated by the dinoflagellates due to the proliferation of Tripos
furca, Peridinium sp., and Prorocentrum micans. However, in Boughrara the
phytoplankton communities were dominated by diatoms such as Pleurosigma
sp., and Fragilaria unipunctata representing 26 and 25%, respectively. While
cyanobacteria were absent in EL-Bibane, harmful species Gonyaulax spinifera,
Peridinium sp., and Prorocentrum lima have been recorded.

Discussion

Nutrient enrichment has become a major issue in many coastal ecosystems
around the world [4]. The values of E.I exceeded >1.5, and thus they indicate a
generalized eutrophication in the two lagoons. The lowest values of DIN/DIP
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(redfield ratio = 16) recorded in El-Bibane reflect a bad water quality which
may explain the low richness of phytoplankton in the lagoon (25 species).

Tab. 1. Mean+ SD of physical and chemical variables and phytoplankton
communities in the lagoon El-Bibane and Boughrara. t-values were determined
by aT- test analysis (*p<0.05, **p<0.01)

Parameters El-Bibane Boughrara tvalues P
Physical parameters
Temperature ("C) 2820+0.39 26.96+0.28 516 0.002*
Salinity (PSU) 4577 +0.97 4575+0.35 0.047 2.447
Chemical parameters
T-N (uM) 5.67 £0.81 8.83+0.19 -7.543  0.003*
T-P (uM) 1265+275 239+044 7.334 0.004*
Si(OH), 351+097 264+023 1753 0.189
DIN/DIP 0.92£0.35 2084 +£3.15 -12.565 0.001™
Chla (ugL™) 1.00£0.16 5.32 £ 4.56 -1.894 0.154
El 1.82+048 224+1.05 -0.727 0.495
Biological parameters
Total-phytoplankton (cells L™) 7475.0 £ 6109.8 8540.91 +20343.71 -0.232 0.817
Dinophyceae (cells L") 5525.0 £3645.0 286.4 £3536 2202 0.0417
Bacillariophyceae (cells L’1) 1950.0 £ 29034 8240.9+20390.1 -1.681 0.107

Cyanobacteria (cells L") nd 9.09 £30.15
Dictyochophyceae (cells L") nd 4.55+15.08
community structure

S 25 29

H' 189037 148073
J 077008 078+017

Diversity index (< 2) assumed a pioneer stage development of phytoplankton
in the two lagoons. These results revealed that phytoplankton communities
were not well structured probably due to the unbalanced nutrient loading,
especidly in the El-Bibane lagoon. In this later dinoflagellate dominates and we
recorded a bloom of harmful speciesPeridinium spp. (20% of total
phytoplankton). Linear regression shows that mainly PO43', DON and silicate
explain the variability of the total phytoplankton in two lagoons. Studying the
non-indigenous and harmful species in future could better explain the
phytoplankton structure in Boughrara and EL -Bibane lagoons.
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Abstract

This paper presents the results of the first study on tintinnids in the Neretva estuary (Adriatic Sea), the most abundant group of
microzooplankton, whose abundance variability shows a clear seasonal pattern with maxima in spring and autumn. Total
abundance was positively correlated with species richness, while the negative correlation with evenness indicated the presence of
dominant species. A total of 37 taxa were identified, with Tintinnopsis karajacensis, T. nana and the alien tintinnid Rhizodomus
tagatzi being the dominant species. The distribution of tintinnids was significantly influenced by hydrographic parameters. The
abundances confirm their successful adaptation in the estuary and emphasi se the importance of such a study for the assessment of
trophic status, conservation of natural diversity and ecosystem functioning.

Keywords: Zooplankton , Estuaries, Adriatic Sea

The Neretva River is the largest watercourse on the eastern coast of the
Adriatic, and its delta is one of the most important and fertile agricultura areas
in Croatia. In recent decades, the sea has penetrated the bottom of the Neretva
as a sat wedge, and vertical mixing is limited to a narrow transition layer
between fresh water on the surface and salt water below [1] . In this paper we
have focussed on the characteristics of the tintinnid community in the estuary
and its relationship to the thermohaline features of the environment.

According to hydrographic features, the water column is stratified into: a surface
layer (0-2 m) with strong seasonal temperature fluctuations and low salinity, a
middle transition layer (3-4 m) with the seasonal occurrence of thermocline and
halocline and a lower layer (5-8 m) with higher temperatures (>20°C) and a
sdinity of over 38 from midsummer to early autumn and minor fluctuations
from December onwards.

Zooplankton was collected biweekly from May 2022 to January 2023 using 5-L
Niskin bottles in three layers (1, 5 and near bottom ~8 m) at the mouth of the
Neretva River (S1) and at the station 16 km upstream (S2) (Figure 1).

Mediterranean Sea

Fig. 1. Study area with the sampling stations in the Neretva River estuary
(Southern Adriatic Sea) (S1, 43°1'10.0” N 17°26'36.0"” E and S2, 43°1'4.65" N
17°33'57.7" E).

Tintinnids were the most abundant microzooplankton group with pronounced
seasonal variation, a significantly higher abundance at the upstream station S2
(p=0.039) and the highest monthly mean of 4184+2260 cells L-1 in October.
Total abundance is positively correlated with species richness (S, H') (p<0.05)
and negatively correlated with the evenness index (J) (p<0.001), indicating the
presence of dominant species. Of the 37 taxa recorded, Tintinnopsis
karajacensis (61.79%) and the aien tintinnid Rhizodomus tagatzi (17.54%)
were most abundant on S2 and Tintinnopsis nana (20.27%) and Codonellopsis
schabi (18.51%) on S1. The strong positive correlation (p=0.001) between the
tintinnids and the hydrographic parameters (temperature and sainity),
especialy at S2, indicates the importance of these factors in controlling their
populations (Figure 2). As there are relatively few data on the status of
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zooplankton communities in estuaries, this study can provide a good basis for a
better understanding of the functioning of vulnerable pelagic habitats. It also
demonstrates the importance of zooplankton research for the assessment of the
trophic state of the environment and the conservation of natural biodiversity.
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Fig. 2. Scatterplot of total abundance of tintinnids as a function of thermohaline
water properties at two stations (S1 and S2) and three layers (1, 5and 7 m) in
the Neretva estuary. (Bubble width is proportional to the abundance of
tintinnids)
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CIESM Congress Session : Bioaccumulation
Moderator : Blazenka GaSparovic

Moderator's Synthesis

In session C3-Bioaccumulation, 8 presentations were given on the bioaccumulation of heavy metals,
microplactics, organic pollutants and radionuclides in various Mediterranean organisms. The speakers
came from all over the Mediterranean, including Spain, Tunisia, Greece, Croatia and France. The lectures
lasted 3 minutes and were followed by a short discussion about the presentation.

In the opening presentation I gave a brief overview of recent research trends: understanding the long-term
effects of bioaccumulation, understanding the processes that contribute to bioaccumulation, identifying
new classes of chemicals and how to recognize them, understanding the role of climate change in altering
pollutant dynamics, and developing bioremediation strategies to reduce pollution in the marine
environment. My idea was to ask them to think about what problems should be identified or solved in the
Mediterranean in terms of pollution and bioaccumulation. The discussion took place after the last lecture.
One of the outcomes of the discussions was that a One Health concept needs to be developed to promote
a holistic approach to health that recognizes the complex interactions between species and their
environment. The question was also raised as to whether the wars in Ukraine and the Middle East could
have a negative impact on the bioaccumulation of new pollutants.

The participants in the session emphasized the problem that it is impossible to compare the results of
different scientists. It is suggested that several key components need to be developed, including:
standardization of methods (development of standard protocols and research methods), development of
common analytical and statistical frameworks, data open access, and interdisciplinary collaboration.
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Abstract

Port areas in the Mediterranean Sea have an important role in Blue Economy sectors but they are heavily impacted by human
activities including marine pollution due to trace metals and microplastics. This study investigates the role of afilter-feeding bivalve
organism (Mytilus galloprovincialis) as a valid bioindicators to assess the environmental health of these areas. A total of 350
individuals were analyzed in a port area (Mallorca) giving evidence of bioaccumulation of trace metals, especially Hg, Pb and Cu,

aswell as amicroplastic ingestion frequency of 88%.

Keywords: Marine litter, Balearic Islands, Trace elements, Coastal systems, Bio-indicators

Introduction

Coastal areas are heavily impacted by human activities (overfishing, maritime
transport, aguaculture, seaweed production, power generation, intense
urbanization and development, resource extraction, and coastal tourism) having
negative consequences for marine ecosystems. In the Mediterranean Sea,
especially inislands, port areas are a key element for their development and an
important sector for Europes’ Blue Economy providing with over 4.5 million
direct related marine jobs [1]. Regardless of economic benefits and job creation,
ports have an impact on the marine ecosystem: direct and indirect discharges of
chemical products, trace metals and microplastics (MPs). Mussels are sedentary
filter-feeders with a large filtering capacity simultaneously intaking dissolved
contaminants and MPs and are widely used as bioindicator species for
monitoring coastal and marine waters. The main aim of this research is to study
and evaluate the feasibility of Mytilus galloprovincialis as bioindicators of
human pollution in aport area by assessing i) the accumulation of trace metals
(Copper (Cu), Zinc (Zn), Arsenic (As), Nickel (Ni), Cadmium (Cd), Lead (Pb)
and Mercury (Hg)) in their soft tissue and ii) the intake of MPs.

Material and M ethods

For this study, three sampling sites inside the Port of Pama de Mallorca
(Balearic Islands, Spain) and one control site outside this port were selected. A
total of 350 individuals were deployed in May and left during three summer
monthsin the study area. Mussel’ s biological parameters were measured at the
beginning of the study and at each sampling site and mortality rate was also
measured after the study period. In order to assess the viability of mussels as
indicators of the environmental statusin port areas seven different trace metals
(Cu, Zn, As, Ni, Cd, Pb and Hg) [2] were measured in their soft tissue and
microplastic ingestion was analyzed [3].

Results and discussion

Regarding trace metals, Zn, Cu and As predominate in the soft tissue of mussels
with mean values reaching up to 251.23 + 14.01 pg/g (Zn, Site 3), 55.70 + 0.95
pg/g (Cu, Site 3) and 23.25 + 0.74 pg/g (As, Site 4). Pb (11.85 +2.20 pg/g; Site
3), Cd (1.02 £ 0.07 pg/g; Site 4), Ni (1.01 + 0.22 pg/g; Time 0) and Hg (0.36 +
0.01 pg/g; Site 3) showed lower concentrations in the soft tissues of
mussels. The regression analyses indicated a strong and positive correlation
between Hg and Pb (r = 0.95) and Cu (r = 0.94) (Fig. 1). Concentrations of Zn
and As were particularly higher than in other studies (2) indicating especial
affectation of the study areato these two trace metals. Regarding microplastics
ingestion, 88% of the individuals had ingested microplastics showing similar
values to those previously reported in the same study area (94% [4]) but much
higher than in an Adriatic port (48% [5]).

Conclusion

This study gives evidence of the bioaccumulation of trace metals, especially Hg,
Pb and Cu and the ingestion of MPs in mussels deployed in every sampled site
of a port area, indicating not only that mussels are good indicators on
environmental health but also possible active biofilters for the remediation of
metals and MP pollution.
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Fig. 1. Correlation analyses for the different trace metals, condition index and
microplastic ingestion.
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Abstract

This work constitutes an evaluation of the accumulation of lead, cadmium and mercury in the tissues (muscle, liver and intestine) of
the Shark Squalus megalops collected from two study areas: Bizerte Bay and Gulf of Gabes. The results revealed that muscle
tissues, collected from both sampling areas, displayed concentrations exceeding the maximum limit for Hg, Pb and Cd, which
presents arisk for this organism and a serious threat to the health of consumers.

Keywords: Bio-accumulation, Metals, Elasmobranchii, Mediterranean Sea

Introduction

In Tunisia, elasmobranchs are under increasing pressure from expanding
anthropogenic activities (industrial and public discharges, fishing, maritime
traffic...) (Bradai et al., 2006). No consideration has been given to the uptake
of metals by elasmobranchs in Tunisian waters, compared to other
vertebrates, which is particularly worrying given their high trophic position
and the continuing decline in their populations (Dulvy et al., 2014). This
data deficiency despite the ecological and economic interest of this group,
led us to evaluate the bioaccumulation of lead, cadmium and mercury in the
tissues of Squalus megalops (Macleay, 1881), a shark highly appreciated by
tunisian consumers and constantly available on the market.

Materiel and methods

Specimens of S megalops were caught by loca fishermen between
November 2022 and November 2023 from 2 localities: Bizerte Bay (24
specimens) and Gulf of Gabes (17 specimens). Then, muscle, liver and
intestine were taken and frozen at -20°C for metal analysis. A sample of 0.5
g (wet weight) of every tissue was homogenized and placed in 30 ml Teflon
containers with the addition of 2 ml 65% nitric acid (HNO3) and 1 ml 30%
hydrogen peroxide (H,0,). After, the vessels were heated to 170°C using a
digestion system (microwave unit). Lead (Pb) and cadmium (Cd)
concentrations were measured using an inductively coupled plasma optical
emission spectrometer (ICP-OES). To estimate mercury (Hg) concentration,
0.1 g of each tissue sample was inserted in a nickel capsule and introduced
into the DMA-80 direct mercury analyzer.

Results and Discussion

Cadmium (Cd) concentration in S megalops tissues ranged between 0.60
Hg/g in the liver from the Gulf of Gabes and 2.42 ug/g in the intestine from
Bizerte Bay (Figure 1). The spatial variation of this metal did not indicate a
significant difference between the 2 stations (p-value > 0.05). Referring to
the standards indicating maximum cadmium levels in food (0.050 pg/g),
defined by the European legislation and by the FAO and WHO (2019),
muscle tissues from the examined specimens showed concentrations
exceeding the maximum limit for this metal at both study stations. For Lead
(Pb) concentration was higher in the tissues of the specimens collected from
Bizerte Bay (non-significant difference). The highest Pb accumulation was
noted in the muscle of specimens from Bizerte Bay (2.6 1g/g). The Pb levels
estimated in the present work (Figure 1), at both stations, exceeded the
international limits set for this metal (0.30 pg/g). For Mercury (Hg), the
muscle of S. megalops accumulated a high concentration of Hg, reaching 2.7
Hg/g in Bizerte Bay (non-significant difference with that recorded in the Gulf
of Gabes). Our concentrations exceed the maximum limit for Hg at both sites

(1 pg/g).

Conclusion

When compared to the maximum levels of heavy metals in food defined by
European legislation, the Food and Agriculture Organization of the United
Nations and the World Health Organization, muscle tissues taken from S.
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megalops, showed concentrations above the maximum limit for Hg, Pb and
Cd at both sampling sites. As top predator that occupies high trophic
position, this shark seems to accumulate high metal doses from its prey,
which could disrupt its metabolic activities and degrade its immune and
reproductive systems, thus threatening its persistence in Tunisian marine
waters. This elasmobranch, highly appreciated by tunisian consumers,
seems to threaten the public health in the event of heavy consumption.
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Fig. 1. Spatia variation of Cd, Pb and Hg accumulation in muscle, liver and
intestine of S. megalops between 2022 and 2023. (+ SD; B: Bay of Bizerte;
G: Gulf of Gabes)
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Abstract

Although seafood is considered important for a healthy diet, the frequency of certain species consumption has to be considered. In
this study, Hg, Pb, and Cd were measured in the Lophius budegassa (black-bellied angler fish) collected from the lonian Sea and
Argosaronikos. Total Hg (THg) levels were similar in both GSAs and higher than the tolerable limits reported by the European
Union for seafood. Cd and Pb concentrations were lower than respective tolerable limits. The estimated weekly intake for THg
exceeded the provisiona tolerable weekly intake recommended by the European Food Safety Authority and consequently, the
regular consumption of this speciesis not recommended, especialy for children.

Keywords: Metals, Fishes, Eastern Mediterranea, lonian Sea, Saronikos Bay

Seafood is arich source of high-quality protein and polyunsaturated fatty acids
(n-3 PUFAS). Concern has risen, over the hazardous effects of contaminants
such as heavy metals, bioaccumulation in fish tissues, and transferring to
humans through the trophic web. In this study, we aim to determine the
concentration of toxic heavy metals (Cd, Pb, and Hg) in the soft tissue of
Lophius budegassa (black-bellied angler fish) and to give recommendations
regarding the safety consumption of this species for adults and children.
Twenty-five L. budegassa from 342 to 592mm were collected during June 2021
in the framework of the Mediterranean International Trawl Survey (MEDITS)
from the Argosaronikos (GSA 22) and the lonian Sea (GSA 20) (Figure 1).
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Fig. 1. Map of the study area. Samples were collected from lonian Sea (GSA
20) and Argosaronikos (GSA 22).

This species is one of the target species of the Mediterranean trawl fishery.
The soft tissue of each individual was collected and analyzed for Hg by the
Direct Mercury Analyzer DMA-80 (Milestone), Pb, and Cd by graphite
furnace AAS using a Shimadzu AA 7000 apparatus. The accuracy and
precision of metal anaysis were verified by the analysis of reference materials
(NIST 2976, and Dorm 4). The range concentration of each metal as well as the
depth range of sampling are givenin Table 1.

Tab. 1. The range concentration of metals in the soft tissue of Lophius
budegassa from the lonian Sea and Argosaronikos. N= number of individuals.
The values are mg/kg wet weight. *= European Commission standard limit (EC,
2006)

N | Depth range (m) | Hg (mg/kg) | Cd (mg/kg) | Pb (mg/kg)
lonian Sea (GSA 20) 15 | 63-384 0.36-2.45 0.007-0.013 | 0.063-0.39
Argosaronikos (GSA 10 | 113-533 0.12-2.44 0.005-0.008 | 0.101-0.38
22)

EC standard limit 0.5 0.05° 0.3

Hg and Pb were similar between sampling areas while Cd was higher in the
lonian Sea. The Saronikos Gulf is subjected to many anthropogenic activities
such as intense maritime traffic from the port of Piraeus, industria facilities,
and rapid urbanization. On the contrary, the lonian Sea is an oligotrophic and
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low-productivity system with no intense human-induced pressures except
moderate maritime traffic. We consider that higher Cd level in the lonian Seais
assumed to be related to natural sources. The average concentration of THg
(0.85 + 0.59 mg/kg wet weight) was the only meta that exhibited a higher level
than the European limit for human safe consumption (0.5 nug/g wet weight; EU,
2006). A similar high concentration of Hg in L. budegassa was found in the
west Mediterranean Sea and South Africa as well. The high level of mercury
contamination in the Mediterranean Sea is due to large deposits of cinnabar
(HgS) and thus it has been the subject of extensive studies concerning seafood
consumption (Girolametti et a., 2023). The estimation of human health risk
derived from seafood consumption was evaluated by caculating the EWI
(Estimated Weekly Intake- US EPA, 2000) for each analyzed contaminant,
both for adults and children. The EWI was calculated for adults (70kg) and
children (32kg) for fish consumption 3 times a week (according to the Greek
authorities recommendation). The results were compared to those
recommended by the Provisional Tolerable Weekly Intake (PTWI) (JECFA
2010). The highest EWI vaue for Hg in this study was 0.89 mg/kg for adults
and 1.53 mg/kg for children which are higher than those recommended (1.6
ug/kg). Based on THQ (Target Hazard Quotient) results, which are used to
express the risk of non-carcinogenic effect, the consumption of this species is
not recommended for more than 3kg annually for adults and 1kg for children. L.
budegassa is a target of trawl fishery in the Mediterranean Sea. THg, Cd and
Pb were measured in the soft tissue of this species collected from the lonian Sea
and Argosaronikos. Although Cd and Pb mean values were lower than the EU
limits for safe seafood consumption, the average concentration of THg was
higher than the corresponding limits set by the EU (EC, 2006). The EWI was
also found high for this metal than the recommended weekly intake standard for
both children and adults. Consequently, the regular consumption of this species
isnot advised for adults and in particular for children.
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Abstract

This paper presents the concentrations of heavy metals (Hg, Ni, Cr, Cu, Fe, Zn) in the tissues of the crustacean Nephrops
norvegicus collected from the Aegean Sea (N=176), during the years 2021-2022. In ascending order, the metal concentrations
(mean value, mg/kg wet weight) were as follows: Hg (0,32) < Cr (0,87) < Ni (1,13) < Cu (10,40) < Fe (25,03) < Zn (26,46). Hg and
Cr levels were influenced by the size of the animals. Hg concentrations increased (R2=0,21,p<0,05) with the growth, while Cr
concentrations decreased (R2=0,27,p<0,05). Since the Target Hazard Quotient (THQ) was lower than 1, the risk to human hedth
from the consumption of crustaceansis negligible. In comparison to other areas and species, the concentrations of heavy metals are

relatively low.

Keywords: Crustacea, Decapoda, Metals, Mercury, Aegean Sea

Introduction - Heavy metals are among the most common pollutants that
deteriorate the quality of aguatic ecosystems, due to their toxicity, persistence
and tendency to bioaccumulate in biota, thus seriously threatening human health
[1]. The am of this study is to investigate the metal concentrations
of Nephrops Norvegicus in a semi — enclosed Gulf of the Aegean Sea (North
Euboean Gulf), estimate risks arising from the consumption of the crustacean,
and compare the results with other studiesin the N. Euboean Gulf and elsewhere
in Europe.

Material and Methods - A total of 176 individuals of N. norvegicus were
collected from the North Euboean Gulf during the years 2021 — 2022. They
were examined in 48 pooled samples and divided by season, sex and size. Four
size classes were created and one independent of size. We calculated the
Estimated Daily Intake (EDI):EDI = (C x IR x 10-%) / BW, and the Estimated
Weekly Intake (EWI) [2]. Health risk from consumption was calculated by the
means of the Target Hazard Quotients (THQ): THQ = (EF x ED x IR x C)/(RfD
x BW x ATn) x 10-3[2].

Results - Statistically significant differences were observed in the mean
concentration of Hg among the seasons (p<0,05), and among the sizes
(RZ0,21,p<0,05) (Fig.1). In addition, statistically significant differences were
observed in the mean concentration of Cr among the seasons (p<0,05), and
among the sizes (R%0,27,p<0,05) (Fig.1). Moreover, statistically significant
differences were observed in the mean concentration of Cu and Fe among the
seasons (p<0,05). No statistically significant differences were observed between
the concentrations of Ni and Zn with any other parameter.The dose of metals did
not exceed the limit reported by the world literature (RfD) of metals and the risk
index was found to be lower than 1 (HI= 0,1009<1).
07-

CL (mm)

Fig. 1. Concentration of Hg (mg/kg) w.w. and Cr (mg/kg) w.w., in N. norvegicus
species from the N. Euboean Gulf.
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Discussion - The increasing concentration of Hg with increasing CL is aresult
of its continuous accumulation as Hg is not regulated by the body. In contrast,
the negative correlation of Cr with CL could be attributed to the fact that Cr isan
essential metal for the body. A higher concentration of metals was detected
during the summer season (Hg, Cr, Cu, Fe). These seasonal changes could be
related to the fluctuations in the concentration of metals in the water, perhaps
due to the high temperature, but also possibly related to biological needs as well
as differences in metabolic activities, nutrition, the rate of growth and the
reproductive period of the species. Comparing our results with other studies,
they reported higher levels of Ni, Cr, Cu, Fe and Zn [3]. Also, in other species
from the area, metal concentrations were higher than N. norvegicus [3,4].
Furthermore, higher concentrations in N. norvegicus were observed in the Clyde
Sea[5], inthe Gulf of Lions[6], in Bay of Biscay [6], in BarcelonaBay [7] and
in the Adriatic Sea[8]. In conclusion, thereis no risk for human consumption of
N. norvegicus species from the N. Euboean Gulf, as the metal concentrations
were found within the safe intake limits.
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Abstract

In order to analyse biological response of musssel and meiofauna taxa to metal pollution in Pula Bay 7 metal concentrations in
sediment and mussel, meiofauna abundance as well as metallothionein content and anoxic survival in mussel were investigated.
Site-specific metal concentrations in sediment and mussel indicated multiple metal pollution sources. The highest metal pollution
index (PLI) and lowest meiofauna abundance was found near big shipyard sites and in marina. Mussel expressed specific
physiological response to metal content pattern. Anoxic survival time was correlated to PLI in sediment indicating that mussel
physiological status could be related to chronic toxic metals presence in seawater. Both meifauna higher taxa abundancy as well as

mussel physiological features are good indicators of metal pollution.

Keywords: Pollution, Ecotoxicology, Metals, North Adriatic Sea

Introduction - Pula bay is semienclosed bay in Istrian peninsula historically
under influence of various anthropogenic activities acting as a pollutant source
for the marine environment. Among pollutants entering marine environment
metals are considered as potentially highly toxic capable to affect local biota.
Marine sediments act as a deposition pool for heavy metals, thereby posing an
ecological risk starting with sediment dwelling organisms as
meiofaunaMeiofauna represent a group of small-sized benthic anima
comprising of various taxa (Nematoda, Copepoda, Polychaeta, Turbellaria, etc)
playing important role as indicators of environmental health (1). Also, in
monitoring marine environmental quality bivalve mussel  Mytilus
galloprovincialis are commonly used for assessment environmental status by
measuring mussel anoxic survival (2) that reflects the integrative impact of
contaminants to survival potential of mussel. Exposure of mussels to heavy
metals, is associated with induction of metallothioneins,polypeptides involved
in homeostasis of essential and detoxification of non-essentail metals (3). In this
study heavy metal concentration in sediment and mussel tissue were determined
as well as meiofauna composition and metallothionein content and anoxic
survival in mussel to analyse diverse biological response to metal pollution in
marine environment. Investigated area comprised 7 sampling sites inside the
Pula bay situated in vicinity of shipyards (S4, M5, S7), cement factory (S6),
former military base (S1), marina (M3),small port (M2), and one outside the bay
(M8) in mariculture area where sediment, meiofauna, and musse M.
galloprovincialis specimen were sampled. In sediment grain size and Pb, Cd,
As, Hg, Cu, Zn, Fe and organic matter content as well as abundance of
meiofauna major taxa were determined. In mussel Pb, Cd, As, Hg, Cu, Zn, Fe
and metall othionein content as well as anoxic survival time were determined.
Conclusions - Seven metal concentration in sediment were site-specific and
there were no correlation among metals indicating multiple sources of metal
pollution. A total of 15 meiofauna higher taxa were identified in the bay
including Nematoda, Copepoda, Polychaeta, Turbellaria, Ostracoda, Bivalvia,
Acari, Kynorhyncha, Amphipoda, Anisopoda, Cumacea, Solenogastres,
Gnathostomulida, Gastrotricha, Decapoda. Negative correlation was found
between meiofauna abundance and overall pollution load expressed as pollution
load index (PLI) ) indicating sinergistic and cummulative effect of pollutant
mixture. The highest pollution index (PLI) in sandy sediments was found near
big shipyard (S4) and in marina (M3) for muddy sediments (Fig 1 A,B). The
highest meiofauna abundance and lowest PLI was found outside the Pula bay
(S8). Moreover, when examining individaul higher taxa, Nematoda was found
to be negatively correlated to Cu content while Copepoda and Varia (all taxa
comprising less then 5%) were negatively correlated to PLI. It confirmed
meiofauna taxa as sensitive indicator of metal pollution in sandy and muddy
sediments (1). As in sediment 7 metal concentration in mussel tissue were
site-specific. According the PC 1 and PC2 load, sites with musssel containing
the lowest metal content was situated in lower |eft quadrant (S8- outside the bay
) while sites with mussel containing the highest metal content was situated in
upper right quadrant (S5, S7- shipyards) (Fig.1C).Metallothionein content was
positively correlated to Cd i Hg and mussel anoxic survival time, while mussel
survival time was negatively correlated to As suggesting specific physiological
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response for each metal (4).Mussel anoxic survival response was not correlated
to either PC1 or PC2 but rather to PLI in sediment indicating that physiological
status of mussel could be related to chronic toxic metals presence in seawater
that is reflected as sediment PLI. It can be concluded that both meifauna higher
taxa abundancy as well as mussel M. galloprovincialis physiological features
are good indicators of metal pollution in marine environment.
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Fig. 1. PCA of metas in sandy (A) and muddy (B) sediments of Pula bay.
Superimposed is meiofaunal abundance (circle size represent relative
abundance).PCA of metals mussel. Superimposed is mussel anoxic survival
(circle size represent relative survival time).

References

1 - Zepipilli D., Sarrazin J., Leduc D., et a. 2015. Is thr meiofauna a good
indicator for climate change and anthropogenic impacts? Mar. Biodivers.
45:505-535

2 - DeZwan A. Coresi P, Cattani O. 1995. Resistance of bivalvesto anoxiaas a
response to pollution-induced environmental stress. Sci. Tot. Environ.
171:121-125

3 - Amiard J.C., Amiard-Triquet C., Barkas., Pellerin J. and Rainbow P.S. 200.
Metallotioneins in aquatic invertebrates: their role in metal detoxification and
their use as biomarkers. AquaticToxicology 76:160-202

4 - PericL., Fafandel M., Glad M., Bihari, N. 2012. Heavy metals concentration
and metalothionein content in resident and caged mussels Mytilus
galloprovincialis from Rijeka bay, Croatia. FEB 21:2785-2794

Rapp. Comm. int. Mer Médit., 43, 2024



COMPARATIVE ANALYSISOF PROTEIN LEVELSIN MUSCLE AND GILLSOF CHELON
RAMADA EXPOSED TO MYCLOBUTANIL

Siwar Hachana 1*, Boutheina Ben Abdallah 2, M’ hamed Elcafsi 2 and Olivier Joubert 3
1 Univ. Tunis of Manar, Fac. of Sciences of Tunis, Tunisia, and Institut Jean Lamour, CNRS 7198, Univ. Lorraine, France -
siwarhachanall@gmail.com
2 Univ. Tunis of Manar, Fac. of Sciences of Tunis, Tunisia
3 |nstitut Jean Lamour, CNRS 7198, Université de Lorraine, France

Abstract

This study investigates the effects of myclobutanil exposure on protein levels in the muscle and gills of Chelon ramada, an
important euryhaline fish species in aguaculture in Tunisia. Myclobutanil, a widely used fungicide in agriculture, can have
unintended consequences on non-target organisms like fish. Fish were exposed to varying concentrations of myclobutanil, and
protein levels were analyzed as biomarker of effect. Results indicate significant aterations in protein levels, suggesting potential
physiological impacts on fish health. This research highlights the importance of understanding the effects of fungicides on aquatic
organisms and the need for further studies to mitigate potential risks in aguaculture systems.

Keywords: Ecotoxicology, Aquaculture, Mediterranean Sea

Introduction

The transport of myclobutanil from agricultural fields to the sea via rainfall
runoff represents a significant pathway for the introduction of this fungicide into
dam reservoirs and marine environments. This can have implications for
freshwater and marine ecosystems, as myclobutanil can impact non-target
organisms, including fish, and may contribute to the broader issue of chemical
pollution in aguatic ecosystems. It has been detected in water and sediment
samples from aquaculture systems around the world [1-2]. The potential impact
of myclobutanil on fish in aquaculture systems has received relatively little
attention, despite the potential risks. Few studies have investigated the effects of
myclobutanil on fish [3-4], and there is limited information on the ecological
consequences of myclobutanil exposure in aguatic environments. This
knowledge gap is particularly concerning given the important role of fish in
aguatic ecosystems, as well as their value as a food source for humans.
Therefore, there is a need for research to better understand the potential effects
of myclobutanil on fish and to inform regulatory decisions regarding itsusein
agriculture. This study investigates the impact of myclobutanil on protein levels,
used as a biomarker of effect, in the muscle and gills of Chelon ramada, afish
species commonly used in aguaculturein Tunisia

Material and M ethods

Fish were exposed to myclobutanil concentrations of 0.06, 0.1, and 0.2 mg/L for
11 days, with protein quantity analyzed in both exposed and control groups. The
results will provide valuable insights into the physiological responses of fish to
myclobutanil exposure, aiding in the development of more sustainable
aquaculture practices.
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Fig. 1. Protein level in Chelon ramada gills (1a) and muscle (1b) of control (CT)
and treated specimens with a series of Myclobutanil concentrations, D1 (0.06
mg/L), D2 (0.1 mg/L), and D3 (0.2 mg/L) during 11 day of treatment. Data were
expressed as means + SE for 10 animals in each dose. D1, D2, and D3 dose
versus Control (CT) group: *p < 0.05.

153

Results and Discussions

Based on the findings depicted in Figure 1.3, it is evident that there was a
statistically significant reduction in the protein concentration within the D1
treatment group compared to the control (p < 0.05). Specifically, the protein
content decreased from 4.005 mg/g in the control to 3.061 mg/g in the D1
treatment group. Furthermore, the gills subjected to treatments D2 and D3
exhibited a highly significant decrease in protein content, measuring 2.538 mg/g
and 2.475 mg/g, respectively, in comparison to the control group (p < 0.001).
These observations suggest a pronounced impact of D1, D2, and D3 treatments
on the protein levels in the gills. In the muscle tissue analysis (Fig. 1.b), D1
demonstrates a notably significant reduction of approximately 3.171 mg/g
compared to the control group (p < 0.01). Furthermore, treatments D2 and D3
induced a highly significant decrease in protein concentration, with D2
measuring at 3.544 mg/g and D3 at 0.709 mg/g (p < 0.001). Overal, theresults
indicate a significant reduction in protein concentration in both gills and muscle
tissues following treatments D1, D2, and D3, suggesting a pronounced impact of
these treatments on protein levelsin the respective organs.

Conclusion

In conclusion, the results of this study underscore the profound physiological
aterations induced by myclobutanil exposure in fish, as evidenced by the
marked reductions in protein concentration observed in both gills and muscle
tissues. Through rigorous validation procedures, we have established protein
levels as robust biomarkers reflective of myclobutanil'simpact. This validation
enhances the credibility of our findings and accentuates the utility of protein
concentration as a sensitive and reliable indicator of myclobutanil exposure in
aquatic organisms. Further investigation into the mechanistic underpinnings of
these effects and their potential long-term ramifications is imperative for
informing regulatory measures and mitigating ecological repercussions
associ ated with myclobutanil usage.
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SEASONAL MONITORING OF ACTIVITY CONCENTRATIONS OF RADIONUCLIDESIN MUSSEL
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Abstract

Activity concentrations of radionuclides ("Be, 49K, 232Th, 226Ra, 238y and137Cs) were determined by gamma-spectrometry in
mussels M. galloprovincialis and the radioecological condition of the Croatian Adriatic coast was assessed during a period from
2008 to 2023. While activity concentrations of 137Cs in dry tissue of mussels sampled at al locations were generally below the
detection limit, measurable low activity concentration val ues were occasionally noted at almost al locations. In the spring, activity
concentrations of 7Be in mussels were regularly higher than in autumn for all locations. The average activity concentration of 40K
in mussels did not vary significantly with respect to sampling season or location. Activity concentrations of other naturaly
occurring radionuclides were generally below the detection limits.

Keywords: Radionuclides, Mollusca, Monitoring, Adriatic Sea

Introduction - The naturally occurring radionuclides ("Be, 40K, 232Th, 226Ra
and 238U) and anthropogenic 137Cs are omnipresent in seawater, and may also
enter the marine environment through atmospheric deposition, underground
freshwater discharges and river flows [1]. 137Cs has the half-life of 30 years and
it is still present in the environment after nuclear weapon testing and the
Chernobyl accident [2,3]. In particular, the mussels M. galloprovincialis has
found wide use as an indicator organism in marine pollution monitoring
programmes since it filters up to 3 L/h seawater, and readily accumulates
dissolved/particul ate matter from seawater [4,5].

Material and methods - Samples of mussels M. galloprovincialis (4-5 kg) from
13 locations along the Croatian Adriatic coast were collected and analysed in
spring and autumn from 2008 to 2023. At al sampling locations seawater
temperature and sainity were measured (Fig. 1). Activity concentration of
radionuclides 137Cs, "Be, 40K, 232Th, 226Ra and 238U with associated expanded
uncertainty (2k) were determined by gammarray spectrometry. Samples of
mussels drie tissue were measured using a high-resolution HPGe detector
(Canberra). The sample counting time was between 80,000 and 200,000
seconds, and the obtained spectra were analysed with Genie 2000 software.
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Fig. 1. Sampling locations of mussels M. galloprovincialis with seasonal
average temperature and salinity of seawater along the Adriatic coast.

Results and Discussion - All research locations are in bays under significant
influence from freshwater discharges, as evidenced by salinity values that are
below average for the Adriatic (Fig. 1). Irrespective of sampling season, 137Cs
was sporadically detected in mussels on almost every location with low activity
concentrations (max.1.05 Bg/kg), most of the results were below the detection
limits (<0.3 Bg/ kg). Average activity concentrations of 'Be were regularly
higher in spring than in autumn for all locations. Activity concentrations of 40K
in mussels did not vary significantly with season or location, with the average
vaue was 302 Bg/kg (Fig. 2). However, the autumn values were generally
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dlightly higher than the activity concentrations measured in spring. Activity
concentrations of 232Th, 238U and 2%5Ra in mussels were mostly below the
detection limits with no seasonal changes at all locations.

Activity concentration (Bq/kg)

DI D2 D3 D4 D5 D6 D7 D8 DS DIO DIl D12 D13

40K

——spring

Activity concentration (Bq/kg)

—s—Autumn

DI D2 D3 D4 D5 D6 D7 D8 D9 DIO DIl DLz DI3

Fig. 2. Average activity concentrations of 7Be and °K (Bg/kg) in mussel tissues
sampled in spring and autumn in the period from 2008 to 2023.

Conclusion - Activity concentrations of 137Cs in mussels were below the
detection limit, except on a few occasions when, regardless of the sampling
season and location, low activities were detected. Activity concentrations of Be
in mussels were the highest in spring periods for all locations which can be
attributed to the impact of rain and fresh water inflow. Activity concentrations
of 40K did not differ significantly, irrespective of the season or location and can
be attributed to its high and uniform concentration in the sea The
radioecological condition of the Adriatic Sea is satisfactory and without
significant radionuclides input from fallout and rivers.
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TEMPORAL VARIABILITY OF MERCURY AND MONOMETHYLMERCURY IN PLANKTON FOOD WEBS
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Abstract

Human populations are mainly exposed to mercury (Hg) through seafood consumption. Mediterranean fishes contain more Hg
than their counterparts in other oceanic basins, a phenomenon known as the 'Mediterranean Hg anomaly'. The study of Hg
accumulation and transfer within the planktonic compartment in a human-impacted bay could help to better understand the
mechanisms responsible for this phenomenon. The results of our study showed: 1) high bioconcentration of Hg in small -sized
phytoplankton, 2) bioreduction of Hg inorganic forms and biomagnification of organic ones, 3) influence of both environmental
trophodynamics and anthropogenic emissions on Hg accumulation and transfer in plankton food webs, and 4) the importance of the

planktonic biological pump for explaining the higher Hg concentrations in Mediterranean organisms.

Keywords: Plankton, Mercury, Food webs, Bio-accumulation, Gulf of Lyon

The ‘Mediterranean Hg anomaly’ has been debated for decades [1,2]. Plankton,
at the base of pelagic food webs, is suspected to play a significant role in the
high bioaccumulation of Hg observed in marine Mediterranean organisms.
However, few studies have been conducted on this compartment in the
Mediterranean [3,4].

The am of our study was to investigate the tempora variations in the
accumulation and transfer of total Hg (THg) and monomethylmercury (MMHg)
in plankton food webs in the Bay of Marseille.

Between 2020 and 2021, large quantities of seawater and plankton were
sampled monthly by pumping and trawling nets at the maximum chlorophyll
depth. Plankton was separated into different size fractions of phytoplankton
(0.7-2.7, 2.7-20, 20-60 and 0.7-60 um) and zooplankton (60-200, 200-300, 300-
500, 500-1000, 1000-2000 and >2000 um). THg and MMHg, carbon and
nitrogen stable isotope ratios (d13C, d15N), and taxonomic composition were
determined in all size fractions.

Bioconcentration of Hg in phytoplankton is the first and by far the most
important accumulation step of Hg in biota, with concentrations in
phytoplankton millions of times higher than those in seawater (Fig. 1).
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Fig. 1. Accumulation and transfer of THg and MMHg in a Mediterranean food
web.

In a plankton food web constituted of three trophic levels, THg bioreduces
while MMHg biomagnifies, leading to maximum concentrations in carnivores.
This contrast is mainly related to different partitioning between inorganic and
organic forms of Hg at the phytoplankton cellular level, associated with an
efficient accumulation of the organic form during ingestion.

MMHg concentrations in seawater and zooplankton are lower when
phytoplankton biomass is high. Conversely, higher dissolved MMHg
concentrations in seawater favour higher direct MMHg uptake in zooplankton
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when phytoplankton biomass is low. Under productive conditions, the
abundance of herbivore-omnivore consumers reduces MMHg concentrations in
zooplankton, while in oligotrophic conditions the omnivore-carnivore
consumers of higher trophic-level leads to greater accumulation of MMHg in
zooplankton.

Finally, our results show higher concentrations of THg and MMHg in both
seawater and plankton in the Bay of Marseille compared to other Mediterranean
areas, suggesting a significant impact of human emissions on the marine coastal
food webs.

This study highlights the role of biological pump of Hg by plankton and the
influence of food web structure, organic matter fluxes and anthropogenic
emissionsin the accumulation of Hg in marine coastal ecosystems.
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CIESM Congress Session : Marine Litter and Nano/Microplastics I

Moderator : Serena Savoca

Moderator's Synthesis

Session 22 on “Marine Litter and Nano/Microplastics I hosted seven presentations focusin on different
aspects related to marine plastic pollution, with a special focus on environmental matrices. A total of 31
authors contributed to the session, supporting the field of plastics research through the development of
innovative methods or integration with existing methods, for sampling and identification of plastics (from
micro to macroplastics) in different environmental matrices and in different areas of the Mediterranean.
Contributions included observations on occurrence and distribution of microplastics, using a chemometric
approach in water samples, sediment and Holothuria sp. from Malta. While surface marine sediments were
analyzed in a Shipyards Region, located on the southwestern coast of Izmit Bay (Marmara Sea),
demonstrating how the Shipyard regions were more contaminated than in a nearby location.

One of the most discussed aspects of the session concerned occurrence, transport and distribution patterns
of plastics in aquatic matrices. Transport and distribution of microplastics were investigated in the Krka
River estuary, Croatia. One study focused on the vertical distribution of microfibers in surface,
intermediate and deep water masses in different Mediterranean regions, focusing on how they can
significantly accumulate in deep Mediterranean waters. Another contribution introduced an innovative
method for sampling microplastics in North Atlantic surface waters.

Two contributions focused on the problem related to the ability of plastics to act as a vector for other
classes of contaminants. In particular, one study highlighted how plastics are able to adsorb metals, even
traces, and how this ability can be influenced by the duration of exposure but also by the depth of
exposure, especially in particular environments such as Krka River estuary (Croatia). The second study
investigated the ability of plastics to release additives into the aquatic medium, providing an overview of
the release of phthalic acid esters or phthalates (PAEs) and organophosphate esters (OPEs) in the
Mediterranean Sea and Rhone Rivers.

The session was characterized by an open discussion at the end of each presentation, in most cases
emphasizing the need both to adopt standardized methods and to employ multidisciplinary approaches to
achieve accurate and complete results, which can clarify the impacts of plastic pollution on natural
ecosystems.
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THE OCCURRENCE AND DISTRIBUTION OF MICROPLASTICSIN DIFFERENT ENVIRONMENTAL
MATRICES: ACHEMOMETRIC APPROACH
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Abstract

The distribution of microplastics (MP; particles ranging from >1pm to <5 mm in size) was comprehensively assessed within the
Maltese marine environments through systematic sampling of seawater, sediment, and Holothuria sp. Employing chemometric
techniques provided crucial insights into the distribution patterns of MP, uncovering distinct compositional differences between
sites, as well as between the environmental matrices. A consistent pattern emerged with Holothuria sp. and sediment samples
clustered together across both sites, suggesting similarity in chemical composition. Nonetheless, samples from each sampling site
formed distinct clusters, indicating a variance in the chemical composition of MP between the two locations and hinting at the

probability of distinct sourcesfor MP.

Keywords: Mediterranean Sea, Plastics, Chemical analysis, Sediments, Coastal waters

Introduction

Present-day plastics have experienced a notable upsurge in recent years. This
surge can be attributed to the versatility, lightness, resilience, strength, and
cost-effectiveness of plastic materials. However, these advantageous properties
have also led to plastic becoming a pressing environmental concern due to its
persistent nature and resistance to degradation. In recent years, there has been an
emerging environmental concern regarding microplastics (MP) [1].

This study aims to determine the presence of MP in various environmental
matrices within the Maltese marine environment, and to identify for any
relationships between the different matrices through the utilisation of
chemometric techniques on FTIR spectra.

Materialsand Methods

Two sandy beaches were sampled from the North of Malta (Slugs Bay [SB] and
Mistra Bay [MB]). The sample collection process entailed laying out three
20-metre transects perpendicular to the shoreline, spaced 5 metres apart at each
site. Sediment and seawater samples, together with Holothuria sp. specimens
were collected at 5m intervals from each transect. Treatment and analysis of
samples were done according to published guidelines and literature [1, 2].

Following physical characterisation, spectral acquisition was conducted using a
Shimadzu IR-Affinity 1 spectrophotometer. The spectral data, processed in The
Unscrambler X 10.3, underwent various spectroscopic signa processing
techniques, including normalisation, detrending, and deresolving, eliminating
nonlinear trends and reducing noise.

Results and discussion

MP of diverse shapes, types, and colours were detected in all three matrices in
both SB and MB, with a combined total of 6,408 MP recovered from MB and
5,275 MP from SB. Overal (Tab 1.), sediment and Holothuria sp. exhibited
increased MP contamination levelsin contrast with surface water, aligning with
studies indicating seafloor sediments as prominent sinks for MP.

Tab. 1. Quantities of MP found in the two sampling sites.

Mistra Bay Slugs Bay
Seawater 0.059 MP/kg 0.089 MP/kg
Sediment 212.62 MP/kg 157.35 MP/kg
Holothuria sp. 1,042.88 MP/kg 777.22 MP/kg

Combining microscopy and chemometric approaches showcased a variation in
chemical composition among the two sampling sites, particularly notable in
sediment and Holothuria sp. Asevidenced in Fig 1, samples from Holothuria sp.
and sediment in SB clustered together, contrasting with those from MB. The
optimal spectral pre-treatment effectively elucidated dataset variations,
explaining 76% through the first two PCAs. PCA analysis revedled distinct
clustering, with samples from sediment and Holothuria sp. from the respective
beaches exhibited close proximity within the clusters, while those sourced from
seawater demonstrated greater diversity. Loading plot analysis identified spectral
features, implying that seawater demonstrated greater diversity. Distinctive
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patterns within spectral regions for PC1 were revealed, spanning 3800-3400 cm'?
and 3400-2900 cml, which conversely exhibited positive loadings for PC2.
These regions represent various characteristic vibrational modes, including the
O-H stretches of acohols (including phenols) and carboxylic acids, the N-H
stretches of amines and amides and the C-H stretches of terminal alkynes.
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Fig. 1. Principal component analysis (PCA) showcasing all the matrices from both
SB and MB, together with the loading values (PC1 and PC2).

Analysis of the loading plots identified spectral features with minimal noise
interference, implying that observed variations in the score plot predominantly
stem from MP and other organic compounds present within the different sites and
matrices under investigation.
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MICROPLASTIC CONTENT IN THE WATER COLUMN OF THE KRKA RIVER ESTUARY, CROATIA

Neven Cukrov 1*, Tomislav Bulat 1, Nua Cukrov 1, Marin Lovric 1 and Marija Parac 1
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Abstract

Microplastics enter the aguatic environment from a variety of sources, including the breakdown of larger plastic debris,
microbeads used in cosmetics, textiles and industrial processes. Because of their small size and buoyancy, microplastics can be
transported long distances by ocean currents and atmospheric circulation, leading to their wide distribution in the aguatic
environment. In this study, we investigated the distribution of microplastics in the Krka River estuary.

Keywords: Estuaries, Adriatic Sea, Marine litter, Monitoring

Introductions

Microplastics (MPs) are plastic particles (synthetic polymers) smaller than 5.0
mm in size. The lower limit is still not specified, but often the mesh size (300
um) of neuston or manta nets is considered, which are used for sampling in the
natural waters. MPs remain in the environment for along period of time, during
which they can be translocated by winds or currents, changing their distribution
throughout the water column. Moreover, MPs have been recognized as an
ubiquitous anthropogenic contaminant in aquatic ecosystems. Most of the
plastic in the aquatic environment comes from land, most often by rivers, so
research in estuaries is very important. Continued research on microplastics is
essential to better understand the sources, distribution, behavior and impacts of
microplastics, as well as to develop effective strategies for mitigation and
remediation.

Materials and M ethods

Sampling was done using the “Net for Microplastic Sampling” (Hydro-Bios,
Apparatebau GmbH, Altenholz, Germany; meshsize: 300 um; net aperture:
0.28 m2 [width 70 cm, height 40 cm, in the lower part of the Krka River
estuary.

Adriatic
sea

Fig. 1. Map of the study site

The volume of water that passed through the net was calculated with a flow
meter (Mechanical Flow Meter, Hydro-Bios, Apparatebau GmbH, Germany)
positioned at the net rim, according to the given manual by the manufacturer.
After towing, the net was rinsed from the outside with Mili-Q water from a
pressure container to avoid sample contamination. All sampled MP particles
were gathered in the collecting glass jar with alid from the cod end. The samples
were refrigerated at +4°C until further laboratory processing. Obtained samples
were wet sieved through a 250 m sieve, the organic matter was removed, and the
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solution was filtered through glass microfiber filters (LGG Labware; pore size
1.6 m; filter diameter @ 47 mm) Before visual inspection of each putative
microplastic particle using a stereomicroscope (Nikon SMZ745T, Tokyo,
Japan) equipped with Bresser MikroCam PRO HDMI 5 MP, a Nil Red was
used.

Results In the first sampling (March, 2022.) only surface water was sampled
and total of 507 particles were visually detected and considered as MPs from
the sampled surface waters with a mean abundance of 0.730 items/m3 and 0.292
items/m?, respectively. The maximal abundance (1.364 itemsm3, 0.545
items/m?) was recorded in the proximity of the Mandalina marina, gradually
decreasing as the sampling proceeded further from the marina, with a minimal
abundance of 0.310 items/m3 and 0.124 items/m2 Parac etal. 20224). During
second sampling (June, 2022) atotal of 910 microplastic particles were collected
in the water column. As shown in Table 1, the number of detected particles
ranged from 389 in Surface layer, to 372 in subsurface layer, 86 in halocline
layer, and 63 in marine layer. The total sampled volumes varied from 108.07 m3
to 980.00 m3. The highest plastic abundance was found in surface layer (3.68
particlessm3), followed by the subsurfacelayer (0.38 particlessm3), then in
halocline layer (0.19 particlessm3), and the lowest in marina layer (0.13
particlessm3) (Parac etal, 2022b). MPs were found in different shapes, sizes,
and colors. Fragments (58.38%) were the dominant shape, followed by foams
(14.40%), filaments (10.06%), fibers (8.28%), microbeads (3.94%), films
(3.55%) and pellets (1.38%).

Fig. 2. Images of MPs visualy

identified by Nikon SMZ745T
stereomicroscope: a), €), h) fragments; b)fiber; ¢) microbeads; d) pellet; f) foam;
g) filaments; i) film.
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ASSESSMENT OF MICROPLASTIC POLLUTION ALONG THE SHIPYARDSREGION IN THE
SOUTHERNWEST COAST OF IZMIT BAY (THE MARMARA SEA)
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Abstract

Activities in shipyards, may contribute microplastic pollution. In the present study, microplastic particles (MPs) in marine surface
sediment were investigated in six stations in a Shipyards Region, located on the southwestern coast of 1zmit Bay (the Marmara
Sea). The data also compared with a control station. A total microplastic number ranging from 444 to 844 particlesm? in the
shipyard area. The microplastics were predominantly High Density Polyethylene. Microplastic particle numbers in the Shipyard
Region were significantly higher than in a nearby location. The data suggests that MPs likely reach the marine sediment and cause
contamination following various processes in the Shipyard Region. Therefore, effective treatment systems should be established to

prevent MP pollution that will originate from shipyards.

Keywords: Marine litter, Marmara Sea

Introduction Microplastics are manufactured for numerous industrial and
domestic usages and categorized as primary (originaly < 5 mm) and
secondary microplastics (formed from larger plastics) [1]. It is estimated
that 2% of the plastic produced worldwide each year, which is 6.5 million
tons, reaches the seas and this phenomenon is a serious concern for marine
pollution [2]. Activities such as ship construction, maintenance, repair,
loading/unloading processes are carried out in shipyards. These are very
important for the sustainability of the maritime industry. However, a lot of
plastic materials are used during these processes and there is a risk of
contaminating the sea. There are no studies in the open literature regarding
microplastic pollution from operations carried out in shipyards or
particularly in the regions where shipyards are located. Therefore, in the
present study, microplastic particles (MPs) in marine sediment were
investigated aong the Altinova (Yalova, Turkey) Shipyards Region, located
on the southwestern coast of the Izmit Bay (the Marmara Sea) (Figure 1).
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Fig. 1. Sampling station locations aong the Shipyard Region in the 1zmit
Bay (the Marmara Sea).

Methodology Surface sediment samples (5 cm cross-section depths) were
taken by Ekman grab sampler from six locations (ST-H, St-S, St-D, St-G, St-
T, St-Ge) which were selected based on their existence in the shipyard
region during 2022-2023. One more sampling was carried out for control (St-
C) in the southern Marmara Coast (Figure 1).The sampling depths, and
distance to the coast were given in the table (Table 1).

Tab. 1. Basic data and MPs numbers addressing the Shipyard Region
surface sediments.

St-H | St-S | St-D | St-G | St-T St-Ge | Control St.
Date 27/5/22124/6/22)27/5/22|9/12/22| 8/6/23 | 18/12/23 9/12/23
Depth 7m 10m | 13m | 10m | 17m 20m 15m
Distance 300m [ 300m [ 300m [ 250m | 300m | 300 m 300 m
MP particles number/m?

HDPE 267 311 222 356 400 267 133
PP 133 133 178 267 178 133 89
PS 44 88 133 133 89 44 0
PET 44 44 0 44 44 0 44
Other 11 33 22 44 33 0 0
TOTAL 499 609 555 844 744 444 266
Film 145 176 145 328 272 220 134
Filament 292 353 318 412 328 176 88
Fragment 62 80 92 104 144 48 44

Approximately 0.5 kg (wet weight) sediment Samples kept in aglass jar and
transported to the laboratory for detailed examination. In the first step,
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sediment samples were passed through a 500 pm stainless-steel sieve and
dried in an oven at 55 °C for 72 hours. Then hydrogen peroxide (%10 v/v)
was added to remove organic substances during aday. ZnCl, (d:1.6) solution
was added onto the dried samples to separate microplastics which have
different densities. Floating samples were collected, stained Nile Red, and
examined under a fluorescence microscope. Also, FTIR analysis was
performed for molecular characterization (i.e., High Density Polyethylene-
HDPE, Polypropylene-PP,  Polystyrene-PS  and  Polyethylene
Terephthalate-PET, and other) of the particles.

Results and Discussion The total number of MP in surface sediments
taken from stations in the Shipyards area varied between 444 and 844
particlessm2. The highest number of MPses were found at St-G station,
where located in the central part of the shipyards region. This station is also
the closest one to the coast. It is remarkable that MP particle numbers at all
stations in the Shipyards Region were 1.7 to 3.2 times higher than the
control station (St-C). HDPE particles were found in the highest amount at
all stations. This was followed by PP, PS and PET particles, respectively.
The most abundant MP form in al stations except ST-D and Control
stations was Filament. The least common MP form in al stations was
Fragment (Table 1). No significant correlations were determined among the
variables (p>0.05). Comparison with a previous study [3] carried out in a
nearby location out of the Shipyard Region shown that MP particle
numbers are significantly higher in the Shipyard Region. The number of
MPs in surface sediments may vary greatly depending on the region, depth,
and distance to the coast. Accordingly, since there is no study in the open
literature on shipyard regions, it is difficult to make a direct comparison.
Conclusion Obtained data regarding MPs abundance in the Shipyard
Regions indicate that MPs probably occurred after numerous processes in
the facilities reach to the marine sediment and cause contamination. Studies
show that marine organisms, such as fish [4], are affected by MP pollution.
Therefore, it is thought that waste management and water treatment systems
should be used effectively to prevent MP pollution in shipyards. This is
necessary both to protect the marine ecosystem and to reduce potential
risks that could adversely affect sustainable life of marine organisms.

References

1 - Thompson R. C., Moore C. J, Vom Saa F. S,, Swan S. H., 2009.
Plastics, the environment and human health: current consensus and future
trends. Philosophical Transactions of the Royal Society B: biological sciences,
364(1526): 2153-2166.

2 - TUDAYV, 2024 https://tudav.org/calismalar/kirlilik/denizel -
copler/denizlerde-pl astik-ve-mikroplastikler-konusunda-nel er-yapiyoruz/
(Accessed on April, 2024).

3 - Ergul HA. Cetin S. and Aksan S., 2023. Preliminary Study on
Microplastic Pollution in an Organized Industrial Zone Offshore Sediment
from South East Coast of the Marmara Sea, 5t International Environmental
Chemistry Congress, Antalya, 30 Oct-2 Nov 2023.

4 - Gundogdu S., Cevik C., 2019. Microplastic Pollution in marine
organisms of Turkiye, Report, Greenpeace Akdeniz.

Rapp. Comm. int. Mer Médit., 43, 2024



MICROPLASTIC DISTRIBUTION IN THE NORTH ATLANTIC ALONG A SAILING ROUTE OF THE
SPINDRIFT TRIMARAN (FRANCE TO THE U.S)

Eva S. Fonfria *, Yann Guichard 2, Esteban Morelle-Hungria 3 and Cesar Bordehore 4
1IMEM Ramon Margalef, University of Alicante, Spain - evafonfria@ua.es
2 Sails of Change Race Team
3 Univ. Jaume |, Castell6, Dept. Public Law & Univ. Baearic Islands, Dept. of Marine Ecology, Spain
4 IMEM Ramén Margalef & Dept. of Ecology, Univ. Alicante, Spain

Abstract

We report the results of a study on microplastic pollution conducted in the North Atlantic waters in 2023 using a maxi trimaran of
the Spindrift Team (https.//spindrift-racing.com/) as a ship of opportunity. A total of 40 items were counted (being 85.0% fibers),
with an average concentration of 4.4 + 1.9 items/m3 (mean + SD) at 8 sampling stations. According to the LDIR analysis (n=29),
69.0% of the items were made of non-synthetic materials such as cellulose and natural polyamide. PET, followed by PP, PU and

polyamide were the polymers identified in synthetics.

Keywords: North Atlantic, Marine litter, Plastics, Pollution

Microplastics have become a global concern due to their ubiquity,
persistence and toxicity to both wildlife and humans. Therefore, determining
their distribution, concentration and composition in the natural environment
is crucia to assess their potential environmental impact. Here, we present
the results of a microplastic pollution survey conducted between Trinité-
sur-Mer (France) and New York (USA) in May 2023 aboard a spindrift
trimaran “ Spindrift 2", used as a ship of opportunity.

Samples (one replicate per site) were collected at 8 different sampling
stations, using a microplastic sensor that continuously pumps seawater
through up to three stainless steel filters of 300, 100 and 30 pum mesh filters.
Filters were changed very 24 hours (volume filtered ranging from 1.03 to
1.28 m3) and securely packed in auminium bags and stored a room
temperature until transport to the Marine Laboratory UA-Dénia
(University of Alicante, Spain). In the laboratory, the 24 filters were
examined and sorted with a Leica SBAPO stereomicroscope to determine
their shape and color. All items found were photographed using a Nikon
D300s and measured with the Image] software. The chemical composition
were analysed using an Agilent 8700 Laser Direct Infrared (LDIR). Spectra
of individua items were compared with commercialy available standard
libraries. Only matches >70% with reference spectra were accepted as valid
identifications. Throughout sample processing, measures were implemented
to avoid cross-contamination (e.g. air contamination controls).
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Fig. 1. Map of the study area showing the location of all sampling stations
and the mean items concentrations expressed in items/m3. Size of circles is
proportional to concentration values on alogarithmic scale.

A total of 40 items were counted in all samples (85% being fibres, 12.5%
fragments and 2.5% films), with concentration ranging from 7.83 items/m3 at
sampling station 1 (closest to Europe) to 1.76 items/m3 at sampling station
4 (midway across the North Atlantic). 57.5% of the items were collected on
300 um mesh filters, 30.0% on 100 pm mesh filters and 12.5% on 30 pm
mesh filters. Almost half of the items were black (42.5%), followed by
white (27.5%), blue (12.5%), transparent (7.5%), yellow (5.0%), green (2.5)
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and red (2.5%) colors. Mean fiber length was 1.98 + 1.62 mm (mean + SD,
N=32).

LDIR analysis (n=29) revealed that 69.0% of the particles were made of
non-synthetic materials, the majority being made of cellulosic (65.0%) and
natural polyamide (35.0%). Among the synthetics, the most abundant
polymer was polyethylene terephthalate (PET)(66.7%), followed by
polypropylene (PP) and polyurethane (PU) and polyamide (11.1%
each).Although direct comparison between studies is difficult due to the
different sampling and analysis methodologies used, the characterization of
the items found would be consistent with other studies performed
worldwide, in which fibers typically accounted for 60 to 96% of the
elements present in seawater [1], with 75-80% of them being cellulosic when
analyzed [2,3].

In terms of abundance, our results are mainly at the lower end of the range of
concentrations obtained by Tanhua et al. [4](0-43 items/m3) when they
sampled at similar coordinates during the Ocean Race 2017/2018 edition.
Considering that they only counted particles (excluding fibers) within the
100-500 pum size fraction, this difference could be even larger. To the best of
our knowledge, no other studies with comparable units'methodology have
been conducted in the area surveyed (36-48°N, 3-73°W).

This study demonstrates that collaboration between academia and
competitive boating through the use of convenience vessels provides a
unique opportunity to collect data from under-sampled marine areas.
Furthermore, harmonization is still needed not only in sampling, but also in
data reporting in microplastics studies.
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Abstract

The vertica distribution of microfibers in surface, intermediate and deep water masses in different Mediterranean regions are
affected by the complex circulation pattern of circulation typical of the Mediterranean Sea. MF in surface waters were generally
homogenous in al regions. MF in intermediate and deep layers were different from different water masses. Along the path, the
MF content in the Levantine water decreases and the fibers shorten, while in deep waters the MFs were longer and more
abundant. Short fibers have a high potential to persist in the water column and spread in the ocean.

Keywords: Mediterranean Sea, Plastics, Water transport, Deep waters, Intermediate waters

Microfibers (MFs) are emerging pollutants that are generally reported as the
predominant fraction among microplastics (MPs) in the environment and are
now considered as a global concern [1]. Approximately 2 million tons of
MFs are released into the ocean every year and it has been estimated that
approximately 1.5 million trillion of MFs are now in the ocean, thus
representing one of the most abundant pollutants in the marine environment
[2]. Once in the seq, little is known about their distribution and dynamics,
especialy in the water column, athough well known oceanographic
processes may play a key role controlling their accumulation and transport.
This seems to be the case of the Mediterranean Sea, where the current’s high
spatio-temporal variability and the intense mesoscale activity prevent the
formation of persistent accumulation regions, promoting a high dynamic
scenario where the largest faction of MPs is transported through severa
preferential surface crossroad regions and sinking areas [3]. Previous studies
focused on the transport, and accumulation of large plastic particles on
Mediterranean surface waters, while the dynamics occurring at intermediate
and deep layers has not yet been investigated. To fill this gap, we studied
the MFs distribution in the water column and in different water masses in
several Mediterranean regions.

MFs samples were collected at 38 stations located in the Eastern and
Western Mediterranean Seas during the two research cruises (ICHNUSSA17
and Infra-Ocel7). Sampling stations were located in strategic locations to
study the exchanges between Mediterranean basins and sub basins. At each
station, triplicate water samples were collected at four different depths from
the surface to the seafloor (down to 3465 m), including different water
masses identified as surface Atlantic Water (AW), Levantine Intermediate
Water (LIW), Western Mediterranean Deep Water (WMDW) and
Tyrrhenian Deep Water (TDW). The aim of our study was to investigate
the MFs distribution in different water masses and the large-scale transport
of MFsthrough Mediterranean basins.

MF Vertical Distribution. MFs were detected in al samples with amedian
concentration of 3.8 MF L1 (IQR: 3.1 MF LY) and a median fiber length
and diameter of 1023um (IQR: 1007 um) and 15pm (IQR: 3 pum),
respectively. WFTIR analysis highlighted cellulosic fibers as the dominant
polymer type (85 %) in the whole water column over synthetic fibers (5 %)
and processed cellulose (8 %), while animal fibers were only detected
occasionaly. In general, no significant differences in MF concentration and
composition were found in different water masses. However, the highest
MF concentration was detected in the LIW with 3.4 MF L1 (IQR 5.0 MF
L'l), while the lowest concentrations were found in the AW with 3.0 MF L~
1 (IQR 2.9 MF L'1). Deep water masses were characterized by a MF
median concentration of 3.2 MF L1 (IQR 4.4 MF L"1). On the other hand,
relevant vertical variations (Kruskal-Wallis test, p < 0.05) result between
water masses in the same sub-area in most of the transects and stations
studied. LIW in Southern Sicily was characterized by the highest MF levels
(14.0 MF L1y and higher than the AW in the same area (2.55 MF L'1). In
the TDW, in the outflow section in the Sardinia-Sicily Channel the highest
deep MF concentration was detected (9.1 MF L"1), while LIW and AW
showed lower MF concentration of 2.0 and 1.9 MF L1, respectively.
Microfiber size in the water column. While MF size shows small
diameter variations between sampling depths, median fiber length (L) is not
homogeneous between different layers (Kruskal-Wallis test, p < 0.05).
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Surface fibers (L: 1121 pm; IQR: 1094 pm) are slightly longer than
intermediate (L: 969 um; IQR: 1112 pm) and deep water (L: 1002 pm; IQR:
1118 pm) fibers. Length frequency distribution highlights a substantial
difference between surface, intermediate and deep layers with a relevant
increase of the smallest MFs fraction (< 500 pm) going from 8 % in AW to
15 % in LIW and 21 % in deep waters. On the other hand, larger MFs (>
2300 pm) are more frequently detected in the AW (17 %) compared with
LIW and deep waters (11 and 12 %, respectively).

MF Horizontal distribution in the Mediterranean circulation. Over the
entire study area, AW showed a homogeneous MF content (2.3-4.1 MF L'1)
which is likely suggesting a constant atmospheric input over the sea surface.
On the other hand, intermediate and deep waters are affected by significant
variations in MFs size and concentrations and are also characterized by two
opposite trends following the Mediterranean circulation pathway. From the
Eastern to the Western Mediterranean basin, LIW showed a decreasing MFs
median concentration (14-0.8 MF L1) while MF content increased in deep
waters along the same path (3.1-9.1 MF L'1). MF size distribution also
shows a similar pattern during the circulation pathway, with MF length
decreasing in LIW (1120-627 um) and increasing in deep waters (797-1341
um). A significant negative linear relationship was found between the MF
length in the two layers (R%= 0.84). Moreover, a negative correlation was
found between the MF fraction >1500 um in the two layers (R2= 0.75) as
well as a positive linear relationship between MFs <500 pm in the LIW and
the fraction >1500 pm in deep waters (R2= 0.88). Together with the MF
distribution pattern, it seems that vertical exchanges are teking place
between the two layers, of which the most relevant are due to the movement
of larger MFs from the LIW to the deep water masses. On the other hand,
being more easily resuspended, smal MFs could be characterized by a
longer residence time in the water column, especialy if compared to larger
fibers which could reach the bottom water in shorter time after their
introduction in the marine environment.

Conclusion. These results represent a simplified overview of the more
complex processes that are taking place on a larger scale. However our
findings suggest: i) a predominant and constant MFs input over the
Mediterranean surface probably by atmospheric deposition; ii) MFs vertical
distribution is size-dependent while sinking dynamics are generally
independent from the polymer density; iii) high potential of short fibers to
persist in the water column and spread horizontally; iv) MFs transport
between Mediterranean basins mediated by L evantine water.
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Abstract

The influence of a stratified estuarine water column (Krka River estuary, Croatia) and exposure duration on adsorption of trace
metals (TM) was investigated by immersing various plastics at three depths. It was found that the adsorption of Zn, Cd, Pb, Ni and
Co depended on both the duration of exposure and the stratified layers of the water column, with the exception of Cu, which was
solely influenced by duration of exposure. Expressing TM amounts in two ways - by plastic sample mass and by sample surface
area - produced differing results in the statistical analysis, which can be atributed to the different specific surface areas of the

various plastic polymers.

Keywords: Adriatic Sea, Marine litter, Coastal processes

Introduction: Plastic pollution poses a significant threat to the marine
ecosystem. The ability of plastics to adsorb other pollutants, including trace
metals (TM), contributes to this risk [1]. Understanding the environmental
factors that influence TM-plastic interactions is essential for predicting their
synergistic effects. Research on TM adsorption to plastics in the estuarine
environment islimited [2, 3], particularly regarding the impact of stratification.
Our study aimsto fill this gap by investigating how time and depth of a stratified
estuary affect TM adsorption to various plastic products.
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Fig. 1. Mass fraction of Cd adsorbed on plastic samples 6, 7 and 8 (Lab group),
at depths 0.5, 1.5and 2.5 m.
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Materials and methods: Eight different types of plastic products were placed in
each of three mesh-lined fiberglass tubes and deployed at three depths (0.5, 1.5,
and 2.5 m) within the stratified water column of the Krka River estuary. These
products consisted of: three types of preproduction pellets (black and white
polyethylene [PE] and white polypropylene [PP]), asingle use cup (PP), awater
bottle (poly(ethylene terephthalate) [PET]), two laboratory bottles (PE and
fluorinated ethylene propylene [FEP]) and alaboratory sediment container (PE).
Plastic products were categorized in three groups based on their use
pre-production pellets (Pellets), single-use products (SUP) and laboratory
vessels (Lab). The experiment lasted 16 months, with samples collected before
immersion, after one, four, seven, and 16 months. The plastic samples were
examined by scanning electron microscopy (SEM) and Raman spectroscopy.
The metals were extracted from the surface by acid leaching with concentrated
nitric and perchloric acids. To ensure complete release of the metals bound in
organic forms, the plastics-acid mixture was exposed to UV light overnight. The
amounts of TM (Zn, Cd, Pb, Cu, Ni, and Co) were quantified using anodic and
cathodic stripping voltammetry.

Results and discussion: After just one month in the estuarine environment,
biofilm and mineral formations were visible in SEM images. However, Raman
spectroscopy showed no changes in the spectra, attributable to the absence of
UV light exposure — a key factor in altering the polymer surface structure.
Early in the exposure period (after one month), the amounts of some adsorbed
TM reached those found on beached plastics from Croatian islands (Zn, Pb, and
Cuin[3]; Zn, Pb, and Ni in [4]). Statistical analyses showed that the adsorption
of Zn, Cd, Pb, Ni, and Co depended on both time and the stratified water
column, whereas Cu adsorption was influenced solely by exposure duration. Fig.
1 shows Cd adsorption on samples from Lab plastic group (sample 6 - PE
laboratory bottle, sample 7 - FEP laboratory bottle, sample 8 - PE sediment
container), as an example.The TM adsorbed to the SUP group differed from the
other groups when quantified by plastic sample mass. This is due to the larger
specific surface area of the SUP samples, which emphasises the importance of
also presenting the results based on plastic surface area. When quantifying the
TM by plastic sample surface area, Pellets group differs from the SUP and Lab
groups, likely due to the different surface properties of the preproduction plastics
(pellets). This emphasises the importance of reporting TM adsorption data by
both plastic mass and surface area in studies involving plastics with varied
specific surface areas.
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Abstract

Most plastics contain a number of organic additives such as phthalic acid esters or phthalates (PAES), organophosphate esters
(OPES) or bisphenols (among others) that are used to give specific properties to commercialized plastics. They are not covalently
bound to the plastic polymer and are thus likely to leach out of the plastic into the environment or inside an animal’s stomach or
tissue during abiotic/biotic aging. These compounds are toxic molecules whose migration kinetics from plastic fragments and
subsequent dynamics have attracted the attention of researchers in recent years. In this presentation, we give an overview of
recent studies dealing with the distribution of PAES and OPEs in the Mediterranean Sea and the Rhone River.

Keywords: Plastics, Mediterranean Sea, Rhone Delta

Introduction

Plastics, which are only degraded over periods of tens and hundreds of
years, congtitute between 8-15% of the waste mass generated by human
activities. As a semi-enclosed marine environment with intense maritime
transport and fishing, strong anthropogenic pressure, the Mediterranean has
been reported as one of the major hotspots of plastic contamination in the
World. Since the beginning of plastic production, a panel of additives have
been added to polymers by manufacturers to confer specific properties to
plastic polymers. Most of the time, these compounds are toxic molecules
whose migration kinetics from plastic fragments is not well established. In
this article, we report and summarize our recent studies dealing with
additives diffusion from degraded plastic fragments.

Methods and Results

Surface and deep seawater were collected and studied for their degradation in
laboratory-controlled conditions (temperature, light, hydrostratic pressure)
during afew weeks.

Our results showed that a variety of organic compounds such as bisphenol
A (BPA), phthalates, polybrominated diphenyl ethers (PBDE),
tetrabromobisphenol A (TBBPA), bisphenol S (BPS), organophosphate
ester (OPEs). Similarly, benzothiazoles and phenylguanidines as well as
phenylendiamines may be released from car tires, which are commonly made
of styrene-butadiene-rubber and butadiene rubber [1]. All these molecules,
once emitted into the environment, are submitted to sunlight photo-
oxidation and bacterial degradation that may lead to the formation of derived
intermediate products [2] during long range transport in the aquatic and
atmospheric environments [3]. The kinetics of emission, degradation and
residence es can vary according to the intensity of bacteria activity, photo-
oxidation, temperature processes as well as the sedimentary or hydrostatic
pressure environment [2; 3; 4]. Weshowed that in abiotic conditions,
increasing hydrostatic pressure inhibits the leaching of the heaviest organic
additives such as tris(2-ethylhexyl) phosphate and diisononyl phthalate
from polyethylene and polyvinylchloride materials, whereas deep-sea and
surface marine prokaryotes promote the release of all targeted additives
(phthalates, bisphenols, organophosphate esters).

Conclusions

This study provides empirical evidence for more efficient additive release at
the ocean surface than in deep seawater, where the major plastic burden is
supposed to transit through before reaching the sediment compartment. We
found that among the organic additives, phthalates and OPEs are particularly
abundant and can accumulate during several decades in aquatic sediments
(Figure 1). In recent years, studies have highlighted the ecotoxicological
concerns of these chemicals for living aquatic organisms, that have been
reported at significant concentration level in several large European River.
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Fig. 1. Environmental levels (ng.gl dw) of OPEs (A) and PAEs (B)
measured in the sediments of the Rhone River. From [5] during the period
1931-2020.
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CIESM Congress Session : Marine Litter and Nano/Microplastics 11
Moderator : Claudio D'Iglio

Moderator's Synthesis

The Session 26 ("Marine litter and nano/microplastics I1") featured five contributions that examined the
connections between marine organisms and nano/microplastics. The presentations focused on the role as
vector of the marine biotic component for the spread of microplastics, especially regarding planktonic and
benthic domains. It was discussed the role of copepods and aegagropiles of Posidonia oceanica,
(Linnaeus) Delile, 1813, as environmental reservoirs of plastics in the world oceans, with a serious
concern regarding the entering of microplastics (and associated organic and inorganic pollutants) in the
marine trophic food web mediated by zooplanktonic crustaceans. It was documented the presence of
microplastics in organs and tissues of commercially relevant species, including those inhabiting the deep
habitats (as stated for Nephrops norvegicus, Linnaeus, 1758). This was addressed as an alarming issue for
human’s health. Indeed, sea food represents one of the main microplastics’ contamination vectors for
humans, especially when plastics microfibers and fragments are located not only in the gastrointestinal
tract, as the case of the particles detected in gonads and muscles of Engraulis encrasicolus, Linnaeus,
1758, debated during the session. In addition, it was focused the attention on the effects of microplastics
on the growth and development of benthic habitat forming species. It was highlighted the needing for an
increased knowledge base regarding their sensitivity to the several co-occurring anthropogenic impacts.
The session underscored the necessity to create standardized analytical methods able to improve plastics
detection and characterization in marine organisms from different domains. This is an essential step to
better analyze and understand the dynamics of microplastic transportation along trophic food webs, and
how this can affect marine ecosystems at population and community scales. It should be also highlighted
the absence of contributions regarding marine litter and their interaction with marine biota. This is a
sensitive research topic that require more attention, considering the lack of knowledge regarding the
influence of biotic colonization on debris fragmentation (especially regarding macro-plastics), and the role
of marine litter as new available space for the spreading and settlement of non-indigenous species.
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MICROSCOPY IDENTIFICATION OF MICROPLASTICSIN AEGAGROPILESON THE TUNISIAN COASTS
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Tunisia

Abstract

Plastic pollution is an emerging concern worldwide, with the majority of studies focusing on microplastics in marine environments.
Posidonia oceanica (L.) Delile is the main marine herbarium of the Mediterranean basin which forms immense underwater
meadows. The aegagropiles are evaluated for their potential of accumulation of microplastics. Through the microscopy
identification, different colors and shapes are determined in the studied areas and which are characteristic of the urban, agricultural

and industrial activities that define these regions.

Keywords: Plastics, Gulf of Tunis, Posidonia, Coastal management

Introduction Micro plastics (MPs) have been detected on a global scale in
aquatic and marine environments [1]. 192 coastal countries have released a total
of 480 to 1,207 million tons of plastic waste into the marine environment [2].
MPS are polymer particles with a dimension of at least 5 mm. MPs possess
complex physicochemical properties that vary their mobility, their
bioavailability and their toxicity on organisms and their interactions with
surrounding pollutants [1]. On the other hand, seagrass beds play an important
role in the dynamics of sediments and natural debris, and probably also in the
storage and treatment of non-floating waste. The seagrass beds are distributed
along the coast of the Mediterranean Sea, the endemic species is the Posidonia
Oceanica. Two forms of P. Oceanica could be found in sandy beaches
"banquettes and aegagropiles’. Aegagropiles (EGs) are formed by roots and
rhizome fragments gathered in fibrous marine balls that are shaped and
accumulated by the waves along the shore. Seagrass deposits usually cover the
facades of sandy beaches. These deposits have the ability to effectively trap
organic and inorganic particles[3].

Material and methods Samples of aegagropiles were taken from four different
sitesin Tunisia, from northern (two sites S1 and S2) from Bithe coasts of Bizerte
and Hammamet and two sites (S3 and S4) from central-eastern Mahdia and
Chebba. The microplastics were extracted by chemical digestion using
hydrogen peroxide (H,O,) and hydroxyl of potassium (KOH) followed by
microscopic identification to provide information on its physical properties such
as size, colors and shape.

Results Microscopic analysis showed the presence of different fragments and
filaments in shape and color (colorless, blue and red).The frequent colors of
microplastics were mainly blue and red. For the site S1, the microplastic
elements were blue, black, redandwhilein the site S2 the fragment were almost
red, blue and transparent filaments. The same coulors were observed in the
southern sites S3 and S4 with dominance of black and red fragments are
identified. It's important to notify that red filaments correspond to
polyethylenetrephtalate (PET) [4]. Same results were observed in OTTAWA
River where similar colors and shape are detected [5].

e
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Fig. 1. Different filaments and fibers shapes and colors indentified in
Hammamet (S2)
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Fig. 2. Different filaments and fibers shapes and colors indentified in Mahdia
(4

Conclusion The present study provides new information on the physica
properties of interlaced microplastics in aegagropiles and reinforces the
hypothesis that aegagropiles have arole in protecting the sea by accumulating
pollutants such as microplastic and make it come out of the water matrix.
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THE ROLE OF COPEPODSASMICROPLASTIC RESERVOIR ACROSS GLOBAL OCEANS—INSIGHTS
FROM A COMPREHENSIVE REVIEW AND META-ANALYSIS
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Abstract

Plastic pollution is present through every part of the marine environment, representing a significant threat to species and
ecosystems. This study investigates the role of copepods as a widespread microplastic (MPs) biotic reservoirs in the marine
environment. For this a systematic review, meta-analysis, and semiquantitative analysis of scientific articles focusing on the
interaction between copepods and M Ps under field conditions has been performed.

Keywords: Marine litter, Copepoda, Global change, Conservation, Worldwide

The pervasiveness of MPs in marine environments is one of the foremost
environmental threats, impacting marine life at multiple levels—from species to
food webs and ecosystems . Despite the extensive studies at species and food
web levels the potential implications of marine plastics on globa earth
processes, such as nutrient cycling and climate regulation, have only recently
begun to receive attention. Research is beginning to consider plastics as
elements characterized by biogeochemical cycles, akin to carbon, that in the
marine environment are stored in interconnected reservoirs and sinks.
Copepods, with their extensive distribution and significant presence in all
marine environments, are emerging as potential key players in the marine
plastics cycle, possibly serving as amajor reservoir for MPs. First studies under
laboratory-controlled conditions have revealed low levels of MP ingestion
across various copepods” species. This study hypothesizes that, although marine
copepods are at low risk of ingesting MPs, their vast abundance in the marine
environment potentially positions them as a significant biotic reservoir of MPs
within the 'biogeochemical' plastic cycle. To address these questions, an
integrated approach that combines a systematic review, semi-quantitative
anadysis, and meta-analysis of the interaction between microplastics and
copepods have been conducted, focusing on both the number of particles
ingested by individual copepods (ingestion) and the number of particles
retained by copepods per cubic metre (r etention).
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Fig. 1. Summary of the systematic review, meta-analysis and semi-quantitative
analysis.

The results of the systematic review underscore that, under field conditions,
copepods exhibit a low risk of ingesting microplastics (MPs), with mean
ingestion rates ranging from 0.00 to 0.82 MPs per individual, which are among
the lowest reported for marine species.. The meta-analysis supports this trend,
estimating a combined microplastics (MPs) ingestion proportion of 0.05.
Conversely, MPs retention exhibits high variability across studies and generally
high values, with a median of 8.7 MPsm3, reaching up to 2700 MPs/m3.
Moreover, studies assessing MPs ingestion and retention across various biotic
assemblages, including different zooplanktonic taxaand fish larvae, consistently

166

report copepods as among the taxa with the lowest MPs ingestion, yet they
retain the highest fraction of the total MPs retained by the studied taxa. The
retention resulted significantly correlated with copepod’s abundance (Spearman
test; p<0.001), while any correlation was found with MPs ingestion mean
values.

o

Fig. 2. Circular plot summarizing copepods mean plastic ingestion (MPs/ind.) in
blue, mean copepod’s abundance (ind./m3) in green and mean plastic retention
(MPs/m3) in pink. Y-axis values are log-transformed.

The results emphasize the importance of evaluating the number of MPs retained
by copepods to assess the magnitude and potential ecological consequences of
their interaction with MPs. This work suggests that copepods constitute a
significant and transferable reservoir of microplastics across the oceans. These
reservoirs may be transferred within food webs through predation on copepods
and shifted between marine layers by the migratory patterns of copepods and
their predators. They can also move from surface layers to the seabed after being
excreted by copepods within fecal pellets. All of these processes could
potentially impact the carbon cycle and the profile of carbon deposition, thus
playing arole in climate regulation. Therefore, a deeper understanding of MPs
retention in copepodsis crucial and should enhance our understanding of carbon
cycling processes and the distribution patterns of MPs within marine
environments through its future integration into modeling studies.
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INFLUENCE OF MICROPLASTIC PARTICLESON THE GROWTH AND DEVELOPMENT OF
GONGOLARIA BARBATA, AN IMPORTANT HABITAT-FORMING SEAWEED
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Abstract

Gongolaria barbata is a canopy-forming brown algae species that forms dense underwater forests, important habitats, nursery
areas, and biodiversity hotspots in the Mediterranean Sea. This enclosed basin is aso one of the marine areas with the highest
levels of microplastic pollution. Due to the electrostatic attraction seaweeds attract microplastic particles that adhere to their
surface. Algal forests can therefore act as a buffer zone for microplastic pollution, but at what cost? In our study, we investigated
the impact of microplastic particles on the early stages and juveniles of G. barbata from the northern Adriatic, by monitoring in
mesocosms the growth and development at different concentrations of microplastics.

Keywords: Algae, Pollution, Plastics, Adriatic Sea

Introduction: Microplastics have found their way into all world’s seas and
oceans and have even entered bodies of marine organisms [1]. Microplastic
particles can have several adverse effects on marine life, including seaweeds,
impacting its physiology and ecology [1-2]. Microplastics contains and/or can
adsorb and concentrate toxic chemicals from the surrounding seawater, such as
persistent organic pollutants (POPs) and heavy metals [3]. When ingested, these
chemicals can be released from the microplastic and penetrate the tissues of
marine organisms, causing toxicity, developmental abnormdities, and
reproductive disorders [1,3]. Larger microplastic particles or fragments can
cause physical damage to marine organisms upon ingestion or contact by
abrasion or puncture of delicate tissues, leading to interna injuries,
inflammation, and compromised immune function [3]. In seaweeds, the sorption
of particles on the surface of the thallus can lead to reduced photosynthesis in
the covered areas [2]. Small plastic particles cannot be removed from the oceans
with current technology, so stopping pollution is a priority. However, as large
amounts of microplastics are aready present in the environment, it is important
to investigate possible effects on different organisms. Macroalgae can serve as
an important vector for the transfer of microplastic particles into the marine
food chain or act as a buffer zone that binds these particles and prevents their
further spread in the environment [2]. Due to electrostatic attraction between
cellulose in the alga cell walls and the plastic polymer chains, microplastic
particles adhere to surface of the algal thalii [5]. By serving as both a vector and
a barrier, seaweeds play a dua role in microplastic pollution [6]. The
relationship between seaweeds and microplastics underscores the need to
understand their interactions and impacts on marine ecosystems. The aim of our
study is to shed light on the influence of microplastics on the growth and
development of canopy-forming macroalgae.

Materials and methods: Nine glass aquaria with UV sterilized seawater were
set up in a temperature-controlled room set to 172, with a 15:9 light/dark cycle
and an intensity of 140 pmol photons. The experiment consisted of two parts.
In the first part, three different treatments were investigated: a low
concentration of microplastics (Img/L), a high concentration of microplastics
(20mg/L), and a control group with only sterilized seawater. Polyamide
microplastic fragments, sized 8.98+ 2.89 um, were used. Each treatment
comprised three replicates (aguaria). Within each aguarium, ten clay tiles served
as growth substrata for Gongolaria barbata germlings. Fertile algal receptacles,
collected from a donor population in Slovenian coastal waters (northern
Adriatic), were placed on the tiles for 2 days and then removed. The growth and
development of the young germlings were monitored over a period of 21 days.
Daily, 25 germlings from a randomly chosen tile in each treatment were
measured under a stereomicroscope, photographed, and examined for
deformities. In the second part of the experiment, the growth and development
of juvenile thalli were monitored at microplastic concentrations of 1 mg/L, 20
mg/L, and 100 mg/L. The experimental setup mirrored that of the first part, with
additional 3 aquaria for the 100 mg/L concentration. Growth, development, and
number of microplastic particles per square mm of agal thalli were assessed for
21 days.

Results and discussion: In thefirst part of the experiment, germlings subjected
to treatments containing microplastics exhibited accelerated growth compared to
those in microplastic-free seawater conditions (Fig. 1). Although no deformities
were detected in the microplastic-treated groups, observations revealed some
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particles adhering to the algal surfaces. Consequently, in the second part, a third
concentration of microplastics (100 mg/L) was introduced to further investigate
their effects. Presently, data analysis for the second part is underway to discern
any notable distinctions from the initial observations. These results are of great
importance as little attention has been paid to the interactions of microplastics
with benthic macroalgae and the specific role of seaweeds in the transfer of
microplastics into marine food webs should also be considered in future studies.
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Fig. 1. Growth (average length in um) of Gongolaria barbata germlings in 3
different treatments (SW — seawater, MP1 — seawater with low microplastics
concentration (1mg/L), MP2 — seawater with high microplastics concentration
(20mg/L) from day 3 to day 21.
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MICROPLASTIC INGESTION BY THE NORWAY LOBSTER FROM THE AEGEAN SEA
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Abstract

Ingestion of plastics has been documented in many marine organisms but information regarding their presence in deep-sea faunais
ill limited. This study evaluates the presence and characteristics of microplastics (MPs) in the stomachs of Nephrops
norvegicus, an ecological key crustacean of the Mediterranean Sea and typical inhaitant of deep-sea.

Keywords: Plastics, Aegean Sea, Crustacea

Introduction

Microplastics (MPs) are a major globa concern in the marine environment.
Direct MP pollution measurements in the deeper waters of the marine
environment are often considered technicaly challenging and costly. In the
Mediterranean Sea, MPs have been detected in various species such as,
crustaceans and cephalopods, marine birds and fishes. The Norway lobster,
Nephrops norvegicus (Linnaeus, 1758), has been suggested as a possible
monitoring tool for the abundance of MPs within sediments and the
environment [1]. The aim of this study is to investigate the occurrence,
abundance and characteristics of MPs on N. norvegicus in a semi — enclosed
Gulf of the Aegean Sea, the North Euboean Gulf.

Material and Methods

A total of 64 individuals of N. norvegicus were collected from the North
Euboean Gulf during December of 2022. Sex, total length (TL, in mm) and
stomach content weight (SW, in g) were recorded for each individual. Stomach
contents were examined for MPs following the MEDSEALITTER protocol [2].
The type and color as well as length, width and area measurements of the
identified MPs were carried out using Image Pro-Plus analysis software on
optical stereoscope. The occurrence of MPs in our sample as well as the
abundance of MPs per individua were assessed. Data were statistically
analyzed using Statgraphics Centurion 19.

Results

A total of 163 MPs were found in the stomach content of 64 individuals with
TL from 120 to 147 mm and amean TL of 132,6 + 6,5 mm. Within the examined
sample, 48 individuals (75%) were found to retain at least one MPs item. The
abundance ranged from 1 to 11 MPs items per individua (Fig.1) with a mean
value of 2,55 MPs items per individual. The identified MPs encompassed three
distinct types: fibers, fragments and entangled fiber bals. In particular, 137
fibers (84,05%), 6 fragments (3,61%) and 20 entangled fiber balls (12,05%),
were recorded. Data on the occurrence and mean abundance of MPs by sex are
shown in Table 1. The four predominant colors of MPs were the black (49,7%),
transparent (24,3%), red (6,5%) and green (5,9,1%). The other colors were less
than 3% each. Our results showed no significant relationship between the
abundance of MPs and total length. Similarly, no significant relalationship was
observed between the abundance of MPs and stomach content weight.
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Fig. 1. Number of MPs found in the stomachs of N. norvegicus in relation to
their total length (TL, mm).
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Tab. 1. Number of N. Norvegicus (N), Number of MPs (Nyps), Occurrence
(%) and Abundance of MPs assessed in all samples and by sex

Occurrence Abundance Abundance
N Naps % mean MPs/ind max MPs/ind
Male 61 160 75.4 2,62 11
Female 3 3 66,7 1,00 2
TOTAL 64 163 75,0 2,55 11
Discussion

Our results highlight a high occurrence of MPs in the wild population of N.
norvegicus from the Euboea Gulf (75%). However, higher levels have been
reported in the Adriatic Sea and the Sardinian waters with 83% and 100%
respectively [1,3]. Moreover, the relatively high mean abundance of MPs
observed inN. norvegicus from the Euboean Gulf was lower than the
abundances that have been observed in the Sardinia shores (4,75+
0,76/individual), in the Adriatic Sea (4,9 £ 2,4/individua), in the Balearic Sea
(7,06 £ 12,0V/individual) and in Barcelona coasts (12,55 + 20,78/individual)
which are highly touristic areas of the Mediterranean Sea [3,4,5]. Significant
amounts of fibers and entangled fiber balls have been discovered in our samples
as in earlier studies [6,7]. This fact may reflects the plastic fiber ability to be
easily ingested and potentially be retained for longer period in stomach than
other types of MPs. On the other hand, it could be deduced that plastic fibers
predominate in sediments and surface waters in the Euboean Gulf. Based on the
above results, N. norvegicus could be adopted as a flagship, benthic species for
monitoring MPs pollution in the deep waters of the Mediterranean Sea
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Abstract

This study presents a preliminary assessment of microplastic presence and concentration in the gastrointestinal (Gl), gonads, and
muscle tissue of European anchovy in the northern Aegean region. A tota of 15 individuas were sampled, revealing 127
microplastic particles in various tissues with a size range between 0.43 and 4.8 mm. Microplastics (MPs) were predominantly
found in GI samples (52%), followed by gonads (39%), and to a lesser extent in muscle tissue (9%). Notably, while al Gl and
gonad samples contained MPs, only 53.3% of the muscle samples tested positive for microplastic occurrence. These findings
underscore the need for further investigation into microplastic contamination in marine organisms, particularly in relation to potential

implications for food safety and ecosystem health.

Keywords: Marinelitter, Bio-indicators, Aegean Sea

Introduction The emergence of plastic pollution as a critical concern in marine
environments was first underscored by scientists in the 1970s [1], emphasizing
its profound impact on marine ecosystems. Since then, the study of
environmental repercussions associated with plastic pollution has increased
exponentialy [2]. The urgency to address this issue aligns with the objectives
outlined in the 2030 Agenda for Sustainable Development, specificaly the goa
to conserve and sustainably utilize oceans, seas, and marine resources [3].
Notably, plastic pollution endangers numerous smaller fish species, particularly
filter feeders, to ingest plastic particles smaller than 5mm, known as MPs.
European anchovy, recognized as an €ligible bioindicator species, holds promise
for monitoring plastic waste levels within specific regions [4]. The present
study aimed to investigate the occurrence and the type of microplastics
identified in different tissues of European anchovy in the northern area of the
Aegean Sea.

Materials and Methods The study was conducted in the northern Aegean Sea
(GSA22), situated in the eastern Mediterranean Sea. 15 European anchovy
individuals were obtained from the commercia catch of alocal purse seine vessel
in April 2024. Biologica parameters were recorded for each individual, and three
tissue samples (Gl tract, gonads, and muscle) were collected from each, resulting
in atotal of 45 samples. Subsequently, the tissue samples underwent chemical
digestion at 60°C for 24 hours, followed by filtration using glass microfiber
paper filters. The filtered contents were dried and then examined under a
stereoscopic microscope. Microplastic particles were categorized based on their
shape (fiber, fragment, film) and colour (black, blue, green, yellow, red, white)
and size (mm). Dissection, storage, and sample processing followed established
quality assurance protocols and MP recognition was performed following the
MEDSEALITTER protocol (MEDSEALITTER deliverable 4.6.1“Fina
common monitoring protocol for marine litter”). Furthermore, a methodology to
assess potential laboratory contamination was applied [5].

Results and Discussion Microplastics were detected in all 15 individua fish
analyzed, with presence in the studied tissues in 84.4% of the samples. MP size
ranged between 0.43 and 4.8 mm.

MP type MP colour

Stomatch)(51.97%) Black (54.33%)

Blue (21.26%)

(18119 >
Film (18.11%) ~
Fragment (200 W

Nhite (7.87%)

Yellow (7.09%)

Tissuey(945T)

Green (0.79%)

Fig. 1. Sankey diagram depicting the percentage, type and colour of
microplasticsisolated in each of the three types of sample tissue.
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The microplastic particles identified exhibited a diverse array of shapes and
colors, as illustrated in a Sankey diagram (Fig. 1). Among these, fibers
constituted the majority, accounting for 61.42% of the total 127 microplastic
particles. Fragments and films were less prevalent and likely originated from the
breakdown of larger plastic items. The mgjority of fibers observed were either
black (54.33%) or blue (21.26%; Fig. 1). The findings of this study confirm the
presence of microplastics, particularly microfibers, in European anchovy, as
stated at many recent studies [6]. Microplastic particles were detected across all
examined fish tissues, with fibers being the most prevalent type, notably in
black color. The accumulation of microplastics (MPs) in planktivorous fish is of
particular concern because of the similar size between microplastics and
planktonic species [7]. Further investigation is necessary to validate the
observed quantities and FT-IR analysis is needed to evaluate the integrity of
polymers structure. Continued research in this area is crucia for understanding
the extent and implications of microplastic pollution in marine environments and
its potential impacts.
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CIESM Congress Session : Biogeochemistry at the
ocean/atmosphere interface
Moderator : Pasquale Castagno

Moderator's Synthesis

In the session on biogeochemistry at the ocean/atmosphere interface, 4 papers presented advances in
understanding and monitoring biogeochemical processes in the ocean through innovative methods, data
acquisition and biogeochemical modelling. The first presentation emphasised the use of autonomous
surface vehicles to measure air-sea CO2 fluxes in different regions and seasons, highlighting the role of
autonomous technologies in enhancing global carbon cycle in underrepresented regions and ecosystems. A
study in the Krka River estuary (Croatia) analysed copper redox species in rainwater and estuarine water
and showed the variability of copper oxidation states. Further studies could investigate the copper
speciation and ecosystem health. A study in the south-eastern Mediterranean showed the role of dry
aerosols leachable fluxes of atmospheric inorganic nitrogen in supporting surface primary production.
These results provide insights into nutrient limitations oligotrophic systems and emphasise the need to
monitor atmospheric deposition under increasing desertification and climate variability. Over the course of
15 years, a marine biogeochemical model, the Med-BGC forecasting system, has improved significantly
through the use of multivariate data assimilation and advanced modelling techniques. These advances
enable reliable predictions of the variability and trends of important marine variables and relevant events
such as anomalous blooms. Looking ahead, the incorporation of Al-driven approaches and extended
observational data networks could refine forecasting accuracy and support ecosystem management.
Discussions at the end of the session emphasised the importance of interdisciplinary approaches, enhanced
data sharing frameworks, and the development of predictive tools that link marine biogeochemistry,
ecosystem dynamics and climate variability to better inform policy and conservation strategies.

170 Rapp. Comm. int. Mer Médit., 43, 2024



AIR-SEA CO, EXCHANGE IN THE EASTERN ATLANTIC AND THE MEDITERRANEAN SEA BASED ON
AUTONOMOUS SURFACE MEASUREMENTS
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Abstract

The ATL2MED mission was a collaboration between European institutions and the American company Saildrone. Two Saildrone
autonomous surface vehicles (ASV's) sailed from Cape Verde in the Atlantic Ocean to the Gulf of Trieste in the Mediterranean
Sea between October 2019 and July 2020. Given the scarcity of air-sea CO2 flux measurements in the ocean, ATL2MED
generated valuable surface data to study CO2 fluxes from the Atlantic to Adriatic regions through different seasons and marine
ecosystems. This initiative helped to overcome the data shortage during the COVID-19 pandemic, while expanding the spatial

coverage of air-sea CO2 fluxes.

Keywords: Air-sea interactions, Carbon, Adriatic Sea, Ligurian Sea

Introduction The atmospheric concentration of carbon dioxide (CO2) has
surged by over 50% since the pre-industrial era, reaching presently 417.2 ppm,
primarily attributed to human activities. The ocean has mitigated the impact by
absorbing approximately 26% of CO2 emissions, but this absorption is leading
to an acidification of the oceans, affecting marine ecosystems. In the North
Atlantic, warming trends and upwelling systems influence CO2 levels. The
Mediterranean Sea, a hub for tourism and maritime trade, experiences climate
change effects such as temperature rise and decreased rainfall, with ocean
acidification posing a threat to its biodiversity. Monitoring CO2 concentrations
is crucial, and initiatives like the Integrated Carbon Observation System (1COS)
aim to provide high-quality data. However, CO2 flux measurements at the air-
sea interface are limited, prompting efforts to develop sensors for autonomous
in-situ measurements. A demonstration experiment (ATL2MED) involving
Unmanned Surface Vehicles (USVs) aimed to examine air-sea gas exchange,
addressing data gaps during the COVID-19 pandemic. This study focuses on the
CO2 exchange during navigation from Atlantic Ocean to the Adriatic Sea,
highlighting regional ocean features and the use of USVs as a complementary
tool for validation and extending spatial coverage.

Material and methods The ATL2MED demonstration experiment was
conducted in the North East Atlantic and the Mediterranean Sea from October
18, 2019, to July 17, 2020. In this study, we focused on pCO2 in seawater
(pCO2sw) and air-sea CO2 flux exchange, including measurements from various
fixed platforms (DYFAMED, WIM3A, E2M3A, PALOMA, and
MIRAMARE), R/V Meteor, and Saildrone vehicles (SD) 1030. Ancillary
oceanic data from glider transects Nice-Calvi and Bari-Dubrovnik were included.
Details of the ATL2MED experiment and instruments used are provided in
Skjelvan et a. (2021) and Martellucci et a. (in review). SDs measured SST, SSS,
02, pCO2sw, pCO2atm, and wind speed. Measurements were conducted
hourly for pCO2sw and pCO2atm, with an uncertainty of +5 patm. Sensor drift
due to biofouling during the 9-month experiment was corrected according to
Martellucci et a. (in review). In addition to these in situ observations, a neura
network trained and validated in the Mediterranean Sea (CANYON-MED;
Fourrier et al., 2020) has provided new information on carbonate variables in the
Ligurian Sea, validating and filling gaps in pCO2 data measured by the SD-1030
and some fixed platforms.

Results and discussion In this study, we focused on the large-scale variability
of pCO2sw and CO2 flux, zooming on local eventsin the Ligurian and Adriatic
Seas. pCO2sw is influenced by a series of processes such as primary
production and respiration, air-sea gas exchange, mixing and advection of water
masses. The mission results show that pCO2sw in the eastern Atlantic was
lower than pCO2atm, while the situation was reversed in the Ligurian and
Adriatic Seas. However, variability is high, as expected, due to the different
seasons and ocean zones. The evolution of pCO2sw generally reflects variations
in SST, with pCO2sw exceeding pCO2atm in summer/autumn and vice versain
winter/spring. Several factors contribute to this pattern: the effect of
temperature on gas solubility, phytoplankton growth which reduces pCO2sw,
seasonal stratification which traps CO2-rich water near the surface, upwelling
which brings CO2-rich water to the surface, and temperature-induced changesin
carbonate chemistry. In this study, we observed that the thermal component of
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pCO2sw decreases with SST, while the non-therma component increases
dlightly. The relationship between these processes indicates a greater influence
of thermal processes on pCO2sw.
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Fig. 1. Sailing drones from SAILDRONE (SD-1030, SD-1053) routes (blue and
orange lines) during the ATL2MED demonstration experiment, alongside with
fixed platforms (black star) and glider sections (dashed blue line) in the Ligurian
and Adriatic Seas.
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COPPER REDOX SPECIATION IN RAINWATER IN COASTAL AREA: KRKA RIVER ESTUARY
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1 Ruder Boskovic Institute, Zagreb, Croatia - dermaric@irb.hr

Abstract

The redox speciation of copper (Cu) was determined in rainwater samples collected from October 2023 to March 2024 at the
marine research station in the Krka River estuary, Croatia. The concentrations of total dissolved copper (CuT) ranged from 5 to
300 nM, while the percentage of Cu(l) in CuT (Cu(l)/CuT) ranged from 1 to 56 %. In addition to rainwater, samples of estuarine
water were aso collected for Cu redox speciation. In the surface estuarine water, CuT varied between 3-10 nM, while Cu(l)/CuT
varied between 40-75 %. An adapted solid-phase extraction method was used for Cu redox speciation, while Cu concentrations in
the CuT, Cu(l) and Cu(ll) fractions were determined using anodic stripping voltammetry. Dissolved organic carbon (DOC), pH,
salinity and concentrations of chloride, sulfate, nitrate and nitrite were also anayzed.

Keywords: Trace elements, Adriatic Sea

Introduction

Copper (Cu) is an important micronutrient for living organisms and one of
the most abundant trace metals in atmospheric waters [1,2]. Although redox
speciation is important for understanding the biogeochemical cycling of Cu,
it is often overlooked and Cu in natural waters is often discussed as CuT.
Nevertheless, a significant amount of Cu(l) has aready been detected in
marine and estuarine waters as well asin rain and fog water. In rainwater, a
Cu(l)/CuT fraction of 22-32 % has been found, contributing to the various
mechanisms of photoreduction, reduction of Cu(ll) by organic compounds
and stabilization of Cu(l) by inorganic compounds such as sulphite (SO32-)
[3]. In sunlit surface waters of the Atlantic Ocean, the Cu(l)/CuT fraction
was between 5-10 % of the CuT fraction, while in estuarine waters Cu
(I)/CuT fractions of up to 80 % of the CuT fraction were measured [4,5].
The formation and stability of Cu(l) is attributed to various photochemical
processes involving hydrogen peroxide, as well as to the presence of humic
substances and organic compounds of biological origin [4,5].

Study site

In this work, we collected rainwater and estuarine samples at the research
station in the Krka River estuary in Croatia. The Krka River (Croatia) is a
medium-sized karst river with a length of 49 km, flowing into the eastern
coast of the Adriatic Sea and draining carbonate soils. It is characterized by
extremely low natural concentrations of trace metals. In addition, the Krka
River and its estuary are characterized by lower DOC concentrations
compared to other coastal areas [7]. The pristine estuary of the Krka River
has been the subject of research interest for decades, although no research
results on Cu redox speciation in the estuary and rainwater have yet been
published. CuT concentrations in the estuary are relatively low, although
they increase in summer due to Cu emissions from antifouling paint.

Methods

An adapted solid phase extraction method was used for Cu redox speciation
in the samples [6]. For this purpose, a mixture of the strong Cu(l) chelator
bathocuproine disulfonic acid disodium salt (BCS) and the strong Cu(ll)
chelator ethylenediaminetetraacetic acid disodium salt (EDTA) was added to
the filtered water samples. After the addition of the reagents, the samples
were passed through the columns with the Cu(l)-BCS complex retained on
the column. After UV digestion of the acidified samples, Cu concentrations
in the Cu(l), Cu(ll) and CuT fractions were measured by anodic stripping
voltammetry in differential pulse mode (ASV-DP) by standard addition
method. DOC was measured by catalytic high-temperature oxidation with a
carbon analyzer, while chloride, sulfate, nitrate and nitrite in rainwater were
measured by ion chromatography with a conductivity detector.

Results

CuT concentrations in the estuary were from 3-10 nM, which is consistent
with the relatively low Cu concentration expected off-season in the pristine
Krka River estuary. In contrast, CuT concentrations in rainwater were
generally higher and varied between 5-300 nM. A higher Cu(l)/CuT content
of 40-75 % was found in the estuarine samples than in the rainwater
samples, in which the Cu(l)/CuT content was from 1-50 %. The pH of the
estuarine samples ranged from 8.09-8.17, while the pH of the rainwater
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samples ranged from 5.50-6.61. DOC values ranged from 0.790-1.452 mg/L
in the estuarine samples and from 0.604-1.717 mg/L in the rainwater
samples. A higher Cu(l)/CuT values were detected in the rainwater samples
with lower DOC and lower CuT. While this may suggest that inorganic
ligands play an important role in Cu(l) stabilisation in the rainwater, it is
possible that concentration of Cu-binding ligands in the rainwater is not
sufficient to stabilize Cu(l) in the rainwater samples with high CuT.
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MEDITERRANEAN SEA

Barak Herut 1*, Guy Sisma-Ventural and Eyal Rahav 1
1 |srael Oceanographic & Limnological Research, Haifa, Isragl - barak@ocean.org.il

Abstract

This study presents the coupling between leachable fluxes of atmospheric inorganic nitrogen and phosphorus (LIN and LIP,
respectively) and surface water primary production and nutrient concentrations/pool during a full annua cycle at the oligotrophic
Southeastern Mediterranean Sea. It was estimated that dry aerosols leachable fluxes of LIN can support between 2-4% of the
surface primary production and between 1-19% of the NOg concentration in the seawater mixed layer, enhanced mainly during the

stratified period and dust events.

Keywords: Aerosols, Nutrients, Primary production, Atmospheric input, Mediterranean Sea

Introduction

While phytoplankton production in the oceans is primarily supported by
nutrient transport via physical vertica mixing and diffusion from deep
layers, externa nutrients are additionally provided by atmospheric
deposition. Recently is was estimated that the deposition of dust over the
oceans support 4.5% of the global annual export production, but varies
regionally, with some areas exhibiting substantial changes in phytoplankton
biomass [1]. In this study, leaching measurements of aerosol’s derived
inorganic nitrogen (LIN - LNO3, LNH4) and phosphorus (LIP- LPOA4)
from total suspended particles in air collected between February 2018 and
January 2019 were compared to contemporaneous measurements of primary
production and nutrient concentrations in seawater at an offshore station in
the Southeastern Mediterranean Sea (50 km off Haifa, Isragl).

Results and Discussion

Nutrient leaching was conducted using SE Mediterranean prefiltered (0.2
um) aged surface seawater on 36 aerosol samples (each representing ~3 d)
collected on Whatman 41 filters at Tel Shikmona, Isragl (SE Mediterranean
shoreline) and on 1 Saharan dust event filter collected on 8-9 January 2024
during the RV Meteor M197 cruise in the East Mediterranean Sea. The
calculated atmospheric nutrient fluxes were compared to monthly
measurements of primary production and nutrient concentrations at an
offshore station (THEMO-2; 50 km offshore, 1500 m water depth) [2,3]. In
addition, we also compared the atmospheric fluxes to particulate organic
carbon (POC) fluxes measured by a sediment trap at 1300 m water depth at
anearby offshore DeepLev mooring station (50 km off Haifa, 1500 m water

depth) [4].
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Fig. 1. Variability of: (a) the atmospheric contribution (%) of leachable NO3
to the concentrations of NOg in the mixed layer depth during February 2018
till January 2019 ([NOx]at/[NOx]sw); (b) % of calculated atmospheric LIN
flux converted to PP (assuming Redfield ratios) from the measured surface
water PP [2] (PP-Nat/PPsw); (c) the mixed layer depth (MLD, open boxes)
[5]. Also presented (diamond) the contribution of leachable NO3 from a
Saharan Dust event (8-9 January 2024) to the NO3 concentration in the
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upper mixed layer (52 m) during the M197 cruise of the RV Meteor.

The atmospheric contribution to the concentrations of nitrate in the mixed
layer depth is presented in Figure 1, enhanced during stratification (~9%) as
compared to mixed winter period (~2%) on average. Likewise, considering a
4 days response of the phytoplankton to externa “new” nutrients we
present the ratio between the calculated flux of atmospheric carbon
(converting LIN to DOC assuming Redfield ratios) to the surface water
primary production (Reich et a., 2022), exhibiting higher contribution during
stratification (average 2.7%) compared to the mixed period (~1%) (Figure 1).
The calculated average atmospheric flux converted to DOC is 6 mg organic C
m2 o1, similar to the average measured value of POC export at 1300 m as
measured in the DeepLev station; ~7.5 mg POC m2 d' [4, Alkalay et al.-
submitted).
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Abstract

Based on a fifteen-year-long history of marine biogeochemistry modelling, the Med-BGC forecasting system has evolved
encompassing different projects and landed into the full operational EU Copernicus Marine Service. Med-BGC developments
included model science achievements, such as the incorporation of the carbonate system and multispectral optics, the cutting-edge
integration of multivariate and multi-platform data assimilation, and relevant technological developments supporting increased
spatia resolution and updated land and ocean boundary conditions. Thanks to the continuous improvements, Med-BGC is able to
operationally predict the variability and trends of key ocean variables and relevant events (e.g., anomalous blooms) with a

quantified level of uncertainty.

Keywords: Models, Mediterranean Sea, Nutrients, Phytoplankton, Primary production

Operational biogeochemical modelling offers the opportunity to monitor the
present state and trends of marine biogeochemistry in the Mediterranean Sea,
where a fifteen-year history of achievements involved technological and
scientific aspects. Beginning with the pre-operational version of the
biogeochemical Med-BGC system in2009 (Lazzari et al., 2010), Figurel
resumes some of the major developments of the Med-BGC model and their
impact on the system performances in terms of root mean square differences
(RMSD) with respect to satellite chlorophyll observations. Med-BGC can
predict surface chlorophyll and phytoplankton blooms three times better than
ten years ago thanks to the assimilation of ocean colour observations (Teruzzi et
al., 2014), upgradesin biogeochemical parameterization, increased resolution and
better alignment with the physical component (Salon et al., 2019), and novel
optical components (Alvarez et al., 2023).
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Fig. 1. Accuracy of the chlorophyll forecasts since 2008 (RMSD between Med-
BGC system and satellite chlorophyll) and main Med-BGC developments on
spatial resolution (green arrows); data assimilation (BGC DA), boundary
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With the step-by-step introduction of BGC-Argo float data assimilation
(chlorophyll and nitrate in 2019 and oxygen in 2022; Amadio et al., 2023), the
Med-BGC system has improved the ability to predict the vertical dynamics of
nutrients, phytoplankton and oxygen (Figure2). The Med-BGC system has
further benefited from the inclusion of carbonate system (Cossarini et al., 2015),
nutrient parametrization for phytoplankton (Lazzari et al., 2016) and improved
multivariate boundary conditions (Salon et al., 2019); and it now provides
predictions and uncertainty estimations for more than 20 key ocean variables
including, among others, CO, air-sea fluxes, pH, phytoplankton functional
types, primary production and zooplankton (Coppini et al., 2023). Future
developments of the Med-BGC system, that will bring new technological and
computational challenges, will focus on enhancing the ecosystem description
(novel components for biodiversity, optics and high trophic levels), further
reducing the model uncertainty (real-time land and atmospheric boundaries, and
ensemble prediction and assimilation), and increasing resolution to support
coastal applications.
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CIESM Congress Session : Dynamics of phytoplankton

Moderator : Silvia Casabianca

Moderator's Synthesis

During the session “Dynamics of phytoplankton™, seven speakers presented their research. All the
presentation were very interesting exploring different aspects of the session topic. In particular, the
presentations regarded the development of a database about HAB events to better understand the biotoxin
impacts on humans; the analysis of lipids production under salinity stress; the HPLC analysis of pigments
for the characterization of phytoplankton communities both in a short and long time period analyzing also
the impact of rivers discharge on the phytoplankton biomass; changing environmental conditions (i.e.:
water temperature and stratification) linked to the presence of phytoplankton toxic species; genetic and
phylogenetic analyses of halophilic microalgae leading to new species identification; the analysis of
chlorophyll variation in a ten years period linked to phytoplankton phenology and bloom events. The
dynamics of phytoplankton are therefore influenced by several factors, such as nutrient availability, light,
temperature, ocean stratification, biological interactions, and climate change. From the session discussion,
the complexity of marine ecosystems emerged highlighting the need for a multidisciplinary approach to
understanding phytoplankton dynamics. Improved models combining physical, chemical, and biological
factors are crucial for predicting future changes and shifts in phytoplankton populations, especially in the
context of global climate change. Emerging technologies such as satellite remote sensing, autonomous
systems, artificial intelligence, and molecular techniques will all help us better monitor and forecast these
changes, both in environmental conditions and in phytoplankton communities. Understanding
phytoplankton’s future dynamics will be crucial for global climate regulation, carbon cycling and for
marine ecosystem health.
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LINKING MARINE BIODIVERSITY CONSERVATION, FOOD SAFETY AND BLUE ECONOMY : A ONE
HEALTH APPROACH TO ADDRESSHABSIN THE MEDITERRANEAN SEA

Guillaume Barnouin 1*, Lucile Le Fresne 1, Rachel Clausing 2, Antoine Léfitte 3 and Marie-Y asmine Dechraoui Bottein 1
1 Université Cote d'Azur ECOSEAS Laboratory - guillaume.barnouin@etu.univ-cotedazur.fr
2 Universita di Genova
3 UNEP/MAP Plan Bleu Regional Acitivity Center (RAC)

Abstract

Biotoxin producing harmful algal blooms (HABS) are increasingly prevalent in the Mediterranean Sea, posing significant threats to
marine life and humans. This study aims at filling gaps in the availability of consolidated data on biotoxin contamination in seafood.
A database is being developed that integrates information from various sources, including the acquisition of new data, with a
particular interest in emerging benthic species. To better understand the impact of biotoxins on the Mediterranean population, we
use FAO FishBase to estimate seafood consumption patterns and derive population exposure to biotoxin. Moreover, in the
framework of the Barcelona Convention, the creation of a collaborative Mediterranean HAB network will help assess
socioeconomic impacts, prioritize threats, and facilitate more effective mitigation strategies.

Keywords: Ecotoxicology, Food webs, Phytoplankton, Mediterranean Sea, Toxic blooms

Introduction

Harmful Algal Blooms (HABs) are the naturally occurring proliferation of
microscopic algae that have adverse effects on the marine environment as well as
on animal and human health, constituting a One Health issue. HAB events have
been significantly increasing in Mediterranean countries over the past 30 years
[1]. Mgjor events include mass mortalities of marine organisms, fisheries and
beach closures, food contamination with biotoxins above safety levels and
human intoxications [2]. Consumption of contaminated seafood can lead to
various human illnesses, including amnesic, diarrhetic or paralytic shellfish
poisoning. In a context of climate change, some species such as Ostreopsis or
Gambierdiscus, common in tropical areas, are also emerging or increasing in
occurrence in the Mediterranean Sea [1]. Enhancing our understanding of the
transfer of biotoxins in marine food web and of the extent of seafood
contamination is crucial to promote food safety, food security and sustainable
economies in Mediterranean countries. This study aims to address these gaps
using a transdisciplinary One Health approach, linking human, animal and
environmental health. We will assess potential human exposure to biotoxins
using estimates of seafood contamination and investigate the role of ecosystem
health in the occurrence and transfer of biotoxins, focusing on Ostreopsis spp. In
the framework of the Barcelona Convention, this study also includes the
development of a Mediterranean network of experts dedicated to HABs.
Material and methods

Human exposure to biotoxins was assessed by the integration of data on seafood
consumption and seafood contamination. Datasets were mined from the FAO-
FishStat, UNESCO-HAEDAT and EU-RASFF databases, as well as national
monitoring networks, bibliographic review and data from the newly-created
network with Plan Bleu Regiona Activity Center (RAC) of the UN
Environment Program/Mediterranean Action Plan (MAP). A questionnaire was
also developed and distributed to the HAB-network partners to further
populate the database and prioritize issues related to HABs in the
Mediterranean Sea.

New data acquisition is also being undertaken through field surveys along the
French Riviera. In four sites with different ecological health status as assessed
by the CARLIT index, we are combining regular sampling and in situ
observation to monitor for benthic HABs and toxin occurrences. Surveys
include the deployment of artificial substrates and light traps to measure
Ostreopsis cell occurrence and benthic assemblage information. Toxin levels and
transfer along the food web will be measured by mass spectrometry and
bioassays.

Results and discussions

To date, our database encompasses information sourced from existing databases
and close to 200 scientific publications. The majority of the publications pertain
to lethal PSP and DSP toxins, predominantly detected in bivalve molluscs, with
vaues reaching safety levels recommended by CODEX Alimentarius. The
consumption estimates across the 21 Mediterranean countries (Figure 1), which
are derived from fish and fisheries production, importation and exportation data
from FAO-FishStat, underscore the significance of seafood as a source of
protein, with values reaching 61.1 g/person/day in Spain. These data stress the
potential risk of exposures to biotoxins in the absence of effective food
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monitoring measures. Future data analysis will deepen our understanding of the
frequency of occurrence and levels of toxicity observed. Furthermore, planned
toxin analyses of field samples (Ostreopsis) will help to clarify the role of
ecosystem health in the production and transfer of toxins in the context of
increasingly urbanized coasts.

The Mediterranean HAB-network being established currently includes 7
countries representing both the southern and northern Mediterranean regions.
This initiative encourages trans-Mediterranean collaboration and data sharing
and will enhance our understanding of HAB occurrence and impacts in the
region, particularly with new data expected from the south.
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Fig. 1. Seafood consumption across Mediterranean Countries, based on FAO
FishStat
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ESTUARINE PHYTOPLANKTON ACCOMODATE LIPID COMPOSITION IN RESPONSE TO SALINITY
FLUCTUATIONS

Blazenka GaSparovic 1*, Tihana Novak 1, Ivna Vranal and Marina Mlakar 1
1 Ruder Boskovic Institute, Zagreb, Croatia - gaspar @irb.hr

Abstract

Lifein estuariesis a challenge, particularly due to changes in salinity (S). Environmental changes inevitably lead to adaptation of
phytoplankton in order to survive. As membranes are the first to sense changes in the environment, we focused on understanding
how phytoplankton in estuaries adapt to salinity stress through lipid remodeling. We analysed the content and composition of
glycolipids and phospholipids in the subtropical, eutrophic Wenchang River Estuary (WRE) and in the temperate, pristine,
mesotrophic Krka River Estuary (KRE). We found that the cellular content of the glycolipid monogalactosyldiacylglycerol (MGDG)
increased at the lowest S along with the increase in MGDG unsaturation. Phospholipid (PL) content decreased in estuarine waters.
The unsaturation of PL and the changes with S depend on the PL class.

Keywords: Stressors, Phytoplankton, Adriatic Sea, Organic matter

Introduction

Estuaries and coastal areas are regarded as major global hotspots for climate
change. Estuaries are among the most productive environments. They get alot
of organic matter and nutrients from the mainland, which support high primary
production [1]. Phytoplankton is the most important lipid producer [2]. Lipids
play an important role in numerous biological processes [3]. They are excellent
biogeochemical markers for tracking how marine plankton adapt to various
environmental conditions. They are trophic markers in food webs and markers
for identifying different sources and processes of marine organic matter [4].

Methods

We employ thin-ayer chromatography—flame ionization detection and
high-performance liquid chromatography (HPLC)/electrospray ionization (ESI)
tandem mass spectrometry (MS/MS) to provide qualitative and quantitative
lipid characterization and to monitor lipid molecular change along the salinity
gradient. We performed phospholipid fatty acid profiling of two most abundant
phospholipids phosphatidylcholine (PC) and phosphatidylglycerol (PG) and
aso of glycolipids MGDG.

Results

The contribution of MGDG to cell lipids was low in the river end membersin
the KRE and WRE. MGDG contribution (%) increased significantly at the
lowest S compared to riverine waters and then decreased with increasing Sin
both estuaries (Fig. 1A). We analysed the MGDG species in detail using
HPLC/MS/MS. The estuarine phytoplankton synthesised more unsaturated FA
in MGDG than the freshwater phytoplankton (Fig. 1B). Cell phospholipid
content is higher in the pristine KRE (Fig. 1C), which is a consequence of the
more favourable N/P ratio in the KRE. Although we investigated two notably
different estuaries, similarities in the phosphatidylcholine (PC) and
phosphatidylglycerol (PG) number of double was observed. The highest degree
of unsaturation was observed for PG in both estuaries: double bonds 1.57-2.35
and 1.50-2.57 for the KRE and WRE, respectively (Fig. 1D). The lowest double
bond variability was observed for PC in both estuaries: 1.53-2.05 in the WRE
and 1.56-1.79 in the KRE (Fig. 1D). in the WRE and 1.56-1.79 in the KRE (Fig.
1D).
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Fig. 1. (A) The contribution of MGDG to cell lipids, (B) Average MGDG
unsaturation (number of double bonds, (C) The contribution of PL to cell lipids
and (D) Average PC (triangle and sguare) and PG (rhombus and star)
unsaturation along the salinity gradient in the KRE (open symbols) and WRE
(full symbols).

Conclusions

Here we show a mechanism of salinity stress tolerance utilised by
phytoplankton in estuaries through lipid remodelling. Acclimation involves the
accumulation of unsaturated MGDG to control thylakoid membrane function
and ultimately protect the photosynthetic machinery. Different PL respond
differently to S fluctuations. The small change in PC unsaturation with S
indicates the conservatism of cellular PC synthesis in terms of maintaining the
integrity of the cell itself. The higher PG unsaturation can be explained by its
role in photosynthetic electron transport in the thylakoids [5].
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SPATIAL AND SEASONAL VARIATIONSIN SOUTHERN BLACK SEA PHYTOPLANKTON SIZE CLASSES

Zeray Ayral Giilmez 1*, Hasan Orek 1 and Mustafa Y iicel 1
1 METU, Ingtitute of Marine Sciences Mersin, Tirkiye - zeray.gulmez@metu.edu.tr

Abstract

This study investigates the spatial and seasonal variations in phytoplankton size classes across the southern Black Sea basin.
HPLC pigment analysis of samples collected in December 2022 (winter) and June 2023 (summer) will be used to characterize
phytoplankton communities. The focus will be on identifying shifts in size class distribution (pico-, nano-, microphytoplankton)
between the seasons. Understanding these variations is crucia for elucidating the dynamics of primary productivity and
biogeochemical cycles in the Black Sea. The short-term variability data encompassing the entire southern Black Sea basin will
provide insights into potential environmental drivers influencing phytoplankton size structure. The research contributes to
understanding the seasonal response of the Black Sea's phytoplankton community and its role.

Keywords: Phytoplankton, Black Sea, Primary production, Chlorophyll-A, Pigments

The Black Sea is a unique ecosystem characterized by distinct seasonal and
regional variations in phytoplankton size classes, influenced by factors such as
nutrient availability (riverine input, upwelling, lateral transport), temperature,
and hydrodynamics [1]. The seasona and long-term variability of
phytoplankton in the Black Sea is still insufficiently studied, highlighting the
need for further research in this area [2]. Climatic warming has led to changesin
the Black Seas ecological regime, affecting the distribution and dynamics of
phytoplankton in the region [3]. The Black Sea experiences major
phytoplankton blooms, significantly impacting the distribution of
phytoplankton size classes. These findings emphasize the importance of
studying the distribution of phytoplankton size classes across the Southern
Black Sea in winter versus summer seasons to gain a comprehensive
understanding of the unique ecological dynamicsin this region.

The sampling for this study was conducted in December 2022 and June 2023
aboard the R/V Bilim-2. Filter samples were collected to analyze pigment
amounts using high-performance liquid chromatography (HPLC). Subsequently,
Uitz et al.'s (2006) formulas were employed to calculate phytoplankton size
classes from the obtained data [4]. The use of these formulas allowed for the
assessment of the vertical distribution of phytoplankton communities in the
open ocean based on surface chlorophyll-a, enabling the classification of
different size classes such as microphytoplankton, nanophytoplankton, and
picophytoplankton [4]. Additionally, the study also considered the synoptic
relationships between surface chlorophyll-a and diagnostic pigments specific to
phytoplankton functional types, providing valuable insights into the seasonal
variability of phytoplankton in the Black Sea[5].

The surface pigment concentration distribution was utilized to compare the
seasonal and the spatial distribution of the size groups. The chlorophyll-a
distribution in our study period aligns with the circulation pattern and seasonal
mixing and stratification in the water column. Higher surface chlorophyll-a
concentrations were observed in the December 2022 period. Micro-
phytoplankton (mostly Diatom and Dinoflagellate) dominated the basin in
December, with a notable presence of picoplankton, particularly concentrated in
the area around 33-34 degrees East. The elevated chlorophyll-a levels near the
coast between 35-40 degrees east are attributed to the accumulation of riverine
input. Conversely, the June 2023 data revealed lower chlorophyll-a
concentrations, with a pronounced peak near the Kizilirmak river outlet, likely
influenced by nutrient transport from heavy rainfall during that period.

This study has been supported by the Bridge-BS Project, which has received
funding from the European Union’s Horizon 2020 research and innovation
program under grant agreement No 101000240, and DEKOSIM (Centre for
Marine Ecosystem and Climate Research, Project Code BAP-08-11-
DPT.2012K 120880) Project.
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Fig. 1. The chlorophyll-a concentrations distribution across the Southern Black
Sea. The total chlorophyll-a at the top row, followed by the contribution of
micro-, nano-, and picoplankton classes to the total. The left column is from the
cruise of December 2022; the right column is the cruise of June 2023.
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MULTIANNUAL TRENDSIN PHYTOPLANKTON DYNAMICSIN THE NORTHERN ADRIATIC AS
REFLECTED BY CHEMOTAXONOMIC PIGMENTS
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Abstract

Systematic field observations of chemotaxonomic pigments using an HPLC method encompassing a period of eleven years (1998 -
2008) were carried out on the Po River mouth — Rovinj transect in the northern Adriatic Sea to assess phytoplankton dynamics with
a specia emphasis on multiannual trends. A strong negative correlation between chlorophyll aand salinity in the upper layers of the
water column confirmed the importance of the Po River discharge as a key factor determining phytoplankton biomass and
community structure in the northern Adriatic. The trend of increasing salinity during the investigation period, which could be
related to climate change, resulted in a decrease of the total phytoplankton biomass, accompanied by lower proportions of diatoms

and silicoflagellates, especialy in the western part of the basin.

Keywords: Phytoplankton, Adriatic Sea

Introduction. Phytoplankton dynamics as a key component of the structure and
functioning of aquatic ecosystems are highly sensitive to environmental
changes. Since the late 1990s, significant changes in oceanographic features
have been observed in the northern Adriatic (NA), indicating possible
oligotrophication of the basin [1]. In recent decades, an increase in temperature
and salinity has been observed in the NA, which has been accompanied by a
decrease in phytoplankton abundance and changes in phytoplankton taxonomy
characterized by an increase in smaler size fractions in phytoplankton
populations [2,3].

Study area and Methods. The Northern Adriatic (NA) is the northernmost and
one of the most productive parts of the Mediterranean Sea. The field study was
conducted in the period 1998-2008 with a monthly sampling frequency along
the Po River mouth — Rovinj transect (Fig.1). The seawater samples were
filtered directly on board through 0.7 mm GF/F filters, immediately frozen in
liquid nitrogen and subsequently analysed for chemotaxonomic phytoplankton
pigments using reversed-phase high-performance liquid chromatography [4].
The relative contribution of the different phytoplankton groups, including
diatoms, dinoflagellates, Prymnesiophyceae, Cryptophyta, Chrysophyceae,
green algae and cyanobacteria, to the total chlorophyll a biomass was
determined from the corresponding chemotaxonomic pigment concentrations
using specific biomarker pigment/chlorophyll a ratios aquired from the
literature.

Results and Discussion. The photosynthetic pigments detected in the samples
from NA between 1998 and 2008 showed a complex composition characterized
by pronounced temporal and spatial variability. In addition to chlorophyll a an
indicator of total phytoplankton biomass, several chemotaxonomic biomarker
pigments, including alloxanthin, 19"-butanoyloxyfucoxanthin, chlorophyll b,
fucoxanthin, 19"-hexanoyloxyfucoxanthin, peridinin and zeaxanthin, proved to
be highly relevant for the interpretation of phytoplankton dynamics. The key
role of the Po River inputs for phytoplankton dynamicsin the NA was revealed
by the satistically significant inverse correlation between salinity and
chlorophyll a concentration, especialy in the western part of the basin. As a
result, the spatial distribution of phytoplankton in the NA was mainly influenced
by the distance from the Po River mouth, the seasona fluctuations of river water
discharge and the stretification of the water column [5], which is consistent with
earlier studies of phytoplankton pigmentsin the NA [4].

The spatial and seasonal changes in biomass concentration were accompanied
by significant changes in phytoplankton composition. The horizontal
distribution of the Fp index in the NA clearly illustrates more eutrophic
characteristicsin the western and central part of the basin (Fp index = 0.5—0.8),
compared to the oligotrophic character of the west Istria coastal waters (Fp
index = 0.28 — 0.5) (Fig. 2). The oligotrophic state of station RV001 ismainly a
consequence of the prevailing cyclonic circulation system in the NA, which
flushes most of the river inputs out of the basin along the Italian coast.
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Fig. 1. Map of the northern Adriatic with indicated sampling stations.
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Fig. 2. Horizontal distribution of the average annual F, index values on the Po
River mouth — Rovinj transect during the period 1998-2008.
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RELATIONSHIP BETWEEN ENVIRONMENTAL FACTORSAND THE OCCURRENCE OF TOXIC
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ALGERIA
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Abstract

In the current study, we focus on toxic benthic dinoflagellates and the relationship between their occurrence and environmental
factors. Two sites were selected based on the abundance of macrophytes and their low hydrodynamics. A 20-week monitoring
period in 2023 alowed us to identify the presence of two potentially toxic species: Prorocentrum lima and Coolia monotis. Our
results indicate that their occurrence is associated with environmental conditions, particularly water temperature and water mass

stratification.

Keywords: Blooms, Dinoflagellates, Temperature, Toxic blooms, Mediterranean Sea

Introduction

In the last decades, blooms of toxic benthic microalgae have been reported in
many regions around the world [1,3]. These benthic dinoflagellates coexist in
assemblages composed of the following genera: Prorocentrum, Ostreopsis,
Coolia, and Amphidinium (Fig.1).
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Fig. 1. Images of the two toxic dinoflagellates Coolia (left) and Prorocentrum
(right) taken with an upright light microscope, Laika GR 10* 100.

Material and Methods

This study focuses on thein situ monitoring of benthic microalgae in Annaba
Bay, as well as the ecological parameters controlling the spatiotemporal
variations in their abundance. Annaba Bay, located in the eastern part of the
Algerian coadt, receives several urban and industrial effluents from various
coastal factories. The observation protocol includes three different samples: one
planktonic (in the water column), one benthic (on the macrophytes), and a half-
liter water sample for measuring physicochemical parameters. For the physical
parameters, a HANA 9829 multiparameter device was used forin situ
measurements of temperature, salinity, pH, and dissolved oxygen.

As shown in Fig. 2, Prorocentrum lima proliferated during the spring season,
particularly in April, with a maximum density of 4249 cells.g™-1 FW. P. lima
exhibited a wide distribution throughout the study period at temperatures
ranging from 13.02 to 19.7°C and salinities between 35.6 and 37.1 PSU. Similar
to P. lima, Coolia monotis was present throughout the study period from
January to May.Its proliferation began at the start of the spring season, reaching
apeak in April with densities exceeding 3000 cells.g*-1 FW. In comparison with
other studies, C. monotis was found in the Gulf of Gabes during winter, spring,
and occasionally summer. The distribution variation of C. monotis was recorded
at temperatures ranging from 13.02 to 19.7°C and salinities between 35.6 and
37.1 PSU.

Discussion & Conclusion

In autumn and winter, external energy is introduced by rain and wind storms,
which negatively impacts the microalgae by simplifying and reducing their
structures. These conditions can aso affect all epiphytic organisms. The
differencesin cell concentration between warm and cold months may also result
from the carrying capacity of macroalgae, which varies according to
hydrodynamic characteristics. The seasonality of dinoflagellate occurrence in
Annaba Bay is closely linked to the dinoflagellate assemblage on macroalgae,
which follows a clear seasonal pattern in response to severa factors, likely the
same factors that trigger the spring growth of macroalgae in the region, including
increased temperature and irradiance in early spring, plus the availability of
biotic substrate. This explains the monthly variations in concentration observed
in our study. The presence of these harmful blooms can have adverse effects on
public health. Even though the cell counts were lower than those typically
observed along the northern Mediterranean coasts, regular monitoring of these
benthic dinoflagellates and their emerging biotoxins should be implemented to
protect human health and marine ecosystems from potential dangers.
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Abstract

Fifty-two new strains of halophilic microalgae were isolated from marine solar salterns on the shores of the Mediterranean and
Black seas, as well as from some inland saline lakes in Russia. The molecular phylogeny of the strains was analyzed using 18S
rRNA and rbcL genes, and ITS1-5.851TS2 region. Asteromonas gracilis, Picochlorum sp., Tetraselmis sp., Dunaliella salina,
D. parva, andD. viridis were identified in geographically remote saline sites. The results demonstrate a considerable genetic
diversity of the genus Dunaliella and its closest neighbours. Some of the new isolates may represent new species and even genus.

Keywords: Algae, Biodiversity, Brine pools, Black Sea, Mediterranean Sea

Hypersaline water bodies are widely distributed throughout the world, and
include both talassohaline and continental environments that differ in origin
and chemical composition. These hypersaline environments are inhabited by
organisms adapted to high levels of salinity, including microalgae of the
phylum Chlorophyta, which are one of the main producers of organic matter.
Halophilic microalgae are biotechnologically valuable, particularly members
of Dunaliella, which are used for the production of p-carotene, biofuel and
as a recombinant protein expression system [1]. Various species of this
genus have unique properties, biological characteristics and biotechnological
potential. There are several taxonomic classifications of Dunaliella species
based on their morphological, physiological and molecular features.
However, none of them is relisble and accurate, and some inconsistencies
exist between different classifications, leading to ambiguous taxonomy of
newly described strains [2]. Thus, the diversity of the genus Dunaliella is
currently underestimated due to insufficient sampling and a lack of
comprehensive descriptions for anumber of strains[3].

Using 18S rRNA, rbcL genes and ITS1-5.85-1TS2 region sequencing we
assessed the phylogenetic position and taxonomic affiliation of 52 new
halophilic microalgal strains belonging to the phylum Chlorophyta. The
strains were isolated from marine solar salterns located in the southeastern
part of Italy and Portugal, the western part of Sicily, on the Black Sea coast
(Crimea), as well as from inland saine lakes in various regions of Russia
(Elton Lake, Sol-lletsk Lakes, Kulunda Steppe L akes).

Great genetic diversity has been revealed within the genus Dunaliella, to
which most of cultures (40) belonged. Phylogenetic analysis distinguished
several clades based on the 1TS1-5.85-1TS2 sequences. The first clade“D.
parva’ included two isolates from the Krasnoe Lake (Crimea) and the inland
Lake Razval. Other isolates from the Razva Lake, exhibiting similar
morphology (small green cells with a pointed posterior end) formed the
second clade “ Dunaliella sp. 1". The similarity of their sequences with the
closest homologue, Dunaliella pseudosalina (KU641615), did not exceed
94.0%. The third large clade consisted of carotenogenic large-cell isolates
from Krasnoe Lake (Crimea), Elton Lake, Pechatnoe Lake (Kulunda Steppe)
were identified asD. salina. Non-carotenogenic isolates with small
palmelloid cells formed the fourth clade “ Dunaliella sp. 2". They had low
similarity (92.21-94.57%) with the closest homologue, Dunaliella sp.
(MG952974). Representatives of the fifth clade differed in nucleotide
sequences from the third clade D. salina, and had distinctive morphological
features from strains assigned to species D. salina. The sixth clade contained
sequences of small-cell non-carotenogenic Dunaliella strains from Italy,
Crimea and Sol-lletsk, were identified asD. viridis. An additiona clade
consisted of four strains from Motsia saltern (Sicily), Chokrakskoye Lake
(Crimea) and an ephemeral reservoir nearby Sivash Lake (Crimea). The
vegetative forms of these microalgae were represented by green palmelloid
and small motile cells, whereas the cysts were bright red in color. The
closest homologs were the sequences of
'Halosar cinochlamys cherokeensis' (nomen nudum), found in Lake Tyrrell
(Australia) and Salt Plains (USA, Oklahoma). The similarity with the type
strains of the genusDunaliella was very low: 83.96% with Dunaliella
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tertiolecta in the ITS region and 97.44% with Dunaliella tertiolecta
(EF473738) in the 18S gene. Therefore, these isolates were identified as
Chlamydomonadales sp. Moreover, new cultures of halophilic microalgae
Asteromonas gracilis, Picochlorum sp., Tetraselmis sp. were isolated from
geographically remote saline habitats.

The obtained results reveded significant genetic diversity in the genus
Dunaliella and its closest neighbors. Distinct clades of D. parva, D. salina,
D. viridis included representatives from different geographic sites. Some
new isolates of halophilic microalgae may represent two or more new
species and even genus. Thus, careful and intensive sampling allowed a
realistic assessment of the geographical distribution of known Dunaliella
species. The results obtained expand our horizonsin the modern diversity of
halophilic microalgae of the Dunaliellaceae family, and indicate directions
for further search of new biotechnologically valuable strains.

The work was carried out in the ‘Persistence of microorganisms Science
Resource Center of ICIS UB RAS with financial support of RSF grant
https://rscf.ru/project/23-24-10062/.
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Abstract

Continuous optical observations of chlorophyll fluorescence from August 2012 to December 2022 at the meteo-oceanographic
buoy E1, located along the Emilia-Romagna coast in the Northern Adriatic Sea, were analysed. The dataset spanning a decade,
consisting of 69,705 hourly in-situ derived chlorophyll fluorescence observations, was employed to examine both seasonal and non-
seasonal variability in chlorophyll, along with long-term trends in phytoplankton phenology and bloom events in the Northern
Adriatic Sea. E1 buoy is located in the research site 'Delta del Po and costa Romagnola, which belongs to the Italian branch of the
eLTER-RI and is integrated into the Italian national project PNRR ITINERIS - Italian Integrated Environmental Research

Infrastructures System.

Keywords: Monitoring, North Adriatic Sea, Blooms, Phytoplankton

Monitoring coastal marine environments is crucial for understanding ecosystem
health and assessing risks to human health. Chlorophyll (Chl) serves as a key
indicator of phytoplankton biomass, reflecting primary production dynamics
and responding to environmental factors such as wind and nutrient transport.
Various methodologies, including satellite remote sensing, sample-based
laboratory analysis, and in-situ optical sensors, are employed to gather Chl data,
each with distinct advantages and limitations. Variations in Chl concentrations
result from natural and anthropogenic factors such as solar irradiation, nutrient
inputs, carbon fluxes, and fishing. Continuous long-term observations, facilitated
by autonomous monitoring platforms, are essential for investigating marine
environments. This study focuses on a temporal analysis of Chl levels in the
Northern Adriatic Sea (NAS) over the past decade, aiming to understand Chl
concentration trends and their relationship with environmental factors. The
study evaluates the reliability of optical sensor data compared to other methods
and assesses seasonal variability using aten-year dataset.

The station "E1" (44°08.58'N; 12°34.20' E) located within NAS, approximately
100 km south of the Po Delta and 7 km northeast of Rimini, is part of the
research site 'Delta del Po and costa Romagnola, which belongs to the Italian
branch of the eLTER-RI (Integrated European Long-Term Ecosystem, critical
zone and socio-ecological Research Infrastructure) and is integrated into the
Italian national project PNRR ITINERIS- Italian Integrated Environmental
Research Infrastructures System. Since 2006, an autonomous meteo-
oceanographic platform, namely Buoy E1, has been deployed at this station to
gather meteorological and oceanographic data. In 2012, the system underwent an
upgrade with the integration of the WET Labs® ECO Triplet three-optical-
sensor instrument (1). This enhancement enables the estimation of Chl, colored
dissolved organic matter (CDOM), and turbidity values through fluorescence
and backscattering readings. Data are collected at 60-minute intervals, with near-
surface Chl data transmitted in near real-time (NRT) to the Data Centre of
CNR-ISMAR in Bologna.

The dataset comprises 69,705 Chl hourly values collected between August 2012
and December 2022. The average Chl concentration is 2.8 pug L1, with a
standard deviation of 4.1. Concentrations range from maximum daily average of
41.9 pg L? to values below the detection limit. Seasonal variations are
characterized by two distinct phytoplankton growth periods, occurring in
spring (typically March, averaging 5.3 ug L'? with a standard deviation of 6.5,
and May, averaging 4.5 pg L™ with a standard deviation of 6.1) and winter
(spanning December, averaging 3.1 pg L1 with a standard deviation of 3.3, and
January, averaging 4.6 pug L1 with a standard deviation of 4.6). Bloom events are
detected by using the net growth rate (ry) (2), and on average, two blooms events
per year were identified. Chl concentrations are higher during the winter and
spring months, with average concentrations reaching 3.9 ug L1, whereas July to
November values are 1.4 ug L1 The general trend of Chl concentrations is
illustrated in Fig. 1.
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Fig. 1. Monthly Heatmap (2012-2022) of ECO Chl data. Grey color indicates
missing data.
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CIESM Congress Session : Microbial Biotechnology

Moderator : Donatella De Pascale

Moderator's Synthesis

The session on “Microbial Biotechnology” hosted six contributions that shed light on the complex issue of
Marine Biotechnology.

Microbial biotechnology is an interdisciplinary field that exploits the capabilities of microorganisms for
various applications in industry and medicine, it is directly related to 8 of the 17 sustainable development
goals of the United Nations.

Presentations covered several sectors of the Microbial biotechnology, starting from two talks related to the
production of ectoine, a compatible solute with great potential for industrial use in food industries, from a
thermoactinomycete isolated form Sfax, Tunisia. A nice discussion come up from these two talks, since
they highlighted the chance to produce ectoine at very high yield in comparison to the previous methods
applied.

The treatment of the environmental pollution by using microalgae is a field with significant industrial
interest, this topic was covered by a talk focusing the attention on some Adriatic microalgae species,
opening to a large discussion on how microalgae could be usefully used for heavy metal accumulation.
Other very interesting talks covered different aspects from the microbial biotechnology, such as the role of
viral community in shaping bacterial biodiversity pattern during hydrocarbon biodegradation process. The
discovery of two bacteriophages with specificity against Thalassolituus oleivorans suggests an important
role of viral communities in hydrocarbon biodegradation process.

Of great interest also the research focused on the antimicrobial activity discovered from two cnidarians
and their symbionts that could open at potential pharmaceutical applications, while the last talk focused
the attention on electrokinetic for the treatment of environmental pollution as a pivotal strategy for the
environmental decontamination.

Microbial biotechnology is the application of biotechnology principles and techniques to the study and
utilization of microorganisms and their products. It involves the use of bacteria, fungi, and other
microorganisms to perform various tasks that are beneficial to human health, industry, and the
environment.

Much work has been done but much remains to be done to have a complete application of microorganisms
in different sectors.
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Abstract

The two cnidarians Rhizostoma pulmo and Phyllorhiza punctata, exhibit close symbiotic relationships with micro-epibionts
producing awide range of bioactive molecules. In the present study we investigated the microbial community of the two cnidarian
species and their antimicrobial potential, exo-enzyme production, antibiotic sensitivity, bio-surfactant and EPS production.

Keywords: Cnidaria, Microbiota, Antibiotics, Gulf of Tunis, Gulf of Gabes

Introduction

Phyllorhiza punctata and Rhizostoma pulmo, are two distinct species of jellyfish
from the order of Rhizostomeae within the class Scyphozoa Phyllorhiza
punctata, is an invasive species introduced in the Eastern-Mediterranean Sea in
the 1990s from the Eastern-southern-central coast in Australia[1]. Rhizostoma
pulmo is native to the Mediterranean Sea and the north eastern Atlantic Ocean [2].
The present study focused on the antimicrobial and enzymatic properties of
bacterial microbiota of jellyfish to exlpore the potential of bioactive compounds.

Materials and method

The isolation and characterization of epibiotic bacteria from different organs of
jellyfish were followed by the analysis of antimicrobial potential. Agar disc
diffusion assay was used to screen both the antibiotic sensitivity and
antimicrobial production. All strains were also examined for exo-enzymes
production in different appropriate solid mediums. To screen exo-polysaccharide
(EPS) production, strains were grown in amodified TSA agar medium containing
5% of selected carbon source and the quantitative drop-collapse test was
performed in the 96-microwell to test the bio-surfactant production by the strains.

Results

A total of 15 Gram-bacteria isolates from Phyllorhiza punctata and 5 isolates
from Rhizostoma pulmo were characterized and identified. The agar overlay
inhibition method revealed an antagonistic potential for 19 isolates with a large
spectrum of inhibition against the pathogen microbial species (Escherchia coli,
Candida albicans, Mibrio anguillarum, Vibrio alginolyticus, Pseudomonas
fluorescens, Pseudomonas aeruginosa, Salmonella typhymurium and
Saphylococcus aureus). Besides, these isolates produced various extracellular
hydrolytic enzymes including: chitinase, hemolysins, lecithinase, gelatinase,
amylase, lipase, and cellulase (Figure 1). The proportion of isolates sensitive to
the antibiotics tested ranged from 0% to 100%. Most of the Gram-negative
bacterial isolates showed significant bio-surfactant and EPS production.

Conclusion
This study underscores the importance of further investigating the potential of

these Gram-negative epibionts as a source of novel bioactive substances, with
potential applicationsin various industries.
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Figurel: Enzymatic production profile of the different isolates
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Abstract

The aim of this study was to explore the potential of P. halophilum to produce ectoine under submerged non-sterile fermentation
conditions. A mineral Sea-Water (SW) medium composed of 10 g/L glucose, 3.2 g/L ammonium chloride and 100 g/L NaCl was
used and the cultivation parameters such as Dry Cell Weight (DCW), pH, glucose consumption were determined. At shake-flask
level, the non-sterile medium resulted in ectoine cellular content of 240 mg/gDCW, similar to that in sterile one. Moreover, the
enumeration of halophilic and non-halophilic contaminants over the 6-day culture period revealed minimal fluctuations, indicating

effective control measures against contaminants.

Keywords: Bacteria, Biotechnologies, Mediterranean Sea

Introduction

Ectoine, a compatible solute with diverse industrial applications, has garnered
significant  attention for its potentid in various fields, including
pharmaceuticals, cosmetics and agriculture [1,2,3].

Commercially, ectoine is often produced by large-scale microbial fermentation.
However, the conventional sterile fermentation processes used for ectoine
production usually entail substantial costs associated with sterilization, thereby
posing economic challenges for large-scale production. In response to these
limitations, alternative cultivation methods have emerged, aiming to harness the
robustness of halophile and halotolerant microorganisms under non-sterile
conditions [4].

In a previous study, P. halophilum, a high-salt tolerant thermo-actinomycete
isolated from the solar saltern of Sfax (Tunisia), was reported to be a promising
host for ectoine production in sterile conditions [5].

In the present study, the efficacy of non-sterile submerged fermentation of
ectoine was evaluated for the first time using the saltern-derived P. halophilum.
After optimization of fermentation conditions in shake flasks, the ectoine
production performance was further improved in open non-sterile batch and
fed-batch fermentation in a 7L bioreactor.

Materials and methods

Shake-flasks fermentation conditions: A loopful of fresh mycelium of P.
halophilum from a 7-day-old colony on | SP2 agar was scraped and inoculated in
5 mL preculture broth. After 3 days of culture at 40 °C with an agitation speed
of 200 rpm, the total seed culture was transferred to 250 mL non-baffled flasks
containing 50 mL of the same preculture broth and incubated at 40 °C. After
26-28 h of growth, 2.5 ml of the second seed culture was transferred to 250 mL
non-baffled flasks containing 50 mL of sterile or non-sterile SW growth
medium. All fermentations lasted for 6 days and samples were periodicaly
taken for pH monitoring, quantification of mycelial biomass, residua glucose,
and cellular ectoine content. Contaminants were also periodically evaluated on
LB agar plates spread with 100 pl of non-diluted culture broth.

Non-sterile batch and fed-batch fermentation in a7 L bioreactor: For open
non-sterile batch and fed-batch fermentation, mycelial cells were grown in a
non-sterile 7-L  bioreactor (Infors-HT, Bottmingen, Switzerland). A 4 L
non-sterile SW medium supplemented with 3.2 g/L NH,CI, and 10 g/L glucose
was used as an initid medium for fermentation. The fermentation proceeded
until the glucose concentration decreased to below 1 g/L. Then, a calculated
amount of fresh medium (composed of glucose, NH4Cl and oligo-elemnts) was
fed into the bioreactor to increase the glucose concentration to around 10 g/L.
Samples were taken at 24-h intervals to determine DCW, residual glucose,
residual ammonia-nitrogen (NH4*-N) and ectoine content.
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Results and discussion

Our studies showed comparable growth kinetics, glucose consumption, and
ectoine production in sterile and non-sterile fermentation conditions. The
maximum DCW of 5.78 g/L was obtained at 144 h with non-sterile fermentation
of the strain P. halophilum, while DCW observed with sterile medium was 4.82
g/L simultaneously. It was also evident that at a temperature of 40°C and a
salinity of 10%, the SW medium could inhibit the growth of most
non-halophilic and halophilic contaminants, and the number of cells was
approximately maintained at 11 CFU/mL and 113 CFU/mL, respectively. Batch
and fed-batch non-sterile fermentation in a 7 L bioreactor showed efficient
utilization of resources for P. halophilum cultivation. The stepwise addition of
fresh non-sterile medium maintained favorable growth conditions, as evidenced
by the monitored parameters such as DCW, residual glucose, and ectoine
content. Under these open non-sterile conditions, a stable process leading to
9-10 g/L of DCW containing 210-250 mg ectoine/gDCW was obtained after 196
h of growth. At last, with the combination of the non-sterile open fed-batch
fermentation process for lower energy consumption, and the utilization of
low-cost mineral medium, P. halophilum can be exploited beneficialy in the
cost-effective production of ectoine for anti-age cosmetic purposes.
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Abstract

There is a wide consensus that microalgae are god candidates for more sustainable wastewater treatment, sequestering at the same
time atmospheric carbon, and producing valuable biomass. However, some industrial wastewaters, such as petroleum refinery
wastewater, represent a chalenge due to the presence of toxic and growth inhibiting substances. Three marine microalgae
species. Pseudochloris wilhelmii, Nannochloropsis gaditana and Synechococcus sp. were tested for the efficiency and economic

sustainability of nitrogen removal from the oil refinery wastewater.

Keywords: Algae, Carbon, Biomass, Adriatic Sea

Introduction - There are few autotrophic organisms capable to thrive under the
presence of oil derived toxic compounds. Previous studies have found the
picoeukaryote algae P. wilhelmii and N. gaditana to be promising candidates due
to fast growth and good tolerance for high concentrations of NH,*, NO3™ and
hydrocarbons [1;2]. In addition, both algae are rich in lipids with high proportion
of unsaturated fatty acids, offering awide variety of applications from biodiesel
production to pharmacy and nutraceutics. Along with striving for clean energy,
there is a serious need for the secure and clean fresh water resources. In order to
achieve higher productivity and efficient toxicants removal, more and more
interest is paid to cyanobacteria, small autotrophic prokaryotes, capable of fast
growth and high nutrient uptake efficiency [3]. Cyanobacteria possess
significant amounts of phycocyanin, lipids and carbohydrates, and are easily
genetically manipulated and metabolically engineered [4]. Herein we compared
the capacity of the P. wilhelmii, N. gaditana and Synechococcus sp. to sequester
inorganic C, store it into the biomass and efficiently remove N from toxic,
heavily polluted wastewater (WW).

Materials and Methods - Algae cultures were obtained from the SAG culture
collection. The experiments were performed in 2.6L reactors with SCADA
controlled light, temperature and air:CO, inflow. Cultures were grown in the oil
refinery WW at 19 psu. Growth was observed as ODggg, Whereas intracellular C,
N and lipids were measured on GCMS. N and P were measured
spectrophotometrically. A simple model developed by [5] was applied to enable
the prediction of biomass values in continuous operation from kinetic growth
parameters obtained in batch experiment.

Results - During exponential phase growth rate nitrogen and carbon
incorporation were similar in al three cultures (Fig. 1aand 1b). After exhaustion
of dissolved inorganic N (DIN) after day 4-5, intracellular C accumulation
continued to the end of experiment. The highest N-demand, and consequently
the lowest C:N ratio was observed in Synechococcus sp (Fig.1c) resulting in the
lowest specific DIN uptake rate of 0.531 mmol/ (gday) and the lowest lipid
content (Table 1). In the late exponential and stationary phase similarly high
intracellular accumulation of C compared to N was observed for P.
wilhelmii and N. gaditana, reaching C:N stoichiometric ratios 18-22 mol/mol.
Discussion - N. gaditana demonstrated highest specific growth rate, as well as
the highest lipid, and overall biomass yield, along with the lowest required
retention time for the removal of nitrogen. These qualities classify N.
gaditana as the most promising analyzed species for the vauable biomass
production and WW remediation. However, there is considerable concern
regarding low level of toxicity reduction in the WW. On the other hand, P.
wilhelmii demonstrated the highest efficiency in nitrogen removal and toxicity
reduction. Both algae are promising candidates for carbon capture, storage and
reuse technol ogies development, as well as for the innovative, more sustainable
and cost effective WW remediation approachesin the future.

Tab. 1. Summary of the observed growth indices and wastewater treatment
potential in exerimental cultures.

imum Maximum

Lipid
lipid | productvity
content | mg/(Lday)

glgday) productivity
mg/(Lday) day

0895 £

mmol(gday)

0432 2630 68,8928

Synechococous | 0336 0531 70 302 21 a9t 124 (80272814

)
N. gaditana 0576 0698 796 772 £ 2945 112,600
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—+—Synechococcus sp.
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Fig. 1. N and C dynamicsin P. wilhelmii, N. gaditana and Synechococcus sp.
grown on oil refinery WW. The highest growth rate and lipid productivity were
observed by N. gaditana (Table 1.). In spite of the apparently slower growth rate
(0432 g/gday), and lower final lipid content (26.30 mg/Lday) P.
wilhelmii reached the highest volumetric productivity and the highest rate of
WW toxicity remova (76.5 %).
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PATTERNS DURING HYDROCARBON BIODEGRADATION PROCESSES
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Abstract

This paper presents, for the first time, the role of the viral community in the dynamic of bacterial communities during hydrocarbon
biodegradation. In particular, we have identified two bacteriophages with specificity against a hydrocarbonoclastic bacterium,
Thalassolituus oleivorans, in the early stage of the process. This discovery suggests that the viral lysis occurring at the early
stage of the natural biodegradation processes could have a consequential transfer of carbon, nutrients, and energy throughout the

entire ecosystem.

Keywords: Biotechnologies, Bacteria, Restoration, Pollution, Messina Strait

et al. : Amalfitano S.1, Smedile F.3, Yakimov M.M. 3

Introduction

Obligate Marine Hydrocarbonoclastic Bacteria have been described at
specific stages of the biodegradation process in the marine environment [1].
Among the factors influencing biodegradation efficiency, the impact of
viruses remains poorly understood. Indeed, high densities of bacteria and
phages in reactors containing seawater and hydrocarbons were observed.
Moreover, the increased number of bacteriophages in Deepwater Horizon oil
plume samples suggested a phage-mediated biomass turnover. Recent
studies have indicated varying abundance levels, with Alcanivorax
borkumensis predominating over Thalassolituus oleivorans [2]. This study
aimed to ascertain whether this phenomenon could be attributed to
bacteriophage-mediated regulation of Thalassolituus oleivorans growth.

Material and methods

Sampling was conducted within the port of Messina (38° 19' 24" N, 15° 56'
82" E), which is impacted by hydrocarbon pollution. Natural samples were
utilized to establish a microcosm, consisting of 250 ml of ONR7a and 750
ml of the natural sample supplemented with 0.4% diesel as a sole carbon
source. The microcosm was maintained at 20°C. Sampling occurred at
several time points over a month, including the starting point (T0) and after
7, 14, and 32 days. Biomass was harvested via centrifugation, and total
DNA was extracted using the MasterPure Complete DNA/RNA Kit
(Epicenter), followed by PCR amplification of the 16S rRNA genes from the
total DNA. Sequences were analyzed using NGS. For flow cytometry
analysis, aliquots were collected, filtered at 0.1 and 0.22 um, and fixed in
glutaraldehyde. Plaque assays were conducted, with aliquots of the
microcosm sample filtered through 0.1 or 0.22 pum filters. This was followed
by incubation of the viral eluate with Alcanivorax borkumensis or
Thalassolituus oleivorans cultures and plating on ONR7A solid medium.

Results and discussion

Molecular analyses of the microbiad community revealed a distinct
succession pattern in microcosm samples compared to the natural sample,
indicative of substrate selectivity. Notably, alkane-degrading strains were
dominant in the early sampling times, particularly Alcanivorax sp.,
comprising up to 60% of the diversity pattern. Conversely, aromatic
hydrocarbon-degrading strains exhibited increased relative densities at t32d.
The Oceanobacter group, inclusive of Thalassolituus, displayed a notable
decline from t7d to t32d, with Thalassolituus registering low and diminishing
percentages from t7d to t14d, finally becoming undetectable at t32d. Flow
cytometry anaysis estimated approximately 10"9 bacteriaggml and
substantially lower virus-like particle abundance, indicating a potential
interaction between bacterial and viral communities, with bacterial
abundance declining post-day 7 while viral abundance increased post-day
14. Lysis plaques were observed exclusively inT. oleivorans, while A
borkumensis was not affected by the viral action. DNA sequencing of lysis
plague identified contigs traceable to genomes of Thalassolituus oleivorans
MIL-1, alongside contigs attributed to three bacteriophages, including one
corresponding to theT. oleivorans MIL-1 prophage, a second contig
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identical to a phage for 85% of the genome shows 95.7% homology to the
C5a phage of Pseudoalteromonas, and finally the last one belonging to a
phage that shows no homology to known phage genomes. The observed
lysis plaques in T. oleivorans could be attributed to one or both of the last
two identified phages. In conclusion, considering the consistent presence of
T. oleivorans at low levels and its susceptibility to lysis when exposed to
the viral eluate, it could be assumed a regulatory role of the viral community
on the regulation of relative densities of T. oleivorans. Further investigations
are in progress to elucidate the infection dynamics of T. oleivorans and its
impact on modulating oil biodegradation processes and to isolate and
sequence the genomes of the identified phages.
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Abstract

The aim of this study was to produce ectoine by P. halophilum using a low-cost mineral medium. It was found that ammonium
chloride, gave the best combination with glucose to maximize the biomass yield and mycelia ectoine content. A maximum biomass
concentration of 3.07 g/L with an ectoine content of 104.9 mg/gDCW was attained in shake flasks using a C/N ratio of 5, and
initial glucose concentration of 10 g/L. Furtheremore, pulsed fed-batch fermentation conducted in a 7-L bioreactor gave the final
cell concentration of 8.9 g/L with an ectoine content of 243 mg/g DCW.

Keywords: Bacteria, Mediterranean Sea

Introduction

Ectoine is one of the best well-known extremolytes produced by halophiles
for hypersalinity resistance [1,2]. Due to its excellent moisturizing power,
protective and stabilizing cell properties, ectoine is widely exploited as an
ingredient in the cosmetic and pharmaceutica industries [3]. Commercialy,
ectoine is often produced by large-scae microbia fermentation. Recently,
Paludifilum halophilum, a high-salt tolerant thermoactinomycete isolated
from the solar saltern of Sfax (Tunisia), was reported to be a promising host
for ectoine production in mineral Sea Water medium (SW), because of its
being a natural ectoine producer from glucose and sodium aspartate
harboring the ectABC cluster in its genome [4]. in this study, we tried to
reduce cost of the medium by finding a cheaper dternative for sodium
aspartate, and to improve the productivity of the process by understanding
the interplay between nitrogen and carbon sources, in batch flask cultures,
andina7-L bioreactor under two-pulsed fed-batch fermentation strategy.

Materials and methods

Standard culture conditions for ectoine production in shake flasks: A
loopful of fresh mycelium of P. halophilum from a 7 days old colony on
1SP2 agar was scraped and inoculated in 5 mL preculture broth. After 3 days
of culture at 40 °C with an agitation speed of 200 rpm, the total seed culture
was transferred to 250 mL non-baffled flasks containing 50 mL of the same
preculture broth and incubated at 40 °C. After 26-28 h of growth, 2.5 ml of
the second seed culture were transferred to 250 mL non-baffled flasks
containing 50 mL of SW ectoine production broth, and samples were
removed periodically to assess growth, ectoine content and residual glucose
and nitrogen.

Pulse fed batch fermentation in a 7 L bioreactor : For pulse fed-batch
fermentation, mycelial cells were grown in a 7-L bioreactor (Infors-HT,
Bottmingen, Switzerland). A 4 L SW medium supplemented with 3.2 g/L
NH4Cl, and 10 g/L glucose was used as an initid medium for
fermentation.The fermentation was allowed to proceed until the glucose
concentration decreased to below 1 g/L. Then, calculated amount of fresh
medium (composed of glucose, NH4Cl and oligoelemnts) was fed into the
bioreactor to increase the glucose concentration to around 10 g/L and attain a
CIN of 5. Samples were taken at 24-h intervals for the determination of dry
cell weight (DCW), residual glucose, residual ammonia-nitrogen (NH4*-N)
and ectoines contents.

Results and discussion

Effect of nitrogen sources and C/N ratio on growth and ectoine
production : Three low-cost minera nitrogen sources were compared with
sodium aspartate for their effects on biomass and ectoines production.
Results showed that in the presence of aspartate, the intracellular content of
ectoines reaches its maximum vaue of 136.4 mg/g DCW, followed by urea
(84.26 mg/g DCW), ammonium chloride (82.2 mg/lg DCW), and finally
ammonium sulfate (8.86 mg/g DCW). However, the content of extracellular
ectoines was maximal on ammonium chloride and reached 0.35
mg/mL.Therefore, ammonium chloride was chosen as the nitrogen source in
place of sodium aspartate and used for subsequent experiments.Growth of
the bacterium at three different C/N ratios was also tested and revealed that
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the ectoine content of 104.9 mg/g DCW was maximal at C/N ratio 5.
Glucose-pulsed fed batch fermentation in a 7 L bioreactor : In order to
scale-up the cultures to higher cell densities, a fed-batch cultivation was
performed in a7 L bioreactor with 4 L culture volume. It was found that in
the first batch, the biomass concentration increase slowly reaching 5.69 g/L
after 162 h of fermentation. During this period glucose concentration drops
from 9.3 g/l to 0.9 g/L and N-NH3 from 0.93 g/L to 0.16 g/L. Following the
first and the second glucose feeding, the dry mycelia cell weight,
intracellular ectoine concentration, and extracellular ectoine accumulation
were improved to 8.9 g/L, 2.1 g/L and 0.35 g/L, respectively. The ectoine
content of the mycelid biomass was 243 mg/gDCW and ectoine
productivity was 0.216 g/(L ).
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Abstract

This paper presents, the cumulative effect of in situ oxygen production through seawater electrolysis and seawater injection on the
bioremediation of anoxic marine sediments contaminated with organic matter. Several parameters were evaluated: i) nutrient
concentration; ii) extracellular enzymatic activities (f-d-glucosidase and aminopeptidase); iii) total microbial biodiversity. These
parameters were compared under different conditions, highlighting the positive effect of both electrokinetics coupled with seawater
injection and seawater injection alone on the recovery of anoxic sediments.

Keywords: Anoxia, Microbiota, Organic matter, Mediterranean Sea

Oxygen availability in sedimentsis a critical factor in bioremediation processes,
as its absence slows down biodegradation and leads to the production of toxic
metabolites such as H,S, CO, and CH,, causing environmental problems on a
large scale. Electrokinetic remediation and artificial oxygenation of sediments
have shown promise as an in situ bioremediation approach by increasing the
self-cleaning capacity of sediments through native microbial bioremediation by
enhancing oxygenation of sediments [1-3]. In this study, we compared the
effects of direct seawater injection (WI) into the sediment and coupled with
water electrolysis (E-WI) to enhance the bioremediation process compared to
untreated anoxic sediment. Natural coastal sediments (150 kg) were enriched
with fish pellets (150 gr), covered with seawater and allowed to mature until
anoxic conditions were reached (at ~20°C). Samples were taken (time 0) and the
sediments were distributed in three glass tanks of 40 L (50 kg each). Tanks 1
(E-WI) and 2 (WI) were equipped with a 450L /h centrifugal pump and aPVC
piping system mounted to obtain awater circulation of ~3L/min in the sediment
(Fig. 1). Intank 1, two graphite electrodes (rode shape 30 cm x 10 mm) acting as
anode (O) and a stainless steel wire mesh of 40 x 35 cm acting as cathode (H)
were placed vertically in the sediment at a distance of about 30 cm and an
electric current of 2A at 4V was applied continuously for 30 days.

Fig. 1. CHNS concentration, Enzymatic Activities and schematic apparatus

Both WI and E-WI proved to be valid methods to remove organic matter from
the sediment, with a significant decrease in both C-H-N-S from the treated
sediment (CHNS-O Elemental Analyzer-Thermo Fisher Scientific, Flash EA
1112). Interestingly, microbial-mediated extracellular enzyme activities, see [4]
for methodol ogy, showed a significant increase in both MUF-glu and Leu-MCA
under seawater injection WI condition, while a marked decrease in enzyme
activities was observed near the anode electrode in the E-WI. Thisis probably
due to excessive concentrations of oxygen or the presence of chlorine-derived
compound as a side reaction of seawater electrolysis. After one month of
treatment, the electrokinetic process was stopped in the E-WI tank, while the
water pumps were left active in both WI and E-WI for another month. At the
end of the experiments, the value of both MUF-glu and Leu-MCA increase
dlightly also in E-WI, athough never reaching the value found in the WI
treatment, demonstrating a sluggish recovery of microbia activities. Total
microbial biodiversity, monitored by V3-V4 hyper-variable regions of the
prokaryotic SSU rRNA gene [5], showed an important effect of W1 and E-WI
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treatments. In the tank equipped with E-WI, in the region near the anode we did
not detect 16s RNA sequences useful for analysis, whereas at the cathode, where
H, is actively produced during electrolysis, an important component of
Campylobacteria, mainly Sulfurimonas, already detected in the control anoxic
sediment, found affordable conditions to thrive (Fig. 2).

Fig. 2. UNIFRAC diversity (weighed analysis) and phylum distribution among
treated V1 (E-WI), V2 (WI1), control sediments.

After electrical deactivation, microbial communities recovered and WI and
E-WI tanks converge towards a more homogeneous microbia structure. Overall,
this study demonstrates the potential of seawater injection alone and coupled
with electrokinetics for the recovery of anoxic sediments, while also
emphasizing the need for further investigation and caution in large-scale
applications in marine environments.
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CIESM Congress Session : Ocean biogeochemistry in the coastal areas
Moderators : Nigar Alkan / Ali Alkan

Moderator's Synthesis

Coastal ocean biogeochemistry is the study of how chemical elements and compounds, particularly carbon,
nitrogen, phosphorus, and oxygen, circulate in the marine environment and how these cycles are affected
by biological, geological, and physical processes. Coastal areas are dynamic regions where the land, ocean,
and atmosphere interact, resulting in biogeochemical hotspots due to high biological production, nutrients
inputs, and human activity. Coastal biogeochemistry research is crucial for understanding the impact of
climate change, pollution, and human activities on marine ecosystems, as well as sustainable resource
management. Today's most pressing issues include nutrient cycling dynamics, pollution and
biogeochemical response, the impact of ocean acidification, the impact of coastal development, blue
carbon dynamics, monitoring and modeling, data integration and fusion, sediment-water interactions,
microplastics/additives and biogeochemistry. In this session, eight presentations were made covering the
interaction of rivers, coastal lagoons and the ocean, the spread of industrial discharges in the marine
environment, the effects of TCE contamination in the coastal environment, the determination of domestic
wastewater discharge-related loads and future scenarios, and studies aimed at understanding marine
dynamics in the Mediterranean and the Black Sea. Discussions focused on the subjects and suggestions
listed below after the presentations.

1) Meteorological data and physical, chemical, and biological processes are closely related, and combining
their evaluation will yield more accurate findings.

2) To more clearly describe how pollutants and climate change affect marine ecosystems, long-term
research is required.

3) Using CRM and interlaboratory comparisons to increase the reliability of the analytical results from the
research would be crucial.

4) In order to manage coastal areas sustainably, authorized institutions should gather wastewater discharge
data sensitively and create standard procedures and methods for monitoring marine ecosystems.
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Abstract

The aim of this study was to understand the exchanges between the productive coastal lagoon Ria Formosa (SW Europe) and the
ocean. Exchanges of water, nutrients, chlorophyll-a and suspended solids between the main inlets (Faro-Olh&o inlet-BFO, Armona
inlet-BAR and Ancdo inlet-BAN) and the adjacent ocean were estimated along complete semi-diurnal tidal cycles, under extreme
tidal ranges and different seasonal and environmental / oceanographic conditions. The BFO was the most important in terms of
exchange, maximised during spring tides, with the lowest exchanges during the summer campaign. The data show the strong link
between physical and biogeochemical processes, with meteorological/oceanographic factors superimposed on the tidal influence.
Ria Formosa fertilizes but is also fertilized by the adjacent ocean under upwelling events.

Keywords: Coastal processes, Chlorophyll-A, Lagoons, Nutrients, Gulf of Cadiz

Coastal lagoons and coastal oceans are tightly coupled ecosystems, and
understanding their coupling is fundamental to understanding the feedbacks and
interactions between terrestrial and marine cycles that play an important role in
the fluxes of water, nutrients and organisms. Nevertheless, and despite the
progress and increase in observational programmes on coastal processes, the
quantification of mass fluxes through these interconnected systems, allowing an
assessment of the biogeochemical processes and water exchange, remains poorly
studied. In Ria Formosa lagoon, Portugal a multi-inlet system in southwestern
Europe (Fig. 1), water quality and mass exchange are mainly determined by tidal
interaction with the ocean and internal circulation. However, understanding and
quantification of the mass balance of nutrients, chlorophyll-a and suspended
solids that control biological productivity are still limited, particularly at the
main sector of Ria Formosa, from where ca. 90% of the total tidal prism of the
entire lagoon is exchanged (1). To fil the gap of knowledge, the main objectives
of the present study are: i) to understand the role of the mass exchange of
nutrients, chlorophyll-a (as a proxy for phytoplankton growth) and suspended
solids through the interconnectivity of the western sector of Ria Formosa (BFO,
BAR and BAN) with the adjacent ocean during the most productive seasons
(Spring and Autumn) under extreme fortnightly tidal range (neap tides versus
spring tides) and ii) the seasondlity of these exchanges at the main inlet of this
sector, during spring tides. To that in-situ and remote sensing observations have
been carried out, together with 16 field surveys. Ria Formosa is a shallow
coastal lagoon (ca.100 km?, 55 km long; Fig. 1) on the south coast of Portugal,
with reduced freshwater contribution.
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Fig. 1. RiaFormosalagoon location

At the three inlets of the western sector six campaigns was conducted in the
Autumn of 2011, three in spring tide and three in neap tide, like the other six
taken in the following Spring 2012. Four additional campaigns were taken at
BFO in summer and winter in spring tides and in Autumn 2012, in spring and
neap tides. The discharge was caculated through the integration of the product
between the velocity component normal to cross-section and the corresponding
cross-sectiona area. The transport of nutrients, suspended solids and Chl-awas
calculated hourly over the entire tida cycle, multiplying the discharge by the
cross-sectional average concentration. Finally, the tidal prisms and the net
transport of nutrients, suspended solids and Chl-a were obtained by integrating
the hourly transport values in the time domain over the entire tidal cycle. Data
indicate that exchanges in the Ria Formosa follow the sequence

193

BFO>BAR>>BAN, intensified during spring tides. The magnitude is influenced
by tidal, meteorological, oceanographic and biological processes. Extreme
meteorologica events (rainfal, upwelling, dry summers) dominate mass
exchanges at BFO over the tides. In the winter survey, following a period of
rainfall, there was a net export of water and all compounds except nitrate and
phosphate, which were still imported due to weak upwelling. Autumn 2012 was
characterised by increased nitrate import at BFO (1.3 tonnes) due to a strong
upwelling event (Fig. 2).
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Fig. 2. Transport of water, chlorophyll-a, nitrate, phosphate and silicate (in kg)
exchanged between BFO (Faro-Olhdo; see Fig 1 for location) and the adjacent
ocean in Autumn 2012 during ebbing and flooding phases along a complete neap
(9 October; smallest arrows) and spring cycle (16 October; larger arrows).

The summer survey showed the lowest ebb and flood exchanges, but there was a
global supply of compounds from Ria Formosa to the adjacent ocean, enhancing
coastal productivity, especialy at a time when these waters are typicaly
oligotrophic. The Spring campaign showed increased mass exchange, capturing a
phytoplankton bloom with significant chlorophyll a and nitrate import.
However, there was an export of ammonium and suspended solids, with
fertilisation of the adjacent ocean supporting its biological productivity,
highlighting the role of Ria Formosa. Accurate estimation of mass exchange is
crucial for understanding current conditions and predicting long-term trends in
coastal systems such as Ria Formosa.
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SPECTROSCOPIC AND ELECTROCHEMICAL CHARACTERIZATION OF COPPER COMPLEXESWITH
BATHOCUPROINE DISULPHONATE (BCS) AND HISTIDINE
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Abstract

Copper (Cu) is a micronutrient required for phytoplankton growth but may be toxic at elevated concentrations. Understanding Cu
speciation and redox transformations is important for evaluating the potentia effects of Cu toxicity in the aguatic environment. The
spectroscopic and electrochemica analysis was conducted to study the behaviour of histidine, BCS and Cu(l1)/Cu(l) in the water
solution, with different times of exposure to the solar smulator. The Cu(Il) reduction occurs after exposure of Cu(l1)HIS2 to solar
simulator light, and the reaction is of second order with respect to Cu(l)BCS2.
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Copper (Cu) is an important bioessential trace element in the marine
environment, acting as an essential micronutrient for phytoplankton growth.
However, at high intracellular concentrations, Cu becomes toxic and affects both
planktonic abundance and diversity in coastal waters. The bioavailability and
toxicity of Cu in aguatic environments are governed by its speciation. It was
found that Cu chemical speciation is controlled by complexation reactions with
organic ligands that bind > 99% of the total dissolved Cu [2]. Toxicity can occur
at free metal ion concentrations as low as 1012 M, however, some organisms
can counteract the negative effects of high free Cu concentrations by producing
organic ligands that complex Cu and reduce the concentration of bioavailable Cu
in the environment [3]. Because Cu(ll) is thermodynamically favoured in
oxygenated waters, Cu(l) has generally been neglected in speciation models. Yet
it has been estimated that 10% of the total dissolved copper in surface watersis
present as Cu(l), stabilized by chloride ions or thiol ligands [4]. The reduction
of Cu(ll) to Cu(l) in seawater is governed by various photochemical and
thermochemical processes[5].

To study the redox transformations of Cu and investigate the role of organic
ligands in Cu(ll) reduction, a multi-method approach was applied, including
electrochemical analysis and UV-Vis spectroscopy. Solutions containing Cu(ll)
and organic ligands were analysed under different conditions, e.g., different
molar ratios and with/without exposure to solar simulator light. The
electrochemical behaviour of histidine, BCS and Cu(ll)/Cu(l) in the sodium
chloride electrolyte was analysed using cathodic stripping voltammetry and
hanging mercury drop electrode (HMDE). Experiments were performed using
the p-Autolab (Eco Chemie, Netherlands) controlled by NOVA 2.1 software in
a three-electrode cell (VA 663 Stand; Metrohm, X) (HDME as working
electrode, Pt wire as counter electrode, Ag/AgCl electrode as reference
electrode). Electrolyte solutions (0.55 mol dm3 NaCl) were buffered at a pH of
~8.2 by borate buffer with a final concentration of 0.01 mol dm3. The UV-Vis
absorption spectra were recorded on an Analytik Jena SPECORD 200 PLUS
spectrophotometer (quartz cuvettes, path length 10 cm) in the wavelength range
of 350-850 nm. Measurements were performed in water solutions at pH=8.6
(+0.05). A solar simulator (Ossila) was used to evaluate the influence of UV
irradiation on the formation of metal-ligand complexes.

The obtained spectra (Fig. 1) and voltammograms show that with increasing
exposure time to the solar simulator light, there is a decrease in absorbance at
630 nm as well as a decrease in voltammetric peak at -0.2 V (vs Ag/AgCl) which
corresponds to Cu(l1)His2. At the same time, there is an increase in absorbance
at 487 nm, and also an increase in voltammetric wave characteristic for Cu(l)
BCS2. The results suggest that Cu(l1) reduction occurs after exposure of Cu(ll)
HIS2 to solar light, and the reaction mechanism is ligand-to-metal charge
transfer. The kinetics of the reaction is of second order with respect to Cu(l)
BCS2.

These findings are important considering the recent work by Moriyasu and
Moffett [6], where it has been suggested that total dissolved Cu comprises
kinetically labile Cu and inert Cu pools. After exposure to solar irradiation, inert
Cu becomes Iabile, which is probably more biologically available. Understanding
the partitioning between labile and inert Cu is crucial for assessing the potential
effects of Cu toxicity on marine ecosystems, and solar irradiation most certainly
plays a significant role in the bioavailability of Cu. In future work, experiments
will be carried out with other biologically important Cu (Il) ligands, e.g.
methionine, and the impact of chloride concentrations will be assessed, as it is
known that chloride stabilises Cu(l) in the water solution.
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