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Marine Litter (ML) from fishing activities constitutes a significant threat to Mediterranean marine ecosystems, particularly in protected areas. Derelict fishing gear, lost or
abandoned during operations, can then be transported by ocean currents betore settling on the seafloor [1,2]. In Europe, the Marine Strategy Framework Directive (MSFD)
identified anthropogenic litter as a dominant pressure and the main source of pollution in the coastal habitats [3]. This study presents a multi-method cumulative impact
assessment framework that integrates: 1) Fishing vessel hours data (2012-2024) from the Global Fishing Watch (GFW) database [4], 2) 3D ocean currents from the
Mediterranean Sea Physics Reanalysis database (MEDSEA, Copernicus), and 3) Lagrangian particle tracking with dual-release scenarios via the OceanParcels simulation
tools [5]. The framework identifies hotspot areas of ML accumulation (via the Deposition Index - DI) and explores their overlap with the Marine Park of Alonnisos (NMPANS), o
large marine protected area in the eastern Mediterranean that includes conservation-priority habitats (i.e. seagrass, coral reefs) whose status is often compromised by ML.

Study area and data

The study area encompasses the Northern Sporades archipelago in the western
Aegean Seq, Greece (Fig.1). The area is characterised by complex bathymetry (0-
1600 m) and semi-enclosed basins that seem to act as depositional sinks. |1
encompasses extensive meadows of the indigenous seagrass Posidonia oceanica,
as well as biogenic reefs, which are crucial for supporting the rich biodiversity of the
Medﬁerronean F|sh|ng Gc’nvmes malnly small scale (SSF) ’rc:ke place there.
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Results and Discussion

Figure 3 illustrates a high-energy southward-flowing jet, concentrated in the cenftral
channel, while coastal areas are characterized by low-velocity sheltered zones (<
0.02 m/s). At the surface, a prominent anficyclonic eddy dominates the north-
central areq, effectively dispersing ML toward the eastern archipelago. As depth
iIncreases, current speeds and RMS decay significantly, indicating that bottom shear
stfress is insufficient for remobilization; however, a high probability of eddy
occurrence in the northern part of the Sporades may cause ML to drift fowards their
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Figure 3: Spatial distribution of current velocities and vectors across the Northern Sporades region (left).
Root mean squared (RMS) current speed (m/s) at different depths (1.02, 51, 510 and 1047 m)

INPUT DATA

At fishing depth, most particles are deposited within 30 hours, experiencing
negligible horizontal transport (Fig. 4). In the surface release scenario, particles
traverse the full water column, producing more displaced deposition patterns. The
DI reveals highly localized accumulation patterns, with maximum intensities

The analysis employs Lagrangian
modelling within a 1 km fishnet grid to
assess cumulative ML  impacts  [2]. ihing g Sftor i cel
Monthly uo/vo fields (2012-2024) were e
processed at 5 depth levels (1, 50, 200,

500, 1000 m). Using the OceanParcels
framework [5], virtual heavy ML parficles
are released at 194 observed fishing grid
points [4]. Particles are advected
through 3D time-varying currents, with
horizontal diffusion (KH = 100 m?/s), per-
particle sefttling velocity (LogNormal,
median 1.5 cm/s), and deposit upon

reaching the seafloor. |—> e
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Figure 4: Spatial distribution of the DI across the study area (At fishing depth: left, Surface: right)

ML poses a significant threat to marine ecosystems;

therefore, identifying
accumulation zones is critical for optimizihg monitoring efforts.  Although
OceanParcels enables efficient large-scale fransport simulations, its accuracy

depends on proper parametrization and the quality of the velocity fields, as well as
on factors such as ML size, sinking velocity. Hence, beside existing uncertainties
associated with ocean current and fishing data gaps, this study sets the scene for
monitoring needs to support improved assessments guiding ML mitigation actions.
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