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Marine animal forests in high-
energy environments after a
large anthropic impact:
discoveries from the Rion-
Antirion Strait, Greece
Lucinda Titri 1*, Aurélia Hubert-Ferrari 1, Basile Caterina1,
Vasilis Gerovasileiou2,3, Dimitris Christodoulou4, Elias Fakiris5,
Xenophon Dimas4, Maria Geraga4 and George Papatheodorou4

1Research Unit SPHERES, Department of Geography, University of Liege, LiŁge, Belgium, 2Department
of Environment, Faculty of Environment, Ionian University, Zakynthos, Greece, 3Hellenic Centre for
Marine Research (HCMR), Institute of Marine Biology, Biotechnology and Aquaculture (IMBBC),
Heraklion, Greece, 4Laboratory of Marine Geology and Physical Oceanography (Oceanus-Lab),
Department of Geology, University of Patras, Patras, Greece, 5Independent Researcher,
Patras, Greece
The Rion– Antirion Strait (Greece, 50– 100 m depth) hosts rich Marine Animal
Forests (MAFs), formed by several species of anthozoans, sponges, bryozoans
and tunicates. Using twelve video transects collected in 2019 and 2023 and a
Regional Oceanographic Modelling System (ROMS) hydrodynamic model, we
characterized the assemblages’ biological composition, geomorphology, and
physical drivers. Strong bidirectional bottom currents (0.01– 0.25 m/s, peaking at
0.8 m/s) funnel nutrients into the strait, resulting in the highest chlorophyll
concentrations recorded between the adjacent Patras and Corinth Gulfs. Bridge
construction (1998– 2004) likely caused extensive habitat loss through dredging,
excavation, ballast dumping, and � ne-sediment remobilization. Today, pioneer
taxa – such as Alcyonium spp. and Caryophylliidae spp. – form dense � elds,
bene� ting from trophic � exibility, rapid recruitment, and tolerance to moderate
turbidity. In contrast, fragile and less adaptable taxa such as Antipatharia and
Pennatuloidea remain sparse and degraded, suggesting limited recovery
potential under sustained disturbance. Sponges and tunicates play a key role in
post-disturbance habitat structuring by providing settlement microhabitats. Our
results suggest unexpected resilience of anthozoan assemblages in high-energy,
non-rocky settings, while underscoring the ecosystem’s likely vulnerability to
cumulative anthropogenic pressures. The absence of pre-disturbance baseline
data limits the reconstruction of historical biodiversity levels, emphasizing the
need for long-term monitoring to assess future impacts from coastal
infrastructure development and climate change. These � ndings provide new
insights into MAF ecosystem dynamics and inform targeted conservation
strategies for vulnerable Mediterranean habitats.
KEYWORDS
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1 Introduction

Marine Animal Forests (MAFs) are complex, three� dimensional
benthic ecosystems formed by sessile suspension� feeding
invertebrates such as cnidarians (e.g. corals and gorgonians),
sponges, bivalve mollusks, and bryozoans (Rossi et al., 2017, 2025
and references therein). These organisms build structural frameworks
that create canopy� like habitats, thereby enhancing benthic
biodiversity, modulating seabed hydrodynamics, and contributing
to essential ecosystem services such as nutrient cycling and carbon
sequestration (Rossi et al., 2017; Orejas et al., 2022 and
references therein).

In the Mediterranean Sea, many taxa contribute to MAF
formation, including species that are legally protected or
considered endangered (Rizzo et al., 2025). In Greek waters,
MAFs are documented across diverse habitats, re�ecting their
taxonomic and bathymetric variability (UNEP/MAP–SPA/RAC,
2023; Salomidi et al., 2025; Fabri et al., 2025). Greek MAFs play a
key ecological role, providing structurally complex habitats that
support biodiversity and ecosystem functions (Rizzo et al., 2025;
Johnson and Ferreira, 2025). However, despite being one of the
most intensively studied marine basins, the Mediterranean –
especially its eastern sector – still harbors under-explored regions,
particularly where MAFs occur in low densities, isolation, or under
strong anthropogenic pressure (e.g., Taviani et al., 2011; Balogh
et al., 2023; Salomidi et al., 2025; Thurstan et al., 2017).

Many MAF� forming taxa, especially cold� water corals, exhibit
slow growth rates and very limited capacity for recovery, making
them especially vulnerable (Freiwald et al., 2004; Reynaud and
Ferrier-PagŁs, 2019). Anthropogenic pressures such as bottom
trawling, pollution, coastal development, and warming sea
temperatures further exacerbate the degradation of MAFs and
their associated fauna (Garrabou and Harmelin, 2002; Lartaud
et al., 2019; Garrabou et al., 2022; Bramanti et al., 2023; Hinz,
2017). Conservation efforts have intensi�ed in recent years, but
protection remains spatially fragmented and often insuf�cient to
ensure the long-term integrity of MAFs across multiple scales
(Rizzo et al., 2025; Lauria et al., 2017). Environmental drivers
such as hydrodynamics and seabed morphology critically
in�uence MAF spatial distribution and structure, yet their
interactions with anthropogenic stressors remain poorly resolved,
particularly in transitional or marginal settings (Lo Iacono et al.,
2019; Mohn et al., 2023). In this regard, the recently discovered
MAF in the Rion–Antirion Strait (Greece) offers a compelling
opportunity to explore resilience and responses under combined
natural and human pressures. Situated between 50 and 100 m depth
in a narrow corridor connecting the Ionian Sea and Gulf of Corinth,
the site is characterized by strong bottom currents (>0.5 m/s;
Fourniotis and Horsch, 2010), complex geomorphology (Rubi
et al., 2022), and substantial anthropogenic alteration due to the
presence of a 2 km bridge (Biesiadecki et al . , 2004;
Apostolopoulos, 2010).

Here, we aim to (i) characterize the structure and composition
of the MAF community and associated biotopes, and (ii) evaluate
the in�uence of local hydrodynamic forcing on ecosystem response
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to human impacts, via �eld surveys (May 2019, 2023) and
hydrodynamic modeling using Regional Oceanographic
Modelling System (ROMS).
2 Materials and methods

2.1 Geographical and hydrodynamic
setting: the Rion-Antirion Strait

The Rion-Antirion Strait separates the Gulf of Patras (west) and
the Gulf of Corinth (east) (Figure 1). The Gulf of Patras is ~80 km
long and 20–40 km wide, reaching 140 m depth (Ferentinos et al.,
1985). The Gulf of Corinth is ~120 km long, up to 40 km wide, and
~900 m deep. The Strait itself is ~2 km wide and 70 m deep at the
bridge location (Rubi et al., 2022). In this narrow, shallow zone,
tidal bottom currents are ampli�ed. Bottom currents can reach
velocity greater than 1 m/s (Rubi et al., 2022), and are highly
dependent on the tidal regime. During �ood tide, surface currents
�ow eastward to the Gulf of Corinth; during ebb tide, they reverse
westward to the Gulf of Patras (Caterina et al., 2025). However,
bottom water masses behave differently, producing a bidirectional
system with internal waves. These waves vary with the semi-diurnal
tidal cycle (Rubi et al., 2022; Caterina et al., 2025), and bottom
currents may oppose surface �ows with velocities up to 3 m/s,
compared to ~1 m/s at the surface. Wind, shaped by the
surrounding topography and constriction at the Strait, also
impacts circulation. Prevailing NW winds (Koletsis et al., 2013)
deepen the thermocline (~60 m) and increase mixing, in�uencing
exchange rates across the Strait (Fourniotis et al., 2018; Caterina
et al., 2025).

The Strait is a thermal anomaly compared to the adjacent gulfs
due to upwelling of cold Corinthian waters (Caterina and Hubert-
Ferrari, 2025). Salinity remains stable at ~38.5 – 0.1 psu throughout
(Poulos et al., 1996; Fourniotis and Horsch, 2015; Rubi et al., 2022).
There is a seasonal cycle: summer strati�cation vs. winter mixing
(~16°C uniform temperature). In Patras, strati�cation shows a
warm 10 m surface layer (~23°C), a thermocline to 60 m, and
stable ~13°C deep water (Friligos et al., 1985). In the Gulf of
Corinth, the transition zone can reach >100 m (Anderson and
Carmack, 1973; Poulos et al., 1996). Water exchange through the
Strait affects local water column parameters. Friligos et al. (1985)
documented that the waters were slightly supersaturated in oxygen
(O2 saturation >100%) from 0 to 50 m depth. CTD data from the
INTERREG_IONIAN projects (SeaDataNet, 2000) showing
temperature, salinity, turbidity, and �uorescence pro�les from
four stations (two in the strait and two in Patras) provide
additional water column parameters. In September, salinity stayed
near 38 psu and slightly increased with depth, consistent with
literature (Friligos et al., 1985) (Figure 2). The Strait had a
thermocline at ~20 m, with surface temperatures at 24°C
dropping to 18°C. Patras showed three water layers: 0–20 m
(warm), 20–40 m (transition), and below 50 m (stable ~16°C). By
March, water columns were mixed (13.5–14°C) (Figure 2).
Fluorescence (phytoplankton proxy) peaked below 20 m in
frontiersin.org
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March, and at ~20 m (Strait) and ~50 m (Patras) in September—
consistent with strati�cation trapping nutrients. Dissolved oxygen
shows maximum values at 20 to 40m water depth. This aligns with
earlier �ndings (Friligos et al., 1985) on seasonal strati�cation and
nutrient cycling. Dissolved oxygen trends follow those
of �uorescence.

The Strait’s topography re�ects both tectonics and hydrodynamic
shaping (Rubi et al., 2022), with rugged bathymetry and a moderately
consolidated substrate shaped by strong erosive currents (Figure 1).
Rubi et al. (2022) describe morphologies linked to bottom currents—
terraces, escarpments, plateaus, channels, moats, and deep pools—
below 50 m depth, in this net erosional environment (Stow et al., 2009).
These are categorized into megahabitats and mesohabitats following Lo
Iacono et al. (2019). Four megahabitats occur below 50 m: a central
plateau (60–70 m depth), two deep basins to the east and west, and
northwestern terraces (Figure 1). These larger structures host a range of
mesohabitats. On the plateau east of the bridge, two mesohabitats are
distinguished: (1) a mound (420 m long, 150 m wide, 15 m high) and
(2) a �uvial channel (1.6 km long, 100–270 m wide, 4-6m deep) (Rubi
et al., 2022; Figure 1). To the west of the bridge, two more mesohabitats
are found on the plateau: (3) a northern straight moat formed by
Frontiers in Marine Science 03
bottom currents (2 km long, 140–240 m wide, 3–21 m deep); (4) a
southern elongated pool (1 km long, 300 m wide, 95–100 m deep).
Additional mesohabitats in the West and East Basins are de�ned by
their rugged morphologies, including deep pools and crests (Rubi
et al., 2022).

Sediments vary across the Strait, re�ecting lithology, induration,
and tectonic deformation. The basement rocks are not exposed at
the sea�oor at depths below 500 m (Biesiadecki et al., 2004). The
most resistant unit is the indurated, coarse-grained, �at sedimentary
layer capping the plateau. Boreholes near the bridge show a gradual
northward thinning of the indurated cap, underlain by clay-rich
sediments (Biesiadecki et al., 2004; Rubi et al., 2022). Consequently,
the two megahabitats incised in the plateau west of bridge differ
slightly in lithology: the northern moat is partly carved in clay-rich
sediments, whereas the southern pool remains con�ned to the
coarse-grained cap. Terraces are composed of a different, laterally
variable sedimentary unit, younger and probably less indurated,
with �ner materials toward the north (Piper and Panagos, 1979;
Rubi et al., 2022). The western basin is an erosional structure
formed in older, indurated, and deformed sediments. Seismic
re�ection data suggest �ne-grained facies deposited in
FIGURE 1

Locations at different scales of the study area using GEBCO 2023 gridded bathymetry data (GEBCO Compilation Group, 2023). (A) Map of Greece.
(B) The Rion-Antirion Strait between the Gulfs of Patras and Corinth. (C) Sea-bed morphology below 50 m depth. Named areas: megahabitats
(Terraces, Plateau, West Basin, East Basin) and macrohabitats (Crest and pools in West and East Basins; Pool, Moat, Channel, Mount in the Plateau
megahabitat). Black lines: 12 video transects conducted in May 2019 and 2023. Circles: footprints of the four piers of the Rion-Antirion Bridge
(adapted from Biesiadecki et al., 2004).
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