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Abstract: In the Mediterranean Sea, there are two critical issues affecting marine benthic biocenosis: 

the sedimentation process and the increasing trend in marine biodiversity loss. These processes are 

very marked along the western side of Calabria coastline where siltation is one of the main reasons 

for the regression of Posidonia beds in the regional coastal waters.  

This research aims to investigate the relationships between the geomorphological features of the 

debris source areas, represented by fluvial basins, and the distribution of Posidonia meadows. So, a 

geomorphological study of the Tyrrhenian fluvial basins with area greater than 200 km2 and its 

correlation with the mapping of the meadows in the Calabria Tyrrhenian waters was carried out. 

Furthermore, in order to assess the increased level of burial in a Posidonia oceanica meadow and its 

health state over time, a program of Posidonia monitoring was undertaken between 2000 and 2010, 

in a test area located in the Marine Regional Park of Isca (Calabria, Southern Italy). The results of 

this survey highlighted that, at the beginning of the study period, for a silting rate of 4 - 5 cm/year, 

the meadow suffered a reduction of its photosynthetic ratio with a rate of mortality of 50%. In the 

following years, the siltation rate reach 12 cm/year in 2010 and the meadow began to disappear. 

Therefore, the marine pollution by sedimentation represents a serious factor for the regression of 

Posidonia oceanica meadows, enhancing the risk of a gradual loss in marine biodiversity.  

Keywords: hydrographic network; Posidonia oceanica meadow; burial process; regression rate; 
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1. Introduction 

Around 60% of the world’s population live in coastal regions despite only representing 10% of 

the Earth’s surface (Parthasarathy and Natesan, 2015). The high demographic pressure could increase 

in the next decades, as urbanization is driving a growing movement of people towards the coast. A 

wide range of services are provided by coastal systems: fishing, harboring, commercial trade and 

coastal tourism. The littoral zone is a sensitive area where sea and land interact and play altogether 

an important role, integrating coastal water and its watershed in a whole system. However, the 

increasing urbanization of seaboard and river basin areas, the proliferation of harbors and the 

realization of artificial barriers, to protect sandy beaches from erosion, are contributing to a 

progressive deterioration of the coastal sedimentary balance. This trend could modify, in time, the 

structure of marine benthic ecosystems, causing a potential loss in marine biodiversity (Pimm and 

Raven, 2000). Amongst the main environmental problems in the Mediterranean Sea, two critical ones 

are: the process of sedimentation and the increasing trend in biodiversity loss, which has also been 
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identified in other semi-enclosed basins as the Baltic and the Black Seas (Zaitsev 2006; Shadrin et al. 

2012).  

Seagrasses are one of the marine ecosystems most vulnerable in the Mediterranean (e.g., Jordà 

et al. 2012; Marbà et al. 2014) and they are often considered as biological sentinels because any change 

in their distribution or health state implies an environmental shift (Orth et al. 2006) due to natural or 

artificial causes. Posidonia oceanica L. (Delile) is the most common seagrass species in the 

Mediterranean Sea and nowadays it is undergoing a strong decline in its density and extension 

(Boudouresque et al. 2012; Marbà et al. 2014). Among the positive effects of Posidonia meadows, it 

includes effective traps for sediments, balancing the sensitive sedimentary budget of vegetated areas 

but also their role in contrasting erosion processes (Fonseca 1996; De Falco et al. 2000). Furthermore, 

during its biological evolution, Posidonia oceanica performed an important pivotal role in the 

development process of some endemic new species living on its leaves, especially amongst Bryozoan 

and Hydrozoan sessile species (Table 1) (Boero et al. 1985; Kocak and Aydin-Onen 2014; Lepoint et 

al. 2014). 

Table 1. List of endemic sessile species recorded on Posidonia leaves. Legend: En=Encrusted; 

Er=Erected; In= Insinuating; Ma=Massive. 

SPECIES AUTHORS PHYLA CLASSES ORDERS HABIT 

Agalophenia harpago 
Schenk, 

 1965 
Cnidaria Hydrozoa Leptothecata Er 

Campanularia asymmetrica Stechow, 1919 Cnidaria Hydrozoa Leptothecata In 

Coryne epizoica Stechow, 1921 Cnidaria Hydrozoa Antothecata Er 

Electra posidoniae 
Gautier, 

 1954 
Bryozoa Gymnolaemata Cheilostomatida En 

Fenestrulina joannae 
Calvet,  

1902 
Bryozoa Gymnolaemata Cheilostomatida En 

Monotheca posidoniae Picard,    1952 Cnidaria Hydrozoa Leptothecata Er 

Sertularia perpusilla Stechow, 1919 Cnidaria Hydrozoa Leptothecata Er 

Tricolia speciosa 
Von Mühlfeldt, 

1894 
Mollusca Gasteropoda Trochida Ma 

 
Thus, Posidonia oceanica meadow was protected by EU legislation (Habitat Directive 92/43) and 

inserted in the Red List of the International Union for Conservation of Nature (Borum et al. 2004; 

Pergent et al. 2010; Boudouresque et al. 2012; Holon et al., 2015). 

Several authors (Boudouresque et al. 2012; Marbà et al. 2014; Roca et al. 2014) discussed the 

Posidonia decline topic, showing that the greatest suffer state was observed close to the urbanized 

coastal areas and mostly associated with various human activities such as: pollution, mining, 

engineering works, tourism and others. However, the effective influence of each of these potential 

causes on the overall decline of meadows remains unknown. Amongst the main causes, coastal 

sedimentation may lead to the complete burial of the meadows and subsequently their 

disappearance, hence it is considered amongst the main causes of Posidonia decline (Marbà and 

Duarte 1998). In fact, it is well known that, in conditions of coastal pollution by silting process, the 

rate of sedimentation at the base of meadows, can reach an annual rate of 15.0 cm/year, while the 

vertical growth of the orthotropic rhizomes of the plant is about 1.5 – 2.0 cm/year (Boudouresque and 

Meinesz 1982; Gacia et al. 2003). This large difference in the kinetic of the two processes can produce, 

in time, the reduction or, in extreme cases, the complete burial and the death of the meadows (Gacia 

and Duarte 2001). Therefore, the study of the silting process, the sedimentation rate and the 

geomorphological features of the sedimentary source areas, such as river basins, becomes of great 
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interest for the international scientific community. These processes may lead, in time, to a potential 

deterioration of environmental conditions for marine ecosystems. 

In Italian coastal waters, the marine pollution by siltation is one of the main reasons for the 

regression of Posidonia prairies (De Falco et al. 2000; Boudouresque et al. 2009). Italian coastal areas 

are considered one of the most densely urbanized and populated amongst the Mediterranean 

countries (W.W.F. 2014; Cantasano et al. 2017). Moreover, there are many littoral stretches exposed 

to an increasing environmental pollution caused by engineering works, industrial plants and 

factories that discharge their waste disposals into coastal waters. In Italy, also Calabria coastal region 

(southern Italy), with more than 800 km of coasts, is strongly altered by an unorganized urban 

development that, in the last century, produced a chaotic overbuilding of the littoral landscape and 

the destruction of several natural environments. (D’Alessandro et al. 2002; Ietto et al. 2018c). The 

chaotic urbanization, affecting both littoral areas and river basins, influences also the shallow-marine 

sedimentary processes (Ietto 2001; Ietto et al. 2018c). Furthermore, the geomorphological features of 

fluvial catchments place the region in a high state of landslide risk (Sorriso-Valvo and Sylvester 1993; 

Antronico et al. 2017a; Conforti and Ietto 2019, 2020), producing a great abundance of material that 

severely affects the survival of seagrass meadows. For these reasons, the Calabria Tyrrhenian coasts 

represent a favorable setting to study the resilience of Posidonia oceanica meadows to silting process 

due to river sedimentary load. 

The aim of this paper is to evaluate the interaction between the state of health of a Posidonia 

oceanica meadow and the sedimentary pattern in a test area located in the Marine Regional Park of 

Isca in the western Calabria coast (southern Italy). At this regard, it has been planned a monitoring 

program, in the period 2000-2010, to assess the increasing level of burial on a Posidonia oceanica 

meadow located in the Marine Regional Park of Isca. For this scope, the research was based on the 

study of the sampled sediments, such as grain-size, composition and provenance, as well as on the 

assessment of silting rate to control the state of health of a Posidonia oceanica meadow. 

2. Materials and methods 

To reach the target of this study, regarding the complexity of coastal areas, it is necessary to 

identify the spatial distribution of hydrographic basins and, at the same time, to know in which 

context they are inserted. Furthermore, these data have been processed through Geographic 

Information System (Quantum GIS 17.0), overlapping all the cartographic elements with digital 

images released by Google Earth Maps on 2022 year. 

2.1. Study area 

The Calabria Tyrrhenian coast is characterized by a littoral area that extends mainly at foot 

slopes of uplifted mountains belt, having elevations higher than 1500 m. In Calabria, the high rates 

of uplift process (Ghisetti, 1981; Ietto and Bernasconi, 2005; Antonioli et al. 2009) have been 

responsible for reliefs with high erosional energy and continuous rejuvenation of the hydrographic 

network, causing a high erosion rate and rises widespread instability processes (Ietto et al. 2015; 

Antronico et al., 2017b). The mountain range, named “COASTAL CHAIN”, lays at about 6 km from 

the coast crossed by rare fluvial plains. The main geological features of the area (Figure 1) are 

represented by rocky masses made up of dolostone, limestone and marble, from Anisian to Langhian 

in age (Scandone 1982; Ietto and Ietto 1998; Barca et al. 2010), which outcrop on the northern side of 

the region. 
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Figure 1. Geological map showing the main lithologies in the study area. 

Cambrian to Upper Oligocene terranes, constituted by metapelitic-ophiolitic-carbonate 

assemblage, ranging from high- to middle- to low-grade metamorphic (e.g. Amodio-Morelli et al. 

1976; Carrara and Zuffa 1976; Lorenzoni et al. 1983), occur on the central part of the Calabria coastal 

mountains. Cambrian gneiss and granite, which underwent intense weathering processes (Ietto and 

Ietto 2004; Perri et al. 2016; Borrelli et al. 2016; Ietto et al. 2018a), outcrop in the same area. Finally, in 

southern side, gneisses overlain by Cambrian granitoids constitute the Aspromonte massif (e.g., 

Bonardi et al. 1992; Graeßner and Schenk 1999), which represents the southernmost area of Calabria. 

Sedimentary terrains from Tortonian to Tyrrhenian ages, constituted by unconsolidated deposits or 

by marine arenitic sediments involved in weathering processes (e.g., Ietto et al. 2013, 2018b), 

discontinuously dominate the littoral areas on the southern side. The varying geology along the 

Calabria Tyrrhenian coast characterized by very narrow sandy beaches, interrupted by limited rocky 

spurs in the northern and central part of the region, while rocky cliffs with pocket beaches 

predominate in the southernmost side. Several researchers demonstrated that the beaches on the 

Calabria Tyrrhenian coast have suffered a strong erosional process in the last century, keeping 

erosion rate as a magnitude value i.e. 1 m/year, mostly close to river mouths (e.g. Ietto 2001; 

D'Alessandro et al. 2011; Ietto et al. 2012, 2018c; Cantasano et al. 2017). The same authors asserted 

that the human factor, such as the rough urbanization of littoral areas, represents the main cause of 

the severe erosion process affecting sandy beaches. 

The continental shelf on the Calabria Tyrrhenian side has an average extension of 5 km, which 

reaches a width of 10 km, only along the western coastline of the region, in the littoral area of Capo 
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Suvero surroundings (Mongardi et al. 2004). The continental shelf margin is shaped by widespread 

instability phenomena, testify by slide scars, gullies and canyons, covering 520 km2 of seafloor (52% 

of the Calabria continental margin) (Chiocci and Casalbore 2017). In particular, more than 400 slide 

scars have been recognized in this area with a transport of about 1.4 km3/year of sediments (Casas et 

al. 2016). Submarine canyons, indenting the continental shelf up to a very shallow depth and close to 

the coast, are also very common along the Tyrrhenian continental margins (Mongardi et al. 2004; 

Pierdomenico et al. 2016). These canyons act as major conduits for transport of sediment, water 

masses and organic matter to bathyal and abyssal depths (Shepard 1972; Canals et al. 2006). 

Furthermore, the subtidal profile of shallower water in the studied coast is characterized by steep 

gradient up to 10%, making the approach of sea waves to the coast more dynamic (e.g. Punzo et al. 

2016; Ietto et al. 2018c).  

The exposition of the coast to wind and to sea wave action is from North-West, West and South-

West directions. In particular, the mean wave approaching the coast from north-west direction has a 

significant offshore height of 2-3 m. Besides, the height waves, with significant offshore height greater 

than 5 m, propagate from west-southwest, where the major geographic fetch occurs (e.g. Ietto et al. 

2018c). 

The geographic position and the mountainous nature make the region characterized by a 

variable climate, known as Mediterranean climate, with dry subtropical summers and wet winters. 

Indeed, during the winter and autumn seasons the coastal mountains trap the wet air currents, 

moving inland from the Tyrrhenian sea, able to produce high-intensity rainfalls. Precipitation values, 

ranging from 600-1000 mm/year to more than 1800 mm/year, occur in lower and higher elevations of 

the coastal mountain, respectively (Caloiero 1975; Petrucci et al. 1996). Intense downpour, 

overcoming the historic average rainfall values, are frequent, triggering landslides and flooding in 

littoral areas (Ietto et al. 2014, 2015; Ietto and Perri 2015, Antronico et al. 2017a).  

2.2. Geomorphology of the Tyrrhenian hydrographic network 

The Calabria Tyrrhenian side is mainly characterized by a drainage network, constituted by 

deep and narrow incisions, orientated with a prevalent NE-SW direction in according with the main 

structural lineaments of the zone (e.g. Sorriso-Valvo et al. 1998; Ietto et al. 2015; Antronico et al. 

2017b). In the Calabria Tyrrhenian flank, five river basins have a catchment area larger than 200 km2 

(Figure 2 and Table 2).  
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Figure 2. Location of the main river basins (pink areas) and of the meadows of Posidonia oceanica 

(numbers cited in Table 2 and green circles) on the Calabria Tyrrhenian Coast. In the red rectangle is 

showed the tested area. 
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Table 2. The meadows of Posidonia oceanica along the Calabria Tyrrhenian side, for the location see 

Fig. 2. 

NUMBERS STATIONS LATITUDES LONGITUDES 

1 ISOLA di DINO  39°52'14.00"N 15°46'59.62"E 

2 SAN NICOLA ARCELLA 39°50'57.53"N 15°46'51.22"E 

3 CAPO SCALEA 39°49'52.80”N 15°46'27.62"E 

4 ISOLA di CIRELLA  39°41'55.15"N 15°48'14.70"E 

5 PUNTA SANTA LITTERATA 39°39'28.54"N 15°49'45.31"E 

6 PETROSA MARINA 39°38'40.87"N 15°50'04.96"E 

7 CAPO TIRONE  39°37'17.49"N 15°50'35.86"E 

8 SCOGLI di ISCA 39°08'47.36"N 16°03'27.96"E 

9 TORRE di BRIATICO 38°44'03.21"N 16°02'49.68"E 

10 SANTA DOMENICA 38°39'52.03"N 15°51'12.43"E 

11 CAPO VATICANO 38°37'09.48"N 15°49'13.50"E 

12 PALMI MARINA 38°21'15.70"N 15°49'58.66"E 

13 SCILLA 38°15'19.09"N 15°43'09.97"E 

 

In particular, the surface of each considered basins ranges from 400 km2 to 800 km2 and is 

dominated by a great variety of rocky masses often strongly weathered (e.g. Ietto and Ietto 2004; Perri 

et al. 2016; Borrelli et al. 2016) and, therefore, easily erodible by the runoff water. The morphometric 

analysis, performed with GIS techniques, was used to calculate some features as hierarchy degree 

and hypsometric curve. In particular, the drainage network of the five basins was automatically 

extracted from the DEMs, with the support of the Hydrology tool of ArcGIS according the 

methodology described by Peckham and Jordan (2007). The DEMs, with a spatial resolution of 5 

meters, were downloaded from the website of the Centro Cartografico Regione Calabria 

(http://geoportale.regione.calabria.it/opendata). Subsequently, the drainage lines were hierarchically 

ordered according to the Strahler (1964) hierarchic scheme. Therefore, the geometrical analysis, 

performed for the five basins, shows a high hierarchy degree with values ranging between 6 and 7 

(Table 3), denoting a well-organized fluvial network (e.g. Ciccacci et al. 1992; Centamore et al. 1996).  

Table 3. Main river basins (area > 400 km2) of the Calabria Tyrrhenian side, for the location see Figure 

2. 

N. RIVER BASINS AREAS (KM2) LENGHTS (KM) 
HORTON 

PARAMETRS 

1 Lao 394.46 63.15 6 

2 Savuto 411.54 55.14 6 

3 Amato 441.09 61.17 7 

4 Mesima 813.36 54.49 7 

5 Petrace 406.62 37.46 7 

 
Equally, the hypsometric curve and hypsometric integral were also computed using DEM and 

GIS software following the methodology described by Pike and Wilson (1971). These features are 

important indicators of watershed conditions (Strahler, 1952; Ritter et al., 2002) because the shape of 

the curve and the values of hypsometric integrals describe the stages of landscape evolution and 

provide an indication of the erosion status of fluvial basin (Ciccacci et al., 1992; Weissel et al., 1994). 

In particular, the convex shape of hypsometric curve (hypsometric value < 0.4) shows that the basin 

area is stabilized. By this way, the straight shape of the curve (hypsometric value = 0.5) denotes that 

the vertical erosion is a dominant process, while the concave shape (hypsometric value > 0.6) points 

out a more proneness to the erosion processes in the catchment zone (Strahler, 1952; Hurtrez et al., 
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1999). In the study area, the assessment of a state of geomorphic equilibrium of the five basins shows 

the presence of two groups characterized by a different evolutionary tendency of the landforms. To 

the first group belong Lao, Savuto and Amato basins, showing a straight-shape of the hypsometric 

curve, that corresponds to a hypsometric integral value close to 0.5 (Fig. 3). The geomorphological 

condition based on this value is typical of a mature stage or an equilibrium phase for the drainage 

network, where the vertical erosion of the river bed is mostly vertical and it is balanced by the 

sediments produced by slope instability (e.g. Strahler 1952; Ciccacci et al. 1992; Willgoose and 

Hancock 1998). Two basins, surrounding Mesima and Petrace rivers, belong to the second group 

having a hypsometric curve with upward concavity and corresponding to a hypsometric integral 

value less than 0.4 (Figure 3).  

 

Figure 3. Hypsometric curves of the five main river basin in the study area. The y-axis shows the 

height in m, instead the x-axis points the area in km2. 

This value shows an old stage (nicknamed as ‘Monadnock stage’ in Strahler 1952) for the 

drainage networks where the instability slope is the dominant process in the basin area. 

Basins with a very small area, characterized by channels with steep bed gradient and potential 

high sediment transport load, are widespread on the Calabria Tyrrhenian side. Usually, these small 

basins have a fluvial axis with a river bed gradient over 20% that decrease notably only towards the 

mouths. A hierarchy degree (Horton’s parameters in Horton 1945) very low, with value less than 3, 

characterizes the drainage network of these small catchments, showing a limited organization of the 

drainage streams and a high predisposition to undergo significant modifications (Ietto and Perri 

2015). In these basins, the water discharge occurs with high energy and in short time (Marchi et al. 

2010; Ietto and Perri 2015; Ietto et al. 2015). These geomorphological features, during heavy rainfalls, 

favor the triggering of dangerous flash flood events, characterized by short-term phenomena with 

rapid and abundant flow of water and debris material. These fast events often cause flooding with 

consequent damage and, sometimes, fatalities in littoral areas (e.g. Ietto et al. 2014, 2015), as well as 

high supply of debris to the shelf area. 

In particular, in this area mass-movements are abundant mainly in basins characterized by weak 

metamorphic rocks where the landslide areal incidence can reach values over the 40 per cent (e.g., 

Sorriso-Valvo and Sylvester, 1993). So, the fluvial sediment load is distributed by littoral currents 

oriented southward on the northern side of the Calabria Tyrrhenian coastline while in the central part 

of Tyrrhenian Calabria coasts the littoral currents show frequent directions change. Finally, littoral 

currents with a northward direction characterize the southern portion of the western Calabria coasts 

(Fig. 1) (Lupia Palmieri and Raffi, 1983). 
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2.3. Case study: Marine Regional Park “Scogli di Isca” 

To assess how the level of sediment burial impacts the health of Posidonia oceanica, we conducted 

a monitoring program in an area of the continental Calabria Tyrrhenian shelf. The site, chosen as a 

place representative of the full coast, falls in the Marine Regional Park “Scogli di Isca” (Figure 2) that 

is part of the marine Site of Community Interest (SIC – IT9310039) within Natura 2000 Network, 

where a large submerged meadow of Posidonia oceanica (Linnaeus) Delile is present. The test area, 

known as “Scogli di Isca” is placed between the littoral town of Amantea and the outlet of Verri 

stream (Figure 4).  

 

Figure 4. In the red box is shown the Marine Regional Park “Scogli di Isca” (Hydrographic Institute, 

1993, scale 1:100.000) while in blue lines the streams in the surrounding area; for the location of the 

areas see Fig. 2. (Legends in the left square: numbers represent the depths of marine floor; f =muddy 

depths). 

This marine hotspot is, actually, a Special Area of Conservation (SAC), just for the presence in 

its shallow water of Posidonia beds (Habitat 1120*, Priority Habitat). The seabed gradient is about 

equal to 10% and is mainly constituted by sandy deposits with rocky spurs (Ietto et al. 2018c). This 

stretch coast is characterized by narrow sandy beach, where infrastructures and buildings are located 

close to the coastal fringe or within the backshore area. Heavy erosional processes by sea-waves affect 

the coastal area, which was classified as high risk zone (Cantasano et al. 2020).  

The quality state of the Posidonia oceanica was valued according to the formula of Cabaço et al. 

2008, which estimates the state of seagrass leaf mortality as:  

� (%) = (�f – �i) / �� x 100 

where M = mortality rate of Posidonia oceanica leaves; di = starting density of the meadow; df = 

final density of the meadow subjected to burial process.  

In particular, the state of the Posidonia oceanica meadow was studied at -12 m depth. The whole 

monitoring program was conducted as citizen science, in the period 2000-2010 during the spring 

seasons, through three separate stages. Firstly, the detrital materials and the related burial levels were 

measured yearly at the base of the seagrass bed using PVC cylinders 35 cm in diameter and height. 

Thirty box corers were planted into the sea bottoms at 800 m from the shoreline, close to the upslope 

limit of the meadow. The box corers were placed at the same depth and they were positioned 20 cm 

above the seabed and strictly approached at least 1 m apart from each other. Secondly, it was 

analyzed yearly the ecological conditions of the meadow through diving activities. By this way, it 

was used a synthetic descriptor, that is the density of the seagrass, measured in the number of leaf-

shoots for square meter. For this kind of biological description, diving operators counted the number 

of leaf-shoots in grids of 40 cm per side. The count was repeated twenty times on different 

experimental plots in the examined station and, then, the results were extrapolated at one square 

meter. According to the results highlighted by the survey program, it was ascribed the state of health 
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of the meadow. Thirdly, it was analyzed the grain size distribution into the used box corers. Amongst 

them, the one located in the most central position of the studied area was chosen to collect the 

sediment samples used for the analysis of grain-size distributions. The analyzed samples were 

preliminary washed using H2O2 to remove clays and organic matter, air-dried and sieved. The 0.25 – 

0.50 mm size fraction has been selected to prepare thin sections that were analyzed for petrographic 

composition of the medium sand with the scope to study the provenance of the sediments. Each thin 

section was etched and stained using HF and sodium cobaltinitrite for feldspars grains identification. 

3. Results and discussions 

The analysis of detritus and the study of geomorphic equilibrium state of the fluvial basins are 

important aspects in order to assess the health state of Posidonia oceanica bed and its sensibility to 

silting processes. Indeed, the assessment of the geomorphology condition of a catchment gives useful 

information on its landform evolution in terms of landslide occurrence and then on potential 

abundance of detritus material carried in shelf areas. The study of grain-size analysis and 

petrographic composition of detritus give sound information on the potential silting processes of 

Posidonia oceanica meadows in the Tyrrhenian bays. At this scope, the geomorphological analysis of 

the fluvial basins, on the Calabria Tyrrhenian flank, denotes a high predisposition of the slopes to 

mass movements, causing large amounts of debris material in the drainage networks. In particular, 

the areas and the length of the river catchments have been drawn by Centro Cartografico Regione 

Calabria (Http://geoportale.regione.calabria.it/opendata). Indeed, the hypsometric analysis shows 

that in Mesima and Petrace basins the landslides are the dominant process in the landform evolution, 

while the hierarchy degree is equal to 7, highlighting both a large expansion and a well-organization 

of fluvial network. Similar hierarchization evaluations were achieved for Lao, Savuto and Amato 

basins, in which the hypsometric integral value is close to 0.5, denoting valleys with a strong 

predisposition to vertical erosion. These conditions enhance the formation of steep slopes able to 

trigger widespread instability processes. So, on the Tyrrhenian Calabria side, the landslides are very 

widespread processes due to both geomorphological features of the basins and to strong weathering 

processes, involving all the outcropping rock masses (e.g. Sorriso-Valvo et al. 1998; Le Pera and 

Sorriso-Valvo 2000; Ietto et al. 2015, 2018a, 2018b; Antronico et al. 2017a; Conforti and Ietto 2020). 

This geomorphological setting shows a potential high tendency of the Tyrrhenian basins to supply 

abundant debris material in the shelf areas, causing a high potential risk for Posidonia meadows 

survival. Indeed, Posidonia oceanica suffers very much the silting process, which causes a high 

mortality rate (e.g. Badalamenti et al. 2006; Cabaço et al. 2008). Direct consequence is that the 

Posidonia meadows, in Tyrrhenian Calabria coast, are lacking in the shelf areas close to the mouths 

of all great basins (Fig. 2), where great amount of sediment is carried. Really, there are other abiotic 

factors, such are sunlight, salinity and temperature, that can influence the state of health of Posidonia 

oceanica meadows. In fact, it is well known that the species requires high sunlight levels necessary for 

its photosynthetic activity. So, the meadows are very sensitive to any variations in water clarity, 

mainly caused by high sedimentation rates. Really, the enhanced water turbidity and the resulting 

reduction of water transparency are the main causes for the regression of the meadows 

(Boudouresque and Meinesz, 1982). Besides, this marine seagrass is very responsive to changes in sea 

water salinity caused by watershed loadings and fluvial discharges leading to an increased nutrient 

and sediment runoff, that could affect the survival of the meadows. Finally, Posidonia oceanica shows 

an effective capacity of acclimatization against the increasing overheating of Mediterranean waters 

through the high thermo-tolerance of the species (Marin-Guirao et al., 2016, 2018). However, it cannot 

be excluded the hypothesis that also pollution, human activities and strong erosion process affecting 

the coast, could contribute to the loss of Posidonia meadows, according to several authors (Thomas 

et al. 2005, Boudouresque et al. 2009, 2012; Pergent et al. 2014, Tuya et al. 2014; Marbà et al. 2014). 

3.1. The meadows of Posidonia oceanica in the Calabria Tyrrhenian coast 

The survey program was carried out between 2000 and 2010 years through the use of report 

cards designed by the regional division of the World Wildlife Fund of Italy. These forms were 
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distributed to local fishermen, scuba diving centers and tourist organizations so to provide an easy 

and handy tool for collecting the distribution of Posidonia oceanica meadows in the Tyrrhenian 

Calabria waters. Then, every single notification was verified and examined by personal diving 

activities to check the position, the extent and the limits of the meadows. The regional survey of 

Posidonia oceanica meadows, highlights the presence of thirteen meadows (Table 3) concentrated in 

the northern and southern waters of Calabria Tyrrhenian seaside, except the only one localized in its 

central coastal area, placed on the seabed of the Marine Regional Park “Scogli di Isca” (Cantasano 

2017). Most of these meadows are located (Fig. 2) in shallow waters from two to twenty meters in 

depth while the only three ones in deep waters, below twenty meters in depth, are localized in the 

coastal areas of Briatico, Santa Domenica and Capo Vaticano (Vibo Valentia province, southern Italy). 

All these seagrasses reach a global area of 544.97 hectares and, amongst them, eight are based on 

mobile substrates and five on hard bottoms as, respectively 61.54% and 38.46% of the whole 

(Cantasano 2017). On the Calabria Tyrrhenian flank, extensive Posidonia meadows are located in the 

coastal stretches dominated by the presence of small fluvial basins, with area less than 200 km2. The 

latter, however, are able to carry high solid loads in shelf areas mostly during the frequent heavy 

downpours (Ietto et al. 2015; Ietto and Perri 2015; Antronico et al. 2017a). In the pristine waters of the 

Marine Regional Park “Scogli di Isca”, it was decided, on 2000 year, to value the effects of silting 

processes on a Posidonia oceanica meadow, at first in a good ecological conditions (Figure 5).  

 

Figure 5. The meadow of Posidonia oceanica in the Marine Regional Park “Scogli di Isca” in a good 

state of health at the beginning of the survey period, recorded on 2000 year. 

The monitoring program in “Scogli di Isca” site highlighted that at the beginning of the 

sampling, in the years 2000-2002, was observed an average silting rate of 4.5 cm/year. At this silting 

rate, the half of the meadow died in this period. At this regard, the high coastal erosion rate, affecting 

the studied area (Ietto 2001; Ietto et al. 2018c), could also contribute to determine the high rate of 

Posidonia oceanica mortality. However, the plants were partially able to reply against silting processes, 

thanks to the physiological response of the roots able to counteract low rates of sedimentation with a 

marked lengthening of their orthotropic rhizomes, at a growth rate of about 1.5 cm/year, so protecting 
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the Shot Apical Meristems (SAM) of their leaves. In the following period, the silting trend increased 

year by year, reaching, on 2010, the impressive rate of 12 cm/year. This sedimentary overloading, at 

the base of the meadow, caused a marked reduction in the ability of the plants to reply against burial 

process through the vertical growth of their rhizomes. As a matter of fact, it is well known by scientific 

literature that the species is characterized by a low elongation rate of their orthotropic rhizomes 

ranging from 0.5 to 1.5 cm/year (Jeudy de Grissac and Boudouresque 1985). So, the health state of 

Posidonia oceanica beds appears strictly connected to burial dynamics because the species is very 

sensitive to silting processes (Boudouresque et al. 1984; Vermaat et al. 1997). Probably, this high 

sedimentary loading was caused by heavy rainfall values achieved in the period 2009-2010 in the 

whole Calabria region. So, the historic average precipitation rates were often overcome with 

maximum rainfall intensity greater than 290 mm/day while widespread landslides and flooding 

events occurred (Petrucci et al. 2010; Ietto and Perri 2015; Ietto et al. 2015; Antronico et al. 2017b). The 

excessive silting rate caused a decrease in the photosynthetic ratio of the plants. Therefore, the 

Posidonia oceanica meadow was suffering from the high sedimentary rate, leading to a reduction in its 

leaf density. At the end of the survey period, in 2009/2010 years, it was observed, at a burial level of 

12 cm/year, an impressive necrosis of the leaves meristem leading to a sharp increase in shoot 

mortality (Figure 6). 

  

Figure 6. Mortality rate of Posidonia oceanica leaves related to their level of sedimentation (r2 = 0.97) in 

meadows subjected to silting processes, pointed out in the period 2000 – 2010. 

So, it is possible to assume that for every 1 cm/year increase in sedimentation rate, the seagrass 

mortality rate increases by ~8.4%. This condition highlights the close connection between 

sedimentation processes and mortality rates, as key factors directly proportional, so affecting the 

survival of the meadows. In this critical condition, the vertical growth of rhizomes stopped and the 

plants, with a rate of mortality fluctuating from 90% to 100%, began to decay, driving this process to 

the mortality and to the complete disappearance of the meadow (Figure 7).  
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Figure 7. The meadow of Posidonia oceanica, subjected to high rate of sedimentation in the Marine 

Regional Park “Scogli di Isca”, recorded on 2010 year. 

The grain-size analysis, performed on the collected sediment samples, allowed to define their 

granular distribution. The analysis showed a unimodal grain-size distribution, dominated by the 

sand fraction. Thus, the shore-face samples collected at a depth of -12 m exhibit different peaks among 

the grain-size fraction characterized by coarse, medium, fine and very fine, with a majority between 

50% and 60% (in weight) corresponding to a medium sand fraction (size 0.5 mm – 0.25 mm) (Figure 

8). The grain-size features are very important to assess the environmental conditions of Posidonia 

oceanica species highly vulnerable to changes in sediment levels (Montefalcone et al. 2010; Abadie et 

al., 2015). In particular, the granular analysis of sediments supplies useful information on the type of 

material fraction that could bury the meadows causing their mortality. Usually, in Mediterranean 

area, the seabed zones exposed to Posidonia oceanica colonization are dominated by coarse and/or 

medium grained sediments (e.g. Papadimitriou et al., 2005; Gobert et al., 2016; Bonamano et al., 2021) 

testifying that the grain-size values collected in the study area are coherent with ones showed in 

previous researches. Finally, the presence of sediments with a high sandy fraction at -12 m depth, is 

mainly imputable to the high hydrodynamic energy of the sea waves (e.g. Morrone and Ietto 2021) 

enabling transport processes of the coarse material at elevate depths. 
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Figure 8. Results of grain-size analysis of the 11 samples. The gran-size sand fractions are shown on 

the x-axis; while, on the y-axis is shown the class weight in percentage. Each peak shows the weight 

in percentage of the particles retained on each sieve corresponding to a sand fraction class collected 

during the laboratory test. 

The petrographic composition, carried out through observation of thin sections of the sand 

samples, showed that the detritus was derived mostly from metamorphic source rock lithotypes 

(schists + phyllites). In particular, a different abundance in metamorphiclastic sandy grains were 

found which, from the most to less abundant, are: schistose lithic fragments, phyllitic lithic fragments, 

gneissose rock fragments and serpentinite. The latter identify the signature of distinct structural 

domains outcropping in the Coastal Range and carried in shelf area by the outflow of drainage 

network. The recognized sand composition shows a mineral assemblage comparable to the one 

identified by several authors in the same area (Le Pera and Critelli 1997; Le Pera et al. 2000; Le Pera 

and Sorriso-Valvo 2000). 

The environmental negative conditions, found in the tested area, leading to a general loss of 

Posidonia beds, were also confirmed in many other meadows scattered all along Italian coasts (De 

Falco et al. 2000; Guidetti 2001; Peirano et al. 2005; De Falco et al. 2006; Badalamenti et al. 2006; 

Montefalcone et al. 2007). This critical state was observed, also, in other coastal waters of 

Mediterranean Sea, showing some weakness of Posidonia oceanica meadows towards sedimentary 

dynamics (Blanc 1975; Blanc and Jeudy de Grissac 1984, 1989; Meinesz at al. 1991; Manzanera et al. 

1998; Ruiz et al. 2001; Marbà and Duarte 2003; Ruiz and Romero 2003; Cabaço et al. 2008; Manzanera 

et al. 2011; Boudouresque et al, 2006; 2012). At last, the progressive reduction of Posidonia oceanica 

meadows could bring about the disappearance of some endemic species just living into this valuable 

coastal ecosystem. Really, sedimentation processes affect other Posidonia oceanica meadows in some 

littoral regions of Southern Australia (Orth et al. 2006). Generally, the increased loading of sediments 

is a real threat, also, for the survival of different seagrass beds widespread in North American waters 

(Orth et al. 2006). So, it is necessary to include such meadows in monitoring programs and restoration 

projects, worldwide, increasing the level of public awareness.” 

This paper highlights the great importance of the multidisciplinary study regarding the 

relationships between two different environments in coastal area, such as: the fluvial basins with their 

geomorphological features and the potential negative impacts that they generate on the biological 

ecosystems in the shelf area. This connection highlights the growing need for a joint coastal area and 
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river basin management, which still receives poor attention by society and by local authorities 

(Cantasano et al. 2020). Therefore, the integration of coastal regions in the management of river basins 

becomes an urgent need for a sound regional planning, as established in the pattern of an Integrated 

Coastal Area and River Basin Management (ICARM process, in U.N.C.H.S. 1996). The close 

relationship, argued in this research, proves that the principle of a “river continuum concept” 

(Vannote et al. 1980), able to regard catchments and coasts as a single system, should be reinforced 

(Meybeck 1998, 2003; Seastedt et al. 2004) in order to preserve also the coastal ecosystems. In other 

words, it is crucial the necessity to consider coastal, marine and riverine systems in the same 

landscape unit so that it could be envisaged a new kind of coastal management based on the linkages 

between shelf and catchment areas (Cantasano et al. 2017, 2020). 

4. Conclusions  

Marine pollution by silting process is one of the main factors causing the regression of Posidonia 

oceanica meadows along Italian coasts as well as along Calabria Tyrrhenian coasts. The study of this 

kind of silting process cannot exclude the analysis on composition and provenance of the detritus 

material. Thus, this research was firstly based on the geomorphological study of the fluvial basins of 

the Calabria western side, representing the sediment source area. This approach showed that the 

western coastal waters of Calabria is potentially subjected to a marked sediment loading carried by 

5 great basins and numerous small basins able to generate dangerous flooding events with a high 

transport of debris materials into the shelf areas. Abundant landslides characterize all basin areas 

and contribute to increase the down-flow of sediments into coastal waters. For these reasons, it was 

planned a monitoring program, in the period 2000-2010, with the scope to assess the increasing level 

of burial at the base of a Posidonia oceanica meadow. Several detritus samples were analyzed to study 

their composition and provenance. The test area, located in the Marine Regional Park of Isca 

(Calabria, southern Italy), showed that Posidonia oceanica beds began to suffer for silting processes at 

sedimentation rates of about 4-5 cm/year. In these critical conditions the mortality rate of the leaves 

approached a level of about 50% of the whole. At increasing burial trend, the vegetative growth was 

partially limited by the Shot Apical Meristem of the leaves leading to a gradual decrease in the density 

of the meadow. In the 2010 year the silting process increased its heavy impact, reaching a 

sedimentation rate of 12 cm/year and affecting the survival of the meadow. The SAM was completely 

inhibited causing the death of the leaves and the progressive decay of the seagrass. By this way, the 

decay of this endemic species could produce important effects on the sensitive balance of some 

coastal ecosystems causing, in time, severe loss in marine biodiversity. The abundance of silting 

process is imputable to widespread landslides triggered in the period 2009-2010 in whole Calabria 

region affected by heavy downpours. Furthermore, the analysis on the sampled detrital material 

showed that it is constituted by medium sand fraction and its provenance comes from the Calabria 

Coastal range through the numerous small river basins.  

The paper points out the crucial importance of combining complementary scientific disciplines 

to the study of shelf and river basins in the same landscape unit, useful to a sound and integrated 

coastal management. This strategy is essential to find adequate plans useful to limit the growing 

trend of silting processes affecting Posidonia oceanica meadows and, at last, their possible 

disappearance. 
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