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SCIENCE

Sedimentological and morpho-evolution maps of the ‘Bosco Pantano di Policoro’ coastal
system (Gulf of Taranto, southern Italy)

Luisa Sabatoa∗, Sergio G. Longhitanob, Dario Gioiac, Antonietta Cilumbrielloa and Luigi Spallutoa

aDipartimento di Scienze della Terra e GeoAmbientali, Università degli Studi di Bari ‘Aldo Moro’, Italy; bDipartimento di
Scienze Geologiche, Università degli Studi della Basilicata, Potenza, Italy; cIstituto per i Beni Archeologici e Monumentali,
Consiglio Nazionale delle Ricerche, Tito Scalo, Potenza, Italy

(Received 6 March 2012; Resubmitted 27 July 2012; Accepted 17 August 2012)

This paper presents the results of a sedimentological study performed to characterize the ‘Bosco Pantano di
Policoro e Costa Ionica Foce Sinni’ coastal system, in Basilicata (southern Italy), as part of the PROVIDUNE
LIFE Project. The study was focused on the morpho-sedimentological characterization of both the emerged
and submerged sectors of the beach system developed along a 3.5 km-long segment of the Ionian coast. A
multitemporal comparison of historical aerial photos of the studied coastline concerning the last 100 years was
executed. A geomorphological survey was carried out along 36 topographic profiles (each up to 200-m long);
these were coupled with bathymetric profiles, reaching a depth of 213 m. Both topographic and bathymetric
profiles were measured on three occasions (July, October, December 2010). Textural and compositional
analyses of sediments were also performed. The results of this study were synthesized in a series of maps
illustrating a schematic geological outline of the study area, a reconstruction of the Sinni river course and
shoreline changes from 1908 to 2010 (1:2,400 scale), significant topographic (1:1,300 scale) and bathymetric
(1:5,000 scale) profiles, three bathymetric charts (1:31,000 scale) and morpho-sedimentological features of
both the coastal and nearshore sectors (1:15,000 scale).

This study provides a geological background that is crucial for any intervention planning, as well as for any
coastal zone management projects. The results should be also used in order to protect coastal habitats, which is the
ultimate goal of the LIFE project.

Keywords: LIFE Project; PROVIDUNE; sedimentology; coastal system evolution; littoral system; Policoro;
Sinni River; SIC area; human impact; southern Italy; Gulf of Taranto

1. Introduction

The PROVIDUNE LIFE project is a multi-disciplinary research task funded by the European Community and
designed to outline the framework of the natural habitats of the dune fields that occur along the coastal zone
included in Sites of Community Importance (SIC). The project focused on littoral zones comprised in the provinces
of Cagliari (southern Sardinia), Caserta (northwestern Campania) and Matera (eastern Basilicata), in southern Italy.
The main purpose of the PROVIDUNE LIFE project was the preservation and restoration of the coastal dune
fields’ natural habitats. The plan concerned a number of interconnected studies programmed to evaluate all the
environmental features of some coasts of the central Mediterranean area. This paper summarizes the results of
the study carried out during the sedimentological and marine-coastal dynamics investigations in the SIC area
‘Bosco Pantano Policoro e Costa Ionica Foce Sinni’ (Sabato, Longhitano, Cilumbriello, Gioia, & Spalluto,
2011a; Sabato et al., 2011b, 2011c), which is located in the southern Ionian coast of Basilicata, in the “Provincia
di Matera” Government (Figure 1 and Map 1). The studied coastal area has a length of about 3.5 km and the
emerged sand/gravel beach has a width varying from some tens of meters up to about 200 m. In order to
provide a comprehensive and useful framework for the project, this study involved both the emerged and sub-
merged beach sub-environments down to the -13 m isobath. The main results of this study are summarized in a
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series of maps: (Map 1) a schematic geological setting of the area; (Map 2) a chart showing the evolution of the
Sinni river course and coastline during the last century, at a 1:2,400 scale; (Map 3) some representative topographic
and bathymetric profiles (at a 1:1,300 and 1:5,000 scale, respectively) performed during three different surveys
(July, October and December 2010) and showing change in length and shape of the emerged and submerged
sectors; (Map 4) three bathymetric charts produced from the three surveys (at a 1:31,000 scale), showing different

Figure 1. (a) Schematic structural map of Italy; the study area is in the dotted red box; (b) geological features of the southern
sector of the Bradanic Trough in which the study area is located; (c) SIC area ‘Bosco Pantano di Policoro e Costa Ionica Foce
Sinni’.
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positions and sizes of bedforms in the submerged sector; (Map 5) a chart of grain size distributions in the emerged
and submerged sectors (at a 1:15,000 scale).

Recently, great attention has been paid to the problem of coastal erosion and consequent shoreline retreat along
the Ionian coast (e.g. Boenzi, Gallicchio, & Vitale, 2002; Chiocci & La Monica, 2008; Longhitano, 2008; Riccardi,
Anzidei, Chiocci, Pescatore, & Spilotro, 2008; Spilotro, Pizzo, & Leandro, 2008), however little or no action has
been taken to prevent this phenomenon. In fact, against the continue construction of holiday villages and port
facilities, repeated sand nourishment is required every year to mitigate coastal erosion. Therefore, this study rep-
resents an opportunity to observe the hydrodynamics of a small coastal system characterized by sand/gravel
beaches and small natural aeolian dunes, still partially preserved from encroaching anthropogenic activity.

2. Methods

A complete sedimentological framework of the studied coastal system was produced using different methods.
Firstly, existing geological, hydrological, meteo-marine and anemometric data were collected and critically
analyzed; these latter were performed by processed data supplied by the Regional Agency for Environmental Pro-
tection in Basilicata (ARPAB). A multi-temporal analysis of coastline and Sinni River changes during the last 100
years (1908–2008) was carried out utilizing an historical map (year 1908, 1:100,000 scale; APAT, 2004) and aerial
photos (years 1955 and 1990, at 1:33,000 scale from the Italian Military Geographical Institute, I.G.M.I.; years
1988 and 2008, at 1:10,000 scale from Basilicata Region); in addition, the 2010 coastline was obtained from a
topographic survey performed during the project. All these data were processed within a geographical information
system (GIS) and helped in the compilation of Map 2.

A geomorphological survey was also carried out along 36 normal-to-shoreline topographic profiles, up to 200
m long. Their traces, with 100 m spacing, were subsequently extended offshore as bathymetric profiles, reaching a
depth of 213 m (for locations see Map 3). These data-acquisitions were performed three times (July, October,
December 2010). Topographic profiles were acquired using a GPS RTK (Real Time Kinematic); more represen-
tative profiles are shown in Map 3. The bathymetric surveys were performed using a single beam echo sounder
type Hydrobox 21; more representative profiles are shown in Map 3. The dataset was firstly analyzed using geos-
tatistical techniques, and was successively processed into isobaths, in order to obtain a bathymetric map for each
survey (see Map 4).

During the first topographic and bathymetric data acquisition sediment sampling was carried out, both on the
emerged (foreshore and backshore sub-environments) and the submerged beach (shoreface environments up to off-
shore transition) (for location of sampling see Map 5), in order to characterize their textural and compositional par-
ameters. The textural features were described using the most common laboratory grain size analyses (after Udden,
1914 and Wentworth, 1922). Ruditic and arenitic fractions were measured through the use of a caliber and sieving.
Compositional features were obtained through optical microscope observations. All these features were summar-
ized in a map of grain size distribution encompassing both the emerged and submerged beach sectors (see Map 5).
The grain-size contour map was constructed using the kriging as the spatial interpolation method (Davis, 1986).
The best-fit model used to derive the map was chosen on the basis of the comparison between predicted and real
values of the variable.

3. Geological and meteo-marine setting

The SIC (Site of Community Importance) ‘Bosco Pantano di Policoro e Costa Ionica Foce Sinni’ is located in the
south-eastern sector of the Basilicata, along the Ionian coast of Metaponto (hinterland of Gulf of Taranto), and
includes the final tract and mouth of the Sinni River (Figure 1 and Map 1). From a geological perspective, this
area belongs to a sector of the Bradanic Trough (sensu Migliorini, 1937) that represents the Pliocene to
present-day South Apenninic foredeep, between the Apulian Foreland to the East and the Apenninic Chain to
the West. In this sector middle-upper Pleistocene ‘terraced marine deposits’ (sensu Vezzani, 1967; cum. bibl.),
made up of gravelly sandy regressive coastal prisms (Cilumbriello, 2008; Cilumbriello, Tropeano, & Sabato,
2008; Pieri, Sabato, & Tropeano, 1996), and the overlain Holocene sandy, gravelly sandy and sandy silty alluvial
and coastal deposits (Boenzi et al., 2002; Cilumbriello et al., 2010; Grippa, 2010; Grippa et al., 2011; Pescatore
et al., 2009) crop out (Figure 1 and Map 1). The nearshore sector is characterized by a 2.5 to 7.5 km-wide
shelf, about 0.58/18 dipping and with a margin (shelf break) located at a depth of 240/260 m (Regione Basilicata,
2005). The following slope is about 15 km wide, has an inclination of about 58, and is characterized by a series of
NW-SE trending submerged ridges, separated by canyons. These latter flow into the Taranto submarine valley
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(Pennetta, Pescatore, & Senatore, 1986, cum. bibl.). Sedimentological, mineralogical and anemometric studies
carried out on a wider sector, including the studied SIC, identify a main direction of sediment dispersal (littoral
drift) toward NE (Belfiore, 1984; Benassai, Cataldo, & Ragone, 1976; Brondi, Ferretti, & Anselmi, 1974). This
trend is confirmed by the study of the anemological climate obtained from processing ARPAB data. This
dataset identified average wind speed values of 8.69 m/s, with dominant SE quadrant winds (Figure 2).

4. Historical analysis on the evolution of the area from aerial photogrammetry data

Analysis on the evolution of the coastline and the Sinni River course (Map 2) suggests that, from the early 1900s up
to 1955 year, the Sinni River maintained roughly the same position, showing only a slight shift toward ENE. At the
same time, the shape of the river mouth became most pronounced by prograding for over 530 m toward both N and
S. This trend stopped in the 1955–1988 period, during which the mouth retreated by about 420 m. This shoreline
change was accompanied by a significant lateral displacement of the mouth toward NE of about 800 m. An oppo-
site trend was recorded during the 1988–1990 period, with a coastline progradation of almost 100 m at the Sinni
River mouth. From 1990 to 2008 years the Sinni River mouth returned back to retrogradation, for an estimated
distance of 150 m; laterally, particularly toward the N, the coastline was stable and, further N (just outside the
study area) the coastline experienced a progradation of about 115 m. No significant lateral migrations of the
Sinni River occurred during the same period. Finally, our recent data indicate a strong shoreline retreat of about
30 m at the Sinni River mouth, quantified for the 2008–2010 period. The overall retreat recorded from 1908 to
2010 years can be estimated at about 500 m. The amount of coastline retreat is comparable with that obtained
by Spilotro et al. (2008) even if over a more limited time interval.

5. Bathymetric and sedimentological analyses

During July, October and December 2010, three topographic and bathymetric surveys were performed in the study
area. The comparison of the three multi-temporal measurements plotted for each topographic profile (Map 3)
demonstrates a reduction in the length of the emerged beach during the winter season, with a major proportion
in the southernmost sectors (see December topographic profile 27, Map 3). In contrast, the northernmost profiles
do not display substantial changes in the three periods of acquisition (see topographic profile 7, Map 3).

The bathymetric profiles (Map 3) document the seafloor down to the 213 m isobath. Comparison between the
three multi-temporal bathymetric profiles and the bathymetric maps obtained from each survey (Map 4) indicates
the existence of two zones showing different morpho-bathymetric characteristics: (i) a proximal zone, extending to
a distance of 400/500 m from the shoreline, characterized by a complex system of submerged bars alternated with
troughs, with the bar toe at about 24 m depth and the bar crest at about 22 m depth; (ii) a distal area, located over a
distance of 400/500 m from the shoreline, which develops from the outer limit of the last bar alignment to the
offshore without any remarkable morpho-bathymetric changes. Furthermore, the bathymetric maps and profiles

Figure 2. Azimuthal diagram showing wind directions as a function of velocity. Wind data were collected over the last 10
years in an anemometric station located about 15 km North of the study area.
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indicate that the transition from moderate energy regimes (summer season) to periods characterized by higher
hydrodynamics (winter season) has not produced important morphological and bathymetric changes in the
deepest areas of the beach system; on the contrary, a marked change in the bedforms is recorded in the proximal
area, where the system of composite submerged bars shows remarkable changes both in shape and size.

As regards the sedimentological characteristics of the samples both in the emerged and submerged environ-
ments, the petrographic analyses indicate the presence of quartz, feldspars s.l., polimineralic lithics, carbonate
lithics, bioclasts and accessory minerals (Figure 3).

Grain size analysis indicates a marked sediment bimodality (gravel and sand) for the emerged beach: (i) the
backshore is made up mostly of medium-coarse to fine sand, up to the back of the dune field (retrodunal area)
where fine sand prevails; (ii) the foreshore is generally represented by very coarse sand (70/80%) and subordi-
nately by gravel (20/30%). The submerged beach deposits exhibit very coarse to very fine sand, with a general
and gradual decrease in the average diameter of the particles with increasing depth. This feature is quite clear
in the morpho-sedimentological chart (Map 5) obtained by combining topographic and morpho-bathymetric
data, together with the results of the sedimentological analyses. This map identifies an ‘anomaly’ in the grain
size zonation in front of the Sinni River mouth, where the presence of fine sand was documented at a depth of
212.5 m; this is related to the occurrence of submerged delta sediments.

6. Conclusions

The results of this sedimentological and morphological study allowed us to characterize the coastal system of the
‘Bosco Pantano Policoro e Costa Ionica Foce Sinni’ and to highlight some critical environmental aspects of the
area. Among these, the retreat of the shoreline in recent decades stands out, mostly linked to anthropogenic factors.
For example, the construction in the late 1980s of a large earth dam along the Sinni River which has decreased
sediment supply to the coast and so greatly reduced natural nourishment to the beach system. Also, natural
factors may have contributed to an increase in shoreline retreat, including a recent sea-level rise recorded along
Mediterranean coasts (e.g. Pirazzoli, 1996).

With regard to seasonal marine-coastal dynamics, the five-month survey highlighted important differences
between the southern and the northern sectors. The maximum length of beach recorded in the northern area
works as natural protection against wave erosion, and therefore the dune field has not shown significant
changes during the acquisition period. Along the retreating southern beach sector, wave erosion has partially

Figure 3. Pie charts showing petrographic compositions of sediments in different sub-environments of the study area coastal
system.
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eroded the aeolian dunes, as demonstrated by a series of steep erosive berms, affecting the backshore formed
during winter (Figure 4).

Finally, the investigated coastal system was found to represent one of the most preserved sectors of the entire
Basilicata Ionian coast. Holiday villages, recreational activities and port protections are widely diffused along the
rest of the 80 km-long Ionian coastline, even around the main river mouth areas. Despite this strong environmental
pressure, which results in a general shoreline retreat, many coastal features, including backshore vegetation and
local foredunes, still maintain their natural aspect. The greater degree of ‘naturalness’ is also due to the site
being declared a Site of Community Importance (SIC) in 1984 and therefore subject to special controls and
access restrictions. In addition, a Visitor Center of the WWF (World Wildlife Fund), which performs an educational
service for users of the beach, was constructed in the area.

This kind of study provides the geological background elements that must be taken into account for any inter-
vention planning, as well as for any coastal management program. Throughout similar studies and consequent
applications, coastal habitats can be correctly managed and preserved, as suggested by the guidelines of the
LIFE project from which the present study derives.

Software

ESRI ArcGIS 9.2 was used to digitize the data collected during morpho-sedimentological and bathymetric surveys
and to perform spatial and geostatistical analyses.

Figure 4. Morphology of a stretch of beach, North of the Sinni River mouth in September (a) and in December (b) 2010. Note
the clear storm berm developed during winter 2010.
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