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SCIENCE

Seafloor integrity of the Mar Piccolo Basin (Southern Italy): quantifying
anthropogenic impact
Valentina A. Bracchia , Fabio Marchesea, Alessandra Savinia, Giovanni Chimientib, Francesco Mastrototarob,
Chiara Tessaroloa, Frine Cardoneb, Angelo Tursib and Cesare Corsellia

aDepartment of Earth Sciences, University of Milano-Bicocca, Milano, Italy; bDepartment of Biology, University of Bari, Bari, Italy

ABSTRACT
TheMar Piccolo Basin is a coastal brackish marine ecosystem located along the northern coast of
the Gulf of Taranto (Southern Italy). Despite the ecological relevance of the area (Site of
Community Importance IT9130004, Regional Reserve ‘Palude La Vela’ EUAP1189), the entire
basin is subjected to intensive human usage. The main activities include extensive mussel
farming, important industrial activities, a military harbor and densely populated shores. The
goal of our study was to spatially quantify human pressure within the basin and its
relationship with biocoenoses. A broad set of data was integrated including acoustic remote
data (obtained using a multibeam echosounder and side scan sonar devices), direct
observations obtained by SCUBA diving and from a trawled camera, an orthophoto and ESRI®

Imagery Basemap. At least eight categories of anthropogenic infrastructure and marks of
past and present-day human activities were identified within the Mar Piccolo Basin water
column and on the seafloor. These included line farms, pole farms, breeding frame
structures, anchoring scars, excavations, buoys, wrecks and undefined traces. Each category
was mapped and described using morphometric characterization. The integration of all
available data allowed the production of an original map providing the Mar Piccolo seafloor
disturbance by anthropogenic impact and an updated distribution of benthic communities,
showing their spatial relation. Through the production of a specific thematic map, our work
provides the first quantitative assessment of the extent and density of the identified human
impact in order to evaluate seafloor integrity.
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1. Introduction

The Mar Piccolo Basin is a coastal marine ecosystem
with lagoonal features located north of the coastal
town of Taranto (Gulf of Taranto – Southern Italy)
(Figure 1(a) and 1(b)). It has a total surface area of
20.72 km2 (Matarrese, Mastrototaro, D’Onghia,
Maiorano, & Tursi, 2004). The basin encompasses
two embayments, one to the west and one to the east
(Figure 1(c)). The western embayment is the smallest
and exhibits an average water depth (wd) of 13 m
and a maximum wd of 30 m. The eastern embayment
has an average wd of 9 m and reaches a maximum of
18 m wd.

Freshwater inputs originating from small tributary
rivers and springs called ‘Citri’ (at least 31; Cerruti,
1938; Galeandro, Doglioni, & Simeone, 2015; Lisco
et al., 2015; Parenzan, 1969; Zuffianò et al., 2015) influ-
ence the basin. Due to its peculiar hydrologic charac-
teristics, low hydrodynamic condition, high inputs of
freshwater, geographic confinement, eutrophication
and the prevalence of uncoherent substrates, the Mar
Piccolo Basin can be compared to a brackish lake
although the salinity value, around 36%, is consistent
with average seawater (Annicchiarico et al., 2009;

Caroppo & Cardellicchio, 1995). Human activity also
affects salinity values (Parenzan, 1969).

The seafloor is dominated by soft sediment, from
mud to mixed sand and is sparsely covered by patches
of the seagrass Cymodocea nodosa (Ucria; Ascherson,
1870), currently reported to be in regression, and by
large beds of pleustophytic macroalgae (Cecere & Pet-
rocelli, 2009). Where algae are absent, large numbers of
sabellids, mollusks and ceriantharia have colonized the
soft bottom (Gristina et al., 2013). The macrozoo-
benthic community is unique and characterized by
very rich assemblages of filter feeders (mainly consist-
ing of sponges, hydrozoans, polychaetes, bryozoans,
mollusks, crinoids and tuinicates) that colonize all
types of hard substrates forming pluristratified assem-
blages (Gristina et al., 2013).

The basin is subjected to urbanization, military har-
bor activities, industry, aquaculture (Caroppo et al.,
2012) and commercial fishing. Since the 1970s, mussel
farms have also colonized most of the sea bottom, caus-
ing an increase in the availability of hard substrates and
mechanical obstacles to fishing activity with towed
gears. Hard substrates are abundant and diverse, and
largely consist of stones and debris of human origin
(ropes and materials abandoned by mussel farmers
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and fishermen). Furthermore, several kilometers of
stone walls exist along the coastline. In 1991, the Italian
Ministry of Environment declared this area a ‘High
Environmental Risk’ zone. Several studies have focused
on the high level of air pollution and its tragic conse-
quences for Taranto inhabitants (Bianco et al., 2013;
Pirastu et al., 2013). Others have focused on the
accumulation of dangerous compounds in theMar Pic-
colo Basin waters and sediments (Buccolieri et al., 2006;
Calace et al., 2005; Cardellicchio et al., 2007; Petronio
et al., 2012). Nevertheless, the area hosts several species
protected by the Barcelona convention (Cardone,
Corriero, & Gaino, 2010; Cerruti, 1938; Gristina
et al., 2013; Parenzan, 1969; Matarrese et al., 2004)
and received several conservation designations: Site of
Community Importance (SCI; IT9130004 – EU Habi-
tats Directive 92/43/CEE) and a Regional Reserve
(‘Palude La Vela’ EUAP1189) along the eastern coast
(Figure 1).

Over the past 50 years, several studies have been
undertaken in order to study the benthic community
of the Mar Piccolo Basin (Cecere, Cormaci, & Furnari,
1991; Cecere, Cormaci, Furnari, Tursi, & Caciorgna,
1989; Cecere, Saracino, Fanelli, & Petrocelli, 1992;
Mastrototaro et al., 2008; Matarrese et al., 2004;
Panetta, Mastrototaro, Matarrese, Tanzarella, &
D’alessandro, 2004; Parenzan, 1969, 1983; Scardi
et al., 1997; Tursi, Pastore, & Panetta, 1974). However,

only Parenzan (1969, 1983) and Matarrese et al. (2004)
mapped the biocoenoses, with the latter reporting that
benthic communities were severely affected by anthro-
pogenic impacts. For this reason, preliminary studies,
aimed at possible recovery strategies, have been per-
formed by the Apulian Regional Agency for Environ-
mental Protection (ARPA PUGLIA; ‘Attività tecnico
scientifiche mirate all’approfondimento sulle intera-
zioni tra il sistema ambientale del mar piccolo di tar-
anto ed i flussi di contaminanti da fonti primarie e
secondarie’) and financially supported under national
framework (D.L. 7/8/2012, n.129 and L. 4/10/2012).
Updated geological and geomorphological maps of
the coastal area of the Mar Piccolo Basin were pre-
sented by Lisco et al. (2015).

Maintaining the integrity of the seafloor is an
important component to preserve marine biodiversity
and living resources (see Marine Strategy Framework
Directive [MSFD]; EC, 2008). Thematic maps illustrat-
ing the distribution of human pressures on the mari-
time space provide a quantitative basis for (i)
assessing the coverage and scale of landscape trans-
formations due to human activity and (ii) evaluating
the persistence of anthropogenic landforms within
natural environments (Latocha, 2009). In the current
work, the seafloor of the Mar Piccolo Basin was inves-
tigated using remote-sensing techniques, diving obser-
vations and underwater trawled video camera

Figure 1. The geographical setting within the Mar Piccolo Basin: (a) Italy map with the indication of Southern Italy (black box)
reported in (b); (b) a magnification of Southern Italy with the indication of Apulia region and the study area (red box) reported
in (c); (c) the two embayments forming Mar Piccolo Basin, the two channels that connect it with the Mar Grande Basin, the SCI,
the regional protected area Palude La Vela and military areas with the indication of the prohibited navigation area at sea. Basemap
source: Esri, DigitalGlobe, GeoEye, i-cubed, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN,
IGP, swisstopo, and the GIS User Community.
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inspections. Our goals were (i) to map all anthropo-
genic traces of past and contemporary human activity
within the entireMar Piccolo Basin, using modern car-
tographic tools (i.e. Geographic Information Systems –
GIS), (ii) to determine and quantify the distribution of
detected anthropogenic impacts and biotic features
and (iii) to investigate the spatial relationship between
the latter two. The main result is an original map
for the Mar Piccolo Basin that illustrates the distri-
bution of present anthropogenic impacts produced by
a variety of human activities, both in the water column
and on the seafloor, and their spatial relationship with
present benthic communities. Such indicators are
instrumental to assess seafloor integrity as defined by
MSFD Descriptor 6 of Good Environmental Status
(EC, 2010).

2. Methods

The work is based on a dataset obtained from a ship-
based research survey conducted in July 2013 on board
the vessel ‘Issel’, the property of CoNISMa (Consorzio
Nazionale Interuniversitario per le Scienze del Mare).

Vessel positioning was provided by a Hemisphere
Crescent R100 differential global positioning system.
The project’s datum was WGS84 and the projection
chosen for navigation and display was UTM zone
33N. A total of ∼160 nm of dual frequency side scan
sonar (SSS, Klein 3000) and multibeam echosounder
system (MBES, Teledyne RESON® Seabat 8125) data
were collected. Sound velocity calibration within the
water column was obtained using SeaBird profiling.
SSS data were acquired using a swath width of 100 m
(50% of overlap between adjacent lines) and attain a
50-cm resolution. SSS data processing, performed
using the Triton Elics Information (TEI) suite software
packages, produced geo-referenced, gray-tone acoustic
images of the seafloor. MBES data were processed
using Teledyne PDS2000® to produce a digital terrain
model (DTM) that was mapped and described using
morphometric characterization. The seafloor mapping
procedure considered all positive or negative bathy-
metric anomalies. The DTM was also used for final
georectification of the processed SSS mosaic. The
acoustic dataset (i.e. MBES and SSS data) was over-
lapped with the orthophoto (2008 version, DATUM
WGS84, projection UTM33N, resolution 50 cm) avail-
able from Apulia region’s cartographic database and
the ESRI® Imagery Basemap (the July 2014 version)
in order to obtain complete coverage of anthropogenic
structures visible on the sea surface (i.e. mussel farming
structures and buoys) that were accurately mapped.

Different categories of anthropogenic traces were
established on the basis of current knowledge of
human activities within the Mar Piccolo Basin (breed-
ing), and interpretation of all of the anomalies observed
in the sonar datasets (Table 1). All of the data were

mapped, integrated and analyzed using Esri ArcGIS™.
To quantify and analyze the spatial distribution of the
identified categories of anthropogenic impacts, we con-
sidered wrecks, dredged areas and pole farms as poly-
gons in order to obtain their precise coverage area on
the seafloor. Buoys were first mapped as points then
their spatial impact on the seafloor was determined
on the SSS and MBES data, and polygons were
drawn. Line farms, breeding frame structures and
anchoring scars were first mapped as lines. In the
basin, line farms are formed using two parallel rows
of buoys that are spaced at 1–2 m, each buoy has a 1-
m diameter and buoys are connected using a rope.
Under each buoy, the rope is pulled toward the seafloor
and provides support for mussel cultivation. Frame
structures typically consist of a rope that is pulled
between two buoys and anchored to the seafloor but
more complex structure has been reported. Anchoring
scars are signs left by vessel anchors and appear as
negative linear anomalies on SSS and MBES data.
The effects of all of these identified categories are
well defined on the seafloor and cover a wider area
than a thin line. In order to obtain the areal distribution
of all of these categories and to calculate the associated
coverage, buffers of 2 m for line farms, 8 m for frame
structures and 3 m for anchoring scars were created.

An updated map of the biocoenoses was created on
the basis of results from direct observations. In particu-
lar, 74 video transects (totaling 14 hours) were
obtained using a trawled camera (Quasi Stellar) in
areas of the basin accessible to navigation. Further-
more, 15 SCUBA diving surveys were performed at
the most interesting points such as the freshwater
springs and areas characterized by mussel farms and
other anthropogenic structures representing the princi-
pal hard substrates of the basin. Each visual transect
was annotated for predominant substrate type (e.g.
sand, mud, mussel poles and concrete anchors), pres-
ence of algae/seagrass coverage and conspicuous zoo-
benthos. New data on the biocoenoses of the Mar
Piccolo Basin were integrated with the biocoenoses
map of Matarrese et al. (2004).

The spatial overlap of anthropogenic impact traces
with benthic associations in the GIS environment
enabled the production of an original map (named
‘Seafloor integrity of the Mar Piccolo Basin: anthropo-
genic impact categories and benthic associations’).
This result was used to quantify the coverage of each
category per benthic communities and to evaluate
which types of benthic associations were the most
impacted by detected human activities (Table 2).

The spatial distribution of anthropogenic impact
categories was converted to density rate using the ker-
nel density tool (KDT) of Esri ArcGIS™. The tool is
based on the kernel density estimator (Silverman,
Jones, Fix, & Hodges, 1951) and the quadratic kernel
function (Silverman, 1986) and is one of the most
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popular methods used in geostatistical analyses. The
KDT calculates the density of the represented features
and creates a smoothly curved grid surface in neigh-
borhood. Cell values depend on the distance from
those features decreasing away from the features. The
density map was created using a 1-m grid resolution
and a 50-m search radius with no population value.

3. Results and description of the map

An analysis of backscatter intensity identified peculiar
landforms on the seafloor associated with anthropo-
genic impacts. Acquired MBES data did not achieve a
100% coverage along the coast and where mussel
farming infrastructure was too dense to permit safe

Table 1. List of identified anthropogenic impact category with a short general description, its appearance on orthophoto/ESRI
Basemap, SSS mosaic, DTM and the value of areal coverage (ha).

Short description
Orthophoto/ESRI

basemap SSS DTM
Coverage

(ha)

Line farm Two parallel rows of buoys
connected by ropes spaced at
1–2 m. Each buoy has a
diameter of 50 cm roughly.
Widespread between 3 and
15 m of wd within the two
inlets. Lines are often
grouped, with tens of
structures, and aligned
(Figure 2(a1))

White lines (ropes)
interrupted by circular
white structures
(buoys) (Figure 2(a2))

High backscattering singular
line or two very close thin
lines, spaced by 1–2 m
(Figure 2(a3))

Elongated thin topographic
anomalies forming one or
two parallel lines spaced at a
distance of 1–2 m (Figure 2
(a4))

44.10

Pole farm Three wooden or iron poles,
placed vertically on the
seafloor, that act as a support
for mussels while at the same
time supporting one another.
Groups of poles are placed
very close to each other and
form the field of a breeding
framework, structured as a
square or rectangle. In most
cases, they are abandoned
structures and only remnants
are identifiable on the
seafloor (Figure 2(b1))

White lines forming a
squared or sub-
rectangular polygon
with a crosstree
design within them
(Figure 2(b2))

High backscattering lines
corresponding to poles
within a lower backscattering
associated with surrounding
muddy–sandy bottom. The
crosstree design within the
pole farm is still identifiable
and associated with high
backscatter signal (Figure 2
(b3))

A complex morphology
characterized by a group of
square or rectangular
structures that rise from 0.5
to 1 m from the bottom
(Figure 2(b4))

42.45

Frame
structure

Iron poles and ropes used as
stands for pots by fishermen
(Figure 2(c1))

Continuous white lines
(Figure 2(c2))

A very dark jagged line wiht
high backscatter (Figure 2
(c3))

Rectangular morphology that
rise from 0.5 to 1 m from the
bottom (Figure 2(c4))

10.69

Buoys Metallic buoys used to delimit
an interdict the navigation
area and to defend
infrastructures such as the
bridge shafts located
between the two inlets
(Figure 2(d1))

White circle, a total of
54 buoys have been
counted at the sea
surface (Figure 2(d2))

Circular high backscatter where
buoy are anchored to the
seafloor (Figure 2(d3))

A central depression a few
centimeters deep and a few
meters wide surrounded by
radial anchoring traces
(Figure 2(d4))

0.36

Dredged
areas

Hydraulic engineering
remnants appearing as soft
surficial sediment clearly
moved or re-arranged,
located within the central
portion of the first inlet. The
largest one crosses it
completely from the north-
west to the south-east

Not visible at the
surface

Positive seafloor irregularities
that form shadows and locally
high backscatter on a
generally flat low backscatter
bottom characterized by soft
surficial sediment (Figure 2
(e1))

Sub-rectangular depressions
from a few to 10 m in depth
with respect to the
surrounding seafloor
characterized by vertical
flanks with high slopes
sometimes interrupted by
steps. Removed sediment
into the depression forms an
irregular topography (e.g.
hummocky dunes) (Figure 2
(e2))

27.25

Wrecks Eight small or remnants of
breeding-related boats
principally localized within
the western portion of the
first inlet, in front of the
fishing port

Not visible at the
surface

High backscatter and shadows
forming a typical boat shape
(Figure 2(f1))

Positive irregular morphology
with a typical boat shape,
from 3 to 8 m long and
placed at a few meters of wd
(Figure 2(f2))

0.06

Anchoring
scars

Signs associated with tourist,
mussel farming-related boat
or military anchoring activity.
Mapped within the two inlets
but the highest concentration
in front of the Military Navy
Area

Not visible at the
surface

High backscattering lines
associate to a linear shadow
on one side (Figure 2(g1))

A linear trench for the deepest
end, with a length up to 1 m
that becoming less
pronounced on the other
end (by only a few
centimeters). With a length
from few to hundreds
meters, and from 1 to 5 m
wide (Figure 2(g2))

24.87

Undefined
traces

Anomalous shape not related
to one of the other seven
categories

Not visible at the
surface

High backscatter spots/zones Topographic anomalies 1.32
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navigation. Nevertheless, very high-resolution bathy-
metry was obtained for the surveyed seafloor (i.e. 1-m
cell size). Since surface structures have direct anchoring
on the seafloor (that in rare cases is not detectable on
remote data) and since the orthophoto and the Base-
map have complete cover over the Mar Piccolo Basin
area, the proposed data integration (MBES, SSS, ortho-
photo and ESRI Basemap) allowed us to map all of the
anthropogenic structures, even where an acoustic sur-
vey was not possible. Nevertheless, some restricted
areas with no data persist (Main map).

At least eight categories of anthropogenic infrastruc-
ture and marks were recognized on the Mar Piccolo
Basin seafloor (Figure 2(a)–(h)) (Main map). Details
on the identification and morphometric features of
each category on the orthophoto, ESRI Basemap, SSS
and DTM, with the indication of areal coverage, are
reported in Table 1. They includemussel farming activi-
ties (line farms, pole farms and frame structures,
respectively, in Figure 2(a), 2(f) and 2(b), Table 1),
hydraulic engineering (dredged areas and buoys,
respectively, in Figure 2(c) and 2(e), Table 1) and navi-
gation (wrecks and anchoring scars, respectively, in
Figure 2(g) and 2(h), Table 1). An additional category,
named unidentified traces (Figure 2(d), Table 1), was
established for signs and objects with anomalous shapes
and unknown origin. All of the categories cover≈151 ha
in total area and represent 7.3% of theMar Piccolo Basin
seafloor (Main map). The farming structures represent
the most widespread category of all of the anthropogenic
impacts (97.24 ha) reported for the two embayments.
Wrecks represent the least extensive category (0.06 ha;
Figure 2(g), Table 1) and occur only within the western
sector of the western embayment, corresponding to a
small harbor used by mussel farmers.

On the main map 10 benthic associations have been
identified on the Mar Piccolo seafloor (Figure 3): (1)
sandy mud (290.24 ha, Figure 3(a)); (2) sandy mud
with low algal cover and grazers (95.25 ha); (3) macro-
algae associations (232.25 ha, Figure 3(b)); (4) pleusto-
phytic algae association (592.87 ha, Figure 3(c)); (5)
C. nodosa meadow (15.42 ha, Figure 3(d)); (6) shell
debris (1.87 ha, Figure 3(e)); (7) macroalgal association
with facies of Pectinidae (61.60 ha, Figure 3(f)); (8)
Caulerpa sp. turf (122.31 ha, Figure 3(g) and 3(h));
(9) SVMC (muddy sands in sheltered areas) from
Matarrese et al. (2004) (141.65 ha); and (10) muddy
sand from Matarrese et al. (2004) (154.61 ha).

Many of the benthic communities detected are
typical of impacted basins and their presence is
due to anthropogenic activities. Their distribution
can be addressed through massive breeding activi-
ties, which are de facto influencing the sedimentary
environment including the production and accumu-
lation of mud. In particular, mussel breeding rep-
resents an anthropogenic impact that has an
important role in structuring the benthic communityTa
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of the Mar Piccolo Basin. Indeed, by providing hard
substrates and organic matter, mussel farms support
and feed the bio-diverse fouling community and cre-
ate the best possible trophic conditions for nitrophy-
lous algal communities such as the pleustophytic
algae Chaetomorfa linum (O.F.Müller) (Kützing,
1845). For this reason, the pleustophytic algae
association is largely interested in breeding activities
which enhance the development of these algal

associations (Cecere et al., 1992). Nevertheless, as
reported by several authors (Balduzzi, Boero, Catta-
neo-Vietti, Pansini, & Pronzato, 1986; Pierri, Longo,
& Giangrande, 2010), anthropogenic structures often
provide coherent substrates for the development of
benthic associations on the hard bottom (Figure 4
(a)–(d)) promoting the development of typical foul-
ing flora and fauna (Pierri et al., 2010) that colonize
hard substrates of human origin.

Figure 2. Details of anthropogenic impact categories: (a) Line farms: 1. picture; 2. orthophoto, indicated by dotted black lines; 3. SSS
mosaic; 4. MBES; (b) Frame structures: 1. picture; 2. orthophoto, indicated by dotted black lines; 3. SSS mosaic; 4. MBES; (c) Dredged
areas: 1. SSS mosaic; 2. MBES; (d) Undefined traces: 1. MBES; (e) Buoy: 1. picture; 2. orthophoto; 3. SSS mosaic; 4. MBES; (f) Pole farms:
1. picture; 2. orthophoto, indicated by dotted black lines; 3. SSS mosaic; 4. MBES; (g) Wrecks: 1. SSS mosaic; 2. MBES; (h) Anchoring
traces: 1. SSS mosaic; 2. MBES.
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In terms of absolute coverage (ha), anthropogenic
impacts are much extended on the ‘pleustophytic
algae association’ (42.73 ha), followed by ‘sandy
mud’ (26.29 ha) and the ‘macroalgae association’
(26.29 ha). Less is covered by ‘shell debris’ (1.42 ha),
likely due to the very restricted distribution of this
association. On the other hand, if we consider the per-
centage of impacted seafloor per benthic community
area, the highest is shell debris (76%), followed by
macroalgae association with facies of Pectinidae
(12%), with the lowest SVMC (1%) (Table 2).

Finally, we calculate the cumulative density of all of
the identified categories (Figure 5) based on the inten-
sity of human impact per identified category. In gen-
eral, the western embayment shows a higher density
than the eastern one. This is partly due to its smaller
dimension, but largely due to the highest concentration
of human traces on the seafloor. Pole farms are more
concentrated within the western embayment, and
even if such structures are light, they are characterized
by a wider impacted area on the seafloor. In addition,
line farms are much closer and concentrated in the

Figure 2. Continued
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western embayment than in the eastern one, as
well as frame structures. Finally, most of the dredged
areas are located in the western embayment while its
southern sector, in front of the Military Navy Area, is
completely impacted by the anchoring activity of mili-
tary vessels.

Other seafloor areas show a high density, for
instance, the area between the western and eastern
embayments, and are linked to the occurrence of
large buoys (to protect a bridge and indicate navigation
routes), or undefined traces (in particular, garbage such
as wood boxes and tires on the seafloor).

4. Conclusions

This study defines spatially and quantitatively the dis-
tribution of present anthropogenic impacts on theMar
Piccolo Basin seafloor (Main map). This is achieved
through the integration of a broad collection of datasets
collected by remote-sensing technologies as well as
direct observation. Eight categories of anthropogenic
impact were identified, associated with mussel farming
activity (pole and line farming), hydraulic engineering
(dredging and buoys), navigation (wrecks and anchor-
ing scars) and undefined traces.

Figure 3. Examples of some of the benthic associations within the Mar Piccolo Basin: (a) sandy mud; (b) macroalgae associations; (c)
pleustophytic algae association; (d) C. nodosa meadow; (e) shelly detritus; (f) macroalgae association with facies of Pectinidae; (g)
Caulerpa prolifera (Forsskål) J.V.Lamouroux (1809) and (h) Caulerpa racemose J. Agardh (1873).
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Anthropogenic areas cover a total area of about 151
ha (Main map). Farming structures (lines, poles and
frame structures) represent the most widespread cat-
egories, occupying 97.24 ha and generally displaying
a high density within the western embayment.

In terms of absolute coverage, the benthic associ-
ation most affected is the ‘pleustophytic algae

association’ although in terms of percentage the most
affected is ‘shell debris’ (76%). Our results present
the first useful map for the present-day distribution
of anthropogenic landforms within the Mar Piccolo
Basin.

Detailed and accurate bathymorphological mapping
together with focused analyses performed in a GIS

Figure 4. Underwater pictures as example of anthropogenic structures providing coherent substrates: (a) polichaeta on metallic
structures abandoned as rubbish on the seafloor; (b) a submerged buoy, completely encrusted by benthic fauna; (c) submerged
chain completely encrusted by benthic fauna and (d) wooden poles completely encrusted by benthic fauna.

Figure 5. Density map of the anthropogenic impact of the Mar Piccolo Basin seafloor for the sum of all anthropogenic traces
mapped. This is a raster image with a stretched color ramp: red indicates high-density value, whereas blue indicates low-density
value.
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environment provide a useful synthesis for spatial data
on the distribution and intensity of human activities
and on the overlap of their impacts on the benthic
habitat mapped on the seafloor. Therefore, our results
allow the evaluation of seafloor integrity as explicitly
requested by MSFD (EC, 2008), thus providing a valu-
able tool for basin management and for the identifi-
cation of restoration measures.

Software

SSS data have been processed using the TEI software
package. MBES data were processed using Teledyne
PDS2000®.

All of the data were mapped, integrated and ana-
lyzed using Esri ArcGIS™.

Acknowledgements

We are very grateful to Michele Panza (University of Bari) as
pilot during the survey and technician during the setting up
of the boat. We are very grateful to the three reviewers Fer-
nando Tempera, Sergio Rusi and Chandra Jayasuriya, and to
the Associate Editor Wayne Stephenson for their helpful and
constructive comments on the first version of the manuscript
and on the map design.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study benefited from funding and ship-time
through the project ‘Attività tecnico scientifiche mirate
all’approfondimento sulle interazioni tra il sistema
ambientale del mar piccolo di taranto ed i flussi di con-
taminanti da fonti primarie e secondarie’ promoted by
Apulian Regional Agency for Environmental Protec-
tion and financially supported under national frame-
work (D.L. 7/8/2012, n.129 and L. 4/10/2012).

V.A.B. was funded through Flagship Project RIT-
MARE by the Italian Ministry of University and
Research (MIUR). F. Marchese was funded through a
Ph.D. fellowship in Earth Sciences by the University
of Milano-Bicocca. G. Chimienti was funded through
a Ph.D. fellowship in Evolutionary and Environmental
Sciences by the University of Bari.

ORCID

Valentina A. Bracchi http://orcid.org/0000-0001-
9918-7079

References

Annicchiarico, C., Bottiglia, F., Cardellicchio, N., Di Leo, A.,
Giandomenico, S., Lopez, L., & Spada, L. (2009).
Caratterizzazione chimico-fisica delle acque del Mar
Piccolo di Taranto (campagna 2008). Rapporto Tecnico
N.116/ISTTA/Chimica/CN/aprile 2009, CNR-IAMC,
Taranto.

Ascherson, P. (1870). Sitzungs-Bericht Gesellschaft natur-
forschender Freunde zu Berlin am 16 Februar 1869.
Sitzungsberichte der Gesellschaft Naturforschender
Freunde zu Berlin 1869: 4.

Balduzzi, A., Boero, F., Cattaneo-Vietti, R., Pansini, M., &
Pronzato, R. (1986). La colonisation des structures artifi-
cielles immergées dans la Réserve sous-marine de
Monaco. A.M.P.N., Monaco, 19–33 (Compte.rendu des
activités 1984–1985).

Bianco, G., Zianni, R., Anzillotta, G., Palma, A., Vitacco, V.,
Scrano, L., & Cataldi, T. R. I. (2013). Dibenzop-dioxins
and dibenzofurans in human breast milk collected in the
area of Taranto (Southern Italy): First case study.
Analytical and Bioanalytical Chemistry, 405(7), 2405–
2410. doi:10.1007/s00216-013-6706-7

Buccolieri, A., Buccolieri, G., Cardellicchio, N., Dell’Atti, A.,
Di Leo, A., & Maci, A. (2006). Heavy metals in marine
sediments of Taranto Gulf (Ionian Sea, Southern Italy).
Marine Chemistry, 99, 227–235. doi:10.1016/j.marchem.
2005.09.009

Calace, N., Ciardullo, S., Petronio, B., Pietrantonio, M.,
Abbodanzi, F., Campisi, T., & Cardellicchio, N. (2005).
Influence of chemical parameters (heavy metals, organic
matter, sulphur and nitrogen) on toxicity of sediments
from the Mar Piccolo (Taranto, Ionian Sea, Italy).
Microchemical Journal, 79, 243–248. doi:10.1016/j.
microc.2004.10.005

Cardellicchio, N., Buccolieri, A., Giandomenico, S., Lopez, L.,
Pizzulli, F., & Spada, L. (2007). Organic pollutants (PAHs,
PCBs) in sediments from the Mar Piccolo in Taranto
(Ionian Sea, Southern Italy). Marine Pollution Bulletin,
55(10–12), 451–458. doi:10.1016/j.marpolbul.2007.09.007

Cardone, F., Corriero, G., & Gaino, E. (2010). The budding
process in Tethya citrina (Porifera, Demospongiae) and
the incidence of post-buds in sponge population mainten-
ance. Journal of Experimental Marine Biology and Ecology,
389, 93–100. doi:10.1016/j.jembe.2010.03.012

Caroppo, C., & Cardellicchio, N. (1995). Preliminary studies
on phytoplankton of Mar Piccolo in Taranto (Jonian sea).
Oebalia, 21, 61–76.

Caroppo, C., Giordano, L., Palmieri, N., Bellio, G., Bisci, A. P.,
Portacci, G., …Hopkins, T. S. (2012). Progress toward sus-
tainable mussel aquaculture in Mar Piccolo, Italy. Ecology
and Society, 17(3), 1–19. doi:10.5751/ES-04950-170310

Cecere, E., Cormaci, M., & Furnari, G. (1991). The marine
algae of Mar Piccolo, Taranto (southern Italy): A re-
assessment. Botanica Marina, 34, 221–227. doi:10.1515/
botm.1991.34.3.221

Cecere, E., Cormaci, M., Furnari, G., Tursi, A., & Caciorgna,
O. (1989). Il fitobenthos del Mar Piccolo di Taranto:
1920–1987. Nova Thalassia, 10(Suppl.), 57–580.

Cecere, E., & Petrocelli, A. (2009). The Mar Piccolo of
Taranto. In E. Cecere, A. Petrocelli, A. Sfriso, & G. Izzo
(Eds.), Flora and vegetation of the Italian transitional
water systems (pp. 195–227). Spinea: CoRiLa Multigrafica.

Cecere, E., Saracino, O. D., Fanelli, M., & Petrocelli, A. (1992).
Presence of a drifting algal bed in the Mar Piccolo basin,
Taranto (Ionian Sea, Southern Italy). Journal of Applied
Phycology, 4(3), 1–5. doi:10.1007/BF02185789

10 V. A. BRACCHI ET AL.

D
ow

nl
oa

de
d 

by
 [

L
au

re
nt

ia
n 

U
ni

ve
rs

ity
] 

at
 1

9:
44

 2
2 

M
ar

ch
 2

01
6 

http://orcid.org/0000-0001-9918-7079
http://orcid.org/0000-0001-9918-7079
http://dx.doi.org/10.1007/s00216-013-6706-7
http://dx.doi.org/10.1016/j.marchem.2005.09.009
http://dx.doi.org/10.1016/j.marchem.2005.09.009
http://dx.doi.org/10.1016/j.microc.2004.10.005
http://dx.doi.org/10.1016/j.microc.2004.10.005
http://dx.doi.org/10.1016/j.marpolbul.2007.09.007
http://dx.doi.org/10.1016/j.jembe.2010.03.012
http://dx.doi.org/10.5751/ES-04950-170310
http://dx.doi.org/10.1515/botm.1991.34.3.221
http://dx.doi.org/10.1515/botm.1991.34.3.221
http://dx.doi.org/10.1007/BF02185789


Cerruti, A. (1938). Le condizioni oceanografiche e biologiche
del Mar Piccolo di Taranto durante l’agosto del 1938.
Bolletino di Pesca, Piscicoltura ed Idrobiologia, 7, 711–751.

EC. (2008). Council of the European Communities, 2008.
Directive 2008/56/EC of the European Parliament and
of the Council of 17 June 2008 establishing a framework
for Community action in the field of marine environ-
mental policy (Marine Strategy Framework Directive).
Official Journal of the European Union, 164, 19–40.

EC. (2010). Decision No 477/2010/EU of the European
Parliament and of the Council of 19 May 2010 repealing
Council Decision 79/542/EEC drawing up a list of third
countries or parts of third countries, and laying down ani-
mal and public health and veterinary certification con-
ditions, for importation into the Community of certain
live animals and their fresh meat. Official Journal of the
European Union, 135, 1–2.

Galeandro, A., Doglioni, A., & Simeone, V. (2015). Success of
reclamation works and effects of climatic changes in
Taranto area: South Italy. In G. Lollino, A. Marconi, J.
Clague, W. Shan, & M. Chiarle (Eds.), Engineering
Geology for Society and Territory - Volume 1: Climate
Change and Engineering Geology, pp. 165–168. Cham:
Springer International Publishing.

Gristina, M., Cardone, F., Carlucci, R., Castellano, C.,
Passarelli, S., & Corriero, G. (2013). Abundance, distri-
bution and habitat preference of Hippocampus guttulatus
and H. hippocampus in a semienclosed Central
Mediterranean marine area. Marine Ecology, 36(1), 57–
66. doi:10.1111/maec.12116

Kützing, F. T. (1845). Phycologia germanica, d. i.
Deutschlands Algen in bündigen Beschreibungen. Nebst
einer Anleitung zum Untersuchen und Bestimmen dieser
Gewächse für Anfänger, 1–340. Nordhausen: W. Köhne.

Latocha, A. (2009). The geomorphological map as a tool for
assessing human impact. Journal of Maps, Special Issue 7,
103–107. doi:10.4113/jom.2009.1047

Lisco, S., Corselli, C., De Giosa, F., Mastronuzzi, G., Moretti,
M., Siniscalchi, A.,… Tursi, A. (2015). Geological maps of
a marine area polluted by industrial discharges (Mar
Piccolo, Taranto, southern Italy): The physical basis for
remediation. Journal of Maps. doi:10.1080/17445647.
2014.999136

Mastrototaro, F., Giove, A., D’Onghia, G., Tursi, A.,Matarrese,
A., & Gadaleta, M. V. (2008). Benthic diversity of the soft
bottoms in a semi-enclosed basin of the Mediterranean
Sea. Journal of the Marine Biological Association UK, 88,
247–252. doi:10.1017/S0025315408000726

Matarrese, A., Mastrototaro, F., D’Onghia, G., Maiorano, P.,
& Tursi, A. (2004). Mapping of the benthic communities
in the Taranto seas using side-scan Sonar and an under-
water video camera. Chemistry and Ecology, 20(5), 377–
386. doi:10.1080/02757540410001727981

Panetta, P., Mastrototaro, F., Matarrese, A., Tanzarella, S., &
D’alessandro, S. (2004). Caratterizzazione biocenotica dei
fondi mobili dei mari di Taranto: i molluschi. Biologia
Marina Mediterranea, 11(2), 455–460.

Parenzan, P. (1969). Il Mar Piccolo e il Mar Grande di
Taranto: carta biocenotica. Thalassia Salentina, 3, 19–36.

Parenzan, P. (1983). Puglia Marittima. Congedo editore
(1200 p).

Petronio, B., Cardellicchio, N., Calace, N., Pietroletti, M.,
Pietrantonio, M., & Caliandro, L. (2012). Spatial and tem-
poral heavy metal concentration (Cu, Pb, Zn, Hg, Fe, Mn,
Hg) in sediments of the Mar Piccolo in Taranto (Ionian
Sea, Italy). Water, Air, & Soil Pollution, 223, 863–875.
doi:10.1007/s11270-011-0908-4

Pierri, C., Longo, C., & Giangrande, A. (2010). Variability of
fouling communities in the Mar Piccolo of Taranto
(Northern Ionian Sea, Mediterranean Sea). Journal of
the Marine Biology Association of the United Kingdom,
90, 159–167. doi:10.1017/s0025315409990798

Pirastu, R., Comba, P., Iavarone, I., Zona, A., Conti, S.,
Minelli, G.,… Biggeri, A. (2013). Environment and health
in contaminated sites: The case of Taranto, Italy. Journal
of Environmental and Public Health. doi:10.1155/2013/
753719 (Article ID 753719).

Scardi, M., Vinci, D., Lanera, P., Casolaro, R., Valiante, L. M.,
Plastina, N., & Di Dato, P. (1997). Studio ambientale per il
recupero produttivo del Mar Piccolo di Taranto. AGCI-
ICRMARE, 6–74.

Silverman, B. W. (1986). Density estimation for statistics and
data analysis. New York: Chapman & Hall, p. 120.

Silverman, B. W., Jones, M. C., Fix, E., & Hodges, J. L. (1951).
An important contribution to nonparametric discrimi-
nant analysis and density estimation. International
Statistical Review, 57(3), 233–247.

Tursi, A., Pastore, M., & Panetta, P. (1974). Aspetti ecologici
del Mar Piccolo di Taranto: Ascidie, Crostacei Decapodi e
Molluschi. Atti del IV Simposio Nazionale sulla
Conservazione della Natura, 2, 93–117.

Zuffianò, L. E., Basso, A., Casarano, D., Dragone, V., Limoni,
P. P., Romanazzi, A.,… Polemio, M. (2015). Coastal
hydrogeological system of Mar Piccolo (Taranto, Italy).
Environmental Science and Pollution Research. doi:10.
1007/s11356-015-4932-6

JOURNAL OF MAPS 11

D
ow

nl
oa

de
d 

by
 [

L
au

re
nt

ia
n 

U
ni

ve
rs

ity
] 

at
 1

9:
44

 2
2 

M
ar

ch
 2

01
6 

http://dx.doi.org/10.1111/maec.12116
http://dx.doi.org/10.4113/jom.2009.1047
http://dx.doi.org/10.1080/17445647.2014.999136
http://dx.doi.org/10.1080/17445647.2014.999136
http://dx.doi.org/10.1017/S0025315408000726
http://dx.doi.org/10.1080/02757540410001727981
http://dx.doi.org/10.1007/s11270-011-0908-4
http://dx.doi.org/10.1017/s0025315409990798
http://dx.doi.org/10.1155/2013/753719
http://dx.doi.org/10.1155/2013/753719
http://dx.doi.org/10.1007/s11356-015-4932-6
http://dx.doi.org/10.1007/s11356-015-4932-6

	Abstract
	1. Introduction
	2. Methods
	3. Results and description of the map
	4. Conclusions
	Software
	Acknowledgements
	Disclosure statement
	Funding
	ORCID
	References



