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1 Summary 

The pilot project was targeted to the assessment of the marine and coastal environment in the 
MPA of Torre Guaceto and in the neighbouring costal area of Brindisi port with inclusion of the 
industrial area (Southern Italy, Puglia Region, Adriatic Sea) (Figure 1-1).  

 

 

Figure 1-1 Geographical location of the pilot project area 

 

The main scope of the project was to provide an example of best practise to support the 
sustainable management of the coastal zone between land and sea for the application and 
integration of ICZM and MSP. The project was developed according to two main phases, the 
first of which aimed to collect and process all the information available to the environmental 
framework, the second addressed the application of a DPSIR model (Driving, Pressure, State, 
Impact, Response) in the same area. 

In the first stage updated data and information have been collected on many topics, as the 
geo-morphological features of the marine coastal area, the coastal and marine climate 
features, the oceanographic features, the marine-coastal biological communities, the terrestrial 
habitats, flora and fauna species, the environmental protection system, the land and sea uses 
and the restriction system (landscape, urban, hydrological, etc.), many of which mapped with a 
G.I.S.  

In the second stage n. 70 indicators have been selected and estimated for the application of 
the DPSIR methodology. In order to better discriminate the environmental status of the marine 
and coastal zone subjected to different pressures, the study area has been divided in three 
sub areas. The three sub areas correspond to: A) the Marine Protected Area of Torre 
Guaceto; B) the southernmost area between the previous mentioned MPA and the urban and 
industrial area of Brindisi; C) the urban and industrial area of Brindisi. The three chosen sub 
areas were further divided into fifteen sectors, nine located on the land side and six located on 
the sea side.   

The DPSIR results give some indications that may be useful for the management of the 
marine coastal area investigated. Among the three chosen sub-areas, the one overarching the 
industrial sites and the town of Brindisi (sub-area “C”) highlighted the higher levels of Drivers 
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and Pressures, the worst Status (with the higher Impacts) but also a significant level of 
Responses. The comparison between Driver-Pressure and State-Impact showed a 
straightforward linear and inverse relationship. Not the same linear relationship was found 
between Driver-Pressure and Responses, and it seems the weak point of the overall system of 
policy and environmental management in the investigated zone. These results highlighted that 
the Responses measures are taken into account in two cases: when an area is under a 
restriction regime (marine or land protected area, as occurs in the sub area “A”) or when the 
environmental situation has reached a non-back point, as the industrial area of Brindisi (sub 
area “C”). The in-between area (mostly occupied by the sub area “B”) is the one that has the 
higher risk to fail a suitable and sustainable environmental management.  
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2 Project objectives and activities 

The pilot project was targeted to the assessment of the coastal environment in the Brindisi 
area (Southern Italy, Puglia Region) according to the DPSIR (Driving, Pressure, State, Impact, 
Response) approach. The project will facilitate the sharing of information, methodologies and 
know-how providing an example of best practise for the sustainable management of the 
coastal zone between land and sea. 

The analysis of multiple stressors operating in a coastal area characterised by different 
pressures and management regimes (protected zones, touristic, urbanised and industrial 
ones) represents a step forward in the implementation and integration of ICZM-MSP at least 
for the Southern Adriatic Sea. The project analysed in details the environmental (including 
biodiversity) and territorial features in the Brindisi area, where the land/sea uses are 
differentiated and involving social and economic aspects. 

A correct analysis of the up to date situation can highlight strengths and weaknesses of the 
actual management, searching for new solutions according to the ICZM-MSP guidelines. 

The project results can be useful for: 

• the identification of major environmental criticalities of the surveyed marine and 
coastal area; 

• the sustainable use of the coastal area according to the local features (environmental, 
social, economic); 

• the improvement of planning capacity (ICZM and MSP); 

• the reduction of intra-and inter-sectoral conflicts; 

• best integration of monitoring data and information derived from terrestrial and marine 
coastal zones following an integrated approach.   

The enhancement of the knowledge on the environmental status and the use conditions of the 
project area (to be shared with the stakeholders) will improve the institutional building capacity 
for the sustainable management of the coastal area and the implementation and integration of 
the ICZM-MSP at regional and local level. 

The pilot project was developed according to two main phases, the first of which aimed to 
collect and process all the information available to the environmental framework, the second 
addressed the application of a DPSIR model (Driving, Pressure, State, Impact, Response) in 
the same area. 

In the first stage updated data and information have been collected on many topics, as the 
geo-morphological features of the marine coastal area, the coastal and marine climate 
features, the oceanographic features, the marine-coastal biological communities, the terrestrial 
habitat, flora and fauna species, the environmental protection system, the land and sea uses 
and the restriction system (landscape, urban, hydrological, etc.), many of which mapped with a 
G.I.S. The collection of data and information, used for the second stage of the project also, 
was made possible involving the data owners (territorial communities and public entities, 
economic operators, research centres, etc.). To this aim an “ad hoc” meeting was realized, 
during which all the invited stakeholders received a module (Module of expression of interest) 
to be filled with their available information on the study area. After the meeting, face-to-face 
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meetings have been organized with the stakeholders and data owners interested to share 
information with ARPA Puglia. 

In the second stage of the pilot project n. 70 indicators have been selected and estimated for 
the application of the DPSIR methodology in the study area. 

The main activities carried out during the project are listed below: 

- preliminary selection of the data/information needs; 

- preliminary investigation on the availability of data/information; 

- search for bibliographic sources; 

- identification/selection of data/information owners and potential stakeholders; 

- organization of a meeting with data/information owners and potential stakeholders; 

- identification of the reference persons among the data/information owners and 
potential stakeholders; 

- face-to-face meetings organized with the stakeholders and data owners interested to 
share data and information; 

- check and validation of the collected data/information; 

- development of the environmental framework; 

- selection of indicators to be populated; 

- estimation of the indicators values; 

- application of the DPSIR approach; 

- analysis of the results from the DPSIR approach. 

The results of the activities are reported in chapters 3 and 4.  

2.1 The DPSIR approach 

The DPSIR Framework provides an overall mechanism for analysing environmental problems, 
with regards to sustainable development. The first two studies on DPSIR approach have been 
presented by the European Environmental Agency in 1995 (EEA, 1995; Holten-Andersen et 
al., 1995).  

DPSIR is the acronym of Driving forces, Pressures, State, Impacts and Responses. Namely, 
Driving Forces are considered normally to be the economic and social policies of 
governments, and economic and social goals of those involved in industry. Pressures are the 
ways that these drivers are actually expressed, and the specific ways that ecosystems and 
their components are perturbed, i.e. for the ecosystem effects of fishing, the central pressure 
would be fishing effort. These pressures degrade the State of the environment, which then 
Impacts upon human health and ecosystems, causing society to Respond with various policy 
measures, such as regulations, information and taxes; these can be directed at any other part 
of the system (Figure 2-1). Likewise, ideally, a pressures and impacts assessment will be a 
four-step process: 
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1. describing the driving forces, especially land use, urban development, industry, 
agriculture and other activities which lead to pressures, without regard to their actual 
impacts; 

2. identifying pressures with possible impacts on the environment, by considering the 
magnitude of the pressures and the susceptibility of the same environment; 

3. assessing the impacts resulting from the pressures; 

4. produce response aimed to reduce the impact from the pressures.  

As an example, an increased demand for food (Driving force) can lead to the intensification of 
agriculture via increased fertilizer use, resulting in the increase of nitrate runoff into nearby 
streams (Pressure), leading to the eutrophication of downstream water bodies – i.e. marine 
waters - (State) and subsequent changes in the aquatic life and biodiversity (Impact). One 
means to address this situation (Response) would be to increase taxes on fertilizer, another 
would be to require changes in land management practices to reduce nitrate leaching.  

 

 

Figure 2-1 Conceptual representation of DPSIR model 
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3 Overall setting of the Area of interest 

3.1 Geographical and environmental general description  

The project area is located in the south-western Adriatic Sea along the Puglia coastal zone. 
The coastline interested by the pilot project is included between the geographic coordinates 
(WGS84) 40°43’33” N - 17°45’47” E and 40°33’24” N – 18°02’36” E (Figure 3-1), while the 
pilot project surface corresponds to a polygon that includes the marine part up to a mile from 
the coastline and the terrestrial part up to three kilometres inland (approx. 6,000 ha). 

 

 

Figure 3-1 Pilot Project Area between land and sea 

 

3.1.1 Geo-morphological features of the marine coastal area  

The terrestrial part of the area is geologically classified as bioclastic carbonate rocks 
(Paleogene) and calcarenites (Miocene) (Figure 3-2). The coastline is included in two different 
physiographic units, the first named “BARI - BRINDISI”, the second one “BRINDISI-
OTRANTO”; more in detail we can distinguish in the area the four physiographic sub-units as 
reported below (from Puglia Regional Coast Plan, 2011).  
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Figure 3-2 Geomorphologic map of the study area (data source: Autorità di Bacino della 
Puglia) 

 

MONOPOLl- BRINDISI/PUNTA PENNE physiographic sub-unit. The coast is low, quite linear 
and regular. Sandy beaches are present, as well as marsh areas behind the dunes and 
important and evident active dune cordons (Figure 3-3). 

 

Figure 3-3 MONOPOLl-BRINDISI/PUNTA PENNE physiographic sub-unit 
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BRINDISI/PUNTA PENNE-BRINDISI/PUNTA RISO physiographic sub-unit. Mainly low and 
rocky coast (Figure 3-4). 

 

Figure 3-4 BRINDISI/PUNTA PENNE-BRINDISI/PUNTA RISO physiographic sub-unit 

 

BRINDISI/PUNTA RISO-BRINDISI/TORRE CAVALLO physiographic sub-unit. Low and rocky 
coast largely occupied by artificial structures (mainly piers and docks) (Figure 3-5).  

 

Figure 3-5 BRINDISI/PUNTA RISO-BRINDISI/ TORRE CAVALLO physiographic sub-unit 
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BRINDISI/TORRE CAVALLO-OTRANTO/PORTO DI OTRANTO physiographic sub-unit. The 
coast is predominantly low, sandy or characterized by soft rock and cliff even with stretches of 
anthropogenic origin (Figure 3-6). 

 

 

Figure 3-6 BRINDISI/TORRE CAVALLO-OTRANTO physiographic sub-unit 

 

Some traits of the coast included in the study area are subjected to erosion. According to the 
Puglia Regional Coast Plan (2011), the percentage of coastal erosion is 0.3% in the 
physiographic sub-unit MONOPOLl - BRINDISI/PUNTA PENNE while it is 17% in the 
physiographic sub-unit BRINDISI/TORRE CAVALLO - OTRANTO. 

The average slope of the submerged beach (from the shore line to the 5m isobath) is between 
0.5% and 2% (Figure 3-7). The direction of the prevailing sediment longitudinal transport is 
oriented from NW to SE. 
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Figure 3-7 Slope of the submerged beach in the study area (from Atlante delle Spiagge 
Italiane, C.N.R., 1999) 

 

The sea bottom of the marine part of the study area is included in the ecotype “Murge-
Salento”, where the terrace morphology is predominant. The bottom sediments are 
characterised by terraced marine deposits and alluvial deposits, with the presence of 
organogenic calcarenites, sands and silts, variably distributed (Damiani et al., 1988) (Figure 
3-8). 
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Figure 3-8 Marine sediment main types in the study area (modified from Damiani et al., 
1988) 

 

In the pilot project area the water exchange between the land and the sea (fresh/marine 
waters) occurs mainly through the well-developed karst system (groundwaters) being very 
scarce the surface hydrographical net. During a MIVIS survey carried out during June 2009, 
some of the continental waters inputs (fresh waters, groundwaters, discharges, etc.) in the 
investigated marine coastal zone have been highlighted as thermic anomalies (Figure 3-9). 

 

Figure 3-9 Water temperature distribution and anomalies in the study coastal area (hot 
and cold point sources identified as red circles and blue circles respectively) (modified 
from: Tiziano Project – Regione Puglia, June 2009) 



  

  page 15/96 

3.1.2 Coastal and marine climate features  

The pilot area is characterized by a typically Mediterranean climate with short winters, mild 
springs and autumns, and long hot summers.  

Due to the mitigating influence of the Adriatic sea, the climate is typically maritime with less 
extreme fluctuations among daytime and night time temperatures. During the winter the 
temperatures can be higher than 10° centigrade and the minimum value rarely decrease 
below the freezing point (Figure 3-10). The summer is long and hot with peak temperatures 
frequently above 32° centigrade.  

Rainfall is rather scarce in most of the area, averaging 600-700 millimetres per year, and it is 
concentrated in the winter months. Summer is dry as a rule, virtually arid. 

 

 

Figure 3-10 Annual trend of air mean temperature in the Brindisi area (from: MINNI-
Modello integrato Nazionale a supporto della negoziazione Internazionale sui temi 
dell’inquinamento atmosferico) 

 

The sea surface temperature in the study area highlights the same annual trend of the air 
temperature, the maximum values recorded during the summer, the minimum during the late 
winter. During the yearly cycle, the sea surface temperature ranges between 10 (February-
March) and 28 °C (July-August) as a rule (data ARPA Puglia). 

The marine offshore climate of the study area can be described using information from a RON 
buoy moored off the coast of Monopoli, where data have been continuously recorded, 
processed and returned every half hour in the period 1989-2007. Being the transverse sector 
of Monopoli the same of Brindisi (the two site are very close), the offshore climate can be 
considered similar. The yearly percentages of wave height classes (in meters) per direction 
sectors (degree, North) are reported in the Table 3-1. 
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Table 3-1 Yearly percentages of wave height classes per direction sectors in the study 
area (period 1989-2007, elaboration from Polytechnic University of Bari - LIC Lab.) 

Hs (m) dir 
(°N) 0.25 - 0.50 0.50 - 1.50 1.50 - 2.50 2.50 - 3.50 3.50 - 4.50 4.50 - 5.50 totale 

0 4.58 7.20 1.65 0.36 0.06 0.00 13.85 
30 2.59 4.05 0.91 0.16 0.03 0.00 7.74 
60 2.72 4.63 1.26 0.33 0.04 0.01 8.99 
90 5.04 5.48 0.25 0.04 0.00 0.00 10.81 

120 3.51 10.15 0.52 0.01 0.00 0.00 14.19 
150 0.37 0.57 0.02 0.00 0.00 0.00 0.96 
180 0.21 0.24 0.01 0.00 0.00 0.00 0.46 
210 0.21 0.19 0.02 0.00 0.00 0.00 0.42 
240 0.16 0.21 0.01 0.00 0.00 0.00 0.38 
270 0.19 0.25 0.02 0.00 0.00 0.00 0.46 
300 0.50 1.20 0.14 0.02 0.00 0.00 1.86 
330 5.63 15.58 2.04 0.26 0.02 0.00 23.53 

TOT 25.71 49.75 6.85 1.18 0.15 0.01 83.65 
 

 

In the study area the most frequent storms came from NNW direction (23.5% of the total 
storms). Storms from ESE represent the 14.2% of the total recorded data, while the 
percentage of 13.8% was estimated for the North storms. 

Waves from the East direction are quite frequent (10.8%), the waves from the NNE and ENE 
directions represent percentages of 7.7% and 9.0% respectively. According to the significant 
height classification, waves height less than 0.5m represent the 25.7% of all the recorded 
data, waves height between 0.5 and 1.5m resulted the 49.7% of the total (more frequent 
class),  waves height between 1.5 and 2.5m resulted the 6.8% of the total. Waves height 
between 2.5 and 3.5m are scarcely frequent (1.2%), while only the 0.16% of the recorded 
waves were higher than 3.5m (Figure 3-11). 
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Figure 3-11 Frequency of storms and wave height in the study area (period 1989-2007, 
elaboration from Polytechnic University of Bari - LIC Laboratory) 

3.1.3 Oceanographic features  

With regard to the investigated marine area, the main and general hydrological feature is the 
occurrence of a constant surface current from the north (0.4-0.7 m/s), parallel to the coast-line 
(Figure 3-12).  

 

       

Figure 3-12 General circulation of surface currents during summer (on the left) and 
winter (on the right) (modified from Istituto Idrografico della Marina, 1984) 
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The maximum tidal range is close to 40 cm, while the mean tidal value is estimated to 15 cm 
(Istituto Idrografico della Marina, 1984). 

The distribution of temperature in the sea water column follows a seasonal cycle, resulting in 
the partial water stratification during summer and mixing during late autumn-winter-spring 
months. The summer thermocline is found at depths of 25-35 m as a rule (Figure 3-13).  
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Figure 3-13 Temperature values in the sea water column during summer (July, on the 
left) and winter (February, on the right) in the study area of Brindisi (data and 
elaboration ARPA Puglia) 

 

The salinity of the marine waters in the study area is quite uniform, ranging between 37.5 and 
38.5 PSU as a rule (data ARPA Puglia). The mean values of the main “trophic” parameters for 
the coastal waters of the study area are reported in the Table 3-2. 

 

Table 3-2 Mean values of main “trophic” parameters for the coastal waters of the study 
area (ARPA Puglia data from monitoring of six fixed stations in the coastal area, years 
2010-2011) 

Parameters Mean value Measure Unit
Chlorophyll "a" 0.4 μg/l (mg/m3)

Si-SiO4 93.0 μg/l
N-NH4 8.7 μg/l
N-NO2 1.6 μg/l
N-NO3 39.2 μg/l

P-tot. (DIP) 9.4 μg/l
P-PO4 2.2 μg/l  
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According to the values listed in the Table 3-2, the marine waters of the study area can be 
classified oligotrophic as a rule, although increase of trophic load can occur at local level. In 
the Figure 3-14 is reported the concentration of the Chlorophyll estimated from MERIS satellite 
in the wide area during March 2012, while in the Figure 3-15 the distribution and concentration 
of Chlorophyll for the zone close to the coastline as resulted from MIVIS survey carried out in 
June 2009. 

 

Figure 3-14 Chlorophyll concentration in the study area from MERIS satellite data (from: 
Mar Coast II Project – Planetek, March 2012) 

 

Figure 3-15 Chlorophyll concentration in the study coastal area from MIVIS data 
(modified from: Tiziano Project – Regione Puglia, 2009) 



  

  page 20/96 

 

3.1.4 Marine-coastal biological communities 

The marine-coastal biological communities in the study area are quite diverse and typical of 
the wide Adriatic-Mediterranean region. 

The presence and distribution in the study area of the main sea bottom biocenosis is reported 
in the Figure 3-16 and Figure 3-17 (Parenzan, 1983; Bedulli et Al., 1986). A schematic map of 
the same biocenosis is represented in the Figure 3-18 (Autorità Ambientale Regione Puglia, 
2006). 
 

 

Figure 3-16 Biocenotic map of the study area (modified from Parenzan, 1983) 

 

 

Figure 3-17 Biocenotic map of the study area (modified from Bedulli et Al., 1986) 

 

 

 

 

 



  

  page 21/96 

 

 

Figure 3-18 Schematic map of the main sea bottom biocenosis in the study area 
(modified from Autorità Ambientale Regione Puglia, 2006) 

 

Among the recorded biocenosis in the study area, the presence and distribution of the 
protected species Posidonia oceanica (and related Habitat) is worth of note.  

In the Figure 3-19 is reported the distribution of P. oceanica in the study area as recorded in 
recent times (Inventario e Cartografia delle praterie di Posidonia nei compartimenti marittimi di 
Manfredonia, Molfetta, Bari, Brindisi, Gallipoli e Taranto - Progetto POR Puglia – Regione Pu-
glia, 2006). 

Moreover, a detailed map of sea bottom biocenosis is available for the Marine Protected Area 
“Torre Guaceto” (Figure 3-20). 
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Figure 3-19 Presence and distribution of Posidonia oceanica in the study area (modified 
from “Inventario e Cartografia delle praterie di Posidonia nei compartimenti marittimi di 
Manfredonia, Molfetta, Bari, Brindisi, Gallipoli e Taranto”. Progetto POR Puglia – 
Regione Puglia, 2006) 
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Figure 3-20 Presence and distribution of the sea bottom biocenosis in the MPA “Torre Guaceto” (provided by Consorzio di Gestione di 
Torre Guaceto) 
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3.1.5 Terrestrial habitat, flora and fauna species 

From the naturalistic point of view the terrestrial part of the study area is characterized by the 
presence of several wetlands, located almost exclusively along the coast, which provide 
shelter and food to a rich avifauna. However, other surfaces are occupied by vegetables and 
cereal crops, mainly wheat and artichoke, and to a lesser extent by tree crops such as olives, 
wine grapes and fruit. The forest cover is rather poor, and often it need reforestation and 
maintenance interventions (Table 3-3). 

With regard to the wetland zones, from north-west to south-east the most important are 
located in the Torre Guaceto area, at the mouth of the Channel “Giancola”, along the Channel 
“Fiume Grande” in the industrial area of Brindisi, at ponds and salt marshes of “Punta della 
Contessa” southernmost the Town of Brindisi, while inland there is the reservoir “Cillarese”. 
These zones alternating stretches of coastline occupied by the priority habitat of the juniper 
dunes (Punta Penna Grossa), and by stains and garrigue (Apani, Torre Testa, Torre Rossa, 
Punta Penne, Punta del Serrone) that host relevant and interesting species of flora. In these 
habitats some species considered as vulnerable or endangered have been reported (Conti et 
al., 1992; Conti et al., 1997), as well as other species potentially threatened according to their 
vulnerability with respect to the natural end anthropic pressures: 

- Convolvulus lineatus. Endangered species (EN) (CONTI & al.,1997); 

- Cytinus ruber. Rare species, vulnerable (VU) (CONTI & al.1997); 

- Erica forskalii (sin. Erica manipuliflora). Endangered species (EN); 

- Vitex agnus-castus. Rare species, vulnerable (VU) for the Puglia Region (CONTI & 
al., 1997); 

- Anacamptis palustris. Very rare species, Endangered (EN) (CONTI & al., 1997; 
ALESSANDRINI & MEDAGLI, 2008);  

- Sarcopoterium spinosum. Rare species, Endangered (EN); 

- Limonium apulum. Endemic species for the Puglia Region  (BARTOLO & al., 1989; 
BRULLO & al., 1990);  

- Cornucopiae cucullatum. Least Concern species (LC) (CONTI & al., 1992; CONTI & 
al., 1997; SCOPPOLA & SPAMPINATO, 2005);  

- Cardopatum corymbosum. Rare species;  

- Ophrys apifera, Ophrys bombyliflora, Ophrys incubacea, Ophrys lutea, Ophrys 
passionis var. garganica, Ophrys sicula, Ophrys apulica, Anacamptis fragrans, 
Anacamptis pyramidalis, Anacamptis laxiflora. Some of these species are rare in the 
study area but they are all protected according to the CITES annex C. 

To provide a better framework of the presence and distribution of natural environments in the 
terrestrial part of the pilot project area, a chart of habitats was elaborated. According to a 
standardised methodology (Carta della Natura, ISPRA a-b, 2009), the distribution of habitats 
was mapped at the scale of 1:50000. Utilising the European classification system Corine  
Biotopes, thirty habitat typologies have been found distributed as shown in Figure 3-21. 
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Table 3-3 Presence and distribution of forest and reforestation/maintenance interventions in the study area (data from A.Ri.F. Brindisi) 
Località Proprietà Coordinate Dislocazione e morfologia Descrizione 

Baccatani privata 40°41’03.32”N 
17°48’14.95”E 

area pianeggiante a 16m di quota s.l.m., 
distante dalla linea di costa circa 2 km 

RIMBOSCHIMENTO: impianto realizzato in area agricola su una superficie di circa 15 ha 
(foglio 2, particelle 29 e 69, foglio 16, particelle 399, 501, 503, 504, 506, 507, 513, 514 e 
619) di forma rettangolare, lato maggiore di circa 815 m, lato minore di circa 350 m. 
Rimboschimento di circa 18 anni di età, realizzato con contributo concesso ai termini del 
regolamento CEE 2080/92, (misura 6, impianto con latifoglie o misti non a ciclo breve). 
Risulta presente uno strato arboreo in buono stato, alto circa 3 metri, costituito in 
prevalenza da leccio e tamerici, assente lo strato arbustivo, mentre la componente 
erbacea costituita essenzialmente da specie avventizie va riducendosi con lo sviluppo 
della copertura arborea. All’interno dell’area rimboschita è presente una roverella di 
notevole dimensioni testimonianza dell’antica copertura forestale. 

Sbitri Comune di 
Brindisi 

40°40’49.99”N 
17°54’48.05”E 

area pianeggiante a 3m di quota s.l.m. di 
forma rettangolare a circa 30 m di 
distanza dal lato più prossimo dalla linea 
di costa 

AREA SOTTOPOSTA AL RIPRISTINO AMBIENTALE: si tratta di una superficie di circa 
1 ha occupata da abitazioni abusive. Tale superficie è attualmente sottoposta ad 
intervento di bonifica e recupero ambientale in cui è previsto l’impianto di 9.000 piante 
arbustive autoctone appartenenti all’orizzonte della macchia mediterranea. 
In particolare è prevista la messa a dimora di mirto, lentisco, leccio, fillirea, ginepro 
ossicedro, ginepro feniceo, cisto rosso, cisto salvifolius, timo capitato, ginestra, alaterno, 
perastro e olivastro. 

Punta del 
Serrone 

Demanio 40°40’59.85”N 
17°56’08.36”E 

area relativamente pianeggiante a 
ridosso di costa rocciosa a circa 1m 
s.l.m.. 

AREA IN PROCINTO DI INTERVENTI PER RIPRISTINO AMBIENTALE: area 
vegetazionalmente degradata con presenza di specie avventizie tipiche di terreni agricoli 
e di terreni di riporto con scarsa presenza di specie erbacee tipiche dei prati litoranei. 
Sporadica presenza di arbusti spontanei, in particolare lentisco, più diffusa risulta la 
presenza della tamerice. La zona risulta attraversata da un reticolo di stradine. E’ previsto, 
oltre a una serie di interventi per la fruizione dell’area quali staccionate e cartellonistiche, 
la messa a dimora di 13.200 piante tipiche della macchia mediterranea quali: mirto, 
lentisco, leccio, fillirea, ginepro ossicedro, ginepro feniceo, cisto rosso, cisto salvifolius, 
timo capitato, ginestra, alaterno, perastro e olivastro. 

Contrada 
Lobia 

privata 40°39’57.47”N 
17°53’33.03”E 

area pianeggiante in contesto agricolo a 
12m di quota s.l.m. distante dalla linea di 
costa circa 1,8 km 

RIMBOSCHIMENTO: impianto realizzato in area agricola su una superficie di 6 ha (foglio 
8 particelle 5, 6, 71, 48). Rimboschimento realizzato nell’autunno/inverno 2012 con 
contributo concesso dal PSR misura 227. L’impianto arboreo è stato realizzato in 
prevalenza con leccio e, come specie secondaria, con quercia da sughero. 

Bosco del 
Compare 

privata 40°38’29.60”N 
17°53’10.51”E 

area pianeggiante con una distanza dal 
mare di circa 2 km, quota S.L.M. 17m 

BOSCO: bosco di origine naturale di circa 30 ha. Si tratta di una formazione ad alto fusto 
a prevalenza di leccio con presenza, in particolare ai margini boschivi e lungo i viali, di 
roverella. Si segnala anche la presenza di specie leggermente igrofile quali olmo e 
ligustro. Il sottobosco è caratterizzato da tipiche specie nemorali come il pungitopo. Sono 
presenti alcuni elementi alloctoni come il pino domestico e l’eucalipto. 

Collegio 
Navale 
Tommaseo 

regionale 40°38’37.07”N 
17°57’05.89”E 

area in pendenza a 17m s.l.m. all’interno 
del porto di Brindisi con copertura 
forestale di circa 4ha 

PINETA: formazione di pini d’Aleppo di origine artificiale di oltre 50 anni di età. Lo strato 
arboreo è costituito in gran parte da pino d’Aleppo con sporadici esemplari di leccio. Lo 
strato arbustivo, risultato di un processo di rinaturalizzazione spontanea, è costituito dai 
tipici elementi della macchia mediterranea quali lentisco viburno, alaterno ecc. 

Babilandia privata 40°39’30.11”N 
17°57’23.31” E 

area pianeggiante a 7m s.l.m. nei pressi 
del porto di Brindisi con copertura 
forestale di circa 6 ha 

BOSCO: impianto artificiale composto in prevalenza da pino d’Aleppo con presenza di 
eucalipto. Presente anche un boschetto di lecci di superficie inferiore ad 1ha costituito da 
esemplari di interessanti dimensioni. Presenti, in maniera sporadica, specie arbustive, in 
particolare lentisco  
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Figure 3-21 Presence and distribution of the natural habitats (according to the Corine Biotopes classification system) in the study area 
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The CORINE denomination as well as the absolute (km2) and relative surface (%) occupied by 
each habitat are reported in the Table 3-4. The data highlighted the dominance of the habitats 
“Extensive cultivation” (48,7% of the total mapped surface), “Towns” (15,7%) and  "Active 
industrial sites" (10,3%), while "Olive groves" and "Vineyards" cover the 13,3% of the total 
surface. Moreover, although covering low surfaces, is worth of note the presence and 
distribution of relevant habitats for conservation purposes as for example “Italian 
Sarcopoterium spinosum phryganas”. 

 

Table 3-4 Classification and surface of the habitats distributed in the study area (ARPA 
Puglia) 

Code Name Km2 % 
82.3 Extensive cultivation 61,48 48,71 
86.1 Towns 19,78 15,67 
86.3 Active industrial sites 12,95 10,26 

83.11 Olive groves 9,36 7,42 
83.21 Vineyards 7,37 5,84 
34.81 Mediterranean subnitrophilous grass communities 3,75 2,97 
53.1 Reed beds 2,78 2,20 

45.31A Southern Italian holm-oak forests 1,31 1,04 
89 Industrial lagoons and reservoirs, canals 1,17 0,93 

83.15 Fruit orchards 1,10 0,87 
34.5 Mediterranean xeric grasslands 0,99 0,79 
32.4 Western meso·mediterranean calcicolous garrigues 0,82 0,65 

83.325 Other broad-leaved tree plantations 0,55 0,43 
18.22 Mediterranean cliff communities 0,49 0,38 
16.1 Sand beaches 0,36 0,28 

83.322 Eucalyptus plantations 0,34 0,27 
15.5 Mediterranean salt meadows 0,32 0,26 
85.1 Large parks 0,28 0,22 

83.31 Conifer plantations 0,25 0,20 
21 Lagoons 0,19 0,15 

16.27 Dune juniper thickets and woods 0,15 0,12 
15.1 Salt pioneer swards 0,10 0,08 

16.21 Shifting dunes 0,09 0,07 
33.6 Italian Sarcopoterium spinosum phryganas 0,08 0,06 
17.1 Unvegetated shingle beaches 0,06 0,05 
19 Islets and rock stacks 0,03 0,03 

86.41 Quarries 0,02 0,02 
32.217 Coastal Helichrysum garrigues 0,02 0,01 
32.212 Thermo·mediterranean heath.garrigues 0,02 0,01 
16.28 Dune sclerophyllous scrubs 0,01 0,01 
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As regards the fauna, in the pilot project area a non-native population of rabbits was 
introduced for hunting purpose, easily sighted in the habitats of Punta della Contessa. This 
non-native population causes damage to the crops. Other mammals such as the badger 
(Meles meles), marten (Martes marten) and the weasel (Mustela nivalis) (rarely sighted 
species due to their purely crepuscular habits) do not allow direct observations during the day 
and so it is difficult (if not impossible) to make estimates of the local populations. Worthy of 
attention is the fox (Vulpes vulpes), seen also in the daytime, with an increasing trend of the 
local population in recent years, due to the presence of protected areas and to a substantial 
decreasing of hunting. 

As for the birds, studies conducted in the year 2007 at the wetlands of the Province of Brindisi 
(La Gioia and Pino d'Astore, 2010) have shown the presence of 61 species in the ponds and 
salt marshes of Punta della Contessa, 18 species at Fiume Grande location and 23 species in 
the Torre Guaceto protected area. 

The knowledge about the distribution of amphibians and reptiles in the study area are quite 
limited. Nevertheless, the species of amphibian reported for the area are the common toad 
(Bufo bufo), the green toad (Bufo viridis), the tree frog (Hyla intermedia) and the common frog 
(Rana esculenta), while the reptiles are the wetland turtle (Emys orbicularis), the sea turtle 
(Caretta caretta) (rarely recover offshore and/or occasionally stranded), the rat snake 
(Hierophis viridiflavus), the four-lined snake (Elaphe quatuorlineata), the water snake or grass 
snake (Natrix natrix), the green lizard (Lacerta bilineata), the common lizard (Podarcis sicula) 
and the three-toed skink (Chalcides chalcides). 



  

 

  page 29/96 

3.2 Environmental protection system 

The pilot project area includes both terrestrial and marine zones designated as protected for 
the conservation of species, habitats and biodiversity (Figure 3-22): 

• Wetland of International Importance (Ramsar Convention) "Torre Guaceto" instituted 
by the Italian National Government in the year 1981; 

• “Torre Guaceto” Marine Protected Area (MPA, 2,227 hectares), instituted by the Italian 
National Government in the year 1991; 

• “Torre Guaceto” State Natural Reserve (SNR, 1120 hectares), instituted by the Italian 
National Government in the year 2000; 

• ZPS "Torre Guaceto" (545 hectares), Natura 2000 code IT9140008;  

• SIC "Torre Guaceto e Macchia S. Giovanni” (318 hectares), Natura 2000 code 
IT9140005;  

• SIC-ZPS "Stagni e saline di Punta della Contessa" (214 hectares), Natura 2000 code 
IT9140003;  

• Regional Natural Park (RNP) “Saline di Punta della Contessa” instituted by the 
Regional Government (Regional Law n. 28/December 2002) (1,697 hectares); 

• SIC "Foce Canale Giancola" (54 hectares), Natura 2000 code IT9140009; 

• SIC "Bosco Tramazzone" (126 hectares), Natura 2000 code IT9140001; 

• Regional Oriented Natural Reserve (RNR) “Bosco di Cerano” instituted by the 
Regional Government (Regional Law n. 26/December 2002) (970 hectares);  

• Regional Interest Site (SIR) and Wildlife Protection Oasis “Invaso del Cillarese”, code 
n. IT9140012 (Regional Government, DPGR n. 376 dated August the 6th 1992). 

All the protected areas have been instituted according to the HABITAT EC Directive, BIRD EC 
Directive as well as the NATURA 2000 project, the Berna Convention and the Barcelona 
Convention. The above reported SIC and ZPS include for the marine part the protection of 
Posidonia oceanica meadows. 
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Figure 3-22 Terrestrial and marine zones designated as protected for the conservation of species, habitats and biodiversity in the study 
area (ARPA Puglia) 
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3.3 Land use and Sea use 

The pilot project area includes zones utilised for specific purposes. Both the terrestrial part and 
the marine part are occupied and used for many human activities as urbanization, industry, 
agriculture, fishery, aquaculture, tourism, etc.. Moreover some zones are occupied by 
infrastructures (i.e. the Brindisi harbour area) or they are classified as military area. 

Other zones are considered for the protection and conservation of natural habitats and 
species (i.e. MPA “Torre Guaceto”), or they need a quality monitoring because of their specific 
destination (bathing waters, waters for the life of fish and molluscs, etc.). All these zone are 
classified as “protected” according to the Art. 6, annex IV, of the 2000/60/EC Directive (Water 
Framework Directive). 

The relative surface (%) occupied by each specific use is listed in the Table 3-5, while the 
presence and distribution of the land and sea different uses is reported in the Figure 3-23 
(Chart of the sea and land uses) and Figure 3-24 (Chart of the protected areas sensu Art. 6, 
annex IV, 2000/60/EC Directive).  

Protected areas cover more than 60% of the marine space of the study area, harbour and 
annexed areas cover the 18%, the military area the 16%. The soil used for agriculture covers  
the largest surface of the terrestrial part, while the urban and industrial area cover the 25%. 
Natural and special protection areas, together with natural parks, reserves and Sites of 
Community Importance, cover the 40% of the territory included in the pilot project area. 
However, the sum of percentages is larger than 100%, so it is clear that some zones are 
interested by multiple uses.  

 

Table 3-5 Relative surface (%) occupied by land and sea different uses in the study area 
(ARPA Puglia) 

km2
%

Pilot Project area, marine part 82.6
Harbour area 9.8 11.9%
Harbour corridors 2.82 3.4%
Harbour external standing areas 2.4 2.9%
Military area 13.4 16.2%
Marine Protected Area ‐ A zone 1.8 2.2%
Marine Protected Area ‐ B zone 1.6 1.9%
Marine Protected Area ‐ C zone 10.6 12.8%
Site of Community Importance 29.9 36.2%
Special Protection Area 3.3 4.0%
Shellfish farming area 0.05 0.1%
Bathing waters 6.4 7.7%
Pilot Project area, terrestrial  part 125.6
Arable and cropping systems 62.8 50.0%
Fruit trees and vineyards 18.0 14.3%
Natural area 13.0 10.4%
Urban and industrial area 31.8 25.3%
Site of Community Importance 6.5 5.2%
Special Protection Area 4.3 3.4%
State Natural Reserve 11 8.8%
Regional Natural Park 15.7 12.5%
Sensitive Area 18.2 14.5%
Saline Contamination Area 125.6 100.0%  
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Figure 3-23 Distribution and extension of the land and sea uses in the study area (ARPA Puglia) 
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Figure 3-24 Distribution and extension of the “protected areas” (sensu Art. 6, annex IV, 2000/60/EC Directive) in the study area (ARPA 
Puglia) 
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3.4 Restriction system (landscape, urban, hydrological, etc.) 

In the pilot project area the system of the restrictions in force has been also identified and 
mapped. The identified restrictions concern the use of the Sea (navigation, fishery, etc.) and 
the use of the Land (Landscape restrictions, Natural habitat restrictions, Natural hazard 
restrictions). In particular, the following restriction typologies have been classified: 

• No navigation area (marine zone); 

• No fishing area (marine zone); 

• Hazard area (for landslides and floods, including watercourses buffer area, terrestrial 
zone); 

• Natural habitat area (woodlands and wetlands, terrestrial zone); 

• Landscape conservation area (coastal landscape, “Decreto Galasso”, other 
restrictions, terrestrial zone). 

Within “other restrictions” are included the environmental goods protected under the D.Lgs. 
42/2004 (art. 36) as "areas of significant public interest" (Figure 3-25). 

 

 

Figure 3-25 Environmental goods protected under the D.Lgs. 42/2004 (art. 36), as "areas 
of significant public interest" (source: SITAP) 

 

The percentage of the area subject to each type of restriction is listed in the Table 3-6, while 
the delimitation of the relative zones is reported in the Figure 3-26. 
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The data reported in the Table 3-6 highlight that more than 70% of the marine part of the study 
area is subjected to restrictions (one typology or more), while the percentage is lower for the 
terrestrial part (31%). 

 

Table 3-6 Incidence of the restrictions zones in the study area (ARPA Puglia) 

km2
%

Pilot Project area, marine part 82.6
No navigation area 42.0 50.8%
No fishing area 16.8 20.3%
Pilot Project area, terrestrial  part 125.6
Landscape/Urbanization/Development restrictions (including natural hazard) 39.5 31.4%  
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Figure 3-26 Distribution and delimitation of zones subjected to restrictions in the study area (ARPA Puglia) 
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4 Analysis of multiple stressors 

4.1 Methodological approach 

For the analysis of multiple stressor affecting the pilot project area ARPA Puglia has 
conducted an in-depth research, production, organization and harmonization of already 
existing information and data useful for the DPSIR model. To this aim a first meeting was 
realized in the town of Carovigno (Brindisi) on 27th November, 2012, targeted to involving the 
data and information owners (territorial communities and public entities, economic operators, 
research centres) relatively to the study area. All the invited stakeholders received a module 
(Module of expression of interest, see at the APPENDIX A) to be filled with their available 
information on the study area. After the meeting, face-to-face meetings were organized with 
the stakeholders and data owners interested to share information with ARPA Puglia. The 
information has been used for the application of the DPSIR approach.  

According to the acquired data/information, n. 70 indicators belonging to the 5 categories, 
Driving forces, Pressures, State, Impact, Responses, have been selected and estimated. The 
attribution of each indicator to the respective DPSIR category was produced following the 
Italian guidelines published by ISPRA (National Institute for the Environmental Research) 
(http://annuario.isprambiente.it/content/indice). For the indicators that are not included in this 
list, an expert judgement has been used for the attribution of the DPSIR category. In some 
cases, an indicator belongs to more than one category (Table 4-1). 

 

Table 4-1 List of the indicators selected for the DPSIR approach 

INDICATOR DPSIR 
CATEGORY

REFERENCE 
YEARS DESCRIPTION 

Total Population D 2011 Total number of inhabitants 

Population Density D 2011 Number of inhabitants per surface unit 

Soil used for the Agriculture D-P 2010 Area occupied by agricultural crops/Total 
area ratio 

Agriculture farms  D-P 2010 Area occupied by agriculture farms/Total 
area ratio 

Aquaculture plants D-P 2013 Presence of aquaculture plants 

Touristic Infrastructures D 2013 Presence of Touristic Infrastructures 

Port infrastructures (berths) D 2011 Number of berths 

Fishery Fleet D 2011 Fishery boats 

Area occupied by industries-
enterprises D 2013 Area occupied by industries-

enterprises/Total area ratio 

Area occupied by traditional Energy 
Production Plants D-R 2012 Area occupied by traditional Energy 

Production Plants/Total area ratio 

Energy Production Windmills  D-R 2012 Presence of Windmills  

Energy Production Photovoltaic 
System < 1 MW D-R 2012 Presence of Photovoltaic System < 1 MW 

Energy Production Photovoltaic 
System >1 MW D-R 2012 Presence of Photovoltaic System > 1 MW 
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INDICATOR DPSIR 
CATEGORY

REFERENCE 
YEARS DESCRIPTION 

Area occupied by Energy Production 
Photovoltaic System < 1 MW D-R 2012 Area occupied by Photovoltaic System < 1 

MW/Total area ratio 

Area occupied by Energy Production 
Photovoltaic System > 1 MW D-R 2012 Area occupied by Photovoltaic System >1 

MW/Total area ratio 

Buildings areas  P 2005 Area occupied by buildings/Total area ratio 

Infrastructures P 2005 Area occupied by Infrastructures/Total area 
ratio 

Waste illegal dumping sites P 2008 Presence of waste illegal dumping sites 
(database IRSA-CNR Bari) 

Maritime Traffic P 2012 Number of boats-vessels in or out  from 
port facilities 

Small Fishery Pressure P 2011 Indicator of the small fishery pressure 
probabilty 

Fishery Catch Rates P 2009 Fishery catches 

Aquatic alloctonous species P 2012 Presence of alloctonous species in the 
water bodies 

Chlorophyll (Marine Waters) S 2011 
Classification of the marine water quality 
status  using the Chlorophyll parameter 
(D.M. nº 260 08/11/2010) 

Carlit Index (Coastal Macroalgae 
Communities) S 2011 

Classification of the marine water quality 
status using the Macroalgae communities 
(D.M. nº 260 08/11/2010) 

PREY Index (Posidonia oceanica) S 2011 
Classification of the marine water quality 
status using the assessment of Posidonia 
oceanica (D.M. nº 260 08/11/2010) 

M_AMBI Index (Marine Waters Benthic 
Macroinvertebrates)  S 2011 

Classification of the marine water quality 
status using the benthic Macroinvertebrates 
communities (D.M. nº 260 08/11/2010) 

E-MaQI/R-MaQi Indices (Transitional 
Waters Macrophytes) S 2011 

Classification of the transitional water 
quality status using the Macrophytes 
communities (D.M. nº 260 08/11/2010) 

M_AMBI Index (Transitional Waters 
Benthic Macroinvertebrates)  S 2011 

Classification of the transitional water 
quality status using the benthic 
Macroinvertebrates communities (D.M. nº 
260 08/11/2010) 

BITS Index (Transitional Waters 
Benthic Macroinvertebrates)  S 2011 

Classification of the transitional water 
quality status using the benthic 
Macroinvertebrates communities (D.M. nº 
260 08/11/2010) 

ICMi Index (River Diatoms) S 2011 
Classification of the river water quality 
status using the benthic Diatoms 
communities (D.M. nº 260 08/11/2010) 

IBMR Index (River Macrophytes) S 2011 
Classification of the river water quality 
status using the Macrophytes communities 
(D.M. nº 260 08/11/2010) 

STAR_ICMi Index (River Benthic 
Marcoinvertebrates) S 2011 

Classification of the river water quality 
status using the benthic Macroinvertebrates 
communities (D.M. nº 260 08/11/2010) 

ISECI Index (River Fishes) S 2011 
Classification of the river water quality 
status using the Fishes communities (D.M. 
nº 260 08/11/2010) 

ICF Index (Lake Phytoplankton) S 2011 
Classification of the lake water quality 
status using the Phytoplankton 
communities (D.M. nº 260 08/11/2010) 
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INDICATOR DPSIR 
CATEGORY

REFERENCE 
YEARS DESCRIPTION 

Chemical Status - Marine Waters S 2011 
Classification of the marine water quality 
status using the concentration of chemical 
compounds (D.M. nº 260 08/11/2010) 

Chemical Status - Transitional Waters S 2011 

Classification of the transitional water 
quality status using the concentration of 
chemical compounds (D.M. nº 260 
08/11/2010) 

Chemical Status - River Waters S 2011 
Classification of the river water quality 
status using the concentration of chemical 
compounds (D.M. nº 260 08/11/2010) 

Chemical Status - Lake Waters S 2011 
Classification of the lake water quality 
status using the concentration of chemical 
compounds (D.M. nº 260 08/11/2010) 

Chemical Status - Marine Sediments S 2011 

Classification of the marine sediment 
quality status using the concentration of 
chemical compounds (D.M. nº 260 
08/11/2010) 

Chemical Status - Transitional 
Sediments S 2011 

Classification of the transitional sediment 
quality status using the concentration of 
chemical compounds (D.M. nº 260 
08/11/2010) 

TRIX Index (Marine Waters Trophic 
Status) S 2011 

Classification of the marine water quality 
status using the concentration of the main 
trophic parameters (D.M. nº 260 
08/11/2010) 

Phosphorous-Nitrogen-Oxigen 
(Transitional Waters Trophic Status) S 2011 

Classification of the transitional water 
quality status using the concentration of the 
main trophic parameters (D.M. nº 260 
08/11/2010) 

LIMeco Index (River Waters Trophic 
Status) S 2011 

Classification of the river water quality 
status using the concentration of the main 
trophic parameters (D.M. nº 260 
08/11/2010) 

LTLeco Index (Lake Waters Trophic 
Status) S 2011 

Classification of the lake water quality 
status using the concentration of the main 
trophic parameters (D.M. nº 260 
08/11/2010) 

Coastal Evolution (erosion-accretion) S 2005 Erosion-Accretion area/Total domain area 
ratio (period 1992-2005) 

Forest area S 2013 
Area occupied by forests/Total area ratio 
(CORINE Biotopes: 45.31A, 83.31, 83.322, 
83.325, 85.1) 

Bacteriological Quality Index (IQB)  S-I 2012 

Indicator of the bathing water quality based 
on the estimation of two bacteriological 
parameters (Escherichia coli and fecal 
Enterococci) 

Vulnerability to Desertification S-I 2008 Area of High and very High vulnerability to 
desertification/Total area ratio 

Presence area of the European 
Community habitats (Directive 
92/43/EC) 

S-R 2013 

Area occupied by European Community 
habitats/Total area (mapped Corine Land 
Biotopes: 15.1, 15.5, 16,1, 16.21, 16.27, 
16.28, 18.22, 19, 21, 32.217, 33.6, 34.5, 
45.31A) 

Ecological Value S-R 2013 Habitat value for conservation purposes 

Ecological Sensitivity S-R 2013 Habitat sensitivity to the environmental 
variation 
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INDICATOR DPSIR 
CATEGORY

REFERENCE 
YEARS DESCRIPTION 

Anthropic Pressure I 2013 Estimation of the anthropic pressure 

Forest Fires area I 2002-2011 Area interested by Forest Fires/Total area 
ratio (period 2002-2011) 

Contaminated Sites I 2011 Presence of potentially contaminated sites 

Environmental Fragility I 2013 
Indicator resulting from the combination of 
the anthropic pressure and the ecological 
sensitivity 

Maritime Routes I 2012 Mean presence of boats-vessels in the 
area 

Artificial coastline R 2010 Artificial coastline (maritime defence 
works)/Total coastline ratio 

Coastal defense works R 2005 Presence of coastal defense works 

Concession areas for Touristic purpose 
in the Public Domain R 2011 Concession area/Total domain area ratio 

Site of National Interest  R 2012 Area occupied by Site of National 
Interest/Total area ratio  

Industrial discharges R 2013 Presence of industrial discharges 

Urban discharges (waste waters 
treatment plants) R 2012 Presence of wastewaters discharges 

Flood Hazard area R-S 2012 Flood hazard area/Total area ratio 

Landslide Hazard area R-S 2012 Landslide hazard area/Total area ratio 

 Hydrogeological risk area R-S 2012  Hydrogeological risk area/Total area ratio 

Bathing Waters R 2010 Bathing coast length/Total coast length 
ratio 

Marine Protected Areas R 2013 Marine Protected Area/Total marine area 
ratio 

Land Protected Areas R 2013 Land Protected Area/Total land area ratio 

Natura 2000 Areas R 2013 Natura 2000 Site area/Total area ratio 

Wetland of International Importance  R 2013 Wetland of International Importance 
area/Total area ratio 

 

In order to better discriminate the environmental status of the marine coastal zone subjected 
to different pressures, the study area has been divided in three sub areas. The three sub 
areas correspond to: A) the Marine Protected Area of Torre Guaceto; B) the southernmost 
area between the previous mentioned MPA and the urban and industrial area of Brindisi; C) 
the urban and industrial area of Brindisi. The sub area B is expected to be a “buffer” one 
between a potential low impacted area (MPA) and a potential high impacted area (urban and 
industrial area of Brindisi). The same chosen sub areas correspond also to three different 
marine-coastal water bodies identified by the Puglia Regional Government and monitored 
according to the European Community Water Framework Directive (2000/60/EC).  

The three chosen sub areas were further divided in fifteen sectors, nine located on the land 
side (AT1, AT2, AT3, BT1, BT2, BT3) and six located on the sea side (AM1, AM2, BM1, BM2, 
CM1, CM2). The limit for the terrestrial part was approximately 3 km inland from the coastline, 
while the limit for the marine part was approximately 2 km offshore (Figure 4-1).  
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Figure 4-1 Partition of the study area in the three sub-areas and the fifteen sectors 
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4.2 DPSIR indicators estimates 

The selected indicators have been calculated for the fifteen identified sectors (see Table 4-6). 
The results are reported in the following paragraphs, grouped by DPSIR category and briefly 
commented. When applicable, data and information elaborated for the estimation of the 
indicators have been mapped using a G.I.S. approach.  

4.2.1 Driving forces Indicators 

Total Population. The indicator has been considered as a driving force (D). It represents the 
number of citizens estimated by ISTAT (National Institute of Statistics) in the 2011. For the 
study area the estimation per sector was assumed as proportionate to the presence of 
residential buildings from the Regional Technical Map (CTR, 2006). The population resulted 
mostly concentrated in the urban and suburban area of Brindisi (sub area “C”), while low 
presence was calculated for the sectors AT1, AT2, AT3. 

Population Density. The indicator has been considered as a driving force (D). It represents the 
density of the population as the number of inhabitants per surface unit (inhabitants/km2). The 
most densely populated zones in the study area resulted the sectors BT1 and CT1 (Figure 
4-2). 

 

 

Figure 4-2 Population density in the fifteen sectors of the study area (elaboration ARPA 
Puglia, data from ISTAT, 2011) 
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Soil used for the Agriculture. The indicator has been considered both as a driving force (D) 
that a pressure (P). It represents the relative area occupied by the agricultural crops as listed 
in the Regional Technical Map (CTR, 2006): open field vegetable crops in greenhouses and 
under plastic in non-irrigated areas; temporary crops associated with permanent crops; 
orchards and small fruit, tree-lined meadows, wooded pastures, simple arable in non-irrigated 
areas, cropping systems and particle complexes, olive groves, vineyards. The maximum value 
of the indicator was found in the sector AT3, followed by BT3 and CT3. The indicator value 
highlighted a decreasing trend from inland to the coastline. 

Agriculture farms. The indicator has been considered both as a driving force (D) that a 
pressure (P). It represents the relative area occupied by the land use "productive agricultural 
settlements" (CTR, 2006). The maximum value of the indicator was found in the sector AT3, 
highlighting a decrease from inland to the coastline. Zero values of the indicator were 
estimated in the sectors close to the coast BT1 and CT1. 

Aquaculture plants. The indicator has been considered both as a driving force (D) that a 
pressure (P). It represents the number of the aquaculture farms in the study area. In the whole 
area only two aquaculture farms have been reported (API – Italian Aquaculture Association, 
2013), both in the CT1 sector. One of the two aquaculture farms is arranged as closed-loop 
control, the other is an intensive land-based plant. 

Touristic Infrastructures. The indicator has been considered as a driving force (D). It 
represents the number of touristic Infrastructures (Hotels, B&B, Residences, etc.) as available 
on the web (Google Earth, 2013). The higher values of the indicator were estimated for the 
sectors CT2 and CT1 (18 and 12 respectively). Lower or null values were estimated for the 
other sectors. 

Port infrastructures (berths). The indicator has been considered as a driving force (D). It 
represents the number of the berths available in the study area as reported by the Italian 
Ministry for the Infrastructures and Transport (Il Diporto nautico in Italia, 2011)”. The berths 
were reported in the sector CM1 only (n. 993), while they are lacking in the other sectors. 

Fishery Fleet. The indicator has been considered as a driving force (D). It represents the 
number of the fishing vessels in the study area as reported in the UE Fleet Register (2011). 
The number of fishery vessels was 249 in the CM1 and CM2 sectors, while it was 4 in the 
AM1 and AM2 sectors. No fishing vessels are registered for the sectors BM1 and BM2. 

Area occupied by industries-enterprises. The indicator has been considered as a driving force 
(D). It represents the ratio between the area occupied by the industries-enterprises and the 
total study area (industries-enterprises area/total area) (data ASI Brindisi, updated at 2013). 
The maximum value of the indicator (23.04%) was found in the sector CT1; positive values 
were estimated for other sectors of the sub area “C”, while the sub areas “A” and “B” 
highlighted zero values. 

Area occupied by traditional Energy Production Plants. The indicator has been considered 
both as a driving force (D) that a response (R). It represents the ratio between the area 
occupied by the traditional Energy Production Plants and the total study area (traditional 
Energy Production Plants area/total area). Input data came from “Annuario dei Dati 
Ambientali” (ISPRA, 2012). The higher values of the indicator were estimated for the sectors 
CT2, CT3 and CT1. The sub areas “A” and “B” highlighted zero values. 
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Energy Production Windmills. The indicator has been considered both as a driving force (D) 
that a response (R). It represents the number of Windmills in the study area as reported in the 
Regional Geographic Information System (SIT Puglia, 2012). Windmills were found in the 
sectors CT3 and CT2 only. 

Energy Production Photovoltaic System < 1 MW. The indicator has been considered both as a 
driving force (D) that a response (R). It represents the number of Energy Production 
Photovoltaic System < 1 MW in the study area as reported in the Regional Geographic 
Information System (SIT Puglia, 2012). The maximum value of the indicator (26) was found in 
the sector  BT3; positive values were estimated for other sectors of the sub areas “B” and “C”, 
while the sub area “A” highlighted zero values. 

Energy Production Photovoltaic System >1 MW. The indicator has been considered both as a 
driving force (D) that a response (R). It represents the number of Energy Production 
Photovoltaic System > 1 MW in the study area as reported in the Regional Geographic 
Information System (SIT Puglia, 2012). Energy Production Photovoltaic System >1 MW were 
found in the sectors CT3 (2) and CT2 (1) only. 

Area occupied by Energy Production Photovoltaic System < 1 MW. The indicator has been 
considered both as a driving force (D) that a response (R). It represents the ratio between the 
area occupied by photovoltaic systems < 1 MW and the total study area (Photovoltaic System 
< 1 MW area/total area). Input data came from the Regional Geographic Information System 
(SIT Puglia, 2012). The maximum value of the indicator was found in the sector  BT3 (3.01%); 
positive values were estimated for other sectors of the sub areas “B” and “C”, while the sub 
area “A” highlighted zero values. 

Area occupied by Energy Production Photovoltaic System > 1 MW. The indicator has been 
considered both as a driving force (D) that a response (R). It represents the ratio between the 
area occupied by photovoltaic systems > 1 MW and the total study area (Photovoltaic System 
> 1 MW area/total area). Input data came from the Regional Geographic Information System 
(SIT Puglia, 2012). Positive values of the indicator were found in the sectors CT3 and CT2 
only. 



  

 

  page 45/96 

4.2.2 Pressure Indicators 

Buildings areas. The indicator has been considered as a pressure (P). It represents the 
relative area occupied by buildings (buildings area/total study area). The indicator has been 
populated using the information from the Regional Technical Map 1:5000 (2006) and selecting 
all buildings in each sector. The "B" and "C" sub areas highlighted the higher values as a rule, 
increasing the value of the built-up zone close to the coastline (CT1 = 59.5%; BT1 = 23.6%). 
These results are probably related to the lack of planning in the previous decades, causing 
heavy changes in the coastal zone. 

Infrastructures. The indicator has been considered as a pressure (P). It represents the relative 
area occupied by infrastructures (infrastructures area/total study area). The infrastructures 
area (roadways, parking lots, etc.) was estimated from the land uses as reported in the 
Regional Technical Map (2006). The indicator highlighted an increasing trend of the area 
occupied by infrastructures from the sub area “A” to sub area “C”. 

Waste illegal dumping sites. The indicator has been considered as a pressure (P). It 
represents the number of the waste illegal dumping sites found in the study area. The 
information came from the  “PerimSiti” database (IRSA-CNR Bari, 2008). In the study area n. 
66 potential sites were surveyed (Figure 4-3). A total of 1.148 km2 and a volume of waste 
amounted to 167,571 m3 have been estimated. Higher values of the indicator were found in 
the sectors CT3, CT1 and BT3. No discharges were reported for the sectors AT1 and AT2.  

 

 

Figure 4-3 Presence and distribution of waste illegal dumping sites in the study area 
(from “PerimSiti” database, IRSA-CNR Bari - 2008) 
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Maritime Traffic. The indicator has been considered as a pressure (P). It represents the 
number of boats-vessels in or out the Brindisi port facilities during the year 2012 (data from 
“Avvisatore Marittimo del Porto di Brindisi srl”, 2012). The CM2 sector was the only one 
interested by the indicator, and the reported value was 9,892,484. 

Small Fishery Pressure. The indicator has been considered as a pressure (P). It represents a 
non-dimensional number that take account of the potential distribution of small fishing vessels 
in the study area. The values of the indicator, estimated from 2011 data, ranged from 40.1 
(sector AM1) to 54.4 (sector BM1) (Figure 4-4). 

 

 

Figure 4-4 Distribution probability of the small fishery pressure in the study area 
(elaboration from University of Salento- DiSTeBA) 

Fishery Catch Rates. The indicator has been considered as a pressure (P). It represents the 
catch rate (kg/year of fishery products) as reported for the year 2009 in the study area (Hydra 
Coop, 2009). The fishery catches value was 47584 kg/year in the CM1 and CM2 sectors, 
while it was 306 kg/year in the AM1 and AM2 sectors (in these last sectors the fishery is 
regulated according to the Marine Protected Area rules). 

Aquatic alloctonous species. The indicator has been considered as a pressure (P). It 
represents the number of alien species found in the water bodies of the investigated sectors 
(up to date at 2012). Non-indigenous species (alloctonous or alien species) is a species living 
outside its native distributional range, which has arrived there by human activity, either 
deliberate or accidental. In the marine-coastal water body AM1 two alloctonous species have 
been recorded: Caulerpa racemosa and Polydora Colonia. In the coastal water body BM2 the 
bivalve Anadara inaequivalvis has been found. In the marine-coastal water body CM1 three 
alloctonous species have been recorded: Caulerpa racemosa, Fabriciola ghardaga and 
Megalomma claperedei. 
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4.2.3 State Indicators 

Chlorophyll (Marine Waters). The indicator has been considered as a state (S). It represents 
the classification of the marine water quality status using the Chlorophyll “a” parameter 
(concentration as mg/m3) according to the threshold values reported in the D.M. nº 260 
08/11/2010. Monitoring chlorophyll levels is a direct way of tracking algal growth. Using the 
data from ARPA Puglia water bodies monitoring 2011, the metric linked to the concentration of 
Chlorophyll “a” classified all the marine sectors of the study area in an high ecological status. 

Carlit Index (Coastal Macroalgae Communities). The indicator has been considered as a state 
(S). It represents the classification of the marine water quality status using the CARLIT method 
(Cartography of littoral and upper-sublittoral benthic communities) applied at the Macroalgae 
population, according to the threshold values reported in the D.M. nº 260 08/11/2010. The 
CARLIT method has been applied to the sectors AM1 and BM1 (Figure 4-5-Figure 4-6). Using 
the data from ARPA Puglia water bodies monitoring 2011, the CARLIT index rated the 
ecological status of both sectors as good. 

 

Figure 4-5 The Application of the CARLIT method in the coastal zone of the AM1 sector 
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Figure 4-6 The Application of the CARLIT method in the coastal zone of the BM1 sector 

 

PREY Index (Posidonia oceanica). The indicator has been considered as a state (S). It 
represents the classification of the marine water quality status using the PREY Index 
(Posidonia oceanica Rapid Easy Index), according to the threshold values reported in the D.M. 
nº 260 08/11/2010. The PREI index is based on five metrics: shoot density, shoot leaf surface 
area, E/L ratio (epiphytic biomass/leaf biomass), depth of lower limit, and type of this lower 
limit. The PREI method has been applied to the sector AM1 only. Using the data from ARPA 
Puglia water bodies monitoring 2011, the result was of a good environmental status. 

M-AMBI Index (Marine Waters Benthic Macroinvertebrates). The indicator has been 
considered as a state (S). It represents the classification of the marine water quality status 
using the M-AMBI index (Multivariate-Azti Marine Biotic Index), according to the threshold 
values reported in the D.M. nº 260 08/11/2010. The M-AMBI value depends from the 
belonging of each macroinvertebrate taxon to a certain degree of tolerance. The M-AMBI 
method has been applied to the marine sectors of the sub-areas “B” and “C”. Using the data 
from ARPA Puglia water bodies monitoring 2011, the result of M-AMBI classified the sectors 
BM1, BM2, CM2 in an high ecological status while the sector CM1 as good. 

E-MaQI/R-MaQi Indices (Transitional Waters Macrophytes). The indicator has been 
considered as a state (S). It represents the classification of the transitional water quality status 
using the E-MaQI/R-MaQi Indices (Macrophyte quality index), according to the threshold 
values reported in the D.M. nº 260 08/11/2010. The MaQI index is based on the degree of 
coverage and presence of macroalgae species with high ecological values. The MaQI index 
has been applied to the sectors AT1 and CT1. Using the data from ARPA Puglia water bodies 
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monitoring 2011, the result of MaQi index classified the sector AT1 as moderate ecological 
status, while the sector CT1 was poor.  

M-AMBI Index (Transitional Waters Benthic Macroinvertebrates). The indicator has been 
considered as a state (S). It represents the classification of the transitional water quality status 
using the M-AMBI index (Multivariate-Azti Marine Biotic Index), according to the threshold 
values reported in the D.M. nº 260 08/11/2010. The M-AMBI value depends from the 
belonging of each macroinvertebrate taxon to a certain degree of tolerance. The M-AMBI 
method has been applied to the sectors AT1 and CT1. Using the data from ARPA Puglia water 
bodies monitoring 2011, the result of M-AMBI classified both the sectors AT1 and CT1 in a 
bad ecological status. 

BITS Index (Transitional Waters Benthic Macroinvertebrates). The indicator has been 
considered as a state (S). It represents the classification of the transitional water quality status 
using the BITS index (Benthic Index Based on Taxonomic Sufficiency), according to the 
threshold values reported in the D.M. nº 260 08/11/2010.  The BITS value depends from the 
belonging of each macroinvertebrate zoological family to a certain degree of tolerance. The 
BITS method has been applied to the sectors AT1 and CT1. Using the data from ARPA Puglia 
water bodies monitoring 2011, the result of BITS classified the sector AT1 as high ecological 
status, while the sector CT1 was good.  

ICMi Index (River Diatoms). The indicator has been considered as a state (S). It represents 
the classification of the river water quality status using the ICMi index (Intercalibration 
Common Metric Index), according to the threshold values reported in the D.M. nº 260 
08/11/2010.  The calculation of the ICMi is based on the tolerance of benthic diatoms species 
to the organic and trophic pollution. The ICMi method has been applied to the sectors of the 
sub areas “A” and “C”. Using the data from ARPA Puglia water bodies monitoring 2011, the 
result of ICMi classified the sectors of the sub area “A” as good ecological status, while the 
sectors of the sub area “C” as poor.  

IBMR Index (River Macrophytes). The indicator has been considered as a state (S). It 
represents the classification of the river water quality status using the IBMR index (Macrophyte 
Biological Index of River), according to the threshold values reported in the D.M. nº 260 
08/11/2010. The value of the indicator depends from the belonging of each macrophyte taxon 
to a certain degree of tolerance. The ICMi method has been applied to the sectors of the sub 
areas “A” and “C”. Using the data from ARPA Puglia water bodies monitoring 2011, the result 
of ICMi classified all the sectors of both the sub areas “A” and “C” as moderate ecological 
status. 

STAR_ICMi Index (River Benthic Macroinvertebrates). The indicator has been considered as a 
state (S). It represents the classification of the river water quality status using the STAR-ICMi 
index (STAR Multimetric Intercalibration Index), according to the threshold values reported in 
the D.M. nº 260 08/11/2010. The calculation of the IBMR is based on six metrics that provide 
information about the tolerance (one metric), the abundance (two metrics) and the diversity 
(three metrics) of the benthic macroinvertebrate taxa. The STAR-ICMi method has been 
applied to the sectors of the sub areas “A” and “C”. Using the data from ARPA Puglia water 
bodies monitoring 2011, the result of STAR-ICMi classified all the sectors of both the sub 
areas “A” and “C” as poor ecological status. 
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ISECI Index (River Fishes). The indicator has been considered as a state (S). It represents the 
classification of the river water quality status using the ISECI Index (Index of Ecological Status 
of Fish Assemblages), according to the threshold values reported in the D.M. nº 260 
08/11/2010. The calculation of the ISECI index is based both on the presence of non-
indigenous species and on biological condition of the fish assemblage. The ISECI method has 
been applied to the sectors of the sub areas “A” and “C”. Using the data from ARPA Puglia 
water bodies monitoring 2011, the result of ISECI classified the sectors of the sub area “A” as 
bad ecological status, while the sectors of the sub area “C” as poor. 

ICF Index (Lake Phytoplankton). The indicator has been considered as a state (S). It 
represents the classification of the lake water quality status using the ICF Index (Overall 
Phytoplankton Index), according to the threshold values reported in the D.M. nº 260 
08/11/2010.  The calculation of the ICF is based on the average biomass and taxonomic 
composition of phytoplankton assemblages in the lake water column. The ICF method has 
been applied to the sector CT3 only. Using the data from ARPA Puglia water bodies 
monitoring 2011, the result was of a good environmental status. 

Chemical Status - Marine Waters. The indicator has been considered as a state (S). It 
represents the classification of the marine water quality status using the compliance of 
chemicals concentration with respect to the threshold values reported in the D.M. nº 260/2010. 
The chemical status is expressed through a binary output: good (compliance) or not good. 
Using the data from ARPA Puglia water bodies monitoring 2011, the marine sectors of the sub 
area “C” achieved the good status while the sub areas “A” and “B” didn’t achieved it. 

Chemical Status - Transitional Waters. The indicator has been considered as a state (S). It 
represents the classification of the transitional water quality status using the compliance of 
chemicals concentration with respect to the threshold values reported in the D.M. nº 260 
08/11/2010. The chemical status is expressed through a binary output: good (compliance) or 
not good. Using the data from ARPA Puglia water bodies monitoring 2011, the sector CT1 
achieved the good status while the sector AT1 didn’t achieved it. 

Chemical Status - River Waters. The indicator has been considered as a state (S). It 
represents the classification of the river water quality status using the compliance of chemicals 
concentration with respect to the threshold values reported in the D.M. nº 260 08/11/2010. The 
chemical status is expressed through a binary output: good (compliance) or not good. Using 
the data from ARPA Puglia water bodies monitoring 2011, the sectors of the sub area “C” 
achieved the good status while the sectors of the sub area “A”  didn’t achieved it. 

Chemical Status - Lake Waters. The indicator has been considered as a state (S). It 
represents the classification of the lake water quality status using the compliance of chemicals 
concentration with respect to the threshold values reported in the D.M. nº 260 08/11/2010. The 
chemical status is expressed through a binary output: good (compliance) or not good. Only the 
sector CT3 was investigated; using the data from ARPA Puglia water bodies monitoring 2011, 
the same sector didn’t achieved the good status. 

Chemical Status - Marine Sediments. The indicator has been considered as a state (S). It 
represents the classification of the marine sediment quality status using the compliance of 
chemicals concentration with respect to the threshold values reported in the D.M. nº 260 
08/11/2010. The chemical status is expressed through a binary output: good (compliance) or 
not good. Using the data from ARPA Puglia water bodies monitoring 2011, all the marine 
sectors of the sub areas “A”, “B” and “C” achieved the good status. 
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Chemical Status - Transitional Sediments. The indicator has been considered as a state (S). It 
represents the classification of the transitional sediment quality status using the compliance of 
chemicals concentration with respect to the threshold values reported in the D.M. nº 260 
08/11/2010. The chemical status is expressed through a binary output: good (compliance) or 
not good. Using the data from ARPA Puglia water bodies monitoring 2011, the sector CT1 
achieved the good status while the sector AT1 didn’t achieved it. 

TRIX Index (Marine Waters Trophic Status). The indicator has been considered as a state (S). 
It represents the classification of the marine water quality status using the TRIX index, 
according to the threshold values reported in the D.M. nº 260 08/11/2010. The TRIX index 
includes the metrics: chlorophyll “a”, oxygen saturation, dissolved inorganic nitrogen (DIN) and 
total phosphorus. Using the data from ARPA Puglia water bodies monitoring 2011, the result 
of TRIX classified the sectors AM1, AM2, BM1, CM1, CM2 in a good ecological status while 
the sector BM2 as moderate. 

Phosphorous-Nitrogen-Oxygen (Transitional Waters Trophic Status). The indicator has been 
considered as a state (S). It represents the classification of the transitional water quality status 
using the dissolved inorganic nitrogen (DIN), the P-PO4 concentration and the number of 
Ipoxia events. The method has been applied to the sectors AT1 and CT1. Using the data from 
ARPA Puglia water bodies monitoring 2011, the results classified both the sectors AT1 and 
CT1 in a moderate ecological status. 

LIMeco Index (River Waters Trophic Status). The indicator has been considered as a state 
(S). It represents the classification of the river water quality status using the LIMeco Index, 
according to the threshold values reported in the D.M. nº 260 08/11/2010. The LIMeco index 
includes the metrics: N-NH4, N-NO3, P-tot and the oxygen saturation. The LIMeco method has 
been applied to the sectors of the sub areas “A” and “C”. Using the data from ARPA Puglia 
water bodies monitoring 2011, the result of LIMeco classified the sectors of the sub area “A” 
as bad ecological status, while the sectors of the sub area “C” as poor. 

LTLeco Index (Lake Waters Trophic Status). The indicator has been considered as a state (S). 
It represents the classification of the lake water quality status using the LTLeco Index, 
according to the threshold values reported in the D.M. nº 260 08/11/2010.  The LTLeco index 
includes the metrics: total phosphorus, transparency and the oxygen saturation. The LTLeco  
method has been applied to the sector CT3 only. Using the data from ARPA Puglia water 
bodies monitoring 2011, the result was of a moderate environmental status. 

Coastal Evolution (erosion-accretion). The indicator has been considered as a state (S). It 
represents the ratio between the coastal area subjected to erosion/accretion phenomena and 
the public domain area (erosion-accretion area/total domain area). The indicator values have 
been calculated from the coastline reference data reported in the Puglia Regional Coastal 
Plan and related to the years 1992 and 2005. The intersection of the two coastlines (1992 and 
2005) provided  surfaces with positive or negative values (erosion and accretion); these values 
have been considered significant if the differences were estimated larger than 10 m, otherwise 
the coastline was defined stable. The sectors CT1, AT1 and BT1 highlighted an erosion 
percentage of 3.2%, 1.6% and 0.1% respectively, while the sectors AM1, BM1 and CM1 
highlighted an accretion percentage of 46.0%, 28.4% and 16.2% respectively. 

Forest area. The indicator has been considered as a state (S). It represents the ratio between 
the area occupied by the forest and the total study area (forest area/total area). Five forest 
typologies from Corine Biotopes have been considered, utilizing data from “Carta della Natura” 
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at 1:50.000 scale (Table 4-2) (ARPA Puglia-ISPRA, 2013). The sectors characterized by the 
higher values of forest coverage were AT1 and BT1, but the whole study area amount at the 
very low value of 2.2%. 

 

Table 4-2 Forest coverage - Habitat Corine Biotopes - in the study area (from “Carta 
della Natura”, ARPA Puglia-ISPRA, 2013) 

Habitat Corine Biotopes Km2 

45.31A Southern Italian holm-oak forests 1,3108 

83.31 Conifer plantations 0,2505 

83.322 Eucalyptus plantations 0,3439 

83.325 Other broad-leaved tree plantations 0,5472 

85.1 Large parks 0,2835 

TOTAL 2,7359 

 

Bacteriological Quality Index (IQB).  The indicator has been considered both as a state (S) 
that an impact (I). It represents the classification of bathing water quality status using the 
Bacteriological Quality Index (IQB). The indicator is based on the frequency of appearance 
and concentration in the bathing waters of bacteria such as Escherichia coli and the faecal 
Enterococci. The IQB rates water quality as “Uncontaminated”, “Fair”, “Moderate”, 
“Contaminated” and “Heavily contaminated“. The IQB method has been applied to the sectors 
AM1, BM1 and CM1. Using the data from the ARPA Puglia bathing waters monitoring (2012), 
the result of the IQB method classified all the investigated sectors as “Uncontaminated” (Table 
4-3). 

 

Table 4-3 Bacteriological Quality Index classification of the investigated sectors in the 
study area 

Sector IQB Total score Class Bathing Water class quality 

AM1 141 5 Uncontaminated 

BM1 148 5 Uncontaminated 

CM1 150 5 Uncontaminated 

 

Vulnerability to Desertification. The indicator has been considered both as a state (S) that an 
impact (I). It represents the ratio between the area vulnerable to desertification and the total 
study area (high-very high vulnerability to desertification area/total area). The Environmentally 
Sensitive Areas (ESA) model developed within the MEDALUS project was applied, and the 
results highlighted percentages of vulnerability to desertification larger than 80% in all the 
sectors of the three sub-areas; in the sub areas “B” and “C” the percentage was 100%. 

Presence area of the European Community habitats (Directive 92/43/EC). The indicator has 
been considered both as a state (S) that a response (R). It represents the ratio between the 
area covered by the European Community habitats and the total study area (European 
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Community habitats area/total area). The data from “Carta della Natura” at 1:50.000 scale 
have been used, matching the Corine Biotopes and the Directive 92/43/EEC habitats (Table 
4-4) (ARPA Puglia-ISPRA, 2013). Thirteen Community habitats, including three priority ones 
(indicated in the table with an asterisk), have been found in the study area and mapped. The 
habitats occupied the 3.3% of the pilot area (4,14 square kilometres), the most represented 
the “Southern Italian holm-oak forests” followed by the “Mediterranean xeric grasslands”. The 
higher percentages of occupation were found in the coastal sectors AT1 (18.2%), BT1 (13.6%) 
and CT1 (11.1%). A single null value was recorded for the sector BT2, as mainly occupied by 
the town of Brindisi. 

 

Table 4-4 Coverage of the Corine Biotopes and the Community habitats in the study 
area (from “Carta della Natura”, ARPA Puglia-ISPRA, 2013) 

HABITAT CORINE BIOTOPES  HABITAT DIRECTIVE 92/43/EEC Km2 

15.1 Salt pioneer swards = 1310 Salicornia and other annuals colonizing 
mud and sand 0,1032 

15.5 Mediterranean salt meadows = 1410 Mediterranean salt meadows (Juncetalia 
maritimi) 0,322 

16.1 Sand beaches > 1210 Annual vegetation of drift lines 0,3553 

16.21 Shifting dunes > 2110 Embryonic shifting dunes 
2120 Shifting dunes along the shoreline with 
Ammophila arenaria (white dunes) 

0,0918 

16.27 Dune juniper thickets and 
woods 

= 2250* Coastal dunes with Juniperus spp. 
0,1466 

16.28 Dune sclerophyllous scrubs = 2260 Cisto-Lavenduletalia dune 
sclerophyllous scrubs 0,0138 

18.22 Mediterranean cliff 
communities 

< 1240 Vegetated sea cliffs of the 
Mediterraneancoasts with endemic Limonium 
spp. 

0,4857 

19 Islets and rock stacks < 1240 Vegetated sea cliffs of the 
Mediterranean coasts with endemic Limonium 
spp. 

0,0322 

21 Lagoons = 1150* Coastal lagoons 0,1861 

32.217 Coastal Helichrysum 
garrigues 

= 5320 Low formations of Euphorbia close to 
cliffs 0,016 

33.6 Italian Sarcopoterium 
spinosum phryganas 

< 5430 Endemic phryganas of the Euphorbio-
Verbascion 0,0812 

34.5 Mediterranean xeric 
grasslands 

< 6220* Pseudo-steppe with grasses and 
annuals of the Thero-Brachypodietea 0,9944 

45.31A Southern Italian holm-oak 
forests 

< 9340 Quercus ilex and Quercus rotundifolia 
forests 1,3108 

TOTAL 4,14 
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Ecological Value. The indicator has been considered both as a state (S) that a response (R).  
It represents the habitat value for conservation purposes. The priorities for habitat 
conservation are evaluated according to: 1) institutional values for the habitat already reported 
in the EU directives; 2) biodiversity of habitats; 3) landscape ecology (rarity of habitats, state of 
preservation, etc.).  The data from “Carta della Natura” at 1:50.000 scale have been used 
(ARPA Puglia-ISPRA, 2013). The Ecological Values ranges from “very low” to “high” (five 
classes). the highest Ecological Value (class 4 = high) was calculated for the sector AT1, the 
lowest (class 1 = very low) in the sector AT3. All the other sectors have been classified with a 
low Ecological Value as a mean (Figure 4-7). 

 

 

Figure 4-7 Ecological values mapping in the study area 

 

Ecological Sensitivity. The indicator has been considered both as a state (S) that a response 
(R). It represents the habitat sensitivity to the environmental variation. The Ecological 
Sensitivity highlights the potential risks of deterioration of an habitat populated by threatened 
animal, plant species, or with sensitive structural features. The sensitivity expresses the 
vulnerability of an habitat to be impacted, regardless of the anthropogenic pressures it is 
subjected to. The data from “Carta della Natura” at 1:50.000 scale have been used (ARPA 
Puglia-ISPRA, 2013). The Ecological Sensitivity ranges from “very low” to “high” (five classes). 
All the sectors of the study areas were classified in the class “very low” as a mean, although 
the detailed mapping of the Ecological Sensitivity values highlighted differentiated situations at 
local level (Figure 4-8). 
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Figure 4-8 Ecological Sensitivity mapping in the study area 
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4.2.4 Impact Indicators 

Anthropic Pressure. The indicator has been considered as an impact (I). It represents the 
indirect estimate of the degree of the environmental disturbance due to the human presence 
and activities in the study area (urbanization, industrialization, resources exploitation, etc.). 
The data from “Carta della Natura” at 1:50.000 scale have been used (ARPA Puglia-ISPRA, 
2013). The Anthropic Pressure ranges from “very low” to “high” (five classes). All the sectors 
of the study areas were classified in the class “3=medium” as a mean, although the detailed 
mapping of the Anthropic Pressure values highlighted differentiated situations at local level 
(Figure 4-9). 

 

 

Figure 4-9 Anthropic Pressure mapping in the study area 

 

Forest Fires area. The indicator has been considered as an impact (I). It represents the ratio 
between the area interested by forest fires and the total study area in the period 2002-2011 
(data source: Corpo Forestale dello Stato). The indicator highlighted positive values for the 
sectors AT1, AT2 and CT2. The same sectors are interested by the presence of protected 
areas. 

Contaminated Sites. The indicator has been considered as an impact (I). It represents the 
number of the potentially contaminated sites by xenobiotic chemicals (human-made) or other 
alteration of the natural soil in the study area (data from Puglia Regional Environment Office, 
2011). Contaminated sites were found in the sectors CT3 and CT2 only. 
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Environmental Fragility. The indicator has been considered as an impact (I). It results from the 
combination of the anthropic pressure and the ecological sensitivity indicators, as reported in 
the Table 4-5. The data from “Carta della Natura” at 1:50.000 scale have been used (ARPA 
Puglia-ISPRA, 2013). The Environmental Fragility ranges from “very low” to “high” (five 
classes). All the sectors of the study areas were classified in the class “very low” as a mean, 
although the detailed mapping of the Environmental Fragility values highlighted differentiated 
situations at local level (Figure 4-10). 

 

Table 4-5 Matrix table for the estimation of the Environmental Fragility classes 

 

 

Figure 4-10 Environmental Fragility mapping in the study area 
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Maritime Routes. The indicator has been considered as an impact (I). It represents the mean 
presence per surface unit of boats-vessels in the study area (number of vessels/km2). Raw 
data have been provided by Marine Traffic.com (2012). The highest value of the indicator was 
estimated in the sector CM1 (1481 vessels/km2); low or very low numbers were estimated for 
the sectors CM2, BM1, BM2 and AM2, while null value was reported for the  sector AM1 
(Figure 4-11). 

 

 

Figure 4-11 Distribution of vessels in the study area during the year 2012 (data source: 
Marine Traffic.com) 
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4.2.5 Response Indicators 

Artificial coastline. The indicator has been considered as a response (R). It represents the 
ratio between the coastline interested by maritime defence works and the total coastline in the 
study area (artificial coastline/total coastline) (coastline redraw according to the orthophotos 
2010). The higher percentage of artificial coastline (35%) was reported for the sector CT1. 

Coastal defense works. The indicator has been considered as a response (R). It represents 
the number of coastal defense interventions in the study area as reported in the Regional 
Coast Plan (data updated at 2005). The highest value of the indicator was reported for the 
sector CM1 (approx. one defense structure every two kilometres of coastline). 

Concession areas for Touristic purpose in the Public Domain. The indicator has been 
considered as a response (R). It represents the ratio between the coastal area granted for 
touristic purposes and the public domain in the study area (concession area/total domain 
area). Raw data have been provided by the Municipalities of Brindisi and Carovigno (2011). 
The indicator highlighted positive although low values for the sectors BT1 (5.1%) and AT1 
(3.4%) only.  

Site of National Interest.  The indicator has been considered as a response (R). It represents 
the ratio between the area delimited as "Site of National Interest" (needing remediation due to 
the contamination) by the Ministerial Decree dated 10 January 2000 and the total study area 
(Site of National Interest area/total area) (data updated at 2012). The higher values of the 
indicator were reported for the sectors of the sub area “C” (Figure 4-12). 

 

 

Figure 4-12 Sites of National Interest in the study area (data source: Regione Puglia) 
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Industrial discharges. The indicator has been considered as a response (R). It represents the 
number of industrial discharges points in the study area as reported by the Regional Focal 
Point (PFR, 2013). Industrial discharges were reported for the sector CM1 only (10 discharge 
points). 

Urban discharges (waste waters treatment plants). The indicator has been considered as a 
response (R). It represents the number of urban discharges points in the study area as 
reported by the Regional Focal Point (PFR, 2012). Urban discharges were reported for the 
sectors AT2 (1) and CT2 (1) only. 

Flood Hazard area. The indicator has been considered both as a response (R) that a state (S). 
It represents the ratio between the area codified at risk of flood event and the total study area 
(flood hazard area/total area). The flood hazard was mapped by the “Autorità di Bacino” of the 
Puglia Region (2011). The sectors resulted at higher percentage of flood hazard were CT1 
and CT2 (Figure 4-13). 

 

 

Figure 4-13 Flood Hazard mapping in the study area (data source: Autorità di Bacino 
della Puglia) 

 

Landslide Hazard area. The indicator has been considered both as a response (R) that a state 
(S). It represents the ratio between the area codified at risk of landslide event and the total 
study area (landslide hazard area/total area). The landslide hazard was mapped by the 
“Autorità di Bacino” of the Puglia Region (2011). The sectors resulted at higher percentage of 
landslide hazard were AT1 and BT1 (Figure 4-14). 
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Figure 4-14 Landslide Hazard mapping in the study area (data source: Autorità di 
Bacino della Puglia) 

 

Hydrogeological risk area. The indicator has been considered both as a response (R) that a 
state (S). It represents the ratio between the area codified at hydrogeological risk and the total 
study area (hydrogeological risk area/total area). The hydrogeological risk was mapped by the 
“Autorità di Bacino” of the Puglia Region (2011). The sector resulted at higher percentage of 
hydrogeological risk was CT1. Lower indicator values were estimated for the sectors BT1 and 
CT2 (Figure 4-15). 
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Figure 4-15 Hydrogeological risk mapping in the study area (data source: Autorità di 
Bacino della Puglia) 

 

Bathing Waters. The indicator has been considered as a response (R). It represents the ratio 
between the bathing coast length and the total coast length in the study area (bathing coast 
length/total coast length). Bathing is not permitted in the port areas, the military areas, the 
zones "A" of marine protected area, and in the areas not suitable due to the pollution (inputs of 
streams and urban and industrial discharges). As prescribed by the D.Lgs. 116/2008, the 
bathing areas have been officially defined by the Puglia Region (2010). According to the 
specific designation, in the study area the higher percentage of bathing coast resulted for the 
sector BM1 (86.9%); the indicator value for the sectors AM1 and CM1 was 69.0% and 18.7% 
respectively. 

Marine Protected Areas. The indicator has been considered as a response (R). It represents 
the ratio between the marine area subject to protection rules (nature reserves, parks) and the 
total marine study area (marine protected area/total marine area) (data from Puglia Regional 
Office “Parks and Biodiversity protection”, updated at 2013). The indicator highlighted positive 
values for the sectors AM1 (97.0%) and AM2 (92.1%) only. 

Land Protected Areas. The indicator has been considered as a response (R). It represents the 
ratio between the terrestrial area subject to protection rules (nature reserves, parks) and the 
total terrestrial study area (land protected area/total land area) (data from Puglia Regional 
Office “Parks and Biodiversity protection”, updated at 2013). The higher values of the indicator 
were reported for the sectors of the sub area “A”; intermediate values were estimated for the 
sub area “C” , while the “B” sub area highlighted null values. 
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Natura 2000 Areas. The indicator has been considered as a response (R). It represents the 
ratio between the presence and magnitude of Natura 2000 Sites (Sites of Community 
Importance and Special Protection Areas) and the total study area (Natura 2000 Site area/total 
area) (data from Puglia Regional Office “Parks and Biodiversity protection”, updated at 2013). 
The higher values of the indicator were reported for the sectors of the sub area “A”, while 
intermediate and lower values were estimated for the sub areas “B” and “C”. 

Wetland of International Importance. The indicator has been considered as a response (R). It 
represents the ratio between the presence and magnitude of Wetlands of International 
Importance (as defined by the Ramsar Convention) and the total study area (Wetland of 
International Importance area/total area) (data from Puglia Regional Office “Parks and 
Biodiversity protection”, updated at 2013). Positive values of the indicator were reported for 
the sectors AT1 and AT2 only, while null values were estimated for the sub areas “B” and “C”. 

All the results from the calculation of the 70 indicators have been summarized and reported 
using proper units in the Table 4-6. 
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Table 4-6 Indicators values for the fifteen sectors in the study area (grey cells: not applicable or data lacking/not available) 

 
   SECTORS 

INDICATOR DPSIR 
CATEGORY UNIT AT3 AT2 AT1 AM1 AM2 BT3 BT2 BT1 BM1 BM2 CT3 CT2 CT1 CM1 CM2 

Total Population D Number of 
inhabitants 1092 287 71     7176 2876 7096     17568 15616 12144     

Population Density D Number of 
inhabitants/km2 82 63 34     285 329 1653     420 909 1473     

Soil used for the 
Agriculture D-P % 91.5% 74.4% 29.0%     84.7% 68.6% 38.5%     66.3% 36.3% 17.0%     

Agriculture farms  D-P % 0.9% 0.5% 0.1%     0.4% 0.4% 0.0%     0.3% 0.2% 0.0%     

Aquaculture plants D-P Number 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 

Touristic 
Infrastructures D Number 1 1 1     2 0 0     1 18 12     

Port infrastructures 
(berths) D Number       0 0       0 0       993 0 

Fishery Fleet D Number       4 4       0 0       249 249 

Area occupied by 
industries-enterprises D % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 8.9% 14.6% 23.0% 4.6% 0.0% 

Area occupied by 
traditional Energy 
Production Plants 

D-R % 0.0% 0.0% 0.0%     0.0% 0.0% 0.0%     2.0% 9.1% 7.0%     

Energy Production 
Windmills  D-R Number 0 0 0 0 0 0 0 0 0 0 10 5 0 0 0 

Energy Production 
Photovoltaic System < 

1 MW 
D-R Number 0 0 0 0 0 26 3 0 0 0 8 1 8 0 0 
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   SECTORS 

INDICATOR DPSIR 
CATEGORY UNIT AT3 AT2 AT1 AM1 AM2 BT3 BT2 BT1 BM1 BM2 CT3 CT2 CT1 CM1 CM2 

Energy Production 
Photovoltaic System 

>1 MW 
D-R Number 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 

Area occupied by 
Energy Production 

Photovoltaic System < 
1 MW 

D-R % 0.0% 0.0% 0.0% 0.0% 0.0% 3.0% 0.2% 0.0% 0.0% 0.0% 0.4% 0.0% 1.0% 0.0% 0.0% 

Area occupied by 
Energy Production 

Photovoltaic System > 
1 MW 

D-R % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.0% 1.1% 0.0% 0.0% 0.0% 

Buildings areas  P % 3.8% 7.0% 1.4%     9.7% 25.5% 26.6%     24.4% 51.8% 59.5%     

Infrastructures P % 1.5% 6.0% 0.7%     4.1% 15.1% 8.0%     3.4% 8.7% 21.6%     

Waste illegal dumping 
sites P Number 4 0 0     13 6 6     26 3 13     

Maritime Traffic P Number       0 0       0 0       0 9,892,484 

Small Fishery 
Pressure P Non-dimensional 

number       40.1 40.4       54.4 52.0       52.8 49.0 

Fishery Catch Rates P kg/years       306 306                 47584 47584 

Aquatic alloctonous 
species P Number       2 0       0 1       3 0 

Chlorophyll (Marine 
Waters) S 5=High; 4=Good; 

3=Moderate        5 5       5 5       5 5 

Carlit Index (Coastal 
Macroalgae 

Communities) 
S 5=High; 4=Good; 

3=Moderate        4         4             

PREY Index 
(Posidonia oceanica) S 

5=High; 4=Good; 
3=Moderate; 2=Poor; 

1=Bad  
      3                       
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   SECTORS 

INDICATOR DPSIR 
CATEGORY UNIT AT3 AT2 AT1 AM1 AM2 BT3 BT2 BT1 BM1 BM2 CT3 CT2 CT1 CM1 CM2 

M_AMBI Index (Marine 
Waters Benthic 

Macroinvertebrates)  
S 

5=High; 4=Good; 
3=Moderate; 2=Poor; 

1=Bad  
                5 5       4 5 

E-MaQI/R-MaQi 
Indices (Transitional 

Waters Macrophytes) 
S 

5=High; 4=Good; 
3=Moderate; 2=Poor; 

1=Bad  
    3                   4     

M_AMBI Index 
(Transitional Waters 

Benthic 
Macroinvertebrates)  

S 
5=High; 4=Good; 

3=Moderate; 2=Poor; 
1=Bad  

    1                   1     

BITS Index 
(Transitional Waters 

Benthic 
Macroinvertebrates)  

S 
5=High; 4=Good; 

3=Moderate; 2=Poor; 
1=Bad  

    5                   4     

ICMi Index (River 
Diatoms) S 

5=High; 4=Good; 
3=Moderate; 2=Poor; 

1=Bad  
4 4 4               2 2 2     

IBMR Index (River 
Macrophytes) S 

5=High; 4=Good; 
3=Moderate; 2=Poor; 

1=Bad  
3 3 3               3 3 3     

STAR_ICMi Index 
(River Benthic 

Marcoinvertebrates) 
S 

5=High; 4=Good; 
3=Moderate; 2=Poor; 

1=Bad  
2 2 2               2 2 2     

ISECI Index (River 
Fishes) S 

5=High; 4=Good; 
3=Moderate; 2=Poor; 

1=Bad  
1 1 1               2 2 2     

ICF Index (Lake 
Phytoplankton) S 

5=High; 4=Good; 
3=Moderate; 2=Poor; 

1=Bad  
                    4         

Chemical Status - 
Marine Waters S 1=Good; 0=Not good       0         0         1   
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   SECTORS 

INDICATOR DPSIR 
CATEGORY UNIT AT3 AT2 AT1 AM1 AM2 BT3 BT2 BT1 BM1 BM2 CT3 CT2 CT1 CM1 CM2 

Chemical Status - 
Transitional Waters S 1=Good; 0=Not good     0                   1     

Chemical Status - 
River Waters S 1=Good; 0=Not good 0 0 0               1 1 1     

Chemical Status - 
Lake Waters S 1=Good; 0=Not good                     0         

Chemical Status - 
Marine Sediments S 1=Good; 0=Not good       1 1       1 1       1 1 

Chemical Status - 
Transitional Sediments S 1=Good; 0=Not good     0                   1     

TRIX Index (Marine 
Waters Trophic Status) S 4=Good; 3=Moderate       4 4       4 3       4 4 

Phosphorous-
Nitrogen-Oxigen 

(Transitional Waters 
Trophic Status) 

S 4=Good; 3=Moderate     3                   3     

LIMeco Index (River 
Waters Trophic Status) S 

5=High; 4=Good= 4; 
3=Moderate; 2=Poor; 

1=Bad  
1 1 1               2 2 2     

LTLeco Index (Lake 
Waters Trophic Status) S 5=High; 4=Good; 

3=Moderate                      3         

Coastal Evolution 
(erosion-accretion) S %     -1.6% 46.0%       -0.1% 28.4%       -3.2% 16.2%   

Forest area S % 0.9% 3.3% 10.1%     1.9% 0.9% 7.9%     2.6% 0.8% 1.6%     

Bacteriological Quality 
Index (IQB)  S-I 

5=Uncontaminated; 
4=Fair; 3=Moderate; 

2=Contaminated; 
1=Heavily 

contaminated 

      5         5         5   
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   SECTORS 

INDICATOR DPSIR 
CATEGORY UNIT AT3 AT2 AT1 AM1 AM2 BT3 BT2 BT1 BM1 BM2 CT3 CT2 CT1 CM1 CM2 

Vulnerability to 
Desertification S-I % 83.5% 84.2% 100.0%     100.0% 100.0% 100.0%     100.0% 100.0% 100.0%     

Presence area of the 
European Community 

habitats (Directive 
92/43/EC) 

S-R % 3.0% 1.9% 18.2%     1.7% 0.0% 13.6%     1.6% 2.3% 11.1%     

Ecological Value S-R 
5= very high; 4= high; 

3=medium; 2=low; 
1=very low 

3 2 2     3 2 2     3 2 2     

Ecological Sensitivity S-R 
5= very high; 4= high; 

3=medium; 2=low; 
1=very low 

2 1 1     1 1 2     1 1 2     

Anthropic Pressure I 
5= very high; 4= high; 

3=medium; 2=low; 
1=very low 

3 3 3     3 3 3     3 3 3     

Forest Fires area I % 0.0% 0.2% 0.5%     0.0% 0.0% 0.0%     0.0% 0.1% 0.0%     

Contaminated Sites I Number 0 0 0     0 0 0     1 3 0     

Environmental Fragility I 
5= very high; 4= high; 

3=medium; 2=low; 
1=very low 

1 1 2     1 1 2     1 2 2     

Maritime Routes I number of 
vessels/km2       0 3       7 4       1481 56 

Artificial coastline R %     2.1% 0.0%       2.0% 0.0%       34.6% 0.0%   

Coastal defense works R Number       1 0       2 0       12 0 

Concession areas for 
Touristic purpose in 
the Public Domain 

R % 0.0% 0.0% 3.4%     0.0% 0.0% 5.1%     0.0% 0.0% 0.0%     

Site of National 
Interest  R % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.9% 13.1% 5.1% 66.5% 65.5% 70.1% 98.1% 92.7% 
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   SECTORS 

INDICATOR DPSIR 
CATEGORY UNIT AT3 AT2 AT1 AM1 AM2 BT3 BT2 BT1 BM1 BM2 CT3 CT2 CT1 CM1 CM2 

Industrial discharges R Number 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 

Urban discharges 
(waste waters 

treatment plants) 
R Number 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 

Flood Hazard area R-S % 0.9% 0.0% 0.0%     0.3% 2.4% 2.1%     0.1% 6.1% 5.1%     

Landslide Hazard area R-S % 0.0% 0.5% 13.5% 0.5%   0.0% 0.0% 11.7% 0.2%   0.0% 0.0% 4.4% 0.4%   

 Hydrogeological risk 
area R-S % 0.1% 0.0% 0.0%     0.0% 0.0% 1.4%     0.7% 1.2% 2.5%     

Bathing Waters R %       69.0%         86.9%         18.7%   

Marine Protected 
Areas R %       97.0% 92.1%       0.0% 0.0%       0.0% 0.0% 

Land Protected Areas R % 43.7% 73.3% 82.1%     0.0% 0.0% 0.0%     25.6% 26.2% 25.1%     

Natura 2000 Areas R % 0.0% 37.2% 72.5% 72.9% 100.0% 0.7% 2.3% 3.5% 20.6% 43.7% 1.3% 5.2% 16.0% 1.1% 38.6% 

Wetland of 
International 
Importance  

R % 0.0% 3.5% 56.5%     0.0% 0.0% 0.0%     0.0% 0.0% 0.0%     
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4.3 DPSIR result analysis 

Once the DPSIR indicators values have been estimated, the analysis of the distribution of 
DPSIR categories (Drivers, Pressures, State, Impact, Responses) acting on the study area 
was done through different steps. Before the analysis, data have been normalized between 0 
and 100 according to the following procedure. For each indicator (E in the example) the 
normalized value of ei for variable E in the ith row is calculated as: 

 

Where:  

Emin = the minimum value for variable E 

Emax = the maximum value for variable E 

 

Following, the indicators included in the Driver and Pressure categories were grouped 
together as stressors acting on the system (D_P), while State and Impact indicators were 
grouped (S_I) as reactions of the system to the stressors. The decision of the reduction of 
DPSIR categories from five to three was supported from the considerations reported below:  

• make easier the interpretation of cause-effect relation between the Drivers-Pressures 
and the State-Impact; 

• several indicators belong to more than one category (for example Soil used for the 
Agriculture, Driver and Pressure; Vulnerability to Desertification, State and Impact); 

• In this exercise we were dealing with 70 indicators. The grouping of categories was 
decided in order to minimize the possibility of confused and misleading results. 

Moreover, within the categories D_P, S_I and R, the indicators were assigned to different sub-
groups. For category D_P the sub-groups are: Agriculture, Aquaculture, Energy Production, 
Fishery and Maritime traffic, Industry, Non Indigenous Species, Tourism, Urbanization and 
Infrastructure. For category S_I the sub-groups are: Environmental Goods, Environmental 
Risk, Environmental Status, Marine Mobility and Infrastructure, Pollution. For Responses, the 
sub-groups are Environmental conservation, Coastal Protection, Pollution Control Measures, 
Bathing Tourism (Table 4-7). 
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Table 4-7 Assignment of the 70 selected indicators to the DPSIR sub-groups 
DSPIR 

Category Sub-group Indicator 

D_P Agriculture Agriculture farms  

   Soil used for the Agriculture 

 Aquaculture Aquaculture plants 

 Energy production Area occupied by Energy Production Photovoltaic 
System < 1 MW 

   Area occupied by Energy Production Photovoltaic 
System > 1 MW 

   Area occupied by traditional Energy Production 
Plants 

   Energy Production Photovoltaic System < 1 MW 

   Energy Production Photovoltaic System >1 MW 

   Energy Production Windmills  

 Fishery and Maritime traffic Fishery Catch Rates 

   Fishery Fleet 

   Maritime Traffic 

   Small Fishery Pressure 

 Industry Area occupied by industries-enterprises 

 Non_indigenous_species Aquatic alloctonous species 

 Tourism Touristic Infrastructures 

 Urbanization - Infrastructure Buildings areas  

   Infrastructures 

   Population Density 

   Port infrastructures (berths) 

   Total Population 

   Waste illegal discharges 

S_I Environmental goods Ecological Value 

   Forest area 

 Environmental risk Anthropic Pressure 

   Coastal Evolution (erosion-accretion) 

   Ecological Sensitivity 

   Environmental Fragility 

   Flood Hazard area 

   Forest Fires area 

  Hydrogeological risk area 

  Landslide Hazard area 

   Vulnerability to Desertification 

 Environmental status Bacteriological Quality Index (IQB)  

   BITS Index (Transitional Waters Benthic 
Macroinvertebrates)  

   Carlit Index (Coastal Macroalgae Communities) 

   Chemical Status - Lake Waters 
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DSPIR 
Category Sub-group Indicator 

   Chemical Status - Marine Sediments 

   Chemical Status - Marine Waters 

   Chemical Status - River Waters 

   Chemical Status - Transitional Sediments 

   Chemical Status - Transitional Waters 

   Chlorophyll (Marine Waters) 

   E-MaQI/R-MaQi Indices (Transitional Waters 
Macrophytes) 

   IBMR Index (River Macrophytes) 

   ICF Index (Lake Phytoplankton) 

   ICMi Index (River Diatoms) 

   ISECI Index (River Fishes) 

   LIMeco Index (River Waters Trophic Status) 

   LTLeco Index (Lake Waters Trophic Status) 

   M_AMBI Index (Marine Waters Benthic 
Macroinvertebrates)  

   M_AMBI Index (Transitional Waters Benthic 
Macroinvertebrates)  

   Phosphorous-Nitrogen-Oxigen (Transitional Waters 
Trophic Status) 

   PREY Index (Posidonia oceanica) 

   STAR_ICMi Index (River Benthic 
Macroinvertebrates) 

   TRIX Index (Marine Waters Trophic Status) 

 Marine mobility and 
infrastructure Maritime Routes 

 Pollution Contaminated Sites 

R Environmental conservation Land Protected Areas 

   Marine Protected Areas 

   Natura 2000 Areas 

   Presence area of the European Community habitats 
(Directive 92/43/EC) 

   Wetland of International Importance  

 Coastal protection Artificial coastline 

   Coastal defense works 

 Pollution control measures Industrial discharges 

   Site of National Interest  

   Urban discharges (waste waters treatment plants) 

 Bathing Tourism Bathing Waters 

   Concession areas for Touristic purpose in the Public 
Domain 
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4.3.1 Identification of multiple Driver and Pressure 

For each sector, average values of normalized indicators for the Driver-Pressure group have 
been calculated (Table 4-8). The values were averaged for each sub-group.  

 

Table 4-8 Average values of Driver and Pressure indicators for each sub-group in the 15 
sectors of the study area 
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AT3 100% 0% 0%  0%  6% 6% 

AT2 64% 0% 0%  0%  6% 8% 

AT1 13% 0% 0%  0%  6% 0% 

AM1  0% 0% 0% 0% 67%  0% 

AM2  0% 0% 1% 0% 0%  0% 

BT3 68% 0% 33%  0%  11% 27% 

BT2 58% 0% 3%  0%  0% 33% 

BT1 17% 0% 0%  0%  0% 48% 

BM1  0% 0% 33% 0% 0%  0% 

BM2  0% 0% 28% 0% 33%  0% 

CT3 48% 0% 61%  39%  6% 55% 

CT2 23% 0% 43%  63%  100% 56% 

CT1 0% 100% 24%  100%  67% 82% 

CM1  0% 0% 72% 20% 100%  100% 

CM2  0% 0% 91% 0% 0%  0% 
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Principal Component Analysis was performed in order to determine the covariation of multiple 
stressors (Driver-Pressure indicators) and the distribution of multiple stressors respect to the 
sectors and to the sub areas considered (Figure 4-16). Much of the Drivers-Pressures such as 
Energy production, Industry, Aquaculture, Urbanization and Infrastructure are concentrated in 
the same portion of the study area, namely the sub area “C”. The sub area “C” is the most 
populated zone of the study pilot area (Urbanization and Infrastructure sub-groups) and the 
other stressors (in particular industry) are directly related to the density of inhabitants. 

In the same sub area “C”, the sea sectors CM1 and CM2 are the most affected from marine 
related driver-pressure indicators (sub-group Fishery and Maritime traffic). 

Among the sub areas “A” and “B”, the sectors AT3 and BT3 suffer an high incidence of 
agricultural activities.  

 

 

 

Figure 4-16 Principal Component Analysis of Driver-Pressure indicators. Cumulative 
variance explained from the first (40.3%) and the second (20.9%) axis is 61.2 % 

 

The analysis don’t highlight a clear distinction between sub areas “A” and “B” in relation to the 
distribution of drivers-pressures, at least from the quantitative aspect, both for the  terrestrial 
zone (AT, BT, CT) that for the marine zone (AM, BM, CM) (Figure 4-17).  

Nevertheless, the effect of the restriction regime imposed by both the Torre Guaceto Natural 
Reserve and the Marine Protected Area reduces some human related drivers-pressure like 
Urbanization and Infrastructure, Energy production and Fishery and Maritime traffic. 
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Figure 4-17 Percentage distribution of the Driver-Pressure indicators for each sub-
group in the 15 sectors of the study area 
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Moreover, in order to evaluate the strengthens of Driver-Pressure respect to the distance from 
the coastline, average values of indicators among sub areas (mean  A+B+C) have been 
calculated for each longitudinal stripe (Figure 4-18). 

The analysis of impact through longitudinal stripes highlights different patterns. A decrease of 
agricultural activity from inland toward the marine area is clear such as the pressures linked to 
the production of energy. The drivers-pressures belonging to the sub-group “Industry” show an 
opposite pattern, with higher values in the first 300 m strip from the coastline. A non linear 
model is expressed from the sub-group “Tourism”, highlighting higher values of drivers-
pressures in the stripe between 300 m and 1 km from the coastline. 

The drivers-pressures that characterize the marine stripes (M1 and M2) affect the coastal area 
more than the offshore area. The sub-groups “Fishery and Maritime Traffic” and “Non 
indigenous species” show higher values in the coastal marine area than in the offshore marine 
area and the “Urbanization and Infrastructure” and “Industry” related drivers-pressures are 
present exclusively in the marine coastal zone. 

 

 

Figure 4-18 Average values (average A+B+C) of Driver-Pressure indicators for each 
sub-group in the five longitudinal stripes (the width of each longitudinal stripe, as 
distance from the coastline, is reported in the figure) 
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4.3.2 Analysis of State and Impact  

For each sector, average values of indicators for the State-Impact group have been calculated 
(Table 4-9). The values were averaged for each sub-group.  

 

Table 4-9 Average values of the State-Impact indicators for each sub-group in the 15 
sectors of the study area 

Su
b-

gr
ou

p 

E
nv

iro
nm

en
ta

l g
oo

ds
 

E
nv

iro
nm

en
ta

l r
is

k 

E
nv

iro
nm

en
ta

l s
ta

tu
s 

M
ar

in
e 

m
ob

ilit
y 

an
d 

in
fra

st
ru

ct
ur

e 

P
ol

lu
tio

n 

AT3 51% 23% 33%  0% 
AT2 13% 14% 33%  0% 
AT1 50% 51% 33%  0% 
AM1  52% 77% 0%  
AM2   100% 0%  
BT3 56% 21%   0% 
BT2 1% 25%   0% 
BT1 38% 60%   0% 
BM1  33% 83% 0%  
BM2   75% 0%  
CT3 60% 25% 60%  33% 
CT2 0% 54% 67%  100% 
CT1 4% 64% 67%  0% 
CM1  21% 83% 100%  
CM2   100% 4%  

 

Principal Component Analysis was performed in order to determine the covariation of State-
Impact indicators and their distribution respect to the sub area considered (Figure 4-19). The 
distribution of indicators shows that the marine sectors are in many cases characterized by 
higher values of Environmental status respect to the land ones. The land sectors of the sub 
area “C” (mainly the sectors CT1 and CT2) highlight the higher level of pollution (Figure 4-20). 
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The environmental risk is present in all the three sub areas, with higher values in 
correspondence of the stripes close to the coastline (T1 and M1).  

In order to evaluate the distribution of State-Impact indicators respect to the distance from the 
coastline, the average values of indicators among sub areas (mean A+B+C) have been 
calculated for each longitudinal stripe (Figure 4-21). The distribution of sub-groups indicators 
among stripes underlines the higher values of environmental status in the marine area respect 
to the terrestrial one. Moreover, the presence of contaminated sites has been registered only 
in the terrestrial stripes T3 and T2. 

 

 

Figure 4-19 Principal Component Analysis of State-Impact indicators. Cumulative 
variance explained from the first (31.7%) and the second (27.0%) axis is 58.7 % 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

  page 79/96 

      

 

Figure 4-20 Percentage distribution of the State-Impact indicators for each sub-group in 
the 15 sectors of the study area 
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Figure 4-21 Average values (average A+B+C) of State-Impact indicators for each sub-
group in the five longitudinal stripes (the width of each longitudinal stripe, as distance 
from the coastline, is reported in the figure) 
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4.3.3 Analysis of the Response 

For each sector, average values of indicators for the Response category have been calculated 
(Table 4-10). The values were averaged for each sub-group.  

 

Table 4-10 Average values of Response indicators for each sub-group in the 15 sectors 
of the study area 
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AT3 17%  0% 0% 

AT2 36%  33% 0% 

AT1 93% 6% 0% 67% 

AM1 86% 4% 0% 74% 

AM2 97% 0% 0%  

BT3 3%  0% 0% 

BT2 1%  0% 0% 

BT1 20% 6% 0% 100% 

BM1 10% 8% 4% 100% 

BM2 22% 0% 2%  

CT3 10%  23% 0% 

CT2 12%  56% 0% 

CT1 27% 100% 24% 0% 

CM1 1% 50% 67% 0% 

CM2 19% 0% 32%  

 

Principal Component Analysis was performed in order to determine the covariation of 
indicators of the category Response and their distribution respect to the sub area considered 
(Figure 4-22). The PCA results highlight in the sub area “C” the concentration of the responses 
related to “Coastal protection” and “Pollution control measures” (Artificial coastline, Coastal 
defense works, Industrial discharges, Site of National Interest, Urban discharges), being the 
same sub area characterized by the higher number of anthropogenic activities (Figure 4-23). 
The “Pollution control measures” responses in the sub area “C” are mostly related to the 
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industrial zone included in the Site of National Interest of Brindisi (site identified by the Italian 
Government for the potential high contamination level as a result of industrial activity). 

The responses related to the “Environmental conservation” are concentrated in the sub area 
“A”, where both land and coast are mostly occupied by the Torre Guaceto Natural Reserve 
and the marine protected area. 

Among marine sectors, the sub areas “A” and “B” are characterized by higher values of 
“Bathing tourism” sub-group indicators respect to the sub area “C”.  In the sub area “B” is 
evident a lack of responses, in particular on the land side. 

 

 

Figure 4-22 Principal Component Analysis of Response indicators. Cumulative variance 
explained from the first (55.0%) and the second (18.1%) axis is 73.1 % 

 

In order to evaluate the distribution of Responses indicators respect to the distance from the 
coastline, average values of indicators among the sub areas (mean A+B+C) have been 
calculated for each longitudinal stripe (Figure 4-24). 
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Figure 4-23 Percentage distribution of the Response indicators for each sub-group in 
the 15 sectors of the study area 
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Figure 4-24 Average values (average A+B+C) of Response indicators for each sub-
group in the five longitudinal stripes (the width of each longitudinal stripe, as distance 
from the coastline, is reported in the figure) 
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4.3.4 Summary of the DPSIR results 

All the results from the application of DPSIR methodology have been summarized in order to 
provide an easy and immediate picture of the pilot project study area.  

In order to achieve a coherent direction of the State and Impact indicators, the values of each 
Impact indicator (xi) have been transformed following the formula 100%-xi. Thus increasing 
values of the grouped S_I categories correspond to a general improvement of the 
environmental conditions (improvement of the environmental state, lowering of the impacts). 

In the Figure 4-25 is reported the relationship between Driver-Pressure and State-Impact 
indicators cumulative values according to the three sub areas “A”, “B” and “C” and relative 
sectors; the graph shows as the increase of driving forces and pressures can affect the impact 
and the achievement of good environmental status. The Figure 4-26 highlights the relationship 
between Driver-Pressure and Response cumulative values showing as the increase of driving 
forces and pressures can affect the responses. 

 

 

Figure 4-25 Driver-Pressure and State-Impact relationship in the study area 

 

 

Figure 4-26 Driver-Pressure and Response relationship in the study area 
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Moreover, in the Figure 4-27, Figure 4-28 and Figure 4-29 are represented the maps of spatial 
distribution (per sector) of the cumulative and normalized values related to the Driver-
Pressure, State-Impact and Response indicators categories. 

 

 

Figure 4-27 Map of the Driver-Pressure cumulative values in the 15 sectors of the study 
area 
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Figure 4-28 Map of the State-Impact cumulative values in the 15 sectors of the study  
area 

 

 

Figure 4-29 Map of the Response cumulative values in the 15 sectors of the study area 



  

 

  page 88/96 

 

The respective cumulative values of the Driver-Pressure, State-Impact and Response groups 
of indicators are mapped all together in the Figure 4-30. 

 

 

Figure 4-30 Map of the cumulative values of Driver-Pressure, State-Impact and 
Response DPSIR categories in the 15 sectors of the study area 
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5 Implication for MSP and ICZM 

The main implication for MSP and/or ICZM and/or MSFD implementation in the study area are 
discussed in this chapter, according to the main objectives and results of the pilot project. 

5.1 Implications for MSP 

The knowledge framework resulted from the analysis of data and information on the marine 
environment, as well as the description of the sea uses and restrictions, can be useful for the 
planning and management of maritime space at least for the study area. 

All the collected data and information are useful to support the MSP approach, targeted 
addressing activities on the sea bed, in the water column and on the surface. Moreover, the 
pilot project results could be used to manage on-going activities and guide future development 
in the investigated marine area.  

All the results have been reported in a transparent manner, using table, figures and G.I.S. 
maps with the purpose to be easily understandable to the general public. The results of the 
project will be transferred and shared with the stakeholders, including policy representatives 
and local/regional administrators, during a local meeting to be held in Puglia (Bari) the 
December 2013. 

5.2 Implication for ICZM 

As for the MSP, the knowledge framework resulted from the analysis of data and information 
on the coastal environment between land and sea can be useful for the implementation of 
ICZM at least for the study area. 

Thematic and geographic issues are well described in the pilot project, with special focus on 
the natural systems and the human activities with an impact on coastal areas. Moreover, the 
DPSIR approach allowed to speculate on the relationships among drivers, impacts and 
responses in a coastal zone characterized by high spatial heterogeneity. 

The data and information used for the pilot project came mostly from the interactions with the 
stakeholders (territorial communities and public entities, economic operators, research 
centers, etc.), to whom the results will be transferred and shared during a local meeting to be 
held in Puglia (Bari) the December 2013. Among the stakeholders, a particular effort will be 
made to transfer the results of the analysis to the policy representatives and local/regional 
administrators.  

Due the specific tasks of the pilot project, it can be considered an example of integration 
between MSP and ICZM.  

 



  

 

  page 90/96 

5.3 Implication for MSFD 

The use in the pilot project of many indicators relating to the marine environmental status (see 
at the Table 4-1) is a direct implication for MSFD, as well as the collected information on the 
oceanographic features and the distribution of bottom biocenosis (including the protected 
ones). 

5.4 Adriatic added-value of the project 

As regards the whole Adriatic basin, the added value of the pilot project can be summarised 
as follow: 

1) Example of integration among European Community Acts in the Adriatic context. In 
fact, according to the pilot project actions (data collection, validation, elaboration, etc.), 
the Directive 1992/43/CE (Habitat), the Directive 2000/60/CE (Water Framework), the 
Directive 2006/7/EC (Bathing Waters), and the Directive 2008/56/EC (Marine 
Strategy) have been integrated each other in order to achieve the ICZM-MPS 
objectives; 

2) Case study to be proposed and shared with other Regional/Cross-border Partners. 
Both the applied methodology and the list of the selected indicators for the DPSIR 
approach can be useful for a proper definition of the state of the environment, the 
exploitation of the marine and coastal space and the potential responsiveness of the 
marine-coastal system to be investigated in other geographical areas. 

Sharing with all the Adriatic partners the methodologies and the know-how arising the 
realization of the pilot project has a definitely high added value to the common growth, as 
desired by the IPA Adriatic Programme, and it could be useful for next participation in regional, 
national and European project. 

5.5 Innovative aspects of the project 

The innovative aspects of the project are mostly related to the DPSIR approach used for the 
integration of the MSP and ICZM. In fact, the analysis of the DPSIR results was made 
considering the whole marine-coastal system, from 1 mile offshore to 3 km inland with respect 
to coastline. The state of the environment, the exploitation of the marine and coastal space 
and the potential responsiveness of the entire system in the pilot project area (from the Marine 
Protected Area of Torre Guaceto until the coastal area of Brindisi port  with inclusion of the 
industrial zone) was investigated to achieve the knowledge needed for the implementation of 
both the MSP and ICZM. 
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6 Conclusions 

The data and information collected provided a knowledge framework of considerable detail on 
the state of the environment, the exploitation of the marine and coastal space and the potential 
responsiveness of the entire investigated system in the pilot project area (from the Marine 
Protected Area of Torre Guaceto until the coastal area of Brindisi port with inclusion of the 
industrial zone). 

Within the application of the DPSIR model, the analysis of multiple stressors operating in the 
study area highlighted the high heterogeneity in the distribution and magnitude of human 
activities. Certainly the high natural (transitional waters, rivers, sandy beach, rocky coast, etc.) 
and the social-historical fragmentation of the territory (small agricultural plots, fragmented 
urbanization of the town, etc.) have contributed (or maybe have increased) to this 
heterogeneity.  

Moreover Driver and Pressure act at different spatial and temporal scales, making the 
intention to find direct cause – effect (the State and Impact) connection harder if not 
impracticable. In fact, pressures and impacts are characterised by complicated connections, 
uncertainty, conflicts and constraints that make it difficult to get a straightforward 
comprehension of the phenomena, in particular at the interface between land/sea. 
Nevertheless the abovementioned difficulties, the use of DPSIR methodology has been 
demonstrated an useful approach in the assessing the role of the relevant drivers and 
pressures, the situation of states and impacts and the solution of the responses. 

Among the three investigated sub areas, the one overarching the industrial sites and the town 
of Brindisi (sub area “C”) highlighted the higher levels of Drivers and Pressures, the worst 
Status (with the higher Impacts) but also a significant level of Responses. However, the 
pressures concentrated in the sub area “C” caused a reduction of the appeal of this sector for 
recreational purpose. 

The comparison between Driver-Pressure and State-Impact showed a straightforward linear 
and inverse relationship. Not the same linear relationship was found between Driver-Pressure 
and Responses, and it seems the weak point of the overall system of policy and environmental 
management in the investigated zone. These results highlighted that the Responses 
measures are taken into account in two cases: when an area is under a restriction regime 
(marine or land protected area – i.e. sub area “A”) or when the environmental situation has 
reached a non-back point, as the industrial area of Brindisi (sub area “C”). The in-between 
area (mostly occupied by the sub area “B”) is the one that has the higher risk to fail a suitable 
and sustainable environmental management. It seems that the local Administrators as well as 
the opinion makers (media, ONG, political parties) mainly focus their attention to the most 
appealing arguments (pollution from an industrial site, conservation of biodiversity in a natural 
protected area, etc.) leaving other relevant aspects in the shade.   

Follow the line traced by the above mentioned arguments, the knowledge framework also 
obtained by the application of a DPSIR approach can be useful for a territorial planning of the 
pilot project area consistent with the ICZM and MPS objectives. According to the same 
purpose, it is useful to mention that the Puglia Region has already established important 
initiatives (although not exhaustive) that can contribute to the better governance of the coastal 
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territory, among them the Regional Coast Plan (PRC) approved in 2011 and the Regional 
Territorial Landscape Plan (PPTR) adopted by the DGR n. 1435 August 2, 2103 (Figure 6-1). 

It is hoped that the results of the pilot project in the Torre Guaceto and Brindisi area can be 
transferred and shared as much as possible by local and regional stakeholders, especially 
those who have political and administrative role in the governance of the marine and coastal 
zones. 

However, the main findings of the pilot project are summarized in the following four pillar 
matrix. 

 

What we have done

Detailed environmental framework of the 
study area

Maps of terrestrial and maritime uses and 
other ICZM-MSP relevant elements

List of n. 70 DPSIR indicators and 
estimation of the respective values per 
each identified terrestrial and marine 
sectors

Analysis of DPSIR results according to 
Driver-Pressure, State-Impact and 
Response cumulative effects

How can we use output in the future?

Use the produced deliverable as initial 
knoweldge for the implementation of ICZM-
MSP

Evolve recommendations to actions aiming 
to improve the use of scientific knoweldge 
and DPSIR approach in ICZM-MSP

What we have learned/Skills improved

Importance of stakeholder involvement in 
the process: data acquisition, data sharing 
and identification of useful information

How to use the data/information as 
indicators in the DPSIR approach

How to map the data/information in order to 
support the ICZM-MSP implementation

Recommandations to improve their use in 
the ICZM-MSP process

Opportunities
Stakeholder involvement; data sharing and 
integration in DPSIR models; future 
knoweldge (Ritmare, MSFD application, 
etc.) and projects on ICZM-MSP

Criticalities
Data and information updating and next 
elaboration according to policy and decison 
making needs; long-term committment; 
stakeholder motivation; availability of 
adequate economic and technical 
resources

Output
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Figure 6-1 The strategic scenario for the territory of the study area as proposed by the 
Regional Territorial Landscape Plan (modified from “La valorizzazione e la 
riqualificazione integrata dei paesaggi costieri”, PPTR-Regione Puglia) 
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