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PREFACE 
 
Rational    
 
One of the main drivers for this Conference is the WFD and the development of the Common 
Implementation Strategy (CIS) with the need to having an agreed basis for assessing 
information required for the correct application of the Directive. Guidance Documents for the 
Directive will propose detailed approaches in this respect but it will be up to monitoring 
programmes of Member State Institutes to provide comparable quality data on watersheds and 
coastal zones in the European Union. The science research community through large national 
programmes, EU scale activities such as ELOISE, or international programmes such as 
LOICZ-IGBP can potentially make an important contribution through their decade- long 
experience in river basin-coastal zone research and the application of know-how, assessment 
tools and networking facilities to the problem posed by the Directive. 
  
 The Conference will focus on Southern European watershed-coastal lagoons as being 
representative ecosystems which are under great anthropogenic pressure; are of considerable 
ecological and economical value, and which when studied in a comparative manner, can 
provide valuable information on functional tendency at local scales (catchment management) 
but also on long-term trends under the influence of global climatic change. The use of local 
and national research networks to study their behaviour is proving to be particularly valuable; 
extens ion to the east and west Mediterranean basin will be discussed. 
 
Approaches and Tools 
 
The international IGBP Land Ocean Interaction Coastal Zone (LOICZ) programme has, over 
the last few years, been developing approaches to try and link C-N-P biogeochemical 
budgetary information at global and major regional scales to a coastal classification system 
(based on suites of environmental and human-dimension variables). Such an approach, 
following a common series of protocols, identifies the information required for the assessment 
of fluxes from watersheds to coastal waters, uses a set of standard verified models, and 
combines them with cluster analysis - typology that is applicable at the scales needed by the 
assessment. In other words it is based on a series of standardised methodologies (Gordon 
1996 - Biogeochemical budgeting approach; Maxwell and Buddemeier 2002 - Typological 
classification) that subsequently allow resulting flux estimates to be compared at local, 
regional or continental-global scale. 
 
 Clearly the use of verified and standardised methodologies needs a sufficient density of 
good quality long-term data; this can best be provided by networking of researchers dealing 
with coastal fluxes and biogeochemical processes. This approach has been successfully 
applied by LOICZ for their assessments of nutrient fluxes at global scale where some 170 site 
estimates have at presently been made, with however, relative few locations in the 
Mediterranean.  The EU ELOISE cluster is another example where river basin coastal zone 
expertise has been drawn effectively together. 
 
 To improve both the coverage for the LOICZ regional assessment and especially for the 
implementation of the EU WFD (including the assessment of other contaminants), a much 
greater density of sites will be required.  At present three active networks exist in this 
southern European region (PNEC, LaguNet, and ESCON) which are assessing C,N,P fluxes at 
local to regional scales: PNEC at French coastal systems; LaguNet at Italian lagoon systems, 
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and ESCON at a selected Mediterranean transect of west -east sites in Portugal, Spain, France, 
Italy and Greece. The objective in each case is to estimate the inputs of nutrients to coastal 
lagoon systems (sites of high economic value and under strong anthropogenic pressure) and to 
relate the observed nutrient loads to environmental and anthropogenic forcing functions that 
exist in river catchments delivering to the coast. 
 
 A long-term goal is to arrive at a detailed coverage of both the east and west 
Mediterranean basins, including through collaboration with North African scientific Institutes. 
Pragmatically this could be achievable if a Southern European network was initiated made up 
of a cluster of networks (or Associations) having national or regionally specific goals but with 
a core component of common objectives at the Mediterranean scale (including the Black Sea), 
and using a series of standardised validated methodologies such as the LOICZ approach. For 
EU Member States and Candidate Countries the need to implement the WFD will tend to the 
harmonisation of monitoring programmes and reporting, and this in turn will lead to the 
harnessing of national scientific research programmes in support of information needs for the 
Directive. 
 
Mediterranean Coastal lagoons  
 
As a consequence of their location between land and open sea, Southern European coastal 
lagoons are characterized by large fluctuations in meteorological, physical and chemical 
conditions, including highly variable freshwater inputs rich in organic and mineral nutrients 
derived from urban, agricultural and/or industrial effluents and domestic sewage. 
Furthermore, Southern European lagoons are particularly vulnerable to strong anthropogenic 
pressures due to mass tourism, often poorly conceived urbanization, industrial and intensive 
agricultural pressures, and large fluctuations in precipitation. Moreover, they can suffer from 
multiple and uncoordinated land-use modifications undertaken with only limited sectorial 
objectives in mind. Structural changes in lagoon topography, artificial increase of the number 
of sea connections, changes in bathymetry, and construction of marinas etc. often contribute 
to important ecosystem changes over the long-term.  
 
 Special emphasis will be devoted to the discussion of different aspects of integrated 
watershed- lagoon-coastal functioning: lagoon fluid dynamics, river runoff influence, ecology, 
nutrient and other contaminant cycles, shellfish farming, macro-algal blooms, as well as the 
economical implications. Practical aspects such as the appropriate time and space scale to 
monitor the relevant river basin-coastal lagoon processes and the need for tools to help 
regional or national authorities in developing optimised and cost effective monitoring 
programmes should be examined.  
 

A further important consideration is how best to develop techniques for assessing the 
effectiveness of measures designed to achieve a good quality status of waters, as described in 
the WFD. Is it possible to apply regional or global bioindicators to address the issue of a 
rigorous definition of “good ecological status” which has been introduced in the Directive? 
 
Objectives of the Conference 
 
The objectives of the present Conference are to discuss results on flux estimations (nutrients 
and other contaminants) and impacts of anthropogenic pressures on Southern European  
coastal lagoon systems and their watersheds, both at the level of specific site investigations as 
well as at more regional scales; to identify information gaps and requirements for the 
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implementation of EU Water Framework Directive (WFD) and for the IGBP Core Action: 
Land-Ocean Interaction in the Coastal Zone (LOICZ)  flux assessment in the Mediterranean 
region; discuss the setting up of a cluster of networks that could respond to these needs, and 
the possibility of using EU funding instruments, or national programmes, to finance specific 
activities (FP6, European Land-Ocean Interaction Studies (ELOISE) cluster, Networks of 
Excellence, Integrated Projects). 

 
 
 
C. N. Murray J. M. Zaldívar  G. Giordani P Viaroli 
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INTEGRATED MANAGEMENT APPROACHES AND THE PILOT RIVER BASIN 
INITIATIVE 

 
G. Bidoglio1, J. M. Zaldívar2 and F, Bouraoui1  

1Soil andWaste Unit, Institute for Environment and Sustainability 
European Commission, Joint Research Centre, Ispra, Italy I-21020 

2Inland and Marine Waters Unit, Institute for Environment and Sustainability 
 
 

Issues such as agriculture, land degradation/desertification, water availability, urban growth 
are key elements of environmental strategies for sustainable development, which requires 
appropriate integration of land use, soil and water protection legislative frameworks. To this 
end, watersheds form meaningful landscape units where actions can be taken, because of the 
shared functional relationships that exist within their boundaries. Water quality improvements 
have often followed a river basin management approach to environmental planning and 
regulation. However, until now these have not been developed in a uniform manner across the 
EU, and have led to large variations in resulting application. In order to overcome this 
deficiency one of the underpinning principles of the Water Framework Directive (WFD) is to 
place river basin management in a comprehensive and statutory context. Integrated 
management will be best achieved through a systematic approach using planning as a tool to 
assess current status, define objectives, analyse gaps and alternative options and propose 
measures. To facilitate the development of such an integrated approach, a pilot project for 
testing guidance documents developed under the Common Implementation Strategy (CIS) of 
the WFD has been launched.  

In this context, a network of Pilot River Basins (PRBs) covering a wide range of climatic, 
environmental and socio-economic conditions has been set-up in EU Member States and 
Candidate Countries. The network has been established using strict selection criteria, 
including the commitment and availability of resources, the implication of the PRBs in on-
going research projects, the strong involvement of NGOs, practitioners and stakeholders. At 
present, the network is made up of 15 river basins from different countries, namely Cecina 
and Tevere (I), Júcar (Spain), Guadiana (Portugal), Marne (F), Moselle-Sarre (F, D, L), 
Neisse (D, CZ, PL), Odense (DK), Oulujoki (FIN), Pinios (Greece), Ribble (UK), Scheldt (B, 
NL, F), Shannon (Ireland), Somos (RO, HU), Suldal (NO). Since direct feedback is needed 
also from the research side in order to improve the science-basis of the policy support, the 
JRC has complemented the PRB network with an additional number of river catchments in 
Europe, with case-study areas in, among others, Finland, France, Greece, Italy, Spain, UK. 
Activities at each node of the network aim at establishing relationships between 
anthropogenic activities and the loads of chemicals to soils, inland and coastal waters, and to 
assess the impact of preventive and remedial measures on these loads. The management and 
modelling approaches being tested in the network will be illustrated in this presentation. 
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ROLE OF ECOSYSTEM ENGINEERS IN SEDIMENT DYNAMICS OF ESTUARIES 
AND COASTAL LAGOONS 

 
John Widdows 

Plymouth Marine Laboratory, Prospect Place, The Hoe, Plymouth, PL1 3DH, England 
 
 
The structure and functioning of all ecosystems are determined by a small set of key biota, 
known as ecosystem engineers. In estuaries and coastal lagoons, ecosystem engineers 
(ranging from whales to diatoms) have an important impact on sediment dynamics and the 
morphology.  They influence sediment dynamics through a wide range of processes, including 
bio-stabilisation, biodeposition, bio-destabilisation, as well as their influence on near-bed 
flow. The main bio-stabilisation mechanisms include:- 1) enhanced sediment cohesion 
through the production of extrapolymeric substances (e.g. diatoms), 2) filamentous binding of 
sediment (e.g. Cladophora), 3) armouring and biodeposition (e.g. mussel beds), and 4) flow 
and wave attenuation by vegetation (e.g. macroalgae, sea grasses, saltmarsh). The primary 
bio-destabilisation processes include:- 1) surface deposit feeding and grazing (e.g. bivalves, 
gastopods), 2) bio-resuspension by crustaceans, 3) burrowing activity (e.g. mammals, 
crustaceans), and 4) corrasion by molluscan shells. 

While most studies of the impact of ecosystem engineers on sediment dynamics have been 
derived for estuarine systems, the general findings are relevant to coastal lagoons and it 
highlights the need for more quantitative measurements in these systems. Spatial and 
temporal changes in the erodability of estuarine tidal flats vary by > 100-fold and are largely 
dependent the distribution and density of key species and their interaction with physical 
processes inducing erosion (tidal currents, waves, fluvial flow and rainfall). Temporal 
variation in key species influences sediment erodability over time-scales ranging from tidal, 
seasonal, interannual to decadal. Recorded interannual changes in intertidal sediment 
erodability are associated with a major shift in the balance from bio-stabilisation to bio-
destabilisation. These changes in biota, largely driven by climate change (e.g. cold winters), 
have a significant influence (10-fold) on the rates of sediment erosion and accretion, and the 
coupling between the mudflats and saltmarsh. The scale of the biological impact is illustrated 
for the Humber estuary, where ~106 tonnes of intertidal sediment were moved and 
redistributed between years 1996 and 1997. Spatial and temporal changes in key biota have 
also been recorded in Mediterranean systems such as the Venice lagoon, and these will be 
interpreted in terms of their potential impact on sediment dynamics, sediment-water 
exchanges and water quality. 

Biological processes, as well as physical processes, are now being incorporated into new 
numerical models of hydro- and sediment dynamics and clearly demonstrate the role of biota 
in intertidal sediment budgets. These developments will improve future models of estuarine 
and coastal morphology, particularly in relation to ecosystem function, the impact of climate 
change (inducing increased tidal flows, rainfall, fluvial flows, storminess, temperature) and 
sea level rise. 
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SUBMARINE GROUNDWATER DISCHARGE AND ITS INFLUENCE ON 
HYDROLOGICAL TRENDS IN THE MEDITERRANEAN SEA 

 
Evgeny A. Kontar 

Experimental Methods Laboratory, P.P. Shirshov Institute of Oceanology, Russian Academy 
of Sciences. 36, Nakhimovsky Pr., Moscow 117851, Russia 

 
 
Wile the major rivers of the Mediterranean are reasonably well gauged and analyzed, thus 
allowing comparatively precise estimates of riverine inputs to the Mediterranean Sea, it 
remains very difficult to evaluate the influence of direct submarine groundwater discharge 
(SGD) to the Mediterranean Sea.  In spite of the recognition that many land-sea interfaces of 
the Mediterranean Sea are characterized by “leaky” continental margins, it is unclear how 
important groundwater-derived springs and seeps are in terms of overall marine geochemical 
budgets.  Study of the discharge of groundwater to the inland and semi-enclosed seas is an 
emerging science with strong policy ramifications.  We proposed to the International Union of 
Geodesy and Geophysics (IUGG) that an Inter-Association Commission be established 
between the International Association for the Physical Sciences of the Ocean (IAPSO), an 
ocean-oriented group, and the International Association of Hydrological Sciences (IAHS) 
whose members are specialists in hydrology.  Author of this presentation heads the joint 
commission, approved in 2001 (http://www.iugg.org/iapso/grdwater_seawater02.html).  
Submarine springs and seeps are an overlooked source of fresh water and dissolved nutrients 
to the Mediterranean Sea.  Volumetric estimates of their global extent range over several 
orders of magnitude.  The estimate of submarine groundwater discharge to the Mediterranean 
Sea is 53 cu km per year.  The values of specific submarine ground-water discharge to the 
Mediterranean Sea from the area of the Near East and Asia Minor are usually no more than 3 
l/s per sq km.  The artesian basins of this region are generally composed of karstified 
limestones, dolomites, conglomerates, and sandstones ranging in thickness from several 
hundred to 3000 m.  The ground-water dissolved solids content is diverse and commonly 
increases southward (uo to 12 g/l) where gypseous limestones and terrigenous deposits occur 
among other rocks.  The higher salinity of groundwater is responsible for the fairly 
appreciable subsurface dissolved solids discharge to the Mediteranean Sea from the Asian 
continent, the specific discharge rates gradually rise from north to south from 46 to 140 t/yr 
per sq km.  A large number of submarine, mainly karst, springs have been located in some 
parts of the Mediterranean Sea by visual observations.  For example, off the French coast of 
the Meditererranean Sea, in Port-Miou Bay not far from Marseilles four submarine karst 
springs were found at depths of about 20 m, and eight springs not far from the Garraf Massif.  
Near the coast of Greece, 400 m off the Argolikos Bay, divers succeeded in sampling water 
from the submarine spring Aqualos occurring at a depth of 72 m below sea level.  They also 
described the spring outlet, being a narrow fracture and measured discharge.  Although 
submarine springs and seeps in the Mediterranean Sea have been known for many years (e.g., 
written accounts exist from at least the Roman period), these features have traditionally been 
perceived as hydrologic “curiosities” rather than objects for serious scientific investigation.  
This perception is changing.  Within the last decade there has emerged a recognition that, at 
least in some cases, SGD may be both volumetrically and chemically important.  
Differentiated estimation of groundwater discharge makes it possible not only to compute 
values of discharge to the Mediterranean Sea from different continents, but also to 
characterize all the submarine groundwater outflow to individual basins of the Mediterranean 
Sea.  Total value of SGD to the Mediterranean Sea from Africa is 5.1 cu km/yr, Asia 8.3 cu 
km/yr, Europe 33.9 cu km/yr, major islands 5.7 cu km/yr.  
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BESIDES THE ECOLOGICAL VALUE: MANILA CLAM CULTURE-
BASED FISHERY IN A LAGOON OF THE PO RIVER DELTA 

(SACCA DI GORO) 

 

Remigio Rossi 
Dipartimento di Biologia, Università di Ferrara, Italy 

 
 
Because of their high productivity brackish water lagoons are the ideal habitat for filter-
feeding species: among them of particular interest are the bivalve mollusc, some of which 
very important for commercial exploitation.  

Manila clam, Tapes philippinarum (Adams & Reeve, 1852), is an Indopacific species 
imported in the lagoon of Venice for aquaculture purposes in 1983. Following a brief period 
of acclimatisation the species spreads in all the North Adriatic Sea lagoons, and currently is 
one of the main fishing resources. 

In 1984 Manila clam seed coming from North America was also initially sowed in the 
Sacca di Goro, the southernmost delta Po river lagoon, with a surface of about 26 Km2. The 
year after, due to the abundance of natural reproduction and then of spat, a flourishing  culture 
based fishery of manila clam was established. With some variations from year to year, an 
average total of 9000 tons per year are harvested in Sacca di Goro bay. 
Manila clam reached the Adriatic shores after a very long trip, from its native breeding areas 
to the western coasts first of North America (about 1920) and later on of Europe (about 1950). 
In no-one of these countries (Oregon, Portugal, Spain, France, England, Ireland) the species 
succeeded in a way to become the most important resource in coastal areas. The same 
happened in Italy, because while Manila clams was blooming in North Adriatic eastern 
coastal areas, its introduction in some other areas (Apulia, Sardinia f. i.) was unsuccessful. 

The success of Manila clam introduction in Sacca di Goro bay depends from its perfect fit 
to at least three different sets of parameters: (i) its bio- ecological advantage with respect to 
native species; (ii) lack of predators and (iii) environmental characteristics of the delta 
lagoons. 

To summarize the bio- ecological features which make Manila clam a winner in 
competition with the indigenous mollusc, let remind from one hand the number of eggs per 
female, the duration of the spawning period and the size of first reproduction; from the other 
hand, the tolerance to salinity and temperature variation, and then the faster growth and the 
higher survival rate of the spat. 

The main clam predators in the area, breams, flatfish and crabs, seem not to be very 
efficient against Manila clam. 

Finally, large portions of the lagoon surface are suitable for mollusc culture. The best 
conditions for the aquaculture of Manila clam are areas with high hydrodinamism, in contact 
with open sea, and sediments with a balanced proportion of sand and silt. Between this ideal 
conditions exist a continuum of different situations generated by the overlap of this two 
parameters with other chemical and physical parameters (variation of salinity; oxygen; 
chlorophyll "α"; mean depth) which eventually establish the total yield capacity of different 
areas inside the lagoon.  
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THE VENICE LAGOON (ITALY): A CASE STUDY OF INTEGRATED COASTAL 
MANAGEMENT 

 
Stefano Guerzoni1, Emanuela Molinaroli2 and Daniel Suman3 

1Istituto di Scienze Marine, CNR, Venezia, Italy  
2Dipartimento di Scienze Ambientali, Università di Venezia, Venezia,  

3Div. Marine Affairs and Policy, RSMAS, University of Miami, Miami, Florida, USA  

 
This case study illustrates the principles of integrated coastal management focusing on a 
critical area of international interest: the Venice Lagoon (VL). The theme of the case study is 
the conflict between environmental conservation and other activities that are important in this 
coastal area, such as industry, port deve lopment and operation, flood-control infrastructure, 
tourism, agriculture, and fishing. The VL is suffering major environmental problems, which 
affect both its morphology and ecology, such as disappearance of tidal marshes due to erosion 
and extensive alga l blooms resulting from high nutrient loads. Human activities have 
drastically modified the environment of the VL with the alteration of the hydrologic regimes 
of rivers flowing into the VL and the reclamation of many inter-tidal areas, i.e. the 
development of the industrial area of Porto Marghera. Despite important fishing and 
aquaculture activities, during the last decades the VL has continued to receive heavy 
industrial, agricultural and urban wastes. Moreover, the Venice harbour ranks amongst the 
most important Italian seaports and the oil traffic represents a severe risk. 

The “big flood” of November 1966 (194 cm above sea level) was the catalyst that 
prompted the Italian Parliament to pass the Special Laws of 1973 and 1984. This legislation 
provided resources for pollution abatement and restoration of the hydromorphology of the 
VL. Under this statutory authority, the Ministry of Public Works - Water Authority of Venice 
granted a concession to the Consorzio Venezia Nuova (CVN) to implement measures to 
restore hydrogeology of the VL. Despite the broad authority of the CVN and the technical 
complexity of its projects, great sectoral and intergovernmental fragmentation still exists in 
the management of the VL ecosystem. These divisions of responsibilities and authorities 
prohibit the benefits that could result from adoption of an ecosystemic approach.  For 
example, the water quality improvement program requires a simultaneous implementation of 
the pollution abatement plan in the watershed.  We recommend institutional arrangements that 
could improve coordination in the governance of the VL and implement the principles of 
integrated coastal management. 
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THE APPLICATION OF THERMODYNAMIC ECOLOGICAL INDICATORS TO 
ASSESS THE ECOSYSTEM HEALTH OF COASTAL AREAS 

 
S. E. Jørgensen 

DFU, Environmental Chemistry, University Park 2, 2100 Copenhagen Ø, Denmark 
 

 

 
The application of three thermodynamic indicators has been proposed: exergy, specific exergy 
and various ecological buffer capacities. The three concepts will be defined and the methods 
on how to calculate these three indicators will be presented. Exergy expresses the distance 
from thermodynamic equilibrium and is therefore a measure of how developed the ecosystem 
is with respect to the amount of biomass, the complexity included the complexity of the 
network and the content of information. Specific exergy measures the ratio between higher 
and lower organisms.  For instance when major parts of an ecosystem is anaerobic the specific 
exergy will be low. Buffer capacities expresses the ability of the ecosystem to resist changes 
when the impact (the conditions) are changed. There is a statistical relationship between the 
exergy and the sum of some relevant buffer capacities. Some concrete examples of using 
these indicators on coastal ecosystems will be presented. Obviously, the three indicators 
(several buffer capacities are in this context considered one indicator) are not sufficient to 
give full image of an ecosystem’s health, but as it will be illustrated by the presented 
examples they are able to cover the most significant ecosystem health issues. It will 
furthermore be shown that the three indicators covers several of Odum’s attributes that are 
applied to distinguish between an ecosystem on an early stage and on an mature stage. 
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BEYOND THE MEDITERRANEAN TO GLOBAL OBSERVATIONS OF COASTAL 
LAGOONS  

 
Robert R. Christian 

Biology Department, East Carolina University, Greenville, NC 27858 USA 
 
 
The United Nations has begun addressing the detection and prediction of global and large-
scale change through the development of observing systems.  These observing systems build 
on the activities of government and non-government programmes that make long-term 
measurements.  The function of the observing systems is to link the data from these 
programmes to organizations that could use the integrated data and data products.  Products 
include models that help to predict what and why changes occur beyond single nation 
boundaries.  The three observing systems are the Global Climate Observing System (GCOS); 
the Global Oceanographic Observing System (GOOS); and the Global Terrestrial Observing 
System (GTOS).  The interface between the land and ocean provides complexities that affect 
the capabilities of the three global observing systems.  Understand ing the complex 
interactions between natural and human systems at various scales is central to successful 
management of the coast in the face of change.  Thus, there is a clear and recognized need to 
address the coastal zone in an integrated fashion within the observing system framework.  
Both GOOS and GTOS have begun to organize initiatives for the coast with the GOOS 
initiative being more developed.  They will use the observing system philosophy to identify 
and improve access to data and information about coastal change; enhance the capacity of the 
developing world to collect and manage information; assist users to make that access 
systematically; ensure that appropriate measures are being or can be made; and integrate 
terrestrial observations with marine observations.  These efforts will be supported through 
another UN programme – the Integrated Global Observing Strategy (IGOS).  IGOS brings the 
observing systems together with other international programmes and space agencies to 
facilitate integration and the use of satellites and remote sensing.  A coastal theme for IGOS is 
also being developed.  Thus, we are at the beginnings of a new approach to the science of the 
coast. 

A two dimensional view of coastlines can be perceived as a segmented line of fluvial 
(e.g., estuaries, deltas, and lagoons) ecosystems interspersed by interfluvial stretches of land.   
These two geomorphological types have different ecological functions and are often used by 
humans in quite different fashions.  The fluvial ecosystems represent those in which the 
interactions, including exchange of materials, between land and sea are most diverse and 
quantitatively important.  These have received the most attention during the development of 
the observing systems.   The work of this conference and network of programmes studying 
coastal lagoons should provide valuable contributions to these efforts.  The purpose of this 
presentation is to inform the participants of the conference about observing systems and begin 
to establish a framework to incorporate efforts of participants into those systems. 
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LINKING ORGANIC POLLUTANTS AND ORGANIC CARBON CYCLES 
 

Steven J. Eisenreich  
Inland and Marine Waters Unit, Institute for Environment and Sustainability 

European Commission, Joint Research Centre, Ispra, Italy I-21020 
 
Air-water exchange of persistent organic pollutants (POPs; PCBs, PAHs, PCDDs/Fs) and 
even some not so persistent (e.g., atrazine, alkylphenols) in lakes, rivers, coastal waters, and 
the global oceans is an important if not dominant process.  In pristine, remote aquatic systems, 
air-water exchange represents the main mode of POP inputs under almost all circumstances.  
In aquatic systems impacted by local and regional sources, gross gaseous absorption may 
dominate inputs or, if contaminants enter via surface waters, then volatilization may be an 
important loss for the water column and an important contributor to the local and regional 
atmosphere.   

Mass balance studies in the North American Great Lakes show that the atmosphere often 
dominates inputs or may represent a dominant loss process for the water column A long series 
of PCB measurements in the atmosphere, precipitation, water column and sediments linked to 
modeling in Lake Superior clearly demonstrate that historical inputs of PCBs are lost 
primarily by net volatilization and not by accumulation of surface sediments. This results 
directly from the lack of OM preservation in the bottom sediments. In this presentation, 
several examples will be given of the air-water exchange of POPs in lakes and coastal waters 
both in remote and regionally impacted ecosystems, and its key linkage to the OC cycle in 
aquatic systems. 

In studies of linked air and water measurements of several POPs (PCBs, PAHs, 
PCDDs/Fs), it was noted that the chemical homolog or isomer profiles in the atmospheric 
gaseous phase, water dissolved phase and surface water suspended and/or settling particles 
were highly correlated.  This demonstrated the intimate linkage of the atmosphere with the 
water column, and suggested that atmospheric gaseous POPs were contributing to the POP 
concentrations in phytoplankton, the base of the aquatic food chain.  Posing this hypothesis a 
dynamic air-water-phytoplankton exchange model was developed.  The model addresses air-
water exchange, water-phytoplankton exchange and organic matter (OM) settling in self-
consistent equations.  The model run in dynamic mode allows the prediction of POP 
concentrations in phytoplankton driven only by gas-phase POP concentrations in the 
atmosphere. 

The model was validated with a comprehensive set of PCB measurements in all 
environmental compartments in a paired-set of lakes in the Experimental Lakes Area (ELA) 
of Canada, the lakes differing only in their trophic status.  PCB 52 (tetra-chloro-PCB 
congener) concentrations predicted in phytoplankton closely match observed concentrations 
in the two lakes, and also mimicked the seasonal variation. The concentrations predicted in 
phytoplankton were driven only by gaseous PCB 52 concentrations in the atmosphere. 

Over the last few years, others and we have demonstrated that both air-water and air-
water-phytoplankton exchange are dominant processes in the biogeochemistry of PCBs and 
other POPs in rivers, estuaries (both contaminated and non-contaminated) and in the global 
ocean.  Several of these cases will be presented as a demonstration of the importance of these 
pathways.   
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Pilot River Basins Network. Map copurtesy Dr. Jürgen Vogt Eurolandscape ProjectCatchment Characterisation 
and Modelling. IES. Ispra. 
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SPATIAL DATA ANALYSIS AND DATABASE DEVELOPMENT FOR THE DPSIR 
FRAMEWORK OF THE PO CATCHMENT-ADRIATIC COASTAL ZONE 
CONTINUUM 
 

S. Cinnirella, G.  Trombino, A. Algieri and N. Pirrone  
CNR-Institute for Atmospheric Pollution, 87036 Rende, Italy 

 

With the purpose of establishing an European legislation aimed to protect inland surface 
waters, transitional waters, coastal waters and groundwater the European Parliament and the 
Council of the European Union adopted the Water Framework Directive 2000/60/EC (WFD).  
The holistic approach of the WFD for the management of waters have been adopted to protect 
water bodies considered as an interlinked system from the spring to the sea.  Having the above 
in mind, two years ago was started the EUROCAT project funded by the European 
Commission as part of the FP5 which is aimed to define for different catchment-coastal zone 
continuums in Europe a possible policy responses to mitigate environmental pressures driven 
by main economic activities existing in the area.  In order to account for different aspects 
related to spatial interactions between the watershed and coastal zone, the Drivers-Pressures-
State-Impact-Response (DPSIR) framework was developed for the Po Catchment-Adriatic 
Coastal Zone continuum and applied as policy tool to evaluate important aspects to be 
considered during the implementation of the WFD. The DPSIR includes ecological as well as 
socio-economic indicators that represent the Drivers that create Pressures which are gradually 
integrated as the Status of the system is assessed.  Evaluation of the Impact for different 
Drivers and Pressure factors allows to identify the optimal strategy(- ies) for achieving the 
objectives and goals of the WFD.  The aim of this paper is to discuss and present the complex 
database that includes socio-economic, physical and ecological indicators for both the 
catchment and the coastal zone that have been used to run different biogeochemical and 
socio-economic models including the one for assessing nutrient fluxes in the catchment 
(MONERIS, Behrendt, 1996), the nutrient cycle in surface and deep seawaters of the Adriatic 
Sea (WASP model) and socio-economic models (i.e., DEFINITE) for different socio-
economic and environmental scenarios including the Business As Usual (BAU) and Policy 
Target (POT) scenarios. 
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DETERMINATION OF C-N-P FLUXES FROM THE DRAINAGE BASIN OF THE 
VENICE LAGOON: THE EFFECTS OF CATCHMENT HYDROLOGY ON THE 

DISTRIBUTION OF INPUTS 
 

Flaviano Collavini, Luca Zaggia, Roberto Zonta and Aleardo Zuliani 
Consiglio Nazionale delle Ricerche (CNR) – Istituto per le Scienze Marine (ISMAR) 

S.Polo, 1364 - 30125 Venezia (Italy) 
 

 

The reduction of pollutant loads from terrestrial sources is one of the fundamental requisites 
of the plans for the protection of coastal zones, where delicate ecosystems receive the inputs 
of industrialised and populated catchments. 

Besides the importance of setting concentration limits for contaminants, the 
management and control of a complex ecosystem like the Venice Lagoon requires a detailed 
knowledge on the sources and characteristics of inputs, as well as on their dynamics in the 
different compartments. 

In the ambit of a three years research project focused on the global transfer of 
freshwater and pollutants from the drainage basin to the lagoon, the concentrations of a large 
set of chemicals were monitored in the closing sections of the main tributary streams (DRAIN 
project: DeteRmination of pollutAnt INputs from the drainage basin into the Venice Lagoon). 
Among the investigated species, organic carbon as well as nitrogen and phosphorous play a 
fundamental role in the lagoon in the biogeochemistry. Despite their importance for processes 
occurring in the sediment-water column is widely recognised, the available information on the 
fluxes of these compounds at the land- lagoon interface was inadequate at the time of the 
study. Therefore, the load estimates from the large data set provided by the monitoring, 
represent a basic knowledge for the study and modelling of C-N-P budgets. 

The contribution describes the variability of the inputs in relation to the main 
hydrological features of the catchment and its constituent sub-basins, also considering the 
effects of flood events on the overall transfer to the lagoon. 
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AN INTEGRATED APPROACH AIMED TO ASSIST THE IMPLEMENTATION OF 
THE WFD FOR THE EUROPEAN CATCHMENT-COASTAL ZONE SYSTEMS: 

THE EUROCAT PROJECT  
 

Nicola Pirrone  
CNR-Institute for Atmospheric Pollution, 87036 Rende, Italy 

 
 
 
EUROCAT is an on-going three-year project that aims to achieve an effective integrated 
catchment management through the integration of natural and social-economic sciences. This 
strategy will allow to link the impacts on the coastal sea with the human activities (drivers) 
along the catchments in order to identify better catchment management strategies.  The 
overall goal of the project is the achievement of an effective integrated catchment 
management and sustainable use of water resources at a catchment scale. Using the concept of 
Driver-Pressure-State-Impact-Response (DPSIR) framework, the response of the coastal zone 
to changing material fluxes is connected back to the individual socio-economic drivers at the  
catchment scale. The results of the study will then be useful to develop better management 
solutions and strategies in some of the main river basins of Europe.  As the pressures affecting 
catchment-coastal zone systems vary across Europe because of differences in geography as 
well as in economic and social conditions the research is focused on four coastal seas 
(Mediterranean Sea, Baltic Sea, North Sea, Black Sea) and eight associated catchments 
characterised by relevant environmental and management issues (Vistula, Elbe, Rhine, 
Humber, Po, Axios, Idrija and Provadiska).  In order to provide a wide perspective of the 
European catchment situation, regional case studies have been selected in such a way that 
they focus on one or few particular issues.   
 

http://www.iia-cnr.unical.it/EUROCAT/project.htm  
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SUSTAINABLE DEVELOPMENT FOR THE PO CATCHMENT-NORTH ADRIATIC 
SYSTEM: EVALUATION OF POSSIBLE SCENARIOS  

 
G. Trombino, N. Pirrone, S. Cinnirella, and A. Algieri  

CNR-Institute for Atmospheric Pollution (CNR-IIA), 87036 Rende, Italy 
 
 
The development of the Driver-Pressure-State-Impact-Response (DPSIR) framework for 
assessing the catchment-coastal zone interaction for the Po River-North Adriatic Coastal Zone 
system was performed in the framework of the EUROCAT project which is a 3-year project 
funded by the European Commission as part of the FP5.  The overall goal was to develop a 
methodology for relating the concept of Integrated Coastal Zone Management (ICZM) with 
that of Integrated River Basin Management (IRBM) by combining biogeochemical models 
with socio-economic models.  The main issue for the Po Catchment-Adriatic Coastal Zone 
system is the eutrophication of the north Adriatic coastal zone, therefore a great effort has 
been addressed to identify major socio-economic Drivers and Pressures that affect the water 
quality and the eutrophication phenomenon and thus the interaction between the river 
catchment area  and the coastal waters in terms of nutrient fluxes.  

In order to identify possible management strategies aimed to achieve the targets of the 
WFD in terms of water quality objectives (WQOs) and sustainable development, the Business 
as Usual (BAU) and Policy Target (POT) scenarios were analysed.  Socio-economic 
information concerning Driving forces i.e. Agriculture, Livestock and Industrial sectors, 
population growth, were collected and analysed in order to identify the socio-economic 
evolution of the Po area, meanwhile a detailed description of legislative framework in relation 
to the implementation of WFD was made in order to identify the link between legislative 
targets (WOSs, reduction of nutrients release) and environmental response (pollution 
reduction).  

The socio-economic analysis, performed for the last 20 year, was used as background 
input in formulating coherent hypothesis (story- lines) of socio-economic evolution of the Po 
Cactchment-Adriatic CZ area in terms of  future projections of major Driving forces. The 
Story-Lines coupled with a set of Policy Options were combined in order to formulate Policy 
Packages for each scenario.  Data sets representative for each BAU and POT scenario 
hypothesis were interfaced with ecological (MONERIS, WASP) and socio-economic 
(DEFINITE) models.  
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COASTAL LAGOONS IN THE AMVRAKIKOS GULF (GREECE): 
CONSERVATION EVALUATION AND TYPOLOGY DEVELOPMENT USING AN 

INTEGRATED RIVER BASIN-COASTAL ZONE APPROACH 
 

S. Zogaris 1, V. Kapsimalis2 and S. Reizopoulou2 
1 Hellenic Centre for Marine Research, Institute of Inland Waters, P.O. Box 712, 190 13 

Anavyssos, Attica, Hellas 
2 Hellenic Centre for Marine Research, Institute of Oceanography, P.O. Box 712, 190 13 

Anavyssos, Attica, Hellas 
 
 
 
The Amvrakikos wetland is a Ramsar site and proposed National Park with the largest 
concentration of coastal lagoon habitats in Greece. These lagoon formations line the coast of a 
nearly enclosed embayment called the Amvrakikos Gulf, in western Greece. The many 
anthropogenic pressures and the remarkable variety of lagoonal ecosystem types at 
Amvrakikos have impeded a coordinated effort to accurately delineate these habitats and 
objectively define priorities for conservation management within the proposed National Park. 
The work presented here is a preliminary effort to combine GIS analysis with long-term site 
surveillance data compiled by NCMR researchers and within a recent Life-Nature project 
(1999-2003).  

This study promotes a holistic assessment method based on both the Habitats Directive 
92/43/EC and the WFD 2000/60/EC. The state-of-the-art conservation evaluation technique 
that is presented integrates information from field surveys of lagoonal benthic communities, 
extensive vertebrate species surveys, socio-economic attributes and land-use alternation 
surveillance facilitated by G.I.S. and remote sensing applications. Twenty coastal lagoon 
areas are delineated and assessed in a comparative manner; presenting a contribution towards 
a preliminary lagoon typology and insights into problems regarding the diagnosis of 
ecological status. The problem of defining the degree of “naturalness” is presented using 
biological and geomorphological attributes. An investigation of the long-term morphological, 
hydrological, biogeochemical and land-use changes which affect the lagoon’s natural 
environment and the degree of conservation value is assessed with emphasis on biological 
quality elements and other indicators within the scope of river basin-coastal process 
alterations. Finally, to show a more detailed finer-grained application, a remote sensing case-
study of lagoon islet erosion and its implications on management of threatened bird species 
and priority habitat types is also demonstrated. The assessment presented here helps to 
integrate different geographical and biological features of the river-basin and coastal zone into 
monitoring projects, thus providing a much needed integrated approach which could help 
better define conservation objectives and prioritize management and restoration actions within 
large Mediterranean coastal wetlands. 
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QUO VADIS ECOSYSTEM? 
 

Giuseppe Bendoricchio and Luca Palmeri 
Department of Chemical Processes Engineering, University of Padua, Via Marzolo, 9, 35131 

Padova - ITALY 
 

The description of ecosystems’ evolution is a challenge for many scientists. Several attempts 
have been made, mostly using compartments and flows, to describe the structure of 
ecosystems and holistic indicators or goal functions (GF) to describe the tendency of their 
evolution. Under a steady flow of energy from the environment, an ecosystem can increase 
the biomass by growing the number of individuals and/or their body weight until a certain 
steady state level. In this situation nor the structure (e.g. species composition) nor the pattern 
of flows linking its compartments vary and both biomass and flow reach an “optimal” level. 

Under the same steady flow of energy from the environment, many different ecosystems 
can exist in an optimal steady state, according to the limiting constraints originated by the 
characteristics of other environmental factors (e.g. temperature, nutrients availability).  

A question remains open: when an ecosystem can be considered in a good state as 
required by the recent Water Framework Directive  (WFD,  2000/60/EC) ? 

In order to answer to this question the way used by an ecosystem to evolve has been 
studied and a state indicator is proposed. The Supply Demand Balance (SDB) is an indicator 
based on two main assumptions, the first one being that an ecosystem can be represented by a 
network of compartment and flows, the second that the metabolic rates scale across species 
approximately as the ¾ power of mass. The SDB indicator summarizes in a single number the 
distance of an ecosystem from an optimal state. 

Under these assumptions the SDB indicator can be regarded as a measure of ecosystem 
state and satisfies the WFD requirements. 
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ESTIMATE OF NUTRIENT EMISSIONS FROM THE PO CATCHMENT INTO THE 
NORTHERN ADRIATIC SEA 

 
A. Algieri, S. Cinnirella, G. Trombino and N. Pirrone  

CNR-Institute for Atmospheric Pollution (CNR-IIA), 87036 Rende, Italy 
 
 
 
The European Water Framework Directive has set the Water Quality Objectives (WQOs) and 
each member state must accomplish the WQOs within 2027. In order to achieve these 
objectives is important to identify the major sources of pollution at catchment scale. Having 
in mind the targets of WFD the assessment of the nutrient fluxes discharged to the Po river by 
different type of emission sources (diffuse and point) is the first step for identifying the Drive-
Pressure relationship causing the eutrophication and the deterioration of the WQ of the North 
Adriatic CZ. The main emission sources of nutrients are point sources (i.e., industry and 
waste water treatment plants) and diffuse sources (i.e., agriculture, surface runoff). 

The nutrient fluxes discharged to the Po river were estimated by using the MONERIS 
(MOdelling Nutrient Emissions in RIver Systems) model. MONERIS uses a number of input 
datasets including information of the study area i.e., river flows, water quality parameters, 
statistical data of nutrient discharged into the catchment,  and major driving forces i.e., 
industry and waste water treatment plant’s. The modeling of processes affecting the transport 
of pollutants to the catchment and CZ  accounts for major pathways of pollutant transport 
from the emission sources to the receptor area which includes atmospheric deposition, 
erosion, surface runoff, groundwater, tile drainage, waste water treatment plants (WWTP) and 
runoff for paved urban areas.   

The correctness in nutrient fluxes estimation was reached by a wise calibration phase 
used to adapt the model to our catchment. Moreover a preliminary sensitivity analysis was 
made before the application of the model to identify some key parameters helpful in the 
calibration phase. 

The catchment was analyzed by a 24 sub-basin division (ABPO 1997) considering both 
physic data and transformed socio-economic data that were originally set at municipality 
level. 

The evaluation of spatial and temporal distributions of nutrient fluxes and pathways 
highlights the changes of the water quality in the different periods. The estimate of nutrient 
emission for both periods 1990-1995 and 1995-2000 agree with those obtained from 
measured data at the sampling stations. The groundwater is the main pathway that contribute 
to Nitrogen emission (>50%) while the WWTP pathway has a great impact on Phosphorus 
emission (>35%).  

Finally the model was used to assess scenario analysis  for the estimation of nutrient 
emissions having in mind the WQOs of  WFD.  
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 RELATIVE CONTRIBUTION OF ATMOSPHERIC AND RIVERINE INPUTS OF 
METALS, NUTRIENTS AND POP’S INTO THE LAGOON OF VENICE  

 

C. Bettiol1, F.  Collavini2, S. Guerzoni2, E. Molinaroli1, P. Rossini3, L. Zaggia2 and R. 
Zonta2 

1Dip. Sc. Ambientali- Università Venezia 
2Istituto di Scienze Marine-  CNR, Venezia 

3CSA Ricerche, Rimini 
 

 

Based on concurrent sampling of 12 river inputs and 4 atmospheric stations during 1999 we 
can provide data of the relative importance of two of the main sources in the annual load to 
the Lagoon of Venice. Total metals, nitrogen and phosphorus species, together with dioxin-
like PCBs and HCB have been measured. The load of PCDD/F was estimated in the same 
four atmospheric stations and in four tributaries (Dese, Osellino, Taglio Nuovissimo, Cuori) 
comprising approximately one/half (15 m3/s) of the total annual discharge (∼ 36 m3/s), and 
then extrapolated. 

Most of the studied metals and Ptot showed a prevalent riverine input. This is especially 
true for As, Cu, Cr and Ni. The relative importance of the two sources for nutrients and 
dioxins was comparable, with a prevalence of atmospheric components for organic 
micropollutants (especially HCB and PCB). 

The errors associated with the extrapolation of atmospheric deposition to the whole 
lagoon by using only four sampling sites have been already discussed, and could change 
significantly the figures in different conditions (i.e. annual variations, total rainfall, etc.). The 
same could be said for the tributaries, especially for what concerns the hydrology. 

A comparison with maximum allowable discharge (MAD) established by a Ministry 
Decree (9/2/199) was made, and the total (river +atm) input of Cr, Cu, Ni and Zn resulted to 
be lower than MAD. Total phosphorus input almost reached the allowed value, whilst total 
inorganic nitrogen were twice the MAD.  

For those metals and POP’s, where the MAD was stated at “0” (As, Cd, Hg, Pb, 
PCDD/F) the measured inputs of 4,7 (As) and 4,6 tons (Pb), 130 (Cd) and 36 kg (Hg), 23 g 
(PCDD/F) and 406 mg (TEQPCDD/F) are by definition “above” MAD. The inputs of these 
compounds should therefore be reduced as much as possible in the near future. 

The collected data are the first attempt to get an exhaustive framework of the inputs to 
the lagoon, in order to obtain information for the integrated management of the drainage basin 
and the coastal zone. 
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DATA AND METADATA MANAGEMENT FOR THE TIDE PROJECT 
 

L. Macaluso1,2 , A. Marani1,2 , S. Fant1,2  , G. Scalvini1 and O. Zane1 
1Istituto Veneto di Scienze, Lettere ed Arti di Venezia - S. Marco, 2945 - 30124 Venezia (Italy) 
2Dipartimento di Scienze Ambientali, Università Ca’ Foscari di Venezia - Dorsoduro, 2137 - 

30123 Venezia (Italy). 
 
 

 

The TIDE EU-RTD project (EVK3-CT-2001-00064) aims to study the morphological 
dynamics of three tidal areas, the Venice Lagoon (Italy), the Eden Estuary (Scotland) and 
Morecambe Bay (England), in order to describe the coupled evolution of landforms and 
vegetation. The objective is to develop dynamical models of intertidal eco-geomorphic 
systems forced by the tide using remote sensing to characterize observed structures and to 
define initial conditions and validation data sets for models.  

The study uses physical (channel network, sediment transport and marsh morphology) 
and biological (vegetation and microphytobentos populations and metapopulations) indicators 
of environmental change to characterize the state and trend of the system, and satellite, 
airborne and balloon observation platforms. Ancillary data are collected directly in ad-hoc 
field campaigns and in existing ground stations (meteorological and hydrological data). 

All data collected and their related metadata are organized in a database which will be 
supported by a GIS interface, containing images (maps, photos, plots) and text data. Such data 
are made available to all the partners of the project and a selection is made freely available 
through internet. The Istituto Veneto di Scienze, Lettere ed Arti has developed and maintains 
the internet web site (http://www.istitutoveneto.it/tide) where the TIDE project is described in 
detail and the database is hosted. The data available are very diverse: data from remote 
sensing, chemical and physical data, taxonomic data about vegetation and microphytobentos, 
hydro-dynamical models structure and results, socio-economic evaluations, and so on. 
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The Sacca di Goro lagoon during a dystrophic crises in which water assume the typical white colour (in the 
background). Photo courtesy of Prof. Viaroli and Dr. Giordani (Parma University). 
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LIMITING NUTRIENTS OF PICO – AND NANOPHYTOPLANKTON IN TWO 
MEDITERRANEAN COASTAL LAGOONS WITH DIFFERENT TROPHIC STATUS 

 

B. Bec1, Y. Collos1, B. Bibent1, B. Mostajir1, V. Pons 1, P. Souchu2 and A. Vaquer1 
1UMR 5119 - CNRS "Ecosystèmes lagunaires", Université Montpellier II 

2 IFREMER Crema, L'Houmeau 
 
 
 
Dilution experiments were conducted during summer (June - August 2001) in two lagoon 
ecosystems with different eutrophication level. The Salses-Leucate lagoon received 
phosphorus poor fresh karstic water from a relatively small catchment area (162 km2), and the 
Thau lagoon, an important site for oyster production, with catchment area about 300 km2 

characterised by agriculture, industrial activities and urban waste.  
The dilution method provided simultaneously estimates of phytoplankton growth k and 

microzooplankton grazing g rates. Three nutrients enrichments were tested to determine the 
limiting nutrients of primary production: complete enrichment received a full nutrient 
supplemented (H), and full enrichment without nitrogen (N) or phosphorus (P). 

In both lagoons during summer, dissolved inorganic nitrogen (DIN) and soluble reactive 
phosphorus (SRP) concentrations were very low (< 1 µmolN/l and < 0.60 µmolP/l 
respectively). However, the DIN:SRP ratio was higher in Salses-Leucate (18 to 98) than in 
Thau (1.63 to 2.84). Biomasses varied from 0.71 to 2.10 µg chl a l-1 (Salses-Leucate), and 
from 2.39 to 6.72 µg chl a l-1 (Thau). In complete enrichments, growth rates estimates based 
on total chlorophyll a (Chl a) increased during summer to reach their maximum in August  
(1.36 d-1 in Salses-Leucate and 2.69 d-1 in Thau). In both cases, phytoplankton growth 
exceeded losses of phytoplankton to microzooplankton grazing. 

The picophytoplankton community was mainly represented by picoeukaryotes (> 80%) 
in June whereas picocyanobacteria became dominant in July and August (ranging from 82% 
in Thau to 100% in Salses-Leucate). Picophytoplankton growth rates estimates based on cell 
abundance by flow cytometry were inferior to growth rates based on total Chl a. The ratio of 
phytoplankton growth rate estimates under ambient nutrient conditions and with nutrients 
added (µ0 /µmax) provided a measure of nutrient sufficiency for growth. This ratio revealed that 
picophytoplankton was little (0.41-0.81 in Thau) or none (≈ 1 in Salses-Leucate) nutrient 
limited comparatively to whole phytoplankton community (< 0.4 in Thau and > 0.46 in 
Salses-Leucate). The results from enrichment without N or P suggest that N was the limiting 
nutrient in Thau whereas P and N were limiting nutrients in Salses-Leucate. 
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STANDING STOCKS AND FLUXES OF CARBON AND NITROGEN OVER AN 
ANNUAL CYCLE IN THE THAU LAGOON (SOUTHERN FRANCE) 

 

Y. Collos1, P. Souchu2, A. Vaquer1, G. Cauwet3 and A. Gasc2 
1Laboratoire Ecosystèmes Lagunaires (UMR 5119 CNRS), Université Montpellier II, 34095 

Montpellier Cedex 5, France 
2Laboratoire DEL/ECO IFREMER, 34200 Sète, France 

3Laboratoire Arago (UMR 7621 CNRS), 66650 Banyuls-sur-mer, France 
 
 
 
Inorganic nutrients, dissolved organic matter (DOM), bacterial cell counts, and particulate 
matter (carbon, nitrogen, chlorophyll a) were measured weekly over a 15 month period at 2 
stations in the Thau lagoon (France) and at one station in the Mediterranean sea. Inorganic 
carbon (C) and nitrogen (N) fluxes were measured on a seasonal basis. The summer period 
was characterized by oligotrophic conditions due to the absence of freshwater input. DOM 
represented the largest stock of C and N. All organic matter variables measured during 
summer were higher in the lagoon than outside. The lagoon waters could present summer 
dissolved inorganic nitrogen concentrations near detection limits, while primary production 
was still high (23 µmol C.l-1.d-1). Dissolved organic nitrogen (DON) concentrations (up to 45 
µmol N.l-1) and recycling processes seem to control primary production. Summer regeneration 
rates were 2.9 and 2.1 µmol N.l-1.d-1 for ammonium and nitrate respectively, with similar rates 
of uptake, allowing high phytoplankton growth. Phytoplankton was well adapted to the 
seasonal variations in resources, with mixotrophic dinoflagellates dominant in winter and fast 
growing diatoms in summer. Dissolved organic carbon was 5 to 40 times higher than 
particulate organic carbon, and C/N ratios of DOM ranged between 10 and 40, indicating that 
bacterial production depended partly on ammonium. C/N ratios of particulate matter (mean 
value of 6.4 by atoms) indicate that lagoon particles consist largely of plankton. DON maxima 
followed those of the whole planctonic community represented by particulate N with a 2 
month time lag. The heterotrophic community (bacterioplankton, protozoa and 
microzooplankton) is an important source of N-rich organic compounds and is crucial for the 
recycling of nutrients from the detrital stock.  
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EFFECTS OF NUTRIENTS REACHING THE RIA FORMOSA COASTAL LAGOON 
(S. PORTUGAL): ENRICHMENT EXPERIMENTS AND PRIMARY PRODUCTION 

 
S. Loureiro1, A. Newton1, J. D. Icely2 

1CMQA/FCT/Campus Gambelas, Universidade do Algarve, Faro, Portugal 
2Sagresmarisco, Vila do Bispo, Portugal 

 
 
 
Coastal Lagoons are considered as coastal waters under the Water Framework Directive 
(WFD). The Ria Formosa lagoon  is a Ramsar  and a Natura 2000 site as well as a large 
National Park and Reserve. This area is also important for tourism and bivalve aquaculture.  
Excessive anthropogenic loadings can lead to eutrophication conditions in all classes of 
coastal ecosystems. The increased nutrient inputs and the ratio between these supply rates can 
lead to changes in the autotrophic community structure, stimulation of primary production, 
episodes of nuisance algae blooms and anoxia conditions in bottom waters. For the purpose of 
coastal management, it is important to study which nutrient limits phytoplanktonic production 
in order to stop or reverse eutrophication. Potential nutrient limitation in aquatic environment 
can be assessed by nutrient enrichment experiments. The main sources of anthropogenic 
nutrient inputs to the Ria Formosa come from agricultural  runoff, domestic sewage discharge, 
aquaculture and farming practices. Small-scale, short term enrichment of N and P experiments 
were perfomed with water collected from three sampling stations representing the seaward 
boundary condition (Atlantic inlet), a sewage treatment outflow, and the inner lagoon, at high 
and low water and at summer solstice and autumnal equinox. Significant net pelagic primary 
production stimulation was mainly observed after nitrogen addition during the summer 
solstice experiment. In almost all the cases studied, (station and tide regime), nitrogen was the 
potential “proximate limiting nutrient”. Increases in primary production were accompanied by 
changes in phytoplanktonic abundance and biomass with major response coming from the 
diatoms taxa. 
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TAXONOMIC DIVERSITY OF FISH, ZOOBENTHIC AND MACROPHYTE 
COMMUNITIES AND ENVIRANMENTAL CHARACTERISTICS IN 

MEDITERRANEAN COASTAL LAGOONS 
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Lagoons are highly productive marine coastal ecosystems representing more than 50 % of the 
coastline in Languedoc Roussillon (South of France, Mediterranean Sea). These lagoons are 
very different in their physico-chemical characteristics, eutrophication levels and resource 
exploitation mode. Based on macrophyte, zoobenthos and fish communities, we used different 
levels of taxonomic diversity and two indices (∆+ and Λ+) to compare three of these lagoons 
(Ingril, Prevost and Mauguio). If the taxonomic diversity of the fish community seems not 
influenced by the lagoon, the benthos community is strongly related to the eutrophication 
status of the lagoon: with the same sampling effort we identified 7 benthic species for 
Maugio, the most impacted lagoon instead of 24 species found in Ingril, the less impacted 
one. Overall, the variance of taxonomic distinctness Λ+, appeared as the the best indicator of 
the lagoon environment stability. This index is always higher for the Maugio lagoon whatever 
the biotic compartment considered. In a more stable lagoon like Ingril (lower variations of 
salinity, temperature or turbidity), Λ+ is low, i.e. the structure of the taxonomic tree tends to 
be very similar with a relative even partition of species among phylum. At the opposite, when 
environmental conditions vary strongly like salinity in the Mauguio lagoon, the taxonomic 
tree tends to become irregular with some species belonging to the same family and the others 
adding new order or phyla. Thereafter, the ability of these taxonomic indices to discriminate 
among environmental conditions in comparison to the richness indicator are discussed. 
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In Thau Lagoon (South of France), more than 20% of the macrophyte species are introduced 
species, possibly through shellfish farming. However their impact on local assemblages has 
not been evaluated yet. In this study, a large scale spatial survey provided data on macrophyte 
densities (expressed as dry biomass per m2) and environmental characteristics (depth, 
granulometry, porosity, water content, organic mater, phosphorous and nitrogen 
concentrations in the sediments). Sampling sites were chosen according to a regular grid (1 
site per km2). To account for the spatial structure, geographic coordinates were used to 
calculate spatial variables as the Euclidian distance between the sampling sites and fresh or 
salt water source points. Four data sets were then constructed: local species to be explained 
(45 sites x 35 species), exotic species (45 sites x 13 species), environmental variables (45 sites 
x 16 variables) and spatial variables (45 sites x 6 source points) as covariates. Variation of 
local macrophyte assemblages was partitioned among the three components (spatial, 
environmental and exotic species) using a partial redundancy analysis (RDA). To circumvent 
the problems associated with the Euclidian distance used in the RDA, biomass were 
preliminary transformed according to Hellinger formula. The partitioning was as follows: 
pure biotic (exotic species) (7%), pure environmental (18%), pure spatial (11%), interactions 
(20%) and unexplained (44%). Among the exotic species, three species showed a significant 
effect on local species: Dasya sessilis, Chrysymenia wrightii and Griffithsia corallinoides. 
Chrysymenia wrightii was found to be associated with the green algae Cladophora sp. and the 
red algae Radicilingua thyzanorhizans whereas Griffithsia corallinoides was associated with 
Cutleria multifida.  Of the 16 environmental variables tested, only porosity, total P, N/P and 
depth were selected as best explanatory variables. Polysiphonia elongata, Stictyosiphon 
adriaticus and Cladophora sp. were associated with deep waters whereas Zostera noltii was 
associated with shallow waters. Finally three water source points were also selected as 
significant variables showing the association of Cladosiphon mediterraneus with freshwater 
inputs.  
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Coastal lagoons are extremely common environments and among the most productive on 
earth. The dynamic and productivity of these interface systems depends on exchanges of 
energy and material (both inorganic and organic) between terrestrial and marine ecosystems. 
As a result, allochthonous organic material of both a continental and marine nature converges 
in lagoons and determines high spatial variability in the trophic structure. The trophic 
structure and its spatial variability in coastal lagoons is of great interest, but is also difficult to 
assess. However, recently a new approach has been proposed to establish the origin and 
follow the flux of organic matter within food webs in natural ecosystems. This is based on the 
analysis of stable carbon and nitrogen isotope ratios (13C/12C and 15N/14N), a powerful tool for 
determining sources of nutrition and trophic levels of consumers respectively. In this study, 
the δ13C and δ15N values of primary producers and consumers were studied to analyse the 
spatial variation in origin and use of organic matter sources in a Mediterranean lagoon 
(Mauguio Lagoon, southern France). Two distinct regions of the lagoon were investigated: the 
southern region, with a direct connection to the Mediterranean Sea and the central one, with 
large freshwater inputs. Samples of organic matter sources and consumers were collected in 
each area in February 2002 for stable isotope analyses. Although our results provide evidence 
for the prevalence of the benthic pathway in the food webs of both regions in the Mauguio 
Lagoon, the isotopic values markedly differed between the two sampling areas. The δ  13C 
values of primary producers and consumers were more depleted in the central region than in 
the southern one, while δ15N signatures showed the opposite trend. It emerged that the sources 
of organic matter had a different origin and isotopic signature in the regions investigated and 
that consumers preferentially exploited locally produced organic matter. This research 
corroborates the general evidence for considerable spatial heterogeneity in the exploitation of 
organic matter in coastal areas and the clear tendency of consumers to use organic matter 
produced in the region of the lagoon where they reside. 
 



 
 

 

 

 38 

 

ROLE OF MICROPHYTOBENTHOS AS PRIMARY PRODUCER ON CARBON 
CYCLE UNDER DIFFERENT SALINITY REGIMES IN NORTHERN ADRIATIC 

LAGOONS 
 

Oriana Blasutto, Tamara Cibic, Cinzia De Vittor and Serena Fonda Umani 
Laboratory of Marine Biology of Trieste, Via A. Piccard, 54, 34010 Trieste, Italy. 

 
 
 
Benthic microalgal communities are important primary producers in a wide variety of shallow 
coastal ecosystems, particularly in lagoon environments, where the euphotic zone extends to 
the sediment-water interface. Epipelic diatoms (Bacillariophyceae) play an important role in 
the carbon cycle through the production of copious amounts of extracellular polymeric 
substances (EPS), mainly consisting of carbohydrates. EPS represents a considerable input of 
high-quality organic carbon into the sediment that may be utilized as a food source for 
heterotrophic consumers. 

In order to verify the primary production variations induced by different hydrological 
characteristics and particularly by salinity, three sites in two lagoons (the Marano and Grado 
Lagoon) were investigated. In each lagoon sediment samples were collected following a 
salinity gradient. Photosynthetic active radiance (P.A.R.) was measured at the bottom and 
microphytobenthic biomass was estimated as Chlorophyll a. Diatom primary production was 
determined using 14C-tracer and two different photosynthetically produced carbon fractions 
(low and high molecular weight) were estimated. Extracellular carbohydrates were extracted 
from the sediment and separated in two operationally defined fractions (colloidal, and EDTA-
extractable). Colloidal carbohydrates are a labile water-soluble fraction and represent diatom 
activity; EDTA-extractable fraction is more tightly associated with cells walls or sediment 
particles and represents a more refractory fraction. 

Data obtained evidence no apparent relationship between salinity gradient and primary 
production, suggesting that sea water vivification is not very important in supporting primary 
production. 

This study presents the first detailed account of the microphytobenthos primary 
production and associated extracellular carbohydrates in surface sediments of Grado and 
Marano lagoons (Northern Adriatic Sea) determined by 14C-tracer method. 
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The Mar Menor is one of the largest coastal lagoons on the Mediterranean sea and is object of 
social concern due to its high rate of change in the last decades with detrimental impact on its 
assemblage’s structure and dynamics. Some of the changes are induced by coastal works for 
tourism facilities meanwhile others relates with changes in agricultural practices in the 
watershed, changing from extensive dry crop farming to intensively irrigated crops, increasing 
agricultural wastes and nutrient inputs into the lagoon. Spatio-temporal variations in 
hydrographical conditions, nutrients and chlorophyll α concentrations have been analyzed 
using different sets of data that cover spatially the lagoon (20 sampling stations) at different 
temporal scales (weekly to interannual) from 1970 to 2002. Data have been analyzed using 
ANOVA, multiple regressions and multivariate ordination analyses.  

Hydrological conditions mainly changed since 1972 after the enlargement of an artificial 
navigation channel connecting the Mediterranean Sea with the lagoon. This produced an 
increase in the water renewal rates, decreasing salinity from 50-60 to 42-45 psu, and 
smoothing extreme temperatures. 

Changes in the nutrient inputs regime are producing a chain of changes affecting mainly 
to water quality, phytoplankton and jellyfish proliferations. Comparison of extensive time 
series (weekly sampled) for 1988, 1997 and 2002 shows that in 1988 nitrate concentrations 
were low through the year, contrasting to the higher phosphate values. It also showed the 
seasonal variation of the trophic state of the water due to different nutrient input regimes: 
nitrate via runoff mainly in winter and phosphorous mainly in summer via urban sewage. 
While nitrate concentration during 1988 was always under 1 µmol NO−

3 /l, much higher 
concentrations occurred in 1997 and 2002, particularly during spring and summer entering 
mainly through the major watercourse (El Albujón). During 1997 and 2002 higher nitrate 
concentrations were usually found in the west coast of the lagoon, close to the mouth of the 
main watercourses, meanwhile lower concentrations were associated to the inner coast of La 
Manga and El Estacio channel influence area. Drastic change in phosphate levels were also 
found between 1988 and 1997 and 2002. The seasonal distribution of phosphate found in 
1988 was not evidenced during 1997 and 2002 showing much lower values along the last 
years. The spatial distribution of phosphorous in surface waters showed maximum 
concentrations closed to the main wastewater treatment plants. Now the N:P ratio changed 
drastically, thus becoming phosphate the limiting factor for planktonic productivity. 
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Synoptic sampling of lagoon water at three contrasting sites in the Ria Formosa was carried 
out between 2000 and 2002 at the high water, ebb, low water and flood stages of the tidal 
cycle, during the summer and winter equinox and the spring and autumn solstice. The sites 
were selected to represent conditions at the inner and outer lagoon and at the interface with 
the Atlantic Ocean.  Samples were processed for the determination of: nutrient concentrations; 
primary and bacterial productivity using both oxygen and carbon 14 methods; chlorophyll 
analysis by  fluorometry; pigment analysis by HPLC;  and abundance and biomass of  
microrganisms less than 200 µm in size using epifluorescence and inverted microscopy. 

The data from these analyses were used to calculate a range of  parameters that are 
considered useful in  screening models for predicting eutrophication in coastal ecosystems 
including : 

a) Photosynthetic efficiency- Alpha (α); 
b) Coefficient for respiration   ( r ) ; 
c) Yield of chlorophyll from nitrogen ( q ) ; 
d) Ratio of the biomass of  autotrophic flagellates and cyanobacteria to total 

phytoplankton -  Psi (ψ) ; 
e) Ratio of the biomass of  microheterotrophes to total microplankton - Eta (η). 

Estimate for these parameters are presented  together with an analysis of the  water  
quality situation in the lagoon and the potential for eutrophication in the future. This  work is 
part of the OAERRE ( Oceanographic Applications to Eutrophication in Regions of Restricted 
Exchange ) project  funded  by  European Union within ELOISE cluster of  Framework 5 (No 
EVK3-CT1999-0002).  
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The Orbetello Lagoon is a coastal brackish wetland embraced by the Gianella and the Feniglia 
sandbars which link the Monte Argentario promontory to Tuscan mainland off the Tyrrhenian 
coast of Italy. At the center of the lagoon is a third incomplete sandbar also linked to the 
mainland by a causeway dividing the lagoon into two separate basins: the eastern lagoon  
which covers a surface area of 1500 hectares and the western lagoon covering 1200 hectares.  

A number of human impacts has placed stress on the entire lagoon ecosystem. These 
include two sewage treatment plants that release wastewater in the western lagoon and the 
discharge of wastewater from intensive fish farms into the lagoon. Other impacts come from 
industrial wastes in an area formerly occupied by the Sitoco fertilizer production plant, the 
nearby S.I.P.E. Nobel powder mill, a small harbour located between Monte Argentario and 
the Gianella sandbar and beach resorts with waste drainage systems along the two sandbars.  

The aim of this project is to define the contamination status of this lagoon through 
sediment characterization. In May 2002, 55 sediment cores were collected in various areas of 
the lagoon with different degrees and types of contamination input. Cores sites were selected 
as representative of pollution sources as established by the Italian Law DM n° 471/99. 
Sediment was analyzed for heavy metals, organic substance, nitrogen and phosphorous in 
both the upper (0-10 cm) and lower core layers (10-20cm).  

The highest heavy metal concentrations were found in Sitoco sediments due to former 
industrial activity, averaging 26.15 mg/kg dried weight (d.w.) for As, 380.69 mg/kg d.w. for 
Pb, 218.31 mg/kg d.w. for Cu and 607.77 mg/kg d.w. for Zn.  

Percentages of organic substance, nitrogen and phosphorous were high throughout the 
entire lagoon, peaking in areas of sewage treatment discharges with respective values of 
8.21% d.w., 1.11% d.w. and 5.64% d.w.  
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The Lagoon of the Mar Piccolo of Taranto is  to date undergoing a strong human influence, 
including intense navigation sewage, mostly atmospheric industrial input and intense 
mariculture activities, which affected the trophic balance of the basin and led the Mar Piccolo 
to hypertrophic conditions and anoxic crises.  

Object  of  this study  was to attempting  the assessment of  the extent, the evolution and 
the causes of the trophic anomalies and the contamination thorough the years 1999-2000 
through the biogeochemical - sedimentological studies of the first Taranto basin (Primo 
Seno). Physico-chemical (pH, Eh, T°C), granulometrical, mineralogical and chemical 
properties of samples of  surficial sediments and cores were determined. Among the chemical 
parameters were measured organic C and P, total N, major elements (Al, Fe, Mn, Mg and Ca), 
inorganic C and P and some trace elements (Cu, Zn, Pb, Cd, Cr, Ni, Mo, Sn, Ag, V, Co, As).  

  The results support the evidence of a basin featured by limited exchanges with the sea 
and scarce natural inputs from land, which is decreasing due to climatic changes. These 
natural inputs are more and more less able to dilute the abundant input of nutrients from the 
urban discharges, also rich in phosphorous, limiting algal growth in the basin. Surficial 
sediments are therefore rich in autochthonous organic matter, immediately reacting to 
microbial degradation, associated to a significant quantity of allochthonous and semi 
autochthonous organic matter that rises locally from cultivation of muscles. This activity 
modified normal sedimentation in wide areas. Studies of sediment cores suggest a recent but 
rapid evolution of the basin from trophic to dystrophic conditions.  

Space and time distribution of trace elements suggest an intense and rapid evolution of the 
effects of the mostly eolian contamination from industrial activities, rich in values several 
time natural levels. 
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We have been studying the sediments of the Venice Lagoon since 1992. At the beginning we 
dealt with the history of metal fluxes, the residence time of reactive chemicals and particles in 
the water column, and the atmospheric fluxes. The subsequent projects were designed in a 
more comprehensive way to obtain information on past and present sources, contaminant 
distribution, fluxes and historical time trends. To assess the relative importance of the sources, 
we have extensively sampled the industrial area. Both gradients and relative abundance of 
contaminants such as heavy metals, polychlorinated biphenyls (PCBs), polychlorinated 
dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs), and polycyclic aromatic 
hydrocarbons (PAHs) suggest a major role of the 1st Industrial Area of Porto Marghera, even 
if there were specific important sources also within the 2nd Industrial Area (here, 
concentrations of Ba, Hg, PCDD/Fs and PCBs reached in the past are very significant). We 
have also studied lagoon sediments, which are much less contaminated. This means that the 
canal sediments tend to be confined, even if they can be occasionally resuspended by 
dredging and passage of large ships. History and trends of atmospheric fluxes were evaluated 
by analysing a number of salt marsh cores: the sites leeward with respect to both the urban 
and industrial area recorded contaminant fluxes that are up to ten times higher than at 
windward locations. Sediment chronologies, established through activity-depth profiles of 
137Cs and 210Pb, show that fluxes peaked in the 1950-early 1980s (the contamination by PAHs 
is older) and are decreasing since due to environmental regulations, closure of many plants, 
and use of better industrial technologies for production and waste treatments. This approach 
can be used in other coastal lagoons to assess the present quality of the environment, the 
relative importance of the sources and the history of the input. 
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The Fattibello-Spavola coastal lagoon, is a shallow environment that plays an important role 
for the hydrodynamic of the whole Comacchio wetland system. A study of sources and fate of 
toxic metals (Cr, Cd, Cu, Pb, Zn, As, Hg) was carried out in two seasons (July 1997 and 
November 1998). The role of major elements (Ca, Mg, Al, Fe and Mn) and organic matter, 
both autochthonous and allochthonous, was also considered. 

Surficial and sub-surficial sediments were collected in areas of the lagoon characterized 
by biogenic accumulation or by clayey-silty sediment deposition, with different organic 
matter contents and redox conditions. Sequential extraction procedures were used for the 
analysis of Fe, Mn, Cr, Cu, Pb, Zn, As to define element partitioning and assess exchange 
capabilities. 

The highest pollutant concentrations were found in the fine sediments of the lagoon 
tributary channels. This evidence suggests a direct inputs of anthropogenic metals into the 
basin from the surrounding land.  

Information on the geochemical speciation of the elements (i.e. their links with the 
different sedimentary phases) were obtained. Results shown that 80% of Cr, 43% of Cu and 
37 % of Zn are mainly associated to the residual inorganic forms. Pb content is high is in the 
carbonate fractions (49%), Zn is also adsorbed on Mn-Fe hydrous-oxides (30%), whereas As 
(21%) and Cu (25%) higher concentrations were found in the organic matter fractions. 

Total metal concentrations were obtained independently after complete dissolution of the 
samples and compared to the sum of the values relative to the single fractions obtained from 
sequential extractions. The quite small differences account for the reliability of our ana lytical 
techniques. 

Trace element total concentration in lagoon sediments are relatively high, but not higher 
than those that can be found of the coastal area of the Adriatic Sea close to the Po River delta. 
Therefore, there are no evidence of important pollution by heavy metals in the bottom 
sediments of the lagoon. 
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Pialassa Baiona is a brackish lagoon connected to the Northern Adriatic Sea through the 
harbour of the Ravenna city (Italy). For its peculiar characteristics (e.g. sanctuary and nesting 
place of waterfowls), the Lagoon is a national protected area belonging to the Nature Park 
‘Delta del Po’ as well as a wetland of European (Natura 2000) and international importance 
(Ramsar Convention). The environmental status of the Lagoon has been strongly affected by 
anthropogenic activities related to the intense agriculture and the rapid 
industrialisation/urbanisation of its neighbouring areas. Although linked to past chemical 
productions, contamination of sediments is a topical issue for the remarkable levels of 
mercury and PAHs still occurring in surface strata. The toxicity of these pollutants and their 
ability to bioaccumulate in benthic organisms may pose health problems, as edible species, 
notably Tapes philippinarum, are harvested in the Lagoon. Beside monitoring the levels of 
mercury and priority PAHs in shellfishes, it is important to understand the propensity of 
contaminated sediments to act as a source of these toxicants for dwelling organisms. Whereas 
studies on the distribution and speciation of mercury in sediments and benthic organisms have 
been performed (1), data regarding the biota/sediment relationship are lacking for PAHs. 
Nonetheless this aspect is worth of consideration also for the unusual molecular pattern of 
sedimentary PAHs, which is characterised by a consistent contribution of molecular species 
containing a five membered ring in their structure (non-alternant PAHs). These PAHs are 
thought to be derived from the thermal utilisation of local methane on the basis of their unique 
isotopic signature (δ13C) (2). Non-alternant PAHs are known to be biologically reactive and 
cyclopenta[cd]pyrene, the most abundant species found in lagoonar sediments, is considered 
an important mutagen. In this study, concentrations of PAHs in sediments and tissues of 
Tapes philippinarum have been determined by HLPC/fluorescence and GC with mass 
spectrometric detection. Results indicate that the distribution of PAHs in mussels is 
unbalanced toward lower levels of non-alternant species with respect to the levels observed in 
sediments. This trend may reflect the different water solubility of PAHs and/or the faster 
biological degradation of non-alternant PAHs. 
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Coastal lagoons are currently ranked amongst the most endagered aquatic ecosystems since 
they are often directly and most seriously affected by urban runoff, anthropic activities and 
domestic discharges; furthermore, the large fluctuations in physical and chemical conditions 
that characterize them may enhance the impact on the biota of both pollutant and nutrient 
inputs, strongly impinging on it. Monitoring such an ecosystem requires the assessment of 
tools that efficiently and reliably discern ecosystem changes in relation to changes in land use; 
research trends in marine and coastal ecosystems quality assessment have demonstrated the 
need for an integrated approach which combines the chemical characterisation of a site with 
the evaluation of the possible structure alterations of its living communities, to overcome the 
limits of each single investigation and to better identify the summarized effects of all the 
components interacting with the biota.  

Such an integrated procedure of monitoring is being carried out for the assessment of the 
quality of the Lesina Lagoon (Apulia Region, Southern Italy).  

The Lesina Lagoon is a brackish and shallow lagoon located on the Adriatic coast of the 
Southern Italy, connected with the sea through two channels; in the catchment area, mostly 
exploited for agriculture (grasses and greens), rise also fish breeding farms and a buffalo 
breeding farm and three towns (with a total of about 30 000 inhabitants).  

Twelve sampling sites were chosen according to the different natural and anthropic inputs; 
every month water parameters (temperature, salinity, dissolved oxygen, pH, Eh) were 
evaluated and water samples were collected for a-chlorophyll, suspended particulate matter 
(SPM) and organic particulate (OP) analyses; every two months sediment samples were 
collected for the macrobenthic infaunal community structure characterisation, particularly as 
regard the Nematoda genera identification; interstitial water pH and salinity and sediment 
total organic matter (TOM) levels were also evaluated; twice a year (on spring and autumn) 
sediment toxicity bioassays on Paracentrotus lividus and Vibrio fischeri were performed and 
sediment heavy metals levels evaluated. 
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Nutrient availability, light availability and water dynamism are considered the main 
environmental factors which control structural organization of the phytoplankton guild in 
coastal lagoons and affect spatial-temporal dynamics of phytoplanktonic abundance, 
taxonomic composition and size structure. However, few attempts were made in order to 
explain spatial-temporal dynamics of phytoplankton guild and their relationships with 
environmental factors with theoretical ecological approaches. The purpose of this study is to 
analyse spatial-temporal dynamics of taxonomic composition and size structure of 
phytoplankton guild in term of niche space partitioning among coexisting phytoplanktonic 
taxa. The study was carried out in a southern Italian coastal lagoon (Lake Alimini Grande; 
Otranto- Le) on a grid of 33 sampling stations over a 12 months period, on the basis of 
biweekly or monthly measurements of phytoplankton abundance, taxonomic composition, 
light availability and salinity. Moreover, the contribution of nutrient loading (N and P) 
deriving from sediments release and freshwater inputs were also quantified at the 33 sampling 
sites on the same temporal scale. Afterwards, the most abundant phytoplanktonic taxa were 
ordered according to their spatial-temporal patterns of variation of numerical abundance, 
along niche dimensions defined by N and P availability gradients, light availability gradient 
and hydrodynamic gradient (here identified as salinity gradient). The results of this study 
highlighted that phosphorus loading and water dynamism were the most significant niche axes 
affecting temporal succession and spatial distribution of phytoplankton taxonomic 
composition in the Lake Alimini Grande. In relationships to these axes, freshwater and winter 
blomming species were associated with high phosphorus availability and low salinity areas, 
whereas typical summer species were associated with high salinity areas and low phosphorus 
availability. In relation to temporal and spatial heterogeneity of the environment, the position 
of taxa on niche space was more strongly related to the temporal scale than to the spatial 
scale. Body size of organisms was also found to be relevant, on the organization of 
phytoplanktonic guilds, both in term of body size spacing on gradients and in term of body 
size association in the successional processes.  
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Along the Portuguese coast there are several lagoonal systems showing different patterns of 
sea-lagoon connection and confinement degrees. Most lagoons in Portugal tend to be isolated 
from the sea by a sand barrier and are temporarily or permanently connected to the sea 
through a man-made channel. In a samll reach of the SW littoral there are three lagoons – 
Lagoa de Melides, Lagoa de Santo André and Lagoa da Sancha – in different successional 
stages. 

The annual dynamics of these lagoons were studied through the general physico-chemical 
conditions of water and sediments, planktonic phytopigments, macrophytes, benthic 
invertebrate fauna, and fish fauna. 

Lagoa de Melides (34ha) is surrounded by rice fields and to keep the appropriate water 
level a man made channel is established whenever necessary, usually several times a year. 

“Lagoa de Santo André” is a large (150ha) lagoon which is artificially connected to the 
sea once a year (usually late March); the connection with the sea is maintained during one to 
two months. 

“Lagoa da Sancha” is a small (4ha) oligohaline-mesohaline lagoon isolated from the sea 
by a large sand barrier (150 meters width). The last reported direct connection to the sea dates 
from 25 years ago. 

The structure and functioning of these three systems depend essentially on the annual 
balance of sea water- fresh water. Lagoon communities are physically controlled and species 
succession depends on the colonization by freshwater and marine species, and on the 
extinction processes as a result of environmental constraints (salinity, summer conditions). In 
the extreme case of Lagoa da Sancha, species succession is completely erratic. 

Lagoon ecological status is not translatable by means of a single water, sediment or 
biological parameter. Several years data from Lagoa de Santo André, in different conditions 
of sea- laggon water exchange, show how ecological processes are dynamic and how organic 
matter output is important to prevent deterioration and to keep a good ecological status. 

The sea- lagoon connection is unquestionably a very relevant disturbance and the 
ecological status of these transitional waters strongly depend on it. If such an anthropogenic 
pressure does not take place, the system gets more eutrophic, disfunctional and fails to 
achieve the desirable ecological status. 
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Ancona and Bellocchio marshes, situated between the North Adriatic Sea and the Comacchio 
lagoon (Italy), include a series of coastal water bodies and wetlands. They represent the 
remains of inlets, which were progressively filled in and isolated from the sea by the 
development of littoral bars, whose most recent evolution sets back approximately 70 years. 
The Bellocchio-Gobbino channel, which divides the area into two portions, has been opened 
to assure the communication between the sea and the Comacchio lagoon. The northern part of 
the area was transformed into the Lido di Spina lake, whereas the southern portion comprises 
many little shallow and high salinity ponds, sometimes completely dry during the summer 
season. This area is included in the Po Delta Park, and some parts of it fall within the Natural 
State Reserve, the Ramsar Convention on Wetlands and “Natura 2000” network (according to 
the EU regulations).  

Since recently, the littoral bar, which divides the area from the sea, has been intensively 
affected by coastal erosion processes and, as a consequence, sea storms have caused more 
frequent seawater ingressions leading to the withdrawal of the littoral bar itself. The 
subsidence represents a further disturbance element. Subsidence has been enhanced by 
anthropic impact, both through gas extraction (recently stopped although its effect will last for 
several tens of years) and through groundwater pumping. 

The analysis of four subsequent detailed altimetric levellings (1984, 1987, 1993 and 
1999) allowed to update the altimetry of the area and to estimate a possible future scenario for 
the year 2020. Three different hypothesis have been formulated: constant land subsidence 
through time, mitigated (weakened) subsidence, and mitigated subsidence plus foreseen sea 
level rise. The results, obtained using simulation models, arise a worrying scenario. The future 
territorial setting suggests the possibility of increased intensification of flooding events, the 
amplification of beach erosion, an instability in the water circulation (which will affect also 
the Comacchio lagoon) and an enhanced intrusion of the saline wedge into the channels and 
the groundwaters. Even in a short-term scenario, all the above mentioned factors will be able 
to modify the ecosystems significantly. 
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Seagrasses play an important ecologic role in the lagoon of Venice, the widest wetland of the 
Mediterranean sea. They function as natural protection agents against erosion of shallow 
waters, induce local sedimentation and provide nurseries, protective and feeding areas for 
various fish and invertebrate species. An accurate seagrass mapping is therefore particularly 
relevant for the lagoon management. Field surveys can provide detailed information on 
seagrasses distribution and their quality status. However, these can not be frequently repeated 
at the whole lagoon scale. 

Remote sensing provides frequent and updated data, that can be used to derive distribution 
maps of the three different seagrass species living in the shallows of the lagoon of Venice. 
The development and calibration of seagrass recognition methods based on remote sensing 
need field sampling of spectral radiance measurements. Radiance spectral signatures of the 
three seagrass species (Zostera marina, Zostera noltii, Cymodocea nodosa) were therefore 
measured on six sampling parcels during six surveys, held in the period April – September 
2002. 

The Venice lagoon is a highly dynamic ecological system and its chemical, physical and 
biological characteristics can change very quickly in space and time. In particular, they are 
deeply affected d by tide oscillation. Time variations greatly influence the spectral response of 
marine target, including seagrass. Chemical-physical data (such as suspended particle, water 
level, fluorescence) as well as phenological and growth data of the three different seagrass 
species were therefore collected during the surveys, in order to understand and model their 
influence on seagrass spectral response. 

Landsat 7 ETM+ data have been acquired during field campaigns and a procedure to map 
the seagrass distribution has been implemented. The preliminary results obtained using 
ancillary water data, spectral signatures and remotely sensed data demonstrated the relevance 
of a joined analysis of all the parameters that influence the seagrasses spectral response. In 
particular, it is important to emphasise the influence of water level variations on their spectral 
signatures. 

Maps obtained through the analysis of satellite data have been compared with those 
derived from detailed field surveys of seagrass distribution and quality status performed on 
the whole lagoon during summer 2002. This comparison has allowed to validate the 
implemented recognition procedure and to quantify its reliability. 
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Lesina  Lake, North of Gargano Promontory  (South of Italy), is defined coastal pond because 
of the poor  tidal and wave motion influence on the basin hydrodynamics. It is characterized 
by natural instability in the chemical, physical and biogeochemical parameters, as well as by 
alterations and environmental stress due to uncontrolled human intervention. 

A study of the current sea ecosystem instability, as well as an analysis of the 
environmental changes occurred during time, make possible to identify the factors that have 
controlled the environmental dynamics in the recent past such as sea level changes, intensity 
of storms and tides and influences from mainland (sediment, water). 

With this aim we focused on the recent evolution (Upper Pleistocene – Holocene) and on 
the present conditions  of  Lesina Lake. 

To reconstruct the recent evolution of Lesina Lake, we have analysed the 
sedimentological characters and the mineralogic composition of two 25 m long cores, 
sampled along the southern coast. We have carried out an extensive bottom sediment 
sampling (by box-corer) for the analysis of the ongoing environmental condition  
(sedimentological, biogeochemical and chemical-physical) of the lake. For the grain size, the 
mineralogical and geochemical analysis, we have sampled every sediment on surface and at 
different levels of depth. The redox potential (Eh) has been measured in situ; the water 
percentage (w) and the porosity (n) have been calculated in laboratory. 

The lithostratigraphic and mineralogic study of the cores has revealed the presence of both 
clay, silt and sandy silt varying in colour from yellow-green  to brown or dark-brown, and red 
soils having different thickness decreasing from bottom to top. The composition is 
predominantly silicoclastic and then carbonatic. The analysis of the two cores has revealed 
discontinuities in the stratigraphic sequence which suggest significant variations in the 
depositional environment. Small scale sedimentation cycles are interpretated in palustrine or 
narrow lagoon environment, periodically drained and interested by pedogenesis, with 
sedimentary supplies from two lithologically different domains: the Apennine Chain and the 
Apulian Foreland. 

The Eh trend of bottom lacustrine sediments shows negative values everywhere, while the 
w ant n values show a gradual hydration decrease starting from the surface layer (0-1 cm). 
The Eh bottom lacustrine sediment values indicate the presence of a strongly reducing 
environment, whereas the w and n ones, registered in some sample, are notably higher or 
lower than the average  (64% and 82%, respectively). This can be explained by the different 
extent of particle compaction as well as by the heterogeneous sediment grain size (sorting). 

Future study on the mineralogical composition and on the secondary sediment 
components (detritus, organogenic rest and alteration minerals) of the core and the bottom 
lacustrine sediments, will allow to trace the temporal evolution of the sedimentary and 
environmental processes as referred to climate, fluctuating connection with open sea 
environment, sea level changes and litoral drift energy. 
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The application of remote sensing to environmental studies is a steadily growing reaserach 
field. The high repeatability of remote observations, their increased resolution and field of 
view make remote sensing  a useful tool to study and monitor environmental patterns and 
their evolution in tidal areas, such as lagoons and estuaries. 

In order to extract objective, quantitative information from remote sensing observations, 
adequate ground ancillary data must be collected. In this contribut ion we illustrate some of the 
activities performed under the EU project TIDE (EVK3-CT-00064), which aims to 
developing models of physical and ecological processes in intertidal systems, based on 
repeated, spatially-distributed, remote sensing observations and ground truthing. We illustrate 
the type of information that may be gained from data acquired through satellite and airborne 
sensors and accurate ground truthing in applications to the Venice Lagoon. CASI, MIVIS and 
QuickBird data are examined, calibration and validation procedures are described as well as 
the collection of the required ancillary information (atmospheric conditions, spectral 
characterization of vegetation types and soil, land cover percentage, etc.). 

Elaborations of the datasets thus obtained for the Venice lagoon are then described. In 
particular, the spatial distribution of (halophytic) vegetation species is recovered and 
analysed, and links with the relevant geomorphic and physical properties are suggested. 
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The morphology of the Lagoon of Venice, the widest in the Mediterranean, is exposed to 
continuous erosion  from the natural and anthropogenic driving forces acting on the largely 
cohesive sediments forming its seabed. 

In particular the wave motion generated by the wind and the boat traffic, together with the 
intensive dredging for clam fishing, is considered to be the main responsible for the 
resuspension of sediments from the shallows extending over 75% of the lagoon surface. 

The effect of wave motion on sediment resuspension was investigated in the period 
september 2001 to april 2003 in the context of a specific study articulated in two experimental 
phases. The first phase was dedicated to monitoring the wake and resuspension generated by 
the passage of typical local boats at given speed and load along the lagoon channels. 

The second phase was dedicated to monitoring the overall effect of the actual boat traffic 
and wind on the bottom sediments in the lagoon shallows. In this phase the instrumentation, 
placed on the edge of a lagoon shallow, close to a channel, was kept operating in two 
consecutive periods in two different sites for 15 months as a whole, continuously recording 
wind data, wave data, currents and water turbidity. The number of boats passing along the 
channel was recorded by a laser counter and assumed as representative of the intensity of boat 
traffic. 

Beyond the different erodibility of the monitored sites, tied to the sediment texture and to 
the biostabilisation of the sediment surface by macrophytes and benthic diatoms, the study 
outcomes emphasize the basic role of the water depth in attenuating the stress on the bottom 
sediment, under the same intensity of wave disturbance. 

In particular at both the sites monitored during the second phase of the study the local boat 
traffic proved to be generally unable to resuspend the bottom sediment frequently enough to 
cause a relevant and stable increase in the water turbidity, unless under extremely reduced 
water heads, lower than 40-50 cm. 

For higher water heads the observed increase in turbidity with boat traffic appears to be 
dependent on the situation in the wider area more than related to relevant local sediment 
resuspension. 

In the same way the increase in water turbidity induced by the wind increases with the 
wind speed, becoming relevant only over a threshold which grows bigger with the water head. 

The effect of the boat traffic on the water turbidity appears to be relevant in comparison to 
the effect of wind only for wind speeds lower than 3 m/s, resulting in suspended sediment 
concentrations which remain anyway largely lower than the ones related to the typical bora 
and scirocco wind storms. 
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Within CORILA program (Quantity and quality of the water exchanges), whose purpose was 
to determinate the water exchanges between Lagoon of Venice and North Adriatic Sea, also 
quantitative and qualitative comparisons among zooplankton communities at the three port 
mouths (northern or Lido, central or Malamocco, southern or Chioggia) of the Lagoon of 
Venice, at both flood and ebb tide, were carried out.  

This paper deals with the results obtained during a short term summer survey, lasting 48 
hours, where zooplankton samplings were performed every six hours. 

Due to Summer period, cladocerans (mostly Penilia avirostris Dana) dominated the 
samples collected during flood tide; Acartia tonsa Dana was abundant at the ebb tides 
especially in central basin.   Comparison among zooplankton communities at the three inlets 
of the Lagoon of Venice highlights strong differences: at the southern inlet (Chioggia) 
zooplankton abundances were higher at flood than at ebb tides, and communities more 
resembled to marine coastal ones, whereas opposite trends were observed at the other inlets, 
in the central basin this is mainly due to the gratest abundances of the new encoming copepod 
A. tonsa  during ebb tide, whereas in the nortthern basin the abundances are the lowest, and 
their no taxon  shows a marked dominance.  
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Coastal lagoon ecosystems are typical aquatic habitats of the Mediterranean region, often 
threatened by various stresses such as the over-exploitation of the intensive fishing and fish 
and shellfish farming and the organic and nutrient inputs coming from domestic and 
agricultural activities; as a consequence, eutrophycation is one of the main problems of such 
an ecosystem.  

Monitoring of water nutrient concentration is the historical tool used as indicator of a 
nutrient enrichment in the environment, that provides early warning and predicts the response 
of the ecosystem.  

Due to the instability of the chemical-physical parameters and to the large fluctuation in 
the freshwater input that characterize the transition environments, nutrients are often supplied 
in pulses that are spatially and temporally variable; furthermore, they do not accumulate in the 
water-column unless loading rates are very high, as they may be easily organicated. For these 
reasons a water nutrient concentration monitoring program of such an ecosystem should 
require frequent water samplings in close-set sampling sites.     

Such a nutrient level monitoring program was performed during the course of 1998 in the 
Lesina Lagoon. The Lesina Lagoon is a brackish and shallow lagoon located on the Adriatic 
coast of the Southern Italy, along the Garganic Peninsula (Apulia Region); it is connected 
with the sea through two channels, while the freshwater input mainly derives from two 
groundwater springs and from the Lauro Canal, as the precipitation is quite scarce; in the 
catchment area (604 km2), mostly exploited for agriculture (grasses and greens), rise also fish 
breeding farms and a buffalo breeding farm, and three towns (with a total of about 30 000 
inhabitants).  

From February 1998 to January 1999 sixteen samplings were carried out at twenty-nine 
stations selected by GPS according to a virtual grid representative of all the lagoon area. 
Water chemical and physical parameters were recorded in the field: depth, transparence, 
suspended matter, temperature, salinity, pH, dissolved oxygen; water samples were collected 
for the nutrient analyses: P-tot, P-PO4,  N-NO2, N-NO3,  N-NH3, Si-SiO2, a-chlorophyll; the 
N/P ratio was also calculated to evaluate the nutrient fraction avaliable for the organication 
processes.  
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At the Istituto Veneto di Scienze, Lettere ed Arti in Venice has been started a project whose 
aim is to organize and to realize an Environmental Database addressed to didactics and 
restricted to wetlands. 

These areas, among which there are also lagoons, are delicate and complex environments 
subjected to a rapid morphologic and ecologic evolution, often due to strong human 
influences. 

The Database aims to: (1) collect information regarding ecological, physical and social 
aspects of wetlands dynamic, with particular attention to Venice Lagoon; (2) organize in 
systematic way acquired knowledge; and finally (3) put these information at everyone’s 
disposal. 

We started this project driven by the consciousness of the importance of some aspects: 
1. few environments present the complexity that characterizes the Lagoon of Venice, 

and this brings from one side to the production of a lot of studies and researches, 
and from the other side to a progressive separation of the citizens from the territory 
in which they live; 

2. a lot of agencies and institutes carry out environmental education activities and 
projects, besides scientific researches and works, but often these products are not 
spread; 

3. it is important to increase levels of public understanding of environmental systems 
in order to prevent fuzzy management of costal areas. Further, a successful 
management policy needs public attitude to control the requirements necessary to 
preserve environment. 

In order to give knowledge opportunities to interested people, a particular section of the 
Database is devoted to Dissemination. In this section are given information and tools to make 
easy Database contents understanding and to promote its use for didactical purpose. This 
section is divided into four chapters: Descriptions, with generalities about the types and the 
dynamics of environments; Cards, with specific information about objects, phenomena and 
categories; Didactics, offering Training Experiences, Educational Course, Lessons and 
Activities and Games and Simulations. A Glossary, with technical terms and idiomatic forms 
completes the section.  
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The salt marsh area near the channel where inputs from Petrochemical factory were 
discharged was studied in 1990 and mean data of surface sediments resulted very high for Pb, 
Cu, Hg and Zn, with mean contents of 44, 45, 19 and 86 mg/kg respectively. Maxima of Cu 
(99 mg/kg), Pb (108 mg/kg) and Zn (218 mg/kg) were above NOAA sediment quality 
guideline ERL (Effect Range Low), whilst average Hg content (19 mg/kg) was above ERM 
(Effect Range Median) and two orders of magnitude higher than ERL and PEL (Probable 
Effect Level). 

Since sediment chemical content has been widely used as surrogate of ecosystem health 
conditions, in recent times there was a campaign aiming at detecting actual level of trace 
metal content in the sediments previously impacted and to check in there was some recover 
(i.e. filling) due to recent “clean” sedimentation processes. A core and surface sediments were 
sampled to explore dated changes in the area. 

Lead and copper showed surface levels lower than 1990 campaign, and the profile in the 
core indicated a slight decline or homogeneous levels for the top 10 cm’s comprising the last 
30 years. 

This was not the case for Zn, where much higher surface values were found, up to 800 
mg/kg, with an increasing trend in the core with maxima in top 3-4 cm’s (10-15 years). 

Hg showed still very high values in surface sediments of the channel, as well as in the 
core (20-40 mg/kg), but there are some signs of reduction in the recent sediments since inputs 
from cloro-alkali plants ceased some 20 years ago. 

Cd was analysed for the first time, and showed the highest levels in surface samples (1-2,5 
mg/kg) with a continuous increase in recent times, as shown in the core. 

By comparing with pre- industrial values detected in deep layers of the core (before 1920), 
Hg showed the highest enrichment (ER), up to 400 times, whilst Cd and Zn have recent 
sediments 5-6 times higher than background. 

It seems therefore that Cu and Pb pollution was reduced with respect to 10 years ago, Hg 
is undergoing re-distribution, whilst Cd and Zn is increasing in the past 10 years.  

In terms of possible adverse effects, Hg poses the highest risk and Cd and Zn are in most 
case above ERL and ERM as well. 
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Transitional aquatic ecosystems are systems with high energetic value being ecotonal areas 
among terrestrial, freshwater and marine ecosystems. Transitional aquatic ecosystems are 
sustained by allochthonous energetic sources constituted by decajing organic matter from 
terrestrial, fluvial and marine ecosystems; they have peculiar ecological features and a major 
role among landscape elements, showing: i) high spatio-temporal heterogeneity also on small 
ecological scales; ii) high nutrients availability; iii) temporal variability of spatial limits and 
iv) a strong exposition to anthropogenic pressures that could affect structures, functions and 
ecosystem processes. The study of the ecological state of an ecosystem is, usually, based on 
the analysis of structural components, including  body size abundance distributions, which 
have been recently proposed as ecosystem health descriptors complementary to taxonomic 
composition and diversity. For its intrinsic features and its typical topographic position and 
geomorphology, Torre Guaceto Natural Reserve is a transitional aquatic ecosystem, 
potentially exposed to perturbations that can determine pollution and dystrophic phenomena. 
The aim of this study is to analyze the space-time dynamics of the taxonomic structure and 
size structure of benthic macroinvertebrate guilds and the role of individual body  size in the 
organization of macroinvertebrate guilds. The study was carried out at the State Natural 
Reserves of  Torre Guaceto (BR) characterized by marsh environments connected to the sea 
though a canalization system. Macroinvertebrates were collected in spring-summer and fa ll-
winter from three different aquatic sub-systems: marsh ponds, marsh channels, and a 
freshwater channel (Canale Reale). Overall, 15 sampling sites were choosen. In each sampling 
season, 3 Phragmites australis leaf packs of 3g each were submersed and macroinvertebrates 
were collected 7, 18, and 46 days after submersion of leaf packs. The individuals were 
determined to taxonomic level of genus or species when it was possible, measured along main 
axis, weighed on an analytical microbalance (Sartorius MC5) and the mass was estimated as 
AFDM. The obtained results showed that size-abundance distributions of benthic 
macroinvertebrates are relatively invariant with respect to taxonomic composition at each 
spatio-temporal scale. Moreover, at the local level, body size spacing was always observed 
among the dominant species, independently of taxonomic composition. Overlap among body 
size distributions was high at a large spatial scale including all the reserve,  while it was very 
low at the local scale of each specific macro-invertebrate guild. The obtained results 
emphasized the role of individual body size on the organization of the benthic 
macroinvertebrate community at the Torre Guaceto Ramsar transitional ecosystem.  
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The Ria Formosa lagoon is on the southern coast of Portugal. This coastal lagoon is of great 
ecological and economic importance as it supports a large bivalve fishery. 

The objective of the study was to determine the extent of tidal control on the nutrient 
availability in the Ria Formosa lagoon during 2000 and 2001. 

The impact of eutrophication on this lagoon is under study to monitor the occurrence of 
hypoxic and anoxic events that can result in mortalities. 

Anthropogenic nutrient sources are mainly due to domestic sewage and agricultural 
inputs. Excessive nutrient inputs can affect the ecosystem biodiversity and function by 
altering the balance of the biogeochemical cycles. 

The secondary objective was to study the impact of the opening of an artificial inlet on the 
water quality of the lagoon. 

Different tidal conditions (Spring-Neap) and different tidal status (high water, ebb, low 
water, flood) were studied in different zones of the lagoon (ocean boundary, landward 
boundary inner lagoon) and at different times of the year (spring, summer, autumn, winter). 
The nutrients studied were ammonium, nitrite, nitrate, phosphate and silicate. 

The results show the tidal control of nutrient concentration with lower concentrations at 
high water due to tidal dilution. The lagoon water is significantly enriched with nutrients with 
respect to the coastal water. 
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C. Solidoro1, R. Pastres2, G. Cossarini1 and S. Ciavatta2 
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The role of the tributaries and of the exchanges with the sea in determining the water quality 
and the dynamics of the Venice lagoon ecosystem is investigated by means of multivariate 
statistical techniques, which were applied to a set of hydrological and water quality 
parameters which were collected in the framework of the monitoring program “Mela1”. The 
monitoring network covers the whole lagoon and is made up of 30 stations, which were 
sampled with a monthly frequency. The principal component analysis of the multivariate 
distribution of the yearly averaged value of water quality parameters indicated that most of 
the variance of the system can be described by a linear combination of the logarithm of the 
dissolved nutrient concentrations and of Chloprophyll a. In the following step. The 
relationship between this factor and salinity and residence time, that is of physical parameters 
which give a measure of the influence of the rivers and of the tidal mixing, was investigated. 
The results of the regression model showed that the factor can be predicted with very good 
accuracy on the basis of the yearly averaged values of salinity and residence time. This 
finding represents, in our opinion, a clear evidence that water quality and trophic level in the 
different area of the lagoon are determined, to a large extent, by these two “physical” 
parameters, whose spatial distribution is, in turn, the result of the external forcing. In our 
opinion, these results, which concern the year 2001, represent an interesting  reference term 
for future studies, as well as for other areas. 
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AND BENTHIC ASSEMBLAGES 
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Lenzi2 
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Over the last 30 years, the Orbetello lagoon area (Central Italy) has seen the development of 
intensive fish farming carried on by land-based farms. Today, in the Orbetello lagoon, there 
are four intensive land-based fish farming facilities, which have a wastewater inflow in the 
order of 200,00 m3 day-1. The result is a strong environmental impact leading to an extensive 
cyclic growth of opportunistic green seaweed. In order to minimize the impact in the 
Orbetello lagoon, the basin Authority in 1993 imposed the adoption of phytotreatment ponds 
for the four intensive fish farming wastewater that discharged into the lagoon. The present 
study was carried out on fish farm located at Nassa with a production about 100 tons year-1. 
The wastewater are convoyed into four phytotreatment ponds, arranged in series (accounting 
for up to 79% of the volume of the intensive fish farming section) and, after undergoing 
phytotreatment ponds are ultimately discharged into the nearby sea- lagoon canal. The 
sampling operations were carried in two different periods characterized by the absence of 
macroalgae (January 2003), and with them (June 2003). The macrobenthos was collected in 
four ponds by mean of a Van Veen grab (7 lt) and the sediment was sieved on 1 mm mesh 
size. During the June sampling,  fish escaped from the fish farm were found into the ponds 
and, to establish their predation impact on benthic assemblages, their stomach content 
analysis was carried out. The macroalgae developed in the ponds (Ulva rigida, Chaetomorpha 
linum, Gracilaria verrucosa) represented a substratum where the tubicolous amphipods built 
their tubes. The macrobenthos analysis results showed differences between the two different 
sampling periods and among the four phytotreatment ponds. The stomach contents showed as 
preys macrobenthos organisms and the benthic assemblages differences recorded between 
January and June, can be also related to escaped fishes presence. The benthic assemblages 
were connected with the water physico-chemical parameters, ponds sediment characteristics 
and, in June 2003, with the escaped fishes presence and macroalgae growth. 
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Coastal lagoons and deltaic environments are characterized by shallow waters and a 
continuous input of nutrients which sustain an high primary productivity. In the last decades 
the raise of nutrient inputs has caused an increased eutrophication with blooms of macroalgae, 
oxygen depletion, changes in redox and sulphide concentrations, losses of seagrass and a 
consequent deterioration of the water quality with the occurrence of dystrophic crises. Here, 
the surficial sediment can play an important role in regulating water quality, in particular 
through the biogeochemical buffers. 

The interactions among sulphur, phosphorus and iron sedimentary cycles were studied in 
two eutrophic lagoons: Sacca di Goro and Valle Smarlacca (Northern Adriatic coast, Italy). 
Three stations were chosen in the Sacca di Goro and one in the Valle Smarlacca in relation to 
primary producers, hydrodynamic characteristics and sediment quality. In coastal shallow 
environments these parameters are considered significant for identify and quantify the 
buffering capacity of the lagoons. From January 1997 to January 1998, sediment cores were 
collected at 2-3 months intervals and benthic fluxes of phosphates, sediment profiles and 
speciation of Fe, P and S pools were determined. 

The amorphous ferric iron pool was particularly important in regulating exchanges of 
phosphate between the sediment and the water column. However, did not significantly 
influence total sediment P concentrations, since calcium bound phosphate pool was dominant, 
representing more than 90% of the total inorganic pool. The precipitation of dissolved 
sulphides by reactive iron prevented the release of these toxic compounds in the porewater 
and in the water column. An high availability of organic matter, a low content of iron coupled 
with low water exchange can favour the occurence of reducing conditions and the production 
of sulphides which are not precipitated and retained by the sediment.  

Our results suggest that the buffer capacity of these lagoons is not related to single 
variable but rather depends in the interactions of factors linked mainly to the primary 
producers and the biogeochemical system. 
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The area of Capo Feto represents one of the few remaining marshy zones in Sicily. It comes 
within a site of importance to the community (“sito di importanza comunitaria”, SIC), which 
also includes the Margi Spanò and Margi Milo. The Capo Feto and Margi Spanò marshlands 
have also been identified by the Ministry for the Environment as an area deserving special 
protection (“zona a protezione speciale” [ZPS]). Moreover, 150 hectares of the Capo Feto 
area were included in a project for environmental rehabilitation in 1999, as part of the EU 
“Life-Nature 2000” program. 
 The area had hitherto become somewhat degraded due to numerous natural and anthropic 
changes that, over the decades, had profoundly modified the environment and badly affected 
the area’s natural value. 
 The aim of the present study was to define the  main morphological and environmental 
changes that have occurred in this area over the last 150 years and to characterize the natural 
and anthropic factors that have caused them. By means of surveys of the area, a comparative 
study of existing maps and an interpretation of digital color orthophotos, this work was 
developed in a GIS environment and describes the Capo Feto environment and how it has 
changed with time, focusing particularly on variations in the shoreline and the marshy area. 
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Coastal aquatic ecosystem is among the most geochemically and biologically active areas of 
the biosphere and it plays a considerable role in the global biogeochemichal cycle. In order to 
understand the cycling of organic carbon in a brackish Mediterranean ecosystem (Marinello 
ponds) a multidisciplinary study has been carried out in the framework of the CNR Project 
“Cultural Heritage”.  
 The Marinello coastal ecosystem is a small littoral area located along the tyrrhenian coast 
of Sicily, in the Patti Gulf (Messina, Italy) behind the Tindari Cliff, that currently includes six 
little deep ponds. This area is characterised by marked morphological changes with formation 
of hook-shaped littoral bars, thus delimiting temporary or permanent coastal ponds. These 
ponds have hydrobiological and trophic features strongly different, in relation to the different 
inputs of both marine and continental waters. Simultaneous measurement of particulate 
organic carbon (POC), Chla and picoplankton abundance (BB) as well as primary (PP) and 
bacterial (BP) production, variability of extracellular enzymatic activity (EEA) and microbial 
respiration (R) were investigated in the two oldest ponds (Marinello and Verde ponds).  
 The heterotrophic and phototrophic communities assumed different weights in the studied 
ponds since phytoplankton biomass was 3 and 22 times greater than bacterial in Marinello and 
Verde ponds, respectively. Total microbial biomass, as BB plus PB, shower similar 
percentage in the studied ponds, representing 24.7% of POC in Marine llo pond and 27.0% in 
Verde pond. Abundance of  bacteria, ranging between 0.4 and 1.2x109 cells l-1 showed slight 
increases in spring and autumn. Except for PP, all parameters (R, POC, Chla) reached the 
highest values in summer. Mean values of leucine aminopeptidase were 739.2 and 1210.8 nM 
h-1 in Marinello and Verde ponds. In spite of the higher potential rates of enzymatic activities 
in Verde pond than Marinello pond, the turnover time on POC (0.24 and 1.05 days in 
Marinello and Verde ponds respectively) indicated a fast recycling of organic matter in 
Marinello pond by microbial metabolic activities. PP/R ratio resulted always lower or closed 
to 1 in Marinello and Verde ponds and only during the autumnal season, the imbalance verged 
towards productivity (PP/R: 7.1 Marinello pond; 45.4 Verde pond). Although the averages of 
the respiratory turnover rates (POC/R) were similar in two ponds (12.1µg C d-1 l-1  Marinello 
pond and 13.5 µg C d-1 l-1 Verde pond), the percentage of primary carbon used by bacteria in 
the assimilation and degradation processes (BP+R/PP) was higher in Marinello pond (47.9 %) 
with respect Verde pond (31.1 %). Such evidence indicates that most of the produced biomass 
in Marinello pond remains in the lower trophic levels while in Verde pond others viable 
fractions join in oxidative processes.  
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The Marinello coastal system is a small littoral area located in the Patti Gulf (Messina, Italy), 
behind the Tindari Cliff (38,13°N – 15,05°E), characterised  by a rapid morphological 
evolution that has determined in the last century marked changes in the shape and dimension 
of the area, as well as in the number of the ponds. The evolution of the sand bank, that is 
driven by climatic forcing and human activities, evolves through the formation of hook-
shaped littoral bars, thus delimiting temporary or semi-permanent coastal ponds.  
 At present the system covers an area of approximately 697000 m2 and  includes five 
brackish little deep ponds, arranged parallelly to the Tindari cliff in NNW-SSE direction.  
 Each basin has had its own ecologic evolution, in relation with the different kinds of 
water inflows, as well as with the peculiarity of the allochthonous inputs and inorganic 
enrichment. The structural heterogeneity of the area, together with the reciprocal isolation of 
the ponds and their continuous confinement from the sea, have determined the 
hydrobiological diversification and the ecological complexity of this ecosystem.  
 In this paper our analytical observations carried out during three different investigation 
timeseries (1970 – ’80 – ’90) are compared with the climatic evolution in the last decades.  
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The coastal semi-enclosed areas, togheter with the brackish coastal lagoons, are characterized 
by an high phytoplanktonic activity which, in particular conditions, can lead to water 
eutrophication. 
 The Gulf of Augusta is a natural bay of about 30 km2 comprised between the two Capes 
of  S.Croce on the northern side and Peninsula Magnisi on the southern one and is located in 
the eastern coast of Sicily open to the Ionian Sea. In particular, the harbour area of Augusta is 
an inner area of the Augusta bay (8 km long and 4 km wide) enclosed by rock jetties, except 
for  two dredged channels. Here low currents (5cm/sec) and scarce exchange of water were 
measured.  
 The general purpose was to reconstruct the past trophic conditions variability in space ad 
in time in relationships to climatic forcings and anthropogenic impacts induced by discharges 
from the industrial and  urban activity on the waters of Augusta harbour.  
 Biological data on the phytoplankton biomass and activity supported by physical and 
chemical ones monthly collected during a yearly cycle (1989-90) in the harbour of Augusta 
bay and surrounding areas were considered. 
 Yearly cycle evidenced a bimodal temporal pattern in both phytoplanktonic biomass and 
primary production during the summer and winter. A strong influence on the ecological 
aspects was exerted by climatic conditions of that year, which exhibited a very long summer 
season. 
 Results showed high values of phytoplankton biomass (max: 7.0 µg-Chla l-1) located in 
the northern innermost part of the Augusta harbour, whereas the maximum primary 
production (>40 µgC l-1 h-1) was measured in the southern part of the Augusta Bay.   
 On the basis of trophic characteristics the study area can be divided in three geographic 
sections: the northern part with highest biomass and relative lower phytoplankton activity; the 
southern zone with highest carbon assimilation and high phytoplanktonic biomass; and the 
eastern area where both phytoplankton biomass and activity was lower. 
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Environmental factors were studied in two brackish ponds, located near Capo Peloro 
(Messina, Sicily),  and their interactions  with climatic factors were considered. This research 
was a part of a national study on Italian brackish environments, promoted by MURST (Italian 
Ministry of University and of Scientific and Technological Research).  
 A three-year-long series of observations of physical and chemical parameters (water 
temperature, salinity, nitrogen and phosphorous inorganic compounds) were examined in 
relation to the variations of climatic factors (rainfall, air temperature) in the last decade. 
 Anthropic factor exerts an increasing pressure on the territory and may interfere with the 
hydrological cycle of the lakes, which is sensitive to the rainfall regime and quality of 
groundwater. 
 An unconfined aquifer (in which surface water infiltrates and recharges the aquifer itself) 
is supposed to exists in the area of Capo Peloro, partially recharged by rainfall. Aquifer-sea 
interface (salt wedge) at the seacoast includes both the brackish ponds and its periodical 
variation influences their features. 
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The Thau lagoon watershed: Digital Elevation Model (DEM), and land cover.  Map courtesy of Dr. M. Plus 
(Ifremer, Arcachon) 
Temperature distribution during summer at three depths (surface, 5 and 10 m) in Gulf of Gera (Lesbos, Greece). 
Simulation courtesy of Prof. George Tsirtsis (Aegean University). 
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WATER EXCHANGES MODELLING IN THE KARAVASTA LAGOON AREA 
(ALBANIA) 

 
G. Baldassarre and N. G. Florio  

Università degli Studi di Bari, Dipartimento di Geologia e Geofisica, Via Orabona 4, 70124 
Bari 

 
 

 
Karavasta Lagoon (District of Lushnja) is located in central Albanian coastline, on the 
Adriatic coast. It is bordered by the Shkumbini river to the north, the Semani river to the 
south, and the Divjaka Hills to the west. The large lagoon (41.7 km2) is best known for its 
colony of globally threatened Dalmatian pelicans (Pelecanus crispus), and a diverse mosaic of 
coastal habitats (reed-beds, dunes, forests, saltmarshes) exists around it. These are the main 
reasons why the lagoon has been designated a Ramsar Site of International Importance in 
1996.  

The area where the lagoon is located has been affected, in the past but still today, by fast 
and intense natural morphological changes mainly represented by coastline variations, rivers 
mouth shifting, new lagoons formation, filling of depressed areas, variation in water 
exchanges.  The aknowledgment of how water exchanges among lagunar, marine and 
underground waters are carried out, due to their crucial importance for the maintenance of 
present conditions, is the purpose of this work in order to plan a sustainable management and 
development of the area. By means of modelling softwares (Rockworks 2002, Surfer 8, 
Groundwater Vistas 3), a hydrogeological model has been built in order to evaluate the water 
bodies interactions in the area. 

Data presented come from both archive records (from 1991 on) and field surveys. 
Climatic, river discharge, sea currents, wave and tidal data have been collected from official 
Albanian sources.  Surface water and groundwater temperature and salinity, water table 
depths, tidal channel discharge data have been measured on field surveys carried out in the 
last two years (2001-2002). Geological data come from both existing and recently performed 
drillings (2003). Field measurements have been repeated the same way every four months in 
order to collect data related to different periods in the same year. 

The model built is a useful mean to understand what way the marine salt waters wedge 
into lagunar and under fresh ones in the study area and how the resulting mixings change 
through a year - long time period, depending on seasonal conditions. 
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Data Assimilation techniques were applied to an ecosystem model of the Venice lagoon to 
obtain reliable and coherent estimations of the nutrients and chlo rophyll fields, improving the 
knowledge on spatial and temporal evolution of the trophic state.  The model, already 
released, parameterizes the transport processes in term of pure turbulent diffusion, and 
describes the evolution and interaction of 12 biological compartments. Rivers and urban 
nutrient loads, the exchanges with the Adriatic Sea, the energy and matter exchanges at the 
interface air-water, are the input factors which drive the model. 

Assimilation procedures utilize monthly observations collected in a well spatial 
distributed monitoring network during year 2001. Data were interpolated to the regular grid of 
the model using a spatial interpolation technique specifically developed for the lagoon. Such a 
technique is based on the definition of a “characteristic distance” between points, that 
accounted for the hydrodynamic condition of the system. 

Different estimates of the state of the system provided by different DA techniques were 
compared to the reference solution, in order to judge the capability of the methods of 
reproducing reliable seasonal evolution of nutrient and chlorophyll spatial gradients in the 
lagoon. 

Finally an application of the Ensemble Kalman Filter on a simplified domain of the model 
was used to evaluate the error distribution of the forecast of the model and the assimilated 
fields in relation to the uncertainty of input factor and model parameters.  
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A fast growing economy and a more demanding population in Europe is leading to increasing 
socio-economic pressures, and large-scale land use and landscape changes are taking place. 
An increasing pressure is put on water resources and conflicts are arising for water 
distribution among different stakeholders, and degradation of water quality is exacerbating the 
problem. To this purpose a generic modeling was applied to evaluate and predict the surface 
and subsurface water quality and quantity as affected by anthropogenic activities in the 
Burano-Po di Volano watershed (Italy). For the flow and pollutant routing component and for 
the unsaturated flow and pollutant transformation and the physically based model SWAT 
(Soil and Water Assessment Tool). The Saturated flow and pollutant transformation and 
transport component was carried out using MODFLOW (Modular 3-D Flow Model). In-
stream water quality component was evaluated applying the QUAL2 water quality model. 
This module is a one-dimensional, steady state water quality and eutrophication model. The 
modeling effort concentrated on diffuse pollution, mainly nitrogen, phosphorus.  

The studied watershed is a heavily drained and has a very high density of artificial 
channels. The area is almost flat, most of it being below the sea level. It is of particular 
importance because it drains directly in the Sacca di Goro lagoon that has a big economical 
importance due to the high number of shellfish farming. This part of the Adriatic Sea is 
subjected to eutrophication because it receives freshwater inputs from the studied watershed, 
rich in organic and mineral nutrients. The models were used to allocate the pollutant loads 
according to the different types of activities and landuse in this catchment allowing to:  
• Simulate the impact of management practices on water quality in open drains, which are 

used for both irrigation and drainage purposes. 
• Hierarchize pollutants loads according to the type of anthropogenic activities. 
• Asses capacity of natural wetlands in the reductions of pollutant loads reaching the coastal 

zone. 
• Link anthropogenic activities with algae bloom, which are often observed in the coastal 

zone of the Po delta. 
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DEVELOPMENT OF A COUPLED 3D HYDRODYNAMIC-ECOLOGICAL-
TERRESTRIAL MODEL AND APPLICATION TO A SEMI-ENCLOSED GULF IN 

THE EASTERN MEDITERRANEAN 
 

V. Kolovoyiannis, G. Arhonditsis and G. Tsirtsis  
Department of Marine Sciences, University of the Aegean, University Hill, 811 00 Mytilini, 

Greece 
 

 
 
A coupled 3D simulation model was developed and applied to a coastal ecosystem in Eastern 
Mediterranean. The model consists of three interacting components (submodels): (a) the 
hydrodynamic submodel is the 3-dimensional version of the Princeton Ocean Model (POM), 
that provides the physical transport fields, (b) the ecological submodel, consisting of seven 
state variables: nitrate, ammonium, phosphate and dissolved organic nitrogen concentrations, 
phytoplankton, zooplankton and bacterial biomasses and (c) the terrestrial submodel, 
providing the point and non-point nutrient fluxes to the marine ecosystem from domestic 
effluents, agricultural run-off and industrial activities. Mass exchanges between water column 
and sea bottom are parameterized through empirical formulas. The area of implementation is 
the shallow, semi-enclosed gulf of Gera, island of Lesvos, Greece, surrounded by an 
intensively cultivated watershed. High resolution experiments were carried out on a 100x100 
m grid with 11 sigma layers, attempting to simulate the spatial and temporal variation of the 
physical, chemical and biological prognostic state variables, under typical winter, summer 
conditions and during the transitional time period between mixing and stratification and vice 
versa. The model was driven by realistic physical forcing – daily wind stresses, variable 
surface and open boundary conditions, tidal elevation, solar radiation. The general circulation 
patterns are reproduced quite well, whereas the simulated biochemical variables showed 
reasonably good fit when validated, with statistical methods, against independent field data. 
The simulation results emphasize the importance of the hydrodynamic-physical processes and 
mass exchanges between the gulf and the oligotrophic pelagic waters of the Aegean in 
determining the trophic level of the gulf ecosystem. During the winter period, environmental 
conditions impose a poor renewal regime, with residence times of up to 2-3 months. Nutrient 
inputs from terrestrial sources lead to an increase by about 50% of the water column nutrient 
stock, and, if the physical conditions (light, temperature) are optimum, this can give rise to 
phytoplanktonic blooms. On the other hand, during summer conditions, the renewal of the 
gulf waters is more intense and ecological variable concentrations are kept at low levels. This 
coupling modeling approach appears to provide a detailed insight to the dynamics of coastal 
marine ecosystems and can prove a valuable tool for integrated coastal zone management. 
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S. Marsili-Libelli and E. Giusti 

Department of Systems and Computers, University of Florence, Firenze, ITALY 
 
The Orbetello lagoon, situated along Italy's west coast, has an extension of approximately 27 km2. It is 
composed of two shallow coastal ponds with an average depth of 1.2 m with one water inlet at each 
end of the western pond and one outlet at the southern-east end of the eastern pond. Previous studies 
have shown that there is a considerable potential for enhanced eutrophication. A model to forecast the 
nutrient storage and assess the effect of remedial policies is therefore required. In particular, the 2-
dimensional spatial model presented here was developed as a decision support tool in evaluating 

alternative harvesting scenarios to remove 
macroalgae without affecting the seagrass, which 
is considered to be beneficial to the ecosystem. 
 The structure of the nutrients-vegetation 
model, which is inserted in each cell of the spatial 
model is shown in figure 1. In particular, the 
vegetation dynamics considers the most abundant 
macroalgae, Ulva rigida, and the seagrass, 
Ruppia maritima. The interactions between these 
two species take into account their phenological 
differences, epiphytism and light competition. 
The model was calibrated using nutrients data 
collected during 2000 and validated with data in 

the period July - December 2002. The measurements were taken at two significant locations in the 
centres of the two ponds. After calibrating the dynamics of the specific interactions in the model, this 
was extended to the set of 1870 cells, each with dimensions 100 x 120 m, in which the lagoon has 
been partitioned. The spatial model is composed of several interconnected parts: a hydrodynamic 
model supplying the two-dimensional water velocity field given the wind and boundary flows, a 
nutrients model and a collection of weather data. All these elements supply input data to the 
submerged vegetation model in each of With all-year round weather and flow data available, year-long 
spatial simulations have been produced in many differing wind and flow conditions, during which the 
complete phenological cycle of the submerged vegetation could be observed. As an example the May - 
June situation is simulated in figure 2, where it can be seen that the macroalgae are quickly spreading, 
whereas the seagrass is lagging behind. Figure 3, instead, shows the early autumn (September - 
October) situation with Ulva coming back due to favourable environmental conditions, where Ruppia 

declines steadily after the 
late spring peak. 
In the paper, the 
calibration and the 
computational details of 
the model will be 
described, including the 
relationship between the 
short-term dynamics of the 
ecological variables and 
the long-term dynamics of 
the hydraulics. Several 
whole-year simulations 
will be presented, illustrat-

ing the critical points of the model and how this can be used as a decision support tool to assess the 
effect of several harvesting policies discriminating between macroalgae and seagrass.  

Fig. 1 - Structure of the nutrients - vegetation model in the 
context of the spatial partitioning of the lagoon. 
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Fig. 2 - Spatial simulation of the lagoon in 
the spring: the macroalgae Ulva has 

reached its full development, whereas the 
seagrass is still growing.  
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Fig. 3 - Spatial simulation of the lagoon in 
the autumn showing a secondary Ulva  

peak and a steady decline of the seagrass. 
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The Thau lagoon shows high productivity rates that are explained by the large availability of 
nutrients within the lagoon. The part plays by nitrogen and phosphorus inputs from the 
environment in this availability need to be better known and firstly to be better quantified.  

We present here a general view of the nitrogen inputs in the Thau lagoon. The 
quantification is done on an annual basis. 

Five main origins are identified: the direct inputs from the waste water treatment plants 
located near the lagoon shore, the direct inputs due the rainfall events, the nitrogen inflows by 
the groundwater karstic springs below the water surface, the exchanges through the passes 
connecting the lagoon to the sea and lastly the nitrogen inputs by the rivers inflowing in the 
lagoon.  

The quantification of four first input sources is based on measurements or survey 
programs. The waste water plant loads are estimated using the local authorities database. The 
nitrogen amounts correspond to the results obtained by the monthly survey of the plants from 
September 1998 till September 2000. To evaluate the nitrogen loads from rainfall, a annual 
mean concentration is obtained from studies conducted close to the lagoon . The karstic 
groundwater nitrogen loads are quantified using the monthly monitoring of the three main 
karstic springs located around the Thau lagoon between September 1998 and September 2000. 
The sea- lagoon exchange estimations in term of nitrogen are based on a previous study 
conducted between September 1994 and September 1996 on the main pass from the lagoon 
towards the sea.  

The quantification of the catchment inputs is based on a modelling approach. In 
Mediterranean context, a great part of the catchment nitrogen loads are produced during 
rainfall events. In this context, the “catchment annual nitrogen load” approaches seem not 
adapted since they do not take into account the rainfall variability inside year and between 
different years. We use here POL model to assess the catchment nitrogen loads. The POL 
model is based on a simple conceptual and distributed approach and involved a reduced 
number of parameters. The catchment is subdivided on smaller sub-basins and associated 
reaches. Land use, determined by remote sensing, and point source pollution are integrated on 
GIS tool to characterise each hydrologic element (sub-basin or reach).Two main processes are 
reproduced to determine nitrogen dynamics in the catchment : production from the sub-basins 
to the associated reach and transfer along the river. The model is used for event simulations. 
This model is applied, after calibration and verification, on the different rivers of the Thau 
lagoon located in the South of France between September 1998 and September 2000 to 
evaluate the catchment nitrogen inputs to the Thau lagoon for this period.  

The results show that the main nitrogen input to the Thau lagoon corresponds to 
catchment loads before sea- lagoon exchanges and the others nitrogen sources.  
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Coastal lagoons depend crucially on the water exchange with the open sea. This exchange is 
going on through the inlets which puts into communication the lagoon with the sea. Most of 
the properties of the lagoons depend on this exchange mechanisms, such as the circulation, 
the salinity, the water quality and the water turnover time. It is therefore of highest 
importance to be able to model these exchanges with high accuracy.  

The SHYFEM model, developed at CNR-ISMAR in Venice, has been applied to the area 
of the Nador lagoon in Morocco in order to simulate the physical-chemical features of a 
Mediterranean coastal lagoon. The SHYFEM model is a semi- implicit finite element model, 
especially suited for shallow water basins and has been applied to similar lagoons in Italy. 

A transport-diffusion module has been implemented for the study of temperature and 
salinity distribution in the Nador lagoon. The salinity has been modelled taking into account 
the transport and diffusion processes and the rain-evaporation contribution. For the 
computation of temperature, the main physical processes that involve the exchange of heat 
fluxes between the atmosphere and the sea water have been considered. The distribution of a 
conservative dissolved substance has been simulated in order to compute the water residence 
time, too. The different meteo-marine forcings, such as the tide, the wind and the fresh water 
inflows have been prescribed as forcings. 

The model results confirm the great importance of the unique communication channel of 
the Nador lagoon, which strongly influences the water exchange with the Mediterranean Sea 
and that the circulation is mainly induced by the wind. The results are in good agreement with 
the references from the bibliography and encouraging to deeper investigate the case study: the 
water body appears physically and chemically quite homogeneous, without any stratification. 

Future modelling applications to the Nador lagoon are the coupling with a water quality 
model to assess environmental problems and the coupling of the lagoon model with a shelf 
model currently under development. 
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Salt marshes in tidal environments are characterised by complex patterns both in their 
geomorphic and ecological features. Such patterns arise through the elaboration of a network 
structure driven by the tidal forcing and through the interaction between hydrodynamical, 
geophysical and ecological components (e.g. microphytobenthos and vegetation). 

This contribution introduces observations of tidal environments from remote sensing and 
ancillary data collected in the field. In particular CASI, MIVIS and LiDar airborne data and 
IKONOS and Quick-Bird satellite data on the lagoon of Venice (Italy) have been acquired in 
the period 2001-2002 within the European RTD project TIDE. The remotely sensed data have 
been radiometrically calibrated, atmospherically corrected and accurately georeferenced to 
allow the comparison with ground truth observations. 

Classification and unmixing techniques are then used to derive the spatial distribution of 
salt marsh vegetation species, which are also characterised through the use of vegetation 
indexes (e.g. NDVI), allowing an objective and quantitative analysis of vegetation patterns. 
The set of observations available are further used, together with mathematical models, to 
describe channel meandering characteristics and branching properties yielding an accurate 
and spatially distributed description of the tidal network. 
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During the last decades, industrial activities had been increasing along the coast surrounding 
the Taranto sea and associated discharges into the basin had caused concerns for the 
environment, attracting the scientific focus on the processes that take place in this ecosystem  
In particula r the Taranto sea is composed of two parts, the Mar Grande and the Mar Piccolo, 
and it is characterized by the presence of submarine fresh water springs, called 'citri', situated 
especially in the Mar Piccolo. The citri have seasonally varying streams, that strongly affects 
the chemical-physical properties of the area. 

A finite element model, developed at CNR-ISMAR in Venice, has been applied to the 
Taranto sea, allowing better resolution where required thanks to the flexibility of the finite 
element method. A transport diffusion module has been implemented to simulate the salinity 
distribution in the basin and a sensitivity analysis has been carried out to assess the most 
noticeable parameters, under the meteo-marine forcings. The salinity has been modelled 
taking into account the transport and diffusion processes and the rain-evaporation 
contribution. The simulations have been carried out for the year 2000. Data collected by local 
research organizations during in situ campaigns in 2000-2001 have been used to calibrate and 
validate the numerical model.  

The model results are very sensitive to variations of the rain-evaporation contribution and 
to the fresh water inflows of the citri, still unknown with precision. The simulations are 
satisfying and in good agreement with the experimental measurements, showing the different 
evolution of the salinity between the Mar Grande, more influenced by the water exchange 
with the open sea, and the Mar Piccolo, where the presence of the submarine fresh water 
springs is very important for the equilibrium of the salinity gradient. These results are 
encouraging and the application of a water quality model coupled to the finite element model 
is planned. 
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Due to reduced rate of exchange with the sea, Mediterranean lagoons exhibit a natural trend to 
stock matter removed from the watershed. 

These lagoons are very productive and exploited for various activities. They can thus be 
considered as sensitive ecosystems. 

Mediterranean climate is characterized by sudden and strong rain falls, between long 
periods of dry weather. High fluxes associated to the consequent river floods could be at the 
origin of a bacterial contamination of the lagoons.  

On the other hand, domestic or industrial wastewater discharge seems to be the main 
bacteria source during drought periods. 

In Thau lagoon (located in South of France), these two kind of contamination can limit or 
even temporarily preclude the sale of shellfish production (15000 T/y). 

Disappearance of enteric bacteria in lagoon water depends on various and complex 
processes (physical, biotic, physiologic). It is quite difficult to analyse the relative effects of 
the different factors without use of numerical model. 

Hydrodynamic model, developed for this lagoon, has been coupled to a bacteria survival 
model in order to study time and space evolution of bacteria concentrations in marine water. 
This model can be forced with bacteria fluxes from both origins (sewage treatment or river 
flood).  

First, only urban sewage inputs are take into account. Due to lack of in situ measurement 
of bacteria inputs on the watershed, “theoretical” fluxes have been estimated according to 
density of population on watershed, bacteria decay rate in waste water treatment plants, rate 
of population connected to these plants … Different scenario have been simulated. It appears 
that rate of not connected population is the most sensitive factor. Thus, detailed and realistic 
informations concerning evolution in “watershed-lagoon” hydrosystem of the no collected 
effluents seems to be important in order to improve management of this coastal ecosystem. 

Secondly, spread of bacteria concentrations due to river flood has also been analysed. 
Simulation results are in good agreements with survey analysis: from the two studied 
forcings, flood discharge seems to be the major source of shellfish bacteria contamination. 

Even though, this numerical model produces satisfactory results. Some further 
improvements are identified in order to implement this model as a coastal management tool, 
efficient and reliable. 
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A scientific observational network studying the fluxes of nutrients and other contaminants 
from lagoon catchments to the near coastal environment was inaugurated during a workshop 
held in Venice in April 2002. 

The objectives of LaguNet are to support and encourage co-operation of research groups 
studying lagoons, wetlands and saltmash systems situated along the Italian coast and to 
evaluate the application of the LOICZ (Land Ocean Interactions in Coastal Zones, a core 
project of IGBP) biogeochemical flux model and typology classification to such sites. 

In Italy there exist numerous studies, including over the long-term, investigating coastal 
processes, in which the LOICZ methodology could be applied. 

Presently LaguNet comprises of sites distributed around the whole of the Italian 
peninsular and islands. In total there are presently 22 ecosystems under investigation where 
the model has been applied. In total 79 flux estimations have been undertaken considering a 
wide range of systems and different time periods. The present network of sites present a very 
wide range of varying characteristics such as climate, surface area, water depth, primary 
producers, exploitation and management and a very high density of data.  

The complete list of the researchers involved in the network will be presented. 
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The Mar Menor, in SE Spain, is the largest coastal lagoon in the Western Mediterranean and 
is characterised by hypersaline and oligotrophic waters and by high ecological and natural 
values. The Mar Menor was designated Ramsar Site and Natura-2000 Site due to the presence 
of several habitats of European Interest and protected species included in Annex 2 of the 
Habitats Directive, among other international and regional protection status. However, during 
the last decades the increase of water resources due to the Tagus-Segura diversion and 
groundwater exploitation has led to a considerable increase of irrigated lands and fertilisers 
inputs in the watershed, which have begun to affect the Mar Menor lagoon and the associated 
wetlands. In order to advance in the overall understanding of the whole system and the main 
interactions and driving forces, we have developed a dynamic system model focusing on the 
estimation of the nitrogen and phosphorous fluxes into de lagoon. The dynamic model 
simulates the nutrients input from 1970 taking into account the land use  changes, the 
available water resources, the irrigated lands, the effects of big rainfall events, the aquifers 
and the role of the wetlands associated to the Mar Menor shoreline on the final nitrogen and 
phosphorous loading into the lagoon. The results show a high increase of nutrient inputs into 
the Mar Menor  due to the agricultural activities, especially irrigated lands, and the relevance 
of exogenous factors such as the big rainfall events. The nutrient loading have begun to 
generate eutrophication processes in the lagoon, being the most serious indicator the big 
summer proliferation of two species of jellyfish, Cotylorhiza tuberculata and Rhizostoma 
pulmo. The summer jellyfish blooms are generating not only environmental impacts but also 
important socio-economic effects on other socio-economic sectors such as tourism. The 
dynamic model has also been used to explore the potential effects of several measures to 
mitigate the nutrients inputs and the long term effects of several scenarios, particularly in 
relation to land use changes and the available water resources. The results obtained emphasise 
the need for an integrated management at the watershed scale of surface, subterranean, 
transition and coastal waters, as established by the Water Framework Directive, as a key issue 
to effectively achieve the sustainable use of coastal lagoons and the maintenance of their high 
ecological and biodiversity values. 
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The lagoon of Thau (French Mediterranean coast), is a large (75 km²) and rather deep coastal 
lagoon (mean depth 4 m), connected to the sea by its two extremities (residence time: about 3 
months). Besides its ecological interest as a breeding and transit zone for some sea fish 
species, the lagoon has a notable economic importance due to shellfish cultivation with an 
annual oyster production of about 15 000 tons. This considerable production depends to a 
large extent on nutrient inputs into the ecosystem, supplied mainly from fresh water. The 
catchment area is about 280 Km², including agriculture (mainly vineyards), industrial 
activities and urban waste. Due to the low water renewal and to the intensive shellfish farming 
activities the Thau lagoon is particularly sensitive to any modification in watershed outputs. 
The aim of this study is to assess the impact of watershed outputs on the lagoon ecosystem. 
The Soil and Water Assessment Tool (SWAT model) has been applied to the Thau lagoon 
catchment area in order to simulate water discharges and nutrients (ammonium, nitrate, and 
phosphates) inputs into the lagoon on a 10 years period (1989-1999). The model has been 
calibrated and validated using measured data available for the two main rivers of the 
watershed, representing about 50% of total freshwater inputs. The model predictions 
compared favourably with the measurements concerning water quantity as well as major 
water quality determinants (ammonium, nitrate, phosphates, and suspended matter). Then, 
several scenarios (e. g. changes in agricultural practices) have been run and the simulated 
results were used as forcing variables in a lagoon ecosystem model, previously developed for 
Thau. The latter is a three-dimensional model coupling both hydrodynamical and biological 
processes. The following state variables are simulated in the model biological part: ammonia, 
nitrates, phytoplankton, zooplankton, detritus, oyster biodeposits and oxygen. In addition to 
the inputs from the watershed, other forcing variables are: air temperature and humidity, 
nebulosity, wind speed and direction, oyster farming and macrophyte community.  

Results are presented and discussed, focusing on the impact of catchment outputs on the 
lagoon phytoplankton production. 
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The lagoon of Venice, the largest italian lagoon, is one among the most heavily investigated 
estuary  worldwide.The majority of the investigations concerning the lagoon of Venice were 
driven by contingent environmental emergencies or were addressed to the analysis of specific 
processes or,: as a result,  systematic studies at basin scale are still lacking and , therefore, the 
quantitative knowledge of the functioning of the lagoon ecosystem as a whole is still rather 
poor. On the other hand, understanding, at a quantitative level, how such a complex 
ecosystem behaves and how it responds to the inputs which are delivered by the tributaries is 
no longer a purely academic question, as the  current legislation sets precise water quality 
criteria and guidelines for a large set of chemicals, which includes total dissolved nitrogen and 
phosphorous, as well as several organic and inorganic micropollutants. 

Therefore, in 1999 and 2000, the Venice Water Authority (MAV) carried out, through its 
concessionary Consorzio Venezia Nuova (CVN), a first comprehensive study, named 
DRAIN, which led to the estimation of the discharges of the 18 main tributaries and of the 
annual loads of nitrogen, phosphorous and several organic and inorganic micropollutants. 
This study was followed by the first basin-scale systematic monitoring program of water 
quality parameters, named MELa1, which started in September 2000 and is due to be over in 
August 2003.  

Concurrently, the Regione Veneto environmental agency (ARPAV) and the Istituto di 
Scienze Marine (ISMAR), CNR, Venice, have been carrying over a monitoring program of 
the coastal area of the Adriatic Sea for the last five year, in the framework of the UE founded 
INTERREG II project, while a program for a systematic monitoring of major rivers, both 
outflowing in the lagoon and in the coastal area is going to start very soon.  

In this work the results of different monitoring programs are integrated and re-analyzed in 
a common framework, with the aim of understanding the role of the tributaries and of the 
exchanges with the sea in determining the water quality and the dynamics of the Venice 
lagoon ecosystem, both within the lagoon and in the coastal area. We believe that such an 
integration represent an additional valorization of the results which have been already 
achieved in the framework of each specific program, and it exemplifies how the 
implementation of an integrated monitoring system would improve scientific understanding 
and significantly contribute to provide the basic knowledge required for effective 
management policies.  
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A water quality model for the Lagoon of Venice is proposed. The model uses an existing, 
deterministic, hydraulic-dispersive model of the Lagoon to provide the distribution of salinity 
and residence time in the Lagoon of Venice. 

The water quality model is simulated by statistical methods based on two years water 
quality, data monthly collected in 30 gauging stations of the Lagoon of Venice, in the 
framework of the MELa1 water quality monitoring program, managed by Magistrato alle 
Acque di Venezia and Consorzio Venezia Nuova. 

The Spearman correlation index of salinity and residence time versus nitrogen,  
phosphorus, chlorophill-α and TRIX has been studied at the present state on a yearly average 
basis and for the spring-summer period. 

The spatial distribution based on the yearly average of nutrients is mostly driven by the 
dispersive processes and is related to salinity. With this time scale the index TRIX is weakly 
correlated to the hydrodynamic parameters and the chlorophill-a is correlated to the residence 
time. 

The analysis based on the spring-summer data period reduces the correlation between the 
hydrodynamic parameters and nutrients and increases the one between salinity and the 
chlorophill-α and TRIX. 

The model has been applied to simulate the variation of nutrients and trophic indexes 
distribution in the Lagoon as a consequence of an increase of hydraulic dissipation at the 
Lagoon outlets.  

The paper shows that, coupling a deterministic, distributed-parameters, dynamic, 
hydraulic-dispersive model to a statistical one that accounts for the correlation between 
hydraulic forcing functions and water quality data is a promising and simple way to simulate 
the water quality of the Lagoon of Venice. 

Of course, this metodology is feasible because a very large data set is now available. The 
usual limitation of the statistical model application are present in this metodology too. The 
reliability of the simulation is at least the same of those obtained by complex, deterministic, 
dynamic water quality models, accounting for several processes and requiring for calibration a 
large data set not yet available. 

The increase of dissipation is altering the nutrient concentration in the Lagoon of an 
average of +3.2%, while the average variation for TRIX is of +0.4%, and for chlorophill-α is 
of +3.0%. 
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Short-sighted management efforts focusing rather on human activities than the systems that 
sustain them are an important threat for coastal ecosystems. The early assessment of the 
human activities impact on the near-sea shore environmental quality and the undertake of 
immediate actions allowing the reasonable management of coastal areas are therefore an 
essential part in the process of planning and decision-making. However, the prerequisite for 
decision-making that is the integration of the information concerning different aspects of the 
coastal areas is quite complicated. In the present work, a methodological tool developed in the 
framework of a Geographical Information System, is presented for the evaluation and 
management of coastal areas; this process is achieved in four successive steps. As a first step, 
the development and the visualisation of a spatial database where the geographical 
information of the study area is stored, is carried out. During the second step, the study area is 
divided into a number of zones based on the main scope of the management plan. The third 
step involves the application of multiple criteria choice methods for the co-estimation of 
various parameters related to the study area (environmental, socio-economic etc) and results 
to the ranking of the management zones. Finally, application and evaluation of alternative 
scenarios concerning the future area development is carried out. The Gulf of Gera in the 
island Lesvos, Greece is used as a case study, since it is not characterised as an excessively 
developed area; however, the introduction of new coastal activities makes the application of 
an appropriate management plan quite necessary. The advantages in developing such tools 
and suggestions for further improvement are further discussed. 
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The Venice lagoon is a shallow water body with a total area of about 500 Km2. Three inlets 
govern the water exchanged between the Adriatic Sea and the Venice Lagoon. Water, entering 
and exiting through these channels during an entire tidal cycle, changes its biochemical and 
physical properties. The aim of this work is to investigate the dynamic of the sea-lagoon water 
exchange and to quantify the spatial distribution of the water residence time in the lagoon 
basin. The study has been carried out with a finite element hydordynamic numerical model. 
The model solves the shallow water equations system on a spatial domain that represents the 
Venice Lagoon and the Adriatic Sea with a staggered finite element grid. To reproduce the 
mass fluxes between the two basins, the model has been calibrated with the experimental 
water level data collected by tide gauges placed both outside and inside the lagoon.  

A first calibration process has been carried out considering only elevation data measured 
by Diga Sud Lido (outside the inlet) and Punta Salute (inside the lagoon) tide gauges during 
2001. The comparison between the exchange rates computed by the model and the 
experimental data collected by ADCP probe mounted inside the inlets shows an under-
estimation of the numerical results. To improve the accuracy of the model a further calibration 
process has been considered. Tide wave propagation has been calibrated for the whole lagoon 
area comparing the results of the simulation with the experimental data of amplification rates 
and phase delay of major harmonic constituents with respect to Diga Sud Lido measured 
values (twelve tide gauges positioned inside the whole lagoon have been considered). The 
astronomic constituents of the water discharge signal are well reproduced by the model after 
this second calibration process. The results show an accuracy of 91% and 85% for the fluxes 
through Malamocco and Lido inlets, respectively.  

The instantaneous circulation and the residual current fields have been analyzed and the 
impact of the most important wind regimes on the water exchange through the three inlets has 
been investigated. The water residence time in the basin has been computed under different 
forcing conditions. A passive tracer subjected to transport processes, has been released inside 
the lagoon. Solving the decay time of the tracer concentration for the whole area, the model 
computes the spatial distribution of the water residence time in the basin. The results show 
that the re- import, through the three inlets, of water previously exited the lagoon constitutes 
an important effect on the renewal mechanism of the lagoon water. 
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In 1995 the Veneto regional government established a series of nutrient reduction targets for 
the freshwater catchments which discharge into the Venice Lagoon. The aim of the targets 
was to establish eutrophication protection measures as well as improve the overall quality of 
water entering the lagoon. Dese Sile Consorzio (a river management authority) manage three 
key rivers that contribute 40% of the freshwater flow into the Lagoon. The Fiume Zero 
project was one of the first series of measures that this drainage authority undertook in order 
to meet these objectives. The project involved the re-engineering of the river, to meet flood 
management standards. In order to demonstrate nutrient retention benefits a series of habitat 
related models were integrated into hydraulic and hydrological models of the river and these 
models and their data helped influence the design of the river works and the resulting mix of 
habitats. Once the models were completed, it was determined that key sections of the model 
would need to be validated through local experimentation. These experiments were to 
progress in parallel with the river works, and started in October 1999 to be competed in 
December 2003.  

A key element in the modeling work was the nutrient retention performance of riparian 
woodlands, which in this project were to be gravity irrigated with freshwater from the river. 
The experimental work sought to determine the rate of nitrate denitrification for a recently 
planted riparian woodland and examine the dynamics of this process through the seasons and 
over the first three years of woodland establishment. Data was collected on groundwater 
hydro-chemistry as well as soil microbiological dynamics (DEA) and biomass accretion. Data 
collected demonstrates that newly planted woodland areas can achieve substantial nitrate 
retention when exposed to nitrate rich groundwater. Over the three years soil denitrification 
measurements demonstrate active loss of nitrate, although limited by biologically available 
organic carbon, during first year, which increases from year to year. The third year average 
hydro-chemical loss of nitrate within the site has averaged 85%, with soil denitritification 
rates measured at rates up to 200kgN/ha/a. Potential rates for denitrification average 
1600kgN/ha/a.  

The Fiume Zero Project has shown how nutrient dynamic models can influence the design 
of major river engineering works and in this case demonstrated the value of freshwater and 
saline habitats in achieving the combined hydraulic and hydro-chemical objectives of the 
scheme. The experimental works over the last four years has also demonstrated the rapid 
recovery of the nutrient retention potential of these habitats. We now have compelling data 
and modelling tools to further the integration of engineering and environmental objectives 
into major river schemes in order to meet hydraulic, water quality and habitat objectives that 
are consistent with social demands, regional and national policies and European Directives. 
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The work aims to present initial results of hydrodynamic investigation of Adriatic Sea 
Sacca di Goro coastal lagoon using COHERENS numerical model. COHERENS is a 3-D 
hydrodynamic finite-difference multi-purpose model for coastal and shelf seas, which is 
coupled to biological, resuspension and contaminant transport models, and resolves mesoscale 
to seasonal scale processes. The work focuses only on the hydrodynamic aspects of the model 
as an important basis for the future development of relevant contaminant transport and bio-
chemical models of Sacca di Goro lagoon. 

The hydrodynamics of COHERENS model is based on the Navier-Stokes equations, 
written under the hydrostatic approximation, and it uses a σ reference coordinate in vertical 
direction. The equations of momentum, adopting the Boussinesq approach, vertical 
hydrostatic equilibrium and continuity together with the equations for temperature and 
salinity fields are involved in the model's hydrodynamics. The vertical eddy viscosity and 
diffusion coefficients are provided by choosing within a variety of turbulence closure 
schemes. The horizontal transport is parameterised by the horizontal diffusion coefficients 
taken proportional to the horizontal grid spacing and the magnitude of velocity deformation 
tensor. The model is forced by considering the tidal currents and wave flows at the open sea 
boundaries, river discharges, surface stress as a function of wind speed and direction, air 
temperature, relative humidity and cloud coverage, bottom roughness and heat and salinity 
fluxes through the sea surface.  

At this stage the Sacca di Goro coastal lagoon model is still in a process of development 
and calibration but the obtained first results are very optimistic and show that the model is 
capable to predict water dynamics under the real forcing meteorological and tidal data. 
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A finite element model, previously released and calibrated, is used to simulate and investigate 
tidal wave propagation, water level set-up and internal circulation in the lagoon of Venice. 
Spatial distribution of passive tracers released at the three inlets leads to the identification of 
the boundaries between the three sub-basins –one for each inlets- among which the lagoon 
can be subdivided. The analysis of the spatial distribution of salinity, as a result of freshwater 
discharge from rivers and exchanges with the sea, suggest an additional criteria for further 
subdivision of each subbasin in 3 smaller area, one dominated by river influence, one 
dominated by sea influence, one of intermediate features. The result is a partition of the 
lagoon in 9 area, based on physical processes. Such a partition is compared to the one based 
on water quality parameters (Solidoro et al. 2003), and with spatial distribution of the 
residence time, estimated by the an integrated model of the lagoon on Venice and the Adriatic 
Sea. Eventually, this leaded to a final partition of the lagoon in 12 area, which is used to 
discuss and quantify general circulation under the influence of different scenario of forcing. 
Monthly fluxes among the different area are evaluated, so providing a simplified 9 boxes 
model of the lagoon, which might be used by the scientific community for first order 
assessments of interaction among physical chemical and biological factors in a spatially non-
homogeneous frame. 
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On the wake of the national effort called LaguNet ( http://www.dsa.unipr.it/lagunet/ ), in early 
2002 a group of researchers active in Sicily gave birth to RiSiNet, the regional network of 
research on the lagoon and coastal systems. 

RiSiNet aims at coordinating at regional level, the research work of both Universities and 
Research Centres in order to better contribute to the national initiative and with the specific 
objective of fostering the interdisciplinarity among different environmental research 
compartments. A further goal is to develop a good level of communication with local Coastal 
Zone Managers to promote sustainability. 

As a first step to establish a common reference basis, RiSiNet group developed the 
application of the LOICZ biogeochemical model to five sicilian sites: Ganzirri Lake 
(Messina), Marinello Ponds (Messina), Stagnone di Marsala (Trapani), Capo Feto (Trapani), 
Gulf of Augusta (Siracusa). 

The group is currently working on a cross-evaluation of the state of these important 
ecosystems. 
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The LOICZ approach was applied to the Venice lagoon to estimate the water fluxes, the nutrient 
budgets and the ecosystem metabolism for this high natural valuable coastal environment. The lagoon 
of Venice is the largest Italian Lagoon and one of the largest in Europe. It is located in the northern 
part of the Adriatic Sea (45.2° - 45.6°N, 12.2° and 12.6°E). Three narrow inlets connect the lagoon to 
the Adriatic sea, entailing a subdivision in three sub-basins, separated by two watersheds along which 
the intensity of the tidal currents is low. The drainage basin is densely populated and conveys into the 
lagoon both industrial and agricultural waste waters.  

The annual 1-box steady state budgets of water, salt and nutrients were estimated for the years 
1999 and 2001, for which reliable and consistent data were made available. The high variability, in 
time and space, of the chemical and physical parameters suggested to perform both a seasonal analysis 
(for the year 1999) both a two-box analysis (for the year 2001). The latter was based on the evidence 
(resulted from a statistical analysis performed on the water quality data) that the lagoon could be 
divided into two areas which within-variability is much lower than the whole system: one close to the 
land-edge of the lagoon, the other close to the sea-edge. 

The one box model outputs indicated that the net exchange flow between the lagoon and the sea 
(VX) accounted about for 9-14% of the average daily volume of water flowing into the lagoon  from 
the sea through the three inlets (385x106 m3 d-1), with a residence time of 10 and 14 days for 
respectively 1999 and 2001, substantially consistent with other estimations attained by hydrodynamic 
model simulations previously performed for the Venice lagoon. As a result of the balance between 
nutrient input and output flows, the lagoon acted as a sink  of DIN for both the two years and as a sink 
of DIP only for 2001. In 1999 in fact, mainly due to a higher gradient of the phosphorous 
concentration between the lagoon and the Adriatic Sea, the DIP export was greater than the import, 
entailing the lagoon to act as a source of this nutrient. As a consequence, the system was overall 
heterotrophic in 1999 and slightly autotrophic in 2001. The denitrification prevailed over the N-
fixation processes with a good agreement between the two years and with previous estimates.  

The seasonal analysis pointed out that the lagoon was heterotrophic in all the seasons of 1999 
except for summer, when the DIP outcoming flow was quite low. Nevertheless the denitrification 
prevailed over the N-fixation during all the seasons with the highest values in spring and summer.  

Finally, the two box model application allowed to focus processes and spatial differences within 
the lagoon which otherwise remained hidden. The computation evidenced the presence of a nutrient 
flux from the inner box of the lagoon (with an autotrophic metabolism) to the box close to the sea 
inlets (with an heterotrophic metabolism), in concurrence with the well studied strong negative trophic 
gradient. Furthermore, the box close to the Adriatic sea received an amount of DIN through the mixing 
processes higher than what it is exported through advective flow. This is in agreement with several 
studies which suggest that the Adriatic Sea could be a source of DIN for the lagoon, at least for several 
months during the years and for some parts of the lagoon close to the inlets. 
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Management control of coastal water quality has recently shifted from the traditional 
reductions in nutrients from point sources to assessing the extent of reduction that can be 
exercised over non-point sources from watersheds. This shift will become more pronounced 
as the implementation of the Water Framework Directive (WFD) proceeds. However, when 
moving to global management there is the need of an integrated modeling approach that 
considers the watershed as well as the receiving coastal zone, to consider properly several 
interconnected mechanisms. 

In this work we present the results form a scenario analysis in Sacca di Goro coastal 
lagoon, using a biogeochemical model previously developed (Zaldívar et al. 2003), where 
nutrient reduction (total N and P) was simulated according to limits in European Union 
legislation, for the Burana-Volano watershed, which is running off into the lagoon. The 
results shown that contrary to intuitive expectations, Ulva biomass would have increased in 
the lagoon. This is due to the existence of highly nonlinear relationships between the different 
variables that affect the ecosystem functioning (light, nutrients, temperature, etc.) and the fact 
that in some cases nutrients are not the limiting factor. 
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The Pialassa Baiona is a eutrophic shallow lagoon located along the northern Adriatic Italian 
coast, between Ravenna harbour and the mouth of Lamone River. Artificial embankments 
divide the lagoon into several shallow water ponds connected by branched channels 
converging to the shipway of the harbour. Tidal regime cause large variations in the water 
levels and vast shallow areas emerge during low tides. The lagoon receives water inputs from 
five main channels that drain a watershed of 264 km2, including urban (9%) and agricultural 
(87%) areas. The southern channel collects also the wastewater coming from urban and 
industrial treatment plants and from two power plants. Following the LOICZ (Land-Ocean 
Interaction in the Coastal Zone, IGBP Core Action) guidelines, an annual single box-single 
layer model was applied to the data collected in the year 2000. Although its inner complexity, 
the lagoon has been considered as a single box due to the lack of data on the internal 
circulation. Water turnover in the lagoon has been estimated in 3 days. Both annual mean 
phosphorus and nitrogen budgets were negative suggesting that the system acts as sink of both 
dissolved inorganic phosphorus (DIP) and dissolved inorganic nitrogen (DIN). Stoichiometric 
calculations based on the photosynthetic production were done considering both the Redfield 
ratio for phytoplankton (C:N:P=106:16:1) and the ratio for macroalgae (C:N:P=335:35:1). 
The latter seems more appropriate for the Pialassa Baiona, which is affected by seasonal 
blooms of macroalgae, mainly Ulva sp. Overall the lagoon can be considered as 
“autotrophic”, with a net ecosystem metabolism (calculated as the difference between 
production and respiration) ranging between 0.91 and 2.89 mmol C m-2 d-1, if stoichiometric 
calculations are based on phytoplankton or macroalgae, respectively. 
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WATER AND NUTRIENTS BUDGET IN A SEMIENCLOSED AREA OF THE 
COASTAL LIGURIAN SEA: THE PORT OF GENOA 

 
Paolo Povero, Nicoletta Ruggieri, Cristina Misic, Michela Castellano and Mauro 

Fabiano  
Dipartimento per lo Studio del Territorio e delle sue Risorse (DIP.TE.RIS.) – Università degli 

Studi di Genova, C.Europa 26, Genova. Italy 
 
 
 
This study aims at quantify the fluxes of nitrogen and phosphorus in the Port of Genoa 
(Ligurian Sea), in order to understand the biogeochemical processes occurring in the system 
during summer and winter 2002. On the basis of its morphology, the port of Genoa can be 
subdivided into three different, semi-enclosed areas with specific characteristics (Old Port 
Area, Multedo Oil Terminal, Voltri Container Terminal). Each area can be considered as a 
separate system, receiving different effluents, and the budgetary analyses have been 
performed separately. The analysis was performed following the LOICZ Biochemical 
Modelling Guidelines in order to estimate the flux of dissolved inorganic nitrogen (DIN) and 
dissolved inorganic phosphorus (DIP) in the three basins and to estimate some ecosystem 
functions through stoichiometric calculations. Due to the morphology and the location of land 
inputs the Old Port Basin area was divided into two subareas. In the inner part, non-
conservative processes yielded a net sink, both in summer and winter, for DIP (-0.35 and -
0.22 mmol m-2 d-1, respectively) and DIN (-39.8 and -38.1 mmol m-2d-1, respectively). The net 
ecosystem metabolism (NEM) is highly positive with a higher value in September than 
December (37.1 and 23.3 mmolC m-2d-1 respectively). Considering the outer system, ∆DIP (-
0.14 and -0.17 mmol m-2d-1) and ∆DIN (-1.3 and 3.3 mmol m-2d-1) are negative, and the 
system appears a sink for these elements both in summer and winter. The NEM is 14.8 
mmolC m-2 d-1 in summer and 18.0 mmolC m-2 d-1 in winter. The Multedo Oil Terminal basin 
is a source for DIN (0.40 and 1.92 mmol m-2d-1 summer and winter, respectively), and DIP 
(0.24 and 0.21 mmol m-2d-1  summer and winter respectively). This basin shows a negative 
value of NEM (-24.0 and –22.3 mmol m-2d-1 summer and winter respectively) and can be 
considered as an heterotrophic system. It seems to be not influenced by the seasonal 
variability. Voltri Container Terminal is a weak sink and a source for DIP in summer and 
winter (-0.003 and 0.027 mmol m-2d-1, respectively), and a sink for DIN in both the two 
seasons (-0.70 and -0.20 mmol m-2d-1). The net ecosystem metabolism is slightly positive 
(0.30 and 2.9 mmol m-2d-1 summer and winter respectively) and indicates good balance 
between production and respiration. The LOICZ Model allows a useful simplification of 
complex sites, where various processes and conditions are present. Nevertheless this 
simplification must be taken into account when the model is applied to peculiar environments 
such as harbour areas, where local morphology and hydrodynamics may affect dramatically 
the water and nutrient exchange and additional pollution may alter the natural processes of 
production, consumption and storage in the sediments. 
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Eutrophication is a major concern in response to anthropogenic nutrient loading of shallow 
coastal systems worldwide. Effects of this enrichment are easy detectable as abundant primary 
production of both phytoplankton and macrolgae. Changes in water quality following 
eutrophication can have significant economic and social impacts. 

S’Ena Arrubia Lagoon (centre-western Sardinia) is one of few Sardinian lagoons for 
which pluriennial data concerning main nutrients and phytoplankton are available. This 
lagoon, which is a residual of a larger lagoon reclaimed during Thirties for agricoltural 
purpose, is characterised by low depth (about 40 cm) and small size (120 ha) and receives 
fresh waters mainly from reclaimed lands trought a pump system.  

S’Ena Arrubia Lagoon is eutrophic as a consequence of intense agricoltural and 
zootechnical uses of its watershed. High trophic conditions occur as extended phytoplankton 
blooms, recurrent macroalgae blooms and dystrophic crises, which sometimes cause some 
fish kills. A pluriennial observation of nutrients and phytoplankton dynamics showed the 
extreme sensitivity of this lagoon to meteoclimatic variations and other factors, such as sea 
exchanges and nutrient input through the pump system. The sea-mouth was widened and a 
new bordigue was built in order to mitigate its high trophy and improving its hydrodynamics. 

The aim of this study is to assess the impact of this re-framing on primary producers and 
nutrients in the lagoon. MDS and LOICZ model analysed data prior to (1990-2000) and 
following (2000-2002) the modification. In particular, shortening in residence time by model 
application in 1994-1995 (τ between 3 and 229 days) and 2001-2002 (τ between 1 and 8 days) 
was observed. 
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The Acquatina Lake is located in the South Apulia region (Italy) on the Adriatic Sea shore 
(40.4425N – 18.2376E): it is a small, meso-oligotrophic, artificial basin used for scientific 
experiments and aquaculture. In the lake two areas with different salinity have been identified. 
The main freshwater inputs are from precipitation and from a deviation of the Giammatteo 
canal; the outputs from the system are a canal 15 m wide and 400 m long, exposed to tides, 
and evaporation. 

The lake has an area of about 0.45 km2 and is about 2 km long. The maximum depth of 
the water barely exceeds 2 m, with a mean value of 1 m. Tidal variation of sea level does not 
usually exceed 35 cm, so we considered the volume variation negligible. The watershed of the 
Giammatteo canal is fed by precipitation and groundwater. The input from the canal is highly 
variable, depending on seasonal rainfall and intensive agricultural use. 

The Acquatina area is characterized by a superficial saltwater-bearing stratum, whose 
relatively low depth causes its emergence in depressed areas. 

The lake presents two large areas with different salinity, between 15 and 35 psu (Scalzo et 
al., 1994; Calò et al., 1996). The least salty area lies near the Giammatteo canal, while at the 
opposite side the most salty water is found close to connection with the sea. Communication 
with the sea allows the lake to receive sea water twice a day with the high tide flux and to 
drain water into the sea during low tide phases.  

In the area, rainfall is about 700 mm per year (data from meteorological station of Lecce, 
Aeronautica Militare), being particularly scarce in summer. The mean annual temperature of 
the atmosphere is about 16°C (Calò et al., 1996). The water body of the Acquatina Lake is 
therefore subject to intense evaporation, above all in the summer period. The evaporation was 
calculated using the Hargreaves equation. 

LOICZ budget was made on data collected from literature and on unpublished data 
referred to year 1995.The estimated values for VR indicates that the system exports water to 
the sea during all the investigated period with minimal values in summer (8700 m3 d-1). In this 
season also the exchange flux (VX) with the sea is scarce (48000 m3 d-1) and the water 
turnover time is the longer of the period (8 days), with a mean annual value of 3 days.During 
the studied period Acquatina resulted to be a DIP sink (-0.018 mmol m-2 d-1), particularly 
during autumn and winter. The obtained results are likely to be due to primary production in 
autumn, while in winter, DIP loss processes were not related to algal metabolism, but 
probably to absorption on decaying detritus (Vadrucci et al., 1996).∆DIN values show that the 
area under study was globally a sink on an annual scale (-1.65 mmol m-2 d-1). ∆DIN values 
were  lower during summer than in the other seasonal periods, probably due to the summer 
decrease of freshwater inputs to the lake.The net ecosystem metabolism, NEM or p-r, is 
always positive (annual value: 1.9 mmol m-2 d-1), indicating a greater productivity in winter 
and autumn than in spring and summer, when the values are lower than 1 mmol C m-2 d-1.  

In the area the annual value for Nfix-denit was -1.36 mmol m-2 d-1, indicating that 
denitrification processes dominate over nitrogen fixation inputs. The higher value of Nfix-
Denit observed in spring seems to be related to a decrease of oxygen concentration linked to 
an increase of respiration processes as demonstrated also by the spring NEM value, that was 
approximately zero, and the higher spring DIP value observed in the system with respect to 
the other seasons. 
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The Torre Guaceto nature reserve (40.7149°N-17.7989°E) is located in the Apulia region (Italy), on 
the Adriatic coast, about 15 km North of the city of Brindisi and consists of a saltmarsh and a marine 
area.The entire system, consisting in a marine area and the salt marsh, can be considered in an oligo-
mesotrophic state The study took place between July 2001 and May 2002, permitting the construction 
of a single-box, single-layer LOICZ-BM to the saltmarsh area. The LOICZ Biogeochemical model 
was applied to the saltmarsh which covers a surface area of 1.19 km2, with a mean depth of about 20 
cm during the dry season. In the dry season, an un-asphalted road (submerged in the autumn-winter 
season), divides the wetland ecosystem into two distinct compartments.  

The water volume of the saltmarsh cannot be considered constant, since it varies from 2.39 a 4.54 
105 m3; therefore, we modified the formulas of the LOICZ-BM, accounting for the seasonal variability 
of water volume and the characteristics of the system. Water inputs to the system are only 
precipitation, VP, and groundwater, VG, an unknown input, while outputs are evaporation, VE , and 
transport to sea via numerous and small streams, Vout. Therefore, the main DIN (Dissolved Inorganic 
Nitrogen) and DIP (Dissolved Inorganic Phosphorus) inputs are from groundwater. Tidal variation in 
sea levels in the area, taken from regional sea charts, is very low and, due to shallow coastal dunes, 
tide does not affect the hydrological budget of the Torre Guaceto marsh.The temperature of the 
atmosphere and the precipitation were obtained from the meteorological station present in the area and  
from historical data. The evaporation was calculated using the Hargreaves equation. 
In the present study, VX could not be calculated because, apparently, there isn’t a direct input of salt 
water from sea into the system. 

According to Gordon’s equations (Gordon et al., 1996) it was possible to calculate the 
groundwater salinity: it ranges between 2.1 and 7.0 PSU throughout the year. The minimum value, 2.1 
PSU, was calculated for the summer period, which was rather unexpected. However, the marine input 
can actually be reduced during summer since the groundwater layer position and shape does not seem 
to guarantee a regular groundwater flux into the system during the dry season. Hydro-geological 
analyses performed in the winter period showed a groundwater salinity which ranged between 4.2-5.1 
PSU, very close to the 5.6 PSU value calculated with the Gordon’s equation. Moreover, the analysis of 
the elements in the groundwater supported the marine infiltration.Finally, an estimate of the marsh 
system water exchange time is calculable with a formula similar to the hydraulic residence time 

equation: 
out

sys

V
V

=t , ranging between 21 and 69 days. 

Considering the ∆DIP (2.29 µmol m-2 d-1) and ∆DIN (-8.58 mmol m-2 d-1) values obtained with the 
model application, the system act as a source for DIP and a sink for DIN; moreover, it seems to be 
slightly heterotrophic with denitrification processes prevailing over nitrogen fixation. 

During the investigated period NEM was negative (-0.24 mmol m-2 d-1), indicating a net 
mineralisation of organic matter and a slightly heterotrophic state with consequent release of DIP in 
the water column: the calculated values are very low, so it may be asserted that the system is 
substantially in equilibrium.The denitrification processes prevail over nitrogen fixation, with a mean 
annual value for Nfix-Denit of -8.62 mmol m-2 d-1 



 
 

 

 

 98 

 

APPLICATION OF THE LOICZ BIOGEOCHEMICAL MODEL TO THE 
ORBETELLO LAGOON (TUSCANY, ITALY) 

 
Paola Gennaro1, Mauro Lenzi2, Salvatore Porrello1 

 
1ICRAM (Istituto Centrale per la Ricerca Scientifica e Tecnologica Applicata al Mare), 

Rome, Italy 
2Lagoon Ecology and Aquaculture Laboratory (LEALab), Orbetello Pesca Lagunare srl, 

Orbetello 58015, Italia 
 
 
 
 
The Orbetello lagoon is located in southern Tuscany (Italian West Coast), between 42.41° 
and 42.48° lat. North and between 11.17° and 11.28° long. East, and covers a total area of 
25.25 km2, with about 1 m average depth. Over the past thirty years, the Orbetello Lagoon 
has developed a considerable seaweed (macroalgae) proliferation. This phenomenon 
depends mostly on intensive aquaculture, agricultural activities and treated/untreated urban 
wastewater. The eutrophication increase leaded gradually to qualitative and quantitative 
changes in the vegetation features and the macroalgae replaced seagrasses (phanerogams). 
For these reasons, the basin Authority (Orbetello Lagoon Environmental Reclamation 
Authority, OLERA), since 1993, was set up to implement action strategies that could solve 
the environmental crisis. The OLERA acted in three main ways: a) removal of the 
macroalgal masses from the lagoon; b) increasing the clean sea water inputs in the lagoon; 
c) reduction of anthropic origin nutrients. OLERA activities positive value means the 
Orbetello lagoon can act a source of inorganic nitrogen, have thus resulted in a significant 
reduction in algal biomass production in the lagoon. Since 1996, seagrasses developed in 
the lagoon again, and during 2000 they covered 60% of the bottom surface. 
 Using available data collected between August 1999 and July 2000, the one box-one 
layer LOICZ biogeochemical model was applied to the Orbetello. 
 The results showed a ? DIN (?  of dissolved inorganic nitrogen) with positive value. 
Positive value means that the Orbetello lagoon can act as source of inorganic nitrogen. The 
∆DIP (?  of dissolved inorganic phosphorus) resulted slightly negative. This suggests that 
the system can be considered well balanced between DIP release and trapping processes. A 
slight dominance of removal DIP processes from the water column was recorded. These 
results confirms the lagoon as a P-limited environment according to other previous 
scientific observations Therefore, this ecosystem accumulates phosphorus, but remains 
unavailable for algal blooms. 
 The positive NEM value obtained means that the production processes prevailed on the 
respiration processes. This result confirms the Orbetello lagoon environmental 
improvement after the OLERA restoration. 
 Finally, the positive nfix – denit value recorded indicates dominance of the increase 
DIN availability processes. 
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Mar menor Traditional fishing system. Photo courtesy Dr. Julia and Dr Miguel Angel Esteve (U. Murcia) 
Ria Formosa-Clam culture. Photo courtesy Dr. Manuela Falcao (IPIMAR) and Dr. Pedro Duarte (CEMAS, UFP)
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RISK OF MICROALGAL BLOOMS FOR FISH FARMING IN MARANO LAGOON 
FISHERY VALLEY 

 
M. Cabrini, A. Beran, D. Virgilio and P. Del Negro 
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During summer 1999 and 2000 high mortality of Dicentrarcus labrax was observed in 
Marano Lagoon (Northern Adriatic Sea) fishery valley with strong economic implications for 
farmers. Since oxygen concentration in the water was kept constant by automatic oxygenation 
and toxic substances were negligible the reason of fish mortality was related to gills 
mechanical impediment. 

The gills, in fact, were fill of dinoflagellates prevalently belonging to Alexandrium genus 
dominant in the phytoplankton community. Taxa determination confirmed the presence of 
Alexandrium taylori, observed for the first time in lagoon environment where reached the 
82% in 1999 and 53% in 2000. Different species belonging to Alexandrium genus are 
frequently detected in coastal sea during all the year and their life cycle includes the 
development of cysts, also founded in the samples, that can mantain in the water and mostly 
in the sediment the organism in a resting stage for a long time.  

The bloom growth induced an increase of bacterial abundance, able to utilize all the 
organic matter produced by algae, and consequent reduction of oxygen availability for fish 
metabolism. 

The presence of dinoflagellate forming cysts represents a serious risk for aquaculture 
production and enforces the control of sediments in order to evaluate the quality of production 
environment. 
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REDUCTION OF FISH-FARMING IMPACT BY PHYTOTREATMENT POND 
SYSTEM IN MARGINAL LAGOON AREA 
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1Central Institute of Marine Research (ICRAM), Via di Casalotti 300-00166 Rome, Italy 

2Lagoon Ecology and Aquaculture Laboratory (LEALab), OPL s.r.l. Orbetello, Italy 
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In the Orbetello lagoon (South Tuscany, Italian West Coast) an important intensive 
aquaculture activity development produced a strong ecosystem alteration which result in a 
large-scale opportunistic macroalgae cyclic growth. In particularly, for decades the two main 
intensive land-based fish farming facilities discharged waste-water into Ansedonia area (East 
basin). The result was a strong environmental impact which caused the green alga Ulva rigida 
extensive blooms, accompanied by serious decomposition phenomena and anoxic crises. In 
1993, the Lagoon Authority imposed the enclosure of a part of this critic area, which resulted 
in an extensive flooded area formation, used as phytotreatment for the two fish-farming 
effluents. The aim of the present study was: a) to quantify the abatement of N and P by 
treatment system; b) to quantify N and P concentration of the effluents retained by 
macroalgae biomass produced in the phytotreatment system, where mainly U. rigida 
developed spontaneously. Between June 1998 and May 1999 the water physico-chemical 
parameters and sediment redox potential were recorded. Macroalgae biomass samples were 
collected in order to estimate the annual U. rigida production in the basin. Nitrogen nitric (N-
NO3), nitrogen nitrous (N-NO2), nitrogen ammonium (N-NH4), total dissolved nitrogen 
(TDN), ortophosphates (SRP), total dissolved phosphorus (TDP) were determined in water 
samples and dissolved inorganic nitrogen (DIN=N-NO2+N-NO3+N-NH4), dissolved organic 
nitrogen (DON=TDN–DIN) and dissolved organic phosphorus (DOP=TDP–SRP) were then 
computed. Macroalgal total nitrogen (MTN) and macroalgal total phosphorus (MTP) were 
determined for U. rigida and an uptake efficiency index was then drawn. The results revealed 
an appreciable SRP and DIN abatement (respectively 48% and 34%) and N-NH4 was the main 
nitrogen component abated (51%). Pond system reduced also DON and DOP (respectively 
30% and 43% ) and waste-water thermal impact. Results indicated that  macroalgae biomass 
did not retain large nutrients quantity; probably the quantity of nutrients involved in this 
system were so high as to depress U.rigida assimilation capacity. So, nitrogen and phosphorus 
abatement recorded was probably due to nitrification, denitrification processes and ammonia 
volatilisation and to insoluble ortophosphates compounds precipitation in the sediment. 
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The intensive fish farms generate large amount of dissolved excretory products and 
particulate organic matter (uneaten food and faeces), which carry through wastewater. A 
significant concentrations of nitrogen (N) and phosphorus (P) are content in this waste 
products. In teleost fish, ammonia is excreted mainly through the gills and represents 75 to 
over 85% of the nitrogen loss, while phosphorus is excreted as phosphate by the kidney 
(Handy and Poxton, 1993). Metabolic waste concentration may reach high level in tanks since 
to limit fish growth and survival (Guerin-Ancey, 1976; Handy and Poxton, 1993), as well as 
may produce pollution in close aquatic environment. 

In the Orbetello lagoon (South Tuscany, Italian West Coast) there are four intensive land-
based fish farming facilities which have a wastewater inflow in the order of 200,000 m3 d-1, 
recently estimated equal to 265 kg of N d-1 and 13 kg of P d-1 (Lenzi, unpubl.). The result is a 
strong environmental impact leading to an extensive cyclic growth of opportunistic 
macrochlorophyceae, which cause serious degeneration processes in Spring and Summer 
(Bombelli and Lenzi, 1996). In one of these fishfarms, a phytotreatment system was adopted. 
The fishfarm produces about 100 tonnes y-1 of European sea bass (Dicentrarchus labrax, L.) 
and gilt head sea bream (Sparus aurata, L.), in twenty 450 m2 soft PVC tanks having a total 
volume of 9000 m3. The wastewater (139,5 l s-1) was conveyed into four phytotreatment 
ponds, arranged in series (10451 m2, 7134 m3). The first pond received the effluent from the 
rearing tanks; after undergoing phytotreatment ponds, the water left the forth pond from 
which it was ultimately discharged in lagoon. In treatment system, Ulva rigida C. Ag 
developed spontaneously. 

The aim of the present investigation was to value the adopted improvement system 
efficacy. For this purpose, the balance of N and P components that entered in the ponds 
system, that stayed and that went out with phytotreatment wastewater, was made. Monthly, 
between June 1999 and May 2000, two water samples for inflow and outflow stations were 
taken at 8:00 a.m. and at 4:00 p.m., in consequence of a mean residence time (MRT) of about 
8 hours, to analyse the following parameters: N-NO3, N-NO2, N-NH4, TDN, SRP, TDP, POC, 
TPN, TPP. The samples (two samples for each time-station) were analysed using a 
continuous-flow Autoanalyzer and Elemental Analyser. Yearly macroalgal production by 
consecutive biomass determination and three-monthly N and P determination in tissue and 
sediment were estimated. On the base of these determinations, between inflow and outflow, 
the balance showed a reduction of nutrient load of 12.40% and 19.73%, respectively for total 
N and P. 
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IMPACT OF THE INFAUNAL MANILA CLAM, RUDITAPES PHILIPPINARUM, ON 
SEDIMENT STABILITY 

 

L. Sgro1, M. Mistri1 and J. Widdows 2 
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2Plymouth Marine Laboratory, The Hoe, Plymouth (UK) 
 
 
 
The interactions between physical, chemical and biological processes influencing lagoonal and coastal 
bottoms are poorly understood, despite their ecological and economic importance in relation 
to aquaculture, and particularly shellfish farming. In such systems, it is known that the biota 
may play an important role in determining the erosion potential of intertidal and subtidal 
sediments. An increase in erosion rate may result from bioturbation due to burrowing 
organisms, particularly bivalves, associated with physical disturbance due to tidal currents. 
Within this framework, a laboratory benthic annular flume system (AFS) was deployed to 
evaluate the relationship between sediment stability of a subtidal mudflat and density of the 
infaunal Manila clam, Ruditapes philippinarum, under the influence of different current 
velocities. In the Sacca di Goro (northern Adriatic Sea), where the Manila clam is actively 
reared, frequent sediment nourishments are needed to maintain appropriate sedimentary 
characteristics for clam farming, There was a significant correlation between maximum 
erosion rate and current velocities in all the trials run with clams (p < 0.05). There was also a 
significant correlation between maximum erosion rate and R. philippinarum density (p < 
0.001), underlined bioturbation enhanced sediment erosion. The effects of clams density on 
sediment erodibility were more marked at the lower current velocities. In the control, the 
critical erosion velocity (ucrit) was about 29 cm s-1. With the increasing of R. philippinarum 
density, ucrit decreased down to the minimum value of 24 cm.s-1 at the density of 206 
clams/m2. Our study led to the conclusion that R. philippinarum affects sediment stability by 
its bioturbation (burrowing-feeding) activity, yet at relatively low current velocity and at low 
bivalve densities.   
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The aim of this paper is showing an adaptation of NAMEA (National Account Matrix for 
Environmental Accounting) to apply environmental accounting methodology to lagoon 
systems. This application is made more appealing since will be defined new physical indicator 
based on exergetical analysis of the ecosystem. 

In the first part of the paper it will be presented the environmental accounting matrix. The 
model behind the methodological choices implies an integration process of environmental 
parameters inside the traditional economic accounting; then, it will be discussed different 
models developed into the scientific literature, focusing attention on the possible uses of 
NAMEA applications at territorial level, on application experiences generated or on 
semplified versions adopted. 

Special attention will be dedicated into the analysis of environmental indicators to be used 
into the simplified matrix, distinguishing pressure indicators, state indicators, impact 
indicators and response indicators, following the classification of DPSIR model adopted by 
OECD and EU. 

The exergetical analysis will be presented as an analytic tool to analyse the qualitative 
level of lagoon ecosystem, which embodies interactions among anthropic and natural 
environment. 

Particular attention will be dedicated to exergetic analysis model applied to ecosystems, 
developed by Jorgensen; this model is aimed to assessment og genetic information embodied 
in throphic and evolutionary dynamics of lagoons by using exergetic analysis: the application 
result of exergetic model provide the distance of analysed ecosystem from its 
“thermodynamic death”; in other words, an exergetic indicator will be built to measure the 
quality level and the health of the lagoon from both exergetical and genetical point of view.  
In the last part of the paper, it will be presented a simplified version of NAMEA embodying 
integration among economic value, such as added value of the economic sectors represented 
into the lagoon system, and environmental components; parametric qualitative level of 
environmental aspects will be derived by exegetical analysis. 

The matrix presented is aimed to point out correlations among economic development and 
ecosystem health, which is conceived as a provider of raw materials for the economic system 
itself. Therefore, it will be possible to prepare forecasting scenarios for development of 
lagoon in order to assess from economic and environmental implications point of view. 
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LONG-TERM TRENDS AND REDUNDANCY IN THE MACROBENTHOS OF THE 
VALLI DI COMACCHIO (NORTHERN ADRIATIC SEA) 
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Long-term trends in macrobenthic communities of the Valli di Comacchio, the largest 
lagoonal ecosystem in the Po River deltaic area, were examined at four sampling sites located 
along a putative stress gradient and characterized by different levels of disturbance. Temporal 
trends of six parameters (species richness, diversity, abundance of individuals, proportion of 
abundance composed of opportunistic species, community biomass, and proportion of 
biomass composed of opportunistic species) characterizing macrobenthic community 
structure were analyzed using data collected quarterly from 1996 to 2002. The positive slopes 
in trends of proportion of abundance of opportunistic species observed at all the four study 
sites indicated the persistence of stressful conditions. Conversely, temporal trends of species 
richness and diversity showed a positive slope at three out of four sites, thus indicating an 
increase of community structural complexity and, according to the paradigm of Pearson and 
Rosenberg, suggesting a shift of communities towards a transition zone. Redundancy was 
assessed through multivariate analyses and a “forward selection backward elimination” 
algorithm. At the ecosystem level (i.e. merging counts from the four sites), two response units 
(a response unit is the smallest subset of species for which the Spearman rank correlation with 
sample similarities for the full species set exceeds a predetermined value) were obtained. 
Each of the response units obtained through this procedure encompassed quite a large 
taxonomic and functional spread, since all guilds were well represented. Conversely, at the 
local level, only one response unit was obtained. Species number and function is essential to 
long-term maintenance of community and ecosystem processes over a complete cycle of 
common distrurbance events. Since redundancy reflects the resistance to change of 
community functioning, we hypothesize that the macrobenthic communities of the Valli di 
Comacchio are quite resistant to global environmental changes, despite local stresses that 
generate fluctuations in local species abundance. 
 



 
 

 

 

 107 

 

MANAGEMENT OF WASTEWATER TREATMENT PONDS FROM AN 
ACQUACULTURE HATCHERY (ORBETELLO, ITALY) 
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The Nassa fish farm (Orbetello lagoon, Italy) produces approximately 100 tons y-1 of seabass 
and seabream. On average, the aquaculture plant delivers wastewaters with a 200 µM total 
nitrogen (TN) concentration. Dissolved Inorganic Nitrogen (DIN), Dissolved Organic 
Nitrogen (DON) and Particulate Organic Nitrogen (PON) account for approximately 45%, 
40% and 15% of TN, respectively. Wastewaters flow throughout a series of four ponds and 
are then discharged into the lagoon. The macroalga Ulva spp. grows spontaneously in three 
ponds attaining a fresh biomass up to 5 kg m-2. Due to the lacking of an active management, 
Ulva undergoes summer collapses which in turn cause dystrophic events. 

This study was aimed (1) to analyse the N removal capacity of the treatment ponds, (2) to 
identify the involved biogeochemical processes and (3) to support the management of the 
pond system in order to improve the N removal efficiency. 

Fluxes of O2, CO2 and DIN were analysed by core incubation; denitrification was assessed 
with the isotope pairing technique, and Ulva growth was measured with in situ incubation. 
Ulva biomass was also analysed for carbon, nitrogen and phosphorus content. A nitrogen 
mass budget was also estimated considering the input and output N loads over a daily cycle. 
Denitrification rates  were highest in pond 4 (~200 µM N m-2h-1) but accounted for only a few 
percent of total N removal. By contrast, Ulva uptake (up to 7 mmol N m-2h-1) represented a 
net sink for DIN. Laboratory experiments revealed a high potential for denitrification (800 
µM N m-2h-1) in pond 4 indicating that  N loss via denitrification could be enhanced by 
stimulating coupled nitrification. 

Theoretical N abatement rates calculated as a function of Ulva standing biomass, growth 
rates and total N content revealed that the optimisation of Ulva biomass harvesting may 
represent an effective way in order to maximise DIN removal and prevent anoxic crises. On 
the contrary, not managed ponds will always have little effect on water restoration, which can 
occur only in early spring, when Ulva starts growing and attains the maximum net growth 
rates. 
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IMPACTS OF Tapes philippinarum AND Mytilius gallorpovincialis ON BENTHIC 
FLUXES OF OXIGEN, INORGANIC NITROGEN AND PHOSPHOROUS AND 
NITRATE REDUCTION PATHWAYS IN A COASTAL LAGOON (SACCA DI 

GORO, ITALY) 
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The Sacca di Goro is amongst the most important Italian sites for bivalve production. Tapes 
philippinarum and Mytilus galloprovincialis farming occupies approximately 1/3 of the 
lagoon, with biomasses up to 10 and 60 Kg m-2, and annual productions of approximately 
~12000 and ~800 tons respectively.  

Shellfish farming can result in environmental disturbance due to local modifications of 
benthic metabolism and nutrient regeneration, coupled to organic matter biodeposition, which 
in turn influence water column oxygen and nutrient concentrations. The extent of these effects 
depends not only upon hydrodynamics (which can modulate the quantity of organic matter 
which settles on the sediment) and the bivalve density but also upon the different farming 
techniques. 

In this study, the impact of bivalve cultivation on benthic metabolism, nutrient 
regeneration, denitrification and nitrate ammonification rates were analysed at sites exploited 
for M. galloprovincialis and T. philippinarum farming and at a control site. In addition, at the 
mussel site Benthic fluxes of oxygen, CO2 and nutrients were highly stimulated by molluscs 
farming. However, whilst at the control and T. philippinarum sites, oxygen and CO2 fluxes 
were balanced, at the M. galloprovincialis site oxygen demand was significantly lower then 
CO2 production, demonstrating a dominance of anaerobic processes. Taking into account the 
mussel ropes, O2 consumption rates were up to 60 (M. galloprovincialis), 14 (T. 
philippinarum) and 2.5 (Control) and ammonium effluxes up to 7, 1.6 and  0.2 mmol m-2 h-1, 
respectively. Nitrate reduction rates were stimulated at farmed sites, but the relative 
importance of denitrification and nitrate ammonification differed. T. philippinarum favoured 
N-losses, whilst M. galloprovincialis  stimulated recycling of nitrate to ammonium. 
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A discrete stage-based model for the growth of Tapes philippinarum has been coupled with a 
continuous biogeochemical model of the Sacca di Goro ecosystem. The model considers for 
the growth of tapes philippinarum the nutrient contents in the water column as well as its 
temperature. Furthermore, the effects of harvesting as well as the mortality due to anoxic 
crisis are taken into account. The model results have been compared with data on clam 
productivity in the lagoon. The results shown that this model can be used as a management 
tool for the rearing clams as well as for improving the lagoon ecosystem. 
 



 
 

 

 

 110 
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The object of the present work is to apply a market based instrument of the environmental 
policy like emission trading to the economic and environmental features of the coastal lagoon 
systems in order to promote sustainable development in these areas. 

For this purpose, we intend to integrate the economic modelling of tradable permits with 
the bio-chemical and physical modelling of the coastal lagoons systems. Such integration 
allows to base the emission of tradable permits on the actual carrying capacity of the 
ecosystem taken into account, as well as to modify the number of permits over time according 
to the environmental changes provoked by the emission trading system. 

The structure of the paper is as follows. The first part presents the emission trading 
instrument from both a theoretical and an empirical viewpoint, devoting particular attention to 
recent examples of its application to water systems such as rivers and lagoons. The second 
part examines the coastal lagoon systems, focusing attention on the relationship between 
environmental quality and anthropogenic pollution occurring in the water basin area of the 
coastal lagoon system. Finally, the last section of the paper discusses how the emission 
trading modelling can be applied to the coastal lagoons systems and how tradable permits can 
be distributed to the local economic agents according to their actual impact on the ecosystem 
taken into account. 
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REMI control points in the Thau lagoons and typical graph displaying time series of microbiological level 
quality in shellfish. Image courtesy of Ifremer: Coastal Environment Laboratory of Sète, 
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Wetlands are among the most productive ecosystems in the world, like rainforest and coral 
reefs, but while this fact has been often translated in terms of economic values, there is a 
growing need to quantify the ability of wetlands to perform ecological functions connected 
with productivity and ecosystem health. The main goal of this work is to determine the 
effectiveness of a rapid approach to wetland functional assessment based on an index which 
combines three scores respectively targeted on quantifying habitat availability, functiona lity 
performance and direct anthropogenic impact. Three data forms are compiled for most of the 
LaguNet sites: (meta)data can be collected from a great deal of information coming from 
research units, (grey) literature, management organs and, in some cases, field surveys. The 
method is integrated with a few sub index developed applying GIS interpretation of Land Use 
coverage maps and satellite/aerial image data; results are then compared with some other 
information sources, like the LOICZ model and BioItaly (NATURA2000) classification. This 
index is expected to be a user-friendly procedure that can help decision makers in wetland 
assessment and management. 
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Several attempts have been made in the recent decades to search for simple indicators useful 
for assessing the ecosystem health of marine environments worldwide. Among them, the most 
promising are the sediment quality guidelines (SQGs), the oceanographic indicators (OIs), the 
benthic biological indicators (BBIs), toxicity tests and biomarkers. 

In the last twenty years the lagoon of Venice has been extensively studied by means of 
different approaches, but there is still a lack of integration (both ex- ante and ex-post), which 
is mainly due to the different aims of these investigations. This is particularly true for 
researches covering different disciplines. 

Here we try –by using past data- to check if there are some sub-areas of the entire lagoon 
where useful information can be combined in order to perform an integration, “after” the 
scientific and field work was in most cases already concluded. 

One of the preliminary step is to define “homogeneous” areas by applying different 
approaches: 

a) with the help of a hydrodynamic model that allows the computation of RMS velocities 
and residence times in the lagoon; 

b) with sedimentological analysis and foraminiferal biotopes similarities; 
c) with morphometrical analysis. 
Once comparable habitats and areas are detected and characterised, the degree of impact 

will be assessed using a "triad” approach which combines: 
a) sedimentological and chemical assessment of surface sediments, that can give 

information on “natural” and anthropogenic fraction of contaminants and 
bioavailability; 

b) the exploration of the structure and abundance of biological communities; 
c) toxicological data (bioassay and field data) and biomarker approaches (in bivalves and 

fish).  
The results show that there are some sites where the density of data can provide enough 

new information by using this method. Some examples from different areas of the Lagoon 
will be presented. 
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Lagoon ecosystems, like most brackish environments, are biotopes of great ecological value 
characterised by moderate biodiversity and trophic migrations, which could be at risk without 
appropriate management and risk assessment. The characterization of typical bioindicator 
organisms is strongly needed in Mediterranean coastal lagoons for monitoring both the 
presence and the biological impact of pollutants in such delicate ecosystems. In order to 
assess the ecological risk and the causal or correlative relationship between the health of 
organisms and environmental contaminant levels in a brackish environment, specimens of a 
sentinel fish species, the European eel Anguilla anguilla were collected seasonally from seven 
sites of a moderately human-impacted lagoon on the southern coast of Tuscany, the Orbetello 
Lagoon. The aim of this work was to investigate the natural variability of several molecular, 
cellular and physiological responses in European eel and the sensitivity of this species in 
revealing the occurrence of environmental disturbance. Concentrations of heavy metals and 
persistent organic pollutants (POPs) were evaluated in fish tissues and in sediments from the 
sampling areas in order to integrate biological responses with chemical residues in abiotic and 
biotic matrices. Somatic liver index, the mixed function oxidase cytochrome P450 and 
cholinesterase enzymes have been selected as specific biomarkers of exposure to selected 
aquatic pollutants while indicator of reproductive competence as gonadosomatic index and 
gonadal and gametes histology were used as a signal of endocrine disruption due to exposure 
to hormonally active chemicals. Variation of the listed biomarkers were integrated with tissue 
and sediment levels of known aquatic pollutants providing an idea of the overall fish and 
ecosystem resistance/susceptibility to different chemicals released in the lagoon.  
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Biochemical oxygen demand and dissolved oxygen concentrations were analysed in seawater 
samples taken from the western area of the Ria Formosa coastal lagoon in the Algarve, 
Southern Portugal. Temporal and spatial survey techniques were used to collect lagoonal 
samples in July and August 2001. It is generally agreed that the lagoon is suffering from 
decreasing water quality due to intensive economic development and tourism in the 
surrounding areas. The western area of the lagoon, including the Ancão basin was focused on 
because little data already exists from that area and it is thought that organic loading is high 
due mainly to limited tidal flushing. 

Dissolved oxygen concentration increased throughout the day, due to the predominance 
of photosynthetic oxygen production by marine algae. Highest dissolved oxygen levels 
(9.59mgl-1/ 151.5% saturation) were found at the far western end of the Ancão basin, which 
was attributed to elevated algal production (lowest dissolved oxygen saturation was 82.3% in 
the Ramalhete channel). 

Biochemical oxygen demand was highest (3.22mgl-1) in the Ramalhete channel during a 
spring tide, which was attributed to sewage discharge in the vicinity (lowest recorded value of 
biochemical oxygen demand was 0.20mgl-1 in the Ramalhete channel during a neap tide). 
There were clear temporal peaks of biochemical oxygen demand in the Ramalhete channel, 
the greatest of which was at high water, which suggests that a greater volume of sewage 
effluent is released at HW for increased dilution. There was also a relatively high biochemical 
oxygen demand (2.53mgl-1) in the far western area of the Ancão basin where there was 
increased organic matter loading attributed to increased algal production in the form of blue-
green algal mats and phytoplankton. Increased algal production was thought to be related to 
increased nutrient loading in the Ancão basin from to land drainage and limited flushing. 

Some Atlantic water reaches the Ancão basin at high water during both spring and neap 
tides, but not all of the water from the Ancão basin was renewed and it simply moved in and 
out of the basin with the tide along the Barra channel. 
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The majority of chemical compounds, which originate from human activities are disposed into 
waterways and end up in the aquatic environment. 

The purpose of this study was to investigate the adaptation of aquatic animals in 
different anthropic pressure situations. As such Metallothioneins (MTs) are now considered 
important biomarkers for early recognition of different biota to heavy metal pollution in 
marine and coastal zones. MTs consist of low molecular weight ubiquitous cytoplasmatic 
metal-binding proteins. Typically MTs bind essential and non-essential metal ions. The 
interest in MTs within the framework of environmental pollution biomonitoring stems from 
the fact that increased MTs synthesis is associated with increased capacity for binding these 
metals and protection against metal toxicity. Besides MTs other detoxifying molecules are 
present in organisms, among these is glutathione (GSH) which is an ubiquitous molecule in 
eucaryotic cells. GSH participates in a number of significant processes including protection 
against metal toxicity. We use biomarker responses in the fish Liza aurata and Chelon 
labrosus for monitoring the status of the organisms and to obtain an assessment of the 
environmental risk. Teleost are commonly used in environmental monitoring programs 
because of their ability to concentrate relatively high concentrations of antropogenically-
derived chemicals and like other aquatic animals they can adsorb metals through the gills 
(direct pathway) or the digestive tract (trophic pathway). So we sampled two mugilidae fish 
species, Liza aurata and Chelon labrosus, in different periods and different places: Fogliano 
pond with a low anthropic level, and Ganzirri e Faro backwaters system with a higher 
anthropic impact. The MT concentration in the four examined tissues (liver, gills, intestine 
and skeletal muscle) decreased in the autumn with those from Faro > Ganzirri > Fogliano, 
according to pollution levels. In all examined tissues Cd was absent, whereas both Cu and Zn 
concentrations reflected the trends in the MT concentration. No differences in the GSH 
concentrations were evident in the two fish species collected from the three sites except in the 
muscle: higher concentrations were measured in specimens sampled in Faro and Ganzirri. 
With the aim of studying seasonal differences, we compared Liza and Chelon specimens 
sampled in the summer and autumn: in general, animals showed higher concentrations of MT, 
GSH and Zn in the summer than in the autumn. Finally, there were no differences between the 
two fish species. Among the examined organs, the liver had the highest MT and GSH 
accumulation, whereas the skeletal muscle is the organ with the lowest accumulation. From 
our analysis we conclude that Faro is the most polluted site; Cd is not present as a 
contaminant and MT is a better biomarker than GSH. (MIUR Cofin 2001) 
 



 
 

 

 

 118 

 

EFFECTS OF SEDIMENT-SEAWATER INTERACTIONS ON PHOSPHATE 
BUDGET IN A RIVER DOMINATED SHELF ENVIRONMENT (NW ADRATIC SEA, 

ITALY) 
 

Paola Giordani, Daniela Sorgente and Stefano Miserocchi 
CNR-ISMAR – Via Gobetti 101, 40129 Bologna (Italy) 

 
 
 
Since the late seventies the North Western Adriatic waters have frequently suffered from the 
occurrence of dystrophic events, likely related to the river input of nutrients, especially from 
the Po. Intensive monitoring programs have identified phosphorus as the limiting nutrient for 
biological production in this river dominated, shallow system where sedimentary processes 
have a major impact in biogeochemical cycling. 

 In this paper we discuss the results of an investigation on sediment phosphorus which 
was carried out in order to: 1) check the evolution of the sedimentary system, as reflected by 
phosphorus distribution patterns, C/N and C/P ratios in the surface sediments over a decadal 
time scale; 2) assess the role of solid/solution interactions on phosphate cycling; 3) calculate a 
yearly phosphate budget for a representative station, in order to get additional information on 
phosphorus dynamics in the system.  

Different forms of sediment phosphorus (total, inorganic, organic and exchangeable 
fractions) together with org C, total N, were analysed in samples collected on the mud belt 
extending parallel to the coast from outside the main Po river effluent to the South. 
Compositional parameters such as grain size, mineralogy, concentrations of major elements 
related to sediment phosphate-mineral associations (Al, Ca, Mg, Fe, Mn) were also 
determined. Adsorption properties, such as EPC0 (Equilibrium Phosphate Concentration) and 
k’ (adsorption capacity) were calculated from experimental Langmuir isotherms and their 
potential effects on phosphate budget were finally considered. 

Despite the cutting down of the river phosphate load accomplished over the last twenty 
years, differences in sediment C/N and C/P ratios and phosphate contents compared with 
those from earlier surveys can be explained by increased primary productivity and higher 
retention of phosphate in the solid phase. 

Adsorption seems to play a control role for dissolved bioavailable phosphate pools and 
represent the first step of a reaction mechanism involving sediment ultimately as a sink. 

A yearly phosphate budget is tentatively assessed from available data on river discharged 
load, benthic and burial fluxes for a representative site of the study area. Accordingly, new 
production, supported by river input, would represent at most one third of total production, 
outlining the importance of regenerated nutrients, whilst oxic sediments might release up to 
25 % and retain 20 % of biologically produced phosphate. 
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Cabras lagoon, the biggest lagoon (22 km2 area) in the Sardinian Island, suffered from a 
severe dystrophic crisis in summer 1999, with major environmental consequences up to 
higher trophic levels, including a massive mortality of commercially important fish. In order 
to assess the current status of the benthic environment and the possible recovery of 
macrofaunal communities in the lagoon, we conducted monthly field investigations at three 
stations set between the lagoon inlet and the lagoon mouth, during 2001/2002. On each 
sampling date and station, CTD water measurements were made, and surface (0-2 cm) and 
subsurface (2-4 cm) sediment samples were taken using a manual corer for physical 
measurements (water content and redox potential) and chemical analysis (inorganic reduced 
sulphur and organic matter). Triplicate sediment samples were also collected for the 
determination of macrofaunal communities using a 216 cm2 grab, and subsequently sieved on 
a 0.5 mm mesh-size screen. Data were analysed using cluster analysis and non-metric 
multidimensional scaling (MDS). Results showed reduced conditions of sediments, worsening 
during the warm period (e.g. Eh values >-400 mV). This was consistent with very high 
organic matter (LOI) concentrations throughout the year, up to > 20%. Among macrofauna, a 
total of 2491 individuals belonging to 17 species/taxa were identified. Multivariate analysis 
identified significant differences among seasons and stations. We suggest that, following the 
earlier dystrophic event, macrofaunal communities are still in a pioneering situation, 
characterized by a slight recovery during winter-spring, but a new regression to an early stage 
of faunal succession in late-summer, due to a degraded benthic environment. 
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The assessment of the trophic state of marine ecosystems is a fundamental task for applied 
ecological research. Studies on the assessment of the trophic state of marine systems have 
been historically based on chemical measurements (e.g. inorganic nitrogen and phosphorous, 
oxygen) and/or surrogate measurements of algal biomass. The use of sediment organic matter 
biochemical composition as a tool for assessing the actual trophic state of marine systems is 
being increasingly utilised. This approach is based on the assumption that sediments may act as 
“recorders” of what happens in the entire ecosystem. Shallow water systems, such as coastal lagoons, 
exhibit generally a tight coupling between pelagic and benthic environments, so that changes 
occurring in the former can be reflected in the latter and vice versa. In the present work, we compare 
quantity and biochemical composition of both sediment and suspended organic matter and bacterial 
biomass and activities in two coastal Mediterranean lagoons (Lesina and Marsala lagoons), 
characterised by different trophic state. The aim of such comparison is to assess whether rates and 
features of organic matter in the pelagic and benthic environments of shallow water basins are 
connected and whether different trophic conditions are reflected in both systems and with the 
same patterns. 

The characteristics of suspended and sediment organic matter in the Lesina lagoon were 
relatively similar and were characterised by high concentrations and dominance of 
carbohydrates. Such similarities were also evidenced in terms of bacterial biomass, that 
displayed high values both in the water column and sediments (average, 147 µgC l-1 and 179 
µgC g-1, respectively). In contrast, bacterial activities showed highly significant differences, 
with bacterial protein turnover in water about 15 times more rapid than those in the sediments.  

In the Marsala lagoon, organic matter concentration and composition and bacterial 
activities displayed clear differences in the two investigated compartments. Carbohydrates 
were the main biochemical class of compounds in the sediments, whereas high protein 
concentration dominate suspended particles. Also bacterial biomass (205.0 µgC g-1) and 
turnover rates (65 and 168 d, respectively for protein and carbohydrate) were significantly 
higher in the sediments than in the water column (51.1 µgC L-1 for bacterial biomass and 0.5 
and 9 d, respectively for protein and carbohydrates rates). 

Our comparison indicate that the relative importance of pelagic-benthic coupling 
processes and their biogeochemical relevance in shallow water systems have to be taken into 
account when looking at their general trophic state and capability of transferring microbial 
biomass to higher trophic levels.  
 



 
 

 

 

 121 

 

A FUZZY LOGIC MODEL TO RECOGNIZE DIFFERENT ENVIRONMENTAL 
SECTORS BY MEANS OF THE HARD-BOTTOMS BENTHIC COMMUNITY IN 

THE LAGOON OF VENICE  
 

Agnese Marchini 
Università di Pavia, Dip.to di Genetica e Microbiologia, Sez. di Ecologia,Via S. Epifanio 14, 

I-27100 Pavia;  
 

The lagoon of Venice is a mosaic of different environmental conditions, resulting from the 
interaction of several biotic and abiotic factors. A qualitative scheme of such mosaic was 
proposed in literature; it subdivided the lagoon into six ecological sectors (“lagoon mouths”, 
“vivified lagoon”, “rough eutrophic sector”, “calm eutrophic sector”, “urban sector”, 
“estuarine sector”), related with current velocity, salinity, eutrophication and pollution, and 
defined by means of the sessile macrobenthos community living on the “bricole” (wooden 
piles marking navigable canals). 

The knowledge in the responses of single species and of the whole community to the 
different environmental conditions was used to develop a fuzzy logic model which considers 
four simple input factors: (i) abundance of “marine species”; (ii) abundance of “lagoon 
species”; (iii) abundance of “brackish water species” and (iv) total abundance of the sessile 
macrozoobenthos.  

Fuzzy knowledge-based modelling has been successfully applied in nonlinear systems and 
situations in which there is no analytical model of the relations under consideration. 
Moreover, it easily deals with qualitative information, inprecise data and natural language. In 
this study-case, the nature of inputs, outputs and input-output relations clearly required the 
use of fuzzy logic: input data are expressed as semi-quantitative abundances, so they are 
intrinsically uncertain; the outputs (the six ecological sectors) are non-ordinal classes, 
therefore they cannot be associated to numbers, as in ordinary models outputs; relationships 
between species and environmental sectors are not described as mathematical formulas but as 
a vaguely defined knowledge. 

Each one of the four input factors has been divided into three fuzzy sets describing 
abundance levels (Scarce, Medium, Abundant), represented as overlapping logistic-like 
membership functions; each one of the 81 (34) resulting rules is then weighted for each of the 
six ecological sectors, for a total of 486 possible input-output combinations. The system runs 
with parallel rule firing and a final aggregating operation. Defuzzyfication simply consists in 
selecting the ecological sector(s) with the highest membership grade; a more complete and 
interesting information can be obtained by the evaluation of membership grades among all the 
six ecological sectors. 

The model adjustments and validation are made by comparing the experts evaluations 
with available case histories: a discontinuous data set from 1993 to 2001 was used for this 
purpose. The model was also tested for the nearby lagoon of Grado-Marano (rather similar to 
Venice, though with a less severe anthropic impact) and was able to recognize already known 
estuarine gradients. 
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The aim of this presentation is to analyse the ecological status of the Vistula Lagoon on the 
basis of different kinds of indicators including water quality, chlorophyll α concentrations and 
zooplankton abundance, biomass and taxonomic composition.  

The Vistula Lagoon (838 km2) is located in the southeastern part of the Baltic Sea. It is 
connected with the sea by the strait in the vicinity of Baltiysk (in Russia). The Lagoon is 
shallow: the mean depth for the Polish and Russian parts is 2.4 and 2.8 m, respectively. Its 
drainage area covers 23,871 km2 and the average retention time is about 6 months. The 
Lagoon is known to suffer from eutrophication problems. Since the beginning of 1990’s, the 
large land use and industrial changes have taken place in the Lagoon drainage basin.  

Based on selected criteria, the current trophic status of the Vistula Lagoon was described. 
Riverine loads of BOD to the Polish part of the lagoon decreased to about 60% of those from 
1993, and the total nitrogen loads were 23% lower compared to 1997 levels. However, there 
were no major changes in total phosphorus loads over the last six years.  

Trophic Status Indexes, Secchi depth, as well as nitrogen and phosphorus concentrations 
indicate the high trophic status of the lagoon. However, under the specific conditions of the 
Vistula Lagoon, i.e. low depth and a high, natural level of turbidity driven by winds, Secchi 
depth is probably not the best indicator of its trophic status. Chlorophyll α concentrations 
reflect a moderate/poor status. When the rotifer abundance and the percentage of rotifer 
species indicating a highly eutrophic status, are taken into account, the lagoon should be 
regarded as a meso-eutrophic water body type. 

The lagoon response is not clear: the average BOD values and chlorophyll α 
concentrations have been relatively stable during the last 30 years; nitrate and phosphate 
concentrations oscillated; the Trophic State Indexes calculated from Secchi depth and total 
phosphorus presented improvement during the last ten years. 
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The Venice Lagoon is a complex ecosystem. It has a surface area of about 550 Km2 and its 
morphology is characterized by a network of channels of variable depths, estuaries, tidal 
marshes and mud flats, and open and closed fish ponds. Each morphological unit presents 
different biological, physical and chemical parameters responding in a different way to stress 
induced by pollution. 

In order to monitor the environmental quality of two different sites in the lagoon, we used 
Zostera marina as a biological indicator, considering the importance of this species (for 
trophic balancement, for reducing erosion, improving water clarity, trapping suspended 
material, producing accumulation of organic and inorganic material etc.) and its very 
restricted distribution in Mediterranean sea, in spite of its well know phenotypic plasticity and 
its ability to live in variable environmental conditions. It is also important that, due to 
pollution and other factors, Z. marina is confined to some areas of the lagoon, with clean 
water and high current velocities, but in general the lagoon Z. marina beds are not in a 
satisfactory condition and for this reason this is generally considered an endangered species.  

Moreover, we used the analysis of genetic variability of this species, supported by the 
analysis of phenotypical variability, for an early diagnosis of environmental quality and to 
recognise possible alterations in the ecosystem. So, we examined the genetic structure of two 
morphological distinct populations from Venice Lagoon (S. Pietro in Volta and Alberoni) 
using RAPD (Random Amplified Polymorphic DNA) markers and obtaining a significant 
genetic variability between the two groups located to a distance of only 5 Km. Genetic 
distinction also correlated with different environmental conditions, especially with particle 
loading resulting in light limitation, proved as the genetic system represented by RAPD in Z. 
marina could be used as a biological indicator in the environmental monitoring. 

On these grounds, we aim to apply the technique used in this investigation for other 
populations of Z. marina in Mediterranean sea, such as the population of coastal Zone of 
Marche, so that the impacts of chronic habitat deterioration on genetic stability and resilience 
of this species can be ascertained by studies that examine genetic structure of populations in 
disturbed and undisturbed habitats. In particular, we are going to consider Z. marina meadow 
developed at the Numana harbour (coastal area of Marche), at a depth of ca. 2m, where, 
despite the intensive dredging in the harbour that in spring 2000 strongly reduced the area of 
the meadow to ca 9 m2, in last year the bed expanded again, actually covering an area of ca. 
50 m2, distributed in irregular patches. 
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The ecological sustainability of the Ancão Basin of the Ria Formosa Lagoon in Portugal is 
essential for the local region to maintain both its shellfish and tourist industries. Evidence for 
temporal environmental, anthropogenic and biological trends within an area of reduced 
circulation and flushing was examined. Biomarker compounds were quantified within 
sediment depth profiles and GC-MS was used to analyse a range of specific lipid compounds 
and Polycyclic Aromatic hydrocarbons (PAHs). Biomarker trends were established using 
multivariate statistical techniques (PLS and PCA). 

Specific fatty alcohol and sterol ratios and lipid group multivariate analysis indicate 
changes have occurred in the biological production and environmental conditions within the 
Basin. Fatty alcohols and sterols within the upper sediments were mostly of a marine origin; 
with greater depth, these were found to be terrestrial in origin; this indicated a temporal 
change from freshwater conditions to marine. Discussion is given as to whether this was the 
result of specific degradation of marine markers or the construction of a new inlet into the 
lagoon causing large tidal influx into the Ancão Basin, thus increasing the seawater flushing 
of the lagoon. 

 Two forms of terrestrial input were revealed: sewage and vascular plants. Evidence that 
sewage originates in other areas of the lagoon is discussed, together with the hypothesis that 
the freshwater (vascular plant) source indicates seasonal flow of the Ribeira de S.Lourenço 
and direct land run off from the surrounding golf courses. Sewage contamination and primary 
production were shown to reduce over time. Specifically there is a reduction in diatoms and  
dinoflagellates appearing to be a result of decreased sewage, the likely cause being increased 
seawater flushing.  

Overall, the lipid results indicate an improvement of water quality in the Ancão Basin 
because of increased seawater flushing from the new Barra Nova inlet. However, a change in 
PAH distribution also occurs with depth, and concentrations of PAHs attributed to 
anthropogenic combustion origin are higher in recent times. This may be of concern to the 
shellfish and tourist industries of the Ria Formosa, if subsequent work were to show a 
conclusive increase in those PAHs classified as probably carcinogenic.  
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In recent years the increasing complexity of organic, metal and other contaminants entering 
aquatic ecosystems highlighted the importance of an integrated chemical and biological 
approach in environmental monitoring. Since the early 1980's, much scientific effort has been 
expended in the development of indices of biological stress (biomarkers) as “early warning 
systems” of adverse environmental changes. These have been developed in conjunction with 
analytical chemical methods in monitoring programs on a world-wide scale. At a molecular 
and biochemical leve l, biomarkers respond quickly to changes in contaminant exposure and 
environmental conditions, while responses at a higher level of biological organisation, such as 
changes in population abundance, may require a long latency period. Responses measured at 
the lower organism levels, often provide sensitive and specific responses to particular 
stressors and may provide a diagnosis regarding the type of alteration, although their 
biological significance with respect to the overall structure and function of a population is 
unclear. Conversely, responses at higher levels, such as changes in population abundance are 
directly related to ecological effects, though these responses cannot uniquely identify the type 
of stressor to which the organism is being exposed. 

In the Venice lagoon a number of studies, starting from 1998  have been carried out 
applying biochemical biomarkers (MFO enzymatic system as BPH and NADPH cytochrome 
c reductase, antioxidant enzymes as SOD, Catalase, Aldehyde dehydrogenase ADH), and 
chemical markers (pesticides, PCBs, PAHs and heavy metals) in mussel, Mytilus 
galloprovincialis, as diagnostic tools of Venice Lagoon ecosystem health. The  biomonitoring 
of both transplanted and native populations have been combined as the most effective 
approaches to evaluate short and long term contaminant accumulation and effect, identifying, 
at the same time, the variability in biological responses due to natural stressors 

The results of these studies indicated that the selected biomarkers and the experimental 
approaches were able to differentiate the polluted and references sites but further investigation 
are needed to define the effects of natural environmental variations. Temporal and spatial 
trends have been suggested both for chemical and biological data. 
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The Mar Menor is a hypersaline coastal lagoon located at the SE of Spain. The size (135 km2) 
and the maximum depth (6 m) make it one of the biggest coastal lagoons in the 
Mediterranean. Wetlands in the shore of the lagoon constitute ecological systems with high 
ecological and natural values included in the Ramsar Agreement and Habitats Directive 
92/43/EEC. These wetlands are located between the lagoon and its river-basin, acting as 
intermediate multifunctional systems which mitigate the impacts from the watershed. The 
increase of irrigated lands and nutrient inputs due to the Tagus-Segura diversion has led to an 
increase of surface and subsurface fluxes coming from irrigation. Physicochemical and 
hydrological alterations generated on wetlands have an effect on the biota inducing the 
extension of hygrophylic communities, mainly those of reedbeds, at the expense of dryer 
ones. It has led to changes of landscape units, also trans ferred to different levels in the 
ecosystem. Bioindicators based on composition and abundance of taxons on these fluctuating 
systems constitute a useful tool to assess the impacts of the rising phreatic levels as they are 
more stable indicators than physicochemical ones. We analyze the changes generated on 
vegetal units, bird communities and ground beetles communities from 1984 to the present 
time using them as bioindicators of effects of impacts generated by agricultural activities and 
land use changes on wetlands and the Mar Menor lagoon. Aerial photographs reveal that 
reedbeds have extended at the expense of salt steppes and crops, leading to an increase in the 
total area occupied by the wetlands associated to the Mar Menor shore. Sampling of ground 
beetles by pit fall traps in 1984, 1992 and 2003 shows an increase of the ratio  
Carabidae/Tenebrionidae abundance explained by the less tolerance of tenebrionid beetles to 
inundation. The rising piezometric levels have led to an increase of species richness of the 
Carabidae family and to communities of carabidae and tenebrionidae beetles, dominated by 
generalist species. In the last years remarkable changes in bird communities have also led to 
an increase of waterfowls, at the expense of steppe birds, and an increase of indicators species 
of eutrophication. Landscape bioindicators based on different structural landscape 
characteristics and on the abundance and composition of bird and ground beetles communities 
constitute useful tools to analyze the alterations induced by agricultural activities on coastal 
wetlands and the Mar Menor lagoon.  
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European Water Framework Directive requires that all surface waters, including transitional 
waters, achieve at least ‘good ecological and chemical status’ by 2015. Analysis of benthic 
assemblages has been suggested as operational indicator of the environmental quality. 
However distribution and temporal changes of benthic assemblages are affected by abiotic 
and biotic factors that act simultaneously and synergistically. Composition and abundance of 
species is widely unpredictable and it is very difficult, if not impossible, to define a general 
reference status. In this context, macrobenthic biotic indices, based on the concept of species 
tolerance, could provide an ecologically based and cost-effective tool for the environmental 
quality assessment. In the present work the Biotic Coefficient, developed for the European 
estuaries, was applied to the macrozoobenthic assemblages of the “Pialassa Baiona”, a 
eutrophic shallow lagoon located along the northern Adriatic Italian coast. The lagoon is 
divided into several shallow water ponds connected to each other and to the sea by channels. 
The lagoon receives freshwater and nutrient inputs from channels draining a watershed of 264 
km2. The southern channel collects also wastewater from urban and industrial treatment plants 
and cooling water from two power plants. Sediment contamination due to the chemical 
industries shows a decreasing gradient from south to north. Observed Biotic Coefficient (BC) 
values varied in space and time. According to the reference values proposed by the authors, 
the BC classified the studied environment from ‘slightly’ to ‘meanly’ polluted. Only at some 
sites BC classification is consistent with the level of sediment contamination. Overall, lower 
values (i.e. higher ecological status) were observed in July. In the summer phytoplankton 
blooms and intense growth of seaweeds (Ulva sp., Enteromorpha sp., Gracilaria sp) occurs, 
leading occasionally to anoxic events. After the anoxia the BC values increased at all sites. 
BC detected major changes before vs. after the anoxic crisis at sites initially characterized by 
sensitive species. Conversely, sites initially characterized by tolerant species appear less 
affected by anoxia. Therefore, BC does not seem to reflect the intensity of the anoxic crisis, 
rather the vulnerability of the assemblages, whose composition integrates the effects of 
previous disturbance events and of sediment pollution. Values of the BC, indeed, strongly 
depend on the sensitivity rank attributed to the species. The biotic index used in this study 
provides additional information, compared to other biological measures, however, it requires 
further validation and testing before being used in the assessment of the ecological status of 
transitional waters. 
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The north Adriatic Sea include three important lagoons of estuarine origin: from west to east 
the Venice, Caorle and Grado-Marano lagoons. 

The ancient structure of the Venetian lagoon is now deeply alterated by man induced 
modifications, that make it a lagoon substantially artificial. The recent project for the Mose 
barriers will increase its artificiality. The northern sector only preserve the estuarine features, 
owing to the inflow of the river Dese and the gradual mixing of its waters in the lagoon down 
to the sea. 

At he opposite extreme of the northern Adriatic coast, the basin of Grado-Marano still 
receives several watercourses, that flow within lagoonal canals towards the sea mouths. 

Between these two large lagoons, Caorle has not a true lagoonal basin, because most of its 
area was subtracted by fishing “valli”, regulated by man. The residual canals are strongly 
influenced by freshwaters coming from Lemene and Livenza rivers, with which they are 
connected with navigable ways. 

The wide distribution of wooden piles (bricole) marking navigable canals allow the 
investigations on the biological community of hard substrata, that are unusual for the lagoon 
basins in general, and for estuaries in particular. 

Ecological gradients from different estuaries have been compared, in order to identifie 
some species peculiar for the ecotone between continental and lagoon waters. 

The sessile and motile macrozoobenthos in the proper estuarine sectors is usually poor in 
species and sometimes also in individuals, where the ecological conditions become extreme 
for the very low PSU values. Within these communities, the Peracarid Crustaceans show the 
requested features to be considered good biological indicators, because of their wide 
distribution, the taxonomic and size omogeneity and the sedentary life cycle. 

A visual key for the identification of the most common and ecologically relevant species 
is proposed, in order to use the Peracarid communities for assessing ecosystem trends in 
estuarine lagoons of the northern Adriatic Sea. 
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The lagoon of Caorle is placed between the two larger lagoons of Venice and Grado-Marano 
in northern Adriatic Sea. Its original extension of about 50 km2 is now reduced to only 15 
because of land reclamations for agricoltural uses. 

Rather than a proper lagoon, Caorle is a complex of fishing “valli”, marshes and brackish 
canals, among which the Nicessolo canal is a relic of the ancient structure and reaches the sea 
through a wide and deep mouth. The canals are markedly ipohaline, because their 
communications with the Lemene and Livenza rivers. 

In the near lagoons the direct action of the watercourses is diluted by the presence of a 
wide basin, within which the tide cycles play a fundamental role for the salinity gradients. 
Differently from these lagoons, the Caorle canals and the bordering rivers flow directly into 
the sea, maintaining their low salinity as far as the sea. 

These effects are even more evident in the superficial layers, related to the lower densities 
of the continental drainage waters in comparison with the saline wedge from the sea in the 
bottom layers. 

Sessile and motile macrozobenthos of the wooden piles (bricole) marking navigable 
canals are investigated in 2000 and 2001, comparing the lagoonal complex with some riverine 
collecting sites in the Livenza river. 

The lagoon sites have both sessile and motile communities with an high homogeneity, 
including a few species of brackish origin and others from freshwaters. The innest sites in the 
Livenza river emphasize these features, being salinity at its minimum limit also for the most 
eurihaline species, i.e. the barnacle Balanus eburneus, the idrozoan Cordylophora caspia or 
the tanaid Heterotanais oerstedi, which live together with some strictly freshwater species, 
i.e. the gastropods Theodoxus fluviatilis and Potamopyrgus jenkinsi and insecta larvae. 

In the lagoons of Venice and Grado-Marano the exclusive species are localized in well 
defined ecotonal sector; on the contrary, here the same species are widespread all over the 
canals, because of the persistence of low PSU values as far as the sea. 

The peculiar communities of the lagoon of Caorle distinguish this brackish complex from 
the other north Adriatic lagoons and define the inner limit of upgoing of brackish water 
species. 
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The development of a methodological and scientific Biological Assessment procedure for the 
Venice lagoon ecosystem is described. The ultimate goal is to provide Public Authorities and 
Managers with tools for informed decision making. The principal aim is the development of 
both a Benthic Index of Biotic Integrity (B-IBI) and of an Effect-Toxicity Index. Results of 
this analysis will be used for defining a Multimetric Index, based on the aggregation of the 
metrics of the two indices, which should account for the key ecological features of transition 
environments, such as the lagoon of Venice. In order to achieve this aim, a preliminary but 
fundamental step is to identify typical lagoonal habitats: estuaries cannot be seen as a single 
habitat, but rather a complex and interrelated web of habitats defined and distinguished by the 
interplay of morphology, hydrology, sedimentology, quantity and qua lity of organic matter, 
and other factors often summarised in the term "degree of confinement". These features affect 
composition, distribution and productivity of the lagoonal biological communities. In the 
following step a reference minimally- impacted site per habitat will be selected, as this is the 
key step for a proper implementation of any Biological Assessment procedure. The 
identification of the reference sites, will be based on a set of laboratory and in situ indicators 
at increasing complexity levels (chemical, toxicological and ecological) and on expert 
judgment. Being very difficult to find wholly unimpacted sites in anthropised environments, 
minimally impacted sites will be considered. Distinguishing between different habitats is 
important to understand the effects of different kinds of activities and to manage their 
impacts. The physical features of lagoonal habitats, such as high surface/volume ratios and 
prevalence of sedimentary processes, suggest to focus the investigations on sediment toxic ity 
and macro-benthic communities, since sediment plays a major role in determining water 
quality and the structure of the biological communities. 

The choice of indicators will be made by taking into account their information content and 
pragmatic aspects involved in their determination within the framework of routinely 
monitoring programs. Well-established international and National approaches will be taken as 
guidelines for the development of the indices: U.S. National Estuary Program (NEP) and the 
related protocols recently issued by US-EPA (2000), would be the main International 
references, on the other hand, the National methodological reference point in the development 
of Biotic Indices, would be the Extended Biotic Index (IBE) developed by P.F. Ghetti 
(1985,1997), widely used in Italy for freshwaters. 
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Beside the direct experience of the investigators, Bioindication is based on the collection, 
structuring and comparison at different levels of a very large of information concerning both 
the biotic and mesologic compartments. 

The modern technology, through the development of relational databases, facilitates data 
management. 

In this context is crucial to place the faunistic and the habitat information side by side; 
effective tools in data storage and retrieval are the Numeric Codes, these “intelligent 
numbers” contain in their pattern multiple information on the object they refer to. Numerical 
Codes are particularly profitable to represent hierarchical categorised information such as the 
systematic nomenclature based on the Linnean system and recent habitat classification 
systems. 

The Use of Numerical Codes help in reassembling data accordingly with their hierarchical 
structure in many different ways without having to modify the database. 

With the final aim of promoting an on- line database to support LaguNet researchers on 
their studies on Biodiversity and Bioindication, in the present paper is proposed the use of a 
Taxonomic Numerical Codes beside a Habitat Classification Codes to using and maintaining 
the database. 

The Numerical Taxonomic Code we propose condenses the systematic of a species in a 
way similar to the known "Codes for Australian Aquatic Biota (CAAB)" of the "Australia's 
Commonwealth Scientific and Industrial Research Organisation (CSIRO)", "NODC 
Taxonomic Code" of the "National Oceanographic Data Center (NODC)" (USA) and "JODC 
Taxonomic Code" of the "Japan Oceanographic Data Center (JODC)".  

Our starting point was the "Checklist delle specie della fauna italiana", to which have been 
added the higher systematic levels of Regnum, Phylum, Classis, Ordo, Familia. 

This Code identifies univoquely every taxonomic entity and it is applied to all animal 
species currently present in the "Checklist". 

On the other hand, for the habitat coding, has been positively verified the feasibility to 
transfer the "Habitat Classification System" developed by the European Nature Information 
System (EUNIS) to the Italian costal and estuarine habitats. 
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A classification system for assessing eutrophication levels of coastal waters was developed 
using descriptive discriminant analysis. Three variables characteristic of eutrophication, 
nitrate, phosphate and chlorophyll a, were used as discriminating variables on three sets of 
data collected from standard sampling sites in the Aegean Sea, Eastern Mediterranean, 
characterizing eutrophic, mesotrophic and oligotrophic conditions. The method applied 
maximizes the separation of the three trophic states and a territorial map is plotted divided 
into three clearly defined regions: a eutrophic, a mesotrophic and an oligotrophic region. The 
territorial map can be further used to evaluate the trophic state of coastal areas, provided that 
the values of the three discriminating variables are available. The classification system is 
further evaluated with a number of stations spaced out along coastal areas in the Aegean Sea, 
including two lagoonal ecosystems. The developed methodology is proposed as an efficient, 
reliable and easily applied tool for assessing coastal marine eutrophication at a regional level.   
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The assessment of biodiversity and the understanding of its relationships with the functioning 
of the ecosystems, is, at present, one of the main issues in the marine ecological research. The 
oceans, and in particular the coastal areas, are subjected to high anthropogenic pressure due to 
many different kinds of impact, such as fishing activity, pollution, tourism, boating, etc… 
Therefore, coastal area should be regarded as ‘sensitive areas’, which are exposed to 
biodiversity erosion and, consequently, to damages to the functioning of the ecosystem. In 
this context, the Venice Lagoon, the widest Mediterranean lagoon, represents a good case of 
study. Likewise other estuaries and coastal lagoons, the lagoon of Venice is a very complex 
system, which is composed by different habitats: such heterogeneity, in turn, strongly affects 
the structures of its ecological communities. In the framework of a research project aimed at 
assessing the biodiversity in the coastal lagoon ecosystems, the spatial distribution of fish 
assemblages in relation to the main abiotic parameters was studied. Based on morphological 
and hydrodynamic features, bottom grain size and presence of seagrass meadow, five 
different habitats (seagrass beds, sparse vegetated habitats adjacent to the seagrass beds, 
unvegetated sand bottoms, mudflats, salt-marsh creeks) were a priori defined. In relation to 
habitat distribution, 68 stations were identified, covering all the three lagoon basins. Fish 
fauna samples (three replicates for each station) were collected seasonally (Spring, Summer, 
Autumn) in 2002 by means of a fine-mesh seine-net. The spatial pattern of the different 
community parameters, analyzed by means of GIS, was explained on the basis of the habitat 
features, to identify the main constraints driving the diversity in the fish community. 
Furthermore, the spatial pattern was also related to the spatial distributions of dissolved 
nitrogen and phosphorous, turbidity, dissolved oxygen and other water quality parameters: 
these data were collected in the framework of a monitoring program which was carried out by 
the Consorzio Venezia Nuova on behalf of the Venice Water Authority. The results 
highlighted the central role played by ‘structuring elements’, i.e. those components able to 
give a ‘physical structure’ to the habitat (such as the seagrass meadow and the salt marsh) 
which seem to influence the distribution of the fish assemblages in the lagoon. The intakes of 
nutrient richer fresh water, represent another important element, which often played an 
important role in relation to juveniles distribution. All this could be important to improve our 
knowledge about the functioning of the lagoon ecosystem giving an important help in a 
management perspective. 
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Models provide a framework for integration and synthesis of existing knowledge about an 
ecosystem, and might offer important contributions for understanding the scale of human 
disturbance and the potential effectiveness of restoration action. In addition they provide the 
quantitative knowledge which is required for evaluation, at ecological and economic levels, of 
consequences of the implementation of possible alternative scenarios of policy options. 
Coastal area, and estuaries, are particularly important sites, since they are very sensitive to 
antropic impact and very valuable. We present applications of a long term modeling study on 
the Lagoon of Venice, which is the largest Italian lagoon. A 3D fully coupled transport water 
quality model has been developed, validated against a substantial amount of real world data, 
and used to investigate nutrient cycles, primary production and water quality level. A keener 
interpretation of data collected in monitoring programs were derived, together with 
indications on ‘natural’ spatial-temporal variability, on fluxes which were not measured, and 
on the importance of exchanges with the sea. The model has then been used to analyze the 
effects of different scenarios of loading from the drainage basin, and to solve the inverse 
problem of the identification of Maximum Permissible Load that are compatible with 
predefined Water Quality Target. Other applications include the integration of the model with 
a model for growth and population dynamic of clams, and identification of economically 
efficient and ecologically sound policies for exploitation of this renewable resource. 
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The Pialassa Baiona is an intertidal lagoon of about 10 km2 located north form the town of 
Ravenna. The basin receives fresh water inputs from channels draining agricultural run off 
and effluents from industrial and municipal treatment plants. Although the environmental 
control of these inputs is now adequately addressed, the lagoon shows a certain degree of 
pollution caused by past anthropogenic activities. Due to the economic and naturalistic 
importance of the area, and the closeness to Ravenna, the assessment of its health status seems 
of primary importance. Aim of our work has been the development of a biomonitoring 
programme which, together with chemical and ecotoxicological analysis, could be used for 
the evaluation of aquatic organisms exposure to contaminants. Harmful chemicals trigger 
alterations of several physiological processes in animals, potentially utilizable as 
“biomarkers”. The use of biomarkers has been included into several international 
environmental monitoring programmes because of their unique contribution to determine the 
toxicity of a mixture of pollutants, although each contaminant is below the law threshold. 
Mussels were used as sentinel organisms, and exposed to the lagoon water for 30 days, in 8 
different sites. A battery of 6 biomarkers has been employed, from those sensitive to a 
specific stress (metallothionein, AChE activity) to those sensitive to a general stress syndrome 
(lysosome membrane stability, neutral lipid accumulation, lipofuscine accumulation, heat 
shock proteins) plus 2 novel putative biomarkers previously shown useful for the purpose. In 
addition, chemical analyses have been performed on mussel tissues, in order to find out 
possible relationships with biomarker response and degree of contamination. In fact, lagoonar 
sediments exhibit strong gradients in the concentration of pollutants, among which mercury 
and polycyclic aromatic hydrocarbons (PAHs) are of great concern for their abundance, 
persistence and toxicity. These contaminants could be released into the water body, taken up 
by living organisms and eventually cause metabolic disturbances. The occurrence and extent 
of these processes will be dependent on a variety of factors (e.g. sediment characteristics, 
water circulation, bioavailability). As a result, mussels maintained in two of the eight sites 
showed significant alteration of lysosome membrane stability, neutral lipid and lipofuscine 
accumulation, suggesting a critical health status of the corresponding areas. 
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The Pialassa Baiona is a coastal lagoon located north form the town of Ravenna, whose 
hydrodinamic is regulated by tidal fluxes and the salinity varies within 25 and 35 ppt. On the 
eastern and southern side the basin receives fresh water draining from both intensely 
cultivated fields and an industrial area. Due to uncontrolled discharges in the past, the lagoon 
shows a certain degree of contamination; however it is partially exploited by fishermen for 
collecting clams.  Moreover, it has recently been declared area of naturalistic improtance by 
the Ramsar Convention on Wetlands. For both reasons, interest is addressed to establish the 
health status of the lagoon, and chemical, ecotoxicological and population studies are 
presently carried out. Our work has been carried out to evaluate the possibility of using Tapes 
philippinarum as sentinel organism for a program of environmental monitoring through 
biomarkers. The biomarkers are measurable physiological, biochemical, or cytological 
responses induced in living organisms by harmful stimuli, used as indeces of a stress 
syndrome. Most of the validity of a biosurveillance program based on biomarkers rely on the 
choice of the sentinel organism, which must be able to live in the environment, sensitive to 
contamination, and reliable in the response. Mussels are the sentinel organisms most utilized 
in international biomonitoring programs, and we compared the diagnosis capability of Tapes 
philippinarum on the Pialassa Baiona health status with that of Mytilus galloprovincialis. A 
suite of 8 biomarkers was selected, and clams were collected from four sites within the 
lagoon. Unexpectedly, T. philippinarum acetylcholinesterase activity was under the level of 
detection at any of the several experimental condition assessed. This important biomarker is 
therefore not applicable for this organism. Among the biomarkers of lysosome activity, T. 
philippinarum digestive glands did not displayed accumulation of neutral lipids, other 
imporntant biomarker not suitable in this case.  Some studies carried out in aquaria supported 
the field observation, and led to the conclusion that the use of T. philippinarum for 
biomonitoring programs using biomarkers may be complicated by the low or ungraduated 
response to certain stimuli. 
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The use of biological indicators is becoming very important in evaluating the quality of 
sediments and their potential effects on the lagoonal environment. The choice of bioindicators 
is based on reliable scientific knowledge and, possibly, on availability of standardized 
procedures. The search for the most representative species for specific areas of concern and 
specifically designed for estuarine conditions should aim at indigenous species instead of 
surrogate species. Molluscs are considered the best candidates among marine organisms, since 
gametes are available for many months of the year in the Mediterranean area. Italian law has 
only recently established the need for short- and long-term toxicity bioassays for assessing 
marine water quality (D.L. 152/99). Some standardized toxicity bioassays are available for 
freshwaters, but at present there is a shortage of standardized tests for coastal marine and 
transitional environment. 

This work investigated the possibility to use Mytilus galloprovincialis from natural 
population of the Lagoon of Venice in toxicity bioassays based on embryos development, 
according to international standard methods. The aim is to validate this method for the 
Lagoon by an iterative steps including set-up, evaluation of reproducibility, sensitivity and 
discriminatory capacity toward some pure substances and environmental samples.  

First results regarded the evaluation of the sensitivity toward a toxicant reference (copper), 
evidencing a good precision and replicability. Moreover embryos from natural and hatchery 
populations of the Lagoon were used from November 2002 to May 2003 to compare the 
sensitivity.  

Preliminary investigations on the applicability to environmental samples were performed 
choosing elutriates from sediments of the Lagoon to assess the potential effects of pollutants 
which are made available in the water column as a consequence of sediment resuspension 
(dredging, fishing gear, etc). Embriotoxicity data obtained on elutriates with the authoctonous 
M. galloprovincialis from natural population were compared to those with the pacific oyster 
Crassostrea gigas. 
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In the last decades, tributyltin (TBT) has entered in marine environments because of its 
extensive employment as active biocide in antifouling paints, which are used on boat hulls 
and other materials remaining underwater for long periods. This compound is well known to 
produce a variety of pathological conditions in marine organisms, the most characteristic 
being the "imposex" response in gastropod molluscs. Imposex is defined as the 
superimposition of male sex organs, penis and vas deferens, on female of gonochoristic 
gastropods. Until today imposex has been described in 118 species, belonging to 63 genera 
and it is generally recognised as a biomarker of TBT contamination. 

In the present work, the incidence of imposex was evaluated in the neogastropod 
Hexaplex trunculus collected in 19 sites along the North-western Adriatic coast and inside the 
Lagoon of Venice from June 2001 to November 2002, and 30 to 80 individuals per sample 
were examined. Sex was determined by the presence/absence of a vagina and egg capsule 
gland that are recognisable in both normal and imposex-affected females, and by the presence 
of the prostate in males. For each samples, the following indices were evaluated: percentage 
of female affected by imposex; RPS index: (mean length of female penis3/ mean length of 
male penis3)x100; VDS index: mean stage of vas deferens development in females. Females 
from all sampling sites showed some degree of imposex, the samples collected inside the 
Lagoon of Venice being more severely affected. Muricids from the three lagoon inlets 
exhibited the highest RPS (12.2-36.2) and VDS indices (4.7-4.9), the percentages of sterile 
females and females having split capsule gland reaching maximum values of 85% and 77% , 
respectively. As regards sites located offshore, specimens from Grado showed the lower RPS 
value (1.2) whereas those from Cortellazzo (Jesolo) the lower VDS value (3.4). Moreover, 
only in the sample from Grado, two females not affected by imposex were found, representing 
0.25% of the 794 females examined throughout the study. 

Considering the high incidence of imposex revealed in this study, despite the recent 
restrictive rules about TBT use, the need for further monitoring imposex in muricid 
populations is highlighted. 
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This work aims to identify and discuss indicators of vulnerability and buffering capacity of 
coastal lagoons. Five classes of indicators are considered in order to assess the ecosystem 
metabolism and its capacity to transform nitrogen and phosphorus loadings: 

1. the combination of net maximum production (NP) and dark respiration (DR) of 
oxygen at the ecosystem level, 

2. the Net Ecosystem Metabolism (NEM) which is derived from the LOICZ 
Biogeochemical Budget approach, 

3. the ratio of sediment acid volatile sulphide (AVS) to sediment reducible iron (Fe), 
4. the ratio of sedimentary phosphorus to carbonate pools 
5. denitrification rates and the timing of nitrogen retention/release by macrophyte 

biomass.  
The NP to DR ratio and NEM provide coarse information to rapidly assess the ratio of 

autotrophic to heterotrophic metabolism and the risk of dystrophic events. The combination of 
AVS and Fe gives a more sensitive measure of the sedimentary buffering capacity against 
sulphides which are released during the dystrophic crisis. The sedimentary carbonate pool can 
be considered as a measure of the system capacity to trap and retain phosphates. 
Denitrification rates and biomass nitrogen provide information on the system capacity to 
retain or dissipate nitrogen loadings.NP, DR, NEM, dissolved inorganic nitrogen fluxes, 
selected sediment characteristics (granulometry, organic matter, carbona tes, reactive iron and 
acid volatile sulphides), water retention time, N and P loadings have been integrated to 
provide a rapid assessment of the potential vulnerability level (PVL) for the identification of 
sensitive sites. 
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NETWORK FOR THE WFD INTERCALIBRATION OF THE ECOLOGICAL 
QUALITY OF COASTAL AND TRANSITIONAL WATERS IN EUROPE 

 
Anna-Stiina Heiskanen, Wouter van de Bund, Ana Cristina Cardoso, Peeter Nõges 

EC- Joint Research Centre, Institute of Environment and Sustainability 
Inland and Marine Waters Unit, TP 290, I-21020 Ispra (Va), Italy 

 
 
 
 
The Water Framework Directive (WFD; Directive 2000/60/EC) creates a new legislative 
framework to manage, use, protect and restore surface and ground water resources within the 
river basins (or catchment areas) in the European Union. Member States need to evaluate the 
ecological quality and to classify their water bodies using Ecological Quality Ratio (EQR) 
classification scale with five classes (high, good, moderate, poor, and bad), based on the ratio 
between reference and observed values of the relevant biological quality elements. More 
information is available from the WFD Common Implementation Strategy (CIS) guidance 
documents, downloadable from:  
http://forum.europa.eu.int/Public/irc/env/wfd/library. 

In order to ensure comparability of the EQR scales among the Member States and thus to 
obtain a common understanding of ecological status classification of surface waters all over 
EU (i.e. good ecological quality should have the same meaning all over EU); intercalibration 
of the ecological classification systems will be completed by the end of 2006. Prior to this an 
intercalibration network consisting of selected intercalibration sites needs to be established by 
the end of 2004. Member States (MS) and Accessions Countries (AC) have agreed on 
common intercalibration types for the network, as well as pressures and quality elements that 
will be the focus for the intercalibration. Groups of countries will carry out intercalibration 
exercise together using the intercalibration sites as common test sites to compare their 
national assessment systems for surface water ecological quality. Water bodies for 
intercalibration should be selected so that their present  quality status should be provisionally 
representative for the border between high and good or good and moderate classes. Each 
country should select at least two sites for each quality border, resulting in a number of 
comparable sites for each type within each intercalibration group.  

The site selection process has already started in 2003 by compilation of metadata from the 
provisional intercalibration sites. Also a web- interface for the metadata entry has been 
launched as a part of the experimental WFD reporting system (http://wfd-reporting.jrc.it/). A 
number of MS and AC have already reported sites to this register. The composition of the 
draft intercalibration network for the coastal and transitional waters will be presented. 

The task of the European Commission is to assist Member States and Accession Countries 
to carry out the intercalibration exercise. The Joint Research Centre, in collaboration with the 
Directorate General Environment, has undertaken the initiative to launch the European Centre 
for Ecological Water Quality and Intercalibration (EEWAI; http://ies.jrc.cec.eu.int/eewai/) as 
an organizational body for the scientific and technical coordination of the intercalibration 
exercise. 
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Tourism is one of the anthropogenic pressures affecting coastal lagoons Photo courtesy Dr. Julia and Dr. Miguel 
Angel Esteve (U. Murcia) 
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THE VENICE LAGOON SYSTEM: A WORLD PATRIMONY AND AN OPEN_AIR 
LABORATORY FOR THE SCIENTIFIC RESEARCH  

 

Pierpaolo Campostrini 
CORILA, S. Marco 2847 – 30124 Venezia Italy 

 
 
 
Looking at the Lagoon of Venice, the largest in the Mediterranean Sea, is like reading a 
compendium of almost all the problems facing these environments: while they are present in 
turn in other parts of the world, the unique characteristic of Venice is mainly to be survived in 
spite of the co-presence of all of them. Here the anthropogenic pressure has a very long 
history, not always bad for the environment: actually the very existence and state of the 
Venice lagoon is due more to human interventions during the past centuries, when scientific 
knowledge and monitoring capabilities were far more limited than at present. In recent years, 
the destiny of Venice has received so large attention, and many scientific and technical 
institutions have produced millions of pages of reports. The Italian Government sustained 
since 1972 huge environmental and social-addressed interventions and is going to launch an 4 
billion € program, to be concluded in 2012, for the safeguarding of the lagoon and of the city. 
In this framework, are studies on Venice enough? No, as the complexity of the issues at stake 
calls for further understanding, deeper knowledge and greater evidence, especially when huge 
interventions are planned and executed, even if they were correctly based and designed. 

The scientific community can still play an essential role in the Venice Safeguarding, not 
only for its unique capability of answering to some particular issues, but also for the wider 
vision which is able to consider, developing sustainable, knowledge-based scenarios for the 
future. 

On the other hand, the large amount of studies performed on Venice can be used 
elsewhere, mainly in view of coastal and estuarine wetlands, lagoons and brackish water 
areas: Venice can be seen as an open air laboratory, with some instruments already in place 
and long data series already acquired.  

The Consortium for coordination of researches concerning the Venice Lagoon System 
(CORILA) is an association of the Ca’ Foscari University of Venice, the University of Padua, 
the University IUAV and the National Research Council of Italy, established in 1999, to 
promote and manage scientific research on Venice. The Research Programme 2000-2003, 
funded by the Italian Special Law for Venice via the Ministry for Education, University and 
Research, has an overall value of around € 10 million and involves an international network 
of 70 research institutions in different disciplines. A second Programme 2003- 2006, with a 
similar budget, is going to be launched. 

The CORILA’s Research Programmes, made of four Areas (Economics, Architecture, 
Environmental Processes, Data Management) and 25 Research Lines (10 in the first and 15 in 
the second program), are distinctly ambitious for the inter-disciplinary breadth and 
complexity, and especially for the scientific and exploitation targets. Today, the first Program 
involves 70 different institutions, of which 18 from abroad, and over 300 researchers; a staff 
of ten people is devoted to the co-ordination. 

The main targets, the program organisation and the results already obtained will be briefly 
reported. 
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THAU LAGOON (FRANCE): A WORKSITE OF THE NATIONAL PROGRAM ON 
COASTAL ENVIRONMENT  

 
 

Marc Troussellier 
Laboratoire Ecosystèmes Lagunaires UMR-CNRS 5119, Université Montpellier II 34095 

Montpellier, France. 
 
The French National Program on Coastal Environment was created in 1999 for a 4 years 
period. Research operations are conducted within the framework of 6 worksites (multi-annual 
operations carried out  in given geographical areas) and 7 thematic research actions (specific 
short term thematic objectives). Among the different worksites, one is dedicated to 
Mediterranean lagoons. 

Coastal lagoons belong to coastal marine ecosystems, which represent near one third of 
the goods and services produced by the biosphere. Due to their interface location and low 
depth, they are strongly submitted to natural and anthropogenic constraints. Some of these 
constraints increase with the increase in the uses of the lagoons and in the inhabitant density 
of their watershed. They can lead to ecological disturbances and to limit or suppress 
economical and ecological services that support these ecosystems. According to the 
demographic perspectives, it is possible to predict a dramatic increase in population densities 
during the next years. Lagoons are widespread all around the world ocean coasts. They 
represent near 13% of the shoreline. However, some coastal areas show a higher density of 
lagoons than others. It is the case of the Languedoc Roussillon region where lagoons occupy 
near 50% of the coastline. 

Among the different lagoons of this area, we have mainly focused on the Thau lagoon that 
is the largest of this area and is concerned by a large shellfish breeding activity (10 % of the 
French oyster production). Several successive research programs have been carried out on this 
lagoon that produced a noticeable background of knowledge about this ecosystem. The aim of 
our program (1997-2001) was to analyze and model different physical and biological 
processes that control the productivity and the health status of the Thau lagoon. We will 
briefly summarize the results that led us to consider Thau lagoon as a (i) dynamic, (ii) 
productive and (iii) man affected ecosystem.  

The new phase of the program (2003-2006) will approach the following problematic: 
«Evaluate/anticipate the consequences of anthropogenic activities on the functioning and uses 
of an exploited lagoon ecosystem». To do that, we identified several complementary actions 
at different scales. These different actions will constitute the basis of working groups that we 
wish to develop. If the investment on the internal functioning processes needs to be continued, 
efforts might also be dedicated to make explicit and to integrate the different types of forcing 
and back answers of the ecosystems. The new structure of the program with the different 
workgroups and their interrelations will be presented. 
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LAGUNET: A COOPERATIVE NETWORK OF ITALIAN SITES FOR 
ECOLOGICAL RESEARCH AND MONITORING OF COASTAL AQUATIC 

ECOSYSTEMS 
 

P. Viaroli1, G. Giordani1, C. N. Murray2, J. M. Zaldivar2 

1Department of Environmental Sciences, University of Parma, Italy 2 Institute for the 
Environment and Sustainability, Joint Research Centre, Ispra, Italy 

 
LaguNet is a scientific observational network studying the fluxes of nutrients and other contaminants 
from lagoon catchments to the near coastal environment. The objectives of LaguNet are to support and 
encourage co-operation of research groups studying lagoons, wetlands and saltmash systems situated 
along the Italian coast and to evaluate the application of the LOICZ (Land Ocean Interactions in 
Coastal Zones, a core project of IGBP) biogeochemical flux model and typology classification to such 
sites. LaguNet was inaugurated during the workshop " Trasporto dei nutrienti negli ambienti acquatici 
di transizione lungo le coste italiane: valutazione dei flussi e delle funzioni dell'ecosistema " held in 
Venice 14-15th April 2002, and has the following objectives:  

1. To provide a forum for discussion and cooperation between researchers who are studying 
biogeochemical processes in lagoons, wetlands and salt- marshes at sites along the Italian 
coast.  

2. Evaluate available information and present understanding of the biogeochemistry of carbon, 
nitrogen and phosphorous in transitional and coastal waters under the influence of catchment 
basins. 

3. Discuss the feasibility of the application of the LOICZ Biogeochemical Model to such areas. 
4. Promote an agreed common approach to studies of biogeochemical  processes in these 

transitional ecosystems that can provide support to management or policy applications. 
5. Consider the feasibility of developing one or more projects either in Italy or in Europe (with 

Mediterranean EU partners as well as eventually from Eastern Europe and North Africa). 
The role of networks, such as LaguNet, can contribute significantly to bridging the gap between 
science and policy by br inging together individual research groups working on similar or common 
themes using benchmarked methodologies, allowing comparison of processes over a wide range of 
ecosystems (under varying pressures and impacts), and providing facilities for long term ecological 
research and global issues. 
List of reference persons for groups collaborating in LaguNet 
M. Ponti, M. Abbiati, Centro Interdipartimentale di Ricerca per le Scienze Ambientali in Ravenna, Università di 
Bologna. A. Barbanti, C. Castellani, Thetis S.p.A., Venezia. A. Bernstein, G. Cecconi, L. Montobbio, Consorzio 
Venezia Nuova, Venezia. A. Basset, I. Cappello, A. Pomes, L. Palmisano, Dipartimento di Scienze e Tecnologie 
Biologiche e Ambientali, Università di Lecce. S. Bencivelli, Amministrazione Provinciale di Ferrara. A 
.Bergamasco, M. Azzaro, CNR-Istituto Talassografico, Messina. G. Carrada, Dipartimento di Zoologia, 
Università Federico II, Napoli. G. Castaldelli, M. Mistri, A. E. Fano Dipartimento di Biologia, Università di 
Ferrara. A. Castelli, C. Lardicci, F. Maltagliati, Dipartimento di Scienze dell'Uomo e dell'Ambiente, Università 
di Pisa. G. Ceccherelli, F. Trebini, B. M. Padedda, N. Sechi, Dipartimento di Botanica ed Ecologia Vegetale, 
Università di Sassari. S. Guerzoni, S. Rabitti, F. Collavini, L. Zaggia, R. Zonta, CNR-ISMAR, Venezia. R. 
Danovaro, A. Pusceddu, Dipartimento di Scienze del Mare, Università Politecnica delle Marche. M. Fabiano, P. 
Povero, N. Ruggieri, DIPTERIS, Università di Genova. S. Fonda Umani, Laboratorio di Biologia del Mare, 
Università di Trieste. P. Giordani, M. Ravaioli, F. Frasari, P. Giordano, CNR-ISMAR, Sezione di Geologia 
Marina, Bologna. T.S. Hopkins, CNR-IAMC, Napoli. V. Hull, M. Falcucci, Laboratorio Centrale di 
Idrobiologia, Roma. M. Innamorati, Dipartimento di Biologia Vegetale, Università di Firenze. S. Marsili-Libelli, 
Dipartimento di Sistemi e Informatica, Università di Firenze. G. Izzo, C. Creo, ENEA, Roma. M. Lenzi, LeaLab, 
Orbetello. P. Magni, G. De Falco, IMC, Oristano. E. Manini, F. Spagnoli, CNR-ISMAR, Lesina. M. Mauri, 
Dipartimento di Biologia Animale, Università di Modena e Reggio. N. Murray, J. M. Zaldivar, JRC, Ispra. X. F. 
Niell, Universidad de Malaga. R. Pastres, Dipartimento di Chimica Fisica, Università di Venezia. G. Pernice, 
CNR-IAMC, IRMA, Mazara del Vallo. S. Porrello, P. Gennaro, ICRAM, Roma. V. Saggiomo, Stazione 
Zoologica A. Dohrn, Napoli. C. Solidoro, G. Cossarini, OGS, Trieste. M. Vazzoler, Arpa Regione Veneto. P. 
Viaroli, G. Giordani, Dipartimento di Scienze Ambientali, Università di Parma. 
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INSTRUMENTS IN THE SIXTH FRAMEWORK PROGRAMME 
 

Christos Fragakis 
DG Research, European Commission, Brussels, Belgium 

 
A somewhat wider range of instruments is available under the Fifth Framework Programme 
(FP5), which contains a mix of the “new” instruments driven by the concepts of the 
European Research Area (ERA) and of the more “traditional” instruments similar to those in 
FP5.  
 
The following instruments are available to implement the priority themes: 
• the “new” instruments 

q integrated projects 
q networks of excellence 
q Article 169 (for the joint implementation of national programmes) 

• the “traditional” instruments 
q specific targeted research projects  
q coordination actions 
q specific support actions 

 
The principles that have guided the European Commission in the design of the new 
instruments are simplification and streamlining of procedures, increased legal and financial 
security, flexibility and adaptability so that they can be applicable equally to the social 
sciences or to engineering, to basic research or to applied research and increased management 
autonomy for the consortia, while preserving public accountability. 
 
The Integrated Project is the instrument to support objective-driven research and has been 
designed to generate new knowledge by integrating the critical mass of activities and 
resources needed to achieve ambitious clearly defined scientific and technological objectives.  
Each integrated project should be aimed at obtaining specific results relevant either to 
increasing the impetus to Europe’s competitiveness or to addressing major societal needs and 
should contain an integrated set of activities within a coherent management framework. The 
project should include a research component and, as appropriate, technological development 
and/or demonstration components, as well as perhaps a training component.  
Regarding size of consortium, there must be a minimum of three participants from three 
different Member States or Associated States, of which at least two should be Member States 
or Associated Candidate Countries, but in practice, there are likely to be significantly more 
participants and, indeed, probably somewhat more, on average, than the nine seen in the RTD 
projects of FP5. Integrated projects are expected to have a duration of typically three to five 
years.  
 
The Network of Excellence is the instrument that has been designed to strengthen excellence 
on a particular research topic by tackling the fragmentation of European research, where the 
main deliverable should be a durable structuring and shaping of the way that research is 
carried out on the topic of the network and making Europe a world force in that topic. Of 
course, by investing money in consortia of excellent teams, the networks can also be expected 
to generate new knowledge, though this is not directly their main purpose and will also be 
given a mission to spread excellence beyond the boundaries of its consortium. Training will 
be an essential component of this mission. 
The expertise will be networked around a joint programme of activities aimed primarily at 
creating a durable integration of the research capacities of the network participants and will 
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comprise several components, such as integrating activities aimed at structuring and shaping 
the way that the partners carry out research on the topic, a programme of jointly executed 
research to support the network’s goals and a set of activities designed to spread excellence. 
The scale of the critical mass will vary from topic to topic. The strict minimum is the same as 
for the Integrated Projects. However, as an indication, there should generally not be less than 
six participants. A higher minimum number may be specified in the relevant call for 
proposals. 
Regarding the duration of the Community support, in many cases it may be needed for five 
years and, if justified, for perhaps more. In no case, however, will support be granted for more 
than seven years. 
 
The Article 169  is a reference to the article in the Treaty that enables the Community to 
participate in research programmes undertaken jointly by several Member States, including 
participation in the structures created for the execution of those programmes. States associated 
to the Framework Programme may also take part in these arrangements.  
Article 169 is potentially a most powerful instrument, since it can integrate the activities of 
whole national programmes on a particular topic rather than activities of partners. 
Because of the heavy and lengthy procedures involved in the decision making regarding the 
adoption of each Article 169 project, during this framework programme its use will be 
restricted to research initiatives that are beyond the scope of the integrated projects or 
networks of excellence. The Commission has already presented a small number of “pilot” 
Article 169 proposals, but other possibilities are being explored.  
 
The Specific targeted research projects are an evolved form of the shared-cost RTD 
projects and demonstration projects used in FP5 and are intended to improve European 
competitiveness or meeting the needs of society or Community policies. They should be 
sharply focused and can be a research and technological development project or a 
demonstration project or a combination of the two. 
Typically, the duration will be 2 to 3 years and the minimum number of participants is the 
same as for the Integrated Projects.  
 
The Coordination actions  are a continuation of the concerted actions/thematic networks used 
in FP5, in a reinforced form and are intended to promote and support the networking and 
coordination of research and innovation activities. 
They will cover the definition, organisation and management of joint or common initiatives as 
well as activities such as the organisation of conferences, meetings, the performance of 
studies, exchanges of personnel, the exchange and dissemination of good practices, setting up 
common information systems and expert groups. 
 
The Specific support actions  are essentially a continuation of the accompanying measures 
used in FP5 and are intended to support the implementation of the Framework Programme 
and may also be used to help in preparations for future Community research policy activities.  
Specific support actions will also be implemented to stimulate, encourage and facilitate the 
participation of SMEs, small research teams, newly developed and remote research centres, as 
well as organisations from the candidate countries in the activities of the priority thematic 
areas, in particular in the networks of excellence and the integrated projects.  
 
Detailed description of the instruments can be found at the following address: 
http://www.cordis.lu/fp6/instruments.htm 
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Abstract (Poster presentation): Cabras lagoon is a large (22 km2 area) and shallow (1.7 mean water depth) 

basin located on the western coast of Sardinia, which has historically supported important fishery activities 

(e.g. Liza ramada, Mugil cephalus, Anguilla anguilla ), with a yearly total fish catch of ca. 400 tonnes and 3.5 

million Euros income, as in 1998. However, a severe distrophic crisis occurred in June 1999, which caused a 

massive fish mortality, probably as a result of high levels of toxic hydrogen sulfide released from sediments. 

Our preliminary investigations, subsequent to this event, consistently found high organic matter (OM) 

concentrations in sediments and extremely poor benthic macrofaunal communities. In this study, we 

investigated grain-size characteristics and OM content from sediment cores (0-24 cm) collected at 9 stations 

distributed along and across the basin. We aimed at evaluating the vertical variability of sediment bulk 

characteristics and the levels of sedimentary OM. The relationships between sediment grain size, water 

content and OM were investigated by means of statistical multivariate analysis and by analysing the 

correlation between OM and specific  grain size intervals. The analysis of grain size variability through the 

sediment column showed a major shift toward finer sedimentation in the uppermost layers. The silt+clay 

content ranged from 60-70% in the lower levels to 90-100% in the uppermost levels. OM content followed a 

similar trend with values of 6-7% in the lower levels and of 12% in the upper levels of the sediment cores. 

Sediment grain size was related to the increase in OM content with a logarithmic low that may be interpreted 

as due to an increase of OM load in the lagoon due to anthropogenic causes. The results suggested a drastic 

recent change of the sedimentary processes and of the functioning of the lagoon over the past few decades. 

We infer that enhanced deposition of finer sediments and increased levels of sedimentary OM may be linked 

to the reduction of internal circulation, and to anthropogenic -induced structural and morphological changes 

at the lagoon mouth occurred in the 80th. 
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Coastal environments are characterised by multiple primary producers at the base of the food web 

which can play an extremely variable trophic role as a consequence of intrinsic (morphology and 

edibility of tissues) and extrinsic (productivity and physical constraints) factors. In this context the 

main aim of this research was to assess the relative trophic importance of phytoplankton, 

macroalgae and seagrasses within the food web of a western Mediterranean coastal basin (Stagnone 

di Marsala, Italy) by means of carbon and nitrogen stable isotope analysis. 

Sampling was carried out seasonally throughout 1999 in two locations sited in the southern and 

central regions of the basin. The central region is scarcely influenced by the open sea and is 

characterised by resuspension events. By contrast, the southern region is more exposed to water 

exchange and sea vivification, and is influenced by seasonal cycle of the dominant seagrasses. In 

each location organic matter sources and consumers were collected and analysed for the isotopic 

composition (d13C and d15N) by means of a mass spectrometer. 

Isotopic differences between locations were observed in the comparison of both organic matter 

sources and consumers. Pelagic consumers (zooplankton and juveniles of transient fish) showed 

slight spatial differences and in both locations they seem to depend on phytoplankton as ultimate 

energetic source. On the contrary, benthic consumers (epifauna and resident fish) exhibited 

remarkable differences between locations, and while seagrasses seem to be the main primary 

producer channelled within the food web in the central location, in the southern one macroalgae 

played a not negligible trophic role. 

Our results corroborate the finding that food webs are characterised by high spatial variability also 

at a small spatial scale (about 3 km) and environmental heterogeneity can affect the trophic role of 

primary producers.  
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Lesina lagoon is located in the southern Adriatic coast (Apulia region, Italy) on the northern coast 
of the Gargano promontory. This ecosystem displays an extended and narrow shape elongated in 
the east to west direction and it is connected with the Adriatic Sea by means of natural and artificial 
canals interspersed with sand-dunes. This ecosystem covers an area of 5,100 ha with an average 
depth of 0.8 m and a volume of 41.2 x106 m3. The lagoon communicates with the sea through two 
canals called “Schiapparo” at the eastern side and “Acquarotta” at the western side. The south-
eastern side of the lagoon receives freshwater inputs with flows characterised by seasonal peaks 
during the rainfall winter period. These canals collect agricultural drainage water from 2 pumping 
stations located south of Lesina where the land is lower than the mean sea level. No freshwater 
inputs are present in the south-western part of the lagoon, and this part receives only water drained 
by the intensive aquaculture farm (3 Km far from the lagoon), which rears freshwater (Cyprinus sp.) 
and marine (Anguilla anguilla) fish. This feature, the low tide excursion occurring in the southern 
Adriatic Sea, the moderate freshwater input and the low efficiency of water exchanges with the sea 
suggest that the hydrological balance in the Lesina lagoon is strongly affected by atmospheric 
conditions. Lesina lagoon is eutrophic; nutrient concentrations are influenced by the reduced water 
exchange. The lagoon exhibits strong seasonal variations of physical factors such as temperature 
(ranging from 7°C in winter to 26°C in summer) and salinity (between 11 and 34 psu); moreover, 
the western part of the lagoon generally exhibits higher salinity values compared the eastern area.  
Values of physical and chemical parameters of the lagoon were used to estimate seasonal and 
annual budgets applying the one box-one layer LOICZ model. In 1998-99, the precipitation was 
very low, particularly in the summer period (0.5 mm d-1); in these months, the closure of one canal 
also caused elevated evaporation rates (3.7 mm d-1), with consequent hyper-salinity of the western 
area of the lagoon (up to 44 psu) and reduced water depth. This determined a massive growth of the 
macroalga Valonia utricularis. 
Nutrient concentrations were influenced by the freshwater input, resulting particularly high during 
the rainy period (0.17 and 29.28 µM DIP and DIN, respectively); on the other hand, lower values 
were measured in the summer period (0.09 and 4.27 µM DIP and DIN, respectively). 
Primary producers include phytoplankton and the littoral macrophytes Valonia utricularis, Zostera 
noltii, Ruppia sp.. Data collected in this study for the Lesina lagoon indicated the presence of a 
primary production strongly phosphorus limited, as suggested by the very high N/P ratios (annual 
average: 199). Therefore, Lesina lagoon appeared as a sink of nitrogen available to bacterial 
degradation, re-mineralization and ammonium production. Lesina lagoon also resulted an 
autotrophic system, as indicated by NEM values of about +12.5 mmol m-2 d-1.  
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Varano lagoon is located in the southern Adriatic coast (Apulia region, Italy) on the northern coast 
of the Gargano promontory. This brackish lagoon covers an area of 6,050 ha, with a perimeter of 33 
Km. The average depth is 4 m, with maximum values of 5 meters in the central zone. 
In the last years, salinity progressively increased (from 21 to 27 psu) after the mouths to the sea 
were opened. The whole hydrological system consists of the lagoon itself, 2 artificial canals 
(connecting to the sea: Capoiale Canal and Varano Canal in the western and eastern side, 
respectively), freshwater inputs and small catchment basins. The lagoon and the coastal areas close 
to Capoiale Canal are intensively exploited for mussel farm, although such activities have been 
recently reduced within the lagoon, where fish is becoming the most intensively exploited resource. 
Varano lagoon is subject to phytoplankton blooms. For a period of years dark red dinoflagellate 
blooms appeared during the summer causing general mortality in the fauna and forcing the mussel 
farmers to remove their stock from June to September. During winter the water would clear and 
become highly transparent. This cycle ceased about six years ago and since then the waters show 
green throughout the year. The bloom is a mixture of diatoms, dinoflagellates, etc. but certain 
harmful elements prevail at times as witnessed by episodes of mortality in the benthos. During the 
same period there has been an extraordinary population explosion of jellyfish strictly limited to the 
lagoon not involving the neighbouring sea. The benthos is negatively influenced by the blooms. 
During the summer the animal benthos disappears from a large central portion due probably to 
anoxia and re-colonises the area in autumn after the temperature has cooled. Representative species 
of the benthos are the bivalves Loripes lacteus, Gastrana fragilis, Mytilaster minimus, 
Cerastoderma glaucum. Seagrasses are present only along a strip close to the northern shore. Fish 
species are those typical of Mediterranean lagoons: seabass, seabream, eel, grey mullet, etc. 
Hydrological investigations on the water balance of the lagoon (based on 20 sampling sites) 
estimated a freshwater input of approximately 87,000 m3 d-1 with an organic content mostly 
originating from urban and agricultural runoff, fish-farming and zoo-technique activities. Due to the 
low tide excursion and to reduced exchange with the adjacent coastal area, water time residence was 
very long: about 3 years (1,038 days).  
The water budget, salinity and nutrient values were determined in the framework of an integrated 
project for protection and valorization of the lagoon (carried out from 1997 to 1999). The trophic 
condition of the system are highlighted by the relatively low phosphorus and nitrogen 
concentrations (0.16 and 4.60 mmol m-3, respectively), with values comparable to those typical of 
oligo-mesotrophic waters. Stoichiometric analyses of the nonconservative fluxes indicated that the 
lagoon was a net producer of organic matter (+0.6 mmol m-2 d-1), but also a net denitrifying system 
(-0.08 mmol m-2 d-1). 
 
 

 

 

 
 


