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1. INTRODUCTION 

 

Transitional areas (The Water Framework Directive 2000/60/EC) between marine, 

freshwater and terrestrial environments are characterised by high productivity levels. 

These areas provide essential ecosystem services such as coastal protection, water 

quality improvement, fisheries resources, habitat and food for numerous bird species.   

 

The Nord-Adriatic lagoons represent a unique condition along the Italian coastal zone 

and very rare situation in the Mediterranean context due to the tide excursions and the 

presence of wide basins situated between the sea and the river flows. The tide 

excursions are considered exceptionally large in the Mediterranean context.   

 

Quite often such lagoon environments are characterised by significant unpredictable 

variations in the chemical and physical parameters of waters, and are subject to severe 

treats of natural and anthropic origin. These kinds of treats are able to profoundly 

influence the biological components and alter their functionality.  

 

In many cases, Nord-Adriatic lagoon areas are subject to the scientific investigations 

and conservation actions according to the international conventions.  One of them is the 

Convention on Wetlands, signed in Ramsar, Iran, in 1971, which is an 

intergovernmental treaty providing the framework for the national action and 

international cooperation on the conservation and wise use of wetlands and their 

resources. There are also national and local actions designed for lagoon areas protection. 

However, the detailed characterisation of these areas from the structural and functional 

ecological point of view is missing.  Such a characterisation would allow establishing 

the homogenous ecological areas (ecological units). The latter is of fundamental 

importance and utility if we aim to achieve the required high level of management and 

planning in terms of protection, conservation, and naturalistic fruition and productivity.  

 

The quality of lagoon waters is quantified on the base of the spatial and temporal 

distribution of main chemical and physical parameters, which characterise the water 

quality and trophic state within the lagoon basin. Beyond these parameters, the 
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knowledge on the sedimentological and bionomic characteristics of the lagoon 

basement is of fundamental importance.  

 

The macrobenthic community influences the stability and biogeochemical processes of 

the sediments and represents a link between plankton, meiofauna and higher trophic 

layers. Another indicator of the water quality, according to the Water Framework 

Directive Directive 2000/60/EC, is a phytoplankton. It is often damaged by increased 

nutrient loads from sewage discharges and from agricultural and residential fertilizers, 

which run off into the lagoon.  

 

Sea grass meadows also play a role of the indicator of the lagoon ecosystem state. These 

highly productive plants have important ecological functions: (i) they improve water 

quality by capturing sediments with their roots, reducing the particle loads in the water 

and absorbing dissolved nutrients, (ii) enhance biodiversity (fish, fauna, waterbirds, 

etc.), (iii) provide a great spot for tiny plant and animal organisms to attach, and (iv) 

serve as important nursery area for fish. Birds also use the sea grass meadows as regular 

feeding grounds. Fish fauna is as well an important component of the transitional waters 

biodiversity.  

 

Nord-Adriatic lagoons are among the most important ecosystems in Europe due to the 

presence of many species of birds that breed, overwinter and migrate in these areas. 

Waterbirds have been defined as “species of bird that are ecologically dependent on 

wetlands” (http://www.ramsar.org). Lagoons are consequently important feeding 

habitats for a wide range of birds (Tucker & Evans, 1997). Breeding species include 

(Guzzon et al., 2005; Guzzon  & Utmar, 2005): Purple Heron (Ardea purpurea), 

Greylag Goose (Anser anser),  Black-winged Stilt (Himantopus himantopus), Mute 

Swan (Cygnus olor), Marsh Harrier (Circus aeruginosus), Kentish Plover (Charadrius 

alexandrinus), Shelduck (Tadorna tadorna), Oystercatcher (Haemantopus ostralegus), 

Yellow-legged Gull (Larus michahellis), Grey Heron (Ardea cinerea), Common Tern 

(Sterna hirundo), Little Tern (Sterna albifrons), Night Heron (Nycticorax nycticorax), 

Little Egret (Egretta garzetta).  
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Wintering species include (Guzzon et al., 2005; Guzzon  & Utmar, 2005): Gadwall 

(Anas strepera), Greylag Goose (Anser anser), Pintail (Anas acuta), Pochard (Aythya 

farina), Shoveler (Anas clypeata), Mallard (Anas platyrhynchos), Cormorant (roost) 

(Phalacrocorax carbo), Coot (Fulica atra), Little Grebe (Tachybaptus ruficollis), Mute 

Swan (Cygnus olor), Eurasian Wigeon  (Anas Penelope), Curlew (Numenius arquata), 

Black-necked Grebe (Podiceps nigricollis), Grey Heron (Ardea cinerea), Goldeneye 

(Bucephala clangula), Great White Egret (Casmerodius albus), Great Crested Grebe 

(Podiceps cristatus), Redshank (Tringa tetanus), Red-breasted Merganser (Mergus 

serrator), Little Egret (Egretta garzetta), Grey Plover (Pluvialis squatarola), Dunlin 

(roost) (Calidris alpine).  

 

Birds are excellent barometers for the health of our environment: they occur in a wide 

range of habitats, reflect changes in other animals and plants, and are sensitive to 

environmental degradation. That is why they have been selected as a key indicator not 

only of the state of Europe’s biodiversity but also of the whether or not the EU is 

meeting its overall sustainable development objectives.  

 

Geographical Information System and remote sensing play a key role in wetland 

assessment as outlined in the Ramsar Convention’s risk assessment framework, 

developed by van Dam et al. (1999). These technologies are increasingly employed for 

integrated lagoon studies. In large part, this has been due to the increased accessibility 

over the past decade of spatial datasets and the profusion of remote sensing and GIS 

products with enhanced integration and querying capabilities (Lowry, 2006). The 

integration of remote sensing and GIS technologies has the capacity to provide wetland 

managers with a set of tools for wetland monitoring and surveillance that are powerful, 

efficient and cost effective (Lowry, 2006).  

 

The use of remote sensing tools, either aerial or based on satellite, multi- and hyper-

spectral, permits the gathering of all kinds of territorial information, and the 

investigation of territorial aspects that are very difficult to monitor (Altobelli et al., 

2007; Altobelli & Ortolan, 2007). Satellite technology has had profound impacts on 

science-based management of water resources. Satellite imagery is used to measure 
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water-quality characteristics, such as chlorophyll (a measure of the abundance of algae 

in water). Remote sensing techniques are applied to identify and map aquatic vegetation 

in wetlands. The use of satellite remote sensing is a cost-effective way to gather the 

information needed for regional water quality assessments and understanding of the 

physical, chemical and biological characteristics of the lagoon sites. 

 

Many research groups apply remote sensing techniques in the lagoon studies. The 

University of Minnesota scientific group has explored the capabilities and limitations of 

several satellite sensor systems, as well as aircraft-mounted sensors with high spectral 

and spatial resolution that provide special capabilities for remote measurements of water 

quality (Brezonik, 2007). 

 

Application of GIS and remote sensing tools played role of useful tools for monitoring 

and assessment of the Chilika lagoon in India (Pattnaik, 2003). The operational 

availability of satellite data, such as MODIS, Landsat Thematic Mapper, ASTER, 

SPOT, ERS-SAR etc opens up new possibilities for studying lagoon areas. These means 

of observation have a number of advantages for example satellite imagery can  be 

acquired regularly over the same area and recorded in different wavelengths, thus 

tracking the status of low-depth underwater vegetation and the transparency, turbidity 

and colour of the water (Aronoff, 2005; Altobelli et al., 2007; Ghribi, 2005).  

The use of satellite imagery helps enhance the understanding of the lagoon sites within 

a reasonable time frame. The digitized satellite data makes it possible to evaluate and 

model natural phenomena.  The integration of multisource georeferenced spatial data 

within a GIS database allows a synergistic processing of a considerable amount of 

information, the standardisation of data and the elaboration of digital maps which could 

be an input for further decision making. The ability of GIS to integrate and overlay 

multiple layers of data over an area of interest which could be modeled, queried and 

analysed provides a particularly powerful tool to wetland managers (Lowry, 2006). GIS 

represents a considerable change in environmental data management, as it connects 

territorial information to different databases, allowing for the “integration” of the 

territory, adding and producing new information. Within this context, geographically 
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referenced information was integrated into a GIS-based system using various set of 

software packages (Altobelli et al., 2008).   

The effectiveness of GIS for characterisation of lagoon areas from the structural and 

functional ecological point of view can be optimized by combination with statistical 

analysis and in particular by the application of multivariate methods (Altobelli et al., 

2008). In this case GIS is not an isolated technology but part of an integrated 

methodology of analysis. Multivariate analysis renders legible and decipherable a 

considerable amount of data sets which are difficult to understand at a glance.  

 

The PhD research was carried out within the frame of INTERREG IIIA project 

“Ecological role of North Adriatic wetlands for the waterbirds migration and wintering: 

guidelines for the conservation and management of the coastal natural heritage” 

ANSER.  
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2. RESEARCH OBJECTIVES  

 

The general aim of this research is to create a GIS to characterise the lagoon areas from 

the structural and functional ecological point of view and to estimate the effect of 

abiotic and biotic factors on the abundance of waterbirds in the Grado-Marano Lagoon.  

 

In this context the objectives of the research are to: 

 

• apply interpolation techniques in order to map chemical parameters describing 

the study area; 

 

• apply remote sensing techniques for classification of different types of 

morphologies and habitat and in particular sea grass meadows; 

 

• classify study area in terms of ecological units using hierarchical system based 

on combination of biotic and abiotic factors; 

 

• design an relational database in order to automate waterbirds census data entry 

and to integrate and standardise all the data on waterbirds abundance coming 

from the censuses; 

 

• create a GIS for integration of georeferenced data on waterbirds census and 

environmental data layers collected or produced for the research; 

 

• study the correlation between the distribution of the groups of ecological units 

and waterbirds abundance. 
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3. STUDY AREA 

 

Location  

The Grado-Marano lagoon system is located in the Northern Adriatic of the Friuli 

Venezia Giulia Region (Fig. 3.1); at the eastern end there is the Isonzo river, at the 

western the Tagliamento river, to the south there is a littoral belt formed by islets of 

variable stability, and to the north there is the coast line, developed irregularly for 60 

km. The area extension is of 16,000 ha, the length is nearly 32 km and the width is 5 

km. Marano is the western part of the lagoonal system and Grado is in the East. 

 

 

 

Fig 3.1  - Grado-Marano lagoon  the northernmost lagoon in the Adriatic Sea. 

 

The lagoon is one of the most important wetlands at the national and European scale. It 

is of great importance for breeding and wintering birds, and as stopover-site along birds 

migratory routes.  The Grado-Marano lagoon (Fig.3.2) started to take shape in 4-6th 

century (Altobelli & Ortolan, 1997).  Lagoon environment is not a stable system, it is 

rather dynamic and it undergoes a continuous natural evolution. The lagoon genesis 

with its current features is quite recent. Until the last century, the human influence has 

been scarce in the Grado-Marano lagoon system. However, in recent years human 

interventions have caused changes in the spontaneous evolutionary trend.  
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Fig. 3.2 - Study area. Grado-Marano lagoon. 

 

Main habitat within lagoon area 

The coastal bar, a separating element between lagoon and marine environment, 

describes an arc about 20 km long and is interrupted in six main points by natural 

lagoon outlets (Brambati, 1969). Coastal bars and sandbanks are characterized by the 

typical for the sandy substratum vegetable Psammophyte species. This vegetation is 

essential for Waders (Charadriiformes) aggregation during high tide (Benassi et al., 

2008). Behind the shoreline, there are dune systems, which are consolidated by 

vegetation and ancient pinewoods of anthropic origins. This kind of habitat is used by 

Herons (Ardeidae). 

Inside the lagoons there are islands and natural zones, which are called saltmarshes  

(Fig. 3.3.B). Normally they are above the sea level, but during the high tide saltmarshes 

might be partially or completely covered by water. Some of vegetable species such as 

Bolboschoenus maritimus, Puccinellia palustris, Spartina maritima, Limonium 

serotinum, Salicornia fruticosa, Suaeda maritima, Aster tripolium and Halimione 

portulacoides grow upon the saltmarshes (Benassi et al., 2008). In Grado-Marano 
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lagoon there are two main saltmarsh systems: the first one goes from Martignano island 

to Marano Lagunare, the second one starts from Morgo island. Furthermore, a good 

development of the saltmarsh areas is recorded in the easternmost part of Grado 

compartment. These areas are characterised by high resistance to the extreme salinity 

conditions.  

Tidal flats (Fig. 3.3.A) are muddy areas, hardly rise above sea level (only during low 

tides), and are characterised by nude muddy sea beds or muddy sea beds vegetated by 

reedbeds and sea grass.  

  
  

Fig. 3.3. A. - Tidal flates during the low tide  

                    (Marano lagoon) 
B. - Saltmarshes (Grado lagoon) 

 
 

This type of habitat is important for the feeding of Grebes (Podicipedidae), Cormorants 

(Phalacrocoracidae), Herons, Wildfowl (Anatidae), Coots (Fulica atra), Waders and 

Gulls (Laridae) and as high tide roost area for some species of Waders. Within these 

areas waterbirds populations reach the level of international importance. 

Fish farms, the areas with the intensive hunting and normally constant water levels, are 

of high importance for wintering waterbirds, in particular for Wildfowl and Coots.  

 

Ornithological importance 

The Marano and Grado Lagoon is of international importance for the wintering of the 

Eurasian Wigeon (Anas Penelope), and is of national importance for the wintering of 

Little Egret (Egretta garzetta), White-fronted Goose (Anser albifrons), Gadwall (Anas 

strepera), Scaup (Aythya marila), Goldeneye (Bucephala clangula), Red-breasted 

Merganser (Mergus serrator), Grey Plover (Pluvialis squatarola), Snipe (Gallinago 

gallinago) and Curlew (Numenius arquata). This area is of national importance for 
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breeding of Little Egret (Egretta garzetta), Purple Heron (Ardea purpurea), Greyleg 

Goose (Anser anser), Shelduck (Tadorna tadorna), Oystercatcher (Haemantopus 

ostralegus), Black-winged Stilt (Himantopus himantopus), Yellow-legged Gull (Larus 

michahellis), Common Tern (Sterna hirundo) and Little Tern (Sterna albifrons) 

(Benassi et al., 2008).  

 

During the migratory seasons, the presence of such species as Gargney (Anas 

querquedula), Ruff (Philomachus pugnax), Whimbrel (Numenius phaeopus), Spotted 

Redshank (Tringa erythropus), Mediterranean Gull (Larus melanocephalus), and Black 

Tern (Chlidonias niger) is of high importance (Benassi et al., 2008). 

Furthermore, many other species are present during winter, like Marsh Harrier (Circus 

aeruginosus), and, the big flocks of ducks, mainly composed by Mallards (Anas 

platyrhynchos), and Gadwalls (Anas strepera), but also Pochards (Aythya ferina) and 

some Hen Harrier (Circus cyaneus) and Cormorant (Phalacrocorax carbo) roosts. If 

talking about non waterbirds species, many of typical Passerines (Passeriformes) 

species like Cetti’s Warbler (Cettia cetti), Zitting Cisticula (Cisticola juncidis), Marsh 

 
 

 

Fig.3.4. -  Greyleg Goose (Anser anser) 
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Warbler (Acrocephalus palustris), Reed Warbler (Acrocephalus arundinaceus), and 

Penduline Tit (Remiz pendulinus) breed within the reedbeds areas. 

 

Activities in the lagoon 

As to the economic aspects of the lagoon, the aquatic environment represents an 

important economic benefit source of income from fisheries. Fishing, the source of 

livelihood for lagoon population for ages, is an important business activity up to now. 

There are 17 fish rearing ponds in the total area of 320 hectares in the lagoon of 

Marano, 38 in the lagoon of Grado for a total 1,088 hectares. There is an intensive 

agriculture in the plain surrounding the lagoon basin allowing very high yields. The 

main risks connected with the agricultural activity are pesticides and fungicides flowing 

into the lagoon; the irrigation of the plantations, needed in the drier periods, implies a 

serious water withdrawal; the cultivated lands are without vegetation during several 

months per year worsening the problem of erosion. Within the study area, there are 

several breeding farming. The wastes of this activity are used as fertilizer and, as a 

consequence, part is carried into the lagoon. Most part of the industrial plants are 

concentrated in the Aussa-Corno industrial area.  

 

Conservation issues 

Such peculiar environments of the Grado-Marano lagoon, together with the wide lagoon 

reedbeds, the groves and water fields, and all the other inner freshwater environments 

nearby the river mouths, are key sites for breeding, wintering and migrating waterbirds 

(Benassi et al., 2008).  For these reasons, the one site within the study area (“Laguna di 

Marano - Foci dello Stella”) has been designated as Wetland of International 

Importance, according to the framework of the Ramsar Convention 

(http://www.ramsar.org/sitelist.doc). Within the study area there are two wetlands 

(Fig.3.5) designated as Protected areas (Regional Natural Reserves: “Valle Canal Novo” 

and “Foci dello Stella” (Anonymous, 2008).  
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Fig. 3.5 - Protected areas within the study area: Regional Natural Reserves Foci dello Stella and Valle Canal  

               Novo 
 

Also, according to the EU Birds Directive (79/409/EEC) and the EU Habitat Directive 

(92/43/EEC), the whole lagoon  is included in the European ecological Natura 2000 

network (SPA and SAC “IT3320037 Laguna di Marano e Grado”) (Anonymous, 2008).  

 

Despite the fact that the lagoon is protected by the Ramsar convention and European 

Union directives it is heavily polluted by several sources deriving from agriculture, 

industry, transport, tourism and aquaculture. Part of the lagoon and its drainage basin 

has been declared a Polluted Site of National Interest (Ministero dell’Ambiente e della 

Tutela del Territorio, 2002). 
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4. MATERIALS AND METHODS  

 

4.1. Dataset description 

 

The following digital spatial data such as discrete object types of data (vector), continuous 

forms of data (raster), and ancillary data were integrated into GIS for further elaborations. 

 

Ancillary data  

Date of acquisition Description Source 
1 June 2006 - 1 June 2008 ANSER waterbirds census database 

(Dayligh Time Count) 

Original data gathered for 

ANSER project  

 

1 June 2006 - 1 June 2008 ANSER waterbirds census database (Aerial 

Survey) 

Original data gathered for 

ANSER project 

 

21 December 2005  Italian International Waterbird Census 

(IWC) database 

Istituto Superiore per la 

Protezione e la Ricerca 

Ambientale (ISPRA) 

 

Tab. 4.1.  –  Ornitological data.   
 

 

Data of acquisition Description Source 
1 January 2007 -  

1 December 2007 

Sampling results on chemical parameters 

 

Agenzia Regionale per la 

Protezione dell'Ambiente del 

Friuli Venezia Giulia 

 
Tab. 4.2  –  Sampling Data on chemical and physical parameters. 
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Vector data  

Date of 
acquisition 

Description Scale Source 

2003 Numeric Technical 

Regional Map 

1:25,000 Regione Autonoma Friuli Venezia Giulia, Servizio 

Sistema Informativo Territoriale e Cartografia - 

Direzione centrale pianificazione territoriale, 

autonomie locali e sicurezza. (available at IRDAT 

catalogo dei dati ambientali e territoriali). 

 

2003 (modified 

in 2006) 

Numeric Technical 

Regional Map 
1:5,000 Regione Autonoma Friuli Venezia Giulia, Servizio 

Sistema Informativo Territoriale e Cartografia - 

Direzione centrale pianificazione territoriale, 

autonomie locali e sicurezza (available at IRDAT 

catalogo dei dati ambientali e territoriali). 

 

2003 (modified 

in 2009) 
Maps of administrative 

units (provinces, 

municipalities) 

1:5,000 Regione Autonoma Friuli Venezia Giulia, Servizio 

Sistema Informativo Territoriale e Cartografia - 

Direzione centrale pianificazione territoriale, 

autonomie locali e sicurezza (available at IRDAT 

catalogo dei dati ambientali e territoriali). 

 

2006 (modified 

2009) 

Geographical Database  

on coastal wetlands of 

Friuli Venezia Giulia  

1:5,000 Banca dati geografica delle zone umide soggette al 

censimento degli uccelli acquatici svernanti 

nell’ambito dell’International Waterbird Census 

(IWC) in Friuli Venezia Giulia. Servizio Tutela 

Ambienti Naturali e Fauna - Direzione centrale 

risorse agricole, naturali e forestali (available at 

IRDAT catalogo dei dati ambientali e territoriali). 
 

2003 (modified 

in 2009) 
Hydrography  1:5,000 Servizio Idraulica - Direzione Centrale Ambiente e 

Lavori Pubblici. Regione Autonoma Friuli 

Venezia Giulia, Servizio Sistema Informativo 

Territoriale e Cartografia - Direzione centrale 

pianificazione territoriale, autonomie locali e 

sicurezza (available at IRDAT catalogo dei dati 

ambientali e territoriali). 

 
2000 Map of Special Areas of 

Conservation and 

Special Protection Areas 

in Friuli Venezia Giulia; 

1:5,000 Regione Autonoma Friuli Venezia Giulia, Servizio 

Tutela Ambienti Naturali e Fauna - Direzione 

centrale risorse agricole, naturali e 

forestali (available at IRDAT catalogo dei dati 

ambientali e territoriali). 
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2000 Corine Land Cover Map 

of Friuli Venezia Giulia 
1:50,000 Centro per l'osservazione della Terra - 

Commissione europea. Regione Autonoma Friuli 

Venezia Giulia, Servizio Sistema Informativo 

Territoriale e Cartografia - Direzione centrale 

pianificazione territoriale, autonomie locali e 

sicurezza (available at IRDAT catalogo dei dati 

ambientali e territoriali). 

 

2007-2008 Map of habitats of Friuli 

Venezia Giulia Region 

1:50,000 Dipartimento di Biologia - Università degli Studi 

di Trieste. Servizio Valutazione Impatto 

Ambientale - Direzione Centrale Ambiente e 

Lavori Pubblici . Progetto  “Carta della Natura” 

(available at IRDAT catalogo dei dati ambientali e 

territoriali). 

 
1995 Map of sediments  1: 25,000 Carta Geologica Territoriale  (Marocco, 1995). 

 

 

 
2005 Universal Transverse 

Mercator 1×1 km grid 

designed for the 

standartised waterbirds 

census in the Friuli 

Venezia Giulia 

 ANSER project 

2004- 2006 Thematic cartography 

on lagoon Grado-

Marano 

1: 25,000 TW Reference NET project. Management and 

sustainable development of protected transitional 

waters 
2008 Map of Benthic 

communities and facies 

1: 25,000 Zamboni, 2008 (available at: 

http://www.openstarts.units.it) 

 
Tab. 4.3 –  Vector data.  

 

Raster data 

Date of 
acquisition 

Description Source 

1 August 2006  

14 April 2007 

19 March 2007 

19 May 2007 

10 June 2007 

 

A set of ASTER (Advanced 

Spaceborne Thermal Emission and 

Reflection Radiometer) satellite 

imagery 

Land Process Distributed Active Archive Centre 

Earth Observing System Data Gateway 

(https://wist.echo.nasa.gov) 

 

2001 LANDSAT TM (Landsat Thematic 

Mapper)  satellite image 
http:// landsat.usgs.gov/ 

May 2003 Aerial photography (acquisition 

conditions low tide) for Grado-Marano 

lagoon area and Panzano Golf, 1 m 

resolution. 

Compagnia Generale Ripreseaeree S.p.A., 

Parma  

 

Tab. 4.4 – Raster data. 
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4.2 Geographic Information System structure 

 

GIS is a powerful set of tools for gathering, storing, retrieving, transforming, analysing and 

visualizing spatial data from the real world for a particular set of purposes (Burrough, 

1991). A GIS can analyse the georeferenced data, update, query, filter, sort, display 

information, and be used to determine patterns and relationships by theme overlays (Lowry, 

2006).  The information sets for GIS include geographic datasets (file bases and databases 

of geographic information - features, networks, topologies, terrains, surveys, and 

attributes); collections of geo-processing procedures for automating and repeating 

numerous tasks and for analysis; and metadata. Personnel – a thinking explorer - plays a 

key role to the power of GIS (Fig. 4.1).   

 

Hardware 

GGGGGGGGIIIIIIIISSSSSSSS 

Data 

Software 

Expertise and specialized  

human resources 

Methodology and procedure 

Network: multiple users  

 

Fig. 4.1  - GIS environment. 

 

A generic approach for linking vector, raster and ancillary data and statistical information 

has been developed. The unique integration capabilities of a GIS allow disparate data sets 

to be brought together to create a complete picture of a situation. GIS technology illustrates 

relationships, connections, and patters that are not necessarily obvious in any one data set 

(ESRI, 2003).  
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Data necessary for the PhD project were integrated in an interoperable GIS, which has 

offered a good interaction among a variety of software packages (Fig. 4.2) having different 

internal data analysis and image pre-processing and processing functions and running on 

different platforms (Windows XP, LINUX), and integration with other non-GIS 

applications.  

 

 

Fig. 4.2 - GIS and non-GIS software packages applied for the project. 

 

This kind of high level of affinity facilitated the exchange of information between 

inventory-based GIS applications and analytical tools such as statistical analysis. These 

tools offered many possibilities to treat all information obtained from different sources in 

particular ancillary data on waterbirds abundance and remotely sensed data. An appropriate 

integration of all the gathered information within a GIS-database became a real data 

analysis procedure. All data were stored and maintained in a common, readily accessible 

format such as shp and geoTIFF.   
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GIS-software packages used for the project support both of these formats. It gave a freedom 

of data interoperability.  

 

Shapefiles  

A shapefile stores nontopological geometry and attribute information for the spatial 

features in a data set. The geometry for a feature is stored as a shape comprising a set of 

vector coordinates (ESRI, 1998). An ESRI shapefile consists of main file (.SHP), and index 

file (.SHX), and a dBASE table (.DBF). The main file is a direct access, variable – record-

length file in which each record describes a shape with a list of its vertices. In the index file, 

each record contains the offset of the corresponding main file record from the beginning of 

the main file. The dBASE table contains feature attributes with one record per feature. The 

one-to-one relationship between geometry and attributes is based on record number. 

Attribute records in the dBASE file must be in the same order as records in the main file.   

 

GeoTIFF 

Geographic Tagged Image File Format (GeoTIFF) is a standard image file format for GIS 

applications. Tagged Image File Format (TIFF) is widely accepted raster data format in the 

world today. GeoTIFF is a TIFF file that has geographic data embedded as tags within the 

TIFF file.  The purpose of GeoTIFF is to allow the definitive identification of 

georeferenced locations within a raster dataset The geographic data of a GeoTIFF file can 

be used to position the image in the correct location and geometry on the screen of a 

geographic information display. All GeoTIFF specific information is encoded in several 

additional reserved TIFF tags.  

 

Standard procedures were used in the creation and naming of the datasets. This has ensured 

that file names do not exceed a specified length (e.g., eight characters) and do not contain 

non-standard characters which would render them unreadable with some software 

programs. All the data gathered for the project were re-projected within the Projected 

Coordinate System underlined below (Tab. 4.5). 
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Projected Coordinate System: ED 1950 UTM Zone 33N 

Projection Transverse Mercator 

False Easting 500000,00000000 

False Northing 0,00000000 

Central Meridian 15,00000000 

Scale Factor 0,99960000 

Latitude of Origin 0,00000000 

Linear Unit Meter 

Geographic Coordinate System European 1950 

Datum: European 1950 

Prime Meridian Greenwich 

Angular Unit Degree 

 

Tab. 4.5 - Projected coordinate system chosen for the project (Universal Transverse Mercator, Zone 33N,  

                 Datum: ED 50). 

 

One of the key elements of data management is the creation and maintenance of metadata. 

Metadata document the history, methodology, accuracy and completeness of a dataset and 

provide a description of the dataset. One of the significant features of ArcGIS 9.3 is the 

ability to create, edit, view and update metadata records for a dataset. Metadata records cre-

ated for the research in ArcGIS software (ArcInfo package) comply with the ISO standard 

19115:2003 for geospatial metadata. It defines the schema required for describing 

geographic information and services. It provides information about the identification, the 

extent, the quality, the temporal schema, spatial reference, and distribution of digital 

geographic data. ISO 19115:2003 is applicable to the cataloguing of datasets, geographic 

datasets, dataset series, and individual geographic features and feature properties. Though 

this standard is applicable to digital data, its principles can be extended to many other forms 

of geographic data such as maps, charts, and textual documents as well as non-geographic 

data. 
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4.3 Operational Geographic Unit concept  

 

The flexibility of the procedure proposed in this PhD thesis depends on the concept of the 

Operational Geographic Unit (OGU) as a useful tool to integrate in a GIS georeferenced 

multisource data (Altobelli et al., 2008). The concept of the OGU is defined as the basic 

cartographic element for understanding biogeographical patterns by classification and 

ordination techniques (Crovello, 1981). It is analogous to the concept of the Operational 

Taxonomic Unit in numerical taxonomy (Sneath & Sokal, 1973), the only difference being 

that OGU is a georeferenced unit. The concept of OGU has already been introduced in the 

GIS context by Feoli and Zuccarello (1996) and has been successfully applied for the 

studies of the landscape structure and in the digital representation of spatial variation of 

multivariate landscape data (Altobelli et al., 2001; Altobelli et al., 2006). OGUs can be of 

different nature and size: administrative units, land cover patches or arbitrary cells of a net 

(grid, Thiessen polygons, etc.).  

 

Within the framework of ANSER project the data on waterbirds abundance for Friuli 

Venezia Giulia area were collected using Military Grid Reference System (Fig. 4.3) which 

is an alphanumeric version of a numerical Universal Transverse Mercator grid of square 

cells 1km×1km (Ali, 2008).  
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Fig. 4.3 - An example of Universal Transverse Mercator grid (Zone 33N, Datum: ED 50) of square cells       

              1km×1km constructed for the ANSER waterbirds census in Friuli Venezia Giulia.  
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4.4 Interpolation techniques  

 

Visiting every location in a study area to measure the height, magnitude, or concentration 

of a phenomenon is usually difficult or expensive. Instead, the phenomenon was measured 

at strategically dispersed sample locations, and predicted values were assigned to all other 

locations.  

 

Surface interpolation functions create a continuous surface from sampled point values 

(ESRI, 2004). Surface interpolation functions make predictions from sample measurements 

for all locations in a raster dataset, whether or not a measurement has been taken at the 

location. There are a variety of ways to derive a prediction for each location (Minami, 

2000).  Spline interpolation method (Kaluzny et al., 1998) was applied for spatial 

interpolation of data from the ARPA Friuli Venezia Giulia sampling points. This method 

estimates values using a mathematical function that minimizes overall surface curvature, 

resulting in a smooth surface that passes exactly through the input points.  

 

Conceptually, the sample points are extruded to the height of their magnitude; Spline bends 

a sheet of rubber that passes through the input points while minimizing the total curvature 

of the surface. It fits a mathematical function to a specified number of nearest input points 

while passing through the sample points. This method is best for generating gently varying 

surfaces. It creates a smooth surface with values closely constrained by the sample data 

range (ESRI, 2004). 
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4.5 Remote sensing techniques 
 
Remote Sensing – the science, technology, and art of obtaining information about objects 

from a distance – allows us to collect information over regions too costly, or too remote for 

human observers to directly assess. Remote sensing offers important advantages over other 

methods of data collection that have led to its use in a wide range of applications (Aronoff, 

2005). Remote sensing is one of the most efficient methods for environmental monitoring 

in coastal areas.  Increasingly, remote sensed data are being used for wetland mapping and 

monitoring (Johnson et al., 1999; Harvey & Hill, 2001; Hessa et al., 2003).   

 

The need for rapid, cost-effective method for mapping of sea grass meadows distribution 

necessitated the use of remote sensing. In order to study sea grass meadows distribution 

within Grado-Marano lagoon area, a set of remote sensed data (aerial photography and 

satellite images) were elaborated.  

 

Aerial photography may be applicable for sea grass meadows mapping under certain 

conditions, such as low tide (Strittholt & Frost, 1996). The set of aerial imagery acquired 

during the low tide, was georeferenced on the base of technical cartography at 1: 25,000 

and 1: 5,000 scale. The georeferencing process involved selecting a pixel on the aerial 

image and specifying what coordinate it represents for a vector map. The well distributed 

points extracted from the aerial images were rectified in their position in the old grid 

system and the position they should take in the new one. The ground control points were 

mainly taken from well identified cross-roads, balks or houses. Each control point has an 

Root Mean Square (RMS) Error value. The RMS Error value is the distance of the 

georeferenced control point from the vector coordinate which is specified for it. The RMS 

Error value shows which of the control points are likely to be most accurate. The 

georeferencing processes successfully yielded a total root mean square error for positional 

accuracy of some cm. The error margin was acceptable for the study because it is within a 

pixel (Leica Geosystems, 2003). Due to the variability in sun angle and atmospheric 
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condition during the data capture process, each image had to be classified separately using 

unsupervised classification technique.  

 

4.5.1 Satellite imagery selection and acquisition 
 

The set of satellite images ASTER were downloaded from the Land Process Distributed 

Active Archive Centre Earth Observing System Data Gateway (Fig. 4.4) available at 

http://elpdl03.cr.usgs.gov/pub/imswelcome. The Quick look option in the Gateway system 

gives a possibility to browse the images and choose an appropriate imagery for the study 

area. The information on clouds cover and image acquisition time and conditions is also 

provided during the primary search within the system. We had an opportunity to browse 

and download a number of images for different seasons for the study area due to the 

ASTER No-Charge Data access for research and educational purposes. This license was 

granted from The National Aeronautics and Space Administration (NASA).  

 

 

Fig. 4.4  - NASA Land Process Distributed Active Archive Centre Earth Observing System Data 

                Gateway Data search tool (http://elpdl03.cr.usgs.gov/pub/imswelcome). 
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ASTER images were downloaded in HDF raster format, which can be transformed into 

GeoTIFF raster format. The following scheme (tab. 4.6) explains the meaning of the 

ASTER granule’s names.  

 

AST_L1A_00304142007100956_20070712052146_6722 

TERM DEFINITION 

AST_L1A_003 AST_L1A version 3 product 

04142007 Data acquisition date of 04/14/2007 

100956 Acquisition time of 10:09:56 (10 hour 09 minute 56 

second) 
20070712 Data production date of 04/12/2007 

052146 Production time of 05:21:46 (05 hour 21 minute 46 

second) 

  

Tab.  4.6-  An example of the naming convention of an ASTER Local Granule ID. 
 

The multispectral imager ASTER is a cooperative effort between NASA and Japan's 

Ministry of Economy Trade (Abrams et al., 2002). ASTER was launched on board 

NASA’s Terra spacecraft in December, 1999.  The Terra spacecraft is flying in a circular, 

near-polar orbit at an altitude of 705 km. The orbit is sun-synchronous with equatorial 

crossing at local time of 10:30 a.m., returning to the same orbit every 16 days.  

 

ASTER covers a wide spectral region with 14 bands (Tab. 4.7) from the visible to the 

thermal infrared with high spatial, spectral and radiometric resolution. The spatial 

resolution varies with wavelength: 15 m in the visible and near-infrared (VNIR), 30 m in 

the short wave infrared (SWIR), and 90 m in the thermal infrared (TIR). The spectral 

bandpasses are shown in Table.  Each ASTER scene covers an area of 60×60 km (Abrams 

et al., 2002). 
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Subsystem Band No. Spectral Range (µm) Spatial Resolution (m) Quantization Levels (bits) 

  1 0.52-0.60     

VNIR 2 0.63-0.69 15 8 

  3N 0.78-0.86     

  3B 0.78-0.86     

  4 1.60-1.70     

SWIR 5 2.145-2.185     

  6 2.185-2.225 30 8 

  7 2.235-2.285     

  8 2.295-2.365     

  9 2.360-2.430     

  10 8.125-8.475     

TIR 11 8.475-8.825     

  12 8.925-9.275 90 12 

  13 10.25-10.95     

  14 10.95-11.65     

  

Tab. 4.7 -  Characteristics of the 3 ASTER Sensor Systems (according to Abrams et al., 2002). 

 

The images were selected according to the tide level consulting the data on the web site 

http://poseidon.ogs.trieste.it/tide.html Computation of Astronomical Tide (Gulf of Trieste) 

created by Earth Sciences Department of the University of Trieste. The two ASTER images 

dated by 10 June 2007 and 14 April 2007, acquired respectively at low and high tide, were 

chosen for elaboration. All ASTER images were already georeferenced and pre-processed 

when delivered.  

 

4.5.2 Image processing 
 
Unsupervised classification and Sampling  sites Design  
In order to expound the sampling sites and increase sampling size the unsupervised 

classification ISODATA (Iterative Self-Organizing Data Analysis Techniques) algorithm 

(Dermanis &  Biagi, 2002) was carried out.  

 

The ISODATA algorithm has some further refinements by splitting and merging of clusters 

(Jensen, 1996). Clusters are merged if either the number of members (pixel) in a cluster is 

less than a certain threshold or if the centers of two clusters are closer than a certain 

threshold. Clusters are split into two different clusters if the cluster standard deviation 
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exceeds a predefined value and the number of members (pixels) is twice the threshold for 

the minimum number of members. The algorithm ISODATA has been already successfully 

applied to map shallow Posidonia oceanica meadows in coastal areas of the Mediterranean 

Sea by Ciraolo et al. (2003). Sampling sites for distribution of sea grass meadows were 

identified.  A hand held Global Positioning System (GPS) receiver was used to navigate to 

the selected sites during field trips to the Grado-Marano lagoon.  

 

Supervised classification  

Similar to the unsupervised classification, the supervised classification technique is also a 

computer-assisted interpretation of the data but in this case the classification processor was 

trained to look for the surface features with similar reflectance characteristics into a set of 

training sites of known interpretation within the image. The 50 sampling points were used 

to train the software classifier to recognize sea-grass cover type so that all pixels in the 

image may be assigned to their appropriate cover class. 

 

Using Image Processing/Hard Classifiers/ MAXLIKE ENVI procedure, a maximum 

likelihood classification was undertaken to categorize the ASTER satellite imagery based 

on the information contained in a set of signature files. According to Peddle (1993), the 

Maximum Likelihood classification is based on the probability density function associated 

with a particular training site signature. Pixels were assigned to the most likely class based 

on a comparison of the posterior probability that it belongs to each of the signatures being 

considered.  This technique was also known as a Bayesian classifier.  

 

4.5.3 Image post-processing 
 
Classification results validation and accuracy assessment 
 
Edwards et al. (1998) argue that the accuracy assessment is a crucial step in classification 

in order to check for errors propagated by the way data is acquired, analyzed, and converted 

from one form to the other.  

 

The classification results were validated in two different modes.  
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1. Sea grass meadows distribution control during field trips to the Grado-Marano lagoon.  

 

 

Fig. 4.5 - Sea grass meadows distribution 

control, field trip in the Grado-Marano 

lagoon, 2007. 
 

 

2.     The most commonly used method to assess classification accuracy is the error or 

confusion matrix (Jensen, 1986; Congalton, 1991).  Confusion Matrix calculation was 

provided to show the accuracy of a classification result by comparing a classification result 

with ground truth information. Ground truth regions of interest (ROI) were used for the 

Confusion Matrix calculation. It gave a possibility to know an overall accuracy and kappa 

coefficient by Hudson and Ramm (1987). The analysis was made using ENVI 4.4 RSI 

software (Post Classification module). The overall accuracy was calculated by summing the 

number of pixels classified correctly and dividing by the total number of pixels. The ground 

truth ROIs define the true class of the pixels. The pixels classified correctly are found along 

the diagonal of the confusion matrix table which lists the number of pixels that were 

classified into the correct ground truth class. The total number of pixels is the sum of all the 

pixels in all the ground truth classes.  

 

The kappa coefficient (k) is another measure of the accuracy of the classification. 
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It is calculated by multiplying the total number of pixels in all the ground truth classes (N) 

by the sum of the confusion matrix diagonals (xkk), subtracting the sum of the ground truth 

pixels in a class times the sum of the classified pixels in that class summed over all classes, 

and dividing by the total number of pixels squared minus the sum of the ground truth pixels 

in that class times the sum of the classified pixels in that class summed over all classes 

(Jensen, 1986). 

 

4.6 Waterbirds census  

 

Within the framework of ANSER project a new coordinated waterbirds monitoring 

programme has been developed. Abundance data on waterbirds species as defined by 

Delany (2005) and some raptors species were collected at focal wetlands of Friuli Venezia 

Giulia starting in June 2006 during standard bird census surveys (Ali, 2008).  Within data 

collected by different methods in the ANSER project waterbirds census, the data coming 

from two types of censuses (Daylight Time Counts and Aerial Survey) and limited for the 

Grado-Marano lagoon area were used for this PhD research. Monitoring programme 

Daylight Time Counts (DTC) were performed on a twice monthly basis and Aerial Survey 

(AS) was carried on monthly during high tide in the Grado-Marano lagoon.  

 

One of the principal aims of waterbirds monitoring schemes (Delany, 2005) is to count the 

same sites in the same way every time the census made. The sites were counted 

systematically by walking or moving the same route every visit. Observations were avoided 

during extreme weather conditions.  

 

The  waterbirds monitoring scheme requested general information about the state of the 

wetland, threats to the site, and about factors which may affect the efficiency of the count 

such as weather, flooding, freezing, tidal conditions, disturbance etc (Delany, 2005).  The 

recording forms were completed by observers every time a site was visited, even if no birds 

were found.  On these forms the number of individuals of each species, the time of count 

and corresponding 1×1 km grid cell code were recorded.  
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DTC took place twice a month in high tide conditions. The census was carried out by a 

number of observers, within the same day in order to cover all the lagoon area and to 

provide comprehensive, contemporary survey.  Survey was carried out within four hours of 

the highest tide pick. The counts were made from the ground usually on foot, or by car, or 

from the water using a boat.  GPS recorder was used for establishing the spatial basis of 

counts, and for ensuring that counts of identical geographical areas are conducted on each 

visit (Ali, 2008).  

 

The airplane survey was carried once a month, during the first syzygial diurnal high tide, 

and usually a day before the ground survey DTC. Aerial Survey allows a comprehensive 

and contemporary view upon the study area, and it aims at making the land survey more 

exhaustive. The study area has been observed in a short space of time and large amounts of 

information were gathered. From an airplane it is possible to collect information on 

waterbirds composition, abundance and distribution within the study area. Three hours 

flights were planned during the peak time of the high tide. Detailed description of the 

methods is available at the ANSER website at http://www.anserproject.it.  

 

4.7 Waterbirds census database design  

 

Data collected during the waterbirds census were stored into databases designed for the 

project. These databases were created on the Microsoft Access platform (an object-oriented 

relational database management system). Databases do extremely well at managing and 

manipulating structured information. Database can contain a single table of information, or 

many tables of related information. Each of these tables will be linked to one or more of the 

other tables, so that information will be tied together to produce reports or answer 

questions. Multi-file databases, like the one created for the project means, are called 

relational databases (Jennings, 1997). Relational databases provide exceptional power and 

flexibility in storing and retrieving information. These types of databases are made up of 

two or more tables of information which are connected in some way. Microsoft Access 

program gave a possibility to: design the structure of the database, create data entry forms, 
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validate the data entered, sort and manipulate the data in the database, query the database, 

produce flexible reports, both on screen and on paper, that make it easy to comprehend the 

information stored in the database. 

Microsoft Access database program has built-in programming server SQL (Structured 

Query Language) which lets to automate many of the database functions. This computer 

language designed to organise and simplify the process of getting information out of a 

database in a usable form, and also used to reorganise data within database (Jennings, 

1997). 

The crucial thing during the first steps of the database structure development was to plan 

ahead, to look at the information to be stored and to validate the ways to retrieve that 

information.   

The database design process consists of the steps described below (Jennings, 1997).   

1. Definition of the purpose of the database.  

2.  Gathering and organising the information required. 

3. Dividing the information into tables. Table is a single store of related information; a 

database can consist of one or more tables of information that are related in some way. 

4. Turning information items into columns. The decision has to be taken on what 

information is to be stored in each table. Each item becomes a field, and is displayed as a 

column in the table. Fields describe a single aspect of each member of a table. The values 

in each field vary from record to record.  

5. Specifying primary keys. The primary key is a column that is used to uniquely identify 

each row. Each table’s primary key is to be chosen. Microsoft Access uses primary key 

fields to quickly associate data from multiple tables and bring the data together. A primary 

key must always have a value.  

6. Setting up the table relationships. The table relationships are used in the relational 

database to bring the information together as needed. To clarify the relationship we can add 
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fields to tables or create new tables, as necessary. To represent a one-to-many relationship 

in the database design, we take the primary key on the "one" side of the relationship and 

add it as an additional column or columns to the table on the "many" side of the 

relationship. In the case of many-to-many relationships between the tables, it is important 

to consider both sides of the relationship. It is possible to sort and quickly retrieve 

information from a database by choosing one or more fields to act as keys. Key fields are 

also used in relational databases to maintain the structural integrity of tables, helping to 

avoid problems such as duplicate records and conflicting values in fields.  

7. Refining the design. It is essential to analyze the database design for errors and make 

adjustments, as needed. 

8. Normalisation. This is the process of structuring data to minimise duplication and 

inconsistencies. The process usually involves breaking down a single table into two or 

more tables and defining relationships between those tables.  

 

4.8 Statistical analysis  

 

Spatial statistical analysis  

For raster-based GIS, the spatial analysis techniques involve a range of actions applied to 

the grid cells of one or more maps (or images) often involving filtering and/or algebraic 

operations. ArcGIS Spatial Analyst provides powerful tools for comprehensive, raster-

based spatial modelling and analysis. Using ArcGIS Spatial Analyst it is possible to derive 

new information from an existing data, analyze spatial relationships, build spatial models, 

and perform complex raster operations (ESRI, 2004).  Zonal Statistics module in Spatial 

Analyst gives a possibility to calculate the cell counts, means, variances, maxima, minima, 

cumulative values, frequencies and a number of other measures and distance computations  

often included in this generic term spatial analysis.   
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Hierarchical Cluster Analysis 

Multivariate statistical methods are used to reveal differences, similarities or relationship 

between individuals, considering several different types of measurement at the same time 

(Townend, 2002).  

 

Hierarchical Cluster Analysis (HCA) is one of the group of statistical techniques known as 

multivariate methods. These methods work on datasets in which we have more than one 

type of measurement, or variable, made on each individual. Hierarchical cluster analysis is 

a general approach to cluster analysis, in which the aim is to group together objects or 

records that are "close" to one another. A key component of the analysis is repeated 

calculation of distance measures between objects, and between clusters once objects begin 

to be grouped into clusters. The outcome is represented graphically as a dendrogram 

(Podani, 2000).  

 

The initial data for the hierarchical cluster analysis of N objects is a set of  N × (N – 1) / 2  

object-to-object distances and a linkage function for computation of the cluster-to-cluster 

distances. The two main categories of methods for hierarchical cluster analysis are divisive 

methods and agglomerative methods. In practice, the agglomerative methods are of wider 

use. On each step, the pair of clusters with smallest cluster-to-cluster distance is fused into 

a single cluster. One of the most common algorithms for hierarchical clustering is called 

Ward's Linkage (Podany, 2000). The idea has much in common with analysis of variance. 

The linkage function specifying the distance between two clusters is computed as the 

increase in the "error sum of squares" (ESS) after fusing two clusters into a single cluster. 

Ward's Method seeks to choose the successive clustering steps so as to minimize the 

increase in ESS at each step. Ward’s method finds the pair of objects or clusters whose 

fusion increases as little as possible the sum, of the squared distances between objects and 

cluster centroids. The distance of object to the centroid of its cluster is computed using the 

Euclidean distance formula.  Ward’s method is distinct from all other agglomeration 

methods because it uses an analysis of variance approach to evaluate the distances between 

clusters (Townend, 2002).  
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Principal Component Analysis 

To investigate how the variables considered change in relation to each other, or how they 

are similar, Principal Component Analysis (PCA) was applied. PCA is a way of identifying 

patterns in data, and expressing the data in such a way as to highlight their similarities and 

differences (Townend, 2002). Since patterns in data can be hard to find in data of high 

dimension, where the luxury of graphical representation is not available, PCA is a powerful 

tool for analysing data. The other main advantage of PCA is that once these patterns are 

found in the data, and we compress the data, i.e. by reducing the number of dimensions, 

without much loss of information.  

 

Correspondence analysis 

Correspondence Analysis (CA) is an ordination technique that identifies the major trends in 

the variation of the data and distributes genes along continuous axes in accordance with 

these trends (Podani, 2000). CA has the advantage that it does not assume that the data falls 

into discrete clusters and can therefore represent continuous variation accurately (Ludwig 

& Reynolds, 1998). This method of factors categorical variables and display them in a 

property space which maps their association in two or more dimensions. It is often used 

where a tabular approach is less effective due to large tables with many rows and/or 

columns. Correspondence analysis is a special case of canonical correlation, where one set 

of entities (categories rather than variables as in conventional canonical correlation) is 

related to another set. This technique defines a measure of distance between any two points, 

where points are the values (categories) of the discrete variables. Since distance is a type of 

measure of association (correlation), the distance matrix can be the input to principal 

components analysis, just as correlation matrices may be the input for conventional factor 

analysis. However, where conventional factor analysis determines which variables cluster 

together, correspondence analysis determines which category values are close together. 

This is visualized on the correspondence map, which plots points (categories) along the 

computed factor axes.  

 



Chapter 4.  Materials and methods 

 35 

Roughly PCA and CA are conceptually similar as regards their main objective, i.e., to sum 

up and to simplify data by reducing the dimensionality of the data set. These methods differ 

depending on the type of the data: PCA - when individuals are described by quantitative 

variables; CA - when individuals are described by two categorical variables which leads to 

a contingency table. The free software package R (R development Core Team, 2007) was 

used, available from the Comprehensive R Archive Network at http://cran.r-project.org/. 

PCA and CA can be performed with FactoMineR (R software), an R package dedicated to 

multivariate data analysis (Husson et al., 2007; Josse & Husson, 2008). 
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 5. RESULTS 
 
 
To characterise the Grado-Marano lagoon from the structural and functional ecological 

point of view, four abiotic factors (total nitrogen, total phosphorous, salinity and 

sediment texture) and two biotic factors (benthic community and sea grass meadows) 

were integrated into the GIS in order to map ecological units. This map served as a 

primary GIS “base layer” on top of which overlays of waterbirds distribution were 

placed.  Waterbirds species were grouped in guilds according to the class of 

environmental resources they exploit in a similar way (Root, 1967; Root 2001). 

Statistical analysis and in particular multivariate methods were applied in order to 

estimate an affect of abiotic and biotic factors on the abundance of waterbirds. The 

schematic diagram of the research approach is shown below (Fig. 5.1).  
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Fig. 5.1 -  Overall work flow.  

 

 



Chapter 5.  Results 

 37 

 
Data on the chosen biotic and abiotic factors were gathered for the 183 OGU 

superimposed on the lagoon Grado-Marano area (Fig. 5.2).  

 

 

Fig 5.2  - ASTER image (14 April  2007 ASTER sensor) of the study area with superimposed the 183  

               OGUs. 

 
 
5.1 Abiotic factors 
 
Data on total nitrogen, total phosphorous and salinity were provided  by Agenzia 

Regionale per la Protezione dell'Ambiente (ARPA) of Friuli Venezia Giulia in the 

ancillary data format. Data utilized for the project were collected in the year 2007. First 

the average annual values of total nitrogen, total phosphorous and salinity were 

calculated (Tab. 5.1). The sixteen sampling points, regularly spaced, based on ARPA 

Friuli Venezia Giulia sampling scheme, were georeferenced (Fig. 5.3) and re-projected 

according to the Projected Coordinate System applied for the project (Universal 

Transverse Mercator, Zone 33N,  Datum:  ED 50). The maps of the average annual 

distribution of total nitrogen, total phosphorous and salinity were obtained by spatial 

interpolation of these sampling points. The Splin method interpolation results are shown 

at the Fig. 5.4, 5.5, 5.6. 
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Tab. 5.1 - The average annual values of total nitrogen, total phosphorous and salinity calculated for  

                  the year 2007 using the ARPA sampling points data (Cartographic projection Gauss Boaga,  

                 Projected Coordinate   System: Monte Mario Italy 2).  

 

 

 

Fig.  5.3 - The geo-referenced sixteen data sampling points provided by ARPA (Friuli Venezia Giulia),  

                2007). 
 

 
 
 
 

ID Sampling Point ARPA Easting Northing Total N 
(µm/l) 

Total P 
(µm/l) 

Salinity 
(psu) 

1 Valle del Moro -Canale dell'Omo Morto 2395955 5060999 231.83 4.87 35.5425 

2 La Fosa 2393297 5060117 243.77 4.10 35.8014 

3 Isola Montaron 2390498 5065078 860.38 9.36 31.6342 

4 Canale Natissa 2391419 5066297 1626.00 20.18 24.3433 

5 Canale Morgo 2388260 5062951 373.16 4.68 35.6297 

6 Canale Barbana - Taglio Tanori 2397764 5063529 406.08 6.23 31.7825 

7 Anfora Vecchia 2384281 5065803 485.70 3.58 35.4508 

8 770 2372914 5062793 1457.50 18.50 24.3450 

9 769 2374912 5068821 2082.50 41.50 19.6550 

10 429 2375860 5068076 1335.00 17.25 17.2925 

11 428 2376565 5064295 519.75 12.25 33.6125 

12 427 2374804 5062393 507.75 12.25 31.9250 

13 426 2377864 5066996 957.50 16.75 29.1350 

14 423 2380774 5067488 649.75 12.25 29.5075 

15 173 2382474 5067995 1042.30 12.25 32.8575 

16 169 2374528 5065210 574.75 12.25 28.7525 
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The map in figure 5.4 indicates that the salinity decreases gradually from the inlets 

(lagoon mouths) to the inner areas, and that the Grado lagoon is more saline than the 

Marano lagoon. Grado lagoon is characterised by a smaller contribution of fresh water 

than Marano lagoon. Almost all local rivers flow into in the Marano lagoon, which is 

characterized by higher nutrient concentrations (Fig. 5.5, 5.6).  The data elaboration 

confirms the dissimilarities between two parts of the lagoon, the Grado and Marano 

areas.   

 

 
 

 

Fig. 5.4 -  ASTER image with superimposed the average annual Water Salinity (psu) 2007. 
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Fig. 5.5 - ASTER image with superimposed the average annual Total Nitrogen (µm/l) in water column  

               2007. 

 

 
 

 

Fig. 5.6 - ASTER image with superimposed the average annual Total Phosphorous (µm/l) in water column    

               2007. 
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The sediment texture map was supplied by the Department of Geological, 

Environmental and Marine Sciences, The University of Trieste (Marocco, 1995). The 

spatial distribution of sediment texture (Fig. 5.7) shows a predominance of sand and 

pelitic sand in the proximity of inlets and an opposite prevalence of pelites and sandy 

pelites in the inner areas (Marocco, 1995).  

 

 

 

Fig. 5.7 - ASTER image with superimposed the sediment texture. 

 

 

5.2 Biotic factors 

 

Benthic community 

The benthic community map was supplied by the ARPA Friuli Venezia Giulia 

authority. As regards to the Benthic community (Macrozoobenthos, Fig. 5.8) the most 

representative biocenosis is the euryhaline and eurythermal (Peres, 1967; Zamboni 

2008) with the presence of facies of Abra ovata and Hediste diversicolor species. The 

second most prevalent category in the lagoon is a mixture of paralic biocenosis with the 

presence of a facies of Bittium reticulatum. 
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Fig. 5.8 -  ASTER image with superimposed the benthic communities and facies 

 

 

Sea grass meadows 
 
Sea grass meadows are important habitats of the lagoon bottoms. They are formed by 

Zostera marina, a species which prefer fresh water contributions, strong hydrodynamics 

and depth of at least a half a meter, Zosterella noltii and by Cymodocea nodosa which 

grow also at lower depth (Spoto, 2001). Satellite imagery is utilized to classify different 

types of morphologies and habitat and in particular sea grass meadows within lagoon 

area.  

 

The set of aerial photography (date of acquisition: 21 May 2003) acquired during the 

low tide conditions for Grado-Marano lagoon area was analysed as first attempt for sea 

grass meadows distribution mapping. Great afford was made in order to georeference, 

classify and mosaic all the images. It was possible to map overall lagoon area and some 

particular habitat features (Fig. 5.9), however, an effective result for sea grass meadows 

mapping wasn’t achieved, due to the low quality of some particular imagery.   
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Fig. 5.9 A, B -  Distribution of sea grass meadows within Grado-Marano lagoon. Preliminary 

classification results (aerial photography, date of acquisition: 21 May 2003, 

acquisition conditions: low tide). 

                    C -  Sea grass meadows distribution, the photo taken from the aircraft during the 

Aerial Survey census by Dr Paolo Utmar. 
 

 

 

 

C 

B 

A 
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ASTER satellite imagery is analysed to identify possible sea vegetation classes and 

allocation of sampling units. Two different ASTER satellite images were chosen for the 

further elaborations. These ASTER scene covers all the study area. This fact gives a 

possibility to analyse the whole Grado-Marano lagoon in a homogeneous way, applying 

remote sensing techniques. The imagery was first interpreted visually based on false 

color composite (Fig. 5.10). Afterwards the Supervised Classification (Maximum 

Likelihood) of two ASTER satellite images at low (10 June 2007) and high tide (14 

April 2007) was applied for sea grass meadows distribution mapping (Altobelli et al., 

2007).  

 

 

Fig. 5.10 - The ASTER scene (14 April1 2007 ASTER sensor) in false color composition (3N-2-1 bands)  

                captured during the low tide. 
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Fig. 5.11 - The ASTER scene (14 April 2007 ASTER sensor) in false color composition (3N-2-1 bands). 

                  The fragment of classification result (4  Classes). 

 

To carry out the classification (Fig. 5.11) and to ensure the accuracy of the map 

produced, fifty training sites (Fig. 5.12) were set up, uniformly distributed across the 

lagoon area. These sampling points observed during the field trips to the lagoon area 

were used as regions of interest (ROIs) for image post-classification process 

(calculation of confusion matrix). The confusion matrix output (Tab.5.2) shows how 

each of these accuracy assessments is calculated. The confusion matrix obtained 

indicates a highly accurate classification - the Kappa coefficient is 0.95. The results 

(Fig. 5.13) from remote sensing reported in this work are estimated for the study area 

for the year 2007 – 2008. 

 

Fig. 5.12 - Sampling points for sea grass meadows distribution. The sampling was carried out during the  

                  year 2007. 
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Fig. 5.13 - Map of sea grass meadows distribution within Grado-Marano lagoon (estimated for  the years 2007- 2008). 
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  Water Land Mud Sea grass meadows 
Water 709 0 0 2 

Land 0 644 0 0 

Mud 0 6 588 78 

Sea grass meadows 0 0 0 394 

Overall Accuracy = (2335/2421)  96.4477%; Kappa Coefficient = 0.9522   

 

Table. 5.2  - Confusion matrix, Overall Accuracy, Kappa coefficient for ASTER scene  

                     (14 April 2007 ASTER sensor) classification. 
 

Traditional methods of quantifying sea grass distribution (diving from a boat and 

individually counting and collecting sea grass) within five hundred sampling points 

were applied during the number of field trips to the lagoon by Dr Stefano Sponza, Dr 

Alberto Sisto, Dr Flavio Roppa, Dr Paolo Utmar. These data and the means of the 

remote sensing allowed us to identify different types of morphologies and habitat within 

lagoon area. All the data available and collected during the years 2007-2008 were 

integrated into GIS. The achieved spatial database consists of the information on 

distribution of the tree sea grass species such as Zoostera marina, Zoostera noltii, 

Cymodocea nodosa, as well as lagoon seabed characteristics (Fig.5.14).  

 

 

 

 

Fig. 5. 14 -  Spatial database on sea grass meadows distribution within the area of Grado-Marano                    

                   Lagoon, and Timavo and  Isonzo rivers. 
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5.3 Ecological Units 

 

Using ArcInfo ArcGIS 9.3 (Spatial Analyst ZonalStatistics tool) for each regular UTM 

grid cell, the mean value was extracted for total nitrogen, total phosphorous and salinity. 

For the benthic community (five classes), the sediment texture (five classes) and sea 

grass meadows the cover percentage for each OGU was calculated (Fig. 5.15).  The shp 

features as sea grass distribution map, benthic community map and sediment texture 

map used in the zone layer for running Zonal Statistics module were rasterized to a grid.  

 

 

 

Fig. 5.15 - The data matrix with the six factors (total nitrogen, total phosphorous, salinity, benthic 

community, sediment texture and sea grass meadows) and 183 OGUs using ArcInfo Spatial 

analysis tool (ArcGIS 9.3). 

 

 

Achieved data matrix with the six factors (total nitrogen, total phosphorous, salinity, 

benthic community, sediment texture and sea grass meadows) and 183 OGUs was 

standardized and submitted to Hierarchical Cluster Analysis (HCA). The result of HCA 

(Ward’s clustering method and Euclidean Distance) is displayed in the form of a 

dendrogram by means of which it was possible to identify groups (clusters) of similar 

OGUs. The seven groups were recognised in the dendrogram (Fig. 5.16) on the basis of 

a cut off level chosen by analysing its structure.  

GIS 

Multivariate 
Analysis  
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Fig. 5.16 - Dendrogram of the 183 OGUs obtained by Euclidean Distance and Ward’s Method (using  a   

                  free statistics software R). 

 

The groups of OGUs identified by the dendrogram were represented with a map (Fig. 

5.17) showing its spatial distribution in the Grado-Marano lagoon. These groups can be 

interpreted as “ecological units”, defined by the repeated occurrence of particular 

combinations of OGU factors.  The mean variable values, for each ecological unit, are 

reported in table 5.3.  

 

The concept of ecological units was described recently by Jax (2006). Concepts relating 

to the units of ecology (i.e. population, association, community, biocenosis, and 

ecosystem, among others) are at the basis of ecological theory and practice. These 

concepts also have become focal units for biological conservation strategies, especially 

in terms of population and ecosystems management (Grumbine, 1994; Boyce & Haney, 

1997). Despite this importance, the methodological status of these concepts is 

discussed. Jax argues that specific and “operational” definitions of the concepts as units 

should be developed, depending on specific purposes of their use. Ecological units shall 

be defined as aggregations of particulars, which are chosen and arranged according to 

such criteria that they can be characterized as new relevant objects of their own. The 

context of this PhD study follows this concept. The ecological units were used to 

characterise the lagoon area from the cause-and-effect relationships point of view.  The 

correspondence between 183 OGUs and 7 ecological units is reported in the table 5.4. 
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EU S P N B1 B2 B3 B4 B5 S1 S2 S3 S4 S5 SG 

1 34.3 8.2 357.8 0.0 3.1 0.0 37.8 34.0 8.9 44.4 18.9 5.6 0.0 15.5 

2 22.8 18.4 1354.1 11.6 0.0 2.2 52.4 9.9 0.0 0.0 3.6 40.0 44.0 2.7 

3 34.5 5.3 371.1 0.0 1.6 0.0 34.9 7.9 0.0 1.7 5.3 7.6 0.3 9.4 

4 22.6 20.6 1744.1 0.1 1.3 1.4 50.7 13.2 0.0 0.1 7.2 61.1 1.8 0.8 

5 33.1 8.4 528.0 0.0 0.7 0.0 20.4 59.2 0.0 0.0 2.7 87.7 1.5 27.6 

6 16.4 28.0 2099.1 1.3 0.0 36.7 27.5 1.0 0.0 0.0 11.2 48.8 13.5 2.3 

7 31.5 10.0 750.7 0.6 16.3 0.8 32.4 57.2 0.0 1.3 54.3 35.1 0.0 24.9 

 
Tab.5.3 - Environmental factor mean values for the seven ecological units.  

 

S = Salinity (psu),  

P = Total Phosphorous (µm/l),  

N = Total Nitrogen (µm/l), 

SG = Sea grass meadows (%). 

 

Benthic communities (%):  

B1= facies of Abra ovata, 

B2 = facies of Bittium reticulatum, 

B3 = facies of Hediste diversicolor,  

B4 = Euryhaline and Eurythermal,  

B5 = Mixture of biocenosis. 

 

Sediment texture (%): 

S1 = Sand,  

S2 = Pelitic sand,  

S3 = Pelite with high percentage of sand, 

S4 = Pelite with sand,  

S5 = Pelite. 
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Fig. 5.17 - Distribution of the seven ecological units based on the dendrogram. 
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OGU Ecological 
Unit 

OGU Ecological 
Unit 

OGU Ecological 
Unit 

OGU Ecological 
Unit 

OGU Ecological 
Unit 

77 6 81 4 134 5 111 3 158 7 

78 6 89 4 206 5 110 3 138 7 

21 6 90 4 190 5 131 3 126 7 

27 6 159 4 199 5 123 3 151 7 

45 6 162 4 189 5 202 3 129 7 

54 6 20 4 50 5 181 3 59 7 

55 6 160 4 195 5 211 3 187 7 

87 6 43 4 194 5 212 3 56 7 

228 6 33 4 49 5 171 3 57 7 

79 6 26 4 60 5 97 3 30 7 

86 6 161 4 58 5 120 3 37 7 

63 6 92 2 197 5 119 3 47 7 

72 6 80 2 51 5 108 3 167 7 

53 6 44 2 184 5 192 3 177 7 

230 6 34 2 185 5 169 3 168 7 

22 4 218 2 139 5 201 3 178 7 

23 4 216 2 145 5 41 3 209 7 

28 4 66 2 70 5 191 3 207 7 

73 4 82 2 125 5 122 3 208 7 

76 4 74 2 136 5 96 3 137 7 

84 4 75 2 176 5 112 3 127 7 

85 4 213 2 61 5 113 3 148 7 

142 4 214 2 135 5 164 3 147 7 

215 4 67 2 69 5 109 3   

29 4 217 2 68 5 165 3   

154 4 65 2 140 5 24 3   

153 4 35 2 204 5 130 3   

144 4 36 2 203 5 173 3   

83 4 46 2 116 5 117 3   

91 4 183 5 52 5 146 3   

141 4 193 5 115 5 174 3   

143 4 188 5 114 5 32 1   

152 4 179 5 104 5 118 1   

150 4 205 5 196 5 39 1   

149 4 198 5 124 5 48 1   

155 4 40 5 186 5 38 1   

157 4 200 5 103 3 31 1   

156 4 133 5 102 3 128 1   

227 4 132 5 163 3 166 1   

64 4 180 5 121 3 175 1    
 

Tab. 5.4  - Correspondence between 183 OGUs and 7 ecological units. 
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In order to investigate how the six variables considered change in relation to each other, 

or how they are similar, Principal Component Analysis (PCA) was applied. The results 

of Principal Component Analysis (Tab. 5.5, Fig. 5.18) identify which characteristics 

vary between individuals and show that the first two principal components (PCs) 

explain about 41% of total variability.  

 

 eigenvalue 
percentage of 

variance 
cumulative percentage of 

variance 
comp 1 3.949 28.210 28.210 

comp 2 1.799 12.848 41.057 

comp 3 1.420 10.146 51.203 

comp 4 1.173 8.375 59.578 

comp 5 1.010 7.217 66.796 

comp 6 0.938 6.697 73.492 

comp 7 0.874 6.241 79.733 

comp 8 0.785 5.610 85.344 

comp 9 0.657 4.692 90.036 

comp 10 0.620 4.429 94.465 

comp 11 0.438 3.125 97.590 

comp 12 0.206 1.472 99.062 

comp 13 0.074 0.531 99.593 

comp 14 0.057 0.407 100.000 

 
Tab. 5.5 - Percentage of variance and  cumulative percentage of variance referred   

                  to each component. 
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S = Salinity (psu),  

P = Total Phosphorous 

(µm/l),  

N = Total Nitrogen 

(µm/l), 

Benthic communities 

(%):  

B1= facies of Abra ovata, 

B2 = facies of Bittium 

reticulatum, 

B3 = facies of Hediste 

diversicolor,  

B4 = Euryhaline and 

Eurythermal,  

B5 = Mixture of 

biocenosis. 

Sediment texture (%): 

S1 = Sand,  

S2 = Pelitic sand,  

S3 = Pelite with high 

percentage of sand, 

S4 = Pelite with sand,  

S5 = Pelite. 

SG = Sea grass meadows 

(%). 

 

 

Fig. 5.18 - Principal component analysis biplots, with the first two dimensions, for the environmental 

                  factors (above) and ecological units (below). 
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Variables Dim.1 Dim.2 Dim.3 Dim.4 Dim.5  EU Dim.1 Dim.2 
S -0.934 -0.141 -0.196 -0.049 0.001  1 -1.76195 -3.36314 

P 0.905 0.136 0.219 0.127 -0.039  2 2.016985 -0.36444 

N 0.887 0.199 0.221 0.082 -0.115  3 -0.99825 -1.06533 

B1 0.227 -0.051 -0.022 -0.332 0.723  4 1.550381 0.227143 

B2 -0.206 0.195 0.620 -0.026 -0.009  5 -1.39738 1.121699 

B3 0.569 0.156 0.205 0.219 -0.097  6 3.624237 0.6709 

B4 0.286 -0.425 0.024 -0.589 -0.331  7 -1.30479 0.13714 

B5 -0.583 0.545 0.198 0.207 0.157     

S2 -0.192 -0.591 0.204 0.271 -0.093     

S5 0.449 -0.054 -0.105 0.039 0.523     

S4 -0.074 0.754 -0.221 -0.066 -0.160     

S1 -0.126 -0.382 0.060 0.670 0.102     

S3 -0.193 -0.208 0.743 -0.237 0.095     

SG -0.578 0.262 0.402 -0.119 0.034     

Tab. 5.6 - Variables graph for dimensions 1 and 2 

 

      Tab. 5.7 - EU  graph for   

                      dimensions  1 and 2 

 

 

 

Salinity (S), total phosphorous (P), total nitrogen (N) resulted the most effective 

variables for the PC1 (Dim 1), while pelite with sand sediments (S4 and S2), as well the 

benthic categories such as mixture of biocenosis (B5) and euryhaline and eurythermal 

(B4) were useful for defining the PC2 (Dim 2).  

 

The distribution of the variables and the ecological units (Fig. 5.17) on the axes of the 

first two PCs allowed the identification of two groups.  The first characterized by the 

presence of sea grass meadows (SG), with high salinity (S), the benthic communities 

mixture of biocenosis (B5), facies of Bittium reticulatum (B2) and ecological units 5 

and 7 (Fig. 5.17 and Tab. 5.3). The second one was characterised by high nutrient 

values (N, P) the biocenosis facies of Hediste diversicolor (B3), facies of Abra Ovata 

(B1), Euryhaline and Eurythermal (B4), and the pelitic sediment component (S5). The 

ecological units representative of this group are 6, 4 and 2 are situated in the inner part 

of the lagoon system. 

 

The scarce presence of marine phanerogames in the western part of the lagoon (Fig. 

5.13) is probably not exclusively due to the unfavourable environmental conditions, but 

to the effects of repeated disturbance caused by mechanical fishing systems of Tapes 

philippinarum (Manilla clam). This activity has damaged the benthic community (Peres, 

1967) and probably destroyed sea grass meadows. 
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5.4 Waterbirds census spatial database 

 
Design of the waterbirds census field recording forms is a prime step in the waterbirds 

monitoring programme establishment. These field recording forms should correspond 

exactly the database tables. The waterbirds census field recording forms (ANNEX I) 

were designed and provided to the observers accompanied with the instructions for 

compilation (ANNEX II). Workflow for spatial database design is shown below (Fig. 

5.19).   

 

 

 

Fig.5.19  - Workflow. Spatial database on waterbirds abundance design.  

 

 

 

 

 

 

 



Chapter 5.  Results 

 57 

Database contents 

 

Databases were designed for both DTC and AS waterbirds census methods. Every 

database consists of two main tables. The first one - Data Recording consists of a 

general information on wetland state, environmental conditions of the observed area, 

and data about the census and observer. The second table - Content consists of 

information on ornithological data collected. These tables are to be compiled by 

observers according to the information stored in the field recording forms (Fig . 5.20).  

 
 
Fig. 5. 20 – Schematic view of the data flow (from the weaverbirds census data recording forms to the    

                    databases. 

 

 

Fig. 5.21 - Relationship between Data Recording and Content tables (schematic). 
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There are secondary tables as well prepared in order to simplify data entry. Each record 

of Data Recording table corresponds to one census session. To each record of Data 

Recording table correspond as many records of table Content as many observation were 

performed during one census session (Fig. 5.21), the relationship between tables is one 

to many. 

The most significant aspect of database implementation for the waterbirds census is an 

appropriate user interface, because it determines the interaction between the computer 

system and the user. To simplify data entry an appropriate data entry forms (Fig. 5.22) 

were designed.  

 

  Data Recording                      Content 

 

Fig. 5. 22 - Waterbirds census database data entry forms.  

The table Data Recording (Fig. 5.22, Tab. 5.8) corresponds to the upper part of the 

database form. This form is compiled once for each wetland observed.  

The table Content consists of data from Recording window – the lower part of the 

database form (Fig. 5.22, Tab. 5.9). The table Content consists of information on 
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ornithological data collected. The form Recording window is compiled as many times 

as many observations have been performed during one census session.  

Table name Description 
TimeStart                          beginning of census (excludes the time spent for reaching the census 

area) 

TimeEnd                    end  of census 

SessionDate waterbirds census date in the format day/month/year 

id_partner    primary key                    ID for each project partner 

Id                 primary key ID code for the recording form in the main database  

Ice_cover ice presence  

PI indicates  the presence and the type of precipitations 

Preciitation_Intensity specifies  precipitation intensity 

Threats_observed_description    description of treats observed  

Threats_observed                         indicates the entity and the typology of eventual found factors of 

threat observed within the zone 

Coordinator coordinator name 

Cloud_cover                           the state of cover of the sky, expressed in eighth  

Census_type                           the way census has been made 

DistMiliary, DistHunting, People 

or pets walking, Boating, 

DistSport, DistFishing, 

DistHunting, DistWorks 

Eventual types of disturbance 

 

WindSpeed   the strength of the wind according to the Beafort scale. 

Tide specifies if the census been done within  the low or high tide. 

Precipitation_intensity     to at sight indicate the own qualitative appraisal of the intensity of 

the precipitations 

Precipitation_type            type of precipitation  

Hunting_state                    specifies  (if there is an information) if hunting within the zone is 

forbidden 

Visibility a qualitative level of visibility (atmospherically events and other 

eventual visible obstacles, such as  vegetation, have to be taken in to 

consideration) 

Coverage if the census has been done for all the zone (min 80% of overall 

area) or just for a part of the zone 

State_of _Sea                    state of the sea according to the Douglas scale 

Wetland_conditions         the state of the wetland in reference to the level of waters and the 

agitation of the water  

Wetland name of the wetland. 

Wetland_dry             percentage     

Census_in_the_past        if the area has been already an object of census in the past within the 

frame of the project. 

Notes any useful information for data analysis. As an example, if there is a 

completely dry part of wetland, specify the dry zone’s location 

Observers surname and full name of observers  

Tab. 5.8 - Data Recording table context 

 

 



Chapter 5.  Results 

 60 

Table name Description 
Daylight_time_count the number of individuals observed within each sample unit. If more 

than one flock of the same species is observed within the same 

sample unit (one square km cell), total number of individuals has to 

be recorded 

Roost_count   the number of individuals recorded within each sample unit: night 

roost and high tide roost. If more than one flock of the same species 

is observed within the same sample unit (one square km cell), total 

number of individuals has to be recorded 

Note eventual useful notes, as an example, locality name etc 

id_datarecording primary key DataRecording record ID 

id  

primary key 

record ID               

Species   species name  

Time              an exact hour (preferably taken from the GPS) of every single 

observation. If there is more then one group of the same species 

within the same survey unit, you may specify  the hour of the very 

first observation 

MGRS an identification code of the sample unit (one square km grid), 

according to the Military Grid Reference System coding, where the 

species have been observed 

id_partner  

primary key             

Project partner  ID 

 
 
Tab.5.9 - Table Content context 

 

The fundamental table for the waterbirds database is a waterbirds check-list. The list of 

birds species (ANNEX IV) to be observed during the census was created selecting the 

waterbirds species from the most updated check-list for Italy (Bacetti et al., 2005) and  

from the following updates: 12 Decembre 2006 LISTA CISO-COI: MODIFICHE 

(http://www.ciso-coi.org/). The tables as sea state, wind strength and other state of 

environment parameters were created on the base of the American and European 

waterbirds census databases available on-line.  
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Data on waterbirds census stored into databases were standardized through a series of 

queries:  

 
TS Total number of individuals 

recorded for all species in each 

MGRS 

[(number of individual recorded in Visit 1) + (number of 

individual recorded in Visit 2)… + (number of individual 

recorded in Visit n)] 

TA Average number of individuals 

of all species recorded in each 

MGRS monthly  

 

(TS/n) = {[(number of individual recorded in Visit 1) 

+[(number of individual recorded in Visit 2)… + (number of 

individual recorded in Visit n)]/number of visits} 

SC Cumulative number of species 

recorded MGRS monthly  

 

{[(number of Species recorded in Visit 1) +[(number of 

Species recorded in Visit 2)… + (number of Species recorded 

in Visit n)]/number of visits} 

 

SA Average number of species 

recorded in each MGRS monthly 

 

{[(number of Species recorded in Visit 1) +[(New Species 

recorded in Visit 2)… + (number of Species recorded in Visit 

n)]/number of visits} 

 

SCA Average Cumulative number of 

species recorded in each MGRS 

monthly 

 

(SC/n) =  {[(number of Species recorded in Visit 1) + 

(number of New Species recorded in Visit 2)… + (number of 

New Species recorded in Visit n)]/number of visits} 

 
Tab. 5. 10 -  Statistics on the data collected. 

 

Fig. 5.23  -  Query example. Total number of individuals recorded for all species in each 1×1 km grid  

cell  monthly.  

 

Once in a tree months, compiled databases were mailed by observers to the ANSER 

project lead partner headquarters (Regione autonoma Friuli Venezia Giulia, Direzione 

centrale, Risorse agricole, naturali e forestali, Ufficio studi faunistici). The single 

databases were managed by author and integrated into single Master database using 

Structured Query Language (SQL) database implementation.  
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We faced some difficulties during the database joining process. Single databases were 

coming from personal computers with different operation systems and language 

(country) settings. Sometime the data and time appeared in a wrong way. In order to 

raise the problem pre-processing and correction actions were done.  Once all the details  

are verified and adjusted, every single database has to be processed. This procedure 

involves modification of the records id (so we don’t have any repeated id), 

modifications within database relationship. SQL applications simplified the database 

processing (Fig. 5.24).  

 

 

 

 

Fig. 5.24   - An example of SQL database implementation. 
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Fig. 5.25   -  Master database design. Import of DataRecording and Content tables into Master            

                    Database. 

 

After the pre-processing and processing of all the single databases, the integration 

process into Master database was provided.  Two main tables (DataRecording and 

Content) are to be imported into Master empty database (Fig.5.25). The same procedure 

was performed for both AS and DTC single databases.  

Master databases for the waterbirds census were integrated into GIS (Fig. 5.26) on the 

base of the OGU spatial reference. GIS Layer OGU was linked to attribute table of the 

database.  
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Fig. 5.26  -Data integration into GIS ( scheme). 

 

 

The OLE DB provider in ArcCatalog (ArcGIS 9.3, ArcInfo softwarepackage) was used  

to retrieve data from a database. ArcCatalog communicates with all OLE DB providers 

in the same way, with each provider, in turn, communicating with a different database. 

Microsoft's OLE DB providers come with ArcCatalog. The Microsoft's OLE DB 

providers let us to access Jet (Microsoft Access) database.  ArcGIS incorporates 

Microsoft Data Access Components (MDAC), which include OLE DB providers and 

ODBC drivers. These components provide easy access to information maintained in the 

relational waterbirds census database.  OLE DB providers handle the exchange of 

information between the waterbirds databases and ArcCatalog or ArcMap. The database 

connection and accessing possibility available in the ArcGIS package allow for 

integration of ornithological data with the environmental layers, technical cartography, 

maps on biotic and abiotic factors distribution.  

 

 

Ancillary data 

Data integration into GIS 

Raster Layers 

 

Vector Layers 

GIS 

SPATIAL DATABASE ATTRIBUTE TABLE 
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Every flight track performed during the Aerial Survey census was recorded using GPS. 

AS census GPS tracks were integrated into GIS and the buffer of 200 meters from the 

main track has been calculated. This way it was possible to define the OGU observed 

during the AS census (Fig. 5.27, 5.28).  

 

 

Fig.  5.27 - Aerial survey (17 February 2007) GPS recorded track integrated into GIS (ArcGIS 9.3). 

 

 

 

Fig. 5. 28  - Study area OGUs observed during the aerial survey (17 February 2007). 
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The comparison of aerial surveys and ground counts results (Fig. 5.29) has shown that 

the most appropriate survey for the study area would be a combination of these two 

waterbirds census approaches. Some areas are just unreachable by ground census, in this 

case aerial observation is an advantage. The results achieved by aerial survey would  

complete the DTC census.  

 

 

Fig. 5. 29  - AS (17  February 2007) and DTC (19 February 2007) censuses within the study area. 

 

A tool for an integration of two types of databases was developed by NIER S.r.l., on the 

base of the Master joined database designed by the author. This tool was developed with 

the possibility in the future to centralise GIS software in application servers and Web 

servers to deliver GIS capabilities to any number of users over networks. Integrated 

Master database for AS and DTC has been created using consolidate system batch (all 

records integration) all the upload process was recorded by log of upload (Altobelli, 

2008). The DTC ground observation data (collected by walking, by car, and by boat) 
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were integrated with the observations from the aircraft according to the waterbirds 

census calendar (Tab. 5.11). The date of the AS census was associated with the closest 

date of the DTC census.  

Year Month AS Date DTC Date 

2006 December  6  December 2006 8 December 2006 

2007 January 3 January 2007 5 January 2007 

2007  February  17 February 2007 19 February 2007 

 

Tab. 5.11  - The date of the AS census is associated with the closest date of the DTC census during the  

                    winter 2006-2007. 

 

An integrated database (Daylight Time Counts completed by Aerial Surveys) available 

for the period from June 2006 to November 2007 was joined into GIS. These databases 

are fundamental step in coming to know the status of waterbirds of that reality. The 

maps on abundance (medium number of individuals observed for each species within 

every OGU) of single species and richness (total number of waterbirds species observed 

within every OGU for every census month) were developed. All the maps are available 

at http://www.anserproject.it/.  

 

5.5 Correspondence between waterbirds and ecological units 

 

Mediterranean component of waterbirds population, both for number of species and for 

number of individuals of each species, is of high importance during the winter (ANNEX 

IV). During the other seasons, for example during the breading season, the birds 

delectability is low and density of nesting is comparatively low.  The present research is 

making use of the tree winter months census data (December 2006 – February 2007), 

which are the better data available in the temporal dimension for the lagoon area 

(Guzzon, 2005).   

 

Waterbirds guilds abundance was extracted for each OGU unit and the species present 

were grouped in guilds according to the class of environmental resources they exploit in 

a similar way and in similar proportions (Wiens, 1992;  Poulin et al., 1994). The guild 

concept is useful because comparisons of the functional organization between 
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communities can be investigated even when no common species are shared (Terborgh & 

Robinson, 1986).  

 

The species were arranged into guilds (or trophic categories) according to the general 

knowledge on the main food in similar areas (Boldreghini & Dall'Alpi, 2008; Lichieri , 

2008) as described below. 

 

Dabbling phytophagous  

This trophic group consists of mainly vegetarian species. They consume leaves, stoloni, 

rizomi, which are easy to get from the surface.  

 
Malacophagous  

It gathers some species which consume mostly exclusively just molluscs. These species 

are able to catch the food from the lagoon basement, even in the deep waters.  

 
Probers  

The group assemble the species with a long beak. They consume invertebrates, which 

they catch from the profound waters, from mud.   

 

Swimming ichthyophagous  

These species mostly exclusively consume fish which they catch diving in a deep 

waters.  

 

Diving poliphagous  

This guild includes specie which mainly consume vegetal materials, but also, especially 

in some particular periods, shellfish, molluscs, insects and grubs. Regarding the feeding 

strategy, these species use both capabilities and adopt to the situation. They can catch 

the food while diving or consume the vegetal material from the surface.  

 

Dabbling Poliphagous  

This guild consists of species characterised by wide trophic spectre. They consume 

every type of vegetal material and animals (insects, molluscs, shellfish).  
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Omnivores  

The species congregated by this guild have wide trophic spectre.   

 

Raptors  

This guild consists of species which consume birds and small mammals.  

 

Swimming Invertebratophagous  
This guild species consume invertebrates.  

 

Flying ichthyophagous  

The guild consists of species which consume mainly fish from the shallow waters. They 

dive during the flights and catch the fish or just catch the small size fish from the 

shallow waters.  

 

Peckers  

This guild consists of gather species from the bird family with a short beak. They catch 

the invertebrates from the mud and shallow layers.  

 

Scythers  

These species consume small invertebrates which they catch in the submerged 

vegetation areas or within the higher water levels.   

 

Wading ichthyophagous  

This guild consists of species that mainly consume fish which they catch while walking 

in the shallow waters (less the 50 cm) along the rivers. 

 

Predators of Ground Animals  

This guild includes species which consume small size terrestrial animals. These species 

catch the animals during the flights along the earth surface.   
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English Name Scientific Name Guild English Name Guild Code 
Gadwall Anas strepera Dabbling phytophagous DPH 

Greylag Goose Anser anser Dabbling phytophagous DPH 

Mute Swan Cygnus olor Dabbling phytophagous DPH 

White-fronted Goose Anser albifrons Dabbling phytophagous DPH 

Wigeon Anas penelope Dabbling phytophagous DPH 

Gargney Anas querquedula Dabbling poliphagous DPO 

Mallard Anas platyrhynchos Dabbling poliphagous DPO 

Moorhen Gallinula chloropus Dabbling poliphagous DPO 

Pintail Anas acuta Dabbling poliphagous DPO 

Shoveler Anas clypeata Dabbling poliphagous DPO 

Teal Anas crecca Dabbling poliphagous DPO 

Coot Fulica atra Diving poliphagous DIP 

Pochard Aythya ferina Diving poliphagous DIP 

Common Tern Sterna hirundo Flying ichthyophagous FIC 

Little Tern Sterna albifrons Flying ichthyophagous FIC 

Osprey Pandion haliaetus Flying ichthyophagous FIC 

Sandwich Tern Sterna sandvicensis Flying ichthyophagous FIC 

Goldeneye Bucephala clangula Malacophagous MAL 

Scaup Aythya marila Malacophagous MAL 

Tufted Duck Aythya fuligula Malacophagous MAL 

Black-headed Gull Larus ridibundus Omnivores OMN 

Common Gull Larus canus Omnivores OMN 

Herring Gull Larus argentatus Omnivores OMN 

Lesser Black-backed 

Gull Larus fuscus Omnivores OMN 

Yellow-legged Gull Larus michahellis Omnivores OMN 

Black-winged Stilt Himantopus himantopus Peckers PEC 

Common Sandpiper Actitis hypoleucos Peckers PEC 

Curlew Sandpiper Calidris ferruginea Peckers PEC 

Dunlin Calidris alpina Peckers PEC 

Golden Plover Pluvialis apricaria Peckers PEC 

Greenshank Tringa nebularia Peckers PEC 

Grey Plover Pluvialis squatarola Peckers PEC 

Kentish Plover Charadrius alexandrinus Peckers PEC 

Knot Calidris canutus Peckers PEC 

Lapwing Vanellus vanellus Peckers PEC 

Little Ringed Plover Charadrius dubius Peckers PEC 

Little Stint Calidris minuta Peckers PEC 

Oystercatcher Haemantopus ostralegus Peckers PEC 

Redshank Tringa totanus Peckers PEC 

Ringed Plover Charadrius hiaticula Peckers PEC 

Turnstone Arenaria interpres Peckers PEC 

Unidentified Calidris 

spp. Calidris spp. Peckers PEC 

Unidentified Charadrius 

spp. Charadrius spp. Peckers PEC 

Wood Sandpiper Tringa glareola Peckers PEC 

Gull-billed Tern Sterna nilotica Predators of ground animals  PGA 
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Mediterranean Gull Larus melanocephalus Predators of ground animals  PGA 

Bar-tailed Godwit Limosa lapponica Probers PRO 

Curlew Numenius arquata Probers PRO 

Jack Snipe Lymnocryptes minimus Probers PRO 

Ruff Philomachus pugnax Probers PRO 

Snipe Gallinago gallinago Probers PRO 

Spotted Redshank Tringa erythropus Probers PRO 

Unidentified Curlews Numenius spp. Probers PRO 

Whimbrel Numenius phaeopus Probers PRO 

Hen Harrier Circus cyaneus Raptors RAP 

Marsh Harrier Circus aeruginosus Raptors RAP 

African Spoonbill Platalea leucorodia Scythers SCY 

Avocet Recurvirostra avosetta Scythers SCY 

Shelduck Tadorna tadorna Scythers SCY 

Cormorant Phalacrocorax carbo Swimming ichthyophagous SIC 

Razorbill Alca torda Swimming ichthyophagous SIC 

Shag Phalacrocorax aristotelis Swimming ichthyophagous SIC 

Unid. Cormorants & 

Shags Phalacrocorax spp. Swimming ichthyophagous SIC 

Black-necked Grebe Podiceps nigricollis Swimming invertebratophagous SIN 

Black-throated Diver Gavia arctica Swimming invertebratophagous SIN 

Great Crested Grebe Podiceps cristatus Swimming invertebratophagous SIN 

Little Grebe Tachybaptus ruficollis Swimming invertebratophagous SIN 

Pygmy Cormorant Phalacrocorax pygmaeus Swimming invertebratophagous SIN 

Red-breasted Merganser Mergus serrator Swimming invertebratophagous SIN 

Red-necked Grebe Podiceps grisegena Swimming invertebratophagous SIN 

Red-throated Diver Gavia stellata Swimming invertebratophagous SIN 

Unidentified Divers Gavia spp. Swimming invertebratophagous SIN 

Great White Egret Casmerodius albus Wading ichthyophagous WIC 

Grey Heron Ardea cinerea Wading ichthyophagous WIC 

Intermediate Egret Mesophoyx intermedia Wading ichthyophagous WIC 

Little Bittern Ixobrychus minutus Wading ichthyophagous WIC 

Little Egret Egretta garzetta Wading ichthyophagous WIC 

Night Heron Nycticorax nycticorax Wading ichthyophagous WIC 

Purple Heron Ardea purpurea Wading ichthyophagous WIC 

Squacco Heron Ardeola ralloides Wading ichthyophagous WIC 

    

Tab. 5.12 – Waterbirds species arranged  into  guilds according to the general knowledge on the main  

                    food in similar  areas. 
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We calculated the guild abundance for each ecological unit. The census number mean 

for each guild (December 2006 - January 2007) is represented on the maps below.   

 

 
Fig. 5.30  - Census number mean of the Malacophagous guild (December 2006 – January  2007 ) 

 

 

 

 
 
Fig. 5.31 - Census number mean of the Probers guild (December 2006 – January  2007 )  



Chapter 5.  Results 

 73 

 
Fig. 5. 32 - Census number mean of the Dabbling phytophagous guild (December 2006 – January  2007 ) 

 

 

 
Fig. 5.33  - Census number mean of the Swimming ichthyophagous guild (December 2006 – January  2007)  
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Fig. 5.34 - Census number mean of the Diving poliphagous  guild (December 2006 – January  2007)  

 

 

 
 
Fig. 5.35  - Census number mean of the Dabbling poliphagous guild (December 2006 – January  2007)  
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Fig. 5.36 - Census number mean of the Omnivores guild (December 2006 – January  2007)  

 

 

 
 
Fig. 5.37 - Census number mean of the Raptors guild (December 2006 – January  2007)  
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Fig. 5.38  - Census number mean of the Swimming invertebratophagous guild (December 2006 – January   

                  2007)  

 

 

 

 
 
Fig. 5.39  - Census number mean of the Flying ichthyophagous guild (December 2006 – January  2007)  
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Fig. 5.40 - Census number mean of the Peckers guild (December 2006 – January  2007)  

 

 

 

 
 
Fig. 5.41 -  Census number mean of the Scythers guild (December 2006 – January  2007)  
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Fig. 5.42  - Census number mean of the Wading ichthyophagous guild (December 2006 – January  2007)  

 

 

 
 
Fig. 5.43 - Census number mean of the Predators of ground animals guild (December 2006 – January  2007)  
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The guild abundance calculated for each ecological unit (the clusters identified by the 

dendrogram) was submitted to Correspondence Analysis (CA) in this way it was 

possible identify the major trends in the variation of the data and to distribute genes 

along continuous axes in accordance with these trends. CA does not assume that the 

data falls into discrete clusters and therefore represents continuous variation accurately. 

The results of CA performed with FactoMineR (R software) are shown in the Fig. 5.44. 

 

The results of Correspondence Analysis, applied to waterbirds guild abundance per 

ecological unit (Tab.5.13, Tab.5.14), show that the first two components (Dim 1, 2) 

explain about 85% of total variability (Fig.5.44).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UE PGA DPH SCY DPO DIP SIN WIC SIC FIC PEC PRO MAL OMN RAP 

1 20.0 18.1 0.0 4.5 0.0 7.2 3.9 2.9 0.7 0.0 6.3 9.1 21.9 0.0 

2 0.0 31.5 11.5 1.2 1.5 9.2 1.7 4.2 0.0 0.6 0.4 5.5 4.2 0.1 

3 0.4 274.6 5.8 60.3 40.2 3.5 10.1 7.4 0.2 14.9 8.9 0.0 49.6 0.1 

4 5.7 4.9 0.4 33.3 141.7 7.9 2.6 3.8 0.6 2.1 5.4 5.2 21.1 0.4 

5 1.3 381.6 2.0 18.6 6.3 5.9 3.5 5.2 0.2 4.0 1.0 0.0 32.9 0.0 

6 5.9 18.0 1.2 56.7 268.8 11.2 2.2 2.3 0.0 4.0 4.8 3.2 25.2 0.4 

7 0.2 523.6 0.0 3.7 2.2 7.4 0.9 3.2 0.0 1.1 1.4 3.8 10.8 0.0 

Tab. 5.13 -  Mean values (December 2006, January and February 2007) of the guild  abundance for 

                    the seven ecological units (EU). 
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Fig. 5.44  - Correspondence analysis biplot with the first two dimensions. 

▲ Guilds (see the legend in table 5.13). 

● Ecological Units. 

 

 

 

 

 

 

 

 

 

 

 

Code Guid 
PGA Predators of ground animals  

DPH Dabbling phytophagous 

SCY Scythers 

DPO Dabbling poliphagous 

DIP Diving poliphagous 

SIN Swimming invertebratophagous 

WIC Wading ichthyophagous 

SIC Swimming ichthyophagous 

FIC Flying ichthyophagous 

PEC Peckers 

PRO Probers 

MAL Malacophagous 

OMN Omnivores 

RAP Raptors 

 
Tab. 5.14 - Guild codes used in Correspondence Analysis. 



Chapter 5.  Results 

 81 

 
 
Fig. 5.45- Census number mean of the Dabbling phytophagous guild (December 2006 – January  2007) 

                 superimposed by distribution of ecological units. 

 

 
 
Fig. 5.46  Census number mean of the guilds  (December 2006 – January  2007) for the seven            

                 ecological units.  
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Fig. 5.47- Census number mean of the Peckers  guild (December 2006 – January  2007) 

                 superimposed by distribution of ecological units. 

 

 

 

 

 

 
 
Fig. 5.48 Census number mean of the Raptors  guild (December 2006 – January  2007) 

                 superimposed by distribution of ecological units. 
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The results show that the ecological unit with the greatest waterbird guild abundance 

(Fig. 5.45), dabbling poliphagous (DPO), is associated with clusters (ecological units) 7 

and 5 characterized by a high presence of sea grass meadows (Fig. 5.3).  

 

Peckers (PEC) and Probers (PRO) are present in cluster 3 which are the mud flat areas. 

An example on Peckers guild distribution in regards to the ecological units is shown in 

the figure 5.47. Raptors (RAP) are present in the clusters 6 and 4 which correspond to 

the reed beds (Fig. 5.48). 

 

The correspondence analysis of the waterbirds census quantitative data and homogenous 

ecological areas (ecological units) confirms ecological preferences of the waterbirds 

species aggregated into trophic guilds for the winter month’s period. GIS applications 

allowed visualisation and analysis of the waterbirds guilds spatial distribution. For the 

first time for the Grado-Marano lagoon area the data on guilds abundance was 

represented spatially and correspondence of particular guilds with the ecological unit of 

their preferences has been visualised.  

 

The innovative methodology applied for the detailed characterisation of the lagoon area 

from the structural and functional ecological point of view had a significant result and 

could be adopted for the future investigations within the lagoon area and lagoon 

integrated management. 
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6. DISCUSSION 

 

The standardised waterbirds monitoring programme developed within the frame of 

ANSER project gave an opportunity to count the lagoon sites in the same way every 

time the census made. The sites are counted systematically on a twice monthly basis 

during the ground census Daylight Time Count. The Aerial Survey census is performed 

once a month within the three days from the ground census. The decision was taken on 

integration of these two waterbirds census methods in order to achieve a complete 

coverage.  The combination of the two census approaches would be the most 

appropriate survey for the lagoon area.  

 

The waterbirds spatial database maintained and analyzed during the three years of the 

PhD project allowed our significant progress from both the methodological and 

technical point of view. An afford was made to set up the standard database structure in 

the way of its correct functionality. The designed waterbirds census databases have been 

verified, approbated and continuously modified according to the census standards and 

observer needs. We have facilitated the data entry creating the database recording 

forms, and provided the database with the tools for data control and validation. The 

design of the relational database and experience on integration join procedure of single 

databases was crucial for the further ornithological data elaborations. The databases 

were designed with a possibility for a future integration into a web system. 

 

 The design of an integrated database consisted of Daylight Time Count and Aerial 

Survey waterbirds censuses could serve in the future for all the Adriatic area waterbirds 

management program. This innovative system for ornithological data gathering, 

standardisation and storage has been an initial step in the whole project structure.  

 

GIS play a key role for the waterbirds census data georeferencing. It appears to be a 

potential tool for the analysis of a huge amount of the ornithological data, examination 

of the waterbirds species, their spatial and temporal dynamics, and assessment of the 

richness values. GIS gives a possibility to present waterbirds monitoring results in a 

dynamic mode.  
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The flexibility of the procedure, proposed in the current research, depends on the 

concept of the Operational Geographic Unit (OGU) as a useful tool to integrate in a GIS 

georeferenced multisource data. A regular UTM grid of square cells (OGU), 1km×1km, 

was superimposed on the entire lagoon. The waterbirds census data were georeferenced 

according to this grid.  

 

The use of remote sensing tools allows gathering information on different types of 

morphologies and habitat in the lagoon.  Remote sensing techniques appeared to be of 

fundamental importance for the mapping of sea grass meadows distribution. 

Elaborations of the fine resolution satellite imagery ASTER gives exceptional results 

and it is a cost-effective. The high accuracy of the sea grass distribution map is achieved 

due to the high number of sampling points, taken during the field trips to the lagoon.   

 

GIS is a powerful tool for the integration of biotic and abiotic factors with the aim to 

characterise the lagoon area from the structural and functional ecological point of view. 

The effectiveness of GIS was optimised by the combination of GIS and statistical 

analysis, and, in particular, by the application of multivariate methods. In this case GIS 

is not an isolated technology but a part of an integrated methodology of analysis. Using 

the Hierarchical Cluster Analysis technique it was possible to establish the homogenous 

ecological areas (ecological units), Principal Component Analysis was used to reduce 

the dimensionality of the factors considered. Subsequently, Correspondence Analysis 

gave attention-grabbing results in the evaluation of the relationship between waterbirds 

guild abundance and ecological units. In particular, the correspondence between sea 

grass meadows distribution and abundance of dabbling phytophagous guild is noticed.  

 

The results obtained from this study show that sea grass meadows represent a 

fundamental trophic resource for aquatic birdlife in the lagoon. It is therefore 

indispensable to assess the distribution of phanerogam meadows and to identify the 

principal ecological parameters. In this context, GIS techniques allow us to integrate 

significant amounts of environmental data and multivariate analysis helps us to reduce 

the dimensionality of the data set. 
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While gathering information on biotic and abiotic factors we faced the lack of 

imperative data layers for the research (i.e. missing information on the bathymetry). It 

would be useful in the future to enhance the monitoring of the lagoon area and to get a 

better view on biotic and abiotic factors.  

 

The integration of standard waterbirds census methods, relational databases for the 

ornithological data storing and analysing, remote sensing techniques, GIS technologies 

and multivariate statistical methods provides managers with a set of powerful and 

efficient tool for lagoon integrated monitoring. Finally, this work demonstrates the 

promising potentials in reforming the management frameworks of the numerous coastal 

wetlands in the Adriatic.  
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FIELD RECORDING FORM WATER BIRDS CENSUS 
DTC+RC (Daylight Time Count + Roost Count)    

ID Recording form                      DO NOT FILL IN  (OFFICE USE ONLY) 

DATE:  … … / … … /200                      (day/month/year) 
ANSER  

Project 
TIME START: 
TIME END: 

WETLAND CODE: Recording form n° ____ of _____ 
WETLAND NAME: 

_____________________________________________________________________________________________________________ 
OBSERVERS: 
VISIBILITY(*):     Excellent     Good    Moderate    Poor  CENSUS IN THE PAST? (*):  Yes    No   SEA STATE(*):   Calm       Medium    Rough  
CENSUS TYPE(*):  Aerial      Walking      By boat      By car      Mixed      Other          

COVERAGE(*):      PARTIAL       COMPLETE              
TIDE(*):               High                  Low     

SKY :            (clear) 0 □    1 /8 □     2/8 □    3/8 □   4/8 □   5/8 □     6/8 □    7/8 □    8/8 □ (overcast )     mist  □     fog □  

PRECIPITATION TYPE(*):      None            Rain           Snow WIND STRENGTH(*):    Non      Light      Moderate     Strong 

THREATS OBSERVED(*):   Not  registered        Non       Limited       High      What kind ?       

WETLAND CONDITIONS(*): 
1.Normal     2. Dry ( ______%)     3.Frozen ( _____%)     4.Rough waters 

PRECIPITATION INTENSITY(*):  
Slight       Moderate       Heavy        Violent    

DISTURBANCE(*):            Hunting           Fishing            Sport             Works     

                                               Military           Boating             People or pets walking       
HUNTING IS FORBIDDEN(*):  
Yes     No      Partly     No information                (*) circle the proper term 

 

TIME SPECIES  MGRS ID 
DAYLIGHT TIME 

COUNT 
ROOST COUNT NOTE 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

WETLAND NAME: DATE:  … … / … … /200                      Recording form n° ___ of _____ 

 

 

ANNEX I. - ANSER wterbirds census field recording form  

 

 

NOTE: 



 

 

ANNEX II. - Instructions for the ANSER waterbirds census field recording form compilation 

 

Instructions for the ANSER waterbirds census 
 field recording form compilation 

 

General information 

ID Recording form: ID code for the recording form in the main database (not to be compiled  

nether  by observers not by local coordinators).  

 

DATE: specify the date of birds census in the format day/month/year. 

 

TIME START/TIME END: indicate the time of the beginning and the end of census (exclude the 

time spent for reaching the census area).  

 
Recording form n°____of_____: specify the progressive and total number of the recording form 

been used for one wetlands (i.e. 2 of 5).  

 

WETLAND NAME: Identify  name of the wetland.  

 

WETLAND CODE: Identify the wetland’s code. 

 

OBSERVERS: record the surname and full name of observers and eventual collaborators.  

 

TIDE: Specify if the census been done within the low or high tide.  
 
VISIBILITY (*):: record a qualitative level of visibility (atmospherically events and other eventual 

visible obstacles, such as vegetation, have to be taken in to consideration).  

 

CENSUS IN THE PAST (*): specify if the area has been already an object of census in the past 

within the frame of ANSER project.  
  

SEA STATE (*):: Specify the state of the sea according to the Douglas scale. The "state of the sea" 

is the locally observed motion of the waves generated by the combined effects of "wind sea" and 

"swell".  The evaluation will be limited to the "wind sea" which is the motion of the waves 

generated by the wind blowing directly on the observed sea area or in its immediate vicinity.  

 
 

Value to be specified in  
the recording form 

 
The corresponded value 

in the Douglas scale 

 
Description term 

                    

 
Waves average height 

(meters) 

 0  Calm  (glassy)            -                                         
Calm 

 1  Calm (rippled)     0    -  0.10                                   

 2  Smooth          0.10 -  0.50                                   

 3  Slight              0.50 -  1.25                                   Medium 

 4  Moderate         1.25 -  2.50                                   

 5  Rough            2.50 -  4.00                                   

 6  Very rough       4.00 -  6.00                                   

 7  High              6.00 -  9.00                                   

 8  Very high        9.00 - 14.00                                   

Rough 

 9  Phenomenal         over 14.00                                   

 



 

 

ANNEX II. - Instructions for the ANSER waterbirds census field recording form compilation 

 

CENSUS TYPE (*):  specify the way census has been done. 

 

COVERAGE (*): specify if the census has been done for all the zone (min 80% of overall area) or 

just for a part of the zone.  

 

SKY: indicate the state of cover of the sky, expressed in eighth (es. 0/8 = completely serene sky; 

8/8 = sky completely covered), and the eventual presence of mists or fogs. 

 

PRECIPITATION (*): indicate the presence and the type of precipitations.  

 

WIND STRENGTH (*): specify the strength of the wind according to the Beafort scale.  

  

The scale of Beaufort is an empiricist measure of the intensity of the wind based on the state of the 

sea (refers to the open sea) or the conditions to us of the waves or on the effects of the wind to 

earth.  

 

The value to 
be specified 

in the 
recording 

form  

Number by 
Beaufort 

Description  
Waves  
height  

in meters 

Specifications 
for use at sea 

 
 

Specifications for use 
on land 

0 Calm 0 Sea like a mirror 
Calm; smoke rises 

verticall 

Non  

1 Light air 0.1 Ripples without foam crests 

Direction of wind shown 

by 

smoke drift, but not by 

wind 

vanes. 

2 Light Breeze 0.2 

Small wavelets. Crests have a 

glassy appearance and do not 

break 

Wind felt on face; leaves 

rustle; ordinary vanes 

moved by wind. 
Light 

3 Gentle Breeze 0.6 

Large wavelets and crests begin 

to break. Possible scattered 

white horses 

Leaves and small twigs in 

constant motion; wind 

extends  light flag. 

4 
Moderate 

Breeze 
1 

Small waves with fairly 

frequent white horses 

Raises dust and loose 

paper;  small branches are 

moved. 

5 Fresh Breeze 2 
Moderate waves with many 

white horses 

Small trees in leaf begin to 

sway; crested wavelets 

form on  inland waters. 

Moderate 

6 Strong Breeze 3 
Large waves white foam crests. 

Probably some spray 

Large branches in motion; 

whistling heard in 

telegraph 

wires; umbrellas used with 

difficulty. 

 

 

 

 

 

 

 



 

 

ANNEX II. - Instructions for the ANSER waterbirds census field recording form compilation 

 

7 Near Gale 4 
Mounting sea with foam blown 

in streaks downwind. 

Whole trees in motion; 

inconvenience felt when 

walking against the wind. 

8 Gale 5.5 

Moderately high waves with 

crests beginning to break into 

spindrift. 

Breaks twigs off trees; 

generally impedes 

progress. 

9 Severe Gale 7 

High waves with dense foam 

along the direction of the wind. 

Crests begin to roll over and 

spray may affect visibility 

Slight structural damage 

occurs  (chimney-pots and 

slates removed). 

10 Storm 9 

Very high waves with long 

overhanging crests. Heavy sea 

roll and the surface is generally 

white. Visibility affected 

Seldom experienced 

inland; trees uprooted; 

considerable 

structuraldamage occurs. 

11 Violent Storm 11.5 

Exceptionally high waves. The 

sea is completely covered with 

foam patches lying downwind. 

Visibility poor 

Very rarely experienced;                     

accompanied by wide 

spread damage. 

Strong 

12 Hurricane 14+ 

Huge waves. The air is filled 

with foam and spray. Sea 

completely white. Visibility bad 

 

 

THREATS OBSERVED (*): indicate the entity and the typology of eventual found factors of 

threat observed within the zone.  

 

WETLAND CONDITIONS (*): indicate the state of the wetland in reference to the level of waters 

and the agitation of the water (also for the unrecognisable cases caused of  atmospheric events).  

 

PRECIPITATION INTENSITY (*): to at sight indicate the own qualitative appraisal of the 

intensity of the precipitations. 

 

DISTURBANCE (*): record eventual types of disturbance.  

         

HUNTING IS FORBIDDEN (*): specify (if there is an information) if hunting within the zone is 

forbidden.  

 
In the fields marked with the symbol (*), one or more terms are to be chosen by circling the 
proper ones.  
  
Information on the data to be collected:  
 
TIME: indicate the exact hour (preferably taken from the GPS) of every single observation. If there 

is more then one group of the same species within the same survey unit, you may specify the hour 

of the very first observation. 

 

SPECIES: record the English name of the species. In the same field recording form you must 

record each species. If the same species is observed within more than one sample unit (one square 

km grid), you have to record species as many times as many sample units species been refered.  

      



 

 

ANNEX II. - Instructions for the ANSER waterbirds census field recording form compilation 

 

MGRS ID: the identification code of the sample unit (one square km grid), according to the 

Military Grid Reference System coding, where the species have been observed.  

 

DAYLIGHT TIME COUNT: specify the number of individuals observed within each sample unit. 

If more than one flock of the same species is observed within the same sample unit (one square km 

cell), total number of individuals has to be recorded. 

  
 
ROOST COUNT: specify the number of individuals recorded within each sample unit: night roost 

and high tide roost. If more than one flock of the same species is observed within the same sample 

unit (one square km cell), total number of individuals has to be recorded. 

 

   
NOTES: specify eventual useful notes, as an example, locality name etc.  

 

N.B. The wetland’s name, date and the progressive number of the recording form has to be repeated 

on the BACK of the recording form.   

 



ID IWRB Euring English_Name Scientific_Name Italian_Name English_Name_Group

188 PLALE 01440 African Spoonbill Platalea leucorodia Spatola Storks, Ibises & Spoonbills

200 PORAL 04250 Allen's Gallinule Porphyrio alleni Pollo sultano di Allen Rails

201 PORMA 04260 American Purple Gallinule Porphyrio martinica Pollo sultano della Martinica Rails

8 ANAAM 01800 American Wigeon Anas americana Fischione americano Wildfowl

84 CICCI 01340 Arctic Skua Ciconia ciconia Cicogna bianca Storks, Ibises & Spoonbills

226 STEPR 06160 Arctic Tern Sterna paradisaea Sterna codalunga Gulls & Terns

130 LARAU 05880 Audouin's Gull Larus audouinii Gabbiano corso Gulls & Terns

209 RECAV 04560 Avocet Recurvirostra avosetta Avocetta Shorebirds

15 ANAFO 01830 Baikal Teal Anas formosa Alzavola asiatica Wildfowl

205 PORPU 04110 Baillon's Crake Porzana pusilla Schiribilla grigiata Rails

61 CALBA 05060 Baird's Sandpiper Calidris bairdii Gambecchio di Baird Shorebirds

29 ANSIN 01620 Bar-headed Goose Anser indicus Òca indiàna Wildfowl

53 BRALE 01670 Barnacle Goose Branta leucopsis Oca facciabianca Wildfowl

148 LIMLA 05340 Bar-tailed Godwit Limosa lapponica Pittima minore Shorebirds

28 ANSFA 01570 Bean Goose Anser fabalis Oca granaiola Wildfowl

94 CYGBE 01530 Bewick's (Tundra) Swan Cygnus columbianus Cigno minore Wildfowl

50 BOTST 00950 Bittern Botaurus stellaris Tarabuso Herons & Bitterns

47 BALPA 30600 Black Crowned-Crane Balearica pavonina Gru pavonìna Cranes

102 EUDRU 01390 Black Stork Eudocimus ruber Ìbis scarlàtto Storks, Ibises & Spoonbills

93 CYGAT 20800 Black Swan Cygnus atratus Cigno nero Wildfowl

82 CHLNI 06270 Black Tern Chlidonias niger Mignattino comune Gulls & Terns

143 LARRI 05820 Black-headed Gull Larus ridibundus Gabbiano comune Gulls & Terns

196 PODNI 00120 Black-necked Grebe Podiceps nigricollis Svasso piccolo Grebes

149 LIMLI 05320 Black-tailed Godwit Limosa limosa Pittima reale Shorebirds

113 GAVAR 00030 Black-throated Diver Gavia arctica Strolaga mezzana Divers

117 GLANO 04670 Black-winged Pratincole Glareola nordmanni Pernice di mare orientale Shorebirds

122 HIMHI 04550 Black-winged Stilt Himantopus himantopus Cavaliere d'Italia Shorebirds

13 ANADI 01920 Blue-winged Teal Anas discors Marzaiola americana Wildfowl

51 BRABE 01680 Brent Goose Branta bernicla Oca colombaccio Wildfowl

146 LIMFA 05140 Broad-billed Sandpiper Limicola falcinellus Gambecchio frullino Shorebirds

240 TRYSU 05160 Buff-breasted Sandpiper Tryngites subruficollis Piro piro fulvo Shorebirds

52 BRACA 01660 Canada Goose Branta canadensis Oca del Canada Wildfowl

131 LARCS 05927 Caspian Gull Larus cachinnans Gabbiano reale pontico Gulls & Terns

75 CHAAS 04800 Caspian Plover Charadrius asiaticus Corriere asiatico Shorebirds

221 STECA 06060 Caspian Tern Sterna caspia Sterna maggiore Gulls & Terns

55 BUBIB 01110 Cattle Egret Bubulcus ibis Airone guardabuoi Herons & Bitterns

183 PHOCH 20230 Chilean Flamingo Phoenicopterus chilensis Fenicòttero del Cile Flamingoes

118 GLAPR 04650 Collared Pratincole Glareola pratincola Pernice di mare Shorebirds

132 LARCA 05900 Common Gull Larus canus Gavina Gulls & Terns

1 ACTHY 05560 Common Sandpiper Actitis hypoleucos Piro piro piccolo Shorebirds
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153 MELNI 02130 Common Scoter Melanitta nigra Orchetto marino Wildfowl

224 STEHI 06150 Common Tern Sterna hirundo Sterna comune Gulls & Terns

105 FULAT 04290 Coot Fulica atra Folaga Rails

176 PHACA 00720 Cormorant Phalacrocorax carbo Cormorano Cormorants & Shags

91 CRECR 04210 Corncrake Crex crex Re di quaglie Rails

71 CALDI 00360 Cory's Shearwater Calonectris diomedea Berta maggiore Shearwaters

119 GRUGR 04330 Crane Grus grus Gru Cranes

92 CURCU 04640 Cream-coloured Courser Cursorius cursor Corrione biondo Shorebirds

106 FULCR 04310 Crested Coot Fulica cristata Folaga crestata Rails

162 NUMAR 05410 Curlew Numenius arquata Chiurlo maggiore Shorebirds

63 CALFE 05090 Curlew Sandpiper Calidris ferruginea Piovanello comune Shorebirds

171 PELCR 00890 Dalmatian Pelican Pelecanus crispus Pellicano riccio Pelicans

32 ANTVI 04410 Demoiselle Crane Grus virgo Damigella della Numidia Cranes

60 CALAL 05120 Dunlin Calidris alpina Piovanello pancianera Shorebirds

6 ALOAE 01700 Egyptian Goose Alopochen aegyptiaca Oca egiziana Wildfowl

213 SOMMO 02060 Eider Somateria mollissima Edredone Wildfowl

14 ANAFA 01810 Falcated Duck Anas falcata Anatra falcàta Wildfowl

24 XXXXB Feral Greylag Goose Anser anser f. domestica Forme domestiche di Oca selvatica Wildfowl

18 XXXXA Feral Mallards Anas platyrhynchos f. domestica Forme domestiche di Germano reale Wildfowl

45 AYTNY 02020 Ferruginous Duck Aythya nyroca Moretta tabaccata Wildfowl

20 ANAST 01820 Gadwall Anas strepera Canapiglia Wildfowl

158 MORBA 00710 Gannet Morus bassanus Sula Gannets

19 ANAQU 01910 Gargney Anas querquedula Marzaiola Wildfowl

137 LARHY 05990 Glaucous Gull Larus hyperboreus Gabbiano glauco Gulls & Terns

231 THRAE 01420 Glossy Ibis Threskiornis aethiopicus Ibis sacro Storks, Ibises & Spoonbills

190 PLUAP 04850 Golden Plover Pluvialis apricaria Piviere dorato Shorebirds

56 BUCCL 02180 Goldeneye Bucephala clangula Quattrocchi Wildfowl

155 MERME 02230 Goosander Mergus merganser Smergo maggiore Wildfowl

139 LARMA 06000 Great Black-backed Gull Larus marinus Mugnaiaccio Gulls & Terns

138 LARIC 05730 Great Black-headed Gull Larus ichthyaetus Gabbiano di Pallas Gulls & Terns

194 PODCR 00090 Great Crested Grebe Podiceps cristatus Svasso maggiore Grebes

114 GAVIM 00040 Great Northern Diver Gavia immer Strolaga maggiore Divers

218 STESK 05690 Great Skua Stercorarius skua Stercorario maggiore Gulls & Terns

216 STEPA 05670 Great Skua Stercorarius parasiticus Labbo Skuas

109 GALME 05200 Great Snipe Gallinago media Croccolone Shorebirds

72 EGRAL 01210 Great White Egret Casmerodius albus Airone bianco maggiore Herons & Bitterns

185 PHORO 01472 Greater Flamingo Phoenicopterus roseus Fenicòttero Flamingoes

78 CHALE 04790 Greater Sand Plover Charadrius leschenaultii Corriere di Leschenault Shorebirds

236 TRIOC 05530 Green Sandpiper Tringa ochropus Piro piro culbianco Shorebirds

235 TRINE 05480 Greenshank Tringa nebularia Pantana Shorebirds

10 ANACA 01842 Green-winged Teal Anas carolinensis Alzavola americana Wildfowl
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48 BALRE Grey Crowned-Crane Balearica regulorum Gru coronata Cranes

35 ARDCI 01220 Grey Heron Ardea cinerea Airone cenerino Herons & Bitterns

179 PHAFU 05650 Grey Phalarope Phalaropus fulicarius Falaropo beccolargo Shorebirds

192 PLUSQ 04860 Grey Plover Pluvialis squatarola Pivieressa Shorebirds

198 PORPP Grey-headed Swamphen Porphyrio poliocephalus Pollo sultano asiatico Rails

23 ANSAN 01610 Greylag Goose Anser anser Oca selvatica Wildfowl

241 URIAL 06340 Guillemot Uria aalge Uria Auks

225 GELNI 06050 Gull-billed Tern Sterna nilotica Sterna zampenere Gulls & Terns

123 HISHI 02110 Harlequin Duck Histrionicus histrionicus Moretta arlecchino Wildfowl

87 CIRCY 02610 Hen Harrier Circus cyaneus Albanella reale Raptors

128 LARAR 05920 Herring Gull Larus argentatus Gabbiano reale nordico Gulls & Terns

246 IBRID 24998 Hybrid species Hybrid species Specie ibrida Hybrid species

136 LARGL 05980 Iceland Gull Larus glaucoides Gabbiano d'Islanda Gulls & Terns

157 EGRIN 01200 Intermediate Egret Mesophoyx intermedia Airone bianco intermedio Herons & Bitterns

169 PAGEB 06040 Ivory Gull Pagophila eburnea Gabbiano eburneo Gulls & Terns

150 LYMMI 05180 Jack Snipe Lymnocryptes minimus Frullino Shorebirds

74 CHAAL 04770 Kentish Plover Charadrius alexandrinus Fratino Shorebirds

214 SOMSP 02070 King Eider Somateria spectabilis Re degli edredoni Wildfowl

211 RISTR 06020 Kittiwake Rissa tridactyla Gabbiano tridattilo Gulls & Terns

62 CALCA 04960 Knot Calidris canutus Piovanello maggiore Shorebirds

244 VANVA 04930 Lapwing Vanellus vanellus Pavoncella Shorebirds

129 LARAT 05760 Laughing Gull Larus atricilla Gabbiano sghignazzante Gulls & Terns

67 CALML 05040 Least Sandpiper Calidris minutilla Gambecchio americano Shorebirds

134 LARFU 05910 Lesser Black-backed Gull Larus fuscus Zafferano Gulls & Terns

220 STEBE 06090 Lesser Crested Tern Sterna bengalensis Sterna di Ruppell Gulls & Terns

184 PHOMI 01480 Lesser Flamingo Phoenicopterus minor Fenicòttero minóre Flamingoes

34 AQUPO 02920 Lesser Spotted Eagle Aquila pomarina Aquila anatraia minore Raptors

99 DENVI Lesser Whistling Duck Dendrocygna viduata Dendrocigna facciabianca Wildfowl

27 ANSEY 01600 lesser White-fronted Goose Anser erythropus Oca lombardella minore Wildfowl

233 TRIFL 05510 Lesser Yellowlegs Tringa flavipes Totano zampegialle minore Shorebirds

127 IXOMI 00980 Little Bittern Ixobrychus minutus Tarabusino Herons & Bitterns

203 PORPA 04100 Little Crake Porzana parva Schiribilla Rails

100 EGRGA 01190 Little Egret Egretta garzetta Garzetta Herons & Bitterns

228 TACRU 00070 Little Grebe Tachybaptus ruficollis Tuffetto Grebes

142 LARMI 05780 Little Gull Larus minutus Gabbianello Gulls & Terns

76 CHADU 04690 Little Ringed Plover Charadrius dubius Corriere piccolo Shorebirds

66 CALMI 05010 Little Stint Calidris minuta Gambecchio comune Shorebirds

219 STEAL 06240 Little Tern Sterna albifrons Fraticello Gulls & Terns

147 LIMSC 05270 Long-billed Dowitcher Limnodromus scolopaceus Limnodromo pettorossiccio Shorebirds

103 EUDMO 04820 Long-billed Dowitcher Charadrius morinellus Piviere tortolino Shorebirds

90 CLAHY 02120 Long-tailed Duck Clangula hyemalis Moretta codona Wildfowl

ANNEX III. - ANSER Waterbirds check-list designed for Friuli Venezia Giulia



217 STEPO 05660 Long-tailed Skua Stercorarius pomarinus Stercorario mezzano Skuas

17 ANAPL 01860 Mallard Anas platyrhynchos Germano reale Wildfowl

3 AIXGA 01780 Mandarin Duck Aix galericulata Anatra mandarina Wildfowl

151 MARAN 01950 Marbled Teal Marmaronetta angustirostris Anatra marmorizzata Wildfowl

86 CIRAE 02600 Marsh Harrier Circus aeruginosus Falco di palude Raptors

238 TRIST 05470 Marsh Sandpiper Tringa stagnatilis Albastrello Shorebirds

140 LARME 05750 Mediterranean Gull Larus melanocephalus Gabbiano corallino Gulls & Terns

89 CIRPY 02630 Montagu's Harrier Circus pygargus Albanella minore Raptors

111 GALCH 04240 Moorhen Gallinula chloropus Gallinella d'acqua Rails

58 CAIMO 01750 Muscovy Duck Cairina moschata Ànatra mùta Wildfowl

96 CYGOL 01520 Mute Swan Cygnus olor Cigno reale Wildfowl

166 NYCNY 01040 Night Heron Nycticorax nycticorax Nitticora Herons & Bitterns

247 NONEL 24995 Not listed species Not listed species Specie non in elenco Not listed species

170 PANHA 03010 Osprey Pandion haliaetus Falco pescatore Raptors

120 HAEOS 04500 Oystercatcher Haemantopus ostralegus Beccaccia di mare Shorebirds

191 PLUFU 04842 Pacific Golden Plover Pluvialis fulva Piviere orientale Shorebirds

88 CIRMA 02620 Pallid Harrier Circus macrourus Albanella pallida Raptors

65 CALME 05070 Pectoral Sandpiper Calidris melanotos Piovanello pettorale Shorebirds

173 PELRU 00900 Pink-backed Pelican Pelecanus rufescens Pellicàno rossìccio Pelicans

25 ANSBR 01580 Pink-footed Goose Anser brachyrhynchus Oca zamperosee Wildfowl

7 ANAAC 01890 Pintail Anas acuta Codone Wildfowl

110 GALST 05210 Pintail Snipe Gallinago stenura Beccaccino stenuro Shorebirds

42 AYTFE 01980 Pochard Aythya ferina Moriglione Wildfowl

215 STELO 05680 Pomarine Skua Stercorarius longicaudus Labbo codalunga Skuas

104 FRAAR 06540 Puffin Fratercula arctica Pulcinella di mare Auks

199 PORPO 04270 Purple Gallinule Porphyrio porphyrio Pollo sultano Rails

36 ARDPU 01240 Purple Heron Ardea purpurea Airone rosso Herons & Bitterns

64 CALMA 05100 Purple Sandpiper Calidris maritima Piovanello violetto Shorebirds

177 PHAPY 00820 Pygmy Cormorant Phalacrocorax pygmaeus Marangone minore Cormorants & Shags

5 ALCTO 06360 Razorbill Alca torda Gazza marina Auks

160 NETPE Red-billed Pochard Netta peposaca Fistione beccorosa Wildfowl

54 BRARU 01690 Red-breasted Goose Branta ruficollis Oca collorosso Wildfowl

156 MERSE 02210 Red-breasted Merganser Mergus serrator Smergo minore Wildfowl

161 NETRU 01960 Red-crested Pochard Netta rufina Fistione turco Wildfowl

195 PODGR 00100 Red-necked Grebe Podiceps grisegena Svasso collorosso Grebes

180 PHALO 05640 Red-necked Phalarope Phalaropus lobatus Falaropo beccosottile Shorebirds

68 CALRU 05000 Red-necked Stint Calidris ruficollis Gambecchio collorosso Shorebirds

239 TRITO 05460 Redshank Tringa totanus Pettegola Shorebirds

116 GAVST 00020 Red-throated Diver Gavia stellata Strolaga minore Divers

133 LARDE 05890 Ring-billed Gull Larus delawarensis Gavina americana Gulls & Terns

77 CHAHI 04700 Ringed Plover Charadrius hiaticula Corriere grosso Shorebirds
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41 AYTCO 02000 Ring-necked Duck Aythya collaris Moretta dal collare Wildfowl

222 STEDO 06140 Roseate Tern Sterna dougallii Sterna di Dougall Gulls & Terns

210 RHORO 06010 Ross's Gull Rhodostethia rosea Gabbiano di Ross Gulls & Terns

167 OXYJA 02250 Ruddy Duck Oxyura jamaicensis Gobbo della Giamaica Wildfowl

229 TADFE 01710 Ruddy Shelduck Tadorna ferruginea Casarca Wildfowl

182 PHIPU 05170 Ruff Philomachus pugnax Combattente Shorebirds

144 LARSA 05790 Sabine's Gull Larus sabini Gabbiano di Sabine Gulls & Terns

125 HYDPE 00520 Sacred Ibis Hydrobates pelagicus Uccello delle tempeste Storm-petrels

59 CALAA 04970 Sanderling Calidris alba Piovanello tridattilo Shorebirds

227 STESA 06110 Sandwich Tern Sterna sandvicensis Beccapesci Gulls & Terns

159 MYCIB 01290 Scarlet Ibis Mycteria ibis Tàntalo africàno Storks, Ibises & Spoonbills

44 AYTMA 02040 Scaup Aythya marila Moretta grigia Wildfowl

126 IXOEU 01000 Schrenck's Little Bittern Ixobrychus eurhythmus Tarabusino orientale Herons & Bitterns

175 PHAAR 00800 Shag Phalacrocorax aristotelis Marangone dal ciuffo Cormorants & Shags

230 TADTA 01730 Shelduck Tadorna tadorna Volpoca Wildfowl

40 ASIFL 07680 Short-eared Owl Asio flammeus Gufo di palude Raptors

11 ANACL 01940 Shoveler Anas clypeata Mestolone Wildfowl

193 PODAU 00110 Slavonian Grebe Podiceps auritus Svasso cornuto Grebes

165 NUMTE 05400 Slender-billed Curlew Numenius tenuirostris Chiurlottello Shorebirds

135 LARGE 05850 Slender-billed Gull Larus genei Gabbiano roseo Gulls & Terns

154 MERAL 02200 Smew Mergus albellus Pesciaiola Wildfowl

108 GALGA 05190 Snipe Gallinago gallinago Beccaccino Shorebirds

26 ANSCA 01630 Snow Goose Anser caerulescens Oca delle nevi Wildfowl

242 VANGR 04910 Sociable Plover Vanellus gregarius Pavoncella gregaria Shorebirds

223 STEFU 06230 Sooty Tern Sterna fuscata Sterna scura Gulls & Terns

189 PLEFA 01360 Spoonbill Plegadis falcinellus Mignattaio Storks, Ibises & Spoonbills

204 PORPZ 04080 Spotted Crake Porzana porzana Voltolino Rails

33 AQUCL 02930 Spotted Eagle Aquila clanga Aquila anatraia maggiore Raptors

232 TRIER 05450 Spotted Redshank Tringa erythropus Totano moro Shorebirds

2 ACTMA 05570 Spotted Sandpiper Actitis macularius Piro piro macchiato Shorebirds

124 HOPSP 04870 Spur-Winged Plover Hoplopterus spinosus Pavoncella armata Shorebirds

38 ARDRA 01080 Squacco Heron Ardeola ralloides Sgarza ciuffetto Herons & Bitterns

57 BUROE 04590 Stone Curlew Burhinus oedicnemus Occhione Shorebirds

202 PORMG 04120 Striped Crake Porzana marginalis Voltolino striato Rails

249 ANSFF 01571 Taiga Bean Goose Anser fabalis fabalis Oca granaiola di taiga Wildfowl

12 ANACR 01840 Teal Anas crecca Alzavola Wildfowl

70 CALTE 05020 Temminck's Stint Calidris temminckii Gambecchio nano Shorebirds

245 XENCI 05550 Terek Sandpiper Xenus cinereus Piro piro del Terek Shorebirds

43 AYTFU 02030 Tufted Duck Aythya fuligula Moretta Wildfowl

30 ANSSR 01574 Tundra Bean Goose Anser fabalis rossicus Oca granaiola di tundra Wildfowl

39 AREIN 05610 Turnstone Arenaria interpres Voltapietre Shorebirds
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178 PHALA 00849 Unid. Cormorants & Shags Phalacrocorax spp. Cormorani non identificati Cormorants & Shags

21 DUCKS 01949 Unidentified Anatidae spp. Anas spp. Anatre non identificate Wildfowl

31 ANSER 01659 Unidentified Anser spp. Anser spp. Oche non identificate Wildfowl

46 AYTHY 02059 Unidentified Aythya spp. Aythya spp. Morette non identificate Wildfowl

69 CALID 05129 Unidentified Calidris spp. Calidris spp. Piovanelli non identificati Shorebirds

73 WADER 05659 Unidentified Charadrii spp. Charadrii spp. Limicoli non identificati Shorebirds

79 CHARA 04839 Unidentified Charadrius spp. Charadrius spp. Corrieri non identificati Shorebirds

83 CHLID 06289 Unidentified Chlidonias spp. Chlidonias spp. Mignattini non identificati Gulls & Terns

164 NUMEN 05439 Unidentified Curlews Numenius spp. Chiurli non identificati Shorebirds

115 GAVIA 00059 Unidentified Divers Gavia spp. Strolaghe non identificate Divers

107 FULIC Unidentified Fulica spp. Fulica spp. Folaghe non identificate Rails

197 GREBE 00129 Unidentified Grebes Podicipedidae spp. Svassi non identificati Grebes

37 ARDEI 01259 Unidentified Herons & Bitterns Ardeidae spp. Ardeidi non identificati Herons & Bitterns

145 LARUS 06009 Unidentified Larus spp. Larus spp. Gabbiani non identificati Gulls & Terns

174 PELEC 00919 Unidentified Pelican Pelecanus spp. Pellicani non identificati Pelicans

207 RALLI 04319 Unidentified Rallidae spp. Rallidae spp. Ralli non identificati Rails

97 SWANS 01559 Unidentified Swans Cygnus spp. Cigni non identificati Wildfowl

237 TRING Unidentified Tringa spp. Tringa spp. Totani non identificati Shorebirds

98 DENJA Velvet Scoter Dendrocygna javanica Dendrocigna indiana Wildfowl

152 MELFU 02150 Velvet Scoter Melanitta fusca Orco marino Wildfowl

208 RALAQ 04070 Water Rail Rallus aquaticus Porciglione Rails

101 EGRGU 01180 Western Reef Heron Egretta gularis Airone schistaceo Herons & Bitterns

163 NUMPH 05380 Whimbrel Numenius phaeopus Chiurlo piccolo Shorebirds

80 CHLHY 06260 Whiskered Tern Chlidonias hybrida Mignattino piombato Gulls & Terns

172 PELON 00880 White Pelican Pelecanus onocrotalus Pellicano comune Pelicans

85 CICNI 01310 White Stork Ciconia nigra Cicogna nera Storks, Ibises & Spoonbills

112 GAVAD 00050 White-billed Diver Gavia adamsii Strolaga beccogiallo Divers

9 ANABA 01900 White-cheecked Pintail Anas bahamensis Codóne delle Bahàmas Wildfowl

22 ANSAL 01590 White-fronted Goose Anser albifrons Oca lombardella Wildfowl

168 OXYLE 02260 White-headed Duck Oxyura leucocephala Gobbo rugginoso Wildfowl

121 HALAL 02430 White-tailed Eagle Haliaeetus albicilla Aquila di mare Raptors

243 VANLE 04920 White-tailed Plover Vanellus leucurus Pavoncella codabianca Shorebirds

81 CHLLE 06280 White-winged Black Tern Chlidonias leucopterus Mignattino alibianche Gulls & Terns

95 CYGCY 01540 Whooper Swan Cygnus cygnus Cigno selvatico Wildfowl

16 ANAPE 01790 Wigeon Anas penelope Fischione Wildfowl

49 BARLO 05440 Wilson's Phalarope Bartramia longicauda Piro piro codalunga Shorebirds

181 PHATR 05630 Wilson's Phalarope Phalaropus tricolor Falaropo di Wilson Shorebirds

4 AIXSP 01770 Wood Duck Aix sponsa Ànatra spòsa Wildfowl

234 TRIGL 05540 Wood Sandpiper Tringa glareola Piro piro boschereccio Shorebirds

212 SCORU 05290 Woodcock Scolopax rusticola Beccaccia Shorebirds

206 PUFYE 00462 Yelkouan Shearwater Puffinus yelkouan Berta minore Shearwaters
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187 PLAAL 01449 Yellow-billed Stork Platalea alba Spàtola africàna Storks, Ibises & Spoonbills

141 LARMH 05926 Yellow-legged Gull Larus michahellis Gabbiano reale Gulls & Terns
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