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Development of a GIS to estimate the effect
of abiotic and biotic factors on the abundance of waterbirds
in the Grado-Marano Lagoon
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About the ecological role of the coastal wetlands in northern Adriatic,
for the stop over and the wintering of water birds: guidelines for the

preservation and the management of the coastal natural marine
heritage

Tl oD Tl —
ThHe AMSER Froject

ecological factors of

q kno '.‘u':E'!:IgE:

ing af new pr

atter techno-scientific integration of the partne

=1y

\oldars

& Fabrizio Elui‘it

THE PROJECT LOCATIONS
The wetlands of the northern Adriatic

Thasa wetlands have a leading role far Bresding, wintering

MNEWS
Gisplay mews and

20 ST - r ol many

bird snecies, alg

ERrou npe, Africa and the MMiddle

ocomnstitutes 3 unigie natural hents

gdamaged i the'gast centurias

mo=t endangared nabitats of the

Www.anserproject.it



Study area

The Grado-Marano lagoon system is located in the Northern Adrestic s

The area extension is of 16,000 ha, the length is nearly 32 km and the5viiait

Marano is the western part of the lagoonal system and Graddes kast.




Study area. Ornithological importance

Greyleg Goos€Anser anser)

Grado-Marano lagoon & very important site for waterbirds in win{enore than
100,000) as well as when breding and on passage, with internationallyantport
numbers of a wide veriety of species.



Study area. Conservation issues

Wetland of International Importance (“Laguna di Marano - Foci delloStella”)

according to the framework of the Ramsar Convention

Legend

Study area
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Regional Natural Reserves: “Valle Canal Novo” and “Foci dello Stella”



Study area. Conservation issues

According to theeU Birds Directive (79/409/EEC)and theEU Habitats
directive (92/43/EEC)the whole lagoon is included Matura 2000 network

Part of the lagoon and its drainage basin has been declared
asPolluted Site of National Interest.



Expertise and specialized

human resources

Enterprise GIS

a)

Softw

Methodology and procedure

Hardware

Network: multiple users
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Operational Geographic Unit (OGU)




Operational Geographic Unit
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A regular UTM grid of square cellskkm x1kmwas superimposed on the entire lagoon



Sampling Data Points ARPA Friuli Venezia Giulia

SAMPLING
STATIONS

ABIOTIC FACTORS




Sampling Data Points ARPA Friuli Venezia Giulia

Legend
* Sampling points
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The average annual values of total nitrogen, total phosphorous and salicutated
for the year 2007 using the ARPA sampling points data
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SAMPLING
STATIONS

INTERPOLATION

ABIOTIC FACTORS

Interpolation. Abiotic factors




Interpolation. Abiotic factors. Salinity

Legend
Salinity
psu

. High : 38

Low : 1,94352

ASTER image with superimposed the average annual Water Salinity (psu) 2007

Grado lagoon is characterised by a smaller contribution of fredr an Marano lagoon



Interpolation. Abiotic factors. Total Nitrogen

Total Nitrogen

. High : 3777.52

Low : 200

ASTER image with superimposed the average annual Total Nitrogen (ug/lem wat
column 2007

Almost all local rivers flow into in the Marano lagoon, which isreleséerized by higher
nutrient concentrations



Interpolation. Abiotic factors. Total Phosphorous
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ASTER image with superimposed the average annual Total Phosphorous (ug/l) in
water column 2007.

The low values of salinity are correlated to the high level of guraton values
of Phosphorous and Nitrogen.



ABIOTIC FACTORS

AVAILABLE DATA

Available Data. Abiotic factors




Abiotic factors. Sediment texture
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The spatial distribution of sediment texture shows a predominancedéed

pelitic sand in the proximity of inlets and an opposite prevalence itdpahd sandy
pelites in the inner areas.

Department of Geological, Environmental and Marine Sciences



Available Data. Biotic factors

AVAILABLE DATA

BIOTIC FACTORS




Available Data. Biotic factors. Benthic community

[ ] The facies of Abra Ovata
B - facies of Bittium reticulatum
- The facies of Hediste diversicolor
:l Euryhaline and eurythermal biocenoses in brackish waters
B Mixed marine and lagoon environment

LB Ew W

ARPA Friuli Venezia Giulia



Biotic factors. Sea grass meadows

- Improve water quality by capturing sediments
their roots, reducing the particle loads in the wat:
and absorbing dissolved nutrients;

- provide a great spot for tiny
plant and animal organisms to
attach;

- enhance biodiversity

By Paolo Utmar




Biotic factors. Sea grass meadows
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Remote Sensing techniques. Aerial photography. Biotic factors. Sea grass sieadow

The need for rapid, cost-effective method for mapping of sea grastome
distribution necessitated the use@fote sensing
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The aerial imagery (date of acquisition: 21/05/2003, acquisition conditomaside)



Remote Sensing techniques. Satellite imagery. Biotic factors. Seargpadews

Distribution of sea grass meadows within Grado-Marano lagoon.
Preliminary classification results (aerial photography, daseqtisition: 21 May 2003,
acquisition conditions: low tide).



Remote Sensing techniques. Satellite imagery. Biotic factors. Seargpasews

ASTER

(Advanced
Spaceborne Thermal
Emission and
Reflection
Radiometer) is
launched on board
NASA'S Terra
spacecraft

Each ASTER scene
covers an area of
60x60 km

and a wide spectral
region with 14
bands




Remote Sensing techniques. Biotic factors. Sea grass meadows
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Resolution is 15 m in the visible and near-infrared (VNIR)

The ASTER scene (14 April 2007, ASTER sensor) in false color cotigpoés-2-1 bands)
captured during the low tide



Remote Sensing techniques. Biotic factors. Sea grass meadows distribution




Remote Sensing techniques. Biotic factors. Sea grass meadows

Water Land Mud Sea grass meadows
Water 709 0 0 2
Land 0 644 0
Mud 0 6 588 78
Sea grass meadows 0 0 0 394

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

Validation of classification results. Confusion matrix (ENVI 44 RSI software)



Multivariate analysis

MULTIVARIATE
ANALYSIS




Multivariate analysis

Zonal Statistics

Zone dataset | = &

Zane fisld: | | . .
| = o Multivariate
W lgnore NoD'ata in caloulations q .
npUT - Analysis

¥ Chart statistic:

Output table: C:\Documents and SettingshT B”'l

(1[4 | Cancel |

For each OGU, the mean value was extractetbtat nitrogen, total phosphorousand
salinity. For thebenthic community (five classes), theediment texture(five classes)
and sea grass meadows, the cover percentage for each OGUou&sexl



Multivariate analysis

The data matrix with the six factors (total nitrogen, total phosphosalinijty, benthic
community, sediment texture and sea grass meadow4)88n0GUswas standardized
and submitted télierarchical Cluster Analysi@HCA).
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Dendrogram of the 183 OGUs obtained by Euclidean Distance and Warthedviéhe level
at which the tree is cut determines seven clugiérs software package R



Ecological Unit (Jax, 2006)

ECOLOGICAL
UNIT




Ecological Unit (Jax, 2006)

Thegroupsof OGUs identified by the dendrogram are represented with a maprghisvi
spatial distribution in the Grado-Marano lagoon. These groups can beetdézdras
ecological unitaccording to Jax (2006).



Multivariate analysis
Environmental factor mean values for the seven ecological Etits (

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 00 378 340 89 444 189 5.6 00 155
2 228 184 1354.1 116 0.0 22 524 9.9 0.0 0.0 36 400 44.0 2.7
3 34.5 5.3 371.1 0.0 1.6 0.0 349 79 0.0 1.7 5.3 7.6 0.3 9.4
4 226 206 1744.1 0.1 1.3 1.4 507 132 0.0 0.1 72 611 1.8 0.8
5 33.1 8.4 528.0 0.0 0.7 00 204 592 0.0 0.0 27 877 1.7.6
6 16.4  28.0 2099.1 1.3 00 367 275 1.0 0.0 00 112 488 135 2.3
7 315  10.0 750.7 06 16.3 08 324 572 00 1.3 543 351 0.24.9

S = salini Benthic communities (% Sediment texture (%

= Salinity (psu), B1= facies ofAbra ovata S1 = Sand,
P = Total Phosphorous ¢/), B2 = facies oBittium reticulatum S2 = Pelitic sand,

N = Total Nitrogen (g/l),

B3 = facies oHediste diversicolor, S3 = Pelite with high
SG = Sea grass meadows (%).

B4 = Euryhaline and Eurythermal, percentage of sand,
B5 = Mixture of biocenosis. S4 = Pelite with sand,
S5 = Pelite.



Gross granulometry Gross granulometry Multivariate analysis

High salinity High nutrients
Low nutrients Low salinity

Sea grass meadows Facies oHediste diversicolor
Mixture of biocenosis

Fine granulometry

High salinity
Low nutrients

Principal Component Analysis (PCas applied
in order to investigate how the 7 ecological units are related toctihaer
according to the all considered factors.



WATERBIRDS
DATABASE

Waterbirds census spatial database




Waterbirds census spatial database



Waterbirds census spatial database

Validation
Back to Office —
Archive a
— Analysis & Reporting
To GIS >
Corrections Mapping
Field notes Transcription



Data Recording

Content

Waterbirds census spatial database




Waterbirds census spatial database. Aerial Survey



Waterbirds census spatial database. Daylight Time Count and Aerial Survey



Waterbirds census spatial databaBata integration into GIS

Raster Layers

Vector Layers

Ancillary data | se—p-

SPATIAL DATABASE
ATTRIBUTE TABLE

Integrated waterbirds census database consists 61.029records
(June 2006 — November 2007)



Waterbirds census spatial database. Web GIS

The map on richness (total number of waterbirds species
observed within every OGU for July 2007).

Available at: http://www.anserproject.it



Waterbirds census spatial database. Web GIS

The map on abundance (medium number of individuals observed for each species
within every OGU) of MallardAnas platyrhynchoglanuary 2007).

Available at: http://www.anserproject.it



GUILDS

Waterbirds guilds




Waterbirds guilds

Waterbirds specieswere grouped iiguildsaccording to the class of
environmental resources they exploit in a similar way (Root, 1967 ; Zdxf).

Tufted Duck Aythya fuligula

The census number mean fMalacophagouguild (December 2006 - January 2007)



Waterbirds guilds

Census number mean of tBeimming ichthyophagousguild
(December 2006 - January 2007)



Correspondence between waterbirds and ecological units

ECOLOGICAL
UNIT
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GUILDS
ABUNDANCE




Correspondence between waterbirds and ecological units

The guilds abundance distributed among the ecological units (matrix of 7
ecological units x 14 guilds) was submittedCimrrespondence Analygi€A)

Contigency table.Mean values (December 2006, January and February 2007) of the
guild abundance for the seven ecological units (EU)



Correspondence between waterbirds and ecological units

The guilds abundance distributed among the ecological units (matrix of 7
ecological units x 14 guilds) was submittedtmrrespondence Analyqi€A)

Code

Guid

PGA
DPH
SCY
DPO
DIP

SIN
WIC
SIC
FIC
PEC
PRO
MAL
OMN
RAP

Predators of ground animals
Dabbling phytophagous
Scythers

Dabbling poliphagous
Diving poliphagous
Swimming invertebratophagous
Wading ichthyophagous
Swimming ichthyophagous
Flying ichthyophagous
Peckers

Probers

Malacophagous

Omnivores

Raptors




Gross granulometry Gross granulometry Multivariate analysis

High salinity High nutrients
Low nutrients Low salinity

Sea grass meadows Facies oHediste diversicolor
Mixture of biocenosis

Fine granulometry

High salinity
Low nutrients

Principal Component Analysis (PCas applied
in order to investigate how the 7 ecological units are related toctihaer
according to the all considered factors.



Ecological Unit (Jax, 2006)

Thegroupsof OGUs identified by the dendrogram are represented with a maprghisvi
spatial distribution in the Grado-Marano lagoon. These groups can beetdézdras
ecological unitaccording to Jax (2006).



Correspondence between waterbirds and ecological units

The Grado-Marano Lagoon is of
international importance for the
wintering of the Eurasian Wigeon

Census number mean of thabbling phytophagous guild (DPH)(December
2006 — January 2007) superimposed by distribution of ecological units.



Correspondence between waterbirds and ecological units

Census number mean of tReckers guild (December 2006 - January 2007)
superimposed by distribution of ecological units.



Correspondence between waterbirds and ecological units

Census number mean of tRaptors guild (December 2006 — January 2007)
superimposed by distribution of ecological units



Waterbirds census spatial database -

significant progress from both the methodological
and technical point of view, a possibility for a
future integration into a web system.

Integrated database-

future for all the Adriatic area waterbirds
management program

Remote sensing techniques

of fundamental importance for the mapping of sea
grass meadows distribution

Discussion



Discussion

GIS design -

possibility to present waterbirds monitoring
results in a dynamic mode;

GIS optimised by the application of multivariate
methods -

a powerful tool for the integration of biotic and
abiotic factors with the aim to characterise the
lagoon area from the structural and functic
ecological point of view;

a tool for an integrated monitoring and
management;

promising potential in reforming the management
frameworks of the numerous coastal wetlands in
the Adriatic.
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