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ABSTRACT - In frequent case studies, the heterogeneity of vegetation formations is very high, because
of the frequency of both natural and human disturbances. Cx the i
approach and the auto-ccological one are not completely adequate for the evaluation of the eco-
logical state of this vegetation in a landscape.

So, this evaluation needs the integration with a landscape ecological method of vegetation survey
through schedulcs, as indicated by Ingegnoli (2002). Each type of schedule has been designed to
check the organisation level and to estimate the metastability of a tessera of a certain type of vege-
tation, considering both general ecological and landscape ecological characters: (A) Landscape ele-
ment characters (e.g. tessera, corridor), (B} Plant biomass above ground, (C) Ecocoenotope param-
eters, (D) Relation among the clements and their landscape parameters. There are four evaluation
classes, the weights per class depending on an evaluation model designed as shown later on.

The principal aim of this research is to design a new schedule, available for the main coenosis of salt
marshes vegetation, which allows to complete a preliminary study on the Venice lagoon landscape
dynamics, based on its vegetation. The landscape of the Venice lagoon is very complex and articu-
lated. Its main vegetation formations are the following: Underwater, Salt marshes, Littoral,
Reclamation colonisations, Wet areas, Wooded patches and corridors, Agricultural cultivations,
Urban green. The most important type of vegetation is represented by salt marshes prairies called
“barene”, especially by Limonietum veneturm (Pignatti, 1966). This association can be divided into
three sub-associations, the first with three facies: but the reality presents a large quantity of tesserae
in intermediate or ecotonal states, even mixed with other associations (e.g. Spartinetum maritimae).
The design and control of the schedule, the first measure of the community plant biomasses are a
part of this study, the results of which will be discussed in this work.

Kisy Worps - Landscape Fcology, Evaluation of Vegetation, Venice Lagoon Landscape, Salt Marshes
(Barene).
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CRUCIAL IMPORTANCE OF VEGETATION IN THE EVALUATION OF THE ECOLOGICAL STATE
OF A LANDSCAPE

To study the amount of the transformation of a landscape it is useful to focus on
the main landscape apparatuses. The definition of landscape apparatus (Ingegnoli
2002) concerns functional systems of tesserae and ecotopes which form specific
configurations in the complex mosaic (i.e. ecotissue) of a landscape. A tessera is the
smallest homogeneus unit visible at the spatial scale of a landscape, multifunction-
al but tridimensional: it corresponds to the old definition of ecotope as the sum of
physiotope and biotope, while an ecotope is the smallest landscape unitary multidi-
mensional element that presents all the structural and functional characters of the
concerned landscape: it is the minimum system of interdependent tesserae
(Ingegnoli 2002). These apparatuses are distinguished by a specific landscape func-
tion (and/or its range of sub-functions), not only by many local characters.

A first well known, general but important, landscape function is demc 1by
the survey of human habitat (HH) versus natural and semi-natural habitat (NH). The
HH can be defined as areas where human populations live or manage permanently,
limiting or strongly influencing the self-regulation capability of natural systems.
The NH are the natural ecotopes and landscape units, with domi of natural
components and biological processes, without direct human influence and capable
of normal self-regulation. Note that even near-natural ecosystems (i.e. little changed
after human abandonment) are NH. Remember that, in landscape ecology, the man-
agement role of human populations, if not directed against nature, may be consid-
ered as semi-natural. Following the ecotissue model (Ingegnoli, 2002), the sum
HH+NH>1.

The ecotissue is a complex multidimensional structurc represented by a basic
mosaic and a hierarchic succession of correlated mosaics and attributes: it repre-
sents the structural model of a landscape. The basic mosaic is generally formed by -
the vegetational coenosis because the control of the flux of energy and matter and
the capacity to create the proper environment pertain to it. This fact is in accordance
with non-equilibrium thermodynamics. Whereas an energy concentration (i.e. pho-
tosynthetic plants) produces structure and organisation in a landscape matrix with
increasing cntropy, the order through fluctuation process creates a patch, which
acquires a specific landscape role. This may be the principal way by which ecolog-
ical systems become heterogeneous (Ingegnoli 1980, 1999; Forman & Moore
1991).

Consequently, a correct evaluation of the ecological state of a landscape is
impossible without the evaluation of its vegetational components. But this evalua-
tion have to be in accordance with landscape ecological principles. First of all, the
definition of vegetation must be: the “complex of the plants” of a landscape ele-
ment, considered in their aggregation capacities and in their relations with environ-
mental factors. In this view, a coltivated tessera is to be considered as vegetation not
only for its weeds (e.g. Secalinetea, Chenopodietea), but even for the cultivation
itself (e.g. Triticum aestivum, Hordeum vulgare), without which the weeds does not
succeed and the tessera does not become the habitat for many natural species (e.g.
Coturnix coturnix, Alauda arvensis), besides to be a crucial ecological component
for human population.
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THE EVALUATION OF VEGETATION IN LANDSCAPE ECOLOGY

As enhanced before, the importance of vegetation evaluation in landscape ecol-
ogy is extremely high, but it needs a proper methodology. In fact, for the landscape
ecological principles it is not acceptable to reduce all the information regarding veg-
etation to the phytosociological criteria (Walter 1984; Naveh and Lieberman 1984,
Pignatti 1996; Ingegnoli 1999, 2002). It must be clear that we appreciate the disci-
pline of phytosociology, but this is not enough.

One of the useful form in which vegetational characters can be related to land-
scape ecology is through a survey schedule, a proper one for each type of vegeta-
tion, for the cvaluation of a vegetated tessera. The schedule (TABLE 1) has been
designed to check the organisation level and to estimate the metastability of a
tessera considering both general ecological and landscape ecological characters:
A=landscape element characters (e.g. tessera, corridor); B=plant biomass above
ground; C=ec p (ie.i ion of community, ecosystem and
microchore); D=relation among the elements and their landscape parameters.

The parameters for each A, B, C, D groups range from 2 to 12, thereby reaching
the number of about 26-32. The evaluation classes are four, the weights per class
depending on an evaluation model. Remembering the well known relationships
among gross productivity, net productivity and respiration in vegetation ecosystems
(Odum 1971, Duvigneaud 1977), the development of a vegetation community may
be synthesised in: (1) the growing phases from young-adult to maturity, expressed
by an exponential process; (2) the growing phase from maturity toward old age,
expressed by a logarithmic process.

It was possible to design a credible model and to calculate, for each one of the
main types of vegetation ecosystems, an exponential-logarithmic curve of develop-
ment (FIGURE 1) having an adapt temporal dimension. Each curve presents in the
transition phase (1-2) its own BTC values (see later), defined after a control through
the field study of critical points referred for instance to plant biomass relations,
structural and ecological parameters. The behaviour of each curve has been subdi-
vided in four intervals of the same breadth, corresponding to four evaluation class-
es. Thus the derived values are the weight (scores) to be coupled to the A, B, C, D
ranks of parameters, which represent the self-organisation level and the metabolic
potentiality related to a system of ecosystem (Ingegnoli 2002).

In considering a set of vegetated tesserae, this schedule is very useful to check
and compare the ecological state of each group of parameters (A, B, C, D), to ver-
ify a level of quality (Q) of each tessera and to estimate the biological territorial
capacity of the vegetation (BTC).

The biological territorial capacity or BTC (Ingegnoli 1991, 1999, 2002;
Ingegnoli & Giglio 1999), is a synthetic function referred to a vegetational eco-
coenotope and based on: (1) the concept of resistance stability; (2) the principal
types of ecosystems of the ecosphere; (3) their metabolic data (biomass, gross pri-
mary production, respiration, R/PG, R/B). This function is proportional to the
metastability of the vegetated tesserae, thus the BTC indexes allow the recognition
of regional thresholds of landscape replacement (i.e. metastability thresholds) dur-
ing time, and especially the transformation modalities controlling landscape
changes, through vegetation changes.
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FIGURE | - Model of the development of normalised temperate and boreal forest. Note that their change
in BTC follows an exponential growth equation passing to & logarithmic one in the late adull age,
toward maturity. After a control phase on many natural forest case studies, this model (Ingegnoli 1999,
2002) allowed the proposal of a new methodology on vegetation evaluation based on landscape eco-
logical principles.

At present, this research is extended to temperate and boreal forests, shrub-lands,
green-lands, vegetated corridors, agricultural fields, gardens and urban arboreous
green, schlerophyll forests and reed thickets.

STUDYING THE LANDSCAPE OF THE VENICE LAGOON

The formation, after the last glacial period, of longshore bars with some tidal
delta in contrast with fluvial delta along the eastern side (just above the 45t paral-
lel) of the North Italian Plain, and local bradyseism, created typical lagoon land-
scapes, from the Po to the Isonzo rivers.

This usually transient ecological system, in the Venice lagoon of about 1100
km?, was stabilised by Venetian people during the last 13 centuries (about 600-
1900). In the last century, big changes were made in the Venice lagoon, as the dam
barrages in the littoral sea, the Marghera Harbor, the large industrial zone near the
harbor itself, the Canale Petroli (big oil canal for oil ships), the urbanisation of
Mestre, Lido etc, the increasing boat and fish disturbances. This brought toward a
degradation of the entire landscape.

The results of the transformations are reported in TABLE 2; they are normalised
to the unity for comparison reasons. The changes expressed are very impressive:
during only 100 years, the human habitat increased 142% while the natural habitat
decreased 15,3%. The patameters of landscape ecology indicate a transformation of
the entire landscape from rural to suburban, because HH=38% (in a landscape only
55% terrestrial) is equivalent to HH=69% of a totally terrestrial one,

In their whole, the landscape vegetated elements of the Venice lagoon changed
sometime drastically, as shown in TABLE 3: the vegetated area decreased about 20%
in the last century. .
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The most natural and typical vegetation, the salt marsh prairie, the presence of
which was 28,1% in 1900, is today about 2/3 reduced, measuring only 12,2% of
present vegetation (FIGURE 2). As shown in TABLE 3, the main types of vegetation
form a truly heterogeneous system, within which today the natural vegetation is
limited to about 30% of the entire surface. Thus, the human vegetation has to be
inevitably evaluated, in order to study the landscape dynamics.

THE STUDY OF THE VEGETATION OF THE VENICE LLAGOON LANDSCAPE

In TABLE 4 the results of the application of the above synthesized method of
landscape ecology to evaluate the vegetation on the Venice landscape are expressed.
The most typical samples from seven groups of vegetation are presented, with their
mean quality and BTC values. The level of these vegetated tesserae is quite low,
especially the most human dependent, but even the few remnant patches of forest
are not in a good condition. In this table there are no data concerning the important
vegetation of salt marshes, because the proper schedule was not yet elaborated.
Consequently, the necessity to design an available schedule became imperative. The
study started with an elaboration of theoretical data on the main plant association of
the salt marsh vegetation in this landscape: the Limonietum venctum (Pignatti
1966).

The most significant characters of the Limonietum, are exposed in TABLE 5.
Elaborated from recent scientific literature, these data present a community above
ground biomass ranging from about 0,4 to 0,6 kg/m? of dry matter; consequently,
the BTC ranges from 0,27 to 0,51 Mcal/m?/year.

The study of the real tesserae on the field gave sometimes different results, due
to frequent mixed associations, with higher percentage of Spartina, Arthrocnemum
and other plants heavier than Limonium, or to very mature coenosis. These data
ranges [rom about 0,5 to 1,3 kg/m? and the BTC from 0,30 to 0,75 Mcal/m?/year.
In both the cases, using biomass data from literature or from the field, note that BTC
was calculated strictly following the theory (Ingegnoli, 2002).

The study of the vegetation on the field, summarized in TABLES 6 and 7, con-
cerned the choice of the main ecological characters of (A) Tessera parameters, (B)
Vegetational biomass above ground, (C) Ecocoenotope parameters, (D) Landscape
unit context. About 60 phytosociological relevées were made on 30 tesserae of
“barene” (salt marsh prairies in Venetian language), mainly (2/3) in the North
Lagoon, which is the best conserved. Some tesserac were artificial and other also in
adegraded state; all type of tesserae were considered in this study. The research was
completed with the survey and drawing of many transects, some of which are pre-
sented in FIGURES 4 and 5.

The construction of a model [BTC-community development] with the passage
between adult and mature stage at about 12 years (controlled on new natural and
artificial salt marshes tesserae) followed. These communities have to fight against
heavy disturbances (tide, wind, waves) thus their strategy of development is quite
fast, even if the maturity stage can be very long. The contorted lignified stem of a
Limonium serotina can reach more than 15-20 cm (height, 4/5 underground) with
about 3 cm (diameter) before its expansion in a rosette of leafs and branches.
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FIGURE 2 - Synthetic maps of the Venice lagoon showing the distribution and the extension of the salt
‘marsh prairies (green), called “barene”. Note the sharp difference between 1930 and 1998 (plots from
CVN-2003).
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The design of the schedule (TABLE 8) needed an iterative approach, with frequent
control on the field. The verification of the schedule was made considering a sig-
nificant set of samples on which the BTC was calculated through its theoretical
approach, and compared with the values resulted from the application of the sched-
ule itself. As it is reasonable to consider a similar level of uncertainty, it is possible
to compare the measure made on the same group of samples of the BTC derived
from the schedule with the BTC calculated on theoretical data (B, NP, R/GP and the
BTC formula). The correlation (R2=0,81) is sufficiently good.

EVALUATION OF THE VEGETATION OF THE SALT MARSHES

Even if this study was still a preliminary one, having the aim to demonstrate the
validity of the new landscape ecological methodology proposed by Ingegnoli in an
uncommon landscape type like the lagoon of Venice, the results seem to be very
interesting.

After 50 years of the very good work of Pignatti (1966), the comparison between
the species composition of the Limonietum venetum (FIGURE 3) seems to express
some significant changes in the sub-associations I (1L) and II: the dominant species
being less dominant, favoring especially Spartina maritima. A larger presence of
Spartina seems to be confirmed also by the presence of many mixed formations
(Limonietum-Spartinetum).

Comparison between the composition of
Limonietum venetum
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FIGURE 3 - Comparison among the species composition of Limonietum venetum 1 (1L) and II studied
by Pignatti about 50 years ago (1952) versus the same associations studied by Ingegnoli 2002. Note
that in 2002 the dominant species are less dominant, favoring especially Spartina maritima and
Arthrocnemum fruticosum.

Some considerations on transects help to better understand the present state of
these “barene”. Here two figures are reported, referred on two cases needing strong
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actions of restoration ecology (FIGURE 4) and referred on two cases presenting a
normale ecological state (FIGURE 5). The transects are identified in the way report-
ed in the summary TABLES 6 and 7.

FIGURE 4 - Transects on two types of “barene” which needed strong actions of restoration ecology. The
above figure (K) is referred to Canal Passaora (Ts. XXIII), clearly eroded, but with 9 sp/Ts.: its quali-
ty is quite low (42%) and its BTC is only 0.35 Mcal/m?year. The figure below (E2) is referred to a
tessera South of Chioggia, artificially rebuilt about 10 years ago (Ts. X) with 11 sp/Ts.: its quality is
50, and the BTC=0.43 Mcal/m?/year. For more data see TABLES 6 and 7. The scale is the same in all
the four transects.

The erosion on the edge of the barene is common, sometimes even to the best
vegetated, but the degradation of the barene presents two main typologies: (a) the
first is like the transect K, in which the erosion is clearly evident, but vegetation is
quite good, (b) the second is a more diffuse erosion over all the central surface, with
a simplified and scarce vegetation. New artificial barene, built where some old isle
were cancelled by erosion, are soon colonised by vegetation, in the way that we can
see in transect E2: this profile seems to be not correct (especially the heigh distri-
bution) allowing a very mixed vegetation.

The transect H1-H2 (FIGURE 5) shows the difference with E2. This is a natural
condition, in which two tesserae are well defined both in geomorphic and vegeta-
tion characters. Landscape ecology underlines the importance of heterogeneity: not
so much at species scale, but among different patches indeed, some of which must
have good borders. The transect F1-F2 shows a similar condition, in which a minor
salt content in soil allows the presence of an Agropyretum. An organic soil at the
foot of the higher margin (F2) hosts an Atriplicetum.

The values of the ecological parameter of the tesserae resulting after this
research were collected in three groups of comparable data: the worst cases, the best
cases, the mean one. As exposed in FIGURE 6, the maximum value being 12, it is
easy to make a proportion to see the different conditions of the studied vegetation.
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Deriving from the non-linear classes of score in the schedule, the values present the
following classes of evaluation: (i) high level (9-12), (ii) normal one (4.5-9), (iii)
scarce one (2-4.5) and (iv) negative one (<2).

FIGURE 5 - Transects on two types of “barene” which present a normal ecological state. The above fig-
ure (H1-H2) is referred to Canal Tresso (Ts. XVI-XVII): H1 was evaluated with a schedule for shrub
formation, H2 presents a quality of 51% and a BTC=0.42. The figure below (F1-F2) is referred to Val
de la Dolce (Ts. XI-XII): F1 has a quality of 61% and a BTC=0.57, very similar to F2. For more data
see TABLES 6 and 7.

The mean cases show 3 parameters of high level (B2, litter layers presence; C8,
absence of alloctonous species; C9, absence of threatened plants), versus 5 of scarce
(A4, low structural differentiation; C3, low diversity of species; C6, very low ver-
tical stratification; D3, no source toward surroundings; D7, very few sedimentation)
and 1 negative: A3, shrubs p The 5 scarce p (17.9%) may indicate
a state of diffuse, even if not severe, degrading pressures. The negative one is linked
with the tendency in changing the species composition of the Limonietum, mainly
due to the 2 mm/year of soil lowering. In fact, the presence of Artemisia
coerulescens is today rare, because of the height reduction of the typical margins of
the barene. Note that the scarcity of the shrub presence is the only low parameter
also in the best cases, and is reinforced by the scarcity of the sedimentation, main-
ly due to the sea dams at the tidal mouths, and to the insufficient suspension in flu-
vial waters.

The distribution of the ecological parameters is not always proportional among
best, mean and worst cases. For instance, human disturbances are heavier in the best
cases than in worst ones. This does not mean that disturbances help the vegetation in
the best cases, but that today human disturbances on the barene are not so degrading.

On the opposite, a comparison among the synthetic sets of the ecological param-
eters of vegetation leads to a more proportional vision. In facts, in FIGURE 7 the best,
mean and worst cases show similar plots: only the worst single tessera (VIII,
Ravagio) is different, being a new artificial barena. The evaluation classes are the
same of the previous figure. The mean cases do not present high class set of param-
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eters, and their BTC is scarce. Even considering the worst case, the only set in a nor-
mal state is the same that in the best cases arrive to the top class: the ecocoenotope
(C). Thus, the ecocc pe s result as the most positive, on

the contrary of the BTC.
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FIGURE 6 - Detailed values of vegetation parameters measured with the proposed schedule on the salt
marsh. The set of results of this research was divided in worst, best and mean cases (tesserae, Ts). The
maximum value being 12, it is easy to make a proportion to see the different conditions of the studied
vegetation. Note that only 10 parameters reach a belt of maximum value (9-12) and only in the best cases.

Note that if only the more traditional ecological parameters are well studied, and
they result quite normal, the evaluation of the vegetation could be untrue. This fact
reinforces the necessity to insert the landscape ecological parameters in studying
the vegetation.

The condition of the characters of the tessera are not so good. They result just
normal only in the best cases.

CONCLUSIONS

The presented methodology shows its interesting possibilities both in theoretical
and practical aspects. In facts, the above reported evaluation on the vegetation
allowed to complete the study, the control and diagnosis of the lagoon landscape
dynamics, therefore to design the therapeutic criteria of ecological rehabilitation.
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The changing environment of the lagoon landscape seems to influence in very
short times the vegetation composition, so that the concept of “potential vegeta-
tion” is impossible to be applied. This observation confirms the necessity to aban-
don the concept of potential vegetation in studying a landscape, and to substitute
it with the concept of “fittest vegetation” (Ingegnoli, 2002). This new concept
refutes the general notion of ‘potentiality’ as the possibility of the coming into

Tessera
12

105

BTC index plant Biomass

Veget. Qual. Ecocoenotope

Landscape unit

FIGURE 7 - Sinthetic values of the vegetation set of parameters, measured with the proposed schedule.
The worst vegetated tessera (Rav-Art, Ts. VIII) and the best tessera (S.Eras-Pta, Ts. XXVI) are plot-
ted toghether with the best, mean and worst cases. Note that the ecocoenotope parameters result as the
most positive, on the contrary of the BTC. This fact reinforces the necessity to insert the landscape
ecological parameters in studying the vegetation.

existence, in the absence of man and for large territories, of a deterministic, a priori
fixed vegetation type and interpreted as the best condition for a place, independent of
all the other environmental and human factors and of time. Moreover, no potential
homogeneity can be a model for the develpoment of a landscape. On the contrary, the
concept of “fittest vegetation” indicates the most suitable or suited vegetation to: the
specific climate and geomorphic conditions of a certain limited period of time in a
certain defined place; the main range of incorporable disturbances (including man’s);
natural or not natural conditions. This could be a great change of perspective.

In TABLE 9 some of the most significant ecological parameters are summarised,
available to express the ecological state of the Venice lagoon landscape, and their
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re-balance targets, derived from a preliminary research made by Ingegnoli in 2002-
2003 for the Magistrato alle Acque di Venezia (Water Magistrate of Venice) through
CVN (Consorzio Venezia Nuova).

‘We observe that in this table four parameters on six are directly dependant from
vegetation evaluation, and the other two have linkages with vegetation. Note that to
claborate the re-balance targets is essential to use the proposed methodology on
vegetation evaluation, in an iterative process of design and control.
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mm‘fm’mm«) «3 | 45 68 | £} ‘mﬁmus
©5- Dynamie sioe degrudet. | seercation wgmer. | fugwa ot Seei 543
C6- Ventical stratification [ E e Fig 7.7
7 Ren vy v e | | e onn
Ry eI B el | e domin
0. it i mmy | fo | sporadic | 0 | even focal
| C19- Threatened plants evident | suspect | risk i @ {evenacidr.
[D.LAN] LA\DSCAPELN]T (LU PARAMETERS
DI- Source (vs. surroundings) sink [ rewnl [ partal | effecte
D2- Connestions of the ¢ [ | i | 2 | »2 | nodes f
D3 Iverior species i the © o ! ic R D omay | forestp |
sion o neuiral porential | elfective | i
Ds- Disturbance incorporation arce nomal | high | ocaldisur,
D6 Technologic interforences | 22 o ‘ } eross very near farior |
D7- Faundt exchinge por | low ‘normal f high  |vsmawin {
DB Lichens presence on trocs o | 1-15 i 16-35 B {5 species i
whan | sbwban | rual | cogwat |mar

E2- Quaity of the cortidur
E3- Quality of parametor sets

E4- BTC estimation M arl l
AT, projecion of the width ul‘lenl‘ag: s oI welghed avemgo oF conopy S5 (43 S 3 ehed |
wideh smoalle than W: 48, 5 o intersuptions in a wace 10 times (b long: A9, road width siwaller tan W B3, pB s §

331 €1, wesl 7 e bomass solume of which clarly xceed e cqlab

s excocd, sign the fourth column (d): C2, presence compar
associations or phylocacnusis of reference; C4, presence of g
characior spocies (not domin) but with 0 190 53saive caverngs 0. prosentsituasion: D, by technological nctworks |
D8, following Nimis (1990) !
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TARLE 2 - Main changes (%) in the Tandscape components of the Venice Lagoon (~1,100 km?) in the
last contury, Note the transformation of this landscape from rural to suburban.

Land; Main components 1900 1950 2000
Humao Habitat | Residential (RSD) | Built 0 33 49
(HH) ubsidiary (SBS Industrial, conal oad. airpor: 33 sS4 715
roductive (PRD) | Agricultural ficld, orchard, fish pond | 2. 280 237
Protective (PRT) Urban green, edgerows, ete. . 0.7 24
TOT. A 3744 | 3805
Natura! Tlabitat istant (RNT; orested patch and reclamation veg. a3 U
(NH) tabilising (STB) It marshes, under-water prairic 4.1 103
[ Feotanat (ETN) wamp, vegetated belt X [0 02
[Resilient (RSL) hrub, prairic X 0. .2
‘onnective (CON) | Edgerow, wooded corridor E [ 4
xeretory (EXR) hannel, reed 3.2 3 Nl
Geomorphic (GEO) | Lagoon, sea littoral, beach 342 4 36.83
TNH| 7305 | 6256 | 6185
Nore: the valucs of i table docs ol il valcs of e ” hai necd further fon chie 12
he concep of ecotissue (CF. Ingegnol) 2002). These values tdicares oniy the apporonuser

TABLE 3 - Main changes (%) in the landscape vegetated elements of the Venice Lagoon in the last
century. The lost of 20% of vegetated areas in only 100 years is put in evidence.

Landscape Vegetation types 1900 1950 2000
elements
ittoral Sand vegetation 0.2) w01 01
Tagoon and channel Underwater prairies (5.5 [} 5,
Salt marshes vegetation 1320 [} 4.
Wot arca. Reods and wet prairics (3.40) 0.75) 3
Reclamation Mixed vegetation [ 1
Terrestrial marging, Wooded patches 0. 0.
littoral strips and Cultivated fields 133 199 230
Wooded cultiv Jotchard: 94 78 | 4
Urbanized arcas Urban groen 02 0.7 | 4
LANDSCAPE Vegetated areas 470 s ‘ 376

() eror of estimation preater than in olher fypes of vegetation
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TasLe 4 - Sample survey of the most characteristic vegetated tesserae of the landscape of the Venice
Lagoon, following the landscape ecological methodology proposed by Ingegnoli.
Landscape elements Schedule parameters Results
S, | Vegetation typology scarve - poor | good | high | ot | Quality [ Biomass | WTC
Ne v % Mealimiyr
4 g erm\s(ve mi corridors) ;
T | Populus 1 & 7w [ |
2 | Populus 2 \Lc (narey 9 7|10 ls 103
3 | Robinia upumgmnm ) 09 ] 4|
4| Satix (Tesolo) 8 4 | 4] s | oaw
S [ Franinis Laszreto 9 9 9 4|
6 |dcer, Rodinia 45‘ Erasmo) 8 e | o8 1 275
7| Fomarix (v. Figheri) 8 E] 9 6 | a5
B[ Forest pllchc\
T [Mesophylus forest (Carpendn) T 6 & | 1| a3
2| Mesophytus-higraphilus (Mestre) s 5 9 s | ars 404
3| Pine forest (Ca Savio) 2 7ol o8 | s 625
4| Pine forest (Jesalo} 7 % 9 4 | 237
5| Pine forest (Alberini) 2 2|8 6 | 20 489
6 |Pine forest (Ca Roman) 5 H 9 6 | 285 s
7 | Higrophilus forcst (v. Averio) 6 7|z | s | s 231
8 | Robindu forest tv. Figher) 5 7 6 | 10 | 3% 579
C_[Meadows, prairies 0.5
T [ Ruderal (Mestre) 7 ¥ 5 35 058
2 Agriculmul (Carpendo) 7010 6 a7 047
3| Moist-wet (Piave Vecchiz) 2 6 | 10 508 71
o st (S. Erasmo) s |7 102 062
5 | dmmophylenim (Ca Roman) 50007 12 349 052
6 | Planted Ammopint. (C Savio) [T H 240 037
7| Natural Ammophy. (p. Sabbioni) 7 7 9 344 046
8 | Ruderal (v. Figher) 5 s Y] 367 067
D[ Reeds 125
1| Phragmit-juncetam (Alberoni) z €1z | 5 | 5% 1,40
2| Phragmiretum (Millecompi) 5 3 5| u 700 123
3| Phragmiteiun lFlghan] s 3 s | 13| e 113
£ [ Woody as 1.22
T [Omchard ﬂesoln} 7 IR 143
2| Vineyard (Carpendo) wouf oz 1 s 091
3| Vineyand {Malamocco) 7ol s | e 3| 366 096
4| Poplar grown (Carpendo) 7 |z |3 4 71 158
¥ [ Sown flelds T 0.60
1| Maize (Fogalana) 16 | 4 3 3 17 045
2| Carrot (Brondolo) 7 9 7 30 20 063
3| Radicchio (Conche) 2| s 5 4 26 051
4 | Radicchio (Matamoceo) 0 | 7 5 4 am 033
5| Maize and tomatoe (5. Frasmo) 4 7 2 | 72 099
6| Soy (Piave Vecchia) B | 3 4 5 | 243 0.50
G_|Crban Green 218
1 [ Utban Park{Tessera) T 9 T 29 1,56
2| Urtban Park (Mestre) 6 | 16 2 e 182
3 |Erban Park (S. Flena) 6 | 0 43 2,62
4| Pine Camping (C4 Savio) 3 6 6 | 389 27
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TABLE 5 - Theoretical characters of the main association of the Venice lagoon salt marshes vegeta-
tion, and its divisions: (I) Sub-Association Limonietum typicum: 1.L L.v. var. Limonium, 1.P L.v. var
Puccinellia, 1.A Lv. var Aster tripolium, (1) Sub-Ass, Limonietum salicornietosum fruticosae, (1IT)

Limoni maritimi; (B above-ground biomass; (NP) net production,
Limonietam venetum (L.v.) (Pignatti 1966) 1 (%) un m B NP
L TP 1A | % [ %
Puccineliia palustris 6.5 547 &5 6.7 7. 513 | 4l6
imonium serofinum 659 | 80 | 241 | 24 | 223 | 378 | 307
Arthrocnerum fruticasum (Salicornia fruticosa) 170 | ss | 28 |62 | 79 |18 | eee
Spartina maritima 16| 0 [ 0 | 18| 10 |6 |50
Aster fripolium 05 127 | 544 03 38 545 | 443
uncus maritinim 05 | 0 | 43 | 06 | 440 | 345 | 279
Other species (Halimione portulacoides, Salicornia sp, Inula 729 | o1 | 59 | 50 | 79 | 720 | 580
crithmoides, Suaeda maritima, etc)
Community Biomass (B) A0 | W3 | 507 | 399 | 435
Community net production (NP) a1 | 308 | 415 | 559 | 360
espiration (R) 278 276 288 388 2
Main range of BTC 032 {030 | 031 | 041 | 027
040 | 037 | 039 [ 051 | 034

Note :the above ground biomass daia (B , NP) for cach spesies { g d.w./m’) from Scarton F, Rismondo A, Nascimbeni P (2000),
Searo . Rismodo A, Mianzoni A (1999, Doy ) W, Ry ] Searion T Risando . Ars D, Cisord G 1909 T
tespiration R RIGP =041 Likens 1975 and 1994y, BTC (Ingegnoli
1991, tngegnoli and Giglio 1999 Ingegnoli 2002) in Meal méycar.




111

TABLE 6 - Synthesis of the surveys, phytosociological relevés, transects and landscape ecological

schedules on the salt marshe vegetetation of the Venice Lagoon Landscape (2002-2003).
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TABLE 7 - Synthesis of the surveys, phytosociological relevés, transects and landscape ecological

schedules on the salt marshe vegetetation of the Venice Lagoon Landscape (2002-2003).
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TaBLE 8 - Schedule for the evaluation of salt marshes prairies tesserae, applicable also for the esti-
‘mation of their biological territorial capacity (BTC).

Salt marshes prairics 1 3 6 | 2 ‘
i
A.TESSERA (7s) CHARACTERS
Vegetation height (m) <02 021045 | 04607 =07 |weighiedav.
A2- Soil cover (%) <30 31-60 61-90 »00 T surfuce
% 0 <5 615 =15 | max30%
A4- Strvetural diffecentiation fow medium good high | groups, ete.
AS- Human disturbances extended ‘marginal sporadic nonc & artefacts 7
B, VEGETATIONAL BIOMASS (ABOVE GROUND)]
BI- Dead plant biomass % EY] 20-10 105 < dricd/green
B2- Litter luyers presence A B c D Cf. note
| B- Plant biomass _ <03 031:075 | 075125 | »125  |kgm’ (dry mauer)
C. ECOCOENOTOPE PARAMETERS
CI- Dominant species nat clear T 23 >3 |cover
C2- Key species presence (%) <5 620 2180 >80 | botanical
C3- Diversity <5 6-10 115 215 |nspaTs
C4- Plant forms (n°} 1 2 3 >3 p. form sensu Box
5. Dynamic stai dograding | recreation | regerer. fluctuat, | sensu Folinski
C6- Vertical stratification 1 2 3 4 small herb to shrub
C7- Renew capacity none sporadic normal intense | of dominant sp,
C8- Allochthonous sp. (%) >5 52 <2 0 not rogional
29- Threatened plants evident suspect risk 0 even acid rain
C10- Vertical zones outside near out near typ. typical | sens Pignatti
IDSCAPE_UNIT (LU) or ECOTOPE PARAMETERS
DL- Boundary connetions 0 <20 2180 >80 | % perimeler
D2 Margins ot clear 3010 <10 | %aen
D3- Source (vs surroundings) sink partial effective | resource & sp.
D4- Role in the landscape unit reduced evident important | Ts/cont
DS- Disturbance incorporation none normal high | local disturbances
- Erosion evident risk aone physiotope
none good high | mainly tidal
DS- Permeant fauna intercst none neargood | attraction | Zslkey sp.
D9- Landscape pathology extremely easy 0 none surrounding
interference srious recover ccotopes
D10- Permanence {years) <50 101-200 >200  |apeinit
E, RESULTS OF THE SURVEY
El-Totalscore Y (=atbtotd) | a= | b= | o= | 4= Y=
E2- Quality of the Ts =Y’
E3- BTC estimation BTC - 0,0026 (Y- 28) + 0.1 (pB/14)
A1, higher leyer () weighicd average; A3, % of covering. If the shrub cover exceeds 30%, use the schedule for shrubbery (Ingegnoli
): A4, presence of not coeval plants and of groups of the same species; B2, Litter layers: A almost without organic soil, B
organic soil exceeding, C partial orpenic soil with undistinguished layers, D like C with distinct layers: 83, pB is plant biomass, C/,
herb specics the biomass of which clearly exceeds the cquitubility of the total pB. If no species exceed, sign the first column (a); C.
presence compared with the phytoseciological association’s or the phytocoenosis of reference; C4. see Ingegnoli 2002; 6, do not
consider an isolated wroc; CY, not autochthoneus of the Tegion; 9, present situation: € /4, referred te character species and their salt
gradient fsce Pignali 1966, D/. connection with vegetation analogous lo the Ts; D2, surface % af the T with cdge charactens: edge
= from 5 to 10 h: m following the saurce-sink theary; 14, functional role of tae tessera in the ceotope or in the entire landscape
unit, )75, years the ceolope us salt marshes provrc
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TABLE 9 - Synthesis of some of the most

referred to the

landscape

preliminary study of the Venice lagoon landscape (Ingegnoli 2002-2003)

'Man landscape ecological parameters 1900 1950 2000 re-balance
targets
Habitat ratio, 369 598 61.7 60+ 61
HH/NH (%)
Meustability of vegetaied components, 031 035 029 0.38+040
BTC (Mealm®/ycar)
Salt marshes/tidal area 285 19.0 1.0 18+20
Resistant landscape apparatus 9% a0 176 45
| RNT (%)
Ecotonal Jandscape apparatus 732 395 4.24 T+8
[ ETN (%)
Landscape functional diversity 35 ] 255 33534
< (bit Mcalim/ycar)
I logical e dngegnoli 2002




