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Abstract: Fragmentation has negative effects on ecosystems and can cause loss of habitats, increase of
edges and isolation. Forests in northern Italy have strongly declined, because of the development of urban
land, infrastructures and crops. In suburban areas forest patches often perform a variety of functions. This
study used scenarios integrating both ecological and social principles to improve landscape
multifunctionality in a suburban area of Northern Italy, with a special focus on the role of woody patches.
We evaluated how improving some functions of woody patches (suitability for forest species, mitigation
for road impact and recreation) can help creating a multifunctional landscape. We combined the scenario
visualisation through GIS, the maximization of functions based on ecological principles, and the use of
fuzzy logic. The scenarios obtained show that improving existing woods can help to maximize multiple
functions. The scenario improving recreation is the most suitable to increase biodiversity, and it can also
help to mitigate road impact. The scenario approach can help decision-makers during the planning process,
because it is user-friendly. Comparing multiple scenarios can allow assessing if managing the landscape

for one function may also accomplish other function(s).
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1. INTRODUCTION

Several  studies have  analysed the
consequences of landscape fragmentation on
ecosystems (Jacquemyn et al., 2001, Fahrig, 2003,
Honnay et al., 2005) showing negative effects due to
loss of habitat, increase of edge and isolation.
Configuration, patch size and distance between
patches are the landscape structural characteristics
that are most influenced by fragmentation, and they
are the principal parameters that should be modified,
if planners wish to minimize the negative effects
resulting from over-exploitation of the land. In human
dominated landscapes decision makers planning to
create new wooded patches often need tools assess
the effectiveness of different afforestation strategies.
Multiple ecological questions should be addressed
during decision making, such as: where should new
woodlands be created, which function of the patches
should be maximized, and what does the minimum
size need to be? Furthermore, there are also social
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issues, because creating new woodlands usually
means taking land from agriculture (Lovell &
Johnston, 2009b).

Northern Italy is among the most human
modified areas in Europe (Pedroli et al., 2007).
Deforestation reduced natural vegetation to small
fragments in lowland areas, which have key
importance as a source of biodiversity (Digiovinazzo
et al., 2010); hedgerows are the major ecological
corridors available for species dispersal (Sitzia,
2007, Roy & de Blois, 2008). Furthermore,
fragmentation due to roads is an increasing problem,
like in many other European countries (Forman et
al., 2002, Moser et al, 2007). Continuous
urbanisation, infrastructure = development and
expansion of crops are the major causes of loss of
natural vegetation in the lowland surrounding the
city of Milan (Ficetola & De Bernardi, 2004, Padoa-
Schioppa et al., 2006). The process can be seen in
aerial photographs over the last 50 years or by
cadastral maps from previous centuries.
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Figure 1. Flowchart showing the aims of the study. Procedure suggested for designing and comparing different
scenarios, by the rules of fuzzy logic and integrating both ecological and social functions.

Landscape features have changed extensively:
the landscape matrix is currently dominated by
urban and industrial elements, with rare patches of
natural remnants (e.g., small woods, ponds and
streams); woods have been reduced to small residual
patches or simple hedgerows (Digiovinazzo et al.,
2010).Landscapes can offer a variety of functions
with  economic, social and environmental
dimensions, such as biodiversity conservation, food
production, ecosystem services and recreational
activities (i.e., multifunctional landscapes: Lovell &
Johnston, 2009b). In conservation and restoration
processes, planners often need to focus on multiple
goals, depending on the economic and political
situation, as well as the resources available and the
social needs (Margules & Pressey, 2000). The
development of scenarios evaluating landscape
multifunctionality may allow to accomplish this
complex task, and to take into account both
environmental and social issues (Lovell & Johnston,
2009a, b). However, landscapes are often
manipulated to serve a single function; furthermore,
to date the contribution of ecology to landscape
planning and management remains limited (Lovell
& Johnston, 2009a, b). For instance, no studies used
ecological principles or scenarios to improve
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landscape multifunctionality in Italy.

This study used scenarios integrating both
ecological and social issues to improve landscape
multifunctionality in a suburban area of Northern
Italy, with a special focus on the role of woody
patches (Lovell & Johnston, 2009a, b). In suburban
areas, woody patches may perform a variety of
functions and ecosystem services. In our study, we
selected three critical functions of woody patches:
habitat for forest species, mitigation of the negative
impact of roads on air pollution and noise, and
possibility of access by the public (i.e., the possibility
to reach woodlands easily for recreation), which is a
social function strongly supported by the local people.
Specifically, the aims of our study where: (1) The
development of realistic scenarios for the study area,
each aimed at improving one of the ecological and
social functions. (2) The comparison of the scenarios,
to evaluate whether management maximizing one of
the above mentioned functions will also accomplish
the other functions, and to assess which management
options best improve landscape multifunctionality.
This comparison can allow stakeholders and decision
makers to identify the most suitable management
strategy (figure 1). Our approach shows, by a user-
friendly way, both the current situation of wooded



fragments and possible improvements, according to
the planning choices available, and allows an
assessment of different management alternatives. The
term “scenario” is used here to describe different
possibilities in the future, as well as a series of events
leading from the current to a future state (Van Den
Berg & Veeneklaas, 1995; see paragraph 2.3 for
further details).

2. MATERIALS AND METHODS
2.1 Study area

The study area covers the suburbs of Milan
(1,982 km?, with almost four million inhabitants in the
metropolitan area) in Northern Italy (Lombardy
region). The territory is dominated by agricultural
(49%) and urban land (38%), forests cover 6.5% of the
landscape. Land-use data were obtained from the
1:10,000 D.US.AF. digital land cover
(www.cartografia.regione.lombardia.it) and overlaying
aerial photographs to correct possible errors.

Remnant seminatural woods and hedgerows
have homogeneous composition, and are dominated by
the alien black locust (Robinia pseudoacacia). Oaks
(Quercus robur), hornbeams (Carpinus betulus), ashes
(Fraxinus  excelsior), — and  maples  (Acer
pseudoplatanus, A. platanoides, A. campestre) are
present where the human influence is limited
(Chincarini & Andreis, 2005, Digiovinazzo et al.,
2010). Overall, the area of forested vegetation in the
suburbs of Milan is 147.3 km? with 3332 forest
patches.

2.2 The fuzzy logic

The basic idea of fuzzy logic is that
membership to a set is gradual rather than crisp
(Sangalli, 1998, Shepard, 2005). For example, an
ecologist who studies the distribution of a given
species in a complex landscape may use a crisp set
(for each habitat the species is present or absent) or a
fuzzy set, where the habitat quality for the species
may vary in range from 0 to 1 (Figure 2, Table 1). A
fuzzy set is defined “by a membership function that
is used to calculate the grade of membership” of the
parameter within the fuzzy ranges (from 0 to 1)
(Shepard, 2005). Conventionally a value of 1
indicates total correspondence and a value of 0 its
absence; a “range of fit” is used to define the
membership to each of the given classes (e.g, see
Table 1). Intermediate values indicate progressive
degrees of membership. Having a possible
membership gradient reflects the reality of
uncertainty in natural and ecological systems.
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Fuzzy sets operate by means of logical
operators involving a complemental system, and
functions of union and intersection that involve
multiple sets: 1) complement. A given set has a
complement A°, where the function is A® = 1- pu(A)
and p is the function defining the probability of
membership of variables (thereafter: membership
function); 2) union (symbolically w). The union of
two sets is defined as the set which includes all the
members of each set and its membership function is
defined as WA U B) = w(A) A w(B) [A denotes
maximization]; 3) intersection (symbolically ).
The intersection of two sets is defined as the new set
which contains only members belonging to both sets
WA N B) = uw(A) v w(B) [v denotes minimization].
The union corresponds to logical operator OR and
the intersection to logical operator AND. Linguistic
variables and their associated terms are the data to
which fuzzy logic is applied (Shepard, 2005). The
IF-THEN rules describe the conditions for
combining fuzzy sets. For example: IF forest cover
is high AND forest patches are large, AND Sciurus
carolinensis (the invasive grey squirrel) is absent;
THEN habitat suitability for Sciurus vulgaris (the
native red squirrel) is good.

A fuzzy system has functions for entering data,
rules, and exit functions. When the variables have
been selected for inclusion and then defined
linguistically, a membership function is proposed that
attributes the likely degree of membership. The rules
of the system determine the inference among different
sets. The use of logical operators (AND, OR) and
rules (IF, THEN) allow a new system to be produced
that may be converted, if necessary, into a new crisp
set (defuzzification of the membership functions).

The use of “word arithmetic”, where logical
operators (AND, OR) are applied to fuzzy groups, is
derived from theoretical logic applied to engineering
and subsequently to biological sciences (Sangalli,
1998). In ecology, concepts such as environmental
quality, habitat suitability, and sustainable
development are particularly suited to the use of
fuzzy logic. In the ecological literature there are
numerous examples of researches where fuzzy sets
are used to analyze multiple topics, such as forest
management (Ducey & Larson, 1999), anthropic
pressure on vegetation (Feoli & Zerihun, 2000), water
quality (Krysanova & Haberlandt, 2002), population
dynamics and environmental suitability (Barros et al.,
2000). In contrast to habitat suitability models (e.g.,
Guisan & Thuiller, 2005), fuzzy logic allows the use
of existing knowledge from multiple sources to
identify a range of values, instead of a crisp sets
(Enea & Salemi, 2001, Adriaenssens et al., 2004).
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Figure 2. Fuzzification of the ecological rules. a) b) Increase of suitability for forest species. a) For area, the
range of fit (0.0-1.0) was used for patches with surface in the range of 11-25 ha. Fit = 0.0 when x < 11 ha (minimum
area required for Muscardinus avellanarius); fit = 1 when x > 25 ha (minimum area required for a group of forest bird
species). b) For shape, the range of fit (0.0-1.0) was used for the range 0.5-0.8.
¢) Mitigation of road impact. The range of fit (1.0-0.0) varies from 40-100 m. Fit = 0.0 when x < 40 m (maximum
distance for reduction of chemical pollutants and rubber deposition from tires); fit = 1 when x > 100 m (maximum
distance for reduction of noise level). d) Ease of access. The range of fit (1.0-0.0) varies from 500-1000 m. See
Methods for further details on the ranges of fit.

Table 1. Defuzzification of the membership function

values
Class | Description | Fuzzy fit range
1 very low 0<fit<0.2
2 low 0.2 <fit<0.4
3 medium 0.4 <fit<0.6
4 high 0.6 <fit<0.8
5 very high 0.8 <fit<1

In this study, we used fuzzy logic to build
scenarios describing the potential effect of
management on ecological and social functions
(increase of suitability for forest species, mitigation
of road impact and ease of access), assigning
suitability values following these membership
functions for variable “x” (Figure 2): 0 when x <
Xmin, (X - Xmin) / (Xmax - Xmin) When Xmin < X < Xmax 1
when X > Xy, (Hill & Binford, 2002). The trend of
the functions (Figure 2) depends on the ecological
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parameter selected. To assess the suitability for
forest species, we selected a pool of forest
vertebrates, assuming that suitability increases
linearly at increasing patch sizes and at decreasingly
elongated shape (Diamond, 1975, Forman, 1995).
For ease of access, fit is highest for patches closest
to human settlements. Finally, woodlands close to
roads are assumed to have highest potential for the
mitigation of road impact (see below paragraph 2.3).

2.3 Designing the scenarios: overview

Scenarios used as ‘“visual simulations” in
landscape planning can be drawn by artists or
modelled with suitable software (Swaffield &
Fairweather, 1996, Lange et al., 2008), to predict
landscape changes according to the effect of
ecological factors or policy decisions (Santelmann et
al., 2004, Bolliger et al., 2007).
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Figure 3. Examples of the restoration. Woody patches have different fit values depending on the parameters considered,
both in the present situation and in the scenario simulation. a) Increase of suitability for forest species. We have chosen
patches from “very low” to “medium” fit values and we have increased them connecting small woody fragments with
hedgerows. b) Mitigation of road impact. We have chosen to enlarge and link existing hedgerows. c) Increased ease of
access. We improved woody patches with “high” fit values; smaller patches that would have required excessive
enlargement has not been included.
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In these studies, the aim is to examine which
scenarios are preferred by stakeholders, and if they
are environmentally sustainable (Palang et al., 2000,
Ozesmi & Ozesmi, 2003, Tress & Tress, 2003). For
instance, Palang et al. (2000) built landscape
scenarios on the basis of different policy decisions
so that local people and administrators could express
their preferences, using a questionnaire or through
an interview. In Tress & Tress (2003), four extreme
scenarios were described, based on aesthetic points
of view; subsequently stakeholders judged each
scenario by means of questionnaires and interviews.
Lu et al. (2006) determined the welfare of a region,
by selecting ecological and socio-economic
indicators, and then classifying each township
through fuzzy logic. The convenience of scenario
visualisation was combined with the maximization
of environmental and social functions (Lovell &
Johnston, 2009a, b), on the basis of ecological
principles and the use of fuzzy logic. The case study
was carried out in the following five steps.

(1): Fuzzy rules were established for the patch
features considered (patch shape, area, and distance
from roads and from urban land), depending on the
functions to be maximised, on the basis of the
existing literature (Table 2; see the paragraph
Parameters for fuzzification and patch selection for
details). Patch scores were “fuzzed” in Microsoft
Excel by increasing linear equations (Freyer et al.,
2000, Prato, 2005, Lu et al., 2006).

(2): Defuzzification. We assigned five classes
to fuzzy values, ranging from 1 (very low) to 5 (very
high) (Table 1).

(3) We produced three maps describing the
present situation, using the GIS ArcView 3.2 and
ArcGis 9; each map showed one of these functions
as appropriate: a) suitability for forest species; b)

mitigation of road impact; c) ease of access. The fit
of patches was visually represented by different
colours, corresponding to the classes obtained from
the defuzzification process (figure 3a-c).

(4) Three future scenarios were developed,
improving existing woods or creating new ones
(figure 1), increasing wooded surface up to 5%
(figures 3d-f). We set this limit percentage to
maintain a sustainable balance between the forest
restoration and the agriculture needs (figure 1). We
created directly the three scenarios in the GIS; each
scenario aimed at maximising one of the three
functions through the use of specified conditions and
assumptions (Lovell & Johnston, 2009a), simulating
the decision pathway used in the real-world
management. In each scenario, the patches to be
restored and enlarged were selected on the basis of
both fit values and location (see figure 1; see also the
paragraph 2.4 for a detailed description of the three
scenarios and the associated methods): a) we
prioritized the patches with the most appropriate fit
values (as defined in the paragraph 2.4) in the present
day situation (Figure 3a-c); b) we preserved
connected patches; ¢) we enlarged or created new
woody fragments close to each others, to improve
connectivity and the ecological network; d) we
excluded reserves and regional parks, which are
already protected and actively managed; e) if
possible, we retained and enlarged existing
hedgerows, to connect patches. In the study area,
hedgerows are often remnant wood patches
(Digiovinazzo et al., 2010) and modifying hedgerows
may restore their previous conditions. On the other
hand, modifying hedgerows may lead to a
modification of their species composition, with an
increase of sensitive species (Padoa-Schioppa et al.,
2006).

Table 2. Scheme of the method used to design the scenarios

Scenarios Ecological variables References Patches selected
Increase of suitability atch area Gussoni 2004; woody patches with low fit
for forest species p Bani et al 2002 values (1-3)
patch shape Forman 1995
e . woody patches and
?ﬁtfcitlon of road i;sit;nlcfvirlom roads to reduce Forman et al 2002  hedgerows with medium and
p high fit values (3-5)
maximum distance for air
chemical pollutants and rubber ~ Forman et al 2002

deposition from tires

maximum distance to reach the

Increased ease of access woody patch easily

woody patches with high fit
values (4-5)




(5) Finally, each of the three future scenarios
was evaluated against current situation, and then
compared with the rules of the other two scenarios.
In this comparison, the fit of each patch improved
for a function (e.g., forest species increase), was
evaluated using the rules of the other two functions
(e.g., ease of access and mitigation of road impact:
figure 4). This allowed to evaluate how managing
the landscape for one function can help to
accomplish also the other functions, and therefore
provided insights on the interplay among the
functions.

2.4 Parameters for fuzzification and patch
selection

Increase of suitability for forest species. The
aim of this scenario is to promote the presence of
several forest species living in fragmented
landscapes. We used four species as surrogates of
the biodiversity of woodland vertebrates (Caro &
O'Doherty, 1999), which are considered as
biodiversity indicators and umbrella / focal species
(Bright et al., 1996, Bani, 2002). For this scenario,
two variables were considered: a) the minimum area
needed for the forest animals selected to survive and
b) patch shape.

a) The species selected were: Muscardinus
avellanarius (dormouse) with 11 ha as minimum
patch area in the study region (Gussoni, 2004) and a
group of three birds: Dendrocopos major (great
spotted  woodpecker), Picus viridis  (green
woodpecker) and Sitta europaea (nuthatch); with 25
ha as minimum area in the study region (Bani,
2002). These vertebrates were chosen because they
are considered forest indicators in man dominated
landscapes, and data on their patch area
requirements are available (Bani, 2002, Lorenzetti &
Battisti, 2007).

b) Patch shape influences forest species
mostly because of the negative edge effect and the
progressive reduction of the core area (Forman,
1995). We assumed that a woody fragment close to
the isodiametric shape would have a higher
suitability for forest species (Diamond, 1975,
Margules & Pressey, 2000), while an elongated
shape would promote weedy and edge species
(Laurance & Yensen, 1991, Honnay et al., 2005).
For patch shape, the index used was y = (2 V nA) /P
(Forman, 1995). Values close to 0 mean a elongated
shape and those close to 1 mean an almost
isodiametric shape, and therefore more suitable for
core area conservation. For area, the range of fit
(0.0-1.0) was used for patches with surface in the
range of 11-25 ha. For shape, the range of fit (0.0-
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1.0) was used for the range 0.5-0.8 (figure 2 a, b).
Patches had two fit values of suitability for forest
species (i.e., area and shape); per each patch, we
used the highest of them to build the final scenario.

For the forest species suitability scenario,
existing hedgerows and woody patches with “very
low”, “low” and “medium” fit values (Classes 1-3 in
Table 1) were selected to enlarge and connect
fragments together.

Mitigation of road impact. Negative effects
between roads and the surrounding landscape are
connected with aerial pollution, noise, microclimate
changes, habitat fragmentation (Singer & Beattie,
1986, Forman, 1995). These effects are stronger
nearby the roads, while their intensity decreases far
from roads (Forman & Deblinger, 2000). Vegetation
barriers close to roads mitigate these impacts,
because they partially adsorb both air pollution and
noise disturbance (Forman et al., 2003). The
variables chosen for the mitigation of road impacts
were a) noise disturbance: 100 m from roads was
taken as the maximum distance for reduction of
noise level caused by motor vehicles to 60 dB and b)
materials involved in chemical pollution: 40 m from
roads was taken as the maximum distance for
chemical pollutants and rubber deposition from tires
(Forman et al., 2003). We therefore defined the
range of fit (1.0-0.0) for distances ranging from 40
to 100 m to the nearest road (figure 2c). For the
mitigation of road impact scenario, we selected also
existing hedgerows to create new woods, because
there were not many woods near roads included in
Classes 3-5 (Table 1).

Increased ease of access. For this scenario, we
enlarged woods in the surroundings of the city, to
allow people to reach the woody patches easily by
bicycle or on foot, and 1 km was considered to be
the maximum distance from the town outskirts. We
defined a range of fit (1.0-0.0) for distances from
500 to 1000 m (figure 2d), assuming 5 ha as the
minimum area for existing woods. For the increased
ease of access scenario, woody patches with a
“high” fit value in the current situation (Classes 4 or
5, Table 1) were chosen for enlargement; the
smallest patches that would have required excessive
enlargement were not included.

3. RESULTS

Below we report the hypothetical future wood
cover increase, following the three different
scenarios (see also Table 3).

a) Increase of suitability for forest species.
52.5% of woody patches currently present “very
low” or “low” fit values, 9.5% “medium” values and



38% “high” or “very high”. In the simulated
scenario, the total number of woody patches was
3421 (154 ha), with an increase of 4.5% of
woodland (6.7 ha) and 0.6% loss of crops.

b) Mitigation of road impact. In this case 78%
of the patches present “very low” or “low” fit
values, 4% “medium” values and 18% “high” or
“very high” values. It was planned to create, or at
least enlarge, 40 patches and hedgerows, with an
increase of 3% in the total area afforested and 0.3%
loss of crops, as shown in Figure 3.

c) Increased ease of access. 34% of the
patches present “very low” or “low” fit values, 3%
“medium” values and 63% “high” or “very high”
values. Seven woody patches with high fit values
were improved, and after this planning the total area
covered by woods was 154 ha, with an increase of
6.7 ha (plus 4.5%) and 0.6% loss of crops.

Figure 4 shows the comparison of patch fit
values between one scenario (x axis) and the other
two alternately (y axis). The ease of access scenario is
the most suitable when considering how to increase
forest species (fig.4c, right diagram). Sometimes the
suitability for forest species scenario can also assist
ease of access and mitigate road impacts, but not in
all cases (fig. 4a). Finally, the mitigation of road
impact scenario sometimes fits with the increase of
forest species, but never fits with ease of access (fig.
4b). The results present a coherent pattern, because
principal roads are usually far from urban centres, and
woody fragments with easy access for people are
rarely near either roads or residential areas.

4. DISCUSSION

This study shows that improving forest patches
in a human dominated landscape can maximise more
than one ecological function. Our models allow the

comparison of different scenarios, to assess if
managing the landscape for one function may also
accomplish other function(s). Figure 4 shows the
comparison of the fit value of patches created by each
scenario (X axis), judged by the other two scenarios
(Y axis). The diagrams are not symmetrical, because
the patches selected for management were different
among the three scenarios, depending on their
different fit for the single function maximized. For
this reason, the patches optimized for forest species
(figure 4a) are not suitable for ease of access, while
the optimization for ease of access (figure 4c¢) often
improves suitability for forest species. Similarly,
optimization for road impact sometime increases
suitability for forest species (figure 4b), while the
optimization for forest species has a more complex
effect on road impact (figure 4a). This pattern arises
because patches with the maximum fit for road
impact mitigation (figure 4b) are often not suitable for
forest species, since an elongated shape means a
limited suitability for forest species while it is optimal
to mitigate road impact. Our results therefore show
that it is possible to obtain a multifunctional scenario;
even if it is not always possible to maximize all
functions together, we can identify the most suitable
result by considering the combined effect on multiple
functions. Especially in suburban areas, where natural
and semi-natural patches fulfil multiple functions, it is
important to have a flexible instrument to adapt
restoration according to different needs, both social
and ecological. Interestingly, improving access also
allows a clear increase of suitability for forest species
and a moderate mitigation of road impact. This is a
good starting point, because it is easier for both
planners and politicians to justify the costs involved
in developing wooded fragments if the first
beneficiaries of restoration are local people, who can
use wood patches for recreational purposes.

Table 3. Scheme of the results

Scenarios Present situation
(3332 patches; 147.3 km?) After simulation
fit values patches | ha increase ha (%) fit values
N = 0
o 12=51%
. eqe - 7. 0 — 0
Sultgblhity for forest 4-5 = 389 3401 154 45 3 104
species increase 4-5=39%
N = 0
;34(;8% 1-2=76.5%
Mitigation of road S 3=3.5%
impact 4-5=18% 3372 152 |3 4-5 = 20%
Increased ease of 1-2=34% 1-2 =34%
access 3=3% 154 3=3%
4-5=63% 3332 43 4-5=63%
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Figure 4. Comparison of the fit value of patches created by each scenario (X axis), judged by the other two
scenarios (Y axis). The suitability for forest species scenario can assist ease of access and mitigate road impacts, but not
in all cases (a), while the mitigation of road impact scenario sometimes fits with the increase of suitability for forest
species, but never fits with ease of access (b). Finally, the ease of access scenario is the most suitable when considering
how to increase forest species and it is sometimes good to mitigate road impacts (c).

The extreme exploitation of the study area is
comparable with other landscapes of Europe, Asia
and North America, where agriculture and
urbanization are overpowering natural habitats (e.g.,
Haberl et al., 2007, Pedroli et al., 2007). Forest
restoration is a key practice to improve biodiversity
(Cousins & Aggemyr, 2008) especially in altered
landscapes, while the maintenance and the creation
of woody patches is fundamental to conserve
woodland herbs and vertebrates, which are often
dispersal limited and require large patches
(Verheyen et al., 2003, Whigham, 2004,
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Lindenmayer & Fischer, 2006). However, the
conflict among different functions of forest patches
can make difficult the management planning.

Our analysis shows that the application of
fuzzy rules can be used as a guideline to find the
decision pathways that maximizes multiple
ecological functions, depending on different aims of
planning. The fuzzy logic allowed us to optimize the
selection of woody patches to be improved,
according to the ecological rules described in the
methods. Fuzzy logic is more similar to the
complexity of ecological models than traditional



logic (Freyer et al., 2000, Enea & Salemi, 2001,
Adriaenssens et al., 2004), even though it requires
stringent definition of the membership function
rules, based on the available information. For this
reason, in the development of scenarios, we used the
data available from the scientific literature.

In the suitability for forest species scenario
(figure 3 a-d), our goal was promoting the habitat for
a selected group of woodland vertebrates, and we
applied the existing information to identify the
patches to be managed, optimizing resource
allocation. Working on the whole biodiversity is a
very time consuming task; for this reason, we
focused on a set of vertebrates that are considered
umbrella species or biodiversity indicators for forest
communities (Bani, 2002, Gussoni, 2004, Lorenzetti
& Battisti, 2006). This study focused on animal
communities, because information on patch area
requirements for plants are sparse. However, in
human dominated landscapes plant and animal
biodiversity are often related, therefore our analysis
can provide important insights also for taxa not
specifically targeted by this study (Sauberer et al.,
2004).

5. CONCLUSIONS

Both the European Union and the local
administrations strongly encourage the creation of
green belts around the most important urbanised
areas. This strategy is important for the maintenance
of Dboth the strongly compromised natural
ecosystems and human welfare. The extreme human
exploitation in Northern Italy has caused the
decrease of the natural habitats. Especially in
lowland areas, vegetation is currently reduced to
small woody fragments near the water courses, or to
small ponds and hedgerows. Despite their reduced
surfaces, these areas have a key role for the
maintenance of biodiversity and landscape
connectivity. Small woodlands harbour forest herbs,
threatened vertebrates, and can act as stepping
stones if they are nonisolated and close to mature
forests (Jacquemyn et al., 2001, 2003, Ficetola et al.,
2009). Moreover, these areas can also play other
roles, such as reducing the negative impacts of
intensive agriculture on the landscape, decreasing
the negative wind impact on the field edges,
enhancing the CO, absorption and mitigating road
disturbance and pollution (Burel & Baudry, 1995,
Forman et al., 2003, Falloon et al., 2004).

In the last years, ongoing management
projects are increasing the extent of forested areas
and hedgerows as boundaries between crop fields, in
collaboration with farmers. The Lombardy
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environmental  policies are promoting the
enhancement and restoration of agro-forested
structures surrounding the cities with several

projects, such as the “10 large forests for the plains”,
the “Green Ecosystem” and the “Green Rays”
programs (Pedroli et al., 2007). Furthermore,
citizens are increasingly conscious of the issues of
deforestation and loss of natural habitats, and there
is raising awareness that the availability of natural
areas outside the city can improve life quality
(Christ et al., 2003). Landscape ecology is becoming
progressively more involved in the comparison of
different management practices for the planning of
future scenarios. The combination of ecological and
recreational functions of landscape can increase the
effectiveness and the social acceptance of
management, and improve the options available to
decision makers.
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