Vanageme

Nt Of

—nvironmer
Quality:

An International Journal

ta

The evaluation of a planning tool through the
landscape ecology concepts and methods

Daniel Franco
Studio Tecnico Daniel Franco, Venice, Italy

Anna Bombonato

Department of Environmental Science, Ca’ Foscari University of Venice, Venice, Italy

Ilda Mannino

Department of Environmental Science, Ca’ Foscari University of Venice, Venice, Italy

Pierfrancesco Ghetti

Department of Environmental Science, Ca’ Foscari University of Venice, Venice, Italy

Gabriele Zanetto

Department of Environmental Science, Ca’ Foscari University of Venice, Venice, Italy

--Emerald

Management of Environmental Quality: An International Journal, Vol. 16 No. 1, 2005,

© Emerald Group Publishing Limited, 1477-7835

Page 1/16



www.emeraldinsight.com/researchregister

The Emerald Research Register for this journal is available at A The current issue and full text archive of this journal is available at
&9 www.emeraldinsight.com/1477-7835.htm

The evaluation of a planning tool
through the landscape ecology
concepts and methods

Daniel Franco
Studio Tecnico Daniel Franco, Venice, Italy
Anna Bombonato, Ilda Mannino, Pierfrancesco Ghetti and
Gabriele Zanetto

Department of Environmental Science, Ca’ Foscari University of Venice, Venice,
Italy

Abstract

Purpose — Landscape ecology represents an area of theoretical and empirical support of spatial
planning, providing parameters such as heterogeneity, connectivity and fragmentation. The aim of
this study was to use these parameters to evaluate the choices of a real planning tool to protect the
biodiversity, to evaluate the applicability limits of concepts and methods used.

Design/methodology/approach — This was achieved by analysing the selected spatial indices and
their dependency scale, and by the comparison of these results with regard to spatial biotic parameters
estimations (birds and mammals).

Findings — The study confirmed the scale’s effect on the indices, unstable at the adopted resolution
for extensions up to 6,000-7,000 meters. The selected indices permitted appreciation of the low
effectiveness of the real planning tool in improving conservation of biodiversity. The paper suggests
that empirical studies and predictive knowledge at different scales are urgent in this field. To preserve
biodiversity, the choices of planning scale should primarily comply with the spatial needs of the
various species.

Originality/value — Evaluates a real planning tool to protect biodiversity.
Keywords Ecology, Conservation
Paper type Research paper

Introduction

Planning is an instrument for the sustainable development of landscapes (Franco, 2002;
Jongman, 2002; Madsen, 2002) and in the last decades landscape ecology has supplied a
support to spatial planning (Forman, 1995) providing some parameters for estimating
the ecological features of landscapes. With particular reference to biodiversity, these
parameters are: heterogeneity, connectivity and fragmentation.

Landscape heterogeneity variation can affect species interactions, adaptations and
distribution (Dramstad et al, 2001; Manson et al.,, 1999). It can modify the most vagile
taxas’ biodiversity (Atauri and de Lucio, 2001; Farina, 1997; Preiss ef al., 1997; Jonsen
and Fahring, 1997; Naugle et al, 1999; Pino et al, 2000) as a function of the
exploratory/perceptive levels of the considered populations. There is not a single
method to estimate this parameter.

Until now, landscape “connectivity” cannot be measured in a simple and general
way (D'Eon et al., 2002; Tishendorf and Fharing, 2000), but the connection rate of the
“paranatural” ecosystems in a rural landscape can be an index of some of the potential
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populations (plants, birds, and small mammals) dispersal ability (Franco, 2000; Barr
and Petit, 2001).

A landscape fragmentation process (Forman, 1995) influences its biodiversity
causing a reduction of some species favourable habitats and, consequently, an increase
of their energy demand for survival (Franco et al, 2002).

This relation is scale dependent and at the intermediate level (Olff and Ritchie, 2002)
it is linked: ,

* to favourable habitats size and mutual distance (e.g. Jansson and Angelstam,

1999; Whited et al., 2000);

* to species dispersal capacity (Naugle et al, 1999; Howel et al, 2000; Delin and
Andrén, 1999); and

+ to the differences within and among species (Bowers and Dooley, 1999;
Kozakiewicz et al., 1999). -

The use of fragmentation as a control variable or as a comparison parameter is complicated
by the non-existence of a specific accepted measure to estimate it (Tishendorf, 2001), plus the
overlap between indicators used to evaluate it and the ones used to estimate heterogeneity.

Furthermore, it is not so reliable as a predictive tool (conservation management) due
to secondary effects such as inter-specific relations, habitat alteration deriving from
fragmentation itself and the great variability of the single species reactions (Bisonette
and Storch, 2002; Bowers and Dooley, 1999; MacNally ef al, 2000; Fauth et al, 2000).

These three parameters are spatially analysed to evaluate the choices to protect the
biodiversity of a real planning tool (provincial territorial plan (PTP) of the Province of
Venice, Italy) (Figure 1).

The paper aims also at evaluating the application limits of the concepts and
methods used.

Materials and methods

Materials

The provincial territorial plan adopted in 1999 for the Province of Venice bases the
landscape ecological quality improvement on the creation of an ecological network,
mostly correlated to birds and mammals biodiversity conservation. The network design
is based on the existing local protected areas and on the introduction of “re(af)forestation
priority areas” and “ecological corridors” (AA.VV., 1999; AA.VV., 1994).

The analysis have been done on a portion of the Venice province that covers 83 km?,
using the cartography of the existent and of the situation designed by the plan (element
10, Table I: features of the landscape as existent — as designed, 1:25000; paper and
raster format).

The above data have been supported by the official regional technical map and the
mapping and classification of all the non-urbanised ecotopes (“Progetto Siepi”©®;
Franco, 2000).

The ecotopes of the analysed landscape have been classified as in Table L

The areas defined by the PTP as “biotope” have been considered as “integrally”
natural in both existing and planned scenarios even if they are agricultural areas.
Moreover, all the ecosystems designed by the PTP to improve the environmental area
(re(af)forestation and ecological corridors, classified as integrally “natural biotopes”),
have been optimistically thought as realised.
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Indices selection

The indices used for the spatial analysis (Table II) cannot quantify the ecological
processes, but they can suggest ecological implication, assuming that the ecological
processes interact with the landscape structures and are influenced by their
configuration (Anderson and Danielson, 1997; Forman, 1995; Fahring and Merriam,
1985; Heinen and Merriam, 1990; Merriam et al., 1991; Opdam et al., 2002; Séndergrath
and Schroder, 2002; Vulleumier and Prélaz-Droux, 2002).

Their effectiveness is limited by non-linear relationships, ambiguous interpretations
and thresholds in the process changes linked to the hierarchical nature of the landscape
organisation (Gustavson, 1998; Tishendorf, 2001).

Heterogeneity. In order to estimate this parameter for “natural” landscapes (B,
Table I) two metrics were selected, namely the percentage of favourable habitats (B%)
and the number of favourable ecotopes (B density); these have been found correlated to
dispersion models (Tishendorf, 2001). For whole not urbanised landscapes the choice
were: the average surface (Sm), the diversity (H), the margins density (Pe) and one (/1)
summarising all three (O’Neill et al., 1996). This kind of spatial information correlated
meaningfully to models and/or indicators of biotic processes (Miller et al, 1997).

Conmectivity. In order to estimate the landscape connectivity, related to the dispersion
processes of the taxas mentioned by PTP, the connection (y) and circuitry (o) indices
(Forman and Godron, 1986) of the existing and designed “natural” or “paranatural”
ecotopes network (B, R, VP; Table I) were selected. These indices have no ecological
meanings and they do not take into account the ecotopes qualities (both of structure and
composition), but they can empirically give information about the functional exchanges
in a landscape (see Forman and Godron, 1986; Forman, 1995; Burel and Baudry, 1999;
Franco, 2000). In order to estimate this parameter, further indices have been used: the
mean and maximum distance (Mean Dist, Max. Dist.) between corridors and the
percentage of “open nodes” connected by only one link (Vo%), given their impact on the
connectivity effectiveness of an ecological networks (Anderson and Danielson, 1997).

Fragmentation. The fragmentation has been evaluated measuring the euclidean
nearest-neighbourhood distance of paranatural ecotopes (B, R, VP; Table I) and
through an index consisting of two metrics, namely the landscape division rate (D) and
the effective size of the mesh (M) (Jaeger, 2000).

The cultivate ecotopes have been taken into account by weighting the anthropogenic
pressure (Table I) on the ecotopes “naturality”, using a coefficient (Jaeger, 2000).

The coefficient values are those selected from a bibliographic analysis by one of the
authors for the Planland®® (Franco, 2000) procedure. The weights depress the metric
value as a function of the use intensity; in the cultivated areas the minimal values (0, 5)
correspond to the intensive arable crops (mostly maize and soybean).

The urbanised and/or industrial patches have been assumed as completely
inhospitable, and considered as a barrier. Among the corridors, in a first data set the
roads (technical regional map) have been classified as barriers; while in a second data
set all the roads and higher order canals have been classified assuming that the
considered species reproduce only inside the unfragmented areas.

Evaluation of extension and grain
The mapped landscape covers about 83km? (areatot), of which the southern surface
(area 1) equals to about 40 km? while the northern one is about 43km? (area 2). The
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Spatial indices selected
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Figure 2.

Average results of the
estimated indices for each
grid (meshes of 1, 2.5, 3,
6.5, 9km)

whole area has been divided by a sequence of grids with steps of 1, 2, 5 and 5km. In
each of the obtained meshes, the selected indices have been computed for every grid.
The area 2 is equal to a mesh of about 6.5km., and the considered area total surface to a
mesh of about 9km. The grain has been left unchanged and every single ecotope originally
mapped at higher resolution has been aggregated on the basis of the PTP resolution.

The scenarios comparison

Quantitative comparison. Founding upon the results obtained in the first phases of the
procedure, 12 scenarios have been analysed, comparing the existing versus designed
ones (see material and methods) that were obtained:

» for the total surface of the considered area (areatot);
 for the two equivalent surfaces of the considered area (area 1, area 2);
+ assuming the asphalted roads as barriers (barrier 1 = b1); and

* assuming the roads and the canals of higher level and/or the rivers as barriers
(barrier 2 = b2).

Spatial data interpretation versus the comparable biotic data. In this phase we tried to
interpret the obtained spatial information versus the available spatial parameters
concerning the potentially resident populations of mammals and birds.

Results

Sensitivity analysis .

The extension affects the performances of the heterogeneity and the fragmentation
indices (Figure 2). The only index providing stable information with the variation of
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Note: The values of diversity (H), margins’ density (Pa), average ecotope surface (Sm) have
been standardized for a comparison among them and with the M1 metric
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the scale is H (Shannon-Wiener diversity). The remaining ones have been found
unstable (Delacourt and Delacourt, 1996) up to an extension of 6,000-7,000m. The
values of the effective measure of the mesh (M) did not result conservative, despite the
expectations (Jaeger, 2000).

Therefore, as at the resolution adopted by PTP for the landscape structures, the
adoption of an area greater than 6,000 meters of mesh does not result misleading in the
use of the indices. This outcome has justified the comparison between the scenarios
corresponding to the total investigated area (areatot) and between the two sub-areas
(area 1 and area 2) having more than 6,500m of mesh.

The scenarios comparison
Heterogeneity. The differences found among the existing situations evaluated by the
indices did not result meaningful (Figure 3).

The highest variation (1.6 per cent) for the M1 metric takes place in the scenery area
1. The variations are due especially to the rising of Pa (1.7 per cent) and H (1.5 per cent)
between the existing and the planned situation. Substantial differences are observed
for the Sm: the increments in the planned situation are found wholly greater in the
areatot (1.2 per cent); on the contrary, in area 1 they tend to be negative (— 0.3 per cent),
because the added areas, as ecological corridors, have low surfaces. In the case of the
two indices used for the “natural” ecotopes (B; Table I), the B% never exceeds 2 per
cent. Furthermore, the B density habitats never attain 0.35 units for km® The kind of
barrier (b1, b2), never affects the obtained information.

The highest variation detected for the areatot scenario is equal to 0.2 ha; B% never
overcomes 2 per cent, B density habitats never attain 0.35 units for km? and the kind of
barrier (b1, b2) never affects the obtained information.

Conmectivity. In the existing scenario the indices of connectivity and circuitry were not
considered because the ecological corridors are not defined at the adopted resolution.

In the designed scenarios the values of the vy index increase at values between 20 and
23 per cent, while the o one between — 21 per cent and — 22.4 per cent. V0% lies between
68 per cent and 80 per cent (Figure 4). Finally, the Mean Dist. among “favourable
ecotopes” (B, R, VP; Table I) changes from values close to 2km to values around 1km,
while the Max. Dist. changes from 4 km to values close to 2km (Figures 4 and 5).

Fragmentation. The increase of M 1s included between 0.5 per cent (area 1) and 4 per
cent (area 2). It also shows the highest difference between the scenarios marked by the
kind of barrier (b1 = 2 per cent; b2 = 4 per cent) (Figure 5). The percentage variations
are referred to change below 0.5 ha. If in the metric’s computation we insert only the
“(para)natural” ecotopes (B, R, VP; Table I), then the rises are poor in area 1 (0.1 hectares)
and in high percentage (97 per cent) in area 2, where the surfaces increase from negligible
values to about three hectares. Areatot balances the spatial differences, showing effective
percentage variations between those found in area 1 and in area 2 (52 per cent, 1.6
hectares). The D index keeps unchanged, having values next to 90 per cent.

Discussion

Quantitative comparison

The sensitivity analysis highlights that, at the resolution adopted by the PTP and to
the extensions of the analysis (meshes of 6.5km and 9km), the indices effectively
allowed to appreciate variations of the considered spatial parameters because:
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Figure 3.

Comparison among the
heterogeneity indices in
the real and planned
scenarios: A) areatot, B)
area 1, C) area 2

indices standardised values, %, “B” habitat /lkm2

indices standardised values, %, “B” habitat /km2

indices standardised values, %, “B” habitat /lkm2
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