Habitat patch diversity evaluation for sustainability: a case study of arural areain

Central Italy

Roberto Mancinelli, Enio Campiglia, Fabio Capordilincenzo Di Felice

Department of Crop Production, University of Tuscia
Via San Camillo De Lellis

01100 Viterbo, Italy

Corresponding author: Campiglia Enio
e-mail: campigli@unitus.it

phone +39 0761 357538; fax +39 0761 357558



10

11

12

13

14

15

16

17

18

19

20

21

22

Abstract

Landscape analysis is regarded as a new tool faritoring and judging land use
patterns in terms of sustainability of human atfigystems at local level. A case study
of evaluation for sustainability based on habitatch diversity in an ecoregion of
Central Italy is presented. In this region, ongdenyd use patterns reflect both historical
adaptation to local environmental constraints apsitye, social-oriented management.
More protective land use patterns are mostly wickssp in fragile physiographic
conditions like those of the mountain areas, wheoedland, shrub, and grassland
patches are larger and cover more than 90% ofatiné [This situation is regarded as a
positive outcome of the traditional public ownepshiegime, because public lands
amount to more than 70% in the mountain areas.hillyeareas, where public property
drops to 28%, presents landscape metrics showiwgllabalanced situation between
agricultural land use and protective native woau$ grasslands, which provides a fine-
grained and harmonious Mediterranean landscapéelfow-land areas, with anthropic
pressure and more favourable conditions for crapdyetivity, there is much more
agricultural land, even if some mitigation in terraf biodiversity maintenance is
offered by the presence of hedgerow ecotones.dsetlareas, landscape analysis is not
able to supply meaningful information about crogpisystem design and practices
which can maintain a sustainable level of solililigrtand quality of natural resources

and processes, and further analysis at croppirtgrsyievel should be carried out.

Keywords: land use pattern, GIS, biodiversity indicatoesidscape metrics.
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1. Introduction

Sustainable development includes the necessityhdimnanity to grow food through
agriculture as well as to maintain natural envirenis for ecological services other
than food (Daily, 1997). The search for a balanesvben production and protection in
land use is therefore a major challenge to futoxesy at both local and global level.
To achieve this goal, it is necessary to estalaisbsponsible culture for sustainability
and scientists should play an active role in thiscess. There is a long tradition in
agricultural land use in Europe where the counteyss incomparable to any other
countries in the world (Busch, 2006; Hampicke, 20@&rrent examples of sustainable
rural development should be better known explored spread as meaningful case
studies of traditional knowledge and wise land Wdeasures taken for reducing the
impact of human activities on biodiversity haveetarfocused on the management of
the problems concerning the various land-use atemes but these measures have
addressed the impact indirectly with for instanegidlation for reducing pollution and
the establishment of protected areas (Henld., 2008). New scientific tools, like those
offered by landscape ecology, have the potentidhdoitate our understanding of land
structure and use. Indeed, landscape ecology wawatenl by the new perspective
offered by aerial photography (Turner, 2003). Withs tool, a landscape can be
analyzed and studied as a spatial mosaic or pashi(Bastiret al., 2002), being the
elementary component or landscape element (Burdl Baudry, 2003) that are
differentiated by abrupt transition to adjacentarand by biotic and abiotic structure or
composition (Gustafson, 1998; Picket and Cadends3®f). Ecological systems that

are spatially heterogeneous can be represented dangnof categorical maps that
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quantify variability by identifying patches (Gustah, 1998), each one representing a
single biotope or habitat. Patches are formed duepérsistent differences in
environmental resources that lead to a final climammunity or in response to natural
or human-caused disturbances that change the idivent ecological succession. The
spatial pattern of patch creation and the changgkinwpatches constitute patch
dynamics (Xwetal., 2006).

Landscape ecology focuses mainly on the recipractractions between spatial
patterns and ecological processes, thus the dewelapof pattern metrics has been
largely stabilized by evaluating the reciprocakemactions between spatial heterogeneity
and ecological processes (Hargisl., 1998; Li and Wu, 2004; Turner, 2003).

In human-dominated landscapes, a habitat fragmentarocess usually takes place
(Fahrig, 2003) as a result of human interventiohergby an original large expanse of
natural habitat is transformed into a number of IEngatches isolated from one
another by a matrix of habitats which differ frometoriginal habitat. This process
involves both the loss and breaking apart of thgirmal habitat as well as the creation
of new types of habitats. Quantifying the degredragmentation and its ecological
implications at landscape level is the main taslanfiscape ecology.

Agriculture is by no means the most widespread fofrman-induced land use change.
If it changes original biotopes, e.g. wildernessaturalness, it can also produce other
kinds of semi-natural environments so that the freagmented habitat can have some
positive influences on agroecosystem biodiversiy matter flux control (Duelli, 1997;
Riesetal., 2004; Ryszkowlketal., 1999; Tscharntket al., 2002).

Traditional types of agriculture more tailored totlb environmental constraints and

local population requirements, are likely to meestainability principles more than
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modern, conventional agriculture (Caporali, 2004ap&@ali et al., 2010), where
uniformity and homogeneity of large fields of moor@ps are incompatible with
environmental quality and conservation of biologimsources. In the Mediterranean
Basin, the development of ecosystems has beentismately associated with human
social systems for so long that the present sdnatis shown by landscape patterns, it
reflects the organization over-imposed by moreess lautonomous rural communities
in many cases. In history, local people exploitedide variety of forest, pasture and
ecotone products, and governed themselves in sualayathat the biological and
landscape diversity was preserved (Capaiadi, 2010).

This paper aims at describing a rural ecoregio@antral Italy through some landscape
metrics, which can be regarded as representatilergdr areas in Italy (about 280,000
km? are classified as rural; National Rural NetworR0@) and in the Mediterranean
Basin in terms of both biophysical conditions aadd-use patterns locally planned and
historically developed. Understanding of good larsg should help us to strengthen
policy and public investment for local capacity Iding and planning in favour of
sustainable development, as required by both thendg 21 (UN, 1992) and the

recently approved European Landscape Convention.

2. Material and methods

2.1. A profile of the ecoregion

An ecoregion is defined as a region of relative bgameity in ecological systems and

human factors (Omernik, 1987). The ecoregion welistlis located in Central Italy
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(Lazio Region) between the Tyrrhenian sea and thenAine mountains (41°28'38” -
41°39'16” N and 12°55'00” - 13°09'51” E) (Fig. 1This ecoregion is about 160 km
and includes three towns with approximately 13,00bitants (81.2 inhabitant kKm
0.4%0 of the national rural villages; 0.4%. of natirnhabitants living in rural areas;
0.6%0 of the national rural area) which are exammé&sistorical rural settlements,
which have existed in Central Italy since medidiraks. Its elevation ranges from 10 to
1500 m a.s.l. where 22% is low-land (0-200 m 3,2B% is hill (200-600 m a.s.l.) and
49% is mountain (over 600 m a.s.l.). The microctendiffers mainly according to
altimetry and orography, with annual rainfall ramgibetween 830-1530 mm (divided
into 70-80 rainy days/year). Rainfall occurs maidiyring the winter (sometimes as
snow at high altitudes; average temperature 5-7. 1€)spring and autumn the
availability of water is guaranteed by winter stoehd rainfall (moderate and frequent).
Summer is characterized by (average temperatur@02C), rare rainfall (sometimes
violent and the cause of run-off) and high tempeest (above 30 °C) which determine
water deficit often compromising the crop yieldheTair moisture content ranges
between 70-90 %. According to geological and litigatal studies (Sevinkt al., 1984),
soils are calcareous in the mountain areas andansediry (about 10 m deeps) in the
low-land areas. The Italian Ministry of EnvironmainProtection classifies about 73%
of the ecoregion as prone to hydro-geological risisile 27% of the ecoregion is a

protected area according to the “Rete Natura 200§ramme”.

2.2. Methods used for analyzing the landscape

The applied methodology was based on the combmati@IS photo-interpretation on
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high-resolution aerial-photographs (1 m piRelwith cartographic analysis and
fieldwork. For the study, all data were directlylleoted by photo-interpreting a series
of high quality images (obtained for the whole tlian territory for the year 2000).
The landscape structure was assessed by studgregtimosaic composed of landscape
elements or patches (Forman 1995a) which accortdintpe European land analysis
principles (COoRdination de I'INformation sur I'Ermnnement program - COR.IN.E.),
were grouped in the following landscape complekesbaceous crops (HC), tree crops
(TC), woods (W), hedges (H), grassland (G), sharasgrasslands (SG), buildings (B),
roads (RL) and flowing waters (FW). As land useeptial correlates strongly with
patterns of land ownership (Browet al., 2000) we used an ecoregion classification
which is hierarchically nested so that the econegibthe roughest scale is composed of
two smaller ownership sub-systems (private public lands), each with the above
mentioned landscape complexes (Fig. 2).

All information was put into a database (numbeeaaperimeter of patches and length
of linear elements) in order to select a core $ehdexes and indicators suitable for

evaluating both biodiversity and sustainability [fTa).

2.3. Statistical analysis

The standard errors were calculated for mean mareh(MPS) and mean patch ecotone
(MPE) on all land use classes. This information iQiwhrepresents the standard
deviation of the sampling) enables us to assesst#tistical uncertainty of the various
means, considering the ecoregion of this study agpaesentative sample of the

landscape in Central Italy. The analysis of varan@s performed on the diversity in
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differences between public and private land areésscording to Magurran (1988), the

formula for calculating the variance of the estionad” (Var H") is:

Z p.(In pi)z_z p(pInp)? _S-1
N 2N?

VarH'=

where pis the proportional abundance of tieviegetated landscape complex, S is the
total number of vegetated landscape complexes enettoregion under study; is
estimated asifN, where nis the number of patches in tHB vegetated landscape
complex, N is the total number of patches, and limé natural logarithm

To test the null hypothesis on two Shannon divgisidices, the associated formula for

calculating the t-statistid)(for the t-test is:

 HoH
JVarH, -VarH,

whereH: andH: are the respective diversities of the two sitespared. The formula

for calculating the degree of freedodi)(is:

(VarH, +VvarH,)?
(VarH,)* |, | (varH,)’
Nl NZ

To reject the null hypothesiQ-IO:Hl':H'z), in favour of the alternative hypothesis

(Hl:Hl'i H2) the tests compared the rejections of the nullothygsis to the level of

significance §) of the test for 1%, 5%, and 10%.

3. Results and discussion

3.1. Habitat fragmentation
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Habitat fragmentation concerns both habitat losd spatial patterns of the residual
fragments of habitat (Fahrig, 1997; Fahrig, 200@)e basic metrics (number, area,
length) concerning the types of patches and theatirelements of the ecoregion are
reported in table 2. One of the meaningful indicaitaf habitat fragmentation is the ratio
between the total area of the patches and their noimber (i.e. mean patch size) (Tab.
3). Habitat fragmentation differs greatly with balevation and ownership regime. In
general the degree of habitat fragmentation deeseasith elevation, but more
consistently under the public ownership regimelesvd by the relative values of MPS
which are 0.53 ha (low-land), 4.01 ha (hill) an@3ha (mountain) in public lands and
2.54 ha (low-land), 2.12 ha (hill) and 3.76 ha (mkain) in private lands. This also
means that the native landscape habitat or biojeped habitat) is more preserved in
mountain public areas and less in low-land privaatas. In biodiversity strategies, the
role of the wood patches is fundamental also censid that the preservation and
expansion of woodland may increase the probalslifesurvival of the existing animal
populations (Bailey, 2007). In the Italian climatke woodlands represent the highest
expression of vegetation complexity (the ecosystefith the highest biomass
production) (Pignatti, 1997), and according to Bgi(2007) the semi-natural habitats
near to woodland areas provide suitable conditfonsvoodland species. The average
preservation rate values, expressed as percenfageoal patches on the total patch
area of each class of elevation, are 59.6, 54.93ahdn mountain, hill and low-land
areas, respectively (Tab. 2). In the mountain atdaspublic wood patch / private wood
patch area ratio is 3.3 and the mean wood patehisi24.01 and 6.70 ha in the public

and private lands, respectively (Tab. 3). Thisatittn can be regarded as a heritage of
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the historical land use pattern, which correspotadthe ancient roman system ager-
saltus-silva, or "field-pasture-forest”, where fang) forestry, and animal husbandry
were usually practiced on non-overlapping landscapis (Blondel and Aronson,
1995) within a gradient of elevation.

Local conditions of persistent summer drought, Whace mitigated at higher elevation
due to rainfall, induced shepherds to clear aréderest in the mountains in order to
obtain mountain pastures for seasonal grazing qfxamance) (Hobbst al., 1995).
Transhumance was a historical phenomenon whichinvpsrtant for the preservation
of biodiversity (Olea and Mateo-Tomas, 2009), basadthe seasonal movement of
livestock between winter (valley) and summer (maumjtpastures (Grenon and Batisse,
1989; Hadjigeorgiotet al. 2005). This phenomenon brought about the lzags shift
towards a pastoral / agrarian landscape pattermchwstill exists today. Indeed, the
grassland patches are the second most widespredstigpe element in mountain areas
and they cover 22.8%, decreasing to 8.8% and 4ri%a hilly and low-land areas,
respectively (Tab. 2). In the mountain areas, thidip grassland area / private grassland
area ratio is 2.0 and the mean grassland patcls area6.44 and 3.48 ha in the public
and private ownership regime, respectively (Tab. 3)

If we consider the amount of arable land habitataacumulated area of HC and TC
patches, it shows an opposite pattern comparedotmdvand grassland patches. The
highest proportion of arable land (86.5%) is in ling-land areas, while it decreases to
23.4 and 1.0% in the hilly and mountain areas, eetsygely (Tab. 2). The arable land
habitat is generally found private ownership, whieis always more than 96% in both
low-land and hill areas. The mean patch size oh b€ and TC differs greatly with

elevation and ownership, but the highest valuegwecorded in the private land: 6.97

10
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ha for HC in the low-land areas and 2.32 ha fori @e hilly areas.

The landscape element SG can be regarded as aratordiof recent agricultural
abandonment due to agricultural intensificationued on more accessible higher
quality land (typically closer to the farm-holdiragnd sometimes characterized by the
misuse of fertilizers, pesticides and herbicidesdpcing negative environmental
impacts, McDonaldet al., 2000). The SG is the third most widespreatdaape
element in the mountain areas, where it coversta@®the land, while it decreases to
10.7 and 2.5% in the hilly and low-land areas, eetipely (Tab. 2). Its mean patch size
is around 3.0 ha in mountain areas and 2.0 hallyndreas, both in private and public
lands (Tab. 3).

The landscape element B, shows the intensity ofamusettlement. B patches are
generally found in private lands while they arergpa in all elevation classes (2.2, 1.1,
and 0.04% in low-land, hilly, and mountain areaspectively). However it is much
more consistent in terms of number of patches (58278 and 8.2 % in low-land, hilly
and mountain areas, respectively) (Tab. 2). Nunsesiyuall B patches are relatively
widespread especially in low-land and hilly areas,shown by the values of B patch
density which are 46.7, 15.8 and 1.4 buildib@0 h&" in low-land, hilly and mountain
areas, respectively (Tab. 4).

Roads, as linear elements that increase fragmenjdtave generally a negative impact
on environmental biodiversity but also provide commication facilities in order to
manage and control the territory more efficienthdao facilitate energy and matter
flows (Jaarsma and Willems, 2002). Roads intenseghly low-land and hilly areas in
private lands (Tab. 2) and their density (RD) dases with elevation (35.2, 27.4 and

7.3 m-hat in low-land, hilly and mountain areas, respeciiyel

11
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The total length of the flowing waters (FW) of theoregion is about 90 km mainly
located in the low-land areas - FWD is 12.6, 7.@ & m h& in low-land, hilly and
mountain areas, respectively — where the land nt@ssively reclaimed about 70 years
ago.

The general pattern of habitat fragmentation shalse relationship between
sustainability and the multiple driving forces dfet more recent land-use changes.
Within a local context such as the study area thographical conditions are
determinant for shaping human activity systems. Tdmncentration of human
population and related activities such as agricaeltare mainly carried out in low-land
areas. At these altitudes mobility is relativesier to promote and natural resources
are more concentrated in terms of deeper and nestiéefsoils, more available water,
and more biomass productivity, the latter is ads@onsequence of slight physical
constraints, such as severe temperatures. As #,reahbitat fragmentation is a more
pronounced phenomenon at lower levels of elevatishile natural habitat and
ecological integrity is better preserved at higleéevation. There is a paramount
ecological meaning for preserving natural vegetatit higher elevation - such as that
provided by woods - because natural vegetation ptesna balance in the hydrologic
cycle reducing runoff and soil erosion, and inciegswater infiltration and plant
productivity. The balance of the hydrologic cyctethe first condition necessary for
ensuring land sustainability at catchment levekhis case study, the ownership regime
reveals itself as a powerful driver for maintainihg original habitat such as woods in
the more fragile zones, i.e. in mountain areas.r Biuge medieval times, established
local community institution, called "Universita Aggie", have been active in managing

wood habitat as a renewable resource, through pppte limitations to times and

12
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methods for cutting and harvesting timber and foed: The demand of wood habitat in
the mountain areas to be transformed into grasgtanthie seasonal grazing of sheep or
into arable land could have reached the maximurel levthe past due to anthropic
pressure. Today, considering that around 60% isdl@ool and around 30% is
permanently vegetated cover (grassland + shrulgeassland patches), around 90% of
the fragile mountain areas is both productive anotegtive in order to provide a
balance between ecological integrity and humanirements. The native wood habitat
has been largely modified in the hill areas andoasintompletely in the low-land areas.
In such extreme conditions, where naturalnesseetological integrity of the original
biotope has been modified in order to provide faod space for a more competitive
ecosystem component such as human population, hkkeege of sustainability is
focused on the ability of human beings to mainthm ecological balance in new agro-
ecosystems. In this frame agro-ecosystem biodiyeesid environmentally friendly

agricultural practices should compensate for halwts or naturalness consumption.

3.2. Agro-ecosystem biodiversity and sustainability

Some inference concerning biodiversity and sushdiba can be drawn from our
patchiness analysis by examining at landscape esetiich as patch evenness and
ecotone density. The hilly areas are charactertaedh more even patch pattern as
expressed by Shannon-Wiener index values (Tabm&yning that the land use classes
in terms of covered area are more balanced in tl& than in the low-land and
mountain areas. Balance in patchiness or habiatglty is always an indicator of both

ecological and aesthetical equilibrium. The ap@ttan of Mediterranean ecosystems,
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both in terms of biodiversity and sustainabilityly refers to the mixed agro-sylvo-
pastoral system that local people in different paof the Mediterranean areas
historically chose from the Middle ages to the nedof the 20th century (Blondel and
Aronson, 1995; Naveh, 1998). In the low-land atba, highest values (6.97 ha) of the
HC patch size are recorded in the private land (Babwhich is a clear landscape sign
in the current agricultural context of intensiveiagltural use carried out on large fields
appropriate for mechanization and related practi¢g®noculture, fertilization,
irrigation, chemical treatments, etc.). Over th& BO years there has been a change in
the use of agricultural land due to industrialiaati causing the re-arrangement of
traditional small fields and their relative struetwof spatial and temporal crop patterns
(intercropping and complex crop rotation systenmsd ifar larger fields cropped with
monoculture plantations. As a result important terapy or permanent inter-field
structures such as ditches, rows of tree-cropshadderows have been largely reduced
or have disappeared causing a decrease in botlerttieonmental quality of local
resources (e.g. soil and water) and biodiversitg. s&en from the landscape patch
analysis a good indirect indicator of biodiversigy the ecotone intensity (Tab. 4).
Diversity in ecosystems can be observed and measateonly in terms of composition
(species richness and distribution) but also aareton in structure (growth form) and
function (flow paths relative to system processetha levels of scale) (Noss, 1990).
Ecotone structures involving complex associatidn@ants such as hedgerows, are rich
in all the above-mentioned elements of biodiversijedgerows are vegetation
structures that can be considered as the narrdwegghents of native wood biotope.
Their values as landscape elements of higher diyeese largely acknowledged

(Russell, 1989; Marshall and Moonen, 2002). In case study, the mean H ecotone
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length does not greatly differ among the elevatitasses ranging from 218 to 291 m
(Tab. 3). The H ecotone intensity is high in thedand areas (PD = 10.8; El = 35.8)
(Tab. 4). The H ecotone intensity ratio between ltdve-land area and the other two
elevation classes is 1.5 and 4.7 for the hill adimtain areas, respectively.

In this case, greater H ecotone abundance is arfatbiodiversity which compensates
in the low-land area for the loss of habitat of tfative biotope. It is interesting to note
that the same trend of decreasing ecotone intefreity low-land to mountain areas,
found in hedgerows, is also seen for the two coraptsy(HC and TC) of arable land. In
terms of agricultural sustainability, the permareent hedgerows next to field crops is
recently seen as an important element of bioditsgrbiological control of crop pests
and diseases, and biological barriers against wedémophication and air pollution
(Millan de la Penatal., 2003; Bates and Harris, 2009).

Unfortunately, this study could present two mamits. The first limit is related to the
space characteristics of the analysed system imsteof the type of borders
(municipality borders often are disconnected fracolegical patterns) and in terms of
the absence of other ecoregions (analyzed witlsange methodology) for comparison.
The second limit is related to the fact that thalysis was carried out in a single period
of time. If a temporal analysis was carried outddterent times the results of this
evolution could be similar to the results of otstaudies (in Central Italy) with a sharp
increase in woodlands and drastic decreases inlealahd, pastures and mixed
cultivations (Agnoletti, 2007). Otherwise the batsebf research are related to the ease

of application and use of information by decisioakers.

4. Conclusions
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An ecological enquiry at landscape level can imprahe human capacity for
monitoring and evaluating land-use patterns in vagvenhancing the sustainability of
human activity systems. In this case study, lanuscaetrics based on habitat patch
diversity provided a profile of an ecoregion in @ahltaly, where historical land-use
patterns are still present on the territory andifiethe capacity of human beings for
developing a balanced relationship with their centé life at local level. Even if recent
changes in society trends bring about more dembgrapressure and more
environmentally-aggressive technological fixesditianal land use patterns transferred
from generation to generation through culture, aetion, regulations and action at local
level, can help mitigate human impact and operata aultural buffer for ecosystem
resilience. In general, a new science of sustdibabhould rely on gaining knowledge
directly from local solutions of land-use patterastablished by intergenerational
wisdom. Decision makers need instruments in ora@chieve sustainable development
and in this research useful tools (easy to undsisted communicate, and to repeat)
were proposed and applied.

In an ecoregion where almost 48% of the territgryniountain, about 30% is hilly and
only about 22% is low-land, an important factor émisuring sustainability in land use is
to protect the soil against erosion while keepirager on the spot to operate positively
in promoting biomass accumulation and use througlo-forestry practices. Around
90% of the mountain area is currently covered vaédmmanent natural vegetation -
wood, shrub, and grassland -, which guaranteesegioh against runoff and an
adequate stocking of precipitation for ecosystendpctivity and services at local and

regional level. This situation is an evident outeoaf a historical land - management
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system based on public property - currently moenti0% - of the mountain land. In
the hilly areas, where the public land decreasemdand 28%, a more balanced patch
pattern is achieved by replacing woods and gradslamith agricultural land in
moderation. In this area, higher values of halgtdath diversity are a consequence of a
mixed agro-sylvo-pastoral use of land which hasnbestablished for centuries as a
manifest sign of co-evolutionary development betwbaman settlement requirements
and provision of ecological services by naturalsgstem components and processes.
In the low-lands, there is more anthropic pressamd private property dominates.
Agricultural land reaches the maximum extensionhwarge fields of herbaceous crops
(mean patch size in private lands = 6.97 ha) wlided patches account for only 3% of
land use. Naturalness consumption in low lands tistsa maximum, as well as
agricultural productivity which is boosted by moravourable environmental
conditions. The maintenance of agroecosystem swaddiity in low lands is a matter of
agro-biodiversity conditions both among crop fietoh&l within crop fields. A landscape
analysis can supply useful information about thenfer condition, as shown in this case
study by landscape metrics such as hedge ecotmsgéydeConcerning the latter, a more
detailed enquiry at both farming and cropping gysievel is required in order to
determine if agricultural cropping system desigrd ananagement is suitable for
maintaining soil fertility and the quality of biatiand abiotic natural resources, which
are the basis for agricultural production as wallfar life in general. In order to
improve the quality of this kind of research adtivin landscape ecology an extension
of time and space borders of the system are ratjuiriee time extension refers to an
analysis of a sequence of images separated byfiaiesif amount of time in order to

find significant changes in land cover (e.g. 10rgealhe space extension refers to an
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increase of the casuistry (number of ecoregiondysed) in order to compare their
results. Even if the indicators used are approprat analyzing the landscape, other

investigative tools can be added in order to imprthe research.
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Figure caption

Figure 1. Ecoregion’s location

Figure 2. Elevation classes and land cover mapsiwdte and public lands in the studied

ecoregion

Table caption

Table 1. List of the selected indicators and indefwe the analysis of patchiness and linear

elements

Table 2. Basic metrics (number, area and lengtipatth types and linear elements in the

ecoregion (pu = public ownership; pr = private ovshé; TV = total vegetated)
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Table 1

M easur ement Indicatorsand indexes  Symboal Formula References
Abundance Shannon-Wiever H . s [3][5][9]
H'=-C> p;Inp, [25][12]
=1
Evenness Shannon-Wiever SHE SHE = H’ / Ing) [5][19]
Size Mean patch size MPS n; [1][2][7][10]
MPS =| > a |/n,
i=1
Size Mean ecotone length  MEL n; (2]
MEL =| e | /n
i=1
Density Flowing water FWD FWD=FW/A [13]
Density Patch density PD n [1][15]
PD,=n /| >3 [10]21]
i=1
Density Road density RD RD=RL/A [6][8]
Intensity Ecotone intensity El; al [4]
El,=n,/|> e 007
i=1
Legend:

A = total area; a = patch’s area; e = patch’s pet@m i = patch; j = landscape complexes; n = numbe
of patches; p = area proportion of the land usgs¢lBW = flowing waters length in meters; RL =
roads length in meters; s = number of landscapel®ms;e = 1/(e+b) [where e = 2,71828; b = area
of studied region in hectares]

References:

[1] Caporalietal., 2003; [2] Elkieetal., 1999; [3] European Commission, 2005; [4] Fanml995b;
[5] Magurran, 1988; [6] Maran, 2000; [7] McCarigdlal., 2002; [8] OECD, 2001; [9] Pielou, 1975;
[10] Rutledge, 2003; [11] Saura and Martinez-Mi|l2001; [12] Shannon and Weaver, 1949; [13]

UNEP, 2001.
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Table 2

00

PPOTSIT

— <
Q<
Q

— 4w T — T
Q< 836) S OO0
Q.

pu

46
16
8
27
2
8
25

total

45
17
295
114
337
357
104
1165

Ecoregion

845
606
678
804
716
735
2366
4384

L ow-land Hill Mountain
pr total pu pr total pu pr
OO0D0O00000000 numbeld DOOOOOOODOOOOODO
351 397 10 393 403 2 43
256 272 30 287 317 4 13
69 77 73 233 306 142 153
333 360 77 253 330 45 69
166 168 39 172 211 177 160
114 122 90 166 256 218 139
1531 1556 49 657 706 10 94

107 1289 1396 319 1504 1823 588 577
132 2820 2952 368 2161 2529 598 671

21

13

o1 o1 W

56
59

1269

6750

OO0D00000D000D00O0D0 hectares] DODOOODOOOOODOO

2446 2467
474 483
103 116
41 44
134 139
80 85
73 76
3278 3334
3351 3410

5
28
837
9
199
203
2

1281 3194 4475
1283 3242 4525

359 364
666 694
1646 2483
40 49

200 399
283 486
48 50

3 56
2 15
3410 1026
8 15
1140 557
698 506
0 3
5261 2174
5261 2177

59
17
4436
23
1697

1204

3
7436
7439

2890
1194
7035
116
2235
1775
129

15245
15374

O0O0000b0obOobogn kilometersU OO ODOOOOODOOOOO

119
42

120
43

9
5

115
30

124
35

17
8

37
5

54
13

298
90
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Table 3. Mean patch size (MPS) and mean ecotone length |MEthe ecoregion land use classes (standard eahoes are reported in

brackets)
Low-land Hill Mountain Ecoregion
pu pr total pu pr total pu pr total

MPS 000000000000 00000000000 hectares] 0000000000 DOODOOODOOODOODOO
HC 0.460.11) 6.971.04) 6.220.92) 0.450.28) 0.91(0.07) 0.900.07) 1.350.57) 1.300.22) 1.300.21) 3.420.44)
TC 0.550.17) 1.850.22) 1.780.21) 0.920.23) 2.320.26) 2.190.24) 0.600.02) 1.120.31) 1.000.24) 1.970.16)
w 1.680.56) 1.490.22) 1.51(0.21) 11.47(3.46) 7.0711.66) 8.121.51) 24.016.15) 6.701.23) 15.043.06) 10.3§1.51)
H 0.130.02) 0.120.01) 0.120.01) 0.120.01) 0.160.01) 0.150.01) 0.190.02) 0.21(0.02) 0.2Q00.01) 0.140.01
G 2.490.45) 0.81(0.09) 0.830.09) 5.091.73) 1.160.16) 1.89(0.36) 6.441.51) 3.480.53) 5.040.84) 3.120.41)
SG 0.590.16) 0.700.10) 0.700.10) 2.260.41) 1.71(0.34) 1.900.27) 3.200.39) 3.640.71) 3.370.36) 2.420.20)
TV 0.530.08) 2.540.30) 2.391.04) 4.040.57) 2.120.40) 2.450.23) 8.950.43) 3.760.48) 6.370.83) 3.480.26)

MEL 000000000000 0000000O0000 meterd] 000000000 ODOOODOOODOODOOOO
HC 29533) 1221(102) 111492) 23864) 48821) 481(21) 689174) 587(62) 592(60) 784(46)
TC 326(53) 61945) 601(43) 431(62) 761(53) 730(49) 370(37) 528(105) 491(82) 666(32)
w 1131(403) 1192116) 118111) 1757368  185Q0260) 1828216) 271Q452) 158§186) 2128240) 1885144)
H 21834) 222(10) 2229) 18912 2288) 2197) 237(20) 291(19) 270(14) 227(5)
G 72453) 98596) 982(95) 1129278 621(47) 71565) 1416215) 108Q99) 1257123) 103365)
SG 44958) 53232) 526(30) 766(76) 64252) 686(43) 104378) 94981) 100757) 81533)
TV 362(41) 750(34) 72187) 850(67) 73945) 75935) 1491(71) 103772) 126G74) 881(28)
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Table 4. Patch density (PD) and ecotone intensity (Elhefeécoregion land use classes

L ow-land Hill Mountain Ecoregion
pu pr total pu pr total pu pr total
PD DO0O0O00O00O00O000O0O00000 numberha0 0000000000000 000O0
HC 76.6 10.7 11.9 0.8 12.3 9.0 0.0 2.0 0.6 5.5
TC 26.6 7.8 8.2 2.3 9.0 7.1 0.1 0.6 0.2 4.0
w 13.3 2.1 2.3 5.7 7.3 6.8 2.7 7.0 4.0 4.4
H 45.0 10.2 10.8 6.0 7.9 7.4 0.9 3.2 15 5.3
G 3.3 5.1 5.0 3.0 5.4 4.7 3.4 7.4 4.5 4.7
SG 13.3 35 3.7 7.0 5.2 5.7 4.1 6.4 4.8 4.8
B 41.6 46.7 46.7 3.8 20.6 15.8 0.2 4.3 1.4 15.5
TV 1781 393 41.9 24.9 47.1 40.7 11.2 26.5 15.7 28.8
Total 219.8 86.0 88.5 28.7 67.6 56.5 11.4 30.9 17.1 44.3
El 000000000000000000 numberkf 0000000000 00000O000
HC 118.7 36.3 39.5 3.7 35.3 29.1 0.2 7.2 3.0 21.9
TC 41.3 26.5 27.0 11.1 25.8 22.9 0.5 2.2 1.2 15.7
w 20.6 7.1 7.7 26.9 21.0 221 16.2 25.5 20.0 17.5
H 69.7 34.4 35.8 28.4 22.7 23.9 5.1 11.5 7.7 20.8
G 5.2 17.2 16.7 14.4 15.5 15.3 20.2 26.7 22.8 18.5
SG 20.6 11.8 12.1 33.2 14.9 18.5 24.9 23.2 24.2 19.0
TV 2762 133.3 138.8 117.7 1352 131.8 67.1 96.2 78.9 113.4
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Table 5. Landscape diversity in terms of abundance (H’) emghness (SHE) of the vegetated aréhs.values
of variance (var.), degree of freedom (d.f.) andst significant level (t-test) were reported.

Low-land Hill Mountain Ecoregion
pu pr total pu pr total pu pr total
H’ 1589 0.883 0.903 0.998 1.357 1.326 0.898 1.204 1.010 1.441
Var. 0.0057 0.0004 0.0004 0.0006 0.0002 0.0002 0.0001 0.00020.0001
d.f. 64 2187 4130
t_test *k% *k% *k%k
SHE 0.887 0.493 0.504 0.557 0.757 0.740 0.501 0.672 0.564 0.804

*** = gignificant level at P< 0.001
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