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Summary

Landscape ecology has been defined in a varietgliftdrent ways, but the common
theme is the study of the ecological effects osgstem spatial patterning. Since the long history
of landscape alteration has created novel systeitts umknown dynamics, new tools are
necessary to understand, manage and restore huomanaded landscapes, preventing the loss of
biodiversity. Among all, habitat fragmentation l®etmain process which affects biodiversity
especially in human dominated landscapes.

This thesis is based on three research papersroimgehe evaluation of plant species
diversity in fragmented and secondary plant comtiesii Moreover, the effect of natural
reforestation process on biodiversity of secongdayt communities was investigated through a
review paper. Focusing in each paper on differgecific objectives due to the variability of
landscape context and habitat type, the overall gbahis work was to detect spatial and
management components influencing vascular plaatisp diversity. Through the different
tools and methodologies used in each case studwameto demonstrate the great applicability
and versatility of landscape ecology approach botheory and practice.

The analyses were conducted on three fragmentemhdag/ plant communities, i.e.
meadow-pastures (Paper Il), recent secondary wodsliéPaper Ill) and hedgerows (Paper 1V),
scattered in a dominant matrix type. Paper lll wiame during the collaboration with the
Technische Universitat of Berlin (Department of Bgy) during my research period abroad.

The case studies were conducted both at patchtdaddscape level, considering actual
field data and management variables of the secgmdant communities surveyed (patch level)
and the analysis of landscape asset around (lgmeldewel). The latter was performed by GIS
analysis. Regression models were used to relatat @pecies diversity to spatial and
management variables.

The survival of species depends on landscape dgsaamd on spatial plant community
configuration (Paper 1). More specifically, whemevironmental site condition and management
variables have not impact on secondary communitialbiity and they did not differ between
the surveyed communities, plant species diversity loe deeply influenced by spatial variables
(Paper 1l and Ill). On the contrary, where managemeariables have a strong effect on
secondary community alteration, i.e. in agrariaddeeows, this effect is independent from the

landscape assets of the different surveyed sitgsefAV).



In general, the integrative methods used by thed8aape ecology approach” allowed us
to quantify in a holistic way complex natural-culilipatterns and processes on different time-

space scales that influenced vascular plant spdoiessity.



Riassunto

L’ecologia del paesaggio studia l'influenza gheittern spaziali sui flussi di specie. La
continua frammentazione ed alterazione delle fitose in paesaggi antropizzati rende
necessario comprendere le dinamiche delle comweitgetali che caratterizzano il paesaggio
antropizzato, cercando di evitare il piu possilldeperdita di diversita biologica che spesso é
conseguenza di tali trasformazioni.

La mia tesi e basata su tre articoli di ricercaauglanti I'analisi della diversita della flora
vascolare in fitocenosi secondarie e frammentateun lavoro direview invece, & stato
analizzato leffetto della riforestazione spontansa fitocenosi secondarie a seguito
dell'abbandono delle pratiche agricole. Ciascunotavé stato caratterizzato da specifici
obiettivi, adattati in base alla variabilita delepaggio e del tipo di fitocenosi secondaria
indagata. Ciononostante, I'obiettivo comune di ¢auéssi & stato quello di esaminare I'influenza
delle variabili di paesaggio e gestionali sullaiafitita della flora vascolare, tramite 'utilizadi
metodologie e strumenti propri dell’ecologia de¢gaggio.

Le analisi sono state effettuate in tre fitocersetondarie e frammentate, i.e. pascoli
(Paper 11), neoformazioni boschive (Paper 1) epsirurali (Paper V), inserite all’interno di
differenti matrici paesaggistiche. Il terzo caso sudio (Paper Ill) e stato sviluppato in
collaborazione con la Technische Universitéat diliBerdurante il mio periodo di dottorato
all'estero.

Le analisi sono state effettuate sia a livellopdich che di paesaggio, considerando
quindi congiuntamente i rilievi floristici e le vabili gestionali (livello di patch) e l'analisi
dell'assetto paesaggistico attorno alle fitocerindagate (livello di paesaggio). Le analisi di
paesaggio sono state effettuate tramite strumel8i &ari modelli di regressione sono stati
utilizzati per mettere in relazione la diversitasgiecie vascolari con le variabili di paesaggio e
gestionali.

La sopravvivenza delle specie dipende profondameéalie dinamiche del paesaggio e
dalla sua configurazione spaziale (Paper I). Pilo r&pecifico, nei casi di studio in cui le
variabili stazionali e gestionali sono ininfluelstiomogenee in tutti i siti, la diversita di specie
vascolari & profondamente influenzata dalle valiapaziali (Paper Il e Ill). Dove invece la
gestione altera sostanzialmente I'equilibrio defimcenosi, l'effetto € indipendente dalle
variabili di paesaggio (Paper V).



In generale, i principi ed i metodi dell’ecologialgpaesaggio che sono stati utilizzati nei
casi di studio presentati, hanno permesso di ficamné precisamente i processi e le dinamiche

che influenzano la diversita di specie vascolaiffernti scale spaziali e temporali.
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Appendix
Papers I-1V

The present thesis is based on the following papangch will be referred to by their Roman
numerals.

I. Sitzia T., Semenzato P., Trentanovi G. (2010) Nétweforestation is changing spatial
patterns of rural mountain and hill landscapes:|@bgl overview. Forest Ecology
and Management. 259 (8): 1354-1362

II. Sitzia T., Trentanovi G. (2011) Maggengo meadowdaosed by forests in the italian
Alps: evidence of landscape legacy on plant diter8iodiversity and Conservation.
20 (5): 945-961

lll. Trentanovi G., von der Lippe M., Sitzia T., ZiechmaU., Kowarik I., Cierjacks A.
(2011) Biotic homogenization at the community scalsentangling the roles of
urbanization and plant invasioManuscript

IV. Sitzia T., Trentanovi G., Marini L., Cattaneo Denfenzato P. (2011) Cultural system
as determinant of hedgerow structure and woodgispeichness. Landscape and
Urban Planningunder review

Papers | and Il are reproduced with kind permisgéiom the publishers. For Paper I Elsevier;
for Paper II: Springer-Verlag.



1. Introduction

Landscape ecologhas been defined in a variety of different wayg.(&orman and

Godron, 1986; Burel and Baudry, 1999), but the comrtheme is the study of the ecological

effects of ecosystem spatial patterning (Turne89)9Depending on the goals of each study, this
effect is considered at different spatial and terapscales (Risser, 1987). Moreover, it is evident
that humans themselves and their activities anatagral part of the ecology of landscapes, and
they should be treated as such in research (WiHabbs, 2002).

Since the long history of landscape alteration hasreated novel systems with
unknown dynamics, new tools are necessary to undéasid, manage and restore human
dominated landscapes, preventing the loss of biodiwsity (Farina and Morri, 2007). Thus,
together with resource management, land use plgnaind other broad-scale environmental

issues, landscape ecology is expected to provitgeatific basis for biodiversity conservation

(Wu and Hobbs, 2002), clarifying the relationshigivbeen landscape pattern and ecological
processes (Turner, 1989). Indeed, landscape cdefived by two strictly related components:
structure and function (Figure ). Landscape structure (or pattern) can be congldasethe
spatial relationship between landscape elemergatohes, while landscape function (or process)
is the interaction between these spatial elemétublis, 1997). Finalljandscape changes the

alteration in structure and function occurring tigh time.

STRUCTURE FUNCTION
The spatial relationship between distinctive <€ > The interaction between
patches spatial elements
* Patch size, shape, type * Animal and plant movement
Ecotones , * Metapopulation dynamics
Heterogeneity * Patch dynamics
* Connectivity -
CHANGE

The alteration in structure and function
through time

* Disturbance regimes
* Fragmentation

* Biotic forcing

* Climate change

Figure 1: landscape ecology key components and thenain study objectives. From Hobbs (1997), modifig.



1.1 Fragmentation and secondary plant communities

The common topology of landscape in terms of patohridorand_matrix(Figure 2)

reflects the highly anthropocentric view of the {dgiMcintyre and Hobbs, 1999).
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Figure 2: Landscape main elements: patch, corridoand matrix. From Burel and Baudry (1999), modified

This landscape classification reflects the higlgiinantation of most of the habitats, from
the natural to the most disturbed one’s. Fragmiemavas often used in the general sense of
land transformation that includes the breaking darge habitat into smaller pieces (Harris,
1984; Forman, 1995). In a different sense, thisephshould be strictly related to the concept of
habitat lossand/or_isolation(Wilcove et al, 1986). As reported by Forman (1995), habitat loss
can take place with or without fragmentation aslvesl isolation that can increase with or
without fragmentation. Based on these considergtionour meaningve refer to fragmented
habitats to his strict ecological meaning, i.e. relativelgmall parcels of a habitat that differs
from its surrounding matrix (Forman, 1995).

Especially in the most industrialized regions, attlandscape patterns derived from
centuries of human activities (Kirby and Watkin898). The result is a mixture of natural and
human-managed patches that vary in size, shapearamagement (Turner, 1989; Lafortezga
al., 2008). Levels of landscape alteration causeduoyam activities has been classified by many
authors (e.g. Hobbs and Hopkins, 1990; Mcintgteal, 1996). The cited studies help to better
understand the continuum of human effects in tefraxegenous disturbances on the habitat
investigated (Mclintyre and Hobbs, 1999). Indeedtulbance is an important agent shaping and



controlling species diversity, and promoting systemewal (Picketet al, 1989)._Secondary

plant communitiesare the result of exogenous disturbance and tlegpe@ an important role in

preserving biodiversity (Peterken and Francis, 1%Qfleet al, 2004; Weisst al, 2005).This
concept could be attributed to several “secondary lpant communities” (also called in the
text “secondary habitats”) including a broad rangeof different habitats, from pastures
(e.g. Ludwiget al, 2009)to more linear ones, like hedgerowsge.g. Backes, 2001).

1.2 Secondary communities in changing landscapesffécts on species diversity

During the last decades, we can observe two distpleenomena: agricultural
intensification (Tilmaret al, 2001; Robinson and Sutherland, 2002) of agronaltgianportant
areas of Europe (e.g. Robinson and Sutherland,;286&stein, 2003), and the abandonment of
less productive and marginal agricultural land .(&4@cDonaldet al, 2000; Leeet al, 2002;
Gellrich et al, 2007; Sitzia, 2009) particularly on hills and mtain areas. As well as rural
areas, the process of land abandonment involves fatener industrial brown fields in post
socialist countries (e.g. Kowarik, 2005).

Both trends have several consequences on biodiersnservation at global scale
(Tscharntkeet al, 2005; Rey Benayast al, 2007).

Agricultural intensification

Agriculture intensification is a well known phenonea that convert more complex
semi-natural ecosystems to simplified managed atesys through the intensification of
resource use, on local and landscape scale (T880;1Swift and Anderson, 1993; Vandermeer

et al, 1998; Holeet al, 2005). On landscape scafeelds have been amalgamated and enlarged

to enhance farming activity, fragmenting or destmgy remaining semi-natural habitats
(Tscharntkeet al, 2005) (Figure 3).
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habitats

(grassland) to arable fields

[ Converting perennial habitat ] [ Fragmenting natural ]

Agriculture
intensification

Avoiding set-aside fallows and
cultivating formerly abandoned area
(old field, fallows)

Destroying edge habitats (hedges, field
boundaries, buffer zones)

Reallocating land to increase field size
and make farms more compacts

Simplifying landscapes with a spatially
and temporally limited

number of land-use types increasing
landscape homogeneity

Figure 3: Practices of agricultural intensificationat landscape scale. Adapted from Tscharntke et a2005)

These practices represent the major cause of éxtinof fragmented, small and isolated
populations, like invertebrates (e.g. Cowktyal, 1999; Kromp, 1999), birds (e.g. Donatal,
2001; Bentoret al, 2002), and plant speciés.g. Stewaret al, 1994; Andreaseat al, 1996).

Land abandonment

Increased farmland and agricultural intensificatinnproductive lands occur alongside
with farmland abandonment (Busch, 2006), especiallfilly and mountain areas (see Rey
Benayaset al, 2007; Tasseet al, 2007). After land abandonment, vegetation sucmesscurs
at varying rates depending on the site conditibmsareas below the alpine zone, this process
results in dense shrub cover and finally in reftatsn (Tasser and Tappeiner, 2002). The main
drivers involved in this process are reported gure 4.

Natural reforestation is a major driver of changebiodiversity patterns, but indicating
and interpreting these changes is problematic lsecaeither the processes involved nor the
evaluation of impacts on environmental values aed#l wnderstood (Cernuscet al, 1996;

MacDonaldet al, 2000). Many authors reported that natural retates) leads to a loss of the
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patchy land mosaic which is often linked to a logbiodiversity (e.g. Burel and Baudry, 1995;
Lindborg and Eriksson, 2004; Verhlwtal, 2004). Moreover species composition of secondary
forests can differ deeply from the previous foresth several consequences on species diversity
(e.g. Sitzia, 2009).

| Ecological drivers Unadapted Socio-economic changes
agricultural systems and
land mismanagement

Agricoltural areas Urban and periurban areas

Scrublands | | Plantations

&

FOREST

Figure 4: Natural reforestation drivers in abandonel lands

As we said before, land abandonment process ingobiso post-industrial sites of
Europe, where “urban-industrial woodlands” (sensiwHKrik, 2005) emerged as well as in the
former agricultural lands. These woodlands groartdifferent types of sites, such as rubble of
former buildings (Kohler and Sukopp, 1964), raitdathat have fallen into neglect (Kowarik
and Langer, 1994) and former iron, steel industailed mining areas (Weisg al, 2005). As
well as managed or disturbed habitats they carobsidered secondary communities too, due to
its compositional distance from the former pristiegetation before human settlements
(Kowarik and Langer, 1994). Notably, some ecologpracesses, such as invasion of nonnative
species, may be more prevalent in urban envirorsniain in more natural ones (Spence and
Spence, 1988; Trepl, 1995; Blair, 2001). Regargtemt species diversity, understanding the
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behavior of alien species in cities is of crucraportance, since the cities serve as immigration
sources (Sukopp and Werner, 1983) from which tlemsican spread further into the landscape.
Particularly, non native species play a significaole in the colonization of derelict sites
(Kowarik, 2005)

1.3 Landscape ecology in theory and practice: patchnd landscape level approach

Due to the spatial heterogeneity of the landscagiescture, function and change of

landscapes are themselves scale-dependent (Ture@9). Since_within a landscape several

attributes tend to be similar and repeated acrbeswihole areaa landscape manifests an

ecological unitythroughout its area (Forman, 1995). Thus, a repeduster of spatial elements

characterize a landscape.

Individual patches and corridors can be considasddcal ecosysteméensu Forman,
1995) or ecological unitsinside a specific type of landscape, i.e. urbamalrecc.. These
elements of a landscape are sufficiently unifornbeéoconsidered an ecologically homogeneous,
contiguous and uniformly disturbed unit (Petragisal, 1989) so that for management purposes
several similar ecological units may be groupedetiogr and treated similarly, like
homogeneous forest stands in silvicultural plarefdtiezzaet al, 2008; Sitzia, 2009; Let al,
2011).

Thus, landscape can be considered as mosaic whelestar of local ecosystems is

repeated in similar forms over a kilometers-wideaafForman, 1995), as shown in Figure 5.

Patch-level characteristics include area, shape, gt species composition and
structure of an ecological unit (Graham and Blake2001), while at landscape level, factors
such as isolation and type of habitat in close pramity can affect occurrence or persistence

of species within a patch (e.g. Opdam, 1990).
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Figure 5: Representation of a simplified cluster oflocal ecosystems (b) repeated in similar forms diigger scale (a).
Landscape 1 could be associated with urban pattesn landscape 2 with forest-meadow patterns; landspa 3 with a
hedgerow network in a crop matrix. In reality the locals ecosystems are more nuanced and interpenefrag each other.
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2. Structure, focus and goals of the thesis

The present thesis is based on three researchspépaper Il, 1ll, 1V) concerning the
evaluation of plant species diversity in fragmené@d secondary habitats (plant communities).
The effect of natural reforestation process on ibEdity of secondary habitats was also

investigated through a review (Paper I).

I. Sitzia T., Semenzato P., Trentanovi G. (2010) Ndtueforestation is changing spatial
patterns of rural mountain and hill landscapes:|@bgl overview. Forest Ecology
and Management. 259 (8): 1354-1362

II. Sitzia T., Trentanovi G. (2011) Maggengo meadowdaosed by forests in the italian
Alps: evidence of landscape legacy on plant ditgr8iiodiversity and Conservation.
20 (5): 945-961

lll. Trentanovi G., von der Lippe M., Sitzia T., ZiechmaU., Kowarik I., Cierjacks A.
(2011) Biotic homogenization at the community scalsentangling the roles of

urbanization and plant invasioManuscript

IV. Sitzia T., Trentanovi G., Marini L., Cattaneo Denfenzato P. (2011) Cultural system
as determinant of hedgerow structure and woodyispathness. Landscape and

Urban Planningsubmitted manuscript

Focusing in each paper on different specific olbyestdue to the variability of landscape
context and habitat typ&e overall goal of this thesis was to detect spatiand management

components influencing vascular plant species diveity. All studies considered both the patch

(with actual field data) and the landscape lefaglalyzing landscape characteristics that could

influence plant species diversity dynamics instiepatch). Specifically we investigated:

15



(a) if there are evidences on changing spatial patternsiral mountain areas of the
world in response to spontaneous reforestation thad possible implications on

biodiversity (Paper 1);

(b) if the herbaceous plant richness and density ofdm&gyasture patches is associated

with current and historical landscape patternsimlrmountain areas (Paper Il);

(c) if black locust woodlands lead to homogenizatibplant species richness in silver
birch woodlands and the influence of urbanity aartblscape patterns on this process
(Paper Il1);

(d) if tree species richness on hedgerows can be Wirgdtuenced by management,
independently by other factors, such as landscapeta(Paper 1V).

As Wu and Hobbs argued (2002), although some theasnd methodologies exist,
effectively integrating human-related processes mtology may remain one of the ultimate
challenges for ecologist3hrough the different tools and methodologies useth each case
study, we wanted to demonstrate the great applicaly and versatility of landscape

ecology approach both in theory and practice.

The following parts of the thesis contain a reswhéhe methodologies and results for

each case study; within brackets the paper we fefénsights and deeper explanations.
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3. Methods

3.1 Study areas

The research studies were conducted in northemnkedy, i.e. in the Trento province
(Paper II) and Veneto plain (Paper IV), and Germamyerlin urban area (Paper lll), as shown
in Figure 6. The review paper was done selectisgarch works conducted on several rural
mountain areas of the world (Paper I).

TPy

Figure 6: study areas of the research papers

The analyses were conducted on three fragmentezhdag habitats, i.e. meadow-
pastures (Paper Il), recent secondary woodlandse(RH) and hedgerows (Paper 1V), scattered
in a dominant matrix type (Table 1). Two of thene atill managed (meadow-pastures and
hedgerows), the other is completely left to spoatass evolution (recent secondary woodlands).
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Paper | Secondary habitat Matrix type Management Type of paper
intensity
I Meadow-pasture andWoodland  Progressive Review paper
recent secondary abandonment
woodlands
Il Meadow-pasture Woodland  Progressive Research
abandonment paper
[l Recent secondary  Urban None Research
woodlands paper
\Y Hedgerows Crops Management Research
paper

Table 1: Resume of the papers composing the thesis

3.2 Data collection and elaboration

As reported in the&s 2, the three research papers were conducted bqihteh and at
landscape level, considering actual field datehefdecondary habitat surveyed (patch level) and

the analysis of landscape asset around (landseapB (Figure 7).

Maggengo meadows Urban woodlands Hedgerows
(PaperII) (Paper II) (PaperIV)

Patchlevel
(field survey)

Landscape level
(GIS analysis)

Figure 7: Patch and landscape level analysis ofétsurveyed habitats
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3.2.1 Patch level analysis — vegetation data dotle@nd elaboration

Despite their immobility, plants have several mecsms that improve their ability to
reach appropriate habitats and have evolved sead#rdlutes that allow them to function in a
changing local environment (Bazzaz, 1991). It hesnbsuggested thpkant diversity should be
important also in determining animal diversity (Elhihson, 1959; May, 1990; Hunter and Price,
1992; Siemanret al, 1998), thus plant species diversity is consideneel of the best available
predictors of diversity of other taxa (Pereira and Cooper, 2006). Moreover, the mgjarit
plant species are relatively easy to identify tigtothe help of few manuals. Thus, students and
collaborators can help to reduce the sampling &ffoa broad scale field survey, like those we
made.

Within each study plot, allascular plant species were recordedexcept for hedgerows
(Paper 1IV), where only tree and shrub species wmmesidered. Species abundance was
estimated using thB8raun-Blanquet method in the woodlands patches (Paper Ill), while in
meadow-pasture patchesdensity index was estimated through two or more transects in
representative portions of the patch (Paper IV)tivdaand nonnative differentiation between
species was used for hedgerows (Paper IV) and éodiand patches (Paper 1ll). For meadow-
pasture patches the shade-intolerant species waepelated, i.e. those threatened from natural

reforestation process, from the total species nurfiteger I1).

We used several indices to measure plant specressiy, from alpha to beta diversity
indices (Table 2).

Index Type of diversity Paper
o p

Species number X V; 1 1
Species density X Il
Shannon X 1]l
Simpson X [l
Eveness X 1]l

Jaccard X 11
Table 2: alpha and beta indices used in the papers
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Alpha diversity is the within-habitat or intra community diversifWhittaker, 1965; Peet,
1974), as shown in Figure 8. Among all, Shannothés commonest index to quantify local
species richness in small and ecologically homopgagmereas (Ricklefs and Schluter, 1993),
while Simpson index is very suitable to underlimenpositional differences into a community
(Lennon et al, 2001). Species density is influenced by histérieamdscape configuration
(Cousins and Eriksson, 2002) and land use hist@Gnade, 1999), thus we use this index to
investigate biodiversity legacy with the historitahdscape asset (Paper II).

Beta or between-habitat diversityis defined as the change in species compositmmgal
environmental gradients and it quantifies the gpatirnover or change in the identities of
species (Whittaker, 1965; Koleét al, 2003). This latter is nowadays used in studiesiatic
homogenization(Paper Ill) in urban areas, where native commusitiee gradually replaced by
nonnative communities (McKinney and Lockwood, 19989)mong these indices, Jaccard
distance is very suitable to detect ecological igrad (Faith et al, 1987) in biotic
homogenization studies (Olden and Rooney, 2006)a Bersersity value is calculated by the
average pair-wise beta diversity index of eachystptbt compared to all other plots of the same

group (Figure 8).

! !

Mean alpha value Mean beta value

Figure 8: visual schematization of mean alpha anbeta diversity calculation of six hypothetical plah communnities.
Mean alpha value is calculated simply through the@thmetical mean of alpha diversity values of eacltommununity
samples (left picture). Beta diversity value is callated by the average pair-wise beta diversity inelk of each community
sample compared to all other communnities of the sae group (right picture).
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Alpha and beta diversity indices were calculateasugh the free software package

(BiodiversityR developed within the R statistical environmemtsion 2.7.2 (R, 2005).

Management variables

Due to the intensive management regime of hedgeriowthe PO Plain, we added two

variables strictly related with human managementtérms of logging activities and cutting

regimes), i.e. basal area andltural systems These latter were classified according to the

arrangement of plant growth forms as follows: msttried (shrubs, pollarded trees and

coppice), high single-storied (pollarded trees higth trees or only pollarded trees or only high

trees), low single-storied (shrubs and coppicerdy coppice or only shrubs) and two-storied

(pollarded trees and shrubs or pollarded treescapgice or high trees and coppice). See figure

below for some examples.

T Hs SHRUB

Legend

é

| HIGH TREE

W oeeice

Y POLLARD

Figure 9: hedgerow's cultural systems examples: &w single-storied; b) two-storied; ¢) high singlestoried; d) multi-

storied
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3.2.2 Landscape level analysis — GIS analysis

The spatial patterning of ecosystems is a phenomehat arises at the landscape level
(Klopateket al, 1983). The ability tmuantify landscape structureis prerequisite to the study
of landscape function and change. For this reasouch emphasis has been placed on
developing methods to quantify landscape strucfarg. O'Neill et al, 1988; Turner, 1990).
Geographical information systems (GIS) of varyimgnplexity have emerged as useful tools in
addressing this kind of analysis (Turner, 1990).

The influence of landscape factors on plant sgedieersity was investigated differently
in each research papemsdapting GIS analysis according to the specific characteristics of
habitat, matrix type and human impact. For instancanectivity was considered in all the four
papers considered in this thesis. From a strucpaialt of view, it can be defined as a measure of
how connected or continuous a corridor, networkmattrix is (Paper 1). A complex index of
connectivity, i.e. Hanski index (Hanski, 1994), was calculated between black lopasches
(Paper lll). This index takes into account the siznd distances to all potential source
populations (Figure 10) and has the best and norsistent performance for highly fragmented
patterns of landscape (Moilanen and Nieminen, 2080&)h as the Berlin urban area of the case

study.

Figure 10: visual representation of hanski index pinciple: the calculation of isolation of the dark geen patch takes into
account both the distances from the possible sourgatches of the same habitat type around and the lagive influence of
their size

Instead, we used a simple measure of connectiagedb on theamount of habitat
within a defined radius (Wiegandet al, 1999) in the more homogeneous and connected
landscape of meadow patches in the Pejo valleyefPid)p Finally, in paper 1V, we calculated
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hedgerownetwork density (km/ha) as a structural connectivity index (Metzgad Décamps,
1997) to characterize each agrarian landscapestypeyed in the Veneto plain (Figure 11).

Figure 11: different hedgerow network density in tle agrarian landscape of the Veneto plain (a) high ddgerow

connectivity; (b) low hedgerow connectivity

As well as connectivity, patch spatial attributes dave strong effects on biodiversity
(Forman, 1995). Among all, mean patch size (Papét IV), boundary length (Paper 1) and
several patch compaction and edge irregularity in®e{iPaper 1) were analyzed to determine

their influence on plant species diversity (Table 3

Landscape metrics References Paper
Patch (or corridor) size (Forman, 1995) L 11, IV
Number of patch (Forman, 1995) I

Patch compaction metrics

Elongation index (Davis, 1986) Il
. (McGarigal and Marks,
Shape index 1995) I
. L (McGarigal and Marks,
Fractal dimension index 1995) I
Boundary length (Forman, 1995) I

Table 3: Landscape metrics adopted in the papers
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a) b)

Figura 12: an example of different patch shape (ara b)

All the spatial analyses were made using the Gfvace ESR? ArcMap™ 9.2 (ESRI,
2006). Landscape metrics and land cover calculatimere performed using PatchAnalyst

(Rempel, 2008) in the GIS environment.

3.2.3 Statistical methods adopted

Landscape-level studies need methods to quant#ijadgatterns and to determine relationships
between functional process, biodiversity and laagegatterns (Turner and Gardner, 1991). The
following part reports the main statistical methaatsd tests used in the research papers to
determine differences between landscape and bimiliyepatters and to relate plant species

diversity to spatial and management variables.

Testing differences between groups

We used several statistical tests to compare diffegs between group means (Table 4),
depending on data distribution (parametric — nampatric tests) and on the number of groups
sampled (two or more).

Besides the other well know and more classical gares like ANOVA and t-test,
randomizations techniquespermit analysis of datasets that are not completellected at
random (Adams and Anthony, 1996; Legendre and Lergeri998; Strasser and Weber, 1999).
Indeed, these kind of tests do not assume randomplsey from well-defined populations, as
more classical tests. Particularly in studies @ngpecies turnover between communities through

beta diversity indices (e.g. Legendseal, 2005; Ferrieret al, 2007), this technique allows to
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compare species diversity between spatially nestedpling (Paper Ill). The randomization
procedure uses a reshuffling algorithm to placeividdals in samples randomly while
preserving the original species abundance and sasmg# distributions (Crigt al, 2003).

Test type Paramelric Non- _ Number of Paper
parametric groups

t-test X 2 Paper llI

Kruskall-Wallis Test X 2 or more Paper ll

Mann-Whitney U Test X 2 Paper IlI

Permutation (or X 2 or more Paper Il

randomization) tests

ANOVA X More than Paper I, IV

two

Table 4: Statistical tests adopted in the papers

Regression models

Ecologists frequently use models to detect andrdespatterns, and regression models
are often used as tools for quantifying the retetiop between one variable and others upon
which it depends (Elitret al, 2008). More deeply, regression analysis is dssitzl method
used to investigate relations between a dependeiable, i.e. species richness, and predictors or
independent variables, i.e. environmental and/anagament variables, at a series of sites (ter
Braak and Looman, 1987). In our three researchrpaiee dependent variables are species
diversity indices, e.g. alpha and beta indices, whei the predictors (or independent
variables) were mostly landscape and management vables.

A common extension of simple linear regressionhis tase where we have recorded
more than one explanatory variable. When all thegligtor variables are continuous, the models

are referred as multiple regression modélsinn and Keough, 2002). Two main assumption of

this kind of regression is that data could be ndlsnahstributed and explanatory variables cannot

show any correlation and interaction effects withe cother.Correlation analysis helps to
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choose independent variables measuring the skremigassociation between them (Waite,
2000).
In the case study of paper I, species density wased as dependent variable, while

historical size and connectivity of meadow patchess independent variables.

General linear mixed mode{&LMMs) provide a more flexible approach for arzahg

non-normal data when botfixed and random effectsare present (Dormanat al, 2007;
Bolker et al, 2008). An effect is considered "random" if thepesimenter has not specifically
chosen levels of the effect to be in the experimlent has drawn a random sample from a larger
population of possible level (Bennington and Thayt®94), i.e. our surveyed sites (Paper V).
A fixed effect is something that is repeatable. Seheffects are called "fixed" because the same
levels of the effect would be used again if theezxpent was repeated (Bennington and Thayne,
1994; Newmaret al, 1997). As reported by Bolker et al. (20083L1:MMs combine linear mixed
models, which incorporate random effects, and gaimsd linear models, which handle non-
normal data by using link functions and exponerfaatily distributions’

In the case study of paper 1V, the number of woodgpecies was used as dependent
variable, while hedgerow area, cultural systems, &e basal area and site as independent

variables. Site was threated as random factor.

The boosted regression tréBRT) approach (Paper Ill) differs fundamentallprh

traditional regression methods that produce a sirigest’ model. Indeed, BRT uses the
technique ofboosting to combine large numbers of relatively simple tneedels adaptivelyo
optimize their predictive performance (Elith et al, 2006; Leathwiclet al, 2006). In the paper
Ill, we used BRT both because of its predictive powand its flexibility in handling both
categorical and metric response data.

Compared with conventional regression models,ettae noP values to indicate the
relative significance of model coefficients, degreaf freedom in the model are hard to
determine, and the paradigm is quite different frone focusing on selecting a single ‘best’
model containing few parameters (Eléhal, 2008).
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Model selection in BRT, consistent with many modeeachniques that focus on
regularization through shrinkage (Hastieal, 2001), provides a coherent and robust alternative
to traditional approaches such as stepwise varsgdeetion (Whittinghanet al, 2006).

Although the lack of a single simple model may egarded as disadvantageous from a
traditional perspective, Elith et al. (2008) havemdnstrated a range of methods for both
interpretation and prediction, and these providefional equivalence to many of the techniques
used with conventional regression.

In the study (Paper 1ll), mean Jaccard’s distance \as used as dependent variable
(beta diversity index), while urbanity (i.e. propottion of built up area), proportion of
railway habitats, connectivity index between blackocust patches (calculated through the
Hanski index), tree canopy cover and black locusinivasion (categorical, black locust vs.

betula plots) were included as predictors.

Multiple regression model was performed with thatiStica 9.0 software (Statsoft,
2009). All the other statistical analysis were aeetdd with R, version 2.7.2 (R, 2005).
Permutation tests were performed through the caickgge (Hothorret al, 2008). General
linear mixed models where calculated trough ninekpge (Pinheir@t al, 2010) while boosted

regression trees with gbm package and additiomgdtsgrovided by Elith et al. (2008).
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4. Main results and discussion

Regarding the analysis of plant species diversityach surveyed community, we refer to
the full papers reported in the appendx7j.

The following results concern theslationship between plant species diversity and
landscape/management variableanalyzed through the regression models above iexplag
3). They are just an estrapolation of the main Iteghat we obtained in each case study (for
deeper details see the Appendix).

4.1 Influence of landscape evolution on biodiversit(paper 1) and plant species diversity
(Paper II)

The review paper (Paper 1) showed generically gatiee effect of the shifting landscape
mosaic following spontaneous reforestation on iediity. Among all, we can underlie the
general declining trend of scenic and grassland dersity values due to the loss of open
spaces(e.g. Motzkinet al, 1999; Mazzolenet al, 2004; Lasanta-Martinezt al, 2005; Leicht-
Younget al, 2007; Gellrichet al, 2008; Kuemmerlet al, 2008). Exception were reported by
Laiolo et al. (2004) for alpine bird diversity.

The above mentioned results provided a good stppaint to analyze more deeply the
effect of spontaneous reforestation on semi-natgrassiand plant species richness, through a

research work on a specific alpine valley, as desdrbelow.

The research work in the Pejo valley (Paper II) bhswn that ancient and current
landscape patterns affected plant diversity. Thinoug the years spanning from 1973-2006,
patch interior species richness was positivelyatated with patch size and more strongly with
the current, while with shape index it was posliyiveorrelated only at 2006 (Table 5).
Connectivity showed positive correlation only wipecies density (Table 6). The current patch
interior species richness was not significantlyrelated with any 1859 patch attributes, while
species density was positively correlated with 1@a8ch size, shape index and connectivity
(Table 6).
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Years
1859 1973 1995 2000 2006
ri{ 0.066 0.321 0.289 0.274 0.322
; 0.640 0.023* 0.041* 0.049* 0.022*
r{ 0.098 0.140 0.264 0.218 0.362
F 0.488 0.332 0.063 0.128 0.010*
ri 0.213 0.088 0.157 0.190 0.162

Connectivityr—
p| 0.130 0.543 0.275 0.188 0.260

Table 5: Correlations of interior species richnessith patch size, shape index and connectivity, thraghout the years
spanning from 1973-2006 and at 1859 (* < 0.05, **&01, *** p < 0.001; d.f.2006 = 57, d.f.1973-206056, d.f.1859 = 50)

Patch metrics

Patch size

Shape index

Years
1859 1973 1995 2000 2006
ri 0.470 0.112 -0.144 0.008 -0.033
p| 0.001** 0.437 0.318 0.958 0.982
ri 0.390 -0.085 -0.021 -0.017 0.086
p| 0.006** 0.559 0.883 0.007** 0.544
ri 0.410 0.455 0.439 0.455 0.544

Connectivityr—
p| 0.003** 0.001** 0.001** 0.001** 0.000%***

Table 6: Correlations of species density with patclsize, shape index and connectivity, throughout thgears spanning
from 1973-2006 and at 1859 (* < 0.05, ** < 0.01, *)p < 0.001; d.f.2006 = 57, d.f.1973-2000 = 56,.d859 = 50)

Patch metrics

Patch size

Shape index

Our results show that the actual (2006) size aagpelindex tend to explain the variation
in patch interior species richness among the remgimaggengopatches. This results were
expected also from other studies (Forman, 1995sitewand Aggemyr, 2008).

Analyzing more deeply the effect diistorical (1859) landscape configuration on
current plant species density we performed a multiple regression model inclgdourrent
species density as dependent variable and only ihdependent variables: 1859 size and
connectivity. This explained 49% of variation iretburrent species density and showed that the

importance of size was relatively higher than catingy (Table 7).
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Variable b B p
Intercept 2.78 - < 0.001
1859 size 0.23 0.43 0.009
1859 connectivity 0.89 0.36 0.025

Table 7: the multiple regression model for the effets of the 1859 size (log-transformed) and connédgty (arcsine
transformed) (n = 41, F(2,38) = 20.81, adjusted R20.49, P < 0.001) on the current species densiggared transformed).
b: coefficients,p: adjusted coefficients.

Although patch interior species richness seemsetandt influenced by the past and
present connectivitythis work shows that if the past landscape connduity and patch size
were higher than present, high values of present spies density are sign that the influence
of historical landscape configuration still exertsinfluence on plant diversity. This result
accords also to Cousins and Eriksson (2008). Ieraxsupport this latter result, we performed a
literature research on species density in similaumtain landscapes. Compared to the few data
we found (Stohlgreret al, 1999; Fischert al, 2008), we can consider our species density
values as being still high, demonstrating that titorical signal from the 1859 size and

connectivity is still existent.

This study showed that changes in landscape patterthrough long term dynamics
could be one of the present plant species densitgtdrminants (Gustavssonet al., 2007).
Indeed, Pykala (2003) reported that species densitwas a more suitable indicator to
evaluate spatial pattern changes effects on planpscies diversity than species richness,
which is generally more sensitive to environmentalvariables. Moreover, where
environmental site condition and management variald aren’'t determinants of plant
species diversity, a significant amount of variatio in species data could be attributed to the

pure effect of present spatial patterns.
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4.2 Influence of landscape matrix and black locughvasion on homogeneization of urban
flora (Paper IIl)

The joint effect ofRobinia pseudoacacisvasion, urban matrix components and canopy
cover on beta diversity ¢dlobinia pseudoacaciandBetula pendulglots was analyzed by using
BRTs. The analyses revealed that Robinia pseud@aiceasion had nearly no relative effect on
the mean beta diversity of native species poolg. (E8a, b). In contrast, Robinia pseudoacacia
invasion was the most important predictor for baitgersity in nonnative species (Fig. 14a,b).
Mean beta diversity in the total and native spe@esls was strongly influenced by the
proportion of built-up area around the plots wtik highest beta diversity at low proportions and
the lowest beta diversity at intermediate levelbufding density.

Figure 13a: relative variable importance plots forBRT analyses of the native species (cv correlatior3:341,
se=0.117, explained deviance= 0.46pr the letters see below. The bar charts mean retige importance of
the predictors for homogenization (i.e. Jaccard’s igsimilarity); The longer the bar, the higher the nfluence
of the predictor.
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Figure 13b: partial dependency plot s for BRT analges of the native species (cv correlation= 0.34&=s0.117,
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(Jaccard’s dissimilarity) is on the y-axis, the pedictor on the x-axis.In evidence the main factors affecting

homogenization of nonnative species.

Figure 14a: relative importance plot for BRT analy®s of the nonnative species (cv correlation = 0.3de =
0.13, explained deviance: 0.24). For the lettersesbelow. The bar charts mean relative importance ahe
predictors for homogenization (i.e. Jaccard’s dissnilarity); The longer the bar, the higher the influence of

the predictor.
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0.13, explained deviance: 0.24). The curves can bderpreted like regression lines where the depenade
variable (Jaccard dissimilarity) is on the y-axis,the predictor on the x-axis. In evidence the mairiactors
affecting homogenization of nonnative species.

This study showed that biotic homogenization at kheal level was increased by
components of the urban matrix that promote wodatlleonnectivity and species exchange. In
accordance with the findings on the impact of uityaon homogenization, the beta diversity of
native species pools responded to the proportidoudf up area. Indeed, BRT models of mean
Jaccard’s distance showed a strong impact of btatkst invasion in the nonnative species pool
whereas the beta diversity of native species refgbrexclusively to components of the urban

matrix.

Our data provide evidence for varying mechanisms ohomogenization of urban
floras through plant invasions and urban matrix conponents at the local level. Plots
invaded by black locust showed reduced beta divetgiexclusively in the nonnative species

pool despite a clear decrease in alpha diversityds paper Ill). This can presumably be
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attributed to the facilitation of archaeophytes inthe course of nitrogen accumulation.
Moreover, the proportion of built-up area led to hanogenization of the native species pool.
Connectivity of woodland patches and the proportiorof railway habitats also contributed
to a decrease in overall beta diversity through higer species exchange among woodland

plots.
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4.3 Influence of landscape patterns and managemean plant species diversity (Paper 1V)

Results of the mixed models (Table 8) showed a Higmificant effect of hedgerow area
(P<0.001) and cultural syster®<€0.001) on native woody species richness, as wall marginal
effect of basal are@€0.034).

df F P
Log(Area 1,52¢ 284.7¢ <0.001
Cultural systerr 3,52¢ 38.35¢ <0.001]
Log(basal aree 1,52¢ 4.51¢ 0.03¢

Cultural systems x Log(Are - - -

Cultural systems x Basal a - - -
Table 8: result from the general linear mixed moded testing cultural system, hedgerow area, and basatea on native
woody species richness in the seven sites. No itetion between the factors remained in the model.it8 was included as a
random factor.

Multi-storied support the highest number of spetiswed by two-storied hedgerows. High
single-storied cultural system contains the loweshber of species (Figure 15).

Interaction between area and cultural system, #isaséhe interaction between basal area and
cultural system, were not statistically significafibe slope of the curve between hedgerow area

and native species richness was positive (Figéje 1
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Figure 15: effect of the four cultural systems on ative woody species richness. The dot indicates theean while the solid
line indicates the median.
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Figure 16: effect of hedgerow area on native woodspecies richness. Each plot represents one samplisite.

Each cultural system adopted in our study showssladion with the various hedgerow
structural characteristics. In addition, hedgerolural system, area and basal area exerted great
influence on both structural features and nativeodyospecies richness. Both the effect of
hedgerow area and tree basal area on woody spedegess was not affected by hedgerow
cultural system. Species accumulation with incregsirea is a well know phenomenon also for
hedgerows (Deckerst al, 2004). Tree basal area is a correlate of statuime and biomass,

that we can interpret as saturation level (sensur8tks and Sevenster, 1995).

This study indicates that the identification of culural systems, gained from a visual
estimation, may address native woody species richsge across a wide range of hedgerow
network densities and landscape types. The multi-atied hedgerows were those with the
highest species richness and with the more complestructural attributes. Moreover
hedgerow area is another key variable that has a reing influence on woody species

richness.
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5. General conclusions

Generically, the survival of species depends aomldaape dynamics and on spatial habitat
configuration (Paper 1). More specifically, whemvgonmental site conditions and management
variables have not impact on secondary communitiabiity and they did not differ between
the surveyed communities, plant species diversity loe deeply influenced by spatial variables
(Paper Il and IIl). On the contrary, whemeanagement variableshave a strong effect on the
alteration of secondary communities, i.e. in agrarihedgerow habitats, this effect s

independent from the landscape assets of the @iffeites surveyed (Paper V).

Moreover, the integrative methods used by tlamdscape ecology approachallowed

us to quantify in a holistic ways complex naturatl aultural patterns and process on different
time-space scales (Naveh, 1994). Indeed, the tlessarch papers combined vascular species
diversity indices (alpha and beta diversity) wittBGandscape analysis (Paper Il, I, IV). One of
the the best way to find out relation between ditgrindices and landscape variables (and
management) are regression models. Among thenheinaist years generalized linear mixed
models (GLMMs) helped landscape ecologists to tateaccount for spatial autocorrelation of
non-normal data that involve random effects (Pd@gr At the same time, boosted regression
trees (BRT) combines regression trees algorithni Wwibosting technique, giving sometimes
substantial predictive advantage over methods asdimear models (Paper lIIl).

The effect of isolation is constantly an important factor influencing specdispersal
between communities (Paper I). Both paper Il ahghbwed the strong effect of the present
connectivity on the secondary communities investigaMoreover paper Il showed that the past
habitat connectivity could be one of the preseahpkpecies density determinants. However, in
our research papers we considered connectivitydsrtiaabitat patches (structural connectivity),
not considering species’'movement behavior in theddaape (functional connectivity). As
suggested by Kindlmann and Burel (2008), a comptetasure of connectivity should have both
attributes to understand entirely the effects ord$aape patterns on species diversity. Thus,
further researchers could be addressed to analgperdion patterns of specific taxa of vascular

plant species on the secondary habitats alreadgiigated in this thesis.
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These kind of studies have several implicationslandscape management and
planning. Studies like paper Il could address conservastmtegies to identify the most
important (in term of surface, shape complexity andnectivity) meadow-pastures that should
be preserved and managed in order to avoid the dbshade-intolerant species, like those
strictly related with this kind of habitat. Resulike those of paper Il help to understand the
dynamics of nonnative species invasion and the gbleew woodlands on urban plant species
diversity. Since nowadays the importance of urbanlilersity is steadily growing for several
ecological and sociological aspects (sedlét and Werner, 2010), urban planners have to take
into account these aspects in planning and managevherban abandoned areas. Finally, agro-
environmental schemes proposing hedgerow requatific and plantation derived from the
institution of Agenda 2000 should include the hedgemanagement practices suggested by our

study (paper 1V), because of their easily applilitytin different landscape contexts.

38



6. Bibliography

Adams, D.C., Anthony, C.D., 1996. Using randomattechnigues to analyse behavioural
data. Animal Behaviour 51, 733-738.

Andreasen, C., Stryhn, H., Streibig, J.C., 1996cliDe of the flora in Danish arable fields.
Journal of Applied Ecology 33, 619-626.

Aude, E., Tybirk, K., Michelsen, A., Ejrnaes, R.ald, A.B., Mark, S., 2004. Conservation
value of the herbaceous vegetation in hedgerowses arganic farming make a difference?
Biological Conservation 118, 467-478.

Backes, M.M., 2001. The role of indigenous treedlie conservation of biocultural diversity
in traditional agroforestry land use systems: Tlhaddma case study. Agroforestry Systems 52,
119-132.

Bazzaz, F.A., 1991. Habitat Selection in Plante American Naturalist 137, S116-S130.

Bennington, C.C., Thayne, W.V., 1994. Use and Miswé Mixed-Model Analysis of
Variance in Ecological-Studies. Ecology 75, 717-722

Benton, T.G., Bryant, D.M., Cole, L., Crick, H.Q.R002. Linking agricultural practice to
insect and bird populations: a historical studyrdtieee decades. Journal of Applied Ecology 39,
673-687.

Blair, R.B., 2001. Birds and butterflies along urkgradients in two ecoregions of the United
States: is urbanization creating a homogeneousafaum: Lockwood, J.L., McKinney, M.L.
(Eds.), Biotic homogenization. Kluwer Academic/RlanPublishers, New York, pp. 33-56.

Bolker, M.B., Brooks, M.E., Clark, C.J., GeangeWS. Poulsen, J.R., Stevens, M.H.H.,
White, S.J.S., 2008. Generalized linear mixed nwdal practical guide for ecology and
evolution. Trends in Ecology and Evolution 24, 1135.

Burel, F., Baudry, J., 1995. Species biodiversityhanging agricultural landscapes: A case
study in the Pays d'Auge, France. Agriculture, igstesns and Environment 55, 193-200.

Burel, F., Baudry, J., 1999. Ecologie du paysagehfiigue & Documentation, Paris.

Busch, G., 2006. Future European agricultural leapses — what can we learn from existing
guantitative land use scenario studies? . AgricgljtEcosystems and Environment 114, 121-140.
Cernusca, A., Tappeiuer, U., Bahn, M., Bayfield, Bhemini, C., Filat, F., Graber, W.,
Rosset, M., Siegwolf, R., Tenhunan, J., 1996. ECOMOecological effects of land use

changes on European terrestrial mountain ecosystintseos 147-148, 145-171.

Cousins, S.A.O., Aggemyr, E., 2008. The influendefield shape, area and surrounding
landscape an plant species richness in grazecksfiBiological Conservation 141, 126-135.

Cousins, S.A.O., Eriksson, O., 2002. The influen€ananagement history and habitat on
plant species richness in a rural hemiboreal laaquscSweden. Landscape Ecology 17, 517-519.

Cousins, S.A.O., Eriksson, O., 2008. After the potts are gone: Land use history and
grassland plant species diversity in semi-natunasglands in Swedish rural landscapes.
Landscape Ecology 22, 723-730.

Cowley, M.J.R., Thomas, C.D., Thomas, J.A., WarfdrS., 1999. Flight areas of British
butterflies: assessing species status and declingsProceedings of the Royal Society of
London, Series B, pp. 1587-1592.

Crist, T.O., Veech, J.A., Gering, J.C., SummeryiKeS., 2003. Partitioning species diversity
across landscapes and regions: A hierarchical sisabf alpha, beta, and gamma diversity.
American Naturalist 162, 734-743.

Davis, C.A., 1986. Statistics and Data analysiS@ology. John Wiley, New York.



Deckers, B., Hermy, M., Muys, B., 2004. Factorseetiihg plant species composition of
hedgerows: relative importance and hierarchy. Axaologica-International Journal of Ecology
26, 23-37.

Donald, P.F., Green, R.E., Heath, M.F., 2001. Agdtical intensification and the collapse of
Euope's farmland bird populations. In, Proceedofghe Royal Society of London, Series B, pp.
25-29.

Dormann, C.F., McPherson, J.M., Araujo, M.B., Bigtair., Bolliger, J., Carl, G., Davies,
R.G., Hirzel, A., Jetz, W., Kissling, W.D., Kuhn, Ohlemuller, R., Peres-Neto, P.R., Reineking,
B., Schroder, B., Schurr, F.M., Wilson, R., 2007thbds to account for spatial autocorrelation
in the analysis of species distributional datavaew. Ecography 30, 609-628.

Elith, J., Graham, C.H., Anderson, R.P., Dudik, Merrier, S., Guisan, A., Hijmans, R.J.,
Huettmann, F., Leathwick, J.R., Lehmann, A., LiLdhmann, L.G., Loiselle, B.A., Manion, G.,
Moritz, C., Nakamura, M., Nakazawa, Y., McC. Overtd., Townsend Peterson, A., Phillips,
S.J., Richardson, K., Scachetti-Pereira, R., Scbaft.E., Sobero'n, J., Williams, S., Wisz,
M.S., Zimmermann, N.E., 2006. Novel methods imprgvediction of species’ distributions
from occurrence data. Ecography 29, 129-151.

Elith, J., Leathwick, J.R., Hastie, T., 2008. A wiog guide to boosted regression trees.
Journal of Animal Ecology 77, 802-813.

ESRI, 2006. Arcinfo 9: using ArcGIS Desktop. In.FSRedlands, CA (USA).

Faith, D.P., Minchin, P.R., Belbin, L., 1987. Comftimnal dissimilarity as a robust measure
of ecological distance. Vegetatio 69, 57-68.

Farina, A., Morri, D., 2007. The challenge of restg disturbed landscapes. In: Bunce,
R.J.H., Jongman, R.H.G., Hojas, L., Weel, S. (E&b)Years of Landscape Ecology: scientific
principles in practice. IALE Publication seriesageningen (Netherlands).

Ferrier, S., Manion, G., Elith, J., Richardson, RQ07. Using generalized dissimilarity
modelling to analyse and predict patterns of betardity in regional biodiversity assessment.
Diversity and Distributions 13, 252-264.

Fischer, M., Rudmann-Maurer, K., Weyand, A., Stotckl., 2008. Agricultural land use and
biodiversity in the Alps - How cultural traditiomd socioeconomically motivated changes are
shaping grassland biodiversity in the Swiss Alpsulitain Research and Development 28, 148-
155.

Forman, R.T.T., 1995. Land Mosaics, the ecologylamidscape and regions. Cambridge
University Press, New York.

Forman, R.T.T., Godron, M., 1986. Landscape Ecaldgiin Wiley & Sons, New York.

Gellrich, M., Baur, P., Koch, B., Zimmermann, N.2QO07. Agricultural land abandonment
and natural forest re-growth in the Swiss mountafksspatially explicit economic analysis.
Agriculture Ecosystems & Environment 118, 93-108.

Gellrich, M., Baur, P., Robinson, B.H., Bebi, F0O08. Combining classification tree analyses
with interviews to study why sub-alpine grasslasdsietimes revert to forest: A case study from
the Swiss Alps. Agricultural Systems 96, 124-138.

Grace, J.B., 1999. The factors controlling spedesssity in herbaceous plant communities: an
assesment. Perspectives in Plant Ecology EvolatmohSystematics 2, 1-28.

Graham, C.H., Blake, J.G., 2001. Influence of pathd landscape-level factors on bird
assemblages in a fragmented tropical landscapédodical Applications 11, 1709-1721.



Gustavsson, E., Lennartson, T., Emanuelsson, M7.20and use more than 200 years ago
explains current grassland plant diversity in a dssiagricoltural landscape. Biological
Conservation 138, 47-59.

Hanski, 1., 1994. A practical model of metapopuatdynamics. Journal of Animal Ecology
63, 151-162.

Harris, L.D., 1984. The fragmented forest: islambbography theory and the preservation of
biotic diversity. University of Chicago press, Clwo.

Hastie, T., Tibshirani, R., Friedman, J.H., 200heElements of Statistical Learning: Data
Mining, Inference, and Prediction. Springer-Verlbigw York.

Hobbs, R., 1997. Future landscapes and the futbilanolscape ecology. Landscape and
Urban Planning 37, 1-9.

Hobbs, R.J., Hopkins, J.M., 1990. From frontiefremments: European impact on Australia's
vegetation. Proceedings of Ecological Society o$tPalia 16, 93-114.

Hole, D.G., Perkins, A.J., Wilson, J.D., AlexandeH., Grice, F., Evans, A.D., 2005. Does
organic farming benefit biodiversity? Biological &®@rvation 122, 113-130.

Hothorn, T., Hornik, K., van de Wiel, M., Zeileig., 2008. Implementing a class of
permutation tests: The coin package. Journal dafs8tal Software 28, 1-23.

Hunter, M.D., Price, P.W., 1992. Playing Chutes aratlders - Heterogeneity and the
Relative Roles of Bottom-up and Top-down Forcedlatural Communities. Ecology 73, 724-
732.

Hutchinson, G.E., 1959. Homage to Santa Rosal@hgrare there so many kinds of animals.
American Naturalist 93, 145-159.

Isselstein, J., 2003. Erhaltung und Fo'rderungRianzenartenvielfalt auf dem Gru'nland
aus landwirtschaftlicher Sicht. Nova Acta Leopo&lBv/328, 99-111.

Kindlmann, P., Burel, F., 2008. Connectivity measura review. Landscape Ecology 23,
879-890.

Kirby, J.K., Watkins, C. (Eds.), 1998. The ecol@gitistory of european forests. CAB
International, Oxon, UK.

Klopatek, J.M., Krummel, J.R., Mankin, J.B., O'NeR.V., 1983. A theoretical approach to
regional energy conflicts. Journal of EnvironméManagement 16, 1-15.

Kohler, A., Sukopp, H., 1964. Uber die Geholzenkling auf Berliner Triimmerstandorten.
Berichte der Deutschen Botanischen Gesellschaf88%-406.

Koleff, P., Gaston, K.J., Lennon, J.J., 2003. Meagubeta diversity for presence-absence
data. Journal of Animal Ecology 72, 367-382.

Kowarik, 1., 2005. Wild urban woodlands: towardsanceptual framework. In: Kowarik, I.,
Korner, S. (Eds.), Wild urban woodlands. Springer&g, Berlin, pp. 1-32.

Kowarik, 1., Langer, A., 1994. Vegetation einer Ber Eisenbahnfliche (Schéneberger
Siudgelande) im vierten Jahrzehnt der Sukzessiorhavidlungen des botanischen Vereins der
Provinz Brandenburg 127, 5-43.

Kromp, B., 1999. Carabid beetles in sustainablecaljure: a review on pest control efficacy,
cultivation impacts and enhancement. Agriculturedystems & Environment 74, 187-228.

Kuemmerle, T., Hostert, P., Radeloff, V.C., van Hexden, S., Perzanowski, K., Kruhlov, 1.,
2008. Cross-border comparison of post-socialismif@nd abandonment in the Carpathians.
Ecosystems 11, 614-628.



Lafortezza, R., Corry, R.C., Sanesi, G., Brown, RZD08. Cultural determinants of spatial
heterogeneity in forest landscapes. In: Laforte®a,Chen, J., Sanesi, G., Crow, R.T. (Eds.),
Patterns and process in forest landscapes. SpriNger York.

Laiolo, P., Dondero, F., Ciliento, E., Rolando, A004. Consequences of pastoral
abandonment for the structure and diversity ofdlpéne avifauna. Journal of Applied Ecology
41, 294-304.

Lasanta-Martinez, T., Vicente-Serrano, S.M., CugBrats, J.M., 2005. Mountain
Mediterranean landscape evolution caused by thedaimanent of traditional primary activities:
a study of the Spanish Central Pyrenees. Applieab@ghy 25, 47-65.

Leathwick, J.R., Elith, J., Francis, M.P., Hasfie, Taylor, P., 2006. Variation in demersal
fish species richness in the oceans surrounding Mealand: an analysis using boosted
regression trees. Marine Ecology-Progress Serigs287-281.

Lee, C.S., You, Y.H., Robinson, G.R., 2002. Secondauccession and natural habitat
restoration in abandoned rice fields of centraldéoRestoration Ecology 10, 306-314.

Legendre, P., Borcard, D., Peres-Neto, P.R., 2B84lyzing beta diversity: Partitioning the
spatial variation of community composition dataolbgical Monographs 75, 435-450.

Legendre, P., Legendre, L., 1998. Numerical Ecal&gsevier, Amsterdam.

Leicht-Young, S.A., Silander, J.A., Latimer, A.M2007. Comparative performance of
invasive and native Celastrus species across emagntal gradients. Oecologia 154, 273-282.

Lennon, J.J., Koleff, P., Greenwood, J.J., Turn@&R.G., Gaston, K.J., 2001. The
geographical structure of British bird distributsordiversity, spatial turnover and scale. Journal
of Animal Ecology 70, 966-979.

Li, C., Liu, J., Lafortezza, R., Chen, J., 2011.ndging forest landscapes under global change
scenarios. In: Li, C., Lafortezza, R., Chen, J.g(Ed_andscape ecology in forest management
and conservation. Springer, New York.

Lindborg, R., Eriksson, O., 2004. Effects of reatmm on plant species richness and
composition in Scandinavian semi-natural grasslaRdstoration Ecology 12, 318-326.

Ludwig, T., Storch, 1., Graf, R.F., 2009. Histotamdscape change and habitat loss: the case
of black grouse in Lower Saxony, Germany. Lands&agsolgy 24, 533-546.

MacDonald, D., Crabtree, J.R., Wiesinger, G., DaxStamou, N., Fleury, P., Lazpita, J.G.,
Gibon, A., 2000. Agricultural abandonment in moumtareas of Europe: Environmental
consequences and policy response. Journal of Emagntal Management 59, 47-69.

May, R.M., 1990. How many species? Philosophican$actions of the Royal Society of
London B. Biological Sciences 327, 171-182.

Mazzoleni, S., di Martino, P., Strumia, S., Buonan¥l., Bellelli, M., 2004. Recent Changes
of Coastal and Sub-mountain Vegetation Landscap&€ampania and Molise Regions in
Southern Italy. In: Mazzoleni, S., di Pasquale,&ujligan, M., di Martino, P., Rego, F. (Eds.),
Recent Dynamics of the Mediterranean Vegetation laemtiscape. John Wiley & Sons, Ltd,
Chichester, pp. 145-155.

McGarigal, K., Marks, B.J., 1995. FRAGSTATS: sphtmattern analysis program for
guantifying landscape structure. In. USDA Forestvise, Pacific Northwest Research Station
Portland (USA).

Mcintyre, S., Barrett, G.W., Ford, H.A., 1996. Conmties and ecosystems. In: Spellerberg,
I.F. (Ed.), Conservation biology. Longman, Harldwjited Kingdom, pp. 154-170.

Mcintyre, S., Hobbs, R., 1999. A framework for ceptualizing human effects on landscapes
and its relevance to management and research m@ueiservation Biology 13, 1282-1292.



McKinney, M.L., Lockwood, J.L., 1999. Biotic homageation: a few winner replacing
many many losers in the next mass extintion. Trem@&ology & Evolution 14, 450-453.

Metzger, J.-P., Décamps, H., 1997. The structusahectivity threshold: An hypothesis in
conservation biology at the landscape scale. Aeteo@gica 18, 1-12.

Moilanen, A., Nieminen, M., 2002. Simple connediivineasures in spatial ecology. Ecology
83, 1131-1145.

Motzkin, G., Wilson, P., Foster, D.R., Allen, A999. Vegetation patterns in heterogeneous
landscapes: The importance of history and enviroind®urnal of Vegetation Science 10, 903-
920.

Mdller, N., Werner, P., 2010. Urban Biodiversity atlie Case for Implementing the
Convention on Biological Diversity in Towns and i€#. In: Moller, N., Werner, P., Kelcey, J.G.
(Eds.), Urban Biodiversity and Design. Blackwelbishing Ltd., New York.

Naveh, Z., 1994. From biodiversity to ecodiversity: landscape-ecology approach to
conservation and restoration. Restoration Ecolqdy8R-189.

Newman, J.A., Bergelson, J., Grafen, A., 1997. Blog factors and hypothesis tests in
ecology: Is your statistics text wrong? Ecology ¥812-1320.

O'Neill, R.V., Krummel, J.R., Gardner, R.H., SugéaG., Jackson, B., DeAngelis, D.L.,
Milne, B.T., Turner, M.G., Zygmunt, B., ChristenseéaW., Dale, V.H., Graham, R.L., 1988.
Indices of landscape pattern. Landscape Ecolod$3-162.

Olden, J.D., Rooney, T.P., 2006. On defining anangjfying biotic homogenization. Global
Ecology and Biogeography 15, 113-120.

Opdam, P., 1990. Dispersal in fragmented populatithre key to survival. In: Bunce, R.J.H.,
Howards, D.C. (Eds.), Species dispersal in agucalthabitats. Belhaven Press, London.

Peet, R.K., 1974. The Measurement of Species Diyesnnual Review of Ecology and
Systematics 5, 285-307.

Pereira, H.M., Cooper, H.D., 2006. Towards the glalonitoring of biodiversity change.
Trends in Ecology & Evolution 21, 123-129.

Peterken, G.F., Francis, J.L., 1999. Open spachalatats for vascular ground flora species
in the woods of central Lincolnshire, UK. Biologi€onservation 91, 55-72.

Petraitis, P.S., R. E. Latham, a., Niesenbaum, ,R1A89. The maintenance of species
diversity by disturbance. Quarterly Review of Bigyo64, 393-418.

Pickett, S.T.A., Kolasa, J., Armesto, J.J., CollissL., 1989. The ecological concept of
disturbance and its expression at various hieramatkevels. Oikos 54, 129-136.

Pinheiro, J., Bates, D., DebRoy, S., Sarkar, Danf,eR.D.C., 2010. Linear and Nonlinear
Mixed Effects Models. In.

Pykala, J., 2003. Effects of restoration with @trazing on plant species composition and
richness of semi-natural grasslands. Biodivergity @onservation 12, 2211-2226.

Quinn, G.P., Keough, M.J., 2002. Experimental desigd data analysis for biologists.
Cambridge University Press, New York.

R, D.C.T., 2005. A language and Environment fotiStiaal Computing. In, Vienna.

Rempel, R., 2008. Patch Analyst for ArcGIS®. In.n€e for Northern Forest Ecosystem
Research, Thunder Bay (Ontario).

Rey Benayas, J., Martins, A., Nicolau, J., Schilz2007. Abandonment of agricultural land:
an overview of drivers and consequences. CAB Revi2d-14.

Ricklefs, R.E., Schluter, D., 1993. Species divgrnsi ecological communities, historical and
geographical perspectives. The University of CéacBress, London.



Risser, P.G., 1987. Landscape ecology: state oathdn: Turner, M.G. (Ed.), Landscape
Heterogeneity and Disturbance. Springer-Verlag, Newk.

Robinson, R.A., Sutherland, W.J., 2002. Post-wangks in arable farming and biodiversity
in Great Britain. Journal of Applied Ecology 39,71576.

Shorrocks, B., Sevenster, J.G., 1995. ExplainingaL &pecies-Diversity. Proceedings of the
Royal Society of London Series B-Biological Scien260, 305-309.

Siemann, E., Tilman, D., Haarstad, J., Ritchie, NI998. Experimental tests of the
dependence of arthropod diversity on plant divergimerican Naturalist 152, 738-750.

Sitzia, T., 2009. Ecologia e gestione dei boschmeatiformazione nel paesaggio del Trentino.
Provincia Autonoma di Trento-Servizio Foreste erfead rento (Italy).

Spence, J.R., Spence, D.H., 1988. Of gound-beatidsmen: introduced species and the
synanthopic fauna of western Canada. Memoirs ofgh®mological Society of Canada 144,
151-168.

Statsoft, 1., 2009. STATISTICA (data analysis saltev system) 9.0. In,
http://www.statsoft.com

Stewart, A., Pearman, D.A., Preston, C.D., 1994r& plants in Britain. In: Commitee,
J.N.C. (Ed.), Peterbourgh, UK.

Stohlgren, T.J., Schell, L.D., Vanden Heuvel, B299. How grazing and soil quality affect
native and exotic plant diversity in rocky mountgnasslands. Ecological Applications 9, 45-64.

Strasser, H., Weber, C., 1999. On the Asymptotieofy of Permutation Statistics.
Mathematical Methods of Statistics 8, 220-250.

Sukopp, H., Werner, P., 1983. Urban environment aedetation. Man's impact on
vegetation. In: Holzner, W., Werger, M.J.A., Ikusim. (Eds.). Dr W. Junk Publisher, Hague,
pp. 247-260.

Swift, M.J., Anderson, J.M., 1993. Biodiversity amtosystem function in agricultural
systems. In: Schulze, E.D., Mooney, H.A. (Eds.pdBrersity and Ecosystem Function Springer
Verlag, Berlin, Germany, pp. 15-41.

Tasser, E., Tappeiner, G., 2002. Impact of landdseges on mountain vegetation. Applied
Vegetation Science 5, 173-184.

Tasser, E., Walde, J., Tappeiner, U., TeutschNaggler, W., 2007. Land-use changes and
natural reforestation in the Eastern Central Alpgriculture Ecosystems & Environment 118,
115-129.

ter Braak, C.J.F., Looman, C.W.N., 1987. RegressianJongman, R.H.G., ter Braak, C.J.F.,
van Tongeren, O.F.R. (Eds.), Data analysis in conitywand landscape ecology. Cambridge
University Press, Cambridge, pp. 29-77.

Tilman, D., Fargione, J., Wolff, B., D’Antonio, CQobson, A., Howarth, R., Schindler, D.,
Schlesinger, W.H., Simberloff, D., Swackhamer, BPO01. Forecasting agriculturally driven
global environmental change. Science 292, 281-284.

Tivy, J., 1990. Agricoltural Ecology. Longman GrouK Limited, UK.

Trepl, L., 1995. Towards a theory of urban biocemso In: Sukopp, H., Numata, M., Huber,
A. (Eds.), Urban Ecology as the Basis For Urbamiiteg. SPB Academic Publishing, The
Hague, pp. 3-21.

Tscharntke, T., Klein, A.M., Kruess, A., Steffansenter, I., Thies, C., 2005. Landscape
perspectives on agricultural intensification anddbrersity - ecosystem service management.
Ecology Letters 8, 857-874.




Turner, M.G., 1989. Landscape Ecology - the EftddPattern on Process. Annual Review of
Ecology and Systematics 20, 171-197.

Turner, M.G., 1990. Spatial and temporal analy$ikedscape patterns. Landscape Ecology
4, 21-31.

Turner, M.G., Gardner, R.H., 1991. Quantitative moef in landscape ecology: the analysis
and interpretation of landscape heterogeneity §priverlag, New York.

Vandermeer, J., van Noordwijk, M., Anderson, J.g0@., Perfecto, I., 1998. Global change
and multi-species agroecosystems: Concepts anesis8griculture Ecosystems & Environment
67, 1-22.

Verhlust, J., Baldi, A., Kleijn, D., 2004. Relat&hip between land-use intensity and species
richness and abundance of birds in Hungary. Agiice) Ecosystems & Environment 104, 465-
473.

Waite, S., 2000. Statistical Ecology in PracticeafBon Education, Harlow, Essex, England.

Weiss, J., Burghardt, W., Gausmann, P., Haag, Beupler, H., Hamann, M., Leder, B., A,,
S., Stempelmann, I., 2005. Nature returns to ab@ediondustrial land: Monitoring succession in
urban-industrial woodlands in the German Ruhr.Karner, S., Kowarik, I. (Eds.), Wild Urban
Woodlands. Springer, Berlin.

Whittaker, R.H., 1965. Dominance and diversityand plant communities. Scienté7, 250-
260.

Whittingham, M.J., Stephens, P.A., Bradbury, RBeckleton, R.P., 2006. Why do we still
use stepwise modelling in ecology and behaviouuPnd of Animal Ecology 75, 1182-1189.

Wiegand, T., Moloney, K.A., Naves, J., Knauer, F299. Finding the missing link between
landscape structure and population dynamics: A iapatexplicit perspective. American
Naturalist 154, 605-627.

Wilcove, D.S., McLellan, C.H., Dobson, A.P., 198@abitat fragmentation in the temperate
zone. In: Soulé, M.E. (Ed.), Conservation Biolo@mnauer Associates, Sunderland, USA, pp.
879-887.

Wu, J.G., Hobbs, R., 2002. Key issues and resepridrities in landscape ecology: An
idiosyncratic synthesis. Landscape Ecology 17, 3G5-



7. Acknowledgements

I would like to thank in English....but I think thatmy mother tongue they are better...sorry for
that! For the friends of Berlin... | wrote your paragh in English...

Il primo ringraziamento non pud non andare a TomméSitzia, mi raccomando l'accento...),
che oltre a supervisore e “mentore” scientificotdtto il lavoro fatto in questi tre anni (e piu...)
e stato anche amico e compagno delle molte avvertwiaggi. Nonostante i diversi caratteri e
punti di vista mi ha dato molto umanamente e sifieamente, e gliene saro sempre grato. Sono
felice, ora che e finito il dottorato, di continlela sentirmi con lui solo da amico e spero, in
futuro, ancora da collaboratore!

Beh, il secondo ringraziamento e per Franco Violdevo in parte a lui la scelta delle Scienze
Forestali e lui per primo ha stimolato in me l'imésse per i temi legati all'ecologia, alla
biodiversita ed al paesaggio...Grazie infinite Fralico

Tutti i miei colleghi di dipartimento (che reputau@mici che colleghi ormai) ed, in particolare,

Alan (vorrei tanto rubargli un po’ della sua aplomb, Lucia (mi mancheranno i suoi

mugugni....), Eva, Alberto (Delux), Pelle e Paoloti(ibeh con loro due son + divertenti i

ricordi da studente...), Enrico (unico, insieme ab supervisore, con cui si possa parlare di
calcio!), Bettellone, Giulia (beh la nuova versiotieGiulia...) e Silvia. E, logicamente, Matteo
(che ha sopportato la mia ignoranza statistica..hjpias Zinato, e, soprattutto Andrea (Rizla!),
che é stato per me piu importante in questi trei &hm mesi della tesi di laurea...) di quanto lui

possa immaginare!

Voglio poi ringraziare tutti i ricercatori, professi e tecnici che ho conosciuto ed incontrato in
guesti anni, in particolar modo (in ordine sparsn,base ai flash di ricordi della mente...):
Tommaso Anfodillo, Lucio Montecchio, Lorenzo MariRiausto, Emanuele Lingua, Paolo
Tarolli, Paola Bolzon, Marco Carrer, Dina Cattane®aolo Semenzato, Juri Nascimbene,
Michele Cassol, Vinicio Carraro, Robero Rossi, dimo Tempesta, Maria Cristina Villani, Lucio
Brotto, Mario Pividori, Margherita Lucchin, Marzi&almaso (scusa per i pungitopi!!!), Rizzieri
Masin e tanti altri (chiedo scusa per chi ho dimeato!). Tutti, a loro modo, mi hanno lasciato
pillole di ricordi importanti per motivi scientifice non. Ringrazio poi Antonella & lleana

(quanto pesante son stato eh?), Giuseppe (mitié@jano e Maurizia!

Special thanks to the friends of TU Berlin, wherlgatl an extraordinary experience both for
human and scientific aspects. | am very happy andgto have met extraordinary people such
as Arne Moritz, Ulrike, Ingo kowarik and all rese&aers of the department of ecology.

Another special thank to Alex and Andy, especibigause they considered me like a best
friend (and also because they showed to me theBedin ...!). And, of course, Gloria.

Logicamente i ricordi piu divertenti e simpaticre legati ai tanti ragazzi con cui ho lavorato
per la realizzazione delle tesi o che solamentectwosciuto grazie a Tommaso: il gruppo
robinieti (Michele, Thomas, Alessandra, Birte), dioglla (Agata, Simone), siepi (Marie,
Davide, Alberto), Stelvio (Carlo, Angela) e “thestabut not the least” la formidabile Veronica
(nessun lavoro con lei ma un sacco di risate..)!



Ringrazio, tutti i miei amici di Padova (e non @ol) ....vi devo nominare tutti?? Meglio di
no....siete sempre fondamentali ed indispensabilvg®!!) nella mia vita. Scusate se |l
dottorato mi ha un po’ invecchiato......

Beh non voglio ora scrivere ringraziamenti retor&i mamma e papa....grazie per avermi
sopportato anche questi tre anni, sapete gia dal'imoportanza che avete per me. E Stefano?
Beh piu che un fratello in questi anni anni é dbado uno dei miei migliori amici, e, come dice
lui...e diventato piu giovane di me (bah...)! E poezduginetta: Mario, Carla & Mariangela....

e tutti i parenti veneti e toscani! Mando un grogsxio a mia Nonna Licia (avrei voluto mi
vedessi dottorato!) ed a zio Vinicio e ad Ulisske eni han lasciato proprio in quest’ultimo
anno.

L’ultimo ringraziamento € per la mia vita, la persoche mi fa sentire indispensabile veramente
e senza la quale non sarei nulla, Francesca. Gramere mio.

Giovanni



APPENDIX

Papers I-IV



PAPER |

Natural reforestation is changing spatial patterns of rural mountain and hill
landscapes: A global overview

Sitzia T., Semenzato P., Trentanovi G. (2010) Natural reforestation is changing spatial patterns of rural mountain and hill
landscapes: A global overview. Forest Ecology and Management. 259 (8): 1354-1362

1. Introduction

Few of the Earth’s ecosystems remain undisturbed by anthropogenic activities (Brown, 1990;
Sanderson et al., 2002; Foley et al., 2005), therefore the present landscape structure and function is the
result of centuries of changes produced, not only by natural processes, but largely by human driving forces
(Burgi et al., 2004). Forests have particularly been the object of heavy and continuous human activities
over a long period of time and, therefore, forest landscapes worldwide reflect, in their complexity, both
ecological and socio-economical determinants (Piussi and Farrell, 2000).

For centuries many mountain and hillside areas have been the subject of deforestation to create space
for agriculture and grazing, and forest cover was maintained and managed essentially for its timber and
non-timber products and to prevent soil erosion and avalanches (Fuhrer, 2000). However, the
abandonment of traditional mountain agriculture has produced a natural forest recovery in many regions of
the world (Walther, 1986; Kamada and Nakagoshi, 1997; Conti and Fagarazzi, 2004; Romero-Calcerrada
and Perry, 2004), especially since the beginning of the last century. This phenomenon reflected the
extensive depopulation and marginalization of rural mountain territories driven by socioeconomic factors
such as immigration into urban areas (e.g., Rey Benayas et al., 2007).

The physical changes imposed on the landscape by the development of secondary woodland have
brought both positive and negative consequences, depending on the geographical and economic context
and on the scale of the sites. Such consequences include effects on fire susceptibility, water stocks and
retention, soil stability and many others (Khanal and Watanabe, 2006; Bowen et al., 2007; Rey Benayas et
al., 2007).

Among the ecological problems caused by natural reforestation, one of great interest is the reduction of
open spaces resulting in a reduction of landscape heterogeneity and mosaic features, and frequently in a
loss of cultural landscapes (Antrop, 1997; MacDonald et al., 2000; Nikodemus et al., 2005; Paci et al.,
2006). The disappearance of patchy land mosaic is also often linked to a reduction in biodiversity
(Hunziker, 1995; Cernusca et al., 1998; Burel and Baudry, 1999; Pedrini and Sergio, 2001; Lindborg and
Eriksson, 2004; Verhlust et al., 2004). Secondary woodlands, in fact, often have lower levels of biodiversity
than primary woodlands (Gerhardt and Foster, 2002); whereas low-intensity farming, which was typical of
mountain regions, had produced over the centuries semi-natural habitats supporting a wide range of
species (Beaufoy et al., 1994; Baldock et al., 1996).

Landscape metrics or indices are frequently used to assess the structural characteristics of the
landscape and to monitor changes in land use (Turner et al., 2001; Van Eetvelde and Antrop, 2004).

The mosaic sequence, which is a series of spatial patterns over time, is the key to developing spatial
models that can be directly compared ecologically (Forman, 1995). The survival of the species depends on
landscape dynamics and on spatial habitat configuration (Fahrig, 1992; Hanski, 1994; Kleyer et al., 2007)
which continuously change in quality, shape and spatial location.



A comprehensive review study about the changing spatial patterns due to natural forest recovery
especially on rural mountain landscapes in the world seems to be lacking. We were able only to find a few
review papers concerning, for example, spatial patterns and forest fauna (e.g., Bowen et al., 2007) or
changing spatial patterns in northwest European landscapes (e.g., Kleyer et al., 2007).

In this paper we attempt to synthesize available evidence on changing spatial patterns in rural mountain
areas of the world by identifying new landscape assets, and to provide a qualitative and quantitative
synthesis of research findings regarding landscape modifications and their possible implications on
biodiversity.

2. Review methodology and objectives
2.1 Definition of reforestation and spatial attributes

Within the context of this review, reforestation refers to the natural reestablishment of a forested
landscape (by the regeneration of woody vegetation) on disused agricultural lands, meadows and pastures
following farm abandonment (Forman, 1995) in regions where the potential natural vegetation (sensu
Kowarik, 1987; Zerbe, 1998) is a forest. The reviewed papers often referred to reforestation as
afforestation, forest expansion or forest recovery. The reviewed studies were not homogeneous in their
definition of forest, so we accepted the definition of forest provided within each of the studies reviewed.
Studies regarding planned reforestation and reforestation after natural or non-agricultural anthropogenic
disturbance (e.g., selective logging or mining activities) were not considered (Bowen et al., 2007).

The focus of this paper is on changing landscape patterns. To describe such changes we considered
three categories of spatial attributes of particular ecological significance as reported in Forman (1995):
mean patch size (MPS), connectivity (CONN) and boundary length (BL). For each of the reviewed studies,
the changes of these attributes were taken into account. Connectivity was considered, both structurally and
functionally. In the second case, the target species of the case studies were considered. The shifting of the
landscape mosaic over time was also analyzed recording the changes in patch number (NP). Each paper
analyzed refers to changing spatial attributes of different land-use types, especially forests, meadows and
pastures after natural reforestation. Moreover, we considered data on human settlements reported in the
case studies to complete the analysis of landscape patch evolution.

2.2. Literature search and selection

We performed an electronic search in the Google Scholar (http://scholar.google.it) database of scientific
literature using a combination of the following search strings in either the title or abstract of the reference
study: “spatial pattern” and “natural reforestation” (or “afforestation” or “forest expansion” or “forest
recovery”); “landscape” and “natural reforestation” (or “afforestation” or “forest expansion” or “forest
recovery”); “landscape” and “land abandonment”; “patch size” (or “connectivity” or “boundary
length”) and “natural reforestation”.

The search under the keywords: “mountain” and “natural reforestation” or “wildlife” and “natural
reforestation” or “mosaic” (or “landscape pattern”) and “natural reforestation” provided very few
references which did not follow our criteria. Supplementary articles were included from previous literature
searches conducted by the authors. The review of 52 articles, identified through the search, is included in
this paper. The selected articles met the following criteria: (i) the article must be published; (i) the article
must have data at least on one of the three spatial attributes considered, or on the number of patches



existing before and after the reforestation phenomenon; (iii) reforestation after land abandonment must be
the main natural process investigated in the study. In Mazzoleni et al. (2004) we found a research study
conducted in two study areas; so this review paper included the analysis of 53 case studies.

Using the information contained in each article, we recorded the geographic location, landscape
composition and land-use types, forest expansion rate, time range of the research, surface and altitudinal
range of the study area. Spatial attributes with their changes through time range were also recorded for
each of the reviewed studies. Finally, we recorded the effects on biodiversity of spatial attributes changes
(see Table 1 for further explanation of the data recorded).

Data type Category Explanation of terms

Forest expansion rate - Percent forest coverage growth in the study area through the
time range considered

Time range - Length of reforestation process considered in years
Land use type Forest Follows the description of forest provided within each of the
studies reviewed
Open fields Non forested patches such as meadows, pastures and
croplands
Human settlement High density human-created structures
Spatial attributes Patch A relatively homogeneous non linear area that differs from its
surroundings
Boundary A zone composed of the edges of adjacent ecosystems (or
patches)
Connectivity A measure of how connected or continuous a corridor, network
or matrix is from a structural or functional point of view
Biodiversity response - A brief summary of the responses of fauna or flora to the

different changes of spatial patterns

Table 1- Explanation of data recorded for each of the studies reviewed.

3. The response of landscape spatial attributes to forest recovery

Most studies belonged to the temperate and continental Koppen—Geiger climate classification (Peel et
al., 2007) and only one study, Olsson et al. (2000), considered polar climate area (Figs. 1 and 2). Only for
32 case studies accurate data was reported, both on forest expansion rate and time range analyzed in the
study area (Table 2).

Most of the reviewed studies focused only on a portion of the spatial attributes that we were interested
in (Table 3). Forty-nine case studies focused on changing mean patch size and 29 on changing number of
patches. Twenty-two studies reported data on changing connectivity between patches and only sixteen on
changing boundary length. Finally, thirteen case studies reported data on changing mean patch size of
human settlement (Foster et al., 1998; Endress and Chinea, 2001; Hall et al., 2002; Turner et al., 2003;
Coelho-Silva et al., 2004; Mazzoleni et al., 2004; Shoshany et al., 2004; Acosta et al., 2005; Lasanta-
Martinez et al., 2005; Mouillot et al., 2005; Baptista, 2008; Tappeiner et al., 2008; Vaclavik and Rogan,
2009).

Most studies belonged to the temperate and continental Kbppen—Geiger climate classification (Peel et
al., 2007) and only one study, Olsson et al. (2000), considered polar climate area (Figs. 1 and 2). Only for
32 case studies accurate data was reported, both on forest expansion rate and time range analyzed in the
study area (Table 3).
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Fig. 1. Number of the reviewed studies in each of Kbppen-Geiger climate
classification areas.

Mean (conf. lim.)

Climate .
s Nr. Case studies
Classification Area . .
Time Range Reforestation rate/year

Al 32 63.19 (£18.49) 0.68 (+0.35)
Tropical 5 37.8 (+25.84) 1.37 (+£2.86)
Temperate 16 66.13 (+£31.47) 0.59 (+0.3)
Continental 11 70.45 (£32.58) 0.48 (+0.24)

Table 2: Total mean and mean related to climatic zone (except for the polar one) and 95%confidence limits of time range and
reforestation rate/year for the 32 case studies.

Flgure 2- Geographlc location of reviewed studies



Altitudinal Forest Spatial attributes investigated
Source range (m  Timerange expansion
as.l) rate MPS CONN BL NP
F OF L|F OF L|F OF L|F OF L
Turner et al. (2003) [A] 650-1400  1950-1990 66% + + - +
Bolliger et al. (2007) [B] 1979-1997 3% I - i
Foster et al. (1999) [C] 100-1075  1936-1989 46% +
Van Gils et al. (2008) [D] 1000-1285  1975-2003 33.6% +
Foster et al. (1998) [E] 30-609 1830-1985 55% +
Chinea et al. (2002) [F] 0-300 1936-1995 15% +
De Gasperis and Motzkin (2007) [G] 0-160 1830-2003 +
Gellrich et al. (2008) [H] 600-2200  1950-2000 25% + -
Tasser and Tappeiner (2002) [1] 1500-2300  1932-1998 +
Tappeiner et al. (2008) [L] 660-3450  1865-2003 84% +
Bumrungsri et al. (2006) [M] 30-371 1980-2006 I
Mitchell et al. (2002) [N] 600-1200  1900-2002 + + +
Gunter et al. (2007) [O] 1900-2100  1964-2002 + - -
Richards (1973) [P] 1948-1973 + -
Motzkin et al. (1999) [Q] 270-420 1937-1992 55% +
Florentine and Westbrooke (2004) [R] 700-800 1970-2003 + +
Leicht-Young et al. (2007) [S] 400-2200  1910-2007 + -
Niedrist et al.(2009) [T] 500-2000  1988-2008 +
Wijdeven and Kuzee (2000) [U] 1100 1993-1995 +
Endress and Chinea (2001) [V] 0-250 1947-1992 10.9% + + - -
Helmer (2000) [Z] 1800-3700 + -
Hicks and Pearson (2003) [J] 1940-1998 + +
Aguilar (2003) [K] 1000-2849  1987-1998 60% + -
Mouillot (2005) [W] 200-1100  1960-1990 13% +
Geri (2008) [AA] 300-1000  1933-2000 25% + +
Baptista (2008) [AB] 0-1827 1970-2005 10% +
Kuemmerle et al. (2008) [AC] 200-1400  1986-2000 12.5% t+ - +
Kuemmerle et al. (2009) [AD] 100-2500  1990-2005 + o+
Vaclavik and Rogan (2009) [AE] 200-800 1991-2001 +
Aide et al. (1996) [AF] 10-440 1936-1995 + I Il
Hall et al. (2002) [AG] 0-1014 1880-2000 50% + Il
Laiolo et al. (2004) [AH] 1000-1900  1954-2002 + + -
Lasanta-Martinez et al. (2005) [Al] 840-2566  1957-2000 42% + o+ + 0+ + -
Sitzia (2009) [AL] 70-2200 1973-2000 4.5% + +
Lugo and Helmer (2004) [AM] 0-1338 1980-2001 1.2% +
Nikodemus et al. (2005) [AN] 0-300 1911-1990 18% + -
Romero-CaIcerra[lgg ]and Perry (2004) 600-1300  1984-1999 13% I I
Tappeiner et al. (1999) [AP] 1600-2100  1920-1996 1% +
Olsson et al. (2000) [AQ] 200-1100  1960-1990 7% - -t
Acosta et al. (2005) [AR] 291-906 1954-1992 8% -




Altitudinal Forest Spatial attributes investigated

Source range (m  Timerange expansion
as.l) rate MPS CONN BL NP
Argenti et al. (2006) [AS] 650-1100  1955-1997 42% + - +
Agnoletti (2007) [AT] 0-1850 1832-2000 54% +
Preiss et al. (1997) [AU] 125-658 1978-1992 + -
Guirado et al. (2008) [AV] 115-485 1956-1993 + +
Shoshany et al. (2004) [AZ] 100-400 1944-1990 40% + -+
Tatoni et al. (2004) [BA] 97-663 1890-1990 32% + + +
Mazzoleni et al. (2004) [BB] 100-1050  1954-1984 + +
Mazzoleni et al. (2004) [BI] 0-600 1955-1990 + +
Torta (2004) [BC] 400-1100  1947-1993 10% + + + 0+
Coelho-Silva et al. (2004) [BD] 583-800 1947-1990 6.20% + +
Timoteo et al. (2004) [BE] 300-1300  1978-1994 4% I +
Metailié and Paegelow (2004) [BF] 700-1200  1826-1995 20% + -
Globevnik et al. (2004) [BG] 600-1028  1800-1995 52% t+ - + 4+

Table 3- Summary of time range, altitudinal range, forest expansion rate in the time range considered and changing spatial
attributes analyzed in each case study. Spatial attribute changing: (+) Increased, (-) decreased, (//) unchanged and () data not
available. (F) Forest, (OF) Open Field, (L) Landscape level.

The following sections report the responses of each spatial attribute to reforestation through time, for
different spatial scales and land-use type (see Table 2 and Fig. 3 for a summary of landscape changing
attributes considered in each case study).

3.1. Patch size

All selected case studies, except Foster et al. (1999) and Timoteo et al. (2004), showed an increase in
forest mean patch size; this general trend was accompanied normally by a decrease in open field mean
patch size, such as meadow or pasture. Only two studies found an increase in open field mean patch size
(Lasanta-Martinez et al., 2005; Kuemmerle et al., 2009). At the landscape level, three studies documented
no changes (Olsson et al., 2000; Romero-Calcerrada and Perry, 2004; Bolliger et al., 2007) and four
studies (Mazzoleni et al., 2004; Shoshany et al., 2004; Agnoletti, 2007) showed an increase of this spatial
attribute. Only Timoteo et al. (2004) found a decreasing trend. All of the case studies referring to changing
mean patch size of human settlement reported an increase of this spatial attribute except Lasanta-Martinez
et al. (2005) who found no changes in their study area.

3.2. Number of patches

Nineteen of the 29 case studies that focused on the changing number of patches showed an increase in
forest patch number, while 5 studies showed a decrease. Only Aide et al. (1996) and Hall et al. (2002)
found no significant trends in the time range considered. Eleven case studies documented a contraction in
the number of open fields. Nine case studies reported both the expansion in forest patch number and the
contraction in the number of open fields (Olsson et al., 2000; Endress and Chinea, 2001; Coelho-Silva et
al., 2004; Mazzoleni et al., 2004; Acosta et al., 2005; Lasanta-Martinez et al., 2005; Nikodemus et al., 2005;
Guirado et al., 2008). Only Tappeiner et al. (1999) and Globevnik et al. (2004) showed an increase in the
number of open fields. At the landscape level, four studies (Mazzoleni et al., 2004; Tatoni et al., 2004;
Agnoletti, 2007) showed a decrease in patch number, while just two papers (Timoteo et al., 2004; Torta,



2004) found an increasing trend. Finally Bolliger et al. (2007) and Romero-Calcerrada and Perry (2004)
found no changes.
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Fig. 3. Landscape changing attributes considered in the 53 case studies reviewed: (A) mean patch size (MPS); (B) number of
patches (NP); (C) boundary length (BL); (D) connectivity (CONN).

3.3. Connectivity level

The majority of reviewed papers found an increase in connectivity between forest patches. Gunter et al.
(2007), Florentine and Westbrooke (2004) and Wijdeven and Kuzee (2000) reported on a parallel negative
trend in open field connectivity. Two case studies (Aide et al., 1996; Bumrungsri et al., 2006) found no
changes in forest patches connectivity. Finally, at the landscape level, Bolliger et al. (2007)documented a
lower connectivity. From a separate analysis of structural and functional connectivity (Table 4), we
observed that ten case studies considered functional connectivity. The latter is species-specific, so each
species has different responses to changing structural connectivity between patches (With, 1997).Mitchell
et al. (2002) focused on the greater ant richness and abundance as a higher forest patches connectivity. In
fact, this target group is the main plant seed-disperser in the study area. In Bolliger et al. (2007), seven
open-land species were chosen to test the effect of the loss in habitat connectivity. Torta (2004) refers to
the higher forest patch connectivity which allows an easier tree seed colonization of open fields. Olsson et
al. (2000) refer to the vulnerability of grassland species to fragmentation of semi-natural grasslands.

Type of connectivity

Source
Structural Functional  Biotic indicators

Plant species Animal species

Turner et al. (2003) [A] X

Bolliger et al. (2007) [B] X X Alauda arvensis, Saxicola rubetra
(Aves); Lacerta vivipara (Reptilia);
Erebia aethiops, Melanargia
galathea, Lysandra bellargus
(Lepidoptera); Chorthippus scalaris

(Saltatoria)
Van Gils et al. (2008) [D] X Fagus sylvatica
Chinea (2002) [F] X
Bumrungsri et al. (2006) X Euphorbiaceae; Moraceae,

[M] Lauraceae, Sterculiaceae




Type of connectivity

Source
Structural Functional _Biotic indicators
Plant species Animal species
Rubiaceae species
Mitchell et al. (2002) [N] X Camponotus spp., Aphaenogaster
Spp.
Gunter etal. (2007) [0] X
Florentine & X
Westbrooke (2004) [R]
Wijdeven & Kuzee X
(2000) [U]
Endress & Chinea X
(2001) [V]
Helmer (2000) [Z] X
Aguilar (2003) [K] X
Mouillot (2005) [W] X
Gerietal. (2008) [AA] X
Kuemmerle et al. (2008) X
[AC]
Aide et al. (1996) [AF] X Dacryodes excelsa, Manilkara
bidentata Sloanea berteriana
Laiolo et al. (2004) [AH] X
Lugo & Helmer (2004) X Spathodea campanulata,
[AM] Guarea guidonia, Inga vera,
Andira inermis, Tabebuia
heterophylla, Syzygium jambos ,
Inga fagifolia
Olsson et al. (2000) X Primula scandinavica, Gentiana
[AQ] campestris, Gentiana amarella,
Botrychium lunaria
Guirado et al. (2008) X X
AV] Quercus spp.
Tatoni et al. (2004) [BA] X X Quercus spp., Pinus halepensis,
Cedrus atlantica
Torta (2004) [BC] X X Quercus cerris, Acer campestre

Table 4 - Connectivity type and target species of each case study
3.4. Boundary length

Seven case studies showed a rise in forest boundary length; among these, two (Endress and Chinea,
2001; Laiolo et al., 2004) also reported a contraction in open fields boundary length. Turner et al. (2003)
found a decreasing trend for forest patches. At the landscape level, three studies (Olsson et al., 2000;
Mazzoleni et al., 2004) report a decreasing trend of boundary length between patches, while Torta (2004)
showed an increasing trend.



4. Biodiversity response

Understanding the processes of land-use changes in mountain regions is important because such
changes are related to a variety of ecological and cultural consequences (Gellrich et al., 2007). With the
analysis of changing spatial patterns, we can make an operational assumption, i.e., that the initial
landscape mosaic is ecologically more suitable for a taxon or a functional group of species than the new
landscape structure, or the contrary.

Among the many consequences of the shifting mosaic, some papers report, for example, the decline of
scenic diversity and of grassland biodiversity values due to the loss of open spaces (Motzkin et al., 1999;
Leicht-Young et al., 2007; Gellrich et al., 2008; Kuemmerle et al., 2008). In the Mediterranean region,
Mazzoleni et al. (2004) reports on a dramatic shifting of floristic composition in both study areas and
Timoteo et al. (2004) refers to the negative effects of landscape fragmentation on various target species
that are unable to live in small patch habitats. Instead, Laiolo et al. (2004) referred to the positive effects of
the increase in forest mean patch sizes on the diversity of alpine birds. At the landscape level, some
authors report the negative effects on landscape cultural structure (Nikodemus et al., 2005; Agnoletti, 2007)
and plant diversity (Lasanta-Martinez et al., 2005) due to the growth in the number of forest patches. van
Gils et al. (2008) also reported a negative effect on landscape diversity due to the rise of forest patches
connectivity. The increase in both number of forest and open fields patches made the Passeier Valley
landscape more ecologically interesting for his new patchy property structure (Tappeiner et al., 1999). On
the other hand, the same trend is negative for the patchwork structure in Norway (Olsson et al., 2000).

5. Synthesis and further research

Landscape heterogeneity was often maintained and supported by a complex social organization with
strict rules as regards the management of resources (Fuentes, 1990; Gomez Sai et al., 1993; Kamada and
Nakagoshi, 1997). A criterion on which to evaluate landscape change might be the increase in
homogeneity or heterogeneity at various spatial scales (Di Pietro and Balent, 1997).

The analysis of spatial attributes showed a decreasing trend of semi-natural habitats such as meadows
or pastures due to natural reforestation; the concentration of grazing in a few highly intensive areas
resulted in livestock controlling the increase of vegetation in those sectors, while the rest of the land had
been subjected to little pressure, having been left to a natural process of plant succession (Lasanta-
Martinez et al., 2005).Two key variables in these processes are time range and the historical landscape
pattern. Kozak et al. (2007) refers to the fact that in the Carpathians Mountain region a 15-year time period
is likely to be too short for a full canopy to develop via natural reforestation. Moreover, Pausas (2003)
showed the strong influence of the initial forest distribution on the pattern of forest expansion.

We cannot draw general conclusions on reforestation rates, mainly because, the study data referred to
very different time spans in each climatic region. More homogeneous studies are recommended with
respect to the time frames analyzed.

The socioeconomic phenomenon of human settlement development reported in some papers is related
to the general suburbanization process, where the areas of low-density residential development is rapidly
expanding as in Endress and Chinea (2001), Vaclavik and Rogan (2009), Hall et al. (2002) and Shoshany
et al. (2004). This trend is followed by an expansion of forest mean patch size. This phenomenon is not
always related to the loss of open spaces due to agricultural abandonment, but also to the growth of
building density below the forest canopy as reported in Turner et al. (2003), where many people live in
homes constructed in the forests. The parallel increase in the extent and connectivity of major forest



communities and exurban development could indeed reduce some benefits of forest regrowth (Askins et

al., 1990).
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PAPER I

Maggengo meadow patches enclosed by forests in the Italian Alps:
evidence of landscape legacy on plant diversity

Sitzia T., Trentanovi G. (2011) Maggengo meadows enclosed by forests in the italian Alps: evidence of landscape legacy
on plant diversity. Biodiversity and Conservation. 20 (5): 945-961

1. Introduction

Among the consequences of land transformation and fragmentation, the loss of biodiversity is possibly
one of the areas of greatest interest to ecologists (Forman 1995; Hobbs 1997; Moore et al. 2009; Ormerod
2003). Over the alpine mountain landscapes, the decline of agriculture and farming (Bozon and Grossi
1993; MacDonald et al. 2000; Meeus et al. 1990; Walther 1986) has produced the fragmentation of many
semi-natural habitats suitable for grassland plant species (Baur et al. 2007; Da Ronch and Ziliotto 2008;
Dullinger et al. 2003; Maurer et al. 2006; Spiegelberger et al. 2006). Semi-natural grassland habitats have
resulted from the perforation of the primeval forests by human-made clearings. Subsequently, the most
relevant type of human and natural driving forces has produced a mosaic sequence which is the current
spatial pattern (Birgi et al. 2004; Franklin and Forman 1987; MacNelly 1994; Sitzia et al. 2010). Small-
patch landscapes (Forman 1990) with mountain meadows surrounded by a forested matrix is one of the
typical spatial patterns of European alpine landscapes. Patch size and shape played a great role in
conserving species diversity in similar landscapes (Forman 1995). However, their relationships with plant
species diversity have been poorly investigated (e.g. Cousins and Aggemyr 2008), especially in terms of
their historical perspective (Cousins et al. 2007). Further similar studies are necessary to promote
restoration and conservation efforts (Kettle et al. 2000; Lindborg and Eriksson 2004a). They help identify
spatial attributes that act as surrogate indicators of plant diversity of enclosed herbaceous patches
(Cousins and Aggemyr 2008; Forman 1995; Moser et al. 2002). Such research should address not only the
spatial effects on biodiversity, but also include a temporal dimension (Ernoult et al. 2006; Lunt and Spooner
2005). In fact, an actual vegetation pattern is considered to be a legacy of the historical landscape pattern
(Helm et al. 2006). This is particularly true in the mountains of the European Alps where the spontaneous
expansion of woodlands in old fields has been a common phenomenon in past decades (Feoli and
Scimone 1982; Barbero and Quezel 1990; Falcucci et al. 2007; Tasser et al. 2007; Gellrich and
Zimmermann 2007; Sitzia 2009; Gerard et al. 2010; Tattoni et al. 2011). Moreover, most of the surviving
meadows and pastures are composed of systems of small patches, which are increasingly subject to total
human abandonment (Grossi et al. 1995). Forest expansion causes the edge effects to extend
progressively further from the border into the field interior or leads to outward radiations of colonization from
established woody plants. The two processes may act alone or together, changing the minimum dynamic
area (Pickett and Thompson 1978) and the disturbance regimes (Turner et al. 1993) and underlying many
ecological processes that are superficially related to habitat area (Ewers et al. 2007).

The first aim of this study is to verify significant spatial pattern changes in the last decades. In fact,
spatial trends through time have ecological effects in land mosaics (Forman 1995; Olsson et al. 2000; Li
2008). In particular, landscape spatial structure is an important factor for spatial process such as local
dispersal (Borcard et al. 1992). Secondly, we focused our attention on the effect of spatial components and
significant trends on grassland biodiversity in a homogeneous landscape as regards to environmental



variables and historical management regimes. Therefore, this study focused on the maggenghi, adopting
their single patches as the units of observation, which consist of the whole maggengo meadows area.

Maggenghi are one of the most typical mid slope meadow of the European Alps, for centuries managed
with traditional and low intensity techniques. The maggenghi belong to the Trisetion alliance, are generally
mown once a year or even less frequently, and are fertilized only with manure. When necessary and
possible, they are irrigated with furrows and the natural slope is reduced by dry-stone walling to create
terraces, that function also as boundaries with forest, alone or in addition to timber fences (Albertini 1955;
Pedrotti 1963). They are managed mechanically, and only the smallest are still mown manually, most of
them being grazed by dairy cows and young cattle in the late and/or in the early summer (Niedrist et al.
2009).

We studied enclosed maggengo patches in a forested landscape of a Central-Eastern Italian Alpine
district to detect their spatial and temporal (1973-2006) patterns. Moreover, a 1859 cadastral map was
used to assess their patterns when agriculture was still widespread.

We tested the following hypotheses: (a) the herbaceous plant richness and density is associated with
current and (b) historical landscape patterns of their habitat patches.

2. Study area

Our study area (46° 21’ N, 10° 41" E) is located in Pejo which is a municipality located about 50 km
northwest of Trento (Northern ltaly). The Pejo municipality covers an area of 160 km? and belongs to the
Subarctic Kdppen-Geiger climate type with cool summers and dry winters. Average annual temperature in
Pejo is 7 °C (altitude 1565 m) and average monthly temperature ranges from -1 °C in January to 15 °C in
July. Precipitation is mainly concentrated in summer, the mean total being 856 mm. The geological
substrate is siliceous metamorphic. This area is a Central-Eastern Alpine Italian region, completely included
within or bordering the Stelvio National Park (Fig. 1). The landscape has evolved from the Roman culture
(Fischer et al. 2008).
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Figure 1 - Map of the eastern alpine regions with the location of the Pejo municipality

During the post-war period, the Province of Trento was affected by widespread socioeconomic changes
which led to the abandonment of mountain agriculture and landscape transformation (Cernusca et al. 1998;
Patella 1969; Pedrotti 1988, Tattoni et al. 2010). In the Pejo municipality the population decreased by 13%
between 1951 and 1991 (Novello 2009) while forest cover increased by 26% (Ciolli et al. 2000, 2003). The
twenty-first century has shown a slightly increasing demographic trend, but the employment rate in
agriculture and livestock grazing is still falling. Agricultural change included the reduction in the number of
farms and the intensification of agriculture in smaller areas, as well as fewer farmsteads (Provincia



Autonoma di Trento 2005). The current intermediate altitude belt consists of a matrix of larch and spruce
forests and enclosed remnant grasslands. Some portions of these are still traditionally managed, rarely
they have been completely abandoned. The formers are the so called maggenghi (Fig. 2).

Figure 2 - Particular of a maggengo of Masi Zampil in Pejo Valley (1664m a.s.l.(on the left) and picture of R. Albertini (1955), on
the right, which reproduces a similar landscape to the study area (left side of Valfurva from Baite di Pradaccio di Sotto).

3. Methods
Patch delineation

Albertini (1955) produced a map with the precise location and a detailed description of the management
of the maggenghi that at that time were in the study area. This author confirms that the management is the
same in all the maggenghi and it is typical of this inherited anthropogeographic alpine landscape. Gathering
information from land owners and rangers, from a digital 2006 orthophoto, from a vegetation map (Pedrotti
et al. 1974) and a digital map of Natura 2000 habitats (Sitzia 2008) and from Pedrotti (1963) we were able
to locate the approximate centroids of all the patches that corresponded to the maggenghi mapped by
Albertini (1955) and were still managed. Within a buffer of 1 km around these centroids, we distinguished
between areas of maggenghi and other soil uses from aerial orthophotos (1973-2006) and from the 1859
Asburgic historical cadastral map (Bednarr et al. 1859). We chose the interval of photos 1973-2006 to be
sure that the Trisetetum flavescentis association to which the community belongs had not changed since
the historic vegetation map of Pedrotti et al. (1974) had drawn. The cadastral map was digitized by the
Cadastral Service of Trento Province (Servizio Catasto 2006) while the vegetation map of Pedrotti et al.
(1974) by the authors. A summary of the photographic and cartographic material is provided in Table 1.

Interpretation of photos and all the other spatial analysis were made using the GIS software ESRI®
ArcMapTM 9.2 (ESRI 2006) at a fixed scale of 1:5000 to minimize mapping errors and with a 59 5 m cell
as the basic unit. We chose this resolution to take into account the minimal possible mapping accuracy of
about 1 mm which is 5 m on a map at scale 1:5000. The PatchMorph programming script (Girvetz and
Greco 2007) was used to delineate patches from the resulting grid map using a neighborhood radius of
17.84 m and a threshold of 0.8 in the density filter mask and gap and spur thresholds of 10 and 0 m (2 and
0 cells) respectively. Finally, only polygons larger than 0.1 ha were retained as patches. These parameters
were chosen because from the definition of secondary forest adopted by the Trento Province Forest
Service (Sitzia 2009) follows that open fields enclosed by forests must be larger than 0.1 ha with a density



of trees lower than 20% and at least 10 m width (2 cells of 5 9 5 m) to be distinguished from forests in

planning and conservation actions.

a)
Name of the flight Date Mean nominal Focal length Mean image
g scale (mm) resolution (m)
Rossi s.r.l. 11 Oct 1973 1:25000 153.12 1
Terraltaly 1994 13 Oct 1995 1:70000 152.82 1
Terraltaly™98/99 02 Oct 1999 1:40000 153.31 1
Digital Terraltaly™ 01 Sep 2006 1:10000 62.5 0.50
b)
Description of the map Reference Date of field surveys Scale Type of classes
Asburgic Cadastral Bednarr et al. 1859 1:2880 Land uses
(1859)
Economic-pastoral map of the Albertini (1955) 1955 1:180000 Land uses and agricultural
Ortles-Cevedale group features (including
maggengo meadows)
Vegetation of the Stelvio National ~ Pedrotti et al. 1961-1970 1:50000 Plant associations
Park (1973)
Potential timberline of the Trento  Piussi (1992) 1987-1990 1:25000 Potential land uses
Province
Natura 2000 habitats Sitzia (2008) 2007-2008 1:10000 Natura 2000 habitats

Table 1 - Summary of digital aerial photos (a) and of maps (b) used to identifying the maggengo patches. The 1973-1995 photos
are in black and white, while the 1999-2006 photos and the maps are in colour.

Plant survey

The patches were visited between June and September 2008 and a field protocol similar to that of
Cousins et al. (2007) was adopted. To assemble data on patch species richness each site was walked
through and all vascular plant species were recorded. The time spent at each site was adjusted to be
proportional to the area of the site, approximately 30 min per ha. A specific survey of three rare species
potentially present (Lychnis flos-jovis L.), Festuca tenuifolia and Alopecurus geniculatus L.) that would need
more time to be found, was performed separately. Then, we surveyed species richness on ten plots of 1 m?
placed along a transect of 15m with 0.5m between the plots. We surveyed a minimum of two transects and
at least one per 1.5 ha, placed well apart from each other in representative portions of the patch, and at
least 10m far from any field border to reduce the influence of edge effects.

Analysis

Avoiding redundant metrics, we calculated a set of key patch-based landscape metrics, interpreted as
measures of patch compaction and edge irregularity (O’Neill et al. 1988; Riitters et al. 1995; Turner 1990;



Wang and Malanson 2007), and a connectivity index. Elongation index equalled I/w (Davis 1986; Forman
1995). Shape and perimeter-area fractal dimension indices were calculated as in McGarigal and Marks
(1995) with the Patch Analyst 4 extension (Rempel 2008). We calculated the maximum nearest neighbor
distances between the surveyed patches and all the other meadow-pasture patch centroids within a 1000
m radius. Within this distance we used the proportion of grasslands below the potential timberline, digitized
from Piussi (1992), for every surveyed patch, as an index of connectivity (Kindimann and Burel 2008). On
each layer we measured the length of the axis (1) and the width (w) of the narrowest rectangle that enclosed
each patch. We assigned to each patch its mean altitude, slope and its soil type according to the map of
Aberegg et al. (2009).

We calculated two vascular plant diversity indices: patch interior species richness and species density.

We considered interior species the shade-intolerant, i.e. those which were negatively affected in seedling
germination and survival by changes in microclimate and light regimes (Geiger 1965; Laurance and Yensen
1991). From the total of 262 species,
202 shade-intolerant species were extracted following two subsequent steps: (1) 158 species having a
Landolt (1977) indicator value for light[3; (2) a further 44 species having an Ellenberg (1992) indicator value
for light >6. The following analyses were always referred to patch interior species. The degree of similarity
between the patch species pools was assessed through the Sarensen’s coefficient of community
(Serensen 1948) to permit a comparison with similar communities analyzed by Havlova et al. (2004), while
life spans were extracted from Kleyer et al. (2008). The species density (sensu Whittaker et al. 2001) was
the average 10 m? plot species richness.

The relationships between size and 2006 patch interior species were summarized by the power, and by
the exponential and logistic function, adopting the total interior species pool (202) as the upper asymptote
(Tjorve 2003). The significance of the size, shape indices and connectivity trend along the 1973-2006 time
sequence was tested with one-way ANOVA and, when significant, their influence on species diversity was
also tested.

The topography factors frequently exercise great influence in grassland communities (Bennie et al.
2006; Klimek et al. 2007; Pykéla et al. 2005), together with soil heterogeneity (Reynolds et al. 1997). Thus,
before performing the analysis with landscape metrics, we tested the correlation between species diversity
and altitude and aspect even if, in this kind of communities, their effects should be reduced by the repeated
management actions. For the same reason, we compared the species diversity means among the soil
types as mapped by Aberegg et al. (2009).

Then we examined the correlation between the two dependent (current interior species richness and
species density) and independent variables (landscape metrics). The independent variables included the
landscape metrics that showed a significant trend from 1973 to 2006. As suggested by Waite (2000), only
when the independent variables were not strongly correlated with each other and each was linearly
correlated to dependent variables, their relative importance was tested using a multiple regression analysis.
For correlation between linear variables we used the Pearson coefficient, while for circular-linear correlation
the Mardia (1976) R2 coefficient (Liddell and Ord 1978). To compare the means among the soil types we
applied the Kruskal-Wallis H test.

Data deviating from a normal distribution was transformed by log 10 or was square root transformed,
while proportions were arcsine transformed before analysis. All statistical analyses were performed with the
Statistica 9.0 software (StatSoft, Inc. 2009), except for Sgrensen’s index that was calculated with



EstimateS 8.0.0 (Colwell 2006) and for the linear-circular analysis that was performed with Microsoft®
Excel 2002. Species nomenclature is according to Pignatti (1982).

4. Results
Patch shape and pattern

The result of the aerial photos and cadastral map interpretation was a spatial database which included
five temporal maggengo patch layers, i.e. 1859, 1973, 1995, 2000, 2006 (Fig. 3).
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Figure 3 - Surveyed patch layers in 1859 (A), 1973 (B), 1995 (C), 2000 (D) and 2006 (E).

The total surface of the 59 current maggengo patches was 78.3 ha, and altitude ranged from 1250 to
2077 m (1565 £ 52 m, mean + 95% conf. lim.); aspect ranged from 43 °N to 290 °N (196 °N + 31°). The
current patch sizes ranged from 0.10 to 11.40 ha. The smallest and largest | were 45 and 685 m, while w



were 20 and 395 m, respectively. The elongation index varied between 1.09 (compact) and 5.00
(elongated). The shape index, varying between 1.47 and 3.99, denoted near circular patches. The fractal
dimension index ranged between 1.36 (simple perimeter) and 1.65 (more complex perimeter). The
maximum nearest neighbor distance was 527 m and was used as the radius for the calculation of
connectivity (range 0.08-0.23). This 500-m buffer radius should exert the greatest influence on local plant
populations (Tscharntke et al. 2005).

From 1973 to 2006, the total patch size was reduced by 57% and fourteen 2006 patches resulted from
the fragmentation of seven 1973 patches. Single patch size (F3232) = 5.5, p = 0.0012), connectivity (F(3232)
= 17.0, p<0.0001) and shape index (F(3232) = 4.3, p = 0.006) revealed a significant trend, while elongation
(F@o32) = 0.8, p = 0.521) and fractal dimension indices (F(3,232) = 0.4, p = 0.732) did not show any
significant trend (Fig. 4), therefore their relationships with species diversity were not analyzed. Among the
landscape metrics, within the same year, only size and shape index were positively and always correlated
(r>0.43, p<0.001).
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Figure 4 - Patch size (A), elongation (B), shape (C), fractal dimension (D) and connectivity (E) index during the period 1973-
2006. Square denotes mean and bars 95% confidence interval.

From the 25 patches observed in 1859, twelve had split up into 39 smaller fragments and 13 had
reduced in size without dissection or fragmentation in smaller fragments. Seven 2006 patches were not
existent or were not portions of larger patches in 1859. Compared with today (Table 2), the 1859 patch size
averaged 18.75 ha with a much wider range (0.7-186 ha), mean elongation and shape index decreased
and had more variable values between patches, while fractal dimension differed slightly and connectivity
averaged a higher value of 0.25 (£0.03).

The current patch size and shape were not significantly correlated with those of 1859 (size: r =-0.22, p
=0.115; shape index: r = 0.02, p = 0.883), while the correspondent connectivities were strongly correlated
(r=0.66, p<0.001).

Mean (conf. lim.)

Variable

current 1859
Size (ha) 1.32 (£ 0.46) 18.75 (£ 17.52)
Elongation 1.98 (£ 0.22) 2.80 (£ 0.95)
Shape 2.35(x0.15) 2.97 (£ 0.99)
Fractal dimension 1.48 (£ 0.02) 1.39 (£ 0.02)
Connectivity 0.10 (£ 0.01) 0.25 (£ 0.03)

Table 2 Mean and 95% confidence limits for the current (n = 59) and 1859 (n = 25) size, shape, connectivity
Plant diversity

Forty-eight percent of the patch interior species were perennials; 13% were classified as perennials and
annuals/poly-annuals; 13% as either annuals or biennials; life spans of 25% species were not available in
the database used (Kleyer et al. 2008). Nine species, Trifolium repens L., Potentilla erecta L., Achillea
millefolium L., Trifolium pratense L., Plantago media L., Carum carvi L., Ranunculus acris L., Rumex
acetosa L. and Nardus stricta L., were observed in more than 80% of surveyed patches. Thirty-one species
occurred in more than 50%, 42 between 20-49%, 32 between 10-19% and 96 in less than 10% patches.



The Sgrensen’s index has a mean of 0.48 £+ 0.01, with a minimum of 0.19 and a maximum of 0.87.
Compared with data from similar plant communities (Havlova et al. 2004), it confirmed the quite high
similarity of meadow composition among the surveyed patches. Patch species richness ranged from 35 to
98 (58.3 + 0.46 species), the interior one from 27 to 75 (44.5 + 3.3 species), while species density ranged
from 7.5 t0 20.4 (14.2 £ 0.8 species/m2).

Patch interior species richness was significantly correlated neither with altitude (r = -0.12, p = 0.37) nor
aspect (R? = 0.04, p = 0.98). Plant species density was not significantly related either with altitude (r = -
0.19, p = 0.16) or aspect (R? = 0.08, p = 0.96). Neither patch interior species richness (H = 3.66, p = 0.3)
nor patch species density (H = 1.02, p = 0.76) differed among the four soil types. We can then conclude
that site variables do not exert any influence on plant diversity in our study area.

Relations of landscape measures with plant diversity

The fitted power function model provided the best fit to the species-area relationship (F242) = 1313.11,
p<0.001), and the 35% variation of the patch interior species was explained by the variation in patch size.
The analysis suggests that the patch interior species richness S on patches was related to the size A (ha)
of the patch and that the relationship conformed to S = cAz, where z = 0.09, ¢ = 39.8 (Fig. 5).
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Fig. 5: Species-area relationships in maggengo patches (power function).The y-axis was log-transformed

Throughout the years spanning from 1973 to 2006, patch interior species richness was positively
correlated with patch size and more strongly with the current, while with shape index it was positively
correlated only at 2006. Connectivity showed positive correlation only with species density. The current
patch interior species richness was not significantly correlated with any 1859 patch attributes, while species
density was positively correlated with 1859 patch size, shape index and connectivity (Table 3).



a)

Years
Patch metrics
1859 1973 1995 2000 2006
r 0.066 0.321 0.289 0.274 0.322
Patch size
p 0.640 0.023* 0.041* 0.049* 0.022*
r 0.098 0.140 0.264 0.218 0.362
Shape index
p 0.488 0.332 0.063 0.128 0.010*
r 0.213 0.088 0.157 0.190 0.162
Connectivity
p 0.130 0.543 0.275 0.188 0.260
b)
Years
Patch metrics
1859 1973 1995 2000 2006
r 0470 0.112 -0.144 0.008 -0.033
Patch size
p 0.001** 0437 0.318 0.958 0.982
r 0.390 -0.085 -0.021 -0.017 0.086
Shape index
p 0.006** 0.559 0.883 0.007** 0.544
r 0410 0.455 0439 0.455 0.544
Connectivity
p 0.003** 0.001** 0.001** 0.001** 0.000***

Table 3 - Correlations of interior species richness (a) and species density (b) with patch size, shape index and connectivity,
throughout the years spanning from 1973-2006 (* < 0.05, ** < 0.01, *** p < 0.001; d.f.2006 = 57, d.f.1973-2000 = 56, d.f.1859 = 50).



Given the correlative statistics results, we performed a multiple regression model including current species
density and only two independent variables: 1859 size and connectivity. This explained 49% of variation in
the current species density and showed that the importance of size was relatively higher than connectivity
(Table 4).

Variable b B P
Intercept 2.78 <0.001
1859 size 0.23 043 0.009
1859 connectivity 0.89 0.36 0.025

Table 4 - The multiple regression model for the effects of the 1859 size (log-transformed) and connectivity (arcsine transformed)
(n=41, Fss =20.81, adjusted Rz = 0.49, P < 0.001) on the current species density (squared transformed), (b: coefficients, f:
adjusted coefficients).

5. Discussion
Patch shape and patterns

The study area was dominated, from 1973 to 2006, by the landscape process of maggenghi
fragmentation, in terms both of reduction in the total area of habitat available and of breaking up of habitat
that is left into remnants with different degrees of isolation (Saunders et al. 1991). Several studies have
demonstrated that patch size and shape metrics depend on the pattern of fragmentation (Forman 1995).
The fractal dimension trend over the period 1973-2006 was nearly flat, because the average irregularity of
individual patches did not change within the range of forest expansion (or disturbance) rate, as
demonstrated by Hargis et al. (1998) in simulated landscapes. Elongation index did not change in the same
way because the contraction rate was almost even in width and length.

Among the major spatial processes that could have lead to the observed patch shape reduction, one
that surely played a role along the time range analyzed was the spontaneous reforestation of the less
accessible portions of the maggengo patches, i.e. the field lobes, which make boundaries curvilinear
(Forman 1995).

Relations of landscape measures with patch interior species richness

Conforming to recent studies (Adriaens et al. 2006; Cousins and Eriksson 2008; Cousins et al. 2007) we
might expect that the trends resulted from the analysis influenced plant species diversity, in particular
species richness, or, as opposed to other studies (Cousins and Eriksson 2002; Grace and Guntenspergen
1999; Gustavsson et al. 2007; Helm et al. 2006; Lindborg and Eriksson 2004b; Milden et al. 2007), that the
historical landscape structure should, even in a changing landscape, influence present-day diversity. As
reported in Klimek et al. (2007), this is particularly true especially where topographic variables did not have
a strong influence on plant species diversity and management historical regimes didn’t change in the time
range analyzed (1973-2006), as in our study area.

Our results show that the 2006 size and shape index tend to explain the variation in patch interior
species richness among the remaining maggengo fragments. The lack of correlation between the current
and the 1859 size indicates that there was not a preferential abandonment rate depending on historical
size, and, coupled with 2006 species-area relationship, this made it statistically impossible to find any
influence of 1859 patch size on 2006 patch interior species richness.



The increase in patch interior species richness with increasing current patch complexity (shape index)
was expected from other studies, which demonstrated the regularity in the effect of patch shape on patch
interior species richness. This species-shape trend is known to be steepest for near circular patches
(Heegaard et al. 2007), like the current ones. In contrast, the range of past shape values was not wide
enough and their complexity too high to detect a significant correlation with patch interior species richness.
The non-significant influence of grassland connectivity on patch interior species richness conforms to
recent studies conducted in Alpine hay meadows (Marini et al. 2008a, b). The fact that patch interior
species richness is influenced neither by the past nor by present connectivity is evidence that we had
surveyed patterns that do not show an isolation effect.

This is, therefore, evidence of a plant extinction debt, or more precisely, a delayed plant extinction of
long-living species (Krauss et al. 2004), as supported by the highest proportion of perennials which tend to
form remnant population systems (Eriksson 1996).

Relations of landscape measures with species density

Neither size nor current shape attribute values were related to species density. Species density, in
contrast, was related to connectivity, both current and past, and to historical size. Cousins and Eriksson
(2008) suggest that if the past landscape connectivity and patch size were higher than present, high values
of present species density are signs that the influence of historical landscape configuration still exerts an
influence on plant diversity. In order to understand if our species density data is high, we performed a
literature search. We found no data for the Alpine area, except for 5 m2 plot density (Fischer et al. 2008);
data surveyed on grasslands of California and Michigan (Harrison 1999; Gross et al. 2000) and a 9-11
range of species/m2 reported by Stohlgren et al. (1999) in the Rocky Mountains, in a similar landscape and
management context. Lacking better comparable study areas, the latter source allowed us to consider our
species density value as being still high and made it clear that the historical signal from the 1859 size and
connectivity is still existent.

Factors controlling species density includes the availability of nitrogen, other resources, various
stresses, the species pool available to colonize the site (Gough et al. 2000), and the competitive intensity
(biomass levels) (Shipley et al. 1991). Land use history (Grace 1999) and time lags in response (Melman et
al. 1988) can also explain a portion of variability, as well as the time elapsed since the last disturbance
event. Given that the management regimes and the site conditions were scarcely variable among the
surveyed patches, these last three factors support the hypothesis that the 2006 pattern of species density
has been shaped by a long continuity of management types, patch sizes and landscape context prior to the
post-war general abandonment generated by socio-economical pressures. Species density must have
reached a relative stability, even with a dynamic equilibrium, and, today, the numbers are still proportional
to the historical landscape asset which has brought about, through long term dynamics, a fairly constant
vegetation structure (Berlin et al. 2000; Gustavsson et al. 2007). This may be explained by the continuity of
the impact of historical agricultural activities that have included the human driven movement of propagules
in a more connected habitat (functional connectivity), which might have produced a more persistent species
density (Cousins and Eriksson 2008; Hanski et al. 2004; Lindborg and Eriksson 2004b).



6. Conclusions

Our results confirm that where environmental site condition and management variables aren't
determinants of plant species diversity, a significant amount of variation in the species data could be
attributed to the pure effect of spatial variables (Borcard et al. 1992), which probably reflect historical
processes (Svenning and Skov 2005). Moreover, changes in landscape pattern through long term
dynamics could be one of the present plant species density determinants (Gustavsson et al. 2007). Also,
Pykala (2003) reported that species density was a more suitable indicator to evaluate spatial pattern
changes effects on plant species diversity than species richness, which is generally more sensitive to
environmental variables.

Some recent studies have concentrated on the management implications of landscape history legacy on
semi-natural grasslands in Northern European rural landscapes. Our results suggest extending these kind
of studies also to the fragmented mountain meadow-pasture communities within the predominantly forested
landscapes of the European Alps.

Moreover, we suggest further research on the evolution of plant species communities through the critical
analysis of the time series of quantitative botanical monitoring data, in study areas where significant spatial
pattern changes are verified and over multiple scales, to incorporate emergent properties of the patch
dynamics which could not be evident at local scale, as in our study (Wu and Loucks 1995). For its
implications in conservation biology, this would be necessary to identify taxa threatened or lost due to the
modifications in the landscape spatial patterns (see Cousins 2006; Gustavsson et al. 2007; Helm et al.
2006; Lindborg and Eriksson 2004b; Milden et al. 2007).
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1. Introduction

Urbanization is a globally increasing trend that profoundly changes ecosystems and biodiversity

patterns (Alberti 2005; Kowarik 2011; McKinney 2008). A better understanding of the related consequences
and underlying mechanisms is thus urgently needed for effective biodiversity conservation. In this context,
biotic homogenization—the process of increasing taxonomic, genetic or functional similarities of formerly
distinct regional biotas (McKinney & Lockwood 1999; Olden & Rooney 2006; Quian & Ricklefs 2006)—is a
topic of increasing concern. In particular, the well-known richness of cities in nonnative species (Kowarik
1995; PySek 1998) has often been hypothesized to enhance biotic homogenization (McKinney 2006). As a
consequence of increasing global exchange, the influx of the same suite of increasingly abundant
nonnative species increases, while, at the same time, specialized native species in urban settings are
extirpated (Kiihn & Klotz 2006; McKinney 2006). Although cities may be richer in both native and nonnative
species compared to rural surroundings (Kihn et al. 2004), the loss of native habitat specialists from urban
habitats has been shown, which may reduce overall the distinctions between species assemblages and
functional groups (Chocholouskovéa & PySek 2003; Duncan et al. 2011; Knapp et al. 2010).
In addition to the regional spread of common exotic species, local dominance of exotic species may add to
the homogenization effect of urbanization by competitive suppression of native species. Both drivers of
taxonomic homogenization may be causally interrelated but this topic has rarely been addressed in
homogenization studies.

While there is increasing evidence for urbanization effects on similarity patterns, homogenization studies
have yielded divergent results thus far, differing among addressed taxa (e.g., plants, fishes or birds; Kihn &
Klotz 2006; Luck & Smallbone 2011; Marchetti et al. 2006); regions (e.g., European and North American
cities; La Sorte et al. 2008); and species groups included in similarity analyses (natives, nonnatives and
subsets of the latter—with or without considering phylogenetic diversity (Knapp et al. 2008; Kihn & Klotz
2006; Ricotta et al. 2011).

Previous studies ranged widely in scale, from continental (La Sorte et al. 2008) to local (Wania et al.
2006), but were all, to our knowledge, based on data sets from heterogeneous environmental settings such
as species lists of total cities (Ricotta et al. 2011), more or less urbanized counties (Schwartz et al. 2006),
or grid cells (Kihn & Klotz 2006). As even highly urbanized regions often encompass an array of semi-
natural remnants as well as novel urban ecosystems (Kowarik 2011; Kihn et al. 2004), habitat
heterogeneity is believed to strongly influence urban biodiversity patterns and may thus also overlay
interrelated effects of species losses or gains on the similarity of species assemblages.

To disentangle the role of urbanization on the composition of species assemblages from effects of
habitat heterogeneity at larger spatial scales, we aimed to explore homogenization due to urbanization and
plant invasion at the community scale where species interact.

We chose woodland patches resulting from succession on urban grounds in Berlin as a model system
and related the studied plots to characteristics of the surrounding urban matrix.



As exotic species may be both drivers and respondents of biotic homogenization (Kihn & Klotz 2006),
we combined two approaches to include effects of plant invasions on urban similarity patterns. First, we
sampled two types of urban woodlands, one dominated by a native tree species (Betula pendula R.) and
the other by an exotic tree species (Robinia pseudoacacia L.). Robinia pseudoacacia is considered to be
one of the top 100 woody plant invaders worldwide (Cronk & Fuller 1995). Second, we calculated floristic
dissimilarity separately for total species, native species and nonnative species based on pairwise
comparisons of plots of either woodland type. This combined approach enabled us to test for compositional
differences in native and nonnative species assemblages in response to invasion of a dominant exotic
pioneer and to assess if and how urbanity shapes these responses among species groups.

We hypothesized that:

(1) there are significant differences in alpha diversity of total, native and nonnative species pools in
native Betula pendula woodlands in comparison to exotic Robinia pseudoacacia stands;

(2) exotic dominance leads to homogenization, i.e., reduced beta diversity, as indicated by a decrease
in dissimilarity of total, native and nonnative species assemblages in comparison to Betula pendula
woodlands;

(3) urbanity influences the dissimilarity of the total, native and nonnative species pools within both
communities;

(4) there are combined effects of urban matrix components and Robinia pseudoacacia invasion on the
dissimilarity among study plots that may affect the total, native and nonnative species pools differently.

By assessing these hypotheses, we were able to disentangle the relative contribution of plant invasions
and the urban environment to homogenization in different species groups and exclude spatial heterogeneity
of urban environments, which may obscure the underlying mechanisms.

2. Materials and methods
Study area

The study was carried out in Berlin (52° 24'N, 13°24°'E), Germany, a city with 3.5 million inhabitants and
an area of 892 km?. In the natural landscape at the urban fringe, sandy, nutrient-poor soils prevail, whereas
within the built-up-areas, soils predominantly reflect severe anthropogenic disturbance. Spontaneous urban
woodlands, often dominated by either the native Betula pendula or the exotic Robinia pseudoacacia, have
frequently developed on debris or gravel (e.g. Kowarik 1995). Overall, Berlin represents a complex urban
matrix, comprising a variety of land uses, roughly 54% built-up areas, 21% woodlands, 12% green spaces,
6% water, 5% grasslands, and 2% arable fields (SenStadt 2008).

Study design

Ideally, biotic homogenization should be tracked over time by comparing historical and recent data. As
such data are often unavailable, comparing invaded sites to nearby uninvaded sites is a common approach
to provide a spatial analogue to temporal changes in communities before and after invasion (Sax 2002a).
We thus relate current differences in diversity patterns of urban woods to homogenization of urban plant
assemblages.

By using the area-wide habitat mapping of the federal state Berlin (SenStadt 2008), we randomly
selected 34 pairs of woodland patches: one patch of the pair was dominated by the nonnative Robinia
pseudoacacia and the other one by the native Betula pendula. Both woodland types result from
spontaneous succession and are distributed over the total area of Berlin (Fig. 1). Betula pendula is a



frequent pioneer of temperate forests in Europe and one of the most successful species in spontaneous
succession on manmade sites (Prach 1994). Robinia pseudoacacia, a forest pioneer native to North
America (Boring & Swank 1984), is known to strongly change species composition in its nonnative range,
mostly due to symbiotic nitrogen influxes (Dzwonko & Loster 1997; Von Holle et al. 2006).

We ascertained that the two patches within a given pair belonged to the same habitat type according to
the map (i.e., pioneer forest and preforest) and were approximately of the same age to guarantee similar
environmental conditions. Pairs that were assigned to the same habitat type were separated by a minimum
distance of 1000 m to avoid spatial autocorrelation.

Within each woodland patch, we established a 10 x 10 m study plot, randomly located in the core area
at a distance of >5 m from the border of the patch to counteract edge effects. The distances between both
plots of a pair ranged from 20 to 500 m. We kept a minimum distance of 20 m between the edges of two
matched plots to preclude neighboring effects, in particular nitrogen influx from Robinia pseudoacacia
stands. At the same time, we did not exceed a distance of 500 m to assure similar environmental conditions
for the pair.

12
1Kilometers

Location of the plot pairs in Berlin. Enlarged square: example of a single pair of plots (black patch: Robinia pseudoacacia
plot; grey patch: Betula pendula plot)



Vegetation data

Within each plot, all vascular plant species were recorded by the same persons to ensure equal
sampling intensity. Species abundance was estimated by using the methodology of Braun-Blanquet (1964).
All species were identified using standard literature for the German flora (Jager & Werner 2005). We also
visually estimated the canopy cover as this factor usually strongly affects regeneration processes in the
ground layer. Species growing in the herbaceous and shrub layers were included in the statistical analyses,
while tree species taller than 5 m in height were excluded as these had served as the criterion for patch
selection. We differentiated between native and nonnative species according to the BioFlor database (Klotz
et al. 2002). The group of nonnatives included archeophytes (pre-1492 introductions) and neophytes (post-
1492 introductions).

Land use and habitat data

To explore the influence of the urban matrix on species assemblages, we identified the proportions of
land use types in the surroundings of the study plots by using related information from the official habitat
map of Berlin (SenStadt 2008). All values were calculated for the joint area of two 500-m buffers around the
study plots of a pair. We determined the proportion of impervious surface, which included built-up area and
road area. By subtracting road area, which is mapped separately, we obtained the built-up area, which was
used to indicate different degrees of urbanity (hereafter referred to as urbanity). Following Knapp et al.
(2009), we differentiated three classes of urbanity according to the proportion of built-up area: low (< 0.13),
medium (>0.13, <0.34) and high (>0.34).

Furthermore, we included the proportions of railway and road area as matrix variables. The Hansky
index for woodland connectivity (Hansky 1994) between each plot and the ten nearest patches with the
same woody vegetation was determined to assess the isolation of the studied patch. Both the proportions
of railway and road areas as well as the Hansky index may play important roles in the homogenization of
urban floras as they imply possible dispersal opportunities for organisms (Bierwagen 2007). As roads and
the Hansky index for Betula pendula forests were not explanatory in the resulting models, data are not
shown. Land cover calculation was performed using PatchAnalyst as an extension of ArcView GIS 9.2
software.

Statistical analyses

As a measure of alpha diversity, we calculated total species richness as well as richness of both native
and nonnative species at the plot level. Moreover, we determined Shannon index and Simpson reciprocal
index for each study plot; the latter is very suitable for the assessment of compositional differences (Lennon
et al. 2001). We computed the reciprocal value of the Simpson index, as suggested by Kindt & Coe (2005)
for biological communities with low diversity, and the Shannon evenness index. Beta diversity as a
measure of species composition dissimilarity among communities is frequently evaluated using Jaccard’s
coefficient, which is based on presence/absence data (Olden & Rooney 2006). In this paper, we used
Jaccard's distance, which shows the dissimilarity among species assemblages and is very adequate for
detecting underlying ecological gradients (Faith et al. 1987). A plot-based beta diversity index was
calculated by the average pair-wise Jaccard’s distance of each study plot compared to all other plots of the
same group (Vellend et al. 2007), i.e. to either all Robinia pseudoacacia or Betula pendula plots.

We tested for significant differences in species numbers of Robinia pseudoacacia and Betula pendula
plots by using Mann-Whitney U-tests and performed Welch t-tests to check for differences in alpha diversity



indices; the latter test is frequently used for data sets with unequal sample variances (Ruxton 2006). Values
of Shannon evenness and Simpson indices were log-transformed prior to analyses to normalize data. We
furthermore tested the correlation between the richness of natives and nonnatives based on Spearman
rank correlations for both forest types separately. Because the derived beta diversity metrics lacked
independence, differences in beta diversity between Robinia pseudoacacia and Betula pendula plots were
tested with a one-way permutation test, based on 9,999 Monte Carlo permutations. All alpha and beta
diversity calculations were performed separately both for species groups (total species pool, natives,
nonnatives) and for Robinia pseudoacacia and Betula pendula plots.

To test for influences of urbanity on beta diversity we assigned each pair of Robinia pseudoacacia and
Betula pendula plots to one of the three urbanity classes and performed an approximative K-sample
permutation test, based on 9,999 Monte Carlo permutations, followed by a Nemenyi-Damico-Wolfe-Dunn
(NDWD) post-hoc test (for details see Hollander & Wolfe 1999).

To analyze the joint effects of Robinia pseudoacacia invasion, urban matrix variables and tree canopy
cover on beta diversity, we performed boosted regression tree (BRT) analyses (Elith et al. 2008). We used
BRT because of its high predictive power and its flexibility in handling both categorical and metric
predictors. Mean Jaccard’s distance was used as a dependent variable, while urbanity, proportion of
railway areas, Hansky index for Robinia pseudoacacia stands, tree canopy cover, and Robinia
pseudoacacia invasion (categorical, Robinia pseudoacacia vs. Betula pendula plots) were included as
predictors in the models shown.

All statistical tests were conducted with R, version 2.7.2; diversity indices and dissimilarity measures
were computed with the vegan community analysis package (Oksanen et al. 2009). NDWD test was
calculated by using the package multcomp, while boosted regression trees were calculated with the
package gbm and additional scripts provided by Elith et al. (2008).

3. Results
Alpha diversity

Species richness clearly differed between woodland types. Total species number of the shrub and herb
layers was higher in Betula pendula than in Robinia pseudoacacia plots, and this also held true for the
groups of native and nonnative species (Table 1). Correspondingly, average total species richness as well
as average richness of native and nonnative species was significantly higher in woodlands dominated by
the native tree species compared to exotic stands (Table 2). The richness in native species correlated
significantly with the richness in nonnative species in both woodland types (rho = 0.444, p = 0.009 in
Robinia pseudoacacia plots; rho = 0.752, p <0.001 in Betula pendula plots).

Shannon and Simpson indices for alpha diversity also showed significantly higher values for total and
native species in Betula pendula plots than in Robinia pseudoacacia, but no significant differences were
detected for nonnative species (Table 2). Differences in evenness were less pronounced. The evenness of
total and nonnative species was significantly higher in Robinia pseudoacacia plots than in Betula pendula
plots.



Black locust Silver birch
Total number % Species number/plot Total number % Species number/plot
Mean SD Mean SD
Total 165 100 20.85 6.39 213 100 30.94 10.49
Indigenous 100 61 14.29 4.09 136 64 22.29 6.99
Exotic 65 39 6.56 3.52 77 36 8.59 4.18

Table 1: Overall species numbers found in 34 urban woodland plots (100 m2) in Berlin, dominated by the nonnative tree Robinia
pseudoacacia and the native tree Betula pendula, respectively. Data for total species, native species and nonnative species

Black Silver
locust  birch
Mean t p

Total species
Richness 20.85 30.94 4.72 <0.001
Shannon 2.02 2.34 2.99 0.004
Simpson 1.62 1.89 2.33 0.023
Eveness 0.71 0.66 -2.46 0.01
Native species
Richness 14.29 22.29 5.67 <0.001
Shannon 1.72 2.15 417 <0.001
Simpson 1.38 1.79 3.59 <0.001
Eveness 0.72 0.68 -1.82 0.07
Nonnative species
Richness 6.56 8.59 2.13 0.037
Shannon 1.16 1.3 1.13 0.26
Simpson 0.95 1.05 0.91 0.37
Eveness 0.78 0.71 -2.6 0.01

Table 2: Mean alpha diversity indices calculated for total species, native species and nonnative species of Robinia
pseudoacacia plots (n = 34) and Betula pendula plots (n = 34), and results of Welch t-tests for differences between means

Beta diversity

For the total species pool we found no significant differences in beta diversity between Robinia
pseudoacacia and Betula pendula plots (Table 3). This means that the dominance of an exotic tree species
did not result in homogenization of associated species assemblages compared to stands of a dominant
native tree species at similar urban sites. However, comparisons of native and nonnative species groups
revealed divergent results (Table 3). For native species, beta diversity was slightly but significantly higher in
Robinia pseudoacacia compared to Betula pendula plots, whereas for nonnative species, we found a lower

beta diversity in the Robinia pseudoacacia plots.



Meang z value p

Silver
Black locust  birch
Total species 0.82 0.82 -0.32 0.75
Native species 0.81 0.80 -2.07 0.037
Nonnative species 0.83 0.86 3.9 <0.001

Table 3: Comparison of Jaccard’s distance (B diversity) between Robinia pseudoacacia and Betula pendula plots. Results from
one-way permutation test

Effects of urbanity on beta diversity

Urbanity significantly influenced beta diversity of native species in both woodland types, and of total
species in Betula pendula plots. However, beta diversity of nonnative species was not affected by urbanity
in either of the woodland types (Table 4, Fig. 2). Beta diversity in the intermediate urbanity class mostly
showed the lowest values, while highest dissimilarity was found in plots with low urbanity in their
surroundings and the lowest proportion of built-up area. Corresponding to overall beta diversity, the total
and native species pools of Robinia pseudoacacia stands showed higher Jaccard’s distance values than
those of Betula pendula stands in the plots that had been assigned to intermediate or high urbanity classes
(Fig. 2).

Black locust Silver Birch
maxT p maxT p

Total species 2.33 0.052 5.19 <0.001

Native species 2.67 0.017 5.87 <0.001

Nonnative species 0.47 0.883 2.13 0.082

Table 4: Significance level of the approximative K-sample permutation test for Jaccard’s distance in three urbanity classes
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Figure 2 Influence of urbanity (low, medium, high) on the dissimilarity (mean Jaccard’s distance) of species assemblages of
urban woodland plots dominated by either the nonnative Robinia pseudoacacia or the native Betula pendula for (a) total species
pool of Robinia pseudoacacia plots (NDWD test: P=0.054) and Betula pendula plots (NDWD test: P<0.001) and (b) for the native



species pool of Robinia pseudoacacia plots (NDWD test: P<0.005) and Betula pendula plots (NDWD test: P<0.001). Different
lower case letters indicate significant differences. There were no significant differences for nonnative species (data not shown).

Joint effects of exotic dominance and urban matrix components on beta diversity

The joint effect of Robinia pseudoacacia invasion, urban matrix components and canopy cover on beta
diversity of Robinia pseudoacacia and Betula pendula plots was analyzed by using BRTs. The analyses
revealed that Robinia pseudoacacia invasion had nearly no relative effect on the mean beta diversity of the
total species and native species pools (Fig. 3a, b). In contrast, Robinia pseudoacacia invasion was the
most important predictor for beta diversity in nonnative species (Fig. 3c). Mean beta diversity in the total
and native species pools was strongly influenced by the proportion of built-up area around the plots with the
highest beta diversity at low proportions and the lowest beta diversity at intermediate levels of building
density (Fig. 3a, b). Increasing proportion of railway areas generally enhanced beta diversity in all species
groups but for total and native species there was an additional peak of beta diversity at extremely low
proportions of railway area. Hanski connectivity between plots and tree dominated habitats increased beta
diversity for all species as well as for native species whereas nonnative beta diversity peaked at
intermediate connectivity and declined strongly at higher levels. Overall, these data provide evidence that
the beta diversity of nonnatives strongly responds to Robinia pseudoacacia invasion, whereas the mean
dissimilarity of the natives is more strongly related to urbanity.
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Figure 3: Relative variable importance plots and partial dependency plots for BRT analyses showing the size and direction of
effects of matrix and site-related predictors on beta diversity for (a) the total species pool (cv correlation = 0.37 ; se = 0.13,



explained deviance: 0.27); (b) the native species (cv correlation = 0.41 ; se = 0.11, explained deviance: 0.36); (c) the nonnative
species (cv correlation = 0.34 ; se = 0.13, explained deviance: 0.34).
4. Discussion

Effects of plant invasions on biodiversity patterns are strongly scale-dependent: while a range
expansion of alien species will unavoidably lead to biotic homogenization at a global scale, nonnative
species have been found to promote taxonomic differentiation at local to regional scales (Sax & Gaines
2003). Previous studies on urbanity effects on alpha and beta diversity of plant assemblages were based
solely on data from heterogeneous land use or habitat types (e.g.; La Sorte et al. 2008; Schwartz et al.
2006). Given the large pool of nonnative species in cities (Kowarik 1995; PySek 1998), niche differentiation
due to urban habitat heterogeneity increases the chance that, at intermediate spatial scales, many different
nonnative species occur in many different habitats. Still, the generally lower abundance of nonnative
compared to native species in urban areas (Chocholouskova & PySek 2003) likely amplifies taxonomic
differentiation of urban areas. Correspondingly, a study related to the floristic inventory of 130 km2 grids
suggested taxonomic differentiation in nonnative species as opposed to a homogenization in native species
assemblages of the most urbanized, compared to least urbanized, grid cells (Kihn & Klotz 2006).

Whether such similarity patterns also hold at the community scale has not yet been tested. In this study,
we reduced habitat heterogeneity by using data from clearly defined vegetation types to disentangle effects
of urbanization on the composition of plant assemblages from effects associated with habitat heterogeneity.
Although differences presumably remain, e.g., in soils or habitat history of the sampled woodlands, our
results reflect conditions that are clearly less heterogeneous compared to studies that comprise different
land use types.

Alpha diversity of native and nonnative woodlands

While many studies have found hardly any differences in plant species richness among native and
exotic woodlands (Michelsen et al. 1996; Sax 2002a), our study revealed a markedly higher species
richness for native urban woodlands compared to stands dominated by Robinia pseudoacacia, both at local
(average species richness per plot) and landscape scales (species richness of all plots; Table 1). Similarly,
native woodlands also showed higher values for diversity indices for total and natives species than exotic
woodlands (Table 2). As is the case for other nitrogen-fixing species, Robinia pseudoacacia is known to
profoundly increase the nitrogen availability for associated species (Dzwonko & Loster 1997; Von Holle et
al. 2006). This may be expected to enhance the species turnover compared to Betula pendula stands and
promote a less diverse suite of competitive N-demanding species, ultimately resulting in lower species
richness and diversity in the understory.

Interestingly, the native woodland plots had not only more native but also more nonnative species than
the exotic woodland plots. Furthermore, the species numbers of the two groups were positively correlated.
This adds evidence to the “rich get richer” hypothesis, which posits a positive correlation between native
and exotic species richness (Stohlgren et al. 2003), although this has rarely been tested for forest types
(but see Sax 2002b). Hence, the same factors that reduced native species numbers in Robinia
pseudoacacia stands presumably also reduced nonnative species richness. Lower species numbers along
with significantly higher evenness values of Robinia pseudoacacia plots suggest that a small number of N-
demanding species—fostered by symbiotic N-influxes—prevail here and may outcompete other species
with more specialized habitat requirements.

Yet our results clearly contrast with another study from rural settings that found a higher richness, due to
a higher number of nonnatives, in Robinia pseudoacacia stands compared to native forests (Von Holle et
al. 2006). While these results support the invasional meltdown hypothesis, which claims that secondary



invasions are promoted by positive interactions among invaders (Simberloff 2006; Von Holle et al. 2006),
our contradictory results illustrate the strong context dependency of invasion impacts and can be explained
by the fact that nitrogen availability is often higher in urban habitats than in the surroundings (Alberti 2005;
Chocholouskova & PySek 2003), and certainly also compared to the nutrient-poor sandy soils that prevailed
in the study area of Von Holle et al. (2006).

Beta diversity of exotic compared to native woodlands

The marked decline of alpha diversity in the exotic stands corresponds to a general pattern showing a
reduction in diversity of resident species assemblages owing to invading species (Vila et al. 2011). In
contrast to our expectations, the strong decrease in total species richness and alpha diversity measures
due to Robinia pseudoacacia dominance at the plot level did not go along with a general decline in beta
diversity at the community scale. We found no homogenizing effect and consequently similar beta diversity
of Robinia pseudoacacia stands for the total species pool and, for native species, even an increase in beta
diversity, compared to native Betula pendula woodlands. As the decline in species richness was most
pronounced in native species, this opposing result for beta diversity can only be explained by a random
suppression of native species in the exotic woodland plots. As Jaccard’s distance between study plots is
generally independent of species richness, increased values of this index along with a decline in alpha
diversity indicate that previously shared native species become locally extinct. On the other hand,
nonnative species’ beta diversity was significantly lower in Robinia pseudoacacia plots, which points to a
homogenizing effect of the dominant invader on the associated nonnative species assemblages. Hence, in
contrast to its effect on native species, Robinia pseudoacacia seems to facilitate a common nonnative
species pool as already suggested by Von Holle et al. (2006).

Our data show that the loss of native species in exotic woodland patches does not translate to biotic
homogenization in associated native species assemblages but in communities of nonnative species. While
nonnative species were found to enhance differentiation of urban floras at larger spatial scales (Kihn &
Klotz 2006), our study clearly demonstrates that such findings on urban similarity patterns cannot be
generalized for the community scale.

Differences in beta diversity among urbanity classes

Previous studies analyzed effects of urbanization on beta diversity of species assemblages mostly by
characterizing the sampled areas with parameters that are frequently related to urbanization such as
percentage of impervious surface. In this case, again, differences in the ecological characteristics of the
sampled areas, which are not covered by urbanization parameters (e.g., differences in site history between
natural habitat relicts and novel urban ecosystems), may overlay biodiversity responses to urbanization.
We reduced this heterogeneity by relying on similarity patterns in plant assemblages at the community
scale.

In accordance with results from heterogeneous urban environments at larger spatial scales (Kihn &
Klotz 2006), the highest beta diversity mostly corresponded to the lowest urbanity class. This held for native
species in both exotic and native woodlands and also for total species in native woods (Fig. 1). Our results
thus clearly add evidence to the idea that urbanization promotes homogenization of native plant species
assemblages.

An unexpected result was the absence of effects of different levels of urbanization on similarity patterns
in nonnative species. We found homogenization effects in nonnative species assemblages of the Robinia
pseudoacacia stands (see above), but these appear to occur independently from the urbanization level in
the plot surroundings.



Surprisingly, we observed the lowest beta diversity for total and native species in the intermediate
urbanity class. Most studies on urban-rural gradients have found that intermediate levels of urban
development are often related to highest species richness (McKinney 2008), and at larger spatial scales,
the similarity in native species in urban regions decreased directionally with decreasing levels of
urbanization (Kihn & Klotz 2006). This pattern obviously did not translate to the community scale in our
study. Although efficient dispersal vectors such as traffic move seeds of nonnatives and natives in urban
settings (von der Lippe & Kowarik 2008) and many native plant species are usually present in areas
subjected to intermediate levels of urbanization (McKinney 2008), this variety did not contribute to the
differentiation of species assemblages in the studied wood patches. As these were all successional woods
on urban grounds, we can fairly exclude remnants of native forest species. Instead our study suggests the
functioning of an environmental filter (presumably shade) that limits the colonization of urban woods by
species not adapted to this condition—even in likely species-rich surroundings. This also holds for
nonnative species as suggested by another key finding of our study: urbanization did not affect similarity
patterns in nonnative species in both studied woodland types.

Joint impacts of urban matrix components and exotic dominance on beta diversity

The BRT analysis shed light on the relative importance of different urban matrix parameters and exotic
dominance in the tree layer on the taxonomic similarity among the addressed species groups (Fig. 2). The
main result was that different parameters shape homogenization in native (and total) species groups and
nonnative species groups indicating functional differences between them. This would correspond to
urbanization-induced changes in functional trait representation in native and nonnative species
assemblages that have been found at larger spatial scales (Knapp et al. 2008; 2010; Ricotta et al. 2011).

In accordance with findings on the impact of urbanity on homogenization, the beta diversity of both the
total and the native species pools clearly responded to the proportion of built-up area with the lowest beta
diversity in intermediate urbanity levels. Also the dispersal-related parameters (proportion of railway, patch
connectivity) exhibited a pronounced impact, whereas stand-related parameters were not important for beta
diversity of native species. Intermediate proportions of railway areas around the patches decreased beta
diversity, while higher patch connectivity promoted beta diversity in native species. These results suggest
that biotic homogenization in the native species pool of our model systems was increased by components
of the urban matrix including those that promote patch connectivity and species exchange. Still, the high
contribution of the proportion of built-up area to homogenization in the native species group may indicate
dispersal limitation, which led to a reduced species pool in plots that were located in highly urbanized
surroundings.

Exotic dominance did not foster homogenization in native species assemblages but was the most
important parameter for homogenization of the nonnative species pool. In contrast to native species,
nonnative beta diversity peaked at intermediate patch connectivity while high connectivity strongly
homogenized the species assemblages. This suggests the functioning of an exchange of common
nonnative species between urban woodland patches that appears to foster taxonomic homogenization only
in highly connected patches. Results from larger spatial scales similarly illustrated a functional
homogenization in species traits in urban species assemblages and an increased representation of species
with traits related to a higher potential of long-distance dispersal (Knapp et al. 2008, 2010). Different from
patch connectivity, the proportion of railway area around the patches promoted nonnative beta diversity.
This indicates a more diverse nonnative species pool in railway habitats compared to neighboring
woodland patches with a potential to colonize and differentiate the urban woodland patches.

Overall, our study revealed significant effects of urbanization, exotic dominance and habitat connectivity
on diversity values at the community scale, yet with divergent responses in total, native and nonnative



species assemblages. Our results add evidence to the general insight that urbanization can enhance biotic
homogenization, but we also demonstrated effects of taxonomic differentiation, depending on the
addressed species group and woodland type. Downscaling similarity analyses at larger spatial scales to the
community scale can thus lead to different insights in the functioning—and outcome—of mechanisms
driving biotic homogenization.

Maintaining diverse species assemblages in steadily growing urban areas is an increasing challenge for
nature conservation. In this regard, revealing homogenization trends at the community scale is highly
relevant as species mostly interact at this scale. Our results on successional urban woodlands clearly show
that the spatial context of urban habitat patches is important in homogenization processes. Therefore,
urban planning should take the homogenization aspect into account and aim at spatial structures that
reduce the risk of biotic homogenization. As biotic homogenization is a temporal process, it is a challenge
for further studies to test for changes in diversity patterns during ongoing succession and for portability of
these results to other semi-natural vs. specifically urban ecosystem types within urban regions to enhance
the understanding of mechanisms that drive urban biodiversity.
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PAPER IV

Cultural system as determinant of hedgerow structure and woody species
richness

Sitzia T., Trentanovi G., Marini L., Cattaneo D., Semenzato P. (2011) Cultural system as determinant of hedgerow
structure and woody species richness. Landscape and Urban Planning, under review

1. Introduction

Semi-natural habitats often provide the only element of structural and biological diversity in landscapes
that have lost most of their naturalness to agriculture (Burel 1996). Many studies found that hedgerows
support a broad range of different wild animal (e.g. Mauremooto et al. 1995, Paoletti 1995, Tattersall et al.
2002, Whittingham et al. 2005) and plant species in intensive agricultural and suburban landscapes (e.g.
Forman and Baudry 1984, Manzini 1989, McCollin et al. 2000, French and Cummins 2001, de Blois et al.
2002, Sitzia 2007), where they play an important role in shaping the patterns of connected landscape
elements, both physically and functionally (Antrop 2000, Treu et al. 2000, Botequilha Leitdo and Ahern
2002, Padoa-Schioppa et al. 2006, Sanchez et al. 2010).

Hedgerows with a large diversity of shrub and tree species are expected to support a great abundance
and diversity of associated organisms such as birds (Macdonald and Johnson 1995, Hinsley and Bellamy
2000, Padoa-Schioppa and Chincarini 2007) or invertebrates (Maudsley 2000). The richness of the woody
species is influenced by several environmental factors such as age, size, management, and vertical
structure of the hedgerow (Hooper 1970, Willmot 1980, Sutton 1992, Herlin and Fry 2000, Boutin et al.
2002, Deckers et al. 2004a, Deckers et al. 2004b, Campagne et al. 2006). Trees and shrubs are usually
maintained or planted by farmers through routinely or regulatory practices (Sutton 1992, Burel and Baudry
1995). Regeneration and tending methods and/or the rotation period produce different growth forms:
shrubs, pollards, coppices and high trees whose arrangement should be viewed as a cultural system,
affecting the hedgerow structure. The latter is often in direct relation to the habitat value (Hinsley and
Bellamy 2000).

The main aims of this study were (i) to investigate how four different cultural systems (low-single storied,
high single-storied, two-storied; and multi-storied) differ in hedgerow structure and (i) to identify the main
management-related determinants of native woody species richness. Specifically, a large dataset was
used, including data from more than 500 hedgerows, pertaining to intensive agricultural landscapes, to
investigate how management of different cultural systems determines various hedgerow structural features
and the richness of native woody species.



2. Methods

Study area

The Veneto plain is a sub-region of the Padana plain, located in the north-eastern part of Italy covering
an area of about 10,372 km2 (Fig. 1). Mean annual precipitation varies between 700 and 1100 mm and the
mean annual temperature is from 13 to 13.5°. According to the bioclimatic criteria of Rivas-Martines (1995),
the Veneto plain is located in a transitional area between Temperate and Mediterranean climatic zones.
The Veneto plain has been subjected to substantial transformations that have modified the structure of the
landscape, from the Roman centuriation in the 1st century BC, to the industrial settlements of the 1970s
(Tempesta 2010). Nowadays 49-85% of the provincial areas are agricultural and the dominant culture is
maize, soybean, others cereals and wine grapes (Vonghia 2006).

Figure 1 - ltaly, Veneto region and location of the surveyed sites (1: Canda, 2: Frassinelli, 3: Montegalda, 4: Nogara, 5:
Peseggia, 6: Piove di Sacco, 7: Roncade)

Sampling

We surveyed seven sites scattered in the Veneto plain (Table 1 and Fig. 1) where hedgerows had been
established or modified in different periods, and where spontaneous regeneration of plant species was
possible (Zanaboni and Lorenzoni 1989).



No of Hedgerow
: . R Surveyed iy
Sites Provinces Municipalities hedgerow  densities

areas (ha) N
surveyed (km 100ha”)

Nogara, Gazzo
Nogara Verona . 625 59 2.7
Veronese, Sorga

Rovigo Rovigo Canda, CastelGuglielmo 4572 68 0.85
Piove di Sacco,
Piove Padova  Arzegrande, Brugine, 420 107 6.97
Pontelongo
o ] Martellago, Spinea,
Frassinelli Venezia ) 158 47 8.67
Venezia
i Treviso R
Peseggia ] Zero Branco, Scorzé 175 59 8.14
Venezia
Roncade Treviso Roncade 645 106 3.79
. Grisignano di Zocco,
Montegalda  Vicenza 627 92 3.92
Montegalda

Table 1 - Surveyed sites

Generically a hedgerow was defined as a row of woody plants, including hedge and herbaceous
species, that separates adjacent fields (Pollard et al. 1974, Forman and Baudry 1984) and is more or less
managed (Baudry et al. 2000). In this study we adopted a definition of hedgerow based on different sources
(Bidese and Peruffo 1993, Bickmore 2002), which considers some spatial attributes such as length
(minimum length of 20 m) and threshold for width at widest point of canopy (maximum of 30 m) and gap
percentage (maximum of 35 %) (Table 2). A gap exceeding 20 m implies that the sections on either side of
gap are separate hedgerows. Ornamental edges and roadside planted strips were excluded.

Measure Threshold Reference

% gap <35% Bickmore (2002)

Gap length <20m Bickmore (2002)
Hedgerow length >20m Bickmore (2002)
Hedgerow width <30m Bidese and Peruffo (1993)

Table 2 - Thresholds used to define a hedgerow

We defined four hedgerow cultural systems which were classified according to the arrangement of plant
growth forms as follows (Fig. 2): multi-storied (shrubs, pollarded trees and coppice), high single-storied
(pollarded trees and high trees or only pollarded trees or only high trees), low single-storied (shrubs and
coppice or only coppice or only shrubs) and two-storied (pollarded trees and shrubs or pollarded trees and



coppice or high trees and coppice). We randomly selected the hedgerows within the four cultural systems
within each site accordingly to their frequency, ranging from a minimum of 47 samples to a maximum of
107 (Table 1). A total of 538 hedgerows were surveyed (Table 1). All the sites are nearly flat, being 63 m
a.s.l. the highest elevation in the Montegalda site.

- Syl
. i
HIGH TREE % SHRUB I”"COPPICEM POLLARD

MULTI-STORIED HIGH SINGLE-STORIED

A

/ TWO-STORIED ~
LOW SINGLE-STORIED

Figure 2 - Hedgerow's cultural systems: multi-storied; high single-storied; low single-storied; two-storied.

Data on woody species richness

The presence and absence of woody species was determined by surveying each hedgerow and
identifying every species classified as tree or shrub by Pignatti (1982).



Structural characteristics of the hedgerow

Along with the four explanatory variables we further gathered the following environmental variables. The
hedgerows were divided into units of equal length based on their total length (one plot for hedgerows with a
length < 100 m; two plots for hedgerows with a length between 101 and 300 m; three plots for hedgerows
with a length between 301 and 600 m; four plots for hedgerows with a length > 600 m). Within 10-m
transverse plots of hedgerows, centered on the resulting units, four variables were measured and averaged
for each hedgerow: number of trees, diameter at breast height, height, and the width at widest point of
canopy (called simply width) of all living trees (DBH > 5 c¢cm). We calculated the area (length of the entire
hedgerow x width) and the basal area (mean values per 1 ha of hedgerow) for each hedgerow surveyed.
Finally, we calculated also two indices of height and diameter diversity, i.e. the Shannon index (Shannon
1948) and the Gini coefficient (Latham et al. 1998). Both indices have been previously used in forest
management and planning, and the Gini coefficient is the only index whose sensitivity to sample size is
very low (Lexerod and Eid 2006).

All data were integrated in a GIS environment with ArcView GIS 9.2 (ESRI 2006), and hedgerow density
(m km-?) was calculated. The density is related to the different agricultural landscape assets and histories,
from the ancient agricultural landscape of Roman centuriation to the intensive agricultural lands reclaimed
in the Early and Late Medieval Ages or in more recent times (Tempesta 1989, Meeus et al. 1990,
RegioneVeneto 2007).

Data analysis

Differences between the structural features were tested through one-way ANOVA for each hedgerow
cultural system. Data deviating from normal distribution were log or square root transformed before the
analysis. We applied general linear mixed model to test the effect of area, cultural system and basal area
on the number of woody species, classified as native by Pignatti (1982), identified in the hedgerows. The
model included area, cultural systems and basal area and their interactions as fixed effects, and site as
random effect to account for spatial nestedness in the sampling. The interaction between area and cultural
system was tested to see whether the different cultural systems change the slope of the species area curve
(SAR). The interaction between cultural system and basal area were tested to verify whether the effect of
increasing basal area on native woody species richness was different within the different cultural systems.

As suggested by Pinheiro & Bates (2000), a sequential F-test was used to investigate the main effects
and interactions in all models using the Ime(nime) function (Pinheiro et al. 2010) in R with the restricted
maximum likelihood (REML) estimation method. All statistical analysis were performed in R (R
DevelopmentCoreTeam 2011).

3. Results

Eleven woody species had a frequency >40% in the total number of hedgerows: Salix alba L., Cornus
sanguinea L., Platanus hybrida Brot., Sambucus nigra L., Rubus ulmifolius Schott, Robinia pseudoacacia
L., Acer campestre L., Ulmus minor Miller.

Hedgerow structure differed significantly between the four cultural systems (Table 3). Multi-storied
hedgerows had the highest values of size as well as both Shannon and Gini diversity indices. Otherwise
the highest values of tree basal areaha and of the number of trees/ha referred respectively to the high
single-storied and low-single storied cultural system.



Low single-storied (n=123) High single-storied (n=90) Two-storied (n=130) Multi-storied (n=195) F

mean SD mean SD mean SD mean SD
Lenght (m) 152.7 109.7 149.7 120.84 147.1 1216 214.0 158.7 12.8
Width (m) 48 18 5.3 1.7 55 1.6 6.5 2.3 214
Area (m?) 754.9 697.0 7954 687.0 821.8 737.6 1358.1 1054.0 242
Basal area (m? ha) 22.7 31.2 55.5 89.7 38.8 495 355 319 12.2
No trees ha-! 4268 4439 1814 1638 2464 3039 2278 1861 19.3
SHD 1.37 0.60 1.66 0.58 1.51 0.63 1.97 0.56 3141
SHH 0.99 0.55 1.03 0.55 1.19 0.58 1.49 0.50 28.3
GINID 0.09 0.07 0.08 0.08 0.12 0.08 0.13 0.05 17.6
GINH 0.15 0.1 0.18 0.10 0.21 0.13 0.28 0.12 35.6

Figure 3 - Effect of the four cultural systems on native woody species richness. The dot indicates the mean while the solid line indicates the median.

df F P
Log(Area) 1,526 284.74 <0.001
Cultural systems 3,526 38.358 <0.001
Log(basal area) 1,526 4518 0.034

Cultural systems x Log(Area) - - -

Cultural systems x Basal area - - -

Figure 4 - Effect of hedgerow area on native woody species richness. Each plot represents one sampling site (see Table 1).



Results of the mixed models (Table 4) showed a high significant effect of hedgerow area (P<0.001) and
cultural system (P<0.001) on native woody species richness, as well as a marginal effect of basal area
(P=0.034). Multi-storied support the highest number of species followed by two-storied hedgerows. High
single-storied cultural system contains the lowest number of species (Fig. 3). Interaction between area and
cultural system, as well as the interaction between basal area and cultural system, were not statistically
significant. The slope of the relationship between hedgerow area and native species richness was positive
and did not differ between the four cultural systems (Fig. 4). On the contrary, basal area showed a marginal
negative effect on native woody species richness after accounting for the effects of area and cultural
system.
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4. Discussion

Each cultural system considered in our study showed a relationship with the various hedgerow structural
characteristics. In addition, hedgerow cultural system, area and basal area exerted great influence on both
structural features and native woody species richness.

The presence of several or diverse growth form guarantees per se a higher vertical stratification as
confirmed by the differences in the diversity indices, basal area and tree density among the four cultural
systems. Indeed management practices are typically characterized by a frequency and intensity of cyclic
cuttings along the hedgerow linked to customs more than to rules, resulting both in different vertical tree
layers successions and structural variables values. The highest values of the two indices of diameter
diversity are associated with the multi-storied system as reported in many studies referring to forest stands
where the presence of a multi-layered canopy relates to a large variety of stem diameters and heights, and
a complex horizontal arrangement of stems (McElhinny et al. 2005). Similarly in our study the highest
values of basal area were found in the high-single storied cultural system.

As well documented for forests (Pretzsch 1997, Brokaw and Lent 1999), ecosystems containing stands
with a variety of structural components are considered likely to have a variety of resources and species that
utilize these resources. Thus, the positive correlation between elements of biodiversity and measures of
complexity within an ecosystem can be extended to hedgerow systems, where the more complex vertical
spatial arrangement of tree canopy resulting from the multi-storied hedgerow cultural system supports a
higher variety of woody species. These results are consistent with those of Franklin et al. (2002), who found
that species composition and abundance can be indicators of canopy layering. Both high single-storied and
low single-storied hedgerows contain less woody species, as reported in similar studies on forest stands
(e.g. Nordlind and Ostlund 2003). Microclimate conditions, the intensity and quality of light, resources
availability and others ecological variables can explain this relationship between tree canopy structure and
species richness (e.g. Parker and Brown 2000). These findings extend previous evidences of the relations
between woody species richness with a variety of local hedgerow attributes (Willmot 1980, Sutton 1992,
Herlin and Fry 2000, Deckers et al. 2004a, Campagne et al. 2006) also to the spatial arrangement of tree
and shrub growth forms). This study indicates that the identification of cultural systems, obtained through a
visual survey, may allow estimating native woody species richness across a wide range of hedgerow
network densities and landscape types, favoring the interaction between decision makers, researchers and
users of the landscape (Vos and Meekes 1999).

Both the effect of hedgerow area and tree basal area on woody species richness was not affected by
hedgerow cultural system. Species accumulation with increasing area is a well know phenomenon also for
hedgerows (e.g. Deckers et al. 2004a). Tree basal area is a correlate of stand volume and biomass that we
can interpret as saturation level (sensu Shorrocks and Sevenster 1995). Due to the narrowness and
homogeneity of hedgerow area, we can hypothesize that high values of basal area tend to saturate the
niche space faster than in a more complex habitat, i.e. a woodland, where we can notice sometimes a
opposite trend (Risser and Rice 1971, Liang et al. 2007).

Management implications

Management implications for woody species richness conservation derive from the above mentioned
considerations. In regard to cultural systems, the conversion of high single-storied and low single-storied
hedge to multi-storied hedgerow should be promoted. These silvicultural practices are well known in forest
management (Buongiorno et al. 1995, Hanewinkel 1998), but they are seldom applied to hedgerow
systems. As Bannister and Watt (1995) have noted, the effects of different methods of cutting hedges have
been reviewed (MacLean 1992), but current information is driven from experience and observational



studies rather than from experimental evidence. Acceptable management options could therefore include
different cutting regimes for each hedge i.e. small branch cycle (3 to 10 years) for shrub species, coppicing
(8 to 30 year cycle) for coppicing species and the tree cycle (30 to 150 years) for high trees. Pollarded trees
can be managed with the traditional pollarding technique (see Reif and Schmutz 2001). The cycle lasts 8 to
15 years depending on species and growth rate ensuring the surviving of the tree and allowing periodically
sunlight to neighboring woody species. All these cutting practices are aimed to have different growth forms
for one or more woody species.

Increasing the area of the hedgerow is a recommended practice to enhance woody species diversity.
Habitat availability (i.e. hedgerows, woods), at a range of spatial scales, has been greatly reduced where
cultural intensification has affected agricultural landscapes (Benton et al. 2003). The development of many
planning tools proposing hedgerow requalification and plantation (Mannino et al. 2001) deriving from the
institution of Agenda 2000 in 1999 (E.C. 1999) has been a way to increase the area of existing hedgerow
systems. Extending hedgerow length connecting two or more hedges can be one of the possible solutions.
Another way to increase hedgerow area is extending their width, intended as maximum canopy width. To
achieve this goal, one can leave grassy margins along the hedge without trimming or cutting the vegetation,
allowing spontaneous regeneration of tree species in the margins. Moreover new grassy strips of variable
widths can be created around all the field boundaries. Finally the thinning technique (Reif and Schmutz
2001) to maintain the right stem density of hedgerows can also be recommended. This technique helps to
avoid an overly high basal area values that can negatively influence woody species richness.

5. Conclusions

This study identified three important hedgerow features, i.e. hedgerow cultural system, area and basal
area that can be easily shaped by appropriate management practices to reach a defined conservation
target, such as increased native woody species richness. According to these results the following practices
can be recommended to enhance native woody species richness:

(a) converting high single-storied and low single-storied to multi-storied hedgerow cultural systems;
(b) increasing hedgerow length and/or width;
(c) controlling the values of basal area

Agro-environmental schemes should therefore support these hedgerow management practices aimed at
increasing woody species richness in the rural landscape. Future work should include silvicultural studies
and tests designed to obtained detailed information regarding the optimal thinning and conversion
techniques.
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