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Abstract

Beech forest is the dominant forest type in th&ataApennines including in the Majella National
Park. Following depopulation and improvement of isb@nd economic conditions within the
Apennine mountain communities since the middle hef kst century, the forest is spontaneously
expanding to claim its ecological niche that hadrbmasked by the anthropogenic impacts. Though,
the expansion has both positive and negative saaiélecological significances, owing to the closed
canopy and allelopathic effect of beech forest thedporesence of large number of endemic taxa in the
other habitat types, the adverse impact may be dmigtine unique floral life of the national park.ugh
the main target of this paper is to investigateuhderlining environmental factors that determime t
ecological niche of beech forest and to predictftithcoming areas (land cover types) to which the
forest potentially spreads out. To achieve the aihje, ranges of topo-climatic variables [altitude,
slope angle, slope aspect, incoming solar radiaiSR) of the hottest and coldest months] were
derived from a 30 m resolution raster cells of aBEM for the whole national park and for the areas
of the park which is covered by the beech foreshinsecondary vegetation map in ARC GIS 9.3. For
each raster values of these variables, the ratixal counts containing beech forest to total pixe
counts of the national park having correspondirgieravalues were calculated. Kruskal-Wallis test
was carried out in SPSS version 16; to check teeepgnce of the beech forest certain ranges afati
of the topo-climatic variables to the others. Todelothe ecological niche of the beech forest,
maximum entropy model (Maxent 3.2) was selected randwith 1000 presence data that has been
randomly generated in the beech land cover typghdarsecondary vegetation map using Hawth'’s tool
in ARC GIS 9.3. All the DEM derived topo-climati@nables were used in the model along with the
soil parameter as potential niche determining egiodd variables of the beech forest. The model was
trained with 75% of the presence data and testéld thie rest, 25%. Evaluation of the model was
carried out using area under the ROC curve (AU@.iodel output was further classified into four
probability classes of habitat suitability and dai&l with the land cover map of the study area to
investigate the land cover types that share comewatogical niche with the beech forest and thus
under the potential threat of the forest expansidrough, there is a tendency of the pixels contgini
beech forest to aggregate on the north facing skepects and gentle slope angles, the Kruskal-$Valli
test supports only the preference of the forefw@r ISR of the hottest months and altitudinalges

of 1000 m to 1, 800 m a. s . I. (P < 0.05). Theristic estimate of the relative contributions of
environmental variables in the Maxent model alsonshthe environmental variable with highest gain
when used in isolation is altitude, which therefappears to have the most useful information by
itself followed by ISR of the hottest month withetisontribution of 77.6 % and 10.1%, respectively
(AUC = 0.81 for the test data). The soil varialthe slope angle, ISR of the coldest months andeslop
aspect hardly contributed 4.8%, 3.8%, 3.5% and G@%e overall model output in their respective
order. The result obtained by overlaying the magput with the secondary vegetation map shows,
sparse grass/dwarf shrub, bare rock, subalpinaigasthrub wood and abandoned crop lands have
remarkable spatial extent within the high probaaelogical niche of the beech forest.

Key words: Area under the ROC curve (AUC), Beedigl&gical niche, Maximum entropy model,
Kruskal-Wallis test, Topo-climatic variables
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MODELLING THE POTENTIAL ECOLOGICAL NICHE OF FAGUS (BEECH) FOREST IN MAJELLA NATIONAL PARK, ITALY

1. Introduction

1.1. Ecological niche requirements of beech

Among the European forest canopy treEagus sylvatica L. (Beech) isknown for its largest
geographical distribution and widest niche breadtbubstrate (Leuschnet al. 2006). Beech forest
is remarkably tolerant against a broad range ofdigdical and soil chemical factors including soil
moisture and soil mineral content (Auetlal. 2004). Mono-specific beech forests can succegsfull
grow on soils of wide pH ranging from highly acidjoartzitic soils to the highly basic carbonatdtric
soils (Pinto and Gégout 2005). Beech forest can atcur in area of wide range of precipitation;
from an area receiving less than 550 to more tH@002nm of annual rainfall (Pinto and Gégout
2005).

Even though, European beech is a niche generialsipws a tendency to prefer some edaphic and
climatic conditions. European beech occurrenceois aonstrained by soil aciditgoil nutrition (
Ellenberg, 1988 ; (Leuschneral. 1993)or humus type (raw humus to mull) (Leuscheeal. 1993)
However, the highest European beech growth ratesemorded on base-rich, moderately moist but
well-drained (calcareous) cambisols (Mayer, 198ddcin (Bolteet al. 2007 ). Sites with extremely
dry soils and stagnic soil types or sites with dioy and high groundwater levels are less favoerabl
(Ellenberg, 1988). Thus, European beech reputediys dnot grow on very dry sandy soils, in
floodplains, in peat lands or on many gleyic soils.

The European beech also prefers a maritime, tergpelimate with mild winters and moist summer
conditions (Czerepko 2004). In the light of climatenge, it has been suggested that the growth and
competitive ability of beech will strongly be affed by a longer duration and higher frequency of
summer droughts (Gesslet al. 2004). In climate chamber and garden experimeans, also in
transect studies, it has also been found that wsittertage reduces beech canopy conductance
(Granieret al. 2000) and affects water and nitrogen balance (Gestsal. 2004).

The European beech expansion and colonizationeo€tntral Europe was also after a climate change
around 6200 BC, when the climate became increasitgtler and more humid ( Tinner and Lotter,
2001 ).The drought sensitivity is also assumed d@oabkey factor limiting the range of beech in
Southern and South-eastern Europe (Backes and luieeris2000) and other area of Europe (Granier
et al. 2000; Bornkamm 2006; Tinner and Lotter 2006).
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Generally, the beech forest avoids the pronouncedirental climate, long, severe winters and
summer drought (Czerepko 2004) regardless of itiyatp dominate all other tree species under the
moderate site conditions widespread throughout ri@e&urope (Tinner and Lotter 2006). Some of
the minimum climatic factors for occurrence of EHugan beech are summarized and presented in
appendix 5.

1.2. Distribution of beech in Europe

Because of its relative wide niche, European beemVers a wide range of habitat and large
geographic area which is far exceeding 300 008 iknCentral Europe (Leuschner al. 2006). Its
natural range, extends from southern Sweden (vathesisolated locations in southern Norway) to
central ltaly, west to France, southern Englandiheon Portugal, and central Spain, and east to
northwest Turkey (Troltzscét al. 2009).

Beech (Fagus sp.) in Eumpe_

Proportion from total land area
(% of Tkm x 1 km resoluton)

<
[ J=1-10
]>10-25

=
=
=
| | Wt

| Ma data

Figure 1 Distribution of beech in Europe; Source (Trolzschet al. 2009)

Paleobotanical and genetic data show that Europeach began colonizing Central Europe from its
northerly glacial refugia in southern France, imv®hia and Istria and possibly even in southern
Moravia and Bohemia; Mediterranean refugia did cwttribute (Magriet al. 2006).The spreads to
the Central Europe was taken place after a climadege around 8200 cal. yr ago during the second
half of the Holocene (Tinner and Lotter 2006). Tdlienate change was characterized by changes
towards wetter and cooler conditions and correspdngb previously recognized Holocene cold
phases in Central Europe as well as in the NortArfit realm (Tinner and Lotter 2006). The forest
expansion reached the southern Baltic shores andoand northern Germany between 1500 and
1000 BC; European beech then became abundant anidatd on almost all suitable sites between
500 and 1000 AC, when it reached its current rgfigemas Giesecke al. 2007)
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1.3. Distribution of beech in Italy

Like the other parts of Europe, Beech is the dontifiarest types in Italy. Specially, many mountain
areas in ltaly, from the Alps down to the southezgions of Campania, Basilicata, Calabria and
Sicily in the Mediterranean area are characterizgdBeech forests (Nocentini 2009).The lItalian
National Forest Inventory of 1985, cited in (Cop@nd Hermanin 2007), report shows that the beech
woods covers an area of about 700,000 ha. In ftati@untain areas including in Majella national
park, on the other hand, the 2005 National Fdresntory report cited in (Nocentini 2009), shows
the total area of beech wood has increased to 1129%hectares, which corresponds to 9.4% of the
country’s total forest area. Moreover, in Majelltional park beech is the most dominant forest type
and almost 70% of the forest in the national pallohgs to beech (Majella, 2007).

Legend

Beech forest

Mixed forest with _ 0 150 300 Kilometers
beech as prevailing species

Figure 2 : Distribution of beech in Italy; Source, (Noentini 2009)

The beech forest exists throughout all regionstadf/ lexcept in Sardinia and it dominates the other
forest types almost in all of the regioss compared to other regions, almost 50% of adichehigh
forests in Italy are in the southern regions of Udzo (the region where the current study area is
situated), Molise, Puglia, Campania, Basilicata @athbria. The spatial extent of beech forest & th
different regions of Italy is presented in apperglix




1.4. Problem statement and Justification

Since the medieval epoch, many forests with Eunopfiegech were converted into agricultural land in
central Europe (Ellenberg, 1988). Similar scenasithere in the current study area, in the Italian
Apennines. Especially coppicing high beech foretasnd, small size timbering, firewood collection
and charcoal making were common practices in tilg Bhd mountainous Mediterranean areas
(Coppini and Hermanin 2007). However, in the uppeuntain belt of the Apennine ranges, where
beech coppices with standards are mainly locateopulation and changes in the socio-economical
conditions over the last 60 years led to a pronedrdrop in the local demand for the aforementioned
forest resources (Cianciet al. 2006). Over the same period, mountain forestseveemsidered
increasingly important as a defence against natusabrds, for biodiversity conservation, for the
development of recreational and tourist activities, the protection of water resources and so on
(Ciancio et al. 2006; Coppini and Hermanin 2007). Such a scenaritigated the primary
environmental factors determining the occurrencg e@mpetitiveness of European beech that had
been masked by anthropogenic activities. As a tethd forest started expanding over time ((Betur
al. 2006; Van Gilset al. 2008). This might also be the reason why the apatiea extent of beech
forest reported by the Italian National Forest mmeey of 2005 cited in (Nocentini 2009) is by far
excel that of the 1985 report cited in (Coppini &emanin 2007).

The expansion and the change in spatial extenéettbforest over time have got several positive and
negative social and environmental significanceshd$ a positive impact on carbon sequestration
(Giupponi et al. 2006) and reduces soil erosion and the risk addieg and avalanche formation
(Tasseret al. 2003). It also has negative impacts which inctuttee expansion of beech into Alpine
pasture (Van Gilgt al. 2008) which resulted in loss of grass lands andntan pasture (Bauet al.
2006), out competing shade intolerant endemic h@Resdsmaet al. 2006) and resulting in the long
term loss of species rich habitats and causingddwdining of landscape diversity (Anthelreeal.
2001).

Majella national park, on the other hand, belomysrte of the Mediterranean biodiversity hot spots.
Globally, hot spot biodiversity areas are brandgdhigh species richness, high proportion of unique
and endemic taxa, and by presence of large numbénreatened species. Most of the endemic
species of the Mediterranean region are mainly afuthe forest in grass lands and open lands
(Stanisciet al. 2005). Moreover, beech inhibits the establishnodérshade-intolerant tree species and
underneath growth primarily because of its closadopy and secondly because of its allelopathic
effect (Haneet al. 2003). This magnifies the adverse effect of thecheforest expansion to the
species rich habitats.

Because of these remarkable significances of teetbforest expansion, there is a need to investigat
the underling environmental factors which govera ¢xpansion of the forest and model the suitable
habitat for forthcoming beech forest. Assessinglémal cover types that share common ecological
niche with beech forest and potentially affectecthoy forest expansion is unquestionably important
for park management to make decision on how to rgghdhe positive impacts and mitigate the

negative ecological and social problems that migatresulted as a consequence of the forest
expansion on the long term. Expansion of fores@lso acquiring new relevance by the UN
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Framework Convention on Climate Change for calondatarbon budgets, understanding the missing
mid-latitudinal carbon sink and negotiations orbecar credits for reforestation.

1.5. Research Gaps

In the current study area, in Majella national pafitan Gilset al. 2008) reported that the European
beech forest isdvancing into abandoned farmland and subalpineipsfrom the contagious, mid-
altitudinal beecHorest and from beech tremitliers, at a rate of 1.2 % per year in the ydeoms
1975 to 2003. Besides of the expansion rate, (Vda & al. 2008) also carried out a spatial
environmental prediction model for beech forestamgion. They have taken into consideration
factors such as DEM derived topo-climatic variablglseep grazing intensity, proximity of seed
source and neighbourhood effect in their model. thigir research report, they have revealed how
distance fronfagus tree affects the expansion. The report also shmtarogeneity in substrate and
sheep grazing do not remarkably predict the expansf the forest. Other authors also repeatedly
reported and appreciated the widest niche in satestf beech forest (Aunet al. 2004; Pinto and
Gégout 2005; Leuschnetal. 2006).

However the impact of topo-climate (aspect, alétaahd incoming solar radiation) is not well studied
Though, (Van Gilset al. 2008) revealed heterogeneity in these factors hesg&eimpact and do not
significantly predict the expansion of beech forelseir study was confined to the central part the
park, Orta valley (figure 3), 78 Kin This spatial extent is nearly 10% of the arethefnational park.
Therefore, the result that has been obtained flamgdart of the park may not represent the whole
scenario for the entire beech forest in the natigaak. Specially, the area does not also seem
representative from topo-climate point of view. d@s like Morrone (North West) and the North
Eastern Majella Mountain ridges seem to have diffealtitudinal, slope and aspect gradients (figure
3). For this reason and because of the absencinef detailed research reports elsewhere; theae is
need of caring out further studies considering thwole national park to see the impact of
environmental factors giving more focus on toponeliic variables, to predict the ecological niche
and forthcoming areas for beech forest expansi@atrying out such an investigation for the whole
national park also offers the park management gompnity to have overall images of the scenario
to verify the comparative advantage and disadvantafgthe forest expansion to take mitigatory
actions. So, this research paper will be an extensi the research work by (Van Gdsal. 2008).
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Figure 3: Aspect and slope map of the study area, ante study area considered by (Van Gilst al. 2008)

2. Objectives

2.1. General objective

» To investigate the underlining environmental fasttitat determine the ecological niche of
beech forest and to predict the forth coming afdesland cover types) that may be affected

by beech forest expansion.

2.2.  Specific objectives

* To investigate the values of ranges of topo-climand soil variables that are preferred by

beech forest

* To determine the explanatory DEM derived topo-ctimgariables that determines the habitat

suitability of beech and

» To predict the potential ecological niche for fadming beech forest
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3. Research questions and research hypothesis

3.1. Research questations

* Which range of DEM derived topo-climatic variabdae more preferred by beech forest?
o Which altitudinal, slope, and aspect ranges areemoeferred by beech forest?
o Does the incoming solar radiation have a signifigenpact on the habitat suitability
of beech forest?
« Is it possible to accurately model the potentialegical niche of beech forest with Dem-
derived topo-climatic and soil variables?
* Which land cover types share more ecological nigitie beech forest and serve as a potential
area for beech forest expansions?
« Does the beech forest expansion has a threat tepibeies rich grass land mosaic and the
alpine pasture?

3.2. Research hypothesis

Ho: Topo-climatic variables cannot predict the ptited ecological niche for beech forest expansion
H1: Top climatic variables can predict the limitlaech forest expansion and ecological niche




4. Materials and methods

4.1. Study area description

The study was undertaken in Majella National Pdikafco Nazionale della Majella”). Majella
national park is located in the region of Abruzeentral eastern ltaly, within the coordinates ot 42
51’ N to 42 15° N latitude and 1315’ 21.209” E to 14 14’ 46.21” E longitude (figure 4). The
national park is 740 kfrof unique wilderness area and is home to an amlgziith floral and faunal
life. At floristic level, the Park is the most sbatn branch of the European Alpine Area and an
authentic crossroad of genetic flows, with claggdsigh ecological and phytogeographic recognition:
with more than 2,000 floristic species the Parkihidise 65% of Abruzzi flora, the 37% of the Italian
ones and the 22% of European plant species (Majatianal park, 2007).

hlajella Mational Park

i
=
o

|

ITALY
nyza4
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R IR0 44000 4Xi000 fzope ARE0nD
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Figure 4: Study area
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Topographically, the park is one of the most impies and extensive mountain ranges of the Italian
Apennines, containing more than 30 peaks highar #2600 m. More than 55% of the park area is
located at altitude higher than 2000 m above sedl.l@he highest peak, mount Amaro, is 2797 m
high and it is the second highest peak of the Ay

The diverse habitat in the park can be divided fatos major vegetation belts by overlay of DEM —
derived contour-lines and the vegetation map (Tahl&hese are:

e Sub-Mediterranean; this region is found within the altitudinal rarsgbelow 900 m. a. s .I.
The belt characterized by Downy oak; deciduougntleghilic forest which include®uercus
pubescens; and by large number of farmlands.

« Temperate montane This vegetation belt is mainly found within thigitadinal range of 900
— 1800 m a. s. |. altitudinal range. In the befie tbeech wood is typical of the forest
landscape, often associated with deciduous mesopbiest which includes Yews, Hollies,
mountain Ashes, Maples and several fruit-bearirerigs. The European beech is contagious
and a monospecific stand on the upper belt. Beealso the major forest type in the national
park comprising 70% of the forest types. Moreoumech forest is expanding down the
altitudinal gradient to abandoned farms and graedd, and to alpine pasture in the upper
altitudinal ascent ((Van Gilat al. 2008).

e Subalpine belt This belt is a belt which is found above the leéarest timberline. Its
altitudinal belt ranges from 1700-1800 to 2000 msal. Shrubby pine, Dwarf juniper;
coniferous shrub landRinus mugo, Juniper nana dominates this vegetation belt.

« Alpine belt: Alpine belt is a belt without trees or shrubsisltcharacterized by grassland,
open herbaceous and dwarf shrub vegetation andgylédnd which is lacking any vegetation
types. This belt includes the area of the park tvihias an average altitude of above 2200 m a.
s. I

4.2, Materials used

Some of the materials used for the study purpass@nmarized in table as follows:

Table 1: Materials used

Materials Resolution Source
DEM 30m Aster DEM
Land cover map 1:25,000 Anonymous, 1999

Soil map 1: 50,000 Anonymous, 1999




4.3. Methods

4.3.1. Exploration of ranges of DEM derived variables for the whole national park

versus for the areas of the park occupied by Beech forest
From the DEM model of the study area, the map oMDIerived topo-climatic variables (slope map,
aspect map and incoming solar radiation map ohtiteest months, July and August) of the national
park were made (appendix 1). The incoming solaratexh values were calculated for every 30
minutes and summed up per the two hottest montlhsnéifet al. 1997). Using extract values to
points in ARC GIS, raster values of these topo-atimvariables were derived from each of the 30 m
by 30 m raster cells. Pixels containing beech fonese derived from the land cover map of the study
area (anonymous, 1999). After rasterizing, the bdéerest map is multiplied by the maps of the DEM
derived topo-climatic variable using raster caltmian ARC GIS to obtain pixel count to each of the
raster values of the variables. For each rastenegabf these variable (altitude, incoming solar
radiation, slope and aspect), the ratio of pixalnte containing beech forest to total pixel cowfts
the national park having corresponding raster \s&lere calculated. Histograms showing ratio of the
pixel counts of the actual area occupied by beechst to the whole national park for each of
corresponding raster values of the topo-climaticades were made for comparison purpose. These
ratios were further classified in to logical grougsd Kruskal-Wallis test was carried out in SPSS
Version 16 environment to check whether the beeobst prefers certain ranges of the topo-climatic
variables to the others. Slope aspect was grougedeight groups of equal interval of azimuthal
angles (49. On the other hand, slope and ISR were alsoifidnto four groups of equal intervals.
Beech forest locally goes to an altitude lower th@90 m and above 1, 800 m a. s. I. Hence therrast
values of altitude below 1,000 m, from 1000 m t800Q m and above 1, 800 m a. s. |. were considered
as three logically groups to carry out the statidtitest. In all cases ratios of the pixel counts
containing beech to total pixel counts in the engiark with corresponding values were considered.

4.3.2. Modelling the ecological niche

4.3.2.1. Model used

The model selected to determine the beech nichaient 3.2 (maximum entropy model). Maxent
use only presence data in combination with enviremiad data for the whole study area to derive a
model and predict suitable conditions or ecologitehe. Based on the presence data and the relation
of the presence data with the environmental vaembWaxent assigns a non-negative probability to
all pixels in the study arg®hillips, 2004).

4.3.2.2. Environmental variables

All the aforementioned raster layers used for silitg map were used in the model. Some additional
environmental variables that most likely influertbe beech niche such as (soil type, incoming solar
radiation for the hottest months (July and Augasi) incoming solar radiation for the coldest months
(January to December) were also used as additinpat (Table 2). Extreme cold and snow in the

winter and drought in the summer affects beech tir@amd establishment (Czerepko 2004).
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Table 2: Environmental Variables used as input

predictor Data type Format Resolution Ranges
variables Attribute Spatial
Altitude Continuous Raster ASC 30m 1-2797m
Slope angle Continuous Raster ASC 30m 0-73°
Slope aspect Continuous Raster ASC 30m -1-359°
Radiation of the Continuous Raster ASC 30m 36.6 — 437.56 KWH/m2
hottest months
Radiation of the Continuous Raster ASC 30m 10.13 — 156.92 KWH/m2
coldest months
Soil type Categorical Raster ASC 30m 0 — 16 (codes)

4.3.2.3. Data source

In the areas covered by beech forest in the secpnegetation map of the study area, 1000 random
points were generated using ‘Hawth’s tool’ in artSGThese random points were used in Maxent
(maximum entropy model) as a presence data formbieeest. 75% points were used to run the model

while the other 25% random points were used toaedtvalidate the model.

4.3.2.4. Validation of the model

The accuracy of the predictive model was measuyethdy Receiver Operating characteristic (ROC)
curve. The Receiver operating characteristic (RB@) widely used statistical technique for accuracy
assessment (Hanley and McNeil 1982). The plot iwinbd by plotting a fraction of correctly
classified cases on the y axis (sensitivity) agdins fraction of wrongly classified cases (spégjfi

for all possible thresholds on the x axis at défarthreshold. The ROC curve is summarized by the
area under the ROC (AUC) as a measure of overaliracy that is not dependent on a particular
threshold (Hosmer and Lemeshow 2000). The valus® varies from 0.5 to 1. Values close to 0.5
indicate a fit no better than that expected by oamavhile values close to 1 indicate more accuracy
and a perfect fit. In the current study AUC wasdge based on (Hosmer and Lemeshow 2000).
(Hosmer and Lemeshow 2000) graded the area unédeR®C (AUC) as: AUC = 0.5 as “no
discrimination”, 0.7 < AUC < 0.8 as acceptable mng8 < AUC < 0.9 is excellent range and AUC >
0.9 is outstanding range. This range was also tsedeasure the performance of the model in the
current study.

4.3.2.5. Data analysis

The output raster layer of Maxent was imported RCAGIS and the whole study area is reclassified
into habitat suitability classes. These probabi(gyitability) classes were overlaid with the attua

beech forest in the secondary vegetation map in AR& The actual land cover class in the areas
that were predicted as potential niche for beeakstowith the probability 50% and above were

identified and their spatial area was quantifiedde the niche overlap of beech forest with othed |

cover classes.
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5. Results

5.1. Ranges of DEM derived topo-climatic variables preferred by Beech
forest

No pixels below 480 m and above 2073 m a.s. |. &ostbeech forest. The Pixels containing the
beech forest are exclusively and almost normakyrifiuted within the altitudinal ranges from 480 to
2073 m a. s. I. However, most of the pixels coritagjieech are found within the altitudinal rangés o
1000 to 1800 m a. s. | (figure 5).
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| Figure 5: Altitudinal ranges of beech

Nevertheless, in some areas of the park the fgoest to the extreme lower and upper altitudes. But,
these areas are localized into certain parts of#tienal park (figure 6, 7 and 8). The analysithef
Kruskal-Wallis Test also confirms the preferencéhaf beech to the altitudinal ranges from 1000, to 1
800 m above sea level in statistically significamty (p < 0.05).
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Figure 6: Areas of the park where the beech forest goéglow 1000 m altitude
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Figure 8: Areas where the beech forest goes beyond D08m a. s. |

Areas where the beech forest goes below 1000 m k. 8 exclusively found in the northern and
north east part of the national park (figure 6 &ndOn the other hand, the beech forest goes to the
higher altitude, above 1,800 m a. s. |. almostusigkly in south facing slopes (figure 8). Theseaar

are areas which are receiving higher incoming s@ldiation while areas where the beech forest goes
below 1000 m a. s. I, is the areas of the park wlgie receiving lower incoming solar radiation
(figure 9).
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Figure 9: Incoming solar radiations (WH/m2) of the two lottest months, July and August

The beech forests also tend to prefer areas thakaeiving lower incoming solar radiation. However
there are no remarkable variations across therdiffeaspect ranges. The ratio of pixel counts for
beech forest to the pixel count of the whole natigrark at each of the raster values of aspect are
almost the same throughout the whole ranges ofcaspinilar is true in case of slope. However, the
beech forest tends to avoid the extreme lower gmtuslopes. Kruskal-Wallis test also shows the
lack of beech forest to significantly prefer onepa and aspect range to the others (P < 0.05)hé©n t
other hand, the ratio of beech containing pixelthtototal pixels in entire national park seemshbrg

in the areas of the park that are receiving lessriting solar radiation of the hottest months, dulg
August. The preference of the beech forest to Id®Bris also supported by Kruskal-Wallis test. The
histograms showing the ISR, aspect and slope mmterof beech forest are presented in histograms
(figure 10, 11 and 12).
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Figure 10: Distribution of pixels across the raster valug of ISR during the summer hottest months, July to
August; Pixels throughout the national park in blue ar pixels containing beech forest in red.

Aspect
6000
¢ -
. .
5000
[ 4
4000
- * .
5 .o,
§ 3000 Sead, ”’( « Aspect (park)
2 o % * W = Aspect (Beech forest)
=
2000
1000
0=

0 45 90 135 180 225 270 315 360
Aspect (degree)

Figure 11: Distribution of pixels across the raster vales of aspect ranges; Pixels throughout the national
park in blue and pixels containing beech forest in red
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Figure 12: Distribution of pixels across the raster valas of slope ranges; Pixels throughout the national

5.2.

The model calculated the omission rate for bothttheing and test data. The omission rate and
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Model outputs

predicted area as a function of the cumulativestiot are presented in figure 13.
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Figure 13: Omission rate for both the training and testdata
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In the following picture the receiver operating\aifor both training and test data, are also shown.
The red (training) line shows the “fit” of the mdd® the training data. The blue (testing) line
indicates the fit of the model to the testing datad is the real test of the models predictive power
(Fielding and Bell 1997). So the area under the RBQC) is 0.817 which indicates the model is
81.7% valid.
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Figure 14: Receiver operating curve for both training and ést data
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Figure 15: Picture of the model output
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The picture of the model output shows the probigbiinges for beech niche throughout the
national parkin the picture, the red colour indicate high prabigbof suitable conditions for the
beech forest while lighter shades of blue indicatow predicted probability of suitable conditions.
The white dots show the presence locations usedrédning, while violet dots show the test
locations.

The model output is further classified into fouplpability classes (picture 16). From the secondary
vegetation map of the study area, in the east ft#nthe Majella massif and the west flank of the
Morrone massif, the beech forest is conspicuous$eat currently. However, the model output shows
the presence of habitat suitability of beech foiasthese areas. This indicates the presence of a
chance for beech forest to expand from south amthreast of the Majella massif to fill the gap
between them. Similar scenario may also work fgrghich is found between the beech forest which
is found on the South and North West side of therbtee massif.
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Figure 16: Probability classes for beech forest expansion
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5.3.  Responses curve and analysis of variable contributions

The Maxent model shows the response of beech ftresirtain range of altitudes, aspect slope, and
incoming solar radiation and soil types. As it c@nseen from the response curve, the beech forest
best suits to the mid altitudes of the park, netéltreme high and low altitude ranges. Even though
aspect has less contribution for beech forest agitability, the response of the forest to the
variable has an ecological implication. From theves, it is also possible to say that the beecastor
excludes the extreme low and high slope rangescogpared to other variables, altitude plays the
major role in determining habitat suitability ofdmd forest. However, these plots also consider the
dependence of predicted suitability induced by edations between them and other variables. Thus,
they are best interpreted in the presence of highitelated variables.

altitude aspect
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Figure 17: Response curves of the environmental variatde

Altitude (m) and slope (degree) are standing towhele altitudinal and slope ranges throughout the
ISRnational park. Grow solar (KWHAnrefers to the ISR of the two hottest months @f gnowing
season, July and August while Jan_Dec (WhHistands for the ISR during the two coldest momths
the year, January and December. Soil-level2, orother hand is the soil types in the national park
(appendix 3).
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Table 3: Heuristic estimate of the relative contributons of environmental variables to Maxent model

Variable Percent contribution
altitude 77.6
ISR of the hottest months 10.1
Soil_level2 4.8
Slope 3.8
ISR of the coldest months 3.5
Aspect 0.3

As it can be seen in heuristic estimate of theltbd relative contribution of variables, altituydays

the major role in determining habitat suitability lbeech forest. The jackknife test of variable

importance also shows the environmental variabth highest gain when used in isolation is altitude,
which therefore appears to have the most usefatnmdtion by itself. The environmental variable that

decreases the gain the most when it is omittedtitsde, which therefore appears to have the most
information that isn't present in the other varabIThe jackknife plot of the model out is presérite

figure 18.
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Figure 18: Jackknife plots of variable testMeanings of each of the codes are mentioned in the ¢am of
figure 17.

|
In the jackknife plots, the red bar indicates tierall performance of the model while the blue bar
shows the performance of the model with the onlgaulining environmental variable. The light blue
bars on the other hand, indicate the performandbeinodel without the corresponding variables.
Thus, from the plots, it can be further noticedt tiidlaxent uses only slope or aspect or incoming
solar radiations of the two hottest and coldest thgnit achieves almost no gain. Omitting of these
variables one after the other, does not also atfeetoverall performance of the model. So, they
contribute more in group set than in separate.
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5.4. Potential forthcoming ecological niche for beech forest

The result obtained by overlaying the probabiligsses of beech suitability map with the secondary
vegetation map of the study area shows, the bemeistfless likely exist in thgully/ravine habitat.
This habitat type is exclusively situated withire threa that less likely suits to beech forest~tiBe-
15% probability classes (table 4). Simila@yercus ilex, Salix/Populus/Alnus, Quercus pubescens

and Quercus cerris also have less niche overlap with beech foregjufei 20and Table 5). Even
though, Quercus pubescens and Quercus cerris have remarkable area in the other beech probable
niche ranges, the other land cover types (gully/ravine, Quercus ilex and Salix/Populus/Alnus) are
exclusively fall in the lowest probable niche range ( ~0 — 15% ) of the beech forest.

Table 4: Spatial extent (ha) of the different land covetypes that are situated in different probability
classes of the beech niche

Land cover types suitability ranges
~0-15% 15-25% 25-505 >50%

(sub) Mediterranean shrub 1590.88 41.30 60.51 10.37
bare rock 6757.66 243.93 789.18 387.80
Betula 0.00 0.00 0.00 5.20
Built-up 218.42 24.74 18.31 4.40
crop field 8998.20 1045.15 1036.83 106.48
gully/ravine 45.76 0.00 0.00 0.00
montane shrub 1761.42 286.51 357.56 91.55
Ostrya carpinifolia 805.32 101.41 94.54 24.87
Pine plantation 1928.99 268.19 403.41 89.95
Pinus mugo 750.27 6.81 52.28 71.30
Pinus nigra natural 20.41 7.74 23.87 6.63
Quercus cerris 290.53 75.57 37.19 0.62
Quercus ilex 41.07 0.00 0.00 0.00
Quercus pubescens 3322.26 106.51 96.13 4.43
Salix/Populus/Alnus 35.41 0.00 0.00 0.00
shrub wood 2062.94 293.53 416.21 146.10
sparse grass/dwarf shrub 6765.99 1682.19 3101.21 1137.09
subalpine pasture 2323.96 169.35 442.28 214.15
subalpine shrub 1388.75 43.39 169.16 91.77

Nomenclature of the taxa is following (Conti 1998)
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Figure 19: The spatial area (ha) of each land cover typeasithin the different habitat suitability ranges of

beech forest

Sparse grass/dwarf shrub has the highest spati@htewithin the high ecological niche of beech
forest followed by bare rock, subalpine pastureulsiwood and abandoned crop lands (table 4 and

figure 19). When it comes to the proportioBetula pendula is totally found within the high

probability range of beech ecological niche (50 fd above suitability range) regardless of its
confinement to small area extent. Almost similaererio also works for the naturBInus nigra

(table 5 and figure 20).
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Figure 20: Proportion of the land covers in the differenthabitat suitability range of beech forest
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Table 5: Proportion of the land cover types that commonlghares more than 50% probability range of the
beech ecological niche

Land cover types Ratio (%)

gully/ravine 0.00
Quercus ilex 0.00
Salix/Populus/Alnus 0.00
Quercus pubescence 0.13
Quercus cerris 0.15
(sub) Mediterranean shrub 0.61
crop field 0.95
Built-up 1.66
Ostrya carpinifolia 2.42
Pine plantation 3.34
montane shrub 3.67
bare rock 4,74
shrub wood 5.01
subalpine shrub 5.42
subalpine pasture 6.80
Pinus mugo 8.10
sparse grass/dwarfshrub 8.96
Pinus nigra natural 11.30
Betula 100.00

Nomenclature of the taxa is following (Conti 1998)
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6. Discussion

6.1. Response of beech forest to DEM-derived topo-climatic variables

Pixels containing the beech forest exclusively oetithin the altitudinal range from 480 to 2073 m a
S. I. However, Kruskal-Wallis test shows the prefiee of beech forest to the altitudinal rangemfro
1000 to 1, 800 m a. S. |. Areas where the beeclwgout of this altitudinal range are also very loca
The area where it goes to the lower altitudes, wel000 m, is almost exclusively confined in the
north and north east part of the national park evhileas where it goes beyond 1, 800 m is locatzed

the south facing slopes.

The north and north eastern part of the park, whbee beech goes to the lower altitude, is
characterized by the relatively lower incoming sotadiation of the hottest months (figure 9). It is
also part of the national park which is receivimghhprecipitation and more humid as compared to the
other parts. The low incoming solar radiation alevith the high precipitation amplifies the moisture
availability. The presence of moisture during tleé $ummer season in turn must have played a great
role for the presence of beech on such lower digu The fact beech is drought sensitive and its
growth and expansion is favoured by wetter and eroclimatic conditions is well known and
documented in so many literatures (Gramteal. 2000; Gessleet al. 2004; Tinner and Lotter 2006;
Lendzion and Leuschner 2008). Our field observaéilso clearly shows, seedling of the beech tree
are exclusively found from north west to north easpects from their seed source (mother trees)
where these trees and tree patches cast shadowofdgraphic shadow effect of the Majella massive

in the north east part of the park also seemsri@ses an analogue of the local trees and tre&gstc

As a general truth, thougkhe beechR. sylvatica) require cooler and moist climate in the summer
(Backes and Leuschner 2000; Gessteal. 2004), it also requires a mild winter with relatiy higher
temperature (Boltet al. 2007 ). That might be the reason why, in the aurfnding of ours, the
beech forest goes to extern higher altitude, beyt8@d m a. S. I., mainly in south facing slopes
where the incoming solar radiation is high (fig@eand 9). High ISR has an impact on the snow
prevalence on the higher altitudes during the amidter while low ISR has less impact on soil

moisture content during the hot summer on the lait#udes.

For the matter fact north facing slopes receivegeldSR and south facing slopes receive higher ISR,
there are pixels that are found at lower extrerigiee (480 m a. s. I.) and still contain beecleftrin

the northern slopes of the Majella national parkl ahere are also pixels which are found on
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extremely high altitude (2073 m) and contain beethhe slopes facing south. This finding of ours is
in line with (Nocentini 2009). On the sunnier amdrmer southern slopes, the lower vegetation limit
for beech tends to move higher while the northdopes and where there is more rain and fog
maintain moist air conditions, it goes lower (Nottein2009).(Nocentini 2009) also mentioned that in
the southern regions, in areas with high air moéstionditions, beech can descend to an altitude of
400-500 m, where it comes into contact with evergreak Quercus ilex L.) and in the Gargano
peninsula (Puglia) it even descends to an altinfd200-300 m a.s.l. resulting in an inversion dof th

vegetation planes, with beech occurring at lowevaions compared to evergreen oak.

In Majella national park the upper limit of the pixcontaining the beech forest is found at 2073 m a
S. I. In the Northern ltalian Apennines (latitudé® AN), the timber line reaches an elevation of 4,82
m a. s. |. with the highest range at 1,525 to 1/24. s. |. with 13% of the peak at 1,600 to 1, 625
ranges (Pezat al. 2008). On the other hand, (Daubenmire 1954) shinantree timberline shows a
decrease of 110 m in its elevation for every degre¢he northern altitude in the Pacific coast
mountains and Appalachian mountains of America. [Bhitudinal difference between our study area
and the study area of (Pezzi et al., 2008) is aBouB degree toward the south in which case the
timber line elevation difference of about 250 nndasonable and thus this result is inline the ftegwbor
(Daubenmire 1954). In the Mount Etna in Sicily, toaf our study area, the beech reaches an altitude
of 2000 m (Hofmann, 1996 and Del Favero, 2008 dciteNocentini 2000 This might also serve as
an add to see the general truth of how the beeehtimberline generally increases as we are going
down across the latitude.

Even though, the beech forest requires differemg@a of incoming solar radiation in different slope
aspects, pixel containg beech forest are almostimtte reas of the park which are recieving highe
ISR (figure 9). The computed Kruskal-Wallis tessaakhows the preference of beech forest to the
lower ISR. On the other hand, though, the preferasfcthe beech forest differs from one slope and
aspect ranges to the other, no slope and aspegegatotally excluded the presence of pixels
containing the beech forest. The computed Kruskalhg/test also does not show the preference
beech forest one slope and aspect range to the @thges. Altitude and ISR are the only topo-
climatic variables that have totally excluded psxebntain beech forest in certain ranges of their
raster values. No beech containing pixels fountherlower and upper extreme of altitudinal and ISR
ranges.

The heuristic estimate of relative contributionesfvironmental variables of the Maxent model also
shows ISR of these hottest months has the secgsti contribution in determining beech habitat
suitability while slope and aspect have less cbuation. In broad terms 77.6% of the habitat
suitability is explained by altitude and 10.1% ISRl of the hottest months. The environmental
variable that decreases the gain of the Maxent hnhéemost when it is omitted is altitude, which
therefore appears to have the most informationithabt present in the other variables. Altitudeiis
proxy to many environmental variables and thus reastronmental factors that determine floral life
change with the change in altitudinal gradientsvéheless, the response curve of each factor makes
ecological sense, even the aspect curve that heky lzay contribution to the overall result.
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6.2. Potential forthcoming areas for beech forest expansion

Among the vegetation types in MajellBetula pendula and the naturaPinus nigra, sparse grass
(dwarf shrub), subalpine pasture and subalpinebshnd subalpine shrub woods shares a relatively
high proportion of their ecological niche with badorest. Among thes&etula is confined to very
small area and exclusively found in the relativgilyh potential area of beech niche.

When we compare the spatial extent of each landrctypes, most of the spaces for potential beech
expansion (km square) are grassland (abandonedidads), bare rock (artefact, land slide, quarries,
eroded), subalpine pasture, shrub wood and crag (Eable 4). The sparse grass/montane bush,
shrub wood, subalpine pasture and pine plantation @obably abandoned farmland where
historically beech was removed for crops, pastur& @ombination. On the latter category (pine
plantation); abandoned farmland was reforested piitle and in the pine plantation the spontaneous
succession moves towards a mixed beech (pine)tfdwemn Gils et al. 2010). This can also be
considered as an evidence for the fact the beeebtfs reclaiming its ecological niche that hadrbe
masked by the anthropogenic impacts.

The expansion of the beech forest into the subalpasture and grass land habitat is already reporte
from Majella national park (Van Gilet al. 2008). From similar study area, there is a repbdut
presence of high floral diversity including the wakable number of endemic plant taxa in the
subalpine pasture, subalpine shrubs and grasshialoitats (Nanyomo 2010). Majella national park
comprises more than 144 endemic taxa which aresalex@lusively found out of the beech forest and
most of these taxa are herbaceous in their life$o(Nanyomo 2010). On the other hand, there are
reports on the impact of forest expansion on sliatdéerant endemic herbs (Reidsetal. 2006), on
the loss of landscape diversity, grass land mosaidsmontane pasture (Baairal. 2006) and on the
long term loss of species rich habitat (Anthelebeal. 2001). When it comes to beech forest, the
scenario would even be worse for the reason bewektfis not species rich and it is usually ocaoirs
monospecific stand. Likewise its closed canopy alelopathic effect (Hanley and McNeil 1982)
does not allow the establishment of shade-intotdrarbs and tree species.

The secondary vegetation map of the study areasttmat, pixels containin@. ilex are found within

the altitudinal range of 510 to 843 m mainly cortcang in 600 m a. s. |. (figure 21). However,
beech goes below 1000 m a .s. |. only in the nanth@d north east part of the national p&kilex

on the other hand, is found in small patches thaeaclusively found on the north western par ef th
Morrone flank. The area also receives high ISRaspared most of the areas which are covered by
beech forest and exists on similar altitudinal effigure 22). Hence the lack of the niche overlap
betweerQ. ilex and beech seems reasonable.
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On the other hand, the competition among beechamaerris is universal in the Eurasian mountains
from the Atlantic to the Himalayas and even in KoAfrica. In our study are, there is a similar
scenario. The secondary vegetation map shows ixeltgontainingQ. cerris almost makes a normal
curve from 900 to around 1350 m a. s. l. The pinghber reaches peak at an altitude of 1130 m. a s.
I. (figure 23). This altitude is the altitudinalnge in which the ratio of pixels containing the dee
forest to pixels in the national park on a simiddtitude is high (figure 5). The incoming solar
radiation in the area that's coveredQ@ycerrisis also reasonably tolerable by beech forest.
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Figure 23: Altitudinal ranges for Q. cerrisin Majella national park

Another land cover type that appeared not suitable to the beech forest is gully/ravine. Ravines are
generally characterized by slope landform of retdyi steep (cross-sectional) sides. The beechtfores
on the other hand, less likely grows on steepayesidfigure 24) and also less likely expands tdsuc
slopes (Van Gilgt al. 2008). Moreover, they may also have active stremmiswater logged clay soil

at the lower slopes. Beech requires both moistvegltidrained soil, not wet feet (Mayer, 1984 cited
in (Bolte et al. 2007 )). The topographical position index whiclpisduced from DEM model of the
study area also shows the beech forest mainly igréfie middle slope, not the lowest and the upper
ridges (figure 24).

31



160000

140000

120000

100000

80000

Pixel counts

80000

40000

20000

1]

Ridge Upper slope  Middle slope  Flat slope  Lower slope Walley
Slope postion
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The maxent model output response curve of thetbfest to soil types also shows the preference
of beech to soil types such E®se calcareous soils, loose moraine residues, Calcareous marl and
Current debris and alluvial cone and moraine deposit. On other hand, the beech forest did not show a
positive response to Landslides/ice induced cryoclastic surface, locally active karst processes on high
altitudes, Clay Marl and Sandy levels on hilly areas and Irregular slopes and cliffs with rock outcrops.
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7. Conclusions and recommendations

The beech forest exists within wide ranges of tolimatic variables. Beech is found almost in all
slope aspect and slope angle ranges. Though, skébdtion of pixels containing beech varies from
one slope angle and slope aspect range to thespthervariation is not supported by Kruskal-Wallis
test (P < 0.05). However, the preference of beechst to lower incoming solar radiation of the
hottest months of the year and to the altitudimalges from 1000 to 1, 800 m a. s. I. is statidtical
significant (P < 0. 05). Unlike the case of slopel @aspect, altitude and incoming solar radiation of
the hottest months have excluded raster cellsatghot containing beech forest on both their lower
and upper raster values. From the heuristic estinwdt relative contribution of environmental
variables of the Maxent model, it is also posstbleonclude that altitude has the highest gain when
used in isolation, which therefore appears to lteemost useful information by itself followed by
ISR of the hottest months. Though, the soil vagalhe slope angle, ISR of the coldest months and
slope aspect hardly contributed to the overall motteir response curve also gave a sensible
ecological scene.

The impact of incoming solar radiation in determgihe upper and lower limit of beech belt varies
from one slope aspect to the other. It looks theae a possibility to enhance the contribution d? IS
by dividing the park into slope aspects portiond aeparately carrying out modelling to each of the
portions. Thus, to make bold and objective clainowbthe degree of the impact of ISR on
determining beech altitudinal belts further reskascrecommendable. For altitude is proxy to many
other factors, determining the belts across thiemint slope aspect by itself can provide adequate
information about the beech ecological niche.

From the Maxent model output, it can be concluithed, the beech forest has a large spatial extent o
a highly probable ecological niche in the sparsessgfidwarf shrub, bare rock, subalpine pasturepshru
wood and abandoned crop land habitats. Most ofettedbitat types are known for comprising a
highly diverse flora and large number of shadel@rtnt endemic plant taxa. Owing to beech forest
occurrence in mono-stand, possession of a closedpgaand allelopathic effect, its expansion to
these habitat types will have an adverse effecnflwodiversity conservation point view. The
objective of the park management is also to preséine open spaces for scenic and grassland
biodiversity values.

Carrying out detailed floristic composition stuslienapping and documenting the locations of species
rich habitats firstly help the park management aoserve the diverse flora and endemic taxa and
secondly, to foster the forest expansion in cersgiected habitat types to increase the carbon
sequestration, to minimize avalanche formation soill erosion, and to foster connectivity among
fragmented forest patches which might also helgréate an ecological corridor for wild life and shu
mitigate the genetic drift that might arise becaofsene lack of gene flow.
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Appendices
Appendix 1 Map of Slope angle, Slope aspect, ISR of thettest months (July and August) and coldest
months (January and December) of the year
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Appendix 2 : Average values of the forest parameters aach sample plots

Coordinates Forest parameters Distance
X Y DBH Height Canopy Crown Number Number  Number (from
(cm) (m) cover diameter of of of contagiou
seedlings Saplings saplings s forest
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422429 4651200 21 16 60 18 0 3 7 267.5
422336 4651202 17 6 6 0 2 3 271.0
422264 4651202 20 30 20 0 15 9 287.8
422137 4651711 17 10 55 17 0 14 17 35.2
422107 4651694 21 9 50 16 0 3 8 68.9
422095 4651611 28 12 60 18 8 5 7 125.3
422077 4651554 14 13 0 5 0 0 0 180.2
426470 4647852 14 11 30 6 0 6 18 60.0
426565 4647879 7 9 3 0 3 0 140.5
426476 4648481 19 8 35 10 11 5 2 263.1
426482 4648475 14 7 40 7 15 13 12 268.8
426514 4648437 18 10 70 21 7 53 302.3
426565 4648424 18 9 25 11 0 0 0 354.5
426648 4648366 16 16 25 7 0 8 25 445.1
426681 4648356 17 10 15 10 5 0 40 479.4
426738 4648337 26 12 6 0 0 60 504.9
435322 4641946 42 17 65 22 27 58 193.1
435399 4641897 13 6 50 0 0 0 239.9
434044 4664192 16 19 50 25 17 6 29.3
434059 4664235 19 18 40 29 7 4 50.4
434080 4664243 23 17 45 15 7 0 72.6
433749 4664332 16 15 40 15 15 10 0.0
433748 4664348 14 12 35 25 16 22 0.0
433770 4664362 14 13 25 7 8 22 0.0
433524 4664596 18 18 55 20 4 11 0.0
433497 4664644 18 11 40 13 4 3 0.0
433468 4664673 23 15 30 7 0 0 18.4
420603 4655653 17 15 40 9 68 3 4 0.0
420497 4658718 18 12 40 18 120 3 5 1109.3
420450 4658745 18 15 45 14 57 3 6 1085.6
420221 4658769 27 14 25 12 15 5 2 884.1
421137 4659021 23 10 25 11 12 0 2 479.6
421043 4658993 23 17 35 14 30 3 4 574.8
421013 4658977 20 17 37 14 23 1 0 608.8
420386 4659510 20 19 20 13 110 3 4 632.0
420361 4659524 17 14 25 15 105 3 1 635.4
420333 4659546 17 26 65 85 23 12 636.0
420001 4659409 32 33 70 93 10 9 969.9
419945 4659472 34 34 20 9 47 0 0 967.2
419945 4659472 29 19 15 6 9 0 0 967.2
419886 4659508 34 12 15 11 5 0 0 931.3
420328 4660014 26 19 60 12 32 0 0 368.3
420304 4660049 16 17 50 11 35 17 4 366.6
420285 4660524 21 15 65 20 31 7 4 239.6
420235 4660501 17 11 20 12 38 0 13 294.3
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Appendix 3 Soil map of the study area

g
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B
3 .
407000 414000 427000 428000 435000
Value Area by pixel LIV_2 | Soil type
count
(3 0m by 30 m)
0 178923 | 3.1 Clay_Marl and Sandy levels on hilly areas
1 74037 | 1.2 Current debris and alluvial cone and/or morane deposit
2 49066 | 1.3 Colluvial deposits mixed with debris /moraines
3 6124 | 2.1 Degraded patches on irregular steep slopes
4 10013 | 1.1 Moraine with debris deposition on lower slope to g
5 90901 | 4.2 Irregular slopes and cliffs with rock outcrops wit
6 8276 | 1.7 Residual deposition of rerra rossa on small plain
7 22259 | 4.4 Lower slope to very steep ( no soil type indicated
8 281618 | 4.3 Irregular steep slopes (No soil type given)
9 27613 | 3.3 Calcareous marl on hilly to steep slopes
10 1612 | 3.2 Loose calcareous soils on steep slopes
11 9040 | 1.4 Debris on subplain to stepp slope or cone areas b
12 185 | 1.8 Alluvial bed area with sandy to gravely soil
13 25702 | 4.1 Locally active karst processes on high altitudes
14 23122 | 4.5 Landslides/ice induced cryoclastic surface on very
15 15462 | 1.6 River and lake/swamp residues of volcanic deposit
16 765 | 1.5 Loose moraine residues on undulating areas/moderate
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Appendix 4 Description of the soil types

From book of the Park (Ente Parco Nazionale deligellh): aspetti pedologici
Translated by Laura Dente & Anton Vrieling, the English transilation is put in bracket

1. SISTEMA DI PAESAGGIO DELLE UNITA CONTINENTALI PIO-QUATERNARIE.
DETRITO DI FALDA, CONOIDI, DEPOSITI ELUVIO-COLLUVIALI, DEPOSITI MORENICI,
DEPOSITI RESIDUALI (TERRE ROSSE) E DEPOSITI FLUVIAL

Aree di deposizione morenica e detritica di falddatta quota” situate nella parte basse dei cieshi
delle valli glaciali. La morfologia della superfecie irregolare e la pendenza varia da dolcemente
inclinata a moderatamente ripida.

English: (Areas of moraine and scree deposits of highuakitsituated in the lower parts of the c
and glacial valleys. The surface morphology is galar with slopes varying from gentle to
moderately steep.)

Aree di versante ricoperte da detrito di falda eahoide recente o attuale e/o da depositi morenici
La morfologia si presenta prevalentemente reg@deependenza € da molto inclinata a ripida.

(Slope areas covered by scree and detritus of recgmesent .... and/or by moraine deposits.

The morphology is mainly regular and the slopeasivery inclined to steep.)

Aree di versante con copertura colluviale mistaedrith di falda e/o depositi morenici, che si
appoggiano sul substrato terrigeno. La morfologilad superficie €& irrregolare e la pendenza
prevalentemente ripida. Prevalgono fenomeni griavédauperficiali e profondi.

English: (Slope areas with mixed colluvial cover with ser@nd/or moraine deposits, which leans
over the soil sub-layer. The morphology of the acefis irregular and the slope is mainly steep. The
superficial and deep gravitational phenomena adgmninant.)

Aree delle falde detritiche e delle conoidi, da gaheggiantie a molto inclinate, che bordano le
conche intramontane.

English: (Areas of scree and of ... , from sublevel toyveclined, which border the intra-mountain
basins.)

Rilievi collinari delle conche intramontane costitidla morene residuali a morfologia regolare, e
pendenza dei versanti da molto inclinata a moderatée ripida.

English: (Hilly reliefs of the intra-mountain basins costeig of moraine remainders with regular
morphology and side slope from very inclined to emadely steep.)

Aree pianeggianti delle grandi conche intramont@empo di Giove, Quarto Grande e Quarto Santa
Chiara) con depositi fluviolacustri e/o palustepasiti vulcanici o residuali (terre rosse).

English: (Level areas of the large intra-mountain basidanipo di Giove, Quarto Grande e Quarto
Santa Chiara) with fluviolacustrine and/or marskpaskits, volcanic or residual deposits (red sgils).
Aree di piccolo ripiani o depression morfologiclmnaepositi residuali (terre rosse), con pendeaza d
pianeggiante a dolcemente inclinata.

English: (Areas of little terraces or morphologic depreasiwith residual (red soils) deposits, with a
slope from level to gentle.)

Aree di alveo fluviale con depositi prevalentemegti@ioso-sabbiosi.
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English: (Areas of fluvial beds with mainly gravel-sanddsits)

2. SISTEMA DI PAESAGGIO DELLE UNITA MARINE PLIO-QBTERNARIE.
(CONGLOMERATI CALCARElI PASSANTI VERSO L'ALTO AD UNALTERNANZA
PELITICO-CALCARENITICO-ARENACEA).

Versanti a morfologia spesso irregolare, da maticinati a molto ripidi, talvolta interessati da
fenomeni di dissesto superficiale.

English: (Slope areas with often irregular morphologynfreery inclined to very steep, sometimes
with superficial landslide phenomena.)

3. SISTEMA DELLE UNITA TERRIGENE. ALTERNANZE ARENEAEO-PELITICHE,
ARGILLITI VARICOLORI E CALCARENITI

Rilievi collinari ad energia media e medio-elevatan morfologia dolcemente ondulata ed ondulata,
con versanti prevalentemente da molto inclinati @tonripidi e fenomeni franosi (superficiali e
profondi molto diffuse, localmente & presente enosli tipo calanchivo.

English: (Hilly reliefs with average to average-high engerwvith gently undulating to undulating
morphology, with slopes mainly from very inclined very steep with common occurrence of
superficial and deep landslide phenomena, locaillly grosion is present. )

Versanti calcarei a bassa energia del rilievo,pemdenza ripida o molto ripida.

English: (Calcareous side slopes with low relief energyh\steep or very steep slopes.)

Rilievi collinari prevalentemente calcareo marnogersanti prevalentemente da moderatamente a
molto ripidi.

English: (Hilly relief mainly calcareous .... Slopes araintly moderate to very steep.)

4. UNITA CARBONATICH DI PIATTAFORMA E RAMPA E CALAREE O CALCAREO-
MARNOSE DI TRANSIZIONE

Aree sommitali (creste, vette e parti alte dei &et§ dei rilievi, con pendenza da dolcemente
inclinata a moderatamente ripida; localmente egmteserosione carsica.

English: (High areas (crests, summits and high parts efside slopes) of reliefs, with slopes from
gently inclined to moderately steep: locally caesiosion is present.)

Versanti a morfologia irregolare e pendenza mafiaa. Prevalgono fenomeni di crioclastismo e di
crollo.

English: (Side slopes with irregular morphology and veigep. Phenomena of .... and collapse are
predominant.)

Versanti a morfologia e profile prevalentementeotage e pendenza da ripida a molto ripida.

English: (Side slopes mainly regular morphology and pesfilrom steep to very steep.)

Versanti a bassa energia del rilievo con pendeazaalto inclinata a ripida, raramente molto ripida.
English: (Side slopes with low relief energy, from verglined to steep, rarely very steep.)

Versanti molto ripidi o pareti verticali delle imtdni fluvial o torrentizie profonde (fore e goleld
F.Orfernto, del F.Orta, vallone della Grotta delv&@ne ecc.). Dominano | fenomeni di
crioclastismo e di crollo.

English: (Very steep side slopes or vertical face of dé@pal or torrential incisions (fore e gole del
F.Orfernto, del F.Orta, vallone della Grotta del&lbone ecc.). Phenomena of .... and collapse are
predominant. )
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Appendix 5 Summary of the minimum climatic requirementby European beech forest

Author

Precipitation

Temperature

Other factors

De Candolle (1855)

Grisebach (1872)

Willkomm (1887)

Hempel and Wilheln
(1889)

Koppen (1889)

Mayr (1925)

Pax (1918)

Jedlin ski (1922)

> 7 rainy days per month Mean winter

= 250 mm during the

vegetation period

= 660 mm per year

temperature
>- 6.25°C

Mean winter
temperature

-6.25t0- 5°C

January
temperature >
3°C;

February
temperature

>- 2°C

Annual mean
temperature

7—12°C, May to

August
16 — 18°C

< 3 months with

temperature
<0°C; May
temperature
>8°C, May
temperature

amplitude <10°C

Length of
vegetation
period

(= 150 days)

Length of
vegetation
period

(= 150 days)
maritime
climate
Length of
vegetation
period

= 8 months
with
temperature
more than

10°C; winters

3 months
Air humidity

May to August:

z 70%

Elevation about

sea level
Late frost

(topography and

site conditions
may lesson
frost impact)
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Lammermayr (1923)

Hueck according to
Lammermayr (1923)
Enquist (1929)

Climate continentality
(summer drought, duration

of winter:< 4 months)

Climate continentality

(summer drought and

January isotherm

—-25°C

> 217 days with ~

. temperature
winter
frost), January temperature2 7°C or 245
= 4 months days with
temperature
5°C
Steffen (1931) > 500 — 750 mm per year - Length of
vegetation
period
Goetz (1935) > 500 — 750 mm per year Late frost,
topography, site
conditions
Hueck (1936) Summer drought, January -
precipitation: temperature
evapotranspiration
- 3°C
~ 100 - 120%
Hjelmquist (1940) | > 550 mm per year > 213 days with Topography and
no stagnic
temperature )
moisture
> 7°Cor216
days with
temperature
6.5°C
Tarasiuk (1999) > 320 mm May to < 141 days with ~
October temperature
<0°C
Hofmann (2001) > 550 — 580 mm per year July temperature Mild winter,
<18 -19°C high air

(European beech
dominance)

(European beech humidity

dominance)
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Appendix 6 Spatial extent of the distribution of beeh forest in different regions of Italy

Region Beech forests Other wooded land
area (ha) area (ha)
Piedmont 115501 404
Valle d’Aosta 1156 0
Lombardy 65681 441
Alto Adige 3781 0
Trentino 62247 360
Veneto 67196 374
Friuli V.G. 88812 1115
Liguria 37004 733
Emilia Romagna 100863 368
Tuscany 72260 361
Umbria 15115 0
Marche 17837 0
Lazio 71710 0
Abruzzo 122402 1731
Molise 14836 390
Campania 55197 0
Apulia 4661 0
Basilicata 26448 373
Calabria 77237 373
Sicily 15162 0
Sardinia 0 0

Italy 1035103 7023




Appendix 7 some of the remarks that had been made at senof the sample points

Plot s Remark

1 Four patches, three of them on stone heaps,awelgoad side
2 Two patches, both on stone heaps
3 Three patches, all of them are stone heaps
4 On stone traces
5 one patch of trees on stone heaps
6 Trees are all exclusively on stone tracings, T@#opy cover is by maple
7 Alltrees are exclusively on stone heaps
8 Two parches of trees on the edge of valley, segsifacing valley (northern slope)
9 Trees along the valley, all seedling facing wa{leorthern slopes)

10 Tree patches on stone tracings

11 Trees on abandoned crop field

12 Trees on abandoned crop field (Stone tracings)

13 huge trees on stone tracing

14  patches of trees on abandoned farmland (sureslipg oak tree)

15 Beech trees in mixed forest patches in abandfamedliand

16 Beech trees within mixed forest

17 On stone heaps, all seedlings facing northeesl

Ay
[ee]

The ground is almost totally covered by seedlird) seedlings facing northern slope

[Eny
(o]

Three patches of trees all on stone heaps

N
o

single patch, on a stone trace, seedlings fazintpern slope

N
[y

single patch on stone heaps, seedlings northepe

N
N

all seedlings N/west, single patch

N
w

Three patches, all seedlings in northern slope

N
S

single patch, on stone heaps, most saplingsareseedlings northern slope

N
6]

all seedlings northern slope, all sapling nanih, on stone heaps, grazing land

N
[e)]

single patch, on stone heaps
Stony habitat (rocky)
Two patches

N NN
© 0

Two patches trees

30 Two patches of trees

31 Single patch, on stone heaps, on stream side
32 All seedling on the northern slope

33 single patch

34 No seedling, all are saplings

w
)]

Three patches, all on stone heaps

w
(o]

single patch, grazing land, on stone heapsagling, maple on lower end

w
J

single patch, on stone heaps, all sapling, ggaaind

w
[ee]

on grazed grass land, scattered stones, dettée pa

w
[{e]

Dense patch on grazed grass land

N
o

Single patch of trees

N
-

Dense sapling in under grazed grassland, onsidad

B
N

grass land habitat, all are at sapling stage

i
w

Single patch, under grazed grass land, all sggdbn the northern aspect

B
N

on stone heaps, no seedling, single patch
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

two patches making common canopy

Two close patches, seedlings under the canopy
two patches on stone terraces

single patch, on the edge of rail way

two patches, on gravel road side

single tree, on stone heaps, seedling undepgano
Only two trees

single patch, all sapling, grazing land

grazing land, trees on road side

Three patches, two trees

Single patch

single patch

Two patches, on stone heaps

single patch on grazing land

single patch

on stone heaps

single tree

looks in plantation

all sapling , looks in plantation

all coppice origin

5 close patches, all under canopy

Most saplings are saplings are from coppicedrrants, along water path
along stream line, under grazed grass land
along stream line, saplings from coppiced rumtina
on stream side and mainly from coppice ruminant
on terraced heap of stones

Coppiced single patch

on stone heaps

Two patches on stone heaps

Seedling exclusively on northern slopes
seedlings in all direction except in south
seedlings in all direction, saplings northeppsbk
on stone terraces

30% maple by composition
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Appendix 8 Average annual rainfall and temperature in dfferent stations of Majella (1960-1994)

STATION ALTITUDE (M) AVERAGE AVERAGE
TEMPERATURE (°c)) PRECIPITATION(MM)

SULMONA 420 13.81 624. 77
GUARDIAGERELE 577 13. 67 840. 31
S. EUFEMIA 870 10. 73 1456. 45
PESOCOSTANZO 13,95 8.11 919. 15
PASSOLANCIANO 14, 70 8.69 1431. 67
PALENA 767 11. 94 964. 86
POPOLI 260 13.45 685.32
CAPRACOTTA 1400 8.68 1079.86
LANCIANO 283 14. 62 788. 0
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