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Abstract

Due to increase of human impact on the world s¢hére is an urgent need to identify the sectors of
greatest biodiversity that are also most endangdetter understanding of the patterns of endemic
plant occurrence and underlying factors will allpnedicting areas with high probability of these

plants and help in conservation strategies. Thaysbwerall objective is to identify and map endemic

plant hotspots in the mountainous region of Majelgional parl and determine the factors causing
this pattern. A combination of Kennel density estiion and modeling were used for the study. The
ArcGIS Kennel density tool was used to determireeghdemic hot spot areas. The MaxEnt modeling
tool was used to predict the occurrence of the mweoge of the endemic plant taxon. The

environmental variations used in the models arargaltions, aspect, slope, vegetation cover tyjge an
elevation. The study shows the hot spots for endgtaint taxon in Majella national park are found

on highlands. In conclusion, two environmental ablés — elevation and vegetation cover type were
enough to predict the occurrence of the endemiut péexon.
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1. Introduction

1.1. Background

In recent years, assessing and understanding strébdtion of biological diversity have shifted fmo
being topics of largely theoretical interest to umging centre-stage in conservation biology
(Rosenzweig, 1995). Biodiversity loss has been ppm@ncern to mankind especially since the last
guarter of the twentieth century. This concern d¢oéted in the biodiversity convention that was
opened for signature at the United Nations confegem Environment and Development (UNCED) in
Rio de Janeiro, Brazil, June 1992. Since then wffeinternational fora have echoed the problems of
continuing environmental degradation. In spite igh#icant efforts to curb the menaces, the loss of
biodiversity worldwide is continuing at an unpreeetkéd rate. A reverse in the ongoing decline
should urgently be realized (Hens and Nath, 2003).

Biodiversity became popularized as a term to mdifm 6n earth’ as a consequence of a National
Forum on Biodiversity that met in Washington D.€.September 1986. Biological diversity" means

the variability among living organisms from all soes including inter alia, terrestrial, marine and

other aquatic ecosystems and the ecological complekwhich they are part; this includes diversity

within species, between species and of ecosyst&pscies richness, often simply defined as

“biodiversity” is the immediate and most utilizeatlicator to evaluate species or taxonomic diversity
in an area. Despite its wide use, biodiversityl fitks a universally agreed upon definition and is

often redefined depending on the context and thieoas purpose. For instance as many as eighty —
five different definitions of biodiversity have beesviewed by (DeLong Jr, 1996).

Due to increase of human impact on the world s¢hére is an urgent need to identify the sectors of
greatest biodiversity that are also most endangdéfeamination of biodiversity of five regions with

in the Mediterranean climate (SW Australia, the ecapegion of South Africa, California
Mediterranean Chile and Mediterranean basin.) gledemonstrates their key role in the world
context. A number of criteria are available forntiication of conservation areas and generally
priority areas are identified basing on biologiaapects taking into account species richness, ddve
endemism and exposure to threat (Myers et al., Ra0& degree of endemism is a reliable criterion
for identifying hotspots (Orme et al., 2005). Tdanp diversity regional hotspots have been proposed
within the Mediterranean basin (Medail and Que18B7), due to their high species richness and
endemism. The 10 red alert areas or hotspots sduatthe Mediterranean basin and Macaronesia
identified include, Canary islands and Madeira Jtigh and middle Atlas mountains, Baetic-Rifan
complex, the Maritime and Liguria Alps, the Tyrrieemislands, Southern and Central Greece, Crete,
Anatolia and Cyprus, the Syria- Lebanon- Israchaamd the Cyrenaica Mediterranean. There are two
main centres of biodiversity in the Mediterraneagion, one in the west that includes the Iberian
Peninsula and Morocco and one in the East thaudilesl Turkey and Greece (Medail and Quezel,
1997).




The great biodiversity of the Mediterranean basimlie primarily to particular climatic conditions,
habitat heterogeneity as a result of pale geogeaplaind historical factors, and varying origins of
flora itself (Quézel, 1985; Quézel, 1995). The majatterns observed in the Mediterranean Basin,
endemic plants are mainly stress- tolerant speabigisare adapted perfectly to harsh habitats (rock-
crevices, cliffs, screes) and act as refuges Hitlected by natural or human disturbances (Meatadl
Quezel, 1997). Rocky slopes, screes and alpinslgrads are typical habitats of the Alpine landscape
above the tree line (Ellenberg, 1988) and the higmber of endemic species in these habitats is in
accordance with the general distributional pattdrandemic plant species at high altitudes in Haras
mountains(Casazza et al., 2005; Dhar, 2002; Trilzswh Nswetter, 2003). A higher occurrence of
endemic species in extreme habitats such as rdokes and screes reflects the low competitive
ability of rupicolous species compared to congenerde spread species (Lawler et al., 2003; Médail
and Verlaque, 1997). Thus insular, mountain oraieal edaphic systems generally appear to be
major endemic center (Quézel, 1985; Stevanovil. e2@03).

The term ‘biodiversity hotspot’ was coined by (Myed988; Myers, 1990). In his two papers that

identified 18 geographical regions as conservatigorities because they contained large numbers of
endemic species found in relatively small areas wWere facing significant threats of habitat loss

(Figure 1-1). It was reasoned that protecting hatspdefined in this manner, should prevent the
extinction of a larger number of species than wquiatecting areas of a similar size elsewhere.
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Figure 1-1: Global 25 Hotspots of Endemics (Myers et al2000)

Areas with high species richness may also havglmimber of endemic species, but not necessarily
in a coherent pattern (Huston, 1994; Whittaker lgt 2001). The most characteristic centres of
endemism are generally thought to be isolated acéslands, for example Canary islands (Hobohm,
2000). Massive topographic relief can, potentiafiyovide a similar barrier that inhibits gene flow
and facilitates speciation (Brown, 2001). Howeves hot-spot of endemic plants are found both in
rather flat areas for example Texas and Northéorida, and in areas with high topographic relief
e.g. Andes,(Gentry, 1986). In mountainous areasndramum number of endemic species is expected
to occur at high elevation due to isolation mectamiShrestha and Joshi, 1996).




Both latitudinal and altitudinal gradients in vakguplant diversity have long been recognized.
Theories to explain these gradients are manifold, dse based mainly on area, available energy,
habitat heterogeneity and substrate fertility (@t, 1999; Rohde, 1992) generally, species rishine
is lower at more pole wards latitudes and at higti#tudes. However, these trends are not universal
e.g. exceptions have been reported with tropicglhgpes in south America (lbisch et al., 1996),
woody vegetation in South Africa, (O'Brien, 1998)arock out crop communities in West Africa
(Porembski et al., 1995). It appears that thesdignss in diversity may differ between plant groups
For example, for woody and tree species (Leathwicid., 1998) and (Ogden, 1995) have shown that
species richness decreases with increasing altiutlew Zealand forests, whereas for total species
richness in the forest (Wilson and Allen, 1990)whkd the opposite trend.

Altitude is a main factor that determines the 8tid diversity of mountainous area. It is knownttha
towards high altitudes occurs a decrease in meanahtemperatures and an increase in precipitation
(Ozenda and Borel, 1995), this directly influentes diversity of the flora. The decrease in species
number along the elevation gradient studied suptharthypothesis that species richness decreases
with altitude (Woodward, 1987).

1.2. Problem statement and justification

Understanding geographical patterns of speciesneish and predicting suitable habitats of high

biological diversity, i.e., hotspots (Reid, 1988% central to ecology and biogeography. A hotgpot

a sector with an exceptional concentration of gmaind high rate of endemism (Myers et al., 2000).
The hotspot boundaries were determined by biolbgioenmonalities, each of the areas features a
separate biota. The Mediterranean Basin rankg thit of the 25 endemic hotspots on a global scale
with 25,000 native plant species that include 13,66demics and many plants of potential medicinal
use as in Myers et al. (2000) next to Sundalanitiwis second and Tropical Andes which ranks

first. The Mediterranean basin covers portionshoéé continents, Europe, Asia and Africa .Europe
lies to the north and the three and large penissitialy and Balkan Peninsula and Iberian Peninsula
extend into the Mediterranean climatic zone.

Given that endemism (the number of species endemiconfined to an area) and extinction are
closely coupled, actions to minimize global extioc need to focus on patterns in endemism and
range- restricted species (Myers et al., 2000; Piamd Brooks, 2000; Pimm et al., 1995). Most
species are not scientifically described (MAY, 20@hd consequently nothing is known about their
ecology or geographical distribution (Pimm and B®02000). However, present knowledge of
species and their geographical distribution mustubed to elucidate the causes of patterns in
endemism. The number of taxa endemic to an argadses with its size and isolation (Anderson,
1994).
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Figure 1-2: The 10 Mediterranean Basin Hotspots based oplant endemism and richness (Medail and
Quezel, 1997)

Majella national park, in central Apennine is laakias a hotspot on a regional scale as in (Meddil a
Quezel, 1997) shown in (Figure 1-22) and yet Majgjlalifies as an intra-Mediterranean endemic
plant hotspot due to the fact that it has 143 enc@iant taxa which is relatively an equal numbe
compared to other hotspots of the Mediterraneainbas is the case with in the Maritime and
Ligurian Alps where there are, one hundred anddiftendemic taxa sensu lato (Casazza et al., 2005).

Endemism of plant taxa in the context of this resleavas of different scales, ranging from Majetia i
central Apennines, the Abruzzo region and to adaxgent Italy (Conti, 1998). This research aims t
detect the endemic taxa hotspots using the Arc®E&hel density tool and MaxEnt to identify
causative and controlling factors associated witriBution of the endemic plant taxa on a local
scale in Majella National Park. In the context lnistresearch a hotspot has been defined as an area
with high density of endemic taxa. Better underdiiag of the patterns of endemic plant occurrence
and underlying factors will allow predicting areagh high probability of these plants and help in
conservation strategies.

1.3. Research objectives

1.3.1. Main objective

The overall objective is to identify and map endemiant hotspots in the mountainous region of
Majella N.P and determine the factors causingphtsern.

1.3.2. Specific objectives

1. To establish the location of endemic plant taxapaots in Majella National Park.

2.  To determine the effect of altitude, aspect, skegar radiation, and vegetation cover on the
occurrence of endemic plant taxa of the Majellaidvet! Park.




1.4. Research questions

1.

2.

3.

1.5.
1.

Can endemic plant taxa hotspots be indentifietiénMajella National park?
Is Majella National .Park an intra- Mediterraneademic plant taxa hotspot?

Can the occurrence of endemic plant taxa hotspoexplained using environmental variables?

Hypothesis

Ho: Occurrence of endemic plant species is sigmifily affected by any combination of altitude,
aspect, slope, solar radiation, vegetation coyag.ty

H1: Occurrence of endemic plant species is mptificantly affected by any combination of
altitude, aspect, .slope, solar radiation, and taigsm cover type.




2. Materials and Methods

2.1. Study area

The study area is the Majella national park (Fig2#B, Italy (latitude 41051'N to 42015'N, longited
13050’ 21, 209'E to 140 14'46.21"E.). The studyearis assumed to be one of the most important
intra- Mediterranean endemic hotspot of the Mediteean basin because of the number of endemic
species that it has which is one hundred forty tvEmdemics referred to here are for the Abruzzo
region. In terms of altitudinal gradient basingtbe DEM 30 m resolution and vegetation cover map
of Majella N.P. 1999, the main five vegetationtbeldescribed were, the Mediterranean; stone oak
evergreen forest, Quercus pubescens, forest pati@medand, at < 900 m a.s.l. Sub Mediterranean;
Downy oak, deciduous thermophilic forest ,Quengsubescens. Forest patches, farmland, at < 900 m
a.s.l. Temperate montane ;European beech decidunesgphilic forest, Fagus sylvatica, contiguous
forest, at 900-1700 m a.s.l. Subalpine/Dwarf junim®niferous shrubland, Pinus mugo/pinus nana,
Majella massif, at 1700-2200 m a.s.l. Alpine , withtrees or shrubs, grassland, open herbaceous and
dwarf shrub vegetation or bare at >2200 m a.s.l.

In terms of climate the park can be divided intceéhzones, the Mediterranean climate which is
characterised by relatively mild temperatures angesiod of summer drought. Annual mean
temperature is mostly in the range of 140 to 18 none of the mean monthly temperature is
below the freezing point. Rainfall can have a widege of variation and is sometimes relatively low
(350-400mm) but in general between 600-750mm. Umdeticular moisture conditions the yearly
rainfall can reach 1000mm and more. As a mattdiadf, the yearly average of rainfall is not very
indicative for Mediterranean conditions but the enonportant factor is the distribution of rain dgi
the year. Precipitations are concentrated maingpinng and autumn, sometimes in winter, or there i
a more or less continuums rainy season duringdhieperiod of the year, nevertheless there is adway
a dry period during the warmer months (Aschmanr¥,319This is only in the North West of the
Majella Park with annual drought in July to Augusbnfirmed from Popoli meteostation at 260 m
a.s.l. with high values of maximum temperature 80.2and 30.390 centigrade and very low
precipitation records of 27.72 mm and 29.12mm lfer nonths of July and August respectively as in
Mameteopdf.

The humid climate is on the Majella massive andrés of the park area is sub humid. The Majella
national park is in the Abruzzo region, the moumtanges that comprise Majella form part of the
Italian Appennines. Endemic taxa were found in riyaiwo belts namely alpine and sub alpine which
cover relatively wide areas of the Majella masBiécause of the difficulty of reaching the high
altitude zones, comprehensive studies of theseramments have not been carried out. This is
especially the case as regards the central anereasictors of the massif, which are charactetiyed
extensive plateaus, such as Piano Amaro and Sel@tla Canosa (Di Pietro et al., 2008).
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Figure 2-1: Location of Majella National Park
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2.2. Materials
Table 2-1 is the list of the materials used forghely.

Table 2-1: List of material used for the study

Material Source Format Data type
Endemic taxa locations | Botan geodatabase Excel table Point
data set

Topographic map Majella national park| Raster Categorical

(Carta turnistica parco-
nazionale della Majella)
Scale 1; 50,000.

Vegetation cover 1999. Majella national park/ector Categorical
Digital Elevation Model | Aster image (27 May| Raster Continuoug
(DEM) 30m resolution | 08)

2.3. Methods

2.3.1. Data collection

Field work was conducted froni"Beptember tot October 2009. Location point data of endemic
plants of Majella national park was obtained fromcandary sources. This was the digital
geodatabase named Data Base Della Flora Vascotdiedbco Nazionalle Della Majella (Conti et al.,




2002) at the Centro di Ricerche Floristiche dgbp®&nnino (Apennine Flora Research Centre)
Barisciano. The centre consisted of a herbariumBatdnical Gardens.
The data base is referred to as CRFA in this stG&RFA is a large dataset consisting of all the fglan
of the Abruzzo region. During the fieldwork, onlyetdataset for Majella national park was extracted
for use. For purposes of this study the extractetd thase was named BOTAN. The data types in
BOTAN are of two categories; Bibliographic refererdata and Herbarium data set. Herbariun data
set comprised of data with actual records from fiakel. That data was again grouped into three
according to source including:
1. Data from the internal herbarium called Appennimictamed APP found at the Research Center;
2. Data from the external herbarium coming from twarses namely: Magellense named PNM and
Neopolitanum named as NAP

The herbarium data from the internal source was r460rds while that from the external sources
from both the PNM and NAP was 183 records. Theidjiohphic reference data in the BOTAN was
all from one source and it comprised of 1902 resord

In order to familiarise with the habitats of endemplant species, field survey was done at Groga d
Cavallone near Taranta Peligna and the locatiorthese plants reflected the common patterns
observed in the Mediterranean Basin, where endetaitts are mainly stress —tolerant species that
are adapted perfectly to harsh habitats (rock-icesy cliffs, screes) and that act as refuges littl
affected by natural or human disturbances (Médad ¥erlaque, 1997). Plants occurring on rocks
and screes are light requiring species which waolde able to compete for resources under a dense
growth (Ellenberg, 1988; Vogiatzakis et al., 2003).

2.3.2. Data cleaning

Data quality was improved through a cleaning predesmake it consistent. Part of it was done using
ArcGIS tools. Data from the internal herbarium Hamth geographical and projected coordinate
systems. There was lack of consistence in formathéngeographical coordinates with respect to
degrees, minutes or seconds because three foramtseen used. The geographical coordinates used
for the Herbarium data were excluded from beingduee analysis in this research because not all
endemic taxa had been assigned coordinates thisevaplete only for data from APP and also on
grounds that there was lack of consistence. Thpasrprojection used ED50 zone 33N (European
Datum 1950) used for the projected coordinates tmade clearly defined. This was further
transformed to another Projection; Universal Transe Mercator, ellipsoid; WGS 84, zone 33 North.
To reference to the DEM and other data sets usethi® study. There was no information on exact
altitudinal range for all the endemic taxa, thatikable was only for eighty - endemic taxa so iswa
excluded from analysis. The coordinate recordstlierendemic taxa in both the Bibliographic and
Herbarium data sets were repeated a numbemalstifor different taxa, one location could be
recorded many times for the same endemic taxdiffgrent Authors for different years, hence after
combining the two data sets Bibliographic refereane Herbarium and removing duplicates the
number reduced to 1246 records, and was not egurat would be obtained if you added the two
data sets i.e Bibliographic references 1902, giogh the herbarium data sets of 450 internal &% 1
external source respectively as it was the casford the cleaning operation. The database is shown
in Appendix A.
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2.3.3. Data processing

A geodatabase was extracted from BOTAN to produgeanother geodata base named MYLA,
geodatabase. The BOTAN geodatabase comprised ofdats sets, one from the herbarium and
another from Bibliographic references. The Botaodg¢abase consisted of all plant taxa for the
Abruzzo region, but only a portion of it was extextfor use in this research. Additional recordseve
added on the MYLA data base and these includedlfaamd life form names. Both BOTAN and
MYLA geodatabases consist of only point data (émaltions of endemic plant taxa.

BOTAN geodatabase, bibliographic reference datapeimed 1902 records with the checklist code,

which was used to identify the taxa from a rangdaif to 8270 for only endemic plant taxa.

» Name: This was the most recently accepted name togeititeithe author.

* Sub: This was the original name found in publicatibence one taxa could have several names
depending on the author;

» Localities: these included names of places were the taxdéewn observed.

» Year: This was the period in which the taxa was obsgared ranged from 1830 to 2008.

For some of the taxa the period was not specifigdiistead a range was given as for the period

between 1831 to 1842 and 1833 to 1854.

e Author: This was the name of the person in the referefaferences, this included the
publication. However some taxa did not have docuatem for references. The data base had
attribute for age when the occurrence of the taga wbserved, that observed before 1950 was
assigned 2 while that observed after this periosl assigned 1.

* Source: This was 0 for herbarium data source and 1 flaremce data source.

» Accuracy: The spatial accuracy was of four 4 levels, 1Gaographical position system (GPS),
location data 2 for a known buffer region in thisse it was < 3km buffer region. 3, for an
administrative boundary this included all the thigight municipalities with in the park. 4
represented a geographical region. The X coordidat® and Y coordinate data both in European
Datum 1950 (ED50). The last attribute for this dagase is file /id, which is the file identity for
each taxon.

BOTAN geodatabase, Herbarium data,

The second data set was from the herbarium. Sontheofttributes were similar to those of the

Bibliographic reference data set .The first one thaschecklist code, used to identify the taxa faom

range of 591 to 8270 for only endemic plant taxa.

* Name: this was the most recently accepted name togetiietthe author;

» SQub: this was the original name found in publicatiomep hence one taxa could have several
names depending on the source.

» Localities: These included names of places were the taxaobserved. Date, this was the period
when the endemic taxa was observed, but it wasdeddrom 1824 to 2008. In several ways, for
majority of the taxa the date, month and year wecoerded, for some only month and year were
recorded, others only the year was recorded andl%oof the taxa no records of period of
observation were recorded.

» Author: This was the name of the person in the reference.




» Herbarium name, the herbarium data set was froeethources two external herbariums and one
internal located at the Research center. The iatdmarbarium with 460 records and external
herbarium with 183 records. The three herbariunriwere Appenninicum one found at the
research center as well as Magellense and Neamatiteboth of which are located externally.
Each of these had an Acronym which was APP for Appecum, PNM for Magellense and NAP
for Neapolitanum. The data base had attribute fgg when the occurrence of the taxa was
observed, that observed before 1950 was assignelil@ that observed after this period was
assigned 1.Source in this case was zero assigreedigee all sources were herbarium. Accuracy
the spatial accuracy was of four 4 levels, 1 foo@aphical position system (GPS), location data
2 for a known buffer region in this case it was km3buffer region. 3, for an administrative
boundary this included all the thirty eight munaliies with in the park.4 represented a
geographical region. The data set had both geomgapéind projected coordinate systems being
used. Data from the internal herbarium had botlggagahical and projected coordinate systems.
While data from the external herbarium had onlyjgoted coordinate system. Universal
Transverse Mercator, ellipsoid; WGS84, zone 33 INdor geographical and ED50, zone 33
North for the projected one. Not all taxa in thebagium data had geographical coordinate
records. The last attribute for this data baséeasitl which is the file identity for each taxa.

The MYLA geodatabase

In order to obtain a list of endemic taxa of thejdlla national park, the list of extracted from the

Botan geodatabase was the used as a fundamented sbhe geodatabase consisted of 142 endemic

plant taxa three of which are endemic only to Majd.P., these include@entaurea scannensis,

Pinguicula fiorii and Soldanella minima samnitica. This geodatabase had only 1246 endemic taxa

after the cleaning were been completed. This ctetsisf seven columns in the following order,

X_ED which represented the projected y coordindtd=D which represented the y coordinates both

in the European datum of 1950 projection whiclpiscific to Italy.

» ACCURACY; the spatial accuracy was of four levels,for Geographical position system
(GPS),location data 2 for a known buffer regionhis case it was < 3km buffer region. 3, for an
administrative boundary this included all the thigight municipalities with in the park.4
represented a geographical region.

NUMBER, this referred to the identity of the taxa.

 END_TAXON this referred to the endemic taxon oflea€them accompanied with author.

 FAMILY: This referred to the respective families the geodatabase. In all there were 31
families.

 LIFE_FORM referred to the respective life formsistconsists of 6 six categories as follows,
phanerophytes, nanophanerophytes chamaephytes;rigptophytes, geophytes and therophytes
The taxa were identified according to the followilifg form categories by Raunkiaer (1934).
Appendix B shows the detail of the MYLA database.

2.3.4. Computation of Kernel densities

The Kernel Density Estimator (from ArcGIS) tool wased to generate kernels densities of endemic
plant hotspots of the Majella national park usiagiable distances which ranged from one to several
kilometres. For this research map two hotspot mapse produced one for a distance of 1.5

kilometres and the other for 2 kilometres. This wagse at a contour range of 200 meters. The search
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radius of distance in kilometres ranged from @netwo 2, three 3, four 4 and five 5. The best
results from the kernel out puts were used foryaisin this research.

When using the kernel density the following are sidered: the in put features used to calculate
density; the population field, which is the coungoantity to be spread across the landscape &becre
a continuous surface; the output cell size at wkiehoutput will be created; the search radius with
which to calculate density; and area units of thgot density values.

Kernel Density calculates the density of point fieas around each raster cell, conceptually, a ¢moot
curved surface is fitted over each point, zerohat ¢earch radius distance from the point. Only a
circular neighbourhood is possible. The volume uride surface equals the population field value of
all the kernels equals the population field valoethe point, or one if NONE is specified. The dgns

at each raster cell is calculated by adding theleslof all kernel surfaces where they overlay the
raster cell centre. The kernel function is basedtlm& quadratic kernel function described in
(Silverman, 1986). If a population setting otheartiNONE is used, each items’ value determines the
number of times to count the point.

Increasing the radius will not greatly change takeulated density values. Although more points will
fall inside the larger neighbourhood, this numbél e divided by a larger number of points, which
can be further from the cell. This results in srheotoutput raster.

The species (END_TAXON) and location (X_ED, Y_EDRalfrom the MYLA geodatabase were
used to produce maps of endemic hotspots. The sitetywere selected on the basis of data
completeness, accuracy ranging from 1 to 3, anahiéty i.e. with reasonable number of at least 17
and above location points.

2.3.5. Preparation for the modeling

The raster layers for only the continuous varialbgch were to be used in the MaxEnt model were
subjected to the Pearson correlation test, useatigstal software SPSS. The variables includersola
radiation, aspect, elevation and slope. A pair wm@parison was done for each of the variables. All
environmental layers were checked for spatial exfeing, pixel size, rows and column among others.
This was done for both the continuous and the caitesj layers.

2.3.6. Derivation of predictor variables

As said earlier, the explanatory variables werbegitontinuous or categorical as in (Table 2-2¢ Th
variables were continuous and vegetation cover typieh was categorical. All the four continuous
variables were estimated from the 30m DEM. The sproeedure was used to estimate slope, aspect
and elevation. For solar radiation a different pdhare was used.

2.3.7. Estimation of solar radiation

Solar radiation provides information on how muchte sun’s energy strikes the surface at the place
on the earth during a certain time period. The midé direct solar radiation of the growing season
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was calculated following the method developed Byunfar et al., 1997). The values were calculated
in ArcGIS using the DEM for a period of 5Smonths,igris the growing season of summer starting
from May to September. The growing season corredponly roughly to the snow free period of the
year. The values were calculated for every 15 mmaind summed up for the growing season. Table
2-2 shows the environmental variable, the unitglich it is measured, the source and pixel size.

Table 2-2: Environmental variables

Variable unit source Pixel{m)
Elevation m.a.s. DEM 30m
Slope percentage DEM 30m
Aspect degrees DEM 30m
Solar radiation Kj/rh DEM 30m
Vegetation cover categorical 1999 N.P. 30m

The variables tested as predictor of endemic téstgilalition (Table 2) were elevation as proxy for
rainfall and temperature (Hijmans et al., 2005)psl, aspect and solar radiation as proxy for topo —
climate, vegetation as habitat disturbance mea3ime.DEM derivatives (elevation. slope aspect and
solar radiation) were calculated. The layers ofimmmental predictors were georeferenced to the
same coordinate system in ArcGIS 9.3.

The criteria for selecting which species to modabwo ensure that the four major representatiee lif
forms of the MYLA geodatabase of endemic taxa, Heeen selected. These includgkifraga from
chamaephytesSipa dasyvaginata from hemicrytophytesBunium from geophytes Melampyrum
italicumfrom therophytes an@Gampanula fragilis from chamaephytes.

2.3.8. Modeling of endemic plant species occurrence using MaxEnt

For this research, MaxEnt (maximum entropy) mo@iil{ips et al., 2006) was selected for modeling
species occurrence because the endemic taxa losat@presented presence data. Analysis was
performed on the occurrence data of 1246 locatemonds of endemic plant taxa of the Majella
national park. Five endemic plant taxa from foupresentative life forms were selected from the
MYLA geodatabase. Two of the endemic plants chafmgep represented the dwarf shrub one
hemicryptophyte represented the perennial herbe,tbarophyte represented the annuals and one
geophyte represented the orchids. In order to leeteel each of the endemic taxa. With a reasonable
number of location points, and for this study ibhgad between ten and twenty. The endemic plant
taxa selected includeshxifraga italica, Melampyrum, italicum, Campaula fragilis ,Bunium petraeum
andStipa dasyvaginata.

To run of the model two files are needed one cairtgipresence localities referred to as the sample
and another containing the environmental variabiteshe directory layers. The directory layer
contains a number of Ascii raster grids each ofcWwhiescribes an environmental variable. These
should have the same geographic bounds and cell Isighould also be clear to the program which
variables are categorical or continuous.
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The maximum entropy model (MaxEnt 3.2.0) predictebpbilities of species distribution from
records of species occurrences and from data laggresenting environmental variables without
assumption on the statistical distribution undedyithe species or the variables. MaxEnt starts
assuming a uniform probability distribution and-dtévely updates an algorithm predicting the specie
distribution based on computed weights of the Ydem The gain indicates how closely the model is
concentrated around the presence samples. Figuighdws the interface of the MaxEnt.

Samples Envil layers

File‘ ‘| Browse Directory/File || Browse

Create response curves [
Make pictures of predictions [_]

Do jackknife to measure variable importance [

Output format |Logistic -
Output file type |.asc -

Oooooad

Output directory Browse

Auto features Projection layers direcmmﬁle| Browse

Run Settings [ Help

Figure 2-2: Interface of Max Ent

2.4. Analysis

To estimate which environmental variable contrisuteost to the model prediction, various analysis
were done using response curves, percentage tatdedackknife charts. A model was created using
each variable in isolation. The results appearetthriee charts results for training gain, test gaid
AUC. The relative contribution of each predictorighle to the MaxEnt output has been calculated
with its Jackknife module. Model performance wasseased with the receiver operating
characteristics (ROC) and area under ROC curve (AUC

The MaxEnt model parameters were set as followgjlagization multiplier =1; maximum number of
iterations =1000; convergence threshold “1@aximum number of background pixels=10,000.
Model predictions per pixel are presented as cutiwelgrobabilities of all layers multiplied by 100
to arrive at a percentage (Phillips et al., 2008)e MaxEnt output was exported to ArcGIS 9.3 for
good visualization.

2.5. Validation

The accuracy of MaxEnt in the prediction of distitibn of Saxifraga italica was validated
statistically using results from the plots of thheaaunder Receiver operating curve ROC (AUC). The
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data had been split into two partitions one foiniregy 75% and another for testing 25%. The red
(training line) shows the “fit” of the model to theining data. The blue (testing line) indicates fit

of the model to the testing data, and is the resf o6f the models’ predictive power. The further
towards the top left of the graph that the blue li, the better the model at predicting the presen
contained in the test sample of the data.

Figure 2-3 below shows the summary of the methagiocé process.

L 2

DEM

¥ ¥ ¥

Solar :
radiation slope aspect altitude
=
Y y
L Maxent | | Vegetation
Secondary modeling 1. —/ Nandcover
location Map.
data =
Map of
| _ predicted
Kernel density, locations
v |
Hotspots =
of endemic model
plants validation

Figure 2-3: Summary of methodology
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3. Results and Analysis

3.1. DEM environmental variables

Aspect in degrees.
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Figure 3-1: DEM Environmental variables

Figure 3-1 shows the DEM environmental variablesrshas aspect, elevation, slope and solar
radiation. The Pearson correlation values are shinwable 3-1.
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Table 3-1: Pearson correlation among continuous environental variables

Solar radiation aspect elevation slope
Solar radiation 1.000 .109 .392 -.335
aspect 1.000 -.064 -.086
elevation 1.000 .214
slope 1.000

The table shows that none of the variables wadyhigirrelation with one another. Hence all layers
could be useful for modeling. The correlationsateignificant at the 0.001 level.

3.2. Thedistribution pattern of families of the endemic taxa of Majella
FAMILIES
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Figure 3-2: Distribution of families’ within the Endemic plant taxon

Figure 3-2 indicates that most represented familgrag the endemic plant taxa of Majella National
Park is the composite with the largest number o&B88emic taxa. Many taxa within this family are
observed to be perennial herbs hemicryptophytes chiagnaephytes. This higher number may be
attributed to the fact that such plants are bettlapted to harsh environment habitats where most of
these plants occur. The results imply that it isgilale that the rate of speciation within the fansl

high compared to that of extinction relative toestfamilies.
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Figure 3-3: Life form spectrum of Majella endemics pants

N= nanophanerophytes Ch = chamaephytes H = hgmhigrhytes G = geophytes T = therophytes

Figure 3-3 showing the life form spectrum for thajdla endemics indicates Hemicryptophytes with
the highest 57% and chamaephytes, with 16% and@&spwith 10%. The rest each had relatively
small percentage that some could not be indicatetti® bar chart.

3.3.  Mapping of endemic plant hotspots using Kernel density tool

Figure 3-4 shows the results of the hotspots magndermic plant taxa. Figure 3a and 3b shows the
maps produced at a distance of 2 kilometres andrhkter respectively. According to the procedures
when distance was set at 2 kilometres, there weneafh areas, in the Majella with hotspots of
endemism that were used to explain the distribuypiattern of endemic taxa with in Majella national

park.

Density { il
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Figure 3-4: Endemic plant hotspots

From Figure 3-4, hotspots of endemics showed thate is a high density of endemic plant taxa
mainly on the highlands. Such areas included tleerhajor hotspots (mountain Cavallo and mountain
Amaro) out of the total of nine (9). The rest of thotspots had a lower density of endemic plard,tax
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namely mountain Morrone in the North West Park amountain Secine in the south, mountain
Macellaro near Amaro and Focalone near Covalleettogy with the slopes of Orfonto canyon and on
the eastern slopes of the Majella massif of Taraftese hotspots are identified with the eastern
slopes of the Majella massif. These results coddekplained in term of less competition among
species at high elevation. It could also be expldiwith tolerance to harsh environmental conditions
which is the case as elevation increases.

3.4. MaxEnt modeling

Table 3.2 shows an explanation of the codes fair@mmental variable used in the modeling.

Table 3-2: Explanation of codes of environmental variale

Code for environmental variable meaning
aspectresampl aspect
elevationvsn3resamp elevation
finalvgresamp vegetation cover type
Sloperesampl slope

solaresamp Solar radiation.

3.4.1. Saxifraga_italica
Jackknife test

Jackknife of regularized training gain for Saxifraga_italica_D.A._Webb

o aspectresampl 1 Withoutvariablz ®
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Figure 3-5: Jacknife test for Saxifraga_italica
a) Regularised training gain b) test gain c) AUC
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Figure 3-5 shows the Jacknife of training gain Bexifraga_italica, illustrating environmental

variables against regularised training gain, tesh gand AUC. In the estimation using Jackknife
training gain, elevation emerged as the best enwiemtal variable contributing to the prediction in
the model with the highest gain of 0.6. The secead vegetation cover type with gain of 0.4. The
third was slope with gain of 0.1; the fourth wataseadiation with gain of 0.8 while aspect was the
least contributing variable in this case with gain0.5. When compared with the Jackknife of test
gain and AUC, the trend was the same for elevatind different for the other environmental

variables.

Estimation using the jackknife of test gain, thewes an increase in the gain for elevation to aevalu
1.8 higher than that of the jackknife for trainiggin, which was 0.6. The second was vegetation
cover type with a test gain of 0.9 which was higmn its value in training gain. The third wasasol
radiation which an increased value in the test gdi®.1 if compared with the training gain. The
fourth was slope which showed relatively the samm gs in the Jackknife for training of 0.1, the
variable with the least gain was aspect as wasake for training gain of 0.5.

For the estimation using the Jackknife for AUC, vateon still emerged the best predicting
environmental variable although there was an irsgem the gain value if compared with the
Jackknife for training gain from 0.6 to 0.95. Thecend was vegetation cover type which also
increased from 0.4 to 0.9 AUC gain. The third wagezt with an increase in gain if compared with
the Jackknife for training and test gain to 0.6Be Tourth was slope with 0.6 while the variablehwit
the least value was solar radiation. Both elevatiod vegetation cover type when used in isolation
produced high predictions for the distribution.

Response curves for Saxifraga italica

These curves show how each environmental varidfdetahe MaxEnt prediction. The curves show
how the logistic prediction changes as each enwmiggrial variable is varied. The results are presente
in terms of aspects, slope, solar radiation, elemand vegetation cover type (Figure 3-6).

Results for aspect response curve indicated théhNwapect to play the most important role in the
prediction. This is shown in the curve where naipect corresponds close to 1 and 360 degrees
there are high values for the prediction while othepects did not seem to be significant. For
elevation, the probability for the occurrence ofiaga increased with increase in elevation, from
2000m the predictions were more than half and #ieevreached maximum at elevation 2500m. This
confirms to the results th&axifraga italica is likely to occur in high elevation areas and tlyos
above 2000m which is above the timberline. Forviiagetation cover type which played a role in this
prediction included 13 representing open grasstardl dwarf shrub, 15 representing mountain pine,
and 20 representing bare ground and sparse veget#ts slope was increased also the value for
prediction increased up to close to 20%. Therefmi@e increase in slope percentage was not
significant in the predictiorSaxifraga italica therefore has less probability to be found on \&tegp
slopes. Solar radiation played non significang riol the prediction model predictions as it wasipei
increased. This showed th&axifraga italica could in habitat site with in a big range of solar
radiation hence this did not have an important imoldetermining its distributionfherefore, from the
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radiation curves elevation alone could be usededipt the distribution ofaxifraga italica because
its contribution alone is 1.9 almost the same @savhen all variables are included in the model.

aspectresamp1 sloperesamp1
10fF — 1oF 7 T
05 - _\—//— 1 0sp /\
0.0k 1 1 - 00k 1 1
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Figure 3-6: Response curves for Saxifraga _italica

Sensitivity vs. 1 - Specificity for Saxifraga_italica D.A, Webb
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Figure 3-7: AUC curve for Saxifraga_italica

3.4.2. Malampyrum_italicum_Soo
Jackknife test
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Figure 3-8 shows the Jacknife of training gain felalampyrum_italicum_Soo, illustrating
environmental variables against regularised trgiigjain, test gain and AUC.
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Figure 3-8: Jackknife for Malampyrum_italicum_soo
a) Regularised training gain b) test gain c) AUC

Figure 15 show that, estimation using the Jackkeffeegularised training gain indicates that slope
had the highest predicting power with a value 660The rest of the environmental variables namely
aspect, elevation and vegetation cover type hayl legr gain values of 0.05, 0.04, 0.1 in that order.
Solar radiation in this case could not be usedsdafation to make predictions in the model for this
endemic taxon.

Similarly, for the estimation using the Jackknifiet@st gain, slope had the highest predicting power
with a gain of 0.9. The corresponding values fqueas and elevation have gains of 1.9 and 0.15
respectively. Solar radiation is the only enviromtaé variable which could not be used in isolation

for predictions of the model. Vegetation in thiseahowed a negative gain which indicates that for
this model it was not an important predicting vakea

For the estimation using the jackknife of AUC, ®ldmad the highest predicting power compared with
the jackknife for training gain and test gain andthis case with a gain of 0.9. The second was
elevation with a gain of 0.7, the third was aspeith a gain of 0.6, the forth was solar radiatioithw

a gain of and the least contributing environmewsalable with a gain of 0.4.

In general estimation using the Jackknife resulticated that slope had the highest predicting powe
for the distribution of Melampyrum with all the #& models. All the three models performed well in
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predicting the distribution because the total gamthe model when all environmental variables were
used as inputs was better that when each of thables was used in isolation.

Response curves for Melampyrum italicum

Figure 3-9 shows the response curvesMatampyrum italicum. It was very clear from these curves
that slope really had a high predicting power asmgared to the rest of the environmental variables.
As far as vegetation cover type is concerned, mogtr types are less significant due to the faat th
majority are below 0.5, implying that probabilitg ieven less than a mere random prediction.
Vegetation cover types “pubescent oak woods” andutmain pine” seem to have influence.
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Figure 3-9: Response curves for Melampyrum italicum
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Sensitivity vs. 1 - Specificity for Melampyrum_italicum_Sooé
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Figure 3-10: AUC curve for Melampyrum_italicum

3.4.3. Campanula

Jackknife test

Figure 3-11 shows the Jacknife of training gain dampanula illustrating environmental variables
against regularised training gain, test gain andCAU
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Figure 3-11: Jackknife test for Campanula

a) Regularised training gain b) test gain c) AUC
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From Figure 3-11, slope had the highest predicpoger for training gain with a value of 0.15.
Vegetation cover type had training gain of 0.10jlevkelevation, aspect and solar radiations hadsgain
of 0.025 each.

For test gain, elevation had the highest predictiager with a gain of 0.5, slope with a gain of 0.3
while solar radiation and aspect had least gainesabf 0.1 each. Unlike the jackknife for training
gain and that of AUC, vegetation cover type hacdegative gain indicating that this environmental
variable is not important in predicting the occae of Campanula in the model.

Estimation using the jackknife of AUC,e levationdhthe highest predicting power with a gain of
0.96, which indicated that this environmental Vialéacould be used in isolation to predict the
occurrence of Campanula, because of its value f@n dgs higher than when all the other
environmental variables are used in the predistafithe model. The second was solar radiation with
a gain of 0.8. The third was slope with a gain G50 The forth was aspect with a gain of 0.65 dued t
environmental variable with the least predictingvpo was vegetation cover type with a gain of 0.34.
In general all the three models were good in ptedjche occurrence of Campanula.

Response curves for Campanula
Figure 3-12 shows the response curvempanula.
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Figure 3-12: Response curves for Campanula

Figure 3-12 indicates slope to have better preglistithan the rest of the environmental variables fo
Campanula. Vegetation cover type has only sub algmasslands which is not a good representation
of that variable. However the fact that campansl&ypical of grassland habitats can be established
from the results.
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Figure 3-13: AUC curve for Campanula
3.4.4. Bunium
Jackknife test
Jackknife of regularized training gain for Bunium_petrasum_Ten.
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Figure 3-14: Jackknife for Bunium
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a) Regularised training gain b) test gain c) AUC
From Figure 3-14, estimation using the jackknifeti@ining gain, vegetation cover type was the
environmental variable that had the highest predjcbower with a gain of 0.75. Elevation, aspect,
solar radiations had gain values of 0.7, 0.1, afd @ith slope having the least predicting powes wa
slope with a gain of 0.02.

For the test gain, only three environmental vagabdontributed in the prediction of occurrence of
Binium. Elevation had the highest predicting powéth a gain of 0.85, vegetation cover type 0.82
and slope the least predicting power for the oenoe of Binium. The remaining two environmental
variables namely aspect and solar radiation bothahiaegative gain, indicating that they did noteéhav
any contribution in the prediction of the model. émg the two, aspect had amore negative gain
compared to solar radiation indicating that it wess important than solar radiation in the preditdi

of this model. For the AUC, the environmental valgawith the highest predicting power was
vegetation cover type with a gain of 0.84, elevaiidth a gain of 0.73, slope 0.6, solar radiatio#50
and aspect, the environmental variable with thetlpeedicting power with a gain of 0.4.

In general, vegetation cover type had the highestlipting power for Bunium because it had the
highest gain in two of the three models. The Jaifkkaf training gain produced the best model,
because overall it had a gain of 1.0 compared30AUC, both of which were good in predicting
the occurrence of Binium.

Response curves for Bunium patraeum

Figure 3-15 shows the response curvesfgnum patraeum
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Figure 3-15: Response curves for Bunium patraeum
From the curves in Figure 3-15, it can be dedubed Bunium is predicted largely from vegetation
cover types which included open grasslands, mourpaie, teen abandoned farmland and sparse
vegetation. This also implies that the taxon iseadrin a range of habitats relative to the others
considered in this research. Elevation can alsoldserved to affect the predictions in a significant
manner. Solar radiation appears to contributeeqtiediction at the extent.
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Figure 3-16: AUC curve for Bunium patraeum

3.4.5. Stipa dasyvaginata

Jackknife test

Figure 3-17 shows the results of the JackknifeftasEtipa dasyvaginata. From the figure, estinmatio
using the jackknife for training gain shows that #nvironmental variable with the highest predigtin
power was vegetation cover type with a gain of 0/8&§pect and solar radiations has a gain of 0.25
and less than 0.05. When elevation and slope & insisolation did not have any significant rate i
the predictions of Stipa dasyvaginata.

Estimation using jackknife test of gain, the enmim@ntal variable with the highest predicting powers
was vegetation cover type with a gain of 0.35.Agpsglar radiation and slope has a gain of 0.15,
0.05 and less than 0.05 respectively. Elevatiordcoat be used in isolation in the predictionshost
model because it did not show any gain.

Estimation using jackknife for AUC the environmédntariable with the highest predicting power was
vegetation cover type with a gain of 0.9. The seoaas solar radiation with a gain of 0.8. The third
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was slope with a gain of 0.72. The third was aspéttt 0.62 and the environmental variable with the
least predicting powers was elevation with a g4i0.6. In general the jackknife for AUC had thetbes
model for predicting the occurrence of Stipa daginata.
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Figure 3-17: Jackknife test for Stipa dasyvainata
a) Regularised training gain b) test gain c) AUC
Response curves for Sipa dasyvaginata
Figure 3-18 shows the response curveshiga dasyvaginata
From the response curves f&ipa dasyvaginata vegetation cover type contributed best to its

occurrence with montane pine, shrub land amongrettfespect had some contribution though low
but better than slope and solar radiation.
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Table 3-3 shows the percentage estimation of hah eariable contributed all endemic plant taxa.
For each of the taxon, the percentage estimati@ssranked in terms of the participation of each of

Specificity for Stipa_dasyvaginata_Martinovsky_subsp._apenninicola_Martinovsky_& Moraldo
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Figure 3-19: AUC curve for Stipa dasyvaginata

the variable (1= lowest and 5 = highest). The tesalsummarised in Table 3-4.

Table 3-3: Percentage estimation of variables contrittion in the modeling

Taxa/Percentage contribution (%)

Variable Bunium Campanula Melampyrum Sipa Saxifraga
dasyvaginata italica
vegetation 64.8 27.2 12.3 67.4 22.9
elevation 21.3 11.0 8.3 0 57.4
aspect 13.9 11 4.5 31.0 10
solar 9.3 2.5 1.2 0.8
radiation 0
slope 0 51.3 72.4 0.5 8.9
Table 3-4: Ranking of each environmental variable for euwy taxa
variable Saxifraga Stipa Melampyrum | Campanula Bunium
dasyvaginata
Elevation 1 5 3 3 2
slope 4 4 1 1 5
aspect 3 2 4 5 3
Solar radiation 5 3 5 4 4
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Vegetation 2 1 | 2 2 1

Table 3-4 indicate that vegetation cover playsdteatest role in determining the distribution of th
endemics because for all the endemics put totteaiie out to rank as 1 or 2. The results go ateead
show that for Stipa dasyvaginata and Binium vegatatover is predicted to be the major determinant
factor. The second was elevation this was a majedipting factor for only Saxifraga. The third
variable was slope which again was predicted tdheemajor predicting factor for Campanula and
Melampyrum. Aspect and solar radiation played a kgnificant role for most of the endemic taxa
apart from stipa dasyvaginata where aspect ranketti Zolar radiation ranked 3. While aspect ranked
3 for Saxifraga italica.

3.5. Mapping of distribution of endemic plant taxa of Majella N.P

The ASCI raster that was produced during modelirtp@ respective endemic taxa was exported to
ArcGIS and maps for the potential occurrence ofefiemics plant taxa of the Majella were
produced. These were used for further analysis.réfigitant maps are shown in Figure 3-20.
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Figure 3-20: Map showing probability of occurrence ofendemic species

Figure 3-20 shows thaampanula was highly predicted to occur on the eastern safeMajella

Massif. Also,Malampyrum was highly predicted to occur on the eastern slaeMajella Massif.
ThereforeCampanula and Malampyrum have similar ecological requiremengaxifraga was highly

predicted to occur on Amaro Mountains. WHienium and Stipa dasivaginata were highly predicted
to occur in the open grassland habitats.
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4. Discussions

4.1. Hotspots of endemic taxa generated from Kernel density

The results of the kernel density revealed thahtiittest spots of endemics plant taxa with in thek p
were found on mountain peaks of the Majella. Th@see mountain Amaro and mountain Cavallo
respectively. Other minor hotspots also includeghlinds in the Majella National park and slopes of
the Orfento canyon all which are high elevatioraarer'his confirms what has been done in previous
studies that the number of endemic plant speciesigh at high altitude in Eurasia mountains
(Casazza et al., 2005; Dhar, 2002; Tribsch and New&003).

Majella qualifies as an intra-Mediterranean endepiant hotspot due to the fact that it has one
hundred forty two endemic plant taxa which is figlly reasonable number compared to other
hotspots of endemic plant taxa of the Mediterranieasin as is the case with in the Maritime and
Ligurian Alps where there are, one hundred anddiftendemic taxa sensu lato (Casazza et al., 2005).

Basing on the distribution bar chart for the literhs, chamaephytes which are the dwarf shrubs and
hemicrypotophytes which are the perennial herbsevike most represented life forms of endemic
plant taxa of the Majella. This is because plarftghis nature are better adapted to the harsh
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environmental conditions typical of alpine habitatean the rest. Geophytes, therophytes and
hydrophytes are less tolerant that is why theylese common. Such habitats include rocky slopes,
screes and alpine grasslands which are typicallpind landscape above the tree line (Ellenberg,
1988).

The adaptations to survive in such habitats mayirecspecial structural and physiological features.
These may include having a specialised root stradtiat can penetrate cracks in the rocks as is the
case with Saxifraga. Another adaptation is having reduced leaves toptadeell to the high
evapotranspiration during summer when the tempegstare high and ability to survive in soil which
are poor in nutrients, among many others. This imgpthat because of such conditions trees are less
likely to grow and therefore most of these endemiithin this region are non trees as compared to
endemic plants else where in the world.

4.2. Relative roles of environmental variables on endemic plant taxa
occurrence and model validation

Model performance was assessed with the receiveratpg characteristics (ROC) and area under
ROC curve (AUC). It was also assessed using thikijafe of regularized training gain. This was
conducted for all the five taxéaxifraga italica, the best predicting environmentriable was
elevation because when used in isolation for thediptions. It had the highest gain and when
removed and the model was run with the rest oktiheronmental variables elevation had the greatest
reduction in gain. This means that it contains uiseformation for predicting it occurrence which i
not in other variables (Figure 3-5a). Analysis aJ@ plot indicated very good predictions; the AUC
for training data was 0.93 while that of test dates 0.92.

Melampyrum italicum, the best predicting environtatvariable was slope because when used in
isolation for the predictions it had the highesngand when removed and the model was run with the
rest of the environmental variables slope had treatgst reduction in gain. This means that it
contains useful information for predicting it ocamce which is not in other variables (Figure 3-8a)
Melampyrum had AUC for training data as 0.94 andt tof test data 0.95 it occurs with high
probabilities at high slope 0.95.

Campanula fragils is the best predicting environialemariable was slope because when used in
isolation for the predictions it had the higheshgand when removed and the model was run with the
rest of the environmental variables elevation Haasl dreatest reduction in gain. This means that it
contains useful information for predicting it ocremce which is not in other variables (Figure 3)11a
Campanula had AUC 0.84 for training and 0.91 fat tfata sets, it occurs with high probabilities at
high slope like thé/ielampyrum.

For Bunium the best predicting environmental variable waseta&tipn cover type because when used
in isolation for the predictions it had the highgatn and when removed and the model was run with
the rest of the environmental variables elevatiad the greatest reduction in gain, This meansithat
contains useful information for predicting it ocamce which is not in other variables (Figure 3)14a
It had AUC 0.93 for training and 0.90 for test data
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Sipa dasyvaginata the best predicting environmental variable waseta&ipn cover type because
when used in isolation for the predictions it hiad highest gain and when removed and the model
was run with the rest of the environmental varial#ievation had the greatest reduction in gains Thi
means that it contains useful information for pe#idg it occurrence which is not in other variables
(Figure 3-15a) and Stipdasyvaginata had AUC 0.87 for training and 0.93 for test data.

Basing on this research, when each of the endetaitt paxa was modelled, they all resulted in
different rankings for predictions of each of thevieonmental variables (Table 11). This is duehte t
fact that the occurrence of each taxa has diffeegological requirements. This supports the null
hypothesis which states that “the occurrence ofemnicd plant taxa is significantly determined by
various combinations of elevation, slope, aspelersadiation and vegetation cover type”.

Results of Table 3-4 indicate that in general, t@gen cover type has a significant role in
determining the distribution of the endemics coregato other environmental variables. This was
because it was indicated as the first or secontribating environmental variable in all predictions
Vegetation cover type alone has a range of otteoifa including physical factors like, slope, aspec
and elevation, human factors like farming and istingcture or even biotic factors like competition,
dispersal, etc, that determine which endemic texxaccur in a give habitat.

The vegetation cover types which played a rolehiis prediction included 13 representing open
grassland and dwarf shrub, 15 representing mourgiie, and 20 representing bare ground and
sparse vegetation. Basing on analysis of resulsifitdicated that most endemic taxa are preditied
occur in open habitats where it may not have top=imfor resources like light energy because it wil
not be prevented from receiving sunlight. The rssalso indicate that the taxon is a stress toteran
because it prefers open habitats where it can adefptto the strong rays of the sun and the high
evapotranspiration idry season. This is also confirmed from that fhet the taxa inhabits sites with
pine trees which have needle leaves that woulgretent light from reaching all layers.

The over all results after computing the percergaffeable 3-3)confirm that a combination of
environmental variables is required to predictdbeurrence of any of the endemic plant taxa because
there is no evidence in any of the results wherliptiens had been contributed by one hundred
percent a single variable. Two or more environmevasiables may be needed to give good results
for the predictions. Basing on computations of peecentages, elevation and land cover types were
basically the best two environmental variables Whigere contributing a significant role in the
predictions.
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5. Conclusions and Recommendations

5.1. Conclusions

Endemic plant taxa occurrence in the Majella NaidPark followed the same pattern as described in
the Eurasia Mountains, whereby the number of encigtaint species becomes higher when altitude
increased. Highlands are confirmed to have a bighai of endemics plant taxa because of high
ecological specialization and the lack of compeditess as pointed out also by (Lavergne et al.,
2003). Habitats of endemism in this research areetaded with a range of environmental variables,
aspect, slope and altitude, solar radiation an@étatign cover type. The environmental variable with
the highest predicting power was in general vegmiatover type. Two environmental variables can
be enough in predicting the occurrences of any migelant taxa. In conclusion, with the various
hotspots of endemics identified in this study,eems feasible to adapt an ecosystem approach for
conservation in the Majella National Park.

Research question 1; Can endemic plant hotspots be identified in the Majjela National Park?
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Endemic plant hotspots of the Majella National Par& found with in high altitude areas. These
highlands include mount Amaro and Cavallo, slope®rfento canyon in the North mountain
Morrone in the North west and slopes of thgeila massif located on the Eastern part of thé.par

Research question 2; Is Majjela an intra-Mediterranean endemic taxa hotspot?

Majella is an intra —Mediterranean endemic plartspot basing on the results from analysis for this
research. It was found to have one hundred fortyegmndemic plant taxa which is in the same range as
that of other endemic hotspots in the MediterranBagsin as is the case with the Maritime and
Ligurian Alps where there are, one hundred anddiitendemic taxa sensu lato.

Research question 3Can the occurrence of endemic plant taxa be explained using environmental
variables?

Occurrence of endemic plant taxa can be explaisatjenvironmental variables but the criteria for
selecting them will depend on the type of taxa sidifferent taxa are adapted to survive in aeang
of environmental conditions. Basing on findingstlis research Saxifraga italica was predicted to
occur with high probability in areas with high aitle, north facing slopes and vegetation cover type
of mainly open grasslands. The environmental vémlhat resulted with good predictions were
specific to particular endemic plant taxa.

5.2. Recommendations

More detailed analyses using modelling of all tara still necessary to establish a comparativeystud
of endemism in the various endemic plant hotspdtMajella and the Mediterranean Basin as a
whole. The Natura 2000 network in the Majjela Nag&ibPark should incorporate the hotspots of
endemism taxa as a priority.
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7. Appendices

7.1. Appendix A

ACCU END_TAXON LIFE_FOR
RACY NUMBER FAMILY M

4 591 Arenaria bertolonii Fiori Caryophyllaceae Ch suf

3 591 Arenaria bertolonii Fiori Caryophyllaceae Ch suf

3 5g1 Arenaria bertolonii Fiori Caryophyllaceae Ch suf

3 5g1 Arenaria bertolonii Fiori Caryophyllaceae Ch suf
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