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ABSTRACT 

Diversity metrics estimated on species assemblages or communities are often used to 

measure and quantify the biodiversity in an area.  Previously, it was common to only use 

indices such as species richness and abundance.  However, in recent years popularity has 

increased using functional, taxonomic, and phylogenetic diversity metrics in order to 

determine the effectiveness of areas protecting biodiversity. A multi-facet approach can offer 

a better focus on the complexity of ecological systems. However, there is often discrepancy 

among the use of many diversity metrics, in that they can be redundant.  There have been 

several studies showing that functional richness is positively correlated with species richness 

but functional evenness is uncorrelated.   

Additionally, there are some studies showing how these metrics can be affected by land 

composition and landscape heterogeneity.  In this study, the influence of land use 

composition on the diversity metrics estimated on bird communities are explored both inside 

and outside of protected areas in the central Marche Region of Italy.  With this, the 

effectiveness of the protected areas protecting different facets of the avian diversity can be 

evaluated and where the focus of improvement needs to be. 

Results of this study determined that sites outside of the protected areas were in general 

characterized by higher values of bird species richness and functional richness than 

inside.  When comparing the avian diversity metrics across different types of land uses, the 

land use with the lower values in overall avian diversity metrics, especially in terms of bird 

species richness, was the grassland.   

In conclusion, protected areas studied need to consider the many facets of avian diversity 

and community metrics, in order to be able to better conserve bird community 

biodiversity.  There are numerous management techniques that can help to produce better 

results. 

 

Keywords: Italy; Protected Areas Network; conservation; Natura2000; Avian diversity 
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ABSRAKT 

Metriky diverzity jsou používány k měření biodiverzity druhů v oblasti. V Evropě je Natura 

2000 hlavní sítí chránněných území, které pokrývají celý kontinent. Existuje mnoho studií, 

které se zaměřují na efektivitu těchto chránněných území v různých zemích. Avšak 

nemnoho těchto studií ukazuje jak funkční, taxonomické a fylogenické metriky mohou být 

ovlivněny způsobem využití půdy. V této studii je zkoumán vliv využití půdy na metriku 

diverzity, uvnitř i mimo chráněná území, v regionu Marche ve střední Itálii. Z důvodu analýzy 

efektivnosti byly oblasti sběru dat rozděleny dle toho, zda se nachází uvnitř nebo mimo 

chráněné území. Prostorová analýza byla provedena za použití softwaru ArcGIS a modely 

pro statistickou analýzu byly vytvořeny v softwaru R Studio. Výsledky této studie ukazují, že 

metriky byly obecně vyšší v oblastech mimo chráněná území nežli uvnitř. Metriky bohatosti 

ptačích druhů a funkční bohatosti byly v tomto případě jedny z nejvíce zdrcujících objevů.  

Když porovnáme oblasti z hlediska využití půdy, je třeba nejvíce zlepšit oblasti luk. V těchto 

oblastech měli téměř všechny metriky diverzity negativní dopad. 

 

Závěrem, zkoumaná chráněná území je třeba vylepšit za účelem zachování komunitní ptačí 

biodiverzity. Je mnoho možností plánování, které mohou zajistit lepší výsledky. 

 

Klíčová slova: Itálie; Síť chráněných oblastí; zachování; Natura2000; Ptačí rozmanitost 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii | P a g e  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ACKNOWLEDGEMENTS 

I would like to take the time to thank my mentor, Federico Morelli, PhD.  I appreciate the time 

you took to make this paper the best that it could be.  And Yanina Benedetti, PhD for all of 

the advice you have given me on my thesis.  A big thank you goes to Vítězslav Moudrý, PhD 

for all of your help with ArcGIS analysis.  As well as Sean Hellingman for help with stastical 

analyses and help in R.  Finally, I would like to thank Peter Kumble, PhD for all of your 

guidance throughout the program.  I truly could not have done this without any of you.  

Thank you all. 



ix | P a g e  
 

Table of Contents 

Declaration……………………………………………………………………………………. v 

Abstract……………………………………………………………………………………….. vi 

Abstrakt……………………………………………………………………………………….. vii 

Acknowledgements………………………………………………………………………….. viii 

Table of Contents……………………………………………………………………………. ix 

1. Introduction………………………………………………………………………………. 1 

2. Literature Review………………………………………………………………………... 2 

 2.1 Biodiversity………………………………………………………………………. 2 

 2.2 Conservation strategies……………………………………………………….. 5 

 2.3 Protected areas………………………………………………………………… 6 

3. Aims of Study…………………………………………………………………………….. 10 

4. Methods……………………………………………………………………………………. 11 

 4.1 Study area and climate………………………………………………………… 11 

 4.2 Field work………………………………………………………………………… 12 

 4.3 Landscape and land use analyses in sampling sites…………..……………. 13 

 4.4 Dominant land use in each sampling site…………………………………….. 14 

 4.5 Landscape metrics………………………………………………………………. 14 

 4.6 Avian diversity and community metrics…………..……………………………. 15 

4.7 Taxonomic diversity, functional diversity, and evolutionary uniqueness 

      metrics calculations……………………………………………………………… 15 

4.6 GIS analysis and data visualization……………………………………………. 17 

4.7 Statistical analysis………………………………….……………………………. 17 

4.8 Explanation of variables…………………………………………………………. 18 

5. Results……………………………………………………………………………………… 21 

 5.1 Landscape mapping……………………………………………………………... 21 



x | P a g e  
 

 5.2 Spatial distribution of avian diversity: preliminary explorations using  

      GIS mapping……………………………………………………………………… 21 

 5.3 Comparing avian diversity metrics inside an outside of protected areas….. 26 

 5.4 Effects of land use composition on each diversity metric…………………… 32 

5.5 Exploring the interactions between land use composition inside and outside 

      of protected areas………………………………………………………………. 32 

6. Discussion…………………………………………………………………………………. 38 

 6.1 Importance of protected areas and biodiversity………………………………. 38 

 6.2 The role of landscape heterogeneity…….…………………………………….. 38 

 6.3 Effectiveness of protected areas in the Marche Region (Italy).……………… 41 

 6.4 Management of different land uses……………………………………………. 41 

 6.5 Future studies…………………………………………………………………….. 42 

7. Conclusion…………………………………………………………………………………. 43 

8. References…………………………………………………………………………………. 44 

 



1 | P a g e  
 

INTRODUCTION 

In this thesis, we explored whether or not protected areas in the Marche Region (Central 

Italy) cover areas have higher bird diversity than non-protected areas.  In order to determine 

the relative efficiency of protected areas focused in this study and which avian diversity 

components are being protected.  These protected areas are being compared to areas 

outside in order to determine if they are able to protect against the loss of diversity better 

than areas with no protection.   

In the literature review there is information to help better understand what biodiversity is, why 

it is important, as well as the difference between the main diversity metrics.  There also 

contains information about different ways around the globe (focusing mostly within the EU) 

that biodiversity is being protected.  Later, the management techniques within protected 

areas are investigated.   

Italian protected areas were targeted due to the low amount of research of protected areas 

in this country.  Protection of biological diversity is a fundamental key to contrast the current 

biodiversity loss.  Additionally, it is also important to investigate the effectiveness of these 

areas as there are high funds required to maintain these areas.  Birds were chosen in this 

study due to the ease of data collection (visual and acoustical), and because birds are also 

considered a biological indicator and can offer knowledge about the study area based on 

species found. 
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LITERATURE REVIEW 

Biodiversity 

Biodiversity is defined as the variety of life (Kierszniowska & Seiwert, 2009).  Without variety, 

many species are more susceptible to disease and at risk of extinction.  This can pose a 

problem for humans when it comes to the crops and other various foods that we consume on 

a daily basis.  Since the evolution of humans, there has been destruction to the natural 

environment.  Man has cut down trees for shelter, warmth, and agriculture ultimately cutting 

the forests.  In Brazil, destruction of forests began as early as the 1500’s (Mittermeier, Da 

Fonseca, Rylands, & Brandon, 2005).  Today there continues to be loses of natural forests 

due to an increase in agricultural and urbanized areas to support the growth of the human 

population.  Today, approximately 48% of the human population live in cities and is 

estimated to increase to nearly 60% by 2030 (Miller, 2005).  This causes a large gap 

between humans and nature, resulting in individuals being blind to the severity of biodiversity 

loss.  This has been supported from several survey studies coming from Australia and the 

USA where students were unable to identify local animals or where their milk and clothing 

come from (Adams, Leedy, & Mccomb, 2014).  

Biodiversity can be broken down into categories of measurement and studied focusing 

different components or facets of the community diversity.  Overall, diversity measurements 

can be referred to as functional, taxonomic diversity, and even phylogenetic diversity.  

Briefly, the taxonomic diversity refers to a measure of the number of taxa within an area 

(Magurran, 2004).  Within this, the number (richness), distribution (evenness), and density of 

species can be calculated.  Phylogenetic diversity allows for a relationship to be made based 

on evolutionary trees and can then provide a better understanding of how closely related 

different species are to each other.  From the phylogenetic trees, evolutionary 

distinctiveness can be calculated.  This is determined by the length between each node on 

the tree in order to measure how closely related individuals of different species are.  An 

example of the calculation can be seen in Figure 7 (Isaac, Turvey, Collen, Waterman, & 

Baillie, 2007).   

Additionally, there are three scale categories of biodiversity; alpha, beta, and gamma.  

Alpha, being the smallest, refers to diversity at a local level.  This can be within a specific 

habitat type or site.  Gamma represents the total number of species within a landscape.  

This is at a much larger scale than the alpha.  Beta considers both local and regional 

diversity scales.  In this way, the relationships between alpha and gamma can be measured 

(Whittaker & May, 1972).  While these measures are interesting and provide information 
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about the species within the area, they fail to describe the species interactions and use of 

resources in the ecosystem.  

Functional diversity is a relatively new term that has been growing in popularity amongst 

ecological research since the early 2000’s.  Functional diversity describes how organisms 

have different traits and can be measured through many indices such as evolutionary 

distinctiveness, functional divergence, functional evenness, and functional richness 

(Carmona, de Bello, Mason, & Lepš, 2016).  Calculating functional diversity can be difficult 

since it can be measured over different spatial scales (Carmona et al., 2016).  It is necessary 

to assess the functional metrics because basic diversity metrics (richness, evenness, etc.) 

assume that each individual has the same functioning role in the ecosystem (Mouchet, 

Villéger, Mason, & Mouillot, 2010). The use of several indices allows for all more aspects of 

biodiversity to be measured and each metric explores different functions a species has 

within a community.  Between all of these indices, the distribution, abundance, and 

importance a species has in an ecosystem can be considered within a functional space.  A 

comparison between the different functional metrics and how they fluctuate based the 

community structure (see Figure 1).  Functional divergence is a relatively new index that has 

been used in the last decades.  This term compares how far the abundances of a species 

are from the center of the functional space (Mouchet et al., 2010).  In 2003, Mason et al. 

proposed functional divergence for the first time where the distribution and abundance of 

species were both used.  This allows for the result to be weighted by abundance while also 

considering the evenness (Mason, Mouillot, Lee, & Wilson, 2005).  When dealing with small 

samples in small communities, this can have a major effect on the functional divergence.  

Functional evenness estimates the distribution of the roles that a species has in ecosystems 

functions, in terms of the biomass distribution in the functional space (Ricotta, Bacaro, & 

Moretti, 2014). There are disadvantages of functional evenness, one of them being that the 

distribution of abundance only is measured for the species that are present in the current 

sample. However, this measurement also allows for weighted importance of species within 

the niche space (Petchey & Gaston, 2006).  Functional richness refers to the niche space 

that is occupied by a species in a community (Mason et al., 2005).  Functional diversity is 

sensitive to fluctuation in species richness.  In the case of species richness and functional 

richness, many believe that species richness is an adequate surrogate for functional 

richness.  However, this is only applicable when there is a linear increase in niche space.  

While there is typically a positive relationship for the two metrics, they are not always the 

same.   
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Figure 1 shows the overlap and variations between three functional diversity metrics (A, B, C).  In these figures, it is easy to 
visualize how the space looks with different values of the metrics.  (D) Shows the differences between units and (E) shows 
how the functional traits can be used to simulate various traits of different scales.  Reference: (Carmona et al., 2016) 

 

An example of this can be seen in Figure 2 where (a) and (b) are mainly theoretical and (c) 

and (d) are closer to what occurs in nature.  However, a review by (Díaz & Cabido, 2001) 

conclude that the species richness is not an adequate surrogate for functional richness since 

species richness doesn’t allows for a better understanding of processes within the 

ecosystem.  Therefore, it is important to calculate functional richness and species richness.  

With an increase in the number of traits, or species, there is a dramatic change in the overall 

functional diversity.  This can be seen as a weakness of functional richness since there has 

to be a limitation on the number of traits in the population to prevent overestimation or 

underestimation of the functional diversity measure (Petchey & Gaston, 2006).  A 

disadvantage of all of these diversity metrics is that there needs to be correct identification of 

the bird species.  This can be difficult when identifying visually or acoustically similar 

individuals.  With fewer samples, there is also the possibility of redundancy in the sample; 

however, with more diversity traits, redundancy can be limited (Petchey & Gaston, 2006).  
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Figure 2 the relationships between functional richness and species richness when occupying niche space differently.  
References:  Altered by (Díaz & Cabido, 2001). 

 

Conservation & strategies 

Conserving biodiversity is important for the health of the planet (Kareiva & Marvier, 2012).  

Increased biodiversity allows for natural stability, variety in crops, and sustainable living.  

However, biodiversity is being threatened every day.  Negative human impact on the 

environment has been causing changes that are putting species at risk of extinction.  For this 

reason, and several others, knowing different conservation strategies and how they work are 

important (Kareiva & Marvier, 2012).  

There have been several conventions that protect different habitats.  For example, the 

Ramsar Convention aims to reduce the loss of wetlands in the world (“The Ramsar 

Convention and its mission | Ramsar,” 2014).  This is a worldwide effort as there are several 

areas protected under this convention across the globe.  Mitigating the loss of wetlands is 

important as they are the most productive ecosystems in the world (“The Ramsar 
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Convention and its mission | Ramsar,” 2014).  The most common reason for loss of wetlands 

is the conversion into farmland and infrastructure.  

The European Union (EU) has two major directives in law that countries have to abide by.  

These are the Birds Directive and the Habitat Directive.  Currently, 32% of birds in the EU 

are at an unfavorable conservation status (“Nature and biodiversity law - Environment - 

European Commission,” 2016).  In order to help combat this loss in diversity, the objective of 

the Birds Directive is to protect all bird species within the EU by requiring the establishment 

of Special Protection Areas (SPAs) for birds.  The directive was put in place in 1979 when 

there was a rapid decline in bird species due to loss of habitat and food from fragmentation 

and use of pesticides (“Nature and biodiversity law - Environment - European Commission,” 

2016).  The Habitat Directive was adopted in 1992 and aims to conserve rare, threatened, 

and endemic species within the EU (“Nature and biodiversity law - Environment - European 

Commission,” 2016).  This directive calls for the establishment of Special Areas of 

Conservation (SACs) that protect more than just bird species.  There are roughly 200 

habitats that are protected under this directive (“Nature and biodiversity law - Environment - 

European Commission,” 2016).  In combination, the SACs and SPAs make-up the Natura 

2000 network. 

There are different strategies based on what the purpose and goals of the conservation.  

There are six main targets set by the EU for conservation efforts.  These are as follows: 

protect species and habitats, maintain and restore ecosystems, achieve more sustainable 

agriculture and forestry, more sustainable fishing and healthier seas, combat against 

invasive species, and help stop the loss of global biodiversity (“Biodiversity Strategy - 

Environment - European Commission,” 2016). 

Protected areas 

Approximately 10% of the earth’s surface is now covered with protected areas (Ervin, 2003).  

Therefore, determining whether protected areas are effective at conserving wildlife and its 

biodiversity is essential.  When negative impacts on species and areas are minimized, we 

can say that they are successfully protected (Gaüzère, Jiguet, & Devictor, 2016).  While it 

has been viewed since the 1900’s as an effective method of conservation, recently there 

have been disputes over the methodology protected areas.  In several instances, exclusion 

of humans from these areas are part of the strategy causing social uproar (Nelson & 

Chomitz, 2011).  In this case, multiple use protected areas can cause less conflict but may 

put at risk how successful the protected area is.  For example, a study in Poland surveyed 

locals and found that they are more willing to consider environmental protection when it 

involved skiing resorts and other recreational areas.  However, they are less likely to agree 
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with protected areas used for logging purposes (Grodzinska-Jurczak & Cent, 2011). Other 

obstacles also need to be crossed when implementing conservation areas.  When protecting 

new areas, there are often arguments made about the economic loss it would have on the 

nation.  Government officials in Poland opposed the introduction of protected areas for fear 

of economic losses for management and use of the land (Grodzinska-Jurczak & Cent, 2011). 

 Figure 3 highlighting protected areas from all over the globe at an international level.  Photo: (“About | IUCN,” 2018) 

 

There are several types of protected areas and how they function in terms of conservation 

and human involvement.  The categories are I-IV and range from strict nature reserves (I-III) 

to management of a nature area for the use of natural resources (IV-VI) (Naughton-Treves, 

Holland, & Brandon, 2005).  Within each category, there are subcategories indicating 

whether the area is being used for biodiversity conservation or for the use of sustainable 

natural resources. 

Protected areas can be created and maintained at different levels.  The smallest is at a local 

scale and working all the way up to an international (“About - Protected Areas | IUCN,” 

2018). There are protected areas in all human populated continents of the world.  An image 

of the protected areas at the global level can be seen in Figure 3.  Within each country, there 

can be areas placed under protection by the state but are not recognized at an international 

level.  This can then be broken down further by locality.  Individual regions of the country can 
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also protect specific areas at a local level (“About - Protected Areas | IUCN,” 2018).  

 

Figure 4 showing the Natura 2000 sites across the European continent.  The sites are indicated in red. 

 

In the EU, Natura 2000 is a conservation strategy that is made up of a network of protected 

areas across the continent (Figure 4).  These networks make up 18% of terrestrial area and 

approximately 6% of marine areas (“Biodiversity Strategy - Environment - European 

Commission,” 2016).  The focus of Natura 2000 is to protect breeding and resting areas for 

threatened species and habitats.  In 1992, the European Communities adopted the Natura 

2000 network and protected the most endangered species and rarest habitats.  

Sites under the protection of Natura 2000 must come up with a management plan that is 

stated in either the Birds Directive or the Habitats Directive.  This management technique 

must take into consideration economic, social, cultural, regional, and recreational 
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requirements of the area under protection (“Management of Natura 2000 sites - Environment 

- European Commission,” 2017).  An example of management techniques for Italian 

protected areas can be seen in Figure 5 (European Commission, 2005).  Though these 

areas are protected areas, this does not exclude human involvement.  In some areas, there 

is strict protection without human accessibility, while in others there is farmland or even 

urbanized areas being protected under Natura 2000 (“Natura 2000 - Environment - 

European Commission,” 2017).  

 

Figure 5 Natura 2000 management plan in Italy.  Reference: (European Commission, 2005) 

 

Since Italy is within the EU, there are Natura 2000 sites as well as national and regional 

protected areas.  In total, Italy has 3,882 protected areas including both terrestrial and 

marine environments (“About - Protected Areas | IUCN,” 2018).  Of the 3,882 protected 

areas, 69 are internationally protected, 871 are protected nationally, and 2,942 are protected 

at the regional level.  Terrestrial area covered by protected areas consist of approximately 
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22% of the total land area while marine area covers roughly 9% of the total marine area 

(“About - Protected Areas | IUCN,” 2018). 

While Natura 2000 is meant to help preserve biodiversity, there have been several studies 

indicating that there is room for improvement:  Albuquerque et al. (2013), found that while 

there is in fact bird diversity in these protected areas, there were also a high number of 

threatened species found in protected area gaps.  Therefore, these areas can be expanded 

to include the threatened species.  A similar study in Italy indicating similar results where 

eleven different species were not protected in protected areas due to gaps (Maiorano, 

Falcucci, Garton, & Boitani, 2007).  A Romanian study showed that due to the poor 

management and implementation of Natura 2000 sites, species diversity actually decreased 

(Iojâ et al., 2010).  Thus, it is important to further study the effectiveness of Natura 2000 to 

suggest possible improvements.  

Central areas and boundaries of protected area networks are determined using endemic 

species, rare species, and species richness of different environments (Barnard et al. 1998; 

Lombard 2011; Lascelles et al. 2012).  Protected areas aim to maintain biodiversity and 

provide a safe zone from threatening processes (Margules & Pressey, 2000).  The most 

recent conservation strategy that has been introduced in Europe is the UE Ecological 

Network Natura 2000.  Natura 2000 aims to prevent further loss of biodiversity and 

protecting natural habitat types, not only those that are unique to the continent (Grodzinska-

Jurczak & Cent, 2011). 

AIMS 

The aims of this study are to: 

a) investigate if protected areas in the Marche Region (Central Italy) cover areas have 

higher bird diversity than non-protected areas 

b) determine the efficiency of protected areas focused in this study, to protect different 

avian diversity components 
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METHODS 

Study area and climate 

The Marche Region occupies an area of 9694 square meters with a coastal area on the 

Adriatic Sea in central Italy.  The region is hilly and with the largest mountains in the area not 

exceeding 2400 meters (Lorenzini, Calzati, & Giudici, 2011).  The coastal areas are flat in 

comparison to the inland areas with the exception of a small mountain area in the North.  

The climate is temperate with the more inland areas having a continental climate with 

relatively snowy winters in the mountains (“Climate Marche: Temperature, Climograph, 

Climate table for Marche - Climate-Data.org,” n.d.). Temperate climate in this region is 

characterized by dry, hot summers (Tomaselli et al. 1972; Pesaresi, Galdenzi, Biondi, & 

Casavecchia, 2014).   Precipitation in the area varies depending on locality.  Inland sees a 

precipitation between 1000-1500mm per year and the coast 600-800mm per year (“Climate 

Marche: Temperature, Climograph, Climate table for Marche - Climate-Data.org,” n.d.).  

Within the Marche Region, there are 109 Natura 2000 sites, two national parks, and four 

regional parks.  The Natura 2000 areas cover approximately 14% of the surface in the region 

(Lorenzini et al., 2011). 

Environmental data was derived from the landcover map of the Marche Region (1:10 000) 

(AA.VV. 2010). The Marche Region landcover map was used in order to consolidate the 

land-use into twelve land-use categories; undefined, urban areas, agricultural areas, 

orchards and vineyards, forests, grasslands, riparian vegetation or reforestation, badlands, 

waterbodies, rivers, roads, and other. 

The land cover in the study consist of agricultural areas (41.3%), roads (3.8%), forests 

(39.9%), urban areas (2%), grasslands (7.4%), riparian vegetation or reforestation (2.2%), 

orchards or vineyards (1.5%), rivers (1.2%), badlands (0.6 %), and water bodies (2.1%).  A 

visualization of the study area landscape makeup by average percentage of each land use 

can be seen below (Figure 6). 
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Figure 6 visualization of landscape makeup in the study area.  Forests and agricultural land uses make up a majority of the 
study area. 

Field work 

Field data were collected from altitudes 0-1200m above sea level.  Birds were observed 

between mid-April and the end of July 2012 with a total of 453 sampling sites in different 

environments.  The sampling sites (Bibby et al., 1992) were uniformly spaced 200 m from 

each other.  Counts were collected between 0600 and 1000 hours for ten minutes on sunny 

days; all sites were visited one time for 10’ by expert ornithologists.  Birds were identified 

visually and acoustically within a 100m radius around the observer.  All nocturnal species 

were omitted from the data analyses.  Bird species richness was calculated at each sample 

site as the sum of different species from all visits.  There were 30 protected areas included in 

this study.  These protected areas, along with outside areas, and number of sampling sites 

showed in the Table 1 below. 
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PROTECTED AREA # OF SITES 

Alpe Della Luna - Bocca Trabaria 10 

Bocca Serriola 4 

Calanchi E Praterie Aride Della Media Valle Del Foglia 16 

Faggeto Di San Silvestro 1 

Furlo 36 

Gola Del Furlo 34 

Gola Della Rossa 2 

Gola Della Rossa E Di Frasassi 5 

Gola Di Pioraco 1 

Macchia Delle Tassinete 1 

Macchia Di Montenero 2 

Mombaroccio 1 

Mombaroccio E Beato Sante 1 

Monte Catria, Monte Acuto 13 

Monte Catria, Monte Acuto E Monte Della Strega 13 

Monte Cucco E Monte Columeo 1 

Monte Giuoco Del Pallone 9 

Monte Giuoco Del Pallone - Monte Cafaggio 1 

Monte Lo Spicchio - Monte Columeo - Valle Di S. Pietro 1 

Monte Maggio - Valle Dell'Abbadia 2 

Monte Nero E Serra Santa 3 

Monte Nerone - Gola Di Gorgo A Cerbara 10 

Monte Nerone E Monti Di Montiego 10 

Monte Puro - Rogedano - Valleremita 11 

Monte S. Vicino 4 

Monte San Vicino E Monte Canfaito 14 

Montecalvo In Foglia 7 

Piana Di Pioraco 1 

Serre Del Burano 10 

Valle Scappuccia 11 

Valle Scurosa, Piano Di Montelago E Gola Di Pioraco 1 

Valle Vite - Valle Dell'Acquarella 3 

OUTSIDE 602 

Table 1 The number of sites located within each Protected Area and the number of sites outside of the Protected Areas. 

 

Landscape and land use analyses in sampling sites 

In order to assess the landcover composition in the areas where bird communities were 

recorded, buffers were made around each sampling site.  First, a 100m buffer as was used 

in previous literature (Hostetler & Knowles-Yanez, 2003).  Secondly, there was a 250m 

buffer added to each sampling site in order to determine if larger areas around each point 

had more significance (Hostetler & Knowles-Yanez, 2003).  All buffer areas were then 

intersected with the landcover map of the Marche Region to analyze the landcover metrics.  
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To compare landcover composition, proportions of the different land uses in the all sampling 

site buffer were calculated.  To do this, the buffer area and total land use areas were 

calculated using the calculate geometry tool in ESRI ArcMap.  The land use areas were then 

divided by the total buffer areas in order to get a proportion (100m and 250m buffer for 

radius).   

Dominant land use in each sampling site 

Total landcover of the study area was then calculated using each land-use area divided by 

total area (buffer 100m and 250m).  In order to analyze the landcover in the area, the 

landcover map was intersected with the sample sites and their buffers.  Each site land-use 

was then calculated using the same method and model builder to make individual tables for 

each site and sum the total proportion of sites with duplicate land-uses.  These tables were 

then merged together and dominant land-use was calculated.  Land-uses with values greater 

than or equal to 60% was determined as the dominant land-use excluding areas where 

urban areas were equal to or exceeded 30%, in this case, ‘urban area’ is dominant.  Sites 

where neither of these rules applied were given a ‘mixed’ dominant land-use.  Edge density 

was also calculated by dividing the area by the perimeter. 

Landscape metrics 

Shannon and Simpson indices were also calculated to estimate the landcover composition 

and heterogeneity.  This is important so that species diversity indices can be compared to 

the landcover.  This has been performed in previous studies with significant results 

(Norderhaug, Ihse, & Pedersen, 2000).  R Studio was used to calculate these values using 

the “vegan” package.  The Shannon index looks at the number of different land uses and 

how evenly distributed the land uses are throughout sampling site (Nagendra, 2002).  

Meanwhile, the Simpson index focuses on richness over evenness.  Simpson index is also 

used in samples where there are ‘rare’ typologies of land use in the data since the index is 

more weighted compared to the Shannon index.  Simpson index is also used to compare 

similarity and differences in the land use composition (Nagendra, 2002).  This is able to 

compare the number of land uses and the overlap of different land uses between the 

sampling sites.  Shannon focuses on the richness and relative abundance of each land use 

in the sampling sites.  Therefore, when the Simpson index of diversity value is high, there is 

less diversity.  On the contrary, Shannon index values increase with increased diversity in 

the sampling site (Nagendra, 2002).  

Another landcover metric was calculated in order to compare the different sampling sites.  

Edge density compares the heterogeneity of the sampling sites or how fragmented the area 

in the buffers are.  In order to do this, the perimeters and the areas of each land use within 
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the buffer areas were calculated using the calculate geometry tool.  The perimeter was then 

divided by the area in order to get an edge density value.  This takes the number of edges in 

the sampling site and divides it by the maximum number of edges.  In this way, it is easy to 

compare the fragmentation, or heterogeneity, of the sampling site landcovers. 

Avian diversity and community metrics 

Comparisons of bird species metrics were then calculated for each sampling site. In this 

study, evolutionary distinctiveness score (ED), maximum value of ED (henceforth called 

“max_ED”), Rao’s quadratic entropy (RaoQ), community evolutionary distinctiveness (CED), 

and bird species richness (BSR) were used.  Evolutionary distinctiveness shows how 

separated a species is in its family tree (Cadotte & Jonathan Davies, 2010).  In other words, 

it shows how long ago the species split from its closest living ancestor (see Figure 7).  

Distance from the closest living ancestor has an ED score that is calculated from timespan 

(in millions of years) that the species split and is divided by the number of species from the 

newly formed subtree (Cadotte & Davies, 2010).  RaoQ combines relative abundance with 

pairwise functional differences between species.  In this way, it is able to take into account 

the distinctiveness of the species as well as the relative abundance (Zoltan, 2005).  CED is 

calculated the same way as the max_ED; however, the CED considers all species in the 

community instead of each individual species (Cadotte & Jonathan Davies, 2010).  BSR is 

calculated as a count of the number of different species within the community at each 

sampling site (Pino, Rodà, Ribas, & Pons, 2000). 

Taxonomic diversity, functional diversity, and evolutionary uniqueness metrics calculations 

Taxonomic diversity was determined using bird species richness (BSR) in all sample sites 

(Magurran, 2004).  Species richness was calculated as the number of different species at 

each site. 

Functional diversity is focused on traits species have that influence how the ecosystem or 

community is operating.  This index allows for more in-depth analyses to traditional 

taxonomic approaches (de Bello et al., 2010).  This diversity index was measured for each 

sample site using avian niche traits supplied by Pearman et al. (2014), based on feeding and 

breeding ecological traits.  Seventy-three variables were used to describe each bird species 

niche, including 1) body mass, 2)food types (13 variables), 3) behavior used for acquiring 

food (9 variables), 4) substrate from which food is taken (9 variables), 5) time of day that the 

species forages (3 variables),6) foraging habitats (20 variables), and 7) nesting habitats (18 

variables) (Pearman et al., 2014). Body mass variables is in grams and the rest ofl variables 

are binomial (0 or 1).  
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Figure 7 an example of how evolutionary distinctiveness scores are calculated using the distance between each node.  
Reference: (Isaac et al., 2007). 

Multidimensional FD indices were used in order to prevent difficulties with strong positive 

correlations between widely used functional diversity indices and species richness (Villéger, 

Mason, & Mouillot, 2008).  Three different functional diversity measures were used to 

describe overall functional diversity:  

• Functional Richness (FRic) is the amount of functional space inhabited by a species 

community; 

• Functional Evenness (FEve) represents how regular the degree of the biomass of the 

species community is spread in the niche space to allow for equal consumption of 

available resources; 

• Functional Divergence (FDiv) is how far the species abundances differ from the 

center of the functional space. 

This break up of functional diversity shows the distribution of taxa (or individuals) in a 

functional space (Mouchet et al., 2010).  This study utilized the ‘FD’ package (Laliberté, 

Legendre, Shipley, & Laliberté, 2014) to determine the functional diversity indices (FRic, 

FEve, FDiv). 
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Variations in bird communities’ phylogenetic diversity were quantified using the Evolutionary 

Distinctiveness (ED) score (Jetz et al., 2014) as a measure of uniqueness.  Lengths of 

branches were summed to estimate the phylogenetic diversity.  The total phylogenetic 

diversity of a clade was divided amongst its members to determine the ED score for each 

species.  To do this, each branch was given a value equal to its length and divided by the 

total number of species within each branch (Isaac, Turvey, Collen, Waterman, & Baillie, 

2007; “EDGE of Existence :: Evolutionarily Distinct &amp; Globally Endangered,” 2015).  

This score was then used to quantify the community evolutionary distinctiveness (CED) as 

an average ED of all species within the community (Morelli et al., 2016). 

GIS analysis and data visualization 

ESRI ArcMap (“ArcMap | ArcGIS Desktop,” 2018) was used for the spatial analysis of the 

data.  Sites were separated into two layers; inside protected areas and outside.  The two 

layers were then able to show the difference of the diversity and taxonomic metrics of inside 

and outside.  This was done using the symbology section of each layer and setting each 

metric to as the value field under the graduated symbols tab and allowing for five different 

classes.  This shows the difference of each metric both inside and outside by illustrating 

larger values with larger circles and smaller values with smaller circles.  In this way, it is 

evident the difference between inside and outside for each diversity and taxonomic index.   

Diversity metrics were visually evaluated in ArcMap.  By separating the sample sites into two 

groups (inside and outside of protected areas), it is possible to compare the preservation of 

biodiversity in the protected areas.  Seven of the diversity indices were analyzed; BSR, CED, 

FRic, RaoQ, FDiv, FEve, max_ED, and weighted edge density (WED). 

Statistical analyses 

All data were imported to R Studio and R Markdown.  R Markdown was used in order for the 

ability to detail exact steps taken in the R script.  In order to determine the type of distribution 

of each diversity metric, histograms and Cullen and Frey graphs were created.  When data 

fell near two distributions on the Cullen and Frey graph, both distributions were tested in 

generalized linear models (GLM) and the model with the lowest Akaike information criterion 

(AIC) was used to ensure the best model was made.  The AIC number estimates the amount 

of data that is lost when using different models.  Therefore, data with the least amount of 

data lost is the better fitting model (Akaike, 1974).  Since there is only one parameter in 

poisson distribution, it is essential to test for overdispersion.  When testing for 

overdispersion, the model was found to be quadratically overdispersed.  Therefore, the 

negative binomial model was chosen over the Quasi-Poisson model since it is comparable to 

the rest of the models in this study because it uses the maximum likelihood and not the 
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Quasi likelihood.  GLMs were used since the data was of non-normal distribution and 

showed heteroskedasticity (Hardin & Hilbe, 2012).  GLMs were constructed for the whole 

data set using the land use areas, spatial unit (inside or outside, 100m or 250m buffer size), 

and WED as independent variables and the diversity metrics as the dependent variables.  

Each diversity and community metric were modeled separately.  All models included WED 

(EDGE.W) over the Shannon index since the WED allows for more detailed analysis of the 

landscape.  While it is possible to include all landscape heterogeneity metrics, it was avoided 

due to redundancy. 

Explanation of variables 

All of the GLMs combined different variables that can be briefly explained.  The dependent 

variable CED indicates community evolutionary distinctiveness.  The explanatory variables 

are that are a percentage of land use coverage of the sampling site are: Agricultural.a 

(Agricultural areas), Badlands.a (Badland areas), Forest.a (Forests areas), Grasslands.a 

(Grasslands areas), Orchards.a (Orchards and vineyards areas), River.a (Rivers areas), 

Roads.a (Road areas), Urban.a (Urban areas), Water.a (Water bodies).  EDGE.W indicated 

the weighted edge density and Spatial.unit represents whether the site is located inside or 

outside of the protected areas.  Models using the data.full, used the dataset containing 

information about both 100m and 250m buffers while the data.100 uses data only from the 

100m buffer. 

 

Example R script with full dataset GLM using CED: 

glmCED <- glm(formula = CED~ Agricultural.a + Badlands.a + Forest.a + Gras

slands.a + Orchards.a + Riparian.Veg.Ref.a + River.a + Roads.a + Urban.a + 

Water.a + EDGE.W + Spatial.unit, family = Gamma(link="log"), data=data.ful

l) 

 

After the whole dataset was run, it was broken down into data containing only 100m data 

and only 250m data.  Then the separate datasets were put into the original GLM in order to 

test for significance in each buffer size.  
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Example of R script for 100m dataset GLM using CED: 

glmCED100 <- glm(formula = CED~ Agricultural.a + Badlands.a + Forest.a + G

rasslands.a + Orchards.a + Riparian.Veg.Ref.a + River.a + Roads.a + Urban.

a + Water.a + EDGE.W + Spatial.unit, family = Gamma(link="log"), data=data

.100)} 

 

For further analysis, GLMs were created using one land use at a time with spatial unit, WED, 

and 100m data.  This allows for comparison of each land use areas inside and outside of the 

protected areas.  This was done using the following dominant environments: grasslands, 

agricultural areas, forests, and mixed areas.  These were variables were chosen since they 

occupy the most area in the study. 

 

Example of R script for single dominant land use (forest, in the example) GLM using CED: 

glmFORced<-glm(formula=CED~EDGE.W + Spatial.unit, family=Gamma(link="log")

, data=data.domFOR) 

 

GLMs were also created comparing the dominant land uses inside and outside protected 

areas with a 100m buffer using spatial unit, and WED.  This shows the differences between 

the sites dominated by each land use inside compared to sites dominated by the same land 

use outside of the protected areas. 

 

Example of R script for dominant land use GLM using CED: 

glmCEDLU <- glm(formula = CED~ DOM.LU + EDGE.W + Spatial.unit, family = Ga

mma(link="log"), data=data.100)} 

 

Finally, a GLM was made to explore the interaction between spatial unit and dominant land 

use while still including WED for the 100m buffer. 
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Example of R script for interaction between dominant land use and spatial unit GLM using 

CED: 

glmCEDLU2 <- glm(formula = CED~ DOM.LU*Spatial.unit + EDGE.W, family = Gam

ma(link="log"), data=data.100)} 

 

Correlations between variables were also explored.  In order to determine correlations 

between the diversity metrics, linear models were created and R squared values were 

calculated (Figures S1-S6).  For correlations between land uses, a correlogram was made 

using Pearson’s linear correlation (Table T1 and T2). 

For visual assessment of the data, ggplots were constructed in R Studio.  Each diversity 

metric was explored with the dominant land use for both 100m and 250m.  Using these 

various statistical and visual tools allows for the comparison of inside and outside of 

protected areas for each land use and diversity metric. 

 

  



21 | P a g e  
 

RESULTS 

Landscape analysis 

In this study, edge density (weighted), Shannon index, and Simpson’s index were calculated 

to determine the heterogeneity of the landscape.  After analysis, it was determined that 

weighted edge density allowed for more detailed conclusions about the heterogeneity of land 

uses.  Therefore, the Shannon and Simpson indices were not used in the final analysis. 

Spatial distribution of avian diversity: preliminary explorations using GIS mapping 

Maps were generated in ArcMap in order to display the study area visually.  Below, maps 

about the protected areas and sampling sites can be seen.  In Figure 9, the heterogeneity of 

the region along with the sampling sites can be seen.  It is easy to see that there is high 

heterogeneity of the environment in the area.  In Figure 10, the comparison land use inside 

and outside of protected areas can be seen.  Protected areas have a higher concentration of 

forested areas than those outside of the protected areas.  Outside of protected areas have 

larger areas of agriculture and urbanized areas. 
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Figure 8 protected areas in the whole Italian country. 
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Figure 9 land use map with sampling sites in the Marche Region (Central Italy). 
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Figure 10 map including land use, sampling sites, and protected areas in the Marche Region of Italy. 
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A visual comparison can be seen below in Figures 11, 12, and 13.  With this, a preliminary 

comparison can be made of inside and outside protected area sites for each diversity metric.  

While definitive conclusions cannot drawn from these maps, it is possible to see some 

differences.  There appears to be higher BSR outside of protected areas than inside of 

protected areas (Figure 11).  This is indicated by larger circular plots in the outside sites.  

Similar results can be seen when comparing inside and outside of protected areas with FRic 

and RaoQ (Figure 12).  However, the other diversity metrics seem to be similar both inside 

and outside of protected areas (Figures 12 & 13).  Therefore, more conclusions can be 

made when comparing them in the GLM statistical analysis.  

 

 

Figure 11 comparison of inside and outside of Protected Areas for BSR. 
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Figure 12 visualization of functional diversity metrics inside and outside of protected areas. 

 

 

Comparing avian diversity metrics inside and outside protected areas 

The use of ggplots allows for deeper analysis of land use and diversity metrics.  In the case 

of BSR, in each dominant land use, the values are higher outside of the protected areas than 

inside.  However, no assumptions can be made when comparing urban areas and BSR 

values since there are no observations inside of the protected areas.  This indicates that the 

protected areas are not properly conserving BSR in the study area (Figure 14).  For FRic, 

outside of protected areas we found higher values in all dominant land uses.  Forests have 

the most similar values both inside and outside; however, the outside appears to support 

bird communities characterized by high FRic, slightly better than inside.  When comparing 

FEve, areas dominated by agriculture, grasslands, and riparian land uses have higher 
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values outside of protected areas than inside.  On the other hand, when comparing mixed 

dominant land uses the FEve seems slightly higher inside of protected areas than outside.  

 

Figure 13 visualization of CED and max_ED inside and outside of protected areas. 

 

As for forests, FEve appears to be similar both inside and outside.  However, it is important 

to note that in the forests dominated sites there are outliers, outside plot that have much 

higher values than those forests inside of the protectes areas (Figure 15).  The FDiv plot 

indicated that forest, grassland, mixed, and riparian (slight) dominated areas are also higher 

outside of protected areas than inside.  When comparing RaoQ the agricultural and mixed 

land uses have higher values outside than inside.  While forests also appear to have higher 

values outside than insides, it is not as clear to conclude as the agricultural and mixed areas.  

However, grassland dominated sites have higher values inside of the protected areas than 

outside (Figure 16).  When comparing CED, sites dominated by grasslands and agricultural 

areas have higher CED values outside than inside of the protected areas.  However, in sites 

where the landscape is dominated by mixed and riparian areas, protected areas appear to 

support bird communities with higher CED, so protecting better than outside.  When 

comparing sites characterized by forest, it is difficult to conclude which sites have higher 

CED (Figure 17).  Agricultural areas in this plots are similar but again there are outliers 

outside of protected areas with much higher values than any of those inside.  Finally, when 

comparing the bird communities by their max_ED, all of the land uses appear to be relatively 

similar.  However, it seems that grasslands have slightly higher values outside than inside 

while riparian areas appear to be the opposite.  Again, in agricultural and mixed land uses 

there are outliers outside of protected areas with higher values than any inside (Figure 17).   
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Figure 14 BSR with dominant land uses for the 100m buffer.  Average values are indicated with a black circle in each plot. 
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Figure 15 FRic and FEve visualized across dominant land uses.  Average values are indicated by a black circle. 
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Figure 16 FDiv and RaoQ variation across dominant land uses.  Average values are indicated by a black circle on each plot. 
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Figure 17 CED and max_ED variation across dominant land uses.  Average values are indicated by a black circle on each 
plot. 
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In conclusion, it is possible to say that protected areas as a whole are not protecting in the 

same way each facet of the avian diversity in the Marche region, Central Italy. We found 

some variations related to the type of dominant environment, that were explored in the next 

section, looking for statistical support to the preliminary graphical explorations provided in 

the last section.  

Effects of land use composition on each diversity metric 

Six GLMs were created in order to look further into how well the protected areas in the 

Marche Region are at supporting the different avian diversity metrics.   

The first comparison was performed on whole dataset, focusing the main effects of land use 

composition on each diversity metric separatelly. Table 2 below shows how the diversity 

indices fluctuate based on the different land use areas.  In general, it can be seen that in 

areas that were classified as grasslands have lower bird diversity with all metrics decreasing 

when entering grassland areas with significant results.  A similar trend is seen in badlands, 

forests, orchards, water, and urban areas where four or more diversity metrics decrease 

when entering areas classified in one of the aformentionned land uses.  Forest coverage 

have a significantly positive impact on CED and negative impacts on one measure of 

functional diversity of bird communities as RaoQ.  However, areas of agriculture, riparian 

vegetation and reforestation, rivers, and roads have three or less diversity metrics that 

increase when leaving these land use areas in the models.  Agricultural areas have positive 

results with BSR, FRic, and RaoQ.  However, CED, FDiv, and max_ED are negatively 

impacted with an increase in agricultural area (Table 2).   

It is also interesting to note the effect of weighted edge density on the diversity metrics.  In 

the case of the Marche Region, it appears that when edge density is increased, the bird 

diveristy decreases (Table 2).   

Comparing diversity metrics inside and outside the protected areas 

When controlling by dominant land use or environment, we found that in comparison with 

other diversity metrics, BSR and FDiv have the most significant results.  These two metrics 

indicate that when moving from inside to outside of the areas, there is an increase in the 

diversity (p<.01).  FRic and max_ED also show significant results when moving from inside 

to outside of protected areas (p<.05).  When comparing areas inside and outside of 

protected areas, all diversity metrics tend to increase outside.  However, not all diversity 

metrics present significant results.  This result indicates that in some areas the avian 

diversity is higher outside than inside the network of protected areas in central Italy. 
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Avian diversity metrics compared across dominant land uses 

In order to compare the avian diversity and community metrics inside and outside the 

network of protected areas while controlling by the dominant type of environment, GLM’s 

focusing on four dominant land uses were created.  In Table 3, it is clear that agricultural, 

grasslands, and mixed dominant land uses supports bird communities with higher BSR 

values outside of the protected areas than inside.  No significant differences in terms of 

WED were found among dominant land uses.  

 

  

 

 

When comparing FRic, higher values can be seen outside of protected areas in sites 

dominated by agricultural, grasslands, and mixed land uses (Table 4) but not in sites 

dominated by forests.  Bird communities with high FDiv were found outside the protected 

areas network in both forest and grassland dominated environments. No significant 

differences on FDiv values were found between inside and outside protected areas for 

agricultural and mixed environments.  FEve was significantly higher inside than outside of 

the protected areas only in the mixed environments.  When comparing RaoQ in mixed land 

uses, inside of protected areas have significantly lower values than outside (Table 5).  

However, there were no significant differences between inside and outside of protected 

areas in sites dominated by forests, agriculture, or grasslands.   

Table 3 bird species richness across four dominant land uses.  All 

data used were for 100m buffer.  Standard error is indicated in 

parentheses. 
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Table 4 changes in FEve and FRic in four dominant land uses.  Data used were from the 100m buffer.  Standard error is 
indicated in parentheses 

 

Table 5 FDiv and RaoQ fluctuations across four dominant land uses.  All data used were for 100m buffer.  Standard error is 

indicated in parentheses. 

In forest, agricultural or mixed environments CED was not significantly associated to the 

position inside or outside the network of protected areas. This avian diversity metric was, 

instead, higher outside the protected areas when focusing the areas dominated by 

grasslands (Table 6).  The values of max_ED of bird communities were higher outside of 

protected areas in areas dominated by forests and grassland environments, while these 

values were similar between inside and outside the protected areas network in agricultural 

and mixed environments (Table 6).  WED as a whole, appears to play a role in the changes 

in diversity metrics across different land uses only in some dominant environments (Table 4 

and 6).  The results of the GLM statistical analyses supported the preliminary explorations 

performed by using the ggplots.  However, it is clear that the variations in diversity metrics 

between inside and outside of protected areas is relative to the different dominant land uses.   
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Exploring the interactions between land use composition and inside and outside of 

protected area 

Dominant land uses were compared as seen in Table 7 where agricultural area was used as 

the reference category for the factor ‘dominant land use’.  In comparison to agricultural 

areas, BSR is significantly lower in forests while mixed land uses have higher BSR.  In areas 

dominated by grasslands, BSR significantly decreases if compared with agricultural land 

uses.  FRic shows higher values in agricultural areas than in forests and grasslands.  FEve 

has higher values inside sites dominated with agriculture than forests and also decrease in 

grasslands.  Bird communities in mixed and riparian environments have higher FDiv values 

than those found in agricultural areas.  RaoQ increases when moving into agricultural areas 

over those dominated by forests and grasslands.  RaoQ also has much lower values in sites 

with mixed land uses.  Additionally, RaoQ is negatively impacted by areas dominated by 

riparian land uses than the agricultural areas.  CED and max_ED have significantly higher 

values in forest than agricultural areas, where this was the opposite for all other metrics.  A 

similar result is seen when comparing grasslands and agricultural areas, where CED rises 

significantly in grassland areas.  Mixed areas positively impact CED over those areas 

dominated by agriculture.  Results also show that urban areas have significantly higher 

max_ED values than agricultural areas.  When comparing areas inside and outside of 

protected areas, all diversity metrics are increased outside.  FDiv and FRic have the most 

significant values with a p-value less than one percent.  Not far behind are RaoQ, BSR, and 

max_ED with p-values less than ten percent, five percent, and five percent respectively.  All 

other diversity indices show increased values outside as well, however their values are 

insignificant (Table 7).  

Table 6 differences in CED and max_ED across four dominant land uses.  Only the 100m buffer was used.  
Standard error is indicated in parentheses. 
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DISCUSSION 

Importance of protected areas and biodiversity 

Protected areas have been implemented all over the globe in order to conserve species and 

habitat diversity.  In Europe, the Natura 2000 network was introduced 1992 and has 

increased the number of protected areas on the continent.  The network consists of areas 

protected under the Birds Directives and the Habitat Directives (“Nature and biodiversity law 

- Environment - European Commission,” 2016).  Areas can be placed under protection 

because of one of the directive or can be protected under both.  Protected areas can be 

protected on many levels ranging from human involvement to no human access.  They can 

also be managed at different scales; international, national, and regional (“Management of 

Natura 2000 sites - Environment - European Commission,” 2017).  It is important to take in 

to account the management of these areas as well as the landscapes.  Previous studies 

have shown that the management of the areas and the land use have significant effects on 

bird species diversity in Europe (Batáry, Báldi, & Erdos, 2007).  The protection of these 

areas is important to conserve the biodiversity on the planet.  Especially considering that due 

to climate change, many species and habitats are becoming rarer.  In this regard, Pimm et 

al. (1995) estimated extinction rate to be 100 to 1000 times higher now than they were 

naturally before humans.  Therefore, it is essential to protect species and habitats when 

possible. 

The role of landscape heterogeneity 

While edge density played a minimal role in the variance in of diversity metrics in this study, 

several studies shown that it can help to increase diversity.  In France, due to the 

homogeneity of the landscape, bird diversity was significantly low (Devictor et al., 2010).  

These results came from the analysis of functional diversity as well as phylogenetic analysis 

(evolutionary distinctiveness scores).  However, the preference of habitat fragmentation can 

be species specific.  Some species can prefer a continuous landscape while other like high 

fragmentations (Diffendorfer, Gaines, & Holt, 1995).  Therefore, it is a possibility that some 

diversity metrics were low due to the species that were present.  In the results of this study, 

the interpretation is not so clear. The landscape heterogeneity measured by mean of the 

edge density weighted was negatively associated with both community evolutionary 

distinctiveness (CED) and max ED. This could be associated to the fact that other studies in 

the same region found bird species characterized by higher ED scores (more evolutionary 

unique species) in large forest patches, that are also characterized by lower landscape 

heterogeneity (Morelli et al. 2018a, 2018b). Finally, the areas with high edge density 

weighted presented also significantly higher FEve in Central Italy. 
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Effectiveness of protected areas in Marche region (Italy) 

This study examined the effectiveness of protected areas in the Marche Region of Italy, by 

comparing different avian diversity metrics inside and outside the network of protected areas 

while controlling for the dominant type of environment.  Our results indicate that the 

coverage of hotspots of avian diversity by the protected areas could be improved.  Nearly all 

diversity metrics decreased inside of the protected areas when compared with the same type 

of environment outside.  

The number of bird species (species richness) was significantly higher outside than inside 

the network of protected areas in agricultural lands, grasslands and mixed environment, 

while this diversity metric was similar in forest environments. Considering separately the 

multidimensional indices of functional diversity, we can highlight how the FRic was higher 

outside the network of protected areas in Agricultural, grassland and mixed environments, 

while FRic was unrelated to the fact to be inside or outside the protected areas in the forest 

environments. From this point of view, we can highlight that protected areas covering forest 

areas are better protecting the taxonomic diversity (the number of species) and functional 

richness of avian communities than in other type of environments. The bird communities 

showed very similar values of FEve inside and outside the protected areas network in almost 

all types of dominant environments (forest, agricultural and grassland), while the FEve was 

significantly higher inside the PA’s network in mixed environments. This fact can suggest 

that the potential resilience of bird communities (Villéger et al., 2008) inside and outside the 

main protected areas of Marche region is equal.  

There are ways to explain the greater values of these diversity metrics outside of the 

protected areas.  For example, there are studies showing that species richness can have a 

positive response to intermediate disturbances (Connell, Series, & Mar, 1978).  Intermediate 

disturbances occur frequently but not so much so that the species or habitats are unable to 

recover.  Examples of these disturbances can be intraspecific competition or deforestation at 

a small scale.  Previous studies have also shown that intermediate disturbances can 

increase the functional diversity in a community (Hector, Joshi, Lawler, Spehn, & Wilby, 

2001, Weithoff et al., 2016).  A study conducted in Canada, indicated that vegetation in 

areas of low stability (riparian lowland) benefited more from moderate disturbances than low 

or high disturbances (Biswas & Mallik, 2010).  It is important to note that our findings also 

showed that when moving from areas of moderate disturbance to areas of high disturbance 

that species richness and abundance increase while functional diversity metrics decreased 

(Biswas & Mallik, 2010).  Small and frequent disturbances influenced species richness and 
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the species and habitats were still able to recover without detrimental damages (Thiollay, 

1997).  However, according to Kondoh (2001), it is important to understand the productivity 

of the environment.  A study on plants indicated that intermediate disturbances only have 

positive effects when the productivity of the ecosystem is high.  Alternatively, ecosystems of 

low productivity suffer from these disturbances (Kondoh, 2001).  

FDiv of bird communities in Marche protected areas have relatively lower values inside of 

protected areas than outside in forest and grasslands.  However, the values of FDiv between 

inside and outside were similar in both agricultural and mixed environments. FDiv refers to 

the niche differentiation of the community.  Results indicates that FDiv in protected areas 

was lower in forest and grasslands environments, meaning that possibly there is more niche 

overlap within the protected areas (Mason et al., 2005).   

RaoQ accounts for the pairwise differences between species and their relative abundance.  

When comparing inside and outside of protected areas, areas of grasslands and water had 

higher values outside of protected areas than inside.  This indicates that there is higher 

niche overlap within the protected areas causing the lower values.  However, agricultural 

areas had a positive influence on RaoQ inside of protected areas.  This can be due to the 

fact that there are stricter regulations for farming in protected areas than outside.  In sites 

with a mixed dominant land use, protected areas also failed to conserve RaoQ more than 

those outside of protected areas. 

CED is considered a measure about the community uniqueness, in terms of evolutionary 

heritage.  Species that are more unique tend to be rarer in nature (Cadotte & Jonathan 

Davies, 2010).  It is important to identify the species with the higher ED scores and 

selectively protect these species.  In this study, we did not focus on individual species but 

looked at the overall community diversity. These findings highlighted that the values of mean 

evolutionary distinctiveness (CED) in bird communities were similar inside and outside the 

network of protected areas in almost all the types of environments, with the only exception of 

the grasslands, where CED was significantly higher outside the protected areas network. 

This fact can suggest that ecological planning of future protected areas in that region of 

Central Italy need to pay more attention to the presence of bird species evolutionary unique, 

in order to increase the overall evolutionary heritage of the species assemblages protected 

by that network.  

The bird within the community that is the most evolutionarily unique gives the max_ED 

score.  In areas of agriculture, grasslands, and rivers, there were lower scores inside of 

protected areas than outside of protected areas.  Agricultural areas may have lower max_ED 
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scores since they are a ‘newer’ land use.  When comparing forest and grassland dominant 

land uses where the max_ED rises significantly outside of the protected areas than inside. 

Management of different land uses 

Bird diversity was compared across dominant land uses and the interaction between inside 

and outside of protected areas.  Overall, areas dominated by agriculture showed a 

significant increase in some of the diversity indices, especially if compared with forest and 

grassland areas.  It is well known that farmlands that use organic practices have positive 

effects on bird diversity over those with conventional practices (Europäische Kommission, 

2014).  Furthermore, previous research shows that farmland birds prefer semi-natural areas.  

As a result, in landscapes where semi-natural areas are scarce, increased hedge length 

helped to increase BSR (Batáry, Matthiesen, & Tscharntke, 2010).  This is due to the 

increased amount of crop cover.  Many farmland bird species prefer to have the crop cover 

since they typically have nests on the ground.  Unfortunately, this also means that 

disturbances to help increase diversity metrics have to done carefully.  Large machinery or 

high amounts of disturbances can destroy nests and killing offspring.  Minimal disturbances 

such as grazing or hand cutting of crops (Society & Ecology, 2010). In the particular case of 

agricultural areas visited in this study for the collection of data, we can confirm that large 

proportion of areas were very heterogeneous farmlands, characterized by the presence of 

semi-natural patches and marginal vegetation, then increasing the availability of niches for 

more bird species (Kisel et al. 2011). 

Grasslands have the most significant results with a decrease in several diversity metrics 

when grasslands are dominant inside of protected areas.  FRic has lower value in areas 

inside of grasslands in protected areas indicating that there are niches that are being unused 

in these areas (Mason et al., 2005).  With values of lower FDiv, this can suggest that some 

species are using habitats that they would not normally use due to an increase in 

competition of resources (Morelli, Benedetti, Perna, & Santolini, 2018).  Some examples 

about the management of grasslands areas come from United States of America and 

Europe. North American studies have shown that a combination of fires and grazing can 

increase the mosaic of grasslands.  This can have a positive impact on the bird species in 

these areas.  These fires are contained and not meant to destroy entire habitats (Fuhlendorf 

et al., 2006).  In a study, the prairie grouse was seen to have a positive response to these 

disturbances.  This study not only showed that grassland vegetation benefited from the 

burning and grazing, but so did bird species.  Dependent on time after burning, different bird 

species were seen in the treated areas (Fuhlendorf et al., 2006).  However, in general it has 

been shown that grazing has negative effects on bird species richness and abundance 
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(Dobkin, Rich, & Pyle, 1998; Fuller & Gough, 1999; Verhulst, Báldi, & Kleijn, 2004; Maron & 

Lill, 2005).  Alternatively, a study conducted by Batáry, Báldi, & Erdős, (2007) shows that 

grassland species suffer from extensive grazing while non-grassland species had no effects 

from the grazing.  They indicated that this is most likely due to the fact that grassland 

species are specialists with their nests in the area that are more likely to be affected by 

grazing than those that only feed in grasslands (Batáry et al., 2007).  Thus, it can be 

important to determine the species in which there is more need for protection in these areas.  

While grazing can help benefit some bird species, it can negatively impact others. 

Forests have the highest values of CED.  This can be due to the fact that forests are older 

landscapes than agricultural or grassland areas for avian species.  Most bird ancestor 

assemblages came from forested areas and until human alterations to the landscape had no 

need to move to these less suitable land uses (Morelli et al., 2018).  Therefore, forests can 

be considered the older environment and hold more unique resources required by these 

species.  As stated previously, management techniques cutting the forest canopy at the local 

level can help to increase the diversity of bird species in forests (Le Saout et al., 2013). 

Future studies 

In this study, diversity metrics and the land uses were used to determine if protected areas in 

the Marche Region were effective at conserving bird diversity.  Further studies should take 

into account 3D spatial analysis.  This can help to determine if protected elevations are 

better at protecting species diversity than lowland protected areas, as seen in Canada.  

Future research can also focus on the sizes of the protected areas.  Canadian research 

indicated that sizes of protected areas didn’t make a difference as they were placed in areas 

where few humans inhabited.  However, in Italy where there is a higher density of humans, it 

can prove informational to include this type of data.  Furthermore, it can be interesting to 

compare the specific sites to determine which protected areas are more effective than 

others.  In this way, management techniques and habitat compositions can be used to 

improve protected areas with lower diversity.  Additionally, it can be beneficial to include 

analysis of the bird species as well in order to determine whether some indices are skewed 

by different species present.  Future studies should also work with a dataset collected over a 

longer time-scale.  While there was still a large amount of data collected, the time span was 

over one year can it can be argued that the turnover of species cannot properly be 

represented. 
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CONCLUSIONS 

While Natura 2000 is implemented to conserve biodiversity, it is important to consider areas 

where it is lacking.  The sites in this study indicate that protected areas in the Marche Region 

are not conserving bird diversity as well as it should, because offering support mainly to bird 

communities not characterized by higher values of avian diversity metrics, even assessing 

different diversity facets as taxonomic diversity, functional diversity and evolutionary 

uniqueness.  Therefore, it is proposed that different management techniques should be used 

in order to increase the overall diversity in these areas.  Additionally, our findings provide a 

first attempt to elaborate a multidimensional assessment of the level of protection offered by 

the protected areas network to the bird communities in the Marche region. However, more 

studies need to be done in order to determine which management techniques can work the 

best in these areas.  Different management techniques can help to conserve various 

diversity metrics and therefore the metrics need to be prioritized.  
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