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Annotation

This study investigates the different methods that can be applied to contribute species
conservation. Study covered 11 FEuropean countries, Albania, Bosnia and
Herzegovina, Bulgaria, Croatia, Czechia, Greece, Montenegro, North Macedonia,
Serbia, Slovenia, and Spain. Study analysed the effectiveness of protected areas in
conserving temporal changes of bird species richness in Czechia; effectiveness of
conserving different bird diversity components (taxonomic, functional and
phylogenetic diversity) in Spanish protected areas; performed spatial distribution
models (SDMs) of two endangered owl species in the Balkan Peninsula, covering 9
countries (Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Greece, Montenegro,
North Macedonia, Serbia, and Slovenia) in the face of climate change; and quantified
niche overlap and spatial distribution of five Columbidae species in different
landscapes. In general, results showed that protected areas are effective in mitigating
landscape changes and maintaining species richness, as well as covering different bird
diversity components. Results were not as positive when it came to studying two
endangered owl species, when it was revealed that their spatial distribution will shrink
as a response to climate change. Finally, quantification of niche overlap showed there
was intraspecific competition between five Columbidae species and that their overlap
was mainly in urban areas. Main conclusion from applying different methods showed
that each method had its limitations and strengths, however majority of the methods
we applied had conservation implications and contributed to filling knowledge gaps
in certain topics. Furthermore, our results provided valuable information for future

conservation plans in these countries.
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1. Literature review

1.1. Introduction

With the current biodiversity decline in the World due to different adverse
effects of human impacts, the need for studying species conservation and applying
different methods is growing. Conservationists are fighting numerous threats to
species, to name a few: illegal wildlife trade, habitat loss, the spread of invasive
species, etc. Along with fighting against these threats, they are setting up programs for
species protection and reintroduction, habitat restoration, and implementation of legal
protection within protected areas. These are all only some conservation methods that
contribute to the mitigation of species threats. Different areas of the World are facing
different challenges in species conservation. Hence, providing more detailed
information on a continental and national level about which species are threatened and

what mitigation techniques might be beneficial for conservation efforts.

According to a recent report, 39% of bird species in the EU are in poor and bad
conservation status, which means that some negative human impacts threaten the

species. The most threatened species at the EU level are (BirdLife International, 2022):
o waterbird species due to habitat loss and pollution,
e raptor species due to the high roadkill mortality rate, and
e farmland birds due to agricultural intensification.

Still, the previously mentioned threats to species are on the continental level,
and conservation challenges would differ nationally. However, sometimes more
detailed information about these challenges is not available, and additional research is
needed to provide a better understanding of conservation needs. Therefore, my thesis
studied different ways to humbly contribute to filling knowledge gaps in European

species conservation.

During the four years of my research, I worked on several different topics in
bird species conservation. In my research, I applied different methods that have

conservation implications and have provided significant results. My published



research contributes to knowledge of the advantages and disadvantages of several

methods applied when studying bird species conservation.

The following literature review will cover the main topics related to my
research. Starting from introducing biodiversity as a term, its importance, and threats.
Understanding the background of biodiversity is an essential asset in conservation, as
well as how to measure biodiversity, the so-called biodiversity metrics or indices, their
importance in species conservation, and how they are applied. Furthermore, I will look
into the bird population trends and their drivers on a European and local scale in
different European countries. After introducing biodiversity terms, its threats and how
to measure them, and species trends in the face of these threats, I will introduce one
of the oldest conservation methods — protected areas. Then cover the importance of
protected areas, their contribution to species conservation in the face of adverse human
impacts, and if the protected areas are efficient in protecting different aspects of
biodiversity. The next chapter will cover species distribution models (SDMs) as one
of the modern species conservation methods that have been rising in the past two
decades due to their potential to predict species distribution in future climatic
conditions. And finally, investigate the niche overlap among similar species as an

important tool in species conservation.

I aspired to cover and cite the newest and most relevant studies published on
the topics mentioned above to present to the readers the current state of the art of bird
species conservation in Europe. However, I am aware that my thesis does not cover
all the essential conservation methods available. Therefore, I hope that with future
collaborations I have made during my research, I will continue humbly contributing

to the conservation of birds in Europe.

1.2. Aims of the thesis

In this thesis, I studied different bird conservation methods across several
European countries. At first, I was interested in studying the efficiency of protected
areas in the conservation of bird species in Czechia and in their coverage of different
biodiversity aspects in Spain, which I studied for my master's thesis as well. However,
as I continued with my research, I also thought about adding other conservation

measures to have a clearer picture of what would work best in bird species



conservation. Therefore, I applied species distributions models with bird species data
from the Balkan peninsula (Albania, Bosnia and Herzegovina, Bulgaria, Croatia,
Greece, Montenegro, North Macedonia, Serbia, and Slovenia), Czechia, and Spain

(Figure 1).
The specific aims were to assess if:

() protected areas in Spain contributed to the protection of different aspects
of biodiversity (Morelli et al., 2021);

(i1) analyse temporal changes of bird communities inside and outside protected
areas in Czechia (Floigl et al., 2022b);

(iii))  develop SDMs for two endangered species and try to predict their future
distributions in the face of climate change in the Balkan peninsula (Cerman
et al., 2022);

(iv)  and finally quantify the habitat overlap of five closely related species in

Czechia (Floigl et al., 2022a).
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Figure 1. In blue colour are study areas of separate manuscripts published for the purpose of
my thesis entitled “Applying different methods for bird conservation across European
countries . Bird species and environmental data was obtained from Albania, Bosnia and
Herzegovina, Bulgaria, Croatia, Czechia, Greece, Montenegro, North Macedonia, Serbia,
Slovenia, and Spain.



1.3. Literature review

1.3.1. Biodiversity — definition, importance, and its threats

Biodiversity conservation is a cornerstone of nature conservation. The
Convention on Biological Diversity (CBD) defined biodiversity as “the variability
among living organisms from all sources including, among other things, terrestrial,
marine, and other aquatic ecosystems and the ecological complexes of which they are
part; this includes diversity within species, between species and of ecosystems.”.
Biodiversity is a fundamental component of planet life-support systems, and humans'
well-being depends on nature's services, such as essential material goods,
underpinning functions, and non-material benefits (Mace et al., 2011; MEA —
Millennium Ecosystem Assessment, 2005; Rands et al., 2010). Term “biological
diversity” traces back to early 1950’s, however the more widely used term
“biodiversity” was coined 30 years later by Walter G. Rosen (Magurran, 2004). Even
though numerous reports, studies, and assessments have been published to raise
awareness, biodiversity on our planet has been declining at an alarming rate in recent
decades. Considerable evidence suggests that we are facing a sixth mass extinction
event called Holocene or Anthropocene extinction (Cowie et al., 2022; IPBES, 2019).
The name Anthropocene extinction comes from the fact that it is primarily driven by
human activities such as agricultural expansion, industrial development, and rapid

increase in the human population (Ceballos et al., 2015).

There are several important conventions related to the conservation of
biodiversity, such as the beforehand mentioned Convention on Biodiversity (CBD),
the Ramsar Convention on Wetlands, the Bern Convention - The Convention on the
Conservation of European Wildlife and Natural Habitats, the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES). As well
as many international and national nature conservation legal acts and directives, such
as the Birds and Habitat Directives (European Commision, 1992; European
Commission, 2009) in the European Union (EU). However, in spite of all conventions,
legal directives and laws set in plate the current rate of extinction is exceptionally high,
itis calculated to be 100 to 1,000 times bigger than natural background extinction rates

(Pimm et al., 2014). Furthermore, this rate is predicted to continue increasing in the



forthcoming decades (Ceballos et al., 2015). In light of this, the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) has
recognised five critical drivers of biodiversity loss and species extinction. These
drivers are habitat loss, invasive alien species, overexploitation of natural resources,
environmental pollution, and global climate change (IPBES, 2019). Therefore, to
reduce the impact of the mentioned drivers of biodiversity loss, conservationists had
to come up with several methodologies to measure biodiversity to apply proper

conservation measures.
1.3.2. Biodiversity metrics

Scientists have come a long way in studying different types of biodiversity
metrics and currently there are three main attributes that biodiversity encompasses:
taxonomic (Magurran, 2004), functional (Mouchet et al., 2010), and phylogenetic
diversity (Faith, 1992). Each of these metrics focuses on a different attribute of
biodiversity and provides a different insight into species communities and what

processes are OCCUI‘I‘iIlg.

Taxonomic diversity proposes that all species and individuals are equal in the
ecosystem, therefore it does not look at functional and evolutionary differences
between species in a community (Devictor et al. 2010). It includes metrics such as
species richness and abundance of species. Species richness is the number of species
in the unit of study, whereas abundance of species is number of individuals of each
species in the unit of study (Magurran, 2004). Nevertheless, species richness is at focus
when calculating taxonomic diversity because it represents the presence of species in
a community (Lee and Martin 2017). Therefore, species richness is vastly used with
different approaches, methodologies, and focus species. For instance, in studies
assessing effectiveness of protected areas in species conservation (Floigl et al., 2022b;
Morelli et al,, 2021; O’Dea et al., 2006), studies assessing effects of different
biodiversity loss drivers (Reif et al., 2013; Verhulst et al., 2004; Zhang et al., 2013),
or studies investigating species’ habitat distribution and ecological niche (Floigl et al.,
2022a; Solhjouy-Fard and Sarafrazi, 2016). On the other hand, disadvantage of
taxonomic diversity is that it fails to account for species traits and phylogenetic
lineage, which excludes species ecological role in communities (Safi et al., 2013).

Therefore, functional diversity is recognised as a more important biodiversity metric
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by conservationists.

Functional diversity is species-trait based and are used for assessing the
diversity of communities (de Bello et al., 2010; Flynn et al., 2011). Furthermore,
functional diversity can recognise variation in ecosystem function, processes
underlying species communities and relationships occurring in the ecosystem which
is beyond the scope of taxonomic diversity. The use of the term “functional diversity”
in studies has increased since the beginning of the 21* century and has been used for
a wide range of taxa, including bacteria, invertebrates and vertebrates (Petchey and
Gaston, 2006). There are several definitions explaining this complex term, however
the widely accepted definition is the “value and the range of species and organismal
traits that influence ecosystem functioning” (Tilman, 2001). Even though there are
several definitions, all have one common point that functional diversity always
considers organisms as “dynamic entities that interact with their environment”
(Calow, 1987). However, even though it can provide a more complex insight into
species communities it is considered to be a difficult term to interpret in research
studies due to its complex nature (Petchey and Gaston, 2006). Regarding application
of functional diversity metrics in ecological studies, here are some of the commonly

used ones (Morelli et al., 2018b):

Functional diversity — diversity calculated using avian niche traits

(Petchey and Gaston, 2006);

e Functional dispersion - the mean distance in the multidimensional trait
space of individual species to the centroid of all species in the
community (Mason et al., 2013);

e Functional richness — the amount of functional space occupied by a
species assemblage (Mason et al., 2005);

e Functional evenness — indicate how regular is the degree to which the
biomass of the species assemblage is distributed in the niche to allow
effective use of the entire range of resources available (Mason et al.,
2005);

e Functional divergence — how far are high species abundances from the

centre of the functional space (Mason et al., 2005);

e Rao’s quadratic entropy (RaoQ) — the sum of pairwise distances



between species weighted by relative abundance (Botta-Dukét, 2005).

Moreover, application of species traits in studies has been widely used in
species conservation to understand the effects of environmental conditions on species
communities (Devictor and Robert, 2009). Although grouping species according to
their functional traits as a faster method has been proved to be inferior to the functional
diversity indices, researchers still widely use it in combination with functional
diversity indices (Mason et al., 2005). The method consists of assigning each species
to a functional trait group based on the life-history attributes, it goes without saying
that chosen species traits will depend on taxa, study aim, research question, and
methodology. For instance, in research focusing on bird species conservation, species
traits most used are habitat specialisation, mobility, body mass, nest type, nest
location, and diet (Morelli et al., 2021; Rayner et al., 2014; Reif and Flousek, 2012).
Furthermore, importance of functional diversity measures is mirrored in their ability
to reflect underlying processes in species assemblages such as biotic homogenisation,

when only a few species are present (Devictor et al., 2010; Morelli et al., 2016).

Phylogenetic diversity is an essential component of macroecology, community
ecology and conservation biology (Faith, 1992). It refers to differences in phenotypes,
genetic characteristics and behaviour between species that belong to different
evolutionary lineages. It is hypothesised that closely related species are more
functionally similar than distantly related species, hence the more distantly related
species in a community, i.e., more phylogenetically diverse community, will be more
functionally complex (Thompson et al., 2015). Regarding application of phylogenetic
diversity indices in studies, it is usually used as complementary index to species
richness since conservationists consider that loss of evolutionary diversity plays a
great role in global extinction rates. In the past two decades there has been an increased
application of phylogenetic indices in conservation biology including various taxa,
e.g., birds (Jetz et al., 2014; Jiguet et al., 2012; Meynard et al., 2011; Morelli et al.,
2021), plants (Pollock et al., 2015; Zhang et al., 2015). Some of the most used

phylogenetic diversity indices are:

e Evolutionary distinctiveness — an important tool used in identifying



species and communities which have higher values in terms of
evolutionary heritage. The index is estimated using the sum of the
branch lengths of all species present in an assemblage (Morelli et al.,
2018b);

e Community evolutionary distinctiveness — a measure of species
uniqueness, calculated as mean evolutionary distinctiveness for each
community (Morelli et al., 2016; Tucker et al., 2017);

e Phylogenetic diversity — a sum of all lengths of all branches in a defined

phylogenetic tree (Jetz et al., 2014).

1.3.3. Bird population trends and their drivers across several European

countries

A detailed study looking into different groups of bird species, showed that in
the period from 1980 — 2015 bird abundance in Europe declined by 17%— 19% (Burns
et al., 2021). The same study showed that more than 25% of agricultural bird species
populations declined within the same period. Since almost 40% of the EU’s land area
is covered by agricultural lands (Eurostat, 2022), it is expected that main driver of
biodiversity loss is agriculture. A lot of research focus has been on the decline of
farmland species in the past 20 years and understanding the background processes
(e.g., Donald et al.,, 2001; Reif and Hanzelka, 2020; Schmidt et al., 2022).
Furthermore, wetland and migratory bird species are declining due, both due to habitat
loss (Mao et al., 2019). On the other hand, urban species populations have been

increasing since there are less predators in urban areas than in more natural landscapes.

However, when looking at a local level of species decline other drivers are
present too. Since, my research was conducted in the Balkan region, Czechia, and
Spain these are the countries I will discuss in more details. Although these countries
all have one common driver — agricultural intensification, there are some that are
characteristic for local areas. Due to the geopolitical situation in Europe over the past
decades, Western Europe is facing higher agricultural intensification and land
homogenization because of earlier development of countries and entrance to the EU
(Béldi and Batéry, 2011). On the other hand, Eastern and Southern Europe are faced

with different challenges, such as land abandonment and fragmentation of land



ownership due to longer periods of communistic regime in these areas, followed by
later entrance to the EU (Sutcliffe et al., 2015). Therefore, different management
techniques are suggested when it comes to endangered farmland species, in the
Western Europe to introduce more management techniques of degraded agricultural
habitats and in Southern Europe prevent intensification of agriculture (Reif and

Hanzelka, 2020).

For instance, looking at the Balkan region mountain specialists are endangered
by the development of ski resorts which causes habitat fragmentation and destruction
(Rajkovi€ et al., 2010; Shurulinkov et al., 2007). Furthermore, not the entire Balkan
region is in the EU (Albania, Bosnia and Herzegovina, North Macedonia, and Serbia
are not) therefore Natura 2000 network does not cover endangered habitats in these
countries which only depend on the network of national protected areas.
Unfortunately, national protected areas often fail to meet conservation measures and
species protection. Additionally, in the Balkan region there is insufficient research in
bird population trends and species protection (Puzovi¢ et al., 2015). However, in
Czechia and Spain there are various research on bird populations trends and species
protection. Looking at Czechia, there is a different driver of forest specialists decline
recorded in the past 10 years — invasive species, bark beetle (Ips typographus,
Linnaeus 1758), which have led to forest disturbances (Fiala et al., 2019; Sarbu et al.,
2014). Finally, looking at Spain major driver of species loss is the agricultural
industry; however, it’s related mostly to loss of habitat, such as steppes, fallow lands

and marginal vegetation as a key habitat for several farmland specialists (Traba and

Morales, 2019).
1.3.4. Species conservation methods

There are various species conservation methods, and it is not possible to
pinpoint to the most efficient one. However, ecologists suggest that combination of
different methods is the key to successful species conservation. Just to name a few

most efficient ones:

1. Habitat protection — mostly done by designation of protected areas for specific

types of habitats. For instance, wetlands are one of the most endangered habitat



type in Europe and are therefore protected by Ramsar Convention (Mauerhofer et
al., 2015).

2. Legal regulations — as described above there are multiple international conventions
dealing with the protection of biodiversity, however legal regulations on a national
level differ and can help save local species populations. For example, introduction
of hunting bans during breeding and migratory seasons, or a complete ban of
species hunting.

3. Education and citizen science: help raise awareness of locals by educating them
on the importance of species protection, as well as encouraging them to contribute
by providing data can be beneficial for the research purposes.

4. Species monitoring and research — population and environmental monitoring is
essential in species conservation to help gain insight where conservation measures

are necessary.

Although the above-mentioned conservation methods are the most common ones
which ecologist and conservationists are applying, there are other methods that are
simpler and contribute to these general ones by providing new relevant insights on

species distributions, their behaviour, and current population trends.

After listing species trends, their main drivers of decline, it is evident species
conservation is of far most importance in the 21% century. Therefore, applying
different methods of species conservation such as designating protected areas for
better coverage of endangered species and their habitats, applying species distribution
models (SDMs) to find out current and future geographic distribution of endangered
species in the face of climate change, and understanding species ecological niche.
These are just some of the methods that provide humble contributions to future

research of species conservation.
1.3.5. History of protected areas and their modern heritage

Desire to protect nature has been around since 300 BC, when Indian emperors
established protected areas for elephants and forests, which was followed by
protection of other areas as hunting grounds. However, it wasn’t until 1872 that a first
modern protected area, as we know them today, was established in the United States

— the Yellowstone National Park (Chape et al., 2009). This trend followed on other
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continents as well, as first modern protected areas were designated, El Chico National
Park in Mexico, South America; Angkor Wat in Cambodia, Asia; Kruger National
Park in Africa; and the Swiss National Park in Switzerland, followed by Bialowieza
Forest in Poland, in Europe. Although these early modern protected areas did not have
the same conservation goals and management strategies as they have today, their

establishment was one of the first key steps to modern nature conservation.

Historically, focus for designation of protected areas was slightly different than
today. There was a trend of protecting and focusing on hotspots of biodiversity and
this was one of the main pillars of nature conservation (Lascelles et al., 2012).
Therefore, areas with the greatest number of species would receive highest protection
and most attention. Such hotspots of species richness, endemism, and areas with
species taxonomically unique for the area is one of the approaches that is used on an
international level. Hotspots of biodiversity are identified as areas with high species
endemism and habitat loss (Myers et al., 2000). To this day list of global biodiversity
hotspots contains 36 areas, the last one to be added was North American Coastal Plain
in 2016 (International Conservation, 2022). Biodiversity hotspots have been identified
by Myers in a paper published in 2000 and later it was revised by Mittermeier et al.
(2004) and Sloan et al. (2014). These areas cover merely 2.5 % of Earth’s surface.
Criterion to make the list of biodiversity hotspots are (i) area has to include at least
1,500 vascular endemic plants and (ii) have 30% or less than its original vegetation
cover i.e., be threatened (Myers et al., 2000). These strict criteria have been used till
today to add more areas to the list of hotspots (Sloan et al., 2014). Although the
hotspots are protecting large areas and are inhabited by many endangered species, this

type of protection is only a small friction of protected areas around the World.

There are many classifications of protected areas according to their level of
protection, size, and accessibility to the public. Therefore, I will not cover all types of
protected areas here but discuss the most important classifications and the ones that
were used in my research. One of the most famous international classifications of
protected areas is the one provided by the International Union for Conservation of
Nature (IUCN). A clear definition of protected areas provided by the I[UCN states that
“A protected area is a clearly defined geographical space, recognised, dedicated and

managed, through legal or other effective means, to achieve the long-term
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conservation of nature with associated ecosystem services and cultural values” (IUCN,
2022). The TUCN recognises seven categories, each with a different management
objective and level of protection: (Ia) Strict Nature Reserve, (Ib) Wilderness Area, (II)
National Park, (IIT) Natural Monument, (IV) Habitat/Species Management Area, (V)
Protected  Landscape, (VI) Protected area  with  sustainable use
of natural resources (IUCN, 2022). Although some of these names of categories
overlap with the names of categories of protected areas designated on the national
level, they are not to be confused with one another, since often these categories will

have different levels of protection.

Since my research was conducted only in European countries, I am going to
introduce here in more depth the European Union’s (EU) protected area network,
Natura 2000. This transnational network protects both endangered species and their
habitats, and it encompasses two directives: Birds and Habitat Directives adopted in
1979 and 1992, respectively. Each directive designates different types of protected
areas which in many cases overlap partially or fully. Sites of Community Interest
(SCIs) protect 233 habitat types and 900 species that are listed on the Annex II of the
Habitat Directive (European Commision, 1992). These sites must be managed
according to the species’ ecological needs. Furthermore, Special Protection Areas
(SPAs) designated according to the Birds Directive are designed to protect 193
endangered bird species listed in Annex I of the Birds Directive and the migratory
species (European Commission, 2009). With currently covering over 18% of the EU’s
land, Natura 2000 network is the largest network of protected areas in the world
(European Environment Agency, 2019a). Moreover, the importance of Natura 2000 is
mirrored in its transnational essence to overlap with the national protected areas.
Consequently, endangered species and their habitats will benefit from the physical
protection of individuals and conservation of core breeding and resting sites due to the
requirements of the Birds and Habitat Directives (European Environment Agency,
2019b). It’s been proved that the national and international legislations play an

important role in providing species the necessary protection (Koschov4 et al., 2018).

Therefore, effective protected areas are a crucial conservation measurement in
Europe for the protection of habitats and species. Due to the negative effects of

agriculture (Reif and Hanzelka, 2020; Traba and Morales, 2019), land-use changes
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(Gaiizere et al., 2020), climate changes (A. Lehikoinen et al., 2019) and other drivers
European bird populations have been in decline (Burns et al., 2021; Frenzel et al.,
2016). For instance, mountain specialists in Europe have declined by 10% in species
populations numbers in the period of 2002-2014 and the trend continues (A.
Lehikoinen et al., 2019). To be able to conserve bird species in protected areas,
monitoring land-use changes, species richness, and any changes subjected to time,
temporal changes, is an essential part of conservation measures. These types of
changes can provide more insight into species populations and benefit species
protection (KolecCek et al., 2010). Hence, the urgent need to monitor temporal changes
of environmental variables inside protected area. Moreover, species conservation
benefits from monitoring environmental variables inside protected areas by providing
insight into occurring biological processes and informing whether the conservation
measures need to be adjusted accordingly (Floigl et al., 2022b). Studies have shown
the positive effects of protected areas in increasing populations of endangered species
(Donald et al., 2007), protecting species habitats (Devictor et al., 2007), and serving
as refugia to species in the face of climate change (Gaiizere et al., 2016; P. Lehikoinen
et al., 2019; Thomas and Gillingham, 2015). Moreover, research shows - protected
areas minimise before mentioned harmful effects on species even for which they were
not designated for, this phenomenon is known as “umbrella effect” (Van Der Sluis et
al., 2016). Additionally, increase in the abundance of bird species not listed on the
Annex I inside Natura 2000 network was reported (Pellissier et al., 2019), suggesting
that protected areas provide more stable habitats for species. Besides, protected areas
contribute to higher bird species richness by applying conservation and management
strategies and providing more stable ecosystems, by protecting habitats (Watson et al.,

2014), and by mitigating the negative effects of climate change (Gaiizere et al., 2016).

Additionally, the EU adopted a new Biodiversity Strategy for 2030. The
strategy’s objectives are to build resilience to climate change impact, forest fires, food
insecurities, and disease outbreaks by fighting illegal wildlife trade by 2030. The
strategy contains specific actions to be delivered by 2030, through which the above-
mentioned objectives would be achieved. The EU plans to enlarge its protected areas
network, Natura 2000, and put the focus on areas with high biodiversity. However,
similar strategy has already been proposed before for 2020, and research shows little

improvement has been made (Hermoso et al., 2019).
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1.3.6. SDM — species distribution models as a species conservation

method

Over the last 30 years scientists have been applying mathematical algorithms
for predicting species geographic distributions by using presence and absence datasets
and environmental predictors within their current range. The most common method
are are species distribution models (SDM) (Elith and Leathwick, 2009; Guisan and
Zimmermann, 2000). If used environmental predictors are ecologically relevant for
the species, for instance using forest density for forest species, and accurate spatial
data are combined in an SDM it is possible to obtain more insight into species
distribution. However, misuse of environmental predictors and obtained results are not
ecologically significant (Elith and Leathwick, 2009). Application of SDMs in species
conservation is multifaceted, it is applied to predict species habitat suitability (Zhu et
al., 2020), find areas of conservation concern and focus (Arcos et al., 2012), and
predict distributions of invasive species (Chapman et al., 2019; Taucare-Rios et al.,

2016).

Furthermore, using future environmental predictors, such as climate data, with
current species distribution data it is even possible to predict future species distribution
shifts in the face of climate change and see which areas can serve as refugia in the
future (Brambilla et al., 2022; Cerman et al., 2022). With climate change recognised
as one of the five key drivers of biodiversity loss (IPBES, 2019), using SDMs for
predicting future species distributions has been on the rise in the past several years.
The method has been applied using data of various taxa - plants (Khan et al., 2022;
Wei et al., 2018), mammals (Moghadam, 2019), birds (Meza Mori et al., 2022; Zhang
et al., 2019).

SDMs have been widely used due to the easy and open access databases of
species (e.g., GBIF, grey literature) and environmental predictors (e.g., Corine
Landcover, WorldClim) (Gomes et al., 2018). Moreover, it’s application in research
attracted even more scientists when the machine-learning algorithm MaxEnt
(Maximum Entropy) was introduced (Phillips et al., 2006). Other SDMs include using
RStudio or Geographic Information System (GIS), however due to MaxEnt’s user-

friendly nature that does not require coding it has been the most used modelling
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approach. Besides, this approach requires only presence data, while including the

interactions between predictors, and providing satisfactory models (Elith et al., 2006).

However, performance of SDMs is greatly affected by the used data (Aradjo
et al., 2019). For instance, by sampling bias and low sampling size of species data
(Kramer-Schadt et al., 2013) are the most common errors and pitfalls to be aware of.
Additionally, when considering environmental variables, type and origin of data
(Moudry et al., 2019), as well as resolution (Wunderlich et al., 2022) should be
checked. Due to the dynamic nature of species distribution, specific species ecological
traits, and their relationship with the environment SDMs should be used with caution.
Furthermore, modelled species should be researched in advance, as well as determined
which environmental data is the most relevant for the studied species and should be

applied in SDMs.
1.3.7. Quantification of species niche overlap and spatial distribution

Species ecological niche is a complex concept that is multifaceted and reflects
species’ relationships with the environment, including the biotic and abiotic factors,
and is determined by species behavioural adaptions developed throughout species
evolution. Each species occupies a certain space in the ecosystem, which includes its
physiological and behavioural traits for survival and reproduction, as well as resources
it depends on (Colwell and Futuyma, 1971). However, when two evolutionary similar
species co-exist in the same habitat, the niche overlap occurs and can lead to
interspecific competition for the same resource (Mason et al., 2011). This can have
two outcomes, either local extinction of the weaker competitor or occurrence of niche
partitioning where species use the same resources but in unique ways (Finke and

Snyder, 2008).

For instance, to avoid niche overlap and partitioning, bird species started
colonising other unoccupied habitat, such as urban areas starting from the 20" century
(Evans et al., 2010). However, urban bird communities are not as high in species
richness as other natural habitats might be, because not many species have yet
developed and adapted their ecological traits to cities (Callaghan et al., 2020). Species

evolution is a time-consuming complex process, and several decades is not enough for
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closely related species, for instance pigeons, to develop the intraspecific differences

and avoid niche overlap (Tobias et al., 2020).

Quantifying niche overlap and studying spatial distribution of species can
provide beneficial inputs to species conservation and help ecologists understand better
species needs and requirements to protect them. Furthermore, when species overlap in
one habitat and the intraspecific competition is not high, by the umbrella effect it is
possible to protect both species and increase effectiveness of protected areas (Maslo
et al., 2016). Also, studies on niche overlap and utilisation of the same resources
provides information for scarce resource management and points out target resources

that need additional conservation attention (Hanane and Yassin, 2017).
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2. List of published work

The scientific articles published in peer-reviewed journals represent the core of this
thesis are listed below. The articles are in the Annexes section.
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3. Discussion

3.1. Researchl

With my supervisors and in cooperation with co-authors from Charles
University and Czech Ornithological Society (CSO) we investigated the effectiveness
of Czech protected areas in their ability to mitigate ten-year temporal changes in bird
communities. Additionally, we analysed ten-year temporal changes in bird
communities along different land use types and landscape heterogeneity, and altitude.
For the study purposes, we used data from the national Breeding Bird Monitoring
Program in Czechia (Janda and Sfastny, 1984) provided to us by the CSO. We
calculated the temporal change, from 2005/2006 to 2014/2015, in bird species richness
and in Jaccard dissimilarity index. Our hypotheses were that if protected areas are
safeguarding bird communities, temporal changes will be lower and bird species

richness will be higher inside protected areas.
For analysing the temporal change in bird communities, we calculated two indices:

(1) Change in species richness from 2005/2006 to 2014/2015 (delta bird
species richness)
(i1) Jaccard dissimilarity index (dissimilarity) - the compositional dissimilarity

of avian assemblages between both periods
For more detailed methodology see Annex 1.

Our results showed that from 2005/2006 to 2014/2015, bird species richness
increased inside protected areas and temporal change was lower inside protected areas,
therefore our hypotheses were correct. However, lower temporal changes in bird
communities inside protected areas was linked to lowlands. Furthermore, dissimilarity
was lower in forests and heterogeneous landscapes. Besides, bird species richness was
decreased in mixed environments from 2005/2006 to 2014/2015. Also, land-use

richness was negatively associated with the dissimilarity of communities.

We can assume that higher bird species richness in 2014/2015 was due to
Czechia’s entering the EU in 2004. With becoming a member state, Czechia added the

EU’s conservation directives to the already existing national Act (Anonym, 2004). Our
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assumption is supported by the fact that ten years after changing the management
strategy in protected areas is sufficient amount of time to observe population changes
(Pellissier et al., 2019). The EU’s goal to design an international protected area
network, Natura2000, and account for transboundary bird species ranges and their
migrations has shown to be successful (Koschova et al., 2018). For instance, when
looking at our results from Spain, highest species richness was recorded in protected
areas designated under both Bird and Habitat Directives or where they overlapped
(Morelli et al., 2021). Meaning that the legal protection of one directive contributed to
the other directive to support higher number of species. In overall, Natura 2000
network provided efficient protection to bird communities. Moreover, with the EU’s
nature conservation policies, member states have been recording an increase in
populations of species listed on Annex I of the EU’s Birds Directive in both Western
(Donald et al., 2007; Gamero et al., 2017; Sanderson et al., 2016) and Eastern Europe
(Kolecek et al., 2014). Species listed on Annex I benefit from the established protected
areas, which aim to satisfy species’ specific nesting, breeding, and feeding needs

(Donald et al., 2007).

One of the protected areas main aim is to maintain suitable habitats for specific
species needs (Watson et al., 2014), however more detailed studies have shown that
protected areas also protect more common species that are not conservation targets
(Devictor et al., 2007; Pellissier et al., 2013). On the other hand, mitigating adverse
human impacts, such as climate change, protected areas successfully fulfilled in the
case of the temperature adapted species (Gaiizere et al., 2016). However, our study did
not include species functional traits into the analysis, and we cannot say with certainty
which species benefited more from protected areas. But temporal changes were lower
and bird species richness higher inside protected areas, showing that they do support

bird communities.

Regarding the effects of altitude, studied bird communities were more similar
outside protected areas in mountains. This might be due to the disproportionate
coverage of protected areas in mountains vs lowlands (Maiorano et al., 2007). The
lowlands are mostly utilised for agricultural purposes, and in Czechia they cover
almost 13,000 km? (Sadlo and Storch, 2000). Agricultural areas are not protected

landscapes and they are unstable ecosystem for bird species (Donald et al., 2001).
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Therefore, when comparing landscapes in lowlands with mountains, the former are
more exploited areas and the difference between protected and unprotected area is
more clear (Kleijn et al., 2011). We cannot state with certainty which one of these
factors is the main one, but it is highly possible that it’s the combination of several

environmental factors and disproportionate coverage of protected areas.

More similar bird communities, i.e., lower temporal changes, in forests may be
due to several reasons such as that the forests are evolutionary older habitat than
farmlands and provide more stable ecosystems (Morelli et al., 2018a). Moreover,
forests have longer management cycles than farmlands, especially compared to annual
crops (Bowler et al.,, 2019). A Pan-European research analysed decline of
insectivorous bird populations, proving that insectivorous forest species had more
stable populations than the farmland and grassland species (Bowler et al., 2019).
Therefore, forests provide more stable environment for species and the populations of
European common forest birds since 1980s appear to be stable (Gregory et al., 2019).
Furthermore, decrease in bird species richness from 2005/2006 to 2014/2015 in mixed
environments could be attributed to loss of specialist species. This might be due to the
nature of mixed environments that provide different types of land-use that are not fit
for specialists, but rather for generalists. Ecological traits of specialist species makes
them occupy narrow niche and utilise specific resources for diet, nesting, or breeding
purposes (Clavel et al., 2011; Morelli et al., 2019). Therefore, specialists are
considered a conservation target (Gaston et al., 2008) since they are more prone to
local extinctions due to environmental disturbances such as habitat loss, temperature
changes, loss of resources etc., (Devictor et al., 2008). Moreover, several studies have
reported bird community homogenisation on a continent-wide scale. Community
homogenisation is a process of decrease in abundance of species traits (functional
diversity), genetic and taxonomic diversity (Olden and Rooney, 2006). The process
increasingly received attention in biodiversity conservation since abundance of
species traits is one of the key parts of ecosystem services (Devictor et al., 2008;
Morelli et al., 2019). Community homogenisation is already reported in Czechia,
meaning that some local species extinctions already occurred. For instance farmland
specialist Otis tarda has disappeared from Czech farmlands (Kolecek et al., 2010; Reif
et al., 2013). However, out study did not focus on species traits level, but rather on

community level, and we cannot confirm this we certainty.
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Moreover, low temporal changes in highly heterogenous landscapes was
expected since the complex landscape arrangement positively influences bird
diversity, confirmed by Tews et al. (2004) in the extensive literature review.
Furthermore, published research presented bird species richness to be highly
associated with landscape heterogeneity, but not with land-use richness. This might be
due to the fact that high species richness will be in heterogeneous landscapes, but if
the landscape consists of one land-use type the species richness will be lower (Atauri
and De Lucio, 2001). However, our results did not confirm that land-use richness is
significant for changes in bird communities. Further investigation of the land-use types

might have revealed the reason behind this, but this was not the focus of our study.

To conclude this chapter, the advantage of our study is mirrored in the analysis
of data right after implementation of Natura 2000 network in Czechia. Therefore, we
could observe the change between the beginning of the implementation of Natura 2000
(2005/2006) and the period ten years after (2014/2015), because ten year interval is
enough to see the effects of applied management changes in bird communities
(Pellissier et al., 2019). However, out study did not focus separately on national
protected areas and Natura 2000 network and therefore we cannot estimate its
efficiency, but our results suggest that protected areas in general are safeguarding bird
communities. Specifically, mitigating the unfavourable effects of landscape changes
on bird communities, such as homogenisation. Finally, the study demonstrates that
species richness is supported inside protected areas in Czechia. Although we
incorporated some environmental variables, such as land use types, landscape
heterogeneity and altitude, other variables such as historical climate data could provide

deeper understanding of temporal changes in bird communities.

3.2. Research II

With my supervisor and co-supervisor, we published a manuscript on the
coverage of taxonomic (bird species richness), functional and phylogenetic diversity
within protected areas in Spain. For the study purposes, we used breeding bird species
occurrence obtained from the Spanish Atlas of Breeding Birds (Marti and Del Moral,
2003) and Natura 2000 protected areas boundaries in Spain. Furthermore, we
calculated dominant environment for each 10 x 10 km square. As well as bird diversity

metrics. For more detailed methodology see Annex 2.
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When looking at the taxonomic diversity, results of our research showed that
bird species richness is higher inside Natura 2000 network in Spain (Morelli et al.,
2021). For the purposes of these study we used Spanish Atlas of Breeding Birds (Marti
and Del Moral, 2003). We investigated how protected areas are covering the different
components of bird diversity, and study results showed there was a spatial mismatch
among three different components of bird diversity. Therefore, when planning and
designing protected areas at a large scale it is essential to include this type of research
and keep in mind the spatial differences to increase the scope of protection. This is
due to the fact that different types of environments support different bird diversity

components (Morelli et al., 2018a).

Many studies have already focused on the taxonomic diversity in bird
communities and based their conclusions on this simplest component of diversity.
However, including other components such as functional diversity can provide better
insight into underlying ecological processes within the community. Therefore, we
calculated functional dispersion as the measure of functional diversity, to better
understand the occurrence of species traits in bird communities. Results reported that
mean values of functional dispersion were high inside the Natura 2000 network,
meaning that overall, the network was performing well in covering functional diversity
of bird communities. However, some gaps in the network’s protection were detected.
Protected areas designed under Bird Directive did not cover some of the areas where
the highest functional dispersion was registered. With the current conservation trends
to support species that are evolutionary more unique, with distinct traits, more studies
are focusing on the importance of phylogenetic diversity (Gaiizere et al., 2016;
Hikkild et al., 2017). Since disappearance of these species from communities cannot
be mitigated by introducing other species. With this in mind, we calculated community
evolutionary distinctiveness (CED) as a measure of phylogenetic diversity in bird
communities. Our results showed that CED was higher inside both protected areas
under Birds and Habitat Directives, which is encouraging for species protection in
Spain. Provided results show that Natura 2000 network in Spain is covering and
providing beneficial protection to evolutionary unique bird communities. On the other
hand, there is research providing opposing results. These results claim that less
charismatic species and the ones not listed on Annex I are not benefiting from the legal

protection of Natura 2000 network (Rosso et al., 2017; Santana et al., 2014).
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Therefore, bird assemblages of specific habitat are not protected, but rather the focus

is on flagship species (Caro, 2010).

Our results showed that forests supported higher bird species richness than
mixed environments, arable lands, and orchards. This is mainly because forests
provide a more stable habitat with less environmental changes than heavily impacted
arable lands and have higher habitat complexity, in terms of the vertical structure
(Morelli et al., 2018a). In line with our study are results from Italy (Morelli, 2015),
and similarly temporal changes in bird species richness was lower in forests in Czechia
(Floigl et al., 2022b). Apart from high bird species richness, we also registered high
functional dispersion in forests. Although it has been well established that there is a
strong positive association between functional diversity and species richness (Petchey
and Gaston, 2002), in the study we calculated functional dispersion which is more
independent from species richness (Gerisch et al., 2012). Therefore, the spatial
congruence is most probably not due to the association with species richness, but due
to the type of environment. We can hypothesize that forests foster higher number of
species and more ecological species traits. From the point of view of ecologists, high
functional dispersion in communities proves there is high functional dissimilarity
within the community, making such communities more resilient to environmental

changes (Morelli et al., 2021).

Although proven to be useful, biodiversity metrics in species conservation
have their limitations. Taxonomic diversity, mainly considering species richness, is
limited by only assessing the number of species in a certain area, excluding the
abundance and distribution of the species (Fleishman et al., 2006). Hence, omitting
the conservat