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Abstract 

 

Protected areas are a key tool in conservation biology. In recent decades, their 

number have increased considerably and more than 15% of the planet is currently 

under some form of protection. However, biodiversity is far from safe. In fact, the 

global protected-area network has expanded without giving due importance to 

biogeographical factors and most of the species still do not receive an adequate 

protection. Using 10 x 10 km gridded distribution data, I performed a gap analysis 

to evaluate the effectiveness of the Spanish protected-area system (nationally 

designated protected areas plus Natura 2000 sites) in conserving 397 terrestrial 

vertebrate species occurring in the peninsula (freshwater fish excluded). I also 

performed a gap analysis of the biodiversity hotspots identified according to a 

combined index that integrated species richness, rarity and vulnerability. Then, the 

results of the gap analysis of species were used as starting point to plan the 

strategical expansion of the existing network. In particular, I applied a heuristic 

algorithm based on the combined index of biodiversity to select the minimum 

number of UTM cells necessary to achieve the long-term conservation goal for all 

the species analysed. My results showed that Spanish protected areas conserve 

adequately only 40% of all terrestrial vertebrates and just 10% of those threatened 

with extinction. Moreover, only half of the hotspots are included in the protected-

area system. The algorithm identified 1,197 supplementary UTM cells that should 

be protected to achieve the goal of the long-term protection of terrestrial vertebrates 

in Spain. My analyses provide an updated view on the effectiveness of the 

protected-area network of one of the most biodiversity-rich countries in Europe, 

showing that the system is far from complete and providing fine-resolution 

indications to move the next steps to improve it.  
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1. Introduction 

 

1.1 Ongoing biodiversity crisis: causes, consequences, and perspectives 

Biodiversity is currently suffering the most severe crisis of the last 65 million years, 

i.e. since the Cretaceous–Paleogene extinction event. Several recent studies confirm 

that modern extinction rates, i.e. during the past five centuries in which the human 

species became a crucial force on the biosphere, are far above the pre-human 

background ones derived from the fossil record. In particular, they show a sharp 

increase over the past 200 years, corresponding to the rise of industrial society 

(Butchart et al., 2010; Hoffmann et al., 2010; Pereira et al., 2010; Barnosky et al., 

2011; Mora and Sale, 2011; Cardinale et al., 2012; Hooper et al., 2012; Dirzo et al., 

2014; Pimm et al., 2014; Ceballos et al., 2015). For example, for vertebrates, the 

average rate of species loss over the last century, even when it is extrapolated with 

a conservative approach, is up to 100 times higher than the background rate 

(Ceballos et al., 2015), with 322 species that have become extinct since 1500 (Dirzo 

et al., 2014). Data on invertebrate species conditions are much more limited, but 

they suggest that the trend is at least as severe as among vertebrates (Dirzo et al., 

2014). This alarming phenomenon extends across all taxonomic groups (Dirzo et 

al., 2014) and on a global scale (Mora and Sale, 2011). All this has convinced 

numerous scientists that Earth’s biota is entering a real sixth mass extinction (Dirzo 

et al., 2014; Ceballos et al., 2015).  

Unluckily, the loss of species is not the only facet of the ongoing 

biodiversity crisis. It also includes extirpation of populations (Hoffmann et al., 

2010; Barnosky et al., 2011; Ceballos et al., 2015), decline in local species 

abundance (Dirzo et al., 2014) and a subsequent increasing number of species 

threatened by extinction (Mora and Sale, 2011). For example, terrestrial vertebrate 

populations show 25% average decline in abundance and 16 to 33% of species are 

threatened (Dirzo et al., 2014), with an average of 52 species per year moving one 

Red List category closer to extinction from 1980 to 2008 (Pimm et al., 2014).  

It is a well-known fact that the reasons of this dramatic loss of biodiversity 

are all human-related. Our exponential population growth has led to an increasing 

consumption of natural resources, exceeding ecological demand beyond 
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regenerative levels (Mora and Sale, 2011; Pimm et al., 2014) and causing habitat 

destruction and alteration, overexploitation of animal and plant populations, climate 

change, and the spread of harmful invasive species and pathogens (Barnosky et al., 

2011; Primack, 2012; Ceballos et al., 2015). Moreover, these stressors seem to 

interact among them, amplifying their detrimental reciprocal effects on the other 

forms of life (Dirzo et al., 2014).  

All of this has decisive negative repercussions on humanity. In fact, healthy 

ecosystems directly supply us with provisioning services (i.e. the production of 

renewable resources like food, wood, fresh water, pharmaceuticals, etc.), regulating 

services (e.g. climate regulation, crop pollination, pest regulation, etc.) and cultural 

services (i.e. people’s non-consumptive uses of biodiversity, such as recreation, 

tourism, education, science, etc.) (MEA, 2005; Cardinale et al., 2012). The overall 

economic value of such a suite of irreplaceable benefits has been estimated in the 

order of a few trillion dollars per annum (Mora and Sale, 2011). The depletion of 

biological diversity, and in particular the decline in the number of population 

individuals and the change in the composition of species in a community, rapidly 

alters the structure and the functioning of ecosystems (Dirzo et al., 2014), 

compromising their ability to provide us with the goods and services needed for our 

well-being (Cardinale et al., 2012; Hooper et al., 2012; Ceballos et al., 2015). 

Moreover, depending on the nature and extent of our impacts, some damaged 

ecosystems might never return to their original states (Mora and Sale, 2011). 

Indeed, evolution of new species normally takes hundreds of thousands of years, 

whereas recovery from mass extinctions probably requires millions of years, a 

timeframe incompatible with human species necessities (Barnosky et al., 2011).  

An ever-growing awareness of the constant biodiversity impoverishment, of 

its economic (and intrinsic) value and of the need for action to maintain and/or to 

restore it has been spreading among scientists, public opinion and politicians for 

more than 50 years (Mora and Sale, 2011). Unfortunately, despite increasing 

responses (e.g. species coverage and extent of protected areas, sustainable forest 

management, policy responses to invasive alien species, biodiversity-related aids) 

over the last four decades, biodiversity state indicators (e.g. population trends, 

habitat extent) for the same period show a negative trend, whereas the indicators of 
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pressures acting upon biota (e.g. number of alien species, impact of climate change) 

show a worrying increasing tendency (Butchart et al., 2010). Furthermore, 

quantitative scenarios for assessing the impact of future socio-economic 

development on biodiversity and ecosystem services have been generated. These 

are based on models that utilize the estimated future trajectories of human 

population growth, of climate change and of other variables and reliably indicate 

that biodiversity will continue to decline over the 21st century (Pereira et al., 2010; 

Ceballos et al., 2015). They also demonstrate that if the current rapid loss of 

ecosystems, species and genetic diversity is permitted to continue, humans will 

soon (in as little as three human lifetimes) be deprived of many biodiversity benefits 

and will probably arrive to a point of no return (Dirzo et al., 2014; Ceballos et al., 

2015).  

All is not lost yet, however. Even if the current level of conservation actions 

put in place to halt biodiversity crisis is overcome by the degree of threat (Hoffmann 

et al., 2010), the range of projected declines is quite broad (Pereira et al., 2010). 

Indeed, there are still significant possibilities to intervene through rapid and 

intensified conservation measures and, above all, renewed global policies aimed at 

achieving sustainability. These policies should include coordinate solutions to 

reduce human population growth and resource consumption and, at the same time, 

to increase Earth’s biocapacity through the transference of technology to raise 

agricultural and aquacultural productivity (Hoffmann et al., 2010; Mora and Sale, 

2011; Dirzo et al., 2014; Pimm et al., 2014; Ceballos et al., 2015) 

 

1.2 The role of protected areas in conserving biodiversity and addressing other 

environmental issues 

Setting aside some areas to preserve natural values is an ancient and widespread 

human practice. Some historical examples are the sacred woods guarded by Asian 

and African indigenous communities, the “tapu” areas for collective resource use 

in the Pacific island region, and noble hunting forests (Margules and Pressey, 2000; 

Watson et al., 2014). Nowadays, this conservation strategy is still successful. In 

fact, the main international approach to hinder the actual loss of biodiversity is to 

maintain viable populations in natural ecosystems in which human activities are 
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regulated or completely forbidden, through the establishment of protected areas 

(PAs) (Margules and Pressey, 2000; Rey Benayas and de la Montaña, 2003; 

Rodrigues et al., 2004a; Maiorano et al., 2006; Hoffmann et al., 2010; Mora and 

Sale, 2011; Vimal et al., 2011; Primack, 2012; Pimm et al., 2014; Abellán and 

Sánchez-Fernández, 2015; CBD, 2015; Watson, 2015). PAs act separating elements 

of large pools of biodiversity from some of the processes that most threaten their 

existence in the wild (Margules and Pressey, 2000), namely habitat loss and 

degradation and overharvesting (Mora and Sale, 2011; Primack, 2012; Pimm et al., 

2014). As a direct consequence, inside a well-managed PA, species can count on 

the availability of suitable habitat and individuals can survive longer, so growing 

bigger and producing more offspring. All of this led to the increase of species local 

abundance (Mora and Sale, 2011), diminishing their extinction risk.  

The rationale about the functioning of PAs and their efficacy in conserving 

biodiversity have been largely corroborated by a myriad of localized analysis (e.g. 

Joppa et al., 2008; Nelson and Chomitz, 2011; Butchart et al., 2012; Thomas et al., 

2012; Nolte et al., 2013; Barber et al., 2014; Vergara-Asenjo and Potvin, 2014; 

Françoso et al., 2015; Gillingham et al., 2015; Paiva et al., 2015) and by numerous 

reviews (e.g. Lubchenco et al., 2003; Chape et al., 2005; Naughton-Treves et al., 

2005; PISCO, 2007; Geldmann et al., 2013; Leenhardt et al., 2015), about both 

terrestrial and marine reserves. For example, in their recent systematic global 

review, Geldmann and others (2013) examined more than one hundred studies 

about the effectiveness of several terrestrial PAs, focusing on two outcomes: habitat 

cover and species population trend. They found that 82% of the studies concerning 

the impact of PAs on habitat cover showed reduced rates of habitat loss within PAs 

compared to equivalent areas outside. In turn, 74% of the studies about species 

population trend also showed more positive results inside PAs than outside. The 

same kind of results are found in studies that explicitly consider species under 

intense pressure due to resource exploitation, in both terrestrial and marine 

environments (Watson, 2015), and even for species with high economic value 

victims of criminal organisations, like tigers (Walston et al., 2010).  

A further level of protection is achieved through the connection of PAs into 

a broader conservation network, utilizing “conservation corridors”. The integration 
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of various PAs into a single and more complex system allows for species seasonal 

migration, individual dispersal and gene flow among subpopulations. These ones 

form the basis for meta-population dynamics, where individuals coming from 

source populations replenish declining sink populations (Primack, 2012; Wegmann 

et al., 2014; CBD, 2015). 

The mere safeguard of biodiversity is not the only role recognized by the 

modern view of PAs. There is a strong consensus about the importance that 

conservation networks can have to address other important environmental issues, 

guaranteeing the well-being of human society. In fact, PAs help to maintain 

ecosystem processes across the landscape, securing the provision of the services 

described in Section 1.1. For example, one-third of the world’s 100 largest cities, 

including Jakarta, Mumbai, New York, Bogotá, and Sydney, receive a significant 

percentage of their drinking water supplies directly from protected forest areas. 

Terrestrial PAs are also a major factor in ensuring long-term global food 

availability, providing water supplies for agriculture, wild crop relatives, pollinators 

and natural pest controllers, while aquatic reserves represent safe breeding sites for 

fish, which can then restore outside populations suffering overfishing (MacKinnon 

et al., 2011; CBD, 2015; Watson, 2015). Moreover, PAs are also now seen as an 

important tool to cope with global climate change. The ecosystems they protect can 

store vegetation and soil carbon, preventing its flux to the atmosphere because of 

deforestation and habitat loss, and capture carbon dioxide from the air. Protected 

functional ecosystems can also help societies to adapt to the changes that are 

occurring by buffering local climate and reducing impacts from severe climatic 

events such as storms, floods, droughts and sea-level rise (Soares-Filho et al., 2010; 

MacKinnon et al., 2011; Watson et al., 2014; CBD, 2015). In addition, PAs deliver 

livelihoods for more than 1 billion people and, when they include participatory and 

equitable governance mechanisms, produce significant economic national benefits, 

contributing to poverty reduction and to sustainable development. To sum up, 

although there is a strong agreement among scientists that the primary role of PAs 

is nature safeguard, the range of ecological, social and economic benefits to human 

society is much wider (Watson et al., 2014; CBD, 2015). 
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It must be said that the overall efficacy of PAs strongly depends on how 

effectively they are managed (MacKinnon et al., 2011; Primack, 2012; Watson et 

al., 2014). There are many kinds of management and governance regimes, so that 

PAs can differ substantially in their purposes and protection levels, ranging from 

strict no-access areas to protected territories that include human settlements and 

cultural management (Primack, 2012; Pimm et al., 2014). In any case, some studies 

evidenced that only 20-50% of PAs assessed were found to be effectively managed, 

with some of them not achieving basic objectives. The main reason for low 

performance in PA effectiveness is the lack of adequate economic resources, which 

affects boundary demarcation, law enforcement, and natural and cultural resource 

administration. Securing an appropriate management of PAs is always an essential 

action to put into practice after their establishment, if we want to achieve the results 

we hoped for (Watson et al., 2014). 

An overview about the importance of PAs in conserving biodiversity cannot 

conclude without saying that, on the other hand, the use of PAs alone is not going 

to be sufficient to halt current biodiversity crisis (Rey Benayas and de la Montaña, 

2003; PISCO, 2007; Hoffmann et al., 2010; Mora and Sale, 2011; Primack, 2012). 

While effective in contrasting localized overexploitation and habitat loss, reserves 

cannot usually cope with the effects of some other important causes of biodiversity 

loss, like the spreading of alien species and pathogens and the alteration of habitats 

due to pollution. Moreover, even for cases in which they provide significant results 

against the impoverishment of the biosphere, this short-term condition will be easily 

neutralized if we will not directly address our unsustainable resource consumption 

and will not stabilize our population growth, which ultimately drives all the threats 

to biodiversity. This does not want to play down the importance of PAs, which 

remain an essential tool for conservation biology, but it just wants to underline the 

need to integrate them with far-reaching strategies, if humanity wants to find an 

enduring solution to biodiversity crisis. However, PAs are the best and more direct 

solution wherever there is the urgency of preventing imminent extinctions or the 

loss of critical habitats, and are an immediate and feasible option to buy necessary 

time to address the indirect causes of the anthropogenic sixth mass extinction (Mora 

and Sale, 2011; Dirzo et al., 2014). 
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1.3 Conceptual and geographical expansion of protected areas: from Yosemite 

Valley to transnational conservation networks 

The growing concern regarding biodiversity crisis (Section 1.1) and the ever 

sounder scientific basis about the efficacy of PAs for in situ conservation (Section 

1.2) explain the rapid expansion of the global PA system during the last decades, 

especially since the last quarter of the 20th century (Butchart et al., 2010; Hoffmann 

et al., 2010; Watson et al., 2014; Abellán and Sánchez-Fernández, 2015). However, 

historically, the reasons for establishing PAs have not always been the same (Mora 

and Sale, 2011; Primack, 2012; Watson et al., 2014).  

The first formal PA, that is Yosemite Valley, a very small portion of the 

present Yosemite National Park, in California, was created in 1864 by the U.S.A. 

government explicitly for public use, resort and recreation. The benefit and the 

enjoyment of the people also motivated the institution of the first true national park, 

that of Yellowstone, in 1872. Soon after the initiative of the U.S.A., other new-

world countries, like Australia, New Zealand and Canada, adopted the idea of 

protecting particularly fascinating natural areas specifically for the public 

advantage, giving raise to the modern PA movement. At the beginning of the 

twentieth century, this movement started to spread in the “Old World” too. Over 

the same period, the modern concept of PA started to evolve and new focal 

objectives added to, rather than replaced, the previous ones. Initially, in Europe, the 

protection of scenic landscapes was the most common, whereas in Africa, for 

example, numerous large game parks for the safeguard of peculiar wildlife species 

were created (Phillips, 2004; Watson et al., 2014). In any case, it is important to 

notice that the first PAs were principally set up in territories without a relevant 

economic potential (Primack, 2012; Watson et al., 2014). It is only in the 1970s that 

the major purpose of PAs changed from tourism and the protection of scenic 

landscapes and iconic species to a more comprehensive conservation of biological 

diversity. The emerging worry over environmental degradation and its vast 

consequences (Section 1.1) urged the international community to invest quickly in 

the expansion of the global conservation network, with countries starting to 

establish numerous PAs where species and ecosystems could be preserved from the 

rapid changes taking place elsewhere. Finally, during the past twenty years, the 
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recognition of the important social, economic and ecological benefits that PA 

networks provide (Section 1.2) fuelled further their expansion by governments and 

many organizations in the public, private, community and voluntary sectors 

throughout the world (Watson et al., 2014).  

As result of this historical and cultural path, the terrestrial and marine PAs 

estate has been implacably increasing, even if with a different rate in different 

periods. During the first half of the twentieth century, the growth was slower. In 

1900, there were 170 PAs worldwide, with a total surface of c. 200,000 km2, while, 

by mid-century, they were c. 5,000, globally extending over some 1 million km2. 

During the second half of the 1900s, the increase was much faster, especially since 

the beginning of the 1970s. Over this period, the global number of PAs have risen 

from c. 20,000 sites, in 1970 (Watson et al., 2014), to more than 200,000 present 

today and distributed in 193 countries worldwide (i.e. in all sovereign states except 

three microstates -Nauru, San Marino and Vatican City- and Palestine) (Juffe-

Bignoli et al., 2014). At the same time, their area has grown eight-fold, from c. 4 

million km2 (Watson et al., 2014) to more than 30 million km2 (Primack, 2012; 

Watson et al., 2014). To have a concrete idea of what these numbers mean, it should 

be considered that all the existing terrestrial PAs together cover a surface equivalent 

to the double of Europe, whereas present marine PAs have an overall extent equal 

to the quadruple of the Mediterranean Sea. 

Most of these PAs have been implemented at country level by national 

authorities. Nevertheless, during the last decades, many international initiatives 

have promoted transboundary approaches for the creation of international 

conservation networks, e.g. the Ramsar list of Wetlands of International Importance 

(http://www.ramsar.org/about/wetlands-of-international-importance-ramsar-sites), 

the UNESCO World Network of Biosphere Reserves 

(http://www.unesco.org/new/en/natural-sciences/environment/ecological-

sciences/biosphere-reserves/world-network-wnbr/), and the Important Bird and 

Biodiversity Areas (http://www.birdlife.org/worldwide/programmes/important-

bird-and-biodiversity-areas-ibas) (Abellán and Sánchez-Fernández, 2015). In this 

field, the European Union is a pioneer at global level. In fact, already in 1979, it 

adopted the “Birds Directive” (i.e. Directive 79/409/EEC) for the protection of 
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endangered wild birds and then, in 1992, the “Habitats Directive” (i.e. Directive 

92/43/EEC) oriented at the safeguard of threatened natural habitats and hundreds 

of taxonomic entities of plants and animals (other than birds). Under the framework 

of the two directives, member states started to identify specific areas for inclusion 

in the “Natura 2000” conservation network, respectively termed “Special Protection 

Areas” and “Sites of Community Importance”. Nowadays, Natura 2000 is the 

largest and most comprehensive conservation system all over the world, a pan-

European network of PAs representing the cornerstone of the conservation policy 

in this region. In addition to traditional national parks and reserves (and sometimes 

overlapping with them to some extent), Natura 2000 sites promote the conservation 

of an extensive range of European habitat types and species in danger of 

disappearance (de la Montaña et al., 2011; Maiorano et al., 2015; Abellán and 

Sánchez-Fernández, 2015; Thuiller et al., 2015). The coverage of this network is 

impressive: it includes 27,413 PAs covering more almost 1,500,000 km2 (the 

official database is accessible through the special web site 

http://ec.europa.eu/environment/nature/natura2000/index_en.htm), an area just 

over that of Italy, Spain and France together.  

At first reading, these figures could seem huge. Closer analysis, however, 

reveal that the global PA network is still incomplete in many of its aspects (Sections 

1.4 and 1.5) and that it is developing at a slower rate than that at which biodiversity 

threats are growing (Mora and Sale, 2011). For these reasons, despite the increasing 

trend in PA number and extent, the state of biodiversity continues to decline 

(Butchart et al., 2010; Hoffmann et al., 2010; Mora and Sale, 2011). Undoubtedly, 

all this represents both a substantial investment in this conservation mechanism and 

a heavy reliance on the approach, but the scientific community agrees that we must 

maintain our efforts in this direction because a great deal remains to be done. 

 

1.4 Global protected-area coverage  

In Section 1.3, I discussed the growth and the present extent of the global PA 

system. I also anticipated that many analyses reveal that this system, despite its 

recent rapid expansion, is still incomplete in many of its aspects. The latter point is 

discussed in detail in this section and in Section 1.5.  
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1.4.1 Aichi Target 11 

Affirming that the global system of PAs is still incomplete presupposes the 

existence of various targets to be achieved. The Convention on Biological Diversity 

(CBD) fixes some of them. The CBD (comprehensive information can be found at 

https://www.cbd.int) is one of the most important and extensive international 

environmental agreements (IUCN, 2016). Like many others (e.g. the Ramsar 

Convention, the UNESCO Man and Biosphere Programme, the World Heritage 

Convention), it is the result of the increasing global interest for the protection of 

Earth’s natural heritage during the last decades (Maiorano et al., 2006; Juffe-

Bignoli et al., 2014). The CBD was opened for signature at the United Nations 

Conference on Environment and Development (also known as the Rio "Earth 

Summit") in 1992. Biodiversity conservation and the sustainable use of its 

components are two of the three main objectives of the Convention, and the crucial 

importance of PAs for achieving them is clearly indicated by Article 8. A key event 

in the history of the CBD is the adoption, in 2010 in Nagoya, Japan, of the Strategic 

Plan for Biodiversity 2011-2020 (SPB). The SPB came into being with the purpose 

of inspiring broad-based action in support of biodiversity over the 2011-2020 

decade by all Parties concerned (i.e. the European Union plus all the sovereign 

states except the United States, which signed but not ratified the treaty, and Vatican 

City). In order to accomplish its mission, the SPB fixes five strategic goals, each of 

these made up of various targets, collectively known as the “Aichi Targets” (named  

after the Japanese region were the Convention took place in 2010) . Although all 

20 Targets have more or less evident implications for the establishment and 

management of PAs, only Target 11, as part of Strategic Goal “C”, addresses them 

directly. Goal C is about the improvement of the status of biodiversity by 

safeguarding its components, i.e. ecosystems, species and the genetic diversity, and 

Target 11 reads: “By 2020, at least 17 per cent of terrestrial and inland water, and 

10 per cent of coastal and marine areas, especially areas of particular importance 

for biodiversity and ecosystem services, are conserved through effectively and 

equitably managed, ecologically representative and well connected systems of 

protected areas and other effective area-based conservation measures, and 

integrated into the wider landscape and seascapes”. The target is very ambitious 
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and clearly addresses many different aspects of PAs, setting goals for their spatial 

planning (including coverage, location, and ecological representativeness and 

connectivity) and management (including effectiveness and social equity) 

(MacKinnon et al., 2011;  Woodley et al., 2012; Juffe-Bignoli et al., 2014; IUCN, 

2016).  

 

1.4.2 Terrestrial and marine protected-area coverage 

The first clause of Target 11 emphasizes the need to expand, by 2020, the surface 

of the global PA system to at least 17% of terrestrial areas (including inland waters) 

and 10% of marine areas. These two targets have been frequently used as 

benchmarks to evaluate the completeness of the global PA system (e.g. Woodley et 

al., 2012; Deguignet et al., 2014; Juffe-Bignoli et al., 2014; Watson et al., 2014; 

Butchart et al., 2015). The works by Deguignet and others (2014) and by Juffe-

Bignoli and others (2014) offer an up-to-date assessment about how far we are from 

reaching these percentages. For their analysis, they considered all the PAs stored in 

the World Database on Protected Areas (WDPA). The WDPA (accessible through 

the special web site http://www.protectedplanet.net) is the product of a joint effort 

of a broad consortium of scientific and conservationist organizations, including, 

among others, leading authorities such as the International Union for Conservation 

of Nature, the United Nations Environment Programme, the World Wildlife Fund, 

BirdLife International, and The Nature Conservancy. It is the only globally 

authoritative geospatial catalogue on marine and terrestrial PAs of the world and, 

although it is not perfectly comprehensive and does not account for the 

effectiveness of their management, it provides the most accurate estimate of the 

total number of currently existing PAs (Langhammer et al., 2007; Juffe-Bignoli et 

al., 2014). In particular, they utilized the August 2014 version, that, at the time of 

writing the present work (January 2016), is still the latest one. In the August 2014 

version of the WDPA there are just over 209,000 legally designated protected sites, 

distributed in 193 countries worldwide. They include 197,368 terrestrial and 12,076 

marine PAs, instituted at a national level, under regional agreements or international 

conventions and treaties. The authors found that, in total, PAs cover about 20.6 
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million km2, i.e. 15.4%, of the terrestrial surface and some 12 million km2, i.e. 3.4%, 

of the world’s ocean, totalling 32,868,673 km2, that is 6,6% of Earth’s surface. 

Considering only terrestrial PAs (which also include inland waters), Central 

and South America are the two regions with the highest percentages of protection 

(28.2% and 25% respectively, as shown in Figure 1.1), with most of the countries 

having more than a quarter and even up to half of their land under some kind of 

protection.  

 

Figure 1.1 Percentage of land coverage by PAs in each region. The numbers indicate the percentage 
of protected land in each region. ATA = Antarctica. (Source: Deguignet et al., 2014). 
 

These are also the only two regions that have reached (and amply exceeded) the 

17% target. If Antarctica is excluded from the Southern Oceans region (which also 

includes French Southern Territories, Bouvet Isl., Falkland Isl., Heard Isl. and 

McDonald Isl., South Georgia and South Sandwich Isl., Saint Helena), the latter 

also adds to the list, with a coverage of 18.6%. However, all other regions are above 

10%, with terrestrial coverage ranging from 12.4% (in Asia) to 15.2% (in Middle 

East). Europe is one of the geographic regions with the lowest percentage of 

protection, 13.6%. Nevertheless, if only the European Union is considered (i.e. the 

28 countries adopting Natura 2000), then the coverage is much wider, 32.6%, 

indicating that this political reality has been able to accomplish the 17% target. At 

global level, only half of the countries have 17% or more of their terrestrial and 
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inland water areas covered by PAs. Globally, to achieve the 17% coverage, as 

proposed in Aichi Target 11, 2.2 million additional km2 of PAs would be needed 

(Deguignet et al., 2014; Juffe-Bignoli et al., 2014). In other words, the target is not 

very far but the establishment of more terrestrial PAs is still necessary.  

As concerns the coverage by marine PAs, it is still well short from meeting 

the target of 10%, despite some significant recent increases. These are mostly due 

to the establishment of very large PAs in waters around Australia, New Caledonia 

and the British overseas territory of South Georgia and the South Sandwich Islands, 

totalling 1.6% of the global marine PA coverage. In particular, in 2014, New 

Caledonia designated all of its Economic Exclusion Zones (12-200 nautical miles) 

as a marine PA, covering an area of just under 1.3 million km2 and creating the 

largest PA in the world (i.e. the “Parc Naturel de la Mer de Corail”). Although this 

recent growth is important, the marine coverage in most regions is still very low, 

and few countries, except the ones described above, have reached the target of 10%. 

In fact, the majority of countries reported a PA coverage between 1% and 5%. 

However, if only the areas within national jurisdiction (0–200 nautical miles) are 

considered (Figure 1.2), then global marine PA coverage is much greater, 8.4%. 

Similarly, coastal water coverage (0-12 nautical miles) is 10.9%. Nevertheless, only 

0.25% of areas beyond national jurisdiction are covered by marine PAs, 

demonstrating a significant gap where national governance systems do not exist. To 

meet the 10% target at the global level, a further 2.2 million km2 of marine areas 

will need to be declared as protected within national jurisdiction, while 21.5 million 

km2 in areas beyond national jurisdiction (Deguignet et al., 2014; Juffe-Bignoli et 

al., 2014). Regional coverage statistics differ greatly when comparing terrestrial 

(Figure 1.1) and marine (Figure 1.2) realms. Consequently, when looking at the 

overall regional coverage (Figure 1.3), the picture is very different from the first 

two. Oceania is the region with the highest percentage of protected territory, 24.2%, 

followed by South (15.1%) and North America (14.9%). Europe gains positions, 

with a general coverage of 12.9%, while Central America loses some, with only 

0.5% of its territory occupied by PAs (Deguignet et al., 2014; Juffe-Bignoli et al., 

2014).  
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Figure 1.2 Percentage of marine national area (0-200 nautical miles) coverage by PAs in each 
region. The numbers indicate the percentage of protected marine national area in each region. ATA 
= Antarctica; ABNJ = Areas beyond national jurisdiction (Source: Deguignet et al., 2014). 
 

 

 

Figure 1.3 Percentage of the total area coverage by PAs in each region. The numbers indicate the 
percentage of total protected area in each region. ABNJ = Areas beyond national jurisdiction. 
(Source: Deguignet et al., 2014). 
 

Concluding, while the terrestrial CBD’s target is not very long away, 

progress towards the marine equivalent has been much slower and greater efforts 

are needed to achieve it. These data point out that, in spite of the continuous growth 

of the last decades (Section 1.3), even with the simplest interpretation of Aichi 
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Target 11 (Section 1.4.1) and using the best available data, the global PA network 

remains incomplete. Accordingly, it is still necessary to continue to increase the 

number and/or size of PAs (Hoffmann et al., 2010; Woodley et al., 2012; Deguignet 

et al., 2014; Juffe-Bignoli et al., 2014; Watson et al., 2014; Butchart et al., 2015). 

In addition, given the rapid increase of the threats to biodiversity (Mora and Sale, 

2011), the global community needs to act faster if it wishes to avoid the worst 

consequences of biodiversity crisis (Section 1.1).  

 
1.5 Ecological representativeness of the global protected-area system 

The protection of a given percentage of specific geographic units, as requested by 

the first clause of Aichi Targets 11 for land and marine environments (Section 

1.4.1), has been frequently used as conservation goal. A previous example is the 

10% target, for each biome, by the year 2000, stemmed from the Fourth World 

Congress on National Parks and PAs held in Caracas, in 1992 (Brooks et al., 2004; 

Langhammer et al., 2007; Vimal et al., 2011; Watson et al., 2014). Subsequently, 

this target was generalized to apply to the entire planet and to individual countries, 

where it was often incorporated into national conservation planning. At the time of 

the Congress, PAs covered only 3.5% of the planet's terrestrial surface and, surely, 

the 10% target had the merit of encouraging governments to increase their protected 

surface. Indeed, at the beginning of the 2000s, the global terrestrial coverage by 

PAs was 11.5%, surpassing the target for 9 out of 14 major terrestrial biomes. Many 

conservationists celebrated the result (Brooks et al., 2004) but during the following 

Congress, in South Africa, in 2003, the effectiveness of the 10% target was 

examined more closely and strongly questioned (Langhammer et al., 2007). It 

became evident that, although politically expedient, such “percentage of country or 

biome’s area” targets have two big limits (except when the percentage is 100%). 

First, they are set on the basis of the social, economic and political constrains in 

which conservation decisions are taken, more than of scientific assessments of 

conservation needs. There is nothing, in such negotiated percentages, that ensures 

that the extent of the PA system is sufficient to guarantee the persistence of the 

biodiversity features present inside it. Second, the distribution of biodiversity across 

the various regions of the Earth is not even and, consequently, neither should 

protection levels be. All of this means that the percentage of area already protected 
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alone is not an exhaustive indicator of the completeness and the effectiveness of the 

existing global, regional or national PA systems. Rather, these attributes should be 

evaluated mainly on the basis of the adequate representation of all biodiversity 

elements inside the PA system. In other words, during the last two decades, 

representativeness and persistence (Section 1.5.1) started to replace geographical 

extent as critic characteristics for a system of PAs to be considered complete and 

sufficiently efficient (Brooks et al., 2004; Rodrigues et al., 2004b; Langhammer et 

al., 2007; Vimal et al., 2011; Woodley et al., 2012).   

 

1.5.1 Representativeness 

To fulfil efficiently their role in conserving biodiversity (Section 1.2), PA systems 

should achieve two primary objectives: representativeness and persistence 

(Margules and Pressey, 2000; Jackson et al., 2009; Abellán and Sánchez-

Fernández, 2015). Representativeness is a long-established goal referring to the 

need, for the PA system of a given territorial unit, to represent, within it, a sample 

of all biodiversity of the region, ideally at all levels of organization. The persistence 

goal means that a system of PAs should assure the long-term survival of the 

elements of biodiversity that it contains, by maintaining natural processes (e.g. 

dispersal, species interactions) and viable populations, and by excluding threats. To 

meet both the objectives, conservation planners have to deal with the location of 

PAs in relation to physical and biological patterns and with the PA design, which 

includes variables such as size, connectivity, and shape (Margules and Pressey, 

2000; Wu et al., 2011; Primack, 2012).  

Biodiversity distribution is not uniform, neither globally, nor on a smaller 

scale. Instead, it reflects different environmental conditions and histories, 

generating distinct patterns of ecosystems and communities (Primack, 2012; Juffe-

Bignoli et al., 2014). For this reason, to guarantee that every feature of biodiversity 

is adequately represented inside a system of PAs, these should be located taking 

into account scientific assessment of all biogeographical factors (Margules and 

Pressey, 2000; Primack, 2012). Nevertheless, historically, the selection of areas to 

designate for protection has not followed this kind of systematic criteria. On the 

contrary, in most cases, site selection has been opportunistic, depending on socio-
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economic and political circumstances. If we just consider the first part of the history 

of PAs, this is not surprising. Indeed, as described in Section 1.3, biological 

conservation was not the aim of PAs in their early interpretation. Unfortunately, 

this bad tendency persisted even later. Even when the issue of biodiversity 

conservation took on greater importance, socio-economic interests continued to 

prevail. The establishment of a PA usually interferes with the extraction of natural 

resources and, in some regions, housing and commercial development compete 

with PAs for land. For this reason, many new PAs have been concentrated in 

territories without socio-economic potential, often of poor conservation value and 

not contributing to the biodiversity representativeness of the global PA system. As 

a consequence, many species occurring in landscapes with economic and/or 

development potential have not obtained a sufficient degree of protection and 

representation. The inappropriate location of many existing PAs is also due to the 

diversity of objectives for which they have been established over time, especially 

before that the preservation of nature became the predominant one. In fact, a 

number of goals means that different proponents see different places as a priority, 

with a consequent competition among them for the limited funds and attention of 

decision-makers. For example, aesthetic goals, such as the protection of grand 

sceneries particularly valuable for recreation and tourism, often have focused on 

remote areas, giving them a political advantage over goals such as 

representativeness, which many times focuses also on disturbed and economically 

productive landscapes. The opportunistic selection of PAs has not been optimal 

from the point of view of protecting as many biodiversity features as possible and, 

as a consequence, among current PAs there is a great variability in their 

representation value, with many of them biased towards not threatened habitats, 

such as dry, infertile or steep ones (Margules and Pressey, 2000; Beger et al., 2003; 

Oldfield et al., 2004; Maiorano et al., 2006; Ceballos, 2007; Watson et al., 2011; 

Assunção de Albuquerque et al., 2012a; Primack, 2012; Juffe-Bignoli et al., 2014; 

Gardner et al., 2015). A perfect example is Greenland National Park, extending over 

972,000 km2 of inhospitable land (i.e. c. 5% of all terrestrial PAs), which contributes 

little to biodiversity conservation and representation, as it contains mostly ice 

(Watson et al., 2011). 
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Recognizing the limits of uniform percentage-based targets, the importance 

of representativeness principle and the failures of past PA system expansion, Aichi 

Target 11, in its second clause, clearly adds that, in order to reach the 17% and 10% 

targets, new PAs should be established in sites that contribute to making the global 

PA system “ecologically representative”. Nevertheless, it does not provide a clear 

guidance on how representativeness should be evaluated (Woodley et al., 2012; 

Juffe-Bignoli et al., 2014; Venter et al., 2014). At a global level, this aspect has 

been essentially assessed as the PA coverage of ecoregions (Section 1.5.3) and 

species distributions (Section 1.5.4).   

 

1.5.2 Ecoregion coverage 

Through the study of biodiversity patterns, a number of ecoregions, covering the 

entire world, have been defined. Ecoregions are large areas with characteristic 

combinations of species that clearly distinct them from adjacent areas. In other 

words, they reflect the distribution of fauna, flora and ecosystems across the planet 

(Olson et al., 2001). To conserve the full range of these biodiversity values, the 

global PA system should provide adequate coverage of all ecoregions (Juffe-

Bignoli et al., 2014). A recent and comprehensive assessment about how close the 

current global PA coverage is to the 17% target for terrestrial ecoregions and 10% 

target for marine ones is the work by Juffe-Bignoli and others (2014). They found 

that only 43% of the 823 terrestrial ecoregions meet the 17% target (Figure 1.4), 

while only 34% of the 232 marine ecoregions meet the 10% target (Figure 1.5). As 

shown in Figures 1.4 and 1.5, there is great regional variation and, more alarmingly, 

there are still many ecoregions with less than 5% (and in some cases less than 1%) 

of their area protected. Western Europe has achieved both the 17% and the 10% 

targets, but, at global level, the terrestrial and marine PAs do not adequately 

represent all Earth’s ecoregions. 
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Figure 1.4 Percentage of protected area coverage for the 823 terrestrial ecoregions of the world 
(excluding polar regions). (Source: Juffe-Bignoli et al., 2014). 
 

 

Figure 1.5 Percentage of protected area coverage for the 232 marine ecoregions of the world. 
(Source: Juffe-Bignoli et al., 2014). 
 

 

Marine ecoregions only include waters shallower than 200 m. Deeper waters (i.e. 

66% of the global ocean’s surface) are classified into 37 pelagic provinces and, at 

present, only 7 of them meet the 10% target. Ecoregions are the least inclusive 

elements of the biogeographical classification system, which also includes coarser 

categories like realms (i.e. large continental geographies with generalized climate 

patterns) and biomes (only for land and classified according to the predominant 
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vegetation and climate). Representativeness levels for these units are of the same 

kind. At present, the Neotropics (i.e. Central and South America) is the only of the 

eight terrestrial realms with at least 17% of its area protected, while just half of the 

12 marine realms meet the 10% target. In terms of biomes, 9 out 14 are under 17% 

of protection, with temperate grasslands (4.5%) and tropical and subtropical dry 

broadleaf forests (9.6%) being the most poorly covered. The Mediterranean Biome, 

of special interest for this work, has a percentage of coverage equal to 15.9%, just 

under the 17% target.  

Concluding, despite the substantial recent growth in PA absolute area, the 

coverage and the representation of ecoregions and of other higher biogeographical 

categories is still insufficient (Juffe-Bignoli et al., 2014; Butchart et al., 2015). 

 

1.5.3 Species coverage 

The degree of completeness and the effectiveness of the global PA system in 

protecting biodiversity are most meaningfully measured by the degree of coverage 

of species diversity, rather than by the coverage of the planet, biomes, or countries 

‘surface (Brooks et al., 2004). A number of studies assessed the coverage of the 

geographic ranges of sets of species (those whose distributions are best known) by 

the global PA network, through an investigation method called “gap analysis”, best 

described in Section 1.6. The first two works were by Rodrigues and others (2004a; 

2004b). In both, they analysed 11,633 species of terrestrial vertebrates, including 

4,735 mammals, 273 turtles, 5,454 amphibians, and 1,171 threatened birds. The 

difference between the two works is the criterion utilized to consider a species 

represented inside the global PA system. In their earlier analysis (Rodrigues et al., 

2004b), a species was considered “covered” if any portion of its range overlapped 

any portion of a PA. In their second work (Rodrigues et al., 2004a), they refined the 

criterion, establishing a species-specific conservation target for each taxon 

analysed. The conservation target was the minimum percentage of the species’ 

range that should overlap PAs for the species to be considered adequately 

represented, calculated on the basis of the species’ range size (more details in 

Section 1.6). In the first study, they identified 1,424 species (12% of all species 

analysed) that were not represented inside the global PA system and 1,423 species 
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present exclusively inside very small PAs or inside PAs with looser form of 

protection. They also found higher proportions of unrepresented species among 

threatened ones. In their subsequent work, they discovered that the vast majority of 

the species previously considered represented (74%) did not achieve their 

conservation target, again with a higher proportion for threatened species. Since the 

analyses described above, there has been a significant development of global 

databases on the geographic distribution of vertebrates and many PAs have been 

created around the world, making it essential to revise this kind of work. Many 

research groups did it (e.g. Cantú-Salazar et al., 2013; Venter et al., 2014; Butchart 

et al., 2015), following the method of Rodrigues and others (2004a) to scale 

conservation targets to the species’ overall geographic range size. The research 

groups found that, still today, the majority of species are not adequately represented 

inside the global PA system. For example, Butchart and others (2015) reported that 

less than half of the 25,380 species of mammals, amphibians, marine bony fishes, 

cartilaginous fishes, lobsters, crayfish, mangroves and seagrasses analysed have a 

sufficient proportion of their distribution covered by PAs. Venter and others (2014) 

even found a higher percentage (85%) for threatened mammals, amphibians and 

birds, in addition to 700 species that were not found in any single PA.  The results 

also indicated that more than 17% of the land and 10% of the sea might need to be 

covered by PAs to achieve the adequate conservation of all species (Juffe-Bignoli 

et al., 2014; Butchart et al., 2015). The taxa analysed represent only a subset of 

biodiversity, but they are the only ones whose distributions have been sufficiently 

assessed to permit a gap analysis (Watson, 2015). It is very likely that other less 

known taxa, with high levels of endemism, such as plants and insects, are even 

worse represented, given the tendency for sets of species with smaller range sizes 

to have higher proportions of unrepresented species (Rodrigues et al., 2004b). 

Comparing the outcomes of these new recent assessments with the past 

ones, it appears evident that, despite the recent expansion of the global PA system 

(Section 1.3), there has been no significant improvement of its effectiveness in 

representing species diversity. Conversely, the current global PA network is still 

very far from achieve this basic objective (Juffe-Bignoli et al., 2014; Butchart et al., 

2015).  
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1.5.4 Conclusions and future direction 

If, with the simplest interpretation of Aichi Target 11, the global PA system proved 

to be still incomplete (Section 1.4), considering also ecological representativeness 

its shortfalls appear much greater (Woodley et al., 2012; Juffe-Bignoli et al., 2014; 

Watson et al., 2014). This has been demonstrated not only for species and 

ecoregions at a global scale, but also for other levels of biodiversity (e.g. ecosystem-

, community-, genetic-level) and at multiple scales (Wu et al., 2011).  

The substantial recent growth in PA absolute area (Section 1.3) has not 

resulted in an increased representativeness of the global biodiversity (Venter et al., 

2014; Watson et al., 2014; Butchart et al., 2015). In the past, the patchy 

representation of species inside PAs has been attributed to weaknesses in 

conservation planning methods (Watson et al., 2014). Now that these are sounder 

(Sections 1.6 and 1.7), the only possible explanation is that PAs are still set up in in 

response to political and economic interests, rather than to scientific ones 

(Assunção de Albuquerque et al., 2012a; Watson et al., 2014) 

The inadequate representation of biodiversity inside the global PA system 

strongly indicates that we need to expand it further, but strategically. The future 

expansion must account for biodiversity patterns in order to enhance the 

representativeness of PAs, focusing on those regions that would contribute most to 

the global system (Rodrigues et al., 2004b; Maiorano et al., 2006; Woodley et al., 

2012; Juffe-Bignoli et al., 2014; Venter et al., 2014; Butchart et al., 2015). This is 

the only real way to ensure that PAs are able to avert the current and unacceptable 

loss of biodiversity. 

 

1.6 Gap analysis 

Strategically expanding an existing PA system to improve its representativeness 

(Section 1.5.1) requires a preliminary systematic assessment of its current 

biodiversity coverage. This is achieved using gap analysis (Margules and Pressey, 

2000; Maiorano et al., 2007; Vimal et al., 2011; Assunção de Albuquerque et al., 

2012a; Primack, 2012), which is the procedure commonly utilized to assess the 

representativeness of an existing PA system and to identify biodiversity 

components that are not adequately represented, i.e. the “conservation gaps” 
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(Rodrigues et al., 2004a; Alagador et al., 2011; Dobson et al., 2013). Subsequently, 

this information becomes the guiding principle to establish new PAs (Section 1.7), 

in order to fill in the gaps (Vimal et al., 2011; Primack, 2012; Dobson et al., 2013). 

There are three key steps in a gap analysis (Figure 1.6). 

 

Figure 1.6 The three key steps of a gap analysis. 
 

1.6.1 The first step: choosing the most appropriate surrogates 

Biodiversity is a broad concept that includes all the expressions of life, organized 

hierarchically from the molecular to the ecosystem level. An ideal PA system 

should represent adequately each component of this complexity in the region in 

which it occurs (Margules and Pressey, 2000; Sarkar et al., 2006; Primack, 2012). 

However, assessing representativeness for all biodiversity elements is practically 

impossible. Indeed, a valid gap analysis requires systematic information on the 

spatial distribution of the elements analysed (Brooks et al., 2004; Rodrigues and 

Brooks, 2007; Dobson et al., 2013) and, unfortunately, this is available only for a 

very small fraction of biodiversity. Even for the best-known taxa (e.g. birds and 

mammals) in the best-studied regions, there are still huge gaps in our knowledge 

about distributions, let alone for lesser known taxa and for the lower levels of 

biodiversity, such as populations (Rodrigues and Brooks, 2007; Watson et al., 

2011). An ever-broader knowledge about biodiversity patterns is desirable for an 

ever more accurate conservation planning, but delaying analyses and decisions 

awaiting for complete data is unthinkable. Indeed, the urgency of ongoing 

biodiversity crisis (Section 1.1) requires immediate action. Therefore, at least for 

the immediate future, it will be necessary to accept this incompleteness and adopt 

methods for making the most of what we know (Margules and Pressey, 2000; 

Langhammer et al., 2007, Carvalho et al., 2010). Following this rationale, gap 

analyses are carried out considering only partial expressions of biodiversity, that is, 

those elements for which adequate data exist, used a surrogate for the rest of 

biological diversity. These surrogates may be sets of species covering entire well-

First step:
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known taxa (e.g. all mammals, all birds, all vertebrates), of assemblages (e.g. 

communities, habitat types), of environmental classes or their combinations (Table 

1.1). Using surrogates means to assume that the conclusions obtained for the 

biodiversity elements incorporated into the analysis are also valid for those lesser-

known, like plants, insects, etc. (Margules and Pressey, 2000; Rodrigues and 

Brooks, 2007; Watson et al., 2011). Even if more surrogacy tests are needed to 

confirm definitively such an assumption, the analysis of the literature about the 

effectiveness of biodiversity surrogates by Rodrigues and Brooks (2007) cautiously 

supports it, at least for the elements of the same realm (terrestrial, marine, or 

freshwater). There is no best surrogate. The decision on which to use depends on 

many factors, especially on which data sets are sufficiently consistent for the study 

area. This choice is the first step of any gap analysis (Margules and Pressey, 2000; 

Rodrigues and Brooks, 2007; Watson et al., 2011; Dobson et al., 2013). 

 

1.6.2 The second step: defining the most appropriate targets 

The second step is to establish an explicit quantitative conservation target for each 

biodiversity component included in the gap analysis. These targets may be 

interpreted as the minimum presence levels that the elements analysed should reach 

inside the PA system to be considered as adequately represented and safeguarded 

(Margules and Pressey, 2000; Rodrigues et al., 2004a; Vimal et al., 2011). Their 

definition is crucial, as they can have a major impact on the results of the gap 

analysis.  

A wide variety of targets has been employed (Table 1.1). The less 

demanding is the simple presence of a portion of each element’s distribution inside 

the PA system, regardless of the portion extent (i.e. a single representation) (Vimal 

et al., 2011; Watson et al., 2011). This kind of target was utilized by Rodrigues and 

others (2004b) in their first global gap analysis (Section 1.5.3), but it is admittedly 

insufficient because it does not guarantee long-term persistence (Section 1.5), so 

that the results are a notable underestimate of the real number of “uncovered” 

species (“gap species”) (Rodrigues et al., 2004b; Vimal et al., 2011). Indeed, in 

theory, to consider a species as reasonably covered and preserved by a PA system, 

this should include at least one viable population. This requirement comprises both 
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a minimum number of individuals (and thus a minimum area) sufficient to prevent 

the negative effects of genetic and demographic stochasticity, and the ecological 

infrastructure necessary for the long-term persistence of species in the face of the 

stochasticity of the environmental conditions and of the unpredictability of natural 

and anthropogenic changes. Nevertheless, these survival prerequisites vary 

significantly among species and determining them with precision is complex and 

requires large quantities of data, unavailable for the majority of species. Thus, in 

practice, defining the minimum viable population for all the species included in a 

gap analysis is not feasible (Rodrigues et al., 2004a; Watson et al., 2011).  Actually, 

it still does not exist a definitive guideline to set perfect conservation targets, so any 

criterion applied to distinguish between covered and gap species is inevitably an 

approximation (Araújo et al., 2007; Abellán and Sánchez-Fernández, 2015). A 

certain solution would be to protect the entire geographic distribution of all the 

biodiversity components analysed, but the obvious limitations of the area and of the 

resources available for nature conservation (Section 1.7) require satisfactory 

compromises between the total protection and Rodrigues and others’ target (2004b). 

(Watson et al., 2011).  

Looking for these compromises, more kinds of targets have been 

subsequently proposed. For instance, multiple representations, i.e. the presence of 

each species in at least n different sites (e.g. Abellán and Sánchez-Fernández, 2015) 

or the protection of a minimum percentage of each element’s range (e.g. Wu et al., 

2011) (Vimal et al., 2011; Watson et al., 2011). However, also this kind of uniform 

targets (i.e. the same quantitative target for all the elements analysed) seems to be 

inadequate because biodiversity features vary in their conservation needs. 

Moreover, they can introduce some biases. For example, consider a target that 

requires representing each species in three different sites. It would favour rare 

species because these would be represented in a larger proportion of their range 

compared with very common species, which instead would be represented in a very 

small fraction of their range. If, on the other hand, we consider as example a target 

of representing 10% of each species’ range, this would bias the results toward 

widespread species. In fact, in absolute terms, 10% of a wide range is a much larger 

area than 10% of a small range.  Moreover, restricted-range species tend to be rare 
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also in terms of local abundance. This means that the number of individuals present 

in 10% of their range is disproportionately smaller than the number of individuals 

of a widespread species present in an equivalent area (Rodrigues et al., 2004a; 

Vimal et al., 2011).  

The approach that better satisfies the particular conservation needs of each 

biodiversity element in the analysis is setting individual targets (Vimal et al., 2011). 

This more sophisticated method was introduced by Rodrigues and collaborators 

(2004a) in their second global gap analysis (Section 1.5.3) and it is still the most 

used (e.g. Maiorano et al., 2006, 2007; Watson et al., 2010; Cantú-Salazar et al., 

2013; Venter et al., 2014; Butchart et al., 2015; Maiorano et al., 2015). The specific 

targets are calculated on the basis of species’ range size, because this 

biogeographical characteristic is one of the main factors that determine the 

vulnerability to extinction (Rodrigues et al., 2004a; Primack, 2012). As is intuitive, 

living in a small portion of territory, rare species are more vulnerable because the 

probability that adverse natural events and anthropogenic activities compromise 

their habitat in their whole distribution range is much higher than for wide-

distributed species (Primack, 2012). Compared with more common species, they 

require stronger conservation measures, that is, more demanding conservation 

targets, i.e. a larger percentage of the range or a higher number of representations 

to be included inside the PA system (Rodrigues et al., 2004a). Among the works 

that follow Rodrigues and collaborators (2004a)’ rationale, there can be small 

differences in the exact procedure to elaborate the single targets. For example, 

Rodrigues and collaborators (2004a) set a 100% conservation target, i.e. the total 

coverage of the range, for species which range was smaller than 1,000 km2 (i.e. for 

the rarest species). In contrast, for species which range was bigger than 250,000 

km2 (i.e. for the most common species), they set a target of 10% of the range. For 

species with ranges of intermediate size, the target was interpolated between the 

two extremes using a linear regression on the log-transformed area occupied. In this 

way, a species not represented in any PA was considered a “total gap” species, 

while a species that met only a portion of its conservation target was considered a 

“partial gap” species. While some subsequent gap analyses used the same 

thresholds (i.e. 1,000 and 250,000 km2: e.g. Cantú-Salazar et al., 2013; Venter et 
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al., 2014; Butchart et al., 2015, all at a global level), some others used different 

ones. For example, Maiorano and others (2015) conducted a gap analysis at 

European level changing the upper threshold in 100,000 km2, more adequate for the 

continental context. Maiorano and collaborators (2006) also carried out a gap 

analysis of Italian vertebrates, adapting Rodrigues and others’ (2004a) thresholds 

respectively in 500 and 25,000 km2. The thresholds used in the aforementioned 

works admittedly have a degree of arbitrariness, as demonstrated by the fact that 

the authors have used and introduced one or another without objectively justifying 

their preferences. Nonetheless, Thuiller and others (2015) used a system to adapt 

the thresholds to the extent of the study area that reduces the degree of arbitrariness. 

They identified the species for which range size belonged to the top 10 and 90% 

quantiles and then set their targets respectively to 100% and to 10%.  For 

intermediate species, they adopted the same procedure of Rodrigues and others 

(2004a). In any case, for studies in land environments, the 10% target for very 

common species means that they are, on average, neutral to the analysis, as the total 

land area of the planet covered by PAs is now 15.4% (Section 1.4.2) and was greater 

than 10% at the time of such studies (Rodrigues et al., 2004a).  

Choosing the most appropriate targets among this wide availability of 

options is the second step of a gap analysis.  

 

1.6.3 The third step: overlaying the maps 

The last step is the overlay of the maps of the geographic distributions of the 

surrogate attributes for which we want to measure the degree of protection with the 

map of the PAs of our study area (Alagador et al., 2011; Dobson et al., 2013). This 

allows to quantify the contribution of existing PAs to conservation targets 

established previously (i.e. the degree of representativeness of the PA system), and 

to identify the elements that are unrepresented or under-represented (i.e. the gaps 

in the existing PAs) (Margules and Pressey, 2000; Dobson et al., 2013). The 

implementation of this step is commonly supported by geographic information 

systems (GIS), which can manipulate, analyse, and present different kinds of 

geographical data (Primack, 2012; Dobson et al., 2013).  
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It is important to notice that even the best distributional data contain some 

errors. Talking about species, the most used surrogates, the representation of their 

distributions can erroneously indicate that they are present in a site where they are 

actually absent, or, on the contrary, that they are absent in a site where they actually 

occur. These false occurrences and false absences are respectively referred to as 

errors of commission and omission (Rondinini et al., 2006; Gaston and Fuller, 2009; 

Carvalho et al., 2010). When analysing large quantities of distributional data for 

macro-ecological and conservation studies, the incorporation of such errors is 

unavoidable and thus commonly tolerated (Rodrigues et al., 2004b; Marfil‐Daza et 

al., 2012). Nevertheless, in order to produce the most accurate results, it is necessary 

to choose the most appropriate data type to reduce the total amount of errors and, 

possibly, of the kind of error more detrimental for the purpose of the study 

concerned (Rodrigues et al., 2004b; Rondinini et al., 2006; Carvalho et al., 2010). 

In fact, distributional data are available in different formats prone to different kinds 

of error. They are divided into two main categories: observed and predicted data. 

Observed data include point locality records (e.g. those compiled from museums 

and herbaria), and geographic range maps, representing the broader geographic area 

where a species is known to occur. The latter exist in the form of polygons or 

gridded atlas data (Rondinini et al., 2006; Langhammer et al., 2007; Gaston and 

Fuller, 2009; Carvalho et al., 2010). Polygonal range maps are built interpolating 

(presumed) marginal locality records. Because they intentionally ignore the internal 

structure of species’ distributions, excepting perhaps major discontinuities, they 

generate maps that tend to exhibit much greater errors of commission than of 

omission. If there is a high density of locality records, species’ range can be 

represented using gridded data, i.e. generalizing records to larger areas by mapping 

them into the cells of an equal-area grid. This is the general criterion to realize 

distribution atlases. In the main, distributions based on gridded data suffer from 

greater errors of omission than commission. These false absences may arise either 

because surveys are biased or, if the coverage of the landscape is comprehensive, 

because rare or secretive species have lower probabilities of detection. In most 

cases, observed distributional data are incomplete. To overcome this limitation, 

researchers use ecological niche-based models to predict the distributions of species 
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(Rondinini et al., 2006; Gaston and Fuller, 2009; Carvalho et al., 2010). However, 

these models are not free of uncertainty or error, for a number of reasons: the 

distribution data on which they are based contain errors (as discussed above); they 

cannot take into account all environmental, ecological and historical factors that 

affect species distributions; there might be errors in the eco-geographical variables 

used to create the distribution models; different statistical modelling methods have 

different predictive performances. These errors and uncertainties usually give rise 

to an overestimation of species’ distributions due to the limitations of modelling 

algorithms and because some suitable habitat is often not occupied as a 

consequence of historical factors, geographical barriers or biological restrictions 

not captured by eco-geographical variables. In other words, with this approach 

commission errors tend to exceed omission errors (Carvalho et al., 2010).  

For conservation purposes in general, and for gap analyses in particular, 

commission errors are more detrimental than omission errors, so that it is important 

to try to minimize them. In facts, during the comparison between species’ 

distributions and PA maps, false occurrences that fall inside the existing PAs may 

lead to think that we have conserved an adequate percentage of the distribution of 

a species when, in reality, this is not true (i.e. there might be an overestimate of 

covered species). In contrast, false absences might mean missed opportunities for 

the representation of occurring species, resulting in a less risky overestimate of gap 

species but in an increased cost for the PA system expansion (Rodrigues et al., 

2004b; Rondinini et al., 2006; Carvalho et al., 2010). As is evident, gap analysis 

results (and consequent conservation planning decisions, Section 1.7) are sensitive 

to the type of distributional data. Without prejudice to the general tendencies 

described above, a decisive factor that influences the performance of the different 

data typologies in conservation planning is how much we know about the 

distribution of the species analysed. For example, when there are very good 

unbiased distributional data, e.g. those derived from systematic surveys with well-

sampled grid cells,  gridded data tend to capture overall distributions better than 

other approaches and are best for assessing and achieving representation goal in 

conservation planning (Gaston and Fuller, 2009; Carvalho et al., 2010). Under other 

conditions, it is possible to rely on other typologies and, consequently, gap analyses 



32 

 

have used the complete variety of distributional data (Table 1.1, gridded data: e.g. 

Araújo, 1999, 2004; Araújo et al., 2007; Romo et al., 2007; Sánchez-Fernández et 

al., 2008; Abellán and Sánchez-Fernández, 2015; polygonal range maps: e.g. 

Rodrigues et al., 2004a, 2004b; Cantú-Salazar et al., 2013; Venter et al., 2014; 

Butchart et al., 2015; predicted distributions: e.g. Maiorano et al., 2006, 2007, 2015; 

Watson et al., 2010; Thuiller et al., 2015).  

Once the kind of distributional representation to use is established, it is 

possible to proceed to measure its range size. As explained in Section 1.6.2, species’ 

range size is a strong predictor of extinction risk and it is used to define the species-

specific conservation targets. It can be measured in two different ways, depending 

on various factors. The first is the extent of occurrence (EOO), which is the area 

that encompass all localities where a species has been recorded. The EOO includes 

possible discontinuities and thus overestimates the area truly occupied, i.e. it is 

prone to commission errors. The second is the area of occupancy (AOO), which is 

that within those outermost limits over which the species actually occurs. By 

definition, the AOO of a species is a subset of its EOO and thus reduces commission 

errors, even if it can increase omission errors. Moreover, the AOO is markedly 

better correlated with population size than is the EOO. Given that both the area 

really occupied by a species and its population size contribute to its extinction risk, 

then the AOO is particularly adapt to estimate it, especially when the risk is due to 

habitat loss and degradation (which are among the main threats to biodiversity, 

Section 1.1) and to demographic processes. This also means that the AOO is 

particularly adapt to estimate conservation needs of species, for example when 

defining their conservation targets during a gap analysis (Section 1.6.2). EOOs and 

AOOs can in principle be derived from any of the typologies of distributional 

representations described above, but their accuracy varies according to the 

characteristics of distributional data. For example, considering gridded data 

(relevant for the purpose of my work, Section 2.4), if sampling density is high and 

grid cell size is not too large (i.e. the resolution is not too low), then they provide 

an accurate basis for measuring the AOO of a species (Rondinini et al., 2006; 

Gaston and Fuller, 2009). Therefore, choosing to use the EOO or the AOO for 

measuring the size of a species’ range ultimately depends on the scale and 
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resolution of the analysis, on data availability, and on the relative acceptability of 

omission and commission errors (Rondinini et al., 2006). 

 

1.6.4 Variability and versatility of gap analysis 

The origins of the systematic review of existing PA systems date back at the 

beginning of the 1980s (Margules and Pressey, 2000; Brooks et al., 2004; Maiorano 

et al., 2006), but it is only in 1988 that Burley (1988) first described a method for 

identifying gaps in the representation of biodiversity. Subsequently, Scott and co-

authors (1993) introduced a technically efficient version of Burley (1988)’s method, 

officially calling it “Gap analysis”. The gap analysis concept expressed by Scott 

and co-authors (1993) is slightly broader than what I presented at the beginning of 

this section. In fact, it can be used not only to evaluate the representation of 

biodiversity surrogates at all hierarchical levels (Table 1.1, like species: e.g. 

Rodrigues et al., 2004a, 2004b; Cantú-Salazar et al., 2013; Venter et al., 2014; 

Abellán and Sánchez-Fernández, 2015; Butchart et al., 2015; Maiorano et al., 2015; 

communities: e.g. Wu et al., 2011; natural area types: e.g. Oldfield et al., 2004; 

ecoregions: Iojă et al., 2010; Wu et al., 2011; Butchart et al., 2015; functional and 

phylogenetic diversity: e.g. Thuiller et al., 2015), but also of high-value biodiversity 

areas (e.g. Rey Benayas and de la Montaña, 2003; López-López et al., 2011; Marfil‐
Daza et al., 2012; Butchart et al., 2015). Another important aspect of the versatility 

of gap analysis is that it can be performed at different geographical scales (Table 

1.1), ranging from local (e.g. Estrada et al., 2008) to global (e.g. Butchart et al., 

2015), and including all intermediate grades (e.g. national: Maiorano et al., 2006; 

sub-continental: Araújo et al., 2007, continental: Abellán and Sánchez-Fernández, 

2015).  

Ultimately, there is to say that, since the first formulation by Scott and others 

(1993), a further interpretation of gap analysis has emerged in the literature and in 

practice. In fact, according to another line of thinking (e.g. Margules and Pressey, 

2000), the term also includes the site-selection phase based on the results obtained 

from the assessment stage described in this section. Here, I will considered the two 

processes separately and I always will use the term “gap analysis” sensu Scott and 

others (1993).  
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Table 1.1: Overview of some gap analyses. EU: European Union; IP: Iberian Peninsula. M: 
mammals; B: birds; A: amphibians; R: reptiles; F: freshwater fishes; Eco: ecoregions; VC: 
vegetation communities; BPA: biodiversity priority areas.  

Reference Study 

area 

Biodiversity 

surrogates 

Conservation target Distribution 

data 

Rodrigues et al., 2004a Earth M, B, A, turtles Species-specific 
percentage of range 

Range maps 

Rodrigues et al., 2004b Earth M, B, A, turtles Single 
representation 

Range maps 

Araújo et al., 2007 IP  M, B, A, R, plants Single 
representation 

Gridded data 

Maiorano et al., 2007 Italy M, B, A, R, F Species-specific 
percentage of range 

Predicted 
data a 

Wu et al., 2011 China Eco, VC, BPA  Uniform percentage 
of range 

Range maps 

Venter et al., 2014 Earth Threatened M, B, A Species-specific 
percentage of range 

Range maps 

Abellán and Sánchez-
Fernández, 2015 

EU A, R Uniform multiple 
representations 

Gridded data 

Butchart et al., 2015 Earth M, B, A, others b Species-specific 
percentage of range 

Range maps 

Thuiller et al., 2015 Europe Functional and 
phylogenetic 
diversity of M, B, 
A, R 

Species-specific 
percentage of range 

Predicted 
data   

a Clipped using range maps 
b Marine fishes, corals, lobsters, crayfish, mangroves, seagrasses  

 

 

1.7 Expanding existing protected-area systems 

Recognizing the extent to which conservation targets are met inside an existing PA 

system, through a gap analysis (Section 1.6), is just the first step to create an 

effective protection network. Indeed, after identifying the species needing further 

protection (i.e. “gap” species), it would be necessary to use this information, along 

with their distribution data, to guide the expansion of the network in order to fill in 

the conservation gaps (Vimal et al., 2011; Dobson et al., 2013) 

Nevertheless, a major problem arises when planning the expansion of an 

existing PA system. Both the surface and funds available for conservation are 

limited. The rapid growth of the human population and of its consequent 

requirements for space and resources imposes an increasing constraint on the 

possibility to devote further portions of the Earth's surface to the protection of 

biodiversity. This means that the expansion of PA networks cannot continue in an 

ad hoc and uncoordinated manner, as happened historically (Section 1.5.1). On the 
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contrary, structured approaches are needed to identify well-defined priority areas in 

order to optimize the investment of the scarce resources available for conservation, 

that is, to seek to minimize the funds and the total surface allocated to biodiversity 

protection, at the same time maximizing the outcomes (Watson et al., 2011; Marfil‐
Daza et al., 2012). 

Two main classes of computational techniques are used for selecting high-

value areas for biodiversity: the “hotspot” identification and complementarity 

analyses. They both need basic, comprehensive biogeographic information, such as 

presence/absence of species, and have shown to be more efficient, in terms of the 

number of suitable sites and of total area selected, than those based on expert 

decisions or on the presence of key species as indicators of high diversity. As 

regards the “hotspot” method, it does not refer to the famous concept originally 

formulated by Myers (1988), but to a more general interpretation. In this context, 

the term indicates sites with high species diversity or harbouring numerous 

narrowly distributed (i.e. rare), threatened or endemic species (e.g. Beger et al., 

2003; Kati et al., 2004; Balletto et al., 2010; López-López et al., 2011). Less 

frequently, hotspot sites have been identified taking into account more complex 

criteria, like indexes combining numerous ecological factors (e.g. Rey Benayas and 

de la Montaña, 2003; Chen, 2007; Traba et al., 2007; Gardner et al., 2015). In any 

case, the procedure is the same: sites are ranked according to their specific score 

for the chosen selection criterion and the top (5%, 10%, or 15%) scoring sites are 

classified as hotspots and considered for the future expansion of the PA network. 

However, area-selection based on hotspots does not guarantee the inclusion of all 

the target species, especially when their number is high (Chen, 2007; Traba et al., 

2007; Dobson et al., 2013). In contrast, complementarity analyses receive growing 

interest for their greater efficiency in optimizing available resources (Marfil‐Daza 

et al., 2012; Kukkala and Moilanen, 2013) and are the backbone of the field of 

systematic conservation planning (SCP).  

SCP is a sub-discipline of conservation biology born in the early 1980s and 

currently considered the most influential paradigm to efficiently select additional 

priority areas to move towards satisfactory protection of biodiversity. The original 

operational model of SCP was summarised by Margules & Pressey (2000). These 



36 

 

authors described the process as composed of six different stages: the first three are 

the collection of data, the elaboration of quantitative conservation targets, and the 

assessment of conservation target achievement within the existing PA network. In 

other words, SCP starts with a gap analysis stricto sensu (Section 1.6). Then, the 

process continues with the design of the expansions (4th stage), i.e. with the 

identification of the specific areas that should be added to the existing network to 

achieve the conservation targets established in the second stage. Finally, the process 

ends with the implementation of the conservation actions on the ground (e.g. 

determining the most feasible form of management) and with the long-term 

maintenance of the particular values of the single areas in the context of the whole 

system, in addition to a continuous monitoring of key indicators to assess the 

success of management actions. As a theoretical exercise, this work only focuses 

on the first four stages of SCP, with the first three having been widely described in 

Section 1.6.  

As regards the identification of supplementary sites (i.e. the fourth stage), 

SCP methodologies require the application of selection algorithms based on the 

principle of the complementarity. Selection algorithms are mathematical processes 

that identify sets of additional areas applying explicit rules, while the basic idea 

behind complementarity is that PAs should complement one another in terms of the 

species that they contain.  Each PA should be as different from the others as possible 

until all the different species are adequately represented. Complementarity can be 

quantified as the number of unrepresented species (or other biodiversity features) 

that a new area adds to an existing set of sites. If conservation targets are set in 

terms of percentage of range in which species should be protected, complementarity 

can be measured as the contribution that a site makes to such targets (Watson et al., 

2011; Kukkala and Moilanen, 2013). Even if different kinds of complementarity 

algorithms exist, the common theme is that site selection is accomplished iteratively 

by using as one of the rules the prioritization of the area with the highest 

complementarity value, up to the required level of representation. This means that, 

at each iteration, the complementarity value of the remaining sites have to be 

updated relative to what areas have been already selected.  This recognizes that the 

potential contribution of an area to a set of targets is dynamic: some or all of the 
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features in an unselected area might have had their targets partly or fully met by the 

selection of other areas. In contrast, more traditional approaches to site selection, 

as the hotspot estimation, are unresponsive to the changing conservation status of 

the features as new areas are selected. From the application of the principle of 

complementarity and from this dynamicity derives the greater efficiency of 

selection algorithms than ranking methods (Watson et al., 2011; Sarkar, 2012).  

Two classes of mathematical problems have been formalized in SCP. With 

minimum set problems, algorithms are applied seeking to select the sites that would 

guarantee the full achievement of the conservation targets elaborated during the 

preliminary stage of the gap analysis (Section 1.6), with the minimum total area (or 

cost). Instead, with maximal coverage problems, algorithms are applied seeking to 

maximize the target achievement in a given fixed limit for area or cost (Sarkar, 

2012). Moreover, two general kinds of selection algorithms exist: exact and 

heuristic (i.e. non-exact) algorithms. Exact algorithms can identify the single 

optimal solution for the problems described above (e.g. the actual minimum set of 

sites necessary to achieve the targets), but for large reserve-design problems it is 

difficult (and often impossible) to find it in a reasonable amount of time. Heuristics, 

on the other hand, provide good, near-optimal solutions in a reasonable processing 

time, and thus are generally preferred by planners over exact algorithms (Sarkar, 

2012). 

 

1.8 Aim of the research 

Using the most accurate distribution data available (on a 10-km grid), I assessed the 

effectiveness of the Spanish protected-area system in ensuring the long-term 

conservation of terrestrial vertebrates (freshwater fished excluded). Then, I used a 

standardized combined index of biodiversity to identify high-value areas for 

terrestrial vertebrate species and explored their degree of overlap with the existing 

network of protected areas. Finally, I applied a complementarity algorithm to 

identify the minimum number of supplementary sites needed to resolve the 

shortcomings of the current conservation network in Spain and to protect 

adequately all terrestrial vertebrates.  
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2. Methods 

 

2.1 Study area 

The study area was peninsular Spain (Figures 2.1 - 2.3, total surface: 493,654 km2), 

the largest portion (84.9%) of the Iberian Peninsula. As PAs are generally 

developed at country level by the national authorities, I focused my analyses only 

on the Spanish part of this geographical entity. Peninsular Spain represents 97.6% 

of the whole of Spanish territory. The remaining 2.4% comprises several islands 

and the exclave cities of Ceuta and Melilla, in northern Africa. These territories 

were excluded because: 1) the evolutionary and ecological processes taking place 

on the islands are different from those occurring on the mainland; 2) Spanish 

possessions in Africa (i.e. Ceuta, Melilla, and some islands) belong to a distinct 

zoogeographical unit: the Sahero-Arabian sub-region (Procheş and Ramdhani, 

2012).  For these two reasons, these areas should be studied separately. 

 
Figure 2.1 Map of peninsular Spain showing its major geographical features.  
 

 

The study area shows a notable spatial heterogeneity, with a variety of 

reliefs, climates, soil types and biomes. It ranges from sea level to 3,478 m a.s.l. of 
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Mulhacén, in the Baetic Cordillera (Figure 2.1), and is characterized by a high 

average altitude (660 m, whereas the average altitude in Europe is 300 m) and by a 

mountainous terrain, with major ranges running throughout the country. Most of 

the level land is along the 4,872 km of coast, in river valleys, and on the “Meseta 

Central”, the vast plateau that dominates central Spain (average altitude: 600 m). 

The “Meseta Central” is divided horizontally into two sub-units by the Central 

System Mountains and contains three large low-lying river valleys: the Tagus 

Valley (the Tagus, with its 1,007 km, is the longest river of the peninsula), the 

Duero Valley (895 km), and the Guadiana Valley (818 km). Other major rivers are 

the Ebro (910 km) in the northeast of the study area and the Guadalquivir (657 km) 

in the southwest. In the north, a narrow hilly strip of land (average altitude: 610 m) 

between the Bay of Biscay and the Cantabrian Mountains completes the 

topographic framework of the study area. Finally, many wetlands are distributed 

across the coastline (Luxán and Sánchez, 2013). Two major climatic zones 

characterize the study area. The oceanic climate (warm summers, cool winters, 

narrow annual temperature range, without a dry season) is found in a band c. 100 

km wide along the western and northern coasts facing the Atlantic Ocean, and it 

also influences the Pyrenees, at the boundaries with France. Instead, the 

Mediterranean climate (warm/hot dry summers and mild/cool wet winters) is found 

in the rest of the peninsula (Rey Benayas and de la Montaña, 2003). Three different 

biogeographical regions roughly reflect the distribution of the climatic zones 

(Figure 2.2). The Atlantic region encompasses the territories along the northern 

coastland (11.2% of the study area), while the Mediterranean one covers the rest of 

the peninsula (86.7%) except the area of the Pyrenees, which represents the Alpine 

region (2.1%). The distribution of different vegetation types reflects the different 

combinations of climatic, topographic and edaphic conditions. These vary from 

semi-desertic flora, Mediterranean oak forests, steppe-land areas and evergreen 

pine forests, to deciduous vegetation (including Fagus and Quercus trees), and sub-

alpine and alpine vegetation at higher elevations (López-López et al., 2011).  

Most of the study area (89.7%) is included in one of the global biodiversity 

“hotspots” (Mittermeier et al., 2011): the Mediterranean basin (Figure 2.3). 

Biodiversity hotspots (sensu Mittermeier et al., 2011) are regions with outstanding 
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concentrations of endemic vascular plants affected by massive loss of habitat, and 

therefore global priority areas for conservation investments. 

 
Figure 2.2. Map of the biogeographical regions in peninsular Spain.  
 

 
Figure 2.3. The study area (green) and its position in the European and Mediterranean context. The 
striped portion is included in the Mediterranean biodiversity hotspot (orangish with reddish 
contours).  
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In less than 1.6% of Earth’s land surface, the Mediterranean basin hosts 11,700 

endemics out of total 22,500 occurring vegetal species, representing the third 

hotspot for plant richness. Moreover, it harbours 1,248 continental vertebrate 

species, of which 240 are endemic. In this context, the study area (and in general, 

the whole Iberian Peninsula) stands out as one of the main centres of biodiversity 

of the entire hotspot, with about 8,000 plant species, more than 600 vertebrates and  

50,000 invertebrates. The peninsula also represents a priority site for conservation 

in Europe. Indeed, it hosts almost 50% of European plant and terrestrial vertebrate 

species and more than 30% of endemic European species. The importance of the 

study area for wildlife is not limited to the richness or uniqueness of its resident 

fauna and flora. In fact, peninsular Spain is included within one of the main 

corridors for migratory birds from the far reaches of Europe and Africa, which use 

Spanish wetlands and other habitats (like the inner plateaus) as stopover or breeding 

sites. The exceptional biodiversity of the peninsula is the result of the high spatial 

heterogeneity that characterizes the entire Mediterranean basin (López-López et al., 

2011). In turn, this is due to a series of interacting factors, the main of which is the 

chaotic geological history of the region, generated by the collision between the 

Eurasian and African continental plates during the mid-Tertiary. This produced an 

unusual geographical and topographical diversity, with high mountain ranges, 

remarkable peninsulas, and a huge archipelago with almost 5,000 islands and islets. 

Such diversity resulted in a wide range of local climates, soils and vegetation types 

(Médail and Myers, 2004). Subsequently, natural disturbance mechanisms (e.g. 

fire, extreme temperature, desiccation) and especially human presence added 

further complexity to the landscapes of the basin. In fact, the territories of the 

Mediterranean basin stand out not only for their extraordinary biological richness, 

but also because they witnessed a long history of integration between natural 

ecosystems and human activities. Since the end of the last glacial period (c. 12,000 

years ago), humans started to use the area with an increasing impact (López-López 

et al., 2011). Because of this, original primary vegetation, mainly consisting of 

evergreen oak forests, deciduous forests, and conifer forests, has been gradually 

replaced by traditional agricultural lands, evergreen woodlands and maquis, which 

now dominate the Mediterranean region (Médail and Myers, 2004). Nowadays, less 
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than 5% of the primary vegetation remains, with few natural and semi-natural 

ecosystems. Finally, two more factors made the Iberian Peninsula “a hotspot inside 

the hotspot”. First, it remained relatively ice-free during glacial periods in the 

Quaternary, thus providing refugia for many northern and central European species. 

Second, the small thermal fluctuations and rainfall oscillations may have triggered 

new speciation events or at least fostered the completion of those that began in 

earlier geological times (Araújo et al., 2007).  

 

 

2.2 Analytical units 

My analyses used 10 x 10 km grid cells (hereafter referred to as “cells”) derived 

from the Universal Transverse Mercator (UTM) projection and the military grid 

reference system. These operative geographic units have previously been utilized 

in conservation studies (e.g. Rey Benayas et al., 2006; Traba et al., 2007; Assunção 

de Albuquerque et al., 2012a, 2012b; Marfil‐Daza et al., 2012; Abellán and 

Sánchez-Fernández, 2015). The full grid, covering the whole of Spain (including 

marine waters under the national jurisdiction), was provided as shapefile by the 

Spanish Ministry of Agriculture, Food and Environment (“Ministerio de 

Agricultura, Alimentación y Medio Ambiente”) through the web page 

http://www.magrama.gob.es/es/biodiversidad/temas/inventarios-nacionales/. 

Using QGIS (version 2.14.0; QGIS Development Team, 2015), I extracted 

from the full grid only the 5,330 cells covering peninsular territory. The cells had a 

modal size of 100 km2 (n = 5,083). Because of the inevitable distortions occurring 

when trying to represent the surface of a spherical body on a two-dimensional plane, 

the cells lying on the border between two different UTM coordinate zones were not 

perfect 10 x 10 km squares. For this reason, 247 cells covering the study area were 

smaller than 100 km2. Furthermore, the cells lying along the coastline or on the 

border with other countries (Portugal in the west, Andorra and France in the 

northeast, and the British overseas territory of Gibraltar in the south) included a 

portion of marine surface or of non-Spanish territory. Due to these two factors, 

peninsular grid consisted of 4,550 cells covering 100 km2 each and of 780 cells 

covering a smaller land surface. I excluded from my analyses cells covering less 
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than 10 km2 of Spanish land (n = 140), because so small areas are less effective in 

supporting vertebrate communities, even if totally protected. Therefore, the final 

grid resulted in 5,190 cells (Figure 2.4), of which 4,550 covering a surface of 100 

km2 and 640 covering an area ranging from 10.31 km2 to 99.99 km2. Overall, the 

average land coverage of all 5,190 cells was of 95.01 km2. 

 

 
Figure 2.4. The 5,190 UTM 10 x 10 km grid cells covering peninsular Spain used for the analyses.  
 

 

2.3 Protected areas 

Spanish PAs are classified into three main categories (Law n°42, 2007): nationally 

designated PAs (“Espacios Naturales Protegidos”), Natura 2000 sites (“Espacios 

protegidos Red Natura 2000”), and PAs with international status (“Áreas protegidas 

por instrumentos internacionales”). Nationally designated PAs (i.e. designated 

under national legislation) are all those recorded in the Common Database on 

Designated Areas (ver. 13), provided by the European Environment Agency and 

updated to December 2015 (http://www.eea.europa.eu/). They comprise several 
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figures of protection, like parks, nature reserves, protected landscapes, and many 

others sub-categories defined by autonomous communities (e.g. nature places, sites 

of scientific interest, protected wetlands). The Natura 2000 network (Section 1.3) 

includes sites designated under the Birds Directive, i.e. Special Protection Areas 

(SPAs, “Zonas de Especial Protección para las Aves” in Spain), and under the 

Habitats Directive, i.e. Sites of Community Importance, SCIs, and Special Areas of 

Conservation, SACs (“Lugares de Importancia Comunitaria” and “Zonas 

Especiales de Conservación”, in Spain). PAs with international status are those 

designated under international legislation, e.g. UNESCO Man and the Biosphere 

Reserves, World Heritage sites, Ramsar wetlands. All terrestrial PAs belonging to 

the first two categories were considered in my analyses, including every figure of 

protection. On the contrary, PAs with international status were considered only 

when they were also designated at national level and/or included in the Natura 2000 

network (e.g. Doñana, which is both a national park and a Ramsar site), because 

this kind of protected sites may include large areas that are ineffective in conserving 

vertebrates (Butchart et al., 2015).   

Data on the geographical distribution of PAs of interest were obtained from 

the biodiversity database compiled by the Spanish Ministry of Agriculture, Food 

and Environment (“Ministerio de Agricultura, Alimentación y Medio Ambiente”), 

through the web page 

http://www.magrama.gob.es/es/biodiversidad/servicios/banco-datos-naturaleza/. 

Such data were provided as shapefiles with PAs recorded as polygons, updated to 

December 2015, for nationally designated PAs, and to February 2016, for Natura 

2000 sites. In order to avoid leaving out sites of potentially great importance for 

conservation, the records were used irrespective of the IUCN PA classification 

(http://www.iucn.org/about/work/programmes/gpap_home/gpap_quality/gpap_pa

categories/). Indeed, even if only IUCN PA categories I through IV are explicitly 

designated for biodiversity protection, whereas categories V and VI allow a 

multiple-use management, there are still serious concerns that they are not 

interpreted consistently and may not reflect well the role of PAs in biodiversity 

conservation (Cantú-Salazar et al., 2013). Records were also used irrespective of 

the size of PAs. Although single small PAs may arguably have a less direct 
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conservation value, they can be included in a wider geographical context, like a 

UTM 10 x 10 km cell, in which there are other nearby PAs. In this case, they can 

contribute to making such geographical context useful for the protection of 

vertebrates, for example serving as stepping-stones between larger protected sites 

(Cantú-Salazar et al., 2013). For this reason, I retained PAs of any size, as a filter 

to exclude from the analyses too small and scattered PAs is included in the 

preliminary stages of the gap analysis (Section 2.5). 

The final list included 3,165 PAs (Figure 2.5): 1,531 nationally designated 

PAs and 1,634 Natura 2000 sites (508 SPAs, and 1,126 SCIs and SACs). In order 

to create a single geographical database, I merged all polygons in a single layer and 

removed the portions of PAs extending beyond terrestrial boundaries. Nationally 

designated PAs extended over 69,387 km2 (14.06% of the study area), while the 

Natura 2000 network covered 133,456 km2 (27.03% of the study area). Since the 

two PA systems overlapped extensively, I dissolved polygons to prevent the 

overestimation of the total protected surface, which resulted in 136,408 km2 

(27.63% of the study area). PA mean surface was of 103.48 km2 and ranged 

between 0.01 and 2,180 km2.  

 
Figure 2.5. Protected areas in peninsular Spain.  
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2.4 Species data 
  
Amphibian, reptile, mammal and bird species (i.e. tetrapods) occurring in the study 

area were analysed. Theoretically, the assessment of the effectiveness of an existing 

PA system (Sections 1.6 and 2.5) and the site selection for the establishment of new 

PAs (Sections 1.7 and 2.6) should consider biodiversity in all its forms (i.e. from 

the molecular to the ecosystem level). However, in practice these analyses can only 

be performed for biodiversity elements for which sufficient distributional data exist 

(Section 1.6.1). Since species represent the lowest level of biological diversity for 

which broad-scale distributional data collection is practicable, they remain key 

elements in conservation planning studies (Kiester, 2013). This was also the case 

of my work. Specifically, I focused on vertebrate species because they are the only 

taxa that have been comprehensively assessed for their distribution throughout the 

study area. Moreover, vertebrates play a major role in ecosystems (Hoffmann et al., 

2010), thus representing a priority group for conservation investments.  

Among vertebrates, I excluded freshwater fishes because their occurrence 

within PAs is no guarantee of protection, given external threats like flow 

modification and the lack of explicit PA management to meet freshwater objectives. 

In particular, protecting freshwater fishes requires managing landscapes and water 

use beyond PA borders and well into larger catchments (Chessman, 2013). As 

regards birds, only regular breeders were analysed. I excluded all non-breeding 

birds because fine-resolution distributional data were not readily available in digital 

format as for breeding species (see below). I also excluded occasional, colonising, 

and potential breeders because of the intrinsic uncertainty of the data relating to 

their presence. As regards reptiles, I excluded sea turtles. In fact, although it is 

possible to find six species in Spanish waters, none of these regularly nests on the 

beaches of the study area. Given my focus on conservation, I considered only 

tetrapods native to the study area or introduced in historical times and now 

considered part of the naturally occurring Spanish peninsular fauna (e.g. Dama 

dama, Genetta genetta, Herpestes ichneumon, Chamaeleo chamaeleon, Testudo 

graeca). On the contrary, I excluded all recent introductions.  

The complete and updated list of the species to be analysed was compiled 

by integrating information from a variety of specialized sources. In particular, an 
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initial list was obtained from the latest Spanish distribution atlases (of amphibians 

and reptiles by Pleguezuelos and others [2002], of terrestrial mammals by Palomo 

and others [2007], and of breeding birds by Martí and del Moral [2003]). 

Subsequently, I revised that list to incorporate the latest taxonomic information (i.e. 

recent scientific name changes, species descriptions, and splitting and lumping 

phenomena). To do this, the preliminary species list was compared with those of 

different authoritative sources, i.e. the updated herpetofauna list edited by the 

Spanish Herpetological Association (AHE, 2005), the encyclopaedia of Spanish 

vertebrates edited by the National Museum of Natural Sciences (partner of the 

Spanish National Research Council, http://www.vertebradosibericos.org), the 

amphibians database of the American Museum of Natural History 

(http://research.amnh.org/vz/herpetology/amphibia), the reptile database of the 

Zoological Museum Hamburg (http://reptile-database.reptarium.cz/), the red list of 

the International Union for Conservation of Nature (IUCN, 

http://www.iucnredlist.org/), and the BirdLife bird database 

(http://www.birdlife.org/).  

Considering the above criteria on the taxa to be included, 406 species were 

identified. Some of these species are morphologically indistinguishable from one 

another and thus in the past they were described under the same scientific name (see 

below). Recently, they have been separated into distinguished taxa by genetic and 

molecular methods but, because of their long taxonomic coexistence, the only 

distribution data currently available for these entities refer to the species complexes 

in which they were previously lumped together. This is the case of: 

1. Blanus cinereus sensu lato, splitted into B. mariae and B. cinereus sensu stricto 

only in 2009 (Albert and Fernandez, 2009); 

2. Podarcis hispanicus s.l., a species complex recently splitted into P. hispanicus 

s.s., P. guadarramae, P. virescens and P. liolepis (Geniez et al., 2007; Renoult 

et al., 2010; Geniez et al., 2014); 

3. Psammodromus hispanicus s.l., splitted into P. hispanicus s.s., P. 

edwardsianus and P. occidentalis in 2012 (Fitze et al., 2012); 

4. Myotis nattereri s.l., differentiated into M. escalerai and M. “nattereri” (the 

latter still without a formal name) (Palomo et al., 2007); 
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5. Eptesicus serotinus s.l., splitted into E. serotinus s.s. and E. isabellinus 

(Palomo et al., 2007); 

6. Phylloscopus collybita s.l., splitted into P. collybita s.s. and P. brehmii (Martí 

and del Moral, 2003). 

Because of the grouping of the distribution data of these recently recognized 

species, the final list of the taxa to be analysed included only 397 entries, 

corresponding to 391 species sensu stricto and 6 sensu lato (hereafter, both types 

referred to as “species”). In conclusion, 26 amphibians, 45 reptiles, 87 mammals, 

and 239 regularly breeding birds were analysed. The detailed list is available in the 

Appendix I.  

Distribution data for all the 397 species listed in the Appendix I were 

collected in the form of gridded data. I used this kind of data (instead of polygonal 

range maps or distribution models) because they tend to exhibit lower errors of 

commission, the most misleading error in conservation planning (Section 1.6.3). 

Moreover, when gridded data derive from systematic surveys with well-sampled 

grid cells, they capture overall distributions better than other approaches (i.e. they 

suffer from lower errors of both commission and omission) and therefore are best 

for assessing and achieving representation goal in conservation planning (Section 

1.6.3). Gridded data available for the selected species in the study area (see below) 

meet this requirement, as they are the result of an intense work of data collection 

from bibliographic sources, museum collections and well-designed field surveys 

(Pleguezuelos et al., 2002; Martí and del Moral, 2003; Palomo et al., 2007). Finally 

yet importantly, the fine resolution (10 x 10 km) and the high sampling density of 

the data available make them an adequate basis for measuring the species’ range 

size in the form of AOO. As explained in Section 1.6.3, the AOO (compared with 

the alternative of the EOO) reduces commission errors and therefore allows for a 

more accurate estimation of species’ extinction risk, a decisive parameter when 

determining species’ conservation needs during a gap analysis (Sections 1.6 and 

2.5) or when evaluating the relative priority of grid cells during the site selection 

for the establishment of new PAs (Sections 1.7 and 2.6). 

Gridded data for all the 397 species analysed were provided by the Spanish 

Ministry of Agriculture, Food and Environment (“Ministerio de Agricultura, 
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Alimentación y Medio Ambiente”) through its web portal 

(http://www.magrama.gob.es/es/biodiversidad/temas/inventarios-nacionales/). 

They were available in the form of a Microsoft Access database in which each 

record corresponded to the presence of a species in one of the 10 x 10 km UTM 

cells covering Spain (Figure 2.4). In turn, the data provided by the Ministry were 

mainly compiled from the latest vertebrate Spanish atlases, which map species 

distributions on the aforementioned cells (Pleguezuelos et al., 2002; Martí and del 

Moral, 2003; Palomo et al., 2007). The ministerial database also included data 

deriving from two different herpetological databases (the “Base de Datos 

Herpetológica, 2011” and the “AHEnuario web, 2011”) provided by the Spanish 

Herpetological Association (“Asociación Herpetológica Española”, 

http://siare.herpetologica.es/) and from four specific monitoring programmes, i.e. 

the “Seguimiento SECEM 2009-2013” programme by the Spanish Society for the 

Conservation and the Study of Mammals (“Sociedad Española para la 

Conservación y Estudio de los Mamíferos”, http://www.secem.es/) and three 

different programmes (“PASER 2008-2011”, “SACRE 2008-2011”, and 

“NOCTUA 2007-2011) by the Spanish Society of Ornithology (“Sociedad 

Española de Ornitología”, http://www.seo.org/). Such monitoring programmes had 

the main purpose of confirming the information presented in the distribution atlases 

and adding new data, if necessary. I imported the records for the species of interest 

in a spreadsheet (Microsoft Excel 2013, version 15.0). Subsequently, I wrote a 

macro using Visual Basic programming language (whose code is available in the 

Appendix II: macro n.1 “Create_matrix") in order to convert the list of records in a 

presence-absence matrix (hereafter referred to as “matrix”, Figure 2.5) in which the 

presence of a taxon in a given UTM cell was represented by “1” and its absence by 

“0”. Finally, I deleted from the matrix all of the cells relating to non-peninsular 

territory and peninsular cells excluded from the analyses because too small (Section 

2.2). The dimensions of the final cell-by-species matrix were 5,190 X 397, resulting 

in 2,060,430 presence-absence data (548,322 presences and 1,512,108 absences).  

Species data also included information on their conservation status in Spain 

(available in the Appendix I), evaluated following the IUCN Red List criteria 

(version 3.110, the latest available) and compiled from the latest Red Lists of 
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Spanish vertebrates (Pleguezuelos et al., 2002; Madroño et al., 2004; Palomo et al., 

2007). For the species recognized after the publication of the Red Lists (e.g. 

Calotriton arnoldi, Iberolacerta cyreni, I. galani) the risk category for Spain was 

obtained from the encyclopaedia of Spanish vertebrates edited by the National 

Museum of Natural Sciences (http://www.vertebradosibericos.org). 

 

 
Figure 2.6. A screenshot of the database provided by the Spanish Ministry of Agriculture, Food and 
Environment (above) and the result of its conversion in a presence-absence matrix (below).  

 

 

According to these sources, the list of the taxa analysed included 88 species 

threatened with extinction (58 vulnerable, 20 endangered and 10 critically 

endangered, Table 2.1).  

 

Table 2.1: Number of species by taxa and by IUCN risk category for Spain. Threatened categories 
are highlighted in red. 

IUCN Red list category 
Amphibians 

(n=26) 

Reptiles 

(n=45) 

Mammals 

(n=87) 

Birds 

(n=239) 

All species 

(n=397) 

Not evaluated (NE) 0 0 0 146 146 

Data deficient (DD) 1 1 5 5 12 

Least concern (LC) 9 25 48 10 92 

Near threatened (NT) 7 9 16 27 59 

Vulnerable (VU) 7 5 13 33 58 

Endangered (EN) 1 3 3 13 20 
Critically endangered (CR) 1 2 2 5 10 
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Since it is less expensive to protect a species from extinction while it is relatively 

common rather than to wait until is it endangered (Kiester, 2013), I opted to include 

in my analyses also non-threatened species.  

 

2.5 Gap analysis of terrestrial vertebrates 

The level of protection offered by the Spanish PA network to terrestrial vertebrate 

species was investigated by overlapping their range maps with the map representing 

the distribution of PAs (i.e. through a gap analysis, Section 1.6). 

Because species and PA geographical data were recorded at different 

resolutions (species’ distributions were available as occurrence records on grid 

cells, while PAs were represented by polygons of different size and shape), the two 

data sets could not be directly compared. Therefore, I converted the map of the PA 

network (Figure 2.5) to a raster format of 10 by 10 km grid cells. This kind of 

conversion requires the definition of an arbitrary threshold, defined as the minimum 

percentage of the surface of a given cell that should be covered by PAs to consider 

the cell as protected (as well as the species occurring in it). Araújo (2004) was the 

first to suggest the 50% threshold as the most appropriate for providing policy-

relevant information. Subsequently, the same cut-off percentage was utilized by 

other authors (e.g. Marfil‐Daza et al., 2012; Abellán and Sánchez-Fernández, 

2015). Following such prescription, I calculated, for each cell, the proportion of 

land surface covered by PAs, by intersecting the UTM grid covering peninsular 

Spain (Figure 2.4) with the vector PA map (Figure 2.5). Only cells with at least 

50% of their terrestrial surface falling within the PA network were considered as 

protected. Ultimately, 1,274 cells (25.55% of the total) formed the map of protected 

sites used for the gap analysis (Figure 2.7). Among them, the average percentage of 

protected land surface was 79.67%. 

Species distribution maps were generated using the presence-absence matrix 

(Section 2.4) as attribute table of the UTM grid map (Figure 2.4) and selecting, for 

each species, the corresponding data column in order to filter the UTM cells in 

which it was present.  



52 

 

Then, I defined for each species a specific conservation target, defined as 

the minimum percentage of its geographical range that should be included within 

the PA network to ensure its long-term survival and thus to consider the species as 

adequately protected. I followed the approach introduced by Rodrigues and co-

authors (2004a) and subsequently utilized by many others (e.g. Maiorano et al., 

2007; Cantú-Salazar et al., 2013; Venter et al., 2014; Butchart et al., 2015; 

Maiorano et al., 2015). 

 
Figure 2.7. Map of the 1,274 protected UTM 10 x 10 km cells in Spain. 
 

 

According to such approach, the species-specific conservation targets must be 

necessarily calculated on the basis of the species’ range size, as taxa with more 

restricted ranges need a higher percentage of PA coverage than widespread ones to 

avoid extinction (i.e. a more demanding conservation target). In particular, the 

above authors set a target of 100% of the range for “very narrowly distributed” 
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species and a 10% target for “very widespread” ones, using arbitrary thresholds, in 

terms of range extension, to differentiate them (Section 1.6). For species with 

ranges of intermediate size, the target was interpolated between these two extremes. 

In order to reduce the degree of arbitrariness in setting the exact thresholds to 

distinguish rare and common species, I followed Thuiller and collaborators (2015)’s 

method, substantially a modification of Rodrigues and others (2004a)’ approach. 

Therefore, for each vertebrate class, I extracted the species whose range size 

belonged to the top 10 and 90% quantiles. For those species, the target was fixed 

respectively to 100% and to 10% of the area occupied (i.e. a target of 100% was set 

for the 10% rarest species of each group and a target of 10% was set for the 10% 

most common species). For species with ranges of intermediate size, the target was 

linearly interpolated on a log-linear scale between these two extremes and rounded 

to the nearest integer (Figure 2.8).  

 
Figure 2.8. Relationship between species’ range size and their conservation targets. For the 10% 
rarest species the target was 100%; for the 10% most common species the target was 10%. For 
species with ranges of intermediate size, the target was linearly interpolated on a log-linear scale 
between these two extremes. 
 

 

The species-specific target estimations for the four vertebrate groups were 

conducted separately, to avoid introducing biases due to the different average range 

size among classes. The 10% conservation target for very common species implied 

that these ones were, on average, neutral to the analysis, as more than 27% of the 

study area was covered by PAs. Species’ range size was measured in the form of 



54 

 

AOO, as it is particularly adapt to estimate the conservation needs of species 

(Section 1.6). Moreover, when the AOO is calculated on the basis of gridded 

distributional data with high sampling density and relatively fine resolution (as is 

the case of the species data used here), it provides an accurate estimate of species’ 

distribution (Gaston and Fuller, 2009). For each species, the AOO was calculated 

as the sum of the occupied cells and was then log-transformed for the target 

estimation. Both the AOO and the conservation target of each species are available 

in the Appendix III.  

Finally, for each species, the range map was overlaid and intersected with 

the map of protected cells (Figure 2.7). This allowed to determine the proportion of 

their range that was covered by existing PAs (i.e. how many of the occupied cells 

corresponded to protected UTM cells) and to calculate their target achievement by 

dividing this proportion by the defined target. A species not represented in any 

protected cell was considered a total gap species, a species whose conservation 

target was only partially met was considered a partial gap species, and a species 

whose conservation target was completely met was considered a covered species. 

As a measure of the overall effectiveness of the PA system, the percentage of 

covered species was also calculated.  

Spatial analyses were performed in QGIS (version 2.14.0; QGIS 

Development Team, 2015) and SAGA (version 2.1.2; Conrad et al., 2015). 

 

2.6 Selection of supplementary sites  

Two different quantitative site-selection methods (Section 1.7) were employed to 

identify high-value areas for terrestrial vertebrates in Spain: the hotspot 

identification technique (Section 2.6.1) and a complementarity analysis (Section 

2.6.2).  

 

2.6.1 Hotspot identification and gap analysis 

Hotspot UTM cells were identified using as selection criterion the standardized 

combined index of biodiversity (SCIB) formulated by Rey Benayas and de la 

Montaña (2003) and subsequently utilized in other conservation planning exercises 

(e.g. Assunção de Albuquerque et al., 2012a,b; Marfil‐Daza et al., 2012). The SCIB 
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integrates species richness, rarity and vulnerability and, for a given cell, was 

calculated following three steps: 

1. For each single vertebrate class, a combined index of biodiversity (CIB, not 

yet standardized) was calculated separately through the formula: 

��� =  � �	 
 �	
�

��
 

where: 

• i denotes each species of the considered taxon (i.e. class) occurring within 

the cell; 

• n represents the number of species of the considered taxon occurring within 

the cell (i.e. the species richness for the considered taxon is implicit in the 

summatory); 

• Ri is the rarity of the species i, defined as the inverse of the number of cells 

that this species occupies; 

• Vi is the vulnerability of the species i, quantified using the IUCN red list 

categories reported in the red books of Spanish birds, mammals, reptiles, 

and amphibians (Section 2.4). Following Marfil‐Daza and co-authors 

(2012) I matched the categories with the following scores: not evaluated, 

data deficient and least concern = 1; near threatened = 2; vulnerable = 3; 

endangered = 4; critically endangered = 5. Since these scores are subjective, 

any other relative values could be accepted.  

2. The CIB for the considered taxon was standardized by dividing it by its 

mean across all cells. 

3. The standardized CIBs of the single classes were summed together.  

The result was the SCIB of the examined cell, for all the taxa together.  

Using the presence-absence matrix described in Section 2.4, the SCIB was 

calculated for each UTM cell. Next, cells were ranked according to the SCIB value 

and those belonging to the 10% top segment (519 cells) were classified as hotspots. 

Subsequently, the level of coverage provided by the Spanish PAs to the hotspots 
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was investigated by overlapping the hotspot map with that of the protected UTM 

cells shown in Figure 2.7 (i.e. through a gap analysis, Section 1.6).  

Hotspot gap analysis was performed in QGIS (version 2.14.0; QGIS 

Development Team, 2015). 

 

2.6.2 Complementarity analysis 

A complementarity analysis was carried out to identify the minimum number of 

UTM cells that should be added to the existing PA network so that all Spanish 

terrestrial vertebrate species can reach 100% of the conservation targets established 

during the gap analysis (Section 2.5). A heuristic site-selection algorithm was used 

to find a near-optimal solution to this “minimum set” problem (Section 1.7). More 

specifically, I adopted a variation of the "greedy" (richness-based) algorithm 

(Sarkar, 2012), as already done by other authors in similar SCP exercises (e.g. 

Chen, 2007; Marfil‐Daza et al., 2012). The “greedy” algorithm starts selecting the 

site containing the most species and iteratively proceeds including sites that add the 

most additional (i.e. unrepresented) species. The modified version employed in my 

analysis differed from the basic type for the selection criterion used: the SCIB 

instead of the simple species richness (Section 2.6.1). Ultimately, the SCIB can be 

considered as a weighted species richness, i.e. as the species richness multiplied by 

the mean  �	 
 �	 value of the examined cell. 

Since the selection of additional sites was aimed to solve the shortcomings 

of the current Spanish PA system, gap analysis results were used to guide the 

application of the algorithm on the presence-absence matrix (Section 2.4). For this 

reason, the matrix was prepared for the selection by removing all the UTM cells 

already protected (1,274 cells, Section 2.5 and Figure 2.7) and all the species found 

to be covered after the gap analysis (154 species, Section 3.1.2). Since they do not 

require further protection, it made sense to exclude them to avoid the choice of 

unnecessary cells that would reduce the efficiency of the selection. This left a matrix 

(referred to as “M1”) with 3,916 UTM cells and 243 gap species (141 breeding 

birds, 61 mammals, 23 reptiles, and 18 amphibians). The detailed list of the gap 

species involved in the site selection is available in the Appendix III. The SCIB 
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(Section 2.6.1) was calculated for all the cells and the species included in M1 (but 

using rarity values calculated on the basis of the full matrix, i.e. that including all 

the cells of the peninsula, as rarity represents an intrinsic feature of the species that 

is independent from the number of unprotected and unselected cells in the matrix 

during a given stage of the selection process). 

Once the SCIB was calculated for all the unprotected UTM cells, I 

proceeded to apply the complementarity algorithm for the first time. The rules by 

used the algorithm were: 

1. Select the cell with the highest SCIB value. 

2. Remove from the matrix all the species occurring in the cell selected during 

the step 1. 

3. Re-calculate the SCIB considering only the remaining species.  

4. Repeat from the step 1 until there are no species remaining in the matrix.  

Ties among cells at a given iteration were solved by choosing the cell with the 

highest SCIB value calculated on the full matrix (i.e. considering all the 397 species 

analysed).  

The single application of the algorithm described above allows selecting iteratively 

the minimum set of cells representing all the species present in the starting matrix 

at least one time. Nevertheless, the conservation targets established during the gap 

analysis (Section 1.6 and 2.5) required multiple representations of species. 

Therefore, I had to apply the algorithm more times, stopping only when all the gap 

species reached their target. In particular, after each application of the algorithm, in 

order to continue correctly the selection, I had to perform the following operations: 

1. To calculate, for each remaining gap species, the target achievement after 

the theoretical inclusion of all the previously selected cells in the existing 

PA system.   

2. Using the information deriving from the point 1, to identify gap species 

theoretically became covered (Section 2.5). 

3. To exclude species referred to in point 2 from the matrix for the successive 

application of the algorithm (e.g. after the first application of the algorithm,  
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I excluded from M1 the species became covered, producing a new matrix, 

“M2”, used for the second application) 

4. To exclude from the matrix the cells selected during the previous application 

of the algorithm. 

5. To re-calculate the SCIB considering the remaining unprotected cells and 

species (but using original rarity values, see above).  

Only after performing these five operations I could apply again the algorithm, and 

so on, up to solve the minimum set problem defined at the beginning of the Section. 

In other words, the whole procedure was “a loop inside a loop”, operating each time 

on different matrices with ever-fewer rows and columns. Considering the large 

number of species and cells included in the analysis, this kind of selection process 

is feasible only if some form of automation is introduced. I attained it by writing a 

macro using the Visual Basic programming language, whose code is available in 

the Appendix II (Macro n.2 “Site_selection"). This allowed to perform the actions 

described in this Section simply by launching the self-produced computer program.  
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3. Results 

 

3.1 Gap analysis of terrestrial vertebrates 

 

3.1.1 Species range coverage by protected areas 

Geographic range coverage by PAs (i.e. the proportion of occupied UTM cells 

considered as protected) was low for the majority of species. Indeed, the frequency 

distribution of the level of coverage was strongly right-skewed (Figure 3.1), with 

248 species (62.5% of the total) having 30% or less of their range falling within the 

Spanish PA system. The average percentage of coverage was 32.1%.  

 

Figure 3.1 Frequency distribution of the percentage of geographic range coverage by the Spanish 
protected-area system for all the species analysed.  

 

Only a few species had relatively well-covered ranges. For example, just 45 species 

(11.3% of the total) had more than 50% of their range overlapping with PAs. 

Among them, five species were completely covered: the endemic newt Calotriton 

arnoldi, the endemic lizards Iberolacerta martinezricai and I. galani, and two bats, 

Plecotus macrobullaris and Myotis alcathoe. All of them were narrow species 

occupying less than four UTM cells. At the other extreme, there was one species, 
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Rissa tridactyla (see Section 3.1.2 for more information), occupying only two 

unprotected cells.  

A similar pattern was observed within the single vertebrate classes (Figure 

3.2). However, reptiles revealed a higher average proportion of coverage (42.2%) 

than the other groups (mammals = 35.7%, amphibians = 34.3%, breeding birds = 

28.7%), thus representing the best-covered taxon. On the contrary, birds were the 

least-covered species.  

 

 

 

Figure 3.2 Frequency distributions of the percentage of coverage of the geographic range of bird, 
mammal, reptile, and amphibian species by the Spanish protected area system (continued). 
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Figure 3.2 (continued). 
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3.1.2 Conservation target achievement  

According to the pre-defined conservation targets, 154 species (38.8% of those 

analysed) resulted adequately protected within the PA system of peninsular Spain. 

Moreover, 243 gap species (61.2% of the total) were identified, of which just one 

(0.3%) was a total gap and 242 (61.0%) were partial gaps (Table 3.1). The only 

total gap species was Rissa tridactyla, a gull (Family Laridae) classified as 

‘‘vulnerable’’ (Martí and del Moral, 2003) and that breeds only in two UTM cells 

in Galicia (“Costa da Morte”, A Coruña). Among partial gap species there was a 

general tendency towards the highest percentages (i.e. from 60% to 99.9%) of target 

achievement (Figure 3.3). The detailed list with the target achievement for each of 

the 397 terrestrial vertebrate species analysed is available in the Appendix III.  

Table 3.1 Number and percentage of covered, partial and total gap species per taxon in the current 
Spanish protected-area system.  

Taxon
a
 Median range size    

(n° of UTM cells) 

Covered 

species (%)

Partial gap 

species (%) 

Total gap 

species (%) 

All species analysed (397) 792 154 (38.8) 242 (61.0) 1 (0.3) 

Birds (239) 1144 98 (41.0) 140 (58.6) 1 (0.4) 

Mammals (87) 543 26 (29.9) 61 (70.1) 0 (0.0) 

Reptiles (45) 514 22 (48.9) 23 (51.1) 0 (0.0) 

Amphibians (26) 774 8 (30.8) 18 (69.2) 0 (0.0) 

All threatened species (88) 129 9 (10.2) 78 (88.6) 1 (1.1) 

Threatened birds (51) 105 3 (5.9) 47 (92.2) 1 (2.0) 

Threatened mammals (18) 214 2 (11.1) 16 (88.9) 0 (0.0) 

Threatened reptiles (10) 28 2 (20.0) 8 (80.0) 0 (0.0) 

Threatened amphibians (9) 163 2 (22.2) 7 (77.8) 0 (0.0) 

a Values in parentheses are the total number of species within each taxon. 

 

 

Reptiles represented the best-protected taxonomic group. Indeed, almost 

half of the species completely met their conservation target (Table 3.1) and 38% 

were partial gaps with percentages of target achievement above 60% (Figure 3.3). 

On the contrary, mammals and amphibians were the least protected classes, both 

with about 70% of partial gap species (Table 3.1). 
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Figure 3.3 Proportion of covered, partial and total gap species across different taxa. Colours 
represent the degree of target achievement. Percentage values inside the bars indicate how many 
species of each taxon achieved the protection level described by the colour. The bars marked with 
the red stars refer to the threatened species of each group. The percentage of total gaps for the 
categories “All species analysed” and “Birds” is not reported, as it is in both cases lower than 1%. 
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Nevertheless, amphibians had a greater proportion of partial gap species with 

percentages of target achievement exceeding 60% (46% of the species, Figure 3.3), 

thus being in a slightly better condition than mammals (33%). Birds were in an 

intermediate situation, with 41.0% of the species sufficiently covered by PAs (Table 

3.1). Interestingly, they were the only group in which partial gap species had a slight 

tendency towards the lowest percentages (i.e. from 0.1% to 40%) of target 

achievement (Figure 3.3). The tendencies inferred on the basis of the abundance of 

the different classes of partial gap species were reflected in the mean percentages 

of target achievement. Indeed, across all partial gaps, an average of 63.4% of the 

conservation target was met, with a maximum of 72.8% for reptiles and a minimum 

of 52.1% for birds (amphibians = 68.7%).  

Focussing exclusively on the taxa of greatest conservation interest, i.e. on 

those classified as “vulnerable”, “endangered” or “critically endangered” according 

to the IUCN Red List criteria (Section 2.4 for more information; the complete list 

of the species with the corresponding threat categories is available in the Appendix 

I), the pattern changed completely. Indeed, only 10.2% of species were adequately 

covered by PAs (Table 3.1) and the 78 partial gap species showed a slight tendency 

towards the lowest percentages of target achievement (Figure 3.3). Again, reptiles 

were one of the best-protected groups, but together with amphibians, both with 

about 20% of covered species. Birds went to being the least protected class, with 

just 5.9% of the species reaching 100% (or more) of the target. Threatened 

mammals, with 11.1% of covered species, were in an intermediate situation.  

A significant positive correlation (r = .77, p < .01) was found between the 

median range size and the proportion of covered species. Hence, for example, 

within any given taxon, threatened species (which tend to have smaller ranges) had 

proportionally higher numbers of gap species than did all species considered 

together (Table 3.1 and Figure 3.3).  
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3.2 Selection of supplementary sites 

3.2.1 Hotspot identification and gap analysis 

The statistics of the SCIB, calculated for all the 5,190 UTM cells covering the study 

area and considering the four vertebrate classes together, are presented in Figure 

3.4. The map in Figure 3.5 shows its value throughout the peninsula. 

 

Figure 3.4 Box-plot displaying the main statistics of the standardized 
combined index of biodiversity (SCIB) calculated for all the cells of the 
peninsula and considering the four taxa together. The blue line is the median 
value, the box edges correspond to the first and third quartile, and the thick 
black lines represent the minimum and the maximum value. Given the wide 
range of variation, a logarithmic scale was used. Outliers are included (if 
Q3 is the third quartile and IQR is the interquartile range, mild outliers are 
values above Q3 + 1.5 x IQR, while extreme outliers are values above Q3 
+ 3 x IQR). 

 

 

Figure 3.5 Map of the SCIB value throughout peninsular Spain. Outlier values (see Figure 3.4) are 
shown in red (extreme outliers) and in orange (mild outliers). Medium to high values are shown in 
greenish, low values are shown in bluish and in grey.  
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The SCIB ranged between 495.30, found in a Catalan UTM cell (31TDG52) 

including much of the Montseny Massif, a Natural Park located north-west of 

Barcelona, and 0.03, found in a small (19.11 km2) unprotected cell (31TBF45) in 

eastern Aragon (Zaragoza), with only three occurring species. Its frequency 

distribution was strongly right-skewed (median = 2.51; mean = 4.00), with 402 cells 

(7.7 % of the study area) showing outlier values (Figure 3.5). More in general, large 

areas of the Spanish peninsula (2,178 cells, 42.0% of the total) showed medium to 

high SCIB values (i.e. greater than 3). Such areas (Figure 3.5) were mainly located 

in a band about 100 km wide running parallel to the northern border of the country, 

along the Central System (Section 2.1), in the far south (with a more substantial 

core in the western part), and along the border between Andalusia and Castilla-La 

Mancha. On the contrary, the eastern half of the peninsula and the northern Sub-

Meseta (Section 2.1) appeared as well-defined regions of low biodiversity value. 

The distribution of the 519 hotspot cells (Figure 3.6) circumscribed with 

more precision the areas with the highest values of biodiversity, highlighting five 

main nuclei. These were (see also Section 2.1): the Pyrenean area at the border with 

France and the mountainous terrains and foothills facing for about 300 km on the 

Gulf of Biscay, in the north; the Central System; the delta of the Guadalquivir River, 

to the south-west; the area comprising the “Sierra de Cazorla” and the “Sierra de 

Segura”, two mountain ranges in the northernmost portion of the Baetic Cordillera. 

In addition to these major groupings, including more than 70% of hotspots, about 

another 150 were sparsely distributed throughout the peninsula. Little more than 

half of the hotspots (264 cells, 50.9 % of the total) were found to be covered by the 

existing PA system. In particular, about half of all the unprotected hotspots were 

found in the northern nuclei (see above). The nucleus corresponding to the delta of 

the Guadalquivir was equally poorly protected and, despite the presence of the 

Doñana National Park, more than half of its hotspot cells were found to be 

uncovered. The remaining two main groups were better protected, especially the 

Baetic nucleus, covered for about 85% by PAs.  
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Figure 3.6 Map of the protected and unprotected hotspot UTM cells in peninsular Spain, according 
to the standardized combined index of biodiversity.  

 

3.2.2 Complementary analysis 

Complementary analysis based on the SCIB identified 1,197 supplementary UTM 

cells (Figure 3.7) that would guarantee the full achievement of the conservation 

target for all the 243 Spanish gap species (Section 3.1.2) in the near-minimum area 

(the complete list of the targets for all the gap species is available in Appendix III). 

The algorithm was applied 106 times. After applying it the first time, selecting 

twenty-four cells, there were no total gap species remaining, as Rissa tridactyla, the 

only existing total gap species in Spain, was present in one of the selected cell. The 

percentage of covered gap species increased nearly linearly with the number of 

selected cells (Figure 3.8), with a slight decrease of the slope after the selection of 

about 700 cells. At this point, more than 75% of the gap species were fully covered 

by the selected cells.  
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Figure 3.7 Map of the 1,197 cells selected by the complementarity algorithm (in green). Existing 
protected cells are also shown (in red).  

 

 

Figure 3.8 Relationship between the number of cells selected by the complementarity algorithm and 
the percentage of gap species that would become covered if such cells were included in the Spanish 
protected-area system. 
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Selected cells represented 23% of all those covering peninsular Spain (Section 2.2). 

Adding them to the 1,274 already protected cells (Section 2.5; Figure 2.7) would 

lead to a complete PA system composed of 2,471 cells (49% of the total). Selected 

cells were widely distributed throughout the peninsula. Nevertheless, most of them 

were concentrated in some specific areas: the Guadalquivir Valley, in the south-

west of the country, the entire coastline, both north and east, the Pyrenean area, the 

Ebro Valley, and the western portion of Galicia.   
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4. Discussion 

 

My analysis represents the first Spain-wide assessment of the effectiveness of the 

existing protected-area system in conserving terrestrial vertebrates (freshwater fish 

excluded) with fine-resolution distribution data and incorporating both the 

representativeness and persistence criteria. The results show that existing protected 

areas are still insufficient to ensure the proper conservation for more than 60% of 

the 397 species examined. Even more alarmingly, the gap is wider for the species 

of greatest conservation interest. In fact, for “vulnerable”, “endangered”, and 

“critically endangered” taxa such percentage touched 90%. Shifting the focus to the 

hotspots of species richness, rarity and vulnerability for vertebrates, the general 

picture is the same. Indeed, only half of these high-value biodiversity areas were 

included in the existing protected-area system. Taken together, these results 

highlight that the current system of protected areas in peninsular Spain is still far 

from complete and effective. 

To my knowledge, there is only one previous study examining the 

effectiveness of protected areas for all terrestrial vertebrates on the whole Spanish 

territory, performed by Araújo and others (2007). However, their study differs from 

mine for some key aspects. Firstly, Araújo and others (2007) used coarse 

distribution data, with species occurrences mapped into 50 x 50 km UTM cells. 

Equally important, they kept into account only the representativeness goal. In other 

words, they only investigated whether the examined species were included in the 

Spanish protected-area system at least one time. Moreover, they only considered 

nationally designated protected areas, excluding the Natura 2000 network and 

therefore reducing the actual consistence of the protected-area system. On the other 

hand, they used a soft criterion to match protected areas with the UTM cells. For 

example, in the most demanding scenario, they considered a 20%-overlap 

percentage sufficient to classify a cell as protected. In the most optimistic scenario, 

such percentage fell even to 2%. With these parameters, they found a reasonable 

representation of terrestrial vertebrates within existing protected areas in 2007. 

Following Araujo ad others (2007)’ recommendations for future studies, I tried to 

improve many aspects of their analysis. Firstly, I included the Natura 2000 network, 
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which represents the cornerstone of the conservation policies in Europe, 

considering a protected surface about twice as large. Regarding conservation 

targets, it is widely accepted that the single representation of species, i.e. the 

occurrence in a single protected UTM cell, is an insufficient criterion to consider 

them out of risk (Vimal et al., 2011). On the contrary, it is crucial to implement the 

persistence criterion too, taking into account the particular conservation needs of 

each taxon to establish species-specific conservation targets, in terms of percentage 

of the species’ range that should be included inside the protected-area system to 

ensure their long-term survival. When the number of species is high, as is the case 

of my analysis, the only feasible way to do it is elaborating the target on the basis 

of the species’ range size. Indeed, this biogeographical characteristic is one of the 

main factors determining species vulnerability to extinction (Gaston and Fuller, 

2009).  Therefore, I followed this rationale, as most of the authors of recent gap 

analyses did for other geographical contexts (e.g. Cantú-Salazar et al., 2013; Venter 

et al., 2014; Butchart et al., 2015; Maiorano et al., 2015; Thuiller et al., 2015), and 

I set more demanding conservation targets than those established by Araujo ad 

others (2007) in their work. This inevitably led to a higher and more realistic 

percentage of gap species. I also used a stricter threshold for discriminating between 

protected and unprotected UTM cells. Considering a cell as protected in the case in 

which the percentage of overlap with the protected-area system is lower than 50% 

means to accept that it is more likely that the species occurring in the cell live 

outside the boundaries of the protected space. This translates into a greater 

commission error and into an overestimate of protected species, particularly 

detrimental for conservation planning decisions (Rodrigues et al., 2004b; Rondinini 

et al., 2006; Carvalho et al., 2010). Trying to avoid this pitfall, I used a more 

demanding coverage threshold, i.e. greater than 50%, as preferred by many other 

authors in similar assessments (e.g. Fjeldså et al., 2004; Burgess et al., 2005; 

Estrada et al., 2008; Thomaes et al., 2008; Marfil‐Daza et al., 2012). In the light of 

what said above, it is not surprising that my results depict a completely different 

situation, which does not leave much room for feelings of relief. Last but not least, 

I used updated distribution data with a finer resolution, which are thus more 

informative for conservation policies.  
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The Iberian Peninsula has been also included in other wider gap analyses, 

involving the entire European continent (e.g. Maiorano et al., 2015). Nevertheless, 

results deriving from such studies cannot be used for direct comparisons with those 

deriving from an analysis focused on Spain. In fact, a species found to be covered 

considering its whole European range could be only partially (or not at all) protected 

in the Spanish portion of its range, or vice versa. However, my results are fully 

compatible with the overall picture that emerges from the application of this kind 

of analysis to other geographical circumstances. Indeed, the vast majority of 

protected-area system assessments show an inadequate degree of protection for a 

wide variety of taxa, vertebrates included (e.g. Iojă et al., 2010; Watson et al., 2010; 

Cantú-Salazar et al., 2013; Venter et al., 2014; Butchart et al., 2015; Maiorano et 

al., 2015; Thuiller et al., 2015). Although the Spanish government has been 

expanding the protected surface consistently over the past 30 years, the process does 

not seem to have led to a significant increasing of the coverage provided to the 

species. This phenomenon could be the result of an opportunistic way of locating 

new reserves, based on socio-economic and political circumstances instead of the 

biogeographic patterns that should guide conservation decisions. 

My study also included a selection of additional sites to enhance the Spanish 

protected-area system, following the principles of systematic conservation 

planning. In fact, recognizing the extent to which conservation targets are met in an 

existing protected-area system, although important, is just the first step in building 

an effective conservation network (Watson et al., 2011). After identifying species 

that need further protection, it would be necessary use this information, along with 

their distribution data, to guide the expansion of the network in order to fill in the 

conservation gaps (Vimal et al., 2011; Dobson et al., 2013). Following this 

rationale, I provided a preliminary identification of the areas that should be added 

to the existing protected-area network in peninsular Spain in order to achieve a more 

effective protection of terrestrial vertebrate biodiversity. Given the scarcity of funds 

and natural spaces available for conservation (because of the pressing requirements 

of resources by the human population), it is important to identify additional sites 

using quantitative techniques that allow to reduce the area necessary to achieve 

conservation targets. I did it by using a complementarity algorithm, which allow 
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finding a near-optimal solution to the problem, selecting the minimum number of 

supplementary UTM cells required. Even using a tool aimed at the optimization of 

the site-selection process, the area required to achieve a sufficient protection for all 

the terrestrial vertebrates in Spain should be twice the current. To my knowledge, 

there are no studies investigating the minimum area needed to achieve pre-defined 

and species-specific conservation targets incorporating the persistence criterion in 

Spain. Conservation planning exercises have been performed identifying important 

areas of species richness, vulnerability, threat, endemism or other ecological criteria 

(e.g. Beger et al., 2003; Kati et al., 2004; Balletto et al., 2010; López-López et al., 

2011), or by applying algorithms of complementarity, but only considering the 

representativeness objective. For this reason, a direct comparison with other studies 

involving site-selection is Spain is not possible. Nevertheless, looking at the 

geographical distribution of the cell selected in my study and of those selected using 

different criteria, some relevant areas for vertebrate conservation emerge (e.g. the 

delta of the Guadalquivir, the Central System, the Pyrenean area), indicating where 

the need to convoy conservation efforts is more urgent.  

Conservation planning is a process riddled with uncertainty, which 

pervades, for example, the choice of biodiversity surrogates, the setting of 

conservation targets, and decisions about where is better to locate new conservation 

areas. While new developments in the field will progressively reduce these 

uncertainties, it is unlikely that they will be totally eliminated, at least in the near 

future (Watson et al., 2011). Therefore, planners must learn to deal explicitly with 

uncertainty to minimize the chances of serious mistakes. For this reason, I adopted 

a conservative approach, using, for example, a rather high cut-off percentage to 

identify protected UTM cells, a kind of distribution data that minimizes the 

commission error (i.e. gridded data at fine resolution), and quite demanding 

conservation targets. Nevertheless, even with these precautions, some small 

percentage of error could affect the results, as commission and omission errors are 

inevitably present in large distribution data set. However, this phenomenon is 

generally tolerable in macro-ecological studies (Carvalho et al., 2010) and it is 

unlikely that the actual picture can be very different from that one described here. 

Another possible limitation of my study is that a complete protected-area system 
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design should also include socio-economic information to estimate management 

and acquisition costs associated with the implementation of conservation programs. 

Such aspect should be addressed in future studies. 

 

5. Conclusion 

 

Despite the continuous growth of the number and the extent of Spanish protected 

areas during recent years, the existing conservation network is still far from 

complete and effective. Half of the biodiversity hotspots are not included in the 

protected-area system and most of the terrestrial vertebrate species do not receive 

sufficient protection. The study highlights the need to continue to invest in the 

establishment of further protected areas and provides a preliminary guideline for 

locating these supplementary protected spaces. Further studies are needed to 

evaluate the effectiveness of the Spanish protected-area system for other taxonomic 

groups and to determine if vertebrates are a good surrogate for Spanish biodiversity 

in general. Moreover, an assessment of the characteristics of the selected cells 

would be useful, especially with regard to their land cover. This would allow 

understanding if a refinement of the selection process is needed. For example, it 

could be necessary to exclude from the additional sites proposed here those portions 

of territory that cannot be devoted to biodiversity protection for economic and 

social factors, and replace them with equally effective alternative areas.  

Many other assessments of the effectiveness of protected-area systems in 

different geographical regions have shown that the global network fails to provide 

adequate protection to biodiversity. Such studies have been often carried out in 

universities and public research institutes, and –unfortunately– have had a limited 

impact on conservation policies. If our society really wants to count on protected 

areas to tackle the adverse effects of the current biodiversity crisis, a greater effort 

must be made to solve the research – implementation gap, even before trying to fill 

in the gaps inside the existing protected-area systems.  
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Appendix I – Species list and their conservation status

List of the species analysed. IUCN Red List categories refer to the threat status in 

Spain (Pleguezuelos et al., 2002; Madroño et al., 2004; Palomo et al., 2007). 

 

Amphibians 

Species name 
Red List 

category 

1. Alytes cisternasii NT 

2. Alytes dickhilleni VU 

3. Alytes obstetricans NT 

4. Bufo spinosus LC 

5. Calotriton arnoldi CR 

6. Calotriton asper NT 

7. Chioglossa lusitanica VU 

8. Discoglossus galganoi LC 

9. Epidalea calamita LC 

10. Hyla meridionalis NT 

11. Hyla molleri NT 

12. Ichthyosaura alpestris VU 

13. Lissotriton boscai LC 

14. Lissotriton helveticus LC 

15. Pelobates cultripes NT 

16. Pelodytes ibericus DD 

17. Pelodytes punctatus LC 

18. Pelophylax perezi LC 

19. Pleurodeles waltl NT 

20. Rana dalmatina EN 

21. Rana iberica VU 

22. Rana pyrenaica VU 

23. Rana temporaria LC 

24. Salamandra salamandra VU 

25. Triturus marmoratus LC 

26. Triturus pygmaeus VU 

 

Reptiles Aca – Mac (continued) 

Species name 
Red List 

category 

1. Acanthodactylus 

erythrurus LC 

2. Algyroides marchi VU 

3. Anguis fragilis LC 

4. Blanus cinereus s.l.
a
 LC 

5. Chalcides bedriagai NT 

6. Chalcides striatus LC 

7. Chamaeleo chamaeleon NT 

8. Coronella austriaca LC 

9. Coronella girondica LC 

10. Emys orbicularis VU 

11. Hemidactylus turcicus LC 

12. Hemorrhois hippocrepis LC 

13. Hierophis viridiflavus LC 

14. Iberolacerta aranica CR 

15. Iberolacerta aurelioi EN 

16. Iberolacerta bonnali VU 

17. Iberolacerta cyreni VU 

18. Iberolacerta galani  NT 

19. Iberolacerta 

martinezricai CR 

20. Iberolacerta monticola NT 

21. Lacerta agilis NT 

22. Lacerta bilineata LC 

23. Lacerta schreiberi NT 

24. Macroprotodon brevis NT 
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Reptiles Mal – Zoo 

Species name 
Red List 

category 

25. Malpolon monspessulanus LC 

26. Mauremys leprosa VU 

27. Natrix maura LC 

28. Natrix natrix LC 

29. Podarcis bocagei LC 

30. Podarcis carbonelli LC 

31. Podarcis hispanicus s.l.
a
 LC 

32. Podarcis muralis LC 

33. Podarcis vaucheri  LC 

34. Psammodromus algirus LC 

35. Psammodromus hispanicus 

s.l. 
a
 LC 

36. Rhinechis scalaris LC 

37. Tarentola mauritanica LC 

38. Testudo graeca EN 

39. Testudo hermanni EN 

40. Timon lepidus  LC 

41. Vipera aspis LC 

42. Vipera latastei NT 

43. Vipera seoanei LC 

44. Zamenis longissimus DD 

45. Zootoca vivipara  NT 

 

Mammals Apo – Bar (continued) 

Species name 
Red List 

category 

1. Apodemus flavicollis LC 

2. Apodemus sylvaticus LC 

3. Arvicola sapidus VU 

4. Arvicola terrestris LC 

5. Atelerix algirus LC 

6. Barbastella barbastellus NT 

Mammals Can – Mic  (continued) 

Species name 
Red List 

category 

7. Canis lupus NT 

8. Capra pyrenaica NT 

9. Capreolus capreolus LC 

10. Cervus elaphus LC 

11. Chionomys nivalis NT 

12. Crocidura russula LC 

13. Crocidura suaveolens DD 

14. Dama dama LC 

15. Eliomys quercinus LC 

16. Eptesicus serotinus s.l. 
a
 LC 

17. Erinaceus europaeus LC 

18. Felis silvestris NT 

19. Galemys pyrenaicus VU 

20. Genetta genetta LC 

21. Glis glis LC 

22. Herpestes ichneumon LC 

23. Hypsugo savii NT 

24. Lepus castroviejoi VU 

25. Lepus europaeus LC 

26. Lepus granatensis LC 

27. Lutra lutra LC 

28. Lynx pardinus CR 

29. Martes foina LC 

30. Martes martes LC 

31. Meles meles LC 

32. Micromys minutus LC 

33. Microtus agrestis LC 

34. Microtus arvalis LC 

35. Microtus cabrerae VU 

36. Microtus 

duodecimcostatus LC 

37. Microtus gerbei LC 
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Mammals Mic – Rat (continued) 

Species name 
Red List 

category 

38. Microtus lusitanicus LC 

39. Miniopterus schreibersii VU 

40. Mus musculus LC 

41. Mus spretus LC 

42. Mustela erminea DD 

43. Mustela lutreola EN 

44. Mustela nivalis LC 

45. Mustela putorius NT 

46. Myodes glareolus LC 

47. Myotis alcathoe DD 

48. Myotis bechsteinii VU 

49. Myotis blythii VU 

50. Myotis capaccinii EN 

51. Myotis daubentonii LC 

52. Myotis emarginatus VU 

53. Myotis myotis VU 

54. Myotis mystacinus NT 

55. Myotis nattereri s.l. a NT 

56. Neomys anomalus LC 

57. Neomys fodiens LC 

58. Nyctalus lasiopterus VU 

59. Nyctalus leisleri NT 

60. Nyctalus noctula VU 

61. Oryctolagus cuniculus VU 

62. Pipistrellus kuhlii LC 

63. Pipistrellus nathusii NT 

64. Pipistrellus pipistrellus LC 

65. Pipistrellus pygmaeus LC 

66. Plecotus auritus NT 

67. Plecotus austriacus NT 

68. Plecotus macrobullaris DD 

69. Rattus norvegicus LC 

Mammals Rat – Vul 
 

Species name 
Red List 

category 

70. Rattus rattus LC 

71. Rhinolophus euryale VU 

72. Rhinolophus 

ferrumequinum NT 

73. Rhinolophus hipposideros NT 

74. Rhinolophus mehelyi EN 

75. Rupicapra pyrenaica LC 

76. Sciurus vulgaris LC 

77. Sorex araneus LC 

78. Sorex coronatus LC 

79. Sorex granarius DD 

80. Sorex minutus LC 

81. Suncus etruscus LC 

82. Sus scrofa LC 

83. Tadarida teniotis NT 

84. Talpa europaea LC 

85. Talpa occidentalis LC 

86. Ursus arctos CR 

87. Vulpes vulpes LC 

 

Breeding birds Acc – Aeg (continued) 

Species name 
Red List 

category 

1. Accipiter gentilis NE 

2. Accipiter nisus NE 

3. Acrocephalus arundinaceus NE 

4. Acrocephalus melanopogon VU 

5. Acrocephalus scirpaceus NE 

6. Actitis hypoleucos NE 

7. Aegithalos caudatus NE 

8. Aegolius funereus NT 

9. Aegypius monachus VU 
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Breeding birds Ala – Bur (continued) 

Species name 
Red List 

category 

10. Alauda arvensis NE 

11. Alcedo atthis NT 

12. Alectoris rufa DD 

13. Anas acuta VU 

14. Anas clypeata NT 

15. Anas crecca VU 

16. Anas platyrhynchos NE 

17. Anas querquedula VU 

18. Anas strepera LC 

19. Anthus campestris NE 

20. Anthus spinoletta NE 

21. Anthus trivialis NE 

22. Apus apus NE 

23. Apus caffer VU 

24. Apus pallidus NE 

25. Aquila adalberti EN 

26. Aquila chrysaetos NT 

27. Aquila fasciata EN 

28. Ardea cinerea NE 

29. Ardea purpurea LC 

30. Ardeola ralloides NT 

31. Asio flammeus NT 

32. Asio otus NE 

33. Athene noctua NE 

34. Aythya ferina NE 

35. Aythya fuligula NE 

36. Aythya nyroca CR 

37. Botaurus stellaris CR 

38. Bubo bubo NE 

39. Bubulcus ibis NE 

40. Bucanetes githagineus NT 

41. Burhinus oedicnemus NT 

Breeding birds But – Col (continued) 

Species name 
Red List 

category 

42. Buteo buteo NE 

43. Calandrella brachydactyla VU 

44. Calandrella rufescens NT 

45. Caprimulgus europaeus NE 

46. Caprimulgus ruficollis NE 

47. Carduelis cannabina NE 

48. Carduelis carduelis NE 

49. Carduelis chloris NE 

50. Carduelis spinus NE 

51. Cercotrichas galactotes EN 

52. Certhia brachydactyla NE 

53. Certhia familiaris NE 

54. Cettia cetti NE 

55. Charadrius alexandrinus VU 

56. Charadrius dubius NE 

57. Chersophilus duponti EN 

58. Chlidonias hybrida VU 

59. Chlidonias niger EN 

60. Ciconia ciconia NE 

61. Ciconia nigra VU 

62. Cinclus cinclus NE 

63. Circaetus gallicus LC 

64. Circus aeruginosus NE 

65. Circus cyaneus NE 

66. Circus pygargus VU 

67. Cisticola juncidis NE 

68. Clamator glandarius NE 

69. Coccothraustes 

coccothraustes NE 

70. Columba livia NE 

71. Columba oenas DD 

72. Columba palumbus NE 
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Breeding birds Cor - Gal (continued) 

Species name 
Red List 

category 

73. Coracias garrulus VU 

74. Corvus corax NE 

75. Corvus corone NE 

76. Corvus frugilegus VU 

77. Corvus monedula NE 

78. Coturnix coturnix DD 

79. Cuculus canorus NE 

80. Cyanistes caeruleus NE 

81. Cyanopica cyana NE 

82. Delichon urbica NE 

83. Dendrocopos leucotos VU 

84. Dendrocopos major NE 

85. Dendrocopos medius NT 

86. Dendrocopos minor NE 

87. Dryocopus martius NE 

88. Egretta garzetta NE 

89. Elanus caeruleus NT 

90. Emberiza cia NE 

91. Emberiza cirlus NE 

92. Emberiza citrinella NE 

93. Emberiza hortulana NE 

94. Emberiza schoeniclus EN 

95. Erithacus rubecula NE 

96. Falco naumanni VU 

97. Falco peregrinus NE 

98. Falco subbuteo NT 

99. Falco tinnunculus NE 

100. Ficedula hypoleuca NE 

101. Fringilla coelebs NE 

102. Fulica atra NE 

103. Fulica cristata CR 

104. Galerida cristata NE 

Breeding birds Gal – Lox (continued) 

Species name 
Red List 

category 

105. Galerida theklae NE 

106. Gallinago gallinago EN 

107. Gallinula chloropus NE 

108. Garrulus glandarius NE 

109. Gelochelidon nilotica VU 

110. Glareola pratincola VU 

111. Gypaetus barbatus EN 

112. Gyps fulvus NE 

113. Haematopus ostralegus NT 

114. Hieraaetus pennatus NE 

115. Himantopus himantopus NE 

116. Hippolais pallida NT 

117. Hippolais polyglotta NE 

118. Hirundo daurica NE 

119. Hirundo rustica NE 

120. Hydrobates pelagicus VU 

121. Ixobrychus minutus NE 

122. Jynx torquilla DD 

123. Lagopus mutus VU 

124. Lanius collurio NE 

125. Lanius meridionalis NT 

126. Lanius minor CR 

127. Lanius senator NT 

128. Larus audouinii VU 

129. Larus fuscus LC 

130. Larus genei VU 

131. Larus michahellis NE 

132. Larus ridibundus NE 

133. Locustella luscinioides NT 

134. Locustella naevia NE 

135. Lophophanes cristatus NE 

136. Loxia curvirostra NE 
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Breeding birds Lul – Pas (continued) 

Species name 
Red List 

category 

137. Lullula arborea NE 

138. Luscinia megarhynchos NE 

139. Luscinia svecica NE 

140. Marmaronetta 

angustirostris CR 

141. Melanocorypha calandra NE 

142. Merops apiaster NE 

143. Miliaria calandra NE 

144. Milvus migrans NT 

145. Milvus milvus EN 

146. Monticola saxatilis NE 

147. Monticola solitarius NE 

148. Montifringilla nivalis NE 

149. Motacilla alba NE 

150. Motacilla cinerea NE 

151. Motacilla flava NE 

152. Muscicapa striata NE 

153. Neophron percnopterus EN 

154. Netta rufina VU 

155. Nycticorax nycticorax NE 

156. Oenanthe hispanica NT 

157. Oenanthe leucura LC 

158. Oenanthe oenanthe NE 

159. Oriolus oriolus NE 

160. Otis tarda VU 

161. Otus scops NE 

162. Oxyura leucocephala EN 

163. Panurus biarmicus NT 

164. Parus major NE 

165. Passer domesticus NE 

166. Passer hispaniolensis NE 

167. Passer montanus NE 

Breeding birds Per – Reg (continued) 

Species name 
Red List 

category 

168. Perdix perdix VU 

169. Periparus ater NE 

170. Pernis apivorus LC 

171. Petronia petronia NE 

172. Phalacrocorax aristotelis EN 

173. Phalacrocorax carbo NE 

174. Phoenicopterus roseus NT 

175. Phoenicurus ochruros NE 

176. Phoenicurus phoenicurus VU 

177. Phylloscopus bonelli NE 

178. Phylloscopus collybita s.l. 
a
 NE 

179. Pica pica NE 

180. Picus viridis NE 

181. Platalea leucorodia VU 

182. Plegadis falcinellus VU 

183. Podiceps cristatus NE 

184. Podiceps nigricollis NT 

185. Poecile palustris NE 

186. Porphyrio porphyrio NE 

187. Porzana pusilla DD 

188. Prunella collaris NE 

189. Prunella modularis NE 

190. Pterocles alchata VU 

191. Pterocles orientalis VU 

192. Ptyonoprogne rupestris NE 

193. Pyrrhocorax graculus NE 

194. Pyrrhocorax pyrrhocorax NT 

195. Pyrrhula pyrrhula NE 

196. Rallus aquaticus NE 

197. Recurvirostra avosetta LC 

198. Regulus ignicapilla NE 

199. Regulus regulus NE 
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Breeding birds Rem - Tri (continued) 

Species name 
Red List 

category 

200. Remiz pendulinus NE 

201. Riparia riparia NE 

202. Rissa tridactyla VU 

203. Saxicola rubetra NE 

204. Saxicola torquata NE 

205. Scolopax rusticola NE 

206. Serinus citrinella NE 

207. Serinus serinus NE 

208. Sitta europaea NE 

209. Sterna albifrons NT 

210. Sterna hirundo NT 

211. Streptopelia decaocto NE 

212. Streptopelia turtur VU 

213. Strix aluco NE 

214. Sturnus unicolor NE 

215. Sturnus vulgaris NE 

216. Sylvia atricapilla NE 

217. Sylvia borin NE 

218. Sylvia cantillans NE 

219. Sylvia communis NE 

220. Sylvia conspicillata LC 

221. Sylvia hortensis LC 

222. Sylvia melanocephala NE 

223. Sylvia undata NE 

224. Tachybaptus ruficollis NE 

225. Tachymarptis melba NE 

226. Tadorna tadorna NT 

227. Tetrao urogallus EN 

228. Tetrax tetrax VU 

229. Thalasseus sandvicensis NT 

230. Tichodroma muraria NE 

231. Tringa totanus VU 

Breeding birds Tro – Van 

Species name 
Red List 

category 

232. Troglodytes troglodytes NE 

233. Turdus merula NE 

234. Turdus philomelos NE 

235. Turdus torquatus NE 

236. Turdus viscivorus NE 

237. Tyto alba NE 

238. Upupa epops NE 

239. Vanellus vanellus LC 

a 
Species complex (Section 2.4) 
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Appendix II – Macro code 

 

Visual Basic code of the macros developed to perform the analyses described in 

this work. 

 

Macro n. 1: “Create_matrix”. It converts a list of presence records (with no 

duplicated records and sorted by scientific name and, secondarily, by 

alphanumerical code of the UTM squares) in a presence-absence matrix. It assumes 

that the list of records is in the first worksheet (with no column headers) and that 

the second worksheet contains the frame of the future matrix, i.e. the list of the 

UTM squares in the first column (with header) and the list of species in the first 

row, both alphabetically sorted (Figure 2.5).  

 

Sub Create_matrix()  

 

Dim record As Long 

Dim species,square, LastSpeciesCol, LastCellRow As Integer 

 

record = 1 

LastSpeciesCol = ‘Insert the number of the column with the last 

species 

LastCellRow = ‘Insert the number of the row with the last UTM cell 

 

For species = 2 To LastSpeciesCol 

For square = 2 To LastCellRow 

If Worksheets(1).Cells(record,1)=             

Worksheets(2).Cells(1,species) Then          

If Worksheets(1).Cells(record, 2) = 

Worksheets(2).Cells(square, 1) Then 

            Worksheets(2).Cells(square, species) = 1 

            record = record + 1 

         Else 

            Worksheets(2).Cells(square, species) = 0 

         End If 

   Else 

         Worksheets(2).Cells(square, species) = 0 

   End If 

   Next square 

Next species 

 

End Sub 
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Macro n. 2: “Site_selection”. It selects the minimum number of UTM cells that 

include all the species present within the starting presence-absence matrix, by 

applying a complementarity algorithm based on a standardized combined index of 

biodiversity (Section 2.6). Within the main procedure (i.e. “Site_selection”), four 

different sub-procedures are called. “Calculate_indexes” calculates, for each UTM 

cell included in the matrix, the eight indexes needed to calculate the general 

standardized index (see Section 2.6 for more information). “Find_max” looks for 

the cell with the highest index value. “Copy” copies the result of the selection, i.e. 

the alphanumerical code of the cell identified by “Find_max”, and the distribution 

data of the species associated inside a special worksheet. “Delete” removes from 

the matrix the data columns of the species present in the previously selected UTM 

cell.  

 

Option Explicit 

 

Dim LastCellRow, ColumnIndex, SpeciesRow, NumbOfSpecies, 

FstSpeciesCol, LastSpeciesCol, group, square, species, RowMax, 

ResultRow, LastSpeciesColTot, NumOfSpeciesTot, sum As Integer 

Dim SumCIB, MeanCIB, CIB, SCIB, rxv, SCIBtot, Max As Single 

 

Sub Site_selection() 

Columns("A").Select      

Selection.Find(What:="", After:=ActiveCell, LookIn:=xlValues, 

LookAt:= _ 

    xlPart, SearchOrder:=xlByColumns, SearchDirection:=xlNext, 

MatchCase:= _ 

    False, SearchFormat:=False).Activate     

LastCellRow = ActiveCell.Row - 12                   

Do While Cells(LastCellRow + 3, 1) > 0 

    Call Calculate_indexes 

    Call Find_Max 

    Call Copy 

    Call Delete 

Loop 

Rows("1").Select        

Selection.Find(What:="", After:=ActiveCell, LookIn:=xlValues, 

LookAt:= _ 
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        xlPart, SearchOrder:=xlByRows, SearchDirection:=xlNext, 

MatchCase:=False _ 

        , SearchFormat:=False).Activate    

ColumnIndex = ActiveCell.Column - 1        

For group = ColumnIndex To 2 Step -1 

    If Cells(1, group) <> "SCIB all" Then 

       Columns(group).EntireColumn.Delete 

    End If 

Next group 

Worksheets(3).Activate 

Columns("A").Select      

Selection.Find(What:="", After:=ActiveCell, LookIn:=xlValues, 

LookAt:= _ 

    xlPart, SearchOrder:=xlByColumns, SearchDirection:=xlNext, 

MatchCase:= _ 

    False, SearchFormat:=False).Activate    

ResultRow = ActiveCell.Row 

Cells(ResultRow, 1). Value = "Occupied Cells" 

For species = 2 to 244 

   Sum = 0 

   For square = 2 to ResultRow – 1  

       Sum = Sum + Cells(ResultRow, species) 

   Next square 

   Cells(ResultRow, species). Value = sum 

Next species 

ResultRow = ResultRow + 1 

Rows(1).Select 

Selection.Copy 

Cells(ResultRow, 1).Select 

ActiveSheet.Paste   

MsgBox "Selection finished!" 

End Sub 

 

Sub Calculate_indexes() 

Rows("1").Select        

    Selection.Find(What:="", After:=ActiveCell, LookIn:=xlValues, 

LookAt:= _ 

        xlPart, SearchOrder:=xlByRows, SearchDirection:=xlNext, 

MatchCase:=False _ 
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        , SearchFormat:=False).Activate    

ColumnIndex = ActiveCell.Column        

FstSpeciesCol = 2                      

SpeciesRow = LastCellRow + 5              

NumbOfSpecies = Cells(SpeciesRow, 1)        

LastSpeciesCol = FstSpeciesCol + NumbOfSpecies - 1          

For group = 1 To 4           

    Cells(1, ColumnIndex).Value = "CIB group " & group       

    Cells(1, ColumnIndex + 4).Value = "SCIB group" & group 

    If NumbOfSpecies <> 0 Then  

        SumCIB = 0 

        For square = 2 To LastCellRow 

            CIB = 0 

            For species = FstSpeciesCol To LastSpeciesCol 

                If Cells(square, species) = 1 Then 

                    rxv = Cells(LastCellRow + 1, species) 

                    CIB = CIB + rxv 

                End If 

            Next species 

            Cells(square, ColumnIndex).Value = CIB 

            SumCIB = SumCIB + CIB 

        Next square 

        MeanCIB = SumCIB / (LastCellRow - 1)  

Cells(LastCellRow + 1, ColumnIndex).Value = "Mean CIB      

group " & group 

        Cells(LastCellRow + 2, ColumnIndex).Value = MeanCIB 

        For square = 2 To LastCellRow         

            SCIB = Cells(square, ColumnIndex) / MeanCIB 

            Cells(square, ColumnIndex + 4).Value = SCIB 

        Next square 

    Else             

        For square = 2 To LastCellRow    

            CIB = 0 

            SCIB = 0 

            Cells(square, ColumnIndex).Value = CIB 

            Cells(square, ColumnIndex + 4).Value = SCIB 

        Next square 

    End If 
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    SpeciesRow = SpeciesRow + 2        

    NumbOfSpecies = Cells(SpeciesRow, 1)    

FstSpeciesCol = LastSpeciesCol + 1                                                             

LastSpeciesCol = FstSpeciesCol + NumbOfSpecies – 1 

    ColumnIndex = ColumnIndex + 1  

Next group 

ColumnIndex = ColumnIndex + 4 

Cells(1, ColumnIndex).Value = ("SCIB all")  

For square = 2 To LastCellRow              

   SCIBtot = 0                     

For group = 4 To 1 Step -1    

       SCIBtot = SCIBtot + Cells(square, ColumnIndex - group)    

      Next group 

   Cells(square, ColumnIndex).Value = SCIBtot 

Next square 

End Sub 

 

Sub Find_Max() 

Max = 0      

RowMax = 0 

For square = 2 To LastCellRow                           

   If Cells(square, ColumnIndex) > Max Then         

      Max = Cells(square, ColumnIndex)             

      RowMax = square                           

   Else 

     If Cells(square, ColumnIndex) = Max And Max <> 0 Then     

If Worksheets(1).Cells(square, 245) >  

Worksheets(1).Cells(RowMax, 245) Then              

Max = Cells(square, ColumnIndex)               

             RowMax = square 

         End If                                      

      End If 

   End If                                              

Next square                                          

Cells(LastCellRow + 1, ColumnIndex).Value = "Max SCIB"         

Cells(LastCellRow + 2, ColumnIndex).Value = Max 

Cells(LastCellRow + 3, ColumnIndex).Value = "Row Max" 

Cells(LastCellRow + 4, ColumnIndex).Value = RowMax 

Cells(LastCellRow + 5, ColumnIndex).Value = "Selected square" 
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Cells(LastCellRow + 6, ColumnIndex).Value = Cells(RowMax, 1).Value 

End Sub 

                                                     

Sub Copy() 

Worksheets(1).Activate 

Rows(RowMax).Select 

Selection.Copy 

Worksheets(3).Activate 

Columns("A").Select 

Selection.Find(What:="", After:=ActiveCell, LookIn:=xlValues, 

LookAt:= _ 

    xlPart, SearchOrder:=xlByColumns, SearchDirection:=xlNext, 

MatchCase:= _ 

    False, SearchFormat:=False).Activate 

ResultRow = ActiveCell.Row 

Cells(ResultRow, 1).Select 

ActiveSheet.Paste 

Worksheets(2).Activate 

End Sub 

     

Sub Delete() 

NumOfSpeciesTot = Cells(LastCellRow + 3, 1) 

LastSpeciesColTot = NumOfSpeciesTot + 1 

For species = LastSpeciesColTot To 2 Step -1 

     If Cells(RowMax, species) = 1 Then 

        Columns(species).EntireColumn.Delete 

     End If 

Next species 

End Sub 
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Appendix III – Conservation target achievement 

 

AOO, conservation target and conservation target achievement for all species 

analysed.  

 

Class: taxonomic class (R= reptiles; A= amphibians; M= mammals; B= birds); AOO: Area Of Occupancy (i.e. 

n° of cells occupied); Target: species-specific conservation target; Status: conservation status of the species 

according to the results of the gap analysis (C = covered species; P = partial gap species; T = total gap species).  

 

Species Class AOO 
Target 

(%) 

Target 

(cells) 

Protected 

cells 

Target met 

(%) 
Status 

Natrix maura R 3139 10,00 314 914 >100,00 C 

Bufo spinosus A 3125 10,00 313 903 >100,00 C 

Psammodromus algirus R 3052 10,00 305 870 >100,00 C 

Podarcis hispanicus s.l. R 3351 10,00 335 941 >100,00 C 

Sus scrofa M 3713 10,00 371 1030 >100,00 C 

Lutra lutra M 3105 10,00 311 841 >100,00 C 

Apodemus sylvaticus M 3117 10,00 312 839 >100,00 C 

Timon lepidus R 3346 10,00 335 893 >100,00 C 

Epidalea calamita A 3162 10,00 316 837 >100,00 C 

Vulpes vulpes M 4234 10,00 423 1107 >100,00 C 

Fringilla coelebs B 4481 10,00 448 1172 >100,00 C 

Cyanistes caeruleus B 4271 10,00 427 1115 >100,00 C 

Cuculus canorus B 4432 10,00 443 1147 >100,00 C 

Malpolon monspessulanus R 2726 10,00 273 696 >100,00 C 

Pelophylax perezi A 4304 10,00 430 1082 >100,00 C 

Saxicola torquata B 4547 10,00 455 1135 >100,00 C 

Columba palumbus B 4788 10,00 479 1194 >100,00 C 

Lepus granatensis M 2944 10,00 294 730 >100,00 C 

Luscinia megarhynchos B 4152 10,08 418 1037 >100,00 C 

Parus major B 4900 10,00 490 1215 >100,00 C 

Alectoris rufa B 4701 10,00 470 1161 >100,00 C 

Turdus merula B 4996 10,00 500 1232 >100,00 C 

Mus spretus M 2978 10,00 298 732 >100,00 C 

Carduelis carduelis B 5017 10,00 502 1223 >100,00 C 

Serinus serinus B 5034 10,00 503 1224 >100,00 C 

Oryctolagus cuniculus M 3772 10,00 377 917 >100,00 C 
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Certhia brachydactyla B 3928 11,16 438 1064 >100,00 C 

Carduelis cannabina B 4786 10,00 479 1161 >100,00 C 

Falco tinnunculus B 4736 10,00 474 1137 >100,00 C 

Buteo buteo B 4031 10,65 429 1028 >100,00 C 

Passer domesticus B 5089 10,00 509 1213 >100,00 C 

Delichon urbica B 4595 10,00 460 1091 >100,00 C 

Hirundo rustica B 5049 10,00 505 1195 >100,00 C 

Carduelis chloris B 4749 10,00 475 1116 >100,00 C 

Meles meles M 2619 12,80 335 783 >100,00 C 

Corvus corax B 3744 12,10 453 1058 >100,00 C 

Apus apus B 4862 10,00 486 1134 >100,00 C 

Miliaria calandra B 4562 10,00 456 1063 >100,00 C 

Upupa epops B 4475 10,00 448 1037 >100,00 C 

Pica pica B 4251 10,00 425 977 >100,00 C 

Crocidura russula M 2918 10,21 298 684 >100,00 C 

Troglodytes troglodytes B 3680 12,44 458 1028 >100,00 C 

Sturnus unicolor B 4756 10,00 476 1068 >100,00 C 

Aegithalos caudatus B 3709 12,28 456 1010 >100,00 C 

Rhinechis scalaris R 2466 11,66 288 635 >100,00 C 

Genetta genetta M 2597 13,01 338 744 >100,00 C 

Streptopelia turtur B 4319 10,00 432 942 >100,00 C 

Martes foina M 2434 14,56 354 760 >100,00 C 

Columba livia B 4361 10,00 436 933 >100,00 C 

Turdus viscivorus B 3408 13,94 475 1013 >100,00 C 

Picus viridis B 3870 11,45 443 944 >100,00 C 

Oriolus oriolus B 3904 11,28 440 924 >100,00 C 

Lullula arborea B 3539 13,20 467 979 >100,00 C 

Lanius senator B 3892 11,34 441 923 >100,00 C 

Athene noctua B 4168 10,00 417 872 >100,00 C 

Garrulus glandarius B 3327 14,41 479 997 >100,00 C 

Merops apiaster B 3951 11,05 436 891 >100,00 C 

Emberiza cia B 3196 15,20 486 987 >100,00 C 

Hippolais polyglotta B 3924 11,18 439 886 >100,00 C 

Mus musculus M 3781 10,00 378 758 >100,00 C 

Sylvia undata B 3547 13,16 467 932 >100,00 C 

Sylvia atricapilla B 3459 13,65 472 915 >100,00 C 

Emberiza cirlus B 3475 13,56 471 913 >100,00 C 

Galerida cristata B 3979 10,91 434 836 >100,00 C 
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Ptyonoprogne rupestris B 2753 18,12 499 959 >100,00 C 

Phoenicurus ochruros B 3313 14,49 480 907 >100,00 C 

Erinaceus europaeus M 2677 12,28 329 619 >100,00 C 

Rattus norvegicus M 3566 10,00 357 671 >100,00 C 

Dendrocopos major B 3146 15,51 488 913 >100,00 C 

Motacilla alba B 3487 13,49 470 875 >100,00 C 

Tarentola mauritanica R 2107 14,27 301 553 >100,00 C 

Coturnix coturnix B 3768 11,98 451 826 >100,00 C 

Erithacus rubecula B 3062 16,04 491 894 >100,00 C 

Circaetus gallicus B 2777 17,95 498 904 >100,00 C 

Coronella girondica R 1538 19,49 300 515 >100,00 C 

Lophophanes cristatus B 2535 19,73 500 849 >100,00 C 

Mustela nivalis M 2251 16,44 370 626 >100,00 C 

Lanius meridionalis B 3294 14,61 481 808 >100,00 C 

Strix aluco B 2755 18,10 499 835 >100,00 C 

Aquila chrysaetos B 1972 24,65 486 810 >100,00 C 

Otus scops B 3403 13,97 475 789 >100,00 C 

Felis silvestris M 1778 22,09 393 648 >100,00 C 

Cervus elaphus M 1644 23,97 394 639 >100,00 C 

Cettia cetti B 3452 13,69 473 765 >100,00 C 

Natrix natrix R 1558 19,28 300 482 >100,00 C 

Motacilla cinerea B 2512 19,91 500 798 >100,00 C 

Petronia petronia B 3103 15,78 490 782 >100,00 C 

Hieraaetus pennatus B 2616 19,12 500 783 >100,00 C 

Corvus corone B 3213 15,09 485 759 >100,00 C 

Sylvia melanocephala B 3095 15,83 490 760 >100,00 C 

Capreolus capreolus M 1948 19,90 388 601 >100,00 C 

Galerida theklae B 2971 16,63 494 765 >100,00 C 

Mauremys leprosa R 1526 19,62 299 454 >100,00 C 

Phylloscopus bonelli B 2592 19,30 500 756 >100,00 C 

Vipera latastei R 892 28,53 254 382 >100,00 C 

Periparus ater B 2516 19,88 500 748 >100,00 C 

Sitta europaea B 1760 26,88 473 704 >100,00 C 

Tyto alba B 3579 12,98 465 692 >100,00 C 

Salamandra salamandra A 1452 25,36 368 545 >100,00 C 

Alauda arvensis B 2971 16,63 494 730 >100,00 C 

Oenanthe hispanica B 3012 16,36 493 716 >100,00 C 

Regulus ignicapilla B 2334 21,35 498 714 >100,00 C 
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Accipiter nisus B 2305 21,60 498 712 >100,00 C 

Sylvia cantillans B 2705 18,46 499 712 >100,00 C 

Blanus cinereus s.l. R 1366 21,46 293 415 >100,00 C 

Accipiter gentilis B 2112 23,31 492 696 >100,00 C 

Eliomys quercinus M 1931 20,11 388 543 >100,00 C 

Anas platyrhynchos B 3241 14,92 484 672 >100,00 C 

Pyrrhocorax pyrrhocorax B 1826 26,16 478 659 >100,00 C 

Psammodromus hispanicus 

s.l. 

R 1378 21,32 294 404 >100,00 C 

Oenanthe oenanthe B 2400 20,81 499 682 >100,00 C 

Alytes obstetricans A 1842 20,59 379 514 >100,00 C 

Monticola solitarius B 1836 26,05 478 643 >100,00 C 

Bubo bubo B 2123 23,21 493 657 >100,00 C 

Falco peregrinus B 1890 25,48 482 632 >100,00 C 

Sciurus vulgaris M 1555 25,31 393 509 >100,00 C 

Corvus monedula B 2650 18,87 500 646 >100,00 C 

Milvus migrans B 2705 18,46 499 641 >100,00 C 

Hirundo daurica B 2164 22,83 494 602 >100,00 C 

Arvicola sapidus M 1903 20,46 389 472 >100,00 C 

Muscicapa striata B 2139 23,06 493 588 >100,00 C 

Coronella austriaca R 564 36,13 204 242 >100,00 C 

Passer montanus B 3008 16,38 493 577 >100,00 C 

Phylloscopus collybita s.l. B 2172 22,76 494 576 >100,00 C 

Chalcides striatus R 1115 24,83 277 322 >100,00 C 

Microtus duodecimcostatus M 2083 18,30 381 442 >100,00 C 

Gyps fulvus B 1160 35,04 406 471 >100,00 C 

Podarcis muralis R 640 34,04 218 248 >100,00 C 

Hemorrhois hippocrepis R 1103 25,01 276 312 >100,00 C 

Monticola saxatilis B 1017 37,61 383 429 >100,00 C 

Pelobates cultripes A 1623 23,13 375 416 >100,00 C 

Cinclus cinclus B 1043 37,12 387 421 >100,00 C 

Pleurodeles waltl A 1297 27,62 358 389 >100,00 C 

Pipistrellus pipistrellus M 1626 24,23 394 424 >100,00 C 

Pipistrellus pygmaeus M 1626 24,23 394 424 >100,00 C 

Anthus campestris B 2028 24,10 489 526 >100,00 C 

Chalcides bedriagai R 664 33,43 222 237 >100,00 C 

Loxia curvirostra B 1137 35,43 403 424 >100,00 C 

Anguis fragilis R 1039 26,00 270 284 >100,00 C 
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Prunella collaris B 192 70,25 135 142 >100,00 C 

Aquila fasciata B 970 38,54 374 381 >100,00 C 

Serinus citrinella B 402 55,78 224 227 >100,00 C 

Gallinula chloropus B 2789 17,86 498 503 >100,00 C 

Jynx torquilla B 1837 26,04 478 482 >100,00 C 

Macroprotodon brevis R 514 37,67 194 195 >100,00 C 

Calotriton arnoldi A 1 100,00 1 1 100,00 C 

Iberolacerta martinezricai R 2 100,00 2 2 100,00 C 

Iberolacerta galani R 3 100,00 3 3 100,00 C 

Plecotus macrobullaris M 2 100,00 2 2 100,00 C 

Myotis alcathoe M 3 100,00 3 3 100,00 C 

Tachymarptis melba B 997 38,00 379 379 100,00 C 

Neophron percnopterus B 1091 36,24 395 395 100,00 C 

Prunella modularis B 1348 32,10 433 433 100,00 C 

Sylvia communis B 1876 25,63 481 481 100,00 C 

Perdix perdix B 229 66,80 153 152 99,35 P 

Discoglossus galganoi A 1359 26,68 363 360 99,17 P 

Acanthodactylus erythrurus R 786 30,63 241 239 99,17 P 

Mustela putorius M 1200 31,52 378 374 98,94 P 

Capra pyrenaica M 646 46,37 300 296 98,67 P 

Caprimulgus europaeus B 2027 24,11 489 480 98,16 P 

Anthus spinoletta B 427 54,60 233 226 97,00 P 

Aquila adalberti B 180 71,51 129 125 96,90 P 

Alcedo atthis B 1779 26,67 474 459 96,84 P 

Algyroides marchi R 29 85,36 25 24 96,00 P 

Sylvia borin B 1671 27,89 466 447 95,92 P 

Regulus regulus B 394 56,18 221 211 95,48 P 

Cyanopica cyana B 1296 32,87 426 403 94,60 P 

Chionomys nivalis M 187 76,09 142 134 94,37 P 

Turdus philomelos B 1710 27,44 469 440 93,82 P 

Alytes cisternasii A 701 39,95 280 262 93,57 P 

Certhia familiaris B 138 76,71 106 98 92,45 P 

Montifringilla nivalis B 68 90,57 62 57 91,94 P 

Zootoca vivipara R 203 53,08 108 99 91,67 P 

Ciconia ciconia B 2074 23,66 491 449 91,45 P 

Iberolacerta bonnali R 27 86,55 23 21 91,30 P 

Vipera aspis R 331 44,97 149 136 91,28 P 

Hyla meridionalis A 894 35,08 314 286 91,08 P 
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Tetrao urogallus B 144 75,88 109 99 90,83 P 

Coccothraustes 

coccothraustes 

B 700 44,93 314 284 90,45 P 

Dama dama M 332 62,33 207 187 90,34 P 

Emys orbicularis R 478 38,88 186 168 90,32 P 

Rupicapra pyrenaica M 211 73,20 154 139 90,26 P 

Milvus milvus B 1324 32,45 430 387 90,00 P 

Iberolacerta cyreni R 36 81,78 29 26 89,66 P 

Oenanthe leucura B 1256 33,48 421 377 89,55 P 

Sylvia hortensis B 1611 28,61 461 412 89,37 P 

Rhinolophus ferrumequinum M 1026 35,28 362 323 89,23 P 

Ciconia nigra B 492 51,83 255 227 89,02 P 

Aegypius monachus B 236 66,21 156 138 88,46 P 

Cisticola juncidis B 2513 19,90 500 440 88,00 P 

Tichodroma muraria B 71 89,72 64 56 87,50 P 

Lepus castroviejoi M 69 100,00 69 60 86,96 P 

Lagopus mutus B 56 94,37 53 46 86,79 P 

Caprimulgus ruficollis B 1787 26,58 475 409 86,11 P 

Lissotriton boscai A 847 36,16 306 263 85,95 P 

Iberolacerta monticola R 159 57,14 91 78 85,71 P 

Hyla molleri A 1004 32,75 329 280 85,11 P 

Pyrrhocorax graculus B 247 65,32 161 136 84,47 P 

Ficedula hypoleuca B 513 51,01 262 221 84,35 P 

Dryocopus martius B 276 63,14 174 146 83,91 P 

Lacerta schreiberi R 585 35,53 208 174 83,65 P 

Scolopax rusticola B 190 70,45 134 112 83,58 P 

Iberolacerta aurelioi R 6 100,00 6 5 83,33 P 

Pelodytes punctatus A 1108 30,78 341 284 83,28 P 

Triturus pygmaeus A 532 45,48 242 201 83,06 P 

Falco subbuteo B 1737 27,13 471 389 82,59 P 

Lacerta bilineata R 442 40,18 178 146 82,02 P 

Podarcis carbonelli R 25 87,83 22 18 81,82 P 

Phoenicurus phoenicurus B 540 50,01 270 216 80,00 P 

Turdus torquatus B 107 81,69 87 69 79,31 P 

Canis lupus M 1109 33,41 371 294 79,25 P 

Poecile palustris B 390 56,38 220 174 79,09 P 

Talpa occidentalis M 964 36,77 354 276 77,97 P 

Calandrella brachydactyla B 2158 22,89 494 385 77,94 P 
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Herpestes ichneumon M 738 43,18 319 246 77,12 P 

Emberiza hortulana B 1113 35,85 399 305 76,44 P 

Columba oenas B 1619 28,51 462 352 76,19 P 

Rattus rattus M 1161 32,31 375 285 76,00 P 

Lanius collurio B 1133 35,50 402 304 75,62 P 

Luscinia svecica B 109 81,33 89 67 75,28 P 

Streptopelia decaocto B 2431 20,55 500 374 74,80 P 

Galemys pyrenaicus M 443 55,41 245 183 74,69 P 

Pernis apivorus B 738 43,89 324 241 74,38 P 

Ursus arctos M 212 73,09 155 115 74,19 P 

Clamator glandarius B 1569 29,13 457 339 74,18 P 

Rhinolophus hipposideros M 792 41,48 329 244 74,16 P 

Burhinus oedicnemus B 2207 22,45 495 367 74,14 P 

Rana temporaria A 495 46,92 232 170 73,28 P 

Circus cyaneus B 1626 28,43 462 336 72,73 P 

Calotriton asper A 195 65,58 128 93 72,66 P 

Aegolius funereus B 54 95,08 51 37 72,55 P 

Circus pygargus B 2320 21,47 498 360 72,29 P 

Myodes glareolus M 340 61,76 210 151 71,90 P 

Asio otus B 1405 31,29 440 314 71,36 P 

Anthus trivialis B 1295 32,88 426 304 71,36 P 

Hierophis viridiflavus R 102 64,50 66 47 71,21 P 

Pyrrhula pyrrhula B 949 38,97 370 260 70,27 P 

Hemidactylus turcicus R 612 34,78 213 149 69,95 P 

Dendrocopos medius B 60 93,02 56 39 69,64 P 

Sorex minutus M 490 53,00 260 181 69,62 P 

Emberiza citrinella B 813 42,00 341 237 69,50 P 

Glis glis M 205 73,89 151 104 68,87 P 

Martes martes M 283 66,16 187 128 68,45 P 

Microtus lusitanicus M 988 36,18 357 243 68,07 P 

Miniopterus schreibersii M 618 47,43 293 199 67,92 P 

Tadarida teniotis M 605 47,94 290 194 66,90 P 

Iberolacerta aranica R 3 100,00 3 2 66,67 P 

Triturus marmoratus A 1060 31,66 336 223 66,37 P 

Sylvia conspicillata B 1333 32,32 431 284 65,89 P 

Microtus arvalis M 929 37,66 350 230 65,71 P 

Nyctalus leisleri M 289 65,66 190 124 65,26 P 

Alytes dickhilleni A 172 68,10 117 76 64,96 P 
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Charadrius dubius B 1503 29,97 450 288 64,00 P 

Melanocorypha calandra B 2143 23,02 493 314 63,69 P 

Vipera seoanei R 398 41,92 167 106 63,47 P 

Mustela erminea M 308 64,13 198 124 62,63 P 

Microtus cabrerae M 265 67,73 179 112 62,57 P 

Dendrocopos leucotos B 16 100,00 16 10 62,50 P 

Tachybaptus ruficollis B 1422 31,05 442 276 62,44 P 

Neomys anomalus M 742 43,05 319 199 62,38 P 

Lissotriton helveticus A 624 42,28 264 164 62,12 P 

Plecotus auritus M 224 71,76 161 100 62,11 P 

Testudo hermanni R 23 89,21 21 13 61,90 P 

Apus caffer B 71 89,72 64 39 60,94 P 

Rhinolophus euryale M 403 57,68 232 140 60,34 P 

Myotis myotis M 648 46,29 300 181 60,33 P 

Actitis hypoleucos B 1073 36,56 392 236 60,20 P 

Gypaetus barbatus B 93 84,44 79 47 59,49 P 

Pelodytes ibericus A 377 52,38 197 117 59,39 P 

Rana pyrenaica A 27 100,00 27 16 59,26 P 

Sorex coronatus M 549 50,27 276 163 59,06 P 

Lepus europaeus M 655 46,04 302 178 58,94 P 

Arvicola terrestris M 199 74,60 148 87 58,78 P 

Apodemus flavicollis M 152 81,06 123 72 58,54 P 

Ichthyosaura alpestris A 116 75,99 88 51 57,95 P 

Plecotus austriacus M 543 50,53 274 158 57,66 P 

Rana iberica A 491 47,08 231 133 57,58 P 

Suncus etruscus M 775 42,00 326 187 57,36 P 

Hypsugo savii M 176 77,55 136 78 57,35 P 

Myotis emarginatus M 216 72,64 157 90 57,32 P 

Nyctalus lasiopterus M 73 98,65 72 41 56,94 P 

Microtus agrestis M 796 41,36 329 187 56,84 P 

Motacilla flava B 1506 29,93 451 256 56,76 P 

Eptesicus serotinus s.l. M 637 46,70 298 167 56,04 P 

Lynx pardinus M 36 100,00 36 20 55,56 P 

Passer hispaniolensis B 691 45,18 312 171 54,81 P 

Dendrocopos minor B 449 53,62 241 132 54,77 P 

Apus pallidus B 636 46,80 298 162 54,36 P 

Acrocephalus scirpaceus B 1657 28,06 465 252 54,19 P 

Saxicola rubetra B 387 56,53 219 118 53,88 P 
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Myotis nattereri s.l. M 303 64,52 195 105 53,85 P 

Myotis daubentonii M 509 52,08 265 142 53,58 P 

Larus genei B 15 100,00 15 8 53,33 P 

Carduelis spinus B 92 84,65 78 41 52,56 P 

Zamenis longissimus R 134 59,97 80 42 52,50 P 

Ardea cinerea B 774 42,96 332 174 52,41 P 

Myotis bechsteinii M 47 100,00 47 24 51,06 P 

Sorex granarius M 171 78,24 134 68 50,75 P 

Talpa europaea M 335 62,11 208 105 50,48 P 

Lacerta agilis R 12 100,00 12 6 50,00 P 

Podiceps cristatus B 593 48,17 286 143 50,00 P 

Pipistrellus kuhlii M 423 56,52 239 118 49,37 P 

Myotis blythii M 302 64,60 195 96 49,23 P 

Sorex araneus M 55 100,00 55 27 49,09 P 

Tetrax tetrax B 1370 31,78 435 212 48,74 P 

Testudo graeca R 47 77,35 36 17 47,22 P 

Coracias garrulus B 858 40,94 351 165 47,01 P 

Podarcis vaucheri R 37 81,32 30 14 46,67 P 

Barbastella barbastellus M 119 86,93 103 48 46,60 P 

Fulica atra B 1144 35,31 404 188 46,53 P 

Falco naumanni B 1080 36,44 394 183 46,45 P 

Otis tarda B 553 49,54 274 126 45,99 P 

Neomys fodiens M 286 65,91 188 85 45,21 P 

Riparia riparia B 979 38,36 376 168 44,68 P 

Aythya nyroca B 7 100,00 7 3 42,86 P 

Rhinolophus mehelyi M 179 77,14 138 59 42,75 P 

Haematopus ostralegus B 12 100,00 12 5 41,67 P 

Chamaeleo chamaeleon R 133 60,10 80 33 41,25 P 

Rallus aquaticus B 894 40,14 359 144 40,11 P 

Pterocles orientalis B 887 40,29 357 143 40,06 P 

Anas acuta B 15 100,00 15 6 40,00 P 

Acrocephalus arundinaceus B 1305 32,73 427 170 39,81 P 

Elanus caeruleus B 349 58,55 204 80 39,22 P 

Myotis mystacinus M 57 100,00 57 22 38,60 P 

Anas strepera B 264 64,01 169 65 38,46 P 

Circus aeruginosus B 742 43,78 325 125 38,46 P 

Podarcis bocagei R 337 44,68 151 58 38,41 P 

Bubulcus ibis B 419 54,97 230 88 38,26 P 
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Anas crecca B 34 100,00 34 13 38,24 P 

Sturnus vulgaris B 488 51,99 254 97 38,19 P 

Himantopus himantopus B 854 41,03 350 131 37,43 P 

Pipistrellus nathusii M 154 80,75 124 46 37,10 P 

Bucanetes githagineus B 27 100,00 27 10 37,04 P 

Nyctalus noctula M 60 100,00 60 22 36,67 P 

Platalea leucorodia B 22 100,00 22 8 36,36 P 

Cercotrichas galactotes B 424 54,74 232 83 35,78 P 

Sterna albifrons B 129 78,03 101 36 35,64 P 

Hippolais pallida B 431 54,42 235 83 35,32 P 

Egretta garzetta B 290 62,18 180 62 34,44 P 

Plegadis falcinellus B 12 100,00 12 4 33,33 P 

Pterocles alchata B 492 51,83 255 84 32,94 P 

Gelochelidon nilotica B 99 83,21 82 27 32,93 P 

Vanellus vanellus B 396 56,08 222 72 32,43 P 

Fulica cristata B 31 100,00 31 10 32,26 P 

Chersophilus duponti B 238 66,04 157 50 31,85 P 

Aythya ferina B 231 66,63 154 49 31,82 P 

Larus ridibundus B 167 72,98 122 38 31,15 P 

Locustella luscinioides B 94 84,23 79 24 30,38 P 

Ardeola ralloides B 56 94,37 53 16 30,19 P 

Thalasseus sandvicensis B 10 100,00 10 3 30,00 P 

Micromys minutus M 153 80,91 124 37 29,84 P 

Recurvirostra avosetta B 160 73,82 118 35 29,66 P 

Microtus gerbei M 162 79,53 129 38 29,46 P 

Chlidonias hybrida B 105 82,06 86 25 29,07 P 

Podiceps nigricollis B 123 78,97 97 28 28,87 P 

Rana dalmatina A 35 100,00 35 10 28,57 P 

Calandrella rufescens B 263 64,09 169 48 28,40 P 

Charadrius alexandrinus B 263 64,09 169 48 28,40 P 

Netta rufina B 177 71,84 127 36 28,35 P 

Porphyrio porphyrio B 168 72,86 122 34 27,87 P 

Glareola pratincola B 208 68,68 143 39 27,27 P 

Mustela lutreola M 196 74,97 147 40 27,21 P 

Anas clypeata B 152 74,82 114 31 27,19 P 

Asio flammeus B 86 85,97 74 20 27,03 P 

Larus michahellis B 370 57,41 212 57 26,89 P 

Sterna hirundo B 51 96,20 49 13 26,53 P 
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Tringa totanus B 167 72,98 122 32 26,23 P 

Marmaronetta angustirostris B 42 100,00 42 11 26,19 P 

Ixobrychus minutus B 407 55,54 226 59 26,11 P 

Remiz pendulinus B 659 46,11 304 79 25,99 P 

Panurus biarmicus B 53 95,45 51 13 25,49 P 

Nycticorax nycticorax B 233 66,46 155 39 25,16 P 

Larus audouinii B 8 100,00 8 2 25,00 P 

Aythya fuligula B 16 100,00 16 4 25,00 P 

Crocidura suaveolens M 175 77,68 136 33 24,26 P 

Botaurus stellaris B 33 100,00 33 8 24,24 P 

Chlidonias niger B 34 100,00 34 8 23,53 P 

Gallinago gallinago B 26 100,00 26 6 23,08 P 

Tadorna tadorna B 50 96,59 48 11 22,92 P 

Ardea purpurea B 319 60,31 192 44 22,92 P 

Phalacrocorax carbo B 68 90,57 62 14 22,58 P 

Myotis capaccinii M 60 100,00 60 13 21,67 P 

Anas querquedula B 33 100,00 33 7 21,21 P 

Atelerix algirus M 164 79,24 130 26 20,00 P 

Acrocephalus melanopogon B 81 87,14 71 14 19,72 P 

Corvus frugilegus B 41 100,00 41 8 19,51 P 

Hydrobates pelagicus B 16 100,00 16 3 18,75 P 

Porzana pusilla B 32 100,00 32 6 18,75 P 

Larus fuscus B 45 98,65 44 8 18,18 P 

Emberiza schoeniclus B 142 76,15 108 19 17,59 P 

Phalacrocorax aristotelis B 77 88,13 68 11 16,18 P 

Chioglossa lusitanica A 163 69,18 113 14 12,39 P 

Phoenicopterus roseus B 26 100,00 26 3 11,54 P 

Oxyura leucocephala B 58 93,68 54 6 11,11 P 

Lanius minor B 11 100,00 11 1 9,09 P 

Locustella naevia B 95 84,02 80 7 8,75 P 

Rissa tridactyla B 2 100,00 2 0 0,00 T 

 


