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Abstract A new methodology combining the concepts of endemicity and threat in order to provide an 

objective and highly accurate selection of protected areas is defined. This is a new method to recognize areas 

of endemism which combines the results yielded by NDM program, based on the optimality criterion, and 

those obtained using MARXAN software, designed to ensure the representation of species in the 

management of biodiversity. The method has been tested using the endemic and threatened vascular flora of 

the South of the Iberian Peninsula (Andalusia). Eleven areas of endemism have been identified in this 

territory; Sierra Nevada, Sierra Bermeja and Sierra Tejeda y Almijara stand out primarily. Although most of 

the areas dealt with in our study are already efficiently protected, the intermountain depression known as the 

Hoya de Baza, an arid area, and Sierra de Gádor are exceptions. This new methodology provided a useful tool 

in the fine-tuning of the selection of areas of endemism. A more precise and flexible selection of scale-

dependent endemicity areas was accomplished in this manner. The combination of both criteria (endemicity 

and threat) not only provides a reliable representation of areas of endemism, but also optimum efficiency in 

terms of endemicity and presence threatened of species. This approach offers a more objective and flexible 

strategy which can be implemented on different scales. A lot of alternatives can be generated, so the same 

conservation objective can be achieved by different combinations of solutions. This is a great advantage for 

the prioritization of territories meriting conservation.  

 

Areas of endemism and threatened flora in a Mediterranean hotspot: Southern Spain. 

 

Keywords Endangered flora. Endemic flora. Biodiversity loss. Biogeography. Conservation. Mediterranean 

Basin.  
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Introduction 

Both the knowledge of the distribution patterns of endemic species and the identification of the centres of 

endemism are essential not only for studies on historical biogeography but also for the determination of 

protected areas (Humphries et al. 1995; Pérez-García et al. 2012; Szumik et al. 2002). 

Usually, the distribution area of a species is well defined. However, a species can be considered as "endemic", 

depending on the plotting of the limits of the study area. For this reason, some authors have argued that 

endemicity is a relative concept (Favarger and Contandrionopoulos 1961; Mota et al. 2003).  

The concept of area of endemism has been widely debated in biogeography. Richardson (1978) pointed that 

endemic species do not take place by chance; they tend to be concentrated heavily in specific places. On the 

other hand, the determination of areas of endemism has several problems. Biogeographical patterns are 

masked by many other factors, either past or present, related to the dispersal, extinction, etc. of species; or by 

bioclimatic variables (Cañadas et al. 2014; Carvalho et al. 2011; Harold and Mooi 1994; Linder 2001). A 

definition of area of endemism is either an area where species which take place nowhere else can be found, or 

where numerous species are endemic, or areas of non-random distributional congruence among different taxa 

(Morrone 1994). 

Endemic species have been recognized as a reliable subrogate of biodiversity (Domínguez et al. 2006; 

Lamoreaux et al. 2006). On account of the interest that endemic species have aroused among researchers and 

naturalists, there is much more information on them than on other widely distributed taxa (Blanca and Valle 

1986). Given the restricted character of the distribution areas involved, endemic species have been included 

in red lists in their different threat categories (IUCN 2001). As is well known, biodiversity is declining at an 

alarming rate (Leakey and Lewin 1996; May et al. 1995; Mendoza-Fernández et al. 2014a, 2014b; Pimm et al. 

1995). This has encouraged the development of scientific disciplines aimed at understanding and assessing the 

“mechanisms” ruling the patterns of biological diversity. One of these disciplines, Conservation 

Biogeography, has become a key tool for the interpretation of the spatial distribution of biodiversity and the 

promotion of more efficient conservation strategies (Grehan 1993; Lodle and Whittaker 2011; Schmeller et 

al. 2014; Whittaker et al. 2005). 

The combination of the parameters species richness, species rarity, endemic species richness and threat 

category of taxa has been used as the basis for one of the most widely used approach to the biodiversity 

assessment (Alonso-Redondo et al. 2013; Myers et al. 2000; Schatz et al. 2014). However, it has been 

questioned whether the various approaches are always coherent (Orme et al. 2005; Possingham and Wilson 

2005).  

The main aim of this paper is to define a new methodology for the determination of the areas of endemism 

as a useful tool for the selection of protected areas. For this purpose, we have calculated the degree of spatial 

co-occurrence of two fundamental criteria in the estimation of biodiversity, namely, areas of endemism and 

threat category of taxa. These criteria help determine whether a territory should be considered a centre of 

endemicity. The analysis involved the implementation of two software programs based on different 

approaches. NDM/VNDM v.3 software (Goloboff 2004; Szumik et al. 2002; Szumik and Goloboff 2004) 

was used to determine the areas of endemism, and MARXAN v.2.11 software (Ball et al. 2009; Possingham et 

al. 2000; Segan et al. 2011; Smith et al. 2010) was used to rank the sites worthy of conservation, according to 
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the presence of threatened taxa. A GIS (ESRI 2011) has been used to map the areas of endemism. This tool 

may be very effective when implemented as part of multi-criteria decision-making framework (Nemec and 

Raudsepp-Hearne 2013). This combined approach has been tested by an analysis performed with data of 

threatened and endemic flora species of restricted distribution (regional endemism), in the south of the 

Iberian Peninsula (Andalusia), one of the territories with the greatest floristic richness in the European 

continent (Blanca 1993; Domínguez et al. 1996). 

 

Material and methods 

Firstly, NDM/VNDM v.3 (hereafter NDM) was used. It is an efficient software program which has been 

successfully used to determine the areas of endemism of various taxonomical groups (Domínguez et al. 2006; 

Martínez-Hernández et al. 2014; Szumik et al. 2012). The program uses algorithms based on the concept of 

areas of endemism (Platnick 1991). Mainly, it is a method which includes georeferenced data about the 

distribution of the taxa under study (Szumik and Goloboff, 2004). The procedure is basically to assess the 

consistency of the distribution range of the species of a predefined area (set of cells). The suitability of the 

species to each area is quantitatively measured by an endemicity index (EI) whose values vary between 0 and 

1 (where EI = 1 represents a species whose distribution range is perfectly consistent with the assessment 

area). Generally, records of a species which are homogeneously distributed within the assessment area will 

increase the EI of such species, while the presence of records outside the same area will decrease its EI. The 

level of endemicity of an area is calculated by the addition of the EI of the endemic species present in it. So 

the more endemic species live in a zone, and the greater the EI, the group of cells will be better supported as 

area of endemism. This strategy has advantages over other methods designed only to recover hierarchy 

(Casazza and Minuto 2009; Linder 2001; Tribsch 2004), since it takes into account the geographic distribution 

of the endemic taxa included in the study, and also it provides a score for each area (addition of EI). 

The procedure used by NDM requires, in the first place, the division of the study area into a grid, where the 

data about the species distribution are represented. In this way, several analyses with different scales for the 

grid dividing the study area can be implemented. Grid scales depend on the size of the study area and other 

suitable discretionary criteria such as the amount of taxa studied, or the scale of the available corological 

information of these taxa. However, for the sake of objectivity, firstly it can be used the optimal grid scale 

calculated automatically by NDM for the data distribution. Afterwards it is used lower resolution scales, i.e., 

multiples of the optimal grid scale. In this manner, different results for each grid cell size are obtained. The 

second step is to execute the option available in NDM for the creation of consensus areas (Aagesen et al. 

2013). The consensus areas unite information which is contained in the resulting individual hypotheses. A 

consensus area encloses individual areas of endemism that have in common a percentage of endemic species 

(defined by the user). The majority rule criterion implemented by the program was used: a territory or group 

of adjacent cells forms a consensus area as long as they have at least the 50% of their endemic species in 

common. The third step is to conduct a database of each of the solutions obtained. This database collected 

the data concerning the species included in the area of endemism: EI, number of cells covered and solutions 

grouped by the consensus areas test. 
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Secondly, MARXAN v.211 (hereafter MARXAN) was used. This is a program designed to ensure the 

prioritization of species and ecosystems in the management of biodiversity conservation (Ball et al. 2009; 

Possingham et al. 2000). The program aims at producing an optimal representation of biodiversity features at 

the minimum cost (McDonnell et al. 2002). It operates with the algorithm Simulated Annealing (Kirkpatrick 

1983). This method progressively improves the final solution by selecting the group of sites which 

proportionally most reduces the total cost.  

The endemic level of each taxa was reckoned by a weighting procedure. Following premises established by 

Tucker et al. (2012) about the inclusion of both geographic and evolutionary rarity in conservation 

prioritization, the relative parameters of the Continuous Rarity were entered (Gaston 1997) according to the 

grid size used. The Continuous Rarity (or Stenochory Level) is a way of assessing the rarity of each grid; it 

measures in what proportion a species is endemic. The Continuous Rarity of a grid is calculated by adding the 

rarity of each taxa present in it. The rarity of each species is obtained by calculating the inverse of the number 

of grids where the species appears. Thus, the greater the number of rare species (with limited distribution) 

presents in a grid, the higher the Continuous Rarity of this grid. This criterion has previously proved to be 

one of the most appropriate as a species penalty factor in the selection of reserve areas (Martínez-Hernández 

et al. 2011). All the species had the same occurrence target (target =1) in order to achieve that at least one site 

of each species was selected by MARXAN. Any aggregation factor or boundary length modifier was not 

used; because the final solution was adjusted to the distribution of the consensus areas proposed by NDM. 

The selection procedure was iterated 1000 times in the three different grid scales, as well as the NDM 

program. The parameters used in Simulated Annealing procedure were the “Heuristic” option, based on 

species richness; the “Temperature Decrease”(10000); and the “Adaptative Annealing” option with program 

default parameters. Both the Best solution, which determines the sites present in the final selection, and the 

Summed solution, the number of times a site was selected, were considered. The Summed solution provided 

an index of irreplaceability of each site, which is defined as a frequency of site selection in the overall number 

of MARXAN runs (Pressey et al. 1994; Pressey and Taffs 2001).  

Finally, the consensus areas proposed by NDM were checked against the areas obtained with MARXAN (Fig. 

1). The NDM consensus areas were used as additional conservation features (aggregation factor) and locked 

the grid cells where they occurred to be included in MARXAN solution. An example of this innovative 

methodology is shown in Fig. 2. The programs were integrated considering firstly the spatial coincidence of 

the selected cells by both software, and secondly, the combination of the EI (NDM) and irreplaceability index 

(MARXAN). The highest number of coincident cells and the highest values of EI and irreplaceability indexes 

were the criteria used to decide the final design of the selected areas of endemism (EPAs). 

 

Case study: Endemicity areas for threatened endemic vascular flora in the south of the Iberian 

Peninsula 

Study area 

The Mediterranean basin is a world biodiversity hot spot (Médail and Quézel 1997; Quézel and Médail 1995). 

The Iberian Peninsula and Andalusia in particular, have an outstanding natural value (Aedo et al. 2013; Médail 

and Diadema 2009; Médail and Quézel 1999; Mota et al. 2002). The climate is Mediterranean with severe 
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frequent summer and winter droughts. However, there are also enclaves such as Sierra de Grazalema with 

annual rainfall records of over 2200 mm. The altitudinal gradient of this area extends from sea level to 3479 

m. The presence of an enormous variety of substrates (siliceous outcrops, volcanic materials and diverse 

Quaternary substrates) has not only provided a refuge for palaeoendemic taxa but has also encouraged 

speciation processes. Biogeographically, the territory can be divided into three large units. The largest one is 

the so-called Betic province which includes all the high mountain peaks generated during the Alpine orogeny 

and the corresponding intermountain depressions. The Guadalquivir River valley is also included in this unit. 

The Lusitan-Extremadurean province, which encompasses the elevations of the Palaeozoic base, is located to 

the north of this valley. Finally, the semiarid territories of the Murcian-Almeriensian province are located to 

the east of the Betic unit (Rivas-Martínez et al. 2007). 

 

Data sources 

The taxa used for the recognition of areas of endemism must have restricted distribution (Platnick 1991; 

1992). This geographical restriction is mentioned in criterion B of the IUCN as a requirement for determining 

the risk of extinction of species (IUCN 2001). In the light of this premise, we drew up a catalogue of 201 

species and subspecies (113 genera) of endemic vascular flora found in the Andalusian territory, all of them in 

one of the following threat categories Critically Endangered (CR), Endangered (EN) or Vulnerable (VU) 

(Cabezudo et al. 2005). The nomenclature is drawn from Blanca et al. (2009), and the biogeographical terms 

from Rivas-Martínez et al. (2007). The list generated a data base with 3058 records of the distribution of the 

taxa. Biological databases are useful ecological research tools for biodiversity studies (Bruno et al. 2012). Plant 

records were georeferenced in the Universal Transverse Mercator (UTM) projected coordinate system, in the 

European Datum ED50, at 1 km2 scale (see Supplementary Material 1). The distribution of taxa was inferred 

from bibliographic information (Anthos 2012; Blanca et al. 2009; Castroviejo 1986-2010; Gbif.es 2013; 

Valdés et al. 1987), herbaria (GDA, HUAL, JAEN, MGC, MUB) and field surveys (Mota et al. 2010; Pérez-

García et al. 2009). These latter two sources allowed us to extend and validate the information collected 

previously. Only observed occurrence samples were considered to calculate the EPAs. Although the available 

information on the distribution of species had a 1 km2 resolution, the grid size closest to the one suggested by 

NDM was 5x5 km. In this manner, different results were obtained with tests made with grid cell sizes of 5x5, 

10x10 and 15x15 km.  

 

Results 

Firstly, the results of the analysis using the NDM program for the 5x5 km grid cell size gave eight sets. Each 

set contained between 12 and 45 threatened endemic species, which were found in areas covering between 

four and twelve grid cells. The EI for the areas selected had values ranging from 2.2 to 4.2. In this particular 

case, the peaks of Sierra Bermeja, the peaks of Sierra de Gádor, the calcareous part of Sierra Nevada, the 

siliceous core of Sierra Nevada and the massif of Sierra Tejeda y Almijara, were selected as the areas of 

endemism. On the other hand, the test with the10x10 km grid cell size provided solutions which contained 

between 14 and 61 threatened endemic species; they were distributed in areas covering between three and 

eight grid cells. The EI rates for the areas selected had values ranging from 2.5 to 8.1. The findings were 
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similar to the previous case, except that they provided 15 sets as a solution and contemplated three areas of 

endemism (Sierra de Grazalema, Sierra de las Nieves-Sierra de Alcaparaín y Aguas and the peaks of Sierra de 

Baza) which were not considered in the 5x5 km grid cell case. Besides, the test conducted with the 15x15 km 

grid cell yielded 33 sets. The EI values ranged from 2.3 to 10.3.Thisareas were distributed in groups of four 

up to fourteen grid cells, with populations of 11 up to 80 threatened endemic species, depending on the 

selected area. These findings included those obtained in the two previous cases, and also provided three new 

areas of endemism. They were the Parque Natural Cabo de Gata-Níjar, the depression of Baza and Sierra de 

Cazorla y Segura. 

Secondly, NDM summarized the individual findings. For the 5x5 km grid a group of seven consensus areas 

was obtained, four of them identical to the original results (Sierra Bermeja, Sierra de Gádor, Calcareous Sierra 

Nevada, Sierra Tejeda y Almijara), whereas the other three defined the areas proposed for siliceous Sierra 

Nevada with greater precision. The consensus test for the 10x10 km and the 15x15 km grid integrated the 

solutions in ten and eleven consensus areas respectively.  

Thirdly, MARXAN provided different solutions widely distributed over the area of Andalusia depending on 

the grid size. MARXAN findings included some cells belonging to the areas of Sierra Bermeja, Sierra Tejeda y 

Almijara and the calcareous part of Sierra Nevada more frequently on a 5x5 km scale. In the case of the 

10x10 km grid, Sierra de Grazalema, Sierra de Gádor and the connecting area between the peaks of Sierra 

Nevada and Sierra de Baza obtained higher irreplaceability indexes than on other scales. Lastly, areas such as 

the siliceous part of Sierra Nevada, Sierra de Cazorla and Segura, Cabo de Gata, the Hoya de Baza and the 

area made up of the sierras of Bermeja, Nieves, Grazalema, Alcaparaín y Aguas stood out more on a 15x15 

km scale. 

Table 1 and Supplementary Material 2 show the results for the areas of endemism selected in the three scales 

used. Table 2 shows the summary of selected grid cells by MARXAN, the sum of irreplaceability indexes and 

the relationship between the cell size used and the percentage of coincidental solutions in both methods. Fig. 

3 shows the solutions obtained using the combination of programs NDM and MARXAN. 

Eleven areas of endemism EPAs have been identified in our study area. One of the most interesting results of 

our analyses is that they have led to the identification of different areas of endemism within a continuous 

territory, such as that of Sierra Nevada. Taxa such as Armeria filicaulis subsp. nevadensis, Thlaspi nevadense and 

Armeria splendens belong to another group of Nevadensian endemic species which connected the western 

peaks of Sierra Nevada with the eastern peaks of the same range. Likewise, the endemic species Artemisia alba 

subsp. nevadensis, Pinguicula nevadensis and Narcissus nevadensis subsp. nevadensis justified the solution of the peaks 

of Sierra de Baza and their relationship with the Sierra Nevada massif (Olmedo Cobo 2012; Peñas et al. 2005; 

Pérez-García et al. 2012). On the other hand, the calcareous part of Sierra Nevada, despite its broad and 

seamless geographical contact with the siliceous portion of the range, has exclusive endemic species, such as 

Erodium boissieri, Lomelosia pulsatilloides subsp. pulsatilloides and Helianthemum pannosum, which were decisive for 

the determination of this area of endemism. The results, Sierras de Tejeda y Almijara, with endemic species 

such as Anthyllis plumosa, Hieracium texedense and Eryngium grossii, and Sierra de Grazalema, with Campanula 

specularioides, Koeleria dasyphylla or Fumana lacidulemiensis are also examples of areas of endemism located on 

calcareous substrates. The areas of endemism of Sierra Bermeja and its adjoining elevations, with the 

presence of Abies Pinsapo, Centaurea lainzi and Centaurea haenseleri, are also particularly noteworthy.  
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Discussion 

Complementation of the NDM and MARXAN software packages 

Authors such as Kelley et al. (2002) have already suggested combining programs in order to prioritize natural 

areas according to their biodiversity. Other authors have used this strategy for the selection of specific nature 

reserves (Jiménez Martínez et al. 2009; Kirkpatrick 1983; Mendoza-Fernández et al. 2010; Perez-García et al. 

2007). In this cases the software used, SITES (Andelman et al. 1999), ResNet (Aggarwal et al. 2000), or 

MARXAN, implement heuristic or meta-heuristic procedures for the most efficient nature reserve selection. 

However, this study is the first approximation for determining areas of endemism that combines two kind 

programs not created with common aims. The initial sets of cells are screened under the endemicity criterion 

using NDM in a computationally fast way. Then MARXAN is used to achieve completeness and efficiency of 

the areas of endemism in a computationally intensive phase. The combined use of programs NDM and 

MARXAN makes it possible to relate sites for threatened taxa protection with areas of endemism. In 

addition, this combined strategy allows the implementation of different working scales so that the results are 

objective and flexible, which is clearly advantageous when it comes to selecting sites for conservation. 

The use of the NDM program itself has some drawbacks. Although the available resolution of the spatial 

distribution of taxa was 1x1 km, we could not reach this scale to process the data. In this sense, it is worth 

pointing out that this method works well for larger areas but is less satisfactory when applied to more 

restricted areas where the flora is well known. The endemic species richness which defines the different areas 

of endemism is higher or lower depending on the grid scale used. As a result, the boundaries, size and 

number of the areas of endemism plotted in this manner tend to be fuzzy and follow no regular pattern. This 

shortcoming of the NDM program has already been studied (Casagranda et al. 2009). The analyses conducted 

with the MARXAN program are a useful complement when it comes to fine-tuning the selection in each area 

of endemism and reducing to a minimum the drawbacks of the NDM program. MARXAN selects the array 

of grid cells exhibiting the highest efficiency records, and ranks the selected areas by their irreplaceability 

index. This makes it possible to make a more accurate and flexible selection of more specific areas within 

each area of endemism, according to the scale. The analyses carried out with MARXAN support, largely, the 

solutions obtained with NDM, since all areas of endemism included irreplaceable grid cells. Admittedly, the 

irreplaceability index suggests a different adjustment for each area of endemism according to the grid scale 

selected. In our study case, the increase in the coincidences between NDM solutions and MARXAN 

solutions suggests that the best option is the 15x15 km scale. However, the areas that the NDM program 

selects with this scale are very large and difficult to protect unless they are considered as national parks or 

natural parks. 

The combination of both methods can be of great help in determining large protected spaces, such as 

national or natural parks. In these cases, the areas of endemism could serve as the decisive criterion. 

However, the selection of grid cells with MARXAN is a reliable tool when it comes to complementing the 

protected areas network with protection statuses of smaller areas, such as Parajes Naturales or others already 

envisaged in regional provisions. For the creation of reserves, the areas corresponding to areas of endemism 

but including no site selected by MARXAN could be considered buffer areas and act as ecological corridors. 

Nevertheless, the ideal approach would be to reach a consensus between both strategies, which has already 

happened in many cases, as we have shown. 
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EPAs in the South of the Iberian Peninsula 

Except for the Natural Park of Cabo de Gata-Níjar, located in the semiarid South East, all the EPAs selected 

in the study case were located in the Betic ranges and neighboring depressions. Both territories (Betic ranges 

and semiarid SE) are easily distinguishable from the rest of the Iberian territories (Moreno Saiz et al. 2013) 

and belong to well-defined biogeographical units (Rivas-Martínez et al. 2007). Likewise, the results testify to 

the fact that the Andalusian Betic ranges are one of the richest areas of plant endemicity in the Mediterranean 

basin. With the exception of Sierra Nevada, the mountain massifs of the Betic ranges have peaks of small 

extension separated one from another. As a result, the landscape is like a high archipelago rather than a 

continent-island (Mota et al. 2002). The enormous vegetal richness of the territory has been heavily 

conditioned by the geographical location of the area. A genuine N-S (Europe and Africa) and E-W (areas 

under Atlantic influence and areas of the western Mediterranean) crossroad, the region has aided the 

connection of several different floristic territories (Mota et al. 2002; Peñas et al. 2005). 

The siliceous part of Sierra Nevada stands out among the EPAs. The NDM solutions for the Sierra Nevada 

massif were multiple, some of them completely complementary in terms of floristic composition, but of 

variable dimensions depending on the scale. This EPA showed a floristic relationship with Sierra de Baza 

massif which has been supported by several research studies (Olmedo Cobo 2012; Peñas et al. 2005; Pérez-

García et al. 2012). This has advantages for the area, because there are flexible options for its management 

(Sarkar et al. 2002), especially considering that alpine ecosystems have been identified as particularly sensitive 

to threats from global change (Franzén and Molander 2012). Sierra Nevada is the most important natural 

EPA for the endemic flora of the Betic ranges (Blanca 2002; Pérez-García et al. 2007). The relict confinement 

of Arctic-Alpine taxa, the diversity of habitats and the height gradient (Blanca et al. 2002) produced 

speciation processes. This idea is in accord with the ideas of Morrone (2001) and Casazza et al. (2008) that 

areas of endemism represent historical entities. Examples of similar isolation producing great richness in 

endemic species can be found in other biodiversity hot-spots, such as the tropical forests of the eastern 

slopes the Andes or some oceanic islands in the Pacific (Gillespie et al. 2013; Särkinen et al. 2012).  

The clear distinction obtained between EPAs located on siliceous and calcareous sections of Sierra Nevada 

massif is relevant. The main dolomitic outcrops that produced this separation are home to particular floras as 

a result of speciation processes induced by extremely stressing environmental conditions and the isolation 

brought about by this kind of substrates (Mota et al. 2008). Although these solutions belong to the same 

mountain massif, it is interesting that two closely connected EPAs emerge as a result of the different 

substrates (Mota 1990). This outcome reveals the significant role played by two factors in the genesis of 

endemic species, namely, the geographical factor (isolation) and the edaphic factor (ecology). Other EPAs on 

dolomitic substrates are the solutions made up of Sierra Tejeda y Almijara and Sierra de Grazalema, a 

territory palaeogeographically isolated by the Guadalhorce corridor (Martín et al. 2001; Medina-Cazorla et al. 

2010) with numerous floristic connections with the Tingitan territory (Rodríguez-Sánchez et al. 2008). 

Otherwise, the serpentines of the territory of Sierra Bermeja have brought about an edaphism which imposes 

heavy restrictions on the flora (Krukeberg 1984). These facts would endorse the idea about plant endemicity 

is closely linked to the nature of the geological substrate. 

On the other hand, the Sky-Island effect (Riemann and Ezcurra 2007) in Sierra de Gádor could account for 

the selection of this mountain as an EPA. The location of this massif, surrounded by semiarid territories, and 
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its high altitude –only just below the peaks of Sierra Nevada–have given rise to numerous endemic taxa. The 

peaks of this range are protected as SCIs. However, the whole range, from sea level to the highest peaks, is 

significant as anarea of endemism with a large number of threatened species. Finally, the mountainous natural 

areas, such as Sierra Grazalema, Sierra Nieves, Sierra Cazorla-Segura, together with the Andalusian semiarid 

areas, were gaps in the results of the large scale analyses as a result of the greater dispersal of the endemic 

species in these areas. Nonetheless, all these territories are included in the Protected Natural Areas Network 

of Andalusia under the status of Natural Park. This is not the case of EPA of Hoya de Baza, an arid territory 

whose relevance for the conservation of Spanish flora has already been highlighted by several analyses 

(Mendoza-Fernández et al. 2014b). 

 

Acknowledgments 

We are grateful for the funds provided by the following projects: “Conservacion de la diversidad genética y 

florística de los afloramientos de yeso en Andalucía: el reto del desarrollo sostenible en un archipiélago 

edáfico explorado por la minería”, P07-RNM-03217, and “Caracterización edáfica y nutricional de la 

vegetación y la flora de dolomías en las Cordilleras Béticas y su relación con otros ambientes ricos en 

magnesio (EU Priority Habitats)”CGL2007-63563. We thank Elizabeth Purbrick for reviewing the English 

translation of the text. 

 

References 

Aggarwal, A., Garson, J., Margules, C.R., Nicholls, A.O., &Sarkar, S.(2000). ResNet. Manual, V. 1.1. Technical 

report.Biodiversity and Biocultural Conservation Laboratory, University of Texas at Austin. 

http://uts.cc.utexas.edu/~consbio/Cons/Labframeset.html 

Aagesen, L., Szumik, C., & Goloboff, P. (2013). Consensus in the search for areas of endemism. Journal of 

Biogeography, 40(11), 2011–2016. 

Aedo, C., Medina, L., & Fernández-Albert, M. (2013). Species richness and endemicity in the Spanish vascular 

flora. Nordic Journal of Botany, 30, 478–488. 

Alonso-Redondo, R., De Paz, E., Alonso-Herrero, E., García-González, M. E., & Alfaro-Saiz, E. (2013). A 

new method for calculating Risk Tolerance in the assessment of threatened flora. Journal for Nature 

Conservation, 21, 414–422. 

Andelman, S.J., Ball, I., Davis, F.W., &Stoms, D.M.(1999). SITES V.1.0, An Analytic Toolbox for Ecoregional 

Conservation Portfolios. Technical report, the Nature Conservancy. 

http://www.biogeog.ucsb.edu/projects/tncnoolbox.html 

Anthos. (2012). Spanish Plants Information System. http://www.anthos.es/index.php?lang=en. Accessed 30 

January 2014. 

Ball, I. R., Possingham, H. P., & Watts, M. (2009). Marxan and relatives: Software for spatial conservation 

prioritization. In: A. Moilanen, K. A. Wilson, & H. P. Possingham (Eds.), Spatial conservation 

prioritization: Quantitative methods and computational tools (pp. 185–195). Oxford: Oxford University Press. 



Page 11 of 23

Acc
ep

te
d 

M
an

us
cr

ip
t

 

11 

Blanca, G. (1993). Origen de la flora de Andalucía. In: E. Valdés Bermejo (Ed.), Introducción a la flora de 

Andalucía  (pp. 19–35). Sevilla: Junta de Andalucía. 

Blanca, G. (2002). Flora amenazada y endémica de Sierra Nevada. Granada: Universidad de Granada. 

Blanca, G., Cabezudo, B., Cueto, M., Fernández López, C., & Morales Torres, C. (2009). Flora Vascular de 

Andalucía Oriental. Sevilla: CMA, Junta de Andalucía. 

Blanca, G., & Valle, F. (1986). Las plantas endémicas de Andalucía Oriental. Monografías de Flora y Vegetación 

Béticas, 1, 1–53. 

Bruno, D., Sánchez-Fernández, D., Millán, A., Ros, R. M., Sánchez-Gómez, P., & Velasco, J. (2012). 

Assessing the quality and usefulness of different taxonomic groups inventories in a semiarid 

Mediterranean region. Biodiversity and Conservation, 21, 1561–1575. 

Cabezudo, B., Talavera, S., Blanca, G., Salazar, C., Cueto, M., Valdés, B., Hernández-Bermejo, J. E., Herrera, 

C. M., Rodríguez-Hiraldo, C., & Navas, D. (2005). Lista Roja de la flora vascular de Andalucía. Sevilla: 

CMA, Junta de Andalucía. 

Cañadas, E. M., Giuseppe, F., Peñas, J., Lorite, J., Mattana, E., & Bacchetta, G. (2014). Hotspots within 

hotspots: Endemic plant richness, environmental drivers, and implications for conservation. Biological 

Conservation, 170, 282–291. 

Carvalho, S. B., Brito, J. C., Crespo, E. J., & Possingham, H. P. (2011). Incorporating evolutionary processes 

into conservation planning using species distribution data: a case study with the western 

Mediterranean herpetofauna. Diversity and Distributions, 17, 408–421.  

Casagranda, M. D., Roig-Juñent, S., & Szumik, C. (2009). Endemism at different spatial scales: an example 

with Carabidae (Coleóptera: Insecta) of austral South America. Revista Chilena de Historia Natural, 82, 

17–42. 

Casazza, G., Zappa, E., Mariotti, M. G., Médail, F., & Minuto, L. (2008). Ecological and historical factors 

affecting distribution pattern and richness of endemic plant species: the case of the Maritime and 

Ligurian Alps hotspot. Diversity and Distributions, 14, 47–58. 

Casazza. G., & Minuto, L. (2009). A critical evaluation of different methods for the determination of areas of 

endemism and biotic elements: an Alpine study. Journal of Biogeography, 36, 2056–2065. 

Castroviejo, S. (Ed.). (1986-2010). Flora Iberica. Plantas vasculares de la Península Ibérica e Islas Baleares. Madrid: 

Real Jardín Botánico de Madrid, CSIC. 

Domínguez, F., Galicia, D., Moreno-Rivero, L., Moreno-Saiz, J. C., & Sainz-Ollero, H. (1996). Threatened 

plants in Peninsular and Balearic Spain: a report based on the EU Habitats Directive. Biological 

Conservation, 76, 123–133. 

Domínguez, M. C., Roig-Juñent, S., Tassin, J. J., Ocampo, F., & Flores, G. E. (2006). Areas of endemism of 

the Patagonian steppe: an approach based on insect distributional patterns using endemicity analysis. 

Journal of Biogeography, 33, 1527–1537. 

ESRI. (2011). ArcGIS Desktop: Release 10. California: Environmental Systems Research Institute Redlands. 



Page 12 of 23

Acc
ep

te
d 

M
an

us
cr

ip
t

 

12 

Favarger, Cl., & Contandriopoulos, J. (1961). Essai sur l'endémisme. Bulletin de la Societe Botanique Suisse, 71, 

384–107. 

Franzén, M., & Molander, M. (2012). How threatened are alpine environments? a cross taxonomic study. 

Biodiversity and Conservation, 21, 517–526. 

Gaston, K. J. (1997). Rarity. London: Chapman & Hall.  

Gbif.es. (2013). Global Biodiversity Information Facility in Spain. http://www.gbif.es. Accessed 29 January 2014. 

Gillespie, T. W., Keppel, G., Pau, S., Price, J. P., Jaffré, T., & O'Neill, K. (2013). Scaling species richness and 

endemism of tropical dry forests on oceanic islands. Diversity and Distributions, 19, 896–906. 

Goloboff, P. (2004). NDM and VNDM: Programs for the identification of areas of endemism. Program and 

documentation, available at http://www.zmuc.dk/public/phylogeny. 

Grehan, J. R. (1993). Conservation biogeography and the biodiversity crisis: a global problem in space/time. 

Biodiversity Letters, 1, 134–140. 

Harold, A. S., & Mooi, R. D. (1994). Areas of endemism: Definition and recognition criteria. Systematic Biology, 

43, 261–266. 

Humphries, C. J., Williams, P. H., & Vane-Wright, R. I. (1995). Measuring biodiversity value for conservation. 

Annual Review of Ecology and Systematics, 26, 93–111. 

IUCN. (2001). IUCN Red List categories and criteria: version 3.1. Gland, Suiza & Cambridge: IUCN Species 

Survival Commision. 

Jiménez Martinez, J.F., Sánchez-Gómez, P., Mota, J.F., &Pérez-García, F. J. (2009). Areas of floristic 

relevance for the conservation of the biodiversity in the ecotone of the NE end of the Betic ranges 

and neighbouring areas. Acta Botanica Gallica, 156(4), 649–662. 

Kelley, C., Garson, J., Aggarwal, A., & Sarkar, S. (2002). Place prioritization for biodiversity reserve network 

design: a comparison of the SITES and ResNet software packages for coverage and efficiency. 

Diversity and Distributions, 8, 297–306. 

Kirkpatrick, J. B. (1983). An iterative method for establishing priorities for the selection of nature reserves: an 

example from Tasmania. Biological Conservation, 25, 127–134. 

Kruckeberg, A. R. (1984). California serpentines: flora, vegetation, geology, soils, and management problems. California: 

UC Press. 

Lamoreux, J. F., Morrison, J. C., Ricketts, T. H., Olson, D. M., Dinerstein, E., McKnight, M. W., & Shugart, 

H. H. (2006). Global test of biodiversity concordance and the importance of endemism. Nature, 440, 

212–214. 

Leakey, R. E., & Lewin, R. (1996). The sixth extinction: patterns of life and the future of humankind. New York: 

Doubleday. 

Linder, P. (2001). On areas of endemism, with an example from the African Restionaceae. Systematic Biology, 

50, 892–912. 



Page 13 of 23

Acc
ep

te
d 

M
an

us
cr

ip
t

 

13 

Lodle, R., & Whittaker, R. (2011). Conservation biology. Oxford: Wiley-Blackwell.  

Martín, J. M., Braga, J. C., & Betzler, C. (2001). The Messinian Guadalhorce corridor: the last northern, 

Atlantic Mediterranean gateway. Terra Nova, 13(6), 418–424. 

Martínez-Hernández, F., Pérez-García, F. J., Garrido-Becerra, J. A., Mendoza-Fernández, A., Medina-Cazorla, 

J. M., Martínez-Nieto, M. I., Merlo Calvente, M. E., & Mota, J. F. (2011). The distribution of Iberian 

gypsophilous flora as a criterion for conservation policy. Biodiversity and Conservation, 20, 1353–1364. 

doi: 10.1007/s10531-011-0031-2 

Martínez-Hernández, F., Mendoza-Fernández, A. J., Pérez-García, F. J., Martínez-Nieto, M. I., Garrido-

Becerra, J. A., Salmerón-Sánchez, E., Merlo, M. E., Gil,  C., & Mota, J. F. (2014). Areas of endemism 

as a conservation criterion for Iberian gypsophilous flora: a multi-scale test using the NDM/VNDM 

program. Plant biosystems. In press. 

May, R. M., Lawton. J. H., & Stork, N. E. (1995). Assessing extinction rates. In: J. H. Lawton, & R. M. May 

(Eds.), Extinction Rates (pp. 25–44). Oxford: Oxford University Press. 

McDonnell, M. D., Possingham, H. P., Ball, I. R., & Cousins, E. A. (2002). Mathematical methods for 

spatially cohesive reserve design. Environmental Modeling and Assessment, 7, 107–114. 

Médail, F., & Diadema, K. (2009). Glacial refugia influence plant diversity patterns in the Mediterranean 

Basin. Journal of Biogeography, 36, 1333–1345. 

Médail, F., & Quézel, P. (1997). Hot-spots analysis for conservation of plant biodiversity in the 

Mediterranean basin. Annals of the Missouri Botanical Garden, 84, 112–127.  

Médail, F., & Quézel, P. (1999). Biodiversity hotspots in the Mediterranean basin: setting global conservation 

priorities. Conservation Biology, 13, 1510–1513.  

Medina-Cazorla, J. M., Garrido-Becerra, J. A., Mendoza-Fernández, A., Pérez-García, F. J., Salmerón, E., Gil, 

C., & Mota Poveda, J. F. (2010). Biogeography of the Baetic ranges (SE Spain): A historical approach 

using cluster and parsimony analyses of endemic dolomitophytes. Plant Biosystems, 144(1), 111–120. 

Mendoza-Fernández, A. J., Pérez-García, F.J., MedinaCazorla, J.M., Martínez-Hernández, F., Garrido-

Becerra, J.A., Salmerón-Sánchez, E., &Mota, J.F. (2010). Gap Analysis and selection of reserves for 

the threatened flora of eastern Andalusia, a hot spot in the eastern Mediterranean region. Acta Botanica 

Gallica, 157(4), 749–767. 

Mendoza-Fernández, A. J., Martínez-Hernández, F., Pérez-García, F. J., Salmerón-Sánchez, E., Garrido-

Becerra, J. A., Merlo, M. E., & Mota J. F. (2014a). Network of Protected Natural Areas and 

Endangered Flora in Andalusia (Spain). Plant Sociology, 51(1), 19–30. doi: 10.7338/pls2014511/03 

Mendoza-Fernández, A. J., Pérez-García, F. J., Martínez-Hernández, F., Medina-Cazorla, J. M., Garrido-

Becerra, J. A., Merlo Calvente, M. E., Guirado Romero,  J., & Mota, J. F. (2014b). Threatened plants 

of arid ecosystems in the Mediterranean Basin: a case study of the south-eastern Iberian Peninsula. 

Oryx, available on CJO2014. doi: 10.1017/S0030605313000495 



Page 14 of 23

Acc
ep

te
d 

M
an

us
cr

ip
t

 

14 

Moreno Saiz, J. C., Donato, M., Katinas, L., Crisci J. V., & Posadas, P. (2013). New insights into the 

biogeography of south-western Europe: spatial patterns from vascular plants using cluster analysis and 

parsimony. Journal of Biogeography, 40, 90–104.  

Morrone, J. J. (1994). On the identification of areas of endemism. Systematic Biology, 43, 438–441. 

Morrone, J. J. (2001). Homology, biogeography and areas of endemism. Diversity and Distributions, 7, 297–300. 

Mota, J. F. (1990). Estudio fitosociológico de las altas montañas calcáreas de Andalucía (provincia corológica Bética). 

Granada: PhD Thesis, Universidad de Granada.  

Mota, J. F., Pérez-García, F. J., Jiménez, M. L., Amate, J. J., & Peñas, J. (2002). Phytogeographical 

relationships among high mountain areas in the Baetic Ranges (South Spain). Global Ecology and 

Biogeography, 11, 497–504. 

Mota, J. F., Merlo, M. E., & Pérez-García, F. J. (2003). El endemismo vegetal. In: J. F. Mota, M. Cueto, & M. 

E. Merlo (Eds.), Flora amenazada de la provincia de Almería: una perspectiva desde la biología de la conservación  

(pp. 47–65). Almería: Monografías Ciencia y tecnología. 

Mota, J. F., Medina-Cazorla, J. M., Navarro, F. B., Pérez-García, F. J., Pérez-Latorre, A., Sánchez-Gómez, P., 

Torres, J. A., Benavente, A., Blanca, G., Gil, C., Lorite, J., & Merlo, M.E. (2008). Dolomite flora of 

the Baetic Ranges glades (South Spain): a review. Flora, 203, 359–375. 

Mota, J. F., Gutiérrez Carretero, L., Pérez-García, F. J., Garrido-Becerra, J. A., Martínez-Hernández, F., 

Martínez-Nieto, I., Medina-Cazorla, J. M., Mendoza-Fernández, A., & Salmerón, E. (2010). 

Contribución al conocimiento de los edafismos de las comarcas interiores de Andalucía oriental 

(España). Anales de Biología, 32, 133–136. 

Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, G. A., & Kent, J. (2000). Biodiversity hotspots 

for conservation priorities. Nature, 403, 853–858. 

Nemec, K. T., & Raudsepp-Hearne, C. (2013). The use of geographic information systems to map and assess 

ecosystem services. Biodiversity and Conservation, 22, 1–15. 

Olmedo Cobo, J. A. (2012). Análisis biogeográfico y cartografía de la vegetación de la Sierra de Baza (Provincia de 

Granada). El estado actual de las fitocenosis de una montaña mediterránea intensamente humanizada. Granada: 

PhD Thesis, Universidad de Granada. 

Orme, C. D., Davies, R. G., Burgess, M., Eigenbrod, F., Pickup, N., Olson, V. A., Webster, A. J., Ding, T. S., 

Rasmussen, P. C., Ridgely, R. S., Stattersfield, A. J., Bennett, P. M., Blackburn, T. M., Gaston, K. J., & 

Owens, I. P. (2005). Global hotspots of species richness are not congruent with endemism or threat. 

Nature, 436, 1016–1019. 

Peñas, J., Pérez-García, F., & Mota, J. F. (2005). Patterns of endemic plants biogeography of the Baetic high 

mountains (south Spain). Acta Botanica Gallica, 152(3), 347–360.  

Pérez-García, F. J., Cueto, M., Peñas, J., Martínez-Hernández, F., Medina-Cazorla, J. M., Garrido-Becerra, J. 

A., & Mota, J. F. (2007). Selection of an endemic flora reserve network and its biogeographical 

significance in the Baetic ranges (Southern Spain). Acta Botanica Gallica, 154, 495–501. 



Page 15 of 23

Acc
ep

te
d 

M
an

us
cr

ip
t

 

15 

Pérez-García, F. J., Lahora, A., Mota, J. F., Garrido-Becerra, J. A., Posadas-Fernández, L., Martínez-

Hernández, F., Medina-Cazorla, J. M., & Mendoza-Fernández, A. J. (2009). Nuevas citas para la flora 

de la provincia de Almería (Sureste Ibérico, España). Anales de Biología, 31, 57–58.  

Pérez-García, F. J., Medina-Cazorla, J. M., Martínez-Hernández, F., Garrido-Becerra, J. A., Mendoza-

Fernández, A. J., Salmerón-Sánchez, E., & Mota, J. F. (2012). Iberian Baetic endemic flora and the 

implications for a conservation policy. Annales Botanici Fennici, 49, 43–54. 

Pimm, S. L., Russell, G. J., Gittleman, J. L., & Brooks, T. M. (1995). The future of biodiversity. Science, 269, 

347–350. 

Platnick, N. I. (1991). On areas of endemism. Australian Systematic Botany, 4, 11–12.  

Platnick, N. I. (1992). Patterns of biodiversity. In: N. Eldredge (Ed.), Systematics, ecology, and the biodiversity crisis 

(pp. 15–24). New York: Columbia University Press. 

Possingham H. P., Ball H., & Andelman S. J. (2000). Mathematical methods for identifying representative 

networks. In: S. Ferson, & M. Burgman (Eds.), Quantitative methods for conservation biology (pp. 291–305). 

New York: Springer-Verlag. 

Possingham, H. P., & Wilson, K. A. (2005). Turning up the heat on hotspots. Nature, 436, 919–920. 

Pressey R. L., Johnson I. R., & Wilson P.D. (1994). Shades of irreplaceability: towards a measure of the 

contribution of sites to a reservation goal. Biodiversity and Conservation 3(3), 242–262. 

Pressey, R. L., & Taffs, K. H. (2001). Scheduling conservation action in production landscapes: priority areas 

in western New South Wales defined by irreplaceability and vulnerability to vegetation loss. Biological 

Conservation, 100, 355–376. 

Quézel, P., &Médail, F. (1995). La région circum-méditerranéenne, centre mondial majeur de 

biodiversitévégétale. In : 6ème Rencontres de l'Agence Régionale Pour l'Environnement Journée Scientifique 

Internationale. BIO'MES: Espèces partagées et menacées en zone méditerranéenne. Les espèces, les milieux, leur gestion 

par l'homme (pp. 152–160). France: Gap. 

Richardson, I. B. K. (1978). Endemic taxa and the taxonomist.. In: H. E. Street (Ed.), Essays in plant taxonomy 

(pp. 245–262). London & New York: Academic Press. 

Riemann, H., & Ezcurra, E. (2007). Endemic regions of the vascular flora of the península of Baja California, 

México. Journal of Vegetation Science, 18, 327–336. 

Rivas-Martínez, S., Asensi, A., Díaz-Garretas, B., Molero, J., Valle, F., Cano, E., Costa, M., Díaz González, T. 

E., Fernández Prieto, J. A., Llorens, L., del Arco, M., Acebes, J. R., Martín Osorio, V. E., Pérez de 

Paz, P. L., Wildpret, W., Villar, L., Penas, A., Herrero, L., del Rio, S., Fernández González, F., 

Sánchez Mata, D., Masalles, R., Ladero, M., Amor, A.,  Izco, J., Amigo, J., Loidi, J., Navarro, G., 

Cantó, P., Alcaraz, F., Báscones, J. C., & Soriano, P. (2007). Mapa de series, geoseries y 

geopermaseries de vegetación de España. Memoria del mapa de vegetación potencial de España. 

Itinera Geobotanica, 17, 5–436. 

Rodríguez-Sánchez, F., Pérez-Barrales, R., Ojeda, F., Vargas, P., & Arroyo, J. (2008). The Strait of Gibraltar 

as a melting pot for plant biodiversity. Quaternary Science Reviews, 27, 2100–2117. 



Page 16 of 23

Acc
ep

te
d 

M
an

us
cr

ip
t

 

16 

Sarkar, S., Aggarwal, A., Garson, J., Margules, C. R., & Zeidler, J. (2002). Place priorization for biodiversity 

content. Journal of Bioscience, 27, 339–346. 

Särkinen, T., Pennington, R. T., Lavin, M., Simon, M. F., & Hughes, C. E. (2012). Evolutionary islands in the 

Andes: persistence and isolation explain high endemism in Andean dry tropical forests. Journal of 

Biogeography, 39, 884–900. 

Schatz, B., Gauthier, P., Debussche, M., & Thompson, J. D. (2014). A decision tool for listing species for 

protection on different geographic scales and administrative levels. Journal for Nature Conservation 22(1), 

75–83. 

Schmeller, D. S., Evans, D., Lin, Y. P., & Henle, K. (2014). The national responsibility approach to setting 

conservation priorities- recommendations for its use. Journal for Nature Conservation. 

http://dx.doi.org/10.1016/j.jnc.2014.03.002 

Segan, D. B., Game, E. T., Watts, M. E., Stewart, R. R., & Possingham, H.P. (2011). An interoperable 

decision support tool for conservation planning. Environmental Modelling & Software. 

doi:10.1016/j.envsoft.2011.08.002 

Smith, R. J., Di Minin, E., Linke, S., Segan, D. B., & Possingham, H. P. (2010). An approach for ensuring 

minimum protected area size in systematic conservation planning. Biological Conservation, 143, 2525–

2531. 

Szumik, C. A., Cuezzo, F. Goloboff, P. A., & Chalup, A. E. (2002). An Optimality Criterion to Determine 

Areas of Endemism. Systematic Biology, 51(5), 806–816.  

Szumik, C. A., & Goloboff, P. A. (2004). Areas of Endemism: An Improved Optimality Criterion. Systematic 

Biology, 53(6), 968–977. 

Szumik, C., Aagesen, L., Casagranda, D., Arzamendia, V., Baldo, D., Claps, L.E., Cuezzo, F., Díaz Gómez, 

J.M., Di Giacomo, A., Giraudo, A., Goloboff, P., Gramajo, C., Kopuchian, C., Kretzschmar, S., 

Lizarralde, M., Molina, A., Mollerach, M., Navarro, F., Nomdedeu, S., Panizza, A., Pereyra, V.V., 

Sandoval, M., Scrocchi, G., & Zuloaga, F.O. (2012).Detecting areas of endemism with a taxonomically 

diverse data set: Plants, mammals, reptiles, amphibians, birds, and insects from Argentina. Cladistics, 

28(3), 317–329. 

Tribsch, A. (2004). Areas of endemism of vascular plants in the Eastern Alps in relation to Pleistocene 

glaciations. Journal of Biogeography, 31, 747–760. 

Tucker, C. M., Cadotte, M. W., Davies, T. J., & Rebelo, T. G. (2012). Incorporating geographical and 

evolutionary rarity into conservation prioritization. Conservation Biology, 26, (4) 593–601. 

Valdés, B., Talavera, S., & Fernández Galiano, E. (1987) Flora de Andalucía Occidental. Barcelona: Ketres. 

Whittaker, R. J., Araújo, M. B., Jepson, P., Ladle, R. J., Watson, J. E. M., & Willis, K. J. (2005). Conservation 

Biogeography: assessment and prospect. Diversity and Distributions, 11, 3–23. 

 

 



Page 17 of 23

Acc
ep

te
d 

M
an

us
cr

ip
t

 

17 

Tables 

Table 1 Territories selected as areas of endemism according to the three working scales used. Boxes in bold-

face represent the best solutions according to the EI obtained by means of NDM for the characteristic 

species of the areas of endemism, the number of solutions enclosed in the Consensus areas, and the number 

of Summed solutions, Best solutions and their irreplaceability indexes obtained by MARXAN. 

Table 2 Total number of grid cells proposed as the EPAs by the two programmes according to the grid size. 

Total scores achieved for EI and irreplaceability index. Percentages of coincidental grid cells obtained. 

 

Figures 

Figure 1 Chart of the methodology proposed to determine and analyze EPAs. 

Figure 2 Chart of the methodology proposed for the threatened endemic vascular flora in the area of Sierra 

Nevada (south of the Iberian Peninsula). Grid scale: 5x5 km. 

Figure 3 (a) NDM/VNDM results. (b) MARXAN results. (c) EPAs obtained by the combination of 

programs NDM/VNDM and MARXAN. 
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Table 1 Territories selected as areas of endemism according to the three working scales 

used. Boxes in bold-face represent the best solutions according to the EI obtained by 

means of NDM for the characteristic species of the areas of endemism, the number of 

solutions enclosed in the Consensus areas, and the number of Summed solutions, Best 

solutions and their irreplaceability indexes obtained by MARXAN. 

NDM MARXAN 
TERRITORIES 

EI Consensus Areas Cells Summed Best Irrep.

5x5 km grid 

S. Bermeja 2.7 1 4 3 2 1000

      979 

S. Gádor 2.4 1 6 6 1 876 

Siliceous S. Nevada 3.9 1 5 5 3 1000

      1000

      289 

Calcareous S. Nevada 2.5 1 5 3 2 1000

      1000

Siliceous S. Nevada 2.4 1 6 5 3 1000

      1000

      289 

S. Tejeda & Almijara 2.7 1 12 12 3 1000

      979 

      440 

Siliceous S. Nevada 4.3 2 10 8 4 1000

      1000

      493 

      289 
10x10 km grid 

S. Bermeja 2.5 1 3 3 1 1000

S. Tejeda & Almijara 4.3 3 6 6 2 1000

      429 

S. Grazalema 2.5 2 8 6 2 943 

      194 

Siliceous S. Nevada  8.1 1 6 3 3 1000

      1000

      1000

S. Gádor 3.7 2 8 6 3 1000

      745 

      518 

S. Bermeja, S. Nieves, S. Alcaparaín & Aguas 2.7 1 7 5 1 1000

Calcareous S. Nevada 2.5 2 1 1 1 1000

Siliceous S. Nevada & S. Baza 2.5 1 7 4 3 1000
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      1000

      468 

Siliceous S. Nevada  5.6 1 4 3 3 1000

      1000

      1000

S. Tejeda & Almijara 3.1 1 7 6 2 1000

      429 
15x15 km grid 

S. Bermeja, S. Nieves, S. Grazalema, S. Alcaparaín & Aguas 4.4 12 14 11 5 1000

      1000

      907 

      421 

      320 

S. Gádor 4.2 2 4 3 2 1000

      510 

Siliceous S. Nevada & S. Baza 6.4 6 13 8 7 1000

      1000

      1000

      1000

      1000

      1000

      1000

S. Cazorla & Segura 3.1 2 7 5 3 1000

      1000

      970 

S. Tejeda & Almijara 5.7 2 6 3 1 997 

Siliceous S. Nevada 10.3 3 7 6 5 1000

      1000

      1000

      1000

      1000

Calcareous S. Nevada 2.3 1 4 3 3 1000

      1000

      1000

Hoya de Baza 2.3 1 8 6 2 1000

      500 

S. Bermeja, S. Nieves, S. Alcaparaín & Aguas 2.4 2 14 9 3 907 

      421 

      320 

Cabo de Gata 2.6 1 7 3 1 515 

S. Cazorla & Segura 2.3 1 11 5 2 1000

      362 
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Table 2 Total number of grid cells proposed as the EPAs by the two programmes 
according to the grid size. Total scores achieved for EI and irreplaceability index. 
Percentages of coincidental grid cells obtained. 

Grid NDM 
cells 

NDM 
EI 

MARXAN 
cells 

MARXAN 
irrep. 

Coinc. 
cells 

Coinc. 
cells % 

Coinc. irrep. 
cells 

Coinc. irrep. 
cells % 

5x5 41 21.1 68 11555 16 of 68 23.5 6 of 20 30 

10x10 41 37.3 55 15764 20 of 55 36.4 10 of 24 41.7 

15x15 71 46.2 35 21954 27 of 35 71.1 14 of 19 73.7 
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Figure 1

http://ees.elsevier.com/jnc/download.aspx?id=24988&guid=cfee5e91-15a8-43e5-bcda-3323a19c8f06&scheme=1
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Figure 2

http://ees.elsevier.com/jnc/download.aspx?id=24989&guid=dc7a85ad-745b-4f12-81d0-f880a794a7b3&scheme=1
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Figure 3

http://ees.elsevier.com/jnc/download.aspx?id=24990&guid=e1f44df9-426c-405b-bdce-3c111c7e43ba&scheme=1



