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ABSTRACT
In recent years we made an overview of endemic plants (sunsu lato) of the Maritime Alps (115 taxa representing 3.2 % 
of the flora). Ecological preferences and plant life strategies were detected, showing a particular ability of endemics to 
colonize habitats with low competition and disturbance characteristics.  The comparison with other areas of the 
Mediterranean basin appears to show that the Maritime Alps are really a ‘hot spot’  owing to the high total number of 
vascular plants and the high number of endemic plants. Subsequently, looking for any focus,  centre and area of 
endemism, analyses were performed on a presence/absence matrix of 36 vascular plant taxa endemic to the study area. 
For each operational geographic unit the number of endemic taxa present was counted. Additionally, the weighted 
endemism value was calculated. Areas of endemism were distinguished using cluster analysis and parsimony analysis of 
endemicity (PAE). The influence of ecological characteristics and historical factors was evaluated using Multi-Response 
Permutation Procedure and Non-Parametric Multiplicative Regression. The Indicator Species Analysis (INDVAL) was 
also used to identify the species characterizing the areas of endemism. 
Our results point out the importance and location of four main area of endemism within the Maritime and Ligurian Alps 
explaining the distribution pattern of endemic plants. These areas are easily interpreted by historical and ecological 
factors: the NPMR model indicated that the variation in number of endemic taxa is correlated with the thermoclimatic 
belts and the extent of Würm glaciations. No significant relationship was found between the number of endemism and 
the soil type. The comparison between the distribution of richness of species and the extension of glaciations, the OGU 
harbouring the higher number of endemics were in marginal position from the Quaternary glacial sheets.  NPMR didn’t 
find models environmental patterns comparing the weighted endemism values 
The main focus and centre of endemism of the study area were evidenced inside the Roya Valley areas of endemism. 
This territory may be considered as a “hotspot within a hotspot”, and its statistically well supported identification 
appears to be very useful for future conservation purposes. Finally, the identification of a “hotspots within a hotspot” as 
a sum of the previous elements appears to be very useful for future conservation purposes.
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INTRODUCTION

Ten plant diversity regional hotspots have been proposed within the Mediterranean Basin (Médail & 

Quézel, 1997), due to their high species richness and endemism.

The great biodiversity of the Mediterranean basin is due primarily to particular climatic conditions, 

habitat  heterogeneity as a result  of paleogeographical and historical factors, and varying origins of the flora 

itself (Quézel, 1985, 1995). Thus, insular, mountain or isolated edaphic systems (i.e. ultrabasic and 

serpentine rocks) generally appear to be major endemic centres (Quézel, 1985; Stevanovic et  al., 2003). 

Circum-Mediterranean vascular flora owes its taxonomic richness (Médail & Quézel, 1997) to its degree of 

endemism, varying from 50% (Quézel, 1985) to 59% (Greuter, 1991) depending on the taxonomic 

interpretations of the authors.

We studied the Maritime and Ligurian Alps, one of the most  important  hotspots of the Mediterranean 

Basin (Médail & Quézel, 1997). It  is considered as a refuge area (Diadema et al., 2005; Schönswetter et al., 

2005) as well as a suture zone sensu Remington (1968) within the Alps (Comes & Kadereit, 2003). At  the 

crossroads of the Mediterranean Basin and the Alps, this region is one of the most  relevant biogeographic 

areas in Europe due to the endemic concentration of a varied array of taxa (Médail & Verlaque, 1997; 
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Casazza et al., 2005), as well as for its possible role as an ancestral area for some of these species 

(Merxmüller, 1965; Pawlowski, 1970) or populations (Garnier et al., 2004). The endemism of the Maritime 

Alps is the result  of an extremely disturbed history (geological and climatic) dating from the mid-Tertiary 

period (Quézel, 1985, 1995). Due to the moderate impact  of the Quaternary glaciation, especially the Würm 

(Debrand-Passard, 1986), several zones acted as places of refuge, where more favourable thermal conditions 

(cliffs, formation of nunataks, etc.) helped preserve numerous elements of the Tertiary paleoflora (e.g. 

Ballota frutescens (L.) Woods (Figure 1), Helianthemum lunulatum (All.) DC., Leucojum nicaeense Ardoino, 

Moehringia lebrunii Merxm. (Figure 2), Phyteuma cordatum Balb., Potentilla saxifraga De Not.). 

The many geological, edaphic and climatic discontinuities contributed towards the formation of a vast 

plant and animal diversity, as already reported for the richness distribution of vascular plant species and 

endemism concentration at  other Mediterranean sites (Mariotti, 1990; Lobo et al., 2001; Stevanovic et al., 

2003). Recent molecular investigations of endemic plants belonging to the region showed that vicariance 

events are probably the most  important  factor explaining the distribution of these plants in the area (Conti et 

al., 1999; Diadema et al., 2005; Minuto et al., 2006). 

Hence, spatially-detailed biogeographic interpretations of present  endemic species distribution in the 

south-western part  of the Alps has been debated for some time and there is a growing amount  of material 

available to detect biogeographic patterns (Zappa, 1994; Casazza et  al., 2005; Diadema et  al., 2005), which 

may be of practical use for conservation purposes. 

The relationship between habitats and endemic taxa

Since 2004 we worked in evaluating the floristic richness and endemism rate of the Maritime Alps and 

subsequently we tried to compare the biodiversity level with other hot  spots in the Mediterranean Basin. 

Finally we attempted to analyse the relationship between habitats and endemic/endangered taxa.

The overall number of species in the Maritime Alps is of 3615 taxa, including 115 endemic entities 

(3.2%). By considering the relationship between the flora and the actual size of the area, the mean percentage 

of endemics and the number of plants per square kilometre are very interesting by comparison with other 

Mediterranean hot spots (0.37 species per km2) (Casazza et al., 2005). 

Figure 1. Ballota frutesces a Tertiary relict of the Roya 
Valley.

Figure 2. Moehringia lebrunii a Tertiary relict of the 
Roya Valley.
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This high plant  density and consequent competition appear to play an important role in the ecological 

and altitudinal distribution of endemics. In view of the high biodiversity, endemics have only been able to 

remain in extreme habitats, often with very limited interspecific competition. The number of altitude zones 

occupied by endemics is partly explained by the intense competition: altitudinal narrowing due to increased 

specialisation. This might be one of the reasons why a high number of endemics live in rocky habitats 

(62.95%), particularly at high altitudes (34%). This endemic pattern is also the result  of the 

geomorphological and climatic development of this territory (Casazza et  al., 2005). The derived biotope 

mosaic appears to be the main cause of any preservation, isolation and differentiation processes of the flora 

(Kruckeberg & Rabinowitz, 1985) and particularly explain the conservation role of rocky habitats at high 

altitudes that were never interested by glaciation effects (nunataks formation) (Debrand-Passard, 1986).

Patterns of endemism

A second part  of our study was to detect the patterns of endemism richness and the areas of endemism, 

based on the analysis of the distribution of vascular endemic plants in order to identify priority areas for 

conservation. Our analyses were restricted to 36 plant taxa (Casazza et al., 2008) and they were based on the 

most recent biogeographical techniques: cluster analysis and parsimony analysis of endemism.

The respective importance of environmental and historical factors influencing patterns of local 

endemic species richness and distribution within the Maritime and Ligurian Alps was also evaluated by using 

the nonparametric procedure Multi-Response Permutation Procedure (MRPP) and Non-Parametric 

Multiplicative Regression (NPMR) analysis (Casazza et al., 2008). 

The analysis of the patterns of endemic richness in the Maritime and Ligurian Alps distinguished two 

different  kinds of areas (Casazza et al., 2008). As far as the number of endemic taxa/OGU was concerned, 

the highest values were recorded in the Roya Valley (Figure 3) and in the mountains behind Menton (Figure 

4). These locations were defined as foci of endemism, because they harbour a higher number of endemic taxa 

belonging to the hotspot. The centres of endemism measure (weighted endemism) are also sensitive to the 

rarity of species in an area, and many widespread species might yield a higher value than a small number of 

narrowly range-restricted species (Linder, 2001). For this reason, the Finalese (Figure 5)and the upper Var 

Figure 3. The upper Roya Valley. View of Tende. Figure 4. Peillon little village in the hills behind 
Menton.
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Valley (Figure 6) where some narrowly endemic species (Campanula isophylla and Centaurea jordaniana) 

are present  have to be added to the two previously mentioned areas. While a focus of endemism is defined 

according to richness only, centres of endemism are characterised by both richness and uniqueness; hence, 

the centres of endemism partly overlap with both these types of biogeographic entities.

The four identified areas of endemism (Casazza et al., 2008) are mainly located in the Maritime Alps, 

a portion of the SW Alps that was affected by various paleogeographical and historical events (Malaroda, 

2000; Rosenbaum & Lister, 2005). A glacial sheet  covered the area throughout the Quaternary, as 

geologically demonstrated by the glacial circles found in the Argentera massif area (Federici & Spagnolo, 

2004) and by glacial moraine deposits (Malaroda et al., 1970). The patchy ice cover created many potential 

refugia (Ponel et al., 2001; Ehlers & Gibbard, 2004) mainly in the peripheral zone on the edge of the glacial 

sheet. The same phenomenon probably took place in the Argentera massif as well, where some relicts of the 

Tertiary flora like Saxifraga florulenta (Conti & Rutschmann, 2004), Potentilla valderia and Viola argenteria 

(Figure 7) survived.

The Roya Valley is an area of endemism located in the calcareous bedrocks of the Col de Tende, which 

separates the Maritime from the Ligurian Alps. It is characterized by calcicole plants, but other taxa are also 

Figure 5. S. Lorenzino church near Orco in the 
Finalese area.

Figure 6. Entrevaux in the upper Var Valley.

Figure 7. Viola argenteria a Tertiary relict of the 
Argentera Massif.

Figure 8. Gentiana ligustica a typical endemism of 
Maritime and Ligurian Alps.
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present  and show their distributional limits in this area (e.g. Campanula sabatia, Cytisus ardoinoi, and 

Campanula fritschii). The variability in substrate and the diversity in habitats and climatic conditions might 

explain the coexistence of alpine and more thermophilous plant species within a small geographic area. 

Moreover, being on the edge of the ice sheet, the Roya Valley was a major peripheral refugium where 

dynamic processes on plant population occurred: divergence (ultimately leading to speciation), migration or 

extinction (Hewitt, 1999; Hampe & Petit, 2005). The first event is demonstrated by polyploidy of Primula 

marginata in south-eastern populations (Pignatti, 1982) or by the genetic diversity of Gentiana ligustica 

(Figure 8) (Diadema et  al., 2005) and Moehringia sedoides (Minuto et  al., 2006). Migration and extinction 

processes might be seen in the fragmented distribution area of some species, such as Primula allionii 

(Martini et  al., 1992). Some species, such as Moehringia lebrunii, probably are relict  plants that  survived 

several dramatic historical events (Martini, 1994).

The high mountains bordering the Roya Valley in the north and east  may have acted as a physical 

barrier causing the discontinuities and making this the most important suture zone of the Maritime Alps 

(Kropf et al., 2002; Grassi et al., 2006). 

According to INDVAL values, the Finalese area of endemism is mostly characterized by Campanula 

isophylla. This plant was not influenced by glacial events but its speciation probably dates back to the 

Cenozoic (Martini, 1982), when an adaptation to the specific substrate present in the area was developed.

The influence of ecological and historical factors

Statistical analyses show that  the groups selected by cluster analysis and PAE can be explained by the 

type of substrate and by thermoclimatic belts. Therefore, the present distribution patterns of the investigated 

endemic taxa reflect the influence of ecological factors. One such example is the congruence between areas 

of endemism (Finalese, Argentera massif) and the corresponding specific bedrocks. Conversely, glaciations 

seem to have had a lower influence on plant distribution and their effect  was weakened by post-glacial 

migrations. These events were influenced by environmental factors, but  also by the plants’ capabilities to 

disperse into and to recruit in available and empty patches as well as by their competitive abilities when 

spreading into already occupied areas. Glaciations have a strong influence on taxa richness. In fact, the two 

major areas of endemism within the hotspot  are located in spatially limited areas where historical factors 

showed their influence. This finding is in agreement with Morrone’s suggestion (2001) that ‘areas of 

endemism’ represent historical entities. 

The interaction between ecological features and historical events, influencing the distribution pattern 

of endemic taxa in the Maritime and Ligurian Alps, further confirms that  biogeographic studies should cover 

both components, as recently recommended by many authors (see Morrone 2006).

The Maritime Alps have been interpreted as a contact  zone (Kropf et  al., 2002; Garnier et  al., 2004; 

Diadema et  al., 2005), but  recent molecular phylogeographic investigations indicate that the genetic 

architecture of co-distributed taxa was not always shaped by the same historical factors (Schönswetter et al., 

2002; Tribsch et al., 2002; Comes & Kadereit, 2003). 

This hotspot  is rich in both species number and endemic taxa (Médail & Verlaque, 1997; Casazza et 

al., 2005). As already stated empirically by Pawlowski (1970), large numbers of endemic taxa are found in 

the regions with the oldest flora. This concept  completely fits with the Maritime and Ligurian Alps hotspot, 
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where the low impact of glaciations allowed some Tertiary flora plants to survive, but  it  also induced 

dynamic processes like plant population divergence and speciation. 
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