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ABSTRACT . Diversity and ecological characteristics of the vascular flora in the western mediterranean 
(Eastern Andalusia, Spain). This work highlights the importance of the vascular flora of eastern Andalusia 
within the hotspot of the Mediterranean Basin, analysing 3726 taxa, which represent 42.0% of the Iberian 
Peninsula and 29.9% of European floras. Notably, 10.3% of the flora is endemic (350 taxa), constituting 34.3% 
of the endemism of the Iberian Peninsula and Balearic Islands, and 2.6% of those of the Mediterranean Basin, 
which include 6 of the 17 endemic genera of the Iberian Peninsula and Balearic Islands, 3 of these being 
exclusive of the territory analysed. Chamaephytes and hemicryptophytes make up 45.5% of the flora, with 
decreasing values for the therophytes as altitudes rise (41.1-8.1%) and increasing values for hemicryptophytes 
(22.4%-63.2%). Mediterranean taxa comprise 39.2%, followed by Ibero-North African taxa (15.3%), Iberian 
(13.9%), European (11.3%) and local endemism (9.4%). Of these taxa, 12.5% are threatened, according to 
the criteria of the UICN. Tanacetum funkii, exclusive of this area, is considered extinct.  Only 6 families 
account for 43.5% of the threatened taxa. The Mesomediterranean thermotype (600-1400 m a.s.l.) harbours 
82.8% of the species, with a maximum of between 700-800 m a.s.l. and with two zones of minimums:  from 
-100 to 0 m a.s.l. and from 3300 to 3400 m a.s.l.
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RESUMEN. Diversidad y características ecológicas de la flora vascular en el Mediterráneo Occidental 
(Andalucía Oriental, España). Se resalta la importancia de la Flora vascular de Andalucía Oriental en el 
hotspot Cuenca Mediterránea; para ello se analizan los 3.726 táxones (especies y subespecies) detectados 
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INTRODUCTION

The declaration of legally protected areas 
is the starting point for the conservation of 
biodiversity. In this sense, it is desirable 
to identify the areas having the greatest 
biodiversity (Stanley 1987). In 2011, the IUCN 
had 130,709 protected areas registered at the 
national level and 27,188 at the international 
(http://www.wdpa.org/Statistics.aspx), with a 
surface area of 24,236,478.69 km2 (some 10.9 
% of the land surface of the earth and 2.2% 
of the water surface).  Due to the needs of 
natural resources and cultivation by humans, 
it is probable that these figures will never 
reach values high enough to cover a significant 
percentage of biological diversity, and it will be 
necessary furthermore to evaluate whether the 
areas that are listed are effective at protecting 
the biodiversity on the world scale.

With the aim of establishing conservation 
priorities, different organizations (World 
Conservation Monitoring Centre [WCMC], 
Birdl i fe  In ternat ional ,  Conservat ion 
International, etc.) have pointed out different 
areas that have high levels of biodiversity 
and endemic species and that moreover are 
submitted to a high degree of threat, these 
areas being called hotspots (Myers 1988, 1990; 
Primack and Ros 2002).

After the work of Médail and Quézel (1997), 
Myers et al. (2000) listed the Mediterranean 

Basin as one of the 25 biodiversity hotspots 
at the world level, stressing the importance of 
areas of the Mediterranean type in five of such 
areas. In a later work, Médail and Quézel (1999) 
underscored the importance of Andalusia in the 
Mediterranean Basin, together with Morocco, 
as part of one of the main biodiversity centres 
existing in the basin.

With this work, the objective is to analyse 
and highlight the importance of vascular flora of 
eastern Andalusia, as it is an exceptional focal 
point within the hotspot of the Mediterranean 
Basin, in good part due to its strategic position 
of bridging the Iberian Peninsula and North 
Africa at the end of the Miocene. As well as 
serving as a refuge for the flora of continental 
Europe during the period of the glaciations 
(Blanca 1993) and bearing diverse substrates 
with nutritional imbalances for plants (volcanic, 
peridotitic, dolomitic, gypsiferous, saline, etc.), 
giving rise to in a multitude, at the world level, 
of territories rich in endemic taxa (Johnston 
1941; Rivas Goday and Esteve Chueca 1972; 
Rivas Goday 1973, 1974; Esteve and Varo 
1975; Rivas Goday and López González 1979; 
Kruckerberg 1986, 1992; Cabezudo et al. 1989; 
Mota et al. 1993, 2008; Cowling et al. 1995; 
Stevanovič et al. 2003; Reeves and Adigüzel 
2004; Safford et al. 2005; Figueroa 2006; Selvi 
2007; Fuente et al. 2007; Heads 2008; Lendínez 
et al. 2011; Mota et al. 2011; García-Barriuso 
et al. 2012; Pérez-Latorre et al. 2013), as well 

en dicha flora, que suponen más del 42 % de la flora de la Península Ibérica y el 29,9 % de la flora europea. 
Un 10,3 % de la flora es endémica (350 táxones), que representan el 34,3 % de los endemismos peninsulares 
y baleares y el 2,6 % de los de la Cuenca Mediterránea, entre los que se incluyen 6 de los 17 géneros 
endémicos de la Península Ibérica e Islas Baleares, 3 de ellos exclusivos del territorio analizado. Caméfitos y 
hemicriptófitos suponen el 45 % de la flora, con valores decrecientes para los terófitos al ascender en altitud 
(del 41,1 al 8,1 %) y creciente para los hemicriptófitos (del 22,4 al 63,2 %). Un 39,2 % de los táxones son 
mediterráneos, seguidos por los iberonorteafricanos (15,3 %), los ibéricos (13,9 %) y en quinto lugar los 
endemismos locales (9,4 %). El 12,5 % de los táxones están amenazados según los criterios de la UICN y 
de un 5,1 no se tienen datos suficientes. Tanacetum funkii, exclusivo de este área, se considera extinto. Solo 
6 familias concentran el 43,5 % de los táxones amenazados. En el termotipo mesomediterráneo (600-1.400 
m) se desarrollan el 82,8 % de las especies presentes, con un máximo entre los 700-800 m, y mínimos en el 
ámbito marino (-100-0 m) y, por el contrario, en las cotas más elevadas (3.300-3.400 m).

Palabras clave. Riqueza florística, endemismos, distribución altitudinal, formas de vida, conservación.
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as being due to the climatic and pedological 
aridity (Mota et al. 2003; Ozenda 2008), 
climatic and orographic variety, in addition to 
geographical isolation and abrupt ecological 
gradients (Blanca 1997).

MATERIAL AND METHODS

Eastern Andalusia is situated in the 
south-east of the Iberian Peninsula, composed 
of the administrative provinces Almería, 
Granada, Jaén, and Málaga (fig. 1).

This territory covers an area of 42,079 
km2, of which 9301 (22.1 %) are currently 
protected, a figure that rose to 15,160.6 km2 
(36 %) after new spaces were proposed as 
Sites of Community Importance (SCI). Also, 
10 spaces are included on the list of RAMSAR 
(Salinas del Cabo de Gata; Albufera de Adra; 
Punta Entinas-Sabinar; Humedales y turberas 
de Padul; Laguna Honda; Laguna del Chinche; 
Laguna Grande; Laguna de Fuente de Piedra; 
Lagunas de Campillos; Lagunas de Archidona) 

and 5 Biosphere Reserves (Intercontinental del 
Mediterráneo Andalucía (España)-Marruecos; 
Cabo de Gata-Níjar; Sierras de Cazorla, Segura 
y Las Villas; Sierra Nevada; and Sierra de 
las Nieves y su entorno). This is an abrupt 
terrain, with an average slope of 22% and an 
altitudinal range from 0 m on the coast to 3480 
m of Mulhacén Peak in Sierra Nevada (the 
highest peak of the Iberian Peninsula), these 
extremes lying only 33.7 km from each other 
in a straight line.

In such an extensive territory, and given 
the high environmental heterogeneity (altitude, 
lithology, soil, climate), Blanca et al. (2009) 
identified 14 environmental units: Aljibe, 
Almería, Alpujarras, Axarquía, Cazorla, 
Granada, Guadalquivir, Guadiana Menor, 
Mágina, Nevada-Filabres, Ronda, Sierra 
Morena, Trevenque-Almijara, and Vélez-Baza 
(fig. 1). The physical and climatic characteristics 
of these units are summarized in tables 1 and 
2, respectively.

The data base used was compiled during the 
preparation of the Flora Vascular de Andalucía 
Oriental (Blanca et al. 2009, 2011), resulting 
from the review of the herbaria located in the 
territory (ALME, GDA, HUAL, JAEN, and 
MGC), as well as in others in Spain (mainly 
BC, BCF, MA, MAF, and SEV) and afterwards 
others in different countries (COI, G, MPU, 
among others). Also, collections were made 
in areas without prior records, which are 
deposited in the aforementioned herbaria 
(initials according to the Index Herbariorum). 
The systematic treatment and nomenclature 
followed is the same as in Blanca et al. (2009, 
2011).

The chorological elements used were 
those proposed by Takhtajan (1986), with 
modifications used by Blanca et al. (2009) 
to enable comparisons and groupings of the 
floristic catalogue. The life forms correspond 
to those of Raunkiaer (1934): phanerophytes, 
chamaephytes, hemicryptophytes, geophytes, 
therophytes, helophytes, and hydrophytes.

Figure 1. Geographic position of eastern Andalusia 
and environmental units defined in that zone 
(according to Blanca et al. 2009). Administrative 
provinces: A (Almería); J (Jaén); G (Granada) and 
M (Málaga). Environmental units: 1 (Aljibe); 2 
(Almería); 3 (Alpujarras); 4 (Axarquía); 5 (Cazorla); 
6 (Granada); 7 (Guadalquivir); 8 (Guadiana Menor); 
9 (Mágina); 10 (Nevada-Filabres); 11 (Ronda); 12 
(Sierra Morena); 13 (Trevenque-Almijara) and 14 
(Vélez-Baza).
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Figure 2. Number of genus and species in the 10 families with the greatest representation of the vascular 
flora of eastern Andalusia. 

Unit Surface 
area (km2)

Altitude (m) Average slope
(%)

Predominant
SubstratesRange Average

Aljibe 641.5 0-1120 346.1 26.4 Siliceous
Almería 4533.3 0-1380 377.9 16.3 Basic
Alpujarras 2060.8 0-2240 793.2 34.3 Basic and Siliceous
Axarquía 2046.3 0-1217 313.8 26.1 Siliceous
Cazorla 3040.3 367-2380 1225.6 33.2 Basic
Granada 3375.5 360-1660 813.8 18 Basic
Guadalquivir 7074.1 13-1920 495.8 11.5 Basic
Guadiana Menor 3469.5 410-1731 913.7 13.9 Basic
Mágina 2313.9 451-2160 1085.3 23.7 Basic
Nevada-Filabres 2683.1 220-3480 1613.1 34.4 Siliceous
Ronda 3195.3 0-1900 714.1 30.1 Basic
Sierra Morena 3129.9 160-1280 599.3 21 Siliceous
Trevenque-Almijara 1521.9 0-2220 1015.5 36.4 Basic
Vélez-Baza 3111.7 479-2260 1126.6 18.4 Basic

Table 1. Physical characteristics of the environmental units in eastern Andalusia.
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Unit Temperature (º C) Rainfall (mm)

Range Average Range Average

Aljibe 13.1-18.2 16.6 595.1-1760.3 959.1

Almería 12.7-20.3 17.6 152.8-413.1 266.7

Alpujarras 9.3-19.2 15.5 176.1-680.2 407.2

Axarquía 12.8-19.4 16.8 410.1-1009 548.4

Cazorla 7.8-18.1 12.8 289.4-1145.8 725.6

Granada 10.6-17.6 14.6 326.4-802.9 502.5

Guadalquivir 9.5-19.2 16.7 393.5-859.2 511.1

Guadiana Menor 10.8-17.6 14.3 270.9-718.5 361

Mágina 9-18.1 13.8 335-802.9 543.9

Nevada-Filabres 4.6-18.8 11.7 211.6-746.1 439.5

Ronda 8.1-19.1 14.9 347.3-1360.5 710.4

Sierra Morena 12.6-19 16 443.9-832.2 558.8

Trevenque-Almijara 9.2-18.4 14 375.5-1003 590.3

Vélez-Baza 7.6-17 13.7 212.1-510.8 351.9

Nº
Families Genera Taxa

Nº % Nº % Nº % 
Pteridophytes 20 12.1 28 2.8 63 1.7
Gymnosperms 5 3 14 1.4 36 1

Angiosperms

Liliidae 31 18.8 208 21.2 677 18.2
Ranunculiidae 104 63 727 74 2941 78.9
Magnoliidae 4 2.4 4 0.4 8 0.2
Ceratophylliidae 1 0.6 1 0.1 1 0.02
Total Angiosperms 140 84.8 940 95.7 3627 97.3

Total Vascular Flora 165 982 3726

Table 2. Climatic characteristics of the environmental units in eastern Andalusia (prepared from the data 
of Rediam, 2013)

Table 3. Representation of the large groups of vascular plants in the vascular flora of eastern Andalusia.
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In the analysis of the state of conservation 
of plants, the reference works used were Blanca 
et al. (1999, 2000), Cabezudo et al. (2005), 
Bañares et al. (2004, 2007, 2009, 2011), and 
Moreno (2008), using the threat categories 
of the IUCN (2001). The belts of vegetation 
used in the altitudinal distribution correspond 
to the thermotypes of Rivas Martínez (2007): 
Thermomediterranean, Mesomediterranean, 
Supramediterranean, Oromediterranean, and 
Cryoromediterranean.

RESULTS AND DISCUSSION

Taxonomical composition
The vascular flora of eastern Andalusia 

is composed of 165 families, including 982 
genera and 3462 species, or 3726 taxa (species 
+ subspecies). In relation to other figures 
provided for the entire Iberian Peninsula by 
Aedo et al. (2013), the flora studied here 
represents more than 42% of the peninsular 
flora on a surface area of less than 10% of 
the overall peninsula, and 29.9% of European 
flora. Table 3 lists each of the large plant groups 
studied. The distribution of species in large 
taxonomical groups is similar to that of overall 
Spanish flora: pteridophytes, 1.7% vs. 1.9% for 
Spain; gymnosperms 1% vs. 0.6% for Spain; 
angiosperms 97.8% vs. 97.6% for Spain.

The majority group, angiosperms, 
represents 97.3% of the flora. Notable are 
the Ranunculiidae, with 78.9%. In eastern 
Andalusia, the families with the greatest 
representation are Asteraceae (126 genera, 415 
species), Fabaceae (48 genera, 330 species), 
and Poaceae (115 genera, 301 species); also 
significant are the families Caryophyllaceae 
(31 genera, 174 species), Brassicaceae (65 
genera, 171 species), Lamiaceae (33 genera, 
159 species), and Apiaceae (62 genera, 137 
species). The 10 families richest in species of 
eastern Andalusian flora constitute 54.2% of 
the genera and 55.8% of the species present in 

the area (fig. 2). The genera with the greatest 
representation are Centaurea (48 species/18 
locally endemic), Silene (45/3), Teucrium 
(40/14), Trifolium (39/0), Carex (33/2), Ononis 
(33/0), Vicia (32/1), Galium (32/8), Ranunculus 
(31/3), and Astragalus (30/3).

The endemic flora of eastern Andalusia is 
made up of 350 taxa, i.e. 10.3% of the total, 
representing 34.3% of the total endemic taxa 
of the Iberian Peninsula and Balearic Islands 
and 2.6% of the Mediterranean Basin. Of the 
12 richest areas in endemic taxa of the Iberian 
Peninsula and Balearic Islands identified by 
Moreno et al. (2013), 4 are found in eastern 
Andalusia (Subbetic System; Málaga and 
Granada; Sierras of Grazalema and Ronda; 
and Sierra Nevada). The families with the 
highest number of endemic taxa (fig. 3) are 
Asteraceae (60 taxa, 17.1%), Brassicaceae (34 
taxa, 9.7%), and Lamiaceae (32 taxa, 9.1%). Of 
the 17 endemic genera of the Iberian Peninsula 
and Balearic Islands (Aedo et al. 2013), 6 are 
present in eastern Andalusia, with 3 being 
exclusive of this area (Castrilanthemum, 
Cazorla unit; Euzomodendron, Almería unit, 
and Rothmaleria, Trevenque-Almijara unit).

Life forms 
The analysis of the distribution of taxa 

according to life forms (fig. 4) reflect a 
predominance of therophytes (1283; 33%), 
followed by hemicryptophytes (1163; 30%), 
chamaephytes (594; 15%), phanerophytes (396; 
10%), geophytes (347; 9%), hydrophytes (55; 
2%), and helophytes (33; 1%).

In table 4 appears the proportion of taxa 
according to the life forms by thermoclimatic 
belts. 

The results of the distribution of life forms 
according to altitude coincide with the trends 
expressed by other authors (e.g. Voliotis 
1982; Cueto et al. 1991).  The proportion 
of therophytes reaches its maximum in the 
Thermomediterranean (41.1%), close to the 
value of 56% indicated by Braun-Blanquet 
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(1979) for the El Golea desert in the Sahara 
and far higher than the 15% cited by Cowling 
et al. (1996) for local flora of all the regions 
with a Mediterranean climate, progressively 
diminishing with altitude (with a lowering 
of temperature and dryness).  Meanwhile, 
the hemicryptophytes increase with altitude 
unti l  reaching their  maximum in the 
Cryoromediterranean (63.2%), a value similar 
to the 68% indicated by Braun-Blanquet (l.c.) 
for the zone between 2000-3000 m of the Alps.

Chorological spectrum
The predominant floristic element in 

peninsular Spain is Mediterranean in the broad 
sense, followed by the Euro-Siberian and, third, 
endemic elements (Moreno 2012). In eastern 
Andalusia (fig. 5) the Mediterranean taxa 
also predominate (1461; 39.2%), followed by 
Iberian-North African (569; 15.3%), Iberian 
(453; 139%), European (423; 11.3%), and in 
fifth place of endemic taxa of the study area, 
eastern Andalusia (350; 9.4%).

One of the main causes of the uniqueness 
of the flora of this territory is due above all 
to the percentage of Iberian-North African 
species, the floristic element that, on the 
contrary, represents a minority group for the 
overall Iberian Peninsula. The Iberian-North 
African elements penetrate the south and east 
and differentiate beginning from a xerophytic 
and heterogeneous stock of ancestral plants, 
resulting in numerous endemic taxa having 
affinities with Saharan-Arab taxa (Thompson 
2005).

Some of  the  genera  of  the  most 
genuinely Mediterranean flora, and which 
have a diversification centre in the Iberian 
Peninsula, are:  Genista, Narcissus, Linaria, 
Helianthemum, Thymus, Teucrium, etc. 
(Thompson l.c.). In eastern Andalusia, all 
these genera are represented by more than 10 
species, with the genus Teucrium reaching 40 
species. These are autochthonous taxa that 
developed and differentiated during the Tertiary 

due to isolation processes of the microplates 
and climatic change during this period (Zohary 
1973).

The number of taxa present in the 
environmental units (fig. 6) ranges from a 
maximum of 1894 taxa (50.8%) in the Ronda 
unit to a minimum of 1129 taxa (30.3%) in 
the Guadiana Menor. It was noted that the 
units with the greatest number of taxa are 
those having substrates that are predominantly 
basic (Ronda, Trevenque-Almijara, Cazorla, 
Vélez-Baza, etc.), with the exception of 
Nevada-Filabres, in fourth place, on siliceous 
substrates, followed by the Alpujarras unit, 
where basic and siliceous substrates coexist.

The singularity of each environmental unit 
can be evaluated by the presence of elements 
that differ from the others. The data compiled 
support the territorial division established 
on the basis of environmental characteristics 
and expert knowledge. Notable are the units 
Nevada-Filabres, Almería, and Cazorla, with 
181 differential elements (72 local endemic 
taxa), 128 (28), and 126 (27), respectively 
(tab. 5).  

The Sierra Nevada, from the geological 
standpoint, including the central siliceous 
core (within the Nevada-Filabres unit) and 
the north-western calcareous part (within 
the Trevenque-Almijara unit) is the most 
important centre of plant diversity in the 
western Mediterranean region (Molero-Mesa 
and Pérez Raya 1987; Blanca 1996; Heywood 
1996; Blanca et al. 1998; Fernández 2012). 
The data reveal its floristic importance, 
since, of the 350 endemic taxa of eastern 
Andalusia, 174 belong to Sierra Nevada, 90 
being exclusive of this massif.  On the other 
hand, 215 taxa of eastern Andalusian flora 
are exclusive to Sierra Nevada, some being:  
Alpine, such as Artemisia umbelliformis Lam. 
and Gentiana alpina Vill.; Arctic-Alpine, such 
as Ranunculus glacialis L. and Saxifraga 
opposit i folia  L.  subsp.  opposit i folia ; 
Circumboreal, such as Silene rupestris L. and 
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Figure 3. Number of local endemic taxa and number of genera with local endemic taxa by family of the 
vascular flora of eastern Andalusia.

	  
Figure 4. Distribution of the vascular flora of eastern Andalusia according to the life forms of Raunkiaer (1934).
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Figure 5. Chorological spectrum of the vascular flora of eastern Andalusia.

Figure 6. Number of taxa of the vascular flora of eastern Andalusia in each environmental unit of the territory 
studied.
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Sibbaldia procumbens L.; Holarctic, such as 
Asplenium septentrionale (L.) Hoffm. subsp. 
septentrionale and Gymnocarpium robertianum 
(Hoffm.) Newman; or Iberian-North African, 
such as Murbeckiella boryi (Boiss.) Rothm., 
Epilobium atlanticum Litard. & Maire, and 
Saxifraga trabutiana Engl. & Irmsch.

State of conservation
Figure 7 summarizes the state of 

conservation of the flora analysed. Of the 
taxa evaluated (2600), 69.8% are included in 
the category LC (less concern), 10.4% (389) 
in NT (nearly threatened), 7.7% (286) in VU 
(vulnerable), 2.7% (102) in EN (endangered), 
2% (76) in CR (critically endangered), 0.2% (8) 
EX (extinct), and 5.2% (192) in DD (deficient 
data). From the figures, it can be deduced that 
1.25% of the taxa (464) are threatened (VU, 
EN, and CR), while 5.2% do not have sufficient 
data, which at least in part could increase the 
number of threatened taxa.

In Spain, 25 taxa are considered extinct 
(Aedo et al. 2012); of these16 survive in the 
wild of other countries; 4 more are conserved 
ex situ; and 5 are known only from herbarium 
specimens: Carduncellus matritensis, 
Kunkeliella psilotoclada, Normania nava, 
Pharbitis preauxii, and Tanacetum funkii 
(Moreno 2008). Of this latter, only the original 
sheet collected on Sierra Nevada (Granada) is 
known, and thus can be considered the only 
Andalusian species extinct in the strict sense, 
although some authors have pointed out that 
doubts remain on whether it is an independent 
species or simply a deviant form of another 
species (Aedo et al. l.c.).

According to the Spanish Red List (Moreno 
2008), Andalusia is the second territory with 
the greatest number of threatened taxa (227) 
after the Canary Islands, with 247 taxa. In 
particular, the Betic Sierras (especially the 
province of Granada) appear as a critical area 
for the conservation of flora (Moreno 2008). 
The five families with the greatest presence 

on the Spanish Red List are: Asteraceae (279 
taxa), Plumbaginaceae (111), Lamiaceae (109), 
Fabaceae (108), and Brassicaceae (96). In terms 
of genera, these are Limonium (84 species and 
subspecies), Sideritis (36), Centaurea (31), 
Argyranthemum (27), and Armeria (27).  In 
eastern Andalusia, the families with the most 
threatened taxa being (tab. 6):  Asteraceae (72), 
Brassicaceae (37), and Fabaceae (35). 

Distribution by altitude
By altitudinal distribution, the taxa follow a 

normal distribution (fig. 8): a maximum in the 
band at 700 to 800 m, harbouring 2.252 taxa; 
and minimums from 0 to -100 m with 4 taxa, 
restricted to the marine ambit, and from 3.300 
to 3.400 m on land, 32 taxa.

T h e  M e s o m e d i t e r r a n e a n  a n d 
Thermomediterranean thermotypes occupy 
93.2% of the territory, followed by the 
Supramediterranean (5.7%), Oromediterranean 
(1%) and Cryoromediterranean (0,1%) (Table 
7).  However, although the proportion of taxa 
present in the thermotypes with the greatest 
surface area (Meso- and Thermomediterranean) 
is 87.1%, in the upper 3 thermotypes (with a 
surface area of only 6.8%), the proportion is 
49.4%, indicating that the thermotypes with 
the smallest surface area nevertheless have a 
substantial number of taxa. 

In comparison with the latitudinal gradient, 
the altitudinal one implies a sharp variation in 
environmental conditions over short distances 
(Odland 2009), characterized generally by a fall 
in temperatures and evapotranspiration, a rise 
in moisture and solar radiation, and a decline 
in competition (e.g. Barry 1992; Körner 1999; 
Löffler 2002).

The variation in species richness over an 
altitudinal gradient has two main models:  a 
regular decline in richness with an ascent 
in altitude, and a normal distribution with 
the highest value of species richness near 
the middle of the gradient. The two options 
have been related to different environmental 
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Figure 7. Percentages of taxa of the vascular flora of eastern Andalusia according to the categories of the 
IUCN (2001).  NE:  not evaluated; DD:  deficient data; LC:  least concern; NT:  nearly threatened; VU:  
vulnerable; EN:  endangered; CR:  critically threatened; EX:  extinct.

	  

Figure 8. Number of taxa within the vascular flora of eastern Andalusia according to altitude (in bands of 
100 m).
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Thermotypes G T Hyd Hel Hemi C Ph

Thermomediterranean 8.7 41.1 1.6 0.9 22.4 14.2 11.1

Mesomediterranean 9.9 34.9 1.2 0.9 28.6 14.2 10.3

Supramediterranean 9.1 28 0.8 0.5 36.6 17 8

Oromediterranean 8 16 0.5 0.7 48.8 20.3 5.6

Cryoromediterranean 7 8.1 1.6 0.6 63.2 18.4 1.1

Table 4. Distribution, by thermotypes, of the plant taxa (in %) according to life forms. G: geophytes; 
T: therophytes; Hyd: hydrophytes; Hel: helophytes; Hemi: hemicryptophytes; C: chamaephytes; Ph: 
phanerophytes

Unit Nº Families Nº Genera Nº Taxa End. unit End. Eastern 
Andalusia

Aljibe 22 48 51 1 9

Almería 41 92 128 28 44

Alpujarras 19 26 27 8 59

Axarquía 11 16 16 1 20

Cazorla 36 96 126 27 88

Granada 9 12 13 1 17

Guadalquivir 13 20 24 0 3

Guadiana Menor 16 26 29 5 21

Mágina 9 12 13 4 49

Nevada-Filabres 45 111 181 72 110

Ronda 25 47 65 32 77

Sierra Morena 29 53 70 4 4

Trevenque-Almijara 23 35 47 30 100

Vélez-Baza 15 23 24 6 61

Table 5. Differential elements (exclusively present in a unit) in the environmental units established for the 
flora of eastern Andalusia. Nº of Families: number of families to which the differential elements belong; 
Nº Genera: number of genera to which the differential elements belong; Nº of Taxa: number of differential 
taxa (species and subspecies) of each unit; End. Unit: number of exclusive endemic taxa in each unit; End. 
Eastern Andalusia: number of endemic taxa of the vascular flora of eastern Andalusia present in each unit.
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 VU EN CR Threatened 
Asteraceae 43 16 13 72 
Brassicaceae 26 6 5 37 
Fabaceae 18 7 10 35 
Poaceae 14 5 1 20 
Caryophyllaceae 13 4 2 19 
Veronicaceae 13 2 4 19 
Apiaceae 9 3 4 16 
Lamiaceae 11 3 2 16 
Plumbaginaceae 4 9 3 16 
Ranunculaceae 8 3 2 13 
Orobanchaceae 6 3 3 12 
Rubiaceae 7 4 1 12 
Geraniaceae 6 0 2 8 
Cistaceae 5 1 1 7 
Rosaceae 3 2 2 7 
Saxifragaceae 5 1 1 7 
Amaryllidaceae 4 2 0 6 
Campanulaceae 4 2 0 6 
Fumariaceae 4 2 0 6 
Gentianaceae 4 1 1 6 
Zannichelliaceae 6 0 0 6 
Boraginaceae 3 1 1 5 
Chenopodiaceae 2 0 3 5 
Lentibulariaceae 5 0 0 5 
	  

Table 6. Families with more than 5 taxa in the threatened category. VU: Vulnerable; EN: 
Endangered; CR: Critically threatened; Threatened: sum of VU, EN, and CR.

Thermotypes Altitude (m) Area Taxa
Surface (km2)

and (%)
Number
and (%)

Taxa/km2

Thermomediterranean <600 19586.5 (46.4) 2411 (69.6) 0.12
Mesomediterranean 600–1400 19729.1 (46.8) 2866 (82.8) 0.14
Supramediterranean 1400–2000 2400.4 (5.7) 1735 (50.1) 0.72
Oromediterranean 2000–2800 438.5 (1) 583 (16.8) 1.32
Cryoromediterranean >2800 42.5 (0.1) 180 (5.2) 4.23
Thermo and Mesomediterranean 0-1400 39315.6 (93.2) 3245 (87.1) 0.08
Supra, Oro and Cryoromediterranean >1400 2881.4 (6.8) 1841 (49.4) 0.64

Table 7. Altitudinal range, surface area, and percentage of the total of eastern Andalusia, number of plant 
species, and percentage of the total of eastern Andalusia, and number of species per area for each thermotype.
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variables (e.g. Rahbek 1995, 2005; Grytnes 
2003). This can be explained taking into 
account that many species can adapt to living 
better under intermediate environmental 
conditions than under extreme ones (Grace 
1999; Van der Meulen et al. 2001).

Eastern Andalusia has a very pronounced 
terrestrial altitudinal gradient (from 0 m a.s.l. 
on the coast to 3480 m a.s.l. on Sierra Nevada). 
The richness of species follows the normal 
distribution model, given that the maximum 
richness appears towards the middle of the 
gradient (700-800 m, fig. 8).

The floristic uniqueness, however, follows 
an inverse altitudinal pattern —that is, it 
increases with altitude. The endemic flora 
follows this same pattern, as reported by 
Giménez et al. (2004).

REFERENCES

AEDO, C., L. MEDINA & M. FERNÁNDEZ 
-2012- Plantas extinguidas de la Flora española. 
Quercus 321: 42-48.

AEDO, C., L. MEDINA& M. FERNÁNDEZ-
ALBERT -2013- Species richness and endemicity 
in the Spanish vascular flora. Nord J. Bot. 31: 
478-488.

BAÑARES, Á., G. BLANCA, J. GÜEMES, J.C. 
MORENO & S. ORTIZ (editors.) -2004- Atlas 
y Libro Rojo de la Flora Vascular Amenazada 
de España. Dirección General de Conservación 
de la Naturaleza.

BAÑARES, Á., G. BLANCA, J. GÜEMES, J.C. 
MORENO & S. ORTIZ (editors.) -2007- Atlas 
y Libro Rojo de la Flora Vascular Amenazada de 
España. Adenda 2006. Dirección General para la 
Biodiversidad- Sociedad Española de Biología 
de la Conservación de Plantas.

BAÑARES, Á, G. BLANCA, J. GÜEMES, J.C. 
MORENO & S. ORTIZ (editors.) -2009- 
Atlas y Libro Rojo de la Flora Vascular 
Amenazada de España. Adenda 2008. Dirección 
General de Medio Natural y Política Forestal 
(Ministerio de Medio Ambiente, y Medio Rural 
y Marino)- Sociedad Española de Biología de la 
Conservación de Plantas.

BAÑARES, Á., G. BLANCA, J. GÜEMES, J.C. 
MORENO & S. ORTIZ (editors.) -2011- 
Atlas y Libro Rojo de la Flora Vascular 
Amenazada de España. Adenda 2010. Dirección 
General de Medio Natural y Política Forestal 
(Ministerio de Medio Ambiente, y Medio Rural 
y Marino)- Sociedad Española de Biología de la 
Conservación de Plantas.

BARRY, R.G. -1992- Mountain Weather and 
Climate, 2nd Ed. Routhledge.

BLANCA, G. -1993- Origen de la Flora andaluza. 
In: Domínguez E, Blanca G, Valdés B, Cabezudo 
B, Nieto JMª, Silvestre S, editors. Introducción 
a la Flora Andaluza. Consejería de Cultura y 
Medio Ambiente. Agencia de Medio Ambiente. 
Junta de Andalucía, pp. 19-35.

BLANCA, G. -1996- Diversidad y protección de 
la flora vascular de Sierra Nevada (Granada, 
España). In: Chacón Montero J, Rosúa Campos 
JL, editors. Sierra Nevada. Conservación y 
Desarrollo Sostenible, pp. 245-269.

BLANCA, G. -1997- Origen y evolución de la 
flora andaluza. In: Rodríguez Hiraldo C, editor. 
Naturaleza de Andalucía, La Flora. Giralda, pp. 
76-134.

BLANCA, G, M. CUETO, M.J. MARTÍNEZ-
LIROLA & J. MOLERO MESA -1998- 
Threatened vascular flora of Sierra Nevada 
(Southern Spain). Biol Conserv 85: 269-285.

BLANCA, G, B. CABEZUDO, J.E. HERNÁNDEZ-
BERMEJO, C.M. HERRERA, J. MOLERO 
MESA, J. MUÑOZ & B. VALDÉS (editors.) 
-1999- Libro rojo de la flora silvestre amenazada 
de Andalucía. Tomo I: Especies en peligro de 
extinción. Consejería de Medio Ambiente. Junta 
de Andalucía.

BLANCA, G, B. CABEZUDO, J.E. HERNÁNDEZ-
BERMEJO, C.M. HERRERA, J. MUÑOZ & 
B. VALDÉS (editors.) -2000- Libro rojo de la 
flora silvestre amenazada de Andalucía. Tomo 
II: Especies vulnerables. Consejería de Medio 
Ambiente. Junta de Andalucía.

BLANCA, G, B. CABEZUDO, M. CUETO, C. 
FERNÁNDEZ LÓPEZ & C. MORALES 
TORRES (editors) -2009- Flora Vascular de 
Andalucía Oriental, 4 vols. Consejería de Medio 
Ambiente, Junta de Andalucía.

BLANCA, G., B. CABEZUDO, M. CUETO, C. 
MORALES TORRES & C. SALAZAR (editors) 
-2011- Claves de la Flora Vascular de Andalucía 



M. Cueto et al. Vascular flora in the Western Mediterranean (Andalusia, Spain) 95

Oriental. Universidades de Granada, Almería, 
Jaén y Málaga.

BRAUN-BLANQUET, J. -1979- Fitosociología (3ª 
ed.), Blume Ediciones.

CABEZUDO, B., J.M. NIETO-CALDERA, A.V..
PÉREZ-LATORRE -1989- Contribución al 
conocimiento de la vegetación edafófilo-
serpentinícola del sector Rondeño (Málaga; 
España). Acta Bot. Malacitana 14: 291-294.

CABEZUDO, B., S. TALAVERA, G. BLANCA, 
C. SALAZAR, M. CUETO, B. VALDÉS, J.E. 
HERNÁNDEZ-BERMEJO, C.M. HERRERA, 
C. RODRÍGUEZ HIRALDO & D. NAVAS 
-2005- Lista roja de la flora vascular de 
Andalucía. Consejería de Medio Ambiente, Junta 
de Andalucía.

COWLING, R.M., E.T.F. WITKOWSKI, A.V. 
MILESWSKI & K.R. NEWBEY -1995- 
Taxonomic, edaphic and biological aspects 
of plant endemism on matched sites in 
Mediterranean Australia and south Africa. J. 
Biogeogr. 21: 651–664.

COWLING, R.M., P.W. RUNDEL, B.B. LAMONT, 
M.K. ARROYO & M. ARIANOUTSOU -1996- 
Plant diversity in Mediterranean-climate regions. 
Trends Ecol. Evol. 11: 362–366.

CUETO, M., G. BLANCA & J.L. GONZÁLEZ 
REBOLLAR -1991- Análisis florístico de las 
sierras de María y Orce (provincias de Almería 
y Granada, España). An. J. Bot. Madrid 48: 
201-211.

ESTEVE CHUECA, F. & J. VARO ALCALÁ 
-1975- Estudio geobotánico de las comunidades 
halófilas interiores de la provincia de Granada. 
An. Inst. Bot. A.J. Cavanilles 32: 1351-1374.

FERNÁNDEZ CALZADO, M.R., J. MOLERO 
MESA, A. MERZOUKI & M. CASARES 
PORCEL -2012- Vascular plant diversity and 
climate change in the upper zone of Sierra 
Nevada, Spain. Plant Biosyst. 146: 1044-1053.

FIGUEROA COLÓN, J.C. -2006- Phytogeographical 
trends, center of high species richness and 
endemism, and the question of extinctions in 
the native flora of Puerto Rico. Ann. New York 
Acad. Sci. 776: 89-102.

FUENTE, V. DE LA, N. RODRÍGUEZ, B. 
DÍEZ-GARRETAS, L. RUFO, A. ASENSI & 
R. AMILS -2007- Nickel distribution in the 
hyperaccumulator Allysum serpyllifolium Desf. 
from the Iberian Peninsula. Plant Biosyst. 141: 

170-180
GARCÍA-BARRIUSO, M., C. FERNÁNDEZ-

CASTELLANO, J. ROCHA, S. BERNARDOS 
& F. AMICH -2012- Conservation study of 
endemic plants in serpentine landscapes: 
Antirrhinum rothmaleri (Plantaginaceae), a 
serpentinophyte with a restricted geographic 
distribution. Plant Biosyst. 146: 291-301.

GIMÉNEZ, E., M. MELENDO, F. VALLE, F. 
GÓMEZ MERCADO & E. CANO -2004. 
Endemic flora biodiversity in the south of the 
Iberian Peninsula: altitudinal distribution, life 
forms and dispersal modes. Biodivers. Conserv. 
13: 2641-2660.

GRACE, J.B. -1999- The factors controlling species 
density in herbaceous plant community: an 
assessment. Perspect Plant Ecol., Evol. Sys. 
2: 1-28.

GRYTNES, J.A. -2003- Ecological interpretations 
of the mid-domain effect. Ecol. Lett. 6: 883-888.

HEADS, M. -2008- Panbiogeography of New 
Caledonia, south-west Pacific: basal angiosperms 
on basements terranes, ultramafic endemics 
inherited from volcanic island arcs and old 
taxa endemic to young islands. J. Biogeogr. 35: 
2153-2175.

HEYWOOD, V.H. -1996- Endemism and biodiversity 
of the flora and vegetation of Sierra Nevada: 
Environmental consequences. In: Chacón 
Montero J., Rosúa Campos J.L., editors. Sierra 
Nevada. Conservación y Desarrollo Sostenible, 
pp. 245-269.

JOHNSTON, I.M. -1941- Gypsophily among 
Mexican desert plants. J. Arnold Arbor. 22: 
145-170.

KÖRNER, CH. -1999- Alpine Plant Life. Functional 
Plant Ecology of High Mountain Ecosystems. 
Springer, Heidelberg.

KRUCKERBERG, A.R. -1986- An essay: the 
stimolous of unusual geologies in plant 
speciation. Syst. Bot. 11: 455-463.

KRUCKERBERG, A.R. -1992- Plant life of western 
north American ultramorfics. In: Roberts BA, 
Proctor J, editors. The ecology of areas with 
serpentinized rocks: a world overview, Kluwer, 
pp. 31-73.

LENDÍNEZ, M.L., F.M. MARCHAL GALLARDO 
& C. SALAZAR MENDÍAS -2011- Estudio 
florístico de los medios húmedos salinos de 
Andalucía (S. España). Catálogo y análisis de 



96  Acta Botanica Malacitana 39. 2014

la flora vascular halófila. Lagascalia 31: 77-130.
LÖFFLER, J. -2002- Altitudinal changes of 

ecosystem dynamics in the Central Norwegian 
high mountains. Die Erde 133: 227–258.

MÉDAIL, F. & P. QUÉZEL -1997- Hot-spots 
analysis for conservation of plant biodiversity in 
the Mediterranean Basin. Ann. Mo. Bot. Gard. 
84: 112-127.

MÉDAIL, F. & P. QUÉZEL -1999- Biodiversity 
Hotspots in the Mediterranean Basin: Setting 
Global Conservation Priorities. Conserv. Biol. 
13: 1510-1513.

MOLERO-MESA, J. & F. PÉREZ-RAYA -1987- 
La Flora de Sierra Nevada. Servicio de 
Publicaciones. Universidad de Granada.

MORENO, J.C. (coord.) -2008- Lista Roja 2008 
de la flora vascular española. Dirección 
General del Medio Natural y Política Forestal 
(Ministerio de Medio Ambiente, y Medio Rural 
y Marino, y Sociedad Española de Biología de 
la Conservación de Plantas).

MORENO, J.C. -2012- La diversidad florística 
vascular española. In: Viejo Montesinos (Ed.), 
Mem. R. Soc. Esp. Hist. Nat. 9: 75–107

MORENO, J.C., M. DONATO, L. KATINAS, J.V. 
CRISCI & P. POSADAS -2013- New insights 
into the biogeography of south-western Europe: 
spatial patterns from vascular plants using cluster 
analysis and parsimony. J. Biogeogr. 40: 90-104.

MOTA, J.F., F. VALLE & J. CABELLO -1993- 
Dolomitic vegetation of South Spain. Vegetatio 
109: 29-45.

MOTA, J.F., M. CUETO & M.E. MERLO 
(editors.) -2003- Flora amenazada de la 
provincia de Almería. Instituto de Estudios 
Almerienses. Diputación de Almería. Servicio de 
Publicaciones. Universidad de Almería.

MOTA, J.F., J.M. MEDINA-CAZORLA, F.B. 
NAVARRO, F.J. PÉREZ-GARCÍA, A.V. 
PÉREZ-LATORRE, P. SÁNCHEZ-GÓMEZ, 
J.A. TORRES, A. BENAVENTE, G. BLANCA, 
C. GIL, J. LORITE & M.E. MERLO -2008- 
Dolomite flora of the Baetic Ranges glades 
(South Spain). Flora 203: 359-375.

MOTA, J.F., P. SÁNCHEZ-GÓMEZ & J.S. 
GUIRADO -2011- Diversidad vegetal de las 
yeseras ibéricas. ADIF y Mediterráneo.

MYERS, N. -1988- Threatened biotas: “Hot spots” 
in tropical forests. The Environmentalist 8: 
187–208.

MYERS, N. -1990- The biodiversity challenge: 
E x p a n d e d  h o t - s p o t s  a n a l y s i s .  T h e 
Environmentalist 10: 243–256.

MYERS, N.,  R.A. MITTERMEIER, C.G. 
MITTERMEIER, G.A.B. DA FONSECA & 
J. KENT -2000- Biodiversity hotspots for 
conservation priorities. Nature 403: 853-858.

ODLAND, A. -2009- Interpretation of altitudinal 
gradients in South Central Norway based on 
vascular plants as environmental indicators. 
Ecol. Indic. 9: 409-421.

OZENDA, P. -2008- Les végétaux dans la biosphère. 
Folia Geobot. Phytotax. 18: 1-362.

PÉREZ-LATORRE, A.V., N. HIDALGO-TRIANA 
& B.CABEZUDO -2013- Composition, ecology 
and conservation of the south-Iberian serpentine 
flora in the context of the Mediterranean basin. 
An. Jard. Bot. Madrid 70: 62-71.

PRIMACK, R.B. & J. ROS -2002- Introducción a la 
Biología de la Conservación. Ariel.

RAHBEK, C. -1995- The elevational gradient of 
species richness, a uniform pattern? Ecography 
18: 200-205.

RAHBEK, C. -2005- The role of spatial scale and 
the perception of large-scale species-richness 
patterns. Ecol. Lett 8: 224-239.

RAUNKIAER, C. -1934- The life forms of plants and 
statistical plant geography. Oxford.

REDIAM -2013- Consejería de Agricultura, Pesca 
y Medio Ambiente. Junta de Andalucía. España. 
Available from http://www.juntadeandalucia.es/
medioambiente/site/web/rediam.

REEVES, R. & N. ADIGÜZEL -2004- Rare plants 
and nickel accumulators from Turkish serpentine 
soils, with special reference to Centaurea species. 
Turkish J .Bot. 28: 147-153.

RIVAS GODAY, S. & F. ESTEVE CHUECA 
-1972-Flora serpentinicola española. An. R. 
Acad. Farm. 38: 409-462.

RIVAS GODAY, S. -1973- Plantas serpentinícolas y 
dolomitícolas del sur de España. Bot. Soc. Brot. 
47 (2a ser.) supl., 161-178.

RIVAS GODAY, S. -1974- Edafismos ibéricos de 
rocas ultrabásicas y dolomíticas: interpretación 
biogeoquímica y sus posibles correlaciones 
cariológicas. Las Ciencias 39: 66-73.

RIVAS GODAY, S. & G. LÓPEZ GONZÁLEZ 
-1979- Nuevos edafismos hispánicos de 
substratos ultrabásicos y dolomíticos. An. R. 
Acad. Farm. 45: 95-1.



M. Cueto et al. Vascular flora in the Western Mediterranean (Andalusia, Spain) 97

RIVAS MARTÍNEZ, S. -2007- Mapa de series, 
geoseries y geopermaseries de vegetación de 
España (Memoria del mapa de vegetación 
potencial de España). Itinera Geobot. 17: 1-435.

SAFFORD, H.D., J.H. VIERS & S.P. HARRISON 
-2005- Serpentine endemism in the California 
flora: a database of serpentine affinity. Madroño 
52: 222-257.

SELVI, F. -2007- Diversity, geographic variation and 
conservation of the serpentine flora of Tuscany 
(Italy). Biodivers. Conserv. 16: 1423-1439.

STANLEY, S.M. -1987- Extinctions. Freeman, 
Washington.

STEVANOVIČ, V., K. TAN & G. IATROU 
-2003- Distribution of endemic Balkan flora 
on serpentine. I. Obligate serpentine endemics. 
Plant Syst. Evol. 242: 149-170.

TAKHTAJAN, A. -1986- Floristic regions of the 

world. University of California. Berkeley.
THOMPSON, J.D. -2005- Plant Evolution in the 

Mediterranean. Oxford University Press.
UICN -2001- Categorías y criterios de la Lista Roja 

de la UICN: versión 3.1, UICN.
VAN DER MEULEN, M.A., A.J. HUDSON & 

S.M. SCHEINER -2001- Three evolutionary 
hypotheses for the hump-shaped productivity–
diversity curve. Evol. Ecol. Res. 3: 379-392.

VERA TORRES, J.A. -2008- Rasgos generales de 
la Geología de Andalucía. In: Vera Torres JA, 
coord. Proyecto Andalucía Tomo 25. Geología 
1. Publicaciones Comunitarias. Grupo Hércules.

VOLIOTIS, D. -1982- Relations of the climate to 
the latitudinal situation and altitudinal zonation. 
Ecol. Medit, Marseille 8: 165-176.

ZOHARY, M. -1973- Geobotanical foundations of 
the middle east. Gustav Fischer Verlag.



98  Acta Botanica Malacitana 39. 2014


