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Abstract. The relationship, through the application of robust and solvent bioclimatic indexes, between the 
characteristics of the natural environment (geology, orography, climate, etc.) and the recognition of species, 
communities, and vegetation series, has made it possible to establish in the Sierra Nevada National Park (Spain) a 
total of 8 homogeneous spaces (districts), included in other larger spaces (5 sectors, 2 provinces), which constitute 
the biogeographic typology of the territory. The consideration, of historical climatic changes and human action, 
among other factors, shows the necessary use of phytosociological methodology in the characterization of species, 
communities, and vegetation series. The application of the Aridic Index and the positive temperature, in the 
bioclimatic context, explains the generalized dryness in the territory and the apparent contradiction of spaces with 
dry and semiarid ombroclimate in the highest summits. The recognition of homogeneous territories (districts), is an 
essential tool for the management of this national park.
Keywords: Bioclimatology; Aridic Index; Biogeography; Districts; Frigid Territory. 

[es] Bioindicadores y datos bioclimáticos como herramientas esenciales para una 
tipología biogeográfica distrital consistente en el Parque Nacional de Sierra Nevada 
(España)
Resumen. La relación, a través de la aplicación de índices bioclimáticos robustos y solventes, entre las características 
del entorno natural (geología, orografía, clima, etc.) y el reconocimiento de especies, comunidades y series de 
vegetación, ha permitido establecer en el Parque Nacional de Sierra Nevada (España) un total de 8 espacios 
homogéneos (distritos), incluidos en otros espacios más amplios (5 sectores, 2 provincias), que constituyen la 
tipología biogeográfica del territorio. La consideración, entre otros factores, de los cambios climáticos históricos 
y de la acción humana, demuestra el uso necesario de la metodología fitosociológica en la caracterización de 
especies, comunidades y series de vegetación. La aplicación del Índice Arídico y la temperatura positiva, en el 
contexto bioclimático, explica la aridez generalizada en el territorio y la aparente contradicción de los espacios con 
ombroclima seco y semiárido en las cumbres más altas. El reconocimiento de territorios homogéneos (distritos), es 
una herramienta esencial para la gestión de este parque nacional.
Palabras clave: Bioclimatología; Índice de Aridez; Biogeografía; Distritos; Territorio Frío.
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ARTICLES

Introduction

Sierra Nevada (Cordillera Penibética) is a 
mountain range in the south-eastern Iberian 
Peninsula. In the centre lies Sierra Nevada 
National Park (created on 1999), which has 

the highest summits of the range (Mulhacén 
3479 m asl, Veleta 3396 m asl, Alcazaba 3366 
m asl, etc.). It occupies 85883 ha surrounded 
by the Peripheral Protection Zone of Natural 
Park of 86355 ha. Located between 37º15’N 
(Lugros) and 36º55’S (Lanjarón) and between 
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Table 1.  Main glacial and interglacial periods in Sierra Nevada since last Würm

32-30Ka - Wurm maximum Sierra Nevada glacial maximum
15-14Ka - Late glacial. Glaciers melting Glaciers restricted to summits areas
11-7Ka - Old Holocene Complete glacier melts; temperature, precipitation increase
7-4Ka - Middle Holocene. Climatic optimum Higher temperature and rainfalls
4-2.3Ka - Anthropic impact begins Alternation of aridic to rainy and cold to warmer periods
2.3-0.85Ka-Roman and Medieval periods Precipitation increases moderately
0.85-0.15Ka - Little Ice Age Temp. decreases ≥ 1.0ºC. Snowfields and glaciers in summits
21th century One small buried rock glacier remain in “Corral del Veleta”

3º38’W (Suspiro del Moro) and 2º35’E (Ter-
que), the total preserve area of Sierra Nevada 
National Park covers 172238 ha coinciding 
with the UNESCO Biosphere Reserve Zone 
(1986). Its elevation ranges between 300 m asl 
at the Andarax river near Terque to 3479 m on 
Mulhacén peak. The main rivers having their 
source in Sierra Nevada National Park are: the 
Genil, Nacimiento, Andarax, Grande de Adra, 
and Guadalfeo.

According to Martín & al. (2008), the Peni-
betic Range and especially its core, Sierra Ne-
vada, belong mainly to the Nevado-Filabride ge-
ological complex. It is formed by several over-
lapping tectonic units (>250Myr): graphitoids 
and dark micaschists, prevail in the lower one, 
called “Veleta”, while clear micaschists predom-
inate in the upper one, called “Mulhacén”. All of 
these are mixed with gneissic igneous acidic and, 
above all, by the basic ultramafic rocks (Vera & 
al., 2004). The Triassic Alpujarride complex 
(210-240 Myr), called El Calar, is located above 
and around the central core, in which marbles, 
limestones, and dolomites are common, as well 
as phyllites or launas at the base.

Numerous studies on the structure, compo-
sition, and distribution of plant communities 
have been conducted in the national park and 
its environment according to the phytosociolog-
ical and geobotanical Braun-Blanquet method 
(Géhu & Rivas-Martínez, 1981; Capelo, 2003; 
Géhu, 2006). These include Quézel, 1953; 
Rivas-Martínez, 1961; Rivas Goday & Ri-

vas-Martínez, 1968, 1971; Prieto, 1971; Martín-
ez-Parras & Molero Mesa, 1983a, b; Valle, 
1985, Losa Quintana & al., 1986; Rivas-Martín-
ez & al., 1986; Martínez-Parras & al., 1987a, b, 
c; Molero Mesa & Pérez Raya, 1987a, b; Mota 
& Valle, 1987; Pérez Raya, 1987; Pérez Raya 
& Molero Mesa, 1988a, b, 1989; Lorite & al., 
1997, 2003, 2007; Molero Mesa 1999; Molero 
Mesa & al., 2001; Salazar & al., 2001; Mota & 
al., 2002; Fernández Calzado, 2007; Fernández 
Calzado & Molero Mesa, 2011a, b. Marfil (2017) 
offers an overview and includes a total of 205 
plant associations, 118 alliances, and 73 orders. 
The syntheses of Rivas-Martínez & al. (2001, 
2002a, b, 2011a, b), which include an exhaus-
tive text and checklist with the description and 
references of all phytosociological communities 
known in Spain and Portugal. These papers, are 
the bases for arranging the hierarchical commu-
nities of the Sierra Nevada National Park.

Pollen analyses made in the Padul peatlands 
indicate the alternation of cold and warm-humid 
climatic periods in the Sierra Nevada between 
46 and 4.5 ka (Flörstchütz & al., 1971; Pons & 
Reille, 1988). Glacial events of the Holocene 
show a variable climatic history on the mountain. 
According to several authors (Gómez Ortiz & al., 
2002, 2012; Anderson & al., 2011; Oliva & al., 
2010, 2011, 2014; Jiménez-Moreno & Ander-
son, 2012; Oliva & Gómez Ortiz, 2012, Jimén-
ez-Moreno & al., 2013; and Jiménez-Moreno, 
2016), the main glacier, climatic, and anthropo-
genic events can be summarized in Table 1.

Material and Methods

Bioclimatology

Bioclimatology, a contemporaneous geobotan-
ical science, studies the reciprocity between 

the climate and the distribution of living be-
ings, mostly plants and their communities on 
Earth. The increasingly detailed data on the 
distribution of vegetation, as well as shifts in 
the appearance and composition of the natural 
potential vegetation and its substitution stages, 
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caused by climatic, edaphic, geographic and 
anthropogenic factors, are making easier to 
recognize the bioclimates and the natural po-
tential vegetation frontiers with steadily great-
er precision and objectivity. Once the bounds 
of the vegetation series (sigmetum), geoseries 
(geosigmetum), permaseries (permasigme-
tum) and geopermaseries (geopermasigme-
tum) are known, as well as the bioindicators 
(i.e. communities, soils, and plant species), 

it will be possible to calculate the numerical 
bioclimatic threshold values that distinguish 
them. These spaces corresponding to the bio-
climatic units (bioclimates, thermotypes, om-
brotypes, continentality, and isobioclimates) 
have been progressively delimited and adjust-
ed. Numerous investigations have been per-
formed in this respect (Rivas-Martínez, 1976, 
1981, 1982a, b, 1983, 1984, 1988, 1991, 1994, 
1996, 2004, 2005b; Loidi, 1991; Rivas-Martín-
ez & al., 1991b, 2011c; Peinado & al., 1992; 
Sánchez Gómez & al., 1993, 1994; Del Arco 
& al., 1996, 2002; Rivas-Martínez & Cos-
ta 1998; Lousã, 2004; Mesquita & al., 2004; 
Gehú, 2006; Cantó, 2007). The synoptic table 
“Worldwide bioclimatic classification system”, 
has been recently updated [13.02.2017] by 
Rivas-Martínez, Rivas-Sáenz & A. Penas 
(Table 2).

Table 3 displays the information from 34 
meteorological stations inside or surrounding 
Sierra Nevada National Park. These data help 
to establish the bioclimates within the Med-
iterranean macrobioclimate at each station 
(pluviseasonal oceanic: mepo; xeric oceanic: 
mexo; desertic oceanic: medo), as well as the 
thermo-ombroclimatic types (isobioclimates) 
and to deduce the different indices that show 
other bioclimatic characters. The Sierra Ne-
vada Global Change Observatory (Environ-
mental and Regional Planning Council of the 
Regional Government of Andalusia-Spanish 
National Park Service) is currently monitor-
ing the climatic conditions over the last 50 
years (Perez-Luque & al., 2016a, b; Aspizua 
& al., 2012), taking into account numerous 
other parameters (Zamora & al., 2016), the 
results of which reveal possible climatic 
changes and help guide management for the 
conservation of the park and its sustainable 
future.

With the vertical zonation of vegetation 
series, thermotypes, ombrotypes, and altitu-
dinal bioclimatic belts, we can also recognize 

and define the territory on the basis of biocli-
matic indexes, such as: Thermicity Index (It = 
10(T + m + M); m = mean minimum temper-
ature of the coldest month; M = mean max-
imum temperature of the coldest month of 
the year); Annual Positive Temperature (Tp = 
sum of monthly mean temperature higher 
than 0ºC); Annual Positive Precipitation (Pp = 
sum of monthly rainfall for those months 
with mean temperature>0ºC); Ombrother-
mic Index (Io = 10(Pp/Tp)); Continentality 
Index (Ic: Annual monthly thermic interval = 
Tmax-Tmin); and Aridic Index (AI), which 
numerically expresses the aridity value lower 
than Io=2 (AIY = Annual Aridic Index = 200-
100(Io1+2+....12)). 

An initial approach to the isobioclimas 
(thermo- and ombrotypes), bioclimatic belts 
and application of the Aridic Index was 
found in Molero & Marfil (2015). The use 
of thermometric data provided by Target 
Region 2 in the Sierra Nevada, within the 
GLORIA project (Pauli & al., 2012; Got-
tfried & al., 2012; Fernández-Calzado & al., 
2012; Winkler & al., 2016), has been useful 
in confirming the data of the cryoromediter-
ranean summits, and extrapolated from the 
meteorological stations.

Biogeography

Biogeography is a terrestrial science con-
cerning the distribution of species, plant 
communities, habitats, biocoenosis, eco-
systems, biomes and bioregions on Earth, 
as well as the relationships between them 
and their conditions. It takes into account 
the areas of taxa and syntaxa (chorology), 
in addition to information from other natu-
ral sciences (Geography, Botany, Synecolo-
gy, Soil Science, Bioclimatology, Geology, 
etc.), and attempts to establish a hierarchic 
biogeographic typology of the lands on 
Earth. The main systematic unit ranks from 
the higher to lower are: kingdom, region, 
province, sector, district, country, landscape 
cell, tesela, and permatesela (Rivas-Martín-
ez & al., 2007, 2011b, 2014). Terrestrial bi-
ogeography has been twinned with phytoge-
ography due to the value and information of 
the plant species and their communities as 
bioindicators, in the definition and delimita-
tion of its units. 
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The biogeographic typology proposed to 
Sierra Nevada National Park is based mostly 
on previous geobotanic publications of flo-
ra (Molero Mesa & Pérez Raya, 1987; Ri-
vas-Martínez & al., 1991; Molero Mesa & 
González-Tejero, 1996; Fernández Calzado 
& Molero Mesa, 2011b; Lorite, 2016; Mar-
fil, 2017 in press.), vegetation, bioclima-
tology and biogeography, particularly in its 
correspondence with vegetation series and 
geoseries of the territory (Rivas Martínez 
& al., 1997; Molero Mesa & Marfil, 2015, 
2017; Marfil, 2017 in press.), as well as on 
other works on vegetation, plant dynamics, 
and graphic representation of vegetation se-
ries, and geoseries in the area (Valle, 1985; 
Rivas-Martínez & al., 1986; Molero Mesa 
& al., 2001; Losa Quintana & al., 1986; 
Lorite & al., 1997; El Aallali & al., 1998; 
Fernández Calzado & Molero Mesa, 2011a). 
Also key have been the global studies, veg-
etation, maps, and the records of the veg-
etation series of Spain (Rivas-Martínez & 
Loidi, 1999; Rivas-Martínez, 1987; Valle 
& al., 2003-2005; Rivas-Martínez & al., 
2007, 2011a, 2011b). Geobotanical data 
have been the essential bases to sketch the 
new map of the districts and biogeographic 
territories (Map 1).

Results and Discussion

Biogeographic districts and territories of Sierra 
Nevada National Park with their adjacent 
areas (West Mediterranean Subregion)

The entire National Park belongs to the Mediter-
ranean Region and has a typical Mediterranean 
climate, with pronounced summer drought that 
can last up to 9-12 months, depending on the 
year, particularly in the southeast low desertic 
and thermic zones (West Almeria District). 

The biogeographic typology recognized and 
accepted at the district unit rank inside the Na-

tional Park includes one region, one subregion, 
two provinces, five sectors and eight districts 
(Rivas-Martínez & al., 2007, 2014, 2017), with 
two biogeographic territories (countries). Out 
of the National Park in adjacent areas, there are 
four well-represented Betic districts: 42e. Fila-
bres Sierran District, 42f. Baza Sierran District, 
45b. Alfacar Sierran District and 45d. Almijara 
Sierran District (Map1):

45c. Trevenque Sierran District 

This district is located between the basins 
of the Genil, Monachil, Dílar, Durcal, and 
Torrente rivers, with 196 km2, (11%), mostly 
on dolomites, but also on limestones, cal-
co-dolomites and clays, sometimes vertics. 
Contact in height with the Nevadense sector 
and at the base, towards the south, with the 
sector Alpujarreño-Gadorense. Maximum 
altitude in the Loma de los Panaderos, 2350 
m asl, Las Sabinas, 2215 m asl, Trevenque, 
2079 m asl, and Dornajo 2075 m asl. It spans 
the lower mesomediterranean to the lower 
oromediterranean thermotypes, with ombro-
climates dry, subhumid, and lower humid 
at the beginning of oromediterranean belt 
(2050 m asl).

This is a diverse, cold district with a large 
amount of sandy dolomitic, dolomitic, and 
calco-dolomitic mountains (Trevenque, Te-
soro, Dornajo, Sierra del Manar, etc.) where 
the mesomediterranean barely reaches 1300 
m asl. and the rainfall is particularly high, but 
with a very permeable substrate. The series 
of mountain conifers Daphno hispanicae- 
Pino nevadensis S., in the upper supramedi-
terranean and Rhamno infectoriae-Junipero 
sabinae S. in the lower oromediterranean, 
are good indicators of the territory, where the 
Holm oak series represents the largest po-
tential area (Berberido hispanicae-Querco 
rotundifoliae S. and Paeonio coriaceae- 
Querco rotundifoliae S.). Other bioindica-
tors are included in Table 4.
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Table 4.  Trevenque Sierran District bioindicators. S: sigmetum; T: thermomediterranean; 
M: mesomediterranean; S: supramediterranean; O: oromediterranean; C: cryoromediterranean.

45c. Trevenque Sierran District. SNNP Thermotypes
T M S O C

Sigmataxa, Syntaxa
Daphno hispanicae-Pino nevadensis S. - - ● ● -
Brachypodio boissieri-Querco rotundifoliae S. - ● ● - -
Berberido hispanicae-Querco rotundifoliae S. - - ● - -
Brachypodio boissieri-Pino halepensis S. - ● - - -
Festuco hystricis-Astragaletum granatensis - - - ● -
Convolvulo boissieri-Andryaletum agardhii - - ● - -
Brachypodio boissieri-Trisetetum velutini - - ● - -
Thymo gracilis-Lavanduletum lanatae - ● - - -
Taxa
Hippocrepis nevadensis - - ● ● -
Chamaespartium undulatum - - ● - -
Rothmaleria granatensis - - ● - -
Laserpitium longiradium - - ● - -
Helianthemum pannosum - - ● - -
Erodium boissieri - - ● - -
Lomelosia pulsatilloides - - ● - -
Linaria saturejoides subsp. angustealata - ● ● - -

The Nevada Sierran Sector covers 1290 km2, 
the 75% of the total area of the park and occu-
pies the central territory, with the highest peaks 
and metamorphic geological substrata (lastra). 
Seven large river basins (Guadalfeo, Grande de 
Adra, Andarax, Nacimiento, Guadix-Guadiana 
Menor, Genil and Dúrcal) originate in its sum-
mits. The thermotypes range from the thermo-
mediterranean to the cryoromediterranean ther-
mic belts, with arid to humid ombrotypes. The 
plant ecosystems have very high biodiversity. 

In the oro- and cryoromediterránean biocli-
matic belts, the special climatic conditions, high 
rate of endemic species and plant communities, 
afford strong independence to the summits. The 
melted deep winter snow gives rise to springs, 
streams, and high-altitude boggy soils, which 
harbour diverse hygrophilous plant communi-
ties (borreguiles). Entire months of winter regis-
tering T> 0ºC (1 to 6 months) and an aridic sum-
mer (Io 7-8 < 2.0) gives rise to open, desertic-like 
upper oro- and cryoromediterranean vegetation. 
The lower oromediterranean belt, which starts 
at 2100-2150 m on the northern slope and at 
2200-2250 m on the southern slope, rarely 
undergoes continuous freezes (gelid months). 
Before the anthropic destruction of pine forest 
(Pinus sylvestris subsp. nevadensis) the natu-
ral potential vegetation consisted of the dwarf 
hemispheric juniper communities of Juniperus 
hemisphaerica, which constituted the first seral 

vegetation stage of the Sierra Nevada Scots pine 
forest in the lower horizon. This community of 
junipers made up the climax vegetation in the 
medium and upper oromediterranean belts. The 
Sierra Nevada Scots pine (Pinus sylvestris sub-
sp. nevadensis), widely cultivated, continues to 
be the potential vegetation particularly on shal-
low soils in the high levels of the upper supra-
mediterranean horizon, where the woodlands of 
Quercus pyrenaica and Quercus rotundifolia as 
well as Acer granatense and Betula fontqueri 
grow well on deeper soils. 

The High Nevada Sierran District (43b) is 
located in the central-western part of park. It 
contains all the forest flora and vegetation of 
the sector and the greatest number of ecosys-
tems, plant communities, and endemic taxa. 
The marked differences between highlands (up-
per oro- and cryoromediterranean belts) and the 
lower areas make it possible to divide the area 
into two separate territories:

43b1. High Nevada Sierran Frigid Territory

Is the culminating zone of Sierra Nevada of 
(187 km2, 11%), with a great part of the oro-
mediterranean belt and all the cryoromedi-
terranean belt of the national park. The up-
per oromediterranean horizon begins at 2500 
m asl (2600 m asl south), with 3-4 months 
of temperatures below zero degrees and the 
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cryoromediterranean from 2800-2850 m asl 
(2900-2950 m asl south), with 6 months of  
temperatures below zero. The series Genisto 
versicoloris-Junipero hemisphaericae S. is the 
climax dwarf prostrate shrubby juniper in the 
lower zone, mostly under 2800 m asl and in 
the cryoromediterranean a mosaic of perma-
series occupy the different habitats of the high  
mountain. This belt and, in general, most of ter-
ritory, is a desolate, desert-like environment with 
a great number of taxa endemic to Sierra Nevada 
and two types of characteristic ecosystems. The 
first is xerophytic frigid, which corresponds to 

associations of Nevadension purpureae and 
Holcion caespitosi (scree), which are exten-
sive, while the second consists of hygrophilous 
peaty and boggy communities locally known as 
borreguiles (Festucion frigidae, Plantaginion 
nivalis), these being quite, scarce.

The ombrotypes range from the humid at 
the base south and western part of the territory 
changing to the dry or even the upper semi-
arid as the cryoromediterranean belt ascends 
(>3000 m). This territory has the highest num-
ber of frosty months. Some bioindicators of 
the territory are included in Table 5.

Table 5.  Frigid High Nevada Sierran Summits Territory bioindicators. Ps: permasigmetum, 
Ms: minorisigmetum; T: thermomediterranean; M: mesomediterranean; S: supramediterranean; 

O: oromediterranean; C: cryoromediterranean. 
43b1. Frigid High Nevada Sierran Summits Territory. SNNP Thermotypes

T M S O C
Sigmataxa, Permasigmeta
Erigeronto frigidi-Festuco clementei Ps. - - - - ●
Genisto versicoloris-Junipero hemisphaericae Ms. - - - ● -
Festuco moleroi-pseudoeskiae Ps. - - - ● ●
Violo crassiusculae-Linario glacialis Ps. - - - ● ●
Campanulo willkommii-Polysticho lonchitidis Ps. - - - ● ●
Ranunculo acetosellifolii-Vaccinio nani Ps. - - - ● ●
Nardo strictae-Festuco ibericae Ps. - - - ● ●
Saxifrago nevadensis Ps. - - - - ●
Taxa
Artemisia granatensis - - - ● ●
Festuca frigida - - - ● ●
Ranunculus alismoides - - - ● ●
Trisetum glaciale - - - ● ●
Iberis embergeri - - - ● ●
Pedicularis verticillata subsp. caespitosa - - - ● ●
Vaccinium uliginosum subsp. nanum - - - ● ●
Cerastium alpinum subsp. nevadense - - - - ●

43b2. High Nevada Sierran Slopes Territory

This is a large area of 426 km2 (25%) that occu-
pies the siliceous substrates of the high slopes 
of the entire western Sierra Nevada, located 
in the Alhama, Genil, Dúrcal, and Guadalfeo 
(Torrente, Lanjarón, Poqueira, Trevélez) ba-
sins. The thermotypes go from the lower 
mesomediterranean to lower oromediterra-
nean, with dry, subhumid, and lower humid 
ombroclimates at the beginning of oromediter-
ranean belt. The mesomediterranean bounda-

ry is situated around 1200-1300 m asl in the 
Genil, Alhama, and Dúrcal basins, increasing 
towards the south, the Guadalfeo basin, to 
1400-1450 m asl. The anthropogenic cli-
matophilic pine forests (Avenello ibericae- 
Pinetum nevadensis) mark the transit to the 
Frigid Territory and confirm the potentiality 
of this territory between bioclimatic belts. The 
oak, Holm oak, ash, maple, birch, and alder 
forests and other associations typical of high 
rainfall or humid soils are common. Several 
bioindicators are listed in Table 6.
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Table 6.  High Nevada Sierran Slopes Territory bioindicators. Gs: geosigmetum; S: sigmetum; 
T: thermomediterranean; M: mesomediterranean; S: supramediterranean; 

O: oromediterranean; C: cryoromediterranean.
43b2. High Nevada Sierran Slopes Territory. SNNP Thermotypes

T M S O C
Sigmataxa, Syntaxa
Genisto versicoloris-Junipero hemisphaericae S. - - - ● -
Avenello ibericae-Pino nevadensis S. - - ● ● -
Berberido hispanicae-Aceri granatensis S. - - ● - -
Carici camposii-Alno glutinosae Gs. - - ● - -
Aceri granatensis-Fraxino angustifoliae S. - - ● - -
Adenocarpo decorticantis-Querco pyrenaicae S. - ● ● - -
Agrostio nevadensis-Genistetum versicoloris - - - ● -
Rhamno cathartici-Loniceretum arboreae - - - ● -
Taxa
Arabis margaritae - - - ● -
Tephroseris elodes - - - ● -
Thymus pulegioides - - ● ● -
Salix caprea - - ● - -
Sorbus hybrida - - ● - -
Heracleum sphondylium subsp. granatense - ● ● - -
Laserpitium latifolium subsp. nevadense - ● ● - -
Quercus pyrenaica - ● ● - -

43a. East Nevada Sierran District 

The eastern district of the sector, with 676 km2 
(39%), presents a gradual decrease in precip-
itations towards the east. It is located in the 
Guadix, Nacimiento, Andarax, and Grande de 
Adra basins. The high elevation also decreases 
towards the east: San Juan 2781 m asl, Chullo 
2612 m asl, Almirez 2519 m asl, Polarda 2253 
m asl, and Montenegro 1710 m asl. This district 
lacks in the cryoromediterranean vegetation 
belt. The great extent of this territory, with N, S, 
and E exposures, causes appreciable changes in 
thermotypes, ombrotypes, and continentality. At 
the summits, the oromediterranean belt begins 
at 2200 m asl on the northern slope and at 2300 
m asl on the southern one. The deep soils with 
large periglacial stones appear to encourage the 
afforested Pinus sylvestris subsp. nevadensis, at  
present mostly of anthropogenic character. The 
seral and climatic vegetation of this area belong to 
Genisto versicoloris-Junipero hemisphaericae 
S. with Hieracio castellanae-Festucetum 

longiauriculatae as seral grassland, and 
particularly at lower altitudes and in the high 
summits the grasslands of Arenario frigidae- 
Festucetum indigestae develop quite well.

Thermotypes go from lower mesomediter-
ranean to the lower oromediterranean and the 
ombrotypes from the semiarid to the lower 
humid. In the south, less moisture and higher 
temperatures characterize the transit towards 
the east. The boundary between the meso- 
and supramediterranean thermotypes in Rio 
Grande basin is located at 1450-1500 m asl and 
at 1500-1550 m asl climbing the Andarax riv-
er. The semiarid ombrotype begins to predom-
inate towards Montenegro peak. On the north-
ern slopes this boundary lies at 1250-1300 m 
asl. It is a cold district, largely semicontinen-
tal. It shares with the western district a great 
number of communities, series, and species. 
The Quercus pyrenaica oak series is absent, 
but the Quercus rotundifolia xeric synvariants 
are significant with respect to the western se-
ries. Table 7 shows some bioindicators.
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40c. West Almeria District 

This occupies an area of 83.9 km2 (4.8%) in the 
low basins of the Nacimiento and Andarax riv-
ers in the eastern limits of the National Park and 
reaches altitudes of close to 800 m on the slopes 
of the Sierra Nevada. The geological substrates 
are marls, sandstones, silts, alluvium materials, 
and calco-dolomites towards the base of the Si-
erra de Gádor. The territory has low continental-
ity where it is open towards the Mediterranean. 
The temperatures are the highest in the park, with 
thermotype predominant upper thermomed-
iterranean and with little representation of the 
lower thermomediterranean. Rainfall is scarce, 
with upper arid and lower and upper semiarid 
ombrotypes. The vegetation differs markedly 
from that of the rest of the park, with very little 
cover and a general absence of trees, very open, 
poor, desertic, where the shrubby climax veg-
etation, has practically disappeared and there 
are some stages with steppe plants. The series, 
Zizipho loti-Mayteno europaei S. is probably 
extinct in the park. Some of the bioindicators in 
this district are listed in Table 8.

44a2. Gádor Sierran East Nevada Territory 

Territory with 115 km2 (7%) in the basin 
of the Andarax river. Geological substrates 
sometimes complex, the limestones and cal-
co-dolomites predominate and reach almost 
2000 m asl on the slope of the Buitre. It pre-
sents greater oceanity, with upper thermo-
mediterranean to the upper supramediterra-
nean thermotypes, and with the upper sem-
iarid to the upper subhumid ombroclimes. 
Contact with the Almerian sector means that 
the two sectors have species in common. In 
the mesomediterranean dry belt appears the 
East Penibetic calco-dolomiticolous series 
of the Holm oak, Paeonio coriaceae-Querco 
rotundifoliae S., synvariant with Phlomis 
almeriensis whereas in the supramediterra-
nean subhumid belt on similar rocky soils, 
but higher than 1450 m asl the synvariant of 
Echinospartum boissieri is common, with 
Lavandula lanata belonging to Berberido 
hispanicae-Querco rotundifoliae S. Some 
bioindicators of this territory are included in 
Table 9.

Table 7.  East Nevada Sierran District bioindicators. S: Sigmetum; T: thermomediterranean; 
M: mesomediterranean; S: supramediterranean; O: oromediterranean; C: cryoromediterranean.

43a. East Nevada Sierran District. SNNP Thermotypes
T M S O C

Sigmataxa, Syntaxa
Genisto versicoloris-Junipero hemisphaericae S. - - - ● -
Avenello ibericae-Pino nevadensis S. - - ● ● -
Dactylido hispanicae-Festucetum scariosae - - ● - -
Adenocarpo decorticantis-Querco rotundifoliae S. - ● ● - -
Dorycnio recti-Salici pedicellatae S. - ● - - -
Genisto versicoloris-Cytisetum nevadensis - - - ● -
Teucrio compacti-Quercetum cocciferae - ● - - -
Thymo gracilis-Cistetum ladaniferi - ● - - -
Taxa - - - - -
Ranunculus girelai - - - ● -
Erysimum baeticum - - ● ● -
Artemisia chamaemelifolia - - ● ● -
Saxifraga trabutiana - - ● - -
Pinguicula grandiflora - - ● - -
Moehringia fontqueri - - ● - -
Centaurea pulvinata - - ● - -
Sideritis luteola - ● - - -
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Table 8.  West Almería District bioindicators. T: thermomediterranean; M: mesomediterranean; 
S: supramediterranean; O: oromediterranean; C: cryoromediterranean.

40c. West Almería District. SNNP Thermotypes
T M S O C

Sigmataxa, Syntaxa
Ephedro fragilis-Pino halepensis S. synv. with Launea lanigera ● ● - - -
Zizipho loti-Mayteno europaei S. ● - - - -
Lonicero biflorae-Populo albae S. ● - - - -
Dactylido hispanicae-Lygeetum sparti ● ● - - -
Suaedo verae-Salsoletum oppositifoliae ● ● - - -
Atriplici glaucae-Hammadetum articulatae ● ● - - -
Helianthemo almeriensis-Sideritidetum pusillae ● - - - -
Anabasio hispanicae-Euzomodendretum bourgeani ● - - - -
Taxa
Hammada articulata ● ● - - -
Suaeda pruinosa ● ● - - -
Plantago ovata ● ● - - -
Whitania frutescens ● - - - -
Euzomodendron bourgaeanum ● - - - -
Anthyllis terniflora ● - - - -
Salsola papillosa ● - - - -
Forsskaolea tenacissima ● - - - -

Table 9.  Gádor Sierran East Nevada Territory. T: thermomediterranean; M: mesomediterranean; 
S: supramediterranean; O: oromediterranean; C: cryoromediterranean.

44a2. Gádor Sierran East Nevada Territory. SNNP Thermotypes
T M S O C

Sigmataxa, syntaxa
Berberido hispanicae-Querco rotundifoliae S. - - ● - -
Paeonio coriaceae-Querco rot. S. sinv. with Phlomis almeriensis - ● - - -
Rhamno almeriensis-Pino halepensis S. - ● - - -
Helictotricho filifolii-Festucetum scariosae - - ● - -
Convolvulo lanuginosi-Lavanduletum lanatae - ● ● - -
Genisto retamoidis-Phlomidion almeriensis ● ● - - -
Saturejo micranthae-Thymbrion capitatae ● ● - - -
Lapiedro martinezii-Stipetum tenacissimae ● ● - - -
Taxa
Centaurea gadorensis - - ● - -
Teucrium bicoloreum - - ● - -
Echinospartum boissieri - ● ● - -
Ephedra nebrodensis - ● ● - -
Lavatera oblongifolia ● ● - - -
Salvia candelabrum ● ● - - -
Phlomis almeriensis ● ● - - -
Lavandula lanata ● ● - - -
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Other small distrital territories exist in Sier-
ra Nevada National Park:
45a. Vega of Granada District
With 10 km2 (0.6%), it includes piedmont and 
meadows (vega) that converge towards the 
channel of the river Genil, and has heterogene-
ous conglomerates in the piedmont with marls 
and clays in the meadows area.

44b. Alpujarras District
This extends through the basin of the Guadalfeo 
river. In the national park, there are only frag-
ments with 13 km2 (0.7%). In the lower meso-
mediterranean dry belt, on calco-dolomitic rocky 
soils and launas of the Alpujarrid substrata, the 
natural potential vegetation correspond to a ther-
mic microforest of Quercus rotundifolia that be-
long to Paeonio coriaceae-Querco rotundifoliae 
S. with Rhamnus velutina and Phlomis 
purpurea.

42a. Hoya of Guadix District

Only marginal inside the Sierra Nevada Na-
tional Park, this measures 11 km2 (0.7%) of 
disjointed terrain. It has poor representation in 
the Guadix river basin, with substrates of basic 
and ultrabasic (mafic) nature. The thermotypes 
are upper mesomediterranean and lower supra-
mediterranean, with semiarid and dry ombro-
types. 

Other adjacent districts appear on the map 
but not within Sierra Nevada National Park, 
such as 42e Filabres Sierran D, 42f Baza Sier-
ran D, 45b Alfacar Sierran D, and 54d Almija-
ran Sierran D.

Conclusion

A total of 2 provinces, 5 sectors, and 8 dis-
tricts (one with two territories), map 1, are es-
tablished in the Sierra Nevada National Park, 
identified from the application of bioclimatic 

indices (Rivas-Martínez & al., 2011c), by 
delimitation of thermotypes and ombrotypes 
(bioclimatic belts), the study of the territory 
and the recognition and discrimination of bi-
oindicators, using flora, plant communities, 
and vegetation geopermaserie, series, and 
geoseries. The recognition of homogeneous 
territories (countries) is an essential tool for 
the management of Sierra Nevada National 
Park.
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Floristic Appendix 

The taxa mentioned in the text follow the no-
menclature used in Flora de Andalucía Orien-
tal (Blanca & al. (Eds.) 2009), except the fol-
lowing

Iberis embergeri Serve: Iberis carnosa 
Willd. subsp. embergeri (Serve) Moreno

Phlomis almeriensis: Phlomis purpurea L. 
subsp. almeriensis (Pau) Losa & Rivas Goday

Ranunculus alismoides Bory: Ranunculus 
angustifolius DC. subsp. alismoides (Bory) 
Malag.

Ranunculus girelai: Ranunculus querubi-
cus (J.A. Sánchez Rodr., M.J. Elías & M.A. 
Martín) Fern. Prieto, Sanna, M.Pérez & Cires 
subsp. girelai Fern.Prieto, Molero Mesa, 
Muñoz Díaz & Sanna

Sideritis luteola Font Quer
Vaccinium uliginosum subsp. nanum 

(Boiss.) Rivas-Martínez, Asensi, Molero Mesa 
& F. Valle
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