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Abstract: Jiménez-Alfaro, B., Alonso Felpete, J.I., Bueno Sanchez, A. & Ferndndez Prieto, J.A. Alpine plant commu-
nities in the Picos de Europa calcareous massif (Northern Spain). Lazaroa 35: 67-105 (2014).

Mountains of Southern Europe are important refuges for cold-adapted plants, and the characterization of vegetation di-
versity in these areas is a relevant topic for biodiversity conservation. Here we report a comprehensive classification of
plant communities in the highest altitudinal belt of the Picos de Europa, a biodiversity hotspot of Northern Iberian Peninsula.
We compiled vegetation plot data sampled in the three calcareous massifs from 1800 to 2600 m.a.s 1., and analysed species
composition by using cluster analyses and Nonmetric Multidimensional Scaling (NMDS). Optimal classification and the
interpretation of multivariate analyses allowed us to recognize two major vegetation types and six clusters that were cha-
racterized by their floristic composition, altitudinal range and phytosociological classification. The first vegetation type
(alliance Festucion burnatii, class Festuco hystricis-Ononidetea) corresponds to stripped habitats subjected to cryoturbation
and represented by two community types (Helianthemo cantabrici-Festucetum hystricis ass. nova and Jasiono cavanille-
sii-Helictotrichetum sedenensis ass. nova). A second vegetation type includes alpine-like communities with higher biomass
(alliance Armerion cantabricae, class Festuco-Seslerietea) represented by snow-bed (Ranunculo carinthiaco-Poetum al-
pinae ass. nova), mesophilous (ass. Pediculari fallacis-Armerietum cantabricae) and scree (Saxifrago coniferae-Helian-
themetum urrielensis ass. nova) grasslands; and relict wind-edge swards (alliance Oxytropido-Elynion, class Carici
rupestris-Kobresietea myosuroides) represented by relict alpine communities (ass. Oxytropido neglectae-Kobresietum myo-
suriodis). Our results highlight the Picos de Europa as a unique refuge for alpine vegetation and demonstrate historical re-
lationships with both Alpine-Pyrenean and Iberian mountain ranges.

Keywords: alpine flora, Armerion cantabricae, Cantabrian range, Festucion burnatii, Iberian Peninsula, Picos de Eu-
ropa, mountain refugia, Oxytropido-Kobresion myosuroidis, plant communities, vegetation classification.

Resumen: Jiménez-Alfaro, B., Alonso Felpete, J.I., Bueno Sanchez, A. & Fernandez Prieto, J.A. Comunidades alpinas
de los macizos calizos de los Picos de Europa (norte de Espariia). Lazaroa 35: 67-105 (2014).

Las montafias del sur de Europa son importantes refugios para plantas adaptadas al frio, por lo que la caracterizacién de
la vegetacion en estas regiones tiene una especial relevancia para la conservacion de la biodiversidad. En este estudio reali-
zamos una clasificacién de las comunidades vegetales del piso altitudinal mas elevado de los Picos de Europa, un centro de
biodiversidad del norte de la Peninsula Ibérica. Recolectamos datos de vegetacion inventariados en parcelas de los tres macizos
calcdreos de Picos de Europa entre 1800 y 2600 metros de altitud, y analizamos la composicion de especies mediante andlisis
aglomerativo y ordenacién NMDS. A partir de una clasificacion optimizada y la interpretacion del andlisis multivariante re-
conocemos dos tipos principales de vegetacion y seis grupos bdsicos, los cuales se caracterizaron por su composicion floristica,
rango altitudinal y clasificacion fitosocioldgica. El primer tipo de vegetacion (allianza Festucion burnatii, clase Festuco hystri-
cis-Ononidetea) se corresponde con habitats desnudos sometidos a crioturbacién y representados por dos comunidades (He-
lianthemo cantabrici-Festucetum hystricis ass. nova y Jasiono cavanillesii-Helictotrichetum sedenensis ass. nova.). Un
segundo tipo de vegetacion (allianza Armerion cantabricae, clase Festuco-Seslerietea) estd representado por comunidades
herbaceas de neveros (Ranunculo carinthiaco-Poetum alpinae ass. nova), praderas mesofilas (Pediculari fallacis-Armerietum
cantabricae) y pedregales (Saxifrago coniferae-Helianthemetum urrielensis ass. nova); y también por praderas de crestas
venteadas (allianza Oxytropido-Elynion, class Carici rupestris-Kobresietea myosuroides) con comunidades relicticas (Oxy-
tropido neglectae-Kobresietum myosuroidis). Nuestros resultados destacan el caracter de los Picos de Europa como especial
refugio para la vegetacion alpina, evidenciando las relaciones histéricas con las montafias alpino-pirenaicas y también ibéricas.
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INTRODUCTION

Mountain ecosystems are among the most va-
luable habitats for biodiversity and conservation
(NAGY & GRABHERR, 2009; GAVILAN & al.,2013).
In the mountains of southern Europe, plant diver-
sity has been historically influenced by post-gla-
cial isolation and related processes such as local
extinctions and speciation (TABERLET & al., 1998).
Due to recent climatic change, mountain habitats
are also experiencing important changes in vege-
tation diversity (PAULI & al., 2012; FERNANDEZ
CALZADO & MOLERO MESA, 2013; JIMENEZ-AL-
FARO & al.,2014a). Addressing diversity patterns
at community level is therefore important for un-
derstanding mountain habitats and for developing
conservation actions in alpine landscapes (GAvI-
LAN & al.,2012). Among different approaches, ve-
getation surveys based on the classification of plot
data provide useful information for synthesizing
the variation of plant communities into vegetation
types (BLASI & al., 2005; LANCIONI & al., 2011;
PEYRE & FoNT, 2011; NoroozI & al., 2014) and
for defining spatial patterns of alpine ecosystems
(DIRNBOK & al., 2003; FERNANDEZ CALZADO &
MOLERO MESA, 2011).

In this study, we focus on the classification of
alpine communities in the Picos de Europa Na-
tional Park (northern Spain). The study system
comprises vegetation above the treeline domina-
ted by hemicryptophytes and chamaephytes, and
representing an important outspot of zonal alpine
plant diversity in southern Europe (NAGY &
GRABHERR, 2009). This vegetation has been tra-
ditionally related to the subalpine and alpine alti-
tudinal belts, bioclimatically corresponding to the
orotemperate and criorotemperate types (ALONSO
FELPETE & al., 2011 RIvAS-MARTINEZ & al., 2011).
Indeed, dominant plant communities are structured
by alpine species with different biogeographic ori-
gin that respond synchronically to local topogra-
phic gradients (JIMENEZ-ALFARO & al., 2014b).
Although several plant communities have been
described based on floristic, phytosociological or
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mapping surveys (RIVAS-MARTINEZ& al., 1984;
NavA, 1988; FERNANDEZ PRIETO & BUENO, 2013),
there is still lacking a comprehensive classifica-
tion of alpine-like vegetation in the Picos de Eu-
ropa.

According to the vegetation classification of
the Iberian Peninsula (RIvAS-MARTINEZ & al.,
2001, 2002), high-mountain vegetation of the
Cantabrian mountains is floristically related to
three major types: (i) Alpine-Pyrenean-Carpa-
thian alpine communities (class Kobresio myosu-
roidis-Seslerietea caeruleae) mainly distributed
in the Picos de Europa and the Ubifia massifs
(R1vas-MARTINEZ & al., 1984); (ii) Alpine-Pyre-
nean-Carpathian swards dominated by Kobresia
myosuroides (class Carici rupestris-Kobresietea
myosuroidis) only found in the central massif of
the Picos de Europa, and (iii) high-mountain
communities of the class Festuco hystricis-
Ononidetea striatae, mainly represented in con-
tinental areas of the central Cantabrian range
(MARTINEZ & MAYOR, 1974; AMIGO & al., 1993).
Here, we compile vegetation plot data from the
Picos de Europa to assess the diversity of spe-
cies assemblages in these major vegetation
types. Our main objectives are (1) to classify
local alpine communities according to their flo-
ristic composition, (2) to interpret the resulting
vegetation types in floristic and ecological
terms and (3) to link our results with the phyto-
sociological classification of the Iberian Penin-
sula.

MATERIALS AND METHODS

We built a vegetation-plot database consisting
on complete lists of vascular plants (relevés) sam-
pled according to the Braun-Blanquet method
(BRAUN-BLANQUET, 1979) above 1800 m.a.s.l. in
the three calcareous massifs of the Picos de Eu-
ropa (Figure 1). Main data sources were collected
from vegetation surveys (RIVAS-MARTINEZ & al.,
1984; JIMENEZ-ALFARO & al., 2014b) and for the
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Figure 1. — Study area and distribution of the vegetation plots analysed. (a) Location of Picos de Europa National
Park in the border between Temperate-Atlantic (T) and Mediterranean (M) biogeographic regions. (b) Location and
number of relevés in the Picos de Europa National Park (c) Spatial distribution of relevés with reference to the three

calcareous massifs of Picos de Europa.

development of the vegetation map of the Picos
de Europa (FERNANDEZ PRIETO & BUENO, 2013).
To obtain a relatively homogeneous data set, only
relevés sampled in areas from 10 to 100 m2 were
considered, since these are the most frequently
sampled plot areas. In a few relevés where this in-
formation was not available, we estimated the plot
size by comparing species richness of similar
communities to remove outliers potentially sam-
pled in smaller or larger areas. The data were sto-
red in a database using Turboveg V.2 (HENNEKENS
& ScHAMINEE 2001). Taxonomical concepts were
standardized according to Flora Iberica (www.flo-
raiberica.org), although in particular cases the no-
menclature follows the floristic catalogue of the
Picos de Europa National Park (ALONSO FELPETE
& al.,2011).

We classified the plots using cluster analyses
in PC-ORD 4 (MCCUNE & MEFFORD, 1999) with

the Bray-Curtis distance as a measure of dissimi-
larity and the beta-flexible linkage method with
coefficient p = -0.25. Species percentage cover
was log transformed. The optimal number of
clusters was established by using the crispness of
classification (BOTTA-DUKAT & al., 2005) as a
guide to optimize the structure of the data. Non-
metric Dimensional Scaling (NMDS) (KRUSKAL,
1964) implemented in the R program, library
“vegan” (OKSANEN & al., 2013) was applied to
assess the similarities of the established groups in
the multidimensional space. The resulting clusters
were characterized by sorting their diagnostic
species in a synoptic table by using the phi coef-
ficient of association and a Fisher exact test to de-
tect significant preferences to groups (TICHY &
CHYTRY, 20006). To obtain a comparative measure
of the species characterizing each cluster, we
counted the number of diagnostic species with
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significant (P < 0.05) phi coefficient > 30. We as-
sessed differences in altitude and species cover
between clusters using the values provided for
each plot by the original sources and the ANOVA
test with post-hoc classification.

Vegetation types were finally described by
their physiognomic characteristics and species
composition, and compared with the vegetation
types included in the classification of plant com-
munities of the Iberian Peninsula (R1vAs-MARTi-
NEZ & al., 2001, 2002, 2011). For those plant
communities identified as distinct associations
but not described before, we propose new syntaxa
following the rules of the International Code of
Phytosociological Nomenclature (Izco & DEL
ARCO, 2003). The nomenclature of the new com-
munities was based on the species recognized as
characteristics of the vegetation type and the pre-
sence of endemic species, following the prelimi-
nary proposals used for vegetation mapping in the
study area (FERNANDEZ PRIETO & BUENO, 2013).

RESULTS AND DISCUSSION

A total of 211 vegetation plots were selected,
including 214 species of vascular plants. The most

Alpine plant communities in the Picos de Europa calcareous massif (Northern Spain)

frequent species in the data set were Anthyllis vul-
neraria (80% of the plots), Thymus praecox
subsp. britannicus (80%), Carex sempervirens
(74%), Silene acaulis (71%) and Minuartia verna
(67%). The crispness of classification suggested
an optimal number of 6 clusters (maximum cris-
pness = 0.658) with differences in species com-
position (Figure 2) that were also supported by
relative differences in altitude and cover (Figure
3). The resulting dendrogram recognized two
major branches and the six clusters were dis-
tinctly identified in the NMDS ordination dia-
gram (Bray-Curtis distance, total stress = 32.4).
The first branch included two clusters (cluster 1
and cluster 2) clearly differentiated from the
others but also between each other, with contras-
ting differences in altitude and cover (Figure 3).
The remaining plots were separated in two bran-
ches, being the first one (clusters 3 and cluster 4)
more homogeneous in species composition and
altitude than the second one (clusters 5 and clus-
ter 6). The diagnostic species that characterize
each community type are showed in Table 1, and
a representative image of their physiognomic cha-
racteristics is presented in Figure 4.

CLUSTER 1 corresponds to stripped commu-
nities characterized by Jurinea humilis, Koeleria
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Figure 2. — (a) Ordination plot of the two main axes of Nonmetric Dimensional Scaling (NMDS) showing the cen-
troids of the six clusters identified in this study, and their correlation with altitude. (b) Hierarchical division of the
clusters according to the classification of the relevés (n =211).
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Figure 3. — Differences in altitude and cover between the
six clusters identified by cluster analyses in alpine plant
communities of the Picos de Europa. Letters indicate dif-
ferences according to an ANOVA post-hoc test.

vallesiana and Helianthemum canum subsp. can-
tabricum among a total of eight diagnostic spe-
cies. These communities are found at relatively
low altitudes (Figure 4) and many of the consti-
tuent species are distributed in other mountains
of the Iberian Peninsula (e.g. Jurinea humilis).
They are easily characterized in the field by evi-
dences of soil cryoturbation (repetition of free-
zing and thawing processes in periglacial zones,
AMICO & PREVITALI, 2012). Similar communities
with Mediterranean influence have been described
in dry stands of the Cantabrian range under the
phytosociological alliance Festucion burnatii, in-
cluding the associations Arenario cantabricae-Fes-
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tucetum hystricis (MARTINEZ & MAYOR, 1974),
Festucetum burnatii (FERNANDEZ PRIETO, 1983),
Koelerio vallesianae-Erodietum glandulosi (AMIGO
& al., 1993), Saxifrago coniferae-Festucetum bur-
natii (FERNANDEZ PRIETO & al. 1983) and Festuce-
tum burnatii (MAYOR & al., 1973; RIVAS-MARTINEZ
& al., 1984). However, the floristic composition of
the cluster 1 is clearly different in species compo-
sition, with species combinations not represented
in previously described communities. We therefore
typify a new association, Helianthemo cantabrici-
Festucetum hystricis F. Prieto, Bueno, Jiménez-Al-
faro & A. Felpete ass. nova hoc loco (Appendix,
Table S1, holotypus rel. 24) broadly described in
the vegetation map of the study area (FERNANDEZ
PriETO & BUENO, 2013: 159) under the type
“10.7b2. Cespedes psicroxeréfilos calcicolas del
Androsaco villosae-Festucetum hystricis”. The
name Androsaco villosae-Festucetum hystricis
has been validly published in the past (NAVARRO,
1989) and hence it cannot be used to nominate
this association.

CLUSTER 2 corresponds to stripped commu-
nities with low plant cover characterized by Ja-
sione cavanillesii, Potentilla nivalis subsp.
asturica, Galium pyrenaicum and a total of nine
diagnostic species (Table 1). These communities
are found at the highest altitudes of the study area
(Figure 4) and they are mainly distributed on
rocky soils. They occur where snow melt happens
early due to topographic top positions that favour
the snow-clean effect by strong wind exposures
and also prevent the formation of deep soils. Al-
though these communities include a few arctic-
alpine species (e.g. Silene acaulis) the species
composition (Appendix, Table S2) is characteri-
zed by indicators of dry and cryoturbated soils
(e.g. Senecio boissieri) reflecting strong connec-
tions with the high-mountain Iberian flora (PE-
REDO & al.,2009). Thus, these communities were
ascribed to the Festucion burnatii alliance. They
have been described in FERNANDEZ PRIETO &
BUENO (2013: p.194) under the vegetation type
“14.1a Nanofruticedas cespitosas con Galium
pyrenaicum y Helictotrichon sedenense” and the
association Jasiono cavanillesii-Helictotrichetum
sedenensis Prieto & Bueno ined. (= Galio pyre-
naici-Helictotrichetum sedensis Prieto & Bueno
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Figure 4. — Representative images of the six clusters (associations) identified in calcareous massifs of the Picos de
Europa: (a) Helianthemo cantabrici-Festucetum hystricis (b) Jasiono cavanillesii-Helictotrichetum sedenensis (c)
Ranunculo carinthiaco-Poetum alpinae (d) Pediculari fallacis-Armerietum cantabricae (e) Saxifrago coniferae-
Helianthemetum urrielensis and (f) Oxytropido neglectae-Kobresietum myosuroidis.
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ined.). The absence of tables and thus the lack of
designated typus lead us to typify the association
Jasiono cavanillesii-Helictotrichetum sedenense
Bueno, F. Prieto, Jiménez-Alfaro & A. Felpete
ass. nova hoc loco (Appendix, Table S2, holoty-
pus rel. 6) as a new sintaxa probably exclusive of
the Picos de Europa National Park.

CLUSTER 3 corresponds to snow-bed grass-
lands characterized by Ranunculus carinthiacus,
Poa alpina, Carex macrostylon and a total of
eight diagnostic species (Table 1). These commu-
nities are mainly found in stands where snow ac-
cumulates for long, favouring the development of
high-cover grasslands in the north-facing slopes
of the alpine belt. They are ecologically similar
to the phytosociological association described in
the Pyrenees as Festuco-Trifolietum thalii Br.-Bl
1948 (alliance Primulion intricatae). The floristic
composition with Armeria cantabrica, Pedicula-
ris pyrenaica var. fallax, Dethawia splendens, Ja-
sione cavanillesii and Silene ciliata lead us to
include this association in the Cantabrian alliance
Armerion cantabricae, the Cantabrian vicariant
of Primulion intricatae. These plant communities
have been described in FERNANDEZ PRIETO &
BUENO (2013: 196) under the vegetation type
“14.1c Céspedes con Poa alpina” and the asso-
ciation Ranunculo carinthiaco-Poetum alpine.
Since this name was not validly published accor-
ding to article 5 of the International Code of
Phytosociological Nomenclature, we proceed to
the mandatory typification of Ranunculo carin-
thiaco-Poetum alpinae F. Prieto, Bueno, Jiménez-
Alfaro & A. Felpete ass. nova hoc loco (Appendix
1, Table S3, holotypus rel. 10).

CLUSTER 4 corresponds to high-cover grass-
lands characterized by Sesleria caerulea, Luzula
pediformis, Polygonum viviparum and a total of 28
diagnostic (species (Table 1). These communities
occur at relatively low altitudes; they show higher
plant height than the cluster 3 and they probably
grow in topographic stands with shorter periods of
snow cover. According to the species composition
(Appendix, Table S4), they can be ascribed to the
association Pediculari fallacis-Armerietum canta-
bricae, which is the community of reference for
the alliance Armerion cantabricae in the Picos de
Europa (RIvAS-MARTINEZ & al., 1984).

Alpine plant communities in the Picos de Europa calcareous massif (Northern Spain)

CLUSTER 5 corresponds to high-altitude com-
munities characterized by Festuca glacialis, Vero-
nica nummularia subsp. cantabrica, Omalotheca
hoppeana and a total of 11 diagnostic species
(Table 1). According to the ecology of their cha-
racteristic species, these communities are pro-
bably linked to late snow-melt and periglacial
processes that favour the development of screes.
Although these communities seem to be mainly
related to intermediate conditions between clus-
ters 2 and 4, i.e. with certain snow persistence (in-
dicated by Omalotheca hoppeana or Festuca
glacialis) but also with dry conditions (indicated
by Saxifraga conifera or Arenaria moehringioi-
des), the species combination is to our known ge-
nuine from the Picos de Europa and widely
represented in local dolomitic screes. Thus, we
describe a new association typified as Saxifrago
coniferae-Helianthemetum urrielensis Bueno, F.
Prieto, Jiménez-Alfaro & A. Felpete ass. nova
hoc loco (Appendix 1, Table S5, holotypus rel.
42), previously described in FERNANDEZ PRIETO
& BUENO, 2013: 254).

CLUSTER 6 corresponds to wind-edge swards
characterized by Kobresia myosuriodes, Oxytro-
pis halleri, Arenaria grandiflora and a total of
five diagnostic species (Table 1). The ecological
preference of the dominant Kobresia myosuroides
is commonly related to wind-edge sites with
deept soils where snow melts early (BAPTIST &
al.,2010). Similar conditions occur in the study
area, where Kobresia communities are developed
at the highest altitudes and also settled in micro-
topographic windy tops. They are relict commu-
nities of the Kobresia swards widely repreesnted
in the Alpine-Pyrenean-Carpathian mountains, lo-
cally occuring in less than 20 sites restricted to
the central massif of the Picos de Europa. The
species composition closely corresponds to the
phytosociological association Oxytropido neglec-
tae-Kobresietum myosuriodis nom. mut propos.
Rivas-Martinez & al. 2002, also recognized by
Nava (1988: table 14) as “Comunidades con
Elyna myosuroides”. The association Oxytropide-
tum neglecto-halleri recently described by R1vAs-
MARTINEZ & al. (2011) seems to be a variant of
these communities with absence of Kobresia
myosuroides. However, the species list provided
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Table 1
Shortened synoptic table of diagnostic species for the groups resulted from cluster analyses
Numbers refer to the percentage frequency of species in each cluster. Diagnostic species are in bold and sorted by
decreasing fidelity. Only significant species (Fisher’s exact test, p < 0.05) with phi coefficient > 0.30 are shown.

Cluster 1 2 3 4 5 6
Number of relevés 34 42 24 39 51 21
Cluster 1

Jurinea humilis 68 0 4 23 0 14
Koeleria vallesiana 97 43 13 72 25 33
Juniperus alpina 21 0 4 3 0 0
Helianthemum canum subsp. cantabricum 100 76 21 62 35 90
Festuca hystrix 47 29 8 8 4 14
Globularia repens 41 38 4 8 0 0
Genista legionensis 18 0 4 3 0 0
Androsace villosa 76 55 4 62 8 52
Cluster 2

Jasione cavanillesii 3 81 0 8 29 24
Potentilla nivalis subsp. asturica 12 55 0 5 0 0
Senecio boissieri 0 38 0 0 0 0
Saxifraga oppositifolia 15 83 8 13 25 14
Galium pyrenaicum 50 100 4 10 41 57
Iberis carnosa 18 74 13 8 33 5
Helictotrichon sedenense 74 100 21 46 41 90
Silene ciliata 29 81 13 38 57 52
Ranunculus parnassiifolius subsp. favargeri 15 50 13 0 18 33
Cluster 3

Carex macrostylon 0 0 33 0 2 0
Phleum alpinum 0 0 33 0 0 5
Trifolium thalii 0 0 42 8 2 14
Ranunculus carinthiacus 15 0 71 44 39 5
Carex parviflora 0 5 50 3 14 38
Festuca nigrescens s.l. 0 0 25 8 6 0
Plantago alpina 26 0 75 59 63 14
Pritzelago alpina subsp. auerswaldii 3 7 38 21 12 0
Cluster 4

Sesleria caerulea 3 0 41 0 10
Luzula pediformis 12 0 29 64 18 19
Polygonum viviparum 0 5 0 41 16 10
Festuca rubra s.1. 9 0 38 56 22 0
Leontodon taraxacoides 3 0 0 18 0 0
Alchemilla alpigena 26 10 67 85 61 29
Gentiana occidentalis 21 0 0 28 2 0
Scilla verna 6 0 4 26 10 0
Oxytropis halleri 0 2 0 15 2 0
Cluster 5

Festuca glacialis 6 43 21 10 84 29
Veronica nummularia subsp. cantabrica 0 2 0 0 27 0
Omalotheca hoppeana 0 2 25 5 45 0
Saxifraga conifera 62 17 38 62 90 24
Arenaria moehringioides 12 33 8 18 57 14
Festuca picoeuropeana 9 2 0 3 35 24
Sedum atratum 21 19 13 31 59 29
Cluster 6

Kobresia myosuroides 3 19 0 13 4 90
Oxytropis neglecta 3 12 8 5 4 52
Arenaria grandiflora 0 2 0 15 6 33
Carex ornithopoda s.1. 6 7 4 0 24 38
Seseli montanum 3 0 0 5 0 19

LAZAROA 35: 67-105. 2014 74



Borja Jiménez-Alfaro & al.

by the authors in only one relevé reflects a complex
mosaic of ecological conditions, therefore postpo-
ning its validity until the collection of new data.

CONCLUSIONS

In this study we described the alpine vegeta-
tion of the Picos de Europa National Park by
using a comprehensive data set covering the three
calcareous massifs. Overall, we detected two
major vegetation types based on floristic compo-
sition but also differentiated in ecological terms.
The first vegetation type is characterized by strip-
ped communities here ascribed to the alliance
Festucion burnatii, representing xerophilous
mountain communities subjected to cryoturbation
processes previously described in the highest al-
titudinal belt of the Picos de Europa (RIvAS-MAR-
TINEZ & al., 1984, NAvAa, 1988; JIMENEZ-ALFARO
& al., 2014b). These communities are characte-
rized by medium-to-low species cover and by the
presence of species commonly found in high-
mountain Iberian habitats (e.g. Festuca hystrix,
Helianthemum canum, Senecio boissieri). A se-
cond vegetation type was ascribed to the Canta-
brian alliance Armerion cantabricae, which is
characterized by alpine mesophilous species (e.g.
Alchemilla alpigena, Plantago alpina, Luzula pe-
diformis) probably reflecting deeper soils and lon-
ger periods of snow cover. This group is mainly
represented from 2000 to 2200 m asl, where the
presence of microtopographies with snow accu-
mulation is more likely to occur than in higher al-
titudes.

Our study also showed that the diversity of al-
pine plant communities in the Picos de Europa
can be synthesized in six phytosociological asso-
ciations differentiated by a relatively high number
of diagnostic species. This reflects a higher diver-
sity of alpine vegetation than previously observed
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in vegetation surveys of the study area (RIvAs-
MARTINEZ & al., 1984, Nava, 1988) and supports
the typology used for the vegetation map of the
Picos de Europa National Park (FERNANDEZ
PRIETO & BUENO, 2013). Our results also agree
with some of the alpine communities identified
by Nava (1988), despite we couldn’t include
these data because of the different sampling cri-
teria and the small plot size used by this author.
Moreover, the floristic and ecological differences
between clusters support the complexity of local
alpine communities with different ecological res-
ponses (JIMENEZ-ALFARO & al.,2014b). The rela-
tively high diversity of alpine communities in the
Picos de Europa is comparable with wider regions
of Southern Europe such as the Apennines (LAN-
CIONI & al., 2011), despite in the latter region the
influence of the Alpine floristic component is
stronger. In contrast, the vegetation of the calca-
reous massif of the Picos de Europa is referred to
phytosociological classes from both Temperate
and Mediterranean bioclimatic regions, which are
much more influenced by the Iberian floristic
component. This highlights the biogeographic re-
levance of plant diversity in the Picos de Europa
National Park and provides an additional argu-
ment for the conservation of this important centre
of mountain diversity.
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SYNTAXONOMIC SCHEME
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Syntaxonomical synopsis of alpine communities in the Picos de Europa according to the present study,
adscribed to the phytosociological classification of the Iberian Peninsula (R1vAS-MARTINEZ & al.,

2001, 2002).

FEsTUCO HYSTRICIS-ONONIDETEA STRIATAE Rivas-Martinez, T.E. Diaz, F. Prieto, Loidi & Penas 2002
FESTUCO HYSTRICIS-POETALIA LIGULATAE Rivas Goday & Rivas-Martinez 1963
Festucion burnatii Rivas Goday & Rivas-Martinez ex Mayor, Andrés, Martinez, F. Navarro & T.E.

Diaz 1973

Helianthemo cantabrici-Festucetum hystricis F. Prieto, Bueno, Jiménez-Alfaro & A. Felpete ass.

nova (cluster 1)

Jasiono cavanillesii-Helictotrichetum sedenensis Bueno, F. Prieto, Jiménez-Alfaro & A. Felpete

ass. nova (cluster 2)

KOBRESIO MYOSUROIDIS-SESLERIETEA CAERULEAE Br.-Bl. 1948 nom. mut. propos. Rivas-Martinez et al.

2002

SESLERIETALIA CAERULEAE Br.-Bl. in Br.-Bl. & Jenny 1926
Armerion cantabricae Rivas-Martinez, T.E. Diaz, F. Prieto, Loidi & Penas 1984
Ranunculo carinthiaco-Poetum alpinae F. Prieto, Bueno, Jiménez-Alfaro & A. Felpete ass. nova

(cluster 3)

Pediculari fallacis-Armerietum cantabricae Rivas-Martinez, T.E. Diaz, F. Prieto, Loidi & Penas

1984 (cluster 4)

Saxifrago coniferae-Helianthemetum urrielensis Bueno, F. Prieto, Jiménez-Alfaro & A. Felpete

ass. nova (cluster 5)

CARICI RUPESTRIS-KOBRESIETEA MYOSUROIDIS Ohba 1974 nom. mut. propos. Rivas-Martinez et al. 2002
KOBRESIETALIA MYOSUROIDIS Oberdorfer 1957 nom. mut. propos. Rivas-Martinez et al. 2002
Oxytropido-Kobresion myosuroidis Br.-Bl. (1948) 1949 nom. mut. propos. Rivas-Martinez et. al

2002

Oxytropido neglectae-Kobresietum myosuroidis Rivas-Martinez, T.E. Diaz, F. Prieto, Loidi &
Penas 1984 nom. mut. propos. Rivas-Martinez et al. 2002 (cluster 6)
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APPENDIX (Tables S1-S6)

Numbers between parentheses (in localities) refer to a reference number database of authors.
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