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Abstract: The plant variability in the southern Iberian Peninsula consists of around 3500 different 
taxa due to its high bioclimatic, geographic, and geological diversity. The deciduous forests in the 
southern Iberian Peninsula are located in regions with topographies and specific bioclimatic 
conditions that allow for the survival of taxa that are typical of cooler and wetter bioclimatic 
regions and therefore represent the relict evidence of colder and more humid paleoclimatic 
conditions. The floristic composition of 421 samples of deciduous forests in the south-central part 
of the Iberian Peninsula were analyzed. The ecological importance index (IVI) was calculated, 
where the most important tree species were Quercus pyrenaica, Acer opalus subsp. Granatensis, and 
Corylus avellana. These species are uncommon in the south-central part of the Iberian Peninsula, 
forming forests of little extension. An analysis of the vertical distribution of the species (stratum) 
shows that the majority of the species of stratum 3 (hemicriptophics, camephytes, geophites, and 
nanophanerophytes) are characteristic of deciduous forests, and their presence is positively 
correlated with high values of bioclimatic variables related to humidity and presence of water in 
the soil (nemoral environments), while they are negatively correlated with high values of 
bioclimatic variables related to high temperatures, evapotranspiration, and aridity. This work 
demonstrates that several characteristic deciduous forest taxa are more vulnerable to 
disappearance due to the loss of their nemoral conditions caused by gaps in the tree or shrub 
canopy. These gaps lead to an increase in evapotranspiration, excess insolation, and a consequent 
loss of water and humidity in the microclimatic conditions. 
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1. Introduction 

It has been proven that territories behave differently in response to the general climate, 
substrate type, and the topography of the terrain [1]. Bioclimatology is defined as the geobotanical 
science that studies the reciprocity between climate and the distribution of living beings and their 
communities on Earth and evidently has much to offer in these cases. This discipline, also known as 
phytoclimatology, emerged as a result of the connection between numerical climate values 
(temperature and precipitation) and the distribution areas of vegetation species, plant communities, 
ecosystems, and biomes [2]. The indices of Rivas Martínez [3] have established a close correlation 
between bioclimatic data and plant communities, enabling each territory to be characterised in these 
terms [4]. 

This bioclimatic approach can be applied to a range of crops under a Mediterranean 
macro-bioclimate. Different woodlands can be defined taking into account these bioclimatic aspects 
according to their climate dependence. Woodlands on rocky substrates and shallow soils with low 
water-retention capacity occur on soils or in biotopes that are especially dry or xerophytic 
(edaphoxerophilous woodlands). Climatophilous woodlands are found in mature soils in the 
corresponding ombroclimate that receive only rainwater. Temporihygrophilous, mesophytic, and 
mesohygrophytic series have an exceptional water intake for topographic reasons. Finally, 
edaphohygrophilous woodlands occupy especially humid soils and are found in riverbeds, marshes, 
peat bogs, and similar environments and have a higher humidity corresponding to the 
ombroclimate [5]. 

The combination of drought and shade evidently leads to greater photoinhibition and water 
deficit in the shade than in the sun [6], which seriously affects plant recruitment and the 
regeneration of the natural forest. This is partly due to dimming caused by the rise in global 
temperatures. The reduction in the amount of light as a result of the abandonment of Mediterranean 
woody ecosystems, together with the anticipated global dimming [7], is likely to cause a decrease in 
the spatial heterogeneity of light and the gradual disappearance of shrub communities 
characteristically found where there is an abundance of light, which in turn could lead to 
impoverished forests and gaps with only a layer of herbaceous understorey [8]. 

Several authors have related a range of abiotic and biotic variables with germination rates, 
seedling establishment, and the overall development of different species in the plant communities. 
Interannual climate variation can alter the quality of microhabitats for the establishment of seedlings 
in heterogeneous Mediterranean forests [9]. The emergence and survival of seedlings is facilitated by 
several mechanisms, including a reduction in radiation and soil desiccation [10,11]; litterfall 
production, which decreases water loss from evaporation and favours the survival of the seedlings 
and juveniles in the plant species [12,13]; reduction in soil compaction [14]; and an increase in soil 
macroporosity and water storage [15]. These are all [16] determining factors in the recruitment, 
establishment, and regeneration of forests. 

Another aspect to take into account for an understanding of forest dynamics is the role played 
by nurse plants, generally hemicryptophytes, chamaephytes, and micro- and mesophanerophytes, 
which act as forest edges and are distributed on a gradient from pre-forest edges through to 
non-forest biotopes (normally grasslands). This dense, mid-height perennial non-nitrophilous 
vegetation is found in contact with well-conserved forests or pre-forest sites. The environment in 
these communities is a transition between access to light, the refugium effect of the ecoclimate and 
the soil processes on the forest margins, which favours the more mature and climactic stages [17]. 

Studies on the various deciduous species present in the heart of the Mediterranean bioclimatic 
domain highlight a problem of recruitment and regeneration [9,18] and confirm that interannual 
climate variation can alter the quality of microhabitats for the germination and establishment of 
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seedlings in Mediterranean forests of Acer opalus subsp. granatense (Boiss.) Font Quer and Rothm., 
which is highly dependent on the microhabitat, and is much lower in open spaces than under 
established tree or shrub vegetation [19]. A decline in mesophytic conditions due to gaps in the 
vegetation increases the levels of direct evapotranspiration and leads to the establishment of plant 
communities composed of more xerophytic taxa [20]. It is vitally important for the regeneration and 
dynamics of the Corylus avellana L. formations in the southern Iberian Peninsula to conserve the 
subserial shrubs formed by dense closed thorn bushes that shelter many mature forest species [21]. 

Other studies on deciduous tree species such as Quercus pyrenaica Willd. and Quercus canariensis 
Willd. have produced similar results. Q. pyrenaica requires colder environments with higher 
year-round precipitation, meaning that forests dominated by Q. pyrenaica are often in contact with 
other marcescent forests where there is an absence of optimal conditions for the development of 
deciduous forests [22]. These climate conditions may be an essential factor in allowing germination 
practically all year round [23]. Q. canariensis has a lower rate of germination compared to other 
deciduous species in the Quercus genus, although the establishment of these seedlings largely 
depends on the availability of water in the driest months [24]. 

The typical vegetation of the Mediterranean bioclimate has adapted to these characteristic 
climate fluctuations. Quercus rotundifolia Lam. occurs in a Mediterranean environment with summer 
drought and so has logically developed strategies that allow it to complete its germination before the 
start of the dry season [23]. Another typical species of this bioclimate, Quercus suber L., has been 
shown by other authors [24] to have its own mechanisms for withstanding water stress, whereby an 
increase in water availability in summer does not lead to greater photosynthetic activity. 

The aims of this work is to relate the structure and floristic composition of the deciduous forests 
of Quercus pyrenaica, Acer opalus subsp. Granatensis, and Corylus avellana with the different 
bioclimatic variables involved in these deciduous formations that appear in the middle of the 
Mediterranean bioclimate and to relate the different taxa in the deciduous forests in the southern 
Iberian Peninsula with the bioclimatic variables that define their presence or absence. This is 
intended to answer questions such as which species would be more vulnerable to disappear due to 
global warming. The vertical structure of these forests behaves similarly. Another issue is to observe 
what bioclimatic variables are involved in the floristic composition of the different forest stratum. 

2. Materials and Methods  

2.1. Study Subjects 

This work studies the forest formations dominated by Acer opalus subsp. granatense, Corylus 
avellana, and Quercus pyrenaica in the southern half of the Iberian Peninsula (Figure 1a). The study 
area comprises the more humid and relatively cool areas in the southern Iberian Peninsula that are 
completely contained within the Mediterranean bioclimatic region. 

From a bioclimatic point of view, these deciduous formations are distributed throughout the 
thermo-, meso-, and supramediterranean bioclimatic belts, with an ombrotype ranging from the 
lower sub-humid to the upper humid [5]. The continentality index for these forest formations varies 
from the attenuated continental-subcontinental for the northernmost and easternmost formations to 
oceanic semi-hyperoceanic for formations with a more southerly distribution and a clear influence of 
the Atlantic Ocean. 

The biogeography for these plant communities comprises the Mediterranean region are 
included in the Holarctic biogeographical realm. Within this region, the formations in the study are 
distributed in the Luso-Extremaduran, Baetic, Gaditano-Onubo-Algarvian, and Iberian Central 
Mediterranean provinces (Figure 1b). 
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Figure 1. Location of the study area (red rectangle): (a) macrobioclimate map of Europe. All the 
relevés are located in the Mediterranean macrobioclimate (adapted from [25]; (b) biogeographic map 
of the Iberian Peninsula. The sampling points belong to the subprovinces: llea, llcb, llfb, and llca. 
Adapted from reference [26]. 

These deciduous formations are established on a very diverse range of geological materials, 
including basic materials such as limestone, limestone-dolomite for formations dominated by Acer 
opalus subsp. granatense and Corylus avellana, to siliceous materials such as quartzite, sandstone, slate, 
schists and mica schists, where most of the Quercus pyrenaica formations occur. 

2.2. Origin and Structure of the Vegetation Data 

We use a total of 421 vegetation relevés distributed as follows: 22 of our own unpublished 
relevés and relevés from the bibliography (399 relevés) (Table 1), with the greatest presence and 
abundance of the abovementioned deciduous species, to analyse the vulnerability of these plant 
communities. These relevés were compiled following the abundance/dominance phytosociological 
method [27]. The phytosociological abundance indices with a qualitative or semi-quantitative 
character are transformed and standardised to average cover percentages as shown in Table 2. 
Subsequently, and as a selection criterion for the different taxa, the importance value index (IVI) was 
calculated according to the following formula: 

IVI = DR + FR + DoR (1) 

where DR is the relative density. 𝐷𝑅௜ ൌ ቀ𝑐௜𝐶𝑡ቁ ∗ 100 (2) 

where c is the cover of species i and Ct is the sum of the total cover of all the species. 
FR is the relative frequency of each species. 𝐹𝑅௜ ൌ  𝐹𝐴𝑖∑𝐹𝐴 ∗ 100 (3) 

where FA is the absolute frequency of each species. 
DoR is the relative dominance, closely linked to its life form and growth habit. 
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𝐷𝑜𝑅௜ = 𝑠௜∑ 𝑠௜௜ଵ  (4) 

where si is the projected area at ground level of each species. 
The phytosociological nomenclature for these plant communities is Adenocarpo 

decorticantis-Quercetum pyrenaicae Martínez-Parras and Molero 1982 [28] (AdQp); Arbuto 
unedonis-Quercetum pyrenaicae (Rivas Goday in Rivas Goday, Esteve, Galiano, Rigual and 
Rivas-Martínez 1960) Rivas-Martínez 1987 [29] (AuQp); Berberido australis-Quercetum pyrenaicae F. 
Valle, Gómez-Mercado and Mota 1988 [30] (BhQp); Luzulo baeticae-Quercetum pyrenaicae 
Rivas-Martínez 2002 [31] (LbQp); Sorbo torminalis-Quercetum pyrenaicae Rivas Goday ex 
Rivas-Martínez 1987 [29] (StQp); Daphno latifoliae-Aceretum granatensis Rivas-Martínez 1965 [32] 
(DlAg) and Geo urbani-Coryletum avellanae F. Valle, Mota and Gómez-Mercado 1986 [21] (GuCa). 

Table 1. Origin of the vegetation samples used in this work. 

Plant 
Community Bibliography Number of 

Relevés 
Plant 

Community Bibliography Number of 
Relevés 

AdQp 

El Aallali et al. [33] 12 

DlAg 

Cabezudo et al. 
[54] 

1 

Losa et al. [34] 1 
Giménez 

Luque, Esther; 
[55] 

5 

Martínez Parras & 
Molero [28] 

15 
Gómez 

Mercado et 
Valle [56] 

5 

Nieto & Cabezudo 
[35] 

3 
Gómez-Mercad

o, F.; [57] 
22 

Pérez Latorre et al. 
[36] 

5 
Gómez 

Mercado et al. 
[58] 

4 

Junta de Andalucía. 
[37] 

25 
Herranz et al. 

[49] 
14 

AuQp 

Rivas Goday [38] 14 
López Vélez, G.; 

[48] 
10 

Cano E. & Valle F. 
[39] 

6 
Madrona, M.T.; 

[59] 
2 

Melendo Luque 
[40] 

3 
Pavón & Pérez 

Latorre [60] 
5 

Vicente Orellana & 
Galán De Mera [41] 

11 
Pérez-Latorre et 

al. [61] 
1 

Own unpublished 
relevés 

16 
Inocencio Pretel 

[62] 
1 

Amor, A.; [42] 9 
Olmedo, J.A.; 

[63] 
3 

Belmonte M.D.; [43] 12 
Gómez 

Navarro, José; 
[64] 

3 

Monteiro-Henrique
s, T.; [44] 

6 
Molina Cantos 

et al. [65] 
3 

Pereira [45] 10 
Pavón Núñez et 

al. [66] 
1 

Sánchez-Pascual, 
N. [46] 

8 
Junta de 

Andalucía. [37] 
32 

Junta de Andalucía. 
[37] 

48 

GuCa 

Gómez-Mercad
o, F.; [58] 

3 

BhQp 
Valle et al. [30] 8 

López Vélez, G.; 
[47] 

8 

López Vélez, G. [47] 7 Pavón & Pérez 5 
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Latorre [60] 

Herranz et al. [48] 3 
Ríos Ruiz et al. 

[66] 
7 

LbQp 

Galán de Mera, A. 
[49] 

5 Valle et al. [21] 8 

Pérez Latorre et al. 
[50] 

4 
Junta de 

Andalucía. [37] 
3 

Asensi, A.; Díaz 
Garreta, B.; [51] 

1    

StQp 

Rivas Goday, S. [52] 13    

Cantó, Paloma. [53] 20    

Own unpublished 
relevés 

6    

Sánchez-Pascual, 
N. [46] 

3    

Junta de Andalucía. 
[37] 

1    

Adenocarpo decorticantis-Quercetum pyrenaicae (AdQp); Arbuto unedonis-Quercetum pyrenaicae (AuQp); 
Berberido australis-Quercetum pyrenaicae (BhQp); Luzulo baeticae-Quercetum pyrenaicae (LbQp); Sorbo 
torminalis-Quercetum pyrenaicae (StQp); Daphno latifoliae-Aceretum granatensis (DlAg) and Geo 
urbani-Coryletum avellanae (GuCa). 

Table 2. Conversion of the values of the phytosociological indices and their correspondence with the 
average percentage cover values.  

Phytosociological Index % of Average Cover 
5 85 
4 65 
3 45 
2 25 
1 12 
+ 6 
r 3 

The non-numerical values (“+” and “r”) have been transformed and estimated by interpolation from 
the numerical indices. 

2.3. Climatic, Geographic, and Topographic Data  

Subsequently, and based on the geographic and topographic information contained in these 
relevés, each sampling was geo-referenced and implemented in a geographic information system 
(GIS) using the corresponding maps. They were then matched with the place names and the rest of 
the data from the samplings in the bibliography in order to obtain the different climatic and 
bioclimatic variables for each sampling. 

The figures for altitude, orientation and slope were obtained by plotting the previously 
geo-referenced points on a digital terrain map (DTM) with a pixel resolution of 30x30 metres for the 
points in Portugal and Morocco and on a digital terrain model with a resolution of 10x10 metres for 
the points in Spain. The numerical values for altitude, orientation, and slope were obtained from the 
DTM for each sampling point. 

The climate and bioclimatic variables were defined following the criterion of Rivas-Martínez 
[5]. Climate variables can be divided into 

a. Climate variables. The following climate variables have been considered for the present study: 

T: Mean annual temperature in degrees centigrade 
M: Mean temperature of the maximums 
m: Mean temperature of the minimums 
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Tmax: Mean temperature of the warmest month of the year 
Tmin: Mean temperature of the coldest month of the year 
Tcmax: Mean maximum temperature of the month with the greatest temperature difference in the 
year 
Tcmin: Mean minimum temperature of the month with the greatest temperature difference in the 
year 
Tn: Negative annual temperature (sum of the months with a mean temperature below 0 °C in tenths 
of degrees centigrade) 
Tp: Positive annual temperature (sum of the months with a mean temperature above 0 °C in tenths 
of degrees centigrade) 
Tpd: Positive temperature of the driest quarter of the year, in tenths of degrees centigrade 
Tpd1: Positive temperature of the driest month of the year, in tenths of degrees centigrade 
Tpd2: Positive temperature of the driest two months of the year, in tenths of degrees centigrade 
Pp: Positive annual precipitation (of the months in Ti above 0 °C) 
PE: Thornthwaite’s potential annual evapotranspiration index  
PEs: Potential evapotranspiration index of the summer quarter 
PE1−12: Potential monthly evapotranspiration index 1 = January, 2 = February, … 12 = December 

b. Bioclimatic variables used: 

Annual aridity index (Iar); 𝐼𝑎𝑟 = 𝑃𝐸𝑃  (5) 

Diurnality index (Id): the difference between the mean maximum temperature (Tc max) and the 
mean minimum temperature (Tc min) of the months with the greatest temperature differences in the 
year; that is, the month with the greatest daily swing or interval between maximum and minimum 
temperatures. 𝐼𝑑 =  𝑇𝑐𝑚𝑎𝑥 − 𝑇𝑐𝑚𝑖𝑛 (6) 

Humidity index: the percentage of precipitation above or below the annual precipitation (P) 
compared to the annual evapotranspiration (PE) 𝐼𝐻 = 100 ∗ (𝑃 − 𝑃𝐸)𝑃𝐸  (7) 

Mediterraneity index (Im): the coefficient between the value for Thornthwaite’s mean summer 
evapotranspiration (PEs), and precipitation in mm in the same period (Ps). 𝐼𝑚 = 𝑃𝐸𝑠𝑃𝑆  (8) 

Mediterraneity index for the month of July (Im1) and for July and August (Im2); 𝐼𝑚ଵ =  𝑃𝐸𝑠଻𝑃𝑠଻ ;  𝐼𝑚ଶ =  𝑃𝐸𝑠଻ି଼𝑃𝑠଻ି଼  (9) 

Annual evapotranspiration index (Ioe): the coefficient between mean precipitation (P) and potential 
annual evapotranspiration (PE, Thornthwaite). 𝐼𝑜𝑒 = 𝑃𝑃𝐸 (10) 

Ombrothermic index of the warmest month of the summer quarter (Ios1): ombrothermic index of the 
warmest two months of the summer quarter (Ios2), ombrothermic index of the summer quarter (Ios3), 
and ombrothermic index of the summer quarter and the previous month (Ios4). 
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𝐼𝑜𝑠ଵ = 10 ∗ 𝑃௪௔௥௠௘௦௧ ௠௢௡௧௛𝑇௠ ௪௔௥௠௘௦௧ ௠௢௡௧௛ ;  𝐼𝑜𝑠ଶ = 10 ∗ 𝑃௪௔௥௠௘௦௧ ௧௪௢ ௠௢௡௧௛௦𝑇௪௔௥௠௘௦௧ ௧௪௢ ௠௢௡௧௛௦ ;  𝐼𝑜𝑠ଷ = 10 ∗ 𝑃଺ି଼𝑇଺ି଼ ;  𝐼𝑜𝑠ସ= 10 ∗ 𝑃ହି଼𝑇ହି଼ 
(11) 

Monthly ombrothermic indices (Iom1–12), with i = 1 = January 2 = February, …, 12 = December. 𝐼𝑜𝑚௜ = 𝑃௜𝑇௜  (12) 

Annual ombrothermic index (Io): the coefiicient between the total mean precipitation in mm in the 
months with a mean temperature above zero degrees centigrade (Pp) and the sum of the mean 
monthly temperatures above zero degrees in tenths of a degree (Tp). 𝐼𝑜 = 𝑃𝑝𝑇𝑝 (13) 

Simple continentality index (Ic): the continentality index expresses in degrees centigrade the 
difference or oscillation between the mean temperature of the warmest month (Tmax) and the mean 
temperature of the coldest month of the year (Tmin). 𝐼𝑐 =  𝑇𝑚𝑎𝑥 −  𝑇𝑚𝑖𝑛. (14) 

Thermicity index (It): this index describes the intensity of cold, which is a limiting factor for many 
plants and plant communities. 𝐼𝑡 = (𝑇 +  𝑚 +  𝑀) 10 (15) 

To weight the excess of cold or thermicity in the most continental or oceanic locations in areas 
located north or south of parallel 23°, a compensation factor C (Table 3) is added to the It value based 
on the continentality values in the area, Itc = It + C. 

Table 3. Calculation of the compensation value of C, for the calculation of ITC, based on the Ic value. 

Ic Value C Value 
< = 8 C = (Ic – 8) × 10 

8 < Ic < = 18 C = 0 
18 < Ic < = 21 C = (Ic – 18) × 5 
21 < Ic < = 28 C = (Ic – 21) × 15 
28 < Ic < = 46 C = (Ic – 28) × 25 
46 < Ic < = 65 C = (Ic – 46) × 60 

The interpolation of the climate data for precipitation and temperature for each sampling point 
was obtained from the data from 3192 weather stations distributed throughout the southern half of 
the Iberian Peninsula and the north of Africa from the National Meteorological Agency (AEMET), 
the Climate Information System of the Andalusian Regional Government, the Integral Irrigation 
Advisory Service of Castile-La Mancha (SIAR), the Murcia Agricultural Information System (SIAM), 
and the Extremadura Irrigation Advisory Network (REDAREX). The precipitation and temperature 
values were obtained for each sampling site using geostatistical interpolation methods based on 
kriging and cokriging. The bioclimatic variables described above were subsequently calculated from 
the interpolated values. 

Explanatory factor analysis is the name used to describe a series of multivariate statistical 
methods of interdependence for the purpose of identifying a structure of factors underlying a broad 
set of data in order to establish which bioclimatic variables (in this case) have the greatest relevance. 
A factor analysis was carried out with these data, and the main components were extracted; that is, 
the variables that best explain the variability along the first two axes (see Table 4). 
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Table 4. Assignment of the variables with the highest factor coordinates to each of the first two axes. 

Axis Tmax Tmin Tp PEs PE Iar Id IH Ioe Ios1 Ios2 Ios3 Ios4 Ic Io Itc 
Axis1 0.60 0.55 0.63 0.56 0.65 0.44 0.21 −0.44 −0.44 −0.36 −0.30 −0.22 −0.33 0.01 −0.50 0.63 
Axis2 −0.36 −0.57 −0.46 −0.43 −0.43 −0.37 0.15 0.37 0.37 0.54 0.56 0.58 0.55 0.29 0.42 −0.45 

The climate or bioclimatic variables Im, Im1, Im2, P, Pp, T, M, m, Tcmax, Tcmin, Iom1–12, Tpd, Tpd1, and Tpd2 were discarded as they presented collinearity and had their 
maximum coordinates on axes other than axes 1 and 2. 
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Spearman’s correlation method was chosen because it is robust against the independence of the 
distribution of each of the variables involved. 

2.4. Analysis of the Subjects (Relevés from Deciduous Forests) 

Due to the high number of taxa in all the relevés (546 taxa), they were filtered taking into 
account their adscription to one of the following phytosociological classes: Querco roboris-Fagetea 
sylvaticae Br.-Bl. and Vlieger in Vlieger 1937 [68]; Quercetea ilicis Br.-Bl. Ex A. and O. Bolós 1950 [69]; 
and Salici purpureae-Populetea nigrae Rivas-Martínez et al., 2001 [70]. These phytosociological classes 
include the characteristic vegetation of the deciduous and sclerophyllous forests of the southern 
Iberian Peninsula. The different forest strata were defined following a criterion based on their life 
form, as follows: macro- and mesophanerophytes were assigned to stratum 1 (E1); micro- and 
nanophanerophytes and vines were assigned to stratum 2 (E2); chamaephytes, geophytes, and 
hemicryptophytes to stratum 3 (E3); and therophytes to stratum 4 (E4). The different taxa were 
assigned to each phytosociological class following the published list of Rivas-Martínez [71] and the 
IVI value. The result of this adscription can be seen in Table 4 and Table A1. The climate variables 
selected had a maximum square cosine on one of the first two axes with the highest variability. A 
canonical correspondence analysis (CCA) was carried out to relate the climate variables with the 
different species. The possible correlation between the abundance of characteristic taxa of Quercetea 
ilicis and the different bioclimatic variables was determined by means of an analysis of variance 
(ANOVA) after a Shapiro-Wilk normality test to confirm that the data meets the assumptions to 
ensure the reliability of the ANOVA test. 

3. Results 

3.1. Correlation between Characteristic Taxa, Stratum, and Bioclimatic Variables 

3.1.1. Spearman’s Correlation Analysis 

There are two large groups of taxa, as can be seen in Table 3. The first group comprises taxa that 
are negatively correlated with temperature-related bioclimatic variables such as mean maximum 
(Tmax) or mean minimum temperature (Tmin). These variables show a significant negative 
correlation with the characteristic taxa of Querco roboris-Fagetea sylvaticae, which include these 
deciduous formations. On the other hand, as can be seen in Figure 2, the ratio of species that are on 
different stratum that structure this deciduous forests, depending on their correlation with the 
bioclimatic indices in a negative or positive way, changes quite a lot depending on the stratum E1, 
E2, E3, or E4 in which they are part of the forest. These species have their optimum in colder regions 
with mild summers and therefore with lower summer evapotranspiration (PEs) and annual 
evapotranspiration (PE) values [71]. This can be seen in the correlation coefficients between the 
abovementioned species and the bioclimatic variables PEs and PE in places or microclimates where 
the abundance or presence of these mesophytic species (which, for the most part, are part of E3), 
declines when the values of PEs and PE increase, either due to high temperatures [72] or to gaps in 
the vegetation [20,21]. 
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2a 

 
2b 

Figure 2. Distribution by strata (E1–E4) of the different characteristic taxa that are part of the 
deciduous forests, depending on their correlation with the different bioclimatic variables involved. 
(2a) Distribution of the species by strata positively correlated with the bioclimatic variables (the 
highest proportion of E3 taxa stands out in the variables related to moisture and soil water 
compensation). (2b) Distribution by species negatively correlated with the bioclimatic variables (it is 
worth highlighting the greater proportion of E3 taxa correlated negatively to the bioclimatic 
parameters related to temperature, aridity and evapotranspiration). 

Table 5 also shows that these taxa have a significant positive correlation with the humidity 
index (IH), the annual ombrothermic index (Io) and the summer ombrothermic indices: the 
ombrothermic index of the warmest month in the summer quarter (Ios1), the warmest two months in 
the summer quarter (Ios2), the summer quarter (Ios3), and the summer quarter plus the previous 
month (May in the northern hemisphere) (Ios4) [73].  

The annual ombro-evaporation index (Ioe) is of great importance for taxa growing in nemoral 
and more humid environments especially for species that grow in stratum E2 and E3 and therefore 
with lower water loss due to evapotranspiration [73–75]. Taxa such as Primula acaulis, Daphne laureola 
subsp. latifolia, Ilex aquifolium, Corylus avellana L. Paeonia officinalis subsp. microcarpa, Helleborus 
foetidus, Quercus faginea subsp. faginea, Hedera helix subsp. helix, Acer opalus subsp. granatense, Luzula 
forsteri subsp. forsteri, Quercus faginea subsp. alpestris, Viola sylvestris subsp. sylvestris, Ulmus glabra, 
Epipactis microphylla, Euphorbia hyberna, Carex sylvatica, and Solidago virgaurea are widely abundant or 
have preferences for biotopes with microclimatic sites with a higher Ioe. 

There is a significant positive correlation between the bioclimatic indices related to annual 
potential evapotranspiration (PE), summer potential evapotranspiration (PEs), and the aridity index 
(Iar) [73] and taxa such as Tamus communis, Teucrium scorodonia subsp. scorodonia, Quercus faginea 
subsp. faginea, Luzula forsteri subsp. forsteri, Allium massaessylum, Acer monspessulanum subsp. 
monspessulanum, Holcus mollis subsp. mollis, Epipactis helleborine subsp. Helleborine, and Arenaria 
montana subsp. montana. 
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Table 5. Spearman’s correlation coefficients between bioclimatic indices and indices for the abundance of taxa. 

Species Phytosociological Class Stratum IVI Tmax Tmin Tp PEs PE Iar Id IH Ioe Ios1 Ios2 Ios3 Ios4 Ic Io Itc 
Quercus pyrenaica Willd. Q-F E1 12.63 0.25 0.29 0.31 0.22 0.31 0.30 −0.10 −0.30 −0.30 −0.28 −0.30 −0.29 −0.34 −0.07 −0.32 0.32 

Acer opalus subsp. granatense 
(Boiss.) Font Quer and Rothm. 

Q-F E2 6.31 −0.38 −0.42 −0.45 −0.37 −0.45 −0.13 −0.09 0.13 0.13 0.27 0.24 0.19 0.20 0.11 0.19 -0.45 

Corylus avellana L. Q-F E2 5.04 −0.10 −0.12 −0.07 −0.03 −0.06 −0.28 0.28 0.28 0.28 0.34 0.34 0.36 0.35 0.03 0.27 −0.11 
Quercus faginea subsp. faginea Lam. Q-F E1 4.78 0.08 0.04 0.07 0.12 0.08 −0.18 0.33 0.18 0.18 0.22 0.30 0.24 0.22 0.07 0.16 0.03 
Brachypodium sylvaticum (Huds.) P. 

Beauv. 
S-P E3 4.44 0.14 0.09 0.16 0.13 0.17 −0.09 0.26 0.09 0.09 0.09 0.10 0.18 0.14 0.07 0.08 0.15 

Rubia peregrina subsp. peregrina L. Q-I E2 4.40 0.18 0.25 0.25 0.21 0.26 −0.04 0.24 0.04 0.04 0.03 0.04 0.11 0.05 −0.03 0.01 0.24 
Daphne laureola subsp. latifolia 

(Coss.) Rivas Mart. 
Q-F E3 4.24 −0.25 −0.33 −0.29 −0.23 −0.29 −0.42 0.19 0.42 0.42 0.38 0.41 0.37 0.40 0.22 0.43 −0.32 

Helleborus foetidus L. Q-I E3 4.18 −0.29 −0.30 −0.32 −0.26 −0.32 −0.34 0.05 0.34 0.34 0.24 0.23 0.22 0.27 0.06 0.35 −0.32 
Arbutus unedo L. Q-F E2 4.18 0.46 0.44 0.49 0.50 0.51 0.16 0.22 −0.16 −0.16 −0.17 −0.17 −0.07 −0.05 0.05 −0.21 0.46 

Daphne gnidium L. Q-I E3 3.62 0.34 0.42 0.43 0.36 0.42 0.13 0.13 −0.13 −0.13 −0.23 −0.18 −0.10 −0.13 −0.07 −0.17 0.42 
Quercus faginea subsp. alpestris 

(Boiss.) Maire 
Q-F E1 3.60 −0.13 −0.14 −0.11 −0.10 −0.11 −0.24 0.07 0.24 0.24 0.20 0.22 0.20 0.23 0.04 0.24 −0.13 

Paeonia broteri Boiss. & Reut. Q-F E3 3.52 0.23 0.01 0.13 0.27 0.17 0.18 0.21 −0.18 −0.18 0.10 0.17 0.18 0.07 0.31 −0.19 0.08 
Tamus communis L. Q-I E2 3.51 0.29 0.33 0.37 0.33 0.38 0.06 0.22 −0.06 −0.06 −0.12 −0.06 0.01 0.00 0.00 −0.11 0.34 

Hedera helix subsp. helix L. Q-F E2 3.25 −0.09 −0.11 −0.08 −0.03 −0.06 −0.28 0.24 0.28 0.28 0.29 0.31 0.31 0.31 0.06 0.27 −0.10 
Quercus suber var. suber L. Q-I E1 3.23 0.35 0.49 0.50 0.37 0.48 0.11 0.13 −0.11 −0.11 −0.23 −0.31 −0.20 −0.18 −0.18 −0.17 0.49 

Myrtus communis L. Q-I E2 3.12 0.07 0.14 0.14 0.08 0.14 0.10 0.12 −0.10 −0.10 −0.09 −0.15 −0.14 −0.14 −0.13 −0.12 0.14 
Aristolochia paucinervis Pomel S-P E3 3.01 0.07 0.08 0.09 0.11 0.11 0.16 −0.06 −0.16 −0.16 −0.12 −0.10 −0.10 −0.19 0.01 −0.18 0.08 

Quercus broteroi (Cout.) Rivas Mart. Q-I E1 2.91 0.29 0.18 0.23 0.32 0.25 0.18 0.23 −0.18 −0.18 −0.07 −0.01 0.00 −0.03 0.16 −0.19 0.20 
Acer monspessulanum subsp. 

monspessulanum L. 
Q-F E2 2.89 0.20 0.10 0.14 0.22 0.16 −0.03 0.17 0.03 0.03 0.02 0.11 0.10 0.12 0.14 0.01 0.12 

Primula acaulis (L.) L. Q-F E3 2.87 −0.18 −0.25 −0.18 −0.12 −0.17 −0.42 0.26 0.42 0.42 0.45 0.47 0.49 0.50 0.16 0.42 -0.23 
Teucrium scorodonia subsp. 

scorodonia L. 
Q-I E3 2.83 0.27 0.24 0.32 0.25 0.34 0.16 0.20 −0.16 −0.16 −0.09 −0.08 0.08 −0.02 0.06 −0.19 0.32 

Sorbus aria (L.) Crantz Q-F E2 2.80 −0.24 −0.29 −0.31 −0.27 −0.30 −0.02 −0.13 0.02 0.02 0.05 0.04 0.00 0.02 0.08 0.05 −0.28 
Ilex aquifolium L. Q-F E2 2.76 −0.11 −0.19 −0.11 −0.10 −0.10 −0.29 0.23 0.29 0.29 0.37 0.38 0.40 0.40 0.09 0.30 −0.13 

Luzula forsteri subsp. forsteri (Sm.) 
DC. in Lam. & DC. 

Q-I E3 2.72 0.12 −0.04 0.06 0.10 0.10 0.25 −0.06 −0.25 −0.25 −0.04 −0.02 0.07 −0.09 0.21 −0.25 0.05 

Erica arborea L. Q-F E2 2.71 0.34 0.21 0.30 0.29 0.32 0.06 0.21 −0.06 −0.06 −0.06 −0.03 0.08 0.07 0.10 −0.09 0.29 
Doronicum plantagineum L. Q-I E3 2.67 0.03 -0.03 -0.04 0.01 -0.03 0.18 −0.06 −0.18 −0.18 −0.20 −0.13 −0.15 −0.23 0.07 −0.17 −0.03 

Quercus coccifera subsp. coccifera L. Q-F E2 2.61 0.07 0.25 0.24 0.11 0.22 0.27 0.17 −0.27 −0.27 −0.04 −0.07 −0.13 −0.23 −0.21 −0.28 0.23 
Pistacia terebinthus L. S-P E2 2.39 0.20 0.16 0.17 0.22 0.18 0.02 0.16 −0.02 −0.02 0.00 0.08 0.05 0.02 0.06 −0.04 0.16 

Ruscus aculeatus L. Q-I E3 2.38 0.23 0.26 0.27 0.26 0.28 0.03 0.17 −0.03 −0.03 −0.06 −0.04 0.07 0.04 −0.01 −0.05 0.26 
Holcus mollis subsp. mollis L. Q-F E3 2.23 0.00 0.15 0.16 -0.04 0.16 0.16 0.05 −0.16 −0.16 0.04 −0.05 −0.05 -0.11 −0.20 −0.17 0.19 

Pistacia lentiscus L. Q-I E2 2.20 0.12 0.12 0.12 0.13 0.13 0.09 0.05 −0.09 −0.09 −0.04 0.04 −0.02 −0.09 0.01 −0.10 0.12 
Piptatherum paradoxum (L.) P. Q-I E3 2.20 -0.04 -0.06 -0.05 -0.04 -0.04 −0.17 0.14 0.17 0.17 0.15 0.20 0.17 0.17 0.05 0.17 −0.06 
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Beauv. 
Carex distachya Desf. Q-I E3 2.17 0.26 0.14 0.20 0.28 0.22 0.17 0.02 −0.17 -0.17 -0.06 -0.08 0.01 -0.08 0.19 -0.18 0.17 

Phillyrea angustifolia L. Q-F E2 2.13 0.41 0.34 0.38 0.43 0.40 0.13 0.21 −0.13 -0.13 -0.17 -0.15 0.01 -0.05 0.11 -0.17 0.36 
Olea europaea var. sylvestris (Mill.) 

Lehr 
Q-I E2 1.85 0.09 0.22 0.22 0.11 0.21 0.16 0.15 −0.16 -0.16 -0.12 -0.19 -0.18 -0.20 -0.15 -0.18 0.22 

Juniperus oxycedrus subsp. oxycedrus 
L. 

S-P E2 1.84 0.18 0.10 0.15 0.22 0.17 0.05 0.16 −0.05 -0.05 0.08 0.15 0.10 0.09 0.14 -0.06 0.12 

Paeonia officinalis subsp. microcarpa 
(Boiss. & Reut.) Nyman 

Q-I E3 1.81 −0.23 −0.33 −0.27 −0.20 −0.26 −0.23 0.07 0.23 0.23 0.34 0.36 0.35 0.35 0.21 0.26 -0.31 

Rhamnus alaternus subsp. alaternus 
L. 

Q-I E2 1.79 0.09 0.15 0.15 0.11 0.15 0.18 0.18 −0.18 -0.18 0.01 0.01 -0.05 -0.13 -0.11 -0.19 0.15 

Rosa sicula Tratt. Q-I E3 1.76 −0.19 −0.16 −0.23 −0.21 −0.23 −0.02 −0.14 0.02 0.02 −0.03 −0.07 −0.04 −0.04 −0.02 0.05 −0.20 
Bunium macuca subsp. macuca 

Boiss. 
S-P E3 1.74 −0.10 −0.04 −0.10 −0.10 −0.11 0.09 −0.13 −0.09 -0.09 -0.09 −0.13 −0.10 −0.12 -0.07 -0.07 −0.08 

Fraxinus angustifolia subsp. 
angustifolia Vahl 

Q-I E1 1.71 0.00 0.00 −0.01 0.01 0.01 −0.11 0.13 0.11 0.11 0.09 0.13 0.13 0.11 0.05 0.10 −0.01 

Smilax aspera L. S-P E2 1.69 0.12 0.23 0.22 0.13 0.21 0.02 0.12 −0.02 −0.02 −0.13 -0.14 −0.14 -0.10 −0.17 −0.05 0.22 
Melica uniflora Retz. Q-F E3 1.65 0.15 −0.14 0.02 −0.15 0.04 0.05 0.15 −0.05 −0.05 0.15 0.14 0.15 0.10 0.15 −0.03 0.12 

Viola sylvestris subsp. sylvestris 
Lam. 

Q-F E3 1.62 −0.09 −0.10 −0.08 −0.05 −0.07 −0.21 0.12 0.21 0.21 0.22 0.22 0.22 0.23 0.04 0.21 -0.09 

Vincetoxicum nigrum (L.) Moench S-P E3 1.57 0.18 0.08 0.13 0.20 0.14 0.01 0.17 −0.01 −0.01 0.01 0.06 0.09 0.08 0.16 −0.03 0.10 
Euphorbia characias L. Q-F E3 1.56 −0.10 −0.09 −0.16 −0.14 -0.17 0.04 −0.19 -0.04 -0.04 −0.17 -0.21 -0.19 -0.18 −0.03 −0.02 −0.13 
Sanicula europaea L. Q-F E3 1.55 0.05 −0.16 −0.03 −0.09 −0.02 −0.01 0.14 0.01 0.01 0.18 0.20 0.19 0.14 0.17 0.02 0.00 

Lathyrus linifolius (Reichard) 
Bässler 

S-P E3 1.44 0.01 −0.11 −0.06 0.01 -0.02 0.10 0.00 −0.10 −0.10 0.14 0.12 0.14 -0.01 0.12 −0.10 -0.06 

Asparagus acutifolius L. Q-I E3 1.42 0.18 0.20 0.20 0.18 0.20 0.03 0.10 −0.03 −0.03 −0.14 −0.09 −0.04 −0.06 0.00 −0.05 0.20 
Asplenium onopteris L. Q-I E3 1.41 0.22 0.22 0.24 0.24 0.25 −0.02 0.04 0.02 0.02 −0.15 −0.11 0.06 0.06 0.05 −0.01 0.23 

Conopodium pyrenaeum (Loisel.) 
Miégev. 

Q-I E3 1.40 −0.06 −0.18 −0.13 -0.03 −0.11 −0.01 −0.06 0.01 0.01 0.14 0.13 0.12 0.05 0.22 0.04 -0.16 

Taxus baccata L. Q-F E1 1.39 −0.05 −0.16 −0.09 −0.10 −0.09 −0.08 0.02 0.08 0.08 0.16 0.19 0.17 0.13 0.10 0.11 −0.08 
Sanguisorba hybrida (L.) Font Quer Q-F E3 1.38 0.06 0.17 0.18 0.08 0.17 0.03 0.12 -0.03 -0.03 −0.13 -0.15 −0.09 -0.09 -0.11 -0.05 0.18 

Paeonia coriacea Boiss. Q-F E3 1.35 −0.07 −0.04 −0.10 −0.10 −0.11 0.08 −0.17 -0.08 -0.08 −0.21 -0.20 −0.25 −0.22 −0.04 −0.06 −0.08 
Lonicera implexa Aiton Q-I E2 1.32 0.15 0.17 0.16 0.16 0.16 0.12 0.10 -0.12 -0.12 −0.10 -0.04 -0.08 −0.13 −0.07 -0.14 0.16 
Hepatica nobilis Schreb. Q-I E3 1.29 0.04 −0.14 −0.02 −0.13 −0.01 −0.03 0.16 0.03 0.03 0.18 0.18 0.19 0.15 0.06 0.04 0.03 

Genista tournefortii Spach Q-I E3 1.28 0.25 0.17 0.20 0.24 0.22 0.08 0.12 −0.08 -0.08 −0.13 -0.10 0.02 -0.04 0.12 −0.10 0.19 
Asparagus aphyllus subsp. aphyllus 

L. 
Q-F E3 1.27 0.04 0.16 0.16 0.06 0.16 0.14 0.10 -0.14 -0.14 −0.10 -0.17 −0.16 -0.16 -0.16 −0.15 0.16 

Potentilla sterilis (L.) Garcke Q-F E3 1.24 0.08 0.13 0.11 0.05 0.09 −0.13 -0.09 0.13 0.13 −0.06 -0.12 −0.11 0.01 −0.10 0.12 0.12 
Pyrus bourgaeana Decne. Q-F E2 1.21 0.13 0.16 0.16 0.14 0.16 0.10 0.09 -0.10 -0.10 −0.09 -0.08 −0.05 -0.11 −0.05 −0.11 0.16 

Genista falcata Brot. Q-F E3 1.18 −0.06 −0.11 −0.07 −0.02 −0.05 0.12 −0.08 -0.12 -0.12 0.10 0.12 0.14 0.03 0.07 −0.12 -0.10 
Dryopteris affinis subsp. affinis 

(Lowe) Fraser-Jenk. 
Q-F E3 1.06 0.03 −0.13 −0.06 −0.13 −0.05 −0.03 0.11 0.03 0.03 0.12 0.14 0.15 0.11 0.04 0.04 0.00 

Ulmus glabra Huds. Q-F E1 1.03 −0.04 −0.08 −0.06 −0.03 −0.05 -0.10 0.07 0.10 0.10 0.13 0.16 0.14 0.13 0.08 0.10 −0.07 
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Euphorbia hyberna L. Q-F E3 1.03 -0.09 -0.05 -0.07 -0.08 -0.06 -0.14 0.01 0.14 0.14 0.04 0.05 0.11 0.14 −0.10 0.14 −0.06 
Veronica officinalis L. Q-F E3 1.02 0.02 -0.16 -0.05 -0.14 -0.04 -0.08 0.16 0.08 0.08 0.21 0.20 0.21 0.18 0.10 0.09 0.00 

Bupleurum rigidum subsp. 
paniculatum (Brot.) H. Wolff. 

Q-F E3 1.01 0.13 0.11 0.11 0.11 0.11 0.02 0.14 −0.02 −0.02 −0.09 -0.03 -0.03 −0.05 0.00 -0.03 0.11 

Senecio lopezii Boiss. S-P E3 0.98 0.10 0.15 0.13 0.07 0.11 −0.12 −0.11 0.12 0.12 −0.06 -0.13 -0.13 −0.03 −0.12 0.10 0.14 
Carex pendula Huds. Q-I E3 0.98 −0.05 −0.06 −0.05 −0.05 −0.05 −0.11 0.11 0.11 0.11 0.10 0.11 0.12 0.12 0.02 0.11 −0.06 

Moehringia pentandra J. Gay S-P E4 0.97 0.16 0.08 0.12 0.19 0.14 0.16 0.12 -0.16 -0.16 −0.04 0.01 0.01 −0.04 0.12 −0.16 0.10 
Ajuga x_rotundifolia Willk. & 

Cutanda ex Willk. 
S-P E3 0.92 0.12 -0.12 0.06 -0.12 0.10 0.09 0.12 -0.09 -0.09 0.12 0.12 0.12 0.07 0.12 −0.07 0.12 

Phillyrea latifolia subsp. latifolia L. Q-F E2 0.91 0.15 0.10 0.12 0.16 0.13 0.02 0.11 −0.02 −0.02 −0.04 0.03 0.03 0.03 0.06 −0.04 0.11 
Juniperus phoenicea subsp. phoenicea 

L. 
Q-I E2 0.86 0.05 0.13 0.11 0.06 0.10 0.14 0.06 −0.14 −0.14 0.07 0.07 −0.02 −0.10 −0.11 −0.14 0.11 

Clematis campaniflora Brot. Q-I E2 0.83 0.12 0.11 0.11 0.10 0.11 0.01 0.10 −0.01 −0.01 −0.11 −0.03 −0.04 −0.05 −0.03 −0.02 0.11 
Carex sylvatica Huds. Q-F E3 0.82 −0.06 −0.09 −0.08 −0.06 −0.08 −0.11 0.11 0.11 0.11 0.12 0.13 0.14 0.14 0.06 0.12 −0.09 

Epipactis microphylla (Ehrh.) Sw. Q-F E3 0.71 −0.05 −0.09 −0.07 −0.04 −0.06 −0.11 0.10 0.11 0.11 0.13 0.15 0.14 0.14 0.08 0.11 −0.08 
Anemone palmata L. Q-I E3 0.69 0.13 0.09 0.10 0.14 0.11 0.10 0.12 −0.10 −0.10 −0.04 −0.02 −0.03 −0.06 0.06 −0.12 0.10 
Viola suavis M. Bieb. Q-F E3 0.69 −0.06 −0.12 −0.09 −0.05 −0.09 −0.09 0.02 0.09 0.09 0.13 0.15 0.13 0.12 0.13 0.10 −0.11 

Iris foetidissima L. S-P E3 0.66 −0.08 −0.12 −0.10 −0.08 −0.10 −0.12 0.10 0.12 0.12 0.12 0.12 0.13 0.14 0.07 0.13 −0.11 

Significant values to 95% are shown in grey. Taxa that do not show any significant correlation were eliminated. The taxa are listed in order of importance (IVI). The 
phytosociological adscription of the taxa is also shown: Q-F (Querco roboris-Fagetea sylvaticae), Q-I (Quercetea ilicis), S-P (Salici purpureae-Populetea nigrae). 
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3.1.2. Canonical Correlation Analysis (CCA) 

The bioclimatic variables and the taxa with the highest abundance levels in the 421 relevés 
studied were analysed by canonical correspondence analysis. Here, 79.33% of the variability 
between the bioclimatic data and the abundance of Querco roboris-Fagetea sylvaticae and Quercetea 
ilicis species is explained on the first two axes (Figure 3). The horizontal axis represents 44.97% of the 
variability and can be understood as a temperature gradient. The bioclimatic variables are PEs, Iar, 
Pe, Tmax, Tmin, Tmed and Itc, shown in the lower left quadrant. The species with the highest 
correlation with these bioclimatic variables are Smilax aspera, Quercus coccifera subsp. coccifera, and 
Juniperus phoenicea subsp. phoenicea, which have a preference for warm bioclimates. These taxa do not 
grow in humid biotopes or with high values of Io or Ioe, except on sites with a steeply sloping 
topography or soil conditions that do not allow the use of rainwater (edaphoxerophilous) [1,4,20,76]. 
Tamus communis, Arbutus unedo, Daphne gnidium, Paeonia broteri, and Erica arborea are correlated to a 
lesser extent with these variables and show no correlations with Itc, Tmax, or Tmin gradients. These 
taxa have a broad distribution, and bioclimatic variables do not significantly influence their 
occurrence or abundance [77]. There is also a smaller group which includes species with high values 
of PE or Iar (Figure 2), such as Quercus rotundifolia, Quercus broteroi, Quercus coccifera subsp. Coccifera, 
and Phillyrea angustifolia. 

 
Figure 3. Canonical correlation analysis (CCA) between the bioclimatic variables and the taxa in the 
relevés studied. 
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It is worth mentioning the taxa that correlate very positively with precipitation (P), Ioe, and Io 
in the lower right quadrant and away from biotopes with a high continentality index (Ic). It can 
therefore be said that taxa such as Abies pinsapo, Teucrium scorodonia subsp. baeticum, Quercus suber 
var. suber, and Quercus canariensis are typical of humid and oceanic habitats where Ic values are low. 
Doronicum plantagineum and Luzula forsteri subsp. baetica also correlate with high Itc values.  

The vertical axis explains 34.36% of the variability (Figure 3). It can be seen in the upper left 
quadrant that Ios4 and Ic more positively correlate with the vertical axis, and negatively with the 
horizontal axis. The taxa positively correlated with Ios4 and Ic are Quercus pyrenaica, Acer opalus 
subsp. granatense, Quercus faginea subsp. alpestris, Hedera helix subsp. helix, Ilex aquifolium, Primula 
acaulis, Corylus avellana, Sorbus torminalis, Poa nemoralis and Brachypodium sylvaticum. In contrast, 
Hyacinthoides hispanica, Arenaria montana subsp. montana, Quercus faginea subsp. faginea, and Acer 
monspessulanum subsp. monspessulanum show lower correlations. It is also worth noting the 
correlations between Io, Ioe and P and the occurrence and abundance of other characteristic taxa of 
Querco roboris-Fagetea sylvaticae such as Helleborus foetidus, Daphne laureola subsp. latifolia, Sorbus aria, 
Taxus baccata, and Luzula forsteri subsp. baetica 

The location of all the above-mentioned taxa (far from the high values of variables related to 
thermicity, xericity, and evapotranspiration such as PE, PEs, Iar, Tmax, Tmin, and Itc) supports the 
adscription of these species to the classes Querco robori-Fagetea sylvaticae or Salici purpureae-Populetea 
nigrae in the phytosociological plant community classification model [70,71]. However, 
thermophilous and xerophilous species and species that tolerate or have a preference for biotopes 
with high levels of PE or PEs are typical of Quercetea ilicis. 

3.2. ANOVA Analysis of Introgression of Quercetea ilicis Species in Deciduous Forests 

Table 6 shows an analysis of the correlation between the bioclimatic variables and the frequency 
of occurrence of typical species of dry environments with the introgression of taxa that are 
characteristic of the dry or warm environments typical of the Mediterranean macrobioclimate. This 
correlation is statistically significant with Tmin, Tp, PEs, PE, Iar, Ioe, Ios1, Ios2, Ios3, Ios4, and Io; that 
is, with the bioclimatic indices related to temperature, soil moisture loss, and water availability. 

Table 6. Analysis of variance between the bioclimatic variables and the frequency of occurrence of 
Querceta ilicis taxa. Statistically significant values at 95% confidence level are shown in bold. 

Climate 
Variable R² F Pr > F 

(p-Value) 
Climate 
Variable R² F Pr > F 

(p-Value) 
Tmax 0.0018 0.1569 0.6930 Ioe 0.1983 21.2673 <0.0001 
Tmin 0.5960 126.8766 <0.0001 Ios1 0.2591 30.0685 <0.0001 

Tp 0.5550 107.2388 <0.0001 Ios2 0.3395 44.1971 <0.0001 
PEs 0.4093 59.5860 <0.0001 Ios3 0.4922 83.3669 <0.0001 
PE 0.5089 89.1102 <0.0001 Ios4 0.4068 58.9869 <0.0001 
Iar 0.1842 19.4198 <0.0001 Ic 0.0668 6.1594 0.0150 
Id 0.0052 0.4524 0.5030 Io 0.2589 30.0473 <0.0001 
IH 0.1983 21.2673 <0.0001 Itc 0.0329 2.9248 0.0908 

The regression model (Table 6) reveals a significant positive correlation (R2 = 0.596, p-value < 
0.0001) between the frequency of Quercetea ilicis species and increases in Tmin. A similar pattern has 
been noted with positive temperature (Tp) with values of R2 = 0.555 and a p-value < 0.0001. These 
results imply that the occurrence of taxa typical of the Mediterranean macrobioclimate is also higher 
when Tp is higher. PEs (R2 = 0.4093, p-value < 0.0001) and PE (R2 = 0.5089, p-value < 0.0001) also show 
significant positive correlations. This result highlights the association between the frequency of 
occurrence of species growing in xeric environments and the high levels of annual and summer 
evapotranspiration typical of the Mediterranean sclerophyllous formations of Quercetea ilicis. The 
aridity index (Iar) also has a significant positive correlation with the occurrence of Quercetea ilicis 
species (R2 = 0.1842, p-value < 0.0001). 
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Conversely, Ioe is negatively correlated (R2 = 0.1983, p-value < 0.0001) with the occurrence of 
xerophytic species, signifying a higher number of species of Querco roboris-Fagetea sylvaticae, and that 
Quercetea ilicis taxa do not therefore appear in purely deciduous forests. Ios1 (R2 = 0.2591, p-value < 
0.0001); Ios2 (R2 = 0.395, p-value < 0.0001); Ios3 (R2 = 0.4922, p-value < 0.0001); Ios4 (R2 = 0.4068, 
p-value < 0.0001); IH (R2 = 0.1983, p-value < 0.0001); and Io (R2 = 0.2589, p-value < 0.0001) show a 
similar behaviour with regard to the occurrence of typical species of Quercetea ilicis. This suggests 
that in sampling points with higher values of these bioclimatic variables, the occurrence of species 
typical of drier environments in relation to species characteristic of deciduous forests is less frequent 
than in sampling points with lower values of these bioclimatic variables. 

3.3. Frequency of Occurrence and Average Cover in the Floristic Composition of Each Plant Community 

The analysis of the plant community known as Adenocarpo decorticantis-Quercetum pyrenaicae, 
(AdQp) corresponding to subhumid-humid meso-supramediterranean formations, whose 
distribution area is limited to the Nevadensean and Almijarensean sector in the Baetic province 
(Figure 4a), reveal a majority composition of taxa characteristic of the deciduous forest (Table A1). 

 
Figure 4. Distribution of deciduous forests in the southern-central part of the Iberian Peninsula: (a) 
distribution of formations dominated by Quercus pyrenaica; (b) distribution of formations dominated 
by Acer opalus subsp. granatense; (c) distribution of formations dominated by Corylus avellana. 

It can also be seen in Table A1 that the community includes taxa typical of the Mediterranean 
forest in its floristic composition. It is worth highlighting the presence in the deciduous forest of tree 
species such as Quercus rotundifolia and Pistacia terebinthus which appear in 23% and 1.6% of the 
samplings, albeit with low cover and de stratum 2 on this formation. 

The analysis of the vegetation in the Pyrenean oak forests known as Arbuto unedonis-Quercetum 
pyrenaicae, and corresponding to the subhumid-humid thermo-mesomediterranean forests of the 
Luso-Extremaduran province (Figure 4a), reveals a floristic composition typical of deciduous forests 
(Table A1). The introgression of taxa characteristic of the Mediterranean forest can be seen in Table 
A1. There is a significant presence of tree and shrub species with high presence indices such as 
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Quercus suber (35.7%), Quercus rotundifolia (33.6%), Quercus broteroi (20.3%), and Arbutus unedo 
(50.3%), although Quercus broteroi and Quercus suber belong to forests in transition to strictly 
deciduous forests and are in stratum 1. 

The analysis of the Luso-Extremaduran subhumid-humid supramediterranean Pyrenean oak 
forests, Sorbo torminalis-Quercetum pyrenaicae (Figure 4a), reveals the highest proportion of typical 
deciduous forest species in their composition, with a proportion of 52.17%. The frequencies and 
average covers are shown in Table 4, which shows that the only tree species with significant 
frequency and cover is Quercus broteroi, with a frequency of occurrence of 14% and a low average 
cover of 6.3%. 

The particularity of the Baetic Pyrenean oak forests on siliceous sandstones in the Utrillas facies 
in the Subbetic sector, the meso-supramediterranean Berberido australis-Quercetum pyrenaicae (Figure 
4a) in a lower humid–upper humid ombroclimate, can be seen from its floristic composition, as 
shown in Table A1. The characteristic tree species of the Mediterranean forest, occurring with a high 
frequency although with sparse average cover, is Quercus rotundifolia, with a frequency of 33.3% and 
an average cover of 8.3%, and Pinus pinaster subsp. pinaster, with a frequency of 22.2% and an 
average cover of 3.8%. 

The southernmost formations of Quercus pyrenaica, known as Luzulo baetici-Quercetum 
pyrenaicae, are characterised by their distribution in a humid-hyperhumid ombroclimate in the 
thermo-mesomediterranean belt (Figure 4a). These formations have a scarce representation and a 
limited distribution area, as demonstrated by the 10 samplings available. Their floristic composition 
is shown in Table A1. These Pyrenean oak forests reveal a very significant incorporation of typical 
species of more xeric Mediterranean forests, as demonstrated by the low proportion of characteristic 
deciduous forest species (30.7%). 

Figure 4b shows an analysis of the floristic composition of the meso-supramediterranean maple 
woodlands growing on base-rich soils in the Betic province, Daphno latifoliae-Aceretum granatensis 
[32]. It includes a high diversity of phanerophytes, such as Acer opalus subsp. granatense, Quercus 
pyrenaica, Quercus faginea subsp. alpestris, Quercus faginea subsp. faginea, Ilex aquifolium, Corylus 
avellana, Sorbus torminalis, Sorbus aria, Acer monspessulanum subsp. monspessulanum, Buxus 
sempervirens, Taxus baccata, and Ulmus glabra. Hedera helix subsp. Helix and Tamus communis are in 
stratum 2 exclusively.  

There are also lower-growing taxa in stratum 3 and 4 such as Helleborus foetidus, Daphne laureola 
subsp. latifolia, Primula acaulis, Polygonatum odoratum, Paeonia officinalis L. subsp. microcarpa, 
Cephalanthera longifolia, Viola sylvestris subsp. sylvestris, Primula veris, Conopodium pyrenaeum, Vinca 
minor L., and Epipactis microphylla. All these taxa are characteristic of Querco roboris-Fagetea sylvaticae.  

The introgression of species typical of more xeric environments (Quercetea ilicis) is significant 
due to the presence of Quercus rotundifolia Lam., which has a frequency of occurrence of 36.6% and 
an average cover of 6.9%, and Pinus pinaster subsp. pinaster, with a frequency of 6.3% and average 
cover of 37.5%. Juniperus oxycedrus subsp. oxycedrus also has a high occurrence (16.1%) and cover of 
3.5%. Quercus coccifera subsp. coccifera and Juniperus phoenicea subsp. phoenicea (occurrence of 5.4% 
and 6.3%, respectively, and average covers of 11.3% and 2.9%) complete the list of phanerophytes, 
which in other more xeric conditions establish plant communities with species typical of Querceta 
ilicis [1,20,76,78,79], accounting for 40.98% of maple woodland species (Table 7).  

The occurrence of both native and naturalised gymnosperms is particularly significant, and is 
largely due to anthropic action in the form of fires or tree felling. These actions can cause erosion and 
soil loss, thus creating microbiotopes that favour the expansion of gymnosperms in times of 
abundant rains, which are typical of these locations [20,76,80]. 

Hazelnuts are deciduous meso-supramediterranean formations located in ravines and shady 
and nemoral exposures, always in conditions of soil compensation within the Subbetic sector [21] 
(Figure 4c). These are the most humid formations, and are even sub-riparian in some sites. Their 
floristic composition (Table A1) includes particularly a high presence of Querco roboris-Fagetea 
sylvaticae taxa (60.42%) (Table 7). In addition to 16.67% of taxa characteristic of Salici 



Sustainability 2019, 11, 6500 19 of 30 

purpureae-Populetea nigrae, the proportion of species typical of drier environments is the lowest in all 
the plant communities studied, with 22.92% (Table 7).  

Among the species of Quercetea ilicis, it is especially worth noting the presence of Pistacia 
terebinthus, which occurs in 11.8% of the relevés and has an average cover of 3.8%; Viburnum tinus., 
with a presence of 11.8% and an average cover of 4.4%; and Phillyrea latifolia subsp. latifolia 
(occurrence 8.8% and cover 3.3%). All these species are part of the stratum 2. It is significant that 
although these species are characteristic of Quercetea ilicis, as they have a preference for sites with 
certain soil moisture [20,77,81]. 

Table 7. Frequency of occurrence of taxa by phytosociological class for each plant community 
studied. 

Phytosociological Class AdQp AuQp BhQp LbQp StQp DlAg GuCa 
Querco roboris-Fagetea sylvaticae 54.84 49.41 69.23 27.78 60.92 40.98 60.42 

Quercetea ilicis 32.26 40 23.08 66.67 26.44 40.98 22.92 
Salici purpureae-Populetea nigrae 12.9 10.59 7.692 5.556 12.64 18.03 16.67 

4. Discussion 

In view of these results, it is clear that the deciduous formations in the southern-central part of 
the Iberian Peninsula are nemoral redoubts where various taxa took refuge in times of glaciations, 
retreating from the cold weather [82–84]. These species are typical of the temperate macrobioclimate 
and Eurosiberian biogeography [31,85] and are currently found in more humid areas beside streams, 
in enclosed valleys, or on shady slopes in mountain formations with a higher rainfall regime 
[21,28,30]. These formations are therefore surrounded and are quickly replaced by other 
sclerophyllous formations when the particular microclimatic, topographic and soil conditions 
disappear [1,4,20,76]. 

The typical forest dynamic leads to regular gaps in the tree or shrub canopy, resulting in a 
temporary and local increase in water and moisture loss. These openings are quickly colonised by 
shrubs and lianoid species characteristic of drier environments in the deciduous forests located 
further south [86,87], which are found in greater or lesser numbers at the limits of these deciduous 
reducts within the Mediterranean macrobioclimate [21,24,30]. The mesophytic conditions remain 
unaffected in the absence of further pressure and or any sudden changes in bioclimatic conditions, 
and species such as Arbutus unedo, Phillyrea latifolia subsp. latifolia, Viburnum tinus, and Rhamnus 
alaternus subsp. alaternus in the stratum 2 behave as nurse species to the typical taxa in the dynamic 
stages of the deciduous forest that grow or are typical in stratum 3, comprising a mixture of shrubs 
or microphanerophytes and thorny shrubs (Rhamno catharticae-Prunetea spinosae) [21,30,88,89]. 

This ability to regenerate the climactic forest mostly depends on the climatic and bioclimatic 
conditions represented in the different bioclimatic variables analysed in the present study. High 
values of variables such as PEs, PE, Iar, and Tmin are correlated with a lower occurrence of taxa 
typical of Querco roboris-Fagetea sylvaticae and a lower capacity of these species to germinate, become 
established, and attain maturity [9,18,22,23]. There are also important differences in the floristic 
composition of the different plant communities studied, and a latitudinal gradient can be seen in the 
frequency of typical deciduous forest species.  

It can be observed that the Quercus pyrenaica forests located further north in the study area 
considered in this paper, designated Sorbo torminalis-Quercetum pyrenaicae, have the highest 
proportion of species typical of cold moist places (Table 5) with respect to the number of 
characteristic taxa of Quercetea ilicis, in a ratio of about 4:1. Conversely, the Quercus pyrenaica forests 
of Luzulo baeticae-Quercetum pyrenaicae are located more to the south, at the limit of the distribution 
area [90,91] and with a proportion of characteristic species of 1:3 in favour of the typical taxa of 
Quercetea ilicis. This implies additional pressure and hence a greater likelihood of these forests 
disappearing in the future. These distinctions between the forests located further south and those 
situated further north point to the need for different conservation efforts. 



Sustainability 2019, 11, 6500 20 of 30 

Several researchers [4,92–94] have warned of future changes in climate and thus 
bioclimatology, with a generalised increase in temperature and particularly the polarisation of the 
rainy season to a single season or to a shorter period of the year. Although it is true that a certain 
increase in rainfall can be expected in summer periods in the southern Iberian Peninsula, this type of 
rainfall is convective and associated to torrential rains with heavy rainfall in a very short time [95], 
so it cannot be used as efficiently by the vegetation due to the decoupling of the cycles of growth and 
water availability in the Mediterranean climate [96,97]. This could imply consequences for species 
that are highly dependent for their development on high values of Ioe, Ios1, Ios2, Ios3, Ios4, Io, or IH 
variables. These taxa will gradually be replaced by species that are more tolerant to low values of 
these bioclimatic indices. 

According to the Fifth Assessment Report (AR5) [98], the climate system is unequivocally 
warming, and many of the changes seen since the 1950s are unprecedented in either decades or 
millennia. The report also highlights the advance of desertification, rising temperatures and 
decreasing rainfall, to which the areas located in North Africa and the southern 
Mediterranean—including the southern-central part of the Iberian Peninsula—are especially 
vulnerable. Another factor to take into account is the past, present, and future anthropic pressure 
affecting these relict forests, from either past logging that allowed the establishment of more 
xerophytic species; sustainable forest exploitation and thus the elimination of replacement thickets; 
fires, especially in monospecific pine formations for crops or reforestation [76,99]; and even water 
use, which reduces the groundwater level, creating added pressure and a greater opportunity for 
colonisation by more xerophilous species. 

The great heterogeneity of these deciduous forests must be considered when establishing and 
managing different conservation strategies in future. All these formations are listed in the Habitats 
Directive [100]. Quercus pyrenaica forests are described as 9320: Galician-Portuguese oak woods with 
Quercus robur and Quercus pyrenaica. Maple and hazelnut formations are classified as 9240 Quercus 
faginea and Quercus canariensis Iberian woods. This excessive synthesis in the description, 
interpretation, and the establishment of conservation strategies in the Habitats Directive can lead to 
deficiencies in the conservation of flora and habitats [101], as the singularities of each formation are 
not studied in detail. In addition, these plant communities form small microtopes in the southern 
Iberian Peninsula. 

As has been pointed out in the results section, the introgression of typical Mediterranean forest 
species can displace the characteristic taxa of the deciduous forests if the conditions required for 
their establishment are maintained or increased. The floristic composition of the deciduous 
formations in the southern-central part of the Iberian Peninsula are highly vulnerable due to the 
predicted increase in the values of PE, Pes, Iar, and Tmin and the decrease in IH, Ioe and the 
ombrothermic indices (Io, Ios) [4,102]. This primarily benefits the replacement of more stenoic 
nemoral species and secondly the replacement of the tree species typical of Querco Fagetea by those of 
Quercetea ilicis. 

The effect of PE on vegetation and the change in the floristic composition of forests can be 
observed in [103–105], which studies how closed forests generate high evapotranspiration levels 
which maintain the nemoral conditions and favour the establishment of Querco roboris-Fagetea 
sylvaticae taxa. This phenomenon, whereby a closed forest paradoxically has higher PE values than a 
grass forest [103], ensures the appropriate microclimatic conditions for the establishment of these 
taxa. Reference [105] determines a period of 19 years for the establishment of shrub vegetation, 
during which PE decreases until the bushes grow, the leaf area and root systems increase, and PE 
levels start to recover. It is therefore possible to differentiate the PE due to the tree canopy, whose 
moisture is retained by the leaf area, and the PE caused in environments devoid of vegetation, where 
water is not captured and used by deciduous vegetation. 

Some studies take a more general approach to the question of how plant dynamics may change 
in response to global warming, rather than by projecting trends and plant typologies (e.g., mountain 
vegetation [104], closed forests [103], phreatophyte vegetation [105]). However, they fail to clarify 
how each of the structural components in the different plant formations interact, and thus their 
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explanatory dynamics. For example, taxa linked to high values of Io, Ioe, and Ios1–4—and hence to 
high water availability—disappear when PE values are high, but they can nevertheless be found in 
closed forests where the PE is higher. 

The main limitations of the present work can be addressed through further research to study 
the dynamic stages of deciduous vegetation and correlate them with patterns in the bioclimatic 
indices projected for the southern-central part of the Iberian Peninsula. Models must be created to 
investigate the relation between the vegetation structure and the bioclimatic parameters of both 
deciduous and marscecent forests, their relation as forests surrounding fully deciduous forests, and 
ultimately their relation with evergreen forests which are much better adapted to the Mediterranean 
climate. 

5. Conclusions 

One consequence of rising temperatures due to global warming is the increase in 
evapotranspiration, and summer evapotranspiration in deciduous forests in the southern Iberian 
Peninsula. This is a factor that can endanger the continuity of these species. The deciduous forest 
located further south could be the most vulnerable. 

In cooler environments, Sorbo torminalis-Quercetum pyrenaicae, Berberido hispanicae-Quercetum 
pyrenaicae, and Adenocarpo decorticantis-Quercetum pyrenaicae have greater resilience. The water 
compensation of the temporihygrophilous forests of Daphno latifoliae-Aceretum granatensis and Geo 
urbani-Coryletum avellanae attenuates evapotranspiration and favours a more continuous moisture 
supply. Deforestation and fires cause increased evapotranspiration and lead to the establishment of 
flora of Quercetea ilicis. The opening of gaps in the canopy provokes the loss of nemoral conditions 
and limits the development of the taxa that are most vulnerable to increased evapotranspiration, 
which may disappear. 

Future research will go toward generating structural and dynamic vegetation models using a 
range of bioclimatic variables and inter- and intraspecific interaction—both in regard to the different 
taxa in a plant community and the dynamics of relationship facilitation and competition interactions 
[106]—among forest plant communities in order to project predictive models of global warming 
scenarios. These can be then used to reveal the most vulnerable taxa to enable their conservation, 
predict which taxa will replace and occupy their ecological niche, and provide insights into forest 
structures in the future. 
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Appendix A 

Table A1. Floristic composition, frequency of occurrence and average cover of taxa in each deciduous forest plant community studied. 

Taxon IVI Phytosociological 
Class 

Stratum 
Relative Frequency (%) Average Coverage (%) 

AdQp AuQp BhQp LbQp StQp DlAg GuCa AdQp AuQp BhQp LbQp StQp DlAg GuCa 
Quercus pyrenaica 

Willd. 
12.59 Q-F E1 100.00 97.20 100.00 100.00 100.00 1.79 - 53.38 53.20 45.83 65.00 72.91 18.50 - 

Acer opalus subsp. 
granatense (Boiss.) 

Font Quer and 
Rothm. 

6.29 Q-F E2 26.23 0.70 38.89 - - 83.04 29.41 22.38 45.00 10.29 - - 35.27 14.10 

Corylus avellana L. 5.00 Q-F E2 - - - - 4.65 5.36 100.00 - - - - 6.00 19.67 46.65 
Quercus faginea 
subsp. faginea 

Lam. 
4.85 Q-F E1 3.28 13.29 5.56 - 4.65 48.21 47.06 12.00 21.00 25.00 - 6.00 28.19 16.25 

Brachypodium 
sylvaticum (Huds.) 

P. Beauv. 
4.37 S-P E3 4.92 27.27 16.67 - 27.91 32.14 44.12 8.00 12.87 20.67 - 10.08 19.00 23.87 

Rubia peregrina 
subsp. peregrina L. 

4.32 Q-I E2 13.11 37.06 61.11 - 9.30 30.36 41.18 11.38 10.21 16.91 - 6.00 12.21 10.79 

Daphne laureola 
subsp. latifolia 
(Coss.) Rivas 

Mart. 

4.30 Q-F E2 14.75 - 44.44 - - 53.57 41.18 37.67 - 14.63 - - 17.57 16.71 

Arbutus unedo L. 4.26 Q-I E2 - 50.35 - 90.00 16.28 2.68 - - 20.39 - 9.33 13.14 8.00 - 
Helleborus foetidus 

L. 
4.10 Q-F E3 36.07 0.70 44.44 - - 50.89 79.41 8.73 25.00 12.13 - - 13.46 10.22 

Daphne gnidium L. 3.64 Q-I E2 11.48 46.15 5.56 40.00 23.26 7.14 14.71 9.43 10.62 12.00 7.50 7.80 8.25 7.20 
Quercus faginea 
subsp. alpestris 
(Boiss.) Maire 

3.55 Q-F E1 - 0.70 83.33 - - 5.36 2.94 - 45.00 26.00 - - 43.00 25.00 

Tamus communis L. 3.47 Q-F E2 - 37.76 - - 32.56 15.18 23.53 - 11.04 - - 10.36 11.00 9.00 
Paeonia broteri 
Boiss. & Reut. 

3.45 Q-I E3 - 32.87 11.11 - 53.49 16.96 - - 11.99 9.00 - 13.87 7.42 - 

Hedera helix subsp. 
helix L. 3.36 Q-F E2 8.20 2.10 50.00 - 6.98 29.46 67.65 6.00 16.33 12.89 - 8.00 11.42 16.35 

Quercus suber var. 
suber L. 

3.34 Q-I E1 - 35.66 - 60.00 - - - - 18.95 - 10.00 - - - 

Myrtus communis 
L. 

3.04 Q-I E2 - 2.10 - - - - - - 31.67 - - - - - 

Aristolochia 
paucinervis Pomel 

2.97 S-P E3 26.23 20.28 11.11 - 41.86 8.04 - 9.75 9.52 6.00 - 14.28 11.44 - 

Quercus broteroi 
(Cout.) Rivas 

Mart. 
2.88 Q-I E1 - 20.28 - - 13.95 - - - 22.02 - - 13.17 - - 

Acer 2.88 Q-F E2 - 15.38 - - 20.93 20.54 - - 14.10 - - 15.11 15.78 - 
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monspessulanum 
subsp. 

monspessulanum L. 
Primula acaulis (L.) 

L. 
2.80 Q-F E3 - 0.70 44.44 - 6.98 25.89 73.53 - 6.00 13.63 - 6.00 10.38 13.48 

Erica arborea L. 2.79 Q-I E2 - 27.27 - 30.00 27.91 - - - 14.67 - 10.00 9.00 - - 
Teucrium 

scorodonia subsp. 
scorodonia L. 

2.79 Q-F E3 - 33.57 - - 44.19 - - - 11.04 - - 10.58 - - 

Ilex aquifolium L. 2.76 Q-F E2 - 0.70 55.56 10.00 11.63 12.50 52.94 - 12.00 14.10 12.00 9.60 9.50 22.28 
Doronicum 

plantagineum L. 
2.74 Q-I E3 54.10 12.59 - - 44.19 - - 6.73 8.72 - - 10.53 - - 

Sorbus aria (L.) 
Crantz 

2.70 Q-F E1 24.59 - 22.22 - 13.95 30.36 8.82 16.13 - 13.75 - 10.00 10.53 8.00 

Quercus coccifera 
subsp. coccifera L. 

2.67 Q-I E2 - 4.20 - - - 5.36 - - 28.33 - - - 19.67 - 

Luzula forsteri 
subsp. forsteri 

(Sm.) DC. in Lam. 
& DC. 

2.67 Q-F E3 21.31 13.29 - - 72.09 - - 8.85 9.84 - - 12.16 - - 

Pistacia terebinthus 
L. 2.41 Q-I E2 1.64 6.29 - - 6.98 17.86 11.76 12.00 11.57 - - 14.33 17.60 9.00 

Ruscus aculeatus L. 2.30 Q-I E3 - 25.17 - - 11.63 5.36 2.94 - 11.48 - - 6.00 15.33 12.00 
Holcus mollis 

subsp. mollis L. 
2.20 Q-F E3 3.28 11.19 - 20.00 16.28 - - 6.00 16.50 - 6.00 19.71 - - 

Carex distachya 
Desf. 2.16 Q-I E3 3.28 13.99 - 50.00 39.53 - - 6.00 9.35 - 10.80 12.53 - - 

Piptatherum 
paradoxum (L.) P. 

Beauv. 
2.13 Q-I E3 - - 5.56 - - 14.29 17.65 - - 6.00 - - 19.31 11.00 

Pistacia lentiscus L. 2.11 Q-I E2 - - - - - 3.57 - - - - - - 21.75 - 
Phillyrea 

angustifolia L. 
2.09 Q-I E2 - 27.97 - - - 0.89 - - 10.93 - - - 6.00 - 

Juniperus oxycedrus 
subsp. oxycedrus L. 1.89 Q-I E2 - 8.39 5.56 - 9.30 16.07 2.94 - 11.58 12.00 - 6.00 8.33 12.00 

Paeonia officinalis 
subsp. microcarpa 
(Boiss. & Reut.) 

Nyman 

1.82 Q-F E3 - - 33.33 - 6.98 17.86 11.76 - - 9.00 - 10.00 10.55 6.00 

Rosa sicula Tratt. 1.81 Q-I E2 1.64 - - - - 12.50 - 12.00 - - - - 14.50 - 
Smilax aspera L. 1.79 Q-I E2 - 6.29 - 30.00 4.65 2.68 - - 14.33 - 10.00 9.00 14.33 - 

Rhamnus alaternus 
subsp. alaternus L. 

1.76 Q-I E2 - 2.80 - - - 5.36 - - 21.75 - - - 12.17 - 

Olea europaea var. 
sylvestris (Mill.) 

Lehr 
1.75 Q-I E2 - 4.90 - - - 0.89 - - 18.57 - - - 6.00 - 

Euphorbia characias 
L. 

1.67 Q-I E3 14.75 0.70 - - - 2.68 - 12.00 25.00 - - - 10.00 - 

Fraxinus 1.66 S-P E1 4.92 3.50 - - - 8.93 20.59 10.00 16.00 - - - 7.20 12.29 
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angustifolia subsp. 
angustifolia Vahl 
Bunium macuca 
subsp. macuca 

Boiss. 
1.64 Q-F E3 - - - - - 3.57 - - - - - - 17.00 - 

Sanicula europaea 
L. 

1.63 Q-F E3 - - 16.67 - 11.63 - 5.88 - - 12.00 - 12.20 - 18.50 

Melica uniflora 
Retz. 

1.59 Q-F E3 - - - - 6.98 - - - - - - 16.33 - - 

Viola sylvestris 
subsp. sylvestris 

Lam. 
1.51 Q-F E3 - - 16.67 - - 9.82 8.82 - - 14.33 - - 10.36 16.33 

Asplenium 
onopteris L. 

1.48 Q-I E3 - 15.38 - - - - - - 8.59 - - - - - 

Taxus baccata L. 1.46 Q-F E1 1.64 - 16.67 - 6.98 8.04 14.71 6.00 - 8.00 - 10.00 9.11 8.40 
Vincetoxicum 
nigrum (L.) 

Moench 
1.46 Q-I E3 - 13.29 5.56 - 11.63 7.14 - - 7.63 6.00 - 7.20 6.00 - 

Conopodium 
pyrenaeum (Loisel.) 

Miégev. 
1.44 Q-F E3 8.20 - 11.11 - 11.63 7.14 - 8.40 - 6.00 - 9.60 9.75 - 

Paeonia coriacea 
Boiss. 1.39 Q-I E3 24.59 - - - - 2.68 - 9.20 - - - - 8.00 - 

Lathyrus linifolius 
(Reichard) Bässler 

1.37 Q-F E3 - 0.70 - - 27.91 - - - 6.00 - - 11.75 - - 

Lonicera implexa 
Aiton 

1.36 Q-I E2 - 6.99 - - - 6.25 - - 7.22 - - - 11.29 - 

Genista tournefortii 
Spach 

1.32 Q-I E3 - 9.79 - - 2.33 - - - 9.50 - - 6.00 - - 

Sanguisorba 
hybrida (L.) Font 

Quer 
1.30 Q-I E3 - 5.59 - - 4.65 - - - 13.00 - - 6.00 - - 

Genista falcata 
Brot. 

1.28 Q-F E3 - 2.10 - - 30.23 - - - 10.00 - - 7.38 - - 

Hepatica nobilis 
Schreb. 1.22 Q-F E3 - - - - 9.30 - 8.82 - - - - 6.00 - 18.67 

Pyrus bourgaeana 
Decne. 

1.17 Q-I E2 - 4.20 - - - - - - 11.00 - - - - - 

Asparagus aphyllus 
subsp. aphyllus L. 

1.16 Q-I E2 - 2.80 - - - - - - 12.00 - - - - - 

Potentilla sterilis 
(L.) Garcke 

1.14 Q-F E3 - - - - 6.98 - - - - - - 12.00 - - 

Veronica officinalis 
L. 

1.09 Q-F E3 - - 11.11 - 6.98 - 8.82 - - 9.00 - 6.00 - 10.00 

Bupleurum rigidum 
subsp. paniculatum 

(Brot.) H. Wolff. 
1.08 Q-I E3 - 4.20 - - 2.33 - - - 8.00 - - 12.00 - - 

Dryopteris affinis 
subsp. affinis 

1.07 Q-F E3 - - - - 11.63 - - - - - - 9.60 - - 
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(Lowe) 
Fraser-Jenk. 
Ulmus glabra 

Huds. 
1.07 Q-F E1 - - - - - 2.68 8.82 - - - - - 8.00 10.00 

Euphorbia hyberna 
L. 

1.04 Q-F E3 - 0.70 - - 4.65 - - - 12.00 - - 9.00 - - 

Carex pendula 
Huds. 1.02 S-P E3 - - - - - 0.89 8.82 - - - - - 6.00 10.00 

Senecio lopezii 
Boiss. 

1.02 Q-I E3 - - - 40.00 - - - - - - 9.00 - - - 

Ajuga 
x_rotundifolia 

Willk. & Cutanda 
ex Willk. 

0.97 Q-F E3 - - - - 4.65 - - - - - - 9.00 - - 

Carex sylvatica 
Huds. 

0.95 Q-F E3 - - - - - - 11.76 - - - - - - 7.50 

Moehringia 
pentandra J. Gay 

0.92 Q-I E4 - 6.99 - - 11.63 - - - 5.70 - - 6.00 - - 

Asparagus 
acutifolius L. 

0.91 Q-I E2 - 9.09 - - - 4.46 - - 6.69 - - - 13.40 - 

Phillyrea latifolia 
subsp. latifolia L. 

0.86 Q-I E2 - 4.20 - - - 2.68 8.82 - 3.55 - - - 10.00 8.00 

Juniperus phoenicea 
subsp. phoenicea L. 

0.78 Q-I E2 - - - - - 6.25 2.94 - - - - - 6.86 6.00 

Clematis 
campaniflora Brot. 0.72 S-P E2 - 3.50 - - - - - - 7.20 - - - - - 

Epipactis 
microphylla (Ehrh.) 

Sw. 
0.66 Q-F E3 - - - - - 0.89 11.76 - - - - - 6.00 6.00 

Anemone palmata 
L. 

0.63 Q-I E3 - 2.80 - - - - - - 6.00 - - - - - 

Viola suavis M. 
Bieb. 0.63 Q-F E3 - - - - - 3.57 - - - - - - 6.00 - 

Iris foetidissima L. 0.61 S-P E3 - - - - - - 8.82 - - - - - - 6.00 

Taxa occurring in less than 5% in all associations have been discarded. The taxa are listed in order of importance (IVI). The phytosociological adscription of the taxa 
is also shown: Q-F (Querco roboris-Fagetea sylvaticae), Q-I (Quercetea ilicis), S-P (Salici purpureae-Populetea nigrae). Adenocarpo decorticantis-Quercetum pyrenaicae 
(AdQp); Arbuto unedonis-Quercetum pyrenaicae (AuQp); Berberido australis-Quercetum pyrenaicae (BhQp); Luzulo baeticae-Quercetum pyrenaicae (LbQp); Sorbo 
torminalis-Quercetum pyrenaicae (StQp); Daphno latifoliae-Aceretum granatensis (DlAg), and Geo urbani-Coryletum avellanae (GuCa). 
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