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Abstract: - The autoecology of the oak Quercus petraea in the northwest Iberian Peninsula was investigated in 
the present study by applying the methodology developed in previous studies of other species of the genus 
Quercus. For this, the distribution of the species was firstly determined so that a minimum number of 
representative species could be selected. A total of 52 plots were chosen and in each one, 41 biotype parameters 
were established (6 physiographic, 17 climatic and 18 edaphic), along with 19 dendrometric and silvicultural 
parameters. The study of the variability of these parameters allowed description of both central and marginal 
physiographic-climatic and edaphic habitats of the sessile oak (Q. petraea) in the northwest Iberian Peninsula 
and an assessment of the effect of environmental factors on its present silvicultural status. 
The species is indifferent to the type of substrate, tolerates and even prefers lime soils. Within the area of study, 
sessile oak forests occur at altitudes of between 540 to 1400 m, a range that corresponds to a difference in mean 
annual temperature of more than 6ºC; however, the main climatic feature that defines the stands under study is 
the abundance of precipitations, with a annual mean precipitation of 1589.8 mm and a summer mean 
precipitation of 303.6 mm. The species is less resistant to low temperatures than the pedunculate oak (Q. robur) 
and generally shows a longer growth period. 
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1 Introduction: The problem 
The area of distribution of Quercus petraea is very 
specific and less widespread than Quercus robur, 
being restricted to between latitudes of 37º and 62ºN 
and longitudes of 10º W and 50º E [1, 2, 3], i.e. the 
easternmost part of Europe [1, 4]. Its distribution is 
very disperse within the Iberian Peninsula, although 
wider than that of the pedunculate oak [1, 5, 6], and 
it is mainly concentrated in the northern 
mountainous area between Galicia and Cataluña, 
with notable ocurrences in the Cantabrian 
mountains, the Basque Country and Navarra [4]. In 
the northwest Iberian Peninsula, it often mixes and 
hybridizes with Quercus robur (Quercus x rosacea 
Bechst) and Quercus pyrenaica (Quercus x 

andegavensis Hy), which makes accurate 
identification difficult [7, 8, 9]. 

From a phytosociological point of view, the 
forests under study are situated in the Eurosiberian 
Region, Orocantabrian Province, Ubiñense-
Picoeuropean and Laciano-Ancarense sectors, 
coinciding with the following phytosociological 
associations [10, 11, 12]: Linario triornithophorae-
Quercetum petraea (Rivas-Martínez, Izco & Costa 
ex. F. Navarro 1974) F. Prieto & Vázquez 1987 and 
Luzulo henriquessi-Quercetum petraea (F. Prieto & 
Vázquez 1987) Díaz & F. Prieto 1994. 

The locations where sessile oak forests 
occur are characterized by abundant precipitation, 
i.e. more than 600 m m of annual precipitation, of 
which at least 150 mm falls in the summer [1, 3]. 
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However, the requirements are less stringent than 
those of  Quercus robur,  allowing the species to 
colonize drier and wilder sites [13, 14]. The species 
is not very demanding as regards temperature, 
tolerating a minimum temperature in the coldest 
month of around -3ºC, and between 15 and 25ºC in 
the hottest one [1, 3]. climatic ranges that are found 
in Atlantic sites small continental influence [2, 4]. In 
the northwest Iberian Peninsula, the forests receive 
an annual precipitation of more than 1100 mm, 
which may sometimes reach as h igh as 2 000 mm. 
The summer precipitation is more than 200 mm and 
in many areas, more than 300 m m [3, 6]. The 
temperature variations within the study area are low 
and correspond to a cold temperate climate [15]. 

The lithologies present in the stands under 
study are diverse, and develop on both limestone 
and slates, in soils of high or low fertility, 
preferentially in loose soils, although they tolerate 
stony and even rocky soils when the moisture 
content is high [1, 2, 3]. It’s frugalier with soils than 
Quercus robur, and grow mainly on R egosols and 
Umbrisols [3, 6, 16]. 

Within the study area Quercus petraea 
occurs in semi-shade and has a f airly robust 
character [3, 7]. The saplings can grow and develop 
under cover for several years, but for full 
development they should be free of cover after 
about 10 years [13, 17, 18, 19]. They grow slowly, 
partly because of the low fertility of the soils, at 
rates ranging between 1 and 5 m 3·ha-1·year-1 in 
favourable seasons [3, 6]. Many of these natural 
forests have been harvested since inmemorial time, 
mainly for naval construction and railway sleepers 
[1, 3, 5]. In many cases inadequate silvicultural 
treatments were applied, such as thinning of the best 
specimens and the unauthorised felling of trees to 
obtain wood and charcoal [17, 20, 21]. However, 
because of the difficulties involved in extracting and 
transporting the wood in mountainous areas, the 
felling did not have an excessively negative impact, 
and the forest have suffered more severe 
deterioration recently, as a result of farming 
activities and cultivation of the land for agricultural 
crops [3, 5]. Despite the reduction in the surface 
area, some highly valuable autochthonous stands 
have survived, someones in protected sites under the 
Nature 2000 N etwork [22]. Another important 
aspect is the existence of a characteristic flora and 
fauna, as the sites are the home grounds of species 
that are in danger of extinction, such as the brown 
bear and the capercaille [10, 23], underlining the 
need to conserve and to try to increase the range of 
this oak species through sustainable development 
compatible with conservation.  

Background information is provided by the 
numerous phytosociological studies carried out on 
these formations [8, 10, 12, 23]. Some authors [3, 4, 
6, 7] provide ecological and dendrometric data 
about Q. petraea. The sessile oak is one of the most 
widely studied broaleaf species within Europe in 
terms of silviculture and wood quality [17, 19, 20, 
24, 25, 26, 27, 28]. In this context, the study of its 
autoecology, involving analysis of the effect of 
environmental variables in the development of the 
species, is fundamental in evaluating the present 
situation [29, 30, 31]. The aims of the present study 
were therefore: 1) to characterize the species 
ecosystems in the northwest Iberian Peninsula, 2) to 
determine its physiographical-climatic and edaphic 
habitats, and 3) to relate the environmental variables 
to silvicultural variables, indicative of its 
conservation status. 

 
 
 
2 Material and Methods 
 
 
2.1. Site description 
The study area is located in the northwest Iberian 
Peninsula, and includes parts of Galicia, Asturias 
and León (Figure 1). More specifically, the forests 
under study are mainly located in eastern Galicia, 
the mountainous area in the south of  Asturias and 
the Leonese side of the Cantabrian Mountain range 
[3]. comprising the easternmost area of the 
Orocantabrian Province [8, 11]. The surface area 
occupied by pure stands of Quercus petraea within 
this territory, estimated on the basis of the most 
recent data available [31, 32], is approximately 
90,000 ha. 
 
 
2.2. Description of sampling and data 
recording 
Using information provided in the Forest Map of 
Spain [29] the existing vegetation mosaics in which 
Quercus petraea is present in the area of study were 
obtained, and the sampling areas were selected from 
within these, with the help of information provided 
by Forestry administration personell and data 
reported in previous studies [3, 6]. To avoid an edge 
effect, a minimum surface area of one hectare was 
considered [3, 22, 33]. Prior to the siting of each 
plot within the stand, the prevailing environmental 
conditions were established so that a representative 
site was selected [22]. A total of 52 permanent and 
rectangular plots (with surface areas of between  
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400 and 1200 m2) were established  on the basis of 
the stand density (Figure 1 and Table I), so that the 
number of trees of diameter greater than the 
minimum that could be inventoried (Ø normal ≥ 5 
cm) was no less than 50 [34, 35]. The 
physiographic, dendrometric and soil profile data 
were then obtained, and along with the climatic data 
were fitted to the sampling points, according to the 
methodology of Carballeira et al. [36], and 
compared with the results of the edaphological 
analysis, allowing establishment of the biotype 
parameters in each plot that best define the 
suitability of the site as a forest site and the present 
silvicultural status [22, 30, 37]. 
 
 
 
2.3. Parameters established (see annex) 
From a total of 60 parameters studied, 41 were 
ecological and related to the physiographical 
structure, climate and edaphology of the biotype and 
19 were parameters that characterize Quercus 
petraea forests in terms of dendrometrics and 
silviculture. 
a) Physiographic parameters [22, 30, 31, 38 ]: 
altitude and mean slope, orientation, sunshine 
(Gandullo, 1974), depth of soil to the parent rock 
and distance from the sea. 
b) Climatic parameters [19, 38, 39, 40].- 
Precipitation: annual, winter, spring, summer and 
autumn mean values; Temperature: mean annual 
temperature, mean temperatures in the hottest and 
the coldest month, maximum and minimum absolute 
temperature, temperature range (difference between 
the maximum tª and minimum annual) [36], annual 
evapotranspiration [41] and temperature index [11]; 
Hydric regime: sum of surpluses and deficits 
(positive and negative differences respectively, 
between monthly precipitation and 
evapotranspiration), hydric index [42] and duration 
of drought [43]. 
c) Edaphic parameters [22, 29, 3 0, 31, 44 ].- 
Chemical parameters: pH in H2O, organic matter, 
nitrogen and ratio of C/N; Parameters that evaluate 
the soil fertility: available phosphorous, 
exchangeable potassium, calcium and magnesium. 
For all of these, the surface concentrations, 
corresponding to the upper 20 c m of the profile, 
were determined, except when there was more than 
one horizon at this depth, in which case the 
corresponding weighted mean [14, 22, 3 3] and the 
total value of the parameter in the profile were 
calculated, using the method of Russel and Moore 
[45] (Russell and Moore, 1968). The percentages of 
fine earth (Ø < 2 m m) and of total gravel (Ø > 2 

mm) were also calculated . 
d) Dendrometric/silvicultural parameters [22, 28, 
31, 46, 47]: density, number of dead, non-
inventoriable and dead specimens of Q. petraea, 
regenerated saplings [3, 14, basimetric area, mean 
arithmetic and quadratic diameters, standard 
deviation and coefficient of variation of the height 
distribution, Assmann’s dominant height [35, 48], 
Hart’s index [35, 49] and Czarnowski’s index, 
number of trees in a squared plot of side equal to the 
arthimetic mean.  
 
 
2.4. Definition of habitats and statistical 
analysis  
Univariate analysis [50] was applied to the results of 
all of the parameters under study with the aim of 
determining the distribution and calculating a series 
of characteristic values for each parameter [22, 31, 
33, 51]: Lower Limit (LL), Lower threshold (LT): 
10th percentile, Mean (M), Upper threshold (UT): 
90th percentile and Upper limit (UL). The central 
habitat of Quercus petraea, established by recording 
its presence - and which is comprised between the 
10th and 90th percentiles (80% of plots) - allows 
determination of the most suitable ecological range, 
and may be considered as the minimum potential 
area of the species in the study area [22, 31]. 
Marginal habitats are defined as those between the 
limits of the central habitat and the absolute 
extremes; they include 20% of the remaining plots 
and provide an estimation for the species, of the 
parameters that remain outside of the habitat, as not 
all have the same level of significance as b iotype 
descriptors [22, 52, 53]. It was therefore necessary 
to carry out discriminant analysis of the plots to 
identify those parameters that have a g reater 
descriptive weight [13, 54, 55, 56], using the 
methodology proposed by Hill [57, 58], which 
allows dichotomous classification of the randomly 
sampled plots [59], such as the presence of plant 
species [33, 54, 60] and/or the values of certain 
parameters [14, 22, 29,  53], using Community 
Analysis Package (CAP) software, more specifically 
the Twinspan programme [58, 61]. 

Initial bivariate analysis was carried out 
using the silvicultural parameters [62] to select wich 
define the present status of the Quercus petraea 
forests in the northwest Iberian Peninsula. The 
groups classified using Twinspan were then ratified 
by considering the selected silvicultural and 
ecological parameters together or using only those 
obtained in the discriminant analysis [22, 31]. 
Principal Components Analysis (PCA) was then 
applied using the method of extraction by squared 
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minima, creating new variables by combining 
parameters, which were assigned a v alue for each 
plot and were represented spatially, comparing them 
with the groups created by Twinspan [31, 62, 63]. 
 
 
3 Results and Problem solution 
The physiographic data corresponding to the 
sampled plots are shown in Table 1. In most cases, 
the stands occur at altitudes above 1000m and with 
steep slopes, sometimes extremely steep (>75%), 
and predominantly in the shade.  

To characterize the habitat of the oak Q. 
petraea on a regional scale in the northwest Iberian 
Peninsula, the values corresponding to the 
parameters selected in the study of biotype and 
silvicultural status were considered as r eference 
data. The univariate analysis of the physiographic 
and climatic descriptive statistics (Table II) revealed 
that the highest variability was obtained in the ORI 
and CMT parameters, with coefficients of variation 
(CV) higher than 70% and, in some extreme cases, 
i.e. AmT and DD, the values were higher than 100 
and 200%, respectively. The lowest variability 
corresponded to TR, AE and HI, with coefficients 
lower than 10%. Of the 18 edaphic parameters, 12 
showed coefficients of variation higher than 40% 
and in some of these (sP, Ca and sCa), higher than 
100%; only the total and surface pH total showed 
low variability, with coefficients of variation lower 
than 10% (Table III). Within the silvicultural 
statistics, the high CV of the parameters NNQ, 
NDQ, TNNT, TNDT and REG were notable. In 
contrast, the height variables (MAH, MQH and 
ADH), the dominant diameter and the basimetric 
area showed the lowest variability (Table IV). 

The physiographic, climatic and edaphic 
habitats in both central and marginal areas (Figures 
2 and 3) were then determined, and in order to 
identify the most discriminatory ecological 
parameters in the habitat of the sessile oak, a 
dichotomous classification of the inventoried plots 
was made by applying the CAP-Twinspan 
procedure, using all of the ecological parameters 
considered (in total 41), because any of these may 
be discriminatory within the area occupied by the 
species in the northwest Iberian Peninsula. As a 
result of the classification, 12 groups of plots were 
obtained (Table V), which were characterized by 
physiographic (ALT), climatic (AP and TI), and 
above all, edaphic parameters (spH, sK, sOM and 
Ca). Bivariate analysis was then used to select the 
silvicultural parameters that showed the most 
significant interrelationships, i.e. NT/h, MAD, 
MQD, MAH, ADH, MQH and DOD (Table VI). In 

theory these variables should be the best descriptors 
of use and present status of Q. petraea forests in the 
area of study. 

Finally, PCA was used to create five new 
variables from combinations of the previous 
parameters, which account for more than 79% of the 
existing variability and the significance of which 
can be established by with the maturity of the stand: 
surface pH, surface potassium, altitude of the stand 
and continentality of the site. By assigning the value 
of these variables to each plot and creating a spatial 
representation of the most significant (maturity, sPH 
and sK), was obtained the distribution of the groups 
resulting from the Twinspan classification (Fig.4). 
 
 
4 Discussion and conclusions 
 
 
4.1. Univariate analysis of the physiographic 
and climatic parameters  
The lack of drought in most of the plots gave rise to 
extreme variation in the duration of drought (DD) 
parameter, ranging between 0 and 1 in all plots 
(Table II) [31, 36, 39]. The pattern in the values of 
mean annual temperature of the absolute minima 
(AmT) and of the mean temperature in the coldest 
month (CMT), was previously observed in a study 
of the autoecology of Quercus robur in Galicia [22], 
and the wide temperature range is accentuated by 
the range of altidudes within the study area [3, 6]. 
Despite the existing variation in the orientation, 
shady locations predominate (Table I), 
independently of the robust nature of the species [1, 
3, 7], as many of these stands have survived in sites 
where felling would be difficult because of the 
physiographic conditions [3, 6, 10, 23 ]. In contrast, 
the parameters TR, AE and HI show a CV < 10% 
and that corresponding to the remaining climatic 
parameters was rarely higher than 30%, which may 
indicate the existence of a f airly homogenous 
climate of humid oceanic type, with some 
continental influence in certain areas [3, 8, 12, 15] 

The high variability in several edaphic 
parameters (Table III), even more evident than in 
Quercus robur [14, 22], is due to the wide range of 
substrates existing, with lithologies of silicaceous 
nature and limestone, although the pH values show 
little variation, corresponding to acidic soils [64] 
(Wilde, 1946). 
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4.2. Physiographic-climatic habitat of 
Quercus petraea in the northwest Iberian 
Peninsula 
As regards the central habitat (Figure 3), the stands 
of sessile oak are located in areas of high altitude 
and slope, in which the orography of the land makes 
felling of the trees difficult and favours their 
conservation [3, 6]. Northern orientations 
predominate, in accordance with the values for the 
sunshine parameter [65]. The soil may be 
considered deep, except in the areas of steepest 
slope. The continentality is not very apparent and is 
compensated for by the high altitudes [8, 36]. The 
central values of the annual precipitation range 
between 1200 and 1850 mm, with precipitations in 
summer between 150 and 227 mm, indicative of a 
high demand for moisture, although somewhat less 
than in Quercus robur [14, 22], as demonstrated by 
the values of the hydric index, which indicate a 
perhumid climate [42] and by the duration of 
drought, which is non-existent in most of the stands 
[3, 6, 8]. The central habitat varies widely in terms 
of temperature parameters (Figure 3), and thus the 
temperatures in the study area appear to be ideal for 
Quercus petraea [22, 51] and allow the climate to 
be classified as mesothermic [41] according to the 
values of ETP. 

Analysis of the marginal habitats (Figure 3) 
shows that certain parameters are not suitable for 
fixing the lower value of the central habitat, given 
the extent of the lower marginal intervals [22, 31, 
33], specifically the temperature index (TI) and the 
sum of the surpluses (SUR). For the remaining 
parameters there were few plots outwith the central 
habitat.  
 
 
4.3. Edaphic habitat of Quercus petraea in 
the northwest Iberian Peninsula 
The edaphic parameters surface phosphorous and 
total potassium, as w ell as both total and surface 
calcium, (Figure 4), did not allow accurate 
determination of the upper limit of the central 
edaphic habitat of the sessile oak, due to the wide 
range of the upper marginal intervals [14, 29, 31] . 
Furthermore, the central values of the parameters 
C/N, sC/N and P ranged widely, which may indicate 
that edaphic conditions are very suitable for the 
development of the species [3, 6, 22]. In the 
remaining parameters, the most relevant 
characteristics are as follows (Figure 4): 

- The soils are developed on different 
lithologies, both silicaceous and limestone, 
however, in general they are strongly acidic [64] 

(Wilde, 1946) with a little variation of the pH values 
[3, 6, 30]. According to the FAO classification [16], 
they belong to five different groups, with a clear 
dominance of Umbric Regosols, which represent 
almost 79% of all of the soils studied. Humic 
Umbrisols account for 12% of the total and finally, 
Cambisols, Dystric Regosols and Lithic Leptosols 
each have a si ngle representative. This shows that 
most of the stands inventoried grow on less well 
developed soils than Quercus robur forests [14, 22]. 

- There is little variation between the total 
and surface values of the percentage of organic 
matter, and the sOM was higher than 20% in only a 
few plots, which in combination with the existing 
granulometric composition  gives rise to permeable 
soils [3, 5]. 

- Although the mean value of C/N ratio was 
close to 18, the low values of pH do not allow 
optimal moisture conditions, giving rise to a moder 
type humus in most of the plots [8, 30, 37]. 

- The concentrations of macronutrientes, 
except for phosphorous, show higher values than 
those observed in Quercus robur forests, indicating 
intermediate soil fertility [14, 22, 66 ]. The 
concentrations of phosphorous were also lower than 
obtained by other authors for these stands [66, 67], 
which may indicate that the areas presently 
occupied by sessile oak forests have not undergone 
changes in land use [3, 6] because this 
macronutrient is highly associated with rocks 
containing apatite minerals, which are scarce in the 
study area. 
 
 
4.4. Silvicultural characteristics of Quercus 
petraea forests 
The stands under study show a wide range of ages 
and qualities as a result of the different harvesting 
techniques to which they have been subjected, and 
at present pure stands do not exist [3, 6, 14]. The 
descriptive statistics corresponding to the 19 
dendrometric/slvicultural parameters used (Table 
IV) provide an idea of the heterogeneity existing, 
mainly in the regenerated, non-inventoriable and 
dead trees, with coefficients of variation that are 
much higher than the mean value. Although the 
presence of non-inventoriable specimens of sessile 
oak is rare, the mortality is high, in contrast with the 
accompanying species, which adapt well to the 
closed undergrowth with little available light in 
these forests - at least in the early stages of 
development [2, 3, 17, 18, 40]. The coefficients of 
variation for the remaining parameters, except for 
density and Czarnowski’s index, were lower than 
40% (Table IV), with the least variation 
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corresponding to the parameters MQH, MAH, 
DOD, BA and ADH [17, 22, 25]. 
 Most of the stands sampled are located in 
low-lying areas, are well adapted to the 
surroundings and lack health problems, but have not 
been managed, because of the  lack of any tradition 
of carrying out silvicultural  treatments on slow 
growing broadleaf species in the northwest Iberian 
Peninsula [3, 6]; it would therefore be necessary to 
convert them into regular or semirregular forest 
before undertaking their management [14, 22], 
however in this case, management would be more 
complex [17, 20, 40 ]. The development of 
productive silviculture for Quercus petraea in the 
study area may only be considered in areas in which 
the site quality is intermediate-high [3].  
 
 
4.5. Relationship between silvicultural 
parameters and biotype 
The dendrometric/silvicultural parameters that 
would in theory be most suitable for comparison 
with the biotype parameters are those that were 
significantly related to all of the other parameters 
[22, 38, 44], in this case, NT/h, MAD, MQD, MAH, 
ADH, MQH and DOD ( Table VI). Of these, the 
coefficient of variation for the number of trees per 
hectare (NT/h) was higher than that corresponding 
to others (Table IV) and the dominant height (ADH) 
was affected by the silvicultural treatments carried 
out, some with negative effects on the correct 
development of the trees, such as crown cropping 
[22], and thus it was considered not appropriate to 
use these in the factorial analysis comparing with 
the ecological parameters, and only the discriminant 
functions obtained by applying the Twinspan 
procedure were used (ALT, PI, IT, PHS, KS, MOS 
and Ca) (Table V). 

The principal components analysis 
identified stand maturity, spH and sK as the factors 
that best explain the variability in the stands 
analyzed [3]. The results obtained, in relation to the 
grouping of plots, derived from the PCA (Figure 4) 
are consistent with the dichotomous classification 
obtained with the Twinspan procedure, with the 
repetition of groups such as “H” and “I” (Table V) 
(plots in the Asturian mountains), “E” (plots in Os 
Ancares in Galicia and Leon) and “L” (plots in 
Leonese valleys) being notable. However, the 
groups D”, “F” and “K” appear disperse, because 
although they are geographically very similar, as 
reflected by the Twinspan analysis, the stands are 
very different. 
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ANNEX: List of parameters studied 
(1) Mean altitude (ALT), (2) Mean slope (SLP), (3) 

Orientation (ORI), (4) Sunshine (SUN), (5) Soil 

depth (DPTH), (6) Distance from sea (DS), (7) 

Annual precipitation (AP), (8) Winter precipitation 

(WP), (9) Spring precipitation (SpP), (10) Summer 

precipitation (SuP), (11) Autumn precipitation (AP), 

(12) Mean annual temperature (MT), (13) Mean 

temperature in the hottest month (HMT), (14) Mean 

temperature in the coldest month (CMT), (15) 

Annual mean of absolute maximum temperatures 

(AMT), (16) Annual mean of absolute minimum 

temperatures (AmT), (17) Temperature range (TR), 

(18) Annual evapotranspiration (AE), (19) 

Temperature index (TI), (20) Sum of surpluses 

(SUR), (21) Sum of deficits (DEF), (22) Hydric 

index (HI), (23) Duration of drought (DD), (24) 

Total pH in H2O (pH), (25) Surface pH in H2O 

(spH), (26) Total organic matter (OM), (27) Surface 

organic matter (sOM), (28) Total nitrogen (N), (29) 

Surface nitrogen (sN), (30) Total C/N ratio (C/N), 

(31) Ratio of surface carbon/nitrogen (sC/N), (32) 

total available phosphorous (P), (33) Surface 

availale phosphorous (sP), (34) Total exchangeable 

potassium (K), (35) Surface exchangeable 

potassium (sK), (36) Total exchangeable calcium 

(Ca), (37) Surface exchangeable calcium (sCa), (38) 

Total exchangeable magnesium (Mg), (39) Surface 

exchangeable magnesium (sMg), (40) Percentage of 

fine earth (FE), (41) Percentage of total gravel (GR), 

(42) Number of trees per hectare (NT/ha), (43) 

Number of non inventoriable Quercus petraea 

specimens (NNQ), (44) Number of dead specimens 

of Quercus petraea (NDQ), (45) Total number of 

non-inventoriable trees (TNNT), (46) Total number 

of dead trees (TNDT), (47) Regenerated saplings 

(REG), (48) Basimetric area per hectare (BA), (49) 

Mean arithmetric diameter (MAD), (50) Mean 

quadratic diameter (MQD), (51) Standard deviation 

of the diameter distribution (SDD), (52) Coefficient 

of variation of the diameter distribution (CVD), (53) 

Dominant diameter (DOD), (54) Mean arithmetric 

height (MAH), (55) Mean quadratic height (MQH), 

(56) Standard deviation of the height distribution 

(DEH), (57) Coefficient of variation of the height 

distribution (CVH), (58) Assmann’s dominant 

height (HDA), (59) Hart’s index (HAI) and (60) 

Czarnowski’s index (CZI). 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT Pablo Vila-Lameiro P., Ignacio J. Díaz-Maroto

E-ISSN: 2224-3496 233 Volume 13, 2017



Table I. Sample plots descriptive data. 

 

Number Name Province Surface area  
(m2) 

Altitude  
(m) 

Slope 
(%) Orientation 

1 Ancares 1 Lugo 1200 1220 52 North 
2 Ancares 2 Lugo 600 1000 57 North 
3 Ancares 3 Lugo 600 965 81 East 
4 Ancares 4 Lugo 1200 1310 53 East 
5 Ancares 5 Lugo 875 1215 50 West 
6 Ancares 6 Lugo 1000 1190 53 West 
7 Baleira Lugo 1050 840 42 North 
8 Candín 1 León 600 1230 39 North 
9 Candín 2 León 400 1070 63 North 
10 Cangas 1 Asturias 500 1000 75 East 
11 Cangas 2  Asturias 500 1100 75 East 
12 Cerredo 1 Asturias 500 1120 36 North 
13 Cerredo 2 Asturias 400 975 27 North 
14 Cerredo 3 Asturias 1200 1040 23 West 
15 Cerredo 4 Asturias 1000 1165 78 East 
16 Cerredo 5 Asturias 900 1120 37 North 
17 Cerredo 6 Asturias 1200 1080 43 North 
18 Cortes Asturias 1200 860 28 East 
19 Courel 1  Lugo 480 1165 70 North 
20 Courel 2 Lugo 600 1395 49 North 
21 Courel 3 Lugo 750 1000 32 North 
22 Fondos 1 Asturias 400 1110 74 North 
23 Fondos 2 Asturias 400 960 63 West 
24 Ibías 1 Asturias 600 900 67 North 
25 Ibías 2 Asturias 600 800 54 North 
26 Ibías 3 Asturias 750 750 41 East 
27 Lena 1 Asturias 750 970 28 East 
28 Lena 2 Asturias 750 1075 59 South 
29 Meira Lugo 600 665 25 East 
30 Palacios 1 León 800 1160 73 East 
31 Palacios 2 León 875 1035 47 North 
32 Palacios 3 León 875 1180 57 East 
33 Palacios 4 León 500 1145 35 East 
34 Palacios 5 León 900 1025 90 East 
35 Palacios 6 León 700 1000 26 North 
36 Pastoriza Lugo 600 540 8 North 
37 Pintinidoira 1 Lugo 500 1200 58 North 
38 Pintinidoira 2 Lugo 400 1050 52 North 
39 Pontenova 1 Lugo 800 600 53 North 
40 Pontenova 2 Lugo 1000 550 58 West 
41 Pontenova 3 Lugo 800 690 47 West 
42 Suarbol 1 León 600 1175 42 East 
43 Suarbol 2 León 875 1165 38 North 
44 Suarbol 3 León 600 1245 51 North 
45 Teverga 1 Asturias 500 995 42 Wes 
46 Teverga 2 Asturias 900 1030 30 South 
47 Teverga 3 Asturias 750 1160 24 West 
48 Teverga 4 Asturias 750 1125 21 West 
49 Villablino 1 León            600 1235 37 North 
50 Villablino 2 León 500 1230 51 West 
51 Villablino 3 León 400 1375 57 East 
52 Villablino 4 León 500 1400 45 West 
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Table II. Descriptive statistics of the physiographic and climatic parameters (n=52) (SD: standard 
deviation, CV: coefficient of variation). The variables without units are adimensional. 
 

Parameter Mean SD CV (%) Maximum Minimum 
ALT (m) 1053.,3 196.3 18.6 1395 540 
SLP (%) 48.4 17.6 36.4 90 7.9 
ORI (º) 165.3 122.4 74.0 359.0 0.0 
SUN 0.8 0.3 37.5 1.3 0.2 
DPTH (cm) 103.6 44.6 43.1 190.0 25.0 
DS (Km) 84.8 20.8 24.5 129.0 34.0 
AP (mm) 1589.5 249.1 15.7 2006.0 1150.0 
WP (mm) 495.1 150.2 30.3 711.0 310.2 
SpP (mm) 397.0 76.3 19.2 542.8 246.1 
SuP (mm) 192.5 28.5 14.8 227.2 143.5 
AP (mm) 481.0 76.7 15.9 582.2 334.5 
MT (ºC) 8.8 2.0 22.7 11.0 5.0 
HMT (ºC) 15.9 1.9 11.9 17.4 12.3 
CMT (ºC) 2.5 2.1 84.0 5.4 -0.8 
AMT (ºC) 20.8 2.8 13.5 23.4 17.7 
AmT (ºC) -2.6 2.9 111.5 -0.1 -5.9 
TR (ºC) 13.3 0.7 5.3 14.8 12.0 
AE (mm) 596.2 52.6 8.8 654 497 
TI 194.8 42.0 21.6 240.0 101.0 
SUR (mm) 1228.5 160.6 13.1 1486.0 763.0 
HI 246.2 24.0 9.7 273.0 224.0 
DD (nº months) 0.1 0.2 200.0 1.0 0.0 

See list of parameters in the annex. The parameter DEF was not analyzed because of the non-existence 
of hydric deficit in most of the plots. 

 
 
Table III. Descriptive statistics of the edaphic parameters (n=52) (SD: standard deviation, CV: 
coefficient of variation). Variables without units are adimensional. 
 

Parameter Mean SD CV (%) Maximum Minimum 
pH 4.73 0.36 7.6 5.65 4.23 
sPH 4.59 0.43 9.4 5.60 3.90 
OM (%) 7.83 4.04 51.6 19.83 1.82 
sOM (%) 10.09 4.56 45.2 24.31 2.89 
N (%) 0.25 0.11 44.0 0.55 0.07 
sN (%) 0.32 0.13 40.6 0.72 0.10 
C/N 17.92 3.75 20.9 23.14 8.83 
sC/N 14.07 4.06 28,9 20.99 6.63 
P (ppm) 9.53 7.49 78.6 24.80 0.93 
sP (ppm) 12.57 14.49 115.3 52.69 0.76 
K (ppm) 90.04 52.90 58.8 275.09 25.69 
sK (ppm) 114.68 56.19 49.0 264.51 37.10 
Ca (ppm) 203.21 275.67 135.7 1135.07 13.19 
sCa (ppm) 291.29 342.47 117.6 1431.85 14.01 
Mg (ppm) 45.54 42.50 93.3 164.96 3.76 
sMg (ppm) 61.88 46.78 75.6 198.87 4.79 
FE (%) 43.64 11.45 26.2 67.20 17.80 
GR (%) 56.36 11.45 20.3 82.20 32.80 

See list of parameters in the annex 
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Table IV. Descriptive statistics of the dendrometric/silvicultural parameters (n=52) (SD: standard 
deviation, CV: coefficient of variation). Variable without units are adimensional. 
 

Parameter Mean SD CV (%) Maximum Minimum 
NT/ha (No ha-1) 990.0 495.9 50.1 2950.0 267.0 
NNQ 9.3 18.6 200.0 78.0 0.0 
NDQ 10.3 10.4 101.0 47.0 0.0 
TNNT 57.0 72.4 127.0 348.0 0.0 
TNDT 11.9 11.7 98.3 47.0 0.0 
REG 2.4 3.0 125.0 10.0 0.0 
BA (m2ha-1) 31.3 6.8 21.7 54.0 17.6 
MAD (cm.) 21.4 7.9 36.9 41.5 2.4 
MQD(cm) 23.8 7.2 30.3 43.2 12.0 
SDD (cm) 8.5 2.5 29.4 15.5 3.7 
CVD (%) 39.7 11.2 28.2 65.0 16.0 
DOD (cm) 35.2 7.6 21.6 55.1 18.7 
MAH (m) 15.7 3.2 20.4 23.9 11.3 
MQH (m) 4.0 0.4 10.0 4.9 3.4 
DEH (m) 3.0 0.9 30.0 5.8 1.1 
CVH (%) 15.8 6.3 39.9 39.0 6.5 
ADH (m) 17.5 3.9 22.3 27.3 10.2 
HAI (%) 20.5 5.9 28.8 37.0 11.0 
CZI 23.1 11.1 48.1 56.2 7.0 

See list of parameters in the annex 
 
 

Table V. Final groups resulting from application of the Twinspan programme. 
 

Group Discriminant parameters Plots 

A ALT > M – DE 11, 20, 21 

B ALT < M – DE 7, 29, 36, 39, 40, 41 

C M – DE < WP < M + DE 2, 3 

D WP < M – DE 18, 27, 28, 45, 46, 47, 48 

E spH < M – DE 5, 6, 42, 43, 44 

F M – DE < spH < M + DE 1, 4, 8, 9 

G sK < M – DE 12, 13, 14, 15, 26 

H sK > M + DE 22, 23, 24, 25 

I sOM > M + DE 10, 11, 16, 17  

J TI < M – DE 37, 38 

K M – DE < Ca < M + DE 30, 31, 32, 33, 49, 50, 52 

L Ca > M + DE 34, 35, 51 
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Figure 1. Location of the sampling plots in the study area within the Iberian Peninsula. 
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Figure 2. Central and marginal physiographic-climatic habitats of Quercus petraea in 

the northwest Iberian Peninsula. 
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Figure 3. Central and marginal edaphic habitats of Quercus petraea in the northwest 
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Iberian Peninsula. 
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Figure 4. Spatial distribution of the plots identified according to the groups obtained by 
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discriminant analysis. 
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