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ABSTRACT

The study of the holm oak forests of the lower and upper mesomediterranean of the south of the Iberian
Peninsula, and new syntaxons of holm oak forests not assigned until now are contributed. The plant
dynamics is provided and completed, and the importance of the learning of plant description and
dynamics by university students, future environmental managers, is specified. Taking into account the
strong anthropic action with the consequent destruction of holm oak forests, it is necessary to enhance the
knowledge of plant dynamics to decipher the potential vegetation, and to be able to apply the vegetation
series as a basis for agronomic and forestry management. In this work we propose a new vegetation
series. We propose the association Aristolochio baeticae-Quercetum rotundifoliae nova for the
biogeographic sector Granadino-Almijarense (Montes de Malaga), and as a first dynamic stage the
microforest of Olea europea var. sylvestris obtained by deforestation. The study of the Iberian olive
groves allows us to propose two new associations Aristolochio baeticae-Oleetum sylvestris and Ephedro
[fragilis-Oleetum sylvestris

Key words: Holm oak forest; vegetation series; dynamics; environmental management; association; holm
oak and olive plant communities

INTRODUCTION

As for the holm oak groves, we recorded the associations of the lower thermo- and
mesomediterranean, all of them from environments with dry ombrotype. 1) Pyro
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bourgaeanae-Quercetum rotundifoliae Rivas-Martinez 1987 thermophilic faciation with
Myrtus communis L. 2) Paeonio coriaceae-Quercetum rotundifoliae Rivas-Martinez
1965 thermophilic faciation with Pistacia lentiscus L. 3) Rubio longifoliae-Quercetum
rotundifoliae Costa, Peris & Figueroa 1983. 4) Rhamno oleoidis-Quercetum
rotundifoliae Rivas-Martinez in Rivas-Martinez, Fernandez Gonzalez, Loidi, Lousa &
Penas 2002. 5) Rhamno laderoi-Quercetum rotundifoliae Rivas-Martinez, M.T* Santos
& Ladero 2011. 6) Myrto communis-Quercetum rotundifoliae Rivas Goday in Rivas
Goday, Borja, Esteve, Galiano, Rigual & Rivas-Martinez 1960. 7)
Thermomediterranean holm oak groves in the mountains of Malaga. The study area of
this last association corresponds to the mountains of Malaga (Axarquiense district),
which belongs to the biogeographic province of Béica. The study of these areas arises
from the ascription of the thermomediterranean holm oak forests and their dynamic
stages to communities of the southwestern Iberian territories, perhaps due to the poor
state of conservation of the Axarquian holm oak forests, which creates gaps in
knowledge and management. While the thermomediterranean associations are included
in the Querco rotundifoliae-Oleion sylvestris alliance (Rivas-Martinez et al. 2001;
Rivas-Martinez et al. 2011a, b), the mesomediterranean holm oak forests of southern
Iberia are included by this author in the Paeonio broteri-Quercenion rotundifoliae
suballiance including Quercion broteroi of the Quercetea ilicis class (Rivas-Martinez
1975, 1987; Rivas-Martinez et al. 2011a).

In western Iberia and specifically in the western Iberian Mediterranean province, the
mesomediterranean holm oak forest grows in dry environments and siliceous substrates,
corresponding to the Pyro bourgaeanae-Quercetum rotundifoliae association described
by Rivas-Martinez (1987), being very well represented in the south the thermophilic
faciation with Myrtus communis L., holm oak forests that represent the transition to the
thermophilic Myrto communis-Quercetum rotundifoliae. These holm oak forests and
their dynamics have been studied by different authors (Cano 1987; Sanchez Pascual
1994; Melendo 1998; Rodriguez Torres 2016; Valle et al. 2004). The first dynamic
stage of these holm oak groves is a kermes oak grove belonging to Asparago albi-
Rhamnetum oleoidis Rivas Goday in Rivas Goday, Borja, Esteve, Galiano, Rigual &
Rivas-Martinez 1960, typical of the ravines of the southwest of the Iberian Peninsula,
which later gives way to a Cisus ladanifer L. and Cistus monspeliensis L. thicket and
finally a Lavandula sampaiona scrub. Ass. Genisto hirsutae-Cistetum ladaniferi Rivas
Goday 1956 subas. cistetosum monspeliensis Rivas Goday 1956 and ass. Scillo
maritimae-Lavanduletutm pedunculatae Ladero 1970

In the thermomediterranean environments, reaching in some cases the lower
mesomediterranean, we detected several climax associations, the Valencian and
Murcian-Almerian thermo-mediterranean holm oak groves were described by Costa et
al. (1983), Rubio longifoliae-Quercetum rotundifoliae. In the south of the Iberian
Peninsula there are several associations; Rhamno oleoidis-Quercetum rotundifoliae
described by Rivas-Martinez et al. (2002), for the thermomediterranean of the Betic
province on calcareous substrates, previously, Rivas Goday et al. (1959) in their study
on the Quercetea ilicis hispanica described the association Myrto communis-Quercetum
rotundifoliae, very well represented in the ravines of Sierra Morena (Mariano-
Monchiquense sector), the dynamics of these holm oak groves corresponds to that
mentioned above, and with the holm oak groves of the lower mesomediterranean.
Recently, three holm oak associations have been described for the south of the Iberian
Peninsula. The Rhamno laderoi-Quercetum rotundifoliae association has been described
by Rivas-Martinez et al. (2011b) for the upper thermomediterranean and lower
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mesomediterranean on outcrops of basic substrates of the Luso-Extremaduran
territories.

The knowledge of these plant formations, which act as the basis of knowledge in
environmental management, both at forest and agricultural level, is essential for the
training of future managers, so it is necessary to transfer this knowledge to universities
and research centers. These plant formations constitute the climaxes or heads of
vegetation series; for the training of future managers it is essential that they know the
phytosociological method (Braun-Blanquet 1979), and certain concepts, such as plant
association, which are the characteristic and companion species (Cano-Ortiz 2021a,b,c);
as well as the dynamics of the vegetation, since the alteration as a consequence of fires
and deforestation, makes it difficult for professionals to identify the potential
vegetation, however the reconstruction of the potential vegetation can be done through
the current dynamic stages, since in several cases the climaxes have been described; but
the dynamic stages have been ignored, have not been sufficiently studied or erroneously
established.

This work has two fundamental objectives: 1) to characterize the climax vegetation of
the territory from a phytosociological point of view and 2) to understand the vegetation
dynamics of the climax of holm oak groves to enhance its knowledge and value as a
habitat. Since the vegetation climaxes and their dynamics have been described in some
cases (Pérez Latorre et al. 1999, 2008, 2009, 2015), the dynamics of the new holm oak
climax is studied, being this fundamental for the management to be carried out by
agrarian and environmental managers.

The sampling area of the field inventories carried out is biogeographically located in the
Montes de Malaga (Axarquiense District, Sector Granadino - Serrano Almijarense, and
in the Hoyano Malaguefio district of the Sector Rondefio of the Betic Province),
between 36.7°N - 37°N and 4.7° W - 4.2°W (Figure 1).
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1
2
3
4
5
6
7
8
9
10 Figure 1: Study area and distribution of own inventories.
1 MATERIAL AND METHODS
12
13 Study area.
14
15 The study area comprises the southern third of the Iberian Peninsula. From a
16 biogeographical point of view, the compiled samplings are encompassed in the
biogeographical Betic province, Murciano-Almeriense province and the Cordilleran-
17
18 Maritime sector of the western Iberian Mediterranea province (Rivas-Martinez et al.
2017).
19
20 The sampled area corresponds to the Axarquia (Malaga), where materials such as
21 lidites, siliceous sedimentary rocks, quartz, carboniferous sedimentary radiolarians,
22 marine bottoms of the Maldguide complex dominate. The territory presents a soft
23 modeling with altitudes ranging from sea level to 1030 m, from the climatic point of
24 view the temperatures are mild and the generalized precipitations cause a dry
25 ombrotype, except in the elevated areas. The area has been greatly altered by human
26 action as it is very close to the town of Malaga, however, there are different studies on
27 the flora and vegetation that serve as a basis for our research.
28 From the bioclimatic point of view, the area presents a Mediterranean Pluvial-Seasonal
29 Oceanic bioclimate, from a semi-hyperoceanic attenuated to a semi-continental
30 attenuated. The bioclimatic floor of the samples ranges from a lower
31 thermomediterranean to an mesomediterranean, with a dry ombrotype, with a
32 dominance of the lower dry ombrotype in the thermo-Mediterranean areas (Table 1).
33 Table 1: Bioclimatic characterization of the sampled territory. Lat = Latitude, Lon =
34 Longitude, Ic = Simple continentality index, Itc = Compensated thermicity index, Tp =
35 Positive temperature, [o = Ombrothermal index.
36
37 Locality Lat. Lon. Alt. | lc It Tp lo Continentality belt Thermotype Ombrotype
Torremolinos, WEAK Upper
38 Pueblo e | M B 129 | 467 2323 | 28 | SEMIHYPEROCEANIC inframeditenanean LowsiB)
39 Malaga, Escuela Upper
40 de Capacitacion 36717 -4,563 | 40 18,6 357 2.066 2,3 | WEAK SEMICONTINENTAL thermomediterranea Lower Dry
Agraria ! n
< . Upper
2; “c"::;f;"’“’ew see7 | 4485 | 10 146 | 50e 2039 | 2,6 | STRONG EUOCEANIC thermomediterranea | Lower Dry
3 n
. Lower
43 X::zﬂz’e o soes | 448t |5 136 | 450 2203 | 25 \éVEEI\//TITIYPEROCEANIC thermomediterranea | Lower Dry
44 ' n
Colmenar, Lower Lower
45 Torrijos 36,828 4363 | 731 169 295 1.745 41 | WEAK EUOCEANIC mesomediterranean subhumid
46 Malaga, Las Lower Lower
47 Contadoras 36,827 4,384 | 760 15,7 308 v 37 | WEAKEUOCEANIC mesomediterranean subhumid
Malaga, EI Lower
48 e sarg | 4384 | 618 | 159 | o0 1897 | 32 | WEAK EUOCEANIC o omediterrancan | UPPerDIY
49 ; Upper
50 “é'z"fcgilf' 779 | 4384 |49 | 142 L 1981 | 28 | STRONG EUOCEANIC thermomediterranea | Upper Dry
! n
51 Pantano del 4432 | 100 | 140 2104 | 25 | STRONG EUOCEANIC tLt10e\lrvr?1:Jmediterranea Lower D
52 Agujero 36,774 / 91 405 : d " &
Lower
53 . ) ) WEAK .
54 Malaga, Ciudad 36725 4,427 | 53 13,2 431 2.204 23 SEMIHYPEROCEANIC :]hermomedlterranea Lower Dry
55
56
57
58
59
60
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Lower

'\Cn:rlamgealitas 36,728 4423 | 9 14,5 433 2.269 2,1 | STRONG EUOCEANIC :]hermomediterranea Lower Dry
LZAg:m(i)ear:irI:)as we | AT 60| 154 2192 | 24 | WEAK EUOCEANIC t:noevrvr?]romediterranea Lower Dry
IFAPA 4503 | 19 | 144 2200 | 22 | STRONG EUOCEANIC tLhOeer:]Lmediterranea Lower Dry
Churriana 36,674 ’ ! 426 " n

Lower
Malaga 36,757 -4,538 | 58 15,1 420 2.205 2,0 | WEAK EUOCEANIC tnhermomediterranea Lower Dry

Elaboration of the databases.

The initial 2,750 inventories were subjected to various filtering processes in order to
discard those samples that were not very representative (13 own field inventories are
provided). First, the nomenclature and taxonomy of the different species, subspecies
and varieties of plants included in the inventories were homogenized and updated using
the criterion of valid and accepted names from Plants of the World Online (POWO
2024), except in the following cases: Rhamnus lycioides L.subsp. laderoi Rivas Mart. &
.I.M.Pimrrometaegus monogyna Jacq. subsp. brevispina (G.-Kunze) Franco, Dactylis

glomerata L. subsp. hispanica (Roth) Nyman, Dactylis lusitanica Stebbins & D—Z(mr_v\, R

and in specific cases Flora Iberica, for Rhamnus oleoides L. var. angustifolia Lange ex
Willk. in-Wi

The first selection criterion consisted of analyzing the floristic composition of

characteristic species of the class Quercetea ilicis and lower units, calculating the
proportion of characteristic species of each inventory with respect to the total number of
characteristic species in the whole data matrix. For this purpose, the list of species
ascribed to a syntaxonomic unit of Rivas-Martinez et al. (2002) was followed.
According to this criterion, only inventories in the upper 25th percentile were taken into
account. Thus 688 inventories were selected and georeferenced in 200x200 meter grids,
considering toponymic location, altitude and orientation, as well as reference to
orthophotographs, roads and trails. All this was implemented in a Geographic
Information System (GIS), from which, by means of various rasters of topographic,
climatic, and edaphic information, it was possible to assign to each georeferenced
inventory various environmental variables.

The ArGIS 10.3 software was used to develop the cartographic database and the
Geographic Information System. XLSTAT was used for the ordination and multivariate
statistical analysis. 2023.3.1 (Lumivero, 2024). XLSTAT statistical and data analysis
solution. New York, USA. https://www xlstat.com/es

For the topographic variables, a 20x20 meter Digital Terrain Model was used, from
which several variables such as orientation, slope and altitude were derived. For edaphic
variables, the soil physical and chemical properties raster (Ballabio et al. 2016, 2019)
was used. For the climatic variables, WORLDCLIM (Fick, 2017) was used. The
climatic variables were corrected by using data from 1458 thermopluviometric stations
of the Iberian Peninsula using the Random Forests algorithm (Pifiar-Fuentes, 2023).
Subsequently, the database associated with each sampling was completed with the
bioclimatic classification (Rivas-Martinez et al. 2007).
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A second filtering was carried out considering only those inventories located in the
thermomediterranean and lower mesomediterranean bioclimatic floor. Thus, a total of
395 inventories were selected for subsequent comparative analysis with the new field
samples (Table 2). To cover all the holm oak formations of the southern Iberian
Peninsula, all the phytosociological inventories in the literature in which Quercus
rotundifolia Lam. was the dominant species were taken into account. This was initially
done to cover as much variability as possible in the Quercus rotundifolia forests of the
southern Iberian Peninsula. When only a few publications are taken into account, there
is a possibility that some of the variability with respect to the floristic and ecological
composition of these communities is not fully covered. In addition, there are
publications that contain tables of inventories originally defined as unknown
associations, not syntaxonomically framed, which when compared globally with other
described communities, are strongly related to these described communities. Thus,
starting from a large number of inventories, which applying certain criteria of quality,
homogeneity and importance of the species that compose each sample in a global
context with respect to all the original samples, allows us to select and be quite
restrictive so that those samples finally selected are the optimal representatives of each
of the described communities studied.

Table 2: Inventories of each association and facies used in the analysis.

Associations [ N° Samples |
Myrto communis-
Quercetum suberis
(McQr)
Halimium
halimifolium sandy
facies
Subass.
lavanduletosum
viridis
Subass.
quercetosum suberis
Subass. Typical
quercetosum
rotundifoliae
Rhamno oleoidis-
Quercetum
rotundifoliae
(RoQr)
Subass.
juniperetosum
turbinatae
Subass.
rhamnetosum
velutini
Genista
equisetiformis
Calcareous schist
facies
Subass.
rhamnetosum
angustifoliae
Subass.
quercetosum suberis
Subass. Typical
quercetosum
rotundifoliae
Rubio longifoliae-
Quercetum
rotundifoliae

McQr_Hh 1

McQr_Lv 8

McQr_Qr 59

McQr_Qs 9

RoQr_Jt 9

RoQr_Rv 10

RoQr_Ge 6

RoQr R ang 3

RoQr_Qs 5

RoQr_Qr 31
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(RpQr) I
Phlomis almeriensis
Almeria facies RpQr_Ph al 21
Subass. Typical
quercetosum
rotundifoliac. RpQr_Qr 9
Rhamno laderoi-
Quercetum
rotundifoliae
(RIQr)
Arum neglectum
clayey facies RIQr_An 1
Phlomis purpurea
facies RIQr Ph 14
Subass. Typical
quercetosum
rotundifoliae  RIQr_RI 8
Pyro bourgaeanae-
Quercetum
rotundifoliae
(PbQr)
Subass. Myrtetosum
communis and
others thermophilus
facies PbQr_Mc 76
Paeonio coriaceae-
Quercetum
rotundifoliae
(PcQr)
Subass. Typical
quercetosum
rotundifoliae  PcQr_Qr 73
Phlomis almeriensis
Almeria facies PcQr_Ph_al 5
Subass.
Pistacietosum
lentisci  PcQr_Pl 34

Thermomediterra
nean Holm oak
groves Montes de
Malaga (AbQr)
Own samples  AbQr 13

Multivariate principal component analysis.

In a first step, the reference inventories (typus) of each of the holm oak associations
were identified, and then a discriminant analysis was carried out and a probabilistic
ascription of each of the 395 filtered inventories to each of the associations taken into
consideration was performed. Discriminant analysis makes it possible to assign
probabilities of belonging to a prefixed group, depending on several variables. Its main
objective is to find a linear combination of variables that maximizes the separation
between groups. The variables taken into consideration are, on the one hand, the
floristic composition of each inventory (only species belonging to the class Quercetea
ilicis or lower rank) and, on the other hand, the environmental variables assigned to
each inventory (Table 3). The variables were classified into three categories,
topographic variables, edaphic variables and bioclimatic variables. At the time of the
principal components analysis (PCA), the topographic variables were not significant,
but the set of edaphic and bioclimatic variables appear perpendicular to each other,
which means that they are not correlated with each other, but they are correlated with
the associations studied.

Once the a priori doubtful inventories were assigned to the centroids of each of the
associations studied, also considering their biogeographical location, a PCA was
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1
2
3
4
5
6
7
8
9
10 performed with the objective of establishing which environmental variables best
11 characterize the different associations. For this purpose, Spearman's correlation distance
was used, due to the nature and distribution of the data, as well as an Oblimin-type
12
rotation of the axes, since it is assumed a priori that there is a correlation between the
13
14 different factors and the environmental variables. This exploratory analysis of the
variables allows the selection and reduction of those best correlated with the data. Table
15
16 4 shows the variables that correlate best with the inventory data.
17 Table 3 Environmental variables used for each of the selected inventories.
1 8 Variable Units Description
19 Topographic
variables
20
21 Slope degrees Terrain's surface inclination relative to the horizontal plane.
Aspect degrees Slope's cardinal direction on the terrain surface
22 Edaphic variables
23 pH_CaCl no units pH measured in CaCl
24 pH_H20 no units pH measured in water
AWC % Soil water retention capacity.
25 Bulk_Dend kg/m3 Bulk density of soil
26 Coarse_Frag. % Coarse soil fragments< 2 mm
Sand % Percentage of sand in soil
27 Silt % Percentage of silt in soil
28 Clay % Percentage of clay in soil
N mg/Kg Soil nitrogen content
29 P mg/Kg Soil phosphorus content
K mg/Kg Soil potassium content
30 CN no units Carbon-nitrogen ratio
31 CaCo3 mg/Kg Soil calcium carbonate content
CEC cmol/kg Cation exchange capacity
32 MO_Parti % Organic matter in visible soil particles
MO_asociad % Organic matter bonded to mineral soil particles.
33 Bioclimatic variables
34 lc °C Simple continentality index
35 It tenths of degree | Compensated thermicity index
36 Tp tenths of degree | Positive temperature
lo I°C Ombrothermal index
37 los2 I°c Ombrothermal index June-July
los3 I°C Ombrothermal index June-July-August
38 los4 I°C Ombrothermal index May-June-July-August
39 PEs mm Summer Potential evapotranspiration
0 PE mm Potential evapotranspiration
4 lar no units Aridity index
41 IH no units Humidity index
42
43 Table 4: Correlation and contribution of the environmental variables to each of the first
44 two axes (F1 and F2), in bold type those variables selected according to their correlation
45 with the axes are shown, discarding those variables that are not very representative or
46 highly correlated with each other (marked with an asterisk). In these cases, the variable
47 best correlated with axes F1 and F2 was chosen.
48 Contribution  Contribution Corrﬁlatlo Correlation
49 F1 F2 F1 F2
pH_CaCl* 0,386 12,090 -0,219 0,879
50 pH_H20* 0,041 M9 0101 0837
51 AWC 0,376 8,455 0,131 0,718
Bulk_Dend 0,058 6,403 -0,033 -0,629
52 Coarse_Frag
. 2,291 1,501 0,437 0,329
53 Sand 0,000 10,456 0,038 -0,808
54 Silt* 0,090 5,444 0,052 0,579
55
56
57
58
59
60
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Clay* 0,023 10,016 -0,085 0,793
N 0,343 1,091 0,177 0,270
P 0,090 2,424 0,062 0,385
K 0,701 1,898 -0,251 0,357
CN 1,262 0,421 0,321 0,179
CaCO3 0,034 10,096 0,008 0,791
CEC 0,830 9,427 0,211 0,754
MO_Parti* 2,663 0,975 0,466 0,271
MO_asociad* 2,526 0,617 0,452 0,220
le 5,279 1,829 0,619 0,304
Itc* 9,536 1,094 -0,843 0,215
Tp* 10,502 1,498 -0,883 0,257
lo* 9,026 0,018 0,835 0,079
los2* 6,851 0,528 0,716 0,142
los3* 8,287 0,336 0,791 0,102
los4* 10,834 0,551 0,903 0,136
PEs* 1,378 0,543 -0,336 0,202
PE* 10,907 0,979 -0,903 -0,198
lar* 7,844 0,095 -0,781 0,119
IH* 7,844 0,095 0,781 0,119

Ordination analysis.

Discriminant analysis allows assigning probabilities of belonging to a prefixed group,
depending on several variables. A discriminant analysis was used in the data set to
assign according to environmental variables and floristic composition. In order to
eliminate the noise that may be caused by poorly correlated species, and to unify the
correlations between environmental variables, species and associations, a hierarchical
ascending classification was carried out to evaluate the similarities of the samples in
relation to the rest of the samples of the different associations. A dissimilarity criterion
was used based on the Mahalanobis distance, which uses the covariance between the
different variables. Such that:

Where Md(x) is the Mahalanobis distance, x is the vector with the values of the
variables, in this case the first three axes of the discriminant analysis were used as
variables, which accounted for 83.12% of the observed variability. p is the vector of the
means of the variables in the data set, and S is the covariance matrix. The decision to
use this distance lies in the fact that it is less sensitive to the scales of the variables than
other distances such as the Euclidean distance and can capture nonlinear relationships
between variables. The agglomeration method used in the flexible linkage method with
a beta =-0.8.

For the phytosociological analysis and statistical treatment, we selected only the
thermophilic associations of the thermo- and lower mesomediterranean belt, due to the
importance of climax formations in the management of a territory in which the
dynamics the dynamics of the holm oak forests are studied.

RESULTS

Based on the environmental variables and floristic composition of the inventories, the
discriminant analysis was able to satisfactorily classify most of the samples first
ascribed to different associations according to the bibliography. The greatest uncertainty
arose when establishing differences between Myrto communis-Quercetum rotundifoliae
(McQr) and the rest of the Mariano-Monchiquense associations, with inventories whose
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environmental characteristics and floristic composition correspond better to other
associations, as can be seen in the confusion matrix of the discriminant analysis (Table
5).

This is to be expected in the case of the Pyro bourgaenae-Quercetum rotundifoliae
(PbQr) holm oak groves, since the inventories of their thermophilic facies have been
included, and the Rhamno laderoi-Quercetum rotundifoliae (R1Qr) holm oak groves are
described for thermal territories on decarbonated calcarcous materials, so that the
floristic composition and other variables have very similar ranges. On the other hand,
the representatives of the facies on Axarquian calcareous shales of the Rhamno oleoidis-
Quercetum rotundifoliae (RoQr) holm oak groves, are similar or present more affinity
with the samples taken from the Aristolochio baeticae-Quercetum rotundifoliae nova
(AbQr).

This closeness between the different associations can be seen in the centroid plots of
each of the associations, with the 95% probability ellipses along the first three factors of
the discriminant analysis F1, F2 and F3 that represent 83.12% of the variability
generated in the inventory matrix (Figure 2). The variability represented by the F1 and
F2 axes alone can discriminate most of the associations. The oak groves of Rubio
longifoliae-Quercetum rotundifoliae (RpQr) are the best discriminated and, therefore,
those that a priori present the most genuine combination of variables in the F1 and F2
axes. This discrimination is still evident in the combination of F1 and F3 axes and, to a
lesser extent, in F2 and F3. The samples ascribed to the AbQr show a clear
discrimination in factors F1 - F2 and F2 - F3. This is interesting insofar as the F1-F3
combination shows some similarity with the holm oak forests of the McQr. In any case,
the discriminant analysis in the first three factors shows the great similarities, and
therefore, the low capacity that the combination of selected variables show to be able to
clearly and reliably discern the thermophilic facies of the PbQr, McQr and RIQr holm
oak groves.

Table 5: Discriminant analysis validation confusion matrix, and the percentage of
correct classifications.

F"T’L“‘ AbQr | McQr | PbQr | PeQr | RIQr | RoQr | RpQr | % Correct
AbQr | 13 | 0 | o | o | o | o0 | o | 10000%
Mear | 0 | 50 | 14 | 0 | 11| 2 | o | 6493%
Poar | 0 | 13 | 6 | 0o | 2 | o | o | so2%
Pear | 1 | 0 | 1 |17 ] o | 2 | 1 | o553%
Rar | o | o | o | o | s | o | o | 10000%
Rar | 4 | 1 | 2 | o | o | s | o | ss0e%
Rpr | 0 | 0 | 0 | 0 | o | o | s | 10000%
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Figure 2: Segmentation graph along the first three factorial axes (F1, F2 and F3)
showing the closeness or remoteness between the different associations and their
correlation with each factor, as well as the ellipses of probability at 95% significance.

The hierarchical ascending classification, with the inventories already assigned to the
most probable associations, shows this relationship of similarity in the floristic
composition between the different climatophilic holm oak forests in their floristic
composition. Although in the studied area of the Granada-Almijaran territories they are
classified under dry and sub-humid-humid ombrotypes, it is in the dry and thermo-
mediterranean ombrotype where there is an oak grove that does not correspond to the
Myrto communis-Quercetum rotundifoliae as it presents floristic, dynamic, and
biogeographical differences. This thermomediterranean siliceous Myrto-Quercetum
holm oak forest was described by Rivas Goday et al. (1959) and later typified by Rivas-
Martinez (1987) for the ravines of Sierra Morena (Marianico-Monchiquense sector);
likewise, this holm oak forest differs from the Rhamno oleoidis-Quercetum
rotundifoliae that occupies a large part of the Hispalense sector (Betica province), due
to its basophilic character, as can be seen in Figure 3.

All these holm oak groves have in common that they are in the thermomediterranean
bioclimatic floor and dry ombrotype, but they present different floristic composition,
ecology and biogeography. This can be observed from the results of the PCA (Figure
4), where the linear combination of the environmental variables in the first two axes F1
and F2 represent 70.26% of all the variability of the data matrix. From the ecological
characterization point of view, the PCA in the first term, like the basophilic oak groves
of Paeonio coriaceae-Quercetum rotundifoliae (PcQr), present significant correlations
with the edaphic variables related to the presence of carbonates, high pH levels and
clay soils. From a bioclimatic point of view, these holm oak groves are the coldest and
most continental, and humid within the context of a thermo-mesomediterranean
bioclimatic floor and a lower dry-subhumid ombrotype. This is evidenced by the
presence of the point cloud of these holm oak groves, close to the variables with which
they are positively correlated, and far from the variables with which they are negatively

URL: http://mc.manuscriptcentral.com/tplb

Page 12 of 50



Page 13 of 50

oNOYTULT D WN =

Plant Biosystems

correlated. The opposite case can be observed in the associations PbQr and McQr, which
are correlated to sandy soils (the facies with Halimium halimifolium (L.) Willk. are described for sandy
rafias of the lower countryside of the Guadalquivir Valley by Rivas-Martinez et al. [2011a) and the
subassociation lavanduletosum viridi Quino Canas et al. 2018 (Quinto-Canas et al.
2018) for the westernmost areas; they show a negative correlation to high pH values
presence of carbonates, clayey soils, with lower water retention capacity as expected
for these silicic associations on quartzite, sandy, schistose materials.

From a bioclimatic point of view, these holm oak groves have an affinity for the most
thermal and oceanic territories, but not arid, as they are located at the opposite extreme
to the high values of continentality (Ic). From the edaphic and bioclimatic point of view,
RIQr holm oak forests, like the RpQr ones, present intermediate correlations between
the PbQr and PcQr forests in their thermophilic facies. In fact, the R1Qr forests are more
suitable (or the variables related to precipitation carry more weight) for higher values of
Ic than the RpQr and PbQr ones. Instead, the typically thermomediterranean RpQr
samples show greater affinities for temperature- and aridity-related variables

The thermomediterranean holm oak forests of basic RoQr character are located in the
lower part of the graph showing shared correlations both with edaphic variables related
to high carbonate levels, clayey soils, high pH, and at the same time, with high values of
aridity and temperature and evapotranspiration, although the more humid and neutro-
acid Quercus suber L. facies (Rivas-Martinez et al. 2011b), are positioned away from
the pH and aridity variables and closer to the Io variables and sandier soils. These
facies, due to their floristic composition, as well as their biogeographic location and
bioclimatic characterization could be included in the thermomediterranean cork oak
forest of Bupleurum gibraltaricum Lam. and Quercus suber.

Finally, the bioclimatic characterization of the holm oak groves proposed as
Aristolochio baeticae-Quercetum rotundifoliae, show correlations with the variables
that present high values of aridity and thermicity, located at a distance from the
continentaliy variable, being this variable quite significantly and negatively correlated
with these holm oak groves. In other words, they are the most oceanic of the Betic oak
groves studied, with an average Ic of 15.36 (+1. 02) and the most thermophilic with an
average Tp of 2243 (£82).

The thermomediterranean holm oak forest of Granada-Almijarense (Montes of Malaga)
developed on slate is characterized by the presence of thermophilic elements
Chamaerops humilis L, Asparagus aphyllus L., Aristolochia baetica L., Phlomis
purpurea L., Olea europaea L., var. sylvestris Brot., Bupleurum gibraltaricum.
Considering the above-mentioned differences, we propose as new the holm oak
Aristolochio baeticae-Quercetum rotundifoliae nova (Table 6, inv. 1-13 typus inv.2), of
siliceous-basic nature, which is included in the Querco rotundifoliae-Oleion sylvestris
alliance. This new holm oak forest presents floristic differences with respect to the
dynamic typology of other thermomediterranean holm oak forests with species such as
Genista umbellata (1.~ \Poir. subsp. equisetiformis (Spach) Rivas Goday & Rivas
Mart., Clematis cirrhosa L., Ononis speciosa Lag., Chamaerops humilis.

Table 6.- Ass. Aristolochio baeticae-Quercetum rotundifoliae nova
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Olea europaea var. sylvestris
Aristolochia baetica
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Osyris alba

Clematis cirrhosa
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1
2
3
4
5
6
7
8
9
10 Asparagus horridus + . + . . . . 1
11 Asphodelus aestivus
12 Brachypodium retusum + + . . + . 1 . . . 1
13 Calicotome villosa + + 1 + + . . 1 1 1
14 Capparis sicula + . + . . . . . +
15 Cistus albidus . . . 1 + 1 + . + 1 1
16 Cistus crispus . . . . +
17 Cistus ladanifer subsp. ladanifer + . . . + 1 +
18 Cistus monspeliensis + . + 1 . + 1 . . 1 1
19 Cistus salviifolius + . . 1 . + . . +
20 Cynara humilis . + . . . . +
21 Digitalis purpurea subsp. purpurea . . . . . . . . 1
Genista umbellata subsp. equisetiformis 2 + 1 . . 1 1 . + 1
22 Hyparrhenia sinaica +
23 Lavandula stoechas subsp. stoechas + . . 1 . . . . . +
24 Lonicera periclymenum subsp.
25 hispanica . . . . . . . . . . 1
26 Ononis speciosa . . . . 1
Origanum virens
27 Ptilostemon hispanicus + . . + 1 . . . + . 1
28 Retama sphaerocarpa 1 + + + 1 . + + + . +
29 Rosa canina subsp. canina . . . . . . . . +
30 Rubia peregrina subsp. peregrina . . . . 1 . . . + 1
31 Petrosedum sediforme . . . . . . +
32 Spartium junceum . . . . . +
3 3 Thapsia villosa var. villosa
34 Thymus baeticus . . . +
35 Ulex parviflorus subsp. parviflorus + . . 1 1 + 1 . + + 1
36 Drimia maritima
37 Ricinus communis +
38 Nicotiana glauca 1
39 Lavandula multifida + + + +
40 Macrqch!oa tenacissima subsp.
tenacissima +
41 Opopanax chironium 1
42 Carlina gummifera . . . . . . . . . +
43 Cytisus grandiflorus
44
45 Localities: AbQr. Camino de los Almendrales Km 3 (36° 44 55N/ 4° 23 75W). AbQr2.
46 Camino de los Almendrales (36° 45 5SN/4° 23 10W). AbQr3. Prox. Finca La Brisa (36°
47 44 25N/4° 23 10W). AbQr4. Cerrado Calderon (36° 44 20N/4° 22 45W). AbQr5.
48 Camino de Colmenar (30503769{17/4037401). AbQr6. Camino de Colmenar
(30S0378428/4075391). AbQr7. Camino de Comares (30S0383264/4073380). AbQrS.
49 Prox. Camino de Albahaca (30S0376847/4067545). AbQr9. Totalan a Comares
50 (30S0384566/4071098). AbQr10. Totalan a Comares (30S0384225/4072362). AbQr11.
51 Camino de Almogia MA: 3402 (30S0364797/4076052). AbQrl2. Caminq de
52 Monterroso (30S0359677/4081596). AbQrl13. Camino de las Lomas a Alora
53 (30S0355707/4079810).
54
55
56
57
58
59
60
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Figure 3: Dendrogram of hierarchical ordination of the 395 selected samples, using the
Mabhalanobis distance.

The first dynamic stage of this holm oak grove is a secondary Olea europea var.
sylvestris wild olive grove. Although Rivas-Martinez et al. (2002, 2011a) include the
wild olive Olea europea var. sylvestris as a characteristic species of Quercetea ilicis, the
structure of these microforests, the ecological conditions, and the difference between the
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number of species belonging to the orders of Quercetea ilicis are different: Quercetalia
ilicis presents 26.2% of species and Pistacio lentisci-Rhamnetalia alaterni 47.5%, being
class species in both orders, and before the dominance of species belonging to Pistacio-
Rhamnetalia alaterni. These formations of wild olive trees have arisen due to an
edaphic influence combined with a climatic change. Although we consider that the olive
groves of Axarquia are secondary micro-forests, the reality is that the loss of soil
together with the decrease in precipitation, with a lower dry ombroclimate, has allowed
the installation of these micro-forests. We cannot include these communities in the
Querco rotundifoliae-Oleion sylvestris alliance because they present different floristic
and ecological conditions. Consequently, we propose to include the communities
dominated by Olea europea var. sylvestris in the Oleo-Ceratonion siliquae alliance.

Biplot (Axes F1 y F2: 70,26 %)
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Figure 4: Principal component analysis (PCA) of the selected inventories, in bold the
proposed new oak forest Aristolochio baeticae-Quercetum rotundifoliae.

The floristic, ecological, dynamic and biogeographical differences allow us to propose
the new association Aristolochio baeticae-Oleetum sylvestris nova (Table 7, inv. 1-6
typus inv.4). This new syntaxon differs from Aro italici-Oleetum sylvestris of very
clayey substrates (vertisols) by ecological, floristic, dynamic and catenary features, as
well as from Asparago albi-Oleetum sylvestris Rivas-Marinez et al. 2011 of Luso-
Extremaduran distribution, an association described by Rivas-Martinez et al. (2011a).
Due to name prioritization, the new name Rhamno laderoi-Oleetum sylvestris has been
proposed for this syntaxon, since the association Asparago albi-Oleetum sylvestris was
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described by Bacchetta et al. (2003) for Sardinia. Since Gianguzzi and Bazan (2019)
made the name change proposal by applying article 31 of the ICPN, the Spanish
association is Rhamno laderoi-Oleetum sylvestris Gianguzzi & Bazan 2019 (Canto et al.
2011, Gianguzzi & Bazan 2019). Earlier studies on wild olive groves (Rivas-Martinez
et al. 2001, 2002, 2011a, 2011b; Nieto et al 1990, 1991) have shown that communities
of Olea europaea var sylvestris grow on vertisols and in edaphoxerophilic
environments, whereas the association we propose does so on siliceous materials, an
association that gives way to Asparago aphylli-Calicotometum villosi Rivas-Marinez
1975 and this one to Lavandulo stoechadis-Genistetum equisetiformis Rivas Goday &
Rivas-Martinez 1969. This new wild olive grove has strong ecological, bioclimatic,
biogeographical, and floristic differences with Viburno tini-Oleetum sylvestris Costa et
al. 1994 that was described by its authors for the subhumid areas of the Lisbon region
on vertisols of calcareous origin (Costa et al. 1994).

Perez Latorre et al. (2008) include the Axarquia wild olive grove in the association
described by Benabid (1984) for Morocco, Tamo communis-Oleetum sylvestris Benabid
1984. Although Rivas-Martinez (1987) accepted this association for Spain, he later
separates these communities from the Moroccan ones (Rivas-Martinez et al. 2002;
2011a, 2011b), and describes for Spain the association Aro italici-Oleeum sylvestris
Rivas-Martinez & Cant6é 2002 in Rivas-Marttinez et al. 2002. In the PhD thesis of
Garcia Fuentes, we mentioned an edaphoxerophyllous community of Ephedra fragilis
Desf. and Olea europaea var. sylvesytris, a community developed in the lower
thermomedierranean and mesomediterranean on basic substrates, which we proposed
for the Hispalense sector, and which was neither published nor typified, Ephedro
fragilis-Oleetum sylvestris Garcia Fuentes & Cano nova (Table 8 inv. 1-7, typus inv. 4).

The ordination analysis of the associations of Olea europaea var. sylvestris studied in
the south of the Iberian Peninsula, clearly reveals four distinct syntaxons due to their
floristic differences (Figure 5). The inventories carried out by Pérez Latorre et al. (2008)
in the Axarquia region (Malaga), were ascribed to the Moroccan association (TcOs), but
in our study they are grouped with the RlOs inventories. This is confirmed by the
synthetic table (Table 9).
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40 Figure 5: Hierarchical ascending classification of Olea europea var sylvestris forests. In
41 this case, due to the lower number of inventories, the Euclidean distance and Ward's
42 agglomeration method were used.
43 Table 7.- As. Aristolochio baeticae-Oleetum sylvestris nova
44
AbOs1 AbOs2 AbOs3 AbOs4 AbOs5 AbOs6
45 Surface m2 300 600 300 200 300 500
46 Alttude m. 105 201 226 537 176 215
47 Coverage % 60 60 45 90 60 90
Orientation w S NW E E w
48 Inclination 10 8 2 8 20 2
Average veg. hight
49 m. 3 35 25 35 35 5
50 Characteristics association and superior
units
51 Olea europaea var.
52 sylvestris 3 3 2 4 3 5
Phlomis purpurea
53 subsp. purpurea + + 1 2 2 2
Chamaerops humilis + + 2 2 - 2
54
55
56
57
58
59
60
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Ceratonia siliqua
Asparagus albus
Asparagus aphyllus
Rhamnus alaternus
Aristolochia baetica

Rhamnus lycioides
subsp. laderoi

Asparagus horridus
Quercus rotundifolia
Pistacia lentiscus

Smilx aspera

Rubia peregrina
subsp. longifolia
Ptilostemom
hispanicus
Juniperus oxycedrus
subsp. badia
Quercus coccifera
subsp. coccifera

Myrtus communis
Quercus suber
Bupleurum
gibraltaricum
Companions
Calicotome villosa
Genista umbellaa
subsp. equisetiformis
lavandula stoechas

Ulex parviflorus
Retama
sphaerocarpa
Brachypodium
retusum

Dactylis hispanica
Orobanche hederae
Oloptum miliaceum
Spartium junceum
Marrubium vulgare
Lavandula multifida

Adenocarpus
telonensis

Salvia rosmarinus
Cistus salviifolius
Vinca difformis
Cistus monspeliensis
Juniperus turbinata
Cistus crispus
Fumana thymifolia

Localities. AbOs1. Monte Gibralfaro, Malaga (30S0374142/4065242). AbOs2. Camino
(30S0376340/4069022). AbOs3. Camino de Albahaca

AbOs4. Almogia-Antequera MA:3403
(30S0360491/4081264). AbOs5. Prox Cerrado Calderén (30S0376764/4067317).

de los Almendrales
(30S0376796/4067213).
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AbOs6. Pro. Cerrado Calderon (30S0376801/4067439).

Table 8. Ass. Ephedro fragilis-Oleetum sylvestris Garcia Fuentes & Cano nova

Surface area m2
Altitude m.
Coverage %
Orientation
Inclination %

EfOs1
100
600

Ko Im |g|

Ef0s2
300
630

40

EfOs3 EfOs4 EfOsb EfOs6 EfOs7
200 200 400 400 200
490 530 500 420 480
40 65 60 50 50
S SE SW .
27 2 0
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Characteristics association and superior units

Olea europaea v
ar. sylvestris
Ephedra fragilis
Juniperus oxyce
drus subsp.
oxycedrus
Rhamnus oleoid
es subsp.
oleoides var.
angustiflolia
Asparagus albus
Clematis flammul
a
Arisarum simorrh
inum
Pistacia terebinth
us
Jasminum frutica
ns
Asparagus acutif
olius
Crataegus mono
gyna subsp.
brevispina
Quercus rotundif
olia
Companions
Macrochloa tena
cissima
Oloptum
miliaceum
Marrubium vulga
re
Artemisia barreli
eri
Retama sphaero
carpa
Thymus orosped
anus
Phagnalon saxati
le
Hyparrhenia hirta
Ballota hirsuta
Thymus zygis
subsp. gracilis
Teucrium lusitani
cum
Teucrium pseudo
chamaepitys
Dactylis glomerat
a
subsp. hispanica
Lepidium subulat
um
Asphodelus fistul
osus
Micromeria graec
a
Valantia muralis
Asphodelus fistul
osus
Thapsia villosa
Melica minuta
Paronychia arge
ntea
Asphodelus albu
s
Thapsia foetida
Brachypodium re
tusum
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Asphodelus aesti
vus
Muscari neglectu

m

Convolvulus alth
aeoides
Asplenium cetera
ch

Sanguisorba min
or

Drimia maritima
Umbilicus rupestr
is

Campanula erinu
s

Ficus carica

Plant Biosystems

+

+

Localities. Efos1. Puente Padilla (30SVG38). Efos2. Cerro Peiiaflor (30SVG48). Efos3.
Prox. Ayo. de la Cuevezuela (30SVG28). EfOs4. Cerro Cabeza Grillos (30SVGS56).
EfOsS. Majada Amapola (30SVG38). EfOs6. Cerro de Tallan (30SVG38). EfOs7. Prox.

El Berrueco (30SVG28).

Table 9. Synthetic table of the associations of wild olive trees studied. AbOs =
Aristolochio baeticae-Oleetum sylvestris. TcQs = Tamo communis-Oleetum sylvestris.
EfQs = Ephedro fragilis-Oleetum sylvestris. R10s = Rhamno laderoi-Oleetum sylvesris
synonyms: (AaQs = Asparago albi-Oleetum sylvestris). VtOs = Viburnum tini-Oleetum
sylvestris. AiOs = Aro italici-Oleetum sylvestris.

Synthetic table

AbOs

TcOs

EfOs

RIOs VtOs AiOs

Quercetalia llicis

p
Rhamnus
alaternus

Smilax aspera

Quercus
rotundifolia

Asparagus
aphyllus

Rubia pergrina

subsp. longifc

Quercus suber

Juniperus
oxycesrus subsp,
badia

Daphne gnidium

Viburnum tinus

Clematis cirrhosa

Asparagus
acutifolius

Clematis flammula

Arisarum vulgare

Rubia peregrina
subsp. peregrina

Arisarum simorrhin
um

Ruscus aculeatus

Il 1l +

Pyrus bourgaeana

Arisarum vulgare
var. clusii

Phillyrea latifolia

Rosa
sempervirens

Anemone palmata

Carex distachya

Paeonia broteroi
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1
2
3
4
5
6
7
8
9
10 Bupleurum rigidum subsp. paniculatum |
Lonicera implexa |
1 Lonicera etrusca |
12 Carex hallerana |
Eryngium 1
13 tricuspidatum
14 Arisarum simorrhinum var. subexertum 1
15 Smilax aspera 2
var. altissima
16 Pistacio-
17 Rhamnetalia
Orlea europea var. ) Vv ' v Vv 4
18 sylvestris
19 Asparagus albus 1] Y [\ \ \% 1
Pistacia lentiscus | Il Il 1} 2
20 Rhamnus 1} v \
21 Iycioides subsp.
laderoi
22 Phlomis purpurea ) Y | 1
23 subsp. purpurea
Quercus | 1l Il
24 coccifera subsp.
25 Chamaerops v Il +
humilis
26 Ceratonia siliqua \% Il
27 Myrtus communis | |
28 Juniperus turbinata | |
Aristolochia 1] Vv 1
29 baetica
30 Calicotome villosa v
Asparagus 1]
31 horridus
3 2 Bupleurum |
gibraltaricum
33 Osyris alba v I I
Pistacia | 1
34 terebinthus
35 Osyris I
quadripartita
36 Jasminum frutican | |
37 s
Ephedra fragilis '
38 Rhamnus oleoides subsp. oleoides 11}
39 var. angustifolia
Juniperus oxyced |
40 rus subsp,
41 oxycedrus
Rhamnus oleoides n 1
42 Crataegus | 1
monogyna
43 subsp. brevispina
44 Coronilla valentinus subsp. glauca Il
Euphorbia |
45 characias
46 Arbutus unedo |
Teucrium fruticans |
47 Erica arborea |
48 Bupleurum |
49 fruticosum
Cytisetea scopario-striati species
50 Retama 1] v [ v
51 sphaerocarpa
Genista 1l |
52 umbellata subsp.
equisetiformis
53 Adenocarpus |
telonensis
54
55
56
57
58
59
60
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Cytisus arboreus

Cytisus
malacitanus

Cytisus bourgaei

Rosmarinetea and Cisto-Lavanduletea species

Cistus
monspeliensis

Cistus salviifolius

Salvia
rosmarinus

Ulex parviflorus
subsp.
parviflorus

Lavandula
stoechas

Cistus crispus

Fumana thymifolia

Ptilostemom
hispanicus

Cistus albidus

Thymus orospeda
nus

Thymus zygis subs
p. gracilis

Lepidium subulatu
m

Lavandula
sampaioana

Genista hirsuta

Ulex jussiaei

Astragalus
lusitanicus

Lygeo-Stipetea tenacissimae species

Lavandula
multifida

Brachypodium
retusum

Iris planifolia

Lapiedra martinezii

Phagnalon saxatile

Dactylis glomerata subsp. hispanica

Hyparrhenia hirta

Convolvulus althae
oides

Macrochloa tenaci
ssima

Teucrium pseudoc

S

Q "

| classes

of other phy

Vinca difformis

Oloptum
miliaceum

Marrubium vulgare

Spartium junceum

Orobanche
hederae

Bryonia cretica
subsp. dioica

Arum italicum

Drimia maritima

Tamus communis

Rubus ulmifolius

Asphodelus
ramosus

Crataegus
monogyna
subsp. brevispina

Ballora hirsuta
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1
2
3
4
5
6
7
8
9
Melica minuta Il |
10 —
Thapsia villosa | |
1 Ficus carica | |
12 Clematis vitalba I
13 Silene vulgaris Il
Asperula aristata |
14 subsp. scabra
Campanula |
15 rapunculus
16 Carthamus |
arborescens
17 Lobularia maritima |
1 Narcissus |
8 serotinus
19 Ranunculus [
bullatus
20 Asphodelus fistulo Il
21 sus
Artemisia barrelieri |
22 Asphodelus aestiv |
2 us
3 Asphodelus albus |
splenium ceterac
24 Aspleni i
h
25 Campanula erinus |
26 Thapsia foetida |
27 Micromeria graeca |
luscari neglectum
28 M i negl |
29 Paronychia argent |
ea
30 Sanguisorba minor |
Teucrium lusitanic |
31 um
32 Umbilicus rupestris |
Valantia muralis |
33 Asphodelus \%
microcarpus
34 Hyparrhenia 1
35 sinaica
Thymus |
36 mastichina
Thymus zygis |
37 subsp. gracillis
38 Dactylis lusitanica |
eilanthes tinaei
39 Cheilanthes tinaei |
Rumex induratus |
igitalis thapsi
40 Digitalis thapsi |
41 Smyrnium \% +
olusatrum
42 Oxalis pes-caprea \%
43 Geranium v
purpureum
44 Urtica v
membranacea
45 Parietaria judaica 1]
46 Acanthus mollis Il
47 Hedera helix I
subsp.
48 canariensis
49 Lonicera pericly subsp. hispani ]
Ruta chalepenis ]
50 Orobanche I
51 ramosa subsp.
nana
52 Galium aparine ]
53 Sonchus oleraceus Il
54 Prunus spinosa subsp. insititioides |
55
56
57
58
59
60
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Ulmus minor |

Calamintha |
baetica

Fraxinus |
angustifolia

Iris foetidissima |

Fumaria |
capreolata

Solanum nigrum |

Mercurialis annua |

Brachypodium |
phoenicoides

Salvia sclareoidis !

Salpichroa |
organifolia

Asparagus |
asparagoides

Opuntia maxima

Silene dioica

|

|

Viola riviniana |
Allium roseum |
|

Polypodium
cambricum

Biscutella valentina subsp. lusitanica |

Allium |
neapolitanum

Narcisus obesus |

DISCUSSION

Results of the present study on the thermophilic climaxes of the holm oak forest in the
southern Iberian Peninsula reveal the existence of a new Quercus rotundifolia forest
and its dynamics. We consider it essential to establish these dynamics, to subsequently
deduce the potential vegetation, which is essential for environmental and agricultural
management, the vegetation series being the basis for territorial planning.

The study area, which corresponds to the Montes de Malaga (Axarquiense district,
Granadino-Serrano-Almijarense sector), has suffered a great anthropic impact, which
has caused a decrease in the Quercus rotundifolia forest, this being the cause for having
erroneously included these holm oak groves in the Myrto communis-Quercetum
rotundifoliae (Perez Latorre et al. 2008). In this case the holm oak forest has been
replaced by a secondary microforest of Olea europea var. sylvestris, which is degraded
to Aspargo aphylli-Calicotomentum villosae. This new wild olive microforest presents
strong differences with Viburno tini-Oleetum sylvestris Costa et al. 1994, an association
that was not typified, so we proceeded to its lectotypification (Costa et al. 1994). Os
bosques de zambujeiro (Olea suropaea L. var. sylvestris Miller): Vegetagao potencial
dos vertisolos das areas termomediterranicas da Extremadura portugueda. Anais Inst.
Super. Agron. 44(2):497-513, table 1, lectotype inv. 5 Tapada da Ajuda).

Therefore, the need to know in detail the dynamics, since there are assumptions in
which there is no other way to elucidate the climax, which we consider fundamental for
a management on the recovery of the climax, and therefore its knowledge should be
enhanced by academics.

The mesomediterranean dry and bathophilic oak groves belong to the Paeonio
coriaceae-Quercetum rotundifoliae association, which presents as first dynamic stage a
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kermes oak of the Crataego monogynae-Quercetum cocciferae Martinez Parras et al.
1984 association (Martinez Parras et al. 1984), and depending on the biogeographic
sector in which this oak grove is located, the serial thicket can be different, but in all
cases these thickets belong to the Lavandulo-Genistion boissieri alliance. However, the
thermophilic facies of this holm oak forest, typical of the lower mesomediterranean,
presents other dynamic stages, with the Asparago albi-Quercetum cocciferae Rivas-
Marinez in Rivas Marinez et al. 2002 kermes oak grove as the first dynamic stage,
which in lithosols is replaced by Eryngio-Ulicion erinacei thyme grove.

In the western Iberian Mediterranean province (Toledano-Tagano and Marianico-
Monchiquense sectors) (Rivas-Martinez et al. 2007), the mesomediterranean holm oak
forest corresponds to the association Pyro bourgaeanae-Quercetum rotundifoliae
(Rivas-Martinez 1987). In this case the first dynamic stage is a holm oak of
Hyacinthoido hispanicae-Quercetum cocciferae (Rivas Goday in Rivas Goday, Borja,
Esteve, Galiano, Rigual & Rivas-Martinez 1960) Peinado & Martinez Parras 1985, with
rockroses and lavenders as serial scrub belonging to the alliance Ulici argentei-Cistion
ladaniferi. This association in the lower mesomediterranean presents the thermophilic
facies with Myrtus communis, whose first dynamic stage is a thicket of Asparago albi-
Rhamnetum oleoidis, which in skeletal soils is replaced by a thicket of Scillo-
Lavanduletum pedunculalatae Ladero 1970

In the thermomediterranean territories there is a holm oak forest, which in some cases
can radiate to the lower mesomediterranean. The association Rubio longifoliae-
Quercetum rotundifoliae is characterized by Quercus rotundifolia, Rubia peregrina L.
subsp. longifolia (Poir.) O‘—Bolbs\, Rhamnus oleoides subsp. assoana Rivas Mart. &
J.M.-Pizarro, Chamaerops humilis and Osyris quadripartita Salm. ex Decne. As the
latter two species are exclusively thermomediterranean, this association does not reach
the lower mesomediterranean. According to Costa et al. (1983) these Valencian-
Tarragona holm oak groves were deforested for the planting of Ceratonia siliqua
(carob) trees. These crops are currently abandoned and only small amounts remain. As
for the dynamics of these holm oak groves, the first stage corresponds to a Querco
cocciferae-Lentiscetum Br.-Bl. et al. 1936 kermes-oak woodland, which is in turn
replaced by Rosmarino-Ericion.

In the south of the Iberian Peninsula there are several associations, Rhamno oleoidis-
Quercetum rotundifoliae described by Rivas-Martinez et al. (2002). The typus of this
association has occurred in Gaucin (Malaga), for the thermomediterranean belt on
calcareous substrates For years these oak groves were ascribed to the North African
association Smilaco mauritanicae-Quercetum rotundifoliae Barbero et al. 1987
(Barbero et al. 1981, 1992), which has been corrected by their authors, who establish
Asparago albi-Rhamnion oleoidis as the first dynamic stage, with the serial thicket
corresponding to Saturejo-Coridothymenion. Recently, Rivas-Martinez et al. (2011b)
described the association Rhamno laderoi-Quercetum rotundifoliae for the upper
thermomediterranean and lower mesomediterranean islets on basic substrates of the
Luso-Extemaduran territories, an association that according to their authors is vicariant
of the two closest associations Rhamno oleoidis-Quercetum rotundifoliae and Paeonio
coriaceae- Quercetum rotundifoliae, developed on basic substrates of the Betic
biogeographic province. Floristically, this association presents, among other species,
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Quercus rotundifolia, Rhamnus lycioides L. subsp. laderoi Rivas Mart. & J.M.Pizarro
\(Rivas—Martinez & Pizarro 2011a) with some subhumid territorial elements such as
Arbutus unedo L., Viburnum tinus L., Rhamnus oleoides L. subsp. oleoides and, in
some cases Bupleurum fruticosum L.; the presence of acidophilic and basophilic
elements confirms that the calcareous substrates of Cretaceous origin have undergone
decarbonation. In this case the authors do not explain the dynamics, however Rivas-
Martinez et al. (2002), published the new association of kermes oak Asparago albi-
Quercetum cocciferae (Asparago albi-Rhamnion oleoidis) for the Luso-Extremaduran
limestone islets (Sierra de los Santos, Badajoz), and textually states that “it is a lower
mesomediterranean kermes oak grove of a dry-subhumid environment of the
Marianico-Monchiquense sector, which acts as a dynamic stage of the vegetation of
Quercus rotundifolia". However, these authors do not establish the dynamics for these
forests of the Cretaceous limestones, the Saturejo-Coridothymenion kermes oak and
thyme belonging to the dynamic stages.

The holm oak forests described by Quinto Canas et al. (2021) for the Iberian southwest
on siliceous substrates, belong to the Ulici argentei-Quercetum rotundifoliae Quinto
Canas 2021 association. In this case, the authors do establish the plant dynamics, and
propose the Asparago albi-Rhamnion oleoidis alliance as the first dynamic stage,
although they do not mention a specific association. This association corresponds to the
Asparago albi-Rhamnetun oleoidis, a community that on poorer soils gives way to the
Genisto hirsutae-Cistetum ladaniferi. Recently Piflar et al. (2017) published the new
association Bupleuro gibraltarici-Quercetum rotundifoliae Pinar Fuentes et al. 2017 of
edaphoxerophilic character for the marmoreal limestones of Sierra Grazalema. Being an
edaphoxerophilic formation, these authors do not speak of dynamics, but they do show
the behavior of the biotope, since the climatic data indicate a subhumid-humid
ombrotype. Nevertheless, the territory has a dry behavior (Cano et al. 2007, 2021,
2022).

The new association that we propose Aristolochio baeticae-Quercetum rotundifoliae
presents a specific dynamic. The first stage is the wild olive tree Olea europaea var.
sylvestris for places where the ombrotype is dry superior, consequently it is possible to
recover the holm oak forest. However, for the places where the Io has become dry
inferior, the holm oak forest is irrecoverable and the new climax is Olea europaea var.
sylvestris microforest. This wild olive grove gives way to the Calicotome spinosa scrub
belonging to the Asparago aphylli-Calicotometum villosae association, a thorny
community that in lithosols becomes Lavanduo stoechadis-Gensitetum equisetiformis,
while the edge of the holm oak grove is a Genisto equisetiformis-Retametum
sphaerocarpae Asensi, Diez & Nieto 2005 broom. The typology of the new holm oak
association departs from the rest of the associations studied (Figure 4). However, some
authors in previous studies (Pérez Latorre et al. 1999, 2008, 2008, 2009, 2015) included
these holm oak groves in the association Myrto comnmunis-Quercetum rotundifoliae
and as a dynamic stage in Asparago albi-Rhamnetum oleoidis, dynamics poorly
established, since the absence of Rhamnus oleoides in the study area justifies the
absence of the syntaxon Asparago albi-Rhamnentum oleoidis. This may be due to the
alteration that the territory has historically suffered. The differences between the
thermo- and lower mesomediterranean holm oak forests are expressed in the cluster
analysis (Figure 3) and in the synthetic table (Table 10), in which we do not take into
consideration the edaphoxerophilous climaxes because of their totally different
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dynamics from the climatophilous ones. However, the inventories AbQrS, AbQr6 and
ADbQr7 tend to move away from the rest, which should be located in the lower
mesomediterranean with dry upper-subhumid ombrotype and soils with less carbonates
and lower pH. However, in certain situations it is necessary to rely on the dynamics of
these forests to elucidate which is the climax, due to the profound alteration that these
forests have undergone.

In this analysis of the climaxes of thermomediterranean holm oak forests, we found
that the authors do not always establish the plant dynamics, so it is difficult for the
vegetation series to be used as a basis for sustainable development. Consequently, in
all phytosociological research it is necessary to establish the plant dynamics (Figure 6).
It is through the dynamic stages that the climax of a territory can be deduced in the
event that it has been greatly altered. Therefore, we wish to propose that in their
geobotanical courses, future professionals should receive training not only in the
ecological and floristic aspects of plant communities, but also in the phytosociological
methodology (Cano-Ortiz 2021a, b,c).

Figure 6 Dynamic diagram of the Aristolochio baeticae - Querco rotundifoliae
sigmetum vegetation series.
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Table 10.- Synthetic table of the associations studied (to identify the name of the syntaxons, see Table 2).
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CONCLUSIONS

Six published holm oak associations from the central and southern Iberian Peninsula are
analyzed, located in thermo- and lower mesomediterranean environments, plus a new
series in thermomediterranean territories, which together constitute seven vegetation
series. The study of these series reveals that in some of them the dynamics have not
been established or have been only partially established. Given the importance of the
different dynamic stages in agricultural and forestry management models, the dynamics
of each of these series is studied in detail and the existing or little studied gaps are
mentioned. The holm oak forests of some territories have been ascribed to associations
that do not correspond to the territorial reality, which, in the opinion of some authors, is
due to the poor state of conservation of the holm oak forests. However, considering the
remains of holm oak groves still existing and analyzing the dynamic stages, we have
been able to obtain a new association for the Montes de Malaga, where the ombrotype is
still dry superior. This new holm oak grove Aristolochio baeticae-Quercetum
rotundifoliae presents as a first dynamic stage a new micro-forest of Olea europaea var.
sylvestris Aristolochio baeticae-Oleetum sylvestris. The holm oak wood was ascribed by
other authors to Myrto communis-Quercetum rotundifoliae, and the wild olive tree to
Asparago albi-Rhamnetum oleoidis, syntaxa typical of the Mariano-Monchiquense
sector, while the new syntaxa we propose are in the Malacitano-Almijarense sector. For
this reason, we propose that the descriptions of new syntaxa should carry a dynamic
study, which favors the sustainable management of the territories to which they belong.
In the study of the Iberian wild olive trees, we also propose the association Ephedro
fragilis-Oleetum sylvestris for the territories of the Guadalquivir valley (Andalusia).
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