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Abstract The consistency and reliability of Ellenberg’s

indicator values (Eiv) as ecological descriptors of the

Mediterranean evergreen vegetation ascribed to the phy-

tosociological class Quercetea ilicis have been checked on

a set of 859 phytosociological relevés 9 699 species.

Diagnostic species were identified through a Twinspan

analysis and their Eiv analyzed and related to the following

independent variables: (1) annual mean temperatures, (2)

annual rainfall. The results provided interesting insights to

disentangle the current syntaxonomical framework at the

alliance level demonstrating the usefulness of ecological

indicator values to test the efficiency and predictivity of the

phytosociological classification.
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1 Introduction

Ellenberg’s indicator values (Eiv) have been described by

the author himself as an empirical tool to express the

ecological response of plants to the environment,

recognizing the role of each species as a biological indi-

cator (Ellenberg 1974; Ellenberg et al. 1992). Since their

publication, Eiv have been applied, checked and validated

in a large number of contributions dealing with the Central

European flora and vegetation (see Diekmann 2003, for a

review). From Central Europe, Eiv have been extended to

Poland (Zarzycky 1984), Hungary (Borhidi 1995), Britain

(Hill et al. 1999) and the Faroe Islands (Lawesson et al.

2003).

This enlargement was rather unproblematic owing to a

large number of species in common and a comparable

latitudinal range between these countries.

In recent years, the model was extended with some

adjustments to the flora of the south-Aegean Region

(Böhling et al. 2002) and that of Italy (Pignatti et al. 2005).

The shared species in Ellenberg’s original list (Ellenberg

et al. 1992) and the two aforementioned floras are approx.

18 % for the south-Aegean Region and 37 % for Italy. In

general, the edaphic values (Humidity: F, pH: R, Nutrients:

N, Salinity: S) of the species in common were left untou-

ched, while those referring to climatic variables (Light: L,

Temperature: T, Continentality: C) have been partially

adjusted by the respective authors, based on the assumption

that environmental conditions in the Mediterranean can be

much different from those in Central Europe and the fact

that it is highly unlikely that most species behave similarly

in the two regions, at least in absolute terms.

The adjustments made in Böhling et al. were more

extensive than in Pignatti et al.; however, it is important to

consider that these last authors extended the L and T scales

to 12 values (the original scale was 1–9) to account for

higher radiation and temperatures occurring in the

Mediterranean due to lower latitudes.

An important feature of Eiv is that they are related to the

ecological optimum of a given species, which can vary
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from region to region (Gégout and Krizova 2003). More-

over, the two lists mentioned so far available for the

Mediterranean region are based on expert knowledge alone

and, as declared by the authors, both lists are amenable to

further adjustments. Whereas the values and the use of

mean values as surrogates for measured environmental

factors are since long established as important tools in plant

ecology in Central Europe, applications in the Mediter-

ranean are scarce up to now. For this reason, their appli-

cability in the Mediterranean region needs to be validated

(Godefroid and Dana 2007), also because in such an

heterogeneous patchwork of ecosystems there are many

ways in which the conclusions drawn by the use of Eiv may

be affected by their degree of accuracy and of suitability.

Most of the applications of Eiv in the Mediterranean

region were aimed at ‘‘fingerprinting’’ the ecological con-

text of plant communities described by floristic composi-

tion (Lucchese and Monterosso 1994; Pignatti 1998, 1999;

Pignatti et al. 1996, 2001; Guarino and Bernardini 2002;

Fanelli 2002; Bianco et al. 2003; Fanelli et al. 2006a b;

Gristina and Marcenò 2008; Mossa et al. 2008; Brunialti

et al. 2010); however, the correlation between mean values

with related environmental variables has been checked

only in very few contributions (Fanelli et al. 2006c; Testi

et al. 2009, 2012, Sicuriello et al. 2014; Guarino et al.

2014) and for very limited vegetation units.

This study aims at testing the consistency of Eiv with

broad scale climatic variables in some of the most repre-

sentative Mediterranean vegetation types, i.e., the ever-

green maquis and woodlands/forests ascribed to the

phytosociological class Quercetea ilicis Br.-Bl. ex A. e O.

Bolòs and Bolòs (1950). Although the class Quercetea

ilicis is widely distributed all around the Mediterranean

basin, it was decided to focus on a regional subset of data

to avoid possible biases from biogeographic factors.

2 Materials and methods

2.1 Study area

Sicily represents an ideal study area for these purposes due to

its central position in the Mediterranean basin and its rela-

tively limited latitudinal and longitudinal range, along with a

substantial amplitude of ecological gradients and a wide dis-

tribution of the Quercetea ilicis vegetation in its territory

(Raimondo et al. 2013). The ecological plasticity of the

Sicilian Quercetea ilicis stands is further demonstrated by its

phytosociological diversity: according to the most recent

vegetation survey (Brullo et al. 2008), this class is represented

in Sicily by 47 phytosociological associations, distributed

from the sea level up to 1600 m a.s.l., under different climatic

and edaphic conditions (Bazan et al. 2015).

2.2 Data sets

A database of 1185 phytosociological relevés ascribed to

the class Quercetea ilicis was compiled and stored in

Turboveg (Hennekens and Schaminée 2001). The col-

lected relevés included all the phytosociological literature

available from Sicily to neighbouring islets (for a refer-

ence list, see Brullo et al. 2008), plus 39 unpublished

relevés stored in the archives of Vegitaly (Landucci et al.

2012; Gigante et al. 2012). All data were sampled

according to the phytosociological method of the Zürich-

Montpellier school (Braun-Blanquet 1964). The database

included 742 species, whose taxonomic nomenclature was

standardized following the checklist of the sicilian flora

(Giardina et al. 2007).

It must be noted that 198 species of our data set were

also included in Ellenberg’s original list but only 12 of

them were occurring in more than 24 relevés, i.e. more than

2 % of our data set (see Table 1 for more details).

The relevés without explicit indication of their geo-

graphical coordinates were geo-referenced using the Web-

GIS of the IGM (Military Geographical Institute), which

permits achieving a reasonably good approximation

through comparison of aerial photographs with the highly

detailed IGM data-base of Italian toponyms (Fig. 1).

Mean Ellenberg indicator values (mean Eiv) and cli-

matic variables (Cvs) were assigned to each relevé. Eiv

followed the list produced by Pignatti et al. (2005) for the

Italian flora and its recent update (Guarino et al. 2012). The

Cvs assigned to each relevé were annual mean temperature

(Temp) and annual rainfall (P rec), obtained through the

overlay of the distribution map of the phytosociological

relevés to the Worldclim raster (Hijmans et al. 2005), by

means of the ArcGis software (ESRI 2011). In order to

achieve a reasonably good approximation of the Cvs, ras-

ters of 30 arc-seconds were adopted, corresponding to a

spatial resolution of *1 km.

2.3 Data resampling

To avoid pseudoreplication, the initial data set was divided

into 47 subsets, based on the phytosociological associations

to which relevés were originally ascribed by their respec-

tive authors, and geographically resampled to delete part of

the most similar relevés, sampled in the same locality. In

this first resampling, max. 5 relevés were deleted in each

subset. This new dataset was spread on a grid of 1.25

longitudinal by 0.75 latitudinal minutes (Knollová et al.

2005) and max. 5 relevés per cell have been selected by

means of the Heterogeneity-Constrained Random (HCR)

resampling algorithm (Lengyel et al. 2011) with Bray-

Crutis dissimilarity. The resampled data set consisted of

859 relevés by 699 species.
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Table 1 Synoptic table of the diagnostic species (U coefficient C 35), constant species (relative frequency C 25 %) and dominant species

(cover value C 25 % in at least 6 % of the relevés) in the processed relevés

Diagnostic species Constant species Dominant species

Cluster
1 (18)

Centaurea sphaerocephala 81.4, Cutandia
divaricata 52.3, Echinophora spinosa 40.5,

Elytrigia juncea 46.8, Ephedra fragilis

46.6, Eryngium maritimum 40.5,
Euphorbia terracina 60.6, Juniperus

oxycedrus s. macrocarpa 78.7, Launea

fragilis 74.2, Medicago marina 40.5,

Ononis hispanica s. ramosissima 74.8,
Pancratium maritimum 70.3, Pseudorlaya

pumila 46.8, Retama raetam s. gussonei

43.9, Scolymus hispanicus 37.8, Seseli
tortuosum v. maritimum 70.3, Silene

nicaeensis 46.8

Asparagus acutifolius 56, Asparagus
horridus 28, Daucus carota 28, Lycium

intricatum 28, Phillyrea latifolia 28,

Pistacia lentiscus 67, Prasium majus 56,
Rubia peregrina 50

Ephedra fragilis 17, Juniperus oxycedrus s.
macrocarpa 56, Phillyrea latifolia 11,

Pistacia lentiscus 28, Retama raetam s.

gussonei 28

Cluster

2 (31)

Anagallis arvensis 35.3, Cistus

monspeliensis 39.2, Coronilla scorpioides
58.9, Fumana thymifolia 43.1, Galium

murale 40.2, Globularia alypum 64.1,

Hippocrepis biflora 39.5, Ononis reclinata
39.5, Ophrys sphecodes 39.5, Pinus

halepensis 78.9, Ranunculus macrophyllus

35.3, Rosmarinus officinalis 71.0, Serapia

vomeracea 66.5, Sulla spinosissima 49.8,
Valantia muralis 43.6

Ampelodesmos mauritanicus 48, Arisarum

vulgare 29, Asparagus acutifolius 71,
Asphodelus ramosus 35, Calicotome

infesta 42, Chamaerops humilis 39, Cistus

creticus s. eriocephalus 35, Cistus
salvifolius 65, Coridothymus capitatus 61,

Cytinus hypocistis 26, Erica multiflora 55,

Olea europaea v. sylvestris 39, Phagnalon

rupestre 32, Phillyrea latifolia 52, Pistacia
lentiscus 90, Prasium majus 42, Quercus

calliprinos 26, Rubia peregrina 29,

Teucrium fruticans 71

Cistus monspeliensis 13, Pinus halepensis

74, Pistacia lentiscus 13, Rosmarinus
officinalis 45

Cluster
3 (93)

Coronilla valentina 38.8, Euphorbia
dendroides 51.3, Micromeria graeca s.

fruticulosa 43.7, Periploca laevigata s.

angustifolia 75.0, Phagnalon saxatile v.
viride 36.9, Senecio cineraria 42.0

Arisarum vulgare 35, Asparagus acutifolius
66, Asphodelus ramosus 46, Bituminaria

bituminosa 32, Dactylis glomerata s.

hispanica 40, Hyparrhenia hirta 45, Olea
europaea v. sylvestris 57, Phagnalon

saxatile 40, Pistacia lentiscus 86, Prasium

majus 74, Rhamnus lycioides s. oleoides
26, Ruta chalepensis 39, Teucrium

fruticans 49

Euphorbia dendroides 45, Periploca
laevigata s. angustifolia 26, Pistacia

lentiscus 14

Cluster

4
(329)

Chamaerops humilis 43.3, Olea europaea v.

sylvestris 39.9, Pistacia lentiscus 39.0,
Prasium majus 42.0, Teucrium fruticans

45.4

Ampelodesmos mauritanicus 46, Arisarum

vulgare 43, Asparagus acutifolius 74,
Asparagus albus 28, Asphodelus ramosus

31, Calicotome infesta 59, Ceratonia

siliqua 26, Charybdys pancration 30,

Dactylis glomerata s. hispanica 28,
Daphne gnidium 26, Euphorbia dendroides

44, Lonicera implexa 28, Micromeria

graeca 30, Phillyrea latifolia 39, Rhamnus
alaternus 26, Rubia peregrina 55, Smilax

aspera 45, Teucrium flavum 28

Calicotome infesta 13, Chamaerops humilis

6, Euphorbia dendroides 18, Olea europaea
v. sylvestris 6, Pistacia lentiscus 26,

Quercus ilex 10

Cluster

5
(156)

Achillea ligustica 44.1, Anthoxanthum

odoratum 47.5, Asplenium onopteris 41.6,
Brachypodium sylvaticum 49.2, Carex

distachya 48.5, Clinopodium vulgare s.

orientale 58.5, Crepis leontodontoides
50.2, Cytisus villosus 63.7, Drymochloa

drimeja 57.0, Erica arborea 61.6, Genista

monspessulana 39.1, Luzula forsteri 65.2,

Oenanthe pimpinelloides 42.1, Pimpinella
anisoides 39.8, Poa sylvicola 42.6,

Pteridium aquilinum 63.8, Pulicaria odora

51.2, Quercus congesta 57.6, Quercus
dalechampii 76.4, Quercus suber 35.2,

Rubus ulmifolius 35.7, Teucrium

chamaedrys 35.4, Teucrium scorodonia s.
crenatifolium 63.1, Viola alba s.

denhardthii 44.

Allium subhirsutum 36, Ampelodesmos

mauritanicus 26, Arisarum vulgare 28,
Asparagus acutifolius 72, Calicotome

infesta 65, Cistus salvifolius 27, Crataegus

monogyna 29, Cyclamen hederifolium 47,
Daphne gnidium 30, Euphorbia characias

33, Hedera helix 45, Lonicera etrusca 29,

Melica minuta 29, Quercus ilex 56, Rosa

sempervirens 49, Rubia peregrina 63,
Ruscus aculeatus 58, Smilax aspera 31,

Tamus communis 26

Arbutus unedo 8, Calicotome infesta 9,

Cytisus villosus 19, Erica arborea 17,
Pteridium aquilinum 8, Quercus congesta

13, Quercus dalechampii 10, Quercus ilex

28, Quercus suber 24, Quercus virgiliana
13
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2.4 Classification and ordination analysis

A Twinspan analysis (Hill 1979), modified according to

Roleček et al. (2009), was performed on the resampled

dataset by means of the JUICE software (Tichý 2002). The

analysis was based on the following settings: (i) max.

number of clusters: 15 (arbitrary); (ii) min. group size for

division: 5. With the aim to evaluate the compositional

dissimilarity between the relevés, the average Sørensen

dissimilarity index was adopted for clustering. The optimal

number of clusters was then assessed by means of a

crispness analysis (Botta-Dukát et al. 2005). The calcula-

tion of crispness was based on 10 species randomly

selected among those having more than 50 occurrences in

the resampled data set.

In order to analyse the variation in species composition,

a DCA was performed on square root transformation of

data ? downweighting of rare species on the whole set of

relevés, by means of the R software VEGAN package

(Oksanen et al. 2009).

The correlation between the considered Cvs (Temp,

P rec) and the mean Eiv (L, T, F, N, R), as well as their

correlation with the first axis of the DCA, were calculated

through the Kendall correlation coefficient (Bolboacă and

Jäntschi 2006).

Diagnostic species of each group were determined using

the u coefficient, which indicates the fidelity of a given

taxon to a particular group (Sokal and Rohlf 1995; Chytrý

et al. 2002). Only taxa with a u coefficient higher than 0.35

and a probability of occurrence under random expectation

lower than 0.01 (Fisher’s exact test) were considered to be

diagnostic for each group. Constant species were defined as

those with a frequency [35 % within each group. Domi-

nant species were defined as those occurring in at least 6 %

of the relevés of a given group with a cover value[25 %.

2.5 Eiv assessment

Even if Eiv consist of ordinal adimensional scales, in large

data sets they can be processed with parametric tests,

because their distribution fits the normal curve (ter Braak

and Barendregt 1986; Pignatti et al. 2001).On the other

hand, even if the Cvs obtained from Worldclim raster are

independent from Eiv, any kind of environmental variable

influencing the species composition in the vegetation plots

could be indirectly correlated with Eiv (Zelený and

Schaffers 2012), that is, the significance tests between

ordination outputs and Eiv were further checked through a

modified permutation test (MoPeT, 499 permutations),

Table 1 continued

Diagnostic species Constant species Dominant species

Cluster

6

(232)

Clematis vitalba 46.4, Dryopteris pallida

40.0, Fraxinus ornus 45.5, Hedera helix

56.9, Laurus nobilis 35.4, Quercus ilex
48.4, Quercus virgiliana 44.7, Ruscus

aculeatus 49.7, Tamus communis 45.0

Acanthus mollis 34, Allium subhirsutum 45,

Ampelodesmos mauritanicus 26,

Asparagus acutifolius 72, Asplenium
onopteris 36, Brachypodium sylvaticum

36, Carex distachya 33, Crataegus

monogyna 35, Cyclamen hederifolium 37,

Cyclamen repandum 34, Euphorbia
characias 36, Osyris alba 26, Rhamnus

alaternus 41, Rosa sempervirens 47, Rubia

peregrina 79, Rubus ulmifolius 53, Smilax
aspera 48, Teucrium flavum 26

Bupleurum fruticosum 6, Hedera helix 6,

Laurus nobilis 8, Ostrya carpinifolia 9,

Quercus amplifolia 7, Quercus ilex 48,
Quercus virgiliana 22, Ruscus aculeatus 6

The number of relevés per cluster is reported inside brackets

Fig. 1 Geographical distribution of the processed data
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which calculates the correct significance values for

regression or correlation between mean Eiv and other

environmental variables (Zelený 2014).

In particular, the modified randomization test was per-

formed to check (i) the significance of the differences

among the Eiv in the Twinspan groups revealed by a one-

way ANOVA and (ii) the significance of the observed

linear regressions between the Ellenberg’s mean T, F and

the mean temperature (T mean) and annual rainfall (P rec),

respectively.

3 Results

3.1 Classification and ordination analysis

The Twinspan analysis combined to the crispness evalua-

tion suggested to split the processed data set into 6 clusters,

for which the max. dissimilarity score evaluated by the

Sørensen index was 0.75 and the min. 0.73.

The analysis of diagnostic species (Table 1) revealed

that the clusters 1–4 are characterized by a set of thermo-

heliophilous species, partially coherent with those used in

phytosociological literature to characterize the order

Pistacio lentisci-Rhamnetalia alaterni Rivas-Martı́nez

1975. The diagnostic species of clusters 4–5 were relatively

more mesophilous and coherent with the chief species of

the order Quercetalia ilicis Br.-Bl. ex Molinier (1934)

(Brullo et al. 2008).

In particular, cluster 1 groups the relevés ascribed to

Juniperion turbinatae Rivas-Martı́nez 1975, cluster 2

groups the relevés of Pistacio lentisci-Pinetum halepensis

De Marco and Caneva (1985), cluster 3 groups the relevés

ascribed to Periplocion angustifoliae Rivas-Martı́nez 1975,

cluster 4 groups the relevés ascribed to Oleo sylvestris-

Ceratonion siliquae Br.-Bl. ex Guinochet and Drouineau

(1944), cluster 5 groups the relevés ascribed to Erico-

Quercion ilicis Brullo, Di Martino & Marcenò 1977

(Group_5) and cluster 6 groups the relevés ascribed to

Quercion ilicis Br.-Bl. ex Molinier (1934).

The DCA (Fig. 2) highlighted two opposite climatic

gradients, oriented along the first axis: the light (L) and

temperature (T) resulted correlated with T mean, whereas

moisture (F) and nutrients (N) resulted correlated with

P rec. The Kendall correlation (K) values of Eiv and Cvs

with the firs axis of DCA were the following: Light

(L) K = 0.65, p\ 0.001; Temperature (T) K = 0.70,

p\ 0.001; mean temperature (T mean) K = 0.52,

p\ 0.001; Continentality (C) K = -0.09, p\ 0.001;

Moisture (F) K = -0.64, p\ 0.001; Nutrients

(N) K = -0.63, p\ 0.001; Soil Reaction (R) K = -0.10,

p\ 0.001; annual rainfall (P rec) K = -0.4, p\ 0.001.

The positive correlations resulted to be oriented towards

the clusters 1–4 and the negative correlations towards

clusters 5–6.

3.2 Eiv assessment

The randomized test of the one-way ANOVA performed on

the Eiv provided significant results in four cases (Fig. 3);

continentality (C) and soil reaction (R) did not provide

significant results. The 95 % CI of the Eiv resulted to be

relatively narrow in each cluster. The ecological differ-

ences between the associations ascribed to the clusters 1–4

and 5–6 are reflected by the variation of the mean Eiv L, T,

N, F; in particular, clusters 1–4 were characterized by

higher L and T values and by lower F and N values in

comparison to clusters 5–6. The distribution of the

Fig. 2 DCA 3D of the

considered Cvs (Temp average

temperature; P rec average

precipitation) and Eiv (L light;

T temperature; F moisture;

R soil reaction; N nutrients;

C continentality) across data

sets. In the diagram, Cvs and

Eiv that showed a significant

goodness of fit based on post

hoc correlations are represented

as vectors. The main floristic

descriptors of the spiderplots

identifying the 6 groups are

reported in Table 1. Kendall’s

correlation between DCA axes 1

and environmental variables is

reported in result’s paragraph
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significant Eiv between clusters 1–4 vs. 5–6 do not overlap

in all cases. Some differences have been revealed also

across single clusters, see, for instance, the lower moisture

(F) of the vegetation of Periplocion angustifoliae (cluster

3) in comparison with the other clusters ascribed to

Pistacio lentisci-Rhamnetalia alaterni.

The regression analysis of the significant Eiv vs. the

considered Cvs (Figs. 4, 5) showed significant results in all

cases; in particular Temperature (T) and annual mean

temperature (T mean) are most related and, in general, the

quadratic correlation coefficients (R2) of the annual rainfall

(P rec) resulted lower than those of T mean.

4 Discussion

4.1 Syntaxonomical remarks

The clusters revealed by the Twinspan analysis resulted

quite coherent with the phytosociological classification of

the class Quercetea ilicis in Sicily. However, some dis-

crepancies with the most recent vegetation survey (Brullo

et al. 2008) have been highlighted too. In particular, it was

impossible to detect any cluster that could be related to the

alliances Ericion arboreae Rivas-Martı́nez (1975)

1987 and Arbuto unedonis-Laurion nobilis Rivas-Martı́nez

Fig. 3 One-way anova of the Eiv among the considered groups (boxes outline the 95 % CI). F ratio of the variability between groups compared

to the variability within the groups; Significance (P) modified according to Zelený (2014)
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et al. (1999). These two alliances have been framed into the

order Pistacio lentisci-Rhamnetalia alaterni, mostly

because of the vegetation structure and syndynamic role

(Rivas-Martı́nez et al. 2001; Bardat et al. 2004; Biondi

et al. 2004b). Instead, in our numerical analysis, all the

relevés originally attributed to the two alliances at issue

were found to be merged into the cluster 5, i.e. the one

grouping the ‘‘moistest’’ and ‘‘coldest’’ stands of the veg-

etation processed in the present study. This is quite a rea-

sonable evidence, if we consider that the two alliances at

issue were originally described for the evergreen shrub

communities of the Atlantic and submediterranean terri-

tories of Spain, rich in lauroid species, linked to

hyperoceanic to thermo- mesotemperate bioclimates (Ri-

vas-Martı́nez et al. 2001). Therefore, the recognition of

these two alliances for the Tyrrhenian coasts of the Italian

Peninsula and Sicily (Brullo et al. 2008; Biondi et al.

2014b) should be carefully considered, as well as their

attribution to the order Pistacio lentisci-Rhamnetalia

alaterni.

On the other hand, our analyses revealed quite clearly

the occurrence of two clusters in the Quercetalia ilicis

vegetation. This is in agreement with the classification

proposed by Brullo et al. (2008), who split the order into

Quercion ilicis and Erico-Quercion ilicis, and in contrast

with the view of Biondi et al. (2014b) that recognizes
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within the order only one alliance from the Italian territory:

Fraxino orni-Quercion ilicis Biondi et al. (2013). Further

and broader investigations would be desirable to disen-

tangle this syntaxonomical issue.

Another result worth of discussion is related to the

cluster 2, which groups the relevés of Pistacio lentisci-

Pinetum halepensis: until recent times, this association was

framed into the alliance Oleo sylvestris-Ceratonion sili-

quae; according to our results, its floristic settlement differs

enough to propose its inclusion into the alliance Pistacio

lentisci-Pinion halepensis Biondi, Blasi, Galdenzi, Pesaresi

& Vagge 2014. This last alliance has been recently

described to group the vegetation dominated by Pinus

halepensis, found on steep coastal slopes throughout the

Mediterranean region (Biondi et al. 2014a). Further and

broader investigations would be desirable to evaluate

whether this recently described alliance deserves the

recognition of an autonomous order, described as Pinetalia

halepensis Biondi, Blasi, Galdenzi, Pesaresi & Vagge

2014, which seems inconsistent with our results.

4.2 Eiv assessment

Up to now, the attention of scientists has mainly been

focused on testing the consistency of Eiv by checking the

correlation of their topographic variation with that of
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instrumental measurements (Degorski 1982; Seidling and

Rohner 1993; Diekmann 1995; Petersen 2000; Wamelink

et al. 2000, 2002, 2005). In the present study, the consis-

tency of Eiv was tested in a representative area in the

Central Mediterranean region and results are comparable,

in terms of range and distribution of variance, to previous

studies carried out in the Central European and Alpine

regions (Möller 1997; Schaffers and Sýkora 2000; Pignatti

et al. 2001). Moreover, basing on our results, the Eiv

assigned to the diagnostic species proved to be relatively

well linked to syntaxonomical units and their statistical

distribution, evaluated by means of the ANOVA, can be

considered sufficiently coherent and reliable to recommend

their use in the ecological characterization of syntaxa, at

least up to the alliance level.

The positive correlation of theT,L indicator values with the

mean annual temperature (Temp) can be explained by the life

adaptations of the species characterizing clusters 1–4: all of

them are adapted to live in habitats where high temperatures

are always associated with intense solar radiation, determin-

ing a series of specific morphological and physiological traits

commonly found in the plants forming the Mediterranean

‘‘maquis’’ (Guarino et al. 2006). This is the case for all diag-

nostic species of clusters 1–4 revealed by the Twinspan

analysis on our data set. The correlation between L and

T would not have been the same if, for instance, the

Mediterranean oro-echinophytic vegetation had been con-

sidered in our analysis: in accordance with Wamelink et al.

(2002), any observed significant correlation between different

Eiv is largely dependent on the vegetation types analysed.

On the other hand, the positive correlation of F,

N indicator values with the mean annual rainfall (P rec) is

in accordance with the results of previous studies on cen-

tral-European wooden vegetation, in which these Eiv were

related not only with the amount of precipitation, but also

with the phreatic level, the water holding capacity and

capillarity of the soil (Ellenberg et al. 1992, Ertsen et al.

1998, Schaffers and Sýkora 2000). In our case, the diag-

nostic species of clusters 5–6 include many sciaphilous

herbaceous species, the occurrence of which is determined

by the dense canopy of evergreen and semi-deciduous

oaks, also included in the list of diagnostic species. For this

reason, F, N and P rec were negatively correlated with L,

T and T mean. A fairly good edaphic humidity, together

with the lack of direct solar radiation, favours the humus

formation process, providing a substantial improvement of

the nutrient availability in the soil (Coûteaux et al. 1995;

Zanella et al. 2011). Indeed, the nutrient availability in the

vegetation of Pistacio lentisci-Rhamnetalia alaterni (clus-

ters 1–4) tends to be lower because high temperatures,

drought and solar radiation cause a quick oxidation of the

organic matter and its periodical volatilization due to

wildfires (González-Pérez et al. 2004), whereas the

vegetation of Quercetalia ilicis (clusters 5–6) is less fre-

quently burnt and produces more and better humus (Fior-

etto et al. 2007).

In our study, R and C did not show any significant

variation. In the case of R a possible reason could be that in

the plant colonization of sites with seasonal water deficit,

the ecological specialization to different edaphic conditions

is less selective than the adaptation to a strong seasonal

drought stress (Larcher 2001); therefore, it is difficult to

detect purely acidophilous or basiphilous plant communi-

ties. In the case of C, the geographical gradient was too

short to expect significant variations in the continentality of

the vegetation analysed, because such Eiv can provide

significant insights only along gradients encompassing two

or more biogeographical regions and its applicability in the

Mediterranean region remains questionable (Jelaska et al.

2014; Pignatti et al. 2005).

5 Conclusions

Wordclim climatic variables have never been used in

combination with Eiv, with the exception of two studies

referring to alpine or north-European ecosystems (Reger

et al. 2011; Lenoir et al. 2013). In this study, such com-

bination is proven to be a useful and consistent tool for the

ecological characterization of the vegetation ascribed to the

class Quercetea ilicis and provided interesting insights to

disentangle the current syntaxonomical framework at the

alliance level. The method followed here can be considered

a modern take of the approach applied by Feoli and

Lagonegro (1982) on the beechwoods of the Apennines.

The use of Eiv can be applied to test the efficiency and

predictivity of the phytosociological classification,

strengthening the descriptive value of the phytosociologi-

cal approach.

The reliability of the Eiv in the Mediterranean region

has been criticized by Godefroid and Dana (2007), due to

some discrepancies observed in the application of Eiv

proposed for the south-Aegean Region (Böhling et al.

2002) and for Italy (Pignatti et al. 2005). Even if a re-

calibration of Eiv at a regional scale would be desirable to

better reflect the local ecological behaviour of broad-

ranging species, what should be remembered is that the

utility of Eiv in environmental analyses derives from the

simplicity of the model to carry out synthetic-comparative

studies on relatively broad temporal and/or spatial scales.

Any calibration or adjustment will unavoidably limit the

general applicability of the model (Ter Braak and Grem-

men 1987), even if it is likely that in the Mediterranean

region the resolution power of Eiv is probably doomed to

be lower than in Central Europe, due to the many factors

(reviewed by Godefroid and Dana 2007) that make difficult
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‘‘averaging’’ the ecological behaviour of broad-ranging

species. However, it should be recognized that the

Mediterranean region hosts many more narrow-ranging

species than Central Europe, which in fact, could partially

compensate the ‘‘blurred’’ Eiv of broad-ranging species. If

the study of Godefroid and Dana (2007) had not been

largely based on ruderal species, their conclusions would

probably have been less pessimistic. The approach fol-

lowed here, focusing on a single phytosociological class, is

in our opinion a good way to proceed and we hope that this

first contribution will be followed by similar ones, before

deciding whether the development and subsequent appli-

cation of Eiv in the Mediterranean Region is viable only on

a local scale or not.

In agreement with Thompson et al. (1993), ‘‘generali-

sations about vegetation are urgently required to solve

pressing problems created by modern land use, climate

change and pollution. If one approaches vegetation with the

tools of the watchmaker, there is no limit to the dissection

which can be achieved. But if, like Heinz Ellenberg, one

raises one’s eyes to the broader canvas, the generalisations

are there to be discovered’’.
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Scripta Geobot Göttingen 9
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Zelený D, Schaffers AP (2012) Too good to be true: pitfalls of using

mean Ellenberg indicator values in vegetation analyses. J Veg

Sci 23:419–431

356 Rend. Fis. Acc. Lincei (2015) 26:345–356

123

Author's personal copy


	A test on Ellenberg indicator values in the Mediterranean evergreen woods (Quercetea ilicis)
	Abstract
	Introduction
	Materials and methods
	Study area
	Data sets
	Data resampling
	Classification and ordination analysis
	Eiv assessment

	Results
	Classification and ordination analysis
	Eiv assessment

	Discussion
	Syntaxonomical remarks
	Eiv assessment

	Conclusions
	Acknowledgments
	References




