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Abstract 

With this paper we suggest that vegetation series is a useful conceptual tool to identify a clear level of biodiversity of land 
systems among the many possible logical levéis. The suggestion is supported by the results of a case study carried out for the 
province of Almería (Spain) using the watersheds as operational geographic units. The application of standard correlation 
analysis, simple and partial, the Mantel's test, and the cluster analysis has shown that a and (3 vegetation diversities, based 
on vegetation series, are significantly predictive with respect to environmental heterogeneity expressed by pedodiversity, 
lithodiversity, and some parameters of digital elevation model. Being a product of the Braun Blanquet's floristic approach, 
vegetation series could be the key to enter into vegetation databases for biodiversity analysis of land systems at many other 
levéis of knowledge. 

Introduct ion 

The availability of different kinds of digital maps, 
describing different áreas of the biogeosphere at 
different scales for different aims and by different 
features (flora, fauna, land cover, vegetation, 
pedology, geology, land use, etc.), that today are 
implemented in GIS (Geographic Information 
Systems) all over the world (see Dragan et al. 
2007 for references) offer many opportunities 
to analyze the relationships between biodiversity 
and environmental heterogeneity at different 
spatial scales and at different levéis of knowledge. 
This relationship may be studied under different 
perspectives useful for purposes of knowledge 
generation, land management , and planning. 

The aim of this paper is to present the results of a 
study addressed to evalúate the concept of vegetation 
series in defining a precise level of knowledge, among 
many possible levéis of vegetation diversity by testing 
its predictivity with respect to the environmental het
erogeneity of land systems. 

The concept of vegetation series has been recently 
revised by Biondi (2011), so we do not spend much 
more words for describing its theoretical basis. It is 
defined as the set of plant communities that includes 

different dynamical stages of the same final vegetation 
type of a succession. It was used to build the vegetation 
map of Italy (Blasi et al. 2004; Blasi 2010) , to define 
the ecoregions in Italy (Blasi et al. 2000, 2005, 
2014), and largely used to characterize landscapes 
in Spain (e.g. Rivas-Martínez 2005 , 2007; Loidi & 
Fernández-González 2012) . Vegetation series would 
be particularly attractive for assessing vegetation 
diversity of land system because, being a conceptual 
tool developed within the Braun Blanquet 's approach 
(i.e. a floristic approach) (van der Maarel 1975 ,2005, 
Pignatti 1980), they could be used to have access to 
databases of biological properties of the species of 
vascular plants and therefore it would be possible to 
investígate on the biodiversity of land systems using 
different biological features (see Feoli et al. 2011 for 
references), according to any operational geographic 
units in use (OGUs , see Feoli & Zuccarello 1996). 

The study is carried out as a case study for the land 
system of the province of Almería (Spain), a province 
that is most prone to desertification in Europe 
(Puigdefábregas & Mendizabal 1998), and that, 
having attracted many environmental studies (see 
Ibáñez et al. 2015) , has several available databases 
organized in GIS (e.g. Junta de Andalucía 2015). 



The methodology applied for the study is in line 
with the data mining approach since it uses available 
databases to answer specific questions of scientific 
interest that would require considerable resources 
of time and money to be answered if starting from 
scratch (e.g. Altobelli et al. 2007, Ibrahim et al. 
2015). 

According to Feoli et al. (2011) and Feoli (2012) 
the diversity of vegetation systems (corresponding to 
land systems that can be defined by different crite-
ria), can be calculated in many ways and for different 
purposes.The terminology of a and (3 diversity intro-
duced by Whittaker (1960, 1975, 1977),respectively, 
for species diversity of a plant community and of a set 
of plant communities (of a given landscape or a vege
tation system), can be extended for objects (features) 
different from species, and collections (sets) of ob
jects different from plant communities. The concept 
of diversity is in fact used in many disciplines from 
chemical physical ones (e.g. Riemer &West 2013) to 
geological ones (e.g. Gray 2004, Ibáñez & Bockheim 
2013) to socioeconomic ones (Ottaviano et al. 2003) 
where the units for measuring diversity are different 
from those of individual plants (or animáis). 

Notwithstanding Feoli et al. (1988, 2011) and 
Feoli (2012) suggest that the concept of (3 diversity 
is misleading, because it does not consider explicit-
ly the two components of the technical definition of 
diversity, namely richness and the evenness, in this 
paper we use is not only because it became so "popu
lar" in the ecological jargon, that it would be difficult 
to communicate within the field of biodiversity with-
out using it (see Manthey & Fridley 2009, Anderson 
et al. 2011,Tuomisto 2011, Podani & Schmera 2016 
for references), but because a diversity may be in-
terpreted in terms of (3 diversity (similarity/dissimi-
larity) according to similarity theory (Feoli & Orlóci 
2011). In this respect, Feoli (2012) and Feoli et al. 
(2013) while proposing to classify diversity measures 
as crispy and fuzzy ones, have shown that the well-
known Índices of Gini-Simspon and Shannon, used 
to calcúlate the crispy a diversity are, respectively, 
the average similarity between the Q units (individ
uáis of plant or animal, grams, kg, joules, square 
meters, etc.) described by their belonging (1 or 0) to 
a given collection (set) of different N objects (plant 
species, animáis, land cover type, plant associations, 
pedotypes, etc.) in a matrix X(JV, Q), and the entro-
py of the eigenvalues of the similarity matrix S(Q, Q) 
between the Q units of the matrix X(JV, Q). It follows 
that a diversity is a similarity/dissimilarity, crispy or 
fuzzy, between the set of units defined by the objects 
within a collection i.e. a (3 diversity of the first level. 
According to Feoli et al. (1988), to be consistent with 
the definition of diversity, (3 diversity should be the a 
diversity, crispy or fuzzy, of a collection of collections 
of objects (i.e. at a higher hierarchical level than that 

of a diversity) calculated with the algorithms used for 
a diversity, but this is not considered in the current 
literature where the (3 diversity is a mere measure of 
similarity/dissimilarity between collections of objects. 
It is clear that in such circumstances of inconsistency 
of terminology and with so many possibilities to cal
cúlate a and (3 diversity, it is very important always 
to clearly define the objects, the units to quantify, or 
weigh the objects and then the collections. In vege
tation diversity analysis the basic objects are species 
or plant communities (Feoli 2012). However species 
and plant communities may define different levéis 
of knowledge on which to base the measurement 
of biodiversity. Species may be described by sever-
al characters (taxonomic-phylogenetic, cytogenetic, 
functional-morphological, etc.) in matrices X(&, s) 
where k are the characters and 5 is the species, while 
the objects (releves, set of releves, list of species 
of given áreas, etc.) may be described in matrices 
X(s, N) where s are the species and N is the num-
ber of the objects. A simple matrix multiplication of 
the two matrices may transform the description of 
objects in another description (see Feoli et al. 2011, 
for references) i.e. to a new level of knowledge. The 
units for the species are the plant individuáis, or 
units of their land cover measured in m2, km2, etc., or 
units of biomass (g, kg, etc.), while the units for plant 
communities are generally the m2 or km2 in which 
their land cover is measured. The collections always 
include pieces of lands called OGUs (see Feoli & 
Zuccarello 1996). Such pieces of land correspond to 
"releves" in case of species diversity of plant commu
nities, or pieces of land corresponding to polygons 
of various size when dealing with plant community 
diversity of a land system. Also in this case, as in the 
case of species, it is possible to define several levéis 
of knowledge according to the way the plant commu
nities are described. Vegetation series, for example is 
a level which corresponds to a set of plant commu
nities included in the same process of succession. It 
is not a syntaxon such association, alliance, order, or 
class, but a set of dynamical stages that could include 
different syntaxa. 

We have chosen the watersheds as OGUs of the 
study because they are land systems with natural 
boundaries that can be objectively defined, they 
have different extent, and an inherent different en-
vironmental heterogeneity that is due at least to a 
gradient of elevation (Troch et al. 2008; Wen et al. 
2011). According to Omernik and Bailey (1997) "... 
no two watersheds are alike, regarding their quality 
and quantity of water and mosaic of ecosystem com
ponents . . .".Thanks to these facts watersheds can 
be used to study the a diversity of vegetation series-
area relationships (see Feoli et al. 2013) by removing 
the effects of different kind of environmental heter
ogeneity in analogy to what was proposed by Ibáñez 



et al. (2014) for studying the relationships plant spe-
cies richness - área with the countries of the world 
as OGUs and the pedodiversity as expression of en-
vironmental heterogeneity. Watersheds can be also 
used to study the (3 diversity of land systems when 
they include many watersheds according to the "phi-
losophy" of trying to investígate the "homogeneity of 
heterogeneities" well explained by Saldaña (1997). 
Literature on the use of watershed for regionaliza-
tion and classification of small or large geographical 
áreas for environmental management and biological 
conservation purposes is relatively rich (e.g. Olive
ro et al. 2013), however the key points have been 
largely discussed inWarren (1979), Rao and Srinivas 
(2008), and Potyondy and Geier (2011). 

The study área 

The study área covers the great part of the Almería 
Province located in South-Eastern part of the Iberian 
Península with an approximate extent of 7726.75 km2 

on a total área of 8769.05 km2. It consists of 19 

watersheds according to the Spanish National Geo-
graphic Institute (www.ign.es) (Figure 1). 

The aridity of the province is the result of physio-
graphic natural conditions and a millenary land use 
(see Brandt & Thornes 1996). The physiography of 
the área is very steep, reaching over short distanc-
es up to 3000 m from sea level (Simón 2005). The 
climate is arid, increasing precipitation from 800 m 
at the mountain tops. Mediterranean forests only 
appear from the middle up the mountain peaks, 
where appear the typical humid meadows and shrubs 
of this biome (Simón 2005). Low land depressions 
are rich in arid landforms such as badlands, allu-
vial fans, endorheic basins covered by salt crust or 
gypsum, playas, etc. (Cooker & Warren 1973; Ollier 
1976; Villalobos-Megía 2003), whereas in coast-
lands, dunes, marine terraces, wetlands, ephemeral 
fluvial courses called "Ramblas," saltmarshes and 
sands beaches are common. Mountain slopes are 
covered by shallow and weakly developed soils (e.g. 
Regosols & Leptosols), whereas the soil mantle of 
lowlands is representative of arid environments, with 
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Figure 1. Map of the province of Almeria with the indication of the 19 watersheds. 
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Calcisols, Solonchaks, and Gypsisols (Aguilar-Ruiz 
et al. 2004). All watersheds have the main river 
reaching the sea, so all the watersheds include veg-
etation series that are typical of coastal áreas, how-
ever not all the watersheds are so large to include 
mountain áreas with vegetation series that are typical 
of the Mediterranean mountains. Each watershed 
was assigned a rank according the Horton-Strahler 
method (Strahler 1957) which represents its stream 
order or branching complexity (rank between 1 and 
4 in the study área, Table I). 

Data 

The data of our study consist of 4 matrices: V(V, N), 
S(S, N), L(L, AT), and E(£, N) that, respectively, 
describe the 19 watersheds (N) of the land system of 
Almería by the extent of vegetation series, pedotypes, 
lithotypes and the máximum, average and standard 
deviation of elevation of the digital elevation model 
(DEM) (variability of elevation) and one vector 
A(l , N) describing the watersheds by their extent 
in Km2. The matrices V(F, N) and L(L, N) have 
been obtained by GIS technology using the digital 
maps of vegetation series (at scale 1:10,000) and 
lithotypes (at scale 1:400,000) stored in the Spatial 
Data Infrastructure of Andalusia Portal (Junta de 
Andalucía 2015). The vegetation series (V) are 40, 
the lithotypes (L) are 17.The matrix S(.S, N) has been 
obtained by the digital soil map (44 pedotypes (5), 
at scale 1:100,000) produced by Aguilar-Ruiz et al. 
(2004) according to the World Reference Base for Soil 
Resources soil classification (FAO 1998).The matrix 
E(Ií, N) and the vector A( l , N) were obtained by the 
DEM. The considered parameters (E) are three (the 
maximal, the average, and the standard deviation of 
elevation). The pixel size for DEM resolution is 25 m 
(1 mm at 25.000 scale). The original data of DEM 
were downloaded from the "Instituto Geográfico 
Nacional" website (http://www.ign.es) that is the 
National Mapping Agency in Spain. 

Methods 

The baste assumptions 

The methods are addressed to test for predictivity 
(i.e. the capacity of prediction) of a and (3 "vege
tation series" diversity, respectively, with respect to 
within and between environmental heterogeneity of 
the watersheds of the Almeria's province. 

A good predictivity would mean that the heter
ogeneity expressed by vegetation series is correlat-
ed with the environmental heterogeneity. The basic 
assumptions of the methodology applied in this study 
are very simple and can be formulated as follows: 

(1) the a diversities based on vegetation series, 
pedotypes, lithotypes, and the variability of 
elevation are expressions of environmental 
heterogeneity within the watersheds 

(2) the (3 diversity of vegetation series, pedodiversity, 
lithodiversity, and DEM (i.e. the similarity/dis-
similarity between the watersheds) are expres-
sion of heterogeneity between the watersheds 
and therefore of the heterogeneity of the whole 
land system of Almería. 

The methodology 

According to the basic assumptions, the evaluation 
of the predictivity of vegetation series with respect 
to environmental heterogeneity based on pedotypes, 
lithotypes, and DEM has been carried out by 
answering the three following questions: 

(1) Is a vegetation diversity of the watersheds based 
on vegetation series correlated to the heteroge
neity expressed by the a diversity of pedotypes, 
lithotypes (i.e. a pedodiversity and a lithodiver
sity) and to the variability of elevation of their 
DEMs? 

(2) Is the matrix of similarity between the watersheds 
in terms of vegetation series, correlated with the 
matrices of similarity between the watersheds 
based on pedo- and lithotypes and DEM? Or 
in other terms, is the (3 vegetation diversity of 
watersheds correlated with the (3 diversity of the 
watersheds calculated by pedotypes, lithotypes, 
and DEM? 

(3) Is the classification of the watershed based on 
vegetation series predictive with respect to the 
heterogeneity of the land systems? 

In this paper, only the crispy diversities are 
considered, because we do not consider the 
similarity/dissimilarity between the AT1 objeets 
of a single fth collection in terms of some of the 
many possible characters by which they could be 
described beside the proportions of the Q units 
(e.g. Rao 1982, see Feoli 2012). Therefore the 
a diversity of the given fth watershed is given by 
the richness (AT1) and/or as the combination of 
richness and the proportions (evenness) of the N' 
set of features in the tíh watershed, while the (3 
diversity by the similarity-dissimilarity between 
different watersheds as described by the different 
features (vegetation series, pedotypes, lithotypes, 
and parameters of DEM). 

The methods used to answer the three questions 
are described as follows. 

http://www.ign.es


Question 1. The steps of the analysis are the 
following: 

(1) The a diversity of watersheds has been calculat-
ed with the matrices \{V, N), S(S, N), L(L, N) 
both by the richness (number of features) and by 
Shannon and Weaver (1949) entropy, routinely 
used to calcúlate the a diversity of landscapes 
mosaics (see Turner 1990; Fariña 2000 for de-
tails). 

(2) Simple correlation has been carried out between 
the a vegetation diversity, the richness and the 
entropy of pedotypes and lithotypes (a diversi-
ties), the standard deviation of elevation and the 
área of watersheds, using both the original área 
in Km2 and its logarithmic transformation. 

(3) First-order partial correlation analysis (see 
Kleinbaum et al. 1988) has been carried out to 
test which parameter among área, pedodiversity, 
lithodiversity, and standard deviation of eleva
tion is the most important to define the a vegeta-
don diversity of the watersheds. The differences 
between the simple correlation and the partial 
correlation offer a measure of such efficiency. 

To perform partial correlation analysis we have 
used the online calculator of Wessa (2015). 

Question 2. The steps of the analysis are the 
following: 

(1) For the three matrices V(V, N), S(S, N), L(L, N) 
we have applied a preliminary test for measuring 
if they are significantly nested in order to choose 
an appropriate similarity function for comparing 
the watersheds. Nestedness (Ulrich et al. 2009; 
Podani & Schmera 2011, 2012; Almeida-Neto 
et al. 2012; Ulrich & Almeida-Neto 2012; Podani 
et al. 2013) is realized when a set of characters 
describing one object is completely included in 
the set of characters describing another one.This 
commonly occurs in island biogeography when 
on the basis of species of plants or animáis, small 
islands are compared with big islands of the 
same archipelagos. In such circumstances, the 
differences may be due only because by chance 
the larger islands have more environmental het-
erogeneity than the smaller ones, or because at 
the same level of heterogeneity the bigger islands 
have more resources available for a great number 
of species. The smaller watersheds could be dif-
ferent from the bigger ones in terms of vegetation 
series, pedotypes, lithotypes, and elevation varia-
bility only because, by chance, they are missing 
environmental conditions that they would have 
in case they would be bigger. To test for nest
edness the well-known method of temperature 

metrics (low temperature high nestedness) has 
been applied directly to the matrices V(V, N), 
S(S, N), and L(L, N) (Patterson 1990; Atmar & 
Patterson 1993, 1995; Ibáñez et al. 2005b). 

(2) Since the matrices resulted significantly nested 
the similarity between the watersheds was cal-
culated by the Índex of Simpson (1943). Given 
two watersheds the Índex is given by the ratio 
between the number of features the two water
sheds have in common and the number of fea
tures of the less richer one among the two. In 
general terms, according to this Índex the sim
ilarity between two OGUs is 1 (maximal simi
larity) when the two OGUs are equal or when 
the set of characters describing one of them in-
cludes completely the set of the other one. It fol-
lows that a completely nested matrix would be a 
completely homogeneous matrix that would not 
give indication of a possible classification. The 
Euclidean distance (D) was used to calcúlate the 
similarity between the watersheds described by 
the maximal, average, and standard deviation 
of the elevation and the similarity between the 
watersheds on the basis of their extent. 

(3) The Mantel's test (Mantel 1967; Mantel & 
Valand 1970) has been used to measure the 
correlation between the five similarity/dissimi-
larity matrices obtained by the Simpson,s Índex: 
SW(N, N) SS(N, N), SL(N, N), T>E(N, N), and 
UA(N,N). 

Question 3. The steps of the analysis are the 
following: 

(1) Cluster analysis by single, average, and complete 
linkage (Anderberg 1973; Podani 2000) has 
been applied to the symmetric matrix SV(.2V, N). 

(2) With the matrix SV(N, N), we have tested the 
optimal classification, e.g. the maximal separa-
tion between the clusters at different hierarchical 
levéis, by the method suggested by Burba et al. 
(2008) and Feoli et al. (2009). This consists in 
calculating the evenness of the eigenvalues of the 
within-between similarity matrices obtained by 
averaging the similarity scores of the similarity 
matrix, in this case SV(.2V, N), according to the 
clusters defined at different hierarchical levéis of 
the dendrogram, and in testing the significance 
of the evenness by a permutation technique. 

(3) The clusters and the largest watersheds described 
by the presence absence of vegetation series have 
been compared by the probability of similarity 
according to Pillar (1996) using the similarity 
ratio as Índex of similarity (Wishart 1969). 

(4) The predictivity of the classification of water
sheds based on vegetation series with respect to 



pedology and lithology, and the DEM has been 
tested by the evenness test applied to the matri
ces SS(N, N), SL(N, N) and SE(N, N) by su-
perimposing to them the classification obtained 
with matrix SW(N, N). The matrix SE(N, N) is 
a similarity matrix obtained by a transformation 
of the valúes of matrix DE(.2V, N) between 1 
and 0 (where 1 is the maximal similarity, corre-
sponding to Euclidean distance = 0, and 0 is the 
minimal similarity corresponding to the maximal 
Euclidean distance in DE(.2V, N)). 

To answer the questions 2 and 3 the program MA-
TEDIT (Burba et al. 2008) was used. 

Results 

Table I presents the results of a diversity analysis, i.e. 
it gives the richness of the 19 watersheds according 
to lithotypes, pedotypes, and vegetation types and 
the Shannon entropy calculated by the proportional 
área of the three features. It gives also the standard 
deviation of elevation of each watershed as a measure 
of variability of elevation within the watersheds. 

In Table I the watersheds are arranged by their 
extent. The correlation between the a-diversities of 

watersheds with their Hortonian rank, their extent 
and the standard deviation of elevation is given in 
Table II, according to the Pearson correlation co-
efficient (only r > 0.457 is significant at probability 
p< 0.05). 

The majority of correlations are significant. 
FromTable II it is clear that the correlation between 
the diversity parameters and the área increases 
when considering the logarithmic transformation 
of the área (ln(area)). This suggests that the cor
relation between the área and diversity parameters 
is not linear, but rather follow a non-linear strong 
monotonic trend in agreement with the results of 
previous papers (e.g. Ibáñez et al. 2005a, 2014; 
Ibáñez & Effland 2011; Ibáñez & Feoli 2013). By 
considering the correlation coefficients between 
the ln(area) and the four features, the área shows 
the highest influence on the pedodiversity (S) and 
the lowest on standard deviation of elevation (i.e. 
r(V, A) = 0.80, r(S, A) = 0.95, r(L, A) = 0.73, 
r(E, A) = 0.58). This means that as the área of wa
tersheds increases the heterogeneity expressed by 
pedodiversity is the one that increases more, fol-
lowed by vegetation series, lithodiversity, and the 
one of DEM (i.e. small watersheds may have high 
variability in elevation). 

Table I. Description of the watersheds of the province of Almería ordered according to their extent (área). 

Wcode HR Área L lVe a , R 
veg 

R R* SH 
veg 

SH SHllt sd(ele) 

101 26.5 3.277 5 4 3 1.12 1.11 0.39 199.67 
111 32.7 3.487 3 8 6 0.03 1.66 0.96 48.85 
109 37.1 3.614 5 8 4 1.12 1.31 1.15 80.24 
106 38.1 3.640 9 12 5 1.81 1.60 0.93 364.94 
102 39.9 3.686 6 8 4 1.18 1.68 1.30 265.43 
105 50.9 3.930 9 12 5 1.65 1.62 1.32 302.98 
110 55.4 4.015 7 17 5 0.91 2.24 1.26 151.15 
107 55.6 4.018 9 12 5 0.68 1.52 0.69 189.48 
112 61.6 4.121 4 8 6 0.71 1.75 0.79 80.02 
104 74.8 4.315 6 13 6 1.04 1.86 1.13 376.34 
108 178.8 5.186 8 19 4 1.10 2.18 0.95 93.04 
203 2 264.1 5.576 6 19 12 0.91 2.15 1.37 230.90 
201 2 350.7 5.860 15 19 8 1.33 1.96 1.73 219.56 
301 3 368.7 5.910 12 20 8 1.73 2.19 1.90 586.51 
302 3 403.5 6.000 11 19 6 1.09 2.03 2.02 228.35 
202 2 492.4 6.199 9 24 11 1.46 2.07 1.55 204.22 
103 1 725.0 6.586 12 21 6 1.63 2.12 1.54 508.27 
401 4 2025.4 7.614 24 29 9 1.86 2.35 1.91 486.69 
303 3 2445.3 7.802 15 31 11 1.89 2.21 1.43 440.94 

Note:Wcode = watershed code (Figure 1), HR = Hortonian Rank, ln(area) = natural logarithm of the área Rve, R , Rlit = richness of vegeta
tion series, of pedotypes and lithotypes, SHv e , SH , SHlit = entropy by Shannon formula for vegetation senes, pedotypes and lithotypes, 
sd(ele) = standard deviation of elevation. 

Table II. Correlation coefficients between variables in Table I. 

HR Área Ln(area) R 
veg 

R R* SH 
veg 

SH SHllt sd(ele) 

HR 1 0.751 0.815 0.791 0.765 0.661 0.487 0.607 0.759 0.531 
Área 0.751 1 0.843 0.7842 0.813 0.595 0.564 0.549 0.466 0.545 
Ln(area) 0.815 0.843 1 0.8056 0.95 0.738 0.571 0.787 0.73 0.582 
R 0.791 0.784 0.806 1 0.789 0.441 0.691 0.573 0.667 0.651 
R"8 0.765 0.813 0.95 0.7887 1 0.743 0.582 0.86 0.705 0.546 

K 0.661 0.595 0.738 0.4412 0.743 1 0.287 0.633 0.541 0.344 
SH 0.487 0.564 0.571 0.6912 0.582 0.287 1 0.327 0.489 0.775 
SH"8 0.607 0.549 0.787 0.573 0.86 0.633 0.327 1 0.702 0.424 
S H „ t 

0.759 0.466 0.73 0.6669 0.705 0.541 0.489 0.702 1 0.531 
sd(ele) 0.531 0.545 0.582 0.651 0.546 0.344 0.775 0.424 0.531 1 



The results of partial correlation analysis using 
the log transformation for the área and letting the 
other data untransformed are the following: 

(1) The correlation between vegetation a diversity 
(y) and the área (x) (ryx = 0.81), by removing the 
effect of pedodiversity (z) becomes ryx|z = 0.29, 
T= 1.2,p > 0.05 (not significant). 

(2) The correlation between vegetation diversity 
(y) and área (x) (ryx = by removing the effects 
of standard deviation of elevation (z) becomes 
ry*\z = 0.69, T= 3.83,p < 0.01, (significant). 

(3) The correlation between vegetation diversity (y) 
and the área (x) (ryx = 0.80), by removing the 
effect of lithodiversity (z) becomes ryxz = 0.79, 
T= 5.1,p < 0.001 (significant). 

(4) The correlation between vegetation diversity 
(y) and pedodiversity (x) (ryx = 0.79), by remov
ing the effect of área (z) becomes r^z = 0.13, 
T= 0.53,p > 0.05 (not significant). 

(5) The correlation between vegetation diversity 
(y) and pedodiversity (x) (ryx = 0.79) by re
moving the effect of standard deviation of eleva
tion (z) becomes ryx'z = 0.68, T= 3.8,p < 0.01 
(significant). 

(6) The correlation between vegetation diversity (y) 
and pedodiversity (x) (ryx = 0.79) by removing 
the effect of lithodiversity becomes ryxz = 0.76, 
T= 4.9,p < 0.001 (significant). 

(7) The correlation between vegetation diversi
ty (y) and standard variation of elevation (x) 
(rw = 0.65) by removing the effects of the área 
becomes r*"2 = 0.38, T = 1.76, p > 0.05 (not 
significant). 

(8) The correlation between vegetation diversi
ty (y) and standard deviation of elevation (x) 
(rw = 0.65) by removing the effect of pedodi
versity (z) becomes r^, = 0.427, T = 1.85, 
p > 0.05) (not significant). 

(9) The correlation between vegetation diversi
ty (y) and standard deviation of elevation (x) 
(rw = 0.65) by removing the effect of lithodi
versity becomes ryy = 0.59, T= 4.59, p < 0.01 
(significant). 

(10) The correlation between the vegetation diver
sity (y) and lithodiversity (x) (ryx = 0.44) by re
moving the effect of the área (z) ryx|z = -0.38, 
T= 1.76,p > 0.05 (not significant). 

(11) The correlation between vegetation diversity 
(y) and lithodiversity (x) (ryx = 0.44) by remov
ing pedodiversity (z) becomes ryx|z = -0 .35, 
T= 1.36, p > 0.05) (not significant) 

(12) The correlation between vegetation diversity 
(y) and lithodiversity (x) (r = 0.44) by remov
ing the effect of standard deviation of elevation 
(z) becomes r ^ J ) . 3 0 , T= 1.2, p > 0.05) (not 
significant) 

From these results, it is clear that a vegetation di
versity of the watersheds based on vegetation series is 
defined mainly by the synergic effects of the extent of 
the área and pedodiversity, since by removing the ef
fects of the área the correlation between vegetation di
versity and pedodiversity becomes not significant, as it 
happens when removing the effects of pedodiversity in 
the correlation between vegetation diversity and área. 
The effects of the variability in elevation expressed by 
the standard deviation of elevation and of lithodiver
sity look less significant in defining the vegetation a 
diversity since by removing their effects, the correla-
tions between vegetation diversity-area and vegetation 
diversity - pedodiversity remain significant. 

The results of the nested subset analysis accord-
ing to Atmar and Patterson (1993) using their statis-
tical software termed "The nestedness temperature 
Calculator" (Atmar & Patterson 1995) are presented 
inTablelII. 

The Mantel's test applied to the matrices of sim-
ilarity between the watersheds, shows that there is 
a significant correlation between matrices SV(N, N) 
and T>E(N, N) (r = -0 .42, p < 0.0001), SW(N, N) 
and SS(N, N) (r = 0.35 p < 0.0001), and SS(N, N) 
and SL(Af, N) (r = 0.30 p < 0.000 l)but not between 
the matrices SV(N, N) and SL(Af, N) (r = 0.11, 
p = 0.14). We can conclude that there is a positive 
correlation between the combination of vegetation 
series and the combination of the three parameters 
of the DEM (maximal elevation, average elevation, 
and standard deviation of elevation) and between 
the combination of vegetation series and the com
bination of pedotypes, but not between the combi
nation of vegetation series and the combination of 
lithotypes. The valúes of r suggest that (3 vegetation 
diversity (i.e. the variation in watersheds in terms of 
vegetation series combination in the watersheds) is 
more affected by the combination of valúes of the 
three parameters of elevation of the DEM rather 
than to the combination of pedotypes, this would 
mean that the vegetation series combination in the 
watersheds would be affected firstly by the microcli-
matic conditions related to the DEM that certainly 
have direct effects on the heterogeneity of microcli-
mate, and then by the factors controlling the combi
nation of pedotypes (heterogeneity of pedosphere). 
The fact that vegetation (3 diversity is correlated 
with (3 pedodiversity and not with (3 lithodiversity is 

Table III. Results of the nestedness analysis by the method of 
temperature of Atmar and Patterson (1995). 

Matrices ST MF 

V(.V,N) 

L(L,N) 

21.4 
17.5 
23 

23 <0.00001 
34.6 <0.00001 
38 <0.00001 

Note: ST = system temperature, MF = matrix ñll,p = probability. 



certainly a consequence of the fact that the vegeta-
tion has a direct contact with the pedosphere and 
only indirectly with lithosphere. 

The classification of watersheds based on the ma-
trix SV(N, N) has given (with average and complete 
linkage methods) 2 main clusters with exactly the 
same content. The two main clusters (Figure 2) are: 

cluster 1) 101,102,103,104,105,106,107,301, 
401; 
cluster 2) 108,109,110,111,112,201,202,203,302,3 
03. 

According to the method suggested by Feoli et al. 
(2009) (i.e. the evenness of the eigenvalues of the 
matrices within-between cluster similarity as defined 
at different hierarchical level of the dendrograms) 
the classification based on matrix SV(N, N) is highly 
significant. For 2 clusters the evenness is 0.76, for 
three clusters it is 0.72, for 4 clusters it is 0.66, for 5 
clusters it is 0.65, both using average and complete 
linkage clustering algorithms.The single linkage pro
duces a chained dendrogram from which it is diffi-
cult to identify directly a clear hierarchical pattern, 
in any case the two largest watersheds (401 and 303) 
are well separated in the dendrogram. 

According to this result, the land system of 
Almeria can be classified in two main clusters of 
watersheds as in Figure 3, one facing the southwest 

(a) 

101102103107104105106401301108103201302110112202111203303 

(b) 

i n 
101102103107104105108301401108103110112201302202111203303 

Figure 2. Dendrograms of cluster analysis of watersheds by 
average a) and complete linkage b) methods applied to the 
Simpson's similarity matrix. 

coast of Almería (101, 102, 103, 104, 105, 106, 107, 
301, 401) the other facing the southeast coast (108, 
109, 110, 111, 112, 201, 202, 203, 302, 303) as in 
Figure 3. If the largest watersheds (401 and 303) are 
removed, the classification of the remaining water
sheds is the same.This suggests that there is a natural 
boundary between the cluster containing the water-
shed 401 and the cluster containing the watershed 
303, that is the line following the top of the mountain 
chain separating the two watersheds (Figure 4). 

Table IV presents the description of the clusters 
(C1V, C2V) by the frequency of vegetation series, 
the table also presents the combinad on of vegetation 
series of the largest watersheds (401 and 303) and 
also the description of the clusters C1V and C2V, by 
the frequency of vegetation series without the water
sheds 401 and 303 (i.e. 301_107 and 108_302).The 
probability of similarity between C1V and C2V is 
0.26, the probability of similarity between watershed 
401 and 303 is 0.22, and the probability of similarity 
between the clusters 301_107 and 108_302 is 0.10. 
This means that the classification is significantly 
sharp and that the two clusters are justified in terms 
of vegetation series composition. From Table IV the 
thermo-Mediterranean series result more concen-
trated in the second cluster (C2V) while in the first 
(C1V) there is a higher concentration of the me-
so-Mediterranean series and also an higher concen
tration of vegetation series of rich soils. Owing to the 
use of the Simpson similarity Índex there is no sta-
tistical difference between the two clusters in terms 
of a diversity of vegetation, pedology, and lithology 
The classification of the watersheds based on veg
etation series is significantly predictive with respect 
to all three other features (pedotypes, lithotypes, 
and variability of elevation). By superimposing the 
classification to the matrices SS(N, N), SL(N, N) 
and SE(.2V, N) the evenness test of the eigenval
ues is significant in all the three cases (respectively 
E(S) = 0.24 p = 0.0146, E(L) = 0.256 p = 0.035, and 
E(E) = 0.248, p = 0.024), this means that vegetation 
series combinations in the watersheds are predictive 
with respect to the combination of the other features. 

Discussion 

Vegetation series is a conceptual tool that is wide-
ly used to produce maps of potential vegetation in 
some countries of Europe, mainly Italy and Spain. 
The fact that such maps are stored in GIS would 
facilítate their use for further studies concerning the 
biodiversity of land systems at one level of knowl-
edge in vegetation sciences, i.e. the level of vegetation 
series. We have assumed that the predictivity of veg
etation series diversity would be higher with respect 
to other environmental heterogeneities such as those 
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Figure 3. Map of the classification of the watersheds in two clusters according to Figure 2. 

Figure 4. Digital elevation model of the province of Almería with indication of the watersheds boundaries. 



Table IV Frequencies of vegetation series in the two clusters (CIV and C2V), presence (1) and absence (0) of vegetation series in the 
largest watersheds (401 and 303) and frequency of watersheds in the clusters CIV 
303 in C2V 

and C2V, , without the watersheds 401 in CIV and 

Vegetation series CIV C2V 401 303 CIV, C2V, 

Brackish waters edaphohygrophilous geoseries 0.8 
Coastal dunes & sand deposits vegetation 0.4 
Edaphoxerophilous on gypsum vegetation complex 1 
Gypifeous edaphoxerophilous vegetation complex 0.6 
Halophytic coastal vegetation series 1 
Meso-Mediterranean on nutrient soil rich edapho- 0.8 
hygrophilous geoseries 
Meso-Mediterranean on nutrient soils rich series 0.2 
Meso-Mediterranean on sandy siliceous soils 0.1 
edaphohygrophilous series 
Meso-Mediterranean semiarid series 0.2 
Meso-Thermo-Mediterranean meso-halophytic 0.7 
edaphohygrophilous series 
Meso-Upper-Mediterranean subhumid & humid on 0.3 
nutrient soils rich edaphohygrophilous series 
Meso-Upper-Mediterranean subhumid & humid on 0.3 
nutrient soils rich edaphohygrophilous series 
Meso-Upper-Mediterranean-low limestone-dolomit- 0.2 
ic edaphoxerophilous series 
Oro-Mediterranean on nutrient rich soils rich 0.6 
edaphohygrophilous microgeoseries 
Oro-Mediterranean on nutrients rich soils series 0.3 
Oro-Mediterranean on siliceous soils series 0.3 
Salt marshes & salinas vegetation series 0.4 
Subsaline marls polyteselar edaphoxerophilous vege- 0.2 
tation complex series 
Thermo-Mediterranean dry & subhumid on nutri- 0 
ent soils rich series 
Thermo-Mediterranean meso-halophytic edaphohy- 0 
grophilous microgeoseries 
Thermo-Mediterranean on nutrient rich soils rich 0 
edaphohygrophilous geoseries 
Thermo-Mediterranean on nutrient rich soils rich 0 
edaphohygrophilous geoseries 
Thermo-Mediterranean semiarid & arid costal series 0 
Thermo-Mediterranean semiarid series 0 
Thermo-Mediterranean semiarid-arid series 0 
Thermo-Mediterranean semiarid-dry series 0.1 
Thermo-Mediterranean hyper-halophytic edaphohy- 0.2 
grophilous microgeoseries 
Thermo-Mediterranean semiarid riparian geoseries 0.1 
Thermo-Mediterranean-Low semiarid series 0.2 
Thermo-Meso-Mediterranean edaphohygrophilous 0.2 
series 
Thermo-Meso-Mediterranean edaphohygrophilous 0 
series 
Thermo-Meso-Mediterranean on nutrient rich soils 0 
rich edaphohygrophilous series 
Thermo-Meso-Mediterranean series 0 
Upper-Mediterranean dry-sub-humid on nutrient 0.1 
rich soils series 
Upper-Meso-Mediterranean on nutrient rich soils 0.1 
rich edaphohygrophilous series 
Upper-Meso-Mediterranean dry-sub-humid on 0.1 
siliceous soils edaphohygrophilous series 
Upper-Meso-Mediterranean limestone series 0.1 
Upper-Meso-Mediterranean on siliceous soils ripar- 0.1 
ian geoseries 
Upper-Meso-Mediterranean siliceous soils Series 0.1 
Upper-Meso-Mediterranean sub-humid & humid 0.1 
on nutrients rich soils series 

0.7 
0.4 
0 
0 

0.3 
0.8 

0 
0 

0.3 
0.3 

0.1 

0.1 

0 

0.5 

0 
0.3 
0.1 
0.9 

0.8 

0.8 

0.3 

0.4 

0.2 
0.1 
0.1 
0.1 
0.1 

0 
0 

0.1 

0.1 

0.1 

0.1 
0.1 

0.1 

o 

o 
o 

o 
o 

0.9 
0.5 

1 
0.5 

1 
0.8 

0.1 
0.1 

0.3 
0.6 

0.3 

0.3 

0.1 

0.5 

0.3 
0.3 
0.4 
0.1 

0 

0 

0 

0 

0 
0 
0 

0.1 
0.1 

0.1 
0.1 
0.1 

o 

o 

o 
o 

o 

o 

o 
o 

o 
o 

0.8 
0.4 
0 
0 

0.3 
0.8 

0 
0 

0.3 
0.2 

0 

0 

0 

0.4 

0 
0.3 
0.1 
0.9 

0.8 

0.8 

0.3 

0.4 

0.2 
0.1 
0.1 
0.1 
0 

0 
0 
0 

0 

0 

0 
0 

o 

o 

o 
o 

o 
o 

expressed by pedodiversity, lithodiversity, and varia-
bility of elevation, the higher should be the valué of 
vegetation series to represent the vegetation diversity 
of a land system. The aim of this paper was to test 
such predictivity by a case study. The test has been 
worked out by extending the concepts of a and (3 

diversity from that of species to that of vegetation 
series and to some geological features, such as pe-
dotypes, lithotypes, and DEM. Pedodiversity, i.e. the 
diversity of pedotypes, received particular attention 
in geodiversity studies (Gray 2004) (e.g. Ibáñez et 
al. 1990, 1994, 1995, 2013; Petersen et al. 2010; 



Ibáñez & Effland 2011; Ibáñez & Bockheim 2013; 
Ibáñez & Feoli 2013) and was already suggested 
by Ibáñez et al. (2014) as a factor that could help in 
explaining the plant species richness-area relation-
ships. On the basis of simple and partial correlation 
a diversity based on vegetation series resulted highly 
predictive mainly with respect to the pedodiversity 
of the watersheds, in fact by removing the effect of 
pedodiversity the correlation between the extent of 
the watersheds and a vegetation diversity loses its 
significance. By removing the effects of lithodiversity 
and that of the standard deviation of elevation the 
correlation a vegetation diversity-pedodiversity and 
a vegetation diversity-area remains significant. 

On the basis of Mantel's test (3 vegetation diversity 
based on vegetation series is significantly predictive 
with respect to the (3 diversity in terms of DEM and 
pedotypes, but not in terms oflithotypes. This would 
confirm that the combination of vegetation series of 
the land system of Almeria is more sensitive to factors 
affecting the microclimate (such elevation) than to 
edaphic factors, with aridity being an overwhelming 
factor. For calculating the similarity, the Simpson's 
index has been used because the data matrices of 
vegetation diversity, pedodiversity, and lithodiversity 
are significantly nested, i.e. the set of features of the 
watershed with more features tends to include the 
set of features of watersheds with less features. 

The use of the Simpson's index to classify the 
watersheds according to vegetation series allows to 
sepárate the two largest watersheds as "seeds" of two 
patterns of nestedness, that would be remained hid-
den by the use of an index that does not consider 
the nestedness in the formula. One set of watersheds 
is draining and/or clearly gravitating on the Eastern 
coast and one set is draining on the Southern coast. 

The classification in these subsystems of water
sheds, that are significant on the basis of the vegetation 
series distribution, could have the following explana-
tions: (i) the Southern shoreline is a little less arid 
than that the Eastern coast (AEMET 2011) although 
the Tabernas Desert (included in watershed 302 that 
belongs to the set of watersheds gravitating on the 
Eastern coast), the driest spot in Western Europe, 
drains South; (ii) Some of the larger southern basins 
that born from the southern slopes of Sierra Nevada 
(the highest mountain range in Almería), includes 
more plant communities and pedotypes typical of 
the high mountain, unlike what happens in the east
ern side of the study área; (iii) the southern shore
line is rich in Ibero-Mauritanian endemic species, 
whereas these disappear eastward (Villalobos-Megía 
2003; Simón 2005), and thus some idiosyncratic 
vegetation series are different; (iv) the Eastern coast 
is idiosyncratic by the presence of several types of 

volcanic rocks, including oíd voléanos capped cones 
reef limestones (Simón 2005). 

Conclusions 

We have to admit that the description of a land sys
tem by vegetation series could be considered rough, 
the level of abstraction is high with respect to the 
actual vegetation and certainly the corresponding 
maps would represent only potential vegetation. 
However the results of this paper show that vegeta
tion series are suitable tools to investígate the com-
plex relatíonships between vegetation diversity and 
the environmental heterogeneity of land systems 
defined in different ways. Vegetation series showed 
to be capable to discriminate between factors that 
would influence their a diversitíes, i.e. their richness 
in OGUs and that would influence their (3 diversi
ty, i.e. their qualitative combinations in OGUs. The 
data analysis of the land system of Almeria proves 
once again the importance of the área and of envi
ronmental heterogeneity expressed by pedodiversity 
to define a diversity: smaller watersheds have "sta-
tistícally" less features than larger watershed and at 
parity of the extent more heterogeneous watersheds 
in terms of pedodiversity tend to have statistically 
more vegetation series than the less heterogeneous 
watersheds. The analysis of (3 diversity of the water
sheds based on an index of similarity, that keeps into 
consideration the nestedness effects on similarity, 
has proved the significant existence of two pattern 
of nestedness each one associated to one of the two 
most large watersheds of the área. We conclude by 
suggesting that vegetation series are useful concep
tual tools to investígate on the biodiversity of land 
system both in terms of a and (3 diversity. The vegeta
tion series have the inherent "phytosociological key" 
to access to databases of plant associations and from 
them to biological floras that would allow the land 
system descriptíons at different hierarchical scales 
of space and knowledge.Therefore our suggestion is 
that the vegetation series is a concept with high valué 
of synthesis in the knowledge domain of vegetation 
system and worth to be used in biodiversity analysis 
of land systems. 
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