
Standard Article - doi: 10.3832/ifor0559-004 ©iForest – Biogeosciences and Forestry

Introduction
Stone pine (Pinus pinea L.)  is one of the 

most  important  species  in  southern Europe 
widely  distributed  along  Mediterranean 
coastal areas, from Portugal to Syria. Stone 
pine has important ecological, landscape, re
creation and soil conservation uses covering 
over 600 thousand hectare mainly in Spain, 
Italy,  Portugal,  France,  Morocco  and 
Tunisia. In Italy the main products are pine 
nuts, wood and truffles. However, both soil-
site and local studies focused on plantations 
are scarce. Young planted stands in southern 

Italy need silvicultural treatment in order to 
achieve managerial objectives (mainly envi
ronmental  protection  and  production),  to 
avoid permanent productivity declines.

Site  index,  defined  as  a  species-specific 
measure  of  actual  or  potential  forest  pro
ductivity  (Helms  1998),  has  been  widely 
used as forest productivity surrogate because 
it is an important parameter in forest growth 
and yield modeling.  Site index can be esti
mated through site data, stand data, or both 
combined.  Usually,  in  operational  forestry, 
site  index is  estimated  by measuring  stand 
variables  (dominant  height  and age).  How
ever,  in  some  cases  (young  stands,  high-
graded  stands,  etc.)  appropriate  stand  va
riables  are  not  available.  Studies  based  on 
soil-growth  relationship  (soil-site  method) 
have been carried on for a wide range of spe
cies  elsewhere  (e.g.,  Harding  et  al.  1985, 
Jokela  et  al.  1988,  Monserud  et  al.  1990, 
Pacheco  1991,  Wang  1995,  Bravo  & 
Montero 2001), but very few soil-site studies 
have  been  reported  for  Stone  pine  (Bra
vo-Oviedo & Montero 2005). Site index is a 
variable  surrogate  of  the  net  stem  growth 
that can be harvested in traditional forestry. 
As net stem growth harvested is roughly a 
10% of the Gross Primary production (GPP) 
in the temperate forests (Pretzsch 2009), site 
index serves  also as  proxy of  GPP linking 
forest growth and yield science with produc

tion  ecology.  Site  index  perform  better  in 
monospecific,  even aged,  single-layered fo
rests and plantations as young planted Stone 
pine stands.

Soil-site studies based on topographic and 
edaphic factors  are utilized to estimate  site 
index  when  stand  data  as  dominant  height 
and age are not available or not suitable for 
this purpose. Altitude, slope, aspect (Jokela 
et al. 1988,  Pacheco 1991,  Holmgren 1994) 
and geographic position (Pacheco 1991) are 
the  topographic  factors  commonly  used 
(Jokelaet al. 1988, Pacheco 1991, Holmgren 
1994) to estimate  site  index.  It  is  common 
knowledge  that  topography,  in  the  forest 
ecosystem, influences local microclimates by 
changing  the  pattern  of  precipitation,  tem
perature  and  relative  humidity  (Tsui  et  al. 
2004, Yimer et al. 2006) and significantly af
fects  soil  physical  and  chemical  characte
ristics and soil organic matter trend, strictly 
related  to  the  dynamic  and  ecology of  the 
soils.

Topographic factors are usually utilized in 
combination with edaphic factors.  Soil  tex
ture and nutrients levels are commonly used 
to  estimate  site  index  (Baker  & Broadfoot 
1979,  Jokela et al. 1988,  Turner et al. 1990, 
Pacheco 1991), though the wide range of nu
trients and analytical methods make difficult 
to compare the results. On the other hand, it 
is  well  known  that  nutrients  explain a  low 
percentage  of  height  increment  (Baker  & 
Broadfoot 1979). For this reason, some au
thors avoid the use of nutrients to estimate 
site index (Steinbrenner 1976). As multicol
linearity among soil properties related to site 
index can also cause problems in regression 
analysis  (McQuilkin  1976,  Verbyla  1986), 
discriminant  analysis  (Harding  et  al.  1985, 
Bravo  &  Montero  2001,  Bravo-Oviedo  & 
Montero 2005) have been used.

Many conceptual models exist for defining 
the biotic, abiotic, and cultural practices that 
influence forest productivity (Switzer 1978, 
Burger 1994, Morris & Miller 1994). Morris 
&  Miller  (1994) described  forest  producti
vity as a function of plant potential, climate, 
soil-site quality, and catastrophes. Computer 
modelling has been used to account for these 
factors, but models are imperfect and some
times unsatisfying, because of scaling issues 
(Proe et al. 1994).The ability to make a com
pelling field evaluation of soil properties and 
site  productivity  would  be  an  important 
achievement.

The objective of this study is to determine 
if  edaphic and/or topographic  variables can 
be used as predictors of site productivity in 
Stone  pine  stands  in  Calabria  (southern 
Italy).  To  accomplish  this  objective,  a  dis
criminant rule was developed by using data 
from 16 pure Stone pine stands. Three site 
productivity  classes  have  been  developed 
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The objective of this study was to determine whether edaphic and/or topogra
phic variables may be used as predictors  of site productivity in Stone pine 
stands in Calabria (southern Italy). To accomplish this goal, a linear discrimi
nant rule was developed using data from 16 pure Stone pine stands, grouped 
into three different classes based on the mean dominant height annual growth. 
The discriminant rule was based on three linear models (one for each class) 
that jointly predicts site class for a given stand. To test the accuracy of the 
proposed method, cross-validation was carried out by developing 16 alterna
tive discriminant rules (excluding the analyzed data). Predictors tested were 
edaphic  (texture,  pH,  organic  matter)  and  topographic  (altitude  and  slope) 
variables. The model obtained allow to discriminate poorest sites accurately 
(100% of sites were correctly re-classified using the discriminant functions ob
tained).  In  more  productive  areas,  sites  were  correctly  re-classified  in  the 
33.33% of  cases,  while  in  intermediate  sites  the  correct  classification  was 
equal to 50%. Our discriminant rule classifies correctly the poorest stands, sug
gesting that site index in plain site soils strongly depends on clay percentage. 
Overall, the edaphic model obtained classifies plots into the correct site index 
class 61.11% of cases, which is considered an acceptable value for these kinds 
of studies.
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based  upon  mean  dominant  height  annual 
growth  and  the  discriminant  functions  in
cluded  both  edaphic  and  topographic  va
riables.

Materials and methods

Site description
The study area is located in the Calabrian 

Apennines, southern Italy, Lat 39° 50’ - 53’ 
Long 15° 55’ - 16° 16’ (Fig. 1). Mean annual 
temperature  is 15 °C, mean temperature  of 
the coldest month is 7.4 °C, and mean tem
perature  of  the warmest  month is 24.6 °C. 
Mean annual precipitation is 799 mm; sum
mer precipitation is 102 mm, with a dry pe
riod  of  46  days.  The  natural  vegetation  is 
dominated  by  Holm oak  (Quercus  ilex L.) 
and  Hop  hornbeam  (Ostrya  carpinifolia 
Scop.), sharing dominance with other broad
leaves. 

To represent the silvicultural variability of 
the area studied, 16 circular plots of 706 m2 

(Tab. 1) were randomly established in four 
different  areas reforested during 1948-1970 
in Calabria.  In  sloping terrain soil  prepara
tion was carried out in small terraces and di
rect seeding was done in late summer. Ter
race length varied from 1500 to 2500 linear 
meters per hectare, with a distance between 
them of about 4 meters. In these stands pre-
commercial and commercial thinning opera
tions rarely have been executed. The canopy 
cover ranges from 85 up to 100%. Tab. 2 and 
Tab. 3 show the main characteristics of the 
plots analyzed. 

Soil samples
Soil samples (0-10 cm depth) were used to 

describe the characteristic of forest  soils in 
accordance with the methodology proposed 
by  Jokela et al. (1988), particularly because 
the changes caused by environmental or to
pographic  factors  are  more  prominent  and 
relevant (e.g., on organic matter and soil bio
chemical  properties)  on  the  upper  layer  of 
the soils. 

Soil samples were taken from the first  10 
cm for each soil profile and analyzed inde
pendently. The samples were brought to the 
laboratory on the same day and kept in the 
refrigerator at 4 °C for up to 24 h until pro
cessing.  Prior  to  soil  analysis,  all  the 
samples were air-dried, sieved (< 2 mm), and 
visible  roots  were  removed.  Particle  size 
analysis was carried out by the hydrometer 
method, using sodium hexametaphosphate as 
a  dispersant  (Bouyoucos  1962);  pH  was 
measured  in  distilled  water  and  1  M KCl 
using a 1:2.5 (soil:water)  suspension; orga
nic  carbon  was  determined  by  dichromate 
oxidation  (Walkley  & Black  1934),  and  it 
was converted to organic matter by multiply
ing the percentage  of  carbon by 1.72.  Soil 
total nitrogen was measured by the Kjeldahl 
method  (Kjeldalh  1883),  and  cation  ex
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Fig. 1 - Walter-Lieth climate dia
gram and location map showing 
plots situation in Castrovillari, Ca
labria Apennine, southern Italy (Lat 
39° 50’-53’ Long 15° 55’-16°16’). 
The natural vegetation is dominated 
by Holm oak (Quercus ilex L.) and 
Hop hornbeam (Ostrya carpinifolia 
Scop.), sharing dominance with 
other broadleaves.
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Tab. 1 - Main edaphic, topographic and soil site characteristics of Stone pine plots analyzed  
to study site index estimation in Calabria (southern Italy).

Plot Age Altitude 
(m.a.s.l.) Aspect Parent material Soil type

Castrovillari
CA1 45 700 W Calcareous breccias Pachic Hapludolls
CA2 45 680 W Calcareous breccias Pachic Hapludolls
CA3 45 600 SW Calcareous breccias Pachic Hapludolls
CA4 45 500 SW Calcareous breccias Pachic Hapludolls

Frascineto
FR1 55 420 SW Dolomite Pachic Hapludolls

Morano
MO1 35 800 W Dolomite Pachic Hapludolls
MO2 35 840 W Dolomite Pachic Hapludolls
MO3 36 820 W Dolomite Pachic Hapludolls
MO4 36 820 W Dolomite Pachic Hapludolls
MO5 36 840 W Dolomite Pachic Hapludolls

Papasidero
PA1 40 360 NE Calcareous Dolomite Pachic Hapludolls
PA2 38 460 NE Calcareous Dolomite Typic Hapludolls
PA3 38 485 NE Calcareous Dolomite Typic Hapludolls
PA4 38 485 NE Calcareous Dolomite Typic Hapludolls
PA5 40 530 SW Calcareous Dolomite Typic Hapludolls
PA6 40 490 S Calcareous Dolomite Lithic Hapludolls

Tab. 2 - Stand level characteristics of Stone pine plots analyzed to study site index estima 
tion  in  Calabria  (southern  Italy).  QMD: quadratic  mean  diameter;  H0:  dominant  height; 
MDHG: mean dominant height annual growth.

Parameters Basal area
(m2/ha)

Volume
(m3/ha)

N
(trees/ha)

QMD 
(cm)

H0

(m)
MDGH

(m)
Mean 21.3 116.3 612.7 20.9 8.8 0.22
Maximum 44.6 315.8 877 27.7 12 0.27
Minimum 10.1 45 353 17 5.2 0.04
Standard deviation 8.7 63 158 3.2 1.5 0.12
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change capacity (CEC) was measured using 
the barium chloride-triethanolamine method 
(Mehlich 1953). Available P was determined 
by the Bray II method (Bray & Kurtz 1945). 
Exchangeable  K+ was  extracted  with  1  M 
NH4OAc, and determined using a flame pho
tometer. Electrical conductivity (mmhos/cm) 
was  measured  using  the  solution  extracted 
from a saturated paste (Jackson 1958).  Ex
changeable  cations Ca2+,  Mg2+,  K+  and Na+ 

were extracted with 1 M ammonium acetate 
(pH=7) and determined by atomic absorption 
spectrometer. 

Data analysis
Site productivity classes

Three  site  productivity  classes  have  been 
developed based upon mean dominant height 
annual  growth  (MDHG).  Stands  age  range 
from 35  to  45  years.  Class  I  was  defined 
when MDHG is equal to or more than 0.25 
meters, class II was defined when MDHG is 
less than 0.25 meters and over 0.19 meters 
and  class  III  was  defined  when  MDHG is 
equal to or less than 0.19 meters. 

Discriminant models
The  examined  discriminant  functions  in

clude  edaphic  and  topographic  variables, 
with the following general structure (eqn. 1): 

where  β0, β1, …, βn  are the obtained coeffi
cients, Xi  s are values of the n variables used 
as predictors. 

To obtain site index classification by using 
soil and topographic variables, classificatory 
discriminant  analysis  was  applied.  The ori
ginal data set has been used to both define 
and validate the discriminant functions. The 
use of the same data set to obtain and vali
date discriminant models involves a bias in 
site  misclassification,  called  apparent  error 
rate,  and generates an “optimistic” estimate 
of the accuracy of the method. To minimize 
the above bias, cross-validation was carried 
out using a discriminant function computed 
from all other observations to classify each 
observation (see Johnson 1998 - pp. 217-285 
for more details). 

Departure from normal distribution of the 
independent  variables  considered was  veri
fied by the Shapiro-Wilk test, and Pearson’s 
correlation  coefficients  among  variables 
were calculated. Different transformations of 
the original  variables  have  been applied to 
avoid  skewed  distributions of  the variables 
considered.  To  this  purpose,  CORR,  DIS
CRIM and UNIVARIATE procedures of the 
SAS® Statistical Package were used.

Results
Tab.  3 summarizes  the physical  and che

mical properties of the soils analyzed in this 
study.  Soils  differed  mainly  in  soil  texture 

(clay amount),  in  pH and CEC values.  In
deed, the soils with a larger content of clays 
had a greater CEC, pH values and Ca con
tent.  No  significant  differences  in  organic 
matter content were detected among the soils 
analyzed. To test the differences in soil pro
perties  among  the  above  classes,  one-way 
ANOVAs  (analysis  of  variance)  were  ap
plied  and  class  means  were  compared  by 
Tukey’s  test  (data  not  shown).  Variables 

considered  for  discriminant  analysis  were 
normally  distributed  (Tab.  4)  and  weakly 
correlated (Tab.  5).  Edaphic  variables  sho
wing significant departure from normal dis
tribution were not considered for further ana
lysis. 

Selected predictors for discriminant analy
sis were clay and slope (after  squared root 
transformation) but not altitude, due its high 
correlation with other variables (Tab. 6). 
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Tab. 3 - Chemical and physical soil properties (clay, sand and silt content, organic matter  
amount, pH, cation exchangeable capacity, and calcium amount) and topographic variables  
(altitude, slope, and depth) used to develop the discriminant rule to estimate the site index  
class in Stone pine (Pinus pinea) in Castrovillari (Calabrian Apennines, southern Italy).

Variable Mean STD Max Min
Sand (%) 56.75 19.94 74 23
Silt (%) 32.69 22.74 68 11
Clay (%) 10.56 3.86 19 6
Ca (meq/100g) 37.63 13.24 50 10
Organic Matter (%) 4.3 0.19 4.57 4.07
Depth (cm) 75.08 10.08 95 60
Slope (%) 22.81 13.16 45 10
Altitude (s.l.m.) 615 169.22 840 360
CEC (meq/100g) 23.08 11.30 55.3 14.0
pH 8.08 0.24 8.31 7.3

0∑
i=1

n

i⋅X i

Tab. 4 - Shapiro and Wilks normality test of edaphic variables (original and transformed 
variables). (a): the normal variables selected (p > 0.01). Untransformed variables (X) have  
been preferably selected when possible.

Variable X √(X) √(X+0.5) Ln(X+1) Log(X)
Sand (%) 0.0007 0.0007 0.0007 0.0007 0.0007
Silt (%) 0.0009 0.0020 0.0019 0.0048 0.0053
Clay (%) 0.0340 a 0.0954 0.0922 0.1395 0.1427
Ca (meq/100g) 0.0070 0.0027 0.0028 0.0009 0.0009
Organic matter (%) 0.0005 0.0005 0.0005 0.0005 0.0005
Depth (cm) 0.0014 0.0011 0.0011 0.0008 0.0008
Slope (%) 0.0052 0.0132 a 0.0129 0.0222 0.0233
ALT (m.a.s.l.) 0.0436 a 0.0651 0.0651 0.0881 0.0882
CEC (meq/100g) 0.0007 0.0030 0.0029 0.0088 0.0096
pH 0.0001 0.0001 0.0001 0.0001 0.0001

Tab. 5 - Pearson’s correlation coefficients among edaphic variables selected as predictors.

Variables Clay √ (Slope) ALT
Clay 1.0000 -0.40276 0.61941

√(Slope) - 1.00000 -0.62665
ALT - - 1.0000

Tab. 6 - Coefficients of the linear discriminant functions obtained for site index class estima
tion of Stone pine stands in Calabria (southern Italy).

Variables
Site index class

I II III
Constant -26.438 -24.199 -14.992
Clay 1.654 1.439 1.342
√(slope) 6.768 6.766 4.813
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Plots reclassification into classes using the 
discriminant  functions  obtained  showed  an 
error rate ranging from 66.67 % (class I) to 0 
% (class III  -  Tab. 7). Overall, stands were 
misclassified  in  38.89% of  the cases  using 
the selected predictors and the discriminant 
functions obtained.  The pattern of relation
ship between the factors considered and the 
site productivity shows that the lower is the 
slope, the more important is the texture (Fig.
2) for determining the site index (SI) class. 
Where slope is over  35%,  sites are  always 
classified  in  class  III,  while  in  areas  with 
lower slope clay content strongly influences 
the classification of the site. Stands on cal
careous soils showed no chlorotic or decay 
clues, but a very low growth in comparison 
with stands on siliceous soils (Tab. 8). 

As mentioned before, the error rate using 
the  discriminant  functions  obtained  was 
lower for poorest sites. On the other hand, a 
low error rate is more important in the high 
site index classes. Errors in site index esti
mation for a high-productivity stands gene
rate  a  higher  bias  in  the growth  and yield 
predictions than for a low-productivity stand. 
However,  as  our  discriminant  rule  classify 
100 % of the poorest stands correctly, so it 
can be used to identify the worst sites to es
tablish Stone pine plantations, helping fore
sters to avoid these areas as plantation sites. 

Discussion and conclusion
In  this study,  discriminant  rules  useful  to 

classify Stone pine stand productivity in Ca

labria (southern Italy) have been developed. 
In  summary,  the  discriminant  model  ob
tained classifies plots into the correct site in
dex class  with  an overall  rate  of  61.11 %, 
which is considered an acceptable value for 
these kinds of studies. 

Models  based  on  discriminant  functions 
using edaphic and climatic factors as site in
dex predictors may help forest managers to 
classify stand productivity when information 
on  site  productivity  is  not  available.  Their 
use may be particularly helpful for site index 
assessment of young stands, where site index 
curves cannot be used, as well as for asses
sing the suitability of an area to Stone pine 
plantations.  However,  foresters  should  ac
curately plan soil analyzes needed for site in
dex assessment, because their high costs in 
terms of money and time. Furthermore, some 
cautions  have  to  be  considered  to  this  re
gards.  Our  study  is  based  on  soil  samples 
from well-established forest stands, and the 
potential productivity of a stand planted on 

bare  soils  may  be  somewhat  hardly  eva
luated using the models obtained here. Based 
on our results and the above considerations, 
priority should be given to low clay sites if 
there are no other limiting factors. 

The use of discriminant functions allows to 
classify any observations based on its Euc
lidean distance from two or more groups of 
observations established  a priori, using one 
or  more  predicting  variables.  On the  other 
hand, discriminant analysis does not allow to 
determine  causal  relationship  among  pro
ductivity, soil and topographic factors. How
ever,  results  from  this  study  can  help  to 
identify patterns of relationship among soil, 
topographic factors and forest productivity. 

Different  statistical  methods  have  been 
used to find relationship between these site 
variables and site index: discriminant analy
sis (Bravo & Montero 2001,  Bravo-Oviedo 
& Montero 2005, tree classification models 
(Verbyla & Fisher 1989), multiple regression 
(Wang 1995) or principal components  ana
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Tab. 7 - Error rates (%) by site index class 
for the selected edaphic discriminant rule in 
Stone pine stands in Calabria (Italy).  Error 
rates have been obtained by cross-validation 
(see text for more details).

Actual Site
Index Class

Predicted Site Index Class

I II III

I 33.33 50.00 16.67

II 16.67 50.00 33.33

III 0.00 0.00 100.00

Tab. 8 - Mean annual increment in different planted Stone pine stands in Italy. (*): Mean height.

Age
(years)

N
(trees/ha)

Ho
(m)

BA 
(m2/ha)

V
(m3/ha)

MAI
(m3/ha) Substrata Region Souce

30-40 - - - 128-180 3.6-5.6 sandstone Bosco Bellia (Sicily) Cascio 1969
30-40 700-500 11-12.6 30-32.8 165-209 8.2-8.7 sandy Cecina (Tuscany) Baroni 1973
35-45 350-190 - - 205-383 4.8-7.7 sandy S.Rossore (Tuscany) Calliari et al. 1960
30-40 711-485 12.1-13.4* 25.7-27.8 174-228 5.8-5.7 sandy Feniglia (Tuscany) La Marca 1984

45 450-763 10-12 25.1-35.7 162-238 3.6-5.3 sandy Litorale veneto (Veneto) Del Favero et al. 1989
40-50 500-350 12.6-14.1 32.8-34.9 209-247 8.7-8.6 sandy Cecina (Tuscany) Baroni 1973
40-50 485-349 13.4-14.4* 27.8-26.8 228-249 5.7-4.9 sandy Feniglia (Tuscany) La Marca 1984
40-50 544-752 9.4-13.5* 17.5-42.9 91-300 1.7-7.5 granite La Maddalena (Sardinia) D’Autilia et al. 1967
40-50 - 13.7-16.1* - 193-376 4.8-6.5 sandy Central Italy Castellani 1989

35-45-55 353-877 5.2-12.0 10.1-44.6 45.0-315.8 1.0-5.7 calcareous Pollino (Calabria) Present work

Fig. 2 - Site index classifica
tion using clay and slope as 
classificatory variables for 
Stone pine stands in Castro
villari (Calabrian Apennines, 
southern Italy).
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lysis (Sanchez-Rodriguez et al. 2002). 
In areas showing high silvicultural and en

vironmental variability, the use of models for 
site class prediction seems more appropriate 
than  using  regression  models.  Verbyla  & 
Fisher  (1989) showed  the  advantages  of 
using classification methods instead of linear 
regression analysis when different site-index 
discriminant  rules  have  been  developed  in 
the  past  (Harding  et  al.  1985,  Bravo  & 
Montero  2001,  Bravo-Oviedo  &  Montero 
2005). Moreover, in a highly variable envi
ronment, it is easier to assess site class than 
an exact site index. Our target stands in Ca
labria  show a small  silvicultural  variability 
(origin  from  plantation  with  no  thinning 
since 20 to 30 years) and great differences in 
environmental  conditions.  In  the  northern 
temperate zone, slope is an important topo
graphic factor influencing local site microcli
mate  (Sariyildiz  et  al.  2005),  as  a  con
sequence of the amount of solar radiation re
ceived.  Solar radiation influences  soil  tem
perature and water availability, which in turn 
affect soil chemical properties. In this inve
stigation slope and soil texture (in terms of 
clay) were the most relevant variables affect
ing site productivity. 

Wang  (1995) stated  that:  (1)  many  nu
trients affect tree growth and the limiting nu
trient(s)  may  vary  with  site;  (2)  there  are 
complex  interactions  between  nutrients  not 
described by linear relationships; (3) chemi
cal analysis may not give an accurate picture 
of nutrient availability for tree growth;  and 
(4)  usually  the  nutrient  cycle  is  not  con
sidered. The site index in plain sites soils de
pends strongly on clay percentage. Studying 
Stone pine stands in southern Spain,  Bravo-
Oviedo & Montero (2005) also found a clear 
association  between  clay  and  poor  sites, 
showing that the presence of clay causes bad 
drainage and aeration of the soil limiting the 
growth  of this  species.  Our findings  are  in 
accordance  with  the  results  obtained  for 
Stone pine stands by Boisseau (1994), Prada 
et  al.  (1997),  Bravo-Oviedo  &  Montero 
(2005) and for  other  Mediterranean forests 
by Bravo & Montero (2001). 

Bravo-Oviedo  &  Montero  (2005) stated 
that  the  assessment  of  forest  productivity 
based on soil properties is greatly facilitated 
when a mature stand is located on reforested 
soil type, with low parental rock flow, scarce 
differentiation  in  horizons  and  low  varia
bility of soil  attributes.  Previous studies on 
Mediterranean  forests  (Bravo  &  Montero 
2001, Bravo-Oviedo & Montero 2005) have 
stated  that  discriminant  analysis  with  site 
variables, as texture and elevation, is appro
priate in stands of Scots pine and Stone pine.

Both regional and local studies are needed 
in the Mediterranean basin, due to its large 
ecological variability, as well as to the diffe
rences  in  management  background  among 
the different  areas.  Local  case studied may 

have  great  significance  across the Mediter
ranean region, where the need of cheap and 
straightforward  management  tools  may  be 
have  important  fallout  in  forest  and  land
scape management. 
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