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Abstract The species Quercus ithaburensis subsp. 

macrolepis forms open forests in Greece that belong in the 

sub-Mediterranean vegetation zone (Quercetalia 

pubescentis), forming typical silvopastoral systems. These 

forests are degraded with a major part of them having 

being converted to agricultural fields, pastures or urban 

areas. The structural analysis of these forests is analyzed in 

this study from a wide network of sample plots, 

representative of the species growing area. The parameters 

measured from each sample plot were: ground cover at 

each layer, number of tree per hectare, diameter at breast 

height (Dbh), total height, height at the crown base (HCB), 

crown length, basal area, slenderness index (H/D), crown 

ratio (CR), dominant height and crown competition factor 

(CCF). The low values of the CCF, H/D, stand density and 

basal area as well as the high values of CR confirm that the 

stands formed by the species not only are widely scattered 

but also, in most areas, cannot be characterized as forest 

but as individual trees, that is almost open growing trees. 
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1. Introduction 

Valonia oak (Quercus ithaburensis ssp. macrolepis) is an 

Eastern Mediterranean species mostly found in Turkey, 

Greece, Albania, and South-East Italy, (Tutin et al. 1993; 

Dufour-Dror and Ertas 2004; Pantera et al. 2008). In 

Greece, valonia oak appears inside small thickets, within 

forest formations, inside lowland and semi-mountainous 

agricultural fields or as individual isolated trees as 

remnants of previous forests (Pantera 2001; Pantera and 

Papanastasis 2003). Its presence, in most Mediterranean 

areas, is the result of its natural distribution. However, its 

import in certain areas cannot be excluded taking into 

account that in the past it was widely cultivated for the 

production of acorn cups for the extraction of tanning 

substances used for leather and tanning industry. 

In the past few decades valonia oak forests have been 

abandoned due to the depreciation of the acorn cups 

rending them exposed, due to their position in the lowland 

zone, to intense human pressure and influences 

(overgrazing, illegal lumbering, land reclamation, forest 

fires). It can be considered as a suitable species for use in 

reforesting degraded xerothermic areas of the lowland and 

semi-mountainous zone, capable to contribute to the 

ecological balance of non suitable environments for other 

broad-leaved species (Pantera 2001; Pantera et al. 2008). 

Nowadays, as their sole use is for grazing, they are 

considered as silvopastoral systems (Papanastasis et al. 

2009), maintaining, however, their ecological and 

productive values (Pantera et al. 2015). 

These systems have not been adequately studied from a 

silviculture point of view, as they are not managed almost 

throughout the country. It is the purpose of this work to 

analyze the stand structure of the remaining valonia oak 

forests as a useful tool to investigate their evolution and 

previous management but also for their future 

management. The study of valonia oak silvopastoral 

systems structure in Greece represents an important 

element to support the efforts undetaken within the 

framework of the EU project AGFORWARD for their 

exploitation by agroforestry practices. 

2 Materials and Methods  

The study areas were all over the Greece: Rethymno 

(Crete) Lesvos island, Alexandroupolis, Sparta, Patra 

(Strofilia), Almyros, Kea island, Galaxidi, Mesologi 

(Pentalofos), Xeromero (Prodromos), Amfilochia 

(Sardinia), Preveza and Egoumenitsa (Fig. 1). In these 

areas were established sample plots, size 0.2 ha (40Χ50 m) 

representatives of the valonia oak forests. From each 

sample plot, stand characteristics (ground cover at each 

layer number and the past and present management) was 

estimated, and the following tree variables were measured 

and calculated: diameter at breast height (Dbh), total tree 

height (H), height at crown base (HCB), crown length 

(CL), basal area (g), slenderness index (H/D), crown ratio 

(=CL/H, CR), dominant height (Hdom), crown competition 

factor (CCF), stand density (N/Ha), tree classification 

according to IUFRO classification system (height classes, 
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vitality, development trend, stem quality), diameter and 

height distribution and height – diameter relationship. 

 

 

 

Figure 1. Distribution of valonia oak forests in Greece 

(adapted by Pantera et al. 2008). Numbers indicate the 

locations of the thirteen selected forests (1. Rethymno 

(Crete), 2. Lesvos island, 3. Alexandroupolis, 4. Sparta, 5. 

Patra (Strofilia), 6. Almyros, 7. Kea island, 8. Galaxidi, 9. 

Mesologi (Pentalofos), 10. Xeromero (Prodromos), 11. 

Amfilochia (Sardinia), 12. Preveza and 13. Egoumenitsa. 

In order to determine the relationship between crown width 

(diameter) and Dbh, open-grown trees were measured 

(additional measures were concern four crown radii). The 

resulted equation was used to estimate the Crown 

Competition Factor (CCF), which is another measure of 

stand density on a predetermined relationship and is 

appropriate for both even-aged and all-aged stands (Clutter 

at al. 1983).  

 

3. Results and Discussion 

Valonia oak forests exhibit a three-level structure 

consisting of a tree layer (overstorey) with ground cover 

ranging from 30 to 80%, the shrub layer with groundcover 

5-75% and the grasses layer with soil cover of 30-80% 

(Table 1). In the tree layer, the number of trees ranges from 

20 to 500 per ha for all the studied forests, while for 

mature stands (mean diameter at breast height greater than 

28 cm) the number of trees ranged from 20 to 180. This 

stand structure is the result of past land uses in each region 

focused mostly for acorn production, which required open 

structure stands (open forests), and for grazing. 

Undoubtedly, during the last five decades, acorn collection 

has almost been abandoned and, along with it, the 

management of these forests. The only management 

practiced in the valonia oak woodlands is grazing by 

livestock, mainly sheep and goats (Pantera et al. 2008). 

Grazing in some areas, and mainly in W. Greece, is 

intense, while illegal logging is a commonn phenomenon 

in many other areas. Flora of the Q. ithaburensis subsp. 

macrolepis forest understorey (synanthropic and phryganic 

species) confirms the past uses of the forests, mainly 

overgrazing but also the abandonment and encroachment. 

Generally the understorey differentiates according to the 

vegetation zone and consists mainly of: 1. Grasslands and 

shrubby vegetation in the supramediterranean layer 

(Alexandroupolis, Lesvos, Almyros, Patra, Mesologi, 

Xeromero, Amfilochia, Preceza, Egoumenitsa); 2. 

Phryganic and shrubby vegetation in the 

mesomediterranean and thermomediterranean layer 

(Rethymno, Sparta, Kea island, Galaxidi) (Pantera et al. 

2008). 

Table 1. Stand characteristics and past and present 

management of the studied valonia oak forests 

 

The relationship between crown width (CW) and diameter 

(Dbh) is assumed to be the form: 

CW = a + b*Dbh  (1) 

Observations from 300 open-grown trees were used to 

determine (a) and (b).  

The relationship between crown width (CW) and diameter 

(Dbh) is assumed to be the form: 

CW = a + b*Dbh  (1) 

Observations from 300 open-grown trees were used to 

determine (a) and (b). So, the equation (1) takes the form: 

DbhCW  1679,02887,1  (2) (Fig. 2) 

The crown area (CA) is given by 

 CWCA 
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2
  (3), 
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or  DbhbaCA 
4

 2
  (4) 

 

Figure 2. Regression line crown width vs tree diameter 

from 300 open – grown valonia oak trees. 

The maximum crown area (MCA), that is, the crown area 

for an open-grown tree of diameter Dbh, expressed as a 

percentage of a hectare, is given by: 

100
10000


CA

MCA  (5) 

or  

 DbhbaMCA  00785,0 2
  (6) 

An MCA value is then calculated for each tree in a stand, 

and the sum of all these values, on a hectare basis, is the 

CCF. The CCF values of the study areas range from 8.3 

(Galaxidi) to 79.2 (Alexandoupolis). 

The height – diameter curve is: 

 

DbhDbhH  0008,02067,00189,2 2
 (7) 

 

The plots of Galaxidi, Mesologi, Xeromero, Amfilochia, 

Egoumenitsa, and Preveza had inadequate data for 

analysis. The values of stand characteristics (variables) are 

given in the Table 2 and the diameter distributions are 

shown in figures 1, 2, 3, 4, 5, and 6. 

Table 2. Stand characteristics of the studied plots (H= 

dominant tree height Dbh= mean diameter at breast height, 

H= mean tree height, G= basal area, H/D= slenderness 

index, CR= crown ratio, CCF= crown competition factor.  
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5 
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Rethymno (Crete): The stand is three-storied irregular 

uneven-aged and relatively open (CCF 78), and tree 

density is 235/Ha (Figures 3 & 4). Tree diameter ranges 

from 3 to 89 cm and tree height between 2 and 15m. The 

under-storey individuals (Dbh < 10cm) represent the 

natural regeneration of the stand. The values of slenderness 

index and crown ratio suggest that the canopy closure is 

relatively open. 

 

Figures 3 and 4. Diameter and tree height distributionin 

Rethymno (Crete). 

 

Lesvos island: The stand is one-storied irregular uneven-

aged and widely open (CCF 40.7). This is also confirmed 

by the low value of H/D (23.2) together with the high 

value of CR (72) (Figures 5 & 6). In addition, the low 

value of H/D and the high value of CR suggest that trees 

are in a wide growing space, like “open-grown” ones. Tree 

diameter ranges from 6 to 38 cm and tree height between 2 

and 7m.  

 

Figures 5 and 6. Diameter and tree height distribution in 

Lesbos island. 

 

Alexandroupolis: The stand is three-storied uneven-aged. 

Tree diameter ranges from 8 to 85 cm and tree height 

between 2 and 10m (Figures 7 & 8).  The majority of tree 

diameter (72%) and tree height (73.5%) ranges between 8 

and 18cm and 2 and 4m correspondingly and this indicates 

a young stand. The values of slenderness index and crown 

ratio suggest that the canopy closure is relatively open. 
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Figures 7 and 8. Diameter and tree height distribution in 

Alexandroupolis. 

 

Sparta: It is a young three–storied even-aged stand. Mean 

diameter is 17.87cm  (range 5 – 42cm) and mean height is 

6.05m (Figures 9 & 10). The stand density, expressed as 

500 stems / Ha, is the highest from all study areas.  

 

Figures 9 and 10. Diameter and tree height distribution in 

Sparta. 

 

Patra: The stand is three-storied irregular even-aged. It’s a 

wide open stand (CCF 58.7), with 180 trees / Ha (Figures 

11 & 12). The mean diameter and mean tree height are 

29.15cm and 8.67m correspondingly. The diameter ranges 

5 to 50cm and height from 3 to 11m. Trees have adequate 

growing space like “open-grown” ones (H/D 33.6, CR 

0.80). 

 

Figures 11 and 12. Diameter and tree height distribution 

in Patra. 

 

Almyros: It’s a mixed stand Q. ithaburensis – Q. pubescens 

with few trees of Q. frainetto and Q. cerris. The stand 

structure is irregular uneven-aged. Tree diameter ranges 

from 3 to 92cm and height from 2 to 14m (Figures 13 & 

14). The stand density is low (120 trees / Ha) as well as the 

slenderness index (28.4). 

 

Figures 13 and 14. Diameter and tree height distribution 

in Almyros. 

 

Kea island: The stand is two-storied irregular even-aged 

with low density (160 trees / Ha) (Figures 15 & 16). The 

values of diameter ranges between 10 and 62cm and the 

values of height are from 3 to 10m. The slenderness index 

is quite low and means that trees grow free of competition 

from neighboring trees. 

 

Figures 15 and 16. Diameter and tree height distribution 

in Kea island. 

 

The stand structure of valonia oak forest in Greece 

resembles with the structure of montado in Portugal and 

dehesa in Spain witch are open agroforestry systems with 

or less 80 oak tree per ha (mainly cork oak in montado and 

holm oak in dehesas) and with 5-65% tree cover (Moreno 

and Pulido 2009; Moreno et al. 2016). 

 

Conclusions 

The low values of CCF, H/D, stems/Ha, and basal 

area, as well as the high values of CR indicate that the 

stands are widely open and the individuals are closed to 

“open-grown trees”. The stand structure in most areas 

ranges from irregular even-aged to irregular uneven-aged 

except the area of Alexandroupolis where the structure 

tends to uneven-aged and the areas of Patra and Sparta 

tends to even-aged. This is an indication or a confirmation 

that these degraded and residual forests are suffered from 

heavy anthropogenic impact that is irregular and extreme 

cuttings, heavy grazing or/and catastrophic wildfires.    
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