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ABSTRACT 
 

In this study, a typological inventory was carried out on holm oak forests in the mountains of Tlemcen. The aim was to 

determine the structure of the different types of holm oak stand existing currently in this area under study. The cluster 

analysis which was applied to the data set of 80 plots and tree size classes variables (dbh"diameter at breast height" ≥7.5 

cm) has resulted in 14 types and/or subtypes of holm oak forest stands. Based on the results obtained from cluster 

analysis, a classification key was established in order to facilitate the identification and description of all types of stand. 
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INTRODUCTION 

 

Holm oak (Quercus rotundifolia L.) stands are widely 

stretched throughout the mountains of Tlemcen- Northern 

Algeria -with a total area of about 82000 ha (CFT, 2019). 

Recently, foresters wish to manage these holm oak forests. 

However, the great heterogeneity of these stands might 

create a number of difficulties, especially with regard to 

silvicultural interventions (Benabdellah, 2010). Accordingly, 

the problem of the management of mixed and irregular 

forests can be resolved by employing stand typology. This 

latter requires dendrometric parameters to describe forest 

stands structure, i.e. tree diameter (dbh:  diameter at breast 

height), basal area or trees density (Lombardini, 2006; Ngo 

Bieng et al., 2006; Reque and Bravo, 2008).  

The typological approach is quite recent in forest 

inventory. Indeed, the first typology was carried out in 

1981 by Herbert and Rébeirot on the uneven aged forests 

of Jura mountains, France (Herbert and Rebeirot, 1985). 

Other studies have subsequently been conducted in the 

Northen Mediterranean forests, for coppice and coppice-

with-standards of Loir and Cher oak forests, France (Aubry 

and Druelle, 1988). Durand and Normant (1994) have 

determined the stand typology of coppice-with-standards in 

the Haute-Marne area, France. The Typology of cork oak 

stands in Corsica -France- has been studied by Riffard 

(2015). Reque and Bravo (2008) have studied the typology 

of the resinuouse stand in the peereny forest Spain.  

In Algeria, few studies have been conducted in this 

field of forest typology, particularly, on holm oak stands. 

In this regard, Letreuch-Belarouci (Letreuch-Belarouci, 

2010) has studied the cork oak structure in the hafir-zariffet 

forest massif. Our study sought first to establish stand 

structural typology for the holm oak forest in the mountains 

of Tlemcen, and second to determine the classification key 

of types of the stands that can be applied by the foresters to 

facilitate their choices in the sylvicultiral practices suitable 

for each stand types. 

 

MATERIALS AND METHODS 

 

Case study 

Located in the North-West of Algeria (Fig. 1), the 

mountains of Tlemcen extend between the latitude 

34°21'20" S to 35° 2'30" N and the longitude -1° 51'30" W 

to-0° 42'26" E. It covers a surface of almost 143018 ha and 

its altitude varies between 900 to 1400 meters. It receives 

about 624 mm annual rainfall and has a temperature annual 

mean of 14.25oC. The nature of study is generally 

Mediterranean fersialitic red soils lied upon calcareous or 

siliceous substrates (Benabdellah, 2010). 

 

Method of stand typology 

Typological inventory was carried out across the area 

of study -mountains of Tlemcen- (Fig. 2), during the period 

of   two  years  (from  2017  to  2018)  by using  a  stratified 
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random  sampling. Eighty 80 circular dendrometric plots 

with 10 areas and 17.84 meters radius were installed 

throughout the study area where the holm oak is present in 

the whole stand. 
The dendrometric parameters that were measured in 

each plot are:  diameter at breast height (dbh 1.30≥ 7.5 cm), 
basal area (G m2/ha), tree density (N/ha) and tree height 
(Hm). For all species, tree diameter values were classified 
to establish four size classes according to market standards 
that are commonly used in the typological inventory 
(Lombardini, 2006 ; Reque and Bravo, 2008):  Small wood 
(SW:  dbh between 7.5 and 27.5 cm), medium wood (MW:  
dbh between 27.5 and 42.5 cm), large wood (LW:  dbh 
between 42.5 and 62.5 cm), and very large wood (VLW:  
dbh> 62.5 cm). In order to classify the different stand types, 
cluster analysis based on – Wards (1963) method (Ghilishli 
et al., 2015) – was carried out over the variables of diameter 
classes in the 80 plots selected. For this cluster analysis, the 
free software R, package ADE4 (Dray et al., 2018) was 
used. The structure of each stand identified according to the 
percentage of different category of woods:  SW, MW, LW, 
and VLW, that presente in the stand. 

 

RESULTS  

 

The result of cluster analysis shows that the 80 plots are 
arranged into 14 clusters (types /or subtypes) at dissimilarity 
level of 93 % (Fig. 3). Four (04) subtypes were determined 
out of cluster number 11 (T11a, T11b, T11c, and T11d) 
where they differ according to the value of the basal area G 
(m²/ha) and the tree cover of holm oak (QR%). 

According to the obtained results from the cluster 
analysis, the different stand types of holm oak are the 
following:  

• T1 (Type 1):  Old holm oak “QR” stand with dominant 
very large wood (VLW).  

• T2 (Type 2):  Mixed coppice-with-standards (Holm oak 
“QR” - Cork oak “QS”) with dominance of small wood 
(SW). 

• T3 (Type 3):  Mixed coppice-with-standards (Holm 
oak “QR” - Aleppo pine “PH” and cork oak “QS”), 
with dominant small wood (SW). 

• T4 (Type 4): Hight forest stand of holm oak“QR” with 
dominant large wood (LW). 

• T5 (Type 5):  Mixed hight forest stand (Holm oak 
“QR” - Cork oak “QS”), with dominance of large 
wood (LW).  

• T6 (Type 6):  Mixed coppice-with-standards (Holm 
oak “QR”, Aleppo pine “PH”, Cork oak “QS”, and 
Quercus faginea “QF”), with dominant small wood 
(SW). 

• T7 (Type 7):  Mixed coppice (Holm oak “QR” - 
Tetraclinis articulate “TA” and Olea europaea “OL”), 
with dominance of small wood (SW). 

• T8 (Type 8):  Mixed coppice (Holm oak “QR” and 
Tetraclinis articulate “TA”) with dominant small wood 
(SM). 

• T9 (Type 9):  Mixed coppice-with-standards (Holm 
oak “QR” and Quercus faginea “QF”) with dominant 
small wood (SW). 

• T10 (Type 10):  Mixed coppice (Holm oak“QR” – 
Juniperus oxycedrus ”JO”and Olea europaea “OL”) 
with dominant small wood (SW). 

 
 

Fig. 1:  Geographical location of the studied area " Mountains of 

Tlemcen"  
 

 
 

Fig. 2:  Typological inventory of holm oak stands -Measurement 

of the trees diameter at breast height (dbh≥7.5cm)- in the 

mountains of Tlemcen (photo by Benabdallah in 2018) 
 

 
 

Fig. 3:  Cluster analysis for the 80 sample plots of holm oak stands 

existing in the mountains of Tlemcen 
 

 
 

Fig. 4:  Classification kay of holm oak stand types “mountains of 

Tlemcen”. QR:  Quercus rotundifolia; QF:  Quercus faginea ; QS:  

Quercussuber ; OL:  Oleaeuropaea ; PH:  Pinus halepensis ; TA:  

Tetraclinis articulata ; JO:  Juniperus oxycedrus ; R S:  Regular 

structure; IR S:  Irregular structure. 
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Table 1: Dendrometric mesurements value for each stand type identified by the cluster analysis 

Stand type 

code 

Wood class rates Holm oak 

cover (QR%) 

Mean 

dbh (m) 

Basal area 

(G:  m2/ha) 

Mean height 

(H: m) 

Tree density 

(D:  N/ha) SW % MW% LW% VLW% 

T1 0.00 0.00 0.00 100.00 100 0.89 31.00 8.45 50 

T2 69.70 15.15 15.15 0.00 75.75 0.22 17.18 5.20 330 

T3 63.33 36.67 0.00 0.00 40 0.21 13.44 8.25 300 

T4 7.14 35.71 57.14 0.00 100 0.41 20.96 5.80 140 

T5 0.00 35.71 35.71 28.57 35.71 0.51 33.07 8.10 140 

T6 54.55 36.36 9.09 0.00 59.1 0.24 10.40 5.00 220 

T7 93.75 6.25 0.00 0.00 37.5 0.14 8.44 3.50 480 

T8 81.40 18.60 0.00 0.00 32.55 0.16 9.80 3.75 430 

T9 75.47 24.53 0.00 0.00 83.02 0.16 12.66 4.35 530 

T10 100.00 0.00 0.00 0.00 86.49 0,14 5.61 3.10 370 

T11a 74.47 25.53 0.00 0.00 97.87 0.16 11.43 3.95 470 

T11b 84.62 15.38 0.00 0.00 100 0.16 14.34 4.70 560 

T11c 90.67 9.33 0.00 0.00 100 0.15 15.08 4.00 750 

T11d 89.39 10.61 0.00 0.00 95.45 0.15 12.33 3.50 660 

Mean  63.18 19.27 8.36 9.18 74.53 0.26 15.41 5.12 388 

 

• T11a (Subtype 11a):  Mixed coppice (Holm oak“QR” 

and Juniperus oxycedrus ”JO”) with dominant small 

wood (SW) and low basal area (G m2/ha). 

• T11b (Subtype 11b):  Pure holm oak coppice with 

dominant small wood (SW) and low basal area (G 

m2/ha). 

T11c (Subtype 11c): Pure holm oak coppice with 

dominant small wood (SM) and high basal area (G 

m2/ha). 

• T11d (Subtype 11d):  Mixed coppice (Holm oak“QR” 

– Juniperus oxycedrus ”JO”) with dominance of small 

wood (SW) and high basal area (G m2/ha). 

The identified groups in this work were grouped in the 

classification key (Fig. 4). This last one is made of: (1) 

Stand structure (regular and irregular stand types) based on 

the percentages of wood categories (SW, MW, LW, VLW); 

(2) species composition and (3) basal area (m2/ha). 

The other parameters such as:  tree height "Average H 

= 5.12 m" and tree density "Average D= 388 N/ha"(Table 

1) are complementary information to this typology that can 

be useful for the forester manager. 

Table 1 shows that the percentage of small wood (SW) 

is the dominant category for the vast majority of the stands. 

It has a mean value of 63.18 % for all stand types and 

maximum value of 100% for stand T10, except for stands 

T1, T4 and T5 that has, respectively, a highest percentage 

of VLW (100%), LW (57.14%) and both MW and LW 

(35.71 % for each one).The basal area for all holm oak 

stand varies between 5.61 m2/ha (stand T10) to33.07 

m2/ha (stand T5) with an average of 15.41 m2/ha. 

 

DISCUSSION 

 

The results obtained from this study show the 

significance of the use of typological inventory to identify 

and describe the types of holm oak stands in the mountains 

of Tlemcen. Indeed, several types of stands were obtained 

from this study where the majority of stands have a regular 

structure (i.e. the dominance of one class of the four 

diameter classes:  SW, MW, LW and VLW). 

Similary, several researchers have found interesting 

results based on the typological inventory method in the 

mediteranian forest area, in fact a number of stands types 

were identified in the same forest area. Herbert and 

Rebeirot (1985) found nine 09 different types of stands 

(Abies alba Mill.) in the mountainse of Jura -France-. 

Aubry and Druelle (1988) defined 22 types and/or subtypes 

of oak stands of coppice and coppice-with-standards in 

Loir and Cher forest massif. In South Corsica -France-, 

Riffard (2014) has determined 12 types and 7 subtypes (i.e. 

19 types and /or subtypes) of cork oak stands. Also, Reque 

and Bravo (2008) found nine 09 types of stands in the 

resinous forests of the Pyrenees, Spain. 

The analysis of the different typological studies 

mentioned above shows the effectiveness of typological 

inventories in determining the structure of mixed and 

heterogeneous forest stands. 

As in our study, these typological studies represent a 

great diversity in terms of stand types and also diversity of 

tree species (QR, QS, QF, PH, TA, OL, and JO), 14 types 

and /or subtypes were identified and regrouped in the stand 

types classification key (Fig. 4).  

They also show that hardwood forests especially oaks 

stands are more diversified in comparison with resinous 

forests, like the case of the Jura fir tree (Abies alba Mill.) 

that contains only nine (09) types of stands. In contrast, 

hardwood forests have a greater number of stand e.g. 22 

types and/or subtypes of coppice and coppice-with-standards 

have been identified in Loir and Cher forest massif. 

In this typological study, holm oak (QR) was present 

in all types of stands identified, in fact, it was observed in 

different situations (Fig. 4):  coppice (7 stand types), 

coppice-with-standards (4 stand types), hight forest(2 stand 

types) and old forest (1 stand type),as well as in both pure 

types of stand (4/14of all stand) and mixed ones (10/14of 

all stand), in which it participates with a percentage cover 

that varies between 32.55% (stand T8) and 100% (stands:  

T1, T4, T11b and T11c). 

According to Herbert and Rebeirot (1985), 

Lombardini (2006), Ngo Bieng et al., 2006, Reque and 

Bravo (2008), and Riffard (2014), for each type of a given 

holm oak stand, several silvicultural treatments can be 

applied. Hence, the stand typology in the current study is 

recommended for foresters as descriptive document, 

efficiently aiding in decision-making about forest 

sustainable management of the studied area. 

Finally, in the future, it will be interesting to look at 

the phytoecological and biodiversity aspects of these forest 

stands in order to better understand of the forest dynamics 

of holm oak in the montains of Tlemcen. 
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