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Abstract. Rached-Kanouni M, Hani I, Bousba R, Beldjazia A, Khammar H. 2020. Structural variability of Aleppo pine stands in two
forests in northeastern Algeria. Biodiversitas 21: 2848-2853. The layout of the stand can be described as the width of the trees, their
reciprocal locations, diametric distinction and height. The goal of this study is to recognize changes in the Pinus halepensis spatial and
demographic systems in two Beni Oudjana and Chettaba Forests, located in northeast Algeria. An inventory of trees in these forest
formations with P. halepensis dominance was carried out based on dendrometric parameters such as total height, tree diameter at dbh ≥
5 cm, basal area, total volume, etc., as well as the number of trees in the forest. Tree diameter and height measurements were made on
12 rectangular plots (20 m × 20 m), located in both forests. The results obtained show that the mean stand density, mean diameter, basal
area and total volume are higher in Chettaba Forest, the values attributed to these parameters are respectively (422 trees/ha, 27.07 cm,
26, 86 m2, 251.63 m3); while the total height and regeneration rate show significantly higher values in Beni Oudjana Forest (18.97 m,
607 individuals/ha). The structure in diameter and height of the species is bell-shaped to asymmetrically positive with a predominance
of small diameter individuals in the Chettaba forest. On the other hand, in the Beni Oudjana Forest, the structure is ‘L’ shaped, showing
a predominance of very small diameter individuals. These results indicate that the low regeneration rate of P. halepensis in the Chettaba
Forest is due to anthropogenic pressures that favor the degradation of this forest.
Keywords: Demographic structure, Pinus halepensis, regeneration, spatial structure

INTRODUCTION
In Algeria, the current overly rapid and intense forests
damage has induced modification in the vegetation cover,
which is essentially made up of three types of plant
formations: forest, scrub, and brush. The distribution of
these formations depends on environmental factors (relief,
orography, geology and geomorphology, climate, etc.) and
anthropogenic factors (fires, grazing, etc.) which have
significantly influenced on its floristic composition
(Halfaoui et al. 2018) and its spatial structure (RachedKanouni et al. 2020).
Among the useful forest species recorded in Algeria,
Pinus halepensis has a very wide geographical distribution,
covering more than 850.000 hectares (Kherchouche et al.
2011). This species, which is present in all bioclimatic
stages from the coast to the Saharan Atlas, finds its
optimum growth mainly in semi-arid zones (Goubi et al.
2019). Its plasticity and robust temperament enable it to
withstand drought and high temperatures. Thus, its great
capacity for survival on poor and very degraded soils
permits a very heterogeneous spatial distribution according
to bioclimatic stages.
Knowledge of the structural and floristic variability of
forests is a basic tool to know the composition and floristic
potential of these forests in a given region for their

conservation and sustainable management (Krumm et al.
2012).
The spatial structure of tree species appears to be a
determining factor in their regeneration, growth, resource
use, and mortality processes (Hartmann et al. 2018).
Indeed, it helps to detect the local environment of each
individual and consequently, through the processes of
competition, its capacity to develop and grow, or its
probability of exclusion (Whyte et al. 2016).
Stand structure and biodiversity are two important and
interrelated ecological and functional features of the forest
ecosystem (Pastorella and Paletto 2013). Natural
regeneration and tree development affect the composition
of the forest and, conversely, these ecological strategies are
a response to the spatial context (Seidl et al. 2011). The
stand structure has an effect on both aesthetic and
recreational values and also on the richness of the species
of flora and fauna (Su et al. 2012) and it is an
essential component in the evaluation of forest ecosystems
(Tan et al. 2011).
The spatial distribution of forest species provides
information on the mode of seed dispersal, plant evolution,
survival, and mortality during their life cycle (Schütz and
Zingg 2010). The examination of the species' spatial
distribution helps to understand its dynamics, the
ecological processes that influence it, the community life of
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the species and determines reproduction, dispersal,
resource use, and spacing between individuals (Motz et al.
2010; Seidl et al. 2013). The spatial distribution also
determines a canopy structure, which plays a key role in
the natural regeneration of tree species (Boehm 2011;
Manso et al. 2012).
The target of this research is to characterize the spatial
distribution of Pinus halepensis populations and to assess
its regeneration potential in the two forests located in the
north-eastern region of Algeria (Chettaba and Beni
Oudjana).

MATERIALS AND METHODS
Study area
The study area consists of the Pinus halepensisdominant forest formations of the north-eastern zone of
Algeria. They are located precisely in the forests of
Chettaba (Constantine) and Beni Oudjana (Khenchela)
(map 1). The Chettaba forest, with an estimated area of
2398 ha, is located between the coordinates (X1: 36° 18′,
X2: 36° 21′) North latitude and (Y1: 6° 26′, Y2: 6° 30′)
East longitude. Its climate changes from semi-arid to subhumid. Medium annual precipitation is estimated at
between 670 and 800 mm/year and the average annual

2849

temperature in the study area is 18 °C. The brown
calcareous modal soils are generally poor in organic matter.
The Beni Oudjana Forest area is estimated at 14147 ha.
It is characterized by a semi-arid climate. Rainfall is
generally low and shows great inter-month variability (382451mm/year). Average annual temperatures are 13.6 to
14.9 °C respectively. The substratum is of the marly and
marly-limestone type for the pine forest.
The dominant forest formations are holm oak (Quercus
ilex L.) and Aleppo pine (Pinus halepensis Mill). in both
forests.
Methods
Data collection
The goal of data collection was to assess the structural
and demographic characteristics of Pinus halepensis stands
during summer 2019. The dendrometric parameters of two
forests have been considered by establishing 12 permanent
plots (6 in each forest), square (20 m × 20 m) in the stands
considered most representatives of two forests. Within
these plots, all individuals were counted. For each tree, the
traditional diameter at breast height (DBH, i.e. 1.30 m from
the ground) and total height were measured by Blume
Leiss. Regeneration was obtained by simple counting
(Šìžková et al. 2011).

Map 1. The map of study area over pseudo infrared color composition obtained from Landsat 8 satellite processed with ENVI 5.1
software
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Data analysis
The structural parameters used to characterize Pinus
halepensis stands in both forests are density, mean
diameter, basal area, mean total height, and total volume.
The density of a woody stand expresses the total number of
trees per unit area (hectare). The basal area (in m2/ha) is
calculated according to the relationship:
with
G in m2/ha and D expressing the diameter at breast height
(Adjonou 2010). Regeneration density is expressed as a
percentage for the two forests considered (Keenan et al.
2015). An Analysis of Variance Analysis (ANOVA) test is
carried out on structural parameters using MINITAB
version 18 software to compare Aleppo pine populations
between the two forests.
Demographic structure
Starting from a 5 cm threshold, diameter classes with
5 cm amplitude have been established. Size classes have
been established from a threshold of 2 m. These classes
were used to create histograms of the distribution of
diameter and height classes. A fit test to the theoretical
Weibull distribution (Habou et al. 2015; Hamidou et al.
2017) was performed using Minitab 18 software. The
three-parameter Weibull theoretical distribution (of
position a, scale b and shape c) was used to characterize
stand structure, due to its flexibility and the wide variability
of distribution shapes it produces. The parameter
corresponded to the threshold value, i.e. the smallest
diameter (or height) value used to elaborate the histograms.
Parameter b is dependent on the central value of the
distribution of diameter and height classes. Finally,
parameter c is linked to the observed structure and,
depending on its value, leads the Weibull distribution to
take several forms. Its probability density function f (x) has
the following form (Johnson and Kotz 1970):

of the shape parameter (c). A value of c <1, an inverted J
distribution, is characteristic of multispecies or unevenaged stands, while a value of c> 3.6 is characteristic of
stands with a predominance of older individuals.
Furthermore, if 1 <c <3.6, this indicates stands with a
predominance of young or small-diameter individuals.
To verify the significance of the adjustment under the
null hypothesis of equality between the observed frequency
of a diameter (respective height) class under consideration
and the theoretical frequency expected according to the
Weibull function (Agresti 2010; Pontius and Hallett 2014),
a log-linear analysis, an iterative method of analysis of the
variance of the logarithm of the class density, was
performed.

RESULTS AND DISCUSSION
Analysis of dendrometric parameters
Stand structure is usually described by density, size
distributions, and horizontal and vertical tree distribution
patterns; however, age composition might also have a
strong influence on stand structure and dynamics (Gadow
et al. 2012; Garet et al. 2012; Bielak et al. 2015).
Statistical analysis of P. halepensis stands in the two
forests reveals a significant difference in dendrometric
parameters (Tables 1 and 2). The mean tree density in
Beni Oudjana Forest is 207 stems/ha for a basal area of
2.92 m2/ha while that of Chettaba Forest is higher and is
442 stems/ha for a basal area of 26.86 m2/ha. The total
volume is also higher in the Chettaba forest than that of
Beni Oudjana with values of 251.63 and 58.03 m3/ha
respectively. Average density, basal area, and total volume
seem higher in wetter areas (Rabiou et al. 2015). The
distribution of P. halepensis would thus be strongly linked
to the rainfall regime.
Table 1. Density and regeneration rate of Aleppo pine stands.

Where x is the diameter of the trees, a is the position
parameter, b is the scale or size parameter, and c is the
shape parameter related to the observed structure. The
distribution can take several forms depending on the value

Average density
Moyenne
Regeneration rate

Beni Oudjana
207 ± 105
individual/ha
607%

Chettaba
442 ± 158
individual/ha
174%

Table 2. Principal dendrometric characteristics of Aleppo pine in both habitats
Parameters
Diameter (cm)
Height (m)
Basal area (m²/ha)
Total volume (m³/ha)

Beni Oudjana
Average
Variance Coefficient
12.12 ± 4.94b
40.76
18.97 ± 8.01a
42.17
2.92 ± 1.22b
41.78
58.03 ± 24.02a
41.39

Chettaba
Average
Variance Coefficient
27.03 ± 5.36a
19.83
9.410 ± 1.24b
13.19
26.86 ± 5.57a
20.72
251.63 ± 60.96a
24.23

Value p
0.0000
0.0005
0.0010
0.2000
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The mean total height of trees is estimated at 18.97 m in
the Beni Oudjana Forest and 9.4 ± 1.5 m in the Chettaba
Forest. Conversely, to the height results, the average
diameter of the trees is equal to 12.12 m for the
Beni Oudjana Forest and 27.03 m for the Chettaba Forest
(Table 2). Variance tests carried out on the values obtained
for these dendrometric parameters showed a significant
difference between the two forests (F= 3.60; p <0.05 for
total height and F = 1.37; p <0.2 for mean diameter). The
traditional approach to presenting the vertical distribution
pattern of tree species is to use a hand drawing of the
vertical stand profile or a photograph, as has frequently
been done in the case of primeval forests (Rached-Kanouni
et al. 2020). However, a more advanced and complete
description of the vertical structure requires the spatial
positions of trees to be specified along with their size and
species. Tree height is a particularly important size variable
that can be used to describe the vertical structure of the
stand (Alberdi et al. 2013). If all tree heights are known or
can be reliably estimated for each species, frequency
histograms can show the distribution of stem density, basal
area, etc., for each tree species separately within defined
height classes. Descriptive statistics of these height
distributions might be used in the stand-level analysis in
the same way as diameter distributions (Adame et al.
2014). Similarly, mean height and standard deviation or
variation coefficient of tree height can be used as a
straightforward index to assess vertical structure (Barbeito
et al. 2014). However, it is important to take into account
that the standard deviation might be underestimated when
some tree heights are estimated instead of being measured
(Barbati et al. 2012).
Density is an ecological term to quantify the
concentration of a species in an ecosystem per unit area.
Stand density is a concept used in forestry to define the
covering. Density is linked to the occupation of a location,
showing how much services the trees use for a site's natural
capital (Belote et al. 2011), e.g. in terms of growing area,
and therefore to tree volume, biomass, growth, and survival.
In our case, the average density, basal area, and total
volume are higher in the Chettaba forest with a rainfall of
670 to 800 mm/year; while that of Beni Oudjana is 382 to
451 mm/year. The lower average diameter recorded in the
Beni Oudjana Forest is explained by the high frequency of
small diameter. On the other hand, the high mean diameter
observed in the Chettaba Forest is due to the predominance
of older individuals (Kolström et al. 2011; Rached-Kanouni
and Kara 2019).
Regeneration constitutes the future potential of the
forest. The presence of young forest species seedlings
would imply the existence of reproductively active adults.
In our case, the direct observation of adult individuals
shows that they are in very small numbers in the
Beni Oudjana Forest compared to those of Chettaba. Small
diameter individuals are less represented due to a
recruitment deficit. On another note, the dominance of
large-diameter individuals could be linked to climatic
factors combined with anthropogenic factors (fire, grazing,
etc.) that constitute the main obstacles to regeneration
(Rached-Kanouni and Kara. 2019).
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Diameter structure of P. halepensis stands
The distribution of trees in diameter classes shows a
different situation for the two environments. In the
Beni Oudjana Forest, the diameter structure of the P.
halepensis stand shows an inverted J-shape with the shape
parameter c taking a value less than 1 (Figure 1). This
structure is therefore regressive and characteristic of a
natural stand with high regeneration potential (Kemadjou,
2011).
The diameter distribution of P. halepensis trees in the
Chettaba Forest shows a bell-shaped structure with a
straight asymmetry. The shape parameter c is equal to 3.3.
Trees with diameters between 20 cm and 30 cm are the
most numerous per hectare (Figure 2). Individuals of small
diameter are mostly absent. The log-linear analysis shows
that all these structures fit the different theoretical Weibull
distributions with p <0.05.
The diameter structure of natural stands of P.
halepensis reveals high overall representativeness of largediameter old-growth individuals in the Chettaba forest.
This exception can be explained by the ecological and
climatic characteristics of this zone, which appears to be
the wettest compared to the Beni Oudjana forest. Factors
such as grazing or repeated fires are likely to hamper the
survival of young seedlings and make natural regeneration
very weak or even nil in the Chettaba forest than in the
Beni Oudjana forest. The pre-urban chettaba forest is
subject to enormous human actions. (Lemouissi et al. 2014;
Megrerouche et al. 2015). In this case, the regeneration of
the species requires urgent silvicultural work to understand
what explains this low regeneration potential (Rached and
Kara 2019). Potential regeneration is low. Human actions
greatly reduce the chances of regeneration. According to
Pretzsch and al. (2015a), repeated wildfires combined with
grazing would have a more negative influence on tree
regeneration (recruitment) than when each of these
anthropogenic pressures is considered separately (Natta
2011a). Beyond anthropogenic pressure (fire, waste,
grazing, etc.), climatic factors, therefore, contribute to the
degradation of the character stands in this area (RachedKanouni et al. 2020).
Height structure
The graphs in figures 3 and 4 show different
distributions of total height between the two forests. The
value of the Weibull c-form parameter of the height
structure of P. halepensis in the Beni Oudjana Forest is less
than 1, indicating an ‘L’ distribution predominantly of
small diameter individuals reflecting a regular population
dynamics of P. halepensis in the Beni Oudjana Forest
(Figure 3). In the Chettaba Forest, the dominant high class
is between 8 and 12 m indicating a bell shape with a
positive right asymmetrical shape, characteristic of
monospecific stands (Figure 4). The value of the shape
parameter c of the Weibull distribution is between 1 and
3.6 (c=2.78) (Glèlè Kakaï et al. 2016). The log-linear
analysis carried out for each of these structures indicates a
good fit of the data to the Weibull distribution for the
different groups and the overall stand (prob. > 0.05).
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Figure 4. Height class in Beni Oudjana forest

The demographic structure of trees in height classes
reveals a predominance of medium-sized trees (2 to 4 m)
for the Beni Oudjana forest. These structures show a
positive evolution of P. halepensis stands in this massif
where stand renewal is ensured (Svoboda and al. 2012;
Notaro and Paletto 2012). The absence of young
individuals, particularly in the Chettaba Forest, is due to
the anthropic action exerted by the riparian population on
the Aleppo pine stand (Rached-Kanouni and Kara 2019).
To conclude, this study is an inventory of two forests
(Chettaba and Beni Oudjana) located in northeastern
Algeria to characterize the structural variability of the
dominant species (Pinus halepensis) in these two forests.
The results obtained show that the Chettaba Forest is
characterized by a stand dominated by large-diameter
individuals, with young or small-diameter individuals
being less dominant, which reflects a problem of
regeneration of the species. Anthropic factors are the
primary cause of the degradation of this forest. The species
regenerates best in the Beni Oudjana Forest (the least
watered area) where it finds its full development; this is
explained by the weak anthropic action in this area. Finally,
the results of the present research in two forests are also
useful for any scientist who wishes to use them to get an

idea of the variability of the structure of Aleppo pine stands
in the Chettaba and Beni Oudjana forests in eastern Algeria
so that a rational management plan and sustainable of the
region’s forest resources can be proposed
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