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Abstract. Rached-Kanouni M, Zerrouki A, Lahmar M, Beldjazia A, Kara K, Ababsa. 2020. Assessment of the health status of the Sidi
R'Ghies forest, Oum El Bouaghi, north-east Algerian. Biodiversitas 21: 1980-1988. In recent decades, the forest of Sidi R'Ghies has
been degraded by human activity. The establishment of the state of the massif by a diagnosis on different forest plots is part of a project
of monitoring and silvicultural management. The purpose of this study is to assess the health status of the Sidi R'Ghies forest. The
methodology used was the visual assessment of the tree crown of the dominant species (i.e. Aleppo pine and holm oak) according to the
protocols DEPEFEU, DEPERIS, and ICP Forests. These protocols were selected for adoption based on field observations and their
applicability in record time. The results obtained indicate that the health status of the trees within the studied plots is declining. The
DEPEFEU value index shows an average of 2.20 for Aleppo pine and 1.95 for holm oak while the DEPERIS has an average level of
4.56 in Aleppo pine and 3.07 in holm oak. ICP Forests has also contributed to providing clearer information on the consequences of this
health situation by deducting an average visibility rate of 1.24 and 1.63; social status of 2.17 and 2.11 and competition of 1.71 and 2.49
for Aleppo pine and holm oak respectively. In general, the health status of the tree crown is average and almost adapted to the

environmental conditions. In contrast, the carrying capacity of biodiversity is low and needs to be improved.
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INTRODUCTION

The importance of forests has no longer to be
demonstrated from an economic, ecological, aesthetic or
cultural point of view (Keenan et al. 2015). In an alarming
context of climate change and drastic biodiversity loss, the
need to sustain the ecosystem services provided by forest
ecosystems is essential, as such great care must be taken to
preserve them. One of key strategies for forest preservation
is by monitoring forest areas in order to assess their health
and try to identify the precise causes of any decline (Keca
et al. 2016).

Decline as a term of symptomatology is defined as a set
of anomalies perceptible to the eye in the field (Lindner et
al. 2010; Denman et al. 2014). These anomalies correspond
to the idea of an overall deterioration in the health of the
tree which can be seen by the reduction in the quality and
quantity of foliage or shoots, but especially mortality of
existing organs (twigs in particular). The term also includes
a certain idea of evolution over time that reflects the fact
that the natural outcome for the dying tree is considered
problematic but not necessarily fatal (Woo 2009). Decay,
which is in fact based on a set of symptoms that vary from
case to case, does not in itself imply any particular causes
and should not a priori be considered as a disease. Decay is
always a complex phenomenon that can be analyzed using

the following criteria of different response indicators:
biochemical response through analysis of modifications
carbon reserves (Galiano et al. 2012; Michelot et al. 2012;
Rosas et al. 2013; Gerard and Bréda 2014); anatomical
response by the cambium and growth losses (Gricar et al.
2013; Gricar et al. 2014; Helama et al. 2014; Tulik 2014);
morphological response through changes in crown
architecture and leaf losses (Lee et al. 2014).

Climate is one of the variables that influence forests
health and disturbance regimes. According to the third
IPCC report, the global average surface air temperature is
projected to increase by 1.4 to 5.8°C by 2100, with
significant impacts on all elements of the global climate
system (Hicke et al. 2006). The impacts of climate change
on forest ecosystems will vary by region and will depend
on several factors, including species composition,
environmental conditions, and local microclimate.
Changing moisture conditions and disturbance regimes are
a key concern for the forest sector (Petit et al. 2005).
Warming temperatures are likely to increase the frequency
of forest fires and expand areas of forest pest activity.
Indeed, increased disturbances such as insect infestations
(Moorcroft et al. 2006) and fires can lead to rapid structural
and functional changes in forests (Thuiller et al. 2004).

During the last few decades, the dieback of forest trees,
and more specifically oaks, has raised many concerns
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among managers (Martinez-Vilalta et al. 2012; Gustafson
and Sturtevant 2013; Niu et al. 2014; Vitale et al. 2014;
Eickenscheidt and Wellbrock 2014; Cater 2015), and
understanding of the underlying causes of this phenomenon
has been the subject of numerous studies (Thomas et al.
2002; Galiano et al. 2012; Lee et al. 2014; Tulik 2014).
These works have very often concluded on the importance
of drought and its interactions with abiotic factors (e.g. soil
fertility, temperature) and/or biotic conditions (e.g. floristic
composition and structure).

In Mediterranean regions, many outbreaks of dieback of
woodlands and reforestation stands have been reported in
recent years. Among the main forest species affected by the
phenomenon are the Atlas cedar in Morocco and Algeria
(Terrab et al. 2006; Linares et al. 2011; Klein et al. 2013;
Belloula and Beghami 2018), several pine species in
Morocco and France (Thabeet et al. 2009; Girard et al.
2011; Gricar et al. 2013; Morcillo et al. 2019), certain oak
species (cork oak) in France, Spain, Portugal, Morocco and
Algeria (Rached-Kanouni et al. 2012; Touhami et al.
2019), beech and fir in France. The estimation of these
symptoms is assessed by the use of the Hardwood Dieback
Protocol DEPEFEU, developed by the Department of
Forest Health (Nageleisen 2011). This protocol allows the
assessment of the condition of hardwood and coniferous
crown trees on several criteria. The main ones are crown
transparency, mortality of perennial organs (branches) and
leaf mass distribution (Delaporte 2017).

Algerian forests, in addition to the effects of climate
change, will be stressed by other changes related to human
pressure (Raffa et al. 2008). In this context, it is therefore
interesting to question the current state of health of the Sidi
R'Ghies forest in Oum EI Bouaghi, north-east Algeria
which made up of a set of silvicultural species (deciduous
and coniferous). Is the health balance different for
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hardwood (holm oak) and softwood (Aleppo pine) stands?
What could be the causes and repercussions of a decline in
terms of functionality at the tree level?

Our study was conducted at two spatial scales. At the
plot level, the main objective was to assess the state of
health of the Sidi R'Ghies forest on a set of hardwood and
softwood plots based on different indicators of decline and
biodiversity. The second objective was to determine the
local causes of dieback and its functional consequences at
the tree level. To do this, dendrometric analyses combined
with visual observation of some symptoms on branches and
canopies were undertaken.

MATERIALS AND METHODS

Study area

The forest of Djebel Sidi R'Ghies is located in the
northern part of the city of Oum EI Bouaghi, north-east
Algeria. The geographic coordinates are 35°54'42" N and
7°7'52" E. Its altitude is about 1635 m above sea level
(Figure 1). The area extent of the Sidi R'Ghies forest is
estimated 3106 ha with a perimeter of 28.66 km. The
climate is semi-arid with cool winter, with an average
annual rainfall of 378 mm and an average annual
temperature of 25°C.

The forest of Sidi R'Ghies is composed by natural
vegetation of native species, including holm oak (Quercus
ilex), the juniper of Phoenicia (Juniperus phoenicea), the
oxycedre (Juniperus oxycedrus), the Atlas pistachio tree
(Pistacia atlantica) and the wild olive tree (Olea
europaea), and planted stands with the main species
include the Aleppo pine (Pinus halepensis) accompanied
by Cupressus sempervirens, Acacia cyanophylla, and
Eucalyptus camaldulensis.

Figure 1. The map of study area over pseudo infrared color composition obtained from Landsat 8 satellite processed with ENV1 5.1 software
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Until now, Sidi R'Ghies forest does not have a
permanent observation system of the health of the stands.
However, this forest presents a certain vulnerability due to
the proximity to Oum EI Bouaghi city (atmospheric
pollution, important frequentation), particular edaphic
conditions (poor soils: hard limestone and dolomite, hard
alluvium and sand etc.), climatic (hot and dry in summer,
and cool in winter), the nature of the forest stands (i.e.
specific composition dominated by holm oak and Aleppo
pine with unbalanced age structure) and insects
(Thaumetopoea pityocampa).

Methods
Delimitation of parcels of land

Eight plots with an equivalent area of 1000m? (50m x
20m) were delimited in order to obtain a representative
sample of the entire forest. Aleppo pine was the dominant
forest species in the first group of plots (P1, P2, P3 and
P4), while holm oak was the main species in the second
group of plots (P5, P6, P7, and P8). All trees within the
parcels were recorded. Dendrometric measurements and
visual observations were conducted during the 2019
summer season (July-August).

Dendrometric measurements

The biomass of a forest is a good indicator of its
productivity and provides information on its health status.
In this study, biomass estimation was limited to above-
ground biomass. In order to evaluate this biomass, two
parameters were recorded in the field, i.e. total height (Ht)
and diameter at breast height (DBH, i.e. 1.30 m from the
ground) for all trees with a circumference greater than
7.5cm. The slenderness coefficient of a tree (SC) is the
ratio between the total height (Ht) and the diameter (D)
which reflects the stability of a forest stand or an isolated
tree (Robisoa et al. 2008). According to Cameron (2002), a
forest stand is considered stable when the H/D ratio is less
than 100 of early selective thinning.

The evaluation of competition between trees for light
requires the study on the extent of crown cover, as well as
the stability coefficient of the stems (SC). This parameter
was estimated by projecting a quadrilateral on the ground,
one of the diagonals of which was the axis corresponding
to the maximum length of the crown and the second was
perpendicular to the first axis. The two diagonals were cut
at the foot of the tree. The area of this quadrilateral (Q) was
then calculated from the two measured lengths:

Q =% * (La+Lb) * (la+Ib)

Where: La+Lb is first axis (maximum length of the
crown) and la+Ib is second axis (perpendicular to the first
axis). Correlations between the crown surface and the
stability factor (SC) were calculated using Excel 2010.

Assessment of the health of forest plots

The assessment of the crown condition by specific
protocols makes it possible to characterize the stages of
decline of each individual observed (Gauquelin 2010). In
order to characterize the health status of Sidi R'Ghies
stands, the DEPEFEU, DEPERIS and ICP forests protocols
were used to assess the condition of hardwood and
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softwood/coniferous crown trees. As the season does not
allow the use of all the criteria proposed by Nageleisen
(2010), the criteria represented in Table 1 were used.

The hardwood dieback protocol (DEPEFEU) is used to
assess the dieback of hardwood forests based on a multi-
criteria description of the crown (Nageleisen 2010). It is
based on the observation from the soil of symptoms giving
information on the crown health status. Three
symptomatological criteria can be distinguished: crown
transparency, mortality of perennial organs (branches,
twigs) and leaf mass distribution. Each of these symptom
categories is divided into sub-categories (Table 1),
symptomatological criteria to be observed in the upper
crown of trees (adult trees of the dominant stage) in order
to make a dieback rating.

The tree dieback method (DEPERIS) is based on two
perennial symptomatological criteria that describe the
appearance of tree crowns: branch mortality and absence of
ramification (or absence of needles for softwood). These
two notes are complementary (Vallet et al. 2006).

The objective of ICP Forests (protocol conceived within
the framework of the International Cooperative Programme
on Forests) is to evaluate different criteria such as
defoliation, discoloration, fruiting, damage, and symptoms
in order to estimate the vitality of the tree. For each tree,
three types of observations are made: (i) description of the
observation conditions (visibility, competition, and social
status), (ii) assessment of crown condition and (iii)
description of damage (Eichhorn et al. 2005).

In order to limit the interference between phytosanitary
problems and symptoms related to competition or lack of
light, the sample trees were taken into account the
dominant or codominant. These trees should be observed
from several points (at least two), if possible in lateral view
from a distance equivalent to the total height of the tree.
Observations were made in bright daylight, avoiding hours
that were too late (or too early) during which the light was
modified (dominant red or blue) and did not allow correct
observations of certain criteria (abnormal coloration in
particular). The use of binoculars was generally useful for
refining observations.

Method for scoring a crown criterion

The appearance of the crown cover was assessed by
assigning a qualitative score of O to 5 to the selected
criteria (Table 2), which may correspond to intensity (e.g.
transparency), a number (e.g. window), a frequency (e.g.
dead branches). The percentage of class limits are only
indicative and are especially useful for the assessment of
foliar.

Simplified tree crown appearance assessment (DEPERIS
protocol).

The combination of 2 criteria (branch mortality and
absence of ramification) makes it possible to define a
synthetic DEPERIS withering score, calculated as follows:

DEPERIS = [ ( (5-MB)/5)* MR or MA)] + MB

Where: MB is branch mortality, MR is ramification
mortality and MA is mortality of needles for softwood
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Table 1. DEPEFEU protocol for hardwood and coniferous trees (Nageleisen 2010)

Classes Hardwood Softwood/coniferous

0 No symptoms No symptoms: well-developed crown, secondary branches
and no dead branches in the upper part of the crown.

1 Fine, dried branches in the periphery of the crown. Secondary  Fine, dried branches in the periphery of the crown.

branches developed.

2 Branches dried out in the upper half of the crown, dead
branches present, but representing less than 50% of the
crown. Secondary branches not very developed.

Secondary branches not very abundant.
Dead branches in the upper half of the crown but
representing less than 50% of the crown. Cut crown.

3 Dead branches making up more than 50% of the crown. Dead branches making up more than 50% of the
crown. Few ramifications.

4 Dead crown Dead crown

Table 2. Notations used for the DEPEFEU method (Nageleisen 2010)

Note Intensity Frequency Number Indicative (%)

0 Absence or trace None to very low 0 toa few rare 0-5

1 Low Low A few to a small number 6-25

2 Somewhat strong Moderate Somewhat numerous 26-50

3 Strong Important Many 51-75

4 Very strong Very important Very numerous 76-95

5 Total The entire rated party concerned Total 96-100

M Totally dead tree, i.e. whose cambium died at breast height.

NO Tree not observed. Specify the reason in remarks.

Table 3. Synthetic dieback score using DEPERIS protocol

Lack of ramifications (hardwoods)
Lack of needles (softwood)

Branch 0 1 2
mortalities

m m m &

3
D
D
D
E

g b~ W N L O

It is also possible to use the following chart to assign
the overall DEPERIS score (Table 3). A dying tree is that
within D, E and F code, and a dying stand is that of more
than 20% of dying trees.

The ICP method

The protocol was developed as part of the International
Cooperative Programme on Forests (ICP Forests). For each
of the trees, three types of observations were made: (i) a
description of the observation conditions, (ii) an assessment
of the crown condition and (iii) a description of the damage
(Eichhorn et al. 2010). In this study, the conditions of
observation included: (i) Visibility: it corresponds to the
conditions under which the assessable crown can be seen
from the ground (Braem 2009), ranged from 1 (fully visible
crown) to 4 (not visible crown); (ii) Social status: it is a

relative measure of the size and place of a tree in relation to
the surrounding trees (Braem 2009), ranged from 1
(dominant: or free-growing tree) to 4 (dominated: trees
largely overtaken by others and not receiving any direct
light): (iii) Shading index (Competition): it is an indication
of the space available for crown development and reflects
the local closure of the canopy by assessing the number of
sides of the crown in contact with other peaks, ranged from
1 (free growth) to 5 (crown affected by four sides).
Understorey trees are excluded from this sample (Braem
2009).

RESULTS AND DISCUSSION

The definition of forest health is a fairly ambiguous
concept, but it is generally a more or less subjective human
interpretation based on a comparison with the "normal”
state of tree crown under specific ecological conditions
(Barthelemy and Caraglio 2007; Toigo et al. 2015). As a
result, a healthy forest is characterized by the fact that it
does not show signs of decline regardless of external
stresses. Forest health is threatened by factors such as
pathogens, climate change, pollution, invasive species and
uncontrolled game populations (Helama et al. 2009).

The permanent monitoring of the health status in the
forest requires a twofold approach: (i) visual observation
from the ground and (ii) remote sensing observation
(Braem 2009). In our case in the Sidi R'Ghies forest area,
we chose the first approach using specific protocols (i.e.
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DEPEFEU, DEPERIS and ICP Forests) because it is a
simple, quick and comprehensive method of assessing the
health of the forest. This approach is also objective because
it can be repeated annually in the future. The field approach
makes it possible to observe, at the scale of the individual
tree, a large number of parameters reflecting the state of
health. These variables can then be related to other vitality
indicators such as foliar nutritional status and
circumferential increase. Visual observation also reveals
relatively low levels of defoliation or discoloration,
observes the types of symptoms and identifies the agents
responsible (Misson et al. 2010; Braem 2011).

Stand species composition

In the softwood plots, the main species in terms of
number of individuals was Aleppo pine, which constituted
98% of all trees observed, followed by cypress in a much
smaller proportion (2%). In the hardwood plots, the most
abundant species was the holm oak, which accounted for
60% of the population studied, followed by Aleppo pine
(26%) and cypress (7%). Juniper and olive trees were only
anecdotally found in plot 5 (3% and 4% respectively).
These plots represented higher biodiversity than the
softwood plots. The average density and basal area values
of Aleppo pine (325 + 55 individuals/ha and 10.12 +*
1.69m?ha) were higher than those of holm oak, which
were 238 + 23 individuals/ha and 1.25 + 0.09m?
respectively.

Stand structure based on diameter and height

The diameter of the sample trees in the plots studied is
presented in Figure 2. The majority of Aleppo pine belong
to class 3 (20-30cm) with a rate of 32.82%. In second place
are classes 2 (10-20cm), 1 (0-10cm) and 4 (>30cm) with a
respective percentage varying between 25.19%, 22.90%
and 19.08%. These 4 categories represent young trees.

In holm oak, classes 1 (0-5cm) and 2 (5-10cm) make up
the majority of the population and vary between 27.08%,
56.25%; while the classes 3 and 4 have a relatively low

Holm oak

Aleppo pine ‘
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cumulative percentage with 12.5% and 4.17%, respectively
(Figure 2). Based on these results, the Aleppo pine and
holm oak stands can be regarded as very young.

The measurements of the tree height are presented in
Figure 3. Class 4 (> 15m) is the most dominant with
33.07% for Aleppo pine, followed by class 2 (5-10m) while
classes 1 and 3 are less represented. In holm oak, the
dominant class is class 3, with 30.63% of the trees
observed. The fourth class is less important than the
previous one with a percentage of 26.12%; while the two
remaining classes are less frequented (21.62%).

Health status based on the appearance of the crown
trees (DEPEFEU class)

DEPEFEU class was used to assess health status of the
two groups of plot studied (i.e. Aleppo pine and holm oak)
based on the appearance of the crown trees. In the Aleppo
pine plots, the result indicates that the majority of the trees
are in classes 3 and 2 with proportion of 33.33% and
29.46%, respectively (Figure 4). A smaller proportion of
trees are in classes 1 and 4 (18.33% and 11.63%
respectively), and the percentage of trees in class 0 is the
smallest (6.97%). Plot 2 within the group of Aleppo pine is
characterized by the highest rate of healthy trees (9.38%)
where symptoms are completely absent; while the tree
crown of plot 3 is declining and shows 16%. The majority
of trees are classified in classes 2 and 3. The percentage of
these trees is quite high, since they represent 62.78% of all
trees in the sampled plots. In summary, the health status of
Aleppo pine is estimated at a fairly average level, despite
the negligible presence of dead standing trees.

In the holm oak plots, it can be seen that the majority of
the trees are classified in class 2 with a percentage of
44.79% followed by class 3 with 28.12% (Figure 4). The
proportion of oaks that have a very satisfactory condition
from the point of view of crown appearance (class 0) is
15.62%. Therefore, the health status of this species is quite
good because the presence of declining trees is relatively low.

u]0-10]cm
]10-20]cm
]20-30]cm

> 30cm

30

40 50 60 70

Number of trees

Figure 2. Distribution of Aleppo pine and holm oak by diameter classes
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Figure 3. Distribution of Aleppo pine and holm oak by height classes

70

60 -

50

40

30

Number of trees

20

10

Aleppo pine

mClass 0
E Class 1
Class 2
Class 3
m Class 4

Holm oak

Figure 4. Health status of the plots studied, i.e. Aleppo pine (plots 1-4) and holm oak (plots 5-8), based on the appearance of the crown

trees (DEPEFEU class)

Health status based on the DEPEFEU index value

All the plots of Aleppo pine and two plots of holm oak
(i.e. plots 7 and 8) have fairly high DEPEFEU values,
ranging from 2 to 2.48 (Table 4). This means that they have
the most pronounced decline. The DEPEFEU index values
of plots 5 and 6 (i.e. 1.6 and 1.9, respectively) indicate an
average decline in holm oak. All the results obtained from
the DEPEFEU index value indicate that the health status of
Aleppo pine is poor (Table 4). This can be explained by the
notation used, which took into account all dry branches,
which is not adapted to the appearance of the pine and also
the soils seem to be more unfavorable to dying trees
(Anderegg and al. 2014). On the other hand, our results
contrast with those of Dobbertin (2005), where the crown

condition is generally good in both coniferous and
deciduous trees in the Paimpont forest. Through the
evaluation of height and diameter, the H/D ratio was
calculated, which will be the competition and wind
resistance index of the trees (Table 4). Indeed, when this
ratio is close to 60, the trees are stable against the wind and
competition between them is low. If it is 100 or more, the
competition is too high and they may not be able to
withstand strong winds.

Health status based on the DEPERIS index

Based on analysis using DEPERIS index, the result
indicates that the majority of pines and oaks are declining,
representing 85.27% and 77.08% of the Aleppo pine and
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holm oak population, respectively, while the healthy crown
trees represent 14.73% for the pine and 22.92% for the oak
(Figure 5).

Correlations of crown area and stability factor (SC)

The shape of the projection area of the crown tops of
dominant trees can give indications of competition between
crown tops. It is considered that when one of the axes
relative to the trunk of the projection area is less than 2 m
long, the crown is unbalanced (Poot and Veneklaas 2012).
Table 5 shows a negative correlation between the
slenderness coefficient and crown area (R? = 0.5347)
observed for Aleppo pine plot 2. This correlation,
therefore, means that the larger the crown area, the lower
the slenderness coefficient. However, as observed in plots
1, 3 and 4, the correlation is not significant (R? = 0.0237,
R? = 0.0392 and R? = 0.2096). The correlation is also
negative for P5, P6, and P8, while it is positive for P7.
Whatever the R? values obtained, this correlation is not
significant for all holm oak plots.

According to the shape of the projection area of the oak
trees on the ground, the imbalance of the oak trees is
greater than that of the pines. This observation could be
related to the fact that the pines were grouped at certain
positions where they were more concentrated. In addition,
the analysis of slenderness coefficients shows that in
Aleppo pine plots, the crown area appears to be negatively
correlated with the slenderness coefficient. We assume that
trees that cannot spread their branches across their widths
try to grow as high as possible to capture as much radiation
as possible. With the exception of Aleppo pine plot, 2 (R? =
0.534) where the linear regression is significant; the linear
regression calculated for the rest of the Aleppo pine and

40 -
35 -

20
15 -

Number of trees

10
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Holm oak plots has a low coefficient, which means that the
explanatory power of the slenderness coefficient by the
crown area is low.

Table 4. Summary table of dendrometric parameters and
DEPEFEU index value of the two groups of plot studied (i.e.
Aleppo pine and holm oak)

Species Plots D (cm) H (m) H/D DEPEFEU
Aleppopine P1 20+248 9.04+1.04 48.72 2

P2 18+4.10 10.3+1.66 60.39 2.25

P3 22+463 851+210 40.48 2.32

P4 20+£597 8.13+1.89 41.99 2.34
Holm oak P5 80+130 4.68+1.10 74.08 1.6

P6 89+155 4.05+2.10 56.52 191

P7 78x175 3.91+190 61.63 2.12

P8 7.6+140 3.96+142 75.63 2.48

Table 5. Correlations of crown area and stability factor (SC)

Plots  Measures Regression equation R?
Aleppo pine
P1 Crown area /CE y =-0.453 +59.014 0.0237
P2 Crown area /CE y =-4513 + 106.92 0.5347
P3 Crown area /CE y =0.4473x + 39.919 0.0392
P4 Crown area /CE y =-1.186x + 62.413 0.2096
Holm oak
P5 Crown area /CE y =-3.0838 + 108.6 0.0805
P6 Crown area /CE y=-2.777x +76.87 0.3120
P7 Crown area /CE y =3.6897x + 48.338 0.0260
P8 Crown area /CE y =-6.746x + 107.01 0.0962
m Healthy trees (ABC)

Declining trees (DEF)

o L
P1

Aleppo pine

||I|I|
P2 ‘ P3 ‘ P4 ‘ P5 ‘ P6 ‘ P7 ‘ P

8

Holm oak ‘

Figure 5. Health status of the plots studied, i.e. Aleppo pine (plots 1-4) and holm oak (plots 5-8), based on the DEPERIS index.
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Health status based on the ICP Forests

Visibility is a limiting factor and a source of error for
crown characterization. In fact, when the visibility of the
crown is reduced because of competing for crown tops, the
observable portion is extrapolated to the entire crown. In
some cases of non-visibility, observers abstained from any
ratings for defoliation, discoloration and observable
fruiting (Ostry et al. 2011).

The results obtained indicate that 78.46% of Aleppo
pines and 55.20% of holm oaks have a fully visible crown.
Tops are partially visible for 19.23% of pines and 27.03%
of oaks. The remaining parts of the oaks have back-lit
canopies (14.58%). The tighter a tree is between its
neighbors, the lower the visibility. In dense stands, where
crowns are entangled, it becomes very difficult to see the
upper part of the crown (Braem 2011). It can be deduced
that almost all of the Aleppo pine trees and two holm oak
plots are in a thinning form.

Social status is a relative measure of the position a tree
occupies in relation to the surrounding trees (Vicente-
Serrano et al. 2010). Knowing social status makes it
possible to better interpret the condition of a tree's crown.
The social status of a tree depends on many factors:
competition from neighboring trees, silviculture (thinning,
regeneration), stationary conditions and genetics of the tree
itself (Garber and Maguire 2005). The results show that the
majority of the trees are dominant or co-dominant with
observed trees with 31.41% and 39.27%, respectively.
Nearly 20.42% of the pines are subdominant and (8.9%)
are dominated. In the holm oak plots, half is co-dominant.
Nearly 34.37% of oaks are dominant; 10.42% are sub-
dominant and the dominated represent the lowest
percentage (5.2%). According to Braem (2009), dominant
trees are assumed to be more sensitive to stress than co-
dominant trees, better inserted into the canopy mass. From
these results, we can say that nearly a third of the pines and
oaks in the 8 plots are supposed to be more sensitive to
stress, while 2/3 of the trees are less sensitive.

According to the standard protocol, competition is
defined as the space available for crown development. It is
measured in six levels (from "crown touched on one side"
to "crown touched on four sides", plus "free growth"
(single tree). This index reflects the degree of closure
around the tree (Pontius and Hallett 2014). The majority of
pines have two or three sides of their crown in contact with
other crowns, respectively 37.5% and 44.79% of the
population, and the more competitive crown tops (four
sides) represent 9.38% of cases. For holm oak, the majority
of trees are highly competitive (35.41% on both sides and
45.83% on all three sides). Only 2.08% of oaks grow
without constraints.

A relationship between dieback and available crown
space has already been observed by Eichhorn et al. (2005).
It can be assumed that less competitive trees are more
subject to environmental factors (wind, falling neighboring
trees, pests, etc.) (Seidling 1999; Mace et al. 2012).

To conclude, the sustainability of a forest ecosystem is
closely linked to its health. The diagnosis of the health
status of Aleppo pine and holm oak stands in the Sidi
R'Ghies forest is based on field observation of individuals

1987

of each species and on three methods: DEPEFEU,
DEPERIS, and ICP Forests. The interest of this study is the
characterization of the forest stands of this forest. However,
the comparison remains difficult because the dominant
species on the plots studied is not the same (a hardwood:
holm oak and softwood: Aleppo pine). The sanitary state of
different plots was average, which shows that Pinus
halepensis, an indigenous species, is well adapted to the
region. Its density is higher than oak, it is of great
economic interest, which explains its introduction and
abundance in Algeria. On the other hand, the biodiversity
carrying capacity is medium to low and needs to be
improved. The holm oak has the advantage of not
impoverishing the soil and is a stand with both cultural and
ecological heritage interests. The plots studied are therefore
linked to two opposing objectives: on the one hand
economic interest and on the other hand the conservation of
social and natural heritage. A study such as this one can be
an appropriate complementary management tool for
foresters in Algeria.
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