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ABSTRACT. This paper aimed to
investigate and analyse the diametric and
spatial  distribution of Prunus avium
populations in Tunisia. This study may help
us document better information about the
ecological processes and its functioning.
Dendrometric and ecological data were
collected on four square plots of an area of 1
ha each within two forests, Tabarka and Ain
Draham, in northwest Tunisia. The results
presented in this work show that P. avium
individuals present a diametrical structure in
the form of an "inverted J" translated by the
dominance of the seedlings compared to the
other classes. The analysis of the spatial
distribution shows that wild cherry is
identified by its aggregates and variable size
(approximately 5 m and 20 m). It is coherent
with the mode of vegetative propagation by
suckering and the dispersal of fruits by birds.
This investigation opens insight into other
species to ensure good sustainable
management of natural resources.

Keywords: Tunisia; Prunus avium; spatial
structure; diametric structure.

INTRODUCTION

Biodiversity, = which is  the
abundance of life in an ecosystem,
including variation among genes,
species, and functional features, has a
significant impact on how well
ecosystems work (Cardinale et al,
2012). In recent years, the advantages of
biodiversity in forest ecosystems have
received widespread attention, with
evidence that it increases ecosystem
production, resilience, and resistance to
natural disturbances like drought and
strong winds (Isbell et al., 2015). Fruit-
bearing trees and shrubs are some of the
species that contribute most to the
ecological function of broad-leaved
forests. They offer a variety of
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ecological services, including a source
of food, pollination, genetic diversity for
breeding programs, and even an
important source of revenue for local
residents (Powell et al., 2013). Forests'
capacity to adjust to a changing climate
may be hampered by a loss of
biodiversity. Hence, in a fast changing
world, it is imperative to prevent the
depletion of ecosystems, particularly
forest ecosystems (Geburek and Konrad,
2008). The analysis of the spatial
structure is an important factor that not
only serves as a description of forest
stands but also provides leads for the
study of their dynamics (Paluch and
Bartkowicz, 2004; Pitman et al., 2001).
A precise and better understanding of
forest spatial structures is one of the
keys to the sustainable management of
heterogeneous forests (Goreaud et al.,
2002; Pommerening, 2006). Three types
of spatial distributions are possible
depending on the location of individuals
in space.

For a random distribution, Ripley's
function is less than zero; it is greater
than zero for an aggregate distribution
and zero for a uniform distribution, as
explained by various studies (Bdtler,
2000; Mc Elhinny et al., 2005; Mitchell,
2005). The spatial distribution is the
result of interactions of species with the
abiotic environment (edaphic preference,
adaptation to different light intensities)
and the biotic environment (interspecific
competition and dissemination by
animals) (Jansen, 2003; Kumba, 2015;
Pascal, 2003). Prunus avium is known
as an economic species for local people
in Tunisia. It is used in various fields
such as forestry for its quality wood and
in horticulture for its fruits and its
capacity as a rootstock for Prunus
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varieties. Spatial characterization helps
us analyse the disposition of P. avium in
its area of distribution and to establish
correlations with its main mode of
dissemination. The structures of forest
populations in Tunisia are also poorly
known, but there are some studies, such
as Hasnaoui et al. (2004); Jdaidi (2018)
and Jdaidi et al. (2013), that have shown
that this forest has lost a significant
portion of its cover during the last
period. The lack of ecological
knowledge of these forest species has
become an obstacle to the good
management of forest stands. This study
can provide a solution and fill this gap
by focusing on the spatial and diametric
characterization of P. avium in north-
western Tunisia.

The aim of this study is to
understand and analyse the evolution of
the diameter and spatial distribution of
P. avium in Tunisia and set guidelines
and standards for more effective
management of forests stands.

MATERIALS AND METHODS

Study site
This study took place in two forests,
the forest of Tabarka (N36°55'56"

E008°56'47") and the forest of Ain Draham
(N36°46°13> E008°46°36’’) in north-
western Tunisia. Based on the results of
Jdaidi et al. (2014), we have chosen these
two natural forests of P. avium (Table 1 and
Figure 1). The study area is located at an
altitude that varies from 320 m in Tabarka to
750 m in Ain Draham. The slope of the land
is between 5% and 15% and is exposed to
the northwest. The humid bioclimatic stage
is represented by the well-watered region
that makes up our study area. According to
data from the two meteorological stations of
Tabarka and Ain Draham, the average
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annual rainfall varies from 980 to 1512 mm.
The average annual temperature varies little
between the two sites (11-13 °C).

In addition to the type of soil, height,
and exposure variables, these favorable
climatic circumstances also have an impact
on the distribution of naturally occurring
flora that is rich in four taxa (P. avium,
Quercus  suber, Quercus canariensis,
Quercus coccifera, Pinus pinaster and Olea
europeaq).

Experimental equipment

The data was collected within the
forests of Tabarka and Ain Draham. These
stations were subdivided into four square
plots of 1 hectare (100 m x 100 m). Each

plot was subdivided into 100 elementary
plots of 100 m? (10 m % 10 m).

Using the same method as previous
authors (Abdourahmane et al, 2017
Akaffou, 2019; Kumba et al, 2013; Ngo
Bieng, 2004; Ngo Bieng, 2007; Ngo Bieng et
al., 2006), the ropes were used to connect the
opposite poles to build a 10 m x 10 m grid
over the entire plot. All P. avium individuals
with collar diameters > 5 cm were counted in
each plot. The Cartesian coordinates (X, y) of
the trees in each plot were measured from
the origin of the axes. The position of each
tree in the plots was determined using the
classic method described by Picard and
Gourlet (2008).

Table 1 — Latitude, longitude, altitude and exposure
geographical characteristics of the study sites (Jdaidi et al., 2022)

Forestry canton Tabarka Ain Draham
Latitude (N) N36°55'56" N36°46°'13”
Longitude (E) E008°56'47" E008°46°36”
Altitude (m) 350 720
Exposure Northwest Northwest
Bioclimate Humid Humid
Annual rainfall (mm) 1100 1510
Average annual temperature (°C) 12.6 10.1

Sl

Figure 1 — Locations of the two study sites in northwest Tunisia
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The materials used in our study were a
GPS for taking geographical coordinates,
ropes for the delimitation of plots, two penta
decameters for the delimitation of quadras
and two-meter tapes for measuring the
circumferences of trees.

Influence of edaphic factors on the spatial
distribution of wild cherry in Tunisia

Two soil profiles per forest were
opened in order to evaluate the impact of
edaphic elements on the evolution of the P.
avium forest. In total, four profiles were dug,
and two samples were collected at two
depths of 2040 c¢cm and 40-60 cm for each
site, i.e., eight soil samples. For each site, the
coordinates and altitude indicated by the
GPS were recorded on a descriptive sheet, as
well as the slope, orientation and type of
observable plant formation. Upon arrival at
the Sylvo-Pastoral Research Laboratory in
Tabarka, the soil samples were treated as
follows:

e dried in the open air on sheets of paper;

e ground to obtain a fraction of fine
earth;

e shredded material was sieved using a

2 mm sieve.

The particle size analysis was carried
out using a Robinson pipette. The particle
size analysis is carried out on a test sample
of fine earth (elements < 2 mm). For the pH
analysis, we sieved the samples at 2 mm,
making it possible to separate the fine earth
(i.e., the fraction less than 2 mm) from the
skeleton (fraction greater than 2 mm), which
were kept separate in two plastic bags
bearing the date and the declaration number.

We used the glass electrode
electrometric method. We determined the
dosage of organic matter and total carbon by
the method of WALKLY and BLACK
(Balesdent et al., 1991; Duchaufour, 1977).
The dosage of organic matter is carried out

E (number of remote neighbors < r)

K =
) density
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from the dosage of one of its constituents
(total carbon). Assuming that organic matter
contains on average 58% carbon, it is
possible to calculate its rate in the soil from
organic carbon. The value of MO (%) is
given by multiplying the value of carbon (C
%) by the coefficient (1.75): MO (%) = C
(%) x 1.75. The determination of total
nitrogen was carried out by the KJELDAHL
method (Duchaufour, 1977). Most nitrogen
in the soil is in organic form. The soil
analysis focused on 12 parameters: total pH
H,0, total fine silt (FSi), total coarse silt
(CSi), total fine sand (FS), total coarse sand
(CS), total clay (C), total organic (MO), total
nitrogen (NT), total C/N ratio, total carbon
(CT), saturation rate (SR) and assimilable
phosphorus (P205).

Spatial structure analysis

Determination of  the spatial
distribution of our species was carried out
using the multi-scale method of Ripley
(1977). This method accounts well for local
variations in the spatial structure. It allows a
statistical validation of the results and
circumvents the difficulties related to the
sizes of the samples and the configuration of
the scales of studies.

This method is widely used for studies
on the spatial structure of trees in the forest,
as explained by various studies (e.g.,
Akaffou, 2019; Batista and Maguire, 1998;
Goreaud et al., 2002; Ngo Bieng, 2007; Ngo
Bieng et al., 2006). It determines whether a
given distribution is random, clustered or
regular according to a comparison of the
distribution of distances between trees and
the distribution under the null hypothesis.

Ripley defines the function K(r) such
that n * K(r) is the expectation of the
number of neighbours at a distance r from
any point in the seedling (Eq. 7).

(1
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Ripley's method enables us to
determine the position of all the trees in the
study area. It makes it possible to
characterize the spatial structure
simultaneously for several distances (Batista
and Maguire, 1998; Cressie, 1993; Ngo
Bieng, 2007; Stoyan and Penttinen, 2000).
We used Besag's L(r) function (in Ripley,
1977), which is a transformation of Ripley's
K function, whose estimator is written in the
following equation (Eq. 2):

L(r) = ’? -r

Fonton et al. (2012) illustrated that if
the position of the L(r) curve is inside the
confidence intervals, it means that the
distribution of points is significantly random.
When the L(r) curve is located above the
upper confidence interval, the distribution of
points is clustered for the corresponding
distances.

Alternatively, when the position of the
L(r) curves below the confidence interval, it
means that the distribution of the points is
regular.

By using the method of Abdourhamane
et al. (2017), we limited ourselves to a
distance of 50 m for the estimation of the
K(r) function because the number of pairs of
points used in the calculation of K(r)
decreases when r increases and the
interpretation of the values of K(r) no longer
makes sense for large values of r.

Thus, the polar coordinates
transformed into Cartesian coordinates for
all the adult P. avium individuals with a
diameter > 5 cm were subjected to a spatial
structure.

Programita software developed by
Wiegand (2014) was used to process and
analyse spatial and diametric structure data.

Regarding the study of the relationship
between the physico-chemical properties of
the soil and the spatial distribution of P.
avium within the study area, we performed a
principal component analysis (PCA) on a

2
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“density x soil textural and chemical

variable” using Pearson’s R correlation
coefficients using XLSTAT 2021 software.

RESULTS

Study of the diametrical structure

The results of the densities of
individuals by diameter class and by
forest are shown in Figure 2a and b. The
average density of P. avium seedlings’
collar diameters was < 5 cm, with 65
individuals/ha at the Tabarka stations
and 79 individuals/ha at Ain Draham.

In addition, individuals in diameter
classes of 5-10 cm represent a density of
22 plants/ha in Tabarka and 27 plants/ha
in Ain Draham. However, the densities
of trees with diameters of 10-20 cm
were 18 plants/ha in Tabarka and 23
plants/ha in Ain Draham; however, low
densities were recorded for seed classes
> 30 cm in both forests, i.e., five
individuals/ha (Tabarka) and eight
individuals/ha (Ain Draham). The
diameter distribution of the trees shows
a decreasing distribution with a
predominance of individuals with small
diameters (< Scm), reflecting the regular
dynamics of populations of P. avium in
all the stations, as illustrated in Figure 2a
and b. As can be seen, the results
obtained showed that the regressive
evolution of the diameter classes gives
the diameter structure an "inverted J" for
the two populations at Tabarka and Ain
Draham and with a good abundance of
seedlings.

Spatial distribution study

The distribution maps of P. avium
observed at the level of the two
predominant forests highlight the areas
where individuals are concentrated and



Nouri et al.

the overall spatial structure of the
studied plots.

The analysis of the L(r) curve of P.
avium from the Tabarka forest reveals
that there is an aggregative tendency
between its individuals around 5-15 m,
becomes random again from 18 to 22 m
and finally, in aggregates between 35
and 45 m average radius in plot a.

In plot b of Tabarka, the feet of P.
avium  presents an  aggregative
distribution from 5 to 9 m, then a
random distribution from 10 to 16 m,
becomes aggregative again from 16 to
26 m and finally, the cherry trees are
distributed randomly from 27 m, as
illustrated in Figure 3a and b.

By looking at the shape of the L(r)
curve of plot ¢ of Ain Draham, it appears
that there is an aggregative tendency up
to 5 m, then a random tendency from 5
to 10 m in radius, then three scales of
aggregations: one at a longer distance
with an average radius of 10 m, the other
two shorter ones are with average radii
of 2 and 4 m. Instead, in plot set c, the
statistical tests indicate a structure not
significantly different from a random
distribution.

In plot (d) the curve L(r) begins
with two aggregative trends, the first of
9 m and the second of 5 m, then a
random distribution between 20 and 26
m, it becomes random again between 20
and 26 m and finally, this species is
distributed in an aggregative manner at a
distance of 8 m and 2 m, as explained in
Figure 4c and d.

Influence of chemical composition on
the spatial distribution of P. avium

To better =~ understand the
relationship  between the  spatial
distribution of wild cherry and the
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different soil properties, a principal
component analysis (PCA) was carried
out using 12 variables: pH, N, CT, C/N,
P,0s, CS, FS , OM, CSi, FSi, SR and C.

We chose to perform a PCA on two
axes; according to the -eigenvalues
(Figure 5 and Table 2), the percentage of
total variance explained by each axis is
quite high, even if it is never very high
(the maximum is 36.31%). The
percentage of total variance explained by
the two axes is 56.66%.

According to Figure 5, axis 1
absorbs 20.35% of the total variation; it
is positively defined by the soil pH, the
C/N ratio and the clay content (C). The
other parameters (carbon total and
coarse silt) contribute slightly. This axis
is defined negatively with the
assimilable phosphorus content (P,Os).
Axis 2 absorbs 36.31% of the total
inertia, and it is positively defined by the
nitrogen content (N), the fine silt content
(FSi) and the organic matter content
(OM). On the same axis, there is a
negative correlation between the density
of P. avium and the rate of sand (CS and
FS) and the rate of saturation (SR).

DISCUSSION

Diameter class distributions are the
most appropriate models that provide
several categories of information about
forests. They reflect the dynamic state of
the cherry ecosystem in Tunisia. The
distribution of P. avium in diameter
classes follows the "inverted J" pattern
for the two populations in our study,
with a good abundance in the seedling
classes. However, the drop-in density
from class 5-10 m is explained by the
local population using seedlings as
rootstock for cherry trees.
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Figure 2 — Distribution of cherry trees by diameter class in Tabarka (a) and Ain Draham (b)
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Figure 3 — Analysis of the spatial distribution of adult cherry trees (= 5 cm) within plots
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The progressive decrease in the
number of trees in classes, which is
greater than or equal to 20 cm, is the
result of cuts observed especially in our
fieldwork. Owing to its wood quality,
the local populations are very interested
in this tree and using its wood in a
variety of products, especially for
cabinet wood. These results show a
strong anthropic pressure exerted on the
two wild cherry populations in northwest
Tunisia.

Prunus populations in Tunisia
show a random and aggregative spatial
distribution. =~ The random  spatial
structure results from the intervention of
the local population using its wood for
cabinetmaking and the seedlings as
rootstock  for cherry trees. The
aggregative distribution is also explained
by the dissemination of wild cherry
seeds by birds and especially by the
natural regeneration of this species by
suckering. Bellefontaine (2005), Jdaidi et
al. (2014) and Jdaidi et al. (2017)
indicated that P. avium showed the best
suckering ability for the different study
areas with an average frequency of 80%
and the distance of suckers from the
mother plant reaching 15-20 m for some
stations. Abdourahamane et al. (2017)
and Bationo et al. (2005) revealed that
the aggregative distribution is favoured
for suckering and there is a marked
preference of certain species for given
soil conditions.

In our study, P. avium grew in

environments with favourable
conditions, such as on loamy-sandy
soils, low slopes and northwest

exposures. Similar results were obtained
by Silvertown (2004) on other species
like S. scheffleri, X. monospora, M.
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holstii, T. johnstoni, D. afromontana and
C. gorungosanum they revealed that the
aggregate spatial distributions of these
species can be interpreted by the change
of the environmental conditions.
Likewise, Shackleton et al. (2003)
showed that the spatial distribution of a
species results from the interaction of
biotic and abiotic factors. According to
Kumba et al. (2013), the horizontal
distribution of species results from the
combination of two main factors: the
soil requirements that lead to local
variations in specific density and the
type of intrinsic spatial structure of the
species.

The fruits of P. avium are very
popular with consumers such as birds or
people who can ensure its dispersal. This
zoochoric dispersal is relatively short
from the trunk of the seed tree. Various
studies have shown that the mode of
seed dispersal can also explain the
aggregation of these species (Barbier et
al., 2006; Condit et al., 2000; Djossa et
al., 2008; Kakpo et al., 2018; Seidler and
Plotkin, 2006). According to Traissac
(2003), a greater aggregation is often
observed for species disseminated at
short distances of 20-50 m from the
trunk of the seed tree, regardless of the
mode of  dispersal (zoochory,
anemochory, etc.). Ngo Being (2007)
showed that white beam presents an
aggregation of 18 m; Dbirch is
characterized by an aggregative structure
of 10-36 m. The hornbeam has a
specific aggregate structure that ranges
from 5 to 25 m at the temperate forest
level.

The densest stations are the richest
in silt, nitrogen, organic matter and with
a low C/N ratio (less than 10). These
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results suggest that, in addition to light,
certain soil parameters (such as texture,
nitrogen content, organic matter and C/N
ratio) may also condition the natural
distribution of P. avium. This species
seems to favour silty, nitrogenous soil.
Numerous studies highlight the
relationship between nitrogen, pH,
organic matter, the C/N ratio and the
natural distributions of certain tree
species in Mediterranean forests (Jones
et al., 2006; Russo et al., 2005; Potts et
al, 2002). In their studies on the

ecological habitats of P. avium in Spain,
France and Tunisia, Gonzalez (2004),
Jdaidi and Hasnaoui (2018) and Laurrieu
et al. (2012) concluded that this species
was associated with a pH gradient
between 4.6 and 7.5. This species was
found on soils rich in nitrogen (0.11—
0.84%) and therefore with a C/N ratio
between 3.64 and 13.52. This species is
very common on soils with silty or silty-
clay textures. It is very sensitive to
compaction and strong compactness of
the soil; it prefers well-structured soils.

Variables (axes F1et F2: 56,65 %)

F2(20,35%)

-05 035

0

05

0> 075 1

F1(36,31%)

Figure 5 — Principal component analysis: distribution of parameters on the plane defined by
axes 1 and 2. CS = coarse sand; FS = fine sand; CSi = coarse silt; FSi = fine silt; C = clay; pH;
SR = saturation rate; OM = organic matter; CT = total carbon; C/N = carbon/nitrogen ratio; N =

nitrogen and P.0s = assimilable phosphorus
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CONCLUSIONS

The main objective of this work
was to characterize the diameter and
spatial distribution of wild cherry in
Tunisia to understand the strategy
developed by this species in the process
of occupying space. The distribution of
stems in the diameter classes confirmed
the disturbance of the two studied
forests, with an abundance of seedlings
(£ 5 cm) and a decrease in the densities
of the other classes. This study showed
that P. avium in both biotopes is
distributed  in  aggregates.  The
aggregation observed is partly linked to
the mode of dissemination of cherries
and the mode of regeneration by
suckering. This spatial structure is the
result of favourable environmental
factors for the ecological habitat of this
species. This study allows us to give an
idea on the evolution of the spatial
distribution of this species. This study is
used for the sustainable forest
management of this species, maintaining
its productivity, regeneration capacity,
and vitality, relevant ecological,
economic, and social roles for the local
community today and in the future.
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