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Résumé
Juniperus excelsa pousse dans des sites où aucun autre conifère ne survit et souffre d’une forte
pression anthropique. Il est cependant le second

Abstract
Juniperus excelsa is the second most widespread conifer tree in Lebanon. It grows in sites where
no other conifer can survive. Despite its high ecological value, until now no field study was made in
order  to  characterize  these  woodlands  in  Lebanon.  We gathered  data  on  the  density,  size
structure, regeneration rate, cone production, proportion of filled seeds (using radiography) and
spatial structure. The study was based on the monitoring of eight plots located in contrasted
bioclimatic zones in Lebanon. We showed that the overall density of the Lebanese stands of J.
excelsa is low and does not exceed 257 trees/ha. Moreover, the regeneration rate of these stands
is lower than one and the percentage of filled seeds does not exceed 40%. The main threat
affecting the survival of the Lebanese populations differs among sites including woodcutting,
expansion of agricultural lands, overgrazing and the coupling with the hydric stress. This makes
the future of the Juniper woodland in Lebanon largely uncertain.
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Abstract

Juniperus excelsa is the second most widespread
conifer tree in Lebanon. It grows in sites where
no other conifer can survive. Despite its high
ecological value, until now no field study was
made in order to characterize these woodlands
in Lebanon. We gathered data on the density,
size structure, regeneration rate, cone produc-
tion, proportion of filled seeds (using radiogra-
phy) and spatial structure. The study was based
on the monitoring of eight plots located in con-
trasted bioclimatic zones in Lebanon. We
showed that the overall density of the Lebanese
stands of J. excelsa is low and does not exceed
257 trees/ha. Moreover, the regeneration rate
of these stands is lower than one and the per-
centage of filled seeds does not exceed 40%.
The main threat affecting the survival of the
Lebanese populations differs among sites
including woodcutting, expansion of agricul-
tural lands, overgrazing and the coupling with
the hydric stress. This makes the future of the
Juniperwoodland in Lebanon largely uncertain.

Resumé

Juniperus excelsa pousse dans des sites où aucun
autre conifère ne survit et souffre d’une forte
pression anthropique. Il est cependant le second

conifère le plus répandu au Liban. Malgré sa
grande valeur écologique, à ce jour aucune
étude de terrain n’a été effectuée pour carac-
tériser les junipéraies du Liban. Dans cette étude
nous avons récolté des données sur la densité, la
structure en taille, le taux de régénération, la
production de cônes, la proportion de graines
fertiles (par radiographie) et la structure spatiale
des populations. Les données ont été prélevées
dans huit parcelles de zones bioclimatiques con-
trastées. La densité globale des peuplements est
faible ne dépassant pas 257 arbres/ha. De plus,
leur taux de régénération est inférieur à un et le
pourcentage de graines viables ne dépasse pas
40%. Les principales menaces qui pèsent sur ces
populations diffèrent d’un site à l’autre, notam-
ment le défrichage et l’expansion des terres agri-
coles, le surpâturage et le couplage avec le stress
hydrique. Tout ceci rend le devenir des
junipéraies libanaises très incertain.

Introduction

Juniperus excelsa in the east and J. thurifera
in the west of the Mediterranean basin are
considered as vicariate species with many
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common morphological and ecological char-
acteristics (Barbero et al. 1994; Gauquelin et
al. 1999). J. excelsa is an arborescent conifer
that can reach a height of 20-25 m. It is a wind
pollinated monoecious and/or dioecious
species and its seeds are mainly dispersed by
Turdus birds like trushes and blackbird as well
as by small mammals. Its life cycle from ger-
mination to sexual maturity is at least two
years long (Ruguzov et al. 1994).

J. excelsa forms the treeline in the mountains
of the East Mediterranean regions because of
its adaptation capacity to very hard environ-
mental conditions (summer drought coupled
to winter frost, shallow soil and hard slopes)
where no other tree species can survive. In
these zones J. excelsa plays a major role in
conserving the underground water as well as
in preventing slopes erosion and thus protect-
ing the associated flora and fauna (Abi Saleh
et al. 1996).

In the East Mediterranean basin, J. excelsa
woodlands extend from the Balkans (Greece,
Albania and Bulgaria) to Lebanon and Syria

through Turkey and Cyprus. In Lebanon,
J. excelsa covers around 11,318 hectares
which constitutes 9.93% of the total wooded
area of the country and 26% of the total
conifer forest cover (Figure 1) (Ministry of
Agriculture/FAO, 2005). J. excelsa is an
heliophilic and orophilic tree (Farjon 2005;
Adams 2008). Its climatic distribution in
Lebanon extends from the semiarid – 600 mm
of mean annual precipitation per year (P) – to
the sub humid climate (P>1,400 mm/year)
(Abi-Saleh 1978). It is found in the northern
part of the country on both the western and
eastern slopes of Mount Lebanon and in Anti
Lebanon. It colonizes different bioclimatic
zones as defined by Abi-Saleh (1978), in the
Mediterranean Mountainous (1,500-2,000 m),
Oromediterranean (> 2,000 m), Mediterranean
Mountainous pre-steppic (1,800-2,400 m) and
Oromediterranean pre-steppic (> 2,400 m)
stages.

The woodcutting of J. excelsa in Lebanon
along with Cedrus libani started in the ancient
time for the construction of Babylonian tem-
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Figure 1 – Distribution map of Juniperus excelsa in Lebanon (Forest Assesment MOA/FAO 2005). 
The geographic positions of the sampled sites are indicated as follow: 1. Qammoua (LAM), 
2. Danniyeh (LDA), 3. Danniyeh Ras El Aarkoub (LDR), 4. Danniyeh Wadi El Njass (LWN), 
5. Jbab El Homr (LJH), 6. Barqa (LBA), 7. Afqa (LAF), 8. Aarsal (LAR).
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ples and the trade with Egypt. The agro-pas-
toral communities established since the sev-
enth century in the Lebanese mountains used
the Juniper woodlands for grazing and for
wood extraction (Salamé 1957; Talhouk et al.
2001). This long-term intensive exploitation
that continues until today, coupled with a low
natural regeneration, have resulted in the frag-
mentation of these woodlands (Abi-Saleh et
al. 1996; Jomaa et al. 2007).

The aim of our study is to do a first evalua-
tion of the actual status of these woodlands in
different bioclimatic zones and to determine
the key factors that affect their long-term sur-
vival (i.e. density and regeneration) by evalu-
ating different ecological parameters.

Material and methods

The data were collected during the year 2009
in eight sites of natural J. excelsa stands
located in contrasted bioclimatic zones in
Mount Lebanon and Anti Lebanon (Figures 1
and 2, Table 1).

We defined plots in six sites (LAF, LDA,
LDR, LWN, LBA and LAR) for which we
recorded all the individuals from seedlings to
adult trees and collected the following data:
Diameter at breast height (DBH) of all the
tree stems, the sex (Female, F, Male, M,
Monoecious, FM, Undetermined, I), the male
and female organ densities using a 6 levels
scale (0 = absent, 1 = very few, 2 = few, 
3 = abundant, 4 = very abundant and 5 = com-
pletely covered), the damages observed on the
trees by recording the presence/absence of a
main stem cut and/or pruning. The tree height
(H) was recorded in four sites (LAF, LBA,
LDA and LDR). We classified the trees into 
3 categories using the diameter of the biggest
stem and the presence/absence of seed cones
as follows: Reproductive adults (AR) with
DBH > 8 cm (they were all having cones);
young reproductive (JR) with DBH ≤ 8 cm
and presence of seed cones and the juveniles
(J) with DBH < 8 cm and absence of seed
cones. We then defined a regeneration index
determined by the ratio of the number of juve-
niles per adult tree (J/AR). Under a non-over-
lapping generations assumption (i.e. adults are
replaced by the previous juveniles at each
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Photos taken by B. Douaihy and M. Bou Dagher Kharrat.

Figure 2 – Juniperus excelsa woodlands in Lebanon in different bioclimatic altitudinal zones. 
a) Danniyeh El Aarkoub (LDA) at 1,600 m, b) Barqa (LBA) (1,600 m), 
c) Danniyeh Ras El Aarkoub (LDR) (1,800 m), d) Aarsal (LAR) (2,200 m).
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generation), an index of 1 indicates a stable
population size whereas lower or higher val-
ues are synonymous of a population size
decrease or increase respectively. Because of
this strong and rarely fulfilled assumption,
this index cannot be interpreted per se in our
case (overlapping generations) but it can be
useful for population comparisons in terms of
regeneration.

The proportion of filled seeds was estimated
in six sites (LAM, LDA, LBA, LAF, LWN
and LJH) using ten seed cones from 18 to 30
“AR” trees for each site. Then we X-ray
scanned a total of 8,598 seeds in the URFM
lab “UR 629”, at INRA of Avignon (France).
The radiographies were done under a 25 Kv
intensity delivered by a Faxitron X-ray source
Mx-20 for 2 min 30 s. The image scan was
done using an EZ240 scanner with 100 ms
and 2 pixel-binning mean resolutions.

Finally we analysed the spatial structure of
the stands using the linearized function L(r)
of the Ripley’s function K(r), implemented in
the SpatStat R package (1.25) (Ripley 1977;
Baddeley & Turner 2005; R Core Team
2013). All the spatial analyses were conducted
on a 50 x 50 m plot except for LBA and LWN
for which the geographic positions of the trees
were taken in a 100 x 100 m and a 100 x 50 m
plot respectively to ensure a sufficient num-
ber of individuals to conduct the analyses.

Results and Discussion

The results reflect the high ecological plas-
ticity of J. excelsa which persists in spite of
human disturbance in all the studied sites
accentuated by the effect of the abiotic stress.

Percentage of damaged trees 
and size class distribution

The highest percentage of cut and/or pruned
trees was observed in the Danniyeh region on
intermediate (LDA) and high altitude (LDR,
LWN) with 66%, 84% and 97% of the adult
trees damaged respectively (Figure 3).

For this study we were not able to determine
the age class distribution of the stands because
the majority of the trees (71%) were multi-
stemmed with a maximum of 8 stems per tree
leading to various “apparent age” per indi-
vidual. Moreover the wood was often deteri-
orated inside making the stem discs unusable.

The multicaulus structure can result from fre-
quent frost events in high altitudes and/or
chronic human disturbances (Bertaudière et
al. 2001; Montès et al. 2006). However we
assumed for a positive relationship between
the DBH and the age class (Marion & Houle
1996; García et al. 1999).

At intermediate altitudes (LAF, LDA and
LBA), a mean DBH around 30 cm with a uni-
modal class distribution deviated to the left
indicates that these sites were dominated by
relatively young age class trees. However, the
bigger DBH classes are well represented
which could indicate a continuous regenera-
tion in these sites (Figure 4a). In Barqa
(LBA), on the eastern slope of Mount
Lebanon, the DBH classes reach values
higher than in Afqa (LAF) and Danniyeh
(LDA) on the western slopes of Mount
Lebanon with a maximum DBH around 90
and 70 cm respectively. In the high altitude
sites the mean diameters are much bigger
(50 cm) especially in the Oromediterranean
site on the western slope of Mount Lebanon
LWN (78 cm) with a maximum DBH of
191 cm. Moreover the class distribution is
deviated to the right indicating an aging of
these populations and therefore their regres-
sion. The mean tree height over all the sites is
4.4 m (Standard error (SE) = Standard devia-
tion/√n = 0.1 m) with a maximum height of
8.5 m. The mean tree height is slightly higher
in the LBA and LDR sites comparing to the
LAF and LDA sites (Figure 4b). 
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Figure 3 – Proportion of damaged adult trees of J. excelsa across six sites.
The sites acronyms are the same as in Table 1.
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Figure 4 – a) Diameter size classes’ distribution of J. excelsa in the six studied sites. b) Height classes’ distribution in the four studied
sites. M: mean value ± standard error, the sample size is indicated between brackets and the site acronyms are the same 
as in Table 1.
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Sex ratio

In literature, J. excelsa is considered monoe-
cious and/or dioecious (Farjon 2005). In Oman
and Pakistan the subspecies J. excelsa poly-
carpos was reported as dioecious (Moinuddin
et al. 1990; Fisher & Gardner 1995). The
Kruskal-Wallis tests showed a significant
effect of the site on both the female and male
cone densities (x2 = 33.99, df = 5, p < 10e-4 and
x2 = 110.70, df = 5, p < 10e-4, respectively;
Figure 5). The LDA site has the highest mean
seed cone production index 3.10 (SE = 0.14)
whereas the lowest mean were observed in the
high altitude sites, LDR, LWN and LAR, with
a mean less than 2. The aging of these popu-
lations coupled with water stress, due to lack
of precipitation and/or to the steppic nature of
the soil, result in a weak allocation to the
reproduction mainly to the female cones. The
male cone density showed a different trend
across the sites. The highest values were
observed for the higher altitude site LDR (4.1,
SE = 0.35) and the intermediate altitude site
LDA (3.04 ± 0.16) in Danniyeh. On the other
hand the lowest male cone density was
observed for the high altitude site in Aarsal in
the Anti-Lebanon (LAR) (0.45 ± 0.31). The
near absence of male cone production in the
site LAF could be explained by a low produc-
tive year since conifer trees often experience
inter-annual variability of cone production.

To summarize, in our study monoecious trees
were dominant in the intermediate altitude
populations (62 to 93%); but not in the
Oromediterranean populations where 80% of
the trees were dioecious (Figure 6). Moreover,
we found a higher proportion of dioecious
trees in the steppic Mediterranean climate at
intermediate altitudes on the eastern slope of
Mount Lebanon – 48% in Barqa (LBA) –
compared to the mountainous humid Mediter-
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Figure 5 – Cone density (0 to 5) classes’ distribution of J. excelsa in the six studied sites; a) female cones and
b) male cones. The site acronyms are the same as in Table 1.

Figure 6 – Proportion of female (F), male (M), monoecious (FM) 
and indetermined (I) adult trees of J. excelsa across seven sites.
The sites acronyms are the same as in Table 1.
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ranean climate (between 0 and 21%). Never-
theless, the sex ratio was not significantly
deviated from 1 in the dioecious population
of the Oromediterranean climatic zone (LWN
and LAR). An increase of the environmental
stress with altitude could explain the higher
proportion of male trees in the high altitude
population from the mountainous moist
Mediterranean climate (LDR) at 1,800 m rel-
ative to the intermediate altitude populations.
This suggests a trend toward more dioecious
trees under more arid climatic conditions.
Monoecy can be a mean to insure pollination
but with the cost of increased inbreeding. The
presence of dioecious trees in the case of a
monoecious species like Juniperus excelsa in
Lebanon, known as subdioecy, can reduce the
self-pollination rate in the population (Ortiz
et al. 1998). The variation between monoecy
and dioecy was attributed to genetic plastic-
ity for the dioecious species Juniperus com-
munis subsp. alpina (Ortiz et al. 2002).
Higher male/female ratio was also observed
with increasing altitude in the case of Junipe-
rus communis subsp. alpina (Ortiz et al.
2002). Moreover, Ortiz et al. (1998) showed
a spatial segregation with an abundance of the
male trees of J. communis in the most arid
sites. In fact, the female reproductive effort
has been demonstrated to be higher compared
to the male for the majority of the tree species
(Korpelainen 1992; Vasiliauskas & Aarsen

1992). However, studies comparing the vege-
tative growth allocation between male and
female in Juniperus species showed the oppo-
site (Gauquelin et al. 2002; Korpelainen
1992; Marion & Houle 1996). The contradic-
tory explanation of the sex-ratios for Juniper
species is due to the combination of genetic
and environmental factors that can determine
the sex of the tree (Ainsworth 1999; Pannell
1997).

The difference in sex-ratio in Juniperus can
also be attributed to the population’s age
structure with lower male/female ratios in
older populations (Falinski 1980; Gauquelin
et al. 2002). Indeed we also observed a
largely significant difference in female cone
production according to the age status AR/JR
(x2 = 23.57, df = 5, p = 6.10e-4; Figure 7a).
This difference was weaker for male cones 
(x2 = 10.91, df = 5, p = 0.05; Figure 7b). This
indicates an increase of the allocation toward
the female function. On the other hand, the
male function behaves differently with an
even distribution over cone density classes
between the AR and the JR status; except that
these latters exhibited more individuals not
yet sexually mature. A long term monitoring
of individuals over several years is thus
needed to precise the variation of growth allo-
cation in each sex and the relationship with
respect to tree size or age in combination with
environmental variations.

Density, regeneration rate 
and percentage of filled seeds

A total of 248 trees AR, 114 J and 24 JR were
studied in the whole study range. The densi-
ties we observed in Lebanon are lower than
the densities observed in other East Mediter-
ranean countries (Carus 2004; Milios et al.
2006). The lowest densities of adult trees
(AR) were obtained in the higher altitude sites
in LDR, LWN and LAR with densities of 79,
50 and 45 trees/ha respectively. The highest
density was observed in the western and east-
ern slope of Mount Lebanon on intermediate
altitudes with 147, 121 and 111 trees/ha in
LDA, LBA and LAF respectively (Figure 8).

This low density is coupled with a very low
regeneration index (i.e. ratio juveniles/adult)
with a mean ratio of 0.7 juvenile/adult with a
high variability between the sites (= 0.35)
(Figure 9). This low regeneration rate is also
reported from regions like Greece, Pakistan
and Oman (Moinuddin et al. 1990; Fisher &
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Figure 7 – Cone density (0 to 5) classes’ distribution of J. excelsa for juvenile
reproductive (JR) and adult reproductive (AR) trees; a) female
cones and b) male cones.
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Gardner 1995; Milios et al. 2006). The high-
est regeneration rates were observed in the
intermediate altitude sites of Barqa (LBA) and
Afqa (LAF) with 0.9 and 0.7 juveniles/adult
respectively. The intermediate and high alti-
tude sites of Danniyeh (LDA and LDR)
exhibited a low regeneration rate with 0.3
juveniles/adults. Finally there is a quasi-null
regeneration index in the high altitude sites in
Mount Lebanon (LWN) and Anti Lebanon
(LAR) (Figure 9). It is important to note that
natural regeneration was observed in Wadi El
Njass outside the plots in the bottom of the
valleys, near human settlements and far from
the mother trees. The densities and regenera-
tion rates we observed were also highly vari-
able among plots of the same site (data not
shown).
The proportion of filled seeds varied between
30 and 40% in the sites of intermediate alti-
tudes and the high altitude site in Hermel
(LJH) but did not exceed 4% in the high alti-
tude site in Danniyeh (LWN) (Figure 10). The
mean percentage of filled seeds observed in
Lebanon is higher than the one observed in
Crimea Ukraine (1.3 to 26.4%) (Ruguzov et
al. 1994); but coherent, even if a bit lower,
with the results obtained for the genus Junipe-
rus in the Mediterranean region (Ortiz et al.
1998; García et al. 2000; Juan et al. 2003;
Juan et al. 2006). The very low proportion of
filled seeds in the dioecious population of
Wadi El Njass (LWN) could be the result of
pollen limitation due to a low density of
reproductive trees, the aging of the population
and/or its geographical isolation that can
result in bi-parental inbreeding. Indeed,
inbreeding depression is common in conifer
populations and often results in the early
abortion of the embryo followed by the for-
mation of empty seeds (Kormutak & Lind-
gren 1996; Williams & Savolainen 1996).
Moreover, a very limited proportion of the
filled seeds will be able to germinate and
grow because of many biotic and abiotic fac-
tors (García 2001; Wesche et al. 2005; El
Alaoui El Fels & Roques 2006).
However, in our study, the proportion of filled
seeds does not seem to be the limiting factor
for the regeneration of J. excelsa in Lebanon,
since in the high altitude populations where
we observed the lowest regeneration rates like
in LDR and LJH, the proportion of filled
seeds was similar to the one obtained for the
intermediate altitude populations.

177ecologia mediterranea – Vol. 39 (1) – 2013

Ecological characterization of the Juniperus excelsa stands in Lebanon

Figure 8 – Adults and juvenile trees density of J. excelsa across six sites. 
The sites acronyms are the same as in Table 1.

Figure 9 – Regeneration index (Juveniles/adult trees) of J. excelsa across six
sites. The sites acronyms are the same as in Table 1.

Figure 10 – Proportion of filled seeds in J. excelsa stands across seven sites.
The sites acronyms are the same as in Table 1.
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Spatial distribution of adults 
and juveniles

A high aggregation level was observed in the
plot LBA1 in the eastern side of Mount
Lebanon but in the other sites the adults did
not deviate from a complete random distribu-
tion (Figure 11a). The aggregation of the
adults (at a scale between 10 and 30 m) in
LBA1 could be due to the spatial heterogene-
ity of the topographic characteristics in this
site. We obtained a similar result for the juve-
niles with an aggregation between 0.1 and
25 m with a maximum between 5 and 7 m
(Figure 11b); the juveniles are mainly found
in rock holes that seem to be the predilection
germination and growth sites that provide pro-
tection from grazing and summer drought.
The spatial pattern for LDA2 plot showed
aggregation of the juveniles around the adult
trees that can be explained either by the facil-
itating role played by the adult tree for ger-
mination and seedling growth either by a lim-
ited dispersal of the seeds from the mother
tree (Kunstler et al. 2007). On the opposite to
LDA2, the juveniles in LBA1 plot in Barqa
have a less limited dispersal pattern. The
microsites favourable for Juniperus germina-
tion in this plot are located in the open areas
at a minimal distance of 7 m from the mother
tree. Despite the facilitating role of adult trees
for the germination and seedlings growth, the
heliophilous nature of juniper trees leads to a
better juveniles’ growth in open areas (Rosen
1988; Gray & Spies 1997; Van Auken et al.
2004).

Conclusion

J. excelsa in Lebanon is found in two con-
trasted “ecological types”. The populations
from low and intermediate altitude (1,100 m-
1,750 m) and the populations of high and very
high altitude (> 1,800 m). The first type
includes populations of relatively young trees
characterized by a relatively high density,
regeneration rate and female cone production
with a dominance of monoecious trees.
The variability in monoecy and dioecy of
J. excelsa across the populations changing
with altitude and aridity and the aging of indi-
viduals is an interesting result that should be
further investigated to better understand the
reproduction of this species. Furthermore its
evolutionary consequences in terms of repro-
ductive success could bring new insights in
the adaptation to changing environments.
The major threat to these populations is the
rapid expansion of agricultural lands on the
expenses of the juniper woodlands mainly in
Danniyeh and Afqa. On the eastern slope of
Mount Lebanon in Barqa the juniper stands
have the highest regeneration rate and juve-
nile density. In this site the limiting factor is
probably the suitable germination microsites
because of the rocky nature of the site with a
shallow steppic soil coupled with an intensive
grazing. J. excelsa in this region was consid-
ered as invasive replacing Cedars and decid-
uous species due to intensive woodcutting,
grazing and hydric stress (Zohary 1973).
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Figure 11 – Spatial structure in the plot LBA1. a) L(r) of the adult trees: the observed values (straight line)
show an aggregation of the adults between 7 and 30m, b) L(r) of the juveniles shows 
an aggregation between 0.1 and 23m with a maximum at 5m. The pointed lines correspond 
to 95% confidence interval of L(r) under a random distribution assumption.
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J. excelsa invests more in the establishment
and the survival than in regeneration and
reproduction. Thus any major perturbation
like human disturbances will reduce drasti-
cally the regeneration of the juniper stands
and can lead to an irreversible situation of
regression like it is the case for the relict pop-
ulations in the Oromediterranean stages. The
extinction of these populations is slowed
down only because of the very long life span
of this species. These populations have a very
high ecological value forming the tree line of
the country. Even though the human exploita-
tion of these stands is reduced since the mid-
20th century, the cutting and pruning continue
nowadays and the loss of these remaining
populations is certain if the cutting is not
stopped and the summer grazing regulated.
The delimitation of protected zones is now a
necessity to preserve Juniper woodland in
Lebanon. This study is the first field investi-
gation on J. excelsa stands in Lebanon. The
data gathered should help in guiding future
research work, conservation and reforestation
projects.
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