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Abstract

The Syrian juniper, Juniperus drupacea Labill has a very limited distribution and is facing severe fragmentation and dieback in Lebanon. The present
investigation is a pilot study conducted in Jabal Moussa Biosphere Reserve in order to develop a plan for conservation and sustainable management
of this species. A total of 106 individuals were studied from five areas. The correlations between environmental factors (altitude, exposition, and
slope) as well as canopy density with the trees distribution, size and vitality were investigated. The most remarkable individuals were mainly found
in Aarbi, the central karstic area in association with Quercus calliprinos Webb., Q. infectoria Oliv. and Pistacia palaestina Boiss. The statistical
analysis showed that the opfimum conditions for Juniperus drupacea growth is at middle altitudes, at western expositions with low slope and in
relatively open forest. In short term, to manage and conserve this unique species, we can perform a selective cutting to i) eliminate infested trees and
branches, ii) reduce the number of trees per unit area — reducing therefore the density of the canopy and distance between trees — in order to preserve

the remarkable vitality of trees.
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Introduction

The Syrian juniper (Juniperus drupacea Labill., Ar-
ceuthos drupacea (Labill.) Antoine & Kotschy) a co-
nifer tree from the cypress family is the only represen-
tative of the Section Caryocedrus (Endlicher, 1847) of
the Juniperus L. genus. It is a dioecious tree reaching
up to 20 m high and sometimes 40 m high. The crown
of the young trees is conical while in the older indivi-
duals it becomes more irregular. The fleshy seed co-
nes contain 1 to 3 seeds that are almost entirely fused
into an ovoid “hard nut”. This species is native of the
Eastern Mediterranean region. It is found in Greece
(Peloponnese), southern Turkey, Lebanon, and Syria.
It is rare in Lebanon and Greece but widespread and
common in Turkey and Syria (Mouterde, 1966; Farjon,
2010).

This species grows under Mediterranean climates
between 600 and 1800 m with cold winter conditions
and summer drought, and is indifferent to soil type as
it can grow on calcareous or granitic soil (Abi Saleh
et al., 1996; Farjon, 2010). In Lebanon, its altitudinal
range is between 1000 and 1700 m, corresponding to
the Supramediterranean and Mountain Mediterranean
vegetation levels (Mouterde, 1966; Abi Saleh er al.,
1996).

Juniperus trees in general do not constitute a dense
canopy, and more precisely J. drupacea do not consti-
tute pure stands. In the Supramediterranean it is found
as an accompanying species to Quercus calliprinos

Webb. with Pistacia palaestina Boiss., Styrax offici-
nalis L. and Cercis siliquastrum L. at the lower limits,
and to Quercus infectoria Oliv. and Q. cerris L. in the
middle sector. In the Mountain Mediterranean it can
be found associated to Cedrus libani and to J. excelsa
M. Bied with J. oxycedrus L. (Abi Saleh et al., 1996).

J. drupacea is a very interesting ornamental tree be-
cause of its columnar shape, good growth rate and re-
sistance to frost (Farjon, 2010). In Turkey the fleshy
cones are used to produce molasses. In Lebanon this
species has no specific use by the local populations.
Reforestation activities in Lebanon are in constant
growth with higher awareness for the use of native tree
species and the preservation of the forests biodiversity.
The Syrian juniper can be used to enhance the biodi-
versity in oak and cedar forests restoration.

Until today no extensive ecological studies were
made on Juniperus drupacea populations in the Me-
diterranean. The limited past investigations focused
on the elaboration of ex sifu germination protocols in
Turkey (Alpacar, 1988; Gultekin & Ozturk, 2003), or
assessed its ecological status in Greece (Boratynski e?
al., 1982; Tan et al., 1999; Maerki & Frankis, 2005).

In order to insure successful management and refo-
restation activities of Juniperus drupacea in Lebanon,
it is necessary to undertake in sifu investigations in its
different habitats. These studies can allow a better un-
derstanding of this species dynamics in relation with
different environmental factors related to climate, to-
pography, soil as well as to accompanying and compe-
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ting species.

The present work is a pilot study conducted in Jabal
Moussa Biosphere Reserve, Mount-Lebanon. It aims
to address the actual distribution of the Syrian juniper
in accordance with environmental factors prevailing in
this mountain. The results will help better understand
the optimum conditions and factors that determine its
distribution and its vitality in order to develop a su-
stainable management and conservation plan of this
species.

Materials and methods

The study was undertaken in Jabal Moussa located
in Keserwan, Mount-Lebanon. This protected area is
dominated by deciduous and evergreen oak trees and
was declared Biosphere Reserve in 2009.

The mountain was divided into five zones where this

species is present (Fig. 1, Tab. 1): i) Jabal Mar Jerjes
(Z1) in the north-west at 1200 m a.s.l. dominated by
Quercus infectoria and Ostrya carpinifolia associated
with Styrax officinalis, Fraxinus ornus and Q. cerris,
ii) Mcheteh-Ain el Delbeh (Z2) is the western zone
at 1200 m a.s.l. dominated by evergreen vegetation of
Q. calliprinos associated with deciduous species like
Q. infectoria and Pistacia palaestina, iii) Broqta (Z3)
to the north-east at 1300m a.s.l. dominated by deci-
duous species mainly Q. cerris and Q. infectoria asso-
ciated with Cercis siliquastrum and Sorbus torminalis,
iv) Qahmez and Daraj el Mcheteh (Z4) is the south
and south-east area at 1400 m a.s.l. with a vegetation
similar to the one found in Z2, and finally (v) Aabri
(Z5) is the central plateau at 1500 m a.s.l. where an
open deciduous forest of Quercus infectoria associa-
ted with Ostrya carpinifolia and Pistacia palaestina
dominates. This subdivision is based on the vegetation

Tab. 1 - The environmental characteristics of the five studied zones in Jabal Moussa Biosphere Reserve.

s . ... | Altitude range L. o Canopy density| Mean annual
Zone Localization Geographic position (m) Exposition | Slope (%)| Landform range (%)  |rainfall (mm)*
Z1 (Jabal Mar Jerjes 34.062°N 35.753°E 1215-1285 north-west 110 Mountain slope >70 1200-1300
72 |Mcheteh-Ain el Delbeh 34.033°N 35.766°E 1184-1272| western zone | 45-120 |Mountain slope >70 >1400
north
73 |(Broqta 34.069°N 35.787°E 1326-1348 0-60  [Mountain slope >70 >1400
north-east
south
Z4 |Qahmez - Daraj el Mcheteh |34.056°N 35.775°E 1396-1499 40-90 |Mountain slope 10-70 >1400
south-east
75 |Aabri 34.060°N 35.772°E 1485-1575( central plateau 0-85  |Plateau <10-<70 1300-1400

*based on the mean annual precipitation map of Lebanon by Plassard (1972).
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Fig. 1 - Jabal Moussa Biosphere Reserve map showing the distribution of the recorded trees in each of the five studied zones. The
zones codes as in Table 1. This figure was obtained by QGIS.




and landforms maps developed by Safi (1999). This
sampling methodology allowed us to cover most of
the Juniperus drupacea trees in Jabal Moussa, with all
the possible variability of the prevailing environmen-
tal factors (topography, altitude, slope, exposition and
canopy density).

The position of the adult trees was recorded by GPS,
and for each tree the following parameters were recor-
ded: sex, tree height (in meters), diameter of the trunk
at breast height (DBH in centimeters), and tree vitali-
ty. We considered the tree as adult when its height is
higher than 4 m. The environmental characteristics of
each site were also recorded for the type of landform,
altitude range, slope, exposition and canopy density
(Tab. 1).

In order to study the natural regeneration, we defined
circle areas of 50 m* with a radius of 4 m in the see-
dling establishment points. The regeneration was then
evaluated as the number of seedling/m?.

For the statistical analysis we considered three alti-
tudinal ranges: (1) < 1300 m, 1300 m < (2) < 1500 m
and (3) > 1500 m; four slope classes: 0% < (1) < 25%,
25% < (2) = 50%, 50% < (3) < 75% and (4) > 75%.
The canopy density was divided in four classes: (1) <
10%, 10% < (2) < 40%, 40% < (3) < 70% and (4) >
70%; as well as the exposition: Northern (N), eastern
(E), western (W) and southern (S).

We used the software R for statistical analysis. Tests
of analysis of variance (ANOVA) followed by the Tu-
key test were used to study the effect of each factor on
the trees size and regeneration levels. The deviation
from unity of the sex ratio was tested using the G-test.

We analyzed the spatial structure using the lineari-
zed function L(r) of the Ripley’s function K(r), imple-
mented in the SpatStat R package (1.25) (Ripley 1977;
Baddeley & Turner 2005; R Core Team 2013).

Results

A total of 106 adult trees were recorded unevenly in
the five studied zones of Jabal Moussa Biosphere Re-
serve. The majority of the studied trees (55.6%, 59 tre-
es) were found in Z5, the central karstic area of dolines
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(sinkholes), while 9 to 15 trees were recorded in each
of the other four zones (Table 2).

The altitudinal distribution of J. drupacea varied
between 1200 and 1575 m a.s.l.. The lowest altitude
recorded was 1180 m a.s.l for one tree in Z2. 50% of
the trees were found between 1500 and 1575 m a.s.l.
located in Z5, while 24.5% were recorded between
1200-1300 m a.s.l located in Z1 and Z2 and the rest
(25.5%) between 1300 and 1500 m a.s 1. located in Z2,
73,74 and Z5 (Tab. 2).

Most of the trees (53.7%) tend to be on western ex-
positions (west, northwest and southwest) in Z1, Z2,
74 and Z5; while 31.3% of the trees were found on ea-
stern expositions (east, northeast and southeast) in Z3,
Z4 and Z5. The rest were found on north (4.7%), south
(5.6%) and on the plateau (4.7%) (Tab. 2). In total four
dead trees were found in southern exposure in Z4.

We found a total of 48 female (F), 54 male (M) and
4 trees with no reproductive organs (U) (Tab. 3). The
sex ratio (M/F) of the total population did not deviate
significantly from unity (G= 0.35, P=0.55).

The diameters measured at breast height varied
between 13 and 102 cm with a mean value of 50.45 cm
(£1.94 cm), while tree height varied between 4 and 17
m with a mean value of 10.68 m (+0.25 m). The trees
DBH and height classes’ followed a normal centered
distribution (Fig. 2) with the DBH showing two close
peaks at 30 and 50 cm and the height showed a single
peak at 11 m.

The tree DBH varied significantly with altitude (F
= 32.14, P=1.29x10-7), exposition (F=7.483, P= 147
x10-4), slope (F = 17.97, P= 4.87x10-5) and canopy
density (F=12.5, P=5.02x10-7) (Fig. 3).

The mean tree diameter was significantly higher at
high altitude (58.66 + 2.45 cm) then at low and me-
dium altitude (35.09 = 3.17 cm and 49.31 £ 3.61 cm
respectively). Moreover, the mean trees DBH at the
northern exposure (39.31 + 3.63 cm) was significantly
lower than trees DBH distributed across the rest of the
expositions. In addition, the trees located in areas with
strong slopes (>75%), had significantly lower mean
DBH (37.33 + 3.09 cm) (Fig. 3). We found 35% of the
studied trees in a very dense forest structure (canopy

Tab. 2 - The distribution of Juniperus drupacea adult trees in each studied zone according to different environmental factors.

Altitude (m) Exposition Slope (%) Canopy density (%)
Zone | <1200 [ 1200-1300 | 1300-1400 | 1400-1500 | >1500 | Plateau| E | N |NE|NW | S| SE [ SW | W [ 0-25| 25-50| 50-75| > 75| <10 | ott-40 | 40-70 | >70 Tm::ez‘:"n
71 0 15 0 0 0 0 oft4f 11 0 0lO]OfO] O 0 0 1510 0 0 15 15
72 1 11 0 0 0 0 gl1o0|l 0| O JO0]j4]O0|OfO 1 1mf{o 1 0 11 12
z3 0 0 9 0 0 0 of9lof| o0 fofOo]O]O]| 3 4 2 010 0 0 9 9
74 0 0 2 9 0 0 ofof2| o0 |3[1]1]4] 0 5 3 3 1 5 4 1 1
75 0 0 0 6 53 5 71315 2 |6|11| 8 [12 27 ] 19 12 1 4 35 19 1 59
Total| 1 26 1 15 53 5 15(26( 8 | 2 9|16 9 [16] 30 | 29 17 | 30 | 5 41 23 | 37 106
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density > 70%) but with slender trunks and poor vital
status especially in Z1 (Table 2). The Tukey test sho-
wed a significantly lower DBH mean at canopy densi-
ty > 70% (36.50 + 2.64 cm) (Fig. 3).

On the other hand, the tree height varied significantly
only with the altitude (F=4.22, P=0.0173). The results
showed mean tree heights at low altitude (9.48 + 0.49
cm) significantly lower comparing with the medium
and high altitudes (Fig. 4).
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Fig. 2 - Size structure of Juniperus drupacea population in
Jabal Moussa Biosphere Reserve showing the distribution of
the diameter size classes’ distribution (left) and the height
classes’ distribution (right) of 106 adult trees.
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The spatial distribution of seedlings, and adult trees
(male and female) were analyzed through Ripley test
only in Z5, being the larger zone, where all trees were
practically inventoried. The results showed a high le-
vel of aggregation of male and female trees (Fig. 5).
Seedlings also showed high level of aggregation with
the adult trees. In fact, seedling establishment were
only found near the adult trees in 34 establishment
points distributed in in the five zones. The regenera-
tion level varied between 0.05 and 12 seedlings/m?
across the 5 zones with a mean global value of 3.11 +
0.50 seedlings/m? (Tab. 3). The regeneration level did
not vary significantly with the environmental factors
or across the studied zones. Moreover, the tree DBH
did not significantly affect the regeneration observed
under it.

Discussion

The results showed that Juniperus drupacea optimal
altitude is between 1500 and 1600 m a.s.l. where we
found the majority of the trees as well as the biggest
ones. This species seems to require a certain level of
humidity in order to thrive, as most trees tend to be on
low western slopes and in the sinkholes. Moreover this
species do not tolerate strong competition, it is a helio-
philous tree with a better growth observed in relatively
open forest.

These optimum conditions were all found in the
central area (Z5) where the topography of sinkholes,
the low slope, the variation of exposition and canopy
density tend to positively affect the trees growth. In
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Fig. 3 - Tree diametres (DBH) boxplots according to the altitudinal range, slope, exposition and canopy density of Juniperus drupacea
population in Jabal Moussa Biosphere Reserve. Means with (*) are significantly different according to Tukey test for a threshold of 5%.
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Fig. 4 - Tree height boxplots according to the altitudinal ran-
ge. Means with (*) are significantly different according to
Tukey test for a threshold of 5%.

this zone the trees are sheltered from wind and benefit
from cooler temperatures and lower evapotranspira-
tion, higher snow coverage and persistence allowing a
slow snowmelt in the dolines. These conditions ensure
the necessary moisture for trees growth during the dry
summer season and without competition from other
species.

In the dense forest of the Mar Jerjes zone (Z1) the
frequent past trimming allowed the regeneration and
growth of the trees found today. However, between
1993 and 2004, the ministry of agriculture suspended
cutting and wood exploitation licenses of hardwood
species (e.g. Ostrya carpinifolia Scop., Styrax offici-
nalis L.), followed by the process of protecting Jabal
Moussa before its designation as a biosphere reserve
in 2009. The resulting dense canopy has hindered
the growth of the newly established population of
J. drupacea, a sun-loving species. The effect of ca-
nopy density on diameter is directed by competition
for light and forest dynamics. For instance in Z2, the
Syrian juniper dominates Quercus calliprinos coppice
in height, and is codominant in height with deciduous
oaks in Z3; oaks are generally late serial species and
are established after conifer species, which allowed J.
drupacea to develop before any competition.

The average trunk diameters at the northern expo-
sure were found significantly lower than at the rest
of the expositions. So we can initially assume that
individuals of J. drupacea show weak growth in the
Northern aspect. In Z1, the Northern exposure provi-
des a minimum of sunlight and insures freshness and
a stable water balance due to the presence of the Nahr
Ibrahim River. As for Z2, the proximity of the Nahr
El Dahab valley provides a short duration of sunshine
and high humidity which can compensate the loss of
freshness caused by the low altitude.

The four dead trees found in Z4, were found in sou-
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Fig. 5 - Spatial structure of J. drupacea in Zone 5. The ob-
served L(r) values (straight line) show a high level of aggre-
gation of the adults. The pointed lines correspond to 95%
confidence interval of L(r) under a random distribution as-
sumption.

Tab. 3 - The trees sex distribution (Male, Female or undeter-
mined) and the number of regeneration points and regenera-
tion density in each studied zone.

Sex Regeneration
Zone Tmtarlezgult F | M| Ul Seedlings/m’ rege::::tl;zfl (;)foints
71 15 411110 1to3 4
72 12 51710 1to3 2
73 9 316[0] 05t010 5
74 1 5121]4| 0.05t3 2
75 59 311280 1to 12 21
Total 106 48|54( 4] 3.11+0.50 34

thern exposure with an average slope of 50 % , within
a moderately dense canopy and an average altitude of
1440 m. Here, not one factor can offset the negative
effect exerted by the southern aspect, but rather con-
tributes to amplify it. Trees are exposed to the sun and
water-stressed. The steep slope hinders infiltration,
and the canopy density is not high enough to provide
more shade and a humid organic litter. Would these
dead trees with remarkable diameters be witnessing
the beginnings of climate change effect? The decline
of some species on the southern slopes has been wide-
ly observed by foresters and researchers (Touchan et
al., 2005). And since the Lebanese Syrian Juniper po-
pulations are living at the low latitude edge of its glo-
bal natural distribution, the evaluation of the current
vitality of Juniperus drupaceae populations in Leba-
non and their conservation are of high priority (Hampe
& Petit 2005; Aitken, 2008).

J. drupacea has a great tendency to cluster in bun-
ches as showed the Ripley test results. This clustering
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can be explained by the short seed dissemination di-
stances for this species as all the dissemination points
were observed near the mother trees. In fact the seed
cones are the biggest in the Juniperus genus; they fall
near the mother tree and are then decorticated by small
rodents that are attracted by the rich in sugar fleshy
seed cones. More studies are needed to be done on the
potential seed disseminators to elucidate the pattern of
seed dissemination for this species.

The low regeneration level of J. drupacea in Jabal
Moussa was not surprising. In fact, several studies
showed the same results for other Juniper species. The
limited natural regeneration in junipers can be caused
by high rates of empty seeds due to pollen limitation
and environmental stress (Knight ez al., 2005; Wesche,
et al.2005; Douaihy et al., 2013a); complex seed dor-
mancy (Cregg et al., 1994), seed predation (Garcia,
2000; El Alaoui El Fels & Roques, 2006; Douaihy ef
al., 2013b) and juvenile death due to summer drought
and grazing (Fisher & Gardner, 1995; Garcia et al.,
1999). The successful pollination depends on the po-
pulation sex structure determined by the reproductive
effort of both sexes (Ortiz et al., 2002). Our results
showed that the population did not deviate from the
unity of sex ratio and there were no significant diffe-
rence in size between male and female trees.

Conclusion

In short term, to manage and conserve this unique
species within the Biosphere Reserve of Jabal Moussa:
(1) a selective cutting should be performed to have a
canopy density around 50% in order to preserve the
remarkable vitality of trees; (2) plant new seedlings in
the Z5 area which is the optimal area in the reserve for
this species.

Further studies should investigate the reproduction
effort for each sex and include bigger number of tre-
es to study the spatial distribution of both male and
female according to environmental factors. Moreover
an investigation of the seed viability and the quality of
pollination could elucidate the reproductive capacity
of the J. drupacea populations in Lebanon. We also
need to identify the best germination protocol for this
species and make it available for the local nurseries
because; because ex sifu propagation is a vital solution
for the long term conservation of this rare species.

On the other hand, J. drupacea is currently facing
massive diebacks in other populations in Lebanon due
to the parasitic aerial plant, Arceuthobium oxycedri.
There is an urgent need to determine the current and
potential infection rate of this parasitic plant in se-
veral populations in Lebanon. The Ehmej population
was recently chosen by the Ministry of Agriculture in
collaboration with Ehmej Municipality and Lebanon
Mountain Trail NGO as a pilot site to proceed with an

intervention to limit the propagation of the mistletoe
by pruning or cutting infected trees.

Acknowledgements

This study was done in the framework of a Master
Thesis of Ms. Pascale Tarraf in the Lebanese Universi-
ty, Department of Earth and Life Science, Fanar.

References

Abi Saleh B., Safi S., Safi N., Hanna R., Nasser N. &
Tohme H., 1996. Etude de la diversité biologique du
Liban. In: Ministere de I’Agriculture (Liban). Flore
terrestre (9), Projet GF/6105-92-72.

Aitken S. N., Yeaman S., Holliday J.A., Wang T. & Cur-
tis-McLane S., 2008. Adaptation, migration or extir-
pation: climate change outcomes for tree populations.
Evolutionary Applications 1: 95-111.

El Alaoui El Fels M.A. & Roques A., 2006. Les ar-
thropodes associés aux galbules et aux graines des
genévriers autochtones dans la partie sud du bassin
méditerranéen. III Coloquio Internacional sobrelos
sabinares y enebrales (Género Juniperus): Ecologiay
Gestion Forestal Sostenible, Soria, Spain.

Alpacar G., 1988. Studies on overcoming germination
difficulties for Juniperus excelsa, J. foetidissima, J.
oxycedrus and J. drupacea seeds, and determination
of morphological characters of cones and seeds. Tek-
nik Bulten Serisi Ormanclk Arastrma Enstitusu Yayn-
lar 197 (7): 21-38

Baddeley A. & Turner R., 2005. Spatstat: an (R) packa-
ge for analyzing spatial point patterns. Journal of Sta-
tistical Software 12: 1-42

Boratynski A. & Browicz K., 1983. Juniperus drupacea
Labill. in Greece. Arboretum Kornickie 27: 3-16.

Cregg B., Lee S., Hovland T., Fleege C. & Gleason
J., 1994. Propagation of Juniperus for conservation
planting. In Landis T.D. (Ed.), National Proceeding,
Forest and Conservation Nursery Associations. July
11-14; Williamsburg, VA: 274-278. General Techni-
cal Report RM-GTR-257. Ft. Collins, CO: U.S. De-
partment of Agriculture, Rocky Mountain Forest and
Range Experiment Station.

Douaihy B., Restoux G., Machon N. & Bou Dagher-
Kharrat M., 2013a. Ecological characterization of the
Juniperus excelsa stands in Lebanon. Ecologia Medi-
terranea 39 (1): 169-180.

Douaihy B., Chetverikov PE., Machon N. & Bou Da-
gher-Kharrat M., 2013b. Eriophyoid mite of the ge-
nus Trisetacus reported on Juniperus excelsa in Leba-
non. American Journal of Plant Sciences 4: 395-399.

Farjon A., 2010. A Handbook of the World’s Conifers.
E.J. Brill, Leiden/Boston.

Fisher M. & Gardner A.S., 1995. The status and ecology
of a Juniperus excelsa subsp. polycarpos woodland



in the northern mountains of Oman. Vegetatio 119:
33-51.

Garcia D., Zamora R., Hodar J.A. & Gomez J M., 1999.
Age structure of Juniperus communis L. in the Ibe-
rian peninsula: Conservation of remnant populations
in Mediterranean mountains. Biological Conservation
87:215-220.

Garcia D., Zamora R., Gomez J.M., Jordano P. & Hodar
J.A., 2000. Geographical variation in seed produc-
tion, predation and abortion in Juniperus communis
throughout its range in Europe. Journal of Ecology
Letters 88: 436-446.

Gultekin H.C. & Ozturk H., 2003. Advances in research
on the propagation of prickly juniper (Juniperus oxy-
cedrus L.) and Syrian juniper (Arceuthos drupacea
Ant. et Kotschy.) using nursery techniques, and grey
juniper (Juniperus excelsa Bieb.) under natural condi-
tions. Orman-Muhendisligi 40 (11/12): 6-16.

Hampe A. & Petit R.J., 2005. Conserving biodiversity
under climate change: the rear edge matters. Ecology
Letters 8: 461-467.

Knight TM., Steets J. A., Vamosi J.C., Mazer S .J., Burd
M., Campbell D.R., Dudash M.R., Johnston M.O.,
Mitchell R.J. & Ashman T.-L., 2005. Pollen limita-
tion of plant reproduction: Pattern and Process. An-
nual Review of Ecology Evolution and systematics
36: 467-497.

Maerki D. & Frankis M.P., 2015. Juniperus drupacea
in the Peloponnese (Greece). Trip report and range
map, with notes on phenology, phylogeny, palacon-
tology, history, types and use. Bulletin CCP 3: 3-31.

Juniperus drupacea in Lebanon 45

Available at: http://www.cupressus.net/bulletin/08/
JUdrupaceaText_M_Pekmez.doc and http://www.cu-
pressus.net/bulletin/08/JUdrupaceaPhotos.pdf

Mouterde P., 1966. Nouvelle flore du Liban et de la
Syrie, Volume 1. Editions de I'Tmpr. Catholique.

Ortiz P.L., Arista M. & Talavera S., 2002. Sex ratio and
reproductive effort in the dioecious Juniperus com-
munis subsp. alpina (Suter) Celak. (Cupressaceae)
along an altitudinal gradient. Annals of Botany Lon-
don 89: 205-211.

Ripley B.D., 1977. Modeling spatial patterns. Journal
of the Royal Statistical Society: Series B 39: 172-212.

Safi S., 1999. Caractéristiques phytogéographiques et
phytoécologiques du site de Jabal Moussa (Nahr Ibra-
him). In: Ministere de I’ Agriculture (Liban), Plan de
gestion durable du site de Jabal Moussa (Nahr Ibra-
him), Projet LIB/IB/B7-5040/95/17.

Tan K., Sfikas G. & Vold, G., 1999. Juniperus drupacea
(Cupressaceae) in the Southern Peloponnese. Acta
Botanica Fennica 162: 133-135.

Touchan R., Xoplaki E., Funkhouser G., Luterbacher
J., Hughes M K., Erkan N., Akkemik U. & Stephan
J., 2005. Reconstructions of spring/summer precipi-
tation for the Eastern Mediterranean from tree-ring
widths and its connection to large-scale atmospheric
circulation. Climate Dynamics 25 (1): 75-98

Wesche K., Ronnenberg K. & Hensen I., 2005. Lack of
sexual reproduction within mountain steppe popula-
tions of the clonal shrub Juniperus sabina L. in semi-
arid southern Mongolia. Journal of Arid Environment
63: 390-405.



