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Abstract: The geographic distribution and occurrence conditions of Juniperus thurifera subsp. africana in Mo-
rocco were studied. The literature and herbaria data, together with field observations formed the basis of de-
tailed maps of distribution of the species in the Middle and High Atlas and allow us to analyze its vertical dis-
tribution. The taxon occurs in the sub-arid and arid zones of the Middle and High Atlas with a separate popu-
lation in the Anti-Atlas, mostly between altitudes 2000 and 2700 m, with an altitudinal maximum at 3400 m
and a minimum at 1700 m. It forms forests in the area of about 30 000 ha. In many places of the High Atlas it
is the only wood source for local populations. It is strongly endangered because of over exploitation of the
wood, over pasturing and lack of seedlings and young specimens.
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Introduction

The tree-like Juniperus thurifera L. is a typical com-
ponent of vegetal landscapes of the semi-arid moun-
tain regions within the western part of the Mediterra-
nean region. It is a variable species, in part as a result
of long-term isolation of populations dispersed in
separate mountain massifs. In Africa it is known as
subspecies africana (Maire) Huguet de Villar (Gau-
quelin et al. 1988; Romo and Boratynski 2005), since
from the nomenclatural viewpoint all the references
of J. thurifera from Morocco should be referred to
subsp. africana.

The general map of geographic distribution of
Juniperus thurifera in Africa (including subsp. africana)
has been published several times (see Tralau 1969),
but without detailed data (Fig. 1). The area of distri-
bution of the subspecies africana was recently shown

very schematically (Gauquelin et al. 1999). It occurs
mostly in two centers in Morocco and also grows in
the Aurés mountains in the Atlas of Algeria (Quézel
and Santa 1962; Quézel 1980).

Much of the data concerning the distribution of
Juniperus thurifera and conditions of its occurrence in
Morocco is dispersed through several floristic and
phytosociologic publications (Maire 1926; Humbert
1928; Jahandiez and Maire 1931; Emberger 1938,
1939; Emberger and Maire 1941; Quézel 1957;
Lecompte 1969; Quézel and Barbero 1981; Gauquelin
1988; Fromard and Gauquelin 1993; Benabid and
Fennane 1994; Auclair 1996; Alifriqui 1986; El
Alaoui and Boumezzough 1993; El Alaloui et al.
1994, 1999; Blali 2001; Thinon and Alifriqui 2001;
Gauquelin et al. 2002; Rahou 2002; Quezel and
Medail 2003). The synthetic Moroccan floras tradi-
tionally give information about the occurrence of the
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Fig. 1. General range of Juniperus thurifera in the Mediterranean region

species in the Middle and High Atlas (see for example
El Oualidi and Mathez 1999).

Juniperus thurifera is a forest-forming tree, but in
Morocco it regenerates only sparsely and as a rule
only old trees are observed in most localities (Fen-
nane and Ibn Tattou 1998; Gauquelin et al. 1999).
The utilization of the wood, pasture activity and over-
grazing are recognized reasons for this present state
(Quézel 1980; Quézel and Pesson 1980; Auclair
1996; Montés et al. 2000, 2002).

The suggested protection of Juniperus thurifera
subsp. africana (Fennane and Ibn Tattou 1998) needs
to be based on a sufficiently accurate recognition of
its distribution and conditions of occurrence. So, the
main aim of the paper is a critical compilation of the
data on the species’ geographic repartition and its
main ecologic conditions of occurrence in Morocco,
dispersed through several dozen publications and in
herbaria. With these data as a solid background, the
authors’ field investigations will also be used to illus-
trate the present state of J. thurifera in the African part
of its range.

Methods

The geography was studied on the basis of data dis-
persed in botanical literature concerning Morocco,
and in herbaria [B, BC, G, KOR, MA, MPU, P, RGN
(Acronyms of herbaria follow Holmgren et al. 1990)]
where the main collections of Moroccan plants are
preserved. All the data were put into one database,
which included possibly precise position (locality),
and also: 1) altitude, 2) description of relief, 3) expo-
sition, 4) plant community and 5) the status of the
species, the number of individuals, dimensions, evi-
dence of regeneration, and threats when available
from the source data. The field observations con-

ducted in 1985-2004 by A. Romo provide an impor-
tant supplement to the collected material and were
included in the database.

The results of distribution are analysed carto-
graphically for the Middle and High Atlas separately,
and as general for Morocco. The vertical distribution
is demonstrated on the profiles of the main water-
sheds of the Middle and High Atlas separately. The
connections of the species localities with particular
forms of relief, exposition and inclination were
shown graphically (Boratynski 1985) for various
altitudinal layers of the mountains.

Results

Distribution

The occurrence of Juniperus thurifera in Morocco is
connected with the high mountain ridges. It grows in
the Middle Atlas, the High Atlas and is known from
dispersed localities in the Anti Atlas.

Juniperus thurifera grows most frequently in the
Middle Atlas. It forms loose forests above the vegeta-
tion zone of forests of Cedrus atlantica and/or Quercus
ilex, even covering extended areas, especially in the
central part of the Middle Atlas (Fig. 2). Neverthe-
less, the distribution of J. thurifera is not on a continu-
ous scale and is divided into several dozen more or
less isolated populations, which cover the mountain
massifs of sufficiently high elevations. The forest
communities formed or dominated by J. thurifera are
developed on the elevated parts of particular moun-
tain massifs of the Middle Atlas, mostly at altitudes
between 1900 and 2100 m (Fig. 3). Below 1900 m the
species occurs as dispersed specimens, with an
altitudinal minimum of about 1800 m at Ain Nokra.
The most elevated localities it attains are at 2600 m
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Fig. 2. Detailed cartography of Juniperus thurifera populations in the Middle Atlas (after Lecompte 1969, supplemented with
herbaria and bibliographic records and authors’ field observations)

on the southern slopes of Bou Iblane and 3000 m at
Bou Naceur.

The distribution of Juniperus thurifera in the High
Atlas is more dispersed than in the Middle Atlas (Fig.
4). As in the previous region, the species forms a for-
est belt in the mountains, mostly above the vegeta-
tion zone of Quercus ilex and Juniperus phoenicea, but
communities of J. thurifera do not cover such exten-
sive area. The occurrence of J. thurifera is connected
mostly with altitudes between 1850 and 2500 m, with

J. Irhoud
J. Habbou
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a minimum of about 1500 m in the vicinity of Ilmil,
and a maximum at 2700 on the slopes of Jbel Toubkal
and Jbel Ayachi and even 3150 m on the Jbel Imidghas
(Fig. 5). It is strongly restricted by the local popula-
tion, as it is the only wood resource in some regions.
The present localities of the species conserve predom-
inantly tree-like individuals, completely without
young individuals and seedlings.

In the Anti Atlas only a few localities of Juniperus
thurifera are known (Fig. 4). The species occurs only
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Fig. 3. Altitudinal distribution of Juniperus thurifera in the Middle Atlas
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Fig. 4. Detailed cartography of the Juniperus thurifera populations in the High Atlas (on the basis of herbaria and bibliographic

records and authors’ field observations)
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Fig. 5. Altitudinal distribution of Juniperus thurifera in the High Atlas.

as single individuals, dispersed at altitudes of about
2550-2700 m on Jbel Sarhro and between 2700 and
3200 m in the massif of Jbel Siroua (Fig. 5).

Occurrence conditions

The present occurrence of Juniperus thurifera is con-
nected with slopes and concave relief forms, mostly
exposed to the South, East and North. The species
has not been reported from localities exposed toward
the Atlantic. It seems to avoid the north-westerly and
westerly exposed localities (Fig. 6).

Most of the J. thurifera stands were reported from
calcareous rocks, but it grows also on other substrata,

such as sandstones and schist rocks, with a low con-
tent of Ca.

The soil where J. thurifera grows is predominantly
only fragmentarily developed. The species grows very
frequently on stony gravels or in the fissures of rocks
filled with clay, but without a humus horizon. The
more typically developed soils where the humus hori-
zon can be easily recognized, have been observed in
the areas of the Middle Atlas, especially in places with
aricher herbal vegetation. In the High Atlas such site
conditions are met with only scarcely, as for example
in the Oukaimeden.
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Fig. 6. Exposition of localities of Juniperus thurifera in Middle and High Atlas (after data from floristic and phytosociological

literature and authors’ field observations)

Discussion

Distribution

Quézel and Barbero (1981) mention Juniperus thu-
rifera from the Middle Atlas and the eastern High Atlas
at between 2100 and 2500 m. Despite what can be de-
duced from the earlier published maps, such as
Barbero et al. (1994), the High and Middle Atlas popu-
lations are not continuous, and the oriental and occi-
dental populations of the species in the High Atlas are
also separated from each other (Fig. 7). In fact J. thuri-
fera is found in the Atlas between 1800 and 3150 m, as
already stated by Jahandiez and Maire (1931) and by
Emberger (1938: 68), although in exceptional stations
it can extend beyond these limits and descend to 1700
m, with isolated individuals even ascending 3400 m
above sea level (Gauquelin et al. 1999).

The detailed study of distribution of localities of
Juniperus thurifera showed a discontinuity of occur-
rence of the species. The area covered with their range
in the Middle Atlas is divided into local populations,
which occur in the sufficiently elevated mountain

Fig. 7. Distribution of Juniperus thurifera in Morocco; the
density of localities in the Middle Atlas and the dis-
persed nature of the High and Anti-Atlas populations
stand out
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massifs (Figs 2 and 3). Generally, the populations of
the species become more numerous as we go towards
the south-east (Fig. 2 and 3). The well conserved for-
mations of J. thurifera have been reported from alti-
tudes between 1900 and 2000 m in the Middle Atlas
(El Alaoui and Boumzzough 1993). According to the
phytosociologic data and our field observations, how-
ever, it should be pointed out that most of the locali-
ties with a determined altitude were reported from al-
titudes above 2000 m (Fig. 3).

In the Middle Atlas Juniperus thurifera occupies the
aspects which are not exposed to direct oceanic influ-
ence proceeding from the west and northwest (Fig.
6). In contrast, in the massif of Bou Naceur, which is
practically the easternmost in the Middle Atlas, we
find a series of the species localities oriented from E
to W, and J. thurifera is found in all types of exposition
from altitudes between 2000 and 3000 m (Rahou
2002). For this area the continental influence be-
comes considerable also on the western slopes. In the
case of Bou Iblane, located somewhat to the
north-west of Bou Naceur, it can be seen that on the
northern slopes, which are wetter, the white juniper
is absent, and only when approaching the higher
mountain elevations does it reappear on the southern
slopes, which are sheltered from the winds loaded
with humidity from the Atlantic. The absence of J.
thurifera from the northern faces of this massif has al-
ready been indicated by Peyre (1973). She suggested,
that these slopes of Bou Iblane receive humid oceanic
winds and are also host to an elevated degree of
innivation.

The High Atlas is a mountain range with a well mar-
ked continental character, the greater part of the popu-
lations of Juniperus thurifera being found between 2000
and 3000 m. The better conserved of them were re-
ported from altitudes between 1850 and 2450 m (El
Alaoui and Boumezzough 1993), but in our study most
of the localities were found above 2100 m (Fig. 5).

The species is frequent throughout the mountain
chain (Figs 4 and 5), although it is lacking in some
outcrops, such as Seksaoua (Emberger 1934) and in
the not sufficiently elevated parts of the mountains
(Figs 4 and 5). The dispersion and isolation of the
species in the various mountain ranges of the High
Atlas is exaggerated by its utilization for fuel, as it is
the only wood source in some parts of the mountains
(Auclair 1996; Montés et al. 2000, 2002). More iso-
lated are the populations to the south of the High At-
las, where J. thurifera mixes with Juniperus phoenicea
(Emberger 1938) in the transition zone between the
two species (Romo 2004). In fact, J. thurifera charac-
terizes a vegetation layer of a very dry and continental
character, which occurs above the temperate and hu-
mid band, where cedars and evergreen oaks domi-
nate. This transition, where the atmospheric humid-

ity is very low, is marked by the substitution of J.
thurifera with J. phoenicea.

Juniperus thurifera forms the upper limit of wood-
land in the High Atlas, constituting the transition
from the forest communities (cedar, evergreen oak,
etc.) and the xeroacanthic communities, which con-
sist of chamaephytes (e.g. Bupleurum spinosum, Erina-
cea anthyllis, Cytisus purgans), typical of the high Medi-
terranean mountains.

In the zones of the High Atlas which constitute the
transition towards the Saharan region, J. thurifera is
absent, as was pointed out by Peltier (unpublished
PhD thesis) or reappears in isolated localities, being
found as a relict in higher and more northerly-ex-
posed zones (Quézel et al. 1994).

The references from the eastern Anti-Atlas and the
Sarhro can be traced back to Emberger (1938),
though later Gauquelin (1993) did not mention these
localities. In reality, it is present both in the Jbel
Sarhro and in Jbel Sirwa (Dobignard, com. verbal and
Fennane com. verbal). Recently, it has also been cited
by Charco (2001) from the Jbel Sarhro.

In the Anti-Atlas the populations are entirely relict
and are found only above 2000 m (Fig. 5).

Climate

Juniperus thurifera is a light-demanding tree suited
to areas of dry and continental climate, far from areas
of maritime influence. It colonizes places with an av-
erage yearly precipitation which oscillates from be-
tween 260 and 1120 mm per year (Walter and Lieth
1960; Lemoine-Sébastian 1965; Gauquelin et al.
1999). For this reason it is absent from the mountains
in the north of Morocco (the Rif area), subjected to a
maritime influence, and also from the more westerly
massifs of the Middle and High Atlas (Fig. 7). On the
other hand, it is frequent in the more continental
zone of the middle Atlas, and in the greater part of the
High Atlas, becoming rare, however, in the Anti-Atlas
(Fig. 7). The southern limit of the range is also cli-
matically conditioned, but in that case the restrictive
factor is the lack of precipitation (Lemoine-Sébastian
1965). Generally, the species character is determined
as occurring in the semi-arid to sub-humid regions,
with a drought period of between 4 to 6 months or
even longer (Lemoine-Sébastian 1965).

Juniperus thurifera has thermal demands compara-
ble to other trees of the Middle and High Atlas, such
as J. phoenicea, Quercus ilex and Cedrus atlantica. The
thermal optimum of the white juniper covers a suffi-
ciently broad range of temperatures, and it can also
occur in the regions with minimum temperatures
below —-10°C and maximum above 40°C (Lemoine-
-Sébastian 1965). The localities of the species are
placed in the areas with high yearly amplitudes of
temperature.
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Substrata

Juniperus thurifera did not show a particular prefer-
ence for soil type either in the Middle or in the High
Atlas (Lemoine-Sébastian 1965; Gauquelin 1985;
Gauquelin and Boumezzough 1993; Gauquelin et al.
1999; El Alaoui et al. 1999). However the species
communities have been reported much more fre-
quently from the calcareous substrata in the Middle
Atlas. The soil on occasions can be deep, when the
trees are growing in the broad fissures of the rocks. In
that case the soil is composed of clayey and floating
parts with participation of calcareous skeleton stones.
The average pHy, is at about 7.4 (Lemoine-Sébastian
1965), but can vary significantly (Gauquelin and
Dagnac 1988). Similar conditions also occur in the
High Atlas, where other than calcareous rocks can
also be source material of the soils. Nevertheless,
these soils have a basic pH and contain a considerable
amount of clayey parts. Generally, in the more ele-
vated localities, the soils become stony, with greater
participation of skeleton material (Lemoine-Séba-
stian 1965). The soils, especially in the large fissures,
are fairly rich in nutrient components. The soils in the
southern part of the species range, and especially in
the eastern part of the High Atlas and in the Anti At-
las can have a sialitic or xero-sialitic character (Le-
moine-Sébastian 1965).

Phytosociology

Most of the phytosociological plant associations
where Juniperus thurifera has been found belong to the
alliance Junipero thuriferae-Quercion rotundifoliae Quézel
et Barbero (1981) 1986 of the order Ephedro majo-
ris-Juniperetalia Quézel et Barbero (1981) 1986. It was
also reported, though not so frequently, from the
communities included in the alliances Ormenion scario-
sae Quézel 1952 and Genistion pilosae-Thymion commu-
nis. The species forms woodlands, where it covers
about 30-40% of the area of releves or grows singly
among the pasture lands (Barbero et al. 1981, 1982;
Benabid 1987, 1988; Quézel et al. 1987, 1994; Bena-
bid and Fennane 1994).

Conservation

In Morocco, with its 30 000 ha of Juniperus thurifera
forests (Gauquelin et al. 1999), the species has its
second greatest surface coverage after the Iberian
Peninsula. The area of thuriferous juniper woodland
has been strongly reduced by over-utilization and
livestock pasturing for many centuries (Fromard and
Gauquelin 1993; Auclair 1996; Gauquelin et al. 1999;
Montés et al. 2000, 2002; Blali 2001; Thinon and
Alifriqi 2001). The present area of thuriferous juniper
woodland ought to be comprehended as a remnant.
The potential area of the communities was much
broader.

Human pressure and livestock pasturing has di-
minished over the last few decades in the High Atlas.
Despite this, the regeneration of the species is mini-
mal, if not to say inexistent. A considerable number
of the Moroccan populations of the thuriferous juni-
per are in frank regression, which should alert us to
take measures in order to conserve them. The clima-
tic aridity, as Emberger (1938: 68) and Lemoine-Sé-
bastian (1965) have stated, prevents the juniper from
forming dense stands in the zones it colonizes. It is a
fact that the species density, both in the Anti-Atlas
and in the High Atlas, is very low, and on very few oc-
casions is regeneration known to occur, or can young
individuals living among adult ones be observed. It is
a threatened taxon in Morocco, recorded as vulnera-
ble (Fennane and Ibn Tattou 1998: 15).
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