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Abstract

Cedrus libani forests have been under anthropogenic pressure for thousands of years. The unattainable
topography of the Taurus mountain range (Southern Anatolia) has prevented cedar in this region from being
extirpated, in contrast to its other distribution areas in Syria and Lebanon. Numerical analyses of relevés
confirmed the individuality of associations, as well as the division of C. libani forests into two ecological and
floristically different groups/alliances (Abieti-Cedrion and Lonicero-Cedrion). Abieti-Cedrion is distributed in the
middle and eastern Taurus whereas Lonicero-Cedrion appears in the Western Taurus. The main gradients of
C. libani forests were detected. It was noticed that the distribution and floristic composition of C. libani forests
is strongly affected by the geographical factors. Topographical factors are also influential on their distribution.
C. libani forests are fundemantal components of the Mediterranean phytogeographical region and floral
elements, but under more continental conditions, where the influence of the Mediterranean climate decreased,
the proportion of Iran-Turanian and Euro-Siberian floral elements increase, especially towards the east and
north, as well at higher altitudes and on steeper sites.
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Introduction

Cedrus libani A. Rich, (Taurus cedar or Lebanon cedar) is
one of four species of the genus cedar (C. brevifolia, C. atlantica,
C.deodora) in the world (Qiao et al., 2007) and has great socio-
economic and ecological value. It is increasingly threatened by a
human impact (Myers et al., 2000). As a result of anthropogenic
impacts and also climate change, the coverage of C. libani forests
was decreased (Hajar et al., 2010).

The best preserved C. libani forests can be found in the
Taurus mountain range. They are one of the most important natural
monuments and cultural treasures and should be conserved for
future generations (Yesilkaya, 1994; Boydak, 2003). On the other
hand, cedar takes place among the most important commercial tree
species in Turkey (Brooks et al., 2008).

There are some disjunct populations of cedar forest in
Turkey, in the Black sea and inner Aegean regions, which are
remnants of their former distribution (Karaer et al., 1996). It also has

some natural cedar forests on Mt. Lebanon and Ansarya mountain
in Syria, which are of limited extension and not well preserved.
These countries were covered by magnificent cedar forest in the
past, but intensive use of cedar forests in these countries by many
different civilizations has caused a reduction of distribution and
degradation of cedar forests (Boydak and Calikoglu, 2008;
Yesilkaya, 1994; Semaan and Haber, 2003; Hajar et al., 2008;
Semaan and Dodd, 2008). Similarly, C. libani forests in Turkey
have also been degraded as a result of exploitative use by
humankind for thousands of years (Boydak and Calikoglu, 2008).

C. libani forests are mainly natural in the Taurus mountain
range and cover over 400,000 ha (Anonymous, 2006). They
appear between altitudes of 500 and 2400 m, with an optimal growth
ranged from 1000 to 2000 m (Boydak and Calikoglu, 2008). At its
optimum distribution, cedar builds dense forests, in which individuals
that have dbh > 1 m and life span up to a thousand year are
possible to be encountered. C. libani constitutes pure stands or
there can also be mixed stands with Abies cilicica, Pinus nigra, P.
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brutia, Quercus species (Quercus cerris, Q. infectoria, Q. libani

etc.), Juniperus excelsa or J. foetidissima. At lower altitudes, it
gradually builds mixed stands and passes into Pinus brutia forests,
while it appears solitarily in the alpine zone above 2000 m (Boydak
and Çalikoglu, 2008; Kavgacl, 2008).

C. libani mainly appears on karstic bedrock (limestone)
with deep cracks in the ground. This bedrock structure is especially
important as an ecological factor for the development of C. libani

forests in the Taurus mountain range. (Boydak, 2003; Kavgacl et

al., 2010 a ,b). The climate of the altitudinal belt in which C. libani

forests appear can be defined as Mediterranean mountain, because
of the cold winters, high light intensity, large temperature differences
and sporadic cloudiness (Boydak and Çalikoglu, 2008).

The Mediterranean region is today considered a hot spot
of biodiversity, hosting more than 25,000 vascular plant species,
13,000 of which are endemic (Myers et al., 2000). Within this
framework, C. libani forests deserve special attention that is why
some places covered by C. libani forests have been defined as
important plant areas (Özhatay et al., 2003). Cedar forests are not
only important from vascular floristic point of view, but also they are
important in terms of lichen flora (Çobanoglu and Sevgi, 2009).
However, the biological and structural richness of cedar forests has
been poorly investigated. There does not exist a single work focused
only on the floristic structure and ecology of C. libani forests. The
first work focused on the vegetation of C. libani forests was carried
out by Quézel and Pamukçuoglu (1973), in which only three relevés
from the Bolkar mountains (Middle Taurus) were published. Through
the end of seventies, more studies focused on extensive sampling
of C. libani forests took place and the alliances of C. libani forests
were described on the basis of these results (Quézel et al., 1992).
C. libani forests on Western Taurus were classified into the alliance
Lonicero-Cedrion, while others on middle and eastern Taurus to
Abieti-Cedrion, both classified within the order Querco-Cedretalia

and the class Quercetea pubescentis. The number of publications
containing relevés from cedar forests subsequently increased
(Duman, 1995; Kavgacl et al., 2010a; Serin, 1996; Serin and
Eyce, 1994; Varol and Tatli, 2001). Additionally, extra-zonal cedar
forests in the Black sea region were also sampled (Karaer et al.,
1996).

The aim of the study was to collect all existing data and to
determine the diversity and gradients in cedar forest in the Taurus
mountain range. In this context, an objective numerical based
classification was prepared and diagnostic species of subunits were
calculated. It was confronted with expert based classification and
differences were evaluated and commented. Additionally, an attempt
was made to assess the influence of geographical and topographical
factors on the floristic composition of these forests, to evaluate the
importance of individual factors and to show the most explanatory
species in terms of individual factors. This study can also supply a
scientific background for the habitat classification of Turkey, which is
unavoidable for future ecosystem management.

Materials and Methods

The data set contained all available 165 releves from C.

libani forest vegetation from the Taurus mountain range (Fig. 1).
The relevés were stored in the TURBOVEG database management
program (Hennekens and Schaminée, 2001). For the purpose of
numerical analysis and a synoptic table, we unified the system of
layer division, which differed from author to author, as proposed by
Košir et al. (2008) and Čarni et al. (2009). All sub-layers of the tree
layer were integrated into one, and woody species, comprising the
herb and scrub layer, tree saplings and seedlings, and lianas,
were also combined into a single scrub layer. Hierarchical
classification of the data set was carried out in the computer program
PC-ORD (Mc Cune and Medford, 2006). Ward’s method and a
correlation coefficient were used as a measure of resemblance for
dendrogram construction.

Fig. 1: Map of the Southern Anatolia with localities of studies used in the data assesment. 1. Kavgaci et al., (2010), 2. Akman et al., (1979), 3. Çetik (1976),
4. Bekat (1987), 5. Serin (1996), 6. Ayasligil (1987),  7. Ocakverdi and Çetik (1987), 8. Serin and Eyce (1994), 9. Quézel and Pamukcuoglu (1973), 10.
Varol and Tatli (2001), 11. Duman (1995)
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Diagnostic species of the alliances were determined in the
JUICE program (Tichý, 2002) by calculating species fidelity - phi
coefficient (Chytrý et al., 2002). The phi value threshold for a species
to be considered as diagnostic was selected at 0.50.

The ordinations of relevés were visualized by the ordination
techniques in the CANOCO 4.5 package (ter Braak and Šmilauer,
2002). Detrendent correspondence analysis (DCA), which is an
indirect ordination method assuming a unimodal response of species
to the environment, was run, due to the high heterogeneity in the
matrix of species. In addition to altitude, slope and aspect derived
from relevés, longitude and latitude obtained from Google Earth
were also used as explanatory variables. The correlations between
DCA axes and explanatory variables were calculated using the
non-parametric Kendall coefficient in STATISTICA (Anonymous,
2007).

Canonical correspondence analysis (CCA), a unimodal
and direct ordination technique used when the gradient of relevés
is wide, was chosen to test the effect of five explanatory variables
on species composition. The unrestricted Monte Carlo test, with
9999 permutations, was used to test the statistical significance of the
explanatory variables.

Additionally, partial CCAs were used to calculate scores of
species along individual axes (Cimbalová and Lososová, 2009).
In this analysis, five partial CCAs were carried out, in which a single
explanatory variable was used as variable and others as
covariables.

In addition to these analyses, the chorological spectrum of
relevés in percentage terms was determined (Davis, 1965-1985;
Kutluk and Aytug, 2004). The correlation between explanatory
variables and geoelements (chorological spectrum) was calculated
using the non-parametric Kendall coefficient in order to explain the
relationship between explanatory variables and the chorology of
plant species in C. libani forests.

Results and Discussion

Classification of cedar forests: Two main clusters can be
observed, which reflect the distribution pattern of C. libani forests
in the Taurus mountain range. The clusters on the left side of
Fig. 2 (clusters 1-5) represent communities from Western Taurus
classified within the alliance Lonicero-Cedrion, while clusters on
the right (6-14) represent communities distributed in middle and
eastern Taurus that are classified within the alliance Abieti-
Cedrion. The diagnostic species of the alliances are presented
in the synoptic table (Table 1). Fourteen clusters (Fig. 2) can be
recognized, which represent associations in the region that have
a consistent floristic inventory and are ecologically and
geographically interpretable and consistent with the tables used
in the dataset.

Geographical and topological gradients: The DCA
ordination diagram of relevés (Fig. 3a,b) reflects the geographical

(longitude, latitude) and topological (altitude, aspect, inclination)
gradients of C. libani forests in the Taurus mountain range. The
order of the relevés along the first axis reflects mainly the
geographic distribution of C. libani forests in the Taurus mountain
range (Fig. 3b), since this axis is mainly correlated with
geographical parameters such as longitude and latitude (Table
2). The second axis reflects the topological parameters of C.

libani forests (Fig. 3b). The correlation of the second axis with
topographical variables, such as altitude, aspect and slope, is
more significant (Table 2).

According to CCA analysis of the relevés and the variables
used in this work, the Montecarlo permutation test revealed that all
variables have a strong impact on the distribution of C. libani forests
in the Taurus mountain range (Table 3). Longitude has the most
important effect on cedar forests, followed by altitude, latitude, slope
and aspect, respectively.

Since the effects of these explanatory variables on species
composition are highly significant and species rank along the
gradients of each explanatory variable, they provide a clear
chorological and ecological interpretation (Table 4).

The correlation between explanatory variables and
geoelements (chorological spectrum) is shown in Table 5. The
proportion of species with a Mediterranean distribution pattern
decreases with the increase of longitude and latitude. On the other
hand, the proportion of species with an Irano-Turanian distribution
pattern has a positive correlation with longitude and slope. The
proportion of Euro-Siberian species increases with the increase of
altitude and slope.

The distribution and number of relevés that cover the whole
Taurus mountain range offer us a good insight in biological richness
and diversity of C. libani forests in the region. Numerical analyses
confirmed the classification of C. libani forests in Turkey into two
alliances: Lonicero-Cedrion and Abieti-Cedrion, within the order
Querco-Cedretalia and the class Quercetea pubescentis (Akman,
1995; Aydin et al., 2008).

There exists some indications that also alliance Geranio

libani-Cedrion could appear in the area under reseach as Ketenoglu
et al. (2010) classified Thlaspo catonici-Cedretum within the latter
alliance, unfortunately without any analysis. But Geranio-Cedrion

is mainly distributed in Lebanon and Syria and could appear also in
Amanos mountains in extreme southern part of Turkey (Akman,
1995). So we treated Thlaspi-Cedretum within  Abieti-Cedrion as
indicated by Akman (1995) and considered that appearance of
Geranio-Cedrion should be elaborated in a wider context covering
also Lebanon and Syria.

The analyses also confirmed the floristic and ecological
individuality of each association. The whole Taurus mountain range
separates the Mediterranean part of southern Turkey from the
Anatolian plain, which already belongs to the Irano-Turanian
phytogeographic region (Mayer and Aksoy, 1998). The coastal
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Table- 1: Diagnostic species of the alliances

Number of the communities Layer 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Name of the alliances Lonicero-Cedrion Abieti-Cedrion

Lonicera nummulariifolia subsp. glandulifera S . IV III III IV . . . . . . . . .
Alliaria petiolata H III III I . III . . . . . . . . .
Juniperus excelsa T I V V III III . I . I II III III . III
Saponaria glutinosa H . III . . II . . . . . . . . .
Anthemis rosea subsp. carnea H III II III II I . . . I . . . . IV
Digitalis cariensis H . II . I II . . . . . . . . .
Cynoglossum montanum H . . . II III . . . I . . . . II
Acer hyrcanum subsp. sphaerocaryum T . . II I II . . . . . . . . .
Bromus ramosus H . . . I II . . . . . . . . .
Amelanchier rotundifolia subsp. rotundifolia S . . I . II . . . . . . . . .
Vicia villosa subsp. eriocarpa H . III III . . . . . . . . . . .
Geranium macrostylum H . . . II III . II . I . . . . .
Astragalus macrourus H II II . . . . . . . . . . . .
Poa bulbosa H . . . II I V II IV II V V IV II V
Abies cilicica T . . . I . V II V III . . III II III
Salvia tomentosa H . . . I . I . . II . . III IV IV
Cruciata taurica H . . . . . IV II . II I III . II I
Pinus nigra subsp. pallasiana T . . . . . III III . IV . I I . .
Lathyrus laxiflorus H . . . . . . . II . I IV III III II
Pilosella x auriculoides H . . . . . . . III . III II . . V
Ranunculus reuterianus H . . . . . I . III . I IV II II .
Crepis sancta H . . . . . . . . II II I . . IV
Alyssum mouradicum H . . . . . . . III . . . IV IV .
Torilis leptophylla H . . . . . I . . I III . I . IV
Corydalis solida subsp. solida H . . . . . . . IV . . III II II .
Ziziphora capitata H . . . . . IV . . I III . . . II
Anthemis tinctoria tinctoria H . . . . . . . . . I I IV III .
Turritis laxa H . . . . . . II III . . . III II .
Trifolium physodes H . . . . . . III . . II . . . III
Juniperus oxycedrus subsp. oxycedrus S . II III . I . IV . . V V II II III
Geranium tuberosum H . . . . . . . . . III V . I .
Lamium garganicum subsp. laevigatum H . . . . . . . III . . . II III .
Thlaspi perfoliatum H . II II . . . . III II II IV III II I
Stachys cretica subsp. anatolica H . . . . . . . . . . III III II .
Cyclamen cilicium var. cilicium H . . . . . . . . I . . II II III
Sedum amplexicaule H . . I . . . I III . . . II . III
Lonicera nummularifolia subsp.nummulariifolia S . . . . . . . . I I I II II .

Numbers indicating associations correspond to the numbers in the Fig. 2. The abundance of species is presented as a constancy class. Layers T, S and
H represent tree, scrub and herb layers, respectively

part gets more than 1000 mm of precipitation while there is less than
500 mm immediately behind the mountain range in the hinterland.
Precipitation also decreases eastwards and the eastern part of the
southern coast (e.g., Mersin, Adana) gets only about 600 mm of
precipitation. The area of western Taurus is rather different from
central and eastern Taurus, because the amount of precipitation is
higher in this area and there are high mountains instantly at the
coast. The Lonicro-Cedrion alliance can be found west of the line
Antalya-Isparta. This corresponds to the line proposed by Davis
(1965-1988) dividing the Lycian Taurus and Isaurian Taurus; Pils’
(2006) division between south west and south Anatolia is a slightly
eastwards but, in general, the phytogeographic division corresponds
to our results. The main difference within these regions is that the

proportion of species of the Mediterranean floristic element decreases
north- and eastwards and an increase of Irano-Turanian species
can be seen. (Table 5) The only exception in geographical position
is the Cedrus libani association from Barla mountain in Isparta,
which mediates between the two alliances. It is distributed in the
area of distribution of the western alliance of Lonicero-Cedrion and
was classified under the latter alliance (Bekat, 1987), but it was
decided to attach this association to Abieti-Cedrion, since the diagnostic
species of Abieti-Cedrion outnumber those of Lonicero-Cedrion.

We redefined the diagnostic species of the alliances on the
basis of numerical analysis. Traditionally, Lonicera nummularifolia

subsp. glandulifera, Digitalis cariensis and Acer hyrcanum subsp.

A. Kavgaciand A. Čarni
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sphaerocarpum have been considered to be diagnostic of the alliance
Lonicero-Cedrion (Akman, 1995). We propose an additional ten
diagnostic species (Table 1). Similarly, the alliance Abieti-Cedrion is
characterized by twenty four species (Table 1).

Fontaine et al. (2007) found that topographic factors are
more important than soil types for the determination of communities
in southern Anatolia. They believe that Abies cilicica and Cedrus

libani form a climax in the mountain belt. Our research showed that
there is also a phytogeographic gradient in the mountain. Cedrus-

Abies co-dominant forest can be found only in the central and
eastern part of the Taurus, whereas Abies cilicica cannot be found
in forests in the western (Lycian) part of the Taurus mountain range.
(Table 1, 4). This might also be why Abies cilicica needs a special
sylviculture system (shelterwood) to regenerate in the western part
(Boydak, 2003; Fontaine et al., 2007).

Table- 2: Correlation (Kendall’s coefficient) between detrendent
correspondence analysis (DCA) relevé scores and explanatory variables

Altitude Aspect Slope Latitude Longitute

Axis 1 0,006 -0,209* -0,090 0,332* 0,332*
Axis 2 0,280* -0,202* -0,300* -0,032 -0,207*

*  p < 0.001

Table- 3: Results of the Montecarlo permutation test (automatic forward
selection): conditional effect of individual variables on the floristic composition
of C. libani forests

Variable Var. N LambdaA P F

Longitute 5 0.53 0.002 4.21
Altitude 1 0.42 0.002 3.42
Latitude 4 0.41 0.002 3.36
Slope 3 0.38 0.002 3.20
Aspect 2 0.24 0.002 2

Fig. 2: Hierarchical classification diagram of relevés from C. libani forests in the Taurus Mountain Range (Ward’s Method and correlation coefficient as
resemblance). Numbers correspond to the associations: 1. Festuco valesiacae-Cedretum libani (Kavgaci et al., 2010a), 2. Hyparhenio hirti-Cedretum libani

(Kavgaci et al., 2010a), 3. Verbasco pycnostachyi-Cedretum libani (Kavgaci et al., 2010a), 4. Oryzopsido holciformis-Cedretum libani (Akman et al.,

1979: Table 33/21-27, Çetik 1976: Table 5/1-3, Table 6/2,5,7; Quézel and Pamukçuoðlu 1973: Table 2/9-11), 5. Alliario officinalis-Cedretum libani (Akman
et al., 1979: Table 33/1-20), 6. Thlaspio microstyli-Cedretum libani (Varol and Tatli 2001: Table 9/72-81), 7. Thlaspio cataonici-Cedretum libani (Akman et

al., 1979: Table 32/1-10), 8. Abieti-Cedretum libani (Ocakverdi and Çetik 1987: Table 14/74-85), 9. Cedrus libani forest (Ayasligil 1987: Table9/1-19), 10.

Lathyro variabilis-Cedretum libani (Duman 1995: Table6/83,85-87,109-111,158-159), 11. Cedrus libani association (Bekat 1987: Table8/13-16,24-28, 50-51),
12. Cicerbito variabilis-Cedretum libani  (Serin and Eyce 1994: Table 7/68-80), 13. Alysso mouradicae-Cedretum libani (Serin 1996: Table7/48-57)

Cedar forests in Turkey
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Table- 5: Correlation (Kendall’s coefficient) between explanatory variables and the chorological spectrum

Mediterranean Irano-turanian Euro-siberian Wide distribution

Longitute -0,261* 0,233* -0,042 0,105
Altitude -0,107 -0,037 0,199* 0,066
Latitude -0,253* 0,125 0,015 0,197*
Aspect 0,109 0,040 -0,101 -0,114
Slope 0,010 0,265* -0,385* -0,061

Since the major diversity of C. libani forest is caused by
geography (longitude, latitude) – this corresponds to
phytogeographical differentiation, the next group of factors are
topological (altitude, aspect and inclination) – this corresponds to
ecological differentiation. As has already been mentioned, soil type
is of minor importance (Fontaine et al., 2007). In the synsystematic

sense of the standard classical phytosociology, it can be concluded
that the division into alliances corresponds to phytogeography,
whereas differentiation on the association level corresponds to
ecology.

Although C. libani is widely distributed in Turkey, there is
intensive gene flow and relatively low differentiation within C. libani.
The magnificent C. libani forests of the Taurus mountain range can
therefore be a source of seeds for the future reforestation of bare
karstic lands in Turkey. (Boydak, 2003; Fady et al., 2008).
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