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Cedrus brevifolia is an important endemic tree of the Cyprus flora, with narrow distribution (320 ha) in a

unique population in the Paphos forest. Its population is not uniform and is classified into five separate sites

most likely as a result of the fragmentation of one previously common population (Eliades et al. 2011).

Cyprus cedar is included in the Red Data Book of the Flora of Cyprus as vulnerable (Tsintides et al. 2007),

while its habitat type (*9590) is of conservation priority according to the Habitats Directive (92/43/EC).

Recent studies have shown that the species is characterized by high genetic variation (Panetsos et al. 1992,

Bou-Dagher Kharrat et al. 2007, Eliades et al. 2011) and significant genetic differentiation between the five

patchy sites (Eliades et al. 2011).

The present study aims to investigate the variation of morphologic and anatomic characteristics of Cedrus

brevifolia, as a result of adaptation within its natural population. This adaptation is expected to reflect the

demographic and ecological forces on the species throughout its survival under different environmental

conditions.

INTRODUCTION 

The Project (code:DIDAKTOR/0609/13) is co-financed by the European Regional Development Fund and the 
Republic of Cyprus through the Research Promotion Foundation.

Plot Site Elevation Orientation Topography

EM_1 Exo Milos 1232 West Ridge

EM_2 Exo Milos 1104 West – South Middle-Mountain

Tr_1 Tripylos 1331 West Ridge

Tr_2 Tripylos 1295 West Middle-Mountain

Tr_3 Tripylos 1192 North Middle-Mountain

Tr_4 Tripylos 1319 North – South Ridge

Tr_5 Tripylos 1400 West – South Ridge

Tr_6 Tripylos 1268 South Middle-Mountain

Tr_7 Tripylos 1294 North – West Middle-Mountain

Tr_8 Tripylos 1094 West River-bed

SE_1 Sellae tis Elias 1271 West Ridge

SE_2 Sellae tis Elias 1191 West – South Ridge

Ko_1 Konizi 1151 North Ridge

Ko_2 Konizi 1059 North - East Middle-Mountain

Th_1 Throni 1168 West Middle-Mountain

Th_2 Throni 991 North - East
Middle-Mountain (to 

River-bed)
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Project’s Beneficiaries:

MATERIALS AND METHODS

As many as 16 sampling plots were established within the five sites covering the natural and ecological

boundaries of the species’ distribution (Map 1; Table 1). In each plot, plant tissue was collected from 20

adult trees (320 individuals in total) and for each tree 10 needles (3-year-old) were collected.

For conducting the morphological measurements, ten needles from each tree were dried (using silica gel)

and then scanned, using a resolution of 1200 dpi and saving the file as .jpg. The digital images were

analysed using the ImagePro Plus 6.0 (Media Cybernetics Inc.) software, where 24 morphological measures

were taken. In addition, 16 anatomical traits were measured on 5 visually healthy needles from 5 trees per

plot, after performing dissections and preparation. A dissecting microscope and a stereo microscope were

used.

Statistical analysis of morphological and anatomical traits included comparison of means through ANOVA,

reduction of scale with PCA and MFA and clustering after a spatial and a non-spatial MCMC simulation using

the R packages FactoMineR (Lê et al. 2008) and Geneland (Guillot et al. 2012).

Map 1: Distribution of sampling plots within the natural population of C.
brevifolia.

Table 1: Description of sampling plots.

Get more information about the project in website: 
www.ncu.org.cy/genocedar
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Correlation circle based on the PCA axis (Ax. 1 & Ax. 2) for morphological (left) and anatomical (right) traits of 
needles.

Clustering of sampling plots, as this results from the 2 first axes of PCA: from the 24 morphological traits (left) 
and the 16 anatomical traits (right) in C. brevifolia.

K=4

Clustering of morphological traits and assessment of their correlation level within each sampling plot.
Periphery sites showed different patterns of correlation between plots from high and low altitude.

Population structure based on the morphological traits was carried out based on Bayesian clustering algorithm 
implemented in the R package GENELAND v. 4.0.2. Detected number of groups=4, under a non-spatial model. 

• The 24 morphological traits of the needles are grouped in 3 main PCA axes explaining 87% of the total

diversity, while the 16 anatomical traits need 9 PCA axes to explain the same amount of diversity.

• The first PCA axis of the morphological traits includes traits that express needle length, the second one

PCA axis needle width an the third needle shape.

• There are significant differences in morphology and anatomy between plots of the same site. Plot “TR_2”

is the mostly differentiated plot for both trait groups.

• Important anatomic traits for adaptation, such as SLA, differ significantly between plots that are

characterized by humid or arid conditions.

RESULTS

• Needle morphology is influenced by fewer factors than needle anatomy, indicating a more complex level of

environmental influence.

• For both traits, clustering of plots and sites is similar to the one observed through genetic markers (Eliades

et al. 2011)

• There is adaptive differentiation among plots, related apparently to altitude, soil humidity, bedrock and

other environmental attributes. Thus, there is potential for using these adaptive differences for

conservation and management of the forest.

CONCLUSIONS

ΠΕΡΙΟΧΗ ΜΕΛΕΤΗΣ




