
Introduction

In the context of ecosystem-based management, individ-
ual ecology has become more popular compared to commu-
nity ecology due to the need for more quality information
about the ecological properties of each focal species. As
focal species, not only commercial tree species but also non-
wood products and endemic species are the areas of interest
in plant ecology. In ecosystem-based management, the most

desired information for field managers and conversational-
ists is the potential distribution maps of focal species. 

Indicator species is particularly important to control the
potential distribution maps of the focal species. To define
indicator species, interspecific correlation analysis (ICA) is
a suitable method. In this analysis, 2 × 2 contingency tables
are arranged by using presence and absence data, and chi
squared tests are performed between the focal species and
each of the other species [1-3].

To generate potential distribution areas for focal species,
numerous methods and packet programs are available. 
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Abstract

This study was conducted to define indicator species of Lebanon cedar (Cedrus libani A. Rich) and to

build its potential distribution model in the Yukarigokdere Forest District of Turkey’s Mediterranean region.

In the study, the data were collected from 119 sample plots. To define indicator species of Lebanon cedar, inter-

specific correlation analysis (ICA) was employed. The findings obtained from ICA showed that thermo-

Mediterranean elements (Pistacia terebinthus subsp. palaestina, Quercus coccifera, and Styrax officinalis) are

the most significant negative indicator species of Lebanon cedar, while Its most significant positive indicator

plants are supra- and mountain-Mediterranean elements (Acer hyrcanum subsp. sphaerocaryum, Berberis
crataegiana, Amelanchier parviflora, Fraxinus ornus subsp. cilicica, and Sorbus umbellate). By using cli-

matic and topographical data as explanatory variables, visual assessment of the potential distribution proba-

bility of Lebanon cedar based on classification and regression technique (CART) was performed. Ten-fold

cross validation was run for selection of the optimal tree. The variables building the tree model were eleva-

tion, head index, annual precipitation, slope degree, landform category, and topographical position index.

Among them, elevation was found to be the most significant factor on the distribution of Lebanon cedar.
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The essential requirements for modeling potential distribution
are based on environmental data at a suitable scale (i.e. alti-
tude, slope degree, aspect, and soil properties) and accurate-
ly geo-referenced collection data for a given species [4-6].

Ecological data in plant ecology are often complicated,
unbalanced, and contain missing values. Relationships
between distribution or productivity of plants and environ-
mental factors may be strongly nonlinear and involve high-
order interactions. The commonly used traditional data
analysis methods often fail to find meaningful ecological
patterns from such data. Classification and regression trees
[7-11] are modern statistical techniques ideally suited for
both exploring and modeling such data. That is why there
has been increasing interest in the use of classification and
regression tree (CART) analysis in recent years. 

In Turkey, due to the high heterogeneity within the habi-
tats, which influences the spatial distribution of plant
species, the Mediterranean region is rich in species diversi-
ty and contains a number of endangered endemic floral
species [12-14]. High heterogeneity within the habitats of
the region is originated from its topographic structure, high
altitudinal interval, and complex landform characteristics.
Besides, the Mediterranean region has a long human settle-
ment history. For these reasons the region’s ecosystems
have been subjected to heavy cutting, burning, and over-
grazing for hundreds of years [15, 16]. As a result, the
majority of the region’s forests have become degraded.

Studies concerning mapping of potential distribution areas
of the focal species are therefore crucial for preparing accu-
rate management, conservation, and restoration plans for
the Mediterranean ecosystems.

Lebanon cedar (Cedrus libani A. Rich) is one of the
most valuable tree species in Turkey due to its importance
from historical, cultural, aesthetic, scientific, and economic
points of view. The wood of Lebanon cedar is resistant to
decay, insect damage, and climatic conditions. The wood is
easily processed by hand on machine tools. Besides, it has
a peculiar smell and color. Due to those properties, Lebanon
cedar has been in demand for thousands of years. As a
result, a considerable portion of Lebanon cedar forests has
been destroyed. The destruction has particularly continued
in Lebanon cedar forests in the Taurus Mountain of the
Mediterranean region. Because of this destruction, there is
a comprehensive potential area to be reforested by Lebanon
cedar in the region [17]. Therefore, determining the poten-
tial distribution areas of the Lebanon cedar is one of the pri-
mary matters from an ecological perspective. 

This study was carried out to define indicator species of
Lebanon cedar by using ICA and to build its geographical
distribution model by using CART in the Yukarigokdere
Forest District, Mediterranean region, Turkey. 

Material and Method

Site Description

Yukarıgökdere Forest District is located in the Lakes
subregion of the Mediterranean region, situated between
north latitudes of 37º 37’ 22.5” and 37º 50’ 17” m and east
longitudes of 30º 46’ 12.4” and 30º 52’ 35” m with an area
about 8,000 ha (Fig. 1). Limestone is the dominant parent
material. Locally, also conglomerates and ophiolitic
melanges are present. Elevation ranges between 800 m and
2000 m asl. In the district, a translation climate prevails
between Mediterranean climate and continental climate,
with an average annual rainfall of 751 mm and an annual
average temperature of 13.03ºC. The forest is mainly com-
posed of Pinus brutia (Brutian pine), Pinus nigra (Crimean
pine), Juniperus exelsa (Crimean juniper), Cedrus libani
(Lebanon cedar), and Ouercus (oak) species. The district is
rich in endemic species, with 61 endemic plant taxa [18, 19].

Data and Statistical Evaluation 

The data were collected from 119 sample plots. At each
plots the presence and absence data of Lebanon cedar and
the other plant species were recorded. In the study, first of
all, interspecific correlation analysis (ICA) was applied in
order to find the indicator species of Lebanon cedar by
using presence-absence data of vascular plants. ICA was
applied by considering the plants having a higher frequen-
cy value more than 5%. While applying ICA, to find the
species having significant association with Lebanon cedar,
chi squared tests (χ2) were applied and, to define signs and
values of the associations, correlation coefficients (C) of
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Fig. 1. The study area and the locations of occupied (●) and
unoccupied (○) sample points by Lebanon cedar.



each species having significant association with Lebanon
cedar were calculated [1-3, 20].

(1)

(2)

...where: a is the number of common sample plots of
Lebanon cedar and a relevant candidate plant, b is the num-
ber of sample points where Lebanon cedar is present and
the candidate plant is absent, c is the number of sample
points where Lebanon cedar is absent and the candidate
plant is present, and d is the number of sample plots where
both of the species are absent. 

Binary (absence/presence) data of Lebanon cedar was
taken as a response variable in order to obtain its spatial dis-
tribution model. Occupied and unoccupied sample points
by Lebanon cedar are given in Fig. 1. 

Climatic and topographical variables were taken as
explanatory variables. A 30 arc second (0.00083˚ by
0.00083˚) resolution of bioclimatic layers (representing
annual trends, seasonality, and extreme or limiting environ-
mental factors) were used for 1950-2000 from the
WorldClim data set [21] (downloaded 5 March 2011). All
bioclimatic layers were resampled with cubic convolution,
the most commonly implemented higher-order resampling
technique, to a pixel resolution of 100 m by 100 m grids.
Elevation and bedrock geology maps were provided from
OGM (general directory of forestry) and MTA (general
directorate of mineral research and exploration). Slope and
aspect were derived from the elevation-built function pro-
vided by ArcGIS. Topographic position index and landform
category maps were derived from elevation map by placing
“tpi_jen.avx” file into the Arcview extensions directory
[22]. These maps were resampled at a resolution of 100 m
by 100 m grids by using the nearest neighbour interpolation
as the simplest technique for assigning pixel values to the
new grid. The resampled bedrock map was composed of 3
main bedrock types (i.e. limestone group including neritic
limestone, pelagic limestone and charty limestone with
Halobia (a), conglomerate (b), and ophiolitic melange (c).
Landform types were composed of 6 classes (i.e. canyons,
deeply incized streams (a), midslope and upslope drainage
and shallow valleys (b), U-shaped valleys (c), plains and
open slopes (d), upper slopes, mesas (f), local ridges/hills in
valley, midslope ridges, small hills in plain, and mountain
tops or high ridges (g)). Also, heat index (HI) and aspect
favourability (AF) were used in this study as explanatory
variables calculated for each pixel following the equations: 

(3)

(4)

...where: alpha1 is deviation of aspect from 202.5º (SSW),
and alpha2 is slope degree. A is measured aspect and Amax

is 202.5º (SSW). All environmental layers and their codes
are given in Table 1. 

A classification and regression tree technique (CART)
was applied to describe potential distribution of Lebanon
cedar in the study. CART analysis is a nonparametric tree-
building technique. The essential purpose of classification
and regression tree technique (CART) is to partition the
main data into homogeneous subgroups. In this way, the
data is represented by a tree structure. In tree structure,
internet nodes denote best split predictor variables. The
branches of the nodes denote the criteria values of the split
variables. Leaves denote the final response classes. The
paths from the root node (top node) to leaf (terminal node)
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Table 1. Environmental variables and their codes (n: continuous
data, c: categorical data).

Variables Codes

Elevation (n) ELVN

Slope (n) SLOP

Landform category (c) LFC

Topographic position index TPI

Bedrock geology (c) ROCK

Heat index HI

Aspect favourability AF

Radiation index (n) RI

Annual mean temperature (n) BIO1

Mean diurnal range (mean of monthly (max temp –
min temp)) (n)

BIO2

Isothermality (BIO2/BIO7) (* 100) (n) BIO3

Temperature seasonality (standard deviation *100) (n) BIO4

Max temperature of warmest month (n) BIO5

Min temperature of coldest month (n) BIO6

Temperature annual range (BIO5-BIO6) (n) BIO7

Mean temperature of wettest quarter (n) BIO8

Mean temperature of driest quarter (n) BIO9

Mean temperature of warmest quarter (n) BIO10

Mean temperature of coldest quarter (n) BIO11

Annual precipitation (n) BIO12

Precipitation of wettest month (n) BIO13

Precipitation of driest month (n) BIO14

Precipitation seasonality (coefficient of variation) (n) BIO15

Precipitation of wettest quarter (n) BIO16

Precipitation of driest quarter (n) BIO17

Precipitation of warmest quarter (n) BIO18

Precipitation of coldest quarter (n) BIO19



show the decision rules that maximize the distinction
among the classes and minimize the diversity in each class.
By using this approach, both categorical and numeric
response data can be modelled. If the response variable is
categorical, then “classification trees”; if it is continuous,
“regression trees” are used [7, 23-25]. In this context, since
our response variable is categorical data, we used the clas-
sification tree technique. The CART method uses the Gini
impurity measure to decide the purity for the binary depen-
dent variable.

For a node t, the Gini index of impurity, g(t), is defined
in the following way:

(5)

...where: i and j are categories of the target variable. Since
our response variable is binary data (occurrence or non-
occurrence of Lebanon cedar), the equation for the index
reduces to:

(6)

The index equals 0 since all recodes in the node belong
to only one category, which means the node is purity. To
select the best predictor variable of a node, every possible
variable is scored and one with the best score that repre-
sents the greatest reduction in impurity is selected. For any
node t, suppose that there is a candidate split s of the node,
which divides it into the left division tL and the right divi-
sion tR.

The score is defined in the following way:

(7)

...where: PR is the proportion of cases of child node t sent to
the right, and PL to child node on the left. It can be defined
as a candidate set S of binary s at each node. When it starts
at the root note t1, it looks for the division s* among all pos-
sible S, with a greater reduction value of impurity.

(8)

The dataset is divided into two subgroups by a perfect
split s, which causes g(tL) = g(tR) = 0. The recursive parti-
tioning algorithm loops until it is impossible to continue,
(i.e. when only one case remains or when all the cases
belong to the same class). A maximum tree will be pro-
duced when it grows until all terminal nodes are perfect
purity. The maximal tree is generally over-adjusted because
of the random or noisy cases in the learning dataset. The
CART uses an “overgrowing and prune back” procedure to
get an optimal tree that is fitted to signal rather than noise
[26]. In this study, due to fact that our sample size is small,
all data were used for training purposes by using 10-fold
cross-validation, i.e. the data were divided into 10 sub-
groups, and 10 separate models fit. The first model used

subgroups 2-10 for training, and subgroup 1 for testing. The
second model used groups 3-10 and 1 for training, and
group 2 for testing, and so on. In all cases, an independent
test subgroup was available. Misclassification error rates
were then calculated for each subset. This process was per-
formed for each size of tree, and the tree with the smallest
misclassification error rate based on the independent test set
was then chosen as the optimal tree [7, 24, 27, 28]. S-Plus
software was used to build classification trees [29]. 

After performing CART, if-then rules were written for
each path of tree graph in an Excel file to calculate the pre-
dicted values of the response variable. The following for-
mulas were used for continuous explanatory variables (for-
mula 9) and categorical explanatory variables (formula 10)
to find predicted values (Bn) being the leaf value of n. ter-
minal node. 

=IF(AND(XL1ij # Nd1; XL2ij……XLnij # Ndn) (9)

=IF(AND(OR(XLC1ij=c1; XLC1ij=c2;…XLC1ij=cn)         (10)

...where: XL1ij…..XLnij denotes divisor explanatory variables
for i-th column and j-th row from the first level (L1) (top
node) to the last level (Ln) (terminal node) of a given path,
Nd represents the criteria value of a divisor explanatory
variable at each level of the relevant branch, XLC1ij denotes
the categorical deviser variables, and cn denotes categories
provided from if-then rules in a given categorical variable.

Finally, the predicted values were calculated at each
grid (100×100 m) (totally for 6,273 grids). All grids were
digitized in order to form the potential distribution maps of
response variables.

Results

In total 137 vascular plant species were recorded from
119 sample plots. Among them, 72 species have more than
5% frequency value. Thirty six species (nineteen positive
and seventeen negative) are significantly associated with
Lebanon cedar according to χ2 results. The plants that have
the most significant positive association with Lebanon
cedar are Acer hyrcanum subsp. sphaerocaryum, Berberis
crataegiana, Coteneaster nummuleria, Amacella parfini-
flora, Fraxinus ornus subsp. cilicica, Quercus vulcanica,
and Sorbus umbellata. The most significant negative indi-
cators of Lebanon cedar are Creatagus monogyna, Pistacia
terebinthus subsp. palaestina, Quercus coccifera, and
Styrax officinalis, as well (Fig. 2).

With respect to CART results, Fig. 3 shows the optimal
classification tree, with a 5% misclassification error rate.
The tree model produced 8 terminal nodes and 7 splits. The
predictor variables used in the splits were ELVN, HI,
BIO12, SLOP, LFC, and TPI. Among those environmental
variables, the most significant environmental factor on the
distribution of Lebanon cedar is ELVN. According to the
tree model, Lebanon cedar prefers particularly above
approximately 1,300 m and precipitation greater than 600
mm in the district (Fig. 3). This result is meaningful
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Fig. 2. Plants having significant associations with Lebanon cedar at the level of 0.05 according to χ2 results and their interspecific cor-
relation coefficients. 

Fig. 3. Classification tree model and distribution probability map of Lebanon cedar in the Yukarigokdere Forest District of the
Mediterranean region, Turkey.

Correlation coefficients



because Lebanon cedar prefers wetter and cooler climatic
conditions. That is why Lebanon cedar is often present
between 1,200-1,900/2,000 m asl. in the Tauros Mountains
of the Mediterranean region, Turkey. In the Yukarigokdere
Forest District, the most favourable sites for Lebanon cedar
begin at 1,500 m (Fig. 3).

Discussion and Conclusion

Thermo-Mediterranean, euro-Mediterranean, supra-
Mediterranean and mountain-Mediterranean communities
are distributed from lower sites to the upper sites, respec-
tively, in the Yukarigokdere district [17]. As expected,
Lebanon cedar showed negative associations with many
thermo-Mediterranean elements such as Pistacia tere-
binthus subsp. palaestina, Quercus coccifera, and Styrax
officinalis. Those findings are meaningful because Lebanon
cedar is often present in the supra-Mediterranean or moun-
tain- Mediterranean communities [12, 13, 15, 30-33]. That
is why Lebanon cedar also has a highly positive association
with well-known supra-Mediterranean and mountain-
Mediterranean elements such as Acer hyrcanum subsp.
sphaerocaryum, Berberis crataegiana, Amelanchier parvi-
flora, Fraxinus ornus subsp. cilicica, and Sorbus umbella-
ta. Those results confirmed the tree model results as well.
Thermo-Mediterranean communities are dominant at ele-
vations between 900-1,100 m while supra-Mediterranean
and mountain-Mediterranean communities are found above
approximately 1,300 m, where the site conditions are the
most favourable for the distribution of Lebanon cedar [19]. 

The Mediterranean region has a vast and rich forest
potential. In the region, several valuable forest tree species
such as Brutian pine (Pinus brutia), Crimean pine (Pinus
nigra), and Crimean juniper (Juniperus exelsa) are wide-
spread as well as Lebanon cedar. The region also is rich in
endemic diversity with more than 700 endemic species [34-
36]. However, the majority of the Mediterranean forests
have been degraded. That is why mapping the potential dis-
tributions of focal species is crucial to prepare essential
management and conservation plans for the Mediterranean
region ecosystems. 

More recently modeling spatial distribution of organ-
isms has become a popular topic due to numerous packet
programs [4-6, 37-39]. Of various statistical approaches in
modeling studies, CART has been increasingly used in
resent years due to the fact that it can model complex and
nonlinear ecological relations much better than traditional
techniques [27].

Spatial distribution models can also be applied to digi-
tal maps of climate change scenarios. This is particularly
important for the Mediterranean region, because human-
induced climate change is seriously threatening
Mediterranean ecosystems [40, 41].

Even though numerous studies have already focused on
the relationships between plant distribution and environ-
mental factors, a considerable study has not been carried
out about the spatial distribution modelling of plant species
in the Mediterranean region of Turkey so far. That is why

this present study also is important as an essential reference
for further studies, which will be carried out about species
distribution modelling of the species in the Mediterranean
region of Turkey. 
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