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Molecular Docking and Molecular Dynamics Studies of
L-Glycyl-L-Glutamic Acid Dipeptide

Bilge Bicak 2, Serda Kecel Gunduz™, Yagmur Kokcu?,
Aysen E. Ozel!, Sevim Akyuz®

Abstract: The Gly-Glu (GE) dipeptide, which acts as a neurotransmitter, is made of glycine and glutamic
amino acids that are used in the treatment of neurological diseases such as Schizophrenia, Parkinson and
Alzheimer. Gly-Glu dipeptide is an important peptide structure that helps prevent neuronal degeneration,
especially in Alzeimer's disease. Caspases which are cysteine proteases play a crucial role for apoptotic
death of neurons in Alzheimer’s disease. In patients with Alzheimer's disease, there was an increase in
caspase-3 immunoreactivity in the death of pyramidal neurons, where the initial sites of neuronal loss were
proven (Gervais et al. 1999). The molecular structure of the GE dipeptide having anti-apoptotic properties
is very important for clarifying the activation mechanism with caspase-3 protein. Molecular dynamics and
molecular docking calculations were applied to elucidate the most stable molecular conformation and to
grasp the mechanism of activity of GE with caspase-3. Firstly, GROMACS program was used to reveal the
conformation variations of the GE within the body. The stability of the peptide is ensured by confinement
in 704 water molecules. Secondly, Glide SP (standard precision) module of the Maestro 11.4 version in the
Schrodinger Software program was used to determine the linkages and activity of the peptide with the
caspase-3 protein. In this study, the structure of this dipeptide, pharmacological properties and its mechanism
of action with caspase-3 protein were investigated for the first time by molecular dynamics and docking

calculations.

Keywords: Gly-Glu, dipeptide, Molecular Dynamics, Molecular Docking, ADME

1. Introduction

Alzheimer's disease (AD) is one of the
neurodegenerative  diseases  associated  with
dementia as a clinical symptom. The disease is
caused by the accumulation of amyloid 3 -peptide
(APB) which consists of 39 to 43 amino acids in the
brain. A causes neuronal degeneration but its
neurotoxic effect is still unclear. A} has been shown
to induce apoptosis in the brain was proven by
various in vivo and in vitro observations. In recent
years, the studies based on the determination of
compounds that can protect neurons are of
paramount importance to eliminate degenerative
effects caused by AP. For this reason, various
proteins and peptides structures have been
investigated and Gly-Glu (GE) dipeptide is one of

* Istanbul University, Science Faculty, 34134, Istanbul, Turkey

2 Istanbul University, Graduate School of Engineering and Sciences,
341186, Istanbul, Turkey

3 Istanbul Kultur University, Science and Letters Faculty, 34158,
Istanbul, Turkey

* Corresponding author (iletisim yazari): *skecel@istanbul.edu.tr

them (loudina et al. 2003). Gly-Glu is an important
dipeptide that causes neuronal degeneration
prevention by starting with accumulation of Ap and
preventing its activation with Caspase 3. A
accumulation causes changes in the structure of two
proteins associated with apoptosis such as p53 and
Caspase-3 (Brecht et al. 2001). In this study, for the
first time, the molecular structure of GE was
determined by molecular dynamics and the effect of
GE on the changes induced by AP to caspase-3 was
investigated by molecular docking calculation
method.

The activity of a dipeptide also varies according to
the mechanism of action of the amino acids in its
structure. Glycine amino acid which is the simplest
form, has cell protection, immunomodulatory,

Citation (Atif): Bigak, B., Kegel Giindiiz, S., Kokeii, Y., Ozel, A. E.,
Akyiiz, S. (2019). Molecular Docking and Molecular Dynamics Studies
of L-Glycyl-L-Glutamic Acid Dipeptide International Journal of
Science and Technology Research, 3 (1): 1-9.
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cytoprotective agent and anti-inflammatory
properties. It has a role as a neurotransmitter in the
central nervous system and contains an antioxidant
property (Zhong et al. 2003; Aprison et al. 1965). It
is also used in the treatment of hepatic coma and
anticancer drugs studies (Brandon et al. 1983; Li
2002; McDermott et al. 1955; Shadidi 1997) and
required for synthesis of neurotransmitters such as
GABA (Manto et al. 2007). Glutamic acid has also
neuroprotective and neurotrophic effects (Koelle et
al. 1985; loudina et al. 2003).

The aim of computer- aided drug design (CADD)
is to help to research and discovery of drug
candidate by reducing cost of drug design process.
Technological advances in this field is effective in
providing faster optimization and identification
steps in silico methods ( Taft and Da Silva, 2008).
Structure based computational modeling of ligand-
receptor interactions is a prominent part of modern
drug discovery. Molecular dynamic and molecular
docking calculations are often preferred methods
that used in the structure-based drug design (SBDD)
studies to determine conformational change that
varies according to the environment and to define
the interaction of the molecule with the protein in
which the molecule interacts within the body,
respectively. Molecular docking study is also able
to predict the binding conformations and free
energies of ligands that is drug candidate molecules
within the appropriate target binding site (Ferreira
et al. 2015). To define absorption, distribution,
metabolism and excretion (ADME) properties in
drug development is very important for the success
rate of drug candidate compounds (Butina et al.
2002). In this work, we present molecular
dynamics, molecular docking and ADME studies
for Gly-Glu dipeptide for the first time by using
GROMACS and Schrodinger Maestro software
programs.

2. Material and Method
2.1. Molecular dynamic simulation

Initially, the 3D structure of Gly-Glu was taken
from Gaussian 09 (Frisch et al. 2009) software
where optimization was performed at DFT/B3LYP
level of theory with the 6-31++G(d,p) basis set.
GROMACS 5.2 simulation software package (Van
der Spoel et al. 2005) with the SPC (simple point
charge) water model (Smith & Van Gunsteren
1993) was used for MD calculations. Firstly, the
Gly-Glu was put into a box that was filled with
water molecules, and Na+ and Cl- ions were added

to the box to provide a neutral simulation. After the
system was neutralized, energy minimization was
actualized using the steepest-descent algorithm.
The energy of the system was minimized with a
2000-step.

50 ps NVT simulation was carried out before 500
ps NPT simulation. For 25,000 steps with a 2 fs time
step, NVT was performed and temperature coupling
was ensured using the Berendsen method
(Berendsen 1991). For 500 ps, (250,000 steps with
a 2 fs time step) NPT calculation was imlemented
to fix the pressure isotropically to a value of 1.0 bar,
the Parrinello-Rahman method (Parrinello &
Rahman 1981) is also used. NVT and NPT
simulations using Leapfrog algorithm have been
performed at 310 K and 1 bar pressure for the
balance of system. GROMOS 54a7 force field has
been utilized for the simulations (Van Gunsteren et
al. 1987). A 5 ns (5000 ps) MD simulation was
performed with a 2 fs time step. The linear
constraint solver (LINCS) algorithm (Hess et al.
1997) was carried out to all bonds containing
hydrogen bonds. All graphics of molecular dynamic
calculation of GIly-Glu were plotted using
XMGRACE (Turner 2005).

2.2. Molecular docking and ADME properties

The purpose of molecular docking is to present a
prediction of the ligand and receptor complex. A
protein-ligand docking program consists of
sampling and scoring components. Sampling refers
to the generation of putative binding orientations of
ligand near a binding site of a protein. Scoring is the
prediction of the binding tightness for individual
ligand orientations with a physical or empirical
energy function (Huang & Zou 2010). For
molecular docking study, ligprep, prepwizard, grid
generation and docking calculations were executed
by Schrodinger Maestro software using the Glide
SP (standard precision) module.

Firstly, the protein used for the docking study was
selected from PDB databank (PDB code: 1RHK)
(Becker et al. 2004). For better results, we were
obtained our protein structure by the SWISS-
MODEL server (Bienert et al. 2016). Our ligand
molecule structure was taken from the result of MD
simulation. The preparation and calculations of
molecular docking were done in Schrodinger
Maestro software using the Glide SP (standard
precision) module. (Schrodinger Release 2017-4:
Maestro, Schrodinger, LLC, New York, NY, 2017)
(Friesner et al. 2006; Halgren et al. 2004; Friesner
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et al. 2004). Firstly, Gly-Glu ligand molecule was
prepared for docking calculations by the LigPrep
tool in the Maestro 11.4 version of the Schrodinger
Software program using the OPLS3 force field
(Harder et al. 2015). A maximum of 32
stereoisomers were produced for the ligand after the
ionization states at pH 7.0 = 2.0 were selected. The
structure of selected receptor Caspase-3 having a
solubility of 2.5 A was prepared by the Protein
Preparation Wizard tool (Sastry et al. 2013). The
polar hydrogens were added to the heavy atoms and
all water and ions in the structure were removed.
The bond orders were assigned, charges were
defined at pH 7.0 and the selected receptor was
optimized using PROPKA (Sendergaard et al.
2011). The heavy atoms in the receptor were
converged by preferring 0.3A° RMSD and the
OPLS3 force field. The Grid box were defined to
the receptor by centering the existing co-
crystallized ligand using grid generation tool in
Maestro 11.4 version. The ligand was docked into
the receptor based on the grid using standard
precision (SP) docking algorithm to rank the ligand
with specific conformation of the receptor molecule
(Venkatesan et al. 2018). Drug candidate molecules
display  favorable  absorption, distribution,
metabolism and excretion (ADME) parameters.
The Qik-Prop module (Schrédinger Release 2017-
4: QikProp, Schrodinger, LLC, New York, NY,
2017.) was used to determine the ADME profile of
the drug candidate molecule.

3. Results and Discussion
3.1.Molecular dynamic simulation results

The Gly-Glu dipeptide was generated by using an
ideal geometry into a cubic box of SPC (simple
point charge) water molecules with 704 water
molecules. Counter ions (Na+(2)) and (CI-(1)) are
added to neutralize system.

Although minimization was planned for 2000 steps,
the energy minimization was realized using steepest
descent algorithm for 224 ps with -3.5298168x 104
kJ/mol potential energy, as shown Fig 1.

GROMACS Energies
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Figure 1. The potential energy of Gly-Glu
dipeptide in aquatic box as a function of the
minimization step using Steepest Descent
algorithm.

After minimization step, the balance conditions for
temperature and pressure for the system was
provided with NVT and NPT ensembles using
Leapfrog algorithm at 310 K and 1 bar. NVT was
carried out for 25,000 steps with a 2 fs time step and
temperature coupling was performed using the
Berendsen method. NVT results are showed that
system was well equilibrated around the target
temperature at 310 K in Fig 2.

GROMACS Energies
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Figure 2. The equilibrated temperature of Gly-Glu
dipeptide in aquatic box around 310 K.




Bilge International Journal of Science and Technology Research 2019, 3 (1): 1-9

NPT calculation was performed 250,000 steps with
a 2 fs time step (a total of 500 ps). The Parrinello-
Rahman method was also used to couple pressure
isotropically to a value of 1.0 bar. The NPT
Simulation reported a density of 982.219 kg/m”3 as
averaged over the last 500 ps of simulation in Fig 3.

GROMACS Energies

1050 [— ‘ I -
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=
<~

E—u I
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| | | |
0 100 200 300 200 500
Time (ps)

Figure 3. The density of Gly-Glu dipeptide in
aquatic box.

RMSD

Backbone after lsq fit to Backbone

MD simulations were performed for 2,500,000 MD
steps with a 2 fs time step, totaling 5000 ps (or 5
ns). According to MD simulation results, total,
kinetic and potential energy were obtained as -
2.57064x104 kJ/mol, 5.49438x103 kJ/mol and -
3.12008x104 kJ/mol, respectively.

After MD simulation, Root Mean Square Deviation
(RMSD) and Radius of Gyration (Rg) were
calculated. The range of RMSD was seen under 0.1
nm, when looking at the graph. Gyrate shows the
compactness of each molecule. Rg value changed
from 0.272485 to 0.291 for 5000 ps. The Root Mean
Square Deviation (RMSD) and Gyration (Rg)
graphics were shown in Fig 4.

Radius of gyration (total and around axes)

T T T I
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Figure 4. The RMSD values and radius of gyration of Gly-Glu dipeptide in aquatic box

3.2. Molecular docking results

Molecular interaction and docking studies are very
important for computer aided drug design. The

docking score energy which generated by the
binding of the Gly-Glu to the Caspase-3 with 147
sequence length, was obtained as -5.374 kcal/mol
(Table-1).
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Figure 5. The 2D (a) and 3D (b) diagrams of the Gly-Glu interactions in the active side of the Caspase-3

Table 1. The conformation and docking score
energies of Gly-Glu dipeptide

Ligand Energies of Docking Score
The Ligand (kcal/mol)
(kcal/mol)

1 15.727 -5.374

2 16.492 -4.866

3 20.774 -4.370

4 20.849 -4.322

In the active region of protein, hydrophobic (green),
polar (blue) and positive charged (dark blue)
residues were located. The dipeptide, which binds
in a stable conformation with the amino acids
located in the active region of the Caspase-3, was
attached to the protein by hydrogen bonds; ARG36
(2.06A), SER30 (1.65A and 2.24A), ARG32
(1.65A, 1.95A and 2.47A), GLN133 (1.78A) and
CYS135 (2.17A) residues (Fig-5).

The O atom in the peptide group of Gly-Glu
dipeptide makes H-bonds with positive charged
amino acids ARG32 and ARG36, while the amino
group (NH3+) of the dipeptide creates H-bonds
with polar amino acids SER30 and GLN133.The O
atom in the carboxyl group of dipeptide was
attached to hydrophobic amino acid CYS135 with
H-bond as shown in Fig-5(b).

Additionally, a salt bridge between the O atom in
the side chain of the glutamic acid and ARG32 in
the caspase-3 was shown, in Fig. 5(a) with red and
blue line. Salt bridges in the protein structures are
created by close residues that are opposite charged
to try electrostatic attraction. (Bosshard et al.
2004).The electrostatic potential map surfaces of
the ligand and receptor protein were also constituted
to define the regions that were electron-rich and
electron-poor (Fig-6).
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The surfaces are shown with red as the lowest
electrostatic potential energy value (electrophilic
region) and dark blue as the highest (nucleophilic
region). White shows a potential halfway between

Figure 6. The electrostatic potentials of Gly-Glu and Caspase-3.

the two extremes (red/dark blue).

Favorable absorption, distribution, metabolism and
excretion (ADME) profile obtained using Qikprop
tool of the Maestro software package for drug
candidate molecule were tabulated in Table-2.
QikProp provide a prediction that important
descriptors required for the drug like properties of
molecules.

Table 2. Docking score and calculated ADME properties

Property

Docking score (kcal/mol)
Polar surface area

PSA (A°2)

Molecular weight

MW (g/mol)

Solute as Donor-Hydrogen Bonds

Solute as Acceptor-Hydrogen

Bonds

Solute lonization Potential (eV)
Solute Electron Affinity (eV)
Polarizability (Angstroms”3)

QP log P for
QP log P for
QP log P for
QP log P for
QP log S for

hexadecane/gas
octanol/gas
water/gas
octanol/water
aqueous solubility

QP log S - conformation

independent

Value

-5.374
159.549

204.182

4.250

6.750
9.772
-0.287
15.364M
7.460M
15.691
16.547
-3.461
0.863

0.614

Recommended
(Schrédinger Release 2017-4: Maestro, Schrodinger)

7.0/200.0

130.0/725.0

(0.0/ 6.0)

( 2.0/ 20.0)
(7.9/10.5)
(-0.9/1.7)
(13.0/ 70.0)
( 4.0/ 18.0)
( 8.0/ 35.0)
( 4.0/ 45.0)
( 20/ 6.5)
( 65/ 0.5)

( -65/ 0.5)
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QP log K hsa Serum Protein

Binding -1.500
QP log BB for  brain/blood -1.747
No. of Primary Metabolites 5

Predicted CNS Activity (-- to ++) --
HERG K+ Channel Blockage: log

IC50 1.402
Apparent Caco-2 Permeability

(nm/sec) 0
Apparent MDCK  Permeability

(nm/sec) 0

QP log Kp for skin permeability -8.237
Jm. max transdermal transport rate  0.009

( -15/ 1.5)
(-3.0/ 1.2)
( 1.0/ 8.0)

(concern below -5)
(<25 poor. >500 great)

(<25 poor. >500 great)
(Kp in cm/hr)
(micrograms/cm”2-hr)

Lipinski Rule of 5 Violations 0 (maximum is 4)
Jorgensen Rule of 3 Violations 1 (maximum is 3)
% Human Oral Absorption in GI (+-

20%) 0 (<25% is poor)

Molecular weight (mol_MW), octanol-water
partition coefficient (logPo/w), hydrogen bond
donors and acceptors are important for the molecule
to show its drug properties. These four properties
are based on Lipinski 5 rules.

Lipinski's five rules are used to determine whether
a molecule with a specific pharmacological or
biological activity can be used as an active drug
(Lipinski et al. 1997; Lipinski 2004). Molecular
weight  (mol_MW), octanol-water  partition
coefficient (logPo/w), acceptor hydrogen bonds
(accptHB) and donor hydrogen bonds (donorHB)
were obtained as 204.182 g/mol, -3.461, 6.750
(standard limits from 2.0 to 20.0), and 4.250
(standard limits from 0.0 to 6.0) using Qikprop tool,
respectively. The ability of the drug to pass through
the blood-brain barrier was given with QPlogBB
parameter, QPlogBB (Brain/blood partition
coefficient) parameter was obtained as -1.747
(standard limits from -3.0 to 1.2) for GE dipeptide.
On the other hand, Human oral absorption was
calculated poor property, as a result of work with
Qikprop tool.

Additionally; Human serum albumin (HSA) plays
an important role as it is effective for passive
permeability and blood-brain barrier. Interactions
of HSA and small molecules affect the ADME
properties which calculated for small molecules
(Benet et al. 1996; Lexa et al. 2014). The standard
limit of QP log K hsa Serum Protein Binding value
is between-1.5 and 1.5. This value was determined
as -1.5. for GE dipeptide. The QP log Kp for skin
permeability parameter is also significant for drugs

administered through the skin. Computed skin
permeability value was-8.237.

Moreover, solute electron affinity, solute ionization
potential (IP(eV)), and solubility (QPlogS) were
also taken from the result of Qikprop analysis as -
0.287 eV (standard limits from -0.9 to 1.7), 9.772
eV (standard limits from 7.9 to 10.5) and 0.863,
respectively.

4. Conclusions

Gly-Glu dipeptide is a dipeptide that helps prevent
neuronal degeneration, especially in Alzeimer's
disease. CADD technology is important for novel
and effective drug development studies for the
Alzheimer’s disease (Ece 2019). Firstly, we
investigated the conformational variation of GE
which has anti-apoptotic effect by using molecular
dynamics calculations. Conformational changes of
the peptide in an environment close to the body
environment were examined and the most stable
geometric structure was determined. Then, the
interaction between GE dipeptide and caspase 3 was
explained by the method of molecular docking. The
GE dipeptide was linked to the active site of caspase
3 and revealed the locations and elongations of the
hydrogen bonds that provided stable binding.
According to molecular docking results, the
docking score was determined as -5.374 kcal/mol.
To predict the drug ability of GE dipeptide, ADME
calculations were performed. The substantial
pharmaceutical properties of GE were presented by
Qikprop tool. Besides, Lipinski's five rule was used
to evaluate druglikeness of GE dipeptide, which
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would make it a likely active drug for Alzeimer's
disease.
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Ozet: Bu galismada Tiirkiye’nin Goller Bolgesi olarak adlandirilan ve Devlet Su Isleri (DSI)18. Bolge
Miidiirliigt sinirlar icerisinde bulunan gollerde 2016 yili icerisinde aylik olarak alinan su 6rneklerinde Zn,
Cr, Mn, Fe, Cu, Co, Ni, Al, As, Mo, B, Ti, V ve Ba agir metal tiirlerinin mevcudiyeti aragtirtlmistir. Bu agir
metal tiirlerinin yillik ortalama konsantrasyonlari, iilkemizde yiirlirliikte olan Su Kirliligi Kontrolii
Yonetmeligi’nin, Kita I¢i Su Kaynaklarimin Siiflarma Gére Kalite Kriterlerine ve Yeriistii Su Kalitesi
Yonetmeligi’nin, Yeriistii Su Kaynaklar1 ig¢in Belirli Kirleticiler ve Cevresel Kalite Standartlarma gore
degerlendirilmistir. Bu degerlendirme neticesinde arastirmanin yapildigi 15 géliin agir metaller bakimindan
kirlilik durumu ortaya konulmustur. Bunun yaninda kirlenme s6z konusu olan gollerle ilgili ¢esitli 6neriler
sunulmugtur. Caligma kapsaminda Egirdir, Kovada, Golciik, Aksehir, Eber, Karamik, Burdur, Acigdl, Salda,
Yarisli, Karatag, Golhisar, Yazir, Gokgol ve Karakuyu goéllerinde numune alma iglemleri ve agir metal
analizleri DSI 18. Bélge Miidiirliigii tarafindan koordine edilmistir.

Calisma sonucu yapilan degerlendirmelere gore calisma alaninda tespit edilen en yiiksek agir metal
birikiminin Burdur Havzas1 gollerinde, en diisiik birikimin de Antalya Havzasi gollerinde oldugu tespit
edilmistir. 15 gdlde yapilan 14 farkli agir metal tiiriiniin degerlendirmesinde insan kaynakli nedenlerden
dolay1 en fazla birikim yapan metallerin Akar¢ay Havzasinda yer alan Eber géliinde, Cr ve As oldugu tespit
edilmistir. Dogal nedenlerden dolay1 géllerde en ¢ok rastlanan metaller ise Burdur Havzasinda yer alan
gollerde tespit edilen Zn, Cr, Cu, Co, Ni ve As’dir.

Keywords: Goller Bolgesi, Gol, Yiizeysel sular, Agir metal, Kirlilik, Su kalitesi

Assessment of Heavy Metal Pollution in The Lakes of Lakes
District- Turkey

Abstract: In this study, the presence of heavy metals such as Zn, Cr, Mn, Fe, Cu, Co, Ni, Al, As, Mo, B,
Ti, V and Ba in the water samples taken monthly by 18™ Regional Directorate of State Hydraulic Works, in
the year 2016 were investigated in the lakes that take place in “Region of Lakes” in Turkey. The annual
average concentrations of these heavy metals have been evaluated according to the Quality Criteria
According to Classes of Inland Water Resources of Water Pollution Control Regulation, and the Specific
Pollutants and Environmental Quality Standards for Surface Water Sources of the Regulation of Surface
Water Quality, which are in force in our country. In addition, various proposals have been made concerning
the polluted lakes. Sampling procedures and heavy metal analyzes were coordinated by DSI 18th Regional
Directorate in Egirdir, Kovada, Golciik, Aksehir, Eber, Karamik, Burdur, Acigdl, Salda, Yarisli, Karatas,
Golhisar, Yazir, Gokgol and Karakuyu lakes.
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According to the results of the study, it was determined that the highest heavy metal accumulation in the
study area is found in the lakes of Burdur Basin and the lowest accumulation is found in the lakes of Antalya
basin. In the assessment of 14 different heavy metal species in 15 lakes, it was determined that the metals
which accumulate the most due to human reasons are Cr and As in Eber lake located in Akarcay Basin. The
most common metals in lakes due to natural causes are Zn, Cr, Cu, Co, Ni and As detected in lakes located

in Burdur Basin.

Keywords: Lakes District, Lake, Surface waters, Heavy Metal, Pollution, Water quality

1. Giris

Hizli niifus artisi, sanayinin geligsmesi, kentlesme
sonucunda ortaya c¢ikan altyap: eksikligi, artan
tarim ve hayvancilik faaliyetleri ile evsel ve
endiistriyel atiksularda artig ile plansiz yapilan
calismalar cevre kirliligine sebep olmaktadir. Cevre
kirliliginin sonucunda alic1 ortam olan gol, gdlet ve
akarsularin su kalitesinin ve dogal dengesinin
bozulmasina neden olmaktadir. Alici ortamlar igin
baslica kirleticiler organik ve inorganik maddeler,
tozlar, mikroorganizmalar, deterjanlar, pestisitler,
agir metaller, askida kat1 maddeler, radyoaktivite,
yaglar, petrol iiriinleri vb. dir (Ellis vd., 1989).

Gol ekosistemleri, ¢esitli antropojenik etkiler,
otrofikasyona neden olan besinlerin agirt artmasi,
endiistriyel, zirai ve evsel kokenli kirlilik, su
toplama alan1 ve atmosfer yoluyla gollere ulasan
kirlilikler gibi etmenlerden siirekli etkilenmektedir.
Bu nedenlerle uzunca bir zamandir agir metal
kirlenmesi bilimsel ve cevresel anlamda ilgiyi
lizerine gekmistir. Insan faaliyetlerinin tipik sonucu
olarak yiizeysel sularda oOzellikle agir metal
konsantrasyonlar1 da giderek artmaktadir. Agir
metaller su habitatlarinda biriken en toksik, kalici
ve bol miktardaki kirleticilerdendir  ve
konsantrasyonlar1  biyolojik  birikim ile de
artmaktadir (Atict vd., 2010, Sin vd., 2001, Kishe
vd., 2003, Ahmed vd., 2005).

Fe, Zn, Co, Cu, Ni, Mn gibi agir metallerin pek
¢ogu, az miktarda da olsa canlilarda Onemli
yasamsal faaliyetler i¢in gerekli olsa da yiiksek
konsantrasyonlar1 olduk¢a tehlikelidir. Bununla
birlikte, agir metallerin sucul ortamda yiiksek
konsantrasyonlarda  bulunmasi, canlilar igin
toksisite riski olugturmaktadir. Riizgar, akarsu,
atmosferik taginim ve kayag-su  etkilesim
stireglerine bagli olarak sucul ortama dogal yollarla
giren agir metallerin, sucul ortamlardaki
konsantrasyonu hizli bir artig gostermistir (Dereli E.
vd., 2017, Nadal M. Vd., 2004, Ochieng E. Z., vd.,
2007, An Y. J., 2006).
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Gollerde agir metal kirliligine neden olan faktorler
genel olarak evsel ve endiistriyel atiksu desarjlari,
tarimsal giibre ve zirai ila¢ kullanimini, gollerin
bulundugu topografya yapisina baghh olarak
parcalanma, ufalanma ve c¢oziinme gibi dogal
yollarla olusabilen kaynaklardir.

Ulkemizde ve diinyada agir metallerin gol ve
akarsular gibi ylizeysel su kiitlelerinde, sediment
ortamlarinda ve sucul canlilarda birikimini
arastirmaya yonelik pek ¢ok calisma yapilmistir.

Kir vd. (2007), Kovada Golii su ve sediment
orneklerinde bazi agir metallerin  mevsimsel
degisimini incelemislerdir. Suda yaptiklar1 agir
metal analizlerinde Fe her mevsimde, Zn ilkbahar
ve kis mevsimlerinde, Al yaz mevsiminde ve Ni ise
sadece ilkbahar mevsiminde belirlenmistir.
Sediment {izerinde yapilan agir metal analizlerinde
Cr, Fe, Mn, Pb, Zn, Al ve Ni tim mevsimlerde
belirlenmistir.

Beyhan vd. (2007), Burdur Go6li su kalitesinin
belirlenmesi i¢in analizler yapip elde ettikleri
sonuglar1 1986 yil1 verileri ile karsilastirmislar, gol
seviyesindeki diisiislin suyun genel kimyasal
yapisinda fazla bir etkiye sahip olmadigini, ancak
seviye diisiisii ile birlikte gdl suyundaki agir metal
konsantrasyonunun  hizli  bir  sekilde artig
gosterdigini belirtmiglerdir.

Kaptan ve Tekin-Ozan. (2014), Egirdir Gélii su ve
sedimentinde ve gdlde yasayan sazanlarin
(Cyprinus carpio L.,1758) kas, karaciger ve
solungaclarinda bazi agir metal tiirlerini belirlemek
icin yaptiklar1 calismada Pb disinda tim metalleri
tespit etmisler ve suda en fazla biriken metalin Mn,
en az biriken metalin ise Cr oldugunu; sedimentte
ve Dbalik dokularinda ise tim metallerin
bulundugunu, sedimentte en fazla biriken metalin
Fe, en az biriken metalin ise Cd oldugunu
bildirmiglerdir.

Bu caligmanin amaci, Goller Bolgesinde yer alan
farkli su kalitesi Ozelliklere sahip dogal gol
sularinin agir metal kirlilik durumlarim tilkemizde
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yiirtirlikte olan mevzuatlardan Su  Kirliligi
Kontrolii Yonetmeligi (SKKY) ile Yeristi Su
Kalitesi Yonetmeligi (YSKY)’de belirtilen su kalite
smiflart ve gevresel kalite kriterlerine gore tespit
etmek, degerlendirmek ve gollerle ilgili genel
Oneriler sunmaktir.

2. Materyal ve Yontem
2.1. Calisma Alani

DSI 18. Bolge Miidiirliigii sorumluluk alani 7 farkli
havza sinirlari igerisine girmekte olup bunlardan 6
tanesinde dogal gol bulunmaktadir. Sakarya
havzasina giren kisminda dogal gol bulunmadigi
icin ve Konya Havzasi’nda yer alan Beysehir Goli
su kalitesi izleme calismalart DSI 4. Bolge
Midiirliigiince gerceklestirildiginden bu iki havza
calisma kapsamina alinmamustir.

Calisma kapsaminda incelenen 5 farkli havza
icerisindeki godllerden Egirdir, Kovada ve Golciik
golleri Antalya Havzasi’nda; Burdur, Acigdl,
Karatas, Yarisli ve Salda golleri Burdur Kapal
Havzasi’nda; Aksehir, Eber ve Karamik golleri
Akarcay Kapali Havzasi’nda; Karakuyu sazligi ve
Gokgol golleri Biiylik Menderes Havzasi’nda;
Golhisar ve Yazir golleri ise Bati Akdeniz
Havzasi'nda yer almaktadir. DSI 18. Bolge
Midiirligli sorumluluk alan sinirlart ve c¢aligma
yapilan goller asagida Sekil 1°de gosterilmistir. Bu
gollere, birbirine yakin konumlarda olmalar1 ve
Tiirkiye’nin ~ cografi  bolgelerinden  Akdeniz

Bolgesi’nin Goller Bolgesi olarak bilinen kisminda
bulunmalar1 nedeniyle “Goller Bolgesi Golleri”
denmistir.

Sekil 1. DSI 18. Bolge Miidiirliigii sinirlari, yer aldigi havzalar ve ¢aligma yapilan gollerin genel goriiniimii
(Google Earth, 2018)

Goller Bolgesi miktar ve kalite yoniinden biiyiik
o6neme sahip tatll su rezervlerini, ekonomik ve
turistik acidan faydalanilan su kaynaklarini, ulusal
ve uluslararasi Oneme sahip sulak alanlar
igerisinde bulundurmaktadir. Bu bolgede yer alan
gollerde su kirliligini olusturan unsurlardan biri de
agir metallerdir. Agir metaller dogal kaynaklarin
yani sira artan kentsel ve endiistriyel kaynakli
noktasal baskilar ve tarimsal faaliyet kaynakli
yayili baskilarla da bu su kaynaklarina
ulagmaktadir.
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Calisma kapsaminda degerlendirmeye alinan 15
gdl icin konumlar1 DSI uzmanlari tarafindan
onceden belirlenmis toplamda 30 ornekleme
istasyonundan 01.01.2016-31.12.2016 tarihleri
arasinda bir yil boyunca aylik Orneklemeler
yapilmistir. Ornekleme istasyon sayilarinin géllere
gore dagilimi; Goleiik-2, Egirdir-3, Kovada-3,
Karamik-2, Eber-2, Aksehir-2, Acigo6l-2, Burdur-
2, Salda-2, Yarish-2, Karatas-2, Yazir-1, Golhisar-
2, Karakuyu-2, Gokgol-1 seklindedir.
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2.2. Laboratuvar Analizleri

Calisma kapsaminda 6rnekleme istasyonlarindan,
SKKY Numune Alma ve Analiz Metotlar
Tebligi’nde belirtildigi sekilde, 1 litrelik polietilen
sigselere koruyucu kimyasal madde ilave edilerek
alman oOrneklerin, Tirk Akreditasyon Kurumu
tarafindan akredite Izmir DSI 2. Bolge Miidiirliigii

Kalite ~ Kontrol  Laboratuvarinda  Agilent
Technologies Inc. Marka 7500a model yiiksek
performansli  ICP-MS cihazinda  analizi
yapilmustir.

Su ornekleri analizden once kati partikiillerin
giderilmesi amaciyla filtrelenmis ve nitrik asit ile
pH degerleri 2’ye ayarlandiktan sonra ICP-MS
cihazina verilmistir. Analiz yapilan her parametre
icin stok standart kalibrasyon c¢ozeltileri
kullanilarak o6l¢iim araligina uygun kalibrasyon
standart ¢ozeltileri hazirlanmistir. Okutulan her
agir metal tird i¢in Once kalibrasyon egrisi
olusturulmus ve ardindan 6rnekler cihaza verilerek
sonuglar alinmistir. Asagida Cizelge 1’de ICP-MS
cihazt agir metal saptama alt siir degerleri
verilmistir.

Cizelge 1. ICP-MS cihaz1 agir metal saptama alt
sinir degerleri (LOQ); limit of quantification)

. Saptama Alt Stmir;; LOQ

Agir Metal (ug/L)
Zn 0,500
Cr 0,500
Mn 0,020
Fe 8,800
Cu 0,150
Co 0,030
Ni 0,050
Al 0,330
As 0,080
Mo 0,310

B 0,010

Ti 0,260

V 0,020
Ba 0,050

2.3. Verilerin Degerlendirilmesi

Caligsmada, gollerde tespit edilen agir metallerden
Zn, Cr, Mn, Fe, Cu, Co, Ni, Al, As, Mo, B, Ti, V
ve Ba parametrelerine ait yillik ortalama
konsantrasyon degerleri iilkemizde yiirtirliikte olan
SKKY’de yer alan Kita I¢i Su Kaynaklarinin
Smiflarina  Gore Kalite Kriterleri tablosuna
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(Cizelge  2’nin  sonunda  renklendirilerek
gosterilmigstir) ve YSKY’de yer alan Yertistii Su
Kaynaklar1 i¢in Belirli Kirleticiler ve Cevresel
Kalite Standartlar1 kriterlerine gore (Cizelge 3’iin
sonunda renklendirilerek gosterilmistir) incelenip
yillik ortalama ¢evresel kalite standardi (YO-CKS)
ve maksimum izin verilebilir cevresel kalite
standardi (MAK-CKS) smir degerlerine gore
degerlendirilmistir.

3. Bulgular

Caligma  kapsaminda analizi yapilan agir
metallerin yillik ortalama konsantrasyonlar1 ve
SKKY Kita I¢i Su Kaynaklarinin Siniflarma Gore
Kalite Kriterlerine gore mukayesesi asagida
Cizelge 2’de, YSKY’ye gore degerlendirilmesi ise
asagida Cizelge 3’te verilmistir. Parametre bazinda
su kaynaklarinin kalite siniflar1 ve ¢evresel kalite
standartlar1 kapsaminda elde edilen yillik ortalama
cevresel kalite standardi (YO-CKS) ve maksimum
izin verilebilir ¢evresel kalite standardi (MAK-
CKS) konsantrasyonlarina ait bulgular asagida
parametre bazinda verilmistir.

Cinko, (Zn)

Yillik en yiiksek ortalama Zn konsantrasyonuna
sahip gol 388,67 pg/L ile Acigdl, en diisiik
ortalama Zn konsantrasyonuna sahip gol ise 3,45
ng/L ile Kovada Golii’diir.

SKKY’ye gore Acigol ve Burdur Golii sulart yillik
Zn miktar1 200 ug/L’yi astigi igin 2. smf sular,
diger goller ise kalite bakimindan 1. siif sular
ozelligindedir.

YSKY bakimindan ortalama Zn konsantrasyonlart;
Aksehir, Egirdir, Kovada, Golciik, Golhisar ve
Gokgol i¢in her iki CKS smir degerlerini
asmamistir. Ancak Eber, Karamik Batakligi,
Karakuyu Sazligi, Karatas, Yarigli, Yazir ve Salda
golleri i¢in 5,9 pg/L YO-CKS sinir degeri asilmis
durumdadir. Burdur ve Acigél g6l sulan igin de
231 ng/L MAK-CKS simir degeri agilmustir.

Krom, (Cr)

Yillik en yiiksek ortalama Cr konsantrasyonu
28,48 ng/L ile Salda Goli’nde, en diisiik ortalama
konsantrasyon ise 3,71 pg/L ile Golciik Golii’nde
tespit edilmistir.

SKKY’ye gore Karakuyu Sazliklari, Karamik
Batakligi, Aksehir, Egirdir, Kovada, Golcik,
Burdur, Karatas, Yarisli, Golhisar, Yazir ve
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Gokgol  golleri  igin - yilik  ortalama  Cr
konsantrasyon degerleri 20 pg/L’nin altinda
bulundugu igin Cr acisindan bu gollerdeki su
kalitesi 1. sinif, Eber, Acigdl ve Salda Golii yillik
ortalama Cr konsantrasyonlar1 20-50 pg/L
araliginda degistigi i¢in s6z konusu gol sulart 2.
siif kalite ozelligindedir. Ote yandan Yarish
Goli’niin yillik ortalama Cr konsantrasyonu 19,14
pg/L ile 3. Smuf su kalitesi sinir1 olan 20 pg/L
degerine ¢ok yaklagmis durumdadir.

YSKY bakimmdan gollerin tamaminda yillik
ortalama Cr konsantrasyonu 1,6 pg/L sinir degerini
astigi icin tim goller YO-CKS kosulunu
saglayamamaktadir. Ayrica Cr icin MAK-CKS
sinir konsantrasyon degerine (142 pg/L) yaklasan
veya asan bir gol tespit edilmemistir.

Mangan, (Mn)

Yillik ortalama Mn konsantrayonu en yiiksek olan
g0l 52,43 pg/L ile Eber Goli’dir. En diisiik
ortalama yillik konsantrasyon degeri ise 0,40 pg/L
degeri ile Gokgol Golii’nde belirlenmistir.

SKKY’ye gore calisma kapsaminda yer alan
gollerin hicbirinde 1. sinif su kalitesi i¢in sinir
deger olan 100 pg/L yillik ortalama konsantrasyon
degeri asilmamuistir.

YSKY’de Yeriisti Su Kaynaklar1 igin Belirli
Kirleticiler ve Cevresel Kalite Standartlarinda Mn
icin sinir deger belirtilmemistir.

Demir, (Fe)

Yillik ortalama Fe konsantrasyonu en yiiksek olan
g6l Acigdl olup degeri 242,02 pg/L olarak
Ol¢iilmiistiir. En  disiik  yillik  ortalama
konsantrasyon degeri 11,84 pg/L ile Egirdir
Goli’nde belirlenmistir.

Caligsma kapsaminda yer alan gollerden higbirinde
1. sinif su kalitesi igin sinir deger olan 300 pg/L
yillik ortalama konsantrasyon degeri agilmamistir.

YSKY’de ise Golhisar, Burdur, Karatas ve Egirdir
golleri diginda tiim gollerde YO-CKS smur degeri
olan 36 ng/L konsantrasyon sinir degeri asildigi
icin s6z konusu goller gevresel kalite standardini
saglamamaktadir. Acigél’de MAK-CKS sinir
konsantrasyon degeri de 101 pg/L ‘nin iizerinde
olup 242,02 pg/L’dir.
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Bakir, (Cu)

Yillik ortalama Cu konsantrasyonu en yiiksek olan
g6l Acigol olup konsantrasyonu 56,72 pg/L, en
diisiik ortalama yillik konsantrasyon ise Gokgol
Goli'nde belirlenmis olup degeri 0,29 pg/L’dir.

SKKY’ye gore Burdur Goli'nde 20 pg/L,
Acigol’de ise 50 pg/L smur konsantrasyon
degerleri asilmis olup bu nedenle Burdur ve Acigol
g0l sulart sirastyla 2. ve 3.sinif sular, ¢alisma
kapsamindaki diger gollerde ise Cu bakimindan 1.
smif sular 6zelligi tagimaktadir.

Karakuyu sazliklari, Egirdir, Kovada, Golciik,
Golhisar, Yazir, Gokgol gollerinde YO-CKS sinir
degeri asilmadigi i¢in bu gollerde cevresel kalite
standardi Cu bakimindan saglanmaktadir. Fakat
Eber ve Aksehir, gollerinde 1,6 pg/L olan YO-
CKS smir degeri konsantrasyonu asildig1 igin s6z
konusu goller c¢evresel kalite standardini
saglamamaktadir. Karamik Batakligi’nda da bu
smir degere yaklagilmistir. Ote yandan Acigél,
Burdur, Karatag, Yarisl ve Salda gollerinde ise 3,1
pg/L olan MAK-CKS simir konsantrasyon degeri
asilmustir.

Kobalt, (Co)

En yiiksek yillik ortalama Co konsantrasyonu
10,21 pg/L degeri ile Acigoél Goliinde tespit
edilmistir. En  disik  yillik ortalama
konsantrasyonuna sahip gol ise 0,05 pg/L ile
Golciik Golii olarak belirlenmistir.

Caligma kapsaminda yer alan gollerden hicbirinde
Co konsantrasyonlart SKKY’de belirtilen sinir
degeri agmamustir. Bu nedenle tiim gol sular1 Co
konsantrasyonu agisindan 1. sinif sular 6zelligi
tagimaktadir.

Co i¢in Eber, Aksehir, Acigol ve Burdur géllerinde
YO-CKS  sinir  degeri  olan 0,3 pg/L
konsantrasyonu asildigi ig¢in s6z konusu goller
cevresel kalite standardini saglayamamaktadir.
Calisma kapsaminda yer alan diger gollerde ise bu
standart saglanmaktadir. Ayrica Acigol 10,42 pg/L
yillik ortalama Co degeri ile 2,6 pg/L olan MAK-
CKS sinir konsantrasyon degerini agmaktadir.
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Cizelge 2. Agir metallerin yillik ortalama konsantrasyonlariin SKKY’ye gore degerlendirilmesi

Su drnegi CiNKO | KROM | MANGAN | DEMIR | BAKIR | KOBALT | NIKEL | ALUMINYUM ARSENIiK MOLIBDEN BOR TITANYUM VANADYUM BARYUM
Alnan Yer (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ug/L) (ng/L) (ng/L) (ng/L)
f;%‘l'ﬁ‘“r 347 526 0,90 11,84 087 0,08 2,15 9,68 541 4,63 0,05 0,68 084 20,24
Eg;’;da 345 6,10 381 36,85 053 010 2,04 35,28 6,14 2,76 0,06 1,62 1,19 20,18
ek 3,64 371 074 46,41 072 0,07 148 32,88 429 9,24 0,02 074 0,89 220,88
Aksehir 347 18,41 051 40,17 2,29 052 12,71 18,88 2,79 321 0,01 143 1,64 31,83
Eber Golii 643 21,61 52,43 63,09 2,23 0,72 11,79 25,83 102,63 297 086 475 6,36 44,81
'S‘;']‘I’g“" 12,63 4,28 047 51,96 1,38 0,10 2,57 29,37 2,62 0,50 0,04 1,02 2,54 27,711
Aagil 388,67 26,74 51,10 242,02 56,72 10,22 110,61 48,43 627,28 3,10 56,99 80,25 524,15 62,00
E‘;{S“’ 309,86 13,25 162 28,21 38,92 1,03 549 9,57 171,53 35,59 17,39 19,48 127,01 28,31
g;;f"’ 60,93 8,75 111 33,02 536 017 433 29,03 539 1,78 012 3,10 13,24 29,68
Salda Géli | 30,78 28,49 0,66 77,78 318 0,16 1,27 29,36 17,95 1,99 013 2,38 22,07 3,26
E;;.:jh 124,75 19,14 079 79,57 16,49 052 7,65 45,22 131,15 37,37 10,36 25,64 115,16 757
gg:i'i"“’ 516 7,37 073 31,31 078 025 10,96 42,06 2,36 234 0,09 231 471 30,24
Yazir 591 8,85 059 44,14 048 0,20 7,10 24,23 1,29 0,72 0,02 117 0,60 17,58
SK;T;“V“ 6,13 5,80 067 51,04 037 017 523 27,59 131 1,70 001 115 2,01 28,73
Gokgol 543 535 040 57,02 030 018 5,03 27,32 1,04 1,13 0,01 1,23 1,18 39,05
f’;ﬂ <200 <20 <100 <300 <20 <10 <20 <300 <20 - <1000 - - <1000
i';:‘n:; <500 <50 <500 <1000 <50 <20 <50 <300 <50 s <1000 5 . <2000
FON <000 | <200 <3000 <5000 | <200 <200 <200 <1000 <100 . <1000 o - <2000
f';ﬂ >2000 | >200 >3000 >5000 | >200 >200 >200 >1000 >100 - >1000 s . >2000

Cizelge 3. Agir metallerin yillik ortalama konsantrasyonlarinin YSKY’ye gore degerlendirilmesi

Su 6rnegi Alinan CINKO | KROM | MANGAN | DEMIR | BAKIR | KOBALT ALUMINYUM
Yer (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L)
Egirdir Golii 526 0,90

Kovada Gélii 6,10 381

Géleiik Golii 371 0,74 46,41

Aksehir 18,41 0,51 40,17

Eber Golii 6,43 21,61 52,43 63,09

Karamik Sazhg 12,63 4,28 0,47

Acigol 26,74 51,10

Burdur Golii 13,25 1,62

Karatas Golii 60,93 8,75 111 33,02

Salda Gélii 30,78 28,49 0,66 71,78

Yarish Golii 124,75 19,14 0,79 79,57

Golhisar Golii ! 737 0,73 3131

Yazir Golii 5,91 8,85 0,59 44,14

Karakuyu Sazhg

Gikgdl

ARSENIK

MOLIBDEN

(ng/L)

TITANYUM

((ng/L)

VANADYUM

BARYUM
(ng/L)
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680,00
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Nikel, (Ni)

Yillik ortalama Ni konsantrasyonu en yiiksek olan
g0l Acigdl olup konsantrasyonu 110,61 pg/L, en
diisiik yillik ortalama konsantrasyon degeri ise
Salda Golii’nde 1,27 pg/L olarak belirlenmistir.

Calisma kapsaminda yer alan gollerden sadece
Acigdl’de SKKY’de Ni i¢in belirtilen 20 pg/L sinir
konsantrasyon degeri asilmistir. Acigdl disinda
tim goller 1. siuf sular 6zelligi tasimakta olup
Acigol Nibakimindan 3. sinif sular 6zelligindedir.

Egirdir, Kovada, Golciik ve Salda gollerinde
YSKY, YO-CKS smir degeri olan 4 pg/L
konsantrasyon degeri asilmamis olup gevresel
kalite standardi bu gollerde saglanmistir. Eber,
Aksehir, Acigol, Burdur, Karatas, Yarisli,
Golhisar, Yazir, Karakuyu Sazliklart ve Gokgol
Gollerinde YO-CKS sinir degeri olan 4 pg/L sinir
degeri asildigi icin s6z konusu goller gevresel
kalite standardin1 saglamamaktadir. Diger taraftan
Acigol’de MAK-CKS sinir degeri olan 34 pg/L
konsantrasyon degeri de asilmustir.

Aliiminyum, (Al)

Yillik ortalama Al konsantrasyon degeri en yiiksek
olan gol 48,42 ng/L ile Acigol’diir. En diisiik y1llik
ortalama konsantrasyon degeri ise Burdur
Golii’'nde 9,29 pg/L olarak belirlenmistir.

Calisma kapsaminda yer alan gollerden higbirinde
Al bakimmdan birinci smif su kalitesi i¢in
belirlenmis olan 300 pg/L  smr degeri
asilmamistir.

Calisma yapilan gollerin tamaminda YO-CKS
sinir konsantrasyon degeri olan 2,2 pg/L asildig
icin ¢evresel kalite standardi bu gollerde
saglanmamaktadir. Eber, Aksehir, Egirdir, Burdur
ve Yarigh golleri disindaki tiim gollerde MAK-
CKS smir konsantrasyon degeri (27 ug/L) de
agtlmustir,

Arsenik, (As)

Yillik ortalama As konsantrasyonu en yiiksek gol
Acigol (627,28 pg/L), en diisiik gol ise Gokgol
Goli (1,04 pg/L) olarak tespit edilmistir.

Eber, Acigol, Burdur ve Yarigh gollerinde
SKKY’de 1. smif kalitedeki sular i¢in belirtilen 20
pug/L smir degeri asilmis Salda Golii’nde ise bu
sinir degere ¢ok yaklagilmis durumdadir. S6z
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konusu gollerde yullik ortalama As
konsantrasyonlart sirasiyla 71,63 pg/L, 618,67
png/L, 155,04 pg/L ve 136,10 pg/L olarak tespit
edildigi i¢in Eber Goli 3. smif, Acigol, Burdur ve
Yarigh gol sulari ise 4. smif su Kkalitesi
ozelligindedir.

Eber, Acigol, Burdur ve Yarigh gollerinde YSKY,
YO-CKS smur konsantrasyon degeri olan 53 pg/L
asilmis olup cevresel kalite standardi bu gollerde
saglanamamaktadir. Diger taraftan bu gollerde
MAK-CKS sinir deger konsantrasyonu (53pg/L)
asilmustir.

Molibden (Mo)

Yillik ortalama Mo konsantrasyon degeri en
yiiksek g6l Yarigh Goli (37,37 ug/L) olup, en
diisik konsantrasyon degeri ise Karamik
Batakligi’nda (0,49 pg/L) tespit edilmistir.

SKKY’de Mo icin herhangi bir smir deger
belirtilmedigi i¢in degerlendirme yapilamamuistir.

YSKY bakimindan Mo ig¢in herhangi bir sinir
deger  belirtilmedigi  i¢in  degerlendirme
yapilamamistir.

Bor, (B)

Yillik ortalama B konsantrasyon degeri en yiiksek
gol (56,99 pg/L) Acigél olup, en disiik yillik
ortalama ise Aksehir Goli'nde (0,01 pg/L)
belirlenmistir.

Caligma kapsaminda yer alan gollerden hicbirinde
SKKY’de belirtilen 1. Sinif su kalite sinir degeri
astlmamistir.  Dolayisiyla ~ Goller  Bolgesi
Golleri’nin tamami B agisindan 1. sinif kalite sular
ozelligindedir.

Caligma kapsaminda yer alan gollerden higbirinde
YSKY’de belirtilen sinir degerler asilmamis olup
tim gollerde B bakimindan ¢evresel kalite
standard1 saglanmaktadir.

Titanyum, (Ti)

Yillik ortalama Ti konsantrasyonu en yiiksek olan
g6l (80,24 pg/L) Acigol’diir. En disik yillik
ortalama Ti konsantrasyonu ise Egirdir Golii’nde
0,67 pg/L olarak belirlenmistir.

SKKY’de Ti igin herhangi bir smir deger
belirtilmedigi i¢in degerlendirme yapilmamustir.
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Acigdl disinda hicbir golde YSKY’de belirtilen
YO-CKS simir konsantrasyon degeri olan 26 pg/L
asilmamis  olup c¢evresel kalite standardi
saglanmaktadir. Acigdl Goli’'nde MAK-CKS sinir
konsantrasyon degeri olan 42 ug/L agilmistir.

Vanadyum, (V)

Yillik ortalama V konsantrasyonu en yiiksek olan
g0l (524,15 pg/L) Acigol’diir. En diisiik yillik
ortalama V konsantrasyonu (0,60 pg/L) Yazir
Golii’nde tespit edilmistir.

SKKY’de V icin herhangi bir sinir deger
belirtilmedigi i¢in degerlendirme yapilmamustir.

Egirdir, Kovada, Golcik, Yazir ve Gokgol
gollerinde YO-CKS sinir konsantrasyon degeri
olan 1,6 pg/L asilmamis olup c¢evresel Kkalite
standardi bu gollerde saglanmistir. Ancak Acigol,
Burdur, Yarisli ve Salda gollerinde MAK-CKS
sinir konsantrasyon degeri (97 png/L) asilmistir.

Baryum, (Ba)

Yillik ortalama Ba konsantrasyonu en yiiksek olan
g6l Golciik Goli’nde (220,87 pg/L), en disiik
yillik ortalama ise Salda Goli’nde (3,26 ug/L)
olarak belirlenmistir.

Caligsma kapsaminda yer alan gollerden higbirinde
SKKY’de ve YSKY de belirtilen Ba sinir degerleri
asilmamuistir.

Agir metallerin yillik ortalama
konsantrasyonlarinin SKKY’ye gore
degerlendirilmesinde  gollerin  agir metaller

bakimindan 2016 yili i¢in sahip olduklari su kalite
simiflart asagida Cizelge 4’te verilmistir. Bu
kapsamda yapilan degerlendirme gollerde 2016
yil1 i¢in tespit edilen en diisiik su kalite sinifin1 o
g6liin su kalite sinifi olarak kabul edilmistir.
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Cizelge 4. Ortalama yillikk agir metal
konsantrasyonlarma goére gollerde 2016 yili igin
tespit edilen SKKY su kalite siniflar

Su Kalite Yer
Simifi
I Simf Egirdir, Kovada, Golciik,
Karamik, Aksehir, Karatas,
Golhisar, Yazir, Karakuyu
ve Gokgol
II Simf Salda
IIT Stf
IV Sinif Acigol, Burdur, Eber, Yarish

Golciik, Egirdir, Kovada, Karamik, Aksehir,
Karatag, Golhisar, Yazir, Karakuyu ve Gokgol
gollerinde elde edilen tiim degerler gol sularinin
agir metaller bakimindan I. Sinif su kalitesinde
oldugunu gostermektedir. Calisma kapsaminda
degerlendirilmesi yapilan gollerden gol sularinin
Acigol’de; As igin I'V. Siif, Ni ve Cu i¢in III. Stuf
ve Zn, Cr, Co igin II. Smif, Burdur Golii i¢in de As
icin IV. Sinif, Zn ve Cu igin III. Smf oldugu
belirlenmistir. Acigdél ve Burdur goéllerinin yani
sira, Eber ve Yarigh gollerinde de Arsenik
konsantrasyonlarmimn SKKY’ye goére IV. Smif
oldugu belirlenmistir.

Agir metallerin yullik ortalama
konsantrasyonlarinin YSKY’ye gore
degerlendirilmesinde havza bazinda gollerde hangi
agir metal siir degerlerinin asildigir asagida
Cizelge 5’de verilmistir.
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Cizelge 5. Havza ve gol bazinda YSKY’ye gore
ortalama yillik konsantrasyonlarin asildigi agir
metal tiirleri

YO-CKS MAK-
CKS
Antalya Havzasi
Golciik Goli Cr, Ni Al
Egirdir Goli Cr, Al
Kovada Golu Cr, Fe Al
Akarcay Havzasi
Karamik Gola Zn,Cr,Fe | Al
Eber Goli Zn, Cr, Fe, | As
Cu, Co, Ni,
Al, VvV
Aksehir Cr, Fe, Cu, | Al
Co, Ni, Al
Burdur Havzasi
Burdur Golii Cr, Fe, Co,
Ni, Al
Acigol Cr, Ti Zn, Fe,
Cu, Co,
Ni, Al,
As, V
Salda Goli Zn, Cr, Fe, | Cu, Al
V
Yarigh Goli Zn, Cr, Fe, | Cu, Al,
Co, Ni As, V
Karatas Golii Zn, Cr, Fe, | Cu, Al
Ni, V
Bati1 Akdeniz
Havzasi
Golhisar Goli Cr, Fe, Ni, | Al
\Y
Yazir Golu Zn, Cr, Fe,
Ni, Al
Biiyiik Menderes
Havzasi
Karakuyu Sazligi | Zn, Cr, Fe, | Al
Ni, V
Gokgol Gola Cr, Fe, Ni, | Al
Vv

4. Tartisma ve Sonugclar

Calisma sonucunda Goller Bolgesi gollerinin
SKKY bakimindan durumu genel olarak tatlisu
ozelliginde olan goller bakimindan (Egirdir,
Kovada, Golciik, Aksehir, Karamik Sazligi,
Karatag, Golhisar, Yazir, Karakuyu Sazligi ve
Gokgol golleri) 1. Sinif su kalitesine sahiptir. Salda
goli Cr i¢in II. Smuf, Eber Goli Cr i¢in II. Sinif,
As icin IV. Smif, Yarish Goli As igin IV. Sinif,
Burdur Goli Zn ve Cu igin II. Smif, As i¢in IV.
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Simif ve Acigél ise Zn, Cr, Co i¢in II. Sinif, Cu ve
Ni i¢in IIT: Smif ve As i¢in IV. Sinif su kalitesinde
oldugu tespit edilmistir.

Goller Bolgesi gollerini YSKY c¢evresel kalite
standartlar1  bakimindan degerlendirdigimizde
genel durum biraz daha olumsuza dogru
degismistir. Oncelikle gollerden hicbiri her iki
CKS standardini birlikte saglayamamistir. CKS
bakimindan en olumlu &zelliklere sahip olan gol
Egirdir Goli’diir. Egirdir Golii’nde sadece Cr ve
Al igin YO-CKS degeri asilmistir. Dogal
nedenlerle CKS degerleri en ¢cok Burdur Havzasi
gollerinde asilmistir. Analizi yapilan agir metaller
icerisinde Cr tim gollerde CKS standartlari
bakimindan YO-CKS simir degerinin iizerinde, Al
ise sadece 5 golde (Egirdir, Aksehir, Eber, Burdur
ve Yazir) YO-CKS simir degerinin iizerinde, geri
kalan gollerde ise MAK-CKS smir degerinin
iizerinde tespit edilmis olup bu iki metal tiirii tim
gollerde tespit edilen en olumsuz parametre
olmustur. Ayrica, Cu (Acigdl, Burdur, Karatas,
Salda ve Yarisli) ve As (Eber, Acigdl, Burdur ve
Yarislt), Zn (Acigél ve Burdur) gollerinde MAK-
CKS simir degerinin iizerinde tespit edilmistir.

Goller Bolgesi gollerinde agir metal kirliligine
neden olan baslica faktorler genel olarak evsel ve
endiistriyel atiksu desarjlari, tarimsal alanlarda
zirai ilaglarin kullanimi seklinde insan kaynakli
faktorler, gollerin bulundugu topografyanin
yapisina bagli olarak yerkabugunun par¢alanmasi,
ufalanmasi ve suda ¢6ziinmesi gibi dogal yollarla
olusabilen etkilesimlerdir.

Caligma yapilan gollerde agir metal kirliligine
neden olan en Onemli faktorler tatli suya sahip
Egirdir, Kovada, Golciik, Karamik, Aksehir, Eber,
Karatag, Yazir, Golhisar, Karakuyu sazligi ve
Gokgol golleri igin tarimsal faaliyet kaynakli agir
metal birikimi ilk sirada yer alirken evsel ve
endiistriyel atiksu desarjlar1 kaynakli birikimin
ikincil olarak bu golleri etkiledigi sdylenebilir.
Burdur, Yarigh, Salda ve Acigdl gollerinde ise
baslica dogal topografik yap1 kaynakli agir metal
konsantrasyonlart ~ yaninda  yine  tarimsal,
endiistriyel ve evsel atiksu desarjlar1 kaynakli agir
metal birikimi oldugu goriilmektedir.

Calisma alaninda tespit edilen en yiiksek agir metal
birikiminin Burdur Havzas: géllerinde, en diisiik
birikimin de Antalya Havzasi gollerinde oldugu
tespit edilmistir.
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Agir metallerin degerlendirmesinde insan kaynakli
nedenlerden dolayr en fazla birikim yapan tiirler
Akargay Havzasinda yer alan Eber géliinde, Cr ve
As, Antalya havzasinda bulunan Kovada géliinde
Al ve Cr, Bati Akdeniz Havzasinda bulunan
Golhisar Goli’nde ve Biiyiik Menderes
Havzasinda bulunan Gokgol Goli ve Karakuyu
Sazliginda Al, Burdur Havzast Gélleri i¢in Cr, Zn,
Al ve Cu olarak tespit edilmistir. Akargay ve
Burdur havzalarmin kapali havza olmalar
nedeniyle insan kaynakli agir metal birikiminin
kontrol edilmesi yoniinde ciddi tedbirler alinmasi
Onem arz etmektedir.

Dogal nedenlerden dolay1r gollerde en c¢ok
rastlanan agir metaller ise ozellikle Burdur
Havzasinda yer alan gollerde tespit edilen As ve
V’dir.

Agir metallerin birikmesi, birbiri ile baglantili olan
Egirdir ve Kovada golleri igin de oOnemlidir.
Egirdir Goli’nlin mansabinda yer alan Milli Park
statiisiindeki Kovada Go6lii’nde Cr, Mn, Fe, Co, Al,
As, Ti ve V konsantrasyonlar1 Egirdir Golii’ne
gore daha yiiksek degerlerde tespit edilmistir. Bu
kapsamda etrafinda yogun tarimsal faaliyet yapilan
Egirdir Goli ve iki gol arasinda bulunan tarim
arazileri i¢in alinacak agir metalleri Onleyici
tedbirler Kovada Goli ve devamindaki su
kaynaklar1 i¢in de faydali olacaktir. Benzer bir
durum Akarcay havzasinda bulunan birbiri ile
baglantili olan Eber ve Aksehir golleri i¢in de
gecerlidir.

Ulkemizin su kaynaklari agisindan g¢ok zengin
olmadigint goz oniinde bulundurarak, agir metal
kirliligini  kontrol etme maksathh tim su
kaynaklarinda  uygulanabilecek genel bazi
Onlemler ise; atiksularin aritilarak tarimsal ve
endiistriyel faaliyetlerde yeniden kullanimi, yeralti
sularmin beslenmesi, dolayli olarak yangin suyu,

tuvaletlerde geri kazanim uygulamalarinin
yayginlastirilmas:  seklinde olmalidir.  Sulart
Ozellikle tarimsal sulama amagli kullanilan

gollerimiz igin; damla sulama ve yagmurlama gibi
modern sulama tekniklerinin Goller Bolgesi
genelinde yaygmlastirilarak yiizeysel sulardan
sulama suyu kullanma ihtiyacinin en aza
indirilmesi, bu gollere akan yiizeysel su
kaynaklarinin gollere daha fazla miktarda su
ulastirmasina imkan verecektir.
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Ozet: Ermenek Nehri havzas1 4020 km? ile Goksu nehrinin ana alt havzalarindan birini olusturmaktadar.
Havzada heyelanlar yaygin olarak yanal ve diisey gecisli Miyosen kirintili ve karbonatli birimlerin igerisinde
gozlenmektedir. 1000 m’nin {izerinde derinlige sahip vadi yamaglarinda derin kayma tiirii heyelanlar, resifal
kiregtaslarinin olusturdugu platform kenarlarindaki dik yamaglarda ise kaya diismeleri yaygindir. Bu
calismada Ermenek nehri havzasinda kayma tiirii heyelanlarin duyarlilik degerlendirmesi yapay sinir aglari
yontemi kullanilarak gercgeklestirilmistir. Calisma alaminda toplam alam1 161 km? olan 302 adet heyelan
bulunmaktadir. Duyarlilik degerlendirmelerinde heyelanlari hazirlayict faktorler olarak jeoloji, sayisal
yiikseklik modeli, yamag egimi, piiriizliiliik indeksi, teget, diizlemsel, kesit yamag egrisellikleri, topografik
nemlilik indeksi, ortalama egim, yiizey-roliyef orani degiskenleri kullanilmistir. Heyelan duyarlilik
modellemesi igin elde edilen veri seti, rastgele se¢cim yontemiyle %15 test, %15 dogrulama ve %70 analiz
olarak ii¢ boliime ayrilmistir. Elde edilen duyarlilik haritast ¢ok diigsiik — ¢ok yiiksek arasinda 5 smifta
degerlendirilmistir. Duyarlilik haritasinin dogrulugu, basar1 tahmin ve alic1 isletim karakteristigi egrileriyle
elde edilmistir. Duyarlilik haritasinda mevcut heyelanlarin %77’sinin, ¢aligma alaninin %29’una kargilik
gelen yiiksek ve ¢ok yiiksek duyarli siniflar igerisinde yer aldig, alici isletim egrisi altinda kalan alan ise
0.893 olarak bulunmustur. Sonug olarak elde edilen duyarlilik haritasinin yiiksek kestirim kapasitesine sahip
oldugu goriilmiistiir.

Keywords: Emenek Havzasi, Heyelan, Yapay sinir aglari, Heyelan duyarlilik
Slide Type Landslide Susceptibility Assessment of the Ermenek

River Watershed (Karaman) Using Artificial Neural Network
Method

Abstract: Ermenek River is one of the major tributary of the Goksu river with a watershed area of 4020
km?2.The lateral and vertical transitional Miocene clastic and carbonate units are widely exposed in the area
along the deeply incised valleys with elevation range of more than 1000 m. Deep-seated slides on the valley
sides and the rock fall events along the steep slopes on the edge of the reefal limestone platforms are
abundant in the area. In this study susceptibility assessments for slide type landslides were evaluated using
artificial neural network method. 302 landslides covering an area of 161 km? were identified in the study
area. Geology, digital elevation model, slope, roughness index, tangential, plan and profile curvatures,
topographic wetness index, mean slope, surface-relief ratio were used for the landslide preparatory factors
during the susceptibility assessments. The data base used in susceptibility models were randomly separated
into three of which, 70 % for the analysis and 15 % for the test and validation sets. Landslide susceptibility
map has been classified into five susceptibility classes from very low to very high. The validation of the
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landslide susceptibility map was evaluated by the prediction-success rate and receiver operator
characteristics curve. As a consequence, it has seen that the produced susceptibility map has high prediction
capacity where 77 % of the substantial landslides were located in the high and very high susceptiblity classes
corresponding 29 % of the study area with the area under the receiver operator characterisctic curve of 0.893.

Keywords: Ermenek watershed, Landslide, Artificial neural network, Landslide susceptibility

1. Giris

Arazi  kullannm  planlamasi,  siirdiiriilebilir
kalkinma siirecinin merkezinde yer almakta olup,
planlama c¢alismalarinda heyelan, sel ve deprem

gibi dogal olast tehlikelerin gz Onilinde
bulundurulmas1  gerekmektedir. ~Heyelanlarin
mekansal olarak nerede gerceklesebilecegini

gosteren duyarlilik haritalar, bolgesel o6lgekli
planlama ve heyelan zarar azaltma g¢aligsmalarinin
onemli asamalarindan birini olusturmaktadir
(Tekin ve Can, 2015; Tekin ve Can, 2018; Abanco
vd. 2016; Nsengiyumva vd., 2018; Chawla
vd.,2018; letto vd., 2018; Silva vd., 2018; Achour
vd., 2018; Chen vd., 2018; Chu ve Chen 2018; Hu
vd., 2018). Heyelan duyarlilik haritalarinin
hazirlanmasi; heyelanlarmm  tipi, dagilimi ve
envanter haritasinin giivenilirligi basta olmak
tizere, heyelanlar1 hazirlayict uygun ¢evresel
degiskenlerin g6z oOniinde bulundurulmasi gibi
bir¢ok faktére baglidir (Can vd., 2013). Heyelan
duyarlilik degerlendirmeleri niceliksel ve niteliksel
olmak tizere ikiye ayrilmaktadir. Niteliksel
yontemler uzman goriisiine bagli yontemlerden
olugsmaktadir. Niceliksel yontemler ise veri
glidimlii yontemler, jeoteknik yaklagimlardan
olugmaktadir (Corominas vd., 2014). Ermenek il¢e
merkezi basta olmak iizere Ermenek havzasinda
kaya diismesi olaylart smirli  bdlgelerde
calisilmigtir (Taga ve Zorlu, 2017). Ancak havzada
oldukca yaygin olan, kentsel ve kirsal yerlesimleri
tehdit eden kayma tiirii heyelanlara iliskin ¢aligma
bulunmamaktadir. Bu ¢alismada, Ermenek nehri
havzasinda kayma tiirii heyelanlar i¢in yapay sinir
aglar1 yontemi kullanilarak duyarlilik g¢aligmasi
gerceklestirilmistir. Heyelan duyarlilik haritasinin
giivenilirligi heyelan envanteri, basari-tahmin ve
alict  igletim  karakteristik  egrileri  ile
degerlendirlmistir.

2. Materyal ve Yontem

2.1. Materyal

11.000 km? alan1 ile Dogu Akdeniz Ana Havzasi
icerisinde en biiylik akarsu havzasini olusturan

olan Goksu Nehri, Antalya, Konya, Karaman ve
Mersin il sinirlar igerisinden akmaktadir. Kuzeyde
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Gokegay, giineyde Ermenek kollarinin Mut
Giineyinde birlesmesiyle Goksu adini alan nehir
Mersin  (Tasucu-Silifke) ilinden denize
ulagmaktadir. 4020 km?’lik alana sahip Ermenek
havzasi, jeolojik olarak Neojen Mut baseni
icerisinde yer almaktadir. Bolgede en altta
Alakirgay napi igerisinde Ust-Orta Triyas yash
Alakirgay ve Gevendagi birimleri
yiizeylemektedir. Bunlarin tizerinde Orta Triyas-
Alt Jura déneminde Beysehir-Hoyran naplarina ait
Kuztepe, Cenger, Disdoken ve Camlik
formasyonlart uyumsuz olarak bulunmaktadir.
Bolgedeki temel birimlerden sonuncusu Kretase
yaslt ofiyolit ve ofiyolitik melanj birimleri olup
digerlerinin  lizerine  tektonik = dokanakla
gelmektedir.

Mut havzasina ait ortii birimleri Alt Miyosen yaslh
Deringay formasyonu ile baslamakta, Orta

Miyosen’de ise 200-600 metre arasinda kalinliga
sahip, birbiriyle yanal ve diisey gecisli Koselerli ve
Mut formasyonlari ile devam etmektedir (Sekil 2)
(Senel vd., 2016; Ilgar vd., 2016). Caligma
alaninda heyelanlar yaygin olarak Miyosen ortii
birimleri igerisinde gozlenmektedir.

Sekil 1. Calisma alan1 yer bulduru haritast.
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Sekil 2. Calisma alaniin jeoloji haritas1 (Senel
vd., 2016°dan basitlestirilmistir).

Ermenek havzasina ait sayisal yiikseklik modeli
bolgeye ait es yikselti egrileri kullanilarak
100 x 100 m.’lik hiicre boyutunda, Cografi Bilgi
Sistemleri ortaminda hazirlanmis olup, ytikselti
degerleri 99 m ile 2565 m arasinda degismektedir
(Sekil 3a). Havzada kaba dokulu dentritik drenaj
ag1 gelismis olup, Mut formasyonunun
olusturdugu diizliikler karstik yapili olup ylizey
drenaji zayiftir. Havza asimetrisi 0.55 olup
tiltlenme gozlenmemektedir. 0.49 hipsometrik
integral degeri havzanin %51 inin heyelan ve diger
erozyonal siireglerle agindigini géstermektedir.

Bu c¢alismada, sayisal yiikseklik modeli, yamag
egimi, purizlilik indeksi, dizlemsel, kesit ve
teget yamag egrisellikleri,, topografik nemililik
indeksi (TWI), ortalama egim (h), ylizey roliyef
orani (SRR) ¢evresel degiskenleri de 100 x 100 m
mekansal ¢oziiniirliikte olusturulmustur.

Yamag egimlerinin dagilimmna bakildiginda; 10
dereceden diisiik egimli yamaglarin ¢alisma
alaninin ~ %46’sina, 20 derecenin istiindeki
yamaglarm ise ¢alisma alaninin % 18’ine karsilik
geldigi goriilmektedir (Sekil 3b). Piiriizliilik
indeksi ylizeydeki diizensizliklerin derecesini
gostermekte olup, sayisal yiikseklik modelinde 3x3
piksellik pencerelerde, her bir hiicredeki yiikseklik
degerinin karekokii ile komsu hiicreler arasindaki
yiikseklik farklariin c¢arpilmasiyla elde edilmistir
(Riley vd., 1999). Calisma alaninda heyelanlarin
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yogun olarak gozlendigi vadi yamagclarinda
piiriizliiliik degerleri artmaktadir (Sekil 3c). I¢
biikey, dis biikey ve diiz alanlardan olusan arazi
sekilleri ylizey sularinin akigini kontrol etmekte ve
heyelan olusumunda etkin rol oynamaktadir. Bu
nedenle duyarlilik analizlerinde tegetsel, kesit ve
diizlemsel yamag egrisellikleri de
degerlendirilmistir. Egrisellik parametrelerinde
negatif degerler i¢ biikey, pozitif degerler dis
biikey, sifira yakin degerler ise diiz alanlar1 temsil
etmektedir (Sekil 3 d,e,f). Hidrolojik akisa bagli su
icerigini  kontrol etmesi bakimindan Onemli
parametrelerden biri olan Topografik nemlilik
indeksi (TWI) (Moore vd., 1991) degerleri
ylizeysel akisin toplandigi vadi tabanlarinda
yiiksek degerler sunmaktadir (Sekil 3g). 3x3
piksellik pencerelerde, her bir pikselin egim
degerinin ortalamasi alinarak elde edilen ortalama
egim haritas1 Sekil 3h’de, Yiizey roliyef orani
(SRR) degerleri ise yiikseklik degerlerinin yamag
egim degerlerine oranlanmasiyla elde
edilmig(Berry, 2002) ve vadi iglerinde yiiksek
degerler sundugu goriilmektedir (Sekil 3i).
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Sekil 3. Heyelanlar1 hazirlayici gevresel degiskenler; sayisal yiikseklik modeli (a), yamag egimi (b), piiriizliilik
indeksi (c), tegetsel yamag egriselligi (d), diizlemsel yamag egriselligi (e), Kesit yamag egriselligi (f), TWI (g),

Ortalama egim (h), SRR (i).
2.2. Yontem

Yapay sinir aglari (YSA), paralel olarak baglantili
olan ¢ok sayida basit elemanin biyolojik sinir
sistemi benzerleriyle etkilegim kuran,
matematiksel modelleme yontemler biitiinii olarak
tamimlanmaktadir (Kohonen, 1982). YSA’nin
temel islem elemant olan hiicre dogrusal
olmadigindan, hiicrelerin birlesmesinden meydana
gelen YSA’da dogrusal degildir. Bu ozelligi ile
YSA, giliniimiizde dogrusal olmayan karmasik
problemlerin modellenmesinde yaygin olarak
kullanilan yontemlerden biridir. Bu c¢aligmada,
heyelan duyarlilik degerlendirmesi, YSA’da
Oriintii tanima ve smiflama yoéntemi kullanilarak,
biri gizli digeri ¢ikti olmak iizere iki katmanl

yapay sinir ag1 modeli kullanilarak
gergeklestirilmistir (Sekil 4).
Gizli katmani

Sekil 4. Yapay sinir ag yapisi
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Girdi ve ¢ikti katmanlar1 arasindaki gizli katman
sayist ~ modelin  performansint  dogrudan
etkilemektedir (Basheer ve Hajmeer, 2000;
Karsoliya, 2012). Bu ¢alismada, jeoloji haritasinda
yer alan 12 adet birime ilave olarak 9 adet sayisal
yiikseklik modeli ve tlirevinden iiretilen ¢evresel
degiskenler ile toplamda 21 adet YSA giris
katmani  olusturulmustur. Karsoliya (2012),
tarafindan Onerilen giris katman sayisinin tigte ikisi
ile iki kati arasinda degisen gizli katman sayilari
denenmis ve en iyi sonucun elde edildigi 20 gizli
katman ile sonu¢  duyarliik  analizleri
gerceklestirilmistir.

Egitim algoritmasi geri yayilimli dlgeklendirilmis
eslenik gradyan metodu ve log-sigmoid transfer
fonksiyonu  kullanilarak  gergeklestirilmistir.
Modelde ortalama karekok hata degerini dikkate
alarak c¢apraz-entropi performans fonksiyonu
kullanilmigtir. Modelin giivenilirligi ise hata
matrisi ve alict igletim karakteristigi egrileri ile
degerlendirilmistir.
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3. Bulgular

3.1. Heyelan Envanteri

Ermenek nehrinin olusturdugu vadiler boyunca
derin kayma tiiri heyelanlar yaygin olarak
gozlenmektedir (Sekil 5 a,b). Heyelan envanter
haritasinda, toplam alan1 161 km? olan 302 adet
kompleks ve dairesel kayma tipi heyelan
bulunmaktadir (Sekil 6) (Duman vd., 2011).
Heyelanlarin biiyiik kism1 vadi yamaglar1 boyunca
birbiriyle yanal ve diisey gegis gosteren Koselerli
ve Mut formasyonlari igerisinde yer almaktadir.
Mut formasyonu akarsu yarilimlar: olmayan havza
iist kesimlerinde karstik yapili olup yiizey drenaji
gelismemistir.

(b)

Sekil 5. Calisma alaninda eski (a) ve giincel
heyelanlardan (b) 6rnekler.
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Sekil 6. Calisma alaninin heyelan envanter haritasi
(Duman vd., 2011°den).

3.2. Heyelan Duyarhlk Degerlendirmeleri

Heyelanlart hazirlayict g¢evresel degiskenlerden
jeolojik birimler 0-1 olarak ikili degisken olarak
kullanmilmus, stirekli degiskenler ise dogrusal
yontem kullanilarak normalize edilmistir. Cografi
Bilgi Sistemleri ortaminda model yapilandirma
teknikleri kullanilarak veri seti olusturulmustur.
Calisma alan1 100 m mekansal ¢ozliniirliige sahip
toplam 402000 piksel ile temsil edilirken kayma
tiiri heyelanlar 18298 piksel karsilik gelmektedir.
Veri seti rastgele secim yontemiyle %70 analiz,
%15 test ve %15 dogrulama olmak iizere iige
ayrilmistir. Heyelan duyarlilik degerlendirmesi
cok diigiik, diisiik, orta, yiiksek ve ¢ok yiiksek
olmak bes smifta degerlendirilmistir (Sekil 7).
Heyelan duyarlilik haritasinin  performans: ilk
olarak basar1 tahmin egrisine gore degerlendirilmis
ve ¢alisma alaninin %29 unun yiiksek-¢ok yiiksek
smif araliklarinda, heyelanlarm ise % 77’sinin bu
smiflar igerisinde yer aldigi bulunmustur (Sekil
8a). Alic1 isletim karakteristik egrisi ile yapilan
degerlendirmede ise egri altinda kalan alan degeri
0.893 bulunmustur (Sekil 8b). Buna gore yapay
sinir aglar ile yapilan duyarlilik haritasinin g¢ok
yiiksek kestirim kapasitesine sahip oldugu
gOrilmistiir.
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Sekil 8. Duyarlilik haritasinin basari-tahmin (a) ve alici igletim karakteristigi egrisi(b).

6. Tartisma ve Sonuclar

Heyelanlar tilkemizde énemli can ve mal kaybina
yol agan dogal afetler igerisinde yer almaktadir.
Heyelan olas1 tehlikesi altindaki bolgelerde,
heyelan risk azaltma ¢aligmalar1 kapsaminda
heyelanlarin mekansal olabilirliginin belirlendigi
heyelan duyarlilik haritalar1 diinyada oldugu gibi
ilkemizde de yaygin olarak kullanilmaktadir
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(Akgiin ve Tirk, 2010, Dag vd., 2011, Can, 2014,
Tekin vd., 2015, Tekin ve Can, 2015a,b). Heyelan
duyarlilik  degerlendirmeleri her bir heyelan
mekanizmasi igin ayr1 ayri gergeklestirilmesi
gerekmektedir. Bu ¢aligmada Goksu nehrinin ana
kollarindan birini olusturan, 4020 km?’lik alana
sahip Ermenek havzasinda kayma tiirii heyelan
duyarlilik haritas1 yapay sinir aglar1 ydntemi
kullanilarak gerceklestirilmistir. Havzada kayma
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ve kaya diisme tliri heyelanlar yaygin olarak
gozlenmekte olup kirsal ve kentsel yerlesim
birimleri, tarim arazileri ve ulagim ag1 ¢ogu zaman
olumsuz  yonde etkilemektedir. =~ Ermenek
havzasinda kayma tiirii heyelana duyarli alanlar;
jeolojik olarak Koselerli formasyonu, arazi yapisi
olarak Ermenek nehri ve ana kolllarinin agindirdigi
yiiksek egimli vadi yamaglari olarak belirlenmistir.
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Yaz Ihlamuru (Tilia platyphyllos Scop.)’nun Bazi Morfolojik
Ozellikleri Ile Yaprak ve Ci¢cek Ucucu Bilesenlerinin
Belirlenmesi

Sedef Ko¢'*, Hiiseyin Fakir!

Ozet: Yaz ihlamuru (Tilia platyphyllos Scop.), kiiltiir tarihi ¢ok eskilere dayanan Diinya’da iiretimi ve
tiikketimi yaygin olan odunsu bitkilerden biridir. Bu galismada, yaz ithlamurunun bazi morfolojik 6zellikleri
ile yaprak cicek ugucu bilesenleri arastirilmistir. Ornekler, Isparta ilinin Yenisarbademli, Aksu ve Siitgiiler
ilcesine bagli Belence ile Kasimlar kdylerinden toplanmistir. Tiiriin morfolojik &zelliklerini belirlemek
amactyla yaprak, cicek ve brakte Orneklerinde Olglimler yapilmigtir. Yapilan morfolojik 6lgiimler
sonucunda; yaprak aya boyu 4.2-10.8 cm (ort. 7.72 cm), yaprak aya eni ise 4.2-10.2 cm (ort. 6.8 cm), yaprak
sap1 uzunlugu 2.8-6.2 cm (ort. 4.42), brakte boyu 4.2-13.0 cm (ort. 8.07 cm), brakte eni 1.0-2.5 cm (ort.
1.67) brakte sap1 0.1-1.7 (ort. 0.72) ve ¢igek sayisi en az 2 adet en ¢ok 5 adet olmak {izere ortalama 3 adet
olarak tespit edilmistir. Tiiriin ugucu bilesenlerini belirlemek amaciyla yaprak, cicek (brakte) 6rnekleri oda
sicakliginda kurutulmug, HS-SPME/GC-MS analizi ile ugucu bilesenleri belirlenmistir. Elde edilen bulgular
sonucunda; tiiriin ¢igeklerinde toplam 113 yapraklarinda ise toplam 62 adet farkli bilesen bulunmustur.
Cigeklerdeki ugucu bilesenlerinde en etken bilesenler: (%26.66) (E)-2-Hexenal molekiiler yapisi CgHao,
(%35.52) 1-Undecyne molekiiler yapis1 C11Hz0, (%614.88) n-Hexanal CeH120 ,(%10.11) 1-Dodecyne Ci2H22
molekiil yapisi bulunmustur. Yapraklardaki ugucu bilesenlerinde ise en etken bilesenler: (%64.84) 2-
Hexenal molekiiler yapis1 CeH100 ve (%22.73) 1-Decyne molekiiler yapisi CioH1g olarak bulunmustur.

Keywords: Tilia platyphyllos, morfolojik 6zellikler, ugucu bilesen, Isparta.

Determination of Leaf and Flower Volatile Components and
Some Morphological Characteristics of Summer Lime
(Tilia platyphyllos Scop.)

Abstract: Summer Linden (Tilia platyphyllos Scop.) is one of the woody plants, whose production and
consumption is widespread in the world which has a long history of culture. In this study, some
morphological features and volatile components of the flowers and leaves of summer linden (Tilia
platyphyllos Scop.) were investigated. Samples were collected from Yenisarbademli, Aksu, Belence and
Kasimlar villages. To detect morphological properties of this species, measurements were made in leave,
flower and brace samples. In the end of measures, it was found leaf height with 4.2-10.8 cm (mean 7.72 cm),
leaf width with 4.2-10.2 cm (mean 6.8 cm), leaf petiole length with in the range of 2.8-6.2 cm, 4.42 cm in
average, brace length with 4.2-13 cm (8.07 cm), the width of the braces with 1.0-2.5 cm, the average width
of the braces with 1.67 cm, the bracelets with 0.1-1.7 cm, average as 0.72 cm, and the number of flowers is
at least 2 pieces and the maximum number of flowers is 3. In order to determine the essential oil constituents

!Isparta Uygulamali Bilimler Universitesi, Orman Fakiiltesi, Orman Citation (Atf): Kog, S., Fakir, H. (2019). Yaz lhlamuru (Tilia
Mihendisligi Bolimd, Isparta, Tiirkiye platyphyllos Scop.)’nun Bazi Morfolojik Ozellikleri ile Yaprak ve
*Corresponding author (Iletisim yazart): sedefkoc79@gmail.com Cigek Ucucu Bilesenlerinin Belirlenmesi. Bilge International Journal of

Science and Technology Research, 3(1): 29-38.
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of summer linden, the leaves, flowers (braces) were dried at room temperature and determined by HS-SPME
/ GC-MS analysis. As a result of the findings, a total of 113 components were found in the volatile
components of the flowers and 62 components were found in the volatile component of the leaves. The most
effective components in the volatile components of flowers: (26.66%) (E) -2-Hexenal molecular structure
CesH1o, (35.52%) 1-Undecyne molecular structure CiiHao, (14.88%), n-Hexanal CgHi20, (10.11%), 1-
Dodecyne Ci2H,, molecular structure were found. The most common volatile components of the leaves are
2-Hexenal molecular structure (64.84%) CsH10O 1-Decyne molecular structure CioH1g (22.73%).

Keywords: Tilia platyphyllos, morphologic feautres, volatile components, Isparta

1. Giris

Ulkemizin orman varligi 21,7 milyon hektardir. Bu
ormanlarin =~ %48.00°’si  verimli,  %52.00’si
verimsizdir. Tiirkiye’de 12,000 civarinda bitki
taksonu (tiir, alt tiir ve varyete) bulunmaktadir. Bu
sayl Avrupa kitasinin timiinde yayilis gosteren
bitki tiirlerinin sayisina yakindir. Tirkiye sahip
oldugu bitki tir ¢esitliligi igerisinde odunsu
taksonlar bakimindan da zengin bir tilkedir. Tiirkiye
florasinda 550’den fazla agag ve cali, 300’den fazla
da yar1 ¢al1 olmak iizere toplamda 850 nin {izerinde
odunsu tiir dogal olarak yetismektedir (Akkemik,
2014).

Odunsu tiirler i¢inde O6nemli yere sahip olan
thlamurlar (Tilia spp.) ¢ogunlugu agag, bazen de
boylu cali halinde kisin yapragini doken odunsu
bitkilerdir (Tuttu vd., 2017). Tepe kismi seyrek,
genis ve yuvarlak  sekildedir.  Thlamurlar
¢iceklerinin hos kokusu ve dekoratif yapisiyla park
bahgelerde siklikla kullanilmaktadir. Kabuklart ve
odunlarindan  ¢esitli  sektorlerde  yararlanilan
thlamurun ¢icegi de 6nemli bir odun dis1 orman
{iriiniidiir(Baytop, 1999).Ulkemizde thlamur tiirleri
4 takson ile temsil edilir: Yaz thlamur (Tilia
platyphyllos), Kafkas thlamuru (T. rubra), giimiisi
thlamur (T. tomentosa), kiigiik yaprakli thlamur (T.
cordata) (Davis, 1967). T. cordata Mill. ve T.
plathyphyllos Scop. tiirlerinin ¢igekleri tibbi agidan
daha 6nemlidir. Ancak iilkemizde diger tiirlerin
gigekleri de ayni1 sekilde kullanilmaktadir.

Ihlamur tiirlerinin hepsi ugucu yaglar, aromatik
yaglar ve benzeri sekonder metabolitler bakimindan
zengin olmast sebebiyle; tip, eczacilik, gida,
kozmetik ve parfiimeri gibi alanlarda oldukga
biiylik oneme sahiptir (Baser vd., 1993). Diger
taraftan bu familya iyelerinin iilkemizdeki
etnobotanik kullanimi da olduk¢a yaygindir
(Baytop 1999; Tuzlac1 ve Erol, 1999; Yesilada vd.
1999; Sezik vd., 2001; Baser, 2008; Kargioglu vd.,
2008).
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Ugucu yaglar ve aromatik ekstreler, koku ve tat
endiistrileri tarafindan parfiim, gida katkilari,
temizlik triinleri, kozmetikler ve ilaglarin
terkibinde, aroma kimyasallarinin kaynag: olarak,
ya da dogala 6zdes ve yari-sentetik yararli aroma
kimyasallarmin sentez baslangic maddesi olarak
kullanilirlar (Bager, 1998). Glinlimiizde tibbi
bitkilerin ve bu bitkilere ait ugucu yaglarin saf ve
ozellikle ana etken maddelerinin elde edilip
degerlendirilmesi hem bilimsel hem de ekonomik
yonden olduk¢a Onemlidir. Ugucu yag ve
bilesenlerinin ~ farmakolojik  ozellikleri  de
incelenerek tip, kozmetik ve endiistriyel alanlarda
kullanilabilme imkanlarinin yararli olabilecegi
belirtilmektedir (Kirbag, 2000; Yasar vd., 2016;
Yasar vd., 2018).

Bu calismada yaz ithlamurunun Isparta ilin yayilis
alanlarini tespiti, tiirtin bazi morfolojik 6zellikleri
ile farkli bolgelerden toplanan yaz ihlamurunun
yaprak ile ¢igeklerin ugucu bilesenleri ve bazi
morfolojik 6zellikler belirlenmistir.

2. Materyal ve Yontem
2.1. Calisma sahasi

Arastirma materyali 2017-2018 yillar1 arasindaki
tirin ~ yayilis alam1  olarak  Isparta ilin
Yenisarbademli, Aksu ve Siit¢iiler ilgesine bagli
Belence ile Kasimlar koylerinden toplam dort
alanda toplanmustir (Sekil 1).

2.2.Morfolojik 6zelliklere ait yontem

Calisma alanlarmdan yaz thlamurunun morfolojik
ozelliklerinin belirlenmesi amaciyla vejetatif ve
generatif  organlari  toplanmustir.  Toplanan
yapraklarin en boy 6l¢limleri, yaprak sap1 uzunlugu,
brakte eni ve brakte boyu, cicek sayisi, gibi
ozellikleri tespit edilmistir. Bu 6zelliklerin
tespitinde yaprak, ¢icek ve brakteden 50’ser ol¢iim
yapilmustir.
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2.3. Yaprak ve cicek floral ugucu bilesenlerinin
HS-SPME/GC-MS analizi ile belirlenmesi

Vejetasyon doneminde yaz thlamurunun yaprak ve
giceklerinin olgunlasma zamaninda belirlenen
alanlara gidilmis, agaclardan yaprak, cigek ve
brakte Ornekleri toplanmigtir. Toplanan yaprak,
cicek ve brakte drnekleri ambalajlara konularak hig
bekletmeden ve giines 1s1gina maruz birakmadan
ayn1 giin igerisinde laboratuvara nakledilmistir.
Toplanan bitki materyalleri sabit agirliga gelene
kadar oda sicakliginda (25 °C) kurutulmustur.
Cicek ve yapraklarin floral koku bilesenleri gaz
kromatografisi/kiitle spektrometresi (GC-MS) ile
kombine edilmis Tepe Boslugu-Kati Faz Mikro
Ekstraksiyon (HS-SPME) teknigi ile tespit
edilmistir. Kati faz mikroekstraksiyon (SPME,
Supelco, Germany) yontemi esas alinarak, 10 mL
vial i¢ine konulan 2 g ¢igek ve yaprak numuneleri

30 dakika kadar 60 °C’de tutulduktan sonra 75 pm
inceliginde Carbokzen/Polidimetilsilokzan
(CAR/PDMS) kapli fused silica fiber ile tepe
boslugundan ugucu bilesenler absorbe edilmis ve
hemen arkasindan HS-SPME uyumlu GC-MS
(Shimadzu 2010 PLUS) cihazinin kapiler kolonuna
(Restek Rx-5 Sil MS 30 m x 0.25 mm, 0.25 pum)
enjekte edilmistir. Firin sicakligi 40 °C’de 2 dakika
bekledikten sonra 250 °C’ye dakikada 4 °C’lik
artisla  ulasilacak  sekilde  programlanmuistir.
Enjektor ve dedektor sicakliklari 250 °C olarak
ayarlanmistir. Iyonlastirma tiirii olarak EI (70 eV)
ve tagiyict gaz olarak Helyum (1.61 mL/dakika)
kullanilmstir. Ugucu bilesenlerinin
tamimlanmasinda Wiley, Nist, Tutor, FFNSC
kiitiphanesinden yararlanilmistir. LRI (Linear
Retention Indices) degerleri, bir seri C7-C30
doymus n-alkan standartlari  (Sigma-Aldrich
Chemical Co. USA) yardimiyla hesaplanmustir.
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Sekil 1. Calisma alan1 mevki haritasi ve 6rnek alinan noktalar

3. Arastirma Bulgulan
3.1. Tiiriin morfolojik ozelliklerinin belirlenmesi

Yaprak ornekleri i¢in yaprak boyu, yaprak eni ve
yaprak sap uzunluklari oOlglimler yapilmustir.
Yapilan Ol¢iimler sonucunda, yaprak boyu (YB)
minimum 4.2 cm, maksimum 10.8 cm ve ortalama
degeri 7.72 cm olarak bulunmustur. Yaprak aya eni
(YAE) minimum 4.2 cm, maksimum 10.2 cm ve
ortalama degeri 6.8 cm olarak bulunmustur. Yaprak
sapinin (YS) minimum 2.8 cm, maksimum 6.2 cm
ve ortalama degeri ise 4.42 cm olarak bulunmustur

(Cizelge 1).

Cizelge 1. Yaz thlamurunun yapraga ait morfolojik

Olclimleri
. . Aritmetik
Degerler Minimum Maksimum Ortalama
(cm) (cm) (cm)
YB 4.2 10.8 7.72
YAE 4.2 10.2 6.8
YS 2.8 6.2 4.42
BB 4.2 13 8.07
BE 1.0 2.5 1.67
BSU 0.1 1.7 0.72
CS 2 5 3

YB: Yaprak Boyu, YAE: Yaprak aya eni, YS: Yaprak
Sapi, BB: Brakte Boyu, BE: Brakte Eni BSU: Brakte Sap
Uzunluklari, CS:Cicek Sayisi
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Cicekleri kiiciik agik sar1 erdisi ¢igekleri 2-9 adedi
bir arada ortak bir sapm wucunda sarkik
konumundadir. Cigegin hemen altinda yer alan
bi¢im degistirmis yaprak (brakte) bulunur.

Brakte 6rnekleri igin brakte boyu (BB), brakte eni
(BE) ve brakte sap uzunluklar1 (BSU) 6l¢iilmiis ve
Cizelge 2’de verilmistir. Brakte boyu 4.2-13 cm
(ort.8.07 cm), brakte eni 1.0-2.5 cm (ort. 1.67 cm)
ve brakte sapt 0.1-1.7 cm (0.72 cm) olarak
belirlenmistir.

Bir braktedeki ¢igek adedi belirlenmis ve Cizelge
1’de verilmistir. Cizelge 1’e gore cicek adedi 2-5
arasinda degismekte olup, ortalama 3 adet olarak
bulunmustur.

Calismanin gerceklestirildigi dort alandan yaz
thlamurun ¢i¢ceklenme doneminde toplanan ¢igek,
brakte ve yapraklarin 6rnekleri ugucu bilesenleri
SPME (kat1 faz mikroekstraksiyon yontemi) analizi
ile belirlenmistir. SPME analizleri sonucunda tiiriin
Belence koyiinden toplanan ¢igeklerinde 53 adet,
Kasimlar koyilinden toplanan ¢igeklerinde 66 adet,
Yenisarbademli ilgesinden toplanan ¢igeklerinde 62
adet, Aksu ilgesinden toplanan ¢igeklerinden ise 45
adet ucucu bilesen tespit edilmistir (Cizelge 2).
Ugucu bilesenlerinin  siniflart  incelendiginde
Belence  koyii, Yenisarbademli ve Aksu
ilgelerindeki 6rneklerde aromatik alkollerin yiiksek
oranda oldugu belirlenmis ve sirasiyla 9%57.88,

53.42 ve 49.70 oraninda tespit edilmistir. Kasimlar
koylinden alman Orneklerde ise seskiterpen
hidrokarbon (%27.13) yapisina sahip bilesenlerden
olustugu saptanmustir.

Belence koyiinden toplanan ¢igeklerin ugucu
bilesenler incelendiginde en yiiksek 2-Hexenal (E)
bilesigi belirlenirken (%23.34), bunu sirasiyla n-
Hexanal  (%14.88), 1-Undecyne (%12.07),
Benzaldehyde (%5.50), cis-3-Hexene-1-ol (%4.90)
ve Sorbaldehyde (%3.66) bilesenleri takip etmistir.
Kasimlar koylinden toplanan ciceklerinde ise en
yiiksek 1-Undecyne (%9.82), Nerol (%9.61) ve B-
Himachalene (%9.25) bilesenleri belirlenirken, bu
bilsenleri o-Cedren (%6.52), Limonene (%6.50),
Curcumene (%6.34) ve Neryl acetate (%4.28)
bilesenleri  takip  etmistir.  Yenisarbademli
ilgesinden alinan g¢igek Orneklerinin  ugucu
bilesenleri Belence kdyiinden alinan &rnekler ile
benzer sonuglar vermistir. Bu lokasyonda ise 2-
Hexenal (E) en yiiksek (%26.66) orana sahip
bilesen olurken, bunu %10.11 ile 1-Dodecyne,
%6.37 ile n-Hexanal, %5.36 ile n-Hexanol ve
%4.04 ile Benzaldehyde bilesenleri izlemistir. Aksu
ilgesinden alman ¢igek Orneklerinin  ugucu
bilesenleri ise Kasimlar kdyiinden alinan drnekler
ile benzerlik gostermis ve en yiiksek bilesen 1-
Undecyne (%35.52) olarak tespit edilmistir. Diger
taraftan 2-Hexenal (E) (%18.75), n-Hexanal
(%11.32) ve cis-3-Hexene-1-ol (%4.77) bilesenleri
de diger yiiksek orana sahip bilesenler olmustur

(Cizelge 2).

Cizelge 2. Calisma alanlarindan toplanan yaz thlamuru ¢igeklerinin ugucu bilesenler

R. Time |Bilesen ad1 Belence | Kasimlar | Yenisarbademli | Aksu | Formiil | Simf
1.509 |cis-Piperylene 0.84 0.44 - CsHg AAI
1.622 |lIsobutanal 0.50 0.36 CsHio AA
1.628 |lIso Butyraldehyde - 0.54 - C4HsO AA
1.670 |2,5-Dihydrofuran - - 0.15 - C/HiO | AAI
1.755 |2,3-Butanedione 0.38 0.14 0.17 1.25 | C4HsO, | AAI
1.790 [Methyl ethyl ketone 0.16 0.35 - - C4HgO AA
1.835 |2-Methyl furan 0.16 - 0.21 0.13 CsHsO AAI
1.881 |3-Methyl furan - - 0.11 - CsHeO | AAI
2.002  |2-methyl-1-Propanol - 0.10 - - C4H1,,0 AA
2.184 | Crotonaldehyde 0.29 - 0.31 0.67 C4HsO AAI
2.224  |3-Methyl butanal 0.73 0.15 0.24 119 | GHisO | AA
2.309 |2-Methyl butanal 2.80 2.64 1.85 245 | CsHi O | AA
2.516 |1-Penten-3-one 2.16 - 0.84 - CsHgO AA
2.536  |Methyl propyl ketone - 2.89 - - CsH100 AA
2.684 |n-Pentanal - - - 2.95 CsH;00 AA
2.685 |Sorbaldehyde 3.66 - 1.45 - CeHsO AAI
2.695 |2-ethyl furan - 1.00 - - CsHsO AAI
3.282  |3-Methyl-1-butonal 0.11 - 0.03 0.07 | GCH,0 | AA
3.344  |2-Methyl-1-butanol 0.37 0.48 - - C/Hi0, | AA
3.350 |2-methyl-1-Butanol - - 0.15 CsH;,0 AA
3.580 |Pentane 0.12 - - CsHuCl | AA
3.613 |2-Pentenal 0.58 0.39 0.20 CsHgO | AAI
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Cizelge 2. Calisma alanlarindan toplanan yaz thlamuru ¢igeklerinin ugucu bilesenler(devami)

R. Time |Bilesen ad1 Belence | Kasimlar | Yenisarbademli | Aksu | Formiil | Simf
3.894 |1-Pentanol 0.43 0.54 0.24 0.38 CsH120 | AAI
3.936 |2-Penten-1-ol 0.48 - 0.43 0.22 CsH100 | AAI
4.333 |4-Acetyl-3-Heptanol - 0.22 - - C/H1is0 | AAI
4.355 |Caprylene 0.05 - - - CsH16 AAl
4.580 |n-Hexanal 14.88 1.33 6.37 11.32 | CeH120 AA
6.065 |2-Hexenal (E) 23.34 1.75 26.66 18.75 | CeH100 AA
6.162 |cis-3-Hexene-1-ol 4.90 2.09 3.43 477 | CeHi20 | AA
6.515 |2-Hexen-1-ol 2.70 1.07 2.65 - CeH12 AA
6.628 |n-Hexanol 2.57 3.75 5.36 3.54 CesH140 AA
7.169 |2-Acetyl-5-methylfuran 0.12 - - - CiHsO2 | AAI
7.249 |2-Heptanone - 0.29 - - C7H140 AA
7.580 |2-Butyl-1-octanol 0.08 - - - Ci2H260 | AA
7.580 |4-Heptenal (Z) - - - 0.05 C7H1,0 AA
7.650 |n-Heptanal 0.86 0.09 0.95 0.48 C7H140 AA
7.984 |2,4-Hexadienal - - 0.17 - C6H8O | AAI
8.713 |a-pinene 1.61 0.98 0.29 0.23 CioH1s MH
9.636 |2-Heptenal (E) 0.53 - 0.72 1.08 C7H1,0 AA
9.752 |Benzaldehyde 5.50 3.52 4.04 3.53 C7HeO AAI
10.341 |B-pinene 0.50 0.18 1.15 - CioHis6 MH
10.355 |cis-Ocimene - - - 0.25 C10H16 MH
10.431 |1-Octen-3-one 0.12 - 0.10 0.16 CsH140 | AAI
10.575 |1-Octen-3-ol 0.26 0.11 0.46 0.43 CsHis0 | AAI
10.674 |6-Octen-2-one (Z) - 0.14 - - CsHusO | AAI
10.721 |6-Methyl-5-hepten-2-one 0.91 0.67 2.77 1.26 CsH120 | AAI
10.888 |2-pentyl-Furan 1.11 - 1.21 1.14 CoHusO | AAI
10.899 [2-Octanone - 1.61 - - CsH160 AAl
11,175 |2,4-Heptadienal 0.12 - 0.26 0.26 C7H100 AAl
11.417 |Octanal 0.44 0.19 0.61 0.46 CgH160 AA
11.470 |B-Phellandrene 0.14 - - - CioHis6 MH
11.558 |35-3-Carene 1.90 0.41 0.19 0.57 CioH1s MH
11.890 |o-terpinene - 0.19 0.28 - CioHis MH
12.177 |1-Undecyne 12.07 9.82 2.01 35.52 CuHa0 AC
12.182 |1-Dodecyne - - 10.11 - Ci2H22 AC
12.364 |Limonene 2.61 6.50 2.83 3.39 CioH1s MH
12.478 |1,8-Cineole 0.75 0.42 - - CioH180 | OM
12.489 |Hexanoic acid - - 0.20 - Ca3H4602 | FA
12.560 |6-dimethyl octane 0.04 - - - CaoH22 AH
12.620 |Benzyl alcohol 0.37 0.61 2.23 1.90 C7HsO AA
12.780 |Oct-3(E)-en-2-one - 0.35 0.43 CsHusO | AAI
12.904 |Benzeneaceta 1.40 1.26 1.96 1.29 CsHsO oC
13.086 |5-Decyne 0.60 - - 2.52 CioH1s MH
13.089 |trans-Ocimene - 1.37 1.22 - CioH1s MH
13.278 |1,6-Heptadiene - - - 0.11 C1oH180 | OM
13.509 |1,4-Cyclohexadiene - 0.67 0.62 - C1oH16 MH
13.509 |y-Terpinene 0.35 - - - CioH1s MH
13.536 |2 Octenal - - - 0.37 CsH140 | AAI
14.001 |3,5-Octadien-2-one 0.18 - 0.48 0.56 CsH120 AAI
14.140 |g-Cymene - - 0.15 - CioH14 MH
14.569 |o-Terpinolene - 0.30 0.19 - CioH1s MH
14.744 |p-Cymene - 0.37 - - CioH14 MH
14.826 |2-Nonanone - 0.76 - - CoH1s0 | AAI
14.925 |Benzylidene glycerol stearate - - 0.42 - CioH1203 | FA
15.189 |Linalool 0.85 1.34 0.67 0.36 | CioH1s0 | OM
15.359 |Nonanal 1.27 0.45 3.51 1.24 CoH1s0 | AAI
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Cizelge 2. Calisma alanlarindan toplanan yaz thlamuru ¢igeklerinin ugucu bilesenler(devami)

R. Time |Bilesen ad1 Belence | Kasimlar | Yenisarbademli | Aksu | Formiil | Simf
17.168 |3-Methyl-2-butenoic acid - 3.00 - - Ci3H2402 | FA
17.204 |2,6-Nonadienal - - 0.32 0.12 CoH140 | AAI
17.485 |2-Nonenal (E) 0.11 - 0.49 0.26 CoH140 | AAI
18.250 |trans-Sabinene hydrate - - 0.09 - CioH150 | OM
18.667 |Methyl salicylate - - 2.16 - CsHsO03 EC
18.707 |2-Decanone - 0.05 - - Ci0H200 | OM
18.813 |B-Fenchyl alcohol - 0.35 - - CioH1s0 | OM
19.056 |Dodecane - 0.08 - 0.12 Ci2H2s AH
19.060 |Pentadecane - - 0.11 - CigHss AH
19.248 |Decanal 0.42 0.14 0.89 0.40 | CioH200 | OM
19.971 |Nerol - 9.61 - - Ci1oH1s0 | OM
20.418 |cis-p-Mentha - 0.76 - - Ci10H1s0 | OM
20.867 |5-3-Carene 0.84 - - 0.34 CioH1s6 MH
20.878 |Linalyl acetate - 1.43 0.51 - C12H2002 | OM
21.073 |5-Nonanol - 0.25 - - CuH240 | AAI
21.508 |2,6-Octadienal - 0.23 - - Ci1oH1sO | OM
22.420 |2-Undecanone - 0.36 - - C11H220 AE
23.337 |Dodecane 0.57 - - -- Ci6Hsa AH
23.529 |Tetradecane 0.67 - 1.40 - CigH34 AH
24.301 |4-Terpinenyl acetate - 0.07 - - C12H2002 | OM
24,731 |Neryl acetate - 4.28 - - C12H2002 | OM
25.342 |a-Duprezianene - 1.86 - - CisHa4 SH
26.189 |Tetradecane - 0.09 0.35 0.26 Ci4H30 AH
26.323 |a-Cedren - 6.52 - - CisH24 SH
26.590 |a-Bergamotene - 1.02 - - CisHa4 SH
26.785 |Caryophyllene - 0.29 0.80 - CisHa4 SH
26.791 |trans-Caryophyllene 0.13 0.30 - - CisHa4 SH
27.243 |B-Farnesene - 1.29 - - CisH24 SH
28.106 |Germacrene D - 0.05 - - CisHa4 SH
28.720 |B-Himachalene - 9.25 - - CisH24 SH
28.818 |Curcumene - 6.34 - - CisH22 SH
29.071 |Eudesma - 0.14 - - CisH2a SH
29.297 |a-selinene - 0.07 - - CisH24 SH
32.055 |2-methyl-1-Heptene 0.10 - - - CsH1se BC
32.074 |2-ethyl-1-Hexanol - - 0.51 0.26 CsH180 AA
32.589 |Hexadecane - - 0.16 - CisH3a AH
32.942 |y-Eudesmol - 0.18 - - CisH260 | OSH

TOPLAM 99.25 99.30 99.78 99.82

Cizelge 3. Calisma alanlarindan toplanan yaz thlamuru ¢iceklerinin ugucu bilesenlerinin gruplandirilmasi

Bilesen sayis1 53 66 62 45
AA: Aromatik alkol 57.88 | 18.57 | 53.42 | 49.70
AAI: Aromatik aldehit 1582 | 9.16 | 17.60 | 7.28
AC: Asetilenik bilesik 12.07 | 9.82 | 12.12 | 35.52
EC: Esterli bilegik - 0.36 - -
AH: Aromatik hidrokarbon 128 | 017 | 2.02 | 0.38
BC: Benzoik bilesik 0.10 - - -
FA: Yag asitleri metil esteri - 3.00 0.62 -
MH: Monoterpen hidrokarbon 7.95 9.81 | 548 | 4.30
OC: Diger bilesik 140 | 126 | 196 | 1.29
EC: Ester bilesikler - - 2.16 -
OM: Oksijenli monoterpen 2.62 | 18.68 | 2.16 0.87
OS: Oksijenli seskiterpen - 0.18 - -
SH: Seskiterpen hidrokarbon 0.13 | 27.13 | 0.80 -
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Calismada Isparta ilinin Siitciiler, Yenisarbademli
ve Aksu ilgelerinde yayilig gdsteren yaz thlamurun
ciceklenme doneminde toplanan yapraklarin
ornekleri ugucu bilesenleri SPME (kati faz
mikroekstraksiyon yontemi) analizi ile
belirlenmistir. Yapraklarin ugucu bilesen analizleri
sonucunda Belence koyiinde 45 adet, Kasimlar
koyiinde 32 adet, Yenisarbademli ilgesinde 33 adet
ve Aksu ilgesinde 33 adet ugucu bilegeni tespit
edilmistir.

Ucgucu bilesenlerinin siniflart incelendiginde biitiin
lokasyonlarda yapraklarda aromatik alkollerin
yiiksek oranda oldugu, bunu Aksu ilgesi hari¢ diger
lokasyonlarda aromatik aldehitlerin takip ettigi,
Aksu ilgesinde ise monoterpen hidrokarbonlarin
takip ettigi goOzlenmistir. Belence koyiinden
toplanan yapraklarin ugucu bilesenler
incelendiginde; en yiiksek 2-Hexenal (E) bilesigi
belirlenirken (%18.61), bunu sirasyla 2-Ethyl furan

(%14.87), Benzaldehyde (%8.77), 2-Methyl-
butanal (%6.10), 3-Hexen-1-ol (%5.68) ve Hexanal
(%4.95) bilesenleri takip etmistir. Kasimlar
koylinden toplanan yaprak ornekleri Belence
kdyiinden toplanan drnekler ile benzerlik gostermis
ve en yiiksek yine 2-Hexenal (E) (%33.53) tespit
edilmistir. Bunu sirasiyla 2-Ethyl furan (%15.66),
3-Hexen-1-ol (%8.47), Hexanal (%6.25) ve
Benzaldehyde (%4.51) bilesenleri takip etmistir

(Cizelge 4).

Yenisarbademli  ilgesinden  aliman  yaprak
orneklerinin ucucu bilesenleri incelendiginde yine
2-Hexenal (E) en yiiksek (%64.84) bilesen olurken,
bunu %8.89 ile 5-Decyne ve %7.00 ile 2-Ethyl
furan bilesenleri izlemistir Aksu ilgesinden alinan
yaprak orneklerinin ugucu bilesenlerinde de benzer
sonuglar alinmigtir. 2-Hexenal (E) (%51.28) ve 1-
Decyne (%22.73) en yiiksek orana sahip bilesenler
olmustur (Cizelge 4).

Cizelge 4.Calisma alanlarindan toplanan yaz ithlamuru yapraklarin ugucu bilesenler

R. Time |Bilesen ad1 Belence | Kasimlar | Yenisarbademli | Aksu | Formiil | Simf
1.512 |cis-Piperylene 2.72 1.89 - 0.95 CsHs AAl
1.604 |n-Butanal - - 0.32 0.60 C4HsO AA
1.623  |2-Methyl propanal 3.25 3.25 - - C4HsO AA
1.752 |2,3-Butanedione 1.05 3.43 - - CsHsO2 | AAI
1.785 |2-Butanone 0.83 - - - C4HsO AA
1.816 |2-Methyl furan 0.72 0.48 - - CsHsO AAl
1.879 |3-Methyl furan 0.46 - - CsHsO AAl
2.226 |3-Methyl butanal 0.75 0.67 0.41 0.31 CsH100 AA
2.309 |2-Methyl-butanal 6.10 3.44 0.42 0.91 CsH100 AA
2.507 |1-Penten-3-ol 3.98 3.06 - - CsH100 AA
2.518 |1-Penten-3-one - - 1.28 1.44 CsH100 AAI
2.685 |Sorbaldehyde 0.27 - 1.87 2.53 CeHsO AAl
2.693 |2-Ethyl furan 14.87 15.66 7.00 CsHsO AAl
3.614 |2-Pentenal (E) 0.96 0.58 0.51 0.55 CsHsO AAI
3.894 |1-Pentanol 0.47 0.34 0.05 CsH120 | AAI
3.931 |2-Penten-1-ol (E) 3.03 1.75 0.33 0.39 CsH100 | AAI
4.546 |3-Hexenal (2) - - - 0.49 CeH100 AA
4.587 |Hexanal 4.95 6.25 2.32 2.77 CeH120 AA
5.875 |2-Hexenal (E) 18.61 33.53 64.84 51.28 | CesH100 AA
6.168 |3-Hexen-1-ol 5.68 8.47 - - CesH120 AA
6.190 |Hex-3(Z)-enyl formate - - 3.31 3.11 | CuH04 | AA
6.515 |2-Hexen-1-ol (2) - 1.24 0.49 0.55 CsH120 AA
6.634 |n-Hexyl formate - 1.22 - - C/H1402 | AA
6.647 |1-Hexanol 1.38 - 0.59 0.46 CesH140 AA
7.581 |4-Heptenal (Z2) 0.42 0.21 0.24 - C7H120 AA
8.464 |Hexanoic acid 1.08 0.45 - - CsH1202 FA
8.711 |a-pinene - 0.36 - - CioH1s MH
8.716 |Linalyl acetate 0.46 - - - C12H2002 | OM
9.654 |2-Heptyn-1-ol 0.08 - - - C7H120 AA
9.664 |2-Heptenal (E) - - - 0.10 C7H120 AA
9.757 |Benzaldehyde 8.77 4.51 1.86 2.73 C7HsO AAI
9.979 |2-Hexenoic acid 0.73 0.39 - - C7H1202 FA
10.350 |B-pinene 0.27 - - - CioHi6 MH
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Cizelge 4.Calisma alanlarindan toplanan yaz ithlamuru yapraklarin ugucu bilesenler(devami)

R. Time |Bilesen ad1 Belence | Kasimlar | Yenisarbademli | Aksu | Formiil | Simif
10.580 |1-Octen-3-ol 0.10 - - - CsHis0 | AAI
10.728 |1-Hepten-6-ol - 1.19 - 0.47 CsH12 AA
10.730 |6-Methyl-5-Hepten-2-one 1.01 - 0.65 - CsH140 AA
10.893 |2-Pentyl furan - 0.47 0.13 - CoH140 | AAI
10.893 |Fenchone 0.66 - - 0.10 | CiwoH1s0 | OM
11,179 |2,4-Heptadienal (E, E) - - 0.31 0.36 C7H100 AA
11.421 |Octanal 0.27 - 0.06 - CsH160 AA
11.562 |35-3 Carene 0.47 - - - CioHa6 MH
11.737 |2,4 Heptadienal 0.40 - 0.32 0.44 C7H100 | AAI
12.178 |1-Undecyne 3.92 3.47 - - CuH2o AC
12.195 |5-Decyne 0.35 0.17 8.89 - CioH1s MH
12.213 |1-Decyne - - - 22.73 CioH1s MH
12.368 |Limonene 0.67 0.43 0.39 0.83 CioHa6 MH
12.488 |1,8-Cineole 0.31 - - - C10H180 oM
12.527 |1-Decyn-4-ol - - 0.16 0.32 | CioH1s0 | OM
12.660 |Benzyl alcohol 2.25 0.58 - 0.81 C7HsO AA
12.909 |Benzene Acetaldehyde 0.82 0.62 0.12 0.70 CsHsO AAl
13.099 |1,2-Nonadiene - - 0.33 1.14 CoHis AAl
14.003 |3,5-octadien-2-one 0.29 - 0.11 0.24 CsH120 | AAI
14.925 |1-Octyn-3-ol - 0.29 - - CsH140 | AAI
15.195 |Linalool 0.62 0.41 0.15 0.18 | CioH1s0 | OM
15.361 |Nonanal 0.66 0.44 0.53 0.32 CoH1s0 | AAI
18.689 |Methyl Salicylate - - - 0.11 CsHsO3 EC
19.244 |Decanal 0.09 - - - C1oH200 | OM
20.868 |Linalyl acetate 0.81 0.56 0.38 0.55 | Ci2H2002 | OM
23.521 |Dodecane 0.12 - - - CisH3a SH
26.180 |Tetradecane 0.11 - 0.74 0.60 CisHaa SH
26.782 |trans-Caryophyllene 0.09 - 0.11 0.23 CisH24 SH
29.714 |B-Bisabolene - - 0.09 - CisHa4 SH

TOPLAM 100.00 99.97 99.42 99.30

Cizelge 5. Calisma alanlarindan toplanan yaz thlamuru yapraklarmin ugucu bilesenlerinin gruplandirilmast

Bilesen sayis1 45 32 33 33
AA: Aromatik alkol 49.56 | 63.11 | 73.96 | 62.22
AAI: Aromatik aldehit 35.59 | 30.46 | 14.44 | 11.43
AC: Asetilenik bilesik 3.92 3.47 - -
EC: Esterli bilesik - - - 0.11
FA: Yag asitleri metil esteri 1.81 0.84 - -
MH: Monoterpen hidrokarbon 1.76 0.96 9.28 | 23.56
OM: Oksijenli monoterpen 2.95 0.97 0.69 1.15
SH: Seskiterpen hidrokarbon 0.32 - 094 | 0.83

4. Tartisma ve Sonug

Isparta ilinin Yenisarbademli ve Aksu ilgeleri ile
Siitgiiler ilgesinin Kasimlar ve Belence koylerinde
yaz thlamuru ilgili yapilan bu ¢alismada tiiriin baz1
morfolojik o6zellikleri ve ¢igek ve yapraklarmin
ucucu bilesenleri belirlenmistir.

Yaz ihlamurunda yapilan morfolojik Olgiimler
sonucunda; yaprak boyu 4.2-10.8 cm, yaprak eni
4.2-10.2 cm olarak bulunmustur. Yaprak sapi ise
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2.8-6.2 cm olarak olgiilmiistiir. Yaz ihlamurunda
yaprak i¢in yapilan 6l¢iimler Mamikoglu (2007) ile
benzerlik gostermistir. Namikoglu (2007) yaz
thlamurunun yaprak boyunun 6-15 cm, eninin 6-12
cm ve yaprak sapimin 3-5 cm arasinda oldugunu
belirtmistir.

Brakte boyu 4.2-13.0 cm, brakte eni 1.0-2.5
cm’dir. Brakte yaprak sapit 0.1-1.7 cm olarak
Olglilmistiir. Toker vd. (1997) tarafindan yapilan
calismada brakte boyunun 4.89-15.16 cm, brakte
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eninin ise 0.03-1.31 cm arasinda degistigi
belirtilmistir. Bu calismada brakte eni minimum
1.0 cm olarak olgiilmiis ve Toker vd. (1997)’nin
yaptig1 ¢alismaya gore daha yiiksek degerler elde
edilmistir. Kaya vd., (1996)’nin yapmis oldugu
calismada brakte boyunun 8.0-12.8 cm, brakte
boyu ortalama degerinin ise 10.02 cm, brakte
eninin ise 1.2-2.9 cm, ortalama 1.91 oldugu
bildirilmistir. Bu ¢aligmada belirtilen brakte eni ve
brakte boyu ile Kaya vd. (1996)’nin yaptig
calismadaki bulgular benzerlik gostermektedir.
Ancak bu ¢aligmada brakte boyu literatiirde (Kaya
vd.,, 1996) belirtilen degerden daha diisiik
bulunmustur. Yukarida verilen ¢aligmalarda brakte
sapina ait bilgilere rastlanilmamustir.

Bu ¢alismada bir braktedeki ¢igek adedi en az 2, en
cok 5, ortalama ise 3 adet olarak tespit edilmistir.
Kaya vd. (1996)’nin yapmis oldugu c¢aligmada
¢igcek adedi 3-5 arasinda, ortalama ise 3 adet olarak
bulunmustur. Bu ¢alismada en az ¢igek adedi 2
adet olarak bulunmus ve literatiirde (Kaya vd.,
1996) belirtilen sayidan farklilik gdsterdigi, en
fazla cicek adedi ile ortalama degerin benzerlik
gosterdigi belirlenmistir.

Yaz ihlamurun ¢igeklenme doneminde toplanan
cicek, brakte ve yapraklarin ornekleri ugucu
bilesenleri  belirlenmistir.  Cigeklerin  ugucu
bilesenlerin sonucunda Belence kdyiinde 53 adet,
Kasimlar kdyiinde 66, Yenisarbademli ilgesinde 62
adet, Aksu ilgesinde 45 adet ugucu bileseni tespit
edilmistir. Genel olarak farkli toplam 113 adet
bilesen tespit edilmistir. Cigeklerin ugucu
bilesenlerinde en etken bilesenler: (%26.66) (E)-2-
Hexenal molekiiler yapisi CeHio, (%35.52) 1-
Undecyne molekiiler yapist Ci1Hzo, (%14.88) n-
Hexanal molekiiler yapisi CsH120, (%10.11) 1-
Dodecyne CizHz2 molekiil yapist bulunmustur.
Cigekli bilesenlerin genel yapisi aromatik alkol,
aromatik aldehit ve asetilenik bilesiklerden
olugmaktadir. Toker vd. (1999) tarafindan yapilan
calismada hidrokarbonlarin orant %47.5 oldugu
bildirilmistir. Bu c¢alismada Kasimlar koyiinde
seskiterpen hidrokarbon oran1 %27.13 olarak
bulunmustur.

Yapraklarin ugucu bilesen analizleri sonucunda
Belence koyiinde 45 adet, Kasimlar kdyiinde 32
adet, Yenisarbademli il¢esinde 33 adet ve Aksu
ilgesinde 33 adet ugucu bileseni tespit edilmistir.
Yaprakli bilesenlerin sonug olarak toplam 62 adet
farkli bilesen bulunmustur. Yapraklarin ugucu
bilesenlerinde en etken ugucu bilesenler: (%64.84)
2-Hexenal molekiiler yapisi C¢H100, (%22.73) 1-
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Decyne  molekiiler  yapist  CioHig  olarak
bulunmustur. Yaprakli ugucu bilesenlerinde genel
olarak aromatik alkol, aromatik aldehit,
monoterpen hidrokarbon bilesenlerden olustugu
belirlenmistir. Toker vd. (1999) tarafindan yapilan
calisgmada Kaur-16-ene bileseninin  %29.3’liikk
oranla en yiiksek oranda bulunan bilesen oldugu
belirtilmistir. Ancak bu g¢alismada Kaur-16-ene
bileseni tespit edilmemistir.

Ihlamurlar ge¢misten bugiinlere kadar birgok
alanda kullanilmaktadir. Thlamurun insan sagligi
iizerinde de olumlu etkileri oldugundan ilgi giin
gectikce  daha da  artnustir.  Thlamurun
ozelliklerinin daha iyi incelenmesi ve kullanim
alanlarmin daha iyi ortaya konulmasi bakimindan
iceriginde bulunan bilesenlerin  belirlenmesi
gerekmektedir. Bu amagla {ilkemizde dogal
yayilist bulunan doért thlamur tiiriinden biri olan
yaz thlamurunun Isparta ilindeki ugucu bilesenleri
belirlenmistir. Caligmanin ilag, kozmetik, gida,
parflimeri gibi bir¢ok sektdore katki saglayacagi
diigtiniilmektedir.
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Abstract: Mining investments are high-risky investments due to mineral deposit uncertainties. Therefore,
before any investment decision is given, an economic assessment should be performed and several risk
situations must be taken into consideration. In this study, it was examined whether or not an investment
made in a copper mine in Siirt, Turkey is economical by using Sensitivity Analysis and Monte Carlo
Simulation. The aim of this study is to construct cash flows for this copper mine with an average grade of
2.35% Cu and 39.821.000 tons reserve throughout 25 years for two different situations. In the first case, it
was assumed that the total investment amount will be covered by 100% equity, while in the second case the
total investment amount was assumed to be 30% equity and 70% bank loan. In the Sensitivity Analysis,
mineral processing and operating costs, the average grades and ore concentrate sale prices were evaluated
over optimistic and pessimistic forecasts. Changes in the net present value and internal rate of return were
examined without risk. Monte Carlo Simulation was run by using computer software program @Risk 6.0
and applied to investment criteria for this copper mine field. The analysis of the output modelling situations
where decisions were made under uncertainty gave reliable results by quantifying the degree of risk for this
mining project. Consequently, if the investment was provided with 100% equity, NPV was 136.369.150,7 $
and IRR was 32% with a discount rate of 15%, probably as likely to harm the project was about 0,018. If
the investment was provided with 30% equity, NPV was 111.742.245,4 $, IRR was 28% with a discount
rate of 15%, probably as likely to harm the project was about 0,05. In accordance with the results, the
investment can be said to be a profitable project in both assumptions.

Keywords: Mining Investment, Uncertainty, Risk Analysis, Monte Carlo Simulation Method, Sensitivity
Analysis, Investment Appraisal.

1. Introduction Climatic conditions, environmental factors, ore
dressing, market condition, productivity and rate of
The evaluation of a mining project is a long and growth are essential to consider other parameters
complicated process from exploration to (Hartman and Mutmansky, 2002).
exploitation stages. Many decisions involve too
many influential risk factors with different kinds of At the evaluation of the mine investment, there are
uncertainties  since mining investments are a number of risks arising from some uncertainties.
potentially carrying high risks. These uncertainties are classified as exploration
uncertainties, economic  uncertainties  and
To evaluate mining project, it is necessary to make engineering uncertainties (Dehghani and Ataee-
certain assumptions considering production rate pour, 2012). Economic uncertainties as future metal
range, reserve, characteristic of mineral depOSit, prices and operating costs are the most important
capital cost, cash flow, mine life, return of capital, factors affecting the value of the project.
inflation, discount rate, unit sales price, operating Exploration uncertainties occur during the resource
cost per ton, operating methods and jeometallurgy.
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evaluation stages such as geologic uncertainty, data
collection, modelling, classification and reporting
of the deposit (Dehghani and Ataee-pour, 2012).
Engineering uncertainties include determination of
bench heights, control of grade, minimum
production width, choice of production process,
dilution factor, geotechnical and hydrological
factors, recovery factors and metallurgical recovery
(Hartman and Mutmansky, 2002).

Risk analysis is the compulsory factor for all stages
of mine feasibility studies, planning and production
(Simonsen and Perry, 1999). To evaluate the risk of
a considered mining risk, firstly economic model
must be generated. Determining the economic value
of a project is based on several investment
approaches and cash flows such as net present
value, payback period, internal rate of return and
accounting rate. After calculating these values, risk
analysis methods such as Sensitivity Analysis and
Monte Carlo simulation are generally used to
investigate the changes and measure the risk (Wei
et al., 2011; Pincock Consulting Service, 2012).

Literature on Sensitivity Analysis was limited in the
past. Morley et al. (1999) proposed a financial
model of a project significant effort was expended
on capital and operating cost estimation,
commodity price forecasts, and choice of discount
rates while uncertainty in the primary input, the
reserve, was overlooked. lloiu and Csiminga (2009)
was based on IRR and NPV criteria. They presented
the purpose of sensitivity analysis and the steps that
must be followed in order to perform a sensitivity
analysis as well as a numeric example. Sabour and
Wood (2009) proposed the economy of a gold mine
over cash flow model. Aryafar et al. (2011)
estimated the capital costs and present value of
revenue and costs and then assessed the operating
costs by considering total production at Basalt-
Andesite Mine in Persian.

Literature on Monte Carlo Simulation is more than
literature on Sensitivity Analysis. Kreuzer et al.
(2008) showed that how the potential mining
project formation was formed, how the expected
average value was computed and net present value’s
possible distribution. As discussed by Bastante et al.
(2008) suggested a simple method for introducing
price and cost increases into the risk analysis via the
Monte Carlo method and show how geological,
technical and economic uncertainty could be
integrated in risk analysis. Sabour and
Dimitrakopoulos (2011) conducted a survey by the
open pit mine design that combines the flexibility of
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operating with uncertainty in the selection of a
method. Oraee et al. (2011) pointed out the project
on the basis of several economic variables. These
economic variables have been estimated under the
conditions of uncertainty. The net present value was
obtained under these uncertainties. As described in
Wei et al. (2011) proposed that the Monte Carlo
simulation was performed in computer and applied
to an iron ore mine investment. Based on the
simulating results, this project’s investment was
analyzed.

In this study, the importance of estimation of NPV
of orebody with risk and without risk was
underlined. This study summarizes the preliminary
results of a research project supported by Teaching
Staff Training Program (OYP). A copper mine was
investigated through Sensitivity Analysis and
Monte Carlo simulation and the difference was
compared in terms of economic under risk and
without risk situations. Cash flow was constructed
by two assumptions, 100% equity and 30% equity
and 70% bank loan. The investment was evaluated
with  Sensitivity Analysis and Monte Carlo
Simulation Analysis. In accordance with the results,
the investment can be said to be a profitable project
in both assumptions.

2. Material and Method
2.1. Description of the Project Site

Project site is located near the village of Madenkdy,
40 km north-east of the town of Siirt. Resource
estimation and classification results were obtained
and calculated for three domains. Three orebody
were created for the Madenkdy deposit. Domain 1,
the largest orebody, is located in the eastern part of
the study area with a volume calculated by almost
10 million m®. Domain 2, the small orebody above
orebody 3, is located in the eastern part of the study
area with a volume calculated by around 120.000
m3. Domain 3, the other small orebody below
orebody 2, is located in the south-west of the area
with a volume calculated by around 500.000 m?
(Figure 1).
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Figure 1. Plan view of the Park Electric wireframes (Park Electric Technical Report)

2.2. Operating Method

Park Elektrik Uretim Madencilik Sanayi ve Ticaret
A.S has turned underground mining to open pit
mining method in Madenkdy. It was tried in 2 shifts
of 8 hours per day and 300 days per year. According
to Park Electric technical report, copper reserves on
the mine’s total measured, indicated and inferred

are 39.821.000 tonnes. In this study, the evaluation
was made out of copper reserves of 37.572.183
tonnes by considering measured and indicated
reserves (Table 1). It was of an average grade of
20% copper concentrate. Concentrate recovery of
90%, the average ore grade was calculated as 2.40%
Cu and concentration ratio was calculated 9,46 ton
ore/ ton concentrate.

Table 1. Resource Estimation and Classification

Resource Category Tonnes(t) Cu(%) SG(t/md)
Measured + Indicated 37.572.183 2,35 4,05
Total Resources 39.821.000 2,40

1.500.000 tonnes of ore was operated and returned
to about 160.000 tonnes of concentrate at plant per
year from mine.

2.3. Equipment Selection

It was planned to product 1.500.000 tonnes ore per
year. Ore production and overburden were done
with 5 m® capacity excavators and 40 tonnes
capacity trucks. Average density of stripping
material was 2,5 ton/m?3, average density of ore was
4,05 ton/m?.

2.3.1. Selection of drilling machine

Considered in the design of drilling and blasting,
hole diameters, slice thickness and the distance
between holes were selected as 6 inches (15,24 cm),
5 m and 5 m respectively. It has been decided to
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select 6 drilling machines and 5 of them were for
overburden and the other one was for ore
production.

2.3.2 Selection of excavator and truck

The excavated overburden material was conveyed
to the dump site in approximately 2,5 km distance.
The produced ore was transferred to 2 km away.
According to the amount of overburden and
production, the number of required trucks and
excavators was calculated as 9 excavators and 45
trucks for overburden, 1 excavator and 5 trucks for
ore production.

2.4. Costs Analysis

Total Investment Expenditures for 5 m® excavators
and 40 tonnes trucks were shown in Table 2.
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Investigation project costs of 65.502 $, land
arrangement expenses of 78.603 $, communication

systems of 131.004 $, fuel oil storage and drainage
systems of 131.004 $ was expected.

Table 2. Total Investment Costs

Value (TL) Value ($)
Studies Project Costs 150.000 65.502
Land Regulation Costs 180.000 78.603
Mineral Processing Machinery Equipment Expense 4.995.000 2.181.223
Overburden Machinery Equipment Expense 39.625.000 17.303.493
Fuel Tank-Drainage Systems 300.000 131.004
Communication Systems 300.000 131.004
Foundation Expense 450.000 196.506
Unexpected Expenses (%4) 1.840.000 803.493
General Expenses (%2) 953.800 416.506
Physical Growth (%2) 975.876 426.147
Total Fixed Investment (TL) 49.769.676 21.733.483

2.5. Operating Cost

As a result of the data, for 5m?® excavator and 40 tonnes truck, stripping cost was 4,93 $/m?, ore production

costs was 3,53 $/m? (Table 3).

Table 3. Total Operating Costs

Expenses Overburden Ore
(TL/m?3) (TL/ton)
Drilling 0.7903 0.1951
Blasting 1.7165 0.4238
Loading 1.5333 0.7667
Transport 5.1633 4.4200
Repair and Maintenance 0.1769 0.1130
Personel Expenses 0.7568 1.4040
Spare Part 0.1397 0.0943
General Expenses (%2) 0.2055 0.1483
Unexpected Expenses (%2) 0.2096 0.1513
Depreciation 0.5885 0.3735
TOTAL (TL) 11.28 8.09
TOTAL (%) 4.93 3.53

2.6. Cash Flow

Cash flow was formed as a result of cost
calculations. In the case of investment with 100%
equity investment, NPV was 136.369.150,7 $ with
a reduction rate of 15% and IRR was 32% (Table
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4). When the project was invested with 30% equity
+70% bank loan, NPV was calculated as
111.742.245,4 $, and IRR was 28% (Table 5). In
both cases, the project investment was paid back
about 2 years.
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Table 4 Annual Cash Flow (100% equity investment)

Year Annual Cash | Year Annual Cash | Year Annual Cash | Year Annual Cash
Flow($) Flow($) Flow($) Flow($)
0 -73.342.107 | 7 53.329.655 14 53.329.655 21 42.524.415
1 -36.943.231 | 8 53.329.655 15 53.184.677 22 53.184.677
2 14.191.524 9 53.329.655 16 47.258.040 23 53.329.655
3 53.329.655 10 53.329.655 17 53.329.655 24 53.329.655
4 53.329.655 11 38.157.603 18 53.329.655 25 76.665.791
5 53.329.655 12 53.329.655 19 53.329.655
6 47.258.040 13 53.329.655 20 53.329.655
Table 5 Annual Cash Flow (30% equity investment + 70% bank loan)
Year Annual Cash | Year Annual Cash | Year Annual Cash | Year Annual Cash
Flow($) Flow($) Flow($) Flow($)
0 -73.342.107 | 7 48.038.429 14 53.329.655 21 42.524.415
1 -42.216.879 | 8 48.262.606 15 53.184.677 22 53.184.677
2 10.499.971 9 48.776.740 16 47.258.040 23 53.329.655
3 46.561.808 10 49.,145.895 17 53.329.655 24 53.329.655
4 46.930.963 11 34.342.998 18 53.329.655 25 76.665.791
5 47.300.119 12 49.884.206 19 53.329.655
6 41.597.658 13 53.329.655 20 53.329.655

2.7. Sensitivity Analysis

In this research, in the sensitivity analysis, mineral
processing and operating costs, the average grade
and ore concentrate sale prices were evaluated +%
changes over optimistic and pessimistic forecasts
with Excel, changes in the net present value and
internal rate of return were examined.

In the case of 100% equity investment, in cases
where price fell below 30%, NPV fell to negative
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values. If the grade was down around 36%, the
project NPV value was to be negative. It was
observed that the cost of operating and mineral
processing projects did not have much impact on
NPV.

Similarly, when results of price and grade showed a
20%-30% decline, IRR fell below the target of 20%
(Figure 3 and Figure 4).
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Figure 4. Effects of change on IRR

In the case of 30% equity investment, in cases

where price fell below 25%, NPV fell to negative Similarly, when results of price and grade showed a
values. If the grade was down around 30%, the 20%-30% decline, IRR fell below the target of 20%.
project NPV value was to be negative. It was It is shown as below (Figure 5 and Figure 6).

observed that the cost of operating and mineral
processing projects did not have much impact on

NPV.
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Figure 6. Effects of change on IRR

2.8. Probability Analysis - Monte Carlo

Simulation

Monte Carlo simulation is one of the powerful and
commonly used techniques for risk analysis. When
the net cash flow was prepared by considering risks
and uncertainties, NPV and IRR were calculated by
performing 100,000 iterations in @RISK software
programme. Concentrated ore sales price, average
grade, overburden and operating costs, mineral

processing costs and initial investments were
considered as risky situations.

Some probability distributions were defined to
evaluate the uncertainties in this study. These
uncertainties were;

Mine operating costs and overburden costs outcome
differed in scale parameters, the mean and standart
deviation. Thus, the distribution was normal (Figure
7).
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Distribution of operating costs: Normal(47.568.710, 9.513.742), and Distribution of the overburden
costs: Normal (11.27,2.254).

Mineral processing costs outcomes were similar as operating costs, so the distribution was normal, and the
average grade outcome was the constant average rate, so the distribution was exponential (Figure 8).
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Figure 8. Distribution of the ore costs: Normal(8.19,1.638), and Distribution of average grade:
Expon(2,35).

Total initial investment outcome was based on knowledge of minimum, maximum and most likely, so the
distribution was triangular, and concentrated ore sales price outcomes were equally probable, so the distribution

were uniform (Figure 9) .
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Figure 9. Distribution of Total initial investment: Triang(129.392.708, 143.769.676, 172.523.611), and
Distribution of Concentrated ore sales price: Uniform (1500-3000)

By using these probability distributions, risk simulation studies on net cash flow were made. If the investment
was provided with a 100% equity, NPV was as 481.068.929,76 TL, IRR was 36% average( Figure 10 and
Figure 11).
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Figure 10. Probability distribution of NPV
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Figure 11. Probability distribution of IRR
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By using these probability distributions, risk simulation studies on net cash flow were made. If the investment
was provided with a 30% equity, NPV was as 414.052.307,84 TL, IRR was 32% average (Figure 12 and Figure

13).
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Figure 12. Probability distribution of NPV
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Figure 13. Probability distribution of IRR
3. Results When the net cash flow was formed, the net present

Considering all data, total initial investment of
62.781.518 $, overburden cost of 4.93 $/m?, ore cost
of 3.53 $/tonnes and concentrate cost of 131
$/tonnes were calculated. Firstly, the net cash flow
has been established by ignoring the uncertainty and
risk. In this case, if the investment was provided
with 100% equity, NPV was 136.369.150,7 $ and
IRR was 32% with a discount rate of 15%. If the
investment was provided with 30% equity, NPV
was 111.742.245,4 $, IRR was 28% with a discount
rate of 15%.
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value and the internal rate of return were taken into
consideration without risk. Uncertainties such as
concentrated ore sales price, grade, costs of
operating and mineral processing were taken into
account over optimistic and pessimistic predictions
with + % changes. In case the price fell below 25-
30%, NPV fell into negative. If grade fell below 30-
35%, NPV would be negative. It was observed that
the cost of operating and mineral processing
projects did not have much impact on NPV. If sales
price and grade fell below 20-30%, IRR would
reach the lower value than the target rate.
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Simulation results in the case of 100% equity

investment;

e Average net present value was about 210
million $, internal rate of return was 36%.

o Net present value was higher than probability of
0,90 from 56.33 million $; probability of 0,50
from 210 million $.

e The probability of NPV any higher chance than
net present value with risk-free was 0,69.

e A little probable as 0,018 of net present value
took negative project.

o Internal rate of return was high probably of 0,90
from 21,5%; probably of 0,50 from 36,6%;

e Internal rate of return was high probably of
0,927 from 20%;

e Internal rate of return likely to be lower than
selected rate of 15% was 0,018.

Simulation results in the case of 30% equity

investment;

e Average net present value was about 181
million $, internal rate of return was 32%.

o Net present value was higher than probability of
0,90 from 27 million $; probability of 0,50 from
181 million $.

e The probability of NPV any higher chance than
net present value with risk-free was 0,686.

e A little probable as 0,05 of net present value
took negative project.

o Internal rate of return was high probably of 0,90
from 17,9%; probably of 0,50 from 32,9%;

e Internal rate of return was high probably of
0,856 from 20%;

o Internal rate of return likely to be lower than
selected rate of 15% was 0,05.

4. Discussion

Assessing the all simulations if the investment was
provided with 100% equity, probably as likely to
harm the project was about 0,018. In accordance
with the above results, the investment can be said to
be a profitable investments of all kinds. In the other
case, assessing the all simulations if the investment
was provided with 30% equity, probably as likely to
harm the project was about 0,05. In accordance with
the above results, the other investment alternative
can be said to be a profitable investments of all
kinds. NPV and IRR values resulting from the
simulation have been found to be consistent with the
net present value and internal rate of return of cash
flow in evaluation of risk-free. Consequently, the
overall mining investment in economic evaluation
techniques was assessed and risk parameters were
calculated. While the risk analysis was carried out,
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sensitivity analysis and Monte Carlo simulation can
be selected as risk analysis. Uncertainties that are
selected during the sensitivity analysis of the
parameters are not understood how they affect each
other, because it is considered separately. But
Monte Carlo simulation is done if the uncertainties
are taken into consideration at the same time. Monte
Carlo simulation of the investment risk assessment
is carried out as a result of the probability
distribution.
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Abstract: The aim of this research was to evaluate the relations among selective information processing
about role models (SIP), motivation to lead (MTL), fear of leadership (FOL), role model evaluation and
regulatory focus. It is obvious that the appropriate leadership are essential for safety at sea. In literature
review, innotivation in academic and health domains by positive and negative role models depending on
regulatory focus was investigated. This research study targets leader and leader candidate seafarers and uses
randomsampling methods. Data were collected from 200 students of ITU Maritime Faculty and 40 master
(leader) seafarers working in the Shipping companies. Data were gathered online through Qualtrics. 6
different types of questionnaires were applied. SIP, a hypothetical role model text describing the event of
the leading seafarer was presented. Role model evaluation, participants were asked to rate how happy-
unhappy, successful-unsuccessful they thought the leader was and how positive-negative the leadership
experience of the role model was and how much they aspired to be like this role model. MTL has three
subscales: affective, noncalculative, social-normative. Regulatory focus is composed of two subscales
assessing prevention and promotion focus. FOL has 16 items that comprised of a list of possible negative
consequences of leadership. Finally, 7 demographic questions were asked and scales compared according
to demographics. relationships between factors were assessed by correlation analysis Bivariate correlation
analysis was used to determine relations between scales and multiple linear regression analysis was used to
determine the factors affected the MTL and FOL. Backward variable selection used to determine the
significant parameters. It is seen that, MTL is affecting promotion focus and FOL. FOL is affecting
prevention focus and MTL.

Keywords: Leadership, Motivation, Role Model, Seafarer

1. Introduction they knew B's life at an equally well? The main

reason why they are involved in different aspects of
An example is given to explain the role model the role model is the difference in evaluating the
evaluation: Person B is the master of Person A, the role model. This difference can be a result of the
master on the Sismik ship. A wants to become a individual difference in their regulatory focus. The
master in the future by ObserVing B's successes. purpose of this Study is to investigate the
However, person C, who works on the same ship relationship between regulatory focus, fear of
under B at the same time as A, decides that there |eadership, role model evaluation, selective
should not be a master in the future after ObserVing information processing on role models and
B's problem in family life. What could be the motivation to lead.

underlying reason for the different decisions that A
and B made about becoming masters, assuming
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Previous studies have investigated motivation in
healthcare field and academic domain with positive
and negative role models depending on the
regulatory focus. Nevertheless, a single role model
has both positive and negative experiments, instead
of having totally positive or negative experiments.
On such an occasion, what is positive or negative to
evaluate the role model is part of the role model's
experiment of people's participation. We
recommend that the role model be evaluated
differently by people with different regulatory focus
by selectively processing information about role
models. People who have promotion focus are more
likely to evaluate the role model positively owing to
the selective processing of positive experiments of
a role model and people who have prevention focus
are more likely to evaluate the role model
negatively owing to the selective processing of
negative experiences of a role model.

Higgins (1997) expressed that there are two
subscales in regulatory focus theory: prevention
focus and promotion focus. Prevention focus are
responsive to presence and absence of negative
outcomes and oppositely, promotion focus are
responsive to presence and absence of positive
outcomes. Brockner and Higgins (2001) suggested
that leadership behaviors can be perceived as part of
promotion-focus assumptions, and then encourage
creative behaviors by revealing employees'
promotion focus. We expected, Regulatory focus
will predict motivation to lead and fear of
leadership. Luria and Berson (2013) expressed that
motivation to lead was associated with both formal
and informal leadership emergence. Participants
with low MTL were selected as leaders by less
group members and less inclined to assume
leadership roles in comparison to participants with
high MTL. We expected, role model evaluation will
predict MTL. In the this study, we investigated
whether regulatory focus, selective information
processing, role model predicts motivation to lead
and fear of leadership. It is obvious that the
leadership are essential for maritime sector, because
of the fact that hierarchy is more predominant in the
management of maritime sector compared to most
inland based businesses (Tavacioglu, 2014). In this
direction, we have two hypotheses:

Hypothesis 1: Motivation to lead (MTL) will be
predicted by regulatory focus, Selective
Information Processing (SIP), fear of leadership,
role model.
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Hypothesis 2: Fear of leadership (FOL) will be
predicted by regulatory focus, Selective
Information Processing (SIP), motivation to lead
(MTL), role model.

2. Material and Method

Data were collected from 200 maritime students and
40 masters (leaders) in maritime company. Data
were gathered online and anonymously through
Qualtrics. Sample was recruited by sharing the
Qualtrics link with our network and through e-
mails. The response rate is 64% (118 students, 35
masters). The leadership text consisting of 4
paragraphs on maritime was given in the first part.
We offered three questions to check that the
participants actually read the paragraph. Those who
responded wrongly to at least one fell down. 5
positive and 5 negative sentences existing in the text
are selected and these sentences are marked in a box
after the participants read the text (SIP). For the role
model evaluation, participants were asked to rate
how happy-unhappy, successful-unsuccessful they
thought the leader was and how positive-negative
the leadership experience of the role model was and
how much they aspired to be like this role model
(rated 0 to 100). The Questionnaires were asked into
that order: MTL, Regulatory Focus, FOL. Finally,
Participants were asked to report their gender,
educational level, whether they are currently
employed or not. Descriptive statistics were
calculated for continous variables (mean, standard
deviation (SD), minimum, maximum, median) and
categorical variables (N, %) showed in Table 1.
Comparison of two independent and normally
distributed variables Student's t test was used, to
compare two independent and non-normally
distributed variables Mann Whitney U test was
used. Comparison of more than two independent
and non-normally distributed variables Kruskal
Wallis test was used. It is shown in Table 2. Pearson
correlation analysis was used to determine two
normally distributed variables (Tabachnick,2013).
It is shown in Table 3. Multiple linear regression
modeling was used to examine the effect of
independent variables on the continuous dependent
variable, and the Backward variable selection
method was used (Cokluk et. al,2016). It is shown
in Table 4a and 4b. The analysis was conducted by
utilising SPSS 24.0 (Statistical Package for the
Social Sciences).
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Table 1. Demographic characteristics of the participants (N=153)

Mean+SD Median (Min-Max)
Age 27,5+9,3 24 (19-70)
How many years of work experience do you have? 7,1+9,8 2,7 (0,08-43,0)
N %
Gender Female 22 14.9
Male 126 85.1
Education High School 58 39.2
Bachelor’s Degree 7 4.7
Master’s Degree 62 41.9
Occupation Employee 35 22.8
Student 118 77.1
Position Administrative 11 7.2
Not Administrative 24 15.7

Selective Information Processing About Role
Model (SIP)

A hypothetical role model text was presented about
maritime. On the top of the text, they saw a page in
which it is written that they should carefully read
the following text, since there will be questions
about the text and they had 5 minutes to read it. The
text had the same amount of sentences presenting
positive and negative experiences of the role
model. Three questions were presented to check
whether the participants really read the paragraph
and who responded wrongly to at least one dropped
out. After answering check questions, they selected
the sentences that they thought are indicated in the
text. 5 positive and 5 negative sentences existing in
the text are selected and for measuring SIP about
role model number of the positive sentences in the
box were subtracted from number of negative
sentences in the box. The mean number of negative
sentences selected was 2.76 (SD=1.58). The mean
number of positive sentences selected was 2.95
(SD=1.61). The mean of calculated SIP was -0.2
(SD=1.4). It showes that positive sentences picked
more than negatives.

Role Model Evaluation

For the role model evaluation, semantic
differentials were used. That is, participants were
asked to rate how happy-unhappy, successful-
unsuccessful they thought the leader was and how
positive-negative the leadership experience of the
role model was and how much they aspired to be
like this role model (Sandal, 2014).
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Motivation to Lead Scale

The original MTL scale was composed of 27 items
developed by Chan and Drasgow (2001). The scale
has three subscales: affective, noncalculative,
social-normative. For purposes of this study, we
only used 18 items that are related to affective and
social-normative subscales. Items are scored on a
5-point Likert scale (1= totally disagree to 5=
totally agree). Cronbach's alpha was .78 for the
current study and it shows that the scale was
consistent. The mean of MTL was 3.3 (SD=0.5).

Regulatory Focus Scale

The 18 items questionnaire developed by
Lockwood et al. (2002) was used to measure
regulatory focus of participants. The questionnaire
has two subscales: prevention and promotion
goals. Items are scored on a 5-point Likert scale
(1= totally disagree to 5= totally agree). Turkish
version of the questionnaire was obtained from
Canacik (2006) and used in this study. Cronbach’s
Alpha was .70 for prevention focus subscale and
.76 for promotion focus subscale, indicating that
both subscales are consistent. The mean of
prevention focus was 2.9 (SD=0.8) and promotion
focus was 3.7 (SD=0.7). The mean of promotion
focus was found higher than prevention focus.

Fear of Leadership Scale (FOL)

The 16-item scale was developed by Aycan et al.
(2014). They rated items on a 5-point Likert scale
ranging from “very low levels of anxiety” to “very
high levels of anxiety. The items comprised of a
list of possible negative consequences of
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leadership. The reliability for the current study was
.87. The mean of FOL was 3.3 (SD=0.6)

seen that FOL and age have statistically significant
weak correlation with negative direction. Thus,

FOL decreases as age increases (Table 3).
3. Results

There is no statistically significant differences
between demographics and MTL (p>0.05). It is

Table 2. Comparisons according to demographics

Mean+SD MTL FOL
Median(Min-Max)
Female 32404 3.1+£0.8
Gender 3.3(2.2-3.8) 3.3(1.3-4.6)
Male 3.4+0.5 3.3+£0.6
3.3(2.1-5) 3.3(1.6-5)
p 0.118! 0.329
. 3.4+0.5 3.4+0.7
High School 3.4 (2.1-4.3) 3.4 (1.6-4.8)
. , 3.2+0.7 3.3+0.7
Education Bachelor’s Degree 3.2 (2.1-4.3) 3.4(1.9-4.3)
, 3.3+0.4 3.3+0.6
Master’s Degree 3.3 (2.5-5) 3.3 (2-5)
p? 0.574 0.835
Employee 3.3+0.3 3+0.8
Occupation 3.3(2.8-3.8) 3.1(1.3-4.2)
Student 3.3+0.5 3.3+0.7
3.3(2.1-5) 3.3 (1.6-5)
p 0.266 0.211
L . 3.3+0.3 3.2+0.6
Position Administrative 3.2 (2.8-4.1) 3.3(1.3-4.1)
Not 3.3+0.3 3+0.9
Administrative 3.2(2.8-4.1) 3.3(1.3-4.1)
p 0.106 0.820
Pearson correlation coefficients: r
Age r -0.027 -0.178
p 0.752 0.032
How many years of work r 0.108 -0.212
experience do you have? p 0.367 0.078

Mann-Whitney U test, !Student t test, 2Kruskal Wallis test

54




Bilge International Journal of Science and Technology Research 2019, 3 (1): 51-57

To investigate relationship between scales,
Pearson correlation analysis was utilized. The
correlation analysis results were shown in Table 4.
There is a statistically significant weak uphill
(positive) linear relationship between MTL and
Prevention focus. Meanwhile, promotion focus
and role model, prevention focus have a weak

uphill (positive) linear relationship, according to
promotion focus the degree of relationship
increased to moderate (0.437). FOL and Promotion
focus have a moderate (0.418) uphill (positive)
linear relationship and with promotion focus the
degree of relationship decreased to weak.

Table 3. Correlation between scales

r; 1 2 3 4 5 6
SIpt 1.000
0.141 1.000
2
Role model 0.093
0.167 0.108 1.000
3
MTL 0.045 0.199
Prevention focus® -0.036 -0.150 0.195 1.000
0.670 0.074 0.019
Promotion focus® 0.178 0.172 0.437 0.218 1.000
0.033 0.040 <0.001 0.008
FOLS 0.139 0.055 0.134 0.418 0.212 1.000
0.099 0.520 0.110 <0.001 0.011

After the comparison of the demographics and
correlation analysis, the regression models given in
Table 5a for MTL and Table 5b for FOL were
formed. As a first step, MTL is selected as a
dependent variable and SIP, role model, prevention
focus, promotion focus, FOL were modeled as
independent variables and Backward variable

multicollinearity (VIF<10) and autocorrelation
(Durbin-Watson<2). So, model can be interpreted
and was found statistically significant (p<0.001). If
promotion focus differed by one unit, MTL will
differ by 0.253 units and if FOL differed by one
unit, MTL will differ by 0.210 units, on average.

selection method was used. There is no
Table 4a. Regression analysis (Backward selection)
MTL Dependent Unstandardized Star_lda}rd Standardized t p VIF
B Deviation B
Constant 2.029 0.224 9.077 <0.001
Promotion focus 0.253 0.049 0.385 5.183 <0.001 1.038
FOL 0.116 0.052 0.167 2.249 0.026 1.038
R? 0.210
Flp 18.905/<0.001

Finally, FOL is selected as a dependent variable
and SIP, role model, prevention focus, promotion
focus, MTL were modeled as independent
variable, since it has a significant relationship with
age, the age was also added to the model.
According to backward variable selection, MTL
and prevention focus were found significant in
final model.  There is no multicollinearity
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(VIF<10) and autocorrelation (Durbin-Watson<2).
So, model can be interpreted and was found
statistically significant (p<0.001). If MTL
differed by one unit, FOL will differ by 0.239 units
and if prevention focus differed by one unit, FOL
will differ by 0.270 units, on average.
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Table 4b. Regression analysis (Backward selection)

FOL Dependent Unstan'clj;ardized Star}dgrd Standardized t p VIF
Deviation B
Constant 1.688 0.394 4.285 <0.001
MTL 0.239 0.115 0.165 2.081 0.039 1.055
Prevention focus 0.270 0.068 0.318 4.002 <0.001 1.055
R? 0.152
F/lp 12.748/<0.001

4, Discussion and Conclusions

The main purpose of the study was to examine
FOL and MTL which were affected by scales. We
expected that the relation between MTL and FOL
in consumer research will reveal itself also when
people evaluating the leadership in terms of role
model’s success, happiness and positivity of
leadership experience and aspiration to be like the
role model.

Motivation to lead (MTL) was defined as “an
individual differences construct that affects a
leader’s or leader-to-be’s decisions to assume
leadership training, roles, and responsibilities and
that affect his or her intensity of effort at leading
and persistence as a leader” (Chan & Drasgow,
2001, p.487). Participants with high MTL were
both selected as leaders by more group members
and tended to assume leadership roles when
compared to participants with low MTL (Sandal,
2014). We expected that role model evaluation will
predict MTL. Promotion focus and FOL were
found to have a significant effect on MTL.
According to regression results, MTL will differ
0.25 units with change of promotion focus and 0.12
units with change of FOL. In the first hypothesis,
MTL will be predicted by regulatory focus,
Selective Information Processing (SIP), fear of
leadership, role model was found semi-significant
,by reason of FOL and promotion focus were
important according to the model.

By establishing the regression model of FOL, we
suggested that if people have high levels of FOL,
prevention focus is increased. Thus, we predicted
that FOL and prevention focus have relationship
and also MTL is affecting FOL. According to
regression results, FOL will differ 0.24 units with
change of MTL and 0.27 units with change of
preventionfocus. In the second hypothesis, FOL
will be predicted by regulatory focus, Selective
Information Processing (SIP), motivation to lead
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(MTL), role model was found semi-significant, by
reason of MTL and prevention focus were
important according to the model.

The first limitation of the present study was sample
size in terms of number of questions including all
scales. As the number of questions is more, the
sample size can be increased. So, different
structural models can be established and
simultaneous relationships can be examined. The
second limitation of the present study was that our
data was based on self-report. The insignificant
results regarding role model might be attributed to
the use of self report in process of information.
Future studies might use brain activities or
attention measures to determine the role model. In
addition, future studies might look for other
possible predictors which predicts MTL and FOL.
Despite those limitations, the findings are expected
to contribute human resources policies. The
present study shows the parameters which are
affecting motivation and fear in leadership.
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3D Object Detection Using a New Descriptor with RGB-D

Erkut Arican'”, Tarkan Aydin?

Abstract: Object detection is a very important study area in computer vision. Many research use only RGB
images to find objects. In our work, we present new descriptor for object detection using RGB-D’s Depth
image data. We combine RGB image with depth image to create new feature vector. The introduced features
feeds Bag of Visual Words algorithm to classify images of the objects. Result shows us to RGB-D images
are given better accuracy results to comparing with RGB image.

Keywords: RGB-D, Depth Image, Machine Learning, Bag of Visual Words

1. Introduction

There are many fields in computer vision and
object detection is the most popular one. A long
time ago, finding object was a challenging process.
In last decades, many works show that finding
object became an easy process for computer vision
but mostly RGB information without depth is used.
In literature, it can be found many studies using
descriptor which are very preferred in computer
vision (Lowe 2004; Bay et al. 2006; Shechtman
and Irani 2007; Calonder et al. 2010; Rublee et al.
2011)

Nowadays, technology is going better and cheaper
therefore it can be found and access 3D image
easily. You can create dataset using Microsoft
Kinect (Microsoft) , Intel RealSense 3D Camera
(Intel) , etc. or you can download many 3D image
dataset like SUN3D (Xiao et al. 2013), Berkeley
3D Object Dataset (Janoch et al. 2011), RGB-D
Object Dataset (Lai et al. 2011) and NYU Dataset
(Silberman et al. 2012) . In literature, as observed
some 3D descriptors such as Huang’s study
(Huang and You 2012) and (Arican and Aydin
2017). In (Huang and You 2012), authors propose
3D local descriptor using self-similarity and point
cloud information while in (Arican and Aydin
2017), authors used depth oriented gradients for
object detection.

1 Bahcesehir University, Faculty of Engineering and Natural Sciences,

34353, Istanbul, Tiirkiye
*Corresponding author (Iletisim yazart): erkut.arican@eng.bau.edu.tr
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In this paper, we propose a new descriptor for 3D
object detection using RGB and Depth image
together. We combine 3 important information and
create a new descriptor. Bag of Visual Word
(Csurka et al. 2004) algorithm is our base
algorithm and we add Local Self Similarity
(Shechtman and Irani 2007) and Depth information
to create a new 3D descriptor for object detection.

Our paper continue as follows: background
information about Bag of Visual Words and Local
Self-Similarity is given in Background Section.
Then proposed method is explained in Section
Material and Method. Results are showed in Result
Section. Finally, in the last section, we summarized
our study and mention future works.

2. Background

In this section, we explain Bag of Visual Words
(BoW) and Local Self Similarity (LSS) methods
which compose base method with Depth
information to our study.

2.1. Bag of Visual Words

Csurka and et. all (Csurka et al. 2004) developed a
descriptor for identifying the object. Authors
define 4 main steps for Bag of Visual Words.

Citation (Atif): Arican, E., Aydin, T. (2019). 3D Object Detection Using
a New Descriptor with RGB-D. Bilge International Journal of Science
and Technology Research, 3 (1): 58-62.
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These steps are; 1) determining of image patches;
2) creating a vocabulary; 3) creating bag of
keypoints and 4) using multi-class classifier for
determining categories for input images.

2.2. Local Self Similarity

In Local Self Similarity (Shechtman and Irani
2007), they use self-similarities for same object but
different image characteristics. They create image
patch and region part to create correlation surface.
When they create the correlation surface, they use
binned log-polar representation and create a
descriptor. You can see LSS method in Figure 1.

= O 4w — = O wvmo

Figure 1. Local Self Similarity

Authors used Sum of Squared Distance method for
creating correlation surface, this part is another key
point to our work.

3. Material and Method

Feature extraction is the crucial step in feature-
based machine learning methods. In our study,
Ideas of Local Self Similarity was used for Region
and Patch matrix and also calculation of SSD. In
Algorithm 1, we explain our method step by step.
In the first step, we read RGB image in grayscale
format and found SURF points. We selected each
SURF points as a center point and extracted 4x4
patch matrix and 12x12 region matrix. We use
template matching algorithm for these 2 matrices
with Sum of Square Distance (Eg.1) and create
SSD matrix in the size of 9x9. This size will also
define Depth image matrix’s size. In Figure 2, you
can see an example of template matching.

59

n
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Figure 2. Template Matching Example

Afterwards, we extract SURF points from Depth
image, then we select same SURF points as a
center points and create 9x9 matrix. From now on
depth matrix is called DM. An important part of
our study is combining this depth information to
local self-similarity method. For the combining
process, firstly we normalize DM and convert SSD
matrix as a double and then create a new matrix
using Equation 2 as follows

DS = (SSD * ePM)T 2)

We convert this matrix in a single row to create our
new descriptor.

Algorithm 1. Our Method

1. Read RGB image in grayscale
2. Detect SURF points
3. For each SURF points selected as a

center
a. Extract 4x4 patch matrix from
image
b. Extract 12x12 region matrix
from image

c. Calculate SSD
d. Read Depth image in

grayscale

e. Extract 9x9 matrix from depth
image (DM)

f.  Create new matrix using SSD
and DM

g. Convert matrix to 1-D vector
h. Return new descriptor

For classification of the features Bag of Visual
Words was used (Bay et al. 2006) and the
vocabulary size is selected 20.
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4. Results

We use RGB-D Object Dataset (Lai et al. 2011) to
test our algorithm. Example of RGB and Depth
image from dataset can be seen in Figure 3 and 4.
In this Kinect style dataset, there are 300 common
household objects, 51 categories. We create
implementation to our algorithm using MATLAB
(MATLAB).

Figure 3. RGB Image Example from Dataset

Figure 4. Depth Image Example from Dataset

In Table 1 and Figure 5, you can see comparison
between our method and BoW + SSD results for
different number of labels. Each label set selected
from 51 categories. Biggest set include 10 labels
which is explain more detail in Table 2.

Table 1. Comparison Methods Different Number
of Labels

Accuracy
Method 4 5 6 10
Labels | Labels | Labels | Labels
BoW + 61% 48% 46% 43%
SSD
Our 64% 51% 57% | 53%
Method
J66 Comparison Method Different Number of Labels
90 - ~
80 .
701 T
£
80D T
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Figure 5. Comparison Methods Different Number of Labels
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In Table 2, you can see in detail each label
accuracy rate comparison of 10 labels in Table 1
using BowW+SSD and Our Method. These
categories which are apple, ball, bell pepper,
binder, bowl, cap, cell phone and soda can, give
much better accuracy rate than BowW + SSD
method.

Table 2. Comparison Methods Different Object in
10 Labels

BoW + SSD Our Method
Apple 0.0934 0.1593
Ball 0.4553 0.5813
Bell Pepper 0.0842 0.2105
Binder 0.4695 0.6901
Bowl 0.4540 0.8333
Calculator 0.6552 0.6092
Cap 0.8457 0.9096
Cell Phone 0.2945 0.3620
Cereal 0.7018 0.6608
Soda Can 0.2340 0.2819

It is clear that our algorithm gives better
performance than Bag of Visual Words + SSD
algorithm using Table 1 and Table 2.

5. Discussion and Conclusions

Using RGB is very popular and often preferred in
object detection. On the other hand, depth images
are becoming easily accessible information, so we
contribute literature as proposing a new descriptor
for object detection using RGB-D images.
Combining Sum of Square Distance method with
depth image gives better accuracy than using only
RGB. For future work, we plan to improve our
method to give much better performance and better
running time.
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Abstract: The number of smart devices that are developed to facilitate people's everyday tasks is increasing
day by day. The devices presented to the end user can communicate with each other through the concept of
Industry 4.0. This process, known as the internet of things (10T), allows devices to be controlled over the
Internet. A vacuum cleaner designed in the scope of this study can connect to the internete and fulfill the
assigned tasks. Autonomous home sweeping can be performed in accordance with given tasks. The
autonomous electric vacuum cleaner developed in this study; body, vacuum part, sensors, battery, motors
that provide movement consists of battery and electronic circuit. It can sweep itself autonomously without
touching the surrounding objects by means of the absorbers on the broom which is a small design. In
addition, the Bluetooth wireless communication technology that you use can be commanded via smart phone
/ tablet. A home plan can be defined by means of developed software. At this point, the robot can be
instructed which parts to clean. In this respect, self-autonomously assigned tasks can be successfully
replaced. The system also allows remote control over the internet with the help of wi-fi. Routine home
sweeping is performed autonomously with the developed smart vacuum cleaner. With the developed mobile
software, it is possible to choose which environment and how much the robot can work. In addition, the
robot measures its own charge and can go to the charging station and the need. It has been seen that the robot
fulfills the assigned tasks in a three-room home plan. With the developed Android application, the robot can
be controlled automatically and manually. With the concept of internet of objects, the developing trend made
it possible to produce many smart devices. When combined with economical electronics, mechanical
hardware and software, a lot of innovations come into play that will make human life easier. In this
developed work, it was ensured that the routine work of the people was done by means of an intelligent
broom (autonomous robot). With improved hardware and software, people will save time and work power.
As a result, human life will greatly facilitate.

Keywords: 10T, Smart Vacuum Cleaner, Autonomous Robot.

1. Introduction information from the environment with the used

] ] ) sensors.(Mahalik, 2003).
Mechatronic systems consist of mechanical parts,

electronic circuitry and software (Carryer et al., The number of intelligent devices produced by
2011). The equipment that makes up these systems utilizing these opportunities is increasing day by
is easy to reach in recent years. With the used 3d day.
printing machines, mechanical parts designed in the
desired structure are produced (Kesner & Howe, In recent years, the development of electronic
2011)The software developed for microcontrollers circuits and communication protocols used in
used in electronic circuit design can be controlled wireless communications have brought autonomous
quickly and flexibly. All these components form the and intelligent work to another dimension. In this
mechatronic system. Sensor technology is used for way, the machines can be remotely controlled and
intelligent mechatronic systems. Autonomous communicated with each other to be able to
operation can be achieved by processing the function. This period, called Industry 4.0, offers
Trakya University Ipsala Vocational Scholl Edirne / Turkey Citation (Atif): Giilli, A., Caglar, M. (2019). Bluetooth Based Smart
*Corresponding author (iletisim yazar): aydingullu@trakya.edu.tr Vacuum Design and Implementation. Bilge International Journal of

Science and Technology Research, 3 (1): 63-66.
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many conveniences (Lasi et al., 2014). During this
period, studies such as speed safety came to the
forefront in studies on machines communicating
with one another.

This period when objects communicate with each
other is called "l1oT". A lot of studies have been
done in this area in the last time. (Gubbi et al.,
2013).

In this study, a remote controlled mobile robot was
designed to allow autonomous motion. In the next
sections, mechanical, electrical and software
designs will be mentioned. The findings and
usefulness of the robot's work will be explained.

2. Material and Method

This section is explained in three parts. Firstly, the
visual design is described by mechanical design.
Electrical equipment used later is mentioned.
Lastly, the software is mentioned. The software is
microcontroller control software and developed
mobile application.

2.1. Mechanical Hardware

The autonomous mobile vacuum cleaner is
mounted on a mechanical chassis. A 12V powered
vacuum cleaner is mounted on the designed chassis.
In addition, battery, electronic card, sensors,
Bluetooth module, motor and wheels are mounted
on the chassis.

The robot is able to move in the environment with
information from sensors that perceive it

Differential driving model is used for the design
which takes center of gravity of the robot. There is
one free-moving passive wheel on the front. Figures
1 and 2 are shown robot images.

Figure 1. Smart Vacuum Robot
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Figure 2. Smart Vacuum Robot

2.2. Electronic Hardware

Modules have been used in electronic circuit
design. Arduino platform is used in control part of
this prototype robot. The Atmega328p 8bit
microcontroller is used. With the L298 h-bridge
integration, two motors are independently
controlled.

Motor speed control is done by PWM signals. The
control of the vacuum cleaner motor is controlled
PID. PID coefficients were selected experimentally
(Dogruer et al., 2017). The wheels are equipped
with a hall effect sensor for position information.
The estimated position is determined by the
distance on this sensor. In addition, at certain
distances, position verification and reference were
made with RF-ID tags. An RF-ID sensor was used
for this (RC522). In this way, the robot can correctly
detect the location information. Since RFID tags
can be attached to cash, clothing, and possessions,
or implanted in animals and people, the possibility
of reading personally-linked information without
consent has raised serious privacy concerns(Angell
and Kietzmann, 2006). These concerns resulted in
standard specifications development addressing
privacy and security issues. ISO/IEC 18000 and
ISO/IEC 29167 use on-chip cryptography methods
for intractability, tag and reader authentication, and
over-the-air privacy. ISO/IEC 20248 specifies a
digital signature data structure for RFID and
barcodes providing data, source and read method
authenticity. This work is done within ISO/IEC JTC
1/SC 31 Automatic identification and data capture
techniques. Optical sensors are used to detect the
environment. Three sensors surround the
peripherals.



Bilge International Journal of Science and Technology Research 2019, 3(1): 63-66

Bluetooth module for functions such as manual
control. A protocol has been written for module
communication with the robot. It is controlled via
an application developed for mobile devices. This
allows remote control.

2.3. Software and Mobile App

The software is made in two stages. First;
microcontroller software. This is the main control
software. This software, which communicates all of
the electronic hardware, is encoded in the micro
controller. The software running in conjunction
with the mobile application controls the robot's
hardware according to the received commands. The
second one is mobile application software. The
software developed on http://appinventor.mit.edu
platform is used by being installed on the android
device. The device that communicates via the
Bluetooth platform can connect to the Internet via a
server. Local control was carried out within the
scope of this study. Designed mobile application
screens are shown in Figures 3 and 4.

No Connection

false Bluetooth Connection

Control Control

SMART ROBOT

SMART ROBOT

Figure 3. Mobile Application (Home Sketch
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Smart Vacuum Cleaner

onnecte No Connection

true Bluetooth Connection

Manuel Control

Vacuum Cleaner

STaRT sTop STaRT

MODES

Auamatic Hanuel Auamstic Manuel

ROOMS

Figure 4. Mobile Application (Control Screen)
3. Results

In this study, an autonomous vacuum cleaner was
designed. The design will be able to self-clean by
sensing the objects around it. In addition, the robot
communicates with Bluetooth and can execute
commands that are given wirelessly. The mobile
app has been developed for this process. This will
make it easier for people to do daily tasks.

It also provides remote control via a network
connection that can be set up. Location information
is perceived on the robot side on the sketch side of
the wheel and the previously defined sketch. The
developed work can work more functionally with
commercial facilities with limited opportunities

4. Conclusions

The common reasoning of different people by
accessing information through internet technology
has led to a rapid solution in practice. Another
advantage is the availability of many sensor
hardware with internet shopping. Open source
microcontrollers also provide flexible control. In
this study, an assistant mobile robot was designed
by taking advantage of these advantages and it was
operated more functional with the concept of
objects' internet. A range of functions have been
added to facilitate the human life, such as sensing
the environment, working at the locale where self-
charging is desired, and the area scanning function
developed for equipment control. Tests made have
given successful results for limited location.
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Kotii Amach Windows Calistirilabilir Dosyalarimin Derin
Ogrenme ile Tespiti

Mahmut Tokmak!*, Ecir Ugur Kiigiiksille?

Ozet: Giiniimiiz internet ¢aginda kotii amagh yazilimlar, bilgi giivenligi agisindan ciddi ve gelisen bir tehdit
olarak karsimiza ¢ikmaktadir. Bu nedenle kotli amagli yazilimlarin tespit edilmesi, kotii amagh yazilimin
yol agabilecegi zararlarin 6nlenmesi agisindan son derece 6nem arz etmektedir. Bu ¢alismada Windows
uygulama programlama arayiizii (API) ¢agrilari ve Windows ¢alistirilabilir dosyalarinin opsiyonel baglik
boliimiiniin ihtiva ettigi alanlar analiz edilerek kotli amacghi yazilimlar tespit edilmeye calisilmistir.
Caligmada, kotii amaghi ve kotii amagli olmayan calistirilabilir dosyalarindan olusan bir veri seti
olusturulmustur. Veri setinde, 592 kotii amagh olmayan yazilim ve 283 kotii amagli yazilim olmak iizere
875 Windows caligtirilabilir dosyasi kullanilmistir. Veri setindeki her bir ¢alistirilabilir dosya, Windows
uygulama programlama arayiizii ¢agrilar1 ve opsiyonel baslik alanlari ele alinarak vektorel olarak ifade
edilmistir. Oznitelik vektorii iizerinde temel bilesen analizi yapilarak boyut indirgeme islemi yapilmistir.
Indirgenen &znitelikler Derin Ogrenme ile egitilip test edilerek koti amach yazilim tespiti
gergeklestirilmistir. Calismanin sonunda Derin Ogrenme ile % 100 dogruluk degerine erisilmistir.

Keywords: Kétii amagh yazilim tespiti, Bilgi ve bilgisayar giivenligi, Derin 6grenme.

Detection of Windows Executable Malware Files with Deep
Learning

Abstract: In today's internet age, malware emerges as a serious and growing threat in terms of information
security. Therefore, detecting malware is extremely important in terms of preventing harm that malware
may cause. In this study, by analyzing Windows Application Programming Interface (API) calls and the
optional header sections of Windows executable files, it was tried to detect malware. A data set consisting
of malware and benign executable files was created. In this study, 875 portable executable files were used,
283 of them are benign and 592 of them are malware. Each portable executable file in the data set is
expressed in vectors by the taking into account Windows application programming interface calls and the
optional header sections. Dimension reduction was made on feature vector. The reduced attributes were
trained and tested by Deep Learning and detecting malware was achieved. At the end of the study, it was
achieved 100% accuracy with Deep Learning.

Keywords: Malware detection, Information and computer security, Deep learning.
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1. Giris

Bilgisayar teknolojileri her gecen giin daha da
gelismekte ve yayginlagmaktadir. Kigisel ve
kurumsal kullanimda yapilan islemler elektronik
platformlara aktarilarak kolaylik saglanmaktadir.
Elektronik ortamlara aktarilan bilgilerin giivenligini
saglamak ise bagli bagina bir dnem derecesine sahip
ve ¢Oziilmesi gereken bir problem olarak kargimiza
cikmaktadir. Ciinkii kotli amagli  yazilimlarin
yarattig1 tehditler sayisal olarak ve ¢esitlilik olarak
artmaktadir. Hatta tespit edilen kotii amagli bir
yazilim sekil degisikligine ugratilip tekrar daha
giicli olarak karsimiza ¢ikabilmektedir. Bu
tehditlerin basinda kotii amagh yazilim (malware)
ve casus yazilim (spyware) gelmektedir.

Kotii  amagli  yazilm  (malware);  Ingilizce
“malicious software” kelimelerinin kisaltilmasi ile
adlandirilmigtir.  Girmis oldugu sistemde zarar
vermeyi amaglayan bu yazilimlar bilgisayar
viriisleri, solucanlar (worms), arka kapilar
(backdoor), Truva atlar1 (Trojan horse) ve casus
yazilimlar(spyware) olarak cesitlilik
gostermektedir. Kotii amacli yazilimlar, hassas
verilerin ¢alinmasi, sifrelenmesi, silinmesi, temel
fonksiyonlarin degistirilmesi ve kullanicilarin izni
olmadan bilgisayar faaliyetlerinin izlenmesi de
dahil olmak lizere gesitli islevler
gergeklestirebilirler (Ye vd., 2008; Shabtai vd.,
2009).

Koti amagh yazilim tiirleri, belirli bir amag igin
tasarlanmus islevleri veya ozellikleri icerir. Ornegin
fidye yazilimlari (ransomware), bir kullanicinin
sistemine bulagarak verileri sifrelemek igin
tasarlanmigtir. Siber suglular, sistem verilerinin
sifresini ¢cdzmek karsiliginda kurbandan fidye talep
etmektedirler. Kok kullanict takimi  (rootkit),
magdurun sistemine ydnetici seviyesinde erisim
saglamak  i¢in  tasarlanmis kot  amagh
yazilmlardir. Yazilim kurulduktan sonra, tehdit
aktorlerine, kok veya sisteme ayricalikli erisim
verirler. Arka kapi viriisii veya uzaktan erigimli
Trojan (RAT), sistemde gizlice bir arka kapi
olusturur. Kullaniciya veya sistemin giivenlik
programlarina fark ettirmeden tehdit aktorlerinin
uzaktan erigmesine izin verirler (Ye vd., 2008;
Bazrafshan vd., 2013; Basu vd., 2016).

Son zamanlarda, kotli amagl yazilimlarin agirt bir
sekilde yayginlastigi, nicel ve nitel anlamda arttig
goriilmektedir. McAfee Labs’m 2018 yilinin mart
aymda yaymladigi rapora gore; 63,4 milyon yeni
kot amagh yazilim 6rnegi ile tiim zamanlarin en
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ylksek rakamina eristigi belirtilmistir (McAfee,
2018). Her giin binlerce sistem bu kotii amacgh
yazilimlarin verdigi zararlara maruz kalmaktadir.
Diinyada en ¢ok kullanilan Windows igletim sistemi
de kotli amagli yazilimlarin hedefi halindedir.
Microsoft ~ Windows  isletim  sistemlerinin
diinyadaki kullanim oran1 2018 Mayis ay1 itibariyle
%76 olarak tespit edilmistir (W3schools, 2018).
Yiiksek oranda kullanim oranina sahip olan
Windows isletim sistemini hedef alan kotii amaglhi
yazilimlar exe, com, dll gibi dosya uzantisina sahip
olabilmektedirler (Belaoued ve Mazouzi, 2016).
Bdylesine yaygin kullanim oranina sahip olmasi ve
giin gegtikce artan kotii amagl yazilimlarin hedefi
olmast nedeniyle; Windows isletim sistemi ve
caligtirilabilir  dosya formati PE  (Portable
Executable) tipindeki kotii amagli yazilimlar
¢alismada odak konusu olmustur.

Kotii amagli yazilimlarin tespiti i¢in ii¢ tiir yaklagim
yogun olarak kullanilmakta ve one ¢ikmaktadir.
Bunlar; imza tabanli tespit teknigi, davranis tabanli
tespit teknigi ve sezgisel tespit teknigidir
(Bazrafshan vd., 2013; Belaoued ve Mazouzi, 2016;
Darshan ve Jaidhar, 2018).

Imza tabanli tespit teknigi, bircok antiviriis
yaziliminin kullandigi bir tekniktir. Imza ise tek
olan ve kisa bir byte dizisinden olusmaktadir. Bu
teknik; bilinen ve daha dnceden tespit edilmis bir
kot amagl yazilimin imzasi ¢ikarilip veri tabanina
kaydedildikten sonra test edilecek yazilimin
imzasiyla karsilagtirma esasina gore galigmaktadir.
Ancak bilinmeyen, karsilagilmamig yazilimlarda
basarisiz olmaktadir. Koti amach yazilimin
zararlarinin ortaya c¢ikmasi, tespit edilmesi ve
veritaban1 giincellemesi siirecinde gecen zamanda
kotii amagli yazihm zarar vermeye devam
etmektedir. Polimorfik ve metaformik kotii amagh
yazilimlar1 tespit edememesi bu yoOntemin bir
dezavantaji olarak karsimiza ¢gikmaktadir (Ye vd.,
2008; Belaoued ve Mazouzi, 2016; Lim, 2016;
Darshan ve Jaidhar, 2018; Kumar vd., 2017).

Davranis tabanli tespit teknigi, yazilimin ¢aligma
anindaki davraniglarini izleyerek tespit etmeye
caligmaktadir. Koti amagl yazilimin, mevcut
sistemden izole edilmis kum havuzu (sandbox)
yada bir sanal makine (virtual machine) iizerinde
calistirllarak API ¢agrilari, sistem ¢agrilari, internet
trafigi gibi 6zelliklerin toplanip izlenmesi ilkesine
dayal1 bir tespit teknigidir (Bazrafshan vd., 2013;
Belaoued ve Mazouzi, 2014; Belaoued ve Mazouzi,
2016; Zatloukal ve Znoj, 2017; Darshan ve Jaidhar,
2018). Bu yontem birgok c¢alismada dinamik analiz
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olarak da adlandirilmaktadir (Bazrafshan vd., 2013;
Basu vd., 2016; Belaoued ve Mazouzi, 2016;
Zatloukal ve Znoj, 2017). Ancak koti amagh
yazilimm davraniglarini  sergileyen 6zelliklerin
toplanmasi agsamasi statik olarak yapilabilmektedir
(Bazrafshan vd., 2013). Statik analiz yaklagimi,
analiz edilecek yazilimi c¢alistirmadan yazilim
kodlar1 hakkinda detayli bilgi elde etmeyi
amagclayan yaklasimdir. Statik analiz yaklasiminda
yazilim sisteme kurulmadigi i¢in incelemenin
yapildigt  sistem  koti  amacghh  yazilimin
dogurabilecegi  zararlardan etkilenmemektedir
(Salehi vd., 2014; Kabakus vd., 2015; Zatloukal ve
Znoj, 2017). Davranis tabanli tespit tekniginin,
imza tabanli teknigin tespit edemedigi, bilinmeyen
ve polimorfik koti amagli yazilimlar tespit
edebilmesi bir avantaj olmakla birlikte tarama
zamaninin uzun olmasi, metamorfik kotii amach
yazilim tiirlerini tespit edememesi ve Yanlis Pozitif
Orani (False Positive Rate, k&tli amach olmayip
kotii amagl olarak etiketlenen yazilim orani)
istenen diizeyde olmamasi bir dezavantaj olarak
karsimiza ¢ikmaktadir (Bazrafshan vd., 2013;
Belaoued ve Mazouzi, 2016; Darshan ve Jaidhar,
2018).

Bahsedildigi gibi, imza tabanli ve davranig tabanl
kot amaghi yazilim tespit yontemlerinin bazi
dezavantajlari bulunmaktadir. Bu dezavantajlarin
iistesinden gelmek icin sezgisel tespit teknikleri
gelistirilmistir. Sezgisel  tespit  teknikleri,
yiiriitiilebilir bir dosyanin davranigini 6grenmek
icin veri madenciligi ve makine Ogrenme
tekniklerini  kullanmaktadirlar. Bu  konudaki
calismalar1 Schultz vd. Naive Bayes ve Multi Naive
Bayes yontemlerini kullanarak baglatmislardir
(Schultz vd., 2001; Bazrafshan vd., 2013). Sezgisel
tabanli tespit sistemleri, kotii amach yazilimlari
tespit etmek icin, sistem cagrilari, API cagrilari,
Opkodlar1 ve baglik bilgisi gibi yapisal bilgileri
incelenmektedir ki bu bilgiler makine 6grenme ve
veri madenciligi yontemlerinde o6zellik vektorii
olarak kullanilmaktadir. Sezgisel tabanli tespit
teknigi, bilinmeyen ve metamorfik kotli amacl
yazilimlar1 tespit edebilmektedir. Ancak Yanlis
Pozitif Oran1 halen sorun olarak aragtirmacilarin
kargisina ¢ikmaktadir. Bu sorunu agsmak igin
calismalarda, yazilimlara ait farkli 6zellikler, farkli
makine 6grenme yontemleri ve veri madenciligi
teknikleri kullanilmaktadir (Schultz vd., 2001; Ye
vd., 2008; Ye vd., 2010; Bazrafshan vd., 2013;
Belaoued ve Mazouzi, 2016; Darshan ve Jaidhar,
2018).
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Bu calismada, sezgisel tespit tabanli PE
calistirlabilir dosya tiirleri i¢in kot amagh yazilim
tespit sistemi gelistirilmistir. Gelistirilen sistem,
Oznitelik ¢ikarma, boyut indirgeme ve karar verme
asamalarin1 icermektedir. Oznitelik olarak PE
dosyalarmin API ¢agrilar1 ve PE Opsiyonel Basligi
(IOH: Image Optional Header) o0zellikleri
kullanilmugtir. Oznitelik sayis1 fazla oldugundan
Temel Bilesen Analizi (PCA: Principal Component
Analysis) ile boyut indirgeme iglemi yapilmistir.
Karar verme asamasinda ise Derin Ogrenme (DL:
Deep Learning) yontemi kullanilmigtir. Tim
asamalarda Python programlama dili kullanilmustir.

Bu konuda literatiirde yapilmis ¢esitli calismalara
bakildiginda;  Schultz  vd. ( 2001); PE
dosyalarindaki metinleri, API ¢agrilarini bayt dizisi
ozelliklerini arastirarak kotii amacgli yazilimlari
tespit etmislerdir. Siiflandirici olarak Naive Bayes
ve Multi Naive Bayes yontemlerini kullanmiglardir.
Onerdikleri yontemleri imza tabanli tespit teknigi
ile karsilagtirmiglardir. Naive Bayes yontemi ile %
97.11, Multi Naive Bayes yontemi ile % 96.88
oraninda dogruluk elde etmiglerdir.

Ye vd. (2008); IMDS (Intelligent Malware
Detection System) , Akilli Kotii Amagli Tespit
Sistemi, adli bir tespit sistemi Onermislerdir. PE
dosyalarindaki API g¢agrilarini analiz etmislerdir.
Nesne yonelimli Dbirliktelik tabanli  FP-Growth
algoritmasini kullanarak siniflandirma
yapmuslardir. Onerdikleri sistemin tespit oranini %
97,18, dogruluk oranm1 % 93,07 olarak
belirtmiglerdir.

Wang vd. (2009); Windows ortamlarinda API
dizilerinin sergilemis oldugu siipheli davraniglarin
analizine dayal1 bir kotii amacli yazilim tespit etme
yaklasimi  sunmuslardir.  Siipheli  davraniglar
saptamak ve virisleri tespit etmek igin Bayes
algoritmasimi uygulamislar ve % 93,71 dogruluk
orani elde etmiglerdir.

Ye vd. (2010); IMDS adli daha 6nceki kotii amagh
yazilim tespit sisteminin iyilestirilmesi olarak
CIMDS’ yi 6nermislerdir. Daha dnceki ¢alismalari
gibi nesne yonelimli birliktelik madenciligi
kullanmiglardir. Kural se¢me, kural budama ve
kural siralama islemleri i¢in Ki-kare metodunu
kullanmuslardir. Onerdikleri sistemde tespit oranini
% 89,52, dogruluk oranmi %71,35 olarak
belirtmislerdir.

Byrd vd. (2014); 6grenme tabanli siniflandiricilarla
kot amacgl yazilim tespit etmeyi amaglamiglardir.
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Caligsmalarinda {i¢ 6grenme tabanli smiflandirict
kullanmislardir. Elde ettikleri bir veri kiimesindeki
kot amagh kodlarin analizi ve tespiti igin; Fisher
dogrusal  siniflandirici, otomatik  sinir  ag
siniflandiricis1 ve destek vektdr makinelerini
kullanmiglardir. Veri setini olusturmak igin genel
sandbox teknikleri ve API Monitor v2 programini
kullanmislardir.  API  Monitor v2 yazilimini
kullanarak ~ API  c¢agrilarii  ¢ikarmislardir
Onerdikleri tespit mekanizmasinda, Fisher dogrusal
siiflandirict % 83,2, otomatik sinir a1
siiflandiricis1 % 85,7, destek vektdor makineleri
kullanarak yaptiklar1 siniflandirma % 94,9 dogruluk
oranina ulasmistir.

Lim (2016); API islev ¢agrilarinin bilgilerini analiz
ederek yazilimim kotli amagli davraniglarini tespit
etme yaklagimini Onermistir. Tespit
mekanizmasinda dinamik API islev c¢agrilarini
analiz ederek, kotii niyetli yazilim davranislarim
Saptamaya caligmistir. Analizin verimliligini ve
toleransini artirmak i¢in, kotii amagli davraniglar: k-
gram setleri olarak ayarlanmig ve k-gram kiimeleri
ve APl islev c¢agrist arasindaki benzerligi
hesaplayarak tanimlama yapmuistir.

Gupta vd. ( 2016); koti amach yazilimlari tespit
etmek i¢in Windows APl c¢agrt dizileri
kullanmislardir. Windows API ¢agr dizilerini
yakalamak i¢in Microsoft'un Detours kiitiiphanesini
kullanmislardir. Toplam 534 API setini islevlerine
gore 26 kategoriye ayirmiglar ve bu kategorilere
gore kotii amacgli yazilimlar tespit etmislerdir. API
cagri modelini ¢ikarmak i¢in n-gram analizi
yapmiglardir.

Hardy vd. (2016); DL4MD admi verdikleri
calismada, Stacked AutoEncoders (SAE) modelini
kullanan DL mimarisi ile k6tii amagli yazilim tespiti
onermislerdir. PE dosyalarindan API cagrilari
¢ikarilarak elde ettikleri verileri, DL girdisi olarak
kullanmuglardir.  Onermis  olduklar1  ydntemin
dogruluk oranini % 96,85 olarak belirtmislerdir.

Belaouded ve Mazouzi (2016); API ¢agrilart ve PE
Opsiyonel Baslik 6zelliklerini kullanarak Ki kare
ozellik segimine dayali bir sistem Onermislerdir.
Siniflandirma iglemlerini veri madenciligi yazilimi
WEKA kullanarak yapmislardir. Karar agaci (J48),
AdaBoostM1 algoritmasi ile Hizlandirilmig Karar
Agac1 (Boosted Decision Tree), Dondiirme Agag
yapisi (Rotation Forest), Rastgele Orman (Random
Forest) siniflandirma algoritmalarinin kotii amacgl
yazilimi tespit etme performanslarini
degerlendirmislerdir. En yiiksek dogruluk oranim
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Hizlandirilmis Karar Agact yontemi ile % 98,17
olarak belirtmislerdir.

Kolosnjaji vd. (2016); bir¢ok ¢alismada oldugu gibi
API cagrilarin1 kullanarak DL ile tespit sistemi
onermiglerdir. Caligmalarinda DL  ydnteminin
performansint  Sakli Markov Modeli (Hidden
Markov Model) ve Destek Vektér Makineleri
(Support Vector Machine) ile karsilagtirmislardir.
DL yontemini diger modellere karsi daha basarili
olarak tespit etmisler ve % 89,4 dogruluk orani
belirtmislerdir.

Darshan ve Jaidhar (2018); Filtre Tabanli Oznitelik
Secim yontemlerinin, PE kotii amagli dosyalarinin
smiflandirilmasindaki performanslarini
arastirmislardir. Kullandiklart yontemler; Ayirt
Edici Ozellik Segici yontemi, Karsilikli Bilgi
yontemi, Kategorik Orantisal Fark yontemi, ve
Darmstadt Indeksleme Yaklasimidir. Oznitelik
olarak PE dosya formatinin Opsiyonel Baglik
verilerini kullanmiglardir.

Cui vd. (2018); DL metodu ile tespit yontemi
onermislerdir. ikili dosya (binary file) formatindaki
dosyalart gri tonlamali goriinti  formatina
cevirmigler ve sisteme girdi olarak kullanmislardir.
Calismalarinda % 94,5 dogruluk oranma
ulasmuglardir.

2. Materyal ve Yontem

Onerilen yontemde Windows 10 isletim sisteminde
kullanilan taginabilir, ¢alistirilabilir (PE) formattaki
dosyalar kullanilmigtir. PE dosyalar1, Sekil 1°de
verildigi tizere, MS-DOS baglig1 ile baslar PE
bagliklar1 ile devam eder, bdoliim tablosu ve
boliimler kismu ile sona erer. PE dosya formatinin
baslik olarak adlandirilan kisminda MS DOS stub,
PE dosyasinin imzasi, COFF (CommonObject File
Format) basghigi, ve diger opsiyonel bagliklar
mevcuttur. Boliim  tablosu, bolim adlarini,
konumunu ve boyutunu iceren bilgileri barindirir.
Boliimler ise ger¢ek kod pargasi, ilk deger atanmis
veriler, import tablosu, export tablosu ve kaynaklar1
barindirmaktadir (Alkan vd., 2013). Calismada
Oznitelik olarak kullanilan Opsiyonel Baslik
boliimii ise, opsiyonel olarak adlandirilmis olsa da
opsiyonel degildir. PE dosya formatinin ¢gok 6nemli
bilgilerini barindirmaktadir. Ornegin;
AddressOfEntryPoint dosyanin baslangic
noktasinin RVA’ sin1 (Relative Virtual Address —
Bagil Sanal Adres), Image Base PE formatinin
yiiklenecegi adresi, Section Alignment hafizaya
yiiklenen boliimlerin  konumunu tutar. Import
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tablosundan elde edilen Windows API cagrilari,
yazilimcilarin ihtiya¢ duydugu temel fonksiyonlari
barindiran kiitiiphaneleri ihtiva etmektedir. Koti
amachi yazilimda kullanilan API c¢agrilari, bu
yazilimin davraniglar1 hakkinda yorum yapilabilme

acisindan 6nemlidir. Ornegin; RegOpenKeyEx API
cagrisini kullanan bir yazilim, kayit defterinde bir
deger degistirmek istiyor ya da bir deger
sorgulamasi yapiyor yorumunda
bulunulabilmektedir.

WS DOS Basha Baslanzg Adresi
- Adrass of Entry Point
MS-DOS hiazaj -
Proerami Tmza Ik Bawt Adrasi
WS-DOS Stub Sienaturs Imags Base
FE Bashi& Deosva Baghi Bilimlerin Hafiza Konumu
PE Header > File Headar Saction Alinmant
Bilim Baghi Opsivonal (EL) Doswa ‘L!ﬂ Bi::-lijminu:-numu
Saction Headar Bashk - Fil= Alienment
Bolim 1 Ima%jil D&lﬁnn&l
Sactionl ot Bashk Boyat
Bolam 2 Size of Headars
Section Veri Dizini
. Drats Dhrsctory
Bélim n
Section n

Sekil 1. PE dosya formati

Yerel sistemde olusabilecek zararlar1 Onlemek
amaciyla olusturulan sanal bir sistemde, Windows
platformunun calistirilabilir PE  formatindaki
dosyalarmm, IAT (Import Address Table)
bolimiinden elde edilen Windows API ¢agrilari ve
Opsiyonel Baglik boliimiiniin 6zellikleri ¢alismada
kullanilmustir.

Elde edilen o6rnekler oOznitelik ¢ikarma, boyut
indirgeme gibi veri madencili§i yontemleriyle
islendikten sonra bir veri seti olusturulmustur. Veri
seti DL metoduyla egitilip teste tabi tutulmus ve
sonuglart  degerlendirilmistir.  Koétii  amagh
yazilimlar1 tespit etmek igin Onerilen tespit
mekanizmasi Sekil 2°de gosterilmistir.

PE Veri Sati

FPE Dosya Ayristric:
[PE File Parszer])

Windows MEDN
Kitiphanesi

PE Windews
Sistem daosyalarn

PE AFI+I0OH
Cikana
Kot Amagh
Tazilimlar

Zararsiz II
API+I0H

Kota Amagh II

PI+10H

-

AP1 Analizi |

¥

| Oznitelik Vektari Olusturma ‘

|

Boyut in dirgeme
[PCA]

DERIN OGRENME

TEST SETI

| KEItiJ.-‘-\.mE;IlYEzlllm| | Zzrarsiz Yzzihm |

Sekil 2: Kotii amagli yazilim tespit sistemi
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2.1. Veri Toplama

Calismada Windows isletim sistemini hedefleyen
koti amagli yazilim PE dosyalar virusshare.com
internet sitesinden indirilmistir (VirusShare, 2018).
Elde edilen ornekler VirusTotal online wviriis
tarayici sitesinde taranmis, kotii amagli yazilimlarin
dahil oldugu aile yani hangi tiirde oldugu tespit
edilmistir (VirusTotal, 2018). Calismada kullanilan
veri setinde 592 kotii amagli yazilim bulunmaktadir.
592 ornegin tiirleri ve sayilar1t Cizelge 1°de
verilmistir. Kotii amagli olmayan oOrnekler ise;
Windows isletim sisteminin sistem dosyalarindan
elde edilmistir. Veri setinde 283 adet zararsiz
yazilim 6rnegi bulunmaktadir.

Sira | Zararh Tiirii Say1
1 | Backdoor 39
2 | Email-Worm 67
3 | Hacktool 8
4 | HEUR:Trojan 103
5 Net-Worm 1
6 P2P-Worm 7
7 | Rootkit 10
8 | Trojan 151
9 | Trojan-Downloader 4
10 | Trojan-Dropper 21
11 | Trojan.Ransom 7
12 | Trojan-Spy 19

UDS:
13 DangerousObject.Multi.Generic 83
14 | Virus 58
15 | Worm 14
Toplam 592

2.2. Oznitelik Cikarma

PE dosyalarmi okumak, API c¢agrilarin1 ve
Opsiyonel Baslik boliimlerini ¢gikarmak icin yerel
sistemden izole edilmis sanal makine iizerinde,
Python programlama dili kullanilmigtir. Python
modiilii olan Pefile’t kullanan bir yazilim
gelistirilerek API c¢agrilar1 ve Opsiyonel Baslik
boliimleri ¢ikarilmistir. Elde edilen API ¢agrilari
Microsoft’'un MSDN kiitiiphanesinde paylastigi
cagrilarla kontrolii saglanarak teyit edilmistir
(Microsoft, 2018). Bu sayede farkli import ¢agrilari
elimine edilmistir. Opsiyonel Baglik bdliimleri
Oznitelik olarak ifade edilirken, boliimiin kisa ad1 ve
bu boliimiin tuttugu deger sonuna eklenerek ifade
edilmistir. Ornegin; AddressOfEntryPoint ve
tuttugu  RVA 29850 ise AdOfEnPoint29850
seklinde, = MajorOperatingSystemVersion  ve
dosyanin yiiklenecegi minimum isletim sistemi
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versiyonu 1 ise MOSysVerl kisaltmasi ile 6znitelik
olarak eklenmistir.

2.3. Temel Bilesen Analizi

Temel Bilesen Analizi (PCA), toplam varyansa
gore dagitilmis  bir veri kiimesinin temel
ozelliklerini  bulmak icin istatistiksel  bir
yaklagimdir. X-Y koordinat sisteminde bir dizi ¢ok
degiskenli dagitilmis veri verildiginde, PCA ilk
olarak orijinal veri kiimelerinin maksimum
varyasyonlarini bulur. Bu veri noktalar1 daha sonra
U-V koordinat sistemi adi verilen yeni bir eksen
iizerine yansitilir. U ve V ekseninin yonii ana
bilesenler olarak bilinir. Verilerin degistigi ana yon,
ortogonal yonii, V-ekseni ile takip eden U-ekseni ile
gosterilir. Sekil 3’teki gibi V eksenindeki tiim veri
noktalarinin sifira ¢ok yakin olmasi durumunda,
veri seti sadece bir U degiskeni ile temsil edilebilir
ve degisken V atilabilir (Ng, 2017).

a h
¥

,.!1

Sekil 3. PCA ile boyut indirgeme (Ng, 2017)
2.4. Derin Ogrenme (Deep Learning)

Derin Ogrenme (Deep Learning-DL), son yillarda
yapay sinir aglar1 iizerindeki ¢aligmalardan ortaya
¢ikan bir makine 6grenme aragtirmasi alanidir. DL
algoritmalari, bliyilik veri kiimeleriyle
6lgeklendirilebildikleri ve 6zellik agisindan zengin
veri kiimelerinden karmasik kaliplari tanimlamada
etkili olduklari igin ¢6ziimii zor problemlere etkili
¢6ziimler sunmaktadirlar. DL, 6rnek kiimeden veri
setlerinin temel oOzelliklerini 6grenme yetenegine
sahiptir (Cui vd., 2018). DL; goriintii isleme (Barros
vd., 2017; Ranjan vd, 2017), ses tanima (Zhang vd.,
2017; Zeyer vd., 2017), dogal dil isleme (Young
vd., 2017; Mezgec vd., 2018), zaman serisi analizi
(Qiu vd., 2017; Siddiqui vd., 2018), kotii amagh
yazilim tespiti (Hardy vd., 2016; Kolosnjaji vd.,
2016; Cui vd., 2018) gibi bircok alanda
kullanilmaktadir.
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Sinir aglar1 (NN: Neural Networks) karmasik
problemleri ¢dzmek igin dogrusal olmayan ag
yapisint 6grenerek karmasik fonksiyonlar1 tahmin
edebilir. Hatanin geriye dogru yayilarak minimize
edildigi  Geri  yayihm  (Backpropagation)
algoritmasindan daha gii¢lii olan DL ise insan
beyninin 6grenme siireglerini simiile etmek i¢in
Derin Sinir Ag1 (DNN: Deep Neural Network)
kullanir. DNN, birden ¢ok gizli katman1 olan bir
sinir agidir. DNN katmanlarinda ¢dziilecek
problemle ilgili Oznitelikler G6grenilir ve bu
Ogrenilen 0z nitelikler takip eden katmanin
girdilerini olusturur. Bu sayede baslangictaki
katmandan en son katmana dogru Ozniteliklerin
6grenildigi bir ag yapist kurulmus olur (Ze vd.,
2013; Kocaday1 vd., 2017; Cui vd., 2018). Bir girig
katmanu, ii¢ tane gizli katman ve bir ¢ikis katmanina
sahip DNN Sekil 4’ te verilmistir.

hidden layer 1 hidden layer 2 hidden layer 3

i AR output layer
5‘%‘\3\_\\:.

input layer

Sekil 4. Ornek bir DNN (Razzak vd., 2018)
3. Bulgular

Caligmalar Intel Core i5-4200 CPU 2.5 Ghz islemci
ve 8Gb bellek iizerinde c¢aligan 64 bit Windows
isletim sistemi iizerinde gergeklestirilmistir.
Uygulamada 875 veriden olugan 8516 girig ve bir
cikisa sahip veri seti kullanilmistir. Burada giris
veri setindeki 6zellik sayis1 ¢ok biiyiik oldugu igin
PCA kullanilarak boyut indirgeme yapilmistir. Veri
cesitli boyutlara indirilerek denemeler yapilmis ve
elde edilen sonuglar Cizelge 2°de verilmistir.

PCA uygulanirken ve DNN modeli olusturulurken
Python programlama dili ve numpy, pandas,
sklearn, keras kiitiiphaneleri kullanilmustir.

Oncelikle rastgele olarak verilerin %80’i egitim
%20’si test olarak ayrilmustir. Model bir giris
katmani, 2 gizli katman ve 1 ¢ikis katmanindan
olugmaktadir. Birinci gizli katman 10 diigiimden,
ikinci gizli katman 5 diigiimden olugmaktadir. Giris
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katman1 ve gizli katmanlarda aktivasyon
fonksiyonu olarak Rectifier Lienar Units (RELU)
kullanilmistir.  Cikis  katmaninda  kullanilan
aktivasyon fonksiyonu ise sigmoid’dir. Kurulan
agda baslangi¢ agirliklarinin uniform dagilima goére
belirlenmesi  amact  ile  kernel initializer
parametresi tim katmanlarda uniform olarak
belirlenmistir. Modeli egitmeden once &grenme
stirecinin yapilandirmasi iglemi compile fonksiyonu
yardimi ile gergeklestirilmistir. Bu fonksiyona
O6grenme hizimi ayarlayan fonksiyonu belirlemek
icin gerekli olan optimizer parametresi olarak adam,
model ikili bir siniflandirma igerdigi igin loss
parametresi  binary_crossentropy ve modelin
performansin1 degerlendirmek icin kullanilacak
fonksiyonu belirlemek i¢in verilen metrics
parametresine accuracy degerleri verilmistir. Son
olarak model fit fonksiyonu kullanilarak
egitilmistir. fit fonksiyonuna modeli egitmek icin
kag¢ defa calisacagini belirleyen epoch parametresi
10 ve verileri kacar kagar alacagini belirleyen
batch_size parametresi 5 olarak verilmistir.

Elde edilen sonuglar Cizelge 2’de verilmistir.

MNoge' PCA Toerr;‘z' Dogruluk
1 150 0.886 1
2 100 0.834 0.994
3 50 0.747 0.988
4 10 0.553 0.977

Cizelge 2. Calisma sonuglari

Cizelge 2'de de goriildiigli gibi PCA kullanilarak
boyut indirgeme islemi gergeklestirilmis ve en iyi
sonu¢ 1 numarali modelde elde edilmistir. Bu
model'de boyut 150, indirgenen boyutun veriyi
aciklama oran1 0.886 ve dogruluk orani 1'dir.

4. Sonuclar

Bu c¢alismada, Windows PE kot amagh
yazilimlarin tespit edilmesinde Windows API
cagrilart ve IOH bolimleri O6znitelik olarak
kullanilmistir. Calismada kullanilan veri setinin
farkli tiirden kotli amagl yazilim ihtiva etmesine
dikkat edilmistir. 15 farkli aileye ait kotii amaglh
yazilim tiirii veri setinde yer almaktadir. DL metodu
ile  sezgisel tabanli  bir tespit sistemi
olusturulmustur. PCA ile 150’ ye indirgenen
Oznitelik sayis1 ile % 88,6 temsil etme orani ve %
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100 dogruluk oranma erisilmistir. Literatiirdeki
caligmalar incelendiginde; giiniimiizde imza tabanl
ve davranig tabanli tespit yapan uygulamalarin,
tespit noktasinda yetersiz kaldigi ve eksik
noktalarimin oldugu goriilmiistiir. Bu eksikliklerin
giderilebilmesi noktasinda, basarili bir sekilde
gergeklestirilen uygulama ve kullanilan yontem ile
yiiksek bir dogruluk oranina erigilmistir.

Kotii amagl tespit sistemlerine baktigimiz zaman
bircok c¢alismanin API c¢agrilarina odaklanmis
olduklar1 goriilmektedir. Artik arastirmacilar API
cagrilarmin yaninda farkli Ozellikler ve farkli
yontemler kullanmaya baslamislardir. DL ile kot
amacli yazilim tespit arastirmalarinin da son iki
yilda arttig1 gézlemlenmistir. Bu baglamda gelecek
calismalarda; farkli 6zniteliklerin kullanildigi ya da
PE dosyalarinin disinda farkli dosya tiirlerindeki
koti amaghi  yazilimlarin  tespitine  yonelik
uygulamalar yapilarak, kot amach yazilimlarin
olusturabilecegi zararlarin  6nlenmesi yoluna
gidilebilir.
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Hunting Tourism Map of Wild Goat: Antalya District

Halil Siiel’*, Yasin Unal?, Serkan Ozdemir!, Ahmet Koca?

Abstract: The wild goat (Capra aegagrus) has a widespread area in our Turkey and is an important species
in terms of hunting tourism. Every year, inventory studies are regularly carried out in all areas where these
species have distributed in Turkey. Native and foreign hunters are allowed to hunting these species by given
certain quota for each year and thus economic income is provided to the country. Generally, in hunting
tourism, male individuals older than the age of 8 years are preferred. In this study, presence data matrix was
prepared by determining the areas where the individuals aged 8 years and above, have been located
according to the counts made after hunting in Antalya region in 2016. Slope, elevation, aspect, topographic
position index and ruggedness variables were used for modelling by considering of the biology of wild goat.
These variables were cut in local scale by using ArcGIS 10.2 software and each variable exported in ascii
format. The modelling process was carried out by using MaxEnt software, which use maximum entropy
approach and works with only presence data, and Random Forest method that run with both presence and
absence data. The ROC value for MaxEnt was found as 0.852 and the ROC value for Random Forest method
was found as 0.927. The maps obtained by both models were intersected to determine the most suitable areas
for wild goats. The hunting tourism map which shows that current and potential hunting areas of the wild
goat was created by using 0.6 reference value for suitable areas on the map by using intersections of areas.
This map is the first hunting tourism map of created for wild goats and very important in terms of being a
guide for hunting tourism in study area.

Keywords: Antalya, Wild Goat, MaxEnt, Hunting Tourism, Habitat Suitability Modelling and Mapping,
Random Forest, Wild Goat

1. Introduction

Wild goat (Capra aegagrus) is one of very
important components of biological diversity,
among the 9 species of genera Capra. It is one of the
most important game animals in  Turkey
(Giindogdu, 2006, Ugarli, 2016). It is considered to
be the ancestor of domesticated goats (Ahmed et al.,
2015). Wild goat that is distributed in the suitable
habitats in the Southeast Europe and Southwest
Asia is distributed in the mountains ranging from
Datga peninsula in the west of Turkey to the eastern
Mediterranean in the east, Taurus and Anti-Taurus
mountains and rugged mountains as high as 4000-
4500 m in the East, Northeast and Southeast
Anatolia (Giindogdu, 2006). Located in the south of
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Turkey, Antalya is an important area where the
highest number of Wild goat populations in
Anatolia are distributed (Giindogdu and Ogurlu,
2009; Giindogdu, 2006; Goneng et al., 2018).
Factors such as illegal hunting, habitat losses,
enlargement of settlement areas have negative
impacts on wild goat populations (Unal et al.,
2016).

In hunting tourism, it is allowed to hunt sufficient
number of or abundant species in their natural
habitats in a controlled way by giving priority to
ecological and local values (Kozak and Bahge,
2009). If hunting tourism requires an organization,
it also provides economic contributions by creating
new job opportunities especially in rural areas, as it
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also needs collaboration in that organization
(Willebrand, 2009). The Turkish Ministry of
Agriculture and Forestry Directorate General of
Nature Conservation and National Parks manages
hunting tourism in Turkey in a systematic way.

The total revenue acquired in Turkey in the hunting
season 2016-2017 from hunters from different
countries, local hunters and illegal hunters was
around 3.047.142,00 TRY. Wild goat in and around
Antalya accounts for 16,4% of this revenue. In the
hunting season 2017-2018, the target revenue to be
generated from hunting tourism is 2,4 times higher.
Wild goat accounts for 71% in that increase (URL,
2018). For the success of hunting tourism, it is
essential to carry out inventory studies and
scientific controls on a regular monitoring.

In Turkey, the inventory of wild goat has been taken
since 2000 (Ozer, 2014). These inventory studies
are conducted on an annual basis in order to find out
the changes in the wild goat populations, predict
relative density and determine the hunting tourism
quotas. The ongoing inventory studies that have
gained momentum in recent years in Antalya
locality are quite successful. In these studies, 7263
wild goats with 227 older than 8 years of age were
recorded in 2015, 8063 with 241 older than 8 were
recorded in 2016 and 8041 with 282 older than 8
were recorded in 2017 in Antalya. It is vital to
identify the habitat factors in addition to the
population characteristics in inventories because is
extremely important to determine the suitable areas
for hunting tourism (Evcin, 2018).

Modelling and mapping techniques are mainly used
to determine the suitable (potential) habitat of a
living organism. Modelling methods can run based
on the presence and absence data (Hirzel, et al.,
2006; Wisz et al., 2008; Suel, et al, 2018). As a
matter of fact, such data is needed to determine the
suitable areas for communities of living organisms.
Besides, environmental factors in the areas where
species live should also be determined to identify
the potential areas of communities of living
organisms (Beaumont et al., 2016; Siiel et al., 2018;
Sentiirk et al., 2019). Only in this way, parameters
that can have an impact on their distribution can be
correlated and modelled (Sarhangzadeh, et al.,
2013). In this study, the model was developed using
both Maximum Entropy (MaxEnt) method and
Random Forest method to use a different approach.
We preferred to use the expression ‘different
2.2. Data Collection
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approach’ (Evans and Cushman, 2009; Grossman et
al., 2010; Evans et al.,, 2011; Ozdemir, 2018)
because MaxEnt runs only on presence data while
Random Forest runs on both presence and absence
data. Both methods are commonly preferred in
studies and yield good results. Random Forest is an
algorithm that correlates presence and absence data
of species with environmental factors and produces
several decision trees (Breiman, 2001). It has been
frequently preferred in ecology studies in recent
years. MaxEnt is another method commonly used
by researchers. It is known to be preferred more in
studies on wild animals (Phillips et al., 20086,
Hernandez et al., 2006). The main reason for it is
that MaxEnt method produces a model using only
the presence and absence data. This is considered to
be a more accurate approach in studies conducted
on moving communities of living organisms
because there is ambiguity regarding the precision
of the absence data obtained about the species in the
sampling areas (Baldwin, 2009). Due to the above-
mentioned points, the purpose of this study was to
develop the first wild goat hunting tourism map of
Turkey by drafting model maps using both methods
and then combining those models.

2. Materials and Methods
2.1. Study Area

The study area is Antalya (Figure 1). Antalya was
selected as study area due to successful inventory
studies on wild goat and study area has a high
potential of species and has a high annual hunting
quota.

220000 280000 340000 400000 460000
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Figure 1: Location map of study area

In this research, it was found that wild goat
individuals aged 8 and older were present at 55

4080000 4140000

4020000
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points and absent at 29 points through direct
observation at 84 observation points in Antalya
during the wild goat counts in January-February
2016. As individual animals aged 8 and older are
important for hunting tourism, the data of these
points was used.

2.3. Environmental Parameters

All environmental variables were composed using
ArcMap (v. 10.2) software. In this context, contour
lines of the study area were taken as the basis to
develop the Digital Elevation Model (DEM).
Topographic position index (Jennes, 2016),
ruggedness (Riley et al., 1999), slope, elevation
and aspect variables generated by DEM were used
for modelling.

2.4. Maximum Entropy Algorithm (MaxEnt)

MaxEnt method that is based on the measurement
value of a random variable and of an associated
uncertainty for the analysis of habitat suitability
(Elith et al., 2010) was used (Mert and Kirag, 2017,
Tekin et al., 2018). 10% of the data used in
modelling was used for test evaluation and the
remaining data was used for training assessment
while the model was validated through cross-
validation (Phillips et al., 2006, Orug, et al. 2017).
The success of the resulting model was decided
according to the AUC or ROC value. When these
values ranged from 0,5 to 1 and the value is closer
to 1, it meant that the model was successful
(Baldwin, 2009).

2.5. Random Forest Method

Random Forest method is a machine learning
algorithm that runs by generating a number of
decision trees. While generating the decision trees
with this method, each decision tree was obtained
by selecting samples from the data sets with the
bootstrap technique. Moreover, a variable is
randomly selected in the designated number from
all variables at every node. The trees that are
created are not pruned. Therefore, it is a frequently
preferred machine learning algorithm as most of
the time it generates scientific results. In this study,
the number of the variables to be selected
randomly at each node during modelling was
designated to be 3 which was the square root of the
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total number of variables. AUC value was used to
measure the success of the model. Modelling was
performed using the “randomForest” package in
the R-Studio software (Ozdemir, 2018; Ozdemir
and Ulusan, 2018).

3. Results

Successful models for the hunting ground for wild
goat were obtained using both MaxEnt method and
random forest method. The environmental
variables which were slope, aspect, elevation,
ruggedness and topographic position index were
compared with the models obtained through two
different methods. Furthermore, the resulting
models were mapped and the maps were
overlapped so that their intersections were located.
Those maps with a pixel value of 0,6 (Mert, et al.,
2016) were used to create the distribution map for
hunting tourism potential.

Prediction

3.1. Model Accuracy and

Performance for MaxEnt

A successful and valid model with training and test
AUC values of 0.851 and 0722, respectively, was
developed through the MaxEnt approach (Figure
2).

B Training Data (AUC=0.851)
| TestData (AUC=0.722)

Sensitivity (1-Omission Rate)

00 01 02 03 04 05 06 07 08 09 10

1- Specificity (Fractional Predicted Area)

Figure 2: ROC curves of habitat suitability model
generated for wild goat using MaxEnt

The variables in the model and jackknife graphic
that showed their contributions are presented in
Figure 3. Ruggedness had the highest contribution
to the model. If removed from the model,
topographic position index would have the highest
positive impact on the model gain.

B Random Predicition (AUC=0.5)
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[l With only variable

B With all variable

Figure 3: Jackknife Graph of the Variables that shaped the wild goat Habitat Suitability Model

Response curves of the variables create the
MaxEnt model are given in Figure 4. Accordingly,
it was found that this species preferred all aspects
in general, had a positive relationship up to 1200 m
depending on elevation and a negative relationship

10FT ™3
- __/,_,_._.———--——-
0.0 b -
1 350.007
10FT ™
0.5 -AK/-
0.0 b -
0 0.248

at higher elevations. It was also found that it
preferred rugged habitats and slopes up to
moderately sloped areas. As regards the
topographic position, it kept away from the valley
bottoms.
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00— —
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Figure 4. Response curves of the variables in the MaxEnt model (A:Aspect, B:Elevation, C: Ruggedness, D:
Slope and E: Topographic Position Index)
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3.2. Model Accuracy and Prediction
Performance for Random Forest

The ntree function created with the Random Forest
method was selected as 500. The bootstrap error
convergence of the trees created are presented in
Figure 5. The AUC value of 0. 927 of the model
had a high explanatory power similar to the one in
the MaxEnt approach.

AUC: 0.927

1.0

Sensitivity

04

02
|

00
|

I I I I I I
00 02 04 06 08 10
Specificity
Figure 5. ROC value of the habitat suitability
model created for wild goat using Random Forest
method.

The significance of the variable in the model
created with the Random Forest method is shown
in Figure 6. The variables that contributed to the
Model were found to be Aspect, Elevation, TPI,
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Slope and Ruggedness, respectively, according to
their contribution level.

Ruggedness | ®

Slope un

Elevation u

TPI u

Aspect u

I I T T I I
0 20 40 60 80 100

Mean Decrease Accuracy

Figure 6. Importance of variables used for the
Random Forest model

3.3. Habitat Suitability Maps

The values ranged from 0 to 1 in the potential
distribution map of the models. The red spots on
the maps represent the most suitable areas for wild
goat hunting tourism. Blue spots represent the
unsuitable areas. The combined map that was
created with the distribution map generated using
both algorithms (MaxEnt, Random Forest) and
their intersections is shown in Figure 7.
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Figure 7. Potential distribution maps of Capra aegragrus (a: MaxEnt model, b: Random Forest model, c:
Intersection of a and b with 0.60 reference value)
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4. Conclusions

In Turkey, there are studies that use modelling and
mapping for alternative forms of tourism. In this
study, models were developed for wild goat in
Antalya province with MaxEnt and Random Forest
methods. Potential distribution maps of the models
were generated and the optimal hunting tourism
potential map was created by overlapping the maps
generated through both methods (reference value
for suitable areas: 0.6) (Mert, et al., 2016).

For example, Morovati et al., (2014) reported that
wild goat was associated with slope, aspect and
elevation. Sarhangzadeh et al., (2013) found that
the distribution of wild goat on slope, aspect,
elevation and rocky areas and its habitat choice
were seasonal. In our research, we also found
similar results. It was observed that topographic
position index, aspect, ruggedness and elevation
that were the variables used for the maps created
with both methods in our study (MaxEnt and
Random Forest) had a direct impact on the
distribution of wild goat. Therefore, excessively
rugged areas, moderately sloped areas, north
aspects and elevation of around 1200 m seem to be
the suitable areas for the hunting tourism of wild
goat. Ozkan et al. (2012) reported that the
Mediterranean Region and the Lakes Region in
Turkey had high potential values. Hunting tourism
seems to be one of the potentials. Particularly
Antalya province where the study was conducted
is remarkable as regards its hunting animal
potential. However, there are also some threats to
this potential in that region. Recently, it was
understood from the interviews held with local
people during the inventory work in the study area
that the most important factor that led to the death
of wild goat was illegal hunting because hundreds
of wild goats were hunted illegally every year. In a
study conducted by Giindogdu (2006) in
Yazilikaya Potential Wildlife Development Area
which is 100 km north of Antalya, he found that
the revenues to be generated from hunting tourism
were far below that it had to be due to uncontrolled
and illegal hunting. Therefore, Ogurlu and Unal
(2011) argued that a Conservation Model should be
developed by the Village Legal Entity and field
watchmen/guides who can check the field and
know the area and local people should be
employed to solve the issue of illegal hunting with
a view to generating adequate revenues from
hunting tourism. In this model, it is thought that it
will contribute significantly to the maximum
success of conservation-control mechanism if the
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conservators have a wild goat hunting tourism
map.

The Ministry of Agriculture and Forestry
Directorate General of Nature Conservation and
National Parks carries out inventory studies every
year in the Wildlife Development Areas (WDA)
for wild goat which is one of the primary wild
animal species in hunting tourism in Turkey.
Universities and NGOs support these studies on a
voluntary basis. Inventories help increasing
populations in the relevant WDA, hunting tourism
quota and the quantity and quality of trophy. An
important point these resources should be
protected together with their habitat to maintain the
sustainability of hunting tourism. Conservation
will result as an increasein populations; therefore,
potential habitats should be identified in advance
and included in hunting management plans. As
mentioned above, potential habitats can only be
identified by establishing the correlations between
the species and the environmental variables.
Hunting activities should be concentrated in these
areas, through which it is predicted that hunting
success will be directly affected.

This study identified the areas where 8 year-old
and older individuals used in hunting tourism were
distributed and their potentials. Any hunter can
easily find the most suitable hunting areas by just
checking this map. This will contribute to the
availability of individuals according to the quota
designated for hunting tourism and success of
hunting.

In conclusion, it is clear that all kinds of hunting
tourism activities contribute significantly to the
Turkish economy and management of natural
resources. It is important to conduct further studies
in this field.
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yaymlanan dergide Temel bilimler, Doga bilimleri,
Miihendislik ve Teknoloji bilimleri konularinda
bilimsel makaleler yayinlanmaktadir. Dergimize
gonderilen makalelerin daha 6nce yaymlanmamis
orijinal caligmalar olmasi gerekmektedir. Dergide
yayimlanacak makalenin atiflarindan, bilimsel
verilerinden, sonuglarindan ve etik kurallara uygun
olup olmadigindan  yazarlar sorumludur
(yazar/yazarlar  bu  durumu  telif  hakki
sozlesmesinde kabul eder). Orijinal arastirmaya
dayali caligmalara oncelik verilmekte, sinirli sayida
derleme makale yaynlanmaktadir. Dergiye
gonderilen makale, yayin kurulu tarafindan yayma
uygunluk ag¢isindan incelendikten sonra en az iKi
hakeme gonderilir. Hakemlerin degerlendirmeleri
sonucunda en az iki yaynlanabilir raporu alan
makale, dergi yonetimince uygun gdriilen bir sayida
yaymlanir. Hakem raporlarimin birisinin olumlu,
digerinin olumsuz olmasi durumunda makale
ticlincii  bir hakeme gonderilir. Bu durumda
makalenin yayinlanip yaymlanmamasina igiincii
hakemin raporuna goére karar verilir. Hakemler
tarafindan diizeltme istenen makaleler gerekli
diizeltmeler icin yazara geri gonderilir. Diizeltilen
metnin belirtilen siirede dergi sistemine yiiklenmesi
yazarin sorumlulugundadir. Makalenin
yaymlanmas:  konusunda son karar, dergi
editorligiine aittir.
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