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Potential Distribution Modeling of Siit¢iiller Thyme
(Origanum minutiflorum)

Alican Civga

Abstract: The Siitgiiler thyme (Origanum minutiflorum) is an endemic species to the
Stitctiler district of Isparta province in Turkey. Locally known as Esek kekigi, Tota kekigi,
and Yayla kekigi, this species holds particular commercial importance for the local
community. Its essential oil and components make it valuable in the fields of medicine and
pharmacy. Apart from its use as a spice in flowers and leaves, it is known for its respiratory
benefits and its use in the treatment of colds, throat infections, and other ailments. However,
the population of Siitgiiler thyme has been declining due to uncontrolled harvesting and
consumption. Therefore, the aim of this study was to determine the potential distribution
areas and enhance the presence of Siitgiiler thyme by identifying its potential habitat areas.
The classification tree technigque, a group separation method, was used in this study. This
method helped determine the ecological information of potential distribution areas for the
species. The obtained model for the species had a training AUC value of 0.81 and a testing
AUC value of 0.76. The contributing variables in the model were elevation, annual
precipitation (biol2), slope, and parent rock type in order of importance. The ideal potential
areas for the target species were identified as those with elevations between 1159-1696 m,
slopes exceeding 23%, precipitation above 620 mm, and the absence of basalt-sandstone
parent rock types. The results of this study provide valuable insights that can contribute to
management planning in the region.

Keywords: Classification tree technique, Medicinal and aromatic plant, Non-wood forest
products, Species distribution modeling, Siitgiiler thyme.

Siitciiler Kekigi (Origanum minutiflorum) Potansiyel Dagilim
Modellemesi

Ozet: Siitgiiler kekigi (Origanum minutiflorum) Tiirkiye Isparta ili Siitciiler ilgesinde ve
yoresinde yayilis gosteren yoreye endemik bir tiirdiir. Yoresel olarak Esek kekigi, Tota kekigi
ve Yayla kekigi olarak da isimlendirilen tiir 6zellikle yore halki igin ticari anlamda da ayr1
bir 6neme sahiptir. Tiirlin biinyesinde barindirdigi ugucu yag ve bilesenlerinden dolay: tip ve
eczacilik alaninda yaygin bir kullaniminin olmasi tiiriin 6nemini arttirmaktadir. Cigeklerinin
ve yapraklarinin baharat olarak kullaniminin yani sira, nefes agict olarak kullanimi, soguk
algmhigi ve bogaz enfeksiyonlari gibi hastaliklarda da tedavi amagl kullanimlart
bilinmektedir. Bu sebeple bu ¢alismada son yillarda bilingsiz toplama ve tiiketiminden dolay1
popiilasyonu gittikce azalan Siit¢iiler kekiginin potansiyel dagilim alanlarinin belirlenmesi
ve varliginin arttirilmasi i¢in potansiyel alanlarinin belirlenmesi amaglanmigtir. Bu amagla
calismada grup ayrim tekniklerinden siniflandirma agaci teknigi kullanilmistir. Bu yontem
ile tiire ait potansiyel dagilim alanlarinin ekolojik bilgileri saptanmustir. Tiire ait elde edilen
modelin egitim AUC degeri 0,81, test AUC degeri 0,76 olmustur. Modeli olusturan
degiskenler ise katki durumlarina gore sirasiyla yiikselti, yillik yagis (biol2), egim ve
anakaya olmustur. Hedef tiir i¢in 1159-1696 m yiikselti araliginda, egimin %23’ten fazla
oldugu, yagisin 620 mm’den yiiksek oldugu ve bazalt — kumtasi anakaya tiplerinin olmadig1
alanlarin ideal potansiyel alanlar oldugu tespit edilmistir. Calisma sonucunda ortaya konulan
sonuglar yorede yapilacak yonetim planlamalarina hizmet edebilecek 6nemli ¢iktilar ortaya
koymustur.

Anahtar Kelimeler: Odun dis1 orman iiriint, Siniflandirma agaci teknigi, Siit¢iiler kekigi,
T1bbi ve aromatik bitki, Tiir dagilim modellemeleri.
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1. GIRIS

Lamiaceae familyasinin énemli gen merkezlerinden birisi
olan Tiirkiye’de, bu familyaya ait 45 cins ve 574 tiir
bulunmaktadir. Ayrica %44.5 endemizm oranti ile {ilkemizin
en zengin iUgiincli familyast konumundadir (Giiner vd.,
2000; Kahraman vd., 2009). Bu familyada yer alan ve
“kekik” olarak adlandirilan pek ¢ok aromatik bitki tiird
bulunmaktadir. Fakat biinyesinde &zellikle timol ve
karvakrol tipi ugucu yag barindiran tiirler “kekik™ olarak
kabul gormekte ve ekonomik olarak biiyiik Onem
tagimaktadir. Bu baglamda ekonomik anlamda dneme sahip
cinsler ise genellikle Thymus, Thymbra, Satureja,
Origanum ve Coridothymus’lardir (Baser vd., 1994).

Tiirkiye’de kekik olarak adlandirilan cinsler arasinda
Origanum tiirlerine ait bitkiler en yiiksek oranda toplanan
bitkilerdir. Ozellikle Ege, Akdeniz ve Giiney Dogu Anadolu
bolgelerinde yogun sekilde bulunan Izmir kekigi (O.
onites), Istanbul kekigi (O. vulgare ssp. hirtum), Siitciiler
kekigi (O. minutiflorum), Alanya kekigi (O. majorana) ve
Suriye kekigi (O. syriacum var. bevanii) iilkemizin kekik
ticaretinde 6nemli bir noktadadir (Baydar, 2007; Baydar
vd., 2009).

Bu tiirler arasinda yoresel olarak Esek kekigi, Tota kekigi,
Yayla kekigi ve Siit¢iiler kekigi olarak bilinen (O.
minutiflorum) tiir, iilkemizde sadece Isparta ili Siit¢iiler
ilcesinde ve yoresinde yayilis yapan endemik bir tiirdiir. Bu
tiirlin bilingsiz bir sekilde ve asir1 yogun olarak toplanmas,
tiiriin yogunlugunun her gegen yil azalmasina sebep olarak
tiriin  varligmi tehlikeye sokmaktadir. Bu sebeplerden
dolay1 O. minutiflorum tiri gelecegi tehdit altinda
gosterilen ve korunmasi gereken ilk 10 tiir arasinda yer
almaktadir (Ozhatay vd., 1997).

Daha ¢ok endemik oldugu ilgenin adiyla anilan Siitgiiler
kekigi ozellikle insan sagligi konusunda Snemli bir yere
sahiptir.  Biinyesinde barmndirdigt ugucu yag ve
bilesenlerinin tip ve eczacilik alanlarinda sik kullanimindan
dolay1 da bir¢ok arastirmaya konu olmustur (Elmastas vd.,
2018; Ozkan vd., 2019; Kostic vd., 2022; Yildiz vd., 2023;
Veljovic vd., 2023) Ciceklerinin ve yapraklarinin baharat

olarak kullaniminin yani sira, nefes acici olarak kullanimu,
soguk alginlig1 ve bogaz enfeksiyonlari gibi hastaliklarda da
tedavi amacl kullanimlar1 bilinmektedir (Biiylikgebiz,
2006). Bahsi gecen bu faydalarindan dolayr tiiriin
sirdiiriilebilirliginin korunmasi ve hatta azalmis olan
popiilasyonunun arttirilmasina yonelik gergeklestirilecek
olan ¢alismalar olduk¢a 6nem kazanmustir.

Belli bir tliriin varhigm arttirmaya yonelik yapilan
caligmalarin  basinda  tir dagilm  modellemeleri
gelmektedir. Bu yontemlerle tiirlerin ekolojik isteklerinin
belirlenip, bu bilgiler dogrultusunda modellenmesi ve
haritalanmasi gergeklestirilmektedir. Elde edilen sonuglarla
tiriin yayilis yapabilecegi alanlar ortaya konulmaktadir.
Son yillarda bu yontemlerle su organizmalar1 (Drake ve
Bossenbroek, 2004; Sousa vd., 2006; Herborg vd., 2007),
ormanlardaki yaban hayati tiirleri (Martinez vd., 2003;
Lopez-Lopez vd., 2007; Morelle ve Lejeune, 2012; Siel,
2019) ve bitki tiirleri (Munoz ve Felicisimo, 2004; Liu vd.,
2005; Marmion vd., 2009; Giilsoy vd., 2017; Karatas vd.,
2019; Sentiirk vd., 2019) tizerine gergeklestirilen birgok
calisma bulunmaktadir.

Bu aragtirma kapsaminda da O. minutiflorum tiiriiniin
yayilisginda etkili olan yetisme ortamu faktorlerinin
Siniflandirma  agac1  yontemi ile gerceklestirilecek
modelleme sonucunda ortaya konulmasi amaglanmistir.
Elde edilecek sonuglarin ise yorede hedef tiiriin
popiilasyonunun arttirilmasi  konusunda 6nemli olacagi
distiniilerek bu ¢alisma yiiriitilmiistiir.

2. MATERYAL VE METOT

Bu aragtirma O. minutiflorum tirtiniin  bilyikk  bir
cogunlugunun yayilis gosterdigi  Siitgiiler ilgesinde
gerceklestirilmistir  (Sekil 1). Calisma alanmin iklim
ozelligi Akdeniz iklimi ile Karasal iklim arasinda gecis
ozelligine sahiptir. Yorede yazlar sicak ve kurak gecerken,
kislar1 soguk ve yagish gegmektedir. Yorede gerceklesen
yagis miktarlarina bakildiginda Akdeniz bolgesine gore
daha diisiik seviyede oldugu, ortalama sicaklik degerlerine
bakildiginda ise Orta Anadolu Bélgesine yakin oldugu
goriilmektedir (Baydar ve Avcu, 2020).
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Sekil 1. Siitgiiler ilgesinin konumunu gosteren harita

Yapilan arazi ¢aligmalart neticesinde 137 farkli 6rnek alan
icerisinde hedef tiire rastlanilmis ve koordinatlar
kaydedilmistir. Dolayisiyla tiiriin goriildiigii alanlarda var
verisi, goriilmedigi alanlarda ise yok verisi kaydedilmistir.
Saha ¢aligmalarinin tamamlanmasinin ardindan hedef tiiriin
modellenmesi amaciyla ¢evresel degiskenlerin sayisal altlik
haritalar1 olusturulmustur. Yoreye ait yiikseklik, egim,
sicaklik indeksi, radyasyon indeksi, piriizliliik indeksi,
topografik pozisyon indeksi haritalar1 elde edilmistir.
Ayrica aragtirma alanimin iklim degiskenlerine de Chelsa

Iklim veri tabanindan ulagilmistir (Riley vd., 1999; Gallant,
2000; Evans vd., 2014). Elde edilen iklim verilerinden yillik
ortalama sicaklik (Biol) ve yillik yagis miktarlar1 (Bio12)
calismada kullanilmak iizere temin edilmistir. Son olarak
Maden Tetkik ve Arama Genel Miidiirliigii’nden yodreye ait
anakaya haritas1 temin edilmis ve smiflandirilarak Sekil
2’de verilmistir. Dolayisiyla hedef tiirlin modellenmesi
amaciyla cevresel degiskenlere ait altlik haritalar elde
edilmis ve kisaltma kodlar1 (Tablo 1) ile beraber dijital
ortama aktarilmistir.
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Tablo 1. Cevresel degiskenlere ait kisaltma kodlar

Degisken Kod Degisken Kod
Yiikselti yiikselti Sicaklik indeksi sicind
Egim egim Piirtizliliik indeksi piriiz
Radyasyon indeksi radind Yillik ortalama sicaklik biol
anakaya - . .

Anakaya Yillik yagis miktar biol2
Topografik pozisyon indeksi tpi

Istatistiksel ~analiz asamasinda  Oncelikle gevresel yontemler arasinda en sik kullanilanlari ayrim analizi,

degiskenler arasinda Pearson Kkorelasyon analizi lojistik regresyon analizi, genellestirilmis eklemeli model

uygulanmistir. Bunun nedeni modelleme agsamasinda ortaya
cikabilecek coklu baglanti problemlerinin dniine gecmektir.
Coklu baglanti problemi bagimsiz degiskenlerin kendi
aralarinda gosterdikleri yiiksek korelasyondan dolayi,
bagimli degisken iizerindeki dogru etkilerin saptanamamasi
olarak tanimlanmaktadir (Alin, 2010). Pearson korelasyon
analizi sonucunda yiiksek korelasyona sahip bazi
degiskenler elenmis ve elenenler i¢in temsili degiskenler
belirlenmistir.

Modelleme asamasinda kullanilan yOntemler baglanti
yontemleri ve mekanistik yontemler olmak {izere ikiye
ayrilmaktadir. Baglanti yontemleri, mekanistik yontemlere
gore daha fazla tercih edilmektedir. Bu durumun sebebi
mekanistik yontemlerin hedef tiire ait ekofizyolojik
ozelliklere detayli bir sekilde ihtiya¢ duymasidir. Baglanti
yontemlerinde ise bdyle bir durum s6z konusu degildir
(Ozkan, 2014).

Baglant1 yontemleri de kendi igerisinde grup ayrim
teknikleri ve profil teknikleri olmak iizere ikiye
ayrilmaktadir. Grup ayrim teknikleri bagimli degiskenin
var-yok seklinde ikili veriden olustugu yontemlerdir. Bu

sicind . ,§>‘Q
AN
radind @

baki

egim .
anakaya
tpi
yukselti

bio_12

Q
puruz .

ve smiflandirma agaci teknigidir (Ozkan, 2014).

Siniflandirma agaci teknigi, cok sayida degisken arasindan
secilen ve ortaya c¢ikan iligkileri agiklayan parametrik
olmayan bir yontemdir (Yohannes, 1999). Bu basit kural
tabanli teknik, analiz edilen veriyi homojen alt gruplara
ayirmak i¢in pargalara boler (De'ath ve Fabricius, 2000). Alt
gruplar agag yapisiyla dallanir ve bu dallardaki diigiimler en
iyi ayrimi saglayan degiskenleri temsil eder. Her diigimde,
alt gruplara ayrilan bagimli degiskenlerin belirli bir esik
degeri vardir. {1k diigiim noktasindan son diigiim noktasina
kadar her siif ayriminda kurallar bulunmaktadir. Bu
calisgmada da O. minutiflorum tiiriniin dagilim modelini
elde etmek amaci ile smiflandirma agaci teknigi
kullanilmistir (De’ath ve Fabricius 2000; McKenney ve
Pedlar, 2003; Chu vd., 2009).

3. BULGULAR
Calismada daha oOnce de bahsedildigi iizere Oncelikle

cevresel degiskenler arasinda Pearson korelasyon analizi
gerceklestirilmis ve Sekil 3’te verilmistir.

-1 08 -06 -04 -02

Sekil 3. Hedef tiir i¢in gergeklestirilen Pearson korelasyon analizi sonuglari
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Gergeklestirilen Pearson korelasyon analizi neticesinde
iklim degiskenlerinden biol ile ¢evresel degiskenlerden
yiikselti arasinda p>0.80 diizeyinde bir korelasyon
goriilmiistiir. bu durumun modelleme siirecinde g¢oklu
baglant1 problemine yol agacagindan dolay1 biol degiskeni
modelleme asamasina dahil edilmemistir.

Node 1
(Entire Group)
N = 884
orimin = 0

Misclassification = 13.12%

Modelleme siirecine  dahil edilecek degiskenlerin
belirlenmesinin ardindan DTREG paket programinda
Siniflandirma agaci teknigi ile analizlere gecilmistir. Bu
yontemle elde edilen aga¢ model ve AUC degerleri Sekil 4,
Sekil 5 ve Sekil 6’da verilmistir.

Node 2 Node 3
bio_12 <= 620.5

N =255 N =629
orimin =0 orimin = 0

Misclassification = 0.39%

bio_12 > 620.5

Misclassification = 18.28%

Node 6

ylkselti <= 1696.7781
N = 511

orimin = 0

Misclassification = 22.50%

Node 7

yikselti > 1696.7781

N =118

orimin = 0
Misclassification = 0.00%

Node 8 Node 9
edim <= 23.5 edim > 23.5
N = 368 N =143
orimin = 0 orimin = 0

Misclassification = 16.85%

Misclassification = 37.06%

Node 16
anakaya = {4, 8}
N =36

orimin = 0

Misclassification = 13.89%

Node 17

anakaya = {1, 2, 5, 6, 7}

N =107

orimin =0
Misclassification = 44.86%

Node 20 Node 21

yiikselti <= 1159.9335 ylikselti > 1159.9335
N =54 N =53

orimin = 0 orimin = 1

Misclassification = 27.78%

Misclassification = 37.74%

Sekil 4. O. minutiflorum tiiriine ait elde edilen aga¢ model

ROC for orimin =1
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Sekil 5. O. minutiflorum igin elde edilen modele ait AUC egitim degeri
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ROC for orimin =1
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Sekil 6. O. minutiflorum i¢in elde edilen modele ait AUC test degeri

Tiir icin elde edilen modele bakildiginda yillik toplam
yagisin (biol2) 620 mm’den diisiik oldugu alanlarin hedef
tir igin elverigli olmadigt goriilmiistiir. Ayrica tiiriin
Minimum 1159 m, maksimum 1696 m yiikselti araliginin
disindaki yiikseltileri tercih etmedigi, ayn1 zamanda bu
yiikselti aralig1 i¢inde egimin %23’ten az oldugu, bazalt ve
kumtasi tipi anakayalari da tercih etmedigi belirlenmistir.

O. minutiflorum i¢in potansiyel dagilim alanlar1 kriterlerini
Ozetlemek gerekirse, 1159-1696 m yiikselti araliginda

egimin %23’ten fazla oldugu, yagisin 620 mm’den yiiksek
oldugu ve bazalt — kumtas1 anakaya tiplerinin olmadig1
alanlarin tiir i¢in ideal potansiyel alanlar1 oldugu tespit
edilmistir.

Elde edilen modelin AUC degerlerine bakildiginda ise AUC
egitim degeri 0.81, AUC test degeri 0.76 olarak
bulunmustur. Bu agamada son olarak modele katki saglayan
degiskenler elde edilmis ve Sekil 7°de verilmistir.

100
50
0

Yiikselti
Sekil 7. O. minutiflorum tiirii i¢in elde edilen modele degisken katki oranlar

Hedef tiir i¢in potansiyel alanlarin ortaya kondugu modele
katkr saglayan degiskenlere bakildiginda modeli sirasiyla
yiikselti, biol2, egim ve anakaya degiskenlerinin
olusturdugu gorilmiistiir.

4. TARTISMA VE SONUC

Ozellikle son 30 yilda teknoloji ve tibbin paralel olarak hizli
geligimi, bitkisel kokenli odun dig1 orman {iriinleri i¢in yeni
kullanim alanlarinin kesfedilmesine yol agmistir. Ayrica
insanlarin kimyasal iiriinlerden uzak durma tercihi de bu
iriinlere olan talebin artmasina katkida bulunmustur
(Faydaoglu ve Siiriiciioglu, 2011). Sonug olarak, odun dist
orman iriinlerinin siirdiiriilebilirligi ve yaygin kullanimi igin
her gecen giin caba sarf edilmektedir. Siirecin en Onemli
asamast, ilgili tiire ait ekolojik bilgilerin elde edilmesi ve bu
bilgilerin islenerek tiirler i¢cin dogal yasam alanlarinda
koruma ve kullanma bileseni olusturulmasidir. Bu islemi
gerceklestirmenin en etkili yontemi, tiirlin potansiyel yayilis
alanlarint model ¢iktilara doniistiirmektir.

Bu yaklagimdan hareketle gergeklestirilen bu g¢alismada
yorede belirli bir diizeyin iizerinde aktiiel dagiliminin
olmasi, yore halki tarafindan bilinen ve geleneksel kullanim

bio_12

egim anakaya

icin tercih edilirligi ve tibbi ve aromatik dzelligi ile ticari
oneminin bulunmas kriterleri gbz oniinde bulundurularak
Siitgliler ilgesine endemik olan Siit¢iller kekigi tiiriiniin
potansiyel  dagilim alanlarinin  ortaya  koyulmasi
amaglanmigtir,

Bu dogrultuda hedef tiir igin smiflandirma agaci teknigi
yontemi ile elde edilen modelin ilk olarak AUC degerlerine
bakildiginda egitim AUC degerinin 0.81, test AUC degerinin
0.76 oldugu goriilmiistiir. Elde edilen AUC degerleri, ilgili
modelin potansiyel tiir dagilim siniflarin1 ne kadar basarili
sekilde aciklayabildiginin bir 6lgiisii olmaktadir (Aratjo vd.,
2005). Swets (1988) gergeklestirdigi bir ¢aligmada dagilim
modelleri neticesinde elde edilen AUC degerlerinin,
AUC>0.90 mitkemmel, 0.90>AUC>0.81 iyi,
0.80>AUC>0.71 orta, 0.70>AUC>0.61 zayif ve AUC<0.60
kosulunda basarisiz  oldugunu ifade etmistir. Bu
simiflandirmaya gore O. minutiflorum icin elde edilen

modelin yore 6l¢eginde “iyi” kategorisinde oldugu tespit
edilmistir.

Modele katki saglayan degiskenlere bakildiginda ise
yiikseltinin 1159-1696 m araliginda oldugu, yillik yagis
miktarinin (bio12) 620 mm istiinde oldugu, egimin %23 ten
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az oldugu ve anakaya tipi bazalt ve kumtas1 haricinde
kiregtasi, dolomit, konglomera, marn, radyolerit, ofiyolitik
ve dolomit tipi anakayalarda yayilis yapabilecegi tespit
edilmistir. Davis vd. (1982) yaptiklar1 bir aragtirmada tiiriin
yiikselti olarak en c¢ok 1500-1800 m araliinda yayilis
gosterdigini belirtmislerdir. Arastirmacilarin ortaya koydugu
bu sonug, O. minutiflorum i¢in bu ¢alisma kapsaminda elde
edilen sonugla benzerlik gostermektedir. Ayrica yine Davis
vd. (1982) bu tiiriin kayalik alanlarda ve kire¢li yamaglarda
daha ¢ok bulundugunu belirtmislerdir. Bu sonug da hedef tiir
i¢in bu ¢aligma kapsaminda elde edilen anakaya tercihlerini
desteklemektedir.

Calisma sonucunda elde edilen bulgulardan da anlasilacagi
iizere bulgular yorede yapilacak planlamalara hizmet
edebilecek onemli ¢iktilar ortaya koymustur. Bolgede tiir
icin gerceklestirilecek bir yonetim planlamasina Siitctiler
kekigi ile ilgili potansiyel alanlarin incelenip, uygun
sahalarda tiiriin  popiilasyonunu arttrmaya  yonelik
calismalar eklenebilir hale gelmistir.
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1.INTRODUCTION

Wireless networks are one of the most popular methods of
providing internet connectivity. Wireless networks
communicate and exchange information between computers,
phones, and other devices. However, vulnerabilities can
occur during this communication and can lead to data theft
and other cyber-attacks by malicious users. The widespread
use of wireless networks with rapidly developing
technologies has revealed the need to authenticate the
identity of devices connected to the network. Authentication
is the most important and challenging way to secure wireless
networks in organizations. With authentication, devices that
want to connect to the network are taken into the wireless
network environment through a series of processes and their
access status to network services is decided. In this way, a
more secure and sustainable network is created (Henry and
Luo, 2002; Dantu, Clothier and Atri, 2007).

Authentication is a process used to verify the credentials
(such as username and password) of a user who wants to
connect to a wireless network. Authentication protects
against data theft and other cyber-attacks by preventing
unauthorized access to wireless networks. Authentication
alone is not enough to secure wireless networks. Additional
security measures, such as encryption and firewalls, can help
make wireless networks more secure. However,
authentication plays a fundamental role and is an important
step in securing wireless networks. Authentication is when
users pass an audit and prove their authenticity before joining
a network. The user's identity data (username, password,
etc.) is stored in a database. The data transfer between the
information provided by the user to join the network and the
server to verify the data must also be encrypted for data
security. Authorization determines which operations users
can perform on the network they join after successful
authentication (Yildirim et al., 2021).
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The WEP protocol was first developed to ensure the security
of wireless networks. ldentity control cannot be provided
with the WEP protocol, which can be easily broken and has
security weaknesses. After the WEP protocol, the WPA
protocol was developed to eliminate all the weaknesses of
the Web. When the TKIP encryption used with the WPA
protocol also became crackable by attackers, the WPA2
protocol was developed. WPA2 uses CCMP-AES as a
security protocol and CBC-MAC to ensure data integrity
((PDF) Securing UMaT Wireless Network Using pfSense
Captive Portal with Radius Authentication, no date). IEEE
802.1.x provides a port-based mechanism that provides
authentication and authorization mechanisms for connecting
devices to a wireless network (Chen and Wang, 2005).
Figure 1 shows an authentication messaging used for 802.1x.
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Figure 1. 802.1x user authentication steps

Table 1. Wireless network authentication protocols

(Kablosuz Aglarda  Sifreleme, Kimlik Dogrulama ve
Giivenlik Onlemleri)
802.11 Encrypti En(;rglptl Gelzgati
Standar Auth. yp .
d on Algorith on
m Method
Open/Shar RC4 (24 .
WEP ed Key WEP Bit) Static
WPA PSK TKIP R%j t§48 Dynamic
WPA2 PSK CCMP AES Dynamic
WPA 802.1x TKIP R%j t§24 Dynamic
WPA2 802.1x CCMP AES Dynamic

Authentication of users is one of the basic procedures used
to ensure secure communication over an insecure wireless
network. To secure wireless network systems, it is necessary
to use effective and simple authentication methods.
Authentication methods using usernames and passwords
provide the basic components to prevent unauthorized access
and ensure network security (Liao and Lee, 2010). AAA is
used as an acronym for authentication, authorization, and
accounting. Authentication is the process of controlling a
user's access to a network with valid credentials.
Authorization controls access for each user after the user has
been authenticated and controls the privileges, services and
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commands that belong to the user. Accounting monitors
network traffic passing through the firewall and provides a
record of the user's activities (Alabady, 2008). The
TACACS+ protocol is a Cisco proprietary protocol that
provides access control for network routers, network access
servers, and other network computing devices through one
or more centralized servers. TACACS+ provides AAA
services for  Authentication,  Authorization, and
Accountability, respectively. Authentication is the process of
determining who the user (or agent) is and checking that the
agent is the correct agent to access the network. Most
computer systems use a username and a fixed password
authentication mechanism, TACACS+ also uses the same
approach for authentication. However, fixed passwords have
several security threats and drawbacks (Pradeep et al., 2019).
Kerberos is a distributed authentication service that allows a
client to verify its identity from a server or application server
without sending data over the network. Kerberos provides
optional integrity and confidentiality of data sent and
received between client and server. Developed in mid-1980
as part of the Ahtena Project, Kerberos is now in its 5th
version, supported by new usage models and policies as its
use has expanded. Version 5 of the Kerberos authentication
service is considered the standard Kerberos (Neuman and
Ts’o, 1994). 802.1X provides a secure and flexible
authentication mechanism that facilitates dynamic virtual
private network (VLAN) assignment to users. Dynamic
network assignment provides security, performance and
mobility through the division of the network into multiple
broadcast domains. 802.1X consists of three elements, the
purpose of which is to restrict unauthorized devices from
accessing the network (Benzekki, El Fergougui and
El Belrhiti EI Alaoui, 2016).

- Client: It is the device that wants to access the wired or
wireless network by sending its credentials to the
authenticator. The data between the client and the
authentication mechanism is held and encapsulated by EAP.

- Authenticator: Devices located between the client and the
authentication server. It is usually a switching device or a
wireless access point. The main role of this component is to
receive credentials from the requester and transmit them to
the Authentication Server. It is usually based on the
RADIUS protocol.

- Authentication Server: A server that serves to authenticate
one or more clients based on the credentials provided to it. It
needs a local database to check and verify credentials.

Authentication systems in wireless networks are potentially
vulnerable to cyber-attacks. Malicious actors use various
methods to access authentication systems and connect to the
wireless network without authorization. Therefore,
authentication systems used in wireless networks must be
designed to be secure and protected against cyber-attacks.
Some types of cyber-attacks are direct attacks on
authentication systems. For example, brute-force attacks are
when an attacker uses an automated program to try username
and password combinations. This type of attack is used to
obtain a user's credentials. Another type of cyber-attack is
sniffing attacks, where an attacker listens and records traffic
on a wireless network. This type of attack means that an
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attacker listens to traffic on a wireless network and captures
sensitive information such as usernames and passwords.
Some attacks can target vulnerabilities in authentication
systems. For example, an attacker may find a vulnerability
in a protocol used to connect to a wireless network and use
this vulnerability to bypass the authentication system.

We would like to explain our motivation for this study in
bullet points. In this way, we hope that the purpose and goals
of our work will be better understood.

- The reason for using blockchain for authentication on the
network is to provide a secure and decentralized
authentication process. Blockchain technology is distributed,
and each transaction is recorded in a block with other
transactions. Each of these blocks is linked with other blocks
to increase security and form a whole. Therefore, blockchain
technology can provide a secure and decentralized
authentication process that is difficult to manipulate.

- Blockchain technology can be used to securely manage the
authentication process. This technology can provide users
with a unique identity that will help them protect their
personal information and prove the authenticity of their
identity. Using these identities, users can interact with other
users on the network without the need for any centralized
authority.

- Blockchain technology also provides greater security by
recording the authentication process along with other
transactions on the network. Authentication transactions are
recorded on the blockchain and cannot be modified
retrospectively. Therefore, because it is recorded along with
other transactions on the network, any authentication fraud
is detected, and transactions can be reversed.

- As aresult, blockchain technology provides a decentralized
authentication process and provides greater security by
recording it along with other transactions on the network.
Therefore, authentication on the network with blockchain is
an important step to create a more secure network
environment.

The second section of the paper describes how authentication
methods are provided, how they have been integrated into
new technologies over time, and the need for new
approaches in this area. The third section describes the
technical infrastructure used in the new authentication model
proposed in this paper, the smart contract details, and pseudo
codes. The fourth section evaluates the proposed model in
terms of performance criteria and discusses the results
obtained. In the last section of the paper, all the data are
evaluated together, and the experience gained from this study
and the future vision of this study are described.

2. RELATED WORKS

Network authentication has become one of the most critical
and widespread areas of study with the widespread use of
Internet services. User authentication methods have been
developed for many different purposes and concepts and
have been enhanced and improved with new technologies
over time. The next enhanced method shows how it
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overcomes the shortcomings of previous works or hints at
vulnerabilities. Researchers have made comparisons on
securing an enterprise wireless network using WPA2 based
PEAP MS-CHAP and Captive portal. They separated the
employee and visitor networks to increase the security level
on the corporate wireless network. As a result of the study,
they showed that the wireless network can be cracked using
attack tools such as airodump, aireply and aircrack (Soewito
and Hirzi, 2014). When the causes of these vulnerabilities
are analysed in detail, it has been shown that they are due to
the incorrect or incomplete application of the methods put
forward over time. To overcome this problem, researchers
have focused on informational studies. For example,
documents and articles were prepared to explain how to use
Active Directory, Captive Portal applications and pfSense
firewall to manage the authentication process of users on a
university's wireless network ((PDF) Securing UMaT
Wireless Network Using pfSense Captive Portal with Radius
Authentication, no date).

The increase in the number of portals using the Internet and
the increase in the technical needs of the users naturally
creates serious problems. To solve this problem, research has
been carried out on the technical and basic requirements for
meeting the broadband needs of users that will arise from the
use of wireless networks in public areas after home and work
environments, and solution approaches have been discussed
(Henry and Luo, 2002). Researchers have further explored
real-time approaches that simulate situations in outdoor and
indoor networks. In a case study, taking a campus network
as an example, a portal application running at OSI Layer 2
within the campus area was developed. The developed
application was subjected to different tests in the Eve-Ng
virtualization environment and simulated user registration,
user authorization and internet access(Yildirim et al., 2021)].

With personal data protection rights, GDPR laws, and the
legal determination of user responsibilities in internet
services provided to the masses, authentication methods
have become more important in the use of wired and wireless
internet services and studies in these areas have gained
popularity. The researchers examined the widely used
Extensible Authentication Protocol (EAP) protocols. They
have also presented a literature review of authentication
protocols. They examined the most widely used protocols of
the EAP framework and the advantages and disadvantages
of these protocols (Kumar and Gambhir, 2014). By
characterizing the information on authentication systems as
sensitive data, a new wireless network authentication
protocol that provides user anonymity is proposed. In the
study, symmetric encryption and decryption operations are
performed for mobile users with hash function and smart
cards. The most important feature of the work is the use of a
one-time key between the user and the wireless network (Zhu
and Ma, 2004). They identified the weakness of PairHand
authentication phases and showed that the session key can be
compromised under certain conditions. They proposed
simple modifications to solve the security problems they
identified without losing the security and efficiency of
PairHand. They experimentally tested their implementation
and showed that it can be used in real applications (He et al.,
2012). By classifying and comparing existing authentication
techniques, the researchers aimed to make it easier for
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system designers to determine the appropriate technique for
their computational, communication, and application
requirements (Grover and Lim, 2015).

Mohsin et al. (2019) created a research environment with
authentication using blockchain technology over the network
and different authentication systems of various platforms
using blockchain technology. With the research environment
they created, they provided classified and useful information
on how blockchain technology and various authentication
systems can be combined. With the study, they emphasized
the capabilities, importance, and challenges of blockchain
technology used in various fields with different applications
(Mohsin et al., 2019). Hammi et al. (2018) proposed a
decentralized system for verifying and identifying loT
devices called trust bubbles. The proposed system utilizes
the security advantages of blockchain technology to protect
data integrity and data availability. They developed a real
implementation of the system using the Ethereum blockchain
and C++ language (Hammi et al., 2018). Lau et al. (2019)
utilized blockchain technology to authenticate any device
that will be included in the network in 10T networks. Using
the features of the blockchain, they created digital identities
of 10T devices and used these identities for the device
authentication process. In this process, they proposed the
Authenticated Devices Configuration Protocol (ADCP).
They demonstrated all the results of the solution with a
working application (Lau, Alan and Yan, 2019).

We briefly mentioned recent studies on authentication in
wired and wireless networks in different methods and
techniques. As the security, privacy, and immutability
features of blockchain technology have become popular, it
has contributed to alternative solutions to the authentication
mechanisms implemented in previous years. Verification
and access systems have been strengthened by contributing
to the work done in previous years in various dimensions.
Blockchain-based solutions have been proposed and
implemented to carry out authentication and authorization
processes in smart cities. The advantages of this method
include the detection of malicious behavior and the removal
of potential security violators from the infrastructure service
(Esposito, Ficco and Gupta, 2021). Research on
authentication and security in 1oT (Internet of Thing)
systems, which are frequently used in smart city
infrastructures, is also becoming widespread. In these
studies, Hyperledger Fabric infrastructure, which stands out
with its powerful structure, was utilized. Among the
advantages of the studies, simplicity and openness are
emphasized compared to other studies (D. Li et al., 2018).
Another study for 10T networks presents the preliminary and
initial conceptual design of a blockchain-based distributed
0T data network around urban transportation. It is believed
that a vehicular network such as B-DRIVE powered by
VANET can address some of the ongoing problems of
current urban transportation and overcome security concerns
(Zia, 2021).

Blockchain-based verification models carried out in the field
of Wireless Sensor Network (WSN) have been evaluated in
terms of security and performance criteria and introduced to
the literature (Cui et al., 2020). The security aspects and
potential vulnerabilities of Vehicular Ad-hoc Networks
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(VANETS) technology, which is one of the current parallel
comprehensive fields, have been realized in other researches
and efforts have been made to provide solutions with
blockchain-based authentication methods (Abbas et al.,
2021). The gap in this area has been identified by researchers
and a new blockchain scheme based on a permissioned
blockchain has been developed for secure road traffic data
management (Diallo, Dib and Al Agha, 2022).

On 18.05.2023, 593 results were reached in the research
conducted by selecting "topics” with the keyword
"Authentication" and "Blockchain". According to the years,
468 articles, 47 papers, 2 book chapters and 78 review
studies were reached from different disciplines and fields,
with the oldest 2018 and the newest 2023. The data were
analysed through author-citation-journal-journal-country-
institution-keyword and abstract analysis. The content
indexed in Web of Science was taken as a database. The
keyword map in the research conducted in the literature is
shown in Figure 2.
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Figure 2. Authentication Literature Tree

A literature tree was obtained by examining the studies
identified in the results of the literature search by adding the
keywords  "Architecture”, "Architecture”, "Method",
"System", "Model", "Approaches", "Scheme", "Algorithm",
provided that the keyword "Authentication” remains
constant, and by grouping the studies carried out under these
headings. This tree is shown in Figure 3. In the grouping
made in the light of the scan findings, Smart Phone (Sahu et
al., 2018), Financial Sector (Ramya et al., 2022), Smart City
(Esposito, Ficco and Gupta, 2021; Ferreira et al., 2021)
leaves in the "New Architecture” branch, Commercial
Online (Okada et al., 2019), Telecommunication (Pan et al.,
2017; Muhammad and Safdar, 2018) leaves in the "New
Method" branch, Broadcast (Yavuz, 2014) leaf in the "New
System™ branch, Internet of Energy (Kim, Yoo and Yoo,
2015; X. Li et al, 2018), Telemedicine(Mir and
Nikooghadam, 2015) leaves in "New Model" branch, Al
(Liang et al., 2020; Zhang et al., 2022) leaves in "New
Approaches" branch, Telemedicine (Guo et al., 2019)]
leaves in "New Scheme" branch, Social networks(Li et al.,
2017; Yu et al., 2017) leaves in "New Algorithm" branch
were identified.



21. Yizyilda Fen ve Teknik Dergisi 2023, 10(19), 9-17

Q
(Y
| 3
=
Q
|
=]
-
(=}
| 8
0
=
-
£
2
+
[~}
L
-
£
Q
£
=
3
<

Figure 3. Authentication Literature Tree

3. PROPOSED MODEL

In this section, we will introduce a new infrastructure
proposal that will change the functioning of the process that
starts with the login panel used to log in to the systems in
user interfaces. Let's examine the functioning of the system
in stages. First, the user who wants to log in to the system
must provide login information such as username, password,
registration number, etc. to the interface with which they will
interact. The type of hardware logged in can be a cell phone,
tablet, laptop, or desktop computer. This device sends this
information to the connected modem, server, or an internal
firewall by applying its own security procedures. These
security measures are usually realized with AES, TKIP or
CCMP encryption methods. After this process, the upper
service provider that receives the user information initiates
the verification process by activating its own verification
mechanisms. As a result of this verification process,
rejection or approval information is returned. In addition, if
the feedback is positive, the user authorization status can be
determined on the system and added to the response. This
verification mechanism works differently from standard
systems. The main reason for this is that instead of a linear
method such as a Radius-like verification mechanism, a
blockchain-based system is proposed. This chain structure is
a mechanism built on Hyperledger Fabric infrastructure and
executed with smart contracts methods. Figure 4 shows the
working mechanism of the proposed infrastructure.
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Figure 4. Blockchain-based authentication infrastructure
architecture

The block chain structure consists of interrelated information
rings that contain summary information of the previous
block and are loyal to the distributed ledger technology. The
input information received from the service provider is
written into the previously issued smart contracts. First,
verification is performed within the chain by means of smart
contracts containing critical information. If the verification
result is positive, the authorization protocol is activated again
with smart contracts. The authorization information received
from this unit is sent to the service provider with input
confirmation. The service provider activates the necessary
authorization arrangements and transfers information to the
user hardware and the login process is completed.

With the realization of this infrastructure, manipulation
processes that may occur in the verification server are
prevented due to the nature of the blockchain, and
eavesdropping attacks are eliminated due to the nature of
smart contracts.

Algorithm 1 Smart Contract Pseudo Code

1:  function initldBook ()
2: config ldBookStandarts ()
3:  function CreateBookMember (cbm, params) «obj
4: if exist (cbm) = = true then
5: return error
6: else
7: return (obj o [params])
8:  function GetldBook (cbm, id)
9: const allData = []
10:  while! result. done then
11: allData.Push — Key: result.value.key, Record:
12: record
13: result < await. iterator. next ()
14: return allData. Authorityld
end

In the prepared smart contract, the initldBook method is
executed to perform the initial settings that need to be done
at the beginning of the distributed ledger settings. Before
writing new data into the distributed ledger, it is checked
whether there is data with the same Id. When a positive
answer is received, a new object is created and the process
of registering to the distributed ledger is started and the new
record is returned at the end of the process. The GetldBook
method can be executed to read the records. After checking
the necessary permissions, the data stored in the distributed
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ledger can be read and listed with the help of an iterator.
Algorithm 1 shows the pseudo code of the smart contract.

4. FINDINGS AND RESULTS

Authentication times of RADIUS, WPA2, WEP, Open
Access and BCAUTH wireless authentication systems were
measured in the test environment. In order to measure the
authentication times, the wireless network packets in the
environment were sniffed with the wireshark program
installed on a computer with Kali Linux operating system.
The connection steps of the sniffed packets and
authentication types are given in Figure 5, Figure 6, Figure 7
and Figure 8.
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Figure 5. Open Access Authentication connection process
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Figure 8. WEP Authentication Connection Process

Apache jMeter application was used to perform performance
tests of the authentication system on the blockchain. JMeter
simulates resource requests (web requests) made by real
users to servers while using a web application, as if real users
were requesting these resources. The user scenarios
simulated with JMeter (the way users use the web
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application) can be constructed as if multiple users are
running the same scenario at the same time by differentiating
the inputs requested by the web application and a load of the
desired size can be created in the system.

Authentication times were calculated based on the difference
between the time when the authentication process started and
the time when the authentication process was successful. The
calculated times in milliseconds are given in Table 2.

Table 2. Authentication time

Auth. | podius | wpa2 | wep | OP | scauTH
Type Access

Auth.

Time | 243.903 | 6.519 | 15.747 | 97.132 | 240.375
(ms)

RADIUS authentication takes more time than other
authentication types because after the authentication process
with radius is successful, the user must be authorized and
communicated with to establish the connection. WPA2 was
found to be the fastest of the authentication types tested.
According to the findings, the main reasons for the delay of
the blockchain structure are the time spent for the formation
of the genesis block, which is automatically generated at the
start of the chain, the verification time applied to test the
reliability of the chain, and the transaction processes realized
through smart contracts. Considering all the conditions, the
performance of the BCAUTH infrastructure proposed in this
study is acceptable from the perspective of security measures
and technological innovation.

5. CONCLUSIONS

Authentication and blockchain technology can be combined
to create secure and decentralized systems for authentication
and access control. As a distributed and immutable ledger,
blockchain provides transparency, immutability, and
resistance to tampering, making it suitable for authentication
purposes. For user registration, when a user wants to create
an account or register on a platform, they provide their
personal information and create a digital identity. This
identity is then hashed, encrypted, and stored on the
blockchain network. The wuser is given a unique
cryptographic key pair consisting of a private key (known
only to the user) and a public key. When the user wants to
verify their identity on the platform, they start the process by
providing their public key or digital ID. The platform verifies
the authenticity of the user by checking the blockchain
records. Since the blockchain is immutable, any changes or
tampering attempts can be detected. Smart contracts, which
are self-executing contracts with predefined rules encoded in
the blockchain, are used for access control. Access to certain
resources or services is regulated through smart contracts
that enforce certain conditions or permissions based on the
identity of the user. This enables decentralized and
automated access management without the need for
intermediaries. Blockchain-based authentication systems
increase privacy by enabling users to control their personal
data. Instead of sharing sensitive information with each
individual service provider, users can selectively disclose the
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information required for authentication purposes without
revealing their entire identity. This reduces the risk of data
breaches and identity theft. Another advantage of combining
authentication with blockchain is the ability to audit and
track user activity. The transparent nature of blockchain
allows for the creation of an immutable audit trail that
provides a comprehensive record of authentication events
and related transactions. This is useful for compliance,
regulatory purposes, or dispute resolution. It is important to
note that while blockchain provides security and
decentralization, it can also bring challenges related to
scalability, performance, and energy consumption.
Numerical results have been obtained that support this view.
Therefore, the suitability of combining authentication and
blockchain should be evaluated based on specific use cases
and requirements. In future studies, it is aimed to implement
authentication systems as well as authorization processes and
move them to the smart contracts base.
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Abstract: The term Business Intelligence (BI) is increasingly being used in a variety of
business systems to develop networks within and between organizations. Business
intelligence is based on cognitive strategies and cognitive processes that are functioning for
both sustainable and synergetic corporations. To sustain the business systems effectively, Bl
requires genius, creative and inventive mindsets, and cooperative, innovative, productive
skill sets. Plus, the operational procedure would be crucial. This research aims to present a
framework of Business Intelligence System Model for data, information, and knowledge
management, while creating a scientifically based methodology for managerial decisions and
organizational performance. It will discuss how cognitive strategies and processes can
contribute to an innovative development of business corporations and it will suggest ways of
effectively adopting the system to the environmental changes or paradigm shifts while the
system is growing in intelligence, technology, and expertise.
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1. INTRODUCTION

In this increasingly changing environment, business systems
require the capability of innovations or inventions. Because
adaptability becomes a crucial factor for the evaluation and
the survival of any system. In that respect, Business
Intelligence Systems need entrepreneurship mechanisms
that keep them adapted to dynamics of the environmental
changes. In the innovation process, most of the business
systems rely on thousands-years-old traditional trials and
errors method in the act of creation (Kostler, 1964).
However, to improve innovative processes considerably and
to avoid costly trials and errors, business intelligence
systems need a quantum networking methodology.
Everything is operating in an integrated networking system
that affects each other.

The common points of inventions and innovations aim to
adapt to the changing environment and evolve to create best
adjustments in emerging cultural settings. However, with the
arising complexity of Business Intelligence Systems
becoming the most crucial factor to switch their mindset
from individualist to a more cooperative and synergistic
model in order to maintain their position and strengthen their
framework in the network of accelerating numbers of
divergent populations.

Considering these problems and difficulties, there are some
questions waiting to be answered.
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Over the course of globalization, entrepreneurship has
gained critical importance in a rapidly changing science and
technology. By the development of science and technology,
innovation-related entrepreneurship would have a critical
importance to produce high performing business intelligence
for a revolutionary or incremental change in businesses. In
view of the rapidly changing science, technology and
expertise, as the high influence of inventions, which are
rapidly turning into innovations, a holistic model to develop
an effective business intelligence system is required.

These questions are listed below:

e What are the strategies of inventing a new radical
solution; generating new ideas and solving business
problems to provide effective results?

e What are the ways of predicting and road-mapping
for future generations of products, processes and
human researches? What tools, methods and skill
sets do we have for better adaptations in any
emerging cultural setting?

e Overall, how does a synergetic corporation work as
it works in nature that manages organisms in the
most effective ways? And how can we apply the
same mentality for business corporations?
Answering these questions is at the very heart of the
requirements for the development of Business
Intelligence.
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2. MATERIAL AND METHOD

2.1. Synergetic

What are the means of the words synergy and synergetics?

The word "synergy" means, literally, "working together". It
is working on associative cooperation of integrated parts of
any complex system through a purpose (Fuller, 1982).
Applied to the human mind, "synergy" denotes working
together of the enormous variety of cognitive functions that
comprise the mind, producing a new whole system greater
than the mere sum of its parts. In the synergic mode, a part
acts naturally so as not only to achieve its own goals, but also
to promote the goals of the whole system. This led to the
concept of a science of synergy namely, synergetics (Fuller,
1982).

The application of synergy in a business context requires an
associative approach.

2.2. Implication of synergetics to Business Management

A science of synergy has tremendous implications for any
complex systems. It is potentially applicable to any complex
system in any business corporation - since it enables each
part to operate together. According to the science of synergy,
each part of the business mutually reinforces to each other to
naturally lead to greater effectiveness. Synergetics provides
a framework in which any content can work effectively,
increasing  quality, increasing conformance and
performance, expanding to broader market segments,
extension of the product range, decreasing production costs,
increasing effectiveness.

In other words, synergetics is an organizational mechanism
of collaboration which aims to solve any problem with
minimum energy and maximum efficacy. Synergetics can be
applied to the problem of integrating different fields of
knowledge to bridge the gap between fields of science and
technology through expertise both individually and
cooperatively. On this basis, synergetics is seen as an
absolute necessity for any inventive and innovative problem
solving processes.

3. FINDINGS

3.1. What is a system? What makes a system complex?

A system can be defined with its purpose, its content, its
context, and their interactive relationships. The content of
any system is interdependent, modular, in order, hierarchic,
chunked (Kaufman, 1993). Additionally, the most important
property of a system is its synergy that the relationships
between the modular parts act in hierarchy through a
common purpose. The operation of a system is studied by R.
Buckminster Fuller who coined the term "Synergetics"
(1982). In his work of synergetics, he stated that a successful
system operates through the same purpose and produces
most effective, sustainable, feasible outcomes.
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Figure 1. Synergetics network

Synergetics starts from the observation that a system is
strongly affected by the environmental conditions of its
super system and its many interactive subsystems.

Synergetics starts from the observation that a system is
strongly affected by the environmental conditions of its
super system and its many interactive subsystems. To invent
new qualities of a defined total system, the synergetic
cooperation and the synergetic network of the sub-systems
need to be studied (Figure 1).

3.1.1. Mindsets of subsystems

Any system needs to increase or decrease
the qualities and quantities of their products; goods or
services through inventions and innovations managing the
complex variables. Most organizations in the public and
private sectors have to expand and as they expand,
grow or develop, so do the complications they face in
their planning, organizing, and control procedures.
Correspondingly, a multitude of data sets related to
regulations, evolving consumer needs, marketing and
advertising, competition in the industries, resource and
supply problems, and the correlation of risk and return are
the parts of those complex variables. Creating a better
mindset and reducing uncertainty; and thereby taking action
for the intended purpose would be the most effective way to
expand the business model.

3.1.2. SKill Sets of subsystems

Intelligence implies seeing the interpolating, existing
relationship. Creativity empowers a person to see
extrapolating, further configurations and several possible
relationships.  Inventiveness implies amplifications,
imagination of relationships which are novel and original
and have a potential to be advantageous, viable and
meaningful. Innovativeness implies situating those novel
relationships within a cultural context that would also be
adapted to a large number of people in an advantageous,
meaningful and evaluative way.

An intelligent business system can become more productive
by working on creativeness, inventiveness and
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innovativeness and by practicing mindsets and skill sets
needed to operate an effective network.

3.2. How do systems work

The components of the subsystems and which skill they
should have in order to successfully operate as a system is
discussed. Additionally, to make an impact on larger scales,
the terminology of diffusion should be considered (Figure
2). Each stage can be discerned by a well-functioning
interaction policy and interaction process management.

To invent new qualities of a defined total system, the
synergetic cooperation and the synergetic network of the
sub-systems need to be studied (Figure 1).

Invention is exploiting new ideas leading to the
development of a known system or the creation of a new
system. Invention is based on scientific research and
scientific discovery. In design, invention is based on creative
associations. Innovation on the other hand is implementing
new ideas leading to the development of a known system or
the creation of a new system. It leads to technological
development and new ways of information organization.
Finally, diffusion is the use and advancement process of
new knowledge, models, and products by other systems. In
the process of diffusion, the models created in research and
implementation or in other words invention and innovation
processes can be transferred to any fields of other research
and implementation processes.

Invention

S
L]

@

i Processing Adaptation
Innovation

Diffusion

Figure 2. Invention and innovation and diffusion.

3.3. Levels of Innovation

3.3.1. What are these levels of inventive and innovative
processes?

There are three levels of inventive and innovative processes
(Table 1). First one aims at the refinement of an existing
system. Second one includes the addition of new parts to an
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existing system. And finally there is a radical innovation
which is based on developing a new target system.

Level 1 Level 2 Level 3
Refinement of a target ~ Associating two target Developing a new
system systems target system
New for a part New for the systems New for the world

Table 1. Levels of innovation

3.3.2. The growing pattern of innovation

Change and growth are dynamic and continuous processes
in nature. In the concept of the growing process of man-
made environment; science, technology and expertise are
the main growing axles of invention, innovation and
diffusion processes (Figure 2).

For an effective growth of science, technology and expertise,
individuals, teams and organizations should operate
according to synergistic interaction principles. Moreover,
the information database and spatial organization should be
designed according to synergetic organization principles
interconnected, grouped and hierarchically organized.

4. DISCUSSION AND CONCLUSIONS

Based on expertise differences, synergetics provides a high
functioning structure to guide diffusion processes. For
genuine innovations, high functioning teams that are
composed of different levels of expertise are one of the most
valuable assets an organization can have. On high
functioning teams, the members experience a feeling of
contentment, juxtaposed by a creative tension of the
members. Striving to work effectively as a team, the team
also creates an environment of personal responsibility where
all members are accountable to each other and as a whole.

CONCLUSION

In this paper, it has discussed how innovative practices are
amplified by highly collaborative multi-speciality insights
and how systematic practices will foster invention and
innovation; creative idea generation and creative solution
generation. Synergetic network is suggested to associate
creative idea generation, effective solution generation and
diffusion processes. Synergetics will serve as the models of
(Bl) Business Intelligence and system management
including information management, operation management,
and teamwork.
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Ecological Assessment and Implementation
Recommendations Based on Indicator Species in the Akdag
(Burdur) Region

Mehmet Giiven¢ Negiz! " , Oguzhan Erfidan®

Abstract: This study was conducted to determine indicator species of native forest tree
species that occur in the Akdag region (Burdur) using numerical analysis methods, in order
to evaluate them ecologically and provide recommendations for forestry activities during the
implementation phase. The target species selected for the study were kizilgam (Pinus brutia
Ten.), karagam (Pinus nigra subsp. pallasiana (Lamb.) Holmboe), toros sediri (Cedrus libani
A. RICH.), and boylu ardi¢ (Juniperus excelsa M. BIEB.), which have a wide distribution in
the region as native forest tree species. The data matrix obtained from 85 sample plots
representing woody vegetation was used in the study. The data matrix was evaluated using
inter-attribute relationship analysis. According to the analysis results, 6 positive and 3
negative indicator species were identified for kizilgam, 4 positive and 4 negative indicator
species for karagam, 4 positive and 2 negative indicator species for toros sediri, and 2 positive
indicator species for boylu ardi¢. By ecologically evaluating the obtained indicator plant
species, recommendations were made for sustainable forestry practices, including the
selection of appropriate species for forestry activities.

Keywords: Target species, Indicator species, Inter-attribute relationship analysis

Akdag (Burdur) Yoresinin Gosterge Tiirlerine Gore Ekolojik
Degerlendirmesi ve Uygulama Onerileri

Ozet: Bu calisma Akdag (Burdur) yoresinde yayilis gosteren asli orman agaci tiirlerinin
sayisal analiz metotlar1 yardimiyla gosterge tiirlerinin belirlenerek ekolojik agidan
degerlendirilmesi ve bu sayede ormancilik faaliyetlerinin uygulama asamasinda oneriler
sunabilmek amaciyla gergeklestirilmistir. Calisma da hedef tiirler olarak yorede genis yayilis
gosteren kizilgam (Pinus brutia Ten.), karagam (Pinus nigra subsp. pallasiana (Lamb.)
Holmboe), toros sediri (Cedrus libani A. RICH.) ve boylu ardig¢ (Juniperus excelsa M.
BIEB.) asli orman agac tiirleri secilmistir. Calismada 85 6rnek alandan elde edilen odunsu
vejetasyona ait diizenlenen var-yok veri matrisinden faydalanilmistir. Veri matrisi nitelikler
arasi iligki analizi kullanilarak degerlendirilmistir. Analiz sonuglarina gore kizilgam igin 6
pozitif, 3 negatif, karacam i¢in 4 pozitif, 4 negatif, toros sediri i¢in 4 pozitif, 2 negatif boylu
ardi¢ icin ise 2 pozitif gosterge tiirii tespit edilmistir. Elde edilen gdsterge bitki tiirlerinin
ekolojik olarak degerlendirilmesi ile gerceklestirilecek ormancilik faaliyetlerinde dogru tiir
secimi basta olmak iizere siirdiiriilebilir ormanciliga katki saglayacak oOnerilerde
bulunulmustur.

Anahtar Kelimeler: Hedef tiirler, Gosterge Tiirler, nitelikler arasi iligki analizi
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1. GIiRiS

Orman ekosistemlerinin  siirdiirebilirligi, restorasyonu,
izlenmesi ve planlamalarin uygulanabilirligi; yoresel ve
bolgesel dlgeklerde bitki tiirlerinin tespit edilmesi, tiirlerin
yayilisina  etki eden faktorlerin  belirlenmesi  ve
gostergelerinin  belirlenmesi ile miimkiin olmaktadir
(Fontain vd. 2007; Ozkan, 2009; Delang ve Li, 2013; Giilsoy
vd., 2013; Ozdemir vd., 2017).

Tiirkiye’de 2020 yih itibariyle 22.933,000 ha orman varligi
oldugu bildirilmistir. Bu orman varligi Tirkiye
yiizdl¢limiiniin yaklasik % 29,4’iine tekabiil etmektedir. Son
50 yil igerisinde (1973 yilindan bu yana) orman varligimiz
yaklagik 2.7 milyon ha artmistir (OGM, 2020). Ancak
Tirkiye’de potansiyel anlamda agaclandirilmasi gereken
daha bir¢ok alan mevcuttur (Giilsoy vd., 2013; OGM, 2020).
T.C. Tarim ve Orman Bakanlifi ve Orman Genel
Miidiirliigiince 6zellikle her 5 yilda bir belirlenen kalkinma
planlar1 kapsaminda potansiyel sahalarda ve bozuk orman
alanlarinda agaglandirma ¢aligmalart planlanmaktadir.
Bununla birlikte bahsedilen planlamalarin hayata gecirilmesi
uzun zaman isteyen ve olduk¢a yiiksek maliyetli
uygulamalar oldugu da bir gergektir (Giilsoy vd., 2013). Bu
agiklamalardan  hareketle orman  ekosistemlerinin
stirdiirebilirligi ve hizli restorasyonu i¢in ihtiya¢ duyulan
agaclandirma faaliyetlerinde uygun/dogru agag tiirlerinin
belirlenmesi en 6nemli hususlardan birisidir.

Ormanlar canli organizmalarin cansiz  ¢evreleriyle
etkilesimde bulundugu zengin ekosistemlerdir (Negiz vd.,
2015). Canl ¢esitliligi agisindan ormanlar tartismasiz en
onemli ekosistemlerden birisidir. Tiirkiye ormanlk
alanlarinda canli tiirii sayisinin yaklasik 100.000 oldugu, bu
canli tiirlerinin 11.000’in {izerinde (alt tiirleri ile) ¢icekli
bitkilerden olustugu ve ¢icekli bitkilerin ise yaklasik {igte
birinin endemik oldugu birgok kaynakta belirtilmistir
(Yaltirik ve Akkemik, 2011; Negiz vd., 2019). Orman
ekosistemlerinde bahsedilen canli ¢esitliliginin siirekliligi ve
korunmast agisindan orman agaglarinin siirdiirebilirligi Kilit
rol oynamaktadir (Fredericksen, 2021). Bu yiizden asli
orman agaglari olarak nitelendirilen dogal yollardan mescere
olusturabilecek oOzelliklerdeki agag¢ tiirlerini konu olan
bilimsel ¢aligmalarin  6nemi 6zellikle vurgulanmustir
(Sentiirk, 2008, Kuzugiidenli, 2014; Kaya, 2020).

Tiirkiye’de isletme sekilleri agisindan ormanlarin 21.6
milyon hektar1 koru ormani (% 94), 1.3 milyon hektar1 ise
baltalik ormani (% 6) niteligindedir (OGM, 2020). Ormanlik
alanlarimizda en fazla bulunan asli orman agaci 6.747,440
ha (% 29,42) ile mese tiirleridir. Bu tirleri sirasiyla
5.215,292 ha ile (% 22,74) kizilgam, 4.199,623 ha ile (%
18,31) karagam ve 1.878,049 ha ile (% 8,19) kayn tiirii takip
etmektedir (OGM, 2020).

Ormancilik faaliyetlerinde potansiyel olarak agaclandirma
yapilabilecek alanlarin ve tiirlerin tespitinde alandaki iklim
ve toprak Ozelliklerinin tespiti onem arz etmektedir. Benzer
sekilde hedef tiirlerin verimliligini ve tutma kabiliyetini
tahmin edebilmek i¢in iklim ve toprak o6zellikleri ile ilgili
bilgilere ihtiya¢ duyulmaktadir (Karatepe ve Giirlevik,
2005; Giilsoy vd., 2013; Ozdemir vd., 2017). Ancak farkli
bolgelerde yerel olarak basta toprak ve iklim ozellikleri
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olmak iizere diger yetisme ortami faktorlerinin etkilerinin
belirlenmesi yiliksek maliyetli ve uzun zaman isteyen
islerdir. Bu ylizden ormancilik faaliyetlerinden o6zellikle
agaclandirma ¢aligmalar1 asamasina katki saglayacak ve
boylece bagariya kisa siirede ulastirabilecek kullanilabilir
bilgilerin elde edilmesi gerekmektedir.

Belirli alanlarda dogal olarak yayilis gosteren tiirler
iizerinde gerceklestirilecek bilimsel ¢aligmalar o alanlarda
gergeklestirilmesi planlanan agaglandirma g¢aligmalart igin
dogru tiir se¢imi hakkinda bilgilere ulasilmasina imkan

saglamaktadir. Bu noktada o6zellikle agaclandirmasi
planlanan/planlanacak hedef tiirlerin pozitif ve negatif
gostergelerinin  belirlenmesi  6nem arz  etmektedir

(Godefroid ve Koedam, 2003; Giiner vd., 2011; Giilsoy vd.,
2013; Ozdemir, vd., 2017; Negiz ve Aygiil, 2019).

Agaclandirma faaliyeti planlanan yorelerde hedef tiirlere ait
gostergelerin belirlenmesi i¢in ¢ogunlukla nitelikler arasi
iliski analizi tercih edilmektedir (Ozkan, 2002; Celik vd.,
2006; Ozdemir vd., 2017). Bu analiz yontemi yaminda
indikator tiir analizi olarak ifade edilen yontemi de
kullanilmaktadir. Ancak indikator tiir analizinde yalnizca
hedef tiirlerin pozitif gostergeleri belirlenirken nitelikler
arasi iligki analizinde hem pozitif hem negatif gésterge
tiirleri tespit etmek miimkiindiir. Pozitif gosterge tiirlerinin
fazla tespit edildigi alanlar hedef tiirler i¢in uygun yetisme
ortamlar1 olarak belirlenebildigi gibi negatif gosterge
tirlerin fazla gézlemlendigi alanlar hedef tiirler i¢in uygun
olmayan yetisme ortamlar1 olarak nitelendirilebilir (Negiz
vd., 2015)

Yapilan agiklamalardan hareketle Akdag (Burdur)
yoresinde gergeklestirilen bu ¢aligmada hedef tiir olarak
secilen asli orman agaci tiirlerinden olan kizilgam, karagcam,
toros sediri ve boylu ardi¢ tiirlerinin gosterge tiirlerinin
belirlenmesi igin nitelikler arasi iligki analizinden
faydalanilmigtir. Caligma alaninda hedef tiirlerin var oldugu
ve olmadig: alanlardaki bitki tiirleri belirlenerek diizenlenen
veri matrisleri istatistiksel olarak degerlendirilmis ve test
edilmigtir. Boylece basta ¢aligma alaninda olmak iizere
farkli yore ve OoOlgeklerde gerceklestirilmesi planlanan
ormancilik faaliyetleri i¢in ihtiya¢ duyulan pratik bilgiler
sunularak uygulayicilara ve bilimsel ¢aligmalara katki
saglayacagi  disilincesiyle  s6z  konusu  ¢alisma
gergeklestirilmistir.

2. MATERYAL VE METOT

Calismanin gergeklestirildigi Akdag Yoresi Isparta Orman
Bolge Miidiirliigiine bagl Aglasun ve Cukur Orman Isletme
Sefliklerinin sinirlari arasinda yer almaktadir. 37° 37° 017-
37° 40 41” kuzey enlemleri ile 30° 48> 23”- 30° 35* 577
dogu boylamlari arasinda konumlannmis Akdag yoresi 5.917
ha biyiikligiindedir. Calisma alaninda yiikseltisi 403
metreden baslayarak 1.734 metreye kadar ¢ikmaktadir (Sekil
1).
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Sekil 1. Akdag Yoresi Yer Bulduru Haritas:

Calisma alan1 ve yakin cevresinin bitki Ortiisii {izerine
gerceklestirilen ¢alismalarda alanda agag tiirlerinden en fazla
kizilgam (Pinus brutia Ten.)’in bulundugu bu tiirii sirasiyla
karagam (Pinus nigra Arnold.) mese tiirleri (Quercus sp.) ve
boylu ardi¢ (Juniperus excelsa Bieb.) tiirlerinin takip ettigi
ifade edilmistir (Fontaine vd., 2007; Carus ve Catal, 2008;
Ozkan, 2014). Bahsi gecen bu agac tiirlerine ilaveten
yaklagik 900 ha’lik bir alanda toros sediri (Cedrus libani
L.)’nin yayihs gosterdigi de bilinmektedir (Ozkan, 2014;
OGM, 2015). Ozkan (2013) tarafindan Akdag ydresinin
yakin ¢evresi olarak nitelendirilebilecek olan Aglasun
yoresinde 284 farkli bitki tiirii tespit edilmis bunlardan 42
tanesinin endemik oldugu belirtilmistir.

Calisma  alammin  yakininda  bulunan  meteoroloji
istasyonlarindan (Burdur, Aglasun, Tefenni) elde edilen
verilere gére uzun yillara ait yillik ortalama sicakligi 12,43 °©
C, yillik toplam yagis1 ise 467,43 mm’dir (MEVBIS, 2022).
Thornthwaite yontemine hesaplanan yagis indeksine gore
(6,58) yorenin C2 yar1 nemli iklimler sinifinda bulundugu
belirlenmistir (Thornthwaite, 1948).

Akdag yoresinin jeolojik ve topografik yapisi incelendiginde
otokton ve allokton kaya birimlerinin, anakaya tipi olarak ise
kiregtasinin yaygin oldugu tespit edilmistir (Hacisalihoglu
vd., 2010; Erdogan, 2013). Benzer sekilde galisma alaninin
toprak tipi de genellikle kiregli topraklardan olusmaktadir
(Ceylan, 2015).

2.1. Arazi envanter calismalar:

Omek  alanlarda  arazi  envanteri  calismalarinin
gerceklestirilmesi i¢in vejetasyon c¢aligmalarinda siklikla
kullanilan 400 m? (20mx20m) olgeginde c¢alismalar
gerceklestirilmistir (Fontaine vd., 2007; Ozkan, 2009; Ozkan
ve Negiz, 2011; Giiner vd., 2011).Arazi envanter ¢aligmalar
kapsaminda 85 6rnek alan alinmistir. 85 6rnek alanin ¢aligma
alam siirlarindaki dagilimi Sekil 2.1°de verilmistir. Ornek
alan biiytikliigliniin belirlenmesi ve 6rnek alanlarda verilerin
toplanmasi islemleri birgok orman ekolojisi ile ilgili
gerceklestirilen  bilimsel c¢aligmada oOnerildigi  sekilde
gerceklestirilmistir (Cepel, 1995; Karatepe, 2004; Fontaine
vd., 2007; Ozkan, 2009; Ozkan ve Negiz, 2011; Giiner vd.,
2011). Her ornek alanda tespit edilen bitki tiirlerine ait
kayitlar ~ Oncelikle  Braun  Blanquet  skalasindan
faydalanilarak envanter karnelerine islenmistir (Braun-
Blanquet 1932; Giilsoy vd, 2013)
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Dagilimlari
2.2. Istatistiksel degerlendirme

Arazi caligmalarinin ardindan laboratuvara getirilen bitki
ornekleri kurutma kagitlar1  degistirilerek  kurutulup
herbaryum materyali halinde hazirlanmig boylece teshis igin
hazir hale getirilmigtir. Kurutulan bitki 6rnekleri Davis
(1963-1985), Davis vd. (1988) ve Giiner vd. (2000)’nin
“Flora of Turkey” adli eserlerine gore teshis edilmistir. Flora
of Turkey’e gore yazilan bitki taksonlarmin isimleri
giincellenerek bu islem icin en giincel olan
https://wfoplantlist.org/ adresi kullanilmig olup bitki teshisi
gergeklestirilmistir. Arazi envanter ¢caligmalari ile elde edilen
veriler 6ncelikle Microsoft Excel programinda 6rnek alan ve
bitki tiirlerine gore istatistiksel degerlendirmeler igin
diizenlenmistir. Calismada arazi envanteri gerceklestirilen
85 ornek alanda baskin olan 52 fakli odunsu bitki tiirii tespit
edilmigtir. Tespit edilen bitki tiirlerinin bilimsel isimlerine
istatistiksel degerlendirme agamasinda kolaylik saglamak
amactyla kisaltmalar uygulanmigtir. Ornek alanlarda tespit
edilen bitki tiirleri ve bu tiirlere verilen kisaltmalar Cizelge
2.3’de verilmistir.

Cizelge 2.2. Ornek alanlarda belirlenen bitki tiirleri ve
kisaltmalari

Kodlar Bitki Tiirleri

Ailalt Ailanthus altissima (Mill.) Swingle
Astmik Astragalus mikrosefali Willd.
Bercra Berberis crataegina DC.

Calvil Calicotome villosa (Poir.) Link
Carnut Carduus nutans L.

Cedlib Cedrus libani A. rich.

Cencar Centaurea cariensis Boiss.
Ciscre Cistus creticus L.

Cislau Cistus laurifolius L.

Colarb Colutea arborescens L.

Catcog Cotinus coggygria Scop.
Cupsem Cupressus sempervirens L.
Dapser Daphne sericea Vahl

Ditvis Dittrichia viscosa (L.) Greuter
Echono Echinops onopordum P. H. Davis
Echrit Echinops ritro L.

Eriver Erica verticillata P. J. Bergius
Eupamy Euphorbia amygdaloides L.
Eupcha Euphorbia characias L.

Eupnic Euphorbia nicaeensis All.
Fonphi Fontanesia phillyreoides Labill.
Fraorn Fraxinus ornus L.

Hedhel Hedera helix L.

Hipeme Hippocrepis emerus (L.) Lassen
Junexe Juniperus excelsa M.-Bieb.
Junoxy Juniperus oxycedrus L.

Lonetr Lonicera etrusca Santi

Nerole Nerium oleander L.

Polspi Paliurus spina-christi Mill.
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Cizelge 2.2. Ornek alanlarda belirlenen bitki tiirleri ve
kisaltmalar1 (Devam)

Philat Phillyrea latifolia L.

Phlgra Phlomis grandiflora H.S.Thomps.

Pinbru Pinus brutia Ten.

Pinnig Pinus nigra J.F. Arnold

Pister Pistacia terebinthus L.

Plaori Platanus orientalis L.

Plocal Plocama calabrica (_L.f.)
M.Backlund & Thulin

Poptre Populus tremula L.

Potrec Potentilla recta L.

Pruspi Prunus spinosa L.

Pyrela Pyrus elaeagrifolia Pall.

Pyrpyr Pyrus pyraster (L.) Burgsd.

Quecer Quercus cerris L.

Quecoc Quercus coccifera L.

Queinf Quercus infectoria G.Olivier

Rhacat Rhamnus cathartica L.

Rhucor Rhus coriaria L.

Robpse Robinia pseudoacacia L.

Roscan Rosa canina L.

Rubcan Rubus canescens DC.

Salalb Salix alba L.

Smiasp Smilax aspera L.

Sorumb Sorbus umbellata (Desf)

Daha oncede agiklandigi iizere Braun Blanquet skalasina
gore kayitlari yapilan ve Cizelge 2.2°de verilen bitki tiirlerine
ait  veriler nitelikler arasi iliski analizinin
gerceklestirilebilmesi  igcin  var-yok veri seti haline
doniistiirilmiistiir (Ozkan; 2002; Gilsoy vd., 2013; Ozdemir
vd.; 2017). Bitki tiirlerine ait var-yok veri setine SPSS
kullanilarak nitelikler arasi iliski analizi uygulanmustir.
Nitelikler arasi iligki analizinden elde edilen degerler ile
gosterge  thrlerinin  iliski  yonlinii  (negatif/pozitif)
belirleyebilmek i¢in Cole (1949) tarafindan onerilen C3
ilisgki  katsayist hesabi kullanilmistir. Bu asamada
gerceklestirilen islemler sirasiyla agagida verilmistir.

1. Hedef tiir olarak belirlenen asli orman agaci tiirlerinin
ornek alanlarda bulunmalarma bagli olarak a, b, ¢ ve d
seklinde katsayilar belirlenmistir. (Cizelge 2.3).

Cizelge 2.3. Hedef tiirler ile diger bitki tiirlerinin ayni
ortamda bulunma oraninin tespit edilmesi igin olusturulan
2x2 tablosu

Tir Var  Tir Yok  Toplam
Hedef Tir A B A+B
Var
Hedef Tur C D C+D
Yok
Toplam A+C B+D A+B+C+D

2. Khi kare degerleri hesaplanmustir.
3. Onem seviyesi (p) degerleri belirlenmistir

4. Onemli bulunan iliskilerin yonii belirlenmistir. Bu
asamada eger ad>bc ise iliskinin yonii pozitif, bc>ad ise
negatiftir (Poole, 1974).
5.En son asamada ise
belirlenmistir.

C3 korelasyon katsayilari
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3. BULGULAR VE TARTISMA

Calisma alani belirlenen Akdag yoresinde 85 6rnek alanda
52 odunsu bitki tiirii tespit edilmistir. Bitki tiirlerinin 6rnek
alanlara gore bulunma oranlar1 Sekil 3.1°de verilmistir. Sekil
3.1’de de goriilecegi lizere alanda en yiiksek bulunma
oranina sahip tiirler sirasiyla Quecoc (% 76,47), Junoxy (%
75,29), Styoff (% 74,11), Pinbru (% 68,24), Dapser (%
67,05), iken en az bulunan tiirler ise Eupamy (% 4,71),
Cencar (% 2,35), Calvil (% 1,17), Carnut (% 1,17), Pyrpyr
(% 1,17),’dir. Bunun yanminda arazi envanter ¢aligmasi
esansinda kaydedilen tiirlerden Centaurea cariensis Boiss.
subsp. carinensis Boiss.(Cencar) ve Echinops onopordum P.
H. Davis (Echono) tiirlerinin endemik oldugu belirlenmistir.
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Sekil 3.1. Bitki tiirlerinin 6rnek alanlardaki bulunma oranlari

Yorede yaygin olarak bulunan ve hedef tiir olarak belirlenen
asli orman agaglari karacam (Pinnig), kizilcam (Pinbru),
toros sediri (Cedlib) ve boylu ardi¢ (Junexe) tiirlerinin
gostergelerini belirlemek amaciyla gerceklestirilen nitelikler
arast iligki analizi sonuglar1 Cizelge 3.2°de sunulmustur.
Cizelge 3.2 incelendiginde hedef tiirlerden karagam icin 4
pozitif, 4, negatif, kizilcam i¢in 6 pozitif, 4 negatif, toros
sediri i¢in 4 pozitif, 2 negatif, boylu ardi¢ i¢in ise 2 pozitif
gosterge tiirii tespit edildigi goriilmektedir. Yine ¢izelgede
goriilecegi lizere karagam hedef tiirliniin en 6nemli pozitif
gostergesi Cislau (C3= 0,3341), en 6nemli negatif gostergesi
ise Pinbru (C3=-0,6192) tiirleridir. Kizilgam hedef tiiriiniin
en dikkat ¢eken pozitif gosterge tiiriiniin Sytoff (C3=
0,6236), en dikkat ¢ceken negatif gdsterge tiiriiniin ise Pinnig
(C3=-0,6192) oldugunu séylemek miimkiindiir. Toros sediri
hedef tiirii i¢in Pinnig (C3= -0,0129) tiirii en 6nemli pozitif
gosterge iken Pinbru (-0,3888) tiiri en Onemli negatif
gosterge olmustur. Son olarak boylu ardi¢ hedef tiiriiniin en
onemli pozitif gostergesi Teupol (C3= 0,2112) olarak
belirlenmesine ragmen boylu ardi¢ tiirii i¢in herhangi bir
negatif gosterge tiirli tespit edilememistir. Burada Pinnig
tiiri; Pinbru hedef tiirii i¢in negatif gosterge iken Cedlib
hedef tiiriiniin pozitif gostergesi olarak tespit edilmistir.

Analiz sonucunda elde edilen 6nem seviyesi degerlerine gore
(p>0,01) Pinnig tiri olduk¢a Onemli bir gosterge tiirii
oldugunu sdylemek miimkiindiir. Ayrica bu durum g¢aligsma
alaninda Pinnig tirliniin Cedlib tliri ile ayni ortamu
paylastig1 ve/veya benzer yetisme ortamu 6zelliklerine sahip
alanlarda yetisebildigini ancak Pinbru tiiriiniin bulundugu
alanlar1 tercih etmedigini gostermektedir. Benzer durum
Pinbru tiiriinlin  gosterge tiirleri incelendiginde de
goriilmektedir. Zira Pinnig (C3=-0,6192) ve Cedlib (C3=-
0,3888) tiirleri Pinbru hedef tiriiniin 6nemli negatif
gostergeleridir. Bu yiizden Pinnig ve Cedlib tiirleri Pinbru
tiri ile calisma alan1 o6l¢eginde ayni ortamlar1 tercih
etmemektedirler.
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Cizelge 3.2. Nitelikler arasi iligki analizi sonucunda ¢aligma
alanindaki hedef tiirlere ait gosterge tiirleri

Hedef = Gosterge Gosterge  Khi P C3
Tiir Tiirler Yonil Kare
Pinnig 17,769 0** -0,6192
Ailalt 5,922  0,015* -0,2774
Robpse 9,781  0,002** -0,3440
Cedlib - 12,05 0,001** -0,3888
Pinbru  Echrit + 4,103  0,043* 0,2912
Fonphi + 14,375 0** 0,6791
Plaori + 5,885 0,015* 0,4555
Poptre + 4,111 0,043 0,2319
Quecer + 4,494  0,0034** 0,3494
Styoff + 22,978 0** 0,6236
Echrit - 7.144  0,008** -0,3873
Palspi 4111  0,043* -0,2319
Poptre 4111 0,043* -0,2319
Pinbru - 17,769 0** -0,6192
Pinnig  Cislau + 12,657 0** 0,3341
Hedhel + 4,551 0,033* 0,2565
Lonetr + 3,489  0,05* 0,1978
Cedlib + 23,132 0** 0,4974
Pinbru - 12,05  0,001** -0,3888
Pinnig + 23,132 0** 0,01296
Cedlib  Ailalt + 5157  0,023* 0,1623
Astmik + 5157  0,023* 0,1623
Nerole - 5,197  0,023* -0,1277
Robpse + 10,234  0,001* 0,2189
Junexe  Pyrpyr + 4,364 0,037* 0,0538
Teupol + 7,209  0,007** 0,2112

Ozetle bu calisma Akdag yoresinde yayilis gosteren asli
orman agaci tiirlerinden kizilgam, karacam, toros sediri ve
boylu ardig tiirlerinin gosterge tiirlerini tespit ederek
ozellikle agaglandirma faaliyetleri basta olmak iizere birgok
ormancilik uygulamasina tavsiyelerde bulunmak amaciyla
gerceklestirilmistir.  Gosterge tiirlerinin  belirlenmesine
yonelik bilimsel ¢aligmalar incelendiginde ¢ok degerli
sonuglarin literatlire  kazandirildigni ~ goriilmektedir
(Godefroid and Koedam, 2003; Ozkan, 2004; Celik vd.,
2006; Negiz ve Kurt, 2017; Giilsoy vd., 2013; Ozdemir vd.,
2017). Bugiine kadar gosterge tiirlere yonelik gerceklestiren
calismalar genellikle belirli tek tiir (endemik, nesli tehlike
altinda veya yiiksek verimlilik sebepleriyle) hedef olarak
secilerek yapilmistir. Bu ¢alismada ise yorede yayilis
gosteren 4 farkli asli orman agaci tiirii hedef tiir olarak
belirlenmis ve hepsi igin ayr1 ayr1 pozitif ve negatif gosterge
tirleri tespit edilmistir. Siiphesiz ki asli orman agaglari
ormancilik faaliyetlerinde stratejik dneme sahiptir. Ifade
edilen bilgiler 1s18inda bu g¢aligmada hedef tiirler olarak;
yorede genis yayilisa sahip asli orman agaclari olan kizilgam,
karagam, toros sediri ve boylu ardig tiirleri belirlenmistir.

Calismada hedef tiirler olarak belirlenen asli orman agaci
tiirlerinden 6zellikle kizilgam ve karagam iilkemizde oldukga
genis yayilig gostermektedirler. Ayrica diger hedef
tirlerimiz olan toros sediri ve boylu ardi¢ tiirlerinin
bulundugu alanlar ise otlatma baskisi, kagak kesimler vb.
sebeplerle tahrip edilmis ve bu tilirlerin hem korunmasina
hem de alanlariin artirilmasina yonelik ¢aligmalara ihtiyag
duyuldugu bilinmektedir (OGM, 2020).

Bitki tiirlerinin hedef alinarak gostergelerinin belirlendigi
calismalarda goriilmektedir ki ¢aligma alanlar belirli (lokal)
sinirlar  ¢ergevesindedir. Ciinkii  bitki tiirleri  yayilis
gosterdikleri alanlarn lokal g¢evrelerinin yetisme ortami
Ozelliklerinin farkliligina gore degismekte dolayisiyla da
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gosterge tiirleri de degisiklik gostermektedir. Bu durum
gosterge tiirlerin belirlenmesine yonelik ¢alismalarin yoresel
bazda yapilmasi zorunlulugunu beraberinde getirmektedir.
Babhsi gecen sebeplerden dolay1 bu ¢alisma da Akdag yoresi
olarak isimlendirilen yerel bir ormanlik bolgede
gerceklestirilmigtir. Ancak elde edilen sonuclar benzer
yetisme ortami oOzelliklerine sahip bolgeler basta olmak
iizere ormancilik faaliyetlerinin yiiriitiildiigii her alan igin
onemli bir bilgi kaynagi olmaktadir. Boylece ormancilik
uygulamalar1 adina birgok Oneride bulunmak miimkiin
olmaktadir.

Akdag yoresinde gergeklestirilen bu calismada nitelikler
arasi iligki analizi kullanilarak hedef tiir olarak segilen asli
orman agact tiirlerinin gosterge tiirleri belirlenmistir. Analiz
sonucunda toplamda 26 gosterge tiir (16 pozitif, 10 negatif)
tespit edilmistir. Kizilgam (Pinbru) i¢in tespit edilen 6 pozitif
gosterge tiirtinden 6zellikle Sytoff tiirii analiz sonucunda en
yliksek Khi kare degeri ile temsil edilmektedir ki bu durum
Sytoff tlirlinliin bulundugu veya bulunmasi muhtemelen
alanlarda kizilgam tiiriinlin yayilis gosterme potansiyelinin
yiiksek oldugu anlamini tagimaktadir. Zira kizilgam hedef
tiirli en genis yayilisini Akdeniz bdlgesinde yapmaktadir ki
Sytoff basta olmak tizere diger pozitif gostergeleri olarak
belirlenen Echrit, Fonphi, Plaori, Poptre, Quecer tiirleri de
yine Akdeniz flora elementleri igerisinde yer almaktadir.
Dahasi kizilcam hedef tiirii icin negatif gdstergeler olarak
belirlenen Pinnig, Ailalt, Robpse ve Cedlib tiirleri karasal
iklim kosullarina uygun tiirlerdir. Bu durum 6zellikle
calisma alan1 basta olmak iizere bir¢ok bolgede kizilgam’in
yayilist ve verimliligi i¢in en yliksek potansiyele sahip
olabilecegi alanlarin Akdeniz iklimin diisiik rakiml
bolgeleri oldugunu gostermektedir.

Karagam (Pinnig) hedef tiiri igin belirlenen 4 pozitif
gosterge tiirlinden Cedlib tiirii Khi kare degerleri itibariyle
dikkat ¢ekmektedir. Cedlib tiirii literatiir taramalarindan da
anlasilacagl iizere cogunlukla karasal iklim ozelliklerine
uyum saglamig ve iilkemizde 1000 metre ve tizeri rakimlarda
yayilig gosteren asli agag tiirii olarak bilinmektedir (Karatepe
vd., 2005). Ay sekilde karagam tiiriiniin pozitif gosterge
tiirleri olarak tespit edilen Cislau, Hedhel, Lonetr tiirleri de
benzer yetisme ortamu Ozelliklerinde yayilis gosterebilen
tiirlerdir. Karagam tiiriiniin negatif gosterge tiirleri icerisinde
yer alan Pinbru, Palspi tiirleri ise tipik Akdeniz iklimi
Ozelliklerini yansitan tlirledir. Bu agiklamalar 1s1ginda
karacam tiiriiniin karasal iklimin hakim oldugu, Akdeniz
ikliminde yer alsa bile orta ve iist rakim simflarinda en uygun
yayilisa sahip oldugunu séylemek miimkiindiir.

Toros sediri (Cedlib) hedef tiirii i¢in de karagam tiirii igin
yapilan agiklamalara benzer yorumlar yapmak yanlis olmaz.
Cilinkii toros sediri tiirliniin en belirgin negatif gosterge tiirii
Pinbru ve Nerole olarak karsimiza ¢ikmaktadir. S6z konusu
tirler tipik Akdeniz ikliminin gostergesi olabilecek
nitelikteki tlrlerdir. Ayrica nitelikler arasi iliski analizi
sonucunda Pinnig tiirii toros sediri tiiriiniin en giicli pozitif
gostergesidir. Dolayisiyla toros sediri hedef tiiri karagam
tiirli gibi karasal iklime daha ¢ok uyum saglamis, orta ve tist
rakimlarda saf veya karagam ile karisik ormanlar kurabilecek
ozelliklere sahiptir.



21. Yiizyilda Fen ve Teknik Dergisi 2023, 10(19), 22-28

Hedef tiirlerden son olarak Boylu ardig(Junexe) tiirii igin
Teupol ve Pyrpyr olmak iizere iki pozitif gosterge
belirlenmistir. Boylu ardig tiirii i¢in herhangi bir negatif
gosterge tespit edilmemistir. Elde edilen sonuglar boylu
ardig tiiriiniin kayalik ya da ytizey tagliliginin yiiksek oldugu
alanlari tercih ettigini gostermektedir bu nedenle boylu ardi¢
tiri ile yayilis gosteren tiir sayisi oldukga azdir. Bu yiizden
hedef tiir olan boylu ardi¢ i¢cin sadece pozitif gosterge tiirleri
ortaya ¢ikmuistir.

Ulkemizde ve diinyada bitki tiirlerinin dagilim 6zellikleri,
verimliligi ve bunlarin potansiyel alanlarinin belirlenmesi
lizerine gergeklestirilmis ¢ok sayida bilimsel c¢alisma
literatiirde mevcuttur (Giilsoy vd., 2013; Giilsoy ve Ozkan,
2013; Giilsoy ve Negiz, 2014; Ozdemir vd. 2017,
Fredericksen, 2021). Ancak bu ¢aligmalara ek olarak tiirlerin
yayilis alanlarinda gosterge tiirlerin belirlenmesi ve gosterge
tiirlerin verimlilik ile degerlendirmesine yonelik ¢aligmalara
ihtiya¢ s6z konusudur. Ciinkii ozellikle agaclandirma
calismalarinda dogru tiir tespiti basta olmak {izere
ormancilikla ilgili uygulamalarda basarinin elde edilmesi
dogru gosterge tiirlerinin belirlenmesine bagli olmaktadir.

Sonug olarak; bir bolgede hedef tiirlerin aktiiel yayilis
gosterdigi alanlarda pozitif ve negatif gosterge tiirlerinin
belirlenmesi ile potansiyel agaglandirma alanlarinda yiiksek
basariya ulasilmasi miimkiin olacaktir. Bu agiklamalardan
hareketle; Akdag yoresinde gergeklestirilen ¢alismadan elde
edilen sonuglarin ormancilik faaliyetleri ve bu konuda
gerceklestirecek  bilimsel caligmalara yon gosterecegi
diigiiniilmektedir.
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1. INTRODUCTION

Potential Distribution Modeling of Wild Olive (Olea europaea
L. subsp. europaea) and Sage (Salvia tomentosa Mill.) in the
Babadag (Fethiye) Region
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Abstract: In today's world, non-timber forest products have gained increasing importance
and are widely used in various fields such as medicine, pharmaceuticals, industry, food,
cosmetics, and perfumery. Based on this, the aim of this study was to conduct species
distribution modeling and produce potential distribution maps for two commercially
important non-timber forest products in the Fethiye-Babadag region. Firstly, field surveys
were conducted to record presence data for the species. Digital maps for the environmental
variables used in the modeling process were then generated. Climatic variables used in the
modeling process were obtained from the CHELSA database. The MaxEnt method, which
only utilizes presence data, was preferred for the modeling process. The models obtained for
the wild olive (Olea europaea L. subsp. europaea) species and the sage (Salvia tomentosa
Mill.) species had AUC values of 0.868 and 0.875, respectively. Based on the obtained AUC
values, the models were found to be valid for both species. Potential distribution maps were
obtained for each species based on these models. The maps revealed that the potential areas
for the wild olive species are the eastern, western, and southern slopes of Babadag, as well
as the southeastern regions of Belencik and Ballica within the study area. The potential areas
for the sage species were identified in the high-altitude regions of Babadag and the
surrounding high-altitude hills. It is believed that these maps can play an effective and
practical role in planning activities related to these species.
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demonstrated. According to

archaeological

Tiirkiye, due to its geographical and specific location
characteristics, has led to the formation of various climate
types, primarily the Mediterranean climate. Wild olive, as a
member of the natural vegetation within the Mediterranean
climate, is part of the maquis community. Olive (Olea
europaea L.) is considered a bioindicator characterizing this
zone, as it exhibits excellent adaptation to the
Mediterranean climate zone (Sagliker and Darici, 2005).

The olive tree is a valuable plant that holds historical and
cultural significance, featuring prominently in many
legends and myths from ancient times to the present day.
Through findings from history as well as contemporary
research, its ecological worth has been repeatedly
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conducted on the island of Santorini in the Aegean Sea, the
journey of the olive tree on Earth dates back 39,000 years
(Polat and Tunalioglu, 2012). This journey continued
approximately 12,000 years ago in the Eastern
Mediterranean basin, where it was part of the natural
vegetation, and around 6,000 years ago, it was cultivated in
Anatolia. The olive tree, being a plant that yields oil from
its fruit, was initially valued by ancient societies and later
by civilizations such as the Phoenicians, Minoans, Semites,
Egyptians, Hittites, Greeks, Romans, and Arabs, who
commercially exploited it (Rodriguez, 1997).

Research studies have revealed that the leaves and bark of
O. europaea, which symbolize meanings such as friendship,
brotherhood, strength, and peace, are used in folk medicine
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for the treatment of various ailments. Infusions prepared
from these leaves and bark have been traditionally used for
conditions such as diuretic, blood pressure-lowering,
appetite-stimulating, blood sugar-reducing, constipation
relief, fever reduction, as well as for cleaning and dressing
inflammatory wounds. Pharmacological studies have
provided evidence supporting these traditional uses (Kosak
and Stern, 1959; Somova et al., 2004).

Another species addressed in the study is the Sage (Salvia
tomentosa). S. tomentosa is one of the non-timber forest
products that is heavily traded in our country. It is a member
of the Lamiaceae family, which has 97 different taxa in
Tiirkiye, including 51 endemic species (Davis, 1982; Baser,
2002; ipek and Giirbiiz, 2010). This species is characterized
by its 5-10 mm-sized, lavender-colored flowers and is a
perennial plant. It is distributed in elevations ranging from
0 to 2000 m in our country (Ozdemir and Ozkan, 2016).

It is known by different names such as Sage, Salba, and
Kirgay1 in different regions. In folk medicine, this species
has been used since ancient times for conditions such as
indigestion, pharyngitis, laryngitis, tongue inflammation,
gum inflammation, oral mucosa inflammation, and to
increase milk production in lactating women. Due to its
known benefits, the name "Salvia" was given to the sage
species, inspired by the Latin word "Salveo," meaning "to
heal, to save." According to some sources, it is mentioned
that Hippocrates (460-357 BC) also used this plant in some
treatments due to its contents during ancient times. Another
notable piece of information is that during the Ottoman
period, Salvia L. species were recommended by physicians
to enhance people's memories (Tepe et al., 2005; Tel et al.,
2010).

Like in all medicinal and aromatic plants that form the basis
of modern medicine, the range of applications for S.
tomentosa species has increased from ancient times to the
present. In recent years, S. tomentosa has been consumed as
a tea, prepared by steeping it in hot water and consumed on
an empty stomach. The plant solution is used for the
treatment of rheumatic conditions. In different regions, the
plant is recommended for various ailments such as relieving
abdominal pain, healing inflammatory wounds, alleviating
cold symptoms, asthma, cough, and respiratory diseases
(Erol and Tuzlaci, 1996; Sezik and Yesilada, 2002). The
inclusion of S. fomentosa species in the category of
medicinal and aromatic plants, as well as its use in the
treatment of certain diseases, can be attributed to its
phenolic compounds, minerals, and volatile oils. Therefore,
numerous studies have been conducted on this species
regarding these aspects (Ulukanli et al., 2013; Dinger et al.,
2013; Ozkan et al., 2018; Ozcan et al., 2019; Kocer and
Istifli, 2022).

As evident from the information provided above, both the
wild olive and the sage species have significant economic
value in terms of the country's economy and among the
general public. The reason for conducting this study in the
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Babadag region is the lack of previous research on the
distribution models of non-timber forest products.

2. MATERIAL AND METHOD

The study was conducted in Babadag and its surrounding
areas, located within the boundaries of Fethiye district in
Mugla province, Tiirkiye. The study area, which was
selected as the research site, covers an approximate area of
44,000 hectares (Figure 1). The reason why this area was
chosen as the study area is that Babadag is one of the 9 hot
spots in Tiirkiye. The area is in a very important position
with this feature. The dominant climate in the study area is
clearly Mediterranean. It is observed that the region has hot
and dry summers, while winters are mild and rainy. The
number of days with temperatures below freezing is quite
low in the area.
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Figure 1. Location map of the study area.

During the field surveys, presence data of the two target
species were recorded along with their coordinates.
Following the completion of the fieldwork, digital layer of
the environmental variables were generated for the species
distribution modeling of the target species. Elevation, slope,
heat index, radiation index, roughness index, ruggedness
index, hillshade index, topographic position index, and
canopy maps specific to the study area were obtained. In
addition, climate variables for the research area were
obtained from the Chelsa Climate database (Riley et al.,
1999; Gallant, 2000; Evans et al., 2014). Finally, a bedrock
map of the study area was obtained from the General
Directorate of Mineral Research and Exploration (MTA),
classified, and presented in Figure 2.
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Figure 2. Bedrock map of the study area.

Therefore, following the completion of the fieldwork,
digital thematic maps of the environmental variables were
generated for the species distribution modeling of the target

species, and they were transferred to digital format along
with their abbreviation codes (Table 1).

Table 1. Abbreviations for environmental variables

Variable Code | Variable Code
Elevation elvtn Min temperature of coldest month Bio6
Slope slope | Temperature annual range Bio7
Radiation index radinx | Mean temperature of wettest quarter Bio8
Bedrock bdrck | Mean temperature of driest quarter Bio9
Topographic position index tpi Mean temperature of warmest Quarter Biol0
Heat index heat Mean temperature of coldest quarter Bioll
Hillshade index hillsh | Annual precipitation Biol2
Roughness index rough | Precipitation of wettest month Biol3
Ruggedness index rugged | Precipitation of driest month Biol4
Stand canopy map canop | Precipitation seasonality Biol5
Annual mean temperature Biol Precipitation of wettest quarter Biol6
Mean diurnal range Bio2 Precipitation of driest quarter Biol7
Isothermality Bio3 Precipitation of warmest quarter Biol8
Temperature seasonality Bio4 Precipitation of coldest quarter Biol9
Max temperature of warmest month Bio5

During the statistical analysis stage, Pearson correlation
analysis was initially applied among the environmental
variables. This was done to address potential issues of
multicollinearity that may arise during the modeling stage.
Multicollinearity refers to the situation where independent
variables exhibit high correlation among themselves,
making it difficult to determine the true effects on the
dependent variable (Alin, 2010). Based on the results of the
Pearson correlation analysis, variables with high correlation
were eliminated, and representative variables were
identified for the eliminated ones. Similarly, through the
factor analysis conducted among the climate variables,
variables that could represent the entire set of climate data
were chosen, considering their high correlation with each
other.
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In the modeling stage, the MaxEnt (Maximum Entropy)
method, also known as the maximum entropy approach, was
employed. This method operates solely based on presence
data and aims to predict suitable and unsuitable areas for the
target species by determining its ecological requirements.
The MaxEnt method is widely preferred for species
distribution modeling. The reasons for this preference
include its ability to work with smaller sample sizes
compared to other methods, its capability to produce better
results with fewer presence data, and its high predictive
accuracy (Obiakara et al.,, 2020; Ozdemir et al., 2020;
Hussein and Workeneh, 2021; Karakaya and Yiicel, 2021).
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3. RESULTS

As mentioned earlier in the study, a Pearson correlation
analysis was conducted among the climate variables, and
the results are presented in Figure 3.
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Figure 3. Correlation analysis results between climate
variables
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In the modeling stage, factor analysis was used to select
representative variables among the bioclimatic variables in
order to avoid multicollinearity issues affecting the models.
Based on the results of the factor analysis, the variable biol,
which had the highest loading coefficient among the
temperature variables, was selected as the representative
variable. Similarly, the variable biol5, which had the
highest loading coefficient among the precipitation
variables, was chosen as the representative variable. After
determining the representative climatic variables, separate
correlation analyses were conducted for each species to
select variables and proceed to species distribution
modeling.

At this stage, Pearson correlation analysis was again applied
to the environmental variables of the areas where wild
olives were recorded. Variables with a correlation

coefficient of p>0.80 were eliminated. The Pearson
correlation values among all variables are presented in
Figure 4.

Figure 4. Pearson correlation analysis results of wild olives

Based on the analysis results, a correlation was found at the
p=>0.80 level between biol and elevation, as well as between
slope and roughness index. Therefore, the elevation and
roughness index variables were not included in the model.
Hence the comments that can be made with biol and slope
variables will be more explainable (Tugag and Sefer, 2021;
Tunalioglu and Gokge, 2002). After conducting the
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modeling process with 10 independent variables, it was
determined that 5 variables contributed to the model. When
looking at the AUC (Area Under the Curve) values of the
obtained model, the training AUC value was 0.868, and the
test AUC value was 0.866. The Jackknife plot and marginal
response curves of the variables that constitute this model
are shown in Figure 5 and Figure 6, respectively.
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Figure 5. Jackknife test results for Variables of wild olive
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Figure 6. The marginal response curves of the variables that constitute the model for wild olive

According to the contribution ratios, the variables that
shaped the model for the species were biol5, biol, slope,
parent material, and topographic position index,
respectively. The potential distribution map of wild olive
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tree species in the study area was generated using the
descriptive environmental variables obtained during the
modeling process, and it is presented in Figure 7.
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Figure 7. The potential distribution map for wild olive

When examining the potential distribution map of the Pearson correlation analysis was conducted among the
species, it can be observed that the most suitable areas for environmental variables of the areas where S. tomentosa
the species are the eastern, western, and southern slopes of species was observed in the study area, and the results are
Babadag, as well as the Belencik and Ballica regions in the presented in Figure 8.

southeastern part of the study area.
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Figure 8. Pearson correlation analysis results of sage

When examining the results of the Pearson correlation as well as between slope and roughness index. Therefore,
analysis, a significant correlation (p>0.80) was observed the variables bio1, heat index, and roughness index were not
between biol and elevation, radiation index and heat index, included in the modeling stage. Hence the comments that
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can be made with biol and slope variables will be more obtained model was 0.875, while the test AUC value was
explainable (Ozdemir and Ozkan, 2016). The species 0.812. The Jackknife plot and marginal response curves of
distribution modeling was performed using 9 variables. the variables that constitute this model are shown in Figures
After the modeling process, it was found that 5 variables 9 and 10, respectively.

contributed to the model. The training AUC value of the
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Figure 10. The marginal response curves of the variables that constitute the model for sage

According to the contribution rates, the variables that for Sage was created using the descriptive environmental
shaped the model for the species are ranked as follows: variables obtained during the modeling process and is
canopy, elevation, hillshade index, bedrock, and presented in Figure 11.

topographic position index. The potential distribution map

35



21. Yiizyilda Fen ve Teknik Dergisi 2023, 10(19), 29-39

691000

698000

705000

4050000

4040000

Z
=
Z
2
=
a
o
>

4030000

Salvia tomentosa

4050000

Legend

Salvia tomentosa

691000

698000

705000

Figure 11. The potential distribution map for sage

Upon examining the potential distribution map of the
species, it is determined that the potential areas for Sage
within the study area are located in the high-altitude regions
of Babadag and the elevated hills in the surrounding area.

4. DISCUSSION AND CONCLUSIONS

There are numerous plant species that can be characterized
as non-wood forest products and hold significant
commercial importance in Tirkiye. Wild olive and sage are
among Tirkiye's most commercially traded species, making
them highly significant in trade. However, the intensive
commercial pressure on these species has jeopardized their
sustainable utilization and has led to an increased need for
ecological studies. This situation highlights the importance
of the obtained potential distribution models for wild olive
and sage, particularly in the Babadag region where they
hold commercial significance. The models developed for
these two species in this study were evaluated as "good"
according to the performance classification proposed by
Swets (1988).

The potential distribution modeling and map of the wild
olive species were conducted as the first step in this study.
The variable that contributed the most to the potential
distribution of the species in the obtained model was biol5,
which represents precipitation variability. It was observed
that areas with seasonal precipitation variability exceeding
95% corresponded to the potential distribution of the
species. Consequently, the potential distribution areas for
the wild olive species were found to be located in the low-
altitude regions which have low precipitation variability of
the study area.
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When examining the effect of the annual mean temperature
variable (biol) on the species, it was observed that the
potential areas of the species were shaped within
temperature values ranging from 15 to 20 °C. Similar
studies representing almost the same growth environments
have indicated that very low temperatures (below 0 °C) and
extremely high temperatures (above 40 °C) have negative
effects on olive plants (Efe et al., 2009). Another study
determined that the optimal lower limit for the annual mean
temperature for olive cultivation in Tirkiye was 14.4 °C,
while the upper limit was 19.2 °C (Tuga¢ and Sefer, 2021).

The inclusion of the slope variable in the model indicates
that the potential areas of the species consist of flat or
slightly sloping areas in the study region. A study conducted
by Tunalioglu and Gokge (2002) stated that the distribution
and yield of the species decrease in areas with higher slope
degrees.

Regarding the effect of the bedrock variable, it was
observed that areas with sandstone and alluvial deposits
were suitable for the species. Some studies highlighting the
species' soil requirements have emphasized the importance
of soil pH, organic matter content, calcium content, and
water holding capacity for olive trees (Galan et al., 2008;
Aguilera and Ruiz-Valenzuela, 2009).

The last variable contributing to the model is the
topographic position index. The topographic position index
measures the difference in elevation between a specific
point and the elevations of neighboring points (De Reu et
al., 2013). A value close to 0 indicates a minimal elevation
difference, implying a flat area in harmony with its
surroundings. Negative values (-) indicate concave areas,
while positive values (+) indicate convex areas that differ
from the surrounding areas. In the model obtained for wild
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olive, it was observed that the suitable potential distribution
areas for the species varied between -30 and +10. Hence, it
can be inferred that the species prefers flat and slightly
sloping areas with either concave or convex features as
suitable growth habitats.

The findings obtained for wild olive in this study align with
the results of the aforementioned literature studies,
providing mutual support to each other.

The potential distribution modeling and map of the other
species under investigation, the sage species, were
conducted. The variable that contributed the most to the
potential distribution of the species in the obtained model
was canopy. Canopy refers to the extent to which the tree
crowns provide shelter to the ground. When examining the
effect of the canopy variable on the species, it is noteworthy
that the potential areas of the species are concentrated in
areas with a canopy closure degree of 1 (11-40%). Based on
this, it can be concluded that while the species has a high
light requirement, it also prefers a certain level of
understory closure. A study by Tuna (2019) indicated that
sage prefers forest clearings and disturbed forest areas in
terms of its distribution, and it is found in the understory of
low-closure Scots pine and black pine forests.

When examining the effect of the elevation variable on the
potential distribution areas of sage, it is observed that the
species increases its potential distribution from the lowest
elevations in the region up to an elevation level of 2,000 m.
In a relevant study, it was determined that the optimal
elevation range for the species' distribution is between 150
m and 1,050 m (Ozdemir and Ozkan, 2016). Another study
focusing on the habitat characteristics of sage in Kiitahya-
Tiirkmendagi indicated its distribution between 1,333 m and
1,677 m in terms of elevation (Tuna, 2019).

When considering the hillshade index, it is observed that
potential areas of sage occur at levels between 170 and 250.
Based on these values, it can be inferred that the species
prefers shaded areas. In light of this information, it is
possible to interpret that the species prefers relatively cool
and shaded areas instead of excessively hot and sunny
environments.

When examining the effect of the parent material variable,
it is evident that the potential areas of the species
predominantly consist of limestone and dolomite
formations. A study by Eryigit (2006) indicated that sage
prefers soils formed on calcareous or volcanic rocks.
Similarly, another study stated that sage grows efficiently in
sandy soils rich in limestone content and is drought-resistant
(Salem and Ibrahim, 2010).

The last variable contributing to the model is the
topographic position index. When examining its effect on
the species, it is understood that sage is distributed in all
types of landforms, including flat, concave, and convex
surfaces, but it has a more suitable habitat in concave and
convex terrains.

All this information demonstrates that the ecological
characteristics of the regions constituting the potential
distribution areas of sage in this study partially align with
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the findings of the literature. The observed differences can
be attributed to the cosmopolitan and wide distribution of
this species, its wide tolerance to various environmental
factors, and variations in the type and number of variables
used in the modeling process.

The fact that the people in the Fethiye region consume the
species subject to the study in large quantities and
unconsciously when appropriate, reveals the importance of
creating a management plan for the forested areas in this
region. Additionally, it is crucial to protect these species in
their natural habitats along with their stand structure. It is a
fact that the potential areas where these species are abundant
or can be found need to be protected against roads, marble
quarries, or other types of structures. Furthermore, when
implementing silvicultural interventions in the forests
where these species occur, their ecological requirements
should be taken into consideration. For example, as
mentioned in the study, the sage species shapes its potential
areas in forests with low canopy closure. Therefore, in
studies aimed at promoting the spread of this species,
attention should be paid to the canopy closure of the upper
layer of trees. On the other hand, similar considerations
should be made for the target species within the scope, as
variables such as radiation index and shading index shape
the models. Hence, the sunlight or shade requirements of
these species should be taken into account when intervening
in the forests.
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