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ARASTIRMA MAKALESI

Odun Lifi ve Halifleks Atiklarindan Uretilen Liflevhalarin Bazi Mekanik ve Fiziksel Ozellikleri []

Derya USTAOMER™  Gokay NEMLI*

Karadeniz Teknik Universitesi, Orman Fakiiltesi, Orman Endiistri Miihendisligi, Trabzon, Tiirkiye

Gelis Tarihi: 07.08.2020 Kabul Tarihi: 30.11.2021 Basim Tarihi: 31.03.2022
Atif yapmak icin: Ustadmer, D. & Nemli, G. (2022). Odun Lifi ve Halifleks Atiklarindan Uretilen Liflevhalarin Baz1 Mekanik ve Fiziksel Ozellikleri. Anadolu
Cev. ve Hay. Dergisi, 7(1), 4-8.

How to cite: Ustaémer, D. & Nemli, G. (2022). Some Mechanical and Physical Properties of Fiberboard Made from Wood Fiber and Waste Carpet-flex. J.
Anatolian Env. and Anim. Sciences, 7(1), 4-8.

Oz: Son dénemlerde, kompozit levha iiretimlerinde alternatif hammadde arayislar ile birlikte
bir¢ok malzemenin ve farkl atik tiirlerinin yaygin olarak kullanim yeri buldugu goriilmektedir.
Bu caligmada, kayin odun lifleri ve halifleks atiklar1 kullanilarak iretilen liflevhalarin bazi
mekanik ve fiziksel 6zellikleri arastirilmistir. Deneme levhalari iire formaldehit(UF) ve fenol
formaldehit(FF) tutkallar1 kullanilarak iretilmis olup atik halifleksler lif levha tiretiminde levha
taslag icerisinde tabaka olarak kullamlmistir. Uretilen levhalarin egilme direnci, egilmede
elastikiyet modiilii, su alma ve kalinligina sisme degerleri belirlenmistir. Caligma sonucunda,
halifleks kullanimi ve tutkal tiiriiniin levha gruplarmin kalite 6zelliklerinde etkisinin oldugu, FF
tutkali ve halifleks kullaniminin levhalarin mekanik ve fiziksel ozelliklerini iyilestirdigi
gOriilmiistiir.
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Some Mechanical and Physical Properties of Fiberboard Made from Wood Fiber and Waste
Carpet-flex

Abstract: Recently, because of searching for alternative raw materials in the composite panels
production; various materials and different types of wastes are widely evaluated. In this study,
some mechanical and physical properties of fiberboard manufactured with beech wood fibers and
waste carpet-flex were investigated. The panels were manufactured using urea formaldehyde
(UF) and phenol formaldehyde (PF) adhesives. Waste carpet-flex was used as layer in the panel
mat for the panel manufacturing. Modulus of rupture (MOR), modulus of elasticity (MOE), water
absorption (WA) and thickness swelling (TS) values of these fiberboard panels were determined.
As a result of study, it was found that the carpet-flex material and adhesive type affected the
investigated properties of the fiberboard panels. The phenol formaldehyde and waste carpet flex
usage improved the mechanical and physical properties of fiberboard.
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GIRiS

Diinya genelinde, tiim endiistri kollar1 igin
kargilagilan kagmnilmaz ana problemlerden birisi de
hammadde  kaynaklarinin  siirdiiriilebilirliginde ~ ve
fabrikalarin tiretimlerinde kapasite artiglarin1 karsilayacak
miktarlarin temininde yasadiklar1 giicliiklerdir.

Odun hammadde kaynaklarinda son donemlerde
goriilen Onemli miktarlardaki azalig sorunundan, odun
esasli tiim endiistri kollarinda oldugu gibi MDF endiistrisi
de olumsuz yonde etkilenme gostermektedir (Akgil &
Tozluoglu, 2008). Bu sorunu ¢oziimleyebilmek adina

U1 Bu calisma “3.Uluslarasi Akdeniz Orman ve Cevre Sempozyumu (lIl. International Mediterranean Forest and Environment Symposium), Kahramanmaras-TURKIYE/ IMFES 2019
sozli bildiri olarak sunulmus ve IMFES2019 sempozyum bildiriler kitapgiginda tam metin olarak basiimistir.
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odun esasli levha sektorleri i¢in alternatif hammadde
kaynak arayislarina gidilmistir.

Bu sebeple, son yillarda 6zellikle odun atiklariin
ve zirai liflerin levha iretiminde kullanimi artig
gostermistir (Nemli vd., 2008). Ayrica, hasat atiklari,
kabuklar, kereste- mobilya ve kagit fabrikasi atiklari, geri
doniistiirilmiis kagitlar alternatif olarak degerlendirilen
hammadde kaynaklaridir (Akgiil & Camlibel, 2008).

Her yil atik depolama alanlarina biyiik
miktarlarda 1if igeren atiklar atilmaktadir. Bu durum
toplumlara yalnizca ekonomik ve gevresel bir kaygi olarak
olarak degil, aym1 zamanda kaynaklarin etkili
kullanilmayarak israfi olarak yansimaktadir. Genel olarak,
bu geri donlisim atiklarimin  mevcut ilk  {irline
doniistiiriilmesi istenmesine ragmen; bu yaklasim, proses
stireci zorlugu, enerji ve kirlilik vb. dahil ¢esitli faktorler
g6z Oniine alindiginda bir¢ok atik tiirii i¢in uygun olarak
goriilmemektedir. Cogu lifsel atiklar pamuk, polyester,
naylon, polipropilen vb. gibi dogal ve sentetik polimerik
materyallerden olusmaktadir (Wang vd., 2003; Wang,
2010). Bu lifsel atiklarin diger biiyiik kaynaklarindan birisi
de atik hali iiriinleridir (Kotliar, 1999).

Bilindigi iizere halifleks ev, isyeri, ticari binalar,
otomobil, ucak vb. bircok yerde halen yaygin olarak
kullanilan bir déseme malzemesidir. Sentetik liflerden
olusan ve biyolojik olarak bozunmayan bu malzeme uzun
siire dayanikli bir yapt gostermektedir. Ancak kullanim
yerinde Dbelirli bir zaman sonra g¢esitli sebeplerle
yenilenmeleri  gerekebilmekte; dolayisiyla  eskiyen
malzemeler atik olarak uzaklastirilmaktadir. Ozellikle,
Amerika’da her y1l biiyiik oranlarda eski hali {iriin atiginin
uzaklastirildigi, bunun yalnizea ¢ok az bir oraninin geri
doniistime dahil edilebildigi ve Onemli oranlarinin ise
depolama alanlarina atilarak birakildigi belirtilmektedir
(Jain vd., 2012).

Son donemlerde, aragtirmacilar tarafindan
halifleks atiklarinin geri doniisiimii ve kompozit yapiminda
degerlendirilmesi ile ilgili gesitli caligmalar
gerceklestirilmigtir (Zhang vd., 1999; Onal & Karaduman,
2009; Karaduman & Onal, 2011; Jain vd., 2012; Kiziltas &
Gardner, 2012; Mishra vd., 2019).

Bu calismanin amaci; odun lifleri ve halifleks
atiklari ile dretilen lif levhalarin bazi mekanik ve fiziksel
ozelliklerini(su alma, kalinligina sisme, egilme direnci,
egilmede elastikiyet modiilii) arastirmak ve bu atiklarin
levhalarda kullanim potansiyelini degerlendirmektir.

MATERYAL VE METOT

Bu ¢aligmada, lifsel hammadde olarak Kastamonu
Entegre Agac Sanayi ve Ticaret AS’den temin edilen kayin
lifleri kullanilmistir. Atik materyal olarak ise halifleks
atiklar1 degerlendirilmistir. Levha iiretiminde tutkal olarak
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iire formaldehit(UF) ve fenol formaldehit(FF) tutkallari
kullanilmustir. Halifleks atiklari kiigiik parcalar halinde
hazirlanarak tek ve iki tabakali olarak lifler arasina
yerlestirilerek ilave edilmistir. Ure formaldehit tutkali ve
fenol formaldehit tutkali %12 oraninda kullanilmis ve
tutkallama igleminden sonra levha taslagi olusturulmustur.
Daha sonra, olusturulan bu taslak 170C°de 7 dakika siire
ile sicak pres kullanilarak levha haline getirilmistir.
Klimatize igslemine birakilan levhalar bu islem sonrasi ilgili
testler yapilmak iizere boyutlandirilmustir. Uretilen levha
gruplarinin icerikleri Tablo 1’de verilmistir.

Tablo 1. Levha gruplarmin igerikleri.
Table 1. The contents of panel groups.

Levha adi icerik
UF1 UF’li levha (tek tabaka)
UF2 UF’li levha (iki tabaka)
FF1 FF’li levha (tek tabaka)
FF2 FF’li levha (iki tabaka)
K1 Kontrol-UF
K2 Kontrol-FF

Fiziksel ozellikler

Su alma: Uretilen levha 6rneklerinin 24 saat siire
ile su alma degerleri EN 317 (1993) standartina gore
yapilmigtir.

Kalinhigina sisme: Uretilen levha drneklerinin 24
saat siire ile kalinligina sisme degerleri EN 317 (1993)
standartina gore yapilmustir.

Mekanik ézellikler

Egilme direnci: Uretilen levha &rneklerinin
egilme direnci degerleri EN 310 (1993) standartina gore
yapilmigtir.

Egilmede elastikivet modiilii: Uretilen levha
orneklerinin egilmede elastikiyet modiilii EN 310 (1993)
standartina gore yapilmustir.

BULGULAR

Fiziksel Ozellikler

Su alma:Levha gruplarimin atik halifleks ve tutkal
tiriine bagli olarak 24 saat siire sonunda su alma
oranlarindaki degisim Sekil 1’ de verildigi gibidir.

Sekil 1°den goriilecegi lizere; iire formaldehit ve
fenol formaldehit tutkallar1 ve halifleks atiklari ile iretilen
levha gruplarimin  su alma degerleri, bu deney
parametrelerine bagl olarak degisim gostermistir. Su alma
degerleri halifleks tabaka sayisinin artisiyla azalma egilimi
gostermistir. UF1, UF2, FF1, FF2 gruplarinin su alma
degerleri bu gruplarin kontrollerinin (K1, K2) su alma
degerlerinden daha diisikk olarak bulunmustur. Bu
durumun, halifleksin  yapisinin  sentetik  liflerden
olugmasina bagli olarak meydana geldigi diisiiniilmektedir.
Tiim gruplar icerisinde FF ile iiretilen levha gruplarinda UF
ile tiretilen levha gruplarina kiyasla daha iyi sonuglar elde
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edilmistir. Bu durum fenolik tutkallarin yapisindan
kaynaklanmaktadir. Fenolik tutkallarin cesitli ¢oziiciilere
ve suya karsi dayamimlar1 daha yiiksektir (Atta-Obeng,
2011). En disiik su alma degeri (49,53) FF tutkal ile
iiretilen iki tabaka olarak halifleks atig1 ilaveli FF2 grubu
levhalarda, en yiiksek su alma degeri ise UF tutkali ile
iiretilen K1 kontrol levha grubunda tespit edilmistir. Tutkal
tiirti ve atik tabaka sayisina bagli olarak yapilan istatistiksel
degerlendirmede de BVA ile levha gruplar1 arasinda
(p<0,05) anlaml1 farkliliklarin oldugu belirlenmistir

Su alma(%)

Sekil 1. Su alma degerleri.
Figure 1. Water absorption values.

Kalinlhigina gisme: Levha gruplarinin  atik
halifleks ve tutkal tiiriine bagli olarak 24 saat siire sonunda
kalinligina sigsme oranlarindaki degisim Sekil 2’ de
verildigi gibidir.

28
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N
o
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NN N N\ N

UFl UF2 K1 FF1 FF2 K2

Sekil 2. Kalinligina sisme degerleri.
Figure 2. Thickness swelling values.

Sekil 2’den goriilecegi lizere; levha gruplarinin
kalinligina sisme(KS) degerlerindeki degisimde tutkal tiirii
ve atik halifleks tabaka sayisina bagli olarak su alma(SA)
degerlerindeki degisime benzer bir seyir gostermistir.
Atiklarin iki tabaka olarak ilave edildigi levha 6rneklerinin
kalinligina sisme degerleri azalma gostermistir. UF1, UF2,
FF1, FF2 levha gruplarinin kalinligina sisme degerleri
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kendi kontrol gruplarindan(K1, K2) cok daha diisiik olarak
bulunmustur. En iyi sonucglar, FF tutkali kullanilarak
iiretilen gruplarda elde edilmistir. En yiliksek kalinligina
sisme degeri Klgrubunda, en diisiik kalinligina sisme
degeri (16,22) ise FF2 grubunda tespit edilmistir. Fenol
formaldehit ve atik halifleksin birlikte kullanimi daha
olumlu sonuglar vermistir. Gruplarin kalinligmna sisme
degerlerinin tutkal tiirii ve atik tabaka sayisina bagl olarak
yapilan BVA degerlendirmesinde de (p<0,05) bu
degerlerde istatistiksel olarak anlamli farkliliklarin oldugu
tespit edilmistir.

Mekanik ozellikler

Egilme direnci: Levha gruplarmin atik halifleks
ve tutkal tiirline bagli olarak egilme direnci degerlerindeki
degisim Sekil 3’ te verildigi gibidir.

35 1

30
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Egime Direnci{N/mm?Z)
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0

UF1 UF2 K1 FF1 FF2 K2

Sekil 3. Egilme direnci degerleri.
Figure 3. Modulus of rupture values.

Sekil 3’te verilen degisim grafigine gore; levha
orneklerinin egilme direnci degerleri iizerinde deney
parametrelerinin etkisi bulunmaktadir. Egilme direnci
degerleri, atik halifleks tabaka sayisi artigtyla artma egilimi
gostermistir. FF tutkali kullanilarak iiretilen levha gruplari
ile UF tutkali kullanilarak iretilen levha gruplari
kiyaslandiginda, FF tutkalli levha gruplar ile daha yiiksek
sonuglar elde edildigi gorilmektedir. Bu durum, fenolik
icerikli tutkallarm yiliksek mekanik dayanim saglayan
tutkallar olmasi (Atta-Obeng, 2011) sebebiyledir. UF1,
UF2, FF1, FF2 levha gruplarinin egilme direnci degerleri
bu gruplarin kendi kontrol degerlerine (K1, K2) gore daha
yiiksek olarak bulunmustur. En disiik egilme direnci
degeri ire formaldehit ile iiretilen K1 kontrol grubunda
elde edilirken, en yiiksek egilme direnci degeri ise fenol
formaldehit tutkali ile {iretilen FF2 grubunda tespit
edilmistir. Yapilan istatistiksel degerlendirme sonucunda
da, levha gruplar1 arasinda tutkal tiirli ve tabaka sayisina
bagli olarak (p<0,05) anlamli farkliliklar oldugu
belirlenmistir.

Egilmede Elastikiyet Modiilii: Levha gruplarinin
atik halifleks ve tutkal tlirline bagli olarak egilmede
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elastikiyet modiilii degerlerindeki degisim Sekil 4° te
verildigi gibidir.

2500
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Sekil 4. Egilmede elastikiyet modiilii degerleri.
Figure 4. Modulus of elasticity values.

Sekil 4’ten, levha Orneklerinin egilmede
elastikiyet modiilii degerlerinin de egilme direnci
degerlerine benzer sekilde bir egilim gosterdigi ve bu
degerlerin atik halifleks tabaka sayisi artisiyla arttigi
goriilmektedir. Sekil 4 incelendiginde, FF ile tiretilen levha
gruplarindan, UF ile {iretilen levha gruplarina kiyasla daha
yiiksek sonuclar elde edildigi goriilmektedir. Ayrica; UF1,
UF2, FF1, FF2 levha gruplarinin egilmede elastikiyet
modiilii degerleri de bu gruplarin kontrol degerlerine gore
daha yiiksek bulunmustur. En yiiksek deger, fenol
formaldehit iceren FF2 levha grubunda tespit edilmistir.
Elastikiyet modiilii degerlerinin tutkal tiirii ve tabaka sayist
icin yapilan degerlendirmelerinde levha gruplar arasinda
istatistiksel olarak (p<0,05) anlamli farkliliklar tespit
edilmistir.

SONUC VE ONERILER

Bu c¢alisma sonucunda, iiretilen levhalarin su
alma, kalimligina sigme, egilme direnci ve egilmede
elastikiyet modiilii degerleri iizerinde tutkal tiiriniin ve atik
halifleks kullaniminin belirgin olarak etkisinin bulundugu
ve bu etkinin olumlu ydnde oldugu belirlenmistir. iki
tabaka ile lretilen levha gruplarindan, tek tabaka ile
tretilen levha gruplarma ve bu gruplarin  kontrol
levhalarina gore daha olumlu sonuclar elde edilmistir.
Fenol formaldehit tutkal: ile {iretilen levha gruplarinin su
alma, kalimligmma sisme, egilme direnci ve egilmede
elastikiyet modiilii degerleri, iire formaldehit tutkal
kullanilarak {iretilen levha gruplarinin degerlerine gore
daha iyi bulunmustur. En iyi sonuglar, FF2 levha grubu ile
tespit edilmistir. Buna gore, bu atiklarin odun esash
kompozit levhalarda da degerlendirilme potansiyelinin
oldugu; farkli yontem, kombinasyonlar ve iiretim faktorleri
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optimizasyonu ile kullanilmalar1 halinde daha olumlu
sonuglarin elde edilecegi diistiniilmektedir.
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Oz: Bu calisma Trabzon ilinin Tonya ilgesine baglh yaklasik 1300m rakima sahip Kadiralak
yaylasinda yetisen Orman siimbiilii (Scilla bifolia) bitkisinin farkli kisimlarimn (skapus, yaprak,
cicek, bulb) antioksidan aktivitesini belirlemek i¢in yapilmistir. Bitki kisimlarinin antioksidan
aktiviteleri 2,2-difenil-1-pikrihidrazil (DPPH) radikali siipiiriicii aktivitesi ve troloks esdegeri
antioksidan kapasitesi (TEAK) yontemleri kullanilarak tespit edilmistir. Elde edilen sonuglara
gore DPPH radikal siipiirme aktivitesi ve TEAK skapus>yaprak>¢icek>bulb seklinde siralanmig

*: https://orcid.org/0000-0002-1767-2693

fos‘“““(“l“ ??)ZSEETMEN olup, DPPH degerleri sirasiyla %94,20, %92,65, %87,41, %32,01, TEAK miktarlar1 ise sirastyla
R:::p Tu:;yip Exdlopn Ulithverstiiasl, S 9,32 u_m_ol troloks/g, 9,17 pmol troloks/g, 8,64 umol _troloks/ gve 2,.59 pumol troloks/g olgrak tespit
Uriinleri Fakiiltesi, Avlama ve isleme edilmistir. Hem DPPH hem de TEAK yonteminde elde edilen sonuglar kendi arasinda
Teknolojisi ABD, Merkez, Rize degerlendirildiginde istatistiksel olarak farkliliklar tespit edilmistir (p<0,05). Elde edilen sonuglar

SO e BT e M neticesinde Scilla bifolia L bitkisinin 6zellikle skapus ve yaprak kisimlarinin énemli derecede

antioksidan aktiviteye sahip oldugu belirlenmistir.

Anahtar kelimeler: Antioksidan aktivite, DPPH radikal siipiirme aktivitesi, Scilla bifolia, troloks
esdegeri antioksidan kapasitesi.

Determination of Antioxidant Activity of Various Plant Parts of Scilla bifolia L. (Forest Hyacinth)

Abstract: This study was carried out to determine the antioxidant activity of different parts (scap,
leaf, flower, bulb) of the forest hyacinth (Scilla bifolia) plant, which grows in Kadiralak plateau,
*Corresponding author’s: at an altitude of approximately 1300 meters in Tonya district of Trabzon province. Antioxidant
Ozen Yusuf OGRETMEN activities of plant parts were determined using 2,2-diphenyl-1-picrihydrazil (DPPH) radical
Recep Tayyip Erdogan University, Faculty of scavenging activity and trolox equivalent antioxidant capacity (TEAK) methods. According to
?E:ﬁ;ﬁzgaegfzrgmem of Seafood Processing the results obtained, DPPH radical scavenging activity and TEAK were ranked as
53: ozenyusuf.ogretmen@erdogan.edu.tr scap>leaf>flower>bulb. While DPPH values were determined to be 94.20%, 92.65%, 87.41%,
32.01%, respectively, TEAK amounts were determined to be 9.32 pmol trolox/g, 9.17 pumol
trolox/g, 8.64 pmol trolox/g and 2.59 umol trolox/g, respectively. When the results obtained in
both DPPH and TEAK methods were evaluated among themselves, statistical differences were
found (p<0.05). As a result of the results obtained, it was determined that especially scape and
leaf parts of the Scilla bifolia plant had significant antioxidant activity.

Keywords: Antioxidant activity, DPPH radical scavenging activity, Scilla bifolia, trolox
equivalent antioxidant capacity.

GIRiS

Scilla bifolia Liliaceae familyasina ait bir alt bulunmaktadir. Diinyada yaklasik 250 cins ve bu cinslere
tiirdiir. Bircok tiirli siis bitkisi olarak yetistirilmekte olup, ait 3500 kadar tiirli olan temsil eden bu familya iilkemizde
gida maddesi ve tibbi olarak kullanilan tiirleri de ise 35 cinse ait 400 kadar tiirii temsil etmektedir. Genis bir
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yayilma sahip olan Liliaceae familyasi cogunlukla tropikal
ve 1liman bolgelerde yayilis gostermektedir (Kavakli &
Sarikaya 2019; Akyol vd., 2012). Scilla bifolia tiirii Biiyiik
Britanya, Kuzey ve Bati Avrupa, balkan yarimadasi, Ege
adalari, Tirkiye, Liibnan, Suriye, Ukrayna ve Kuzey
Kafkasya’ya kadar uzanan genis bir yayilim alanma
sahiptir (Yildinm & Altioglu 2017). Scilla bifolia
Tiirkge’de  yaygin olarak orman slimbiili olarak
adlandirilmakta olup, iki yaprakli siimbiil, alp ada sogani
ve kampana ¢igegi olarak da isimlendirilir (Giiner vd.,
2012; Ozhatay vd., 2012).

Cesitli  hastaliklar1  tedavi etmek amaciyla
bitkilerin kullanimi uzun bir tarihe sahip olup, bu bitkilerin
yaprak, govde, kok gibi kisimlart semptomlart 6nlemek ve
anormallikleri normale dondiirmek amactyla
kullamlmaktadirlar (Ozyurt vd., 2021). Bununla beraber
Diinya Saglik Orgiiti (WHO), tibbi amagh kullanilan
bitkilerin mevcut ilag ¢esitliligimi saglamak igin en iyi
kaynak olabilecegini belirtmis ve bu tiir bitkilerin
etkinliginin ve gilivenilirliginin daha iyi ¢alisilmast
gerektigini  bildirmistir (Okmen vd., 2017). WHO
verilerine gore gelismemis {ilkelerde niifusun %80’
hastaliklarin tedavisi i¢in geleneksel regeteler kullanirken,
geligsmis {ilkelerde bu oran %40 diizeyindedir. Ayrica
giinimiizde farmasdétik ilaglarin %25°i tibbi bitkilerden
elde edilirken gelecek yillarda bu oranin artacagi on
goriilmektedir (Karadag 2019).

Bitkilerin yapisinda bulunan fenolik bilesikler,
insanlarin beslenmesinde 6nemli bir rol oynamakta olup,
antioksidan 6zelliklerinden dolay1 biiytik ilgi cekmektedir.
Bu bilesikler, antialerjik, antiaterojenik, antienflamatuar,
antimikrobiyal, antioksidan, antitrombotik, kardiyo
koruyucu ve vazodilatuar gibi fizyolojik ozellikler
gostermektedirler (Bayram vd., 2019). Antioksidanlar
viicudumuza zarar veren serbest radikallerin etkisiz hale
getirilmesini saglayarak viicuttaki birgok biyomolekiiliin
gormeden dogru bir sekilde yerine
getirmesini saglamaktadir. Boylece patolojik durumlarin

zarar islevini
olusma riski en aza indirgenmis olur (Ceylan vd., 2017).

Son yillarda bilingsiz ve asirt bir antibiyotik tiiketimi
bulunmaktadir. Bundan dolaytr bulasici
enfeksiyona sebep olan birgok mikroorganizma tiiriiniin
antibiyotiklere  karsi  diren¢  gosterdigi
¢aligmalarda belirtilmistir (Ceylan vd., 2017; Hussain vd.,
2011). Bu nedenden dolay1 antioksidan ve antimikrobiyal
etkili fenolik bilesiklere olan ilgi artmaktadir. Glintimiizde
bir¢ok ilacin hammaddesini tibbi ve aromatik bitkilerden
sentezlenmis bilesikler olusmaktadir. Ulkemizde tibbi ve

hastalik ve

bilimsel

aromatik bitkilerin antioksidan potansiyellerini aragtiran
caligmalarin  sayist  olduk¢a  sinirlidir.  Literatiir
taramalarinda ilkemizde yayihim gosteren Scilla bifolia
bitkisinin antioksidan aktivitesini belirleyen arastirmaya
rastlanilmamigtir. Bundan dolayi, bu c¢aligmanin amaci
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dogal ortamdan toplanan S. bifolia bitkisinin farkh
kisimlariin antioksidan kapasitesini tespit ederek, ileride
bu bitkiden yapilacak olan c¢alismalara kaynak
sunmaktadir.

MATERYAL VE METOT

Trabzon’un Tonya Ilgesi’nde yaklasik 1300 metre
rakimda bulunan Kadiralak Yaylasi’nda yayilis gosteren
Scilla bifolia aragtirma materyalini olusturmaktadir (Sekil
1). Orneklerin tiir tespiti Mordak (1984) ve Giiner vd.
(2012)’ye gore yapilmistir.

Sekil 1. Scilla bifolia bitkisinin dogal yasam alami (Trabzon-
Kadiralak yaylasi).
Figure 1. Natural habitat of Scilla bifolia plant (Trabzon-
Kadiralak plateau).

Ornekler 1 Nisan 2018 tarihinde toplanmustir.
Orneklerin toplanmasinda tiiriin alanda hakim olmasina,
sagliklt olmasina ve tiire ait bireylerin belirli bir olgunluga
gelmis olmasina dikkat edilmistir. Yaklagik olarak 20 adet
bitki soganiyla beraber toplanmistir. Toplanan 6rnekler
vakit kaybetmeden Recep Tayyip Erdogan Universitesi su
iiriinleri isleme teknolojisi laboratuvarina getirilmistir.
Daha sonra 6rnekler cesme suyu ile yikanip gdvde, yaprak,
cicek ve sogan kisimlart ayrildiktan sonra 60°C’de 20 saat
kurutulup vakum ambalajda oda sicakliginda analiz
edilinceye kadar muhafaza edilmistir. Bitkinin ayrilan
kisimlart Sekil 2°de gosterilmistir.

Bitki  ekstraklarimin  ¢cikartilmast  islemi.
Kurutulan 6rnekler blender yardimi ile tamamen homojen
hale getirildikten sonra 20:1 (mL solvent / g bitki) oraninda
solvent ile (%60’lik etanol) karistirildiktan sonra 50°C’de
90 dakika boyunca ve 100 rpm calkalama hizinda su
banyosunda (Dathan, WB-22) ekstraksiyon edilmistir.
Ekstraksiyon isleminden sonra 6rnekler 2500 rpm devirde
20 dakika santrifiij (Hettich Universal 320 R) islemine tabi
tutulmustur. Daha sonra ekstraktlar filtre kagidindan
(Whatman no:1) siiziilerek analizleri gergeklesinceye
kadar amber renkli cam sisede -80°C’de muhafaza
edilmistir.
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Sekil 2. Sicilla bifolia L. bitkisinin kisimlari. A: Yaprak, B:
Skapus, C: Cigek, D: Bulb.

Figure 2. The plant parts of Scilla bifolia L. A: Leaf, B: Scapus,
C: Flower, D: Bulb.

% DPPH radikali siipiirme aktivitesi ve Troloks
esdegeri antioksidan kapasitesi (TEAK): DPPH Brand-
Williams vd (1995)’in belirtigi yonteme gore yapilmistir.
Yontemin prensibi, DPPH soliisyonunun hidrojen atomu
verebilen madde (antioksidan) ile elektronunun yer
degistirmesi baslangigtaki mor menckse
renginin kayb1 ile 517 nm’de sar1 renkli indirgenmis form
olugmasina dayanmaktadir. 100ul bitki ekstraktt 3,9 ml
DPPH c¢alisma ¢ozeltisi soliisyonuna ilave edilmistir.
Karigim vorteks yardimi ile iyice karistirildiktan sonra

sonucunda

karanlik bir ortamda oda sicakliginda 30 dakika beklemeye
almmustir. Daha sonra spektrofotometrede 515 nm dalga
boyunda kuartz kiivet kullanilarak kontrol 6rnegine karsi
(100l metanol ve 3,9 ml DPPH ¢alisma ¢6zeltisi) okuma
yapilmstir. Ornekler 3 paralelli yapilmistir ve her 6rnegin
radikal siipiirme aktivitesi asagidaki esitlik kullanilarak
hesaplanmistir.

(A kontrol — A ornek)
A kontrol

% inhibisyon = 100 *

A kontrol: 515 nm dalga boyunda kontroliin absorpsiyonu
A ornek: 515 nm dalga boyunda 6rnegin absorpsiyonu

TEAK yonteminde ise troloks kullanilarak
hazirlanan kalibrasyon egrisine gore gerekli hesaplamalar
yapilarak sonuclar g kuru agirlik basina pmol troloks
esdegeri olarak (umol troloks/g) ifade edilmistir
(Kulczynski vd., 2020)
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Istatistiksel Analiz: Elde edilen veriler, JMP Pro
13 programi kullanilarak degerlendirilmistir. Elde edilen
ortalama degerleri arasindaki istatistiksel farkliliklarin
belirlenmesinde p<0,05 olasilik diizeyinde, tek yonlii
varyans analizi ve Tukey post-hoct testi kullanilmustir.
Analizler 3 paralel olacak sekilde yapilmustir.

BULGULAR VE TARTISMA

Calismada Trabzon’un Tonya ilgesinde bulunan
Kadiralak yaylasindan toplanan Scilla bifolia bitkisinin
skapus, bulb, cicek ve yarak kisimlar ayrildiktan sonra her
bir kisminin antioksidan aktiviteleri arastirilmistir. Elde
edilen bulgulara gore DPHH radikali siipiirme aktivitesi en
yiiksek bitkinin skapus kisminda (%94,20+0,36), en diisiik
bulb kisminda (%32,01+0,06) tespit edilmistir. Yaprak ve
cicek kisimlarinda elde edilen DPPH radikali siipiirme
aktivitesi ise sirasiyla %92,65+0,27 ve %87,41+0,34
olarak hesaplanmistir (Sekil 3).

DPPH (%)
100
%0 |
60
40 +

20

1]
Skapus
Sekil 3. Scilla bifolia bitki kisimlarinin DPPH radikali siipiirme
aktiviteleri.
Figure 3. DPPH radical scavenging activities of the plant parts of
Scilla bifolia.

Yaprak Gigek Bulb

Bitkinin farkli kisimlarindan elde edilen DPPH
radikali siipiirme aktivitesi degerleri istatistiksel olarak
incelendiginde farkin 6nemli oldugu tespit edilmistir
(p<0,05). Ozay vd. (2013) Scilla autumnalis bitkisinin bulb
kismindan elde ettikleri ekstaktlarda DPPH radikali
stipiirme aktivitesini en yiiksek %54,76 en diisiik %26,19
olarak tespit etmis olup mevcut calisma ile benzerlik
gostermektedir.  Farkli  arastirmacilarin  yaptiklar
calismalarda DPPH radikali siipiirme aktivitesini; Inci vd.
(2019) mantar bitkisinin toprak {istii kisminda %1-20
arasinda, Berktas ve Cam (2020) igde agacinin meyve ve
yaprak kisminda sirasiyla %30,53 ve %3,6 olarak, Demir
vd. (2019) nar kabugunda %4,48, Okmen vd. (2021)
giindelik olarak yemeklerimizde kullanilan cesitli
baharatlarda %1,64-73,4 arasinda ve Kulczynski vd.
(2020) kestane kabaginda %0,79 tespit etmis olup
caligmada kullanilan S. bifolia bitkisinden elde edilen
sonu¢lardan diisiik bulmuslardir. Tablo 1’de farkli
arastirmacilarin ¢esitli bitki ve meyvelerden elde edilen
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ekstraktlardaki DPPH radikali siipiirme aktiviteleri ve birgcok meyve ve bitkiden daha yiiksek antioksidan etki
TEAK degerleri verilmistir. Tablo 1’deki degerlere gore S. gosterdigi goriilmektedir.
bifolia bitkisinin skapus ve yaprak ve ¢i¢ek kisimlarinin

Tablo 1. Farkl: bitki ve meyvelere ait DPPH radikali siipiirme aktivitesi ve TEAK degerleri.
Table 1. DPPH radical scavenging activity and TEAK values of different plants and fruits.

Bitki ad1 Bitkinin boliimii Coziicii DPPH (%) TEAK (umol /g) Kaynak
Limon Kabuk %50 etanol 25,62 92,30 Giizel ve Akpnar (2017)
Mandalina 20,90 62,30
Portakal 18,40 66,63
Greyfurt 21,46 65,58
Nane (M. piperita) Biitiinii Etanol 1,64 1,67 Okmen vd. (2021)
Kus tiziimii (R. nigrum) 29,5 1,95
Corek otu (N. sativa) 63,3 2,27
Mercankdsk (O. majorana) 24,7 1,90
Kekik (T. serphllum) 52,8 2,17
Kisnis (C. sativum) 73,4 2,38
Safran (C. sativus) 72,8 2,37
Kestane kabagi %80 etanol 0,79 0,57 Kulczynski vd. (2020)
(Cucurbita maxima) (1 saat 50°C)
Elma (Yesil) Yenilebilir kisim %50 etanol 4,98 Fu vd. (2011)
Elma (kirmizi) 4,62
Avokado 1.16
Muz 3,44
Yaban mersini 1,26
Ceri domates 3,94
Uziim (yesil) 1,27
Uziim (kirmizi) 3,95
Limon 2,54
Mango 4,01
Kavun 2,92
Erik (siyah) 6,48
Erik (kirmizi) 5,22
Uskun bitkisi Kabuksuz kisim 11-91 2,4-3,2 Meral (2017)
Uvez meyvesi Meyve kismi Etanol-su 92,18 Bayram vd. (2019)
(Sorbus aucuparia) Metanol-su 63,61
Aseton-su 64,74
Meyan bitkisi Kok Etanol ve su 1,03-1,04 Durmaz vd. (2018)
(Glycyrrhiza glabra)
Zeytin (Olea europaea L.) Yaprak Normal su (25°C) 57,59-80,82 Kobya vd. (2019)
Sicak su (75°C) 85,71-88,20
Etanol (25°C) 48,26-90,20
Sakiz agaci Yaprak Metanol 97,33 Amessis-Ouchemoukh vd.
(Pistacia lentiscus) (2014)
Mersin agact Meyve 88,75
(Myrtus communis)
Mersin agact Yaprak 96,95
(Myrtus communis)
Ada sogani (Scilla maritama) Bulb 56,31
Karaderme Yaprak 52,04
(Marrubium vulgare)
Deniz boga dikeni Kok 48,95
(Eryngium maritinum)
Kiirre ¢igegi Cicek 84,76
(Globularia alypum)
Mantar bitkisi Toprak sti kismu Metanol 1-20 Inci vd. (2019)
(Helvella leucomelaena)
igde Meyve Metanol 30,53 38,68 Berktas ve Cam (2020)
(Elaeagnus angustifolia L.) Yaprak 3,6 5,33
Nar (Punica granatum L.) Kabuk Etanol (%33) 4,48 5,31 Demir vd. (2019)
TEAK (pmol/g)
10
Calismadaki TEAK degerleri bitkinin farkli
kisimlarina gore 9,32+0,03 ile 2,59+0,00 umol/g arasinda B o
degismekte olup, DPPH degerlerinde oldugu gibi skap, 6
yaprak ve ¢i¢ek kisimlarinda en yiiksek, bulb kisminda ise
en diisiik miktarda tespit edilmistir (Sekil 4). Elde edilen T
TEAK sonuclar1 arasinda onemli farkliliklar tespit 2 |
edilmistir (p<0,05)
0

Skapus Yaprak Cigek Bulb

Sekil 4. Scilla bifolia bitki kisimlarinin TEAK degerleri
Figure 4. TEAK values of the plant parts of Scilla bifolia
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SONUC

Bu c¢aligmayla birlikte Trabzonun Tonya
ilgesinden toplanan S. bifolia bitkisinin antioksidan
aktivitesi (% DPPH radikali siiplirme aktivitesi ve Troloks
esdegeri antioksidan kapasitesi miktar1) ilk defa
saptanmustir. Sonug¢ olarak elde edilen verilere gore S.
bifolia bitkisinin yiiksek oranda antioksidan kapasitesine
ve biyoaktif bilegenlere sahip olacagi diisiintilmekte olup,
farmasotik ve gida endiistrisinde potansiyel bir antioksidan
kaynagi olarak  kullanilabilecegi  diigiiniilmektedir.
Bununla yabani bitkilerin hastaliklar1 onleme ve tedavi
etmede kullanilmasi iizerine daha fazla arastirma yapilmasi
ve bu bitkilerin igeriklerinin belirlenerek yapilan bilimsel
aragtirmalarin  endiistriyel alana yonelik devamliligin
saglanmast  bakimindan 6nem teskil edebilecegi
diistiniilmektedir.
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Abstract: The aim of this study was to investigate the effect of whey on the immune system of cultured
rainbow trout (Oncorhynchus mykiss). It was targeted to use whey, which is a by-product of the dairy
industry, in the aquaculture industry as a promoter of fish immune system and as a source of fish feed
protein. Rainbow trout individuals with an average weight of 70.28 + 1.50 g were placed in 6 tanks
with a stock density of 10 kg/m®. While fish meal (52%) was used as a protein source in the control
group feeds, in the experimental group feeds whey powder (48%) was used. The fish were fed these
pellet feeds that were isocaloric (21 kj/g) and isonitrogenous (41% protein) for 3 weeks. Blood samples
were collected once a week and while hematocrit and hemoglobin values were determined using a fully
automated hematology analyzer, standard hemocytometry methods were used in erythrocyte and
leukocyte counts. In addition, free radical production and complement 3 concentrations were
determined quantitatively. According to the one-way ANOVA analysis, the control group and the
experimental group were statistically similar (p> 0,05). However, it was found that C3 complement
concentration, which was measured equally at the beginning in the control and experimental groups,
showed a statistically significant increase (p <0.05) in the experimental group compared to the control
group in the second week.

Keywords: Diet, rainbow trout, whey, immune system, C3 complement.

Peynir Alti Suyunun (PAS) Gékkusag Alabaligi (Oncorhynchus mykiss)
Bagisiklik Parametreleri Uzerine Etkisi

*Sorumlu yazar:
Remziye Eda YARDIMCI

istanbul Universitesi, Su Bilimleri Fakiiltesi,

Su Urﬁnlqri Yetistiriciligi ve Hastaliklar:
Boliimi, Istanbul, Tiirkiye
DX: etepecik@istanbul.edu.tr

Oz: Bu calismanin amac: kiiltiirii yapilan gokkusag alabaliklarmim (Oncorhynchus mykiss) bagisiklik
sistemi lizerine peynir alt1 suyunun (PAS) etkisinin incelenmesidir. Siit ve siit iiriinleri endiistrisi atig1
olan PAS’1n akuakiiltiir endiistrisinde balik bagisiklik sistemi destekleyicisi ve balik yemi protein
kaynag1 olarak kullanilmast hedeflenmistir. Ortalama agirligi 70,28 + 1,50 g olan gokkusag: alabaligt
bireyleri 10 kg/m? stok yogunlugunda olacak sekilde 6 adet tanka yerlestirilmistir. Kontrol grubu
yemlerinde protein kaynagi olarak balik unu kullanilirken deney grubu yemlerinde ise balik unu yerine
PAS kullanilmistir. Baliklar izokalorik (21 kj/g) ve izonitrojenik (%41 protein) olarak hazirlanan bu
pelet yemlerle 3 hafta boyunca beslenmistir. Haftada birer kez olmak {izere baliklardan kan 6rnekleri
alinmig; hematokrit ve hemoglobin degerleri tam otomatik hematoloji analizatorii ile belirlenmis,
eritrosit ve lokosit sayilari ise standart hemositometri yontemleri kullanilarak yapilmistir. Bunlara ek
olarak oksidatif radikal iiretimi ve kompleman 3 konsantrasyonu da kantitatif olarak belirlenmistir.
Sonuglar tek yonlil varyans analizi (one-way ANOVA) ile degerlendirilmistir. Sonug olarak kontrol
grubu ile deney grubu arasinda istatistiki agidan herhangi bir farklilik olmadig1 goriilmistiir (p>0,05).
Bununla birlikte, kontrol ve deney grubunda baslangigta esit olarak olciilen C3 kompleman
konsantrasyonunun, deney grubunda ikinci haftada kontrol grubuna gore istatistiksel agidan dnemli
(p<0,05) bir artig gosterdigi tespit edilmistir.

Anahtar kelimeler: Diyet, gokkusagi alabaligi, peynir alt1 suyu (PAS), bagisiklik sistemi, C3 kompleman.
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INTRODUCTION

The rapid growth of aquaculture in recent years has
been accompanied by increased demand for aquaculture
feeds (Gatlin et al., 2007). Approximately 50-60% of the
operating cost is feed expenses and the price of the fish meal
used as the main protein source in fish feeds increases in
proportion to the increasing aquaculture production (Rana et
al., 2009). It is predicted that the current state of fish meal
production will not meet the future needs of the developing
aquaculture sector. For this reason, aquaculture feed industry
has tried to replace fish meal and fish oil in feeds with
sustainably produced vegetable raw materials, however,
such protein sources may lack some indispensable amino
acids such as methionine or lack components such as taurine,
hydroxyproline and nucleotides (Bafiuelos-Vargas et al.,
2014).

To date, many studies have been conducted to
replace fish meal such as soybean flour, corn gluten, wheat
gluten and canola flour as vegetable protein, and it has been
reported that the alternative vegetable protein sources
adequately meet the amount of essential amino acids needed
by rainbow trout (Bell and et al., 2001; Rosenlund et al.,
2001; Caballero et al., 2002; Yang et al., 2011; Kriton et al.,
2018; Yildiz et al., 2018). Diseases that lead to economic
losses, the decreased number of effective antibiotics that can
be used, and failures in treatment have directed the
aquaculture feed industry to using food additives that can
activate the fish's immune system (WHO, 2006).

Whey is a natural ingredient derived from fresh
milk containing high quality proteins, lactose, bioactive
ingredients, minerals and vitamins and is used in human and
animal nutrition as a food additive that can activate the
immune system (EWPA, 2020). Whey does not contain anti-
nutritional factors, it can be easily given with other foods and
it is easy to digest. Whey has been reported to have a
probiotic effect associated with bioactive functions such as
supporting tissue repair, destroying pathogens, and
eliminating toxins (Clare et al., 2003). It has been observed
that humoral immune responses and neutrophil levels have
been increased in animals fed diets supplemented with whey.
It has also been reported that whey proteins modulate
immune functions and protect glutamine stores in the muscle
by increasing the production of glutathione (GSH) in various
tissues, an important part of the body's antioxidant protection
system, which regulates immune functions. Therefore,
combining whey proteins with diet is important because of
providing strong immunity and health-protecting effect
(Wong et al., 1997; Wong et al., 1998; Amer et al., 2019).
While the mice fed with whey-added feeds did not change
the cellular immune response functions, there was a
significant increase in natural leukocyte cellular response
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and lymphoid cellular response compared to the control
group (Rutherfurd-Markwicket et al., 2005). Wong and
Watson (1995) reported that the effect of whey on the
immune system of mice increased cellular immune response
in the 5th-8th week of feeding in their study.

The effect of whey on some blood parameters of
male athletes was investigated by Eslami et al. (2010) and
there was no difference in the blood parameters (such as
WBC, RBC, HGB, HCT) of the athletes fed with 6.6 g whey
every day for a month compared to the control group. Rusu
et al. (2009) showed that different concentrations of whey on
human neutrophils have no direct effect on chemotaxis,
phagocytosis, oxidative metabolism and degranulation.
Szczurek et al. (2013) investigated the effect of whey added
to the breeding chicken feed on some blood parameters, it
was reported that whey had no effect on blood leukocytes,
hematocrit and hemoglobin, while increasing the number of
erythrocytes. Abou-El-Atta et al. (2019), fed Nile tilapias
(Oreochromis niloticus) with probiotic Lactobacillus
plantarum and feeds with different ratios of whey added (1,
2 and 3 g/kg feed) and after 60 days, they examined the
effects of fish on growth, antioxidant activity, lysozyme
activity, NBT and some blood parameters. As a result of the
study, it was found that feeding with high whey doses (2 and
3 g/kg feed) significantly increased the antioxidant capacity
of fish, NBT, lysozyme and red blood cell count. In addition,
the addition of 2 and 3 g/kg whey doses with L. plantarum
has been reported to show synergistic effects and increase
their resistance to Aeromonas sobria. Similarly, another
study with Nile tilapias (O. niloticus) was investigated by
adding whey in various ratios to fish feed and its effects on
growth and some immune parameters (Amer et al., 2019). It
has been reported that adding 27.7% PAS to feed instead of
fish meal increases C3 complement, lysozyme and
phagocytic activity without any pathological disorder in fish
tissues.

In this study, some immune parameters of rainbow
trout fed with pellet feeds prepared with whey, which is a
valuable by-product due to its nutraceutical and
pharmaceutical properties, were determined and the effects
of whey on the immunity were investigated.

MATERIAL AND METHODS

This study was carried out in Canakkale Onsekiz
Mart University, Faculty of Marine Sciences and
Technology. The rainbow trout with an average weight of
70.28 + 1.50 g were stocked in 6 tanks (3 control, 3
experimental groups) each with 140 liters, with a stock
density of 10 kg/ms. During the adaptation and the
experiment, the water temperature was recorded as 15.2 +
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0.3°C, pH 7.85 + 0.08, and oxygen as 7.56 £ 0.16 mg/L.
During the adaptation, there were no signs of disease in the
fish and before the experiment, the fish were examined for
bacteria and parasites.

The experimental and control groups were carried
out triplicates and the experiment was carried out by
providing 15% water change daily in a recirculated system
with heating and cooling system. In the control group,
anchovy fish meal (72% protein / 8% fat) at the rate of 52%
was used as a source of protein in feeds. In the experimental
group, Hardline Hipro Iso Whey concentrate (96% protein /
0.5% fat), a commercial product, was added to the feeds at
the rate of 38%. The ration of the feed used in this study is
given in Table 1. Pellet feeds were prepared in La
Monferrina - P3 brand feed machine at Canakkale Onsekiz
Mart University, Faculty of Marine Sciences and
Technology and feed analyzes were done according to
AOAC (1998).

Table 1. Feed ration used in the experiment (% dry matter).
Control Diet (%) Experimental Diet (%)

Fish meal 52 0
WHEY 0 38
Soybean meal 0 0
Wheat flour 29 39
Wheat gluten 0 0
Tryptophan 0 0,2
Arginine 0 0,2
Mineral premix® 2 2
Protector 0.001 0.001
Vitamin premix? 2 2
Starch 3.499 4.599
Fish ail 11.500 14
Total 100 100

Analyzed proximate diet composition (% DM)

Crude protein (%) 40.67 41.22
Lipid (%) 16.21 14.93
Ash (%) 6.34 0.52
NFE® (%) 27.32 35.60
Gross energy (kjg ™) 20.65 21.68

#Premix of vitamins and minerals according to NRC (1993) recommendations for fish.
NFE: nitrogen-free extract calculated by difference

Blood samples from the fish in the experimental
groups were collected on the 7th, 14th and 21st days. Five
fish from each tank (15 fish per group) were used for the
sampling. To do this, after the fish were caught randomly
from the test tanks, they were treated with 2-Phenoxyethanol
at 0.2 ml concentration (Summerfelt and Smith, 1990;
Cetinkaya and Sahin, 2005). Blood samples were taken into
K3EDTA and gel serum tubes. From hematological analyzes,
hematocrit and hemoglobin values were determined using
Mindray / BC 3000 Plus fully automated blood count device,
which was calibrated for fish (Yilmaz and Ergiin, 2018;
Yilmaz, 2018). In addition, erythrocyte and leukocyte counts
were made from the blood samples by hemocytometry
(Buckley et al., 1976; Hofmann and Lomel, 1984). For
serum analysis, the blood taken into gel tubes was
centrifuged at 5000 g for 10 minutes and the obtained serum
samples were stored at -80°C until the analysis.
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Oxidative radical production, nitro blue tetrazolium
(NBT) activity was quantitatively determined according to
the method reported by Siwicki et al (1996). In the
quantitative determination of complement 3 concentration in
fish serum, CUSABIO - Fish complement 3 (C3) ELISA Kit
(Cat. No: CSB-E09727s) was used according to the
manufacturer's instructions. To do this, briefly: 50 pul
Standard solutions (in duplicate) and serum samples
supplied with the kit were added to each well, then 50 pl
HRP-conjugate and then 50 pl antibody were added. After
washing and adding Substrate (A and B), the optical
densities of the wells treated with stop solution after
incubation at 37°C for 15 minutes in a dark environment,
were measured at 450nm wavelength with a microplate
reader.

One-way analysis of variance (one-way ANOVA)
was applied using the SPSS 21 software (IBM) and
evaluated at a statistically significant level.

RESULTS AND DISCUSSION

Whey, which contains high quality proteins,
bioactive components, minerals, as well as amino acids and
vitamins that play a role in carbohydrate metabolism,
constitutes 70-90% of the total milk volume. In cases where
whey cannot be utilized, it must be removed from the
environment by treatment. Because its high organic load,
direct discharging to the nature leads to environmental
pollution and the removal from the production facility is very
expensive. This reason has led researchers to focus on the
utilization of this waste product. The use of this product in
human and animal health is rapidly increasing in both
European Union and other countries (Gonzalez-Siso, 1996;
De Wit, 1998; Macwan et al., 2016). Although fish meal
constitutes the main animal protein of fish food, because of
low fish stocks and high cost of fish meal, novel protein
sources are needed. In Turkey, there is a study conducted to
investigate the effect of whey protein on various biochemical
parameters in the tissues of rainbow trout by Ozcan et al.
(2021). They feed rainbow trout with fed diets containing
four doses of whey protein for 42 days and found that the
lipid levels of fish fed diets with 1.5% whey protein was
essentially higher than that of fish fed the control diet. They
suggested that whey could be an alternative protein sources.

In this study, blood and immune parameters
between the control group and the experimental group were
analyzed statistically with samples taken over a 3-week
period. The red blood cell count, leukocyte cell count, NBT
activity, hemoglobin value and hematocrit value of the
control and experimental groups were statistically similar
(p>0.05). The mean values/counts of erythrocyte, leukocyte,
NBT activity, hemoglobin, hematocrit, C3 complement and
weekly standard deviations are shown in Figure 1.



Yardumci et al., (2022) J. Anatolian Env. and Anim. Sciences, Year:7, No:1, (15-20), 2022

A statistically significant (p<0.05) increase was
observed in the C3 complement concentration, which was
measured equally in the control and experimental group at
the beginning, compared to the control group in the second
week (Figure 2). When the findings obtained in this study
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Figure 1. The mean values of (a) erythrocyte count (108/mm3), (b) leukocyte count (103/mm?), (c) NBT activity (mg/ml), (d) hemoglobin
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Figure 2. The mean values of C3 complement concentrations
(ug/ml).

The use of whey which can help reduce the use of
feed additives imported from abroad and used extensively
in aquaculture, was investigated in this study. As a result,
the use of whey in fish did not have any negative effects on

the fish during the research and in terms of the parameters
examined. In the future studies, investigating the effects of
whey on the immune system by feeding with different
ratios and for longer periods of time will provide more
accurate results regarding this protein source.
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Abstract: In this study, it was aimed to investigate the antibiotic resistance profiles and biofilm

#I2': https://orcid.org/0000-0002-5077-3189 formation properties of Pseudomonas aeruginosa isolates isolated from raw milks. A total
¢ https://orcid.org/0000-0003-0487-7515 number of 300 raw milk samples were collected from several dairy plants and vendors in the
provinces of Aydin (n=100), izmir (n=100) and Mugla (n=100) in Turkey. The conventional

methods were used for the isolation of suspected Pseudomonas spp. from raw milk samples. A

total of 63 suspected Pseudomonas spp. were isolated and these isolates were identified as being

P. aeruginosa by PCR using PA-SS primers targeted to 16SrDNA gene. According to PCR

results, 24 isolates were identified as P. aeruginosa. The antibiotic resistances of P. aeruginosa

against 7 antibiotics were determined by Kirby-Bauer Disc Diffusion method. The antibiotic

resistance rates of the isolates among enrofloxacine, ceftriaxone, ciprofloxacin, meropenem,

colistin, gentamycin, and azithromycin were found as 20.8%, 75.0%, 4.2%, 33.3%, 8.3%, 12.5 %

and 91.7%, respectively. When examined according to multidrug resistances, it was determined

that 11 isolates (45.8%) were resistant to more than three antibiotic groups and were evaluated as

multi-resistant. The biofilm formations of the isolates were investigated in vitro with Congo Red

;accﬁ?;?\‘;'/‘\dsiﬁ““"“"’“ Agar (CRA) Method. The biofilm formation was determined at 9 isolates as the ratio of 37.5%
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IX: sadiksavasan@hotmail.com potential public health problem for P. aeruginosa and the widespread studies thought to be

performed for the lightening of the biofilm related antibiotic resistances.
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Cig Siit Orneklerinden izole Edilen Pseudomonas aeruginosa izolatlarinda Antibiyotik
Direnci ve Biyofilm Ozelliklerinin Belirlenmesi

Oz: Bu calismada cig siitlerden izole edilen Pseudomonas aeruginosa izolatlarinin antibiyotik
direnglilik profillerinin ve biyofilm olusturma 6zelliklerinin arastirilmasi amaglandi. Bu amagla
Aydin (n=100), izmir (n=100) ve Mugla (n=100) illerindeki cesitli siit isletme ve saticilarindan
toplam 300 adet ¢ig siit 6rnegi topland1. Pseudomonas spp. izolasyonu i¢in geleneksel yontemler
kullanildi. Cig siit orneklerinden toplam 63 siipheli Pseudomonas spp. izole edildi ve bu
izolatlarin P. aeruginosa yoniinden identifikasyonu PA-SS primerleri kullanilarak 16S rDNA
genini hedef alan PCR ile gergeklestirildi. PCR sonuglarina gore 24 izolat P. aeruginosa olarak
tanimlandu. P. aeruginosa izolatlariin 7 antibiyotige kars1 antibiyotik duyarliliklar1 Kirby-Bauer
Disk Diflizyon yontemi ile belirlendi. izolatlarin enrofloksasin, seftriakson, siprofloksasin,
meropenem, kolistin, gentamisin ve azitromisin antibiyotiklerine direng oranlar sirastyla %20,8,
%75,0, %4,2, %33,3, %8.3, %12,5 ve %91,7 olarak bulundu. Coklu antibiyotik direnglerine gore
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incelendiginde 11 izolatin (%45,8) ii¢'ten fazla antibiyotik grubuna direngli oldugu belirlendi ve
¢oklu direngli olarak degerlendirildi. Izolatlarn biyofilm olusumlari in vitro olarak Congo Red
Agar (CRA) yontemi ile arastirildi. Biyofilm olusum oranlari CRA yontemi ile 9 izolatta % 37,5
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(9/24) olarak belirlendi. P. aeruginosa'min ¢ig siit izolatlarinda biyofilm olusumu ve ¢oklu
antibiyotik direng oranlari yiiksek bulunmustur. Sonug olarak ¢ig siit 6rneklerinin P. aeruginosa
icin potansiyel halk saglig1 sorunu oldugu belirlendi ve bu durum ile biyofilm kaynakl: antibiyotik
direncliliklerinin  aydinlatilmasi

icin daha genis c¢apli c¢aligmalar yapilmasi gerektigi

Anahtar kelimeler: Antibiyotik direnci, biyofilm, ¢ig siit, Pseudomonas aeruginosa.

INTRODUCTION

Charles-Emmanuel Sedillot was the first to
characterize Pseudomonas in 1850. According to their rRNA
homology, bacteria in the genus Pseudomonas are divided
into five primary species clusters. Pseudomonas aeruginosa
belongs to Group I's fluorescence subgroup (Brooks et al.,
2007). In many animal species, P. aeruginosa causes
opportunistic infections. Due to its opportunistic nature, P.
aeruginosa thrives in the feces and skin of healthy animals,
and any predisposing circumstances that depress the immune
system of animals or disrupt the natural flora cause infection.
P. aeruginosa pathogenicity is influenced by a variety of
virulence factors. Flagella, fimbria (pilus), and
lipopolysaccharide, polysaccharide capsule are among these
virulence factors. The toxin and enzyme virulence factors of
bacteria are phospholipase C (hemolysin), alginate-biofilm,
siderophores (pyoverdine, pyocyanin, pyochelin), elastase
(LasB and LasA), protease, leukocidin, exotoxin A,
exotoxins S and T. Many of these virulence factors must
coexist for bacteria to cause disease (Moore & Flaws, 2011).

Because of developing resistance to several
medications, P. aeruginosa infections are extremely difficult
to treat. Broad-spectrum penicillins, third-generation
cephalosporins, carbapenems, monobactams,
aminoglycosides, fluoroquinolones, and polymyxins are the
most often used and therapeutically effective antibiotics for
P. aeruginosa infections. Combinations of antibiotics are
used in the treatment of infections in addition to the early
and appropriate use of a single antibiotic. In general,
combining aminoglycosides with beta-lactams, third-
generation cephalosporins, monobactams, or carbapenems
increases the likelihood of a successful treatment (Pitt &
Simpson, 2006).

Biofilm generation is one of the most common
reasons for P. aeruginosa treatment failure.
Exopolysaccharide (EPS) in the biofilm structure is thought
to have a crucial role in the bacterium's capacity to survive,
and when EPS is eliminated from the biofilm under
experimental settings, the bacteria become more susceptible
to antimicrobial treatments (Watnick & Kolter, 2000).
There's evidence that during attachment, the first stage of
biofilm development, the levels of several genes rise. The
microcolonies develop into biocide-resistant
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exopolysaccharide-coated communities after attachment.
Many infectious diseases can be treated with effective
antibiotic treatments. However, in cases where bacterial
biofilms are mostly involved, this approach cannot provide
an effective solution. Biofilms are thought to have this
resistance through multiple mechanisms. The antimicrobial
agent does not pass through all layers of the biofilm. It is
known that polymeric substances in the biofilm matrix
complicate the diffusion of antibiotics. This means that they
never reach a sufficient concentration of antibiotics. At least
some of the cells in the biofilm are nutrient deficient and
therefore have to enter a slow growth phase. Slow-growing
or non-growing cells are not susceptible to many
antimicrobial agents and many can survive. There is an
exchange of resistance genes between bacteria in the biofilm
(Ciftci et al., 2005).

In a literature, there are few informations about
biofilm related antibiotic resistances in raw milk originated
P. aeruginosa. In this study, it was aimed to determine the
presence of biofilms and antibiotic resistances in P.
aeruginosa isolates from raw milks.

MATERIAL AND METHOD

Sample collection: A total number of 300 raw milk
samples were collected from several dairy plants and
vendors in the provinces of Aydin (n=100), Izmir (n=100),
and Mugla (n=100) in Turkey. The samples were transported
to the laboratory in steril bags with cold conditions.

Isolation and identification of Pseudomonas
aeruginosa: 10 mL of raw milk samples were added to 90
mL of 0.1% mL peptone water under aseptic conditions and
that were homogenized with stomacher. Then 102 dilutions
were prepared and 0.1 mL from this dilution were plated
onto Pseudomonas Cephaloridine-Fucidin-Cetrimide (CFC)
agar (Oxoid, SR103) by spread plate method. The plates
were incubated 24-48 h at 30°C. The colonies which grew in
Pseudomonas CFC agar and oxidase test positivity (oxidase
paper, Merck 13300) were determined as suspected to be P.
aeruginosa. (Mickova et al., 1989; Kiipliilii et al., 2003).

The suspected isolates were identified as being P.
aeruginosa by PCR (Table 1). The pair PA-SS-F and PA-
SS-R was designed to amplify only P. aeruginosa. These
primers targeted species-specific signature sequences in 16S
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rDNA variable regions 2 and 8 (V2 and V8), respectively
(Spilker et al., 2004). Based on the 16S rDNA sequences,
PA-SS region was designed simple, rapid, and accurate PCR
assays that allow the differentiation of P. aeruginosa from
other Pseudomonas species. Because of this reason, PA-SS
oligonucleotide primers were used in PCR. The 956 bp band
after PCR was considered positive for P. aeruginosa.
Determination of antibiotic resistance profiles:
Kirby-Bauer Disk Diffusion method was used to determine
the antibiotic susceptibility of the isolates (CLSI, 2018). For
this purpose, antibiotic discs of azithromycin (30 pg),
gentamicin (10 pg), colistin (10 pg), meropenem (10 pg),
ciprofloxacin (5 ng), ceftriaxone (30 pg), enrofloxacin (5
ng) were used. At the end of the incubation, the inhibition
zone diameters were measured and the antibiotic
susceptibilities of the isolates were evaluated according to
the values reported in EUCAST (2018) and CLSI (2018).
Determination of in vitro biofilm production:
Biofilm formation of the isolates was investigated in vitro
using Congo Red Agar (CRA) method. CRA method was
carried out with the method reported (Atshan et al., 2012).
For this aim, CRA was prepared with 10 grams of agar, 50
grams of glucose, 37 grams of Brain-Heart Infusion Broth,
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and 0.8 grams of Congo red dye in 1000 mL of distilled
water. By taking a single colony from the purely breeding
colonies in TSA, it was transferred to CRA. The media were
incubated at 37°C for 24-48 hours under aerobic conditions.
At the end of the incubation period, the color changes in the
colonies were evaluated. Isolates with black-gray colony
formation on CRA were evaluated as positive for biofilm
production, and pink-red colonies were evaluated as
negative.

RESULTS

Isolation and identification: The suspected
Pseudomonas spp. were isolated from 63 (21%) of 300 raw
milk samples. Based on the distribution of 63 suspected
Pseudomonas aeruginosa raw milk samples, 17 (27%) were
isolated from Aydin, 21 (33.3%) from Izmir and 25 (39.7%)
from Mugla. The twenty-four (38.1%) of 63 suspected
isolates were determined as P. aeruginosa after PCR. Of the
24 P. aeruginosa isolates, 5 (20.8%) isolates were from
Aydin, 8 (33.3%) isolates were from izmir and 11 (45.8%)
isolates were from Mugla originated raw milk samples.

Table 1. Oligonucleotide primer sequences used for identification of Pseudomonas aeruginosa.

Primers Oligonucleotide sequences

Expected amplicon sizes (bp)

Reference

PA-SS F  GGGGGATCTTCGGACCTCA 956
R TCCTTAGAGTGCCCACCCG

Spilker et al., (2004)

Table 2. Antibiotic resistance profiles of the isolates.

Antibiotics
ATM GEN C MRP CIP CTX ENR
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
R 22 (91.7) 3(12.5) 2(8.3) 8 (33.3) 1(4.2) 18 (75.0) 5 (20.8)
| 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
S 2(8.3) 21 (87.5) 22 (91.7) 16 (66.7) 23(95.8) 6 (25.0) 19 (79.2)
*S: sensitive, I: intermediate resistant, R: resistant, ATM: azithromycin, GEN: gentamicin, C: colistin, MRP: meropenem, CIP: ciprofloxacin, CTX: ceftriaxone, ENR: enrofloxacin.

Determination of antibiotic resistance profiles:
By Kirby-Bauer Disc Diffusion Method applied to P.
aeruginosa isolates, resistances of 20.8% for enrofloxacin,
75.0% for ceftriaxone, 4.2% for ciprofloxacin, 33.3% for
meropenem, 8.3% for colistin, 12.5% for gentamicin, and
91.7% for azithromycin were determined (Table 2). When
examined according to multidrugresistances, it was
determined that 11 isolates (45.8%) were resistant to more
than three antibiotic groups and were evaluated as
multidrug resistant (Table 3).

Table 3. The multidrug resistance profiles of the isolates.

P. aeruginosa

The number of antibiotics (n)

n %
4 3 125
3 8 33.3
2 18 75.0

Determination of in vitro biofilm production:
The biofilm formation status of P. aeruginosa isolates
(n=24) was investigated by CRA method, and it was
determined that nine isolates (37.5%) had biofilm activity.

DISCUSSION AND CONCLUSION

P. aeruginosa has been known as a common
opportunistic pathogen that reasons cause nosocomial
infections in patients with immunocompromise. P.
aeruginosa infection in many patients is a public health
problem. In the study that was aimed to prevalence the
exotoxin genes encoded type III secretion system and
pattern of antimicrobial susceptibility of P. aeruginosa
isolated from clinical and raw milk specimens, 6 (5%) of
120 raw milk samples were found positive for P.
aeruginosa (Jarjees, 2020). This isolation prevalence is
lower than the isolation prevalence of this study that was
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as 24 isolates from total of 300 raw milk samples (8%). A
total of 14 raw milk samples were collected from several
dairy plants in Ankara, Turkey for the isolation of
Pseudomonas spp. and a total of 55 isolates were isolated
by using Cetrimide Agar. Pseudomonas spp. accounted for
85.5% of the total isolates and among these isolates P.
aeruginosa accounted as 34.6% (Akoglu et al., 2012), and
that is too higher than our isolation prevalence. The 120
retail samples of raw milk, Kareish cheese and butter were
carried out to determine the presence of Pseudomonas spp.
and a total of 25 (83.3%) P. aeruginosa strains identified
from 30 raw milk samples (Sadek et al., 2006) as nearly
10 times higher than the prevalence of this study. The 50
raw milk samples from various villages in the provinces of
Kayseri and Nigde in Turkey were collected and a total of
1 (2%) P. aeruginosa strain were isolated (Tas et al., 2013)
as 4 times lower than the prevalence of our study. It was
aimed to detect the prevalence of P. aeruginosa in milk
(n=125) samples which were collected from local vendors,
private dairy farms in and around Tirupati and P.
aeruginosa was isolated from total of 19 (15.2%) milk
samples (Swetha et al., 2017) and this prevalence is nearly
2 times higher than the prevalence in our study. The
collected raw milk samples (n=75) from various local milk
collection centers in different parts of Kanchipuram
district, South India to enumerate and examined to identify
bacteria with proteolytic and lipolytic activity. P.
aeruginosa was isolated from total of 7 (9.3%) raw milk
samples (Parkash et al., 2007) as nearly similar to the
prevalence in this study. A total of 100 random samples of
raw milk from different markets in Port-Said city were
collected for isolation and identification of Pseudomonas
species. Six isolates of Pseudomonas species were isolated
from 100 raw milk samples and all the 6 (6%) isolates were
identified as P. aeruginosa (Mohammed et al., 2015). This
prevalence is lower than the prevalence in our study. It was
reported that P. aeruginosa from 11 (5.5%) raw milk
samples was isolated from total of 200 raw milk samples
(Uraz and Citak, 1998) and this prevalence is lower than
the prevalence we found in our study. A total of 200
samples of raw and pasteurized milk (100 of each) were
collected from supermarkets in Qaluobia Governorate and
examined for prevalence and characterization of P.
aeruginosa. The incidence of P. aeruginosa isolated from
raw milk was 40% (EI-Roos et al., 2013) and this
prevalence is 5 times higher the prevalence of our study.
P. aeruginosa is considered as one of the major
pathogens of fleece rot in sheep, mastitis and abortion in
cattle, metritis and corneal ulcer in horses, otitis externa in
dogs, hemorrhagic pneumonia in mink, embryo death in
poultry, necrotic stomatitis in cage snakes, botryomycosis,
septicemia, animal urinary system infection, and wound
infection. Anti-pseudomonal penicillins, aminoglycosides,
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cefepime, ceftazidime, ciprofloxacin, meropenem and
imipenem are antibiotics of choice for P. aeruginosa
infections. P. aeruginosa infections are very difficult to
treat because the bacteria can develop resistance to many
antibiotics. Due to the importance of multidrug resistance
in P. aeruginosa strains, antimicrobial susceptibility tests
are considered important. In this study, Kirby-Bauer Disk
Diffusion Method and antibiograms were applied on P.
aeruginosa isolates. Antibiotic resistance rates of
enrofloxacine, ceftriaxone, ciprofloxacin, meropenem,
colistin, gentamycin and azithromycin isolates were
determined as 20.8%, 75.0%, 4.2%, 33.3%, 8.3%, 12.5%
and 91.7%, respectively. In a study conducted in 2012
included in the reports of the National Antimicrobial
Resistance Surveillance System (UAMDSS), the antibiotic
susceptibility status of 1209 P. aeruginosa strains was
determined.

In this study, it was reported that the highest
resistance was against azithromycin (91.7%), the second
highest resistance was against ceftriaxone (75.0%) and the
lowest resistance was against ciprofloxacin (4.2%).
Resistance to meropenem was 33.3%, enrofloxacin
resistance rate was 20.8%, gentamicin resistance rate was
12.5% and colistin resistance rate was 8.3%. As a result of
the comparison of the 2012 data published by UAMDSS
and EARS-Net (European Antimicrobial Resistance
Surveillance Network), which includes 30 countries, it was
seen that the resistance against piperacillin / tazobactam,
ceftazidime and fluoroquinolones in our country was above
the European average. According to this report, the rate of
antibiotic resistance in strains acquired in Turkey appears
to be higher than the European average.

It is known that the vegetative / planktonic forms
of microorganisms as well as biofilm structures play an
important role in the pathogenesis of many infectious
diseases including P. aeruginosa. With the increase in the
prevalence of biofilm infections, research on the control
and prevention of biofilm formation has gained
momentum. Today, many different in vitro and in vivo
methods based on biofilm infection in experimental
animals are used to detect biofilm formation with the help
of developing technology. CRA, Christensen and
microplate methods stand out as frequently used methods
in detecting biofilm formation. Yassein et al., (1995)
detected the presence of biofilm in 40% of 50 P.
aeruginosa strains isolated from clinical samples.
Delissalde and Amabile-Cuevas, (2004) reported biofilm
formation in 18% of 162 P. aeruginosa isolates, which are
hospital infection agents. Moskowitz et al., (2005) reported
positive biofilm formation in 73% of 96 strains isolated
from various services and clinics. According to Coban et
al., (2009) reported that 33.3% of 60 P. aeruginosa strains
isolated from patients with cystic fibrosis had biofilm
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positivity. Biofilm positivity was found by Yildirim et al.,
(2008) and Celik et al., (2007) in 45% and 48% of the
isolates, respectively. Milivojevic et al., (2018) reported
that 93% of animal and 96% of human isolates formed
biofilms in vitro in their study on a total of 202 P.
aeruginosa isolates from 121 animals and 81 human
origins. Olejnickova et al., (2014) found that the rate of
biofilm production in isolates originating from human
catheters varied between 80-88% and reported that studies
on animal isolates were very limited. The rate of biofilm
formation in P. aeruginosa isolates from canine otitis was
reported as 40% and these isolates did not respond to
treatment (Pye et al., 2013). In our study, biofilm formation
status of isolates was investigated by CRA method. It was
determined that 9 (37.5%) isolates according to the CRA
method. These results indicated that the biofilm formation
were high in raw milk isolates of P. aeruginosa strains.

In  conclusion, biofilm  production and
multidrugresistance were found to be high in clinical
isolate P. aeruginosa strains. At the genetic level, it was
determined that the examined genes were not solely
responsible for biofilm formation and related antibiotic
resistance. This suggests that different and more genetic
and phenotypic parameters may be responsible for biofilm-
induced antibiotic resistance. These results indicated that
the raw milk had considered to be a potential public health
problem for P. aeruginosa. The widespread and advanced
studies thought to be performed for the lightening of this
situation and determining the relevant parameters and to
elucidate the mechanisms of biofilm-associated antibiotic
resistance.
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Abstract: In recent years, fuzzy inference systems have been used as an effective method for
forecasting problems instead of classical time series methods. Fuzzy inference systems are based
on fuzzy sets and use membership values as well as the original data. The fuzzy regression
functions approach, which is one of the popular fuzzy inference systems, has different importance
from many fuzzy inference systems with its features that it does not have a rule base and is easier
to apply, unlike many fuzzy inference systems in the literature. In this study, both the monthly
average wind speed forecasting of Giresun Province is performed for the first time in the literature
and the fuzzy regression functions approach method is used for the first time in the literature for
wind speed forecasting. To evaluate the performance of the fuzzy regression functions approach
used to forecast monthly average wind speed in Giresun Province, the results obtained from many
methods suggested in the literature for forecasting problems are compared. As a result of the
evaluations, it is concluded that the forecasts obtained by the fuzzy regression functions approach
are superior to some other methods in the literature.

Keywords: Fuzzy inference systems, fuzzy regression functions approach, forecasting, Giresun
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Bulanik Regresyon Fonksiyonlar1 Yaklasimu ile Giresun ili Ayhk Ortalama
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Riizgar Hiz1 Tahmini

Oz: Son yillarda 6ngbrii problemleri igin klasik zaman serisi yontemleri yerine bulanik ¢ikarim
sistemleri etkin bir yontem olarak kullanilmaya baglanmistir. Bulanik ¢ikarim sistemleri, bulanik
kiimelere dayalidir ve orijinal verilerin yani sira iiyelik degerlerini de kullanir. Popiiler bulanik
¢ikarim sistemlerinden biri olan bulanik regresyon fonksiyonlari yaklagimu, literatiirdeki bircok
bulanik ¢ikarim sisteminden farkli olarak kural tabanina sahip olmamasi ve uygulanmasinin daha
kolay olmasi &zellikleriyle bir¢ok bulanik ¢ikarim sisteminden farkli bir dneme sahiptir. Bu
caligmada hem literatiirde ilk kez Giresun ilinin aylik ortalama riizgar hizi tahmini yapilmakta
hem de riizgar hiz1 tahmini igin literatiirde ilk kez bulanik regresyon fonksiyonlar: yaklasimi
yontemi kullanilmaktadir. Giresun ili aylik ortalama riizgar hizini tahmin etmek i¢in kullanilan
bulanik regresyon fonksiyonlar1 yaklasimmin performansini degerlendirmek icin, &ngori
problemleri igin literatiirde onerilen birgok yontemden elde edilen sonuglar karsilagtirilmigtir.
Yapilan degerlendirmeler sonucunda, bulanik regresyon fonksiyonlar1 yaklagimi ile elde edilen
tahminlerin literatiirdeki diger birgok yontemden daha iistiin oldugu sonucuna varilmigtir.

Anahtar kelimeler: Bulanik cikarim sistemleri, bulanik regresyon fonksiyonlari yaklasimi
Ongorii, Giresun Ili, riizgar hizi.

I This studv was produced from the master thesis.
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INTRODUCTION

The movement of air mass moving horizontally is
called wind. For the wind to occur, there must be a pressure
difference in two separate centers. Air currents are always
from high pressure to low pressure. If the air temperature
rises in one of the two adjacent regions on the earth, the air
mass expands and rises. In this case, a low-pressure area is
formed. In the region with less temperature, the air is cooled
and compressed and collapses downwards by condensing. In
this case, a high-pressure area is formed. This air, which is
compressed in the high-pressure region, starts to flow
towards the low-pressure region, and wind is formed.

Wind speed is the speed of movement of air, wind,
and gases in the atmosphere. Factors affecting wind speed;
pressure gradient, Rossby waves, jet steam, and local
weather conditions. Wind speed is very important for
monitoring and forecasting weather patterns and global
climate.

Fuzzy inference systems are known as rule-based
systems based on fuzzy sets and fuzzy logic. Fuzzy inference
systems are based on fuzzy sets and use membership values
alongside the original data, so a data augmentation
mechanism is used in fuzzy inference systems.

Although the adaptive neuro-fuzzy inference
system (ANFIS) proposed by Jang (1993) is the most well-
known and frequently used fuzzy inference system in the
literature, the fuzzy inference systems proposed by Takagi
& Sugeno (1985) and Mamdani & Assilian (1975) are also
important in the literature on fuzzy inference systems. The
fact that these fuzzy inference systems have a rule base is a
problem in the literature.

Turksen (2008) proposed the fuzzy regression
functions approach (FRFA) to overcome such a problem.
Unlike other fuzzy inference systems, FRFA does not
depend on the rule base structure but uses fuzzy functions
instead of rule base logic. FRFA, which is not based on a
certain rule base, is an important fuzzy inference system
method used in time series forecasting in recent years with
this feature.

In FRFA, membership values and their nonlinear
transformations are used together with the original input
variables to improve the forecasting performance. More
information is added to the system by using both the
membership values and the non-linear transformations of the
membership values and the original inputs in a single input
set.

Although the FRFA has been used in many
forecasting problems in the literature, it has not yet been used
for wind speed forecasting. In this study, the monthly
average wind speed of Giresun Province is firstly forecasted
with fuzzy regression functions approach. The analysis
results obtained with the fuzzy regression functions
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approach were compared with the forecasting methods based
on both classical and artificial intelligence methods, and
superior forecasting results were obtained. The rest of the
paper is as follows. The literature review of the paper is
given in Section 2. The fuzzy ¢ means method and fuzzy
regression functions approach are given in Sections 3 and 4
respectively. The application results of the paper are given
in Section 5. The final section is for conclusion and
discussion.

Literature Review: When the studies on time series
forecasting in the literature are examined, it is known that
these studies were carried out with classical time series,
fuzzy inference systems, shallow and deep artificial neural
networks, and many hybrid methods such as the studies of
Zhang (2003), Chen & Hsu (2008), Chen & Wang (2010),
Khashei & Bijari (2012), Chen et al. (2013), Rezaeianzadeh
et al. (2014), Chen & Phuong (2016), Chen & Jian (2017),
Jaramillo etal. (2017), Egrioglu et al. (2019), Bisht & Kumar
(2019), Gupta & Kumar (2019), Qian et al. (2019) and Pant
& Kumar (2021).

The studies in the literature on wind speed

forecasting were examined, it is seen that many studies focus
on the development of wind speed forecasting models. In
this context, the methods used for wind speed forecasting in
the literature can be divided into several categories.
These methods are traditional statistical forecasting models
using models such as autoregressive model (AR),
autoregressive moving average (ARMA) and autoregressive
integrated moving average (ARIMA), artificial intelligence
forecasting models using artificial neural networks,
recurrent neural networks and long short-term memory,
statistical machine learning models using models such as
support vector machine (SVM) and fuzzy logic-based
models using models such as ANFIS, and hybrid models
using these models together.

If we refer to the studies made with traditional
statistical forecasting models; Ewing et al. (2007) used the
vector autoregression model to forecast the wind speed.
Cadenas & Rivera (2007) compared ARIMA and artificial
neural network (ANN) methods for wind speed forecasting
on the South Coast of the Mexican state of Oaxaca. Erdem
& Shi (2011) used four different methods based on the
ARMA model for wind speed forecasting for the United
States. Cadenas et al. (2016) forecasted the wind speed using
multivariate nonlinear external input autoregressive network
(NARX) and univariate ARIMA model.

If we refer to the studies made with artificial
intelligence forecasting models; Alexiadis et al. (1998) used
ANN for short-time wind speed forecasting. Sfetsos (2002)
proposed an ANN method for forecasting average hourly
wind speed data. Akinci (2011) used ANN for short-time
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wind speed forecasting of Batman Province. Selcuk Nogay
et al. (2012) used ANN for short-time wind speed
forecasting of Mardin Province. Ren et al. (2014) proposed
a method in which the parameter selection of the artificial
neural network with backpropagation learning algorithm is
made by particle swarm optimization (PSO), and the
performance of the proposed method was compared to the
daily average wind speed data of Jiuquan and the 6-hour
wind speed data of Yumen in Gansu, China. Saberivahidaval
& Hajjam (2015) evaluated the performance of different
artificial neural network models for wind speed forecasting
of Payam airport in Iran. Fazelpour et al. (2016) used four
different artificial intelligence methods to forecast short-
term wind speed for Tehran. Zucatelli et al. (2019) used
ANN for short-term wind speed forecasting for Uruguay.

If we refer to the studies made with fuzzy logic-
based models; Monfared et al. (2009) proposed a new
strategy for wind speed forecasting based on fuzzy logic and
artificial neural networks. Minaz (2011) used the ANFIS
method for the wind speed estimation of Bilecik Province.
Khosravi et al. (2018) forecasted the wind speed with
feedforward neural networks, radial basis function, support
vector machines, and ANFIS methods optimized with PSO.
If we refer to the studies made with hybrid models; Cadenas
& Rivera (2010) developed hybrid models consisting of
ARIMA and ANN models for wind speed forecasting in
three different regions in Mexico. Guo et al. (2011) proposed
a hybrid method for wind speed forecasting in which the
ANN model based on the backpropagation learning
algorithm and the seasonal exponential smoothing method
are used together. Shi et al. (2012) proposed hybrid methods
using ARIMA, ANN, and SVM for wind speed forecasting.
Wang et al. (2014) used a hybrid method in which empirical
mode decomposition and Elman artificial neural network are
used together for wind speed forecasting. Jiang et al. (2016)
forecasted wind speed for China with a hybrid forecasting
model based on a simulated annealing algorithm. Jiang et al.
(2017) forecasted the wind speed with a hybrid approach in
which the cuckoo search algorithm and SVM were used
together.

MATERIAL AND METHOD

Fuzzy ¢ Means Method: The fuzzy c-means
method proposed by Bezdek (1981) performs clustering
based on the minimization of the objective function and
constraints given in the Equations (1-2). To apply the fuzzy
c-means method, first of all, the number of clusters and the
membership degrees of individuals to the cluster should be
known. These values can be found randomly or by some
developed techniques. The fuzzy ¢ means method works
based on iterative minimization of the following objective
function and constraints. The objective function and
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restrictions used for the fuzzy ¢ means method are given in
Equations (1-2).

JX, V) = X6, Yo uld? (o, v,) @)
0 < Wik <1
Yici Mk =1 2

0<Yk=1Hik <N

While f is the fuzziness index, d(x;v;) is a
measure of similarity between the data and the cluster center.
c, v, (@({=12..,¢c) and yy (i=12,..,c; k=
1,2,..,n) show the fuzzy cluster number, cluster centers
and membership values, respectively. At each iteration, v;

(=12 .,0)and puy (i=1,2,..,c; k=12,..,n) are
updated with Equations (3-4)
= TG
v Shaaui) i=12..,c (3)
2 171
xev) \1 .
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Fuzzy Regression Functions Approach: The
fuzzy regression functions approach proposed by Turksen
(2008) has a system in which membership values obtained
from the fuzzy ¢ means method and observation values are
used together. Celikyilmaz & Turksen (2009) used
mathematical transformations of membership values and
showed that exponential and various logarithmic
transformations of membership values can increase the
performance of the model. Thus, some transformations of
membership values were added to the input set with the
study of Celikyilmaz & Turksen (2009). Besides, there are
some papers to contribute to the fuzzy regression functions
approach. Tak et al. (2018) proposed a recurrent type fuzzy
regression function. Tak (2018) proposed the meta fuzzy
functions method. The algorithm for the fuzzy regression
functions approach is given below step by step. Bas et al.
(2019) proposed a fuzzy regression function based on ridge
regression for forecasting. Tak (2020) proposed a novel
forecasting method that combines the type-1 fuzzy functions
with the autoregressive moving average model based on a
grey wolf optimizer. Tak (2021) proposed a forecast
combination with meta-possibilistic fuzzy functions for time
series forecasting.

Step 1. First, a matrix of lagged time variables is
created for the training set.

Step 2. Membership values are obtained by using
the fuzzy c-means method.

Step 3. Create fuzzy regression functions.

The fuzzy regression functions for each fuzzy set can be
expressed as given in Equation (5).

YO =xOpO 4O ;= 1,2,..c (5)
The inputs and outputs of the system are given in Equations
(6-7), respectively.
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Step 4. Estimate fuzzy regression functions.
The fuzzy regression functions for each fuzzy set are
estimated by Equations (8-9).

B(i) _ (X(i)’X(i))—lx(i)'y(i)
7O = XU)B”): i=12..c

®
©

Step 5. Outputs of the system for the training set are
obtained
The outputs of the system are obtained using Equation (10)
with the help of membership values.

1 Dikkin i =

) 1,2,..,¢c, k=12,..., n
Toq Hik

Ve = (10)
Step 6. To obtain the outputs for the test set, the X ®
and Y® matrices are updated with the test set in mind, and

Steps 2-5 are repeated to obtain the outputs for the test set.

RESULTS

In this study, the performance of the fuzzy
regression functions approach proposed by Turksen (2008)
was evaluated by analyzing the monthly average wind speed
time series of Giresun province between 2011 and 2018,
which was obtained from the Giresun Meteorology
Directorate. The graph of the time series consisting of all
relevant years of the monthly average wind speed time series
of Giresun province (GMAWS) between 2011-2018 is given
in Figure 1.

GMAWS

1 5 9131721252933374145495357616569737781858993
Figure 1. Giresun province monthly average wind speed time
series between 2011-2018.

GMAWS time series data was analyzed with the
ANFIS method proposed by Jang (1993), Pi-Sigma artificial
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neural networks based on artificial bee colony (PS-ANN-
ABC), feed-forward artificial neural networks based on PSO
(FF-ANN-PSO), linear and nonlinear ANN (L&NL-ANN)
proposed by Yolcu et al. (2013), Naive method, Median-Pi
ANN (MP-ANN) proposed by Egrioglu et al. (2019) and
Chen (1996) methods apart from fuzzy regression functions
approach (FRF). In the analysis of the GMAWS time series,
the number of inputs of the model was changed between 1
and 12 and the number of fuzzy clusters between 2 and 5.
The number of iterations was taken as 100 in all methods.

In the comparison of the related methods, the Root
Mean Square Error (RMSE) criteria given by Equation (11)
and the mean absolute percent error (MAPE) criteria given
by Equation (12) were used. The analysis results obtained
are given in Table 1.

_ 1gn |xe—%
RMSE = ~ Ti, [*=% ()
MAPE = /Lﬂ(’:"mz (12)

Table 1. Analysis results of GMAWS test data.

Method RMSE MAPE
Chen (1996) 0.2521 0.1744
Naive Method 0.1819 0.1128
ANFIS 0.1788 0.2579
PS-ANN-ABC 0.1719 0.1087
L&NL-ANN 0.1711 0.1064
FF-ANN-PSO 0.1670 0.1006
MP-ANN 0.1641 0.1052
FRF 0.1595 0.1046

From Table 1, it is seen that the FRF method has the
lowest MAPE among all methods and when compared with
other methods, FRF estimates the relevant time series with
an error of 10.46%. The graph of the forecasts obtained by
the FRF method and the GMAWS test set is given in Figure

m Test Data

2.
2
15
1
0,5
0
1 2 3 5 6 7 8 9

Figure 2. Graph of GMAWS time-series test set with predictions
obtained by FRF method.

Forecasts

4 10 11 12

It is observed from Figure 2 that the predictions
obtained by the FRF method and many months of the
GMAMWS test set are quite compatible with each other. It is
seen that the predictions obtained by the FRF method are
quite compatible with the test data of February, April, May,
June, and July.



Yildirim & Bas, (2022)

DISCUSSION AND CONCLUSION

In this study, the monthly average wind speed
forecasting of Giresun Province was performed for the first
time in the literature, and the fuzzy regression functions
approach was used for the first time in wind speed
forecasting. The forecasting performance of the fuzzy
regression functions approach used in this study was
compared with many well-known forecasting methods in
the literature, and it was concluded that the fuzzy
regression functions approach produced better prediction
results than other methods.

In future studies, the fuzzy regression functions
approach can be used to forecast wind speed in different
provinces and different forecasting methods can be used
for forecasting monthly average wind speed in Giresun
Province.
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Oz: Bu calismada Kursun (Pb)’un sublethal derisimlerinin ve Pb + NTA (Nitrilotriasetik asit)
karigiminin, 7 ve 21 giin siireyle, etkisine birakilan tatlisu baligi O. niloticus’un kas ve karaciger
dokularindaki bazi enzim aktiviteleri ve oksidatif stres diizeyi incelenmistir. Parametreler,
otoanalizator cihazlarla 6l¢iilmiistiir. Elde edilen veriler neticesinde; karaciger dokusunda total
oksidan (TOS), oksidatif indeksi (OSI) diizeyleri ile alanin transaminaz (ALT), y-glutamyl
transferase (GGT), alkalin fosfataz (ALP) ve laktat dehidrojenaz (LDH) enzim aktivitelerinde
artis, total antioksidan (TAS) diizeyinde azalis gdzlenmistir. Kas dokusunda ise TOS, OSI
diizeyleri ile ALT enzim aktivitesinde artig gozlenirken TAS diizeyi ile GGT ve ALP enzim

* {2 https://orcid.org/0000-0003-2666-0798
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Protective Effect of Nitrilotriacetic Acid on Lead Toxicity in Muscle and
Liver Tissues of Oreochromis niloticus

Abstract: In this study, some enzyme activities and oxidative stress levels in the muscle and liver
tissues of freshwater fish O. niloticus, which were exposed to the sublethal concentrations of Lead
(Pb) and a mixture of Pb+NTA (Nitrilotriacetic acid) for 7 and 21 days were investigated.
Parameters were measured with autoanalyzer devices. As a result of the data obtained; increase
in total oxidant (TOS), oxidative index (OSI) levels and alanine transaminase (ALT), y-glutamyl
transferase (GGT), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) enzyme
*Sorumlu yazar: activities in liver tissue, total antioxidant (TAS) level decrease was observed. In muscle tissue,
Tiiziin AYTEKIN . i an increase was observed in TOS, OSI levels and ALT enzyme activity, while TAS level and
g;‘;‘;’;fvgiﬁgeﬁ‘r‘zé;mamoglu VEEio] GGT, ALP enzyme activities were found to be at kontrol levels. In the presence of NTA, it was
52 tugunay@gu_edu_n observed that the decreases or increases in some parameters were milder. As a result, we can say
that Pb causes changes in the physiology of fish, and NTA partially reduces these changes.

Keywords: Biochemical parameters, lead, nitrilotriacetic acid, Oreochromis niloticus, total antioxidant,
total oxidant.

GIRIS kirliligine neden olan en 6nemli etmenlerdendir. Kursun

(PDb), antik ¢aglardan beri bilinen ve yaygin olarak kullanilan

Hizli niifus artisi, sehirlesme, endiistrilesme ve bir metaldir. Fizikokimyasal 6zellikleri, diisiik maliyetle elde

tarimsal faaliyetler gibi antropojenik aktivitelerin sonucunda edilebilmesi ve kolay islenebilirligi nedeniyle; akiimiilator,
cevre kirliligi kaginilmaz bir durumdur. Agir metaller gevre boya, cam, tarim ilaci, plastik, kozmetik tiretimi gibi birgok
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alanda kullamlmaktadir. Pb biyolojik bir aktiviteye
katilmadig1 gibi ortamda varligi oksidatif stresi uyaran
biyolojik mekanizmalarin biitiinliigiine zarar veren onemli
bir su Kkirleticisidir (Diindar & Aslan, 2005). Pb’nin
olusturdugu oksidatif stresin azaltilmasinda antioksidanlar
tek baglarma ya da selator maddelerle birlikte
kullanilabilirler (Caylak, 2010).

Nitrilotriasetik asit (NTA), iki degerlikli ve iig
degerlikli metal katyonlar1 ile kompleksler olusturan bir
aminotrikarboksil asittir. Biyolojik olarak pargalanabilen
NTA, selatlama kabiliyetinden dolay1 bir¢ok endiistriyel
alanda kullanilmaktadir. Yaygin olarak deterjan iiretiminde,
mineral tortu birikimini Onlemek i¢in kazan suyunun
aritilmasinda kullanilmakla birlikte tekstil imalati, kagit
dretimi, matal kaplama ve temizleme islerinde de
kullanilmaktadir. (Anderson vd, 1985; Zhang et. al., 2017,
Hong & Pintauro, 1996)

Sucul besin zincirinin en tepesinde yer alan baliklar,
cevre saghiginin izlenmesi i¢in yaygin olarak kullanilan
biyoindikatorlerdir (Firidin, 2019). Balik eti (kas), diisiik yag
icerigi ve yiiksek protein ve mineral madde iceriginin yani
sira kalp koruyucu etkisi ile doymamis yag asitlerinin
optimal orani nedeniyle insan beslenmesinde ¢ok dnemli bir
besindir ve bu nedenle bir¢ok izleme ve risk degerlendirme
programinda yer almaktadir (Yancheva et. al., 2015).

Karaciger, organizmada metallerin birikiminden,
dagilimindan, detoksifikasyonundan
transformasyonundan biiylik 6l¢iide sorumlu olmakla
birlikte bircok islevi vardir. (Aytekin, 2011). Dolayisiyla
sudaki Kirleticilerden en ¢ok etkilenen organlardan biri
oldugu icin ksenobiyotiklerin sucul hayvanlar {izerindeki
etkisini degerlendirmek i¢in kullanilir. (Ismail et. al., 2017).

Transaminazlar (AST ve ALT), vy-glutamyl
transferase (GGT) , laktat dehidrojenaz (LDH) ve alkalin
fosfatlar (ALP) gibi bazi suda yasayan
organizmada kimyasal kirliligin gézlenmesinde kullanilan
biyobelirteglerdir. Transaminazlar, aminoasitlerle
ketoasitlerin birbirine doniisiimiinii katalizleyen ve 6zellikle

ve

enzimler,

karaciger hasarini belirlemek icin siklikla kullanilan hiicre
ici enzimlerdir. GGT, glutatyonun indirgenmesinde katalizor
gorevi goriir. Hemen her hiicrede bulunan LDH, laktat ve
piruvatin birbirine doniisiimiinii katalizleyen bir enzimdir.
Ozellikle hiicre zarinda bulunan ALP, alkali pH'ta
transfosforilaz goérevi gorir. ALT, GGT, LDH, ALP
enzimleri doku ve organlarda olusan hasarlar1 tespit etmek
amaciyla kullamilmaktadirlar. (Altunkas vd., 2014; Firat vd.,
2011; Firat & Kargin 2010; Tulgar 2014).

Agir metaller gibi ¢evresel kirleticilerin etkisiyle
hiicresel diizeyde ciddi miktarda {iretilen serbest oksijen
radikallerinin yol actigi oksidatif hasar, viicuttaki
antioksidan savunma sistemiyle yok edilmeye calisilir.
Oksidatif hasarin en aza inebilmesi igin oksidanlar ve
antioksidanlar arasinda bir denge saglanmalidir. Antioksidan
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savunmanin yetersiz kaldigt durumlarda ortaya ¢ikan
oksidatif stres, yiiksek miktarda yag asitleri ihtiva ettikleri
icin baliklarin doku ve hiicreleri zarar goriir (Kovacik vd.,
2019; Yagci vd., 2007;).

Total antioksidan sevisi (TAS) organizmadaki tim
antioksidanlarin toplam etkisini gosterir ve total oksidan
status (TOS) ise tiim oksidantlarin toplam etkisini gosterir
(Erel, 2004; Erel, 2005). TAS ve TOS, ksenobiyotiklerin
molekiiler seviyede sucul organizmalar {izerine olumsuz
etkilerinin belirlenmesine ve su sistemlerinin izlenmesine
yardime1 olan biyobelirteclerdir (Can vd., 2017). OSI,
oksidatif stres derecesinin bir gostergesidir ve antioksidan ve
oksidan redoks dengesini gosterir. (Demirpencge vd., 2014).

Bu ¢aligmada, diinya ¢apinda en ¢ok yetistiriciligi
yapilan ikinci balik tiirii olan, tatli su baligi O. niloticus’un
karaciger ve kas dokularinda, kursun toksisitesi iizerine
NTA’nin aciga  cikartilmasi
amaglanmaktadir. Bu amagla balik yetistirme ¢iftliginden

koruyucu  roliiniin
alman baliklar laboratuvar kosullarinda hem Pb’nin tek
basina hem de Pb+NTA karisimlarinin etkisine birakilmis ve
bu baliklardan karaciger ve kas doku drnekleri alinarak, bu
dokulardaki ¢esitli biyokimyasal toksisite belirtegleri
incelenmistir.

MATERYAL VE METOT
Arastirma materyali olarak kullanilacak olan tatli su

balig1 O. niloticus érnekleri Cukurova Universitesi (C.U) Su
Uriinleri Fakiiltesi yetistirme havuzlarindan almarak ve C.U.

Fen Edebiyat Fakiiltesi Biyoloji Bolimii Hayvan
Ekofizyolojisi laboratuvarinda, 40x120x40 cm.
boyutlarindaki akvaryumlarda 25+1 °C‘de laboratuvar

kosullarina adaptasyonlar: saglanmustir.

Deneylerde  bes  akvaryum  kullanilmistir.
Akvaryumlardan ilk ikisine 0,1 mg/L Pb ve 1,0 mg/L Pb;
tiglincil ve dordiincii akvaryumlara 0,1 mg/L Pb + 0,3 mg/L
NTA ve 1,0 mg/L Pb + 3,0 mg/L NTA derigsimleri
uygulanmig, son akvaryum ise kontrol grubu olarak
kullanilmigtir. Baliklar kursun ve Pb+NTA’nin belirlenen bu
derisimlerinin etkisine 7 ve 21 giin siirelerle birakilmustir.
Deney sirasinda akvaryumlarin cam yiizeylerine tutunma,
akvaryum  suyunun buharlagmasi  gibi
akvaryumlardaki  metal derisimleri  degiseceginden
akvaryum sulari, iki giine bir, taze hazirlanan stok
cozeltilerden yapilan seyreltmelerle degistirilmis
kimyasallarin balik yemine yapismasini 6nlemek amaciyla
su degisiminden 1 saat kadar 6nce yem verilmistir.

Belirtilen 7 ve 21 giinliik siireler sonunda kontrol ve

nedenlerle

A%

kimyasallarin bulundugu deney akvaryumlardan alinan
baliklar MS-222 anestezik maddesi ile bayiltildiktan sonra
disekte edilerek karaciger ve kas doku 6rnekleri alinmustir.
Karaciger ve kas dokulart % 0,59’luk NaCl damlatildiktan
sonra -80°C’lik derin dondurucuya konulmustur. Analizleri



Aytekin, (2022)

yapilmak tiizere derin dondurucudan ¢ikarilan dokular 1/10
oraninda 0,25 M siikroz (pH: 7,4) eklenerek buz igerisinde,
ultra-turrax homojenizatorde 3 dakika homojenize edildikten
sonra +4 °C’de 10000 rpm’de 30 dakika santrifiij edilmistir.
Elde edilen siipernatantlar ile ticari kitler kullanilarak,
spektrofotometrik yontemlerle TAS, TOS, ALT, GGT,
LDH, ALP ve Total protein 6l¢iimleri yapilmistir.

Elde edilen verilerin istatistik analizleri SPSS 21
bilgisayar paket programi kullanilarak One Way-ANOVA’y1
ve Student-Newman Keul’s (SNK) Testi uygulanarak
yapilmistir.

Bu calismanin Deney Hayvanlar1 Etigi agisindan
uygun oldugu C.U.Deney Hayvanlari Yerel Etik Kurulu
(Tarih:04.07.2018; Karar no:16) tarafindan onaylanmistir.

BULGULAR

Calismamizda deneyler siiresince  mortalite
gozlenmemistir. Pb ve Pb+NTA karigimlarinin, 7 ve 21 giin
stireyle, etkisine birakilan O. niloticus’un karaciger ve kas
dokularidaki TAS, TOS ve OSI seviyeleri Tablo 1 ve Tablo
2 de verilmistir.  Karacigerde TAS seviyesi, yiiksek
derisimin etkisinde, azalirken (P<0,05), kasta kontrol
seviyesinde (P>0,05) oldugu saptanmustir. TOS ve OSI
seviyelerinin ise hem karaciger hem de kas dokusunda
derisime ve siireye bagli olarak arttigi ancak bu artiglarin
NTA etkisinde daha az oldugu, yani Pb+NTA uygulanan
gruplarin bir kisminda TOS ve OSI seviyelerinin, kontrol ve
Pb grubu arasinda oldugu belirlenmistir.

Yapilan birgok caligmada,
kalmanin oksidatif hasara neden olabilen reaktif oksijen
(ROS) olusumunu artirarak oksidatif stresi indiikledigi
bildirilmistir (Franco vd., 2016). Eksojen ve endojen

molekiilleri, antioksidan

metallere maruz

kaynakli oksidan
mekanizmayla viicuttan uzaklastirilir. Oksidan seviyesi,
antioksidan sistemin kapasitesini asarsa oksidatif stres
olusur. TOS’un TAS’a orami oksidatif stres indeksi olarak
ifade edilmektedir.

Sudaki kursun diizeyinin
canlilarinda olumsuz etkilere neden olabilmekte, baliklarda

olusan

artmast baz1 su

ve diger hayvanlarda, gesitli parametrelerde degisikliklere
neden olabilmektedir. (Elbesthi vd., 2018).

Capoeta capoeta’nin karaciger, solungag, bagirsak
ve bobrek dokularinda kursun toksisitesine karsi L-karnitinin
(LK) koruyucu etkilerinin arastirildig1 bir ¢aligmada; TAS
seviyesinde degisiklik gbzlenmezken, Pb uygulanan grubun
TOS diizeyinin kontrol grubuna gore yiiksek, Pb+LK verilen
grubun TOS diizeyinin ise kontrol ile Pb verilen grubun
arasinda oldugu belirlenmistir. (Yilmaz vd., 2016).

Atatiirk  baraj golinde  cevre
parametrelerinin incelendigi bir caligmada Pb seviyesinin
yiiksek oldugu bdlgeden alian balik karaciger TOS ve OSI

kirliligi
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seviyeleri yiiksek, TAS diizeyi diisiikk bulunmustur (Alkan-
Ugkun & Ugkun, 2021).

Tablo 1. Pb ve Pb+NTA Kkarisimmnin etkisinde O. niloticus’un
karaciger dokusunda TAS, TOS ve OSI seviyeleri.

Table 1. TAS, TOS and OSI levels in liver tissue of O. niloticus
under the influence of Pb and Pb+NTA mixture.

Parametreler 7. giin 21. giin
TAS (mmol/L)
Kontrol 0,80+0,06 a 0,77+0,03 a
0,1 ppm Pb 0,67+0,03 a 0,73+0,03 a
0,1+0,3 ppm Pb+NTA 0,67+0,07 a 0,77+0,03 a
Kontrol 0,80+0,06 a 0,77+0,03 a
1,0 ppm Pb 0,57+0,03 b 0,57+0,03 b
1,0+3,0 ppm Pb+NTA 0,50+0,06 b 0,53+0,03 b
TOS (umol/L)
Kontrol 23,0+£1,9 a 25,1+1,4a
0,1 ppm Pb 25,64+0,9 a 31,0+0,8 b
0,1+0,3 ppm Pb+NTA 23,5+1,6 a 31,9+1,8b
Kontrol 23,0£1,9 a 25,1+1,4a
1,0 ppm Pb 28,6+0,7 b 31,3+1,9b
1,0+3,0 ppm Pb+NTA 25,8£0,7b 30,9+1,1b
0Si (AU)
Kontrol 3,01£0,2 a 3,28+0,1 a
0,1 ppm Pb 3,84+0,1 b 4,26+0,3 b
0,1+0,3 ppm Pb+NTA 3,54+40,1 ab 4,1740,2 b
Kontrol 3,010,2 a 3,28+0,1 a
1,0 ppm Pb 5,01+0,2 b 5,60+0,6 b
4,85+0,3 ab 5,85+0,4 b

1,0+3,0 ppm Pb+NTA

Degerler aritmetik ortalama+tstandart hata (N=6) olarak verilmistir. a ve b harfleri ayn1
sirede derisimler arasinda farkli belirtmek iizere kullanilmustir. Farkli harflerle
gosterilen veriler P<0,05 diizeyinde anlamlidir.

Tablo 2. Pb ve Pb+NTA karisimimnin etkisinde O. niloticus’un kas
dokusunda TAS, TOS ve OSI seviyeleri.

Table 2. TAS, TOS and OSI levels in muscle tissue of O. niloticus
under the influence of Pb and Pb+NTA mixture.

Parametreler 7. giin 21.giin
TAS (mmol/L)
Kontrol 0,60+0,06 a 0,53+0,03 a
0,1 ppm Pb 0,50+0,06 a 0,53+0,03 a
0,1+0,3 ppm Pb+NTA 0,60+0,06 a 0,50+0,06 a
Kontrol 0,60+0,06 a 0,53+0,03 a
1,0 ppm Pb 0,53+0,03 b 0,57+0,07 b
1,0+3,0 ppm Pb+NTA 0,67+0,03 b 0,53+0,03 b
TOS (umol/L)
Kontrol 1,03+£0,12 a 1,13+0,15a
0,1 ppm Pb 1,60+0,12 a 1,63+0,09 b
0,1+0,3 ppm Pb+NTA 1,00+0,12 a 1,33+0,09 ab
Kontrol 1,03+£0,12 a 1,13+0,15a
1,0 ppm Pb 1,67+0,15b 2,03+£0,12 b
1,0+3,0 ppm Pb+NTA 1,47+0,13 ab 1,30+0,12 a
Osi (AU)
Kontrol 0,17+00,1 a 0,21+0,02 a
0,1 ppm Pb 0,3240,01 b 0,31+£0,01 b
0,1+0,3 ppm Pb+NTA 0,17+0,01 a 0,27+0,03 ab
Kontrol 0,1740,01 a 0,21+0,02 a
1,0 ppm Pb 0,32+0,02 b 0,36+0,03 b
0,22+0,01 ab 0,24+0,01 a

1,0+3,0 ppm Pb+NTA

Degerler aritmetik ortalama+standart hata (N=6) olarak verilmistir. a ve b harfleri
ayni siirede derisimler arasinda farkli belirtmek tizere kullanilmistir. Farkli harflerle
gosterilen veriler P<0,05 diizeyinde anlamlidir

TOS diizeylerinde meydana gelen artma ve TAS
diizeylerinde meydana gelen azalmalarin, antioksidan
savunma sisteminin yetersiz kalmas1 ve oksidatif strese bagl
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olabilecegi anlamina gelebilir (Kaya vd., 2014). Yapilan bu
calismada, OS] degerlerindeki artis da bu goriisii destekler
niteliktedir. NTA varliginda OSI degerindeki artigin, Pb’nin
tek basina etkisine oranla daha az olmasi NTA’nin koruyucu
etkisinden kaynaklanabilir.

Bu ¢alismada, 7 ve 21 giin siireyle, Pb ve Pb+NTA
karigimlarinin etkisine birakilan O. niloticus’un karaciger ve
kas dokularindaki ALT, GGT, LDH, ALP aktiviteleri ve

total protein diizeyleri Tablo 3 ve Tablo 4’de verilmistir.

Tablo 3. Pb ve Pb+NTA Kkarigiminin etkisinde O. niloticus’un

karaciger dokusunda enzim aktiviteleri ve total protein miktari.

Table 3. Enzyme activities and total protein levels in liver tissue of

O. niloticus under the influence of Pb and Pb+NTA mixture.

Parametreler 7.giin 21. giin
ALT (U/L)

Kontrol 1250,7175,1 a 1191,7162,9 a
0,1 ppm Pb 2383,0+117,5 b 2021,3+108,6 b
0,1+0,3 ppm Pb+NTA 2596,7£109,5 b 1303,7£129,8 a
Kontrol 1250,7+75,1 a 1191,7£62,9 a
1,0 ppm Pb 2269,7+143,7b 2286,7+147,2 b
1,0+3,0 ppm Ph+NTA 2425,0£131,4 b 1495,0£73,4 a
GGT (U/L)

Kontrol 9,67+0,88 a 10,33£0,88 a
0,1 ppm Pb 11,33+0,88 a 11,00£1,16 a
0,1+0,3 ppm Pb+NTA 12,000,57 a 10,67+0,88 a
Kontrol 9,670,838 a 10,33£0,88 a
1,0 ppm Pb 14,67+0,67 b 15,33£1,67 b
1,0+3,0 ppm Pb+NTA 11,33+0,67 a 11,00+0,58 a
LDH (U/L)

ontrol 1487,7£144,6 a 1502,5£103,5a
0,1 ppm Pb 1584,7£91,5 a 1754,0£74,5 b
0,1+0,3 ppm Pb+NTA 1268,3£72,9 a 1844,7+56,6 b
Kontrol 1487,7+144,6 a 1502,5+59,8 a
1,0 ppm Pb 1251,0+£20,7 a 1853,3£100,8 b
1,0+3,0 ppm Ph+NTA 1275,0+28,8 a 1830,0+£59,2 b
ALP (U/L)

Kontrol 1249,0+86,5 a 1318,3+68,7 a
0,1 ppm Pb 1276,7+64,7 a 1793,0+£90,8 b
0,1+0,3 ppm Pb+NTA 1231,3+54,1 a 1770,7+104,2 b
Kontrol 1249,0+86,5 a 1318,3+68,7 a
1,0 ppm Pb 1288,3+36,6 a 1535,7+66,1 b
1,0+3,0 ppm Ph+NTA 1197,3£81,2 a 1614,3+36,3 b
Total Protein (g/dL)

Kontrol 1,32£0,05 a 1,45£0,11 a
0,1 ppm Pb 1,50+£0,04 a 1,76+0,10 a
0,1+0,3 ppm Pb+NTA 1,48+0,04 a 1,67+0,09 a
Kontrol 1,32£0,05 a 1,45+0,11 a
1,0 ppm Pb 1,52+0,02 a 1,68+0,11 a
1,0+3,0 ppm Pb+NTA 1,41+0,07 a 1,69+0,08 a

Degerler aritmetik ortalama+standart hata (N=6) olarak verilmistir. a ve b harfleri ayn1
sirede derisimler arasinda farkli belirtmek tizere kullanilmustir. Farkli harflerle

gosterilen veriler P<0,05 diizeyinde anlamlidir.

Karaciger ALT, GGT, ALP, LDH aktivitelerinde
genel olarak artis gozlenmistir. 7. giinde ALT, tim
derisimlerde artig gosterirken 21. giinde NTA’nin varliginda
kontrol seviyesinde oldugu gozlenmistir. GGT aktivitesi
yiksek derisimlerdeki Pb’nin etkisinde artis gdsterirken
NTA’nin varliginda kontrol diizeyinde belirlenmistir. LDH
ve ALP enzim aktiviteleri 21. giinde tiim derisimlerde artis
gOstermistir.
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Kas ALT aktivitesi 21. glinde 1ppm Pb derigiminin
etkisinde artarken, NTA varlifinda kontrol seviyesinde
bulunmustur. GGT ve ALP aktiviteleri tiim derigim ve
stirelerde kontrol seviyesinde oldugu tespit edilmistir. Total
protein diizeylerinin ise hem karaciger hem de kas
dokusunda kontrol seviyesinde oldugu saptanmustir.

Tablo 4. Pb ve Pb+NTA karisimimnin etkisinde O. niloticusun kas
dokusunda enzim aktiviteleri ve total protein miktar1.

Table 4. Enzyme activities and total protein levels in muscle tissue
of O. niloticus under the influence of Pb and Pb+NTA mixture.

Parametreler 7. giin 21. giin
ALT (U/L)

Kontrol 154,3+9,6 a 144,0+6,8 a
0,1 ppm Pb 1513484 a 157,7+105 a
0,1+0,3 ppm Pb+NTA 1493143 a 149,3+6,9 a
Kontrol 154,319,6 a 144,0+6,8 a
1,0 ppm Pb 1453+55a 242,0+150b
1,0+3,0 ppm Pb+NTA 153,0+11,2a 166,7+15,8 a
GGT (U/L)

Kontrol 2,00+0,58 a 2,00+0,00 a
0,1 ppm Pb 2,33+0,33 a 1,67+0,33 a
0,1+0,3 ppm Pb+NTA 2,00+£0,00 a 1,67+0,33 a
Kontrol 2,00+0,58 a 2,00+0,00 a
1,0 ppm Pb 2,67+0,33 a 2,33+0,33 a
1,0+3,0 ppm Pb+NTA 2,33£0,33a 1,67+0,33 a
ALP (U/L)

Kontrol 8,33+0,33 a 7,67+0,33 a
0,1 ppm Pb 8,67+0,88 a 8,67+0,88 a
0,1+0,3 ppm Pb+NTA 6,67+0,33 a 7,33+0,33 a
Kontrol 8,33+0,33 a 7,67+0,33 a
1,0 ppm Pb 7,67+0,33 a 8,33+0,88 a
1,0+3,0 ppm Pb+NTA 6,67+0,33 a 6,.67+0,88 a
Total Protein (g/dL)

Kontrol 0,54+0,03 a 0,52+0,05 a
0,1 ppm Pb 0,64+0,02 a 0,57+0,05 a
0,1+0,3 ppm Pb+NTA 0,50+0,03 a 0,51+0,04 a
Kontrol 0,54+0,03 a 0,52+0,05 a
1,0 ppm Pb 0,59+0,03 a 0,60+0,05 a
1,0+3,0 ppm Phb+NTA 0,56+0,03 a 0,56+0,05 a

Degerler aritmetik ortalama+standart hata (N=6) olarak verilmistir. a ve b harfleri aym
sirede derisimler arasinda farkli belirtmek tizere kullanilmistir. Farkli harflerle
gosterilen veriler P<0,05 diizeyinde anlamhidir.

Transaminazlar sadece protein ve karbonhidrat
metabolizmada gorev alan enzimler degil, ayn1 zamanda
stresin balik dokularindaki zararint kanitlamak igin
kullanilan indikatorlerdir (Asztalos & Nemcsok, 1985).
Pb'min doku ve organlardaki ALT aktivitesini degistirerek
hiicreler arast iletisimi de etkiledigi gosterilmistir (Cogun &
Sahin, 2012). GGT, ksenobiyotiklerin detoksifikasyonunda
gorev alir (Adeyemi vd., 2014). Onemli bir glikolitik enzim
olan LDH, karbonhidrat metabolizmasinda yer alir ve
kimyasal strese maruz kalmanin belirleyici bir kriteri olarak
kullanilir. (Kumari vd., 2011). Hiicre zarinda aktif taginma
siirecinde gorev alan ALP, karbonhidrat metabolizmasinda,
biliylimede, hiicre farklilagmasinda, protein sentezinde ve
belirli tipteki enzimlerin iiretilmesinde ve salinmasinda rolii
vardir. Baliklar strese veya yaralanmaya maruz
kaldiklarinda, hiicre yenilenmesi ve yara iyilesmesi
stirecinde, bu enzimde bir artig gézlenmektedir (Al-Khshali
& Al-Hilali, 2019). Kisaca; ALT, GGT, LDH, ALP
enzimleri stres indikatorleri olup, sucul organizmalarda
metal toksisitesinin degerlendirilmesinde ve doku hasarinin
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belirlenmesinde kullanilan 6nemli parametrelerdir (Akbary
vd., 2018; Firat & Sahin-inandi, 2016; Kim vd., 2021; Rao,
2006).

Kursun birikiminin karaciger dokusuna gore kas
dokusunda daha az oldugu daha 6nce yapilan calismalarda
gosterilmigstir. (Cogun & Sahin, 2012; Li vd., 2021). Bu
calismada da karaciger dokusunun Pb toksisitesinden kas
dokusuna gore daha fazla etkilendigi gozlenmistir. Pb ve
krom (Cr) etkisinde kalan baliklarin karaciger ALT ve ALP
aktivitelerinde artig gézlenmistir (Ale vd., 2016). Pb’yi de
iceren metal kirliliginin yogun oldugu bolgeden alinan
baliklarin karaciger ALT, ALP ve LDH aktivitelerinde artis
gozlenmistir (Fitori vd., 2020). 7 ve 15 giin siireyle metal
etkisine birakilan O. niloticus’un ALT, ALP ve LDH
aktivitelerinde artis gézlenmistir (Tungsoy & Erdem 2021).
O. mossambicus’un karaciger, bobrek, solunga¢ ve kas
dokularinda  toksisiteye kars1 ALT, ALP, LDH
aktivitelerinde artig gdzlenmistir (Kavitha vd., 2011). Helal,
(2018) tarafindan yapilan bir ¢alismada, Pb’nin yiiksek
diizeyde oldugu golden toplanan O. niloticus’un karaciger
dokusunda ALT ve GGT aktivitelerinin yiiksek oldugu
saptanmugtir. Cyprinus carpio’nun bazi dokularinda Pb
kaynakli degisiklikler {izerine askorbik asit ve thiamin’in
koruyucu etkisinin incelendigi c¢aligmada, Pb etkisinde
karaciger ALT, LDH ve ALP aktivitelerinde artis
gbzlenmistir (Mirmazloomi vd., 2015) Bu sonuglar bizim
¢alismamizla benzerlik gostermektedir.

SONUC

Bu ¢alismada, O. niloticus’un karaciger ve kas
dokularinda incelenen parametrelerde (TAS, TOS, OSI,
ALT, GGT, LDH, ALP) gozlenen degisiklikler kursunun
toksik etkisi sonucu oksidatif stresin ortaya ¢iktigini ve doku
hasarina neden oldugunun gostergesidir. NTA varliginda ise
anilan parametrelerin bir kisminda, goriilen degisikliklerin
ortadan kalktig1 veya azaldigi gozlenmistir. Bu durum
toksik karst NTA’nin  selatlama
ozelliginden dolayir baliklar1 kismen de olsa toksisiteden
korudugu kanisina varilmistir.
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Oz: Tiirkiye’de balik avi istatistikleri Tiirkiye Istatistik Kurumu (TUIK) ve T.C. Tarim ve Orman
Bakanlig1 koordinasyonunda periyodik olarak toplanip Birlesmis Milletler Gida ve Tarim
Orgiitiine (FAO) raporlanmaktadir. Av miktarlarinin dogrulugu konusunda tartismalar olsa da
trendlerinin giivenilir olabilecegi birgok arastirma ile ortaya konmustur. Bu yiizden, av
istatistikleri, stok degerlendirmeleri ve balik¢ilik yOnetimi igin olduk¢a degerli bir veri
kaynagidir. Bu ¢aligma kapsaminda, Tiirkiye’nin Karadeniz bdlgesinde baskin olarak yakalanan
demersal balik tlirlerine (mezgit, barbun, tekir ve kalkan) ait av degerlerinin zamansal degisimleri
trend analizleriyle incelenmistir. Genel olarak zaman serisi av miktarlarina bakildiginda 1980°1i
yillarin sonunda av miktarlarinin pik yaptigi ve sonrasinda kayda deger bir azalma oldugu ve
akabinde 2000’li yillardan sonra miktarlarin daha stabil kaldigi gézlemlenmistir. Bu siireg
Karadeniz ekosistemi igin tanimlanmig trofik doniisiim siireci ile ortiismektedir. Trend analizi
sonuglarina gore, barbun (p<0,001) ve kalkan (p<0,001) negatif trend gosterirken, tekir (p<0,05)
pozitif trend gdstermistir. Mezgit avinda ise onemli bir degisim tespit edilmemistir (p>0,05).
Karadeniz’in dogu kisminda kayda deger bir alanin dip trol balik¢iligina kapali olmasina ragmen,
mezgit ve barbun gibi ¢ogunlugu dip trolii ile yakalandig1 bilinen tiirlerin sirasiyla %75’inin ve
%59’ unun bu bolgeden rapor edilmesi, Sinop ve Ordu arasindaki trol sahasinin 6nemini
gostermektedir.

Anahtar kelimeler: Barbun, kalkan, mezgit, tekir, TUIK.

Trend Analysis of Demersal Fish Landings in the Black Sea
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Abstract: Fishing statistics is periodically collected in Turkey under the coordination of Turkish
Statistical Institute (TUIK) and the Ministry of Agriculture and Forestry, and reported to the Food
and Agriculture Organization of the United Nations (FAO). Although there are debates about the
accuracy of catch amounts, it has been demonstrated by many studies that the trends of time series
catch amounts are reliable. Therefore, catch statistics constitute an important source of data for
stock assessment and fisheries management. Using trend analysis, the aim of this study is to
investigate the temporal changes of catch amounts of demersal fish species (whiting, red mullet,
surmullet and turbot), which are predominantly caught in the Black Sea region of Turkey. Results
showed that the catch amounts peaked at the end of the 1980s, decreased in the following years
and then remained more stable after the 2000s. This story coincides with the trophic
transformation process defined for the Black Sea ecosystem. According to the trend analysis
results, red mullet (p<0.001) and turbot (p<0.001) showed a negative trend, while surmullet
(p<0.05) showed a positive trend. The change in whiting catch was not statistically significant
(p>0,05). Although a significant part of the eastern side of the Black Sea is prohibited for bottom
trawling, this area is responsible for important proportion of the catch of red mullet (75%) and
whiting (59%) that remarkably caught by bottom trawlers in the Black Sea. Therefore, results
highlighted the importance of trawling area between Sinop and Ordu.

Keywords: Red mullet, surmullet, turbot, whiting, TUIK.
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GiRisS

Birlesmis Milletler Gida ve Tarim Orgiitii (FAO)
1945 yilinda kurulmus ve 1950 yilindan itibaren kiiresel
balik avi istatistiklerini rapor etmeye baslamistir. Bu
istatistikler liye tlkeler tarafindan rapor edilen miktarlara
baghdir. Bu sebeple, istatistiklerin gilivenilirligi, iilkeler
tarafindan yapilan eksik raporlama, illegal balik¢ilik ya da
bolgesel balik isimlerinden kaynaklanan karigikliklar gibi
faktorler tarafindan etkilendigi i¢in, bugiine kadar
tartisilagelmistir (Ulman vd., 2013; Ulman, 2014; Ulman &
Pauly, 2016). Ornegin, Ulman ve Pauly, (2016), Tiirkiye av
istatistiklerini yeniden yapilandirmis ve gercek av miktarinin
Tiirkiye Istatistik Kurumu (TUIK) tarafindan rapor
edilenden %63 daha fazla oldugunu tahmin etmislerdir.

Ancak tiim bunlara ragmen, FAO tarafindan rapor
edilen av (karaya c¢ikarma) istatistikleri, giiniimiizde rapor
edilmesi siirdiiriilen tek zaman serisi av verisi olma
Ozelligini tagimaktadir ve stoklarin degerlendirilmesi ve
yonetilmesinde kritik dneme sahiptir (Watson & Pauly,
2001). Bu istatistikler, ekosistem yap1 ve fonksiyonlarinin
saglikli bir sekilde isleyip islemediginin takibi amaciyla
kullanilan  bircok  indikatériin  hesaplanmasinda da
kullanilmaktadir (Coll vd., 2015; Pauly & Christensen,
1995; Pauly vd., 1998). Ustelik, av istatistikleri temelli
metotlar ile stok degerlendirmeleri yapilabilmektedir
(Froese vd., 2017). Yapilan c¢alismalar acikca
gostermektedir ki, av miktarlarindan ziyade trendlerin
kullanilmasi, yapilan degerlendirmelerin belirsizligini
disiirmektedir (Garibaldi, 2012; Mavruk, 2020; Sullivan,
2003). Bu da av istatistiklerinin bu derece kullanilabilir
olmasinin baglica nedenidir.

Tiirkiye’de avceilik yolu ile elde edilen su iiriinleri
iretiminin ¢ok 6nemli bir kismi1 Karadeniz’den ve kiiglik
pelajik baliklardan saglanmaktadir (Tokag vd., 2012).
Ornegin, 2020 yii TUIK istatistiklerine gére, bu oran
%75°tir. Pelajik baskin bir sistem olan Karadeniz’den elde
edilen avin ise %95’ini pelajik tiirler ve bununda %71 ini
hamsi tek bagina olusturmaktadir. Benzer sekilde, demersal
tiirlerin toplam Karadeniz avindaki orani sadece %5 iken,
bunun %97 gibi biiylik bir kism1 4 baskin tiir tarafindan
olusturulmaktadir. Bu  tiirler, mezgit (Merlangius
merlangus), barbun (Mullus barbatus), tekir (Mullus
surmuletus) ve kalkan (Scophthalmus maximus)’dir (TUIK,
2021). Bu calismanin amact Karadeniz’in bu dort baskin
demersal tiiriine ait av miktarinin  yillar arasindaki
degisimini trend analizleriyle incelemektir.

MATERYAL VE METOT

Calisma kapsaminda kullanilan av istatistiklerine
ait zaman serisi TUIK ve FAO veri tabanlarindan elde
edilmistir. Tiirkiye’de bu istatistikler 1967 yilindan itibaren
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periyodik olarak toplanmakta ve FAO’ya rapor
edilmektedir. FAO veri tabanindan 1970 - 2019 yillar1 arast
veriye ulagilabilirken, TUIK 2000 — 2020 yillar1 arasindaki
veriyi internet iizerinden erisime sunmaktadir. Bu iki veri
seti bir araya getirilerek 1970 — 2020 yillar1 arasindaki 50
yillik siireci kapsayan bir zaman serisi veri seti elde
edilmistir. FAO, av istatistiklerini Tiirkiye’nin Karadeniz
Miinhasir Ekonomik Bolgesi igin ilan ederken, TUIK
istatistikleri Kastamonu ile batisinda yer alan iller “bati
Karadeniz” ve Sinop ile dogusunda yer alan iller “dogu
Karadeniz” olacak sekilde bolgesel av miktarlarini da rapor
etmektedir. Karsilastirma yapabilmek bakimindan bu 20
yillik veri seti bat1 Karadeniz, dogu Karadeniz ve bunlarin
toplam1 olmak iizere ayri ayri analiz edilmistir. Calisma
kapsaminda, Karadeniz’in baskin olarak yakalanan dort
ekonomik tiiri olan mezgit, barbun, tekir ve kalkan
degerlendirmeye  almmustir.  Barbun tekir
istatistiklerinde muhtemel bir tiir karigikligi literatiirde
bildirildiginden dolay1 bu iki tiir birlestirilerek yeni bir grup
elde edilmigtir (Mavruk vd., 2021). Buna ek olarak bu dort
tir birlestirilerek toplam bir av degeri de analize dahil
edilmistir.

Istatistiksel Analiz: Calisma kapsaminda sozii
edilen dort tiir ile bunlarin toplamina ait av degerlerinin
degisimini incelemek amaciyla farkli bdlge ve zaman
dilimlerini temsil eden veri setleri hazirlanmstir. Oncelikle
1970 — 2020 yillar1 arasindaki 50 yillik siiregte Karadeniz
kiyilarimizin tiimiindeki degisim analiz edilmis, ardindan
2000-2020 yillar1 arasindaki 20 yillik siiregte dogu ve bati
Karadeniz ile bunlarin toplami igin rapor edilen av
miktarlariin  degisimi incelenmistir. Trend parametrik
olmayan Mann-Kendall korelasyonu ile analiz edilmistir
(Hipel & McLeod, 1994). Degisimin siddetini incelemek
amaciyla Theil-Sen regresyon sabitleri hesaplanmistir (Sen,
1968). Hesaplamalar igin R kiitiiphaneleri “Kendall”
(McLeod, 2015) ve “zyp” (Bronaugh & Werner, 2019)
kullanilmistir.  Mann-Kendall skoru (S) ve korelasyon
katsayisi (1) asagidaki formiiller ile hesaplanmuistir.

Ve av

NEDY i Z;l=k+1 sgn(x;j—xy),

+1, x>0
0, x =0,
-1, x <0

sgn(x) =
= 3

@)
Theil-Sen’in
hesaplanmuistir.

T

egimi (bsen) 1ise asagidaki esitlik ile

Xj—Xj

dk:

j-i
bsen:median(dk)

Esitliklerde, i < j < n’dir. i ve j zaman serisi Xt nin
indeksleridir.
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BULGULAR

Tiirkiye’nin Karadeniz kiyilarinda baskin olarak
yakalanan ekonomik demersal balik tiirlerinin (mezgit,
barbun, tekir ve kalkan) 2020 yili i¢in toplam av miktar1
246586 ton *dur. TUIK tarafindan rapor edilen 2000 — 2020
yillarinin ortalamasi degerlendirildiginde, bu dort baskin tiir
arasinda mezgit %76,3 ile en cok karaya cikarilan tiir
olmustur. Bu tiirli sirasiyla, tekir (%14,3), barbun (%5) ve
kalkan (%4,4) takip etmektedir. TUIK karaya ¢ikarma
verileri bati ve dogu Karadeniz icin ayri incelendiginde,
mezgit avinin %411 batt ve %59°u dogudan rapor edilmistir.
Tekir avinin %80’1, barbun avinin ise %25 inin batidan rapor
edildigi  goriilmektedir. Ancak, barbun ve tekir
birlestirildiginde %66’s1  batidan  bildirilmistir.
Kalkan’mn ise %72’sinin batidan ve %28’inin dogudan
yakalandig: bildirilmistir.

avin

Uygulanan trend analizlerinin sonuglar1 Sekil 1 ve
Tablo 1’de sunulmustur. Dort dnemli demersal tiir i¢in de av
trendleri 50 yillik zaman serisi ve 20 yillik zaman serisi i¢in
benzer bulunmustur (Tablo 1).

Mezgit’in av degeri 1973 yilinda en diigiik (2476
ton) ve 1988 yilinda en yiiksek (28263 ton) seviyelerine
ulagsmis ardindan ciddi bir azalma egilimine girmis, 2018
yilinda 1073 ton seviyesine kadar diigmistiir (Sekil 1). Bu
yiizden, hem 1970 — 2020 hem de 2000- 2020 yillari
arasindaki degisim istatistik agidan onemli bulunmamistir.
Bolgesel olarak incelendiginde ise, Karadeniz’in batisini
temsil eden av degerleri istatistik agidan 6nemli pozitif trend
gosterirken (p<0,01), doguyu temsil eden degerlerdeki
degisim istatistik agidan dnemli bulunmamstir (Tablo 1).

Barbun av degerleri 1989 yilinda en yiiksek (5641
ton) seviyeye ulasirken, 1993 yilinda 227 tona kadar
dismistiir. Bati ve dogu Karadeniz’den gerceklestirilen
toplam barbun avi Onemli Ol¢iide azalis gostermistir
(p<0,001). Tekir ise, 1984 yilinda 195 ton ile en diisiik ve
1995 (3283 ton) ve 2010 (3373 ton) yillarinda ise en yiiksek
degerleri almistir. tekir artig
egilimindedir (p<0,05). Barbun ve tekir tiirlerinin av verileri
birlestirilerek yapilan degerlendirme sonucunda ise, bu
grubun 1976 yilinda 829 ton ile en diisiik av degerini verdigi
ve 1989 yilinda en yiiksek degere (6753 ton) ulastigi
goriilmistiir. Bati Karadeniz’den elde edilen toplam barbun
ve tekir avi, istatistiksel agidan Onemli Olgiide artis
gosterirken (p<0,05), dogu Karadeniz igin yapilan trend
analizinde degisimin istatistiksel agidan Onemli olmadigi
goriilmiistiir. Ayrica, Karadeniz’in tamamui igin, 2000 - 2020
yillarinda 6nemli bir arti§ gdzlenirken (p<0,05), 1970 — 2020
arasindaki stirecin tamami incelendiginde av miktarinda
herhangi bir degisim olmadigi belirlenmistir (Sekil 1 ve
Tablo 1).

Barbunun aksine avl

41

Anadolu Cev. ve Hay. Dergisi, Yil:7, No:1, (39-44), 2022

Kalkan baliginin av miktar1 1983 yilindaki en
yiiksek degerden (4891 ton) sonra ciddi bir diigiis gostermis
ve 2018 yilinda 128 ton ile en diigiik deger kayda gecmistir
(Sekil 1). Dogu ve bat1 Karadeniz ile Karadeniz’in tamami
icin yapilan trend analizlerinde kalkan avindaki diisiis
istatistiksel agidan 6nemli bulunmustur (Tablo 1).

Toplam avin degisimi her iki zaman serisi igin de
onemli bulunmamistir (Tablo 1). Bolgelere gore
incelendiginde ise bat1 Karadeniz’deki toplam av miktarinin
artis egiliminde oldugu belirlenmistir (p<0,05).

TARTISMA VE SONUC

Tiirkiye’nin Karadeniz kiyilarinda baskin olarak av
veren demersal balik tiirlerinden barbun, tekir, mezgit ve
kalkan’in zaman serisi av istatistikleri incelendiginde,
barbun ve kalkan’in negatif, tekir’in ise pozitif trend
gosterdigi belirlenmistir. Mezgit avi ise zaman igerisinde
istatistiksel agidan dnemli bir degisim gostermemistir. Genel
olarak zaman serisi av miktarlarma bakildiginda 1980’li
yillarin sonunda av miktarlarinin en {ist diizeylere ulastigi,
sonrasinda av miktarlarinda kayda deger bir azalma oldugu
ve akabinde 2000°li y1illardan sonra miktarlarin gérece stabil
kaldig1 gézlemlenmistir. Bu siire¢ Karadeniz ekosistemi i¢in
tanimlanmis ve iyi bilinen 1960 — 2000 yillar1 arasinda
gerceklesen trofik doniisiim siireci ile 6rtiismektedir (Akoglu
vd., 2014; Oguz, 2017; Oguz & Gilbert, 2007). 1960’h
yillardaki saglikli ekosistem doneminden 1980’lere kadarki
stirecte balik stoklar1 asir1 somiiriilmeye baslamig ve artan
organik yiik nedeniyle birincil ve ikincil iiretim asir1
miktarda artmistir (Oguz vd., 2012). Kiyisal ekosistemdeki
bentik fauna ve flora hipoksiya nedeniyle kotliye gitmistir
(Friedrich vd., 2014; Mee, 2006). Buna paralel olarak,
balike1 filolarinda gerek boyut gerek ise teknolojik cihazlar
bakimindan hizli bir ilerleme ger¢eklesmistir (Giicii, 2002).
1980’11 yillarda Karadeniz ekosistemine girig yapan istilact
deniz anas1 tiric Mnemiopsis leidyi, ekosistem kontrol
mekanizmalart  bakimindan kritik Oneme sahip ve
Karadeniz’in baskin kiicliik pelajik baligi olan hamsi
yumurta ve larvalari ile beslenmesi nedeniyle ekosistemin
trofik yapisindaki kokli degisikliklerin nedenlerinden biri
olmustur (Akoglu vd., 2014; Kideys, 2002; Oguz, 2017,
Shiganova & Bulgakova, 2000). 1989 yilinda bu deniz anasi
tiriiniin miktarinda meydana gelen artis ile Karadeniz
toplam av miktarindaki hizli diisiis paralellik géstermektedir
(Oguz, 2007). Devam eden yillarda bir baska egzotik deniz
anas1 tlirli olan Beroe ovata Karadeniz ekosistemine giris
yapmis ve M. leidyi nin avcist olmasi nedeniyle hamsi — M.
leidy arasindaki etkilesimin dengeye oturmasinda 6nemli rol
oynamistir (Oguz, 2017). Karadeniz ekosistemi 2000’li
yillarin hemen basindan itibaren av miktarlari, birincil ve
ikincil {retim bakimindan daha ortalama degerlere
ulagsmustir (Oguz vd., 2012).
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Sekil 1. Karadeniz’in baskin demersal tiirlerinin 1970-2020 yillar1 aras1 av miktarlarimin (ton) zaman serisi. Diiz ¢izgiler dogrusal trendleri
gostermektedir. Kirmizi, mavi ve siyah renkler ise sirasiyla; istatistiki agidan 6nemli negatif trend, istatistiki agidan 6nemli pozitif trend ve
istatistiki agidan 6nemli olmayan trendi temsil etmektedir.
Figure 1. Time series of fisheries catches (tonnes) for dominant demersal species in the Black Sea between 1970 and 2020. Solid lines
indicate linear trends. Red and blue lines represent negative and positive trends, respectively.

Tablo 1. Mann-Kendall korelasyon ve Theil Sen regresyon

analizlerinin sonuglari.

Table 1. Results of Mann-Kendall correlation and Theil-Sen’s

regression analyses.

Tiir/Grup Egim (bsen) Sabit (a) Kendalls' tau
1970 - 2020 Tiim Karadeniz

Mezgit 0,03 8599,0 0,02
Barbun -0,10 2085,7 -0,44***
Tekir 0,07 490,3 0,29**
Barbun+Tekir -0,01 2778,0 -0,03
Kalkan -0,12 2252,1 -0,54***
Toplam -0,17 15203,6 -0,11
2000 - 2020 Tiim Karadeniz

Mezgit 0,24 -2003,4 0,03
Barbun -0,10 1988,8 -0,64***
Tekir 0,24 -2003,4 0,39*
Barbun+Tekir 0,15 -59,5 0,34*
Kalkan -0,10 1988,8 -0,51**
Toplam 0,06 10400,0 0,04
2000 - 2020 Bat1 Karadeniz

Mezgit 0,28 -1044,8 0,43**
Barbun -0,02 4747 -0,54%***
Tekir 0,20 -1736,2 0,39*
Barbun+Tekir 0,17 -1184,6 0,34*
Kalkan -0,02 530,6 -0,41*
Toplam 0,40 -798,3 0,36*
2000 - 2020 Dogu Karadeniz

Mezgit -0,25 8613,6 -0,27
Barbun -0,07 1456,5 -0,56%**
Tekir 0,04 -358,4 0,35*
Barbun+Tekir -0,02 945,5 -0,12
Kalkan -0,02 391,6 -0,49**
Toplam -0,30 10035,8 -0,28

* p<0,05, ** p<0,01, *** p<0,001
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Ancak, tekir av miktarlarinin zaman serisine
bakildiginda, Karadeniz ekosistemi i¢in tanimlanan bu
stirec ile uyum gostermeyip, beklenenden farkli bir durum
gozlenmistir. Bunun nedeninin barbun ve tekir
istatistiklerinin toplanmasi sirasinda meydana gelen isim
karigiklig1 olmasi kuvvetle muhtemeldir ve tekir olarak
verilen avin 6nemli bir kismi yine barbun avi olabilir
(Celik Mavruk vd., 2021). Buradaki belirsizligi ortadan
kaldirmak i¢in her iki tiir birlestirilerek de analiz edilmistir.
Bu yeni grubun zaman serisi, beklenen artis ve azalislar ile
uyum gostermektedir.

Karadeniz’de barbun avinin %88’i dip trol
balik¢iligindan gelmektedir (Celik Mavruk vd., 2021).
Barbun stoklarindaki azalmanin dip trol balik¢ilik
baskisindaki artis ile uyumlu oldugu bilinmektedir
(Salihoglu vd., 2017). 2020-2024 yillar1 arasinda
yiiriirliikte olan 5/1 numarali Ticari Amach Su Uriinleri
Avciligint Diizenleyen Teblig (Teblig No: 2020/20)’e
gore, “Ordu 11, Unye Icesinde; Taskana Burnundan
Giircistan simirina kadar olan karasularimizda, her tirlii
trol ile su iiriinleri avciligi yasaknir” (Resmi Gazete, 2020).
Buna ragmen, TUIK tarafindan rapor edilen barbun avinin
%75’1 ve toplam barbun ve tekir avinin %34°u
Karadeniz’in dogu bdlgesinden rapor edilmektedir. Bunun
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sebebi, Sinop ile Ordu illeri arasinda kalan ve dogu
bolgesindeki dip troliine izin verilen bu sinirli alanin dip
troliine uygun ve demersal tiirler agisindan verimli olmast
olabilir (Knudsen vd., 2010). TUIK mikro veri setinin
incelendigi bir ¢aligma, Karadeniz’de barbun ve tekir’in
dip trolii ile en ¢ok Sinop ile Ordu arasinda kalan Samsun
ilinde yakalandigimi gostermistir (Celik Mavruk vd., 2021).
Benzer durum mezgit i¢in de tanimlanabilir (Knudsen vd.,
2010). Mezgit cogunlukla dip trolii ile yakalanan bir tiirdiir
(Anonim, 1986; Knudsen vd., 2010) ve avinin %59’u dogu
Karadeniz’den rapor edilmistir. Bu durumda, Karadeniz’de
dip trol balik¢ilig1 ile ilgili degerlendirmeler yapilirken,
Karadeniz’in en baskin demersal balik tiirlerinin barbun,
tekir ve mezgit oldugu disiiniildiigiinde, Sinop — Ordu
arasinda trol g¢ekilebilir sahasinin dogu Karadeniz olarak
tanimlanan alani neredeyse tek basina temsil ettigi dikkate
alinmal1 ve demersal tiirler konusundaki degerlendirmeler
bu cercevede yapilmalidir. Ayrica, TUIK in biiyiik gogler
yapmayan demersal tiirler i¢in av miktarlarini en azindan
bati, orta ve dogu Karadeniz olarak ilan etmesi faydali
olabilir. Her ne kadar bu detaylar TUIK mikro veri setinde
mevcut olsa da, ilgili veri seti kolaylikla ulasilabilir
olmayip bir takim bagvuru siireci gerektirmektedir.
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Abstract: Cortical neuron and SH-SY5Y cells are widely used in glutamate excitotoxicity
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incubation with glutamate, agents of different concentrations (1, 2, and 4 pg lacidipine and 20,
50, and 100 puM amlodipine) were applied to these cells. Possible neuroprotective roles of
lacidipine and amlodipine were investigated through cell viability, oxidative stress, and apoptotic
alterations. Our results showed that SH-SY5Y cells are the more ideal cell line for oxidative
stress-mediated glutamate toxicity. Although 4 pg lacidipine and 100 uM amlodipine have
. important neuroprotective roles in these cells, the most protective effect was also detected in SH-
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Kortikal Noron ve SH-SYSY Hiicre Kiiltiirlerinde Glutamat Eksitotoksisitesine Yanit
ile Ca%* Kanal Blokerlerinin Rolii Arasindaki Fark

Oz: Kortikal néron ve SH-SY5Y hiicreleri glutamat eksitotoksisite galismalarinda yaygin olarak
kullanilmaktadir, ancak hangisinin bu modeli daha iyi yansittigi belirsizdir. Genel olarak
glutamat, L ve L/N-Ca?* kanallarinin aktivasyonuna ve oldiiriicii Ca2+ akis1 yoluyla hiicre
6liimiine yol agarak toksisite kosullarini indiikler. Bu hipotezi degerlendirmek igin eksitotoksik
kosullar altinda L ve L/N-Ca?* kanal blokerleri, lasidipin ve amlodipinin etkileri degerlendirildi.
Ayni zamanda bu ¢aligmada bu iki hiicre hattinin bu modeli daha iyi yansittigini belirlemeyi
amagladik. Eksitotoksisiteyi indiiklemek igin kortikal néron ve SH-SYSY hiicreleri 10° mM
glutamat ile inkiibe edildi. Glutamat ile 30 dakikalik inkiibasyondan sonra, bu hiicrelere farkli
konsantrasyonlarda (1, 2 ve 4 pg lasidipin ve 20, 50 ve 100 uM amlodipin) ajanlar uygulandi.
Lasidipin ve amlodipinin olasi ndroprotektif rolleri, hiicre canliligi, oksidatif stres ve apoptotik
degisiklikler yoluyla arastirildi. Sonuglarimiz SH-SYS5Y hiicrelerinin oksidatif stres aracili
glutamat toksisitesini daha iyi yansittigin1 gosterdi. 4 pg lasidipin ve 100 uM amlodipin bu
hiicrelerde 6nemli noroprotektif rollere sahip olmasina ragmen en yiiksek koruyucu etki SH-
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SYSY hiicrelerinde 100 uM amlodipin konsantrasyonunda de belirlendi. En yiiksek canlilik orani,
100 uM amlodipin ile tedavi edilen SH-SYSY hiicrelerinde %88,8 olarak bulundu. TAC, TOS,
LDH ve flow sitometrik analizinden elde edilen sonuglar MTT sonuglarimizla benzerdi. Tiim
sonugclar birlikte degerlendirildiginde SH-SYSY hiicrelerinin glutamat kaynakli eksitotoksisiteyi
yansitmada daha etkili hiicre hatt1 oldugunu ve 100 pM amlodipinin bu toksisitenin tedavisinde

daha koruyucu bir etkiye sahip oldugunu gostermektedir.

Anahtar kelimeler: Amlodipin, kalsiyum, lasidipin, nérotoksisite.

INTRODUCTION

Glutamate excitotoxicity is one of the most
extensively researched processes of neuronal cell death, and
it is involved in the pathophysiological mechanism of many
brain related diseases such as Alzheimer's, Huntington's, and
Parkinson's disease (Binvignat & Olloquequi, 2020). In
physiological conditions, glutamate has a function in
neuronal communication such as synaptic plasticity and
learning (Valtcheva & Venance, 2019). However, excessive
glutamate give rise to neuronal injury and death through
overstimulation of glutamate receptors, particularly the N-
methyl-D-aspartate (NMDA) subtype which can trigger
influx of Ca?* ions (Carvajal et al., 2016). Also, excessive
Ca®* flux through voltage-gated calcium channels (VGCC)
such as L-, N- and P/Q-type amplify and propagate the
phenomenon of glutamate excitotoxicity (Higley & Sabatini,
2012).

Ca?* homeostasis is essential for the survival of
neurons, on the other hand increased intracellular Ca?*
concentration disrupts calcium homeostasis, and  free
oxygen radicals formation which could degenerate neurons
and synaptic loss (Godoy et al., 2021) (5). For this reason,
blocking excitotoxicity through inhibition of VGCC activity
in neurons are an especially appealing point for
neuroprotection(Godoy et al., 2021; Higley & Sabatini,
2012; Kim et al., 2016). By contrast to neuroprotective
effects of P/Q-type and N-type calcium channel blockers,
there is a gap for L-type calcium channels blockers in
relation to glutamate excitotoxicity (Vallazza-Deschamps et
al., 2005; Wheeler et al., 1996). Although there are studies
demonstrating the neuroprotective effects of lacidipine and
amlodipine which are dihydropyridine calcium channel
blockers, evidence supporting their roles as a
neuroprotectant factor in glutamate excitotoxicity is almost
not available (Choi et al., 2014; Khurana et al., 2021). Both
lacidipine and amlodipine block L-channels, but their
selectivity is different. Lacidipine is the more selective for
L-channels, however, amlodipine blocks similar levels both
N-type and L- type VGCC (Godfraind, 2017). Therefore,
more research is needed to evaluate and define the
mechanism by which types of Ca?* channel blockers act
more protectively against glutamate excitoxicity.

Various cell lines are widely used to research in
vitro excitotoxicity. However, the methodological employed
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for signaling pathways activated in cell lines generally differ
(Kcritis et al., 2015). The rat cortical neuronal and human
undifferentiated SH-SY5Y cells line is widely prefered in
vitro toxicity researches. These cell lines are similar in their
responses when exposed to glutamate, but it is questionable
which one better reflects the this model (Barbosa et al., 2015;
Krasil’Nikova et al., 2019; Kritis et al., 2015). L-type and N-
type VGCC from these cells have been functionally
characterized and identified

(Choi et al., 2014; Kritis et al., 2015; Wheeler et al.,
1996). On the other hand, while cortical neuronal cells
express NMDA receptors whether native/undifferentiated
SHSY5Y cells express NMDA receptors is controversial (
Sun et al., 2010; Yang et al., 2012).

Hence, cortical neuron and SH-SY57 (Human
neuroblastoma) cells constitute an adequate model to
research the problem posed here (i) to know whether L-type
(lacidipine) and/or dual L/N-type (amlodipine) calcium
channel blockers have neuroprotective effects in glutamate
excitotoxicity; and (ii) to define which of the cortical neuron
and SH-SY57 cells more efficacious to reflects the glutamate
induced injury.

MATERIAL AND METHOD

Cell culture: Cortical neurons and human
neuroblastoma SH-SY5Y cells were prepared and cultured
as  previously reported (Hu et al, 2012;
Taghizadehghalehjoughi & Naldan, 2018). Frozen rat
cortical neuronal cells obtained from the Pharmacology and
Toxicology Department of Veterinary Medicine Faculty of
Ataturk University (Erzurum, Turkey). Neuronal cells were
resuspended in neurobasal medium contain B27, 10% fetal
bovine serum (FBS) and 0.1% antibiotic (penicillin—
streptomycin-amphotericin B) (Taghizadehghalehjoughi &
Naldan, 2018). The human neuroblastoma SH-SY5Y cell
line was purchased from the American Type Culture
Collection (ATCC® CRL-2266™). SH-SYSY cells were
grown DMEM media containing 10% FBS, 100 U/ml
penicillin, and 100 g/ml streptomycin (Hu et al., 2012). The
cells were maintained at 37 °C and 5% CO2. The experiment
was started when the cells reached 70-80% confluency.
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Glutamate excitotoxicity model:  Glutamate
(Sigma®, USA) at 10-°° mM concentration was applied to the
cell culture induce excitotoxic injury
(Taghizadehghalehjoughi & Naldan, 2018). 30 minutes after
glutamate  administration,  commercially  obtained
amlodipine and lacidipine (Sigma®, USA) were applied at
different concentration (1, 2 and 4 pg lacidipine and 20, 50
and 100 uM amlodipine) to anayze ameliorating effects
against glutamate excitotoxicity after 24h incubation. Each
sample was prepared as triplicates and 10> mM glutamate
was used as a positive control.

Lacidipine and amlodipine treatment: Cells were
divided into sixteen groups at randomly: For cortical neuron
and SHSYS5Y cells; Control group, positive control group
(only 10° mM glutamate) and different concentrations of
lacidipine+glutamate groups (final concentration; 1, 2 and 4
ng) and different concentrations of amlodipine + glutamate
groups (final concentration; 20, 50 and 100 pM). Cells were
cultured in the plates for 24 hours and treated with lacidipine
and amlodipine for another 24 hours. Glutamate was added
30 min prior to different concentration of lacidipine and
amlodipine exposure to induce excitotoxicity.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl  tetrazolium
bromide (MTT) analysis: The susceptibility of the cells to
amlodipine and lacidipine was determined in vitro by MTT
(Sigma®, USA)-based colorimetric assay
(Taghizadehghalehjoughi & Naldan, 2018). The MTT assay
depends on evaluating the reduction, by dehydrogenases of
metabolically active cells, of the reduction of yellow-colored
MTT tetrazolium to purple-colored formazan. The
intracellular formazan is soluble and can be measured by
spectrophotometry. Briefly, neuronal and SH SY5Y cells
were seeded in triplicate wells in a flat-bottomed 96-well
plate at a density of 2x10° and 5x10° cells/cm? respectively
and then administered with agents as previously described.
MTT reagent (0.5 mg/ml final concentration) was added to
the cells and the plates were incubated to a humidified
chamber kept in a 37°C-5% CO; incubator for 4 h. Then the
medium removed, and the 100 ul DMSO (Sigma®, USA)
was added to each well for dissolving crystals. Absorbance
at 570 nm was determined using Multiskan™ GO
Microplate Spectrophotometer reader (Thermo Scientific,
Canada, USA). The cell viability (%) was calculated by the
formula below;

Viability % ratio= (Sample absorbance value/
Control group absorbance value)X100 (18).

Determination of membrane integrity using an
LDH Release assay: Lactate dehydrogenase (LDH) is a
decisive enzyme found in all cell types that are speedily
spread into the cell culture medium upon injury to the plasma
membrane. LDH is the most commonly used marker for
conducting a cytotoxicity test. The LDH assay protocol

47

J. Anatolian Env. and Anim. Sciences, Year:7, No:1, (45-52), 2022

depends on an enzymatic coupling reaction: LDH released
from the cell oxidizes lactate to produce NADH, which then
reacts with WST to form a yellow color. The intensity of the
generated color associated directly with the number of lysed
cells. The cells were seeded to 96-well plates and then the
agents were applied as previously described. After that
100 puL supernatant was transferred to a fresh 24-well plate
and 100 pL of the reaction mixture was added to the samples
and incubated for 30 min at room temperature. Finally, a
microplate reader (Thermo Scientific, Canada, USA) was
used to measure the wavelength of 490 nm.

Determination of oxidative stress markers: TAC
(Total antioxidant capacity) and TOS (Total Oxidant Status)
kits were obtained commercially (manufactured by Rel
Assay Diagnostics® Company, Gaziantep, Turkey). TAC
TOS were determined using the the Erel method that is a
novel automated colorimetric measurement (Erel, 2004;
Erel, 2005). The measurement of TAC levels was depends
on the ability of antioxidants to inhibit the formation of 2,2'-
azino-di-3-ethylbenzthiazoline sulfonate (ABTS)+ from the
oxidation of ABTS at wavelength 660 nm by
spectrophotometrically. TOS levels are based on the
measurement of color intensity at 530 nm by oxidation of
ferrous ioneo-dianisidine complex to ferric ion in the
presence of various oxidative species under acidic condition.
TAC results was shown as mM Trolox equivalent per liter
(Trolox Equiv/mmol L) whereas TOS results was shown in
terms of micromolar hydrogen peroxide equivalent per liter
(mmol H,0, Equiv/immol L71). Spectrophotometric
measurements were done using Multiskan™ GO Microplate
Spectrophotometer reader (Thermo Scientific, Canada,
USA).

Annexin V-FITC (Fluorescein Isothiocyanate)
and propidium iodide (PI) staining assay: The cortical
neuron and SH-SY5Y cells were centrifuged to remove the
medium, washed with PBS, and stained with 5 p 1 Annexin
V-FITC and 10 p 1 0f 20 p g/ml PI in the binding buffer after
treatment with different concentrations of lacidipine and
amlodipine after 24 hours. Stained cells were determined
using a flow cytometer (Beckman, S. Kraemer Boulevard
Brea, CA,USA). Viable cells were negative for both
Annexin V and PI ; apoptotic cells were negative for Pl and
positive for Annexin V, and late-apoptotic dead cells
demonstrated both Annexin V and PI positivity Non-viable
cells, which suffer from necrosis, were positive for Pl and
negative for Annexin V.

Statistical analysis: The significance of the mean
difference between groups was investigated by the one-way
ANOVA with the Tukey HSD multiple comparison.
Descriptive statistics for continuous variables were
expressed as mean + standard deviation. P-value <0.05 was
considered statistically.
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RESULTS

MTT assay results: The cytotoxic effect of
lacidipine and amlodipine was determined glutamate-
induced excitoxicity in neuron and neuroblastoma cells
using MTT assay. As seen in Figure 1. Glutamate (105 mM)
treatment at 24 hours reduced the number of neuron and SH-
SY5Y neuroblastoma cells by 37% and 41% compared to
controls, respectively. When the neuron cells were treated
with lacidipine after applying with glutamate, cell viability
statistically remarkably increased in dose-dependently. 2 pg
and 4 pg lacidipine increased cell viability to 71% and 79%,
respectively, relative to glutamate control cells (P < 0.05).
However, only the highest dose of lacidipine (4 ug) had a
statistically  protective effect in glutamate-induced
excitotoxicity of SH-SY5Y cells, with 24 % increases in cell
viability. 50 uM and 100 pM amlodipine showed 9%
(P<0.05) and 19% (P<0.05) rate increased cell viability on
neuronal cells compared to glutamate control group,
respectively. On the other hand, 100 pM amlodipine
exhibited approximately a 30% increasing in cell viability as
opposed to the glutamate control group in SH-SY5Y cells
(P<0.001). But the 20 uM and 50 uM amlodipine did not
show a significant effect on cell viability in SH-SY5Y cells
(Figure 1). The highest viability rate on cell lines was found
88.8 % in SH-SYS5Y cells applied with 100 uM amlodipine.

MTT Assay Result
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Figure 1. Effects of lacidipine and amlodipine on cell viability on
glutamate- excitotoxicity in cortical neuron and SH-SY5Y cells.
Indicated cells were treated with the 10> mM concentration of
glutamate for 24h. * and ** indicate P<0.05, and P<0.001,
respectively, compared to glutamate control cells.

LDH assay results: We compared the sensitivity of
our MTT assay to the LDH release assay (Figure 2). 10°° mM
glutamate increased LDH release in both cortical neuron and
SH-SY5Y cells compared to untreated controls. As shown
in Figure 2, lacidipine treatment of 1 pg and 2 pg different
doses did not protect cells from glutamate-induced
excitotoxicity, but 4 ug lacidipine exhibit protective effect in
neuronal cells with glutamate excitotoxicity. Also, different
concentrations of lacidipine did not demonstrated a

48

J. Anatolian Env. and Anim. Sciences, Year:7, No:1, (45-52), 2022

remarkable protective effect on LDH release except for 4 pug
lacidipine in SH-SY5Y cells. Both the neuron and
neuroblastoma cells were detected 1 pg and 2 pg lacidipine
had no protective effects compared to control, while 4 ug
lacidipine showed significantly a protective effect (P <
0.05). The highest dose of amlodipine only was determined
to significantly decrease LDH release in neuron (P< 0.05)
and SH-SY57 (P <0.001) cells, however at 20 uM and 50
uM amlodipine concentration did not observe a significant
change in both cell lines compared to glutamate control. The
lowest LDH release on cell lines was found in SH-SY57
cells applied with 100 uM amlodipine. The MTT test was
much more sensitive than the LDH test. Significant
differences in cell death were measured at lower
concentrations of amlodipine and lacidipine by MTT assay.

LDH Assay Result
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Figure 2. Effects of lacidipine and amlodipine on LDH release on
glutamate excitotoxicity in cortical neuron and SH-SY5Y cells.
Indicated cells were treated with the 10-° concentration of glutamate
for 24h. * and ** indicate P<0.05, and P<0.001, respectively,
compared to glutamate control cells.

TAC and TOS results: In this study, the effects of
lacidipine and amlodipine on oxidative changes caused by
toxicity in neuronal and SH-SY5Y cultures were determined
by TAC-TOS measurement (Figure 3a and 3b). In the
control groups, TAC levels were determined 6.5 and 6.3
Trolox Equiv/mmol L in neuron and SH-SY5Y cells,
respectively. Applying of 10° mM glutamate reduced TAC
levels in neuron and neuroblastoma cells to 2.8 and 2.4
Equiv/mmol L'respectively. 1 pg and 2 pg lacidipine did
not show significant effect of TAC levels these cell cultures
(2.9, 3.4; neuron, 2.6, 3.1; SH-SY5Y; respectively),
however 4 pg lacidipine lead to significantlly increases TAC
levels in neuron (P < 0.05) and SH-SY5Y (P <0.001) cell
4,8 and 5,4 Trolox Equiv/mmol L, respectively. In both cell
cultures applying of 50 uM and 100 pM amlodipine
significantly increased TAC levels (neuron 4.8 (P < 0.05)
and 5.1 (P<0.001); SH-SY5Y 4.5 (P<0.001) and 5.8
(P <0.001), respectively). 20 uM amlodipine increased TAC
level compared to the glutamate control in both cell culture,
however this increasing was not statistically significant. The
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findings showed that TOS levels decreased in parallel with
the increase in TAC. And, applications with glutamate led to
increasing of TOS levels in neuronal and SH-SY5Y cells (
4.8 and 5.8 H,0, Equiv/mmol L, respectively). Exposure
of 1and 2 ug lacidipine, and 20 uM amlodipine in both cell
cultures did not reduce a statistically significant in TOS

Figure 3a
TAC Assay Result
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level. On the contrary, at 4 ug lacidipine, and 50 and 100 uM
amlodipine concentrations were determined TOS levels
decreased compared to control. This decrease was
statistically P<0.001 at 4 pg lacidipine and 100 pM
amlodipine, but at 50 uM amlodipine P < 0.05.

TOS Assay Result
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Figure 3a-b. Effects of lacidipine and amlodipine on TAC-TOS capacity on glutamate- excitotoxicity in cortical neuron and SH-SY5Y cells.
Indicated cells were treated with the 10° concentration of glutamate for 24 h. * and ** indicate P<0.05, and P<0.001, respectively, compared

to glutamate control cells.

Annexin V-FITC (Fluorescein Isothiocyanate)
and propidium iodide (PI) staining assay results: Annexin
v-FITC and Pl were used for evaluation apoptosis. We
examined the development of apoptosis at the early
apoptosis level or late apoptosis stage. The early apoptosis
stage is a reversible process and cells can come back to
normal. However, late apoptosis is an irreversible process
for cells and is referred to by some researchers as the early
stage of necrosis. Results are shown in Figure 4a and 4b.

According the neuron culture results (Figure 4a);
the cell viability of control group was %96.43 and
glutamate control group 50.49%. 10°mM glutamate

Figure 4a
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increased the necrosis, early and late apoptosis
(respectively 29.6%8, 9.39% and 10.44%) more than
negative group (respectively 3.57%, 0.00% and 0.00%). In
lacidipine treatment groups; The highest cell viability and
the lowest necrosis, early and late apoptosis ratio were
found 4 pg lacidipine group (respectively 67.06 %, 0.24 %,
32.15% and 0.55%). Among the amlodipine groups, the
maximum viability (79.07%) was found in 100 puM
amlodipine group. Minimum early (2.43%) and late
apoptosis (0.56%) rate were seen in the 20 uM amlodipine
group, however the necrosis rate (0.26%) in 50 puM
amlodipine group.
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Figure 4a-b. Flow cytometry results for cortical neuron and SH-SY5Y cells, respectively. a) control group; b) glutamate control 10-°> mM;
¢) 1 nglacidipine; d) 2 pg lacidipine; e) 4 pg lacidipine; f) 20 uM amlodipine; g) 50 uM amlodipine; h) 100 uM amlodipine.

According the SH-SY57 neuroblastoma cell
culture results (Figure 4b); the cell viability of control
group was 94.54% and glutamate control group was
64.84%. 10°SmM glutamate increased the necrosis, early
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and late apoptosis (respectively 10.24%, 17.10% and
7.73%) more than negative group (respectively 5.45%,
0.00% and 0.01%). In lacidipine treatment groups; the
highest viability rate and the lowest necrosis rate were
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found in the 4 ug lacidipine group (respectively 74.55%
and 0.26%). The highest early apoptosis rate (32.15%), and
the lowest late apoptosis (0.55%) were seen in 2 ug
lacidipine group. Among the amlodipine groups, the
highest viability rate and the lowest necrosis and late
apoptosis rate were found in the 100uM amlodipine group
(respectively 89.69%, 0.41%, and 1.34%). However the
highest early apoptosis rate was seen in 20uM amlodipine
group (19.49%).

According to our findings, the highest viability
rate among the treatment groups was found in the at 100
uM amlodipine in SH-SY5Y cell line. Our findings
demonstrate a correlation with the MTT and LDH assay
results.

DISCUSSION

The main finding of this study was to evaluate the
protective roles of L-type (lacidipine) and/or dual L/N-type
(amlodipine) calcium channel blockers in glutamate-
induced excitotoxicity and to determine which of the
cortical neuron and SH-SY57 cells reflects glutamate
injury. MTT, LDH, TAC-TOS analysis and flow
cytometry were performed sequentiall. Herein, firstly we
found that SH-SY5Y cells were more sensitive to
oxidative stress damage and cell viability reduction caused
by glutamate than cortical neuron cell culture. Secondly,
amlodipine, a dual inhibitor L/N VGCCs blocker, had more
protective effects against glutamate toxicity than
lacidipine, which is only L-type VGCCs blocker and this
effects were dose dependent manner.

The molecular pathways of excitotoxicity
following glutamate receptor activation are still unclear.
Increased intracellular concentrations of  Ca?* are
classically thought to be a supreme event in inducing cell
death (3, 5). Even though Ca2+ can pass into via NMDA
glutamate receptors, glutamate can alternatively depolarize
neurons, giving a start to the opening of VGCC (Chavez-
Castillo et al., 2017; Higley & Sabatini, 2012). This
hypothesis is supported by the neuroprotective effect of
Ca** channel blockers against glutamate induced
excitotoxic injury. Although it is well established that N-
type VGCCs participate in glutamate release, recently. It
demonstrated that increased expression of L-type voltage-
gated Ca?* channels at presynaptic terminals irregularly
induced glutamate release (Giansante et al., 2020).
Therefore, we used cortical neuron cells and SH-SY5Y cell
lines, which are two dissimilar cell lines expressing L and
N-type calcium channels in our study. Applying glutamate
decreased cell viability more in SH-SY57 cells than in
neuron cells (589 % vs. 63%). Also, such results from the
MTT analysis have been supported by the evaluation of
LDH findings. Although in two cultures treated glutamate,
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the activity of LDH was remarkably higher in SH-SY5Y
cells when compared to cortical neuron cells. Additionally,
our TAC-TOS and flow cytometric results were also in
parallel with MTT and LDH assay. As a result of our
literature search, we could not find any study showing
which one better reflects glutamate damage in neuronal
cells and SH-SY5Y cell lines. Therefore, we did not
compare to our results with other studies. However, it is
known that alteration of intracellular Ca2+ concentrations
induces numerous intracellular situations, inclusive of
oxidative stress, necrosis, and apoptosis. Ca?* influx via L-
and N- type channels is an crucial event during the initial
phases of cell death ( Dong et al., 2009). Therefore, we
think that Ca?* loading is variable in neurons and SH-
SY5Y cells due to depolarization caused by toxicity. SH-
SY5Y cells appear to be more susceptible to Ca?* overload
and subsequent oxidative stress and apoptotic cell death
due to L and N-type Ca?* channels.

Numerous studies highlight the important role of
VGCC blockers to treat glutamate excitotoxicity (Godoy et
al., 2021; Higley & Sabatini, 2012; Kim et al., 2016; Zysk
et al., 2018). In the light of the results summarized in the
literature, N-type blockers are known to have protective
effects toxicity of NMDAR-mediated Ca?* entry (Kimura
et al., 1999; Vallazza-Deschamps et al., 2005). However,
there are inconsistent results regarding the role of L-type
calcium channel blockers in glutamate excitotoxicity.
Some findings reported that L-type calcium channels are
not liable for glutamate excitotoxicity so antagonists of this
channel have no protection from glutamate-induced
neuronal damage (Stuiver et al., 1996; Kimura et al., 1999).
On the other hand, Giansante et al., (2020) demonstrated
that L-type VCGC channels abnormally contribute to
evoked glutamate release and Vallazza-Deschamps et al.,
(2005) found that diltiazem, a blocker of L-type Ca?
channels, limit the cell death triggered by glutamate.
Sanchez et al., (2016) demonstrated that inhibition of L-
type Ca?* channels with nimodipine protect cerebrocortical
cells under presence of neurotoxicity. In light of the results
just summarized, it is time to reconsider the relationship
between L and dual L/N VCGC antagonists and glutamate
excitoxicity. Although there are no finding the effects of
lacidipine on glutamate toxicity, it is avaiable data showing
lacidipine its role as a neuroprotectant in
neurodegenerative diseases by reducing oxidative stress
(Khurana & Bansal, 2019; Manev et al., 1997). At the same
time, Manev et al., (1997) found that amlodipine
ameliorated both mitochondrial injury and cell death in
zinc neurotoxicity in rat cerebellar granule cells. It is
declared that Zn?* induce neuronal death by enhancing
glutamate excitotoxicity (Kim et al., 2020). Specifically,
our results show that similar to previous reports lacidipine
and amlodipine alleviated glutamate-induced
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excitotoxicity in neuron and SH-SY5Y cells in a
concentration-dependent. However, the most protective
impact was determined 100 uM amlodipine concentration
on SH-SY5Y cells. Compared with glutamate-damaged
cultures, we found that the percentage of cell viability was
significantly the highest (58.9 % vs. 88.8 %), and LDH
release into the culture medium was statistically the lowest
in 100 uM amlodipine-treated SH-SY5Y cells. On the
other hand TAC-TOS results, oxidative stress parametres,
parallel with the MTT and LDH analysis, respectively.
Therefore, amlodipine that decreases oxidative stress
parameters may also be neuroprotective. Consistent with
our findings, Mahajan et al., (2007) reported that
amlodipine improved vascular damage by reducing
oxidative stress and improving antioxidant status, thanks to
its antioxidant properties.

Oxidative stress often involves induction of
apoptotic cell death (Lee et al., 2021). In our study, the used
concentration of glutamate lead to the apoptotic pathway
of celluar death in mostly the cortical neurons neurons but
early apoptosis in SH-SY5Y cells. The highest viability
and lowest necrosis rate among all treatment groups were
determined in the 100 uM amlodipine in SH-SY5Y cells
group. In 100 uM amlodipine- applied cultures, the number
of viable cells was remarkably higher than in the cultures
applied with glutamate alone (89.69% vs. 64.84 %)
although the percentage of necrotic cells was remarkably
lower (10.24% vs. 0.41%).

CONCLUSION

These results show that SH-SY5Y cells are more
effective at reflecting glutamate-induced excitotoxicity,
including oxidative stress and apoptotic cell death more
than cortical neuron cells. Although lacidipine, an L-type
calcium channel blocker, had protective effects in the
treatment of glutamate-induced injury, these effects were
more effective than 100 uM amlodipine, an L/N-type
calcium channel blocker. However, this hypothetical
explanation requires further investigation.
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yapiya sahip oldugu deniz alanlaridir. Bu nedenle Sektor Kadikdy igerisinde yer alan demirleme yerleri ve
yakin ¢evresi Tiirk Bogazlari’nda gemi kazalarmin en sik yasandig1 deniz alanlaridir. Bu ¢aligmada, Istanbul
Bogazi’nda gemi trafiginin en yogun oldugu Sektor Kadikdy igerisinde yer alan tanker demirleme sahasinda
olas1 bir ham petrol gemisi kazasi sonucunda olusabilecek petrol kirliliginin, akut toksik etkisi
modellenmistir. Calismada olast petrol kaynakli kirlenmenin denizel ekosistemde olusturabilecegi etkinin
tespiti igin, laboratuvar ortaminda Bacterial Bioluminescence Bioassay testiyle, ham petroliin deniz ortaminda
akut toksisitesi arastirilmistir. Caligmada kirliligin modellenmesi icin GNOME Simulasyon Modellemesi
yazilimi kullanilmistir. Modellemede meteorolojik ve osinografik veriler gz 6niinde bulundurularak, petrol
kirliliginin etkileyecegi deniz ve kiy1 alanlar1 tespit edilmistir.

Bu ¢alisma sonucunda, kaza ile olusacak petrol kirliligi ardindan, ekosistem biyogesitliliginin etkilenmesi
olas1 sektore ait riskli alanlar model sonuglarindan edinilen bilgilerle belirlenmistir. Sektér Kadikoy olarak
segilen alanda, ham petroliin ulasabilecegi en son noktada bile petroliin toksik etkisinin devam edebilecegi
goriilmiis ve bu noktadan itibaren gereken seyreltme degerleri hesaplanmustir. Petrol kaynakl kirlenmenin
tespiti i¢in, akut toksisite test 6l¢iim periyotlart olan 5 dk — 15 dk ve 30 dk arasinda istatistiksel olarak anlamli
V. Ziilal SONMEZ bir fark bulunmamustir. En hizli miidahale gerektiren petrol kaynakli kirlenmelerde, akut toksisite testinin 5
Cevre Miihendisligi Bliimii, istanbul dakikalik maruziyet siiresi sonuglarindan yararlanilabilecegi belirlenmistir. Bu ¢alisma ile hem bu 6zel alanin
Universitesi-Cerrahpasa, Istanbul, Tiirkiye korunmasi ve hem de biyogesitliligin etkilenmemesi i¢in petrol kirliligi 6zelinde ¢alismalar, senaryolar ve
B<1: zulal.sonmez@iuc.edu.tr kiyisal alan koruma planlari ile biitiinlesik izlemelerin yapilmasinin 6nemi vurgulanabilir.

*Sorumlu yazarin:

Anahtar kelimeler: Petrol kirliligi, akut toksisite, sektor Kadikdy. Istanbul, deniz kazas.

Determination of the Toxic Effect of That Will Occur Qil Pollution in the Sector Kadikoy
Coastal Area After a Possible Ship Accident

Abstract: The Bosphorus, one of the most important passageways in the world, is a special area with high
geopolitical importance at the junction of east and west. Countries with a coast to the Black Sea can carry out
sustainable maritime trade thanks to the Bosphorus and export a significant part of their petroleum products
to the world through the Turkish Straits. Anchorage areas (A, B, C anchor areas) located in Sector Kadikdy
in the Bosphorus are the sea areas where the heaviest and most complex structure of ship traffic occur in the
Turkish Straits. For this reason, the anchorage areas within Sector Kadikdy and its immediate surroundings
are the sea areas where ship accidents occur most frequently in the Turkish Straits. This study models the
acute toxic effect of oil pollution that might result from a possible crude oil ship accident at the tanker
anchorage area located in Sector Kadikdy, where ship traffic is the most intense in the Bosphorus. In the
study, the acute toxicity of crude oil in the marine environment was investigated with the Bacterial
Bioluminescence Bioassay test in a laboratory environment to determine the effect of possible oil-related
pollution on the marine ecosystem. GNOME Simulation Modeling software was used to model pollution in
the study. In the modelling, the meteorological and oceanographic data were considered and the sea and
coastal areas affected by oil pollution were determined.
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With the information obtained from the modelling results, this study determined the risky areas of the sector
that may affect the ecosystem biodiversity after the accidental oil pollution. In the area chosen as Sector
Kadikdy, it was observed that the toxic effect of oil could continue even at the last point where crude oil could

*Corresponding author’s:

V. Ziilal SONMEZ

Environmental Engineering Department,
Istanbul Universitesi-Cerrahpasa, Istanbul,
Turkey.

4 zulal.sonmez@iuc.edu.tr

reach, and the required dilution values were calculated from this point onwards. There was no statistically
significant difference between the acute toxicity test measurement periods of 5 minutes, 15 minutes and 30
minutes to detect oil-based pollution. It was determined that the 5-minute exposure time results of the acute
toxicity test could be used in petroleum-based contaminations that require the fastest response. With this
study, the importance of conducting integrated monitoring with oil pollution specific studies, scenarios, and

coastal protection plans is emphasised to protect this special area and not affect biodiversity.

Keywords: Qil pollution, acute toxicity, sector Kadikéy. istanbul, marine accident.

GiRisS

Teknolojinin yenilik¢i uygulamalari ile iilkelerin
hammaddelere olan ihtiyaci, tagimacilik sektoriiniin en
onemli ayagi olan gemi hareketlerini 6n plana ¢ikarmistir.
Bu durum, son 10 yilda, gemilerin hem daha hizli ve
modern hale gelmesine hem de tasima kapasitelerinin
artmasina neden olmustur (Kaptan vd., 2020; Yildiz vd.
2021). Artan ham madde ve petrol ihtiyaci, deniz yolu ile
taginan yiikii dolayl olarak da olas1 kaza riskini ve denize
dokiilebilecek petrol kirliliginin miktarin1  artirmistir.
Gemilerin zorunlu gecis giizergdhindaki bogaz ve kanallar
ise, bu kazalarin ¢ok sik yasandigi deniz alanlaridir
(Ugurlu vd., 2016). Bu durum bogazlara yonelik askeri,
siyasi ve ticari kaygilara ek, ¢evre kirliligi baskisi
acisindan dikkat edilmesi gereken 6zel alanlar konusunu
giindeme getirmistir. Cunk{i telafisi maddi olarak
karsilanamayan, ekosistem hasarlarimin uzun yillar devam
ettigi ekolojik felaketli kazalar, o ilke sinirlart i¢in degil,
diinya ekosistemleri adina da kotti sonuglar dogurmaktadir
(Dogan ve Burak, 2007; Basar, 2010; Basar vd., 2018). Bu
tip olumsuz sonuglara neden olan ekolojik hasarli kazalar
sonrasinda en 6nemli adim, karar vericiler tarafindan akut
onlemlerin hayata gecirilmesi ve boylece kronik etkilerin
kalici olmadan ya da kismi kayiplarla atlatilmasinin
saglanmasidir. Ozel ekosistemlere sahip alanlarda ise, var
olan hassas alanlarin etkilenmemesi adina, Onceden
yapilacak modelleme ve senaryo c¢aligmalari ile acil
miidahale eylem olasiliklar1 degerlendirilmeli, hatta alanlar
icin gereken ekipman ve destekleyici iiniteler uygun
sartlarda konumlandirilmalidir.

Ozel bir ekosisteme sahip olan Marmara Denizi,
Tirkiye nin bir i¢ denizi olma 6zelligi yani sira, yogun
kirlilik baskisini hisseden ve hissettiren 6zelligi ile son 20
yudir ilkenin glindemindedir. Antropojenik Kkirliligin
etkisi ve baskisinin yani sira, farkli denizlere ulagmak igin,
Marmara Denizi’nden gegis yapan yilda 45 bine yakin
geminin baskist da giin gegtikce hissedilmektedir (UDHB,
2016; Kaptan vd., 2020; Yildiz vd., 2021). Tiirk Bogazlari
Gemi Trafik Hizmet (TBGTH-2021) alani; istanbul Gemi
Trafik Hizmetleri ve Canakkale Gemi Trafik Hizmetleri
alanlar1 olarak 2 GTH alt bolgesine ayrilmaktadir (Sekil 1).
Yerel deniz trafigi kapsamindaki gemiler hari¢ olmak
lizere, her ne maksatla olursa olsun TBGTH alaninda
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bulunan tehlikeli yiik tagiyan tiim gemiler ile tam boyu 20
metre ve daha biiylik gemilerin, yani “Aktif Katilimer”
olarak tanimlanan gemilerin, IMO A.851(20) no’lu karara
uygun olarak hazirlanmis olan Tiirk Bogazlari Raporlama
(TUBRAP) sistemine uymalar1 gerekmektedir. Ancak riski
yiiksek gecis rotalarma sahip Istanbul Bogazi’'nda, 1999
yilindan itibaren yasanan kazalardan
yasaminin %9011 zarar gérmiis ve uzun yillar kalic1 hasar
olarak kronik etkisini siirdiirmiistiir (Oztiirk vb., 2001).
Sadece Istanbul Bogazi’m degil, Marmara Denizi’nin
gemilerden kaynakli kirliligini 6nlemek iizere denetim
tekneleri, helikopter ve insansiz hava araci (drone) ile
sirekli  denetleme  ¢alismalarin Istanbul
Biiyiiksehir Belediyesi aym zamanda, deniz denetim
teknelerini Tuzla, Yenikapt ve acil midahale igin
Unkapani'nda konuglandirilmaktadir. Yine de tarihi
yarimaday1, 6zel lagiin ekosistemlerini igine alan Sektor
Kadikdy; kiyisal alanlarinda yerlesimlerin yogun oldugu
ozel bolgelerinde kazalar ile kargilagsmig, olumsuz etkiler
yasamis ve sadece denizel ekosistemde degil uzun siireli
maruziyet nedeniyle insan sagligint da olumsuz etkilemis
bir denizel alanidir (Yildiz vd, 2021). Bu alanda yasanacak
olasi petrol kazasinin, o giinkii meteorolojik ve osinografik
veriler goz Oniinde bulundurularak, petrol Kkirliliginin
etkileyecegi deniz ve kiy1 alanlari tespit edilmesi senaryosu

sonra, deniz

ylriiten

bu ¢aligmanin ana konusunu olusturmaktadir.

Kuzey

Sekil 1. Tiirk Bogazlar1 Gemi Trafik Hizmetleri Alani (Kiy1
Emniyeti, 2021)
Figure 1. Turkish Straits VVessel Traffic Service Area (Coastal

Safety, 2021)
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Bibliyometrik analiz, akademik yayinlarin ¢esitli
unsurlarinin sayisal analizler ve istatistikler yardimiyla
incelenmesi ile ilgilenen bir arastirma yOntemidir
(Ellegaard ve Wallin, 2015; Sahin vd., 2020).
Degerlendirme yontemi olarak  kullanmldiginda,
teknolojinin etkisi veya bir yazarin, organizasyonun
arastirmanin etkinligini belirlemeye yardimer olmaktadir
(Van Raan, 2014; Akduman vd., 2020). Bu ¢aligmaya konu
olan Istanbul Bogazi (=Strait) detay1 dikkate aliarak, [oil
AND spill AND toxicity AND strait] anahtar kelimeleri ile
ilgili caligmalarin ise olduk¢a sinirli kaldig1 goriilmiistiir.
Bu konuda yapilan sadece 10 adet makale tespit edilmis,
bu makalelerin 6 tanesinde, petrol ve tiirevlerinin sizinti
ve/veya  dokiilmelerinden  kaynaklanabilecek  olasi
toksisitenin farkli organizmalar (Paracentrotus lividu,
Hydra  viridissima, Macquaria  novemaculeata,
Melanotaenia fluviatilis, Octopus pallidus, Paphia
undulata) tizerine etkileri aragtirilmistir. (Uysal vd., 1997,
Mitchell ve Holdway, 2000; Cohen ve Nugegoda, 2000;
Pollino ve Holdway, 2002; Long ve Holdway, 2002;
Keshavarzifard vd., 2017). Yapilan bibliyometrik analizde
sadece iki calismada, simiilasyon ve modellemeden
yararlanildig1 belirlenmistir (Gin vd., 2001; Wu vd., 2016).
Bunlardan biri, “modelling study of influences of wave-
induced stokes drift on trajectories of oil spills in storm
conditions in Hecate Strait” ¢alismasidir ve Ozellikle
firtina kosullarinda inceleme yapilmistir (Wu vd., 2016).
Gin vd. (2001) tarafindan yapilan diger ¢alismada ise, gok
asamal1 bir petrol sizintis1 modeli ile bir besin zinciri
modelinden olugan bir petrol sizintist etkilesim modeli,
petrol dokiilmelerden kaynakli
organizmalar {izerindeki olasi etkilerini degerlendirmek
icin gelistirilmistir. Genis kapsamli igerige sahip, bilimsel
yayinlari kolaylikla tarayabilen bu arama motorunda;
yapilan bu ¢alismaya konu olan Istanbul’un tarihi, ekolojik
ve ekonomik dneme sahip kiyisal alanindaki, olas1 petrol
icerikli toksik etkilerin karsilastirilacagi bir caligmaya
rastlanmamugtir.

sizintt  ve denizel

Petrol; denizel ekosistemlerin ekolojik islevlerini
stirdiiriilebilir kilmasimi smirlandiran yapiya sahip bir
kimyasaldir. Bu kimyasala ait etkinin ortaya ¢ikmasinda;
kimyasal madde ve aralarindaki etkilesim, kimyasal
maddeye maruz kalan organizma ve maruziyet ile ilgili
ozellikler rol oynamaktadir. Bu amagla yapilan akut
toksisite testleri; kimyasal maddenin biyolojik sistemlerde
meydana getirdigi zararh etkileri saptamayi, toksik etkinin
niteligini ve niceligini tanimlamay1, doz-cevap iligkisini ve
toksisitenin meydana geldigi kosullar1 belirlemeyi saglar
(Sonmez, Sivri ve Dokmeci, 2016). Ancak, genellikle
cevresel degerlendirme i¢in biiyiime, ¢ogalma, larval veya
embriyonik gelisim bozuklugu ve davranigsal sapmalar
gibi altta kalma etkileri tespit etmek ve ekolojik sonuglar
acisindan analiz etmek daha zordur. Bu nedenle, ortamdaki
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ksenobiyotik bilesiklere hizli veya neredeyse anlik bir
yanit verecek teste ihtiya¢c duyulmaktadir (Sénmez ve
Sivri,2016). Giiniimiiz sartlarinda ise, akut toksisite testleri
arasinda yer alan en hizli test biyoliminesans bakteri ile
yapilan akut toksisite testi olarak kabul gormiistiir (Sénmez
ve Sivri 2020a; Sonmez ve Sivri 2020b).

Bu c¢aligmada, Sektor Kadikoy olarak secilen
alanda, olas1 gemi kazasi ile olusacak petrol kirliligi
ardindan, kiyisal ekosisteme etkilerinin GNOME
simiilasyon modeli sonuglarindan edinilen bilgilerle
belirlenmesi hedeflenmistir. Ham petroliin ulasabilecegi
alanlarda toksik etkinin varligi aragtirilmis ve gereken
seyreltme degerleri hesaplanmigtir. Petrol kaynakli
kirlenmenin tespiti ve acil miidahalesi igin, akut toksisite
testinin en kisa maruziyet siiresi belirlenmeye galigilmistir.
Elde edilen sonuglar gorsellestirilmis ve alana ait alinmasi
gereken tedbirler model sonuglari ile yorumlanmastir.

MATERYAL VE METOT

Istanbul Bogazi’nda demir yerlerinin, bogaza giris
yapan ve bogazdan ¢ikig yapan gemilerin en yogun oldugu
alan Sektér Kadikdy’diir. Bu nedenle bu sektoriin Istanbul
Bogazi’ndaki en riskli sektorlerden biri oldugu
literatiirdeki birgok c¢aligmada (Aydogdu vd., 2012;
Aydogdu, 2014; Ugurlu vd., 2016) vurgulanmistir. Bu
calismada, Sektor Kadikdy icerisinde meydana gelebilecek
olas1 bir tanker kazasinin, petrol tiirevli toksik kirletici
unsurlar nedeniyle kiyisal alanda olugturacagi yikici
etkilerinin analiz edilmesi amaglanmistir. Sektor igerisinde
tanker tipi gemilerin yani sira; konteyner, kuru yiik, dokme
yiik ve RoRo tipi gemilerin yogunlugu, bu bdlgede seyir
yapacak ya da demirleyecek biiyiik tonajli tankerler igin
risk olusturmaktadir. Ozellikle hava sartlarimin olumsuz
oldugu kis aylarinda, kiyiya ve seperasyon hattina yakin
demir bolgelerinde kaza riski de artmaktadir. Bu ¢caligmada
biiyiik tonajli petrol tankerlerinin demirledigi C3-C4
bolgelerinde, olasi petrol tankeri kazasi sonrasi
olusabilecek ham petrol kirliliginin kiyisal alanda yayilimi
modellenmistir.

Calismanin is akisi 3 baslikta tamamlanmustir. {1k
asamada; Istanbul Bogazi'ndan gegen, ham petrol
tagimaciliginda kullanilan gemilerden kaynaklanabilecek
olasi kazalar i¢in, en riskli olabilecek bdlge belirlenmistir.
Ikinci asamada, ham petrol
olusturulurken, dncelikle yiiksek riskli kaza noktasi olarak
Sekil 2’de verilen 40° 56,9°K-028° 50,5°’D koordinath
nokta tercih edilmistir. Bu noktadan petrol dagilim simiile

S1zintis1  senaryosu

edilmistir. Ugiincii asamada, ham petroliin akut toksisite

etkisi icin, laboratuvar ~ ortaminda Bacterial
Bioluminescence Bioassay testiyle, ham petrolden
kaynaklt  kirlenmenin  denizel ekosistemde sebep

olabilecegi toksik etkinin seviyesi ve en zararsiz orani
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seyreltme belirlenmistir. Calismanin adimlar1 bagliklar
halinde asagida sunulmustur.

Lejant
© Ham petrol sizinti noktasi
@ Tanker gemileri

Sekil 2. Tanker gemileri icin Istanbul Bogaz1 canli deniz trafigi
haritasi.

Figure 2. Istanbul Strait live maritime traffic map for tanker
ships.
(https://iwww.marinetraffic.com/en/ais’lhome/centerx:28.940/cen
tery:40.966/zoom:12)

Dokiintii  alaninmin  belirlenmesi. Calismada

dokiintii olast bir kaza senaryosu temel alinarak
modellenmistir. Bunun i¢in éncelikle Istanbul Bogazi’nda
dokiintii riskinin ve miktarimin en yiiksek olabilecegi
denizalan1 belirlenmisgtir. Bu alanin belirlenmesinde
Istanbul Bogaz1’ndaki deniz trafiginin yogunlugu (Sekil 2),
demir yerleri, demirleyen gemi tipleri ve gemi
biiyiiklikleri goz oniinde bulundurulmustur.

Sektor Kadikoy igerisinde yer alan demir yerleri
Istanbul Bogaz1’nin en karmasik ve en yogun trafik akisina
sahip deniz alanlaridir. Bu alanlar igerisinde demire
ilerleyen, demirden kalkan, bogaz girisi yapan, bogaz ¢ikisi
sonrasi temasi olan gemilerin yani sira bdlgedeki demir
yerlerinin yetersizliginden dolay1 olusan yogun gemi
trafigi kaza riskini arttirmaktadir. Gemi tipi tanker olunca,
ozellikle ham petrol tankerleri i¢in kazanin yikici etkisi ve
kalict hasarlar1 daha da 6nemli goriilmektedir. Bu nedenle
calismada dokiintii modellemesi igin bilyiikk petrol
tankerlerinin demirleme igin tercih ettikleri C3-C4 demir
sahas1 arasindaki alan se¢ilmistir.

Petrol Dagilimi Simiilasyonu Modellemesi: Bu
asamada, bir onceki adimda belirlenen olasi dokiintii
alaninda meydana gelebilecek ham petrol tankeri kazasi
sonrasi ortaya ¢ikacak sizintinin dagilimi modellenmistir.
Dagilimin modellemesi i¢in, General NOAA Operational
Modeling Environment (GNOME) yazilimi kullanilmigtir
(GNOME, 2017). GNOME kirlilik haritas1 olugturmak ve
acil durum midahale alanlarini tespit etmek icin siklikla
kullanilan bir yazilimdir (Basar vd., 2018; Dong vd.,
2019). Bolgedeki cografi verileri elde etmek igin kiiresel
bir harita olusturucu (Cografi Bilgi Sistemleri)
kullanilirken, osinografik verileri ve kiy1 seridi verilerini
elde etmek i¢in sirastyla Hibrit Koordinat Okyanus Modeli

(HYCOM) veri tabanlar1 ve NOAA kiiresel kiy1 seridi veri
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taban1 kullanilmistir (GOODS, 2021; SWAN, 2021). Bu

veri  tabanlarindaki  bilgiler @ NOAA  tarafindan
yonetilmektedir.  Uluslararas1  kuruluglar  tarafindan
saglanan, kaydi tutulan ve hava tahminlemesinde

kullanilan resmi verileri, istenilen cografi bolge igin belli
zaman araliginda indirmeye ve GNOME modelinde
kullanmaya olanak saglamaktadir. Bu arastirma igin
gerekli olan cografi ve osinografik haritalar, bu veri
tabanlarindan Sektér Kadikdy demir sahasini kapsayan
bolge i¢in ayr1 katmanlar (kiy1 ¢izgisi harita katmani,
ylizey ve derin akinti katmani ve riizgdr katmani) olarak
elde edilmistir. Akinti ve riizgar verileri degisken ve
senaryo siiresince dinamiktir. Haritalar daha sonra
GNOME teshis aract kullanilarak birlestirilmistir ve
simiilasyon alt yapisi tamamlanmistir. Simiilasyon
modellemesinde mevsimsel akintilar ve hakim riizgar yonii
bu yolla ger¢ege yakin olacak sekilde uygulanmistir
(GOODS, 2021; SWAN, 2021). Kaza sonras1 olusabilecek
sizintt GNOME programinda 5000 (iist limit) metrik ton
(mt) ham petrol ile sirh tutulmustur. Dékiintii Istanbul
Bogazi’nda hava ve deniz kosullarinin en g¢etin oldugu
aylardan, Subat ayinda modellenmistir. Modelleme 72
saatlik zarfindaki  petrolin  yayilimim
gostermektedir.  Nokta  kiitle dengesi:  Sekillerde
nokta/kiitle orant 1/3'tiir (simiilasyonda 3000 metrik ton
dokiinti, 1000 adet nokta ile temsil edilmis ve
gosterilmistir). Minimum pismanlik igin
(kirmizi noktalar); riizgdr ve akintt kosullarinda %1

zaman

senaryosu

belirsizlik olmast durumu simiile edilmistir.

Akut Toksisite Deneyi: Deniz kazalarinin yogun
olarak yasandigi bolgelerde, tasinan petroliin kaza
sonrasinda deniz ekosistemindeki akut ve/veya kronik
toksik etkilerinin belirlenmesi igin farkli
uygulanmast miimkiindiir. Ancak bu testlerden alinacak
bagl miidahalelerdeki gecikmeler,
ekosistemlerde kalici hasarlara neden olabilmektedir.
Yapilan ¢aligmalarda siklikla vurgulanan akut toksisite
testinin en kisa maruziyet siiresinin belirlenmesi esasina
uygun olarak bu calismada “Bacterial Bioluminescence
Bioassay (Vibrio fischeri-  Microtox®)” testinin
kullanilmasi tercih edilmistir. Segilen metot; IMO
tarafindan yapilan, 27. Bilimsel Grup toplantisinda 6nemli
vurgularla tanimlanan, 29. Bilimsel Grup toplantisinda,
“Atik Degerlendirme Rehberi: Biyolojik Degerlendirme
Tekniklerinin Uygulanmas1” basliginda Microtox testi ile
glindeme gelmistir (IMO, 2006; IMO, 2008). Ancak bu tip
caligmalarda dikkat edilmesi gereken temel nokta, petrol ve
distik ¢Ozlniirliiklerinden dolay1
biyodeneylerde tek basma test edilememesidir. Bu
nedenle, solvent (DMSO) yardimiyla, petrol ve tiirevleri
stv1 faza transfer edilmelidir. Fakat normal sartlar altinda
dogada bu kadar kuvvetli herhangi bir ekstra ¢oziicii
bulunmadigindan, bu c¢alisma igin alinan ham petrol

testlerin

sonuglara

tirevlerinin



Sivri vd., (2022)

numunesi solvent kullanilmadan calisilmistir. Boylece
ham petrolin yiizeysel sulardaki toksik etkisinin
belirlenmesinde, dogal sartlarin olusturulmasina 6zen
gosterilmistir.

Bu testte, test organizmasi olarak, rehidrasyon
yontemi  kullanilarak dondurularak kurutulmus 108
bakteri/vial kiiltiirti igeren Vibrio fischeri kullanmilmustir.
Microtox Akut Toksisite prosediiriine gore (Microtox
Manual, 1992), %2’lik NaCl igermesi
kosuluyla, 10 pl bakteri kiiltiirii 500 pl numuneye maruz
birakilmistir. Sahit olarak %2’lik NaCl kullanilmistir. Test
3 seri halde yiritiilmiigtiir. Bakteri numuneye maruz
kaldiktan sonra, test usuliine uygun 6l¢iim araliklari olan 5,
15 ve 30 dakikada 11k 6l¢timii yapilmigtir. Microtox Omni
yazilimi sayesinde kaydedilen degerler, yine bu yazilim
sayesinde ECso degeri olarak verilmistir.

numunelerin

BULGULAR

Bu calisma i¢in sec¢ilen alan Sektdr Kadikoy’de,
olas1 bir kaza ardindan olusacak petrol sizintisinda hem
Istanbul Bogazi'nda petrol kirliliginin dagilim haritasi
olusturulmus hem de kirlilikten etkilenebilecek kiy1
alanlart belirlenmistir. GNOME yazilimi kullanilarak
yapilan ham petrol sizintisinin yayilim, to-t7> araligindaki
dagilimlar isaretlenerek Sekil 3’de sunulmustur. Sizinti ilk
30 saat boyunca akintt ve riizgarin etkisiyle ilk dokiintii
noktast olan Bakirkdy agiklarindan doguya dogru,
Ahirkapt agiklarma kadar deniz ylizeyinde yayilim
gosterdigi belirlenmistir. Dokiintii kiyrya 32 saat sonunda
Ahirkapt bolgesinden ulagsmistir. Otuz dordiincii saatin
sonunda Sultan Ahmet sahilinde 2 km’lik serit kirlilikten
etkilenmistir. Kirkinci saatten itibaren akinti ve riizgarin
yon degistirmesiyle ham petrol 6nce giliney, daha sonra
giiney bati yoniinde yayilim goéstermistir. Miidahale
edilmedigi takdirde 72 saatin sonunda ham petrol Yedikule
kiyilar1 boyunca tekrar karaya ulasmustir. Ug km’lik sahil
seridi kirlilikten etkilenmistir. Senaryo sonunda toplamda
2215 mt ham petrol 5 km’lik sahil seridine (Ahirkapi,
Yedikule) ulagsmig ve 591 mt ham petrol yiizer halde deniz
yiizeyinde kalmistir (Sekil 3). Onceki ¢aligmalar (Basar
vd., 2006; Basar ve Kose, 2005; Basar, 2008; Basar, 2010)
bogazin giiney girisinde yasanan herhangi bir kaza
durumunda yapilan simiilasyon sonucu dokiintiiniin akinti
etkisiyle giineye dogru yoneldigini gostermektedir.
Caligmamizda ise kirlilik kuzey doguya dogru yonelerek
tim kiy1 seridi boyunca yayilmistir. Bunun muhtemel
sebebinin Sekil.3’de de goriildiigii gibi subat ayinda
bolgede etkili olan kuvvetli giiney-giiney batili riizgarlar
oldugu distiniilmektedir.

Model sonuglart ardindan sizinti boyutu, akut
toksik etkinin her seviyesinin goriilebilecegi diizeyde ele
almmustir. Ciinkii petroliin denize girmesinden sonra
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kimyasal ve biyokimyasal doniisiim {iriinlerinin analizleri
(6rn. metabolitler ve foto-kimyasal oksidasyon firiinleri)
oldukca zahmetli ve maliyetli iken, canlilar tizerindeki
tahribatinin belirlenmesine yonelik toksisite testleri hizli
ve kesin sonuca ulastiracak analizlerdir. Bu asamada hem
etkilenen sahil kesimi ve hem de deniz yiizeyinde yiizer
halde kalan ham petrol ile ilgili akut toksisite etkilerini
belirlemeye  yonelik analiz  sonuglart  verilmistir.
Simiilasyon sonuglar1 dikkate alinarak hem saf haldeki
ham petroliin, hem de deniz suyu numunesine farkli
konsantrasyonlarda eklenen ham petroliin akut toksisite
testleri yorumlanmustir.

Bu amagcla, ham petroliin toksik seviyesinin
belirlenmesine yonelik ¢aligma araligi belirlenmis ve akut
toksisite testi metodolojisi geregi smirli konsantrasyon
araliklarinda caligilmasi tercih edilmistir. Eisman vd.,
(1991), Aruldoss ve Viraraghavan (1998) ve Saeed ve Beg
(2007) tarafindan ham petrolle ilgili yapilan ¢aligmalarda,
biyoliiminesans bakteri ile (Vibrio fischeri) akut toksisite
testinde analizér olarak Microtox® tercih edilmis ve
petroliin asir1 toksik oldugu belirlenmistir. Elde edilen
sonuclarin  siniflandirmasinda  ECsp  degerlerinin - %20
araliklarla tanimlamasi yapilmistir (Ahmed, 2015).

= -
S 3
= I

212
-

ti8
21

ST (AR e

o

t
t16
156
tes

to
4
tig
t62

Sekil 3. Sektor Kadikdy kiyisal alaninda GNOME simiilasyon
modeli ile petrol yayilimi.

Figure 3. Oil spill with GNOME simulation model in the coastal
area of Sector Kadikdy
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Buna gore, ECso (% veya mg/L olarak) degerleri;
<20 son derecede toksik; 2040 siddetli toksik; 40-60 orta
seviyede toksik; 60-80 az toksik; 80-99 pratik olarak
toksik degil; >100 non-toksik veya rolatif olarak zararsiz
olarak toksisite derecelerine sahiptir (Hodge ve Sterner,
2005; Yildiz vd., 2021). Bu ¢aligmadaki konsantrasyon ve
ECso degerleri incelendiginde; toksisite degerlerinin son
derece toksik (ECso=17,11 mg/L) ve siddetli toksik
(ECs0=22,21 mg/L) smiflandirmasina uygun oldugu
bulunmustur. Yildiz vd. (2021) tarafindan yapilan
calismada da, ¢aligilan ham petrol siddetli toksik (24,41
mg/L) bulunmustur.

Calismanin bir sonraki evresinde, kiyisal alan
sularindan alinan 6rneklerin, toksisitesi tespit edilen ham
petrole ait farkli konsantrasyonlarinin uyumlamali
denemeleri vyiiriitiilmiistiir. ~ Ozellikle ~ simiilasyon
sonuglarindaki alanlara ait deniz yilizey suyu ornekleri ile
calisilmis ve sonuglar Sekil 4’te sunulmustur. Bu sekilde,
ham petrol 6rnegine ait farkli seyreltmeler (1/125.000-
1/200.000) ve tiim maruziyet siireleri i¢in (sirastyla 5, 15,
30 dk.) degerler hesaplanmistir. Elde edilen sonuglara gore,
1/125.000  sonuglarinin  toksik  Ozellik  tasidigi
belirlenmistir. Aynm1 yontem ile ancak 200.000 kat
seyreltmede, tim maruziyet siireleri 5, 15 ve 30 dk.lar i¢in
non-toksik 6zellik géstermistir. Bu sonugla, ham petroliin
ulasabilecegi en son noktada bile petroliin toksik etkisinin
olabilecegi, bu noktadan itibaren ancak 200.000 kat
seyreltmeye maruz kalirsa  toksik  Ozelligini
kaybedebilecegi bulunmustur. Yildiz vd. (2021) tarafindan
yapilan c¢alismada, c¢alistlan ham petroliin toksisite
seviyeleri birbirine yakin olup, toksisite siniflart aynidir.
Bu nedenle, Yildiz vd. (2021) tarafindan ham petrol denize
dokiildiigiinde, deniz suyuyla sadece 1:200.000 seyreltme
petrol kirliligi toksik olmayan hale getirecektir bulgusu ile
¢aligmanin sonucu Ortiismektedir.
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Sekil 4. Maruziyet siirelerine gore ECso (mg/L) degerleri.

Figure 4. EC50 (mg/L) values according to exposure times.

* Tim sonuglar pozitif kontrol olarak formaldehit ile
karsilastirilmistir (Sonmez ve Sivri, 2016).

* All results were compared with formaldehyde as a positive
control (Sénmez and Sivri, 2016).
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SONUCLAR VE TARTISMA

Petroliin  biyolojik etkileri {izerine yapilan
aragtirmalar, deneysel calisma tasarimindaki
gelismelerden, bilgisayar teknolojisi ile saglanan
modelleme uygulamasindan ve 6zel deneysel ekipmanlarin
gelistirilmesinden  biiyiik 6lgiide yararlanmistir. Bu
teknolojik adimlar sayesinde, modellemelerle es zamanl
petrol konsantrasyonu ve toksisite analizleri kullanilarak,
Oliimciil sonuglardan ve kalic1 tahribatlardan basarili
miidahalelere gegis olmustur. Bu ¢alismanin sonuglari ile
Istanbul Bogazi’'nda degisken akint1 ve riizgar rejiminin
petrol tiirevli deniz kirliliginin sahilde ulasacagi alanlari
onemli Olciide etkileyebilecegi gosterilmistir. Edinilen
sonuglara gore, Yesilkdy kiy1 seridinden yaklagik 1300
metre uzaklikta meydana gelen petrol icerikli dokiintiiniin
yikic1 etkilerinden, Yesilkdy sahilinin ¢ok az miktarda
etkilenmesi ilging bir ¢alisma ¢iktisi olarak goriilmektedir.
Yesilkdy'de meydana gelen dokiintiiniin Ahirkapt ve
Yedikule kiyilarinda yogunlasmasi Istanbul Bogazi’ndaki
akinti ve rilizgar rejiminin Onemini agik¢a ortaya
koymaktadir.  Bu nedenle literatiirdeki c¢aligmalarda
(Basar, 2010; Aydogdu vd., 2012; Ugurlu vd., 2015a;
Ugurlu vd., 2015b; Yildiz vd., 2021) belirtildigi iizere,
Istanbul Bogazi’ndaki deniz kazalar acisindan riskli
bolgelerde, acil miidahale istasyonlari kurulmasi yararli
olabilecektir. Bunun yani sira gelisen teknolojiyle riskli
bolgelerin takibi uzaktan izleme sistemleri (insansiz Hava
Araglart) ile desteklenmeli ve bdylece olast acil
durumlarda erken uyart sistemi olarak bu sistemler
kullanilabilmelidir. ~ Cilinkii  kaza  sonrasi  bdlge
dinamiklerinden dolay1 kirlilikten etkilenebilecek alanlari
tahminleyebilmek gergekten ¢ok zordur.

Kiyisal alanlar, haligler ve i¢ sular; gemi kaynakl
atiklardan yogun etkilenen en hassas ekosistemleri
barindiran kisimlardir. Hatta “sicak nokta” olarak
tanimlanan alanlar, barindirdiklar1 tiirler ile korunmasi
gereken 6zel noktalardir. Bu alanlarda yer alan tiirler, farkli
trofik seviyelerdeki canlilara besin kaynagi olusturan
zengin biyogesitlilige sahiptir. Ancak Marmara Denizi
kiyisal alanindaki bu 0&zel noktalar heniiz izleme
programlarina dahil edilememistir. Belirli donemlerde bazi
fizikokimyasal ve biyolojik parametrelerle takip edilen
alanlar olsa da Marmara Denizi’nde izlenen biyolojik
parametreler arasinda akut toksisitenin yer almadigi
bilinmektedir. Her ne kadar akut toksisite testi ile
kirleticinin tiirii ve kaynag1 hakkinda net bilgi edinilmese
de alanda var olan tiirlerin etkilendigi maddenin toksik bir
etken kaynakli olup olmadigi hakkinda ¢ok kisa siirede
karar verilebilir. ~ Bdylece sucul ekosistemdeki ani
degisimleri 5-30 dakika arasindaki siirede hizlica tespit
etmek miimkiin olabilir. Akut toksisite testleri sayesinde,
karar vericilerin acil durum tespiti ve miidahalesi daha hizli



Sivri vd., (2022)

ve etkin olabilir. Daha 6ncesinde alana ait simiilasyonlar
yapilmigsa, miidahale yontemi ve miidahale edilmesi
gereken bolgeler kalici hasar gérmeden kurtarilabilir.
Ancak elde edilen verilere gore, sucul organizmalara olasi
akut veya kronik etkilerinin belirlenmesi igin; sadece ham
petrolii tanimlayan fiziksel/kimyasal 6zelliklerin yetersiz
kalacagi, akut toksisite seviyelerinin de dikkate alinmasi
gerektigi  sOylenebilir. Cilinkii yumurta ve larva ile
planktonik formlarin, sedimentte ve kiyisal alanda yasayan
yengeg, istakoz ve karides gibi kabuklularin diger canlilara
oranla daha duyarli olduklar1, 1-10 ppm oraninda petrol
konsantrasyonundan dahi etkilendikleri bilinmektedir
(Yonsel, 2004; Demiray, 2006). Birgok canli tiiriiniin
etkilendigi petrol kaynakli kirlenmenin ¢ok hizli tespit
edilebilirligi ve miidahalesinde, akut toksisite testinin 5
dakikalik maruziyet siiresinin dahi fikir verebilecegi bu
galismanin en Onemli bulgularindan biri olarak
belirtilebilir.

Bu caligma sonuglarinda da belirlendigi iizere,
denizel alanlarda  mikroorganizmalardan makro
organizmalara kadar her trofik seviyede gozlenebilecek
hasarlarin 6nlenebilmesi adina 6zellikle petrol tiirevli
kazalarda, hizli ve etkin onlemlerin alinmasi igin sucul
alanlarin izlenmesi, modellenmesi ve farkli senaryo
¢aligmalarimin yiiriitiilmesi gerekmektedir. Yetkili karar
vericiler kaza aninda hem bilimsel hem de teknolojik
sonuglart dikkate almali ve stratejik etkileri planlayarak
etkin acil miidahale karar1 vermelidir.

TESEKKUR

Bu calismada, simulasyon  modellemesi
konusunda destek veren Firat SIVRI’ye tesekkiir ederiz.
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GIRiS

Liocarcinus depurator Kuzey Denizi’nde, Atlantik
Okyanusu’nda, Akdeniz’de ve Karadeniz’de dagilim
gostermektedir (Ates, 1999; Horton & Lilley, 2008). L.
depurator tiiriiniin ana besin kaynagini, crustacea, mollusca,
polychaete, ophiuroid ve baliklardan olustugu rapor
edilmistir (Freire vd., 1993). Karadeniz’de gliniimiize kadar
17 yengeg tiirii tespit edilmis olup, bu tiirler iizerinde yapilan
caligmalar genelde sistematik ve bulunurluk ¢aligsmalaridir
(Anosov, 2000; Bilgin & Celik, 2004; Gonligiir-Demirci,
2006; Ates vd., 2010; Micu vd., 2010; Micu vd., 2011;
Bilgin, 2019). Literatiirde tiirtin biyolojisi ile ilgili olarak
Abello, (1989) Kuzey bati Akdeniz’ de tiiriin
biyolojisini ve kabuk degisimi 6zelliklerini, Ferndndez vd.,
(1991) Ispanya kiyilarinda yaptiklar1 calismada tiiriin
populasyon biyolojisini rapor etmislerdir. Arastirma
bolgesinde L. depurator tiiriiniin yilda iki kez yumurtladig
seklinde yorumlanmustir. Trol 6rneklemelerinde yeni birey
katilimmin 6zellikle Agustos-Eylill arasinda gergeklestigi,
von Bertalanffy biiyiime denklemine gore biilylime oraninin
erkeklerde disilerden daha yiiksek oldugu rapor edilmistir
(Fernandez, 1991). Ria de Arousa sahillerinde (Kuze-bat1
Ispanya) L. depurator tiiriiniin %50 cinsi olgunluk boyu
erkeklerde 31,4 mm ve 35,7 mm karapaks boy, disilerde ise
25,5 mm ve 31,5 mm olarak hesaplanmigtir (Muino vd.,
1999). Rufino vd. (2005), 1994 ve 2003 yillar1 arasinda
Akdeniz’de Iberian yarim adasinda 25 m ve 800 m
arasindaki derinliklerde 10 yil siireyle L. depurator tiiriiniin
yogunluk dagilimlarini incelenmiglerdir. Bu tiirlin her
derinlikten orneklendigini, trol orneklemelerinin yaklasik
%80’inde ve s1g camurlu bdlgelerde km? de ortalama 985 L.
depurator bulundugunu rapor etmiglerdir. L. depurator
tiirliniin megalopa evresini aragtiran bir caligmada, Bati
Akdeniz ve Kuzeydogu Atlantik ‘de toplanan Ornekler
morfoljik incelenmis.  Diger ¢alismalarla
kargilastirilmis megalopa evresindeki bireyle yetiskin
bireyler arasinda meritrik ve morfometrik farkliliklarin
onemli oldugu ortaya (Guerao vd.,
2009).Akdeniz den elde edilen megalopa Ornekleri
morfolojik olarak yetigkin bireylerle karsilastirilmis ve
onemli farkliliklar oldugu ortaya konulmustur (Guerao ve
Abello, 2011). Akdeniz kiyilarinda dip trolii ile yapilan bir
calismada L. depurator tiiriiniin disi ve erkek bireyleri
arasindaki morfolojik farkliliklar incelenmis ve disi bireyler
ile erkek bireyler arasinda morfolojik karapaks boyu
genisligi ve dikenleri gibi morfolojik karakterlerde 6nemli
farkliliklar oldugu ortaya konulmustur (Rufino vd., 2009).
Muifio, (2002) tiiriin yumurta verimliligini
degerlendirmistir. Ancak Karadeniz’de tiiriin biyolojisi ile
ilgili yapilan ¢aligmalar oldukca sinirlidir. Karadeniz Ordu
kiyilarinda yapilan bir ¢alismada L. depurator tiiriiniin boy

ureme

olarak

konulmustur

agirhik iliskisi incelenmis ve karapaks genisligi ile agirlik
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arasinda kuvvetli bir iligki bulunurken, karapaks boyu ve
agirlik arasinda zayif bir iliski oldugunu ortaya konulmustur.
Incelenen bireylerin ortalama karapaks uzunlugu ve
karapaks genisligi sirastyla disilerde 21,6 mm ve 26,6 mm,
erkeklerde 30,1 mm ve 37,7 mm olarak rapor edilmistir
(Aydin vd., 2013). Aydin, (2018) tiiriin boy-agirlik iliskisini
calismis ve aralarinda giiglii bir iliskinin oldugunu ortaya

koymustur ayrica kondisyon faktoriinii incelemistir.
Populasyonlarin  siirdiiriilebilirligi ve dogru ydnetim
stratejilerinin gelistirilebilmesi icin biiylime

parametrelerinin bilinmesi gereklidir (Lopez-Martinez vd.,
2014). Ayrica Dekapoda tiirleri deniz ekosisteminin 6nemli
ekolojik bilesenleridir ve orta trofik seviyede hayati bir rol
oynarlar (Farina vd., 1997). Bu nedenle bu tiirlerin biyojik
ve ekolojik 6zelliklerinin bilinmesi olduk¢a 6nemlidir. Bu
caligmanin amaci, L. depurator tiiriiniin boya dayali biiyiime
6zelliklerinin ortaya koyulmasidir. Ayrica Karadeniz’de ilk
kez bu c¢alismayla biiylimenin mevsimsellik durumu ortaya
konulmustur.

MATERIAL AND METHOD

Bu calisma kapsaminda Orneklemeler, Rize
aciklarindaki 3 noktada (lyidere, Merkez, Cayeli)
konumlandirilmig 4 farkli derinlik konturundan 2 m genislik
ve 15 mm ag gbz agikligina sahip kirisli trol (beam trawl)
kullanilarak Aralik 2012 ve Kasim 2013 tarihleri arasinda
aylik olarak gerceklestirilmistir (Sekil 1) .

KARADENIZ

Trabzon

Sekil 1. Ornekleme istasyonlari.
Figure 1. Sampling stations.

Iyidere istasyonu; dip yapist bakimindan genel
olarak kum, c¢akil ve kabuk yapidan olugsmaktadir. Merkez
istasyonu; dip yapist bakimindan kabuk, kiigiik kaya
dokiintiilerinden ve kismen makroalglerle (Zostera sp., Ulva
sp.), kismende kumluk alanlarin baskin oldugu alanlardan
olusmaktadir. Cayeli istasyonunda; dip yapist kumluk ve
makroalglerle (Zostera sp., Ulva sp. ve Cystoseira sp.)
kaplidir. Arastirmada her istasyonda sahilden baslanarak 30
m ve lizeri derinliklerden dip yapisina bagli olarak 10-30
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dakika arasinda degisen siirelerde ortalama 2,2 knot hizla
cekimler yapilmistir. Cekimler, Recep Tayyip Erdogan
Universitesi (RTEU), Su Uriinleri Fakiiltesine ait SUAR
isimli aragtirma teknesiyle yapilmistir. Cekim yapilan
derinlikler 4 gruba ayrilmistir. 1. derinlik: sahilden
baslayarak 5 m’ ye kadar olan, 2. derinlik: 5-10 m arasindaki
alan, 3. derinlik: 10-20 m arasindaki alan ve 4. derinlik: 20-
30* m arasindaki alangeklindedir. Cekimler sonucunda
toplanan yengec¢ ornekleri ayni giin icerisinde RTEU, Su
Uriinleri Fakiiltesi, Balik¢ilik Laboratuvari’na getirilmistir.
L. depurator tiiriiniin karapaks boyu rosturum ucundan
karapaksin posterior ucuna kadar olan mesafe temel alinarak
Olciilmiistiir. Karapaks genisligi karapaks iizerindeki sag ve
soldan 5. dislerin ugtan uca olan mesafesi temel alinarak
Olcilmiistir (Muino vd., 1999). Agirliklar 0,001 g
hassasiyetteki terazide tartilmig, boylar ise 0,01 mm
hassasiyetli dijital kumpasla Sl¢lilmiistiir. Cinsiyet tespiti,
toraksin altinda kalan karin bolgesi erkeklerde daha dar ve
sivri, disilerde ise daha genistir ve ¢ok sayida pleopod yer
almaktadir (Abello, 1989).

L. depurator tiiriiniin kabuk degistirme (molting)
sathalar1 Abello (1989), tarafindan bildirilen karapaksin
esneklik dzelliklerine gore belirlenmis ve agagida belirtildigi
gibi bes sathada siniflandiriimastir.

1. kabuk degistirme safhasi: dis iskelet cok
yumusak ve seffaf goriinlimdedir.

2. kabuk degistirme sathasi: dis iskelette
kalsifikasyon olugsmaya baslamistir. Kagit gibi bir gériiniim
kazanir. Kiskag ve yiiriime bacaklar1 karapaksa gore daha
sert yapidadir.

3. kabuk degistirme dis iskelette
kalsifikasyon gelismeye devam eder ancak hala karapaks
esnek durumdadir.

safhasi:

4. kabuk degistirme sathasi: artik dis iskelet
esnekligini kaybetmek iizere olup sertlesmeye baglamistir.

5. kabuk degistirme safthasi: tamamen yeni iskelet
gOriiniimii almis ve oldukga serttir.

Cinsiyetlere gore (disi, yumurtali disi ve erkek)
aylik ve genel boy frekans dagilimlart 2 mm sinif araliginda
olusturulmugtur. Cinsiyetlere gore ortalama karapaks
genigligi (KG) arasindaki fark t testi kullanilarak, boy
frekans dagilimlari arasindaki fark ise ki
Kolmogorov-Smirnow kullanilarak incelenmisgtir.
Istatistiksel analizler PAST version 2.14 programi (Hammer
vd., 2001) kullanilarak yapilmustir.

L. depurator tiriiniin erkek, yumurtali disi ve
yumurtasiz disi bireylerinin karapaks boy ve agirlik
iligkileri, karapaks genislik ve agirlik, karapaks boy ve
gore

Ornek
testi

karapaks genislik formiile

hesaplanmustir.

W =al’,

Burada; W = yenge¢ agirhgi (g), L = yengeg
karapaks genigligi ya da karapaks boyudur (mm). L.

iligkileri asagidaki
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depurator tiriiniin von Bertalanffy biiyiime sabitleri
cinsiyetlere gore hesaplanmistir. von Bertalanffy biiyiime
fonksiyonunun mevsimsel ve mevsimsel olmayan iki farkl
parametrizasyonu  kullanilmigtir.  Hesaplamalar, aylik
karapaks genisligi (KG) frekans dagilim verileri ile LFDA
ver. 5.0 programi (Kirkwood vd., 2001) kullanilarak
yapitlmigtir. Mevsimsel olmayan {i¢ parametreli von
Bertalanffy biiyiime modeli Bertalanffy (1938), tarafindan
belirtilen agagidaki formiile gore hesaplanmuistir.

L =L [1-e*tw)

Mevsimsel von Bertalanffy biiyiime modeli Somers
(1988) ve ELEFAN (Electronic Length Frequency Analsis)
Hoeing mevsimsel biiylime egrisine gore Kirkwood vd.
(2001), tarafindan belirtilen asagidaki formiil kullanilarak
hesaplanmuistir.
Z—ijsinZn(t—ts)+[%jsin2n(to—ts)}

L =L, 1—e{7K(H°){

L: =t yasindaki yenge¢ boyu (mm)

L. = yengecin bilylidiigii sonugmaz karapaks genisligi (mm)
K = biiyiime katsayisi (y1l™)

to = yenge¢ boyunun kuramsal olarak sifir oldugu yas (yil)
C = mevsimsel salinim genligi (0 < C < 1)

ts = mevsimsel salinim sathasi (-0,5 < ts < 0,5) (Siniis dalgasi
salimimin konveks segmentinin baglangicr).

Biiyiime oranimin yil i¢indeki en yavas oldugu zaman olan
kis noktast (WP) asagidaki formiile gore hesaplanmustir.

WP =ts +0,5.

Von Bertalanffy biiyiime egrisinin mevsimsel ve
mevsimsel olmayan parametrizasyonlariin performansini
karsilagtirmak amaciyla piglerden gecme uygunlugunun bir
ifadesi olan Rn asagidaki formiile gore hesaplanmustir.

ESP
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10

Rn =

ASP = mevcut piklerin toplami, ESP = biiyiime
egrisinin gectigi piklerin toplami. Biiylime performansi
indeksi (@) disi ve erkek bireyler igin asagidaki formiile
gore hesaplanmigtir (Pauly & Munro, 1984). @’ = log(K) +
2 log(L).

BULGULAR

Biiyiime: Aragtirmada siiresince toplamda 2715 L.
depurator bireyi biyolojik olarak incelenmistir. Yumurtasiz
disiler ile erkek bireylerin ortalama genisligi arasindaki fark
istatistiksel olarak 6nemli bulunmustur (t testi, p<0,001).

Disilerin  (yumurtali+yumurtasiz) ortalama  karapaks
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genisliginin erkek bireylerden istatistiksel olarak daha biiyiik
oldugu  belirlenmistir  (t  testi, p<0,001). Disi
(yumurtali+yumurtasiz) ve erkek bireylerin boy frekans
dagilimlar1 arasindaki fark istatistiksel olarak Onemli
bulunmustur  (iki  6rnek  Kolmogorov-Smirnov  testi,
p<0,001) (Sekil 2).

Orneklenen bireylerin %39,4’iinii yumurtasiz disi,
%7,8’ini yumurtalr disi ve %52,8’i ise erkek bireylerden
olugturmaktadir. Disi, yumurtal disi ve erkek L. depurator
bireylerinin aylik toplam karapaks genisligi- frekans
dagilim1 Sekil 3’te sunulmustur.
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O Disi
| = vumurtan gisi
0O Erkek
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Sekil 2. Disi, yumurtali disi ve erkek L. depurator bireylerinin toplam
karapaks genisligi frekans dagilimi.

Figure 2. Frequency distribution of total carapace width of female, eggy
female and male L. depurator specimens.
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Sekil 3. Disi, yamurtali disi ve erkek L. depurator bireylerinin aylik toplam karapaks genisligi frekans dagilimi.
Figure 3. Monthly total carapace width frequency distribution of female, eggy female and male L. depurator specimens.

Boy-agirlik, boy-genislik iliskisi: L. depurator
tiirtiniin erkek, yumurtali disi ve yumurtasiz disi bireylerinin

karapaks boy ve agirlik, karapaks genislik ve agirlik ve
karapaks boy ve karapaks genislik Sekil 4’te sunulmustur.
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Sekil 4. L. depurator tiiriiniin erkek, yumurtal disi ve disi bireylerinin karapaks boy, genislik ve agirlik iliskileri.
Figure 4. Carapace length, width and weight relationships of male, eggy female and female individuals of L. depurator species.

Mevsimsel Biiyiime: Arastirmada L. depurator
tiirliniin bilylimesi mevsimsel ve mevsimsel olmayan von
Bertalanffy biiylime modeline gére incelenmistir sonuglar
Tablo 1’de sunulmustur. Disi ve erkek bireylerin biiyiime
ozelligini temsil etme agisindan mevsimsel biiyiime
modelinin, mevsimsel olmayan modele gore daha iyi oldugu
belirlenmistir. Biiyiime egrisindeki mevsimsel salinimin
erkeklerde (C = 0,990), disilere gore (C = 0,703) daha fazla
oldugu belirlenmistir (Sekil 5-6). Bu sonuglar gore L.
depurator tiirliniin mevsimsel biiylime 6zelligi gosterdigini
goriilmektedir. Erkek bireyler i¢in biiyiimenin en yavas
oldugu zaman, kis ortas1 (WP = 0), disi bireyler i¢in ise
ilkbahar sonu (WP = 4,73) oldugu tespit edilmistir. Bliyiime
performansi (@”), L. ve K degerleri erkek bireylerde (@'=
3,363, L, = 36,4 mm ve K = 1,739 yil'h), disilerde ise (&=
3,317, Ls 350 mmve K = 1,692 will) olarak
hesaplanmistir. Bu degerler incelendiginde, biiyiime

Kabuk Degistirme safhalari: Erkek bireyler igin
kabuk degistirme (molting) safhalrimin ayhik degisi
incelendiginde, siirecin Mayis ayindan sonra basladigi,
heniiz kabuk degistirmis 1. sathadaki bireylerin 6zellikle
Ekim ve Kasim aylarinda yiiksek miktarda oldugu tespit
edilmistir (Sekil 7). Ozellikle kabuk degisiminden sonra

yengeclerin biiylime hizi en yiiksek seviyede oldugundan
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performansinin disilere gore erkeklerde daha biiyiik oldugu
belirlenmistir.

Tablo 1. Disi ve erkek L. depurator icin aylik boy frekans verilerinden
ELEFAN (Elektronik Boy Frekans Analizi) metoduna gore hesaplanan
Hoenig mevsimsel ve mevsimsel olmayan von Bertalanffy biiyiime
denklemi (VBBD) parametreleri.

Table 1. Hoenig seasonal and non-seasonal von Bertalanffy growth
equation (VBBD) parameters calculated according to ELEFAN (Electronic
Length Frequency Analysis) method from monthly height frequency data
for male and female L. depurator.

Parametre Hoenig mevsimsel Mevsimsel olmayan
Erkek Disi Erkek Disi

L., (mm) 36,42 35,00 37,14 34,74

K (yilY) 1,739 1,692 1,570 1,872

to (y1l) -0,600 -0,550 -0,740 -0,600

WP 0,000 4,730

ts -0,500 -0,270

C 0,990 0,703

@’ 3,363 3,317 3,336 3,354

Rn 0,597 0,766 0,434 0,676

biiyiimesinin 6zellikle Mayis ve Kasim aylar1 arasinda
gerceklestigi tespit edilmistir. S6z konusu durum disi
bireyler i¢inde benzerlik gdstermistir. Ayrica, yumurtali 212
disi bireyin hepsinde kabuk degistirme safhasi 4 olarak tespit
edilmistir. Bu da yumurtali bireylerin kabuk degistirmedigi
anlamina gelmektedir.
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Sekil 5. L. depurator tiiriiniin disi ve erkek bireyleri i¢in ELEFAN gore
metoduna hesaplanan mevsimsel olmayan von Bertalanffy biiyiime

denklemi (VBBD) grafigi.

Figure 5. Nonseasonal VBBD graph calculated by ELEFAN method for

male and female individuals of L. depurator species.
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Sekil 6. L. depurator tiiriiniin disi ve erkek bireyleri i¢in ELEFAN hoenig
metoduna gore hesaplanan mevsimsel von Bertalanffy biiyiime denklemi

(VBBD) grafigi.

Figure 6. Seasonal VBBD graph calculated according to ELEFAN hoenig

method for male and female individuals of L. depurator species.
SONUC VE TARTISMA

Biiyiime: Aydin vd. (2013), Karadeniz Ordu
kiyilarinda uzatma aglarina takilan bireylerin ortalama
karapaks uzunlugu ve karapaks genisligi sirasiyla digilerde
21,6 mm ve 26,6 mm, erkeklerde 30,1 mm ve 37,7 mm
olarak tespit edilmistir. Fernandez vd. (1991), Ispanya Ria
de Arousa kiyilarinda disi ve erkek bireylerin karapaks
genisligi- agirlik ve karapaks boyu- agirlik arasindaki
iligkiyi incelemistir. Disi ve erkek bireyler arasinda
karapaks genisligi- karapaks uzunlugu arasinda farklilik
oldugunu ve erkeklerin disilerden daha uzun oldugunu
belirlemistir. Caligmalar arasindaki farkliliklarin nedeni
kullanilan av araglarmin Ozelliklerinden kaynaklanmig
olabilir.

Mevsimsel Biiyiime: Fernandez vd. (1991), Ria
de Arousa (Galigya kiyilar1)'da iki farkli istasyonda (ayni
habitat ve derinlik (¢amurlu, 8-30 m) &zellikli) yaptig
orneklemeler sonucunda L., degerlerinde erkek bireyleri
disi bireylere oranla daha biiyiik bulmustur (Tablo 2). Bu
calismada Von Bertalanffy (mevsimsel olmayan) ve
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Sekil 71. Erkek ve disi L. depurator bireylerinin aylara gére molting (kabuk

degistirme) sathalari.

Figure 7. Molting stages of male and female L. depurator individuals by
months.

Hoening (mevsimsel) bityiime metotlar1 ile hesaplanan Loo
degerleri, Fernandez vd. (1991), tarafindan hesaplanan
degerler ile benzerlik gostermektedir. K ve to degerleri
kargilastirildiginda  her ikisi iginde bariz farkliliklar
goriilmektedir. Bu farkliligin nedeni ¢aligmalarin farkli
(besin sicaklik tuzluluk gibi) biyotik ve abiyotik dzelliklere
sahip bolgelerde (Kuzey denizi) yapilmis olmasi ve
arastiricilarin kullandigr farkli aveilik yontemiyle ilgili
oldugu diisiiniilmektedir. Fernandez vd. (1991) yar1 pelajik
4 m boyunda ve 10 mm g6z agikligina sahip trol kullanmis
ve aylik 10 dakikalik ¢gekimler yapmustir.

Literatiirde von Bertalanffy biiyiime metodu goz
onlinde bulundurularak diger yengeg tiirleri ile ilgili
yapilan ¢alismalar Tablo 2’ de gdsterilmistir. Josileen ve
Menon (2005) Loo degerinde disileri erkeklerden daha
bliylik bulurken, diger c¢aligmalarda erkek bireyler
disilerden daha biiyiik hesaplanmuistir. Portunitlerde yaygin
olarak erkekler disilere oranla daha biiyiiktiir. Bu farklilik
disilerin biiyiime siirecinde enerjilerini gonad geligimi ve
daha sorasinda yumurta gelisimi i¢in harcamalartyla
ilgilidir (Hartnoll, 1985). Ayrica bu biiyiikliik ¢iftlesme
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sirasinda  erkegin disiyi korumasimi da saglamaktadir
(Hartnoll, 1969; Christy, 1987). Yengeclerde K degeri
erkek bireylerde disilere oranla daha yiiksektir (Tablo 2).
K degerlerindeki bu durum bu ¢alisma ile paralellik

gostermektedir. Ancak diger biiylime parametreleri
arasinda  farkliliklar  gozlenmektedir  (Tablo  2).
Calismalardaki biiylime parametreleri arasindaki bu

farkliliklar karilastirilan tiirlerin farkli ailelerden olugmasi,
orneklemelerin farkli 6zellikli (besin, sicaklik ve sediment
) habitatlardan yapilmis olmasi, bireylerin boy dagiliminin

farkli olmasi ve arastiricilarin  kullandigr  aveilik
yonteminin farkli olmasindan kaynaklandig1
diistiniilmektedir. Mevsimsel biiyiime modeli

krustaselerden dekapodlarda ¢ok yaygindir. Bu biiyiime
farkli tilirler arasinda farklilik gdstermezken cinsiyetler
arasinda farklilik gosterir (Guerao vd., 1994). L. depurator
tirinde biliyime egrisindeki mevsimsel salinimin
erkeklerde (C = 0,990) disilere gore (C = 0,703) daha fazla
oldugu belirlenmistir. Bu durum L. depurator tiirliniin
mevsimsel olarak biiylidiigiinii gosterir. Bu calismada
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ovaryumlu disilerde molting goriilmemistir. Yengecler bu
donemde enerjilerini yumurta gelisimi i¢in kullanirlar bu
ylizden iireme zamaninda biiylime yavastir (Oh vd., 1999).
Bu durum mevsimsel biiylime salimminin farkliligin
aciklamaktadir. Bu ¢alismada disiler i¢in biliyiimenin en
yavag oldugu zaman ilkbahar sonunda (iireme doénemi
baslangici) WP = 4,73 oldugu tespit edilmistir. Erkek
bireyler i¢in biiylimenin en yavas oldugu zaman, kig ortasi
olarak belirlenmistir. Cinsiyetlere gore
bliylimenin yavas olmast su sicakliginin diisiik olmasi,
bolgede ki besin miktart ile besin alma oranin diisiik olmasi
ve tireme zamanlarindaki gonad gelisimi ile ilgili olabilir
(Oh wvd., 1999). Yengeclerde biiylime performansi
erkeklerde disilere oranla daha biiyiik oldugu belirlenmistir
(Tablo 2). Benzer sekilde bu ¢alismada da erkek bireylerde
ki (&= 3,363) biiyiime performansinin disilere (®'=
3,317) gore daha biiyiik oldugu tespit edilmistir. Bu
farkliligin biyotik  (genetik  gesitlilik,
predatorler gibi) ve abiyotik (tuzluluk ve habitat yapisi
gibi) faktorler etkilemis olabilir (Beverton & Holt, 1957).

mevsimsel

olusmasini

Tablo 2. Bazi Brachyura (yengeg ) tiirlerinin von Bertalanffy Biiyiime Denklemi parametreleri ((*) Karapaks genisligi, (**) Karapaks boyu)

(1), Gold ve holland metodu (2) Munro metodu, (3) Fabens metodu.

Table 2. VVon Bertalanffy Growth Equation parameters of some Brachyura (crab) species ((*) Carapace width, (**) Carapace length)

(1), Gold and holland method (2) Munro method, (3) Fabens method.

Disi Erkek Disi+Erkek
Tiir Lo K to [0} Lo K to @' Lo K to [0} Bolge Cahsma
(mm)  (u? (mm) (mm)  u?

L. depurator* 43,14 2,705 0,216 370 56,62 3,085 0,305 4,00 Kuzey Denizi Fernandez vd., 1991
Avrosa Koyu

L. depurator* 39,02 4,791 0,285 3,86 51,42 2,718 0,256 3,86 Giiney Denizi Arosa  Fernandez vd., 1991
Koyu

P. 188,00 0,827 -0,098 447 19500 0,994 -0,013 4,58 GB Hint Sukumaran & Neelakantan, 1997

sanguinolentus* Oky.(Mangalora)

P. pelagicus* 204,00 0,970 -0,069 4,61 211,00 1,143 -0,019 4,71 GB Hint Oky. Sukumaran & Neelakantan, 1997
(Mangalora)

P. pelagicus* (1) 211,80 1,700 4,88 219,80 1,820 4,94 Hint Oky. Josileen & Menon, 2005

P. pelagicus*(2) 211,00 1,640 4,86 208,00 1,900 4,91 Hint Oky. Josileen & Menon, 2005

P.pelagicus*(3) 188,60 1,620 4,76 204,10 1,800 4,87 Hint Oky. Josileen & Menon, 2005

C. bimaculata** 19,41 0,162 -0,888 1,79 2153 0,148 -0,867 1,836 Pasifik Oky. (Tokyo  Doi vd., 2008
korfezi)

C. arcuatus* 150,00 1,000 4,35 4,352 Pasifik Oky. Lopez-Martinez vd., 2014
(Kalifornia korfezi)

C. bellicosus* 173,00 1,300 459 4590 Pasifik Oky. Lopez-Martinez vd., 2014
(Kalifornia korfezi)

C. toxotes* 168,00 0,900 4,40 4,405  Pasifik Oky. Lopez-Martinez vd., 2014
(Kalifornia korfezi)

P.sanguinolentus 204,75 0,870 456 194,25 0,970 4,563 Dogu Cin denizi Lee & Hsu, 2003

* (Kuzey Tayvan)

U. cordatus* 71,00 0,25 3,10 92,00 0,17 3,158 Pasifik Oky. Diele & Koch, 2010
(Birezilya
Mangrove)

C. sapidus* 207,5 1,19 0,15 4,710 Patuxent nehri juvd., 2001
(Birezilya)

207,5 1,71 0,31 4867

P. 12 14 -01 2,304 Pasifik Oky. Alves & Pezzuto, 1998

patagoniensis* (Birezilya Cassino
pli)

N. puber* 105 0,28 3,491  Pasifik Oky. Lee vd., 2005
(ingiltere Plymouth)

U. cordatus* 88,60 0,26 3,31 90,30 0,28 3,359 Pasifik Oky. Pinheiro vd., 2005
(Birezilya
Mangrove)

C. sapidus* 181,9 1,064 0,16 4,55 230,1 0,86 0,85 4,658 Beymelek lagiin Sumer, vd., 2013
(Turkiye)

Kabuk degisimi (Molting): Yengegler hayat
boyunca sik sik kabuk degistirirler.
nedenlerinden biri biliyiimek digeri ise c¢iftlesmeyi
kolaylastirmak olarak siralanabilir (Erdem vd., 2006). Bir
kabuk degistirmede 9%20-30 kadar biyiikliikk artis
saglanmaktadir (Erdem vd., 2006). Cografik bdlge,
sicaklik ve tiirlere gore kabuk degisiminin yil igindeki

evleri Bunun
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dagilimi  degismektedir (Conan, 1985). L. depurator
tiriiniin  kabuk degisim (molting) safhalarinin aylik
degisimi erkek bireyler icin incelendiginde, kabuk
degistirme siirecinin mayis ayindan sonra basladigi, heniiz
kabuk degistirmis 1. safhadaki bireylerin 6zellikle Ekim ve
Kasim aylarinda daha ¢ok miktarda oldugu tespit
edilmistir. Disilerde y1l boyunca molting goriilmesine kars1
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erkeklerde goriilmemistir. Molting disilerde mayis ve
temmuz aylarinda yiiksek, iireme doneminde ise ¢ok diigiik
cikmigtir. Dekapodlar da genel olarak molting, sicak olan
aylarda daha yiiksek oranda goriilmektedir (Sather, 1966).
Abello (1989), iireme donemi (Ekim- Ocak) boyunca
disilerde kabuk degisimini en az bulurken Mayis-Temmuz
aylarinda yiiksek oranda molting evresinin ilk saflarinda
olan bireyler tespit etmistir. S6z konusu durum disi bireyler
icinde benzerlik gostermistir. Ayrica, yumurtali 212 disi
bireyin hepsinde kabuk degistirme safhasi 4 olarak tespit
edilmistir. Bu da yumurtal1 bireylerin kabuk degistirmedigi
anlamina gelmektedir. (Abello, 1989; Du preez &
Mclachlan, 1984; Gonzales-Gurriaran, 1985). Pinheiro ve
Fransoza (2002), Pasifik’te (Brazilya, Ubatuba)
A.cribrarius tiriin de molting verilerine iligkin olarak
yetigkin 4. safhada erkek bireylerin en yogun oldugu
donemTemmuz, Eyliil ve Aralik olarak belirlemistir Bu
calismaya benzer olarak yumurtali disilerde 1’inci ve
2’inci sathada hig birey tespit edilmemistir. 4. Safhada olan
yetiskin disilerin en yogun oldugu donem ise Nisan-
Agustos aylart arasindaki periyotta tespit edilmistir.
Yumurtal: disilerde molting evresinin ilk safhalarinda olan
bireylerin bulunmamasi digi bireylerin enerjilerini yumurta
gelisimi i¢in kullandiklarinin bir gostergesidir.

Sonug olarak yapilan ¢aligmalarda L. depurator
tiirtinlin bir ¢ok demersal baligin besin kaynagi oldugunu
belirtmislerdir (Olaso, 1990; Hall vd., 1990;). Ekosistemde
yer alan ve biyolojileri hakkinda sinirli bilgi sahibi
oldugumuz bu canlilarin biyolojileri ve ekosistemdeki
yerlerinin arastirilmasi, siirdiiriilebilir balik¢ilik agisindan
Onem arz etmektedir.
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Abstract: There are many studies on the storage of honey bee semen. Due to its unique structure,
«(5). https:/iorcid.org/0000-0001-9932-3608 bee semen varies according to the storage period but is suitable for short-term storage conditions.
However, in terms of long-term storage conditions, developments in mammals have not been
caught. It is known that more studies are needed on this subject. The great advantages of semen
storage are its effective role in eliminating the problems of inbreeding after a while in pure breed
enterprises, increasing the yield characteristics and preventing gene pollution. To solve these
problems, beekeepers have to buy breeding queens from abroad with very high costs, and the
expected results cannot always be obtained from the bees brought. Especially considering the
genetic risks faced by regional breeds in Turkey, it is necessary to preserve semen, to protect
colonies in pure breed enterprises, as well as to develop genetically yield characteristics and to
prevent inbreeding. It can also prevent the spread of diseases compared to natural mating by

*Corresponding author: contributing to artificial insemination. By improving the storage conditions of honey bee semen,
Arda Onur OZKOK o long-term use of semen from well-known colonies will be possible. Producers will be able to
Department of Veterinary, Amasya University, benefit from the advantages of artificial insemination at a cheaper cost, with the semen being sent

Amasya, Turkey

R T T to distant regions as in mammals under appropriate storage conditions. The purpose of this review

is to give information about the storage conditions of honeybee semen.

Keywords: Honey bee, semen, storage.

Bal Aris1 Spermasinin Kisa ve Uzun Siireli Saklanmasiyla flgili Giincel Yaklagimlar

Oz: Bal aris1 spermasinin saklanabilmesiyle ilgili pek ¢ok caligma bulunmaktadir. Ar1 spermasi
kendine 6zgili yapist nedeniyle saklama siiresine gore degigsmekle birlikte kisa siireli saklama
kosullar1 i¢in elveriglidir. Ancak uzun siireli saklama kosullar1 agisindan memeli hayvanlardaki
gelismeler yakalanamamustir. Bu konuda daha fazla caligmaya ihtiya¢ oldugu bilinmektedir.
Spermanin saklanabilmesinin biiylik avantajlari saf irk bulunan isletmelerde bir siire sonra
akrabali yetistiriciligin verdigi problemlerin giderilebilmesi, verim 6zelliklerinin arttirilabilmesi
ve gen Kkirliliginin Onlenebilmesindeki etkin roliidiir. Ari yetistiricileri bu problemleri
giderebilmek i¢in yurt disindan ¢ok yiiksek maliyetlerle damizlik kralice satin almak zorunda
kalmakta ve getirilen arilardan her zaman beklenen sonuglar alinamamaktadir. Ozellikle
ilkemizde bolgesel irklarin kargilastigi genetik riskleri diistiniirsek spermanin saklanabilmesi, saf
ik isletmelerdeki kolonilerin korunabilmesinin yaninda genetik olarak verim ozelliklerinin
gelistirilmesi, akrabali yetistiriciligin 6nlenebilmesi i¢in de gereklidir. Ayrica suni tohumlamaya

*Sorumlu yazar: katkida bulunarak dogal c¢iftlesmeyle karsilastirildiginda  hastaliklarin ~ yayilmasini

Arda Onur OZKOK 6nleyebilmektedir. Bal aris1 spermasinin saklanma kosullarinin gelistirilmesiyle 6zellikleri
Amasya Universitesi, Suluova Meslek bilinen kaliteli kolonilerden alinan spermanin uzun siireli kullanimi miimkiin olacaktir. Ureticiler
Yiiksekokulu, Veterinerlik Bolimd, alman spermanm uygun saklama kosullarinda memeli hayvanlardaki gibi uzak bélgelere

Amasya, Tiirkiye

= v R AT AT gonderilebilmesiyle birlikte daha wucuza suni tohumlamanin sundugu avantajlardan

yararlanilabileceklerdir. Bu derlemenin amaci bal arasi spermasinin saklanma kosullartyla ilgili
bilgi vermektir.

Anahtar kelimeler: Bal aris1, sperma, depolama.
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INTRODUCTION

Studies on the storage of honey bee semen are
important for the development and dissemination of
artificial insemination in honey bees. Improving the
storage conditions is key, especially to increase the yield
characteristics of pure breed bees and to contribute to the
development of beekeeping with the transport of semen.

It has been reported that honey bee semen can be
stored at room temperature for up to 1 week (Collins,
2000). According to Cobey, (2007), honeybee semen can
be stored at room temperature for a maximum of 2 weeks.
The acrosome length of the honeybee semen is 5 pm and
the total length including the flagellum is around 250-270
pum (Lensky et al.,1979; Lino-Neto et al., 2000). Honeybee
semen is sensitive to adverse events that may occur during
freezing (Wegener et al., 2014a). The low percentage of
worker bees in the eggs of the fertilized queen bees as a
result of keeping the semen in storage conditions for a long
time was found to be remarkable (Harbo, 1979; Cobey,
2007). It has been stated that antioxidants have a positive
effect on honey bee semen as in mammals. It has been
reported that glutathione peroxidase, catalase and
superoxide dismutase have a positive effect on semen
quality, especially against the damages of oxidative stress
(Abdelkader et al., 2019).

Semen Diluents: Diluents added to the semen are
very important for the storage of semen for artificial
insemination in honey bees. For this purpose, many studies
have been conducted and the effects of different diluents
on semen have been evaluated.

In a study of queen bees inseminated with semen
diluted with Tris, Hayem, and Kiev diluents, it was found
that diluted and centrifuged semen extended the ovulation
time at different rates. Moreover, it has been reported that
diluents change the rate of drones in inseminated bees
(Moritz, 1984). Amino acids and antibiotics added to the
diluent have a beneficial effect on storage conditions.
Besides, the success of using the diluted semen by
centrifugation varies depending on the diluents (Moritz,
1984). In the cryopreservation application applied for the
storage of honey bee semen, the semen can be diluted with
suitable diluents and the dilution rates may vary according
to the solution used. Dilution ratios such as 1:1, 5:1, 3:2
can be preferred (Paillard et al., 2017). It is also used in
different ratios from cryoprotectant agents such as
glycerol, ethylene glycol, DMSO under long-term storage
conditions (Taylor et al., 2009). Harbo's successful diluent
contains 60% semen, 10% DMSO and 30% saline solution
(Harbo, 1979). To increase the effectiveness of diluents, it
has also been tried to use substances such as egg yolk and
coconut water for semen diluents. Hopkins et al., (2012)
emphasized the importance of the fact that egg yolk added
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to the diluent can cause infection because it is an animal
product, as well as it can negatively affect the life of the
gueen bee by causing obstruction in the reproductive canal.
It has been observed that coconut water had a supportive
effect on the semen vitality rate. In this way, no significant
loss of vitality was observed for up to 14 days (Almeda &
Soarez, 2002). It has been stated that antioxidants added to
semen diluent increase the semen quality (Cobey, 2007;
Taylor et al., 2009). Moreover, it has been reported that the
buffer content of the diluent contains amino acids and
sugar, as well as a pH value of 8.5 for honey bees.

Protocol Regarding Filling Honeybee Semen
into Straws: To ensure healthy storage conditions, the
semen diluted with the appropriate dilution rate and
method are filled into straws in the form of diluent-air-
space-semen-air-space-diluent, and the open end of the
straw is pressed and closed (Hopkins et al., 2012).

Figure 1. Filling of honey bee semen into the straw (Giil et al.,
2017).

Approaches to the Short-Term Storage of
Honeybee Semen: It has been reported that no serious
semen loss was observed when honey bee semen was
stored under room temperature conditions for as little as a
week. It has been stated that it can be used by keeping it
waiting for artificial insemination in this way. After the
diluted semen was loaded into the capillary tube, it could
be stored for up to 6 weeks with around 80% spermatozoa
viability preserved. It was emphasized that the success rate
increased due to the improvement of short-term storage
conditions at 12-16°C (Collins, 2000). It has been observed
that viability and motility decrease as the storage period
increases under short-term storage conditions (Looke &
Peng, 1993). For artificial insemination, honeybee semen
can be stored for a short time at 15-36°C for up to 36 hours.
It has been reported that semen can be stored for up to 48
hours at 21°C (Harbo & Williams, 1987). The semen,
which is diluted and transferred to capillary tubes, can be
stored as diluent-air-semen-air-diluent. The prepared
capillary tubes can be stored in special incubators at 16 +1
°C, protected from light (Paillard et al., 2017). Since the
gueen bee can be adversely affected by the composition of
the diluent, it can be centrifuged at 1000 rpm for 10
minutes in a 1.5 ml eppendorf tube, and the semen can be
purified from the diluent (Wegener et al., 2014b).
Centrifugation of diluted semen can damage spermatozoa.
It has been reported that it is better to mix gently with an
instrument rather than a centrifuge (Lodessani et al., 2004).
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It has been stated that temperatures between 16°C and -
196°C are suitable for storing honeybee semen. The
important thing is to obtain healthy results when the stored
semen is used in artificial insemination (Paillard et al.,
2017). The semen taken from drones can be temporarily
stored at room temperature for a few days and can be
practically used in artificial insemination. For this purpose,
the two ends of the capillary glass tubes used to collect
semen are temporarily closed with petroleum jelly or
similar material. Since light can damage semen, it can be
stored in dark conditions (Cobey, 2013).

Figure 2. Short-term storage of semen for artificial insemination
(Cobey, 2013).

Approaches to the Long-Term Storage of
Honeybee Semen: With the long-term storage of semen,
artificial insemination is possible not only during the
season but also when drones are not available (Cobey,
2013). Honeybee semen has a very long flagellum.
Furthermore, the head is long and the acrosome and
nucleus lengths are the same. The mitochondrial helix
functions by stretching along the flagellum (Lino-Neto et
al., 2000). The secretions of the attachment glands that
participate in the structure of the semen in drone and the
special proteins it contains play an important role in the
survival of the spermatozoa (den Boer et al., 2009). In
honeybees, long-term semen can be stored using freezing
methods (Harbo, 1979). Semen can be stored in liquid
nitrogen using various cryoprotectants (Dimethyl
sulfoxide, glycerol etc). However, it has been determined
that a significant part of the eggs of the queen bees
fertilized in the sperm stored for a long time in this way are
male eggs (Wegenner & Bienefeld, 2012). It has been
reported that the reason for this situation is the genetic
damage suffered during the freezing of semen (Harbo,
1981). The main factors affecting the success of
cryopreservation methods are thought to be the toxicity of
cryoprotectants, temperature sensitivity, freezing speed
ratio and cold shock (Hopkins & Herr, 2010). Therefore, it
is necessary to develop appropriate storage techniques for
the long-term storage of honey bee semen (Cobey, 2007).
Many studies have been done on this subject and different
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semen freezing methods have been tried. Hopkins and Herr
(2010) reduced the temperature gradually from room
temperature to -40°C with a temperature loss of 3°C per
minute and then transferred it to -196°C liquid nitrogen. In
another semen freezing study, semen, which was gradually
cooled to 5°C, was stored directly in -196°C liquid nitrogen
(Dadkhah et al., 2016). In their study, Algay et al., (2015)
reduced the temperature of semen to 5°C and kept them in
the cooler for 2 hours at 5°C for the equilibration process.
They were then cooled to -110 °C in liquid nitrogen vapor
for 10 minutes and stored in liquid nitrogen at -196 °C.
Thawing of frozen bee semen was done by keeping it at
37°C for 30 seconds (Paillard et al., 2017).

It was observed that the percentage of drones in
artificially inseminated queen bees decreased when honey
bee semen was frozen and stored for a long time. As the
storage period increases, the percentage of drones also
decreases. The percentage of drones was determined as
22% in semen stored frozen for 4 days and 8% in semen
stored for 2 years (Harbo, 1983). DMSO has been found to
be safer for honey bees among other cryoprotectant agents
(Harbo, 1979; Taylor et al., 2009). In a study on storing bee
semen at -196°C for 1 year by freezing with a diluent
containing DMSO, it was reported that storage conditions
below freezing temperature were more successful. Besides,
the importance of frozen and thawed semen in terms of
protecting the health of the queen bee was mentioned
(Paillard et al., 2017).

CONCLUSION

It is seen that short-term storage of bee semen has
very successful results compared to long-term storage. The
most important determinant of success is the percentage of
drones in the eggs of the queen bee inseminated with the
stored sperm. It is a great advantage that bee semen can be
stored at room temperature for up to 1 week after
collection. On the other hand, when stored for a long time,
semen must be frozen and cryoprotectant must be added to
the semen diluent. Due to its unique structure, honey bee
semen suffers serious damage during freezing and thawing.
In the storage of semen, the substances added to the semen
diluent and antioxidants contribute to the improvement of
the storage conditions. With the storage of semen in honey
bees, the cost of forming colonies with the desired genetic
characteristics can be reduced. Disease and parasitic
diseases can be prevented. Pure breeds can be maintained
in controlled beekeeping. Artificial insemination can be
expanded. There are many studies on the storage of honey
bee semen, and new studies shed light on this field every
day. However, it is thought that more studies are needed on
the long-term storage of bee semen.



Ozkok, (2022)

REFERENCES

Abdelkader, F.B., Kairo, G., Bonnet, M., Barbouche, N.,
Belzunces, L.P. & Brunet, J.L. (2019). Effects of
clothianidin on antioxidant enzyme activities and
malondialdehyde level in honey bee drone semen.
Journal of Apicultural Research, 58(5), 740-745.
DOI: 10.1080/002118839.2019.1655182

Algay, S., Ustiiner, B; Cakmak, i; Cakmak, S; Nur, Z.
(2015). Effects of various cryoprotective agents on
post-thaw drone semen quality. Kafkas Univ. Vet.
Fak. Derg., 21(1), 31-35. DOI:
10.9775/kvfd.2014.11515

Almeida, R., & Soares, A.E.E. (2002). Usage of green
coconut water and different tissue culture media for
in vitro honey bee semen storage (Apis
mellifera;Hymenoptera: Apoidea). Interciencia,
27(6), 317-321.

Cobey, S. W. (2007). Comparison studies of instrumentally
inseminated and naturally mated honey bee queens
and factors affecting their performance. Apidologie,
38(4), 390-410. DOI: 10:1051/apido:2007029

Cobey, S. W., Tarpy, D. R., & Woyke, J. (2013). Standard
methods for instrumental insemination of Apis
mellifera queens. Journal of Apicultural Research,
52(4), 1-18. DOI: 10.3896/IBRA.1.52.4.09

Collins, A.M. (2000). Survival of honey bee (Hymenoptera:
Apidae) spermatozoa stored at above-freezing
temperatures. Journal of Economic Entomology,
93(3), 568-571. DOI: 10.1603/0022-0493-93.3.568

Dadkhah, F., Nehzati-Paghaleh, G., Zhandi, M,
Emamverdi, M. & Hopkins, B.K. (2016).
Preservation of honey bee spermatozoa using egg
yolk and soybean lecithin-based semen extenders
and a modified cryopreservation protocol. Journal of
Apicultural Research, 55(4), 279-283. DOI:
10.1080/00218839.2016.1243292

Den Boer, S.P., Boomsma, J.J. & Baer, B. (2009). Honey
bee males and queens use glandular secretions to
enhance sperm viability before and after storage.
Journal of Insect Physiology, 55(6), 538-543. DOI:
10.1016/j.jinsphys.2009.01.012

Giil, A., Sahinler, N., Onal, A.G., Hopkins, B.K. &

Sheppard, W.S. (2017). Effects of diluents and

plasma on honey bee (Apis mellifera L.) drone

frozen-thawed semen fertility. Theriogenology, 101,

109-113. DOI: 10.1016/j.theriogenology.2017.06.020

J.R. (1979). Storage of honeybee spermatozoa

at—196°C. Journal of Apicultural Research, 18(1),

57-63. DOI: 10.1080/00218839.1979.11099945

Harbo, J.R. (1983). Survival of honey bee (Hymenoptera:
Apidae) spermatozoa after two years in liquid
nitrogen (-196°C). Annals of the Entomological
Society of America, 76(5), 890-891. DOI:
10.1093/aesa/76.5.890

Harbo, J.R. & Williams, J.L. (1987). Effect of above-
freezing temperatures on temporary storage of
honeybee spermatozoa. Journal of Apicultural
Research, 26(1), 53-55. DOI:
10.1080/002118839.1987.11100735

Hopkins, B.K. & Herr, C. (2010). Factors affecting the
successful cryopreservation of honey bee (Apis
mellifera) spermatozoa. Apidologie, 41(5), 548-556.
DOI: 10.1051/apido/20010006

Harbo,

75

J. Anatolian Env. and Anim. Sciences, Year:7, No:1, (72-75), 2022

Hopkins, B.K., Herr, C. & Sheppard, W.S. (2012).

Sequential generations of honey bee (Apis mellifera)

queens produced using cryopreserved semen.

Reproduction, Fertility and Development, 24(8),

1079-1083. DOI: 10.1071/RD11088

Y., Eytan, B.-D. & Schindler, H. (1979).

Ultrastructurc of the spermatozoon of the mature

drone honeybee. Journal of Apicultural Research,

18, 264-271. DOI: 10.1080/00218839

Lino-Neto, J., Bdo, S. N., & Dolder, H. (2000). Sperm
ultrastructure  of the honey bee (Apis
mellifera)(L)(Hymenoptera, Apidae) with emphasis
on the nucleus-flagellum transition region. Tissue
and Cell, 32(4), 322-327. DOI:
10.1054/tice.2000.0119

Locke, S.J., & Peng, Y.S. (1993). The effects of drone age,
semen storage and contamination on semen quality
in the honey bee (Apis mellifera). Physiological
entomology, 18(2), 144-148. DOI: 10.1111/j.1365-
3032.1993.th00461.x

Lodesani, M., Balduzzi, D., & Galli, A. (2004). Functional

characterisation of semen in honey bee queen (Am

ligustica S.) spermatheca and efficiency of the

diluted semen technique in instrumental

insemination. Italian Journal of Animal Science,

3(4), 385-392. DOI: 10.4081/ijas.2004.385

R.F.A. (1984). The effect of different diluents

oninsemination success in the honeybee using

mixedsemen. J. Apic. Res., 23(3), 164-167. DOI:

10.1080/00218839.1984.11100626

Paillard, M., Rousseau, A., Giovenazzo, P. & Bailey, J.L.
(2017). Preservation of domesticated honey bee
(Hymenoptera: Apidae) drone semen. Journal of
economic entomology, 110(4), 1412-1418. DOI:
10.1093/jee/tox149

Taylor, M. A., Guzman-Novoa, E., Morfin, N., & Buhr, M.
M. (2009). Improving viability of cryopreserved
honey bee (Apis mellifera L.) sperm with selected
diluents, cryoprotectants, and semen dilution ratios.

Lensky,

Moritz,

Theriogenology, 72(2), 149-159. DOl:
10.1016/j.theriogenology.2009.02.012
Wegener, J. & Bienefeld, K. (2012). Toxicity of

cryoprotectants to honey bee semen and queens.
Theriogenology, 77(3), 600-607. DOl:
10.1016/j.theriogenology.2011.08.036

Wegener, J., May, T., Kamp, G., & Bienefeld, K. (2014a).
A successful new approach to honeybee semen
cryopreservation. Cryobiology, 69(2), 236-242.
DOI: 10.1016/j.cryobiol.2014.07.011

Wegener, J., May, T., Kamp, G., & Bienefeld, K. (2014b).
New methods and media for the centrifugation of
honey bee (Hymenoptera: Apidae) drone semen.
Journal of economic entomology, 107(1), 47-53.
DOI: 10.1603/EC13159


https://doi.org/10.1080/002118839.2019.1655182
https://doi.org/10.9775/kvfd.2014.11515
https://doi.org/10.9775/kvfd.2014.11515
https://doi.org/10:1051/apido:2007029
https://doi.org/10.3896/IBRA.1.52.4.09
https://doi.org/10.1603/0022-0493-93.3.568
https://doi.org/10.1080/00218839.2016.1243292
https://doi.org/10.1080/00218839.2016.1243292
https://doi.org/10.1016/j.jinsphys.2009.01.012
https://doi.org/10.1016/j.jinsphys.2009.01.012
https://doi.org/10.1016/j.theriogenology.2017.06.020
https://doi.org/10.1080/00218839.1979.11099945
https://doi.org/10.1093/aesa/76.5.890
https://doi.org/10.1093/aesa/76.5.890
https://doi.org/10.1080/002118839.1987.11100735
https://doi.org/10.1080/002118839.1987.11100735
https://doi.org/10.1051/apido/20010006
https://doi.org/10.1071/RD11088
https://doi.org/10.1080/00218839
https://doi.org/10.1054/tice.2000.0119
https://doi.org/10.1054/tice.2000.0119
https://doi.org/10.1111/j.1365-3032.1993.tb00461.x
https://doi.org/10.1111/j.1365-3032.1993.tb00461.x
https://doi.org/10.4081/ijas.2004.385
https://doi.org/10.1080/00218839.1984.11100626
https://doi.org/10.1080/00218839.1984.11100626
https://doi.org/10.1093/jee/tox149
https://doi.org/10.1093/jee/tox149
https://doi.org/10.1016/j.theriogenology.2009.02.012
https://doi.org/10.1016/j.theriogenology.2009.02.012
https://doi.org/10.1016/j.theriogenology.2011.08.036
https://doi.org/10.1016/j.theriogenology.2011.08.036
https://doi.org/10.1016/j.cryobiol.2014.07.011
https://doi.org/10.1603/EC13159

:f‘-

JAES

Journal of Anatolian Environmental and Animal Sciences  Year: 7, No: 1, 2022 (76-83)

(Anadolu Cevre ve Hayvancilik Bilimleri Dergisi) A EH
DOI: https://doi.org/10.35229/jaes.1015903 C

Yil: 7, Sayi: 1, 2022 (76-83)
ARASTIRMA MAKALESI RESEARCH PAPER

Rize i1 Siirlan icerisindeki Rubus L. (Rosaceae) Tiirlerinin Morfolojik, Mikromorfolojik ve Molekiiler
Sistematik Ozelliklerinin Analizi

Fatma KUYUMCU*  Fatih Saban BERIS  Vagif ATAMOV
Recep Tayyip Erdogan Universitesi, Fen Edebiyat Fakiiltesi, Biyoloji Bolimii, 53100, Merkez/Rize, Tiirkiye.

Gelis Tarihi: 28.10.2021 Kabul Tarihi: 23.02.2022 Basium Tarihi: 31.03.2022

Atif yapmak i¢in: Kuyumeu, F., Beris, F.S. & Atamov, V. (2022). Rize Il Simirlari Ierisindeki Rubus L. (Rosaceae) Tiirlerinin Morfolojik, Mikromorfolojik
ve Molekiiler Sistematik Ozelliklerinin Analizi. Anadolu Cev. ve Hay. Dergisi, 7(1), -.
How to cite: Kuyumcu, F., Beris, F.S. & Atamov, V. (2022). Analysis of Morphological, Micromorphological and Molecular Systematic Properties of Rubus
L. (Rosaceae) Species in Rize Province. J. Anatolian Env. and Anim. Sciences, 7(1), -.

Oz: Bu calisma ile Rize ilinde yayilis gosteren 8 Rubus tiirii morfolojik, mikromorfolojik ve
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ise mikromorfolojik olarak incelendi. Sonrasinda 6rneklere ait ITS bolgeleri PZR ile ¢ogaltilarak

dizi analizi yapildi. Analiz sonucu 8 tiir arasindaki benzerlik iligkisini ortaya koyan filogenetik agac

olusturuldu. Mikromorfolojik goriintiilere bakildiginda 8 tiir arasinda govde, yaprak tiiylenmesi,

tily tipleri ve diken yapisinin ayirici 6zellikte oldugu tespit edildi. Morfolojik bulgular sonucunda

8 Rubus tiiriiniin yaprak, meyve, diken, petal, yaprak ve yaprakeik 6l¢iisli, meyve tanelerinin yapisi,

*Sorumlu yazarn: sayis1 ve sekli, yaprak alt ve iist ylizey, petal yiizeyi tliiylenme durumu, meyve ve sepallerin rengi,

Fatma KUYUMCU yaprak kenar1 yapis1 bakimindan birbirinden ayrildigi, bu Ozelliklerin karakteristik oldugu
Recep Tayyip Erdogan Universitesi, Fen belirlendi. Rubus tiirlerinin dizi analizi sonucunda elde edilen molekiiler bulgularda ortalama baz
Edebiyat Fakiiltesi, Biyoloji Boliimii, = : Sregiss : : . < : :

53100, Merkez/Rize, Tiirkiye uzunlugunun 709 ile 731 bp arasinda degistigi belirlendi. Olusturulan filogenetik aga¢ neticesinde
52 fatmakuyumecu@hotmail.com.tr Rosacea familyasina en yakin tiirlerin Rubus hirtus ve Rubus tereticaulis, en uzak tiiriin ise Rubus

sanctus oldugu belirlendi.

Anahtar kelimeler: Rubus, morfoloji, mikromorfoloji, ITS, filogenetik agac, PZR.

Analysis of Morphological, Micromorphological and Molecular Systematic Properties
of Rubus L. (Rosaceae) Species in Rize Province

Abstract: Rubus species in Rize province were compared morphologically and
micromorphologically along with molecular systematics of plants in this work. Analysed plant
materials were sampled during field studies conducted in 2019. The collected samples were
identified according to known methods and were transferred into herbarium plants. A total of 8 taxa
belonging to Rubus species were found. Plant parts such as stem, leaves and flowers were examined
morphologically and micromorphologically under stereo microscope and SEM. Then, plant
genomic DNA was isolated from fresh leaf samples by suitable methods to determine ITS profiles.
Then the ITS regions were amplified by PCR and sequenced. A phylogenetic tree showing the
similarity among this 8 species was then created based on the sequence analysis. The stem, leaf
trichomes, trichome types and thorn structure were found to be distinctive among these 8 species
when micromorphological images were examined. As a result of morphological findings, Rubus
plants constitute 8 distinct species in terms of leaf, fruit, thorn, shape, petal, leaf and leaflet size,

structure, number and shape of fruit grains, leaf adaxial and abaxial surface, trichome amount of
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GiRisS

Tiirkiye, 780,576 km?’lik yiiz dl¢ilimii ile diinyanin
32. biiyiik iilkesidir. Tirkiye Damarli Bitkileri Listesi’ne
gore ( Gliner vd., 2012), iilkemizde toplam 167 familya ve
1.320 cinse ait 9.996 tiir, 1989 alttiir, 867 varyete, 263 melez
tir ve 5 melez alttiir olmak iizere toplam 11.707 takson
bulunmaktadir.  Tirkiye’deki 12.000°e  yakin  bitki
taksonundan 500’iniin tibbi ve aromatik Ozellikli ve
bunlardan 200 tanesinin ise ihracat potansiyeline sahip
oldugu agiklanmistir. Bu 6zelliklerinden dolay: Tiirkiye
floras1 hem yerli, hem de yabanci botanik¢ilerin ilgisini
cekmistir (Ozer, 2017; Koday & Erhan, 2013).

Cografi  agidan  bakildiginda  Tiirkiye’nin
kuzeydogusunda, Dogu Karadeniz Bolgesi’nde yer alan
Rize ili kuzeyden tamamen Karadeniz ile g¢evrilmistir.
Batida Trabzon, dogusunda Artvin, giineyde Erzurum ile
komsu olan Rize fitocografik olarak Avrupa Sibirya
bolgesinin Kolsik flora kesiminde bulunmaktadir. Ilin
vejetasyonu genellikle mezofitik 6zellikli ormanlar, galilar
ve yiiksek dag ¢ayirlarindan olusmaktadir. Rize ilinin florasi
ile ilgili yapilan ¢aligmalar sirasiyla Giiner (1984), Vural
(1996), Cobanoglu (2012), Demir (2013), Aksoy (2013),
Baykal vd. (2018), Ofluoglu, (2015), Eksi (2016), Siizen
(2017), Sangiil (2018), Baykal & Atamov (2018), Batan vd.
(2018), Atamov & Cobanoglu (2019), Demir & Atamov
(2019) tarafindan yapilmistir. Bu bolgenin bitki Ortiisi
acisindan ne kadar
arastirmalardan da anlasiimaktadir (Ozer, 2017).

Ulkemizde oldukg¢a genis yayilisa sahip Rubus L.
cinsine ait tiirler 6zellikle Dogu Karadeniz Bolgesinde dogal
olarak bulunmaktadir ve Tiirkiye’deki yayiligi, birgok tiirii
icin Dogu Karadeniz Bolgesi ile smirhdir.

zengin oldugu yapilan bircok

Yapilan

calismalar yayilis alanlariyla beraber yeni yayilig alanlari,
toprak ozellikleri (humus igerikleri), etkileri ve ekolojileri
tizerinedir (Kuyumcu, 2020).

Ulkemizde bogiirtlen (Rubus L.) cinsine ait
taksonlar ozellikle Karadeniz sahil bolgelerinde yaygin
olarak yetigmektedir. Boylesine yaygin olarak yetisen bu
cinse ait tiirlerin morfolojik olarak birbirine benzer olmasi
ve bundan dolayr teshisin kolay yapilmasi i¢in genetik
karakterizasyonunun yapilmasi ve daha sonraki ¢aligmalara
da 151k tutmasi agisindan 6nem arz etmektedir. Bu calisma
Rize ili hudutlarini (A8 karesi) kapsamaktadir. Calismanin
amaci, Rize ilinde yayilis gosteren Rubus tiirlerinin
morfolojik yonden incelenmesi ve filogenetik farkliliklarini
Internal Transcribed Spacer (ITS) gen bolgelerini molekiiler
farkliligini ortaya koyabilmektir.

MATERYAL VE METOT

Rubus cinsi Tiirkiye’de 8 tiire ait 9 taksonla temsil
edilmektedir. Bu taksonlar: Rubus caesius L., Rubus
canescens DC. var. canescens, Rubus canescens DC. var.
glabratus (Gordon) Davis & Meikle, Rubus caucasicus
Focke, Rubus hirtus Waldst & Kit, Rubus idaeus L., Rubus
sanctus Schreber, Rubus saxatilis L. ve Rubus tereticaulis
P.J. Mueller (Eminagaoglu vd., 2021). Bu arastirmanin
materyalini 2018-2019 yillar1 arasinda Rize il siirlart
icerisinde yer alan ve Tablo 1’de verilen lokalitelerden
alinan Rubus cinsine ait tiirler olusturmaktadir. Toplanan
ornekler preslenerek herbaryum ornegi haline getirilmistir.
Davis (1972)’e gore teshis edilen tiirlerin adlar Tiirkiye’nin
Biitin Agaglar1 ve Calillar1 (Eminagaoglu vd., 2021)
kullanilarak kontrol edilmistir.

Tablo 1. Bitki 6rneklerinin toplandig: tarih yiikseklik lokalite ve habitatlar.
Table 1. The date the plant samples were collected, altitude, locality and habitats.

Yer Kod (Location code) Yer (Location) GPS

Yiikseklik (Altitude) (m)

Habitat Tarih (date) Tiir (Species)

A2 Ardesen miifti 2 37 T 0667219 UTM 4562084 19 Dere kenar1 yol kenar1 dikenlik 10.07.2019 R. caesius

N1 Yesiltepe N4055336 E 040 48050 927 Kestane ve thlamur yaygin 22.06.2019 R. canescens

Al Ardesen Miifti 2 37 T 0667219 UTM 4562084 19 Yol kenari, Dere yant 10.07.2019 R. canescens

C2 Camlihemsin 37 T 0671642 UTM 4550049 411 Koy i¢i bahge kenarlari 7.07.2019 R. caucasicus

M1 Marabadam Yaylasi 37 T 0647647 UTM 4522585 1500 Karisik orman Kizilagag yaygin 22.06.2019 R. caucasicus

C4 Camlihemsin 4 yol 37 T 0675309 UTM 4547946 1383 Karigik orman igine step yerlesmis 7.07.2019 R. caucasicus

CK1 Cat Koyt 37 T 0660665 UTM 4528237 1057 Orman bitki ortiisii yol kenar1 6.07.2019 R. caucasicus

G1 Giirpmar Koyii Babik 37T 0668411 UTM 4524245 759 Calilik 22.07.2019 R. hirtus

\% Vergenik Yaylasi 37 T 0660981 UTM 4517858 2029 Subalpin ¢ayir 6.07.2019 R. idaeus

K1 Kogdiizii Yaylast 37 T 06795151 UTM 4543760 1970 Alpin ¢ayir 7.07.2019 R. idaeus

K2 Kogdiizii Yaylast 37 T 06795151 UTM 4543760 1970 Alpin ¢ayir 7.07.2019 R. idaeus

V3 Vergenik Yaylast 37 T 0661197 UTM 4518050 1997 m Genis, Alpin gayirlar 6.07.2019 R. saxatilis

C1 Camlihemsin 37 T 0668671 UTM 4544461 363 m Orman i¢i agiklik 6.07.2019 R. tereticaulis

AC Ardegen 37 T 0667219 UTM 4562084 17m Carsl i¢i 10.08.2019 R. sanctus

Morfolojik  ozelliklerin ~ dlglimleri  herbaryum Yapilan incelemelerde tiirlerin yaprak ayasi ve

materyali  sekline  getirilmis  bitki  6rneklerinden kenar sekilleri, yaprak alt ve {ist yiizeyindeki tiiylenmeler,

faydalanilarak yapilmistir. Bitki 6rneklerinin gévde, yaprak,
¢igek ve bunlarin kisimlarina bakilmis ve 6l¢iileri alinmistr.
Bazi mikro karakterlerin milimetrik okdiiler yardimi ile
Olglilmesinde LEICA S6D marka stereomikroskobundan
yararlanilmigtir (Hekimoglu, 2019).
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petiyolun tiily ve diken yapisi, tiiylenme durumu, stipul
sekilleri ile govde lizerindeki tiiylenme ve diken yapis1 gibi
ozellikler incelenmistir. Yine tiirlere ait herbaryum ornekleri
incelenerek morfolojik dzelliklerinin daha iyi belirlenmesi
saglanmustir (Gedik, 2019; Toker, 2004).
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Bitki orneklerinin mikromorfolojik ozelliklerinin
belirlenmesinde taramali elektron mikroskobu (Scanning
Electron Microscope, SEM) kullanilmistir. Toplanan bitki
orneklerinin yaprak ve govde kisimlari goriintiilenmistir.
Alinan goriintiiler 4565-PhotoScape V3.7.exe yazilimi ile
diizenlenerek yalinlastirilmig, 6lgek ve tonlamalara sadik
kalinmigtir (Hekimoglu, 2019).

SEM c¢aligmalari bitkilerin yaprak alti, yaprak iistii
ve govdelerinden alinan drneklerle yapilmustir. Ilk olarak
polenler iizerinde cift tarafi yapiskan karbon bantli staplara
(metal tastyicilar) yerlestirilerek yerlesim diizeyi not
edilmistir. Bu staplar iletkenligi saglamak amaciyla SC502
Sputter Coater yardimiyla altinla kaplandi. Altinla kaplanan
yaprak ve govde yapilart gogunlukla 100X, 200X, 1000X ve
2000X biiyiitme giiciinde fotograflandi. SEM ¢alismalart
Recep Tayyip Erdogan Universitesi Merkezi Arastirma
Laboratuvarinda bulunan JEOL JSM-6610 marka SEM
kullanilarak 5-15 kV altinda yiiriitiildi (Giizel, 2018).

Molekiiler Calismalar-.

Genomik DNA Izolasyonu: Laboratuvarda -20
°C’de saklanan bitki yaprak 6rneklerinden DNA izole etmek
icin s1v1 azot ile dgiitme islemi uygulandi. DNA izolasyonu,
Haymes (1996)’e goére revizyon yapilarak CTAB
(hexadecyl-trimethyl-ammonium  bromide)  protokolii
tizerinden elde edildi.

PZR: Caligmalarda uygulanan PZR igerigi Tablo
2’de, PZR sartlar1 ise Tablo 3’de verilmistir. Toplamda 25
pL  olarak hazirlanan reaksiyon igerigi ve miktarlar
asagidaki (Tablo 3) gibidir.

Tablo 2. PZR igerigi (Haymes, 1996).
Table 2. PCR contents (Haymes, 1996).

Kimyasal (Chemical) Miktar (Amount)

Stok (Stock)

DNA 2L
MgCl2 1,2 uL 25 mm
dNTP 1,4 uL 10 mm
1TS4 ve ITS5 primerler 2+2 uL 100 pmol
Taq DNA Polimeraz 1,5 ulL 3 U/ul
10X Buffer 2uL 10X
dH.0 23 uL -

Tablo 3. PZR sartlar1 (Haymes, 1996).
Table 3. PCR conditions (Haymes, 1996).

Sicakhik (Temperute) Siire (Time)

Dongii (Loop)

94 °C 4 dakika (minute)

94 °C 2 dakika (minute) }

48 °C 1 dakika (minute) } 40 dongii (Loop)
30 saniye (second) }

72°C 2 dakika (minute) }

72°C 10 dakika (minute)

Agaroz Jel Elektroforezi; PZR firlinleri %!1’lik
hazirlanan agaroz jelde 110 voltta 20 dakika yiiriitiildi ve EtBr ile
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boyanarak UVP Gel Documentation System ile UV 1siginda
goriintiilendi.

ITS Bdolgelerine Ait Verilerin Degerlendirilmesi; PZR
ornekleri MedSantek (Ankara) firmasma gonderilerek aymi
primerler ile DNA dizi analizine tabi tutuldu. Elde edilen sekans
sonuglart NCBI (National Center for Biotechnology Information)
BLAST (The Basic Local Alignment Searc Tool) internet ara
yiiziinden faydalanilarak GenBank’taki verilerle karsilastirildi ve
CLUSTAL-W ile taksonlar arasindaki
yapilarak filogenetik agag ¢izildi.

benzerlikler analizi

BULGULAR

Morfolojik Bulgular: Bolgede Rubus cinsine ait
tirlerin ¢igek yapisinda istirak eden anter ve petallerin boy
ve en Olciileri, flamentlerin ise boy o6lgiileri Tablo 4 ’te
verilmistir.

Tablo 4. Rubus tiirlerinin anter, flament ve petal olgiilerinin
karsilastirilmasi.

Table 4. Comparison of anther, filament and petal sizes of Rubus
species.

Anter Flament Petal
Boy(most) En (size) Boy(most) En (size) Boy(most)

(um) (um) (um) (um) (um)
R. caesius 3.39 2.29 3.26 2.41 9.03
R. canescens 0.54 2.99 2.02 2.66 5.47
R. caucasius 0.81 0.68 4.48 3.47 9.17
R. hirtus 0.40 0.98 3.48 2.46 6.30
R. idaeus 0.76 0.64 3.79 2.74 8.09
R. sanctus 0.27 0.42 2.92 217 4.13
R. saxatilis - - - 275 5.49
R.tereticaulis 0.47 0.33 3.54 3.04 9.12

Arastirma alaninda yayilis gésteren Rubus cinsine
ait tiirlerin yaprak boy 6l¢iimleri Tablo 5 ’te ve Sekil 1 ‘de
verilmistir.

Sekil 1. Rubus tiirlerinin yaprak boyu bakimindan karsilastirilmasi.
Figure 1. Comparison of Rubus species in terms of leaf length.

Tablo 5. Rubus tiirlerinin yaprak boyu, ¢igek boyutu ve drupa sayisi bakimindan karsilagtirilmasi.
Table 5. Comparison of Rubus species in terms of leaf length, flower size and number of drupes).

R. caesius R. canescens R. caucasius R. hirtus R. idaeus R. sanctus R. saxatilis R. tereticaulis
Yaprak boyu 8 9 10 7 6 27 4 6.5
(leaf size)(cm)
Drupa 15 7 30 7 7 20 6 13
sayis1 (adet)
Cigek eni . 9 10 12 11 65 13 1

(flower width) (cm)
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Arastirma alani smirlar1 igerisinde rastlanan
Rubus cinsine ait tiirlerin drupa tipi meyvelerinin drupa
sayisi, c¢icek boyutu, yaprak boyu bakimindan
kargilagtirilmasi sonuglart Tablo 5’da verilmigtir. Tablo 5
‘de Rubus caesius’un ¢icek boyutu ile ilgili bir bilgi
goriilmemektedir. Bunun nedeni bu tiire ait ¢igeklerin
ornek toplama doneminde meyveye doniigmiis olmasidir.

Mikromorfolojik Bulgular: Arastirma alam
smirlart igerisinde bulunan Rubus cinsine ait tiirlerin
yaprak iistii, yaprak alt1 ve gévdelerine ait mikromorfolojik
gorintiileri ¢ekilmistir. Buna gore; Rubus caesius’un
yaprak ist yiizeyine bakildiginda tiiylenme ve diken
yapisina rastlanmamaktadir. Yaprak alt yiizeyinde ise
yogun ve birbirine ge¢mis sekilde kivrik krispit tiiyler ve
stomalara rastlanmaktadir. Govde epidermis yapisinda da
yer yer salgi tiiyli ve basit tilye rastlanmakta, diken
yapisinin yogun olmadigi goriilmektedir (Sekil 2).

Sekil 2. Rubus caesius' a ait mikromorfolojik goriintiiler (a)
yaprak {istii x500 goriintii (b) govde x30 goriintii (c) yaprak altt
x500 goriintii (d) gévde x500 goriintii

Figure 2. Micromorphological images of Rubus caesius (a) x500
image on the leaf (b) x30 image of the stem (c) x500 image under
the leaf (d) x500 image of the stem.

Sekil 3. Rubus canescens' e ait mikromorfolojik goriintiiler (a)
yaprak {istii x200 goriintii (b) govde x16 goriintii (c) yaprak alt1
x500 goriintii (d) gévde x500 gorlintii.

Figure 3. Micromorphological images of Rubus canescens (a)
x200 image above leaf (b) stem x16 image (c) under leaf x500
image (d) stem x500 image.

Rubus canescens’in yaprak iist yiizeyinde seyrek basit
tilyler, yaprak alt yiizeyinde ise sik kivrik krispit tliyler ve
stomalar goriilmektedir. Govde epidermis yapisina bakildiginda
yogun sekilde tiiylerle kapli oldugu ve oraksi orta tabanli bir
diken yapisi goriilmektedir (Sekil 3). Rubus caucasicus tiirtiniin
yaprak iist yiizeyinde tiiylenme ve diken yapisina rastlanmazken,
yaprak altinda seyrek, basit, kivrik tiyler ile stomalara
rastlanmaktadir. Govdede ise basit tiiylenmeler ve yogun bir
sekilde diiz uzun diken yapis1 goriilmektedir (Sekil 4).

Sekil 4. Rubus caucasicus ' a ait mikromorfolojik goriintiiler (a)
yaprak istii x200 goriintii (b) govde x30 gorlintii (c) yaprak alti
x500 gortintii (d) gévde x500 goriintii.

Figure 4. Micromorphological images of Rubus caucasicus (a)
x200 image on the leaf (b) x30 image of the stem (c) x500 image
under the leaf (d) x500 image of the stem.

Sekil 5. Rubus hirtus ' a ait mikromorfolojik goriintiiler (a) yaprak
istii x200 goriintii (b) gdvde x30 goriintii (c) yaprak alt1 x500
goriintii (d) gévde x500 goriintii.

Figure 5. Micromorphological images of Rubus hirtus (a) x200
image on the leaf (b) x30 image on the stem (c) X500 image under
the leaf (d) x500 image on the stem.

Rubus hirtus’un yaprak iist ylizeyinde seyrek basit
tilyler, yaprak alt yiizeyinde ise iist ylizeyine oranla daha
stk bir sekilde basit tiiyler bulundugu goriilmektedir.
Yaprak alt ylizeyindeki stoma yogunlugu diger tiirlere gore
daha fazladir. Govde epidermis yapisina bakildiginda
olduk¢a dik uzun diken yapilarina rastlanmaktadir.
Govdeyi ¢cok yogun sekilde saran birbirine karigmis sekilde
basit tily yapis1 bulunmaktadir (Sekil 5).

Rubus idaeus yaprak iist yiizeyinde herhangi bir
tily ve diken yapis1 goriilmemektedir. Yaprak alt yilizeyine
bakildiginda diger tiirlerden ayrilacak sekilde oldukca
yogun Dbasit tily yapist gorilmektedir. Stomalar
gorillememistir.  Yogun tily yapisinin altinda oldugu
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diistiniilebilir. Govde epidermis yapisina bakildiginda tity
yapist yok denecek kadar azdir. Seyrek diken yapisi
goriilmektedir ve dikenler kisa dik sekildedir (Sekil 6).

Sekil 6. Rubus idaeus ' a ait mikromorfolojik goriintiiler (a)
yaprak {istii x200 goriintii (b) gévde x30 goriintii (c) yaprak alti
x500 goriintii (d) gévde x1000 goriintii.

Figure 6. Micromorphological images of Rubus idaeus (a) x200
image on the leaf (b) x30 image of the stem (c) X500 image under
the leaf (d) x1000 image of the stem.

Sekil 7. Rubus sanctus' a ait mikromorfolojik gorintiiler (a)
yaprak iistli x500 goriintii (b) gdvde x9 goriintii (c) yaprak alt1
x500 goriintii (d) gévde x500 goriinti.

Figure 7. Micromorphological images of Rubus sanctus (a) X500
image on the leaf (b) x9 image of the stem (c) X500 image under
the leaf (d) x500 image of the stem.

Diger tiirlerden farkli olarak yaprak {ist yiizeyi
tilylii olan Rubus sanctus’ta kalkik tiiyler goriilmektedir.
Yaprak alt yiizeyine bakildiginda tiim yiizeyi kaplayan ¢ok
yogun bir sekilde Dbirbirine geg¢mis tliy yapist
goriilmektedir. Tiy yogunlugundan dolayr tam tipi
anlagilamamakla birlikte basit tily oldugu anlagilmaktadir.
Govdesinde ise diger tiirlerden farkli olarak daha genis
tabanli ve daha biiyiik bir diken yapisi goriilmektedir ve
tipi oraksidir. Diken tizerinde de dahil olmak iizere tiim
govde kisa ve yogun basit titylerle kaphdir (Sekil 7).

Rubus saxatilis’in yaprak iist ve alt yiizeylerinde
seyrek basit tiiyler goriilmektedir. Yaprak alt yiizeyinde yer
yer stomalara rastlanmaktadir. Gévde epidermis yapisina
bakildiginda diken yapis1 yok denecek kadar azdir ve ¢ok
ince seyrek basit tiiyler bulunmaktadir (Sekil 8).

Sekil 8. Rubus saxatilis' e ait mikromorfolojik goriintiiler (a)
yaprak {istii x200 goriintii (b) gévde x50 goriintii (c) yaprak alti
x500 goriintii (d) gévde x1000 goriintii

Figure 8. Micromorphological images of Rubus saxatilis (a) X200
image on the leaf (b) x50 image on the stem (c) X500 image under
the leaf (d) x1000 image on the stem.

Rubus tereticaulis 'in yaprak st yiizeyinde seyrek
basit tiiyler, yaprak alt yiizeyinde ise tiim ylizeyi kaplayan
¢ok yogun sekilde birbirine gegmis tilyler goriilmektedir.
Yaprak altinda tiiy yogunlugundan dolayr tam tipi
anlagilamamakla birlikte basit tiily oldugu anlasilmaktadir.
Govde epidermis yapisina bakildiginda seyrek kalkik
tiiyler bulunmakla birlikte diken yapisi alinan goriintiide
bulunmamaktadir (Sekil 9).

Sekil 9. Rubus tereticaulis 'e ait mikromorfolojik gorintiiler (a)
yaprak {stii x200 goriintii (b) gdvde x50 goriintii (c) yaprak altt
x200 goriintii (d) gévde x1000 goriinti.

Figure 9. Micromorphological images of Rubus tereticaulis (a)
x200 image on the leaf (b) x50 image on the stem (c) x200 image
under the leaf (d) x1000 image on the stem.

Molekiiler Bulgular: 2019 yilinda yapilan arazi
caligmalar1 sonucu Rubus L. taksonlarinin genomik
DNA’lar1 daha 6nceki boliimde bahsedilen prosediire gore
cogaltlmistir. Sekil 10 bazi Rubus orneklerinin ITS
bantlarinin jel goriintiilerini gostermektedir. Laboratuvar
calismalarinda ayni anda bantlarin jel goriintiileri elde
edilemediginden dolay1 bir kism1 verilmistir.

Yapilan ¢aligmalar sonucunda 6rneklere ait ITS
dizileri uzunluklarmin 709-731 bp arasinda degisiklik
gosterdigi; biitiin ITS niikleotid uzunlugundaki G+C
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iceriginin  ise,  %55,26-56,92  arasinda  degistigi
bulunmustur. G+C igerigi URL-2 ‘de verilen sayfada
hesaplanmistir. Her 6rnek icin elde edilen ITS uzunlugu,
G+C igerigi degerleri Tablo 6 ’de verilmistir. Biitiin
caligilan oOrneklerin ITS bolgeleri arasindaki benzerlik
iligkileri Clustal W programindan (URL- 1) yararlanilarak
ortaya konmustur (Sekil 11).

Sekil 10’°a gore Rubus hirtus ile Rubus
tereticaulis’in ve Rubus idaeus ile Rubus caucasicus’in
arasindaki yakinhigin daha ¢ok oldugu, Rosaceae
familyasina en uzak taksonun ise Rubus sanctus oldugu
ortaya konmustur.

R, hirtus

=
=
=
s
s

R, idaeus

Sekil 10. Bazi Rubus orneklerinin ITS bolgelerine ait PZR
bantlari. (PCR amplicons of the ITS region of some Rubus
species).

Figure 10. PCR bands of ITS regions of some Rubus samples.
(PCR amplicons of the ITS region of some Rubus species).

Tablo 6. ITS PZR sonuglarinda elde edilen niikleotid uzunluklari

ve G+C igerigi.

Table 6. Base lengths and GC contents of ITS-PCR.
Tiir Ad1 ITS Uzunlugu (bp) G+C %
Rubus hirtus 710 56,90
Rubus caucasicus 714 56,44
Rubus tereticaulis 709 55,85
Rubus sanctus 712 56,04
Rubus idaeus 716 55,45
Rubus canescens 715 56,92

Rubus-hirtus-Walds&Kit 0.0916524

Rubus-tereticaulis-PJ -Mueller 0.0471615

“ | Rubus-idaeus-L. 0.0404349
Rubus-canescens-D.C. 00305153

\_‘_: Rubus-caucasicus-Focke 0.0217697

Rubus-sanctus-Schreber 0.0217697
Sekil 11. ITS bolgelerinden CLUSTAL W ile yapilmis filogenetik agag.
Figiire 11. Phylogenetic tree of ITS regions constructed with CLUSTAL W.

TARTISMA VE SONUC

Yapilan caligmayla Rize il’inde yayilis gdsteren
Rubus cinsine ait 8 tiiriin oldugu goérilmiistiir. Morfolojik
bulgular sonucunda Rubus cinsine ait 8 tiriin yaprak,
meyve, diken, sekli, petal, yaprak ve yaprak¢ik oOlgiisii,
meyve tanelerinin yapisi, sayisi ve sekli, yaprak alt ve iist
ylizey, petal yiizeyi tiiylenme durumu, meyve ve sepallerin
rengi, yaprak kenart yapisi bakimindan birbirinden
ayrildigr goriilmistiir. Bu 6zelliklerin karakteristik oldugu
belirlenmistir.

Lokalite olarak bakildiginda Rubus caesius, R.
canescens, R. sanctus, R. tereticaulis’in Tirkiye yayilis
haritasinda Rize’de olmadig1 belirtilmis fakat yapilan
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calismayla bu tiirlerin bu bolgede de yayilis gosterdigi
kanitlanmistir.

Mikromorfolojik  bulgular sonucunda bazi
taksonlarda yaprak alt ylizeyinde stomalarmn bulundugu
bazilarinda ise bulunmadigi gorilmektedir. Rubus
sanctus’ta kalkik tliyler goriilmektedir. Rubus tereticaulis,
R. sanctus, R. idaeus tiirlerinin yaprak alt yiizeyinin diger
tirlere nazaran daha yogun tiiylerle kapli oldugu
goriilmiistiir. Yine 8 tir arasinda mikromorfolojik
goriintiilere bakildiginda govde, yaprak tiiylenmesi, tiy
tipleri ve diken yapisinin ayirict 6zellikte oldugu tespit
edilmistir.

Molekiiler bulgulara gore Rubus hirtus ile R.
tereticaulis, R. idaeus ve R. caucasicus arasindaki
yakinligin daha ¢ok oldugu, Rosaceae familyasina en uzak
taksonun ise R. sanctus oldugu ortaya konmustur. Rubus
sanctus’un en farkli tiir oldugu olgiimler, diken ve tily
yapist bakimindan morfolojik ve mikromorfolojik
resimlere bakildiginda da bulunan molekiiler verileri
desteklemektedir. Yine Rubus hirtus ile Rubus tereticaulis
‘in yakinlig1 sadece molekiiler bulgulara gore degil, yaprak
en-boy, flament boy, petal en-boy 6l¢iimlerine bakilarak da
goriilebilmektedir. Bunun yanisira Rubus idaeus ve Rubus
caucasicus arasindaki yakinlik gerek drupa sayilar gerek
yaprak, petal vb. Olgiilerde goriilememektedir.Yapilan
caligmalar sonucu 6rneklere ait ITS dizileri uzunluklari
709-731 bp arasinda degisiklik gosterdigi; biitiin ITS
niikleotid uzunlugundaki G+C igerigi ise, %55,26-56,92
arasinda degistigi bulunmustur.

Polat ve Gocmen (2008) tarafindan yapilan
caligmada ahududu tiirleri incelenmistir. Calisma alani
olarak Karadeniz Bolgesi segilmistir. 15 ahududu tipi
RAPD primeri kullanilarak DNA analizi yapilmig ve sonug
olarak genetik benzerliginin %50 ve %98 arasinda
degistigi ortaya konmustur. Bu da Karadeniz Bolgesinde
yayilis gosteren kirmizi ahududu tiplerinde genetik
varyasyonun fazla oldugunu kanitlamaktadir.

Eker ve Koloren (2017) tarafindan yapilan
¢alismada, Ordu ilinden Rubus cinsine ait 30 Ornek
toplanmis ve DNA izolasyon prosediirii olan Haymes
(1996) CTAB (hexadecyl-trimethyl-ammonium bromide)
protokolii modifiye edilerek uygulanmistir. Ribozomal
RNA (rRNA) ITS gen bdlgesi i¢in, Gen Bankasindan
temin edilen referans sekans dizileri ile calismada elde
edilen sekans sonuglar1 karsilagtirnllmistir. Dizilerin genetik
uzakliklar1 CLUSTAL W  programu  kullanilarak
hesaplanmis ve bu veri setleri ile filogeni agaclariin
cizimi yapilmustir. Ornekler arasindan on Rubus tiirii tespit
edilmistir. Orneklerinden 6 tane haplotip sonucu gikmustir.
Bunlardan; Haplotip 1 (F3), Haplotip 3 (P2), Haplotip 4
(P5), Haplotip 5 (CM3, S1) ve Haplotip 6 (O1, CT1, CT2,
CT3) %100 nikleotid dizisi benzerligi bakimindan
sirastyla R. sanctus, Rubus sp., R. divaricatus, R.
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conothyrsoides ve R. capricollensis ile yakin akraba olarak
belirlenmistir. Haplotip 2 (F6) ise, %99,8 niikleotid dizisi
benzerligi bakimindan R. silvativus ile yakin akraba olarak
goriilmiistiir. Kullanilan teknikler ¢aligmamizla ¢ok benzer
olmakla birlikte incelenen taksonlar ve lokalite farklidir.
Giinay (2015) tarafindan yapilan ¢aliymada maya
suslarinin  DNA dizi analizleri sonucuna goére nar
meyvesinden ve ahududu meyvesinden maya izolasyonu
yapilmigtir. Arastirmanin sonucuna bakildiginda nar
meyvesi yiizeyinden izole edilen maya suslar
Metschnikowia pulcherrima, Cryptococcus bestiolae,
Aureobasidium  pullulans, Candida  zeylanoides,
Hanseniaspora uvarum, Kluyveromyces lactis ve
Metschnikowia sp. tiirleriyle, ahududu meyvesinden izole
edilen maya suslar1 ise M. pulcherrima, A. pullulans,
Candida sp., H. uvarum ve Metschnikowia sp. tiirleri
arasindaki homoloji orani ¢ok yiiksek oldugu tespit
edilmigtir. API-ZYM test sistemi kullanilmis ve bunun
neticesinde nar meyvesinden elde edilen maya tiirlerinin
alkalin fosfataz, 16sin arilamidaz, esteraz (C 4), esteraz
lipaz (C 8), asit fosfataz, naftol-AS-Bl-fosfohidrolaz
enzimlerinin; ahududu meyvesinden elde edilen maya
ise Losin arilamidaz ve - Glukosidaz
enzimlerinin yiiksek aktiviteye sahip oldugu gorilmistiir.
Allice ve Campbell (1999) tarafindan yapilan
calisgmaya gore Rosaecae familyasina ait Rubus ve
Dalibarda L. cinslerinin ITS verilerine dayanarak
filogenetik agidan farkli oldugu fakat morfolojik olarak

tirlerinde

tirdes olduklar1 kabul edilmektedir. Yine bu ¢alismada
filogenetik agaca bakildiginda Rubus saxatilis ve Rubus
idaeus’un benzer olduklar: ve Rubus tiirlerinin odunsudan
otsuya gecisinde yapraklarin da bilesik yapraktan basit
yapraga dogru evrimlestigi ortaya konulmustur.

Isik (2014) tarafindan Rubus L. cinsi Glandulosi
subseksiyonunda yer alan dort taksona (R. tereticaulis, R.
hirtus, R. platyphyllos ve R. caucasicus) ait anatomik,
morfolojik, palinolojik, fitokimyasal, sitogenetik, genetik
ve ekolojik o6zellikler ¢ahsilmistir. Iklimsel olarak
bakildiginda R. caucasicus ve R. platyphyllos’un, yayilis
alanlarinda, diger taksonlarla karsilagtirildiginda daha
yiliksek nem miktarina gereksinim duydugu belirlenmistir.
ISSR teknigi kullanilarak yapilan DNA analizi sonucunda
R.hirtus ve R. platyphyllos taksonlarmin genetiksel olarak
birbirine uzak, R. hirtus’un R. tereticaulis’e genetik olarak
daha yakin oldugu goriilmiistiir. SEM yardimi ile R.
caucasicus taksonuna ait polen goriintiileri alinmis ve bu
taksonun trikolporat yapida tipik Rosaceae polenlerinin
bulundugu tespit edilmistir. Morfolojik ¢aligmalara
bakildiginda ise Davis ve Meikle (1972), The Flora of
Turkey and the East Egean Islands (1972) adli eserinde tiiy
rengi ve boyu hakkinda yeterli derecede aydinlatici bilgi
olmadigr vurgulanmistir. Tily yapist ve yogunlugunun

82

Anadolu Cev. ve Hay. Dergisi, Yil:7, No:1, (76-83), 2022

Rubus taksonlar1 igin karakteristik oldugunu yaptigimiz
caligma desteklemektedir.
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Oz: Bu arastirma Kizilcahamam Soguksu Milli Parkinin Florasmi kapsamaktadir. Arastirma
alaninda toplanan 1064 bitki drneginin degerlendirilmesi ile 74 familya, 276 cins, 474 tiir, 4 alt
tiir, 3 varyete tespit edilmistir. Toplam takson sayis1 481°dir. 49 tiir Tiirkiye i¢in endemiktir. Flora
kayitlari ile ve daha sonraki yaymlara gére Ulkemizdeki endemik bitki sayis1 3000 civarinda olup
bunlarin biitlin bitkilere oran1 %33’tiir. Tiirkiye endemik bitkilerin zenginligi agisinda diinyanin
onemli iilkelerinden birisidir. Mevcut flora ve faunayi korumanin en énemli yontemi; Milli Park
ve Tabiati Koruma Alanlarinin sayisint arttirmaktir. Ciinkii asir1 otlatma, tarla agma, garpik

*U5: https://orcid.org/0000-0002-4893-916X

*Sorumlu yazarin: kentlesme, turizm, erozyon vb. nedenlerle birgok endemik bitkilerimiz yok olma tehlikesi ile karsi
gﬁeéfr:fgggfitesi Krsehir Eitim karsiyadir. Kizilcahamam Soguksu Milli Parki’ n da tespit edilen endemik bitkiler {ilkemiz i¢in
Fakiiltesi, 40100, Kirsehir, Tiirkiye Endemik bitkilerdir. Bu caligma ile listesi olusturulan endemik bitkiler ileride iilkemiz i¢in
X: oeyuboglu@ahievran.edu.tr olusturulacak endemik bitki haritasina katki saglayacaktir.

Anahtar kelimeler: Endemik bitki, kizilcahamam soguksu milli parki, koruma alani.

Endemic Plants Detected in Kizilcahamam Soguksu National Park

Abstract: This study covers the flora of Soguksu National Park (Kizilcahamam). By evaluating
1064 plant samples collected in the research area, 74 families, 276 genera, 474 species, 4
subspecies and 3 varieties were determined. Total numbers of taxa are 481. 49 species are
endemic for Turkey. According to the flora records and later publications, the number of endemic
plants in our country is around 3000 and their ratio to all plants is 33%. Turkey is one of the most
important countries in the world in terms of the richness of endemic plants. he most important
method of preserving the existing flora and fauna; To increase the number of National Parks and

*Corresponding author’s: Nature Protection Areas. Because overgrazing, field clearing, unplanned urbanization, tourism,
gﬂeéfr:nuﬁﬁfeﬁ[y el erosion etc. For many reasons, many of our endemic plants are in danger of extinction.
Education, 40100, Kirsehir, Turkey Kizilcahamam The endemic plants detected in Kizilcahamam Soguksu National Park are endemic
B: oeyuboglu@ahievran.edu.tr plants for our country. The endemic plants, the list of which was created with this study, will

contribute to the endemic plant map that will be created for our country in the future.

Keywords: Endemic plant, kizilcahamam Soguksu national park, protected area.

GIRIS vejetasyon tiplerine sahiptir. Arastirma alani Avrupa-
Sibirya ve iran-Turan fitocografik bélgeleri arasinda bir
Tirkiye floristik agidan zengin ilkeler arasinda gecit zonu durumundadir. Alanin 800 hektrari ormanlik
yer almaktadir. Bu zenginligin temelinde, cografi saha, 250 hektar1 ise orman agikliklaridir.
ozelliklerin ¢esitliligi ve {i¢ floristik bolgenin de temsil Arastirma alaninin  florast hakkinda yazar
edilmesi yatmaktadir. Bu bélgeler Akdeniz, Iran-Turan ve tarafindan yapilan ’Kizilcahamam Soguksu Milli Parkinin
Avrupa-Sibirya flora bolgeleridir. Her flora bdlgesi farkli Floras1’” yiiksek lisans tez caligmasi yapilincaya kadar
iklim tiplerinin etkisi altinda bulundugu igin farkh ayrimtil bir aragtirma yapilmamustir (Eyiiboglu, 1991).
1 Bu makale, yiiksek lisans tezinden dretilmistir. This manuscript was produced from master thesis..
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Calisma alanindan toplanan bitki drnekleri
Davis’in “Flora of Turkey” (Davis, 1965-88) adli eserinde
kullandig1 grid sistemine gore A4 karesi iginde yer
almaktadir. Bu ¢aligmada A4 karesi i¢in yeni olan 37 bitki
tiiri  saptanmustir.  Arastirma olarak segilen
Kizilcahamam Soguksu Milli Parki ormanlarinin tamami
Ankara [li hudutlari igerisinde olup 1050 hektarlik bir alam
kaplar. Bolge ormanlariin bulundugu saha volkanik bir
arazi parcast olup, civarinda sicak su kaplicalart ile
soguksu kaynaklari mevcuttur. Soguksu Milli Parki,
19.2.1959 tarih ve 6.KS.11-6885/13 sayili yazisiyla,
Orman Genel Midiirligiiniin teklifi ve Tarim Bakanliginin
onayt ile kurulmustur (OGM, 1989). Ankara ili
Kizilcahamam ilgesi miilki hudutlar1 dahilinde olup, 1050
hektarlik bir alan1 kaplar. Ankara iline 80 km, Ankara —
Istanbul asfaltina ise 3 km mesafede bulunmaktadir. Milli
Park’in 800 hektari ormanlik, 250 hektar1 ise agiklik
sahadir. Milli Park sahasinin 1/3’t kullanma, 2/3°1 ise

alani

koruma sahasi olarak ayrilmistir.

MATERYAL VE METOT

Arastirma materyali Yiksek Lisans Tezi
kapsaminda 1989-1990 yillarinda Mart ve Ekim aylari
arasinda 2 ve 3’er giinliik gezilerle toplanmistir. Alanin
vejetasyonunu, topografik yapisini belirleyen ve ilging bazi
bitkilere ait 36 renkli slayt filmi c¢ekilmistir. Arazi
¢aligmasinda, bitkiyi tanimak, bitkinin varligini kanitlamak
(bitkinin nerede ve ne zaman yetistigini 6grenmek),daha
sonraki bitkilerle ilgili konularda c¢alismak, bitkiye
ulagtlmasinin miimkiin olmadigi zamanlarda elde hazir
materyal bulunmasini saglamak amaciyla toplanan bitkiler
herbaryum  teknigine uygun olarak  preslenerek
kurutulmustur.

Toplanan 6rnekler Flora of Turkey and the East
Aegean Islands adli eserden yararlanilarak adlandirilmistir.
Adlandirilmasinda  giiclik ¢ekilen  tiirler ise Flora
Europaea (Heywood, vd., 1964-1981), Flora of Iraq (Evan
& Townsend, 1968). The Genera of Flowering Plants
(Hutchinson, 1964) adli eserlerden yararlanilarak teshis
edilmigtir. Karakterlerin belirlenmesinde zorluk g¢ekilen
bazi tiirlerde Botanical Latin (Stearn, 1966), Vascular Plant
Sistematics (Radford, vd., 1974) adh
faydalanilmistir. Karesi i¢in yeni olan tiirlerin tesbitinde
A4 karesi ile ilgili yayinlardan (Donner, 1987; Erik, 1976;
Erik v& Demirkus, 1988; Evan, 1968; Greuter vd., 1989;
Heywood, vd., 1964-1981; Heywood, vd., 1978;
Hutchinson, 1964; Ketenoglu & Aydogdu, 1987)
yararlanilmistir. Bitki 6rneklerinin toplandig ¢aligma alani
Sekil 1 © de verilmistir.

Adlandirilan bitki 6rnekleri daha sonra sirasiyla
familya, cins ve tir diizeyinde smiflandirilmis ve
kartonlara yapistirilmistir.  Ayrica varsa es Ornekleri

eserlerden
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ayrilmistir.  Bitkiler Gazi Universitesi Fen Edebiyat
Fakiiltesi herbaryumunda saklanmaktadir. Bitki listesi
yazilirken sirastyla dnce cins adi, sonra tiir ad1 varsa tiir alt1
takson adlar1 verilmistir.

Sekil 1. Arazi cahgmasmin yapildigi alan(Ankara Ili

Kizilcahamam [lgesi, Soguksu Milli Parki).
Figure 1. The area where the fieldwork was carried out (Ankara
Province Kizilcahamam District, Soguksu National Park).

BULGULAR

Kizilcahamam Soguksu Milli Parki’ n da tespit
edilen endemikler, Ulkemiz i¢in endemik olan tiirlerdir
(Tablo 1). Lokalite yazilirken, alanin tamami A4 Karesi,
Ankara {li Kizilcahamam Ilgesi, Soguksu Milli Park1
dahilinde oldugu igin tekrardan kaginmak amaci ile bu
bilgiler yazilmamigtir. Ancak mevkii veya yer adi, habitat,
yiikseklik, toplama tarihi, toplayicinin isminin bas harfleri
ve numarasi yazilmigtir.

Tablo 1. Kizilcahamam Soguksu Milli Parki’ nda tespit edilen
endemikler

Table 1. Endemics detected in Kizilcahamam Soguksu National
Park

Divisio : SPERMATOPHYTA
Subdisio : GYMNOSPERMAE

1 PINACEAE
1.ABIES Miller
1.A.nordmanniana (Stev.) Spach.
Subsp. bornmuelleriana (Mattf.) Coode et Cullen
Gollii civari, 1600 m, 1.VIIL.1989, O.E. 1134, Endemik, Sksin element.
Subdivisio : ANGIOSPERMAE
Classis _: DICOTYLEDONES
2. PAPAVERACEAE
1-PAPAVER L.
1. P.apokrinomenon Fedde
Golli civari, ca. 1600 m, 15.VIIL.1990, orman agikligi, O.E. 1808,
3 BRASSICACEAE(=CRUCIFERAE
1-ISATISL.
1.Subsp. Alyssifolia (Boiss.) Davis Cakmakli civari yol kenari, 1400-1450 m,
14.VIL.1990, O.E. 1725
2. BARBAREA R.Br.
1. B.trichopoda Hausskn. Soguksu deresi civari, 1050 m, 23.V.1990, O.E. 1391.
3. ERYSIMUM L
1. E.eginense Hausskn. Ex Bornm. Tensil sahast, ca. 1500 m, 15.VI1.1990,0.E.
1812 (Det. H.Duman).

4. CISTACEAE
1- HELIANTHEMUM Adans.
1. H. Nummularium (L.) Miller subsp. lycaonicum Coode et Cullen
Kara tepe, su deposu civari, 1150 m, 10.VL.1990, O.E. 1593; Gol deresi civari,
ca.
1350 m, 11.VI.1990, orman agiklig1, O.E. 1614; Tensil sahas1, ca. 1500 m,
9.VIL1990 O.E. 1941.
5, CARYOPHYLLACEAE
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1. ARENARIA L.

1. A.ledebouriana Fenzl. var. Ledebouriana Yanik sirtt civary, 1300 m,
25.V111.1989,

meselikler, O.E. 1232; incegelis civari, 1600 m, 25.VIII.1989, orman agikliklar1,

O.E. 1235; Tensil sahasi, ca. 1500 m, 15.VI1.1990, O.E. 1816,
2. DIANTHUS L

1. D.ancyrensis Hausskn. Et Bornm. Kaya beleni tepe, 1350 m, 15.VI11.1990,
kayalik

yamaglar, O.E. 1845; Gollii mevki, 1630 m, 31.VIL.1990. orman agikligy, O.E.
1891;

Cakmaklinin Doruk tepe, 1530 m, 31.VIL. 1989, orman agikhig1, O.E. 1069.

2. D.lydus Boiss.
Yanik sirtt, 1200 m, 11.V1.1990, meselik, O.E. 1642. Endemik
3. SAPONARIA L.
1. S.chlorifolia Kunze Belediye kaplicalari, iist yamaglari, 1300 m, 30.V.1990,
O.E.
1533; Tensil sahasi, 1500 m, 19.VIL.1990, orman agiklig1, O.E. 1937; Cehennem
deresi, 1050 m,1.VIIL.1990, tash yerler. O.E. 2007.

6. HYPERICACEAE (GUTTIFERAE)
1. HYPERICUM
1. H.heterophyllum Vent. Kal tepe, ca. 1250 m, 18.VII.1990, kayalik yamaglar,
O.E. 1890; Yanik sirt1, 1300 m, 25.VIIL.1989, step, 6.E. 1221
7 FABACEAE (LEGUMINOSAE)
1. ASTRAGALUS L.
1. A.coodei Chamb. & Matthews Tolubelen, 1630 m, 23.V.1990, orman agiklig1,
O.E. 1386, Cakmakli, ca. 1500 m, 2.6.1990, orman agikligy, O.E. 1564 (Det.
Z.Aytag).
2. A.brachypterus Fischer
Gollii, 1600 m, 1.VIIL.1989, orman agiklig1, O.E. 1107; incegelis, ca. 1500 m,
15.VIL.1990, orman agikhg1, O.E. 1795. Endemik. Ir.-Tur. element.
3. A.mitchelianus Boiss.
incegelis, ca. 1500 m, 15.VIL.1990, orman agikhgi, O.E. 1799. Endemik. Kare
i¢in yeni.
2.VICIAL
1. V.caesarea Boiss. et Bal.Kel tepe, 1350 m, 30.V.1990, hareketli-tash
yamaglar,
O.E. 1462; Cehennem deresi, ca. 1050 m, 18.VII.1990, hareketli-tasl yamaglar,
O.E. 1878.
3. LATHYRUS L.
1. L.czeczottianus Béssler, anik sirti, ca. 1200 m, 12.V.1990, orman agikliklar,
O.E.
1307; Gol deresi, ca. 1200 m, 26.V1.1990, orman agikligs, O.E. 1708.
4. TRIFOLIUM L.
1. T.caudatum Boiss. Belediye kaplicalari civari, ca. 1250 m, 30.V.1990, tashk-
calilik yamaglar, O.E. 512; Gol deresi, ca. 1350 m, 11.VL.1990, P.nigra
ormanlhigi,
O.E. 1613.
2. T.pannonicum Jacg. subsp. elongatum (Willd.) Zoh. Tolubelen, ca. 1650 m,
23.V.1990, orman agikliklari, O.E. 1399; Cakmakli, su deposu civari, ca. 1400
m,
14.VIL.1990, orman agiklig1, O.E. 1772.
5. MELILOTUS L.
1. M.bicolor Boiss. et Bal.
Yanik sirty, ca. 1250 m, 12.V.1990, orman agikliklar1,
O.E.1313.
8. ROSACEAE
1. CRATAEGUS L.
1. C. x bornmuelleri Zabel,
Kuzcapnar, ca. 1250 m, 3.VIIL.1989, orman agiklig1,
O.E.1143; Tolubelen sirti, ca. 1770 m, 13.X.1989, orman agikligi, O.E. 1262;
Yanik
sirtr, 1050 m, 26.VI.1990, kayalik yerler. O.E. 1687.
9. CRASSULACEAE
1. SENPERVIVUM L.
1. S.armenum Boiss. et Huet var. insigne Muirhead Cehennem deresi, 1050 m,
18.VU.1990, kaya iizeri, O.E. 1869. incegelis sirti, ca. 1570, 9.VIU.1990, orman
acikligs, O.E. 2043,
10. APIACEAE (UMBELLIFERAE)
1.PRANGOS Lindl.
1.P.meliocarpoides Boiss. var. Meliocarpoides
Yanik sirti, ca. 1400 m, 12.V.1990, orman agikhgi, tash yerler, O.E. 1354.
2.HERACLEUM L.
1. H.platytaenium Boiss.
Yanik sirt1 civari, 1150-1200 m, 14.VII.1990, yol kenari, O.E. 1741
11 CAPRIFOLIACEAE
1. LONICERAL.
1. L.caucasica Pallas subsp. orientalis (Lam.) Chamb. et Long.
Cakmakli tepe, 1530 m, 31.VIL.1990, yol kenari, O.E. 1098; Gollii, 1600 m,
1.VIIL.1989, yol kenari, O.E. 1128.
12. ASTERACEAE (COMPOSITAE)
1. ANTHEMIS L.
1. A. wiedemanniana Fisch. et Mey.
Kel tepe, ca. 1350-1400 m, 30.V.1990, orman agikligi, O.E.1478. Endemik.
2. ACHILLEAL.
1. Acteretifolia Willd.
Kel tepe civari, ca. 1300-1350 m, 18.VII.1990, kayalik yamaglar, O.E. 1892;
Tensil sahasi, 1500 m, 19.VIL.1990, orman agikhgi, O.E. 1936.
3. JURINEA Cass.
1. J.pontica Hausskn. et Freyn
incegelis-Gol deresi arasi, 1400-1450 m, 9.VIIL.1990, yol kenar1, O.E. 2047.
4. HIERACIUM L.
1. H.paphlagonicum Freyn et Sint.
Tensil sahast, 1500 m, 19.VIL.1990t orman agiklig, O.E.1930.
13. CAMPANULACEAE

1. CAMPANULA L.
1. C.lyrata Lam. subsp. lyrata
Kel tepe civari, ca. 1350-1400 m, 29.V.1990, orman agikhgi, O.E. 1414.
2.C.argaea Boiss. et Bal.
Kayabeleni tepe civari, 1350 m, 15.VIL.1990, kaya iizeri, O.E. 1848; Kel
tepe
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civarl, ca. 1200-1250 m, 18.VIL.1990, kayaliklar, O.E. 1901.
3.C.pterocaula Hausskn.
Yanik sirt1, 1100 m, 14.VIL.1990, 6.E. 1730, yol kenar.

14. BORAGINACEAE
1. PARACARYUM (DC.) Boiss.
1. P.calycinum Boiss. & Bal.
Kel tepe civarl, ca. 1350-1390 m, 29.V.1990, orman O.E. 1416; Yanik sirt,
ca. 1250-1300 m, 11.VL1990, yamaglar, O.E. 1639
2. P.ancyritanum Boiss.
Yanik sirti, ca. 1350-1400 m, 12.V.1990, yol kenar1, O.E.1316.
2. ONOSMA L.
1. O.isauricum Boiss. et Heldr.
Yanik sirt1 ca. 1350-1400 m, 12.V.1990, yol kenari, O.E.1315; Kel tepe civari,
ca. 1350-1400 m, 29.V.1990, orman agikhig1, O.E. 1418; Gollii civart, ca.
600-1630 m, 15.VI1.1990; yol kenar1, O.E. 1793.
15. SCROPHULARIACEAE
1. VERBASCUM L.
1. var. occidentale Hub.-Mor.
Gollii civari, 1600-1630 m, 1.VIIL.1989, orman agikhigi, O.E.1110. Ir.-Tur.
element. Endemik
2. V.insulare Boiss. et Heldr.
Cakmakli civari, 1500-1530 m, 2.V1.1990, yol kenari, 0O.E.1560.
2. LINARIA Miller
1. L.genistifolia (L.) Miller subsp. confertiflora (Boiss.) Davis
CakmakImm Doruk tepe, 1500-1530 m, 31.VIL.1989, orman agikhg, O.E.
1062; incegeli§-G611ﬁ arast, 1600-1650 m, 13.X.1989. Yol kenar1, O.E. 1246;
Milli Park girisi yol kenar1 1060-1060 m, 1.VIIL.1989, O.E. 2012.
3. DIGITALIS L.
1.D.lamarckii Ivan
incegeli§ civari, 1600 m, 25.VIIL.1989, orman agiklig, 0.E.1241; Tensil
sahasi, 1500-1530 m, 15.VIL.1990, orman agiklig, 0.E. 1810; 1050-1070 m,
1.VIIL.1990, yol kenari, O.E. 2014.
4. VERONICA L.
1.V.multifida L.
Yanik sirt1, 1300-1400 m, 12.V.1990, yol kenar1, O.E.1319; Tensil sahast,
1450-1500 m, 19.VIL.1990, orman agikligi, O.E.1955.
16. LAMIACEAE (LABIATAE)
1. PHLOMIS L.
1. P.armeniaca Willd.
incegeli$ civari, 1500-1600 m, 15.VII.1990, yol kenari, O.E. 1827
2.BALLOTAL.
1. B.nigra L. subsp. anatolica P.H. Davis
Soguksu deresi, ca. 1060 m, 3.VIIL.1989, tash yerler, O.E.1192.
3. SIDERITIS L.
1. S.germanicopolitana Bornm. subsp. germanicopolitana
Kayabeleni tepe civari, 1250-1300 m, 15.VIL1990, orman agikligi, O.E. 1841;
Tensil sahast,1450-1500 m, 19.VIL.1990, orman agiklig1, O.E. 1929.
17. RUBIACEAE
1. CALIUM L.
1. G.fissurense Ehrend. et Schonb.
Gollii civar, 1600-1630 m, 1.VIIL.1989, orman agikhig, O.E. 1127.
2. G.penduliflorum Boiss.
Kara tepe, 1200-1250 m, 30.V.1990, tel 6rgii civarindaki galiliklar, O.E. 1546.
Classis: MONOCOTYLEDONES
18. LILIACEAE
1. ALLIUM L.
1. A huber-morathii Kollmann, N.Ozhatay & Koyuncu
incegelis civari, 1550-1600 m, 25.VIIL.1989, orman agikligi, O.E. 1242; Kel
tepe civart, 1350-1400 m, 30.V.1990, orman agikligi, O.E. 1470
(Det. H.Koyuncu).
2. MUSCARI Miller
1. M.aucheri (Boiss.) Baker
Yanik sirti civari, 1200-1250 m, 31.111.1990, orman agikhigi, tash yamaglar,
O.E. 1295, Kara tepe, 1100-1150 m, 30.V.1990,a¢1k alanlar, O.E. 1536.
3. TULIPA L.
1. T.sintenisii Baker
Cakmakh civari, 1400-1450 m, 12.V.1990, orman agikliklari, yamaglar,
O.E.
1359
19. IRIDACEAE.
1.CROCUS L.
1. C.ancyrensis (Herbert) Maw.
Yanik sirt1, 1350-1400 m, 18.1IL1990, P.nigra agikliklar, ¢aliliklar, O.E.
1282.
2. C.biflorus Miller subsp. pulchricolor (Herbert) Mathew
inccgclis civari, 1400-1450 m, 18.111.1990, P.nigra agikliklari, O.E. 1283
20. POACEAE (GRAMINEAE)

1. FESTUCAL.
1.F.callieri (Hackel) F.Markgraf subsp. zederbaueri Markgr.-Dannenb.
Soguksu Milli Parki, 1050-1100 m, 14.VIL1990, yol kenari, O.E. 1765.

SONUC VE TARTISMA

Bu arastirmanin sonuclari, toplanan 1064 bitki

orneginin incelenmesine, arazi gozlemlerine, konuyla ilgili
literatiir bilgisinin derlenmesine dayanmaktadir. Bitki
orneklerinin adlandirilmasi sonucu 74 familyaya ait 276

cins, 474 tiir, 4 alttiir, 3 varyete olmak iizere toplam 481
takson tespit edilmistir. 474 tiiriin 49'u (%10,6) endemiktir.
Toplanan bitkilerden 2 tiir PTERIDOPHYTA, 472 tiir ise
SPERMATOPHYTA, Divisio'suna aittir. Alanimizda en
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yaygin tiire sahip bitki cografyasi bolgesi Avrupa-Sibirya
(82 tiir) digerleri de sirasiyla Iran-Turan (76 tiir) ve
Akdeniz (31 tiir) bolgesidir. 292 tiir ise ya genis yayilish
veya bolgesi belli olmayanlardir. Tiirlerin fitocografik
bolgelere gore dagilimi Tablo 2° de, calisma alanimizda
en ¢ok tiir igeren ilk 10 familya Tablo 3’ te verilmistir.

Tablo 2. Tirlerin fitocografik bolgelere gore dagilimi.
Table 2. Distribution of species according to phytogeographic

regions.
Fitocografik Bolge Tiir Sayisi Oran %
Avrupa-Sibirya 71 14,8
Karadeniz 11 2,3
Iran-Turan 76 15,8
Akdeniz 31 6,5
Cok bolgeli ve bilinmeyenler 292 60,6

Tablo 3. En ¢ok tiir igeren ilk 10 familya.
Table 3. Top 10 families with the most species.

Familya Ad1 Tiir sayis1 Toplam Tiir Sayisimin Oram %
Asteraceae 55 11,6
Fabaceae 50 10,6
Poaceae 31 6,6
Lamiaceae 27 57
Brassicaceae 24 5,0
Rosaceae 24 5,0
Caryophyllaceae 23 4,9
Apiaceae 26 49
Boraginaceae 16 34
Scrophulariaceae 16 34
Toplam 289 61,1
Kalan 63 Familya 185 38,9

Aragtirilan alandan elde edilen sonuglarla, alana
yakin yerlerde daha evvel yapilan aragtirma sonuglarinin
(Akman,1974;Akman &Aydogdu, 1986)
karsilagtirilmasinda en zengin tire sahip familya
Asteraceae familyasidir. Fabaceae, Poaceae, Lamiaceae
ve Brassicaceae tiir sayisi agisindan zengin ilk 5 familya
olup alanda en ¢ok tiire sahip cins 11 tiir ile Vicia'dir. ikinci
Trifalium, tgiincii Silene, dordiincii Sedum, besinci siray1
da Campanula almaktadr. ilk 10 siraya giren familyalarda
alanimizla diger alanlar arasinda siralama degismekle
birlikte, isimler uygunluk gostermektedir. Ilk 5 siray1 alan
familya isimleri genellikle birbirinin ayn1 olmakla birlikte
siralamada bazi degisiklikler olabilmektedir. Ancak
Gerede-Aktas civar1 ile Kizilcahamam-Kargasekmez'de
yapilan  arastirmalarda  Scrophulariaceae  familyasi
sirastyla 3 ve 5. siray1 almistir. Bu familya alanimizda 10.
siradadir. Alanimizda en ¢ok tiire sahip cins 11 tiir ile
Vicia'dir. Alanimizda orman agikliklar1 ve tensil sahasi
bulunmasi, bu tip ortamlarda yaygin olan bu cinsin
zenginliginin sebebidir. Zengin cinsler agisindan ilgi ¢ekici
bir durum da Sedum'da goriilmektedir. Bu cins hem
alanimiz da hem de alana hemen yakin benzer olan Gerede-
Aktas'da 4. sirada yer almustir.

Sonug olarak, yapilan bu c¢aligma ile bir Milli
Parkimizdaki endemik bitki tiirleri tespit edilmis olup
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Ankara Ilimiz icin ileri de tiim endemik bitki tiirlerinin
belirlenmesine katki saglayacagi goriilmektedir.
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Abstract: Palaearctic leuciscid genus Petroleuciscus is a poorly known genus and molecular
< e g O H A phylogeny and historical biogeography is not known well. In this study, phylogenetic
relationships of Petroleuciscus species in Turkey were investigated by analyzing mitochondrial
cytochrome b (cyt b) gene sequences (1140 bp). For this purpose, cyt b gene of 84 samples from
13 populations of the species were sequenced. Twenty-one haplotypes were identified and overall
average haplotype diversity (Hd) was calculated as 0.921+£0.011. The result of phylogenetic

S Lt analysis of Petroleuciscus species shows the presence of two clades and four haplogroups. First
ReceniTayyip ExdosanUniversity) Faculty 0 plac_ie includes Petroleuciscgs smyrneaus and P. ninae from the Western Anatolia. Se_cond clade
Fisheries, Department of Basic Sciences, indicated that P. borysthenicus consists of the Black Sea and the Marmara Sea drainages and
53100, Rize. northern part of the Aegean Sea drainages. Haplotype network analysis, phylogenetic and

24 kalaycigokhan@gmail.com phylogeographic inference show that Petroleuciscus genus was monophyletic in Turkey, and its

species scattered in the Miocene era.

Keywords: cyt b, genetic diversity, leuciscids, mtDNA, phylogeography.

Tiirkiye'deki Petroleuciscus (Teleostei: Leuciscidae) Tiirlerinin Molekiiler
Filogenisi ve Tarihsel Biyocografyasi

Oz: Palaearktik leuciscid cinsi Petroleuciscus, az bilinen bir cins olup molekiiler filogenisi ve
tarihi biyocografyasi iyi bilinmemektedir. Bu ¢alismada, Tiirkiye'deki Petroleuciscus tiirlerinin
filogenetik iligkileri mitokondriyal sitokrom b (cyt b) (1140 bp) geni kullanilarak arastirilmistir.
Bu amagla, 13 populasyondan 84 6rnegin cyt b geni dizilenmistir. Genetik analizler sonucunda
21 haplotip tamimlanmuis ve haplotip ¢esitliligi Hd: 0,921+0,011 olarak hesaplanmustir.

*Sorumlu yazar: Petroleuciscus tiirlerinin filogenetik analizinin sonucunda ise, iki klad ve dort haplogrup varligi

Gokhan KALAYCT ortaya gikmaktadir. Birinci klad, Bati Anadolu'dan Petroleuciscus smyrneaus ve P. ninae' den
Recep Tayyip Erdogan Universitesi, Su olusmaktadir. Ikinci klad ise, P. borysthenicus'un Karadeniz ve Marmara Denizi havzasindan ve
gﬁg&er;zlk“he“’ Temel Bilimler Bolimi, Ege Denizi'nin kuzey sularindan olustugunu ortaya ¢ikarmaktadir. Haplotip ag analizi, filogenetik
52 kalaycigokhan@gmail.com ve filocografik ¢ikarim, Tiirkiye'deki Petroleuciscus cinsinin monofiletik oldugunu ve tiirlerinin
Miyosen ¢aginda dagildigini1 gostermektedir.
Anahtar kelimeler: cyt b, filocografya, genetik ¢esitlilik, leuciscidler, mtDNA .
INTRODUCTION
The members of genus Petroleuciscus are widely deltas, lower parts of montane rivers, and backwaters. They
distributed in European rivers, having highest diversity can tolerate low oxygen concentrations and slightly
particularly in the Balkan area and the southern European brackish water. Nowadays, some populations are exposed
region. Their adults exist in lowland rivers, lakes, limans, to sharp decline due to river beds channelization and flood-
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plains drainage. Palaearctic leuciscid genus Petroleuciscus
was described by Bogutskaya, (2002). This genus is
phenotypically and genetically distinct from sister group
Squalius (Perea et al. 2010; Schonhuth et al. 2018). Up to
now from its identification, Petroleuciscus genus is
exposed to some taxonomic revisions, which are
summarized by Freyhof et al., (2018). Now the genus
Petroleuciscus consists of six species as P. borysthenicus
(Kessler, 1859); P. smyrnaeus (Boulenger, 1896), P. ninae
Turan, Kalayci, Kaya, Bektas & Kiiciik, 2018, P.
squaliusculus (Kessler, 1872), P. ulanus (Gunther, 1899)
and P. aphipsi Aleksandrov, 1927.

Petroleuciscus borysthenicus is distributed in
Eurasia: Eastern, northern, and western, Black Sea and
Azov Sea basins, from eastward in Europe to northwestern
Turkey. P. smyrnaeus is distributed in Asia and Europe:
Lesbos Island in Greece and Aegean drainages of
southwestern Turkey, Gediz River drainages (the northern
Aegean Sea basin). P. ninae is distributed in Biiyiik
Menderes drainage (the southern Aegean Sea basins). P.
squaliusculus is distributed in Syr Darya drainage,
Kyrgyzstan, Kazakhstan, and Tajikistan. P. ulanus is
distributed from Orumeyeh Lake in Iran. Lastly,
Petroleuciscus aphipsi is found in Kuban drainage, Russia
(Bogutskaya, 1996; Froese & Pauly 2022; Turan et al.,
2018).

Main factor of Leuciscinae distribution in the
Europe is Pleistocene glaciations and Danube basin, which
is glacial refuge that is origin of some leuciscine taxa after
colonization. Additionally, in the formation of freshwater
ichthyofauna, Black sea rivers also could have behaved as
glacial refuge (Kotlik et al. 2004; Perea et al. 2010). Sanjur
et al., (2003) pointed out that Squalius borysthenicus and
Squalius smyrnaeus are paratethyan origin and distributed
around the ancient Paratethys Sea cohorent to Doadrio and
Carmona, (1998) and Zardoya et al., (1999).

Some phylogenetic and taxonomic studies were
carried on the leuciscids in Turkey. Phylogenetic
relationships of 190 European leuciscid species were
investigated based on cytochrome b (cyt b) sequences and
dispersal of species base Messinian period (Levy et al.
2009). Phylogenetic relationships between Alburnoides
species revealed by Bektas et al. (2019) indicate that
Turkish populations dispersed tectonic faulting and uplift
Miocene aged as well as climatic variation and change in
sea-level during late Miocene-middle Pleistocene. Namely,
cyt b gene has been proven as an useful DNA markers for
studying the systematics and phylogenetic of Leuciscidae
and its congeners (Aksu & Bektas 2019; Bektas et al. 2017;
Durand et al. 2000; Durand, et al. 2002; Bektas et al. 2017,
Durand et al. 2000; Durand, et al. 2002; Kuyumcu et al.
2021; Levin et al. 2012; Tsigenopoulos et al. 2002;
Zardoya & Doadrio 1999).

89

J. Anatolian Env. and Anim. Sciences, Year:7, No:1, (88-95), 2022

Some Petroleuciscus samples were studied by
Durand et al. (2000), Perea et al. (2010), Geiger et al.
(2014), Freyhof et al. (2018) and Turan et al. (2018), but
only one of these studies (Turan et al., 2018) is included
limited COI barcoding data for all Petroleuciscus species
distributed in Turkey for genetic assignment of species.
Hence, as stated by Perea et al. (2010) Petroleuciscus
genus is a still poorly known genus and real taxonomy is
not known well.

Considering that three of the six species of the
genus Petroleuciscus are distributed in Turkey, to reveal
the phylogenetic relationships of species distributed in
Turkey is very important to determine systematic position
and phylogeographic history of the Petroleuciscus.
Unfortunately, previous studies were not adequate to reveal
the phylogenetic, phylogeographic relationships and
specification of Petroleuciscus distributed in Turkey. For
this reason, in this study, we aimed to investigate
phylogenetic relationships and delineate phylogeographic
history of Petroleuciscus genus in Turkey.

MATERIAL AND METHOD

Sample collection, DNA Extraction and
Sequencing: Three Petroleuciscus species of Turkey were
collected from 13 sampling sites and 84 specimens from
drainages of the Black Sea, the Aegean Sea, and the
Marmara Sea basin (Table 1, Figure 1). Note that some
samples were also used Turan et. al., (2018). The care of
experimental animals was consistent with Republic of
Turkey animal welfare laws, and guidelines. Fishes were
collected, surgical procedures were only performed for
excision of fin clips after anaesthesia by using MS222, and
then the fin clips preserved in 70% ethanol for DNA
extraction. Total DNA was extracted from fin clips via
Qiacube automated DNA/RNA purification system using
Qiagen DNeasy Blood & Tissue Kits (Qiagen, Hilden,
Germany). The quality and quantity of DNA were checked
on both the NanoDrop 2000/c spectrophotometer (Thermo
Scientific, Rockford, IL, USA) and 0.8% agarose gel
electrophoresis. Mitochondrial cytochrome b (cyt b) gene
(1141 bp) was amplified by primer set B-cytbF (5'-
GAAGAACCACCGTTGTWVTTCAAC-3") and the B-
cytbR (5'- CGGATTACAAGACCGATGC-3") following
the protocol and conditions described in Kalayci, (2022).
The PCR products were run 1% agarose gel electrophoresis
and visualized under UV Quantum-Capt ST4 system
(Vilber Lourmat, France). PCR products were purified
using the QIlAquick PCR Purification Kit (Qiagen)
according to the manufacturer’s instructions and
bidirectional sequencing of PCR products was performed
with an ABI PRISM 3730XL Genetic Analyser at
Macrogen Europe Inc. (Amsterdam, Netherlands).
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Table 1. Locality no, species, locality, and coordinates of Petroleuciscus species in Turkey.

Locality no Species, Locality Coordinates

P. borysthenicus
1 Inece stream, Nothern Aegean sea slope, Edirne 41°41'34.0"N, 27°04'59.0"E
2 Bahgekoy stream, Black sea drainage, Kirklareli 41°34'09.0"N, 28°04'46.0"E
3 Binkilig stream, Black sea drainage, Istanbul 41°22'48.3"N, 28°17'46.0"E
4 Camagir stream, Marmara sea slope (Northern), Istanbul 41°09'48.6"N, 28°27'33.3"E
5 Sakan stream, Marmara sea slope (Southern), Balikesir 40°03'00.0"N, 27°57'46.0"E
6 Balikli stream, Marmara sea slope (Southern), Canakkale 39°57'42.2"N, 27°12'53.9"E

P. smyrnaeus
7 Kocagayi stream, Gediz drainage, Izmir 38°48'36.5"N, 27°01'48.3"E
8 Bakircay stream, Gediz drainage, Izmir 39°07'57.0"N, 27°22'18.0"E
9 Gordes stream, Gediz drainage, Manisa 38°44'34.4"N, 27°55'47.0"E
10 Golciik lake, Gediz drainage, Izmir 38°18'39.5"N, 28°01'52.2"E
11 Gediz River, Usak 38°46'37.2"N, 29°12'40.4"E

P. ninae
12 Yenisehir pond, Kiigiik Menderes drainage, Izmir 38°04'30.0"N, 27°55'37.2"E
13 Akgay stream, Bilylik Menderes drainage, Aydin 37°45'34.0"N, 28°20'07.0"E

28.000 32.000
L]
A P.borysthenicus
Black Sea . Pninae
‘ P.symrnacus
40.000 40.000

36.000
225 km

36.000

28.000
Figure 1. Map showing sampling area and stations.

Genetic Structure and Phylogenetic Analysis:
The nucleotide sequences of cyt b gene was aligned using
Clustal W algoritm (Thompson et al., 1994) implemented
in Bioedit v7.2.5 (Hall, 1999) software. Haplotype number
(H), haplotype diversity (Hd), and nucleotide diversity ()
were computed for each species using DnaSP version
6.12.03 (Rozas et al., 2017) program. Sequences of
haplotypes were submitted to the NCBI GenBank with
accession numbers MN877324- MN877344. Nucleotide
frequencies, variable and polymorphic nucleotides, and
transition/transversion rate were calculated using MEGA
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32.000

X (Kumar et al. 2018). To calculate genetic variation
among groups and within the groups analysis of molecular
variance (AMOVA) was conducted using the Arlequin
v3.5.1.2 (Excoffier & Lischer, 2010) software. According
to Bayesian information criterion (BIC) and Akaike
information criterion (AIC) implemented in jModeltest v.
0.0.1 (Posada, 2008), the TrN+I model: -In= 2427.5947
(Tamura K & Nei, 1993) was used as best-fit nucleotide
substitution model for phylogenetic analysis. Median-
joining (MJ) algorithm (Bandelt et al., 1999) implemented
in Network 5.0.0.1 software (www. fluxus-
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engineering.com) was used to construct the haplotype
network. Phylogenetic relationships among haplotypes and
species were estimated using maximum likelihood (ML),
maximum parsimony (MP) and Bayesian inference (Bl)
analysis using MEGA X (Kumar et al. 2018), PAUP
4.0b10 (Swofford, 2003) and MrBayes 3.1.2 (Ronquist &
Huelsenbeck, 2003) softwares, respectively. At the BI
analysis, Metropolis-coupled Markov chain Monte Carlo
(MCMC) algorithm was used for one million generations
and sampled every 1000 generations. Sampled in each
MCMC run, initial 25% of saved trees discarded as burn-
in. Ladigesocypris irideus (HM560096 for cyt b) was
selected as outgroup taxa for all phylogenetic analyses.
Pairwise genetic distance estimation among the species
was calculated by MEGA X (Kumar et al., 2018) software
using the Kimura 2-parameter substitution model (Kimura,
1980).

The Bayesian MCMC coalescent method
implemented in BEAST v1.8.2 (Drummond et al., 2012)
was used to divergence time estimation. The molecular
clock calibration was used 0.4% per lineage per million
years based on divergence rate of cyt b gene in Leuciscinae
concluded by Perea et al. (2010) and this rate was also used
by (Buj et al., 2019). Branch rates were determined from
an uncorrelated lognormal distribution and a Yule
speciation prior with random starting tree. Nucleotide
substitution model, TrN was applied with Gamma site
heterogeneity model. The MCMC steps number was three
million with parameters logged every 1000 generations.
The remaining parameters in the software were chosen as
default. Produced trees were summarized by
TreeAnnotator v.1.8.2 to obtain a maximum clade
credibility tree with 25% burn-in. The tree displayed with
FigTree v. 1.4.4. node labels height_95% HPD and height
median. Effective sample size and convergence of
parameters was evaluated using Tracer v.1.6. The effective
sample sizes for all parameters of interest were greater than
200.

RESULTS

Genetic Diversity and Species Divergence:
Nucleotide sequences of the cyt b gene region (1140 bp)
were examined in 84 specimens belonging to three species
of Petroleuciscus in Western Anatolia and Thrace region
(Table 2). The overall average nucleotide frequencies were
determined as 26.09% A, 28.60% T, 28.43% C, and
16.88% G. The transition/transversion rate k1 = 42.723
(purines), k2 = 14.786 (pyrimidines) and the overall
transition/transversion bias were calculated as R=12.584.
Haplotype number was determined as 21; eight from P.
borysthenicus (N=31), ten from P. smyrnaeus (N=32) and
three from P. ninae (N=21) (Table 2).
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Table 2. Frequency, distribution, and Genbank accession

numbers of Cyt b and haplotypes of Petroleuciscus in Turkey (the

locality number is in parentheses).
P. borysthenicus

P. smyrnaeus P. ninae

Genbank Accession Number

Inece S. (1)
Sakan S. (5)
Balikh S. (6)
ICamagir S. (4)
[Bahgekoy S. (2)
IBinkil¢ S. (3)
Gediz R. (11)
IGordes S. (9)
IKocacayr S. (7)
IBakircay S. (8)
(Golciik L. (10)
Akgay S. (13)
\Yenisehir P. (12)

MN877324 6
MN877325 1

5 % E Haplotypes

MN877326

I
=

MN877327 4 2

I
o

MN877328 1

I
=

MN877329 2
MN877330 3
MN877331 8 2

I I T
© ©

MN877332 6 5
H10 MNB877333 2
H11 MNB877334 1
H12 MNB877335

H13 MNB877336

H14 MNB877337

H15 MNB877338

H16 MNB877339 1

H17 MNB877340 2

H18 MNB877341 1

H19 MNB877342 2
H20 MNB877343 11
H21 MNB877344

N =)

| koG

Totally, 77 variable sites were identified and 71 of
them were polymorphic. Haplotype and nucleotide
diversity are P. borysthenicus, P. smyrnaeus and P. ninae
(Hd=0.837+0.040 and 7=0.00584+0.00032),
(Hd=0.774+0.052 and 71=0.00273+0.00032),
(Hd=0.581+0.075 and n=0.00569+0.00029), respectively.
Overall haplotype and nucleotide diversity are Hd=
0.921+0.011 and ==0.02603+0.00126. The AMOVA
suggested that almost all observed genetic variations occur
among groups determined as 91.76% for three species.
Haplotype network analysis contains 21 unique haplotypes
and no haplotype shared between species, which are clearly
separated species from each other by at least 9 mutational
steps. The most common haplotype was H20, and it was
shared by Akgay Stream and Yenisehir Pond populations
belonging to P. ninae (Figure 2). Pairwise genetic distances
between species were calculated as 0.011 (P. ninae and P.
smyrnaeus), 0.054 (P. borysthenicus and P. smyrnaeus)
and 0.049 (P. borysthenicus and P. ninae).
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Figure 2. Median-joining network of the cytb haplotypes. Circle
size corresponds to sample size; one bar indicates an additional
mutational step. Each small lines represent one nucleotide
difference.
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Phylogenetic Relationships and Divergence
Times: The phylogenetic inferences suggest that
Petroleuciscus species in Turkey are clustered into two
main clades. The first clade consists of P. borysthenicus
while the other clade contains P. smyrnaeus and P. ninae.
Maximum likelihood, maximum parsimony and Bayesian
inference analyses of mitochondrial cyt b (Figure 3) gene
resulted in trees congruent with each other and were
supported by high bootstrap values (>75) for the distinction
of species.

The divergence time between the two main clades
indicates that the disperse of Petroleuciscus species in
Turkey starts in 6.09 (10.8-3.36) mya Miocene (late
Messinian stage) (Figure 4).

73/0 88/63 | P borysthenicus H1

P. borysthenicus H2

93/0.75/96 | P borysthenicus H4

82/0.97/86 P. borysthenicus H6

80/0.92/100 P. borysthenicus H3

P. borysthenicus HS
P. borysthenicus H7

80/0.98/92 I-

P. smyrnaeus H9

P. borysthenicus HS

72/0.90/63

P. smyrnaeus H11

99/0.99/94 P. smyrnaeus H10

P smyrnaeus H17

P. smyrnaeus H18

P. smyrnaeus H12
90/0.82/90
P. smyrnaeus H13
P smyrnaeus H14
81/0.75/100

50/0 6711 P smyrnaeus H1S

P. smyrnaeus H16

P ninae H20
66/0.71/65 || P. ninae H19
63/0.93/- P ninae H21

0.020
—_—

Ladigesocypris irideus HMS560096

Figure 3. Maximum likelihood tree based on mitochondrial cytb gene sequences of Petroleuciscus species in Turkey. Maximum likelihood,
Bayesian inference and Maximum Parsimony analyses resulted in congruent trees. Bootstrap and posterior probability values are shown

above nodes on tree if 50 % or higher
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—n>p borysthenicus H2
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L—— P borysthenicus H8
P smyrnaeus H9
_IE P, smyrnaeus H11
P. smyrnaeus H10
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1.85 (5.41-0.48) P. smyrnaeus H18
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Figure 4. Divergence timescale for the Petroleuciscus species inferred under Bayesian uncorrelated relaxed clock method from mitochondrial
cyt b genes. Numbers front the node represent divergence times in million years (Ma) and their HPD 95% credibility intervals.
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DISCUSSION AND CONCLUSION

Phylogeny of two Petroleuciscus species
distributed in Turkey (P. borysthenicus and P. smyrneaus)
was studied by Perea et al. (2010) and it was indicated that
the genus was not known sufficiently. In this study, the
phylogeny constructed by ML, MP and BI approaches is
based on mtDNA cyt b sequences of three Petroleuciscus
species, which are clustered in two clades and four
haplogroups with high bootstrap values and posterior
probabilities. Our construction based on the mitochondrial
cyt b gene lead to a remarkable topology, which places first
lineage P. borysthenicus, and other lineage consists of P.
smyrneaus and P. ninae. This result was also coherent by
Turan et al., (2018) using a more conserved mt DNA gene,
COl barcoding gene. First clade includes two haplogroups.
The first one “H1, H2, H3, H4, H5, and H6” is found in
Sakan, Balikli stream (drainages of southern Marmara Sea)
and Inece stream (a drainage of northern of Aegean Sea).
The second one “H7 and H8” is found in Bahgekdy,
Binkilig streams (drainages of Black Sea and Thrace) and
Camasir stream (drainage of northern of Marmara Sea).
Second clade consists of two valid species which are
identified before P. smyrneaus and P. ninae. Battalgil
(1940) described Leuciscus heterandrius from the Lake
Iznik (southern Marmara Sea coast) but later it was
synonymized with L. borysthenicus (Battalgil, 1942).
Haplogroup H1-H6 in this phylogenetic tree may refer to
Petroleuciscus heterandrius. The results of this study may
suggest that four Petroleuciscus species may exist in
Turkey based on the comparison of genetic distance for cyt
b gene (0.011-0.054). Undoubtedly, validation studies
should be done to clarify this inference, and especially
morphological characters should be examined. AMOVA
also supports this inference because of almost all observed
genetic variations (>86 %) occur among haplogroups. In
addition, the median joining network analyses of
Petroleuciscus species indicates the presence of three
haplogroups divided as north and south of Marmara Sea.

Bektas et al. (2017) and Hrbek et al. (2004)
previously reported that, with a general opinion Anatolian
freshwater fish species have low nucleotide diversity and
high haplotype diversity and this implies a smaller founder
population and the population is in the expansion period.
Similarly, it was determined that the population structure
of Petroleuciscus species in terms of haplotype and
nucleotide diversity is in accordance with this general
opinion.

Popov et al., (2004) refer that Central Europe and
Anatolia were connecting from the late Oligocene to late
Miocene (23-5.33 mya). Estimated dates of divergence
time of Petroleuciscus from sister genus Ladigesocypris
was estimated as 8.58 (15.95-4.83) mya and it might be
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dispersed from the Danube basin to Anatolia via river
capture during this period. Similar to this result, (Levy et
al., 2009) also calculated that divergence time of
Petroleuciscus genus was about 13 mya. Divergence time
between two main clades indicates that the divergence
among the Petroleuciscus species starts in 6.09 (10.8-3.36)
mya Miocene (late Messinian stage).

Divergence time between P. smyrnaeus and P.
ninae was estimated as 4.18 (8.51-1.48) mya. Por (1989)
indicate that a line drawn from west to east in the middle
of Turkey can be considered as a major suture, and this lead
to species differentials of Petroleuciscus between Biiyiik
Menderes and Gediz River basin. P. borysthenicus clade
divided into two haplogroups dated 1.86 mya (early
Pleistocene). Durand et al. (2000) suggest that the most
important component of Chub's evolutionary history is the
Danube particularly during the Pleistocene glaciations
since it was a refugium for the chub. Our molecular data
confirm this influence speciation of P. borysthenicus and
P. heterandrius, and it shows a reasonable geographical
model.

Consequently, Petroleuciscus species in Turkey
were analyzed based mt DNA cyt b gene and determined
as monophyletic and differentiated from the sister group at
Miocene era. Also, it is estimated that the divergence time
of the two main clades which are the first clade including
P. borysthenicus, and the second clade including P.
smyrnaeus, P. ninae starts in Miocene (late Messinian
stage). Speciation dynamics of Petroleuciscus species in
Turkey have been determined and controlled by
biogeographical processes after Miocene.
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ERRATUMS

Erratum 1. In the original article titled “Antioxidant Potential of Chestnut Shell, Stinging Nettle, Kiwi Fruit and Citrus Fruit Extracts and
Antibacterial Effects Against Some Fish Pathogens” published in the Anatolian Journal of Environmental and Animal Sciences, 2021, Vol: 6, No: 2, pp:
204-210, the DOI no of article has been corrected the following.

Erratum 2. In the original article titled “Antimicrobial Resistance and Diversity of Lactococcus garvieae by Genomic Approaches” published
in the Anatolian Journal of Environmental and Animal Sciences, 2021, Vol: 6, No: 4, pp: 506-505, the date error in the header has been corrected by
adding the following date error.

Erratum 3. In the original article titled “The Fish Fauna of Kuzgun Dam Lake and Its Drainages (Erzurum, Turkey).” published in the
Anatolian Journal of Environmental and Animal Sciences, 2021, Vol: 6, No: 4, pp: 522-525, the date error in the header has been corrected by adding the
following date error.

Erratum 4. In the original article titled “Evaluation of Persimmon (Diospyros kaki), Cherry laurel (Prunus lauroceraus) and Blueberry
(Vaccinium arctostaphylos) Fruits as a Natural Antioxidant Source.” published in the Anatolian Journal of Environmental and Animal Sciences, 2021,
Vol: 6, No: 4, pp: 592-598, the date error in the header has been corrected by adding the following date error.

Erratum 5. In the original article titled “Macro and Trace Element Levels of Macroalgae Cystoseira foeniculacea and Gongolaria montagnei
Species from Mediterranean Region (Antalya/ Turkey)” published in the Anatolian Journal of Environmental and Animal Sciences, 2021, Vol: 6, No: 4,
pp: 757-764, the date error in the header has been corrected by adding the following date error.

It is kindly submitted to your information.

Journal of Anatolian Environmental and Animal Sciences Editorial Board.
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Erratum 2. “Kumru, (2021) J. Anatolian Env. and Anim. Sciences, Year:6, No:4, (506-513), 2021”
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Erratum 4. “Year: 6, No: 4, 2021 (592-598)”

Erratum 5. “Year: 6, No: 4, 2020 (757-764)”

DUZELTMELER

Diizeltme 1. Anadolu Cevre ve Hayvancilik Bilimleri Dergisi, 2021, Cilt: 6, Sayi: 2, s: 204-210, sayisinda yaynlanan “Kestane Kabugu, Isirgan
Otu, Kivi Meyvesi ve Narenciye Oziitlerinin Antioksidan Potansiyelleri ve Baz1 Balik Patojenlerine Kars1 Antibakteriyel Etkileri” makalenin DOI no
asagidaki gibi diizeltilmistir

Diizeltme 2. Anadolu Cevre ve Hayvancilik Bilimleri Dergisi, 2021, Cilt: 6, Say1: 4, s: 506-505, sayisinda yayinlanan “Antimicrobial Resistance
and Diversity of Lactococcus garvieae by Genomic Approaches” baslikli 6zgiin makalede {ist bilgide tarih hatasi asagidaki gibi eklenerek diizeltilmistir.

Diizeltme 3. Anadolu Cevre ve Hayvancilik Bilimleri Dergisi, 2021, Cilt: 6, Say1: 4, s: 522-525, sayisinda yayinlanan “Kuzgun Baraj Golii ve
Drenajlarinin Balik Faunasi (Erzurum, Tiirkiye).” baslikli 6zgiin makalede tist bilgide tarih hatas1 agagidaki gibi eklenerek diizeltilmistir.

Diizeltme 4. Anadolu Cevre ve Hayvancilik Bilimleri Dergisi, 2021, Cilt: 6, Say:: 4, s: 757-764, sayisinda yayinlanan “Hurma (Diospyros kaki),
Karayemis (Prunus lauroceraus) ve Mavi Yemis (Vaccinium arctostaphylos) Meyvelerinin Dogal Antioksidan Kaynagi Olarak Degerlendirilmesi.” baglikl
0zglin makalede {ist bilgide tarih hatas1 asagidaki gibi eklenerek diizeltilmistir.

Diizeltme 5. Anadolu Cevre ve Hayvancilik Bilimleri Dergisi, 2021, Cilt: 6, Say1: 4, s: 757-764, sayisinda yayinlanan “Akdeniz Bolgesi’ nden
(Antalya/ Tiirkiye) Alinan Makroalg Cystoseira foeniculacea ve Gongolaria montagnei Tiirlerinin Makro ve iz Element Seviyeleri” bashkli 6zgiin makalede
ust bilgide tarih hatasi asagidaki gibi eklenerek diizeltilmistir.
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