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Oz: Arastirmada Van ili koyunculuk isletmelerinde teknolojilerin ne oranda kullamldig: tespit
edilmeye ¢alisgilmistir. Calisma igin 280 isletme sahibi ile yiiz ylize anket goriigmeleri yapilmigtir.
Van ilgelerindeki 400 bas ve daha fazla koyuna sahip isletmelerin %30’u rastgele segilerek
caligma ytriitiilmiistiir. Buna gore en ¢ok bulundurulan koyun irklarinin Akkaraman (%41,1) ve
Norduz (%30,4) oldugu tespit edilmistir. Hayvan sayis1 bakimindan en ¢ok 601-800 (%37,9) bas
koyun grubunun oldugu ve kombine bir yetistiricilik (%81,1) yapildig1 tespit edilmistir.
Isletmelerin %68,6'simn kapali barinak tipinde oldugu ve isletmelerin %87,1'inde elle sagim
yapildig1 tespit edilmistir. Siitiin %48,9'unun peynir, %21,1'i ise aile ihtiyaci+peynir yapimi
olarak degerlendirildigi saptanmustir. Yetistiricilerin (%82,5) ilkokul mezununun gogunlukta
oldugu ortaya ¢ikmistir. Koyunculuk ile ugragma siiresi dikkate alindiginda ise %90,4 oranla 15
yildan fazla koyunculuk yapildig1 tespit edilmistir. Isletmelerde internet kullanimmnin ¢ok az

*1%: https://orcid.org/0000-0001-5154-7979
: https://orcid.org/0000-0002-3234-9018

*Sorumlu yazarn: oldugu ve %60,7 oraninda internet kullanmadig: tespit edilmistir. Hayvancilik isletmelerinde
Hasan CELIKYOREK o kullanilan teknolojilerin ¢oklu kullanimina iliskin belirleme sonucunda ise %69,3 oraninda hicbir
Van Yiiziincil Yil Universitesi, Ziraat Fakilltesi, teknoloji kullanmadiklar1 %30,7’sinin ise siit sagim makinesi, kirkim, tartim gibi teknolojileri
Zootekni Boliimii, Van, Tirkiye P . . .

5<: hasancy@yyu.edu.tr kullandiklar1 ortaya ¢ikmistir. Ozellikle kent merkezlerinde daha yaygin olmak iizere,

isletmelerin kismen de olsa teknolojiyi kullandiklari tespit edilmistir.

Anahtar kelimeler: Hayvancilik teknolojileri, koyunculuk isletmesi, van.

Determination of Technologies Used in Sheep Farming Enterprises in Van Province

Abstract: In the study, it was tried to determine to what extent technologies are used in sheep
farming enterprises in Van province. For the study, face-to-face survey interviews were
conducted with 280 sheep farming enterprise owners. The study was carried out by randomly
selecting 30% of the enterprises with 400 heads and more sheep in Van districts. Accordingly, it
was determined that the most commonly kept sheep breeds were Akkaraman (41.1%) and Norduz
(30.4%). In terms of the number of animals, it was determined that there were 601-800 (37.9%)
head sheep group and combined breeding (81.1%) was practiced. It was determined that 68.6%
of the sheep farms were of closed shelter type and 87.1% of them were milked by hand. It was
determined that 48.9% of the milk was utilized as cheese and 21.1% as family need+cheese
making. It was found that the majority of the breeders (82.5%) were primary school graduates.
Considering the duration of sheep breeding, it was determined that 90.4% of the breeders have
been engaged in sheep breeding for more than 15 years. It was determined that internet use in the

*Corresponding author: enterprises was very low and 60.7% did not use internet. As a result of the determination of the
32;a$iiii§ﬁ%i§ersny Faculty of multiple use of technologies used in animal husbandry enterprises, it was revealed that 69.3% did
Agriculture, Department of Animal Science, not use any technology_and 30.7% used technolog_ies SL_Jch as milking machine, shearing an_d
Van, Tiirkiye weighing. It was determined that sheep farms, especially in urban centers, use technology, albeit
DX: hasancy@yyu.edu.tr partially.

Keywords: Livestock technologies, sheep farming, van.

11 Bu makale, Mehmet BARIG'in yiiksek lisans tezinden iretilmistir. This manuscript was produced from Mehmet BARIG ‘s master thesis.
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GiRisS

Gecmisten giliniimiize hayvancilik sektorii 6nemli
asamalar ve degisimler kaydederek varligint stirdiirmiistiir.
Bu degisim ve gelismenin ekseninde hayvancilikta
kullanilan teknolojilerin biiyilk bir &nemi oldugu
soylenebilir. Ulkelerin gelismislik diizeyi yiikseldikge,
tarimin igerisindeki bitkisel {iretim paymin hayvansal
iretime oranla azaldigi goriilmektedir. Bu nedenle
hayvansal iiretimin tarimsal iiretimin lokomotifi olarak
gorev yaptig1 anlasilmaktadir (Ergiin & Bayram, 2021).

Daha fazla hayvansal {iriinler elde etmek ve iyi
beslenme sartlarina sahip olmak icin yenilik¢i anlamda
entansif yetistiricilik fikrini dogurmus ve makineli
otomatik  teknolojilerin  kullanilmasiyla daha da
yayginlasarak varligini stirdiirmistiir. Gliniimiizde bilim
ve teknolojideki gelismeler, rekabetin ve taleplerin artmast
ile tiretimde ileri teknolojilerin kullanimini zorunlu hale
getirmistir  (Abaci, 2015). Hayvancilik faaliyetlerinde
modern ileri teknolojilerin kullanilmasiyla hem siirii
yonetimine hem yetistiriciye hem tiiketiciye bir¢ok alanda
fayda saglamistir. Bu sistemlerden beklenen faydalarin
elde sahip oldugu
fonksiyonlarin etkin bilinmesi ve kullanimlari ile
miimkiindiir (Goncii & Gokge, 2017). Belirli bolge ve iller
basta olmak tizere Tiirkiye’de de bu sektdr hem kiiltiirel
anlamda hem de stratejik anlamda 6nemli bir role sahiptir
(Ertas & Deniz, 2018).

Diinyada yaganan teknolojik gelismeler sayesinde
ilkemiz de teknoloji toplum devrimlerine girmis ve
koyunculuk igletmelerinde teknolojiler kullanilmaya
baslamistir.  Bu Akilli  Hayvancilik
Teknolojilerini kullanmay1 ve hayvancilik isletmelerinde
ki yapiy1 yeniden degerlendirmeyi giindeme getirdi (Aziz,
2022). Tarimsal sektorde kiiresel gelismeler ve teknolojik
ilerlemeler teknoloji kullanimi ve endiistriyellesmenin
daha da artacagini gostermektedir (Yaman vd., 2021).
Kaliteli ve diisiik fiyatta daha ¢ok gida iiretmek i¢in diinya
devletlerindeki hayvan yetistiricileri ve hayvan ticareti
yapan firmalar 2.0, 3.0 ve 4.0 devrimine yonelerek IoT
(Internet of Things = nesnelerin interneti) gibi
teknolojilerden yararlanmislardir. Teknolojik inovasyonla
hayvancilikta ve hayvancilik uygulamalarinda yeni bir
donem baglamistir. Hayvancilikta kullanilan teknolojiler
kendine has 6zelligi ile gelisme gdstermektedir. Gortintii

edilebilmesi ancak sistemlerin

durum ise

isleme ve siirii yonetim yazilimlari, gen teknolojileri ve
yem otomasyon sistemleri ile yemleme sistemleri en ¢ok
gelisme gosteren alanlar1 olusturmaktadir (Goncii &
Gokge, 2017).

Hayvancilik teknolojilerinin Tiirkiye
ekonomisinde 6nemli bir yere sahip olmasina karsin halen
istenilen diizeye getirilememistir (Giinaydin, 2009). Tarim
politikalart ile ilgili her devlet kalkinma, gelisim, biiylime,
ilerleme ve siirdiriilebilirlik prosediirlerini kendisi
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belirlemektedir. Giiniimiizde rekabetin ve taleplerin
artmast, bilim ve teknolojideki geligsmelerin tiretimde ileri
teknolojilerin kullanimini zorunlu hale getirmistir (Abact,
2015; Bayra¢ & Dogan, 2018; Karakus & Celikylirek,
2018; Yaman vd., 2021). Hizli niifus artis1 da i¢ tiiketim
icin daha fazla iiretim yapilmasini zorlamakta (Ergiin &
Bayram, 2021), gelir diizeyinin diisiikliigii nedeniyle daha
ucuz gidalarin tiretilmesi gerektigi i¢in hayvansal iiretimde
modern teknolojilerin kullanimini zorunlu (Ordolff, 2011)
gibi goriilmektedir. Tiiketicilerin daha fazla fiyat 6demeye
raz1 olduklar1 ¢evre dostu ve kimyasal icermeyen bitkisel
ve hayvansal iriinlere olan talebin de artmis olmasi
konuyla ilgili alternatif arayiglari hizlandirmigtir. Bu
amagla son zamanlarda; akilli tarim, hassas tarim, dijital
tarim, e-tarim, ¢iftlik veya siirli yonetimi yazilimlar1 ve
stiriiciisiiz (otonom) araglar gibi kavramlar sik sik giindeme

gelmektedir.
Hayvanlarin verimliligini, karliligini,
iizerlerindeki ¢evresel etkilerini, saglik ve refah

parametrelerini, siirekli-gercek zamanli ve otomatik bir
sekilde izleyerek-kontrol ederek ciftcilere hayvancilik
yonetiminde destekler; tasarlanmis Hassas Hayvancilik
(Precision Livestock Farming (PLF) teknolojilerini
kullanilmasina  olanak  tanir  (Berckmans, 2014;
Berckmans, 2017; Norton vd., 2019; Odintsov Vaintrub
vd., 2021). Teknoloji kullanimi ile koyunculukta fazla
verimlilik, izleme ve kendi kendini yemleme olanagi ve
zaman tasarrufu saglar; bunlarin yaninda hayvanlarin
beslenmesini kolaylastirir (Aziz, 2022), hayvan yetistirme
ve pazarlamayr kolaylastirir (Thornton, 2010), hayvan
1slah1 olanaklarimi gelistirir, yemden yararlanmayi artirir,
koyunculukta genetik ilerlemeye katki saglar, maliyetleri
disiiriir, saglikli hayvan gelisimini destekler (Rainard &
Riollet, 2006).

Hayvancilikta kullanilan birgok teknoloji vardir
(Silva & Naas, 2006). Bunlar Elektronik Hayvan Tanima
Teknoloji (AIM, 2000; Celikyiirek & Karakug, 2017,
Gokge vd., 2020), Sagim Sistemi Teknolojisi (Gokee vd.,
2020; Uzmay vd., 2010), Otomatik Hayvan Tartim
Teknolojisi (Viazzi vd., 2014), Aktivite Olger Teknolojisi
(Kastelic, 2001), Kizginlik Tespiti (Gokge vd., 2020), Yem
Tiiketimi Olger Teknolojisi (Gokge vd., 2020; Uzmay vd.,
2010), Goriintii Isleme Teknolojisi (Goncii & Gokee,
2017), Tirnak Kesme Makas1 (Anonim, 2022), Kiiresel
Konumlandirma Sistemi (Global Positioning
System=GPS) (Goncii & Gokee, 2017; Yakan, 2020),
Robotik Siit Sigircilig1 Teknolojisi (Alig & Yener, 2006),
Siiri  Yoénetim Yazilimlar1 ve Internet Baglantilari,
Sogutma Tanki Teknolojisi, Sulama Tanki (Aziz, 2022),
Giibre Temizleme Teknoloji, Yem Itme Robotu, Mama
Robotu, Siit Olger ve Takibi Robotu (Aziz, 2022), Yeni
Nesil Mobil Traktorler, Elektronik Tartim Sistemi, Kulak
Kiipesi (RFID=Radio Frequency Identification), Etiketler
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ve Okuyucular, Genetik Iyilestirme Cihazlar1 (Soysal,
2016), Sensorler (Odintsov Vaintrub vd., 2021; Aziz,
2022), Elektronik Cihazlar, Saglik Teknolojisi, Siit Sagim
Makinesi, Suni Tohumlama Teknigi, Hayvanlarin
Boyunlarina ve Ayaklarina Takilan Tanimlama Cihazlar1
(Odintsov Vaintrub vd., 2021), Siit Sagim Uniteleri (Onur,
2016), Giinliik Toplam Rasyon Hazirlama Cihaz1 (Total
Mixed-Ration (TMR)), Buzag: (Kuzu) Besleme Robotlart
seklinde siralanabilmektedir. Mevcut robotik teknolojiler
sayesinde hayvan yetistiricileri; hayvanlarin takibini,
tikettigi yemi (Onur, 2016), siitteki yag ve protein oranini,
laktasyon takibini ve hastalik ihtimali gibi durumlari
kontrol altina alir (Norton vd., 2019).

Hayvancilikta kullanilan teknolojilerin sayist her
gegen giin artmakta ve agir hayvancilik islerini makineler
ile ¢ok daha rahat bir sekilde yapma imkani olugsmaktadir.
Ayn1  zamanda tasarrufu  saglamasi,
maliyetlerinin disiiriilmesi noktasinda ¢ok dnemli bir rol

zaman urtin
iistlenir. Calismalar sonucu elde edilen bilgiler 1s181nda,
teknolojiyi bulundurmak ve kullanmak, kar elde etmek
isteyen isletmelerin lizerinde 6nemle durduklar1 ve gdzard1
etmek istemeyecekleri bir durum oldugu s6ylenebilir.

Hayvancilik sektorii, Van ilinin en 6nemli iktisadi
sektorlii olma potansiyeline sahiptir. Tiirkiye’de iklimsel
ozellikler, arazi yapisi, masrafsiz {iretim, yagam bi¢imi ve
dogal meralarin koyunculuga elverisli olmast gibi
nedenlerle  yaygin  olarak  koyun  yetistiriciligi
yapilmaktadir (Bingdél & Bingol, 2015). Tiirkiye koyun
varlig1 (44.687.888 bas) icerisinde Van ili 3.106.786 bag ile
birinci sirada yer almaktadir (TUIK, 2022). Koyun varlig
bakimindan bu denli 6nemli bir ilde daha 6nce Van ve
ilcelerindeki  koyunculuk isletmelerinde  kullanilan
teknolojilerin neler oldugu konusunda yapilan literatiir
taramasinda daha Once yapilan bir ¢alismaya
rastlanmamustir.  Oysaki  hayvancilik  isletmelerinde
hayvanciliga hizmet amacgh teknolojileri kullanmak
isletmelere zaman, kar ve hayvanlarda verim artis1 ve
verim arttirici eylemlere yonelmeyi sagladigi bir gercektir
(Celikyiirek vd., 2019)

MATERYAL VE METOT

KARAR NO 2022/03-01 say1 ve karar numarasi
ile Yerel Etik Kurulu onayr alinmistir. Calismanin
materyalini Van ili merkez ilgeleri de dahil olmak {izere
toplam 13 ilcedeki isletmeleri
olusturmaktadir. Caligmada temel olarak Van ili ve
ilgelerindeki isletmelerin kayit tutma faaliyetleri ile
hayvancilik teknolojilerinden yararlanma durumlar: tespit
edilmeye calistlmistir. Hayvancilikta teknoloji
kullaniminin kii¢iik isletmelerde ekonomik nedenlerle ¢ok
fazla tercih edilmeme olasiligina bagli olarak isletme
seciminde hayvan sayilarinin 400 bas ve {istii olan
isletmeler dikkate alinmig ve bu isletmelin %30°u ile

koyunculuk
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anketler yapilmustir. Isletmeler tamamen kura usulii ile
belirlenmistir. Arastirma toplam 280 koyunculuk isletmesi
ile yiirtitiilmiis, isletme bilgileri resmi yazigsmalar yapilarak
Van [l Tarim ve Orman Miidiirliigiinden temin edilmistir.

Calisma ic¢in 51 sorudan olusan anket sorusu
¢iktilar halinde kagitlara basilmistir. Ardindan isletme
sahipleri/yetkilileri ile yapilan goriismelerde hazirlanan bu
sorular kendilerine sorulmustur. Isletme sahiplerine
cogunlugu kapali olmak iizere acik ve kapali uglu sorular
sorulmustur.

Istatistiksel Analiz: Gerekli istatistiksel analizler
icin SPSS, (2019) istatistik analiz programi kullanilmustr.
Ilk olarak sorulan sorular igin tanitici istatistikler, tablo ve
sekiller hazirlanmistir. Degiskenler arasindaki iliskileri
belirleyebilmek igin Ki-kare (Chi-square) analizleri
yaptlmigtir. Ki-kare analizi sonucu aralarinda 6nemli
diizeyde iligki  olanlar igin
(Correspondence analysis) yapilmistir.

uyum  analizleri

BULGULAR

Isletmelerin Genel Durumlari ve Analizleri:
Asagidaki Sekil 1, Sekil 2 ve Sekil 3’te g¢alismanin
yapildig1 isletme bilgileri, isletmelerde bulunan hayvan irki
ve hayvan sayilar1 verilmektedir. Sekil 1°de bazi ilgelerde
koyunculuk isletmesi sayisi goriilmektedir. Buna gbre en
fazla koyunculuk isletmesine sahip ilge Giirpinar (%27,1)
olup bunu Baskale (%14,6) ve ardindan Ercis (%13,2)
takip etmektedir. Isletmelerde bulunan hayvan 1rki
bakimindan en fazla Akkaraman (%41,1) irki bulunurken
ardindan Norduz (%30,4), Karakas (%12,9) ve
“Akkaraman X Norduz” (%12,5) ki karisimi seklinde
oldugu tespit edilmistir (Sekil 2). Isletmelerdeki koyun
sayilar1 bakimindan en fazla %37,9 ile 601-800 bas koyun
grubu, ardindan %21,8 ile 801-1000 bas koyun grubu ve
%19,3 ile 401-600 bas koyun grubu takip etmektedir (Sekil
3).

Sekil 1. isletmelerinin bulundugu ilge.
Figure 1. District where the livestock enterprises are located.
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Sekil 2. isletmelerdeki hayvan irklar1.
Figure 2. Animal breeds in livestock enterprises
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Sekil 3. Calismaya katilan isletmelerdeki hayvan sayilar.
Figure 3. Number of animals in the livestock enterprises participating in
the study.

Tablo 1 degerlendirildiginde isletmelerin
%70’inde elektrik-su oldugu, %30’unda ise olmadigi
belirlenmistir. Ayrica Tablo 1 incelendiginde isletmelerin
%68,6’si1in kapali sistem, %30’unun ise yar1 agik sistem
oldugu gériilmektedir. Isletmede hayvanlarin %81,1’inin
kombine, %10,4’linlin besi ve %8,6’smin siitli igin
yetistirildigi tespit edilmistir. Koyunculuk yapma sekli
bakimindan %68,6’s1 gibi salt cogunlugun yerlesik + yayla
hayvanciligr yaptigi, %15’inin yayla ve %12,9’unun
yerlesik olarak hayvancilig: siirdiirdiikleri belirlenmistir.

Tablo 1. Calismaya katilan igletmelerde enerji tiretimi, elektrik-su varhig,
barnak tipi, yetistirme tipi, koyunculuk yapma sekli bilgileri.

Table 1. Information on energy production, electricity-water availability,
shelter type, breeding type, sheep breeding type in the enterprises
participating in the study.

isletmede enerji iiretimi ile ilgili bir teknoloji kullaniyor musunuz?

Evet 6 2,1
Hayir 274 97,9
isletmede elektrik / su var mi?

Evet 196 70,0
Hayir 84 30,0
Isletmenin barmak tipi

Acgik 4 1,4
Kapali 192 68,6
Yari A¢ik 84 30,0
isletmede hayvan yetistirme tipi

Besi 29 10,4
Siit 24 8,6
Kombine 227 81,1
Koyunculuk yapma sekli

Goger 8 29
Yayla a4 157
Yerlesik 36 12,9
Yerlesik + Yayla 192 68,6

Tablo 2. Calismaya katilan isletmelerde sagim durumu, siitin
pazarlanmasi ve giibrenin degerlendirilmesi ile ilgili veriler.
Table 2. Data on milking status, marketing of milk and evaluation of

manure in the enterprises participating in the study.

Isletmede sagim yapiliyor mu, yapiliyorsa nasil yapiliyor? n %
Elile 244 87,1
Makine ile 9 3.2
Her ikisi ile 21 75
Sagim yok 6 2,1
Elde ettiginiz siitii nasil degerlendiriyorsunuz?

Aile Thtiyact 15 54
Peynir Yapm 137 48,9
Peynir Yapimi + Yogurt Yapimi 15 54
Hepsi 17 6,1
Aile Ihtiyact + Peynir Yapimi 59 21,1
Aile Thtiyact + Peynir Yapimi + Yogurt Yapimi 31 11
Peynir Yapimi + Yogurt Yapimi + Tereyagt 6 21

Tablo 2 incelendiginde isletmelerin %87,1’inde el
ile sagim yapildigi, %3,2’sinde makine ile sagim yapildigi,
her ikisi ile sagimin yapildig: isletme sayisinin %7,5 ve
sagimin hi¢ yapilmadigi isletme sayisinin %2,1 oldugu
tespit edilmigtir. Siitiin degerlendirilmesi noktasinda
isletmelerin %48,9’u siitii peynir yaptig1 ortaya ¢ikmustir.
Bunu sirasiyla %21,1 ile Aile ihtiyact + Peynir yapiminda
kullandiklar1 ve en az ise %2,1 ile Peynir + Yogurt +
Tereyagi yapimu izlemistir.

Yetistiricilerin Okuryazarltk Durumu: Arastirma
sonuglarina gore (Tablo 3 / Sekil 4) yetistiricilerin %82,5°1
ilkokul, %11,1’1 lise, %3,2’si Onlisans, %2,1°1 lisans ve
%]1,1°1 yiiksek lisans egitim diizeyine sahiptir.

Ilkokul; 82,3

100
80
60
10 Lise; 11,1 |—— : ” B
Onlisans; 3.2 | | Lisans; 2.1 Yiiksek Lisans; 1.1
* AR s s Ao
0

Tlkokul Lise Onlisans Lisans Yiiksek Lisans
Sekil 4. isletme sahiplerinin egitim diizeyi.

Figure 4. Education level of sheep farm owners

Tablo 3. isletme sahiplerinin kurs egitimleri, ¢alisma durumlari, iiyelikleri ve bilgi birikimleri
Table 3. Course trainings, employment status, membership and knowledge of sheep farm owners
Ciftei kurslarmna veya gift¢i toplantilarina gider misiniz?

Evet 166 59,3
Hayir 114 40,7
Kag yildir koyunculuk ile ugragiyorsunuz?

1-3 yil 1 14
4-8 yil 8 2,9
9-14 yil 15 54
15 yildan fazla 253 90,4
Uye oldugunuz birlik, kurum, érgiit var mi?

Hayir 159 56,8
Damizhik Koyun-Kegi Yetistirme Birligi 114 40,7
Damizlik Koyun-Keg¢i Yetistirme Birligi Kirmiz1 Et Birligi 3 11
Damizlik Koyun-Kegi Yetistirme Birligi Siit Ureticileri Birligi 2 0,7
Ziraat Odas1 2 0,7
Siiriiniiziin verimini arttirmak igin bir islah programina dahil olmak ister misiniz?

Evet 256 914
Hayir 24 8,6

Tablo 3’te goriildigii lizere yetistiricilerin ¢iftgi
kurslarina ya da toplantilarina katilma oranlar1 evet ve
hayir igin sirastyla %59,3 ve %40,7°dir. Bunun yaninda
kag¢ yildir koyunculuk yapildigina iligkin belirlemede ise
%90,4’linlin 15 yildan fazla oldugu ortaya ¢ikarken bunu
strastyla %5,4 ile 9-14 yil, %2,9 ile 4-8 y1l izlemistir.

Yetistiricilerin %56,8 gibi salt ¢ogunlugu higbir
kurum, hayvancilik birligi ya da Orgiitine kayith

olmadiklarii1 dile getirmislerdir. Bunun yani sira
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“Damizlik Koyun-Kec¢i Yetistirme Birligi” ne kayith
olanlarin orani %40,7 oldugu Tablo 4’ten anlagilmaktadir.
Stiriisiinde iyilestirme veya 1slah programu gibi bir program
ile verim yoniinden iyilestirmeyi talep edenlerin orani ise
%91,4’tir.

Tablo 4’e gore yetistiricilerin = %60,7’sinin
hayvancilik ile ilgili internet sitelerini ziyaret etmedikleri,
%7,5’inin siklikla ziyaret ettigini, %20,4’{inlin sadece
problem olustugunda ziyaret ettikleri, %6,4 ve %5,0
oranlar1 ise ayda iki kez ve bir kez ziyaret ettikleri tespit
edilmistir.

Sorunlarla karsilastiklarinda ise %28,6’s1 “I1/ ilge
Tarim ve Orman Midirlikleri ile serbest veteriner
hekimlerden destek aldiklarini, %18,9’u sadece 11 / Tlce
Tarim ve Orman Midiirliiklerinden, %13,9’unun serbest
veteriner hekimlerden destek aldiklarimi bildirmiglerdir.
Farkl1 bir belirlemeye gore yetistiricilerin %12,5’inin ise 4
farkli yerden destek aldiklar1 (Il / flge Tarim ve Orman
Midiirlikklerinden, Damizlik Koyun ve Keg¢i Yetistirme
Birliklerinden, Serbest Veteriner Hekimlerden ve Aile
biiyiiklerinden), %8,9’unun ise 3 farkli yerden destek
aldiklar1 (il / Ilge Tarim ve Orman Miidiirliiklerinden,
Serbest Veteriner Hekimlerden ve Aile biiyiiklerinden)
destek aldiklar1 ortaya ¢ikmustir.

Tablo 4. Tsletme sahiplerinin hayvancilik ile ilgili internet sitelerini
ziyaretleri, sorunlar karsisinda nasil davrandiklari, hayvanlart siiriiden
ayiklama kriterleri ve ag1 yapma bilgileri.

Table 4. Visits of sheep farming owners to websites related to animal
husbandry, how they behave in the face of problems, criteria for culling
animals from the herd and vaccination information.

Hayvancilikla ilgili internet sitelerine giriyor musunuz? n %
Hayir 170 60,7
Ayda bir kez 14 50
Ayda iki kez 18 6,4
Problem olunca 57 20,4
Siklikla 21 75
Herhangi bir sorunla karsilastiginizda kimden destek alirsiniz?

i1/ ige Tarim ve Orman Miidiirliiklerinden 53 18,9
Damizlik Koyun ve Kegi Yetistirme Birliklerinden 11 3,9
Serbest Veteriner Hekimlerden 39 13,9
Aile biiyiiklerinden vs. 9 3.2

i1/ ilge Tarim ve Orman Miidiirliiklerinden
Damuzlik Koyun ve Kegi Yetistirme Birliklerinden
Serbest Veteriner Hekimlerden

Aile biiyiiklerinden vs.

i1/ ilge Tarim ve Orman Miidiirliiklerinden
Damizlik Koyun ve Kegi Yetistirme Birliklerinden 10 3,6
Universitelerin ilgili fakiilte / yiiksekokullarindan
i1/ ilge Tarim ve Orman Miidiirliiklerinden
Serbest Veteriner Hekimlerden

i1/ ilge Tarim ve Orman Miidiirliiklerinden
Serbest Veteriner Hekimlerden 25 8,9
Aiile biiyiiklerinden vs.

Damuzlik Koyun ve Kegi Yetistirme Birliklerinden

Serbest Veteriner Hekimlerden 18 6,4
Aile bityiiklerinden vs.

35 12,5

80 28,6

Isletmelerde  Kullamilan ~ Teknolojiler  ve
Analizleri:  Tablo 5 incelendiginde, hayvancilik
isletmesinde bilgisayar kullanma durumlar1 soruldugunda
isletme sahiplerinin %97,9’unun hayir cevabini verdikleri
tespit edilmigtir. Hayvancilik igletmelerinin sadece bir
tanesinde kayit yazilimu i¢in, 3 isletmede kamera sistemi
icin ve 2 isletmede hayvan pasaport ve kiipe listeleri i¢in
bilgisayar kullanildig1 belirlenmistir. Tablet ya da Netbook
kullantyor musunuz sorusuna, isletmelerin %96,1°1 hayir
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cevabini verdikleri, 7 igletmenin (%2,5) ise bunlarin yerine
akilli telefon kullandiklar: goriilmiistiir.

Tablo 5. Isletmelerde bilgisayar, netbook, tablet kullanimlari, Siirii
yonetim yazilimlari, teknolojik bilgi takibi ve raporlama bilgileri.

Table 5. Computer, netbook, tablet usage in enterprises, herd
management software, technological information tracking and reporting
information.

Hayvancilik i¢in isletmede bilgisayar kullantyor musunuz? n %
Hayir 274 97,9
Kayit Yazilimi 1 0,4
Kamera Sistemi 3 11
Hayvan Pasaportlar1 + Kiipe Listeleri i¢in 2 0,7
Hayvancilik i¢in igletmede Tablet ya da Netbook kullaniyor musunuz?

Hayir 269 96,1
Akilli Telefon kullantyorum 7 2,5
Kayit Yazilimi 1 0,4
Koyun kayitlar i¢in 3 1,1
Siirii yonetim yazilimi kullantyor musunuz?

Hayir 279 99,6
Siirii Yonetim Yazilimi 1 0,4
Isletmeniz i¢in teknolojideki gelismeleri takip ediyor musunuz?

Evet 171 61,1
Hayir 109 38,9
Raporlama i¢in herhangi bir bilgisayar programi kullaniyor musunuz?

Evet 5 18
Hayir 275 98,2

Hayvancilik isletmesinde siirii yonetim yazilimi
kullaniyor musunuz soruna isletmelerin %99,6’s1 hayir
cevabin1 vermigtir. Sadece bir isletmede siirli yonetim
yazilimi  kullanildigr tespit edilmistir. Hayvancilik
isletmelerinde teknolojik geligmeleri takip edenlerin orant
%61,1 iken takip etmeyenlerin oran1 %38,9 olarak tespit
edilmistir. Hayvancilik isletmesinde raporlama igin
bilgisayar programi kullanmayanlarin orani %98,2’dir. Bu
sonuglar isletmelerin bilgisayar ve beraberinde yazilim
kullanmalart konusunda bir ilgi ve beklenti iginde
olmadiklarini gostermektedir.

Tablo 6. Isletmelerde islerin kolaylastirilmast ve hizli bir sekilde
gergeklestirilmesi igin kullanilan teknolojilere iligkin bilgiler.

Table 6. Information on the technologies used in enterprises to facilitate
and quickly realize the work.

Yemlerin hazirlanmast i¢in kullanilan teknoloji n %
Hayir 252 90,0
Ezme + Kirma 7 2,5
Karma 8 2,9
Karma + Kirma 5 1,8
Patos 8 2,9
Yem vermede herhangi bir aygit kullaniyor musunuz?

Evet 1 0,4
Hayir 279 99,6
Kimliklendirme i¢in herhangi bir teknoloji kullantyor musunuz?

Hayir 39 13,9
Kulak kiipesi kullaniyorum 241 86,1
Kulak numarasini okumak i¢in bir teknoloji kullantyor musunuz?

Hayir 279 99,6
El Okuyucu 1 0,4
Siit sagiminda herhangi bir teknoloji kullaniyor musunuz?

Hayir 257 91,8
Sagim Makinasi 23 82
Elde ettiginiz siitii muhafaza etmek i¢in bir teknoloji kullaniyor musunuz?

Hayir 236 84,3
Buzdolabi 2 0,7
Derin Dondurucu 38 13,6
Soguk Hava Deposu 2 0,7
Siit Sogutma Tank1 2 0,7
Kirkim i¢in herhangi bir teknoloji kullaniyor musunuz?

Hayir 224 80,0
El Kirkim Makast 4 14
Elektrikli Kirkim Makinesi 52 18,6
Hayvanlarmn temizlenmesi i¢in banyoluk teknolojisi kullaniyor musunuz?

Hayir 234 83,6
Banyo Havuzu 12 43
Pompa Teknolojisi 34 12,1

Tablo 6’da elde edilen bulgular incelendiginde
yemlerin hazirlanmasinda %90 ve yem vermek igin
%99,6’sinda herhangi  bir  teknoloji
kullanilmadig1  goriilmektedir. Isletmelerin  %91,8’inin

isletmelerin
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sitiin ~ sagimmda, %84,3’i  siitlin  muhafazasinda,
%80’ninde  kirkimin  yapilmasinda ve %83,6’sinda
hayvanlarin temizlenmesi/banyo gibi durumlarda herhangi
bir teknoloji kullanmadigi tespit edilmistir. Bununla
birlikte siitiin muhafazasinda isletmelerin %13,6’s1 derin

dondurucu kullandigr %0,7’ser paylarla buzdolabi, soguk

hava deposu ve siit sogutma tanki kullandiklart
belirlenmistir.
Kirkim igin igletmelerin  %18,6’s1 elektrikli

kirkim makinast ve %1,4’{ el makas1 kullandiklar1 ortaya
cikmustir. Isletmelerin %86,1’inde kimliklendirme igin
kulak numarasi kullanildig1 bununla beraber isletmelerin
9%99,6’smin (279 igletme) kulak numarasi okumak i¢in bir
teknoloji kullanilmadig: tespit edilmistir.

Isletmelerde bulunabilecek teknoloji listesinden
ilgili isletmede varoldugu séylenen teknolojiler ve isletme
sayilar1 Tablo 7’de goriilmektedir. Buna gore isletmelerin
%69,3’tinde hicbiri bulunmazken, %6,4’tinde sadece
yapagl kirkim makinesi, %4,6’inda sadece siit sagim
makinesi, %7,5’inde siit sagim makinesi, yapagi kirkim,
yem karma, yem 0giitme, patos makinesi gibi teknolojiler
kullanilmaktadir. Isletmelerin %4,6’sinda ise sulama tanki,
tirnak kesme makasi, yapagi kirkim teknolojisi, otomatik
sulama sistemi teknolojilerini bulundurduklarini ve
kullandiklarim beyan etmislerdir. Isletmelerin %3,2’sinde
yem Oglitme makinesi ve patos bulundugu tespit edilmistir.

Tablo 7. Isletmelerde islerin kolaylastirilmast ve hizhi bir sekilde
gergeklestirilmesi igin goklu teknoloji se¢imi neticesinde elde edilen
bilgiler.

Table 7. The information obtained as a result of the selection of multiple
technologies for the facilitation and rapid realization of work in
enterprises.

Isletmenizde asagida siralanan teknolojilerden hangilerini kullaniyorsunuz?  n %
Siit Sagim Makinesi 13 4,6
Yapag1 Kirkim Teknolojisi 18 6,4
Higbiri 194 69,3
Yem Ogiitme (Pargalama) 9 32
Patos

Sulama Tank1

Tirnak Kesme Makasi Teknolojisi
Yapagi Kirkim Teknolojisi
Otomatik Sulama Sistemi

Siit Sagim Makinesi

Yapagi Kirkim Teknolojisi

Yem Karma Makinasi 21 75
Yem Ogiitme (Parcalama)

Patos

Sulama Tank1

Tirnak Kesme Makas1 Teknolojisi
Yeni Nesil Mobil Traktorler
Yapagi Kirkim Teknolojisi

Yem Karma Makinas1

Yem Ogiitme (Parcalama)

Giibre Temizleme Teknoloji
Sogutma Tank1 Teknolojisi
Sulama Tank1

Siit Sagim Makinesi

Yapagi Kirkim Teknolojisi
Otomatik Sulama Sistemi

13 4,6

Ki-Kare (Chi-Square) Analiz Sonuglari: Tablo 8
incelendiginde, isletmelerin  genel durumlan ile
igletmelerin bulundugu ilge bilgisi arasindaki iligkinin
onem durumu verilmistir. Buna gore, isletmedeki
hayvanlarin ki, hayvanlarin sayisi, iiye olunan birlik,
kurum, orgiit ve isletmenin bulundugu ilge arasindaki Ki-
Kare analizlerine gore p<0,001 diizeyinde onemli bir

iligskinin oldugu tespit edilmistir.
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Tablo 8. isletmelerin bulundugu ilge ile isletmelerin genel durumlari ile
ilgili sorulara verilen cevaplar arasindaki iliskilerini incelemek iizere
yapilan Ki-Kare analiz sonuglar1 ve 6nem dereceleri.

Table 8. Chi-Square analysis results and significance levels to examine
the relationship between the district where the enterprises are located and
the answers given to the questions about the general situation of the
enterprises.

Isletmelerin
Isletmenin genel durumlar ile ilgili sorular bulundugu

ilge bilgisi
Isletmedeki hayvanlarm irk1 0,000 ***
Isletmedeki hayvan sayist 0,001 ***
T§letmede elektrik / su durumu 0,596
Uye olunan birlik, kurum veya hayvancilik 6rgiitii 0,001 ***
Isletmede hayvan yetistirme tipi 0,020 *
Isletmede enerji iiretimi ile ilgili bir teknoloji kullaniyor musunuz? 0,533

(p<0,05):*, (p<0,01):**, (p<0,001):***

Tablo 9. Yetistiricinin egitim diizeyi ile isletmelerde kullanilan
teknolojilere iliskin sorulan sorulara verilen cevaplar arasindaki iliskileri
incelemek iizere yapilan Ki-Kare analiz sonuglar1 ve 6nem dereceleri
Table 9. Chi-Square analysis results and significance levels to examine
the relationship between the level of education of the breeder and the
answers given to the questions asked about the technologies used in the
enterprises

Isletmede kullanilan teknolojiler Yetistirici Egitim diizeyi
Hayvancilik igin isletmede bilgisayar kullantyor musunuz? 0,194

Hayvancilik igin isletmede Tablet ya da Netbook kullantyor musunuz? 0,388
Yemlerin hazirlanmast igin herhangi bir teknoloji kullaniyor musunuz? 0,043 *

Yem vermede herhangi bir aygit kullaniyor musunuz? 1,000
Kimliklendirme igin herhangi bir teknoloji kullantyor musunuz? 0,013 *
Kulak numarasini okumak igin bir teknoloji kullantyor musunuz? 1,000
Siit sagiminda herhangi bir teknoloji kullantyor musunuz? 0,025 *
Siitiin muhafazasi igin bir teknoloji kullantyor musunuz? 0,071
Kirkim i¢in herhangi bir teknoloji kullaniyor musunuz? 0,017 *
Siirii yonetim yazilimi kullantyor musunuz? 1,000
Hayvanlari igin banyoluk teknolojisi kullaniyor musunuz? 0,145
Isletmeniz igin teknolojideki gelismeleri takip ediyor musunuz? 0,384

Raporlama i¢in herhangi bir bilgisayar progranu kullantyor musunuz? 1,000
[sletmenizde, siralanan teknolojilerden hangilerini kullantyorsunuz? 0,002 **
(<0,05)>, (p<0,01):**, (p<0,001):***

Tablo 9’a gore egitim diizeyi ile listede verilen
teknolojileri kullanma arasinda p<0,01 diizeyinde 6nemli
bir iliski oldugu tespit edilmistir. Kirkim yapma, siit
sagimi, kimliklendirme ve yemlerin hazirlanmasinda
kullanilan teknolojilerin egitim diizeyi arasindaki iligki
onemli (p<0,05) bulunmustur.

Tablo 10. Isletmelerin bulundugu ilge ile isletmelerde kullanilan
teknolojilere iligkin sorulan sorulara verilen cevaplar arasindaki iliskileri
incelemek tizere yapilan Ki-Kare analiz sonuglari ve 6nem dereceleri.
Table 10. Chi-Square analysis results and significance levels to examine
the relationship between the district where the enterprises are located and
the answers given to the questions asked about the technologies used in
the enterprises.

Isletmede kullanilan teknolojiler {’sletmele'rm.
ulundugu ilge
Hayvancilik i¢in isletmede bilgisayar kullantyor musunuz? 0,698
Hayvancilik i¢in isletmede Tablet ya da Netbook kullaniyor musunuz? 0,033 *
Yemlerin hazirlanmast igin herhangi bir teknoloji kullaniyor musunuz? 0,085
Yem vermede herhangi bir aygit kullaniyor musunuz? 0,161
Kimliklendirme i¢in herhangi bir teknoloji kullaniyor musunuz? 0,111
Kulak numarasini okumak igin bir teknoloji kullaniyor musunuz? 0,729
Siit sagiminda herhangi bir teknoloji kullantyor musunuz? 0,002 **
Siitiin muhafazasi i¢in bir teknoloji kullaniyor musunuz? 0,000 ***
Kurkim igin herhangi bir teknoloji kullantyor musunuz? 0,000 ***
Siirli yonetim yazilimi kullaniyor musunuz? 1,000
Hayvanlar igin banyoluk teknolojisi kullaniyor musunuz? 0,000 ***
[sletmeniz igin teknolojideki gelismeleri takip ediyor musunuz? 0,003 **
Raporlama i¢in herhangi bir bilgisayar programi kullantyor musunuz? 0,768
isletmenizde, siralanan teknolojilerden hangilerini kullantyorsunuz? 0,000 ***

(p<0,05):*, (p<0,01):**, (p<0,001):***

Tablo 10 incelendiginde isletmelerin bulundugu
ilce ile siitiin muhafazasi, kirkim, hayvanlarin banyo
yapmasi ve isletmede kullanilan diger teknolojiler arasinda
¢ok dnemli (p<0,001) bir iligkinin oldugu tespit edilmistir.
Siit sagiminda herhangi bir teknolojinin kullanilmasi ve
teknolojik gelismelerin takip edilmesi ile isletmelerin
bulundugu ilge arasinda p<0,01 diizeyinde Onemli bir
iligkinin oldugu tespit edilmistir. Tablet ya da Netbook
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kullanilmasi ile isletmelerin bulundugu ilce arasinda ise
p<0,05 diizeyinde ©Onemli bir iligkinin oldugu
belirlenmistir.

Tablo 1. Isletmedeki hayvan sayisma ile isletmelerde kullanilan
teknolojilere iligkin sorulan sorulara verilen cevaplar arasindaki iligkileri
incelemek iizere yapilan Ki-Kare analiz sonuglari ve 6nem derecelei.
Table 11. Chi-Square analysis results and significance levels to examine
the relationship between the number of animals in the enterprise and the
answers given to the questions asked about the technologies used in the
enterprises.

isletmede kullanilan teknolojiler Isletmedeki
Hayvan Sayis1
Hayvancilik i¢in isletmede bilgisayar kullantyor musunuz? 0,006 **
Hayvancilik i¢in isletmede Tablet ya da Netbook kullaniyor musunuz? 0,099
Yemlerin hazirlanmast i¢in herhangi bir teknoloji kullaniyor musunuz? 0,000 ***
Yem vermede herhangi bir aygit kullaniyor musunuz? 0,404
Kimliklendirme i¢in herhangi bir teknoloji kullantyor musunuz? 0,632
Kulak numarasini okumak igin bir teknoloji kullaniyor musunuz? 0,096
Siit sagiminda herhangi bir teknoloji kullantyor musunuz? 0,014 *
Siitiin muhafazasi i¢in bir teknoloji kullaniyor musunuz? 0,392
Kirkim igin herhangi bir teknoloji kullaniyor musunuz? 0,000 ***
Siirii yonetim yazilimi kullaniyor musunuz? 0,054
Hayvanlar i¢in banyoluk teknolojisi kullantyor musunuz? 0,007 **
Isletmeniz igin teknolojideki gelismeleri takip ediyor musunuz? 0,008 **
Raporlama i¢in herhangi bir bilgisayar programi kullaniyor musunuz? 0,236
isletmenizde, siralanan teknolojilerden hangilerini kullaniyorsunuz? 0,000 ***

(p<0,05):%, (p<0,01):**, (p<0,001):***

Tablo 11°de ise isletmelerde bulunan hayvan sayisma gore
isletmelerde kullanilan teknolojiler arasindaki ki-kare Onem testi
sonuglarina gore onem dereceleri verilmistir. Buna gore isletmelerde
bulunan hayvan sayisi ile yemlerin hazirlanmasinda herhangi bir
teknolojinin kullanilmasi, kirkim, listedeki teknolojilerden kullanilmasi
arasinda p<0,001 diizeyinde, bilgisayar kullanilmasi, hayvanlarin
temizlenmesi igin banyoluk kullanilmasi, teknolojik gelismelerin takip
edilmesi ile arasinda p<0,01 diizeyinde ve siit sagiminda herhangi bir
teknoloji kullanilmasi ile hayvan sayis1 arasinda p<0,05 diizeyinde 6nemli
bir iligki oldugu saptanmistir.

Uyum (Correspondence) Analizleri: Onceki boliimde (Ki-
Kare (Chi-Square) analiz sonuglari) ¢alisma sonucu elde edilen verilerin
birbirleri ile iligki diizeyleri tespit edilmisti. Bu verilerin iliski diizeylerine
bakmak bazi anlamli sonuglarin ortaya konulmasida ¢ok etkili oldugu
tespit edilmistir. Bu amagla iliski diizeyleri dnemli tespit edilen (p<0,001
ve p<0,01) durumlar i¢in uyum analizi (correspondence) yapilmasi
zorunlulugu goriildigiinden uyum analizleri de yapilarak teze dahil
edilmistir. Uyum analizleri yapilirken 3 farkli durum igin uyum
analizlerine bakilmustir.

Egitim ile Diger Durumlar Arasindaki Uyum Analizleri:
Sekil 5°deki degerlere bakildiginda ilkokul mezunlarinin ¢ogunlukla
yemlerin hazirlanmasinda herhangi bir teknoloji kullanmadiklarini, bir
kisminin  Ezme+Kirma teknolojilerini  kullandiklarini, lise mezunu
yetistiricilerin Patos, yiiksek lisans mezunlarmin Karma, Onlisans
mezunlarinin ise Karma+Kirma teknolojisini kullandiklar1 yoniinde
tercihleri tespit edilmistir.

Sekil 6’da ilkokul mezunlarinin gogunlukla higbir
sey kullanmadiklar, lisans
kullandiklari, yiiksek lisans mezunlarinin kirkim makinesi
kullandiklart lise mezunlarinin yaklasik %50’sinin hicbir
sey kullanmadiklari, diger %50’sinin kirkim makinesi
kullandiklar1 tespit edilmistir. Onlisans mezunlarmin da
¢ogunlukla hicbir sey kullanmadiklar tespit edilmistir.

Sekil 7’de isletmelere sorulan ve hangi
teknolojileri kullaniyorsunuz sorusunda gegen rakamlarin
karsiligi olan teknolojiler sunlaridir; 1-Aktivite Olger
Teknolojisi, 2-Elektronik Tanimlama Cihazlari, 3-Etiketler
ve okuyucular, 4-Genetik lyilestirme Cihazlar1, 5-Gériintii
Isleme Teknolojisi, 6-Giibre Temizleme Teknoloji, 7-
Giinlik Toplam Rasyon Hazirlama Cihazi, 8-Kizginlk
tespiti teknolojisi, 9-Kiiresel Konumlandirma Sistemi

mezunlarinin el makasi
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(GPS), 10-Mama Robotu, 11-Otomatik Hayvan Tartim
Teknolojisi, 12-Saglik Teknolojisi, 13-Sensorler, 14-
Sogutma Tanki Teknolojisi, 16-Suni  Tohumlama
Teknolojisi, 17-Siirii Yonetim Yazilimlar1 ve Internet, 18-
Siit Olger ve Takibi Robotu, 19-Siit Sagim Makinesi, 20-
Siit Sagim Sistemi Teknolojisi, 21-Tirnak Kesme Makasi
Teknolojisi, 22-Yem itme Robotu, 23-Yem Tiiketimi
Olger Teknolojisi, 24-Yeni Nesil Mobil Traktorler, 25-
Yapagi Kirkim Teknolojisi, 26-Otomatik Sulama Sistemi,
27-Yem Karma Makinasi, 28-Yem Ogiitme (Pargalama),
29-Patos, 30-Higbiri

Symmetrical Normalization

4
3
Karma + Kirma
2 Brlisans
(o]
c
=
[
c 1
@
E
[m] Ezme + Kirma
Hayir
0 - v . Karma
ilkakul Lisans
Lise
Patos Yiksek Lisans
-
2
-2 -1 [u] 1 2 3 4

Dimension 1

Sekil 5. Egitim durumu ile yemlerin hazirlanmas: igin herhangi bir
teknolojiyi kullanip kullanmama arasindaki uyum analizi.

Figure 5. Correspondence analysis between education level and whether
or not to use any technology for feed preparation.
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Sekil 6. Egitim durumu ile “kirkim i¢in herhangi bir teknoloji kullaniyor
musunuz?” arasindaki uyum analizi.
Figure 6. Correspondence analysis between educational status and "do
you use any technology for shearing?".
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Dimension 1
Sekil 7. Egitim durumu ile isletmede kullanilan teknolojilerden
hangilerini kullandig: arasindaki uyum analizi.
Figure 7. Correspondence analysis between education level and the
technologies used in the enterprise.

Sekil 7°den anlasildigi lizere, Yiiksek Lisans ve
Lisans mezunlarimin c¢ogunlukla sadece yapagi kirkim
teknolojisini  kullandiklari, bir kisminin “Siit Sagim
Makinesi, Yapagi Kirkim Teknolojisi, Yem Karma
Makinasi, Yem  Ogiitme  (Pargalama),  Patos”
teknolojilerini kullandiklar1 tespit edilmistir. Onlisans
mezunu isletme sahiplerinin siit sagim makinesi ve “Siit
Sagim Makinesi, Giibre Temizleme Teknoloji, Yapagi
Kirkim Teknolojisi, Otomatik Sulama Sistemi, Sogutma

Tanki Teknolojisi, Sulama Tanki” teknolojilerini
kullandiklar1 tespit edilmistir. ilkokul ~mezunlarinin
cogunlukla higbir teknolojiyi kullanmadiklar1 tespit

edilmistir. Bir kismunin “Yem Ogiitme (Parcalama),
Patos”, bir kismmin “Tirnak Kesme Makas1 Teknolojisi,
Yeni Nesil Mobil Traktorler, Yapagi Kirkim Teknolojisi,
Yem Karma Makinas1, Yem Ogiitme (Par¢alama), Sulama
Tank1” kullandiklar1 ve yine bir kismmin da “Tirnak
Kesme Makasi Teknolojisi, Yapagi Kirkim Teknolojisi,
Otomatik Sulama Sistemi, Sulama Tank1” teknolojilerini
kullandiklar1 tespit edilmistir. Lise mezunlarimin da bir
kisminin higbir teknolojiyi kullanmadiklari, bir kisminin
“Tirnak Kesme Makas1 Teknolojisi, Yapagi Kirkim
Teknolojisi, Otomatik Sulama Sistemi, Sulama Tanki”
teknolojilerini kullandiklari, bir kismimin da “Yem Ogiitme
(Pargalama), Patos” teknolojilerini kullandiklar1 tespit
edilmistir.

Hayvan Sayisi ile Isletmelerde Teknoloji
Kullanimi Arasindaki Uyum Analizleri: Sekil 8’den
anlagildigr tlizere calisma kapsamindaki isletmelerin salt
¢ogunlugunun isletmede bilgisayar kullanilmadigi, 400-
600 hayvan sayisina sahip isletmelerin az bir kismi1 hayvan
pasaportlar1 ve kiipe listeleri igin bilgisayar kullandiklarini
dile getirmiglerdir. 1601-1800 bas hayvana sahip
isletmelerin kamera sistemi i¢in bilgisayar kullandiklar1 ve
2401 bas hayvandan fazla olan az sayida isletmenin kayit
yazilimi i¢in bilgisayar kullandiklar tespit edilmistir.
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Sekil 8. Isletmelerdeki hayvan sayisi ile isletmelerde bilgisayar
kullaniliyor mu arasindaki uyum analizi.

Figure 8. Correspondence analysis between the number of animals in the
enterprises and whether computers are used in the enterprises.

Sekil 9°da belirtildigi tizere isletmelerdeki hayvan
sayisina gore olusturulan gruplarin biiyiik bir ¢ogunlugu
yemlerin hazirlanmas1 i¢in herhangi bir teknoloji
kullanmadiklar1 goriilmektedir. 1201-1400 ile 1001-1200
bas hayvana sahip az sayida isletmenin Karma + Kirma,
2201-2400 bas hayvan ile 2401°den fazla hayvana sahip
isletmelerin yem karma teknolojisini kullandiklari, 1601-
1800 bas hayvana sahip isletmelerin ise Ezme + Kirma
teknolojilerini  kullandiklar1 yo6niinde tercihleri tespit
edilmistir
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Dimension 1
Sekil 9. Isletmelerdeki hayvan sayisi ile “isletmelerde yemlerin
hazirlanmast i¢in herhangi bir teknoloji kullaniyor musunuz” arasindaki
uyum analizi.
Figure 9. Correspondence analysis between the number of animals in the
enterprises and "Do you use any technology for the preparation of feed in
the enterprises?"
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Dimension 1
Sekil 10. Isletmelerdeki hayvan says1 ile “herhangi bir kirkim teknolojisi
kullantyor musunuz?” arasindaki uyum analizi.
Figure 10. Correspondence analysis between the number of animals in
the holdings and "Do you use any shearing technology?".

Hayvan sayisina gore kirkim teknolojilerini
kullanma durumuna bakacak olursak (Sekil 10),
isletmelerin ~ ¢ogunlugu  yine  higbir  teknolojiyi

kullanmazken az sayida isletmelerin (400-600, 601-
800,1401-1600, 2201-2400, 1801-2000 bas ve iistii) kirkim
makinesi kullandiklari tespit edilmistir. Kirkim makinesini
en ¢ok tercih eden isletmelerin ¢oktan aza dogru
siralayacak olursak 1401-1600, 2201-2400, 1801-2000,
2001-2200, 2401°den fazla hayvana sahip isletmeler
oldugu tespit edilmistir. 1601-1800 bas hayvana sahip
isletmelerin de kirkim igin el makasi tercih ettikleri

anlasilmaktadir.
5
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Sekil 11. Isletmelerdeki hayvan sayisi ile “hayvanlarin temizlenmesi
ilaglanmasi igin kullanilan teknolojiler” arasindaki uyum analizi.

Figure 11. Correspondence analysis between the number of animals in
the enterprises and "technologies used for cleaning and medication of
animals”.
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Hayvan sayisina bagli olarak isletmelerde
banyoluk teknolojilerini kullanan grubun (Sekil 11) 1601-
1800 ile 1401-1600 bas hayvana sahip isletmelerin oldugu,
Pompa teknolojisini kullananlarin 2401°den fazla hayvana
sahip isletme ile 2001-2200 bas hayvana sahip isletmelerin
oldugu goriilmektedir. Buna gore hayvan sayisi artikga
koyunculukta banyoluk teknolojisini
kullanma egiliminde oldugu sonucuna vartlmistir.

Sekil 12’den anlasildigi tizere, 2001-2200 ile
1801-2000 bas hayvana sahip isletmelerin “Tirnak Kesme
Makasi, Yapagi Kirkim, Otomatik Sulama Sistemi, Sulama
Tank1” teknolojilerini kullandiklari, 1201-1400, 1601-
1800, 2201-2400 ve 2401 bas koyundan fazla koyuna sahip
isletmelerin  “Stit Sagim Makinesi, Yapag Kirkim
Makinesi, Yem Karma Makinas;, Yem Ogiitme
(Parcalama), Patos” grubu ile “Tirnak Kesme Makasi
Teknolojisi, Yeni Nesil Mobil Traktorler, Yapagi Kirkim
Makinesi, Yem Karma Makinasi, Yem Ogiitme, Sulama

yetistiricilerin

Tanki1” grubu teknolojilerini kullandiklari tespit edilmistir.
Yine isletmelerin biiyilk c¢ogunlugu higbir teknolojiyi
kullanmadiklarini belirtmelerinin yanisira 400-600 ile 601-
800 aras1 hayvana sahip isletmelerin siit sagim makinesi ile
yapagi teknolojisii ~ kullandiklarii  beyan
etmiglerdir. 1001-1200 ile 400-600 ve 601-800 bas
hayvana sahip isletme gruplarmin az bir kisminin “Yem
Ogiitme (Pargalama), Patos” teknolojilerini kullandiklarini
beyan etmiglerdir.

kirkim
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Sekil 12. isletmelerdeki hayvan sayisi ile “listelelenen teknolojilerden
hangilerini kullantyorsunuz?” arasindaki uyum analizi.

Figure 12. Correspondence analysis between the number of animals in
the holdings and "which of the listed technologies do you use?".

Isletmelerin Bulundugu Tige ile Isletmelerde
Teknoloji  Kullamimu  Arasindaki Uyum Analizleri:
Isletmelerin bulundugu ilge ile siitiin muhafazasi, kirkim,
hayvanlarin banyo yapmasi ve isletmede kullanilan diger
teknolojiler arasinda ¢ok 6nemli (p<0,001) bir iliskinin
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oldugu tespit edilmistir. Siit sagiminda herhangi bir
teknolojinin kullanilmasi ve teknolojik gelismelerin takip
edilmesi ile isletmelerin bulundugu ilge arasinda p<0,01
diizeyinde 6nemli bir iligkinin oldugu tespit edilmistir.
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Dimension 1
Sekil 13. Isletmenin bulundugu ilge ile isletmede Tablet/Netbook
kullanma durumu arasindaki uyum analizi.
Figure 13. Correspondence analysis between the district where the
enterprise is located and the use of Tablet/Netbook in the enterprise.

280 adet isletmenin 269 tanesinin
Tablet/Neetbook kullanmadiklarin1  beyan etmiglerdir.
Sekil 13 incelendiginde, Ercis, Bagkale, Caldiran, Gevas,
Bahgesaray, Muradiye Tablet/Netbook kullanmayan
isletmelerden oldugu anlasilmaktadir. Giirpinar ilgesinde
yalnizca 1 kayit programi
kullandiklar1, Ipekyolu ilgesinde ise yalmzca 1 isletmenin
koyun kayitlar1 i¢in program kullandiklarint beyan
etmiglerdir.
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Sekil 14. isletmenin bulundugu ilge ile isletmede elde edilen siitiin
muhafazasi i¢in kullanilan teknolojiler arasindaki uyum analizi.

Figure 14. Correspondence analysis between the district where the
enterprise is located and the technologies used for the storage of milk
obtained in the enterprise.
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Isletmelerin bulundugu ilge ile siitiin muhafazas,
kirkim, hayvanlarin banyo yapmasi ve isletmede kullanilan
diger teknolojiler arasinda c¢ok oOnemli (p<0,001) bir
iligkinin oldugu tespit edilmistir. Durum incelendiginde
Bahgesaray, Bagkale, Caldiran, Catak, Ercis, Gevas,
Giirpinar, Muradiye, Ozalp ve Saray ilcelerindeki
isletmelerin biiyiik cogunlugu siitiin muhafazasinda higbir
teknoloji kullanmadiklar1 tespit edilmistir. Edremit ve
Ipekyolu ilgelerinde bulunan yetistiricilerin bir kisminin
derin dondurucu bir kisminin da soguk hava deposu
kullandiklari, Tugba ilgesindekilerin ise sadece derin
dondurucu kullandiklari tespit edilmistir (Sekil 14).
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Sekil 15. Isletmenin bulundugu ilge ile isletmede kirkim igin herhangi bir
teknoloji kullanilip kullanilmadig: arasindaki uyum analizi.

Figure 15. Correspondence analysis between the district where the
enterprise is located and whether any technology is used for shearing in
the enterprise.

Sekil 15 incelendiginde ilgelere gore kirkim igin
teknoloji kullaniminda Bahgesaray, Baskale, Caldiran,
Catak, Gevas, Giirpinar, Ipekyolu, Muradiye ve Ozalp
ilgelerinde isletmelerin biiyiik bir cogunlugunda higbir
teknoloji kullanilmadig: tespit edilmistir. Saray, Tusba ve
Edremit ilgelerinde ise daha ¢ok kirkim makinesi
kullanildig1 tespit edilmistir. Yine Ercis, Ozalp, Giirpinar
ve Ipekyolu ilgelerinde isletmelerin az bir kismi kirkim
makinesi kullandiklari tespit edilmistir. Catak ve Caldiran
ilgelerindeki isletmelerin  bir da el
kullandiklarini belirtmislerdir.

Sekil 16’ya gore ilgeler arasinda banyoluk
teknolojisi kullaniminda 6nemli (p<0,001) bir iliski oldugu
tespit edilmis ve buna gore Giirpinar, Caldiran, Ercis,
Ozalp, Muradiye, Gevas, Ipekyolu ve Baskale ilgelerinde
¢ogunlukla herhangi bir teknoloji kullanilmadigi Edremit,
Saray, Tugba, Bahgesaray ve Tugba il¢elerinde pompa

kism makasi
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teknolojisi kullandiklar1 tespit edilmistir. Catak ilgesinde
ise cogunlukla Bagkale il¢esinde ise kismen banyo havuzu
kullanildig1 tespit edilmistir.
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Dimension 1
Sekil 16. fsletmenin bulundugu ilge ile hayvanlarin temizlenmesi igin
banyoluk teknolojilerinin kullanimi arasindaki uyum analizi.
Figure 16. Correspondence analysis between the district where the
enterprise is located and the use of bathing technologies for cleaning
animals.
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Dimension 1
Sekil 17. fsletmenin bulundugu ilge ile isletmelerde kullanilan
teknolojiler arasindaki uyum analizleri.
Figure 17. Correspondence analysis of the harmony between the district
where the enterprise is located and the technologies used in the
enterprises.

Diger teknolojilerin kullanimi konusunda da
ilgeler arasinda onemli bir iligskinin oldugu tespit edilmis
ve buna gore isletmelerin biiyiik bir cogunlugu yine higbir
teknoloji  kullanmiyor seklinde beyan etikleri tespit
edilmigtir. Sekil 17 incelendiginde Tusba ilgesinde daha
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cok “Tirnak Kesme, Yapag:i Kirkim, Otomatik Sulama
Sistemi, Sulama Tanki” teknolojilerini kullandiklari,
Catak, Ipekyolu ve Bahgesaray ilgelerinin “Siit Sagim
Makinesi, Giibre Temizleme, Yapagr Kirkim, Otomatik
Sulama Sistemi, Sogutma Tanki, Sulama Tank1”
teknolojilerini daha ¢ok kullandiklart tespit edilmistir.
Giirpinar, Muradiye ve Bagkale il¢elerindeki isletmelerin
¢ogunun higbir teknolojiyi kullanmadig tespit edilmistir.
Gevas, Caldiran ve Ozalp’taki isletmelerde daha ¢ok “Yem
Ogiitme (Parcalama), Patos” kullandiklari tespit edilmistir.
Ercis ilgesinde ise isletmelerin biiyiik ¢ogunlugunun Siit
Sagim Makinesi ve Yapagi Kukim Teknolojilerini
kullandiklar1  tespit edilmistir. Edremit ilgesindeki
isletmelerin ¢gogunlugu “Tirnak Kesme Makasi, Yeni Nesil
Mobil Traktorler, Yapagi Kirkim, Yem Karma Makinasi,
Yem Ogiitme (Pargalama), Sulama Tanki” teknolojilerini
kullandiklar1 diger kisminin ise “Siit Sagim Makinesi,
Yapag Kirkim, Yem Karma Makinasi, Yem Ogiitme
(Pargalama), Patos” teknolojilerini kullandiklari tespit
edilmigtir.

TARTISMA VE SONUC

Isletmelerde g¢ogunlukla Akkaraman koyun irki
bulunmakta ve geri kalan koyun irklariysa Akkaraman
varyetesi olarak bilinen (Tuncer vd., 2018) Norduz,
Karakas ve Akkaraman X Norduz genotiplerinden
olusmustur. Koyun genotipi bakimindan Ceyhan vd.,
(2015) tarafindan Nigde ili ve ilgelerinde yapilan
calismalarda isletmelerde hakim olan Akkaraman koyun
irkinin (%99) tespiti ile benzerlik gostermektedir.

Van’da koyunculuk isletmelerinde, elektrik/su
imkanlarina sahip olmalar1 (%70), barmak tipini kapal
yapmalar1 (%68,6) ve kombine hayvan yetistiriciligi
(%81,1) yapanlarin oranlarinin yiiksek oldugundan yola
¢ikarak bunlari benimseyen yetistiricilerin  bilingli
hayvancilik yaptiklari séylenebilir. Bakir vd., (2017) Siirt
ili ve c¢evresinde 6 ilcede kiigiikbas hayvancilik
isletmelerinde yaptiklari ¢aligmada incelenen barinaklarin
%095,8’inin  kapali, % 4,2’sinin agik tipte oldugunu
Yildiz ve Aygiin, (2021) yaptiklan
calismada ise hayvan barinaklarinin %100 oranda kapali
agil seklinde oldugunu bildirmistir. Calismada koyunculuk
yapma seklinin %68,6 ile daha ¢ok yerlesik+yayla oldugu
ortaya ¢ikmigtir. Bunu %15,7 orani ile yayla ve %12,9 ile
yerlesik koyunculugu takip etmistir. Elde edilen sonuglar
caligma ile benzerlik gostermektedir. Ceyhan vd.,
(2015)’da Nigde ili ve ilgeleri koyunculuk isletmeleri

bildirmislerdir.

iizerine yaptiklar1 c¢aligmada, toplam 96 koyunculuk
isletmesinde (%40,6) yayla koyunculugu, digerlerinin
yerlesik ve yayla (%19,8), yerlesik (%38,6) ve sadece
gocer koyunculuk (%1,0) yapildigini bildirmislerdir.
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Yildiz ve Aygiin, (2021)’de yaptiklar1 ¢aligmada
sagim yapilan isletmelerin %96,5’inde elle ve %3,5’inde
makine ile sagim yapildigi gibi bu calisma ile benzer
nitelikte sonuglar1 tespit etmislerdir. Elde ettikleri siitii
daha ¢ok peynir (%48,9) yapiminda kullandiklari ve
giibreyi de yakacak (%50,7) olarak degerlendirdikleri
goriilmektedir. Caligsmalarda elde edilen veriler bu ¢alisma
ile benzerlik teskil etmektedir.

Yetistiricilerin biiyiik bir ¢ogunlugu (%90,4) 15
yildan fazla bir siiredir koyunculukla ugrastiklarini beyan
etmislerdir. Polat, (2017) TRA2 (Agr1, Ardahan, Igdir ve
Kars) Bolgesinin ekonomik kalkinmasi iizerine etkileri adlt
anket calismasinda, igletme sahiplerinin %71,4"liniin
hayvancilik sektoriinde ¢aligma siiresinin 15 yildan fazla
oldugunu bildirmistir. Bu bakimdan ¢alismadaki tespitler
ile benzerlik gostermektedir.

Yetistiricilerin %91,4’ siiriilerinde 1slah yapmak
istediklerini dile getirmiglerdir. Ozyiirek vd., (2018)
Erzincan il ve ilgelerinde koyunculuk isletmelerinde 106
kisi ile yaptiklar1 anket caligsmalarinda kiiciik igletmelerin
ise %81 inin siitii peynir olarak sattig1 ve siirliniin verimini
artirmak icin, yetistiricilerin %82,8’1 bilimsel bir 1slah
yapmak istediklerini bildirmiglerdir.

Yapilan  analizler sonucu yetistiricilerin
%82,5 nin ilkokul mezunu, ¢iftci toplantilarina gidenlerin
orani %59,3, damizlik koyun kegi birligine iiye oran1 ise
%40,7 gibi ¢ogunluk degerleri okunmaktadir. Sahinli,
(2014) Karaman ilinde, Yildiz ve Aygiin, (2021) Van ili
merkez ilgelerde, Ozyiirek vd., (2018) Erzincan il ve
ilgelerinde, Ceyhan vd., (2015) Nigde ili ve ilgelerinde
koyunculuk isletmelerinde yaptiklar: anket ¢aligmalarinda
yetistiricilerin sirastyla %44, %74,4 %100, %97,9’unun
Damizlik Koyun Kegi Yetistiricileri Birligine {iye
olduklarini bildirmislerdir. Y1ldiz ve Aygiin, (2021) Vaniili
merkez ilgede yetistiricilerin egitim durumlart bakimindan
ele alindiginda; %69’u ilkokul, %3,6’s1 lise mezunundan,
%10,7’sinin  ise  okuma yazma  bilmediklerini
bildirmiglerdir. Yine Ceyhan vd., (2015) Nigde ili ve
ilgelerinde biiyiik bir kismmin (%68,8) ilkokul mezunu
oldugunu tespit etmislerdir.

Koyunculuk isletmelerinde %97,9’unun
bilgisayar kullanmadig1 tespit edilmistir. Kullanilan
hayvancilik  teknolojileri igerisinden kulak kiipesi

kullananlarin oraninin %86,1 oldugu gibi ilging bir sonug
da tespit edilmistir. Bu ise daha ¢ok kiipeye bagli olarak
hayvan sayisina verilen maddi desteklerden kaynakli veya
devletin zorunlu olarak hayvanlarin numaralandirilmasi ve
veritabanlarima kayit edilmesinden kaynakli oldugu
seklinde yorumlanmigtir. Sahinli, (2014) Karaman ilinde
toplam 50 adet koyunculuk isletmesi ile yaptig1 ankette
koyunculuk isletmelerinde siirii yonetimi konusunda
bilgisayar kullanma oranini %6 olarak saptamustir.
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Genel olarak “Hangi hayvancilik teknolojilerini
kullantyorsunuz?” sorusuna isletmelerin %69,3’1 “Higbir
teknolojiyi kullanmiyoruz” seklinde cevap vermislerdir.
Aydin vd., (2020) Canakkale ilinde 286 ¢iftci ile yiiz yiize
yaptig1 ankette “Hassas Hayvancilik Teknolojisi Kullanim
Diizeyinin Tespiti” adli tez c¢aligmasinda hassas
hayvancilik teknolojilerinden herhangi birisini kullaniyor
musunuz? sorusuna ¢iftgilerin %84 i hayir, %16’s1 evet
cevabmi vermis fakat evet cevabi veren bazi ¢ift¢ilerin
tesislerinde yapilan goézlemlerde kamera, duyarga ve
mikrofon gibi hassas hayvancilikta kullanilan ekipmanlara
rastlanilmadig belirlenmistir.

Yetistiricilerin egitim durumlar ile kullandiklar1
teknolojilere bakildiginda; egitim durumlar1 artik¢a
teknoloji kullanmada da gayret edildigi sonucuna
varilmistir. Ilcelere gére banyoluk teknolojisi kullamminda
onemli (p<0,001) bir iligski oldugu tespit edilmis ve buna
gbre Giirpmar, Caldiran, Ercis, Ozalp, Muradiye, Gevas,
Ipekyolu ve Baskale ilgelerinde ¢ogunlukla herhangi bir
teknoloji  kullamilmadigi  Edremit, Saray, Tusba,
Bahgesaray ve Tusba ilgelerinde pompa teknolojisi
kullandiklar tespit edilmistir. Egitim durumlarma gore
koyunculukta kullanilan teknolojilerin kullanimi agisindan
farkliliklar oldugu sonucuna varilmigtir.

Bununla birlikte hayvan sayisma bagh olarak
isletmelerde teknoloji  kullanimi  konusunda biraz
kararsizliklar olsa da temelde hayvan sayisi arttikga
egilimin “Siit Sagim Makinesi, Yapag1 Kirkim Teknolojisi,
Yem Karma Makinasi, Yem Ogiitme (Parcalama), Patos”
teknolojilerini kullandiklar: goriilmektedir. Van ilgelerinde
teknolojilerin kullanilmasi agisindan uyum analizlerine
bakildiginda kullanilan teknolojiler arasinda biiyiik
farkliliklar oldugu sonucuna varilmistir. Nitekim Giirpinar,
Muradiye, Baskale, Bahgesaray, Ipekyolu, Catak, Caldiran
ve Ozalp ilgelerinin biiyiik bir ¢ogunlugunun higbir
teknoloji kullanmadiklari tespit edilmistir.

Sonug olarak;

Van ilindeki  koyunculuk  faaliyetlerinde
kullanilan teknolojilere bakildiginda isletmelerin kismen
de olsa teknolojiyi kullandiklar1 ve imkanlar elverdikge
yetigtiriciler arasinda is yiikiini hafiflettigi diisliniilen
teknolojileri satin aldiklar1 belirlenmistir. Kentlesmeye
yakin kesimlerde daha c¢ok teknoloji kullanildig:
sOylenebilir. Egitim diizeylerine bagl olarak yiiksek lisans
ve lisans diizeyindekilerin ilkokul ve lise mezunlarina gore
teknoloji kullanimin1 benimsedikleri tespit edilmistir.
Calisma da en onemli eksikligin yine teknoloji kismu
oldugu ortaya c¢ikmustir. Yetistiricilerin  ¢ogunun
koyuncukla ilgili internet sitelerini takip etmedikleri ve
daha ¢ok il / flce Tarim ve Orman Miidiirliikleri’nden
yardim aldiklar1 belirlenmistir.
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Koyunculuk isletmelerinde kullanilan
teknolojilerin sonug itibari ile 6neminin ¢ok yiiksek oldugu
tiim isletmeler tarafindan dile getirilmistir. Isletmeler
bunlar1 ya uygulama igin imkanlar1 zorlamak ya da kendi
isletmelerine entegre etme gayreti i¢inde olduklarini ifade
etmislerdir. Islerin otomatik olarak yapilmasinda biiyiik
rolii olan ve insan odakli olmasiyla da insan refahini, diizen
ve istikrar1 saglayan, hayvancilik faaliyetlerinin kisa
sirede  yapilmasin1  saglayan teknolojinin maddi
imkanlardan dolay1 alinamadig dile getirilmistir.

Diinyada hayvansal {iretimde kullanilan yeni
teknolojiler sayesinde ergonomik, ekonomik ve sosyal
olarak ¢ok dnemli ilerlemeler kaydedilmistir. Ulkemizde
mevcut kosullarda hayvansal iiretim ve triinlerin ihtiyact
karsilayabilmesi, hayvan ithalatinin azaltilmasi, arz talep
dengesinin saglanmasi ve ilimizin organik hayvansal
tiretim potansiyelinin dikkate alinmasi ile ihracatta da
onemli katkilar sunmasinda yenilik¢i teknolojiler ve bu
teknolojileri uygulayabilecek egitimli is
yetigtirilmesi dnemli katkilar saglayacaktir.
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Abstract: This study attempted to determine the limit values of dissolved nutrients for assessing

#I: https://orcid.org/0000-0001-8738-8359 trophic status and water quality of Northeastern Mediterranean Rivers from the previously
: https://orcid.org/0000-0001-7837-350X published nutrient data sets. Study findings indicated that the oligotrophic river waters should
have concentrations of total phosphorus, orthophosphate, ammonium and total nitrogen less than

0.13mg/L, 0.07 mg/L, 0.11 mg/L and 0.90 mg/L, respectively. The proposed limit values defining

oligotrophy, mesotrophy and eutrophy differed from those reported by the Surface Water Quality

*Corresponding author’s: Regulation and the commonly used reference values. These discrepancies were probably due to

Lsi| ALLEAY . the rivers' distinct physical and biochemical characteristics. New approaches, such as modeling

Mersin University, Faculty of Fisheries, . . ) )

Yenisehir-Mersin, Tiirkiye studies, are needed to define threshold and reference values of dissolved nutrients to produce
WA

e more sensitive assessment tools for sustainable management of NE Mediterranean Rivers.

Keywords: Dissolved nutrients, eutrophication, limit values, northeastern mediterranean rivers.

Kuzeydogu Akdeniz Nehirlerinde Otrofikasyonun Degerlendirilmesi i¢in
Coziinmiis Besin Tuzlar1 Sinir Degerleri

Oz: Bu caligmada, daha énce yaymlanan besin tuzu veri setlerinden Kuzeydogu Akdeniz
Nehirlerinin trofik durumunu ve su kalitesini degerlendirmek igin sinir degerler belirlenmeye
calisilmustir. Calisma sonuglari, oligotrofik 6zellikte nehir sularinin toplam fosfor, ortofosfat,
amonyum ve toplam azot i¢in konsantrasyon degerlerinin 0,13 mg/L, 0,07 mg/L, 0,11 mg/L ve
0,90 mg/L'den az olmas1 gerektigini gdstermistir. Oligotrofi, mezotrofi ve Gtrofiyi tanimlayan
onerilen sinir degerler, Yeriistii Kalitesi Yonetmeligi tarafindan bildirilen degerlerden ve yaygin
*Sorumlu yazar: olarak kullanilan referans degerlerden farkli bulunmustur. Bu farkiliklar, muhtemelen nehirlerin
fsmail AKCAY farkli fiziksel ve biyokimyasal &zelliklere sahip olmasindan kaynaklidir. Kuzeydogu Akdeniz
Mersin Universitesi Su Uriinleri Fakiiltesi, Nehirlerinin siirdiiriilebilir yonetimi i¢in ¢dzlinmils besin maddelerinin siir ve referans
Yenigehir-Mersin, Tirkiye degerlerini tanimlamak iizere daha hassas degerlendirme araglari {iretmek amaciyla modelleme
DX iakcay@mersin.edu.tr . . .
caligmalart gibi yeni yaklasimlara ihtiyag vardir.

Anahtar kelimeler: Céziinmiis besin tuzlar1, kuzeydogu akdeniz nehirleri, 6trofikasyon, sinir degerler.

INTRODUCTION activities (Akgay et al., 2021; Mouri et al., 2011; Mustapha

et al., 2013). The assessment of eutrophication in river and

Safe and healthy freshwater systems provide many stream waters is, therefore, a major issue for these freshwater

goods and services for the society (Richter et al., 2003). ecosystems that serve for the society's human health and
Rivers, a significant source of freshwater supply, have been economic development (Carlson, 1977; Mamun et al., 2021).
used for many purposes though wastewater discharges have Aquatic ecosystems are affected by the enrichment
highly polluted them originated from human-induced of nutrients by changing molar nutrient ratios, along a
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continuum from fresh water through estuarine, coastal, and
marine ecosystems. There are positive relationships between
the fluxes of nutrients (N, P) and the primary production, and
fisheries yield. However, there are thresholds where the
fluxes of nutrients into the estuarine, coastal and marine
ecosystems when exceeding the assimilation capacity of
nutrient-enhanced production (Rabalais, 2002).
Eutrophication classification tools are generally related to
the intercorrelation of state variables which are direct
(nutrient concentrations, surface DO, biomass, turbidity
values) and indirect (oxygen deficiency in deep waters and
biodiversity changes) indicators of eutrophication (Ferreira
et al., 2011; Ignatiades et al., 1992; Primpas et al., 2010;
Tavakoly Sany et al., 2014). Many studies have been
performed to determine trophic status of river and stream
waters using various eutrophication classification tools
(Carlson, 1977; Dodds et al., 1998; Karr & Chu, 2000; Paula
Filho et al, 2020; Ulker et al., 2020). However, the
classification scales and limit values of these classification
tools may vary regionally due to distinct physical and
biochemical characteristics of the studied river and stream
waters.

The Mediterranean Sea, a typical example of semi-
enclosed seas, is characterized by high values of salinity,
temperature and density. Since the net evaporation exceeds
the precipitation, an anti-estuarine circulation through the
Strait of Gibraltar is observed that contributes to very low
nutrient concentrations in the surface waters (Tanhua et al.,
2013). Though offshore waters of Northeastern (NE)
Mediterranean Sea displays oligotrophic properties with low

Table 1. The Northeastern Mediterranean Rivers studied between 2006 and 2022.

nutrient concentrations and primary productivity , its coastal
region has been fed by many regional rivers and creeks
(Akcay et al., 2022; Akgay, 2023; Tugrul et al., 2019). For
the NE Mediterranean shelf waters, a comparison of riverine
nutrient fluxes with the atmospheric, wastewater and
sediment-diffusive nutrient fluxes clearly showed that NE
Mediterranean coastal region is principally fueled by
riverine nutrient inputs, leading to coastal eutrophication
(Akcay et al., 2021).

In order to attain good environmental status of
regional rivers and NE Mediterranean Sea, sustainable
management of eutrophication is of critical importance. In
this study, therefore, an attempt was made to determine the
limit values of dissolved nutrients for assessing the trophic
status and water quality of NE Mediterranean Rivers. The
proposed limit values for nutrients were also compared to
those reported by Surface Water Quality Regulation and the
study of Dodds et al., (1998).

MATERIAL AND METHOD

The NE Mediterranean regional rivers are Asi,
Ceyhan, Seyhan, Berdan, Goksu, Lamas, Manavgat, Aksu,
Esen and Dalaman Rivers (Akgay, 2023). In this study, the
examined nutrients were orthophosphate (PO.), total
phosphorus (TP), ammonium (NH,) and total nitrogen (TN).
The nutrients data were obtained from the studies of Demirel
et al. (2011), Ozbay et al. (2012); Kilig et al. (2018), Akgay
& Tugrul (2018) and Tiirkeri et al. (2023) (Table 1). The
studied rivers were shown on the map presented in Figure 1.

River Study Period Sampling Frequency # of stations Parameters Reference
Goksu R. 2006-2008 Seasonal 6 NH,, PO,, TP Demirel et al. (2011)
Berdan R. 2008-2008 Monthly 6 TN, PO,, TP Ozbay et al. (2012)
Asi R. 2006-2014 Seasonal 1 NH,, PO, Kilig et al. (2018)
Ceyhan R. 2008-2015 Seasonal 1 NH,, PO,, TP Akgay & Tugrul (2018)
Seyhan R. Seasonal 1 NH,, PO,, TP
Berdan R. Seasonal 1 NH,, PO,, TP
Goksu R. Seasonal 1 NH,, PO,, TP
Lamas R. Seasonal 1 NH,, POy, TP
Bedan R. 2021-2022 Monthly 3 TN, PO,, TP Tiirkeri et al. (2023)
Goksu R. Monthly 5 TN, PO,, TP
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Figure 1. The studied rivers flowing into the Northeastern Mediterranean Sea between 2006 and 2022 (Sampling strategies were presented in Table 1).
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The limit values of nutrients were proposed by the
method presented in the study of Ignatiades et al., (1992).
Firstly, all data sets were evaluated after removing outliers
according to the method described by Crawley (2007).
Since the log transformation is the most common method
for the normal distribution of environmental parameters,
log transformation of the data sets was applied. Then, all
the reported data sets and the log-transformed values were
examined for normality. Kolmogorov-Smirnov statistics
was applied by using IBM SPSS Statistics 26. Finally, the
limit values of nutrients for the eutrophication assessment
were determined from the mean values of log-transformed
data and the standard deviation of the data after removing
outliers (Ignatiades et al., 1992).

RESULTS AND DISCUSSION

Though there are positive relationships between
the fluxes of nutrients (N, P) and the primary production,
and fisheries yield, excess amount of nutrient inputs into
the estuarine, coastal and marine ecosystems has led to
degradation of water qulity (Rabalais, 2002). Northeastern
(NE) Mediterranean Sea offshore waters displays
oligotrophic properties. However, its coastal region has
been affected by many regional rivers and creeks, leading
to development of coastal eutrophication (Akcay et al.,
2022; Akgay, 2023; Tugrul et al, 2019). For the
management of eutrophication in the regional rivers and
NE Mediterranean sea shelf waters, determination of
nutrients concentrations, their fluxes and defining the
target values of riverine nutrients are critically important.
In this study, the limit values of dissolved nutrients for the
assessment of trophic status and water quality of
Northeastern Mediterranean Rivers were determined. In
this study, simple statistics of the obtained data sets were
presented in Table 2. All the reported values indicated that
the studied NE Mediterranean Rivers showed marked
spatial and temporal variability. The maximum values were
generally reported in wet winter-spring periods in Seyhan
and Ceyhan Rivers while minimum values were recorded
in the least contaminated Lamas River (Ak¢ay & Tugrul,
2018). The frequency distributions and normality tests
showed that log-transformed data approached normality
(Figure 2-3, Table 3).

Table 2. Simple statistics of the obtained data sets ((a): Raw data before
removing outliers, (b): Data after removing outliers.

(a) TP (mg/L) PO4 (mg/L) NH; (mg/L) TN (mg/L)
Mean 0.36 0.26 0.96 2.17

Std. Dev. 0.65 0.58 2.93 2.44

Min. 0.02 0.002 0.01 0.18

Max. 3.89 4.05 15.68 9.00

N 124 57 30 96

(b) TP (mg/L) PO4 (mg/L) NH4 (mg/L) TN (mg/L)
Mean 0.19 0.12 0.18 1.16

Std. Dev. 0.17 0.10 0.15 0.90

Min. 0.02 0.002 0.01 0.18

Max. 0.70 0.39 0.56 4.29

N 112 50 26 80
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Figure 2. Frequency distribution of nutrients after removing outliers.
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Figure 3. Frequency distribution of nutrients after log transformation.

Table 3. Kolmogorov-Smirnov statistics for normality of the nutrients
data and log transformed nutrients data.

Kolmogorov-Smirnov?

Parameters Statistic df Sig.

TP (mg/L) 0.158 112 0.000
PO4 (mg/L) 0.211 50 0.000
NHa (mg/L) 0.137 26 0.200"
TN (mg/L) 0.158 80 0.000
TP (log transformation) 0.064 112 0.200
PO4 (log transformation) 0.125 50 0.050
NHs (log transformation) 0.158 26 0.095
TN (log transformation) 0.050 80 0.200"

“This is a lower bound of the true significance.
2L.illiefors Significance Correction

Assessment of trophic status can be determined by
using concentrations of nutrients obtained by systematic
data sets. Ignatiades et al. (1992) performed a statistical
analysis of nutrients for scaling aquatic environments into
oligotrophic, mesotrophic and eutrophic water quality.
Furthermore, in a recent study performed by Nikolaidis et
al. (2022), the boundary concentrations between good and
moderate status for the nutrient concentrations of Rivers in
Europe to achieve good environmental status and deliver
ecosystem services. They reported that the nutrient targets
established for rivers ranged from 0.5 to 3.5 mg/L TN and
from 11 to 105 pg/L TP, respectively (Nikolaidis et al.,
2022). In this study, limit values of dissolved nutrients for
assessing the trophic status and water quality of NE
Mediterranean Rivers were determined from the mean
values of log-transformed data and the standard deviation
of the data after removing outliers (Table 4). According to
limit values, the oligotrophic river waters should have
concentrations of TP, POs, NH4 and TN less than 0.13
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mg/L, 0.07 mg/L, 0.11 mg/L and 0.90 mg/L, respectively
(Table 4). A close examination of the proposed limit values
for oligotrophy and eutrophy indicated that our proposed
limit values for the PO4 and TP were much greater than the
values reported in Surface Water Quality Regulation and
the values reported by Dodds et al., (1998) (Table 5-6).
Though our proposed limit values for oligotrophy were
similar to those reported by Dodds et al. (1998), our TN
limit values were much lower than those according to
Surface Water Quality Regulation.

Table 4. The proposed limit values for the assessment of eutrophication
in the Northeastern Mediterranean Rivers.

TP (mg/L)
<013
0.13-0.43
>0.43

Trophic Status PO4(mg/L)
<0.07
0.07-0.25

>0.25

NH, (mg/L)
<0.11
0.11-0.37
>0.37

TN (mg/L)
<0.90
0.90-2.70
>2.70

Mesotrophic

Table 5. Water quality classes according to Surface Water Quality

Regulation.

Water Quality Classes TP (mg/L) POas-P (mg/L) NHa-N (mg/L) TN (mg/L)
<0.08 <0.05 <0.20 <35

Class 3 >0.20 >0.16 >1.00 >11.5

Table 6. Limit values for the assessment of eutrophication proposed by
Dodds et al. (1998).
Trophic Status

TP (mg/L)

<0.025
0.025-0.075

>0.075

TN(mg/L)
<0.70
0.70-1.50
>1.50

Mesotrophic

In Tirkiye, nutrient (N, P, Si) concentrations and
trophic status assessment of the regional rivers flowing into
the NE Mediterranean shelf region were reported in many
studies (Ak¢ay & Tugrul, 2018; Akcay et al, 2021;
Demirel et al., 2011; Kilig et al., 2018; Kilig, 2020; Kogak
etal., 2010; Ozbay etal., 2012; Tugrul et al., 2009; Tiirkeri
et al., 2023). Trophic status assessment of these regional
rivers was determined by commonly used classification
tools reported by the study of Ulker et al. (2020), as well as
water quality assessment by using the limit values
presented in Surface Water Quality Regulation published
in the official gazette of Tiirkiye. Defining site-specific
reference conditions for the water masses is necessary to
assess eutrophication (Tugrul et al., 2019). The limit values
for the river waters ranging from oligotrophic to eutrophic
conditions may vary spatially since these waters displayed
distinct physical and biochemical variability (Table 2).
Regional rivers flowing into the coastal waters of NE
Mediterranean Sea were highly contaminated by
anthropogenic pressures (Akgay & Tugrul, 2018; Ozbay et
al., 2012). Defining limit values from the obtained data sets
may be an excellent way to determine eutrophication status
of these rivers. However, for a better assessment of
eutrophication, it is necessary to determine physical and
eutrophication-related parameters over specific periods
(Tavakoly Sany et al., 2014). Therefore, monitoring studies
are critically important for the sustainable management of
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regional rivers flowing into the NE Mediterranean shelf
waters.

CONCLUSION

In this study, a first attempt was made to
determine limit values of dissolved nutrients for assessing
trophic status and water quality of NE Mediterranean
Rivers. Study findings indicated that our limit values
defining oligotrophy, mesotrophy and eutrophy were
different than those reported by the Surface Water Quality
Regulation and the study of Dodds et al. (1998). These
discrepancies were probably due to the rivers' distinct
physical and biochemical characteristics. Study findings
also showed the importance of systematic monitoring
studies for eutrophication assessment in the regional rivers
flowing into the NE Mediterranean shelf region. For
defining threshold and reference values of dissolved
nutrients, new approaches, such as modeling studies, are
needed to assess trophic status and water quality to produce
more sensitive assessment tools for sustainable
management of NE Mediterranean Rivers.
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Oz: Memeli hayvanlarin iskelet sistemleri basta genetik faktorler olmak iizere bir¢ok faktore
bagli olarak morfolojik degisiklikler gostermektedir. Tiirler arasindaki osteolojik farkliliklarin
belirlenmesinde morfometrik verilerden yararlanilmaktadir. Ozellikle memelilerde metapodial
kemiklerin seklinin ve boyutunun tiir ayriminda ayirt edici bir dzellik olarak kullanildig:
bilinmektedir. Bu ¢alisma ile 3 farkli ruminantia tiirlinde metapodial kemiklerin morfometrik
verileri alinarak tiirler arasi benzerlik ve farkliliklarinin belirlenmesi amaglandi. Calismada 3 adet
karaca (Capreolus capreolus), 3 adet Karayaka koyunu, 2 adet Saanen kegisi (Capra aegagrus
hircus)’ne ait sagli-sollu toplam 32 adet metapodial kemik kullanildi. Metapodium’larda 6l¢iim
icin kullanilan 13 parametreden (GL, Bp, Dp, SD, DD, Bd, Dd, DIM, DEM, DIL, DEL, WCM,
WCL) morfometrik dl¢iimler alindi. Kemiklere ait 6lgiimler Duncan ¢oklu karsilagtirma testi ile
analiz edildi. Tim istatistiksel analizler ve hesaplamalar IMB SPSS Statistics 21.0 istatistik
programu ile yapildi. Metacarpus i¢in GL ve SD degerlerinin karaca, Saanen kegisi ve Karayaka
koyunu’nda 6nemli derecede farkli bulunmasi bu parametrelerin tiirler igin ayirt edici oldugunu
gosterdi. Karaca’da bu parametrelere ek olarak Bp, Bd, Dd, DIM, DIL ve WCL degerlerinin
karaca i¢in ayirt edici diger parametreler oldugu belirlendi. Metatarsus i¢in tiim tiirlerde GL, SD,
Bd parametrelerinin tiir ayriminda kullanilabilecegi ortaya konuldu. Bunun yaninda Saanen kegisi
metatarsus’unda Bp, Dp, Dd, DIM, DIL ve WCM degerlerinin tiir i¢in belirleyici 6zellik
bakimindan ¢ok 6nemli, DEM ve WCL degerlerinin ise dénemli oldugu saptandi. Karayaka
koyunu’nda ise DD ve DEL degerleri 6nemli belirleyici dzellikti.

Anahtar kelimeler: Metacarpus, metatarsus, osteometri, varyasyon.

Morphometric Examination of the Metapodial Bones of Roe Deer (Capreolus capreolus),
Karayaka Sheep and Saanen Goat (Capra aegagrus hircus)

Abstract: Skeletal systems of mammals show morphological changes depending on many
factors, especially genetic factors. Morphometric data are used to determine the osteological
differences between species. It is known that the shape and size of metapodial bones, especially
in mammals, are used as a distinguishing feature in species differentiation. In this study, it was
aimed to obtain morphometric data of metapodial bones in 3 different species of ruminantia and
to determine the similarities and differences between species. A total of 32 right and left
metapodial bones belonging to 3 roe deer (Capreolus capreolus), 3 Karayaka sheep, and 2 Saanen
goats (Capra aegagrus hircus) were used in the study. Morphometric measurements were taken
from 13 parameters (GL, Bp, Dp, SD, DD, Bd, Dd, DIM, DEM, DIL, DEL, WCM, WCL) used
for measurement in metapodiums. Bone measurements were analyzed by Duncan multiple
comparison test. All statistical analyzes and calculations were made with the IMB SPSS Statistics
21.0 statistical program. The fact that GL and SD values for metacarpus were significantly
different in roe deer, Saanen goat and Karayaka sheep showed that these parameters were

1"114-16 Nisan 2023 tarihleri arasinda, ICBH tarafindan diizenlenen Ill. International Congress on Biological Health and Sciences Kongresi’nde poster bildiri olarak sunulmustur.
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distinctive for the species. In addition to these parameters, Bp, Bd, Dd, DIM, DIL and WCL
values were determined to be other distinguishing parameters for roe deer. It was revealed that
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Ondokuz Mayis University, Faculty of
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DX: silakeskinn34@gmail.com

GL, SD, Bd parameters for metatarsus can be used in species differentiation in all species. In
addition, Bp, Dp, Dd, DIM, DIL and WCM values in Saanen goat metatarsus were very important
for the species, while DEM and WCL values were found to be significant. In Karayaka sheep,
DD and DEL values were important determinants.

Keywords: Metacarpus, metatarsus, osteometry, variation.

GIRiS

Evcil ve yabani memelilerin birgogunda extremite
autopodium’unun iskeletini olusturan kemiklerin say1 ve
sekilleri bireyler arast morfolojik degisiklikler, ik, yas,
cinsiyet, diyet bigimi ve g¢evresel faktorler gibi bir¢ok
etkene bagh olarak farklilik gostermektedir (Alpak vd.,
2009; Shehu vd., 2019). Autopodium proximal’den distal’e
basipodium (ossa carpi, ossa tarsi), metapodium (ossa
metacarpalia, o0ssa metatarsalia), acropodium (o0ssa
digitorum manus, ossa digitorum pedis) olmak {izere ii¢
ayrt bolimden olusur (Konig & Liebich, 2013).
Ruminant’larda metapodium’lar, biri biiyiikk (Mec. IHI+IV,
Mt. III+IV) ve digeri kiigiik (Mc. V, Mt. II) olmak iizere
sekillenmigtir. Biiyilkk metapodial kemikler prenatal
hayatta kemik gelisiminin erken donemlerinde esas
kemikler olarak olusmus ve birbirleriyle kaynasmislardir
(Sisson, Grossman, & Getty, 1975). Kii¢iik metapodial
kemikler ise tali (sekonder) olarak yer almiglardir (Dursun,
2007).

Ruminant’lar et, siit, yiin, deri ve yag (kemik-
organ) verimleri ile sosyo-ekonomik agidan oldukga
o6nemlidir. Yasamda bu denli biiyiik bir yere sahip olan bu
tirtin kemik kalintilart da arkeolojik kazi1 ¢aligmalarinda
oldukga sik rastlanilan materyaller arasinda yer almaktadir.
Bu kalintilar bulunduklar1 yerlere ait toplumlarin diyet
bigimleri, ekonomik ve sosyal faaliyetleri ve yasam
kosullar1 hakkinda fikir elde edilmesine olanak tanirken
(Demiraslan, 2018; Giindemir vd., 2020) ayn1 zamanda
hayvan morfolojisini a¢iga ¢ikarmada da oldukc¢a onemli
oldugu bilinmektedir (Demiraslan vd., 2019). Kemik
materyallerinin analizi omuz yiiksekligi, agirlik, cinsiyet,
yas, vb. bir¢ok bilgi sunarken hayvan popiilasyonundaki
mevcut  patolojik  durumlar hakkinda da veriler
saglamaktadir (Onar vd., 2008). Ayrica, materyallerin
bulunduklar1 bolgede yasayan hayvanlarin belirlenip
tarihsel siireglerle karsilastirilmasi agisindan da oldukca
onemlidir (Demiraslan, 2018). Hayvan varhiginin sayisal
yogunlugu ve dagiliminin belirlenmesinde morfolojik
veriler Onem arz etmektedir. Yapilan c¢alismalarda
morfolojik degisiklikler ile osteolojik degisiklikler
arasinda daima baglanti bulunmustur (Alpak vd., 2009).
Bundan dolay1 metatarsal ve metacarpal kemikler iizerinde
yapilan osteolojik c¢aligmalar, tlir i¢i ve tiirler arasi
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benzerlik ve farkliliklar1 ortaya koymaktadir (Onar vd.,
2008).

Bugiine kadar koyun ve keci metapodial kemikleri
ile ilgili ¢ok sayida c¢alisma bulunmaktadir (Azarpajouh
vd., 2021; Bacmoglu, 2006; Demiraslan vd., 2019;
Guintard & Lallemand, 2003; Giindemir vd., 2020; Onar
vd., 2008; Pazvant vd. 2015). Ozellikle Hemsin
(Demiraslan vd., 2019), Bardhoka (Giindemir vd., 2020),
Iran (Azarpajouh vd., 2021), Kivircik (Bacinoglu, 2006),
Ivesi (Kahraman vd., 2022), Tuj ve Morkaraman
(Demiraslan vd., 2015) koyunlarinda metapodial kemikler
osteometrik olarak irk bazinda da incelenmistir. Bunlarin
disinda kazi c¢alismalarindan elde edilen ruminant alt
smifina ait tiirlerin popiilasyondaki siniflandiriimasi
(Demiraslan, 2018)  yapilmus, keci
metapodium’larina ait calismalarda geometrik morfometri
(Ozger, 2021), stereoloji (Bacinoglu, 2006; Demiraslan
vd., 2015; Demiraslan vd., 2019), radiometri (Kahraman
vd., 2022) ve histomorfometri (Gudea & Stefan, 2013) gibi
metotlar kullanilmistir. Ayni1 zamanda kegi ve koyun
metapodium’larinda eseysel dimorfizm’in bakildig1 birgok
calismaya da rastlanmistir (Bacinoglu, 2006; Guintard &
Lallemand, 2003; Giindemir vd., 2020; Kahraman vd.,
2022; Onar vd., 2008; Pazvant vd., 2015). Yapilan detayli
literatiir taramalarinda karaca metapodial kemikleri
tizerine yapilmis sinirli sayida ¢caligmaya (Cakir vd., 1998;
Czyzowski  vd., 2021) rastlanilmasina  ragmen
calismamizdaki gibi glinlimiiz karaca, Karayaka koyunu ve

koyun ve

Saanen kegisi kemiklerinin karsilagtirildigi osteometrik bir
¢alismaya rastlanmadi.

Bu calisma ile giiniimiizde yetistirilen karaca,
Karayaka koyunu ve Saanen keg¢isi olmak iizere 3 farkl tiir
ruminant’ta  metapodial  kemiklerin = morfometrik
verilerinin karsilagtirmali olarak incelenmesi ile tiirler arasi
benzerlik ve farkliliklarinin ortaya konmasi ve elde edilen

yeni verilerin literatiire kazandirilmas1 amaglandi.
MATERYAL VE METOT

Calismada  fakiilte  kliniklerine  getirilen
yaralanma ve hastaliklar sonucunda kurtarilamayan ergin 3
adet karaca (Capreolus capreolus) ile mezbahadan temin
edilen 3 adet Karayaka koyunu ve 2 adet Saanen kegisi
(Capra aegagrus hircus)’ne ait toplam 16 adet metacarpus
ve 16 adet metatarsus kullanildi. Metapodium’lara (32
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adet) ait Olcimler dijital kumpas (Mitutoyo, Japan) ile
Guintard ve Lallemand (2003) tarafindan kullamilan 13
parametre baz alinarak (Sekil 1) yapildi. Bu veriler Duncan
¢oklu karsilastirma testi ile analiz edildi. Bu veriler,
ortalamalar ve standart ortalama hatas1 gibi tanimlayici
istatistiklerle Ozetlendi. Tiim istatistiksel analizler ve
hesaplamalar IMB SPSS Statistics 21.0 istatistik programi
kullanildi. Metapodium’lardan alinan o6lgiimlerin 6nem
seviyelerini belirlemek i¢in p<0,01 ve p<0,05 baz alindi.

Sekil 1. Metatarsus 6l¢iim parametreleri. A: Karaca, B: Karayaka koyunu,
C: Saanen kecisi. GL: Maksimum uzunluk; Bp: Proximal ucun
maksimum genisligi; Dp: Proximal ucun maksimum derinligi; SD:
Diafiz’in en kiigiik genisligi (medio-lateral yonde); DD: Diafiz’in en
kiigiik derinligi (dorso-palmar yonde); Bd: Distal ucun maksimum
genisligi (medio-lateral yonde); Dd: Distal ucun derinligi (dorso-palmar
yonde); 1: Condylus medialis’in external trochlea’sinin dorso-palmar ¢ap1
(DEM); 2: Condylus medialis’in internal trochlea’sinin dorso-plantar ¢ap1
(DIM); 3: Condylus lateralis’in internal trochlea’sinin dorso-plantar gap1
(DIL); 4: Condylus lateralis’in external trochlea’sinin dorso-plantar gapi
(DEL); WCM: Condylus medialis’in medio-lateral genisligi; WCL:
Condylus lateralis’in medio-lateral genisligi.

Figure 1. Metatarsus measurement parameters. A: Roe deer, B: Karayaka
sheep, C: Saanen goat. GL: Maximum length; Bp: Maximum width of the
proximal end; Dp: Maximum depth of the proximal end; SD: Smallest
width of the diaphysis (medio-lateral direction); DD: The smallest depth
of the diaphysis (in the dorso-palmar direction); Bd: Maximum width of
the distal end (in the medio-lateral direction); Dd: Depth of the distal end
(in the dorso-palmar direction); 1: Dorso-palmar diameter of the external
trochlea of the condylus medialis (DEM); 2: Dorso-plantar diameter of
the internal trochlea of the condylus medialis (DIM); 3: Dorso-plantar
diameter of the internal trochlea of the condylus lateralis (DIL); 4: Dorso-
plantar diameter of the external trochlea of condylus lateralis (DEL);
WCM: Medio-lateral width of condylus medialis; WCL: Medio-lateral
width of condylus lateralis.

BULGULAR

Karaca, Karayaka koyunu ve Saanen kegisi
metapodial kemiklerine ait aritmetik ortalama ve standart
sapma degerleri Tablo 1°de gosterildi. Bu veriler Duncan
¢oklu karsilagtirma testi ile aragtirildiginda metacarpus’ta
karaca i¢in Bp, Bd, Dd, DIM, DIL, WCL parametrelerinin
p<0,01 oOnem seviyesine sahip oldugu belirlendi. Bu
sonuglardan yola c¢ikarak karaca’nin metacarpus’unun
Karayaka koyunu ve Saanen kegisi’ne gore daha belirgin
olarak aymrt edilebildigi sonucuna varildi (Sekil 2).
Metacarpus’tan elde edilen Dp, DD, DEL, DEM ve WCM
parametrelerinin ¢ tiir i¢in de p<0,05 dnem seviyesinin
iistlinde bulunmasi bu parametrelerin tiir ayrimmda anlam
tasimadigini gosterdi.
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Ayrica istatistiki acidan Karayaka koyunu ve
Saanen kegisi metacarpus’u i¢in ayirt edici bir parametre
bulunamadi. Metatarsus’larin Duncan ¢oklu karsilagtirma
testi verileri Saanen kegisi metatarsus’larin1 karaca ve
Karayaka koyunu’ndan ayirt etmede kullanilacak bir¢ok
parametre oldugunu gosterdi. Metatarsus’lardan elde
edilen verilerde Saanen kegisi’nin Bp, Dp, Dd, DIM, DIL
ve WCM parametrelerinin p<0,01 6nem seviyesi istiinde
oldugu saptandi, bu parametrelerin Saanen kegcisi’ni diger
iki tiirden ayirt etmede kullanilabilecek istatistiksel olarak
cok anlamli parametreler oldugu belirlendi (Sekil 3). DEM
ve WCL parametrelerinin  ise  Saanen  kegisi
metatarsus’larinda 0,01<p<0,05 6nem seviyesi araliginda
olmasi tiir ayriminda diger iki tiire gére 6nemli veriler
sagladigim gosterdi.

Tablo 1. Karaca, Karayaka koyunu ve Saanen kecisi metacarpus ve
metatarsus’una ait aritmetik ortalama ve standart sapma degerleri.

Table 1. Arithmetic mean and standard deviation values of metacarpus
and metatarsus of roe deer, Karayaka sheep and Saanen goat.

Morfometrik dlciimler Metacarpus (x+SD mm) Metatarsus (x+SD mm)

Karaca 157,89+2,22 194,2042,28
GL Koyun 134,23+9,23 128,56+3,41
Kegi 109,63+3,20 77,74+64,37
Karaca 22,08+0,77 19,15+1,08
Bp Koyun 26,92+2,44 20,74+0,24
Kegi 29,44+0,14 16,67+14,22
Karaca 15,83+0,79 19,81+0,77
Dp Koyun 19,87+2,01 21,33+0,94
Kegi 18,56+2,04 16,12+13,15
Karaca 11,69+0,32 12,85+0,73
SD Koyun 13,45+0,86 11,2540,11
Kegi 17,06+0,93 9,59+8,21
Karaca 9,54+0,56 11,24+0,68
DD Koyun 10,58+1,43 9,88+0,42
Kegi 11,1540,12 7,90+6,47
Karaca 21,77+0,59 23,07+0,69
Bd Koyun 28,49+2,22 24,91+0,28
Kegi 30,14+0,14 18,38+15,67
Karaca 13,93+0,73 15,13+0,15
Dd Koyun 18,14+1,42 15,71+0,51
Kegi 19,54+0,02 12,65+10,51
Karaca 12,19+0,51 13,17+0,86
DIM Koyun 15,27+0,98 13,52+0,44
Kegi 16,86+0,06 10,90£9,06
Karaca 10,63+0,56 10,29+0,77
DEM Koyun 12,37+1,44 10,03+0,18
Kegi 11,97+0,06 7,85£6,64
Karaca 12,38+0,74 13,10+0,75
DIL Koyun 15,38+1,30 13,16+0,52
Kegi 16,78+0,41 11,00+9,07
Karaca 10,82+0,71 11,08+0,87
DEL Koyun 11,74+1,02 9,48+0,58
Kegi 11,53+0,07 8,23+6,62
Karaca 9,79+0,42 10,51+0,57
WCM Koyun 13,33+0,97 11,49+0,45
Kegi 13,89+0,03 8,76+7,19
Karaca 10,00+0,23 10,42+0,43
WCL Koyun 13,06+0,85 10,42+0,45
Kegi 13,41+0,53 8,14+6,66

*x: aritmetik ortalama, SD: standart sapma, n: 32.
*x: arithmetic mean, SD: standard deviation, n: 32

Karayaka koyunu metatarsus’larinda DD ve DEL
parametrelerinin 0,01<p<0,05 6nem seviyesi araliginda
bulunmasi bu igin karaca ve Saanen kegisi
kemiklerinden ayirt etmede Onemli veriler saglayan iki
parametre oldugunu gdsterdi (Sekil 4). Saanen kegisi
metatarsus’larinda DIL parametresi verileri (p<0,01) diger
iki tlirden ayirt edici istatistiki anlamlilik farkliliklar
ortaya  koyarken = Karayaka  koyunu’'nda  DEL
parametresinin (p<0,05) anlamli veri farkliligi oldugu

tlir
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belirlendi. Bundan yola ¢ikarak tiir ayrimimnda Saanen
kegisi’'nde condylus lateralis’in internal trochlea’sinin,
Karayaka koyunu’nda ise external trochlea’sinin
verilerinin kullanilabilecegi sonucuna varildi.

Calismada elde edilen GL ve SD degerlerinin hem
metacarpus hem de metatarsus’ta Duncan ¢oklu
karsilagtirma testi 6nem seviyesi p<0,01 degerine sahip
olmasi karaca, Karayaka koyunu ve Saanen kegisi’nde ¢ok
onemli derecede tiirler ig¢in aywrt edici bir parametre
oldugunu ortaya koydu (Sekil 5-6). Ayrica metatarsus’ta
bu degerlere ek olarak Bd degerinin p<0,01 6nem degerine
sahip oldugu saptandi ve tiirler aras1 metatarsus’lar i¢in ¢ok
onemli derecede ayirt edici bir parametre olarak belirlendi

(Sekil 6).
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Sekil 2. Metacarpus’ta karaca’nin Karayaka koyunu ve Saanen
kegisi’nden ayirt edilmesini saglayan parametreler.

Figure 2. Parameters to distinguish roe deer from Karayaka sheep and
Saanen goat in metacarpus.
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Sekil 3. Metatarsus’ta Saanen kecisi’nin karaca ve Karayaka
koyunu’ndan ayirt edilmesini saglayan parametreler.

Figure 3. Parameters to distinguish Saanen goat from roe deer and
Karayaka sheep in metatarsus.
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Sekil 4. Metatarsus’ta Karayaka koyunu’nun karaca ve Saanen
kegcisi’nden ayirt edilmesini saglayan parametreler.

Figure 4. Parameters that distinguish Karayaka sheep from roe deer and
Saanen goats in metatarsus.
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Sekil 5. Metacarpus’ta karaca, Karayaka koyunu ve Saanen kegisi’nin
birbirinden ayirt edilmesini saglayan parametreler.

Figure 5. Parameters for distinguishing roe deer, Karayaka sheep and
Saanen goat from each other in metacarpus.
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Sekil 6. Metatarsus’ta Saanen kecisi’nin karaca ve Karayaka
koyunu’ndan ayirt edilmesini saglayan parametreler.

Figure 6. Parameters to distinguish Saanen goat from roe deer and
Karayaka sheep in metatarsus.

TARTISMA

Literatiirde metapodial kemiklerin maximum
uzunlugu (GL) i¢in ruminant tiirleri arasinda farkli 6l¢iim
degerleri bulunmaktadir. Metacarpus ve metatarsus GL
degerleri yaklasik olarak sirastyla  Yukar1  Anzaf
Kalesinden ¢ikarilan koyunlarda (Onar vd., 2008) 122,72
mm, 131,72 mm, Istanbul Yenikap1 Metro ve Marmaray
bolgesinde ¢ikarillan koyunlarda (Pazvant vd., 2015)
12491 mm, 134,05 mm, Hemsin koyunlarinda
(Demiraslan vd., 2019) 134,40 mm, 139,16 mm, Bardhoka
koyunlarinda (Giindemir vd., 2020) 143,84 mm, 153,10
mm, Karagouniko koyunlarinda (Pourlis vd., 2017) 149,71
mm, 161,57 mm, Morkaraman koyunlarinda (Demiraslan
vd., 2015) 135,37 mm, 144,60 mm, Tuj koyunlarinda
(Demiraslan vd., 2015) 133,48 mm, 143,50 mm olarak
bildirilmistir. Yapilan ¢calismada Karayaka 1rki koyunlarda
bu deger sirastyla 134,23 mm, 128,56 mm 0lc¢iildi. Buna
gore Karayaka ki koyunlarin metacarpus uzunlugu
giiniimiiz koyun 1wrklarindan Karagouniko koyunlarina
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(Pourlis vd., 2017) gore belirgin 6l¢iide kisa iken Hemsin
(Demiraslan vd., 2019), Morkaraman (Demiraslan vd.,
2015) ve Tuj koyunlarina (Demiraslan vd.,2015) benzer
oldugu goriildii. Fakat Karayaka koyunu’nda metatarsus
uzunlugunun hem giiniimiiz koyun irklarinin tiimiine
(Demiraslan vd., 2015; Demiraslan vd., 2019; Giindemir
vd., 2020; Pourlis vd., 2017) gére hem de gegmis donem
koyun 1rklaria (Onar vd., 2008; Pazvant vd., 2015) gore
kisa olmasi dikkat ¢ekiciydi. Keg¢i metacarpus ve
metatarsus’unda ise GL degerleri yaklasik olarak sirasiyla
Yukar1 Anzaf Kalesinden ¢ikarilan kegilerde (Onar vd.,
2008) 100,96 mm, 106,68 mm, Istanbul Yenikap1 Metro ve
Marmaray bdlgesinde ¢ikarilan kecilerde (Pazvant vd.,
2015) 115,52 mm, 121,13 mm, Helen kegisi’nde (Pourlis
vd., 2017) 119,50 mm, 126,74 mm bildirilmistir.
Caligmada Saanen kegisi’ne ait GL degerleri ise sirasiyla
109,63 mm, 114,91 mm olarak 6l¢iildii. Ke¢i metacarpus
ve metatarsus maximum uzunluguna bakildiginda Saanen
kecisi hem metacarpus’unun hem de metatarsus’unun
Yukar1 Anzaf Kalesinden ¢ikarilan kegilerden (Onar vd.,
2008) uzun, Helen kegisi (Pourlis vd., 2017) ve Yenikap1
Metro ve Marmaray bdlgesinde ¢ikarilan kegilerden
(Pazvant vd., 2015) kisa oldugu goriildi. Yapilan
calismada karaca metapodial kemiklerinden elde edilen
GL degerlerinin hem Karayaka koyunu ve Saanen
kecisi’nden uzun oldugu belirlendi. Duncan ¢oklu
kargilagtirma testi ile ¢aligmamizda kullanilan tiirler
karsilastirildiginda ise GL (p<0,01) parametresinin bu
tiirleri birbirinden ayirmada kullanilabilecek bir parametre
oldugu saptandi.

Koyun metacarpus ve metatarsus SD parametre
degerleri literatiirde (Demiraslan vd., 2015; Demiraslan
vd., 2019; Giindemir vd., 2020; Onar vd., 2008; Pazvant
vd., 2015; Pourlis vd., 2017) metacarpus i¢in 13,45-17,00
mm metatarsus i¢in ise 11,25-14,55 mm arasinda
bildirilmistir. Karayaka koyunu’nda SD degerleri sirasiyla
yaklasik olarak 13,45 mm, 11,25 mm olarak olguldii.
Karayaka koyunu’'nda bu degerin hem giiniimiiz
koyunlarindan (Demiraslan vd., 2015; Demiraslan vd.,
2019; Giindemir vd., 2020; Pourlis vd., 2017) hem de
gecmis donem koyunlarindan (Onar vd., 2008; Pazvant
vd., 2015) diisik olmasi, bu wrkta diafiz genisliginin
(medio-lateral) diger koyun 1rklarina gore kiigiik oldugunu
gosterdi. Kegi metacarpus ve metatarsus SD degerleri ise
sirastyla Yukari Anzaf Kalesinden c¢ikarilan kegilerde
(Onar vd., 2008) 15,07 mm, 12,43 mm, Istanbul Yenikap:
Metro ve Marmaray bdlgesinde c¢ikarillan kegilerde
(Pazvant vd., 2015) 17,30 mm, 13,53 mm, Helen
kegcisi’nde (Pourlis vd., 2017) 17,03 mm, 13,92 mm olarak
belirtilmigtir. Saanen ke¢isi metacarpus ve metatarsus SD
degerleri ise sirasiyla 17,06 mm, 14,34 mm idi. Buna gore
Saanen kegisi metapodial kemiklerinin SD degerinin Helen
kegisi (Pourlis vd., 2017) ve Istanbul Yenikapt Metro ve
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Marmaray bolgesinde ¢ikarilan kegilerle (Pazvant vd.,
2015) benzerlik gosterdigi, Yukart Anzaf Kalesinden
¢ikarilan kegilerden (Onar vd., 2008) yiiksek oldugu
gozlendi. Calismada karaca metacarpus ve metatarsus SD
degerleri sirastyla 11,69 mm, 12,85 mm olarak 6l¢iildii. Bu
degerler karaca’nin en kiigiik diafiz genisliginin (medio-
lateral) Karayaka koyunu ve Saanen kegisi’nden daha
kiigiik oldugunu gosterdi. Duncan ¢oklu karsilagtirma testi
ile calismamizda kullanilan tiirler karsilagtirildiginda hem
metacarpus hem de metatarsus’ta SD 6nem degerinin
(p<0,01) cok anlamli olmasi bu tiirleri birbirinden
ayirmada kullanilabilecek bir parametre oldugunu ortaya
koydu.

Literatirde Bd parametre degeri
metacarpus’unda 25,12-29,01 mm, metatarsus’ta 24,25-
27,69 mm deger araliginda bildirilmisgtir (Demiraslan vd.,
2015; Demiraslan vd., 2019; Gilindemir vd., 2020; Onar
vd., 2008; Pazvant vd., 2015; Pourlis vd., 2017). Calismada
Karayaka koyun irkinda bu degerin sirasiyla 28,49 mm,
24,91 mm olmas1 metacarpus’ta gliniimiiz koyun irklarina
(Demiraslan vd., 2015; Demiraslan vd., 2019; Glindemir
vd., 2020; Pourlis vd., 2017) benzerlik gosterirken ge¢mis
doénem koyunlarindan (Onar vd., 2008; Pazvant vd., 2015)
daha yiiksek bulundu. Metatarsus Bd degeri ise ge¢mis
dénem koyunlariyla (Onar vd., 2008; Pazvant vd., 2015)
benzerlik  gosterirken, gliniimiiz  koyun 1rklarina
(Demiraslan vd., 2015; Demiraslan vd., 2019; Giindemir
vd., 2020; Pourlis vd., 2017) oranla duisikti. SD
parametresi gdz Oniinde bulunduruldugunda bu degerin
Karayaka koyunu’nda diger tiirlere gore daha kiigiik olmast
beklenirken 6zellikle metacarpus’ta bilylimesi bu tiir igin
onemli bir parametre olarak degerlendirildi.
kegisi’nde metapodial Bd degerleri literatiirle (Onar vd.,
2008; Pazvant vd., 2015; Pourlis vd., 2017) oldukga
benzerdi. Karaca’da ise metacarpus ve metatarsus Bd
degeri sirastyla 21,77 mm, 23,07 mm o6l¢iildii. Karayaka
koyunu ve Saanen kecisi degerlerine oranla karaca’nin
hem metacarpus hem de metatarsus degerlerinin diigiik

koyun

Saanen

olmasi distal ucun maksimum genisliginin daha dar
oldugunu gosterdi. Fakat calismada sadece metatarsus icin
Bd parametre degerleri istatistik olarak 3 tiir icinde gok
anlamli (p<0,01) bulundu. Bu sonug ¢alismada kullanilan
tirlerin  metatarsus’larini  birbirinden ayirt etmede
kullanilabilecek bir parametre oldugunu ortaya koydu.
Calismada Karayaka koyunlarda
metacarpusta Bp  degerinin  giiniimiiz  koyunlari
(Demiraslan vd., 2015; Demiraslan vd., 2019; Giindemir
vd., 2020; Pourlis vd., 2017) ile benzerlik gosterdigi,
gecmis donem koyunlarindan (Onar vd., 2008; Pazvant
vd., 2015) ise daha genis oldugu goriildii. Metatarsus Bp
degerleri karsilastirildiginda ise giliniimiiz koyunlarinin
(Demiraslan vd., 2015; Demiraslan vd., 2019; Giindemir
vd., 2020; Pourlis vd., 2017) proximal uglarinin maksimum

ki
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genisliginden (medio-lateral) daha dar oldugu ve gecmis
dénem koyunlarina (Onar vd., 2008; Pazvant vd., 2015)
benzerlik gosterdigi goriildii. Bu sonuglar metacarpus SD
degeri ile karsilastirildiginda tipki Bd degerinde oldugu
gibi beklentinin {izerinde olmas1 Karayaka koyunu i¢in
onemliydi. Saanen  kegisi'nde  Bp degerinin
metapodium’larda hem Helen kegisi (Pourlis vd., 2017)
hem de ge¢mis donem kegilerinden (Onar vd., 2008;
Pazvant vd., 2015) daha genis oldugu gozlendi. Karaca
metapodium Bp degerleri Karayaka koyunu ve Saanen
kegisi’yle karsilastirildiginda daha dar oldugu saptandi.
Caligmada Duncan c¢oklu karsilagtirma testi ile Bp
degerinin istatistik olarak metacarpus’ta karaca icin
(p<0,01), metatarsus’ta ise Saanen kegisi i¢in ¢ok anlamli
(p<0,01) ¢ikmasi bu degerin metacarpus’ta karaca igin,
metatarsus’ta ise Saanen kegisi i¢in ayirici bir parametre
oldugunu gésterdi.

Yapilan ¢alismada Karayaka koyun 1rkinda
metacarpus Dp parametre degerinin giiniimiiz koyunlarina
(Glindemir vd., 2020; Pourlis vd., 2017) benzedigi ancak
gecmis donem koyunlarindan (Onar vd., 2008; Pazvant
vd., 2015) uzun oldugu, metatarsus Dp degerinin ise
gecmis donem koyunlarma (Onar vd., 2008; Pazvant vd.,
2015) benzerlik gosterdigi ve giiniimiiz koyun irklaridan
(Glindemir vd., 2020; Pourlis vd., 2017) kisa oldugunu
ortaya koydu. Bu karsilastirmalar sonucu Dp
parametresinin metacarpus’ta uzun metatarsus’ta kisa
olmas1 Karayaka koyunu’nun basig ya da yere yik
bindirme seklinden kaynaklanabilecegini diisiindiirdii.
Keg¢i metacarpus Dp degeri Helen kegisi (Pourlis vd., 2017)
ve Istanbul Yenikapt Metro ve Marmaray bolgesinde
¢ikarilan kegilerle (Pazvant vd., 2015) benzer Yukari
Anzaf Kalesinden ¢ikarilan kegilerden (Onar vd., 2008)
yiiksek bulundu. Bu parametre ¢alismada kullanilan diger
tiirlerle karsilastirildiginda metatarsus’ta Saanen kegisi igin
¢ok anlamli (p<0,01) bulundu. Karacada metapodial Dp
degerleri ise Saanen kecisi ve Karayaka koyunu’ndan
diigiikti.

Karayaka koyununda metacarpal Dd degeri
giniimiiz koyun 1rklarina (Demiraslan vd., 2015;
Demiraslan vd., 2019; Giindemir vd., 2020; Pourlis vd.,
2017) benzerlik gosterir iken gegmis donem koyun
wrklarindan (Onar vd., 2008; Pazvant vd., 2015) yiiksek
metatarsal Dd degeri ise hem giliniimiiz koyun 1rklarindan
(Demiraslan vd., 2015; Demiraslan vd., 2019; Giindemir
vd., 2020; Pourlis vd., 2017) hem de ge¢mis déonem koyun
wrklarindan (Onar vd., 2008; Pazvant vd., 2015) disiikti.
Saanen kegisi’'nde Dd degerinin metapodium’larda hem
Helen kegisi (Pourlis vd., 2017) hem de ge¢mis donem
kegilerinden (Onar vd., 2008; Pazvant vd., 2015) daha uzun
oldugu goriildi. Karaca metacarpus ve metatarsus Dd
degeri ise sirastyla 13,93 mm, 15,13 mm idi. Calisma
tiirleri ile karsilastirildiginda Karayaka koyunu ve Saanen
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kecisi’nden daha kisa oldugu gorildii. Dd degerinin
istatistik olarak metacarpus’ta karaca, metatarsus’ta ise
Saanen kegisi i¢in ¢ok anlamli (p<0,01) olmasi bu
parametrenin metacarpus’ta karaca i¢in, metatarsus’ta ise
Saanen kegisi i¢in belirleyici oldugunu gosterdi.

DD degeri i¢in metacarpus ve metatarsus literatiir
verileri (Demiraslan vd., 2015; Demiraslan vd., 2019;
Giindemir vd., 2020; Onar vd., 2008; Pazvant vd., 2015;
Pourlis vd., 2017) Kkarsilastirildiginda  Karayaka
koyunu’nun metacarpus DD degerinin Bardhoka
(Giindemir vd., 2020) ve Karagouniko (Pourlis vd., 2017)
koyunlarindan , metatarsus’a ait DD degerlerinin ise
Bardhoka (Gtindemir vd., 2020) Karagouniko (Pourlis vd.,
2017), Morkaraman ve Tuj (Demiraslan vd., 2015)
koyunlarindan kiigiik oldugu saptandi. Saanen kegisinde
DD degerinin ise giinimiiz Helen kegisi’ne (Pourlis vd.,
2017) benzer oldugu gozlendi. Karaca metacarpus ve
metatarsus DD degeri ise sirasiyla 9,54 mm, 11,24 mm
Olciildi. Bu  degerin  diger
kargilastirildiginda 6nemsiz bulunmasi bu parametrenin
calismada kullanilan tlirlerin ayriminda kullaniminin
anlamsiz oldugunu ortaya koydu.

Rowley Conwy morfometrik olarak koyun ve keci
metapodium’larinit inceledigi ¢aligmasinda metacarpus’ta
WCL ve WCM degerlerinin tiir ayrimi igin daha az
givenilir oldugunu bildirmistir (Rowley-Conwy, 1998).
Yapilan ¢alismada da metapodium’lara ait WCM ve WCL
degerleri Karayaka koyunu ve Saanen kecisi’nde genel
olarak literatiirde bildirilen koyun (Demiraslan vd., 2015;
Demiraslan vd., 2019; Giindemir vd., 2020; Pazvant vd.,
2015; Pourlis vd., 2017) ve kegi (Pazvant vd., 2015; Pourlis
vd., 2017) tiirleriyle uyumlu bulunmasi bu goriisi
desteklemektedir.  Ayrica elde
metapodial WCM degerleri Karayaka koyunu ve Saanen
kegisi ile karsilastirildiginda daha kiigiik degerlere sahip
oldugu gozlendi. Fakat bu fark istatistiksel olarak anlamli
bulunmadi. Karaca’”da WCL degerlerinin ise Karayaka
koyunu ve Saanen kecisi karsilastirildiginda metacarpus

olarak tirlerle

karaca’dan edilen

icin daha diisiik oldugu, metatarsus i¢in ise belirgin bir fark
gostermedigi saptandi. Karaca metacarpus WCL degerinin
p<0,01 6nem seviyesine sahip olmast bu parametrenin
karaca i¢in spesifik oldugunu ortaya koydu.

DIM ve DIL parametreleri i¢in Karayaka koyunu
ile literatiirdeki diger koyunlarin (Demiraslan vd., 2015;
Demiraslan vd., 2019; Giindemir vd., 2020; Pazvant vd.,
2015; Pourlis vd., 2017) degerleri karsilastirildiginda
metacarpus’ta giiniimiiz koyun irklarindan (Demiraslan
vd., 2015; Demiraslan vd., 2019; Giindemir vd., 2020;
Pourlis vd., 2017) belirgin derece diigiik, gegmis donem
koyunlarindan (Pazvant vd., 2015) yiiksekti. Metatarsus’ta
ise hem geg¢mis donem (Pazvant vd., 2015) hem de
ginimiiz koyun irklarindan (Demiraslan vd., 2015;
Demiraslan vd., 2019; Giindemir vd., 2020; Pourlis vd.,
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2017) disik bulundu. Saanen Kkegisi metapodial
kemiklerinde s6z konusu parametrelerin hem Helen
kegisi’nden (Pourlis vd., 2017) hem de ge¢mis donem
(Pazvant vd., 2015) kegilerinden yiiksek oldugu goriildii.
Duncan ¢oklu karsilagtirma testi verilerine gore karaca
metacarpus’unda ve Saanen kegisi metatarsus’unda DIM
ve DIL degeri 6nem seviyesinin anlamli (p<0,01) olmasi,
DIM ve DIL parametrelerinin metacarpus’ta karaca igin,
metatarsus’ta ise Saanen keg¢isi i¢in ayirici bir parametre
oldugunu ortaya koydu.

Karayaka koyunu DEM ve DEL degerleri genel
olarak metacarpus’ta literatiire (Demiraslan vd., 2015;
Demiraslan vd., 2019; Giindemir vd., 2020; Pazvant vd.,
2015; Pourlis vd., 2017) benzerlik gosterirken,
metatarsus’ta ise literatiire (Demiraslan vd., 2015;
Demiraslan vd., 2019; Gilindemir vd., 2020; Pazvant vd.,
2015; Pourlis vd., 2017) gore daha diigiiktii. Saanen
kegisi’nde ayni parametreler hem gegmis donem kegileri
(Pazvant vd., 2015) hem de Helen kegisi’ne (Pourlis vd.,
2017) gore daha yiiksek bulundu. DEM parametresinin
Duncan ¢oklu karsilastirma testi verilerinde p<0,05 6nem
seviyesinin iistiinde ¢ikmasi ¢aligmada kullanilan tiirlerin
birbirinden ayirt edilmesinde bu parametrenin anlam
tasimadigin1  gosterdi. DEL parametresi ise Karayaka
koyunu’nda metatarsus i¢in anlamliyd: (p<0,05). Bundan
dolayt DEL parametresinin Karayaka koyunu igin
belirleyici bir parametre oldugu saptandi.

Sonug olarak bu ¢alisma ile Karayaka koyunu,
Saanen kegisi ve karaca metapodium’larina ait belirleyici
Olciim belirlendi. Karayaka koyunu’nda
metatarsus uzunlugu (GL) hem giiniimiiz koyun irklarina
(Demiraslan vd., 2015; Demiraslan vd., 2019; Giindemir
vd., 2020; Pourlis vd., 2017) hem de gegmis donem koyun
wrklarma (Onar vd., 2008; Pazvant vd., 2015) goére kisaydi.
Yapilan c¢alismada kullanilan ¢ tir i¢in ayirt edici
parametreler metacarpus i¢cin GL ve SD metatarsus igin
GL, SD, Bd idi. Tiir bazinda karaca metacarpus’unu
Karayaka koyunu ve Saanen kegisi’nden ayiran
parametreler Bp, Bd, Dd, DIM, DIL ve WCL, Saanen
kecisi metatarsus’unu karaca ve Karayaka koyunu’ndan
ayiran parametreler Bp, Dp, Dd, DIM, DIL WCM ve
Karayaka koyunu metatarsus’unu karaca ve Saanen
kecisi’'nden ayiran parametreler ise DD ve DEL olarak
belirlendi.
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Abstract: Biological treatment of wastewater containing dyes utilizing aerobic, anaerobic, or
combined aerobic-anaerobic biodegradation techniques is often utilized due to its relative affordability
and lack of hazardous consequences. Different microorganisms including bacteria, fungi, and algae
have been preferred to decolorize the different dyes Up to 10% of the dyes used in the textile industry
remain as wastewater, and wastewater containing this dye must be treated appropriately before mixing
with natural spring waters.The objective of variety search is to identify the factor combination with the
highest desirability combination. Desirability functions are frequently employed in RSM optimization.
In this study, four bacterial biomasses have been tested for their capacity to decolorize dyes. Screening
studies included four distinct biomasses and four distinct reactive dyes. The bacterial strain #288 has a
biosorption yield of about 70% on Reactive Violet 1. Response Surface Methodology classified under
the central composite design was employed to maximize the biosorption percentage and biosorption
capacity. At the end of the studies, Reactive Violet 1 was adsorbed by #288 with 93.7% biosorption
yield and the biosorption capacity was estimated to be 325.7 mg/g. Fourier Transmission Infrared
Spectroskopi and Scanning Electron Microscopy were used to characterize the untreated and dye-
loaded biomass. In conclusion, strain #288 was shown to be an effective biomass in removing Reactive
Violet 1 from textile wastewater.

Keywords: Biosorption, environmental treatment, reactive azo dye, response surface methodology..
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Biyosorpsiyon Optimizasyonu

Oz: Aerobik, anaerobik veya kombine aerobik-anaerobik biyolojik degradasyon teknikleri boya igeren
atik sularin iyilestirilmesinde olduk¢a sik kullanilmaktadir. Boya gideriminde fungus, bakteri ve
alglerin yer aldig1 mikroorganizmalar tercih edilmektedir. Tekstil endiistrisinde kullanilan boyalarin
%10’u atik su olarak kalmakta ve bu boya igeren atik sularin dogal kaynak sularina karismadan dnce
uygun sekilde iyilestirilmesi gerekmektedir. Bu alanda yapilan ¢aligmalarmn asil amaci, iyilestirmede
etkili faktorlerin kombinasyonlarini deneyerek en yiiksek giderimi saglayan istenirlik fonksiyounna
ulagmaktir. Bu istenirlik fonksiyonlar1 da Yanit Yiizey Metodolojisi optimizasyonunda siklikla
kullanilmaktadir.

Bu ¢aligmada, dort bakteri biyokiitlesinin renk giderimindeki kapasiteleri test edilmigtir. Tarama
caligmalar1, dort farkli biyokiitle ve dort farkli reaktif boya icermektedir. Bakteriyel sus #288’in,
Reaktif Mor 1'de yaklasik %70'lik bir biyosorpsiyon verimine sahip oldugu bulunmustur.
Biyosorpsiyon yiizdesini ve biyosorpsiyon kapasitesini maksimize etmek i¢in merkezi kompozit
tasarim altinda simiflandirilan Yanit Yiizey Metodolojisi kullanilmigtir. Calismalar sonucunda Reaktif
Mor 1 %93,7 oraninda #288 kodlu bakteriyel sus tarafindan adsorbe edilmis ve biyosorpsiyon
kapasitesi 325,7 mg/g olarak hesaplanmigtir. Muamele edilmemis ve boya yiikli biyokiitleyi
karakterize etmek i¢in Fourier Transmission Infrared Spektroskopi ve Taramali Elektron Mikroskobi
kullanilmigtir. Sonug olarak, #288 susunun tekstil atik sularindan Reaktif Mor 1'i gidermede etkili bir
biyokiitle oldugu gosterilmistir.

Anahtar kelimeler: Biyosorpsiyon, ¢evresel iyilestirme, reaktif azo boya, yanit yiizey metodolojisi.
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INTRODUCTION

Biological treatment of wastewater containing dyes
using aerobic, anaerobic, or combination aerobic-anaerobic
biodegradation processes is frequently used due to its
relative affordability and lack of harmful byproducts. A
variety of microorganisms such as bacteria, fungi, and algae
were utilized to decolorize and mineralize various colors
(Roy et al., 2018). They have been identified as potential
adsorbents for removing dyes, metals, aromatic compounds,
insecticides, and other pollutants (Waheed et al., 2021). The
biological adsorbents could be called biosorbents. They have
a cheap operating cost, are non-hazardous, can regenerate,
and have a high pollution intake capability. Many dye
particles, metals, and other pollutants can be used as carbon
or nitrogen sources by pure and mixed cultures of bacterial
species (Khan et al., 2013; Pathak et al., 2015).

Organic dyes are widely utilized in the textile,
paper, and paint industries, and it is estimated that 10,000
distinct textile dyes are accessible globally, with an annual
production of approximately 7x10° tons (Benkhaya et al.,
2020). Up to 10% of applied dyes in the textile sector do not
bond to the fabrics and are eliminated as colored
wastewaters, which must be adequately treated before
discharge into different water bodies (Al-Zawahreh et al.,
2021). Because of their high visible light absorption, colored
pollutants have a deleterious impact on aquatic life's
photosynthetic activity (Al-Zawahreh et al., 2021; Ribas et
al., 2014). The one class of organic dyes is reactive dyes
which are a highly successful family of synthetic dyes
because of their simplicity of application, outstanding wet-
fastness qualities, reasonable price, and brilliance in hues.
Reactive dyes have gained popularity due to their great wet-
fastness, brilliance, and color range. Many reactive dye
molecules with mono or hetero-reactive groups are referred
to as bifunctional dyes; these dyes have good fastness
properties and a greater fixation value (Patel et al., 2023).

Response Surface Methodology (RSM) is a
regression-based strategy that consists of a combination of
mathematical and statistical methods for expressing the
effects of specified factors on response variables. Central
Composite Design (CCD) is one of the RSM techniques.
Desirability functions are commonly used in RSM
optimization, and the goal here is to find the factor
combination with the highest desirability combination.
Many researchers in biological processes have achieved
successful findings using the RSM technique (Oge et al.,
2023). However, it has been discovered that most statistical
software is insufficient in approximating the global optimum
outcome.

Different structures of synthetic dyes are frequently
used in the textile industry during fiber processing, the
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effluents produced are markedly variable in chemical
composition, including organics, nutrients, sulfur
compounds, salts, and various toxic substances (Chen et al.,
2003; Ghodake et al., 2009). Various physicochemical
operational parameters, such as agitation, oxygen,
temperature, pH, dye structure, dye concentration,
supplementation of different carbon and nitrogen sources,
electron donor, and redox mediator, all have a direct impact
on the bacterial decolorization performance of azo dyes in
biological treatment processes. Thus, previous identification
of the effect of each element on the bacterial decolorization
of azo dyes is required to make the process more effective,
quicker, and realistically applicable (Saratale et al., 2011).

In light of this knowledge, it was considered that the
optimization of Reactive Violet 1 to maximize the
biosorption and capacity in this research. In this context,
central composite design from response surface
methodology was used in optimization studies. The three
levels of environmental parameters were studied. The
characterization of biomass before and after biosorption by
FTIR and SEM was carried out.

Scientific Publication Screening: There are some
studies on the decolorization of Reactive Violet (RV) dyes
in the literature. Moosvi and his colleagues utilize a bacterial
mix culture to decolorize RV5. The decolorization rate was
reported to be 94% after 37 hours under a wide range of pH
(6.5-8.0) and temperature (25 °C - 40 °C) conditions
(Moosvi et al., 2005). Jain and his colleagues investigated
the decolorization of RV5 by a bacterial consortium. After
40 hours, the decolorization efficiency was determined to be
90%. The reactive dye was then characterized using several
approaches (Jain etal., 2012). The haloalkaliphilic strain was
employed by Prabhakar and colleagues to decolorize the
RV1. To achieve the best decolorization rate, Box-Behnken
from Response Surface Methodology was used. In 51 hours,
the bacterium eliminated 96.33% of the RV1 (Prabhakar et
al., 2019). Prabhakar and colleagues utilized the same
haloalkaliphilic strain to demonstrate the effect of textile
industrial solvent on RV1 elimination. However, the
maximum decolorization rate obtained with alone dye was
96.8%. Other solvents had a negative impact on the removal
reaction (Prabhakar et al., 2019).

MATERIAL AND METHOD

Biological Adsorbents: Four microorganisms were
used as adsorbents isolated from industrial wastewater and
deposited in glycerol stock in the laboratory. Bacterial
strains were coded to be #288, #351, #201, and #HE1. Then
every microorganism was incubated in Nutrient Broth with
100 ml. After inoculation of 10%, the microorganism
cultures were incubated at 35 °C by shaking 150 rpm in 100
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ml x 10 Erlen Mayer (Lab Companion SI 600R, USA). At
the end of incubation, the cultures were centrifuged at 5000
rpm for 10 min (Beckman Coulter, Allegra X-30). The
supernatants were removed, and pellets were left to dry at 50
°C. The dried pellets were crushed in mortar then their
weighing was done.

Adsorbates: Four textile dyes including Reactive
Blue 72 (RB72), Reactive Orange 12 (RO12), Reactive
Violet 1 (RV1), and Reactive Yellow 85 (RY85) taken from
a local textile company were used as an adsorbate. Before
application, the dyes' maximum absorption wavelengths
were determined, and all concentrations were prepared based
on the standard curves of dyes. All spectrophotometric
readings were practiced by the CPS Controller UV-VIS
Spectrophotometer (Schimadzu UV-2550; Kyoto, Japan).
The optimum wavelength enabled for RB72, RO12, RV1,
and RY85 was 628 nm, 418 nm, 558.5 nm, and 422 nm,
respectively.

Screening of dye biosorption: In dye biosorption
studies, four textile dyes (RB72, RO12, RV1, RY85) were
treated by four bacterial isolates coded with #288, #351,
#201 and #HEL. The experimental setup was designed in a
25 mL working volume with a pH 2 dye solution (Akar et
al.,, 2009). 2.5 mg (0.1 g¢/L) biomass was used, and
incubation was completed at 25 °C by 150 rpm for 30 min.
The initial dye concentrations were prepared as 50 ppm. The
experiments were practiced in triplicate. At the end of the
experimental steps, biosorption % and biosorption capacity
were calculated based on Equation 1 (Razmovski et al.,
2008) and Equation 2 (Wang et al., 2016).

Co=initial dye concentration
C¢= dye concentration at “t” time

Biosorption % = %xwo [€h)
0

Co= initial dye concentration

C¢= dye concentration at “t” time

g=biosorption capacity

="V )

Response surface methodology in optimization
study for dye biosorption: The central composite design was
used to optimize the parameters of incubation time, biomass
amount, and initial dye compound concentration for
biosorption % and biosorption capacity. Table 1 lists the
three factors and their levels.

Table 1. Parameters and their levels.

Parameter Unit -1 0 +1
Incubation time (A) min 30 60 90
Biomass (B) g/L 0.2 0.6 1

Dye concentration (C) g/L 50 125 200
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The best-fitting models were identified using
quadratic regression, in which inconsequential model
parameters were removed from the models and only
variables with significant values were chosen for model
creation using Central Composite Design. Design-Expert
version 11.0 (Stat-Ease In., Minneapolis, USA) was used for
the computational work, which included the assignment of
experimental points, randomization, analysis of variance
fitting of the quadratic models and graphical representations,
as well as optimization.

Characterization of adsorbent

Fourier Transmission Infrared Spectroscopy: IR
spectra in the 4000-400 cm region were obtained using a
KBr pellet by Bruker Tensor FT-IR spectrometer (Aytar
Celik et al., 2021; Cengiz et al., 2014; Dolphen et al., 2007).

Scanning Electron Microscope: To determine the
morphology and to detect the surface element of biomass
before and after biosorption was analyzed by FE-SEM
(Hitachi Regulus 8230 FE-SEM) (Aytar Celik et al., 2021;
Aytar et al., 2016).

Statistical Analysis: The averages and standard
deviations of the data are shown (n = 3). Using the package
program of JMP (version 6.0.0), analysis of variance was
carried out. The Student’s t-test was used to establish the
significance ratings between the averages (p<0.001 was
regarded as significant).

Design-Expert  version 11.0 (Stat-Ease In.,
Minneapolis, USA) was used to analyze experimental data
according to the ANOVA test.

RESULTS AND DISCUSSION

Microbial Adsorbent Selection: The bacterial
particles were used in the decolorization of dyes. All results
have been commented according to statistical analysis. The
selection was made based on biosorption efficiency and
biosorption capacity. Both the biosorption efficiency and
biosorption capacity were calculated and then the values
were given in Table 2. Based on the biosorption efficiency
and biosorption capacity except for #HE1 and #351 isolates,
other adsorbents have the potential to decolorize all dyes.
#202 and #288 particles were more significant for
decolorization. However, the most biosorption yield belongs
to isolate #288 with 69.20% biosorption on Reactive Violet
1. Under this biosorption yield, the biosorption capacity was
found as highest value (Table 2).

Optimization study for dye biosorption: The results
of the statistical examination of the parameters' effects on
biosorption % and biosorption capacity are presented in
Table 3. Biosorption yield (%) and biocapacity were
computed for each experimental set and evaluated as a
response within the scope of experiments in the design
matrix.
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Table 2. Biosorption % and biosorption capacity of adsorbents.

J. Anatolian Env.
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RB72 ROI2 RYS85 RVI

#202 Biosorption (%) 14.74+0,01° 20.36+ 0,04° 21.47+0,03° 30.52+ 0,00°
Biosorption capacity (mg/g) 78.83+ 10,118 102.68+ 20,86 " 106.50+ 18,37° 139.86+ 3,79%

#288 Biosorption (%) 23.75+0,01° 29.14 0,05 50.02+ 0,03 69.20+ 0,17
Biosorption capacity (mg/g) 127.00% 6,04* 146.90+ 26,36" 248.17+ 15,48 317.18+ 79,234

#351 Biosorption (%) 18.02+ 0,03° 13.33+ 0,00 7.81+ 0,00° 17.91% 0,03°
Biosorption capacity (mg/g) 89.33+ 18,278 70.20+ 4,108¢ 38.21+4,23¢ 85.22+ 17,52¢

#HEI Biosorption (%) 13.544 0,02° 8.71+ 0,00° 0.75+ 0,01¢ 17.40+ 0,05°
Biosorption capacity (mg/g) 67.16% 12,117 45,91+ 2,06° 3.65+ 6,51° 82.81+28,02°

**a-d: Within each column, different superscript lowercase letters show differences between the different biosorptions (p <0.001)
*A-D: Within each column, different superscript uppercase letters show differences between the different biocapacities (p <0.001)

**Data are presented as mean = standard deviation (n=3)

Table 3. Design matrix and analysis results of biosorption % and biosorption capacity under different conditions.

Experiments Number FACTORS RESPONSES
Incubation time (min) A Biomass (g/L) B Dye conc. (g/L)C Biosorption (%) Biosorption capacity (mg/g)
1 30 0.2 50 70 201
2 90 0.2 50 82 236
3 30 1 50 100 58
4 90 1 50 92 55
5 30 0.2 200 39 400
6 90 0.2 200 42 424
7 30 1 200 99 199
8 90 1 200 99 199
9 30 0.6 125 93 194
10 90 0.6 125 95 207
11 60 0.2 125 58 369
12 60 1 125 98 123
13 60 0.6 50 84 80
14 60 0.6 200 69 231
15 60 0.6 125 98 205
16 60 0.6 125 98 205
17 60 0.6 125 98 205
18 60 0.6 125 98 205
19 60 0.6 125 98 205
20 60 0.6 125 98 205

The quadratic regression model equations were
fitted with the selected parameters. These equations related
to parameters were represented in Eq.3 and Eq.4 for
biosorption percent and biosorption capacity, respectively,
based on the coded levels of these parameters. The basic
factors were kept constant for the model. Except this, a dual
interaction was found between biomass and dye
concentration.

Yaiosorption (%) = 94.96 + 0.904 + 19.70B —

8.00C + 9.62BC — 8.81B2 — 10.31(2 A3)
Ysiosorp cap = 201.49 + 6.904 — 99.60B +
82.30C — 12.75BC + 54.06B% — 36.44C? ()

The ANOVA results of the statistical evaluation
are shown in Table 4. It shows that the R? values for
biosorption % and biosorption capacity were found to be
very close to the value of 1. However, the best model
belongs to biosorption capacity according to R?. The
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relevance of the model has been checked by determination
coefficient (R?). The R? value of 0.9362 and 0.98 depict
the acceptable validity to the predicted values for the
response, respectively, biosorption % and biosorption
capacity. The adjusted R? value of 0.9067 and 0.97 is a
reasonable agreement with predicted values. The predicted
R2 was used to evaluate how well a regression model
predicts. Although it is preferred to use biosorption
efficiency, the predictability of biosorption capacity turned
out to be more reliable. On the other hand, the prediction
of biosorption efficiency was acceptable for following
experiment.

The parameter that affects the model's response
more than the others in regression equations is the one with
the highest coefficient. If the coefficient is positive, the
parameter has a proportional effect on the response. If the
coefficient is negative, the parameter has an inverse effect
on the answer. When Eq (3) was examined, it was seen that
the parameter that has the most effect on biosorption was
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biomass amount. However, it was found that biomass
amount is proportional to the biosorption and inversely
proportional to the biosorption capacity, so, as the biomass
amount increases, biosorption increases, but biosorption
capacity decreases (Hu et al., 2020) (Figure 1). The same

Table 4. ANOVA results of statistical evaluation.
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results have been obtained by Hu et al., on Pb?* biosorption
from aqueous solutions. As expected, high biomass
amount has huge potential to decolorize the dye; but when
the biomass decolorizes the dye at the high biomass
concentration, it could not absorb all dye to its surface.

Sources of variations Degree of freedom Sum of Squares Mean square f -value p-value
Regression model 6 6735.44 1122.57 31.77 0.0001
Lack of fit 1 459.36 57.42
Biosorption Error 1 0.00 0.00
Corrected total 19 7149.80
R?=0.9362; Adj-R?= 0.9067; Pred R? = 0.7988
Regression model 6 1.781E+05 29690.65 155.37 <0.0001
Lack of fit 8 2484.29 476.10
Biosorption capacity Error 5 0.00 0.00
Corrected total 19 1.806E+05

R?=0.98; Adj-R?=0.97; Pred R? = 0.9534

Interaction Interaction

C: Concentration (/) 00

C: Concentration (a/)

Biosorbtion (%)

& & ] E

h h h h
.

\'\ |
B.Sorb, Capacity

h h

B Biomass [gr/l) B: Biomass (gn/])

Figure 1: Dual interaction on biosorption % and biosorption capacity. a-
c: dye concentration and biomass interaction on biosorption %. Two and
three-dimensional graphs, respectively. b-d: dye concentration and
biomass interaction on biosorption capacity. Two and three-dimensional
graphs, respectively.

Verification Experimental: The optimum
conditions were determined to maximize both biosorption
% and biosorption capacity. Incubation time, 90 min,
biomass measurement, 04022 g¢/L, and initial dye
concentration 134.04 g/L, and under these conditions, the
model estimated that a maximum of 82.2754% and
281.025 were obtained at the end of biosorption. In the
optimum conditions given by the model, biosorption % and
biosorption capacity were found as 93.7% and 325.7 mg/g
respectively at the end of verification experiments. The two
values are very close to the predicted values by the model.
This suggest the model is reliable according to these
values.

Characterization of Biomasses

The Determination of Functional Group: RV1
may have been biosorbed onto the adsorbent via functional
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groups consisting of -SOs, hydroxyl, amide, and carboxyl
groups, according to IR spectra of untreated and dye-
loaded biomasses. These findings suggest that the
functional groups on the biosorbent surface may be
involved in the biosorption process. The functional groups
found in the untreated biomass are most likely involved in
the biosorption of the dyestuffs under consideration.

Dolphen and coworkers have reported the
wavelength of functional group peaks. These wavelengths
were identified for functional groups which are identified
following. 1558 cm™ for -NH,, 1621 cm™ for amide II,
1654 cm™ for amide 1, 1205 cm™*and 1258 cm™ for -
CNH, 1025 cm for C-N, 3363 cm™* and 3438 cm™ for N-
H (Dolphen et al., 2007).

As shown in Figure 2, the FT-IR spectra of
untreated biomass and dye-loaded biomass were utilized to
identify biosorption sites. Three peaks appeared in the
range of 3600-4000 cm? for untreated and dye-loaded
biomasses. The change in the number of peaks at the range
of 2000-3600 cm* was determined, three peaks increased
seven peaks for dye-loaded biomass. At the range of 800-
2000 cm?, it increased the number of peaks. The dye-
loaded biomass has more peaks. Amide | functional group
was detected for untreated and dye-loaded biomasses at
1653 and 1657 cm™. -CNH functional group was detected
for untreated and dye-loaded biomasses at 1237 and 1231
cml. At 2359 and 2367 cm, the -OH group was detected
for untreated and dye-loaded biomasses, respectively.

The bands found at 898-651 cm™ following
biosorption were linked to biosorption properties for
aromatic skeletal groups (Aytar Celik et al., 2021).
Furthermore, the 673.6 cm-! band was found solely in dye-
loaded biomass in this study.

Surface Morphology: The surface of the untreated
biomass is heterogeneous, smooth, and porous, as seen in
the SEM image in Figure 3a-3b. SEM image of the dye-
loaded biomass looks as loading rounder and fuller with
dye in Figure 3c-3d.
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Figure 3: Scanning electron micrograph of untreated and dye-loaded
biomass. a-b: untreated biomass at 10 pm and 1pm scale. c-d: dye-loaded
biomass at 10 pum and 1pum scale.

SEM-EDX images present the elemental convent
of untreated and dye-loaded biomasses (Figure 4). When
the presence percentage of carbon was decreased, the
percentage of oxygen and nitrogen was increased. The
result has showed that, azo dye (RV1) absorbed by
biomass. So mean that, SEM micrographs indicated that
#288 can also play a role in the decolorization process.
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FTIR spectra of untreated biomass, b: FTIR spectra of dye-loaded biomass.
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Figure 4 SEM-EDX value and graph. a: untreated biomass b: dye-loaded
biomass.

DISCUSSION

To sum up, #288 coded as a bacterial strain was
used to decolorize the Reactive Violet 1 in this study. The
initial dye concentration, biomass measurement, and
incubation time were optimized by Central Composite
Design. 134 g/L dye was removed 93% biosorption yield
in 90 min using 0.1 g/L biomass. In this condition,
biosorption capacity was found as 325.7 mg/g. Untreated
and dye-loaded biomasses were characterized by FTIR and
SEM. According to IR spectra, characteristic functional
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groups were determined for untreated and dye-loaded
biomasses. SEM analyzed surface morphologies of
untreated and dye-loaded biomasses. On the other hand,
levels of carbon, nitrogen, and oxygen were measured by
EDX for untreated and dye-loaded biomasses. Based on
these results, the comparison with other studies in the
literature is outlined below.

Ganoderma cupreum AG-1 was used to
decolorize azo dye Reactive Violet 1 in a study by Gahlout
and co-workers. The environmental and medium
conditions were optimized and took advantage of the
presence of ligninolytic enzymes including laccase etc. At
lower concentrations, it was found that the percentage of
decolorization was higher and might reach up to 98% at the
lowest concentration of 0.1 g/L. They analyzed
degradation products; therefore, they used control dye and
products. Degraded product has major changes in the
fingerprint region based on FTIR spectrum (Gahlout et al.,
2013).

Bello and his friends studied on adsorption of
Remazol Brilliant Violet-5R on carbon derived from cocoa
pod husks (CPHAC). They examined the effects of
concentration of dye, time, temperature, and pH. Isotherm
models were studied to the fitted model. They found
Freundlich model for this adsorption. CPHAC was good at
acidic pH and at the end of time evaluation, CPHAC is
good at adsorbing dye with 97,8% removal at 100 mg/l. On
the other hand, they characterized the adsorbent by FTIR,
SEM. Characteristic peaks of CPHAC were determined
and intermolecular bonds due to high temperature (Bello et
al., 2012).

A maximum 93% decolorization of Reactive
Violet 5R by the bacterial consortium JW-2 was observed
at 37 °C, according to Moosvi and coworkers. They added
that the pace at which Reactive Violet 5R dye decolorizes
diminishes with a greater increase or decrease in
temperature from the ideal (Moosvi et al., 2007)

Zuorro and his friends investigated the adsorption
of azo dyes on non-living microalga which was identified
as Nannochloropsis oceanica. They chose the Reactive
Violet 5 (RV5) as a dye that is used widely in textile
dyeing. At 10, 25, and 40 °C, the kinetics of RVS
biosorption on the biomass were researched. The Temkin
equation was found to accurately reflect equilibrium data.
Then the kinetic model was fitted to experimental setups.
Nannochloropsis oceanica biomass removed above 95%
of dye in a few hours. In summary, the results show that
Nannochloropsis oceanica's non-living cells can be a
successful biosorbent for the treatment of textile
wastewaters including azo dyes. The biomass has been
evaluated by FTIR before and after dye adsorption. The
standard peaks were determined according to the literature.
They have decided the peaks belonging to
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methyl/methylene  groups, Amide I, Amide I,
carbohydrates, and hydroxyl/ether (Zuorro et al., 2017).

Mohammad Hanapi et al., have been reported to
remove colors from the textile dye effluents by Bacillus
cereus. In order to establish the ideal treatment process
conditions for the wastewater degradation of textile dyes,
Central Composite Design (CCD) from Response Surface
Methodology (RSM) was utilized for this content. With
low pH, agitation, a medium initial concentration of
bacterial inoculum, and ten days of biodegradation, the
maximum decolorization rate was 88.67%. The researchers
chose different factors to analyze in RSM. Therefore, the
interaction between pH and agitation was found as
significant (Mohammad Hanaoi et al., 2021).

Maximum RV1 biosorption (%) onto PSP
obtained by means of the Box-Behnken method was
approximately 83.22%. The initial dye concentration was
chosen as 100 mg/L. The best operating conditions were as
follows: pH: 2.0, biosorbent amount: 0.6 g (in 25 mL dye
solution), reaction time: 56.9 min, and temperature 27.3
°C. The dual interaction has been reported between pH-
temperature; and pH-biosorbent amount (Akar et al.,
2016).

Consequently, To the best of our knowledge, the
wastewater of textile dye is one of the general
environmental problems. Every finding or suggested
solution is very important to treat these waters. In this
study, four different bacterial biomasses have been
evaluated due to their ability for dye decolorization. Four
different biomasses and four different reactive dyes were
used in screening studies. According to our results, #288
coded bacterial strain has the highest biosorption yield at
approximately 70% on Reactive Violet 1. The central
composite design from response surface methodology was
used to maximize the biosorption % and biosorption
capacity. The chosen factors have been determined
differently from the literature. Dual interaction has been
reported between dye concentration and biomass amount.
At the end of experiments, the biosorption of Reactive
Violet 1 by #288 was increased to 93.7%, and biosorption
capacity was calculated as 325.7. This result shows that
#288 is good on adsorption of Reactive Violet 1 from
textile wastewaters.
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Abstract: In this study, we examined seawater from Izmir Bay, Turkiye for its trace element content. Three
&2 https://orcid.org/0000-0002-3473-1202 stations were chosen to carry out our mission. The sample collection process took place between November
2019 and May 2020. We focused on pH levels, dissolved oxygen, total dissolved solids, salinity, conductivity
values, and trace elements (Ag, Al, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Ni, Pb, Sr, and Zn) concentrations. Trace
element analysis was done using an ICP-OES. Trace element concentrations were as follows: Ag (0.4 mg/l),

;COJFGSEOKTILﬂgEauthOH Al (0.47 mg/l), Cu (0.82 mg/l), Li (0.81 mg/l), Pb (0.065 mg/l), and Sr (8.06 mg/l). Meanwhile, Ba, Cd, Co,
E;; ljﬁiversity%pplication 1 FRaaEial Cr, Fe, Mr_1, and Ni levels were beloyv the measurable limits. Our resulnts are generally high when compared
Center for Testing and Analysis (EGE- with the literature. Industrial pollution sources (cement, metallurgy, iron and steel industries, electric arc
MATAL), Izmir, Tiirkiye furnaces (EAF-Steel), coal combustion residuals (CCRs), and petrol refineries) all cause marine pollution

B4 nurdan.akakce@ege.edu.tr, because they leak trace elements into the sea, which consequently accumulate over time.

Keywords: Trace element, marine ecology, pollution, environmental risk, izmir bay.

Bat1 Anadolu Kiyisindaki Deniz Suyunda Eser Element Konsantrasyonlariin Belirlenmesi

Oz: Bu caligmada {zmir Kérfezi’nden alinan deniz suyundaki iz element igerigi incelenmistir. Ug istasyon
amaca uygun olarak secilmistir. Ornek toplama islemi Kasim 2019 ve Mayis 2020 arasinda
gergeklestirilmistir. pH, ¢6ziinmiis oksijen, toplam ¢6ziinmiis madde miktari, tuzluluk, iletkenlik seviyelerine
ve iz element (Ag, Al, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Ni, Pb, Sr, and Zn) konsantrasyonlarina odaklanilmistir.
*Sorumlu yazar: iz element analizi ICP-OES kullanilarak yapilmustir. Iz element konsantrasyonlari sirastyla su sekilde
Nurdan AKAKCE bulunmustur: Ag (0.4 mg/1), Al (0.47 mg/1), Cu (0.82 mg/1), Li (0.81 mg/1), Pb (0.065 mg/l) ve Sr (8.06 mg/1).
Ege Universitesi Test ve Analiz Uygulama Ayrica Ba, Cd, Co, Cr, Fe, Mn ve Ni seviyeleri 6lgiilebilir limitlerin altinda kalmistir. Sonuglarimiz genel
‘i’:nﬁrra,srtgglyerkm EEERRIATAL), olarak literatiirle kiyaslandiginda yiiksektir. Endiistriyel kirlilik kaynaklar1 (¢imento, metaliirji, demir - ¢elik
= nhrdan.akakce@ege.edu.tr endiistrileri, elektrik ark ocaklari (EAF-Celik), komiir yakma artiklari (CCR) ve petrol rafinerileri) eser
elementleri denize sizdirdiklari ve biriktirdikleri igin sonug olarak zamanla deniz kirliligine sebep olmaktadir

Anahtar kelimeler: iz element, deniz ekolojisi, kirlilik, cevresel risk, izmir korfezi.

INTRODUCTION al., 2020). There are three major sources of trace
elements in aquatic ecosystems. The first include
atmospheric deposition, discharge effluents from
rivers, anthropogenic sources, and surface run-offs.
The second includes input of components/particles into
the seawater from crustal rocks and sediments via
various organic interactions (Kara et al., 2015). The
third encompasses trace elements flux into oceans and
seas from the ocean crust, mid-ocean ridges,
hydrothermal vents, glacial meltwater, and Aeolian
particles. The main cause of trace element

Trace elements are hazardous pollutants that
deteriorate marine systems by way of flux, moving
capacity, toxicity, and bioaccumulation (Abdel Ghani,
2015). Marine pollutants reach the sea via land.
Seawater dissolves both primary and trace chemical
contents. Trace elements are affected by diffusion,
turbulence, advection, and convection as well as
biodegradation. All be they very low in volume, trace
element concentrations in seawater indicate the
presence of marine environmental pollution (Tiwari et
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concentrations in sediment is aqua media; therefore,
the trace element enrichment rate is related to the
renewal of bottom water and residence times of the
elements (Smrzka et al., 2019). Trace elements get
distributed in seawater based on their nature
(Chojnacka and Saeid, 2017). They also have a cycle in
seawater and are basic components of aquatic systems
(Smrzka et al., 2019).

Our purpose in doing this study is to assess the
flux of trace elements to Izmir Bay from several points,
at different times. We feel it necessary to demonstrate
the risks they pose to the bay and reveal their sources
for the sake of making the bay’s marine ecological life
more sustainable in the future.

MATERIAL AND METHOD

We collected several seawater were collected
from three (A, F, and U) points (A: 38°51° 41°° N 27°2’
8 E, F: 38°44° 58°” N 26°51° 5’ E, and U: 38°22° 6’
N 26°49° 45°° E) along the west Anatolian coast of
Izmir Bay, at three different dates (1: November 27,
2019, 2: January 1, 2020, and 3: May 15, 2020). One
litre sample was taken 1-meter beneath the surface of
the water. The parameters of pH levels, dissolved
oxygen, total dissolved solids, salinity, conductivity
values were determined. Seawater parameters were
measured in situ by multiparameter (WTW portable
multimeter). The probs were calibrated before every
measurement. Each sample were placed in plastic
bottles and transported to the laboratory at Institute of
Nuclear Sciences, Ege University. The samples were
filtered and diluted with pure water at about 1:10. trace
elements using an ICP-OES (A Perkin Elmer Optima
2000 DV): Ag, Al, Ba, Cd, Co, Cr, Cu, Fe, Li, Mn, Ni,
Pb, Sr, and Zn. Pre-enrichment was not done in the
samples. Therefore, the effect of salinity on ICP
measurements was minimized. Several multi-element
standard solutions (Merck) were made to contain all
metals whose concentrations were between 20 and 100
mg/ml, so that we could calibrate them (Sag et al,
2012). We then measured each element based on their
wavelengths: Ag (328.068 nm), Al (396.153 nm), Ba
(233.527 nm), Cd (228.802 nm), Co (228.616 nm), Cr
(267.716 nm), Cu (327.393 nm), Fe (238.204 nm), Li
(670.784 nm), Mn (257.610 nm), Ni (231.604 nm), Pb
(220.353 nm), Sr (407.771 nm), and Zn (206.200 nm).

RESULTS AND DISCUSSION

Two factors dictate how much trace element
content seawater — natural ecosystem (e.g. atmosphere,
marine condition) and anthropogenic input. Their
concentrations can range between 10 mmol/kg at the
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upper end, and fmol/kg at the lower end (Elderfield,
2006). We measured each sample for pH, temperature,
salinity, conductivity, dissolved oxygen, and total
dissolved solids (Table.1). The concentrations of the
following elements were obtained: Ag, Al, Ba, Cd, Co,
Cr, Cu, Fe, Li, Mn, Ni, Pb, Sr, and Zn. Our findings
were as follows: Ag ((0.41) 0.4-0.44 mg/l), Al ((0.47)
0.43-0.5 mg/l), Cu ((0.82) 0.63-1.16 mg/l), Li ((0.81)
0.79-0.85 mg/l), Pb ((0.065) 0.06-0.07 mg/l), and Sr
((8.06) 7.01-8.61 mg/l). By contrast, Ba, Cd, Co, Cr,
Fe, Mn, Ni, and Zn concentrations were nondetectable.
We found that our seawater samples contained
Sr>Cu>Li>Al>Ag>Pb (in that order) (Figs. 1-2-3).
Jian et al (2022) indicated surface water tends to
contain Sr>Cu>Pb.

Tablel. The parameters of pH levels, dissolved oxygen, total
dissolved solids, salinity, conductivity values at the stations on
sampling dates.

Sg 5%
LE =) ER = z
58 ¢ gE Z3 8 E
g < = 25 i = S~
2o 8 32 o 8 £ ZE
5 &3 [aXe) [ e 3 & Se
Al 6.75 1.4 17.7 54.8 39.2 9.25
A2 5.25 9.1 11.9 74 36 9.83
A3 6 10 24 5 37 9.72
F1 6.8 10 204 53.3 38.5 9.96
F2 55 11.3 11.9 49 34 9.25
F3 6 11 21 55 36 9.54
U1l 6.9 10.7 19.3 54 38.8 9.27
u2 6.8 11.7 12.4 58 32 9.03
U3 7 10.5 22 59 33 9.11
mg/l
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Fig. 1. Concentrations of trace elements in A station on 1. sampling
date.
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Fig. 2. Concentrations of trace elements in F station on 2. sampling
date.
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Fig. 3. Concentrations of trace elements in U station on 3. sampling
date.

The concentrations of Ag in the ocean can
vary between (0.024 and 40) x 10 mg/l. Ag is very
reactive in aqua media, even at low concentrations.
Moreover, Ag* is toxic. Al concentrations in ocean and
seawater tend to vary between (0.03 and 2) x 10 mg/l;
and can be higher than that at the surface layer of
seawater due to atmospheric deposition. Likewise,
dissolved Al levels are an important indicator of
atmospheric input to the sea. For Cu, oceans can
contain 25x10° mg/l of Cu (range: < (1 — 8) x10°
mg/l). Cu concentration in water depends on the
pollution source and water pH. Up to about 80% of Cu
levels enters water from anthropogenic sources. When
it comes to Li, the worldwide mean concentration of Li
in seawater is 180 x10-3 mg/I (range: (170 — 200) x103
mg/l). The worldwide concentration of Pb in oceanic
water is between (0.03 and 0.27) x10° mg/l (mean:
0.03 x10-* mg/1). Annually, between 20 and 40 kt of Pb
enters the marine system via riverain and the
atmosphere. Sr concentration in seawater is 8 mg/I
(mean) and tends to be the most accumulated element
in most hydro-organisms (Elderfield, 2006; Kabata &
Szteke, 2015). Our data shows that Ag, Al, Cu, Li, and
Pb concentrations in Izmir Bay are significantly higher
than in other parts of the world; moreover, Sr
concentration suits to world limit. The residence time
of the trace elements Ag, Al, Cu, Li, Pb, and Sr in water
are respectively; 350, 200, 5000, 2.8 10, 80, and 5.1
10° years (Chojnacka & Saeid, 2017).

Cu and Pb concentrations found in surface
seawater samples taken from the coast of the Adriatic
Sea range between (1.4-19.7 and 1.3-10.8) x10 mg/I
(Stankovic et al, 2014). Tiwari et al, (2020) indicated
that the sea in Goa, India contains 18+5.6 x10° mg/I of
Pb. Kara et al., (2015) discovered the seawater from
around the highly industrialized region of Aliaga,
Tiirkiye to be polluted with Al ((101-337) x10- mg/l),
Cu (/0.2-13.2) x10° mg/l), and Pb ((0.7-10.5) x10°3
mg/l). The concentrations of Cu and Pb in Coastal
Hawaiian waters range from (0.06-1.04) x10-3 mg/l to
(0.006-0.04) x10° mg/l (Bienfang et al, (2009). Pb
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concentration in seawater from the Persian Gulf, the
northern part is 5.38 x10- mg/l (Pourang et al (2005).
Cu and Pb elements concentrations in the seawater of
Dingzi Bay, China (inner bay) range between (2.36 and
1.11) x10°® mg/l (Pan et al, 2014). Cu and Pb levels
along the west coast of South Korea range between
(0.42-1.23 and 0.033-0.091) x10° mg/l (Woo et al,
1998). In the water of Marsa Matrouh Beaches of Egypt
contains 66.47 x10- mg/l of Al (Abdel Ghani, 2015).
Seawater from Sitakund Upazilla, Bangladesh (a major
ship demolition area) is polluted with 0.29, 0.011, and
0.113 mg/l of Al, Cu, and Pb, respectively (Hasan et
al., 2013). The seawater around the Xisha Islands,
South China Sea is riddled with (0.4-5.66, 4848-5725)
x10-3 mg/l, and (0.05-4.34) x10-3 mg/l of Cu, Sr, and Ph
(Jian et al., 2022). Surface water samples from bays,
ports, deltas and, near the industrialized areas in
Zonguldak (Tirkiye) show trace elements of Cu and Pb
at (2.84-7.73) x10° mg/l and (5.19-8.02) x10-° mg/I
(Coban et al, 2009). Al and Cu concentrations in
Iskenderun Bay (Tiirkiye) near electric arc furnaces
(EAF-Steel) alongside iron and steel factories have
been found to be 0.66 and 0.36 mg/l (Gdycincik et al,
2018).

As a result, when we compare our results with
other research, we see that our figures are alarmingly
high (with the exception of Sitakund Upazilla Coast,
whose Al levels rival ours). Beyond that, Sr levels in
seawater from the Xisha Islands are comparable with
ours, too. The same goes for Al and Cu concentrations
in Iskenderun Bay, as well. High concentrations of
trace elements in seawater may be assessed to be
related to geological structure and coastal pollution
(Tiwari et al, 2020). Our sampling stations are close to
cement factories, electric arc furnaces (EAF-Steel),
ceramic fabrics, coal combustion residuals (CCRs),
and petrol refineries. The ceramic industry generates
Sr, while Ag is a by-product of petrol refineries (Kabata
& Szteke, 2015). Electric arc furnaces (EAF-Steel)
release Zn into the environment (Yatkin & Bayram,
2008). Pb hails from cement, metallurgy, the iron and
steel industries, and oil combustion facilities (Hindy et
al., 1990; Adriano, 2001; Enamorado-Baez et al., 2015;
Cereceda-Balic et al., 2020). Al is a crustal element
derived from terrestrial sources (Kara et al., 2015).

CONCLUSION

Coastal pollution studies so that experts can
ensure marine environmental safety. Trace elements in
seawater pose numerous health risks to aquatic life. In
this study, we examined concentrations of several trace
elements in seawater samples we took from Izmir Bay
on different three dates and then assessed their potential
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aquatic risks. Trace element mounds are only
increasing over time, and therefore polluting Izmir’s
coasts. Industrial pollution is contributing to that risk.
More studies are needed on this topic but that focus on
a wider area and longer time frame. Scientists also need
to investigate what impact trace element pollution via
sediments is having on local marine organisms.
Likewise, experts and the government need to do more
to periodically monitor seawater quality.
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Oz: Bu galigmada, Izmir Kérfezi’nde benekli hani baligmim (Serranus hepatus, L.,1758) yas,
* - htps://orcid.org/0000-0002-8354-338X biiyiime ve beslenme dzellikleri incelenmistir. Ocak—Nisan 2005 tarihleri arasinda, {zmir
3 A T 7 (0100 B0 L0 0l Korfezi’nden trol ag1 ile aylik olarak toplam 1062 adet S. hepatus elde edilmistir. Bireylerin 0-
III yas gruplar arasinda dagilim gosterdigi belirlenmistir. Minimum, maksimum ve ortalama
total boy sirasiyla, 6,0; 11,6 ve 9,51 + 0,71 cm’dir. Minimum, maksimum ve ortalama agirlik
strasiyla, 3,71; 25,49 ve 13,04 + 2,85 g’dir. Total boy-agirlik iligkisi esas alinarak hesaplanan

*Sorumlu yazarin:

Erhan IRMAK boy agirlik iligkileri, W=0,0182*L2%, R?= 0,94 olarak tespit edilmistir. Von Bertalanffy
Izmir Katip Celebi Universitesi, Su Uriinleri bilyiime parametreleri tiim bireyler igin Lt= 12,52 * [1-"0:435 (+1.194] ye W= 39,80 * [1-e0135
Fakilltesi, Temel Bilimler, lzmir, Tirkiye (t+1,035)1291 glarak hesaplanmustir. Tiiriin mide igerigi incelenmesi sonucu temel besin grubunun

Bz irmakerhan@yahoo.com dekapod krustaseler oldugu ortaya ¢ikmustir.

Anahtar kelimeler: Benekli hani, beslenme ekolojisi, ege denizi, izmir korfezi, serranidae.

Age, Growth and Feeding Characteristics of brown comber (Serranus hepatus
Linnaeus, 1758) Distribution in Izmir Bay

Abstract: In this study, age, growth and feeding habits of brown comber Serranus hepatus
L.,1758 were investigated from Izmir Bay. 1062 specimens were captured by R/V Egesuf by
bottom trawl net between January-April 2005. It is determined that the samples of population
distributed between O-Il1l age groups. Minimum, maximum and mean total length were
determined as 6.0; 11.6; and 9.514+0.71 cm, respectively. Minimum, maximum and mean weights
*Corresponding author: were determined as 3.71, 25.49 and 13.04 + 2.85 g, respectively. The length-weight relationship
Erhan IRMAK was determined as W=0.0182*L2%, r?= 0.94. Von Bertalanffy growth parameters were calculated
Izmir Katip Celebi University, Faculty of as Ly=12.52 * [1-e70435 (+1.194)] and W= 39.80 * [1-e70-1%5 (+1.035)1291 for || specimens. As a result
';E'fhfrrrﬁ:kiﬁg@s;fﬁggscgém'r Tarkiye of the stomach content analyses of the species, it was revealed that the main prey group was
decapod crustaceas.

Keywords: Aegean sea, brown comber, feeding ecology, izmir bay, serranidae.

GIRIS Posidonia yataklarinda genis bir dagilima sahiptir (
Whitehead vd., 1986; Fricke vd., 2022).

Benekli hani balig1 olarak bilinen Serranus hepatus Serranidae familyasi diinyanin cesitli bolgelerinde
(Linnaeus, 1758), Diinya denizlerinde 12 cins ve 103 tiir ile ticari degeri yiksek, biiyilk boylu balik tirlerini
temsil edilen Serranidae familyasimn  bir {iyesidir. kapsamaktadir. Buna kargin denizlerimizdeki, Serranus
Maksimum 25 ¢cm total boya ulastig1 bilinmektedir. Hem bati cinsine ait tiirlerin oldukga kii¢iik boylu olmalarindan dolay1
ve dogu Akdeniz’de hem de dogu Atlantik kiyilarinda 100 bu tiirlere ydnelik bir av yapilmamaktadir. Fakat
m derinlige kadar, kumlu, camurlu yumusak zeminlerde ve denizlerimizde ticari degeri olan demersal balik

popiilasyonlarinin  giin gectikge azalmasindan dolay,

Ul Bu makale, Erhan IRMAK’in yiiksek lisans tezinden iretilmistir. This manuscript was produced from Erhan IRMAK ’s master thesis.
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onceleri 1skarta olarak atilan Serranus cabrilla ve Serranus
scriba tiirleri artik azda olsa bir ticari deger kazanmistir. S.
hepatus Tiirkiye ihtiyofaunasi igerisindeki en kiigiik
Serranid tliriidiir. Bu tiir en fazla trol avciligr ile
yakalanmakta ve 1skarta olarak degerlendirilmektedir. Bu
sebeplerden dolay1 sularimizda bir ticari degeri yoktur. Fakat
ekolojik acidan yiiksek 6neme sahiptir. Denizel ekosistemde
predatdr tiirlerin baglica besinini olusturarak, besin agindaki
enerji akigina katki saglar. Bu dogrultuda mevcut ¢aligma ile
benekli hani bahigi S. hepatus’un Izmir Kérfezi’ndeki
biiylime ve beslenme 6zellikleri incelenmistir.

Serranus hepatus’un biyo-ekolojisine yonelik
gerceklestirilen ¢aligmalar incelendiginde, Ege Denizi’nde
Lapropoulou ve Elefheriou, (1997), Wague ve
Papaconstantinou  (1997), Labropoulou vd. (1998),
Akdeniz’de Misir kiyilarinda Abdallah, (2002), Adriyatik’te
Dul¢i¢ vd., (2007), Tiirkiye kiyilarinda ise Bilecenoglu,
(2009), Giirkan ve Bayhan, (2010), Yapic1 vd., (2012),
Soykan vd., (2013), Erdogan ve Torku-Ko¢ (2016) ve
Tirasin ve Ozgen (2016) karsimiza cikmaktadir. Bu
caligmalarda  tiiriin  biiylime yonelik
arastirmalar on plandadir. Ayrica, farkli aragtirmacilar
tarafindan gerceklestirilen genel boy-agirlik iligkisi ¢calisma
listelerine S. hepatus’ta dahil edilmistir (Cigek vd., 2006;
Cakir vd., 2008; Akalin vd., 2015; Ozvarol, 2014).

Ozelliklerine

MATERYAL VE METOT

Caligmanin konusunu olusturan benekli hani baligi
S. hepatus’a ait Ornekler, Ocak 2005-Nisan 2005
periyodunda EGESUF arastirma gemisi ile dip trolii
cekilerek elde edilmistir. Trol g¢ekiminde 24 mm goz
acikligina sahip geleneksel trol aglari kullanilmistir. Trol
operasyonlari Izmir Kérfezi’nin dig béliimiinde Uzun Ada
¢evresinde ¢amurlu ve Posidonia ile kapli zeminde 30-60 m
derinlikte aylik olarak ger¢eklestirilmistir (Sekil 1). Toplam
4 trol operasyonu sonucunda 1062 S. hepatus 6rnegi elde
edilmistir.

"%g_) IZMIR KORFEZI
I A
>

<

KARABURUN
YARIMADASI

Sekil 1. Ornekleme bolgesi.
Figure 1. Sampling region.

Biiyiime ozellikleri ve yas tayini: Her bireyin total
boyu milimetrik bolmeli 6l¢iim cetveli kullanilarak 6l¢iilmiis
ve 0,5 cm’lik boy siniflarina ayrilarak laboratuvar ortaminda
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incelenmistir. Baliklarin  viicut agirliklar1 ise  0,01g
hassasiyete sahip Densi markali dijital hassas terazi ile
alimarak kaydedilmistir. Yas tayini icin Orneklerden elde
edilen sagittal otolitler kullanilmistir. Otolitlerdeki yas
halkalarinin daha belirgin hale gelmesi igin %4’lik NaOH
¢ozeltisinde 30 dk bekletilip temizlendikten sonra %30-
90°lik alkol serilerinden gegirilerek seffaflastirilmigtir.
Otolitler gliserin igerisine konularak Wild marka binokiiler
mikroskop altinda incelenmistir. Elde edilen 1062 6rnegin
tamamui yas tayini i¢cin kullanilmistir.

Boy agirlik iliskisinin hesaplanmasinda W = a*L°
esitligi kullanilmistir. (Ricker, 1979).

Benekli hani baliginin boyca biiylimesi tiim bireyler
icin incelenmistir. We degerinin  hesaplanmasi i¢in
yukaridaki boy agirlik iliskisi denkleminde (L) yerine (L)
degeri ile a ve b vyerlerine regresyon sabitleri
yerlestirilmistir. ~ Yaslara gére boyca  biiyiimenin
matematiksel olarak hesabinda von Bertalanffy biiyiime
esitlikleri kullanilmistir (von Bertalanffy, 1938).

Yas-boy iliskisi igin: L, = L., = [ 1 — e k(t=t0)]
b
Yas-agurlik iliskisi icin: W, = WL,, » [ 1 — e7k(t-t0)]

Besin kompozisyonunun incelenmesi: Benekli
hani baliginin besin kompozisyonunun belirlenmesi igin
incelenen 6rneklerin tamami kullanilmstir. Diseksiyon yolu
ile alman mideler %4’liikk formaldehit c¢ozeltisinde
korunmustur. Daha sonra laboratuvar ortaminda kesilip
icindeki besinler 200 mikronluk plankton bezi ile siiziilmiis
ve besin maddelerinin biiyiikliigline gore ¢iplak gozle veya
binokiiler mikroskop yardimiyla tayin edilip sayimi
yapilarak hassas terazide agirliklar1 belirlenmistir. Sonugcta
besinin midede olup olmadiginin bir ifadesi olan F
(Rastlanma Siklig1), midede bulunan sayisal miktar ifade
eden N (Sayisal Varlik), midede bulunan besin maddelerinin
agirhigini gosteren W (Agirlhik) degerleri ve bunlarin
yiizdelik olarak oranlart belirlenmistir (Holden & Raid,
1974; Hyslop, 1980) ve ii¢ indeksin bir kombinasyonu olan
Goreceli Onem Indeksi (IRI) hesaplanarak baligin beslenme
rejimi degerlendirilmistir (Pinkas vd., 1971).

BULGULAR

Boy-agirltk dagilimi: Ocak-Nisan 2005 tarihleri
arasinda Orneklenen 1062 adet birey, 6-11.6 cm boy
araliginda dagilim gosterirken en fazla birey sayis1 8.5 cm
boy grubunda olarak ortalama boy 9.51 + 0.71lcm olarak
belirlenmistir. Boy dagilimlarina gére 8.5-9.5 cm’lik boy
smifinin % 67.5’lik bir oranla baskin oldugu tespit
edilmistir. Baliklarin agirliklarinin 3.71-25.49 g arasinda
degistigi, ortalamanin ise 13.04 + 2.85 g oldugu
belirlenmistir. Ayrica orneklerin % 83.33’iinlin 9-17 ¢
araliginda dagilim gosterdigi tespit edilmistir.
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Boy-agwrhik liskisi: incelen popiilasyonda boy-
agirlik iligkisi denklemi, tiim bireyler i¢in W= 0.0182*L2%!
(R?= 0,94) olarak hesaplanmistir (Sekil 2). Bu denklemde
ortaya ¢ikan ‘b’ degerine gore 6rneklenen populasyonun
negatif allometrik bir biiyiime gdsterdigi belirlenmistir.

W =0,0182L.2:9094
R?=0,9429
n:1062

Agirlik (g)

10

4 6 8
Total Boy (cm)

10

12

Sekil 2. Ocak-Nisan 2005 arasinda izmir Korfezi'nden yakalanan S. hepatus
bireylerinin boy-agirhik iliskisi.

Figure 2. The length-weight relationship of S. hepatus captured from Izmir
Bay during the study period January-April 2005.

Yas kompozisyonu ve yas-boy/agirlhik iligkisi:
Sagittal  otolitler gerceklestirilen  yas
tayinlerinde 1062 bireyin yaslarinin 0-IIT arasinda degistigi
ve II. Yas grubunun %66.29’luk bir oranla baskin oldugu
tespit edilmistir. Sirasiyla I. yas grubu %16.85 oranla ikinci
sirada, III. yas grubu 14.51 oranla {igiincii sirada ve 0. yas
grubu % 2.35 oranla son sirada yer almistir.

Benekli hani popiilasyonunda ortalama boy
degerleri yas gruplarina gore sirasiyla, 0. yag grubunda 6.42
cm, I. yas grubunda 7.70 cm, II. yag grubunda 9.40 cm ve

kullanilarak

Tablo 2. S. hepatus’un genel beslenme kompozisyonu.
Table 2. Diet composition of S. hepatus.
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III. yas grubunda 10.50 cm olarak tespit edilmistir (Tablo
1).Yaslara gore total boy degerleri kullanilarak tiim bireyler
i¢in von Bertalanffy boyca biiyiime esitligi Li= 12.52*[1- e’
0435 (+1.194)] olarak hesaplanmustir. Tiim bireylerin ortalama
agirhik degerleri yas gruplarina gore sirasiyla, 0. yas
grubunda 6.10 g, 1. yas grubunda 9.56 g, II. yas grubunda
13.37 g ve I11. yas grubunda 16.70 g olarak belirlenmistir ve
von Bertalanffy’e gore hesaplanan agirlik¢a bilylime esitligi
W, = 39.80 * [1- e0-135 (+1.039)] 291 g|arak hesaplanmustir.

Tablo 1. Ocak-Nisan 2005 arasinda Izmir Koérfezi'nden yakalanan S.
hepatus bireylerinin yas-boy dagilimlar.

Table 1. Age-length distribution of S. hepatus captured from lzmir Bay
between January-April 2005.

Boy Grubu (cm)

) 0 M m > Birey Sayist

6 8 8
6,5 11 11
7 5 5
75 1 67 68
8 95 108
8,5 12 332
9 4 217 221
9,5 1 152 164
10 2 58
10,5 74 74
11 12 12
115 1 1
Toplam 25 179 704 154 1062

13
320

11
56

Besin kompozisyonu: Karnivor bir tiir olan benekli
hani baliginin diyetini tanimlamak i¢in mide icerikleri analiz
edilmigtir. Buna gore baligin beslenmesinde Dekapod
krustaselerin %93.6 (IRI)’lik bir oranla ilk sirada yer aldig
tespit edilmistir. Bunlar igerisinde yengecler 6nemli bir
miktar1 olusturmustur. Sirasiyla kiigiik baliklar, mysidler ve
kopepodlar benekli hani baligmmin diyetinde yer almistir
(Tablo 2).

Besin grubu %F %N %W IRI %IRI

Decapoda 63.64 40.91 60.30 6440.30 63.36

Brachyura 54.55 27.27 29.34 3087.83 30.38

Copepoda 9.09 13.64 0.73 130.61 1.28

Mysidacea 18.18 9.09 4.78 252.17 2.48

Balik 18.18 9.09 4.86 253.60 2.49
TARTISMA VE SONUC ekolojik dnem arz eden benekli hani baligi ile ilgili yapilan

Ekolojik ve ekonomik agidan yenilenebilir
kaynaklardan olan balik stoklarmin verimli bir sekilde
kullanilmasi ekonomik olmayan tiirlerin besin
zincirindeki 6nemi nedeniyle tiirler arasi iligkilerin daha
ayrintili  sekilde anlasilabilmesi agisindan  biyo-
ekolojilerinin  ¢ok iyi bilinmesi ve varliklarinin
devamliliginin saglanmasi gereklidir. Bu nedenle, ekolojik
dengenin ayaklarindan biri olan ekonomik 6neme sahip
birgok avcr baligin besinini olusturan diger tiirler gibi
benekli hani baliginin da biyo-ekolojisi ile ilgili ¢aligmalar
onem kazanmaktadir. Ekonomik deger tasimayan ancak

Ve
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calismalarin  Ege Denizi’'nde yogunluk kazandigi
gorilmektedir. Yapilan calismalar daha ziyade baligin
biliyimesi iizerinedir. Boy-agirlik iliskisi incelendiginde,
bu ¢alismada oldugu gibi Wague ve Papaconstantionou
(1997), Abdallah (2002), Bilecenoglu (2009), Yapict vd.,
(2012), Ozvarol (2014), Erdogan ve Torku Kog (2016),
Basusta vd., (2017) calismalarinda ‘b’ degerine gore S.
hepatus’un negatif allometrik bir biiyiime gosterdigini
ifade etmiglerdir. Cigek vd., (2006), Sangiin vd., (2007),
Duléi¢ vd., (2007), Soykan vd., (2013), Akalin vd., (2015)
calismalarinda baligin pozitif allometri gosterdigini
belirtmislerdir (Tablo 3).
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Tablo 3. S.hepatus "un farkli bolgeler igin boy-agirlik ve yas-boy iliskisi

Table 3. S. hepatus length-weight and age-length relationship for different regions.
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Boy-Agirhik dliskisi

Yas-Boy lliskisi

Bolge N
a b R? Le K to Kaynak
Thermaikos Korfezi 3350 0,1777 1,89 14,66 0,23 -2,56 Wague ve Papaconstantinou (1997)
Girit 1268 - - 15,2 0,36 -0,57 Labropoulou vd (1998)
Misir 153 0,039 2,55 Abdallah (2002)
Mersin 584 0,016 3,02 0,96 Cigek vd (2006)
iskenderun Korfezi 573 0,0143 3,04 0,95 Sangiin vd (2007)
Adriyatik 1218 0,010 3,18 14,82 0,21 -1,67 Dulcic vd (2007)
[zmir Korfezi 603 0,0157 2,99 0,97 119 0,56 -1,14 Bilecenoglu (2009)
Izmir Korfezi 5222 0,0200 2,89 0,85 12,5 0,54 -1,08 Yapict vd (2012)
Izmir Korfezi 2410 0,013 311 0,96 13,19 0,25 -0,63 Soykan vd (2013)
Antalya Korfezi 100 0,0288 2,73 0,72 Ozvarol (2014)
Candarli Korfezi 762 0,0107 3,1 0,92 Akalin vd (2015)
Bandirma 162 0,0216 2,84 0,75 12,46 0,19 -4,32 Erdogan ve Torcu-Kog (2016)
Iskenderun Korfezi 202 0,0172 2,96 0,84 Basusta vd (2017)
[zmir Korfezi 1062 0,0182 2,91 0,94 12,52 0,435 -1,194 Bu ¢aligma

Yas kompozisyonuna bakildiginda 0-III arasinda
degistigi ve Il yas gurubunun baskin oldugu, bunu da sirast
ile I, III ve 0. yas gurubunun takip ettigi belirlenmistir.
Wague ve Papaconstantinou (1997) inceledikleri S.
hepatus popiilasyonunda yas araligim1 0-1V olarak tespit
etmisler yas grubunun baskin oldugunu
vurgulamislardir. Labropoulou vd., (1998), 0-V yas
araligina sahip Orneklerinde Il.ve III. yaslarin baskin
oldugunu belirtmislerdir. Yapici vd., (2012) caligmalarinda
maksimum IV yasa sahip bireyler tespit ederek benzer
sekilde II. ve III. Yaglarin baskin oldugunu ifade
etmiglerdir. Bahsi gegen caligmalar ile bu ¢alismada elde
edilen sonuglar bazilar1 ile benzerlik gdstermektedir. S.
hepastus’un nispeten kisa 6miirlii bir tiir oldugu sonucu

ve 1L

ortaya ¢ikmaktadir. Sonuglar arasindaki farkliliklarin ise
ornek sayisindan, Ornekleme mevsiminden, ornekleme
sayisindan, kullanilan aglarin segiciliginden ve ortamin
ekolojik ozelliklerinin farkli oluslarindan kaynaklandigi
diistiniilmektedir. birlikte, = Wague
Papaconstantinou (1997)’nun tespit ettigi yaslara gore
ortalama boy degerleri ile bu caligmadaki sonuglar
birbirine yakindir. Aksine, Labropoulou vd., (1998) I, Il ve
III. yaslara ait boy degerleri bu ¢aligmadaki ortalamadan
yiiksektir. inceledigimiz érneklerde ilk y1l bilyiimenin hizli

Bununla ve

oldugu ve bunu takip eden yillarda biiyiimenin yavasladigi
goriilmektedir (Tablo 1).

Wague ve Papaconstantinou (1997)
Labropoulou vd., (1998)’nin ulastiklar1 ‘Lo’ degeri bu

ile

calismada hesap edilenden yiiksek olmasmna karsin
Bilecenoglu (2009) ve Yapici vd., (2012)’nin elde ettikleri
sonuglarin burada buldugumuz degere oldukca yakin
oldugu goriilmektedir.

Besin kompozisyonu bakildiginda S. hepatus’un
agirlikli olarak dekapod krustaseler (% 93.6) ile beslendigi
tespit edilmistir. Onceki calismalarda, Labropoulou ve
Eleftheorou (1997) ve Labropoulou wvd., (1998)
¢aligmalarinda S. hepatus’un % 60’dan fazla bir oranla
dekapodlar ile beslendigini ifade etmislerdir. Bilecenoglu,
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(2009) Izmir Koérfez’inde S. hepatus’un diyetinde
crustaselerin % 94.42°lik bir oranla baskin oldugunu
belirtmistir. Tirasin ve Ozgen (2016) S. hepatus’un %
65.38 oraninda dekapodlar ile beslendigini, mysidlerin ise
ikinci sirada % 30.96’lik bir oranla yer aldigini tespit
etmiglerdir. Yapici vd., (2012) S. hepatus’un beslenme
rejiminde krustaselerin % 97.51 oraninda yer aldigim
kiiciik baliklarin ise % 2.49’luk bir orana sahip oldugunu
ifade etmiglerdir. Oldukga biiyiik olan agiz yapisi ile avini
biitiin yuttugu goriilen S. hepatus’un beslenmesi {izerine
yapilan tiim ¢alismalarda bu g¢alisma ile paralel olarak
tiirin besininin ¢ok 6nemli bir kismini dekapod krustaseler
olusturmaktadir. Ozellikle yengecler dekapodlar igerisinde
en fazla yer alan besin grubu olmustur.

Sonug olarak; Benekli hani baligimnin ekonomik
deger arz etmemesine karsin dip trolii gibi av araclarina
acitk hedef olmasi, izleme calismalarinin gerekliligini
ortaya koymaktadir. Bu ¢alismayla S. hepatus’un Izmir
Korfezi i¢in biiylime, yas ve beslenme 6zellikleri hakkinda
detayli bilgiler sunulmustur. Elde edilen bu bilgiler ile
tiiriin Biyo-Ekolojisine katki saglanmak amag¢lanmustir.
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Abstract: In this study; some features were investigated such as length-weight, length-length
relationships and condition factor of Squalius cephalus (Linnaeus, 1758) were obtained between
2019-2021 from Munzur River. 49 of the S. cephalus samples were female and 59 were male;
female/male ratio was found 1/1.20. Total length and weight ranged between 8.2-24.1 cm and
6.8-148.6 g for female; 8.9-24.3 cm and 7.3-156.8 g for male. The length-weight relationship of
S. cephalus was found as W = 0.0079L3%1%%% (R? = 0.965) in females, W = 0.0074L315% (R2 =
0.971) in males and W= 0.0076L31407 (R = 0.969) in all individuals. It was determined that the
b value was statistically different from 3 in female, male and all individuals (t-test; p<0.05). The
growth of S. cephalus was determined positive allometric (b>3) in the Munzur River. The
relationship between total, fork and standard lengths was determined for female, male and all
individuals were quite strong (P<0.001; R2>0.927). Condition factor of S. cephalus varies
between 0.827-1.438 in females and 0.826-1.517 in males from Munzur River.

Keywords: Length-weight relationship, length-length relationship, condition factor, Squalius cephalus,
munzur river.

Munzur Nehri‘ndeki Squalius cephalus’un (Linnaeus, 1758) Boy-Agirhk,
Boy-Boy lliskileri ve Kondisyon Faktorii

*Sorumlu yazar:

Ebru Ifakat OZCAN

Munzur Universitesi, Su Uriinleri Fakiiltesi,
Tunceli, Turkiye

4: ebruozer@munzur.edu.tr

Oz: (Linnaeus, 1758) boy-agirlik, boy-boy iliskileri ve kondisyon faktorii gibi bazi zellikleri
incelenmistir. S. cephalus 6meklerinin 49'u disi ve 59'u erkek; disi/erkek orani 1/1,20 olarak
bulunmustur. Disilerde toplam boy ve agirlik 8,2-24,1 cm ile 6,8-148,6 gr; erkeklerde 8,9-24,3
cm ve 7,3-156,8 gr arasinda degismektedir. S. cephalus'un boy-agirlik iliskisi disilerde W =
0,0079L3%22° (R2 = 0,965), erkeklerde W = 0,0074L315% (R> = 0,971) ve tiim bireylerde W=
0,0076L3%407 (R> = 0,969) olarak bulunmustur. b degerinin disi, erkek ve tiim bireylerde
istatistiksel olarak 3'ten farkli oldugu belirlenmistir (t-testi; p<0,05). Munzur Nehri'nde S.
cephalus'un bilyiimesinin pozitif allometrik (b>3) oldugu belirlenmistir. Disi, erkek ve tiim
bireyler igin total, ¢atal ve standart boylar arasindaki iligki oldukea giiclii bulunmustur (P<0,001;
R2>0,927). Munzur Nehri’nde S. cephalus'un kondisyon faktérii disilerde 0,827-1,438 ve
erkeklerde 0,826-1,517 arasinda degismektedir.

Anahtar kelimeler: Boy-agirlik iliskisi, boy-boy iliskisi, kondisyon faktorii, Squalius cephalus,
munzur nehri.

INTRODUCTION

The genus Squalius, called Leuciscus, is a large
group represented by 45 species in the family Cyprinidae and
has been revised as Squalius since 2011. The freshwater
mullet S. cephalus has commercial value and wide

distribution in all of Europe, Black Sea, Caspian Sea and
Azov Sea Basins, Caucasus and Anatolia (Kottelat &
Freyhof, 2007). There are various studies on this species in
different water resources in our country (Unver & Erk'akan,
2012; Demirol et al., 2016; Benzer & Giil, 2017; Ozcan et
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al., 2017; Ozpigak et al., 2018; Celik, 2019; Ozcan & Serdar,
2019).

Length and weight values of fish are used
determining growth rates. However, length value is most
commonly used in the expression of growth because it is
easier to measure and shows less variation (Cetinkaya,
1989). The "b" value in the length-weight relationship is an
indicator of the body shape of the fish and directly affected
by the characteristics of the habitat in which the fish live
(Ricker, 1975).

In fisheries biology, length-weight and length-
length relationships of fish species are frequently used for
different purposes such as estimating fish weight from fish
length or estimating the total length from the standard length
of a damaged fish, as well as useful in comparing the stocks
of the same species in different habitats. In addition, a and b
values, which are the length-weight relationship parameters,
allow the morphology of and life processes compared of fish
species distributed in different habitats (Yilmaz et al., 2010).

Condition factor in fish is one of the most important
parameters related to body shape of the fish. This parameter
can give information about the development of the related
fish species in its habitat. This may allow researchers to
make inter-habitat comparisons by comparing the condition
factors of fish populations of the same species living in
different environments. In addition, it provides information
to researchers on issues such as condition factor, population
density, nutritional status and effect of climate change on
growth (Froese, 2006).

With this study, it was aimed to determine for the
first time some population characteristics such as length-
weight, length-length and condition factor of S. cephalus in
Munzur River, and it will allow comparison with future
studies on this species.

MATERIAL AND METHOD

The Munzur River starts in many branches from the
southern slopes of the hills in the middle part of the Munzur
Mountains. These branches unite in the Ovacik depression
area, which is the largest plain of the province. Munzur River
joins the Piiltimiir River in the borders of Tunceli city center
(Saler & Haykir 2011). Uzungayir Dam Lake is located,
which was established to generate energy on the Munzur
River (Saler et al., 2014; Bulut et al., 2021).

In this study, non-living 108 S. cephalus specimens
were obtained from local fishermen in the Munzur River
between 2019-2021 (Figure 1). The obtained fish were
brought to the laboratory immediately and their total length
was measured on a measuring board with +1 mm; the
weights were recorded by measuring with an electronic
balance with +1 g. The sexes of the fish were determined by
opening their bellies and examining their gonads. Those with
milky white and smooth surface gonads were evaluated as
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male, those with greenish yellow and granular surface
gonads as female (Lagler et al., 1977).
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Average length and weight values for each sex were
calculated. In our study, the formula W=aL® (Bagenal &
Tesch, 1978) was used to calculate the length-weight
relationships. In this formula, W= fish weight (g), L= fish
total length (cm), a and b represent the relationship
constants. For this species, the 95% confidence interval
(95%CI) of the b value was also calculated (Zar, 1999).

The relations between total length-standard length,
total length-fork length, fork length-standard length, values
were calculated with the linear relationship equation y=ax+b
and correlation coefficients were determined.

Condition factor, which is an indicator of the
nutritive capacity of the environment was calculated with the
following formula:

Condition factor = (W/L®)*100 (Le Cren, 1951).

RESULT AND DISCUSSION

Total length and weight of female individuals of S.
cephalus ranged between 8.2-24.1 cm and 6.8-148.6 g, the
mean length was found 14.88+0.47 cm in Munzur River,
respectively. In males of S. cephalus, the total length and
weight ranged between 8.9-24.3 cm and 7.3-156.8 g, the
mean length was found 15.37+0.41 cm, respectively. It was
observed that the most dominant length group was 14.0-16.0
cm length group (Figure 2). Female and male individuals the
difference between length and weight values was found to
be statistically significant (P>0.05). For this purpose, the
length-weight relationship was evaluated separately for
females, males and all individuals. In previous studies on S.
cephalus; Bostanci & Polat (2009), 18.5-35.3 cm fork length
and 124.4-667.6 g weight in Camlidere Dam Lake; Innal
(2010), 8.0-38.4 cm fork length and 8.3-845.0 g weight in
Camkoru Pond; Gaygusuz (2012), 1.9-34.7 cm total length
and 0.04-509.50 g weight in streams flowing into Darlik
Dam Lake; Coban et al., (2013), 15.8-22.9 cm standard
length in Uzungayir Dam Lake; Kaptan (2014), 2.6-30.1 cm
total length and 0.14-357.50 g weight in the Istranca Stream;
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Aydm et al., (2015), 16.5-42.4 cm total length and 62.7-
1365.2 g weight in Keban Dam Lake; Demirol et al., (2016)
total length values were 13.00-36.20 cm for males and
13.60-33.80 cm for females; weight values of 25.82-616.00
g for males and 22.10-494.00 g for females in Uzungayir
Dam Lake; Ozcan et al., (2017) found as 6.0-26.0 cm total
length and 4.8-212.0 g weight in the Karasu River (Erzincan-
Erzurum). Differences in length and weight values in studies
conducted with the same species may be caused by sampling
location and time, sampling method, fork length or total
length values used in the study and many ecological factors
(Suigmez et al., 2011; Giindiiz, 2014).
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Figure 2. Distribution of total length groups-frequency of S. cephalus in
Munzur River.

49 were female and 59 were male of the S. cephalus
obtained from the Munzur River; female/male ratio was
found to be 1/1.20. Sex composition; Bostanci & Polat
(2009), 71.3% female and 28.7% male in Camlidere Dam
Lake; innal (2010), stated 61.2% female, 30.6% male and
8.14% unidentified individuals and the female/male ratio
was 1.0/0.5 in Camkoru Pond. Gaygusuz (2012), stated
7.62% unidentified, 33.71% females and 58.67% males and
the female/male ratio was 1/1.74% in the streams flowing
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into Darlik Dam. Kaptan (2014), found the female/male ratio
of S. cephalus 1/1.74 in the Istranca Creek. It is seen
female/male ratios are generally different in each examined
studies. In this regard, it can be considered normal that there
are differences between different populations of the same
species.

The length-weight relationship of S. cephalus was
found as W = 0.0079L3%1%%° (R?> = 0.965) in females, W =
0.0074L315% (R2=0.971) in males and W= 0.0076L%1477 (R>
= 0.969) in all individuals. The 95% confidence interval of
the b value calculated as 3.035-3.252 for all individuals. In
addition, it was determined that the b value was statistically
different from 3 in female, male and all individuals (t-test;
p<0.05). The growth of the S. cephalus was determined
positive allometric (b>3) in the Munzur River. The high R?
value showed a very strong relationship between length and
weight in female, male and all individuals (Figure 3, 4, 5,
Table 2). The b values obtained from the length-weight
relationship of S. cephalus in previous studies are as follows;
Bostanct & Polat (2009), 3.03 for all individuals in
Camlidere Dam Lake; Innal (2010), 3.01 for all individuals
in Camkoru Pond; Gaygusuz (2012), 3.14 for all individuals
in Darlik Dam Lake; Kaptan (2014), 3.1494 for all
individuals in the Istranca Stream; Aydin et al., (2015),
3.1484 for all individuals in Keban Dam Lake; Demirol et
al., (2016), 3.1357 for all individuals in Uzuncayir Dam
Lake; Ozcan et al., (2017), 3.24 for all individuals in Karasu
River (Erzincan-Erzurum); Ozpigak et al., (2018), 3.224;
3.285; 3.298; 3.210 for Abdal, Ak¢ay, Terme and Yedikir in
the Central Black Sea Region, respectively. These growth
parameters in fish may differ from species to species, as well
as between individuals of the same species living in different
habitats. In addition to these, it is known that seasonal
changes can be seen depending on the amount of food and
reproduction in the environment (Yakut, 2019).

Table 1. Total length, weight and condition factor values of S. cephalus in Munzur River

Total Length (cm) Weight (g) Condition Factor
Sex n Ort+S.E Min-Max Ort+S.E Min-Max Ort+S.E Min-Max
Female 49 14.88+0.47 8.2-24.1 42.12+4.74 6.8-148.6 1.109+0.02 0.827-1.438
Male 59 15.37+0.41 8.9-24.3 47.93+4.14 7.3-156.8 1.123+0.02 0.826-1.517
All 108 15.15+0.32 8.2-24.3 45.29+3.20 6.8-156.8 1.117+0.01 0.826-1.517
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Figure 3. Length-weight relationship in females of S. cephalus from
Munzur River.
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Figure 4. Length-weight relationship in males of S. cephalus from
Munzur River.
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Figure 5. Length-weight relationship all individuals of S. cephalus from
Munzur River.

Table 2. Length-weight relationship parameters of S. cephalus in Munzur
River.

Length-weight parameters

Sex

a b %95 Confidence Interval R?
Female 0.0079 3.1229 3.036-3.252 0.965
Male 0.0074 3.1536 3.035-3.252 0.971
All 0.0076 3.1407 3.035-3.252 0.969

The relationship between total, fork and standard
lengths of S. cephalus in Munzur River is given in Table 3.
It was determined that the length-length relations for
female, male and all individuals were quite strong
(P<0.001; R?%>0.927). It provides convenience in
comparison with other studies using different length
measurements with LLRs. Ozcan et al., (2017) investigated
LLRs of S. cephalus from Karasu River and found highly
significant relationships (R? >0.95, P<0.001). Ozpicak et
al., (2018) determined LLRs were significantly important
(P<0.001) and coefficient of determination (R?) ranged
from 0.916 to 0.999 for inhabiting a few inland waters of
Middle Black Sea Region of Turkey.

Table 3. Length-length relationships of S. cephalus in the Munzur River.

Sex Equation a b R?
TL=a+bFL 1.4676 0.9544 0.927
Female FL=a+bhSL 0.1875 1.0792 0.988
SL=a+bTL 0.6527 0.9064 0.952
TL=a+bFL 0.5285 1.0236 0.974
Male FL=a+bSL 0.0893 1.0906 0.990
SL=a+bTL 0.1178 0.8653 0.966
TL=a+bFL 0.9734 0.9904 0.952
All FL=a+bSL 0.1497 1.0840 0.989
SL=a+bTL 0.3741 0.8853 0.959

Condition factor of S. cephalus varies between
0.827-1.438 in females and 0.826-1.517 in males from
Munzur River. Aydin et al., (2015) stated that the condition
factor values of S.cephalus male individuals showed a
distribution between 0.9325-1.7282, while female
individuals showed a distribution between 1.001- 1.8484 in
Keban Dam Lake. Demirol et al., (2016) stated that the
condition factor values of S. cephalus varied between
1.041-1.233 for males and 0.890-1.298 for females in
Uzungayir Dam Lake.

In  conclusion; length-weight, length-length
relationships and condition factor are very important in
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fisheries management. Due to the diversity and abundance
of water resources in our country, it provides the
opportunity for fish species with different characteristics to
live. The population characteristics of the fish living in
these environments should be compared, management
plans should be established and the fish populations should
be hunted and the sustainability of the fish stocks should
be ensured.
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Abstract: In recent years, edible and medicinal mushrooms have a very important position in functional food

*U: https://orcid.org/0000-0003-4680-1738 and bioactive components. Mushrooms attract the attention of the medical industry with their nutritional
 https://orcid.org/0000-0002-9447-1668 properties as well as their benefits for consumer health. The objectives of this research were to to reveal the
nutritional composition, antioxidant potential, phenolic and flavonoid content of the commercially edible and

medicinal mushroom Coriolus versicolor and to evaluate its anti-cancer effect against HT-29 cells. In this

context, the nutrient composition was analyzed in accordance with the Association of Official Analytical

*Corresponding author’s: Chemists (AOAC) procedure. C. versicolor showed a high nutritional value with protein, carbohydrate,
Ozlem ERDAL ALTINTAS dietary fiber and glucan content. The total phenolic (TPC) and total flavonoid contents (TFC) of the water,
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the three extract types. In addition, the antioxidant capacity of extracts was compared with different methods
(DPPH, ABTS, FRAP, and CUPRAC). The ethanol extract showed the highest DPPH (39.16+0.82 uM TE/g
dw), ABTS (29.19+1.30 uM TE/g dw) and CUPRAC (37.17+0.79 uM TE/g dw) activities among the other
extracts, while FRAP (21.01+1.62 uM TE/g dw) activity for water extract was determined to be the highest.
Finally, when the anti-cancer effects of these extracts were evaluated against HT-29 cells, it was observed
that ethanol, methanol and water extract inhibited 82.43%, 79.15% and 65.56%, respectively, at the end of
48 hours.

Keywords: Anti-cancer activity, antioxidative, Coriolus versicolor, mushroom extract, nutritional
composition, polyphenol content.

Yenilebilir ve Tibbi Mantar Coriolus versicolor’un Besin Bilesimi, Polifenol icerigi ve
Antioksidatif Ozelliklerinin Karsilastirmah Degerlendirmesi

Oz: Son yillarda, yenilebilir ve tibbi mantarlar, fonksiyonel gida ve biyoaktif bilesen kaynaklari olarak daha
fazla dikkat gekmektedir. Besleyici 6zelliklerinin yani sira mantarlar, tiiketici sagligina olan faydalari ile de
medikal endiistrinin ilgisini ¢ekmektedir. Bu ¢aligma, ticari olarak satin alinan, yenilebilir ve tibbi mantar
Coriolus versicolor’un besin bilesimini, antioksidan potansiyelini, fenolik ve flavonoid igerigini belirleyerek
HT-29 hiicrelerine kars1 anti-kanser etkisini degerlendirmeyi amaglamigtir. Bu kapsamda, ilk olarak, besin
bilesimi Resmi Analitik Kimyacilar Birligi (AOAC) prosediiriine gore belirlenmistir. C. versicolor mantari,
sahip oldugu protein, karbonhidrat, diyet lifi ve glukan igerigi ile yiiksek bir besin degeri gostermektedir.
Belirtilen mantarin su, etanol ve metanol ekstrelerinin toplam fenolik (TPC) ve toplam flavonoid igerikleri
(TFC) belirlenmis ve etanol ekstresinin {i¢ ekstre tiirii igerisinde en yiiksek TPC (172,80+£2,35 mg GAE/g
ekstre) ve TFC (48,72+2,89 mg QE/g ekstre) degerlerine sahip oldugu bulunmustur. Ayrica, bu ekstrelerin
antioksidan kapasitesi farkli yontemlerle (DPPH, ABTS, FRAP ve CUPRAC) karsilastirilmistir. Etanol
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Afyonkarahisar, Tiirkiye. hiicreleri iizerindeki anti-kanser etkileri degerlendirildiginde, 48 saat sonunda etanol, metanol ve su
B: ozlem.erdal.ege@gmail.com ekstrelerinin sirasiyla %82,43, %79,15 ve %65,56 oraninda inhibe ettigi gdzlenmistir.

Anahtar kelimeler: Antikanser aktivite, antioksidatif, besin bilesimi, Coriolus versicolor, mantar ekstresi
polifenol bilesimi.
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INTRODUCTION

Recently, mushrooms have attracted great interest
in food science and pharmacology due to their potential
nutritional value and medicinal properties. They play an
important role in our health with their use as food
supplements (Assemie & Abaya, 2022; Lopez-Hortas et al.,
2022). Edible mushrooms, are mainly consumed as fresh
mushrooms  with fruiting bodies or  dried
products. Medicinal mushrooms are mostly used in
biopharmaceutical applications in powdered, loose, or liquid
extract forms (Elkhateeb et ak., 2019). The chemical
composition of mushrooms, which usually consists of 90%
water and 10% dry matter, is important in terms of
nutritional value. Mushrooms are good sources of protein,
especially with their amino acid content (aspartate,
glutamate, etc.) and are generally analogous to animal
proteins. In this context, they are considered an ideal
supplement for vegetarian diets (Assemie & Abaya, 2022;
Mwangi et al., 2022; Sganzerla et al., 2022). The protein and
total carbohydrate content of mushrooms differ between
15%-35% and 35%-70% of dry weight, respectively,
according to the species and cultivation process.
Furthermore, mushrooms are characterized as healthy food
sources thanks to their high fiber content (chitin and B-
glucans) and low-fat content. In addition to the valuable
nutritional composition of mushrooms, their bioactive
compounds provide consumers with both a good food source
and positive medical effects on health and medicinal
mushrooms have been used worldwide in folk medicine for
centuries. (Stojanova et al.,, 2021; Wu et al., 2021).
Mushrooms are foods with high antioxidant value owing to
their  polysaccharides and  phenolic ~ compounds.
Antioxidants have an important value in human nutrition and
protect cells from the negative effects of free radicals.
Phenolics are aromatic hydroxyl compounds known for their
high antioxidant potential. Flavonoids are the compounds
responsible for the antioxidant activity specific to
polyphenolic compounds, both as hydrogen donors in
stabilized radical formation and due to their ability to chelate
transition metal ions (Raseta et al., 2020; Stojanova et al.,
2021).

Mushrooms and mushroom extracts have gained
important  biological activities such as antioxidant,
antimicrobial, anti-cancer, anti-inflammatory, antiobesity,
hypocholesterolemic, hypoglycaemic and
immunomodulatory thanks to their secondary metabolites
(polysaccharides, proteins, peptides, terpenoids,
polyphenols, vitamins, and mineral elements). The chemical
profile of medicinal mushrooms varies according to species,
strain, cultivation conditions, the degree of maturity and the
proportion of individual anatomical parts in the total mass of
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the mushroom (Barros et al., 2007; Safin et al., 2022). In
virtue of their nutritional composition and bioactive
compounds as well as their biological properties,
mushrooms are attracting more attention as functional foods
and nutraceutical agents to provide better health conditions
(Matijasevic et al., 2016; Abdelshafy et al., 2022). The
potential of several mushroom species as antitumor agents
has been observed and it has been proposed to be used as a
biological factor in the control of many types of cancer.
Many studies have shown that Auricularia species against
ACHN, MCF-7 and CoLo0-205 cancers (Arora et al., 2013),
Ganoderma lucidum against human lung cancer (A549,
H441 and H661) (Chen et al., 2016), Coprinus species
against human colon cancer (Colo-205) (Khan et al., 2016),
Lentinus edodes species against colorectal carcinoma cells
(HCT-116, SW-480) (Seklic et al., 2021). Some species of
mushrooms known to be beneficial for health are used as a
supply of bioactive compounds in the development of
functional foods and new pharmaceuticals (Abdelshafy et
al., 2022). In this context, Coriolus versicolor, an important
medicinal mushroom, will be evaluated in this study.

C. versicolor, also known as Trametes versicolor or
Polyporus versicolor in the literature, belongs to the family
Polyporaceae and is included in the Basidiomycotina section
(Cruz et al., 2016). Polysaccharides of C. versicolor
[(polysaccharopeptide (PSP) and polysaccharopeptide
Krestin (PSK)] have antioxidant effects and especially have
blood sugar lowering effect. It is also used in the treatment
and prevention of tumor diseases such as hepatitis B, liver,
breast and stomach cancer and some immune deficiency
diseases. These polysaccharides with therapeutic properties
are the best known commercially from C. versicolor
extracts. Both polysaccharides (PSP and PSK) consist of 3-
glucans, D-glucose polymers with B-1,3 and a-1,4 glycosidic
bonds, but some may also contain ut some may contain six-
carbon sugars (Knezevic et al., 2018).

In this context, the objective of this research was to
reveal the nutritional composition of the medicinal and
edible mushroom C. versicolor and to compare the
antioxidant activities and phenolic contents of three different
extracts (aqueous, ethanolic and methanolic) obtained from
this mushroom species. In addition, the anti-cancer activities
of these extracts on HT-29 human colon adenocarcinoma
cells were evaluated.

MATERIAL AND METHOD

Mushroom material: The commercial Coriolus
versicolor mushroom was purchased from AGROMA Food
Agriculture Livestock Industry Trade Limited Company
(Denizli, Turkey). The Coriolus versicolor mushroom used
in this study was harvested in Denizli prefecture in Turkey
in 2022.
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Evaluation of mushroom extracts nutritional
value: The proximate nutritional composition, including ash,
total protein, total carbohydrates, fat, total dietary fiber
(TDF) and glucan content was carried out according to the
Association of Official Analytical Chemists (AOAC)
procedure for the dried and milled Coriolus versicolor.

Ash content was analyzed by burning of the sample
in a muffle furnace (930.22 method, AOAC 2012). Total
protein content of the sample was measured over the total
nitrogen content determined by Kjeldal method (AOAC,
2007). Total carbohydrate content was determined using the
method described by DuBois et al., (1956) and glucose was
used as a standard. Fat content was analyzed by extraction
in the soxhlet system (Method 920.39, AOAC 2012).
Dietary fiber content was determined as total dietary fiber
(TDF), soluble dietary fiber (SDF) and insoluble dietary
fiber (IDF) content by K-TDFR-100A (Megazyme Int.,
Dublin, Ireland) according to AOAC (method 991.43,
AOAC, 2007). The results were expressed as g/100 g dried
and milled mushrooms. Glucan contents were determined as
total, a- and B-glucan contents using the B-glucan Assay Kit
(Mushroom and Yeast) (Megazyme Int., Dublin, Ireland)
according to the Kit instructions. Results were expressed as
g/100 g of dried and milled mushroom.

Preparation of mushroom extracts: The dried C.
versicolor (Cv) mushrooms were powdered by grinding with
a laboratory blender. Powdered materials were mixed in
liquid (water, 50% aqueous ethanol, and 50% aqueous
methanol) ratio of 1:20 (g/mL), and the blends were
ultrasonication at room temperature for 30 min. Next, they
were subject to solid-liquid extraction for 24 h at room
temperature, in dark conditions, on a magnetic stirrer (540
rpm). At the end of the period, the extracts were centrifuged
(5000 g for 15 min) and then filtered Whatman No:1.
Solvents were completely evaporated with a rotary
evaporator (Heidolph Laborota 4000) and then samples were
lyophilized. Finally, C. versicolor water extract (Cv-dH,0),
50% (v/v) aqueous ethanol extract (Cv-EtOH) and 50% v/v
methanol extract (Cv-MeOH) were obtained and stored at +4
°C further experimental assays.

Evaluation of total phenolic and flavonoid
content: The total phenolic content (TPC) of the C.
versicolor extracts (Cv-dH,O, Cv-EtOH, and Cv-MeOH)
was measured by using a Folin-Ciocalteu colorimetric assay
with minor changes (Gamez-Meza et al., 1999). Gallic acid
as a standard (R?=0.9974) and expressed as mg gallic acid
equivalents (GAE) per g of extract (mg GAE/g dw). The
total phenolic content (TFC) of the extracts was analyzed
with the AICI; colorimetric method (Chang et al., 2002), and
Quercetin as a standard (R?=0.9967). The findings were
expressed as milligrams of Quercetin equivalent per gram of
dry extract (mg QE/g dw)
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In vitro antioxidant capacity

DPPH radical scavenging activity: DPPH radical
scavenging activity of C. versicolor extracts (Cv-dH20, Cv-
EtOH and Cv-MeOH) was detected using the method
described by Brand-Williams et al., (1995) with minor
changes. In brief, freshly prepared methanol DPPH solution
with a concentration of 4x10* M was mixed with each
extract at a ratio of 4:1 (v/v) and the absorbance was
measured at a wavelength of 517 nm after incubation. DPPH
radical scavenging activity was given as a function of Trolox
equivalent antioxidant capacity (TEAC) (uM TE/g dw).

ABTS radical scavenging activity: ABTS radical
cation scavenging activity of C. versicolor extracts (Cv-
dH.0, Cv-EtOH and Cv-MeOH) was evaluated by slightly
modifying the method reported by Re et al., (1999). Firstly,
ABTS stock solution was reacted with K,S;0g to obtain
ABTS*. The mixture was kept in the dark and overnight at
room temperature. Each extract was mixed with ABTS*
solution in a 1:10 v/v ratio. The resulting reaction mixture
was incubated at room temperature in the dark and the
absorbance was measured at a wavelength of 734 nm. ABTS
radical cation scavenging activity was expressed as a
function of TEAC (uM TE/g dw).

Ferric-reducing antioxidant power activity
(FRAP): Ferric reducing antioxidant power activity of C.
versicolor extracts (Cv-dH;O, Cv-EtOH and Cv-MeOH)
was measured by the method according to Benzie and Strain,
(1996). Each extract was mixed with FRAP solution ina 1:9
v/v ratio. The mixture was incubated at 37 °C under dark
conditions and the absorbance was measured at 593 nm
wavelength. Results were expressed as a function of TEAC
(LM TE/g dw).

Cupric ion reducing antioxidant capacity
(CUPRAC): The cupric ion-reducing antioxidant capacity of
C. versicolor extracts (Cv-dH,0, Cv-EtOH and Cv-MeQOH)
was evaluated the method described by Apak et al., (2004)
with minor modifications. One mL each of CuCl, solution
(1.0 x 102 M), neocuproin solution (7.5 x 10 M) and
NH.OOCCH; buffer solution (1M) (pH: 7.0) were mixed in
a test tube. Each extract was added to the reaction mixture
obtained by mixing with water in a 1:10 v/v ratio. After
incubation, absorbance was measured at 450 nm
wavelength. The results were expressed as a function of
TEAC (uM TE/g dw).

In vitro anti-cancer activity

Cell culture and cell line: HT-29 (ATCC HTB-38)
(human colon adenocarcinoma) cells were used in in vitro
studies. Cells were kept in Dulbecco's Modified Eagle
Medium (DMEM) consisting of high glucose and
supplemented with 10% fetal bovine serum and 1%
antibiotic solution.

MTT cytotoxicity assay: The cytotoxic property of
C. versicolor extracts was evaluated in HT-29 cells by MTT
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assay reported by Khodavirdipour et al., (2021). Concisely,
cells at 70-80% confluency were trypsinized and seeded in a
96-well plate at a density of 1x10* cells/well. After overnight
attachment, the medium was removed from the wells and a
serial twofold dilution (1000-62.5 pg/mL) was added from
the stock solution prepared at a concentration of 1000
pg/mL. Plates were incubated 5% CO; at 37 °C for 24 and
48 hours. After incubation, the medium was removed from
each well, MTT reagent (Sigma-Aldrich®, Germany) was
added and incubated for two hours at 37 °C in 5% CO,. After
incubation, the MTT reagent was aspirated, DMSO was
added to dissolve formazan crystals and the plate was shaken
for 5 min at room temperature. Absorbance was measured
with an ELISA multifunctional microplate reader (Thermo
Scientific™ Multiskan Go™, USA) at a wavelength of 570
nm. Untreated cells (without mushroom extract) were used
as negative control, while DMSO-treated cells were used as
vehicle control. Each experiment was performed in eight
replicates (n=8). The inhibition (%) of the mushroom
extracts was determined by Eq. 1. The 1¢50 was calculated
and analyzed by GraphPad Prism v. 8.

Inhibition (%) = [A570 nm of treated cells +
A570 nm of control cells] x 100 Eq.1

Statistical analysis: The results were expressed as
Mean+£SD. In vitro test data were statistically analyzed with
One-Way ANOVA and Tukey's multiple comparisons tests.
The data were presented as a mean with a 95% confidence
interval (CI). P-values less than 0.05 were deemed
statistically significant.

RESULTS

Nutritional composition: The nutrient contents of
the C. versicolor mushroom were given in Figure 1a. This
edible and medicinal mushroom was determined to have
approximately 9.07% ash, 29.22% protein, 56.16%
carbohydrate and 2.03% fat content by the AOAC
procedures. According to Assemie and Abaya, (2022) most
the edible mushroom contain (35-70%) carbohydrates, (15-
34.7%) protein, (10%) fat and (6-10.9%) minerals, also Cui
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and Chisti, (2003) reported that the content of PSP
(polysaccharopeptide) and PSK (polysaccharopeptide
Krestin) extracted from C. versicolor typically contain (34-
35%) soluble carbohydrates, (28-35%) protein, (~7%)
moisture, (6-7%) ash and the remainder are free sugars and
amino acids. So, the present findings content of C. versicolor
were in agreement with the reported values. Recently,
dietary fibers of edible plant and macrofungal origin have
come to the forefront with various health effects in obesity,
diabetes, cancer, and intestinal diseases (He et al., 2022).
Dietary fiber and glucan which are resistant to digestive
enzymes are among the important components of edible
mushrooms. Dietary fiber (TDF, IDF, and SDF) and glucan
content (total, a, and B) of Coriolus versicolor mushroom are
given in Figure 1b. IDF and SDF contents were determined
as 31.42+1.04 g/100 g dw and 2.87+0.83 g/100 g dw,
respectively. Total glucan content was determined as
21.04+0.77 g/100 g dw and this content was formed by B-
glucans (16.82+1.41 g/100 g dw) and a-glucans (3.95+1.41
0/100 g dw) (Figure 1c). The dietary fiber and glucan content
of C. versicolor has been reported previously. For example,
T. versicolor NBIMCC 8939 contained 39.53+0.61 g/100g
dw TDF, 36.21+0.45 g/100g dw IDF and 1.99+0.15 g/100g
dw SDF (Angelova et al., 2022). Also in another study,
selenium-enriched crude exopolysaccharides of C.
versicolor were determined to have 31.12+1.76 mg/g total
glucan, 8.33+0.02 mg/g a-glucan and 19.48+1.6 mg/g PB-
glucan contents (Miletic et al., 2021). Wild-type C.
versicolor collected from North Rhine Westphalia,
Germany, was found to contain 61.194+11.611 g/100g dw
total glucans, 0.406+£0.232 g/100g dw a-glucan and
60.788+11.795 g/100g dw B-glucan (Sari et al., 2017). When
the studies in the literature are evaluated, in general, the
nutrient composition of mushrooms varies from species to
species, but it depends largely on the environment and
cultivation techniques. According to the results obtained in
our study, the composition of C. versicolor mushroom
showed a high nutritional value with high protein,
carbohydrate, dietary fiber, and glucan content.
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Figure 1. a. Nutrients b. dietary fiber and c. glucan content of C. versicolor
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Total phenolic and flavonoid contents

Phenolic and flavonoid compounds are important
metabolites generally found in edible and medicinal
mushroom species. Thanks to these metabolites,
mushrooms provide many benefits for human health (as
well as anti-allergenic, anti-inflammatory, antioxidant,
antimicrobial, and anti-tumor effects) and are also of
interest as functional foods and nutraceutical agents
(Abdelshafy et al., 2022; Silva et al., 2023).

Three different extracts (water, 50% aqueous
ethanol, and 50% aqueous methanol) were obtained to
evaluate TPC and TFC of C. versicolor. TPC ranged from
91.30+1.07 to 172.80+2.35 mg GAE/g dw, while TFC
ranged from 30.36+1.14 to 48.72+2.89 mg QE/g dw
(Figure 2). TPC and TFC of ethanol extract were higher
than the other extracts. In research carried out by
Matijasevic et al., (2016), the TPC of the C. versicolor
methanol extract was measured as 25.8+1.4 mg GAE/g dw
and TFC as 4.3+0.2 mg CE/g dw. In another study, water
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and ethanol extracts were obtained from C. versicolor
mushroom collected from the Republic of North
Macedonia and it was determined that the water extract had
a composition of TPC 12.88+5.25 mg GAE/g dw and TFC
5.95+1.37 mg QE/g dw (Stojanova et al., 2021). Our results
are consistent with the TPC of T. versicolor water and
ethanol extracts (110.2+0.8 and 163.5+0.8 mg GAE/100 g
dw respectively), reported by Raseta et al., (2020). The
same authors measured the TFC in the water and ethanol
extract at 31.4+0.7 mg QE/100 g dw and 37.8+0.3 mg
QE/100 g dw respectively, which is in accordance with the
current results. In general, polyphenol content varies
depending on the solvent used. In the literature, higher
phenol yields were obtained in ethanol and methanol
organic solvents. The results obtained in our research are
in harmony with the literature; ethanol was found to be a
good choice for the processing of C. versicolor mushroom
when ethanol was used as a solvent.
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Figure 2. Total phenolic and flavonoid content of C. versicolor extracts

Antioxidant capacity

Antioxidant compounds of mushroom extracts
have become an important resource in pharmaceutical and
food industries to supply products with bioactive
components, replacing synthetic antioxidant substances
(Zielinski et al., 2016). Phenolic and flavonoid contents of
edible and medicinal mushrooms are responsible for the
antioxidant activity of mushroom extracts (Abd Razak et
al., 2019; Aljadi & Kamaruddin, 2004). In addition, a
strong correlation has been found between the polyphenol
content and antioxidant activity of mushroom species
thanks to its ability to scavenge hydroxyl groups
(Smolskaite et al., 2015; Abd Razak et al., 2019; Contato
et al., 2020). Four different antioxidant tests (DPPH,
ABTS, FRAP, and CUPRAC) were applied to investigate
the antioxidant capacity of C. versicolor extracts and the
results obtained are indicated in Table 1.
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DPPH radical scavenging activity: In the current
study, all extracts were found to be efficient scavengers
against DPPH radicals. EtOH extract showed the highest
radical scavenging capacity, while water extract was the
lowest radical scavenger.

ABTS radical scavenging activity: All extracts
showed ABTS radical scavenging activity and ethanol
extract was found to have the highest ABTS radical
scavenging activity among all extracts.

Ferric reducing antioxidant power activity
(FRAP): Among all extracts, water extract was determined
to have the highest FRAP activity.

Cupric ion-reducing antioxidant capacity
(CUPRAC): It was determined that all extracts were
effective against cupric ions and, especially ethanol extract
had the highest CUPRAC activity among all extracts.

The antioxidant activity of extracts obtained from
C. versicolor has previously been reported. For example,
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the dried and milled crude extract obtained from the C.
versicolor mushroom showed 52.242.2 (umol TE/g dw)
DPPH scavenging ability, 69.5£2.0 (umol TE/g dw)
CUPRAC and 143.14£5.5 (umol TE/g dw) ABTS
scavenging ability (Kozarski et al., 2020). Another study
used 80% ethanol, methanol, and water extracts from T.
versicolor NBIMCC 8939 for DPPH, ABTS, FRAP, and
CUPRAC activity. Among the three extracts, water extract
was determined to have the highest DPPH (5.63+0.11 uM
TE/g dw), ABTS (28.16£0.49 uM TE/g dw), CUPRAC
(52.21+0.28 uM TE/g dw) activities and methanol extract
was determined to have the highest FRAP (6.12+0.11 uM
TE/g dw) activity (Angelova et al., 2022).

In an additional study, the antioxidant activity of
C. versicolor was evaluated. DPPH (773 mM TE/g dw),
ABTS (2.930 mM TE/g dw), and FRAP (1.710 mM TE/g
dw) tests revealed antioxidant activity (Maeng et al., 2017).
When the antioxidant capacity values measured in the
present study were compared with previous studies, it was
observed that some antioxidant capacity types were higher
or lower than others. The main reason for this situation may
be due to the habitat of the mushroom, cultivation,
collection time, the concentrations used in antioxidant
activity analyses, extraction solvent and extraction
methods, etc.

Table 1. In vitro antioxidant activity values of C. versicolor extracts.
Mushroom Extracts

Cv-dH0 Cv-EtOH Cv-MeOH
DPPH (uM TE/g dw) 12.02+1.75 39.16+0.82 30.05+1.48
ABTS (uM TE/g dw) 19.08+1.60 29.19+1.30 24.27+0.76
FRAP (uM TE/g dw) 21.01+1.62 15.63+1.24 12.45+0.80
CUPRAC(uM TE/g dw) 16.33+0.56 37.17£0.79 28.64+0.93

Anti-cancer activity: The anti-cancer effects of
water, ethanol and methanol extracts of C. versicolor on
HT-29 (ATCC HTB-38) (human colon adenocarcinoma)
cells for 24 and 48 hours were evaluated. The results are
given in Figure 3. During 24 and 48 hours, it was shown
that the inhibition percentages increased with the increase
in concentration in all three extract types and accordingly,
the highest concentration (1000 pg/mL) in all three extracts
was determined to have the highest anti-cancer activity
against HT-29 cells. At the highest concentration of water
extract 60.83% and 65.56%, at the highest concentration of
methanol extract 71.27% and 79.15%, and finally, at the
highest concentration of ethanol extract, 75.19% and
82.43% inhibition percentages against HT29 cells were
obtained at 24 and 48 hours, respectively. The 1Cso values
of water, ethanol and methanol extracts were determined
as 636.2 pg/mL, 363.8 ng/mL and 396.1 pg/mL after 48 h,
respectively. As shown in Figure 3 it was determined that
ethanol extract had the highest anti-cancer effect against
HT-29 cells among the three extract types. Methanol and
water extracts also have a potent anti-cancer effect on HT-
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29 cells. In some of the previous studies, the anti-cancer
effect of C. versicolor was evaluated. For example, the
anti-cancer effects of polysaccharide-rich extracts from T.
versicolor were evaluated in HT-29 cells. This effect was
seen even at 10 pg/mL, the lowest concentration tested for
the extracts. These results suggest that T. versicolor extract
reduces cell growth and thus reduces the oncogenic
potential in colon cancer cells (Roca-Lema et al., 2019).

In a different study, the anti-cancer effect of
selected Trametes species from Serbia against Hela,
LS174, and A549 cells was evaluated. The results showed
that T. versicolor basidiocarp extract had the most effective
anti-cancer activity against HelLa cells (IC50 42.40 =+
0.74pg/mL) among the indicated cancer cells (Knezevic et
al., 2018). Moreover, the antiproliferative activity of H,O
and EtOH extracts of T. versicolor against the growth of
MCEF-7 cells was evaluated for 24 and 72-hour incubation
periods. Notably, ethanol extracts of T. versicolor were
found to have the strongest growth inhibitory activity
(1C50=327.0+0.7 pg/mL) after 24 h acute phase and the best
chronic cytotoxic activity (ICs¢=701.8+£0.6 pg/mL) after 72
h (Raseta et al., 2020). Several studies have shown that
compounds as well as extracts isolated from different
species of the genus Trametes have considerable cytotoxic
potential against different types of cancer (Ren et al., 2006;
Harhaji et al., 2008; Shnyreva et al., 2018).

CONCLUSION

This study revealed the potential of crude
macrofungal biomass as a dietary supplement due to the
high protein, carbohydrate, dietary fiber, and glucan
content of edible and medicinal mushroom C. versicolor.
The crude C. versicolor mushroom may be an ideal
approach to achieve natural dietary supplements with
significant health benefits. Furthermore, among the C.
versicolor extracts examined, the best results of antioxidant
analyses were found in the ethanolic extract. Total
flavonoid and total phenolic contents were found to have
the highest value in ethanol extract and thus phenolic and
flavonoid contents were found to be related to antioxidant
activity. In this context, this extract has the potential to
replace some synthetic antioxidants used for industrial
purposes. With the evaluation of its effect on HT-29 cells,
it was revealed that ethanol extract could be used in a hew
treatment approach for colon cancer patients. In the light of
these promising results obtained, novel nanoformulations
can be designed for the use of this mushroom extract both
as a dietary supplement and as a therapeutic agent in anti-
cancer therapies, thus maintaining their bioactivity,
controlled release, and bioavailability as well as stability
throughout storage, processing and consumption.
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Figure 3. a. Cytotoxicity results of Cv-dH,O extract, b. Cv-EtOH extract c. Cv-MeOH extract on  HT-29 human colon adenocarcinoma cells (A, P value
below 0,05 was considered as statistically significant).

on anti-tyrosinase and antioxidant activities of
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Oz: Bagirsak mikrobiyotas: trilyonlarca bakteri igeren degisen canli bir ekosistemdir ve insan
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sahiptir. Bu ¢aligma Allium sativum L. 6ziitiiniin bagirsak mikrobiyotasi tiizerindeki etkilerini
aragtirmay1 amaglamugtir.
Calismada, Allium sativum L. su bazli ekstresi hazirlandi. Deney igin 5 ve 10 giin boyunca Allium
sativum L. ile beslenen iki deney grubu ve iki kontrol grubu igin (her grupta 6 fare) olmak lizere
toplamda 24 hayvan kullanildi. Deney siiresince farelere gavajla her giin 300 mg/kg dozda sarimsak

xSorumlulyazarin; 6ziitii verildi. Kontrol grubundaki fareler deney siiresi boyunca normal besinlerle beslendi. Deney
Suna KIZILYILDIRIM .. - . . - . o
At P siresi sonunda farelerin diseksiyonu yapildi ve bagirsaklar steril ependorflara alindi. Bagirsak
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B: skizilyildirim@cu.edu.tr ile 16S Metagenomik Dizileme Illumina protokoliine gore gergeklestirildi. Elde edilen verilerin

biyoinformatik analizi gergeklestirildi.

Caligma sonucunda; 10 giin boyunca 300 mg/kg/giin Allium sativum L. 6ziitii ile beslenen grubun, 5
giin boyunca 300 mg/kg/gtin Allium sativum L. 6ziitii ile beslenen gruba gore bagirsak mikrobiyotasina
daha olumlu katkis1 olmustur. Faydali bakteriler olan, hem L. taiwanensis artig gostermesi hem de B.
bifidum tiiriiniin florada goriilmesiyle daha etkili bir sonuca ulagtig1 gorillmiistiir.

Anahtar kelimeler: Allium sativum L, metagenomik dizileme, mikrobiyota.

Investigation of the Effect of Allium sativum L. (Garlic) Extract on Intestinal Microbiota in Mice

Abstract: The intestinal microbiota is a changing living ecosystem containing trillions of bacteria and
plays an important role in human health. Allium sativum L., with its prebiotic properties, has the
potential to modulate the intestinal microbiota, protect against intestinal inflammation and restore
mucus production. This study aimed to investigate the effects of Allium sativum L. extract on intestinal
microbiota.

In this study, Allium sativum L. water-based extract was prepared. A total of 24 animals were used for
the experiment, two for the experimental group and two for the control group (6 mice in each group),
which were fed Allium sativum L. for 5 and 10 days. During the experiment, the rats were given 300
mg/kg garlic extract by gavage every day. Mice in the control group were fed normal food throughout
the experimental period. At the end of the experiment period, the mice were dissected and the intestines
were taken into sterile eppendorf tubes. DNA extraction from intestinal samples was performed with
the QIAamp DNA Mini Kit. Only the V3-V4 regions of the 16s rRNA region of the DNA samples
were amplified. Sequencing was performed with the Illumina HiSeq-2500 instrument according to the
16S Metagenomic Sequencing Illumina protocol. A bioinformatics analysis of the obtained data was

performed.
*Corresponding author: As a result of the study; The group fed with 300 mg/kg/day Allium sativum L. extract for 10 days had
Suna KIZILYILDIRIM a more positive contribution to the intestinal microbiota than the group fed with 300 mg/kg/day Allium
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the increase of both L. taiwanensis and B. bifidum species in the flora, which are beneficial bacteria.

Keywords: Allium sativum L, metagenomic sequencing, microbiota.
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GiRisS

Bagirsak mikrobiyotasi, konaga cesitli metabolik
islevler saglayan, bagirsak sagligi ile iliskili yaklagik 100
trilyon mikrobiyal topluluktan olusan canli bir
ekosistemdir (Ley vd, 2006; Clemente vd, 2012).
Bacteroidetes, Firmicutes, Actinobacteria, Proteobacteria,
Fusobacteria ve Verrucomicrobia, normal bagirsak
florasinda bulunur; burada Bacteroidetes ve Firmicutes,
toplam bakteri filum yapisinin %901 temsil eder ve
Actinobacteria, Proteobacteria ve Verrucomicrobia daha
az oranda temsil edilir (Rajilic-Stojanovic vd, 2014; Graf
vd, 2015; Klement vd, 2019). Firmicutes/Bacteroidetes
orani, bagirsak mikrobiyotasinin bozuklugunu yansitan
onemli bir parametredir. Son yillarda, biyoinformatik
analiz  teknolojisi ve  yiiksek dizileme
teknolojisindeki hizli gelisme ile bagirsak mikrobiyotasi
aragtirmalart hizli bir ilerleme kaydetmistir (Chen vd,
2021).

verimli

Bagirsak mikrobiyotasindaki faydali bakteriler,
ortam ve besinler i¢in rekabet ederek patojenik bakterilerin
cogalmasini ve biiyiimesini engeller (Ouwehand vd, 1999).
Bakteriyel enfeksiyonlar, diyet degisiklikleri,
antibiyotikler gibi baz1 faktorler bagirsak mikrobiyotasinin
bozulmasma yani sebep olurlar. Son
aragtirmalar, disbiyozun, irritabl bagirsak sendromu ve
¢Olyak hastaligi gibi bagirsak bozukluklarinin patogenezi
ile iligkili oldugunu go6stermistir (Carding vd, 2015).
Yaslanma, obezite, beslenme aliskanliklar1 ve hareketsiz

dizbiyozuna

yasam  tarzt  gibi  bircok  faktoériin  bagirsak
mikrobiyotasindaki degisiklikler ile iligkili oldugu rapor
edilmistir (Kim ve Jazwinski, 2018; Castellanos vd, 2020).
Bagirsak mikrobiyotasindaki degisim ile olusan bagirsak
inflamasyonu, bagirsak bariyerinin bozulmasi, bakteriyel
metabolitlerin dolagimdaki seviyelerini arttirir ve gesitli
hastaliklarin gelismesine zemin hazirlar (Tang vd, 2019;
Ahmad vd, 2019).

Bagirsak mikrobiyotasin1 iyilestirmek, insan
saghigini gelistirmek i¢in potansiyel bir hedeftir ve diyet
bilesenlerinin (hem mikro hem de makro besinler) 6nemli
bir rol oynadigi kabul edilmektedir (Yang vd, 2020).
Modern tipta, bitkisel iiriinler veya takviyeler farmasotik
acisindan zengin oldugu i¢in hastaliklardan veya
enfeksiyonlardan korunmak i¢in biiyiik 6nem tagimaktadir
(Sasi vd, 2021).

Sarimsak (Allium sativum L.), sagligin korunmasi
ve ¢esitli hastaliklarin tedavisi i¢in kullanilan bitkilerin en
eski belgelenmis orneklerinden biridir. Sarimsagin tibbi
kullaniminin Orta Asya’da ortaya c¢iktigi ve daha sonra
Kuzey Afrika ve Meksika’ya gelmeden once Cin ve
Akdeniz bolgesine yayildig1 goriilmektedir (Rivlin, 2001).
Cin’de uzun yillardir tiiberkiiloz, dksiiriik, soguk alginligi,
mindr vaskiiler bozukluklar, diyabet, obezite, bobrek ve
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karaciger hasarini tedavi etmek icin geleneksel bir ilag
olarak tiiketilmektedir (Naji vd, 2017).

Sarimsak, organosiilfiir bilesikleri, saponinler,
fenolik bilesikler ve polisakkaritler dahil olmak iizere
cesitli biyoaktif bilesiklere sahiptir. Cig sarimsaktaki
organosiilfiir bilesikleri, pismise gore daha yiiksek
sindirilebilirlige sahiptir (Shang vd, 2019). Sarimsak
prebiyotik 6zellikleri ve hiicre ig¢i hidrojen siilfiir kaynagi
ile bagirsak mikrobiyotasini modiile etme, bagirsak
iltihabindan koruma ve mukus iiretimini eski haline
getirme potansiyeline sahiptir (Ried vd, 2018).

Bu caligma, Allium sativum L. 6ziitiiniin bagirsak

mikrobiyotasi iizerindeki etkilerini aragtirmayi
hedeflemistir. Bununla birlikte mikrobiyotada yer alan
faydali ve zararli  mikroorganizma tiirlerindeki

degisikliklerin incelenmesi amaglanmustir.
MATERYAL VE METOT

Allium  sativum L. éziitiiniin - hazirlanmasi:
Calismada, Allium sativum L. soganlarina ait ekstre
kullanildi. Allium sativum L. soganlari Adana ilinde
yetistirilen ve yerel bir pazarindan temin edildi. Allium
sativum L. soganlar1 kuru olarak alindi ve serin bir yerde
muhafaza edildi. Allium sativum L. pazardan alindigi i¢in
ve ticari kiiltiri olan bitkilerin herbaryumunun
yapilmasina gerek duyulmamuistir.

Allium sativum L. soganlar1 yikandiktan sonra (90
gr) distile su (200 ml) ile karistirild1 ve karigtiricida 15
dakika ogiitiilmiistiir. Kat1 kisimlari, steril gazli bez ile
stiziilerek ayristirildi, ardindan 20°C’de 30 dakika 4500
rpm’de santrifiijlenmistir. Siipernatan, Whatman No. 40
filtre kagidi yarimryla siiziildii. Son olarak 6ziit numuneleri
buzdolabinda 4°C'de iki giin kaldiktan sonra 3 giin
boyunca liyofilize edilmistir (Ili¢ vd, 2017). Liyofilize
edilen toz halindeki stok 6ziitler koyu siselerde -20°C de
derin dondurucuda stok halinde tutulmustur. Deney
sirasinda stok oOziitler her giin farelere, her fare igin
kilogram bagina 300 mg (300 mg/kg) olacak sekilde destile
su ile sulandirilarak gavaj yontemi ile verilmek iizere
hazirlanmistir.

Deney Hayvanlari: Calisma icin Cukurova
Universitesi Hayvan Deneyleri Yerel Etik Kurulu’na
basvuruldu ve (16.12.2022, say1: 8/karar no: 7) onay1
almmustir. Balb/c albino erkek fareler (8 haftalik, 40-50
gr), Cukurova Universitesi Deney Hayvanlar1 Uretim,
Uygulama ve Arastirma Merkezi’nden temin edildi ve
hayvan deneyleriyle ilgili tiim prosediirler bu merkezde
gerceklestirilmigtir. Farelerin viicut agirlig dlciildi ve 14
giinliik iklimlendirmeden sonra, rastgele secilerek kontrol
ve deney grubu olarak ayrildi. Caligma 5 ve 10 giin olmak
iizere iki ayr1 gruba ayrildi ve her bir grup (toplamda 4
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grup) icin 6 fare olmak f{izere toplamda 24 hayvan
kullanild.

Deney gruplar1 agagida sekilde gerceklestirildi;

1) Kontrol grubu (6 fare): Fareler deney siiresi
boyunca normal besinlerle beslendi.

2) 300 mg/kg/glin Allium sativum L. 6ziitii grubu
(6 fare): Deney siiresince farelere gavajla bes giin boyunca,
her giin 300 mg/kg dozda sarimsak &ziitii verildi.

3) Kontrol grubu (6 fare): Fareler deney siiresi
boyunca normal besinlerle beslendi.

4) 300 mg/kg/giin Allium sativum L. dziitii grubu
(6 fare): Deney siiresince farelere gavajla on giin boyunca,
her giin 300 mg/kg dozda sarimsak 6ziitii verildi.

Deney siiresi sonunda fareler derin bir anesteziye
(ketamin-ksilazin) alindi. Anestezi sonrasi farelerin
diseksiyonu yapildi ve bagirsaklar alindi.

Bagwsak koleksiyonu: Kontrol ve deney
gruplarinda yer alan farelerden alinan bagirsak 6rnekleri 2
ml’lik bir steril ependorf tiiplere aktarilarak ve DNA
ekstraksiyonuna kadar dik konumda -80°C’de muhafaza
edildi.

DNA Ekstraksiyonu: Bagirsak 6rneklerinden
DNA ekstraksiyonu, ticari DNA ekstraksiyon ve
saflagtirma kiti (QlAamp DNA Mini Kiti, Invitrogen™
Qubit™ dsDNA HS Assay Kiti) kullanilarak {iretici
firmanin talimatlarina gore gergeklestirildi.

Mikrobiyota analizi: Bagirsak mikrobiyota
analizi, literatiirde bildirilen yonteme gore gergeklestirildi
(Ata vd, 2019). Bagirsak orneklerinden ekstrakte edilen
DNA ornekleri, 16srRNA bolgesinin sadece V3-V4
bolgeleri amplifiye edildi. Analiz, Illumina HiSeq-2500
cihazt ile 16S Metagenomik Dizileme
protokoline  gore  gerceklestirildi.  Daha
calismalarda kullanilan ve bu bolgeyi hedef alan primerler,
16S Amplicon PCR F: 5'-
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGC
CTACGGGNGGCWGCAG-
3'R:5'GTCTCGTGGGGCTCGGAGATGTGTATAAGA
GACAGGACTACHVGCCG3GACTACHVGCCG-3'
kullanilda. Ardindan veriler gruplandirilarak
biyoinformatik analizi gergeklestirildi (Ata vd, 2019).

[1lumina
Oonceki

BULGULAR

Calismada 300 mg/kg/giin Allium sativum L.
Oziitiiniin 5 ve 10 gilinde bagirsak mikrobiyotasi {izerine
etkisi incelendi. Her iki deney grubu kontrol gruplari ile
kiyaslandi. Bes giin boyunca 300 mg/kg/giin Allium
sativum L. oOziiti ile beslenen farelerin bagirsak
mikrobiyotasinda kontrol grubuna kiyasla Firmicutes ve
Bacteroidata filumlarinin  artig  gosterdigi, kontrol
grubunda ise deney grubuna gore Proteobacteria
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filumunun anlamli  bir
gozlemlenmistir (Sekil 1).

sekilde artis gosterdigi

Phylum

Firmicutes
Bacteroidota
Proteobacteria
75 N Patescibacteria
0 Actinobacteriota
B Desulfobacterota
B Cyanobacteria
Verrucomicrohiota
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Sekil 1. Bes giin boyunca Allium sativum L. 6ziitii ile beslenen farelerin
bagirsak mikrobiyotasinda filum tizerine etkisi

Figure 1. Effect on the phylum in the intestinal microbiota of mice fed
Allium sativum L. extract for five days.

Diger deney grubu 10 giin boyunca 300
mg/kg/gtin Allium sativum L. 6ziitii ile beslenen farelerin
bagirsak mikrobiyotasi kontrol grubu ile kiyaslandiginda
Firmicutes filumunun kontrol grubuna gére azaldig: fakat
Proteobacteria ve Campilobacterota filumlarinin artis

gosterdigi bununla birlikte kontrol grubunda ise
Verrucomicrobiota filumunun arttigi gézlemlenmistir
(Sekil 2).
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Sekil 2. 10 giin boyunca Allium sativum L. 6ziitii ile beslenen farelerin
bagirsak mikrobiyotasinda filum iizerine etkisi.

Figure 2. Effect on the phylum in the intestinal microbiota of mice fed
Allium sativum L. extract for ten days.

Her iki deney grubunun bagirsak mikrobiyotasi
filum diizeyinde incelendiginde, 10 giin boyunca 300
mg/kg/giin Allium sativum L. 6ziitii ile beslenen grubun
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(Deney grubu 2), 5 giin boyunca 300 mg/kg/giin Allium
sativum L. 6ziitii ile beslenen gruba (Deney grubu 1) gore
Firmicutes ve Proteobacteria filumlarmin artig gosterdigi
buna karsilik Bacteroidata filumunun ise azaldigi
goriilmistiir (Sekil 3).
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Sekil 3. Deney grubu 1 ve 2 bagirsak mikrobiyotas: filumlarmm
kiyaslanmasi.

Figure 3. Comparison of experimental group 1 and 2 intestinal microbiota
phylum.

Bagirsak mikrobiyotas: tiir diizeyinde, 5 giin
boyunca 300 mg/kg/giin Allium sativum L. oziitii ile
beslenen farelerin kontrol grubu ile kiyaslandiginda;
kontrol grubunda Lactobacillus taiwanensis tiiriiniin
%85.6, deney grubunda ise %65.9 oraninda oldugu ve
kontrol grubunda bulunan Metamycoplasma sualvi tiiriiniin
deney grubunda yer almadig1 goriildi (Sekil 4).
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Sekil 4. Deney grubu 1: Bagirsak mikrobiyotasinda bakteri tiirleri.
Figure 4. Experimental group 1: Bacterial species in the intestinal
microbiota.
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Diger deney grubu olan 10 giin boyunca 300
mg/kg/giin Allium sativum L. 6ziitii ile beslenen grup,
kontrol ~ grubu ile tir diizeyinde dagilimlar
kiyaslandiginda; kontrol grubunda L. taiwanensis tiiriiniin
%74.4, deney grubunda ise %82.4 oraninda oldugu
goriildii. Buna karsilik deney grubunda Streptococcus
hyointestinalis tiiriintin (%5.1) orani, kontrol grubuna gore
(%2,6) arttig1 tespit edilmistir (Sekil 5).
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Sekil 5. Deney grubu 2: Bagirsak mikrobiyotasinda bakteri tiirleri.
Figure 5. Experimental group 2: Bacterial species in the intestinal
microbiota.
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Her iki deney grubu (Deney grubu 1: 5 giin
boyunca 300 mg/kg/giin Allium sativum L. oziti ile
beslenen grup; Deney grubu 2: 10 giin boyunca 300
mg/kg/giin Allium sativum L. oziitii ile beslenen grup)
kiyaslandiginda; Deney grubu 1’de L. taiwanensis % 67.2
oraninda bulunurken, 2. Deney grubunda ise %77,5 oranla
artig gosterdigi bulunmustur (Sekil 6). Bununla birlikte 1.
Deney grubunda bagirsak mikrobiyotasinda yer alan
Lactobacillus intestinalis tiiriiniin ise ¢ok az oranda (%
0,1), 2. deney grubuna gore artis gosterdigi tespit

edilmistir.
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Sekil 6. Deney grubu 1 ve 2 bagirsak mikrobiyotasi bakteri tiirlerinin
kiyaslanmasi.
Figure 6. Comparison of experimental group 1 and 2 intestinal microbiota
bacterial species.
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TARTISMA VE SONUC

Bagirsak mikrobiyotasi, saglikli bir viicudun
korunmasinda onemli bir rol oynar (Chu vd, 2018).
Bagirsak mikrobiyotasindaki degisiklikler veya dizbiyozu
bazi hastaliklarin ortaya ¢ikmasina zemin hazirlamaktadir.

Son yillarda tibbi bitkiler, yiiksek erigimleri ve
nispeten daha az yan etkileri nedeniyle sentetik ilaglardan
daha popiiler hale gelmigtir. Sarimsak ve biyoaktif
bilesiklerinin anti-obezite, anti-enflamatuar,
antimikrobiyal, anti-skar dahil olmak tizere saglk
iizerindeki etkilerini gostermistir (Negi vd, 2021; Zhao vd,
2021). Sarimsak alimi i¢in herhangi bir standart yoktur.
Giinliik yaklasik 1-2 dis sarimsak veya 4 gr bozulmamis
sarimsak alimiin saglik agisindan faydalar1 olabilecegini
One siriilmiistiir. Ancak bu Oneri bilimsel bir referansla
kanitlanmamustir. Birgok yeni klinik ¢aligmada,
kurutulmus sarimsak tozunun giinliik dozunun yaklagik
900 mg oldugundan bahsetmistir. 1 ila 7.2 g/giin arasinda
degisen yaslh basariyla
kullanilmugtir. Insanlarda bagisiklik gelisimini gdsteren
caligmalar, 1.8-10 g/giin kadar etkili oldugunu
gdstermistir. ilging bir sekilde, bu klinik ¢aligmalarda,
yiiksek dozlarda bile hi¢bir ciddi toksik yan etki
bildirilmemistir (Rahman, 2007).

Bu ¢alismada, 300 mg/kg doz sarimsak 6ziitiiniin
5 ve 10. giinlerde bagirsak mikrobiyotasi tizerindeki etkisi
aragtirllmistir. Calisma sonucunda; 10 giin boyunca 300

sarimsak ekstresi alimlari

mg/kg/giin Allium sativum L. 6ziitii ile beslenen grubun,
diger gruba gore hem filum hem de faydali bakteriler olan
bakteri L. taiwanensis artig goOstermesi veya diger
laktobasil tiirlenin goriilmesi ve bu tiirlerin artis gdstermesi
etkili bir sonuca ulastig1 goriilmiistiir.

Ried ve arkadaslar1 ¢aligmamizdan farkli olarak 3
aylik sarimsak takviyesinin bagirsak mikrobiyotasindaki
etkilerine bakmuglardir ve Lactobacillus ve Clostridia
tirlerinde belirgin bir artis ile daha yiiksek mikrobiyal
zenginlik ve c¢esitlilik ile agikca goriilen bagirsak
mikrobiyotasinmi iyilestirdigini bildirmislerdir (Ried vd,
2018). Farkli bir c¢alismada, sarimsak takviyesinin,
Bifidobacterium bollugundaki artiy ve Bacteroides
bollugundaki azalma ile iligkilendirilmigtir ve bu
degisiklikler istatistiksel olarak anlamli diizeye ulagsmasa
da klinik olarak énemli oldugunu belirtmislerdir (Ettehad-
Marvasti vd, 2022). Chen ve ark., sarimsak takviyesinin
bagirsak mikrobiyom gesitliligini artirirken Prevotella'nin
nispi bollugunu azalttigin1 gosterdi. Genel olarak, fare
modelinde sarimsak takviyesinin bagirsak mikrobiyom
bozuklugunu 1iyilestirebilecegini  tespit  etmislerdir.
Sarimsagin alkolik karaciger fibrozunun neden oldugu
bagirsak mikroflorast disbiyozunu tedavi etmek igin
kullanilabilecek giiclii bir ajan oldugunu bildirmislerdir
(Chen vd, 2019). Bununla birlikte sarimsak 6zleri,
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insanlarda ve hayvanlarda ishalin ana nedeni olan
enterotoksijenik E. coli suglarmin ve diger patojenik
bagirsak bakterilerinin biiyiimesini engelledi. Sarimsagin
antibakteriyel aktivitesinin yani sira, bakteriyel enfeksiyon

tarafindan iretilen toksinleri Onledigi bildirilmistir
(Shokrzadeh vd, 2006).
Ayrica caligmalarda sarimsagin mide

patolojilerini azaltmak i¢in miikemmel bir onleyici ve
koruyucu madde oldugu ve inflamatuar bagirsak
hastaliginda IL-10 deregiilasyonu yoluyla anti-inflamatuar
etkisi bulundugu da bildirilmistir (Ettehad-Marvasti vd,
2022; Arreola vd, 2015; Hodge vd, 2002). Bagirsak
mikrobiyotas1 karmagik ve dinamik bir mikrobiyal
topluluk olarak genler, ¢evre ve bagisiklik sistemi arasinda
bir baglant1 olarak 6nemli bir rol oynar. Bazi ¢aligmalar
sarimsak ve bilesenlerinin  bagirsak  mikrobiyota
kompozisyonu {izerindeki faydali etkisini kanitlamigtir
(Guillamoén vd 2021; Merra vd, 2021; Gabriel vd, 2021).

Yapilan calismalarda oldugu gibi, sarimsagin
bagirsak florasindaki bulunan faydali mikroorganizma
gruplan tizerindeki etkilerini inceleyen bu calismada da
sarimsagin, bagirsak mikrobiyotasinin sagligina katkida
bulunan faydali mikroorganizmalarin artigini sagladigi
acikca gorilmistiir.

Sonug olarak bu g¢alismada Allium sativum L.
Oziitiinliin bagirsak mikrobiyotasindaki faydali
mikroorganizma toplulugunun varhigi veya artist ile
bagirsak florasina katki gosterdigi anlagildi. Calismada 10
giin boyunca 300 mg/kg/giin Allium sativum L. 6ziitiiniin
bagirsak sagligi agisindan yeterli goriilmiistiir. Ancak 300
mg/kg/giin Allium sativum L. 6ziitiiniin uzun vadedeki
bagirsak mikrobiyotasindaki ¢esitliligi {lizerine etkisinin
incelenmesi, bununla birlikte kisa ve uzun vadedeki
etkilerinin de kiyaslanmasi gerekmektedir.
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Depremin Arazi Kullamim ve Arazi Ortiisii (AKAQO) Uzerine Etkilerinin Google Earth Engine (GEE),
Sentinel-2 Gériintiileri ve Makine Ogrenmesi Kullanilarak Degerlendirilmesi: Antakya Ornegi

Oz: Dogal afetler, 6zellikle depremler, insan hayatini, ekosistemleri, arazi kullanim ve arazi rtiisii
gibi arazi /6zelliklerini tehdit eden en tahripkar siireglerden biridir (AK/AQO) . Buna benzer degisimlerin
anlagilmas: rehabilitasyon siireglerine yardimer olmanin yaninda sonraki asamalar i¢in ydnetim
stratejileri gelistirilmesi agisindan bir baglangi¢ noktasi saglar. Depremler sonrasinda degisimin yonii
ve biytikligliniin belirlenmesinde uzaktan algilama teknolojileri uzun zamandir kullanilmakta olup,
buluta dayali platformlarin gelistirilmesi bu anlamda kullanicilarin depolama ve isleme maliyeti
sorunlarindan kaginmasini etkili bir sekilde saglamistir. Bu ¢aligmada, ciddi kayiplara yol agan 6 Subat
2023 ve 20 Subat 2023 depremlerinden sonra Hatay iline bagli Antakya’da meydana gelen AK/AQ
degisimlerinin belirlenmesi amaglanmistir. Depremlerin hemen ardindan ve kisa donemde gergeklesen
degisimlerin anlagilmasi 6nemli olup, caligma alaninda yersel bilgilere iliskin eksiklikler vardir ve
farkli dlgekler arasindan, afetler sonrasinda arazi yiizeyi degisimlerinin belirlenmesinde dnemli bilgiler
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elde edilmesinde yaygin olarak kullanilan 10 m piksel biiyiikliigiinin performansi degerlendirilmistir.
Bunun yaninda, merkez koordinatlarindan 5 km uzagi kapsayan zon igerisinde meydana gelen
degisimler 1 km genisligindeki alt zonlar gozetilerek incelenmistir. Sentinel-2 goriintiilerinin Google
Earth Engine (GEE) ile siniflandirilmasinda en ¢ok kullanilan makine 6grenmesi algoritmalarindan bir
olan rassal orman (RO) algoritmasi kullamilmistir. AK/AO202 ve AK/AQzus giivenilirliklerinin
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belirlenmesi i¢in dogruluk analizi prosediirleri uygulanmis, ve dogruluklar 0.85’in {izerinde
bulunmugtur. Genel degisimlerin incelenmesi betonarme (B), dogal vejetasyon (D) ve su (S) alanlarin
artarken orman (O) ve tarim (T) alanlarinin dikkate deger sekilde azaldiginmi gdstermistir. Coken
binalarin dagilis1 yalnizca sehir diizeyinde degil, 5 km tampon zor igerisindeki herbir alt zon igerisinde
B smif artisi ile sonuglanmustir. Sentinel-2 goriintiilerinin RO algoritmasi ile GEE’nda siiflandirilmasi
Antakya’da meydana gelen degisimlerin belirlenmesinde hizli ve giivenilir sonuglar1 vermis olup,
bolgede yapilacak risk ¢aligmalari igin altlik teskil edebilecektir ve gelecekteki degisimlerin periyodik

olarak izlenmesi siddetle dnerilmistir..

Anahtar kelimeler: AK/AQ, Antakya, Deprem, GEE. Makine Ogrenmesi, Sentinel-2.

INTRODUCTION

Earthquakes are one of the most devastating
disasters for many areas of the world. Severe earthquakes
known to result in physical, economic, and social detriments
in a certain area, which may significantly impact human life
and activities (Ozyavuz et al., 2016; Yavasoglu and Varol
Ozden, 2017). As it was mentioned by Ozcelik et al. (2023),
preventing earthquake events is not possible while
determination of vulnerable zones and considering the
sensitivities in planning and management strategies provides
avoiding from detrimental effects. Comprehensive and
holistic approaches may help to minimize losses against such
disasters, and may provide more dependable settlement
areas, as well as more effective recovery process. On the
other hand, rapid determination of the magnitude of the
disaster has great importance. Moreover, monitoring of the
post-disaster processes within periodical intervals may
provide better understanding of the achievements in renewal
and enhancement steps. As it was mentioned by Portillo and
Moya, (2023), immediate determination of the earthquake
damage presents the major challenge since rapid
determination may help to increase survival rates by
fastening the actions in the impacted area. In this context,
remote sensing technologies present valuable tools and
datasets not only in determining extents and recovery status
of the impacted areas through land use and land use and land
cover (LU/LC) (Joshi et al., 2021), but also for management
of sources, disaster reliefs, and emergency regimes (Yan et
al., 2018). There are various satellites and airborne systems
consisted of different spectral, spatial, temporal and
radiometric resolutions, which can be used for evaluating the
amount of detriments all over the world. Among these
satellite systems, Sentinel-2 provides a strong alternative by
being free of charge, having relatively high spatial and
temporal resolution. Moreover, different image processing
software have developed for this purpose, whereby Google
Earth Engine (GEE), one of the well-known cloud-based
platforms, widely used for detection of changes in LU/LC
statuses (Velastegui Montoya et al., 2022). In the last
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decades, use of machine learning algorithms for LU/LC
classification became highly prevalent in different studies,
whereby random forest (RF) reported to be most preferred
algorithm in GEE-based studies (Amani et al., 2020), which
is an ensemble method that combines many classification
and regression trees (Breiman, 2001; Loukika, 2021).
Tirkiye known to located within an important
earthquake zone. Due to existence of active fault lines, the
country cited to be highly fragile against quakes, and listed
in high-risk category (Guner, 2020). Historical records have
shown that various earthquakes have occurred in the known
history, and caused death of thousands of people, together
with serious financial losses. As it is well known, the most
recent and destructive earthquakes occurred in Pazarcik
(Mw7.7) and Elbistan (Mw7.6) districts of Kahramanmarag
Province on February 06, 2023, and in Hatay Province
(Mw6.4) on February 20, 2023, caused over 50 thousand
deaths, and great amount of property loss including more
than 300 thousand collapsed buildings (Gokceoglu, 2023).
Therefore, determination of the changes between impacted
areas is significant. Different studies have conducted in the
area using remote sensing techniques to determine the
effects of earthquake in different aspects and purposes. For
instance, a study was conducted within the impacted region
from Kahramanmaras Earthquakes for designating
distribution of co-seismic surface raptures using high-
resolution Maxar and GF-2 satellite data (Gao et al., 2023).
Levin (2023) used nightly VIIRS Black Marble product of
VNP46A1 to assess the impact of earthquake events on
artificial nighttime lights in the same area. Yuan et al. (2023)
examined the distribution of alternations in night time lights
using daily data of NOAA-20 VIIRS NTL. Urban building
damage in Kahramanmaras was identified using Sentinel-1
data SAR change detection by Wang et al., (2023). An et al.,
(2023) used Sentinel-2 imageries for determination
directions of horizontal deformation, and Sentinel-1 and
ALOS-2 data for extracting the range and azimuth offsets to
assess vertical change in the impacted area.
Gkougkoustamos et al., (2023) determined ground
deformation of the impacted area through Sentinel-2
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imageries and image matching algorithm of normalized
cross correlation.

The aim of present study is related to identification
of the change in LU/LC status in one of the most impacted
areas, Antakya city of Hatay Province, Tiirkiye using
Sentinel-2 imageries and GEE platform. The changes in
areas of main LU/LC classes, namely forest (F), water (W),
cultivated fields (CF), concrete areas (C), and natural
vegetation (N) were investigated in the whole district and
within the 5 km zone around the city center to achieve the
aim of the study.

MATERIAL AND METHOD

The study was conducted around centre of Antakya
District, which is the second biggest district of Hatay

soil and terrain conditions. On the other hand, the area has
faced with three severe earthquake events in February, 2023.
Reports have shown that more than 20 thousand people died,
and over 55 thousand buildings collapsed as results of the
earthquakes. Since the highest losses are occurred around the
main settled area, the changes within 5 km buffer zone from
the city center that consisted of individual subzones with 1
km intervals were also investigated to evaluate the change
amounts in different parts of the residential areas. The area
of 5 km zone was 7845 ha, while the subzone areas are
ranged from 314 ha to 2825 ha, respectively (Table 1). The
locations of Hatay and Antakya city centre in Turkey, and
different zones with 1 km distance from each other have
shown in Figure 1.

Table 1. Properties of investigated zone/subzones.

Province, Tiirkiye, covering a survey area of 60 thousand ha. 5_‘;”9 Code Covg_rgglfnfkm) Surve};g:a (ha)
The central coordinates of the district are 36°14'40"N and 1 0-1 km 314
36°12'3"E. Typical Mediterranean Climate is dominant in 2" 1-2km 941
31 2-3km 1569
the area, whereby the average annual temperatures range e 3.4 km 2196
between 15.1°C and 20.0°C. Many agricultural products can 5 4-5km 2825
grow in the area due to suitability of climate, together with
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Figure 1. Location of 5 km zone around city center in Antakya District, Hatay Province, Turkey
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Satellite Data: Sentinel-2 imageries were used as
the main data in the study, which have 13 bands covering
different regions of electromagnetic spectrum at different
spatial resolutions. The images were selected depending on
the acquisition month of different years to ensure similar
conditions for avoiding the effects that may source from
different illumination, cultivation pattern and climate
conditions. The cloud cover threshold was determined as
20%. Pre-earthquake LU/LC status was evaluated through
March 16, 2022 imagery. Meanwhile, post-earthquake
LU/LC status was determined using the image acquired on
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Subsequent to the classification, accuracy
assessments were conducted using randomly selected
reference points (Table 2). The overall accuracy (OA) and
overall kappa (OK) values were calculated. In addition to
OA (Eq. 1) and OK (Eq. 2), user’s accuracy (UA) (Eq. 3)
and producer’s accuracy (PA) (Eq. 4) of each class were also
evaluated to be confident on the reliability of class level
accuracies. Steps of the study has summarized as flowchart
in Figure 2.

Table 2. Number of reference points for each LU/LC maps.

March 11, 2023. The visible, near-infrared, and shortwave- e Lo Cee Lo G
infrared bands were used in the study. W 173 140
Image Processing, Classification and Accuracy EF ggg :ig

Assessment: Prior to the classification, the spatial N 140 187
resolutions of used bands were fixed at 10 m through Total 1211 1113
resampling method. The RF algorithm, one of the most
widely used machine learning algorithms for classification, 0A = % x 100 (Eq. 1)
was used to obtain LU/LC maps to evaluate pre-earthquake OK = MP (Eq.2)
(LU/LC2022) and post-earthquake (LU/LCa022) statuses of 1-P¢ '
Antakya District. Five main LU/LC types were considered UA = ZNoCCrLuie o 10 (Eq. 3)
including F, W, CF, C, and N classes. Training samples were ZZN;ffCL;’LC
collected from each class to implement RF classification PA = S NoCrire X 100 (Eq. 4)
procedures through GEE.
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Figure 2. Implemented steps in the study.

RESULTS

Accuracy of Produced Maps: As it is well
documented in many studies, K values known to range
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between 0-1 (Cohen, 1960), and categorized in different
agreement levels by Landis and Koch, (1977).
Accordingly, 0.00-0.20 indicates slight agreement, 0.21-
0.40 represents fair agreement, 0.41-0.60 designates
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moderate agreement, 0.61-0.80 shows substantial
agreement, and 0.81-1.00 presents almost perfect
agreement levels, respectively. In another point of view,
accuracy values over threshold of 0.75 denoted to represent
good classifications (Bharatkar and Patel, 2013). In present
study, the OA and K values of LU/LCz2, were calculated
as 0.88 and 0.85, respectively (Table 3). The OA and K of
LU/LCy023 were slightly lower when compared to
LU/LCa022 With values of 0.87 and 0.83 by the same order.
Depending on the definitions of different K ranges, both
pre- and post-earthquake LU/LC maps can be considered
as almost perfect agreement level. Moreover, as it can be
seen from Table 2, the UA and PA of each class were over
the threshold value of 0.75 for pre-earthquake and post-
earthquake LU/LC statuses of the area. Therefore, findings
have demonstrated that the RF classifications were
strongly reliable.
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considers both terms since natural disasters have great
impact on both the use and cover of the land. The pre-
earthquake and post-earthquake LU/LC statuses of the
study area are given in Figure 3a and 3b, respectively.
Visual analysis has shown that there are noticeable
alternations in classes. The most probable reasons for such
changes in cities have reported to arise from exploit of
population, lack of coordination, and improper
developments in infrastructure (Balamurugan and Aravind,
2015). As it was noted by Demirkesen, (2012), the area is
one of the most precise coastal ecosystem areas against
earthquakes, covered by fertile plains, erosion induced
mountains, volcanic sedimentary and tectonic rock
structures, which may help to understand the underlying
reasons for magnitude of the changes.

Table 3. Accuracies and Kappa values of LU/LCx, and LU/LCxgps.
LU/LCz022 LU/LCz023

Class

Overall LU/LC Changes: The term land use UA PA UA PA
refers to how physical land features on Earth’s surface are W ppe v o oot
used by human, while land cover is defined as physical gF g;g ggg ggg gg;
land features covering the earth surface like water bodies, N 0.90 077 073 0.74

5 OA 0.88 0.87
forest, agricultural land (Anderson et al., 1976). The study oK 085 083
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Figure 3. a. Pre-earthquake map (LU/LCx2,), and b. post-earthquake map (LU/LCaq,3) including F (forest), W (water), CF (cultivated fields), C (concrete),

and N (natural vegetation).

Depending on the LU/LCz022 and LU/LCso3, the
pre-earthquake and post-earthquake areas (ha) of each
class, and the amount of change were calculated (Figure 4).
The LU/LCx022 demonstrated that the majority of the area
was covered by CF areas, and it was followed by F, N, C
and W classes, respectively. The areas of W, C, and N
classes were increased, while there were considerable
decreases in F, and particularly, CF class. Therefore, the
order of coverage area was altered as CF, N, C, Fand W in
the post-earthquake status of LU/LCao2. Area of F class
decreased from 8638 ha to 6890 ha with a reduction of
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1748 ha. The change in the F areas sourced from fall of
trees due to the severity of the disaster and some landslides,
whereby comparable result was reported by Chen and
Nhakatsugawa, (2021) in Japan. As another noticeable
result, water has logged into agricultural lands in the
northeastern part of the district due to increased water level
after the earthquake, and thus, area of W class seemed to
expand. The W area increased by 853 ha and reached to
1740, which was 887 in the same month of previous year,
2022. Similar situation for increased water level was
reported by Yoshii et al., (2013), against the earthquakes in
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Chile and Japan, which occurred in 2010 and 2011,
respectively. On the other hand the C class seemed more
dispersed and covering wider area in comparison with pre-
earthquake status of 2022 as another conspicuous result of
the disaster, which is caused by collapse of buildings, as
well as transport of debris to other spaces out of the
urbanized area, whereas C areas changed from 6355 ha to
8445 ha with an increase of 2100 ha. Furthermore, this
transport process generally led to accumulation of refuse
materials of collapse buildings on fertile lands, which
reduces CF areas in return. As another important point for
the CF areas, agricultural activities are probable to be
impeded due to water damage of increased level, especially
salty water (Roy et al., 2014). As one of the most
observable situation the highest decrease amount seen in
CF class areas with a reduction of 3592 ha that was 37583
ha before decreasing to 33991 ha. Conversely, a relative
increase has occurred in areas of N class due to lack of
cultivation and maintenance activities in some C areas,
where the C pixels previously surrounded by N ones, as
Lee et al.,, (2002) has mentioned similar situations in
Korea. A considerable increase occurred in N class with
2388 ha, which was priory 8576 ha and reached to 10964
ha. The increase in N area can be connected to decrease in
F areas as a result of earthquake (Chen and Nhakatsugawa,
2021).

OVERALL CHANGE
[0 Pre - Earthquake Post - Earthquake M Change

AREA [ha)

CLASS

Figure 4. Overall changes in pre-earthquake and post-earthquake LU/LC
statuses for F (forest), W (water), CF (cultivated fields), C (concrete), and
N (natural vegetation).

LU/LC Changes in 0-5 km Zone and Subzones:
The major LU/LC class in terms of coverage area seemed
to be CF in the 0-5 km zone according to pre-earthquake
status of LU/LCy,, whereas C class comprised the
seconder majority, and followed by N, F and W classes,
respectively. However, post-earthquake LU/LCyq3 Status
was quite different since the dispersion in C areas resulted
in drastic increase in coverage of C, and became dominant
in the area. Investigation of the changes within the zone
between 0 and 5 km around the city centre has revealed that
the directions of the changes in the LU/LC types were
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mostly similar to overall changes in Antakya, except the
decreases in W (7 ha) and N (80 ha) class areas (Figure 5).
Moreover, reduction of F and CF classes were 210 ha and
267 ha, respectively. In addition to the drastic changes in F
and CF classes, the most remarkable change was the
increase of C areas by 562 ha. The CF class presented main
source for the new C areas in 0-5 km zone. However, a part
of the C increase has potential to be sourced from actual
expansion of the city within the one year period,
particularly in the outer sites of 2022 year urban growth
boundaries. Thence, for more precise investigation of
earthquake-related changes around the settled areas,
changes were evaluated considering individual subzones
with 1 km intervals in the further steps (Figure 6a-e).

0-5 km ZONE
[ Pre - Earthquake Post - Earthquake m Change

3500

2500

2000 -

AREA (ha)

1500 +

1000 -

500

CLASS

Figure 5. The changes in 0-5 km zone of pre-earthquake and post-
earthquake LU/LC statuses for F (forest), W (water), CF (cultivated
fields), C (concrete), and N (natural vegetation).

Figure 6-10 represents the LU/LC changes in
different subzones around city center. Findings have
demonstrated that major part of the 1%t subzone, which
involves 1 km distance from the central coordinates, was
covered by C areas, which is an expected situation since
the center of the subzone identical to coordinates of central
Antakya. The C class coverage was followed by C, CF, N,
F, and W class areas, respectively. In comparison to
LU/LCypp, the areas of F, W, CF, and N classes were
decreased by 11 ha, 2 ha, 2 ha, and 23 ha in the 1% subzone,
respectively. The increment in C class was 38 ha,
simultaneously, while the increase has sourced from the
dispersion of collapsed buildings. N class seemed to be
comprised majority of recent C areas in 0-1 km subzone
(Figure 6). The dominant class was C in the 2" subzone
that covering 1 km to 2 km apart from the central
coordinates. The areas of C and CF were highly close to
each other. When the changes are evaluated, similar
situations have found with the 1% subzone. However, the
amounts of decrease in CF and increase in C were more
obvious with the values of 38 ha and 94 ha, respectively.
Furthermore, F, W and N class areas were reduced by 17
ha, 2 ha and 38 ha, with the same order. Contrary to first
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subzone, both CF and N classes were accounted for ne C
areas with identical decrease amount (Figure 7). The order
of class areas in 3" subzone were coherent with the 2" one
in the pre-earthquake period, and stayed the same after the
earthquake. On the other hand, the severity of reductions in
F (24 ha), C (52 ha) and N (54 ha) classes was increased in
the 3" subzone, while C areas increased by 133 ha (Figure
8). The N class found to be the major source for new C
areas within this subzone. Since the outer zones are more
close to F, CF and N areas, the order of the area dominancy
significantly alters from C to CF classes in the 4™ subzone
of LU/LCyo22. However, C class became dominant in
LU/LCa023. The change in C class has the highest value
with 156 ha, while decreases in F, W, C, and N classes were
55 ha, 1 ha, 102 ha, and 2 ha, respectively, whereby
majority of new C areas were converted from CF class
(Figure 9). Finally, there were reductions in F (103 ha), W
(1 ha) and CF (73 ha) classes, whereas areas of C and N
classes were increased by 141 ha and 35 ha, respectively.
Together with F areas, CF presented new places for C and
N areas in the subzone (Figure 10).

0-1 km ZONE
OPre - Earthquake & Post- Earthquake m Change
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0 7 T T
" F W CF C N
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-40

Figure 6. The changes in 0-1 km zone of pre-earthquake and post-
earthquake LU/LC statuses for F (forest), W (water), CF (cultivated
fields), C (concrete), and N (natural vegetation).
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Figure 7. The changes in 1-2 km zone of pre-earthquake and post-
earthquake LU/LC statuses for F (forest), W (water), CF (cultivated
fields), C (concrete), and N (natural vegetation).
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Figure 8. The changes in 2-3 km zone of pre-earthquake and post-
earthquake LU/LC statuses for F (forest), W (water), CF (cultivated
fields), C (concrete), and N (natural vegetation).
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Figure 9. The changes in 3-4 km zone of pre-earthquake and post-
earthquake LU/LC statuses for F (forest), W (water), CF (cultivated
fields), C (concrete), and N (natural vegetation).
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Figure 10. The changes in 4-5 km zone of pre-earthquake and post-
earthquake LULC statuses for F (forest), W (water), CF (cultivated
fields), C (concrete), and N (natural vegetation).

CONCLUSION

Present study aimed to investigate LU/LC
changes in Antakya to assess the impacts of earthquake on
LU/LC status within different buffer zones. Depending on
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the accuracy results, it can be said that Sentinel-2 imageries
can be reliably use for such purposes with high accuracy
even under complex dispersal conditions, and using GEE
enabled achieving more rapid change and accuracy results
while reducing the efforts of labor and storage. Moreover,
it was seen that the most observable change was the drastic
decrease in CF class area in the city. In comparison, the
increase in C areas within 0-5 km zone around the city
center seemed more conspicuous. Evaluation of the
changes in different subzones provided better
understanding of the effects of collapsed buildings on
different parts of the central area. Evaluating LU/LC
changes after earthquake events provides linking
complementary points of disaster management, sustainable
development and durability goals. The rehabilitation of the
area through socio-economic development can be
promoted by adopting appropriate management strategies
by considering the underlying reasons of the unforeseen
destruction, while aiming the restoration of both human
and ecology relate processes. In conclusion, the study
believed to present a baseline for researchers from different
disciplines, as well as local and regional authorities.
However, continuous and more detailed monitoring of the
area is strongly suggested to assess the rehabilitation
processes for all ecosystems.
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Abstract: The aim of this study was to analyze the environmental factors impacting preweaning
1= https://orcid.org/0000-0002-9107-1079 growth traits in Morkaraman herds and to categorize weaning weight using the Gaussian mixture
regression model. The mean live weights of lambs at birth, 60™, and 90" day (weaning) were
determined to be 3.97 kg, 17.94 kg, and 24.92 kg, respectively. The effect of lambing years on
live weights at all ages was quite significant (p<0.001). The effect of dam age on birth (p<0.01),
60t day (p<0.001), and weaning weight (p<0.001) was also highly significant. Male lambs were
superior to females in terms of birth weight (p<0.001), 60" day (p<0.01), and weaning weight
(p<0.001). Birth type was only found to have a significant effect on birth weight (p<0.001).
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Ferda KARAKUS Additionally, it was determined that the weaning weights could be categorized according to
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Morkaraman Kuzularinin Siitten Kesim Oncesi Biiyiime Ozellikleri Uzerine Cevresel
Faktorlerin Etkisi

Oz: Bu ¢alismanin amaci, Morkaraman siiriilerinde siitten kesim oncesi biiyiime 6zelliklerini
etkileyen cevresel faktorleri incelemek ve Gauss karigim regresyon modelini kullanarak siitten
kesim agirligin1 kategorize etmektir. Kuzularin dogum, 60. ve 90. giin (siitten kesim) ortalama
canli agirliklar sirastyla 3.97 kg, 17.94 kg ve 24.92 kg olarak belirlendi. Kuzulama yilinin tim
yaslardaki canli agirliklar tizerindeki etkisi olduk¢a dnemli bulundu (p<0.001). Ana yasmin
dogum (p<0.01), 60. giin (p<0.001) ve siitten kesim agirlig1 (p<0.001) iizerindeki etkisi de
oldukca onemliydi. Erkek kuzular dogum agirligr (p<0.001), 60. giin (p<0.01) ve siitten kesim

*Sorumlu yazar: agirhign (p<0.001) bakimindan disilerden daha istiindii. Dogum tipinin yalnizca dogum agirlig

Ferda KARAKUS tizerinde anlamli bir etkisi bulundu (p<0.001). Ayrica, Gauss karisim regresyon modeli
Van Yiiziincii Y1l Universitesi, Ziraat kullanilarak siitten kesim agirliklarinin ilgelere gore kategorize edilebilecegi belirlendi. Sonug
Fakilltesi, Zootekni Boliimii, 65080 Van, olarak, genetik potansiyelin ortaya ¢ikmasinda etkili olan gevresel faktdrlerin kuzularin biiyiime
Tiirkiye . . coa . . e .- . M . s N .
5: ficarakus@yyu.edu.tr ozellikleri {izerindeki etkilerinin bilinmesi, i1slah ve yOnetim stratejilerine Snemli katkilar
saglayabilir.
Anahtar kelimeler: Morkaraman, kuzu, biiyiime 6zellikleri, ¢evresel faktorler.
INTRODUCTION determines the meat-producing capacity of animals up to the
marketing age. Growth traits are greatly influenced by
Growth traits are a good indicator of the animal’s genetic and non-genetic factors (Lalit Malik et al., 2016).
ability to adapt to current environmental conditions. The Due to its positive genetic correlation with subsequent live

rapid growth rate is used as a selection criterion as it
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weights, birth weight is important as an early measurable
trait. On the other hand, the most crucial economic factor
affecting the financial success of industrial sheep flocks is
weaning weight (Mellado et al., 2016).

In general, growth from birth to weaning influences
post-weaning development and mature or slaughter weight.
The high average daily gain before weaning is an indicator
of the genetic potential of the developing lamb and the
mothering ability of the ewe. However, it is very important
to consider the effects of maternal and environmental factors
in addition to genetic potential on birth weight and early
growth characteristics (Assan, 2020). Many studies have
shown the significant effects of non-genetic environmental
factors such as lamb’s sex, birth type, birth year, birth
season, and dam age on the growth of lambs (Maraveni et
al., 2018; Ali et al., 2020; Behrem, 2021; Ehsaninia, 2021;
Noyan & Ceyhan, 2021; Hagan et al., 2022).

Economically important traits such as live weight
gain, egg, milk, and meat production are quantitative and
continuously variable traits (Nufiez-Torres & Almeida-
Secaira, 2022). Quantitative traits show continuous variation
due to many small-acting genes and environmental factors
that cause individuals of the same genotype to have different
phenotypes. For this reason, animals cannot be divided into
classes with strict limits in terms of quantitative
characteristics (Pollak, 2001; Toghiani, 2012). On the other
hand, it has been shown in various studies that animals can
be subdivided according to identifiable and stable
phenotypes in terms of quantitative traits (Kebede &
Gebretsadik, 2010; Yesilova et al., 2016; Kebede et al.,
2019; Garcia-Baccino et al., 2021).

Garcia-Baccino et al. (2021) reported that in
practice, there may be situations where the population is a
mixture of n different groups that are known to exist
physically, and mixture models can be applied when there is
a group structure in the data. In mixture modeling, which has
been used in many fields in recent years, firstly, the data set
is considered heterogeneous, and the heterogeneity is
eliminated by dividing the data set into homogeneous
subgroups within itself. Compared to cluster and factor
analysis, the first advantage of the mixture model calculates
the probability that each animal belongs to which subgroup,
and the second advantage is to perform a separate regression
analysis for each sub-group (Yesilova et al., 2008; 2016;
Kebede et al., 2019; Garcia-Baccino et al., 2021).

Since they have a long history of adaptability and
exceptional gene-environment interactions that aid in
survival, local sheep breeds are important genetic resources
(Arzik et al., 2022). One of Tiirkiye's most important local
fat-tailed sheep breeds, Morkaraman sheep are raised in the
Eastern Anatolia Region. Morkaraman with multi-purpose is
primarily bred for meat yield. This breed is known for its
robust adaptation to various unfavorable environmental
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conditions (Kopuzlu et al., 2014; Sahin & Kopuzlu, 2022).
Although there are studies investigating the environmental
factors affecting preweaning growth in Morkaraman lambs,
there is no report on the analysis using the mixed model. The
purpose of this study was to investigate the environmental
factors affecting preweaning growth traits in Morkaraman
herds and to classify the weaning weight using the Gaussian
mixture regression model.

MATERIAL AND METHOD

Study area and flock management: The
experimental procedures were approved by Van Yiiziincii
Y1l  University Ethical Committee on  Animal
Experimentation (reference no 2023/07-24). The animal
material of this study consisted of Morkaraman sheep raised
in enterprises involved in the Morkaraman Breed Sheep
Breeding Sub-Project (TAGEM/04MOR2013-01)
implemented in Agr1 Province in Eastern Tiirkiye. The study
area is located between 39° 43' 7" N latitude and 43° 3' 3" E
longitude. The altitude of the province is 1640 m above sea
level, and the annual average rainfall is 521.8 mm.

In the enterprises from which data were obtained in
the study, the mating season takes place in September-
October, and lamb births occur in February-March. During
the breeding period, in addition to pasture, rams, and sheep
are given grass straw and crushed barley in the morning and
evening. Sheep with lambs are housed separately and fed
with the concentrate feed and roughage. During the pasture
period starting from April, sheep only benefit from the
pasture. The lambs are accustomed to feeding at about two
weeks of age and are fed with grower feed and alfalfa hay
until they come out to pasture.

Lambs are housed with their mothers until weaning
at an average of 90 days of age. During the pasture period,
they are kept with their mothers in the evenings and suckled.
The lambs are grazed in the pasture between May and July
and no additional feeding is done during this period. In late
July-September, the lambs are fed with alfalfa hay and
crushed barley until they are sold.

Data collection: The newborn lambs were weighed
within 12 to 24 h of birth and ear-tagged for identification.
Data were recorded for the birth weight and weaning weight
at about 90 days of age of 18297 Morkaraman lambs born
from 2020 to 2022. Environmental factors affecting the
preweaning growth included birth year, age of the dam,
gender, and birth type. The 60™ and 90" day weights of the
lambs were calculated by the linear interpolation method.
Weaning weight was corrected for 90 days, which is the
mean weaning day of the animals.

Statistical analysis: The effects of some
environmental factors on the growth traits of lambs such as
birth year, age of the dam, gender, and birth type were
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analyzed by the Least Squares Means method in the GLM
procedure of the Statistical Analysis System software.
Significant differences among means were examined using
Duncan’s multiple range tests. The statistical model used for
the growth traits was:

Yijim = 1 + ai + gj + Ck + di + bm (Xijkim - X) + €jjkim

Where;

Yijum = Birth and weaning weight of the lamb,

u = overall mean,

a; = the effect of lambing year (i=2020, 2021, 2022),

gj = the effect of dam ages (j=1, 2, 3, 4, 5, >6)

ck = the effect of gender (k=1, 2; male, female),

d, = the effect of birth type (I=1, 2; single, twin),

bm = linear regression coefficient of birth weight on
weaning weight

Xijkim = individual birth weight of the lamb

X = mean birth weight

eijum = the random residual error.

Information criteria are used to estimate the number
of components in a Gaussian mixture model. The two most
used information criteria are the Akaike information criteria
(AIC) and the Bayesian information criteria (BIC)
(Shirinkam et al., 2020). The smallest AIC and BIC criteria
were used to determine the number of homogeneous
subgroups of the 90™ day live weight of the lambs according
to the villages where the study was carried out, thus it was
determined that 3 homogeneous sub-groups could be formed
(Table 1).

Table 2. Least-squares means (+s.e.) for growth traits of Morkaraman lambs (kg).
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Table 1. Model selection criteria for sub-groups.
Selection Criteria*

Sub-groups BIC AlC

Model with one sub-group 108973.217 109211.401
Model with two sub-groups 106558.941 106856.183
Model with three sub-groups 106402.849 106449.544
Model with four sub-groups 107541.028 107613.718

* Lowest BIC and AIC values explain the best model.

It was determined that the AIC and BIC
concordance statistics decreased until the three-subgroup
model and then increased. Therefore, fit criteria after the 4-
subgroup model were not given. Thus, lambs were divided
into 3 sub-groups homogeneous within themselves and
heterogeneous among themselves, in terms of body weight
on the 90" day in 4 different villages.

RESULTS

The least squares mean, standard errors, and
multiple comparison test results regarding the effects of
some systematic environmental factors on growth from birth
to weaning in Morkaraman lambs are given in Table 2. The
mean birth weight, 60" day, and weaning weights of
Morkaraman lambs were 3.97 kg, 17.94 kg, and 24.92 kg,
respectively.

Lambing year: The effect of lambing years on live
weights from birth to weaning was highly significant
(p<0.001). Lambs born in 2022 were significantly heavier at
birth than lambs born in 2020 and 2021. However, lambs
born in the last lambing year (2022) could not maintain their
superiority in terms of birth weight at later ages. Lambs born
in 2020 had a significantly higher 60" day and weaning
weight than those born in later years (p<0.001).

Factors Birth weight _ 60" day weight Weaning weight
n X+£Sx n X+Sx n X+Sx
Overall mean 18297 3.97+0.01 17720 17.94+0.03 17720 24.92+0.04
Lambing year Hkk Hkk Hkk
2020 6069 3.55+0.03° 5961 19.99+0.07° 5961 28.00+0.10%
2021 6171 3.60+0.03° 5924 17.31+0.06° 5924 23.98+0.09°
2022 6057 3.89+0.03% 5835 17.48+0.06° 5835 24.24+0.10°
Dam age *% *kk *hk
1 151 3.59+0.06% 148 19.66:+0.26° 148 27.51+0.40%
2 3852 3.72+0.03° 3720 18.01+0.06° 3720 25.02+0.09°
3 3509 3.68+0.03* 3412 17.99+0.06° 3412 24.99+0.09°
4 3114 3.70+0.03% 2998 17.83+0.06° 2998 24.76+0.09°
5 2879 3.70+0.03% 2811 17.98+0.06> 2811 24.99+0.10
>6 4792 3.71+0.06% 4631 18.11+0.05° 4631 25.18+0.08°
Gender ekeke ke ke
Male 9051 3.7240.032 8764 18.31+0.06* 8764 25.47+0.09%
Female 9246 3.64+0.03° 8956 18.22+0.06° 8956 25.35+0.09°
Birth type il
Single 15287 4.05+0.01° 14812 18.15+0.05 14812 25.24+0.07
Twin 3010 3.48+0.02° 2908 18.38+0.08 2908 25.58+0.11
Regression (Lin.)
Birth weight 0.331+0.037*** -0.003+0.056

a, b, c: Means values with different letters are significant. **: p<0.01, ***: p<0.001

Dam age: The results of this study indicated that
the lowest birth weight was obtained from 1-year-old
mothers, while 2-year-old dams had heavier lambs at birth
(3.59 kg vs. 3.72 kg, p<0.01). At the same time, lambs of
1-year-old dams had a statistically lower birth weight than
lambs of 4-, 5-, and 6-years old dams. For birth weight, the
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difference between the lambs of the 2- and 3-year-old dams
was also significant. The effect of dam age on the 60™ day
(p<0.001) and weaning weight (p<0.001) was also found
to be highly significant. While the lambs of 1-year-old
dams had the highest 60" day and weaning weight, the
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lowest body weights for both periods were determined in
the lambs of 4-year-old dams (p<0.001).

Gender: The mean birth weight for male and
female lambs was 3.72 kg and 3.64 kg, respectively
(p<0.001). Male lambs were also heavier than female
lambs on the 60" day (p<0.01) and weaning (p<0.01).

Birth type: A highly significant (p<0.001)
difference was found between single and twin lambs at
birth. Single lambs were 0.57 kg heavier compared with
twin lambs. However, since single lambs could not reflect
the difference in birth weight, no significant difference was
found between single and twin lambs in terms of 60" day
and weaning weight.

The linear regression effect of birth weight: The
regression coefficient of birth weight on the 60" day
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weight was found as 0.331. The linear regression effect of
birth weight was found to be significant only at day 60. On
the other hand, the regression coefficient for weaning
weight was estimated as -0.003, which was quite different
from day 60.

Distribution of districts according to weaning
weight: Table 3 and Figure 1 shows the distribution of 4
districts to sub-groups in terms of weaning weight
according to the Gaussian mixture regression model.
Weaning weight was determined as 23.868 kg in subgroup
1, 34.850 kg in sub-group 2, and 44.212 kg in sub-group 3.
In sub-group 3, which includes the lambs with the highest
weaning weight, the highest rate was determined in the
Merkez district, and the lowest rate was determined in the
Eleskirt district.

Table 3. Distribution of sub-groups and districts according to weaning weight of lambs.

Sub-groups Eleskirt Hamur Merkez Tutak
Mean n (%) n (%) n (%) n (%)

1 23.868 3042 (97.13%) 4353 (96.63%) 7769 (86.08%) 1004 (94.99%)

2 34.850 85 (2.71%) 137 (3.04) 1105 (12.24%) 46 (4.35)

3 44.212 5 (0.16%) 15 (%0.33) 152 (1.68%) 7 (0.66%)

mEleskirt ®mHamur =Merkez ™ Tutak

7769

. 042
. 4353
B 1004
| 85
| 137
1105

46

5

15

152

7

1 2 3

Sub-groups

Figure 1. Distribution of districts into sub-groups according to weaning
weight of lambs.

DISCUSSION

When compared with the overall mean values of
the growth traits given in Table 1, the live weights of
Morkaraman lambs at birth, 60™ and 90" days were lower
than the values reported for Hemsin lambs (Sar1 et al.,
2014) but higher than the values reported for Savak
Akkaraman lambs (Yagci et al., 2018). Additionally, it was
found that compared to some other local sheep breeds,
Morkaraman lambs had lower birth weights and higher
weaning weights on the 90" days (Sireli et al., 2015;
Behrem, 2021; Kegici et al., 2021).

The lambing year was one of the main factors
affecting growth traits from birth to weaning in
Morkaraman lambs. There were statistically highly
significant differences (p<0.001) among the lambing years
in all growth periods. Lambs born in the first lambing year
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of this study (2020) weighed 4.02 and 3.76 kg more at
weaning than lambs born in the following years (2021 and
2022), respectively (p<0.001). Many studies revealed the
effect of year on live weights at different ages of lambs
(Akhtar et al., 2012; Kegici et al., 2021; Sharif et al., 2022;
Tesema et al., 2022; Balasundaram et al., 2023). According
to reports, the effect of lambing year on live weight at
various ages is caused by variations in climate, nutrition,
management, and hygiene from year to year, which mostly
have an impact on lambs directly or indirectly through their
dams (Baneh & Hafezian, 2009; Abbas et al., 2010). On
the other hand, Shibab et al. [32] reported that there was no
significant effect of year on birth and weaning weight in
local and Turkish Awassi sheep.

The significant variations in growth traits of
lambs born from dams between the ages of 1 to >6 were
observed in the current study. The lambs with the lowest
birth weight were obtained from the 1-year-old dams,
while the 2, 4, 5 and >6 years old dams produced the lambs
with the highest birth weight (p<0.01). Consistent with the
study findings, Sharif et al. (2022) reported that, unlike
younger ewes, mature and older ewes spend most of their
energy on fetal development, resulting in larger lambs at
birth. The statistically significant effect of dam age on
preweaning growth continued and lambs from 1-year-old
dams performed much better at day 60 (p<0.001) and
weaning (p<0.001) compared to lambs from older dams.
Kelman et al. (2022) stated that factors such as maternal
ability, milk production, and colostrum compaosition may
be responsible for the effect of young dams on lamb
weight. Contrary to the study findings, the growth
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performance of Rahmani and Chios lambs (Abbas et al.,
2010), Awassi lambs (Ozbeyaz et al., 2018), and different
meat type lambs (Kader Esen & Elmaci, 2021) were not
affected by dam age.

Morkaraman male lambs were superior to females
in terms of birth weight, 60" day, and weaning weight. The
mean differences between the genders were found to be
statistically significant (p<0.001 and p<0.01), although not
much. In many studies on different sheep breeds, the effect
of gender, as one of the macro-environmental factors, on
birth and body weight at various ages was found to be
significant (Abbas et al., 2010; Selvi & Ustiiner, 2021;
Bozgiilli & Macit, 2022; Sharif et al., 2022). The body
composition and muscular development of male and
female lambs varies, and male lambs tend to deposit most
of their muscle mass in the chest area, which may explain
the differences between the genders (Malkova et al., 2020).
On the other hand, Kuchtik & Dobes (2006) concluded that
the effect of gender on body weight was not significant at
birth, 30th and 70th days.

In this study, single-born lambs were heavier than
twin-born lambs at birth (p<0.001). The birth weight
difference (0.57 kg) between single and twin Morkaraman
lambs was found to be lower than values reported for
different sheep breeds (Alarslan & Aygiin, 2019; Olfaz et
al., 2019; Noyan & Ceyhan, 2021; Sharif et al., 2022). On
the other hand, the effect of birth type on weight at the 60™"
day and weaning was insignificant. No differences were
also reported for Hemsin (Sar1 et al., 2014) and Awassi
(Hizli & Yazgan, 2021) lambs in the same growth periods.
Contrary to study findings, in the Irish sheep breed
population, single-born lambs were determined to have the
heaviest birth, preweaning, and weaning weights (p<0.001)
compared to multiple births (McGovern et al., 2020).

In the regression analysis performed in the study,
there was a highly significant relationship between birth
weight and day 60 (p<0.001), but no significant effect of
birth weight on weaning weight was found. These two
variables were negatively (-0.003) correlated. Contrary to
this study, linear regression of birth weight on weaning
weight was found to be 2.58 (p<0.01) in Kivircik lambs
(Cemal et al., 2005) and 0.19 (p<0.01) in Awassi sheep
(Sahin, 2022).

According to the Gauss mixture regression model
(Table 3), the district with the highest number of lambs
with a weaning weight below the overall mean (23.868 kg,
sub-group 1) was Eleskirt with 97.13%, while it was in
Merkez district the least with 86.08%. Merkez district also
had the highest rate in sub-groups 2 and 3 (12.24% and
1.68%, respectively), which included lambs with above-
average weaning weight. The higher rate of lambs with
higher weaning weight in the Merkez district compared to
the other three districts may have resulted from better
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selection planning, feeding and management practices as
well as better environmental conditions in sheep in this
district. With Gaussian mixture regression model used in
this study, it was shown that Anatolian buffaloes can be
divided into three subgroups according to their lactation
milk yield. The effects of lactation period, dam age, and
villages on lactation milk yield were found to be
statistically significant in sub-group 1 with the highest
average lactation milk yield (p<0.01).

CONCLUSION

As a result of the study, it was determined that the
preweaning growth traits of Morkaraman lambs were
affected by environmental factors. Since the income of the
breeder depends on the sale of non-breeding lambs weaned
in the enterprises where the study is carried out, birth
weight and weaning weight or preweaning live weight gain
is important as a measure of growth traits. Lambing year,
dam age and gender had statistically significant (p<0.01,
p<0.001) effects on birth weight, 60" day, and weaning
weight, whereas birth type only influenced birth weight. In
addition, as another result of the study, it was seen that the
Gaussian mixture regression model could be used in
categorizing the weaning weights according to the districts.

Environmental factors, which have been
identified as the main sources of variation in the growth
traits of lambs, play an important role in the expression of
genetic potential (Rahimi et al., 2014). Knowing the
environmental factors affecting birth and weaning weights
will also contribute to breeding and management strategies.
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Abstract: The aim of this study is to determine the effects of feeding Eisenia fetida with oyster mushroom
waste (OMW) and brewed tea waste (BTW) on the growth it and some nutrients in fertilizer. For this purpose,
three different growing media including OMW (100%) (T1), OMW (50%) + (BTW) (50%) (T2), OMW
(25%) + BTW (75%) (T3) were used in the experiments. The research was carried out in plastic containers
with a width of 40 cm x 40 cm length x 20 cm in accordance with the randomized plot design in three
repetitions. The changes of some nutrients in solid and liquid vermicompost obtained from different quality
nutrient media were made by Anova and Variance analysis and multiple comparisons between the nutrient
media were made by Duncan test. As a result of the study, the number of worms in all growing media
decreased over time. The highest reduction was 31.10% in OMW (25%) + BTW (75%) in the nutrient
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Eisenia fetida'nin Istiridye Mantar1 Atig1 ve Demlenmis Cay Atig ile beslenmesinin
vermikomposttaki gelisimi ve bazi besin maddeleri iizerine etkilerinin belirlenmesi

Oz: Bu ¢alismanim amaci Istiridye mantari atig1 ve demlenmis cay ati3 ile beslemenin Eisenia fetida gelisimi
ve giibredeki bazi besin elementlerine etkisinin belirlenmesidir. Arastirma tesadiif parselleri deneme desenine
uygun olarak 40 cm boy x 25 cm en x 20 cm derinliginde plastik kaplarda ii¢ tekrarlamali olarak
yiiriitiilmiistiir. Bu amagla Istiridye mantar1 atig1 (%100) (T1), Istiridye mantar1 atig1 (%50) + demlenmis cay
at1g1 (%50) (T2), Istiridye mantart atig1 (%25) + demlenmis cay atig1 (%75) (T3) olmak iizere ii¢ farkl
yetistirme ortamu kullanilmistir. Besi ortamlarindaki solucan say1 ve agirligindaki degisimler 13 hafta
stiresince haftada birkez tespit edilmistir. Farkli kalitedeki besin ortamlarindan elde edilen kati ve sivi solucan
humusundaki bazi besin maddelerinin degisimleri Anova ve Varyans analizi ile, besin ortamlar1 arasinda
¢oklu karsilagtirmalar ise Duncan testi ile yapilmistir. Calisma sonucunda tiim yetistirme ortamlarinda
solucan sayilart zamanla azalmistir. En yiiksek azalma %31,10 ile Istiridye mantari (%25) + demlenmis gay
at1g1 (%75) besin ortaminda meydana gelmistir. Calisma sonucunda en yiiksek Ca, Na, K, Mg degerleri
islenmenmis istiridye mantar1 (kontrol) atiklarinda bulunurken, en yiiksek Fe Istiridye mantar atigindan (%100)
(T1) elde edilen kat1 solucan giibresinde, en yiiksek Zn miktarma Istiridye mantari (%50)+ denlenmis gay
Mihonaislik-Mi L . at1g1 (%50) karisimindan elde edilen kati solucan giibresinde rastlanmustir. Farkli besi ortamlarindan elde

ihendislik-Mimarlik Fakiiltesi, Peyzaj : . . . M h e . X
Mimarli31 Boliimi, Recep Tayyip Erdogan edll.en katl. solucan gubr.esmdekl Cu ve Mr} degerleri argsmda_kl degisim ls'gatlstlkse] olarak (p<Q.QOO) onemli
Universitesi, 53020 Rize, Tiirkiye seviyededir. Farkli besi ortamlarinin sahip oldugu fiziko kimyasal 6zellikler ve solucan yetistirme ortam
D4: servet_celtek19@erdogan.edu.tr ozelliklerinin solucan gelisimi, solucan sayis1 ve solucan agirliginda etkili oldugu sdylenebilir.
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Anahtar_kelimeler: Demlenmis cay atigi, Eisenia fetida, geri doniisiim, oyster mushroom,
solucan suyu.
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INTRODUCTION

The population worldwide has reached 7.99 (URL-
1) billion and continues to increase rapidly. The world
population will reach 8.5 billion in 2030, 9.7 billion in 2050,
and 10.4 billion in 2100 (URL-2). It is predicted that 68 %
of the world population will live in urban areas (URL-3).
Improved agricultural practices and rapid industrialization
and population growth have led to huge waste generation,
and the management of this waste is becoming a global
concern (Vyas et al., 2022). It is stated that 50-80% of the
wastes produced in many cities in developing countries can
be collected and 20-50% of their budgets are spent for the
collection of these wastes (Guerro et al., 2013; Worldbank,
2018). It is stated that in underdeveloped and low-income
countries, only 10% of the garbage produced in suburban
areas of most cities can be collected, and the cases of people
living in the vicinity of non-collected dumps, especially
diarrhea, skin diseases and acute respiratory infections
continue to increase (Prakash, 2017). In addition global
wastes cause pollution of soil and water resources; On the
other hand, it continues to negatively affect the sustainability
of different ecosystems and human life. Especially leaving
domestic wastes in the environment as garbage in this way
causes significant economic losses as well as environmental
problems. Recycling of domestic organic wastes around the
world with the vermicompost technique, the cost of garbage
collection in cities and rural areas can be reduced. On the
other hand, the wastes can be recycled to products with
economic and ecological value (solid and liquid
vermicompost, plant grower and developer, plant protector,
earthworm, flour, etc.) can be converted.

The hypothesis of this research (Ho):
Vermicompost technique has no effect on the recovery of
organic domestic waste. The objectives of this study were to
determine worm growth in Oyster mushroom waste (100%)
(i), in Qyster mushroom waste (50%) + brewed tea waste
(50%) (ii), and in Oyster mushroom waste (25%) + brewed
tea waste (75%) (iii) growing mediums and to determine
some nutrients in the vermicompost and vermiwash obtained
different waste materials. The aim of this study is to
determine the effects of feeding Eisenia fetida with oyster
mushroom waste and brewed tea waste on the growth of it
and some nutrients in fertilizer.

MATERIAL AND METHOD

Material: Pleurotus ostreatus mushroom wastes
used in the experiments were obtained from Agaran
Mushroom production company. Eisenia fetida (red
California worm) used in the experiments were provided by
Turan Yiiksek's worm research laboratory. The brewed tea
wastes were obtained from the RTEU Faculty of
Engineering and Architecture teahouse. Plastic feeding cups
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and shading cover used in the experiments were purchased
from the market.

Method

Preparation of the media: Oyster mushroom
wastes used in the experiments were physically shredded by
hand. The waste water accumulated in the tea wastes was
filtered and taken from the nutrient medium.

Trial Design: Three different growing media
including Oyster mushroom waste (OMW) (100%) (T1),
Oyster mushroom waste (50%) + (50%) brewed tea waste
(BTW) (T2), OMW (25%) + BTW (75%) (T3) were used in
the experiments. The research was carried out in plastic
containers with a width of 40 cm x 40 cm length x 20 cm in
accordance with the randomized plot design in three
repetitions. In accordance with the experimental design, the
feeding media with a weight of approximately 2 kg were
placed in the plastic containers and watered with tap water
until the moisture level in the medium reached 50%, and then
30 Eisenia fetida worms, whose weights were determined,
were placed in the containers. The number and weight of
worms in the medium were determined once a week for 13
weeks. At the end of 13 weeks, the digestibility and color
changes of the feeding materials where the worms were
placed were controlled and after the fertilizer formation was
completed, the solid and liquid fertilizers in the medium
were harvested.

Data analysis: The changes of some nutrients in
solid and liquid vermicompost obtained from different
quality nutrient media were made by Anova and Variance
analysis and multiple comparisons between the nutrient
media were made by Duncan test. The data obtained as a
result of the research were converted into tables and
graphics. SPSS-23 package program was used for statistical
analysis.

RESULTS

Changes in the number and weight of worms in
different growing mediums: Worm number and weights in
growing medias OMW (100%), OMW (50%) + BTW
(50%), and OMW (25%) + BTW (75%) decreased over time
(Fig.1, 2, 3).
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y =0,0335x? - 0,5438x + 29,158
R*=0,4391

29,5
29

28,5

Number of worms

28
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27
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0 2 4 6 8 12 14

Time (week)

Figure 1. Change in the mean worm number in Oyster mushroom waste
(100%) over time.
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As a result of the research, OMW (100%), OMW
(50%) + BTW (50%), OMW (25%) + BTW (75%) mean
worm weights increased (Fig. 4, 5, 6). The highest increase
in worm weight was 44.26% in OMW (50%) + BTW (50%)
in growing medium, while the minimum worm weight gain
was 30.86% in OMW waste (25%) + BTW (75%) growing
medium.
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Figure 2. Change in the mean worm number in Oyster mushroom waste
(50%) and brewed tea waste (50%) over time.
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Figure 3. Change in the mean worm number in Oyster mushroom waste
(25%) and brewed tea waste (75%) over time.
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Figure 4. Change in the mean worm weight in OMW (100%) over time.

Change of some nutrients in vermicompost and
vermiwash obtained from different feeding materials: As
a result of the study, the highest Ca, Na, K, Mg values were
found in untreated oyster mushroom (control) waste, while
the highest Fe value was found in solid vermicompost
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obtained from oyster mushrooms (100%) in T1. The highest
Zn value was determined in solid vermicompost obtained
from the mixture of OMW (50%) + BTW (50%) in treatment
T2. The highest Cu and Mn values were found in the solid
vermicompost obtained from the OMW (25%) +BTW (75%)
mixture in T3, and the changes were statistically significant
(Table 1).
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Figure 5. Change in the mean worm weight in OMW (50%) and BTW
(50%) over time.
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Figure 6. Change in the mean worm weight in OMW (25%) and BTW
(75%) over time.

The lowest Cu and Mn values were found in the
untreated oyster mushroom (control), while the lowest Ca
and Mg values were determined in solid vermicompost
obtained from oyster mushrooms (100%) (T1). The lowest
Zn value were found in the solid vermicompost obtained
from the mixture of OMW (control), while the lowest Fe, Na
and K values were found in the solid vermicompost obtained
from the mixture of OMW (25%) + BTW (75%) (T3) and
the changes were statistically significant (Table 1).

As a result of the research, the highest Ca, Mg, Na,
Cu, Zn, and K values in vermiwash obtained from different
nutrient media were found in liquid vermicompost produced
from OMW (100%) (T4). The highest Mn values were found
in T5, while the highest Fe was found in T6. It was
determined that the changes in Ca, Zn, Mn and Mg values in
liquid vermicompost obtained from different media was
statistically significant (p<0.000) (Table 2).
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Table 1. Changes of some nutrients in solid vermicompost obtained in different Feeding Materials.

Feeding Materials Par. N Mean Std.Dv F p
Control 4 9,68° 0,0608

OMW (100%) (T1) Fe 9 12,77° 0,2753 8,131 0,000
OMW (50%)+BTW (50%) (T2) 16 9,67° 2,490 e
OMW (25%) +BTW (%75) (T3) 12 9,22° 1,430

Control 4 0,484° 0,0061

OMW (100%) (T1) Zn 9 0,554* 0,0284 8,835 0,000
OMW (50%)+BTW (50%) (T2) 16 0,575% 0,0431 ok
OMW (25%) +BTW (%75) (T3) 12 0,545% 0,0191

Control 4 0,125° 0,0021

OMW (100%) (T1) Cu 9 0,129° 0,0022 19,69 0,000
OMW (50%)+BTW (50%) (T2) 16 0,186° 0,0401 e
OMW (25%) +BTW (%75) (T3 12 0,203 0,0099

Control 4 0,836° 0,0083

OMW (100%) (T1) Mn 9 0,879° 0,0127 24,167 0,000
OMW (50%)+BTW (50%) (T2) 16 13,18° 1,859 kel
OMW (25%) +BTW (%75) (T3 12 17,13 1,2418

Control 4 348,65 7,008

OMW (100%) (T1) Ca 9 144,44° 55,27 59,650 0,000
OMW (50%)+BTW (50%) (T2) 16 167,66° 12,76 ol
OMW (25%) +BTW (%75) (T3 12 155,12° 8,47

Control 4 27,70° 0,3296

OMW (100%) (T1) Na 9 15,40° 0,6121 270,69 0,000
OMW (50%)+BTW (50%) (T2) 16 13,29° 1,3386 Hk
OMW (25%) +BTW (%75) (T3 12 12,60° 0,6443

Control 4 98,38° 0,7417

OMW (100%) (T1) Mg 9 42,42° 2,1726 245,69 0,000
OMW (50%)+BTW (50%) (T2) 16 44,22 5,2860 Hk
OMW (25%) +BTW (%75) (T3 12 43,09° 2,8562

Control 4 366,17 0,6551

OMW (100%) (T1) K 9 153,87° 9,1827 286,347 0,000
OMW (50%)+BTW (50%) (T2) 16 155,73° 19,254 ok
OMW (25%) +BTW (%75) (T3 12 147,57° 8,9116

OMW: Oyster Mushrooms Waste; BTW: Brewed Tea Waste; T1: treatment 1; T2: Treatment 2; T3: Treatment 3; Par: Parameters,

Significance Level, ***: P <0.000

N: Number of Samples, Mean: Average, Std. Dv: Standard Deviation, p:

Table 2. Changes of some nutrients in vermiwash obtained in different growing medium.

Feeding Materials Par. N Mean Std.Dv F p
OMW (100%) (T4) 8 0,5082 0,2114 0,130
OMW (50%)+BTW (50%) (T5) Fe 12 0,2627 0,1555 2,191 N.S
OMW (25%)+BTW (75%) (T6) 12 0,7464 0,8897

OMW (100%) (T4) 8 0,0537¢ 0,0023 0,000
OMW (50%)+BTW (50%) (T5) Zn 12 0,0395" 0,0070 34,516 ol
OMW (25%)+BTW (75%) (T6) 12 0, 0358° 0,0029

OMW (100%) (T4) 8 0,0123° 0,0005 0,015
OMW (50%)+BTW (50%) (T5) Cu 12 0,0095" 0,0038 4,838 N.S
OMW (25%)+BTW (75%) (T6) 12 0,0083° 0,0026

OMW (100%) (T4) 8 0,0927° 0,0139 17,159 0,000
OMW (50%)+BTW (50%) (T5) Mn 12 1,3322* 0,7332 halaied
OMW (25%)+BTW (75%) (T6) 12 0,3975° 0,3738

OMW (100%) (T4) 8 31,45° 0,8631 17,851 0,000
OMW (50%)+BTW (50%) (T5) Ca 12 20,06° 4,5853 halaied
OMW (25%)+BTW (75%) (T6) 12 18,71° 6,6160

OMW (100%) (T4) 8 13,09 1,1479 0,346 0,710
OMW (50%)+BTW (50%) (T5) Na 12 12,56 1,5398 N.S
OMW (25%)+BTW (75%) (T6) 12 13,04 1,9538

OMW (100%) (T4) 8 17,87° 1,564 12,563 0,000
OMW (50%)+BTW (50%) (T5) Mg 12 14,13° 2,282 halaied
OMW (25%)+BTW (75%) (T6) 12 13,61° 1,869

OMW (100%) (T4) 8 102,61 12,31 1,391 0,265
OMW (50%)+BTW (50%) (T5) K 12 94,14 11,45 N.S.
OMW (25%)+BTW (75%) (T6) 12 91,97 17,83

OMW: Oyster Mushrooms Waste; BTW: Brewed Tea Waste; T1: treatment 1; T2: Treatment 2; T3: Treatment 3; Par: Parameters,

Significance Level, ***: P <0.000

DISCUSSION

It can be said that the physico-chemical properties
of the growing medium and other environmental factors are
effective in the Eisenia fetida population changes in the
different waste materials. The decrease rates in the number
of worms in the nutrient media over time are 8.9% in OMW
(100%) media, 12.33% in OMW (50%) + BTW (50%), and
in OMW (25%) + BTW (75%) was 31.10%. This shows
that the physico-chemical properties of the growing
medium are effective in the development of worms in the
waste materials. As a matter of fact, Yiiksek et al. (2019)
found in their study that the number of worms fed in the
brewed tea waste (100%) medium decreased by 16.30% ;
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N: Number of Samples, Mean: Average, Std. Dv: Standard Deviation, p:

while the number of worms in the brewed tea waste (50%)
+ food waste (50%) medium decreased by 33.73%. They
found that the number of worms increased by 6.25% in
brewed tea waste (50%) + cow manure (50%) mixtures. In
another study, Yiiksek (2019) showed that the number of
worms decreased by 49,5% in the hazelnut waste (50%) +
and tea fiber (50%) growing medium; while the number of
worms increased by 14.65% in the mixture of 20%
hazelnut husk + sawdust (15%) + newspaper paper (5%)
growing medium. Yiiksek and Cemberi (2022) found that
the number of worms in the municipal waste sludge
(100%) growing medium increased by 3.75%; while the
number of worms decreased by 46.63% in waste sludge
(50%) + clay soil (50%) growing media. It is stated that the
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physico-chemical properties of the growing medium, the
mixture ratios of the growing medium and environmental
conditions are very effective in the change of the worm
population (Homan et al., 2016; Yiiksek, 2019; Yiiksek et
al., 2019; Wu et al., 2020; Yiksek & Cemberci, 2022). It
is stated that the media used for feeding worms are not fully
composed and the excess mineral matter and nitrogen
content in their environment may adversely affect the
growth of worms (Yiiksek & Cemberci, 2022; Yiiksek &
Soyyigit, 2023). It is also stated that the amount of
ammonium released during the vermicomposting process
and temporary changes in environmental pH may be
effective in worm population change (Gunadi & Edwards,
2003). It is thought that the chemicals used to kill invasive
herbs in tea gardens where brewed tea wastes used in worm
feeding may adversely affect the development of worms
due to their toxic properties. It is stated that pesticide
application has a negative effect on the growth and
reproduction of worms (Yasmin & D'Souza, 2007; Jovana
et al., 2014; Miglan & Bisht, 2019; Ilikhan & Kog, 2020).
At the end of the vermicomposting process, the amounts of
Fe, Zn, Cu and Mn in the solid vermicompost obtained
from different nutrient media increased statistically
significantly, while the amounts of Ca, Na, Mg, K
decreased significantly. It can be concluded that during the
vermicomposting process, the micro and macro nutritional
elements in the media change depending on the amount of
micro and macro nutrients in the media used to feed
worms, whether the media are pure or mixed, and the
enzymatic activity created by these media in the worm
intestine. It is stated that some macro and micro nutrients
in the solid vermicompost obtained as a result of the
vermicomposting process in different nutrient media used
in worm feeding vary depending on the mixture and the
physico-chemical properties of the mixture (Garg et al.,
2006; Yiiksek, 2019; Yiiksek et al., 2017; Yiiksek et al.,
2019; Mohammed et al., 2022).

CONCLUSION AND RECOMMENDATIONS

The type of waste materials used in the
vermicomposting of domestic organic wastes, the waste
mixture ratio, the physico-chemical properties of the
wastes, whether pre-treatment is applied before
vermicomposting or not effective in changing the worm
population and the properties of the obtained
vermicompost. By popularizing the vermicomposting of
domestic organic waste at home or on the site, it can reduce
the collection and transportation costs of domestic waste.
On the other hand, it can provide great benefits to
environmental protection and sustainable environmental
management by transforming domestic wastes into
products with an economic value.
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Abstract: The knowledge of the oribatid mite fauna of Tiirkiye is very limited. In order to make
1 https:/foreid.org/0000-0003-2497-5876 contribution to the Turkish soil mite fauna, samples were collected from Kocaeli province and the
Gymnodamaeid mites systematically evaluated. Gymnodamaeid mites are cosmopolitan except
Australia and Antarctica and they tend to live in dry habitats like alpine, tundra and grasslands.
Members of this family usually inhabit in soil but some tend to live on moss, algae and lichen and so
they supposed as phytophagous. The taxonomy of the Gymnodamaeid mites is difficult because of
incomplete descriptions or misinterpretations. This is due to the fact that some authors try to dissolve
the cerotegument layer or prefer newly molted samples for study. However thick, ornamented
cerotegument provides useful in species recognition in undamaged, mature adults. So the scanning
electron microscopic investigation is almost mandatory in the study of Gymnodamaeid mites. The
number of Gymnodamaeid species previously recorded from Tiirkiye is just restricted to five. The

* H Qe
Corresponding author’s: samples are collected in May 2019 from pine forest in Saricaali town of Kocaeli province of Turkey.

Sule BARAN
Department of Biology, Faculty Arts and The Gymnodamaeid mite species Adrodamaeus striatus (Aoki, 1984) is newly recorded from Tiirkiye.
ScicncesySakanyalliniversitygsakaryaiiiiurkiye This species previously known from South Eastern Palearctic and North of Oriental. Scanning electron

DX: sharan@sakarya.edu.tr i . . .
Y microscopy images of the species is firstly presented by this study.

Keywords: Acari, gymnodamaeidae, adrodamaeus, oribatida, new record, kocaeli, Tiirkiye.

Tiirkiye'den yeni kaydedilen bir Gymnodamaeid akar (Acari, Oribatida, Gymnodamaeidae)

Oz: Tiirkiye'nin oribatid akar faunasina iliskin bilgiler olduk¢a smirhdir. Tiirkiye toprak akari
faunasma katki saglamak amaciyla Kocaeli ilinden Ornekler toplanmis ve sistematik olarak
degerlendirilmistir. Gymnodamaeid akarlar1 Avustralya ve Antarktika disinda kozmopolittir ve daglar,
tundra ve cayirlar gibi kuru habitatlarda yagsama egilimindedirler. Bu ailenin tiyeleri genellikle toprakta
yasar, ancak bazilar1 yosun, alg ve likenlerle beslenmeye egilimlidir ve bu nedenle fitofag olarak kabul
edilirler. Gymnodamaeid akarlarinin taksonomisi, eksik tanimlamalar veya yanlis yorumlamalar
nedeniyle zordur. Bunun nedeni, bazi yazarlarin serotegiiment katmanini ¢6zmeye ¢alismasi veya
¢alisma igin yeni tily dokmiis 6rnekleri tercih etmesidir. Bununla birlikte, kalin, oymali serotegument,
hasarsiz, olgun yetiskinlerde tiirlerin taninmasinda yararl olur. Bu nedenle Gymnodamaeid akarlarinin
aragtirilmasinda taramali elektron mikroskobu incelemesi neredeyse zorunludur. Tirkiye'den daha
*Sorumlu yazar: dnce kaydedilen Gymnodamaeid tiirlerinin sayis bes ile simrlidir. Ornekler Mayis 2019'da Tiirkiye’nin
Sule BARAN . . Kocaeli ilinin Saricaali ilgesindeki ¢gam ormanindan toplanmistir.Bu ¢aligma ile Gymnodamaeid akar
Biyoloji Boliimii, Fen-Edebiyat Fakiiltesi, g . . e . - . ..
S e e, St T e tiri Adrodamaeus striatus (Aoki, 1984) Turkll}./e den 1lk olarak kgydedllmlstlr. Bu tiir d_aha once
IX: sharan@sakarya.edu.tr Giineydogu Palearktik ve Kuzey Dogu'dan bilinmektedir. Tiire ait taramali elektron mikroskobu
goriintiileri ilk kez bu ¢aligmayla sunulmustur.

Anahtar kelimeler: Acari, Gymnodamaeidae, Adrodamaeus, Oribatida, yeni kayit, Kocaeli, Tiirkiye.

INTRODUCTION moss. Oribatid mites are represented by more than 11.000

_ o species in the world. They have many ecological functions

In the upper layer of the soil, Oribatid mites are such as breaking down organic residues in the soil, being a

one of the most dominant groups. Oribatid mites are also food source for larger soil predators (Hoy, 2008),
known as moss mites, as they were first discovered on controlling and transporting microorganisms in the soil.
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Gymnodamaeid mites are cosmopolitan except
Australia and Antarctica (Woas, 2002, Subias 2004). These
mites are tend to live in forest and open habitats (Woas,
2002). Gymnodamaeid mites characterized by sclerotized
and cerotegumented flat notogaster, long legs with 3 claws,
separate and large genital and anal plates with anogenital
bridge (Weigmann, 2006; Walter, 2009; Hugo-Coetzee,
2010).

Genus Adrodamaeus characterized by separate
genital and anal plates, two pairs of anal and seven pairs of
genital setae, posterior edge of notogaster with two to five
pairs of setae, prodorsum with pustules and rostral ridges,
long and apically barbed sensillus (Walter, 2009; Hugo-
Coetzee, 2014).

This family has 6 genus namely, Adrodamaeus
Paschoal, 1984, Arthrodamaeus Grandjean, 1954,
Gymnodamaeus Kulczynski, 1902, Jacotella Banks, 1947,
Joshuella Wallwork, 1972 and Plesiodamaeus Grandjean,
1954. The Gymnodamaeid species previously recorded

from Turkiye are Adrodamaeus starki (Bulanova-
Zachvatkina, 1967): Gymnodamaeus barbarossa
Weigmann, 2006, Gymnodamaeus bicostatus

(Koch,1835), Jacotella frondeus (Kulijev, 1979) and
Joshuella meyeri (Bayartogtokh and Schatz, 2009) (Dik et
al.,, 1999; Toluk & Ayyildiz, 2014; Ayyildiz & Toluk,
2016, Baran, 2019).

As a result of this study on Gymnodamaeid mites
of Kocaeli province the species Adrodamaeus striatus
(Aoki, 1984) previously known from South Eastern
Palearctic and North of Oriental is firstly recorded from
Tirkiye.

MATERIAL AND METHOD

Soil samples were taken from Kocaeli province in
May 2019. Mites were extracted in Berlese-Tullgren funnel
apparatus form the soil samples and sorted by stereo
microscope Olympus SZX51. Specimens were examined
under light microscope Leica DM 1000 and scanning
electron microscope JEOL JSM 6060 LV. Mites were
stored in 70% ethanol in SAU Acarology Laboratory.

RESULTS

Genus Adrodamaeus Paschoal, 1984: Syn:
Heterodamaeus Woolley, 1957 (Subias, 2004).

Adrodamaeus striatus (Aoki, 1984)

Redescription

Material Examined: Soil samples were gathered
from pine forest, Saricaali, Kocaeli province, Tirkiye,
three adult specimens, 17 May 2019. 40°57'06.2"N
30°10'07.5"E, 250 m.
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Measurements: Body 680-685 pum in length, 420-
430 um in width, sensillus (ss) 236-239 pum, le 118-122
um, ex 22 pm, hl 40 um, h2 98-102 pm in length (n=3).

Integument: Colour dark brown.

Prodorsum: Rostrum rounded. Rostral and
lamellar setae similar, long, arced medially and granulated
(Figure 1A). Sensillus with long stalk and barbed head
(Figure 1B), interlamellar setae minute, hardly visible and
positioned on the interbothridial bulgings. Distance
between insertion points of interlamellar setae 100pm. On
the prodorsal region a pair of interbothridial bulging, a
median spherical pustule and angled rostral ridges present.
Exobothridial ~setae  setiform, thin and inserted

anteriolaterally to interbothridial bulging (Figure 1A).

X . e - ‘1‘
. % [ k.
LSNP o > 1Y, ‘e "3
Figure 1. Adrodamaeus striatus SEM image, A- Prodorsum. B- Sensillus.

Notogaster: Anterior margin of notogaster
without thickening. Notogaster with two paralel ridge
posteriorly connected to each other with protrusions.
Notogaster surface with granulated cerotegument (Figure
2A). Three pairs of notogastral setae (h1, h2, pl) covered
with cerotegumet, observable from dorsal aspect. Setae hl
and h2 are originating on the posterior sides of outer ridge,
h2 longer and directed to sides (Figure 2B).

Ventral region: Genital and anal plates are
separated. Anal plate bigger than genital one. Two pairs of
anal, three pairs of adanal, one pair of aggenital and six
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pairs of genital setae present. Aggenital setae inserted
laterally to genital plate at the level of g2. Epimeral setal
formula as 3-1-3-3 (Figure 3-4).

Distributed in South Eastern Palearctic and North
of Oriental (Subias, 2004), firstly recorded in Tirkiye.

188 )i

X118

Figure 2. Adrodamaeus striatus SEM image, A- Dorsal view, B-
Notogastral setae h1, h2, p1.

Figure 3. Adrodamaeus striatus SEM image ventral view.
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plate.

DISCUSSION

In this study, redescription of the species
Adrodamaeus striatus is done, the SEM images of the
species is firstly presented by this study.

This species distributed in in South Eastern
Palearctic and North of Oriental (Subias, 2004), and newly
recorded in Tiirkiye.

In the original description of the species by Aoki,
(1984), the number of genital setae was given as five in the
text while shown as six in the figure. The number of setae
on the genital plate is six in our specimens as seen in the
SEM image (Figure 4a). Other morphological features of
ventral plate of our specimens resemble those of previously
described.

Although three dorsal setae (p1, h1 and h2) appear
in the dorsal view of the species, two other posterior setae
(p2 and p3) are also visible in the ventral view (Figure 3).

Walter, (2016) stated that some studies on the
Gymnodamaeid mites could have incomplete descriptions
or misinterpretations because of trying to dissolve the
cerotegument layer or preferring newly molted samples for
study. However thick, ornamented cerotegument provides
useful in species recognition in undamaged, mature adults.



Baran, (2023)

It has been reported that a combined study of both cleared
and intact samples would be more reliable by Walter,
(2006). To avoid such misinterpretations the scanning
electron microscopic investigation is almost mandatory in
the study of Gymnodamaeid mites.

Other morphological features of Turkish
specimens are in accordance with previously described.
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Abstract: Squalius seyhanensis was described in the Sariz stream, a tributary of the Seyhan
River, Mediterranean Sea basin the species was also found in western drainages of the Euphrates
River. In this study, it was also recorded from the stream Kisla, a tributary of the Kizilirmak
River, Black Sea basin. In this study, the Kisla population was compared with Sariz population,
the type locality of S. seyhanensis. The key characters of S. seyhanensis, body depth at dorsal-fin
origin (24.9-27.4% SL, vs. 24.8-28.1) and depth of caudal peduncle (11.8-13.3% SL, vs. 11.8-
13.3) almost overlap.

Keywords: Anatolia, chub, ichthyofauna, freshwater fish.

Squalius seyhanensis (Teleostei: Leuciscidae)'in dagilimina iliskin yeni veriler

*Sorumlu yazar:

Esra BAYCELEBI

Recep Tayyip Erdogan Universitesi, Su
Uriinleri Fakiiltesi, 53100 Rize, Tiirkiye

Oz: Squalius seyhanensis tiirii Akdeniz Havzasinda Bulunan Seyhan Nehri’nin drenaji olan Sariz
deresinden tanimlanmustir, Tiirlin dagilim alan1 Seyhan Nehri ve Firat Nehri'nin bat1 havzasidir.
Bu calismada tiirlin bilinen dagilim alanlanin yani sira Kizilirmak Nehri'nin drenaji olan Kisla
deresinden de kayd: verilmistir. Bu ¢alismada Kisla ve Sariz popiilasyonlarini karsilastirilmusgtir.
Ayirt edici karakterler olan viicut yiiksekligi (24.9-27.4% SB, vd. 24.8-28.1) ve kuyruk sap1

DX: doganeesra@gmail.com

yitksekligi (11.8-13.3% SB, vd. 11.8-13.3) neredeyse tamamen ortiismektedir.

Anahtar kelimeler: Anadolu, tath su kefali, ihtiyofauna, tatli su baligi.

INTRODUCTION

Squalius is a genus of freshwater fish belonging to
the family Leuciscidae. It is commonly known as the chub
(Turan, 2013; Baygelebi, 2019). The chubs are medium-
sized fish distributed in the middle and lower parts of the
River systems. The body is moderately deep, and slightly
compressed laterally (Turan et al., 2013). Anal fin colour
(membrane and rays) usually of live and fixed individuals
and characterized by pigmentation on the lateral scales
(Turan 2013;Dogan, 2013).

Individuals of the genus Squalius have a wide
distribution area from the whole of Europe to the Middle
East, especially in the Mediterranean Basin. It was recently
reported that there are about 50 species belonging to this
genus, there are 21 known species of the genus in Tiirkiye.
(Ozulug ve Freyhof, 2011; Turan et al., 2009; 2013; 2017;
Geiger et al., 2014; Baygelebi, 2019, Turan 2022). One of
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these species S. seyhanensis was originally described from
the Seyhan River in Tiirkiye by Turan, Kottelat & Dogan
(2013). S. seyhanensis is one of the endemic species of
Tirkiye. It was recorded from the Seyhan and western
drainages of the Euphrates River (Turan et al., 2017). This
study aims to reveal the new distribution area of Squalius
seyhanensis.

MATERIAL AND METHOD

Data collection: Fish were caught by pulsed DC
electrofishing equipment and killed by over-
anaesthetization, fixed and stored in formaldehyde. The
material examined is deposited in Recep Tayyip Erdogan
University Zoology Museum of the Faculty of Fisheries,
Rize and Measurements were taken with digital caliper (0.1
mm accuracy). Counts and measurements follow, Turan et
al., (2017). The lateral-line scale count includes the scales
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on the base of the caudal fin. The last two branched dorsal
and anal-fin rays articulating on a single pterygiophore are
counted as 1%4. The map (Fig. 1) was created using the Qgis
QGIS 3.22.

Black Sea
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Figure 1. Records of Squalius seyhanensis based on this study (Table 1).

Table 1. Geographic information on the locations of Squalius seyhanensis
listed in this study. All Material from Tiirkiye.

Station no  Location description Sub- drainages Main drainages

Coordinates

1 Sivas, Kangal Kangal Euphrates 39.301100 37.674783
2 Sivas, Kangal Kalkim Euphrates 39.197350 37.628762
3 Sivas, Giiriin Tohma Euphrates 38.690000 37.421944
4 Sivas, Kangal Delihaci Euphrates 39.278181 37.205200
5 Sivas, Kangal Mancilik Euphrates 39.082838 37.206622
6 Sivas, Kangal Kangal Euphrates 39.278000 37.653000
7 Sivas, Giiriin Tohma Euphrates 38.803251 36.933931
8 Sivas, Kangal Kangal Euphrates 39.253117 37.626500
9 Kayseri, Piarbast Karagdz Seyhan 38.757000 36.459000
10 Kayseri, Piarbast Sariz Seyhan 38.493025 36.504732
11 Kayseri, Piarbasi Zamanti Seyhan 38.655900 36.448500
12 Kayseri, Piarbast Zamanti Seyhan 38.736600 36.413100
14 Kayseri, incesu Kisla Kizilirmak 38.643417 35.143583
RESULTS

Distribution and habitat: Squalius seyhanensis
was presently known from Seyhan and the upper part of
Euphrates river drainages (Figure 1, Table 1). The Kisla
Stream in the Kizilirmak River basin constitutes a new
distribution area for the species (Figures 1, Table 1). It
inhabits swift and cold flowing water, with a cobble and
pebble bottom (Turan et. al., 2017; Baygelebi, 2020).

27 morphometric (Table 2) and five meristic
characters (Table 3) were analysed. Both populations are
nearly identical in all characters examined (Fig. 2).

Figure 2. Squalius seyhanensis, 155 mm SL; Kizilirmak River drainage;
150 mm SL; Seyhan River drainage.
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Table 2. Morphometry of Squalius seyhanensis from Kizilirmak and

Seyhan rRiver drainages.
Stream Kisla, Kizihrmak

Stream Sariz,

River Seyhan River
N 11 10
Standard length (mm) 136-189 128-234

Range SD Range SD
In % SL
Head length 24.4-28.4(26.2) 0.12 25.0-26.7 (26.0) 0.06
Body depth at dorsal-fin origin 24.9-27.4(26.2) 0.09 24.8-28.1 (27.0) 0.12
Predorsal length 53.2-57.1 (54.9) 0.08 53.5-58.1 (56.0) 0.09
Prepelvic length 47.7-53.0 (50.8) 0.12 50.4-54.0 (52.5) 0.14
Preanal length 69.4-76.5 (72.5) 0.14 72.6-75.3 (73.9) 0.13
Pectoral-fin origin to anal fin 46.7-52.7 (49.5) 0.18 48.1-51.6 (50.2) 0.09
Pectoral-fin origin to pelvic fin 23.5-28.2 (27.0) 0.18 27.2-29.7 (28.3) 0.12
Pelvic-fin origin to anal fin 20.5-25.6 (22.8) 0.15 20.8-24.3 (22.4) 0.12
Dorsal-fin height 19.3-22.8 (20.6) 0.09 18.7-21.3 (20.2) 0.08
Anal-fin height 19.1-23.5 (20.6) 0.13 17.9-20.0 (18.8) 0.07
Pectoral-fin length 18.2-21.7 (19.9) 0.10 18.0-19.3 (18.0) 0.13
Pelvic-fin length 15.3-17.3 (16.5) 0.07 12.5-15.8 (14.9) 0.11
Length of upper caudal-fin lobe 23.1-27.0 (24.9) 0.12 21.2-24.0 (22.8) 0.09
Length of middle caudal-fin rays 14.7-18.8 (16.0) 0.12 12.5-16.9 (15.6) 0.15
Length of caudal peduncle 16.7-20.4 (18.9) 0.11 16.4-19.2 (18.0) 0.09
Depth of caudal peduncle 11.8-13.5 (12.4) 0.06 11.8-13.3 (12.5) 0.23
In% HL
Snout length 29.6-33.9 (32.1) 0.13 32.1-34.7 (33.7) 0.10
Eye diameter 15.8-21.1 (18.5) 0.14 15.7-21.0 (17.4) 0.18
Interorbital width 38.4-41.3 (39.9) 0.09 38.0-40.9 (39.3) 0.10
Head width, at anterior margin of eyes 41.4-45.6 (43.1) 0.13 44.9-49.5 (46.9) 0.18
Head width; at posterior margin of eyes 49.0-54.6 (52.5) 0.17 54.3-56.8 (55.6) 0.11
Head widthsat middle of opercle 60.7-67.8 (63.0) 0.21 62.7-69.5 (66.0) 0.27
Head depth, at through eye 48.9-53.0 (50.7) 0.14 49.6-56.2 (52.4) 0.21
Head depth; at nape 65.3-70.9 (68.1) 0.19 64.6-70.7 (68.3) 0.20
Snout width at nostrils 34.9-41.6 (37.6) 0.18 37.6-45.6 (40.9) 0.31
Width of mouth gape 24.1-29.7 (27.4) 0.16 27.1-31.1 (29.7) 0.11
Length of mouth gape 26.6-30.1 (28.4) 0.13 28.3-31.1 (29.7) 0.11

Table 3. Frequency distribution of meristic features of Squalius
seyhanensis from Kizilirmak and Seyhan River drainages.

Total lateral line scales

N 43 44 45 46 47
Kizilirmak 11 3 3 3 1 1
Seyhan 10 5 2 3 -

Transverse line scales Above lateral line Below lateral line

N 7 8 3 4 5
Kizilirmak 11 2 9 3 5 1
Seyhan 10 2 8 - 10

Branched dorsal-fin rays Branched anal-fin rays

N 7% 8% 7% 8% 9%
Kizilirmak 11 - 11 3 4 -
Seyhan 10 1 9 - 8 2

DISCUSSION AND CONCLUSION

Squalius seyhanensis was described from the
Sariz stream, Seyhan River in Tiirkiye by Turan, Kottelat
& Dogan (2013). In this study, Squalius individuals from
Kigla Stream  was examined and compared with
individuals from Sariz Stream. Almost all metrics and
meristic data belonging to the two populations were
overlapped. Little differences between two populations
were observed, which were the head width? at the anterior
margin of the eyes (41-46% HL, mean 43.1 in Kizilirmak,
vs. 45-50, mean 46.9 in Seyhan) and the head width? at the
posterior margin of the eyes (49-55% HL, mean 52.5 in
Kizilirmak, vs. 54-57, mean 5.6 in Seyhan). It also both of
the localities' chub anal fin in life with orange pigments on
rays. As a result of present data, the chub of the stream
Kisla is identified as S. seyhanensis (Figure 2).

The degradation of rivers, pollution and habitat
alteration are significant threats in freshwater. Efforts
should be made to protect Squalius seyhanensis and its
habitat, one of Tiirkiye's endemic species. These include
the establishment of protected areas, monitoring programs,
and raising awareness about the importance of preserving
freshwater ecosystems. It is crucial to ensure the
sustainable management of water resources and implement
conservation measures to safeguard the future of S.
seyhanensis and other species that depend on these fragile
ecosystems.
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Abstract: Small vesicles called exosomes have been found to regulate gene expression in tissues and
play a role in the pathogenesis of many diseases. Therefore, this study aimed to determine the effects
of exosomes on diabetes and associated microRNA (miRNA) alteration. For this purpose, nicotinamide
(120 mg/kg) was administered intraperitoneally (i.p.) and 15 minutes later, Streptozotocin (50 mg/kg)
was administered i.p. Rats with glucose levels of 126 mg/dL and above were considered to have Type
2 diabetes. At the end of 21 days, exosomes were obtained from the pancreas and brain tissues of
diabetic patients and rats of healthy groups (n: 10). Then, biochemical analyses and oxidative stress
parameters of both groups were examined. Additionally, miRNA changes were examined and the
results were evaluated statistically. It was observed that the total antioxidant level (TAC) decreased
compared to the control group (P<0.05). As a result of the examination by Real-Time PCR, it was
determined that miRNA-9 levels were significantly increased and miR-146 gene levels were
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B41: ali.tgzg@bilecik.edu.tr exosomes of diabetic rats. These results show that diabetic rat exosomes cause changes in miRNA

levels and that this change may be related to neuroinflammation.
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Saghklh ve Diyabetli Sicanlarda Beyin ve Pankreas Dokusundan izole Edilen
Eksozom -miRNA -9 ve -146 Profillerinin Karsilastirilmasi

Oz: Eksozom adi1 verilen kiigiik vezikiillerin dokulardaki gen ekspresyonunu diizenledigi ve birgok
hastaligin patogenezinde rol oynadigi bulunmustur. Bu nedenle, bu ¢alisma ekzozomlarin diyabet ve
buna bagli mikroRNA (miRNA) degisimi iizerindeki etkilerini belirlemeyi amaglamistir. Bu amagla
intraperitoneal olarak nikotinamid (120 mg/kg) uyguland: (i.p.) ve 15 dakika sonra Streptozotosin (50
mg / kg) ip uygulandi. Glikoz seviyesi 126 mg/dL ve iizeri olan siganlar Tip 2 diyabet olarak kabul
edildi. 21 Giiniin sonunda seker hastalarnin ve saglikli gruplarin siganlarinin (n:10) pankreas ve beyin
dokularindan eksozomlar elde edildi. Daha sonra her iki grubun biyokimyasal analizleri ve oksidatif
stres parametreleri incelendi. Ayrica miRNA degisiklikleri incelenmis ve elde edilen sonuglar
istatistiksel olarak degerlendirilmistir. Total antioksidan diizeyinin (TAC) kontrol grubuna gore
azaldign gozlendi (P<0.05). Gergek Zamanli PCR ile yapilan inceleme sonucunda hem beyin

*Sorumlu yazar: dokusunda hem de pankreas dokusunda miRNA -9 diizeylerinin 6nemli 6lgiide arttigi ve miR-146 gen

Ali Taghizadehghalehjoughi diizeylerinin 6nemli 6l¢iide asag regiile edildigi belirlendi (P<0.05).

Tip Fakiiltesi, Tibbi Farmakoloji Anabilim Sonug olarak, diyabetik siganlarin beyin ve pankreas dokusu eksozomlarinda miRNA -9 ve -146

gﬁgéﬂlillﬁczﬂg(? e%’il]fiizbah Universitesi, seviyelerinde 6nemli degisiklikler meydana geldi. Bu sonuglar, diyabetik rat eksozomlarin miRNA

X aIi.tgzg@i)iIecik.edu.tr diizeyinde degisiklige neden oldugu ve bu degsikligin noroinflamasyonla iliskili olabilecegini
gostermektedir.

Anahtar kelimeler: Diabetes, LDH, miR-9, miR-146.
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INTRODUCTION

There are two types of diabetes, Type 1 and Type 2.
Type 1 diabetes occurs as a result of damage to pancreatic 3
cells. In the etiology of type 2 (non-insulin-dependent
diabetes) diabetes, there is amyloid deposition in the
pancreas cells, which generally develops in the elderly.
(Butler et al., 2003; Chatterjee et al., 2017; Westermark et
al., 1987). Relative insulin lack in type 2 diabetes is
characterized by impaired pancreatic beta-cell activity and
insulin resistance in target organs. The incidence and
prevalence of type 2 diabetes have recently increased
fourfold due to an aging population, sedentary lifestyles, and
global obesity rates (Collaboration, 2017). The main
characteristic of diabetes is a high blood glucose (more than
200 mg/dL) concentration. High glucose concentrations lead
to major damage to blood vessels endothelial, kidneys, liver,
eyes, and brain tissue (Biessels & Reagan, 2015; Brownlee,
2005; Gilbert & Cooper, 1999; Li et al., 2002; Targher &
Byrne, 2017). The increased incidence of dementia in type 2
diabetes (T2D) is best clarified at least in part, by
neuroinflammation. Nowadays, the evidence for this claim
is; it focuses on clinical and experimental data demonstrating
that inflammation of the neurons contributes a more
significant role than previously thought in the pathogenesis
of neurodegenerative disorders, especially Alzheimer's
disease (AD), as well as evidence that T2D is a condition
with a significant inflammatory component that may
increase neurological inflammation (Wong et al., 2018).

Exosomes were first discovered in the maturing
mammalian reticulocyte (immature red blood cell) and nano-
sized vesicles (40-150 nm), considered primary secretion
products from many cells (Yeni et al., 2023). They can
regulate cell-to-cell communication by transferring the
mRNAs, miRNAs, and proteins they contain to target cells
(Genc et al., 2023; Sidika et al., 2021)

Small interfering RNA (siRNA, a double-stranded
RNA), known as short interfering RNA or silencing RNA, is
similar to miRNA (Finnegan & Matzke, 2003; Sakshi et al.,
2021). It is a class of non-coding RNA molecules generally
20-24 (normally 21) base pairs long. It interferes with the
expression of nucleotide sequences by preventing translation
by cleaving mRNA after the transcription of specific genes
(Balasubramanyam et al., 2011; Sakshi et al., 2021).
miRNAs are small, single-stranded, non-coding RNA
molecules that inhibit protein production by binding to target
mRNA. In addition, in different types of cancer like breast
cancer, the expression of miRNA is suppressed. miRNA 123
can directly downregulate Integrin f1 (Balasubramanyam et
al., 2011). The cytoplasmic domain of integrin beta-1 binds
to the actin cytoskeleton. miR-146 is thought to be a
mediator of inflammation. miRNA 226 down expression
interference cell migration and innate immunity (Chen et al.,
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2012; Lopes et al., 2017; Taganov et al., 2006; Ye et al.,
2020).

The current study aims to determine how the
miRNA -9 and -146 profiles of exosomes belonging to brain
and pancreatic tissue change in T2D rats. With this study,
exosome miRNA level changes of rats with T2D will be
studied for the first time, and it will be investigated that these
exosomes may be  mediators, especially in
neuroinflammation.

MATERIAL AND METHOD

Chemicals And Reagent: Streptozotocin (18883-
66-4) and Nicotinamide (98-92-0) were purchased from
Sigma Aldrich (Berlin, Germany). Total Exosome RNA &
Protein Isolation Kit (Catalog number: 4478545) was
purchased Invitrogen™. Enzyme Linked-Immuno-Sorbent
Assay (ELISA) kits were bought from Elabscience (Texas,
USA).

Selection of Experimental Animals: For the study,
20 male Sprague-Dawley rats weighing 180-250 g were
obtained from Atatliirk University Medical Experimental
Application and Research Center (ATADEM) and fed with
standard rat chow, and drinking water bottles were changed
daily. All rats were housed at room temperature of 24+2°C
in a 12/12-hour dark/light period in the experimental animal
laboratory before and until the end of the experiment. The
study received ethical permission from Atatiirk University
on 29.09.2022 and E-77040475-641.04-2200302591 no.

Diabetes Induction of Rats: A single
intraperitoneal injection of 50 mg/kg body weight
streptozotocin  was administered 15 minutes after
administration of 120 mg/kg body weight nicotinamide
intraperitoneal injection in type 2 diabetes mellitus,
overnight fasted rats. Streptozotocin was dissolved in citrate
buffer (pH 4.5) and nicotinamide was dissolved in saline
(Masiello et al., 1998; Reed et al., 2000; Szkudelski, 2012).
Hyperglycemia was confirmed by elevated plasma glucose
levels, determined 72 hours after injection and then on day
7. Animals with a blood glucose concentration above 126
mg/dl were used for the study (Masiello et al., 1998; Reed et
al., 2000).

Detection of the Hyperglycemic Effects: The night
before the experiment, the rats were not fed with food, and
only water was given. Before streptozotocin (STZ) injection,
rats' baseline weights (g) were determined, and basal blood
glucose values (mg/dL) were measured with a glucometer
(On.Call® Plus, Acon Lab., Inc. America). Then, to induce
diabetes in rats, STZ solution (1 mL) prepared in pH 4.5 cold
citrate buffer just before administration was administered to
rats i.p. was injected (50 mg/kg) after administration of 120
mg/kg body weight nicotinamide (NA) intraperitoneal
injection in 0.9% NaCl (1 mL) prepared just before
administration (1 mL) i.p. was given to animals (120 mg/kg).
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Animals were given 4 mL i.p. of 20% dextrose solution in
the first 4 hours (between the 2nd and 3rd hours). Animal
waters were replaced with 5% dextrose solution for 24 hours.
Those with a fasting blood glucose level >126 mg/dL in the
blood sample taken from the tail vein on the 7th day of the
application were considered diabetic (Type 2). Fasting and
postprandial sugars were determined once a week during the
21-day waiting period to ensure the stability of the diabetes
model in animals (Kaplan et al., 2019; Reed et al., 2000).

Working  Groups and  Application  of
Formulations: Group I|: The group consists of healthy
animals (n=10) to whom no substance was administered.

Group II: Rats considered to have Type 2 diabetes
(n=10);

No treatment was applied after the diabetes model
was created. The blood glucose level was measured using a
glucometer in the blood sample taken from the tail vein at
the specified time intervals (0., 1., 3., 6. hours) on the first
day. The time point at which the blood glucose level was
measured the lowest was determined, and the measurement
was made only at that time point in the following days.
During this time, all rats were given only water but no feed.
Apart from these periods, animals were provided access to
water and typical food. After definitive proof that the
diabetes model was formed, the animals were exterminated
within the framework of ethical rules, and brain and
pancreatic tissue were taken.

Biochemical Analysis: Homogenates will be
prepared from tissues of brain and pancreas tissues stored at
-80 °C, and LDH, TAS, and TOS levels in the obtained
supernatants were determined by taking measurements in the
ELISA device with kits to be obtained from Elabscience
(Germany).

Exosome Isolation: For exosome isolation, 1 ml of
homogenized tissue was first taken and centrifuged at 300g
for 10 minutes. The supernatant of the liquid was taken and
centrifuged for 10 minutes at 2000g and 210000g,
respectively. Then, the supernatant was born again, and
ultracentrifugation was performed. The pellet was washed
with HBSS by centrifugation at 100000-20000 x g for 70
minutes and then centrifuged again at 100000-20000 x g for
120 minutes to obtain pure exosomes. All centrifugation
processes were carried out at 4 °C(Sidika et al., 2021).

Exosome Characterization:

SEM: A scanning electron microscope (SEM;
Scanning Electron Microscope) is an electron microscope
that obtains an image by scanning the sample surface with a
focused beam of electrons. By interacting with the atoms in
the exosome sample, it generates different signals containing
information about the topography and composition of the
sample surface. The change in the number of secondary
electrons ejected from other parts of the sample primarily
depends on the angle of encounter of the beam with the

673

J. Anatolian Env. and Anim. Sciences, Year:8, No:4, (671-678), 2023

surface, that is, on the topography of the character. In
addition to secondary electrons, backscattered electrons,
characteristic X-rays, and signals are obtained, and
appropriate topography and composition analyses are
performed (Genc et al., 2023).

Real-Time PCR Analysis:

Obtaining genetic material: After the exosome
isolation from the samples, the exosomes were kept at -80
until to RNA isolation step.

RNA isolation: miRNA isolation was obtained
according to the procedure of Invitrogen™ Total Exosome
RNA & Protein Isolation Kit (Catalog number: 4478545).

Gene expression: For miR-9 (forward primer 5’-
CCGAGCTCAGAAAAGCAATAATGTCCAG-3’ and
reverse primer 5’ -
GCTCTAGATCCATTCACCAGGGAGCAG-3’) and miR-
146 (forward primer GCGAGGTCAAGTCACTAGTGGT
reverse primer
CGAGAAGCTTGCATCACCAGAGAACG) genes, 0.25
pl of right and left primer, 0.15 pl of the probe, 3 pl of
cDNA, 3 master mix (Roche, Germany), and 12.75 pl of
distilled water were added to each strip (tube) at this stage.
The final volume was adjusted to 20 pl. After 600 seconds at
95 0C, 10 seconds at 95 degrees, and 30 seconds at 60
degrees, 45 cycles were made. We normalized the miRNA
expression of target miRNAs to the RNUG reference control
using the 22Ct method, as previously described (Genc et al.,
2023).

Statistical analysis: The results were analyzed with
the SPSS 20.0 Windows program and given as mean =+
standard error. Statistical comparison between groups was
subjected to parametric and non-parametric tests. One Way
ANOVA and Kruskal Wallis tests were applied, and data
that were more significant than P<0.05 were considered
statistically significant.

RESULTS

Exosome characterization via SEM: SEM
visualized the resulting exosomes. Brain tissue exosomes are
shown in Figure 1, and pancreatic tissue exosomes are
shown in Figure 2. When SEM images were examined, it
was determined that the exosomes obtained were between
24.80 nm and 129.2 nm. These results show that the isolation
of exosomes was performed correctly.

Biochemical Results:

LDH Results: Since LDH is released by necrotic
cells, it is an excellent metabolic marker of cell viability. The
effect on LDH activity in rat brains and pancreatic tissues
with diabetes mellitus was determined using an LDH Kkit.
LDH activity expressed as % of standard (shown as 100%)
is shown in Figure 3. LDH levels were relatively low in the
brain and pancreatic tissue control groups. While the LDH
level was 9.76% in the control group of the brain tissue, this
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value was determined as 11.32 in the control group of the pancreas tissue) (p<0.05 and p<0.01). These data show us
pancreatic tissue. LDH results of the diabetes group that the cytotoxic effect increases significantly due to Type
increased significantly (44.34% in brain tissue, 47.98% in 2 diabetes.

200 nm WD = 8.0 mm

Figure 1. Controls (A) and Diabetes (B). Brain tissue exosomes were examined by SEM. The white arrow shows particle size. P: particle, Pa: particle size in
nm, Pb: particle angle, and, Pa R: particle radius. (The images are taken by Carl Zeiss Evo 40 SEM; Jena Germany).

EHT = 15.00 kV gna S| el WD = 8.1 mm

Figure 2. Controls (A) and Diabetes (B). Pancreas tissue exosomes examined by SEM. The white arrow shows particle size. P: particle, Pa: particle size in
nm, Pb: particle angle, and, Pa R: particle radius. (The images are taken by Carl Zeiss Evo 40 SEM; Jena Germany).

LDH Results of Brain LDH Results of Pancreas
50 50
45 45
40 40
33 35
5 30 230
e 25 S25
20 20
15 15
10 10
— _—
0 0
Control T2D Control 2D

Figure 3. Results of LDH activity of experimental groups. Data, mean + SD specified as. ** P values <0.05 were found to be very significant for the control
group.
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Redox Status of T2D Brain and Pancreas
Tissues:

TOS results: The TOS wvalue of the
spectrophotometrically determined control group was
2.098 mmol H>0; equivalent/'L in the brain tissue, and the
TOS value was 3.76 mmol H:O. equivalent/L in the
pancreatic tissue (Figure 4.) Compared to the control
group, it increased the oxidant activity in the TD2 model
and led the cells to cytotoxicity (p<0.001). While the
oxidative stress level was found as 13.99 mmol H;0;
equivalent/'L in the brain tissue, this value was found as

TOS Results of Brain

*¥

H202 equiv/mmol L-1

Control T2D

S NV & O

15.125 mmol H20; equivalent/-L in the pancreatic tissue.
TOS value increased significantly in both tissues.

TAC Results: When the TAC level was examined,
the TAC value of the control group in the brain tissue was
found to be 22.098 mmol Trolox equivalent/L, and the
pancreatic tissue was 21.11 mmol Trolox equivalent/L
(Figure 5.) Compared to the control group, antioxidant
activity in the TD2 model decreased significantly in both
tissues (p<0.001). While the oxidative stress level was 4.50
mmol Trolox equivalent/L in the brain tissue, this value
was 5.22 mmol Trolox equivalent/L in the pancreatic
tissue.

TOS Results of Pancreas

18
16
14
12

10

*%

H202 equiv/mmol I

Control

[T SRS

Figure 4. TOS results of brain and pancreas tissue. Data, mean = SD specified as. ** P values <0.001 were found to be very significant for the control group.

TAC Results of Brain

24 o
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Control T2D
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TAC Results of Pancreas

mmol Trolox eq/L-1

Control T2D

Figure 5. TAC level results of brain and pancreas tissue. Data, mean + SD specified as. ** P values <0.001 were found to be very significant for the control

group.

miR Gene Levels of Brain Exosome

*
' *
miR-9 miR-146
u Control mT2D

Fold change
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g

Figure 6. (A) miRNA-9 and (B) miRNA-146 gene expression levels in
brain tissue exosomes (n = 10). Data are presented as means+ SD *
p<0.05 vs. the control group.

miR Gene Levels of Pancreas Exosome

*
*
1
0.8
0.6
04
0.2
0

miR-9 miR-146
u Control =T2D

Fold change

Figure 7. Effects of T2D on (A) miRNA-9 and (B) miRNA-146 gene
expression levels in pancreas tissue exosomes (n = 10). Data are presented
as means = SD * p<0.05 vs. the control group.
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RT-PCT Results: Exosomes obtained from brain
and pancreas tissues of rats with diabetes model and gene
expression levels of miRNA-9 and miRNA-146 genes
were measured by Real-time analysis. The results are
shown in Figures 4 and 5. When the exosomes obtained
from the brain tissue were examined, it was determined that
there was a significant increase in miRNA-9 level, on the
contrary, the miRNA-146 gene was down-regulated.
Similarly, while the miRNA-9 level increased in pancreatic
tissue, miR-146 decreased significantly. (p < 0.05)

DISCUSSION

Diabetes has a high patient population worldwide.
For this reason, the diabetes model, which has attracted the
attention of scientists, has been the subject of much
research. Although different methods are used to conduct
diabetes research, induction of diabetes with the help of
streptozotocin is more common. To increase the reliability
and utility of this model, applications were made gradually
with high care (Wang-Fischer & Garyantes, 2018; Wu &
Huan, 2008).

When pancreatic tissue's beta cells are harmed,
diabetes results. As a result, this tissue experiences initial
injury and inflammation. Liver, eye, kidney, and brain
tissue are affected afterward. A substantial amount of
experimental and clinical data demonstrates that T2D
negatively impacts brain physiology, cognition, and
behavior and harms several organs, resulting in older
people's daily lives (Kodl & Seaquist, 2008; Mijnhout et
al., 2006). The duration,as well as the type of
diabetes, impacts how cognitive impairment progresses
and how severe it is. Diabetes-induced cognitive and
behavioral impairments (DACD) have a complex
multifactorial pathophysiology that has not yet been fully
understood. On the other hand, it has been hypothesized
that defective insulin signaling, oxidative stress, and
inflammation may play a significant role in the emergence
of diabetes-related cognitive impairment(Muriach et al.,
2014). Inflammation and diabetes are inextricably
interconnected, and NF-B has become a fundamental
player in this relationship. Diabetes has been associated
with increased downstream pro-inflammatory cytokines
and NF-B activation.(Ganesh Yerra et al., 2013; Patel &
Santani, 2009; Zhao et al., 2011) Understandably, NF-B
regulates the expression of specific miRNA-related
genes, given the fact that it has numerous pleiotropic
signaling cascades. Studies have examined the possibility
of miRNAs forming innate immune receptors that act
through the activation of NF-kB signaling, and it has been
found that there is a link between various miRNAs (miR-
146a, miR-155, and miR-9) and the activation of NF-kB
signaling (Bazzoni et al., 2009; Impey et al., 2004; Kluiver
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et al., 2007; Taganov et al., 2006). Therefore, our study, it
was aimed to examine the changes in the exosomal miRNA
(miRNA 9 and 146) levels, especially in the brain and
pancreas tissues of rats for which the diabetes model was
created. We think that the transport of these genes to the
brain, which is a distant tissue, with the exosome may be
effective in NF-kB activation or inhibition.

The study conducted by Mehmet Haligur et al
(2012) shows degenerative and necrotic beta cells in
Langerhans islets of the pancreas, in the diabetes study
group (Haligur et al.,, 2012). In another study, the
researcher showed that in diabetic rats, pancreas weight
decreased near to 50% of the control group because of
inflammation and beta cell necrosis (Shawky et al., 2019).
This data correlates with our oxidative studies results (figs
3, 4, and 5). According to our results, LDH and TOS
(oxidative stress markers) show a significant increase.
Increasing degeneration and damage to cells leads to
secrete both LDH and free radicals. In the paradox, total
antioxidant capacity shows a decrease in severe
degeneration and tissue damage process. According to our
result, the TAC level decreased sharply.

Exosomes are small nanosized vesicles. Recently
an increase was seen in the number of studies showing
exosome role in disease pathogenesis majorly in Brain,
cancer, and liver disease (Guo et al., 2020; L Isola & Chen,
2017; Zhang et al., 2021). in addition, exosomes can be
used as a marker for diagnosis and prognosis (Samanta et
al., 2018). In diabetes, exosomes have dual functions in
mediating insulin resistance/sensitivity. For example, M1
macrophage-derived exosomes inhibit insulin secretion.
Also, exosomes can carry miRNAs, and by transferring
among cells to regulate various molecular pathways such
as AMPK and PI3K/Akt, to affect DM progression
(Ashrafizadeh et al., 2022). In the current study, we
evaluate mMiRNA-9 and miRNA-146. The result shows an
increase in the miRNA-9 level and a decrease in the
miRNA-146 gene expression level. Lei Kong et al (2011)
shows blood and pancreas miR-9, miR-29a, miR-30d,
miR34a, miR-124a, miR-146a, and miR-375 level was up-
regulated in newly diagnosed diabetes patient (Kong et al.,
2011). This study shows a correlation with our study
miRNA -9 shows an increase. Also, we did this evaluation
in rat brain tissue, and we have seen an upregulation. Lucy
Baldeon R (2014) et al serum miRNA-146a level as a sign
of chronic inflammation in type 2 diabetic patients shows
a significant decrease (Baldeobn R et al., 2014).
Degeneration and necrosis of the pancreas and brain as a
result of DM are responsible for the decrease in miRNA-
146a expression. In our study exosome origin miRNA-
146a expression was down-regulated whereas miRNA-9
was upregulated.
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CONCLUSION

In conclusion, exosomes can be used as a
biomarker for the screening of DM prognosis. Exosomes
can carry miRNA and by evaluating them we can find
different tissue inflammation statuses and is the treatments
are capable of overcoming diabetes or not.
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GIRIS problemler nedeniyle artan fiyatlar oOzellikle kiiltiir
balik¢iligi sektoriinii 6n plana ¢ikarmistir. Bu baglamda
Tirkiye su  driinleri  dretimi  niceliksel  olarak
incelendiginde 2022 yilinda bir onceki yila gore tiretim

protein iceren balik etine talebin de artmasiyla oldukca %6.,2 artarak 849 bin 808 ton olarak gergeklesmistir. Su
stratejik bir sektdr haline gelmistir. Covid-19 pandemisi

tiim tiretim sektorlerini menfi yonde etkilemesiyle birlikte
siiregelen iiretim siireglerindeki aksamalar sebebiyle tiim

Su iriinleri dretimi gerek kiiresel Olgekte ve
gerekse iilkeler bazinda niifus artislariyla birlikte saglikli

diriinleri, {retiminin  &zelligi itibariyle dagilimina
bakildiginda ise %30'unu avcilik yoluyla elde edilen deniz

baliklar1, %5,6'sin1 avcilik yoluyla elde edilen diger deniz
gida iretiminde ve tiiketiciye arzinda yasanan lojistik
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irtinleri, %3,9'unu avcilik yoluyla elde edilen i¢ su iiriinleri
ve 9%60,6'sin1 ise yetistiricilik {irlinleri olusturdugu
goriilmektedir (Anonim, 2023) (Sekil 1).
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Sekil 1. Tirkiye su dtrlinleri iretiminde kiiltiir balik¢iliginin yeri
(Anonim, 2023).

Figure 1. The place of aquaculture in fisheries production of Tiirkiye
(Anonymous, 2023).

Su dirlinleri {iretim verileri istatistiksel agidan
degerlendirildiginde avcilik yoluyla yapilan toplam iiretim
335 bin 2 ton olurken, yetistiricilik iiretimi ise 514 bin 805
ton olarak gerceklestigi bildirilmistir. Deniz baliklar1 ve
diger su dirlinleri aveiligi bir onceki yila gore %2,3
artarken, i¢ su iriinleri aveiligi %0,4 oraninda arttig1
anlasiimaktadir (Sekil 1). 2022 yilinda yetistiricilik yoluyla
yapilan iiretimin 368 bin 742 tonu deniz isletmelerinden,
146 bin 63 tonu ise i¢ su giftliklerinden gerceklestigi
belirlenmistir. Yetistirilen en Onemli balik tiiriiniin i¢
sularda 145 bin 649 ton ile alabalik, denizlerde ise 156 bin
602 ton ile levrek ve 152 bin 469 ton ile cipura tiirleri
oldugu goriilmektedir (Sekil 2) (Anonim, 2023).

(Bin ton)
180
155 157

160 152
| ]
140 136 =
123 148
120 133
100
50 | 68

60
36
40 -

20

0

2013 2014 2015 2018 2017 2018 2019 2020 2021 2022

——Levrek ——Cipura Alabalik (ic su)

Sekil 2. Tiirkiye kiiltiir balik¢iligindaki 6nemli tiirler (Anonim, 2023).
Figure 2. The important species in the aquaculture of Tiirkiye
(Anonymous, 2023).

Tiirkiye su triinleri diretimi sektoriinde yukarda
bahsedilen etkiler goriilmiis olup su iirlinleri avciliginin 6n
planda oldugu sektorde yasanan ¢evresel problemler,
ekolojik degisimler ve kiiresel 1sinma gibi sebeplerle
iretim disiisleriyle oldukca zayiflayan avcilik iiretimine
karsimn diinya Olcegindeki talepler sayesinde kiiltiir
balikgiligi karada akarsu kenarlarindaki havuzlardaki
diisiik kapasiteli (10-50 ton/y1l) tiretimden baraj gollerinde
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(100-500 ton/yil) ve deniz ortaminda kafeslerde biiyiik
kapasiteli (950-4.000 ton/yil) iretime donlismiistiir.
Elbette bu siirecin ¢ok hizli olmasi ve ihracat gelirlerini bir
anda artirmasi sebebiyle devlet bu alandaki yatirimlari
tesvik etmek icin birgok yatirim kolayligi, kredi ve tesvik
programlart hazirlamistir. Halihazirda zaten Ege ve
Akdeniz kiyilarinda {iretimin neredeyse tamaminin
Avrupa’ya ihrac¢ edildigi ¢ipura ve levrek iretimi tam
kapasiteli olarak devam ederken iilkemizin Karadeniz
kiyilarindaki potansiyelin degerlendirilmesi i¢in 6zellikle
Dogu Karadeniz kiyilar1 yatirim tesvik programina dahil
edilmistir.

Tiirkiye’nin neredeyse 4 milyar dolar ihracat
geliri su trilinleri sektoriinden gelmekte olup hayvansal
iriin ihracatinin yapilabildigi tek sektordiir. Ozellikle Ege
ve Akdeniz kiyilarinda ¢ipura ve levrek, Karadeniz’de ise
biiyiik alabalik tiirleri denizlerde ag kafeslerde beslenerek
sofra veya ticari boyutlara ulastirildiginda ihracata yonelik
olarak hasat edilmektedir. Bu sektdriin en &nemli
handikabi deniz ortaminda iiretimin yapildig1 faaliyette
kaliteli yem tedariki ve ¢evresel etkilerdir. Nitekim deniz
ortamindaki yogun stoklama yapilan deniz ag kafeslerinde
Karadeniz’de alabalik iiretiminde kasim aymdan haziran
ayma kadar uygun kosullarin mevcut oldugu doénemde
yavru baliklarin ticari boya ulastirilmasi gerektigi igin ¢ok
kaliteli bir yem tedarikinin olmasi gereklidir ve kaliteli
balik yemi en 6nemli girdi kalemidir. Diger yandan ¢ipura
ve levrek iiretiminde de Ege ve Akdeniz kiyilarindaki balik
iiretimimiz Avrupa kitasina ihracata yonelik olmasi ve
diger Akdeniz iilkeleriyle rekabet siirecinde olmasi
nedeniyle kaliteli ve ekonomik bir yem tedariki hem en
onemli girdi ve hem de
gerektirmektedir.

Ege ve Akdeniz’de turizm sektoriiyle ¢ikar
catismasi igerisine girerken diger denizlerimizde turizmin
yaninda sosyo-kiiltiirel faktorler ve
platformlarin tepkilerini ¢ekmektedir. Esasen deniz ag
kafeslerinde yapilan balik iiretiminde c¢evreye etkiler
tilketilmeyen yem artiklar1 ve baliklarin diskilari nedeniyle

stratejik  bir faaliyet

gevreci  sivil

su siitunu ve deniz tabaninda biriken organik materyaller
sebebiyle olugsmaktadir. Bu etkiler her ne kadar bilimsel bir
balik¢ilik  teknolojisi  mithendisligi
pratikleriyle en aza indirilebilirken deniz tabanina ve kafes
isletmeleri ¢evresindeki su siitununa belirli etkiler zaman
igerisinde sirayet etmektedir.

Deniz kafeslerinin su ortamina etkileri kullanilan
yemler, yem artiklar1 ve baliklarin digkilarindan dolay1 su
kolonunda besin elementleri zenginlesmesi ve kafesin alt
ve cevresinde bentik ortamda organik madde ve artiklarin

su drinleri ve

birikmesiyle olugmaktadir. Ancak kafesin bulundugu
ortamin (koy, korfez veya agik deniz) akint1 yapisi veya
sirkiilasyonu iyiyse atiklarin ortamdan uzaklastirilmastyla
kafes ¢evresindeki etkiler en aza inebilmekte ve dagilan
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organik maddeler daha genig bir sucul alana dagildigindan
bakteriler tarafindan daha kolay bertaraf edilebilmektedir
(Verep, 2020).

Keza 2008-2010 tarihleri arasinda Ege ve
Karadeniz'de ilgili teblige gore konuslandirilan kafeslerin
deniz ekosistemine etkileri iizerine Tirkiye'de ilk kez
yapilmis, TUBITAK KAMAG tarafindan desteklenmis bir
proje olan “Su Uriinleri Yetistiricilik Isletmelerinin
Denizel Ekosisteme olan Etkilerinin Belirlenmesi” isimli
proje final raporunda Sigacik Koérfezi-Demircili Koyunda
bulunan OZSU Yetistiricilik isletmesinde 24 ay boyunca
olgiilen niitrient konsantrasyonunda yiizey ve dip sularda
onemli bir farkliligin olmadigi, referans ve giftlik
istasyonlar1  birbirleriyle paralellik gosterirken kiy1
istasyonlarinda 6zellikle yiizeyde farklilik gosterdigi ve bu
degisikligin mevsimsel oldugu tespit edilmis olup
farkliligin nedeni olarak yagislarla karasal kaynaklardan ve
atmosferden su sistemine giren niitrientlerin etkisinin
oldugu sonucuna varilmis ve sonugta elde edilen besin
konsantrasyonlarinin ~ Su  Kirliligi  Kontrol
Yonetmeligine gore belirlenen degerlerin altina oldugu
tespit edildigi bildirilmektedir. Ayni raporda Karadeniz’de
Trabzon, Ordu ve Rize’deki istasyonlarin yiizey ve dip
sularinda o6lgiilen niitrient konsantrasyonu istasyonlar
arasinda fark olmazken mevsimsel fark gézlenmis, diger
fizikokimyasal parametrelerin konsantrasyonunda ¢iftlik,
karasal etki altinda olan kiy1 ve her iki etkenden de uzak
sayilan referans istasyonlar arasinda Onemli bir fark
bulunamamistir. Projede sonug¢ olarak her iki deniz
sisteminde yapilan detayli ¢aligmalar sonucunda her iki
bolgedeki faaliyet gdsteren kafes isletmelerinin higbirinde
Cevre ve Orman Bakanligi tebliginde belirtilen kriterlerin
iizerinde degerler elde edilmemistir. Ancak mevcut
bolgelerdeki faaliyetler ilgili tebliglere gore siirekli
izlenmesi ve ekosistem degisimlerinin takip edilmesi
gerekliligi vurgulanmaktadir (Anonim, 2010).

tuzlari

Denizlerde Akuakiiltiirde Mevzuat Gelisimi ve
Degigimi: Tiirkiye’de deniz ortaminda kafeslerde balik
yetigtiriciligi sektoriiniin Ege ve Akdeniz kiyilarinda
turizm sektoriiyle faaliyet alanlarinin ¢akigmasi nedeniyle
yillarca c¢ikar siirtiigmeleri yaninda deniz g¢evresi su
kalitesinin korunmasi ve deniz kirliligini dnlemeye yonelik
tartigmalar ve hassasiyetler gerek sivil toplum kuruluslar
ve gerekse kamu kurumlarinca ileri siiriilmiistiir. Bu
sebeplerden  dolayr  oncelikle Balik
Ciftliklerinin Kurulamayacagi Hassas Alan Niteligindeki
Kapali Koy ve Korfez Alanlarimin Belirlenmesine Iliskin

Denizlerde

Teblig ve Denizlerde Kurulan Balik Yetistiriciligi
Tesislerinin Izlenmesine Iligskin Teblig Cevre ve Sehircilik
Bakanlig: tarafindan  yayinlanarak  uygulamaya
koyulmustur (Anonim, 2020). Bu tebligler balik
yetistiriciligi firmalar1 tarafindan oldukga sert ve zorlayici
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bulunmakla beraber zamanla tiim denizlerimizde basariyla
uygulanmigtir.

Bu tebliglere gore kurulan ve faaliyet gosterilen
ortamlarda deniz ekosistemine olan etkilerin tolere
edilebilir oldugu goriilmektedir. Esasen ilgili tebliglerde
hassas alanlarin belirlenmesinde belirtilen kriterlerden
akiti hiz1 ve su derinligi 6nemlidir. Kiyidan mesafe ise bu
iki faktorii saglamak icin ileri siiriilmiis bir parametredir.
Cinkii Tiirkiye kiyilart kita sahanligr ve kiyisal bolge
Ozellikleri her denizde farkli olabilmektedir. Mesela
Karadeniz kita sahanlig1 oldukga dar bir yapida iken Ege
denizi kita sahanligi olduk¢a genis oldugu ¢ok iyi
bilinmektedir. Ayrica Ege bdlgesi kiyilarinda girintili,
cikintilt kiyr morfometrisinden dolay:r koy ve korfezler
oldukga fazla iken Karadeniz kiyilar1 bu konuda ¢ok fakir
ve agik deniz sularinin ve Karadeniz genel yiizey suyu
sirkiilasyonundan etkilenebilmektedir. Akdeniz’in de
kendine has kiy1 yapilari olmasina ragmen Ege kiyilarina
benzer bir yapidadir. Dolayisiyla bu kadar farkli
osinografik kosullar iceren 3 farkli deniz igin ayni kriterler
yani 30 m derinlik, 0,1 m/s akintt hizim1 kiyidan ayni
mesafede yakalamak miimkiin degildir. Mesela Ege
kiyillarinda muhtemelen bazi koylarda bu mesafe daha
fazla olabilecek iken Karadeniz de ise daha kisa
olabilecektir. Bu sartlar gbz Oniine alindiginda deniz
kafesleri kurulurken kiyidan 0,6 deniz mili uzaklikta
olmas1 kosulunun her ortamda uygun akimnti ve derinligi
saglayamayacagi sdylenebilir. Her koy ve korfez i¢in ya da
her bolge icin ayri ayrt degerlendirmeler yapmak
gerekliligi kabul gormiistiir.

Ug tarafi denizlerle cevrili olan Tiirkiye’de balik
ciftliklerinin kapasite ve sayilarinin artmast kaginilmaz
iken koy ve korfezlerde kurulacak balik ¢iftliklerinin yer
secim kriterlerine yonelik olarak karar verme siirecinde
kullanilabilecek bilimsel bir yaklasim ve metodolojik
calismalar yeterli 6l¢ekte bulunmadig gibi ilgili mevzuatta
yer verilen tasima kapasitesinin belirlenmesine yonelik
gerceklestirilmis referans bir calisma da mevcut degildir.
Diger yandan deniz kafeslerinin ¢evreye etkilerinin en az
diizeyde olabilmesi i¢in ilgili projenin kurulacagi bolgenin
karasal etkilere agik olup olmadigi, canli g¢esitliligi,
cevresindeki akint1 ve dalga durumu gibi farkli osinografik
faktorleri kullanacak tasima kapasitesi modellemesini
kullanan bir ulusal karar destek sisteminin kurulmasi
gereklilikleri ulusal mevzuatimizda yeni ve gerekli bazi
kurallar ve diizenlemeleri getirmistir.

Bu sebeplerle “Denizlerde Faaliyet Gdsteren
Balik Ciftliklerinin Cevresel Yonetimi
Yonetmeligi” 28.10.2020 tarih ve 31288 sayili Ek’li Resmi
Gazete’de Cevre ve Sehircilik Bakanligi tarafindan
yayimlanarak yiiriirliige girmistir. Bahse konu Yo6netmelik
icinde oOzetle; Balik ciftliklerinin kurulamayacagi hassas
deniz alanlarinin belirlenmesi ve deniz ¢evresine olan
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etkilerinin izlenerek ¢evresel yonetimine iligkin usul ve
esaslarin olusturulmasi, balik ¢iftliklerinin ¢evresel agidan
uymalar1 gereken kriterler, deniz ¢evresine olan etkilerinin
izlenmesi, getirilecek kisitlamalar1 ve yapilmasi gereken
raporlamalar ile ilgili hususlar yer almaktadir. Ayrica; s6z
konusu Yonetmeligin yayimu itibari ile 28.10.2020 tarih ve
31288 sayili Ek’li Resmi Gazete’de Cevre ve Sehircilik
Bakanlig1 tarafindan; “Denizlerde Balik Ciftliklerinin
Kurulamayacagi Hassas Alan Niteligindeki Kapali Koy ve
Korfez  Alanlarimin - Belirlenmesine  Iliskin -~ Tebligin
Yiiriirliikten Kaldirilmasina Dair Teblig” ile “Denizlerde
Kurulan Balik Yetistiriciligi Tesislerinin Izlenmesine
liskin Tebligin Yiiriirliikten Kaldirilmasina Dair Teblig”
yiiriirliikten kaldirilmistir (Anonim, 2020).

Dogu Karadeniz ve Rize Kiyilarinda Kafeslerde
Balik Yetistiriciligi: Tirkiye kiyilarinda kurulacak tim
deniz kafes g¢iftliklerinin tabii oldugu bu yonetmelik geregi
CED kurallarinin gerekliligi, kiyidan mesafe ve derinlik
kriterleri yaninda akinti hizi, ekosistem degerlendirme
raporlari, 6ziimseme ve tasima kapasitesi raporlart gibi
oldukgea sik1 bir kontrol ve raporlama siiregleri neticesinde
projelerin bakanliklar arasindaki koordinasyonla kabulii
yapilmaktadir. Cevre ve deniz kosullarmin korunmasina
yonelik yogun bir mesai harcanan deniz kafeslerinde balik
yetistiriciligi  sektoriiniin  lilke ekonomisine ihracat
yoniindeki katkilart gbz oniine alinirsa siirdiiriilebilir bir
gevre politikasi ile yiiriitiilecek su triinleri {iretiminin
iilkenin dogal kaynaklarinin rasyonel ve stratejik kullanimi
adma bir zorunluluk olarak ortaya ¢ikmaktadir. Bu sebeple
Dogu Karadeniz kiyilarinda ¢ok hizli bir tesislesme
kampanyas1 yiritilmiistiir. Ordu, Sinop, Artvin ve
Trabzon illerinde deniz kafeslerinde {iretimde biiyilik
kapasite artiglar1 olurken Rize’nin bu konuda tim
kapasitesini kullanamadig1 goriilmektedir (Tablo 1).

Tablo 1. Rize ve komsu iller kiiltiir balik¢ilig1 {iretim karsilagtirmast
Table 1.The comparison of aquaculture productions of Rize city and
neighbours

Kiiltir ~ Bahkghg Trabzon Rize Artvin
Uretim  Kapasitesi Deniz kafes Kara beton  Deniz kafes Kara beton  Deniz ve g6l ~ Kara beton
(ton) havuz havuz kafes havuz
Tesis Sayist 19 45 3 37 20 25
Kapasite 24.790 1.295 2.850 1.342 19.895 329
TOPLAM 26.085 4.192 20.224
SIRA 1 3 2
Uretim (ton)
30000
25000
20000
15000
10000
5000
. [ - .
Toplam Deniz Kara
ETrabzon MRize HArtvin

Sekil 3. Deniz Kafes ve Kara beton havuzlarda iiretimde ig¢ ilin
karsilastirmast (Kaynak: Tarim 1l Miidiirliikleri, 2023).
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Figure 3. Comparison of three provinces in the production of Sea Cage
and Land concrete pools (Source: Provincial Directorates of
Agriculture, 2023)

2023 yilt verileri dikkate aliirsa Rize ve komsu
illeri kdiltiir balik¢ilig1 iretim kapasiteleri
kargilagtirildiginda karada beton havuzlarda {iretimde
1.342 ton ile Rize ilk sirada iken deniz kafeslerinde
tiretimde ise 2.850 ton diretimle diger illerin 1/6-1/5
oranlarinda bir iretime sahip oldugu goriilmektedir. Bu
acidan bakildiginda Artvin ilinde 6zellikle deniz ve baraj
gollerindeki iiretimle Onemli bir atakta bulundugu
goriilmektedir. Toplam iiretim degerlerine goére bir
siralama yapilirsa ise Trabzon, Artvin ve Rize siralamast
olugmaktadir.

Rize’nin kiltiir balik¢iligr iiretiminde Tablo
1’deki veriler incelendiginde deniz ortaminda iiretimle
ilgili 6nemli bir gerileme veya potansiyelin
degerlendirilememesi gibi bir durum ortaya ¢ikmaktadir.
Bunun sebepleri arasinda son 5 yil igerisinde Rize
kiyilarinda girisimcilerin 6nermis oldugu projelerin gerek
cevre ve gerekse kiyilardaki plajlardan dolay1 olusan
hassasiyetler sebebiyle Kiiltiir ve Turizm Bakanligina bagl
il  midirlikleri tarafindan reddedilmesi  oldugu
belirtilmektedir.

Halbuki Rize ekonomisinde &nemli yer tutan
turizm sektoriinde doga, yayla, tarih ve geleneksel iiriinler
tabanlt bir uygulama s6z konusudur. Deniz turizmi
alaninda Dogu Karadeniz kiyilarinda giiniibirlik igme ve
yemek amagli restoranlar disinda ne bir otel ne de i¢ ve dig
turizme yonelik herhangi bir plaj mevcuttur. Maalesef son
20-30 y1l boyunca bolgede ana ulagim arterlerinin sahilden
gecirilmesi nedeniyle kiyilarda dogal plaj adina parmakla
sayilacak olciide yerel halkin mevsimsel olarak kullandigt
kiigiik olgekli halk plajlar1 mevcuttur. Bunlarmn da
halihazirda kafeslerin projelendirilmesinde kullanilan en
az 0,6 deniz mili=1,1 km’lik mesafe ve kiy1 akintilarindan
dolay1 kafeslerin etkilerinden uzak kalacaklari agik bir
gercektir.

Esasen kiyillarinda  Bakanligin  da
strdiiriilebilir ¢evre ve siirdiiriilebilir yetistiricilik
uygulamalari icin belirtilen en az 10 cm/sn akintt hizina
sahip, kiyi-kenar ¢izgisine 0,6 Deniz Mili (yaklasik 1.111
m) mesafeden daha uzak, 30 m derinlikten daha derin su
kesiminde planlanmis, noktasal kirleticilerden yeterince
uzak, iki deniz kafes igletmesi arasinda en az 1.100 m
mesafe olan, nehirlerin denize dokiildiigii noktalardan
gelebilecek ylizer cisimlerin kafes yapisina zarar
icin  yeter mesafede olmasi  gibi
degerlendirmeler goz Oniine alinarak belirlenmis deniz
kafeslerinde balik yetistiriciligine yonelik yatirim alanlari
belirlenmistir. Ayrica belirlenen bu alanlarin derin desarj
sistemi bulunan noktalara isletme kurulumu igin belirlenen
proje olan dogu-bati
istikametinde 1 km’den daha uzak mesafede olmasi gibi

Rize

vermemesi

alanin smir koordinatlarina
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hususlar da g6z oniinde bulunduruldugundan, bu desarj
noktalarmin isletme faaliyetlerini olumsuz etkilemesi de
onlenmektedir.

Deniz Kafes Bahk Yetistiriciliinde Karar
Destek Siirecleri ve izlenen Olgiitler: Deniz kafesi
isletmelerinde Ege ve Akdeniz kiyilarinda agirlikli olarak
deniz levregi (Dicentrarchus labrax) ve ¢ipura (Sparus
aurata), Karadeniz kiyilarinda ise gokkusagi alabaligi
(Oncorhynchus mykiss), Karadeniz alabaligi (Sa/mo
coruhensis) ve deniz levregi (Dicentrarchus labrax)
yetistiriciligi ongoriilmektedir (Sekil 4). Isletmelerin
projelendirilen {iretimi yapabilmesi amaciyla deniz
yiizeyinde ¢esitli boyutlarda toplamda 20-60 doniimliik
alan kiralamalar1 yapilmaktadir.

Karadeniz alabalig

Tiirk somonu (Gokkusag alabalig)
Sekil 4. Tiirkiye kiiltiir balik¢iliginda en ¢ok iiretilen tiirler.
Figure 4. Most famous species in the aquaculture of Tiirkiye.

Karadeniz’de yiizey suyu sicaklik degisimi yaz
aylarinda alabaliklarin optimal taleplerinin iizerine ¢iktig1
icin Kasim ay1 basinda deniz kafeslerine yerlestirilen
baliklarin en gec haziran basinda hasat edilmesi protokolii
yaygin olarak uygulanmaktadir. Bu tarz yetistiricilik
yapmakta olan bolgedeki faal bircok isletme alabalik
yetistiriciligi yapmaktadir. Ancak yaz aylarinda su
sicakligindan dolayr sistemler atil birakilmaktadir. Bu
uygulama he ne kadar ekonomik kayip gibi goriinse de
gevresel acidan rehabilitasyon siireci olarak
degerlendirilebilmektedir. Isletmelerin bakanliktan izin
alimlarinda baglangigta iiretim yapilacak alanlarda yetkili
laboratuvarda analiz edilmek {izere su Ornekleri alinip
analiz edilmektedir. Standart Su Kalite Yontemlerine
uygun olarak analizi yapilan ve asagida tabloda gosterilen
parametreler acisindan su numunelerinin  6zellikleri,
29.06.2004 tarih ve 25507 sayili Resmi Gazetede
yayinlanmis olan Su Uriinleri Yetistiriciligi Yénetmeligine
bagl olarak ¢ikartilan Su Uriinleri Yetistiriciligi
Yonetmeligine iliskin Uygulama Esaslart (Genelge
2006/1) Ek-1a’da belirtilen Deniz Uriinleri Yetistiriciligi
Su Kalite Kriterlerine gore deniz tiriinleri yetistiriciligi i¢in
uygun bulunup bulunmamasi degerlendirilmektedir (Tablo
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2). Bu asamadan sonra deniz kafes projesinin iiretim
tonajina bagli olarak 1000 ton/yil {izerindeki isletmeler
zorlu bir CED siirecinden gegirilerek  iiretime
baslayabilmektedirler. 1000 ton/y1l altindaki isletmeler ise
gerek osinografik ve biyogesitlilik ve gerekse ekolojik
degerlendirme siireglerinden gegirilerek yatirima miisaade
edilebilmektedir.

Tablo 2. Deniz kafes isletme alanlarinda deniz ortamlarinda istenilen su
kalite kriterleri.
Table 2. Desired water quality criteria in marine environments in sea cage
operation areas.

Parametre Tavsiye Edilen Arahk Sonu¢
Su Stcaklig (°C) 4-18/6-13 B
Cozinmiis Oksijen (mg/l) >5 Uygun
Coziinmiis Oksijen Doygunlugu >90 Uygun
pH 6,5-8,5 Uygun
ORP (mV) - Uygun
Nitrit (mg/l) [NO,] <0,2/0,06-0,1 Uygun
Nitrat (mg/1) [NOs] 0-40 Uygun
Amonyak (mg/l) [NH3] (iyonize 0,02-2,5 Uygun
Amonyum (mg/L) [NH4"] - -
Fosfat (mg/L) [PO4*"] <1 Uygun
Askida Kati Madde (mg/1) <25 Uygun
Elektriksel iletkenlik (mS/cm) <400 Uygun
TDS (mg/l) - Uygun
Tuzluluk (%0) 5-40 Uygun

Deniz  kafes isgletmelerinde ag kafeslerde

baliklarin bulundurulacag: kafes yapilarini su yiizeyinde
tutabilmek i¢in yiiksek yogunluklu polietilen (HDPE)
yiizdiiriicliler kullanilmaktadir. Bu yiizdiiriiciileri firtina ve
akintilarda belirli koordinatlarda tutabilmek i¢in ise deniz
tabaninda tonoz veya capa, zincir, halat, samandiralar ve
diger yardimct malzemelerden olusan baglama sistemi
(Mooring sistem) su altinda olusturulmaktadir. Kafes
yiizdiiriiciileri baglama (Mooring) sistemiyle
sabitlenmektedir. Kafeslere sezon basinda hasatta istenen
balik biyikligine (500-5.000 g/adet) gore degisen
biiyiikliklerde (200-500 g/adet) baliklar
yerlestirilmektedir. Bu baliklar ¢ok farkli bolgelerden
temin edilse de isletmelerin tercihi yakin bolgeden (Rize-
Artvin-Trabzon) karatabanli ve baraj gollerindeki kafes
isletmelerinden temin etmektedir. Kafes sistemlerinden
hasat edilen baliklar yine Rize, Artvin ve Trabzon illerinde
bulunan balik isleme fabrikalarinda islendikten sonra
onemli bir hayvansal ihrag tirlinii olarak Avrupa iilkeleri
basta olmak {izere toplam 53 iilkeye ihra¢ edilmektedir.
Bakanligin verdigi rakamlara gore toplam su iiriinleri
ihracatiyla elde edilen gelir miktar1 2021 yili itibartyla 4
Milyar ABD dolarin1 gegmistir. Onemli bir ihrag iiriinii
olmasi hasebiyle Tarim Bakanlig1 6zellikle ag kafeslerde
biiyiik alabalik yetistiriciligine (Tiirk somonu) 6zel dnem
atfetmektedir. Kafeslere yerlestirilen baliklar kis boyunca
balik yemi fabrikalarinda imal edilmis, agirlikli olarak,
balik yagi, soya unu gibi bilesimlerden olusan ticari balik
yemiyle giinde 1-3 kez beslenmektedir. Kafeslerden atik
olarak sadece yenilmemis yemler ve balik diskilari
cikmakta ve yapilan caligmalar itibariyla akintiya bagh
olarak kafes sahaya
dagilmaktadir. Ege bolgesi gibi kapali koy ve korfezlerde
veya s1g bolgelerde kurulan isletmelerde bu yi1g1s1m deniz

sisteminin  kurulu bulundugu
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zemininde bulunan epilitik ve epifitik algler ve makrofitler
(Posidonia oceanica) i¢in 6nemli bir tehdit unsuru iken
Tarim Bakanligi tarafindan belirlenen su derinligi sinir
degerlerine uyulursa boyle bir etki olusmayacaktir.
Karadeniz kiyilarinda bentik ortam agisindan oldukga zayif
bir ekosistem olmasi yaninda halihazirda Ege ve Akdeniz
kiyilarinda mevcut Posidonia cayirlari mevcut degildir.
Karadeniz kiyilarinda Zostera grubu (Zostera noltii)
makrofitlerine rastalanmakla beraber bu tiirlerinde
Karadenizde en fazla 9 m derinliklere kadar gelisebilmeleri
30 m’den daha derin bolgelere deniz kafes ciftliklerinin
kurulmasi sebebiyle menfi bir etkilesim olusmayacaktir.

Deniz ag kafes ¢iftliklerinin en &nemli
etkilerinden bir tanesi de deniz araglarinin zorunlu seyir
gilizergahini smirlandirmasidir. Bu konuda demirleme
sahasinda bulunup bulunmadigina, zorunlu seyriisefer
giizergahma gore durumun degerlendirildigi raporun ilgili
kamu kurulusundan alinmasi zorunludur. Isletmelerin
kurulacagi deniz alani koordinatlarmin demirleme sahasi
veya seyriisefer glizergahi ile ilgili bir muhalefet olmamasi
durumunda yetistiricilige miisaade edilmektedir. Ancak
saglikli su kalitesinde saglikli yetistiricilik yapmak
miimkiindiir. Karadeniz’de acik deniz sartlarinda
meteorolojik sartlar ¢ok degisken olsa da su kalitesi
olduk¢a basarihidir. Yiizey suyunda bazi dogal firsatci
patojenler (6rnegin Karadeniz’in dogal biyotasinda
bulunan Vibrio sp. bakterisi virulensi yiiksek bakteri
tirlidlir) mevcut olup bu patojenler onlem alinmadigi
takdirde onemli ekonomik kayiplara neden olmaktadir.
Isletmede baliklarin kafese yerlestirilmesinden hasat
edinceye kadar dogaya kagabilecek baliklar dogal tiirler ve
siirdiiriilebilirlikleri i¢in bir tehdit olusturabilmektedir.
Kafeste kullanilan baliklar tarafindan tiiketilemeyen
yemler, balik digkilar1 ve idrarlar gibi ¢6ziinmiis atiklari
kafeslerin konuslu bulunduklar1 g¢evreye salinmaktadir.
Her ne kadar bu atiklar organik ve inorganik igerikte olsa
da g¢evresel ortamin tagima kapasitesinin iizerinde olmasi
cevresel siirdiiriilebilirligi sinirlandirabilecek 6nemli bir
etki olusturacaktir. Dolayisiyla bu ortamda saglikli ve
ekonomik iiriin elde etmek de miimkiin olamayacaktir. Bu
etkiler ancak kapali koy ve korfezlerde olusabilecek
etkilerdir. Balik sagligi amagh kullanilacak kimyasal ve
ilaclar ve kimyasallar da ¢evre {izerinde tehdit unsurlaridir.
Antibiyotik kullaniminda hastalik etmeninin kesin teshisi,
kullanilacak antibiyotigin tiiriine ve dozajina gerekli testler
sonucunda karar verilmesi gerekir. Bu da ilaglarin daha
etkin ve ekonomik kullanimlari anlamima gelmektedir.
Balik yetistiriciliginde ilag kullanimi 6nemli bir gider
kalemini olusturdugundan isletmeler hastalik teshis
tedavisinde sertifikali kuruluslardan destek almaktadirlar.
Bu amacgla Tarim ve Orman Bakanli§i Arastirma
Enstitiileri ve Universitelerin ilgili birimlerinden destek
almmaktadir.
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Dolayistyla isletmelerin faaliyete baglamalari i¢in
yerinde yapilan incelemeler, degerlendirmeler ve yasal
mevzuat g6z Oniinde bulundurularak, proje sahasinin
kiytya olan mesafesi, kapali koy-korfez igerisinde
olmayisi, isletmenin diger tesislere ve kiyidaki halk
plajlarna mesafesi, isletmenin kapasitesi, yetistirilecek
tirler ve yetistiricilik teknolojisi gdz  Oniinde
bulundurularak, modern, ¢evreci ve gecerli su iriinleri
miihendisligi teknikleri uygulanmak kaydiyla proje
faaliyetlerinin denizel gevreye tolere edilebilir bir yiik
olusturabilecegi, sahadaki es kullanicilara ve kiyilardaki
halk plajlarina geri doniisiimsiiz olumsuz bir etki
olusturmadan siirdiiriilebilir ve tekrarlanabilir bir sekilde
yiiriitiilebilecegi sonu¢ ve kanaatine varilabilirse diger
gerekli CED, trix ve ekolojik tasima kapasitesi ve ekolojik
degerlendirme  raporlarinin sonrasinda
isletmelere faaliyet izinleri Tarim ve Orman Bakanlig
tarafindan verilebilmektedir.

onaylanmast

Deniz Kafes Balkglhiginda Hastaliklara ve
Diger Cevresel Etkenlere Karst Onlemler: Karadeniz kiy1
seridinde stirdiiriilebilir balik yetistiriciligi i¢in karasal
havuzlarda kiiltiirii yapilan gokkusagi alabaliklar1 deniz
suyuna kis dénemimde nakledilmektedir. Genellikle 100-
1000 gr agirhiklardaki gokkusagi alabaliklart denizel
ortamda su sicakligin beslemeye uygun olmasi nedeni ile
3-5 kg agirhga ulasana kadar beslenerek hasat
edilmektedir. Karasal havuzlardan veya gol, gblet ve baraj
gollerinden deniz suyuna nakledilecek baliklar oncesi
muayene edilip hastalik varsa tedavi edilmeli, hasta
baliklar deniz suyuna transfer edilmemelidir. Baliklar nakil
Oncesi 48-72 saat a¢ birakilmalidir. Deniz kafeslerine
transfer edilecek baliklar bolgedeki giftliklerde daha
onceden ¢ikan ve ekonomik kayiplara neden olan
bakteriyel enfeksiyonlara karst agilanmig olmalidir.
Denizdeki ag kafeslerde biiyiitiilen baliklarin standart bir
boyda iyi gelisebilmesi igin disi baliklar denizel ortama
transfer edilmelidir. Kig doneminde yiiksek rakimlardaki
karasal tesislerde su sicakligi kasim aralik aylarinda 4-
5°C’e kadar diismektedir. Ancak bu aylarda deniz suyu
sicakligi  18°C seviyelerine heniiz ulasmis oldugu
goriilmektedir. Baliklarda tagima stresi, tuzlu suya transfer
edilmesi ve su sicaklig1 farklilig1 nedeni il baliklarda stres
nedeni ile ani 6liimler meydana gelebilmektedir. Balik
tagima tanklarina %0,5-1 oraninda tuz ilave edilmesi stresi
bir nebze engelleyebilir. Baliklarin igine konulacagi arag
nakil tanklarindaki su sicakligi ile ciftlik suyu sicaklik
arasindaki farkin 4°C’den fazla olmamasi, deniz suyuna
baliklar bosaltilmadan ©nce deniz suyu ile nakil
tanklarindaki suyun sicakligi ayarlanmalidir. Bu tanklara
deniz suyu dalgic motoru yardimu ile ¢ekilerek yavag bir
sekilde adaptasyon yapildiktan sonra baliklar denizdeki ag
kafeslere bosaltilmalidir. Baliklar bir giin
tutulduktan sonra baliklar yavag bir sekilde kafesler

limanda
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yerlerine ¢ekilip sikica yerlerine baglanip sabitlenerek
yerlestirilmelidir.

Kiiltir balikgiliginda  siirdiiriilebilir  dretimi
sinirlandiran en 6nemli unsurlarin basinda bakteriyel,
paraziter, viral ve mantar hastalik etkenleri biiyilik
ekonomik kayiplara neden oldugu ¢esitli kaynaklarda
rapor edilmektedir. Yetistiriciligi yapilan gokkusagi
alabaliklart havuz ve kafes sistemlerinde dogal ortamlarina
gore daha fazla hastalanmaktadir. Bunun en Onemli
nedenleri dogal ortama oranla kapali sistemlerde baliklarin
stresse maruz kalmalaridir. Balik patojenlerinin ¢ogu
fakiiltatif patojenlerdir ve bunlarin pek ¢ogu deri ya da
bagirsak florasini olusturmaktadir. Bu bakteriler baligin
direnci kirildig1 zaman hastaligin ortaya ¢ikmasina neden
olmaktadir. Cevre sartlarinda direkt O&liime neden
olmayacak degisiklikler, baliklarda bagisiklik sisteminin
bozulmasina ve fakiiltatif patojenlerin baliklarda hastalik
baslatilmasina  neden  olabilmektedir. Bir  balik
popiilasyonunda hastaligin ortaya ¢gikabilmesi i¢in konakg1
(balik), patojen (bakteri, parazit, virlis veya mantar) ve
cevre (su) arasindaki dengenin bozulmasi gerekmektedir.
Bu c¢evrede en onemli faktér ise c¢evredir. Cevresel
faktorler, Baligin iginde yasadigi suyun fiziksel (su
sicakligi, 1s1k, giiriiltii, bulaniklik, vs), kimyasal (suda
erimis oksijen, karbondioksit, azot ve benzeri gazlar, pH,
amonyak, amonyum, nitrit, nitrat, toksik planktonlar ve
plankton yogunlugu, makro organizmalar ekto ve endo
parazitler, popiilasyon yogunlugu) ve baliga yapilan
islemler (baliklarin sagim ve boylama esnasinda ellenmesi,
balik dolu kafeslerin kontrolsiiz bir sekilde siirtiklenmesi
veya bir yerden bagka bir yere hizli bir sekilde cekilerek
yer degistirilmesi, diizensiz yemleme, balifin tedavisi
amaciyla kullanilan kemoterapotik maddeler) olarak
gruplandirmak miimkiindiir. Hastaligin olusmasinda rol
oynayan g¢evresel faktorlerden bir veya birkaginin tolere
edilebilen sinirlarin digina ¢ikilmasi durumunda balik stres
igine girer ve viicutta alarm reaksiyonlar1 baslamaktadir.
Bu durum balikta yeni sartlara uyum i¢in bir takim
biyokimyasal = hormonsal degisikliklerin = meydana
getirilerek duruma diizeltilmeye calisiimaktadir. Bu yeni
duruma adapte olamayanlar dliirken adapte olabilenler ise
strese girmektedirler. Baliklarin strese girmesi immiin
sistem tizerinde baskilayici etkisi nedeni ile asagidaki
tabloda verilen hastaliklar ortaya ¢ikmaktadir (Cagirgan
2007; Dengiz Balta, 2010; Dengiz Balta vd. 2017).

Karadeniz’de yiizer ag kafeslerde yetistirilen
gokkusagi alabaliklarinda zaman zaman ¢esitli hastaliklar

ortaya  ¢ikmaktadir.  Denizel ortamda  hastalik
etkenlerinden bakteriyel, paraziter ve viral hastalik
etkenleri mantar hastaliklarina gore daha fazla

goriilmektedir. Karadeniz’de ylizer ag kafeslerde kiiltiirii
yapilan gokkusagi alabaliklarinda bu giine kadar en fazla
yersiniozis, vibriozis, motil aeromonas enfeksiyonlari,
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pseudomonas enfeksiyonlart ve kok hastalik etkenleri
garvieae, L.  petuari)  gokkusagi
alabaliklarinda hastalik meydana getirmistir (Balta vd.,
2010; Altimok vd., 2022). Ayrica, Ichthyobodo necator-
pyriformis (costiazis), Hexamita salmonis ve Trichodina
spp., Vs protozoan parazitler hastalik etkeni tespit
edilmistir (Balta vd., 2008; Balta vd., 2019; Balta &
Dengiz Balta, 2018).

Viral  balik gokkusagi
alabaliklarinda hastalik meydana getiren en Onemli
arasinda Viral Hemorrhagic Septicemia Virus (VHSV),
Infectious Hematopoietic Necrosis Virus (IHNV) ve
Infectious Pancreatic Necrosis Virus (IPNV) rhabdovirus
grubu hastaliklar1  sayilabilir.  Viral Hemorrhagic
Septicemia Virus (VHSV), Rhabdoviridae ailesinin
Novirhabdovirus genusundan, zarfli ve negatif sarmalli bir
RNA virusudur. Ozellikle Avrupa’ da gokkusag
alabaliklarinda (Oncorhynchus mykiss) onemli derecede
kayiplara yol ag¢tigi  bildirilmektedir. ~VHSV’nin
rezervuarlari klinik enfekte, subklinik enfekte kiiltiir ya da
dogal baliklardir. Virulent virus baslica idrarla sagilir.
Etken 6zellikle bobrek, dalak ve kalp dokularindan izole
edilmektedir. Hastaliga yavru ve geng¢ baliklar daha
duyarliyken, eriskin olanlar daha dayaniklidir. Bununla
beraber hastallk hem gen¢ hem de erigkin baliklarda
gorilmektedir. Su sicakligi 6nemli bir faktordiir. Su
sicaklig1 baliklarin yasadigi sudaki oksijen miktarini biiyiik
Olciide etkilemektedir. Hastalik genellikle 4°C ile 14°C
arasindaki sicakliklarda goriiliir. Diigiik su sicakligr (1-
5°C) genellikle kronik tabiatli bir enfeksiyonla sonuglanir,
giinliik 6liimler az olmasina karsin, uzayan periyot i¢inde
kiimtilatif mortalite yiiksek olmaktadir. Yiiksek su sicakligi
(15-18°C) hastaligin daha kisa siirmesine ve 6liim oraninin
da diismesine sebep olur. Hastalik yilin her doneminde
goriilmekle beraber genellikle su sicakliginin yiikselmeye
basladig1 ve dalgalanmalarin meydana geldigi ilkbahar
doneminde daha ¢ok goriilmektedir. Bugiine kadar, viral
balik hastalik etkenlerinden bazi viriislerin varlig1
gokkusagi alabaliklarinda ve farkli dogal balik tiirlerinde
bildirilmistir (Isidan, 2010; Isidan & Bola, 2011; Kiiciik &
Yildirim, 2017; Cigek & Albayrak, 2019).

Baliklarda hastaliklarin olusabilmesi i¢in ¢
faktoriin; konake¢1 (balik), cevre (akuatik ortam=sucul
cevre) ve hastalik etkenlerinden (hastalik yapici patojen
veya firsat¢i patojen mikroorganizma) en az birinin birlikte
etkinlik gostermesi gerekmektedir. Bu denge
ortamda meydana gelen fiziksel ve kimyasal olumsuzluk
sonucunda baliklarda stres meydana gelmekte ve stresin
etkisiyle viicutta meydana gelen biyokimyasal reaksiyonlar
sonucu Ozellikle salgilanan kortikosteroidlerin immun
sistem iizerine baskilayici etkisi ile firsat¢i patojenlerin
baliklarda hastaliklarin olugsmasina neden olmaktadir.
Buda siirdiiriilebilir su iriinleri {retimini etkileyerek

(Lactococcus

hastaliklarindan

sucul
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ekonomik kayiplarin ortaya ¢ikmasina neden olmaktadir.
Stres faktorlerine bagli olarak akuatik ortamda meydana
gelebilecek hastaliklar Tablo 3’de verilmistir.

Baliklarda hastaliklarin olusmasini engellemek
icin en 6nemli kural karantina tedbirlerinin uygulanmasi,
ihbart mecburi balik hastaliklarinin ~ sik1  takibinin
yapilmasi, isletmeye alman yumurta ve/veya baliklarin
sertifika sahibi isletmelerden saglanmalidir. Digardan
yumurta alinip kulugkahaneye koyulmadan once balik
yumurtalarinin 100-200 ppm dozunda iyot (%10 Betadin,
Baticon soliisyonu) birlesikleri veya 100 ppm dozunda
%3’lik Hidrojen peroksit (H,O,= Oksijenli su) ile 10
dakika dezenfeksiyon yapilmasi gereklidir. Boylece, IPN
viriisii hari¢ baska isletmelerden gelebilecek hastalik
etkenlerini bertaraf edilebilmektedir.

Tablo 3. Akuatik ortamda meydana gelebilecek stres faktorleri ve
olusabilecek hastaliklar.
Table 3. Diseases and stress factors in the aquatic medium.

Furunkulozis Diisik  oksijen  seviyesi, (4mg/l),  kalabalik

(Aerpomons salmonisida)

popiilasyonlarda A. salmonicida portorleri (tasiyici)
varken baliklarin ellenmesi.

Bakteriyel solungag hastaligi
(Flavobacterium sp.

Kalabalik, kronik oksijen diisiikligii , (4mg/l), suda
yiiksek seviyede an-iyonize amonyak, sudaki toplam
askimadde miktarinin fazla olmasi.

Kloumnaris hastalig
(Flavobacterium columnaris)

Kalabalik veya baliklarin siksik ellenmesi (yaklasik 15°C
ve lizeri su sicakliginda sayet tastyici balik varsa)

Eger hastalig
(Flavobacterium
psychrophilum)

Kalabalik veya baliklarin siksik ellenmesi, diisiik (10°C
ve altindaki su sicakliklarinda ozellikle gokkusagt
alabalik yavrularinda

Bakteriyel bobrek hastalig
(Renibacterium salmoninarum)

Suyun sertliginin 100mg/1 altinda olmasi (CaCOs olarak),
yemde musir gliiteni bulunmasi veya yemdeki rutubetin
%30 altinda olmas1

Bakteriyel hemorajik septisemi;
(Motil  Aeromonas sp. Ve
Pseudomonas sp. tiirlerine ait)

Onceden Ichtyobodo spp. Trichodina spp. enfeksiyolarm
bulunmasi; Havuzlarin  veya kafeslerin  yetersiz
temizligine bagh bakteri yogunlugun atmasi, askida
madde miktarinin fazla olmasi, elleme, kalabalik, agir
metallerin sublethal dozlarina maruz kalma, suda pestisit
ve poliklorbifenillerin bulunmasi.

Vibriozis
(Listonella anguillarum)

Elleme, Suda 6 mg/I’'nin altindaki oksijen, sularin
1sinmaya ve sogumaya bagsladi zamanlar olusan stres,
tuzlulugun % 0,10-0,15 civarinda olmasi, agir metallerin
(Bakur siilfat banyolari) sublethal dozlara maruz kalmasi.

Parazit Enfeksiyonlar
(Ichtyobodo  spp. Trichodina
spp., Hexamita sp.)

Elleme, Suda 6 mg/I'nin altindaki oksijen, Ozellikle
sularm 10-15°C iizerine ¢1ktig1 zamanlarda, tuzlulugun %
0,10-0,15 seviyelerde oldugu ac1 sularda.

Kok enfeksiyonu
(Lactococcus garvieae)

Ozellikle su sicakligini (20°C ve iizeri) yiikseldigi yaz
aylarinda ve diisiik oksijen miktar1 (5 mg/L ve alt1).

Yumurtadan

¢ikan yavru baliklarda paraziter

(Costia sp., Tricodina sp., Hexamita sp., Chilodonella spp.,
Ichthyophthirius multifiliis protozoan parazit etkenleri
(Balta vd., 2008; Balta vd., 2019; Balta & Dengiz Balta,
2018) ve Saprolegnia parasitica vs. mantar hastalik

etkenleri  oldukga

6nemli  sorunlar1  beraberinde

getirmektedirler. Bu hastaliklarin tedavisinde kullanilan

dezenfektan maddeler (Formaldehit,
Hidrojen peroksit,

permanganat,

Tuz, Potasyum
Kloramin-T, vs.)

kullanilmaktadir (Balta & Taskin, 2022). Bu kimyasal
maddelerin akuatik ortamin fauna ve florast iizerine
olumsuz etki edebilmekte, bazi kimyasallarin kansorejenik
etkisi nedeni ile (Malasit yesili) kullanim1 yasaklanmigtir

(Cagirgan, 2007).

Gokkusagr alabaliklarda Aeromonas sp. (Onuk
vd., 2017), Pseudomonas sp. (Altmok vd. 2007, Kackar &
Balta, 2017), Myxobacter (Flavobacter psychrophila ve
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Flavo. columnaris) enfeksiyonlar1 (Balta, 1997; Balta &
Cagirgan., 1998), Citrobacter sp., enfeksiyonlari (Duman
vd., 2017), kizil agi1z hstalig1 (Yersinia ruckeri) (Balta vd.,
2010; Balta vd., 2016), Vibrio enfeksiyonlar1 gokkusagi
alabaliklar1 ortamdaki levrek baliklarinda
enfeksiyon meydana getirdigi (Vibrio anguillarum) (Balta,
2016; Balta ve Dengiz Balta, 2016; Balta ve Dengiz Balta,
2017; Balta ve Yilmaz, 2019), kok enfeksiyonu
(Lactococcus garvieae) (Balta & Dengiz Balta, 2019; Balta
& Karatay, 2021) goriilen en 6nemli bakteriyel hastaliklar
arasinda yer almaktadir. Bu hastaliklarin tedavilerinin
yapilmasi i¢in hastalikli baliklarin en yakin balik
hastaliklar1 laboratuvarina gonderilmelidir. Laboratuvara
gonderilen baliklar dlenlerle ayni semptomlar: gosteren

ve ayni

baliklardan segilmelidir. Hastalikli  baliklar uzman
tarafindan ~ muayene  edilerek  hastaligim  hangi
mikroorganizma tarafindan meydana geldigine Kkarar
verilmelidir. Bakteriyel enfeksiyonlarda siiphelenen

hastalik etkenleri uygun besi yerlerine ekilerek hastalik
etkeninin izolasyonu gerceklestirilmelidir. Izole edilen
hastalik etkenlerine antibiyogram yapilip test
sonuglarina gore en etkili ve ekonomik olan antibiyotik
iireticiye tavsiye edilmelidir. Etkili oldugu tespit edilen
antibiyotik Ttretici tarafindan uygun doz ve siirede
uygulanmalidir. Baliklarda hastaliklarin  tedavisinde
kullanilan kemoterapotik maddelerin uygulama sekli ve
dozlar1 Tablo 4’de verilmistir.

testi

Tablo 4. Kemoterapotik maddelerin uygulama sekli ve dozlar
Table 4. Application method and doses of chemotherapeutic agents.

Antibiyotikler Uriin Uygulama Sekli Doz Etki grubu
B-Lactamlar Ampicillin Oral 50-80 mg/kg 10 giin Gr () Bakteri

Amoxycillin Oral 50-80 mg/kg 10 giin Gr (-) Bakteri
Aminoglycosides Neomycin Oral 50-80 mg/kg 10 giin Gr (-) Bakteri
(Aminoglikozidler) K i Banyo 20 mg/L
Tetracyclines Tetracycline Oral 50-80 mg/kg 10 giin Gr (-) Bakteri
(Tetrasiklinler) Oxytetracycline Banyo 20 mg/L

Doxycycline
Macrolides Erythromyein Oral 50 mg/kg 10 giin Bakteriyel
(Makrolidler) Banyo 2 mg/L 1 saat (eggs) Bobrek

Hastaligt
Smiflandinlamayan Florfenicol Oral 10 mg/kg 7 giin
(Fenikoller)
Sentetik Anti-mikrobiyel Ajanlar
It id hazine Oral 200 mg/kg 10 giin Gr (-) Bakteri

(Sul idler) imethoxi

Sulphaguanidine
Potantiated Trimethoprim + Oral 50 mg/kg 10 giin Gr (-) Bakteri

ul " R

Nitrofi Furazolid Oral 50-80 mg/kg 10 giin Gr (-) Bakteri
(N ) F Oral

Nifurpirinol Oral/Banyo 10-50 mg/kg 10 giin Gr (-) Bakteri
Quinolones Oxolinic acid Oral 12 mg/kg 10giin Gr (-) Bakteri
(Kinolonlar) Flumequine

Enrofloxacin 10-20 mg/kg 7 giin Gr (-) Bakteri

Tedavi sansmmi artiran en Onemli unsur

antibiyotikler tavsiye edilen dozda ve siirede verilmesi ile
miimkiin olabilmektedir. Ilaglarin baliklar tarafindan almip
alinmadigi mutlaka kontrol edilmelidir. ilagh yemler
alinmadig1 takdirde yemleme durdurulmali gerekirse ilag
degistirilmelidir. Almmmayan yemler kafes altindaki
sedimente diismektedir. Bu da sedimentteki fauna ve
floranin degismesine, direngli bakterilerin olusmasina
neden olabilmektedir. Ozellikle hidrojen siilfiir (H,S) gaz1
ireten Dbakterilerin ortama hakim olmasma neden
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olabilmektedir. Bu da su kalitesinin bozulmasina ve
stirdiirebilir iretiminin kisitlanmasma neden olablidigi
bildirilmistir (Balta ve Cagirgan., 2007). Antibiyotik
uygulamasi  sonrasi  olusabilecek kalintt  (rezidii)
problemleri nedeni ile antibiyotiklerin balik viicudundan
atilim stireleri takip edilmeli ve su sicakligina gore
(500°/giin) siire dolmadan balik hasatinin yapilmamasi
gerektigi rapor edilmistir (Balta ve Cagirgan., 2007).
Ayrica, diisiik doz ve kisa siireli antibiyotik uygulamalari
bakterilerde direncli tiirlerin ortaya c¢ikmasina neden
olabilecegi gibi bu diren¢ genetik olarak baska bakterilere
aktarilma riski oldugu ¢esitli ¢alismalarla ortaya
konulmustur. Bu nedenle hem balik sagligi hem de insan
sagligt i¢in hastalik ¢ikmadan Once mevcut asilarin
(otovaksin yerli veya ithal asilarin) kullanilarak baligin
bagisikligi artirilarak hastaliga karst daha direngli
olmasinin saglanmasi siirdiiriilebilir bir tiretim i¢in oldukga
o6nemlidir. Bakteriyel balik hastaliklarina kars1 hazirlanmig
otovaksin asilar (Yersinia ruckeri, Vibrio anguillarum ve
Lactococcus garvieae) bolgemizdeki alabalik ¢iftliklerde
basar1 ile kullanilmaktadir. Balik yetistiriciliginde as1
kullanimi antibiyotik kullanimini sinirlayacak, dogal su
kaynaklarinda kimyasal kirliligi dnleyecek, kalmti riskini
azaltacak ve bakteriyel direncinde Oniine gecilmis
olacaktir.

Tarim ve Kdyisleri Bakanligi tarafindan 22 Ocak
2011 Cumartesi giiniine ait 27823 sayili Resmi Gazetede
yaymlanan [hbari Mecburi Hayvan Hastaliklar1 ve
Bildirimine iliskin yonetmenlik Ek 1 B-Su hayvanlar
hastaliklarinda kapsaminda; Viral Hemorajik Septisemi
(VHS), Baliklarin Enfeksiyoz Hematopoetik Nekrozisi
(IHN), Enfeksiydz Somon Anemisi (Infectious Salmon
Anaemia), Sazanlarin Bahar Viremisi (Spring Viraemia of
Carp) (SVC) vs viral balik hastalik etkenleri, Beyaz benek
hastaligi (White spot disease) paraziter balik hastaliklart ve
Bakteriyel Bobrek Hastaligi (Bakterial Kidney Disease)
(BKD) gibi bakteriyel balik hastalik etkenleri ihbari
mecburi hastaliklar kapsaminda oldugu yayinlanmistir
(Anonim, 2011). Bu listeye giren hastaliklar yoniinden
balik siiriilerinin saglik popiilasyonlar1 yilda en az 6 aylik
periyotlar halinde, en az biri lireme donemine denk gelecek
sekilde saglik kontroliinden gegirilmesi gerekmektedir.

Kafes ve aglarin temizlik ve dezenfekte
edilmesinde kullanilan temizlik ve dezenfektanlar,
bunlarin etken maddeleri, uygulama yontemleri (hijyen
plany), ortama etkileri ve nerede yapilacagr hususlari:
Hastalik ¢ikan havuz veya kafeslerde hastaliklarin
siirlandirilmast icin kepgelerin dezenfekte edilmesi yem
almayan baliklarin 6lmeden oOnce stres olusturmadan
toplanmasi ve 6len baliklarin toplanip kiregli kuyularda
gomiilmesi gerekmektedir. Hijyen kurallarina mutlaka
uyulmasi gerekmektedir. Ayrica, baliklar hasta olmadan
baliklarin  aylik periyodik kontrollerinin yapilmasi

687

Anadolu Cev. ve Hay. Dergisi, Yil:8, No:4, (679-690), 2023

stirdiiriilebilir iretim i¢in olduk¢a dnemlidir. Kafes aglarini
aylik olarak kontrol edilmeli, kirlenmis aglarin temizleri ile
degistirilmeli ve degistirilen kirli aglarin yikanip hazir
halde saklanmas1 gerekmektedir.

Kafes Aglart ve Diger Plastik Gibi Arag ve
Gereglerin  Dezenfeksiyonu:  Balik  ciftliklerinde
enfeksiyonlar havuzdan havuza veya ciftlikten ¢iftlige alet
ve malzemeler yoluyla kolayca bulasabilir. Baliklarin
boylanmasi, asilanmasi ve hasatti esnasinda, hasta ve olii
baliklarin toplanmasi esnasinda giftliklerde en ¢ok
kullanilan malzeme kepgelerdir. Her bir kafes igin ayr1
kepge bulunmasi ve kullanildiktan sonra dezenfekte
edilmesi enfeksiyonlarin kafeslerden birbirine bulagmasini
onleyecektir (Cagirgan 2007;). Bu amagla; iodofor
bilesikleri (Betadin, Batticon, Vanodine vs.), Sodyum

hipoklorit, Sodyum  hidroksit veya  formaldehit
kullanilmas1 6nerilmektedir (Cagirgan, 2007).
PVP iyot:  Aktif maddesi iyot olan

dezenfektanlardan en uygunu polivinil pirolidon iyot
birlesikleridir. Bakteriler, viriisler, mantarlar ve birgok
parazit i¢in dezenfekte giicli oldukca yiiksek ve 100 ppm
dozunda etkili alan kimyasal bir maddedir. Ortamdaki
organik maddeler tarafindan ¢abucak inaktive olur. Iyot
bilesikleri normalde kahverengide olan bir soliisyondur.
Kullanim esnasinda rengin agilmast etkinliginin
kayboldugu anlamina gelmektedir. Sprey tarzinda araba
tekerlerine piiskiirtiilerek kullanmak miimkiindiir. Ciftlikte
calisan isgilerin  kullandigi  ¢izmelerin  dezenfekte
edilmesinde olduk¢a faydali bir sekilde kullanilmaktadir.
Metal ettiginde korozyona neden
oldugundan bol su ile yikanilmasi tavsiye edilmektedir
(Cagirgan, 2007).

Sodyum hipoklorit: Kolay bulunabilen, etkisi
cabuk ve giiclii olan ucuz bir dezenfektan madde olarak
kullanilmaktadir. Bakteri, viriis, mantar ve birgok balik
parazitleri i¢in 100 ppm dozunda etkinlik gostermektedir.
Taze olarak almip kullanilmali 2 haftadan fazla
stoklanmamalidir. Tanklarin, havuzlarin, kepgelerin ve
aglarin dezenfeksiyonu i¢in sodyum hipoklorit gayet
uygun bir sekilde kullanmak miimkiindiir. Hipokloritlerin
yiizey gerilimini distiriicii etkileri olmadigindan genellikle
bir deterjan ile Dbirlikte (6rnegin; teepol)
kullanildiginda materyallere niifus etme giicii artirilmis
oldugu bildirilmistir (Cagirgan, 2007).

Sodyum hidroksit: Bakteri, virlis, mantar ve
birgok parazit igin %0,2’lik konsantrasyonunda o6ldiiriicii
etkinlik gostermektedir. Dezenfekte madde olarak oldukga
ucuz ve etkisi giiclii olan kimyasal bir maddedir. Deride
irritasyona, elbiselerde tahribata ve bazi metaller iizerinde
korozyonlara neden oldugu rapor edilmistir (Cagirgan,
2007).

aksama temas

S1v1

Formaldehit: Piyasada %37-40’lik soliisyonlar
halinde kolayca bulunabilen bir kimyasal maddedir. Ciftlik
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sayipleri tarafindan kolay bir sekilde siparis edilerek satin
alinabilmektedir. Bu kimyasal bulundugu ortamin sicaklig1
10°C’nin altna diigtiigiinde ve giines isinlarina maruz
kaldiginda formaldehit para-formaldehit haline doniistiigi
cesitli kaynaklarda bildirilmistir. Bunu onleme igin bazi
saticilar formaldehit i¢ine alkol kattiklart bildirilmektedir.
Para-formaldehit formu baliklar i¢in oldukca 6ldiiriicii olan
toksik bir birlesiktir. Faomaldehit, ucuz ve giicli bir
dezenfektan olup, bakteri, viriis, mantar ve bir¢ok parazit
icin Oldiirticii etkisi mevcuttur. Formaldehit %3-5’lik
konsantrasyonlarda dezenfektan olarak c¢esitli materyalin
dezenfeksiyonunda kullanilmaktadir. insanlarin deri ve
solunum yollarina zarar verebilmektedir. Her tiirli
formaldehit kullaniminda maske takilmalidir.
metallere zararli etkisi bulunmaktadir. Kullaniminda
dikkatli olunmasi gerektigi bildirilmistir (Cagirgan, 2007).
Banyo seklinde uygulanilan kimyasal dezenfektanlarin
kullanim sekli ve dozlar1 Tablo 5°de verilmistir.

Bazi

Tablo 5. Dezenfektan amagli kullanilan kimyasallarin kullanimi ve
dozlari.
Table 5. Use and doses of chemicals used for disinfectant purposes.

Kimyasal Kullanim sekli Etki tarzi Daldirma Kisa banyo Uzun banyo
CuSO, Algisid Dis parazitler 500mg/L 4ml/L
Formalin Paraziticid Dis parazitler ~ 400mg/L 250mg/L 30-60dk. 15-25mg/L
idiz Dis bakteri
KMnO, Onidizer 15 bakieri, g0 gL 20mgL Isaat  2mgL
Detoxifier mantar, parazit
NaCl Osmoregulator Dis parazit %3 1 dakika %] lsaat %0.02
A diizenleyici (30,000mg/L) (10.000mg/L) 200mg/L

Su Kuslar: ve Enfeksiyon Rezervuari Olabilecek
Canlilarla Temasin Kesilmesi: Su kuslar akuatik ortamin
bir parcasidirlar. Bunlarin bazilar1 (Karabatak, Mart1)
baliklart yiyerek isletmeye direkt zarar verirken bircogu da
diskilar ile parazit, viriis ve bakterileri bulastirdig1 rapor
edilmistir.. Ornegin Infeksiydz pankreatik nekrozis (IPN)
enfeksiyon etkeni olan viriisin martilarin  digkisinda
bulunmasi ve baliklara bulagsmasini, bir parazit olan Ligula
intestinalis’in  bulagsmasini, akuatik invertebratalarin,
kerevitlerin, misk fareleri, 6rdek ve kaz gibi hayvanlarin
Yersinia ruckeri’yi bulastirmada rol oynadig1 ve rezervuar
oldugunu o&rnek olarak verebilmektedir. Kan emen
parazitlerden olan baz siilikklerin baliklardaki streptokok
enfeksiyonlarindan oldugu
bildirilmistir. Ayrica, Argulus foliaceus ve Pisicola

sorumlu ve rezervuari
geometra sazangillerde SVC hastalig1 viriistiniin tasiyicist
durumundadir. Su canlilarin olas1 etkilerinden korunmak
icin yiizer kafeslerin iizerine kus koruma aglar ile
kapatilmali veya otomatik kus kovucular kafeslere
yerlestirilmelidir (Cagirgan, 2007).

Isletmelerde kullanilan asi, ilag, vitamin ve
yemlerin olmasi dnerilmektedir. Baliklara verilen yemlerin
rutubetsiz  ortamlarda  stoklanmasi  Onerilmektedir.
Baliklarda kullanilan yemlerin taze olmasi, kiiflenmemis
ve 90 gilinden fazla stoklanmamis olmasi tavsiye
edilmektedir. Yemlerin sindirilebilirligi kolay olmali,
baliklar asir1 yemlenmemeli ve yem degerlendirme orani
yiiksek olmasi gerektigi tavsiye edilmektedir.
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Uretim yapilan suyun sertligi, pH degeri ve
oksijen miktari siirekli takip edilmeli, senede en az bir kez
su analizinin yapilmasi siirdiiriilebilir iiretim i¢in oldukga
onemlidir. Banyo seklinde uygulanan dezenfektanlar
icinde suyun sertligi, pH degeri ve oksijen miktar1 balik
sagligini yakindan ilgilendirmektedir. Bu yilizden, suyun
bu parametreleri siirekli takip edilmelidir.

DEGERLENDIRME VE SONUCLAR

Deniz kafeslerinde balik yetistiriciligi entansif ve
endiistriyel {iretim metotlart igerisinde teknoloji ve
cevresel onlemler agisindan yiiksek diizeyde gereksinimler
ve yeterlilikler gerektirmektedir. Uretim miktarlar1 deniz
kafeslerinin gelismesiyle artarken gevresel hassasiyetler de
artmakta faaliyet alanlart c¢akisan turizm sektoriiyle
catigmalar1 artirmaktadir. Ancak ihracat potansiyelinin
varligi denizlerde akuakiiltiir faaliyetlerinin
desteklenmesini saglamaktadir. Elbette her iki sektoriin bir
arada faaliyetini siirdiirmesi i¢in siirdiiriilebilir bir denizel
cevre saglanmasi, liretim siirecinin aksamamasi, ihracat
devamlilig i¢in saglikli ve kaliteli {irlin iretimi ve kiiresel
Olgekte pazarlama stratejilerinin ¢ok yakindan izlenmesi
sayesinde gerceklesebilir. Bu sayilanlart
gergeklestirebilmek ¢ok sayida faktoriin bir arada dengeli
bir sekilde bulunmasiyla olabilecegi acik bir gergektir.
Ancak temel manada bazi olmazsa olmazlar vardir ki
bunlar gerceklestirilirse siirdiiriilebilir bir g¢evre ve
akuakiiltiir faaliyeti bir arada olabilir. Bunlar; her seyden
once ulusal ve uluslararasi su, su lriinleri, ¢evre ve deniz
hukuku mevzuatina uygun faaliyet gostermek, giincel
bilimsel ve teknolojik bilgiye sahip teknik elemanlara ve
donanimlara  sahip olmak ve son kullanicinin
gereksinimlerini  saglayan {rilinlerinin  kalitesini  ve
sagligimmi 6n planda tutmaktir. Bunlarin yaninda kiiresel
piyasalarin takibi ve aktif pazarlama stratejileri gelistirmek
de siireci destekleyecektir.
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Abstract: Bu c¢alismada, gokkusagi alabaligi (Oncorhynchus mykiss) yumurtalarinin gozlenme ve

*: https://orcid.org/0000-0002-1823-5823 yumurtadan ¢ikma oranlari lizerine bazi kimyasal maddelerin etkilerinin belirlenmesi amaglanmistir. Deneme
- https://orcid.org/0000-0002-0918-7567 gruplant kloramin-T, formaldehit, hidrojen peroksit, potasyum permanganat, sodyum kloriir ve kontrol
grubundan olusturulmustur. Calisma ii¢ tekerriirlii olarak yiiriitiilmiistiir. D6llenmis yumurtalarin gézlenene
kadarki siirecte ortalama en iyi hayatta kalma orani formaldehit 200 mg/L’lik grubunda belirlenmistir.
Calismadaki diger gruplarindaki ortalama hayatta kalma oranlar1 kontrol ve sodyum kloriir gruplari harig
formaldehit gruplarina hemen hemen benzerlik gostermistir. Gozlenme asamasindan agilma agamasina kadar
yapilan denemelerde de en iyi ortalama hayatta kalma oranlari 200 mg/L’lik formaldehit grubu basarili
bulunmasina kargin, sodyum kloriir ve kontrol gruplari hari¢ diger gruplarla istatistiksel olarak benzer oldugu
tespit edilmistir. Caligmanin sonunda, gozlenme evresine kadar yumurta yasama orani i¢in en etkili kimyasal
maddelerin 200 mg/L formaldehit konsantrasyonu (%92) ve 150 mg/L formaldehit konsantrasyonu (%91,2)
oldugu belirlenmistir. Gozlenme evresinden yavrularin ¢ikmasi asamasina kadarki siiregte 200 mg/L
formaldehit (%91), 150 mg/L formaldehit (%89,8), 6 mg/L kloramin-T (%87,7) ve 150 mg/L hidrojen
peroksit (%87,3) ortalama yasama oranlar tespit edilmistir. Formaldehitin 150 ve 200 mg/L’lik
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Investigation of the Use of Some Chemical Substances for Disinfection Purposes in Rainbow Trout
(Oncorhynchus mykiss Walbaum, 1972) Eggs

Oz: This study aimed to determine the effects of some chemicals on the eyed stage and hatching rates of
rainbow trout (Oncorhynchus mykiss) eggs. Experimental groups consisted of chloramine-T, formalin,
hydrogen peroxide, potassium permanganate, sodium chloride and control group. The study was conducted
in three replications. The best average survival rate until the fertilized eggs were observed was determined in
the formalin 200 ppm group. The mean survival rates in the other groups in the study were almost similar to
the formalin groups, except for the control and saline groups. Although the 200 ppm formalin group was
found to have the best average survival rates in the trials carried out from the observation stage to the opening
stage, it was determined that it was statistically similar to the other groups except the salt and control groups.
At the end of the study, it was determined that the most effective chemical substances for egg survival rate
until the observation phase were 200 ppm formaldehyde concentration (92%) and 150 ppm formaldehyde
concentration (91.2%). Average survival rates of 200 ppm formaldehyde (91%), 150 ppm formaldehyde

*Corresponding author: (89.8%), 6 ppm chloramine-T (87.7%) and 150 ppm hydrogen peroxide (87.3%) in the period from the
Fikri BALTA 5 o observation phase to the hatching phase. has been detected. In this thesis study, It has been concluded that
Recep Tayyip Erdogan University, Faculty 150 and 200 ppm concentrations of formaldehyde, 6 ppm of chloramine-T and 150 ppm of hydrogen peroxide
?fﬁfk'fh:”es* DEPETTRI O DIREEEes, R can be used successfully in the hatchery for egg health for sustainable production. However, although the use
e of sodium chloride is relatively beneficial, it was determined that the egg losses caused by other chemicals
DX: fikri.balta@erdogan.edu.tr . ?
used in the study were much higher.
Keywords: Disinfectants, eyed eggs, Saprolegnia parasitica, sustainable production.
") Bu makale, Ekrem ABDULLAHOGLU yiiksek lisans tezinden iiretilmistir. This manuscript was produced from Ekrem ABDULLAHOGLU s master thesis.
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GIRiS

Artan diinya niifusu, bu giin gidaya olan ihtiyacim
dogal yollardan karsilayamaz duruma gelmistir. Bu nedenle
insanoglunun proteine olan ihtiyacini degisik kaynaklardan
karsilanmaya calisilmaktadir. Hayvansal iretim
maliyetlerinin her gegen giin artmasi ve endiistriyel yagam
sartlar1 biiyiik bas hayvan iiretimi yerine kiigiikbas hayvan
iretimini artirmigtir. Saglikli yasam igin kirmizi et tiiketimi
yerine beyaz ete olan talep ise her gegen giin artmaktadir.
Diinya iizerinde artan insan niifusu i¢in diinya capindaki gida
arzini artirmaya yonelik mevcut ihtiyag, kontrollii kosullar
altinda sudaki yagsamin kapsamli iiretiminin gelistirilmesiyle
sonu¢lanmistir. Hayvansal protein ihtiyaci dogal stoklarin
hizla azalmasi alternatif olarak son 30 yili askin bir
zamandan beri kiltiri yapilan su firiinleri hayvansal
tiretimden karsilanmaya caligilmaktadir. Su {riinleri besin
kalitesi ve lezzeti bakimindan, artan niifusun hayvansal
protein ihtiyacin karsilanmasinda alternatif bir {iriin olarak
algilanmistir (Hossu vd., 2001; Braun, 2005; Balta & Taskin,
2022). Baliketi saglikli yasam i¢in beyaz et olmasi yani sira
omega-3 ve 6 gibi dogmamis yag asitlerini icermesi nedeni
ile son yillarda tiiketim talebi hizlica artmistir. Tarim ve
Orman Bakanliginin destegi ile su {iriinleri {iretiminde son
yillarda artis meydana gelmistir. Yetistiricilik yoluyla elde
edilen 368 bin 742 tonluk iiretimin denizlerden, 146 bin 63
tonluk tretimin ise i¢ sularda gerceklestirildigi rapor
edilmistir. I¢ sularda yetistirilen en 6nemli balik tiiriiniin
alabalik oldugu ve iretimin 145 bin 649 tona ulastigi
bildirilmistir (TUIK, 2022). Baliklarin diisiik kapasiteli
sularda tutulmasi, ek yemlemeyle yiiksek yogunlukta
beslenilmesi, su sicakliginin nispeten normalden yiiksek
seviyelerde tutulmasi ve asir1 stoklanmaya bagli suda olusan
asirt kirlilik riskleri, baliklarda ciddi hastalik sorunlarinin
artmasina zemin hazirlayan énemli faktorler arasinda oldugu
bildirilmistir (Lone & Manohar, 2018).

Balik iiretiminin siirdiiriilebilir olmasi i¢in saglikl
anaclarindan elde edilen yumurtalarin doéllenme orami ve
gozlenmis yumurtadan yavru ¢ikis oraninin oldukga 6nemli
oldugu tespit edilmistir (Balta & Taskin, 2022). Kulucka
doneminde karsilasilan en Onemli problemlerin basinda
dollenmemis ve 6li yumurtalarda su kalitesine bagli olarak
karsilasilan mantar enfeksiyonlarinin meydana geldigi
bildirilmistir (Rach vd., 1997a). Dogal ortam ve kiiltiir
sartlarindaki baliklarda, 6zellikle ireme donemindeki erkek
ana¢ baliklarinda ve gozlenmemis Olii yumurtalarda
genellikle Saprolegniaceae familyasina ait su mantarlarinin
varlig1 bildirilmistir (Piper vd., 1982). Mantar etkenlerinin
sucul ortamim her yerinde bulunabildigi ve yil boyunca
bliyliyiip cogalabilme yetenegine sahip oldugu rapor
edilmistir. Su kaynaklarindaki mevcut Saprolegniaceae
familyasina ait mantarlar; Saprolegnia parasitica, Achlya
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hoferi, Aphanomyces sp. ve Dictyuchus sp.’dir. Bu tiirlerin
oldukca yaygin bir sekilde balik yumurtalarinda ve
yavrularinda enfeksiyonlar olusturdugu  bildirilmistir
(Alderman & Polglase, 1984; Post, 1987; Bruno & Wood,
2011). Balik iiretiminde mantar enfeksiyonlarma baglh
olarak yumurta ve yavru balik 6limleri nedeniyle ciddi
ekonomik kayiplarin meydana geldigi rapor edilmistir (Lone
& Manohar, 2018; Balta & Tagkin, 2022). Mantar
enfeksiyonlarina mazur kalan balik ¢iftliklerinin profilaktik
tedavileri hemen bagslattig1 goriilmiistiir. Soguk ve sicak su
yumurtalarindaki kontrolsiiz saprolegniazisin, tedavi edilen
yumurtalara kiyasla yumurtan ¢ikma oranini %6 ile %100
oraninda azalttig1 bildirilmistir (Rach vd., 1998). Balik
yumurtalarinin  dezenfeksiyonunda formaldehit, hidrojen
peroksit, iyot ve tuzun farkli konsantrasyonlarda kullanildig1
bildirilmistir (Racha vd., 1997a; Racha vd., 1997b; Racha
vd., 1998; Racha vd., 2004; Schreier vd., 1996).

Bu c¢aligmada, gokkusagi alabaligi anaglarinda
sagilan ham yumurta, elde edilen déllenmis yumurta ve
kadarki
onlemek

larvalarin  ¢ikigina stirecte  goriilen mantar
enfeksiyonlarimi icin uygulama yapilmistir.
Yumurtalar sagim-dolleme esnasindaki mekanik sarsintiya
ve kuluckahanedeki diger c¢evresel kosullara karsi g¢ok
hassastir. Yumurtalar kulackalama boyunca formaldehit,
potasyum permanganat, hidrojen peroksit, kloramin-T ve tuz
ile banyo yaptirtlmistir. Kullanilan kimyasal maddelerin,
gbzlenmis yumurtalarin hayatta kalma orani, yumurtalarin
acilma ve larvalarin yasama oranlart lizerine etkilerinin
belirlenmesi hedeflenmistir.

MATERYAL VE METOT

Materyal: Bu ¢alisma, Kirklareli ilinin Vize ilgesi
Balkaya koyiinde bulunan Baypa Bayhan Su Uriinleri
Sanayi ve Anonim Sirketine ait tesiste yapilmistir. Yene
suyu mevkinde bulunan tesis, 125 L/sn suyu olan, 60 ton/y1l
porsiyonluk gokkusagi alabaligi ve 1.000.000 adet yavru
kapasite ile ¢alismaktadir. Caligmada, ortalama 2,5+0,5 kg
agirhginda ve 4 yasinda gokkusagi alabalik anaglar
kullanilmistir.  Ana¢  baliklarindan  sagilip  dollenen
yumurtalar tizerinde testler gerceklestirilmigtir. Tesisin
kuluckahanesinde yer alan 60 adet kulugka dolabi (FET
marka)  kullamilmistir.  Yumurta  dezenfeksiyonunda
formaldehit, potasyum permanganat, hidrojen peroksit,
kloramin-T ve sodyum Kkloriir denenmistir (Tablo 1).
Kullanilan dezenfektanlar ve konsantrasyonlari (Balta &
Tagkin, 2022) Tablo 1’de verilmistir. Caligmada, bir kasette
10000 adet yumurta alabilen kulugka dolaplan
kullanilmistir. Dezenfektanlar1 kulugka yumurta dolaplarina
vermek i¢in 1 ml ve 3 ml’lik plastik enjektorler kullanilmistir
(Balta & Taskin, 2022).
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Tablo 1. Dezenfeksiyonda kullanilan kimyasal maddeler ve yumurta sayisi
Table 1. Chemicals used in disinfection and the number of eggs
Dezenfektan Dolap Sayis1 Tava Sayisi*  Yumurta Sayist  Konsantrasyon
100 mg/L
150 mg/L
200 mg/L
2mg/L
4 mg/L
6 mg/L
50 mg/L
100 mg/L
150 mg/L
2mg/L
4 mg/L
6 mg/L
15 mg/L
30 mg/L
45 mg/L
0
1800 0
0

Formaldehit 3 9 1800

Potasyum permanganate 3 9 1800

Hidrojen peroksit 3 9 1800

Kloramin T 3 9 1800

Sodyum kloriir 3 9 1800

Kontrol 3 9

Metot: Calismalar Subat-Mart 2019 tarihleri
arasinda gergeklestirilmistir. Kullanilacak baliklari tespit
etmek icin elle ovulasyon kontrolleri gergeklestirilmis ve
yumurtlama donemine ulagan 100 adet disi ana¢ balik
ayrilmustir. Iki yasina ulasmus erkek anag baliklar1 kontrol
edilerek baska bos bir havuza ayrilmistir. Sagim isleminde
temiz ve kurutulmus bos bir kaba dort adet disi anag baligin
yumurtalart sagilmistir. Ug adet erkek damizlik baligin
spermi sagilarak yumurtalarin {izerine ilave edilmistir.
Spermanin tim yumurtalar1 doélleyebilmesi i¢in hafif
hareketlerle karistirilmigtir. Tim yumurtalarin
dollenmesinin ger¢eklesmesi i¢in bes dakika beklenmistir.
Daha sonra fazla sperma ve gaita gibi diger atiklarin
ortamdan uzaklastirilmas: i¢in dikkatlice hassas bir sekilde
i¢c kez su ilave edilerek yikanmis ve yikama suyu
bosaltilmistir. Dolleme isleminden sonra yumurtalarin
sismesi icin tekrar taze su ilave edilerek otuz dakika
bekletilmigtir. Do6llenmemis olan  bozuk yumurtalar
ayrilmistir. Dollenmis yumurtalar kulugka dolaplarindaki
hacmi 5 litre olan tavalarin her birine 200 adet olacak
seklinde rastgele yerlestirilmistir. Denemeler t¢ tekerriirlii
calisildigindan toplam ellidort tava kullanilmigstir. Kontrol
ve deneme gruplarindaki yumurtalarin dezenfeksiyon islemi
esnasinda kulugka dolaplarmin suyu akist durdurulmustur.
Her bir kimyasalin {i¢ farkli konsantrasyonu on bes dakika
tutularak yumurtalarin dezenfeksiyonu gerceklestirilmistir.
Deneme siiresinin bitiminde tavalarin suyu akisi tekrar
acilmigtir. Yumurtalarin  dezenfeksiyonunda kullanilan
kimyasallarin ii¢ farkli konsantrasyonu kulucka dolaplarinin
hacimlerine gore hesaplanarak deneme gruplarina
uygulanmistir. Kimyasallarin tartiminda 0,00 g hassasiyete
sahip terazi kullanilmustir.

Istatistiksel ~ Analizler: Calismada  kullanilan
dezenfektan gruplarinin normal dagilimmi izlemek igin
Kolmogrov-Smirnov testi uygulanmugtir. Gruplar arasi
farkliliklarin anlamli bir sekilde belirlenebilmesi igin One-
way ANOVA ve Kruskal Wallis-H testleri sirasiyla
kullanilmistir.  Kontrol ve deneme gruplari arasindaki
benzerlik farkliliklarmin hangi gruplar arasinda mevcut

oldugunu belirlemek icin Tukey testi uygulanmistir.
Istatistiksel sonuglarin anlamli olmasi i¢in maksimum p
degeri 0,05 olarak kullanilmasi tercih edilmistir.

BULGULAR

Calismada saglikli gokkusagi alabaligi anaglarina
ait dollenlenmis yumurtalar kullanilmigtir. Doéllenmemis
balik yumurtalarindaki mantar enfeksiyonlari, zoosporlarin
6li yumurtalar1 kolonize etmesiyle bagladig1, miselyumlarin
genisledikce dollenmis canli yumurtalari istila ettigi ve canli
yumurtalarin =~ bogularak  o6ldligii  tespit  edilmistir.
Doéllenmemis, birbirine yapismis 6lii yumurtalarda olusan

mantarlagsma Sekil 1’de verilmistir. Deneme uygulamalari
esnasinda yumurtalardan yeni ¢ikmis ve heniiz yem kesesini
tiiketmemis olan alevinlerinde meydana gelen mantarlagma
ise Sekil 2’de gosterilmistir.

Sekil 1. Dollenmemis ve mantarla enfekte yumurtalar
Figure 1. Unfertilized and fungus-infected eggs

-

Sekil 2. Mantarla enfekte keseli gdkkugag: alabaliklart
Figure 2. Fungus-infected rainbow trout alevin

Deneme gruplarina kimyasal madde uygulanmasi

gozlenmis yumurtalardan yavrularin  ¢ikisina  kadar
stirdiiriilmistiir. Dollenmis yumurtadan gozlenene kadarki
sirede deneme gruplarinda ortalama O6lim orani

formaldehitin 100 mg/L grubunda (F1) %10,2, formaldehitin
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150 mg/L grubunda (F2) %8,8 ve formaldehitin 200 mg/L
grubunda (F3) ise %8 meydana gelmistir. Potasyum
permanganatin 2 mg/L grubunda (P1) %14.,8, 4 mg/L
grubunda (P2) %16 ve 6 mg/L grubunda (P3) ise %12,7
olarak hesaplanmistir. Hidrojen peroksitin 50 mg/L
grubunda (H1) %14,2, 100 mg/L grubunda (H2) %13,2 ve
150 mg/L grubunda (H3) %11,8 ortalama 6liim oran1 tespit
edilmigtir. Kloramin-T’nin 2 mg/L grubunda (K1) %11,5,
kloramin-T’nin 4 mg/L grubunda (K2) %11,7 ve kloramin-
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T’nin 6 mg/L grubunda (K1) %11,3 ortalama 6liim orani
belirlenmistir. Sodyum kloriiriin 15 mg/L grubunda (T1)
%27,2, sodyum kloriiriin 30 mg/L grubunda (T2) %27,27 ve
sodyum kloriiriin 45 mg/L dozunda (T3) %19 ortalama 6liim
orant meydana gelmistir. Calismanin kontrol grubunda
ortalama Sliim orani %56,5 olarak tespit edilmistir. Deneme
stiresince farkli gruplardaki gozlenmis yumurtalarin 6liim
oranlar1 Tablo 2°de verilmistir.

Tablo 2. Farkli konsanrasyonlarda kimyasal uygulanan deneme gruplarinda 6len yumurta miktarlart
Table 2. Amount of eggs that died in the trial groups where different concentrations of chemicals were applied

Dezenfektanlar Gruplar SS (°C) Konsantrasyonu (mg/L) YS GKOYS YAKOYS
F1 10 100 200 20 3
F1 10 100 200 22 5
F1 10 100 200 19 2
. F2 10 150 200 18 2
(FSLTS')MK F2 10 150 200 19 4
F2 10 150 200 16 2
F3 10 200 200 17 3
F3 10 200 200 16 3
F3 10 200 200 15 0
P1 10 2 200 37 7
P1 10 2 200 23 4
P1 10 2 200 29 5
P2 10 4 200 35 6
Potasyum permanganat P2 10 4 200 33 6
(KMnO4) P2 10 4 200 28 3
P3 10 6 200 29 5
P3 10 6 200 25 7
P3 10 6 200 22 6
H1 10 50 200 30 7
H1 10 50 200 28 5
H1 10 50 200 27 6
. . H2 10 100 200 26 4
Hidrojen peroksit H2 10 100 200 30 9
(H202) H2 10 100 200 23 2
H3 10 150 200 24 3
H3 10 150 200 25 0
H3 10 150 200 22 2
K1 10 2 200 28 7
K1 10 2 200 22 3
K1 10 2 200 19 1
Kloramin-T K2 10 . s o :
(C7H7CINO2SNa) ﬁg 18 j ggg ig 2
K3 10 6 200 25 4
K3 10 6 200 24 2
K3 10 6 200 19 0
T1 10 15 200 65 10
T1 10 15 200 50 5
T1 10 15 200 48 9
Sodyum kloriir (Tuz) -I-I-—g 18 gg ggg gg ‘71
(NaCl) T2 10 30 200 52 6
T3 10 45 200 45 4
T3 10 45 200 39 7
T3 10 45 200 30 2
K1 10 0 200 119 40
Kontrol grubu K2 10 0 200 113 25
K3 10 0 200 107 11

SS: Su sicakligi, YS: Yumurta sayisi, GKOYS: Gozlenene kadar dlen yumurta sayis;; YAKOYS: Yumurta agilana kadar len yumurta sayisi, F: Formaldehit, P: Potasyum permanganat, H: Hidrojen peroksit,

K: Kloramin-T, T: Sodyum kloriir.

SS: Water temperature, YS: Number of eggs, HSMS: Number of eggs dying until the eyed stage; YAKOYS: The number of eggs that die before the egg hatches, F: Formaldehyde, P: Potassium permanganate,

H: Hydrogen peroxide, K: Chloramine-T, T: Sodium chloride.

Gozlenmis yumurtalardan larvalarin  ¢ikisina
kadarki siirecte ortalama O6liim oranlar1 formaldehitin F1
grubunda %11,8, F2 grubunda %10,2 ve F3 grubunda %9
olarak belirlenmistir. Potasyum permanganatin Pl
grubunda %17,5, P2 grubunda %18,5 ve P3 grubunda
%15,7 olarak tespit edilmistir. Hidrojen peroksitin H1
grubunda %17,2, H2 grubunda %15,7 ve H3 grubunda
%12,7 ortalama o6lim oranlart meydan geldigi
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hesaplanmistir. Kloramin-T’nin ¢alisma gruplarinda
sirastyla K1 grubunda %13,3, K2 grubunda %13,8 ve K3
grubunda %12,3 ortalama oliim oranlart meydana geldigi
belirlenmistir. Calismanin  sodyum kloriir deneme
grubunda ise ortalama 6liim oranlar1 T1 grubunda %27,8,
T2 grubunda %30,5 ve T3 grubunda %21,2 olarak
hesaplanmustir.
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Gozlenmis  yumurtalarin  dezenfeksiyonunda
kullanilan ~ farkli  konsantrasyondaki  kimyasallarin
etkinlikleri kontrol gruplarma gore degerlendirildiginde
onemli farkliliklarin  ortaya ¢iktigi  belirlenmistir.
Yumurtanin dezenfeksiyonunda formaldehitin 200 mg/L
uygulandigr gruplarda en yiiksek yasama orani elde
edilmistir. Formaldehitin kullanimina ait ortalama hayatta
kalma oranlart Sekil 3’de verilmistir. Calismada potasyum
permanganatin 6 mg/L uygulamasinda kontrol grubuna
gore ortalama hayatta kalma oranlar1 en yiiksek oldugu
tespit edilmistir. Potasyum permanganatin deneme
gruplarina ait ortalama yasama oranlart Sekil 4’de
gosterilmigtir.

Formaldehit
100
90
80
< 70
)
g 60
I
S 50
g 40
S Konrtol For 100
< 30
>~ For 150 For 200
20 Std Konrtol Std For 100
10 Std For 150 Std For 200
0
Baslangig Ort Gozleneme Ort Agilma
Gelism Evresi

Sekil 3. Formaldehit uygulanmis yumurtalarin yasama orani (%)
Figure 3. Survival rate (%) of formaldehyde-treated eggs

Potasyum Permanganat

100
90
80
:\c\ 70
g 60
s
O 50
<
£ 10
5 Konrtol PPM 2
30 PPM 4 PPM 6
20 Std Konrtol PPM 2 Std
10 PPM 4 Std PPM 6 Std
0
Baslangig Ort Gozleneme Ort Agilma

Gelisim Evresi

Sekil 4. Potasyum permanganat uygulanmis yumurtalarin yasama orani (%)
Figure 4. Survival rate (%) of eggs treated with potassium permanganate

Gozlenmis  yumurtalarin  dezenfeksiyonunda
hidrojen peroksitin 150 mg/L uygulamasinda en yiiksek
yasama orani elde edilmistir. Yumurtalarin

dezenfeksiyonunda hidrojen peroksitin deneme gruplarina
ait yumurtalarin ortalama hayatta kalma oranlan Sekil 5’°te
sunulmustur.

695

J. Anatolian Env. and Anim. Sciences, Year:8, No:4, (691-699), 2023

Hidrojen Peroksit
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Sekil 5. Hidrojen peroksit uygulanmis yumurtalarin yasama orani (%)
Figure 5. Survival rate (%) of eggs treated with hydrogen peroxide

Yumurtalarin ~ dezenfeksiyonunda  kullanilan
kloramin-T’nin 6 mg/L uygulamasinda en yiiksek ortalama
yasama orant elde edilmistir. Kloramin-T’in deneme
gruplarina ait yumurtalarin ortalama yagama oranlari Sekil
6’da verilmisgtir. Sodium kloriir grubunda 45 mg/L
uygulamasinda en yiiksek yagama orani elde edilmistir.
Sodium kloriiriin deneme gruplarina ait yumurtalarin

ortalama yasam orani Sekil 7°te gosterilmistir.

Kloramin-T
100
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g
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Sekil 6. Kloramin-T uygulanmis yumurtalarin yasama orani (%)
Figure 6. Survival rate (%) of chloramine-T treated eggs

Anag disi baliklarin sagimi ve dolleme islemi ile
elde edilen yumurtalarin gézlenme agsamasina kadar gegen
sire i¢inde mantarlasmayr Onlemek i¢in kullanilan
kimyasal madde konsantrasyonlari ve kontrol gruplarinda
goriilen hayatta kalma oranlar1 hesaplanmistir. Deneme ve
kontrol gruplarinda ortalama hayatta kalma oranlar1 Tablo
3’de  gosterilmistir.  Aym1  zamanda  gdzlenmis
yumurtalardan larvalarin ¢ikis asamasina kadar gecen
siirede ortalama hayatta kalma oranlar1 Tablo 3’de

verilmistir.
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100
90
80
L7
£ 60
g
O 50
<
E 40
P Konrtol TZ15
S 30
> TZ 30 TZ 45
20 Std Konrtol Std TZ 15
10 Std TZ 30 Std TZ 45
0
Baslangig Ort Goézleneme Ort Agilma
Gelisim Evresi

Sekil 7. Sodyum kloriir uygulanmis yumurtalarin yasama orani (%)
Figure 7. Survival rate of salt-treated eggs (%)

Tablo 3. Yumurtalarin gozlenme ve agilmasina kadarki siiregte ortalama

yasama oranlari

Table 3. Average survival rates until the eggs are eyed stage and hatched

Dezenfektan Gozlenme Asamasi Larva Cikist

Gruplar Konsantrasyon  Yasama Oram (%) Yasama Orani (%)
(mg/L) (Ort£Std)* (Ort£Std)*

Kontrol 0 43,545,077 30,8+10,52
Formaldehit 100 89,8+0,76 % 88,2+1,53 &
Formaldehit 150 91,240,762 89,8+1,26 2
Formaldehit 200 92,0+0,50% 91,0+1,322
Potasyum permanganat 2 85,2+3,51 bed 82,5,0+4,27 bed
Potasyum permanganat 4 84,0+1,804 81,542,659
Potasyum permanganat 6 87,3+1,76% 84,3+1,53 «d
Hidrojen peroksit 50 85,840,769 82,8+1,159
Hidrojen peroksit 100 86,8+1,765d 84,3+3,55 «d
Hidrojen peroksit 150 88,2+0,76° 87,30,76 °
Cloramin-T 2 88,5+2,29 abed 86,7+3,82 2bcd
Cloramin-T 4 88,342,36 abcd 86,2+3,33 abed
Cloramin-T 6 88,7+1,61 3¢ 87,7+2,57 ¢
Sodyum kloriir 15 75,3+0,58°¢ 72,2+0,58°¢
Sodyum kloriir 30 72,3£1,76°¢ 69,5+2,18 ¢
Sodyum kloriir 45 81,0+3,77¢ 78,8+4,54 d

* Ussel harflendirme kolondaki farkli konsantrasyon ve farkli gruplarin benzerliklerinin karsilastirilmasini gosterir.
* Exponential lettering indicates comparison of similarities of different groups and different concentrations in the
column.

Deneme ve kontrol gruplari arasindaki
istatistiksel iliskiler: Dollenmis yumurtadan yumurtanin
gozlenmesine kadarki siiregte formaldehitin deneme
gruplart arasinda ortalama yasama oranlari bakimindan
istatistiksel olarak Onemli bir fark gdézlenmemistir
(P>0,05). Formaldehitin farkli konsantrasyonlarina ait
deneme gruplari, kontrol grubu ve diger deneme gruplari
ile karsilastirildiginda (kloramin-T grubu harig¢) ortalama
yasama oranlarinda Oonemli bir fark tespit edilmistir
(P<0,05). Denemenin potasyum permanganat, hidrojen
peroksit ve kloramin-T gruplari kendi konsantrasyonlari
arasinda ortalama yasam oranlari bakimindan 6nemli bir
fark tespit edilmemistir (P>0,05). Calismadaki sodyum
kloriir gruplarindan T1 ve T2 gruplar1 arasinda énemli bir
fark tespit edilmemistir (P>0,05). Fakat, sodyum kloriiriin
T1 ve T2 grubu ile T3 grubu, diger gruplar ve kontrol
gruplar1 arasinda ortalama yasama oranlart bakimindan
onemli bir fark ortaya ¢iktigi tespit edilmistir (P<0,05).
Ham yumurtadan gézlenme asamasina kadar olan siiregte
yumurtalarin hayatta kalma oranlarina ait ortalamalarin
ylizdesi ve ortalama standart sapmaya ait grafik Sekil 8’de
gosterilmistir.
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Sekil 8. Gruplarin ortalama yasama oranlari (%) ve standart sapmalari
Figure 8. Average survival rates (%) and standard deviations of the
groups

1: Kontrol, 2: Formaldehit 100 mg/L, 3: Formaldehit 150 mg/L, 4: Formaldehit 200 mg/L, 5: Potasyum
permanganat 2 mg/L, 6: Potasyum permanganat 4 mg/L, 7: Potasyum permanganat 6 mg/L, 8: Hidrojen
peroksit 50 mg/L, 9: Hidrojen peroksit 100 mg/L, 10. Hidrojen peroksit 150 mg/L, 11: Kloramin-T 5 mg/L,
12: Kloramin-T 10 mg/L, 13: Kloramin-T 15 mg/L, 14: Sodyum kloriir 15 mg/L, 15: Sodyum kloriir 30
mg/L, 16: Sodyum kloriir 45 mg/L gruplar arasindaki benzerlikler kiiiik harflerle gosterilmistir.

1: Control, 2: Formaldehyde 100 mg/L, 3: Formaldehyde 150 mg/L, 4: Formaldehyde 200 mg/L, 5:
Potassium permanganate 2 mg/L, 6: Potassium permanganate 4 mg/L, 7: Potassium permanganate 6 mg/L,
8: Hydrogen peroxide 50 mg/L, 9: Hydrogen peroxide 100 mg/L, 10. Hydrogen peroxide 150 mg/L, 11:
Chloramine-T 5 mg/L, 12: Chloramine-T 10 mg/ Similarities between groups L, 13: Chloramine-T 15
mg/L, 14: Sodium chloride 15 mg/L, 15: Sodium chloride 30 mg/L, 16: Sodium chloride 45 mg/L are shown
in lowercase letters.

Gozlenmis yumurtalardan larva ¢ikislarina
kadarki zaman zarfinda ortalama yasam oranlar1 deneme
gruplarindan formaldehitin F3 grubu, sodyum kloriir
gruplarindan  T1 ve T2 gruplart hari¢ farkli
konsantrasyonlar arasinda istatistiksel olarak 6nemli bir
fark tespit edilmemistir (P>0,05), fakat biitiin gruplar
kontrol grubu ile karsilagtirildiginda ortalama yasama
oranlar1 bakimindan aralarinda 6nemli bir farkin varligt
tespit edilmistir (P<0,05). Gozlenmis yumurtalardan
larvalarin ¢ikigina kadar elde edilen veriler dogrultusunda
hesaplanan larvalarin ortalama yasama oranlart Sekil 9°da
sunulmustur.

100

w0

Qo
o »H
o =H

sH

o ook

a —

®H

e o ob—
ek
oo
aH
o ob—

o H
ae oopb—

oo o s

°

Agil. Ortalama Yasama Orani (%)

15 T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 186
Calisma Gruplari

Sekil 9. Gozlenmis yumurtalardan ¢ikan larvalarin hayatta kalma oranlart
ve standart sapmalari

Figure 9. Means and standard deviations of larval hatching survival from
eyed eggs

1: Kontrol, 2: Formaldehit 100 mg/L, 3: Formaldehit 150 mg/L, 4: Formaldehit 200 mg/L, 5: Potasyum
permanganat 2 mg/L, 6: Potasyum permanganat 4 mg/L, 7: Potasyum permanganat 6 mg/L,8: Hidrojen
peroksit 50 mg/L, 9: Hidrojen peroksit 100 mg/L, 10. Hidrojen peroksit 150 mg/L, 11: Kloramin-T 5 mg/L,
12: Kloramin-T 10 mg/L 13: Kloramin-T 15 mg/L, 14: Sodyum kloriir 15 mg/L, 15: Sodyum kloriir 30
mg/L, 16: Sodyum kloriir 45 mg gruplar arasindaki benzerlikler kiigiik harflerle gdsterilmistir.

1: Control, 2: Formaldehyde 100 mg/L, 3: Formaldehyde 150 mg/L, 4: Formaldehyde 200 mg/L, 5:
Potassium permanganate 2 mg/L,6: Potassium permanganate 4 mg/L, 7: Potassium permanganate 6 mg/L,
8: Hydrogen peroxide 50 mg/L, 9: Hydrogen peroxide 100 mg/L, 10. Hydrogen peroxide 150 mg/L, 11:
Chloramine-T 5 mg/L, 12: Chloramine-T 10 mg/L 13: Chloramine-T 15 mg/L, 14: Sodium chloride 15
mg/L, 15: Sodium chloride 30 mg/L, 16: Sodium chloride 45 mg similarities between groups are shown in
lowercase letters.
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SONUC VE TARTISMA

Yetistiricilik  sistemlerinde  birim  hacimden
maksimum yararlanmak ve siirdiiriilebilir bir {iretim i¢in
dogal ortamdaki yasam kosullarina goére olduk¢a yogun
balik ve yumurta stoklanmaktadir. Yetistiricilik
sistemlerindeki su parametrelerinin kalitesindeki degisim,
baliklar iizerindeki islemlere bagl stres ile birlikte patojen
ve firsatgr mikroorganizmalar tarafindan hastaliklarin
meydana geldigi ve bu hastaliklara bagli 6liimler nedeni ile
onemli ekonomik kayiplarin vuku buldugu bildirilmistir
(Balta & Tagki, 2022). Yetistiriciligi yapilan alabalik
giftliklerinin kulugkahane performansini o6zellikle su
sicakligl, pH degerleri ve suyun sertligi, suyun bagladig
serbest oksijen miktarina ve debisine bagli oldugu
bildirilmistir (Post, 1987). Ayni1 ¢alismada kulugka
sistemindeki su kaynaginda bulunan mantar hifalarinin
varligina bagli oldugu belirtilmistir. Sagim sonrasi
dollenmemis yumurtalarda meydana gelen Olim su
ortamina kolonize olmus Saprolegnia parasitica
zoosporlarin  6lii  yumurtalara tutunarak yumurtalart
kolonize etmesiyle mantar enfeksiyonlarinin basladigi, su
stitunundaki enfektif zoosporlarin sayisini giderek dnemli
Olciide arttigi, hasar gormemis saglam yumurtalarda
mantar  zoosporlarinin  yayilmasin1  hizlandirdig,
miselyumlarin genisledik¢e dollenmis canli yumurtalar: da
istila ettigi ve boOylece canli yumurtalarinda bogularak
6ldiigi bildirilmistir (Post, 1987). Bu ¢aligmanin 6zellikle
kontrol grubundaki doéllenmemis yumurtalarda meydana
gelen mantarlasma, gozlenmis saglam yumurtalar1 da
enfekte ederek yayilmasi ve yumurtalarin Sliimiine yol
acmasi nedeniyle Post’un (1987) bildirdigi semptomlar ile
benzerlik gostermistir.

Deneme sonuglarina dollenmis yumurtadan
gozlenme asamasina kadar gruplar arasinda Onemli
farkliliklar tespit edilmese de kontrol grubu ile
kiyaslandiginda olduk¢a 6nemli bir farkin oldugu tespit
edilmistir (P<0,05). Calisma sonuglarina gére formaldehit
konsantrasyonlari arasinda istatiksel olarak 6nemli bir fark
olmasa da (P>0,05) en iyi ortalama yasama oran1 F3 (200
mg/L) grubunda tespit edilmistir. Formaldehitin maliyeti
g0z Oniinde tutuldugunda F3 (200 mg/L) yerine F2 (150
mg/L)  grubu  ireticiye  tavsiye  edilebilecegi
disinilmistir. Sodyum  kloriir  grubunun  farkh
konsantrasyonlarmin her biri kontrol grubuna gore
aralarinda istatiksel olarak onemli bir fark (P<0,05) olsa da
deneme gruplar1 kendi iginde en diisiik ortalama yasama
orant T1 (15m/L) ve T2 (30 mg/L)’de elde edilmistir
(P>0,05). Fakat, sodyum kloriir T3 (45 mg/L) grubu
yumurtanin gozlenmesine kadarki siiregte ortalama yasama
oranlar1 arasinda dnemli bir farkin varlig1 tespit edilmistir
(P<0,05). Bu calismanin sonuglarina gore formaldehit
gruplar1 istatistiksel olarak kloramin-T  gruplarina
benzerlik gosterdigi tespit edilmistir. Formaldehitin F1
(100 mg/L) grubu potasyum permanganatin P1 (2 mg/L)
grubuna, hidrojen peroksittin H2 (100 mg/L) ve H3
(150mg/L) grubuna istatistiksel olarak benzerlik gosterdigi
belirlenmistir.

Gozlenmis yumurtalardan larvalarin ¢ikiginin
tamamlanmasina kadar deneme gruplarmin farkl
konsantrasyonlar1 arasinda Onemli bir fark olmasa da
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kontrol grubuna oranla istatistiksel olarak dnemli bir farkin
oldugu belirlenmistir (P<0,05). Deneme gruplar1 arasinda
en iyl yumurtanin agilma yasama oranlar1 formaldehitin F3
grubunda (200 mg/L) olsa da formaldehit diger gruplari ile
istatistiksel olarak 6nemli bir fark tespit edilmemistir
(P>0,05). Formaldehit grubuna potasyum permanganatin
P1 (2 mg/) grubu, hidrojen peroksitin H3 (150 mg/L) grubu
ve kloramin-T’nin {i¢ grubu ile istatistiksel olarak
g6zlenmis yumurtanin agilma yasama oranlari benzerlik
gosterdigi tespit edilmistir. Bu ¢alismada, potasyum
permanganatin P2 (4 mg/L), hidrojen peroksitin HI (50
mg/L) ve sodyum kloriiriin T3 (45 mg/L) gruplar1 arasinda
istatistiksel olarak gdzlenmis yumurtanin agilma yasama
oranlar1 arasinda oldukg¢a benzerlik oldugu belirlenmistir.

Herhangi bir kimyasal kullanmadan gokkusagi
alabaliklarinin 42451 adet yumurtada gozlenme evresine
kadar %84,6 yasama orani tespit etmistir. Toplam 42451
adet yumurtada goézlenme evresinden acilma evresine
kadar %96,0+%3,00 (%89,87-99,99) yasama orani tespit
etmislerdir. Bu hesapta dollenme evresinden agilma
evresine kadarki yasama orani olarak %81,22 oldugu
hesaplanmistir  (Kurtoglu  vd., 1998). Calismanin
verilerinden elde edilen kontrol ve tuz grubu agilma
oranlar;, Kurtoglu vd. (1999)’nin bildirdikleri agilma
oranlarindan diisik olsa da, Formalin, Potasyum
permanganat, Hidrojen Peroksit, Kloramin-T gruplarinin
tamaminda Kurtoglu vd. (1999)’nin bildirdikleri yasama
oranlarindan daha yiiksek oldugu belirlenmistir.

Bugiine kadar balik ciftliklerinde yetistiriciligi
yapilan baliklarda yumurta sagligini patojen ve firsatgi
patojenlere bagli olarak meydana gelen hastalik
etkenlerinden korumak i¢in degisik kimyasal maddelerin
farkli konsantrasyonlarinin koruyucu ve tedavi edici
amagla kullanildigr birgok arastirmaci tarafindan rapor
edilmistir (Lasee, 1995; Balta & Dengiz Balta, 2018; Balta
& Taskin, 2022). Onemli bir mantar hastalig1 etkeni olan
saprolegniasis (S. parasitica) genellikle kulugkahanede
yetigtirilen baliklar ve yumurtalarin tretiminde 6nemli
kayiplara neden oldugu bildirilmistir. Ureticilerin kayplart
en aza indirmek, siirdiiriilebilir bir iiretim taleplerini
kargilamak icin gilivenli ve etkili fungisitlere ihtiyac
duydugu rapor edilmistir (Howe vd., 1999).

Gokkusagi alabaligr isletmelerinde dollenmis
yumurtalarda yiiksek miktarda yumurta kayiplarina sebep
olan S. parasitica tiirli mantar etkenine kars1 formaldehitin
100-150 mg/L ve hidrojen peroksit 50-100 mg/L
konsantrasyonlarinda 15 dakika banyo uygulamasina
maruz birakildiginda en iyi sonuglarin elde edildigi
bildirilmistir (Schreier vd., 1996). Bu ¢alismada kullanilan
formaldehit ve hidrojen peroksit deneme gruplarindaki
sonuglar ile benzer sonuglar elde edilmistir. Dollenmis
gokkugagi alabaligi yumurtasi sirke, sodyum hidroksit
(NaOH), formaldehit ve Phytolacca americana bitkisinin
meyvesinden elde edilen toz ekstrakt gibi degisik
kimyasallarin  farklt konsantrasyonlarinin kullanildigi
bagka bir calismada elde edilen sonuglara gére NaOH
grubunda mortaliteyi azaltici etkisi olmasina karsin diger
gruplarin  hi¢ birinin formaldehit grubuna alternatif
olabilecek diizeyde olmadigi ve yumurtalarin hayatta
kalma oranlarina etkisi olmadig1 beyan edilmistir (Kay1s
vd., 2019).
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Kanal yayin baligi (Ictalurus punctatus)
yumurtalarinda saprolegnazis’e karsi mortaliteyi kontrol
etme etkinliginin arastirildig1 bir arastirmada deneme 1°de
jelatinle kaplanmis yumurtalarin kontrol, 500 mg/1t ve 750
mg/It konsantrasyonlarda hidrojen peroksid 15 dakika ile
muamele edilmis ve yumurtalarin a¢ilma oranini sirastyla
%44 (kontrol), %54 (500 mg/It) ve %69 (750 mg/It) tespit
edilmistir. Ayni aragtirmada deneme 2’de jelatinle
kaplanmamis yumurtalara 500 mg/lt konsantrasyon
hidrojen peroksit 15 dakika uygulandiginda %57 (kontrol)
ve %67 (500 mg/It) yumurtadan agilma oranininmi 6nemli
Olgiide artirdigi rapor edilmistir (Rach vd., 2004). Bu
arastirmada farkli konsantrasyonlarda uygulanan hidrojen
peroksitin 15 dakikalik uygulamasi kontrol grubuna
(%30,8) gore yumurta agilma oranin Snemli Olgiide
artirmis oldugu (%82,8-%87,3) ve Rach vd., (2004)
caligmast ile paralellik gosterdigi belirlenmistir. Baska bir
calismada, Rasowo vd., (2007) tarafindan Afrika yayin
baligi (Clarias gariepinus)’nin déllenmis yumurtalar
tizerine 15, 30 ve 60 dakikalik siire ile uygulanan
formaldehit, sodyum kloriir, potasyum permanganat ve
hidrojen peroksit farkli konsantrasyonunun etkinliginin
arastirildigi bir ¢alismada deneme grubu sonuglari kontrol
grubu ile kiyaslandiginda onemli miktarda yumurtadan
¢ikig oranimi artirdigi rapor edilmistir. Formaldehit ve
sodyum kloriir 250, 500 ve 1000 ppm’lik muamele edilen
deneme gruplarin, muamele edilmemis kontrol grubu ile
kiyaslandiginda yiizde olarak yumurtadan ¢ikis oraninin
daha biiylik oldugu bildirilmistir. Ayni aragtirmada, 100-
1000 ppm’lik hidrojen peroksit ve 0,5-4,0 ppm’lik
potasyum permanganat ile muamele edilen yumurtalarin,
muamele edilmemis kontrol grubu ile kiyaslandiginda
yumurtadan ¢ikma oranmin daha yiiksek oldugu rapor
edilmistir. Calismada kaydedilen en yiiksek ortalama
yiizde yumurtadan g¢ikis yasama orani, 2 ppm’lik
konsantrasyondaki potasyum permanganat 30 dakika
grubunda (% 96,7) ile muamele edilen yumurtalarda
oldugu belirtilmistir. Bu bulgular bu tez ¢aligmasindaki 2
mg’lik potasyum permanganat deneme grubundaki
gozlenme asamasina (%92,0) ve larvalarin ¢ikisina kadarki
stirecte yasama oranlart (%91,0) ile paralellik gostermistir.
Ayrica, ayni c¢alismada formaldehit ve potasyum
permanganat en 1iyi performansi vermesine ragmen,
giivenlik  endiseleri, bulma kolayligt ve maliyet
uygunluguna gore yaymn baligt  yumurtalarinin
kuluckalamasinda 1000 ppm’lik tuz (NaCl) banyosu
onerdiklerini bildirmislerdir (Rasowo vd., 2007).

Bagka bir c¢alismada, gokkusagi alabalig
(Oncorhynchus mykiss) nin yumurtalari
dezenfeksiyonunda  alternatif  dezenfektan  olarak

kullanilan asetik asit, sodyum hidroksit, formalin ve
Phytolacca americana bitkisinin olgun meyvesinin
tozundan  hazirlanan  farkli  iki  konsantrasyonunu
denedikleri ¢alismada, yumurta inkiibasyonunda NaOH
uygulamasinin Sliimleri azalttigi, fakat kullanilan diger
kimyasallarin formalin banyosuna alternatif olabilecek
etkinlikte olmadig bildirmiglerdir (Kay1s vd., 219).
Gokkusagr alabaligimin  gozIli  yumurtalarinin
dikey akiglh inkiibatorlerde inkiibasyonu sirasinda giinliik
formalin uygulamasinin gozli yumurta ve yavru 6liimleri
tizerindeki etkisi calisilmistir. Calismanin  sonuglari
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degerlendirildiginde Saprolegnia sp.’nin kontroli i¢in
yumurtalarin gézlenmesinden kulugkadan ¢ikigin hemen
oncesine kadar giinde 1,667 mg/L konsantrasyonda 15
dakika siireyle formaldehit uygulanan yumurta tepsileri,
kontrol grubundaki 6lii yumurtalar ile karsilastirildiginda
hayatta kalma oraninda Onemli (P<0.05) bir artisin
gozlendigi rapor edilmistir (Barnes vd., 2000). Formalin
uygulamasinda ortalama hayatta kalma oranindaki 6nemli
artis bu calisma ile benzerlik gostermistir. Barnes vd.,
(2000) yaptiklar: ¢caligmada herhangi bir yasam evresinde
hayatta kalma konusunda anlaml bir farklilik meydana
gelmedigini bildirilmislerdir. Formaldehitin etkilerindeki
yillik farkliliklarin, anag¢ baliklarinin yasi, yumurtlama
sikligt ~ ve  yumurta numunesinin  boyutlarindaki
degisikliklere baglandigi ileri  siirlilmistir. Hem
formaldehit uygulamalar1 hem de 6li yumurtalarin elle
toplanmast gozle goriiliir mantar gelisimini yeterince
kontrol ettigi de bildirilmistir. Giivenlik veya c¢evresel
kaygilar  agir  basmadigi slirece,  yumurtanin
gozlenmesinden kulugkaya kadar giinliik formaldehit
tedavilerinin 6nerilmesi uygun goriilmiistiir. Gokkusagi
alabalig1 (Oncorhynchus mykiss), sazan (Cyprinus carpio)
ve yaym baligi (Ictalurus punctatus) gibi tath su
baliklarinin  déllenmis  yumurtalar iizerine kulugka
ortamindaki  mikrobiyal kontaminasyonu Onlemek,
anaglardan ve c¢evresel ortamdaki hastalik etkenlerinin
yumurta yoluyla larvalara bulagmasimi engellemek igin
yumurta dezenfeksiyonunda genellikle iyot bilesiklerinin
kullanildig1 bildirilmistir (Brown vd., 1997; Rach vd.,
2004). Balik yumurtalarinin mantar enfeksiyonlarina karst
formaldehit, iyot, sodyum kloriir, hidrojen peroksit ve
sirkenin dezenfektan amagla kullanildigt arastirma
sonuglarina gore 2 ml/L iyot uygulamasinin oldugu grupta
en yiiksek hayatta kalma oranlari elde edildigi rapor
edilmistir (Balta & Taskin, 2022).

Calismanin  sonuglarina  gére  yumurtalarin
kontamine sularda kontrol gruplarin yasama oraninin
oldukea diisiik yagama oranina sahip oldugu gorilmiistiir.
Kontamine anaglarin déllenmis yumurtalari ¢esitli hastalik
etkenleri tarafindan yumurta yasama orani iizerine etkili
oldugu, fakat caligmada kullanilan farkli kimyasallarin
farkli konsantrasyonlarinin 15 dk’lik deneme gruplarinda
ise kontrol grubuna oranla yiiksek yasama oram
gostermesine karsin kendi aralarinda 6nemli istatistik fark
bulunmamakla birlikte formaldehit (100, 150 ve 150
mg/L)’lik konsantrasyonlari, kloramin-T (2, 4 ve 6 mg/L)
konsantrasyonlart ve hidrojen peroksitin (150 mg/L)
konsantrasyonundaki deneme gruplarinin etkili oldugu bu
caligma ile ortaya konulmustur. Bu ¢alismanin sonuglarina
gore, alabalik {reticilerine  gdokkusagi  alabaligi
ciftliklerinde yumurta dezenfeksiyonunda formalin (200
mg/L), kloramin-T (6 mg/L) ve hidrojen peroksitin (150
mg/L) konsantrasyonlari ile banyolarinin 15 dakika siireyle
uygulanmasinin dnerilebilecegi kanisina varilmistir.
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Abstract: The purpose of this study is to investigate the chemical composition and potentiality of Nicotiana

*UE https://orcid.org/0000-0003-0804-9557 glauca G. leaf extract taken from the Turkish Republic of Northern Cyprus (TRNC), such as antibacterial,
: https://orcid.org/0000-0002-3388-1153 antioxidant, and antidiabetic compounds. In February 2020, a leaf of N. glauca was gathered in the Kyrenia
: https://orcid.org/0000-0002-3890-1635 district of Northern Cyprus. Methanol was used to extract the leaf sample. The content of essential oils in the

extract was determined using gas chromatography and a headspace system test. Several methods were used
to investigate the extract's antibacterial, antioxidant activities, and antidiabetic potential. On all
microorganisms examined, the leaf methanol extract of N. glauca had no antibacterial activity. Total phenolic

*Corresponding author’s: and flavonoid content, 1,1-diphenyl-2-picrylhydrazyl radical scavenging activity, ferric reducing antioxidant
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Department of Biomedical Engineering, extract showed no antidiabetic efficacy. Furthermore, the essential oil was not found in the extract's chemical
Nicosia, North Cyprus via Mersin 10 Tiirkiye composition. According to the findings, the presence of antioxidant components in N. glauca leaf extract can
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melissumengenozdenefe@gmail.com protect against the detrimental effects of free radicals. Its application in Northern Cyprus becomes even more

crucial as a result of this potential feature.

Keywords: Bioactive compounds, methanol extract, Nicotiana glauca, Northern Cyprus.

Nicotiana glauca Graham Yaprak Ekstraktinin Antibakteriyel, Antioksidan,
Antidiyabetik Potansiyelleri ve Kimyasal Bilesimi

0Oz: Bu galigmanin amaci, Kuzey Kibris Tiirk Cumhuriyeti'nden (KKTC) alinan Nicotiana glauca G. yaprak
ekstraktmin kimyasal bilesimini ve antibakteriyel, antioksidan ve antidiyabetik bilesikler gibi potansiyelini
aragtirmaktir. Subat 2020'de Kuzey Kibris'in Girne ilgesinde N. glauca yaprag: toplandi. Yaprak 6rnegini
ekstrakte etmek igin metanol kullanildi. Ekstrakttaki ugucu yaglarin icerigi, gaz kromatografisi ve headspace

*Sorumlu yazar: sistem testi kullanilarak belirlendi. Ekstraktin antibakteriyel, antioksidan aktivitelerini ve antidiyabetik
Melis SUMENGEN OZDENEFE potansiyelini arastirmak igin ¢esitli yontemler kullanildi. Incelenen tiim mikroorganizmalar iizerinde, N.
Yakin Dogu Universitesi, Mithendislik glauca'nin yaprak metanol ekstraktinin antibakteriyel aktivitesi yoktu. Toplam fenolik ve flavonoid igerigi,
Fakiiltesi, Biyomedikal Mithendisligi 1,1-difenil-2-pikrilhidrazil radikal siipiirme aktivitesi, ferrik indirgeyici antioksidan giicii, metal selatlama ve

Boliimii, Lefkosa, Kuzey Kibris via Mersin
10 Tirkiye

X: melissumengen@gmail.com
melissumengenozdenefe@gmail.com

fosfomolibden deneylerinin tiimii metanol ekstrakt: ile aktifti. Ekstrakt antidiyabetik etkinlik gostermedi.
Ayrica, ekstraktin kimyasal bilesiminde ugucu yag bulunmadi. Elde edilen bulgulara gore, N. glauca yaprak
ekstraktinda antioksidan bilesenlerin bulunmasi, serbest radikallerin zararli etkilerine karsi koruma
saglayabiliyor. Bu potansiyel 6zelligi nedeniyle Kuzey Kibris'ta uygulanmasi daha da 6nem kazanmaktadir.

Anahtar Kelimeler: Biyoaktif bilesikler, Kuzey Kibris, metanol ekstrakti, Nicotiana glauca.

INTRODUCTION Southern, and Northern Europe, Western United States,
Australia, Southern, and Northern Africa, and Western
Asia are among the plant's habitats (Abdel Rahman et al.,
2011; Albharthi et al., 2021; Bogdanovic et al., 2006;
DiTomaso et al., 2013; Kasiotis et al., 2020; Ollerton et al.,

Nicotiana glauca is a species of Nicotiana. N.
glauca Graham, often known as tree tobacco, is a garden
ornamental and evergreen perennial plant in the
Solanaceae family. South and North America, Western,
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2012; Rinez et al., 2012; Saliha et al., 2018; Trifa et al.,
2020;). In Northern Cyprus, it is known as 'Doktor Agact'
and 'Ingiliz Yaprag1' among the locals. It's a 2-4 m tall
sparsely branched tree or forested shrub with vertical
growth. It has glabrous, oval-shaped leaves with a
cylindrical tip that is 8 cm long on the stem. Calyx has 5
teeth, is 1 cm in length, and is shaped like a tube. The
greenish-yellow corolla is 3-4 cm long and tubular. The
fruit is egg-shaped and 1 cm in length. Yellow flowers are
in bloom all year. This plant produces a great number of
tiny seeds, which are easily disseminated by the wind and
water. Wasteland, roadsides, stream beds, around ancient
homes, ditch banks, near farmed areas, and sandy or
gravelly soils along river banks are all common places to
find it (Alharthi et al., 2021; Bogdanovic et al., 2006;
DiTomaso et al., 2013; Rinez et al., 2012; Saliha et al.,
2018; Trifa et al., 2020;).

Antimicrobial, anti-inflammatory, cytotoxic, and
allelopathic activities have been observed in N. glauca
extracts. They are often utilized as medications by
traditional healers due to these qualities (Abdel Rahman et
al., 2011; Rinez et al., 2012; Trifa et al., 2020). This plant's
leaf is useful in the healing of abscesses and wounds in
humans. The leaf has a thin waxy layer on it. To cure skin
lesions in Northern Cyprus, this layer is removed from the
leaf and the remaining leaf is placed on the inflamed
wound. Furthermore, N. glauca extract containing the
insecticidal anabasine (nicotine-like alkaloid) is utilized to
reduce crop insect diseases (Saliha et al., 2018). However,
there are several drawbacks to this plant. This plant's toxin,
anabasine, is extremely dangerous to people and animals
(Alharthi et al., 2021; DiTomaso et al., 2013; Rinez et al.,
2012; Trifa et al., 2020;). Anabasine can induce fetal
abnormalities in animals even if the mother eats small
amounts of this plant during early pregnancy (DiTomaso et
al., 2013; Trifa et al., 2020). Furthermore, it is a reservoir
plant for Tobacco Mosaic Virus (TMV) and Tomato
Infectious Chlorosis Crinivrus (TICV), both of which
infect a wide range of plant species that have been studied
in this plant as a host from around the world (Alharthi et
al., 2021).

The study is unique and worthwhile because there
have been no investigations on the N. glauca in Northern
Cyprus or Turkey. The goal of the investigation is to
explore the antibacterial, antioxidant, and antidiabetic
effects of N. glauca methanolic leaf extract.

MATERIAL AND METHOD

Collection and preparation of plant material: In
February 2020, a leaf of N. glauca was gathered in the
Kyrenia district of Northern Cyprus. A paper towel was
used to clean the leaf that had been collected. The sample's
total weight of wet was 250 grams. Afterward, it was
divided into little pieces with a hand and dried for 6 hours
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in a 50°C oven. The sample weighed a total of 10 grams
dry. For subsequent investigation, the dried materials were
pulverized and stored in a +4°C refrigerator.

Extraction: Methanol (1:10 [w/v]) was used to
extract the leaf of N. glauca for 72 hours at room
temperature under shaking conditions. For extraction, 10 g
of N. glauca leaf was utilized. Wattman No. 4 paper was
then used to filter the extract. For chemical and biological
investigations, the extract was kept at +4°C.

Antibacterial activity: The antibacterial activity
of the extract was tested on Mueller Hinton Agar (MHA)
using the standard method which followed the Kirby-Bauer
disc diffusion method, as per the Clinical Laboratory
Standard Institute (CLSI) standards (Owusu et al., 2021;
CLSI, 2012). The overnight bacterial cultures' turbidity
was arranged to the McFarland standard reference range of
0.5. A pipette was used to transfer 10 ul of each microbial
suspension to MHA, which was then spread evenly on the
surface with a wooden cotton applicator stick. The
antimicrobial blank discs which were sterile and had been
treated with 20 pl of the extract were kept apart. Petri plates
were incubated at 37°C for 12-24 hours after inoculation.
Following, the zones of inhibition surrounding the discs
were assessed. Positive controls included Erythromycin (E;
15 pg/disc) for Salmonella typhimurium ATCC 14028 and
Escherichia coli ATCC 25922; Methicillin (M; 5 pg/disc)
for Staphylococcus aureus ATCC 25923; Penicillin (P; 10
units/disc) for Bacillus cereus ATCC 11778 and
Polymyxin B (PB, 300 unit/disc) for Pseudomonas
aeruginosa ATCC 27853. As a negative control, methanol
was employed.

Total phenolic (TPC) and flavonoid content
(TFC): Folin-colorimetric Ciocalteu's method was used to
determine total phenolic content as (mg GAE)/g (mg of
gallic acid equivalents) (Stankovi¢, 2011). Sharma and
Vig’s technique was used to measure the total flavonoid
content as (mg RE)/g (mg of routine equivalent) (Sharma
& Vig, 2013).

Headspace analyses of gas chromatography: A 3
g powdered leaf sample was tested using gas
chromatography (GC) and a headspace technique to
determine the essential oil content in the extract. Following
optimization methods, the following headspace conditions
were determined: Incubation time (min): 30; incubation
temperature (°C); 80; sample volume (uL): 1; syringe
temperature (°C): 80. In the analysis, an HP-5 MS capillary
column which includes a mass selective detector 7890B
GC-5977MSD  (Agilent, Santa Clara, USA) was
performed. The following gas chromatographic
circumstances were used: initial column temperature of
50°C for 2 minutes, subsequently raised to 150°C at
10°C/min, and hold for 5 minutes. Following that, the
temperature was steadily increased to 240°C under the
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same conditions and maintained for 5 minutes. Samples
were automatically injected at a 50:1 split ratio (Sevindik,
2020). The electronic NIST14 library was used to identify
the components (2014 Version). The apparatus software
computed the percentage quantities (%) of every
constituent in the sample from the area of the total peaks.

Analyses of antioxidant activity

Scavenging capacity of DPPH " radical: The free
radical scavenger method relies on the 1,1-diphenyl-2-
picrylhydrazyl (DPPH') reagent solution becoming
colorless according to the electron or proton-transfer
capability of the samples. 100 puL of the extract was mixed
with a solution of 3.9 mL of DPPH" reagent (0.025 g/L in
methanol) prepared in methanol (0.1 mM) for this analysis.
This combination was kept at room temperature in the dark
for 30 minutes to supply the chemical reaction. Afterward,
the  combination’s  absorbance @ was  measured
spectrophotometrically at 517 nm (Biochrom, Libra S60,
B, England) against a methanol blank. The scavenging
activity of DPPH" was evaluated in Trolox equivalent (mg
TE/g) (Blois, 1958; Ucan Turkmen & Mercimek Takci,
2018).

FRAP (Ferric reducing antioxidant power): The
ability of antioxidant compounds in the extract to reduce
Fe®* to Fe?* was investigated in this assay (Oyaizu, 1986).
The Prussian blue color’s absorbance produced by the
addition of FeCls to the reaction mixture was measured. 1
mL of extract was combined with 2.5 mL of 1% potassium
ferricyanide (KsFe(CN)s and 2.5 mL of 0.2 M sodium
phosphate buffer (pH 6.6). This reaction mixture was
incubated for 20 minutes at 50°C. To stop this reaction,
10% TCA (Trichloroacetic acid) was added and the
mixture was centrifuged for 10 minutes at 2500 rpm. To
2.5 mL of supernatant, an equal volume of distilled water
and 0.5 mL FeCls (0.1%) were added. At 700 nm, the
reaction mixture’s absorbance was measured (Biochrom,
Libra S60, B, England). Trolox equivalent (ug TE/g) was
used to measure the extract's reducing capability.

Activity of metal-chelating: Dinis et al., (1994)
established a method for determining the extract's Fe?*
chelating activity. The competition of metal-binding
chemicals in the extract with ferrozine (a forceful iron-
chelating agent) is the basis for this technique (Dinis et al.,
1994). The production of the red Fe?*'ferrozine complex is
avoided by compounds with a high metal ion binding
ability. 1 mL of extract was mixed with 3.7 mL distilled
water and 100 pL of 2 mM FeCl,. After 30 minutes of
incubation at room temperature, 200 pL of 5 mM ferrozine
solution was added to the reaction and stirred for 10
minutes. At 562 nm, the reaction mixture's absorbance was
measured (Biochrom, Libra S60, B, England). The
following equation was used to calculate chelating activity
as a percentage of inhibition (%).
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0/0 Chelat'ng aCthlty = (1*(Asamp|e/Acontro|)) X 100

Phosphomolybdenum method: By using the
phosphomolybdenum technique, the total antioxidant
capacity was measured spectrophotometrically (Zengin et
al., 2014). 300 uL extract was quickly combined with 3 mL
of a reactive solution containing 4 mM ammonium
molybdate, 28 mM sodium phosphate, and 0.6 M sulfuric
acid. The absorbance was measured at 695 nm after 90
minutes of incubation at 95°C (Biochrom, Libra S60, B,
England). Total antioxidant capacity was evaluated in
Trolox equivalent (ug/TE g). At least three times, each
spectrophotometric analysis was performed.

Antidiabetic potential: The mixture which is in
the test tube containing 1 mL extract, 1 mL 20 mM sodium
phosphate buffer (pH:6.9), and 1 mL starch solution (1%
w/v) was incubated at 37°C for 5 min for the a-amylase
assay. After that, 1 mL of a-amylase solution was added to
this mixture to begin the reaction. After 30 minutes, 1 mL
of color reagent composed of 96 mM 3,5-dinitrosalicylic
acid solution, 2 M NaOH, and 5.31 M sodium potassium
tartrate solution was used to terminate the reaction. Its
absorbance was measured at 540 nm (Biochrom, Libra
S60, B, England) after the mixture was boiled for 5 minutes
(Bagyigit et al., 2020).

The mixture which is in the volumetric flask
containing 10 pL of extract and 40 pL of a-glucosidase
enzyme solution was incubated at 37°C for 5 minutes for
the a-glucosidase assay. The flask was then filled with 950
pL  of 0.7 mM 4-nitrophenyl-a-D-glucopyranoside
solution containing 50 mM phosphate buffer and 100 mM
NaCl. The reaction was terminated by adding 1000 puL of
0.5 M Tris after 15 min of incubation at 37°C. At 400 nm,
the absorbance was measured (Giingdr Bilen, 2004).
(Biochrom, Libra S60, B, England). All antidiabetic
potential tests were repeated three times.

RESULTS

As shown in Table 1., N. glauca leaf extract and
negative control did not exhibit antibacterial activity
against all tested microorganisms in this study. B. cereus
ATCC 11778, E. coli ATCC 25922, S. typhimurium ATCC
14028, and P. aeruginosa ATCC 27853 displayed
antibacterial activity against commercial penicillin,
erythromycin, and polymyxin B, respectively. Conversely,
methicillin had no antibacterial effect against S. aureus
ATCC 25923. Table 2. displayed the results of TPC, TFC,
antioxidant activity, and antidiabetic potential of N. glauca
leaf extract. The TPC and TFC values were determined to
be 0.24140.009 mg GAE/g and 0.1923+0.002 mg RE/g,
respectively. The extract's DPPH’™ radical scavenging
activity was compared to the standard antioxidant activity
of Trolox equivalent (mg TE/g). The extract's DPPH" was
found to be 27.8+0.003% (0.019+0.003 mg TE/g). The
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ferric reduction capacity, metal chelating activity, and
phosphomolybdenum assay results were 7.2+0.905 pg
TE/g, 60.8£1.70%, and 66.50+0.827 pg TE/g,
respectively. According to the findings of this study, the
presence of antioxidant components in the extract could be
effective in combating the detrimental effects of free
radicals. The extract did not significantly affect the
enzymatic activities. Table 3. showed the result of the
extract's gas chromatography headspace assay in terms of
retention time (min) and percentage (%). Using the
NIST14 mass spectra library, 20 chemicals were detected
in Gas chromatography-mass spectrometry (GC/MS).
Ethylene oxide (44.15%), acetaldehyde (37.91%),
dimethyl sulfide (5.19%), pentanal (3.50%), 1-propanal
(2.19%), and propanal, 2-methyl (1.68%) were the most
active components. Our findings suggested that the
extract's chemical composition did not contain any
essential oil.

Table 1. Diameter of the inhibition zone (mm) of N. glauca leaf extract.

N. glauca extract Positive Control Negative Control

B. cereus ATCC 11778 40 mm (Penicillin)
S. aureus ATCC 25923 - - (Methicillin)

S. typhimurium ATCC 14028 16 mm (Erythromycin)
P. aeruginosa ATCC 27853 20 mm (Polymyxin B)
E. coli ATCC 25922 16 mm (Erythromycin)

(-) represents a no-inhibition zone against microorganisms.

Table 2. The total phenolic, total flavonoid content, antioxidant activity,
and antidiabetic potential of N. glauca methanol leaf extract.
N. glauca methanol leaf extract

Total phenolic content (mg GAE/g) 0.241+0.009

Total flavonoid content (mg RE/g) 0.1923+0.002
DPPH (% / mg TE/g) 27.8+0.003 /0.0190.003
Ferric reducing capacity (ug TE/g) 7.2+0.905

Metal (Fe?*) chelating activity (%) 60.8+1.70
Phosphomolybdenum (Total antioxidant 66.50+0.827
capacity) (ng TE/g)

a-amylase activity ND
a-glucosidase activity ND

Values are mean + Standard deviation (SD) of three replicate analyses. ND: Not detected.

Table 3. The retention time (min) and percentage (%) of the chemical
composition of N. glauca methanol leaf extract.
N. glauca methanol leaf extract

Compound Retention time (min) %
Ethylene oxide 2.359/2.475 44.15/37.91
Carbon dioxide 2.359/2.475 44.15/37.91
Acetaldehyde 2.475 37.91
Dimethyl sulfide 3.470 5.19
Propanal 3.757 0.89
3-Pentanamine 3.757 0.89
N, 1- Dimethylhexylamine 3.757 0.89
Propanal, 2-methyl 3.978 1.68
1-Propanol 4.877 2.19
2- Propanone, 1-hydroxy-, oxime 4.877 2.19
Butanal, 3-methyl- 5.142/6.007 3.50/0.40
Pentanal 5.142 3.50
Furan, 2-ethyl 5.614 0.78
1, 4-Hexadiene, 5-methyl- 5.614 0.78
2- Pentanone 5.889 0.70
1- Octadecanamine, N-methyl- 6.007 0.40
Hexanal 7.493 131
1-Penten-3-ol 8.614 0.49
Acetic acid 12.739 0.60
Benzaldehyde 14.059 0.22

DISCUSSION

The antibacterial activity of the N. glauca leaf
methanol extract was evaluated on two Gram-positive and
three Gram-negative bacterial strains. Antibacterial
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activity was not found in the extract against all of the
microorganisms tested.

Due to the solvent difference used, Alghamdi,
(2021) found the antibacterial activity of ethyl acetate leaf
extracts of N. glauca against E. coli (16.3+£0.71 mm) and S.
aureus (11+0.23 mm), respectively. Furthermore, floral
extracts had antibacterial activity against E. coli (6.7+0.65
mm) and S. aureus (15.8+0.52 mm). The MIC’s of the N.
glauca ethyl acetate extract against E. coli and S. aureus
were found to be 1.5 and 2 mg/ml, respectively. Contrary
to our results, Alghamdi determined that the leaf extract
was effective against E.coli and S. aureus. On the other
hand, root and stem extracts had no inhibition activity
against both bacteria, similar to our findings (Alghamdi,
2021).

Aldesuquy et al., (2018) indicated that the
aqueous shoot extract of N. glauca showed antimicrobial
activity against B. subtilis (14.50+£0.50 mm), Klebsiella
pneumonia (13.00+0.66 mm), Streptococcus pyogenes
(11.00+0.12 mm), Candida albicans (11.00+0.35 mm),
Erwinia carotovora (8.50+0.50 mm) and E. coli
(7.50+£0.36 mm), respectively. But, the extract was no
inhibitory effect against S. aureus. Considering the use of
different plant parts such as shoot, they found that the
aqueous extract was efficient against E. coli, which is
contrary to our findings. However, like in our study, they
also revealed that the extract was ineffective against S.
aureus (Aldesuquy et al., 2018).

The antibacterial activity of methanol and hexane
fresh aerial parts extracts of N. glauca was tested against
both Gram-positive and Gram-negative bacteria known to
cause infectious disease in humans. The methanol extract
(6 mg/mL) of N. glauca displayed an antibacterial effect
against B. cereus (15 mm), S. aureus 72 (5 mm), S. aureus
132 (11 mm), and S. aureus 224 (22 mm). On the contrary,
the methanol extract at 6 mg/mL had no inhibitory impact
on Staphylococcus epidermidis, E. coli, Yersinia
enterocolitica ss. Enterocolitica ATCC 23715, and
Salmonella enterica ATCC 25566. Similarly, with
methanol extract, any inhibitory effect did not observe for
hexane extract towards K. oxytoca, and S. enterica ATCC
25566 (Abdel Rahman et al., 2011). Abdel Rahman et al.,
(2011) reported that the methanol extract had an
antibacterial impact on B. cereus and S. aureus, which is in
contrast to our findings. However, it lacked any
antibacterial effect against E. coli, confirming our findings.

Extracts showed antibacterial efficacy against E.
coli, S. aureus, and B. cereus in studies by some
researchers (Abdel Rahman et al., 2011; Aldesuquy et al.,
2018; Alghamdi, 2021). In our study, however, the
methanolic extract showed no inhibitory zone against B.
cereus, E.coli, and S. aureus. The antibacterial activity
results of N. glauca extract against S. aureus and E. coli
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were akin to their findings of them (Abdel Rahman et al.,
2011; Aldesuquy et al., 2018).

Today, it is widely known that phenolics
contribute the most to plants’ antioxidant activity. Thus,
determining the extract's phenolic concentration is crucial.
N. glauca methanol leaf extract had TPC and TFC values
of 0.241+0.009 mg GAE/g and 0.1923+0.002 mg RE/g,
respectively. The TPC and TFC results from many
investigations with various N. glauca extracts are presented
below.

TPC (mg GAE/g) and TFC (mg QE/g) values of
DCM (dichloromethane), AE (ethyl acetate), and n-BuOH
(n-butanol) extracts of N. glauca leaves were determined
as 133.80+0.06-1.18+0.005, 351.55+0.07-105.97+0.04
and 284.98+0.08-164.44+0.07, respectively (Trifa et. al.,
2020).

In another study, TPC and flavonoid values of N.
glauca shoot aqueous extract were 24.11+0.10 and
7.28+0.11 mg/g d wt, respectively (Aldesuquy et al., 2018).

The total phenolic content (TPC) and total
flavonoid content (TFC) of N. glauca (stem) active fraction
were reported as 108.18 and 20.8 pg/mL, respectively
(Tabana et al., 2015).

The total phenolic compounds and flavonoid
contents of different parts (root, stem, leaves, and flowers)
of four N. glauca which have different localities and
habitats (sandplain, sand dune, salt marsh, and rocky ridge)
were notified by Hassan et al., (2014). The phytochemicals
(TPC and TFC) screening related to different parts of the
N. glauca plant where the highest amounts were found in
leaves and flowers extracts. The highest content of
phenolic compounds (5.31£1.09 mg/g dry weight) and
flavonoids content (291.39+2.55 mg/g dry weight) was
recorded in the leaves of N. glauca growing in salt marsh
and sand dune, respectively (Hassan et al., 2014).

Najah et al., (2015) revealed the flavonoid content
of N. glauca leaves and flowers extracts in water, ethanol,
ethyl acetate, chloroform, and hexane. The presence of
flavonoid compounds was not encountered in the other
extracts except the aqueous extract for the plant. According
to the flavonoid and phenolic results of the literature
studies, other researchers detected flavonoid and phenolic
compounds using various polar solvents. This researcher
was the only one who used methanol similar to us (Abdel
Rahman et al., 2011).

DPPH" of N. glauca methanol leaf extract was
determined as 27.840.003%-0.019+0.003 mg TE/g.
Moreover, ferric reducing capacity, metal chelating
activity, and phosphomolybdenum assay findings were
found to be 7.2+0.905 pg TE/g, 60.841.70%, and
66.50+0.827 pg TE/g, respectively.

Various in vitro methods related to screening of
antioxidant capacity were performed in previous studies.
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DPPH, ABTS, DMSO alkaline, Phenantronile, FRAP and
CUPRAC assay of N. glauca leaves DCM
(dichloromethane), AE (ethyl acetate), and n-BuOH (n-
butanol) extracts were determined by Trifa et al. (2020). A
lower ICsp value has indicated higher scavenging activity.
For DPPH, ICso values of DCM, AE, and n-BuOH extracts
were 47.17+0.67, 9.31+0.92, and 7.40+0.41 pg/mL,
respectively. For ABTS, ICso values of DCM, AE, and n-
BuOH extracts were found to be 17.51+1.23, 5.39+0.64,
and 12.04+0.43 pg/mL, respectively. For DMSO alkaline,
ICs0 values were 3.33+0.22, 2.32+0.14, and 3.04+0.16
pug/mL for DCM, AE, and n-BuOH extracts, respectively.
For Phenantroline, 1Cso values of DCM, AE, and n-BuOH
extracts were 96.33+1.30, 46.33+0.77, and 81.98+2.16
ug/mL, respectively. For FRAP, 1Cs values of DCM, AE,
and n-BuOH extracts were found to be 115.83+1.83,
19.06+0.50, and 35.71£3.50 pg/mL, respectively. For
CUPRAUC, ICsg values were 44.26+0.80, 13.78+0.26, and
21.24+1.30 pg/mL for DCM, AE, and n-BuOH extracts,
respectively. According to the antioxidant results of
extracts, the highest activity for DPPH analysis was
observed in the n-BuOH extract. However, in other
antioxidant assays, AE extract showed good activity (Trifa
et al., 2020).

The antioxidant activity of N. glauca aqueous
extract was determined by DPPH" radical scavenging
activity. The 1Cso value of the extract was 0.12 mg/mL
(Aldesuquy et al., 2018).

Three techniques were used to test the antioxidant
activity of the N. glauca (stem) active fraction. 1Cso values
of DPPH, FRAP, and ABTS were found at 86.65, 528.61,
and 67.58 pug/mL, respectively (Tabana et al., 2015).

The values of the non-enzymatic antioxidant
activity of N. glauca were determined by the formation of
the green phospho-molybdenum complex. The highest
values of root, stem, leaves, and flowers were determined
as 3.54+0.17, 4.9240.21, 9.04+1.07, and 9.95+0.58 mg
ascorbic acid equivalent/g dry weight, respectively
(Hassan et al., 2014). In previous studies, the antioxidant
activity of the extracts prepared by using different solvents
from methanol was tested. Similar and different techniques
were used to detect antioxidant activity in literature. Their
findings are in agreement with our results.

Such bioactive properties (antioxidant activity
and phytochemical content) support our idea that extracts
prepared by various methods of N. glauca harvested from
different areas can be a helpful source of medical and
economic importance.

The antidiabetic potential of N. glauca leaf
methanol extract has never been investigated before. The
methanol extract of N. glauca leaf did not show any
antidiabetic potential. For this reason, the authors could not
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make a comparison regarding this result with the same
species.

Similarly, the hypoglycemic potential of
Nicotiana tabacum acetone, ethanol, and water leaf
extracts was tested by in vitro enzymatic methods. They
observed that aqueous extract was the best inhibitory
potential on a-amylase (ICso value 5.70 mg/mL) and the
most effective inhibitor for a-glucosidase was acetone
extract with an 1Cs value of 4.50 mg/mL (Kazeem et al.,
2014).

Unlike our results, it has been determined in the
literature that extracts made with different strains of
Nicotiana have antidiabetic potential.

Moreover, any essential oil was not demonstrated
in N. glauca methanol leaf extract. Therefore, the authors
discussed its chemical substances with the previous
studies.

In one of the studies, a total of 29 compounds were
determined using GC-MS analysis. The volatile oil of
extract of N. glauca was determined to be affluent in terms
of oxygenated sesquiterpenes such as S-bisabolol (9.02%)
and carboxylic acids and esters such as ethyl linoleate
(34.79%) and hexadecanoic acid (10.38%). In addition,
9,17-octadecadienal was detected as 10.83% (Massadeh et
al., 2022).

The predominant ingredient in N. glauca leaves
extract (58.49%) was eugenol. Eugenol was followed by
nonadecane, eugenly acetate, tridecane, 3-methyl, and
heptadecane, 8-methyl was 6.38%, 5.57%, 5.19%, and
4.19% respectively (Cherif et al., 2019).

In another study, they found various polyphenols
and aromatic compounds including bicyclo heptanes, 3, 7,
11, 15-tetramethyl-2-hexadecen-1-ol, scopoletin, D-alpha-
tocopherol, campesterol, stigmasterol and beta-sitosterol in
the stem of N. glauca active fraction (Tabana et al., 2015).

In a prior work, in hexane extract of N. glauca
leaves, 9 components were detected: hexacosenol,
nonacosane, triacontane, octacosenol, nonacosonal,
hentriacontane, dotriacontane, tritriacontane, and total
hydrocarbon (Mortimer et al., 2012).

Literature findings indicated variations in GC-MS
metabolomics of N. glauca extracts. Our GC/MS results to
determine the main components of N. glauca showed
major differences with published data. These differences
might be explained by analytical procedures, cultivation
and growth conditions, geographical variations, and
genetic factors.

CONCLUSION

In conclusion, the findings of the bioactive study
revealed that N. glauca contains a high amount of
phytochemical strong components, including a fraction
that is useful as an antioxidant. We show the total phenolic

705

J. Anatolian Env. and Anim. Sciences, Year:8, No:4, (700-706), 2023

and flavonoid components, as well as the antioxidants that
are responsible for its activity. The scavenging activities of
hydroxyl condensation, DNA fragmentation, and
chromatin group in the present assay revealed a substantial
link between the presence of phenolic compounds and
antioxidant capacity. The relevance of its consumption as
a natural resource and the traditional therapeutic use of N.
glauca is highlighted by our findings relating to the
antioxidant activity of the extract.
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kalitesinin belirlenmesi, su kirliligine sebep olan nedenlerin tespiti, géletin canli yasamina
uygunluk durumunun belirlenmesi amaciyla Nisan 2018 — Mart 2019 tarihleri arasinda aylik
donemler halinde goletin biitiinlinii temsil eden dort istasyondan bir yil boyunca alinan

numunelerde, fiziksel ve kimyasal su parametrelerinin degigsimleri irdelenmistir. Bu amagla;
elektriksel iletkenlik (EQ), askida kat1 madde (AKM), biyolojik oksijen ihtiyac1 (BOI), kimyasal
oksijen ihtiyaci (BOI), fosfat (PO43), siilfat (SO42), siilfit (Na2SOs), kloriir (CI°), sodyum (Na),
potasyum (K), toplam alkalinite, toplam sertlik, kalsiyum (Ca), magnezyum (Mg), nitrat(NO3s’),
nitrit (NOz2") ve amonyum azotu (NH4*) parametreleri i¢in analizler yapilmistir. Analiz sonuglari
genel ortalamalar, mevsimsel ortalamalar ve standart sapma degerlerinin hesaplanmasi suretiyle
incelenmistir. Bu veriler 15181inda Yiizey Sular1 Su Kalitesi Yonetim Yonetmeligi’'nde belirtilen
*Sorumlu yazar: standartlara gore Glimiissuyu Goleti’nin su kalitesi 1. sinif olarak tespit edilmis ve golet suyunun

Aysegiil EMIN GUZEL o . . - i1 s e e
Kgifag;%'onu University, Institute of Science and ¢ok sert sular grubunda oldugu belirlenmistir. Glimiigsuyu Goleti’nde su an herhangi bir kirlilik

Technology, Department of Materials Science problemi olmamakla birlikte, kirlilik baskis1 altinda oldugu goériilmiistiir. Bu durumun iizerinde
and Engineering, 37150 Kastamonu, Tiirkiye

S EreE R e gerekli hassasiyetin gosterilmemesi durumunda gelecekte, Giimiigsuyu Goleti’nin  sucul

ekosisteminde yasayan canlilar i¢in tehlike olugturacagi 6n goriilmektedir.

Anahtar kelimeler: Fiziko-kimyasal analiz, Glimiissuyu gdleti, iyonik bilesen, su kalitesi, su
kirliligi.

Evaluation of Water Quality and Pollution by Determination of lonic Component Content

Abstract: In this study, the samples were taken from four stations representing the whole pond
in monthly periods between April 2018 and March 2019 to determine the water quality of
Giimiissuyu Pond, which is located in Erfelek district of Sinop province, to determine the causes
of water pollution, to determine the suitability of the pond for life, for a year, the changes in
physical and chemical water parameters were examined. For this purpose, analyses were made
for the electrical conductivity (El), suspended solids (SS), biological oxygen demand (BOD),
chemical oxygen demand (COD), phosphate (PO43), sulfate (SO42), sulfide (Na2S03), chloride
(CI), sodium (Na), potassium (K), total alkalinity, total hardness, calcium (Ca), magnesium (Mg),
nitrate (NOz"), nitrite (NO2") and ammonium nitrogen (NH4*) parameters. Analysis results were
examined by calculating general averages, seasonal averages, and standard deviation values. In
light of these data, the water quality of Giimiissuyu Pond was determined as Class | according to

~Corresponding author: the standards specified in the Surface Water Water Quality Management Regulation, and the pond

Aysegiil EMIN GUZEL

Kastamonu Universitesi, Fen Bilimleri water was determined to be in the very hard water group. Although there is no pollution problem
Enstitiisii, Malzeme Bilimi ve Mithendisligi in Glimiigsuyu Pond at the moment, it has been observed that it is under pollution pressure. It has
Etiim, 7115 ez, ity been concluded that if the necessary sensitivity is not shown in this situation, there will be a

D4: eminguzel.a@gmail.com L . - .
g @ danger for the creatures living in the aquatic ecosystem of Giimiigsuyu Pond in the future.

Keywords: Giimiissuyu pond, ionic component, physico-chemical analysis, water pollution, water quality.

U Bu calisma Aysegiil Emin Giizel yiiksek lisans tezinden iiretilmistir This study was produced from Aysegiil Emin Giizel s master thesis.
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GIRiS

Su; tim canlilarin yagamini siirdiirebilmesi icin
gerekli olan en temel madde oldugu icin evrenseldir. Su;
ekolojik sistem, ekonomik kalkinma, gida iiretimi, insan

saglhigt ile tim canli organizmalarin  yasamini
stirdiirebilmesi igin elzem bir kaynaktir (Mutlu, 2021).
Dértte  Ugli  sularla  kapli  yeryiiziinde; canlilarin

kullanabilecegi tatli su miktari, bu suyun %03’ ii kadar olup
toplam su miktarinin %1°den oldukg¢a az olmasi nedeniyle
oldukca dikkatli ve bilingli bir sekilde korunmas: gerekli
dogal kaynaklardir.

Diinya’da giiniimiizde su mevcudiyetinin gelecegi
ile ilgili yapilan ¢aligsmalarda; hizli artan diinya niifusu,
hizla gelisen teknoloji, sanayiye bagli endiistriyel atiklar,
sanayi sulari, tarimsal giibreler, pestisitler ile aritilmadan
desarj edilen kanalizasyon sulari mevcut ylizey sularini
tehdit etmektedir (Tokatli vd., 2021). Yasam i¢in gerekli
olan i¢gme ve kullanma suyu; nehirler, géller, géletler ve
baraj golleri gibi ylizey sulari ile yeralti sularindan elde
edilmektedir (Sener & Sener, 2020). Giiniimiizde diinyada
ve llkemizde siirdiiriilebilir tatli su kaynaklarina olan
ihtiyag, oOzellikle yiizey sularinin kalitesi ve kirliligi
acisindan tatlt su kaynaklarinin etkin sekilde izlenmesi,
yonetimi ve gerekli tedbirlerin alinmasi igin yetkili
mercilere Onerilerde bulunulmasi biiyiikk dnem verilmesi
gereken zorunluluktur (Tokatli, 2020).

Ulkemizde kullanma, sulama ve igme suyunun en
onemli kaynagi; baraj golleri, goller ve goletlerdir (Mutlu
vd., 2021). Sulama goletleri ve baraj gollerinde izlenen su
kalite parametreleri, dogal goéllerdekine gore daha hizli
degisim gostermektedir. Bu hizli degisimin sebebi, sulama
goleti ve baraj golleri ¢evresinde insan kaynakli etkenlerin
daha fazla bulunmasidir. Bu sebepledir ki yapilacak su
kalitesi degerlendirmeleri, buralarda meydana gelebilecek
su kirliligi ile kirliligin derecelerini tespit etmek ve suyun
anlik durumunu Ogrenebilmek icin Onemlidir (Barlas,
1995). Bu sebeple; su kalitesi arastirmalar1 dinyanin
¢esitli bolgelerindeki bir ¢ok bilim insaninin aragtirma
konusu olmustur (Kutlu vd., 2015; Kurnaz vd., 2016;
Angello vd., 2020; Ustaoglu & Aydin, 2020; Ustaoglu,
2021; Varol vd., 2022; Kikrer vd., 2022; Mutlu ve
Uncumusaoglu, 2022; Simsek & Mutlu; 2023).

Bu giine kadar Gilimiigsuyu Goleti’nin su
kalitesinin ~ kontrol  degerlerinin  detayli  olarak
belirlenmesine dair fazla bir arastirma bulunmamaktadir.
Bu amagla; Sinop ili Glimiigsuyu Golet’inden bir yil
boyunca aylik olarak gélettin biitiiniinii temsil eden dort
nokta tespit edilerek Ornekleme istasyonu olarak
belirlenmis ve en hassas su grubunu olusturan goletten
Nisan 2018 — Mart 2019 tarihleri arasinda suyun bazi fiziko
- kimyasal 6zelikleri incelenerek bazi ekolojik dzelikleri
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belirlenmeye calisilmistir. Analiz sonuglar1 Yiizey Su
Kalitesi Yonetmeligine gore goletin suyu siniflandirilmis,
canli yagamina uygunluk durumu belirlenmis ve gelecekte
yapilacak olan su kalitesi calismalar1 icin bir veri
olusturulmustur (Sekil 1.).

Sekil 1. Gimiissuyu Goleti (Erfelek - Sinop) haritadaki yeri.
Figurel. Giimiissuyu Pond (Erfelek - Sinop) location on the map.

MATERYAL VE METOT

Calismada oOrnek secilen Giimiissuyu Goleti,
Sinop iline 37 km, Erfelek ilgesine 13 km uzakliktadir.
Goletin bir boliimii oldukea sik agaclik alanlar ve biiyiik
bolimii ise tarim arazileri ile g¢evrelenmigtir. Tarimsal
sulama ve hayvansal sulama amacli olarak kullanilan gdlet
oldukea kiiciik sayilabilecek yiizey alanina sahiptir (ideal
dolulugunda 0,18 km?). Su depolama hacmi 864 dam?®’tiir.
Goletin ortalama derinligi 4,8 m olmakla birlikte en fazla
18 m derinlige sahiptir. Su kaynagmi gevre tepelerden
gelen yagis ve kar sulart ile goleti besleyen Kegi Deresi
olusturmaktadir. Goéletin kuzeyinden golete giris yapan
Kec¢i deresi, Sarikum Go6li ile Giimiissuyu Goleti’ni
birbirine baglar. Sarikum Go6ldi, Sinop Merkez ilgesinin
Sarikum Kd&yii sinirlarinda bulunur. Goéletin su kalitesini
belirleyebilmek amaciyla, bir yil boyunca aylik periyotlar
halinde dort istasyondan ornekler alinarak incelenmis,
fiziksel ve kimyasal parametrelerin analizleri yapilmistir.
Istasyonlarin  segimi  yapilirken  gélet  suyunu
etkileyebilecek ¢evresel faktorler dikkate alinmustir.
1.Istasyon sik agachk alanlarm bulundugu, tarim
arazilerinden en uzak kiy1 bolgesine yakin secilirken;
2.Istasyon, gdletin en derin yeri, Keci Deresinin golete
baglandig1 bolge ve tarim arazilerinin golet ile direkt temas
halinde oldugu goletin en 6zellikli bolgesinden secilmistir.
3.Istasyon, ormanlik alan ile tarim arazilerinin birlestigi
bolgenin yakinindan; 4.istasyon ise goletin giineyinde ve
en s1g kesimlerinde tarim arazilerinin oldugu bolgede
secilmistir. Goletin asil amacinin sulama olmasi ve
etrafinin yerlesimden uzak tarim arazileriyle kapli olmast
sebebiyle istasyonlar kiyitya yakin yerlerden tercih
edilmistir. Ornekler alinmadan 24 saat 6nce numune
toplama kaplar1 asitle yikanmis ve Ol¢iim cihazlar
temizlenmistir (Tepe vd., 2004). Ornekler alinirken kaplar
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once golet suyuyla calkalanmis daha sonra su yiizeyinin 15
cm altina daldirilmak suretiyle numuneler alinmistir.
Elektriksel iletkenlik, zaman agimindan etkilenebilecegi
icin, yerinde arazi tipi HACH LARGE marka HQ40D
model dijital multi-parametre cihazi ile 6l¢iilmistiir. Diger
parametrelerin calisilmasi igin etiketlenen numuneler, 8
saat iginde laboratuvara getirilerek analizler i¢in +4°C’ta
saklanmistir. Laboratuvarda muhafaza edilen numunelerin
iyonik bilesim (NO2, NO3, NHs, Cl, K, Na, Mg, Ca, SOs3,
S04, PO,) analizleri ise WTW 7600 UV-VIS (ultraviyole
ve goriiniir 151k absorbsiyon) Spektrofotometre cihazi ile
her bir 6rnek i¢in kit protokoliinde belirtilen dalga
boylarinda bir 131n demetinin 6rnekten gegmesi veya drnek
tarafindan yansitilmasi sonrasinda 1sinin azalmasi esasina
bagli olarak, her bir parametrenin konsantrasyonunun
belirlenmesi ile tamamlanmistir.

Istatistiksel Analizler: Calisma sonucu elde
edilen veriler, istatistik analizleri yapilmak tizere SPSS-22
Statistic programina islenmistir. Programa islenen veri
gruplar aralarindaki farkliliklarin belirlenmesi amaciyla
tek yonlii ANOVA testi ve veri gruplari arasinda varyans
analizlerine gore farkliliklar olup olmadiginin tespiti icin
de ortalamalar arasinda, %95 giiven aralifinda olmak
tizere, Tukey testi
degerlendirilmistir. Mevsimsel degisim sonuglar1 tablolar
halinde sunulmustur. Tukey test sonucunda istasyonlar
arasinda belirgin farkliliklar goriilmemekle birlikte, farkli
harfler her bir istasyon arasindaki mevsimsel farkliliklari

analiz uygulanarak  sonuglar

ifade etmek lizere verilmistir (P<0,05).
BULGULAR

Elektriksel iletkenlik sonbaharda (ortalama
313,96+9,85 S/cm) en yiiksek seviyesinde, ilkbaharda ise
en diisik seviyesinde (ortalama 224,47+5,07 S/cm)
olgiildii (Tablo 1). Askida katt madde yine en yiiksek
sonbaharda (ortalama 4,26+1,08mg/L) en diisiik
ilkbaharda (1,98+0,14) 6lgtildii (Tablo 2).

Tablo 1. Giimiissuyu Géleti’nde EI’nin mevsimsel degisimi (p<0,05).
Table 1. Seasonal variation of EI in Giimiigsuyu Pond (p<0,05).

Mevsim Golet Ortalamasi Min. Deger Maks. Deger
ilkbahar 224.47°+5.07 217.56 231.72
Yaz 274.41°£34.49 231.01 316.88
Sonbahar 313,96%+9,85 299,68 325,74
Kis 225,42°+39,12 195,02 280,04

Tablo 2. Giimiigsuyu Géleti’nde AKM’nin mevsimsel degisimi (p<0,05).
Table 2. Seasonal variation of SS in Giimiigsuyu Pond (p<0,05).

Mevsim Golet Ortalamasi Min. Deger Maks. Deger
Ilkbahar 1,98°+0,14 1,78 2.2
Yaz 3.73%£1.03 242 4,96
Sonbahar 4,26°+1.08 2,78 5.1
Kis 2,49°+0.26 2,14 2,78

Kimyasal oksijen ihtiyaci sonbaharda (ortalama
2,70+1,52 mg/L) en yiksek, ilkbaharda (ortalama
0,37+0,08 mg/L) en diisiik seviyede olgiildii (Tablo 3).
Biyolojik oksijen ihtiyact Ocak, Subat, Mart, Nisan ve
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Mayis aylarinda sifir olgiildii. En yiiksek sonbaharda
(ortalama 2,70+1,52 mg/L), en diisiik ilkbaharda (ortalama
0,3740,08 mg/L) dl¢tildii (Tablo 4).

Tablo 3. Giimiissuyu Géleti’'nde KOI’nin mevsimsel degisimi (p<0,05).
Table 3. Seasonal variation of COD in Giimiigsuyu Pond (p<0,05).

Mevsim Golet Ortalamasi Min. Deger Maks. Deger
[lkbahar 0,37°+0,08 0,26 0,48
Yaz 2,03%1,25 0,88 3,74
Sonbahar 2,70%£1,52 0,62 3,8
Kis 0,54°+0,04 0,48 0,6

Tablo 4. Giimiissuyu Géleti’nde BOI’'nin mevsimsel degisimi (p<0,05).
Table 4. Seasonal variation of BOD in Giimiigsuyu Pond (p<0,05).

Mevsim Golet Ortalamasi Min. Deger Maks. Deger
Ilkbahar 0,00%£0,00 0,00 0,00
Yaz 0,58°+0,51 0,10 1,30
Sonbahar 1,40%+£0,88 0,20 2,04
Kis 0,05+0,08 0,00 0,18

Klortir seviyesi en yiiksek sonbaharda (ortalama
5,90+0,08 mg/L), en diisiik ilkbaharda (ortalama 4,71+0,21
mg/L) olgiildii (Tablo 5). Fosfat miktar1 yil boyunca
dalgalanmalar gostermekle birlikte en yiiksek sonbaharda
(ortalama 0,032+0,014 mg/L), en diisiik ki mevsiminde
(ortalama 0,024+0,013 mg/L) 6lgiildii (Tablo 6).

Tablo 5. Giimiissuyu Goleti’nde kloriiriin mevsimsel degisimi (p<0,05).
Table 5. Seasonal variation of chloride in Giimiissuyu Pond (p<0,05).

Mevsim Golet Ortalamasi Min. Deger Maks. Deger
[lkbahar 4,71°40,21 4,48 5,08
Yaz 5,77%+0,08 5,66 5,90
Sonbahar 5,90%£0,08 5,76 6,02
Kig 5,49°+0,63 5,00 6,38

Tablo 6. Giimiissuyu Goleti’nde fosfatin mevsimsel degisimi (p<0,05)
Table 6. Seasonal variation of phosphate in Giimiigsuyu Pond (p<0,05)

Mevsim Golet Ortalamasi Min. Deger Maks. Deger
fikbahar 0,026%:0,011 012 0,38
Yaz 0,029%:0,010 0,16 0,41
Sonbahar 0,0322+0,014 0,15 0,50
Kis 0,024%0,013 012 042
Siilffat sonbaharda en yiiksek (ortalama

36,59+4,61 mg/L), ilkbaharda en diisiik (ortalama
28,81+£6,25 mg/L) seviyede olgiildi (Tablo 7). Siilfit
sonbaharda en yiiksek (ortalama 0,57+0,23 mg/L), kis
mevsiminde en diigiik (ortalama 0,18+0,06 mg/L) seviyede
Olciildii (Tablo 8). Yillik ortalamasi 0,37 £+ 0,22 mg/L
olarak hesaplanmustir.

Tablo 7. Giimiigsuyu Goleti’nde siilfatin mevsimsel degisimi (p<0,05).
Table 7. Seasonal variation of sulphate in Gimiigsuyu Pond (p<0,05).

Mevsim Golet Ortalamasi Min. Deger Maks. Deger
Tlkbahar 28,81°+6,25 19,88 35,18
Yaz 31,00%°+4,89 25,32 38,62
Sonbahar 36,59%+4,61 29,98 41,24
Kis 29,83°+5,80 23,50 37,24

Tablo 8. Giimiigsuyu Goleti’nde siilfitin mevsimsel degisimi (p<0,05)
Table 8. Seasonal variation of sulphite in Giimiigsuyu Pond (p<0,05)

Mevsim Galet Ortalamasi Min. Deger Maks. Deger
Tlkbahar 0,23°+0,12 0,08 0,42
Yaz 0,512+0,13 0,36 0,72
Sonbahar 0,57%+0,23 0,28 0,90
Kis 0,18"+0,06 0,08 0,28

Sodyum miktar1 en yiiksek yaz mevsiminde
(ortalama 68,00+8,70 mg/L), en diisik sonbaharda
(ortalama 43,36+0,66 mg/L) 6l¢iildii (Tablo 9). Potasyum
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yaz mevsiminde en yiiksek (ortalama 13,09+2,12 mg/L),
kis mevsiminde en diisiik (ortalama 6,60+0,64 mg/L)
seviyede oOl¢iildii (Tablo 10).

Tablo 9. Giimiissuyu Goleti’nde sodyumun mevsimsel degigimi (p<0,05).
Table 9. Seasonal variation of sodium in Giimiigsuyu Pond (p<0,05).

Mevsim Golet Ortalamasi Min. Deger Maks. Deger
Ilkbahar 61,85%+11,45 48,62 76,68
Yaz 68,00%+8,70 58,62 79,62
Sonbahar 43,36°+0,66 42,14 44,26
Kig 45,35"+1,15 43,98 46,74

Tablo 10. Giimiigsuyu Goleti’'nde potasyumun mevsimsel degisimi (p<0,05).
Table 10. Seasonal variation of potassium in Giimiigsuyu Pond (p<0,05).

Mevsim Golet Ortal Min. Deger Maks. Deger
Ilkbahar 8,97°+1,78 7,62 11,44
Yaz 13,09%2,12 10,24 15,08
Sonbahar 7,29%t1,10 6,62 8,88
Kis 6,60°+0,64 5,86 7,42

Toplam sertlik en yiiksek ilkbaharda (ortalama
309,40+£9,85 mg/L), en diisiik sonbaharda (ortalama
282,1849,79 mg/L) 6lciildii (Tablo 11). Toplam alkalinite
en yiiksek ilkbaharda (ortalama 312,22+10,84 mg/L), en
diisiik sonbaharda (ortalama 284,17+10,08 mg/L) dl¢iildii
(Tablo 12).

Tablo 11. Giimiigsuyu Goleti’nde TS nin mevsimsel degisimi (p<0,05).
Table 11. Seasonal variation of TH in Giimiigsuyu Pond (p<0,05).

Mevsim Golet Ortal: Min. Deger Maks. Deger
Tlkbahar 309,40%£9,85 296,94 322,36
Yaz 302,04%12,44 291,14 320,10
Sonbahar 282,18°+9,79 270,88 295,30
Kis 286,65°+2,82 282,96 291,26

Tablo 12. Giimiigsuyu Goleti’nde TA’nin mevsimsel degisimi (p<0,05).
Table 12. Seasonal variation of TA in Giimiissuyu Pond (p<0,05).

Mevsim Golet Ortalamasi Min. Deger Maks. Deger
ilkbahar 312,222410,84 298,46 326,25
Yaz 302,77%13,63 285,86 321,43
Sonbahar 284,17°+10,08 271,86 297,21
Kis 288,34°+3,20 283,88 293,65

Magnezyum ilkbaharda en yiiksek (ortalama
68,54+3,66 mg/L), sonbaharda en diisiik (ortalama
54,29+2,47 mg/L) seviyesinde 6l¢iildil (Tablo 13). Golette
kalsiyum en yiiksek ilkbaharda (ortalama 71,30+4,28
mg/L), en diisiik sonbaharda (ortalama 54,99+2,52 mg/L)
6l¢iildii (Tablo 14).

Tablo 13. Giimigsuyu Goéleti’'nde magnezyumun mevsimsel degisimi

(p<0,05).

Table 13. Seasonal variation of magnesium in Giimiigsuyu Pond (p<0,05).
Mevsim Golet Ortalamasi Min. Deger Maks. Deger
[lkbahar 68,54%+3,66 63,64 72,84

Yaz 62,61°+5,18 57,02 70,06
Sonbahar 54,29°2,47 51,3 57,2

Kis 59,27°+2 45 56,00 62,06

Tablo 14. Giimiigsuyu Goleti’nde kalsiyumun mevsimsel degisimi (p<0,05).
Table 14. Seasonal variation of calcium in Giimiigsuyu Pond (p<0,05).

Mevsim Gélet Ortalamasi Min. Deger Maks. Deger
ilkbahar 71,30°+4,28 65,58 76,48
Yaz 64,93"+7,24 57,64 75,62
Sonbahar 54,99%2,52 51,80 58,12
Kis 60,57°+2.66 57,20 64,01

Nitrit en yiikksek yaz mevsiminde (ortalama
0,00014+0,00003 mg/L), en diisiik kis mevsiminde
(ortalama 0,00003+0,00003 mg/L) ol¢iildii (Tablo 15).
Golette nitrat en yiiksek yaz mevsiminde (ortalama
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6,87+0,56 mg/L), en diisiik kig mevsiminde (ortalama
1,0340,02 mg/L) 6l¢iildii (Tablo 16). Amonyum azotuna
Mart ayinda rastlanmadi. En yiiksek yaz mevsiminde
(ortalama 0,00058+0,00019 mg/L), en disik kis
mevsiminde (ortalama 0,00013+0,00010 mg/L) o&lgiildi
(Tablo 17).

Tablo 15. Giimiigsuyu Goleti’nde nitritin mevsimsel degisimi (p<0,05).
Table 15. Seasonal variation of nitrite in Glimiigsuyu Pond (p<0,05).

Mevsim Golet Ortalamasi Min. Deger Maks. Deger
Ilkbahar 0,00006°+0,00003 0,00002 0,00010
Yaz 0,00014%+0,00003 0,00010 0,00018
Sonbahar 0,000122+0,00004 0,00007 0,00018
Kig 0,00003°+0,00003 0,00000 0,00008

Tablo 16. Glimiigsuyu Goleti’nde nitratin mevsimsel degisimi (p<0,05)
Table 16. Seasonal variation of nitrate in Glimiigsuyu Pond (p<0,05)

Mevsim Gélet Ortalamast Min. Deger Maks. Deger
ilkbahar 2,7240,72 1,82 3,67
Yaz 6,87%+£0,56 6,10 7,67
Sonbahar 4,36°+1,63 2,14 5,76
Kis 1,034+0,02 0,98 1,06

Tablo 17. Giimiissuyu Goleti’nde AA’nin mevsimsel degisimi (p<0,05).
Table 17. Seasonal variation of AN in Giimiigsuyu Pond (p<0,05).
Mevsim Golet Ortalamasi Min. Deger Maks. Deger

ilkbahar 0,00022°+0,00025 0,0000 0,0007
Yaz 0,00058%:0,00019 0,0003 0,0009
Sonbahar 0,00029°:0,00010 0,0001 0,0005
Kis 0,00013%:0,00010 0,0000 0,0003
TARTISMA VE SONUC
Endiistriyel veya tarimsal faaliyetlerin sonucu
olarak kirlenen su kaynaklarinin 1slaht1 ve heniiz

kirletilmemis tabii su kaynaklarinin korunabilmesi i¢in, su
kalitesi izleme ve degerlendirme c¢aligsmalarinin ara
verilmeksizin  diizenli  araliklarla  yapilmasi, bu
caligmalarin gerekli  Onlemlerin  alinmasi
stirdiiriilebilirlik acisindan olduk¢a biiyiikk 6nem arz
etmektedir.

Gilimiigsuyu Goleti’nde toplam alkalinite ve
toplam sertlik en yiiksek seviyesine sonbaharda ulagmistir.
Yiizey Su Kalitesi Yonetimi Yonetmeligine goére, bu
parametreler i¢in yil boyunca ¢ok da biiyiik degisimlerin
goriilmedigi golet suyu sert sular sinifindadir (Sert Sular:
250-350 mg/L CaCO;). Kullanim agisindan sert su
sakincali olmamakla birlikte sert sularin, su ortaminda
bulunabilen bazi zehirli maddelerin etkinligini artirdig1
bilinmektedir (Goksu, 2003).

Saf suyun iletkenligi yoktur. Bilindigi gibi suda
elektrik akimlarinin iletilmesi serbest elektronlarin
varligina baglidir. Dolayisiyla suda iletkenlik olmas1 veya
mevcut iletkenligin artig1 suda bulunan ¢éziinmiis madde
miktar1 ile alakalidir (Pulatsii & Topgu, 2012). Golette
elektriksel iletkenlik en yliksek sonbaharda 6lciildii. Yiizey
Su Kalitesi Yonetimi Yonetmeligine gore 400 ps/cm
altinda elektriksel iletkenlige sahip sular 1. simf su
kalitesindedirler.

Golette askida katt maddenin en yiiksek seviyesi
sonbaharda olgiildii. Bu seviye kirlilik olusturan degerin
oldukga altindadir. Golette askida kati madde miktarinin bu
derece diisiik olmasi, 6li bitki ve hayvan kalintilarindan

1s181inda
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kaynaklanan, partikiil kirliligine veya pH yiikselmesine
sebep olabilecek derecede biiyiik bir bulasin olmadigini
gostermektedir (Mutlu & Giizel, 2019).

Kimyasal oksijen ihtiyaci, sudaki organik madde
miktarinin tamamini okside etmek i¢in gerekli oksijen
miktaridir. Sudaki oksijeni tiiketen maddeler ii¢ gruptur.
Bunlar karbon igeren maddeler, oksitlenebilen azot ve
oksitlenebilen kimyasal bilesiklerdir (Chapman, 1996).
Kimyasal oksijen ihtiyacini hesaplarken, su igerisinde
bulunan kirletici organik yiikleri parcalamak i¢in gereken
oksijen miktar1 kullanilir. Giimiissuyu Golet’inde 6l¢iilen
kimyasal oksijen ihtiyact Yiizey Su Kalitesi Yonetimi
Yonetmeligi’nde verilen referans degerin ¢ok altindadir ve
bu parametreye gore golet I. sinif su kalitesi 6zelligindedir.

Organik  maddelerin  aerobik  kosullarda
parcalanabilmesi i¢in gerekli oksijen miktar ise biyolojik
oksijen ihtiyaci olarak tanimlanmaktadir. Yetistiricilik
yapilan sularin organik kirlenmesinin 6l¢iisii olarak
degerlendirilir (Atay & Pulatsii, 2000). Golette Ocak,
Subat, Mart, Nisan ve Mayis aylar1 bu parametrenin sifir
olarak ol¢iildiigii aylardir. Biyolojik oksijen ihtiyacinin en
yliksek oldugu sonbaharda bulunan deger kirlilik igin
belirlenen referans degerin ¢ok altindadir. Boylece gdletin
organik madde kirliligine maruz kalmadig1 goriilmektedir.
Yiizey Su Kalitesi Yonetimi Yonetmeligi’ne gore
Giimiissuyu Golet’i BOI bakimindan 1. simf su kalite
ozelligindedir.

Amonyak, olduk¢a genis endiistriyel kullanim
alanina sahiptir. Giibre ve hayvan yemi olarak tarimsal
faaliyetlerde, temizlik maddelerinin iiretiminde ya da
islenmis gida katk1
kullanilmaktadir. Dogal sularda amonyak, serbest halde
veya tuz halinde bulunabildigi gibi daha ¢ok amonyum
azotu (NH4) formunda bulunur. Su igerisinde meydana
gelen fiziko-kimyasal olaylar  sonucu veya
mikroorganizma faaliyetlerinin sonucu olarak ortaya ¢ikar.
Amonyak sulardaki en zehirli azot bilesigidir (Pulatsii &
Topgu, 2012). Yiizey Su Kalitesi Yonetimi YOnetmeligine

tretiminde maddesi  olarak

gore 0,2 mg/L’den disiik konsantrasyonlar 1. sinif su
kalitesine sahip sulardir. Golette en yiiksek yaz
mevsiminde 6l¢iilen amonyum azotu miktari bu seviyenin
¢ok altindadir.

Nitrat azotunun suda kolay ¢oziiniiyor olmasi
sucul ekosistemler igin tehlike arz etmektedir. Nitrat, diger
azot bilesiklerinden daha az zararli etkiye sahip olmasina
ragmen, yiiksek konsantrasyonlara ulastiginda sudaki
canlilar1 olumsuz etkileyebilir. Iyi bir besin maddesidir ve
otrofikasyona yol agabilir (Mutlu vd., 2017). Yiizey Su
Kalitesi Yonetimi Yonetmeligine gore nitrat seviyesinin 5
mg/L’den az oldugu sular I. smif sulardir. Yaz mevsiminde
azotlu giibre kullanimma bagli olarak gdlette nitrat
seviyesinin bu smirt astigi diisiiniilmekle beraber, golet
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suyu bu parametre agisindan II. simf sular kategorisinde
yer almaktadir.

Sularda mikrobiyolojik kirlenme varsa bunun
onemli bir gostergesi de nitrittir. igme sularma nitrit
karigmasi tehlikelidir (MEB, 2011). Nitratlara benzemekle
birlikte daha tehlikelidirler. Yiiksek konsantrasyonlarinin
uzun siireli tiiketilmesi septisemiye sebebiyet vermektedir
(Pulatsii & Topgu, 2012). Dezenfektanlar oksidasyonunun
yapilmasi icin kullanilabilir. Golette olgiilen en yiiksek
nitrit miktar1 yaz mevsiminde O6l¢iildii. Golet suyu nitrit
bakimindan Yiizey Su Kalitesi Yonetimi Yonetmeligine
gore L. sinif su kalitesindedir.

Jips minerallerinden dogaya karigan ve bir tuz
bilesigi olan siilfat, dogal sularin yapisinda degisen
miktarlarda bulunabilir. Pargalanan siilfiir bilesikleri,
sanayi atiklari ve yagislar sonucu yiizey sularina siilfat
girisi gerceklesir. Oksijensiz ortamda hidrojen siilfiti
olusturur ve bakteriler i¢in oksijen kaynagi haline gelir
(Chapman, 1996). Siilfiir bilesikleri sularda kotii koku,
kot tat, korozyon ve toksisiteye de sebep olabilen dnemli
kirleticilerdendir (Giiler & Cobanoglu, 1997). Siilfitin yer
alt1 sularina girisi volkanik gazlar ve kiikiirtlii minerallerin
ayrismasiyla olur. Yiizey sularinda olusumu ise dip
sedimentinde,  tabakalasmaya  ugramig gol ve
rezervuarlardaki organik maddelerin anaerobik bakteriyel
¢lirimeye ugramasi Golette en yiiksek
sonbaharda tespit edilen siilfat ve siilfit degerleri tehlike
smiriin ¢ok altinda kalmaktadir.

sonucudur.

Fosfor dogal olarak kayaglarin yapisinda
bulunmakla beraber bu kayaglarin aginmasit veya erozyon
sonucu su ve topragin yapisina karisir. Bitkisel canlilar i¢in
onemli bir besin maddesi olmast yaninda, hayvansal
canlilarin da kas ve iskelet sistemlerinin yapi taglarindan
olmas1 bakimindan &nemlidir. Dogal sularin yapisinda
organik ve inorganik formlarda bulunur. Suda fosfor
miktarinin artist pH derisimine veya suyun tampon
Ozelliginin degismesine neden olacagindan sucul yasami
olumsuz etkileyecektir. Bununla birlikte kompleks
fosfatlarin karbonat gibi maddelere etkimesi sonucu su
sertliginde azalmalar goriilmektedir. Bu durumun olumsuz
yani ise bazi toksik kimyasallarin etkinliginin artmasina
neden olmasidir (Bilen & Sezen, 1993). Insan kaynakli
etkenler (atik besinler, giibreleme, endiistriyel atiklar,
deterjanlar vb.) sularda fosfor artigina neden olmaktadir
(Uncumusaoglu & Mutlu, 2019). Ozellikle islenmis fosfat
kaynagi olan deterjanlarin ve giibrelerin yiiksek oranda
suya giris yapmast sonucu sularda Otrofikasyon
gozlenmektedir (MEB, 2011).

Golette yil icerisinde gozlenen fosfat miktarina
bakildiginda, yagmurlarin sik oldugu aylarda fosfat
arttigit  gozlenmektedir. Bu  durumun
yagmurlarin tarim arazileri ve tepelerden golete fosfati
tagimast sebebiyle oldugu distiniilmektedir (Mutlu vd.,

miktarmin
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2016a). Fosfat miktarinin sonbaharda en yiiksek seviyesine
(ortalama 0,032+0,014 mg/L) ulastigt goriilmektedir.
Yiizey Su Kalitesi Yonetimi Yonetmeligine gore bu miktar
goletteki su kalitesini I1. sinifa almaktadir.

Sodyum, magnezyum, potasyum, kloriir ve
kalsiyumun diisiik konsantrasyonlar1 canlilik igin gerekli
ve yararhdir. Bununla birlikte bunlarin  yiiksek
konsantrasyonlar1 canli sagligini tehdit eder ve kirletici
ozelliklere sahiptir.

Sodyum, su igerisinde daha ¢ok NaCl halinde
bulunmaktadir ve sucul bitkisel organizmalarin geligimleri
icin 6nemlidir (Mutlu vd, 2013). Goélette en yiiksek sodyum
yaz mevsiminde Ol¢iildii. Yiizey Su Kalitesi Yonetimi
Yonetmeligine gore sodyum icin golet 1. smf su
kalitesindedir.

Potasyum da yine besin elementlerindendir ve
inorganik tuzlar sinifindadir. Suyun tat 6zellikleri almasini
saglar. Bitkisel organizmalar igin gelisimde Onemli rol
oynayan elementlerdendir. Su igerisinde c¢ogunlukla
siilfathi bilesikler formunda bulunmaktadir (Mutlu vd.,
2016b). Diger besin elementlerinde oldugu gibi
konsantrasyonunun fazla olmasi durumunda 6trofikasyon
gozlenebilir. Potasyum Giimiissuyu Goleti’nde en yiiksek
yaz mevsiminde ol¢iildii.

Kalsiyum biitiin canlilarin yasami i¢in dnemlidir.
Sularda dogal olarak ve bol miktarlarda bulunur. Suya
sertligini veren elementtir. Hayvansal organizmalarda
iskelet sistemlerinin gelisiminin en 6nemli unsurudur. Su
ortaminda kalsiyumun varlig1, sucul organizmalar ic¢in
toksik etkisi olan maddelerin nétralizasyonu igin 6nemlidir
(Atay & Pulatsii, 2000). Sert sularda bulunan 80 — 100
mg/L arasi1 kalsiyum miktart normal olarak kabul
edilmektedir. Bu sebeple sucul canlilar i¢in ideal ortamin
saglanmast agisindan kalsiyumun onerilen en yiiksek
degeri 75 mg/L’dir (Mutlu vd., 2013). Gimiissuyu Goleti
sert sular smifinda yer almaktadir. Kalsiyum miktar
ilkbaharda (ortalama 71,30+4,28 mg/L) en yiksek
degerinde olgiildii.

Magnezyum yer kabugunda zengin bulunmakla
birlikte oldukga aktif bir elementtir ve dogada serbest
olarak bulunmaz. Magnezyum karbonat olarak kayalarin,
kayaglarin, minerallerin, kire¢ taslarmin ve dolomit
kayalarinin  yapisinda bulunabilir. Suda ¢dziinmesi
kolaydir. Bu sebeple ortama rahat Kkarigir.
Magnezyum normal sularin yapisinda 5- 60 mg/L ve sert
sularin yapisinda 60 — 100 mg/L arast miktarlarda
bulunmaktadir ~(Mutlu  vd., 2013). Magnezyum
Giimissuyu Goleti’'nde ilkbaharda ortalama 68,54+3,66
mg/L ile en yiiksek seviyesinde Ol¢iilmiistiir. Glimiissuyu
Goleti’nin kalsiyum ve magnezyum bakimindan sucul
canlilarin gelisimine uygun oldugu goriilmektedir.

Kloriir iyonunun sularda goriilmesi tatli su
kaynaklari ile tuzlu su kaynaklarinin karigmasi sonucunda

sucul
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olur. Kloriir sularda kalsiyum kloriir, magnezyum kloriir
veya sodyum kloriir olarak goriiliir (Geldiay & Kocatas,
1998). “Sularda tabii olarak bulunan anyonlardan biri olan
kloriiriin su canlilart igin 400 mg/L’nin iizerindeki
degerleri toksik etki yapar” (Bulut vd., 2009). Golette
kloriir en yiiksek sonbaharda ortalama 5,90+0,08 mg/L
olarak dlgiildii. [lkbaharda ise eriyen karlarin ve yagislarin
g0l suyunu seyreltmesi sonucu olarak kloriir seviyesinin
diisiis gosterdigi diistiniilmektedir.

Sonu¢ olarak Giimiigsuyu Goleti’'nde yapilan
calisma ile elde edilen veriler incelenmis, Yiizey Su
Kalitesi Yonetimi Yonetmeligi'nde yer alan Kita
Ici Yeriistii Su Kaynaklarmin Simflarna Gére Kalite
Kriterleri tablosu ile karsilastirilmistir.  Giimiissuyu
Golet’inin su kalitesi, fosfat miktaria gore II. sinif, diger
parametrelere gore ise I. sinif sular seviyesindedir. Sertlik
durumuna bakildiginda ¢ok sert sular sinifindadir. Ancak,
sert sularin yetistiricilik a¢isindan bir engel teskil etmedigi
bilinmekle birlikte, su biinyesinde bulunan bazi toksik
etkinligini  artirabileceginden  takibi
onerilmektedir. Emin vd. (2020)’nin su Kkalitesinin
belirlenmesinde kullandig sitotoksisite testleri SWQRM’a
gore riskli goriinen degerlerin hiicre canliliina etkisinin
olmadigin1  hatta hiicre canliigmi  destekledigini
gostermistir.  Golet Sitotoksik analizlerle
incelenmesini de uygun gérmekteyiz. Bununla birlikte elde
edilen veriler 1s18inda Giimiissuyu Goleti’nde heniiz bir
kirlilik tehlikesi gorilmemistir. Goletteki mevcut fiziko-

maddelerin

suyunun

kimyasal yapinin sucul organizmalar, sulama ve evsel
kullanim i¢in elverisli oldugu sdylenebilir. Ne var ki igme
suyu niteliginde olup olmadigmin tespiti i¢in yapilacak
mikrobiyolojik analizlere ihtiyag vardir.

Tespit edilen bu mevcut iyilik halinin
korunabilmesi, bundan sonraki siireglerde su kalitesinin
takibinin diizenli yapilmasi ve gerekli durumlarda
miidahale edilmesi ile miimkiin olacaktir.
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Abstract: Different antioxidant substances are supplemented to prevent oxidative stress and improve egg
quality in poultry nutrition. It is known that synthetic antioxidants negatively affect human health. Therefore,
natural antioxidants are often investigated. In this study, the possibilities of using different levels of black
mulberry (Morus nigra L.) leaf powder (BML) in laying hens were examined. For this purpose, 3 groups were
formed, 24 in each group, and a total of 72 hens (35 weeks-old, Brown Nick) were distributed to individual
cages. The control group (BML-0) was fed using a basal diet. Experimental groups were fed using 0.3 and
0.6 g/kg BML supplementation to the basal diet, respectively. Performance, egg quality characteristics, yolk
TBARS (thiobarbituric acid reactive substances), DPPH (2,2-diphenyl-1-picrylhydrazyl), and cholesterol
levels were evaluated in the trial, which lasted for a total of 9 weeks, one week of which was the
acclimatization period. There was no statistically significant difference between the groups in terms of
performance, egg quality characteristics, and DPPH reducing % in yolk (P>0.05). Yolk TBARS and
cholesterol levels were significantly affected from supplemented-BML diet (P<0.05). It was determined that

*1=: https://orcid.org/0000-0002-8667-3390

*Corresponding author: the cholesterol level of yolk decreased linearly with the addition of BML (P<0.05). It was determined that the
Gozde KILING ) BML addition delayed lipid oxidation due to decreased TBARS value in the yolk. As a result, it was
';‘crgiff Aunqggf%rskl;;iova Vocational determined that black mulberry leaves can be used to obtain low-cholesterol eggs and delay lipid oxidation
X gozde kilinc@amasya.edu.tr without negatively affecting performance parameters in laying hens. It is thought that it will be useful to

reveal the effects of black mulberry leaf on different parameters in future studies.

Keywords: Antioxidant, black mulberry, cholesterol, egg quality, TBARS.

Karadut (Morus nigra L.) Yaprak Tozunun Yumurtaci Tavuklarda Performans, Yumurta
Kalitesi, Yumurta Antioksidan Kapasitesi ve Kolesterol Diizeyine Etkileri

Oz: Oksidatif stresi onlemek ve yumurta kalitesini gelistirmek iin kanatli karma yemlerine farkli antioksidan
maddeler ilave edilmektedir. Sentetik antioksidanlarin insan sagligini olumsuz olarak etkiledigi
bilinmektedir. Bu nedenle dogal antioksidanlar siklikla arastirilmaktadir. Bu ¢aligmada karadut (Morus nigra
L.) yaprak tozunun (BML) farkli diizeylerinin yumurtaci tavuklarda kullanim olanaklar ortaya konulmustur.
Bu amagla her bir grupta 24’er adet olmak {izere 3 grup olusturulmus ve toplam 72 adet tavuk (35 haftalik,
Brown Nick) bireysel kafeslere dagitilmistir. Kontrol grubu (BML-0), bazal yem ile beslenmistir. Deneme
gruplart ise bazal yeme sirasiyla 0.3 ve 0.6 g/lkg BML ilavesi ile beslenmistir. Bir haftasi alistirma periyodu
olacak sekilde toplam 9 hafta siiren denemede performans, yumurta kalite 6zellikleri, yamurta sarist TBARS
(tiyobarbitiirik asit reaktif maddeler), DPPH (2,2-diphenyl-1-picrylhydrazyl) ve kolesterol dizeyleri
degerlendirilmistir. Performans, yumurta kalite 6zellikleri ve yumurta sarisinda DPPH % indirgeme giicii
bakimindan gruplar arasinda istatistiksel olarak anlamli bir fark olmadig tespit edilmistir (P>0.05). Yumurta
sarist TBARS ve kolesterol diizeyleri ise karma yemdeki BML’den 6nemli diizeyde etkilenmistir (P<0.05).
BML ilavesi ile yumurta sarist kolesterol diizeyinin linear olarak azaldig: tespit edilmistir (P<0.05). BML
*Sorumlu yazar: ilavesinin yumurta sarisinda TBARS degerinin azalmasi sonucunda lipid oksidasyonunu geciktirdigi
GozdcIKITING S belirlenmistir. Sonug¢ olarak, yumurtaci tavuk karma yemlerindeki karadut yapragmin performans
NI, O G IS lerini olumsuz yonde etkilemeden diisiik kolesterollii yumurta eldesinde ve lipid oksidasyonunun
Yiiksekokulu, Amasya, Tiirkiye parame Pre ermnt o yor SR SUK Kot yu - p Y
B41: gozde. kilinc@amasya.edu.tr geCIktlrllmes1qde .kl'lllamlabllecegl goriilmektedir. Ileriki ¢alismalarda kargdut yapraginin farkli parametreler
tizerindeki etkilerinin ortaya konulmasinin faydali olacag: diisiiniilmektedir.

Anahtar kelimeler: Antioksidan, karadut, kolesterol, yumurta kalitesi, TBARS.
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INTRODUCTION

Various feed additives are used to increase the
quality of animal products, improve performance, and
protect animal health in poultry (Pirgozliev et al., 2019). The
use of synthetic antioxidants as feed additive is controversial
due to their potential negative effects (Lorenzo et al., 2018).
The use of antibiotics to promote growth has been banned
since 2006 (Tian et al., 2021). For these reasons, researchers
and manufacturers have returned to natural additives (Placha
et al., 2022). One of these natural additives that have plant
origins (Yitrabek, 2015) is called phytobiotics or phytogenic
additives (Bagno et al., 2018). Plants have different
properties such as antioxidant, antimicrobial, antiviral, anti-
inflammatory, anticancer, and antidiabetic thanks to the
secondary metabolites they contain (Jain et al., 2019). There
are different studies carried out on the use of several
phytobiotics such as jujube leaf (Kiling et al., 2020), thyme
(Ghasemi et al., 2010; Mansoub, 2011; Mohammed et al.,
2022), sage (Assi-Husain et al., 2023), black cumin (Ghosh
etal., 2020; Ali et al., 2023), nettle (Parizadian Kavan et al.,
2023), garlic (Ghasemi et al., 2010; Ghosh et al., 2020),
rosemary (Cufadar, 2018; Cimrin, 2019), ashwagandha
(Sandeep et al., 2020; Kiling, 2023), anise (Yu et al., 2018),
and wild leek (Kiling et al., 2023) in laying hens. One of the
subjects investigated as a natural additive is mulberry.
Mulberry (Morus spp.) belong to in the Moraceae family
(Zhang et al., 2018). This genus has many species (Sanchez,
2000; Yigit et al., 2010). It is known that white mulberry
(Morus alba L.), black mulberry (Morus nigra L.), and red
mulberry (Morus rubra L.) are common (Butkhup et al.,
2013). The high antioxidant content of black mulberry
(Morus nigra L.) leaves was reported in previous studies
(Radojkovi¢ et al., 2018; Polumackanycz et al., 2021;
Vukmirovi¢ et al, 2023). There are many studies
investigating Morus alba L. leaves in laying hens (Al-kirshi
et al., 2010; Olteanu et al., 2012; Kamruzzaman et al., 2014;
Linetal., 2017; Zhang et al., 2022). However, as can be seen
in the literature, the number of studies investigating the
possibilities of using Morus nigra L. leaves in poultry is
limited. Therefore, the present study examines the effects of
black mulberry leaf powder (BML) on performance, egg
quality characteristics, yolk TBARS level, DPPH radical
scavenging activity (% reduction), and cholesterol level in
laying hens.

MATERIAL AND METHOD

Preparation of Black Mulberry Leaf Powder:
Black mulberry leaves collected in June were dried under the
shade conditions. The dried leaves were ground in a
laboratory blender and stored under suitable conditions until
the experiment.
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Experiment Plan and Feeding of Animals: The
animal experiment was carried out at Amasya University
Suluova Vocational School for 9 weeks, one week of which
was an acclimatization period. Brown Nick hens (35- weeks
old) were divided into 3 groups (total 72 hens), 24 in each
group, and distributed in 4-storey cages (35 ¢cm x 40 cm X
40 cm) (Table 1). Hens were put into a completely
randomized block design. The number of hens in groups was
determined using G*Power 3.1. program's F tests (Fixed
effects, omnibus, one-way) module. While the chickens
were placed in the cages, it was tested that the groups were
homogeneous in terms of weight (P>0.05). During the
experiment, feed and water were given ad libitum. Lighting
was performed for 16 hours daily (lights on at 5:30 and lights
off at 21:30). The temperature and humidity levels were
routinely checked during the experiment.

Table 1. Experiment plan

Groups Number of Repetitions (n) Feed Additive
BML-0 24 -

BML-1 24 0.3 g/kg BML
BML-2 24 0.6 g/lkg BML

BML: Black Mulberry Leaf.

The control group (BML-0) was fed a basal diet.
Experimental groups (BML-1 and BML-2) were fed
individually by adding 0.3 and 0.6 g/kg black mulberry leaf
(BML) powder to the basal diet, respectively. The chemical
composition of the basal diet and BML powder were
determined by the method reported in AOAC (2000). The
components and chemical composition of the basal feed used
in the experiment are presented in Table 2. The nutrient
composition of BML powder analyzed is given in Table 3.

Table 2. Chemical composition of basal diet used in the experiment
Ingredients kg/ton Nutrient contents (analyzed)

Maize 500.000 Dry matter

Soybean meal (46% CP) 138.130 Crude protein

%
88.96
17.50

Full-fat soybean (34% CP) 94.111 Crude fibre 4.19
Sunflower meal (34% CP) 86.471 Ether extract 4.35
Triticale 73.380 Crude ash 12.24
Sunflower oil 6.744 Methionine 0.37
Limestone 87.265 Lysine 0.85
Dicalcium phosphate 8.242 Calcium 3.6
Salt 3.246 Methionine + Cystine 0.69
DL-methionine 0.011 Tryptophan 0.22
Premix* 2.500 Arginine 1.22

Total 1000 Threonine 0.69

Calculated ME (kcal/kg)** 2760

*Each 2.5 kg of premix contains 10.000.000 1U Vitamin A, 3.000.000 IU Vitamin D3, 25.000 mg Vitamin E, 3.000 mg
Vitamin K3, 2.000 mg Vitamin B1, 5.000 mg Vitamin B2, 40.000 mg Vitamin B3, 12.000 mg Vitamin B5, 4.000 mg
Vitamin B6, 1.000 mg Vitamin B9, 60 mg Vitamin H, 20 mg B12, 120.000 mg Mn, 40.000 mg Fe, 70.000 mg Zn, 7.000
mg Cu, 1.000 mg 1, 500 mg Se, 2.500 mg canthaxanthin, apo-carotenoic acid ester. CP: Crude protein.

**Calculated metabolic energy (TSI, 1991).

Table 3. Chemical composition of BML powder
Nutrient contents (analyzed)

Dry matter

Crude protein

Ether extract

Crude fibre

Crude ash

Determination of Performance Parameters: Body
weight gain (g), egg weight (g), feed consumption (g), egg
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production (%), and feed conversion ratio (g feed/g egg)
were determined as performance parameters. The remaining
feed and egg weights were measured every 2 weeks.
Performance parameters were determined using all these
data. After subtracting the remaining feed amount from the
total amount of feed given, it was divided by the number of
days and the daily feed consumption of each group was
calculated. Egg production was calculated by dividing the
total egg number of each group by the number of animals in
that group and multiplying by 100. The feed conversion ratio
was determined by dividing the feed consumed for 2 weeks
by egg weight. The body weight gains of the hens weighed
at the beginning and the end of the trial were calculated
(Body weight gain = Final body weight — Initial Body
weight).

Determination of Egg Quality Parameters: In the
present study shape index (%), yolk index (%), albumen
index (%), Haugh unit (%), yolk color (L*, a*, and b*
values), shell weight (g), and shell thickness (um) were
evaluated as egg quality characteristics. For this purpose,
eggs collected in the last two days of the experiment (n=40)
were used. Egg and eggshell weights were determined with
a precision scale of 0.001 g. Egg width, length, yolk
diameter, and albumen width and length were measured with
digital caliper (1108-150, Insize, China). Yolk height and
albumen height were measured using a tripod micrometer
(Mitutoyo, 0.01-20 mm; Kawasaki, Japan). Shape index
(Duman et al., 2016), yolk index (Sekeroglu & Altuntas,
2009), albumen index (Iskender et al., 2017), and Haugh unit
(Ryu et al., 2011) were calculated using the formulas given
below.

Shape index (%) = [egg width/egg length] % 100

Albumen index (%) = [albumen height] / [(albumen
length + albumen width) / 2] x 100

Yolk index (%) = [yolk height/yolk width] x 100

Haugh unit (%) = 100 log (H + 7.57 - 1.7W%%), (W
= egg weight; H = albumen height)

Eggshell thickness was measured using a
micrometer (Mitutoya, 0.01-5 mm; Kawasaki, Japan) in
three different parts (upper and lower ends and middle). The
colorimeter (PCE-CSM 4) was used to determine yolk color
values (L*, a*, and b*). L* value indicates lightness, a*
value indicates redness, and b* value indicates yellowness
(Lokaewmanee et al., 2013).

Determination of Yolk TBARS Value: As an
indicator of lipid oxidation, the MDA (malondialdehyde)
value was determined in 18 eggs (n=18) from each group at
the end of the experiment (Kilig¢ & Richards, 2003). In this
method, 2g yolk is taken and added with 12 ml TCA solution
(7.5% TCA, 0.1% EDTA, 0.1% propyl gallate) and
homogenized for 20-25 sec. in ultra-turrax. Then, they were
filtered using the Whatman 1 filter paper. Then, 3 ml of
filtrate was taken and put into glass tubes and added with 3
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ml 0.02 M TBA solution. These tubes containing solution
were kept in a water bath at 100°C for 40 minutes and then
cooled under tap water. Cooled tubes were centrifuged at
2000 rpm for 5 minutes and the absorbance values were
measured at 530nm wavelength using a spectrophotometer
(Genesys 10S UV-VIS, Therma Scientific, USA). TBARS
value (umol MDA/kg egg) was calculated with the help of
the formula below.

TBARS=[(absorbance/k(0.06)x2/1000)x6.8]x100
0/sample weight

k= Value obtained from the standard curve

(TBARS: Thiobarbituric acid reactive substances)

Determination of Yolk DPPH Value: The method
of Farivar (2014) was used to determine DPPH (2,2-
diphenyl-1-picrylhydrazyl) the radical scavenging activity
(DPPH reduction, %) in 18 yolks (n=18) from each group at
the end of the experiment. In this method, 2g yolk was added
with 25 mL methanol in falcon tubes and the extraction
process was performed for 20 minutes in an ultrasonic bath
(Elmasonic S 80/H). Yolk-methanol mixture was filtered
using filter paper. Filtrates were pipetted to 0.1 ml glass
tubes. Then, they were added with 2.9 mL DPPH solution
(100 mL Methanol + 0.0025 g DPPH). Tubes were mixed
for 25 sec. in a vortex (IKA Vortex 4 Basic), kept under dark
conditions for 1 hour, and then sample absorbances and
control tubes were read using a spectrophotometer (Genesys
10S UV-VIS, Therma Scientific, USA) at 517 nm
wavelength. DPPH value was calculated with the help of the
following formula (Sudha et al., 2011).

DPPH (%) = [(A0-A1)/A0] x 100

(A0: Absorbance of the control, Al: Absorbance of
the sample)

Determination of Yolk Cholesterol Value: Yolk
cholesterol level was determined using 10 eggs (n=10) from
each group at the end of the experiment. Yolk cholesterol
was determined by the colorimetric method (Washburn &
Nix, 1974).

Statistical Analysis: Analysis of variance (One-
Way Analysis of Variance), intergroup comparisons
between (Duncan's test), and polynomial analysis (linear and
quadratic effects) were performed using the SPSS 21.0
package program. The effects (significance) of the groups
were evaluated at P<0.05 level (IBM Corp., 2012). In
addition, the number of hens used in the present study was
determined by the G*Power (Faul et al., 2007) software
package (version 3.1.4).

RESULTS AND DISCUSSION

Performance Parameters: The results regarding
the performance parameters [Initial Body Weight (IBW),
Final Body Weight (FBW), Body Weight Gain (BWG), Egg
Weight (EW), Egg Production (EP), Feed Intake (FI), and
Feed Conversion Ratio (FCR)] are presented in Table 4.
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The effects of BML powder (0.3 and 0.6 g/kg) on
performance parameters were found to not be statistically
significant in laying hens (P>0.05). The results achieved
here are consistent with previous studies reporting that
mulberry leaves do not affect performance parameters in
laying hens (Olteanu et al, 2012; Panja, 2013;
Kamruzzaman et al., 2014).

Egg Quality Parameters: The results achieved here
regarding egg quality traits [Shape Index (SI), Yolk Index
(Y1), Albumen Index (Al), Haugh Unit (HU), Shell Weight
(SW), Shell Thickness (ST), Lightness (L*), redness (a*),
yellowness (b*)] are given in Table 5.

The effects of BML powder supplemented to the
diet of laying hens on egg quality parameters were
statistically insignificant (P>0.05). In the polynomial
analysis, the linear effect was found significant in terms of

Table 4. Effect of BML powder on performance parameters (n=24)
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Y1, HU, and a* values (P<0.05). These values have linearly
increased with BML levels. In a previous study
(Kamruzzaman et al., 2014), it was determined that mulberry
leaves (3, 6, and 9%) did not affect egg quality
characteristics. In another study, it was reported that ST, HU,
and SW were not affected by mulberry leaves (3 and 6%) in
their diet (Olteanu et al., 2012). These findings are consistent
with the results of the present study. Contrary to the present
study, it was determined that mulberry leaves increased ST
(Lin et al., 2017; Huang et al., 2022), HU (Lin et al., 2017),
yolk color (Olteanu et al., 2012; Xue-dong et al., 2013; Lin
etal., 2017), and the SW (Lin et al., 2017).

Yolk TBARS Value, DPPH Radical Scavenging
Activity, and Cholesterol Value: The results of the study on
yolk TBARS, DPPH, and cholesterol values are given in
Table 6.

Groups SEM P values

Parameters BML-0 BML-1 BML-2 C L Q

IBW 1772.61 1794.21 1768.58 17.034 0.808 0.924 0.520
FBW 1791.26 1844.50 1816.88 18.074 0.492 0.566 0.297
BWG 18.65 50.29 48.29 8.146 0.209 0.139 0.330
EW 61.49 61.31 61.74 0.203 0.687 0.619 0.478
EP 89.41 86.71 86.35 0.818 0.238 0.122 0.491
FI 117.31 117.14 114.00 0.756 0.132 0.074 0.354
FCR 1.91 1.92 1.85 0.013 0.083 0.063 0.217

BML-0, BML-1, BML-2: Groups fed black mulberry powder added to basal diet at 0, 0.3, and 0.6 g/kg levels, respectively. SEM: Standard Error of Mean; C: Combined; L: Linear; Q: Quadratic; IBW: Initial
Body Weight, g; FBW: Final Body Weight, g; BWG: Body Weight Gain, g; EW: Egg Weight, g; EP; Egg Production, %; FI: Feed Intake, g/day/hen; FCR: Feed Conversion Ratio, g feed/g egg.

Table 5. Effects of BML powder on egg quality characteristics (n=40)

Groups SEM P values
Parameters BML-0 BML-1 BML-2 C L Q
Sl 79.32 78.80 79.53 0.233 0.421 0.724 0.206
Yi 44.30 44.92 45.31 0.205 0.127 0.044 0.777
Al 9.16 9.52 9.59 0.120 0.295 0.148 0.557
HU 83.85 85.83 86.06 0.451 0.088 0.045 0.867
sw 7.05 7.09 7.03 0.048 0.877 0.849 0.634
ST 0.364 0.369 0.360 0.002 0.245 0.388 0.151
L* 54.40 53.63 53.66 0.210 0.240 0.251 0.374
ax 11.36 11.72 11.83 0.091 0.092 0.037 0.505
b* 43.84 43.49 44.10 0.227 0.557 0.646 0.328

BML-0, BML-1, BML-2: Groups fed black mulberry powder added to basal diet at 0, 0.3, and 0.6 g/kg levels, respectively. SEM: Standard Error of Mean; C: Combined; L: Linear; Q: Quadratic; SI: Shape
Index, %; Y1: Yolk Index, %; Al: Albumen Index, %; HU: Haugh Unit, %; SW: Shell Weight, g; ST: Shell Thickness, pm; L*: Lightness; a*: Redness; b*: Yellowness.

Table 6. Effect of BML powder on yolk TBARS (n=18) and DPPH (n=18), cholesterol (n=10) values

Groups SEM P values
Parameters BML-0 BML-1 BML-2 C L Q
TBARS (umol MDA/kg egg) 3.009? 1.768° 1.865° 0.182 0.006 0.027 0.063
DPPH (%) 7.928 7.937 8.555 0.474 0.832 0.599 0.768
Cholesterol (mg/g) 12.70% 11.45° 11.16° 2.407 0.015 0.007 0.299

a,b: The averages with different superscripts in the same row differ significantly (P<0.05).

BML-0, BML-1, BML-2: Groups fed BML powder added to basal diet at 0, 0.3, and 0.6 g/kg levels, respectively. 0, 0.3, and 0.6 g/kg levels, respectively. SEM: Standard Error of Mean; C: Combined; L: Linear;
Q: Quadratic; TBARS: Thiobarbituric acid reactive substances; DPPH: 2,2-diphenyl-1-picrylhydrazyl.

Although different levels of BML powder did not
affect DPPH radical scavenging activity in yolk, it affected
TBARS and cholesterol levels (P<0.05). It was determined
that adding BML to the diet had a positive effect by
reducing the yolk TBARS value and cholesterol level. In
the polynomial analysis, linear and quadratic effects were
significant found to be in terms of yolk TBARS and
cholesterol (P<0.05). The decrease in TBARS in yolk is
thought to originate from the antioxidant property of BML.
The previous studies emphasized that the antioxidant
properties of BML are high (Polumackanycz et al., 2021;
Vukmirovi¢ et al., 2023). Johri et al. (2013), in their study,
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associated the decrease in the cholesterol level of the yolk
with the hypocholesterolemic effect of the mulberry leaf.
Therefore, it is thought that the decrease in the cholesterol
level of the yolk in the present study is because of the
hypocholesterolemic effect of the black mulberry leaf. Lin
et al. (2017) reported that mulberry leaf extract at different
levels (0.5, 1, and 2%) decreased the serum MDA level. In
another study, Zhang et al. (2022) determined that different
mulberry leaf extract levels (0.4, 0.8, and 1.2%) reduced
the cholesterol levels of eggs. Furthermore, Kamruzzaman
et al. (2014) reported that different levels (3, 6, and 9%) of
mulberry leaf meal reduced the cholesterol level in the
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yolk. The results of the present study overlap with these
studies.

CONCLUSION

BML powder at different levels (0.3 and 0.6 g/kg)
in diets of laying hens did not significantly affect other
parameters (performance, egg quality traits, and yolk
DPPH % reduction), except TBARS and cholesterol level
in yolk. It was determined that BML delayed lipid
oxidation by decreasing MDA in the yolk. In addition, it
was also determined that the BML powder reduced the
cholesterol level in eggs compared to the control group.
Given the findings of the present study, it was concluded
that BML can be used to prevent lipid oxidation and obtain
low-cholesterol eggs without negatively affecting
performance parameters. However, it is thought that more
comprehensive studies on BML would be beneficial.
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Giineydogu Karadeniz’ de Barbun (Mullus barbatus Linnaeus, 1758) Baligimin
Mekansal-Zamansal Dagilim ve Popiilasyon Dinamigi

Oz: Mart 2017 ile Nisan 2018 arasinda Karadeniz'in Giineydogu sahilinden toplamda 2930

Mullus barbatus bireyi biiylime, 6liim oranlar1 ve derinlik ile mevsime gore belirlenen dagilimlari

acisindan incelenmistir. M. barbatus kig aylarinda 30-45 m derinliklerinde daha bol miktarda

bulundugu belirlenmistir. Tiim bireyler i¢in Von Bertalanffy biiyiime parametreleri L»=28,19 cm,

; K=0,16 yil'}, to=-0,144 y1l olarak hesaplannustir. Maksimum yas 5 olarak tespit edilmistir. Dogal
Hatice ONAY 1 vpse 12 o 1 1

Rezgn Teiip Erdlsfion Oinvamities, S 6liim, toplam dliim ve avcilik 6liim oranlari iissi katsayilari sirasiyla 0,33 y1l ™, 1.001 yil™ ve 0,67

Uriinleri Fakiiltesi, Su Uriinleri Avlama ve yil! olarak hesaplanmistir. Popiilasyonun somiiriilme oram 0,66 yil™ olarak belirlenmistir.

Isleme Teknolojisi Bolimi, Rize, Tiirkiye. Sémiiriilme oran 0,5'in iizerinde oldugu igin, stok iizerinde yiiksek bir av baskisi oldugunu
DX hatice.bal@erdogan.edu.tr . o
sOylenebilir.

*Sorumlu yazar:

Anahtar kelimeler: Balik popiilasyonu, karadeniz, mullidae, 6liim orani, somiiriilme orani.

INTRODUCTION ecosystem have also negatively affected Turkish overall
fisheries. The production of red mullet in 1989 in Turkey rise
to 8833 tonnes, while it was determined to be 1569 tonnes in

family, is a benthic species that lives mostlly on the sandy 2018 (TUIK, 2019). Red mullet is one of the most important
and muddy bottom of the continental shelf and is widespread target species in fishing with active (bottom trawl) and

throughout the Mediterranean S_ea. (Hureau, 1986; Ozbilgin passive (trammel, gill nets) fishing gears along the Black Sea
et al., 2014). In the Black Sea in the last four decades, the coastline. Information about fish age, development and
environmental pollution observed and the climate change growth is a cornerstone for fishery research and management
(Bat et al., 2018), fishing pressure and the presence of alien (Magnifico, 2007). A more comprehensive evaluation is
species have caused important changes in fish stocks and required in order to assess food preferences, migratory
biodiversity (Mee, 1992). These changes in the Black Sea behaviour, habitats for larvae, juveniles and adults,

The red mullet, which belongs to the Mullidae
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reproduction patterns, the age structure of stock, age at
maturity, sex ratio, natural mortality rate, fishing mortality
rates, as well as estimate the total number or weight of
individuals in the stock. (Wallace & Fletcher, 2001). Several
aspects of red mullet biology including reproduction, age
and growth (Samsun, 1990; Samsun & Ozdamar, 1995;
Sahin & Akbulut, 1997; Geng et al., 1998; Geng, 2000; Geng
et al., 2002; Ozbilgin et al., 2014; Arslan and Ismen, 2014;
Stier, 2008; Aksu et al., 2011; Resat, 2013; Siier, 2016;
Yildiz & Karakulak, 2016; Carbonara, 2017) and
distribution (Tserpes et al., 2002; Goénener & Bilgin, 2006;
Gonener & Bilgin 2010; Yal¢in & Gurbet, 2012; Yildiz &
Karakulak, 2016; Gonener & Ozdemir, 2013) have been
studied but information on its bathymetric distribution and
movements according to depth ranges is limited.

Depth and sediment types are the dominant factors
in demersal fish forming community in certain regions. It
was examined the seasonal changes in the distribution
pattern of red mullet in the Southeast Black Sea in this study.
In order to determine factors such as maturation and seasonal
timing and direction of fish movement, the research survey
data on red mullet distribution, maturity, sex, age,size,
biomass and abundance were compared with depth and
temperature.

MATERIAL AND METHOD

Samples were collected monthly between March
2017 and April 2018 at Rize coast in the south-eastern Black
Sea onboard the R/V Karadeniz Arastirma by using a bottom
trawl with a cod-end mesh size of 12 mm. Depth range of the
fishing ground was 0-30 m - 30-45 m and 45-60+ m. Towing
speed varied between 2.5 and 3.5 knots, and towing duration
was limited to 30 min for all hauls. Fishing took place within
an area defined by the following coordinates:
40°5929"N/40°19'52"E;40°59'57"N/40°18'50"E;41°01'32"
N/40°22'53"E;41°02'10"N/40°22'04"E (Fig 1). A total of 38
hauls were taken.
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Figure 1. Study area (Iyidere coasts of Rize).
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At the end of the operation the catch was taken to
the deck and classified. First, the species with a small
number of individuals were separated from the general catch,
and then the sub-sampling was made from the target species,
red mullet, by random sampling method. The sampled
research material was transported to the laboratory in plastic
containers to examine other biological data. A total of 2930
samples (1514 females, 1416 males) were taken to the
laboratory and were measured (total length (TL)), weighed
and sexed. The TL of each red mullet was measured with to
the nearest of 1 mm. Specimens were weighed (wet weight)
on a balance with to the nearest of 0.001 g. In addition, sea
water temperature and depth parameters were measured
using STAR ODDI device connected to the trawl net with
steel wire. For age determination, otoliths of 2930 (1514
females, 1416 males) fish were removed and cleaned from
blood and tissues, and then stored in containing 70% of
ethanol in eppendorf tubes. The number of transparent and
opaque zones of sagittal otoliths was counted using a Nikon
SMZ1000 mark stereomicroscope at a magnification
between x0.8 and x8.0 interfaced with a Nikon DSFI1
digital camera connected to a computer using reflected light.
Monthly size—frequency distributions for both sexes were
calculated according to 1 cm length-class intervals. Size—
frequency distribution analysis for females and males was
conducted the Mann-Whitney U test by using with the
SIGMA plot 12.0 program. Comparison of the mean TL
between females and males was performed using t-test.
Statistical analyses were considered significantly different at
the level of p<0.05. The sex-ratio of the red mullet was
analysed using a x? test. Least squares regression analysis
with MS Excel software was used to calculate the L/W
relationship  parameters (Huxley 1924). The L/W
relationship was estimated as: W=a TL®, where W is the body
weight (g), TL is the total length (cm), a is the intercept, and
b is the slope of the regression line. For comparison of the
difference of slope value from b=3 both females and males,
Pauly’s t-test was performed (Pauly, 1984). VVon Bertalanffy
growth equations are used to calculate the growth in length
and weight (King, 1995; Sparre & Venema, 1998).
Calculation of Von Bertalanffy Growth Equation (VBGE)
parameters is made by the following formula of age-length
relation L¢ = Lo(1 — e ¢t0) which was explained in Ford-
Walford method of (Sparre & Venema, 1998). In the formula
t is time (age), L: is length at age t (cm), L., is t asymptotic
TL to the red mullet growth (cm), K is the growth rate
parameter (year?), t0 is the theoretical age when fish would
have been at zero TL. Growth performance comparisons
were made using the growth performance index (&) which is
preferred rather than using L., and K individually (Pauly&
Munro, 1984) and was computed as: @=log(K)+2log(Lx). In
the study, the total mortality rate (Z) was calculated
according to the formula below, which was created by
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making use of the mean size of the fish (Beverton and Holt,
1957): Z=K *(L»-L) / (L- L") where Z=Total mortality rate,
K=Growth factor (year!) L.=Asymptotic length of fish
(cm), L=mean length of fish used in growth constants, L'=
the smallest length of fish that are fully represented in catch
samples. The natural mortality factor (M) was calculated
according to by (Pauly 1980), using growth parameters
calculated from age data. In this equation, the average
temperature of the habitat in which red mullet lives is taken
as 15.2 °C. The following formula was used: M=0.8 exp
(-0.0152—0.279 Ln(L.) +0.6543Ln(k)+0.463 Ln (T)),
where M= natural mortality factor (year?) L.=Asymptotic
length of fish (cm) K=Growth factor (year') T=Annual
average temperature of habitat (°C). The exploitation rate
(E) is calculated by the ratio of the fishing mortality rate (F)
to the total mortality factor (Z). Fishing mortality factor (F)
was calculated by F=Z—M; E=F/Z, Z=Total mortality rate
(year?), M=Natural mortality rate (year?), F=Fishing
mortality rate (year?), E=exploitation rate. If the E value is
greater than 0.5, which means that the fishing pressure on the
population is high and that it is equal to 0.5 means that
fishing is at the optimum level (Pauly, 1983).

Seasonal and Bathymetric Distribution-Catch per
Unit Effort (CPUE): The data obtained from the shootings
were standardized as catch per unit time (CPUE-kg/hour).
The following equation was used when calculating the
amount of CPUE (Pauly, 1980); Cwi/t (kg/h) where is

Cw=the weight of the catch in a haul (kg), t=haul
time of trawl net (hour). With the SIGMA plot 12.0 program,
CPUE values of according to depth and seasons (Two Way
Analaysis of Variance) were tested with Twoway ANOVA.
All pairwise multiple comparison produres (Tukey test)
were made.

RESULTS

Population Structure: A total of 2930 red mullet
(1514 females, 1416 males) were captured between March
2017 and April 2018. TL of females varied between 5.6 and
23.6 cm (average 12.76+0.077 cm) and TL of males varied
between 5.2 and 20.1 cm (average 11.05+0.061 ¢cm). There
was no statistically significant difference between average
TL of the females and males (t test: P> 0.05). In addition, the
difference between length frequency distributions of female
and male individuals was found to be statistically
insignificant (Mann-Whitney test U= 154.0, P<0.05) Overall
length frequency distribution is presented in Figure 2.

The monthly length frequency distribution is
presented in Figure 3. For fishing, the minimum permitted
fish length is 13 c¢cm for red mullet in Turkey. The 68.5% of
fish caught for this study were found to be below 13 cm.
Especially in the autumn period (after September), much
more fish which are under 13 cm were sampled.
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Figure 2. Overall length frequency of red mullet individuals.

According to growth models, L. value was
calculated to be higher in females than males. This value was
determined to be 28.08 cm in females and 23.49 cm in males.
The growth factor (K) value calculated for male individuals
was found higher than females. K value was calculated
between 0.160 years™ in females and 0.225 years™ in males.
The growth performance index (@) value calculated using
the parameters calculated by growth models (L. and K) was
determined to be 2.103 for females and 2.095 for males
(Table 1).

Table 1. Growth model parameters of M. barbatus individuals, L.=
asymptotic length, K= growth factor, to= age when fish length is
theoretically zero, W.= asymptotic weight, parameter, @’= growth
performance index.

Parameter L. k to W Fi (@)
Total 28,19 0,161 -0,144 245,01 2,109
Female 28,08 0,160 -0,247 247,76 2,103
Male 23,49 0,225 -0,750 127,92 2,095

The female/male ratio (1.06: 1) was in favour of
females so, sex ratio difference was statistically insignificant
in analysed samples (x?=3.278 P<0.005). The oldest
individual was found to be 5 years old for both females and
males. The dominant age group was found to be 2 years old
(31.24%) in females and 1 year old (52.68%) in males (Fig.
4). Otoliths of a total of 2930 red mullet (1514 females and
1416 males) were removed and aged successfully from
sagittal otoliths. The oldest individual was found to be 5
years old for both females and males.

The results from otolith readings are given in table
2. The relationship between the total length-weight values
obtained from red mullet individuals was calculated as
follows; Female: W=0.0048L3%%%% (r?=0.9838), Male:
W=0.0055L3%181 (r?=0.9722). According to the t-test
applied, it was observed that this species showed a positive
allometric growth in the research area (P<0.05). The total
mortality rate (Z year? 1.001) and natural mortality rate (M
year? 0.33) were determined through the initial catch length
of the red mullet population then fishery mortality rate (F
year! 0.67) and exploitation rate (E year® 0.66) were
calculated from those data obtained.
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Figure 4. Age composition of male and female red mullet individuals.

Seasonal and Bathymetric Distribution-Catch
per Unit Effort: In 38 experimental operations carried out
during the study, was swept and a total catch of 875.04 kg
of red mullet were caught. The highest CPUE value was
observed in the winter season when the temperature is low

(Fig. 5).
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Table 2. Red mullet age-length key for all individuals.

Age groups

_E’ Female Male
it
g o 1 2 3 4 5 0 1 2 3 4 5 Totl

5 2 5 7

6 37 63 100

7 97 137 234

8 47 57 104

9 36 55 2 101 194
10 105 247 352
11 181 299 480
12 79 136 99 180 494
13 223 114 5 342
14 113 77 2 28 240
15 113 25 4 142
16 3% 57 5 8 105
17 3 13 7 63
18 32 6 38
19 19 1 20
20 9 1 10
21 1 1
22 3 3
23 1 1

Total 219 420 472 225 100 78 264 746 316 63 25 2 2930
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Figure 5. Seasonal temperature change during the sampling period.

The amount of catch caught per unit time (CPUE-
kg/hour) from the catch data was 28.95 kg/hour in spring,
27.58 kg/hour in summer, 59.76 kg/hour in autumn, and
68.59 kg/hour in winter (Fig. 6). According to the
calculations, for all over the experimental period it was
found as 49.04 kg/h at 0-30 m depth, 65.36 kg/h at 30-45 m
depth and 32.42 kg/h at 45-60" m depth. The lowest CPUE
value of red mullet individuals were determined in spring
(April), and the highest CPUE value was determined in
winter (January). (Fig. 6).
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Figure 6. CPUE values of red mullet individuals according to depth and
seasons.

The lowest temperatures detected throughout the
year were measured in winter and spring seasons.
Accordingly of CPUE there was a statistically significant
interaction between seasons and depth (p<0.05). It was
found the differences on CPUE value between 0-30 m and
45-60" m depths in autumn. Also, there were differences on
CPUE value between 30-45 and 45-60* m depths in
autumn. In winter, the differences were observed only
between 0-30 m and 45-60* m. Considering all seasons,
there were differences when the depth was changed.
Between spring and autumn, CPUE value was different at
0-30 m depth. Between winter and autumn, CPUE value
was different at 0-30 m depth. Between summer and
autumn, CPUE value was different at 30-45 m depth. The
red mullet was found at all depths in the spring, however
the red mullet got close to the shore in summer. Then, it
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was observed that the red mullet started to move deeper in
autumn. In the winter, it was seen that red mullet
completely moved away from the shore and gone deeper
side (Fig. 6).

DISCUSSION AND CONCLUSION

Population Structure: Considering the studies
(Aksu et al., 2011; Aydin & Karadurmus, 2013; Geng,
2000; Resat, 2013; Samsun, 1990; Siier, 2008; Siier, 2016;
Yildiz & Karakulak, 2016; Zengin et al., 2011) which are
conducted in Black Sea, it is seen that the length range and
mean length values are compatible with this study. A study
(Stier, 2016) reported that the length range was between 4.2
and 18.5 cm and also mean length was 8.42 cm. Another
study (Resat, 2013), reported that length range was
between 4.8 and 23.3 cm and mean length 9.78 cm.
However, when looking at the smallest lengths and mean
lengths recorded, it can be said that stock of red mullet is
extremely vulnerable in terms of sustainability. It is
believed that the reason that creates the differences
between the length data is due to the different fishing gear
used in the studies. Length-weight relationship parameters
were calculated separately for males, females and all
individuals. In current studies, all individuals display
different length-weight relationships and also display
positive allometric growth. The results obtained in our
study are similar to other studies (Ak, 2009; Ak et al., 2009;
Geng, 2000; Geng et al., 2002; Samsun & Erkoyuncul992;
Samsun & Ozdamar, 1995; Samsun, 1990; Siier, 2008;
Stier, 2016; Yildiz & Karakulak, 2016). However, some
studies (Aksu et al., 2011; Samsun & Erkoyuncu, 1992)
reported negative allometric growth. Sex ratio was in favor
of the female. Female individuals seem to be dominant
throughout the year. The previous studies in the Black Sea
generally showed a situation in favor of females (Samsun,
1990; Samsun & Ozdamar, 1995; Geng, 2000; Geng et al.,
2002; Ak, 2009; Resat, 2013; Siier, 2016; Yildiz &
Karakulak, 2016), this situation is similar with our study.
However, other studies had different situation (Stier, 2008;
Sahin & Akbulut, 1997) which indicated sex ratio was in
favor of the male. The reason for this situation may be that
the size distribution range in males is narrower than that of
females. In other words, there are only female individuals
in a certain length range and this explains that females are
dominant in all sampling. The dominant ages were
determined as 1, 2 and 0 in the age-frequency distribution,
respectively. Studies have reported that the dominant age
groups were 1, 2, 3 (Samsun, 1990; Sahin & Akbulut,
1997; Siier, 2008; Siier, 2009; Aydin & Karadurmus, 2013;
Yildiz & Karakulak, 2016; Samsun, 2017; Yilmaz et al.,
2019). The highest maximum age was reported as 9 only
by (Geng, 2000). After this study, in some studies
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conducted in different years, the maximum age of 7 was
determined, but the number of individuals determined at
the age of 7 is quite low (Aydin & Karadurmus, 2013; Siier,
2008; Stier, 2016). In some recent studies, it has been
reported that the maximum age is 4 (Yildiz & Karakulak,
2016; Samsun, 2017; Yilmaz et al., 2019). Thus, our
findings and some study indicates that there is a decline in
the maximum age. Researchers reported that a population
dominated by young individuals could not be in balance
because of the withdrawal of older age groups due to
fishing and population fluctuations may occur due to
varying growth rates (Berkeley, 2004; Anderson et al.,
2008). Considering this situation, it can be said that red
mullet fishery is in danger in terms of sustainability. In the
comparison between the sexes, it was seen that males and
females exhibit different growth characteristics. Males
grow faster than females and reach their maximum length
at an earlier age. A study (Jennings et al., 1999) reported
that the growth rate in populations which is under
prolonged fishing pressure study, the K values were higher
and the Lo length was lower for males. However,
considering all studies, it is thought that the difference of
Lo value may be related to the wider or narrower length
range in the studies. The reason for the change of K value
according to years and regions may be due to the different
length composition of the fish studied, age composition,
biotic (prey-predator relationship, genetic variation) and
abiotic (such as temperature, salinity) environmental
factors. In population dynamics studies and can be used to
compare growth under the influence of different
environmental factors. In addition, the growth performance
index is an index used to compare previous studies in the
same region (Pauly, 1991). In our study, the (&) value
calculated for females was slightly higher than males thus
females grew slightly faster than males. Also, considering
the studies conducted (Aksu et al., 2011; Geng, 2000; Geng
et al., 2002; Ismen et al., 2000; Samsun & Erkoyuncu,
1992; Samsun & Ozdamar, 1995; Siier, 2008; Siier, 2016;
Sahin & Akbulut, 1997; Yildiz & Karakulak, 2016) in the
Black Sea, it is similar our study (No significant difference
found with T test, p<0.05). But (Siier, 2008) and (Aksu et
al., 20011) report the differences in index values. The
reason for this difference may be due to the of different
fishing gear. If the exploitation rate is higher than 0.5, it
means that the fishing pressure on the population is high
and if it is equal to 0.5, it means that fishing is at an
optimum level (Pauly, 1983). This may be due to the fact
that the fishing mortality rate calculated in previous studies
(Aksu et al., 2011; Geng, 2000; Geng et al., 2002; Samsun,
1990; Siier, 2016; Yildiz & Karakulak, 2016) in the Black
Sea varies from year to year and this is due to different
fishing pressures by years, the strength of the year class
according to years, and therefore different biotic and
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abiotic factors that control the growth characteristics of
new individuals. In addition, wide length composition
positively effects on breeding success and egg production
and can be more resistant to environmental damage and
hence mortality rates may be affected (Karkach, 2009).

Seasonal and Bathymetric Distribution-Catch
per Unit Effort (CPUE): A study (Geng, 2000) stated that
the amount of biomass of red mullet in the Black Sea,
depends on the season and depth. The author reported that
the highest amount of catch was at a depth of 50-100 m in
winter and 0-20 m in summer. Another study (Zengin etal.,
2011) which contains sampling throughout the year, stated
that the red mullet was detemined in every season and the
most abundant seasons were winter, autumn and then
spring. (Gonener & Bilgin, 2006), It was also calculated
the amount of fish per unit area at two different depths (<75
and> 75 m) and reported that there was a higher amount of
catch at a depth of <75 m. It was calculated the highest
fishing values in October and December. Another study
(Stier, 2016) calculated the quantity of red mullet per unit
area and unit time according to season and depth. Author
determined the highest values in autumn and then in winter.
The unit determined the highest amount of biomass at a
depth of 0-30 m depending on the depth. With the studies
carried out in the Black Sea and this study, it was
determined that the red mullet was abundant, and the
depths were similar, but it was observed that there were
differences between amounts. It is thought that the
differences between these studies may be due to the fishing
gear and the method used. Another study (Yalgin, 2009) in
the Aegean Sea, reported the highest catch amount in
winter, followed by spring, autumn, and summer. This
study also stated that fish abundance at low temperatures is
higher depending on the temperature. Another study
(Yalgin & Gurbet, 2012) in the Aegean Sea, reported that
the red mullet was found in shallow waters less than 60 m
depth. It also reported that red mullet was the most
abundant at a depth of 30-60 m and at a temperature of
16.5-19 °C. In addition, it stated that the highest amount
depending on the season, was intense in autumn
(September) and winter. Another study (Tserpes et al.,
2002), in the Mediterranean, reported the highest amount
of fish depending on the depth is between 50-100 m. The
result of mentioned studies are similar with our results.
Conclusion, this study showed that the species of red
mullet distribution in coastal waters, is depending on
environmental parameters.
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and green areas. For this purpose, Karadeniz Technical University campus, located in the city
center of Trabzon, was chosen as the study area. Within the scope of the study, the plant inventory
in the KTU campus, which has natural and organism plant taxa richness and plant diversity, was
determined, the use rate of native taxa and exotic taxa and the intended use rates in the use content.

*U2: https://orcid.org/0000-0002-0893-4719
: https://orcid.org/0000-0002-6619-9804

*Corresponding author:

Gillcay ERCAN OGUZTURK When the plant taxa determined by on-site observation and evaluation method are examined: a
Recep Tayyip Erdogan University, Faculty of total of 211 woody taxa, 83 Gymnospermae and 128 Angiospermae, were observed in the area.
Architecture and Engineering, Department of L. . . . . . .

Landscape Architecture, Zihni Derin Campus, The results, which include 163 exotic species, 36 native species, 9 exotic cultures, 1 native culture
Rize/Tiirkiye and 2 naturalized species in the campus. As a result of the obtained data, suggestions were

DX gulcay.ercanoguzturk@erdogan.edu.tr . .
guieay 9 ¢ developed for the use of native plants in campus areas.

Keywords: Exotic taxa, floristic diversity, KTU campus, native taxa, Trabzon.

Universite Yerleskelerindeki Koruluk Alanlarin Degerlendirilmesi: Trabzon
KTU Kanuni Yerleskesi Ornegi

Oz: Universiteler, igerisinde yer aldiklar1 toplumun sosyal-ekonomik yapisini, kiiltiirel ve siyasal
ozelliklerini 6n plana ¢ikartan ve kentlerde alternatif yesil alanlar olusturmak i¢in Snemli
potansiyele sahip olan alanlardir. Bu 6zellikleriyle yerleskeler kentsel ekosistemlerin 6nemli bir
bilesenidir. Kente sundugu sosyal ve ekonomik faydalarin yani sira diger kurumsal yapilara gore
daha genis alanlarda konumlanan yerleskeler agik ve yesil alanlariyla kente ve kullanicilarina
ekolojik, estetik, ekonomik ve psikolojik faydalar saglamaktadir. Bu galismada, Trabzon kent
merkezinde yer alan Karadeniz Teknik Universitesi yerleskesi, ¢alisma alan1 olarak secilmistir.
Caligma kapsaminda, dogal ve egzotik bitki taksonlartyla zengin bitkisel cesitlilige sahip KTU
yerleskesinde yer alan bitkilerin envanteri ¢ikarilarak, dogal taksonlar ve egzotik taksonlarin

kullanim oranmi ve kullanim yogunluklari belirlenmistir. Yerinde gozlem ve degerlendirme
*Sorumlu yazar:

Giilcay ERCAN OGUZTURK yént'erniyle tespit edile? bitki taksonlari incelendiginde; 83 Adet Gymnos;zermae've 1'28 .ad'et
Recep Tayyip Erdogan Universitesi Angiospermae olmak {izere toplam 211 adet odunsu taksonun yer aldigi tespit edilmistir.
Mithendislik ve Mimarlik Fakiiltesi, Peyzaj Yerleskede, 163 adet egzotik tiir ile 36 adet dogal tiir, 9 adet egzotik kiiltiir, 1 adet dogal kiiltiir
E‘;;‘"‘Tr:fk‘iB:mm“’ AT R C e ve 2 adet dogallagmus tiirin yer aldigi belirlenmistir. Elde edilen sonuglar neticesinde yerleske
X guIcay?lercanoguzturk@erdogan.edu.tr alanlarinda dogal bitki kullanimina yonelik dneriler gelistirilmistir.

KTU yerleskesi, Trabzon, Dogal takson, Egzotik Takson, Floristik gesitlilik

Anahtar kelimeler: KTU yerleskesi, dogal takson, egzotik takson, floristik cesitlilik, Trabzon.

U1 This study was part of a doctoral thesis (Oguztiirk, 2022) and supported by the Research Fund of the Karadeniz Teknik University, Project Number: FDK 2022-10154.
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INTRODUCTION

Acrchitectural structures and open green spaces that
make up the components of the city are the elements that
ensure the integrity of the city. The urban landscape, which
has a dynamic structure, is in constant change and this
change is provided by the plants that make up the living
material in urban open green spaces (Acar et al., 2007;
Corbaci et al., 2020).

Open green spaces are public spaces that positively
affect the social, physical and psychological state of the
individual (Oztiirk, 2013; Tarakci1 Eren & Var, 2016). In
parallel with the increasing urbanization, open green spaces
that balance the relationships between human and nature and
that increase the quality of life by providing recreational
opportunities are very important areas for cities (Konakli &
Onder, 2005; Grahn & Stigsdotter, 2010; Wu, 2010;
Glineroglu & Bekar, 2018).

At the same time, these spaces, which are
aesthetically and functionally planned and designed for the
physical and psychological needs of the city users, provide
an integrity with the structural and plant elements and
increase the quality of the environment in landscape
architecture practices (Gill & Kiigiik, 2001; Yang et al.,
2005; Bayramoglu, 2016). Vegetable materials are
considered as a natural element that develops and enriches
the environment they are in with their aesthetic and
functional properties (Eroglu et al., 2016).

The inclusion of nature in landscape design is
essential for sustainable development. Thus, the importance
of natural design approaches and spaces that can protect the
natural structure is constantly increasing (McHarg, 1969).
The use of native taxa in planting design helps maintain the
balance and beauty of natural ecosystems. Using native
species can result in landscapes that mimic traditional
landscapes and require less maintenance. Tiirkiye has a very
rich floristic diversity, but this potential is rarely used.
Within the scope of sustainability, native species with
ornamental plant potential should be utilized in landscape
design in urban and rural areas (Sar1 & Acar, 2015; Ercan
Oguztirk & Bayramoglu, 2020). Native taxa with a high
landscape potential remained in rural areas, except for a few
taxa, and could not be included in the urban landscape
despite suitable temperature, precipitation and soil
conditions.

Although cities face continuous fragmentation and
consequent spatial reduction, they still contain a variety of
mosaic structures that have come together from natural and
highly valuable habitats and species. Many studies have
noted that the number of non-native species tends to increase
along the urban-rural range towards the urban centre. The
increase in the number of non-native species towards the city
center is the result of human influence (Kowarick, 1995;
Acar & Sari, 2010; Pulatkan et al., 2022).
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Cities are made up of structural areas and the
functional areas surrounding them. The environment, other
than the built areas, includes open and green areas that are
semi-natural and/or created by humans. University
campuses, which have a significant open and green space
potential for urban areas, are indispensable elements of cities
with the environmental, social, and economic benefits they
provide for the city and its users (Cetinkaya & Uzun, 2014;
Ekren & Corbaci, 2022). Many benefits can be listed as
reducing air pollution with light green areas of campuses,
regulating micro-conditioning, providing life environment
for wild animals, carbon retention, energy saving, reducing
noise, erosion control and space creation (Trowbridge &
Bassuk, 2004; Kiigiik & Giil, 2005; Giil¢in & Van den
Bosch, 2021; Karasah, 2021, Akten & Yiicedag, 2022;
Corbaci et al., 2022; Sar1 ve Karasah, 2023).

In order for plants to reveal the expected benefits
(ecological, aesthetic, psychological, etc.) and to help create
livable spaces, especially in urban areas, their characteristics
(form, color, size, texture, etc.) should be used correctly in
design (Gtilgiin et al., 2014; Birisci et al., 2017; Kosa, 2019).
However, when the plant design studies in open and green
areas in cities and campuses are examined in studies on the
subject in our country, it is understood that many plant taxa
are selected by keeping only their form, color and aesthetic
characteristics in the foreground. It is not taken into
consideration that the taxa used are species that will adapt to
the ecological conditions of the region (Baser & Yildizci
2011; Yiicedag et al., 2017; Sar1 & Karasah, 2018; Corbact
etal., 2022).

Success in this matter will only be possible if the
land use decisions are taken correctly, and landscape
architects and planners perform their duties by ensuring
ecological integrity. Making land use decisions and
determining the appropriate planning and management style
during the use of natural resources is related to the correct
interpretation of the floristic potential of the area by
analyzing it. In addition, the detection of the presence of
plants increases the possibilities of using these plants in
various fields. The use of native plants in landscape planning
and design studies, which is one of these uses, not only
increases the chances of success, but also ensures the
integrity of the campus with the city and its immediate
surroundings (Ekici, 2010).

Pulatkan, (2001) also mentioned the contribution of
native species production to the country's economy in her
study. Yal¢inalp, (2005) on the other hand, revealed in his
study that plants are the most important natural resource in
the plateau; however, native species are neither protected in
the area nor used in landscaping applications in the
immediate vicinity of the existing facilities. Karasah and
Sari, (2018) stated that determining the natural plant species
that can reflect the character of each region and using them
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in urban planting designs will contribute to the urban identity
in terms of aesthetics and ecology. Considering the time we
are in, producing, researching and focusing only on species
with economic value will not mean protecting other species.
The world is moving towards the protection of biodiversity.

University campuses are areas that highlight the
social-economic  structure, cultural and  political
characteristics of the society in which they are located. The
native plants used in the plant designs of the campuses that
provide alternative green spaces for the cities are
economically and ecologically very important (Giineroglu &
Bekar, 2018; Yildiz, 2020; Oguztiirk & Pulatkan, 2022). By
making an inventory of the plants in the open green areas of
the campus, the usage rate and usage intensities of exotic
taxa among the native taxa were determined, and as a result
of the results, suggestions were developed for the use of
native plant species in the campuses.

MATERIAL AND METHOD

Study Area: The main material of the research is
the existing plants in the urban open green areas of Trabzon
province. All trees and shrubs that make up the plant
existence in urban open green areas were included in the
study. At the same time, the literature on the research area,
site plans of the areas, maps and various photographs of
plants were also evaluated as research material.

The study area consists of Karadeniz Technical
University (KTU) Kanuni Campus, which is within the
borders of Ortahisar district of Trabzon province, located in
the Eastern Black Sea region of the Black Sea region. The
green areas of KTU Kanuni Campus, located in the coastal
part of Trabzon province, were determined as the study area
(Figure 1).

AJ‘\Q/*

£ it o od A A / /
- /\1'__/,/-' nd - {

Tarkiye Black sea Trabzon KTU

Figure 1. Study area location map

Method: As a method for the evaluation of the plant
inventory in the open green areas of the KTU campus, the
collection of data, the determination of the native exotic
status and usage intensities of the data, their evaluation and
systematic classification and tabulation constitute. The
research was carried out in three stages as preliminary survey
studies, field studies and office studies.

1. Data Collection: Literature review for the study
areas, collection and evaluation of data related to the land
were carried out. In this context, the literature on the field
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and the subject has been examined. The data used in the
study were obtained from various public institutions, and the
satellite images of the areas were taken from Google Earth.
The study of Ansin and Terzioglu, (1998) was also use while
determining the plant list and locations.

2-Determination and Evaluation of the Native
Exotic Status of the Data and their Usage Intensities: Plant
taxa and usage frequencies in urban open and green areas of
KTU campus were determined.

3. Tabulation of Data by Systematic Classification:
All data obtained as a result of field studies were transferred
to the computer environment. Office programs were used to
store and query the data in computer environment.

RESULTS

The results obtained in the study can be listed as
follows: (i) ldentification and classification of existing green
spaces, (ii) Determination of native exotic status of plant
taxa and evaluation of their intensity of use.

(i) Identification and classification of existing green
spaces.

KTU Kanuni Campus, chosen as the study area,
was divided into three zones as protection zones defined in
terms of plants in previous studies (KYSMP, 2016):

1. Areas that must be protected,

2. Plant protection zones of moderate importance
and

3. Areas that are not objectionable for different uses
in terms of plant resources.

1. The characteristics of the regions that must be
protected:

* Finding herbaceous and woody species from the
time the university campus was established until today
(1955-2022),

* The presence of rare or unseen species in our
country and Black Sea region,

* Including natural rocky area habitats,

« It can be listed as the presence of production plots
and exotic species in and around the Faculty of Forestry
greenhouse. In addition, the areas in the southern part of the
Landscape Architecture Department are reserved as areas
that must be protected in terms of being planned as a plant
collection area containing herbaceous and woody species of
the Black Sea region, which some departments (Landscape
Architecture, Forest Engineering and Biology Departments)
use especially for applied courses.

Areas defined as absolute protection zones
generally include the areas on the main transportation line
within the campus area, the green areas in the south of the
Landscape Architecture Department and in the C gate area
(KYSMP, 2016).

2. Regions of moderate importance: These are the
areas where the plants in the area can be evaluated by



Ercan Oguztiirk & Pulatkan, (2023) J. Anatolian Env. and Anim. Sciences, Year:8, No:4, (728-735), 2023

moving them to different points when any different area use Within the scope of this study, the green areas

is planned for the campus area (KYSMP, 2016). within the campus were examined as 5 different regions
3. Non-inconvenient areas: When different uses are (grove areas, active green areas, rocky area habitats,

needed within the campus, this region is a region that does greenhouse production area, open green areas) (Figure 2).

not mind in terms of plant resources (KYSMP, 2016).

| woopLanp
| ACTIVE GREEN SPACE

1 %
ROCKY SPACES HABITATS
GREENHOUSE PREDUCTION AREA

‘ OPEN GREEN SPACES

Figure 2. Green areas in the campus

(ii) Determination of Native Exotic Status of Plant It was determined that the taxa in the Kanuni
Taxa. campus of KTU belonged to the Pinaceae, Cupressaceae,

Plant species are divided into “conifers” and Rosaceae and Sapindaceae families in the highest number
“broad-leaved” and classified as trees, shrubs, shrubs and (Figure 4).

ground covers. The plants in the KTU Kanuni campus were
evaluated according to 7 classes. These classes; they are
designated as broad-leaved trees and shrubs, coniferous

Classification of Plants Classification of Plants

trees and shrubs, broad-leaved shrubs, coniferous shrubs, R
. fruit Im t h d climb Th Broadleaf trees, shrubs and shrubs | E—
citrus fruits, palm trees, huggers and climbers. There are Palm, hugger and climber,Citrus o
211 taxa belonging to 52 families in the green areas of KTU Total S —
Kanuni campus, 36 of which are native, 163 are exotic, 9 0 20 40 60 8 100 120 140

are exotic-culture, 1 is native-culture and 2 are naturalized

form plants. A total of 211 different taxa were identified:

83 taxa of coniferous trees and shrubs. 70 taxa of broad- Figure 3. Map of the number (number) and native-exotic (number) status
! of plant taxa according to plant classes in the open green areas of KTU

leaved trees and shrubs, 48 taxa of broad-leaved shrubs, 3 Kanuni campus

taxa of citrus fruits, 2 taxa of palm trees, 5 taxa of climbers

mExotic taxa @Native taxa

and climbers. Taxon Densities of Plants
e 65 out of 83 taxa in coniferous trees, shrubs and
shrubs are exotic (78%), BERBERIDACEAE g
. CUPRESSACEAE ) 36
e Out of 70 taxa in broad-leaved trees, shrubs and MA?AN;JRLT'QgEQE Eﬁ 10
shrubs, 13 are native (19%), 57 are exotic (81%), PINACEAE Sl - 38

o 1 0f 10 taxa is native (10%), 8 is exotic (90%), SAP'NDACEAEO 5 10 155 20 25 30 35 40

e 36 of the 211 taxa were native (17%) and 163
were exotic (83%) (Figure 3).

@ Number

Figure 4. Family densities of taxa used in KTU Kanuni campus
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Wooded Areas in KTU Campus: There are 4
wooded areas of different sizes within the borders of the
KTU campus (Figure 5). The plants in these wooded areas
native-exotic status was

were identified and their
determined.

Figure 5. Wooded areas within the campus area

1 native and 10 exotic taxa were identified in the
detection study in Grove No.1. It has been observed that
Pinus brutia Ten., (Red Pine), which is the native plant of
Tiirkiye, is found in the area intensively. In the woodland,
native taxa include Cedrus libani A. RICH, Pinus pinea L.,
Alnus glutinosa (L.) Gaertn. (Alder), Fraxinus excelsior L.,
Liguidambar orientalis Mill., Mespilus germanica L.,
Platanus orientalis L., Populus tremula L., Tilia
platyphyllos Scop and Ulmus glabra HUDSON, exotic
taxa Cedrus deodara (Roxb.) Loud., Cryptomeria japonica
(Thunb. ex L.f.) D.Don., Cupressus arizonica Greene,
Sequoia sempervirens D. Don Endl., Acer negundo L.,
Koelreuteria paniculata L., Laburnum vulgare
Liquadambar styraciflua L., Nerium oleander L. and
Robinia pseudoacacia L (Fig. 6).

Figure 6. Woodland No. 1

In the detection study carried out in the grove no.
2, 16 native taxa and 5 exotic taxa were determined in the
area. It has been determined that Pinus pinea L., which
spreads native in Tiirkiye, is the dominant tree species in
the area. It has been observed that the woodland area is
mostly composed of taxa that are native for this region.
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Along with this taxon, the native taxa in the grove are Picea
orientalis (L.) Link, Abies nordmanniana (STEV.)
SPACH, Cedrus libani A. RICH, Fagus orientalis Lipsky,
Platanus orientalis L., Cedrus orientalis Lipsky (Eastern
Beech), Platanus orientalis L., Ulmus glabra, HUDSON,
Acer pseudoplatanus L., Laurus nobilis L., Liquidambar
orientalis Mill., Populus tremula L., Pinus sylvestris L.,

Pinus nigra J. F. ARNOLD, Fraxinus ornus L., Carpinus
orientalis MILLER, taxa. In addition, along with native
taxa, Robinia pseudoacacia L, Thuja occidentalis L.,
Pinus pinaster Ait., Sequoia
exotic taxa are also found

Eucalyptus globulus Labill.,
sempervirens D. Don Endl.,
(Figure 7).

Figure 7. Wooded area numbered 2

6 native taxa and 2 exotic taxa were identified in
the wooded area no. 3. The plant density of the area
constitutes Pinus pinea and Pinus sylvestris L., which are
native spread in Tirkiye. Besides these plants, Pinus
pinaster belongs to native plants., Cupressus sempervirens
L., Quercus robur L., Fraxinus ornus L., and exotic plants
Pinus pinaster Ait., Robinia pseudoacacia L. are the taxa
in the grove (Figure 8).

Figure 8. Wooded area numbered 3

As a result of the observations in the wooded area
4, 4 native taxa and 2 exotic taxa were identified. It has
been determined that the dominant tree species of the area
is Pinus pinea, which is the native plant of Tirkiye. Pinus
pinea, Pinus brutia TEN., Quercus robur L., Fraxinus
ornus L., Populus tremula L. taxa. Along with these,
Eucalyptus globulus Labill from exotic plants, and Robinia
pseudoacacia L taxa are also found (Figure 9).
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eV 2

B o

Figure 9. Wooded area number 4
DISCUSSION

Plants, which have an important place in human
life with their characteristics throughout history, are also
very valuable in terms of aesthetics and functionality in
plant design studies today. In this study, it has been
determined that there are a total of 211 woody taxa, 83
Gymnospermae and 128 Angiospermae, in the KTU
Campus, while 36 of the 211 taxa are native (17%) and 163
are exotic (83%). According to these data, it has been
determined that species naturally found in the Eastern
Black Sea region are not used in the KTU Kanuni campus.

Looking at the wooded areas that have existed
since the establishment of the campus, it is seen that native
species predominate. It was determined that the preference
of exotic plants in the landscaping areas built later in the
campus caused the number of exotic species to be high
throughout the campus. While creating these data, in
addition to our determinations, Ansin and Terzioglu's
(1998) study was used.

Plants used in urban open green areas are
important with the benefits they provide to the city and
users. The purpose of use, density, type of plants used in
cities varies according to various parameters (climate,
geographical structure, socio-economic structure, etc.).
The ability of plants used in cities to fulfill the expected
functions is possible with a good knowledge of their
biological characteristics and growing desires. All kinds of
planting, maintenance and protection works will be carried
out in a healthy way in line with the management plan that
can be created for urban open green spaces (Onder &
Akbulut, 2011). While there are approximately 12.000
plant taxa in the European Continent, which is 15 times
larger than Tirkiye, there are more than 12.000 taxa in
Tiirkiye (Giiner et al., 2012). In the study on plant existence
in Tirkiye, it was determined that there are 13,211 taxa
belonging to 163 families in Tiirkiye. Accordingly, there
are a total of 10754 native taxa, including 1168 genera,
8988 species, 1683 subspecies and 1074 varieties, 298
hybrids, and 3708 endemic taxa. The endemism rate among
plant taxa is 34.5% (Davis et al., 1988; Corbaci et al., 2020;
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Yildirim et al., 2022). In the herbal research carried out in
the Eastern Black Sea region, 220 endemic plant taxa were
determined (Ansin, 1982). There are 2239 plant taxa that
are rarely seen in the Eastern Black Sea region, and 440 of
them are rare in Tirkiye. 514 of the plants detected in this
region are endemic taxa, and the endemism rate of 41 was
determined to be 23%. Of the endemic taxa, 428 are very
rare and 300 are rare plants in Tiirkiye (Yaldiz et al., 2010;
Corbaci et al., 2020).

CONCLUSION

While our country and the Black Sea region are so
rich in terms of plant life, the use of exotic plant species in
urban landscapes not only causes waste of national wealth
but also has a negative ecological and economic impact on
the urban environment. Trabzon province is known as one
of the greenest cities of our country in terms of its
geographical location and climate characteristics. This
green texture forms a whole with the natural vegetation in
rural areas and green areas in urban areas. University
campuses are also of great importance for the city in terms
of open green areas in urban areas. University campuses
are an important component of urban life. Campuses
located in larger areas, in addition to the social and
economic benefits they provide to the city, also contribute
to the ecology of the city with their open and green areas.
Itis also important to use native plant species in these areas
in order to increase ecological contributions.

Depending on the climatic conditions of the
region, many plant taxa grow native. There are many native
plant taxa that can be used instead of exotic plant taxa in
the campus areas and contribute to the area in terms of
aesthetics and functionality. In this context;

* The use of native plants should be preferred in
campus landscape designs.

* Production planning should be done by
researching the existing plant taxa in the areas.

* Local governments should encourage the use of
native taxa.

* In this context, plant management plans should
be prepared as a result of the plant inventory in the open
green areas of KTU Kanuni campus.

* The sustainability of green areas should be
ensured and campus users should be informed about this
issue.

As a result, university campuses are important
green areas for cities. These areas are of great importance
for campus and city users. Since the correct planning of
these areas will contribute to the city in ecological and
economic terms, preparing the inventories of the areas in
terms of correct planning is important as it will form a basis
for other studies.
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0.535 m and unit discharges ranging from 3x107 to 6.33x10 m?/s and Ey varied in the range of 0.13-0.23.
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This finding suggests that the primary factor influencing the process is the presence of free-surface macro
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ince Kenarh Savaklardaki Havalandirma Verimliliginin Deneysel Olarak Incelenmesi:
Debi Etkisi

Oz: Bu deneysel calismada savaklarin havalandirma performansi debi etkisi altinda incelenmistir. Bu amagla,
diisme yiikseklikleri 0,35-0,535 m arasinda ve birim genislikten gecen debinin 0,03-0,063 m?/s araliginda
degisen 90° liggen ince kenarli bir savakta deneyler yapilmigtir. Deneysel verilerin analizi sonucu, birim
genislikten gecen ile havalandirma verimliligi arasinda pozitif bir korelasyon bulunmus ve ortaya ¢ikan iliski,
diisiim yiiksekligi ve debinin fonksiyonu olarak tanimlanmstir. Onerilen ampirik formiiliin tahmin kapasitesi
diger ampirik formiillerle ortalama bagil hata degerleri agisindan karsilagtirilmigtir. Ayrica disiim
yiiksekliginin yiik kaybina esit oldugu varsayildiginda, hidrolik sirgamdaki havalandirma verimliliginin yiik
kaybinda olan bagimliginin ince kenarli savakta da gegerli oldugu gozlemlenmistir.
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savak.

INTRODUCTION and oxidation of organic matter deplete the DO content of

the water. Therefore, the self-aeration mechanism which

In the hydrosphere, dissolved oxygen (DO) is one
of the most important water quality parameters for the
aquatic biota and environmental issues (Gulliver et al.,
1998). For example, DO quantity directly affects the fish
activities such as spawning and migrating; hence, for a good
abundance of fish population and species diversity, DO
concentration is recommended to be higher than 5 mg/L
(Giller & Malmqvist, 1998; Welch & Jacoby, 2004).
However, in streams DO content generally has low levels
resulting from wastewater diffusion from point and non-
point sources, in which chemical reactions like nitrification

means a transfer of oxygen from air into water is an
important phenomenon for regaining the lost dissolved
oxygen. At hydraulic structures, aeration efficiency is
compted with the equation proposed by Gamenson (1957):

_C,-C, _ Total Oxygen Transfer

E= =
C,—-C, Potential Maximum Oxygen Transfer

()]

The aeration efficiency, denoted as E, encompasses
a spectrum ranging from 0, indicating the absence of
aeration, to 1, representing complete downstream saturation.
Cu and Cq symbolize the dissolved oxygen concentrations at
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the upstream and downstream sections of a hydraulic
structure, respectively, while Cs signifies the mass
concentration of dissolved oxygen in a state of full
saturation. Equation (1) has been derived from Fick's Law.

c;—f =Ka(C;-C) %))

The rate of mass transfer, denoted as dC/dt, is
influenced by the mass transfer coefficient, represented as K.
The mass transfer coefficient is dependent on the diffusion
coefficient of the gas being transferred, as stated by Muntz
& Roberts (1989), as well as the turbulence structure of the
flow, as mentioned by Kawase & Moo-Young (1992).
Another factor in the equation is the ratio of the total surface
area of the bubbles to the overall volume of the air-water
mixture, denoted as a. Additionally, C represents the
concentration of the dissolved gas. The term "self-aeration”
refers to the process of oxygen transfer from air to water,
which has significant implications for the environment and
ecology of polluted streams (Zhao, et al., 2022). It is worth
noting that hydrodynamic processes that facilitate self-
aeration, such as hydraulic jumps, plunging jets or
waterfalls, and stepped channels, also share the common
property of being utilized as energy dissipaters in hydraulic
structures. Consequently, it is anticipated that there exists a
positive correlation between energy dissipation and aeration
efficiency, as suggested by Kucukali & Cokgor (2009).

At weirs, highly turbulent flow and turbulence
mixing mechanisms at the receiving pool generate an air-

Table 1. Aeration efficiency empirical formulas at weirs.

water interface area which ensures the gas transfer process
(Ervine et al., 1980). Weirs are commonly used to improve
the water quality of streams (Van der Kroon et al., 1969;
Watson et al., 1998; Rajwa-Kuligiewicz et al., 2016), as well
as to record flow rates. Yet, studies about oxygen transfer at
weirs demonstrate that the aeration performance is directly
proportional to the drop height (Table 1). In Table 1, Ex is
the aeration efficiency at 20 °C, h is the drop height, d. is the
critical depth over a waterfall, g is the unit discharge, and dp
is the pool depth. Re is the Reynolds number and calculated
fromRe =g/, U is the kinematic viscosity of water; Fr; is
the Froude number of the waterfall and calculated from Fr; =
(8gh®/g?)°25, in which g is the acceleration of gravity.

It could be seen from the existing studies in the
literature that there isn’t a common correlation between the
discharge and aeration efficiency of falling water at sharp-
crested weirs (Table 1). For instance, in Avery & Novak
(1978) formula, with the increase of discharge at a constant
drop height, oxygen uptake decreases; on the other hand, in
Nakasone (1987) formula aeration efficiency is positively
related to discharge up to a certain limit, above this limit
discharge was negatively related with unit discharge (Table
1). Accordingly, existing studies indicate that the weir
aeration process under different discharges is uncertain. This
experimental study aims to investigate the aeration
performance of weirs in terms of discharge effect. For this
purpose, systematic experiments were carried out at a 90° V-
notch weir for several discharges.

Reference Formula Remarks
1 Obtained from a field study of numerous polluted
E — 1_ (—) streams in England
Gameson (1957) 20 1+ O 62h
— 1.115 Obtained at a small-scale experimental set-up:
1 0.6 L/s<Q<58LJ/s
E,=1-
Ay & Novak (1570 ? 1+(0.24x10 *xFr,*xRe***)
L ' i
— 1.115 Valid under fully turbulent (ie Re > 10%)
1 conditions
EZO = 1 17 AAE. 12
Markosfky & Kobus (1978) 1+0.1Fr. 12
L ) J
Valid for
For q S 0.065m%/s.m: <
_ 131 _ ~0.428 0.310 (h+15d) = 1.2m
Eyo =1—exp[ —2.61x (h+d,)"* xq**** xd °* |
Nakasone (1987)
for g >0.065 m3/s.m:
_ 0.31 —-0.363 0.310
Eyo =1-exp[-0.28x (h+d,)** xq***xd °* |
1 Experiments flow conditions:

0.046<q<0.139 m®*/sm

Ezo =1-

Kim & Walters (2001)

d
1+0.453Fr, 0453, |(LAI7 (P 0475

h
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EXPERIMENTAL SET-UP

Experiments were conducted within a glass-
walled and concrete-bottomed horizontal rectangular
flume measuring 0.5 m in width, 0.45 min depth, and 12.30
m in length (Figure 1). The flow in the flume was supplied
by a header tank standing at a height of 1.12 m, which in
turn received water from a 5.7 m*® chamber through a 7.5
kW pump situated below the tank. Upstream of the flume,
a 90-degree V-notch weir was employed both for
measuring discharge and as a self-aerator in the
experiments (Figure 1). The weir plate thickness is in the

order of 2 mm (I1SO, 2008). The flow rate was regulated
through a valve located adjacent to the pump, while the
depths of flow were determined using pointer gauges with
a precision of 0.2 mm. The pool depths were controlled by
a sluice gate positioned 6.5 m from the starting point of the
channel. Furthermore, great emphasis was placed on
ensuring optimal pool depth conditions, wherein the
penetration depth of bubbles was less than the pool depth.
Consequently, any influence of pool depth on aeration
efficiency values was eliminated (Avery and Novak,
1978).

@
®200 (Pump)  ©200 Chamber
V=5.7m
7 Y Head Tank(//r RN = |
=lv=22m 3
- Sluice Gate
760 550
Plan View 0 100  200cm
L
Scale
v
—»q 5
L
< (b)
Weir
oo [e] —
ARG
0° o © “ air bubbles 5
Side View

Figure 1. (a) Plan view of the experimental set-up. (b) sketch of the weir aeration process.

Simultaneous measurements of dissolved oxygen
(DO) were conducted at both the upstream and downstream
locations of the weir. These measurements were carried out
using handheld oxygen meters (Model WTW Oxi 330i),
which boast an accuracy of +0.5% for oxygen
concentration and +0.1% for temperature within the range
of 0-19.99 mg/L DO and -5 to +50 °C, respectively. The
experiments employed the air calibration technique, and
the oxygen probe had a sampling rate of 1 Hz. In order to
deplete the DO concentration of the descending water,
Sodium Sulfide and Cobalt Chlorite were introduced into
the chamber as catalysts. The aeration efficiencies were
determined using Equation (1), and then adjusted to a
standard temperature of 20 °C using the formula developed
by Gulliver & Rindels (1990):

738

1-Epo=(L-E)Y" ©

where Ezo denotes aeration efficiency at 20 °C, Er
aeration efficiency at water temperature Ty, and fr is a
constant and calculated from Equation (4):

f =1+0.02103(T, —20) +8.261x10°(T, —20)> (4

RESULTS AND DISCUSSION

Experimental conditions and test results are
presented in Table 2. In the experiments drop heights
varied between 0.35-0.535 m for q values ranging from
3x1072 to 6.33x102 m?/s. Ez got values between 0.151-
0.256 and had the highest value at h=0.535 m and
0=6.33x10"2 m?/s test condition (Table 2).
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Table 2. Detail of experimental conditions and results.

Test No Q (m%s) q (m%s) de(cm) dp(cm) h(cm)  h/dc Ezo
1 0.0195 5.42E-02 18.0 19.5 49.0 2.72 0.212
2 0.0195 5.42E-02 18.0 31.0 355 1.97 0.150
3 0.0195 5.42E-02 18.0 235 43.0 2.39 0.179
4 0.0195 5.42E-02 18.0 27.3 39.2 2.18 0.169
5 0.0195 5.42E-02 18.0 29.0 375 2.08 0.165
6 0.0253 6.33E-02 20.0 18.0 53.5 2.68 0.236
7 0.0253 6.33E-02 20.0 19.5 49.0 2.45 0.217
8 0.0253 6.33E-02 20.0 22.4 46.1 231 0.212
9 0.0253 6.33E-02 20.0 26.3 42.2 211 0.188
10 0.0253 6.33E-02 20.0 315 37.0 1.85 0.160
11 0.0253 6.33E-02 20.0 20.2 51.0 2.55 0.221
12 0.0129 4.22E-02 15.3 18.0 45.8 2.99 0.171
13 0.0129 4.22E-02 15.3 16.8 49.0 3.20 0.179
14 0.0129 4.22E-02 15.3 28.0 35.8 2.34 0.141
15 0.0129 4.22E-02 15.3 23.8 40.0 2.61 0.160
16 0.0072 3.00E-02 12.1 17.2 48.6 4.02 0.160
17 0.0072 3.00E-02 121 20.6 40.0 331 0.146
18 0.0072 3.00E-02 121 25.6 35.0 2.89 0.131
19 0.0072 3.00E-02 121 19.5 43.1 3.56 0.150

In Figure 2, the aeration efficiency is shown as a
function of the drop height. The figure reveals that the
values exhibit scattering around a linear line, thus
indicating the influence of a second parameter on the
process. This particular parameter is believed to be the unit
discharge. In Figure 3, the Exo values are plotted against the
drop height for various unit discharges. It is noteworthy
that even when the drop height remains constant, an
increase in the unit discharge leads to an increase in Eg.
Furthermore, Figure 3 demonstrates that Eyo is primarily
determined by the drop height and secondarily influenced
by the unit discharge. By employing non-linear regression
analysis on the experimental data points, it was determined
that the power function provides the best fit for the data:

E, =1.06xh7xq°*  (R2=098) ()

Furthermore, E»3 exhibits an inverse relationship
with both surface tension and kinematic viscosity. This is
due to the necessity of overcoming surface tension effects
in order to facilitate the transfer of gas between air and
water (Kobus, 1991; Ervine, 1998). Moreover, lower
values of Reynolds number result in a reduction of
turbulence fluctuation velocities (Wei & Willmarth, 1989).

Ez20

h(m)

Figure 2. Aeration efficiency E, versus fall height h.
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Figure 3. Variation of aeration efficiency as a function of fall height at
various unit discharges.

On the other hand, Ex is directly proportional to
the specific weight 7 because the pressure exerted on the

entrained bubbles will increase with 7, which in turn
enhances the quantity of transferred oxygen from bubbles
to solution (Markofsky & Kobus, 1978; Urban et al., 2005).
Showing these statements in a mathematical form:
(m*/s)xmx(N/m?)

Qxhxy . .
E = = Dimensionless
w & oo (N/myx(m/s) ©

yields a dimensionally homogenous equation.
Water's physical properties are known for a constant
temperature and pressure at 20 °C:
y=9789 N/m? o =0.0728 N/m; v =1.003x10"° (Streeter

& Whylie, 1981), substituting these terms in Equation (6)
one obtains:

E,, o 13.46x10°xQxh @)

Based on experimental results the inter-
relationship between the Ez, Q, and h expressed with a
power function, hence:

E,, =al13.46x10°q’h° ®

These experimental coefficients were found as:

_ 12 _
a=787x10"b=024,c=073 poong o > 01 mis,

which represents the fully turbulent conditions (Kobus,
1991) Eyo could be independent of g. Further, Toombes &
Chanson (2005) results supported this statement. The
proposed empirical formula in Equation (8) is valid for

q<01m?*/s, Figure 4 shows the plot of predicted versus
observed aeration efficiency values. It can be seen from the
figure that, Equation (5) made good predictions, only two
points lie outside the +5 % error bands, and the average
relative error (ARE) is found 2.5% which is less than the
practically acceptable 5%. The relative error of each
experimental point is calculated with:

‘Epredicted - Eobserved

Relative error = x100 ©)

observed
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Also, the proposed empirical formula prediction
capacity is compared with the other empirical formulas in
terms of their average relative error values. Interestingly,
the best prediction is made by Gamenson's (1957) formula,
related only to the fall height, among other formulas
(Figure 4). Consequently, the trend is best fitted by the
correlation of Gamensonl10 with ARE=%9.1, Avery and
Novak (1978) with ARE= %18.8; Nakasone (1987) with
ARE= %22.5.

perfect agreement

a - e ~eeeeeee- £10% error bands

S .
020 2w L . o Equation (5)

x Gameson formula

‘ \
‘ 1
| |
} ® Awery and Novak formula }
| |
|

+ Nakasone formula

e |

010 015 020 025 030 035
Ej observed

Figure 4. Results of the proposed empirical formulas and comparison
with the other formulas.

Based on experimental results, a direct relation
was found between the discharge and aeration efficiency.
Furthermore, Nakasone (1987) proposed an empirical
equation to determine the aeration length of a weir:

L, = 2.69%10 x h013 x 0% (1)

in which, L, denotes the aeration length and
higher values of L, will generate higher aeration
efficiencies (Nakasone, 1987) and in this equation, aeration
efficiency is directly proportional to drop height and
discharge with a power function. Further, Kucukali &
Cokgor (2020) developed an empirical formula for
estimating the aeration efficiencies of hydraulic jumps in
terms of energy loss based on 49 series experiments
conducted at the same channel shown in Figure 1. In the
study, relevant parameters represent the degree of
turbulence, and most of the researchers pointed out that
free-surface macro turbulence is the main mechanism
enabling oxygen transfer (Kobus, 1981; Sene et al., 1994;
Chanson, 1996; Ervine, 1998). Based on the experimental
results, least square fitting gives the following expression
for the aeration efficiency of hydraulic jumps (Kucukali,
2006):

E,, =0.77xAH®xq"* (R ?=0.97) 12)

Additionally, in the case of weirs where the drop
height is assumed to be equal to the head loss, thereby
achieving optimum pool depth conditions (Apted &
Novak, 1973), the values of aeration efficiency were shown
as a function of head loss for both hydraulic jumps and
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weirs (Figure 5). It is evident from Figure 5 that a similar
pattern observed for hydraulic jumps continues for weirs,
and this positive correlation between aeration efficiency
and head loss can be attributed to the increase in turbulence
levels. These findings align well with the theories proposed
by Higbe (1935) and Dankwerts (1951), which suggest that
the rate of mass transfer is dependent on the surface
renewal facilitated by large-scale organized eddy motions
near the free surface, which are influenced by the
turbulence characteristics of the flow.

0.30

m e ]
0.25 | aweir | s

| @ Hydraulic Jump | N

Ezo = 0.433AH + 0.014
R?=0.97

0.00 0.10 0.20 0.30 0.40 0.50 0.60
AH (m)
Figure 5. Variation of aeration efficiency as a function of head loss at a
hydraulic jump and weir.

CONCLUSION

Based on the experimental results, a positive
correlation was found between the unit discharge and
aeration efficiency at weirs and this formula is valid under
g < 0.1 m%s. The proposed equation made good
estimations; only two out of a total of 19 readings lie
outside the £5 % error bands and the average relative error
(ARE) is found 2.5% which is less than the practically
acceptable 5%. Also, the proposed empirical formula
prediction capacity is compared with the other empirical
formulas in terms of their average relative error values, and
the best prediction is made by Gamenson's (1957) formula
among other empirical formulas in the literature.
Additionally, by assuming a drop height equal to head loss,
it was observed that hydraulic jump aeration efficiency
dependence on head loss continued for weirs indicating the
free-surface macro turbulence's main role in the process.
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Oz: Diinya genelinde atik kagitlarin yeniden degerlendirilerek (recycling) tek baslara veya baglayici
142 https://orcid.org/0000-0002-1828-9450 ve katki kimyasallar ile karistirilarak basarili bir sekilde kagit iiretimi gergeklestirilmektedir. Atik
kagittan iretilen kagit ve kagit triinlerinin iiretim ve tiiketim miktarlar1 ve gesitlilikleri her gecen yil
artmaktadir. Fakat geri doniistiirtilmiis liflerden iiretilen kagitlarin, islenmemis liflerden tiretilen kagitlara
gore daha diisiik mukavemet Ozelliklerine sahip olmasi nedeni ile fiziksel ve direng ozellikleri
azalmaktadir. Atik kagit hamurundan elde edilecek kagitlarin iiretiminde gii¢lendirici katki maddeleri
olarak poliakrilamid (PAM) ve kolloidal silika bazli tutunum (retensiyon) kimyasallar1 (RK) ile birlikte
nanofibrillenmis seliilozlarin kullanimi da giderek yayginlagsmaktadir. Ciinkii nanofibrillenmis seliilozlar
(CNF) nanometre Olgegindeki olaganiistii ozellikleri ile kagit kalitesinin arttirilmasimi saglar. Bu
caligmada; Rapid Kdthen laboratuvar deney kagidi makinesinde 130 g/m? kagitlarin iiretimi sirasinda atik
kagit hamur lif siispansiyonuna %2 ve %4 konsantrasyonlarda CNF, %1 konsantrasyonda PAM ve %1
konsantrasyonda RK ilave edilerek farkli kombinasyonlarda numuneler iiretilmis olup akabinde fiziksel
ve mekanik testlere tabi tutulmustur. Sonuglar incelendiginde; mekanik 6zelliklerden kopma direnci,
patlama direnci ve i¢ bag mukavemeti degerlerinin kontrol atik kagit hamur liflerine nazaran sirastyla
*Sorumlu yazarin: %13,9, 20,9 ve 15,2 oraninda artig gosterdigi ve porozite degerinin ise kontrol numunesine gore
Ayhan TOZLUOGLU %32,9’luk bir azalma gosterdigi goézlemlenmistir. Ote yandan kontrol numunesine baglayict maddelerin
(D Uit Qe 1Rl o] diginda CNF eklendiginde kagidin ezilme degerlerini artirdiklari gézlemlenmistir. Elde edilen bu deger

O End. Miih. Boliimii, Diizce, Tiirki o . o .. " . . S qime s
Ef@:;hagtozluzgluéggge e;jif e dretilen kagitlarin kontrol hamuruna nazaran daha iyi mukavemet Ozellikleri sergiledigini ortaya
i o koymustur.

Anahtar kelimeler: Atik kagit, nanofibrillenmis seliiloz, poliakrilamid, ezilme testleri, kopma, porozite.

Effect of Nanofibrillated Cellulose Reinforced with Polyacrylamide and Retention Chemicals on
the Mechanical/Physical Properties of Recycled Waste Papers

Abstract: Around the world, paper is produced successfully by recycling waste paper alone or by mixing
it with binders and additive chemicals. The production and consumption amounts and diversity of paper
and paper products produced from waste paper are increasing every year. However, due to the recycling
conditions of the produced papers, the physical and resistance properties of papers produced from
recycled fibers have lower strength properties than papers produced from virgin fibers. Nanocelluloses
are also used along with polyacrylamide (PAM) and colloidal silica-based retention chemicals (RK) as
strengthening additives in the production of fluting paper from waste papers. It is becoming increasingly
widespread because cellulose nanofibrils (CNF) enable improving paper quality with their extraordinary
properties at the nanometer scale. In this study, during the production of 130 g/m? fluting papers in the
Rapid Kothen laboratory test paper machine, samples were prepared with different combinations by
adding additives such as CNF at 2% and 4% concentrations, PAM at 1% concentration and RK at 1%

*Corresponding author: conce_ntration. They were subsequently subjected to ph_ysical and mecr_\an_ical tests. When the res_ults are
AUTHOR examined; It was observed that the mechanical properties such as tensile index, burst index and internal
Duzce University, Forest Faculty Forest bond strength increased by 13.9, 20.9 and 15.2%, respectively, compared to the control recycled pulp
EndiEngiepsiuzce fliurkiye fibers, and the air permeability (porosity) value decreased by 32.9% compared to the control sample. On

P T o e C the other hand, it was observed that when CNF was added to the control recylced fibers, apart from the

binders, the crush test values of the paper increased. This value obtained revealed that the produced papers
exhibited better strength properties compared to the control pulp.

Keywords: Recycled paper, nanofibrillated cellulose, polyacrylamide, crush tests, tensile, porosity.

1 *TUBITAK TEYDEB 1505 Proje No: 5180044 Nanoteknolojik Ambalaj Kagd: ve Karton Uretimi.
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GiRisS

Atik kagidin diinya capinda toplanmasi veya geri
kazanimi 1970 (31 milyon ton) ile 2010 (210 milyon ton)
yillart arasinda ¢ok fazla artig gostermistir (Mansikkasalo
vd., 2014; Laurijssen vd., 2010). Atk kagidin baglica
tiirleri karton ambalaj kaplari (oluklu ve kraft kalite),
gazete, dergi ve ofis atik kagitlaridir. Ttim bu tiirlerin geri
doniisiim kademeleri ve kullanim dereceleri farklidir. Atik
kagitlar; kagit ve karton endiistrisi i¢in diisiik maliyetli bir
lif kaynag1 olmasinin yani sira dolayli yoldan orman
kaynaklarinin korunmasina, ¢evre kirliliginin azalmasina,
su ve enerji tasarrufuna katkida bulunmaktadir. Atik kagit,
en geri doniistiiriilebilir seliilozik kaynaklardan biridir ve
genellikle kagit yapiminda ortalama 3-4 kez (teorik olarak
6-7 kez) geri doniistiiriiliir (Zhang vd., 2015). Atik kagidin
geri doniistiiriilmesi uygulamasi birgok agidan faydali
olmasina ragmen bazi sinirlamalara sahiptir. Atik kagidin
her yeniden kullanim déngiisiinde; lif morfolojisi (uzunluk
ve boyutun kisalmast), kagit liflerinin kimyasal bilesimi ve
ylizey kosullar, lif baglanmasi (ara ve ig), selillozun
polimerizasyon derecesi ve su tutma degerindeki olumsuz
degisiklikler nedeniyle kagit liflerinin mukavemeti azalir.
Belirli sayida gergeklesen geri doniigiimden sonra kagit
hamuru liflerinin boyu kisalarak liflerin hidroksil gruplar
acgilamaz bir hal alir, hornifikasyon gerceklesir ve bu atik
kagit lifleri kullanilarak tretilmis kagitlar diisiik
mukavemet Ozellikleri gosterir (Chen vd., 2016). Bu
nedenle, kagit hamuru liflerinin baglanma oranini artirarak
geri doniistiiriilmiis hamurun mukavemet &zelliklerini
gelistirmek i¢in poliakrilamidler (PAM), polivinil alkoller,
katyonik nisasta ve 6zellikle son yillarda nanofibrillenmis
seliiloz (CNF) gibi c¢esitli katki maddeleri yaygin olarak
kullanilmaktadir (Hubbe, 2006; Shen vd., 2021).

CNF, genellikle seliilozik liflerin  mekanik
mikrofibrilasyona birakilmasiyla  {iretilen,
nanometrik diizende (100 nm'den diisiik) ¢aplara sahip
kiigiik seliiloz yapilarindan olusan silispansiyonlardir

maruz

(Lavoine vd., 2012). Giiniimiizde nanoseliiloz, yiiksek
spesifik ylizey alani, yliksek en/boy orani, uygun fiziksel
ve reolojik ozellikler gibi kendine 06zgli ozellikleri
nedeniyle ve bunun yaninda yenilenebilir ve biyolojik
olarak pargalanabilir 6zelliklerinin de 6n plana ¢ikmasiyla
iirlin kalitesini ve yeni nanomateryallerin olusturulmasini
gelistirmek icin bilim adamlarmin ve endiistrilerin biiyiik
ilgisini ¢ekmektedir. Ancak kagit hamuru ve kagit
enddistrilerinde

odaklanildiginda

nanoseliiloz
gergekte  olan
potansiyelin ¢ok altinda oldugu gozlemlenmektedir.
Bunun temel nedeni yiiksek iiretim maliyeti, yiiksek enerji
tiketimi ve operasyonel darbogazlardir. Bu nedenle
giinimiizde bu aragtirma alanmna yaklasan c¢aligmalara
giderek daha fazla ihtiya¢ duyulmaktadir (Pego vd., 2020).
Yiiksek polimerizasyon derecesi (DP) ve en boy oranina

uygulamasina

durumun mevcut
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sahip CNF'ler liflerin daha yiiksek oranda baglanti
olusturabiliyor olmasi sebebiyle daha gii¢lii malzemelerin
dretimine imkan vermektedir (Sertkaya vd., 2023).
CNF'nin hem islenmemis (Gonzélez vd., 2012; Petroudy
vd., 2014; Taipale vd., 2010) hem de geri donistiriilmiis
hamurlari (Balea vd., 2016a, b; DelgadoAguilar vd., 2015)
giiclendirme yetenegini agiklayan cesitli c¢aligmalar
olmasina ragmen CNF-hamur siispansiyonu karigiminin
kagit ozellikleri iizerindeki etkisine iliskin ¢ok fazla
calisma yayinlanmamistir (Campano vd., 2018).

Kagit iiretimi alaninda CNF'ler {izerine yapilan
¢ogu arastirmanin ana odagi, bunlarin islenmemis kagit
hamuru ve kagit uygulamalar: i¢in katki maddesi olarak
kullanilmas1 olmustur. Kagit hamuru siispansiyonuna
CNF'nin eklenmesi, kagidin fiziksel 6zellikleri iizerinde
dikkate deger bir etkiye sahiptir. Parcacik boyutu ve
spesifik ylizey alan1 nedeniyle CNF, lifler arasindaki
gozenekleri doldurup azaltir ve baglanma oranini artirir.
CNF konsantrasyonu arttikca kagidin yogunlugu ve
opaklig1 artarken kalinligi, hacmi, gozenekliligi ve hava
gecirgenligi azalir (Balea vd., 2019, Balea vd., 2020;
Sanchez-Salvador vd., 2020). Bununla birlikte, anyonik
yikii, kagit ag olusumu sirasinda CNF'nin kagit ag
tizerinde tutulmasini kisitlar. Ayrica, CNF
konsantrasyonunun ve tutunmasinin arttirilmasi genellikle
drenaj hzini azaltir. Ornegin Gonzéalez vd., (2012),
agartilmis okaliptlis hamur siispansiyonuna %3 CNF
serbestlik  derecesini  %61,1  artirdigini
bildirmistir. Ayrica Tozluoglu vd., (2021) tarafindan geri
dontistiiriilmiis  kagit hamuru siispansiyonlarmna %4
CNF'nin eklenmesinden sonra serbestlik derecesinde
%23,3'lik bir artis rapor edilmistir. Baglayict maddelerin
kullanimi yalnizca tutunmayi arttirmakla kalmaz, ayni
zamanda lifler aras1 baglar1 giiclendirerek mekanik
Ozellikler iizerinde de olumlu etkiler birakir, bu nedenle
baglayict ve mukavemet arttirict maddelerinin uygun
gerekliligi  dogmaktadir

ilavesinin

secimi ve optimizasyonu
(Tozluoglu & Fidan, 2023).
Bu c¢alismadaki amacimiz; atik kagit hamur
liflerine farkli konsantrasyonlarda eklenen CNF’lerin
cesitli baglayicilar ile (PAM ve RK) olan etkilesimlerinin
ve gesitli Tiretilen kagitlarin fiziksel ve mekanik 6zellikleri
tizerindeki etkisinin arastirilmasidir. Atik kagit liflerinden
elde edilen hamur siispansiyonuna uygulanan CNF, PAM
ve RK ile gii¢lendirilen kagit numuneleri ile kontrol

numunesinin fiziksel ve mekanik ozellikleri
karsilastirilarak ~ sonuglar  literatiir  calismalar1  ile
desteklenmistir.

MATERYAL VE METOT

Materyal: Calisma kapsaminda kullanilan atik
kagitlar KMK Kagit A.S.'den (Kiitahya, Tiirkiye) temin
edilmistir. Nanofibrillenmis seliiloz (CNF-%2 w/w) ise



Tozluoglu, (2023)

Nanografi Nanoteknoloji A.S.'den (Ankara, Tiirkiye)
temin edilmistir.

Metot: Bu calismada, atik kagit lifleri 130 g/m?
kagit iretiminde birincil hammadde kaynag:i (kontrol)
olarak kullanilmistir. Calismada CNF’nin kagit 6zellikleri
iizerindeki etkisini kargilastirabilmek amaciyla; kolloidal
silika bazli tutunum kimyasali (RK) (Perform PA 8136) ve
Poliakrilamid (PAM) gibi baglayict maddeler ile RK+CNF
ve PAM+CNF modifikasyonlar1 ayr1 ayri denenmistir. Bu
kapsamda hamur silispansiyonuna %1 konsantrasyonda
RK, %1 konsantrasyonda PAM ve CNF uygulamalarinda
ise %2 ve %4 konsantrasyonlarda CNF, ilave edilerek, ISO
5269-2'ye gore Rapid Kothen kagit makinesi (PTIL,
Vorchdord, Avusturya) kullanilarak, kagit iretimleri
gergeklestirilmigtir.  Rapid Kothen kagit makinesinde
kullanilan su oda sicakliginda (22-25°C) sebeke suyu olup
herhangi bir 1sitma veya sogutma islemi yapilmamistir.
Kagitlar 130 g/m? gramajinda hazirlanmis ve daha
TS 636 EN 20187 gore
kondisyonlanmistir. Calisma kapsaminda RK, PAM ve
CNF ilavesiyle modifiye edilen kagitlarin mekanik (kopma
indisi-TAPPI T494, patlama indisi-TAPPI T403, i¢ bag
mukavemeti-TAPPI T 569, Short-Span Compression Test
SCT- TAPPI T826, Concora Medium Test CMT- BS EN
ISO 7263, Ring Crush Test RCT- TAPPI T822 ve Concora
Crush Test CCT- TAPPI T824) ve fiziksel (hava
gecirgenligi-TS 1SO 5636-3) degerleri ilgili standartlara
gore belirlenmistir.

sonra standardina

Istatistiksel Analiz: Tiim veriler varyans analizi
(ANOVA) ve Duncan testleri yoluyla Minitab programi
kullanilarak istatistiksel olarak analiz edilmistir.

BULGULAR

Kopma Direnci: Kopma direnci, kagidin lifli ag
yapisinin kirtlmaya kargt direncini 6l¢mek i¢in kullanilir.
Lif uzunlugu, lif yonii, lif mukavemeti, lif incelme derecesi
ve kullanilan dolgu maddesi gibi faktorler kagidin kopma
mukavemetini etkileyen ana faktérlerdir (Xu vd., 2016).
Kagitta tiretiminde CNF kullanilmas: genellikle kopma
indisini arttirir. Mikro/nano fibrillerin yiiksek baglanma
yetenegi sayesinde, alt tabaka (kagit yiizeyi) arasinda giicli
bir baglanma meydana gelir ve boylece kagittaki gozenekli
seliilozik alt tabakalar iizerinde sert nanofibril tabakalar:
olusur. Bu katman sayesinde kopma indis degeri
artmaktadir (Beneventi vd., 2014; Afra vd., 2016).

Calisma kapsaminda elde edilen verilere gore
kontrol kagit hamur liflerine %1 PAM ve %l RK
eklenmesi ile kopma indis degerleri sirasiyla %1,15 ve
%2,20 oranlarinda artmistir. Ote yandan kontrol
numunesine  baglayicti maddelerin  disinda CNF
eklendiginde ise CNF’lerin liflere nazaran daha yiiksek
spesifik yiizey alanina sahip olmalarina bagl olarak lifler
arasindaki baglantt miktari1 artirarak kopma indis
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degerlerini artirdiklar1 gézlemlenmistir (Hassan vd., 2011;
Petroudy vd., 2014). En yiiksek kopma direnci (21,1 Nm/g)
PAM+%?2 CNF uygulamasi sonrasinda elde edilmis olup,
kontrol numunesine gore %13,9’luk bir artis saglandigi
gozlemlenmistir (Sekil 1). Elde edilen bu sonug literatiir
caligmalariyla da paralellik gdstermis olup, Merayo vd.,
(2017) yaptiklar ¢alismada atik kagit liflerine CNF’yi C-
PAM ile birlikte kattiklarinda kopma degerlerinde artis
gozlemlemislerdir. Elde edilen degerlerin istatistiki analiz
sonuglari CNF’nin farkli konsantrasyonlarda cesitli
baglayici ve kagit katki kimyasallar1 varhiginda, 130 g/m?
gramajinda iiretilen kontrol atik kagit hamur liflerine
eklenmesi suretiyle iiretilen kagitlarin kopma indis
degerleri iizerinde Onemli bir etkiye sahip oldugunu
gostermektedir (p < 0.01).

02% @4%

Kopma indisi (Nm/g)

5

PAM+CNF

Kontrol RK PAM RK+CNF

Sekil 1. CNF’nin kagitlarm kopma direnci izerine etkisi
Figure 1. The effect of CNF on the tensile strength of papers

Patlama Direnci: Patlama direnci lifler arasi
baglanti miktarina, bireysel lif saglamligina bagl olup,
kagidin makine yonii ve enine yon saglamlik oranindan ve
kagidin uzama miktarindan etkilenir (Hassan vd., 2011).

Calisma kapsaminda elde degerler
incelendiginde kontrol kagit hamur liflerine %1 RK ve %1
PAM kullanimi ile patlama direnci sirasiyla %7,32 ve
%8,71 oranlarinda artis gdstermistir. Ote yandan kontrol
baglayict maddelerin  disinda CNF
eklendiginde ise en yiiksek patlama direnci (1.16 kPam?/g)
RK+%4 CNF uygulamasi sonrasinda elde edilmis olup,
kontrol numunesine gore %20,9’luk bir artis saglandigi
gozlemlenmistir (Sekil 2). Bu calismada CNF’lerin kontrol

edilen

numunesine

atik kagit hamur liflerine eklendiklerinde patlama indis
degerlerini artirmas: artan lifler arasi baglanti miktari ile
aciklanabilir. CNF’nin baglayict ve kagit katki
kimyasallar1 gibi farkli biyopolimerik malzemeler ile
birlikte ¢esitli kombinasyonlarda kontrol atik kagit hamur
liflerine eklenmesi sonucunda patlama indis degerlerinde
meydana gelen artiglar uygulanan malzemelere bagh
olarak CNF’nin dolgu maddeleri ile oldukca yeterli bir
baglanmay1 yonde destekledigini  ortaya
koymaktadir (Lourengo vd., 2019). Benzer sekilde Salam
vd., (2013) atik karton kagidi hamur liflerine %2 oraninda
kristal nanoseliiloz (CNC) ve kimyasal olarak modifiye

olumlu
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ettikleri CNC’leri ilave ettiklerinde kontrol kagitlarina
gore patlama direnci, %10,8-46,0 oranlarinda artig
gostermistir. Ote yandan; CNF ilavesinin hamur liflerinin
patlama direnci iizerindeki etkisi ise literatiirde tartigmali
bir konudur. Hassan vd., (2011) seker kamusi kiispesi
hamur liflerine farkli oranlarda CNF eklediklerinde
patlama direncinin diistiigiinii belirtmislerdir. Elde edilen
degerlerin istatistiki analiz sonuglart CNF’nin farklt
konsantrasyonlarda ¢esitli baglayict ve kagit katki
kimyasallar1 varhginda, 130 g/m? gramajinda iiretilen
kontrol atik kagit hamur liflerine eklenmesi suretiyle
iiretilen kagitlarin patlama indis degerleri {izerinde 6nemli
bir etkiye sahip oldugunu gostermektedir (p < 0.05).

Patlama indisi (kPam?/g)
o
©

RK+CNF

Kontrol RK PAM PAM+CNF

Sekil 2. CNF’nin kagitlarin patlama direnci tizerine etkisi
Figure 2. The effect of CNF on the burst strength of papers

Ic bag, bir kagit
numunesinin katmanlarina ayrilmasi i¢in gereken kuvvet

I¢c Bag Mukavemeti:

miktarint Slger. Kagidin &zellikleri arasinda onemli bir
yere sahip olan i¢ bag, lifler aras1 bag kuvveti ve bag
miktari ile dogrudan iligkilidir (Fidan vd., 2021). Kagidin
kaplama islemlerinde zayif i¢ bag, ayrilmaya neden olur
(Koubaa & Koran, 1995).

Calisma kapsaminda elde edilen verilere gore
kontrol kagit hamur liflerine %1 PAM ve %1 RK
eklenmesi ile i¢ baglanma degerleri sirasiyla %6,23 ve
%9,34 oranlarinda artis gdstermistir. Ote yandan kontrol
numunesine  baglayicti maddelerin  disinda CNF
eklendiginde ise CNF’lerin liflere nazaran daha yiiksek
spesifik yiizey alanina sahip olmalarina bagl olarak lifler
arasindaki baglant1 miktarini artirarak) (Hassan vd., 2011;
Petroudy vd., 2014) i¢ baglanma degerlerini artirdiklari
gozlemlenmistir. En yiiksek i¢ baglanma degeri (98,7 J/m?)
PAM+%?2 CNF uygulamasi sonrasinda elde edilmis olup,
kontrol numunesine gore %15,2’lik bir artis saglandigi
gbzlemlenmistir (Sekil 3). I¢ baglanma testi, hem lifler
arasindaki hem de lifler arasindaki
baglanmanin gerceklestigi alanda iyilesme olup olmadigini
gbsteren bir testtir. I¢ kohezyon yani i¢ baglanma
mukavemeti, kagit bilesenlerinin baglanma kapasitesi ile
yakindan iliskilidir 6zellikle dig lifler ve ince pargalar
arasindaki iligkide 6nemli bir rol oynar (Delgado-Aguilar
vd., 2015; Kang & Paulapuro, 2006). Delgado-Aguilar vd.
(2015), atik kagit hamur siispansiyonuna %1,5 CNF'nin

bag miktarin
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eklenmesiyle i¢ bag degerlerinde %?24,4 oraninda artis
oldugunu ortaya koymuslardir. Ayrica Tozluoglu vd.
(2021), atik kagit hamuru siispansiyonuna %4 periyodat ile
on isleme tabi tutulmus CNF ilave ettiklerinde i¢ bag
mukavemetinde %90,1'e kadar Onemli bir iyilesme
oldugunu bildirmislerdir. Elde edilen degerlerin istatistiki
analiz sonu¢lart CNF’nin farkli konsantrasyonlarda gesitli
baglayici ve kagit katki kimyasallar1 varliginda, 130 g/m?
gramajinda iiretilen atik kagit hamur kontrol liflerine
eklenmesi suretiyle iretilen kagitlarin i¢ baglanma
degerleri tizerinde Onemli bir etkiye sahip olmadigini
gostermektedir (p > 0.05).

02% B4%

g Bag Mukavemeti (J/m?)

Kontrol RK PAM

RK+CNF

PAM+CNF

Sekil 3. CNF’nin kagitlarin i¢ baglanma degerleri lizerine etkisi
Figure 3. Effect of CNF on the internal bond values of papers

Ezilme Testleri: Farkli baglayict madde ve CNF
katkilarinin atik kagitlarin ezilme testi tizerindeki etkileri
(SCT, CCT, CMT, RCT), Sekil 4a-d 'de verilmistir.
Calisma kapsaminda elde edilen degerler incelendiginde
kontrol kagit hamur liflerine %1 RK ve %1 PAM kullanim1
ile CMT %0,38 ve %2,13; RCT %12,4 ve %1,79; CCT
%17,2 ve %6,09 ve SCT degerleri sirasiyla %6,21 ve
%8,07 oranlarinda artis gostermistir. Ote yandan kontrol
numunesine  baglayict maddelerin  disginda CNF
eklendiginde ezilme degerlerini artirdiklari
gozlemlenmistir. En yiiksek CMT (100 N) PAM+%2 CNF
uygulamasi sonrasi, en yiksek RCT (10,6 Nm/g)
PAM+%2 CNF uygulamasi sonrasi, en yiiksek CCT (11,6
Nm/g) PAM+%4 CNF uygulamasi sonrasi ve en yiiksek
SCT (19,2 Nm/g) PAM+%2 CNF uygulamasi1 sonrasinda
elde edilmistir olup, kontrol numunesine gore %13,9’luk
bir artis saglandig1 gozlemlenmistir Sekil 4a-d. Elde edilen
sonuglara benzer sekilde Sanchez-Salvador vd. (2020), atik
kagit lif siispansiyonuna sirasiyla %1,5, %3, %4,5 ve %6
CNF'nin eklenmesiyle SCT degerlerinde %12,3, %16,3,
%19,0 ve %23,4 artis oldugunu bildirmislerdir. Tozluoglu
vd. (2021), kagit hamuru siispansiyonuna %4 CNF
eklenmesiyle CMT ve CCT degerlerinde %50,6 ve
%44,1'lik bir artis oldugunu belirtmislerdir. Ayrica Ehman
vd. (2020), %3 CNF igeren kagitlarun RCT indis
degerlerinde kontrol numunelerine kiyasla %28,2'lik bir
artis tespit etmistir. Elde edilen degerlerin istatistiki analiz
sonuclari CNF’nin farkli konsantrasyonlarda cesitli
baglayici ve kagit katki kimyasallar1 varhginda, 130 g/m?
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gramajinda iretilen kontrol atik kagit hamur liflerine
eklenmesi suretiyle iiretilen kagitlarin SCT, CCT, CMT ve
RCT degerleri lizerinde énemli bir etkiye sahip oldugunu
gostermektedir (p < 0.01).
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Sekil 4. CNF'nin kagitlarin CMT, RCT, CCT ve SCT degerleri tizerine etkisi
Figure 4. Effect of CNF on the CMT, RCT, CCT and SCT values of papers

Hava Gegirgenligi (Porozite): Hava gecirgenligi,
birim zamanda birim alandan gecen cm® cinsinden hava
miktar1 olarak tamimlanir. Hava gegirgenligi kagidin
gozenekliligi hakkinda bilgi verir. Kagidin hava
gecirgenligi, yalmizca kagidin gdzenekliligini (bos
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hacim/toplam hacim) degil ayn1 zamanda ag yapisinin
karmasikligini1 da gosterir (He vd., 2017).

Calisma kapsaminda elde edilen verilere gore
kontrol kagit hamur liflerine %1 PAM ve %1 RK
eklenmesi ile hava gegirgenligi degeri sirasiyla %6,43 ve
%8,53 oranlarinda azaltmistir. Ote yandan kontrol
numunesine  baglayici  maddelerin  disinda CNF
eklendiginde ise en diisiik hava gecirgenligi degeri (210,6
m3/dk) %1 PAM+%4 CNF uygulamasi sonrasinda elde
edilmis olup, kontrol numunesine gore %32,0’lik bir
azalma saglandig1 goézlemlenmistir (Sekil 5). Sanchez-
Salvador ve ark. (2020), CNF'nin atik kagit hamuru
liflerine %1.,5, %3, %4,5 ve %6 oraninda eklenmesinin
porozite degerlerini sirasiyla %55,9, %64,4, %75,8 ve
%87,7 azaltigmi  gbzlemlemistir.  Ayrica, %]1-5
oranlarinda CNF ilavesiyle atik kagit liflerinden elde
edilen kagitlarda hava gegirgenliginde %75'e kadar 6nemli
bir azalma Balea vd. (2018) tarafindan rapor edilmistir.
Ayrica Balea vd. (2016b), atik kagit liflerine %4,5
CNF eklendiginde gegirgenliginde
neredeyse %90 azalma gozlemlemistir. Elde edilen
degerlerin istatistiki analiz sonuglari, CNF’nin farkli
konsantrasyonlarda cesitli baglayict ve kagit katki
kimyasallar1 varliginda, 130 g/m? gramajinda iiretilen atik
kagit hamur kontrol liflerine eklenmesi suretiyle iiretilen
kagitlarin hava gegirgenligi degerleri lizerinde 6nemli bir
etkiye sahip oldugunu géstermektedir (p < 0.05).

oraninda hava

02% B84%
400

350 2 s

300

250

Hava gegirgenligi (m3/dk)

200

150
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Kontrol RK PAM RK+CNF PAM+CNF

Sekil 5. CNF’nin kagitlarin porozite degerleri iizerine etkisi.
Figure 5. Effect of CNF on the porosity values of papers.

SONUC VE TARTISMA

Calisma kapsaminda geri doniistiiriilmiis atik
kagit hamuruna farkli konsantrasyonlarda (%2 ve %4)
CNF eklenmesi durumunda, baglayict ve katki
kimyasallar1 kullanilarak iretilen kagitlarin fiziksel ve
mekanik Ozellikleri arastirilmistir.  CNF  atik  kagit
siispansiyonuna %1 PAM ve %1 RK varliginda ilave
edildiginde; 130 g/m? gramajinda iiretilen kagitlarm
kopma, patlama, ve i¢ baglanma test degerleri artan CNF
konsantrasyonu ile artig gostermekle birlikte en yiiksek
kopma direnci %1 PAM+%?2 CNF uygulamasi sonrasinda
21,1 Nm/g; en yiiksek patlama direnci %1 RK+%4 CNF
uygulamasi sonrasinda 1,16 kPam?/g ve en yiiksek i¢ bag
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mukavemeti %1 PAM+%2 CNF uygulamasi sonrasinda
98.7 J/m? olarak gdzlemlenmis ve atik kagit hamur kontrol
numunelerine nazaran sirasiyla %13,9, 20,9 ve 15,2°lik
artislar elde edilmistir. Ote yandan kontrol numunesine
baglayic1 maddelerin disinda CNF eklendiginde ezilme
degerlerini artirdiklart gozlemlenmistir. Fiziksel 6zellikler
incelendiginde; en diisiik porozite degeri %1 PAM+%4
CNF uygulamas: sonrasinda 210,6 m®dk olarak elde
edilmis olup, kontrol numunesine gore %32,9’luk bir
azalma saglandig1 gézlemlenmistir. Seliiloz nanofibrillerin
hamur lif siispansiyonuna direkt olarak ilavesinin hamur ve
kagit 6zellikleri tizerine etkileri incelenmis olup elde edilen
kagitlarin mekanik 6zellikleri olumlu yonde etkilenmistir.
Bu baglamda; CNF atik kagit hamur kontrol liflerine
baglayict ve kagit katki kimyasallart gibi farkli
biyopolimerik ~ malzemeler ile  birlikte  ¢esitli
kombinasyonlarda eklenmesi sonucunda kopma indisi,
patlama indisi ve i¢ baglanma degerlerinde meydana gelen
artislar uygulanan malzemelere bagli olarak CNF’nin
dolgu maddeleri arasinda yeterli bir baglanma sagladigini
ortaya koymaktadir. Elde edilen kagitlarin hava
gegirgenligi  degerleri ise CNF+PAM-+RK
sonrasinda diisiis gostermis ve elde edilen bu deger iiretilen
kagitlarin kontrol hamuruna nazaran daha iyi bariyer
ozellikleri sergiledigini ortaya koymustur.
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Oz: Bu calismada; ekolojik anlamda degerli ve nesli tiikkenme tehlikesi ile kars: karsiya olan Pinna
nobilis'in Canakkale Bogazi'ndaki popiilasyonlarinin izleme ¢alismasi yapilmasi hedeflenmistir.
Caligsma olarak Canakkale Bogazi’nda 30 6rnekleme istasyonunda 2020 ve 2021 yillarinda toplamda
87000 m?lik alanda su alti izleme ydntemi ile yapilmustir. Olii ve canli P. nobilis’lerin tespiti su alti
hat-¢izgi sayim metoduyla tiiplii dalig yontemiyle yapilmustir. Su alti gérsel sayim metoduyla sayilan
pinalar housingli su alti kamerasiyla kayit altina alinmistir. Arastirma verilerinden elde edilen sonuglara
gore; bogazdaki pinalarin toplam 6liim orani 2020 yilinda %81,15’ten 2021 yilinda %94,67’ye
yiikselmistir. 2020 yilinda gozlemlenen 6lii ve canli pinalarin toplam sayist 5880 iken; 2021 yilimda
bu say1 4002’ye diigmiistiir. P. nobilis bireylerinin bu arastirmadaki boy-agirlik iligkisi regresyon
denklemi toplam boy (B) igin; W= 0,031L>%6' (R?=0,913), genislik(G) igin; W=

*.: http://orcid.org/0000-0003-4057-8088
: http://orcid.org/0000-0002-3638-9834
. http://orcid.org/0000-0002-1396-0313
- http://orcid.org/0000-0003-1005-3045
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- S T 0,133L38%(R?=0,7706), kahinlik (K) igin; W=22,741L21%YR2= (,8484) olarak hesaplanmistir. En
Ata AKSU yiiksek frekansa sahip canli pinalar 0-100 gram arahginda yer alirken, boy grubunda ise en yiiksek
Istanbul Gedik University, Gedik Vocational frekans 15-20 cm. araliginda gozlenmistir. Ornekleme istasyonlarindan toplam 381 canli numune
rssctgsﬂh L%g‘:ﬁin"fter TEEE Y (AEEIIE kaydedilmistir. Bu pinalarda ortalama boy(B) 28,10 + 8,20 cm olarak Sl¢iilmiistiir. Canli pinalarin
5 ata.;ksu@ygedik.edu.tr agirhigr 15g. ile 1543g. arasinda degismekte olup; ortalama 317,57 + 252,99g. olarak kaydedilmistir.

Saha ¢alismas1 boyunca toplam 2183 dakika (36 saat 23 dakika) dalis yapilmustir.

Anahtar kelimeler: Pinna nobilis, canakkale bogazi, boy-agirlik iliskisi, tiiplii dalis, izleme calismasi.

Underwater Monitoring Study of Endangered Pinna nobilis (Linnaeus, 1758) in the
Canakkale Strait between 2020-20210"]

Abstract: In this study; It is aimed to monitor the populations of Pinna nobilis, which is ecologically
valuable and in danger of extinction, in Canakkale Strait. As a study, it was carried out with underwater
monitoring method in an area of 87000 m? in total in 2020 and 2021 at 30 sampling stations in the
Canakkale Strait. Detection of dead and alive P. nobilis was made by scuba diving method with
underwater line-line counting method. Pinas counted by the underwater visual counting method were
recorded with a housing underwater camera. According to the results obtained from the research data;
The total mortality rate of pinas along the strait increased from 81.15% in 2020 to 94.67% in 2021.
While the total number of dead and live pinas observed in 2020 was 5880; In 2021, this number has
decreased to 4002. The regression equation of the height-weight relationship of P. nobilis individuals
in this study for total height (B); W= 0,031L2%% (R?=0,913), for width(G); W=
0,133L%86%(R?=0,7706), for thickness (K); W=22,741L21%Y(R?=0,8484). While alive pinas with the

*Corresponding author: highest frequency are in the range of 0-100 grams, the highest frequency in the height group is 15-20
St B . . cm. observed in the range. A total of 381 alive samples were recorded from sampling stations. The
Istanbul Gedik University, Gedik VVocational . . R . X .

School, Underwater Technology Program average length (B) in these pinas was measured as 28,10 = 8,20 cm. The weight of alive pinas is 15g.
- ate{.aksu@gedik.edu.tr with 1543g. varies between mean 317,57 + 252,99g. was recorded as. During the fieldwork, a total of

2183 (36 hours and 23 minutes) minutes of dives were made.

Keywords: Pinna nobilis, canakkale strait, length-weight relationship, scuba diving, monitoring study.

" Bu makale, Doktora tezinden iretilmistir. This manuscript was produced from doctoral thesis..
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GiRisS

Pinna nobilis, nesli IUCN (Diinya Doga ve Dogal
Kaynaklar1 Koruma Birligi)’nin kirmizi listesinde kritik
seviyede yer alan bir ¢iftkabuklu tiiriidiir. P. nobilis’in
kitlesel oliimleri ile ilgili ¢aligmalar, Ispanya, Italya,
Hirvatistan, Fas, Tunus, Yunanistan gibi Akdeniz’e kiyist
olan birgok iilkede yapilmistir ve bu popiilasyonlarin giincel
durumunun takibi yapilmaya devam edilmektedir. Donato
vd. (2021), pina tiirleri iizerinde Italya kiyilarinda yapmis
olduklar1 ¢alismada toplu 6liim olay1 6ncesi (2010), yayilan
salginin baslangici (2018) ve toplu 6liim olay1 sonrasi (2020)
popiilasyonlarin uzun vadeli degisikliklerini izlemislerdir ve
gorsel sayim ile gerceklestirilen gozlemlerde, P. nobilis
birey sayisinin 2010'a goére 2018'de yariya diistiigiini ve
2020'de kayboldugunu bildirmislerdir.

Ondes vd. (2020), Haziran-Eyliil 2019 déneminde
Ege Denizi'nde 12, Marmara Denizi'nde 1 bdlgeden P.
nobilis’in toplu Olimleri ile ilgili veri toplamislardir.
Caligma sonuglarina goére, Marmara Denizi'nde oliim
oranmnin %10 gibi diisiik bir oranda bulmusken Ege
Denizi'nde bu orani %97 olarak kaydetmislerdir. Bu
farkliligin deniz suyu sicaklig ve tuzluluk degerleri ile ilgili
olabilecegini 6ne siirmiiglerdir. Kiinili vd. (2021), Canakkale
Bogazi’nda P. nobilis iizerine Tiirkiye’de ilk histopatolojik
calismayr yapmuslardir. Caligmadaki tiim istasyonlarda
Haplosporidium protozoani tespit etmiglerdir. Histopatolojik
analizlere gore, 6zellikle manto, bag dokusu, sindirim bezi
ve bagirsakta P. nobilis'te Haplosporidium pinnae varligini
gostermislerdir. Saglikli P. nobilis 6rneklerinin ise normal
histolojik yap1 gosterdigini bulmuslardir.

Katsanevakis vd. (2021)’ de yapmis olduklari
derleme calismada fan midyesi, P. nobilis’in hayatta kalan
popiilasyonlarinin yalnizca birkag daginik lagiin veya kapali
koyda ve Marmara Denizi' nde yasayabildigini tespit
etmislerdir. 2016 yilindan bu yana bilim insanlar1 tarafindan
P. nobilis’in korunmast i¢in énemli cabalar sarf edildigini
vurgulamislardir. P. nobilis'in Karadeniz'de bulunmadigini
ve Istanbul Bogazi’min kuzey dagilim sinir1 olarak kabul
edildigini belirtmiglerdir. Bu g¢alismada, &zellikle denizel
ekosistemlerde onemli bir filtrasyon gorevini {istlenen,
ekolojik dnemi yiiksek ve Akdeniz’ in en bilyiik ¢ift kabuklu
smifina ait P. nobilis’in 2016 yilindan itibaren Akdeniz
kiyillarinda batidan doguya dogru artarak devam eden
kitlesel oliimlerinin Canakkale Bogazi’ndaki durumunun
belirlenmesi ve 2020-2021 yillar1 arasinda popiilasyon
durumlarina bakilmasi ve ¢aligma sahasindaki deniz suyu
fizikokimyasal parametreleri ile toplu pina Oliimleri
arasindaki istatistiksel iliskilerin incelenmesi hedeflenmistir.

Boylamsal aragtirma modeli ile diigiiniildiigiinde bu
tir ekolojik durumlarin algilanabilmesi i¢in birgok
calismada izleme g¢aligmalarinin uzatilmasi ve artirilmast
gerekliligi stirekli vurgulanmaktadir. Pensa vd. (2022),
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Italya’min 800 km’lik kiy1 seridini kapsayacak sekilde
gineydogu kiyilarinda yer alan calismalarinda Apulia
bolgesinde canli bir P. nobilis’e rastlamadiklar1 gibi 90
km’lik kry1 seridinde herhangi o6li bir pina dahi
gormediklerini  belirtmislerdir. Kersting vd. (2020),
uluslararasi ortak ¢aba araciligiyla, P. nobilis’in kitlesel
6liimlerinin orta ve uzun vadeli etkileriyle miicadele etmeye
devam etmek icin Akdeniz’de esgiidiimlii olarak pina
tirlerini aragtirma ve izlemenin Onemini de agikca
belirtmiglerdir. Cmar vd. (2021), Giiney Marmara
Adalari’nda P. nobilis popiilasyonlar1 ile ilgili yapmus
olduklart  caligmalarinda  yogunluk  ¢alismalarinin
eksikliginden bahsetmislerdir. Bu arastirmada da ayni
zamanda pina popiilasyonlarinin su altinda izlenmesinin
diginda taranan alanlarda (m?) canhlik ve 6liim oranlarmin
karsilastirilmas ile yogunluk verilerinin istatistiksel olarak
iligkilendirilmesi hedeflenmistir.

MATERYAL VE METOT

Arastirma sahasi olarak Canakkale Bogazi belirlenmistir
(Sekil 1). Canakkale Bogaz1 Ege Denizi'nden farkli olarak
6lii pina bireylerinin yani sira canli pina popiilasyonunu da
sahiptir.

39.900

Sekil 1. Calisma sahas1 Qgis haritas1 gérinimi
Figure 1. Fieldstudy site’s QGIS map view

Bu arastirma; Canakkale Bogaz1’ nda 30 6rnekleme
istasyonunda ve 2 etapta gergeklestirilmistir. Birinci etapta;
2020 yilinda 0-15 m derinlik konturunda dalig
gerceklestirilerek pinalarin su alt1 gérsel sayim metoduyla
sayimi, pinalardan boy-agirlik alinmasi ve suyun osinografik
ozelliklerinin (tuzluluk, sicaklik, pH, oksijen diizeyi) CTD
(Conductivity-Temperature-Depth)  cihaziyla  6lgiilmesi
seklinde gerceklestirilmistir. Ikinci asamada ise; 2021 yil
ornekleme istasyonlarinin hepsine ayni metodla dalis
gerceklestirilerek pinalarin  gorsel
calismasi seklinde gerceklestirilmistir.

Canl1 sualt1 kaynaklarinin ve su alt1 habitatlarinin
izlenmesi tahribatsiz arastirma teknikleri gerektirir ve bu
yontemlerden biri de dalgiglar tarafindan gercgeklestirilen

sayimi  ve izleme
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sualtt gorsel sayimdir (Pelletier vd., 2011). Sualt1 gorsel
sayim yontemi sulardaki baliklarin bollugunu, cesitliligini
ve boyutunu tahmin etmek icin en yaygin yaklasimdir. Ote
yandan, sualt1 gorsel sayim teknigi ile bollugun tahmini hem
zamansal hem de uzaysal Olgeklerde  yiiksek
hareketliliklerinden dolay1 yiiksek diizeyde kiimelenen
ve/veya diisiik yogunluklarda gézlemlenen tiirlerde 6zellikle
sorunludur (Irigoyen vd., 2018). Sualti gorsel sayim
yaklagimlarini igeren arastirmalarin istatistiksel giicii, tekrar
sayisi veya aragtirtlan alan artirilarak gelistirilebilir.
Alternatif olarak, video tabanli teknikler, sualti
makrofaunasini ve habitatlarin1 gézlemlemek icin yaygin
olarak kullanilan araglar haline gelmigtir. Silvestri vd.
(2022), camur diizliigii iizerinde P. nobilis kabuklarini tespit
etmek igin bir IHA (insansiz hava araci) sisteminin
kullanilmasinin, saha arastirmalarina gore avantajlar ve
dezavantajlar sundugunu tespit etmislerdir.

Sekil 2. A. Su altinda hat ¢izgi sayim i¢in seritmetre ile hattin belirlenmesi;
B. gorsel sayimin yazi tahtasina kayit edilmesi.

Figure 2. A. Determining the line with a tape measure for line transect
counting under water; B. recording the visual count on the slate.

Su alt1 gozlem yontemleri literatiir taranarak ve
mevcut ¢aligmanin ihtiyaglart diisiiniilerek tespit edildiginde
en uygun yontemin hat-¢izgi sayimi oldugu diistiniilmiistiir.
Bu yontemle, pinalarin sayiminda 2 dalgi¢ yanyana gelerek
hattin sagindan ve solundan S’er metrelik goris
mesafesindeki alandan sorumlu olmuslardir. Kiyiya dik bir
vaziyette iki balikadam tarafindan 5’er metreden 10 metre
genislikte, (50m. X 3 transekt =150m.) 150 metre uzunlukta
olmak iizere, 1500 m?’lik alanda pina saymm yapilmistir.
Oceanic Geo-2 dalis saatinin tiiplii dalis i¢in kullanilan norm
moduyla maksimum derinlik ve dalis siiresi ile ilgili bilgileri
kaydedilmisti. Suyun altinda ¢izgisel hat sayimm yapan
dalgiclar canli ve 6lii pina sayist ile ilgili verileri su alt1 yazi
tahtasima kursun kalemle yazarak kayit etmislerdir. Gorsel
sayimlara ek olarak sualt1 kilifli kamera ile su alt1 fotograf
ve video kayd1 da almmustir.

Ornekleme istasyonlarindaki su alti aragtirmalar
icin genellikle bagimsiz aletli daliy donanimi (BAD)
kullanilmigtir.  Ayn1  zamanda istasyonlarin topografik
ozellikleri goze alindiginda ¢ok si1g derinlige sahip ve
akintilarin siddetli oldugu istasyonlarda serbest dalig metodu
kullanilmistir. Serbest dalislar i¢in maske, palet ve snorkel
yani dalisin ABC’si kullanilmistir. Boy-agirlik  verisi
alabilmek icin yapilan bu ¢alisma, Tarim ve Orman
Bakanlig1, Balik¢ilik ve Su Uriinleri Genel Miidiirliigii'nden
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yasal izin (Tarih: 30.04.2020, Sayi: E.1257197) almarak
gerceklestirilmigtir. Rabaoui vd. (2007), yapmis olduklari
calismada kabuk tam boyu, genigligi ve kalinliginmi 6lcerek
boy parametrelerini tahmin etmislerdir. Bu ¢aligmada da boy
parametreleri ayni sekilde hesaplanirken toplam boy “‘B”’,
genislik ““‘G”’, kalinlik ise ““K’’ harfi ile ifade edilerek
Olglimler gerceklestirilmistir. Elde edilen ham verilerden
frekans grafikleri olusturulmustur. P. nobilis’lerin boy-
agirlik iliskileri regresyonu W=aL? (Ricker, 1975) formiilii
ile incelenmistir.

Istatistiksel Analizler: _Pina oliim orani, tuzluluk,
sicaklik, yogunluk, pH degerleri arasinda iligki olup
olmadigini incelemek i¢in ¢esitli analizler yapilmistir. Tiim
analizler i¢in SPSS 24.0 kullanilmistir. Analizler 6ncesinde
tim verilerin normal dagilima sahip olup olmadig1
incelenmistir. Oncelikle carpiklik basiklik degerlerine
bakilmigtir. Puanlar Z puanina gevrilerek u¢ deger temizligi
yapilmistir. bu verilerin analizinde parametrik yontemlerden
Carpimi  Kolerasyon Katsayisi
kullanilmigtir.  Yogunluk ile canli pina verileri normal
dagilim gostermediginden, analizde parametrik olmayan
yontemlerden Spearman-Brown Sira Farklari Kolerasyon
Katsayis1 kullanilmistir. Canli pina ile tuzluluk arasinda
iliski olup olmadiginin analizi i¢in Spearman’s rho degeri
hesaplanmigtir. 2020 ve 2021 yillarinda &rnekleme
istasyonlarindan elde edilen veriler arasinda anlamlt
diizeyde farklilk olup olmadiginin analizi i¢in t-testi
kullanilmustir.

Pearson Momentler

BULGULAR

Aragtirma bulgular1 2020 ve 2021 yili saha
caligmalarinin ayr1 ayri analiz edilmesi ve bazi deniz suyu
parametrelerinin 6l¢iimii seklinde degerlendirilmistir.

2020 yili CTD cihaz1 6l¢iimlerine gore elde edilen
veriler:

Elde edilen sonuglara goére pina Olim orani,
tuzluluk, sicaklik degerleri normal dagilim gostermistir.
Cikan sonuglara gore; tuzluluk ile 6lim oranlari arasinda
pozitif yonde orta diizeyde bir iliski oldugu gorilmiistiir
(r=0,624; p<0,05). Bu sonugtan hareketle; tuzluluk orani
yiikseldikg¢e 6liim oranlarinin da arttig1 yorumu yapilabilir.
Analiz sonucunda sicaklik degerleriyle 6liim oranlari
arasinda manidar bir iliski bulunamamistir(p>0,05). Analiz
sonuclarina gore yogunluk diizeyiyle 6liim oranlar1 arasinda
manidar  bir iliski bulunamamistir(p>0,05). Analiz
sonucunda pH degerleriyle 6liim oranlar1 arasinda manidar
bir iligki bulunamamistir (p>0,05). Analiz sonuglarina gore
Spearman’s rho kolerasyon katsayisi r=-,697 bulunmustur.
Buna gore, tuzluluk ile pinalarin canlilig1 arasinda negatif
yonde orta diizeyde bir iliski oldugu goriilmektedir. Buradan
hareketle, canli pina sayisi arttikga tuzluluk degerinin
diistligii; canli pina sayisi azaldikga tuzluluk degerinin arttig
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sOylenebilir. Yapilan analiz sonucunda 2020 ile 2021 toplam

yilindaki P. nobilis sayisindan anlaml diizeyde fazla oldugu

P. nobilis sayisi arasinda anlamli diizeyde farklilik oldugu gOriilmiistiir.
bulunmustur (p<0,05). 2020 yilinda P. nobilis sayisinin 2021
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Sekil 3. Bazi deniz suyu parametrelerinin (A. Oksijen diizeyi, B. Tuzluluk, C. Su Sicakhg, D. pH) drnekleme istasyonlarinda 6l¢iilen degerleri.
Figure 3. Values of some seawater parameters (A. Oxygen level, B. Salinity, C. Water Temperature, D. pH) measured at sampling stations.
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Sekil 4, 5. 2020 ve 2021 y1h 6rnekleme istasyonlar1 pinalarin 6liim ve canlilik oranlar pasta grafikleri.
Figure 4, 5. Pie charts of mortality and survival rates of pina sampling stations for 2020 and 2021.
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Canakkale Bogazi’'nda 2021 yilinda %100 6lim
orani goriilen istasyon sayilarinin bir dnceki seneye gore
anlamli oranda artig gosterdigi sekil 4 ve 5S’te
gozlemlenmistir.

Ornekleme istasyonlarinda 10,5 ile 47,5 cm boy
(B) araliginda bireyler kaydedilmistir (Sekil 7). Ortalama
boy 28,10+8,20 cm olarak dl¢iilmiistiir. Olgiilen pinalarmn
agirligr 15 gile 1543 g arasinda degigsmekte olup; ortalama

317,574252,99 g olarak belirlenmistir (Sekil 6). Pina
kabuklarinin genisligi (G); min. 5,5 max. 18,5 cm olarak
tespit edilmistir (Sekil 8). Ortalama genislik ise;
12,55+2,48 cm olarak tespit edilmistir. Pina kabuklarmnin
kalinligi 1 ile 6 cm arasinda degisirken, ortalama kalinlik
3,16£1,18 cm olarak gozlemlenmistir(Sekil 9). Bu
calismada oOrneklenen pinalarin %41°1 juvenil, %58’
yetigkin birey olarak gézlenmistir.
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Sekil 6. P.nobilis bireylerinin agirlik(g) siniflarina gore frekans grafigi
Figure 6. Frequency graph of P. nobilis individuals according to weight(g) classes
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Sekil 7. P.nobilis bireylerinin boy(B) siniflarina gore frekans grafigi
Figure 7. Frequency graph of P. nobilis individuals according to height(B) classes

753



Aksu vd., (2023)

Toplam boy(B) igin; W = 0,0138L2%6! (R> =
0,913), genislik (G) icin; W = 0,0133L385%(R2 = 0,7706),
kalinlik (K) icin; W = 22,741L%1%5YR2 = (0,8484) olarak
hesaplanmistir (Sekil 10. A.,B.,C.).
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Sekil 10. P. nobilis bireylerinin A. boy-agirlik/ B. kalinlik-agirhk/ C.
genislik-agirhik iliski denklemleri grafigi

Figures 10. P. nobilis individuals A. height-weight / B. thickness-weight
/ C. width-weight relationship equations graph

TARTISMA

Trigos vd. (2015), P. nobilis i¢in tahmini optimum
yagsam sicakliginin  20°C, minimum ve maksimum
uygunluk sicakliklarin ise sirasiyla 16 ve 25°C oldugunu
belirlemiglerdir. Bu g¢alismada ise; 2020 yili 6rneklenen
zamanlarda su sicakliklar1 21,3 ile 25,7°C arasinda
degismektedir (Sekil 3.C.). Cabanellas-Reboredo vd.
(2019) yapmus olduklar1 arastirma sonuglarina gore,
parazitin muhtemelen bolgesel olarak yiizey akintilartyla
dagildigin1 ve hastalik ifadesinin 13,5°C'nin {izerindeki
sicakliklarla ve 36,5-39,7 psu arasindaki tuzluluk araligiyla
yakindan iligkili gibi goériindigiinii tespit etmiglerdir. Bu
calismadaki 6rnekleme istasyonlari tuzluluk degerleri ise;
22,41 ile 27,58 psu arasinda degisiklik gostermistir (Sekil
3.B.). Arastirmada oksijen diizeyi; 7,37 ile 7,9 mg/L
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arasinda bulunmustur (Sekil 3.A.). Breitburg vd., 2003
yilinda yapmis olduklar1 calismada; su sicaklifi ve
¢Oziinmiis oksijenin, tiir dagilimmi ve popiilasyon
yogunlugunu fizyolojik anlamda etkiledigini bulmuslardir.
Prob 6l¢timlerine gore pH diizeyi ise; 7,31 ile 8,17 arasinda
Olglilmiisttr (Sekil 3.D.). Haberle vd. (2020), P. nobilis i¢in
diisiik pH'in (yani asitlenmenin) etkilerinin hala yeterince
caligtlmadigini bildirmislerdir.

Sonug olarak bu calismada; 43500 m?’lik alan
icerisindeki Ornekleme istasyonlar1 iki farkli dénemde
defa taranarak toplamda 87000 m?’lik su alti gdzlemi
yapilmistir. Gergeklestirilen drnekleme dalislarinda 2020
yilinda 5880 P. nobilis bireyinde %19,85, 2021 yilinda ise
4002 adet P. nobilis bireyinde %5,3 ile canlilik oraninin
azalmasi dikkat ¢cekmektedir. Yapilan t-testi sonuglarina
gore 2021 yilinda Canakkale Bogazi’nda P. nobilis
popiilasyonunun anlamli 6l¢iide azaldigi tespit edilmistir
(p<0,05). Karadurmus ve Sari, (2022) yilinda Marmara
Denizi’nin Erdek Korfezi’'nde 29 bolgede P.nobilis
popiilasyonlarinda %78,8 canlilik, %21,2 6liim oraniyla
toplamda 2164 adet pina saymuslardir. Iki calisma
karsilastirildiginda Denizi’ndeki  pina
canliliginin Canakkale Bogazi’ndaki pina canliligindan
daha fazla oldugu sdylenebilir. Ancak, bu ¢aligmalardaki 2
yillik su alt1 izleme siiresinin uzatilarak zamana daha fazla
yayilmasi P. nobilis stoklarmin devami i¢in 6nemlidir.
Farkindalik caligmalar1 araciligiyla toplumun biitiin
kesimlerine P. nobilis neslinin kritik durumu hakkinda
bildiriler Toplumun bilinglendirilmesi
caligmalarina okul 6ncesi donemde baglanilarak ¢ocuklara
su iiriinleri tanitilabilir; ekolojik 6neme sahip olan canlilar
ve nesli titkenmekte olan tiirlerin farkindaliginin olusmasi
icin egitim miifredatinda bu konularin yer almasi
saglanabilir.

Marmara

hazirlanabilir.
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Oz: Bu calismada kirmizi alglerden Gracilaria verrucosa (Hudson) Papenfuss tank kiiltiir
sistemlerinde 100 pmol foton m? s * 151k siddetinde, farkli fotoperiyotlar (24:00, 16:08, 12:12 ve
08:16 (Aydinlik (A):Karanlik (K))) uygulanarak algin biiylime hizinda ve kimyasal iceriginde
meydana gelen degisimler izlenmistir. Calisma sonucunda deneme gruplari arasinda en yiiksek
biiyiime hiz1 16:8 (A:K) fotoperiyot uygulanan grupta bulunmustur. Deneme gruplarinin klorofil
a igerikleri aydinlanma siiresi arttikca azalmistir. Biiylime hizi arttik¢a algin fikosiyanin ve
fikoeritrin igeriklerinin azaldigi belirlenmistir. Calismada gruplarin ham protein igerikleri
%9,14+0,13 (24:24) ile %10,92+0,25 (12:12) arasinda degigim gostermistir. Tiim deneme
gruplarinin yag igerikleri %1’den az bulunmustur. Alg talluslarinmn kiil igerikleri arasinda
istatistiksel olarak Onemli derece farkliliklarin olmadigi goriilmiistiir (p>0,05). Deneme
gruplarinin agar igerikleri %8,36+0,24— 13,19+1,09 arasinda degisim géstermistir. En yiiksek
agar icerigi 8:16 foto periyot uygulanan grupta saptanmistir. Yiiksek 151k siddeti ve uzun
aydinlanma siirelerinin algin serbest radikal temizleme aktivitesini arttirdigi ¢alisma sonucunda
saptanmigtir. Deneme gruplarmin toplam fenolik madde igerikleri ile 1,82+0,03 (8:16) ile
2,84+0,04 (24:24) mg GAE g! ekstrakt arasinda deisim gdstermistir. En yiiksek toplam
flavonoid igerigi 8:16 (A:K) uygulanan grupta saptanmistir.

Anahtar kelimeler: Agar, antioksidan, biiyiime hizi, Gracilaria verrucosa, pigment.

Effect of Photoperiod Applications on Biomass Yield and Chemical Composition of
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Red Algae Gracilaria verrucosa

Abstract: In this study, the changes in the growth rate and chemical content of algal extracts
from Gracilaria verrucosa (Hudson) were examined under Papenfuss tank culture systems with
100 umol photon m s ! light intensity and different photo periods (24:00, 16:08, 12:12 and 08:16
(Light (L): Dark (D))). As a result of the study, the highest growth rate among the experimental
groups was found in the 16:8 (L:D) photoperiod group. The chlorophyll a content of the groups
decreased as the illumination time increased, while phycocyanin and phycoerythrin contents
decreased as the growth rate increased. The crude protein content of the groups varied between
9.144+0.13 (24:24) and 10.92+0.25 (12:12). Fat content of all groups was found to be less than
1%. There was no statistically significant difference in the ash content of algae thallus (p>0.05).
The agar contents of the experimental groups varied between %8.36+0.24-13.19+1.09. The
highest agar content was found in the group treated with the 8:16 photoperiod. As a result of the
study, it was determined that high light intensity and long illumination durations increase the free
radical scavenging activity of algae. The total phenolic content of the experimental groups varied
between 1.82+0.03 (8:16) and 2.84+0.04 (24:24) mg GAE g! extract. The highest total flavonoid
content was found in the 8:16 (L:D) group.

Keywords: Agar, antioxidant, Gracilaria verrucosa, growth rate, pigment.
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GiRisS

Sucul ekosistemin 6nemli canlilarindan olan makro
algler, igerdikleri 6nemli kimyasal bilesenler ve gida, ziraat,
eczacilik ve enerji gibi farkli endiistriyel alanda kullanilmast
nedeniyle diinya genelinde yetistiriciligi yapilan fotosentetik
organizmalar arasinda yer almaktadir. Gida endistrisi
tarafindan ticari kullanimlarina ek olarak, antibakteriyel,
antioksidan, anti-tiimér ve diger 6zelliklere sahip peptitler,
yag asitleri ve polifenoller gibi bir¢cok baska biyoaktif
bilesigi de tretirler (Ak & Tirker 2018, 2019). Makro
alglerin diinya genelinde yaklasik 291 tiiriiniin yetistiriciligi
yapilmaktadir ve 2019 yili itibariyle 34,5 milyar tonun
iizerinde makro alg dogadan ve yetistiricilik yoluyla elde
edilmis olup gergeklestirilen bu iiretimin toplam ekonomik
degeri ise 14,7 milyar USD’dir. 2025 yilinda bu miktarin 30
milyar USD’ye ulasacagi ongoriilmektedir (FAO, 2021).
Ulkemizin ¢ok hizli biiyiiyen bu pazarda yer alabilmesi
kiyilarimizda dagilim gésteren makro alglerin yetistiricilik
tekniklerinin ortaya ¢ikarilmasina baglidir. Boylelikle hem
dogal stoklar korunmus olacak hem de algin endiistriyel
kullanimina yonelik yapilan ¢alismalarin artmasiyla ham
madde saglanmis olacaktir.

Diinya genelinde ekonomik onem sahip makro
alglerin  karasal sistemlerde yetistiriciligine yonelik
calismalar  yapilmaktadir. Ancak bu c¢alismalarda
karsilasilan sorunlardan en Onemlisi alglerin uygun 151k
rejiminin belirlenmesidir (Ak & Yiicesan, 2012). Enerji
kaynag1 olan 151k, organizmalarin siirekli degisen kosullara
uyum saglamasini saglar. Isigin siiresi ve siddetinde
meydana gelen degisimlere karsi alglerin basta pigment
icerikleri olmak iizere kimyasal iceriklerinde de degisimler
meydana gelir ve boylelikle ortam kosullarina adapte olurlar
(Falkowski & LaRoche, 1991; Ak & Yiicesan, 2012;
Oztaskent ve Ak, 2021; Ak vd., 2022). Isik ayrica alglerin
ireme siireglerini kontrol etmek igin g¢evresel bir faktor
olarak da kullanilabilmektedir (Falkowski & LaRoche,
1991; Kim vd., 2015; Fethi & Ghedifa, 2019). Fotoperiyot
makro alglerin giinliik ritimlerini kontrol eden molekiiler
saatlerle iliskilidir ve kirmizi, kahverengi ve yesil alglerde
iireme organlarinin uyarilmasinda kendini gosterir (Liining,
2005). Broch & Slagstad (2012), fotoperiyodun Saccharina
latissima biiylimesi lizerinde besin konsantrasyonundan
daha biiyiik bir etkiye sahip oldugunu bildirmistir.

Diinyada bu derece yogun kullanima sahip alg
gruplarinin  iilkemizde yeterince ilgi
aragtirmalarin sinirh alanda kalmasi bu ¢alismanin temelini
olugturmakla birlikte farkli 1g1k yogunluklari denemeleri ile
en uygun yontem belirlenerek endiistriyel iiretime katki
sunulmaya caligtlmistir. Bu kapsamda ekonomik &neme

goérmemesi  ve

sahip kirmiz1 alglerden Gracilaria verrucosa nin biiyiime
hizi, biyomas verimi, besin igerikleri (ham protein tayini,
ham yag tayini, ham kiil tayini, karbonhidrat tayini), DPPH
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serbest radikali giderim aktivitesi, toplam fenolik, toplam
flavonoid, agar ve pigment igerikleri tizere farkli fotoperiyot
siirelerinin (24:00, 16:08, 12:12 ve 08:16 (A:K)) etkisi
belirlenmistir.

MATERYAL VE METOT

Alg Orneklerinin Temin Edilmesi: Kirmizi alg
Gracilaria verrucosa (Hudson) Papenfuss ana malzeme
olarak kullanilmistir. Bu kapsamda COMU Dardanos Deniz
Canlilar1 Uygulama ve Arastirma Merkezinde bulunan algin
stok Kkiiltiirleri kullamilmigtir. 100 litrelik  tanklarda
gerceklestirilen denemelerde deneme gruplarinin 151k siddeti
100 mmol foton m2s? olarak ayarlanmustir.

Denemeler siiresince F/2 ortami kullanilmigtir
(Guillard, 1975). Denemeler siiresince sistemin suyu haftada
bir degistirilmistir. Denemelerde alg talluslarinin ve besin
ortaminin su kolonunda homojen olarak dagilmasi amaciyla
havalandirma uygulanmistir. Deneme gruplarmin 11k
siddeti ve Aydinlik (A) ve Karanlik (K) periyodlart (A:K)
Tablo 1°de gosterilmistir. Tiim denemeler ii¢ tekrarli olacak
sekilde gergeklestirilmistir. Denemeler 10 hafta stirmiistiir.

Tablo 1. Deneme gruplari.
Table 1. Trial groups.

Deneme Gruplari Isik Siddeti Fotoperiyod (A:K)
(pmol foton m%s™) (saat)

D1 100 24:24

D2 100 16:8

D3 100 12:12

D4 100 8:16

Ortalama biiyiime hizi: Ginlik bilyiime hizi
talluslarin agirliklart alinarak hesaplanmistir. Agirliklar her
5 giinde bir dlglilmistiir. Ortalama biiyiime hizi Troell vd.,
(1997)’ne gore belirlenmistir.

Pigment maddesi analizleri: Deneme gruplarimin
pigment iceriginin belirlenmesi i¢in dort giinde bir, alinan
ornekler %90’lik aseton ¢ozeltisi i¢inde buzdolabinda
karanlik ortamda 24 saat bekletilmistir. Daha sonra deniz
kumuyla 6giitiilen talluslar membran filtrasyon yontemiyle
siizilmiigtiir. Siiziinti 1500 rpm’de 5 dakika santifiriyj
edilmis ve Orneklerin pigment icerikleri Jeffrey &
Humphrey (1975) denklemine gore belirlenmistir.

Besin Analizi Icerikleri: Ham kiil tayini AOAC
(2000) yontemine gore saptanmistir. Ham yag tayini igin
toplam yag igerigi Folch wvd., (1957) yontemi ile
belirlenmistir. Protein igerikleri Kjeldahl metoduyla
belirlenmistir. Orneklerdeki protein miktar1 yiizde olarak
hesaplanmistir (AOAC, 2000).

Antioksidan  aktivitenin  belirlenmesi: DPPH
serbest radikal giderim aktivitesi, Brand-Williams vd.,
(1995)’e goére yapilmustir. Orneklerin 2, 2-difenil-1-
pikrilhidrazil (DPPH)serbest radikal giderim aktivitesi
asagida verilen denkleme gore hesaplanmistir.
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DPPH giderim aktivitesi
Aornek)/Akontrol]*100

Abrnek : Ornegin absorbansi, Akontrol: Kontrolun
absorbansi

Toplam DPPH radikallerinin %50’sini inhibe eden
bilesiklerin konsantrasyonu (ICsg inhibisyon degeri)
nonlinear regresyon ile hesaplanmistir. Butillenmis
hidroksitoliien (BHT) pozitif kontrol olarak kullanilmistir.

Toplam fenolik, Toplam flavonoid ve Kondanse
tanen iceriklerinin belirlenmesi: Toplam fenol miktari
Djeridane vd., (2006)’nin Folin-Ciocalteu reaktif yontemi
kullanilarak belirlenmistir. Elde edilen veriler Gallik asit
esdegeri (mg GAE g ekstrakt) olarak verilmistir. Toplam
flavonoid igerigi Quettier-Deleu vd., (2000)’e gore
dlgiilmiistiir. Orneklerin flavonoid igerikleri rutin esdegeri
olarak (mg rutin g ekstrakt) hesaplanmistir. Kondanse
tanen igerigi Price vd., (1978)’ne goére yapilmistir. Sonuglar
ornek grami basina mikrogram katesin esdegeri (CE) (ug CE
g!) olarak ifade edilmistir.

Agar ekstraksiyonu ve Ozelliklerinin
Belirlenmesi: Agar ekstraksiyonu Cirik vd., (2010)’ne gore
belirlenmistir. Agar jellesme sicakligi tayini; Percival &
Young (1974)’in dnerdigi metoda gore yapilmigtir. Agar jel
erime sicakligi ise ; Percival & Young (1974)’in 6nerdigi
metod a gore yapilmustir.

Istatistiksel Analizler: Veriler tek yonlii varyans
analizi (ANOVA) ile analiz edilmis olup farklar p <0.05
oldugunda anlamli kabul edilmistir. Varyans analizinden
once, tiim veriler, PASW STATISTICS 19 yazilimi (IBM
SPSS Inc., Chicago, IL) kullanilarak varyans homojenligi
(Levene'nin esit varyanslar igin testi) ve normal dagilim
(Anderson-Darling testi) agisindan incelenmistir.

(%) = [(Akontrol-

BULGULAR

Farkli 151k siddetleri ve farkli foto periyot
uygulamalarimin Gracilaria verrucosa’nin biiyiime hizi ve
kimyasal icerigine olan etkilerinin aragtirildigi ¢aligma 10
hafta slirmiistiir. Denemeler siiresince su sicakliklarinda ve
pH’da meydana gelen degisimler Sekil 1’de gosterilmistir.
Denememeler siiresince sicaklik 10,6 — 13,7°C arasinda
degisim gostermistir. Tanklardaki pH degerleri ise 7,89-
8,22 arasinda degisim gostermistir.

Kirmizi alglerden Gracilaria tirleri tek yillik
alglerden olup 10-20°C arasinda degistigi su sicakliklarinda
dagilim gosterirler (Cirik & Cirik 2017). Optimum biiyiime
12-16 °C arasinda gergeklesmektir (Koru vd., 2008, Ak vd.,
2011) ve bizim ¢alismamiz bu c¢aligmalarin bulgulariyla
uyumludur. Gracilaria tiirleri i¢in optimum pH aralig1 7,5 —
8,5’tir (Fethi & Ghedifa, 2019). Denemeler siirecince pH
degerlerinde meydana gelen degisimler Gracilaria tiirlerinin
dagilim gosterdigi pH araliginda oldugu belirlenmistir.
Denemeler siiresince tuzluluk degerleri sabit olup %034
olarak Ol¢ilmiistiir. Gracilaria tiirleri %025 — 40 tuzluluk
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degerleri arasinda optimum biiyiime hizina sahip oldugu
Fethi & Ghedifa (2019) tarafindan bildirilmistir.

83 16
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8,1 12 .
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=79 =
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Sekil 1. Denemeler siiresince sicaklik ve pH degerlerinde meydana gelen
degisimler.
Figure 1. Changes in temperature and pH values during the trials.

Algin spesifik biliyime hizina dort farkl
fotoperiyotun etkisi Sekil 1’de gdsterilmistir. Deneme
gruplarinin spesifik bitylime hizlar1 % 1,20 (D1) —5,28 (D11)
giin? arasinda degisim gostermistir (p<0,05). 100 pmol
foton m2s! siddeti uygulanan gruplarda en yiiksek spesifik
biiytime hizlar1 12:12 (A:K) fotoperiyot uygulanan gruplarda
oldugu belirlenmistir (p<0,05). Hanisak (1987), G. tikvahiae
igin optimum 151k yogunlugunun yaklasik 100 uEm?2 s’
oldugunu ve biiylime hizmin 1sik yogunlugu ile iligkili
oldugunu bildirmistir. Isik yogunlugundaki artis fotosentez
hizin1 ve buna bagli ortamdaki inorganik besin tuzlarimin da
kullanimin arttirarak biiylime hizinin artmasina neden olur
(Hurd vd., 2014). Biiyiime hizinda elde edilen sonuglar
Weinberger vd., (2008), Bunsom & Prathep (2012), Fethi &
Ghedifa (2019) ile benzerlik gostermektedir. Kim vd.,
(2006) Chondrus ocellatus'un en yiiksek biiyiime hizi 12:12
AK uygulanan grupta saptamislardir. Zhang vd., (2020)
Gloiopeltis furcata tiiriiniin en yiiksek bityiime hizinin 14
saat aydmlatmaya maruz kalan gruplarda oldugunu
bildirmistir.

m24 m16:08 m12:12 m08:16

4,00 7
3,50 7
3,00 1 i
2,50 4
2,00 7
1,50 §
1,00 1

0,50 7

0,00 1

(% giin!)

Biiytime Hizi

Deneme Gruplar

Sekil 2. Spesifik biiyiime hizlarinda meydana gelen degisimler.
Figure 2. Changes in specific growth rates.

Kirmizi  alglerde fikoeritrin ve klorofil a
fotosentezde aktif olarak rol aldiklar1 igin 6nemli pigment
maddeleridir. Deneme sonunda algler hasat edilerek pigment
igerikleri arasindaki farkliliklar belirlenmis olup Tablo 2’de

gosterilmigtir. Deneme gruplarimin klorofil a igerikleri

758



Ak vd., (2023)

3,93+0,04 (Do) ile 7,42+0,04 (Ds) mg g* ka (kuru agirlik)
arasinda degisim gostermistir (p<0,05). Bu ¢aligmada, tiim
151k siddetlerinde 8:16 (A:K) foto periyotlarinda yetistirilen
talluslarin klorofil a igeriklerinin diger gruplardan daha
yiiksek oldugu belirlenmistir (p<0,05). Bu durumun
aydinlatma siiresinin azalmasiyla kloroplast igerisinde yer
alan fotosistem II reaksiyon sayisinda bir artis ile iliskili
olabilecegi disiinilmektedir (Wu, 2016). Elde edilen
sonuglar Gracilaria lemaneiformis, Laminaria saccharina
ve Hizikia fusiformis tiirleri i¢in de bildirilmistir (Machalek
vd., 1996, Wu vd., 2016). Toplam karoten igeriklerinin ise
aydinlatma siiresi azaldikga arttigt gozlemlenmistir. Isik
siddeti ve aydinlatma siiresi arttikca toplam karoten
iceriklerinin artmasi foto oksidasyonu dnlemek i¢in alglerin
uyum stratejisidir (Ak & Yiicesan, 2012). Lakshminarayana
vd., (2022), bazi karotenlerin reaktif oksijen tiirevlerinin
hasarinin engelleyen antioksidan 6zellik gosterdigini ve foto
oksidatif hasara kars1 alglerin korunmasina gii¢lii bir sekilde
katkida bulundugunu bildirmistir. Bu nedenle foto oksidatif
stresi azaltmak amaciyla D;’de toplam karoten igeriginin en
yiiksek oldugu disiiniilmektedir. Deneme gruplarinin
fikoeritrin igerikleri ise 0,07+0,01 (D2) ile 0,29+0,02 (D4)
mg ¢! ka arasinda saptanmustir (p<0,05). Aydinlik
stirelerinin artmasiyla talluslarin klorofil a, toplam karoten
ve fikoeritrin igeriklerinin azaldigi gozlemlenmistir. Ak &
Yiicesan (2012) benzer sonuglart bildirmistir. Fikoeritrin
seviyelerindeki bu arti, 151k miktarinin neden oldugu
oksidatif stresin azaltilmasinda antioksidan &zelliklerinden
dolay1 bu pigment maddesinin rol oynamasidir (Rodriguez-
Sanchez vd., 2012). Azot igerigi yiiksek ortamlarda
yetigtirilen talluslarin fikobiliprotein igeriklerinin yiiksek
oldugu ve azotun sinirlandig1 kosullar altinda azot kaynagi
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olarak islev gordiigi Hurd vd., tarafindan
bildirilmistir.

Farkli foto periyot uygulanan deneme gruplarinin
ham protein, ham yag ve kiil miktarlarinda meydana gelen
degisimler Tablo 3’de gosterilmistir. Gruplarin ham protein
igerikleri arasinda istatistiksel olarak farkliliklarin oldugu
belirlemistir (p<0,05). 24 saat aydinlik uygulanan grubun
(D1) protein igeriklerinin foto periyot uygulanan diger
gruplardan daha yiiksek oldugu belirlenmistir. Briggs &
Smith  (1993) Gracilaria tiirlerindeki ham protein
iceriklerinin %7 ile 13 arasinda oldugunu bildirmistir.
Sonuclarimiz bu ¢alisma ile benzerlik gostermektedir. Her
i¢ 1sik siddetinde 24:0 (A:K) foto periyot uygulanan
gruplarda ham protein igerigi diger foto periyot uygulanan
gruplardan yiiksek bulunmustur. Bunun nedeninin hizli
biiyiime sirasinda  karbonhidrat  kullanilmasindan
kaynaklandigt  diigtiniilmektedir. Cinki  alglerde
polisakkaritlerin sentezi, protein sentezi lehine siirlidir
(Marinho-Soriano vd., 2006, Ak vd., 2011).

Deneme gruplarinin ham yag igerikleri 0,44+0,03
(D11) ile 0,95+0,04 (D) arasinda degisim gostermektedir.
Genel olarak, makro alglerin ham yag igerikleri mikro
alglere gore daha digiiktiir. Ayrica, makro alglerin yag
icerikleri diger biyokimyasal bilesenlerine oranla ¢ok az
miktarda bulunur (Hurd vd., 2014). Kirmizi alglerden
Gracilaria tiirlerinin yag icerikleri {izerine yapilmis 6nceki
calismalarda tiirlin yag igeriginin %0,28-%3,7 arasinda
degisim gosterdigi  bildirilmigtir (Marinho-Soriano vd.,
2006, Cirik vd., 2010, Ak vd., 2011). En yiiksek ham yag
icerigi 50 pmol foton m2s? 151k siddeti ve 24:0 fotoperiyot
uygulanan grupta saptanmustir.

(2014)

Tablo 2. Deneme gruplarinin pigment igeriklerinde meydana gelen degisimler.

Table 2. Changes in the pigment content of the groups.

Klorofil a Toplam Karoten Fikoeritrin Fikosiyanin
Gruplar (mg g* ka) (mg g* ka (mg g* ka) (ug g ka)
D1 4,69+0,04f 1,65+0,05° 0,12+0,01°¢ 5,7+0,21°
D2 5,44+0,06° 1,35+0,04% 0,07+0,01¢ 1,2940,09"
D3 5,91+0,07°¢ 1,24+0,01° 0,15+0,02°¢ 13,1740,07°
D4 6,58+0,11° 1,14+0,06 0,29+0,032 11,64+0,16°

Degerler ortalama + standart hata olarak ifade edilmistir. Ayni satirda farkli harflere sahip iist simgeler, p <0,05'te 6nemli istatistiksel farkliliklar: (a-f) gostermektedir.

Tablo 3. Deneme gruplarinin ham protein (%), ham yag (%) ve kiil (%) igeriklerinde meydana gelen degisimler.
Table 3. Changes in crude protein (%), total lipid (%) and ash (%) contents of the groups.

Gruplar Ham protein (%) Ham yag (%) Kiil (%)

D1 9,14+0,13¢ 0,71+0,03¢ 14,17+0,792
D2 9,34+0,52¢ 0,59+0,06° 13,57+0,45°
D3 10,92+0,25° 0,560,011 13,33+0,512
D4 9,79+0,07°¢ 0,58+0,01° 13,10+0,442

Degerler ortalama =+ standart hata olarak ifade edilmistir. Ayni satirda farkli harflere sahip tist simgeler, p <0,05'te 6nemli istatistiksel farkliliklar1 (a-e) gostermektedir.

Aydinlatma siireleri azaldikca G. verrucosa
talluslarinin yag igeriklerinin de azaldig: tespit edilmistir.
Bu baglamda, Falkowski & LaRoche (1991), yiiksek 151k
siddetlerinde yetistirilen alglerin diisiik 151k siddetlerinde
yetistirildiginde bir enerji krizine maruz kaldiklarini ve
makro molekiil biyosentezini yaglar ve karbonhidratlardan

proteinlere
bildirmislerdir.

Deneme gruplarinin kiil iceriklerinde meydana
gelen degisimler Tablo 3°de gosterilmistir. Gruplarin kiil
igerikleri %13,10+0,44 ile %14,17+0,79 arasinda degisim
gostermistir. Genel olarak, kil miktar1 algin toplam
mineral igerigini belirmektedir ve kiil miktar1 algin

yonlendirerek uyum saglayabileceklerini
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bulundugu ortam kosullarina goére farklilik gosterir.
Caligma sonucunda elde edilen degerler Gracilaria tiirleri
icin belirtilen aralik igerisindedir (Marinho-Soriano vd.,
2006, Cirik vd., 2010, Ak vd., 2011).

Denemeler sonucunda hasat edilen biyomaslarin
agar icerikleri de proje kapsaminda ¢alisilmistir. Deneme
gruplarinin agar icerikleri %5,64-13,19 arasinda degisim
gostermistir (Tablo 4). En yiiksek agar igerigi 8:16 foto
periyot uygulanan grupta saptanmistir. Elde edilen
sonuclar, Fethi & Ghedifa (2019), Mensi (2019) ile
benzerlik gdstermektedir. Deneme gruplarinin diisiik agar
icerikleri 8 saat 151k uygulanan gruplarda saptanirken
aydinlatma siiresi kisaldik¢a agar iceriginde artigin oldugu
goriilmektedir.

Tablo 4. Deneme gruplarinin agar (%), agar jel erime ve jellesme
sicakliklarinda (°C) meydana gelen degisimler.

Table 4. Changes in the experimental groups' agar (%), agar gel melting
and gelling temperatures (°C).

Gruplar Agar (%) Jellesme Sicakligi (°C)  Jel Erime Sicakligi (°C)
D1 8,36+0,24% 45,00+0,99% 75,00+1,13¢
D2 5,64+0,47¢ 42,00+0,28° 75,00+0,56°
D3 6,67+0,37% 40,00+0,99¢ 75,00+1,13¢
D4 13,19+1,09° 47,000,385 73,00+0,99°

Degerler ortalama + standart hata olarak ifade edilmistir. Ayni satirda farkli harflere
sahip {ist simgeler, p <0,05'te 6nemli istatistiksel farkliliklari (a-f) gostermektedir.

Calisma  sonucunda farkli foto  periyot
uygulamalarinin G. verrucosa’dan elde edilen agarin jel
erime ve jellesme sicakliklarina etki ettigi belirlenmistir.
Gracilaria tiiriine ve yetistiricilik kosullara gore jellesme
ve jel erime sicakliklart farklilik gostermektedir. Deneme
gruplarinin  jellesme  sicakligt  40,00+£0,99°C  ile
47,00+0,85°C arasinda degisim gostermekte olup deneme
gruplar arasinda 6nemli farkliliklar saptanmistir (p>0,05).
Jellesme sicakligi G. gracilis i¢in 31,7-35,4°C, G.
tenuistipitata igin 35,4-44,7°C, G.bursa-pastoris igin 34-
46°C ve G. verrucosa igin 34,00-36,00°C olarak
bulunmustur (Marinho-Soriano & Bourret 2003, Cirik vd.,
2010, Wang vd., 2017). Deneme gruplarinin jel erime
sicakliklart ise 73,00+0,99-75,00+0,00°C arasinda degisim
gostermistir. Farkli Gracilaria tiirlerinin jel erime
sicakliklart ise G. gracilis icin 78,5-82,1°C, G.
tenuistipitata i¢in 98,9-99,8°C, ve G. verrucosa igin
85,50-86,50°C olarak saptanmistir (Cirik vd., 2010, Wang
vd., 2017,). Sonuglarimiz 6nceki ¢aligmalarla benzerlik
gostermektedir.

Deneme gruplarinin toplam fenolik, toplam
flavonoid ve kondense tanen igeriklerinde meydana gelen
degisimler Tablo 5’de d6zetlenmigtir. Deneme gruplarinin
toplam fenolik madde igerikleri ile 2,75+0,06 (Ds) ile
2,84+0,04 (D1) mg GAE g ekstrakt arasinda degisim
gostermigtir. Fenolikler, bitkilerde, meyvelerde, sarap, ¢cay
ve kahve gibi iceceklerde ve ayrica sebzelerde bulunan bir

veya daha fazla hidroksil grubu igeren ikincil
metabolitlerdir. Fenolik maddeler reaktif oksijen tiirleri
(ROT), temizleyiciler, metal selatorler, enzim

modiilatorleri gibi davranabilir ve lipid peroksidasyonunu

Anadolu Cev. ve Hay. Dergisi, Y11:8, N0:4/E, (756-763), 2023

760

Onleyebilir. Yiiksek 151k siddeti siireli
aydinlatma makro algler igin stres olustururlar ancak
makro algler bu oksidasyon kosullarina karsi stabildirler

(Tanna vd., 2022).

veya uzun

Tablo 5. Deneme gruplarmin toplam fenolik, flavonoid ve kondanse
tanen igeriklerinde meydana gelen degisimler.
Table 5. Changes in the total phenolic, flavonoid and condensed tannin

contents of the experimental groups.
Toplam Fenolik madde

Toplam Flavonoid madde Kondense Tanen

Gruplar (mg GAE g! ekstrakt) (mg rutin g! ekstrakt (ug CE g* ekstrakt)
D1 2,84:£0,04% 1,840,132 2,540,05°
D2 2,78+0,08% 1,860,132 2,54:£0,24°
D3 2,75+0,060 1,75+0,128 2,54+0,06°
D4 2,93+0,06° 1,82:0,03 2 310,15

Degerler ortalama + standart hata olarak ifade edilmistir. Ayni satirda farkli harflere
sahip iist simgeler, p <0,05'te 6nemli istatistiksel farkliliklar1 (a-c) gostermektedir.

100 pmol foton 151k siddeti ve dort farkli foto
periyodun uygulandig1 proje ¢alismasi sonucunda denene
gruplarinin toplam flavonoid igeriklerinin birbirine yakin
oldugu saptanmustir. Isik siddetlerinin ve foto periyot
uygulamalarinin algin flavonoid iceriklerinin degisiminde
onemli bir oynamadigi disiiniilmektedir. Deneme
gruplarinin kondense tanen igeriklerinde meydana gelen
degisimler Tablo 5’de gosterilmistir. Calisma sonucunda
G. verrucosa’nmn kondense tanen igeriklerinin yiiksek
oldugu goriilmiistiir. Makro alglerde bulunan bir diger
bilesik tanenlerdir. Alg gruplar1 arasinda en fazla
kahverengi makro alglerde bulunsa da diger makro alg
smiflari da tanen igermektedirler. 100 pmol foton ve farkl
foto periyot uygulamalarinda yetistirilen G. verrucosa
talluslarinin ~ serbest radikal giderim aktivitelerinin
inhibisyon yiizdeleri ve IC50 inhibisyon degerleri Tablo
6’de Ozetlenmistir. En yiiksek inhibisyon yiizdesi Di
(24:00) belirlenmistir. Deneme gruplarinin serbest radikal
giderim aktivitelerinin inhibisyon yiizdeleri sentetik
antioksidan olan BHT den diisiik olmasina karsin gruplar
arasinda istatistiksel farkliliklarin oldugu saptanmistir
(p<0,05). Siirekli aydinlatmanin
diigiiniilmektedir.

stres  olusturdugu

Tablo 6. Deneme gruplarinin serbest radikal giderim aktivitelerinin
inhibisyon yiizdeleri ve IC50 inhibisyon degerlerinde meydana gelen
degisimler.
Table 6. Inhibition percentages of free radical scavenging activities of
experimental groups and changes in 1C50 inhibition values.

ICs Inhibisyon degeri

Gruplar % inhibisyon (mg g* ekstrakt)
D1 32,00+0,50° 10,79£0,96°
D2 26,00+0,50% 11,47+0,70%
D3 23,00+0,99° 12,93+0,38°
D4 22,20+0,14" 5,11+0,02¢
BHT 99,800,142 1,35+0,04¢

Degerler ortalama + standart hata olarak ifade edilmistir. Ayn1 satirda farkli harflere
sahip {ist simgeler, p <0,05'te 6nemli istatistiksel farkliliklar1 (a-h) gostermektedir.

SONUC
Bu ¢alisma kapsaminda farkli aydinlatma siireleri

uygulanarak Gracilaria verrucosa’nin tank sistemlerinde
yetistiriciligi ger¢eklesmistir. Sonug olarak algin biiylime
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hizinin ve kimyasal kompozisyonunun 100 pmol foton 151k
siddetinde  fotoperiyota gore farklilik  gosterdigi
saptanmustir. Kirmizi alglerden G. verrucosa’nin yiiksek
151k siddeti ve uzun aydinlatma siiresinin algin biiylimesini
baskiladig1 ve strese bagli olarak serbest radikal temizleme
kapasitesinin artti§i c¢alisma sonucunda belirlenmistir.
Ayni sekilde uzun aydinlatma siirelerinin algin toplam
fenolik madde igerigi iizerine pozitif etkisi oldugu proje
sonucunda bulunmustur. Ancak, algin agar igerigini
arttirmak amaciyla 8:16 (A:K) fotoperiyot rejiminin uygun
olacagi da c¢alisma saptanmistir.  G.
verrucosa’dan istenilen kimyasal bilesigi arttirmak igin
fakli aydinlatma periyotlarinin uygulanmasi gerektigi
¢alisma sonucunda belirlenmistir. Elde edilen sonuglarin
Gracilaria tiirlerinin yetistiriciligi ve antioksidan 6zellik
gosteren bilesikleriyle ilgili calisma yapan arastirmacilara
ve sektore yardimci olacagi diisiiniilmektedir.

sonucunda
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Oz: 2021 yili igerisinde Marmara Denizi ve Tiirk Bogazlar Sistemlerinde, su sicakligina bagli olarak
birincil tretimde Onemli rol oynayan mikro alglerin asir1 ¢ogalmasi sonucunda hiicre dist
polisakkaritlerden olusan miisilaj adi verilen bir olay meydana gelmistir. Gergeklestigi alanin
biyiikligii ve etkilenen canli topluluklarinin sayist dikkate alindiginda iilkemiz denizel alanlarinda
gerceklesen gevre felaketi olarak tarihte yerini almistir. Bu nedenle Canakkale Bogazi’nda dagilim
gosteren deniz gayirlarinin bu olaydan sonra durum tespiti 5nem kazanmigtir. Bu ¢alisma kapsaminda
Canakkale Bogazi, Dardanos mevkiinde dagilim gosteren Posidonia oceanica gayirlarinin mevcut
durumu belirlenerek, fenolojik ve lepidokronolojik caligmalari yapilmistir. Calisma sonucunda son
sekiz yilda Dardanos bolgesinde dagilim gosteren deniz ¢ayiri alt limitinin yaklagik 1,4 m gerileyerek
15,6 m derinlige kadar dagilim gosterdigi tespit edilmistir. Ayrica 2014 yilinda deniz ¢ayirlarinin alt
limit sinirlarinda yesil alglerden Caulerpa racemosa yogun olarak dagilim gosterirken gergeklestirilen
¢aligmada alt limit sinirlarinda Ceremiales takimina ait kirmizi alglerin varligi dikkat ¢cekmistir. BiPo
indeksine gore elde edilen ekolojik kalite oranlar1 0,30- 0,20 arasinda degisim gdstermistir. Caligma
sonucunda, bu indekse dayanarak Dardanos bdlgesindeki P. oceanica ¢ayirlarinin miisilaj olaymdan
sonra durumu "kotil" olarak belirlenmis olup miisilajdan sonra bu bolgedeki cayirlarin korunmasi
yonelik eylem planlarinin olusturulmasi 6nem arz etmektedir.

Anahtar kelimeler: Canakkale Bogazi, deniz cayirlari, iyilestirme, misilaj, Posidonia oceanica.

Determination of the Effects of Mucilage on Seagrass Posidonia oceanica in Canakkale Strait
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Abstract: In the Marmara Sea and Turkish Straits Systems in 2021, mucilage consisting of
extracellular polysaccharides occurred due to the excessive proliferation of microalgae, which plays a
vital role in primary production depending on the water temperature. Considering the size of the area
where it takes place and the number of affected living communities, our country has taken its place in
history as an environmental disaster in marine areas. For this reason, due diligence of the seagrass
meadows distributed in the Dardanelles has gained importance after this event. Within the scope of this
study, the status of Posidonia oceanica meadows spread in Dardanos, Canakkale Strait, Tiirkiye was
determined, and phenological and lepidochronological studies were carried out. As a result of the study,
it has been determined that the lower limit of seagrass, distributed in the Dardanos region in the last
eight years, has decreased by about 1.4 m and spread to a depth of 15.6 m. In addition, while Caulerpa
racemosa, one of the green algae, was extensively distributed in the lower limit borders of seagrass
meadows in 2014, the presence of red algae belonging to the Ceremiales order at the lower limit borders
of the study was remarkable. The ecological quality ratios obtained from the BiPo index varied between
0.30 and 0.20. As a result of the study, based on this index, the condition of the P. oceanica meadows
in the Dardanos region was determined as "bad" after the mucilage, and it is essential to create action
plans for the protection of the fields in this region after the mucilage.

Keywords: Canakkale Strait, seagrasses, restoration, mucilage, Posidonia oceanica.
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GIRiS

Miisilaj, fitoplanktonik canlilarin  deniz suyu
sicakligi ve ortamdaki besin tuzu gibi faktdrlere bagli olarak
asirt ¢ogalmast sonucu hiicre dist organik maddelerin su
kolonu igerisinde ipliksi veya ag yapilar, yumaklar
olusturmasi ve zamanla su kolonunda ¢okerek deniz dibini
kaplayan  tabakalar ~ meydana  getirmesi  olarak
tanimlanmaktadir  (Danovaro vd., 2009, Aktan &
Glimiigoglu, 2010). Su ortaminda fiziksel ve kimyasal
degisimlere sebep olan miisilaj, su siitununda 11k
gegirgenligini sinirlandirarak makro ve mikroorganizmalar
ile ekosistemler iizerinde olumsuz etkilere sebep olmaktadir
(Rinaldi vd., 1995; Giani vd., 2005).

Deniz ¢igekli bitkileri kok, govde, yaprak
farklilagmas1 olan ve denizlerde dagilim gosteren bitki
topluluklarina verilen ortak bir isimdir (Cirik & Cirik, 2017).
Deniz bitkilerinin bulunduklari ortamin oksijenlenmesini
saglamak, karbon yutagi olarak gorev yapmak (Fourqurean
vd., 2012), deniz canlilarinin beslenme, barinma ve ilireme
alanlarint olusturmak (Cirik & Cirik, 2017), askidaki
yiiklerin azaltilmasinda yardimc1 olmak (Telesca vd., 2015),
su kalitesini iyilestirmek (Mtwana Nordlund vd., 2016) gibi
ekosistemde 6nemli rolleri bulunmaktadir. Deniz cayirlart
icerisinde yer alan P. oceanica ise Akdeniz havzasinda
dagilim gosteren tek cenekli bir ¢igekli bitkidir ve 0-40 m
derinlik araligindaki kiy1 alanlarinda dagilim gostermektedir
(Cirik & Cirik, 2017). Kaplama alanlarinin ¢ok genis olmasi
nedeniyle kiy1 bolgelerindeki en o6nemli oksijen
kaynaklarindan biri oldugu i¢in “Akdeniz’in akcigerleri”
olarak da isimlendirilmektedir (Aktan & Aysel, 2013). P.
oceanica kirlilige karsi ¢ok hassas olmasi nedeniyle su
kalitesi iyi olan sularda dagilim gostermektedir. Bu ¢igekli
bitkinin dagilim alanlari kirlilik ve kiy1 alanlarinda yerlesim
yerlerinin artmasiyla birlikte giin gectikce azalmaktadir
(Pergent-Martini vd., 2021). Bu nedenle P. oceanica
cayirlarinin dagilim alanlarinin mevcut halinin belirlenmesi
ve korunmasina yonelik bircok caligma
gergeklestirilmektedir (Di Carlo vd., 2005; Descamp vd.,
2017; Tan vd., 2020). Ulkemiz kiyilarinda dagilim gdsteren
P. oceniaca tiiriinin haritalanmast ve dagilimlarinin
belirlenmesine yonelik bazi c¢aligmalar bulunmaktadir
(Aktan vd., 2009; Meinesz vd., 2009; Aktan & Aysel, 2013;
Dural vd., 2013; Oz vd., 2014).

Miisilajin biiylik ¢apta kiitlesel olusumu Tiirkiye
kiyilarinda son olarak Marmara Denizi’nde 2020 yilinin
sonbahar ayinda goriilerek, Marmara Denizi ile bogaz
ekosistemlerini etkilemistir (Ttfeke¢i vd., 2010; Yentur vd.,
2013; Aslan vd., 2021). Miisilaj 6zellikle deniz ¢ayirlarinin
iizerini kaplayarak bu c¢ayirlarin 151k almasini ve dolayisiyla
fotosentez yapmasini engellemektedir (Yiimiin vd., 2023).
Organik bir corba olarak tabir edilen miisilaj denizel
sistemde sahte bir dip yapisi olusturmasi nedeniyle ayrica bu
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cayirlarm icerisinde dagilim gosteren canlilarin beslenme ve
ireme alanlarim1 da etkilemektedir (Giani vd., 2005;
Danovaro vd., 2009). Nitekim Yentur vd., (2013) ve Ozalp
(2021),  Canakkale  Bogazi’'nda  gerceklestirdikleri
calismalarda, miisilajin deniz ekosistemindeki flora ve fauna
tizerinde olumsuz etkiye sahip oldugunu bildirilmistir. 2007
yilindan itibaren farkli donemlerde etkisini hissettiren
miisilajin P. oceanica cayirlar1 iizerine etkisine yonelik ise
yapilmig sadece bir ¢alisma (Aktan & Giimiisoglu, 2010)
olmasina karsin Canakkale Bogazi’nda dagilim gosteren P.
oceanica cayirlar iizerine miisilajin etkisini inceleyen bir
calisma bulunmamaktadir. Kiiresel iklim degisikliginin de
etkisiyle donem donem tekrarlanmasi beklenen bu olayin
Marmara Denizi ve Tiirk Bogazlar sistemindeki etkilerinin
belirlenmesi  ve
azaltilmasina yonelik ¢aligmalar olduk¢a 6nemlidir.

Bu c¢alisma kapsaminda Canakkale Bogazi,
Dardanos bolgesinde dagilim gosteren P. oceanica
cayirlarinin miisilaj olayindan etkilenen bolgeleri ile
cayirlarmin saglik durumu tespit edilmis ve izlenmistir. Bu

canl1 habitatlarina olan etkilerinin

baglamda uzun vadeli restorasyon ¢aligmalart i¢in 6nerilerin
gelistirilmesi bu ¢alismanin amacini olusturmaktadir.

MATERYAL VE METOT

Calisma  Bélgesi: Calisma P.  oceanica
topluluklarinin  bulundugu Canakkale Bogazi Dardanos
bolgesinde gergeklestirilmistir (Sekil 1). Arazi ¢aligmalari
01.01.2022 - 05.07.2022 tarihleri arasinda

gerceklestirilmistir. Ilk olarak deniz cayirlarinm alt
limitlerini ve koordinatlar1 belirlemek igin dalislar
gerceklestirilmistir.

26°10'0"E 26°20'0"E 26°30'0"E

N
40°100°N N
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Canakkale 40°100°N

o
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—— M
26°10'0"E 26°20'0"E
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Sekil 1. Caligma alani.
Figure 1. Study area.

Tablo 1’de gosterilen koordinatlarda Dardanos
bolgesinde dagilim gosteren P. oceanica ¢ayirlarinin izleme
calismalarim1  gergeklestirebilmek amaciyla her bir
koordinatta demir ¢ubuklar ve parke taslari ile izleme
istasyonlar1 olusturulmustur. Ayrica her bir istasyonun 1,5 m
acigina calismalarinda  fotograf  ¢ekimini
kolaylagtirmasi i¢in foto ¢ubuklar ilave edilmistir. Kurulan
sistem her ay gerceklestirilen dalislarla izlenmistir.

izleme
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Tablo 1. Dardanos bolgesinde dagilim gosteren deniz ¢ayirlarinim alt sinir
koordinatlar.

Table 1. Lower limit coordinates of seagrass meadows distributed in
Dardanos region.

Istasyon No Derinlik (m) Enlem Boylam
1 14,59 40°04'33.60" N 26°21'08.70" E
2 14,35 40°04'34.70" N 26°21'09.00" E
3 14,56 40°04'35.63" N 26°21'09.40" E
4 14,90 40°04'36.44" N 26°21'09.65" E
5 14,69 40°04'37.40" N 26°21'09.67" E
6 1521 40°04'38.12" N 26°21'10.44" E
7 15,05 40°04'39.30" N 26°21'10.60" E
8 16,00 40°04'40.43" N 26°21'11.48" E
9 15,30 40°04'41.50" N 26°21'11.90" E
10 16,61 40°04'42.34"N 26°21'11.45" E
11 16,69 40°04'42.80" N 26°21'12.30" E
Orneklerin alinmasi ve olciimlerin

gerceklestirilmesi: P. oceanica cayirlarinin alt limitlerinin
belirlenmesi, lepidokronolojik ve fenolojik 6zelliklerinin
belirlenmesi amaciyla dagilim gosterdigi alt limit sinirinda
11 istasyon belirlenmistir (Tablo 1). Ayrica ¢ayir alanm
icinden referans istasyonu ve iist sinirlardan da 10-15 demet
incelemek amaciyla alinmistir. Cayirin kaplama oraninda
meydana gelen degisimler aylik olarak gerceklestirilen
daliglarla 20x20cm’lik kuadratlar yardimiyla izlenmistir
(Pergent 2007; Boudouresque vd., 2012). Laboratuvara

getirilen  Ornekler {izerinde fenolojik parametre ve
lepidokronolojik arastirmalar Pergent (2007)’e gore
yapilmigtir.

Alt simir ozelliklerinin belirlenmesi: Alt siirin
durumu cayir saglig ile ilgili 6nemli bilgiler vermektedir.
Alt sinirin smiflandirilmasi plajiotrop rizom orani, gayir
kaplama orani, yogunlugu ve 6lii matin varligina gore Tablo
2’ye gdre yapilmstir.

Tablo 2. Derinlige gore alt sinir saglhigmin siniflandirmasi (Pergent 2007).
Table 2. Classification of lower limit health by depth (Pergent 2007).

Yiiksek Iyi Orta Zayif Kaotii
>342m  342-304m  304-266m 26,6 -22,8m <228m

Alt simir

Fenolojik olciimler: Fenolojik 6l¢iimler bitkinin
biyometrik o6zelliklerine gore gerceklestirilmistir. Alinan
orneklerde yapraklar Tablo 3’e gore siniflandirilmistir. Her
bir yapragin toplam uzunlugu, genisligi dl¢lilmiistiir. Ayrica
her bir kokteki yaprak sayilar yaprak tiiriine gore kayit altina
alimmustir. Her bir yapragin tam ya da eksik olup olmadigi
da belgelenmistir. Her bir kokiin Faktor A (FA), Yaprak
indeksi (FI), Yaprak alami indeksi (LAI) degerleri Pergent
(2007)’ye gore hesaplanmistir. Herbivor canlilar tarafindan
zarar verilmis yapraklarin toplam yaprak sayisina oraninin
ifade eden Faktor A degeri hesaplanmustir.

Lepidokronolojik olgiimler: P. oceanica yapraklar
oldigiinde sadece petioliin iist kismindaki yaprak kopar.
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Ancak petiol rizom gdvde igerisinde kalir. Govde icerisinde
kalan petiollerin kalinliklar1 ise mevsimlere gore farklilik
gostermektedir. Sonbahar aylarinda olugan petiol daha kalin
iken ilkbahar aylarinda olusan petiol daha incedir.
Lepidokronolojik ¢alismalar ise bu farkliliklarin ortaya
konulmasiyla gergeklestirilmekte olup calismalar Pergent
(2007)’ye gore yapilmistir.

Tablo 3. P. oceanica yapraklarinin ozelliklerine gore smiflandirmasi
(Pergent 2007).
Table 3. Classification of P. oceanica leaves according to their
characteristics (Pergent 2007).
Yaprak Cinsi
Ergin yapraklar
Geng yapraklar
Juvenil yapraklar

Ozelligi
Petiole sahip
Petiolii 2 cm’den az

Petiolii yok veya 5 mm’den az

Fizikokimyasal Parametreler: Cevresel
parametrelerden sicaklik, ¢oziinmiis oksijen, tuzluluk, pH ve
iletkenlik 6l¢timleri YSI 650 MDS cihazi ile saha galismalar1
sirasinda  aylik olarak  gergeklestirilmistir.  Calisma
Seki disk derinligi (goriiniirliigii) 20 cm
capindaki beyaz boyali disk yardimiyla yerinde 6l¢iilmiistiir.
Aylik olarak istasyonlarin bulundugu boélgenin yiizey
suyundan Ornekler alinarak deniz suyundaki klorofil a
miktar1 Strickland & Parsons (1972)’e gore hesaplanmuistir.
Askida kat1 madde (AKM) tayini i¢in yiizey suyundan alinan
2 1 su 6rnegi 0,45 um GF/C (Whatman No 47) filtrelerden
siizlilmistir. Filtreleme islemi 6ncesi ve sonrasinda filtre
kagitlar1 105°C'de 1 saat kurutulmus olup gravimetrik olarak
AKM miktarlart belirlenmistir (Demir & Turkoglu 2022).

Istatistiksel Analiz: Elde edilen veriler SPSS 25
(IBM, USA) deneme siiriimii kullanilarak analiz edilmis ve

alanindaki

yanilma olasiligt p< 0,05 olarak kabul edilmistir. Veriler
analiz yapilmadan once, verilere homojenite ve normalite
testi yapilmistir. Homojen ve normal dagilim gosteren
veriler tek yonlii varyans analizi (ANOVA) yapilarak
karsilastirilmistir.

BULGULAR

Dardanos bolgesindeki P. oceanica cayirlarinin
durumunu belirlemek igin gerceklestirilen ¢calismada cayirin
alt sinirmin 14,35- 16,61 m arasinda degistigi ve pargali bir
dagilima sahip oldugu saptanmistir (Sekil 2).

Derinligin 15 m’den fazla oldugu 7., 8., 9., ve 10.
istasyonlarda diger istasyonlara oranla daha fazla 6lii matin
oldugu tespit edilmistir. Alt sinirda 6lii matlarin yani sira
Ceremiales takimma ait kirmizi alglerin varhigr dikkat
cekmistir (Sekil 3).
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Sekil 2. Dardanos bolgesinde dagilim gosteren P. oceanica ¢ayir alaninin alt sinirdaki dagilimlar.
Figure 2. Distribution of P. oceanica meadows in the lower limit of the Dardanos region.

Sekil 3. Alt sinirda tespit edilen kirmizi algler (a) ve alt sinira ait goriintiiler (b).
Figure 3. Images of red algae detected at the lower limit (a) and the lower limit (b)

Calismalarin devam ettigi alti ay siiresince
Caulerpales takimina ait C. racemosa tespit edilememistir.
Oysaki 2000°1i yillarin baginda tiim Akdeniz havzasinda bu
tiir yayilmaci tiir olarak ilan edilmis ve Dardanos bolgesine
2014 yilinda gergeklestirilen ¢alismada 17-25 m
derinlikleri arasinda yogun bir sekilde dagilim gosterdigi
tespit edilmistir (Oz vd., 2014). Derinlige gore cayir saglig
degerlendirildiginde alt siirin 22,8 m’den az olmasi
nedeniyle ¢ayir sagligi kotii oldugu sonucuna varilmistr.
Tablo 4’te 6rnekleme yapilan istasyonlardaki P. oceanica
cayirlarinin  kaplama alanlari, yogunluklari, plajiotrop
rizom yiizdeleri ve agikta kalan kisimlar1 6zetlenmistir. Alt
limitteki istasyonlarn kaplama alan1 %75,0+2,7 ile
%15,0+1,0 arasinda degisim gosterdigi gozlemlenmistir.
Ozellikle derinlikleri 16-15 m arasinda degisim gosteren
istasyonlarda (7., 8., 9. ve 10.) kaplama alan1 yiizdelerinin
diisiik oldugu saptanmustir. Tiim istasyonlarda rizomlarin
acikta kaldig1 saptanmustir. 2.,3., 4., 7. ve 11. istasyonlarda
agikta kalan kisim ortalama 1 cmiken 1., 5., 6., 8.,9., ve 10.
istasyonlarda ise ortalama 1,5 cm olarak dl¢iilmiistiir.

Ayrica bu istasyonlara gergeklestirilen dalislarda
6lii matin fazla oldugu belirlenmistir. istasyonlarin bir
metre kare alandaki yogunluklari da derinlige gore farklilik
gosterdigi ¢alisma sirasinda tespit edilmistir. Birim alanda
en yiiksek demet yogunlugu 4. istasyonda 132,0+7,2 demet
m? olarak saptamrken en diisiik demet yogunlugu 2
Istasyonda 35,0+1,7 demet m? olarak bulunmustur.
Cayirin gelisimini saglayan yatay rizomlar yani plajiotrop
rizomlarin cayir sagligi hakkinda bize 6nemli bilgiler
vermektedir. Calisma sonucuna gore alt sinirdaki
istasyonlarda plajiotrop rizom yiizdesinin %34,3+1,9 (3.
istasyon) ile %67,4+1,9 arasinda degisim gosterdigi
saptanmistir. Tiim istasyonlarin ortalama plajiotrop rizom
sayist ise %50,0+11,1 olarak belirlenmis olup Pergent
(2007) tarafindan verilen dlgege gore plajiotrop rizom
yiizdesi “iyi” olarak degerlendirilmistir. P. oceanica
rizomlarmin sediment {izerinde kalan kismi ¢ayirlarin
saglhigr acisindan Onemlidir. Rizomlarin agikta kalmasi
caywrlari  korumasiz hale getirdigi Pergent (2007)
tarafindan  bildirilmektedir. Bu nedenle c¢alisma
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kapsaminda cayir alt sinirinda dagilim gosteren bitki
rizomlarinin  agikta kalan kisimlar1 arastirma ekibi
tarafindan 6l¢iilmiistiir. Alt sinirdaki tiim istasyonlarda
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acikta kalma oranlari Tablo 4’te gosterilmekte olup -1,5 ile
-1,0 cm arasinda bir ac¢ikligin oldugu calisma sonucunda
saptanmustir.

Tablo 4. Dardanos bolgesinde alt sinirdaki istasyonlarinda dagilim gésteren P. oceanica gayirlarinin genel 6zellikleri (n=30).
Table 4. General characteristics of P. oceanica meadows distributed at lower limit stations in Dardanos region (n=30)

istasyonlar Kaplama Alam (%) Yogunluk (demet m* Plajiotrop rizom (%) Agikta kalan kisim
) (cm)
1 75,0£2,7° 45,0+2,79 44,4%1,1° -1,5+0,5°
2 30,0+4,0 35,0+1,7" 45,7+2,3¢ -1,0+0,5°
3 40,0+4,0° 70,0+5,3% 34,3+1,9° -1,0+0,52
4 40,0+2,0 132,0+7,22 67,4+1,9% -1,0+0,5°
5 22,0+2,0% 54,0+3,5% 54,0+3,0° -1,5+0,52
6 45,0+2,0 45,0+5,6%" 66,7+2,4% -1,5%0,5°
7 25,0+3,6% 52,042,010 42,3+1,7% -1,0+0,52
8 25,0+1,7% 85,0+3,6 57,741,2° -1,5%0,5°
9 15,0+1,0¢ 60,0+5,3¢f 58,3+0,9° -1,5+0,52
10 30,042,0° 77,0+2,0¢ 38,9+1,20% -1,540,5°
11 45,0£3,0° 96,0+3,6° 40,6+0,6% -1,0+0,52

Degerler ortalama + standart hata olarak ifade edilmistir. Ayni satirda farkl harflere sahip iist simgeler, p <0,05'te 6nemli istatistiksel farkhiliklari (a-h) gostermektedir.

Alt sinmwrda dagihm gésteren P. oceanica
topluluklarina ait fenolojik veriler: Istasyonlardan alinan
P. oceanica ornekleri laboratuvara getirilerek fenolojik
incelemeleri yapilmistir. Tablo 5’te alt limitte dagilim
gosteren ¢ayirlarin fenolojik 6zellikleri gdsterilmistir. Bir
demette toplamda bulunan ortalama yaprak sayis1 4,4+0,7
olarak hesaplanmigtir. Yaprak sapina sahip olanlar; yasli,
yaprak sap1 olmayan ve 5 cm’den biiyiik olan yapraklar;
ergin ve 5 cm’den kiiciik yapraklar ise gen¢ olarak
isimlendirilmistir. Her demetteki yasl ve ergin yapraklarin
eni ve boylar1 varsa yaprak sapt uzunluklari Slgiilerek
yaprak indeksi ve yaprak alan1 hesaplanmustir.

Alt simirda dagilim gosteren P. oceanica
rizomlarinda ortalama yaprak sayisi 4,4+0,7 demet™ olarak
Olciilmiistiir. Ortalama yaprak uzunluk ve genislikleri ise
36,8848,4 cm ile 1,00, cm arasinda oldugu
belirlenmistir. Herbivor canlilar tarafindan zarar verilmis
yapraklarin toplam yaprak sayisina oranini ifade eden
Faktor A degeri ise yasli yapraklarda daha yiiksek iken
ergin yapraklarda daha diisik olugu goézlemlenmistir
(Tablo 5). Bitkinin ortalama yaprak indeksi 82,5+19,7 cm?
demet? olarak hesaplanirken ortalama yaprak alani ise
36,6+9,1 cm? m olarak dl¢iilmiistiir. Elde edilen bu veriler
Pergent (2007)'de gosterilen referans degerler ile
karsilastirilmistir. Bu skalaya gore toplam yaprak indeksi
147 cm? demet '’ den diisiik olmasi nedeniyle ¢ayir durumu
“koti”  olarak  belirlenmistir. 30 adet demetin
incelenmesiyle gerceklestirilen ¢alismada yillik iiretilen
yaprak sayisinin 4,7+0,6 ile 6,5+0,7 arasinda degisim
gosterdigi  bulunmustur. Rizomlarin yillik biiyliimeleri
7,0+0,9 ile 9,8+1,0 mm arasinda oldugu hesaplanmigtir
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(Tablo 6). Yillik iiretilen yaprak sayilari ise 6zellikle son 3
yilda 6,5'dan az olmasi ¢ayir durumunun “kétii” oldugunu
gostermektedir.

Tablo 5. Alt sinirda dagilim gosteren P. oceanica tiiriiniin fenolojik
verileri.
Table 5. Phenological data of P. oceanica distributed in the lower limit.

Fenolojik veriler (30 6rnek) Yash (Y) Ergin (E) Toplam (Y+E)
Ortalama yaprak sayist (demet™) 2,1+0,3 2,3+0,8 4,4+0,7
Ortalama uzunluk (cm) 44,3£16,2 29,5+8,3 36,88+8,4
Ortalama genislik (cm) 1,05+0,18 0,96+0,12 1,0£0,1
Faktor A (%) 58,3422,6 13,3432,2 35,8424,6
Yaprak indeksi (cm? demet) 94,6+43.3 70,4+33,3 82,5£19,7
Yaprak alani indeksi cm? m?) 45,61+17,2 27,6+7,7 36,69,1

Tablo 6. Alt sinirdan toplanan 6rneklerin lepidokronolojik verileri
Table 6. Lepidochronological data of samples collected from the lower
limit

Lepidokronolojik Y1l N Dongii Sayist Rizom biiyiimesi (mm yil'’)
2021 10 5,151,5 77422
2020 10 4,8+0,9 7,414
2019 10 5,0+1,3 7,5+2,0
2018 9 4,9+0,8 73412
2017 6 5,0+1,6 7,542.3
2016 3 4,7+0,6 7,0+£0,9
2015 2 6,5+0,7 9,8+1,0

Fizikokimyasal Parametreler: Alt sinirdan alinan
orneklerde su sicakligi 12,58 (Mart)-15,37 ‘C (Mayis)
arasinda degisim gostermis olup (Tablo 7) calisma
bolgesindeki iletkenlik degeri en yiiksek Mayis ayinda
49,92 mS cm? olarak saptanmigtir. Tuzluluk oranlarinda
aylara gore elde edilen degerlerin birbirine yakin oldugu
gorilmiistiir (Tablo 7). Birincil iiretimde artisin oldugu
bahar aylarinda ¢6zlinmiis oksijen miktarinda da artiglarin
oldugu saptanmistir. pH degerleri ise 7,28 (Mayzis) ile 8,19
(Ocak) aylar1 arasinda degigim gostermistir. Dardanos
bolgesinin ylizey suyunda Ocak — Mayis 2022 tarihleri
arasinda deniz suyundaki pigment igeriklerinde meydana
gelen degisimler Tablo 7°de 6zetlenmistir. Su sicakliginin
diisiik oldugu ocak-mart aylar1 arasinda klorofil a igerigi
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0,20 ile 0,52 pg 17 arasinda degisim gosterirken nisan ve
mayis aylarmda bu deger 2,65 - 2,97 pg I* olarak
belirlenmistir. Deniz suyundaki askidaki kati madde
miktar1 6,8 - 28,1 mg I arasinda degisim gostermistir.
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Klorofil a miktarinin artig gosterdigi nisan ve mayis
aylarindaki askidaki kati madde orani diger aylara gore
daha yiiksek bulunmustur. Calisma sirasinda Seki disk
derinlikleri ise 5 - 7,3 m arasinda degisim gostermistir.

Tablo 7. Aylara gore istasyonlardaki sicaklik, iletkenlik, tuzluluk, ¢oziinmiis oksijen (CO), pH, klorofil a, askida kat1 madde (AKM) ve Seki disk degerleri

miktarlarinda meydana gelen degigimler

Table 7. Monthly changes in temperature, conductivity, salinity, dissolved oxygen (CO), pH, chlorophyll a, total suspended solids (AKM) and Secchi disc

values.

Su Kalitesi Parametreleri Ocak 2022 Subat 2022 Mart 2022 Nisan 2022 Mayis 2022
Sicaklik (°C)+Ss 13,47+0,002 14,1+0,0011 12,58+0,003 12,91+0,0023 15,37+0,001
iletkenlik (mS cm™)+Ss 47,08+0,001 47,72+0,012 44,58+0,004 46,59+0,003 49,92+0,007
Tuzluluk (ppt)£Ss 40,41+0,003 40,35+0,01 38,91+0,031 40,52+0,004 41,08+0,003
CO (mg I*)+Ss 5,15+0,002 8,18+0,002 8,43+0,005 8,28+0,0011 6,60+0,0021
pH+Ss 8,19+0,003 8,08+0,0033 7,89+0,0012 7,39+0,002 7,28+0,0037
Klorofil a (ug 1*)+Ss 0,20+0,001 0,49+0,002 0,52+0,003 2,65+0,0043 2,97+0,002
AKM (mg I1)+Ss 8,8+0,0023 8,6:+0,006 6,8+0,0022 23,8+0,001 28,1+0,006
Seki disk (m)£Ss 7,3+0,003 7,240,001 7+0,0021 5,840,001 5+0,001

Degerler ortalama + standart hata olarak ifade edilmistir. Values are expressed as mean + standard error.

SONUC VE TARTISMA

Bitkisel organizmalarin neden oldugu miisilaj
2021 yili bahar aylarinda Canakkale Bogazi’nda yogun bir
sekilde goriilmiistiir (Aslan vd., 2021; Ozalp, 2021; Yilmaz
vd., 2021a,b; Eker-Develi vd., 2023). Bolgelere gore
farklilik gostermekle birlikte yaklasik 3 ay stiren bu olay
sonucunda cesitliliginin  etkilendigi  ¢esitli
caligmalarla ortaya konulmustur (Balkis-Ozdelice vd.,
2021; Ozalp, 2021; Bilgili vd., 2022). Miisilajin goriildiigii
yerlerden biri olan Canakkale Bogazi, Dardanos
bolgesinde dagilim goésteren P. oceanica ¢ayirlarinin
durumunu belirlemek calisma
gergeklestirilmistir.

Oz vd., (2014) yilinda aym1 bélgede P. oceanica
cayrrlart ile ilgili gerceklestirilen calisma ile bu proje
kapsaminda elde edilen veriler karsilastirildiginda ¢ayir alt
17 m’den 15-14 m arasma geriledigini
saptamislardir. Pergent (2007)’nin siniflandirmasina gore
alt  simur “koti”  oldugu
belirlenmistir. Cayirlarin alt smirnin yaklagik 1,5-2 m
gerilemesinin nedenleri arasinda 6ncelikle birincil iiretimin
artisina bagli olarak 151k gegirgenliginin azalmasinin neden
oldugu disiiniilmektedir. Deniz suyundaki klorofil a

canl

amactyla bu

sSimirinin

cayirlarin - durumunun

miktar1 sucul ortamdaki trofik seviyeyi gosteren 6nemli bir
indekstir. Yiizeysel Su Kalitesi Yonetimi Yonetmeligi’ne
gore, Marmara Kiy1 Sular igin, klorofil a<3 pg 17 olan
sular oligotrofik, 3-4,3 pgl? aras1 mezotrofik, >4,3-6 ug I'*
olmasi &trofik ve >6 pg 1"t olmasi hipertrofik olarak
siiflandirilmaktadir (ResmiGazete, 2012). Bu degerlere
gore; Dardanos bolgesi 0Ozellikle bahar aylarinda
mezotrofik 6zellik gostermektedir. Diaz-Almela & Duarte
(2008), Caulerpa spp. sadece geri ¢ekilmekte olan P.
oceanica cayirlarini istila ettigini bildirmesine karsin proje
kapsaminda elde edilen verilere gore C. racemosa istilasi
sona erdigi, bunun yerine bagka alg tiirlerinin ortamda
varligi saptanmistir. Ayrica Oz vd., (2014) tarafindan
Dardanos bolgesinde gergeklestirilen ¢alismadan ¢ayir alt
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smirinda  yogun sekilde Caulerpa racemosa tiiriiniin
bulundugu bildirilmistir. Ancak, bu ¢alisma kapsaminda
gerceklestirdigimiz dalislarda 151k seven yesil alg yerine,
daha diisiik 1sikta yogun popiilasyonlar olusturan (Hurd
vd., 2014; Cirik & Cirik 2017) kirmiz1 alg tiirlerine
rastlanmistir. Ceramicacae ve Gracilariaceae ailelerine ait
Ceramium sp. ve Gracilaria sp. tiirleri su sicakligmin
yiikseldigi Nisan aymdan itibaren yogun popiilasyonlar
olusturmaya baslamislardir. Bu
Gracilaria sp. azot sever bir alg olup kumlu ¢amurlu
zeminlerde popiilasyon olusturmaktadir. Canakkale ili
smirlar1 igerisinde bu algin varligi farkli g¢aligmalarda
bildirilmesine karsin (Yildiz vd., 2006), Dardanos
bolgesinde gergeklestirilen ¢alismalarda bu algin varligina

alglerden ozellikle

yonelik bir bildirim yapilmanmustir. Genellikle &trofik
sularda dagihm gosteren Gracilaria sp. (Ak, 2015)
Dardanos bolgesinde popiilasyon olusturmasi bdlgenin
yillar igerisinde su kalitesinin de degistiginin de bir
gostergesidir. Su kalitesindeki bu degisim P. oceanica
cayirlarinin 8 sene igerisinde gerilemesine neden oldugu
diistiniilmektedir. 2020 yilinda yasadigimiz miisilaj olayi
ile bu gerilemeyi daha da hizlandirdigi tahmin
edilmektedir.

P. oceanica cayirlarinin fenolojik 6zellikleri
fizikokimyasal parametrelere gore degisim gostermektedir
(Di Carlo vd., 2005; Pergent-Martini vd., 2021). Gobert
vd., (2006), sicaklik ve tuzluluk gibi parametrelerin P.
oceanica ¢ayirlarimin  dagilimda  etkili  oldugunu
bildirmistir. Dardanos bolgesinde dagilim gdsteren
cayirlar epidokronolojik ve fenolojik verileri Oz vd.,
(2014) tarafindan yapilan caligmanin verileri ile
karsilastirilmistir. Cayirlarin kaplama alaninin yapisinin ve
ozelliklerinin degistigi, yaprak uzunluklarinin %24,26
oraninda azaldig1 yaprak alanmin ise %33,47 oraninda
azaldig1 bulunmustur. Ayrica herbivor canlilar tarafindan
zarar verilmis yapraklarin toplam yaprak sayisina oranini
ifade eden Faktdr A degerinde ise %683’liik bir artisin
oldugu hesaplanmistir. Caligma sonucunda herbivor
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canlilarin son sekiz yilda c¢ayir tizerindeki otlanma
baskisint arttirdigi  goriilmiistiir. Calisma kapsaminda
gerceklestirilen  caligmalarda dongiilerini
belirlenmis olup son bes yildaki degisimler hakkinda
bilgiler elde edilmistir. Ortalama rizom dongiisiiniin son
bes yil i¢inde azaldig1 saptanmistir. Rigo vd., (2021) rizom
dongii sikligindaki artisgin yaprak uzunlugu ve yaprak
alaninda azalmasina neden oldugunu bildirmis olup elde
ettigimiz bulgular bu ¢alisma ile paralellik gostermektedir.

Ege Denizi’'nde P. oceanica igin yapilan
calismalarda; Izmir Aliaga’da 7,1 m derinlikte Ak¢ali vd.,
(2015), tarafindan yapilan g¢alismada, yogunluk 275,9
siirgiin sayisi/m?, kaplama alan1 %78,41 bulunmustur.
Ayn1 ¢aligmada ortama yaprak sayisi toplamda 5,6 demet”
1 ortalama yaprak uzunlugu 321,2 mm, ortalama yaprak
genisligi 7,5 mm hesaplanmistir. Faktor A %42,5, yaprak
indeksi 138,5 cm?demet™, yaprak alani indeksi 3,8 m®m-
bulunmustur. Akgali vd., (2020), [1dir Kérfezi’nde 25,1 m
derinlikte P. oceanica tiiriiniin yogunlugunu 2018 yilinda
87,9 m?, 2019 yilinda 50,9 m? bulmustur. Kaplama alanin1
yillara gore sirastyla %26,8 ve %13,4; yatay rizom alaninin
%96,1 ve %29,1 oldugunu tespit etmistir. Ayni1 ¢alismada
Kara Ada bolgesinde 32, 9 m derinlikte P. oceanica
tiiriiniin  yogunlugunu 2019 yilinda 75,8 m? kaplama
alanimt  %25,5, yatay rizom alanmin %50,0 olarak
belirlemigtir. Dural (2010), Sigacik Korfezi’nde 4-7
metrede siirgiin yogunlugunu 880 siirgiin/m? Aralik ayinda

rizom

en yiiksek oldugunu belirlemistir. Yaprak uzunlugununsa,
ayni derinlikte Aralik ayindan Nisan ayina kadar kademeli
olarak artig gosterdigini bildirmistir. Akgali vd., (2008),
Foca’da Hamamlik bdlgesi’nde ve Toprak Su Kampi
bogesinde sirasiyla toplamda ortalama yaprak sayisi 7,6 ile
8,2; toplamda ortalama uzunlugun 288,3 ile 230,3 mm;
toplamda ortalama genisligin 8,9 ile 8,9 mm oldugu
belirlenmistir. Kogak vd. (2011), Engeceli Korfezi’'nde
sezonsal olarak ve farkli derinliklerde yaptigi ¢alismada
yetigkin yaprak yogunluklari arasinda farklilik oldugunu
bildirmigtir. Ayrica ortalama yaprak sayisi, uzunlugu,
genigligi, faktor a, yaprak ideksi ve yaprak alani indeksi
degerlerinin degisen cevresel faktorlere hassas oldugunu
belirtmistir. Canakkale Bogazi’nda yapilan bu ¢alisma ile
Ege Denizi’'nde yapilan ¢aligmalardaki farkliliklarin,
fiziksel, kimyasal ve g¢evresel etkilerden kaynaklandigi
diistiniilmektedir.

Tiirkiye tiiriiniin
arastirlldigi caligmalar, dagilim alanlarinin yogunlugu
dolayisiyla daha ¢ok Ege Denizi ve Akdeniz’de
yogunlagmasina ragmen, Canakkale Bogazi ve Marmara
Denizi’nde bulunan P. oceanica topluluklarinin izlenmesi
gerekmektedir. Oz vd., (2014) yilinda yaptig1 ¢aligmaya ile
giinimiizde karsilastirildiginda  kotiiye gidis  oldugu
goriilmektedir. Ozellikle miisilajin 151k gegirgenligini ve
fotosentezi kisitlamasi (Yiimin vd., 2023), P. oceanica

kiyilarinda P.  oceanica

Anadolu Cev. ve Hay. Dergisi, Yil:8, No:4/E, (764-772), 2023

770

cayirlarinin dagiliminda da 1518in 6nemli bir parametre
olmasi  (Gobert vd., 2006) bir etken olarak
diistiniilmektedir. Bu koétiiye gidisin tek sebebi miisilaj
olmasa dahi, miisilajin 6zellikle bentik yapidaki mercan,
makroalg, balik, siinger ve deniz bitkileri ve bunun gibi
topluluklarmi etkiledigi géz oniinde bulunduruldugunda
(Aslan vd., 2021; Ozalp, 2021; Topgu & Oztiirk 2021;
Erdugan, 2022; Koncagiil vd., 2022), bu bolgelerde
transplantasyon ve restorasyon ¢aligmalari ile P. oceanica
topluluklariin yeniden saglikli habitatlar olusturabilmesi
icin ¢aligmalar yiiriitiilmelidir.

Akdeniz ekosisteminde gerek ekolojik gerek
ekonomik yonden ¢ok Onemi oceanica
popiilasyonunun, balike¢ilik, evsel ve endiistriyel atiklar,
sehirlesme, denizcilik faaliyetleri ve turizm olmak iizere
cesitli  sektorlerinden etkilendigi  bilinmektedir. P.
oceanica bitki toplulugunun gelecegi i¢in bulundugu
yorelerde iyi belirlenip yonetilmesi onem tagimaktadir.
Sonug olarak Tiirkiye denizlerinde dagilim gosteren P.
oceanica stirdiriilebilir ~ balikgilik yonetiminin
vazgecilmez elemanlarindan biridir. Tiirkiye denizlerinde
dagilim gosteren P. oceanica topluluklariin durumlarinin
izlenmesine yonelik bolgesel ve ulusal, iyilestirme ve
koruma programlarmin olusturulmasi
stirdiriilebilir kullanimi agisindan da 6nem arz etmektedir.
Bu baglamda, ¢alisma kapsaminda elde edilen sonuglarin
gelecekte bu alana yonelik gerceklestirilecek ¢aligmalar
i¢in 6nemli bir temel eser olacagi diisliniilmektedir.

olan P.
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s1g sularda ve belirli limitlerde yapilan daliglarda, dalgig yardimu ile ¢esitli aksiyon kameralari,
Profesyonel fotograf makineleri ve video kayit cihazlar1 6zel su gegirmez ekipmanlar (Housinglerle)
ile kullamilabilmektedir (Lavest vd.,2000). Su altinda insanli dalig limitlerinin istiinde yapilan
dalislarda ROV, AUVS ve batiskaf gibi farkli robotik sistemler kullanilmaktadir. Ayrica bu cihazlarin
yapilan derin noktalardaki basinca karsi dayanikli olmasi, ayrica goriintii cihazlarimin temiz bir griintii
aktarabilmesi i¢in seffaf yapida olmasi gerekmektedir. Canli gériintii aktarimi i¢in yapilan dalgig ile ya
da robotik sistemlerin kullanildigi bu ¢aligmalar, satih ile siirekli temas gerektiren kablolu iletigim
hatlarina baglidir. Suyun yogunlugundan ve yapisal 6zelliginden dolay1 karada kullanilan kablosuz veri
aktarimlar1 (Wi-Fi, Bluetooth, Kizilotesi) su altinda ise yaramamaktadir. Ancak gelisen teknoloji ile bu
alanda yeni ¢aligmalar yapilmaktadir. Bu g¢aligmalarda lazer ve led aktarict yontemi ile goriintii

*Sorumlu yazarin: aktarim, ses dalgalar1 ve akustik yontemler ile kablosuz veri gonderimi ¢alismalar1 yapilmaktadir. Bu
Hayati YAGLI yontemlerle su altindan alinan veriler, satthta Ozel tasarlanmig cihazlar sayesinde islenerek
Istanbul Gedik Universitesi, Gedik Meslek kodlanmaktadir. Farkh frekanstaki radyo dalgalari ve lazerler gonderilen bu veriler su alti yapisinin
Yitksekokulu, Pendik Yerleskesi, Su Altr anlhk goriintiisiinii kara veya tekne ortamindaki kisilerin goriintiilemesine olanak saglamaktadir.
Teknolojisi 34913 Pendik/ Istanbul, Tiirkiye. A e . .

BX: hayati.yagli@gedik.edu.tr Yapilan bu ¢aligmalar sayesinde, belirli limitlerde kablosuz veri aktarimlari gergeklestirilerek su alti

turizm ve sanayi sektorleri i¢in biiyiik bir yenilik ortaya konmustur.

Anahtar kelimeler: Goriintiileme, robotik sistemler, sanayi dalisi, su alt1.

Underwater Imaging Systems Used In Industry And Working Areas

Abstract: There are many imaging and communication devices used in the underwater industry sector
today. These equipment are used in many different forms until today with the developing technology
and modern designs. However, in underwater dives, pressure, light, temperature, loss of colours,
contact with water, etc. Many factors make it difficult to view underwater. Various action cameras,
professional cameras and video recorders can be used with special waterproof equipment (Housings)
with the help of divers, usually in shallow waters and at certain limits (Lavest vd.,2000). Different
robotic systems such as ROV and AUVS are used for underwater dives above the manned diving limits.
In addition, these devices must be resistant to the pressure at these deep points, and the display devices
must be transparent in order to transmit a clean image. These works, in which submersible or robotic
systems are used for live image transmission, depend on wired communication lines that require
constant contact with the surface. Due to the density and structural nature of water, wireless data
transmissions (WI-FI, Bluetooth, Infrared) used on land do not work underwater. However, with the
developing technology, new studies are being carried out in this field. In these studies, image transfer

*Corresponding author’s: with laser and led transmitter method, wireless data transmission with sound waves and acoustic
Hayati YAGLI methods are carried out. With these methods, the data taken under water is processed and coded by
Istanbul Gedik University, Gedik Vocational specially designed devices on the surface. These data, which are sent by radio waves and lasers of
School, Pendik Campus, Underwater different frequencies, allow people in the land or boat environment to view the snapshot of the

Technology 34913 Pendik/ Istanbul, Turkey

IX: hayati.yagli@gedik.edu.tr underwater structure. Thanks to these studies, a great innovation has been introduced for the underwater

tourism and industry sectors by performing wireless data transfers at certain limits.

Keywords: Industrial diving, robotic systems, underwater, viewing.
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GIRiS

Goriintiileme sistemleri tarih boyunca ¢ok fazla
teknolojik gelisim ve tasarima maruz kalmiglardir ve
giiniimiizde hala gelismeye devam etmektedir. Gelistirilen
bu sistemler ile ¢ok zor sartlarda ve ¢ok ekstrem kosullarda
bile goriintli alabilmek daha miimkiin hale gelmektedir.
Yapilan teknolojik ¢aligmalar ve tasarimlar ile giiniimiizde
hemen hemen her noktada, canli ve anlik goriintii alabilme
kolayligina sahip olunmustur. Ancak sualti diinyasina
bakildiginda kara ortamindan ¢ok farkli bir senaryo
karsimizda ¢ikmaktadir. Karasal ortamlar i¢in tasarlanan
bu cihazlar ve ekipmanlar ile sualt1 diinyasinda karadaki
kadar etkili olmadig1 goriilmiistiir. Sualt1 ¢gekimleri sadece
obje ve kamera ile degil bircok faktoriin etkisine baglt
olarak degiskenlik gostermektedir.

Bu degiskenlikler birgok faktore baglidir. Bunlar;
Is1g1n sogurulmasi, Basincin dalgi¢ ve ekipman tizerindeki
etkisi,  Sicaklik  farklari, Renklerin  kaybolmasi,
Ekipmanlarin su ile temasi, Stabil sabit kalma problemi,
Limitli dip zamani, Kayit cihazlar1 i¢in yeterli koruyucu
(housing) bulunmamasi, Ekstra egitim ve tecriibe
gerektirmesi olarak siralanabilir. Bu degisken faktorler
sualtt  diinyasinin  goriintiilenmesini
etkilemistir. Bu yiizden bile giiniimiizde denizler ve
okyanuslar hakkinda ¢ok daha az bilgiye sahibiz. Su
altinda goriintiilemeyi etkileyen bu sistemler i¢in ayr1 ayri
¢ozliimler ve ekipmanlar gerekmektedir.

Renklerin Kaybolmasi: Glinesten gelen 1sinlar
yeryliziine ¢arptiktan sonra cesitli dalga boylarinda
dagilarak ortamda renklerin gozle goriiniimiinii saglar.

sirekli  olarak

Ancak suda aym etki gozlenemez. “Su iyi bir 151k emici
oldugundan Diinyamizin 151k kaynagi olan Giinesten gelen
1sinlart dolayistyla renkleri de sogurur. Derinlere gittikge
bazi renkler kaybolmaya baslar. Ornegin, ilk 5 metrede
kirmizi, 8 metrede turuncu, 11 metrede sari, 19 metrede
yesil, 23 metrede ise mavi renk kaybolur” (TSSF/CMAS,
2009). Buda sualtinda ¢ektigimiz goriintiilerin daha renksiz
ve algilamada zorlanmamiza sebep olur. Deniz ve okyanus
sularinin bulanikligl, askida madde miktarlari, kirlilik vb.
etmenler renklerin kaybolma derinliklerinde degisiklikler
gosterse de, glinesten gelen ¢esitli renkteki dalga boylart
sular tarafindan sogurulur. Bu yilizden renklerin
kayboldugu bu derinliklerde yapilacak olan goriintii
aktarimi i¢in belirli renk filtreleri kullanilir. Bu filtreler
sayesinde denizler ve okyanuslar tarafindan sogurulan
renkler tekrar yakalanir ve gergege en yakin goriintiiler
elde edilir.

Basincin Dalgi¢ ve Ekipman Uzerindeki Etkisi:
Basincin artmasi ile genel gaz kanunlar1 prensibi ile hacim
kiictilme egilimine gidecektir. “’Sabit bir sicaklikta, sabit
kiitledeki gazin hacmiyle basing ters orantilidir. Boyle Gaz
Kanunu’na gore sabit sicaklikta basing arttika gaz
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kabarciklarinin  hacminde kiigiilme meydana gelir”’
(Oztiirk, 2017). Bu yiizden fotograf ve video kayit
cihazlarin muhafaza edildigi, housinglerin igerisindeki
hava bosluklar1 basincin etkisi ile yapisal olarak
zorlanacaktir. Basing belli bir seviyenin iizerine ¢ikarsa
housing pargalanabilir ve ekipman kullanilmaz hale
gelebilir. Bu yilizde iiretilen housinglerin dayanim
basincina gore dalig limitleri kisitlanir ve belli derinliklerde
¢ekim yapmak zorunda kalinir.

Derinlik arttikca dalgiclar icin sinirlayict dalis
limitleri ve dekompresyon kurallar1 devreye girer.
“Dalgicin derinlere dogru inmesiyle basincin artmasi
hareketsiz  gazlarin dokularda ¢oziilmesine neden
olur’’(Durakli vd., 2008). Buda dalgicin ne kadar derine
indigine ve dipte kaldigi siireye gore dalgici tehlikeye
sokar. Derinligin ve basincin artmasiyla dokularda daha
fazla ¢Oziinen gazla c¢ikis esnasinda genlesmeye ve
dokulara zarar vermeye baglar. Bu da dalgicin kaldig
derinlik ve dip zamani arttik¢a dalgicin dokularinda kalict
hasarlara ve 6liime sebep olabilir. Biitiin dalicilarin dalis
esnasinda kalabilecekleri siire ve dip zamanlar1 bellidir.
Kara ortamina gore daha kisa stireli ve daha az sayida su
alttimi ¢ekimleri yapilmaktadir. Bu yiizden dalgiglar ile
yapilan goriintiilemeler oldukga sinirlayicidir.

Sicaklik Farklari: Ortamm fiziksel kosullart
anlik goriintii alimini etkileyen en O6nemli faktorlerden
biridir. Sicakligin ¢ok diisiik oldugu ortamlarda ekipmanlar
ve kisilerde gesitli problemler meydana gelebilir. Ozellikle
sularda sicaklik farki karaya gore olduk¢a degiskendir.
Sucul ortamlarda yogunluk farkindan ve su tabakasinin
sicakliklart dalicilar {izerinde hizli 1s1 kaybina sebebiyet
verebilir. Buda dalicilarin asirt soguk sularda veya
sicakligin  ani  degistigi derinliklerde dip zamanini
kisitlayan en 6nemli faktorlerden biridir. Yeterli koruyucu
elbise ve ekipman olmamasi durumunda dalicilar
hipotermiye girebilir ve dalici i¢in tehlikeli dalig kogullari
saglayabilir. Soguk ve buzul ortamlarda sualt1 ¢ekimleri
yapmak oldukg¢a ekstrem ve zordur. Zor sartlar dalicilarin
calima siirelerini etkiledigi icin karaya gore su alti
goriintiileme  ¢aligmalarini  oldukga etkiler. Ayrica
sicakligin ekipmanlar iizerinde de etkisi vardir. Asirt soguk
veya tersi asirt  sicak ortamlarda mekanik
malzemelerin dayanimlari azdir. Ozelikle asir1 soguk
ortamlarda cihazlarin pil dmrii kisalir, pargalarda donma ve
kirtlmalar meydana gelebilir. Buda alinmak istenen
gorlintiiler i¢in oldukga kisitlayict bir etmendir. Dalicilar
asirt soguk ve buz ile kaplh alanlarda calismak istemeleri
durumunda ekstra koruyucu ekipman ve dayanimlari
yiiksek goriintiileme cihazlar1 kullanmalar1 gerekecektir.
Bu yilizden bu ortamlardaki ¢ekimler daha maliyetli ve
daha zor olarak kargimiza ¢ikmaktadir.

Isigin Sogurulmasi: Derinlere inildikge giines
isinlarinin - etkileri giderek azalmaya baslar. Karasal

tam
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ortamda tiim diinyayr aydinlatan giines 1siklari derin
denizlerde kendini karanliga birakir. Sularin fiziksel
ozelliklerine (kirlilik, bulaniklik, askida madde miktarlari
vb.,) bagl olarak degisse de, belirli derinliklerde 15181n
sogurulmasindan kaynakli derin deniz noktalarinda
karanlik hakimdir. Buda karaya kiyasla derin deniz
noktalarinda rahat goriintii alimin1 oldukga etkiler. Daha
s1g sularda giines 1ginlarinin ulagmasi sayesinde daha uzun
mesafeler goriintilenebilirken, derinlik arttikca goriis
mesafesi giderek kisalir. Bu da sualti cekimleri icin
oldukca smirlayict bir faktordiir. Bu derinliklerde ¢ekim
yapabilmek icin sualtinda yapay 151k kaynaklar1 kullanilir.
Kullanilan 11k kaynagmin kalitesine ve gliciine bagl
olarak belli bir oranda goriis elde edilir. Ancak bu goriis
belirli bir siire ve kisa bir mesafe olarak sinirlidir (Gorgiili,
2019).

Ekipmanlarin  Su ile Temasi: Su altinda
kullanilan hemen hemen biitlin goriintii ekipmanlar
karasal ortamlar i¢in tasarlanmigtir. Su altinda
kullanabilmemiz i¢in tasarlanan koruyucular (housingler)
olsa da bu ekipmanlar zaman zaman su ile temas
edebilmektedir (McGlamery, 1980). Karasal ortam i¢in
tasarlanan bu ekipmanlar su ile temas etmeleri durumunda
elektronik sistemleri hasar alabilir ve bozulabilir. Bu da su
altinda ¢ekilen goriintiilerin kaybina ve ekipman
masraflarina  yol acacaktir. Bu yilizden kullanilan
ekipmanlarin  bakimi  ve kontrolii ¢ok Onemlidir.
Malzemelerde olusabilecek ufak ¢apli hasar ve ¢atlaklar
karada c¢ok fazla sorun yaratmasa da, su altinda basinglt bir
ortamda ciddi sorunlara sebebiyet verebilir. EKipmanlar su
altinda basing, dayanim ve sizdirmazlik gibi testlerden
geemelidir (Yilmaz &  Kiler, 2020).
¢ekimlerini zorlastiran faktorlerden bir olarak kargimiza
¢ikarir.

Ekstra Egitim ve Tecriibe Gerektirmesi: Yapilan
goriintilleme ¢aligmalarinda kisinin kullandigi ekipman
hakkinda uzman ve tecriibeli olmasi goriintiileme
caligmalar1 i¢in ¢ok dnemlidir. Kisi ne kadar tecriibeli ve

Bu da sualt1

ekipmana hakimse alinacak goriintiilerde o kadar iyi
olacaktir. Ancak sualti g¢ekimlerinde sadece ekipman
bilgisi yeterli degildir. Su altinda kaliteli ve diizgiin
goriintiiler alabilmek igin iyi seviyede bir dalis egitimi
almak gerekir. Dalig egitimi almadan su alt1 ¢alismalarina
katilmak miimkiin degildir. O yilizden bir fotografci
karadaki  yaptigi cekimleri su altinda hemen
gerceklestiremez. Sucul ortam karaya gore daha tehlikeli
ve hareketli bir yapida oldugu i¢in, kisiler belirli bir seviye
dalis egitimini tamamlamal1 ve belirli bir seviyede dalig
tecriibesine sahip olmalidir (Munro, 2013). Bu da kisiyi
tecriibesiz ise tehlikeye sokacaktir. Kisinin tecriibesi ne
kadar fazla ise suda o kadar rahat kalip istedigi derinlikte
istedigi standartta goriinti almas: daha kolaydir. Aksi
takdirde acemi bir dalgi¢ suda kendi kontroliinii yapmakta
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zorlanacak ve aldig1 goriintiiler bir o kadar diisiik kalitede
olacaktir. Tiim bu sebeplerden dolayt su alti ¢ekimleri
yapmak ic¢in gecerli kuruluglardan belirli standartlarda
egitimler almali ve belirli bir seviye tecriibeli olmak
gerekir. Kisinin egitimi ve seviyesi dalgiclarla yapilan su
alt1 goriintiileme ¢aligmalarinda en 6nemli faktordiir.

Yeterli Ekipman Bulunmamasi: Karadaki
¢ekimlere kiyasla su alti ¢ekimleri yapmak igin ¢esitli
standartlarda ekipmanlar iiretilsede, sucul ortam i¢in bu
ekipmanlarin sayist ¢ok azdir. Karasal c¢ekimlerde
kullanilan ekipmanlar ¢ok ¢abuk adapte olunabilmekte ve
kullanima  gecilebilmektedir. Ancak su altindaki
¢ekimlerin ayni kalitede yapilabilmesi i¢in bu ekipmanlara
0zel koruyucular ve tasarimlar gereklidir (Shortis, 2015).
Su altinda  kullamilmak  istenilen  goriintiileme
ekipmalarinin hepsi igin gerekli koruyucu (housingler)
bulunmamaktadir. Bu da su alt1 ¢ekimlerini sinirlandiran
oldukea etkili bir faktordiir. Normal ¢ekimlerde istenilen
ozellige sahip ekipman kullanilirken su altinda sadece 6zel
tasarimi olan ve koruyucu olan ekipman kullanmak
zorundasinizdir. Normal durumlarda malzeme se¢imi
yaparken Oncelikle ihtiyaca gore en uygun ekipman
secilirken, su altinda ise Ozel tasarlanmis ekipmanlar
arasinda bir se¢im yapmak gerektirir. Bu da 6rnegin biitiin
kameralar i¢in koruyucu olmadigindan 6nce kamera se¢imi
yerine, sartlara en uygun koruyucu(housing) secilmeli,
daha sonra segilen bu koruyucular (housingler) icin
uyumlu kameralar arasinda tercih yapilmalidir. Diizgiin
secilmeyen bir koruyucu (housing) se¢imi yapilmasi yada
diizgiin bakim yapilmamasi, kilifin igine su alarak
makinenin kullanilmaz hale gelmesine neden olabilir
(Anamur, 2000). Tiim bunlar karasal ortama gore su alt
cekimlerini kisitlayan faktorlerden birisidir.

Goriintiileme Sistemleri Kullanmim Alanlari: Su
altt goriintiileme sistemleri ticari ve sportif anlamda ¢ok
fazla kullanim alanina sahiptir. Ozellikle gelistirilen son
teknolojik tasarilar ve daha kaliteli ¢ekimlerin yapilmasi su
alt1 goriintiileme sektoriinii 6n plana ¢ikarmistir. Su alti
goriintiileme  sistemleri  genellikle; su alt1  sanayi
sirketlerinde, sportif su alt1 turizm sirketlerinde, su alti
belgesel ¢ekimlerinde, su altt klip ve film ¢ekimlerinde,
iiniversitelerin ve kuruluslarin su alt1 arastirma ve inceleme
merkezlerinde ve ihtiyaca bagli olarak su altinda birgok
alanda kullanilabilir.

Su alt1 ekipmanlari kullanilirken isin ihtiyacina ve
kosullarina gore dalgiclar yardimi ile ya da teknolojik
ekipmanlar ile beraber kullanilirlar. Goriintiileme
sistemlerinin tasarimlar1 ve dayanim kapasiteleri bu
calisma alanlarina gore belirlenir. Ornegin bir derin dalis
sistemi i¢in tasarlanan goriintiileme sistemi ile sportif dalig
icin yapilan goriintiileme sistemini aym1 amaglar igin
kullanmak dogru olmayacaktir. Goriintiileme sistemleri su
altinda sadece dalgig yardim ile degil robotik sistemlerle
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de ¢okea kullanilmaktadir. Ozellikle dalgiglarin inemedigi
dalig limitlerinin kisitli oldugu derinliklerde genellikle bu
robotik sistemler ve teknolojik ekipmanlar {izerine
yerlestirilen goriintiileme sistemleri kullanilir. Ornegin
satihtan ikmalli dalig sistemlerinde, ROV (Remotely
Operated Vehicles) adi verilen insansiz sualt1 tasitlarinda,
AUV (Autonomous Underwater Vehicle) otonom sualti
cihazlarinda, satiirasyon dalis sistemlerinde, batiskaf adi
verilen derin dalis denizaltilarinda bu goriintiileme
sistemlerinde ve benzer alanlarda yaygin olarak
kullanilmaktadir. (Canli vd., 2015)

Satihtan Tkmalli Dalis Sistemlerinde Kullanilan
Satihtan dalis
sistemlerinde kullanilmakta olan goriintiileme cihazlar
sanayi daliglarinda en elzem ekipmanlardan biridir.
Yapilan iglerin tehlikesi ve ciddiyeti gz 6niine alindiginda
agir sanayi daliglarinda goriintiileme cihazlari dalgici ve
yapilan isi takip etmek i¢in eklenen ekstra gdzlem elemant

Govriintiilleme  Sistemleri. ikmalli

olarak kullanilir. Dalig amiri tarafindan siirekli olarak takip
edilen bu sistemlerde dalgiglarin anlik konumlari,
yaptiklart  igin  durumu, dalgicin  karsilagabilecegi

problemleri vb. gergeklesebilecek tiim olaylara kars: takip
edilir. Bu yiizden satihtan ikmalli agir dalis sistemleri i¢in
goriintiileme cihazlar1 ¢ok énemlidir ve hemen hemen her
dalista dalgicta bulunur. Ayrica goriintiileme cihazlari ile
su alti survey hizmetleri, raporlama islemleri, yap1
saglamlik kontrolleri v.b. gibi goriintiileme iglemleri de
genellikle yapilir.

Sekil 1, 2. Sanayi dalislarinda kullanilan sert baslik ve kamera aparatlari
(https://iwww.smp-ltd.com/) (https://www.dalisshop.com/).
Figure 1, 2. Hard helmet and camera apparatus used in industrial diving
(https://iwww.smp-Itd.com/) (https://www.dalisshop.com/).

Goriintilleme  sistemleri  genellikle dalgicin
kullandig1 sert bagliklarda baglantili sekilde yada elde
taginmaya miisait sekilde bulundurulur. Raporlama ve
detayli ¢ekimler yapmak icin genellikle elde kolay hareket
ettirilebilen portatif tutamaglarla kullanilir ve istenilen
bolgede detayli ¢ekimler yapilir. Ancak yapilan is yiikii
daha agir ve farkliysa genellikle dalgicin stiinde yada
basliga akuple olmus sekilde karsimiza c¢ikmaktadir.
Alman goriintiiler canli olarak siirekli dalis amiri ve
sorumlu dalgiglar tarafindan izlenir ve denetlenir. Bu
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sayede dalgicin basina gelebilecek kazalar &nceden
kestirilebilir ve olusabilecek acil bir durumda dalgica
miidahaleyi hizlandirabilir.

ROV (Remotely Operated Vehicles) Uzaktan
Kumandali Araglar: Uzaktan kumandali su alt1 araci
(ROV); gemi, platform veya karada konuslandirilmig bir
kontrol merkezinden kontrol edilerek, su altinda amaca
yonelik degisen gorevleri gergeklestiren insansiz su alti
aracidir  (Azis vd.,, 2012). Genellikle dalgiglarin
inemeyecegi ya da ¢alismasi zor olacak derinliklerde, acil
miidahale ve gorlintii alinmasi gereken durumlarda, dalgi¢
maliyetinin ¢ok oldugu calismalarda, hafif sanayi islerinde
ve gorlintlil almak icin kullanilir. ROV’larin boyutuna ve
kapasitesine bagli olarak birgok alanda isler yapilmaktadir
(Christ & Wernli, 2013). Bunlardan bazilar1; Petrol-gaz
endiistrisinde, gemi-ugak vb. tasitlara ait enkaz tespiti
¢aligmalarinda, arama kurtarma calismalarinda,
batiklarinin deniz yiizeyine ¢ikarilmasi g¢aligsmalarinda,
bomba-mayin arama ve imha ¢aligmalarinda, fay hatlarinin
kontroliinde, kablo ve boru hatt1 inceleme tamir
calismalarinda, deniz tabanindan gaz ve
numunesi alma gibi degisik amagclara
operasyonlarda (FreiwAld vd., 2009),
operasyonlarinda, denizin derin noktalarinda yaygin olarak
kullanilmaktadir.

sediment
yonelik
batik arama

camera

Sekil 3. ROV Uzaktan Kumandali Sualt1 Araci (https:/bluerobotics.com).
Figure 3. ROV Remote Controlled Underwater Vehicle
(https://bluerobotics.com).

Rovlarin ¢alisma alanlar1 ve donanimlar cihazin
boyutuna ve tasima kapasitesine gore farkliliklar gosterir
(Schjelberg & Utne, 2015). Ancak tiim ROV’lardaki en
temel ekipman, Renkli yiiksek ¢oziiniirliiklii kameralardir.
Biitiin ROV’ larda standart ekipman olarak bulunur. ilave
olarak; Akustik sonar sistemi, multiparameter (iletkenlik,
sicaklik, derinlik, turbidity, ph), altimetre ve basing
sensoru (deniz dibi mesafe ve derinlik 6l¢iimii), akustik
konum belirleme ve gemi tarafindan takip edilebilme,
led’li aydinlatmalar, numune sepeti, sediment ve su
Ornekleme sistemleri, ilave aparat eklenerek petrol ve gaz



Yagli vd., (2023)

endiistrisi  igin gaz Ornekleme kabiliyetleri de
bulunabilmektedir (Nakajoh vd., 2012).
AUV  (Autonomous Underwater Vehicle),

Otonom Sualti Araglari: Genellikle bir kablo ile yukariya
bagl olmaksizin akii giicii ile kendi kendine sualtinda
seyahat edebilen, otonom sualti araglaridir. Gelisen akii
teknolojisi sayesinde sualtinda yiizlerce kilometre seyir
yapabilir ve 6000m ye kadar dalabilir. Bugiin pek ¢ok
AUV, navigasyon amacli olarak ylizeyde bir gemi ile
birlikte calisir. Yeni gelistirilen ¢ok diisiik enerji harcayan,
uzun mesafeli AUV’lar, sualtinda haftalar veya aylarca
yalniz baslarina operasyon kabiliyetine sahiptirler (Hwang
vd.,2019). Bunlar diizenli araliklar ile yiizeye ¢ikarak uydu
aracihigi ile hem konumu belirleyip rotasim ayarlamakta
hem de topladigi verileri karadaki istasyona
gondermektedir. AUV~ Uzerinde Dijital fotograf
makineleri ve video kayit cihazlar uzun mesafeler icin
goriintii kaydeder ve veri aktarimi gercgeklestirir (Blidberg,
2001). Bu sayede ¢ok uzun mesafeler boyunca goriintiiler
almarak haritalandirma, arama kurtama caligmalari, yeni
alan ve canli kesifleri gibi ¢alismalar gergeklestirilebilir
(Paull vd., 2013). Uzun mesafelerde goriintii aktarimi igin
oldukca idealdir. Ayrica fiizerinde kamera ve video
kaydediciler disinda pusula, derinlik sensorleri, yan
taramali ve diger sonarlar, Iletkenlik, sicaklik ve derinligin
(CTD) ol¢iim problari, akintidlger gibi ekipmanlar da
bulundurulabilir ~ (Flemming, 1976). AUV robotik
cihazlarin belli bagli avantajlar1 vardir. Ornegin; Operator
veya pilota ihtiyag yoktur. Cok uzun mesafeler seyir
yapabilir ve tiim yol boyunca veri toplayabilir. Her zaman
ylizeyde gemi olmasi gerekmedigi icin operasyonlari
diisiik maliyetlidir. Ancak bu cihazlar, ileri teknoloji ve
uzman personel gerektirir ve operasyon sirasinda sorun
ciktiginda arag kaybedilebilir. Yandan taramali sonralar ise
¢ogu zaman AUV fizerinde eklenip ekstra veri almak igin
kullanilabilir, ya da ekstra bir gemi yardimiyla cekilerek
stirekli veri aktarimina izin verebilir (Johnson & Helferty,
1990). AUV robotik cihazlara gore benzer bir ¢alisma
prensibine sahiptir. Ancak daha kisa mesafelerde etkili ve
tekne ile siirekli baglantili olmalar1 gerekmektedir (Klein,
2002). AUV larda boyle bir gereksinim yoktur.
Satiirasyon  Dalisi  Kamera  Sistemleri:
Satiirasyon dalislarinda kullanilan goériintiileme sistemleri
derin deniz noktalarinda calisacak dalgiglarin her anim
goriintiileme ve izleme amaclh kullanilan ¢ok 6nemli bir
sistemdir (COX, 1968). Calisma esnasinda zamanlarinin
biiylik bir bolimiinii su altinda satiirasyon sistemi i¢inde
geciren dalgiclarin yagayabilecekleri bir problem ve saglik
sorununa karsi siirekli izlenmeleri gerekmektedir. Hem is
esnasinda hem de dinlenme arlarinda basing altinda kalan
dalgiglar dekompresyon hastaligi ve buna benzer saglik
sorunlarina maruz kalabilirler. Bu durumlarin aninda
miidahale edilebilmesi i¢in dalis amirleri ve giivenlik
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personelleri tarafindan 24 saat canli izlenmektedirler(Zeng
2018). Bu yiizden satiirasyon sistemlerinde goriintiileme
ekipmanlar1 vazgeg¢ilmez bir zorunluluktur. Hatta bu
goriintiileme sistemlerinde meydana gelebilecek ariza
kargisinda ¢aligma iptal edilip sistem diizeldikten sonra
¢aligmaya devam edilmelidir. Bu sayede ortaya ¢ikabilecek
problemlerin 6niine gegilecektir.

Batiskaflar: Denizlerin derinliklerinde gozlem
yapmakta kullanilan, 6zel olarak yapilmis, kabin i¢ basinci
deniz seviyesindeki atmosfer basincinda sabit tutulabilen
deniz araglaridir (Boulouard & Delauze, 1966). Derin
deniz noktalarinda insanli ¢aligmalarin yapilmasinda etkin
bir rol oynar.
organizmalarin

Genellikle calisma alanlart  denizel

incelenmesi ve yasam alanlarinin
belirlenmesi, yeni tiirlerin kesfi gibi alanlarda aktif olarak
kullanilirlar  (Pérés, 1965). ROV’larin aksine insanl
sistemler oldugu i¢in su altinda daha dogru veri aktarimi ve
analizi gerceklestirilebilir. Ayni anda bu sistemler iizerine
yerlestirilen goriintiileme cihazlari sayesinde batiskaf ile
dalis yapan dalicilarin daha derin noktalardan goriintiiler
almas1 miimkiin hale gelebilmektedir (Jamieson vd., 2020).
Ozellikle insanlarm ve robotik cihazlarmin biiyiik bir
inemedigi derinliklerde calisabildigi icin
kesfedilmemis yerlerin kesfi ve daha derin alanlarin
goriintiilenmesinde oldukga etkili bir rol oynamaktadir.
Kablosuz Gériintii Aktarimu: Suyun
yogunlugundan ve yapisal 6zelliginden dolayr karada
kullanilan kablosuz veri aktarimlari (Wi-Fi, Bluetooth,
Kizil6tesi) su altinda ige yaramamaktadir. Bu ¢aligsmalarda

kisminin

lazer ve led aktarict yontemi ile goriintii aktarimi, ses
dalgalar1 ve akustik yontemler ile kablosuz veri génderimi
caligmalar1 yapilmaktadir (Shihada vd., 2020). Bu yapilan
caligmalarda su altindan alinan veriler, satthta Ozel
tasarlanmis  cihazlar  sayesinde  islenerek  ve
kodlanmaktadir. Farkli frekanstaki radyo dalgalari ve
lazerler gonderilen bu veriler su altt yapisinin anlik
goriintiistinii  kara veya tekne ortamindaki Kkisilerin
gorlintiilemesine olanak saglamaktadir. Suyun altinda
alman gorlntiler radyo dalgalar1 sayesinde kisa
mesafedeki dalicilarin lizerinde bulunan bir doniistiiriicliye
gonderilmektedir. sualtinda ¢ekilen bu
goriintiileri ¢esitli 151k boylarinda kodlara doniistiirerek
yiizey tabakasinda duran bir tiir aliciya iletilmektedir. Bu

Daha sonra

kodlar1 alan fotodedektorler bu goriintiileri isleyerek
ylizeyde goriintiilerin islenmis halini video veya fotograf
olarak bir ekrana sunmaktadir. Ancak bu ¢alisma gelisim
asamasinda oldugundan istenilen her derinlikte goriintii
almmast miimkiin degildir. Sudaki aski maddeler, suyun
bulanikligi, denizdeki dalgalanmalar vb. problemler su
alindan 1gmlarin diizgiin bir sekilde ylizeye gelmesini
engellemektedir. Bunun sonucunda da veri aktariminda
sorun olusturacagindan bu sistem aktif olarak giiniimiizde
kullanilmamaktadir (Mahmutoglu vd., 2021) . ilerleyen
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teknoloji ve gelistirmeler sayesinde bu sorunlar ¢6ziilmesi
durumunda ilerleyen yillarda su altindan kablosuz goriintii
alabilmeye olanak saglayabilecektir.

SONUC

Su alti goriintiileme sistemleri geligen tarih
boyunca paralel bir gelisme gostermistir. Bu gelismeler
sayesinde her gecen giin denizler ve okyanuslar hakkinda
daha fazla bilgi sahibi olmaktayiz. Gelisen bu teknolojiler
sanayi, turizm, akademik vb. bircok alanda aktif olarak
degerlendirilmektedir. Karasal ortamdaki sistemlere
kiyasla daha kisitli olsa da su alt1 gorlintiileme sistemleri
su anki cagda aktif olarak is yapmaktadir. Bu sayede
dalicilara ve galigmalara biiyiik kolayliklar saglamaktadir.
Ozellikle son yillarda yapilan kablosuz goriintii aktarimi
calismalar1 bu alanda biyiik yenilikler getirmeye
baslamistir. Ticari amagli yapilan daliglarda dalgi¢ yardimi
ile kullanilan kamera sistemleri, genel olarak belli ve s1g
derinliklerde giiniimiizde aktif olarak kullanilmaktadir.
Basit ve s1g derinliklerde gerek maliyet gerekse kullanim
kolayliklar1 sayesinde c¢okca tercih edilmektedir. Ancak
daha derin ve ekstrem deniz bdlgelerine inildikge
dalgiglarin limitlerini kisitlayan gaz kanunlar1 devreye
girmektedir. Buda sualtinda goriintii aktarimimi biyiik
olgiide kisitlamaktadir. Bu yilizden daha derin bolgelerde
goriinti  aktarimi igin farkli tarzlarda ve amaglarda
tasarlanan robotik sistemler gelistirilmistir. Bu sistemlerin
her birinin birbirine goére avantaj ve dezavantajlari
bulunmaktadir. Ayrica normal dalicilarla gergeklestirilen
caligmalara gore olduk¢a maliyetlidirler. Ancak insan
saglig1 agisindan bu ekipmanlarin kullanimi zorunludur.
Bu yiizden su altinda yapacagimiz ise gore goriintiileme
sistemlerinden yardim almamiz gerekecektir. Derin ve
bliyiik alanlarda yapilan ¢alisgmaya goére ROV, AUVS,
Yandan taramali sonarlar, batiskaflar vb. gibi teknolojik
ekipmanlar, su alt1 goriintiileme sistemlerinde 6nemli bir
yer tutmaktadir.

Gelisen teknoloji
ilerleyen yillarda su altindan kablosuz veri aktarimi gibi
olanaklar gelistirilmesi durumunda insanlarin denizlerde
calismas1 daha da kolaylasacaktir. Su anki teknolojide
kullanilan ekipmanlardaki veri aktarim kablolarin mesafesi
hasar almasi gibi durumlar, gerek daliciy1 gerekte robotik
cihazlar1 biiyiik Olglide sinirlamaktadir. Bu siirlamalar

ve yapilan arastirmalarla

kalkmasi durumunda, sualtinda yapilacak tiim sanayi ve
sportif dalislardaki ¢aligmalar daha da etkili ve daha az
sinirlarin etkisinde kalacaktir.

TESEKKUR

Calisma, Ulusal Sualti Bilimsel Arastirma ve
Degerleri Sempozyumu’nda bildiri olarak sunulmustur.

Anadolu Cev. ve Hay. Dergisi, Y1l:8, No:4/E, (773-779), 2023

778

KAYNAKLAR

Azis, F.A., Aras, M.S.M., Rashid, M.Z.A., Othman,
M.N. & Abdullah, S.S. (2012). Problem
identification for underwater remotely operated
vehicle (ROV): A case study. Procedia
Engineering, 41, 554-560.

Anamur, M.E. (2000). Tiirkiye’'de Sualti Belgeselciligi
Yiiksek Lisans Tezi, Marmara Universitesi,
Sosyal Bilimler Enstitiisii, 81s.

Blidberg, D.R. (2001). The development of autonomous
underwater vehicles (AUV); a brief summary. In
leee Icra, 4(1) 1-12.

Boulouard, C. & Delauze, H. (1966). Analyse
palynoplanctologique de sédiments prélevés par
Le bathyscaphe “Archiméde” dans La fosse Du
Japon. Marine Geology, 4(6), 461-466.

Canl, G.A., Kurtoglu, I., Canh, M.O. & Tuna, O.S.
(2015). Diinyada ve iilkemizde insansiz sualti
araglari (isaa-auv & rov) tasarim ve uygulamalar.
Gidb Dergi, 4, 43-75.

Christ, R.D., & Wernli Sr, R.L. (2013). The ROV
manual: a user guide for remotely operated
vehicles. Butterworth-Heinemann.

Cox, T.L. (1968). Safety in the Cachalot Saturation Diving
System Operations. Journal of Hydronautics,
2(4), 187-191.

Durakli, M., Seg¢il, Y., Yetimalar, Y. & Basoglu, M.
(2008). Noroloji Pratiginde Az Rastlanan Bir
Olgu: Dekompresyon Hastaligi. Journal of
Neurological Sciences, 25(1), 37-40.

Flemming, B.W. (1976). Side-scan sonar: a practical
guide. The international hydrographic review,
53(1), 65-92.

FreiwAld, A., Beuck, L., Riiggeberg, A., Taviani, M.,
Hebbeln, D. & R/V Meteor Cruise M70-1
Participants. (2009). The white coral community
in the central Mediterranean Sea revealed by ROV
surveys. Oceanography, 22(1), 58-74.

Gorgiilii, A. (2019). Sualti gériintiileme tekniklerinin
sinemadaki yeri ve iglevi. Yiiksek Lisans Tezi,
Mersin Universitesi, Sosyal Bilimler Enstitiisii,
206s.

Hat Bracket - For Kirby Morgan 37 Diving Helmet |
SMP Ltd UK. (n.d.). Retrieved April 25, 2023,
from https://www.smp-Itd.com/shop/hat-bracket-
suits-kirby-morgan-37-diving-helmet-handle/ (25
Nisan 2023)

Hwang, J., Bose, N. & Fan, S. (2019). AUV adaptive
sampling methods: A review. Applied Sciences,
9(15), 3145.

Jamieson, A.J., Linley, T.D., Stewart, H.A., Nargeolet,
P.H. & Vescovo, V. (2020). Revisiting the 1964
Archimeéde bathyscaphe dive to 7300 m in the



Yagli vd., (2023)

Puerto Rico trench, abundance of an elasipodid
holothurian Peniagone sp. and a resolution to the
identity of the ‘Puerto Rican snailfish’. Deep Sea
Research Part 1: Oceanographic Research
Papers, 162, 103336.

Johnson, H.P. & Helferty, M. (1990). The geological
interpretation of side-scan sonar. Reviews of
Geophysics, 28(4), 357-380.

Klein, M. (2002). Side scan sonar. International handbook
of underwater archaeology, 667-678.

Kamera/Isik Kolu-Fiyati-Dalis Shop. (n.d.). Retrieved

April 25, 2023, from

https://www.dalisshop.com/urun/kamera-isik-

kolu-26-37mm (25 Nisan 2023)

J.M., Rives, G. & Lapresté, J.T. (2000).

Underwater camera calibration. In Computer

Vision—ECCV 2000: 6th European Conference

on Computer Vision Dublin, Ireland, June 26—

July 1, 2000 Proceedings, Part Il 6 654-668.

Springer Berlin Heidelberg.

Mahmutoglu, Y., Albayrak, C. & Kadir, T.U.R.K.
(2021). Degisik Ortam Ve Sistem Parametreleri
Icin Sualti Kablosuz Optik Haberlesme Monte
Carlo Kanal Kapasitesinin Incelenmesi. EI-
Cezeri, 8(2), 567-581.

McGlamery, B.L. (1980). A computer model for
underwater camera systems. In Ocean Optics
V1(208, 221-231). SPIE.

Munro, C. (2013). Diving. Methods for the study of
marine benthos, 125-173.

Nakajoh, H., Osawa, H., Miyazaki, T., Hirata, K,
Sawa, T. & Utsugi, H. (2012). Development of
work class ROV applied for submarine resource
exploration in JAMSTEC. In 2012 Oceans-Yeosu
(pp. 1-5). IEEE.

Oztiirk, H. (2017). Hiperbarik oksijen ile tedavi edilen
radyoterapi iliskisiz hemorajik sistit olgularinin
retrospektif degerlendirmesi. Tipta Uzmanlik
Tezi, Istanbul Universitesi, T1p Fakiiltesi, Sualti
Hekimligi ve Hiperbarik Tip Ana Bilim Daly,
Istanbul, 76s.

Paull, L., Saeedi, S., Seto, M. & Li, H. (2013). AUV
navigation and localization: A review. IEEE
Journal of oceanic engineering, 39(1), 131-149.

Pérés, J.M. (1965). Apergu sur les résultats de deux
plongées effectuées dans le ravin de Puerto-Rico
par le bathyscaphe Archimeéde. In Deep Sea
Research and Oceanographic Abstracts Elsevier
12(6), 883-891).

Schjelberg, I. & Utne, 1.B. (2015). Towards autonomy in
ROV operations. IFAC-PapersOnLine, 48(2),
183-188.

Lavest,

Anadolu Cev. ve Hay. Dergisi, Y1l:8, No:4/E, (773-779), 2023

779

Shihada, B., Amin, O., Bainbridge, C., Jardak, S.,
Alkhazragi, O., Ng, T.K,, ... & Alouini, M.S.
(2020). Aqua-Fi: Delivering Internet underwater
using  wireless optical networks. IEEE
Communications Magazine, 58(5), 84-89.

Shortis, M. (2015). Calibration techniques for accurate
measurements by underwater camera systems.
Sensors, 15(12), 30810-30826.

TSSFICMAS. (2009). Bir Yildiz Dalici Egitim Kitabu. .
Baski, Tiirkiye Sualt1 Sporlar1 Federasyonu, 96.

What is an Underwater ROV? (n.d.). Retrieved April
25, 2023, from
https://bluerobotics.com/learn/what-is-an-rov/
(25 Nisan 2023)

Yilmaz, S. & Kile, S.B. (2020). Otonom Sualti
Araglarinda Genel Tasarim Ilkeleri. Journal of the
Institute of Science and Technology, 11(1), 119-
131.

Zeng, J., Zhang, J., Xu, G., Yuan, G. & Cai, B. (2018).
Design of 300-Meters Saturation Diving
Electrical Simulation Training System. In The
28th International Ocean and Polar Engineering
Conference. OnePetro.



*:.

ARASTIRMA MAKALESI

JAES

Journal of Anatolian Environmental and Animal Sciences  Year: 8, No: 4/S, 2023 (780-786)

(Anadolu Cevre ve Hayvancilik Bilimleri Dergisi) A EH
DOI: https://doi.org/10.35229/jaes.1226070 C

Yil: 8, Sayi: 4/E, 2023 (780-786)
RESEARCH PAPER

Deniz Copleri ve Deniz Temizligi Etkinlikleri: Canakkale Ornegi-2022

Alkan OZTEKIN™* Yusuf SEN? Ugur ALTINAGAC! Adnan AYAZ! Ugur OZEKIiNCi®

Genctan Erman UGUR®  Tekin DEMIRKIRAN?

YCanakkale Onsekiz Mart Universitesi, Deniz Bilimleri ve Teknolojisi Fakiiltesi, Su Uriinleri Avlama ve Isleme Teknolojisi Béliimii, Canakkale, Tiirkiye
2Canakkale Onsekiz Mart Universitesi, Deniz Bilimleri ve Teknolojisi Fakiiltesi, Su Uriinleri Temel Bilimleri Boliimii, Canakkale, Tiirkiye
3Canakkale Onsekiz Mart Universitesi, Lisansiistii Egitim Enstitiisii, Su Uriinleri Avlama ve Isleme Teknolojisi ABD, Canakkale, Tiirkiye

Gelis Tarihi: 28.12.2023

Kabul Tarihi: 27.04.2023 Basum Tarihi: 30.06.2023

Atif yapmak icin: Oztekin, A., Sen, Y., Altinagag, U., Ayaz, A., Ozekinci, U., UGUR' G.E. & Demirkiran, T. (2023). Deniz Copleri ve Deniz Temizligi
Etkinlikleri: Canakkale Ornegi-2022. Anadolu Cev. ve Hay. Dergisi, 8(4/E), 780-786. https://doi.org/10.35229/jaes.1226070

How to cite: Oztekin, A., Sen, Y., Altinagag, U., Ayaz, A., Ozekinci, U., UGUR' G.E. & Demirkiran, T. (2023). Marine Litter and Sea Cleanup Activities:
The Case of Canakkale in 2022. J. Anatolian Env. and Anim. Sciences, 8(4/S), 780-786. https://doi.org/10.35229/jaes.1226070

*: https://orcid.org/0000-0003-3914-9788
. https://orcid.org/0000-0002-0595-4618
: https://orcid.org/0000-0002-3638-9834
: https://orcid.org/0000-0003-4839-9244
: https://orcid.org/0000-0003-2207-0168
: https://orcid.org/0000-0002-3131-9239
. https://orcid.org/0000-0003-1613-5236

*Sorumlu yazarin:

Alkan OZTEKIN

Canakkale Onsekiz Mart Universitesi, Deniz
Bilimleri ve Teknolojisi Fakiiltesi, Canakkale,
Tiirkiye

DX alkandztekin@comu.edu.tr

Oz: Diinyadaki deniz ve okyanuslar gibi, Tiirkiye denizleri de artan kirlenme ve kirletilme etkisi
altindadir. Basta gemi trafigi ve yerlesime bagl insan aktiviteleri nedeniyle, yogun kirletici etkisi
altindaki Canakkale ve ¢evresinde, atiklar ve ¢opler siirekli olarak sualtinda birikmektedir. Bu
baglamda, 2022 Yilinda Canakkale ilindeki kurum ve kuruluslarin katkilariyla, dalgiglar
esliginde 3 adet “Deniz Temizligi” etkinligi ger¢eklestirilmistir. Tiirkiye Cevre Haftast
Etkinlikleri gercevesinde 1 Haziran’da Canakkale Marina Bolgesinde; Denizcilik ve Kabotaj
Bayrami kapsaminda 1 Temmuz’da Canakkale Balik¢1 Barmaginda; Uluslararasi Kiyr Temizligi
Glinii dolayisiyla 19 Eyliil’de Bozcaada Limani’ndaki dalis yontemiyle elde edilen deniz ¢opleri
simiflandirilarak, miktarlar kayit edilmistir. Sonrasinda toplanan ¢oplerden elde edilen bulgular
ve gorseller degerlendirilmistir. Etkinliklerde 38 dalgig ile 115 dakika dalis yapilarak; 1150 kg
ve 3600 adet deniz ¢opii toplanmistir. Sonug olarak bu ¢alisma ile yillardir gergeklestirdigimiz ve
gelecek yillarda da devam ettirmeyi planladigimiz deniz ve kiy1 temizligi ¢alismalari ile 6ncelikle
insan kaynakli atiklarin ve ¢oplerin dogal kaynaklarimiza ulagmasinin azaltilarak, denizel
kirliligin azaltilmasi gerekliligine dikkat ¢ekilmistir.

Anahtar kelimeler: Deniz ¢opleri, denizel kirlenme, deniz temizligi, ¢anakkale.
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Abstract: Turkish seas are under the influence of increasing pollution and contamination as the
seas and oceans in the world. Marine litter and pollution are constantly accumulating on the
seafloor in Canakkale and its surroundings, which are influenced by intense pollutants primarily
from ship traffic and living due to human activities. In this study, three “Marine Litter Cleanup
Activities” accompanied by divers in 2022 were conducted with the contributions of institutions
and organizations of Canakkale. Within the framework of “Turkey Environment Week
Activities” on 1 June in Canakkale Marina; within “Maritime and Cabotage Festival” on 1 July
in Canakkale Fishing Port; within “International Coastal Cleanup Day” on 19 September in
Bozcaada Port of Canakkale, marine litter cleanup by the diving method it was classified and its
amounts were recorded. Then, the results and images obtained from the collected marine litter
were evaluated. During these cleanup activities with 38 divers and 115 minutes by diving; a total
of 1150 kg and 3600 pieces of marine litter were collected. As a result of this study, marine litter
and coastal cleanup activities have been carried out for years and plan to continue in the coming
years. Also, we have drawn attention to the necessity of reducing marine pollution by human-
made marine litter and reducing pollution of our natural resources.

Keywords: Sea clean up, marine litter, marine pollution, Canakkale.
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GIRiS

Diinyanin biyolojik dongiisii, besin ag1 ve iklim
diizeni acisindan okyanuslar son derece Onemlidir.
Okyanuslar, mikroskobik canlilardan orkalara (Orcinus orca
L, 1758), nesli tehlike altinda olan deniz kuslarindan deniz
kaplumbagalarina kadar zengin bir yaban hayatina ev
sahipligi yapmaktadir. Cagimizda dogaya en ¢ok zarar veren
etkenlerin igerisinde ¢evrenin kirlenmesi bagligi altinda
denizlerin kirletilmesi bulunmaktadir. Denizel kirlilik, uzun
yulardir en dikkat ¢eken g¢evresel sorunlardandir. Yapilan
caligmalarda gecmisten gilinlimiize denizlerde olusan
kirliligin 6nemli boyutlarda oldugu ve siirekli arttig
belirtilmektedir (UDHB, 2016; Erdem, 2019; Eriksen vd.,
2019; Mishra vd., 2019). Nehirlere, gollere, karaya ve
atmosfere ulasan atiklar, denizlere ulasan farkli tipte
kirleticilerin alict ortam olarak denizel ortama ulasmasi,
kirliligin artmasini saglamaktadir (Samsunlu, 1995; Dogan-
Saglamtimur & Subasi, 2018).

Diinya iizerindeki, kiyilar, deniz, gol ve nehirlere
bir sekilde ulasan tiim kati atiklar deniz ¢Opi olarak
tanimlanmaktadir (Anfuso vd., 2015; Veiga vd., 2016).
Deniz ¢oplerinin biiyiik bir kismimi plastik olan, atiklar
olusturmaktadir (Cézar vd., 2014; Cressey, 2016; Medoza
vd., 2018). Deniz kirliliginde eskiden en biiyiik 5 problem
otrofikasyon, alg patlamalari, ¢evresel Ostrojenler, yabanct
organizma ile patojenler iken ¢agimizda en ciddi sorun
plastik kirliligidir (Anfuso vd., 2015; Veiga vd., 2016).
Deniz  ¢oplerinin =~ %60-%80’ini  plastik  ¢dpler
olusturmaktadir (Tunger vd., 2018). 2016 yilinda kiiresel
olarak firetilen plastik atigin 19 ile 23 milyon ton veya
%11'inin sucul ekosistemlerine girdigi belirtilmistir. Bu
durumun 2030 yilinda 53 milyon tona ulasacagi tahmin
edilmektedir (Borelle vd., 2020). Bu durum biiyiikten
kiigiige tiim biyosfer sistemi canlilarint tehlikeye
sokmaktadir (Khoshmanesh vd., 2023).

Deniz suyunun Kirletilerek kalitesinin bozulmasi
deniz canlilarinin gérmesine ve bu canlilari
tiketenlerin yani insan sagligmnin zarar gérmesine sebep
olmaktadir (Yurtsever, 2019; Ahmedi vd., 2022). Yasamsal
faaliyetlere bagli olarak artis gosteren deniz c¢opleri,
makroplastikten mikroplastige dogru bir yol izleyerek,
ekolojik olarak okyanuslarda ve denizlerde canlilarin
fizyolojik mekanizmalarinda sorunlara yol agmakta veya
olimlere sebep olmaktadir (Chan vd., 2019; Zilifli &
Tuncer, 2021; Stanton vd., 2021; Wootton vd., 2022). Denip
¢opleri cevresel ve ekonomik olarak ise, marinalarda ve

zarar

limanlarda, giiriintii kirliligine ya da gemilerin, yatlarin
makine ile mekanik sistemlerinde arizalara neden
olmaktadir. Ayrica deniz ¢Opleri habitat bozulmasi gibi
canlilarin yasam alanlar1 i¢in zararli olabilecek etkilere de
sebep olabilecegi bildirilmistir (Gall & Thompson, 2015).
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Denizlerde artan kirlilik, balik¢ilik basta olmak
iizere bircok deniz aktivitesinin kisitlanmasina neden
olmaktadir (islam & Tanaka, 2004; Alpay, 2015). Kiy
alanlarinda ise 6zellikle turizm sektdriinii ve kiy1 balik¢iligt
yapan balik¢ilara da deniz ¢oplerinin olumsuz etkileri
oldukea fazladir. Bunun yaninda deniz ¢opleri yiiziiciilerde
ve dalgiglarda yaralanmalara neden olarak, insan sagligini da
tehdit ettigi goriilmektedir (Giingéren & Basaran, 2021). Bu
durumlar konuyla ilgili insanlarin ve bilim camiasinin
dikkatini ¢ekmis, kurum ve kuruluslari 6nlemler almaya
yonlendirmis, ileri tilkelerde alternatif cevre koruma gruplari
olusturulmus, uluslararasi sozlesmeler hazirlanarak kirliligin
artmasi engellenmeye caligilmistir (Anonim, 1973; 1983;
1984; 1992).

Bu baglamda, 2022 Yilinda Canakkale ilindeki
kurum ve kuruluslarin katkilariyla, dalgiclar esliginde 3 adet
“Deniz Temizligi” etkinliginde elde edilen deniz ¢opleri
degerlendirilmistir. Bu ¢aligma ile gelecek yillarda da devam
ettirmeyi planladigimiz deniz ve kiyi temizligi ¢alismalari
ile oncelikle insan kaynakli atiklarin ve c¢oplerin dogal
kaynaklara ulasgiminin doguracag: tahribatin farkindaligini

olusturulup, toplumu deniz  kirliligi ~ konusunda
bilinglendirmek hedeflenirken, ayni zamanda denizel
¢coplerin yogunlugunu en aza indirgenme hedefine

ulasilarak, deniz kirliligine dikkat ¢ekilmesi amaglanmustir.
MATERYAL VE METOT

Calisma 2022 yih
Canakkale li ve ¢cevresindeki kurum ve kuruluslarin, katilim
ve katkilariyla, tiiplii dalis ekipmanlari kullanilarak, dalis
yontemiyle 3 farkli alanda (Canakkale Marina Bdlgesi,
Canakkale Balik¢i Barmagi, Bozcaada Limani) deniz
¢oplerini azaltilmasi amaciyla dalgiglar esliginde “Deniz
Temizligi’® etkinlikleri gergeklestirilmistir. 2022  yili
igerisinde Canakkale Ili’nde gerceklestirilen deniz temizligi
etkinlikleri kapsaminda alanlardan veriler alinmistir (Sekil
1). Dalis etkinlikleri, 10 metreyi ge¢meyen si1g sularda

kapsaminda, igerisinde

gergeklestirilmistir.
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Sekil 1. Caligma alani.
Figure 1. Study area.
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Caligma yontemi olarak, belirlenen 3 istasyonda,
deniz temizligi gerceklestirilmistir. Dalig  yapilacak
noktalarda, Birlesmis Milletler Cevre programi (UNEP,
2009)’a uygun, 2 metre araliklar ile dizilmis dalgiglar
araciligiyla ve 2,5 cm’den biiyiik biitiin ¢opler, eldiven ile
dalgiclar tarafindan c¢uvallara toplanilmustir. Cuvala
almamayan daha biiyilk boyuttaki ¢oplerde, dalgiclar
tarafindan alinarak karaya c¢ikartilmistir.  Toplama
tamamlandiktan sonra, cuvallarin agirliklart alinmig ve
kaydedilmigtir. Daha sonra toplanan ¢6p bilesenleri
MEDITS protokoliine gore 8 (Plastik atiklar, kauguk atiklar,
metal atiklar, cam/seramik/beton atiklar, giysi/dogal fiberler,
ahsap atiklar, kagit ve karton atiklar, diger veya
tanimlanamamis) kategoriye ayrilmistir (Bertrand vd.,
2007). Deniz ¢opleri kategorilerine gore smiflandirilarak,
sayim iglemi gergeklestirilmis ve agirlik miktarlar1 kayit
edilmistir.

Her {i¢ mevkii i¢in ¢ikarilan deniz ¢oplerinin
metrekaredeki miktarlari, agirliklar1 ve toplam 6rnekleme
alanlar1 hesaplanmigtir. Daha sonra, Alkalay vd. (2007)

Sekil 2, 3, 4. Tiirkiye Cevre Haftasi etlikleri, 1 Haziran Canakkale Marina.
Figure 2, 3, 4. Turkey Environment Week Activities on 1 June in Canakkale Marina

' 1
© g ! o=
® U|u|lwmﬂ

/] " Kiy: Temilii Giint
A 2= i
|

ekil 5, 6, 7. Denizcilik ve Kabotaj Bayrami, | Temmuz Canakkale Balik¢i Barinagt.
Figure 5, 6, 7. Maritime and Cabotage Festival on 1 July in Canakkale Fishing Port.

Sekil 8, 9, 10. Uluslararas: Kiyr Temizligi Ginii, 19 Eyliil Bozcaada Limani.

tarafindan  belirlenen (TKI) Temiz Kiy1 Indeksi
hesaplanmustir. Temiz Kiyr Indeksi’nin hesaplanmasi
asagidaki denklemde sunulmustur:

TKi= (Ornekleme alanindaki toplam ¢6p miktari /
Toplam 6rnekleme alani) x K

TKI sonuglarma gore dalis yapilan noktalarin
degerlendirilmesi ise

(0-2 = Cok temiz; 2-5 = Temiz; 5-10 = Orta; 10-20

= Kirli; 20+ = Cok kirli) smiflandirmasma gore
belirlenmistir.
BULGULAR

2022 yili igerisinde 1 Haziran’da Tiirkiye Cevre
Haftas1 Etkinlikleri Canakkale Marina’da, 1 Temmuz
Denizcilik ve Kabotaj Bayrami kapsamimda Canakkale
Balik¢1 Barmagi’nda, 19 Eyliil Uluslararas1 Kiy1 Temizligi
Giinii kapsaminda Bozcaada Limani’nda deniz temizligi
etkinlikleri gergeklestirilmistir (Sekil 2-10).

Figure 8, 9, 10. International Coastal Cleanup Day on 19 September in Bozcaada Port of Canakkale.
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Sekil 11, 12. Sualtindaki Copler ve Temizlik Etkinligi.
Figure 11, 12. Underwater Marine Litter and Cleaning Activity.

Dalis yapilan noktalarda ¢ikarilan deniz Canakkale Marina 7,3 adet/m?, Canakkale Balik¢1 Barmag:
¢coplerinden elde edilen bulgular Tablo 1’de verilmistir. 17,8 adet/m? belirlenmistir.  Belirtilen istasyonlarin
Agirlik olarak en fazla yogunluk Canakkale Balikgi Alkalay vd. (2007)’nin Temiz Kiy1 Indeksi’ne gore
Barmaginda iken, ikinci Bozcaada Limani, {igiincii degerleri hesaplandiginda; Bozcaada Limani temiz,
Canakkale Marina olarak belirlenmigtir. Adet olarak ise en Canakkale Marina orta ve Canakkale Balik¢1 Barmag kirli
fazla yogunluk yine Canakkale Balik¢1 Barinaginda iken, olarak belirlenmistir (Tablo 2). Birim alana diisen deniz
ikinci Canakkale Marina, iigiincii Bozcaada Limaninda ¢opleri miktart agirlik olarak hesaplandiginda ise;
tespit edilmistir. Bozcaada Limani 1440 g/m? Canakkale Marina 1667

Birim alana diisen deniz ¢oplerinin miktart adet g/m?, Canakkale Balik¢i Barmag: 7125 g/m? bulunmustur.

olarak hesaplandiginda ise; Bozcaada Limam 4,8 adet/m?,

Tablo 1. Dalis yapilan noktalardaki, deniz ¢oplerine ait bulgular (Kg=Kilogram).
Table 1. Results of marine litter at diving areas.

Dalgi¢ Dalis Siiresi Katilan Toplam Cop Toplam Cop

Dahs Yapilan Bolgeler Sayist (Dakika) Kurum (Adet) Agrlik (Kg) En Yogun Cop Tiirii En Yogun Cop En Ilgin¢ Cop

Canakkale Marina 12 4 1100 250 Metal, Plastik, Bira Sisesi, Naylon Poset Kimlik Karti, Cakmak
Canakkale Balik¢i Bariag 17 30-45 6 1500 600 Plastik, Kauguk, Diger Balikgilik Malzemesi, Naylon Tabak, Catal, Telefon
B da Limani 9 4 1000 300 Cam Bira Sisesi, Islak Mendil Takma Dis, Sandalye

Tablo 2. Calisma alanlarinda birim kareye diisen ¢op miktarlari (m?>=metrekare; g=gram).
Table 2. The amount of marine litter per unit square in the study areas (m? = square meters; g = gram).

Yer Miktar (adet/m?) Miktar (g/m?) Alan (m?) indeks
Bozcaada Liman 4,8 1440 3750 Temiz
Canakkale Marina 7,3 1667 3600 Orta
Canakkale Balik¢1 Barinagi 17,8 7125 3200 Kirli
Her 3 mevkiide toplanan ¢oplerin miktarlar yayinladiklar1 Avrupa Denizlerindeki Deniz Codplerinin
MEDITS protokoliine gore materyal tiplerine bagh [zlenmesi Kilavuzu sayesinde iiye devletlerin deniz
smiflandirilmasiyla Sekil 13’de sunulmustur. Toplanan ¢oplerini  toplamasi, rapor etmesi ile verileri
¢oplere bakildiginda en yogun ¢ikarilan ¢dp tipi olarak, degerlendirilmesi konusunda c¢aligmalara baslanmasini
Canakkale Marina (%40) ve Canakkale Balikel hedeflemektedir (UNEP, 2016). Deniz ¢oplerinin
Barmnagi’'nda (%53) plastik iken, Bozcaada Limani’nda cogunlugunu olusturan plastikler ve onlarin ¢ok daha
cam (%55) olmustur. kii¢iik formu olan mikroplastikler tiim diinyada oldugu gibi
iilkemiz denizlerinde de deniz canlilar1 ve deniz ekosistemi
SONUC VE TARTISMA i¢in ciddi tehdit olusturmaktadir (Chan vd., 2019; Stanton
vd., 2021; Wootton vd., 2022). Yakin zamanda yiiz yiize
Deniz ¢opleri, Uluslararast Denizcilik Orgiitii olacagimiz tehlikenin Onemini belirtmek igin deniz
(IMO), Avrupa Birligi Deniz Strateji Cergeve Direktifi ¢oplerinin  miktar1  ve  karakterizasyonu  deniz
(EU MSFD), Birlesmis Milletler Gida ve Tarmm Orgiitii ekosistemindeki canlilara ve bu canlilar1 tiiketen insanlara
(FAO), Birlesmis Milletler Cevre Programi (UNEP) gibi etkisinin belirlenmesi igin konu ile ilgili projeler biiylik
birgok komite ve program tarafindan ¢evresel, ekonomik O6nem arzetmektedir. Bu galismada, Canakkale’nin énemli
ve insan sagligi acisindan kiiresel bir tehdit olarak kirlilik olma ihtimali olan 3 noktadan, dalgiglar yardimu ile
goriilmektedir (Moncheva vd., 2016). Deniz Stratejisi deniz dabanindan, deniz ¢opleri deniz temizligi etkinlikleri
Cergeve Direktifi - Iyi Cevresel Durum (MSFD-GES)’ in kapsaminda toplanmistir. Tespit edilen ¢Op bilesenleri
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MEDITS protokoline gore 8 kategoriye ayrilarak
incelenmistir (Bertrand vd., 2007). Yogun deniz trafigi ile
tarim ve balikcilik faaliyetlerinin gerceklestigi Canakkale
Bogazi’ndaki marina, balik¢i barmag ve limaninda,
sualtindaki deniz ¢oplerini degerlendirmeye alinmasi
agisindan ilk c¢aligmadir. Artan kentlesme ve diizensiz
yapilasma sonucu olusan evsel atiklarin  yaninda
sanayilesme gibi dogrudan dogruya ya da dolayli olarak su
kaynaklarina ve denizlerimize ulasan deniz ¢opleri ve atik
sular, kiy1 uzunlugu yaklasik 750 km olan Canakkale
sahillerini biiylik o6lgiide etkilemektedir (Akbulut vd.,
2006). Bu baglamda Canakkale Marine ve Canakkale
Balik¢1  barmaginin
nedeninin, 6zellikle kentlesme ve insan aktivitleri ile ilgili
oldugu disitinilmektedir. Fakat bu alanlardaki kirlige
sebep olan etkenlerin daha detayli calismalar ile ele
alinmasi gerekmektedir.

temiz olarak belirlenemesinin

100 m— 1 5 . m— 4

90

a0 : N2y A
17

-
o
N
[N

Atiklarin Dagihimi (%)

T2
0
Bozcaada Liman

Canakkale Marina Canakkale Balikgt

Barinag:
m Plastik ®mKauguk = Metal m Cam = Fiber = Ahsap ® Kagit ® Diger

Sekil 13. Caligma alanlarinda elde edilen deniz ¢oplerinin tiirlerinin adet
olarak dagilimi.
Figure 13. Distribution of marine litter obtained in the study areas by

types.

Calismamizin  sonuglar1  degerlendirildiginde,
Canakkale’de ¢aligilan 3 noktada en fazla ¢op ¢ikan alan
Canakkale Balik¢1 Barinag ilk sirada iken, ikinci olarak
Canakkale Marina ve iigiincii olarak ise Bozcaada Limant
oldugu tespit edilmesine ragmen dalgi¢ sayisi ve dalig
siiresi farkliliklarin nedeni olarak belirtilebilir. Ancak 3
alan icerisinde Canakkale Marina ve Canakkale Balik¢i
Barmagi’nda plastik ¢opler yogunlukta iken, Bozcaada
Limani’nda ise turizm faaliyetlerine baglh oldugu
diigiiniilen, cam materyal olan siselerin yogun ortaya
konulmustur. Toplanan deniz ¢oplerinin tiirlerinde galisma
alanlar arasinda farkliliklar goériilmektedir. Bozcaada’da
cam materyalin fazla olmasi, yaz aylarindaki turizm ve
insan aktivitelerine bagl olarak, cam siselerin atiliminin
artmast ve cam siselerin sualtinda hareket kabiliyetinin
diger materyellere gore daha sinirli olmasi ile agiklanabilir.
Canakkale Marina ve Canakkale Balik¢1 Barinagi’ndaki
plastik kirliligininde alanlardaki balik¢ilik aktivitelerinin
etkili oldugu diistiniilmektedir.

Anadolu Cev. ve Hay. Dergisi, Yil:8, No:4/E, (780-786), 2023

784

Calismada toplanan ¢opler, toplama alaninda
halka sergilenerek ve medyada duyurularak deniz
temizliginin Onemine dikkat cekilmistir. Bu baglamda
halkin deniz kirliligi konusunda farkindaliginin arttirtlmasi
gerekliligi vurgulanmistir. Bolgede yogun olarak yiiriitiilen
temizlik ¢aligmalarinin siirekli hale gelmesi i¢in denizlere
¢Op atilmasinin Oniine gecilmesi balikgilarin &zellikle bu
konuda egitilmesi Onem arzetmektedir. Bu siireg
kapsaminda halkin yogun olarak bulundugu sahil seridinde
denizel kirliginin zararlarini, deniz canlilarina ve insanlara
karsi olumsuz etkilerini anlatan gorseller ve tabelalar
yerlestirilmesi biling olusturulmasinda etkili olacag:
diistiniilmektedir. 2011°de Almanya’nin Baltik Denizi’nde
balik¢ilarin, goniillii olarak, balik¢ilik sirasinda aglarinda
¢ikan ¢oOpleri kiyiya ulastirmalari ile olusturulan “Cop
Avcilig1” projesi basglatilmigtir. Balikgilara toplayacaklari
¢opler icin 6zel guvallar verilmistir. Ayrica istedikleri bir
limanda topladiklari plastik atiklarini bertaraf edebilmeleri
icin de konteynirlar iicretsiz olarak verilmistir. Bdylece
karsihginda finansal olarak bir destek
almasalarda mikroplastik atiklarmin bertarafi i¢in tesvik
olusturulmustur. Proje sonunda iki tondan fazla ¢op
toplanmis ve toplanan ¢dplerin miktarlarina ve tiirlerine
gore veri kayitlart olusturulmustur. Yerel ydnetimler,
ozellikle balikgilik sezonunda ticari balik¢ilik yapan trol,
girgir ve uzatma agi teknelerde c¢alisanlar ve amator
balikgilar ile bir araya gelerek uygulama gergeklestirmisler
ve caligma basari ile sonuglanmis , ayrica farkindalik

katilimlar1

arttirici bir etkisi olmustur. Caligma basar1 sonuglanmig ve
farkindalik arttirict bir etkisi olmustur. Proje birgok medya
organinin ilgisini uyandirmig ve birgok televizyon
kanalinda belgesel olarak yaymlanmistir. (MARLISCO,
2014).

Bizlere diisen gorevde buna benzer galigmalar
gerceklestirerek sadece bolgesel boyutta degil ulusal
boyutta da deniz ¢oplerinin kirliligini ve olumsuz etkilerini
belirlemek {izere galismalar yiiriitmektir. Gergeklestirilen
deniz temizligi faaliyetleri ve gelecek yillarda da devam
ettirmeyi planladigimiz deniz ve kiy1 temizligi ¢alismalari
ile oncelikle insan kaynakli atiklarin ve ¢oplerin dogal
kaynaklarimiza ulasmasinin azaltilmasi, sonrasinda ise
denizden ¢ikan ¢oplerin geri doniisiime kazandirilmasi
gerekmektedir.

Sonug olarak bu ¢alismada; deniz ve kiy1 temizligi
caligmalar1 ile Oncelikle insan kaynakli atiklarin ve
¢Oplerin dogal kaynaklara ulasiminin doguracagi tahribatin
farkindaligint  olusturulup, toplumu deniz kirliligi
konusunda bilinglendirmek hedeflenirken, aynm1 zamanda
deniz ¢oplerinin yogunlugunu en aza indirgenme hedefine
ulagilarak,  deniz  kirliligine  dikkat  ¢ekilmesi
amaglanmistir. Temiz kiyilarimiz ve denizlerimiz igin
“Deniz ve Kiy1 Temizligi Etkinlikleri”nin daha fazla
katilimer ile daha genis alanlarda diizenlenmesi ile denizel
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kirliligin  azaltilmas1 gerekliligine dikkat ¢ekilmesi
hedeflenmis ve gerceklestirilen mevcut ¢alismanin daha
sonra yapilacak arastirmalar i¢inde kaynak olusturacagi
diisiiniilmektedir.

TESEKKUR

Calismaya  verdikleri  desteklerden  dolay:
GESTAS; Canakkale Liman Baskanligi; Sahil Giivenlik
Komutanligi; Canakkale Cevre, Sehircilik ve Iklim
Degisikligi 11 Miidiirliigii; Canakkale Deniz Polisi;
Canakkale Balikadamlar Dalis ve Egitim Merkezi; Eftelya
Dina Denizcilik, Osman ODABASI ve Umut TUNCER’e
tesekkiir ederiz. Calisma, Ulusal Sualti Bilimsel Arastirma
ve Degerleri Sempozyumu’nda poster bildiri olarak
sunulmustur.
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Oz: Bu ¢alisma Marmara Denizi’nde (Kapidag Yarimadas: ve Adalar Bolgesi) hayalet aglarin
yerini ve miktarin1 belirlemek ve uygun dalig limitleri igerisindeki kaybolan av araglarini
cikarmak icin gergeklestirilmigtir. Bu amagla, bolgede faaliyet gosteren balik¢ilar ve balikei
kooperatifi bagkanlari ile 168 adet anket yapilmistir. 51 balike tarafindan kaybolan aglarin yerleri
ile ilgili geri doniis alinmistir. Daligsa uygun 10 istasyonda 32 dalig operasyonu gergeklestirilmis
olup, toplam 20 saat dip zaman1 harcanmus ve 46,200 m? alan taranarak, 1 adet trol takimi, 1 adet
algarna takimi, 18,500 m? girgir ag1, 200m uzatma ag1, 2 adet paragat takimu, 8 adet gemi gapast,
500m marya agi, 1 adet ahtapot oltasi ve par¢a uzatma aglari ile olta igneleri ¢ikarilmistir. Anket
sonuglar1 degerlendirildiginde, dalig yapilarak ¢ikarilan bu av araglariin Marmara Denizi’nde
(Kapidag Yarimadas: ve Adalar Bolgesi) kaybolan av araclarinin sadece %1 ‘lik kismi oldugu
tahmin edilmistir.

Anahtar kelimeler: Dalis, hayalet aglar, kapidag yarimadasi, marmara denizi, balikcilik, denizel
Kirlenme.

Study for the Detection of Ghost Nets in the Sea of Marmara (Kapidag Peninsula

*Corresponding author’s:

Alkan OZTEKIN

Canakkale Onsekiz Mart University, Faculty
of Marine Sciences and Technology,
Canakkale, Tirkiye

X: alkandztekin@comu.edu.tr

and Islands Region)

Abstract: This study was carried out in the Marmara Sea (Kapidag Peninsula and Islands Region)
to determine the location and amount of ghost nets and to find lost fishing gear within the
appropriate diving limits. For this purpose, 168 surveys were conducted with the fishermen and
the heads of fishermen's cooperatives operating in the region, and feedback was received from 51
of them regarding the locations of the lost nets. 32 dive operations were carried out at 10 stations
suitable for diving, a total of 20 hours of bottom time was spent and 46.200 m? area was swept, 1
trawl net, 1 beam trawl, 18.500 m? purse seine net, 200 meters gillnets, 2 longlines, 8 ship anchors,
500 m trammel nets (marya nets), 1 octopus fishing rod and piece extension nets and fishing
hooks were removed. When the results of the survey were evaluated, it was estimated that these
fishing gears, which were removed by diving, are only 1% of the lost fishing gear in the Marmara
Sea. (Kapidag Peninsula and Islands Region)

Keywords: Diving, ghost nets, kapidag peninsula, sea of marmara, fishing, marine pollution.

GIRIS
Marmara Denizi yiizeyde Karadeniz kokenli sular alamidir (Ardel, 1975). flkbahar ve sonbahar dénemlerinde,
ile dipte Akdeniz kokenli sularin etkisi altinda kalan, sicaklik Ege ve Karadeniz arasinda go¢ eden pelajik baliklarin gegis
ve tuzluluk itibariyle birgok balik tiirli igin uygun yasama noktasi olan bogazlar sistemi ile avcilik agisindan en zengin
1 Bu calisma Fulden UCAR’in yiiksek lisans s tezinden iiretilmistir. This study was produced from the master thesis prepared by Fulden UCAR.
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denizlerimizden biridir (Oztiirk & Oztiirk, 1996). Marmara
Denizi (Kapidag Yarimadasi ve Adalar Bolgesi) kiyr seridi
dip yapis1 olarak yogun kayalik alanlara sahiptir. Kiy1
balik¢iliginda kullanilan av araglarinin ¢aligma alani da bu
bolgelerdir. Bu bolgelerde kullanilan av araglarinin
kaybolma ihtimali her zaman mevcuttur. Kayip av araglari
ozellikle deniz dibi kirlilik tiplerinin en tehlikelisidir. (Laist,
1995). Uzatma aglar1 gibi pasif av araglari, kaybolduktan
sonra yillarca avlanmaya devam ederek hesaplanamayan
balik¢ilik oliimlerine neden olabilir (Chopin vd., 1996,
Tschernij & Larsson, 2002). Av araglarinin kaybolduktan
sonra avcilik yapmaya devam ettigine yonelik bulgular ilk
olarak Amerika’da tuzaklar iizerinde elde edilmistir
(Demory, 1971). Coziim olarak ise tuzaklarin dizaynlarinda
modifikasyonlara gidilmis ve kagis panalleri konularak
hayalet avcilik arasindaki iliskisine bakilmistir (Pecci vd.,
1978; Smolowitz, 1978a; Smolowitz, 1978b). Daha sonraki
yillarda ise uzatma aglarinda, kayip miktarlart ve
nedenlerine yonelik ¢aligmalar siirdiiriilmiistiir (Way, 1977;
High, 1985; Carr vd., 1985). Uzatma aglarinda hayalet
aveiligl engellemeye yonelik ilk calismalar ise 1980’lerin
ortalarinda baglanmistir (Way, 1977; Barney, 1984; Carr vd.,
1985). Hayalet aglarin avciliginin devam etmesinde en
onemli fonksiyonun agin yiiksekligi ile agin goriiniirligiiniin
oldugu sonucuna ulagilmigtir (Carr vd., 1992, Erzini vd.,
1997). Hayalet aglar sadece balik¢ilik faaliyetleri i¢in degil
ayni zamanda resif alanlart ve batiklar iginde 6nemli bir
sorun teskil etmektedir. Bu sebeple dalis turizmi iginde
hayalet aglar ciddi bir problemdir. Kayip av araglarinin
miktarlar1 hakkinda tam bir veri bulunmamaktadir. Ancak,
birgok bilim insami tarafindan bdlgesel olarak kayip
miktarlart verilmistir. Newfoundland’ta her yil 5000 m
(Fosnaes, 1975), 1982-1992 yillar1 arasinda Kanada’nin
Atlantik kiyisinda 80,000 m (Anonim, 2001), ispanya’nin
Cantabrian Bolgesi’nde ise her yil 3700 m uzatma aginin
kayboldugu rapor edilmistir. Ulkemiz de bu konu iizerine
cok az calisma mevcuttur. Izmir Korfezi’nde hayalet
avciliga neden olan kayip uzatma ag1 miktar1 2002 yili i¢gin
200-280 km olarak belirtilmistir (Ayaz vd., 2004). Diinya
Tarim Orgiitii (FAO) hayalet avciligi, balikgilik endiistrisini
olumsuz yonde etkileyen bir faktdr olarak agiklamus;
seciciligi diisiik av araglari, hedef dis1 av, habitatlarin yok
edilmesi gibi sorunlarla aymi kategori igerisine almis ve
kaybolan aglarin tekrar bulunmasin1 Onermistir (FAO,
1995). Bu calisma da ise sade ve fanyali uzatma agi, algarna,
trol, girgir, sepet, olta ve paragat takimlar1 gibi bir ¢ok av
aracmin  kullanildigt  Marmara Denizi’nde (Kapidag
Yarimadas1 ve Adalar Bolgesi) kaybolan av araglarinin
miktarinin belirlenmesi amaglanmistir. Ayrica, kaybolan av
araglarmin neden oldugu avcilik olayr olarak adlandirilan
“Hayalet Avcilik kapsaminda miisait durum da olan hayalet
aglarin ¢ikarilmast da g¢alismanin diger onemli ¢iktilart
olacaktir.
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MATERYAL VE METOT

Caligma, Kapidag Yarimadast ve Adalar
Bolgesi’nde (Marmara Denizi) balik¢ilik yapan teknelerin
son 5 yil icinde kaybettikleri av araglarinin miktarini ve
yerlerini belirlemek igin Nisan 2021-Agustos 2022 yillari
arasinda gerceklestirilmistir. Bolge balikgilart ve balikgt
kooperatifi bagkanlari ile 21 balik¢i barinaginda anket
calismasi yapilmistir (Tablo1).

Tablo 1. Kapidag Yarimadasi ve Marmara Adasi balik¢t barmaklarmm
listesi (TOB,2021).

BALIKCI BARINAKLARI
Balikesir Bandirma Balik¢1 Barinag:
Balikesir Bandirma Dutlimani1 K6yl Barinma Yeri
Balikesir Bandirma Sahil Yenice Barinma Yeri
Balikesir Erdek Asag1 Yapici Barinma Yeri
Balikesir Erdek Cakil Koyt Balik¢1 Barinagi
Balikesir Erdek Doganlar Balik¢1 Barinagi
Balikesir Erdek Balik¢1 Barmag:
Balikesir Erdek ilhan Balik¢1 Barinag
Balikesir Erdek Karsiyaka Balik¢1 Barmag:
10 Balikesir Erdek Kestanelik Balik¢1 Barinagi
11  Balikesir Erdek Narli Barinma Yeri
12 Balikesir Erdek Ocaklar Barinma Yeri
13  Balikesir Erdek Sahinburgaz (Cayagzi) Barinma Yeri
14  Balikesir Erdek Tatlisu Barmnma Yeri
15 Balikesir Erdek Turan Barinma Yeri
16  Balikesir Marmara Adast Asmali Kdyii Barinma Yeri
17  Balikesir Marmara Adast Cinarli Barinma Yeri
18 Balikesir Marmara Adast Barinma Yeri
19 Balikesir Marmara Adasi Saraylar Beldesi Barinma Yeri
20 Balikesir Marmara Adasi Topaga¢ Koyili Barinma Yeri
21 Balikesir Marmara Adas1 Yigitler Balik¢1 Barmag:

O©oo~NoO U WwNE

Anket yapilan yerlerde ilk 6nce galisma ve kayip av
araclarmim etkileri hakkinda kisaca bilgi verilmistir.
Balikgilara kullanilan av araglarimin tiirleri, miktarlari, nasil
ve nerede kaybettikleri gibi sorular yoneltilmistir. Balik¢ilar
ile gergeklestirilen anketler neticesinde kaybolan aglarin yer
tespiti balik¢ilarin beyanatlar1 dogrultusunda belirlenen 10
temel noktada, dalislar gergeklestirilmis ve zeminin kayalik
oldugu Karstyaka- Cakil arasi ile Marmara Adasi ¢evresinde
yogunluk kazanmistir (Sekil 1). Hayalet aglar1 arama ve
denizden ¢ikarmak icin R/V COMU-1 teknesi kullanilmistir.
ik olarak hayalet aglar1 arama faaliyetlerinde ROV cihazi
kullanilmis ancak bolge de 6zellikle miisilaj sonras1 goriisiin
kotii olmasindan dolay: dalgiclar ile aglarin tespitine devam
edilmistir.

Hayalet aglar1 arama ve denizden g¢ikarmak icin

dalgiglar 2, 3 ve 4’li gruplar halinde dalislar
gerceklestirmistir.  Her grubun yaptigt dalis, 1 dalis
operasyonu olarak sayilmigtir. Dalgiclarin = bolgede

taradiklar1 alanlar, bir operasyonda dalan kisi sayisi ile bir
dalgicin taradigi alan carpilarak hesaplanmistir. Calisma
yontemi olarak, belirlenen 10 istasyonda, hayalet aglari
arama ve c¢ikarma islemleri gerceklestirilmistir. Daliglar
aylik olarak gergeklestirilmistir. Dalig yapilacak noktalarda,
Birlesmis Milletler Cevre programina (UNEP, 2009) uygun
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olarak, 2-5 metre araliklar ile dalgiglar dizilmigtir (Goriis
mesafesine gore dalgiclarin arasindaki mesafe degisim
gostermektedir).

Dalgiglarin belirlenen alanda taradiklari alan
Dalgig sayis1 x Dalgicin taradigi alan

Dalgicin taradigi alan = (Dalgiglarin arasindaki
mesafe X Su altinda gidilen mesafe) ile tespit edilmistir.

Sualtt incelemeleri sirasinda hayalet aglar ve av
araglar ilk olarak su alti kameralar ile goriintiilenmistir.
Hayalet aglarin kiiciik boyutta olanlari, eldiven ile dalgiclar
tarafindan ¢uvallara toplanmistir. Cuvala alinamayan daha
biiyilik boyuttaki av araclari ise kaldirma balonu kullanilarak
su iistiine ¢ikarilmis ve tekneye alinmistir. Cok daha biiyiik
boyuttaki av araglart ise dalgiglar tarafindan takildiklari
yerden kurtarilmis ve markalandiktan sonra teknedeki irgat
yardimi ile karaya alinmalart saglanmistir. Toplama
tamamlandiktan sonra, tekneye alinan hayalet aglarin
tizerindeki canlilar denize geri salinmustir. Cikarilan av

araglarinin 6l¢iimleri yapilarak miktarlari belirlenmistir.

|
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Sekil 1. Calisma alani.
Figure 1. Study area.

BULGULAR

Kapidag Yarimadast ve Adalar Bdlgesi’nde
(Marmara Denizi) dahilindeki 21 balik¢1 barinaginda 880
adet su iiriinleri avciligl yapan tekne belirlenmis ve toplamda
168 balike1 ile anket yapilmistir. Kaybolan aglarin yerleri ile
ilgili 51 balik¢idan veri elde edilmistir. Ayrica Kapidag
Yarimadasi ¢evresinde 3, Marmara Adasi civarinda 2 dalgig
ile kaylp aglarin yerini belirlemek icin gorlismeler
yapilmistir. Bu dalgiglar bazi daliglara eslik ederek aglarin
tespit edilmesine yardimet olmuslardir. Anket sonuglarina
gore kaybolan av araglarimin kayip nedenleri olarak ilk
sirada %43’likk oranla takimlarin atildig1r bdlgenin zemin
yapisi gelmektedir. Bunu % 33 ile av araglarinin takilmasi,
% 10’1luk oran ile hava kosullari, %4 ¢alinma ve su akintisi,
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%2 dip akintisi, samandira kesme ve diger deniz
canlilarindan kaynaklanan kayiplar takip etmektedir (Sekil
2).

H 4% = 2%

u 33%

43%

u 2%
4%

H(Calinma

EDip Akintist

Dip Zemin Yapist

mHava Kosullari mKopek Baligi Kesmesi Su iistii Akintist

m Samandira Kesme u Takilma

Sekil 2. Kullanilan av araglarinin kaybolma nedenlerinin oransal dagilinmu
Figure 2. Proportional distribution of the reasons for the disappearance of
the catching gear used.

Yapilan anketlerde kaybedilen aglarin miktarina
iliskin sorularda 325 (32,5 km) posta ag, 8 adet paragat
takimi, 7 adet algarna takimi, 3 adet trol takimi ve 1 adet
gemi capasinin kayboldugu ifade edilmistir. En fazla
kaybedilen av araglarinin basinda ilk sirada %60°’lik oranla
girgir aglart bulunmaktadir. Bunu sirayla, %29 uzatma aglari
ve %6 ile dip aglari takip etmektedir (Sekil 3).

0%
1%

2%
\ 6%

2%

= Uzatma Ag1 = Gurgir Ag1

Algarna = Paragat = Trol

Dip Ag1 = Gemi Capast

Sekil 3. Kaybolan av araci ve ekipmanlarinin oransal dagilimi.
Figure 3. Proportional distribution of lost fishing gear and equipment.

Anket sonuglarina gore kayip av araci olma ihtimali
olan 10 istasyonda (ilhan k&y mevkii, Dalyan mevkii,
Kursunlu mevkii, Cakil Liman agig1, Cakil Adalar mevkii,
Karsiyaka liman a¢ig1, Ekinlik Adasi, Haywrsiz Ada,
Marmara Adasi, Marmara Adasi Cinarlt mevkii) 32 dalis
operasyonu gerceklestirilmigtir. Caligma siiresince denizden
cikarilan hayalet aglar Tablo 2’de verilmistir.
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Tablo 2. Dalis yapilan noktalar ve ¢ikarilan ekipmanlar
Table 2. Dive spots and removed equipment

Dalis Yapilan Bolgeler Yapilan Dahs Cikanlan Ekipmanlar Taranan Alan (m?)
Operasyon Sayisi
ilhankéy mevkii (22-24m) 4 Dalig 200 m uzatma agy, 2 takim paragat 3200 n?
Dalyan mevkii (32-34m) 3 Dalig 1 adet trol takimu, parca aglar 1800 m?
Kursunlu mevkii (18-24m) 3 Dahs 700 m? girgir ag1, olta igneleri 1800 m?
Cakil Liman ag1g1 (25-27m) 2 Dalis 1 adet algarna, parca aglar 3000 m?
Cakil Adalar mevkii (28-30m) 4 Dalig 6 adet gemi ¢ipasi, 1 adet ahtapot oltasi, 4800 m?
Karstyaka Liman agig1 (26-27m) 2 Dalig 6000 m? girgir ag1, parga aglar ve olta igneleri 2000 m?
Ekinlik Adas1 (30-32m) 3 Dalig 800 m? girgir ag1, parca aglar ve olta igneleri 1500 m?
Hayirsiz Ada (18-22m) 4 Dalis 10,000 m? girgir ag1, parga aglar 4000 m?
Marmara Adasi (24-27m) 3 Dalig 500 m marya ag1, 1 adet gemi ¢ipast 8100 m?
Marmara Adasi (Cinarh) (19-23m) 4 Dalig 1000 m?girgir ag, 1 adet gemi gipast 16000 m?
1 adet trol ag1, 1 adet algarna takimi, 18,500 m? girgir ag1, 200 m uzatma ag1, 2 adet paragat, 8 adet gemi gapas,
Toplam 32 Dahs 500 m marya ag1, | adet ahtapot oltasi ve par¢a uzatma aglari ile olta igneleri 46,200 m?

Calisma  boyunca 32 dalig  operasyonu
gergeklestirilmis  olup, toplam 20 saat dip zamani
harcanmis ve 46,200 m? alan taranmustir. Yapilan
daliglarda 18,500 m? girgir ag1, 500 metre marya ag1, 200
metre uzatma ag1, 1 adet trol takimi, 1 adet algarna takima,
2 adet paragat takimi, 1 adet ahtapot oltasi ve 8 adet tekne
capast  cikarilmistir  (Sekil4,6). Anket  sonuglari
degerlendirildiginde, dalig yapilarak c¢ikarilan bu av
araglarinin Kapidag Yarimadasi ve Adalar Bolgesi’nde
kaybolan av araglarimin sadece % 1°‘lik kismi oldugu
tahmin edilmistir.

Sekil 6. Erdék-Cakll a(;lklarmaé 1 adet alga.rna takml.
Figure 6. 1 beam-trawl in the offshore of Erdek-Cakil.

SONUC VE TARTISMA

Bu galigmada, 2021 yilinda Marmara Denizi’nde
goriilen miisilaj sorunu ve akabinde yayinlanan Marmara
Denizi Eylem Planinin 18. Maddesi’ne istinaden, bolgede
kaybolan aglarmn yerlerini tespit etmek, kullanilan
balik¢ilik  takimlart hakkinda fikir edinmek ve bu
takimlarin ~ kaybolma nedenlerini  belirlemek igin
balik¢ilarla  yapilan anket c¢aligmalari neticesinde

Sekil 4. Marmara Adast Kiigiik Istavri mevkii 1000 m? girgir agy, 1 adet istenmeyen ag kayiplarinin yasandifi belirlenmistir.
capa. . . .. .

Figure 4. Marmara Island Kiigiik Istavri locality 1000 square meters purse H_a}falet av'0111g1 etkileyen fak‘Forlerl arastiran galismalarla
seine net, 1 anchor. birlikte, ticari balik¢iliktaki kayiplarin oranmmin ve

sebeplerinin bilinmesi, hayalet avcilik etkisinin diizeyini
belirlemekte oldukca 6nemlidir. Hayalet avcilik, deniz ve
i¢ sularda artik Onemli bir sorun haline gelmistir.
Problemin boyutunu tespit etmek ve gerekli onlemlerin
almmast i¢in kapsamli arastirmalara ihtiyag vardir.
Oncelikle balik¢ilik sahalarmi ve bu sahalarin farkli av
aracina sahip kullanicilarimi dikkate alarak getirilecek
diizenlemeler hayalet avcilik sorununu engelleme yoniinde
onemli bir adim olabilir. Kapidag Yarimadas: ve Adalar
Bolgesi yogun barinak ve ¢ekek yerlerinin bulundugu bir
bolgedir. Marmara Denizi zengin sucul kaynaklar1 bulunan
bir bolge olmasindan dolay1 bir¢cok aveilik takiminin
kullanildig1 genis bir balikgilik bolgesi durumundadir.

Son 5 balikgilik sezonunda Kapidag Yarimadasi
ve Adalar Bolgesi’nde toplam 32.500 m ag, 8 adet paraketa

‘-" p. ;i:? LR } } & .\
Sekil 5. Marmara Adas1 Kalmburun mevkii 500 m marya agi, 1 adet ¢apa.

Figure 5. 500 meters long Trammel Nets (Marya Nets) in Marmara .
Island Kalinburun location, 1 anchor. takimi, 7 adet algarna takimi, 3 adet trol ve 1 adet gemi
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capasinin kayboldugu tespit edilmistir. Yapilan diger
calismalar da ise; 2002 yilinda Izmir Kérfezi’nde 200,000-
280,000 m arasinda uzatma aginin (Ayaz ve dig. 2004),
2006-2007 yillar1 arasmnda Iskenderun Korfezi’nde
226,000 m uzatma aginin (Tasliel, 2008), 2007 yilinda
Gokova Ozel Cevre Koruma alaninda 3220 m uzatma ag
(Ayaz ve dig. 2010), Istanbul kiyilarinda 2008 yilinda
229,48 km wuzatma agnin kayboldugu bildirilmistir
(Yildiz, 2010). Bu calisma da Gokova disinda diger
bolgelere  istinaden son 5  balikeilik
degerlendirilmesi yapildig1 icin daha az ag kaybi oldugu
belirlenmistir. Calisma da en fazla kaybedilen av
araglarinin basinda ilk sirada %60°lik oranla girgir aglari
bulunmaktadir. Bunu sirayla, %29 uzatma aglari ve %6 ile
dip aglar1 takip etmektedir. Istanbul kiyilarinda yapilan
benzer galismada ise en ¢ok kaybedilen aglarin baginda %
54,73’lik oranla kalkan aglar1 gelmektedir (Y1ldiz, 2010).
Izmir Korfezi’nde kaybolan dil aglarinin oran1 % 78 ve

s€zonu

barbun aglarinin orani ise % 7 olarak belirtilmistir (Ayaz
ve dig. 2004). Bu arastirma sonucunda bulunan girgir
aglarindaki kayip oranlarinin fazlaliginin sebebi olarak
iilkemizdeki girgir aveiligi yapan teknelerin bu bolgede
yogun olmasindan kaynaklandigi diistiniilmektedir.
Gokova Ozel Cevre Koruma alaninda 2007 balikeilik
sezonunda 198,000 m uzunlugunda paragat takimi (Ayaz
ve dig. 2010), Iskenderun Korfezi’nde 2008 balik¢ilik
sezonunda 931,615 m paragat takiminin kayboldugu rapor
edilmistir (Tasliel, 2008). Istanbul kiyilarinda 2008 yili
icin kayip paragat uzunlugu 2700 m olarak tespit
edilmistir. Bu ¢alisma da ise kayip paragat uzunlugu 8000
m olarak belirlenmistir. Bu c¢aligmanin sonuglarinin
(Yildiz, 2010)’nun c¢alismasinin sonuglarina  yakin
olmasinin nedeni, bu bdlgelerde paragat avciliginin yogun
olarak yapilmamasindan kaynaklandigi diigiiniilmektedir.
Bir ¢ok av aracinin kullanildigi Kapidag Yarimadasi ve
Adalar Bolgesi tilkemizin balik¢ilik filosunun biiyiik bir
kismini olusturmaktadir. Bu ¢alismada bdlgedeki av
araglarinin kaybolma nedenleri incelendiginde %43 dip
yapisi, %33 takilma, %10 hava kosullar1, %4 ¢alinma ve su
akintisi, %2 dip akintisi, samandira kesme veya diger deniz
canlilarmin kesmesi sonucu kaybolmalarin gergeklestigi
goriilmiistiir. Izmir Korfezi'nde gerceklesen bir calismada
ise kaybolma sebeplerinin % 89’u av araglarindaki
catismalardan kaynaklandigi bildirilmistir (Ayaz ve dig.
2004). Ayaz ve dig. (2010) Gokova Korfezi’nde av
araglarinda kaybolmalarin tamaminin dip yapisindan
kaynaklandigim1  bildirmislerdir. Istanbul kiyilarinda
yapilan bir ¢aligmada, %66,64 diger av araglari ile ¢atisma,
% 22,7 dip yapist, % 7,9 diger sektorlerle catisma, % 1,5
koti hava kosullari, % 0,42 ¢alinma, % 0,4 su akintilari,
%0,33 yunuslar ve %0,11 sebebi bilinmeyen kayiplardan
kaynaklandigi bildirilmistir (Y1ldiz, 2010). Genel olarak av
araglarinin ¢atigmast ve dip yapisina bagli takilmalar
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kaybolma nedenlerinin basinda gelmektedir.
Kaybolmalarinin  sebebi bdlgeye ve sartlara gore
degismektedir. Ornegin bu c¢alisma da en cok girgir
aglariin en fazla dip yapisidan kaynakli kaybolmasinin
nedeni biiyiik balik¢1 teknelerinin bu bolge de limanlamast,
bolgenin cografik yapisina bagli olarak denetimlerin
zorlugu ile girgir, algarna ve kagak trol avcilig etkiliyken,
balik¢ilik sahasimnin az ve niifusun yogunlugunun fazla
oldugu izmir Koérfezi ve Istanbul kiyilarindaki
calismalarda diger sektorler ve av araclar ile ¢atigsma av
araglarinin kaybolma sebebi olarak o6ne ¢ikmaktadir.
Caligmada kaybolan av araglarimin 6nemli bir kismini
girgir aglart olusturmaktadir. Tiirkiye’de girgir aglarmin
derinligi 164 metre (90 kulag) olarak belirlenmistir
(Anonim, 2020). Karadeniz’de, 1 Eyliil - 15 Aralik tarihleri
arasinda kiyidan itibaren 18 metre derinlikten, 16 Aralik -
14 Nisan tarihleri arasinda 24 metre derinlikten, diger
denizlerimizde ise donem boyunca kiyidan itibaren 24
metre derinlikten si1g sularda girgir aglarn ile aveilik
yapilmasi yasaktir (Anonim, 2020). Ancak Avrupa
Birligi’nin EC 1967/2006 sayili, 50 m’den daha sig
alanlarda girgir aveiliginin yapilmasi yasaktir (EC, 2006).
Caligma da anket sonuglari degerlendirildiginde, dalis
yapilarak c¢ikarilan av araglarinin Marmara Denizi’nde
(Kapidag Yarimadasi ve Adalar Bolgesi) kaybolan av
araglarmin sadece %1 °lik kismi oldugu tahmin edilmistir.
(Laist, 1995) caligmasinda ise diinya genelinde toplam
kaybolan uzatma aglarinin miktarmni yilda % 1 civarinda
oldugunu belirtmistir. Cikarillan av araglari igerisinde
kaybolan av araglarindaki gibi girgir aglari ¢ogunlugu
olusturmaktadir. Girgir aglarinin bazilari yasal sinir olan
24 m ya da altindaki derinliklerden ¢ikarilmistir. Diger
taraftan Zengin ve Mutlu (2000) tarafindan yapilan
calismaya goére girgir tekneleri “fotosentetik zonu”
olusturan biyolojik ¢esitliligin fazla oldugu kiy1 sularinda
avlandiklart i¢in, derinlikleri 150 m’yi asan girgir aglarinin
aveilik esnasinda zemini taradiklart i¢in hedef tiirlerin
yaninda diger demersal canlilarada =zarar verdigi
belirtilmistir. Bu durum ise AB’nin EC 1967/2006 say1l1
konsey yonetmeliginin kararma {ilkemizinde uyma
gerekliligini  gdstermektedir. Avcilikta kulanilan av
araglarinin kaybolmalarini 6nlemek ve bu av araglarmin
avciliga devam etmesini engellemek igin yapilan
arastirmalarda, ilk olarak av aracinin uygun sekilde
igsaretlenmeleri Onerilmistir. Gliney Kore ve Kanada’da av
araglarinin markalanmalar1 konusunda balik¢ilik yonetim
diizenlemeleri mevcuttur (DFO, 1993; UNEP, 2007).
Ulkemizde de 2022-2023 av sezonunda Tarim ve Orman
Bakanliginin = siirdiiriilebilir ve izlenebilir balik¢ilik
politikas1 kapsaminda uygulamaya alinan ve “Ticari
Amagcl Su Uriinleri Aveiliginda Kullamlan Av Araglarinin
Markalanmasi gercevesinde
islemlerine Markalama

Talimat1” markalama

gecilmistir. calismalarinin



Ucar & Oztekin, (2023)

iilkemizdeki hayalet aglar siirecine ne sekilde etki ettigine
bakilmasi biiyiik 6nem arzetmektedir. Baska bir yontem ise
deniz dibi haritalarinin balik¢1 teknelerinde kullanilmasi ile
bozuk zeminlerde kaybolmalarin Oniine gegilecektir.
(Macfadyen vd, 2009). Av araglarmin ¢atigmalarini
onlemek igin sektorler arasinda gergeklegen anlagmalar ile
¢ozlime ulasildigma yonelik bulgular vardir. Bunlardan
birisi Fransiz trolciileri ve Ingiliz uzatma agcilar arasinda
gergeklesen anlagmadir (Woodhatch ve Crean, 1999).
Diger avcilik takimlari ile ¢atigmalart engellemek ve kayip
uzatma aglarini azaltmak i¢in yapilan diger bir yontem de,
kapali alanlar olusturmaktir. Mans Denizi’nde trol avciligt
ve yenge¢ tuzaklarinda farkli donem ve farkli sezon
uygulayarak av araglarindaki g¢atigmalar 6nlenmektedir
(Kaiser vd, 1996). Japonya’da kullanilan uzatma
aglarindaki kaybolmalart 6nlemek igin aglarin samandira
kisimlarina 151k ve radar reflektorii konulmasi zorunlulugu
bulunmaktadir (Breen, 1990). Ulkemizdeki ag samadiralar
icinde ayni uygulama yapilmaktadir. Benzer kanun ve
uygulamalar getirililerek av araclarinin kaybolmasinin en
aza indirilecegi diisliniilmektedir. Kayip av araglarinin
aveiliga devam engellemek i¢in yapilan
calismalarin basinda, kaybolan tuzaklarda kullanilan
zamana bagli kagis diizenekleri bulunmaktadir. Amerika
ve Kanada balik¢ilik yonetimi, bu diizeneklerin
kullanimint  zorunlu hale getirmistir (DFO, 2007;
Matthews ve Donahue, 1996). Tuzaklarda kullanilan diger
bir yontem ise av aracinin herhangi bir yerinin biyolojik

etmesini

olarak pargalanabilir iplikler ile yapilmasidir. Swarbirck ve
Arkley (2002), Carr ve dig. (1992) uzatma aglarinda
biyolojik parcalanabilir
kullanilmalarini 6nermistir. Kopekbalig1 ve vatoz tiirlerini
hayalet aglardan uzak tutmak i¢in aglara kii¢iik miknatislar
takilabilir. Aglara baglanabilen kiiciik akustik su alti
konum belirleyiciler sayesinde kaybolan aglarin yerleri
isaretlenebilir. Hayalet aglar ile ilgili bir ¢ok fikir ve ¢6ziim
Onerisi olmasina ragmen siire¢ gok masrafli ve ugrastirict
oldugundan bu konuya gereken 6nem verilmemektedir. Su

olarak diizeneklerin

altinda kaybolan avcilik takimlarinin yerlerinin tespiti ve
geri ¢ikarilmasi i¢in 1983 yilindan itibaren Norveg’te
(Kolle vd, 2004), 1999 yilindan itibaren Havaii Adalarinda
caligmalar diizenli olarak gergeklestirilmistir (Donohue,
2001). 2005 ve 2006 yillar1 arasinda irlanda’da, 2002-2006
yillar1 arasinda Polonya, Isvec ve Baltik Denizi’nde, 1995
yilinda Greenland’da galigmalar gergeklestirilmistir (Rihan
vd, 2006). Ulkemizde son olarak Tarim ve Orman
Bakanligr tarafindan 19 farkli ilde su altindaki kayip av
araclarinin  geri  ¢ikarilmasi caligmalar
yapilmaktadir (TOB, 2021). Hayalet ag sorunu tamamen
onlenemese de, buna sebep olan unsurlarin bazilarinin
oniline gegilebilir. Aglar ig¢in bir depozitolu geri iade
sistemi olusturulabilir. Ancak sadece balik¢ilar degil bolge
halkinin da bilinglendirilmesi ve farkindalik olusturulmasi

uzerine
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icin egitim seminerleri veya fotograf sergileri agilarak
hayalet aglarin denizlerimiz ve deniz canlilarimiz igin ne
kadar zararli oldugu anlatilmalidir. Ayrica bu kaybolan
aglarin tespit edilmesinin ve denizlerden toplanmasinin ne
kadar gerekli olduguna dikkat ¢ekilerek bu konuya iligkin
proje ve ¢aligsmalara 6nem verilmelidir.

TESEKKUR

Anket calismalarina katilan Dbalik¢ilara ve
kooperatif baskanlarina, dalgic olarak calismalarimiza
destek saglayan Adnan AYAZ, Ugur ALTINAGAC,
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Oz: Yapay resifler, sucul ekosistemlerin 6zellikle insan faaliyetlerinden kaynakli olarak ugradig:
zararlarin iyilestirilmesi amaciyla kullanilan araglardan biridir. Tirkiye kiyilarindaki zarar gormiis ve
yapay resif uygulamasi i¢in uygun denizel sahalar “Ulusal Yapay Resif Master Plan1” ile belirlenmistir.
T.C. Tarim ve Orman Bakanlig1 bu plana uygun alanlarda yapay resif projelerini hayata gegirmektedir.
Istanbul Valiligi i1 Tarim ve Orman Miidiirliigii Balikgilik ve Su Uriinleri Sube Miidiirliigii tarafindan
Istanbul ilinin Marmara Denizi kiyilarinda vyiiriitilen “Istanbul Yapay Resif Projesi” de bu
uygulamalardan biridir. Proje kapsaminda insan faaliyetleri sonucu zarar gérmiis habitatlarin
iyilestirilmesi ve kiigiik 6lgekli balik¢iligin, yeni av sahasi olusturularak desteklenmesi hedeflenmistir.
Yapay resif alani olarak Prens Adalar etrafinda Kinaliada’nin kuzey kiyilari, Burgazada ve Heybeliada
arasi ile Biiyiikada kiyilar1 ve Sarayburnu bolgesinde Ahirkapi onleri segilmistir. Projenin yapay resif
kiimelerini yerlestirme ¢aligmalar1 2019 yilinda Kinaliada bolgesinde baglamis olup, 2020 y1l1 Ekim-
Aralik aylar1 boyunca yiiriitiilen ikinci asama yapay resif yerlestirme ¢aligmalar: sirasinda Marmara
Denizi’nde yasanan miisilaj felaketinin ilk asamalar1 da tespit edilmistir. ik olarak su siitununda ince
iplik¢ikler halinde kendini gosteren miisilaj, siireg boyunca artarak yapay resiflerin iistiinii ve zeminini
kaplamistir. 2021 Eyliil ayina dek yogun bir sekilde yaganan miisilaj felaketi sirasinda, yeni bir habitat
olusturmak amactyla gergeklestirilen yapay resif uygulamasinin sualti incelemeleri devam etmistir. Bu
calisma, Istanbul Yapay Resif Projesinin mevcut durumunu ve miisilaj felaketi sirasinda yapilan su alti
gozlemlerini igermektedir.

Anahtar kelimeler: Marmara denizi, miisilaj, yapay resif, Tiirkiye.

Istanbul Artificial Reef Project and Mucilage Disaster
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Abstract: Artificial reefs are one of the tools used to rehabilitate aquatic ecosystems, especially the
damage caused by human activities. The marine areas along the Turkish coasts, damaged and suitable
for artificial reef application have been determined by the ‘“National Artificial Reef Master Plan”.
Republic of Turkey Ministry of Agriculture and Forestry is implementing artificial reef projects in areas
suitable for this plan. One of these applications is the “Istanbul Artificial Reef Project” carried out by
the Istanbul Governorship Provincial Directorate of Agriculture and the Foresty, Fisheries and
Agquaculture Branch Directorate along the coasts of the Marmara Sea of Istanbul. Within the scope of
the project, it was aimed to improve the habitats damaged by human activities and to support small
scale fisheries by creating new fishing grounds. Around the Prince Islands, the northern shores of
Kinahada, between Burgazada and Heybeliada, and the shores of Biiyiikada and the Ahirkapi coast in
the Sarayburnu region are planned as artificial reef areas. Deployment of artificial reef sets started in
the Kinaliada region in 2019, and the first stages of the mucilage disaster in the Marmara Sea were
detected during the second stage of artificial reef deployment carried out during October-December
2020. The mucilage, which first appeared as fine filaments in the water body, increased during the
process and covered around and floor of the artificial reefs. During the mucilage disaster, which was
intense until September 2021, underwater observations of the artificial reef application, which was
carried out to create a new habitat, continued. This study includes the current status of the Istanbul
Artificial Reef Project and underwater observations made during the mucilage disaster.

Keywords: Marmara sea, mucilage, artificial reef, Tiirkiye.
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Kiyisal alanlar insan niifusunun en yogun oldugu
bolgelerdir. Savunma, balik¢ilik, ulagim, rekreasyon ve
turizm faaliyetleri ile ilgili sektorlerinin ekonomik agidan
giiclii oldugu alanlardir (Fleming vd., 2018). Bu alanlarda
insanin sucul ekosisteme etkisi hem ¢ok ¢esitli hem de
farkli yogunluk ve siddettedir (Murphy vd., 2019). Kirlilik
basta olmak flizere, dolgu sahalari olusturulmasi, liman,
marina, balik¢1 barinagi gibi yapilarin insasi, sanayi
alanlarinda sogutma suyu kullanimi ve suyun geri desarji
gibi etkiler ilk akla gelenlerdir. Kiy1 alanlarinin korunmas,
gelistirilmesi ve siirdiirtilebilir kullanimi1 uluslararasi
diizeyde tartigilan ve dneriler gelistirilen bir olgudur (Uzun
& Akyiiz, 2019; Serim vd., 2022). Hem mevcut insan
baskisi hem de gelecek yillarda olusacak degisimler
ongoriilerek yapilacak iyi planlama, uygulama ve denetim,
son derece kiymetli olan bu alanlardan siirdiirtilebilir fayda
saglamak agisindan son derece 6nemlidir (Uzun & Akyiiz,
2019). Bununla birlikte, o6zellikle ticari amagla
gerceklestirilen yasadist  ve kayit dis1  faaliyetler
neticesinde kiyisal ekosistemin bircok &gesi iizerinde
olumsuz etki meydana gelmektedir.

Marmara Denizi, 6zellikle Istanbul ili kiyilari
yiiksek niifus, plansiz yerlesim alanlar1 ve sanayi bolgeleri
sebebi ile yogun ve denetlenmesi zor bir kiy1 kullanimina
ev sahipligi yapmaktadir. Asiri, yasadisi ve kayit dist su
driinleri aveiligi, dolgu alanlarinin artmasi ve kirleticiler
sebebi ile yasam alanlarimin yok olmasi, evsel ve
endistriyel kirlenme ile su kalitesindeki diisiis bu bolge
icin sayilabilecek baglica sorunlardir. Tiim bu etkenler
denizel biyogesitliligin azalmasima ve ekolojik dengenin
bozulmasina neden olmaktadir.

Istanbul Valiligi il Tarim ve Orman Miidiirliigii
Balikg1lik ve Su Uriinleri Sube Miidiirliigii bu sorunlara bir
nebze de olsa ¢6ziim yaratabilmek amaciyla yapay resif
kullanimini giindemine almigtir. T.C. Tarim ve Orman
Bakanliginin “Ulusal Yapay Resif Master Plan1” dahilinde
gelistirdigi “Su Uriinleri Kaynaklarinin Yapay Resifler ile
Korunmas1 ve Gelistirilmesi  Projesi” kapsaminda
“Istanbul Yapay Resif Projesi” igin ¢aligmalar 2018 yili
itibari ile baslamistir. Bilimsel altyapinin hazirlanmasi
asamasinin ardindan Mart 2019 itibari ile yerlestirme
calismalarimin ilk etab1 gerceklestirilmistir. Ikinci etap
yerlestirme caligmalart 2020 yili Ekim-Aralik aylar
arasinda gergeklestirilmis ve bu agamada yine insan etkisi
ile Marmara Denizi kiyilarindaki ekosistem bozulmasinin
bir gostergesi olan miisilaj felaketinin ilk asamalar
gbzlenmistir.

Marmara Denizi, Karadeniz ve Akdeniz arasinda
bir baglant1 noktasidir ve iki yonlii akint1 dinamiginin etkisi
altindadir. Bununla birlikte, evsel ve endistriyel
arttilmamus kirletici atiklarin  gerek dogrudan denize
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birakilmasi gerekse akarsular yolu ile tasinmasi sonucu
kirlilik orani siirekli artmaktadir. Dinamik akintilar atiklar
uzak mesafelere tasiyabildigi i¢in niifusun yogun olmadig1
bolgeler bile bu kirleticilerden etkilenmektedir. Bununla
birlikte, Marmara Denizi biiyiik kiitleli ve derin bir i¢ deniz
oldugundan suyun burada kalis siiresi uzundur ve bu durum
da kirleticilerin uzun siire bu denizde kalmasina sebep
olmaktadir. Ozellikle biyolojik birikim gdsteren kirleticiler
ekosistem acisindan Onemli tehlike olusturmaktadir
(Tasdemir, 2002).

Sucul ortamda &zellikle kirlilik ile olusan miisilaj
ilk olarak 1729 yilinda Adriyatik Denizinde kaydedilmistir
(Yurga, 2022). Marmara Denizi’nde ise miisilaj olusumu
uzun yillardir gézlenmektedir ancak bu olusumun felaket
boyutlarina ulagmasi son 20 yilda ger¢eklesmistir. Birincil
tiretimde en etkin rolii oynayan fitoplankton tiirlerinin
fotosentez polisakkarit urettikleri
bilinmektedir. Bu firetimin biiyilk miktarlarda olmasi

sonucunda

durumunda bu polisakkarit maddeler jelleserek organik ve
inorganik materyallerle birlikte miisilaji olusturur (Aktan
vd., 2010). Miisilaj miktarindaki artig jelatinimsi ve
kopiiklii bir yap1 olusmasina, ileri agamalarda da yiizeyde
yayilim gosteren bir tabakaya sebep olur. Miisilaj birikimi
de denizel ekosistemde oksijen yokluguna ve toksik alg
artiglarina neden olur. Goriintii ve koku kirliligi ile turizmi
ve kiyidaki yerlesim alanlarini olumsuz etkilemektedir.
Glines 15181, durgun su, sicaklik ve besin tuzlari miisilajin
olusumu ve felaket haline doniismesinde etkilidir. Uzun
stireli miisilaj felaketleri su iirtinleri aveilik faaliyetlerinin
gerceklesmesinde son derece olumsuz etkiye sahiptir. Av
araglarinin kullanilabilirligini imkéansiz hale getirmekle
birlikte, tekne av ve seyir mekanizasyonunun calismasi
miimkiin olmamaktadir (Karakulak vd., 2023). Balik
yumurta ve yavru bireylerin stoga katilimini olumsuz
etkilediginden balik¢ilik tizerindeki etki miisilaj felaketinin
ardindan da uzun siire devam etmektedir.

2020 Ekim aymda baslayan yapay
caligmalar1  sirasinda

resif

yerlestirme yapilan  sualti
gozlemlerinde miisilajin ilk olusum asamalar1 gézlenmis
ve kaydedilmistir. 2021 yili Eylil ayma dek yeni
yerlestirilmis yapay resiflerdeki biyogesitliligi izlemek
amaci ile yapilan sualti incelemelerinde miisilaj felaketinin
asamalar1 da gorsel olarak kayit altina alinmistir. Bu
calismanin amaci “Istanbul Yapay Resif Projesi” ve
“Miisilaj Felaketi’nin bir yillik etkilesimini

koymaktir.

ortaya

MATERYAL VE METOT

Cahigma Sahasi: Gozlemler Istanbul Yapay Resif
Projesi kapsaminda yapay resif kiimelerinin yerlestirildigi
Kinaliada ve Heybeliada yapay resif alanlarinda yiirtitiildii.
(Sekil 1, Tablo 1).
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I¢i bos kiibik beton bloklardan olusturulmus 9 ‘ar
yapay resif kiimesi (Sekil 2) ve kiimeler arasma

yerlestirilmis anti trol yapay resif bloklarindan olusan
yapay resif alanlari 24-28 metre derinlikler arasina yer
almaktadir.

Kinaliada Yapay Resif Alani

0
Heybeliada Yapay Resif’Alani

Google Earth

Sekil 1. Kinaliada ve Heybeliada yapay resif alanlarinin konumu.
Figure 1. Locations of Kinaliada and Heybeliada artificial reef sites.

Tablo 1. Kinaliada ve Heybeliada yapay resif alanlarmin kose
koordinatlar.

Table 1. Corner coordinates of Kinaliada and Heybeliada artificial reef
sites.

Kinaliada Yapay Resif Alan1 Kése Koordinatlart

40° 55.309° K 029° 02.440° D
40°55.309° K 029° 02.910° D
40° 54.970° K 029° 02.910° D
40° 54.970° K 029° 02.440° D
40°52.518° K 029° 04.164° D
40°52.517° K 029° 04.356’ D
40°52.373° K 029° 04.091° D
40° 52.364° K 029° 04.331° D

Heybeliada Yapay Resif Alan1 Kose Koordinatlar

Yapay Resif Kiimesi
Artificial Reef Set

Anti Trol Yapay Resif Blogu
Anti Trawler Reef Unit
Sekil 2. Yapay resif kiimeleri ve Anti trol yapay resif blogunun sualtt
goriintiisii (Foto: B. Giil).

Figure 2. Underwater view of artificial reef sets and anti-trawler units
(Photo B. Giil).

Gozlem Yontemi: Sualti gozlemleri tiipli dalis
yontemi ile sportif dalis derinlik ve dip zamani limitleri
icerisinde iki kisiden olugsan dalis ekibi tarafindan
gerceklestirildi. 2020 yili Ekim ile 2021 Eylil aylan
arasinda toplam 12 sualti gbzlemi yapildi. Sualti
gozlemleri, Caldwell vd. (2016) referans alarak
standardize edildi. Buna gore, dalicilar yapay resif
derinligine indikten sonra, yapay resif kiimesinin etrafinda
bir tam tur atacak sekilde, ortalama 15 dakikalik siire ile

gozlem yapti. Sualt1 goriis mesafesinin izin verdigi 6lciide,
resif kiimesindeki canli tiirlerini anlik olarak dalicilar
tarafindan tespit edildi ve kaydedildi. Su sicaklig
Olciimleri dalicilarin iizerinde bulunan Suunto D4i dalis
bilgisayari ile yapildi. Ayrica Canon G9X sualti kamerasi
ile goriintii kaydi alindi.

BULGULAR

Yapay resif yerlestirme iglemleri 2020 Ekim
ayinda baglamig Aralik 2020 sonunda tamamlanmistir. Bu
stirecte yerlestirme operasyonlarmin kontrolii amaciyla
yapilan sualt1 dalislarinda, 6zellikle 20m derinligin altinda
miisilaj olusumunun bagladigi goézlenmistir. Zaman
igerisinde miisilajin tiim su siitununda yogunlastigi, Subat
2021°de deniz yiizeyini de kaplayarak felaket halini aldig1
goriilmistiir. Bu siire¢ Eyliil 2021 de miisilaj topaklarinin
su ylizeyi ve su siitunundan agagiya, zemine inmesi ve yok
olmasi ile son bulmustur.

Bu siirecte gerceklestirilen sualti incelemelerinde
elde edilen su sicaklig1 verileri Sekil 3’de verilmistir. Ekim
2020°den itibaren su sicakliklarinin uzun siire hem yiizey
hem de dip kisimlarda diismedigi goriilmiistiir.

Deniz Suyu Sicaklik Degisimleri
30

~ 25
e
< 20 f\/\
o
~ 15 v\/_/
g
& 10
=
[75]
0

Eki.20
Kas.20
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Oca.21
Sub.21
Mar.21
Nis.21
May.21
Haz.21
Tem.21
Agu.2l

Eyl.21

e m (Yiizey) —emm24m (Dip)

Sekil 3. Deniz suyu sicakliklaridaki (°C) ayhk degisim.
Figure 3. Monthly variation of water temperature (°C).

Ekim 2020 de sualtinda yapilan yapay resif
yerlestirme  asamalarindaki  incelemelerde  miisilaj
olusumunun  topak  (0,5-lcm)  halinde  oldugu
gozlemlenerek gorsel kayit altina alinmustir (Sekil 4).

Sekil 4. Yapay resifler etrafinda topak halindeki miisilajin yarattig
goriintii (Foto: B. Giil).
Figure 4. Image of mucilage flocs around artificial reefs (Photo: B. Giil).

797



Giil, (2023)

Anadolu Cev. ve Hay. Dergisi, Y1l:8, No:4/E, (795-802), 2023

Kasim ve Aralik 2020 doneminde biiyiik
topaklarin (1-5 ¢cm ) ve ince liflerin (2-25 cm) olustugu
gozlenmistir (Sekil 5). Resif bloklarinin i¢inde geng
istavrit bireylerinin olusturdugu kii¢iik siiriiler, deniz
yildizlar1 ve kayabaliklar1 kaydedilmistir.

Sekil 5. Yapay resifler etrafinda biiyiik topaklar halindeki miisilaj (Foto:
B. Giil).
Figure 5. Mucilage macroflocs around artificial reefs (Foto: B. Giil).

Aralik sonu itibari ile seritlerin (10-20 cm)
olugmaya basladigi ve Ocak -Subat 2021 de sayilarinin
hizla arttig1 gozlenmistir (Sekil 6).

‘

Sekil 6. Yapay resifler etrafinda kaydedilen miisilaj seritleri (Foto: B.
Giil).

Figure 6. Mucilage macroflocs and stringers around artificial reefs
(Photo: B. Giil).

Subat 2021 ve sonrasinda su yiizeyinde kendini
gostermeye baslayan miisilajin sualtinda da artik ag
seklinde bir yapi olusturmaya basladigi belirlenmistir.
Nisan ay1 itibari ile goriis mesafesini 50 cm’ye diisiirecek
sekilde yogunlagan miisilaj bulutlarmin tabakalar halinde
oldugu (Sekil 7) ve su katmanlarimin siirlarinda birikerek
teknedeki balikk bulucu ile de tekne iistiinden
belirlenebilecek hale geldigi tespit edilmistir (Sekil 8).
Ekranda goriilen tabakalar, daliy yapan arastiricilar
tarafindan da derinlik konturu agisindan teyit edilmistir. Bu
donemde tespit edilebilen canlilar sadece resif bloklarinin
altindaki kayabaliklar1 ve deniz patlicanlar1 olmustur.
Ozellikle dipte akint: sebebi ile siirekli hareket halinde olan
miisilaj bulutlarinin deniz patlicanlarinin tizerini kapladigi,
bununla birlikte goriis mesafesi ¢ok kisitli olsa da birey
sayisinin giinbegiin arttigi gézlenmistir (Sekil 7).

Haziran ay1 itibariyle yilizeyden dibe dek su
stitununun tamaminda yogunlasan miisilaj sebebi ile goriis
mesafesi 5 cm’ye dek diismiistiir. Yapay resiflerin, kilavuz
halat olmasina ragmen, sualtinda tespit edilmesi ve dalig
yapan arastiricilarin - birbirlerini  ve resif kiimesini
gorebilmeleri imkansiz hale gelmistir. Miisilajin bu kadar

yogun olmasi, ylizeyden gelen 1518in suda yogun bir
sekilde dagilmasina ve 11k kiritlimindaki karmasa nedeni
fotograf makinasinin odaklanmasini da
zorlagtirmigtir (Sekil 9). Bu asamada su ylizeyindeki
miisilaj tabakalagmasi da en yiiksek ve yaygin seviyeye
ulasmustir.

ile sualt1

Sekil 7. Miisilaj bulutlarmin kapladigi yapay resif kiimesi ve deniz
patlicant (Foto: B. Giil).

Figure 7. Mucilage clouds covers artificial reef sets and sea cucumbers
(Photo: B. Giil).

EKRAN 1 E

Sekil 8. Balik bulucu ekraninda 12-13m ve 20m de goriilen misilaj
tabakasi (Foto: B. Giil).
Figure 8. The mucilage layer seen at 12-13m and 20m on the echosounder
screen (Photo: B. Giil).

Sekil 9. Haziran 2021 de yapay resifler etrafindaki miisilaj yogunlugu
(Foto: B. Giil).

Figure 9. Mucilage density around artificial reefs in June 2021 (Photo: B.
Giil).

Temmuz aymda su yiizeyindeki tabakalar yavas
yavas dagilirken, sualtinda miisilaj  bulutlarinin
yogunlagmaya basladigi gozlenmistir. Olusan bulutlarin
artik el ile tutulabilir yogunluga eristigi ve hatta resif
bloklarinin  kolonlarina  bir halat gibi dolandig1
belirlenmistir (Sekil 10).
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Sekil 10. Su siitunundaki miisilaj bulutlar1 ve yapay resif kolonlarina
dolanmis miisilaj pargalari (Foto: B. Giil).

Figure 10. Mucilage clouds in the water column and mucilage fragments
entangled in artificial reef columns (Photo: B. Giil).

Miisilaj bulutlar1 sebebi ile giin 15181m1n 20 metre
derinlige ulasamamasi, gozlem dalislar1 giin ortasinda ve
giinesli giinlerde yapilmis olmasma ragmen, dalicilarin
sualti feneri kullanmasini kaginilmaz hale gelmistir.
Ozellikle dibe inerek zemini bir battaniye gibi tamamen
orten miisilaj bulutlarinin goriintiillenmesi, ancak sualti 151k
kaynagi ile miimkiin olabilmistir. (Sekil 11).

. 54
Sekil 11. Zemin iizerindeki miisilaj tabakasi (Foto: B. Giil).
Figure 11. 11. Mucilage layer on the bottom (Photo: B. Giil).

Agustos ve Eyliil 2021 itibari ile su siitununda
bulutlar halinde dolasan miisilaj kiitlelerinin tamamen
zemine indigi belirlenmistir. Su siitununda  goriis

mesafesinin 2 metrenin iizerine ¢iktig1 gézlenmistir. Yapay
resif kiimelerinin bir biitiin olarak goriilebildigi ve miisilaj
kiitlelerinin yapay resif bloklar1 ve zemin {izerinde azaldig1
tespit edilmistir (Sekil 12).

Sekil 12. Yapay resifler izerinde ve zeminde topak haline gelmis miisilaj
kiitlesi pargalari.
Figure 12. Lumps of mucilage mass on artificial reefs and on the ground.

Yapay resiflerin  yerlestirildigi ve miisilaj
olusumunun ilk asamalarimin goézlendigi (2020 Ekim-
Aralik) donemde yengeg¢ (Liocarcinus depurator),
kayabaligi  (Gobius sp.) wve istavrit (Trachurus
mediterraneus) bireylerinin yapay resifler iizerinde ve
etrafinda varligi kaydedilmistir. Miisilajin ilerleyen ve
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yogunlasan dénemlerinde kayabaliklarinin (Gobius sp.) ve
deniz pathicanlarinin  (Holothuria tubulosa) disinda
herhangi bir canli tespit edilememistir. Miisilajin su
siitununda azaldig1 ve kiitleler halinde dibe ¢oktiigli son
donemde ise yapay resiflerde gozlenen tiir sayisinda artis
oldugu belirlenmistir (Tablo 2).

Tablo 2. Miisilaj felaketi boyunca yapay resiflerde gozlenen tiirler.
Table 2. Species observed on artificial reefs during the mucilage disaster.
Tirler Miisilaj Baslangict Miisilaj Stireci Miisilaj Sonu
Ekim -Aralik Ocak -Temmuz Agustos- Eyliil
2020 2021 2021

Eutrigla gurnardus

Serranus hepatus

Symphodus roissali

Symphodus tinca

Uranoscopus scaber

Blennius sp.

Gobius sp. X X
Diplodus annularis

Trachurus mediterraneus X

Raja radula

Sygnathus abaster

Holohuria tubulosa X
Liocarcinus depurator X

Tunicata tiyeleri X

X X X X X X X X

X X X

SONUC VE TARTISMA

Yapay resifler insan kaynakli sucul ekosistem
sorunlarini bir nebze de olsa telafi etmek i¢in kullanilan
araglardir. Bununla birlikte, 2020-2021 yillarinda Marmara
Denizi’nde yasanan miisilaj felaketi yapay resiflerin de
ekosistem sorunlarindan ne derece -etkilenebilecegini
ortaya koymustur.

Yapay resifler yeni bir yasam alani yani habitat
olusturmak tizere tasarlanan ve uygulanan diizeneklerdir
(Paxton vd., 2020, Vivier, 2021, Seaman, 2000).
Yerlestirildigi bolgede sucul canli tiir ve birey sayisinin
artisini saglayarak, bu canlilarin beslenme, iireme, siginma
gibi temel ihtiyaclarini karsilamasi beklenir (Seaman,
2000). Marmara Denizi’nde yasanan habitat kayiplarinin
telafisi amaciyla hazirlanan “Istanbul Yapay Resif Projesi”
de bu beklenti ile hayata gegirilmistir. Ancak, heniiz
sualtia yerlestirilmis yapay resif kiimelerinin yagsam alan
yani habitat olma 6zelligi dahi gosteremeden, beklenmedik
bir sekilde miisilaj felaketinin yarattigi etkiye maruz
kalmast hem yapay resif uygulamasini hem de miisilaj
felaketini degerlendirme konusunda Onemli bilgilere
ulagsmamizi saglamistir.

Yapay resif alanlarinda ilk asamalarda miisilaj
seritlerinin varlig1 biyogesitliligin gelisimini etkilememis
ve yapay resif kiimeleri ile yogun fiziksel temas
yaratmamig gibi goriinse de ortamin su  kalitesi
parametrelerindeki degisiklik canlilarin yapay resiflere
yerlesimini etkilemistir. Ekim 2020 de
yerlestirilen yapay resif kiimelerinde bazi yengeg
(Liocarcinus depurator ) bireyleri hemen yer alirken, kisa
stirede bu bireylerin de ortamdan uzaklagtigi belirlenmistir.
Ayni alanda 2019 yili mart aymda yerlestirilmis yapay

olumsuz
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resiflerde teke karideslerinin (Palaemon sp) ve yengeglerin
kisa siirede yogun yerlesim gosterdigi o donem yapilan
gozlemlerde belirlenmistir. Miisilajin  baslamas1 ile
ortamdan uzaklagan trake solunumuna sahip bu tiir sonraki
1 yillik gozlemlerde hi¢ tespit edilmemistir. Musilajin
bentik yasam alanlarint kaplamasi ve ¢6ziinmiis oksijen
seviyesini diisiirmesi canlilarin 6liimiine sebep olmaktadir
(Aktan Turan vd., 2017). Dolayisiyla, bu tiirlerin ortamdan
kaybolmasiin baslica sebebinin miisilaj oldugu agiktir.
Aslan vd. (2021) tarafindan ayni miisilaj felaketi siirecinde
Gokceada kiyilarinda yaptiklar1 calismada da bentik
organizmalarin  biyogesitliliginin miisilaj sebebi ile
oldukea diistiigii ortaya konmustur.

Benzer sekilde, ayn1 bolgede dnceki yapay resif
arastirmalarinda istavrit baliklarimin kiigiik siiriiler halinde
sikea gorildigl rapor edilmistir (Gil vd., 2019). Bu
calismada da yeni yerlestirilen yapay resif kiimelerinde ilk
aylarda yapilan dalislarda istavrit siirlileri gorilmistiir.
Ancak miisilaj yogunlugunun artmasi ile ilerleyen siireg
boyunca higbir dalis godzleminde istavrit baliklarina
rastlanmamistir. Su kriterlerinin ve miisilaj liflerinin su
igindeki zorlastirdigi
ongoriilmektedir. Ozellikle su siitunu boyunca yogun ve
yapiskan pamuk bulutu yapisindaki miisilajin hareket
kabiliyetini ve yarattig1 anoksia sebebi ile de solunum
sansint azaltmasi (Danovaro vd., 2009) sebebi ile birgok
tiiriin ortamdan uzaklagtigi diistiniilmektedir.

Miisilajin en yogun oldugu Ocak-Temmuz 2021
doneminde yapay
patlicanlari tespit edilmistir. Dipteki organik maddeler ile
beslenen deniz patlicanlarinin miisilaj siiresince sayisi
¢ogalmig ve yaklagik 3 cm total boya sahip bireyleri dahi
yapay  resif belirlenmistir
patlicanlarinin  karbon birikimini azaltma konusunda
onemli bir ekosistem 6gesi oldugu bilinmektedir. Organik
maddece zengin sedimentlerde besin dongiisiini ve
mineralizasyonu arttirmaktadirlar (Slater & Carton, 2009).
Miisilajin varlig1 sebebiyle zeminde olusan besin artiginin

hareket ve solunumu

resifler iizerinde sadece deniz

kiimelerinde Deniz

dengelenmesinde deniz patlicanlarinin rol oynadigi
diistiniilmektedir. Gozlemler sirasinda, miisilaj siiresince
ortamda tespit edilen bu canlilarin sayilarinda zamanla
artis oldugu goriilmiistiir. Ancak yine miisilaj sebebi ile
goriis mesafesinin birka¢ cm mesafeye diismesi sebebi ile
sayim yapmak miimkiin olmamistir. Bununla birlikte, ayni
bolgede, miisilaj felaketinden oOnce, 2017-2019 yillar
arasinda iki yil siliren bir baska yapay resif biyocesitlilik
calismast sirasinda  hicbir deniz  patlican1  rapor
edilmemistir (Gil vd., 2019). Bu durum, deniz
patlicanlarimin resifler iizerindeki varliginin miisilaj ile
ilgili oldugu ve miisilajin yaratt181 organik yiikiin organik
doniisiime girmesinde yine deniz patlicanlarinin 6nemli rol
oynadig1 diisiincesini ortaya ¢ikarmustir.
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Kayabaliklar1 (Gobius sp. bireyleri) yapay resif
kiimelerinde zemin ile resif blogunun arasindaki kumu
kazarak yuvalanan canlilardir. Bu 6zellikleri sebebiyle,
6zellikle miisilajin su siitununda yogun oldugu dénemlerde
bloklar ile zemin arasinda sinirli hareket alanlari igerisinde
var olmuslardir.

Miisilajin kiitleler halinde dibe indigi ve su
stitununda ince partikiillerin kaldigr donemlerde ise yapay
resiflerin iizerinde ilk olarak tunikatlarin gelismeye
basladig1 ve artan bir ivme ile birey sayisi ve boyut artisi
gosterdigi belirlendi. Suyu siizme o&zelligi gosteren bu
canlilarin, ayni deniz patlicanlar1 gibi, miisilaj sebebi ile
ortamda gelisen yogun organik madde yikiini
déniistiirdiigii diisiiniilmektedir. Ozellikle 6trofik su siizme
Ozelligi sebebi ile tunikat tiirlerinin Onemi bir¢ok
calismada ortaya konmustur. Farkli tunikat tiirlerinin
stizme kapasiteleri konusunda da galismalar yiiriitiilmiistiir
(Bone vd., 2003, Sutherland & Madin., 2010, Conley,
2017). Ulkemiz kiyillarinda da benzer c¢aligmalarin
yapilmasi ekosistemi anlama ve insan faaliyetlerini
planlama konusunda faydali olacaktir.

Birey sayilar1 diisiik olmakla beraber balik
tiirlerinin yapay resif kiimelerine yerlesmesi miisilajin
etkisini neredeyse tamamen kaybettigi Agustos- Eyliil
2021 tarihlerine denk gelmektedir. Kayabaliklar1 harig
kolonilesen balik tiirii olmamustir.

Yapay resiflerin ilk yerlestirildikleri donemde
gozlenen 3 tiir canlidan yengecler sonraki 1 yil iginde
tekrar goriilmemesine ragmen, miisilajin sonuna dogru
bolgede 12 tiir balik tespit edilmistir. Yapay resiflerin
kolonlarinin da basta tunikatlar olmak iizere birgok bentik
canlt ile kaplandigi gozlenmistir. Miisilajin yagam sanst
tanidig1 diisiiniilen deniz patlicanlart da halen yapay resif
kiimeleri lizerinde yogun birey sayilar1 ile yer almaktadir.

Ozellikle tunikat ve deniz patlican1 sayisindaki
yogunluk yapay resiflerin miisilaj doneminde 6zellikle su
ve zemini temizleyen canlilara yagam ortami saglayarak
kendinden beklenen gorevi beklenmeyen bir sekilde yerine
getirdigini gostermektedir. Bu sebeple, habitat kaybi
yasayan ve kirlilik orani yiiksek ya da ekolojik dengesi
bozulmus sularda da yapay resiflerin kullanilabilecegi ve
onarici etkiye sahip olacaklar1 sdylenebilir.

Iyi bir kiy1 ydnetim plan1 ve uygulamasinin yani
sira kontrol ve denetim mekanizmalarinin da etkin
kullanilmas1 bu tip felaketlerin oniine ge¢mek agisindan
son derece Onemlidir. Marmara Denizi 2007-2008
yillarinda da benzer fakat daha kii¢iik boyutlu bir miisilaj
sorunu yagamistir (Aktan vd., 2010). 2020-2021 yillarinda
yasanan miisilaj felaketi siirecinin de degerlendirilmesi ile
goriilmiistiir ki, bu felaketin en 6nemli sebebi deniz
kirliligidir. Ancak deniz kirliligi miisilaj disinda da
sorunlara neden olmaktadir. Buna gore deniz kirliligini
onlemek icin Oncelikle sanayi atiklarinin 6n aritmasiz
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olarak ve kanalizasyon vasitasi ile denize ulagmasi, higbir
aritmaya tabi tutulmayan gemi sintine ve balast sulari,
kagak atiksular gibi girdiler ile toksik atiklarmn ve
arttilmamig  evsel atiklarin  denize veya akarsulara
bosaltilmasi engellenmelidir (Yiimiin & Kam, 2021).

Saglikli ekosistem i¢in kaynaklarin kullaniminda
ve ekosistemin siirdiiriilebilir dengesini korumada insan
etkisini en aza indirecek yonetim planlari olusturmak ve
uygulamak esastir.

flgili kis doneminde hava sartlarinin da 1liman ve
bol giinesli olmasi 6zellikle yiizey su sicakliginda beklenen

sogumanin olmamasinda &nemli bir etken olarak
kaydedilmistir.
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