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Ozet: Bu calismada yetistiriciligi yapilan kerevitlerde (Pontastacus leptodactylus) Anahtar kelimeler
hastalik belirtileri gosteren 15 adet bireyde bakteriyel, paraziter ve fungal incelemeler o Aeromonas sp.
yapilmis; patolojik incelemeler igin i¢ organlardan 6rnek alinmustir. Incelemeler o Kerevit
neticesinde  paraziter ve fungal patojene rastlamlmamistir.  Kerevitlerin 4 Enfeksiyon

hepatopankreasindan Triptik Soy Agar (TSA) besiyerine yapilan bakteriyolojik e Histopatoloji
ekimden saf bakteri kolonisi izole edilmistir. Yapilan testler sonucunda bakterinin

Aeromonas sp. cinsine ait oldugu belirlenmistir. Kerevitlerde hastalik ¢iktiktan sonraki

21 giin iginde %100 olim goriilmiistiir. Histopatolojik olarak; hepatopankreas ve

bagirsak dokularinda belirgin degisiklikler oldugu gozlemlenmistir. Hepatopankreatik

dokuda; epitellerde belirgin vakuolizasyon, tiibiillerde diizensizlik, epitel hiicrelerinde

proliferasyon, niikleer piknoz ve inflamatuar hiicre infiltrasyonlari ile karakterize edilen

belirgin patolojik bulgular tespit edilmistir. Bu ¢alismanin bulgular1 Aeromonas sp.’ nin

kerevitlerde 6nemli patolojik bulgular olusturdugunu gostermistir.

Abstract: In this study, bacterial, parasitic, and fungal analyses were carried out on 15 Keywords

individuals showing disease symptoms in crayfish (Pontastacus leptodactylus). e Aeromonas sp.

Samples were collected from internal organs for pathological examinations. As a result o Narrow-Clawed Crayfish
of the pathological examinations, no parasitic and fungal pathogens agents were found. ¢ [pfection

Samplings were gathered from the hepatopancreas and streaked onto tryptic soy agar
(TSA) 96 and consequently, a pure bacterial colony was obtained. As a result of the
bacterial tests, the bacteria were determined to be Aeromonas sp. genus. Narrow-
clawed crayfish showed 100% mortality within 21 days of disease outbreak.
Histopathologically, significant changes were observed in hepatopancreas and intestinal
tissues. In hepatopancreatic tissue, prominent pathological findings characterized by
prominent vacuolization in the epithelium, irregular tubules, proliferation of epithelial
cells, nuclear pycnosis, and inflammatory cell infiltrations were detected. The findings
of this study demonstrated that Aeromonas sp. caused important pathological findings
in narrow-clawed crayfish.

o Histopathology

1. GIRIS

Tatl su 1stakozu (kerevit) Crustacea sinifi, Decapoda, on bacakli takimina aittir. Bilinen dort
familyas1 vardir: Astacidae, Cambaridae, Cambaroididac ve Parastacidac (Crandall & Grave 2017).
Astacidae familyasima ait olan Pontastacus leptodactylus Tiirkiye, Ukrayna, Giineybati Rusya, Iran,
Kazakistan, Belarus, bir cok Avrupa Ulkesi ve Amerika da dagilim gostermektedir (Skurdal &
Taugbel, 2002; Dobrzycka-Krahel & Fidalgo 2023).

@ ® This paper is published by Isparta University of Applied Sciences, Egirdir Fisheries Faculty under Creative Commons
Attribution 4.0 International (CC BY 4.0) license. http://creativecommons.org/licenses/by/4.0/
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Ekonomik bir tir olan kerevitin avcilik ve c¢ok az miktarda yetistiricilik yoluyla {iretimi
yapilmaktadir. P. leptodactylus tiiriiniin diinya yetistiricilik tiretimi 2019 yilinda 42 ton olup 35 tonunu
[ran, 7 tonunu Bulgaristan iiretmektedir (FAO, 2023). Tiirkiye’ de P.leptodactylus’un yetistiricilik
yoluyla ticari {iretimi bulunmamaktadir. 2021 yili aveilik yoluyla iiretimi ise 1.011 tondur (TUIK,
2023). Avcilik yoluyla iiretim 1984 yilinda 8000 tonlardayken, Tiirkiye’ de goriilen kerevit vebasi
nedeniyle iiretim hizla dismiistir. Aradan gecen 39 yila ragmen eski iiretim verilerine hala
ulagilamamigtir. Bu tiretim verileri Tiirkiye’ de kerevit avciligi yapilan alanlarda hastaligin etkisinin
hala devam ettigini gostermektedir. Kerevit popiilasyonlarindaki azalma nedeniyle bu tiiriin
yetistiriciligi 6nem kazanmustir. Universitelerde ve enstitiilerde yetistircilik problemlerine yonelik
caligmalar devam etmektedir. Bununla birlikte, kiiltiir ortaminda bazi patojenlerle karsilagilmaktadir.
Kerevitlerin istilact patojenlerle savasmasi, esas olarak hiicresel ve hiimoral bagisiklik da dahil olmak
iizere sadece dogustan gelen bagisiklik sistemine baglidir (Loker vd., 2004; Cerenius & Sdderhill,
2018). Bu nedenle kerevitlerin patojenlerle miicadelesi oldukca zordur.

Aeromonas tlirli bakteriler oksidaz pozitif, fakiiltatif, Gram-negatif bakterilerdir (Holt, 1977).
Aeromonas caviae, A. hydrophila, A. veronii ve A. sobria dahil olmak iizere su ekosistemlerinde
(goller, nehirler, kiy1 sular1, sediment gibi) yaygin olarak bulunmaktadir (Michael & Duffey, 1988;
Palu vd., 2006; Austin & Austin, 2012). Balik (Li vd., 2013), kerevit (Jiravanichpaisal vd., 2009;
Hayakijkosol vd., 2017), karides (Halder vd., 2014), yengec¢ler (Sun vd., 2013) vb. gibi ¢ok sayida
sucul tiirlerde biiylik ekonomik kayiplara neden olmaktadir. Hareketli Aeromonas tiirii bakteriler
tarafindan {iretilen ekstraselliiler enzimler Aeromonaslarin virulensi ve patojenitesi agisindan énemli
olup akuatik canlilarda yiliksek mortaliteye sebep olabilmektedir (Farmer vd., 2006; Cascon vd., 2000;
Tomas, 2012; Rasmussen-Ivey vd., 2016; Ozdemir & Arslan, 2021 )

Tath su istakozlarinda potansiyel patojenik viriisler, bakteriler, mantarlar iizerine yapilan bir ¢ok
caligma mevcuttur (Maestracci & Vey, 1988; Chinain & Vey 1988; Diler & Bolat, 2001; Corbel vd.,
2001; Jiravanichpaisal vd., 2009; Dragicevi¢ vd., 2020). Avsever vd., 2011 tath su 1stakozunda (P.
leptodactylus) Saprolegnia ve A. hydrophila ko-enfeksiyonu tespit etmiglerdir. Ayrica yapilan diger
caligmalarda, Yuan vd., (2021) Procambarus clarkii tiiriinde beyaz benek sendromu virusu (White
spot sydrome, WSSV) ve A.veronii ko-enfeksiyonunu bildirmislerdir. Jiravanichpaisal vd., (2009),
yapmis olduklar bir calismada tatli su kereviti Pacifastacus leniusculus'an hemolimften A. hydrophila
izole etmislerdir.

Bu calismanin amaci, deneysel olarak kiiltlirii yapilan kerevitlerde yiiksek mortaliteye sebep olan
akut hareketli Aeromonas enfeksiyonunun kerevitlerde olusturdugu histopatolojik bulgularin
incelenmesidir.

2. MATERYAL VE METOT
2.1. Bakteriyel izolasyon ve identifikasyonu

Hastalik bulgulari, mensei Egirdir Golii olan ve Egirdir Su Uriinleri Fakiiltesi Yetistiricilik
Unitesinde 3 ay boyunca giinde 1 kez canli viicut agirhklarmin %3’ii oraninda beslenmekte olan
kerevitlerde gozlenmistir. Kerevitler bu siirecte haftada 2 kez sifonlanan, 21+1 °C su sicakligina sahip,
Im? hacimli tank igerisinde 80 adet olarak stoklanmislardir. Kerevitlerin ortalama boylar1 7,67+0,40
cm ve agirliklar1 12,15+1.50g olarak ol¢tilmiistiir

Kerevitlerde Sliimler goriiliince rastgele segilen 15 adet kerevit ornegi steril kaplara alimmis ve
laboratuvar ortamina aseptik kosullarda tasmmmustir. Kerevitlerin her birinin hepatopankreasindan
Triptik Soy Agar (TSA) (Merck) besiyerine ekim yapilmistir. Ayni1 zamanda kerevitlerin paraziter ve
fungal incelemeleri solunga, kabuk ve i¢ organlarindan ezme preparat hazirlanarak 151k
mikroskobunda incelenerek yapilmistir. Ekim yapilan besiyeri 24 C’de 48 saat inkiibe edilmistir.
Inkiibasyon sonucunda saf koloni varhig1 gozlemlenmistir. Bakteri cinsinin tamimlanmasi igin; Gram
boyama, bakterilerin sekli ve boyutu, hareketi, oksidaz ve katalaz aktiviteleri, O/F (Merck) testi
yapilmistir (OIE, 2003; Buller, 2004; Austin & Austin, 2012).

2.2. Histopatolojik yontem
Olu kerevitlerden hepatopankreas ve bagirsak dokular alinarak %10 formalin solisyonunda fikse
edilmistir. Iki giinliik fikzasyonun ardindan doku ornekleri tam otomatik bir doku takip cihaz1 (Leica
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ASP300S; Leica Microsystem, Nussloch, Almanya) ile yapilan rutin takip isleminin ardindan parafine
gomme islemi gerceklestirilmistir. Parafin bloklarindan tam otomatik mikrotom (Leica RM2155,
Leica Microsystems, Wetzlar, Almanya) ile Sum kalinliginda kesitler alinmstir. Bir gece kurutmanin
ardindan kesitler hematoksilen-eozin (HE) ile boyanmis ve 151k mikroskobunda incelenmistir.

3. BULGULAR
3.1. Kerevitlerde morfolojik ve klinik bulgular

Hastalikli kerevitlerde giinliik yem tiiketimi takibinde istahsizlik ve yem aliminda azalma
gozlemlenmistir. Verilen gilinliik yemlerin ¢ogunun tiiketilmedigi goriilmiistiir. Deneysel olarak
kiiltiirii yapilan kerevitlerde bulgularin baglamasinin ardindan 21 giin i¢inde %100 6lim oram
gbzlenmistir.

Kerevitlerin dis kabuklarinda herhangi bir lezyon veya renk degisimi gozlenmemis (Sekil 1),
nekropsi yapilan kerevitlerde viseral organlarda herhangi bir semptoma rastlanmamistir. Ayni
zamanda kerevitlerin solunga¢ ve kabuklarindan yas preparatlar hazirlanarak paraziter ve fungal
incelemeler de yapilmis fakat herhangi bir patojen tespit edilmemistir.

i,

L 4

Sekil 1. inceleme yapilan kerevit.

3.2. Bakteri identifikasyonu
Yapilan bakteriyolojik ekimlerde {iremis olan saf bakteri kolonisinden; biyokimyasal, fizyolojik ve
morfolojik 6zellikleri sonucunda bakterinin Aeromonas sp. cinsine ait oldugu belirlenmistir (Tablo 1).
Izole edilen bakteri kolonilerinin krem rengi, yuvarlak ve saf oldugu goriilmiistiir. Gram boyamada
pembe renkli kisa gubuklar gozlenmistir (Sekil 2).

Tablo 1. Aeromonas sp.nin fenotipik 6zellikleri

Aeromonas sp.

Koloni yapisi Krem rengi, yuvarlak, hafif kabarik koloniler
Sitokrom oksidaz +
Katalaz +
Hareket +

Gram boyama -
O/F Fementatif
Vibriostat O/129 Direncli
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Sekil 2. izole edilen bakteri kolonisinin yapist ve mikroskopta Gram boyama goriintiisii (100x).

3.3. Hepatopankreas ve bagirsak histopatolojisi

Hepatopankreas ve bagirsaklarin histopatolojik incelemesinde belirgin degisiklikler oldugu
gdzlemlenmistir. Hepatopankreas epitelerinde belirgin vakuolizasyon, tiibiillerde diizensizlesme, epitel
hiicrelerinde proliferasyon, niikleer piknoz ve enflamatuar hiicre infiltrasyonlari ile karakterize edilen
belirgin lezyonlar gézlemlenmistir. Bagirsak, epitel hiicrelerinde ¢ok sayida nekrotik hiicre ve belirgin
vakuolar dejenerasyon ile karakterize bulgular gézlenmistir (Sekil 3,4).

Sekil 3. Hepatopankreasin histopatolojik goriiniimii. Bir kerevitte merkezi nekroz (kalin oklar) ve siddetli
enflamatuar hiicre infiltrasyonlar1 (ince oklar) ile karakterize ¢ok sayida graniilomatéz lezyon, HE, Barlar=
100um (sol resim) ve S0pm (Sag resim).
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Sekil 4. Bagirsak histopatolojik goriiniimii. Epitel hiicrelerde ¢ok sayida nekrotik
Bar= 100pm.

4. TARTISMA

Ekonomik bir tiir olan kerevitin tiretimini sinirlayan faktorlerin basinda hastalik problemleri yer
almaktadir. Yapmis oldugumuz ¢aligmada kiiltiir ortamindaki kerevitlerde tespit edilen Aeromonas sp.
akut ve % 100 Oliime sebep olmustur. 21 giin i¢inde tankta bulunan biitiin kerevitlerin oldiigi
gbzlemlenmistir. A. hydrophila ile yapilan ¢aligsmalarda, bu bakterinin dogal ortamdaki kerevitlerin
mikro floranin bir pargast oldugu bildirilmektedir (Khalil vd., 2009; Raissy vd., 2014). Avsever vd.,
(2011) Iznik Gélii’nden avladiklar1 kerevitlerin hemolenfinde A. hydrophila tespit etmislerdir. Ayrica
bu c¢alismada A. hydrophila ile Saprolegnia ko-enfeksiyonu gordiiklerini bildirmislerdir. Yuan vd.,
(2021) Procambarus clarkii tiriinde A. veronii ve beyaz benek sendromu virusu (White spot sydrome,
WSSV) ko-enfeksiyonu bildirmislerdir.

Salighehzadeh vd., (2019) Haft Baram Goélii'nden (Giiney Iran, Fars eyaleti) hastalik belirtileri
gosteren kerevitlerden, A. Leptodactylus, A. hydrophila ve Fusarium solani ko-enfeksiyonu
bildirmislerdir. Yaptigimiz calismada kerevitlerde Aeromonas sp. tespit edilmis olup herhangi bir
paraziter veya fungal enfeksiyon bulgusuna rastlanilmamistir. Bununda deneysel amagli tam kontrollii
yetistiricilik sartlarmnin uygulanmasindan dolay1 fungal ve paraziter enfeksiyona rastlanmadigi
distiniilmektedir.

Raissy vd., (2014) Iran Aras Baraj Golii’'ndeki Astacus leptodactylus tiiriiniin kaslarinda da A.
hydrophila izole etmislerdir. Bizim ¢alismamizda Aeromonas sp. hepatopankreastan izole edilmistir.

Aeromonas tiirlerinin kerevitlerde yiliksek Olim oranlarina neden oldugu bildirilmektedir.
Hayakijkosol vd., (2017) A. hydrophila’nin 11. evre Cherax quadricarinatus larvalarinda yiiksek 6lim
oranlarina neden oldugunu ve A. hydrophila’ nin penisilin, kloramfenikol/florfenikol ve tilmikozine
direngli oldugunu tespit etmislerdir.

Jiravanichpaisal vd., (2009) da Pacifastacus leniusculus bireylerine 1.24x10" CFU/mL 200 pL
enjeksiyon yoluyla verdiklerinde A. hydrophila’nin 6 saat icinde % 100 mortaliteye yol acgtigini
bildirmislerdir. Ayrica farkli sicaklik uygulamalarinda 4°C’de tiim kerevitlerin hayatta kaldigini,
bununla birlikte 20°C'de bireylerin hizla 6ldiigiinii belirtmislerdir. Baliklarda da Aeromonas tiirlerinin
yliksek oranlarda oliimler yaptigi rapor edilmistir. Raj vd., (2019) da A. veronii izolatinin nil
tilapialarinda 120 saat iginde baliklarin %100%ini o6ldirdiigiinii belirtmislerdir. Yaptigimiz bu
caligmada da kerevitlerde hastalik ¢iktiktan sonraki 21 giin i¢inde %100 6liim goriilmiistiir.
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Incelenen hasta kerevitlerin hepatopankreatik dokularinda, epitelde belirgin vakuolizasyon,
tiibiillerde diizensizlik, epitel hiicrelerinde proliferasyon, niikleer piknoz ve enflamatuar hiicre
infiltrasyonlar1 tespit edilmistir. Bagirsaklarda hiicre dejenerasyonunda onemli vaskuolizasyon ve
anormal sirali epitel hiicreleri belirlenmistir.

Yapmis oldugumuz calismamizin patolojik c¢alismalarinin = sonucglarina benzer olarak,
SamCookiyaei vd., (2012) de A. hydrophila maruz birakilan kerevitlerin hepatopankreas ve solungag
kesitlerinde hemosit agregasyonu ve niikleus piknozu i¢inde nekroz oldugunu belirlemislerdir. Yuan
vd., (2021) ve Zhu vd., (2021) de A. veronii ile enfekte kerevitlerin Procambarus clarkii
hepatopankreasinda epitel vakuolizasyonu ve hiicre pargalanmasi, barsakta hiicrelerin
vakuolizasyonunu kiitikulanin dejenerasyonunu, diizensiz sekilli ve anormal sekilde diizenlenmis
epitel hiicreleri gdzlemlemislerdir.

5. SONUC

Bu c¢alismanin sonuglarina gére Aeromonas sp., P.leptodactylus tiiriinde dis morfoloji olarak hizl
bir belirti gostermeden akut ve % 100 oraninda 6liimlere aym1 zamanda hepotopankreas ve bagirsakta
da olumsuz patolojik bulgulara sebep olmaktadir.

Sonu¢ olarak aeromonas tiirleri akuatik canlilarda florada dogal olarak bulunan firsatc
patojenlerdir. Yetistiricilik sartlarinda stres ve optimum kosullardaki degisikliklere bagli olarak
hastaliga sebep olmaktadir. Aeromonas enfeksiyonlarinda bakterinin ekstraselliiler enzimlerinden
dolay1 akuakiiltiirde kitle halinde Oliimlere sebep olmaktadir. Bu nedenle s6z konusu patojenin
olusturabilecegi hastalik problemlerinin 6nlenmesi igin profilaktif dnlemlerin alinmasi 6nem arz
etmektedir.

FINANS
Bu ¢alismanin yiiriitiilmesinde herhangi bir finansal destek alinmamustir.

CIKAR CATISMASI BEYANI
Yazarlar, bu ¢alismayi etkileyebilecek finansal ¢ikarlar veya kisisel iligkiler olmadigini beyan eder.

YAZAR KATKILARI

Caligma kurgusu: SBK; Literatiir taramast: SK, PY, SBK, AK; Metodoloji: SK, PY, AK; Deneyin
gerceklestirilmesi: SK, PY, 00, SBK, AK; Veri analizi: SK, PY, OO, SBK, AK; Makale yazimi: SK,
PY, OO0, SBK, AK; Denetleme: AK. Tim yazarlar nihai taslagi onaylamistir.

ETIK ONAY BEYANI
Bu calismada tatli su 1stakozu kullamlmasi nedeniyle Yerel Etik Kurul Onayma gerek
duyulmamustir.

VERI KULLANILABILIRLIK BEYANI
Bu ¢alismada kullanilan verilere birinci yazardan talep ilizerine erisilebilir. Veriler, gizlilik veya
etik kisitlamalar nedeniyle kamuya acik degildir.
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Abstract: Monodonta turbinata is a densely populated species along the coasts of

Iskenderun Bay, Mediterranean Sea. The shells of M. turbinata contain a high Keywords
amount of chitin for the chitosan production. The goal of this research is to produce e Gastropods
chitin and chitosan from M. turbinata shells and characterize them using X-Ray e Biomaterial
Diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR) and Scanning e Polymer
Electron Microscopy (SEM) techniques. In addition, the samples were analyzed for e Chitin
solubility and deacetylation degree. The yields of chitin and chitosan obtained from e Chitosan
M. turbinata were calculated as 60.26+0.96% and 80+1.29%, respectively. FTIR

spectrum analysis results revealed the existence of functional groups in various

bands and confirmed that the samples were chitin and chitosan. As a result of the

FTIR, the deacetylation degree (DD) value was established to be 84.83%. The

crystalline index (Crl) of chitin obtained from shells was computed as 54.92%. SEM

analysis results displayed the morphological differences between chitin and chitosan

biopolymers. The results indicate that M. turbinata shells, a waste product from

Iskenderun Bay, hold promise as a chitin and chitosan source for various

applications in Tiirkiye.

Ozet: Monodonta turbinata, Iskenderun Korfezi kiyilarmda yogun olarak bulunan

bir tiirdiir. Bu tiirler, kitosana donistiiriilebilen yiiksek miktarda kitin igerir. Bu Anahtar kelimeler
aragtirmanin amaci, M. turbinata kabuklarindan kitin ve kitosan elde etmek ve X- e Gastropod
s ki (XRD), Fourier Doniisiimlii Kizildtesi Spektroskopi (FTIR) ve e Biyomateryal
Taramal1 Elektron Mikroskobu (SEM) teknikleri kullanarak karakterize etmektir. e Polimer
Ayrica asitteki ¢Oziiniirligii ve deasetilasyon dereceleri de belirlenmistir. M. e Kitin
turbinata kabuklarindan elde edilen kitin ve kitosan verimleri sirastyla %60,26+£0,96 e Kitosan

ve %80£1,29 olarak hesaplanmustir. FTIR spektrum analizi sonuglari farkli

bantlarda fonksiyonel gruplarin varligini gostermis ve 6rneklerin kitin ve kitosan

oldugunu dogrulamustir. FTIR analizi kullanilarak DD degeri %84,83 olarak

bulunmustur. Kabuklardan elde edilen kitinin kristal indeksi (Crl) %54,92 olarak

hesaplanmistir. SEM analiz sonuglari, kitin ve kitosan biyopolimerleri arasindaki

morfolojik farkliliklarmi ortaya koymustur. Iskenderun Kérfezi'nde yogun bir

popiilasyona sahip M. turbinata kabuk atiginin, Tiirkiye'deki ¢esitli uygulamalar i¢in

umut verici bir kitin ve kitosan kaynagi oldugunu gostermektedir.

1. INTRODUCTION

Natural products that play important roles in the regulation of biological systems are known as
secondary bioactive metabolites. The marine area is rich in natural products with unrivaled
effectiveness. Marine animals are composed of bioactive molecules with extraordinary properties due

@ ® This paper is published by Isparta University of Applied Sciences, Egirdir Fisheries Faculty under Creative Commons
Attribution 4.0 International (CC BY 4.0) license. http://creativecommons.org/licenses/by/4.0/
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to the unique properties of the marine environment (Soltani et al., 2015). In recent years, it is known
that the oceans are a rich and sufficient source of natural products (Dhinakaran et al., 2012).

Chitin polymer, which is a structural amino polysaccharide, is the most abundant in the world after
cellulose and has a fibrous structure. The sources of chitin are the exoskeleton of crustaceans such as
shrimp, crabs and lobsters. Chitin was first described in 1884 and has been reported to have a poly (-
(1—4)-N-acetyl-D-glucosamine) structure (Rinaudo, 2006). The chitin biopolymer has remarkable
properties (biodegradability, nontoxicity, biocompatibility, etc.). In addition, this biopolymer is used
in pharmaceutical, medical and industrial fields (Yadav et al., 2015). Chitosan is formed as a result of
advanced deacetylation of chitin and is the most important derivative of chitin. Chitosan is a weak
base and is insoluble in water, but soluble in acidic aqueous solutions. It is mainly evaluated by its
molecular weight (MW) and degree of acetylation (DA) (Younes & Rinaudo, 2015). The amine
groups in the structure of chitosan have an important advantage in terms of affecting various
biological activities.

In recent years, various studies have been carried out on chitin and chitosan. Researchers
emphasize obtaining chitin biopolymers from natural sources. There are chemical, biological and
thermal methods to obtain chitosan from naturally sourced chitin (Kumari et al., 2015; El Knidri et al.,
2018; Kaczmarek et al., 2019; Zainol Abidin et al., 2020). The fact that chitosan biopolymers are
biodegradable, biocompatible and non-toxic has attracted a lot of attention in many industries such as
cosmetic health, agriculture, food, paper, and wide application areas (Synowiecki & Al-Khateeb,
2003).

Individuals of Monodonta turbinata (Born, 1780) (Gastropoda, Prosobranchia, Trochidae) are
marine gastropod mollusks. They are distributed in all coastal areas of the Mediterranean and can be
easily found all year round. M. turbinata lives in the rocky areas of the tidal zone. It can survive out
of the water for several hours and tolerate high temperatures. This species eats algae residue scraped
from rocks. Monodonta is distributed in the Mediterranean and Western Atlantic, from Portugal to
Morocco and the Canary Islands.

Gastropods form the dominant group of molluscs on the coast of Iskenderun Bay in the Northeast
Mediterranean (Bakir et al., 2012). Most of the studies on M. furbinata, which has a dense population
on the coasts of Iskenderun Bay, were limited to the biology, heavy metal accumulation, nutrition and
biomonitoring of this species, and no studies on biomaterial production such as chitin and chitosan
were encountered. It is very significant that the species to be used as biomaterials are sustainable,
easily available and abundant.

In this study, it was aimed to extract chitin and chitosan from M. turbinata, one of the most
abundant examples of gastropods in the Iskenderun Bay. In addition to the extensive application areas
of chitin and chitosan in many industrial areas, this species has not been economically evaluated. In
this context, chitin and chitosan were produced from M. furbinata shells. Yield, deacetylation degree,
solubility, X-Ray Diffraction (XRD), Fourier Transforms Infrared Spectroscopy (FTIR) and Scanning
Electron Microscopy (SEM) analyses of chitin and chitosan biopolymers were performed.

2. MATERIALS and METHOD
2.1. Materials

In the present study, M. turbinata was randomly collected from the coastal region of Iskenderun
(36.58968° N, 36.14690° E) at the Northeast Mediterranean coast in April 2023 (Figure 1). Sampling
was done manually with a pocket knife, and a total of 50 samples were collected. The M. turbinata
species were quickly taken to the lab in a box (Figure 1). The soft tissues of M. turbinata were
removed, washed with plenty of water and the shells were dried in an oven at 60 °C. The dried shells
were weighed and then pulverized using a grinder. Approximately 200 g of dry M. turbinata shell was
used (Alabaraoye et al., 2018).
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36°20' N

Mediterranean Sea

Figure 1. Study area (Anonymous, 2023; GM, 2023) and M. turbinata.

2.2. Extraction

The demineralization was stirred at 500 rpm for 6 hours using 1M HCI at a ratio of 1:10 (w/v) at
ambient temperature. The obtained shell powder was washed to neutralize under running water.
Finally, the shell powder was collected and washed using distilled water and dried at 50 °C for 18
hours. Deproteinization was mixed at 500 rpm by adding 1M NaOH at a ratio of 1:10 (w/v) followed
by heating at 70 °C for 18 hours. The shell powder was neutralized by washing under the water. The
shell powders were gathered and washed again with distilled water. Finally, the shell powders were
dried in an oven for 18 hours , then weighed and placed in polyethylene tubes. The resulting shell
powder is chitin. Then, the chitin was deacetylated with 50% NaOH at a ratio of 1:10 (w/v) at 100 °C
for 4 hours at 500 rpm (Al Sagheer et al., 2009; Marei et al., 2016). The resulting deacetylated solid
was filtered, gathered, and washed using distilled water. Finally, the chitosan was dried in an oven for
18 hours, then weighed and placed in polyethylene tubes.
2.3. Yields

The yields of the chitin and chitosan obtained from the powders were calculated by correlating the
weights of the raw bark powders with the weights of chitin and chitosan taken later. The chitin and
chitosan yields were calculated as described by Luo et al. (2019).

W P
Yenitin = 7 —x100 (1)
WRI;II/W shell
_ Chitosan
YChitosan - W chitin x100 (2)

where, Y: yield, W: weight

2.4. Solubility

To determine the acid solubility of chitin and chitosan powders obtained from M. turbinata shells,
1g from each was weighed. It was dissolved in 100 mL of 1% acetic acid solution. The solution was
then stirred and kept at ambient temperature for 2 hours. Then, it was filtered through filter paper that
was weighed before and the filter paper was dried. The dried paper and samples were weighed again.
The percent solubility was analyzed from the weight gain rate of the filter paper x100 (Nessa et al.
2011).

2.5. Fourier Transforms Infrared Spectroscopy (FTIR) Analysis
FTIR analyses of M. turbinate chitin and chitosan material were performed with a Jasco/FT/IR-




Ugurlu, 2024 Acta Aquat. Turc., 20(2): 097-107 100

6700 instrument set with ATR. IR spectra were observed between 4000 and 400 cm™ at a
determination of 4 cm™. The DD of the polymer was computed according to the study used by
Brugnerotto et al. (2001) (Egs. 3 and 4)

%DA = [(*“ﬂ) — 0.3822| /03133 3)

1420

%DD = 100 — %DA 4)

where, DD = deacetylation degree (%) and DA =acetylation degree (%). A1320 was the peak
region of the 1320 cm-1 band and A1420 was the apex area of the 1420 cm-1 band, A1320 is the peak
for the amide group and A1420 was the peak for the amine group.

2.6. X-Ray Diffraction (XRD) Analysis

X-Ray diffraction (XRD) studies were performed to determine the crystallinity of the obtained
chitin and chitosan biopolymers. Malvern Panalytical EMPYREAN 3rd generation analytical (UK)
device was worked with Cu Ka radiation (A= 1.5406 A) at 40 kV and 30 mA. Data were gathered at a
scan amount of 1°/min with a scan position of 5 to 45°. The crystalline index (Crl) method was used
by Yuan et al. (2011) Eq (5),

Crlygo = (’11;’#) X100 (5)

110

where 1} is the highest intensity of the (110) diffraction peak at 260 =20° and I, is the amorphous
deflection signal at 26 = 16°.

2.7. Scanning Electron Microscopy (SEM)

The surface areas and structures of M. turbinate chitin and chitosan biopolymers were visualized
by SEM. Before imaging the chitin and chitosan materials, gold-palladium coating was performed
with the POLARON SC7620 device. The distribution of coated chitin and chitosan biopolymers was
shown with the SEM device (JEOL JSM-6380LA) using 15 kV (Marei et al., 2016).

3. RESULTS and DISCUSSION

Chitin and chitosan were extracted from M. turbinata shell waste as a result of deproteinization,
demineralization and deacetylation processes, and the quality of the extracted chitin and chitosan
biopolymers was determined (Figure 2).

Raw M. turbinata shell
Washing, drying,
grinding and sieving

Shell powder
Particle sizes 350 ym
Chitin + CaCO,+ proteins

Demineralization
1M HCI (1:10 wiv)
(18h)

Demineralized shell Washing + Drying
Chitin + proteins ~ fr24hin (50°0)

Deproteinization
1M NaOH (1:10 wh)
(70°C) (18h)

Deproteinized shell  Washing + Drying

e for 24h in (50°C
Raw Chitin r 24 in50"C)
50% NaOH (1:10 whv)
(100°C) (4h)
Deasetiled shell ~ Washing + Drying

for 24h in (50°C)

Chitosan
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Figure 2. Isolation process of chitin and chitosan from M. turbinata shells.

3.1. Yields

Many researchers reported that the yields of the obtained chitin and chitosan biopolymers differ
among marine species. The results obtained by Fadlaoui et al. (2019) showed a yield of 8.27% chitin
and 5.89% chitosan. Majekodunmi et al. (2017) reported that the yield of chitosan obtained from
Mytilus edulis shells was 51.8% and the yield of chitosan obtained from Laevicardium attenuatum
shells was 43.8%. Al Sagheer et al. (2009) reported that the yield of chitin from Metapenaeus affinis,
Penaeus semisulcatus, Portunus pelagicus male, P. pelagicus female, Thenus orientalis and cuttlefish
were 19.13%, 16.75%, 20.8%, 20.14%, 21.26%, and 7.4%, respectively. Ahyat et al. (2017) reported
that yields of chitin and chitosan from the shells of Portunus pelagicus were 20.24% and 13.56%,
respectively. Bolat et al. (2010) reported that chitin and chitosan from the shells of Potamon potamios
were 6.83% and 4.56%, respectively. Kabalak et al. (2020) reported that yields of chitin from
Polyphylla fullo, Lucanus. cervus, Gryllotalpa gryllotalpa and Bradyporus (Callimenus) sureyai shells
were 11.3%, 10.9%, 10.1% and 9.8% respectively. In this study, the dry weight of chitin and chitosan
from the shells of M. turbinata were 60.26+0.96% and 80+1.29%, respectively (Figure 3). The chitin
and chitosan yields are affected not only by the variation of the organisms used for production of the
chitin and chitosan, but also by the place where these organisms live in different geographical
locations.

M. turbinata Chitin : W M. turbinata Chitosan

Figure 3. Dry weight of chitin and chitosan obtained from M. furbinata shells.

3.2. Solubility

According to the results, M. turbinata chitin biopolymer had a low solubility value of
59.11£1.48%. It was determined that the chitosan biopolymer obtained from M. turbinata shells
showed an excellent solubility of 88.69+1.71%. Similarly, Alabaraoye et al. (2018) obtained the chitin
content from 6 different shellfish wastes and reported their solubility between 58.33% and 85.71%.
Demir et al. (2016) reported that the chitosan solubility obtained from crab shell in acetic acid was
99.2940.001%. The main purpose of this method is to assure the precision of the readings from acetyl
groups and proteins, since the residues or other impurities may adversely affect the results in the
samples during the analysis processes. Chitosan biopolymer affects parameters such as the degree of
deacetylation and many physicochemical properties including solubility and crystallinity.

3.3. FTIR Analysis

FTIR analysis was achieved to determine the structure of chitin and chitosan obtained from M.
turbinata shells by identifying characteristic bands of these polymers. Figure 4 shows the FTIR
spectra for chitin and chitosan from M. turbinata shells.

The FTIR spectrum of M. turbinata chitin showed bands at 3395.41 cm™ (stretching and vibrating
of aliphatic O-H), 2953.28 cm™ (C-H vibration of -CHj), 1785.76 cm’ (stretching and vibration of C-
O and C=0), 1443.46 cm™' (bending vibration of -NH and stretching vibration of -CN), 1081.87 cm’!
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Figure 4. FTIR spectra of chitin and chitosan isolated from M. turbinata shells.

FTIR spectra of chitosan obtained from M. turbinata chitin observed bands at 3471.62 cm™ (OH
stretch overlapped with NH stretch and inter-hydrogen bonds of the polysaccharide), 2948.77 cm™ (C-
H stretch), 1627.92 cm™ (amide I band, C=0 stretch), 1483.05 cm™ (NH, bending), 1407.16 cm™ (C-H
bending), 1275.78 cm’' (amide 1T band, C-N stretch), 1094.32" (bridge C-O-C stretch), and 983.62
ecm’ (C-O-C stretch). Analysis of chitin and chitosan with FTIR spectrum yielded results similar to
previous studies (Hajji et al., 2014; Kumari et al., 2015; Demir et al., 2016; Alabaraoye et al., 2018;
Kabalak et al., 2020; Varma & Vasudevan, 2020). The absorbance mode of the FTIR spectra was used
to calculate DD and DA in M. turbinata. The %DA of chitin obtained from M. turbinata shells was
calculated as 15.17%. In addition, the %DD of chitosan was calculated as 84.83%. Ogretmen at al.
(2022) reported that the %DD of chitosan obtained from pink shrimp (Parapenaeus longirostris) was
81%. Alabaraoye et al. (2018) reported that the %DA of chitin materials obtained from mussel, oyster,
shrimp and crab species were %91, 85.62, 51.61 and 69.4, respectively. It is estimated that the results

found in these two studies and the current study are due to the difference in species and experimental
process.

3.4. XRD Analysis

To identify the location of the crystal structures and to know the functional properties of the
mechanisms in M. turbinata, the chitin and chitosan powders were analyzed by XRD. The XRD
pattern of the biopolymers of M. turbinata shells, chitin and chitosan are presented in Figure 5.
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Figure 5. XRD spectra of chitin and chitosan isolated from M. turbinata shells.

The XRD analysis in this study shows that a-chitin is extracted. XRD analysis of the M. turbinata
chitin determined 17 peaks of crystal reflection in the 10-90° range, with the 8 greatest peaks (19.10°,
20.30°, 24.50°, 28.40°, 30.10°, 32.20°, 41.30° and 48.70°) determined (Figure 5). The greatest peak
reflection was found to be about 20-30° (1100° count s) at 20. 18 peaks were defined in the XRD
examination of M. turbinata chitosan, and the nine greatest peaks (20.15°, 29.60°, 32.90°, 34.10°,
38.20°, 39.60°, 54.65° and 59.40°) were decided. The greatest peak of the chitosan was determined at
about 20 at 20.15° and 39.60° (1200° count s™' and 1080° count s™) (Figure 5).

The crystalline index (Crl) of chitin obtained from M. turbinata shells was calculated as 54.92%.
Kaya et al. (2014) reported that Crl value of chitin extracted from Fomitopsis pinicola was 52%.
Gbenebor et al. (2017) reported that Crl values of chitin from shrimp exoskeleton were between 79.4-
87.4%. Phuong et al. (2017) reported that CrI value of chitin from black tiger shrimp was 54.7%. Odili
et al. (2020) reported that Crl value of chitin from crab shell was 80%. Ugurlu & Duysak (2023)
reported Crl values of chitin obtained from D. setosum testa and spines were 68% and 67%,
respectively. The Crl value observed in this study was similar to the Crl values of chitins obtained
from other organisms.

3.5. SEM analysis

Figure 6 shows the SEM of chitin (Figure A and B) and chitosan (Figure C and D) prepared from
shells of M. turbinata. The surface structure of the obtained chitin was studied. It was observed that
the chitin biopolymers have porous and fibril structures. It also showed that chitin from M. turbinata
showed regularly arranged dense pores. Chitosan prepared from M. turbinata chitin shows a highly
porous structure. It is revealed that the chitin biopolymer has a smoother surface area than chitosan.
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Figure 6. SEM micrographs of chitin (A and B) and chitosan (C and D) extracted from M. turbinata at different
magnifications.

The presence of pores and fibers in M. turbinata chitin and chitosan biopolymers was similar to
chitin and chitosan in previous studies in pink shrimp, fishing waste, Nigerian shrimp, and other
crustaceans (Ugurlu & Duysak, 2023; Mohan et al., 2021; Varma et al., 2021; Kumari et al., 2015; Isa
et al., 2012; Al Sagheer et al., 2009).

4. CONCLUSION

Chitin and chitosan biopolymer were obtained from the gastropod species Monodonta turbinata,
which has dense populations on the coasts of Iskenderun Bay. The chitin and chitosan yields obtained
from M. turbinata were calculated as 60.26+0.96% and 80+1.29%, respectively. The deacetylation
degree from M. turbinata was calculated as 84.83% using FTIR analysis. The solubility of chitosan
from M. turbinata shell was 59.11+1.48%. XRD analysis showed that the M. turbinata shells have a
crystalline structure. The Crl value of M. turbinata shell was found to be 54.92%. XRD FTIR and
SEM analysis results of chitin and chitosan biopolymers prepared from M. turbinata shells have
confirmed that they can be used commercially in many different areas (food, cosmetics, medicine
etc.). These results suggest that M. turbinata shell is one of the most remarkable and good sources of
chitin and chitosan.
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Abstract: In the present study some of the water quality parameters were spatially Keywords
examined with water quality and pollution indices in the Biiylik Menderes River
(BMR). In addition, the more effective parameters on the indices were determined
among the parameters measured in the study. The measured water quality parameters . .
were detected as WT:16.5-25.9 oC, pH:7.5-9.3, DO:nd-12.2 mglL-1, EC:312-30215 * Comprehensive pollution
uScm-1, Salt:0.17-19.6 %o, NO2-N:nd-0.31 mglL-1, NO3-N:nd-1.08 mglL-1, NH4- index

N:0.035-25.2 mgL-1, TP:0.011-7.45 mgL-1, MBAS:nd-7.79 mgL-1 ve COD:nd-128.9 e Physicochemical parameters
mgL-1. In the present study, several parameters were determined as the second class

and third class of water quality according to the Turkish Water Pollution Control

Regulation*. WQI value range was determined as from Bad (38.82) to Excellent

(92.35), and CPI as from “Sub Clean (0.39) to Highly Polluted (9.62)” in the stream. It

was determined that there was no compatibility between WQI and CPI used in

determining the environmental risks in the study area. The GIS was found to be

effective in interpreting the spatial distribution of the results obtained and in identifying

the key areas that require control. Different statistical analyses were used to determine

the relationships between variables. In multiple linear regression (MLR) analysis, it was

determined that the most critical parameter affecting the indices was NH4-N. The

results obtained from WQI and CPI in the present study indicate that anthropogenic

activities are effective in the region.

*'TWPCR, Quality criteria of inland surface water resources in terms of general

chemical and physicochemical parameters by Class

e Surface water quality
e Water quality index

Ozet: Bu galigma, Biiyiik Menderes nehrindeki bazi su kalite parametrelerini mekansal Anahtar kelimeler
olarak su kalite ve kirlilik indeksleri ile incelemeyi, ayrica ¢alismada olgiilen hangi
parametrenin indeksler {izerinde daha etkili oldugunu belirlemeyi amaglamstir. Olgiilen
su kalite parametreleri Yiizey Suyu Sicakligi:16,5-25,9 °C, pH:7,5-9,3, Cozinmiis . .
Oksijen:nd-12,2 mgL", Elektriksel iletkenlik:312-30215 pScm™, Tuzluluk:0,17- * Kapsamli kirlilik indeksi
19,6%o0, Nitrit Azotu (NO,-N):nd-0,31 mgL"', Nitrat Azotu (NO5-N):nd-1,08 mgL"', e Fizikokimyasal parametreler
Amonyum Azotu (NH,-N):0,035-25,2 mgL", Toplam Fosfor:0,011-7,45 mgL",

Anyonik Yiizey Aktif Madde:nd-7,79 mgL" ve Kimyasal Oksijen ihtiyaci:nd-128,9

mgL™" olarak tespit edildi. Calismamizda Tiirkiye Su Kirliligi Kontrolii Yénetmeligi

(SKKY, Kitai¢i yeriistii su kaynaklarinin genel kimyasal ve fizikokimyasal

parametreler acgisindan smiflarina gore kalite kriterleri)’ne gore birden fazla

parametrenin ikinci smif ve iligiincli sinif su kalitesinde oldugu belirlendi. Su kalitesi

indeksi deger araligi akarsuda Kot (38,82)-Miikkemmel (92,35), kapsamli kirlilik

® Yiizey suyu kalitesi
¢ Su kalite indeksi
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indeksi ise “Az Kirli (0,39)-Cok Kirli (9,62)” sekinde tespit edildi. Calisma alaninda
cevresel risklerin belirlenmesinde kullanilan su kalite indeksi ve kapsamli kirlilik
indeksi arasinda bir uyumun olmadig1 belirlendi. Cografi bilgi sisteminin, elde edilen
sonuglarin mekansal dagiliminin yorumlanmasinda ve kontrol gerektiren kilit alanlarin
belirlenmesinde etkili oldugu goriildii. Degiskenler arasi iliskilerin belirlenmesinde
farkli istatistiksel analizler kullanildi. Coklu dogrusal regresyon (MLR) analizinde
indeksleri etkileyen en onemli parametrenin NH,;-N oldugu tespit edildi. Calisma
sonucunda elde edilen su kalite indeksi ve kapsamli kirlilik indeksi sonuglari
antropojenik faaliyetlerin bolge lizerinde etkili olduguna isaret etmektedir.

1. INTRODUCTION

Water is necessary for the continuity of vital activities in every period of human life, and the
presence and quality of water are especially important (Minareci and Cakir, 2018; Simsek and Mutlu,
2023). Sustainable use of surface water is one of the indispensable issues, especially considering
freshwater resources. Determining the quality and pollution level of these waters is essential for the
environment and human health (Dondii et al., 2022). River water quality can vary depending on
numerous factors such as the geology of the area, vegetation and human activities (point and non-
point). River water pollutants usually come via stream discharges, groundwater seepage, stormwater
runoff, and atmospheric deposition (Yang et al., 2021). Surface water quality in rivers is indispensable
for both human communities and aquatic organisms (Zhong et al., 2018). However, it has been
reported by many researchers that water quality deteriorates due to anthropogenic activities and this
situation is a serious threat especially for developing countries (Singh et al., 2005; Gazzaz et al., 2012;
Yilmaz and Kog, 2016; Aksever and Biiyiiksahin, 2017; Wu et al., 2018; Yang et al., 2020; Yang et
al., 2021; Dondii et al., 2022; Elassassi et al., 2022; Ozdemir et al., 2022). Besides, river ecosystems
attract more attention due to their importance in ecological integrity as well as for their economic
contribution (Sun et al., 2019; Tibebe et al., 2019).

In recent years, with the increasing importance of water quality, different evaluation methods have
been developed and used. The most common methods in scientific studies today include the use of
water quality and pollution indices (Hurley et al., 2012; Sener et al., 2017; Ewaid et al., 2018; Matta et
al., 2020; Y1lmaz et al., 2020; Valentini et al., 2021; Déndii et al., 2022; Simsek et al., 2022; Ozdemir
et al., 2023; Simsek and Mutlu, 2023), principal component analysis (PCA) (Olsen et al., 2012; Wang
et al., 2017; Zeinalzadeh and Rezaei, 2017; Basatnia et al., 2018; Zhong et al., 2018; Elassassi et al.,
2022), geographic information system (GIS) (Sener et al., 2017; Dondii et al., 2022), and multiple
linear regression (MLR) (Basatnia et al., 2018; Ewaid et al., 2018; Valentini et al., 2021). One of the
most used interpolation methods on GIS is Inverse Distance Weighted (IDW) (Aminu et al., 2015;
Rostami et al., 2019). IDW is one of the most used g geostatistical and mathematical interpolation
techniques nowadays (Yang et al., 2020). This technique is used for spatiotemporal mapping and
surveying of surface water quality, assessing potential pollution of river water (Zhong et al., 2018).

Environmental studies were carried out at different locations in the BMR, including many
areas of the basin (Akcay et al., 2003; Koca et al., 2008; Bulut et al., 2012; Tekin Ozan and Aktan,
2012; Yilgor et al., 2012; Giilcii-Giir and Tekin-Ozan, 2015; Yilmaz and Kog, 2016; Aksever and
Biiyiiksahin, 2017; Durmaz et al., 2017; Minareci and Cakir, 2018; Minareci et al., 2018; Algiil and
Beyhan, 2020; Esen and Hein, 2020; Yilmaz et al., 2020; Akyildiz and Duran, 2021). However,
among these studies, there is almost no detailed study in which water quality and pollution indices are
used alone or together with GIS and covering the entire basin. In this regard, it is thought that our
study is especially important considering the quality of drinking and irrigation water used extensively
in the region.

The aims of this study are (i) to evaluate the current status of water with water quality and pollution
indices in BMR which is one of the most important rivers of Tiirkiye, and to compare the indices (ii)
to determine the most effective water quality parameters on quality and pollution indices (iii) to
analyze the water quality parameters spatially and to evaluate them with statistical analyses and GIS.

2. MATERIAL and METHODS
2.1. Study area and sampling sites
The BMR has a length of 584 km and it is the longest river in the Aegean region of Tiirkiye (Figure
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1). BMR is located in Western Anatolia, southwest of Tiirkiye, between the coordinates 37°04'-38°95'
North and 27°05'-30°76' East. The borders of the basin, which constitutes 3.2 percent (26.361 kmz) of
Tirkiye's land surface, includes many provinces such as Aydin, Usak, Denizli, Mugla, Afyon, Isparta,
Burdur and izmir (Durkan et al., 2008; Koca et al., 2008; Yilmaz and Kog, 2016; Durmaz et al., 2017;
Minareci et al., 2018; SYGM, 2018; Yilmaz et al., 2020).
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Figure 1. Study area map, sampling sites and digital elevation model (DEM).

Most of the river water is used for irrigation purposes. The population of the basin has reached 2.5
million people, the majority of whom are distributed in 323 municipalities (Yilmaz et al., 2020). The
river basin is very important from an agricultural point of view (Minareci ve Cakir, 2018). Cotton,
wheat, corn, clover, sunflower, vegetables and fruits are the traditional cultivated of these areas
according to the irrigation tradition (SYGM, 2018). Leather and textile industry are highly developed
in the basin (Condur and Comertler, 2010). The region is adversely affected by domestic waste water
originating from settlements, industrial waste water originating from industrial establishments, water
returning from irrigation containing fertilizers and chemicals (because pesticides are used) and
geothermal power plant waste water (Akcay et al., 2003; Durkan et al., 2008; Koca et al., 2008;
Yilmaz and Kog, 2016; Minareci and Cakir, 2018). In the BMR, chosen as the research area, 19
sampling sites with potential pollution were determined and samples were collected from points
shown below (Table 1). The view of the basin boundary, study area height (DEM) and sampling sites
are given in Figure 1.
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Table 1. Coordinates and names of sampling sites.
1 Gokgol, Denizli (38°12'19.02"N-30°2'19.37"E) 11 Nazilli, Aydin (37°52'32.55"N-28°19'40.40"E)
2 Isikli Lake, Denizli (38°1525.97"N 29°55'41.85"E) 12 Yenipazar, Aydin (37°51'27.72"N-28°11'33.57"E)
3 Yahyali, Denizli (38° 09'6.50"N-29°35'53.05"E) 13 Ko6sk, Aydin (37°48'58.69"N-28°2'53.79"E)
4 Cal, Denizli (38° 6'1.84"N-29°25'21.55"E) 14 Aydin (37°46'56.36"N-27°50'22.55"E)
5 Cindere, Denizli (38° 5'0.63"N-29°0'53.45"E) 15 Yazidere, Aydin (37°48'35.31"N-27°42'46.76"E)
6 Mahmutlu, Denizli (38° 2'17.92"N-28°57'46.44"E) 16 Karaagacli, Aydin (37°48'13.88"N-27°35'19.17"E)
7 Ahmetli, Denizli (37°59'7.80"N-28°58'30.50"E) 17 Soke, Aydin (37°45'11.41"N-27°28'54.47"E)
8 Karakiran, Denizli (37°56'31.76"N-28°51'29.88"E) 18 Sarikemer, Aydin (37°33'7.75"N-27°2225.61"E)
9 Buharkent, Aydin (37°56'50.34"N-28°44'35.71"E) 19 Batikdy, Aydin (37°32'52.29"N-27°14'14.01"E)
10 Hamzali, Aydin (37°53'21.65"N-28°25'14.24"E)

2.2. Water quality parameters and experimental studies

Samples were collected by conducting a field study in September 2021 from the sampling sites
determined in the BMR. Water samples were filled into the 2 L polyethylene bottles and transported as
a cold chain to the laboratory. Electrical conductivity (EC, uScm™), salinity (Salt, %o0), pH, water
temperature (WT, °C), and dissolved oxygen (DO, mgL™") were measured at the sampling sites using a
multiparameter device named the Hach HQ40d brand. All the parameters measured in this study and
the methods used are given in Table 2. Water analysis was done by APHA (2017) and EPA (1971)
methods in the laboratory of Mugla Sitk1 Kogman University Environmental Problems Research and
Application Centre, accredited by the internationally recognized Turkish Accreditation Agency
(TURKAK). TIN (NH4-N+NO,-N+NO;-N) was obtained by summing the nitrogen values. The
samples were studied in 3 repetitions and the averages were noted. In the calibration charts prepared
for the parameters, r>0.99 was determined. Double distilled water obtained from the Human Zeneer
UP900 brand distilled water device was used in the preparation of all solutions. In analyses using the
colorimetric method, measurements were made using an Agilent Cary60 UV/V brand
spectrophotometer. All chemicals used in the analyses are of analytical purity and belong to Merck
and Sigma Aldrich brands.

Table 2. Methods used in water analysis.

Analyses Name of the method Reference Metod Measurement range
WT Laboratory and field methods SM 2550 B 0-100 °C
pH Electrometric method SM 4500 H'B 1-14

DO Membrane electrode method SM 4500-O H 0-50 mgL"'
EC Laboratory and field methods SM 2510 B 0-200 mS/cm
Salt Laboratory and field methods SM 2520 B 0-70 %o
NO,-N Spectrophotometric SM 4500 B >0.01
NO;-N Brucine method EPA 352.1 >0.1
NH,*-N Spectrophotometric SM 4500 B >0.02

TP Spectrophotometric SM 4500-P B ve E >0.01
MBAS Spectrophotometric SM 5540-C >0.025
COD Titrimetric method TS2789 (Part A- B) >1

SM: Standard method, TS: Turkish Standard

2.3. Water quality index (WQI) and Comprehensive pollution index (CPI)

WQI is a single number that is easy to understand and interpret mathematically and that is derived
from the conversion of multiple water quality data (Kiikrer and Mutlu, 2019). The following equation
(1) was used to determine the WQL.

I i=1 GiPi 1
wat- i=1 Pi

In this equation, n is the total number of parameters, C; is the value assigned to parameter i after
normalization and P; is the relative weight of parameter i (Pesce and Wunderlin, 2000). P; values range
between 1 and 4 (Kocer and Sevgili, 2014). The WQI is calculated bewteen 0 and 100 and a value
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closer to 100 indicates better water quality conditions. Water quality is divided into five classes
according to WQI values: very bad (0-25), bad (26-50), medium (51-70), good (71-90) and excellent
(91-100) (Kocer and Sevgili, 2014). Limit values of Turkish water quality standards were taken into
consideration during the calculations made (TS266, 2005). In this study, eight water quality
parameters (WT, pH, DO, NO,-N, NO;-N, NH4-N, TP and COD) were used for WQI calculation.

CPI is used to determine the pollution level at a given point using water quality monitoring data
(Son et al., 2020). The following empirical equation (2) was used to determine the CPL

n

1
CPI = — Pli (2
"El i 2)
£

where n is the number of parameters; PI; is the pollution index number i. PI; is calculated according

to the following equation (3).
PI;- % 3)

where C; is the concentration of parameter in water; Si is the limit value according to
environmental standards. CPI is classified into five categories: Clean (0-0.2), Sub clean (0.21-0.40),
slightly polluted (0.41-1.00), medium polluted (1.01-2.00), and heavily polluted (CPI>2.01). In this
study, eight water quality parameters (WT, pH, DO, NO2-N, NO3-N, NH4-N, TP, and COD) were
used for CPI calculation.
2.4. Data analysis

In this study, descriptive statistics and Kolmogorov-Smirnov & Shapiro-Wilk normality tests were
used to determine the distribution of the data, Kruskal-Wallis test was used to determine the
differences of the variables between sampling sites, Spearman's rho correlation was used to analyze
the relationships between the variables, PCA was used to detect potential pollutant sources and the
relationships between the data and MLR was used to determine the parameters affecting the water
quality indices. SPSS 22 and Origin 2022b were used for statistical analyses. Before performing MLR
analysis, analysis prerequisites (linearity, normality, multicollinearity, and homoscedasticity) were
fulfilled. For multicollinearity control, correlation coefficients between all independent variables were
found to be less than 0.8, and the variance inflation factor (VIF) of linear regression was found to be
<10 (Ewaid et al., 2018). The spatial analysis of the collected data was conducted in GIS, and a
thematic map of each water variable was developed by using the IDW interpolation technique (Gong
et al., 2014). During the mapping process, ArcGIS software (10.7.1) was utilized.

3. RESULTS and DISCUSSION
3.1. Water quality and statistical analysis

The descriptive statistical results of the data in the study area are given in Table 3, the distribution
of the data at the sampling sites is given in Figure 2 and the correlation results are given in Figure 3.
The differences in the variables between sampling sites are given in Table 5. A significant difference
was found between the distributions of the variables at the sampling sites (Table 5, p=0.000). The
distributions of the values in GIS are given in Figure 4, Figure 5, and Figure 6.

Table 3. Physicochemical analysis results in water samples.
Descriptive Statistics

Unit Minimum Maximum Mean Std. Deviation
WT °C 16.5 25.9 21.5 2.42
pH - 75 9.3 8.3 0.49
DO mgL”! nd 12.2 6.84 3.70
EC uScem’! 312.0 30215 3101 6614
Salt %0 0.17 19.6 1.86 4.29
NO:-N mgL"! nd 0.310 0.060 0.08
NOs-N mgL"! nd 1.08 0.28 0.31
NH.-N mgL"! 0.035 25.2 2.75 6.28
TP mgL! 0.011 7.45 0.85 2.22
MBAS mgL"! nd 7.79 0.54 1.74
COD mgL”’ nd 128.9 41.5 34.1

nd: not determined
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WT is one of the most important parameters affecting aquatic life. Living things are very sensitive
to water temperature changes (Ozdemir et al., 2014). Physical properties of water such as density,
viscosity, vapor pressure, surface tension and chemical properties such as biochemical reaction rates
are significantly affected by water temperature (Wu and Kuo, 2012). The highest WT was detected at
sampling site fourteen with 25.9 °C, while the lowest value was detected at sampling site one with
16.5 °C (Figure 1, Figure 2a and Table 3).

Table 4. The comparison of this study with other studies and standards.

g;iiﬁ:f::é WT pH DO MBAS COD TP NHgN Ngz' Ngr WQI  CPI
gﬁi’i‘ffz%‘;dl) 1974 829 751 - : : - 052 331 - -
élolf;(;zem' ~ 803 730 - 1664 - 045 017 207 ab -
gionfgf"ietal' 156 824 604 024 - 0018 - - - - -

Aksever and
Biiytiksahin, 10.53 8.15 - - - - - - - _ R

(2017)

ngggi’g) ; - 743 - 2960 - - 006 202 - -
g‘g‘é)ﬁ’t A 430 817 908 - - - - - LS
ggg 4"; al. 1.0 75 733 - 200 - - 0.001 034 - -
élgf)asy) A 00 sas L . w4 - - - -
(Tzlgzszs)‘“dy 215 83 684 054 415 085 275 006 028 c-d  ef
(TZ‘(’)VZI;)C% 25 69 > - <25 <008 <02 - <3 - -
(TZ‘(’)VZI;)C;C[ 925 69 6 . 50 02 I R (R
(TZ‘(})‘;I;)C;{rd 30 69 <6 - >0 02 >l S

a: good, b: very poor, c: bad, d: excellent, e: Sub clean, f: heavily polluted

Gokgol Wetland Protection Area is in the sampling region one and is located between Afyon-
Denizli border. Sampling site fourteen is at the entrance to the center of Aydin, and high
concentrations of MBAS were detected in this region. Mean WT was determined as 21.5+2.42 °C in
the BMR basin. WT showed a positive (p<0.001) correlation with pH and MBAS, and a negative
(p<0.001) correlation with NO;-N (Figure 3). The average water temperature value we obtained is
higher than the studies conducted in the region and is of the first class water quality determined by
TWPCR (2023) (Table 4).

pH significantly affects the treatment and use of water, and the pH of water is a measure of its
reactive properties (Bulut et al., 2012; Aksever and Biiyiiksahin, 2017). The pH of the water consumed
by humans is between 6.5 and 8.5, and pH is very important as it affects the solubility, availability and
use of nutrients by aquatic organisms (Y1ilmaz et al., 2020; Ram et al., 2021).
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The highest pH was determined as 9.3 at sampling site sixteen, while the lowest value was
determined at sampling site one as 7.5 (Figure 1, Figure 2b and Table 3). At sampling site sixteen of
Karaagach (Aydin) region, the water became very shallow and the flow almost came to a standstill
(Figure 1). While pH showed a high positive correlation (r=0.54) with MBAS, it showed a high
negative correlation (r=-0.65) with NO;-N (Figure 3). The average pH value we determined in the
basin is higher than other studies conducted in the region, and it is of the first class water quality
determined by TWPCR (2023) (Table 4).

DO is one of the most important water quality parameters (Y1lmaz et al., 2020; Dondil et al., 2022;

Ozdemir et al., 2022). DO below 2 mg/1 is called hypoxis and is not suitable for the survival of living
organisms (Rounds et al., 2013).
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Figure 3. Correlation results of water quality parameters.

The highest DO was determined as 12.20 mgL™" at sampling site five, while the lowest value was
determined with nd (not determined) at sampling sites thirteen, sixteen, and eighteen (Figure 1, Figure
2c, and Table 3). The mean DO was determined as 6.84+3.7 mgL™" in the basin. Sampling site thirteen
located in the Kosk (Aydin) region and sampling site eighteen located in the Sarikemer (Aydin) region
were quite shallow and the amount of water was greatly reduced. Agricultural areas are dense in these
areas and there are olive oil factories at some points. However, it is affected by multiple streams and
environmental activities. The average DO value we determined in the basin is one of the lowest values
in the studies conducted in the region, and it is in the second-class water quality determined by
TWPCR (2023) (Table 4).

Table 5. Kruskal Wallis Test results for water quality parameters.
Test Statistics™"

NO-- NOs-
WT pH DO EC Salt gz 133 NHsN TP  MBAS COD
Chi- 55204 55665 55851 55884 55702 55809 55224 55657 55809 55832  55.638
Square
Ass?gnp © 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

a. Kruskal Wallis Test
b. Grouping Variable: Sampling Sites

EC is a parameter that indicates the ability to conduct current in the water and the total amount of
salt or ions dissolved in the water (Yilmaz et al., 2020). The salinity of water used for drinking is
specified as 1500 pScm™ (Tibebe et al., 2019). Yilmaz et al. (2020) determined the EC value as 1160
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uScm™, and Akyildiz and Duran (2021) as 1449 pScm™. In our study, the highest EC was determined
with 30215 uScm™ at sampling site nineteen, while the lowest value was determined at sampling site
one with 312 uSem™ (Figure 2d). It showed a high positive correlation (p<0.001) with EC-Salt (Figure
3). Sampling site nineteen is located in the outlet region of the basin (Batikdy, Aydin) close to the
marine area (Figure 1). Akyildiz and Duran (2021) determined the salinity value as 2.61% in their
studies in the basin. The salinity data in our research move in parallel with the EC values. The highest
salinity was determined at sampling site nineteen as 19.56%, while the lowest value was determined at
sampling site one as 0.17% (Figure 1).

NO,-N does not accumulate much in the environment and turns into nitrate nitrogen as a by-
product (Boyd and Tucker, 1992). The highest NO,-N was detected at sampling site fifteen with 0.310
mgL™"', while the lowest value was detected as nd at more than one sampling site (Figure 1, Figure 2f,
and Table 3). Sampling site fifteen is located in Yazidere (Aydin) region and there are dense
agricultural areas and domestic discharges around it. Again in this region, there are retreats and
shallows in the water. The mean NO,-N value was determined as 0.06 mgL'l. NO,-N showed a high
positive correlation with NO3;-N and NH,-N (Figure 3). The average NO,-N value we obtained in the
study was determined at a low level compared to Akyildiz and Duran (2021) and Yilmaz et al. (2020)
(Table 4).
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Figure 4. GIS map of mean WT (a), pH (b), DO (c), and EC (d).

NO;-N values above 5 mg/l in surface water indicate intense domestic and agricultural activities
(Chapman and Kimstach, 1996). While the highest NO;-N value was detected at sampling site one as
1.081 mgL™", the lowest value was found in more than one sampling sites as nd (Figure 1, Figure 2 and
Table 3). The presence of animal fertilizers and intensive agricultural work at sampling site one may
be effective in increasing these values. Especially the pouring of animal manures to the bottom of the
trees near the river can contribute to this situation. The mean value was found to be 0.28 mgL™"'. The
average nitrate nitrogen value we determined in the basin is one of the lowest values among the
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studies conducted in the region, and it is of the first class water quality determined by TWPCR (2023)
(Table 4).

NH,4-N is the most general form of nitrogen in aquatic ecosystems. Ammonia can pass quickly
through the gills, causing nervous system toxicity and even death (Osman and Kloas, 2010; Yilmaz
and Koc, 2016). The highest NH,-N value was determined at sampling site fourteen as 25.2 mgL™,
while the lowest value was determined at sampling site eighteen as 0.035 mgL ™" (Figure 1, Figure 2h
and Table 3). At this point, it is thought that it is effective in increasing the NH,4-N values of both
agricultural and industrial wastewater. The average NH4-N value we determined in the basin is higher
than the studies conducted in the region, and it is in the third class water quality determined by
TWPCR (2023) (Table 4).
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Figure 5. GIS map of mean Salt (e), NO,-N (f), NOs-N (g), and NH4-N (h).

Phosphate concentrations ranging from 0.05 to 0.1 mgL" are considered threshold values for
natural waters (Tibebe et al., 2019). The highest TP was detected at sampling site twelve as 7.45 mgL~
! while the lowest value was determined at sampling site two and eight as 0.011 mgL™ (Figure 1,
Figure 2i and Table 3). Sampling site twelve, which is close to Yenipazar (Aydin) district, is quite
shallow and the water contained is dark in color. The average TP value we determined in the basin is
higher than the studies conducted in the region, and it is in the third class water quality determined by
TWPCR (2023) (Table 4).
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With bioaccumulation, MBAS can pose a threat to human health. Since MBAS is not naturally
found in waters, it may be caused by activities along the basin and cause eutrophication in water
bodies (Wu and Kuo, 2012). The highest MBAS was detected at sampling site fourteen as 7.79 mgL'l,
while the lowest value was determined at more than one sampling sites as nd (Figure 1, Figure 2j and
Table 3). The white foamy appearance and detergent smell at the sampling site 14, which is close to
the central region of Aydin, is in line with the high data we obtained. The average MBAS value we
determined in the basin is higher than Minareci et al. (2018) (Table 4).

COD is accepted as a useful measure of water quality as it indicates the amount of organic
pollutants (Viessman and Hammer, 1998). High COD values are indicative of the pollution of
wastewater discharged from residential, agricultural and industrial activities (Bellos et al., 2004;
Yilmaz and Koc, 2016). The highest COD was detected as 128.9 mgL™" at sampling site fourteen,
while the lowest value was determined as nd at sampling site one (Figure 1, Figure 2k and Table 3).
We found that the average COD value in the basin was higher than previous studies, and is of the
second class water quality determined by TWPCR (2023) (Table 4).

Total inorganic nitrogen (TIN) concentration was obtained by calculating nitrogen values. The
highest TIN was determined at sampling site fourteen as 25.44 mgL™, while the lowest value was
determined at sampling site six as 0.041 mgL™" (Figure 1, Figure 2m and Table 3).

PCA analysis was applied to determine the similarity relationships between water quality variables
and the sources of pollutants (Figure 7). Kaiser-Meyer-Olkin (KMO)-Bartlett test and Varimax
(Rotation Method) Kaiser normalization were used to determine whether the data set was suitable for
PCA. KMO (>0.53) - Bartlett's test was p=0.000, indicating that PCA can be used in the field. Three
main components with eigenvalues greater than 1 (3 components extracted) and constituting 73.8% of
the total variance were identified for the study area. Factors are classified according to their effect
sizes as "strong" (>0.75), "moderate" (0.75-0.50) and "weak" (0.50-0.30) (Li et al., 2011). In PC 1
(with 33.87% of the total variance), NH4-N, MBAS, COD and TP have strong load, while WT has
weak positive load. In PC 2 (with 21.85% of the total variance), NOs-N has strong positive loads,
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while NO,-N and DO have moderate positive load, WT has strong negative load, and pH has moderate
negative load. PC 1 and PC 2 refer to the impact of anthropogenic studies such as agricultural
activities, agricultural fertilizers, leather and textile industry, olive oil factories, domestic and
industrial wastes. PC 3 showed strong positive load for EC and Salt as 18.09%, WT and DO showed
weak positive load. PC 3 points to climatic and biochemical processes.

Scree Plot

Component Plot in Rotated Space

PC2
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Figure 7. PCA analysis of water variables.

3.2. Water quality index (WQI) and Comprehensive pollution index (CPI) results

The smallest WQI value obtained in the study was 38.82 at sampling site fourteen, and the highest
WQI was determined at sampling site six as 92.35 (Figure 8 and Table 6). However, the lowest CPI
value was 0.39 at sampling site sixteen and the highest CPI was detected at sampling site fourteen as
9.62 (Figure 8 and Table 6). The distribution of the obtained WQI and CPI values in GIS is given in
Figure 9. The most important result seen in Figure 8, Figure 9, Table 6 is that the results of both
indices were not found to be compatible. Therefore, the use of a single index may not be sufficient to
determine the quality or pollution of water and may not give accurate results. However, when the
basin is evaluated regionally, both indices point to 3 main regions in total. The first of these is located
between sampling sites one and seven located in the a rural area and partially agricultural. Human
activities are not very intense at these points. The second region is located between sampling sites
eight and fifteen. This area is directly and indirectly affected by the population density of Aydin and
Denizli provinces. There are more than one environmental activity (mainly domestic, industrial and
agricultural) in the second region. The third region is between the sampling sites sixteen and nineteen.
In this region, which is close to the marine area, mostly the effect of domestic wastes and agricultural
activities is seen (Figure 1 and Figure 9). However, the existence of many small streams affecting the
basin and pouring into the sea with the main river should not be ignored. It is thought that natural or
wastewater coming from these areas will be effective in the instant and point changes of the data. In
addition, water quality parameters in areas close to the sea may be diluted with sea water. Considering
all these factors, it is seen in the GIS map as well as the data that the CPI gives more understandable
and certain results together with the results obtained (Figure 9).
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Table 6. WQI and CPI results obtained in the study
Sampling sites CPI Sampling sites WQI
0.43 (slightly polluted) 80.59 (good)
0.82 (slightly polluted) 67.06 (medium)

1.57 (medium polluted)
1.10 (medium polluted)
0.62 (slightly polluted)

0.44 (slightly polluted)

0.56 (slightly polluted)

2.66 (heavily polluted)

3.31 (heavily polluted)

2.92 (heavily polluted)

1.36 (medium polluted)
7.90 (heavily polluted)

0.43 (slightly polluted)

9.62 (heavily polluted)

5.98 (heavily polluted)

0.39 (Sub clean)

0.93 (slightly polluted)

0.46 (slightly polluted)

1.59 (medium polluted)

RS- T Y SR S=NAN=-T- SIEN o NV RN VNI SR

CESEGESSoSee N0 uewL -

71.76 (good)
68.24 (medium)
91.18 (excellent)
92.35 (excellent)
91.18 (excellent)
78.24 (good)
68.82 (medium)
72.94 (good)
84.12 (good)
54.71 (medium)
60.59 (medium)
38.82 (bad)
60.59 (medium)
65.29 (medium)
85.29 (good)
64.12 (medium)
68.82 (medium)
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Figure 9. GIS maps of WQI and CPI results.

In this study, WQI and CPI indices were used as dependent variables and water quality parameters
were used as independent variables in MLR analysis. With the calculated WQI and CPI values, the
WQI and CPI values that can be created as a model can be estimated. In addition, MLR is effective in
determining the parameter that most affect the change in water quality. WQI and CPI model summary
obtained in the basin is given in Table 7 and Table 8.

Table 7. Model Summary of WQI (BMR).

Model Summary’

T
Model R R? Adjusted R* Std. EE Durbin-Watson Wg(()];ﬁm
1 0.756  0.572 0.564 0.0959896 0.000°
2 0.965°  0.932 0.929 0.0387152 0.000°
3 0.980°  0.961 0.959 0.0295758 1.96 0.000°
4 0.986* 0972 0.970 0.0250531 0.000¢
5 0.988°  0.976 0.974 0.0236260 0.000°

a-b-c-d-e-f; Predictors, (Constant): a) NH4-N b) NH4-N, DO ¢) NH4-N, DO, COD d) NH4-N, DO, COD, NO,-N e) NH,-N, DO, COD,
NO»-N, NOs-N f) Dependent Variable: WQI (BMR)

NH,-N by itself showed a high correlation (r=0.756, r=0.916) with WQI and CPI according to the
model summary (Table 7 and Table 8). This shows that among the measured parameters, the most
important parameter affecting WQI and CPI in the basin is NH4-N. Intensive agricultural activities in
the region, domestic and industrial wastes, use of agricultural fertilizers and pesticides and other
discharges are thought to be effective in the increase of NH4-N. Potential pollutants added to the river
water as a result of these activities may progress in the basin and reach the marine area.
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Table 8. Model Summary of CPI (BMR).

Model Summary*

€
Model R R’ Adjusted R* Std. EE Durbin-Watson cﬁ&\@k)
1 0.916°  0.838 0.835 0.3026464 0.000*
2 0.932°  0.868 0.863 0.2756120 1969 0.000°
3 0.980°  0.961 0.958 0.1519576 : 0.000°
4 0.983¢  0.967 0.964 0.1412761 0.000¢

a-b-c-d; Predictors, (Constant): a) NH4-N b) NH4-N, NO»-N ¢) NH4-N, NO»-N, TP d) NH4-N, NO,-N, TP, COD e) Dependent Variable:
CPI (BMR)

It is seen that there are significant relationships from model to model (p=0.000, Table 6 and Table
7). Considering the independent variable values, the following regression equations for WQI and CPI
were obtained mathematically (r=0.988, r=0.983).

WQI(BMR)=3.2-0.4NH4-N+0.08DO-0.02COD-0.07NO,-N-0.04NO;-N

CPI(BMR)=-0.60+0.82NH4-N+1.85NO,-N+1.10TP+0.03COD

Hormal P-P Ploi of Regression Standardized Residual Hormal P-P Plot of Regression Standardized Residual
Dependent Variable: Wol Dependent Variable: TP

RZ Linear = 0.995 R? Linear=0977

Expected

00 02 04 08 0B 10 o0 02 04 06 0B 10

Figure 10. Graphic distribution of observed and predicted WQI-CPI values (Normal p-p plot of regression

standardized residual).

The appearance of the WQI-CPI created as a model and the calculated WQI-CPI values are shown
in Figure 10. In this graph, where the normality of the residual values is tested, it is seen that the
calculated and estimated WQI values are quite close to each other (r’=0.995, 1’=0.977). Since the
calculated and predicted values are r*>0.97, the graphs created show that the WQI and CPI models are
important.

4. CONCLUSION

It is very important to determine and monitor the water quality of the BMR basin, which is one of
the most important rivers of Tiirkiye. When the study area is evaluated in terms of water quality, it can
be divided into three regions. The first region is rural and quieter, the second region is under the
influence of more than one activity and is more affected, while the third region is close to the marine
area and represents mostly agricultural work. However, it is thought that many natural and wastewater
pollutants that reach the marine area by merging with the mainstream may influence the parameters. In
our study, according to TWPCR (2023), it was determined that more than one parameter was in the
second class, NH4-N and TP were in the third class water quality. It was determined that there was an
obvious detergent contamination especially at the sampling point fourteen (Entrance of Aydin city
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center). WQI and CPI were used since different water quality parameters create confusion in
interpretation. WQI values were determined as “Bad-excellent” in the basin, and CPI was determined
between “Sub clean and heavily polluted”. Spatial distribution maps in GIS were found to be effective
in interpretation. However, it is thought that CPI values and maps give more understandable and
certain results. By creating a model with MLR analysis, it was determined that the most important
parameter affecting the indices was NH4-N. As a result of the conducted analyses and calculations, it
is thought that the region is under potential environmental risks.

According to the results obtained, it is seen that BMR, which is located in a very large basin, is
under the pressure of many pollutants, especially agricultural, industrial, and domestic pollutants. In
order to prevent risks and potential pollution in this area, integrated basin management should be
established and carried out effectively with relevant institutions and organizations.
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Abstract: The present study accomplished the successful cloning and sequencing of the Keywords
JfCXCLY_L and JFCXCLI0O_L genes found in the spleen cDNA of the Japanese flounder o CXC Motif
(Paralichthys olivaceus). Additionally, the tissue distribution of these two genes was e Chemokine
examined at the zero-hour mark. Through qRT-PCR analysis, it was observed that the « Poly 1.C

expression of JACXCLIO_L closely mirrored that of ILI-f, displaying an upregulation
following the application of Poly I:C (Viral mimic) and formalin-killed Edwardsiella
tarda (Gram-Negative mimic), while showing a downregulation after the application of
formalin-killed Streptococcus iniae (Gram-Positive mimic) treatment. This finding
strongly suggests a role for JACXCLI0_L in the immune response to viral and gram-
negative bacterial stimuli. Regarding JfCXCL9_L, mRNA levels were found to be
significantly downregulated after FKCgr and FKCg; treatments, though to varying
extents. Interestingly, at specific time points, JFCXCL9_L levels were even lower
compared to Poly I:C treatment. These intriguing results shed valuable light on the
immune response mechanisms and potential functions of both JfCXCL9 L and
JfCXCLIO0_L in the context of the Japanese flounder's immune system.

e Paralichthys olivaceus
o Expression

Ozet: Bu caligma, Japon pisi baligimin (Paralichthys olivaceus) dalak cDNA'sinda
JfCXCL9_L ve JfCXCLIO_L genlerinin basarili bir sekilde klonlandigimi ve
dizilendigini bildirmektedir. Bu iki genin dokulardaki dagilimlar1 da herhangi bir
stimulant uygulanmadan o6nce (Oh) belirlenmistir. Ayrica, qRT-PCR analizi,
JfCXCLIO_L ekspresyonlarinin ILI-§ ile benzerlik gosterdigini ortaya koymustur. Poly
I:C ve formalinle 6ldiiriilmiis Edwardsiella tarda (FKCgr) uygulamasindan sonra artan
ekspresyon seviyesi gosterirken, formalinle oldiirtilmiis Streptococcus iniae (FKCgy)
uygulamasindan sonra azalan ekpresyon seviyesi tespit edilmistir. Bu durum,
JFCXCLI0_L'min viral ve gram-negatif bakteriyel uyarilara kars1 bagisiklik tepkisinde
rolii oldugunu diisiindiirmektedir. JACXCL9_L mRNA diizeyleri, FKCgr ve FKCg;
uygulamalarindan sonra anlamli derecede diismiistiir. Ozellikle belirli zaman
noktalarinda, JfCXCL9_L diizeyleri Poly I:C uygulamasina kiyasla daha diisiik
bulunmustur. Bu bulgular, JICXCL9_L ve JfCXCLI0O_L'nin Japon pisi baliginda
bagisiklik tepkisi mekanizmalar1 ve potansiyel islevleri konusunda bilgi sunmaktadir.

Anahtar kelimeler

o CXC Motifi

e Kemokin

e Poly I:C

e Paralichthys olivaceus
e Gen Ekspresyonu

1. INTRODUCTION

In aquaculture, the successful production and cultivation of a species require specific target traits,
such as high disease resistance, rapid growth rate, temperature and salinity tolerance, good meat
quality, and high feed conversion efficiency (Sanchez et al., 2008). Among these attributes, disease
resistance holds significant importance as diseases pose a serious challenge across all aquaculture
species. The Japanese flounder (Paralichthys olivaceus) is one of the most important commercial
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marine species commonly found along the Japanese coast. Apart from being harvested, it is also
cultivated through aquaculture practices. Various research efforts are being conducted, including
initiatives to strengthen natural stocks (Sekino et al., 2003; Watanabe et al., 2006), as well as studies
on sexual manipulation since the discovery that female individuals reach market size faster
(Yamamoto, 1999). With the advancement of aquaculture (Seikai, 2002), comprehensive
investigations have been initiated to explore the metabolism (Yagi & Oikawa, 2014; Imai et al., 2020;
Kim, 2022), disease (Hirono et al., 2007; Jung et al., 2020; Zhang et al., 2017), genome (Nakamura et
al., 2021; Zhao et al., 2021), and immunity (Kondo et al., 2021) of Japanese flounder. The Japanese
flounder, during egg production and other breeding processes, is vulnerable to various viral, bacterial,
and protozoan pathogens. It is well-known that mortalities are high during the growth phase due to
viral, bacterial, and parasitic diseases (Sanchez et al., 2008).

Fish combats diseases through their immune system. The immune system also consists of innate
and adaptive immune systems. The first response to disease generally occurs by the innate immune
system (Riera Romo et al., 2016). The adaptive immune system acts highly specific to the specific
pathogen in case of the continuous presence of pathogens (Alberts et al., 2002). The innate immune
system has to provide the first step of protection against many pathogens in living organisms. The
innate immune system executes its duty through diverse types of pathogen recognition receptors
(PRRs) (Akira et al., 2006). PRRs recognize the pathogens via their conserved molecular structure,
and these conserved structures are called pathogen-associated molecular patterns (PAMPs). These
patterns show specific differences among gram-negative bacteria, gram-positive bacteria, and viruses
(Akira et al., 2006). Therefore, different PAMPs are believed to cause different immune responses. A
wide range of PAMPs, such as bacterial cell wall contents and viral nucleotides, are usually ligands for
Toll-like receptors (TLR) (Li et al., 2017). The Gram-negative bacteria have an outer membrane
covering a thin peptidoglycan inner membrane, and this outer membrane is composed of glycolipids,
named lipopolysaccharides (LPSs) (Silhavy et al., 2010). The Gram-positive bacteria do not contain a
high amount of LPS in their outer membrane as the gram (-) bacteria; therefore, they have a thicker
membrane that contains a high amount of peptidoglycan (PGN) and lipoteichoic acid (LTA) (Silhavy
et al., 2010; Pietretti et al., 2014).

The immune system generally senses gram-negative bacteria (Hoshino et al., 1999; Mahla et al.,
2013), flagellin-containing bacteria (Kumar et al., 2011; Pietretti et al., 2014; Gonzalez-Stegmaier et
al., 2015), peptidoglycans, (Mahla et al., 2013; Gillis et al., 2008; Zhang et al., 2014), lipoteichoic acid
(Pietretti et al., 2014), or soluble extracellular toxins (Tietze et al., 2006), and viral dSRNA (double-
stranded RNA) (Pietretti et al., 2014; Alexopoulou et al., 2007; Don et al., 2012; Hu et al., 2017) by
various pathways. Recognizing pathogen-associated molecular patterns (PAMPs) by toll-like receptors
(TLRs) provides information about the infection type and triggers the immune system to induce the
expression of cytokines and chemokines.

Chemokines are chemo-attractants, groups of small cytokines, and they have a crucial role in
leukocyte migration in the immune system (Miiller et al., 2010; Chen et al., 2013). Chemokines were
divided into four sub-family and described in many studies (CC, CXC, CX3C, and XC). Various
chemokines were identified in different fish species, and their roles have been characterized to some
extent. The role of CXC Chemokine “CXCL10” was newly reported on Paralichthys olivaceus, a
Japanese flounder (Li et al., 2022). It is revealed that CXCL10 induces immune cell migrations in
Japanese flounder as in mammals, such as natural killer cells (NKCs), dendritic cells, T cells, and
macrophages (Bonecchi et al., 1998). CXCL9 is secreted by T lymphocytes, Natural Killer (NK) cells,
dendritic cells, macrophages, eosinophils, and by some non-immune cells such as liver astrocytes,
preadipocytes, thyroid, stromal cells, endothelium, tumor cells, and fibroblasts (Cole et al., 1998;
Tensen et al., 1999; Ding et al., 2016; Metzemaekers et al., 2018). The role of CXCL9 is known to
accumulate yOT (gammadeltaT) cells in mammals that start an autoimmune response to infections, and
it is controlled by CXCL9/CXCR3 axis-dependent mechanisms (Valdés et al., 2022).

In this study, we examined CXCL9 chemokine and CXCL10 chemokine mRNA expression levels
on various tissues of Japanese flounder induced by various immunostimulants. Poly I:C was used for
the viral mimic, formalin killed cell (FKC) of Streptococcus iniae was used for the gram-positive
bacterial infection mimic, and FKC of Edwardsiella tarda was used for a gram-negative bacterial
infection mimic.
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2. MATERIALS AND METHODS
2.1. cDNA cloning and characterization of JfCXCL9_L and JfCXCL10_L genes

A sequence was used for structural analysis of the Japanese flounder CXCL10 Like (JfCXCLI0_L)
gene from RNA sequence data generated by NGS. Specific primers shown in “Table 1”” were designed
for PCR confirmation of coding sequences of this gene. The sequence was amplified using RT-PCR,
and the E. tarda FKC-treated Japanese flounder spleen cDNA library was used as a template. The
sequences were amplified with the following PCR conditions: 5 min denaturation step at 95 °C,
followed by 30 cycles of denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s, and 1 min of
extension at 72 °C, and final elongation step at 72 °C for 5 min. Two target genes were detected with
1% EtBr agarose gel electrophoresis, and sequences were confirmed by an automated DNA sequencer
ABI 3230 X1 (Applied Biosystems, USA). Then fragments were ligated into the pPGEM-T Easy vector
(Promega, USA). Plasmids were transformed into E. coli competent cell IM109 (Wako, Japan) after
ligation. The clones containing the full-length insert of JACXCL9_L and JfCXCLI0_L were amplified
by the colony PCR and verified again by the automated DNA sequencer ABI 3230 X1 (Applied
Biosystems, USA). These sequences were used for multiple alignments, phylogenetic tree
construction, and  further  analysis. The tool from  NCBI “ORF finder”
(https://www.ncbi.nlm.nih.gov/orffinder/) was used to determine the open reading frame of cloned
DNA fragments, and amino acid sequences were used for the subsequent analysis.

Predicted  signal peptides were detected with the program  “SignalP  4.1”
(http://www.cbs.dtu.dk/services/SignalP). The NCBI tool BLAST (Basic Local Alignment Search
Tool) was used to determine amino acid sequence similarities of JFCXCL9_L and JfCXCLI0_L with
the other known CXC Chemokine genes (Accession numbers shown in the phylogenetic tree, Figure
3) (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Theoretical molecular weight and isoelectric points were
predicted with ExPASy (http://web.expasy.org/ compute_pi/). Unipro UGENE v1.25.0 program
(Unipro, Russia, 2017) was used for multiple sequence alignment and constructing a phylogenetic tree
with the Neighbor-Joining method (10000 replications of bootstrap). Sequences are accessible on
NCBI GenBank via following accession numbers, PP340386 for JfCXCL9_L and PP340387 for
JfCXCLIO_L.

2.2. Oh tissue distribution and expression of JfCXCL9_L and JfCXCL10_L genes
2.2.1. Experimental Fish

Fifty individuals of Japanese flounders with an average total length of 7 cm were reared at the
Tokyo University of Marine Science and Technology in Japan. The water temperature was kept at 19 -
20 °C for a week before starting to experiment. Fish were fed ad libitum with dry commercial pellets
once a day for a week. Four tanks were filled with 200 L of continuously filtered artificial seawater,
and 12 fish were placed into each tank to represent different experimental groups. An appropriate
amount of aeration was provided for each tank, and salinity was kept at 28 ppt at all tanks.

2.2.2. Preparation of immuno-stimulants and tissue sampling

Formalin-killed cells (FKC) of S. iniae strain 02 and E. tarda strain 54 were used to stimulate the
immune system of Japanese flounders. S. iniae FKC and E. tarda FKC were prepared according to the
previous study (Dumrongphol et al., 2009). Poly I.C was dissolved in DEPC-treated water to obtain a
final concentration of 1 mg/1 ml.

All fish were injected intraperitoneally with a dosage of 100 pl per fish. Fish were injected with S.
iniae FKC (1x10" CFU/ml), E. tarda FKC (5x10® CFU/ml), Poly (I:C) (1 mg/ml) and PBS as a
negative control.

2.2.3. Tissue sampling

Eight tissues (kidney, spleen, intestine, liver, stomach, muscle, heart gill) were collected from 4
fish to construct a Oh (untreated) cDNA library of Japanese flounder. These tissues were used to
investigate the tissue distribution of target genes. Three fish were collected from all stimulated groups
at 3 hours, 24 hours, and 72 hours post-injection and were killed for tissue sampling. The spleen of
each fish was collected into RNALater to construct the cDNA library.

2.2.4. Construction of Japanese flounder cDNA library

RNAiso Plus (Takara Bio, Japan) was used to extract total RNA from all samples, and RNA was
purified with an RNeasy® Mini Kit (Qiagen, USA). Purified RNA concentration was measured with
Nanodrop Lite Spectrophotometer (Thermofisher Scientific, Japan), and all samples were adjusted to
1000 ng per 20 pl of reaction. A high-capacity cDNA Reverse Transcription Kit (Applied Biosystems,
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USA) was used to reverse transcribe the RNA samples. All procedures were performed following the
manufacturer's instructions.
2.2.5. RT-PCR, Quantitative Real-Time PCR (qRT-PCR), and statistical analysis

gRT-PCR experiments started after the target length of amplicons was confirmed with RT-PCR.
Briefly, JfCXCL9_L and JfCXCLIO_L genes amplified from constructed spleen cDNA library of
Japanese flounder with P1 and P2 primer sets, respectively. P3, P4, P5, and P6 primer sets were used
for qPCR analysis (Table 1), while PS5 and P6 were used for control purposes. SYBR Green PCR
master mix (Applied Biosystems) used for qPCR on StepOnePlus™ Real-time PCR system (Applied
Biosystems) according to manufacturer's protocols. EFla was used as an internal control, and all
target genes' mRNA expression levels were normalized with EFlo mRNA expression levels.
Afterward, the 22" method was used to calculate all mRNA expression levels. Differences in
expression levels between the untreated (Oh) and the other groups (3h, 24h, and 72h) were determined
with a t-test. Statistical analysis was done with R Studio. Differences were considered significant,
while p-values were smaller than 0.05.

Table 1. Oligonucleotide Primers used in this study.

Primer Names Forward primer (5 - 3) Reverse primer (5 - 3)
P1  JfCXCL9_like GAACGGCTCAGAGTCAACGC GGTGGCCTGGAGTTAAACACC
P2  JfCXCLIO0_like CTACCCCTCACAGTGCTCTG TCACTGAAGGTGCTTTCGTTAG
P3 JfCXCL9_L_qPCR ATGCAGCTTTACCCCCAGTC TCTTTCAGGTGCCCTCTGATTC
P4 JfCXCLI0_L_gPCR TCAAAGTGCTCCTGCTCCTG CAGAAATTGGTTGCCGGGTAG
P5 JfILIB gPCR CAGCACATCAGAGCAAGACAACA TGGTAGCACCGGGCATTCT
P6 JfEFla _qPCR CTCGGGCATAGACTCGTGGT CATGGTCGTGACCTTCGCTC

3. RESULTS AND DISCUSSION
3.1. cDNA Cloning and characterization of JfCXCL9_L and JfCXCL10_L genes

cDNA sequence of JFCXCL9_L and JfCXCLI10_L genes were successfully amplified with designed
primers and cloned into the competent cell. The cloned cDNA sequence of JfCXCL9_L showed that it
has a 539 bp length, including a 5'-untranslated region (UTR) of 36 bp, 405 bp of ORF encoding 134
amino acids, and a 3'-UTR of 98 bp. The cloned cDNA sequence of JfCXCL10 showed a 495 bp
length, including a 5'-UTR of 122 bp and 285 bp of ORF encoding 94 amino acids acid and a 3'-UTR
of 91 bp. These sequences were used for the following bioinformatical analysis. Amino acid sequences
derived from the NCBI BLAST database showed that CXCL9 and CXCL10 chemokines have a
predicted signal peptide at the N terminus. JfCXCL9_L and JFCXCLIO_L genes have 28aa and 20aa
lengths of a predicted signal peptide, respectively. Predicted isoelectric points of JFCXCL9_L and
JfCXCLIO_L genes were 10.71 and 9.62; molecular weights were 15.36401 and 10.28315 kDa,
respectively.

The structural classification of Chemokines is based on their cysteine residues in amino acid
sequences. Typically, chemokines comprise four conserved cysteine residues in mammalians, and the
first two of these residues specify the subfamily of chemokines. Multiple alignments of several fish
species and mammalians showed conserved cysteine residues (Figure 2). Six cysteine residues were
found in the JFCXCL9_L gene, which is conserved among other fish species, but the mammalians have
four conserved cysteine residues (Figure 1). The highest ident match of 100% was observed with the
predicted nucleotide sequence of “Predicted: Paralichthys olivaceus C-X-C motif chemokine 10-like
(LOC109629332), mRNA” (XM_020087031.1, NCBI, 2023). On the other hand, the cloned sequence
was also matched (99.75%) with “Paralichthys olivaceus chemokine CXCL9 (CXCL9) mRNA,
complete cds” (KU821020.1). Hence, further characterization analysis of this sequence revealed that
this mRNA is coding the CXCL9 gene in Japanese flounder.

JfCXCLIO_L gene in Japanese flounder was found to have four cysteine residues, and they were
conserved among the other fish species and mammalians (Figure 2). A BLAST search for nucleotide
sequence resulted in the highest ident of 100% was observed with the predicted sequence of
“Paralichthys olivaceus C-X-C motif chemokine 10-like (LOC109624870), mRNA” in NCBI database
(XM_020079790.1, NCBI, 2023).
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using Unipro UGENE v1.25. All amino acid sequences are derived from the NCBI database with accession
numbers shown in the figure. Sequence with underlines indicates sign.

Figure 2. Multiple sequence alignment of known CXCL10 chemokines with Muscle alignment algorithm by
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Common Carp CXCL8 CAD13189.1
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Figure 3. Neighbor-joining phylogenetic tree of CXC chemokines belongs to distinct species (bootstrap: 10000
replications). The numbers at the forks indicate the bootstrap value. Sequences used in the phylogenetic tree are
derived from the NCBI database.

3.2. Expression analysis of JFCXCL9_L and JFCXCL10_L genes
3.2.1. RT-PCR analysis of Oh tissue distribution

Japanese flounder kidney, spleen, intestine, liver, stomach, muscle, heart, and gill cDNA libraries
from 4 untreated fish were used as Oh templates for RT-PCR assay to determine Oh tissue distribution.
Internal control gene JEFIa was detected in all tissues. JFCXCL9_L mRNA was detectable at Oh in
most of the tissues. Very low brightness was observed in stomach tissues, and muscle tissues showed
no band. We must mention that JfCXCL9_L mRNA was the brightest in the spleen tissues, indicating
that this gene's basal level is possibly related to the immune system. Generally, high basal expression
of mRNA levels of a gene in the spleen suggests that the gene is actively transcribed and translated
into a protein in the tissue. Given the RT-PCR results, we can assume that JfCXCL9_L is related to the
passive immune response as mRNA expression is relatively higher in stress axis organs such as the
kidney, spleen, and thymus at no-pathogen exposure (Sayed et al., 2022). It is also mentioned that this
gene is downregulated after exposure to a pathogen on carp (Pijanowski et al., 2019) and Atlantic
salmon (Boison et al., 2019). J/CXCLI0_L was not detectable in all tissues at Oh by RT-PCR (Figure
4). Conversely to JFCXCL9_L, undetected JFCXCLI0_L mRNAs at Oh suggest that it is part of an
active immune response, as it is reported by Li et al (2022).

Kidney Spleen Intestine Liver

CXC10Like 495 bp

CXC9 Like 539 bp
EF1-a 100 bp

Stomach Muscle Heart Gill

CXC 10 Like 495 bp
CXC 9 Like 539 bp
EF1-a 100 bp

Figure 1. mRNA levels of jfCXCL9 L, jfCXCL10_L, and EFla genes in different untreated (Oh) Japanese
flounder tissues. Four individuals of fish were used for each tissue.




Bahrioglu et al., 2023 Acta Aquat. Turc., 19(0): 000-000 7

3.2.2. qRT-PCR analysis

Spleen cDNAs of Japanese flounders were used to conduct qRT-PCR experiments. Interleukin-1
beta (ILI-f) mRNA levels were used to compare expression levels of JFCXCL9_L and JfCXCLI0_L
mRNAs. mRNA expression levels of three genes at Oh, 3h, 24h, and 72h in the spleen samples were
investigated after injection of PBS, Poly I:C, E. tarda FKC (FKCgr), and S. iniae FKC (FKCg))
treatments by qRT-PCR.

ILI-f is a cytokine that plays an important role in innate immune response in teleost. ILI-f is
reported to be primarily secreted by monocytes/macrophages, and the immune response usually
includes inflammation, phagocytosis, and the activation of other immune cells. It was reported that the
ILI-p is upregulated in teleost monocytes/macrophages after Lipopolysaccharide (LPS) stimulation,
mimicking gram-negative bacterial infections. Upregulation of /LI-f against gram-negative bacteria E.
tarda and gram-positive S. iniae was the expected treatment outcome (Kondo et al., 2014). ILI-f
upregulation after Poly I:C treatment is also reported in Japanese flounder (Zhou et al., 2014). This
study examined JfILI-f mRNA expression levels to determine if the innate immune response was
activated in all treated groups. There was more than 5-fold upregulation after all treatments, and
upregulation was rapid in Poly I:C and FKCgr treatment. However, FKCg; treatment has resulted in
relatively slow upregulation (Figure 5). These results showed that our treatments were successfully
performed in this study.
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Figure 5. Quantitative RT-PCR results represent mRNA expression levels of L1 f under different conditions.
Lines on the treatment groups represent the average values of groups. Asterisk (*) indicates statistically
significant differences (p<0,05) against O0h mRNA expression levels.

JfCXCLI0_L mRNA levels were similar to ILI- f§ expressions after Poly I:C and FKCgr
stimulations. FKCg; stimulation has resulted in downregulated JfCXCLI0_L mRNA of the Japanese
flounder. Zhu et al. (2021) reported various TLR (PoTLR) gene mRNA expression levels stimulated
by FKCgr. It was shown that PoTLR expressions were dependent on tissue and time. PoTLRI, 55, 5M,
14, 21, and 22 mRNA expression levels were significant in the spleen. Moreover, the PoTLR22
mRNA expression pattern seems similar to our JfIL1- B and JfCXCL10 L results. Apparently, the
significance of upregulation against only Poly I:C and FKCgr reveals that JICXCLI0_L is possibly
included in the immune response to viral and gram-negative bacterial stimulations in Japanese
Flounder.
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Figure 6. Quantitative RT-PCR results represent mRNA expression levels of JfCXCL10_Like under different
conditions. Lines on the treatment groups represent the average values of groups. Asterisk (¥) indicates
statistically significant differences (p<0,05) against 0h mRNA expression levels.

JfCXCL9_L mRNA expression levels were significant only against FKCgr and FKCg;. In both
cases, JfCXCL9_L mRNA was downregulated to some extent. They were also significantly low after
24h at FKCgr and 72h at FKCg.. However, we have found that at the time points of 3h and 24h,
mRNA levels after PBS, FKCgr, and FKCg; groups showed slightly lower levels of mRNA than the
Poly I:C treatment. All groups showed similar expression patterns at the 72h post-injection. However,
JfCXCL9_L was also detectable at one of three Oh cDNA libraries by RT-PCR. This gene was found to
contribute to antimicrobial protection of the gut during infection by Citrobacter rodentium in mice
(Reid-Yu et al., 2015). They demonstrated the role of CXCL9 in protecting gut mucosa was not
dependent on an adaptive immune response or immunological receptor, CXCR3. These findings also
explain the downregulation and Oh tissue distribution of JfCXCL9_L. Downregulation of genes
generally occurs after they finish their duty or after they bind to correlated receptors (CXCR3)
(Fulkerson & Rothenberg, 2006). Another approach that can be made is the suppression of
JfCXCL9_L (Reid-Yu et al., 2015). In both cases, our results suggest that JFCXCL9_L chemokine in
Japanese flounder needs further studies for advanced characterization.
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Figure 7. Quantitative RT-PCR results represent mRNA expression levels of JfCXCL9_Like under different
conditions. Lines on the treatment groups represent the average values of groups. Asterisk (*) indicates
statistically significant differences (p<0.05) against 0h mRNA expression levels.
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CONCLUSION

In conclusion, our study successfully cloned and sequenced the cDNA of JfCXCL9_L and
JfCXCLIO_L genes in Japanese flounder. Furthermore, qRT-PCR experiments demonstrated that
JfCXCLI0_L expression mirrored that of /LI-f, with upregulation after Poly I:C and FKCgr treatments
and downregulation after FKCg; treatment. This suggests a role for JACXCLIO_L in the immune
response to viral and gram-negative bacterial stimuli. JfCXCL9_L mRNA levels were significant after
FKCgr and FKCg; treatments, showing downregulation to some extent. Notably, at specific time
points, JfCXCL9_L levels were lower compared to Poly I:C treatment. These findings shed light on the
immune response mechanisms and potential functions of JFCXCL9_L and JfCXCLI0O_L in Japanese
flounder.
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Abstract: The scale, which is separated during the mechanical processing of fish, can

be used in in many other different ways besides the production of collagen products. Keywords

To obtain high-purity natural collagen, it is necessary to remove non-collagenous ® Fish scale
proteins and perform demineralization of fish scales. Therefore, the aim of this study @ Collagen isolation
is to achieve collagen isolation from common carp (Carasobarbus luteus) scales for @ Optimization
the production of collagen products with higher efficiency and quality. The ® Hydroxyproline
demineralization of the scales was optimized using response surface methodology.

Experimentally, approximately 89.92+1.10% of the mineral was removed, which

closely matched the value predicted by the model. The protein content of the fish

scales was increased from 23.12% to 86.16% after the applied procedures. At the end

of all the processes, 20.54% of the protein and 3.56% of hydroxyproline (Hyp) were

lost. However, the Hyp concentration in the fish scale samples increased from 23.85 to

56.13 mg/g scale, and the Hyp/pro ratio increased from 4.49% to 6.51%. The effective

removal of mineral matter, the increase in the amount of Hyp in fish scales, and the

increase in the Hyp/pro ratio demonstrate that the applied procedures successfully

separate non-collagenous components and achieve collagen isolation.

Ozet: Baliklarin mekanik islenmesi sirasinda ayrlan pullar kolajen iiriinleri

tiretiminin yan1 sira birgok farkli sekilde kullanilabilmektedir. Yiiksek saflikta dogal Anahtar kelimeler
kolajen elde etmek i¢in, balik pullarinin kolajen olmayan proteinlerden armndirilmasi o Balik pulu

ve demineralizasyonunu gerceklestirmek gerekmektedir. Bu nedenle, bu calismanin o Kolajen izolasyonu
amaci kolajen tirlinlerinin iiretimi i¢in daha yiiksek verim ve kalite i¢in sazan baligi o Optimizasyon
(Carasobarbus luteus) pullarinda kolajen izolasyonunu saglamaktir. Pullarin Hidroksiprolin
demineralizasyonu yanit ylizeyi metodolojisi ile optimize edilmistir. Deneysel olarak

mineralin yaklagik 89.92+1.10°1 uzaklastirilmig ve bu, model tarafindan tahmin edilen

degerle oldukga tutarlt olmustur. Balik puluna uygulanan islemler sonucunda protein

orant %23.12°den %86.16’ya kadar ¢ikartlmistir. Tiim iglemlerin sonunda proteinin

%20.54’1 ve hidroksiprolinin %3.56's1 kaybedilmistir. Ancak balik pul 6rneklerinde

Hyp konsantrasyonu 23.85’ten 56.13 mg/g pula, Hyp/pro orami ise %4.49’dan

%6.51°e yiikselmistir. Mineral maddenin etkili bir sekilde uzaklastirilmasi, balik

pulundaki Hyp miktar1 ve Hyp/pro oraninin artmasi, uygulanan islemlerin sonucunda

kolajen olmayan bilesenlerin etkili bir sekilde ayrilmasinin ve kolajen izolasyonunun

saglandigini gostermektedir.
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1. INTRODUCTION

Collagen is an important animal-derived connective tissue protein, and its use is increasing in the
fields of health, food, cosmetics, and biomaterial industries. The growing demand for collagen in
various industries has led to a focus on alternative sources (Jaziri et al., 2022). Collagen isolation from
fish processing by-products is considered one of these alternative sources. Approximately 30% of fish
processing by-products consist of skin, scales, and bones, with fish scales accounting for about 5% of
these by-products. These by-products are rich sources of collagen. Improper disposal of these by-
products not only leads to serious environmental pollution but also primarily results in their use as
animal feed or fertilizer (Yang et al., 2022). Therefore, it is necessary to optimize the utilization of
these by-products, especially in the production of value-added products. In recent years, these fish by-
products have gained increasing attention as potential sources of collagen and gelatin. Additionally,
fish scales have emerged as bio-composites containing highly regular type I collagen (Fengxiang et al.,
2011; Zhang et al., 2020).

Fish scales exhibit variations among species but generally consist of connective tissue proteins,
various minerals, and trace amounts of fat. The protein composition of scales, including collagen,
keratin, and mucin, ranges from 41% to 84%, while the remaining portion mostly consists of calcium
phosphate compounds (hydroxyapatite and calcium carbonate). The amount of hydroxyapatite in fish
scales ranges from 38% to 46% (Sankar et al., 2008; Wang & Regenstein, 2009). Fish scales form a
highly organized three-dimensional structure primarily composed of type I collagen fibers and
hydroxyapatite within the extracellular matrix. The scales consist of two distinct regions: an outer
(bone) layer and an inner fibrous plate. The demineralization of scales, particularly the scales located
in the outer layer, is a critical step in the production of collagen and its derivatives from fish scales
(Fengxiang et al., 2011; Yang et al., 2022). The presence of Ca** ions in the spiral structures of
collagen causes relaxation, leading to the breaking of intra- and intermolecular hydrogen bonds in
collagen molecules. Moreover, the presence of minerals adversely affects the quality of gelatin, which
is the thermal denaturation product of collagen (Feng et al., 2015). In addition, the demineralization
pretreatment of fish scales plays a critical role in the isolation efficiency, purity, and quality of
collagen products. In the demineralization process of collagen-rich materials like fish scales and
bones, EDTA (Ethylene Diamine Tetraacetic Acid) and commonly used strong acids such as HCI
(Hydrochloric acid) are employed. HCI acid reacts with Ca** ions in mineral substances, resulting in
the formation of CaCl,, which is a water-soluble compound. Therefore, HCI acid can be used to react
with the calcium salts in scales, enabling their dissolution. However, it is known that strong acids can
cause damage to certain protein components in the scales during the demineralization process (Wang
& Regenstein, 2009; Cansu & Boran, 2015). To achieve the highest yield and quality in collagen
production, it is essential not only to remove minerals but also to minimize collagen loss (Cansu &
Boran, 2015).

The objective of this study is to design a procedure for the removal of mineral impurities, the most
significant impurity in collagen isolation from fish scales and optimize the conditions to isolate the
highest amount of collagen. To achieve this goal, a two-step approach was followed. Firstly, a
standard method using 0.1 M NaOH treatment for one hour was employed to remove non-collagenous
proteins from fish scales. In the second stage, the demineralization process of scales from the species
(C. luteus) was optimized using the response surface methodology in HCI solution. A central
composite design (CCD) was adopted to investigate the effects of various conditions on
demineralization. Protein, hydroxyproline (Hyp), and mineral contents were monitored, and the losses
incurred during the applied processes were.

2. MATERIAL and METHODS
2.1. Material

Carp (Carasobarbus luteus) scales were used for collagen isolation. The skin of carp was obtained
from local markets in Sanlurfa, Tiirkiye. The scales were separated from the fish skin and frozen at -
22°C. The frozen scales were then dried using a freeze-dryer (Armfield Limited-FT33, England)
operating at a condenser temperature of -35 to -44°C and a vacuum pressure of 20 mbar for
approximately 18 hours. The dried scales were stored in sealed plastic bags at -22°C. All chemicals
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used in the study were of analytical grade.
2.2. Methods
2.2.1. Biochemical composition of fish scales

The moisture, protein, fat, and mineral content of the fish scale samples were determined according
to AOAC (2000) methods. The protein content of the scale samples was calculated by determining the
total nitrogen values using the Kjeldahl method (AOAC method 984.13) and converting them to
protein content using a conversion factor of 5.7. The moisture content was determined by drying the
scales in a oven (Niive, NF500, Tiirkiye) at 105°C until a constant weight was achieved (AOAC
method 927.05). The mineral content was determined in both dried scale samples and solutions in a
muffle furnace at approximately 550°C for 16 hours (AOAC method 942.05). The fat content of the
scales was determined using the solvent extraction method (Soxhlet) with n-hexane as the solvent
(AOAC, 2000).
2.2.2. Removal of non-collagenous proteins in fish scales

To remove non-collagenous proteins and impurities from fish scales, the scale samples were treated
with 0.1 M NaOH at a ratio of 1:25 (w/v) of scales to solution at room temperature (24°C) for 1 hour.
The scale samples in the alkaline solution were gently agitated at 15-minute intervals. After the
treatment, 25 mL of the alkaline solution containing the dissolved proteins (Pro), hydroxyproline
(Hyp), and mineral content was collected and stored at -22°C. For neutralization of the fish scales, the
scale samples were washed three times with tap water (1:5, w/v) from the alkaline solution and then
drained. To remove excess moisture from the scales, they were frozen at -22°C for 16 hours and
subsequently freeze-dried (Boran & Regenstein, 2009).
2.2.3. Demineralization Optimization of Fish Scales

Dependent variables and their levels determined for the removal of mineral matter, which is the
component with the second-highest proportion in fish scales, are given in Table 1. The dependent
variables for the removal of mineral matter in scale samples, namely HCI acid and treatment duration,
were selected based on similar studies in the literature and preliminary trial results. The aim of the
mineral separation process was to remove the targeted component while minimizing damage to
collagen and/or protein and isolating collagen. Accordingly, the dependent variables were defined as
the maximum removal of mineral matter and the minimum protein loss. The response surface
methodology was employed to determine the conditions that result in the highest removal of mineral
matter and the lowest protein loss. For the optimization of mineral matter removal, a central composite
design with 2 factors, 3 levels, 2 center points, and 2 replications, requiring a total of 20 experiments,
was adopted.

Table 1. Dependent variables and their levels selected for collagen isolation from fish scales.

Dependent Variables 1 Le:;els 1
HCI acid concentration (M) 0.1 0.15 0.2
Treatment duration (min) (min) 60 90 120

The dried scale samples obtained after the removal of non-collagenous proteins were used for
mineral separation optimization. 10 g of the purified scale samples were transferred to covered
erlenmeyer flasks, and HCI acid solution (1/20, w/v) prepared at different concentrations as specified
in the experimental design was added to the flasks. The prepared samples were placed in a shaking
incubator (Lab-Line, USA) at 25°C and 150 rpm for varying durations as specified in the experimental
design. At the end of the process, the volumes of the filtered solutions were measured using a
graduated cylinder, and 25 mL of each solution was taken and stored at -22°C until further analysis to
determine the protein, Hyp, and removed mineral content. The scale samples from which the solution
was removed were washed three times with tap water, left overnight at -22°C, and then dried by
freeze-drying.

2.2.4. Determination of protein and hydroxyproline content

The protein content (protein loss) in the solutions obtained after both the removal of non-collagen

proteins and each trial of demineralization optimization was determined using the Biuret method, as
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described by Gornall et al (1949). The protein content of the prepared samples was calculated based on
the absorbance values measured at 540 nm after appropriate dilutions were made (Gornall et al.,
1949).

The hydroxyproline (Hyp) content was determined in the solutions obtained after the removal of
non-collagen proteins and at the optimal mineral separation point, as well as in the dried scale samples
obtained at each stage. The method described by Woessner (1961) with some modifications was used
to determine the Hyp content in both the solutions and dried scale samples. For the solutions, 2 mL
was taken, and for the dried scales, 1 g was taken and hydrolyzed using 5 mL of 6N HCI acid in Pyrex
tubes at 130°C in an oven (Niive, NF500, Turkey). After hydrolysis, appropriate dilutions were made,
and the absorbance of the samples was measured at 547 nm using a spectrophotometer (UV-Mini 1240
UV-VIS, Shimadzu, Kyoto, Japan). The Hyp values were calculated based on the absorbance readings
(Woessner, 1961).

2.2.5. Calculation of protein, hydroxyproline, and mineral substance losses

Protein, Hyp, and mineral losses were calculated throughout the process of collagen isolation from
fish scales. The changes in protein and Hyp content were tracked in both the solutions and the
extracted samples. The amounts of Hyp and protein transferred to the solutions were determined and
compared with the initial amounts present in the samples, resulting in the calculation of percentage
losses. The Hyp/pro (%) ratios in the extracted samples were also calculated using equation 1.

) __ Hydroxyproline (mg/ g scale) "

Hyp/pro (% 100 (D

Protein amount (mg/ g scale)

These calculations allow for the assessment of protein, Hyp, and mineral losses during the collagen
isolation process and provide valuable information on the efficiency of the procedure. During the
mineral separation stage, the mineral content of the scale samples was monitored, along with the
extracts, to verify the removal of mineral substances. This monitoring aimed to confirm that the
extracted minerals were effectively removed and that the desired level of separation was achieved
(Wang & Regenstein, 2009).

2.3. Statistical analyzes

The analyses conducted in the study were performed with a minimum of 3 replications, and the
results were presented along with standard deviation rates. The differences between the means of the
analysis results were determined using variance analysis (ANOVA) within a 95% confidence interval.
JMP 8.0 statistical software (SAS, USA) was used for optimization design, data analysis, regression
models, regression terms, and surface graph plotting using the response surface method.

3. RESULTS and DISCUSSION
3.1. Optimization of the demineralization process

The experimental results obtained during the mineral separation stage were analyzed using JMP 8.0
software to obtain regression models for each dependent variable. The predicted results based on these
regression models, along with the obtained experimental data, are presented in Table 2. The response
surface graphs for the experimental results are shown in Figure 1.

With an increase in HCI concentration, the amount of dissolved mineral substance also increased,
independent of the treatment time, and the highest mineral separation was observed at 0.2 M HCl
concentration (Table 2, Figure 1). In a study conducted using the scales of mirror carp (Cyprinus
carpio haematopterus), it was determined that an increase in HCI concentration led to an increase in
the removed minerals. However, it was found that there was no statistically significant increase in
removed minerals after 1M HCI concentration (Feng et al., 2015). The effect of treatment time, which
is the dependent variable, on mineral separation was relatively limited compared to HCI concentration.
It was observed that the mineral substance slightly increased with an increased treatment time at a
constant HCI concentration, but this increase was not as influential as the HCI concentration variable
(Figure 1). In a demineralization study conducted on carp scales, it was found that more than 90% of
the existing minerals on the scales were removed when the HCI concentration was as high as 0.1 M
(Wang & Regenstein, 2009). The study conducted by Skierka et al. (2007) highlighted that the impact
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of treatment time was limited in the demineralization of Atlantic cod (Gadus morhua) fish spine bones
using HCI. This suggests that the acid solution quickly encounters the mineral layer due to its location
on the outer surface of the fish scales, as also noted by Feng et al. (2015).

Table 2. Response surface design for collagen isolation from fish scales, experimental and predicted responses.

Mineral Removal (%) Protein Loss (%)
HCI Treatment
Trial Concentration . . Experimental Estimated Experimental Estimated
(M) Duration (min)
1 -1 -1 54.63 54.13 10.07 9.93
2 -1 1 58.37 59.27 19.26 18.37
3 1 -1 91.50 89.87 14.79 14.42
4 1 1 93.36 93.16 23.99 24.58
5 -1 0 56.80 55.55 15.38 15.82
6 1 0 88.50 90.37 22.23 21.17
7 0 -1 77.18 77.07 11.22 10.99
8 0 1 81.02 81.29 20.19 20.29
9 0 0 72.66 78.03 17.68 17.31
10 0 0 83.40 78.03 17.08 17.31
11 -1 -1 53.12 54.13 10.56 9.93
12 -1 1 59.14 59.27 18.00 18.37
13 1 -1 90.03 89.87 13.28 14.42
14 1 1 94.25 93.16 24.16 24.58
15 -1 0 55.84 55.55 14.97 15.82
16 1 0 89.14 90.37 21.90 21.17
17 0 -1 75.68 77.07 10.76 10.99
18 0 1 81.28 81.29 20.86 20.29
19 0 0 75.98 78.03 17.03 17.31
20 0 0 81.65 78.03 16.99 17.31

With the increase in HCI concentration and extension of treatment duration, the protein loss in the
scales has also increased, and the highest protein loss was observed to be approximately 24% (Figure
1). In a study conducted by Wang & Regenstein (2009), it was stated that increasing HCI
concentration during demineralization with HCI in carp fish scales resulted in an increase in protein
loss (Wang & Regenstein, 2009). Since minimizing protein loss and maximizing mineral removal are
the desired outcomes in the separation of minerals from fish scales, using a higher concentration of
HCI solution and prolonging the treatment duration may seem more effective in removing minerals;
however, it also leads to higher protein loss. Therefore, a relatively short duration and high
concentration of HCI solution appear to be preferable for the mineral separation process.
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Figure 1. Surface plots of mineral removal (A) and protein loss (B) in collagen isolation.

The surface plots (Figure 1) for mineral removal and protein loss in collagen isolation show the
relationship between HCI acid concentration (M) and treatment duration (min) on the x and y axes,
respectively. The z-axis represents the corresponding values for mineral removal (%) and protein loss
(%). These plots help visualize how different combinations of acid concentration and treatment
duration affect the efficiency of mineral removal and the extent of protein loss during the collagen
isolation process.

The statistical data for the model of mineral separation optimization from fish scales is presented in
Table 3. The statistical results indicating the model's fit include determination coefficient (R% and
adjusted determination coefficient (Rzadj), which range between 0.97 and 0.98. Additionally, the mean
square error (RMSE) and the high significance level of the p-value have been identified. The statistical
results regarding the effect of HCI acid concentration as an independent variable on the rate of mineral
removal and protein loss reveal that HCl concentration has a significant impact on both mineral
removal (p<0.001) and protein loss (p<0.001). The effect of treatment duration on mineral removal
(p<0.01) and protein loss (p<0.001) has also been determined.

Table 3. Model coefficients and analysis of variance (ANOVA) results for collagen isolation from fish scales.

Model Coefficients Mineral Removal (%) Protein Loss (%)
Bo 78.03 17.31
Linear

B (HCl acid concentration) 17417 267

B> (Treatment duration) 2117 465"
Intercept

B, (HCl acid concentration x Treatment duration) -0.46 0.43
Quadratic

B11(HCl acid concentration)’ 5.07 1.197

P22 (Treatment duration ) - -1.677

R’ 0.9770 0.9819

R 0.9688 0.9755

RMSE 2.5303 0.6914

p-value <0.001"" <0.001°"

Desirability 0.88

Model: Mineral removal (%) = 78.03 + 17.41X5; + 2.11x5,-5.07x5;,
Protein loss (%) = 17.31+2.67%,+4.65% o+ 1.19%,,-1.67% fa
Significance levels: “P<0.01; “*P<0.001
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The conditions for achieving the highest mineral removal and the lowest protein loss were
determined during the optimization of the demineralization process. According to the statistical results
obtained from the experimental data during the demineralization stage, the optimal conditions were
determined to be an HCIl concentration of 0.2 M and a treatment duration of 60 minutes. The
desirability value for these conditions was found to be 0.88. Under these specified conditions, the
estimated mineral removal rate was found to be 89.86% + 3.42, and the estimated protein loss rate was
14.41% £ 0.94.

3.2. Hydroxyproline, protein losses and removal mineral rate

The mineral substance ratio, protein, and Hyp losses monitored throughout all the processes applied
to fish scales are provided in Table 4. The experimental results of the expelled mineral substance and
protein loss rates were determined as 89.92+1.10% and 13.32+0.30%, respectively (Table 4). After
mineral substance optimization, no statistically significant difference was found between the predicted
values of the model and the experimental data.

The results of the scale samples obtained after the alkaline treatment and optimal mineral
separation process have shown that minerals were effectively removed. In the alkaline treatment
applied for the removal of non-collagen proteins and other impurities, a trace amount of mineral
substance was removed, resulting in a loss of 7.22+0.42% protein and 1.16+0.10% collagen. During
the optimal mineral separation stage, there was a protein loss of 13.32+0.30% and a Hyp loss of
2.40+0.07%. Duan et al. (2004) reported that a 0.075 M EDTA solution removed approximately 68%
of the minerals in carp scales. Treatment of carp scales with HCI acid (>0.1 M) resulted in the removal
of 90% of the minerals, with protein and Hyp losses reported to be around 2% and 5.3%, respectively
(Wang & Regenstein, 2009). However, Feng et al. (2015) found that carp scales needed to be soaked
in 1M HCI acid for at least 90 minutes to remove over 90% of the minerals.

Table 4. Hyp, protein and mineral losses during collagen isolation.

Ornek Removal mineral (%) Protein loss (%) Hyp loss (%)
After alkaline treatment 0.15+0.00 7.22+0.42 1.16+0.10
After optimal HCI treatment 89.92+1.10 13.32+0.30 2.40+0.07

3.3. Biochemical composition change and collagen isolation

In the production of collagen products, impurities such as minerals and fats in the raw material can
hinder the diffusion of the target protein. As a result, the extraction yield of protein decreases, and the
high concentration of impurities adversely affects the quality of the final product (Duan et al., 2004;
Cansu & Boran, 2022). Fish scales consist of a hard surface layer composed mainly of calcium-based
salts and a fibrous inner layer predominantly made of collagen. Therefore, in the production
(extraction) of collagen products, a demineralization step is performed to expose the collagen fibers
and facilitate solubility (Pati et al., 2010).

The images and biochemical composition of dried fish scale samples obtained after alkaline
treatment and optimal mineral separation are presented in Figures 2 and 3, respectively. It was
observed that the protein concentration in fish scales increased from 54% to 86% after all the applied
processes. Additionally, the mineral content was successfully reduced from 26% to 1.2%. This
indicates the effective removal of the most significant impurity, minerals, from fish scales (Pati et al.,
2010). Furthermore, the alkaline treatment and demineralization processes applied to the untreated
scale samples resulted in a cleaner appearance and improved processability of fish scales (Figure 2).
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Raw scale After alkali treatment After optimal HCI treatment
Figure 2. Morphological change of fish scales during collagen isolation.
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Figure 3. Biochemical composition change during collagen isolation.

During the processes applied to the fish scales, the change in Hyp concentration and the Hyp/pro
ratio, calculated using protein and Hyp concentrations, were provided (Figure 4). Hydroxyproline
(Hyp) is an unique imino acid in collagen and is used for estimating collagen concentration in animal-
derived materials (Fratzl, 2008; Timerkan et al., 2019). Despite the losses in both protein and Hyp
during the processes applied to fish scales, Hyp concentration gradually increased. It was determined
that the Hyp concentration in fish scales successfully increased from 23.85 to 56.12 mg/g scale
through the performed processes. Additionally, the Hyp/pro ratio, which is an indicator of collagen
within the total protein after the removal of non-collagen proteins and minerals from the scale
samples, increased from 4.49% to 6.51%. These increases in Hyp concentration and Hyp/pro ratio
indicate the successful isolation of collagen.
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Figure 4. Hyp content and Hyp/pro ratio change during collagen isolation.

5. CONCLUSION

This study focused on the isolation of collagen from fish scales, which are considered as by-
products of fish processing. The aim was to increase the protein content and remove impurities from
the fish scales before collagen and its products' production. The conditions for removing mineral
substances, which are the second most abundant component in fish scales, were optimized. The
mineral separation process of the scales subjected to alkali treatment using a standard method was
predicted and optimized using response surface methodology (RSM) by experimental variables of HCI
acid concentration (M) and treatment time (minutes). The high correlation of the model demonstrated
that the linear model could be used to optimize the demineralization of carp scales. Under the
conditions of alkali treatment and optimal mineral separation, it resulted in a 90.07% mineral removal
along with 20.55% protein and 3.56% Hyp loss. The total protein in the scale was successfully
increased to 86%, and the amount of Hyp in the total protein was raised to 56.12 mg/g scale. This
indicates that collagen in fish scales was effectively isolated. Further studies are needed to determine
the quality and functional properties of the isolated collagen.
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Ozet: Zoonoz hastaliklar hayvanlardan insanlara gecen hastaliklar olarak
tanimlanmaktadir. Bu hastaliklar bakteriyel, viral, fungal ve paraziter etkenlerden
kaynaklanmakta ve genellikle omurgali hayvanlardan insanlara ge¢mektedir.
Giiniimiizde insanlarda goriilen hastaliklarin yarisindan fazlasinin zoonotik enfeksiyon
ve enfestasyonlar oldugu bildirilmektedir. Bu nedenle de ¢ok fazla can kaybina ve
ekonomik kayiplara neden olmaktadirlar. Zoonoz hastaliklar arasinda balik ve kabuklu
deniz iiriinlerinden kaynaklananlar, diinya genelinde hem gelismis hem de gelismekte
olan bir¢ok tilkede ve ¢ok fazla sayida insani risk altina sokmasi nedeniyle énemli bir
halk saghigi sorunu olarak kabul edilmektedir. Kirmizi et tiiketiminin kanser ve
kardiyovaskiiler hastaliklar gibi potansiyel hastalik durumlari ile iligkilendirilmesi
nedeniyle ve diinya niifusundaki artisla birlikte su iiriinlerine olan talep de artmaya
baglamistir. Bu durumun sonucu olarak da su iriinleri sektorii hem iiretim hem de
titkketimde devamli olarak biiylime gostermistir. Fakat 6zellikle son yillarda ¢ig veya az
pismis balik i¢eren gidalar da dahil olmak {izere kiiresel su triinleri tiikketiminin diizenli
bir sekilde artmasi bu zoonozlar arasinda su iiriinleri kaynakli paraziter zoonoz hastalik
risklerinin de artmasina neden olmaktadir. Bugiine kadar insanlarda su {irtinleri ile
iligkili protozoon, trematoda, nematoda ve cestoda’lar dahil olmak {iizere ¢ok fazla
parazit tiirii bildirilmistir. Kiiresel iklim degisikligine bagh olarak bu tiir ¢esitliliginin
sayisinin daha da artmasi beklenmektedir. Ayrica bu parazitler arasinda Giardia,
Toxoplasma, Clinostomum ve Anisakis gibi olanlarmin kiiresel bir dagilima sahip
oldugu da tespit edilmistir. Paraziter hastaliklarin halk sagligi agisindan dnemi, diger
hastalik etkenlerine kiyasla daha hafife alindigindan, su {iriinleri kaynakli paraziter
zoonoz etkeninin biyolojleri, bulasma yollari, yol agtiklar1 hastaliklar ve kontrolleri
konusunda 6nemli eksiklikler bulunmaktadir. Bu derleme, paraziter balik zoonozlarina
dair genel bir degerlendirme sunmay1 amaglamaktadir.
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Abstract: Zoonotic diseases are defined as diseases transmitted from animals to
humans. These diseases are caused by bacterial, viral, fungal, and parasitic agents and
generally are transmitted from vertebrate animals to humans. It is reported that more
than half of the diseases seen in humans today are zoonotic infections. Therefore these
diseases cause a large number of human lives to be lost and large economic losses.
Among the zoonotic diseases, those originating from fish and shellfish are considered to
be an important public health problem in both developed and developing countries
around the world, as they put a large number of people at risk. The demand for seafood
has started to increase due to the fact that red meat consumption is associated with
potential disease conditions such as cancer and cardiovascular diseases, and the
increase in the world population. As a result of these situations, the aquaculture sector
has grown continuously in both production and consumption. However, especially in
recent years, the steady increase in global consumption of fishery products, including
foods containing raw or undercooked fish, causes an increase in the risks of parasitic
zoonotic diseases originating from fisheries among these zoonoses. To date, many
species of parasites have been reported in humans, including aquaculture associated
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with protozoon, trematoda, nematode and cestode. Due to global climate change, the
species diversity is expected to increase even more. It has also been determined that
among these parasites, Giardia, Toxoplasma, Clinostomum and Anisakis have a global
distribution. Since the importance of parasitic diseases in terms of public health is
underestimated compared to other disease agents, the knowledge about biology of the
parasitic zoonoses agents originating from fisheries, their transmission routes, the
diseases they cause and how they can be controlled is insufficient. This review aims to
provide a general overview of parasitic fish zoonoses.

1.GIRIS

Farkli hastaliklarin ortaya g¢ikmasinda ve bulagsmasinda hayvanlar ve ¢evre Onemli rollerii
stlenmektedir. Insanlari etkileyen bulasici hastaliklarin ¢ogunun hayvan kokenli oldugu tespit
edilmistir. Zoonotik hastalik, omurgali hayvanlardan insanlara veya insanlardan omurgali hayvanlara
dogal olarak bulasabilen hastalik veya enfeksiyon olarak tanimlanmaktadir. “Yeni ortaya c¢ikan
hastaliklar i¢in Asya Pasifik stratejisi: 2010” raporunda insan enfeksiyonlarinin yaklasik %60'1min
zoonotik oldugu ve bu patojenler arasinda %70'ten fazlasinin yaban hayati tiirlerinden kaynaklandigi
one siiriilmektedir (Rahman vd., 2020). Kiiresel olarak, her yil zoonoz hastaliklar nedeniyle yaklasik
bir milyar hastalik vakasinin ve milyonlarca sayida 6liimiin meydana geldigi tahmin edilmektedir. Son
otuz yilda 30'dan fazla yeni insan patojeni tespit edilmis ve bunlarin %75'inin kaynaginin hayvanlar
oldugu agiklanmigtir (WHO, 2014). Hayvanlarda bulunan patojenler dogrudan veya bir vektor
araciliftyla insanlara bulasabilmektedir (Zhang vd., 2022). Insan popiilasyonundaki artis ve
sosyoekonomik gelismeler, popiilasyonlarin yeni ekolojik bdlgelere go¢ etmesine, hayvancilik
uygulamalar1 kaynakli yeni hastaliklarin ortaya ¢ikmasina ve toplam hastalik yiikiine etki edebilecek
degisikliklere neden olmaktadir (Macpherson, 2005).

S6z konusu zoonoz hastaliklar arasinda paraziter zoonotik hastaliklara da yaygin olarak
rastlanmaktadir. Paraziter zoonozlarin ¢ogu, insanlarda kiiresel Olgekte Onemli bir hastalik
potansiyeline sahip olmasina ve hayvancilik endiistrileri {izerinde énemli diizeyde ekonomik etkilere
neden olmasma ragmen yeteri kadar ilgi gosterilmemis hastaliklar olarak kabul edilmektedir.
Insanlarda hastalik kaynag1 olarak bildirilen 1399 patojen tiir icerisinde yer alan paraziter ajanlarin, 60
adetinin protozoon ve 286 adetinin ise helmint tiirii olugu tespit edilmistir (Woolhouse&Gaunt, 2007).
Ayrica tam yontemlerindeki gelismelere bagl olarak paraziter zoonozlar ile kargilagma oraninin daha
da artacagi belirtilmekte ve bazi yeni sendromlarin da parazitik zoonozlara dahil edilebilecegi
belirtilmektedir (Torgerson&Macpherson, 2011).

Ozellikle, hijyen kosullarina uyulmamasi, vektdrel bolluk ve hayvan rezervuarlari bu tiir
bulasmalarda artislara neden olmaktadir. Tklim degisikligi, goc, cevresel degisiklikler, ilag direnci ve
ekonomik faktorler gibi etkenler de sorununun siddetinin artmasina yol agmaktadir. Daha saglikl
beslenme aligkanligi ve ¢ig / egzotik balik yemekleri tercihi gibi unsurlar su tiriinleri tiiketiminde artisa
ve bu diriinlerden kaynaklanan hastalik vakalarmin goriilme sikliginin da yiikselmesine neden
olmaktadir (Shamsi vd., 2018). Ayrica yeni parazit tiirlerinin ve yeni enfeksiyon odaklarinin tespitiyle
baglantili olarak yeni zoonozlarin ortaya ¢iktig1 da belirtilmektedir (Thompson&Conlan, 2011).

Diinya genelinde balik ve su kaynakli zoonotik hastaliklar, su tirlinleri yetistiriciligi endiistrisinde
ve balik¢ilikta da 6nemli sorunlara neden olmustur. Artan niifus ve gelisen kiiresel su iiriinleri ve balik
ticareti ile birlikte, ¢evresel kontaminasyon ve insanlarda balik ve su kaynakli zoonoz gelisimi riski de
artmaktadir. Balik zoonozlarimin insidansi; farkli tan1 yontemlerinin gelistirilmesi, balik yemeklerinin
yaygm olarak yenildigi iilkelerde ¢ig balik tiiketimindeki artis, susi, sashimi ve ceviche gibi ¢ig veya
minimum diizeyde islenmis balikla hazirlanan yemeklerinin tiiketiminin yayginlagmasi, balik ve balik
iiriinlerinin uluslararas1 pazarinin biiyiimesi ile su iiriinleri yetistiriciliginin ¢ok hizli bir gelisim
gostermesi gibi nedenlerden dolayr énemli ol¢iide artmustir (Lima dosSantos&Howgate, 2011). Bu
derleme, paraziter balik zoonoz ajanlarina odaklanmaktadir.
1.1.Balik Parazitleri ve Paraziter Zoonozlar

Parazitler, muhtemelen parazitizmin ilk olarak ortaya ¢iktig1 ortam olan su ekosistemlerinde
olaganiistii diizeyde gesitlilik gdstermektedir. Bu ¢esitlilikte; cestodlar, monogeneanlar, trematodlar ve
miksozoanlar en bilinen parazitler arasinda yer almaktadir (Adlard vd., 2015). Sucul ortamlarda
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yasayan parazitler genellikle konakgilarindan daha kiigiik boyutlarda olmakta ve yasam evrelerine
bagl olarak belirli bir siire boyunca konakgilarda yagsamaktadirlar. Baliklar, parazitlerin ara konakgisi
veya son konakgisi olabilirken, diger sucul (6rnegin deniz memelileri) veya karasal hayvanlar (kuslar,
kopekler) nihai veya kesin konakg1 olabilmektedir (Quiazon, 2015). Bununla birlikte, bu parazitlerin
bir kismi, su iirlinleri yetistiriciligi ve gelismis ulagim ve dagitim sistemleri yoluyla diger canli
tirlerinde de ortaya c¢ikabilmektedir. Sanayilesmis iilkelerde 6zellikle seyahat ve gdcler neticesinde
suyla taginabilen son derece direngli protozoon kaynakli enfeksiyonlarin yani sira egzotik hastaliklarin
da goriilebildigi belirtilmektedir (Dorny vd., 2009). Baliklarda tespit edilen bazi parazitlerin (anisakid
nematodlari, diphyllobothriidean tenyalari, intestinal heterophyid ve opisthorchid karaciger parazitleri)
tiim diinyada en 6nemli gida kaynakli parazitler arasinda oldugu kabul edilmektedir (Cong&Elsheikha,
2021). Zoonoz balik parazitleri arasinda yiiksek insidanslari nedeniyle Opisthorchiidaec ve
Heterophyidae (Trematodea Simifi, Digenea alt sinifi), Anisakidae ve Gnathostomidae (Phylum
Nematoda) ve Diphyllobothridae (Cestoda Sinifi) grubu helmint aileleri 6n plana ¢ikmaktadir. Insanlar
balik kaynakli parazitleri enfekte ¢ig, az pismis veya uygun kosullarda korunmamisg baliklart tiiketerek
almaktadir (Lima dosSantos&Howgate, 2011) (Sekil 1). Insanlarda balik kaynakl1 zoonotik enfeksiyon
ve enfestasyonlar, kontamine yenilebilir dokularin veya iiriinlerin sindirim yoluyla alinmasindan veya
daha az Olclide kontamine iiretim ile fiziksel temastan kaynaklanabilmektedir. Kiiresel olarak,
baliklardan, yengeclerden, kerevitlerden, salyangozlardan ve ¢ift kabuklulardan elde edilen 50'den
fazla helmint parazit tiiriiniin insan enfestasyonlar1 iirettigi tespit edilmistir ve bunlardan bazilar1 ciddi
saglik sorunlari olusturabilmektedir (Bardhan, 2022).

Sekil 1. Sazangiller (Cyprinidae) araciligiyla olusan zoonotik trematod enfestasyonlarin bulagsma kaynaklari
(Saijuntha vd., 2021).

1.2.Zoonotik Protozoonlar

Zoonotik protozoonlar olan Cryptosporidium spp., Giardia duodenalis ve Toxoplasma gondii su
ortamlarinda ve ¢ogunlukla da kabuklu deniz hayvanlarinda bulunmaktadir. Ayrica bu protozoonlara
balik ve diger sucul canlilarda da rastlanabilmektedir (Moratal vd., 2020). Giardia’lar ayrica gesitli
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omurgali konakgilar1 da enfekte eden kamg¢ili prozoon parazitlerdir (Caccio&Ryan, 2008)(Sekil 2.A).
Insanlarda ve hayvanlarda gériilen ishallerin en yaygin nedenlerinden biri oldugu kabul edilmektedir.
Deniz ortamlarindaki yaygmligi, genetik ¢esitliligi ve sucul hayvanlarim bu parazitlerin insanlara
bulasmasinda oynadigi rol hakkinda cok az sey bilinmektedir. Giardia duodenalis A ve B alt
gruplarinin yunuslar, foklar ve kopekbaliklariin digkilarindan izole edildigi bildirilmistir (Yang vd.,
2010).

Cryptosporidium spp. insanlar i¢in balik kaynakli zoonotik risk olarak da kabul edilmektedir.
Diinya genelinde tathh su, deniz ve akvaryum baliklarinda farkli Cryptosporidium tiirleri
tanmimlanmigtir. 23 tatli su ve 24 deniz balig1 tlirlinde Cryptosporidium tiirlerinin rapor edildigi
bildirilmistir. C.huwi ve C.abrahamseni ile tiirlin sican genotipi sadece tath su balik tiirlerinden izole
edilmistir. Deniz baliklarinda ise C.scophthalmi ve baliklara 6zgli olmayan C.scrofarum ve C.xiaoi
tiirleri tespit edilmistir. Ayrica, yine baliklara 6zgii C. molnari ve C. bollandi tiirleri hem tathi su hem
de deniz baliklarinda bildirilmislerdir. Mevcut sinirli sayida arastirmaya dayanan giincel verilere gore,
C.molnari ve C.parvum'un en sik bildirilen tiirler oldugu ifade edilmektedir. (Golomazou vd., 2021).
Parazitin ookistleriyle kontamine olmus ¢ig veya az pismis balik etinin tiiketilmesi ve balik digkisi ile
dokiilen ookistlerle kontamine suyun tiiketilmesi yoluyla bulagsma gergeklesebilmektedir (Robertson
vd., 2019)(Sekil 2.B). Ishal, kusma, mide bulantisi, istahsizlik ve kramplar, cryptosporidiosis'in yaygin
olarak goriilen semptomlar1 arasinda yer almaktadir. Ayrica bagisikligi baskilanmig kisilerde ve
cocuklarda kronik ve yagami tehdit edici boyutlara ulagabilmektedir (Ryan vd., 2016;Ryan vd., 2018).
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Sekil 2. A. Giardia trofozoit ve kistleri (Yang vd., 2010) B. Cryptosporidium molnari ookistleri
(Shaapan vd., 2023).

Toxoplasma gondii, insanlar, ¢iftlik hayvanlari ve deniz memelileri dahil olmak iizere hemen
hemen tiim homoioterm hayvanlardan izole edilmis bir prozoon tiiriidiir. Insanlarda olusan enfeksiyon
genellikle asemptomatik olup hafif grip benzeri semptomlar gosterebilmektedir. Bununla birlikte
toksoplazmoz, bagisikligi baskilanmis kisilerde yasami tehdit edici boyutlara ulagabilmektedir (Zhang
vd., 2014). Suda yasayan canlilarda karsilasilan 7.gondii’nin kaynaginin da karasal ortamlar oldugu
disiiniilmektedir. Baliklar, T.gondii i¢in asil biyolojik konakgilar olarak kabul edilmemekle beraber,
tatli su akintilar1 (kanalizasyon desarjlari, toprak taskinlari gibi) yoluyla deniz ortamina karisan ve
boylece mekanik tasiyici olarak hareket eden ookistler ile enfeste olabildikleri tespit edilmistir
(Marino vd., 2019). Nehir agizlar1 ve denizel ortamlar T.gondii ookistlerini tasiyan kanalizasyon ve
tatli su akislariyla kirlendiginde o6zellikle bu ookistler kabuklular tarafindan biriktirilebilmektedir.
Mikropolimerlerin, bakteriyel biyofilm, algler ve diger mikroorganizmalarla birlesmesi ile olugan
deniz makroagregatlarida ookistlerin baliklara gegisinde O6nemli rol oynamakta ayrica baliklarin
kendileri de ookistlerin mekanik tasiyicilarn olarak hareket ederek bunlart gocleri sirasinda
yayabilmektedir. Bu durum, ¢ig veya az pismis kontamine baliklarin tiiketilmesiyle insanlara 7T.gondii
bulagmasi anlamina gelmektedir (Moratal vd., 2020).

Bagirsak protozoon paraziti olan Entamoeba histolyticamin neden oldugu amipli dizanterinin de
diinya genelinde her y1l 500 milyon insani etkiledigi ve 55.000'den fazla insanin da Gliimiine neden
oldugu bilinmektedir. Ozellikle yetersiz sanitasyon ve hijyene sahip yoksul iilkelerde énemli bir halk
saglig1 sorunudur. Entamoeba, Tayland ve Vietnam gibi Giineydogu Asya iilkelerinde son zamanlarda
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goriilen salginlar nedeniyle balik kaynakli parazitik zoonoz olarak siniflandirilmustir. Insanlara esas
olarak kontamine yiyecek ve su (kistler ve trofozoit tagiyan)ile bulassa da, kanalizasyon veya atik
suyun karistig1 yetistirme ortamlarindan temin edilmis baliklarin ¢ig olarak tiiketilmesi ve geleneksel
pisirme tekniklerinin uygulanmasi salginlarin ana kaynagi olabilmektedir. Semptomlar dizanteri, kanl
ishal, kusma, karm agrisinin eslik ettigi dehidratasyonu da icermektedir (Bardhan, 2022).

Balantidium cinsi de, yumusakcalar, eklembacaklilar, baliklar, amfibiler, siirlingenler, kuslar ve
insanlar dahil memeliler gibi ¢ok c¢esitli omurgasiz ve omurgali konakeilarin sindirim sistemlerinde
varlig1 bildirilen ¢ok sayida tiire sahip bir protozoon parazittir. Etken bagirsakta bulunmakta ve
baliklarda kommensal veya endosimbiyont olarak kabul edilmektedir. Balantidium coli, insanlari,
insan olmayan primatlari ve domuzlar1 enfekte eden bir tiir olup asemptomatik veya ishalle
seyredebilmektedir. Tatl1 su baliklarinda tespit edilmis 13 tiiriin sekizi Cin'de tanimlanmis ve 6zellikle
Balantidium ctenopharyngodoni ve B.polyvacuolum tiirleri ile daha sik karsilagilmistir. Deniz baliklar
arasindada Ozellikle cerrah baliklarinda (Prionurus punktatus) daha yaygin olarak bildirilen
Balantidium prionurium ile farkli dort tiir daha tespit edilmistir (Li vd., 2014;Hajipour vd., 2022).

Trypanosoma spp. yalnizca suda yasayan organizmalari degil insanlar1 da enfekte edebilen
parazitik bir protozoondur. Zoonoz hastalik olusturduklar1 kabul edildiginden, bu parazitin sucul
canlilardan izole edilmesi 6nem diizeyinin artmasina neden olmustur (Mahasri vd., 2019). Farkli balik
tirlerinden Trypanosoma mukasai, T.carassii, T.punctati, T.saulii, T.tengarii tirlerinin izolasyonlar1
yapilmistir (Shavanas, 1999;Gupta vd., 2015;Mahasri vd., 2019; Williams vd., 2022). Tripanozomun
yasam dongiisii, siiliiklerin sindirim sisteminde sferomastigot olarak baslamakta ve siiliiklerin
hortumuna go¢ ederek epimastigot formuna doniismektedir. Daha sonra siiliik baliklara tutundugunda
bu form balikta metatrypanosoma formuna doniismektedir (Mahasri vd., 2019). Zoonotik bir parazit
olarak kabul edilmekle birlikte baliklardan izole edilen tiirlerin yol agtig1 bir insan enfeksiyonuna dair
kayda rastlanmamustir.

1.3. ZoonotikTrematodlar

Trematod, Yunanca "deliklerle delinmis" anlamina gelen trematos kelimesinden gelmektedir.
Trematoda, Platyhelminthes filumunun bir smifidir. Enfektif evreleri metaserker (metacercariae)
olarak adlandirilan parazitik yassi kurtlarin ¢ogunlugunu temsil etmektedir. Karaciger ve bagirsak
kurtlar1 olarak da bilinen tiirler balik kaynakli zoonozlarla iliskili en yaygin trematodlardir (Bardhan,
2022). Balik kaynakli trematodlarla enfekte olan insan sayisinin diinya capinda 18 milyonu astigi
tahmin edilmektedir. Ustelik gelismis iilkelerdekiler de dahil olmak iizere risk altindaki insan sayisinin
yarim milyar1 agtig1 diisliniilmektedir. Balik, kabuklu veya yumusakgalarin tiiketimi yoluyla insanlara
bulastigi kaydedilen 33 digenik trematod tiiriiniin sadece birkagi ciddi tehdit olusturmaktadir.
Chlonorchis  sinensis, Clinostomum complanatum, Heterophyes heterophyes, Metagonimus
yokogawai, Metorchis conjunctus, Nanophyetes salminicola, Opisthorchis viverrini ve Paragonimus
spp. halk saglig1 acisindan trematodlar arasinda en onemli tiirler olarak kabul edilmektedir (Chai vd.,
2005;Ljubojevic vd., 2015;Bardhan, 2022).

Insanlar1 enfekte eden balik kaynakli heterofid (Heterophyidae) trematodlarin 13 cinsi ve 29
tiriiniin oldugu belirtilmektedir (Chai&Jung, 2017). Heterophyidae familyasina ait olan trematodlar,
diinya genelinde dagilim gosterebilen, insanlar dahil olmak iizere, kus ve diger memelilerde de
bulunan ince bagirsak parazitleridir. Bu familya balik kaynakli zoonotik trematodlar arasinda
insanlarda bildirilen en fazla sayida tiire sahiptir. Heterofidlerle enfekte olan insan sayisiyla ilgili kesin
bir veri olmamasina ragmen, Ozellikle Asya'da milyonlarla ifade edilen sayilara ulastig:
belirtilmektedir (Lopes vd., 2020). Heterophyidae ailesinde bulunan trematodlar yaygin olarak
Mugilidae (kefaller) ailesindeki baliklari ikinci ara konak olarak kullanmaktadirlar. Ulkemizde
parazitin metaserkerine ise Ege denizinde yakalanan has kefalde (Mugil cephalus) kas dokusunda
rastlandig1 belirtilmektedir (Tareen, 1981). Heterophyidae ailesinin en bilinen iiyeleri Heterophyes
heterophyes ve Metagonimus yokogawai'dir. Insanlar ¢ig, marine edilmis veya az pisirilmis baliklari
yiyerek enfekte olmaktadirlar. Bu digenik trematodlar ince bagirsaklarda iltihaplanma, {ilserasyon ve
nekroza neden olabilmektedir. Ayrica, safra kesesi genislemesinin yam sira kolanjit, hepatomegali,
periportal sistemin fibrozu, tikanma sariligi, kolesistit ve kolelitiazis dahil olmak {izere agir ve uzun
siiren enfestasyonlara da yol agabilmektedir (Ljubojevic, 2015). Bunlarin tiimii, ara konak
(salyangozlar, baliklar) ile kesin konak (insan, kopek, kedi) kullanmakta ve benzer yasam dongiileri
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gostermektedirler (Mahdy wvd., 2021)(Sekil 3). Heterophyidae ailesi liyeleri olan Pygidiopsis
macrostomum ve Ascocotyle (Phagicola) pindoramensis (Digenea: Heterophyidae) tiirleri de ara
konak olarak Lepistes tiirli baliklar1 ve kesin konak olarak sirastyla balik yiyen memeli veya kuslari
kullanmaktadir. Her iki tiirlin metaserkerleri tarafindan dogal olarak parazitlenen Poecilia vivipara
tiirii baliklarda higbir dig parazitizm belirtisi goriilmemektedir. Bu trematodlarin temsilcileri farkl
cografi bolgelerde varlig1 tespit edilmis olsa da morfolojik ve molekiiler verilere dayali tanimlamalari
ile yayginlik ve yogunluklarinin ayrmtilarina dair yeterli bilgi bulunmamaktadir (Borges vd., 2017).
Ascocotyle longa ise kuzey ve giiney Amerika, Avrupa, Afrika ve Ortadogu'da genis bir dagilima
sahip, sucul kuslarin ve memelilerin bagirsak paraziti olup balik kaynakli enfestasyonlarin etkeni
olarak tanimlanmustir. Insanlar, A.longa metaserkerleri tasiyan ¢ig veya az pismis tath su baliklarini
yiyerek enfekte olmaktadirlar (Rebello vd., 2020). Bu tiir iilkemizde de Kizilirmak Deltasinda Samsun
ili smirlart igerisinde yer alan tatlisu gollerinden yakalanan kefal (Liza aurata, Mugil cephalus)
tiirlerinden de izole edilmistir (Ozer ve Kirca, 2013; 2015). Az sayida da olsa bu aileden Centrocestus
formosanus tiiriiniin neden oldugu zoonotik vakalar da bildirilmistir. Bu duruma iligkin Tayvan'da
deneysel, Cin'de ve Vietnam'da da dogal enfestasyon kayitlar1 bulunmaktadir (Chai vd., 2013).Ayrica
bu tiirlin iilkemizde de ithal edilen farkli akvaryum balig1 tiirlerinden (Xiphophorus maculatus,
Carassius auratus auratus, Pterophyllum scalare, Poecilia reticulata, Xiphophorus helleri) izolasyonu
gergeklestirilmistir (Yildiz, 2005;Sahin Taner &Yavuzcan Yildiz, 2018).

Echinostomatidae familyasina dahil yaklasik 15 trematod tiiriiniin de insanlar1 enfekte ettigine dair
kayitlar bulunmaktadir. Baslicalarinin Echinostoma hortense ve Echinochasmus japonicus oldugu
balik kaynakli 11 adet Echinostoma tiiriiniin oldugu belirtilmektedir. Insanlarda tespit edilen
Echinostoma enfestasyonlarinin cogu Asya ve Bat1 Pasifik bolgelerinde gozlemlenmistir. Ulkemizde
tathh su baliklarinda Echinostomatidae metaserkerlerinin varligma dair kayit bulunmamaktadir
(Pekmezci vd., 2017). Hastalik genellikle hafif semptomlar gostermekle birlikte E.hortense
enfestasyonunda mide veya duodenumda iilserasyonlar ve kanamalar da olusabilmektedir (Chai vd.,

2005).
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Sekil 3. Balik kaynakli zoonotik heterofid trematodlarin ortak yasam dongiisii (Chai&Jung, 2017).
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Clinostomum complanatum (Rudolphi, 1814)’da Clinostomidae familyasindan bir digenik
trematoddur. C.complanatum metaserkeri ile enfekte, ¢ig veya az pismis tath su baliklarinin
tikketiminden sonra bulasan ve nadir rastlanan bir hastalik olan Halzoun sendromundan sorumlu bir
zoonotik parazittir. Kazara olusan insan enfestasyonlarinda, C.complanatum bogazin mukoza zarina
yapigsmakta ve genellikle akut farenjit ve larenjite neden olmaktadir. Clinostomum sp.nin neden
oldugu alisilmadik bir gz enfestasyonu vakasi da bildirmistir. Birinci ara konak tath su gastropodlari,
ikinci arakonak ise balik ve amfibi tiirleridir. Ilk ara konak¢ida mirasidyum (miracidia) yumurtalardan
cikar ve sporokist, redi (rediac) ve ardindan kisa catalli serker (brevifurcate cercariae) gelismeden
once birkag kez eseysiz liremeye maruz kalir. Serbest yilizen serkerler baliklarin derisine niifuz eder ve
burada nihai konakgilar olan balik yiyen kuslar i¢in bulasici olan metaserkerlere doniisiirler (Menconi
vd., 2020;Hajipour vd., 2022).

Opisthorchiidae familyasi ise agirlikli olarak memeli ve kus konakeilarin safra kanali, safra kesesi
ve karacigerini enfeste eden ¢ok sayida opisthorchiid trematodlardan olugmaktadir. Bu familyaya ait
trematodlar arasinda o6zellikle Clonorchis ve Opisthorchis cinslerinin insanlar1 enfeste ettigi
bildirilmistir. Bu cinslere ait Clonorchis sinensis, Opisthorchis felineus, Opisthorchis viverrini ve
Metorchis conjunctus tiirleri en kapsamli incelenen tiirler olmustur. Ulkemizde Ulubat (Apolyont) ve
Manyas goéllerinden yakalanan kizilgdz baliklarinda (Rutilus rutilus) O.felineus’un metaserkerlerine
rastlanildig1 bildirilmistir (Geldiay& Balik, 1974). Avrupa ve Asya'da tahminen 45 milyon insanin bu
karaciger parazitleriyle enfeste oldugu tahmin edilmektedir. Bu vakalarin 35 milyonunun basta Cin’de
olmak {izere C.sinensis ile 10 milyonunun Giineydogu Asya'da O.viverrini ile ve 1,2 milyonunun ise
Dogu Avrupa ve Rusya'da O.felineus ile olustugu tespit edilmistir. Ayrica bu karaciger trematodlarinin
safra kanali kanseri veya kolanjiokarsinoma neden olduklart da belirlenmistir (Chai vd.,
2005;Saijuntha vd., 2021)

1.4. Zoonotik Nematodlar

Anisakidosis, Anisakidae familyasimin iiyeleri tarafindan indiiklenen zoonotik bir parazitozdur.
Anisakidler; Anisakis, Pseudoterranova, Hysterothylacium ve Contracaecum cinslerini icermektedir.
Her ne kadar Hysterothylacium spp. Artik Raphidascarididae familyasina dahil edilmis olsa da
(Deardorf ve Overstreet 1981; Nadler ve ark. 2005), gecmiste Anisakidae familyasinin {iyelesi olarak
kabul edildiklerinden literatiirde genellikle Anisakidosis etkeni olarak tanimlanmaktadirlar
(Shamsi&Barton, 2023). Karmasik bir yasam dongiisiine sahip olan bu nematodlarin nihai konakgilar
deniz memelileridir. Insanlar tesadiifi konakg1, farkli kabuklu ve balik tiirleri ise ara veya paratenik
konak gérevi gérmektedirler. Insan anisakiasis’i, bu parazitin enfektif asamas (iiiincii asama larva /
L3) ile kontamine olmus deniz {iriinlerinin 6zellikle de baliklarin tiiketilmesiyle ortaya ¢ikmaktadir
(Sekil 4). Glinlimiizde Anisakis simplex ve Anisakis pegreffii'nin neden oldugu alerjik reaksiyonlarin
eslik ettigi mide bagirsak enfestasyonlar1 vakalarinda artiglarin oldugu bildirilmektedir (Aibinu vd.,
2019). Anisakiasis'in en yiiksek prevalansi Kuzey Asya ve Bati Avrupa'da (Hollanda, Almanya,
Fransa ve Ispanya) gosterdigi belirtilmektedir. Sirbistan'da 2000-2013 yillar1 arasinda ithal edilen
deniz baliklarinda arasinda ringa (Clupea harengus) ve uskumru (Scomber scombrus) tiirlerinde
Anisakis spp.’nin saptandig1 ifade edilmektedir. Ulkemizde de farkli bélgelerde ve tiirlerde zoonotik
Anisakis tiirlerinin varlig1 tespit edilmistir. Ege ve Marmara kiyilarinda, Scomber japonicus
(Akmirza,1997); Trachurus mediterraneus (Akmirza, 1998); Mullus surmuletus (Akmirza, 2000);
Diplodus annularis, Pagellus erythrinus, Oblada melanura, B.boops (Akmirza, 2001); Sardina
pilchardus, Merlangius merlangius ve Trachurus trachurus (Oguz vd., 2000), Conger conger
(Akmirza, 2012) Scomber scombrus (Keser, 2007;Becerklisoy vd., 2020) tiirlerinde A.simplex izole
edilmistir. Yine Erzurum ilinde satisa sunulan Trachurus trachurus tiirlinde A.simplex ve A.pegreffi
tirlerinin izolasyonunun saglandig1 bildirilmistir (Utuk vd., 2012). Pekmezci vd., 2014 Tirkiye
denizlerinden 6rnekledikleri 31 farkli tiirden 1145 bireyde 168 Anisakid larvasi belirlemislerdir. Bu
larvalardan 163’lniin Anisakis pegreffi, 2’sinin Anisakis simplex, 3’linlin ise hibrid tiir oldugunu
gostermislerdir. Canakkale kiyilarindan yakalanmis olan Scomber japonicus, Engraulis encrasicolus
ve Boops boops tiirlerinde de Anisakis pegreffi tiirlinlin izolasyonu yapilmistir (Aldik vd., 2023).Yine
iilkemizde ithal edilerek satis1 yapilmakta olan dondurulmus Atlantik uskumrusu (Scomber scombrus)
ve fiime Atlantik somonu (Salmo salar) 6rneklerinin incelendigi bir arastirmada %99 oraninda
A.simplex, %1 oraninda ise A.pegreffi tirii larvalarinin izole edildigi bildirilmistir (Pekmezci vd.,
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2023). Cig, yeterince pisirilmemis, az tuzlanmis veya tiitsiilenmis somon, ringa, morina ve uskumru
tilketimi sonrasinda Anisakis simplex ile enfestasyon gelisirken, Pseudoterranova decipiens’in
genellikle morina, pisi baligi veya diger yassi baliklardan bulastigi tespit edilmistir. A.simplex
larvalari, insanlarda mide veya bagirsak mukozasina yerleserekapselere veya eozinofilikgraniillomaya
neden olabilmektedir. Ayrica bu parazitlerin periton bosluguna gegerek diger organlara da
yerlesebildigi belirlenmistir. Nematodlarin bir kismi ise dokuya invaze olamayip diski ile veya mide
icerigi araciligryla yemek borusundan giris yapabilmektedir. P.decipiens larvalari, gidiklanma hissinin
meydana geldigi ve hastanin larvalari Oksilirerek / kusarak cikarabildigi "bogazda karincalanma
sendromuna (tingling throat syndrome)" neden olabilmektedir. Bunun yani sira, Contracaecum
osculatum tiiriinin de yayginligi daha diisiik olmakla birlikte insanlarda hastaliga neden oldugu
bildirilmektedir. Japonya, fran, Papua Yeni Gine, Kanada, Banglades gibi iilkelerdeki cesitli tatli su
baliklarinda varlig: bildirilen Eustrongylides spp.’nin ise insanlarda gastrit ve bagirsak travmalarina
neden olabildigi bildirilmistir (Ljubojevic vd., 2015). Tiirkiye’de Iznik géliinde 2008-2009 ve Egirdir
golinde de 2013-2018 yillarinda, farkli balik tiirlerinde Eustrongylides exinus tiiriiniin varlig
belirlenmistir. Iznik géliinde drneklenen 271 balik bireyinde tiiriin yayginlik oram % 6.64 olarak tespit
edilmistir. Egirdir goéliinde ise 2013 yilindaki arastirmada 34 adet Sudak (Sander lucioperca)’in
tiimiinde parazit belirlenmis, 2018 yilindaki ¢alismada ise 613 bireyin 34’iinde parazitin larvalarina
rastlanmistir. Genellikle baliklarin karmn boslugu ve i¢ organlarda lokalize olduklar1 gozlenmekle
birlikte, kaslarda da yerlesebildikleri tespit edilmistir (Colak, 2013;Metin vd., 2014;0zmen vd., 2021).
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Sekil 4. Anisakid yasam dongiisii (L3 larvalan gastrik, intestinal veya ektopik yerlesim gosterebilmektedir)
(Aibinu vd., 2019).

Pseudoterranova, Anisakidae familyasindan bir parazitik nematod cinsidir. Bu cins i¢in baliklar,
ikinci konak veya paratenik konakdir. Cig veya az pismis enfekte baliklarin tiiketimi yoluyla insan
saglhigini olumsuz etkileyebilmektedir. Kismen pismis baliklarin tiiketilmesi sonrasinda P.decipiens,
P.cattani ve P.azarasi tiirleri ile ortaya ¢ikmus insan enfestasyonu vakalari bildirilmistir.Ulkemizde
yapilan g¢alismalarda Pseudoterranova spp.’nin Dogu Akdeniz'de mutur (Phocoena phocoena) ve
cizgili yunus (Stenellacoeruleo alba)un midesinden izole edildigi bildirilmistir (Danyer vd., 2010;
Aytemiz vd., 2012). Ayrica Edremit Korfezi’de yakalanan balik tlirlerinde A.simplex, H.aduncum ve
P.decipiens’in izole edildigi de belirtilmektedir. Bu izolasyonun P.decipiens tiirii i¢in Boops boops
tiriinde Tirkiye Deniz’lerinden ilk kayit oldugu ifade edilmistir (Kuran vd., 2021). Contracaecum
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spp. Anisakidae ailesinden bir bagka zoonotik nematod cinsidir. Yasam dongiilerinde Contracaecum
spp. son konak olarak deniz memelilerini ve balik yiyen kuslari, ara konak olarak ise kabuklular1 ve
farkli balik tiirlerini enfeste etmektedir. Insanlarda Contracaecum spp., Anisakis spp.'de oldugu gibi
liclincli donem larvalara ev sahipligi yapan ¢ig veya az pismis baliklarin tiikketilmesiyle bulasmaktadir.
Tiirkiye'den Alburnus alburnus, Barbus lacerta, B.plebejusescherichi, Carassius auratus, C.carassius,
Capoeta tinca, Scardinius erythrophthalmus, Rutilus rutilus ve Vimba vimba tiri baliklarda
Contracaecum spp. izolasyonu gerceklestirilmistir. (Koyun & Altunel, 2007; Selver vd., 2009; Koyun
vd., 2015). Contracaecum’un larva formu ise ilk kez 2016 yilinda Marmara Goéliinden yakalanan
Carassius gibelio tiiriinde tespit edilmistir (Demir &Karakisi, 2016). Burdur ili Karatag géliinde yine
ayn1 balik tiirlinde Contracaecum rudolphii larvalariin izolasyonu gergeklestirilmistir. Bu izolasyon
ile Tiirkiye'de konak¢i bir tatli su baliginda C.rudolphii’nin tanimlandig ilk vaka oldugu ifade
edilmektedir (Innal vd., 2020). Semptomlar1 arasinda karin agrisi ve siskinligi, kanli ve mukuslu ishal,
mide bulantis1 ve hafif ates sayilabilmektedir. Dokiintii ve kagint1 gibi alerjik reaksiyonlar ve bazen
anafilaksi de olusabilmektedir. Raphidascaris cinsi parazitler de Raphidascarididae familyasina dahil
olup Avrupa, Asya ve Kuzey Amerika'da farkli balik tiirlerinde goriilmektedir. Zoonotik Onemi
hakkinda bazi degerlendirmeler bulunmakla birlikte erginleri baliklarda bagirsak paraziti oldugundan,
insanlarda enfestasyona yol acip a¢madigi konusu siipheli olarak da degerlendirilmektedir
Hysterothylacium’da Raphidascarididae familyasindaki parazitik yuvarlak kurtlarin bir cinsidir. Genel
olarak, bunlar da insanlar i¢in ¢ok tehlikeli olarak kabul edilmemekle birlikte Hysterothylacium
kajikiae ve Hysterothylacium aduncum tirlerinin zoonotik olarak degerlendirildigi kayitlar
bulunmaktadir (Ghadam vd., 2018, Shamsi vd., 2020, Hajipour vd., 2022). Ulkemiz sularinda
H.aduncum tiirintin varlig1 farkli arastirmacilar tarafindan bildirilmistir. Karadeniz'de M.merlangius
(Doganay, 1994; Ismen ve Bingel, 1999); Marmara Denizi M.merluccius, Gobius niger, S.scombrus ve
Scyliorhinus canicula (Oguz, 1995; Keser vd., 2007; Ozkan vd., 2010;Beceriklisoy vd., 2020;Torcu
Ko¢ & Erdogan, 2021); Kuzeydogu Akdeniz'de Diplodus vulgaris ve Sparus aurata (Kalay vd., 2009),
Canakkale Bogazi'nda Sardinella aurita, S.japonicus ve T.trachurus (Sahin ve Saglam, 2016);
Karadeniz’de ise Merlangius merlangus exinus (Pekmezci, 2019) tiirleri izolasyonun yapildig1 balik
tiirleri olarak belirtilmistir.

Gnatostomiyaz, Gnathostoma cinsinin go¢ eden nematod larvalarinin neden oldugu sistemik bir
enfestasyondur. Ara ve kesin konakg1 olarak ¢ok farkli hayvanlari igeren bir zoonozdur ve ana risk
faktori ¢ig balik tiiketimidir (Hale vd., 2003). Gida kaynakli bir zoonoz olan insan gnatostomiyazi,
Gnathostoma spp.'nin {igiincii evre larvalarindan (L3) kaynaklanmaktadir. Hastaligin en sik goriilen
klinik belirti ve semptomlar1 gezici kutanoz sislikler ve eozinofilidir. Siddetli vakalarda karaciger,
gozler, sinirler, omurilik ve beyin gibi organ ve dokulara yerlesme sonrasi korliik, sinir agrisi, felg,
koma ve hatta oliimler bile goriilebilmektedir. Bugiine kadar diinya genelinde 6zellikle Japonya ve
Cin'de endemik bolgeler, Tayland ve Giineydogu Asya'nin diger bolgeleri ile Meksika, Kolombiya ve
Peru'ya kadar yaklagik 5000 insanda gnatostomiyaz vakasi rapor edilmistir. Bu nedenle, insan
gnathostomiazisi, etkileri artmakta olan kiiresel bir zoonoz olarak kabul edilmektedir. Diinya
genelindeki dagilimi nedeniyle de gnatostomiyaz'in eradikasyonunun zor oldugu belirtilmektedir (Liu
vd., 2020). Gnathostomas pinigerum tiirli uzun zamandir insanlarda enfestasyona neden olan tek tiir
olarak kabul edilmekteyken yakin zamanda diger bir tiir olan Gnothostoma binucleatum’un da
enfestasyon etkeni oldugu tespit edilmistir. Ayrica Japonya’da Gnathostoma hispidum, Gnathostoma
doloresi ve Gnathostoma nipponicum tiirlerinin neden oldugu kiigiik salginlar ve / veya sporadik
vakalar da bildirilmistir. Enfestasyonlarin goriildiigii hastalarin ¢ogunlukla yerel bolgelerden gelen
gocmenler oldugu tespit edilmisken turistik amaclarlayerel bolgelere seyahatler sirasinda da bu
enfestasyonlarin gelistigi gdzlenmistir. Gnatostomiyaz artik seyahat tibbinda 6nemli bir hastalik olarak
kabul gormektedir (Nawa&Nakamura-Uchiyama, 2004). Gnatostomiyaz’in insanlarda eozinofilik
pannikiilit adi verilen ve eozinofilik seliilit ile karakterize bir hastalifa neden oldugu da
bildirilmektedir. Ulkemizde Kayseri Erciyes Universitesi hastanesinde yatan 50 yasinda bir erkek
hastada bu olguya rastlanmis ancak kaynagin Gnatostomiyaz olup olmadigina dair net bir tamimlama
yapilamamistir (Aktas vd., 2010, Inci vd., 2018)

Trichinelloidae familyasina ait 250'den fazla Capillaria tiiriiniin omurgalilar1 enfekte ettigi
bilinmektedir. Bunlardan balik kaynakli zoonotik bir parazit olan Capillaria philippinensis tibbi
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acidan da dnem tasimaktadir. ilk insan enfestasyon vakasinin 1963 yilinda Filipinler'de tespit edildigi
bildirilmistir. Cig veya az pismis baliklarin yenilmesi sonucu bagirsaklarda enfestasyona neden oldugu
bildirilmistir. Eustrongylides spp. ise Dioctophymatoidea ailesinden birinci ve ikinci ara konaklar
olarak oligoketleri ve baliklari, son konak olarak kuslari, paratenik konak olarak ise diger baliklar ve
stiriingenleri kullanan ve karmagik bir yasam dongiisiine sahip bir tatli su baligi nematodu olarak kabul
edilmektedir. Bu parazitin larva asamalarini iceren ¢ig veya az pismis tath su baliklarmi tiiketen
insanlarda, gastrit ve bagirsak delinmesi ile seyredebilen Ostrongilidozu gelistirebilmektedir (Hajipour
vd., 2022). Ulkemizde farkli bolgelerde Orneklenen tatli su baliklarinda Eustrongylides excisus
tiriiniin izolasyonunun gergeklestirildigi bildirilmistir (Aydogdu vd., 2011; Colak, 2013; Metin vd.,
2014; Yardimet vd., 2018; Ozmen vd., 2021).

1.5. Zoonotik Cestoda

Balik parazitlerinin bir bagka yaygin grubu da cestod (tenya)’lardir. Trematodlardan farkli olarak
oldukca biiyiikk olup 20 m uzunluga kadar biiyliyebilmektedirler (Ziarati, 2022). Cestoda kaynakli
insan enfestasyonlarinin ¢ogunun kaynaginin zoonotik oldugu diisiiniilmekte ve bu parazitlerin
insanlarda kazara enfestasyonlara neden olduklar1 tahmin edilmektedir (Waeschenbach vd., 2017).
Diphyllobothriidea takiminin farkli cinsleri "balik tenyalari"nin neden oldugu diphyllobothriosis,
diinya ¢apinda yaklagik 20 milyon insan enfestasyonundan sorumlu olan balik kaynakli 6énemli bir
paraziter zoonozdur. Insan diphyllobothriosis'inin en yaygin ajanlarindan biri, daha ©nce
Diphyllobothrium latum adiyla bilinen Dibothriocephaluslatus'tur (Cestoda: Diphyllobothriidea). Son
filogenetik ¢aligmalar Diphyllobothriidea takimindaki polifiletik cins Diphyllobothrium'n ikiye
ayirmistir.  Bunlar;  Diphyllobothrium ile D.latus’uda kapsayan ve yedi tirden olusan
Dibothriocephalus’tur. Bu tenyanin karmasik yasam dongiisii, iki ara konak (kabuklular ve baliklar)
ve bir kesin konak (insanlar dahil balik yiyen memeliler) icermektedir. Insanlarmn, enfektif larval
asama olan pleroserkoidleri (plerocercoid) iceren ¢ig veya az pismis balik filetolarinin tiiketilmesi
sonrasinda enfekte oldugu diisiiniilmektedir. Diphyllobothriosis, tuzlanmis veya marine edilmis balik
filetosu tiiketimi gibi aligkanliklar ile de iliskilendirilmistir (Radacovska vd., 2019).
Diphyllobothriidae familyasinin 6zellikle Diphyllobothrium tiirleri ile sparganum adi verilen larvalart
insanlarda sparganoza neden olabilen Spirometra tiirlerinin halk saglhigir {izerindeki etkileri
bilinmektedir. Bununla birlikte, bu tenya tiirlerinin biiyiik cogunlugu, dogal yasamda, 6zellikle deniz
ve kara memelilerinde yetigkin bireyler olarak parazitlenmektedirler. Boyut olarak bilinen en biiyiik
tenyalar arasinda olup ispermecet balinasindan alinan bazi 6rneklerin uzunlugu 30 m'ye kadar
ulasabildigi bildirilmistir (Scholz&Kuchta, 2016). Ulkemizde Karadeniz’de kalkan baliginda
(Scophthalmus rhombus) Diphyllobothrium spp. pleroserkoidi ile karsilasildigi bildirilmistir
(Merdivenci, 1983). Insanlarin yalmzca D.latus ve muhtemelen D.nihonkaiensis igin baslica kesin
konakgilar oldugu diistintilmektedir. D.latus, insanlarda diger konakcilara kiyasla daha hizli bir
bliylime yetenegine sahiptir (Waeschenbach vd., 2017). Pleroserkoidler, kesin konak¢i (insan veya
etobur memeli) tarafindan tiiketilene kadar diger paratenik konakgilara (Perca fluviatilis, Lota lota,
Esox sp. gibi) aktarilabilmektedir. D.latus'un iireme potansiyeli ¢ok yiiksek oldugu i¢in (giinde 1
milyon yumurtaya kadar), sporadik insan vakalar1 bile bir balik popiilasyonunda yiiksek bir
plerosercoid larva prevalansina yol agabilmektedir (Scholz vd., 2019). D.latus yumurtalarinin dig
etkenlere karsi direnci diisiiktiir ve uygun bir su kiitlesine hizla ulasmadik¢a yumurtadan
¢ikamamaktadir (Tsukamoto vd., 2019).

Ligula intestinalis de tipik olarak sazangillerde yaygin olarak bildirilmesine ragmen, Catostomidae
ve Galaxiidae gibi diger balik aileleri dahil olmak iizere cesitli konakeilarda yerlesim gosteren bir
tiirdiir (Bouzid vd., 2008). Ug konakli iiyelere sahip olan Pseudophilidae familyasindan bir sestod tiirii
olup diinyada dogal tiirler ve ¢iftlik baliklarinda bulunabilmektedir. Ulkemizde bu tiiriin varligina dair
cok sayida kayit bulunmaktadir (Innal vd., 2007; Ozbek & Oztiirk, 2010; Demirtas, 2011; Arslan vd.,
2015, Onalan vd., 2022). L.intestinalis baliklarda zoonotik parazitler ile ilgili calismalarda ad1 siklikla
anilan bir etken olmakla birlikte gercekten gida kaynakli bir parazit olup olmadigi siiphelidir.
Romanyada erkek bir hastada bulunan iki sira dis1 diphyllobothriid plerocercoidi Ligula intestinalis
olarak tamimlanmistir. Ancak sonradan bu vakada plerocercoidlerin yani larva evrelerin
degerlendirildigi ve bu tespitin de tiir agisindan kesin bir tanimlama olamayacagi degerlendirilmesi
yapilmistir. Insan ligulozis enfestasyonuna iliskin az sayida rapor bulundugundan, parazitin
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insanlardaki patojenitesini ve insana bulagsmasinda balik ve tatli su kaynaklarinin olasi roliinii
degerlendirmek i¢in daha fazla arastirmaya ihtiya¢ duyuldugu belirtilmektedir (Scholz&Kuchta, 2016,
Ahmadiara, 2017).

2.SONUC

Baliklar, omurgalilar arasinda yasam ortamlart nedeniyle en yiiksek parazitik enfeksiyon ve
enfestasyon oranlarina sahip canlilardir. Cig balik yemeklerinin artan popiilaritesine bagh olarak gida
kaynakli paraziter hastaliklarin onlenmesine yonelik caligmalar giin gectikge daha fazla Onem
kazanmaktadir. Zoonotik parazitlerin rutin teshisi ve izlenmesine yonelik sistemler ve araglarin yani
sira yapilacak etkili diizenlemeler, tiiketicilere hastalik bulasma riskini azaltabilecek temel halk sagligi
faaliyetleri olarak goriilmektedir. Balik kaynakli tiim paraziter zoonozlar agisindan en 6nemli risk
faktorii, ¢ig veya az pismis balik tiiketimidir. Ulasim, teknoloji ve gida islemedeki gelismeler,
parazitik enfeksiyon ve enfestasyonlarin yayilma olasiligini artirmaktadir. Su ortaminda konakgt,
patojen ve g¢evre arasindaki etkilesimlerin karmasik dogasi nedeniyle zoonotik balik parazitlerinin
kontrolii ¢ok yonlii bir miicadeleyi gerektirmektedir. Balik kaynakli zoonozlarin kontroliine yonelik en
onemli konu, tam hijyen ve insanlar (tiiketiciler/iireticiler/igleyiciler) arasinda saglanmasi gereken
stirekli farkindaliktir. Uygun egitim, 6z hijyenin benimsenmesi, uygun sekilde pigirme, icme ve banyo
icin temiz su kullammi, diinya genelinde balik kaynakli hastaliklarin kontroliinde en &nemli
hususlardir. Kiiltiir, ticaret ve isleme faaliyetleri de dnemli faktorler arasinda sayilabilmektedir.

Avrupa Birligi (AB), balik iirlinlerinin piyasaya arz edilmeden Once goriiniir parazitlerin tespit
edilmesi amaciyla gorsel muayenelere tabi tutulmasini Onermektedir. Ayrica tatli sulardan
kaynaklanan parazit enfeksiyon ve enfestasyonunu dnlemek icin baliklarin yakalandigi yiizey sularinin
cevresel kontrolii ile ilk ara konakg¢ilarin (salyangozlar gibi) kontrolii veya ortadan kaldirilmasi gibi
cesitli kontrol &nlemler de Oneriler arasindadir. Amerika Birlesik Devletleri Gida ve ilag Dairesi
(FDA), parazitleri ortadan kaldirmak i¢in en etkili yontemlerin dondurma, 1sitma ile tuz uygulamalar
ile depolama siiresi kombinasyonu veya sicak tiitsileme oldugunu belirtmektedir. Ote yandan,
salamura ve soguk tiitsilemenin baliklardaki parazit tehlikesini azaltabildigi ancak ortadan
kaldiramadigi belirtilmektedir. Cig veya az pismis balik tiiketiminden kaginma onerisi hala en iyi
koruyucu prosediir olarak kabul gdrmektedir. Ozellikle bu zoonotik parazitler ve diger patojenler
nedeniyle balik tiiketim big¢imleri insan sagligina yonelik tehlikelerden kacinilacak sekilde
degistirilmelidir. Saghk egitimi, balik kaynakli zoonotik enfeksiyon ve enfestasyonlarla miicadelede
kilit bir rol oynamaktadir. Ayrica ulusal ve uluslararasi balik/su parazitologlar1 aginin kurulmasi ve
balik kaynakli parazit zoonozlar1 ve bunlarin dagilim igin bir siirveyans sisteminin olusturulmasi da
kontrol amaciyla etkili yontemler olacaktir.

FINANS

Bu ¢alismanin yiiriitiilmesinde herhangi bir finans destegi alinmamustir.

CIKAR CATISMASI BEYANI
Yazar, bu ¢alismayi etkileyebilecek finansal ¢ikarlar veya kisisel iligkiler olmadigini beyan eder.

ETiK ONAY BEYANI
Bu ¢alisma derleme galigmasi oldugu igin Yerel Etik Kurul Onay1 alinmamustir.

VERI KULLANILABILIRLIK BEYANI
Bu ¢alismada yeni veri olusturulmadig1 veya analiz edilmedigi i¢in veri paylasimi bu makale i¢in
gegerli degildir.
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Ozet: Bu derleme Tiirkiye denizlerinin biyolojik gesitliligini gelecek kusaklara
aktarilmasi gerektigini gostermek, denizlerde koruma alanlarimin gerekliligini ortaya
koymay1 amaglanustir. Denizel gesitliligi tehdit eden birgok etken vardir. Insan baskisi,
iklim degisikligiyle baglantili olan etkiler, kiy1 ve deniz alanlar ile siki sikiya bagh
olan toplumlar1 ve ekonomilerini etkilemektedir. Baz iilkeler, bu etkileri azaltmak igin
caba harcamis ve biyolojik ¢esitliligin korumasini saglamak i¢in Deniz ve Kiy1 Koruma
Alanlan1 (DKKA) olusturmuglardir. Denizel zenginlikleri gormezden gelmek ve kisa
vadeli ¢ikarlar igin yok olmalarina izin vermek, bu konuda toplumu bilgilendirmeye
yonelik adimlar atmamak, gelecek kusaklara birakabilecegimiz biiyiik bir ekonomik
potansiyeli yok etmektir. Tiirkiye denizleri biyolojik cesitlilik bakimindan zengin
olmasina karsin, bu zenginligin kaydmi olusturmak i¢in daha fazla ¢alismaya ihtiyag
bulunmaktadir. Deniz alanlarinin agir1 kullanimi neticesinde bu alanlar bozulmus ve
deniz ekosistemi yok olma tehdidi ile karsi karsiya birakmistir. Bu bozulma kiy1 ve
deniz alanlarinin biyolojik ¢esitliligini ve verimliligini yok ederek, bu alanlarda geri
doniisii miimkiin olmayan zararlar birakmaktadir. Bu olumsuz durumlardan deniz
ekosistemini korumak i¢in denizel biyolojik ¢esitliligin fazla oldugu yerlerde kontrollii
alanlar olusturulmalidir. Tiirkiye {i¢ tarafi denizlerle ¢evrili olmasina ragmen, Deniz
Koruma Alanlar1 (DKA) statiisiine sahip koruma alani yoktur. Bu derlemede konuyla
ilgili caligmalar ve mevcut Oneriler ele alinacaktir.
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Abstract: This review aims to underscore the importance of protected areas in the seas
and emphasize the need to safeguard the biological diversity of Turkish waters for
future generations. Marine diversity faces numerous threats, including human activities
and the impacts associated with climate change, which have repercussions for coastal
and marine environments, as well as the societies and economies dependent on them.
Several countries have taken steps to mitigate these threats by establishing Marine and
Coastal Protected Areas (MCPAs) to ensure the conservation of biodiversity.
Neglecting marine diversity and allowing it to vanish in favor of short-term interests,
without educating the public on this issue, squanders a valuable economic potential that
we could pass down to future generations. Although Turkish seas boast rich
biodiversity, further studies are needed to comprehensively document this wealth.
Excessive exploitation of marine areas has resulted in habitat degradation and poses a
severe threat to the marine ecosystem's survival. This degradation jeopardizes the
biodiversity and productivity of coastal and marine habitats, causing irreparable damage
in these regions. To shield the marine ecosystem from these adverse conditions, it is
imperative to establish protected zones in areas with high marine biodiversity.
Surprisingly, despite being surrounded by seas on three sides, Turkey lacks designated
protected areas with Marine Protected Area (MPA) status. In this review, we will delve
into relevant studies and current recommendations on this subject.
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1. GIRIS

510 milyon km? yiiz 6l¢iimiine sahip diinyanin, 361 milyon km®’si denizler ile kaplidir. Genis ve
derin ¢ukurlar1 doldurmus 1,33 milyar km® hacminde tuzlu bir su olan denize biitiiniiyle su kiire denir.
Okyanuslar ve denizler bircok bogaz araciligiyla birlesmis, biiyiik bir biitiinliik teskil etmektedir.

O
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Ancak cografi mevkilerin 6zelligi ile denizalt1 topografyasindaki degisiklikler bu genis ve derin su
kiitlesinin ¢ok 6nemli farklar kazanmasina sebep olmustur (inandik, 1971). Diinya denizleri, canlilar
icin yasam kaynag1 ve iklim diizenleyicisidir. Ayrica; yagam igin neredeyse tiim suyun bulundugu yer,
hayati 6neme sahip kaynaktir. Denizler insanligin varolusundan beri gerek sosyal gerek ekonomik
baglamda vazgecilmez bir kaynak olmustur. Denizlerden gercek anlamda amacina uygun ve etik bir
sekilde yararlanan uluslar, tarihin her doneminde diger uluslara gore daha gelismis medeniyetler
olmustur.

Deniz koruma alanlar1 (DKA), denizel ekosistemleri ve bu ekosistemle iligkili ¢evrenin
korunmasint amaglar ve bu alanlarda insan aktivitelerine bazi kisitlamalar getirir. DKA sistemlerini
olusturmanin iki farkli yolu vardir: her biri siki bir sekilde korunan nispeten kiigiik bolgeler
olusturmak ya da iclerinde kesinlikle korunakli alanlara sahip ¢oklu koruma alani olusturmaktir.
Biyolojik cesitliligi korumak amacrtyla, her iki yaklasimi da iceren deniz ekosistemlerini ve onunla
iligkili kara alanlarimi kapsayan etkin bir ekosistem yonetimi olusturulmasi gerekmektedir (Kelleher,
1999). Diinya okyanuslarinin korunmasi; giiniimiizde dogaseverlerin ilgisini ¢ekmektedir.

Denizel biyolojik cesitliligin degeri anlasildikca, bu gesitliligi igeren sistemler hizla bozulmaktadir.
Bu sebeple kiy1 alanlarinin nasil korunacagina dair yeni fikirler ve korunan alan ilkelerini iceren farkl
bir¢ok model ortaya ¢ikmistir (Agardy, 1994).

Diinya ¢apinda ilan edilen deniz koruma alanlarinin sayisi katlanarak artmaktadir. Deniz koruma
alanlart  ¢esitli nedenlerle ilan edildiginden, yonetim kurumlarinin DKA'nin basarisini
degerlendirmesine ve igindeki izleme ve arastirma faaliyetlerine rehberlik etmesine izin vermek igin
her bir DKA'nin 6zel hedeflerinin belirtilmesi gerekir (Edgar vd., 2007). Deniz Koruma Alanlarinin
diinya capinda uygulanmasiyla elde edilen deneyimler, gelinen noktada kayda deger faydalar
sagladigini gostermistir. Balikgiligi ve diger insan faaliyetlerini kisitlayan DKA'lar, habitati ve
popiilasyonu korumakta, balik¢ilik verimini ve siirdiirebilirligini arttirmaktadir (Balmford vd., 2003).
Biyolojik cesitliligi koruyarak ve saglikli balik stoklarimi destekleyerek deniz ekolojisine fayda
saglanabilecegi gibi korunakli bdlgenin dogayla i¢ ice olmasi ve benimsenmesi yoluyla sosyal ve
denizlerimizin rekreasyonel kullaniminin yami sira siirdiiriilebilir balik¢iligi, turizm faaliyetlerini
destekleyerek bircok ekonomik yarar da saglayabilmektedir. Ayrica DKA’larin iklim degisikligi
etkilerine kars1 direncin gii¢lendirilmesine ve ayni zamanda okyanusun ve denizlerin ekosistem
isleyisinin desteklenmesine de yardimci olabilecegi ongorillmektedir.

2. DENiZ KORUMA ALANI TANIMI VE AMACI

Diinya Dogay1 Koruma Birligi (IUCN) ile ulusal ve uluslararasi kurumlar/kuruluslar tarafindan
yapilan ve uygun bulunan DKA tanimi: “al¢ak ve yiiksek deniz seviyeleri arasinda veya altindaki
karasal alan1 da kapsayan su ile birlikte, bitki, hayvan, tarihi ve kiiltiirel yapilan ile iliskili, yasa ve
araclarla kismen veya tamamen sinirlandirilarak gozetilen alanlardir” (Kenchington & Kelleher,
1992).

Koruma bdlgesinin/alaninin I[UCN 2008 yilinda giincellenen tamimi ise, dogamin ve iligkili
ekosistem servisleri / hizmetlerin ve kiiltiirel degerlerin uzun vadeli korunmasi amaciyla cografi
sinirlart bariz olan, taninmus, adanmislik igeren ve yasal ya da diger etkin yontemlerle yonetilen
alanlardir (Lopez Ornat, 2006).

Deniz Koruma Alanlari, okyanus, deniz ve igerisinde yasamimi siirdiiren sucul organizmalarin
bircok tehditle karsi karsiya kaldiginda, bu etkilere karsi yasamini devam ettirmeye calismasi
nedeniyle olusturulmasi gereken alanlardir. Denizel ¢esitlilige doniik tehditler sirasiyla; asir1 avlanma,
deniz ¢opleri, su kirliligi ve kiiresel iklim degisikligi gibi etmenler seklinde siralanabilir. Maruz
kalinan olumsuz durumlara bagli olarak tiim makro ve mikro fauna/flora ciddi sekilde etkilenmektedir.

Deniz koruma alanlarimin temel amaci: kritik ekolojik sistemleri korumak, ekosistemlerin
siirdiirebilirligine yardimci olmak, biyolojik cesitliligi muhafaza etmektir. Giinlimiize kadar bir¢ok
DKA, yalnizca tehdit altindaki tiirlerin veya dogal konumlarin korunmasina odaklanmistir. Bugiin ise,
denizel biyolojik ¢esitliligin etkin bir sekilde korunmasinin, yalnizca belirli tiirler veya 6zel alanlarin
degil, ¢esitli denizel ve kiyisal habitatlar1 kapsamasi gerektigi goriilmektedir. Ekosistem temelli bir
yaklasim benimseyen diinyanin ilk “uygun” Deniz Koruma Alani 1935’te Fort Jefferson Ulusal Aniti
(Florida/ABD) olarak kabul edilmistir. Fakat Deniz Koruma Alanlarimin etkin giicli, Diinya Ulusal
Parklar Kongresi ile ortaya konulmustur. 1962 ve 1982'de deniz, kiy1 ve tath su alanlarinin tiim
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diinyada korunan alanlar agina ilave edilmesi 6nerisinde bulunulan bir toplanti yapilmistir.

Diinya capinda denizel yonetimin temel cergevesi olan 1982 Birlesmis Milletler Deniz Hukuku
Sozlesmesi, diinyadaki biitiin {ilkeleri denizi ve denizel g¢evreyi korumak ve siirdiiriilebilirligini
saglamakla yiikiimli kilmigtir. 1995'te dort ciltlik Deniz Koruma Alanlarimi kiiresel olarak temsil eden
bir ag onerilmistir (Kelleher vd., 1995); 6nerilen bu ag, deniz koruma alanlar1 araciligiyla denizi ve
cevresini korumaya yonelik ilk ve gercek kiiresel amagli bir ag olarak tarihe ge¢mistir. Bu gelismeyi
takiben 2000 yilinda deniz koruma alanlar1 planlayicilar1 ve yoneticileri igin bir rehber yaymlanmistir
(Salm vd., 2000). Son zamanlarda, kayda deger cabalar sayesinde tiim diinyada deniz koruma alanlar1
kurulmustur. Buna paralel olarak, kiyilarimizin ve okyanuslarimizin c¢evresel ve ekonomik
stirdiiriilebilirligini saglayarak gelecek nesillere aktarmak i¢in daha fazlasinin yapilmasi gerektigine
olan inanis artarak devam etmektedir. Birlesmis Milletler Biyolojik Cesitlilik So6zlesmesi, diinya
capindaki denizel alanlarin en az %10 unun 2030 yilina kadar etkin bir sekilde korunmasi icin kiiresel
bir hedef belirleyerek Onceden yapilan ¢alismalar1 daha da giiclendirmistir. 2003 yilinda, Besinci
Uluslararas1 Dogayr Koruma Birligi Diinya Parklar Kongresi'nin almis oldugu kararlar ve yaptigi
tavsiyelerle konunun 6nemini vurgulamistir. Diinya Doga ve Dogal Kaynaklar1 Koruma Birligi’nin
2016 yilinda igerisinde diizenlemis oldugu Diinya Dogayr Koruma Kongresi’nde, 2030’a kadar
denizlerin ve okyanuslarin minimum {¢te birinin korunmasi gerektigini belirtmistir. Gegtigimiz
yaklagsik kirk y1l taban alinirsa, denizel canlilarda yaklasik olarak %22 oraninda bir azalma olmustur.
Bu yasanan olumsuz tablo karsisinda Birlesmis Milletler Genel Kurulu’nun 14 Mart 2008 tarihli ve
62/215 sayili kararinda, insanlarin doga iizerindeki eylemlerinin, denizel ¢evre, biyolojik cesitlilik ve
diger paydaslar dahil olmak {izere savunmasiz denizel gevreler ve biyotalara yonelik olumsuz etkileri
oldugu tezi ortaya atilmistir. Bilhassa okyanuslarin ve buna bagli olarak ag¢ik deniz ve ekosistemlerin
maruz kaldigr olumsuzluklarin ilki kiiresel 1sinmadir. Bunu iklim degisikligi ve denizel ekosistem
tizerindeki etkileri takip etmektedir. Kiiresel 1sinma ve iklim degisikliginin diinyada bulunan biitiin
okyanuslar iizerindeki etkisi, buzul miktarindaki azalma, buna bagli olarak deniz suyunun asiri
ylikselmesi, deniz suyu sicakligindaki degisimler, kiy1r bolgelerdeki kiyisal erozyon, sucul
ortamlardaki asitlik degisimi, denizel canlilarin dagilimindaki degisimler gibi etkiler siralanabilir.

Denizler ve okyanuslar agisindan karsilasilan baska bir sikinti da denizel ortamlarda yiizen ya da
deniz zemininde biriken plastik ve tiirevi maddelerin olusturdugu kirlenmedir. Plastik ve tiirevi
maddelerin kullanim alanlariin genis olmasi ve agir1 kullanimi denizlerde asir1 derecede kirlenmeye
neden olmaktadir. Yerel ve bolgesel nitelikteki denizel hukuk sézlesmelerinde plastik ve tiirevlerinin
sebep oldugu denizel ortamlardaki kirlenmeye yonelik tedbirler ve hiikiimler yer almaktadir. Plastik ve
tirevlerinin deniz yasam ve ekolojisinde olusturdugu tehditler ve olumsuzluklar bilinmesine ragmen,
bu konuda etkin bir miicadele verilemedigi belirtilmektedir. Ayrica deniz kirliligi noktasinda dnemli
olan bagka bir tehdit ise denizel ¢opler ve bu ¢oplerin deniz dibinde veya c¢evresinde olusturdugu
birikim ve kirliliktir. Deniz ¢opleri, kiy1 ya da denizel ortama birakilmis, atilmig herhangi kalici,
tiretilmis veya islenmis kati atik maddelerdir (UNEP, 2005; Galgani vd., 2010). Bu olumsuz durumu
diizeltmek i¢in atilan en Onemli adim, Avrupa Parlamentosu’nun Deniz Cevresi Politikalari
kapsaminda yayinladigi Deniz Stratejisi Cerceve Direktifi (2008/56/EC)’dir. Bu ydnergeye gore
Avrupa Birligi’ne iiye iilkelerin denizel ortamlarda 2020 yilina kadar “Iyi Cevre Durumu” saglamalari
ve sirdiirebilirliginin saglanmasi igin Ongoriilen tehdide karst gereken tedbirleri almalari
gerekmektedir.

Koruma altina alinmas1 gereken alanlarin ilki agik denizlerdir. A¢ik denizler herhangi bir devletin
mutlak egemenliginde olmayan denize sinir1 olsun ya da olmasin tiim g¢evre iilkelerinin kullaniminda
olan denizel bolgelerdir. Birlesmis Milletler Deniz Hukuku Antlasmasi’nin 86. Maddesindeki
aciklamada acik denizlere yonelik uygulama ve diizenlemelerin usul ve esaslar1 belirlenmistir. Bu
kapsamda bir devletin i¢ sularina, karasularina ve miinhasir ekonomik bdlgesine ve bir takimada
devletinin takimada sularina ait olmayan biitiin deniz alanlarinda agik denizlere iligkin diizenlemeler
uygulanacaktir. Denizlerin ve deniz ¢evresinin koruma altina alinmasi kapsaminda BM biinyesinde
uygulamaya konulan {ilkeleri diinya ekosisteminin saglik ve biitiinliigiine tesvik eden 1972 tarihli
Stockolm Konferanst bu amagla yapilan ve gergeklestirilen eylem planit ve bir déniim noktasidir
(MBS, 2023). Akabinde, 1976 yil1 itibariyla BM ¢evre programi kapsaminda bolgesel capta deniz
alanlarinin koruma altina alinmasi amaciyla deniz programlarmin baslatilmasi s6z konusudur. 1975
yil1 itibariyle ise Akdeniz Eylem Plani1 gibi birgok gelisme olmustur.
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Deniz Koruma Alanlar1 denizel ortamlar i¢in bir¢cok fayda saglar. Bunlar;

- Denizel biyolojik ¢esitliligi ve denizel ekosistemleri korur ve muhafaza eder,

- Kiritik bolgelerdeki iireme ve beslenme alanlarini koruyarak balik popiilasyonlarindaki azalmayi

tersine ¢evirmek ve nesillerin devamini saglar,

- Deniz turizmi i¢in secilen ve 6nemli olarak goriilen alanlarin ve bolgelerin profilini ylikseltir ve

buna bagl olarak yerel ekonomi se¢eneklerini genisleterek bolge halkina maddi kazang saglar,

- Egitim, 6gretim, miras ve kiiltiir i¢in firsatlar saglar,

- Deniz ekosisteminin uzun vadeli arastirmalarda referans siteler olarak segilerek bilimsel

arastirmalar i¢in zemin hazirlar,
Biyolojik ¢esitlilik penceresinden bakildiginda ise su faydalar icerir:

- Ekosistemin yapisini islevini ve biitlinliiglinii korumak veya geri kazandirmak,

- Onemli tiirleri veya nesli tiikenmekte olan tiirleri korumak ve Deniz Koruma Alani icinde ve

disinda balik stoklarini yenilemek,

- Denizel habitatlar1 ve alanlar1 balik¢ilik ve diger insan faaliyetlerinin zararlarindan korumak,

- Zarar goren bolgelerdeki Denizel canlilarin genetigini ve popiilasyon biiyiikliigiinii, yas yapisini

ve topluluk kompozisyonunu geri kazandirmak,

- Ekosistemin yenilenmesine yonelik ekosistem tabanli proje sahiplerine katkida bulunmak ve

ekosistem direncini artirmak,

- Agsir avlanma yoluyla zarara ugrayan tiirler i¢in bu etkilerin azaltilmasina yardimci olacak giicii

saglanmak,

- Deniz tiirlerinin yumurta ve larvalarinin diger alanlara dagitilabilecegi iireme bdlgelerini

koruyarak yerel tiirlerin siirdiiriilebilirligini saglamak seklinde birgok faydasi siralanabilir.

DKA, bilimsel temelli titiz bir yaklagimla uygulandiginda etkili olur, ancak tiim biyolojik ¢esitliligi
korumak i¢in sadece yoOnetim yaklagimi olarak kabul edilmemesi gerekmektedir. Deniz koruma
alanlar1 okyanus ve denizlerin biyolojik ¢esitliligini korumak i¢in en iyi aractir; ancak kirlilik, kara
kaynakl kirleticiler ve iklim degisikligi gibi dis stres faktorlerine karsi savunmasiz kalmaktadirlar. Bu
nedenle DKA, daha genis korunakli alan ve deniz kiyisi boyunca diger genis ekosistem tabanl
yonetim yaklasimlariyla birlikte diigiiniilmesi gerekmektedir.

Herhangi bir korunakli alandan elde edilen faydalarin tam kombinasyonu, koruma seviyelerine,
yonetimin etkinligine, koruma altindaki alanin biiyiikligiine ve korumanin uygulandigi siirenin
uzunluguna bagli olarak degismektedir.

DKA'nin balik ve omurgasiz popiilasyonlarimin bollugu, biyokiitlesi ve gesitliliginin artmasina
sebep olabilecegine dair onemli kanitlar vardir.

Deniz koruma alanlari i¢in yapilan giincel aragtirmaya gore; etkili korunan alanlarin 2 kat daha
fazla balik tiirline, 5 kat daha fazla balik biokiitlesine ve 14 kat daha fazla kopekbaligi biyokiitlesine
sahip oldugu tespit edilmistir (Edgar vd., 2009). DKA’nin yasam dongiisii: ekolojik, sosyal ve
ekonomik hususlar kapsayan biitiinsel bir yaklagim gerekmektedir.

2.1. Deniz Koruma Alami Olusum Asamalari ve Ayirt Edici Ozellikleri
2.1.1. Hazairhk asamasi

DKA’nin belirlenmesi, olusturulmas: ve ilanini igceren hususlar1 kapsamaktadir. Giiglii paydas
katilimi ile dogal kaynaklar ve sosyo-ekonomik kosullar hakkinda mevcut durum bildirimi araciligiyla
gerceklestirilmektedir.

2.1.2. Oncii asama

DKA’nin aktif hale geldigi asamadir. Deniz koruma alanlant paydaslariyla giiclii baglar kurulmus,
yonetim ve kontrol faaliyetleri olusturulmus, farkliliklar izlenmeye baslanmustir.

2.1.3. Kendine yeterlik asamasi

DKA’nin amaglarma ulagtigini, sosyal, kiiltiirel ve ekonomik kazanimlarm biitiin taraflar arasinda
paylasildigini ortaya koyarak DK A’nin basarisinin garantilendigi asamadir.

Korunacak hassas alanlarin ayirt edici 6zellikleri su sekilde siralanabilir: Ulusal veya uluslararasi
Olcekte sira dis1 ekosistemlere ve biyolojik ¢esitlilik anlaminda degerli alanlara ve nadir bulunan
tiirlere ev sahipligi yaparlar. Bu alanlar Jeolojik, jeomorfolojik 6zellikler bakimindan korunmaktadir.
Insan etkisi olmadan olusmustur ve insan etkileri sonucu bozulma, tahrip olma tehdidi altindadir.
Ekolojik a¢idan yerel tiirlerin biiyilkk kismini biinyesinde barindirir. Alanin belirlenmis koruma




Karahanli, 2024 Acta Aquat. Turc., 20(2): 168-181 172

amagclarma yardimer olacak arazi yapilari ile gevrilidir.

3. GENEL KORUMA ALANLARI VE ISTATISTIK VERILER

Sekil 1’de goriildiigii gibi sulak alan ve Ramsar alan1 disinda denizlerle ilgili daha kapsamli bir
korunma alan1 mevcut degildir. Tiirkiye denizlerinin biyolojik ¢esitliligini g6z Oniine alindiginda bu
zenginligi korumak ve yasatmak i¢in DKA ilan edilmesi ve bu alanlarin siirdiirebilirligini saglamak
i¢in ortaklasa ¢aligmalar yapilmasi gerekmektedir

KORUNAN ALAN SAYILARI
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Sekil 1. Tirkiye’deki korunan alan sayilar1 (Tarim ve Orman Bakanligi, 2023).

Sekil 2°de Korunan alan biiyiikliiklerine baktigimizda korunan alanlar i¢inde agik deniz koruma
alan1 mevcut degildir. Deniz koruma alani ilan edilmesi; balikgiliga, turizme dolayisiyla iilke
ckonomisine ciddi katki saglayacaktir. Deniz koruma alanlarmin gerekliligi konusunda ¢ok fazla
caligma yapilarak bu degerin denizlerimize kazandirilmasi gerekmektedir.

KORUNAN ALAN BUYUKLUKLERi (HEKTAR)

Tohum Mesceresi H 41.880
Tohum Bahgesi 1.506
Gen Koruma Ormani = 43,120
Sehir (Kent) Ormani 1 10.089
Muhafaza Orman| e 247.708
Mahalli Oneme Haiz Sulak Alan 1 14.513
Ulusal Oneme Haiz Sulak Alan  n——— 369.697
Ramsar Alani mmmmm 184.487
Yaban Hayati Gelistirme Sahas) S-S ] .158.820
Tabiat Aniti 1 9.393
Tabiati Koruma Alani ® 46.461
Tabiat Parki mmm 107.632
Milli Park S 9(07.520

0 400.000 800.000 1.200.000

Sekil 2. Tiirkiye’deki korunan alan biiyiikliikleri (Tarim ve Orman Bakanligi, 2023).
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4. TURKIYE’NIN RAMSAR VE OZEL CEVRE KORUMA ALANLARI
4.1. Ramsar Alanlar1

Sulak Alan S6zlesmesi Hazar Denizi giineyinde bulunan Ramsar kentinde, 2 Subat 1971 tarihinde
imzalanan devletlerarast bir anlasmadir. Bundan dolay1, son giinlerde bu anlagmanin adi genellikle
“Sulak Alanlar Anlagmasi” diye anilmasina ragmen, ismi “Ramsar Antlasmasi’’ olarak giiniimiize
kadar gelmistir. Tiirkiye 1994 tarihinde Ramsar Sozlesmesi’ni kabul etmis, Ramsar alam olarak
belirledigi alanlara sahip ¢ikacagini ve koruyacagini, alanlarin yonetimsel planlarin1 hazirlayacagini ve
siirdiiriilebilirligini saglayacagini garanti altina almistir ve kabul etmistir. Ramsar S6zlesmesi’ne gore
Tiirkiye’de 1327 alanin 135’1 uluslararasi 6neme sahip sulak alan olarak kabul edilmistir. 76 bolgeden
56’s1 su kuslari tiirleri, 4’{i su iriinleri ve balik, 16’s1 su kuslar1 ve balik bakimindan uluslararasi
degere sahiptir.

Tiirkiye’de 135 adet ulusal 6neme sahip sulak alandan 12°si Ramsar Alan1 6lgiitlerine gére Ramsar
sulak alani olarak ilan edilmis ve 198 sulak alan uluslararasi éneme sahip sulak alan olarak
onaylanmistir (Peyzax, 2023). Ramsar Olciitlerine gore kabul edilip onaylanan alanlar asagida
verilmistir.

Tablo 1. Tiirkiye’deki Ramsar alanlar1 (Peyzax, 2023).

Ramsar Alanlan Bulundugu Yer Ilan Edildigi Y1l
Goksu Deltasi Mersin 1994
Burdur Goli Burdur 1994
Seyfe Goli Kirsehir 1994
Manyas Golii Balikesir 1994
Sultan Sazlig1 Kayseri 1994
Kizilirmak Deltas1 Samsun 1998
Akyatan Lagiinii Adana 1998
Uluabat Goli Bursa 1998
Gediz Deltast [zmir 1998
Meke Golii Konya 2005
Yumurtalik Lagiinleri Adana 2005
Kizoéren Obrugu Konya 2006
Nemrut Kalderast Bitlis 2003
Kuyucuk Golii Kars 2009

Tiirkiye’de Sulak Alanlarin maruz kaldig1 sorunlar; tarim veya yerlesim maksatli kurutma, sanayi,
tarim, hayvancilik ve yerlesim kokenli kirlilik, sulara yabanci balik tiirlerinin birakilmasi, agirt aveilik,
sucul canlilarin yasam alanlarinin bozulmasi olarak siralanabilir (WWF, 2023). Bu sorunlart kritik
bolgelerde deniz koruma alani ilan ederek ¢oziime kavusturmak gerekmektedir.

4.2. Ozel Cevre Koruma Alanlan

Amaci, uluslararasi isbirligi olan Akdeniz’de biyolojik ¢esitliligin korunmasma yoénelik, 1976
yilinda Barselona’da hazirlanan Akdeniz’in ve denizel ¢evresinin kirlenmesini 6nlemek i¢in imzalanan
bir sozlesmedir. Sézlesmenin protokollerinden olan Akdeniz’de Ozel Koruma Alanlarina iliskin
Protokol kapsaminda 6zel ¢evre koruma alanlari ilan1 baglatilmistir (CSB, 2023). Akdeniz’in Kirlilige
Kars1 Korunmasi Sozlesmesi’nin yiiriirliige girmesinin ardindan, 1989 yilinda yiiriirliige alinan Ozel
Cevre Koruma Bolgeleri; tiimiiyle Milli Park statiisiiyle benzer gorevleri yiiriiten fakat planlama
yetkisi de verilen bir deniz koruma sekli haline gelmistir. Tiirkiye’nin dogal ve kiiltiirel varliklarinin
korunmasinda ¢ok Onemli goérevler yiiriiten kurulus, 2011 yilinda yeniden diizenlenerek Cevre ve
Sehircilik Bakanligi Tabiat Varliklarint Koruma Genel Miidiirliigii ¢atis1 altina alinmistir (Turkcev,
2023).

Ulkemizin ilk 6zel gevre koruma bélgesi olan Gékova Tiirkiye nin essiz korfezlerinden en énemlisi
ve kum képekbaliginin Akdeniz’deki tek iireme bolgesidir. Giiniimiizde Ozel Cevre Koruma Bolgesi
ilan etmek, bolgede yapilan incelemeler ve degerlendirmeler ve alakali Bakanliklardan goriis alinarak
Cevre ve Sehircilik Bakanligi’nmin teklifi iizerine Bakanlar Kurulu karanyla gergeklesmektedir.
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Degerlendirmelerde, koruma alanlarin se¢imi ve kurulmasi i¢in hazirlanan dlgiitlere bagvurulmaktadir.
Bu uluslararasi dlctitler genellikle uluslararasi kabul gormiis, ancak matematiksel formiile dayanmayan
bilimsel goézlem ve arastirmalar sonucunda elde edilen veriler ile ilgili uzmanlar tarafindan
yorumlanan Olgiitlerdir (UDAP, 2023). Bu dlgiitler 1s18inda Tiirkiye’de ilan edilen 6zel ¢evre koruma
bolgelerine asagidaki tabloda yer verilmistir.

Tablo 2. Tiirkiye’de bulunan 6zel ¢evre koruma bolgeleri (UDAP, 2023).

Ozel Cevre Koruma Bolgeleri Bulundugu Yer Ilan Edildigi Yil
Gokova Mugla 1988
K&ycegiz-Dalyan Mugla 1988
Fethiye-Gogek Mugla 1988
Patara Mugla-Antalya 1990
Kas-Kekova Antalya 1990
Goksu Deltas1 Mersin 1990
Belek Antalya 1990
Foca [zmir 1990
Datca-Bozburun Mugla 1990
Pamukkale Denizli 1990
Golbasi Ankara 1990
Ihlara Aksaray 1990
Tuz Goli Ankara-Konya Aksaray 2000
Uzungol Trabzon 2004
Saroz Korfezi Canakkale-Edirne 2010

Tablo 1°de yer alan alanlarin disinda biyolojik ¢esitlilik bakimindan ¢ok Onemli alanlarin olup
olmadig1 yoniinde arastirmalar yapilmasi gereklidir. Bu alanlar tespit edilerek Ozel Cevre Koruma
Bolgesi statiisiine kavusturulmasi gerekmektedir. Dahasi bu 6zel ¢evre koruma alanlarindan denizle
kiyis1 olanlarin koruma bolgesi agik denize dogru genisletilmesi gereklidir.

5. TURKIYE’DE ONERILEN KORUMA ALANLARI VE YURURLUKTE OLAN
ILGILi KANUNLAR

Tiirkiye denizlerinde koruma alanlarina yonelik calismalar 1950'li yillara denk gelse de yasa,
kurum ve hiikiimet diizenlemeleri daha ¢ok 1980'lerden sonra gergeklesmistir (Kaboglu vd., 2015).
Ilgili kanunlar su sekildedir; Limanlar Kanunu (1923), Orman Kanunu (1956), Su Uriinleri Kanunu
(1971), Turizm Tesvik Kanunu (1982), Kiiltiir ve Tabiat Varliklarin1 Koruma Kanunu (1983), Cevre
Kanunu (1983), Milli Parklar Kanunu (1983), Bogazi¢i Hukuku (1983), Iskin Kanunu (1985), Ozel
Cevre Koruma Bolgesi Kurulusu (1989), Kiy1 kanunu (1990)’dur.

5.1. Karadeniz i¢in Onerilen Acik Deniz Koruma Alanlar

Karadeniz, Marmara Denizi ve Akdeniz’de heniiz acik deniz koruma alanlar1t mevcut degildir;
ancak koruma alami olarak &neriler meveuttur (Oztiirk vd., 2013).

5.1.1. igneada Bélgesi

Mezgit (Merlangius merlangus), keserbas barbun (Mullus barbatus) ve kalkan (Scophthalmus
maeotica) gibi balik tiirleri Igneada agiklarinda biiyiik 6lcekli balikciligin hedef tiirleridir (Keskin,
2012). Bolgedeki sig sular bu ticari tiirlerin yani sira trol balik¢iligiyla yakalanan palamut (Sarda
sarda) yavrular1 tarafindan da beslenme alam olarak kullanilmaktadir. Buradaki kiy1 deniz
biyogesitliligi, kaya baligi (Mesogobius batrachocephalus) ve denizignesi (Syngnathus tenuirostris)
gibi nadir tiirler bakimindan zengindir (Keskin, 2010; 2012). Bu bolge ayrica kalkan (S. maeotica)'nin
ireme ve beslenme alamdir. Bu tiirlin populasyonu, asir1 avlanma ve yasak avcilik sebebiyle
Karadeniz'de tehdit altindadir (Oztiirk vd., 2013). Bu bdlgede mersin baligi ve kalkan, asir1 aveilik
baskist sebebiyle nesli tehdit altinda olan tiirler arasindadir. Ayrica Igneada bdlgesinde yapilan bentoz
caligmalarinda; bu bolgenin denizel biyolojik gesitlilik bakimindan ¢ok zengin oldugu tespit edilmistir.
Bu ¢alismada yumusak substrat iizerinde toplanan materyalin analizlerinde yedi taksonun 154 tiiriine
(Turbellaria, Nemertea, Nematoda, Oligochaeta, Polychaeta, Crustacea, Phoronida, Mollusca,
Hemichordata) ait toplam 45959 birey tespit edilmistir (Kurt vd., 2017). igneada bolgesi, ivan ve Peter
Adalar gibi hali hazirda kurulmus bulunan Bulgar DKA'laria yakin oldugu i¢in iki DKA arasinda
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baglant1 kurulmas1 gerektigi ve ayrica bu bolge icin ortak eylem baglatilmas1 gerektigi belirtilmektedir
(Oztiirk vd., 2013).
5.1.2. Sile-Kefken

Essiz bir deniz koridoru olan Istanbul Bogazi'na yakinligi nedeniyle Karadeniz'in deniz ekolojisi ve
kiy1 biyolojik ¢esitliligi icin hayati 6neme sahiptir. Bu tiir gecis yollar1 ve merkez alanlar1 (beslenme,
tireme ve kiglama alanlar1) birbirine tamamlayarak ekosistem yapisini, islevini ve baglantisin
koruyarak ve sucul hayvanlarin iligkili denizler arasinda yasadigi ¢ekirdek alanlarin basamak gorevi
gorebilecegi ongoriilmektedir (Pickaver, 2002). Bu bolgede deniz kuslar1 da dahil olmak iizere bir¢ok
gbcmen tiir goriilmektedir (Nankinov, 2001). Ayrica bu bdlge, sapan kdpek baligi (Alopias vulpinus),
mahmuzlu camgdz (Squalus acanthias), denizati (Hippocampus guttulatus) ve Avrupa mersin
morinasi (Huso huso) habitatidir.

5.1.3. Cide-Doganyurt

Akdeniz foku (Monachus monachus)' nun bulundugu Cide ve Doganyurt aras1 deniz koruma alani
olarak onerilmistir (Berkes vd., 1979). Karadeniz'in Tiirkiye kiyilarinda 6zellikle de Cide-Doganyurt
kiyilarinda minimum 15 fokun yasadig belirtilmistir (Oztiirk, 1994).

5.1.4. Kizihrmak — Yesilirmak Nehirleri Deltalar:

Daha ¢ok Kizilirmak deltasinda, Mersin balig1 tiirleri Acipenser gueldenstaedtii, A. stellatus
yasamakta, Karadeniz’in gliney kiyilarinda nadiren de olsa mersin morinasi Huso huso goriilmektedir
(Ustaoglu vd., 2011). Delta 1998 senesinde Ramsar alani olarak kabul edilmistir. Daha sonra Orman
ve Su Isleri Bakanligi (2012)’nin Yesilirmak Deltasi’nin sulak alan 6zelliginden dolay1 koruma alani
olarak ilan edilmesi yoniinde degerlendirmeleri mevcuttur.

5.1.5. Trabzon Mezgit Resifi

Trabzon mezgit resifleri, tim deniz yasami i¢in, Ozellikle bentik tiirler igin 6nemli habitatlardir.
Mezgit Resifinin denizin ortasinda 80-90 m derinlikte oldugu belirtilmistir (Demirel, 1993). Resif
Trabzon’a 30 mil uzakta ve 2 km uzunlugundadir. Tespit edilen baglica balik tiirleri; kalkan, mezgit,
kefal ve barbundur.

5.2. Marmara Deniz’i icin Onerilen Deniz Koruma Alanlar

AR M A KA AD AN

Sekil 3. Marmara Adalari’nda dnerilen koruma alan sinir1 (A- Hayirsiz Ada kliZCybatlSl, B- Saraylar,
Marmara/Balikesir, C, D- Marmara Adasi dogusu, E- Tuzla’nin Kuzeybatist, Tuzla’nin glineydogusu, G- Avsa
Adast’nin Giineybatisi, H- Etkinlik Adasi giineyi, I- Etkinlik Adasi’nin batisi, Tiidav, 2023).
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Koruma alani olarak onerilen bdlge Marmara Adalari, Istanbul Adalar1 ve gevrelerini igine
almaktadir. Marmara Adalari’nda: Marmara Adasi, Avsa Adasi, Koyun Adasi, Paga liman1 Adas1 ve
cevresi yer almaktadir. Istanbul Adalarinda: Burgaz Adasi, Kinaliada, Biiyiikada, Sedef Adasi,
Heybeliada ve ¢evresi yer almaktadir.

Sekil 3°te goriilen bolge Marmara Adasi, Avsa Adasi, Pasa liman1 Adasi, Koyun Adasini igine alan
bolge koruma alani olarak oOnerilmektedir. Bu bdlgeler yogun niifusun etkisinde olan bolgelerdir.
Onerilen bu alanlarda deniz kirliligi ve trafigi etkili olmakta ve denize birakilan sanayi sularryla da
bolge canlilari risk altindadir.

. <4 E

Sekil 4. Istanbul Adalari’nda 6nerilen koruma alanlar1 (A- Burgazada’nin kuzeybatisi, B- Burgazadasi’nin
kuzeyi, C- Biiyiikada’nin kuzeydogusu, D- Sedef Adasi’nin dogusu, E- Tavsan Adast’nin giineyi, F- Sivri Ada
Adasi, Tidav, 2023).

Sekil 4’te goriilen Burgaz Adasi, Kinaliada, Biiylikada, Sedef Adasi, Heybeliada ve ¢evresini igine
alan bolge koruma alani olarak onerilmektedir.

5.3. Akdeniz i¢in Acik Deniz Koruma Alam Onerileri

Tirkiye, 1988’den beri, Akdeniz ve Ege kiyilar1 boyunca deniz koruma alani ilan etmeye
baglamistir. Bugiin iilkemizde degisik statiilerde koruma altinda olan ve farkli bakanliklar tarafindan
yonetilen yaklasik 32 deniz ve kiyr koruma alani mevcuttur. Bununla birlikte Tabiat Varliklari
Koruma Genel Miidiirliigii tarafinca yonetilen toplamda 18 Ozel Cevre Koruma Bélgesinin 12’si,
yaklasik 17,575 km? deniz ve kiy1 alanin1 kapsamaktadir. Tiirkiye karasularinin yaklasik %4’{ yasal
koruma bolgesi statiisiine sahip olmasina ragmen A¢ik Deniz Koruma Alani mevcut degildir.
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Sekil 5. Ege Denizindeki A¢ik Deniz koruma alanlar1 6nerileri (A1- Gokgeada’nin batisi, A2- Izmir
Karaburun’un kuzeybatisi, A3- Girit ve Rodos arasindaki bolge - Tiidav, 2023°ten diizenlenmistir).

Akdeniz’deki deniz koruma alanlarmmin hemen hemen tamami kiiciik boyutlu ve deniz kiyisina
yakin bolgelerde bulunmaktadir. Bugiine kadar, a¢ik denizlerde ¢ok az sayida deniz koruma alani ve
balikgiliga yasak olan korunakli alan belirlenmistir. Fakat bu alanlarin hepsinde tam olarak yasal
diizenleme uygulanmamaktadir. Yasalarla sinirlari ve koruma sekli belirlenen ve denetlenen
DKA’larin ¢ogaltilmas1 ve bu alanlarin dl¢eklendirilmesi gerektigi belirtilmektedir (Gomei vd., 2019;
FAO/GFCM, 2019).

Sekil 5°te gosterilen ve Ege Denizi’nde bulunan banklar acik deniz koruma alanlari olarak
secilmesi gereken en 6nemli alanlardir. Ayrica Giiney Ege’de yer alan bdlgeyi icine alan bolge de
koruma alan1 olarak secilmesi gereken bir alandir. Bu bolgeler birgok tiiriin gegis yol tlizerindedir.
Birgok balik tiirii bu bdlgelerden beslenme ve iireme alami olarak faydalanmaktadir. Ege Denizi;
Akdeniz ve Marmara Denizi arasinda bulunur ve iki deniz arasindaki insan kaynakli baskilardan
oldukea etkilenmektedir. Yunanistan ile ortak eylem planlanarak bu bdlgede ve en 6nemlisi Kuzey
Ege’de korunakli alan tespit edilmesi ve bu bdlgenin koruma altina alinmasi igin harekete gecilmesi
gerekmektedir.

% Iskenderun

Sekil 6. Dogu Akdeniz’deki koruma alani dnerileri (A4- Rodos Sirtt ve Cukuru, Manike Denizalt Daglari,
M2- Akdeniz Yamaci, M3- Turgut Reis Sirti, M/E- Akdeniz Denizalti Daglari - Tiidav, 2023’ten
diizenlenmistir).
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Sekil 6°da gosterilen Dogu Akdeniz’de A4- Rodos Sirt1 ve Cukuru, M1- Fenike Denizalt1 Daglari,
M2- Akdeniz Yamaci, M3- Turgut Reis Sirti, M/E- Akdeniz Denizalti Daglar1 artan petrol kirliligi,
gemi kaynakli kirlenme sorunu, diizensiz ve plansiz kacak avcilik baskisi gibi konularla 6n plana
cikmaktadir. Dogu Akdeniz’de biyolojik ¢esitlilik, biyolojik iiretim ender bulunan tiirler, banklar ve
bentik sistemler gibi &6zel ekosistemler, nesli tehlikede olan tiirler ile nadir ekosistemler
bulunmaktadir. Akdeniz, 17.000den fazla deniz tiiriine (diinyanin bilinen deniz tiirlerinin %4 ila 18'1)
ev sahipligi yapmaktadir. Bu Tiirlerin %20-30" u endemiktir. Akdeniz’de 1233 adet Deniz Koruma
Alani ve alan tabanl diger etkili koruma Onlemleri bulunmaktadir. Bu &nlemlerin kapsadigi alan
Akdeniz'in = %8,9'unun  iizerindedir. Ancak sadece %]10'unda gegerli ydnetim planlari
uygulanmaktadir. Akdeniz deniz ylizeyinin yalnizca %0,04'i yasakli ya da avlanma yasag1 uygulanan
denizel alanla kaplidir. Bu devasa denizde 1000'den fazla yerli olmayan deniz tiirii tespit edilmistir.

Korallijen ekosistemler (iklim direnci ve balik¢iligin siirdiiriilmesi i¢in ¢ok dnemlidir) yaklasik
2760 km*lik bir alam kaplar. Bu ekosistem yanlis av araglari kullanimu, tekne demirleme, istilaci
tiirler, kirlilik ve iklim degisikligi sebebiyle tehdit altindadir.

5.4. Dogu Akdeniz icin Onerilen Deniz Koruma Alam

\ s
o\
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Sekil 7. Onerilen Samandag Deniz Mahallesi - Yayladag: Keldag mevkii (Tiiran vd., 2014’ten diizenlenmistir).

Sekil 7°de yer alan Samandag ve Yayladagi arasini kapsayan bolgedir. Bolgede Akdeniz foku,
Monachus monachus (Hermann, 1779) yasamim siirdiirmektedir. Bolge Akdeniz’e endemik olan bu
tiire yasam alani olusturmaktadir. Bu tiiriin nesli azalma tehdidi altinda oldugundan IUCN ve
Barcelona Sozlesmesi geregi korunmasi saglanmistir (Turan vd., 2014).

6. SONUC VE ONERILER

Her bir deniz alaninin kendine has o6zelliklerinin bulunmasi, burada yasayan endemik denizel
canlilarin bulunmasi ve bu deniz canlilarina ve de alanlarina yonelik tehditlerin farkli olmasi nedeniyle
etkili bir korumanin saglanabilmesi zordur. Tiim deniz alanlarina uygulanabilecek ortak bir koruma
planm olusturmak ve bu plana uygulanabilecek bir ¢éziim yontemi bulunmamaktadir. Her deniz ve
denizel alanin 6zelliklerinin dikkate alinmasi bu kapsamda plan ve strateji uygulanmasi hedeflenen
deniz alaninin korunmasinin derecesini ve kapsamini belirleyecektir.

Bu derlemede onerilen alanlar hem balik¢ilik agisindan hem de nadir tiirlerin bdlgede bulunmasi
acisindan ¢ok kiymetlidir. Bu bolgedeki balik¢ilik ve turizm faaliyetlerinin iilke ve bolge ekonomisine
katkist ¢ok fazladir. Akdeniz biyolojik ¢esitlilik bakimindan ¢ok zengindir. Ulkemizin diger
denizlerini biyolojik ¢esitlilik ve ekolojik olarak olumlu sekilde etkilemektedir.

Ulkemizin de taraf oldugu denizel biyolojik ¢esitlilik ve siirdiiriilebilirlik ile ilgili bircok sozlesme
vardir. Gelecek kusaklara temiz su deniz iiriinleri, temiz kiyisal bolge birakmak i¢in herkes elini tagin
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altina koymalidir. Kiyisal ve acgik deniz koruma alanlari ilan ederek: hem siirdiiriilebilir balik¢ilik ve
su tirtinleri saglanmis olur hem de kiyisal ve denizel kirlenme 6nlenmis olur. Deniz koruma alanlar1 ve
stirdiiriilebilir balikeilik ile ilgili bilimsel ¢alismalar yapmak ve bu alanda c¢alismak ve arastirmalar
yapmak isteyen 6grenci ve akademisyenlere daha fazla destek verilmelidir.

Olumsuz baski, asir1 avcilik ve deniz kirliligi tizerine hem ilgili Bakanliklar hem de birey olarak
lizerimize diisen gorevleri yapmaliyiz. Deniz koruma alanlari 6nemi lizerinde daha fazla durmamiz
gerekmektedir. Denizlerin saglikli yonetilmesi ve siirdiiriilebilir su tiriinleri ve balik¢ilik konusunda
toplum olarak bizlerin gorevi olmalidir. A¢ik deniz ve kiy1r yonetimi ile ilgili daha belirgin ve faydal
adimlar atilmali ve en kisa zamanda bu adimlari atmak ve denetlemek adina Deniz Bakanligi
kurulmal1 ve bakanlik olarak denizel biyolojik gesitlilik ve siirdiiriilebilir balik¢ilik tizerine yapilmasi
gerekli her tiirlii adimlar1 atmalidir.

Ulkemizin ii¢ tarafi denizlerle cevrili yarimada olmasi, Asya ve Avrupa arasinda kdprii durumunda
ve Onemli bogazlara sahip olmasi gibi politik 6neme sahip olmasina ragmen bu degerlere sahip
¢ikilmamaktadir. Ayrica sahip oldugumuz bu denizlerden bir¢ok balik¢ilik faaliyeti yapilmaktadir.
Ancak bu faaliyetlerin iilke ekonomisine olan katkisina ragmen su iirlinlerinin 6nemi hala tam
anlamiyla kavranmamistir. Mevcut durumda denizlerimiz i¢in 6zel deniz koruma alanlarinin ve agik
deniz koruma alanlar1 (DKA) olusturmak ve ilan etmek ve bu sayede siirdiiriilebilir bir biyolojik
cesitlilik saglanmasi mutlaka gereklidir. Bu konuda iilkelerin ¢ogu nasil bir yol izleyecegini
bilememektedir. Ancak uluslararasi igbirligi ile ortak planlamalar yapilarak bir yol haritasi ¢izilmeli ve
potansiyel deniz koruma alanlar1 tespit edilmesi gerckmektedir. DKA ilan edilirken o bolgenin
biyolojik cesitliliginin mutlaka bilinmesi gereklidir. Bolgedeki yerli ve yabanci tiirler, nesli
titkenmekte ya da tehdit altinda olan canlilarin olup olmadigi, bdlgenin balik potansiyeli ve kirlilik
baskisinin bilinmesi gerekmektedir.

Daha bilingli politika olusturmak, deniz koruma alanlarinin olumlu, olumsuz sosyal etkileri ve
farkliliklar1 daha iyi belgelemek ve agiklamak icin daha fazla bilimsel arastirma yapmak gereklidir.
Denizlerimizle ilgili yapilan bilimsel c¢alismalarla Deniz Koruma Alanlarinin balik¢ilar ve diger
paydaslar bakimindan olumlu ve olumsuz etkileri yakindan incelenebilir (Mascia vd., 2009). Deniz
koruma alanlar1 balik¢ilik ve diger su tirlinleri ile gecimini saglayan gruplar arasinda yanlis (gelir elde
etmelerine engel olunmasi gibi) algilanabilir. Bu koruma sistemi, paydaslarla agik bir sekilde
paylagilmali ve bu sistem alaninda uzman kisilerce dogru bir sekilde aktarilmalidir. Diinyadaki birgok
tilke kendi smirlart iginde Ac¢ik Deniz Koruma Alanlar1 ilan etmistir ve bilimsel g¢aligsmalar
giliniimiizde aktif bir sekilde devam etmektedir.

Kiiresel tiirler ve habitat ¢esitliligi, biyolojik c¢esitlilik kaybini durdurmaya yonelik uluslararasi
cabalara ragmen, hicbir azalma belirtisi olmadan, benzeri goriilmemis oranlarda diismektedir.
Biyolojik istilalar ve iklim degisikligi bu tiir diisiislerin ardindaki iki temel etkendir. Istilac1 tiirlerin
cogalmasi, yakin zamanda yasanan tiirlerin yok olusunun %58'"yle iliskilendirilebilir ve su anda diinya
capinda yerli flora ve faunanin korunmasi agisindan bilylik bir tehdit olarak degerlendirilmektedir.
Sorun, istilaci tiirlerin sayisinin gecen yiizyilda dort kat arttigi, 6zellikle Avrupa'da ciddi boyutlara
ulagsmistir ve devam eden iklim sartlariyla birlikte sosyo-ekonomik faaliyetlerin yogunlagmasiyla
birlikte muhtemelen artmaya devam edecektir

FINANS KAYNAGI
Bu ¢alismanin yiiriitiilmesinde herhangi bir finansal destek alinmamustir.

CIKAR CATISMASI BEYANI
Yazar bu calismayr etkileyebilecek finansal ¢ikarlar veya kisisel iliskiler olmadigini beyan
etmektedir.

YAZAR KATKILARI

Caligma tek yazarhdir. Caligmanin tiim boliimleri yazar tarafindan tamamlanmistir.

ETIK ONAY BEYANI
Bu ¢alismada deney hayvanlar1 kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alimmamuigtir.
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