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Ozet: Isparta ili Yalvag ilgesi sinirlart igerisinde, Orta Akdeniz (Antalya) havzasinda yer  Anahtar kelimeler

alan Siiciillii Baraj Golii 1973 yilinda sulama ve sel kontrolii amaciyla insa edilmis, daha e Carlson trofik seviye indeksi
sonra sazan asilanmis ve kafeslerde alabalik yetistiriciliginde kullanilmistir. Mayis 2017 o Sy Kkalitesi

- Nisan 2018 arasinda yapilan bu ¢alisma ile Siiciillii Baraj Goli’niin trofik durumunun o Siiciillii Baraj Gélii
belirlenmesi amaglanmustir. Siiciilli Baraj Golii’de ¢oziinmiis oksijen, toplam fosfor ,

Secchi disk derinligi, klorofil-a (Chl-a) dlgtimleri ve analizleri, hidrolojik kosullar,

morfoloji ve baraj g6liiniin kullanimi dikkate alinarak belirlenen 6rnekleme noktalarinda

aylik olarak gerceklestirilmistir. Siiciilli Baraj Goli’nde ortalama olarak ¢oziinmiis

oksijen 9,29 + 0,44 mg / L, Secchi diski derinligi 1,16 + 0,09 m, Chl-a 1,85+ 0,52 ug /L

ve toplam fosfor 41,14 + 21,5 pg / L belirlenmistir. Parametreler, drnekleme istasyonlari

ve aylar arasinda degisim gostermistir. Yertstii Su Kalitesi Yonetmeligi trofik durum

indeksine gore Siiciilli Baraj Goli’niin suyu toplam fosfor ve Secchi diski derinligi

acisindan Otrofik karakter gosterirken, Chl-a ve ¢dzlinmiis oksijen agisindan oligotrofik

karakter gosterir. Carlson Trophic State indeksine gore Chl-a TSI degeri oligotrofik iken

Secchi diski derinligi, toplam fosfor ve ortalama TSI o&trofik olarak belirlendi.

Muhtemelen yerlesim ve tarim alanlarindan gelen yiizey suyu ve kafes balik¢iligi,

Siiciillii Baraj Golii’niin trofik durumunu etkilemektedir.

Abstract: The Siiciillii Dam Lake, located in the Middle Mediterranean (Antalya) basin Keywords

within the borders of the Yalvag district of Isparta province. It was built in 1973 for e Carlson trophic state index
irrigation and flood control purposes, later carp was introduced and it was used to e Water quality
rainbow trout cage farming. This study was carried out between May 2017 and April o Siiciillii Dam Lake
2018 for determining the trophic status of Siiciilli Dam Lake. Sampling points were

determined considering the hydrological conditions, morphology, and use of the Siiciillii

Dam Lake. Dissolved oxygen, total phosphorus, Secchi disc depth, chlorophyll-a (Chl-a)

measurements, and analyzes were performed in monthly intervals. In the Siiciillii Dam,

Lake dissolved oxygen 9.29+0.44 mg/L, Secchi disc depth 1.16+0.09 m, Chl-a 1.85+0.52

pg/L, and total phosphorus 41,14+21,5 pg/L. were determined in averages. The

parameters varied between sampling stations and months. Siiciillii Dam Lake’s water

shows a eutrophic character in terms of total phosphorus and Secchi disc depth while

oligotrophic in terms of Chl-a and dissolved oxygen according to the Turkish Regulation

of Surface Water Quality Management trophic status index. According to the Carlson

Trophic State index, while Chl-a TSI was oligotrophic, Secchi disc depth, total

phosphorus, and mean TSI were determined as eutrophic. Possibly surface water that

comes from settlement and agricultural areas, and cage fish farming has been affecting

the Siiciillii Dam Lake’s trophic state.
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(CC BY 4.0) lisans1 altinda yaymlanmaktadir. http://creativecommons.org/licenses/by/4.0/
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1. GIRIS

Diinya toplam su rezervinin yaklasik %3’iinii olusturan tatli su kaynaklar1 igerisinde, canlilar
tarafindan kullanilabilir haldeki gol ve nehirlerin orami sadece %0,27°dir. Sanayilesme ve niifus
artisina bagli olarak igme ve kullanma suyu ihtiyaci giinden giine artmaktadir. Bu ylizden mevcut
dogal kaynaklarin korunmasi ile baraj ve golet gibi yeni su kaynaklarinin olusturulmasina ihtiyag
duyulmaktadir (Wetzel, 2001).

Baraj golleri, akarsular iizerine elektrik iiretimi, igme suyu temini, sulama, balik¢ilik, sel kontrolii
ve rekreasyon amaciyla insa edilen yapay gollerdir. Cok cesitli avantajlar1 dikkate alindiginda enerji
tiretimi bakimindan baraj golleri termik ve niikleer santrallere kiyasla 6n plana ¢ikmis ve akarsu
kaynaklarinin varlig1 nedeniyle Tiirkiye’de 700’e yakin baraj insa edilmistir. Baraj gdlleri bir yandan
iizerinde insa edildikleri akarsularin 6zelliklerini devam ettirirken ayni1 zamanda olusan durgun su
kiitlesinin ~ 6zelligini  tasiyan yapilar olmalarn itibariyle “nehir-g6l hibritleri”  olarak
tanimlanmaktadirlar. Su toplama havzalar1 ne kadar genis ise havzadaki kirlenmeden o kadar fazla
etkilenirler (Fakioglu vd., 2011; Tepe vd., 2018; Tiiziin vd., 2006).

Bir su kaynaginin etkin kullanimini belirlemek i¢in dngdriilen beklentileri saglayacak bir izleme
programinin titizlikle yiiriitiilmesiyle kaynak hakkinda bilgi toplanmasi zorunludur. Baraj gollerinin
fiziko-kimyasal, biyolojik Ozelliklerinin arastirilmasi ve izlenmesi, gollerden en saglikli sekilde
siirdiiriilebilir yararlanma ve su kaynaklarimizin ekolojik yap1 ve isleyislerinin korunmasi igin ¢ok
onemlidir. (Emre vd., 2008; Tepe vd., 2018).

Gilinlimiizde su kaynaklarinin korunmasi ve izlenmesi devletlerin en ¢ok dénemsedigi konulardan
biridir. Ozellikle igme suyu temini amaciyla kullanilan barajlarda su kalitesinin belirlenmesi ve
izlenmesi, mikroorganizmalar yoluyla ortaya ¢ikacak olan bir kirliligin biiyiik bir insan popiilasyonunu
ilgilendiren saglik sorunu haline doniisebilme ihtimali nedeniyle oldukc¢a 6nemlidir. Ayrica 6zellikleri
bilinmediklerinden dolay1r bu sularda yapilan balik yetistiriciligi ve diger faaliyetler kaynaklarin
ekolojik dengelerinin bozulmasina, belirgin kirlenmeye, otrofikasyona, faydali hacimlerinin
azalmasina ve erken yaslanmaya neden olmaktadir.

Bu caligmayla, oransal olarak kiigiik bir alana sahip olan Siiciillii Baraj Goli’niin biyolojik
verimlilik, kirlenmeden korunma, 6trofikasyon riski agisindan énemli bir gosterge olan trofik durumun
belirlenmesi amag¢lanmaktadir.

2. MATERYAL VE YONTEM

Caligma alani Siiciillii Baraj Golii; Orta Akdeniz (Antalya) havzasinda Ispartanin Yalvag ilgesi
sinirlari iginde, Isparta ili merkezinin 110 km kuzeydogusunda yer almaktadir (Sekil 1). Siiciillii Baraj
Goli 2062 ha tarim arazisinin sulanmasi, yerlesim birimleri ve arazilerinin tagkinlarindan korunmasi
amaciyla 1973 yilinda inga edilmistir. DSI 2017 kayitlarina gore Siiciillii Baraj Golii’niin mevcut su
kotu 1178,03 m, mevcut su kotunda alan1 82,32 ha ve hacmi 6,40 hm® ortalama derinligi 7,7 m’dir.
Siiciillii Baraj Goli; Baglarbasi Deresi ve Gemredik (Demirci) Cay ile beslenmektedir. Baglarbasi
Deresi’nde yil boyu ylizeysel akis goriilirken; icme suyu kaynagi olarak kullanilan Gemredik
Cayi’nda yaz ve sonbahar aylarinda yiizeysel akis goriilmez. Cikis suyu Siiciillii Deresi’nde ¢ogu
zaman akis goriilmektedir.
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Sekil 1. Calisma alan1 Siiciillii Baraj Golii, 6l¢iim ve drnekleme istasyonlari.

Stictillii Baraj Goli’niin trofik durumunun belirlemek {izere 6 istasyon belirlenmistir. Mayis 2017-
Nisan 2018 arasinda aylik olarak bazi parametrelerin (¢6ziinmiis oksijen(mg/L) ve Secchi diski
derinligi (m)) 6l¢iimii yerinde yapilmis, alinan su 6rnekleri koyu renkli polietilen siselerle laboratuvara
taginmig ve analizleri yapilmstir.

Toplam fosfor (nug/L) analizleri Merc fotometrik test kitleri kullanilarak Nova 60 Spektroquant
spektrofotometre ile yapilmustir. Chl-a (ug/L) tayininde spektrofotometrik metot kullanilmistir. Su
ornegi Whatman GF/C filtre kagidindan siiziilmiis, asetonla ekstrakte edilip ekstrakt absorbansi
spektrofotometrede 663 ve 750 nm dalga boyunda okunup hesaplamalari yapilmigtir (Bartram &
Ballance, 1996; Lind, 1985).

Trofik durum hesaplamalarinda, Carlson trofik durumu belirli bir yer ve zamanda bir su
kaynagindaki konsantrasyonunu logaritmik tabanli hesaplamalarla 0 — 100 araliginda bir indekse
doniistiirmiistiir. Carlson trofik durum indeksinde (TSI), Secchi diski derinligi, toplam fosfor ve Chl-a
TSI degerlerinin ortalamalar1 eger 0’a ne kadar yakin ise gol oligotrofik diizeye daha yakin, 100’e ne
kadar yakinsa g6liin hiperétrofik yapida oldugu kabul edilir. Carlson’un trofik durum indeksini (TSI)
hesaplamak i¢in TSI (Secchi diski derinligi); TSI(Chl-a); TSI(toplam fosfor) hesaplamalar1 yapilmistir
(Tablo 1). YSKY (2016)’ye gére Trofik Durum Indeksi’nde ise bunlara ek olarak ¢dziinmiis oksijen
parametresi kullanilmaktadir (Bulut ve Kubilay, 2018; Tepe vd., 2018).

Tablo 1. Carlson TSI hesaplamalari (Tepe vd., 2018).

TSI (Secchi diski derinligi) 60- 14.41 [In SDD (m)]
TSI (Chl-a) 9.81 [In Chl-a (ng/L)] + 30.6
TSI (toplam fosfor) 14.42 [In toplam fosfor (ug/L)] +4.15

Ortalama TSI [TSI(toplam fosfor) + TSI(Chl-a) + TSI(SDD)]/ 3
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Elde edilen wverilerin istatistiksel olarak degerlendirilmesinde SPSS 20 kullanilmustir.
Parametrelerin 6rnekleme noktalar1 ve aylara gore degisimi varyans analizi (ANOVA), ortalamalar
arasindaki farkliliklar Tukey testi ile belirlenmis, normal dagilis gostermeyen veri setleri i¢in Kruskal-
Wallis testi kullanilmis, 6nem seviyesi olarak P<0.05 alinmistir (Cetinkaya, 2015).

3. BULGULAR ve TARTISMA

Bu calismada Mayis 2017 — Nisan 2018 tarihleri arasinda Isparta ili sinirlar1 iginde bulunan Siiciillii
Baraj Golii’niin bazi su kalitesi parametreleri aylik olarak tespit edilmistir. Tespit edilen su kalitesi
parameterlerine ait minimum, maksiumum ve ortalama degerler Tablo 2’de verilmistir.

Tablo 2. Siiciillii Baraj G6lii Su kalitesi Parametreleri.

l. 1. I, V. V. VI.
istasyon istasyon istasyon istasyon istasyon istasyon
Parametreler G i on ™ OrtzSD  Ort=SD Ort+SD Ort+SD Ort +SD
Min-max Min-max Min-max Min-max Min-max Min-max
CO (mg/L) 8.424+1.91 9.6+£2.09 9.4+1.29 9.25+1.29 9.5842.06 9.51£1.59
6.83-12.03  7.78-12.92  7.84-11.73 7.62-11.56 7.64-12.93 7.72-13.56
TP (mg/m?) 20.16+£24.03 27.6x16.34  41.08+53.5 38.25447.37  27.33+25.85 83.41+184.27
10-61 15-54 6-160 8-149 15-80 9-663
2.8442.3 1.54+0.85 1.86+1.36 1.46+0.98 1.46+0.76 1.9442.35
Chl-a (ug/L) 026561  025-2.14  0.26-5.61 0.26-2.72 0.26-2.14 0.26-8.55
1.154£0.43 1.12+41.6 1.28+1.31 1.03+0.36 1.2240.9
SDD (m) B 0.56-1.53 0.18-5.8 0.38-5.18 0.45-1.32 0.63-3.85

Ornekleme noktalarinda (mekansal) en diisiik ortalama ¢oziinmiis oksijen 1. Istasyonda
belirlenmistir. Zamansal olarak incelendiginde ise ¢oziinmiis oksijenin Ornekleme aylari arasinda
farklilik gostermesi sicaklik nedeniyle beklenen bir olgudur. Ornekleme aylarinda ¢dziinmiis oksijen
konsantrasyonlar1 arasinda istatistiksel olarak fark oldugunu ortaya koymustur (P<0.05). En yiiksek
¢Oziinmis oksijen degerlerinin Mart aymnda goriildiigiinii; bunu Subat aymnin takip ettigi ve
aralarindaki farkin 6nemsiz oldugunu ortaya koymustur. En diisiik ¢6ziinmiis oksijen degerleri ise
sirasiyla Temmuz, Haziran ve Agustos’ta goriilmistiir.
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Sekil 2. Istasyonlarda ve 6rnekleme aylarinda ortalama ¢oziinmiis oksijen konsantrasyonlarmin degisimi
(° ve * ekstrem degerleri gdstermektedir).
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Bes istasyonda (2, 3, 4, 5, 6) dlgiilen Secchi diski derinliginin ortalama degerleri 1,036 m ile 1,281
m arasinda degismistir. 1. Istasyonda yalmzca Nisan ayinda 4,85 m olarak dl¢iilmiis, diger aylarda
istasyonda derinliginin yeterli olmamasi sebebiyle dl¢iim yapilamamigtir. Mayis ayinda ise teknik bir
sorun sebebiyle 6l¢clim yapilamamistir. Secchi diski derinligi degerlerinin istasyonlarda normal dagilis
gostermedigi goriilmiis ve varyasyonun onemli olmadigi goriilmistiir (P>0.05). En yiiksek ortalama
Secchi diski derinligi degerleri 4., 7. ve 6. Istasyonlarda; en diisiik ortalama Secchi diski derinligi
degerleri ise 5. ve 8. Istasyonlarda goriilmiistiir. Ortalama Secchi diski derinligi degerlerinde baraj
g0lii memba kismindan baraj govdesine dogru bir artis goriilmektedir. Bu durum baraj goéllerinde
dogal olarak goriilen bir durumdur. Elibol (2013)’e goére su kaynaklarinin gole karistigi noktalarda
besin maddelerinin konsantrasyonlar1 yiiksek olmasindan dolay1 fitoplankton tiretimi de yiiksektir ve
151k gegirgenligi diisiiktiir. Baraj gdvdesine dogru ise plankton iiretimi azalmakta ve 151k gegirgenligi
artmaktadir (Elibol, 2013).

Ornekleme aylarinda Secchi diski derinligi degerlerinin normal dagilis gosterdigi ve aylar arasindaki
varyasyonun dnemli oldugu tespit edilmistir (P<0.05). En yiiksek Secchi diski derinligi degerlerinin
Nisan ve Subat aylarinda goriildiigii, en diisiik Secchi diski derinligi degerlerinin ise Eyliil, Kasim,
Mart aylarinda goriildiigii tespit edilmistir (P>0.05). 4., 5. ve 6. Istasyonlardaki tiim ekstrem degerler
Nisan ayinda goriilmiistiir.

Stiiciillii Baraj Golii’niin ortalama Secchi diski derinligi degeri 1.16 £ 0.09 m olarak hesaplanmistir.
Suyun onemli bir fiziksel kalite kriteri olan 151k gegirgenligi ve bunun pratik sayisal ifadesi olan
Secchi diski derinligi degerleri, 151k siddetine ve gelis agisina, su yiizeyinin durumuna, hava
durumuna, su kaynagmin morfolojik ozelliklerine, suyun rengine, bulanikliga, igerdigi organik ve
inorganik maddeler ve plankton zenginligine baglidir (Cetinkaya, 2009).
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Sekil 3. istasyonlarda ve &rnekleme aylarinda ortalama Secchi diski derinligi degerleri (m). (o ve * ekstrem
degerleri gostermektedir).

Chl-a’nin ortalama degerleri 0.49 — 2.84 ug/L arasinda degismistir. Istasyonlarda Chl-a degerleri
normal dagilis gostermemis; uygulanan Kruskal Wallis testinde istasyonlardaki varyasyonun onemli
olmadigi goriilmiistiir (P>0.05). Ornekleme yapilan bazi aylarda Chl-a degerleri normal dagilis
gostermemis, varyasyon onemli bulunmustur (P<0.05). Kasim ay1 en yiiksek Chl-a degerlerine sahip
ve bunu Ocak ve Agustos aylari takip etmektedir. Ornekleme noktalar1 arasindan en yiiksek Chl-a
degeri 6. istasyonda yine Kasim ayinda (8.55 pg/L) tespit edilmistir. Kasim ayindan itibaren golde
sonbahar karisiminin baslamasi ile, dipteki besin elementleri yiizey sularina taginmis; ayrica bu
aylarda goliin dalgali olmasi sebebiyle, kiy1 bolgelerinden kopan veya sonbaharda sel sular1 ile taginan
bitkilerdeki besin elementleri de suya karigmis ve bunlarin da Chl-a iiretimini arttirmis olabilecegi
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diistiniilmektedir. Salman vd. (2009)’na gére baz1 mevsimlerde Chl-a degerlerinin yiiksek olmasinin
nedeni fitoplanktonlarin iiretiminin artmasidir. Isik, sicaklik ve diger etkenlerle birlikte fotosentetik
aktivite olugmaktadir. Siiciillii Baraj Golii’niin ortalama Chl-a konsantrasyonu 1.85 + 0.52 ug/L olarak
hesaplanmustir. Bu deger goz 6niine alindiginda Gol, Gélet ve Baraj Gélleri Otrofikasyon Kriterleri
'ne (15/04/2015 tarih ve 29327 sayili RG) gore Siiciillii Baraj Golii; Chl-a konsantrasyonu agisindan
oligotrofik agamadadir. Bir tathi su ekosisteminde besin zincirinin ilk halkasimi fitoplanktonik canlilar
ve bitkiler olusturmaktadir. Chl-a miktar1 bu nedenle bir golde fitoplankton biyokiitlesinin ve
verimliligin en Onemli gostergesidir. Goldeki verimliligin ana kaynaginin baraj goliinii besleyen
derelerden biri olan Baglarbas1 Deresi oldugu kanisina varilmaktadir.
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Sekil 4. istasyonlarda ve rnekleme aylarinda ortalama Chl-a degerlerinin degisimi (ug/L). (° ve * ekstrem
degerleri gostermektedir).

Siiciillii Baraj Golii yillik ortalama toplam fosfor degerleri 27,3 — 138,09 mg/m® arasinda degisim
gostermistir. Normalite testinde istasyonlarda toplam fosfor degerlerinin normal dagilis géstermedigi
tespit edilmistir. Toplam fosfor degisimi i¢in yapilan Kruskal Wallis testlerinde ise varyasyon 6nemsiz
bulunmustur (P>0.05). Bununla birlikte yapilan grup karsilagtirmalarinda Tukey ve Duncan testlerine
gore en diisiik ortofosfat fosforu degeri 5. Istasyonda belirlenmistir. Diger istasyonlar arasindaki
toplam fosfor farki onemsiz tespit edilmistir (P>0.05). Goriildiigii kadariyla Siiciillii Baraj Golii’niin
temel fosfor kaynagi golii besleyen derelerdir. Birkag yildir gélde kafes balik¢iligi yapilmamaktadir.
Ornekleme aylarinda toplam fosfor degerlerinin normal dagilis gdstermedigi ve varyasyonun &nemli
oldugu tespit edilmistir (P<0.05). Tukey ve Duncan ¢oklu karsilagtirma testlerine gore Eyliil ve Kasim
aylart en tiikksek toplam fosfor degerlerine sahip oldugu; bu aylar1 sirasiyla Mart, Aralik; Ocak,
Haziran, Subat, Ekim ve Temmuz aylarinin takip etmekte bunlarin aralarindaki fark onemsizdir
(P>0.05). En diisiik toplam fosfor ise Mayis, Nisan ve Agustos aylarinda goriilmiistiir. Siiciillii Baraj
Golii igerisindeki 6rnekleme noktalarinda en yiiksek toplam fosfor degeri 663 mg/m?ile 6. istasyonda
Eylill ayinda ol¢iilmiistiir. Siiciillii Baraj Golii niin gbvdesine yakin, derinligi ve sediment birikimi
daha fazla olan VI. istasyonun toplam fosfor konsantrasyonunun daha yiiksek bulunmasi beklenen bir
durumdur. Bu deger golde gecmis yillarda yapilan kafes balik¢iligi faaliyetlerinin etkisinin golde
halen devam ettigini gostermektedir. Siiciillii Baraj Go6lii’ne besin elementi girigini saglayan en 6nemli
kaynaklar golii besleyen dereler ve goliin etrafinda bulunan tarim arazileridir. Siiciillii Baraj Golii’niin
ortalama toplam fosfor konsantrasyonu 41.14+21.5 ng/L olarak hesaplanmistir. Hesaplanan bu deger
g0z Oniine alindiginda Siiciillii Baraj Golii suyu toplam fosfor agisindan YSKY” ne (30/11/2012 tarih
ve 28483 sayil1 RG) gore I.Smuf su kalitesini saglamaktadir (Anonim, 2016).
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Sekil 5. istasyonlarda ve &rnekleme aylarinda ortalama toplam fosfor degerlerinin degisimi (ug/L).
(° ve * ekstrem degerleri gdstermektedir).

Gollerin trofik durumlariin belirlenmesinde Chl-a, toplam fosfor ve Secchi diski derinligi, toplam
azot ve ¢ozlinmiis oksijen degiskenlerinden yararlanilmaktadir. Bu degiskenler kullanilarak gol sular
verimlilik a¢idan siniflandirilabilmektedir. Bu veriler 1s1ginda bir goliin besin maddeleri diizeyi ya da
verimlilik agisindan durumu, Carlson (1977) tarafindan ortaya konulan trofik durum indeksi ile
belirlenebilmekte ve goller dogrudan degiskenlere veya degiskenlerden hesaplanan indislere gore bir
trofik smifa dahil edilmektedir. Carlson (1977)’un trofik durum indeksinin temelinde, algal
biyomastan yararlanarak gollerin trofi agisindan siiflandirilmasi yatmaktadir. Bu indekste kullanilan
her ti¢ degisken de (Chl-a yogunlugu, Secchi diski derinligi ve toplam fosfor) algal biyomasi yansitir.
Bu degiskenler linear regresyon modeli ile birbirleriyle iliskilendirilmis ve degisken degerlerinin ortak
yorumlanabilmesi i¢in Tablo 3’teki indeks degerleri ortaya konmustur. Boylelikle {i¢ degiskenden
herhangi biri kullanilarak gdl sulart verimlilik agidan siiflandirilabilmektedir. (Tablo 3) (Bulut ve
Kubilay, 2018; Sezen, 2008).

Carlson Trofik Durum indeksi’ne gore, ortalama TSI (Secchi diski derinligi), TSI (toplam fosfor)
degerleri agisindan Siiciillii Baraj Golii’niin 6trofik 6zellik gosterdigi, TSI (Chl-a) degeri agisindan
oligotrofik 6zellik gosterdigi ve yine ortalama TSI degerlerine gore ise Siiciillii Baraj Goli’niin 6trofik
seviyede oldugu belirlenmistir (Tablo 3). Siiciillii Baraj G6lii suyunun nispeten soguk olmasi, goliin
rakiminin yiiksek olmasi ve gdl suyu yenilenme siiresinin bitkisel {iretimin olusmasina miisaade
etmeyecek kadar kisa olmas1 Chl —a indeksinin diger parametrelerin indekslerine kiyasla daha diisiik
¢ikmasina neden olmaktadir.

Tablo 3. Siiciillii Baraj Golii ‘niin Carlson trofik durum indeksi (TSI) sonuglari.

TSI Deger Trofik seviye
TSI (Chl-a) 36.6 Oligotrofik
TSI (Toplam Fosfor) 57.64 Otrrofik
TSI (Secchi diski derinligi) 58.9 Otrofik

Ortalama TSI 51.04 Otrofik
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Tablo 4. Gol, Golet ve Baraj Gollerinde Trofik Siniflandirma Sistemi Sinir Degerleri (Anonim, 2016).

Trofik seviye Toplam Fosfor Chl-a Secchi diski Coziinmiis oksijen
(ng/L) (mg/m®) derinligi (m) (mg/L)
Oligotrofik <10 35 >4 >7
Mezotrofik 10-30 35-9 4-2 6-4
Otrofik 31-100 9.1-25 19-1 3
Hipertrofik >100 >25 <1 <3

YSKY trofik durum indeksine gore toplam fosfor ve Secchi diski derinligi degerleri agisindan
otrofik, Chl-a ve ¢oziinmiis oksijen degeri agisindan ise oligotrofik 6zellik gosterdigi belirlenmistir
(Tablo 5).

Tablo 5. Siiciillii Baraj Goli’'niin YSKY trofik durum indeksi sonuglari.

Parametre Ortalama Trofik seviye
Toplam fosfor (ng/l) 41.14 Otrofik
Chl-a (mg/m®) 1.85 Oligotrofik
Secchi diski derinligi (m) 1.08 Otrofik
Coziinmiis Oksijen(mg/L) 9.35 Oligotrofik

Tiirkiye’deki diger baraj gollerinde {i¢ degisik trofik durum indeksine gore yapilan c¢alismalarda;
Giille (2005), Karacadren I Baraj Golii’'niin (Burdur) Carlson trofik durum indeksine gére mezotrofik
diizeyde oldugunu belirtmistir. Topkara (2011), Cambasi Goleti’'nde (Ordu) TSI(Secchi diski
derinligi), TSI(Chl-a) ve TSI(Toplam Fosfor) sonug¢larinin birbirine ¢ok yakin olmadigini, TSI(ORT)
degerinin 52,84 olarak hesaplandigini ve goliin oligo-mezotrofik ozellikte oldugunu bildirmistir.
Alpaslan vd. (2018), Boztepe Recai Kutan Baraj Goli’niin (Malatya) YSKY (2012)’ne gore II. Simif
su kalitesine sahip oldugunu ve baraj goliiniin rekreasyon, alabalik disinda diger balik tiirlerinin
yetistiriciliginde ve sulama suyu olarak kullanilabilir oldugunu belirlemislerdir. Ayvaz vd., (2011)
Afsar Baraj Golii’'nlin (Manisa) Carlson trofik indeksinin Chl-a ve Secchi diski derinligi degerlerine
gore baraj goliiniin 6trofik seviyede oldugunu belirtmislerdir. Kiigiikyllmaz vd. (2014), Isiktepe Baraj
Goli'niin (Elaz1ig) YSKY (2012)’ne gore “yiiksek kaliteli” ve “az kirlenmis” siniflarina dahil
oldugunu, baraj goliinliin inga amaci olan tarimsal sulama amaciyla insa edilmis Isiktepe Baraj
Goli’nlin igme suyu temini ve su iriinleri yetistiriciligi i¢in de kullanilabilecegini bildirmislerdir.
Kiigiiky1lmaz vd. (2019), Ozliice Baraj Golii’niin (Bingél) trofik durumunu ii¢ farkli trofik durum
indeksine gore degerlendirmis (Carlson, OECD (1982), YSKY (2016)) ve goliin mezotrofik durumda
oldugunu tanimlamiglardir. Tepe vd. (2018), Karkamis Baraj Goli’niin (Gaziantep) Carlson trofik
durum indeksine gore toplam fosfor, toplam azot ve Chl-a indeks degerleri agisindan mezotrofik,
OECD (1982) indeksine gore ise toplam fosfor agisindan mezotrofik ve diger parametreler bakimindan
oligotrofik olarak siiflandigini; sonug olarak ii¢ farkli trofik durum indeksine gore Karkamis Baraj
Goli trofik durumunun oligotrofik siniftan mezotrofik sinifa gegis gosterdigini bildirmiglerdir. Weysi
vd., (2014), Ekbatan Rezervuari’nin (Hamadan, iran) trofik seviyesinin hipertrofik durumda oldugunu,
rezervuar havzasinda fosfor ve nitrojenin kaynagi olabilecek sanayi sahasinin bulunmadigimi; goldeki
otrofikasyon siirecinin ana nedeninin Siiciillii Baraj Go6lii’nde oldugu gibi kirsal ve tarimsal atiksular
oldugunu bildirmislerdir. Bu nedenle barajdaki otrofikasyonu azaltmak i¢in uzun vadeli ydnetim
yontemlerinin kullanilmasii 6nerilmislerdir. Tizro vd., (2016) de Ekbatan Rezervuari’nda yaptiklar
calismada Weysi vd., (2014)’nin tespit ettikleri sonuglara benzer sonuglari bulmuslardir. Ekbatan
rezervuarinin ciddi bir 6trofikasyon sorunu oldugunu ve fosforun bu sistemin sinirlayict besin maddesi
oldugunu ortaya koymuslardir. Sonugta oOtrofikasyonun Ekbatan Baraj Goli igin ciddi bir sorun
olabilecegini ve bu rezervuardaki su kalitesinin daha diisiik olmasini 6nlemek igin siki bir su kalitesi
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izlemesi gerektigini belirtmislerdir. Maraslioglu ve Goniilol (2014), Yedikir Baraj Goli’niin (Amasya)
klorofil a, Secchi derinligi ve toplam fosfor, degiskenlerinden tiiretilen TSI degerleri arasinda
farkliliklar tespit etmisler ve baraj goliinde klorofil a ve Secchi diski derinligi endeksleri birbirine
yakin bulunmus, ancak iki degerin de fosfor endeksinin {izerinde oldugunu tespit etmislerdir ve bu
durumun baraj goliinde alg biyokiitlesinin muhtemelen fosforla sinirh oldugunu gdsterebilecegini
bildirmislerdir. Isik (2018), igme suyu kaynagi olarak kullanilan Mamasin Baraj Golii’niin (Aksaray)
trofik durumunu arastirdig: ¢aligmasinda Carlson hesaplama yontemi ile hesaplanan TSI degerlerine
gore goliin otrofik hatta hipertrofik oldugunu ve baraji besleyen akarsular igme suyu temin etmek igin
uygun olsa da baraj suyunun kalitesi asir1 alg ¢ogalmasina bagl olarak estetik (tat ve koku) agidan
oldukga kotii durumda oldugunu tespit etmistir. Isik (2018) Aksaray ilinin kiiresel iklim degisikliginin
bir etkisi olarak gelecekte kurakligin ve etkilerinin daha fazla hissedilecegi Konya Kapali havzasinda
olmasi nedeniyle Karasu ve Melendiz Caylarinin beslendigi Mamasin Baraj Golii’niin kullanimindan
vazgecilmesi ve alternatif kaynaklar aranmasini ve 6trofik-hipertrofik seviyede olan baraj goliiniin geri
kazanilmasi icin akilci, bilimsel, siirdiiriilebilir ve havza bazli ¢oziimler {iretilmesi gerektigini
bildirmistir. Morkoyunlu Yiice ve Aktas (2020), Tahtali, Davuldere ve Cayirkdy Goletlerinin
(Kocaeli) su kalitesini arastirdiklar1 ¢alismalarinda trofik durum indeksine gore géletlerin durumunun
orta-iyi kalite su Ozellige sahip oldugunu ve sucul sistemlerin siirdiiriilebilir yonetimi i¢in, bu
goletlerin gevresel etkenlerinin diizenli olarak kontrol edilmesi ve izlenmesinin gelecek nesiller
acisindan oldukc¢a 6nem tasidigini bildirmislerdir.

4. SONUC VE ONERILER

Siiciillii Baraj Goli'niin Carlson trofik durum indeksine gore, ortalama 58.9 TSI (Secchi diski
derinligi), 57.64 TSI (toplam fosfor) degerleri agisindan oGtrofik ve 36.6 TSI (Chl-a) degerleri
acisindan oligotrofik 6zellik gosterdigi yine 51.04 ortalama TSI degerlerine gore ise 6trofik seviyede
oldugu belirlenmistir. YSKY (2016) trofik durum indeksine gore Chl-a ve ¢oziinmiis oksijen degerleri
acisindan oligotrofik, toplam fosfor ve Secchi diski derinligi agisindan &trofik 6zellik gosterdigi
belirlenmistir. G6l, Golet ve Baraj Gollerinde Trofik Siiflandirma Sistemi Sinir Degerler (15/04/2015
tarihli ve 29327 sayili RG)’ne gore ise toplam fosfor ve Secchi diski derinligi agisindan Gtrofik, Chl-a
acisindan ise oligotrofik Ozellik gosterdigi belirlenmistir. Chl-a indeks degerlerinin diger
paramatrelerin indekslerine gore daha diisiik degerde ¢ikmasi ve goliin Chl-a agisindan oligotrofik
seviyede olmasinin; Siiciilli Baraj Golii suyunun soguk olmasi, gdliin rakiminin yiiksek olmasi ve gol
suyu yenilenme siiresinin kisa olmasina baglanmaktadir. G6liin trofik durumunun ekolojik agidan
tehlikeli boyutlarda oldugu; bu nedenle de Siiciillii Baraj G6li’niin besin elementi yiiklenmesi ile ilgili
sonuglarin baraj golii su kalitesinin gelecegi ile ilgili cok biiyiik bir 6nem tagidigi goriilmektedir.

Stictillii Baraj Golii’ntin Gelendost (Afsar) Cay1 vasitastyla baglantili oldugu Egirdir Golit’'niin TSI
(Chl-a) 47; TSI (toplam fosfor) 42; TSI (Secchi diski derinligi) 38 ve ortalama TSI 42 olarak
hesaplanan degerleri ile Carlson trofik durum indeksine gore mezotrofik seviyede oldugu; OECD
(1982) trofik durum indeksine gore toplam fosfor, Chl-a, Maksimum Chl-a ve Secchi diski derinligi
parametreleri agisindan mezotrofik, toplam azot parametresi agisindan oligotrofik 6zellik gosterdigi;
YSKY (2016) ‘ne gore Chl-a ve ¢oziinmiis oksijen degerleri agisindan oligotrofik, toplam azot ve
Secchi diski derinligi degerleri agisindan mezotrofik, toplam fosfor degerleri agisindan ise otrofik
ozellik gosterdigi belirlenmistir. Egirdir Goli’niin kirlenme etkisini yavaslatan sartlar gél suyunun
yeralt1 suyu ile beslenmesi, gol ¢cevresinde endiistriyel faaliyetin ve niifus yogunlugunun az olmasi ile
birlikte g6l suyunun ¢oziinmiis oksijen igeriginin yiiksek olmasi sayilabilir. Bununla birlikte gl ile
baglantis1 olan derelerde 6nlem alinmasi, tarim arazilerinde sulama ve ilaglama disiplinine gidilmesi
ve gol ile baglantili yerlesim yerlerinde atik su aritma tesislerinin kurulmasi 6nem tasimaktadir (Bulut
ve Kubilay, 2018).
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Siiciillii Baraj Golii’niin su kalitesinin gelecegi acisindan Siiciillii Baraj Golii igin bir yonetim plani
olusturulmali ve goliin su kalitesi izleme ¢alismalar1 yapilmalidir. Bu haliyle kafes balik¢iligina uygun
olmadig1 goriilen Siiciillii Baraj Golii’de yapilacak kafes balik¢ilig faaliyetleri yapilacaksa goliin su
kalitesi iyilestirildikten sonra buna karar verilmelidir. Ayrica Siiciillii Baraj Golii’niin Gelendost-Afsar
Cay1 vasitasiyla Egirdir Golii’nii etkileme potansiyeli oldugundan igme suyu kaynagi olarak kullanilan
Egirdir Goli'ne etkisi gbz oOniinde bulundurulmalidir. Siiciillii Baraj Goli‘niin su kalitesinin
korunmas1 ve iyilestirilmesi i¢in Siiciillii Baraj Go6li’nii besleyen kaynaklardan Baglarbasi Deresi’ne
evsel atik su desarjinin 6nlenmesi, yerlesim yerlerine aritma sistemleri kurulmas: ve Siiciilli Baraj
Golii etrafinda tarim arazilerinden kaynaklanan besin elementi yiliklemesinin azaltilmasi gereklidir.
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Ozet: Calismada Tirk marketlerinde ticari olarak satilan 17 farkli islenmis bahk Anahtar kelimeler
iriiniiniin (dondurulmus Alaska mezgiti, hamsi filetosu, sardalya filetosu, berlam e fslenmis balik iiriinleri
filetosu, Asya kedi baligi filetosu, palamut, Atlantik somon; tiitsillenmis kurutulmus e Biyojenik aminler
uskumru, alabalik, Atlantik somon; marine edilmis uskumru, hamsi, kirmiz1 biber soslu o TMA

hamsi ve ac1 biber soslu hamsi; tiitsiilenmis-marine edilmis uskumru, hamsi) biyojenik o Histamin

amin icerigi hizli HPLC metodu kullanilarak analiz edilmistir. Balik tiriinlerinde en fazla
miktarda bulunan biyojenik aminler putresin, spermidin, spermin ve dopamin olmustur.
Test edilen balik iriinleri arasinda histamin birikimi sadece dondurulmus Atlantik

e Putresin

somon, marine kurutulmus uskumru ve marine aci biber soslu hamside gozlenmis olup,
10 mg/100 g olarak belirtilen yasal limitin altinda kalmigtir. Balik tiriinlerinde tiramin
histamine kiyasla daha yiliksek oranda birikime ugramistir. En yiiksek tiramin igeren
balik {irtinleri, 8,5 mg/100 g, 5,27 mg/100 g ve 3,5 mg/100 g deger ile dondurulmusg
Atlantik somon, aci biber soslu marine hamsi ve tiitsiilenmis-marine uskumru olmustur.
Putresin ve kadeverin birikimi tiim balik {iriinlerinde sirastyla < 33,53 ve < 19,87 mg/100
g olarak bulunmustur. Balik iirtinlerinin trimetilamin (TMA) igerigi ise 6,6-22 mg/100 g
arasinda olmustur. Balik Orneklerinde toplam biyojenik amin degeri en diisiik
dondurulmus Alaska mezgitinde gozlenirken (28,8 mg/100 g), dondurulmus Atlantik
somon en yiiksek biyojenik amin i¢eren (232,3 mg/100 g) balik iiriinii olmustur. Calisma
sonucunda, test edilen ¢ogu islenmis balik iriiniiniin iyi kalitede oldugu gozlenmistir.
Ancak bu sonuglar iglenmis su iiriinlerinde insan tilketiminde giivenligi saglamak igin
dikkatle izleme ¢aligsmalarinin yapilmasi gerektigini ortaya koymustur.

Abstract: In this study, biogenic amine contents of 17 different fish products (frozen Keywords

Alaska Pollock, anchovy fillets, sardine fillets, hake fillets, pangasius fillets, Atlantic e Processed fish products
bonito, and Atlantic salmon; smoked mackerel, trout, Atlantic salmon; marinated e Bjogenic amines
mackerel, anchovy, anchovy with red pepper sauce, anchovy with hot pepper sauce; o TMA
smoked-marinated mackerel and anchovy) available on Turkish retail market were o Histamine
investigated using rapid HPLC method. Putrescine, spermidine, spermine, and dopamine
were the most abundant biogenic amines found in fish products. Among fish products
tested, histamine accumulation was only found for frozen Atlantic salmon, marinated
dried mackerel, and marinated anchovy with hot pepper sauce, and remained below the
legal limit suggested as 10 mg/100 g. Tyramine accumulation in fish products was higher
than histamine. The highest tyramine content was observed from frozen Atlantic salmon,
marinated anchovy with hot pepper sauce, and smoked-marinated mackerel, with a
corresponding value of 8.5, 5.27, and 3.5 mg/100 g. Putrescine and cadaverine level of

e Putrescine
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fish products were found as <33.53 and <19.87 mg/100g, respectively. Trimethylamine
(TMA) contents of fish products were between 6.6 and 22 mg/100 g. The lowest total
biogenic amine content was detected in frozen Alaska pollock (28.8 mg/100 g), whilst
frozen Atlantic salmon had the highest level of total biogenic amine (232.3 mg/100 g).
The study results showed that most of the fish products tested were of good quality.
However, these results revealed that careful monitoring studies should be made to ensure
the safety of fishery products in human consumption.

1. GIRIS

Su triinleri 6nemli bir protein, mineral, vitamin ve yag asitleri kaynag: olup, her yas grubu igin
essiz ve dengeli besin kaynagi sunmaktadir. Ancak, balik ¢ok hassas bir gida iiriinii oldugu i¢in uygun
sekilde muhafaza edilmedigi takdirde 6liimden hemen sonra bozulmaya baslamaktadir. Su {iriinlerinde
bozucu mikroorganizmalarin metabolik faaliyetlerinden dolay1 kalite kaybina ve bozulmaya yol agan
biyojenik amin olusumu olduk¢a hizli gergeklesmektedir (Rezaei vd., 2007). Bu sebeple, biyojenik
amin gibi bozulma metabolitlerinin analizi kalite gostergesi olarak degerlendirilmekte ve baligin
tazeligi ve tiikketim kalitesi hakkinda bilgi vermektedir (Weremfo vd., 2020).

Biyojenik aminler, substrata 6zgii mikrobiyal dekarboksilaz enziminin katalitik etkisiyle amino
asitlerden a-karboksil grubunun uzaklagmasi ile iiretilir (Bermudez vd., 2012). Depolama siiresince
balik kasinda serbest aminoasitleri dekarboksilaz enzimleri araciligi ile dekarboksile eden bazi
bakteriler vardir. Cesitli calismalarda balik etinden Morganella, Hafnia, Vibrio, Aeromonas,
Photobacterium, Proteus, Enterobacter, Raoultella, Alcaligenes, Flavobacterium, Acinetobacter,
Shigella ve Shewanella gibi amin iireten bakteri iiyeleri rapor edilmistir (Lakshmanan vd., 2002;
Takahashi vd., 2003; Houicher vd., 2013; Kuley vd., 2019; Durak-Dados vd., 2020). Histamin,
tiramin, putresin, kadaverin, triptamin, ve p-feniletilamin sirastyla histidin, tirosin, ornitin, lizin,
triptofan, ve fenilalanin gibi 6nciil amino asitlerden ortaya ¢ikmaktadir (Ozogul ve Ozogul, 2019).
Gidalardaki miktar1 ve toksikolojik etkileri ile baglantili olarak, gidalardaki en 6nemli biyojenik
aminler histamin, tiramin, 2-feniletilamin, triptamin, putresin ve kadaverin'dir (Santos, 1996; Gardini
vd., 2016).

Balik da biyojenik aminler gida kaynakli hastaliklarin baslica ajan1 arasinda yer alip, yiiksek
diizeyde biyojenik amin igeren gidanin sindirilmesi ile insanlarda zehirlenme gerceklesebilmektedir
(Biji vd., 2016). Su iiriinlerinin bozulmas1 ve ozellikle yiiksek sicaklikta depolama siiresince, balik
tiiriine bagh olarak cesitli miktarda biyojenik amin iiretilmektedir. Bir {irlindeki biyojenik aminlerin
toplam miktar1 ve c¢esitliligi, irlinin dogasi ve mikroorganizma varligindan onemli sekilde
etkilenmektedir (Gardini vd., 2016). Genellikle balik etinde bozulma siiresince mikrobiyal yiikiin artigi
ile biyojenik amin konsantrasyonu artig gostermektedir (Espalha vd., 2019)

Histamin, tiramin, putresin ve kadaverin bozulma ile iliskili deniz iiriinlerinde en yaygin bulunan
biyojenik aminlerdir (Espalha vd., 2021). Ancak balik iiriinlerinde sadece histamin, putresin ve
kadaverinin balik giivenligi ve kalite tespitinde 6nemli oldugu bulunmustur (Bulushi vd., 2009). Bu
biyojenik aminler arasinda histamin ve tiramin bozulma siiresince biyolojik olarak en aktif aminlerdir
(Espalha vd., 2021). Balik ve balik iirlinlerinde histamin i¢in belirtilen maksimum yasal limit Avrupa
birligi (Directive 91/493/EEC, 2005) i¢in 100-200 mg/kg iken, Amerikan Gida ve Ila¢ Dairesi (FDA,
2001) igin 50 mg/kg’dir. Histamin zehirlenmesi bozulmus Scombridae ve Scombresocidae
familyasinin (FDA, 2001) yaninda, sardalya, hamsi ve ringa gibi bir takim scombroid olmayan balik
tiirlerinin (Biji vd., 2016) tiiketimi ile iligkilidir. Bu balik tiirlerinin kaslar1 nispeten yiiksek histidin
diizeyine sahiptir (Ozogul ve Ozogul, 2019). Siyah kas beyaz kasa kiyasla daha fazla histidin igerigine
sahiptir. Eger balik yiiksek sicaklik altinda tutulursa, histamin birikim siireci hizlandirilmig olur
(Rodtong vd., 2005; Rossano vd., 2006). Yiiksek oranda koyu kasa sahip baliklar histamine kiyasla
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daha diisiik oranda putresin, kadaverin ve tiramin biriktirmeye meyillidirler (Du vd., 2002; Sedaghati
ve Mooraki, 2019).

Putresin ve agmatinin histamin oksidasyonunu baskilamasiyla histamin toksisitesini arttirdigi
bilinmektedir (Taylor, 1986). Tiramin, putresin ve kadaverin gibi biyojenik aminlerin kanserojenik
nitrosaminlerin onciilii oldugu bildirilmistir (Lange ve Wittmann, 2002).

Islenmis {iriinlerde uygulanan tuzlama, olgunlastirma, fermantasyon veya marinasyon gibi bazi
teknolojik stiregler biyojenik amin olusumunu artirabilmektedir (Visciano vd., 2012). Tiiketici
saglhigint korumak i¢in, islenmis gidalarda biyojenik amin konsantrasyonunu izlemek ¢ok onemlidir.
Bu nedenle, bu ¢aligmada iilkemizde ticari olarak satisa sunulan islenmis su iiriinlerinin biyojenik
amin icerigi hakkinda bilgi saglamak ve kalite kontroliiniin daha iyi anlasilmasima katkida bulunmak
hedeflenmistir. Bu amagla ¢alismada, Tiirk marketinde ticari olarak satisa sunulan 17 farkli balik
triinlerinin biyojenik amin ve trimetilamin (TMA) igerikleri aragtirilmustir. Aragtirmada elde edilen
bulgularin gelecekte diizenlenecek yasal mevzuatlara iliskin politika belirleme kararlari ig¢in de faydali
olacagi diistintilmektedir.

2. MATERYAL ve YONTEM

Calismada gesitli firmalara ait 7 farkli dondurulmus, 3 farkl tiitsiilenmis, 4 farkli marine edilmis ve
2 farkli tiitsiilenmig-marine edilmis balik tiriinii kullanilmig olup, bu iriinler Adana ilinde bulunan
cesitli marketlerden tedarik edilmistir (Tablo 1). Balik iiriinleri laboratuvara ulasir ulasmaz her bir
iirlin i¢in uygun muhafaza kosulunda tutularak, 48 saat icerisinde analize alinmistir. Her bir iiriinden 3
paket kullanilmig olup her bir paketten tekerriirlii 6rnekleme yapilmustir.

Tablo 1. Arastirmada incelenen islenmis balik {irlinii gruplart.

Dondurulmus Bahk Tiitsiilenmis Balik . . ] Tiitsiilenmis ve Marine
. i P A Marine Balik Uriinleri . .
Uriinleri Uriinleri Balik Uriinleri

Alaska mezgiti Uskumru* Kurutulmus uskumru Hamsi
Hamsi filetosu Uskumru Act biber soslu hamsi Uskumru
Sardalya filetosu Alabalik Hamsi

Asya kedi balig filetosu Atlantik somon Kirmizi biber soslu hamsi

Berlam filetosu

Palamut

Atlantik somon

*1ki farkl firmadan 6rnekleme yapilmustir.

2.1. Biyojenik Amin ve TMA Analizi
2.1.1. Balik Orneklerinin Ekstrakte Edilmesi

Balik &rneklerinin biyojenik amin igerigi, Ozogul vd. (2002) tarafindan gelistirilen hizl1 bir yiiksek
performansh sivi kromotografisi (HPLC) metodu kullanilarak belirlenmistir. Bu amagla, 5 g balik eti
tizerine 20 mL % 6’lik TCA eklenerek, 2 dk Ultra-Turax (T 25 basic IKA-WERKE, Staufen,
Germany) ile homojenize edilmistir. Orneklerin filtrasyonu (Whatman No. 1 filtre kagidi,
Maidenstone, UK) sonrasi, filtrat distile su ile 50 mL’e tamamlanmustir. Elde edilen ekstraktlar
tiirevlendirme islemine kadar derin dondurucuda (-18 "C) muhafaza edilmistir.
2.1.2. Standart Amin Soliisyonunun Hazirlanmasi

Caligmada kullanilan biyojenik amin standartlar1 Sigma—Aldrich (Munich, Germany) firmasindan
temin edilmistir. Triptamin hidroklorid (122,8 mg), putresin dihidroklorid (182,9 mg), 2-feniletilamin
hidroklorid (130,1 mg), kadaverin dihidroklorid (171,4 mg), spermidin trihidroklorid (175,3 mg),
spermin tetrahidroklorid (172,0 mg), histamin dihidroklorid (165,7 mg), tiramin hidroklorid (126,7
mg), 5-hidroksitriptamin (serotonin) (133,9 mg), 3-hidroksitiramin hidroklorid (dopamin) (123,8 mg),
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agmatin siilfat (175,4 mg), amonyum klorid (296,9 mg) ve trimetilamin hidroklorid (161,7 mg) 10 mL
ultra saf suda ¢ozdiirilmiistiir.
2.1.3. Biyojenik aminlerin tiirevlendirilmesi

Biyojenik aminlerin tiirevlendirme islemi Ozogul vd. (2002) yéntemine gore gerceklesmistir.
Tiirevlendirme maddesi olarak benzoil klorid kullanilmistir. Standart amin soliisyonunu
tiirevlendirmek i¢in, her bir standart soliisyonundan (10 mg/mL) 50 pL, ekstrakte balik 6rnegi icin ise
2 mL 6rnek alinmistir. Her bir 6rnek tizerine 1 mL 2 M sodyum hidroksid ve 20 pL benzoil klorid
eklendikten sonra 1 dk vortekste karistirilmustir. Reaksiyon karisimi 40 dk, oda sicakhiginda (24 “C)
birakilmistir. Sonrasinda her bir 6rnek tizerine 2 mL doymus sodyum hidroksit ve 4 mL dietil eter ile
ektrakte edilmistir. Karigtirma isleminden sonra iist faz azot altinda ugurulmustur. Daha sonra tiip
icerinde bulunan kalintilar 1 mL asetonitrilde ¢ozdiiriilerek, 1 pL. 6rnek HPLC’ye enjekte edilmistir.
2.1.4. Biyojenik amin analizi ve kromatografik kosullar

Biyojenik amin analizi i¢in SPD-M20A diode array dedektor, iki kanalli gradient pompa
(Shimadzu LC-10AT), autosampler (SIL 20AC), kolon firin1 (CTO-20AC), FCV-11AL dalga birimli
communication bus module (CBM-20A) sahip Shimadzu Prominence HPLC cihazi (Shimadzu, Kyoto,
Japan) kullamlmistir. Calismada kullanilan kolon Spherisorb 5 Si C18 (pH-St, 250X4.6 mm,
FENomenex, Macclesfield, Cheshire, UK) olmustur. Amin analizi i¢in mobil faz, asetonitril ve HPLC
ultra saf sudan olugmustur. Toplam analiz siiresi 20 dk olmustur. Enjeksiyon seviyesi 1 pl olup, 254
nm’de tespit gerceklesmistir.
2.1.5. Istatistik analizler

Verilerin istatistik analizi SPSS 22.0 paket programi (SPSS Inc., Chicago, IL. USA) kullanilarak
gerceklesmistir. Gruplar arasindaki P<0.05 olarak ifade edilen onemli farkliliklar ANOVA testi ile
degerlendirilmistir.

3. BULGULAR ve TARTISMA

Tablo 2-5 islenmis balik Girinlerinin biyojenik amin ve TMA igerigini gostermektedir. Aragtirmada
incelenen balik iirlinlerinin biyojenik amin ve TMA igerigi bakimindan énemli farkliliklar gosterdigi
gozlenmistir. Balik riinlerinde en fazla miktarda bulunan biyojenik aminler putresin, spermidin,
spermin ve dopamin iken, 2-feniletilamin ve histamin en diisikk diizeyde tespit edilen biyojenik
aminler olmustur. Biyojenik amin iretiminin, sicaklik, pH, karbon kaynagi, amino asit varligi,
bakteriyel biiyiime faktorlerinin varligi, hiicre gelisim fazi, aerobiosis ve anaerobiosis gibi gidanin i¢
ve dis parametrelerine bagli oldugu bilinmektedir (Bover-Cid vd., 2008; Buikova vd., 2010).
Incelenen iiriinler arasindaki farkliliklarin bu faktorlerden kaynaklandig diisiiniilmektedir.
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Tablo 2. Arastirmada incelenen dondurulmus balik iiriinlerinin biyojenik amin ve TMA igerikleri (mg/100 g).

Dondurulmus Bahk Uriinleri

Alaska Hamsi Sardalya Asya Kedi Berlam Atlantik
. . i M R Palamut

Mezgiti Filetosu Filetosu Balig: Filetosu Filetosu Somon
PUT 3,6+0.2%¢ 4,7+0,2% 5,0+0,4° 2,540,1° 4,9+0,1° 21,540,6  33,5+1,6°
KAD - 3,0£0,1¢ 2,6+0,1° 1,0+0,1¢ - 5,7+0,7° 19,9+1,72
SPD 3,7+0,3¢ 14,240,6° 14,4+1,1° 7,0+0,1¢ 3,240,0¢ 33,9427 31,240,5°
SPN 4,8+0,3° 9,740,6% 13,1+1,1¢ 21,241,5° 3,8+0,2 263+2,6"  28,2+1,9°
HiS - - - - - - 4,5+0,3
FEN - - - - - - 21,9+1,8
TRP - - - 0,7+0,0° - 0,4+0,1° 17,9+1,8°
SER 0,8+0,0° 1,5+0,0™ 1,4+0,1% 1,7£0,6™ 2,1£0,1™ 2,1+0,1°  10,2+0,8°
TiR - 0,7+0,0° 0,7+0,0° 0,3+0,0° 1,0£0,0° 1,240,1° 8,5+0,3°
DOP 7,240,7° 10,0£0,7° 10,7+0,5° 9,2+0,2° 10,7+1,4° 9,7+0,6°  27.8+2.4°
AGM 2,10,1% 2,10,1% 4,140,4° 3,0£0,2¢ 2,5+0,2% 1,7+0,1° 18,4+0,8
TMA 6,6+0,5¢ 11,3+0,3° 13,0+0,9° 10,6+0,8° 14,2+1,2° 16,6£0,9°  10,3+0,4°

*Ortalama deger + Standart sapma (n=3). —Belirlenemedi, PUT: Putresin, KAD: Kadaverin, SPD: Spermidin, SPN: Spermin, HiS: Histamin,
PHEN: 2-feniletilamin, TRP: Triptamin, SER: Serotonin, TiR: Tiramin, TMA: Trimetilamin, DOP: Dopamin, AGM: Agmatin. a'fGrupIar
arasindaki farkli harfler istatistik farkliligi gostermektedir (P<0.05).

Tablo 3. Arastirmada incelenen tiitsiilenmis balik {iriinlerinin biyojenik amin ve TMA igerikleri (mg/100 g).

Tiitsiilenmis Balik Uriinleri

Uskumru* Uskumru Alabalik Atlantik Somon

PUT 4,0+0,2* 14,2+0,5° 20,2+1,8° 8,4+0,1°
KAD - 5,040,3" 8,4+0,9° 3,0£0,7°
SPD 13,4+0,8° 13,0+1,0° 23,9+22° 15,4+1,1°
SPN 9,6+0,5¢ 11,6+0,3° 15,8+0,9° 20,4+1,7°
HiS - . - -

FEN - 0,6+0,0 - -

TRP - 0,6+0,0° 0,2+0,0° 0,8+0,2
SER 1,240,0° 5,6+0,3 5,6+0,4% 4,7+0,3°
TIR 0,1+0,2¢ 1,8+0,0° 2,3%0,0° 1,70,1°
DOP 6,2+0,3¢ 29,0+£0,7 14,1£0,7° 11,5+0,6°
AGM 2,7+0,1¢ 14,4+0,7° 3,240,1° 6,8+0,5°
TMA 13,6+0,7° 17,3£1,0° 12,240,9 10,9+0,7°

*Ortalama deger + Standart sapma (n=3). +iki farkli firmamn iiriinii,—Belirlenemedi, PUT: Putresin, KAD: Kadaverin, SPD: Spermidin,
SPN: Spermin, HIS: Histamin, PHEN: 2-feniletilamin, TRP: Triptamin, SER: Serotonin, TIR: Tiramin, TMA: Trimetilamin, DOP: Dopamin,
AGM: Agmatin. *® Gruplar arasmdaki farkli harfler istatistik farkhihg gostermektedir (P<0.05).

Putresin ve kadaverin histaminin toksik etkisini arttirmada Onciil bir rol oynamaktadir. Ayrica bu
aminlerin balik bozulmasinda yararl bir kalite gostergesi oldugu bildirilmektedir (Bulushi vd., 2009).
Putresin, aragtirmada incelenen tiim balik {iriinlerinde tespit edilmis olup; 3,60 mg/100 g (donmus
Alaska mezgiti) ve 33,53 mg/100 g (dondurulmus Atlantik somon) arasinda degiskenlik gdstermistir.
Dondurulmus Alaska mezgiti, berlam filetosu, tiitsiilenmis uskumru ve kurutulmus uskumruda
kadeverin tespit edilmemekle birlikte, diger balik {iriinlerinde 19,87 mg/100 g’in altinda kadeverin
icerdigi tespit edilmistir.

Spermin ve spermidin gidalarda dogal olarak bulunmakta (Mufoz-Esparza vd., 2019) ve ayrica
putresinden lretilmektedir (Zarei vd., 2011). Spermidin ve spermin dondurulmus Alaska mezgiti,
berlam filetosu, marine hamsi, ve tiitsiilenmis marine hamside en diisiik diizeyde (<5 mg/100 g)
bulunmustur. Ancak dondurulmus palamut, dondurulmus ve tiitsiillenmis Atlantik somon en yiiksek
diizeyde spermin ve spermidin igeren (>26 mg/100 g) balik tirlinleri olmustur.

Test edilen balik iriinleri arasinda histamin birikimi sadece dondurulmug Atlantik somon, marine
kurutulmus uskumru ve marine aci biber soslu hamsi de gdézlenmistir. Bu balik tiirlerinde histamin
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igerigi Avrupa Birligi tarafindan onerilen 10 mg/100 g histamin limitinin oldukg¢a altinda kalmustir.
Huang vd. (2010) kurutulmus balik {iriinlerinde daha yiiksek diizeyde histamin rapor etmislerdir (6,31-
47,90 mg/100 g). Pons-Sanchez-Cascado vd., (2005a) tuz ile olgunlastirilan hamside en fazla miktarda
bulunan biyojenik amin'in tiramin oldugunu (>9 mg/100 g), histaminin ise 2 mg/100 g’1 asmadigini
bildirmislerdir. Ayrica sirke ile marine edilmis hamside histamine (0,05 mg/100 g) kiyasla daha
yiiksek diizeyde (7,81 mg/100 g) tiramin degeri rapor edilmistir (Pons-Sanchez-Cascado vd, 2005b).
Bu calismada da benzer olarak islenmis balik {iriinlerinde tiramin'in histamin'e kiyasla daha yiiksek
oranda biriktigi gbzlenmistir. En yiiksek tiramin igeren balik {iriinleri, 8,5 mg/100 g, 5,27 mg/100 g ve
3,5 mg/100 g deger ile dondurulmus Atlantik somon, act biber soslu marine hamsi ve tiitsiilenmis-
marine uskumru olmustur. Tiramin genellikle laktik asit bakterileri ve Enterococcus iiyeleri tarafindan
tiretilmektedir (Suzzi & Gardini, 2003; Bover-Cid vd., 2014). Gidalarda 10 mg/100 g ve 80 mg/100 g
arasindaki tiramin diizeyinin insanlar igin toksik oldugu rapor edilmistir (Ten Brink vd., 1990). Bu
caligmada higbir 6rnekte bu limit degerin asilmadigi tespit edilmistir.

Tablo 4. Arastirmada incelenen marine balik {iriinlerinin biyojenik amin ve TMA igerikleri (mg/100 g).

Marine Balik Uriinleri

Kurutulmus Aci Biber Soslu Hamsi Kirmz Biber Soslu
Uskumru Hamsi Hamsi

PUT 6,4+0,2%° 15,4+1,1° 2,9+0,0° 27,6+1,8°
KAD - 11,940,7% 1,8+0,2° 12,8+1,0°
SPD 21,7+1,9° 6,4+0,1° 4,1+0,2° 6,620,4°
SPN 14,5+1,12 6,0+0,2" 2,6+0,1° 5,7+0,5°
HiS 0,7+0,7° 0,3+0,0° - -

FEN 10,1 - - -

TRP 0,3+0,0% - 0,9+0,8° 0,620,1%
SER 2,340,2¢ 5,6+0,5°% 3,240,2° 2,8+0,2"
TiR 1,1+0,1¢ 5,3+0,9 0,7+0,1° 1,6+0,1°
DOP 7,84+0,7° 32,242,8° 13,640,7° 21,142,0°
AGM 2,4+0,10% 19,04+0,6% 2,7+0,2¢ 7,040,6°
TMA 18,9+1,0° 16,8+1,5%® 15,1+1,4° 21,9+1,2°

*QOrtalama deger + Standart sapma (n=3). —Belirlenemedi, PUT: Putresin, KAD: Kadaverin, SPD: Spermidin, SPN: Spermin, HIS: Histamin,
PHEN: 2-feniletilamin, TRP: Triptamin, SER: Serotonin, TIR: Tiramin, TMA: Trimetilamin, DOP: Dopamin, AGM: Agmatin. ad Gruplar
arasindaki farkli harfler istatistik farklilig1 gostermektedir (P<0.05).
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Tablo 5. Aragtirmada incelenen tiitsiilenmis ve marine balik {riinlerinin biyojenik amin ve TMA igerikleri
(mg/100 g).

Tiitsiilenmis ve Marine Balik Uriinleri

Hamsi Uskumru
PUT 10,10,7%% 4,9+0,4°
KAD 10,6+0,5° 1,0£0,0°
SPD 4,30+0,10°" 12,4+0,9%
SPN 3,840,2° 12,4+1,32
HiS - .
FEN - -
TRP 0,8+0,0" 1,1£0,1°
SER 5,0+0,3% 4,7+0,3%
TiR 1,70,1° 3,540,1%
DOP 16,5+0,6° 24,0+0,8°
AGM 10,1+0,8% 7,3+0,7°
TMA 10,1£0,7° 16,4+1,3°

*Ortalama deger + Standart sapma (n=3). —Belirlenemedi,

PUT: putresin, KAD: kadaverin, SPD: spermidin, SPN: spermin, HiS: Histamin, PHEN: 2-feniletilamin, TRP: triptamin, SER: Serotonin,
TiR: tiramin, TMA: trimetilamin, DOP: dopamin, AGM: agmatin. *° Gruplar arasindaki farkli harfler istatistik farklilig1 géstermektedir
(P<0.05).

2-feniletilamin incelenen ¢ogu balik iiriiniinde tespit edilemez iken dondurulmus Atlantik somon
oldukga yiiksek diizeyde 2-feniletilamin (21,9 mg/100 g) icermistir. Benzer olarak triptamin Atlantik
somonda en yiiksek diizeyde (17,9 mg/100 g) belirlenmis olup, diger balik iiriinlerinde 1,2 mg/100
g’m altinda kalmistir. Balik {iriinlerinde serotonin birikimi 0,8 mg/100 g (dondurulmus Alaska
mezgiti) ile 10,2 mg/100 g (dondurulmus Atlantik somon) arasinda degiskenlik gostermistir.

Test edilen balik triinleri arasinda en yiiksek diizeyde dopamin igeren balik iiriinleri marine aci
biber soslu hamsi, tiitsiilenmis uskumru, dondurulmus Atlantik somon olmustur (27-32 mg/100 g).
Arjinin dekarboksilaz enzimine sahip organizmalar da, agmatin direk olarak arjininden fretilir ve
arjinin dekarboksilaz enzimi aracilig ile N-karbamoilputresine doniistiiriiliir (Griswold vd., 2006). Bu
calismada, marine act biber soslu hamsi, dondurulmus Atlantik somon ve tiitsiilenmis uskumru
disinda, balik iirinlerindeki agmatin seviyesi genellikle 10 mg/100 g’in altinda oldugu gézlenmistir.

Trimetilamin (TMA) deniz uriinlerinin karakteristik baliks1 kokusuyla iliskili giiglii bir ugucu
amindir. TMA’1n bozulmus baliktaki varlig1 trimetilamin oksidin bakteriyel yikimindan kaynaklidir
(Huss, 1995). TMA biitiin balik iiriinlerinde dondurulmus Alaska mezgitinde 6,6 mg/100 g ile en
diisiik seviyede iken, diger balik iiriinlerinde 10-22 mg/100 g arasinda olmustur. Connell'e (1990)
TMA seviyesinde izin verilen sinirmin 35 mg N/100 g'dan diisiik olmas1 gerektigini, ancak bu sinirin
tiirden tiire degisebildigini belirtmistir.

Biyojenik aminlerin toksikolojik diizeyinin belirlenmesi bireysel 6zelliklere ve diger aminlerin
varligina bagli oldugu i¢in olduk¢a zordur. Ancak Ladero vd. (2010) 750-900 mg/kg (75-90 mg/100 g)
arasinda maksimum biyojenik amin diizeyi rapor etmistir. Kang vd. (2019) Kore’de yaygin olarak
tilketilen Japon istavriti, Konosirus punctatus ve dil baliginin bazi {ilkelerde Onerilen standart
biyojenik amin limitlerini astigin1 bildirmiglerdir. Bu ¢alismada en diisitk dondurulmus Alaska mezgiti
(28,8 mg/100 g) olmak tizere 11 balik 6rneginde toplam biyojenik amin degeri 90 mg/100 g’in altinda
kalmistir. Ancak diger 6 balik iriinlerinde bu limit deger asilmistir. Dondurulmus Atlantik somon
disindaki (232 mg/100 g) diger balik 6rneklerinin toplam biyojenik amin degerleri 105-120 mg/100 g
arasinda olmustur.
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4. SONUC

Su iriinleri gida zincirinin farkli noktalarinda biyojenik amin iireten mikroorganizmalarca
kontaminasyona kars1 oldukca hassastir. Kalite gdstergesi bakimindan ticari olarak satigsa sunulan balik
tiriinlerinin biyojenik amin liretiminin izlenmesi gida giivenligi saglamak adina 6nem arz etmektedir.
Calismada test edilen balik tirlinleri Avrupa Birligi tarafindan 6nerilen yasal limitin altinda histamin
icermistir. En diisiik biyojenik amin igerigine sahip balik iirlinii dondurulmus Alaska mezgiti, berlam
filetosu ve marine hamsi olmustur. Dondurulmus Atlantik somon ise en yiiksek biyojenik amin igeren
balik iirlinli olmustur. Calismada incelenen balik iiriinlerinin biiyiik bir cogunlugunun diisiik biyojenik
amin icerigine sahip olmasi, {riinlerin uygun sanitasyon kosullarinda islenmelerinin Gnemini
vurgulamaktadir.

TESEKKUR
Yazarlar, tesekkiir beyan etmemektedir.

FINANS
Yazarlar, Finans kaynagi beyan etmemektedir.

CIKAR CATISMASI BEYANI
Yazarlar calismay1 etkileyebilecek finansal c¢ikarlar veya kisisel iliskiler olmadigini beyan
etmektedirler.

YAZAR KATKILARI
Kurgu: GO; Metodoloji: SO, EK; Deneyin gergeklestirilmesi: SO, GO, EK; Veri analizi: SO, EK;
Makale yazimi: SO, GO, EK Denetleme: SO, GO, EK. Tiim yazarlar nihai taslagi onaylamustir.

ETiK ONAY BEYANI
Bu ¢alismada deney hayvanlar1 kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alinmamustir.

VERiI KULLANILABILIRLIK BEYANI

Bu ¢alismada kullanilan veriler makul talep tizerine ilgili yazardan temin edilebilir.
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Ozet: Bu cahsmada, Atatiirk Baraj Gélii'nden toplanan (Mayis-Mart aylan arasinda) Silurus
triostegus'un (Heckel, 1843) gonat dokusu yag icerigi ve yag asidi (FA) kompozisyonunun
belirlenmesi amaglamustir. Gonat dokusu toplam lipid miktari, disi ve erkek baliklarda sirastyla
Mayis ve Eyliil aylarinda maksimuma ulagmustir. Tiim mevsimlerde en fazla bulunan yag
asitleri; doymus yag asitleri (SFA) iginde palmitik asit, tekli doymamus yag asitleri iginde oleik
asit, ¢oklu doymamug yag asitleri icinde (PUFA); 22:6n-3 (dokosaheksaenoik asit, DHA),
18:3n-3 (linolenik asit), 18:2 n-6 (linoleik asit) ve 20:5n-3 (eikosapentaenoik asit, EPA)’dir.
Erkek ve disi balik tiirlerinin gonat dokularindaki TAG ve PL yag asidi bilesimleri farkli
bulunmustur. Disi ve erkek dmeklerde PL'ye kiyasla tiim mevsimlerin TAG'lerinde PUFA'larm
orani daha diigiik bulunmustur. Genel olarak n-3 yag asitleri yiizdeleri, n-6 yag asitleri
yiizdelerinden daha yiiksek belirlenmistir. Cinsiyete bagh olarak, incelenen gonad
dokusunda bireysel FA'ler arasinda nicel farkliliklar vardir.

Anahtar kelimeler

o Silurus triostegus
o Atatiirk Baraj Goli
e Mevsimsel yag asidi dagilimi

Abstract: In this study, it was aimed to determine the fat content and fatty acid (FA)
composition in gonad tissue of Silurus triostegus (Heckel, 1843) caught (between May
and March) from Atatiirk Dam Lake. The amount of total lipid in gonad tissue reached its
maximum in female and male fish in May and September, respectively. The most
abundant FAs in all-season were palmitic acid amongst saturated fatty acids (SFAS),
oleic acid amongst monounsaturated fatty acids, 22:6n-3 (docosahexaenoic acid, DHA),
18:3n-3 (linolenic acid), 18:2 n-6 (linoleic acid), and 20:5n-3 (eicosapentaenoic acid,
EPA), amongst polyunsaturated fatty acids (PUFAS). Triacylglycerol and PL fatty acid
compositions in gonad tissues of the male and female fish species were found different.
A lower proportion of PUFAs was found in the TAG of all seasons compared to PL in
female and male samples. Generally, percentages of n-3 fatty acids were determined
higher than percentages of n-6 fatty acids. There were quantitative differences between
individual FAs in the gonad tissue investigated, depending on the sex.
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1. GIiRiS

Atatilirk Baraji Tiirkiye’nin en biiyiik, diinyanin altinc1 biiyiik (Kaya tipi) barajidir. Firat Nehri

iizerindeki Atatiirk Baraj Golii, Turkiye'nin en bilylik baraj golii olup, sulama ve elektrik enerjisi
iiretimi icin kullamImaktadir. Barajin yiiksekligi 169 metre, yillik ortalama su akis1 26.654 milyar m®
olup toplam su depolama hacmi 48,5 milyar m*diir. Baraj sulama ve enerji amagli insa edilmis olup,
suladigi alan 872.385 hektardir. Barajin kurulmasi ile meydana gelen gol alan1 81.700 hektar ve kiy1
uzunlugu 114 km’dir. Firat Nehri ve {izerinde kurulan baraj gdllerinde 8 familyaya ait yaklagik 28 tiir
ve alttliir yasamaktadir (Bozkurt 1994). Mezopotamya Yayin baligi (S. triostegus), Siluridae
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familyasindan bir yayin balig: tiirii olup, Mezopotamya Boélgesinde bulunur. Atatiirk Baraj Goli’nde
yasayan S. triostegus’ta gonadosomatik indeks degerleri ve gonatlarin direkt gozlemi gibi
parametrelerden faydalanarak balikta yumurtlamanin mayis ayinda basladigi, haziran ayinin sonuna
kadar devam ettigi saptanmistir. Bu tiiriin ireme donemi mayis, haziran ve temmuzdur (Oymak vd.,
2001).

Balik ve balik yaglari, besin zincirindeki fitoplankton ve deniz yosunundan kaynaklanan EPA ve
DHA gibi n-3 yag asitlerini igerir (Sushchik vd., 2007).

Balik yaglarinin; ¢ocukluk ¢agi astimi, kardiyovaskiiler hastalik, hipertansiyon, Alzheimer hastaligi
ve duygu durum bozukluklarin1 6nlemeye yardimci olmaktadir (Aras vd., 2003a, b).

Saglik acisindan Onemli olan baliklarin farkli dokularindaki yag asitleri Dbilesimindeki
degisimlerinin belirlenmesi son derece Onemlidir. Yag asitleri ve ozellikle ¢oklu doymamis yag
asitleri, baliklarda normal biiylime, gelisme ve iireme icin islevsel olarak gereklidir (Sargent vd.,
2002). Lipidler, baliklarda iireme siirecinde baslica metabolik enerji kaynagidir (Johnson, 2009) ve
yiyeceklerden dogrudan veya yumurtalik folikiillerinde de novo sentezlenerek; depo dokulardan
gelisen oositlere mobilize edilebilirler (Wiegand, 1996). Lipidlerin biiyiik bir kismi iireme siirecleri
icin gerekli metabolik enerjiyi saglamak {izere katabolize edilirken, bir kismu da vitellogenin
proteinleri ve ¢ok diisiik yogunluklu lipoproteinler olarak transfer edilir ve yumurta sarisi rezervleri
olarak oositlerde birikir (Sargent, 1995). Baliklarda farkli organlarin yag asidi igeriginin belirlenmesi
ozellikle yetistiricilikte avantaj saglayacaktir. Ornegin, gonatlarin yag asidi profilinin belirlenmesi,
damizliklarin diyetlerinde bulunacak yag asidi kompozisyonu hakkinda bilgi verecegi gibi, bu
dogrultuda hazirlanan diyetlerde beslenen damizliklarin yumurta Kkalitesi {izerine etkileri
belirlenebilecektir. Gonadlar; eczacilik, kozmetik, fotograf¢ilik ve yem endiistrilerinde kullanilan iyi
bir kaynaktir (Falch vd., 2006).

Baliklarda toplam yag orani ve yag asidi bilesimleri tiirlere, cinsiyete, mevsime, besin farkliligina,
su sicakligina, su kirliligine ve tiiriin kiiltiir ya da dogal olmasina gore degismektedir. Farkli balik
tirlerinde yag ve yag asitleri yapisal farklilik gosterir. Ayni tiire ait baliklar farkli cografik bolgede
yastyorlarsa yine yag asidi cesitliligi yoniinden farklilik gosterebilir. Bu farklilik ayn1 zamanda baligin
degisik organlarinda da goriilmektedir (Crowford vd., 1986, Suzuki vd., 1986, Yilmaz vd., 1995).
Ureme, adaptasyon, biiyiime ve gelisme gibi besleme ve balik biyolojisi ile ilgili konular {izerine cahsirken
de baligin yag asidi bilesimini bilmek olduk¢a 6nemlidir.

PL, zarlarin 6nemli bilesenleridir ve eikosanoid metabolizmasinda 6ncii iglev goriirken, TAG,
enerji kaynagi olarak kullanilir (Henderson ve Tocher, 1987). Bu nedenle, baz1 tiirler arasinda
karsilagtirma yapmak i¢in hem TAG hem de PL'deki yag asidi bilesimi arastirilmalidir.

Baliklarin gonat dokusu yag asidi ile ilgili gesitli ¢alismalar yapilmistir (Uysal, 2004; Biré vd.,
2009; Tufan vd., 2011; Rodriguez-Barreto vd., 2012; Gorgiin vd., 2013; Balcik Misir vd., 2014; Qari
vd., 2014). Fakat Atatiirk Baraj Goli’nde disi ve erkek S. triostegus’un gonat dokusu yag asidi
kompozisyonunun mevsimsel degisikliklerin etkileri hakkinda ¢alisma yoktur.

Bu calismada Atatiirk Baraj Golii’nden toplanan disi ve erkek S. triostegus’un gonat dokusu total
lipit, fosfolipit (PL) ve triagilgliserol (TAG) yag asitleri igeriginin mevsimsel degisimleri ile eseye
baglh farkliliklarin karsilagtirilmasi amaglanmistir.

2. MATERYAL ve METOT

Bu arastirmada, S. triostegus balik tiirlerine ait 6rnekler, Atatiirk Baraj Golii’'nden Mayis ile Mart
arasinda her ayin ortalarinda iki ayda bir olmak {izere bir yillik siirede, fanyali aglar kullanilarak
yakalanmigtir. Balik oOrnekleri, ayni giin, soguk zincir altinda laboratuvara getirilmigtir. Balik
orneklerinin esey tayini yapilmistir.
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2.1. Lipit Ekstraksiyon islemi

Orneklerin esey tayini yapildiktan sonra ¢ikarilan disi ve erkek baliklardan alinan gonadlar;
kloroform-metanol (2:1v/v) (Sigma-Aldrich, %99 saf) iceren karisimda yiiksek devirli IKA marka
(Alman) homojenizatorde iyice parcalanmustir (Folch vd., 1957). Orneklerin fraksiyonlanmasinda ince
tabaka kromatografi (TLC) teknigi kullanilmistir. Orneklerden elde edilen total lipit ekstrakti, 20X20
ebatindaki cam plakalarin iizerine uygulanmistir. Total lipitlerin; yiiriitiicii iginde petrol eteri-dietil
eter-asetik asit (80:20:1) (petrol eteri:Merck , dietil eter: Merck, asetik asit:Sigma-Aldrich, %99,5
saflikta) bulunan karigiminda yiiriitilmesi beklenmistir. Fosfolipit ve triagilgliserol fraksiyonuna ait
bantlar kazilarak tiiplere aktarilmistir. Asit ve metanol iceren karisimda 2 saat geri sogutucu altinda
85°C'de kaynatilmistir. Daha sonra, hekzan (Merck, %99 saflikta) kullanilarak gaz kromatografisi
(GC) cihazima verilmek {izere metil esterleri haline getirilmistir. Yag asidi metil esterlerinin analizi
icin FID dedektorii olan GC cihazi kullanilmistir. HP 6890 model Gaz Kromatografisi (GC) cihazinda,
alev iyonizasyon dedektorii (FID) kullanilmistir. Kromatografik kosullar: baslangi¢c kolon sicakligi:
130 °C, bekleme siiresi, 1 dakika; 170 °C’ye 6.5 °C/dakika; 215 °C’ye 2.75 °C/dakika, bekleme siiresi
12 dakika; 230 °C’ye 40 °C/dakika olacak sekilde programlanmustir. Dedektdr ve enjektor sicaklig
sirastyla: 280 °C ve 270 °C. Helyum, hidrojen ve kuru hava kullanilmistir (Kayhan vd., 2015).
2.2. Verilerin degerlendirilmesi

Yag asitlerinin ylizdeleri arasindaki farkliliklarin belirlenmesinde SPSS 16 istatistik programi
kullanilmistir. Yag asidi yiizdeleri arasindaki farkliliklar tek yonlii Anova ile analiz edilmistir.
Farkliliklar TUKEY HSD testi ile saptanmistir. Yapilan istatistikler sonucunda, veriler p<0.05
diizeyinde oldugu zaman farklarin 6nemli oldugu kabul edilmistir.

3. BULGULAR
3.1. S. triostegus disi ve erkek bireylerinin gonat dokusu total lipid icerigi

Disilerin ovaryumunda total lipid miktart mayis, temmuz, eyliil, kasim, ocak ve mart aylarinda
sirasiyla %3,75, %2,84, %2,33, %1,75, %1,89 ve %0,54 iken erkeklerin testislerinde %1,68, %2,20,
%3,22, %1,21, %1,17 ve %1,96 olarak belirlenmistir (Tablo 1).

Tablo 1. Disi ve erkek S. triostegus’un gonat dokusu total lipid igerigi (%).

Disi Erkek
Mayis 3.75+0.73% 1.68+0.14°
Temmuz 2.8440.70% 2.20+0.41%
Eyliil 2.33+0.23" 3.2240.17°
Kasim 1.75+0.18° 1.21+0.51°
Ocak 1.89+0.33° 1.17+0.14%
Mart 0.54+0.07" 1.96+0.08?

Ayni satirda ayni harfle belirtilen veriler birbirinden farkli degildir (P>0.05)

3.2. S. triostegus disi ve erkek bireylerinin gonat dokusu total lipidindeki yag asidi icerigi
Palmitik asit ve ZSFA, her iki eseyde ocak aymda azalmis, disilerde temmuz, erkeklerde eyliil
ayinda artmigtir. Total MUFA, disilerde lireme sonrasi olan kasim ayinda, erkeklerde iireme sonrasi
olan eylill ve lireme Oncesi olan ocak ayinda artmistir. Total PUFA, her iki eseyde gonatlarin
olgunlagsma dénemi olan mart ayinda artig gostermistir. Oleik asit ylizdesi, her iki bireyde farklilik
gostermemistir. Arasidonik asit ve 22:6n-3, disilerde eylill ayinda artmistir. Disilerde mayis ve
temmuz aylarinda en ¢ok XSFA, eyliil ve mart aylarinda XPUFA, kasimda XMUFA; erkeklerde eyliil
ayimda en ¢ok ZSFA, kasimda EMUFA, ocak ve mart aylarinda XPUFA belirlenmistir. Bir y1l boyunca
baskin bulunan yag asitleri XSFA’lardan 16:0 (disilerde, % 18,43-27,20; erkeklerde % 18,95-29,77),
YMUFA’lardan 18:1n-9 (disilerde % 21,77-26,24; erkeklerde % 19.48-20.73), ZPUFA’lardan 22:6n-3
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(disilerde % 6,52-15,29; erkeklerde % 9,21-16,74). S. triostegus disi bireylerinin gonat total lipidinde
n-3/n-6 orani, 1,33 (mayis)-3,37 (mart); erkeklerinde 1,53 (eyliil)- 2,41 (kasim) araliginda saptanmuistir
(Tablo2-3).

Tablo 2. Disi S. triostegus’un gonat dokusu total yag asidi yiizdeleri.

Yag asidi Mayis ) Temmuz ) Eyliil ) Kasim ) Ocak ) Mart )
(ORT#S.H)" (ORT#S.H)" (ORT#S.H)" (ORT#S.H)" (ORT#S.H)" (ORT=S.H)
10:0° 0.25+0.02 - - - - -
12:0 - 0.0440.01" 0.01£0.01° 0.03+0.02" 0.07+0.05° -
13:0 1.2240.22 - - - - -
14:0 4.75+0.43% 2.75+0.25° 1.38+0.15° 1.03+0.16° 1.19+0.19° 1.94+0.22°
15:0 0.72+0.072 0.85+0.06% 0.46+0.04" 0.27+0.02°  0.32+0.03b°  0.47+0.04°
16:0 24.62+1.22°  27.20+127°  22.83+1.30% 22.79+1.29%  18.43+1.18°  20.73+1.09°
17:0 0.44+0.03° 0.49+0.04° 0.43+0.05° 0.41+0.03° 0.39:0.05° 0.44+0.04%
18:0 5.38+0.55" 8.07+0.80° 9.23+0.91° 8.73+0.87° 9.07+0.91° 7.58+0.78?
YSFA 37.38+1.40°  39.40+1.33%  34.34+1.39°  33.26+1.32°  29.47+1.29°  31.16+1.30°
16:1n-7 8.18+0.89° 8.74+0.90° 5.03+0.50" 9.65+0.98° 9.11+0.92° 5.88+0.56"
18:1n-9 24.68+1.24° 26244138  22.17+1.20°  25.38+1.27°  23.77+1.32%  21.77+1.25°
20:1n-9 0.72+0.07° 0.97+0.08° 1.36+0.12° 2.17+0.232 2.20+0.26% 1.73+0.13°
YMUFA 33.58+1.33°  35.95+1.37°  28.56+1.29°  37.20+1.30°  35.08+1.35%  29.38+1.29°
18:2n-6 3.61+0.332 4.60+0.45 1.73£0.12°  2.58+0.27%® 1.72+0.14° 1.84+0.17°
18:3n-3 2.70+0.26 2.97+0.28% 0.81+0.08" 1.00+0.10° 1.22+0.16° 0.97+0.08"
20:2n-6 0.07+0.02° 0.310.03" 0.62+0.05° 0.28+0.01° 0.43+0.04% 0.510.05°
20:3n-6 0.24+0.02° 0.98+0.07° 0.510.05" 0.95+0.08? 0.66:0.05" 0.47+0.04"
20:4n-6 8.48+0.89° 4.54+0.48° 9.27+0.93% 4.44+0.45° 5.76+0.53" 5.97+0.59"
20:5n-3 3.74+0.36° 2.89+0.28" 4.61+0.47° 4.97+0.48° 6.31+0.66% 7.08+0.78?
22:5n-3 1.82+0.16° 1.80+0.19° 4.18+0.43° 3.5740.37" 4.92+0.48° 8.16+0.89°
22:6n-3 8.29+0.87° 6.5240.45>  15.20+1.05°  11.70+1.10°  13.43+1.13*  13.48+1.03°
YPUFA 28.95+1.27°  24.61+1.22°  37.02+1.39°  29.49+1.28°  34.45+1.33%  38.48+1.38%
n3 16.55+1.16°  14.18+1.15°  24.89+120°  21.24+1.22°  25.88+127°  29.69+1.32°
né 12.40+1.12°  10.43+1.10°  12.13+1.26*  8.25+0.98° 8.57+0.87° 8.79+0.85"
n3/n6 1.33 1.35 2.05 2.57 3.01 3.37

“Her veri 3 tekrarin ortalamasidir. Her tekrarda 3 enjeksiyon yapilmustir.
§ her satirda ayn1 harflerle belirlenen veriler P>0.05 olasilik diizeyinde birbirinden farkli degildir.
S.H.: Standart hata, SFA: Doymus Yag Asitleri, MUFA: Tekli Doymamis Yag Asitleri, PUFA: Asirt Doymamis Yag Asitleri.
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Tablo 3. Erkek S. triostegus’un gonat dokusu total yag asidi ytizdeleri.

Yag asidi Mayis ) Temmuz ) Eyliil ) Kasim ) Ocak ) Mart )
(ORT+S.H)" (ORT#S.H)' (ORT#S.H)" (ORT#S.H)" (ORT#S.H)" (ORT=S.H)
10:0° 0.02+0.01 - - - - R
12:0 0.21+0.02° 0.09:0.07° - 0.86:£0.06% 0.78+0.05° 0.57+0.04"
13:0 0.45+0.03° - 0.26+0.02" - - -
14:0 1.15+0.12° 1.70+0.16° 2.90+0.23° 1.48+0.16° 1.11+0.19° 1.18+0.10°
15:0 0.56:0.06" 1.16+0.13% 1.24+0.15° 0.93+0.07° 0.45+0.05" 0.57+0.07"
16:0 23.44+127°  23.2041.20°  29.77+1.35°  20.17£1.20°  19.22+1.19°  18.95+1.08°
17:0 0.12+0.01° 0.13+0.02° 0.4640.03" 0.14+0.01° 0.55+0.04" 0.85+0.07°
18:0 10.81£1.10*  11.99+1.02° 9.20+0.90% 9.73+0.99? 10.44+1.17*  10.82+1.01°
YSFA 36.76+1.37°  38.27+1.30°  43.83+1.56°  33.31+1.34°  32.55+1.38°  32.94+1.33°
16:1n-7 5.34+0.54° 3.16+0.31° 6.9340.67° 5.24+0.54° 5.98+0.67° 3.9240.35"
18:1n-9 19.48+1.17°  20.28+1.24°  20.73x121°  19.56+1.18°  20.62+1.32°  19.92+1.19°
20:1n-9 0.49+0.04° 0.64+0.05° 0.39:0.03¢ 0.47+0.02° 2.09+0.22° 1.15+0.15°
YMUFA 25.31£1.27°  24.08+1.29°  28.05+1.30° 25.27+1.33%  28.69+1.37°  24.99+1.27°
18:2n-6 1.05+0.18° 1.04+0.10° 2.11+0.217 2.15+0.23% 2.11+0.112 2.9240.27°
18:3n-3 1.27+0.21% 0.44+0.03° 1.03+0.12° 1.49+0.17° 1.03+0.18° 1.06+0.14%
20:2n-6 0.64+0.06 0.62+0.052 0.27+0.01° 0.26+0.02" 0.15+0.01° 0.59+0.04°
20:3n-6 0.3440.03" 0.3340.02" 0.17+0.01° 0.62+0.05° 0.73+0.06° 0.78+0.07°
20:4n-6 8.94+0.89° 9.334+0.98% 8.49+0.782 9.05+0.672 10.33£1.14*  11.93+1.09*
20:5n-3 5.64+0.54° 4.43+0.34° 4.33+0.39" 7.95+0.78% 5.83+0.55" 5.5440.65"
22:5n-3 3.98+0.37% 3.734+0.322 2.42+0.27° 4.22+0.412 4.59+0.46° 4.65+0.67%
22:6n-3 15.43+1.17%  16.74+1.14%  9.21+0.93°  15.46+1.05°  13.69+1.12°  14.08+1.04°
YPUFA 37.29+1.36°  36.66+1.40°  28.03+1.27°  41.20+1.52°  38.46+1.44°  41.55+147a
n3 26.32+122° 2534+135% 16.99+1.18°  29.1241.30°  25.14+£1.52%  25.33+1.45°
né 10.97+0.98"  11.32+1.15°  11.04+1.01°  12.08+1.05"  13.32+1.32°  16.22+1.16°
n3/n6 2.39 2.23 1.53 2.41 1.88 1.56

“Her veri 3 tekrarin ortalamasidir. Her tekrarda 3 enjeksiyon yapilmugtir.
§ her satirda ayni1 harflerle belirlenen veriler P>0.05 olasilik diizeyinde birbirinden farkli degildir.
S.H.: Standart hata, SFA: Doymus Yag Asitleri, MUFA: Tekli Doymamis Yag Asitleri, PUFA: Asir1t Doymamis Yag Asitleri.

3.3. S. triostegus bireylerinin gonat dokusu fosfolipit ve triacilgliserol yag asidi icerigi

S. triostegus gonat PL fraksiyonunda XSFA oram disi bireylerde %33,46-38,34; erkeklerde
%32,59-36,63; XMUFA oram disilerde %17,90-27,48; erkeklerde 9%23,03-25,84; PUFA oram
disilerde %37,50-43,68; erkeklerde %38,88-43,44 arasinda bulunmustur. Oleik asit ve TMUFA orani,
disilerde temmuz ayinda azalmistir. Total PUFA orani, disilerde mart ayina oranla mayis aymda bir
miktar artmigtir. Arasidonik asit, her iki bireyde kasim ayinda azalma gosterirken bu déonemden sonra
artmaya baslamis ve mayis ayinda en yiiksek seviyeye ulasmistir. Erkeklerde ise mart ayinda artmistir.

Eikosapentaenoik asit,
Dokosaheksaeonik asit, her iki bireyde dalgalanmalar gostermistir. S. triostegus’un gonat PL
fraksiyonunda n-3/n-6 orani disilerde 1,81 (may1s)-3,11 (ocak); erkeklerde 1,80 (mart)-2,63 (kasim)
oraninda saptanmistir (Tablo4-5).

disilerde

mart

ayinda artip mayis

ayinda azalma

gostermistir.




Kagar ve Baghan, 2022

Acta Aquat. Turc., 18(1): 024-037

29

Tablo 4. Disi S. triostegus’un gonat dokusu fosfolipit fraksiyonu yag asidi yiizdeleri.

Yag asidi Mayis ) Temmuz ) Eyliil ) Kasim ) Ocak ) Mart )
(ORT=S.H) (ORT4S.H) (ORT#S.H)" (ORT#S.H)" (ORT#S.H)" (ORT%S.H)
14:0° 0.55+0.05° 1.70+0.11% 0.18+0.01° 0.91+0.07°  0.90+£0.05°  1.55+0.11°
15:0 0.28+0.02° 0.70£0.06% 0.48+0.03" 0.24+0.02°  0.34+0.03°  0.39+0.04°
16:0 23.32+1.22° 24.42+1.29 24.324127°  2125+£120%°  22.62+1.33%  22.56+1.36°
17:0 0.17+0.02° 0.15+0.04° 0.23+0.02" 0.23+0.03°  0.50+0.04®  0.5440.04°
18:0 10.10+1.01° 11.37+1.13° 9.68+0.98° 10.83+£0.99%  12.93+1.12%  10.03+1.10%
Y'SFA 34.42+1.35° 38.34+1.43% 34.89+1.38°  33.46+1.36%° 37.29+1.42% 35.07+1.43%
16:1n-7 4.33+0.44 2.1440.20" 2.89+0.27" 6.74£0.67°  5.74+0.55%  5.25+0.67°
18:1n-9 18.11+1.18% 14.9441.19° 20.78+1.29% 19.39+1.09°  17.34+1.17*  20.68+1.30%
20:1n-9 0.56+0.05° 0.82+0.07° 1.29+0.172 1.3540.14% 1.96+0.25% 1.4040.16°
YMUFA 23.00+1.30° 17.90+1.24° 24.96+1.22°  27.48+131° 25.04+1.28° 27.33+1.34%
18:2n-6 1.63+0.17° 1.14+0.11° 1.01+0.12° 3.08+£0.32%  1.56+0.17°  1.31+0.18°
18:3n-3 0.74+0.06" 0.39+0.04° 0.60:£0.05" 1.03£0.16%  0.87+0.07°  0.64+0.05"
20:2n-6 0.14+0.03° 0.96+0.07° 0.57+0.05" 0.3240.01°  0.39+£0.03°  0.27+0.02°
20:3n-6 0.32+0.02° 0.78+0.07" 0.38+0.02° 1.05£0.16%  0.68+0.06°  0.15+0.03°
20:4n-6 13.03£1.13% 12.011.04% 10.70+1.00°  5.89+0.55°  6.50+0.63"  7.69+0.77"
20:5n-3 4.49+0.40° 6.56+0.63" 5.52+0.56" 6.03£0.60°  7.38+0.70*  8.07+0.81%
22:5n-3 4.40+0.432 3.09+0.332 4.09+0.45% 5.59+0.54° 4.79+0.48% 4.56+0.40°
22:6n-3 17.75+1.08% 18.75+1.09% 17.20+1.172 16.01+1.15%  15.40+1.24* 14.81+1.05%
YP.UFA  4250+1.55 43.68+1.59° 40.07+1.53°  39.00+1.40° 37.57+1.39° 37.50+1.47°
n3 27.38+1.33% 28.79+1.29% 27.41+1.31%  28.66+1.48* 28.44+1.37% 28.08+1.26°
né 15.12+1.06° 14.89+1.15° 12.66+1.03% 10.34£09°  9.13+0.95°  9.42+0.78°
n3/n6 1.81 1.93 2.16 2.77 3.11 2.98

“Her veri 3 tekrarin ortalamasidir. Her tekrarda 3 enjeksiyon yapilmugtir.
§ her satirda ayn1 harflerle belirlenen veriler P>0.05 olasilik diizeyinde birbirinden farkli degildir.

S.H.: Standart hata, SFA: Doymus Yag Asitleri, MUFA: Tekli Doymamis Yag Asitleri, PUFA: Asir1 Doymamis Yag Asitleri.
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Tablo 5. Erkek S. triostegus’un gonat dokusu fosfolipit fraksiyonu yag asidi yiizdeleri.

Yag asidi Mayis ) Temmuz ) Eyliil ) Kasim ) Ocak ) Mart )
(ORT#S.H)" (ORT+S.H) (ORT#S.H) (ORT+S.H)  (ORT%S.H) (ORT%S.H)
14:0° 0.52+0.05° 0.91+0.07% 0.98+0.03% 0.74+0.07" 0.41+0.04° 0.35+0.02°
15:0 0.93+0.07*°  0.36+0.03"  0.41+0.02°  0.22+0.01°  0.73+£0.05*  0.58+0.04"
16:0 19.88+1.19*  22.29+1.23%  21.65£1.28°  20.77+1.20*  22.56+1.21*° 21.57+1.22%
17:0 0.28+0.01° 0.22+0.02° 0.20+0.03° 0.42+0.04" 0.73+0.06% 0.050.04°
18:0 10.98+1.01*  11.54+1.11*  12.9141.02*  11.29+1.09*°  12.20+£1.20°  10.91+0.99°
YSFA 32.59+1.34*  35.32+1.40*° 36.15+1.37*° 33.44+130° 36.63+1.29"°  33.46+1.30%
16:1n-7 4.41+0.41%  2.424020°  3.26+0.38°  3.76+0.33°  4.41+040° = 4.92+0.47°
18:1n-9 20.76x£1.29%  22.03£1.27*  20.47+1.20°  21.40+1.33*  19.08+1.19*°  17.33+1.07°
20:1n-9 0.67+0.05°  0.49+0.04°  0.37+0.02°  0.42+0.04°  0.90£0.07%°  0.78+0.05%
YMUFA 25.84+1.22%  24.94+1.20*° 24.10+£1.33* 25.58+1.39°  24.39+1.27*  23.03+1.26%
18:2n-6 0.59+0.05° 0.73+0.07° 1.1740.17° 2.2040.23° 2.2240.33° 1.90+£0.17°
18:3n-3 0.44+0.05° 0.26+0.01° 0.59+0.06" 1.21+0.16% 0.74+0.07" 1.05+0.16%
20:2n-6 0.93+0.08% 0.27+0.02° 0.32+0.03° 0.41+0.02" 0.36+0.06° 0.59+0.05"
20:3n-6 0.66+0.05% 0.48+0.04% 0.34+0.02" 0.67+0.05% 0.69+0.07% 0.75+0.04%
20:4n-6 10.23+1.01°  9.8440.99°  10.65+1.10*  7.96+0.76°  10.29+0.97*°  12.27+1.12
20:5n-3 4.26+0.43% 5.45+0.582 4.84+0.44° 6.28+0.60° 4.89+0.49% 5.21+0.532
22:5n-3 3.15+0.36° 3.17+0.39° 3.28+0.432 2.65+0.222 3.71+0.44% 3.38+0.29°
22:6n-3 20.71£1.27%  19.45+£1.09*  18.47+1.18*  19.53+1.19*  15.98+1.05*  18.29+1.07°
YPUFA 40.97+1.55*  39.65+1.40°  39.66+1.43%  40.91+1.44°% 38.88+1.37*°  43.44+1.48°
n3 28.56+£1.29%  28.33+£1.27*  27.18+1.22*  29.67+1.30*  25.32+1.20° 27.93+1.33?
né 12.4141.12%  11.3241.01*  12.48+1.13%  11.24+1.03*  13.56+1.14*  15.51+1.05°
n3/n6 2.30 2.50 2.17 2.63 1.86 1.80

“Her veri 3 tekrarin ortalamasidir. Her tekrarda 3 enjeksiyon yapilmugtir.
§ her satirda ayn1 harflerle belirlenen veriler P>0.05 olasilik diizeyinde birbirinden farkli degildir.

S.H.: Standart hata, SFA: Doymus Yag Asitleri, MUFA: Tekli Doymamis Yag Asitleri, PUFA: Asirt Doymamis Yag Asitleri.

Baligin gonat TAG fraksiyonunda £SFA orami disi bireylerde %30,11-40,87; erkeklerde %35,76-
43,17; EMUFA oram disilerde %38,96-47,54; erkeklerde %35,04-41,47; YPUFA oram disilerde
%18,53-26,86; erkeklerde %18,41-29,11 arasinda bulunmustur. Palmitik asit ve XSFA orani, disilerde
mayis ayinda azalmig, temmuz ayinda artmis; erkeklerde ocak ayinda artip mart ayinda azalmustir.
Arasidonik asit, digilerde temmuz ayinda artarken mayista azalmig, erkeklerde ise temmuzda
azalmistir. Eikosapentaeoik asit, disilerde mayista artip ocakta azalmis, erkeklerde temmuz ve eyliilde
artmigtir. Dokosaheksaenoik asit, disilerde temmuzda ayinda azalip eyliil ayinda artmistir. S.
triostegus’un gonat TAG fraksiyonunda n-3/n-6 orani disi bireylerde 1,20 (temmuz)-2,22 (mayis);
erkek bireylerde 1,32 (kasim)-2,73 (eyliil) oraninda saptanmistir. Her iki fraksiyondaki farkliliklar ise
PL fraksiyonunda en ¢ok XPUFA daha sonra £SFA ve en az XMUFA olarak saptanirken, disi gonat
TAG’linde temmuz ayinda en ¢ok XSFA, diger aylarda ZMUFA daha baskin; erkeklerde eyliil, ocak
aylarinda en ¢ok XSFA diger aylarda XMUFA daha fazla ylizdede bulunmustur. Bu fraksiyonda en az
YPUFA saptanmustir. Triagilgliserolde 14:0, 16:0, 16:1n-7, 18:1n-9, 18:2n-6, 18:3n-3; PL de ise 18:0,
20:4n-6, 20:5n-3, 22:6n-3 daha fazla ylizdede bulunmustur (Tablo 6-7).
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Tablo 6. Disi S. triostegus’un gonat dokusu triagilgliserol fraksiyonu yag asidi yiizdeleri.
Yag asidi Mayis ) Temmuz ) Eyliil ) Kasim ) Ocak ) Mart )
(ORT+S.H)" (ORT#S.H)" (ORT#S.H)" (ORT#S.H)° (ORT#S.H)" (ORT%S.H)
10:0° - 0.32+0.02 - - - -
12:0 0.06:0.04° 0.61+0.05 - - - -
13:0 0.14+0.01° 0.46+0.03° 1.06+0.16° - - -
14:0 3.77+0.33% 4.57+0.412 2.06+0.28° 3.81+0.37° 2.42+0.22° 3.53+0.38?
15:0 0.59:0.04° 1.80+0.12° 0.59+0.04" 0.20+0.01° 0.55+0.04" 0.78+0.06"
16:0 20.08+1.22°  27.17+1.28% 23.56+1.30°  28.65+1.317  24.01£1.36°  26.78+1.29°
17:0 0.70+0.052 0.60+0.06° 0.72+0.07° 0.43+0.04" 0.4240.03" 0.47+0.05"
18:0 4.77+0.432 5.34+0.54° 5.08+0.55° 2.76+0.21" 3.96+0.33° 3.55+0.39"
YSFA 30.11£1.30°  40.87+1.40°  33.07+1.39°  35.85+1.26°  31.36+1.37°  35.11+1.33°
16:1n-7 11.76+1.01°  9.84+0.99" 9.40+0.96" 11.03£1.11°  14.28+1.04*  14.27+1.13%
18:1n-9 29.83+1.27%  28.56+1.22° 28.75+1.25°  30.38+1.33%  30.58+1.30°  30.14+1.29°
20:1n-9 1.35+0.13¢ 0.56+0.04° 2.00+0.212 2.36+0.26° 2.68+0.28° 1.86+0.17°
YMUFA  42.94+1.45°  38.96+1.44°  40.15£1.40°  43.77£1.49°  47.54+1.55%  46.27+1.52°
18:2n-6 4.76+0.04% 2.46+0.22° 3.07+0.34% 2.66+0.21° 2.44+0.28" 2.47+0.26°
18:3n-3 4.08+0.44% 1.99+0.11° 1.71+0.16° 3.89+0.37° 2.33+0.28" 2.43+0.21°
20:2n-6 0.42+0.04" 0.23+0.02° 0.92+0.08° 0.36+0.03° 0.45+0.04° 0.70+0.07°
20:3n-6 0.35+0.03" 0.23+0.02" 0.52+0.05° 0.33+0.03" 0.47+0.04 0.19+0.01°
20:4n-6 2.80+0.22° 6.18+0.62° 3.84+0.36° 3.76+0.32° 5.33+0.55% 4.05+0.40°
20:5n-3 5.22+0.51° 2.4240.23" 3.81+0.37" 2.89+0.19" 2.01£0.21° 2.4440.32°
22:5n-3 2.9240.28" 1.57+0.15° 4.63+0.48° 1.65+0.12° 2.43+0.28" 3.01£0.30°
22:6n-3 6.310.66" 4.98+0.43° 8.19+0.81° 4.74+0.48° 5.55+0.54" 3.24+0.34°
YPUFA  26.86+127°  20.06+1.26°  26.69+1.30°  20.28+1.20°  21.01+1.36"  18.53+1.18"
n3 18.53+1.08*  10.96+1.10° 18.34+1.09°  13.17+1.13°  12.32+1.12°  11.12+1.10°
né 8.33+0.88° 9.10:£0.90° 8.35+0.78° 7.11+0.712 8.69+0.89° 7.41+0.76%
n3/n6 2.22 1.20 2.19 1.85 1.41 1.50

“Her veri 3 tekrarin ortalamasidir. Her tekrarda 3 enjeksiyon yapilmugtir.
§ her satirda ayni1 harflerle belirlenen veriler P>0.05 olasilik diizeyinde birbirinden farkli degildir.
S.H.: Standart hata, SFA: Doymus Yag Asitleri, MUFA: Tekli Doymamis Yag Asitleri, PUFA: Asirt Doymamis Yag Asitleri.
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Tablo 7. Erkek S. triostegus’un gonat dokusu triagilgliserol fraksiyonu yag asidi yiizdeleri.

Yag asidi Mayis Temmuz Eyliil Kasim Ocak Mart

& (ORT+S.H)" (ORT+S.H)' (ORT+S.H)' (ORT#S.H)' (ORT+S.H)' (ORT%S.H)'
10:0° 0.02+0.01° 0.10+0.01° - - - -
12:0 0.55+0.05° 0.52+0.04*°  0.29+0.01° - - -
13:0 0.17+0.02° 0.13+0.04" 0.51+0.04° - - -
14:0 4.21+0.43° 5.60+0.66 4.83+0.44° 3.08+0.30° 3.69+0.31° 3.16+0.38"
15:0 1.3240.13% 1.2240.112 1.21+0.18? 1.33+0.17° 1.11+0.10° 1.65+0.19°
16:0 24.92+1.29%  26.05£1.28%  24.67+1.20% 27.73£1.26*  29.81+1.30*  24.33+1.24°
17:0 1.28+0.16° 1.82+0.11% 2.04+0.20° 0.74+0.67° 0.81+0.80° 0.74+0.45°
18:0 5.3240.55°  4.3120.44° 5.26+0.53° 6.65+0.65% 7.75+0.76° 5.88+0.45°
Y'SFA 37.79+1.39°  39.75£1.40° 38.81+1.38° 39.53+1.42° 43.17+144® 35.76+1.38"
16:1n-7 12.98+£1.02°  15.83+1.15%°  15.86£1.16%  10.1241.01°  6.83+0.65°  8.57+0.82"
18:1n-9 25.67+1.27°  22.08+1.23%  19.09+1.09°  29.73+1.33%*  30.00+1.30° 25.91+1.28°
20:1n-9 1.09+0.122 1.37+0.15° 1.23+0.172 1.62+0.19° 1.5040.11*  0.56+0.06"
YMUFA 39.74£1.30°  39.28+1.40° 36.18+1.39%°  41.47+1.55% 38.33+1.37°  35.04+1.36°
18:2n-6 2.46+0.20° 3.65+0.35°  2.60+0.32°  4.29+0.42%  3.00+0.37°  4.45+0.49°
18:3n-3 1.93+0.29° 1.61£0.28°  2.21+0.27° 1.18+0.27° 1.45+0.16°  2.60+0.22°
20:2n-6 0.56+0.04% 0.35+0.03° 0.45+0.02° 0.57+0.04% 0.30+0.02° 0.27+0.01°
20:3n-6 0.47+0.04° 0.41+0.03? 0.24+0.02° 0.56+0.06° 0.51+0.052 0.59+0.04%
20:4n-6 4.67+0.42° 1.60+0.16° 3.38+0.32° 2.73+0.27" 2.58+0.36" 6.59+0.65%
20:5n-3 3.86+0.38° 6.75+0.67% 7.64+0.722 3.06+0.30° 2.69+0.22° 5.04+0.59%
22:5n-3 2.33+0.22° 1.63+0.13" 2.70+0.28° 0.99+0.07° 1.90+0.19" 3.12+0.35%
22:6n-3 5.98+0.52°  4.87+0.47° 5.67+0.59° 5.55+0.62° 5.98+0.65° 6.45+0.54°
YPUFA 22.26+127°  20.87+1.20° 24.89+1.32"  18.93+1.06° 18.41+£1.09°  29.11+1.22°
n3 14.10£1.04°  14.86+1.13%  18.22+1.16%  10.78+0.98°  12.02+1.02°  17.21+1.07%
né 8.16+0.82° 6.01+0.65" 6.67+0.55" 8.15+0.82° 6.39+0.67°  11.90+1.10°
n3/n6 1.72 2.47 2.73 1.32 1.88 1.44

“Her veri 3 tekrarin ortalamasidir. Her tekrarda 3 enjeksiyon yapilmugtir.
§ her satirda ayni1 harflerle belirlenen veriler P>0.05 olasilik diizeyinde birbirinden farkli degildir.
S.H.: Standart hata, SFA: Doymus Yag Asitleri, MUFA: Tekli Doymamis Yag Asitleri, PUFA: Asirt Doymamis Yag Asitleri.

4. TARTISMA
4.1. S. triostegus disi ve erkek bireylerinin gonat dokusu total lipid igerigi

Disilerin lipit miktari, en yiiksek mayis ayinda, en diisiik ise mart ayinda tespit edilmistir (p< 0.05).
S. triostegus’un erkek bireylerinde ireme dénemi sonrasinda eyliil ve kasim ayinda gonattaki total lipit
miktart artmistir (p<0.05). Bu calismaya gore, disi ve erkek bireylerin lipit icerigi mevsime bagh
olarak istatistiki olarak farkliliklar gostermistir (p<<0.05). Eseysel olgunluga erismis baliklarin iireme
periyodunda lipitlere olan gereksinimleri fazladir (Akpinar 1985). Bu periyotta kullanilan enerji, daha
cok kas dokusundaki lipitlerden saglanmaktadir (Vlaming vd., 1978). Yapilan ¢aligmalar, farkli balik
tirlerinde total lipitlerin, yumurtlama periyodunun sonunda ve besleme periyodu esnasinda maksimum
seviyeye ulastigini, fakat tireme periyodu esnasinda ise azaldigim gdstermistir. Ovaryumlardaki total
lipidin miktar1 olgunlagma evresinde artar daha sonra dinlenme evresinde azalir. Yumurtlama
esnasinda dogal Kedi baliginin ovaryum lipit miktar1, yumurtlama sonrasina gore daha yiiksek (Shirai
vd., 2001), Chondrostoma regium disi ve erkek baliklarin gonatlarindaki total lipit miktari, tireme
oncesindeki donemde iireme sonrasindaki déneme gore daha yiiksek (Kara ve Celik, 2000), erkek ve
disi Cyprinion macrostomus'un gonatlarinda total lipit miktari, yumurtlama periyodunda en yiiksek
(Metin ve Akpinar, 2000), Capoeta capoeta umbla’nin disi ve erkek bireyin gonatlarindaki total lipit
icerigi lireme mevsimi Oncesinde, lireme mevsimi sonrasina gore yiksek (Yilmaz vd., 1995)
bulunmustur. Calismamizda S. triostegus’un erkek bireylerinin gonatlari, yumurtlama periyodundaki
sonraki donemde (eyliil-kasim) daha fazla lipit igermislerdir. Erkek baliklarda, gonatlarin gelisimi igin
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lipit kullanimi daha azdir ve tireme faaliyetlerinden disilere gore daha az etkilendigi saptanmustir. Disi
Cottocomephorus grewingki’nin ovaryum total lipit miktar1 %6,3, erkek baligin testis total lipit miktar1
%2,6 olarak saptanmustir. Disi Cottocomephorus inermis’in ovaryum total lipit miktar1 %2,2 erkek C.
inermis’in testis total lipit miktar1 %2,3 olarak saptanmistir (Kozlova, 1998). Tilapia nilotica’nin
ovaryumlarinin lipit miktari, testislerden daha fazla bulunmustur (Henderson ve Tocher, 1987). C.
macrostomus'un ovaryumlarindaki total lipit miktari, testislerdeki total lipit miktarindan ¢ok daha fazla
oldugu saptanmistir. Bu da disi baliklarin gonat gelisimi ve yumurta olusturabilmesi i¢in erkek
baliklardan daha fazla lipide ihtiyaci olduklarini gostermistir (Metin ve Akpinar, 2000). Egirdir
Goli’nde yasayan sudaklarin ovaryumlarin total lipit igeriginin her iki ayda da (kasim ve mart)
testislerden 6nemli derecede yiiksek oldugu tespit edilmistir. Bundan dolayi, ovaryum gelisiminin
artmasiyla birlikte lipit ihtiyacinin da arttig1 anlasilmistir (Uysal, 2004). Ayrica eseysel olgunlasma ile
lipit metabolizmasindaki degisimlerin ayni1 periyoda rastladigi ve depo yaglarinin yumurta ve sperm
olusumu i¢in harcandigr bildirilmigtir (Soivio vd., 1989). Ancak, testislerdeki total lipidin
ovaryumlardan fazla bulundugu ¢aligmalar da vardir. Ornegin, C. carpio’da eyliil, ekim, mart mayzs,
haziran ve temmuz aylarinda testislerdeki lipit miktari, ovaryumdan fazla bulunmustur (Akpinar,
1987). Calismamizda S. triostegus’ta bazi dénemlerde ovaryumda, bazi dénemlerde testislerde daha
fazla miktarda lipit saptanmistir. Bu veriler, baligin testis ve ovaryumlarindaki total lipitlerin,
fizyolojik ihtiyaca bagli olarak degisik donemlerde azalip arttigini gostermektedir.
4.2. S. triostegus disi ve erkek bireylerinin gonat dokusu total lipidindeki yag asidi icerigi

Enerji kaynagi olan lipitler; metabolizma, biiylime ve gamet iiretimi i¢in kullanilirlar. Tocher ve
Sargent (1984), yag asitlerinin, embriyonun biiyiimesi i¢in, yumurta hiicresinde biriktigini ve 6zelikle
coklu doymamis yag asitlerinin, embriyonun biiylimesinde kullanildigini belirttiler. Esey hiicrelerinin
olusmasinda ¢oklu doymamig yag asitlerine biiyiik ihtiyag vardir. Bu yag asitlerinin eksikligi kisirhiga
sebep olur (Soivio vd., 1989). Yapilan farkli calismalara gore, disi baliklarda yumurtalarin olusumu
esnasinda temel metabolik enerji kaynagi olarak 16:0 kullanilmaktadir. Oleik asit, gonat gelisimi
esnasinda, coklu doymamig yag asitleri de iireme sirasinda metabolik enerji kaynagi olarak
kullanilmaktadir (Huynh, 2007). Genellikle yag asitleri; gonadogenezis esnasinda balik adipoz
dokusunun nétral lipit rezervlerinde mobilize edilir ve karacigere serum yoluyla transfer edilmektedir.
Burada lipoprotein olarak vitellogeninde toplanir. Mobilize olan yag asitlerinin % 60’1 doymus ve tekli
doymamis yag asitleri olup bu yag asitleri yamurta lipoprotein sentezi i¢in ihtiya¢ duyulan metabolik
enerjiyi saglamak icin katabolize edilirler. Kalan yag asitleri 6zellikle n-3PUFA’lar, vitellogenine
sokulurlar (Sargent ve Henderson, 1995). Asirt doymamus yag asitleri, balik viicudunda homeostasi
icin gereklidir. Kemikli baliklarin gonatlarinda AA’ten tiireyen, PGE,, ovaryum ve testikiiler
steroidogenezisi uyarirlar (Kellner ve Van Der Kraak, 1992, Wade ve Van Der Kraak, 1993). Yapilan
farkli ¢aligmalara gore (Mustafa ve Srivastava, 1989), eikosanoidler, ovulasyon kontroliinde gorev
alir, embriyonik gelisimde immun sistem {izerine, yumurtadan ¢ikma ve erken larval donemde 6nemli
rol oynarlar. Bu nedenle eikosanoidlerin onciil maddeleri olan C20 PUFA’lar, tercihen degisik
fizyolojik amagclar i¢in gonatlarda birikebilirler (Jeong vd., 2002). Disiler, gonat olgunlagmasi igin
enerji ihtiyaci olarak baglica SFA’lart kullanirlarken erkekler, MUFA’lar1 kullanirlar. Fakat,
vitellogenezis esnasinda disiler, gonat olgunlagmasi i¢in depo edilen n-3 ve n-6 yag asitlerini (18:2n-6
ile 18:3n-3) mobilize ederler (Medford ve Mackay, 1978, Cejas vd., 2003). Calismamizda, ovaryum
ve testislerde, tim donemlerde kas ve karacigerde oldugu gibi, yiizde olarak, SFA’lar i¢inde en ¢ok
16:0, MUFA’lar arasinda 18:1n-9 ve 16:1n-7, PUFA’lar arasinda ise 22:6n-3, 20:4n-6 ve 20:5n-3 yag
asitleri saptanmugtir. Bu yag asitleri icerisinde oran olarak en fazla bulunan ilk {i¢ bilesen; 16:0, 18:1n-
9 ve 22:6n-3 asitlerdir. Bu veriler, diger baliklardan elde edilenlere uygunluk gostermektedir. (Yilmaz
vd., 1995; Kara ve Celik, 2000; Kminkova vd,. 2001; Shirai ve Wada, 2001; Cejas vd., 2003; Aras vd.,
2003a; Aras vd., 2003b; Uysal, 2004; Kagar ve Bashan, 2015; Kacar ve Bashan, 2017).
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4.3. Testis ve Ovaryumdaki Yag Asidi Iceriginin Karsilastirmasi

Sander lucioperca’nin kasim ve mart ay1 verilerinin ortalamalari alinarak testis ve ovaryumlarin
yag asidi bilesimindeki farkliliklar incelendiginde; testislerde toplam doymamus, ¢oklu doymamis ve
n-3 yag asitleri oraninin gonatlardan daha fazla oldugu goriilmektedir. Ayrica doymus yag asitleri
orani, ovaryumlarda onemli derecede fazla bulunmustur. Sonuglar, testislerin olgunlagmasi igin
ovaryumlardan daha fazla asir1 doymamus yag asitlerine ihtiya¢ duyuldugunu gostermektedir (Uysal,
2004). Calismamizda da benzer sonuglar elde edilmistir. Baligin testislerinde ZPUFA miktar1 % olarak
daha fazla bulunmustur. Bu sonuglar PUFA’larin erkek bireylerin iiremelerinde daha fazla
kullanildigin1 gostermektedir. Soivio vd., (1989), baliklarin gametlerin olgunlagsmasi icin, XPUFA’lara
gereksinim duyduklari belirtilmistir.
4.4.S. triostegus bireylerinin gonat dokusu fosfolipit ve triacilgliserol yag asidi icerigi

Calisgma Orneklerinden olan S. triostegus’un ovaryum TAG’inde XMUFA orani, gonatlarn
olgunlastig1 mart ayinda artmustir. S. asotus’ta oldugu gibi (Shirai ve Wada, 2001), ayni1 cinsten olan
bu balikta da ovaryum PL’inde 22:6n-3 orani, yumurtlama 6ncesi evre olan ocak ve mart ayina oranla,
yumurtlama donemi (mayis) ve yumurtlama sonrasinda (temmuz); AA miktar1 da, yazin (temmuz)
kisa (ocak) oranla daha fazla bulunmustur. Dogal Kedi baliginda ovaryum PC ve PE’leri yumurtlama
mevsimi esnasinda, yumurtlama sonrasi mevsime gore fazla miktarda EPA ve DHA igerirken, az
miktarda AA igerirler. Bu sonuclara gore, Japon Kedi baligi, ovulasyondan sonra yumurtalarin
gelisimi icin EPA ve DHA ya ihtiyag duyarlar (Shirai ve Wada, 2001). Analizlerimizde, S.
triostegus’ta EPA yiizdesi, S. asotus 'un aksine, yumurtlama 6ncesi doneme oranla yumurtlama sonrasi
donemde artmustir. Diger C20 PUFA’lar igerisinde yer alan 22:6n-3 ve 20:4n-6 orani1 bu donemlerde
degismemistir. S. triostegus ovaryum PL ve TAG’iinde iireme doneminde (mayis), lireme sonrasi
doneme oranla (temmuz) XIMUFA’lerin yiiksek olmasi, bu bilesenlerin yumurtlamada rol
oynadiklarmi géstermistir. Caligtigimiz balik tiiriniin ovaryum ve testis TAG’iinde C. baicalensis’te
oldugu gibi (Kozlova ve Khotimchenko, 2000), analizi yapilan ¢ogu donemlerde yiizde olarak en ¢ok
XMUFA, daha sonra £SFA en az ise ZPUFA bulunmustur. Total MUFA’ler i¢inde de en ¢ok 18:1n-9
yag asidi bulunmustur. C. dybowski’nin ovaryum polar lipitlerinde PUFA’lerden 22:6n-3, tiim
dokularindaki nétral lipitlerde ise 16:0 yag asidi en ¢ok bulunmustur. Analizlerde diger major yag
asitleri 16:1n-7, 18:1n-7, 20:5n-3"diir (Kozlova ve Khotimchenko, 2000). S. triostegun’un ovaryum ve
testis PL’inde en ¢cok ZPUFA ve PUFA’lerden de 22:6n-3 bulunmustur.

5. SONUC

Ovaryumda ve testislerde, total lipit, PL ve TAG fraksiyonunda yag asidi igeriginin farklilik
gosterdigi tespit edilmistir. Elde ettigimiz sonucglara gore bu baligin lipit metabolizmasinin
yumurtlamaya ve mevsime bagl olarak degistigi ifade edilebilir.
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Abstract: Dredging, a practice intended to increase the recreational value of aquatic Keywords
systems at risk of eutrophication, has been implemented in Lake Mogan. This study e Sediment dredging
aimed to determine a) Heavy metal concentrations (Hg, As, Cd, Cr, Pb, Ni, Cu, and Zn) e overlying water

in the overlying water and sediment pore water, and b) Pore water toxicity levels of some o pore water

of these metals (Cu, Ni, Pb, Zn) following dredging in Lake Mogan. Surface sediment o heayy metal
samples were taken from two stations in the lake between May and November 2020 to
obtain overlying water and pore water values. The first station was chosen specifically
because it receives wastewater from mineral processing facilities and nearby households;
and the second station. After all, it receives household and industrial waste and
agricultural wastewater. The findings indicate that a) Zn had the highest concentrations
during the study period, and Pb the lowest. Overlying water concentrations were found to
be within the acceptable limits outlined by the “Water Quality Control Regulations”.
Pore water Zn concentrations for May (330.50+8.72 ug L) and pore water Cu
concentrations for November at the second station (12.85+4.35 ug L™®) were higher than
the recommended WQC limits. b) Since no values greater than 1 were found in the pore
water for IWCTU (Interstitial Water Criterion Toxic Units) and NI (Nemeraw index)
values for Ni, Cu, Zn, and Pb, no serious levels of pollution were present for these four
metals; however, Zn had the greatest potential risk of toxicity. Moreover, the total
IWCTU and NI values indicate that both the toxicity of the metals and the degree thereof
increased in May. The fact that pore water heavy metal concentrations in Lake Mogan
were generally higher than those in the overlying water indicates strong metal adsorption
in the sediment and suggests that, at least in terms of reducing surface sediment heavy
metals, dredging activities in the lake are not very effective.

¢ Lake Mogan

Ozet: Otrofikasyon riski altindaki sucul sistemlerin rekreaktif degerlerinin de  Anahtar kelimeler
artirtlmasina yonelik bir yonetim araci olan dredging, Mogan Goli’nde uygulanmistir. e Sediment tarama
Bu calismada Mogan Golii’nde sediment tarama ertesi; a) Sediment iistii su (SUS) ve o sediment iistii su

sediment gozenek suyunda (SGS) agir metal konsantrasyonlarmimn (Hg, As, Cd, Cr, Pb, o gediment gdzenek suyu
Ni, Cu ve Zn), b) SGS’de baz1 agir metallerin (Cu, Ni, Pb, Zn) toksisitesinin belirlenmesi

n e agir metal
amaglanmistir. Bu amagla 2020-Mayis ve Kasim aylarinda iki istasyondan (Ozellikle

: e i e Mogan Golil
maden isleme tesisleri ve evsel kaynakli atik sularin ulastigi I. istasyon; Evsel,

endiistriyel atiklar ile tarimsal faaliyet kaynakli atik sularm ulastig1 I1. istasyon) SUS ve
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SGS eldesi i¢in de yiizey sedimentleri Orneklenmistir. Bulgular dogrultusunda; a)
Caligsma periyodunca Zn en yiiksek, Pb ise diger metallere gore daha diisiik degerlerde
seyretmistir. SUS verileri ‘Su Kirliligi Kontrolii Yonetmeliginde® verilen limit degerler
igerisinde bulunmustur. SGS-Zn; mayis-II. istasyonda (330.50+8.72 pg L) ve SGS-Cu;
kasim-II. istasyonda (12.85+4.35ug LY pore water i¢in dnerilen (WQC) limit degerleri
asmustir, b) SGS-Ni, Cu, Zn ve Pb’ya iliskin IWCTU (Interstitial Water Criterion Toxic
Units) ile NI degerleri, 1’den biiylik bulunmadig1 i¢in, dort metal agisindan golde ciddi
bir kirlenme olmadigi, ancak Zn’un toksik etki riskine sahip en potansiyel metal oldugu
belirlenmistir. Ayrica toplam IWCTU ve NI verileri, mayis ayinda metallerin toksisite ve
toksisite derecesinin arttigina isaret etmektedir. Mogan Golii’nde genel olarak SGS-agir
metal konsantrasyonlarmm SUS’e iliskin degerlerden daha yiiksek saptanmas,
sedimentin metalleri kuvvetlice adsorbladigini ve tarama girisiminin en azindan yiizey
sedimentinin agir metal diizeyleri baglaminda ¢ok etkin olmadigini ortaya koymustur.

1. INTRODUCTION

When heavy metals are deposited in the sediment through natural or anthropogenic means
redissolve into the water, they can further increase heavy metal concentrations in the water. While a
portion of heavy metals entering aquatic systems disperses in the water, another portion form solid
compounds with carbonates, sulfates, and sulfur, sink to the bottom and collect in the sediment.
Sediment metals directly threaten detrital and deposit-feeding benthic organisms and, reaching higher
up the food chain, become a long-term source of pollution (Pulatsii and Topgu, 2015).

Pore water plays a more important role than sediment in the heavy metal cycle in aguatic
ecosystems. Tang et al. (2016) report that pore water plays a bridging role in the exchange of heavy
metals between sediment and overlying water. Other researchers have considered the idea that metal
ions in pore water may have direct biological effects. Pore water heavy metals are found either in the
dissolved or particulate phase; these phases are in a state of interaction with each other and with the
overlying water of the sediment-water interface. Dispersion and mobilization of metals in the pore
water play a significant role in the metal cycle at the sediment-water interface (Zhu et al., 2016).

The mobilization of pollutants is one of the most important environmental risks of dredging. If pore
water metal concentrations are greater than those in the overlying water, the concentration gradient
will result in the release (transport) of dissolved metal from the sediment into the overlying water.
Other factors affecting dissolved metal release are pH, redox potential, level and composition of
organic matter, bottom oxygen concentration, depth of penetration, benthic organism activities, and
bacteria (Ni et al., 2017; Zhang et al., 2020).

As a physical method of controlling eutrophication in lakes, dredging can be defined as the removal
of bottom sediment from rivers, lakes, coastal waters, and seas. Among the factors increasing its
effectiveness is its application in relatively shallow lakes, those with low sedimentation speed,
organically rich sediments, relatively low catchment area/surface area (10/1), or long hydraulic
retention periods. The decision whether or not to dredge depends on sediment composition, pollutant
types, sediment layer depth, thickness, volume, distance from where the next step in the process will
take place (the dumping area), and equipment on hand. Dredged lake sediment is generally transferred
to wetland or coastal ecosystems, used in agriculture or used for land reclamation in wetland
areas/habitats (Pulatsii et al., 2015).

Peterson (2007) mentions several disadvantages to dredging, such as its expense, temporary release
of phosphorus from the sediment, increase in phytoplankton fertility, odor problems, a temporary
decrease of organisms that nourish benthic fish, release of toxic material into the overlying water, and
its environmental impact on the area to which dredged sediment is transferred.

Heavy metal concentrations in the water and sediment of a body of water vary according to the
number of pollutants entering the receiving environment and their removal through various methods.
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After measuring overlying water heavy metal concentrations, the next step in studying heavy metal
pollution in aquatic ecosystems is measuring their pore water concentrations and determining their
toxicity. Pore water heavy metal toxicity measurement is a method used in sedimentological studies of
both lake and river ecosystems (Tang et al., 2016; Zhu et al., 2016; Ji et al., 2018).

Lake Mogan, located in Go6lbas1 Special Conservation Area, is an important recreation area because
of its proximity to Ankara capital city of Turkey. Its near surroundings play host to various activities
such as housing, industry, and tourism. Numerous studies have been conducted on its surface water
and sediment heavy metal levels (Benzer et al., 2013; Topgu and Kaya 2017; Kii¢iikosmanoglu and
Filazi, 2020).

For many years, certain lake management practices have been implemented in this shallow
eutrophic lake, under intense pressure from urban-industrial pollution. As a management tool often
used in aquatic ecosystems at risk for eutrophication, dredging has also been practiced periodically in
Lake Mogan. The local government reports that dredging mud from the lake bottom started in 2017
and ended in November 2018, with a total of 3,100,000 m® of sediment removed.

This study aimed to a) measure overlying water and pore water heavy metal concentrations (Hg,
As, Cd, Cr, Pb, Ni, Cu, and Zn), and b) determine the toxicity of certain heavy metals (Cu, Ni, Pb, Zn)
in the pore water of Lake Mogan after dredging, a management practice meant to increase a lake’s
recreational value, was implemented there.

The study findings are significant because they put forth the question of whether Lake Mogan’s
sediment functions as a source and/or a trap for heavy metals. Moreover, it is thought that the findings
of the study, the first to be conducted following dredging in the lake, will provide insight regarding the
efficacy of the practice in lake management.

2. MATERIALS and METHODS
2.1. Material
2.1.1. The study area

The study area, Lake Mogan, is an alluvial set lake fed mostly through precipitation, and by more
than five streams of various sizes. It is located in the Lower Ankara River Basin, 20 km south of
Ankara on the Ankara-Konya highway. Lake Mogan is on the edge of the Golbasi Special
Conservation Area, and at the same time, is one of Turkey’s important Ramsar candidate wetlands
(Anonymous, 2016).
2.1.2. Research station selection

Two suitable stations representative of pollutant sources were selected in the littoral zone of Lake
Mogan for the collection of bottom sediment samples. The first station was selected especially for its
location in an area reached by wastewater from mineral processing facilities and domestic wastewater;
and the second station for its proximity to wastewater from domestic and agricultural sources. The
study area and locations of the research stations are shown in Figure 1.
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Figure 1. Research area and location of stations

2.1.3. Methods
In this study, overlying water and surface sediment samples were collected at the stations in Lake

Mogan’s littoral zone in May and November 2020.

2.1.4. Overlying water sampling:
Due to the shallow depth at the first station, sediment samples were obtained by suctioning water

directly above the sediment. As the water at the second station was deeper, sediments there were
obtained using a Ruttner Water Sampler.
2.1.5. Sediment pore water extraction and analysis:

The pore water was extracted from the sediment particles by centrifuging them at 5000 rpm for ten
minutes. The clear portion of the water that collected in the top of the tubes was drawn out with a
pipette and filtered through a 0.45 um membrane with a vacuum filtration apparatus (Eckert et al.,
2007). The Hg, As, Cd, Cr, Pb, Ni, Cu, and Zn levels in the pore water samples were then measured
with an ICP-OES instrument specified in Table 1. Heavy metal analyses were performed by Middle

East Technical Central Laboratory.

Table 1. ICP-OES operating conditions.

RF power 1300 W

Plasma gas flow rate 18 L/min

Auxiliary gas flow rate 1.2 L/min

Nebulizer gas flow rate 0.92 L/min

Sample uptake rate 1 ml/min

Number of replicates 3

Spray chamber Cyclonic

Nebulizer Glass Meinhard concentric

Isotopes Cr 52, Ni 62, Cu 63/65, Zn 66, As 75, Cd 111/114, Pb 206/207/208
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2.1.6. Analysis of the overlying water: The Hg, As, Cd, Cr, Pb, Ni, Cu, and Zn levels in the
overlying water were measured with an ICP-OES instrument. Limit values are as follows: Hg: 0.04 ug
L% As:1 pg L™ Cd: 0.01 pg L™ Cr: 0.1 pg L™ Pb: 0.03 pug L Ni: 0.2 pg L™ Cu: 0.1 pg L™ Zn: 1
ng L™

2.1.7. Pore (interstitial) water criterion toxic units (IWCTU): IWCTU was calculated taking the
equation below, reported by Lourino-Cabana et al. (2011) and Zhu et al. (2016), as a basis:

Citw (1)
FCVi

IWCTU=

Here;

Ciw: The concentration of the ith heavy metal in pore water

FCV, : Hardness-dependent final chronic values for the metals:

FCVcy = 0.960[e0.8545 In(hardness) —1.465]

FCV\i =0.997[e0.8460 In(hardness)+1.1645]

FCVpp=0.791[e1.273 In(hardness) —4.705]

FCVz, = 0.986[e0.8473 In(hardness)+0.7614]

The IWCTU > 1 indicates potential risks of toxicity to aquatic organisms. The IWCTUs can
directly reflect the pollution level of heavy metals in pore water (Tang et al., 2016; Ji et al., 2018).

1/2
NI= [ (IWCTU) pax’+ (IWCTU)meanz):| (2)
2

I can reflect the impact degree of heavy metals in pore water. The NI can be divided into five
classes: 0 <NI < 1 (no impact), 1 < NI < 2 (slight impact), 2 < NI < 3 (moderate impact), 3 < NI <5
(strong impact), and NI > 5 (serious impact) (Tang et al., 2016; Ji et al., 2018).

3. RESULTS

The range of overlying water and pore water heavy metal concentrations between the two months
of the study for both stations are shown in Figures 2 and 3. As shown in the figures, pore water heavy
metal concentrations were generally higher than those in the overlying water; only in November, the
pore water concentrations at the second station were higher than those at the first station (except for
Pb). In line with these findings, it appears that rainfall may have caused an increase in the transport of
these metals into the lake.

In addition to the facts that pore water heavy metal concentrations were higher than those in the
overlying water and the concentrations at the second station were higher than at the first station during
both months of the study, Cu levels at the second station were found to be lower in May, and Pb was
found to be lower at the second station in both May and November. As for Hg and Cd, no difference
was detected in either pore water or overlying water concentrations at either station during both
months of the study.

Irrespective of the station, the pore water heavy metal sequence for May was Zn>Ni>Cu>Pb, and
for November, Zn>Cu>Ni>Pb. Using values for both months, the sequence for the first station was
Zn>Cu>Ni>Pb, and for the second station, Zn>Ni>Cu>Ph. Accordingly, Zn had the highest values
during the entire study period, while Pb had the lowest concentrations in comparison to the other
metals (Figures 2 and 3). As shown in the figures, Hg, Cr, and Cd concentrations were below
detectable limits.
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according to months at station I1.
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Table 2. Overlying water and pore water heavy metal concentrations with water quality classes and quality
criteria

- a - b
X;i'f M;ngﬁ’; M;:g Ln?)x WQC* Class VIV
Cu 3.10-5.80 0.69-12.85 9 <20/20-50/50-200/>200
Ni 1.75-5.30 4.15-11.50 52 <20/20-50/50-200/>200
Pb 0.61-1.38 0.75-1.88 25 <10/10-20/20-50/>50
Zn 15.0-129 21.0-330.50 120 <200/200-500/500-2000/>2000

2 Overlying water

® Pore water

¢ Pore water quality criteria, Anonymous (2002)
¢ Anonymous (2004)

Again, irrespective of the station, the sequence of overlying water heavy metal concentrations
during both months of the study was found to be, from highest to lowest, Zn>Cu>Ni>Pb. The same
holds true for both stations, irrespective of month. The highest concentration was found for Zn in May
at the first station (129.0+7.07 pg L™), and the lowest for Pb in the same month, again at the first
station (0.61£0.57 pg L™). These heavy metals with the highest and lowest concentrations in the
rankings are in parallel with the pore water concentration sequences.

When the heavy metal levels in the overlying water are evaluated according to the “Water Quality
Control Regulations” in force in Turkey, they do not exceed the acceptable limits (Table 2). However,
it appears that the maximum overlying water Zn value (measured in May at the first station:
129.0+7.07 pug L™) exceeds the Category | value established for Zn (50 pg/L) by MEPPRC (Ministry
of Environmental Protection, People’s Republic of China) (2002).

Zn, observed at maximum values in the pore water during the entire study period, reached its
maximum value of 330.50+8.72 pg L™ in May at the second station, exceeding the recommended limit
for pore water Zn, shown in Table 2. Similarly, Cu exceeded its recommended value (9 pgL™) in
November at the second station, with a value of 12.85+4.35 pg L™

The IWCTU and NI values, calculated using equations (1) and (2), are presented in Table 4. To
calculate interstitial water criterion toxic units (IWCTU), the value of 462 mg CaCOs; L reported by
Demir et al. (2014) was used as the total hardness value for the FCV (Final Chronic Values) for each
metal. Since the Hg, Cr, and Cd concentration values were below detectable limits, and as no FCV
equivalent is available for As, toxicity values were not calculated for these metals.

As shown in Table 3, since IWCTU and NI values for Ni, Cu, Zn, and Pb were not greater than 1
for the selected stations and months, significant pollution from these four metals was not present in the
lake; however, Zn was determined to have the highest potential risk of toxicity. Moreover, aggregate
IWCTU values indicate that the toxicity of these metals increased, particularly in May. Similarly, NI
values, which determine the degree of toxicity, also show that there is a greater risk of toxicity in May
than in November.

4. DISCUSSION

Heavy metal pollution has become a widespread problem that damages the normal functions of
lakes and rivers. As their most important reserve, sediment plays an extremely important role in the
transformation of heavy metals. Sediment dredging is implemented periodically in Lake Mogan,
located in the Golbast Special Conservation Area.

There are studies in which overlying water samples had higher heavy metal values than the surface
water (Mwamburi and Oloo, 1997), and other studies indicate the complete opposite (Hou et al. 2013).
In a study conducted in Lake Mogan by Kiiciikosmanoglu and Filazi (2020), surface water sediment




Binici and Pulatsii, 2022 Acta Aquat. Turc., 18(1): 038-048 45

heavy metals were reported as Fe, Cu, Cr, Zn, Pb, Ni, As, Se, and Hg, in descending order. In the
present study, overlying water heavy metal concentrations showed a sequence of Zn>Cu>Ni>Pb.

Van den Berg et al. (2001) report that, while heavy metal mobilization in aquatic ecosystems
depends on physical transport (e.g., advection, mixture, or diffusion), biological processes
(bioturbation, etc.), or geochemical (adsorption/desorption and sedimentation/dissolution) processes,
the biologically useful state for marine life generally depends on solid-phase re-sedimentation and
retention. According to the researchers, dredging projects can result in the dispersion of both
particulate and pore water pollutants. These projects increase the mobility of heavy metals and
especially may cause the mixing of suspended solid matter with that in the dredged areas, decreased
organic matter and Mn values, and increased suspended solid matter heavy metal levels. Similarly, the
heavy metal concentrations measured in this study in the pore water of Lake Mogan after dredging
point to the possibility of dredging as a triggering mechanism.

Fan et al. (2019) report that fundamentally, surface sediment is directly proportional with heavy
metals and that clay has a large surface area and pore volume. The researchers also indicate that one
reason that heavy metals are found in greater concentrations in surface sediment is that clay may
promote greater heavy metal adsorption. In the present study, considering the stations and the months,
the percentage of clay (45.13-87.13%) was found to be greater than the percentage of silt (12.86-
54.86%) in the sediment. It is thought that the sediment’s primarily clay composition played a
significant role in the higher sediment heavy metal presence in comparison to the pore water and
overlying water.

Table 3. Final chronic values (FCVs), interstitial water criterion toxic units (IWCTU), total interstitial water
criterion toxic units (3 IWCTU) and NI values corresponding to the months-stations (M: May, N: November;
Stations: I, I1) for four metals.

Metals Cu Ni Pb Zn

FCV _ . 41.97 _1573.97 _ 17.66 _ 382.21 SIWCTU NI
Month-station  (ugL™) IWCTUc, (ugL?) IWCTUy (ugL™®) IWCTUp, (ugL™?) IWCTUz,

M-1 12 0.29 5.75 0.01 1.70 0.10 186.5 0.49 0.88 0.31
M-Il 0.69 0.02 9.80 0.02 0.75 0.04 330.5 0.86 0.94 0.59
N-1 3.50 0.08 4.15 0.01 1.88 0.11 21.00 0.05 0.25 0.05
N-11 12.85 0.31 115 0.02 1.18 0.10 110.0 0.29 0.68 0.19

Peng et al. (2006) report that sediment oxidation must be avoided to reduce the release of heavy
metals from the sediment. Due to oxygen-rich conditions in the overlying water and at the sediment-
water interface, it is possible that metals can be adsorbed by reducing release from the sediment or that
they will settle again with Fe and Mn oxyhydroxide particles (Tang et al., 2016). In Lake Mogan, the
overlying water dissolved oxygen values were found to range between 1.28 and 7.12 mg L™, and
anoxic conditions were not encountered. Moreover, the fact that pH values ranged between 7.01-7.78
seems to indicate that pH is another factor preventing the release.

The pore water heavy metal toxicity values, and parallel to these, the fact that NI values were very
close to 1, point to potential heavy metal toxicity. The pore water Cu and Zn concentrations in our
study were found to exceed the reference values (WQC) for sediment pore water; this finding
corresponds to the values reported by Seker (2019) for Deriner Reservoir.

The variety of pollution sources affecting the second station during our study, among which were
industrial activity and agricultural and household waste, resulted in higher heavy metal toxicity values
at that station than at the first station.

In recent years, various advanced techniques for dredging have been studied. Chen et al. (2019)
report that, in sediments that had and had not undergone dredging in eutrophic Taihu Lake (China),
they used a thin film diffusive gradient technique and a high-solubility separation technique on
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dissolved metals and DGT-unstable metals; according to the measurements for dredging in April and
July, there was a positive effect on the polluted sediments, and in October and January, decomposing
algae found in the dredging zone after dredging decreased its effectivity. It is thought that research into
the possibility of using these new techniques in Lake Mogan would result in both financial and time-
saving gains.

5. CONCLUSION

The pore water metal concentrations in Lake Mogan reflect the lake basin’s pollutant sources. In
addition to anthropogenic pollutants, the possibility should not be ignored that, during different
geological ages from the Triassic period (200-250 million years ago) to the current day, the existence
of extreme variations in rock formations (Akyiirek et al., 1997) may have affected the metallic
elements in the lake water and sediment. As external pollutants continue to affect the lake, it is
possible that toxicities for Zn and Cu, which were found in the pore water and at higher levels than
other metals, pose a long-term risk. Our finding that pore water heavy metal concentrations in Lake
Mogan were generally higher than those in the overlying water indicates that there is strong adsorption
of metals in the lake. In other words, the fact that sediments function as a trap for heavy metals and
promote their retention means that dredging is not very effective at reducing heavy metal
contamination in the lake. Considering the findings, dredging depth stands out as the most important
factor leading to the more effective utility and feasibility of sediment dredging in the lake. Moreover,
performing parallel analytic chemical and eco-toxicological tests is an important further step toward
evaluating heavy metal release from the lake’s sediment and recommending suitable dredging
alternatives to dredging depth.
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Ozet: Bu calismada, rotifer Brachionus plicatilis kiiltiirinde 2 formiile emiilsiyon  Anahtar kelimeler
(Emiilsiyon-I ve Emiilsiyon-II) ve 3 farkl ticari tiriin (Olio w-3, Red Pepper ve (n-3) Top e Rotifer

Rich) kullaniminin popiilasyon artis1 {izerine etkisi aragtinlmustir. Rotiferler i¢in e Brachionus plicatilis
olusturulan deneme gruplari sirastyla; DHA-Gold (Kontrol), DHA-Gold + Emiilsiyon-I o popiilasyon artist

(1. Grup), DHA-Gold + Emiilsiyon-II (2. Grup), DHA-Gold + Olio w-3 (3. Grup), DHA-
Gold + Red Pepper (4. Grup), DHA-Gold + (n-3) Top Rich (5. Grup) olarak
belirlenmigtir. Farkli besleme rejimine gore rotiferlerin populasyon artiginin belirlenmesi
icin 1 L kiiltiir hacminde y1g1n kiiltiir, baglangi¢ yogunlugu 100 birey/ml olacak sekilde 7
giin siire ile gergeklestirilmis ve giinliik olarak birey sayimlari yapilmistir. Deneme
sonunda rotiferlerde en yiiksek birey sayisi, bilyiime hizi ve fekondite orant DHA-Gold +
Emiilsiyon-II ile zenginlestirilen grupta sirasiyla 1250 + 11,54 birey/ml, 0,37 + 0,00
boliinme/giin ve 0,38 £ 0,01 yumurta/birey olarak tespit edilmis olup, s6z konusu
degerler kontrol grubundan istatistiksel olarak 6nemli derecede farli bulunmustur
(P<0.05). Emiilsiyon ilavesinin rotiferin popiilayon artisi, bliyiime hizi ve fekondite
oranint olumlu yonde etkiledigi belirlenmistir.

e emiilsiyon

Abstract: In this study, the effect of using 2 formulated emulsions (Emulsion-I and Keywords
Emulsion-I1) and 3 different commercial products (Olio w-3, Red Pepper, and (n-3) Top e Rotifer

Rich) on population growth in rotifer Brachionus plicatilis culture was investigated. e Brachionus plicatilis
Experimental groups created for rotifers, respectively; DHA-Gold (Control), DHA-Gold o population growth
+ Emulsion-I (1st Group), DHA-Gold + Emulsion-11 (2nd Group), DHA-Gold + Olio W- ¢ amulsion

3 (3rd Group), DHA-Gold + Red Pepper (4th Group), DHA-Gold + (n-3) Top Rich (5th

Group). To determine the population growth of rotifers according to different feeding

regimes, bulk culture in 1 L culture volume was carried out with an initial density of 100

individuals/ml for 7 days and individual counts were made daily. At the end of the

experiment, the highest individual number, growth rate, and fecundity ratio in the rotifers

were determined as 1250 + 11.54 individuals/ml, 0.37 £+ 0.00 divisions/day, and 0.38 +

0.01 eggs/individual in the group enriched with DHA-Gold + Emulsion-II, respectively,

and these values were found to be statistically significantly different from the control

group (P<0.05). It was determined that the addition of emulsion positively affected the

population increase, growth rate, and fecundity rate of rotifer.

1. GIRIS
Larval yetistiricilikte basarili bir iiretim i¢in yiiksek kaliteye sahip, kolay sindirilebilen, optimal
bliylime ve hayatta kalma saglayan besinler kullanilmalidir (Giri vd., 2002; Jafari vd., 2011;
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Okunsebor ve Ayuma, 2011; Campoverde ve Estevez, 2017). Bir¢ok balik tiiriiniin erken gelisim
asamasinda kaliteli ve uygun besin kullanilmadigindan dolay1 yiiksek oranda 6liim yasanmaktadir.
Larvalar iizerinde yapilan 6nceki aragtirmalar canli yemlerin mikropartikiile gére daha fazla yasama
orant sagladigini gostermistir (Kolkovski vd., 2009). Yetistiricilikte kullanilan canli yem
organizmalar1 rotifer, cladoceran, artemia ve kopepod tiirleridir (Concei¢ao vd., 2010; Hamre vd.,
2013; Yoshimatsu ve Hossain, 2014; Hagiwara ve Marcial, 2019). Rotiferler, yiiksek tireme ve yasama
oranina sahip olmasi, larvalar tarafindan sinidiriminin kolay olmasi ve diisiik liretim maaliyeti gibi
ozelliklerinden dolay1 su iirlinleri yetistiriciliginde en ¢ok kullanilan canli yemlerden biridir (Sahandi
ve Jafaryan, 2011). Ayrica rotiferler, larvalarin saglikli gelisimi icin gerekli besinleri saglamalari
nedeni ile canli kapsiil olarak da adlandirilmaktadir (Sandeep vd., 2015). Ancak rotiferlerin besinsel
icerigi uygulanan besleme rejimi, kiiltiir kosullar1 ve kullanilan tiire gére degismektedir (Yin ve Zhao,
2008).

Deniz balig1 larvalarinin ihtiyaci olan optimum n-3 HUFA degeri % 10, DHA/EPA orani ise 1.0-
2.0 olarak belirlenmistir (Sargent vd., 1999). Larvalarda besin olarak kullanilan rotiferlerin {iretiminde
diisiik maaliyeti ve erigebilirliginin kolay olmasi nedeni ile genellikle ekmek mayasi kullanilmaktadir
(Rasdi vd., 2020). Ancak larvalariin optimum gelisimi i¢in gereken ¢oklu doymamis yag asidi
(PUFA) igerigi maya ile iiretilen rotiferlerin kullanilmasi durumunda karsilanamamaktadir (Sargent
vd., 1997; Sargent vd., 1999; Dhert vd., 2001). Bu yiizden rotiferlerin temel besin maddeleri (6rnegin
esansiyel yag asidleri, amino asidler gibi) ile zenginlestirilmesi gerekir (Hamre vd., 2008; Ferreira vd.,
2008; Maehre vd., 2013). Rotiferlerin yag asidi igerigini artirmak i¢in ticari liriinler (Eryalgin, 2018;
Saidi vd., 2018; Giménez Papiol ve Estevez, 2019), mikroalgler (Rehberg-Hass vd., 2015; Cruz-Cruz
vd., 2019; Wagalevu vd., 2019), emiilsiyonlar (Estevez ve Gimenez, 2017; Roman-Padilla vd., 2017;
Fuentes-Quesada ve Lazo, 2018) kullanilmaktadir. Son yapilan ¢aligmalarda, rotiferlerin yag asidi
iceriginin artirtlmasinda kullanilan emiilsiyonlarin olumlu etkiler gosterdigi tespit edilmistir (Villalta
vd., 2005; Araujo ve Rosa, 2016; Campoverde ve Estevez, 2017; Estevez ve Gimenez, 2017). Ancak
rotiferler ile ilgili yapilan caligmalar genellikle yag asidi igeriginin artirilmasi iizerine odaklanmis olup
popiilasyon artisina emiilsiyonlarin etkisi ile ilgili c¢alismalar smirlidir. Rotiferlerin biiylime
performansi ve fekondite oranini optimize etmek i¢in daha fazla arastirma yapilmasi gerekmektedir.

Bu c¢alisma rotiferlerin zenginlestirilmesinde deniz baligi kulugkahanelerinde yogun olarak
kullanilan ticari zenginlestirici trtinler (Olio »-3, Red Pepper ve (n-3) Top Rich) ve deneysel olarak
hazirlanan emiilsiyonlar (Emiilsiyon-I ve Emiilsiyon-II) kullanilmig olup hazirlanan emiilsiyonlar ile
ticari tirlinler rotiferlerin popiilasyon artisina etkisi bakimindan karsilastirmak amaci ile planlanmustir.

2. MATERYAL ve METOT
2.1. Rotifer (Brachionus plicatilis) kiiltiir kosulu

Rotifer Brachionus plicatilis (260-340u, L-tipi) Isparta Uygulamali Bilimler Universitesi Egirdir
Su Uriinleri Fakiiltesi Canl1 Yem Unitesi stok kiiltiiriinden temin edilmistir. Arastirma aym iinitede
yriitiilmiistiir.. Rotiferlerin kiiltiirinde yapay deniz suyu kullanilmigtir. Kiiltiir suyu kum filtresi ve
kartus filtreden gecirildikten sonra otoklavda steril edilmistir. Denemelerde rotifer iiretimi %o 20
tuzlulukta, 25+1 °C su sicakliginda dogal aydinlatma altinda ve havalandirma ile gergeklestirilmistir.
Rotiferin stok kiiltiirden itibaren iiretimi, DSM in Animal Nutrition & Health firmasinin {iriinii DHA -
Gold (Anonim, 2020a) ile gergeklestirilmis olup iiriiniin besinsel igerigi Tablo 1’de verilmistir.
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Tablo 1. DHA-Gold'un besinsel igerigi.

Besin ozellikleri Miktar (%)
ARA 0,2
EPA 0,5
DHA 19,4
Nem 2,03
Protein 16,66
Yag 55,57

2.2. Rotiferlerin y1gn Kkiiltiirii ve uygulanan besleme rejimi

Denemede rotiferlerdeki popiilasyon artisinin belirlenmesi i¢in Tablo 2’de verilen besleme rejimi
uygulanmigtir. Rotiferlerin yigin kiiltiirii 1 L kiiltlir hacmine sahip cam erlenlerde gergeklestirilmis
olup baglangi¢c yogunlugu 100 birey/ml’dir. Kiiltiir islemi 7 giin siire ile gerceklestirilmis ve giinliik
sayimlar yapilmistir. Calismada 6. giine kadar DHA-Gold {irlinii besin olarak kullanilmig olup, besin
miktar1 firmanin tavsiye ettigi oranda (500.000 rotifer/L i¢in 0.2 g/L) giinde iki kez kullanilmustir..
Popiilasyon artisinin belirlenmesi i¢in gergeklestirilen denemelerde rotiferlere son giin zenginlestirici
triinler 6 saat aralikla 2 kez ilave edilmistir. Rotiferlerin zenginlestirilmesinde, hazirlanan deneysel
emiilsiyonlar (Emiilsiyon-I ve Emiilsiyon-II) ile zenginlestirme 0,6 g/L olarak (Campoverde ve
Estevez, 2017; Estevez ve Gimenez, 2017), ticari zenginlestiricilerden; Olio w-3 500.000 rotifer/L i¢in
0,06 g/L, Red Pepper 500.000 rotifer/L i¢in 0,18 g/L, (n-3) Top Rich 1.000.000 rotifer/L igin 0,1 g/L
olarak uygulanmustir.

Tablo 2. Rotiferlere uygulanan besleme rejimi.

Deneme Gruplari Besin

Kontrol DHA-Gold

l. DHA-Gold + Emiilsiyon-I
1. DHA-Gold + Emiilsiyon-11
1. DHA-Gold + Olio w-3
V. DHA-Gold + Red Pepper
V. DHA-Gold + (n-3) Top Rich

2.3. Deneysel emiilsiyonlarin hazirlanmasi

Caligmada deneysel emiilsiyon yaglarin hazirlamasinda EPA ve DHA kaynagi olarak balik yagi
(Menhaden balik yagi, Sigma Aldrich) ve DHA-Gold (DSM in Animal Nutrition & Health)
kullanilmistir. Emiilsiyonlar Tablo 3’te belirtilen oranda zeytinyagi, yamurta sarisi ve E vitamini ilave
edilerek hazirlanmistir. Deneysel emiilsiyonlarin hazirlanmasi igleminde homojenizator (Ultra-Turrax
homojenizator, IKA, Almanya) kullanilmustir (Villalta vd., 2005; Campoverde ve Estevez, 2017;
Estevez ve Gimenez, 2017).

Tablo 3. Deneysel emiilsiyonlarin igerigi (9/KQg).

Emiilsiyonlar Balik Yagim DHA-Gold™ Zeytinyagi Yumurta Sarist E Vit.
Emiilsiyon I 380 50 420 149 1
Emiilsiyon I1 240 190 420 149 1

* Menhaden balik yagi (Sigma Aldrich), **DHA-Gold (DSM in Animal Nutrition & Health)

Emiilsiyonlarin hazirlanmasinda deniz baligi larvalarinin ihtiyaci olan optimum DHA/EPA orani
dikkate alinmigtir. Tiire gére dgisim gdstermesine ragmen larvalarin ihtiyaci olan optimum DHA/EPA
orani dnceki yapilan caligmalarda 1.0-2.0, Y'n-3 HUFA orani ise % 10 olarak bildirilmistir (Sargent
vd., 1999). Hazirlanan Emiilsiyon-I ve II’'nin DHA/EPA oram sirasiyla 1,05 ve 2,07 olarak
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belirlenmistir. Deneysel olarak hazirlanan emiilsiyonlarin karsilastirilmas: igin secilen ticari
zenginlestiriciler; Bernaqua firmasinin iriinleri olan Olio -3, Red Pepper (Anonim, 2020b) ve Rich
firmasinin {irtinii (n-3) Top Rich’tir (Anonim, 2020c). Deneysel emiilsiyonlarin ve ticari zenginlestirici
iirlinlerin esansiyel asidi igerigi Tablo 4’te verilmistir.

Tablo 4. Deneysel emiilsiyonlarin ve ticari zenginlestiricilerin yag asidi icerigi (%).

Emiilsiyon-I Emiilsiyon-1l  Olio ®-3 Red Pepper (n-3) Top Rich
C20:4n6 0,51 0,43 - 0,15 0,5
C20:5n3 4,42 2,11 12 0,5 10
C22:6n3 4,67 4,38 6 55 20
¥ n-3 HUFA 9,09 6,49 18 6,5 32
DHA/EPA 1,05 2,07 0,5 11 2

Arastirmada kullanilan zenginlestirici {irlinlerin maliyet analizi yapilmistir. Buna gore
emiilsiyonlarin hazirlanmasinda kullanilan ham maddelerin pazardaki parekende fiyatlar1 alinmistir.
Balik yagi (Menhaden balik yag1) 100 €/kg, DHA-Gold 16 €/kg, zeytinyag1 5 €/kg, yumurta saris1 10
€/kg, E vitamini 70 €/kg olarak tespit edilmis olup formiile emiilsiyonlarin ortalama maliyet
hesaplandiginda Emiilsiyon-I 45 €/kg, Emiilsiyon-II 35 €/kg olarak belirlenmistir. Rotifer ve
artemialarin zenginlestirilmesinde kullanilan ticari tiriinlerin ortalama parekende satis fiyati; Bernaqua
firmasinin riinii Olio ®-3 50 €/kg ve Red Pepper 55 €/kg, Rich firmasinin {iriinii (n-3) Top Rich 80
€/kg olarak belirlenmistir.

2.4. Popiilasyon artisinin belirlenmesi

Rotiferlerin sayimlari, 24 saatlik periyotlarda her bir tekerriirden 1 ml’lik 3 6rnek alinarak stereo-
mikroskop altinda sedgewick rafter lamu ile gerceklestirilmistir. Rotifer kiiltiirlerindeki biiylime hizi
asagidaki formiile gére hesaplanmustir.

K (boliinme/giin) = (In Nt - In No)/t

K= Biiylime Hizin1 (boliinme/giin), No= Baslangictaki rotifer yogunlugunu (birey/ml), Nt=t giin
sonra ulasilan max. rotifer yogunlugunu (birey/ml), t= Maximum birey/ml’ye ulasilan giin sayisin
gostermektedir.

Rotiferdeki fekondite orani: amiktik yumurta sayisi/rotifer sayis1 (Zhang vd., 2005) esitliginden
hesaplanmustir.

2.5. istatistiki analizler

Istatistiki analizlerin tiimii SPSS 23.00 (SPSS Inc, Chicago, IL, USA) paket programi kullanilarak
gergeklestirilmistir. Varyans homojenlik testleri uygulandiktan sonra varyans analizi yapilmis ve grup
ortalamasi arasindaki farkliliklar Tukey’in ¢oklu karsilastirma testi ile belirlenmistir.

3. BULGULAR

Yaptigimiz 6n ¢aligmada (veriler paylasilmamistir) rotiferlerin 7. giinde maksimum popiilasyon
yogunluguna ulastig1 belirlenmistir. Bu calismada 6. giinde yapilan zenginlestirmenin 7. giindeki
degiskenlere etkisine odaklanilmistir. Popiilasyon artig pikinin vurgulanmasi amaci ile 8. giin sonuglari
da tablolarda verilmistir.
3.1. Rotifer y1g1n Kkiiltiirlerinde popiilasyon artisina emiilsiyon yaglarin etkisi

Rotiferlerin y1gin kiiltiiriine uygulanan farkli besleme rejiminin toplam birey sayisi, bilyiime hizi ve
fekondite oran tizerine etkisi belirlenmistir. Rotiferlerin y1gin kiiltiirtinde elde edilen birey sayisina ait
bulgular Tablo 5’de verilmistir.
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Tablo 5. Farkli besin ortaminda kiiltiire edilen rotiferlerin birey sayisi (rot/ml).

Zaman Gruplar

(giin) Kontrol l. 1. . V2 V.
0. 100+0,00 100+0,00 100+0,00 100+0,00 100+0,00 100+0,00
1 135+0,88 14043,46 14042,89 140+4,04 13542,19 145+1,20
2 22042,88 225429 23043,46 225+7,64 23045,77 220+5,77
3. 325+5,77 32042,89 325+7,64 335+7,64 320+2,89 330+5,77
4. 460+7,64 475+1,86 480+5,77 470+10,0 460+11,54 470+5,77
5 630+7,64 630+5,77 640+11,55 630+5,0 650+2,89 645+2,89
6 845+2,89 860+3,46 840+5,77 860+2,89 845+8,66 850+5,77
7 1030+12,58%  1200+10,00®  1250+11,54°  1100+13,23°  1150+15,00™°  1130+10,41°
8. 850+2,89¢ 900+10,00%  920+12,58%  870+5,77°  890+1,15%° 8605,00%

Kontrol Grubu = DHA-Gold, |. Grup = DHA-Gold+Emiilsiyon-1, II. Grup = DHA-Gold+Emiilsiyon-Il, Ill. Grup = DHA-Gold+Olio ®-3, IV.

Grup = DHA-Gold+Red Pepper, V. Grup = DHA-Gold+(n-3) Top Rich
*Ayni satirda farkli harfle gosterilen ortalamalar arasindaki farklilik istatistiki olarak 6nemlidir (P<0,05).

Rotifer kiiltiirlerindeki popiilasyon artisina ait en yiiksek toplam birey sayist DHA-Gold +
Emiilsiyon-II ile beslenen grupta 1250 + 11.54 rotifer/ml olarak 7. giinde belirlenmistir (Tablo 5).
Rotifer kiiltiirlerindeki popiilasyon artist DHA-Gold + Emiilsiyon-l1 ve DHA-Gold + Emiilsiyon-II ile
beslemede gruplar arasindaki fark istatistiki olarak onemli degildir (P>0.05). Dahas1 rotifer
kiiltiirlerinde DHA-Gold + Olio »-3, DHA-Gold + Red Pepper ve DHA-Gold + (n-3) Top Rich ile
beslenenlerde birey sayisi istatistiki olarak benzerlik gdstermistir (P>0.05). Rotiferlere uygulanan
besleme rejimine gore en diisiik birey sayisi kontrol grubunda 1030 + 12.58 rotifer/ml olup popiilasyon
artisina ait degerler diger gruplardan istatistiki olarak énemli oranda diisiik bulunmustur (P<0.05).

3.2. Rotiferlerin y1n Kkiiltiiriinde biiyiime hizina emiilsiyon yaglarin etkisi

Rotiferlerin popiilasyon artigina ait biiylime hizi degerleri Tablo 6°da verilmistir. Rotiferlerdeki
bliylime hizina ait en yiiksek degerler 7. giinde elde edilmis olup gruplar arasindaki fark istatistiki
olarak 6nemli bulunmustur (P<0.05).

Tablo 6. Farkli besin ortaminda kiiltiire edilen rotiferlerin bityiime hizi (boliinme/giin).

Zaman Gruplar

(giin) Kontrol l. I. 1. V2 V.
1. 0,040,00 0,05+0,00 0,05+0,00 0,05+0,00 0,040,00 0,060,00
2. 0,110,00 0,110,00 0,12+0,00 0,110,00 0,1120,00 0,1120,00
3. 0,12+0,00 0,1240,00 0,12+0,00 0,12+0,00 0,12+0,00 0,12+0,00
4. 0,2120,00 0,2240,00 0,22+0,00 0,23+0,00 0,22+0,00 0,22+0,00
5. 0,27+0,00 0,27+0,00 0,27+0,00 0,27+0,00 0,27+0,00 0,27+0,00
6. 0,300,00 0,3120,00 0,3120,00 0,3120,00 0,300,00 0,3120,00
7. 0,33+0,00° 0,360,00° 0,37+0,00% 0,34+0,00° 0,35+0,00° 0,35+0,00°
8. 0,30+0,00° 0,31+0,00° 0,32+0,00° 0,31+0,00° 0,310,00° 0,310,00™

Kontrol Grubu = DHA-Gold, |. Grup = DHA-Gold+Emiilsiyon-1, Il. Grup = DHA-Gold+Emiilsiyon-Il, Ill. Grup = DHA-Gold+Olio o-3, IV.

Grup = DHA-Gold+Red Pepper, V. Grup = DHA-Gold+(n-3) Top Rich
*Ayni satirda farkli harfle gosterilen ortalamalar arasindaki farklilik istatistiki olarak 6nemlidir (P<0,05).

Rotiferlere uygulanan besleme rejimine gore yedinci giin sonunda en yiiksek biliylime hizi DHA-
Gold + Emiilsiyon-II ile beslenen grupta 0,37 = 0,00 boliinme/giin olarak saptanmasina karsin en
diisiik bliylime hiz1 kontrol grubunda 0,33 + 0,00 boliinme/giin olarak tespit edilmistir. Rotiferlerde
kontrol grubuna ait biiylime hizi degerleri diger gruplardan istatistiki olarak 6nemli oranda diisiik
bulunmustur (P<0,05). Buna karsin DHA-Gold + Red Pepper ve DHA-Gold + (n-3) Top Rich ile
beslenen rotiferlerin biiyiime hizina ait degerler istatistiki olarak benzerlik gostermistir (P>0,05).
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3.3. Rotiferlerin y1gin kKiiltiiriinde fekondite oranina emiilsiyon yaglarin etkisi
Rotifer kiiltiiriine uygulanan besleme rejimine gore elde edilen fekondite oranina ait degerler Tablo
7’de verilmistir.

Tablo 7. Farkli besin ortaminda kiiltiire edilen rotiferlerin fekondite orani (yum/birey).

Zaman Gruplar

(giin) Kontrol l. I . V. V.
1. 0,37+0,03 0,38+0,04 0,39+0,02 0,38+0,04 0,38+0,01 0,37+0,02
2. 0,39+0,01 0,39+0,01 0,41+0,01 0,40+0,01 0,39+0,02 0,39+0,04
3. 0,40+0,03 0,40+0,01 0,39+0,02 0,42+0,02 0,41+0,01 0,410,01
4. 0,40+0,01 0,40+0,00 0,41+0,01 0,41+0,01 0,42+0,01 0,40+0,01
5. 0,39+0,01 0,41+0,00 0,40+0,00 0,41+0,01 0,39:+0,01 0,41+0,01
6. 0,46+0,01 0,47+0,00 0,49+0,01 0,46+0,00 0,47+0,00 0,48+0,01
7. 0,34+0,01" 0,36+0,00® 0,38+0,01° 0,35+0,00®  0,37+0,01*  0,36+0,00%
8. 0,25+0,00 0,27+0,00 0,28+0,00 0,25+0,01 0,27+0,01 0,26+0,02

Kontrol Grubu = DHA-Gold, I. Grup = DHA-Gold+Emiilsiyon-I, Il. Grup = DHA-Gold+Emiilsiyon-II, I1l. Grup = DHA-Gold+Olio ®-3, IV.

Grup = DHA-Gold+Red Pepper, V. Grup = DHA-Gold+(n-3) Top Rich
*Ayni satirda farkli harfle gosterilen ortalamalar arasindaki farklilik istatistiki olarak énemlidir (P<0,05).

Rotifer kiiltiirlerinde yedinci giin sonunda en yiiksek fekondite degeri DHA-Gold + Emiilsiyon-11
ile beslenenlerde 0,38 + 0,01 yumurta/birey, en diisilk deger ise kontrol grubunda 0,34 + 0,01
yumurta/birey olarak tespit edilmis olup gruplar arasi fark istatistiki olarak 6nemli bulunmustur
(P<0,05).

Rotiferlerin  popiilasyon artisina  Emiilsiyon-I ve Emiilsiyon-1l ile beslemenin etkisi
degerlendirildiginde; birey sayisi, biiylime hizi ve fekondite oraninda elde edilen degerler istatistiki
olarak onemli bulunmustur (P<0,05). Emiilsiyon yaglar ile beslenen rotiferlerde en yiiksek birey
sayisi, bitylime hiz1 ve fekondite oran1t DHA-Gold + Emiilsiyon-II ile zenginlestirmede belirlenmistir.

Calismada rotiferlerin besinine emiilsiyon yag ilavesinin popiilasyon artisina olumlu yonde etki
ettigi tespit edilmistir. Rotifer popiilasyon artis1 denemelerinde hazirlanan deneysel emiilsiyonlar ve
ticari {rlinlerin karsilastirilmas1  amacglanmistir.  Calismanin  sonunda hazirlanan  deneysel
emiilsiyonlarin ticari Uriinlerden daha c¢ok etki ettigi hatta deneysel emiilsiyonlardan da Emiilsiyon-
II’'nin Emiilsiyon-I’den daha fazla etkili oldugu goriilmiistir.

4. TARTISMA

Rotifer deniz balig1 larvalariin iiretiminde vazgegilmez canli yem kaynagidir. Rotifer kiiltiiriinde
poplilasyon artis1 yeterli ve kaliteli besin saglanmasina baglidir. Emiilsiyon ilavesinin rotiferlerin
popililasyon artisi lizerine etkisi ile ilgili literatiirlerin sinirli olmasi nedeniyle elde edilen sonuglarin
degerlendirilmesinde S ve L tipi rotifer B. plicatilis’in farkli besin ve kiiltiir kosullarinda yapilmis
caligmalarindan da yararlanilmistir.

Bu calismada kontrol grubunda elde edilen en yliksek birey sayisi 1030 £+ 12,58 rot./ml ve biiylime
hiz1 0,33 £ 0,0 boliinme/giin olup, besin olarak mikroalg veya ticari iriinlerin kullanmildigi 6nceki
caligmalarin (Qi vd., 2009; Pan vd., 2014; Rehberg-Hass vd., 2015; Ogello vd., 2016; Rebolledo vd.,
2018; Cruz-Cruz vd., 2019) rapor ettigi birey sayist (109-500 rot./ml) ve biiyiime hiz1 (0.14-0.64)
sonuglar ile karsilastirildiginda benzer veya daha yiiksek oldugu goriilmiistiir. Ancak, bu ¢aligmada
elde edilen birey sayis1 ve biiyiime hizina ait bulgular onceki yapilan ¢alismalardan daha yiiksek ya da
benzer olmasi kullanilan iriinlerin dogrudan etkisi degil deneme diizenin ideal oldugunu
gostermektedir. Diger yandan calismalarda kullanilan rotifer stoklama yogunlugu, gelisim sathasi,
kiiltiir kosullar1 farklilik gdstermektedir. Bu ¢aligmada ilk 6 giin besin olarak kullanilan ticari {iriin
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DHA-Gold’un kullanilmasmin taze mikroalglerde oldugu gibi popiilasyon artisini olumlu ydnde
etkiledigi goriilmiistiir.

Denemelerde rotiferde en yiiksek birey sayist 1250 + 11,54 rot./ml ve biiyiime hiz1 0,37 = 0,00
boliinme/giin olarak DHA-Gold + Emiilsiyon-II ile beslenen grupta saptanmistir. Rotifer B. plicatilis’e
farkli besleme rejimlerinin uygulandig1 ve popiilasyon artisinin belirlendigi 6nceki ¢aligmalardaki en
yiiksek birey sayisi ve bilyime hiz1 degerleri; Pefia-Aguado vd. (2005), Chlorella vulgaris + ekmek
mayasi ile beslenen rotiferlerde birey sayisimi 140 rot./ml, Flores-Burgos vd. (2005), Chlorella.
vulgaris + Scenedesmus acutus ile beslenen rotiferlerde biiylime hizin1 1,15 bdliinme/giin,
Kostopoulou vd. (2006), Kiiltiir Selko + Tetraselmis suecica ile beslenen rotiferlerde birey sayisini
300 rot./ml, Hamre vd. (2008), ekmek mayas1 + morina karaciger yagi ile beslenen rotiferlerde birey
sayisini 718 + 120 rot./ml, Penglase vd. (2011), maya + selenyum ile beslenen rotiferlerde biiyiime
hizin1 0,26 boliinme/giin, Wagqalevu vd. (2019), Chlorella vulgaris + salmon yumurtasi emiilsiyonu ile
beslenen rotiferlerde biiylime hizint 0,51 boliinme/giin olarak olarak bildirmistir. Bu ¢alismada elde
edilen popiilasyon artisina ait bulgular bazi arastiricilardan daha yiiksek ya da farklilik gostermektedir.
Bu farklilik kiiltiir kosullarina ve kullanilan rotifer kaynagimin kalitsal yapisina bagli olarak
degismektedir. Bununla birlikte emiilsiyon ilavesinin rotifer popiilasyon artisina etkisi, onceki
caligmalarda besin olarak kullanilan farklt mikroalgler veya ticari {iriinler ile elde edilen sonuglarla
karsilastirildiginda daha yiiksek oldugu goriilmektedir.

Fekondite oranmi kiiltiiriin biiylime hizi gostergesidir ve popiilasyondaki artiginin olgiilmesinde
kullanilan parametrelerden biridir. Bu ¢alismada y18in kiiltiirde en yiiksek fekondite orani popiilasyon
artiginin da en yiiksek oldugu DHA-Gold + Emiilsiyon-Il ile beslenen grupta 0,38 + 0,01
yumurta/birey olarak tespit edilmistir. Elde edilen fekondite oranlar1 bazi arastiricilarin degerlerinden
yiiksek (Varghese ve Krishnan, 2010; Pan vd., 2014; Wagalevu vd., 2019), baz1 arastiricilarin
sonuglar1 ile benzerlik (Rehberg-Hass vd., 2015) gostermektedir. Arastiricilardan farkli olmasindaki
etmenlerin rotifer kiiltiir kosullarindaki farklilik ve emiilsiyon iceren ortama adaptasyon ile ilgili
olabilecegi diisiiniilmektedir.

5. SONUC

Bu aragtirmada rotiferlerin zenginlestirilmesinde kullanilan ticari ve emiilsiyon {riinlerin
popiilasyon artiginda etkili oldugu 6zellikle hazirlanan Emiilsiyon-II'nin pratikte kullanilmas: halinde
sadece DHA-Gold kullanilan kontrol grubuna kiyasla daha yiiksek popiilasyon artigi saglamistir. Bu
calismada formiile edilen emiilsiyon yaglarin ticari emiilsiyonlar ile hem besinsel igerik hem de
maliyet acgisindan rekabet edebilir oldugu, larvalarin biiyiime ve yasama oranina etkisinin belirlenmesi
amac1 ile yapilacak ileriki ¢aligmalara 151k tutulacagi ve yetistiricilik sektoriine katki saglayacagi
Ongoriilmektedir.

FINANS
Bu c¢alismanin yiiriitilmesinde herhangi bir finans destegi alinmamis olup doktora tez
caligmasindan tiretilmigtir.

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

YAZAR KATKILARI

Yazarlar ¢aligma anlayisina ve tasarimina esit oranda katki saglamigtir.
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ETIK ONAY BEYANI

Bu ¢alismada deney hayvanlar kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alinmamustir.

VERI KULLANILABILIRLiK BEYANI
Bu ¢alismada kullanilan veriler makul talep tizerine ilgili yazardan temin edilebilir.
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Ozet: Bu galismada galsama aglarinda farkli ip kalinliklarinin av verimine ve av  Anahtar kelimeler
kompozisyonuna etkisini incelemek amaglanmustir. Denemeler, Eyliil 2007 — Subat 2010 e Kuzey Ege Denizi
tarihleri arasinda, Kuzey Ege’de ticari balik¢ilik alanlarinda, 2 — 40 metre derinlikler o ip kalinhig
arasinda gerceklestirilmistir. Denemelerde; 18, 20, 22 mm goz genisliginde, 40 vertikal o yyzatma aglari

goz yiiksekliginde, E=0,4 donam faktoriinde 210d/2 ve 210d/3 numara ip kalinhgma , 5y kompozisyonu
sahip aglar kullanilmistir. Caligmanin amaci, Kuzey Ege Denizi’'nde uzatma aglarinda
farkli ag ipi kalmliginin av verimi ve av kompozisyonu iizerine etkisini belirlemektir.
Aglarin ip kalinliklarindan bagka diger tiim oOzellikleri aymi sekilde yapilmistir.
Calismada 59 av operasyonu gerceklestirilmistir. En fazla balik 927 adet ve 46,6 kg ile

e av verimi

210 d/2 numara ip kalinligina sahip 18 mm g6z genisligine sahip agda gerceklesmistir.
210 d/2 numara ip kalinligina sahip aglar, 210 d/3 numara ip kalinligina sahip aglardan
adet olarak 1,21 kez daha fazla av yapmistir. Agirlik olarak ise bilyiik gbz genisligine
sahip aglar daha biiyiik baliklar yakalamislardir. Ozellikle balik¢i teknelerinde av verimi
dikkate alinarak bulundurulmasi gereken ag miktar1 bu verim dikkate alinarak
diizenlenmelidir.

Abstract: In this study, it was aimed to investigate the effect of different net twine Keywords
thicknesses on the selection of fish size in gill nets. The study was carried out between e North Aegean Sea
September 2007 and February 2010 in a coastal region with 2 — 40-meter depth in a e twine thickness
commercial fishing area in the North Aegean Sea. A total of six nets with three different o gijjinet

mesh sizes, 18-, 20-, and 22-mm nominal bar length, and two different twine thicknesses o catch composition
210d/2 and 210d/3 were rigged for the study. Other than the twine thicknesses and mesh
sizes, all other features and specifications of the gillnets were identical. Each of the
gillnets had a hanging ratio of E= 0.4 and had 40 mesh depth. 59 fishing operations were
carried out in the study. The maximum number of fish was caught in the net with 927
pieces and 46.6 kg with 210 d/2 twine thickness and 18 mm mesh size. In experiments,
nets with a twine thickness of 2 were captured 1.21 times (number of target fish) more
than those with a twine thickness of 3. By weight, nets with larger mesh sizes caught
larger fish. This issue should be taken into consideration especially in the regulations to
be brought to keep the amount of net on fishing boats.
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1. GIRIS

Uzatma aglari, ekonomik ve uygulamasi kolay oldugu igin diinyada balik¢ilik faaliyetlerinde
yaygin olarak kullanilan bir av aracidir (Hamley, 1975; Laevastu ve Favorite,1988; Kurkilathi ve
Rask, 1996). Ag goz agikligi ile yakalanmasi hedeflenen balik tiirlinlin biiyiikliigii arasinda 6nemli bir
iliski bulunmaktadir. (Millner, 1985, Hovgard ve Lassen, 2000; Balik ve Cubuk, 2001a). Uzatma
aglart donami ve bakiminin diger ag gesitlerine gore kolay olmasindan dolayi tercih edilmektedirler
(Hamley, 1975; Kusat, 1996). Uzatma aglar1 bu avantajlar1 sayesinde, lilkemiz deniz ve i¢ sularinda
yogun olarak kullanilan av araglarindandir (Dartay, 2011). Uzatma aglar ile yapilan ¢alismalarda
monofilament, multifilament sade aglar ve fanyali aglar kullanilarak, ag g6z genisligi (Kara, 2003;
Ozekinci vd., 2003; Bahar, 2004), ag rengi (Balik ve Cubuk, 2001b), donam faktdrii (Balik ve Cubuk,
1998), ip kalinlig1 (Hansen, 1974; Turunen, 1996; Holst vd., 2002; Ayaz vd., 2011; Herrmann vd.,
2013; Aras, 2015; O’Neill vd., 2016; Kim vd., 2016) gibi faktorlerin av verimine etkileri
arastirllmistir. Canakkale Bogazi ve cevresinde sadece uzatma aglar1 degil diger av araglarinin av
verimi ve kompozisyonu (Cilasin vd., 2015; Oztekin vd., 2019; Ugur ve Oztekin, 2021) iizerine de
caligmalar bulunmaktadir.

Uzatma aglar ile avcilikta kullanilan agin hedeflenen tiirler tarafindan gériinmemesi av miktarin
dogrudan degistirmektedir. Ayrica agm ip kalinligi arttiginda esnekligi de diiseceginden verim
dogrudan etkilenmektedir. Bu ylizden uzatma aginin goriiniirliigiiniin diisiik olmasi istenir (Aydin vd.,
2006). Isik baliklarin av aracini gérmesinde en onemli gevresel faktorlerdendir (Dickson, 1989). Isik
haricinde, kullanilan av araci ile avlanacak tiirlin biyolojik 6zellikleri de gérme olayinda etkilidir.
Kullanilacak av aracinin renk, kalinlik ve biiyiiklik gibi 6zellikleri tiiriin av aracini gdrerek
yakalanmamasina neden olabilmektedir (Holst vd., 2002). Tam tersi olarak uzatma aginin ip kalinlig
ve su icerisindeki 1s1k durumu baligin avlanmasina yardimeir da olabilmektedir (Cui vd., 1991;
Ozdemir ve Erdem, 2006).

Uzatma aglarmin av verimini etkileyen en 6nemli 6zelliklerden biri de goriiniirlik oldugu
belirtilmistir (Kiyaga, 2008). ince materyal ile donatilan aglarin goriiniirliigii daha azdir. Av aracinin
ip kalinligi, avlanilacak tiirii ve balik biiyiikliigiini etkiledigi belirtilmistir (Potter ve Pawson, 1991).
Ayrica, kalin ip kullanilarak donatilan aglarla avlanan baliklarin boy araligi ince ip kullanilarak
yapilan aglara gore daha dar oldugu ifade edilmistir (Ayaz vd., 2011).

Uzatma aglarinda kullanilan materyalin ip kalinliginin ve ip renginin av verimi iizerinde etkili
oldugu, farkli tiirlerin gorebilme yeteneklerinin ve viicut yapilarmin farkli olmasi nedeniyle tiir
seciciligi tizerinde de 6nemli etkisinin oldugu, boy segiciligini ise etkilemedigi belirtilmistir (Antony,
1981). Yine yapilan sinirh ¢alismada ip kalinliklar1 ile av verimi arasinda bariz bir farklilik oldugu,
ince ip kalinlig1 ile daha biiyiik ve fazla balik yakalandig bildirilmistir (Hansen, 1974; Turunen vd.,
1998; Yokota vd., 2001).

Ip kalmliginin artmasi, biikiilme sertligini arttirarak kivrilma kabiliyetini azaltir ve aglarin
deformasyona ugramasini saglar (Herrmann ve O’Neill, 2006). Ozellikle agin toplanma asamasinda bu
durum av verimini de azaltabilir. Bu durum ayni zamanda gelisen teknolojiyle birlikte ag malzemesi
iireticilerini ¢ekme kuvvetini azaltacak diisik mukavemetli daha esnek materyaller {iretmeye
yoneltmistir (Bates, 2004).

Canakkale Bogazi’nin da i¢in de bulundugu Tiirk Bogazlar sistemi tiir ¢esitliligi a¢isindan oldukga
zengin bir yapiya sahip olmasindan dolay1 farkli 6zelliklerdeki uzatma agi bu bdlgede yogun olarak
kullanilmaktadir. Kuzey Ege’de balik¢ilarin kullandiklar1 aglarin %27’si barbun aglari, %46,4’i
marya aglari, %12,2’si tlim sezon boyunca kupes avlamada kullanilan galsama aglari, %11,8’1 karides
aglar1 ve %2,4’1 kopek balig1 aglari olarak belirlenmistir (Ayaz vd., 2010).

Giliniimiizde, balik stoklarindan optimum diizeyde ve siirekli yararlanmak, balik¢ilik yonetiminin
temel ilkesi haline gelmistir. Kuzey Ege’de Canakkale kiyilarinda baz1 balik¢1 teknelerinde daha fazla
av yapmak adina ag miktarlar1 oldukca fazla arttirilmis, goz genislikleri kiigtltiilmiis ve ip kalinliklar
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inceltilmis durumdadir (Ayaz vd. 2008). Balik¢ilik yonetimi agisindan av araglari, gilivertedeki
miktarlar1 kontrol altina alinmalidir. Bunu saglayabilmek agisindan kullanilan av araglarimin av
verimlerinin bilinmesi 6nem arz etmektedir. Bu calismada Canakkale Bolgesi’nde 6zellikle akim (go¢)
zamani yogun olarak kullanilan uzatma aglarinda av verimini etkileyen énemli faktorlerden birisi olan
ip kalinligiin av verimine etkisi incelenmistir.

2. MATERYAL ve YONTEM
Saha c¢aligmalari, Eylil 2007- Subat 2010 tarihleri arasinda Gelibolu Yarimadasi kiyilarinda
arasinda 2-40 m derinlik konturlar arasinda gergeklestirilmistir (Sekil 1).

. GELIBOLU

T 0220 00E
TteesannoE  fN 4

EGE DENIZI

+ jstanbul
___________ e e D O e e e

0407 0.00M

Sekil 1. Calisma Sahasi.

2.1. Caliymada kullanilan aglar

Denemelerde 18, 20, 22 mm goz genisliginde, 40 dikey goz yiiksekliginde, E=0,4 donam
faktoriinde 210d/2 ve 210d/3 numara ip kalinhigina sahip aglar kullanilmistir. Her bir agdan 80 m
uzunlukta hazirlanmistir. Aglarin ip kalinliklar1 haricinde tiim 6zelliklerinin ayni1 olmasina dikkat
edilmistir. Aglarin teknik 6zellikleri Sekil 2-7’de verilmistir.
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Sekil 3. 210d/2 numara 20 mm g6z genisliginde barbun ag1 (E
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Sekil 4. 210d/2 numara 22 mm g6z genisli
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Sekil 5. 210d/3 numara 18 mm g6z genisli
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Sekil 7. 210d/3 numara 22 mm g6z genisli

2.2. Yontem

seklinde denize indirilmistir.

Denemelerde aglar aksam ve sabah vakitlerinde kiyiya paralel “S”

Aksam giin batiminda ve sabah giin dogduktan yaklagik 1 saat sonra denizden kaldirilmistir. Calisma

siiresince toplam 59 av operasyonu gergeklestirilmistir. Denemeler sonucunda elde edilen veriler

degerlendirilirken, barbun tiirleri (Mullus sp.) hedef av olarak, diger yakalan tiirler hedef dis1 av olarak

degerlendirilmistir. Bir posta agmn av verimi belirlenirken yakalanan toplam balik miktar1, o ag ile

Av Miktari/ Operasyon Sayisi). Ip kalinli

gina gore

yapilan operasyon sayisina boliinmiistiir (CPUE

posta basina (80 metre) ortalama av verimi hesaplanirken ise, o ip kalinlig ile ii¢ farkli goz genisligine

sahip aglarin yakaladig1 balik miktar1 ortalamasi, av operasyonu sayisina boliinmiistiir.

Farkli ip kalmhigindaki aynm1 goéz genisligine sahip aglarin yakaladigi av miktarlar1 adet ve agirlik

olarak aralarinda istatistiksel fark olup olmadig: tekrarli veri varyans analizi (Repeated measures
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ANOVA) yapilarak karsilastirilmistir. Benzer sekilde hedef av ve hedef dis1 av miktarlar1 da aym
analizle karsilagtirilmstir.

3. BULGULAR

Denemelerde 31 familyaya ait 63 tiir ve toplamda 4522 adet ve 274,158 kg balik yakalanmustir.
Avlanan tiirler igerisinde 779 adet ile tekir (M. surmuletus), 566 adet ile izmarit (S. maena) ve 510
adet ile ¢izgili hani (S. scriba) ilk ¢ sirada yer almustir. Avlanan tim tirler birlikte
degerlendirildiginde 2473 birey ile 210 d/2 numara ip kalinligina sahip aglar, 2049 birey avlayan 210
d/3 numara ip kalinligina sahip aglara gére daha fazla av yapmistir (Tablo 1).

Tim aglar birlikte degerlendirildiginde hedef tiirlerin ortalama av verimi operasyon basina 2
numara aglarda 2,41 adet/80 ve 3 numara aglarda 2 adet/80 (1 posta ag) olarak gerceklestirilmistir. Bu
degerler hedef dis1 avda ise sirasi ile 11,6 ve 9,58 adet/80 m olarak hesaplanmistir (Tablo 2).
Denemeler sonucunda, ince ipe sahip aglarin adet olarak 1,21, agirlik olarak ise 1,25 kez kalin ipe gore
daha fazla av yaptig1 belirlenmistir.

Yapilan tekrarlamali veri varyans analiz sonuglarinda farkli ip kalinligina sahip ayn1 goz

genigligindeki aglarin yaptiklart av miktarlar1 adet ve agirlik olarak karsilastirilmis ve aralarinda
istatiksel bir fark bulunamamistir (P>0,05). Tablo 2’de belirtilen hedef ve hedef dis1 av oranlart ayn
analiz ile karsilastirilmigtir. Hedef ve hedef dist av oranlart ayni géz genisliklerinin yakaladigi
miktarlar arasinda karsilagtirilmigtir. Analizler sonucunda 22 mm goz genisligine sahip 210d/2 — 3
numara ip kalinligina sahip aglarin avladigi miktarlar adet ve agirlik olarak farkli bulunmustur
(P<0,05). Diger 18 ve 20 mm goz genisligine sahip aglarda fark bulunamamigtir. Hedef dis1 avda ise
sadece farkli ip kalinligina sahip 20 mm g6z genisligindeki aglar arasinda adet olarak istatiksel fark
onemli bulunmus (P<0,05), diger miktarlar arasinda bir fark bulunamamustir (P>0,05).
Denemeler sonucunda 2 numara aglar 3 numara aglardan adet ve agirlik olarak daha fazla av yapmis
ancak, oransal olarak hedef ve hedef disi av verimlerinin birbirine benzerlik gosterdigi tespit
edilmistir. 210 d/2 ve 210 d/3 numara ipe sahip aglarin adet bazinda hedef av verimleri %17 olarak
gerceklesmis, agirlik olarak ise %22 olarak belirlenmistir. Hedef dig1 av verimleri de her iki ag gurubu
icin %83 olarak belirlenmistir (Sekil 8).

Denemeler sonucunda, farkli ip kalinliklarinda ayn1 goz genisligine sahip aglarin hedef ve hedef dig
av verimleri karsilastirildiginda 18 mm aglarda adet olarak 2 numara; agirlik olarak 3 numara aglarin
daha fazla hedef av yakaladig1 tespit edilmistir. 20 mm aglarda hem adet hem de agirlik olarak 2
numara aglarin daha fazla hedef av yakaladigi belirlenmistir. 22 mm aglar ise adet ve agirlik olarak 3
numara aglar daha fazla hedef av yakalamistir. (Sekil 9,10,11).

4. TARTISMA ve SONUC

Caligmada, ince ip kalinligima sahip aglarin kalin ipe sahip aglara gore daha verimli oldugu
bulunmustur. Hovgard (1996), av veriminin ip kalinlig1 ve goz genisligi ile ters orantili oldugunu
belirtmistir. Caligmamizda da ip kalinlig1 ve goz genisligi biiylidiikce av verimi adet olarak diismiis,
ancak agirlik olarak artmustir., Bu calisma ise hedef tiir olan ozellikle tekir baliklarinin boy
dagilimlarinin 20 ve 22 mm gbz genisligine sahip aglarin yakalayabilecegi boy dagilimlarina sahip
olduklarini gostermektedir. Nitekim Ayaz vd. (2008), Canakkale i¢in dzellikle 20 mm gbz genisligine
sahip aglarm balik¢ilar tarafindan yaygin olarak kullanildiklarini bildirmistir. Benzer sekilde yapilan
aragtirmada ince ip kalinligimin kalin ipe gore 1,9 kez daha fazla balik yakaladigi tespit edilmistir
(Turunen, 1996). Calisma da ise ince ipe sahip aglar 1,21 kez kalin ipe gore daha fazla av yapmustir.
Bu duruma ince ipin ortamda goriiniirliigliniin diisiik ve ince ipin esnekliginin daha fazla olmasimin
neden oldugu diisiiniilmektedir. Ayrica ¢alismada ip kalinligi farki ¢ok fazla olmadigi i¢in Turunen’in
(1996) yapmis oldugu calismadaki gibi daha net bir farklilik tespit edilememistir.
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Tablo 1. Farkli ip kalinlig1 ve goz genigligine sahip aglara yakalanan baliklarin miktarlari (agagidaki ag kodlamalar1 rnegin, 18 2 04: 18mm g6z genisliginde 210 d/2 numara
ip kalinligimi ve E=0,4 donam faktoriinii ifade etmektedir).

Ag Tipi 2 No toplam 3 No toplam
Tiirler 18204 18304 20204 20304 22204 22304

Adet | Agirlik (g) | Adet| Agirhik (g) | Adet | Agirhik (g) | Adet| Agirlik (g) | Adet | Agirlik (g) | Adet| Agirhik (g) | Adet | Agirlik (g) | Adet | Agirlik (g)
Tekir (M. surmuletus) 163 9562 141 7831 127 10140 149 11070 136 13360 63 7636 426 33062 353 26537
[zmarit (S. maena) 123 4638 182 6434 100 4822 49 2426 54 2967 58 3339 277 12427 289 12199
C. Hani (S. scriba) 127 6476 130 5832 72 4632 102 7327 40 3114 39 4054 239 14222 271 17213
Isparoz (D. annularis) 103 1716 41 552 107 2613 62 1479 116 4136 65 1912 326 8465 168 3943
Iskorpit (S. porcus) 41 3313 17 750 60 5032 59 4403 89 6556 104 7390 190 14901 180 12543
Cirerr (S. tinca) 65 1694 76 1929 49 2000 35 1946 65 3146 35 1848 179 6840 146 5723
Kupez (B. Boops) 18 1002 12 641 70 4829 14 1087 61 5062 37 3131 149 10893 63 4859
Y. Mercan (P. acarne) 37 1331 13 393 35 1715 25 1076 40 2235 12 620 112 5281 50 2089
Papaz (C. chromis) 22 409 79 1480 1 28 23 437 79 1480
Gelin Balig1 (C. julis) 38 1722 26 1237 13 706 3 200 5 270 3 158 56 2698 32 1595
Cireir (S. mediterraneus) 22 518 29 683 8 253 6 216 10 370 5 226 40 1141 40 1125
M. Mercan (P. bogaraveo) 4 102 6 169 17 624 32 1317 5 300 14 672 26 1026 52 2158
Asil Hani (S. cabrilla) 34 1375 13 387 11 474 5 198 8 474 6 337 53 2323 24 922
Karagoz (D. vulgaris) 5 130 3 82 8 251 13 424 6 394 21 832 19 775 37 1338
Lipsoz (S. scrofa) 7 546 7 1014 5 453 11 1861 12 903 10 1041 24 1902 28 3916
Cireir (S. ocellatus) 14 421 6 292 10 360 4 126 10 483 7 331 34 1264 17 749
Izmarit (S. smaris) 7 267 33 1456 1 54 2 75 6 405 14 726 35 1531
Trakonya (T. draco) 12 1035 3 149 17 1460 9 1162 7 884 38 3657 10 1033
Iri Sardalye (S. aurita) 17 1074 3 163 14 1009 1 63 5 501 36 2584 4 226
Kedi (S. canicula) 5 1057 5 1517 7 1428 9 2793 11 3360 19 5367 18 4788
Melanur (O. melanura) 2 141 5 176 16 1266 2 142 3 245 20 1549 8 421
Sarpa (S. salpa) 1 26 11 241 11 371 1 71 2 71 2 97 24 683
Siibye (S. officinalis) 8 4694 1 420 6 1802 1 149 3 557 6 1684 17 7053 8 2253
K. Mercan (P. erythrinus) 2 311 7 205 2 77 1 143 10 553 2 252 14 941 10 600
Iskatar (S. cantharus) 1 15 9 281 4 114 5 138 3 83 15 434 7 197
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Lapin (L. viridis) 11 551 3 90 4 304 1 87 3 244 18 1099 4 177
C. Dil (M. variegatus) 3 54 9 189 2 39 3 55 4 81 15 298 6 120
Tiryaki (U. scaber) 4 234 3 1100 2 194 4 869 2 715 6 893 8 1143 13 2862
Benekli Iskorpit (S. notata) 5 179 4 109 3 81 4 135 1 29 3 104 9 289 11 348
Kolyoz (S. japanicus) 1 73 8 1029 2 415 9 1849 10 1444 10 1922
Bakalyaro (M. merluccius) 3 268 4 272 5 893 3 213 3 268 12 1378
Istavrit (T. mediterranus) 2 89 4 233 3 162 1 20 1 57 6 308 5 253
Sinarit (D. dentex) 1 39 2 112 2 120 3 443 1 65 6 594 3 185
Turna (E. lucius) 1 90 5 558 3 558 4 648 5 558
Dil (S. solea) 1 340 1 25 1 84 3 372 1 273 5 737 2 357
Istavrit (T. trachurus) 4 188 1 27 1 99 1 57 6 344 1 27
Cirerr (S. rostratus) 1 23 4 76 1 83 2 106 4 76
Kaya Balig1 (G. cruentatus) 3 98 1 54 1 28 4 126 1 54
Lapin (L. merula) 2 88 1 55 2 216 0 0 5 359
Cirerr (S. cinereus) 2 47 1 36 2 47 1 36
Cirerr (S. roissali) 1 30 2 67 2 67 1 30
Horozbina (Panabelennius sp.) 1 63 1 44 1 65 3 172 0 0
Kaya Balig1 (G. niger) 1 52 1 58 1 35 2 110 1 35
Kirlangig (C. lucerna) 1 137 1 57 1 34 2 194 1 34
Liifer (P. saltatrix) 1 125 1 99 1 78 0 0 3 302
Pisi (Bothus podas) 1 23 1 19 1 29 3 71 0 0
Elektrik (T. marmorata) 1 63 1 890 2 953 0 0
L. Kedi (G. melastomus) 1 127 1 530 2 657 0 0
Uskumru (S. scombrus) 1 164 1 85 2 249 0 0
Vatoz (R. radula) 2 374 2 374 0 0
Ahtapot (O. vulgaris) 1 445 1 445 0 0
Barbun (M. barbatus) 1 33 0 0 1 33
Diilger (Z. faber) 1 153 1 153 0 ’

Fener (L. budegasa) 1 318 0 0 1 318
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Kalkan (P. maxima) 1 62 0 0 1 62
Kaya Balig1 (G. cobitis) 1 34 1 34 0 0
Kaya Balig1 (Z. ophiocephalus) 1 65 1 65 0 0
Mazak (C. lastoviza) 1 206 1 206 0 0
Migri (C. conger) 1 655 0 0 1 655
Mirmir (L. mormyrus) 1 42 1 42 0 0
Pisi (L. bosci) 1 18 1 18 0 0
Vatoz (D. pastinica) 1 360 0 0 1 360
Vatoz (R. clavata) 2 2170 0 0 2 2170

Genel Toplam 927 46600 878 35351 811 50511 622 42465 735 54215 549 45016 2473 151326 2049 122832
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Tablo 2. Aglarin hedef ve hedef dig1 av verimleri (2 ve 3 numara aglarin av verimleri hesaplanirken, 3 agin
ortalama av miktari operasyon sayisina boliinerek elde edilmistir).

Hedef av verimi Hedef dis1 av verimi

Av Toplam Toplam (Posta basina av miktar: / (Posta basina av miktar: /
hedefav  hedef dis1 av
Operasyon sayisi) Operasyon sayisi)
182 Adet 163 764 2,8 13
04 Agirlik (g) 9562 37038 162,1 6278
183 Adet 141 737 2,4 12
04 Agurlik (g) 7831 27520 132,7 466,4
202 Adet 127 684 2,15 11,6
B 04 Agirlik (g) 10140 40371 171,86 684,25
=)
o 203 Adet 149 473 2,5 8
04 Agirlik (g) 11070 31395 187,6 532,1
209 Adet 136 599 23 10
04 Agirlik (g) 13360 40855 2264 692,5
223 Adet 64 485 1,1 8,2
04 Agirhik (g) 7669 37347 130 633
oNo Adet 426 2047 2,41 11,16
Toplam  Agriik (g) 33062 118264 186,79 668,16
3No Adet 354 1695 2 9,58
Toplam  Agirlik (g) 26570 96262 150,113 543,853
2 NO ORTALAMA (ADET) 2 NO ORTALAMA (AGIRLIK)
Hedef Av
(CPUE) Hedef Av
%17 (CPUE)
%22
Hedefdis1 Av Hedefdis1 Av
Verimi (CPUE) Verimi (CPUE)
%83 %78
3 NO ORTALAMA (ADET) 3 NO ORTALAMA (AGIRLIK)
Hedef Av Hedef Av
(CPUE) (CPUE)
%17 o %22
Hedefdis1 Av Hedefdis1 Av
Verimi (CPUE) Verimi (CPUE)

%83

%78

Sekil 8. 210d / 2 ve 3 numara ip kalinligina sahip aglarin hedef ve hedef dis1 av verimleri.
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2NO 18 MM (ADET)
Hedef Av

" (CPUE)

%18

Hedefdis1 Av
Verimi (CPU
%82

3NO 18 MM (ADET)

Hedef Av
(CPUE)

%16

Hedefdis1 Av

Verimi (CPUE) —
%84

Verimi (CP'

2 NO 18 MM (AGIRLIK)
Hedef Av

_— (CPUE)
%21
Hedefdis1 Av
Verimi (CPU‘E)/

% 79

3 NO 18 MM (AGIRLIK)
Hedef Av

(CPUE)

)
Hedefdis1 Av
)

%78

Sekil 9. Farkli ip kalinliginda 18 mm géz genisligine sahip aglarin av verimleri.

2 NO 20 MM (ADET)

Hedef Av
(CPUE)

%16

Hedefdig1 Av

Verimi (CPUE) — =
%84

3NO 20 MM (ADET)

Hedef Av
(CPUE)
%24

Hedefdis1 Av
Verimi (CPU
%76

2 NO 20 MM (AGIRLIK)
Hedef Av
(CPUE)

%20
Hedefdis1 Ay/

Verimi (CPUE)
%380

3 NO 20 MM (AGIRLIK)
Hedef Av

(CPUE)
o %26

Hedefdig1 Av
Verimi (CPU
%74

Sekil 10. Farkli ip kalinliginda 20 mm g6z genisligine sahip aglarin av verimleri.
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2NO 22 MM (ADET)

2NO 22 MM (ADET)

Hedef Av Hedef Av
(CPUE) (CPUE)
%19 %25
Hedefdis1 Av
Hedefdis1 Av ..
Verimi (CPUE) Ve““f; (,,(;PUE)
%81 o0
3NO 22 MM (ADET) 3NO 22 MM (ACIRLIK)
Hedef Av H;‘;,%EA"
(CPUE) ( " 17)
' %12 ’ °
Hedefdis1 Av Hedefdis1 Av
Verimi (CPUE) Verimi (CPUE)
%88 %83

Sekil 11. Farkli ip kalinliginda 22 mm g6z genisligine sahip aglarin av verimleri.

Farkli ag ip kalinlhiginda ayn1 g6z genisligine sahip aglar arasinda hedef ve hedef dis1 av oranlar
karsilastirildiginda, hedef avda 22 mm g6z genisligine sahip aglarin yakaladigi baliklarin adet ve
agirhiklarn arasinda istatistiksel fark bulunmus (P<0,05), diger g6z genislikleri igin fark
bulunamamistir. Hedef disi1 avda da 20 mm gz genisligine sahip aglarda adet olarak fark
bulunmustur. Bu farkliliklar ince ip ve kalin ipin av farkina yansimis olabilir.

Denemelerde 210d/2 ve 210d/3 numara ip kalinligina sahip aglar i¢in hedef tiir olan Mullidae
familyasina ait barbun ve tekir baliklarimin av verimleri %17 olarak belirlenmistir. izmir Korfezinde
yapilan bir ¢alismada 210 d/2 numara aglarda %28 olarak belirlenmistir (Aydin vd., 2006). Calismalar
arasindaki bu farkliliginin mevsimsel ve bolgesel degisikliklerden kaynaklandigi diistintilmektedir.
Daban ve ismen (2020), Oztekin vd. (2016) Kuzey Ege kiyilarmin énemli bir {ireme alan1 oldugunu ve
yiiksek kiyisal biogesitlilige sahip oldugunu belirtmistir. Kuzey Ege’de hedef tiir haricinde tiir
cesitliligi ve yogunlugu fazla oldugundan hedef av oraninin diigiik ¢ikmasina neden olmus olabilir.
Tablo 2 incelendiginde en fazla hedef av 210 d /2 numara 22 mm goz genisligine sahip agda
gerceklesmis, en diislik hedef av ise 210 d / 3 numara 22 mm agda gézlenmistir. Bu miktarlar agirlik
olarak sirasi ile 226,4 ve 130 g olarak gergeklesmistir. Bu degerler incelendiginde balik fiyatlari
dikkate alinarak (birinci simif boya sahip tekir (20cm ve iizeri) 150 TL/kg) bir balik¢1 teknesinin
barbun avciliginda en az 5 - 10 kg her avda balik yakalamasi gerekmektedir. Dolayist ile bu deger
dikkate alindiginda balik¢1 teknelerinin giivertesinde minimum 20 maksimum 30 posta ag
bulunmasinin gerekli oldugunu ortaya ¢ikarmistir.

Caligmanin sonuglarda 1 numara ip kalinlig1 farkinin (denye olarak) av veriminde 0,21 kat daha
fazla etkili oldugu belirlenmistir. Gelecekte ip kalinligi ile yapilacak bilimsel ¢aligmalarda kalinlik
farkinin daha fazla olmasi, av verimi farkinin daha net ortaya konmasma ve konunun tartigilmasina
daha fazla yardimci olacaktir.

TESEKKUR
Yazarlar katkilarindan dolayr Ugur Altinagag, Ugur Ozekinci ve Cahit Ceviz’e yazarlar
tesekkiirlerini sunar.
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FINANS
Bu calisma Mustafa Bakirci'min yiiksek lisans tezinin bir boliimiinii igermekte olup TUBITAK-
CAYDAG tarafindan desteklenmistir. Proje Numarasi: 106Y021

CIKAR CATISMASI BEYANI

Yazarlar, bu caligmay1 etkileyebilecek finansal ¢ikarlar veya kisisel iligkiler olmadigini beyan
etmektedir.

YAZAR KATKILARI
Calisma kurgusu: AA, AQ; Literatiir taramas1: MB, GEU; Veri analizi: AA; Makale yazimi: MB,
GEU; Denetleme: AA, AO. Tiim yazarlar nihai taslag: onaylamistir.

ETIK ONAY BEYANI
Makalenin verilerinin temin edildigi 106Y021 numarali TUBITAK projesi 2007 yilinda kabul
edilmis olup bu tarihlerde Etik Kurul olmamasindan dolay1 Etik Kurul Onay beyani alinmamustir.

VERI KULLANILABILIRLIK BEYANI
Makalenin verileri TUBITAK 106Y021 numarali projede bulunmaktadir.
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Abstract: Sampling studies on the Turkish Mediterranean coast revealed the presence of  Keywords

a species of Pycnogonida belonging to the genus Ammothella. This species is identified o Pycnogonida

as A. longioculata (Faraggiana, 1940). This is herein reported for the first time from the o Ammothella longioculata
Fethiye Bay and Mediterranean coast of Turkey. Therefore, the record further extends the o Mediterranean coast of Turkey
known distribution of A. longioculata from the Aegean Sea to the Mediterranean coast of o nediterranean Sea

Turkey. A distribution map of the species in the Mediterranean Sea is provided, together
with photographs of the species. This study is the only scientific report to date of the
pycnogonids of the Fethiye Bay in Turkey.

o Turkey

Ozet: Fethiye Korfezi'nde yapilan 6rnekleme calismalari, Ammothella cinsine ait bir  Anahtar kelimeler
piknogonid tiirii olan A. longioculata (Faraggiana, 1940)’ nin varligin1 ortaya koymustur. e Pycnogonida

A. longioculata, Fethiye Korfezi’nden ve Tiirkiye’nin Akdeniz Kiyilarindan ilk kez bu o Ammothella longioculata
¢alismada rapor edilmektedir. Bundan dolayi, bu kayit, tirin bilinen dagilmini Ege o Tiirk Akdeniz kiyilari
Denizi’nden Tiirkiye’nin Akdeniz kiyilarina kadar genisletmektedir. Ttiriin Akdeniz’deki o Akdeniz

dagilimi ve fotograflari ¢aligmada verilmistir. Bu calisma, bugiine kadar Tiirkiye’de
Fethiye Korfezi piknogonidleri tizerine yapilmus tek ¢aligsmadir.

o Tiirkiye

1. INTRODUCTION

Pycnogonids form a small but interesting part of most bottom communities. They are a little-known
group of strictly marine arthropods that occur from brackish estuaries with salinities as low as 20%o to
the oceans of the world, from intertidal zones to the deepest trenches (Child, 1992).

Ammothella longioculata (Faraggiana, 1940) is endemic to the Mediterranean Sea. At least twelve
studies are indicating the existence of the species in the region (Faraggiana, 1940; Stock, 1958; Krapp,
1973; Arnaud, 1987; Schiiller, 1989; Chimenz et al., 1993; Munilla & Nieto, 1999; Vignoli et al.,
2006; Kocak & Katagan, 2007; Krapp et al., 2008; Kogak, 2020).

To date, there is no record of pycnogonids from Fethiye Bay. An examination of pycnogonid
specimens from Fethiye Bay on the Turkish coast of the Mediterranean Sea yielded one species of
pycnogonid, Ammothella longioculata, that is a new record for the Fethiye Bay and Mediterranean
coast of Turkey.

Attribution 4.0 International (CC BY 4.0) license. http://creativecommons.org/licenses/by/4.0/

@ ® This paper is published by Isparta University of Applied Sciences, Egirdir Fisheries Faculty under Creative Commons


https://dergipark.org.tr/actaquatr
http://creativecommons.org/licenses/by/4.0/
mailto:kocakcengiz@gmail.com
https://doi.org/10.22392/actaquatr.975106
https://orcid.org/0000-0003-3030-7882

Kogak, 2022 Acta Aquat. Turc., 18(1): 076-080 77

2. MATERIALS and METHODS

By snorkeling, one male specimen of the species was collected from Cystoseira sp. facies in the
upper infralittoral zone (1.5 m depth) of Dalyan Cove, Fethiye Bay (Mediterranean coast of Turkey)
(Figure 1). The specimen was fixed in 5% formaldehyde, later rinsed with fresh water, and then
preserved in 70% ethanol. The specimen was examined under a stereomicroscope. The following
papers were used for the species identification: Faraggiana (1940), Krapp (1973), and Kocak and

Katagan (2007). The specimen was deposited in the ESFM (Museum of the Faculty of Fisheries, Ege
University, Izmir).
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Figure 1. Distribution of Ammothella longioculata (Faraggiana, 1940) in the Mediterranean Sea (filled circle),
including the sampling area (asterisk).

3. RESULTS
3.1. Systematics

Class PYCNOGONIDA Latreille, 1810

Order PANTOPODA Gerstaecker, 1863

Family AMMOTHEIDAE Dohrn,1881

Genus Ammothella Verrill, 1900
3.1.1. Ammothella longioculata (Faraggiana, 1940) (Figures 2-3)

Material examined: 1 &, (EFSM-PYC/2018-1), Dalyan Cove (Fethiye Bay, Mediterranean coast of
Turkey), 36°3623"N, 29°01'52"E, Cystoseira sp., 1.5 m, 19 August 2018.

Measurements (mm): Trunk length (frontal margin of cephalic segment to tip of fourth lateral
process), 0.86; Trunk width (across second lateral processes), 0.60; abdomen length, 0.34; proboscis
length (in ventral view), 0.58 mm; Leg 3: coxa 1. 0.20 mm, coxa 2. 0.27 mm, coxa 3. 0.22 mm, femur.
0.57 mm, tibia 1. 0.62 mm, tibia 2. 0.61 mm, tarsus. 0.09 mm, propodus. 0.40 mm, main claw. 0.21
mm, auxiliary claw. 0.11 mm.

Remarks: The present specimen agrees well with the specimen given by Krapp (1973) and by
Kocak & Katagan (2007). | noted only that the trunk length of the present specimen is slightly larger

than those in Krapp’s (1973) sample (0.84 mm in a male) and in Kocak and Katagan’s (2007) sample
(0.83 mm in male).

Worldwide Distribution: Mediterranean Sea.
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Figure 3. Ammothella longioculata (Faraggiana, 1940), &, Fethiye Bay. Left leg 3.
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4. DISCUSSION

Ammothella longioculata is only known from the Mediterranean Sea. Spanish coast: Chafarinas
Islands, Alboran Sea (Munilla & Nieto, 1999). French coast: Nice (Arnaud, 1987). Tunisian coast:
Tabarka (Arnaud, 1987). Italian coast: Levanto, Ligurian Sea (Faraggiana, 1940); Isola Lachea
(Krapp, 1973); Apulian coast (Chimenz, et al., 1993); Costa d’Argento (Vignoli et al., 2006). Croatian
coast: Rovinj, north Adriatic (Schiiller, 1989). Israel coast: Tantura (Stock, 1958). Northern Cypriot
coast: Famagusta Bay (Kocak & Katagan, 2007); Turkish coast: Gencelli cove (Krapp et al., 2008);
Utla, izmir Bay (Kogak, 2020) (Figure 1).

Kocak (2015) stated that the number of pycnogonids known from the Mediterranean coast of
Turkey was 8 species. In a later study, Ragkousis et al. (2020) recorded Ammothea hilgendorfi (B6hm,
1879) from the Mersin Bay. This record increased the total number of species to 9. The record of A.
longioculata reported herein further raises the total number of known pycnogonids for the
Mediterranean coast of Turkey to 10 species. To date, a total number of 30 pycnogonid species are
found in Turkish waters. Thus, the reported 10 different species of pycnogonids in the Mediterranean
coast of Turkey represent 33.3% of all known pycnogonid species.

This study is the only scientific report to date of the pycnogonids of the Fethiye Bay in Turkey.
Therefore, it is believed that more samplings in the Fethiye Bay will result in a more accurate count
pycnogonid species.
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Abstract: In this study, it was aimed to evaluate the effectiveness of different levels of ~ Keywords
thyme leaf and thyme oil as feed additives in white shrimp (Litopenaeus vannamei) e Aromatic plants
culture. In the experiment, five groups were formed as 1% and 2% thyme leaves e fatty acids
(ThyL1% and ThyL2%), 0.5% and 1% thyme oil (Thy00.5% and ThyO1%), and control 4 histology
group. Shrimps (6.67+1.52 g) were stocked at a stocking rate of 15 shrimp/250 L (100% o \ytrition

water change day™) in a three-replications. At the end of the trial, the highest final body
weight (14.90+2.77) and weight gain (8.22+0.72) were determined in the ThyO1% group
and were statistically different compared to the control group (Final weight: 13.54+3.37,
weight gain: 6.87+0.54) (p<0.05). While the best feed conversion ratio between the
groups was similarly determined in the ThyO1% (2.59+0.92) group, there was no
difference between the groups in terms of survival rates. Histological examination of
hepatopancreatic tissues showed no difference in tissue morphology between the groups.
Dry matter, crude protein, and crude ash contents did not differ significantly between the
groups. The highest lipid content was found in the ThyO1% group (1.64) compared to
the other groups (p<0.05). Saturated and unsaturated fatty acids composition values
differed significantly for all groups. (p<0.05). As a result, it can be stated that 1% thyme
oil added feed can be used as a growth promoter in white shrimp culture.

e shrimp

Ozet: The Bu galigmada, beyaz karides (Litopenaeus vannamei) yetistiriciliginde yem  Anahtar kelimeler
katki maddesi olarak kekik yaprag: ve kekik yagmin farkli besin takviyesi diizeylerinin o Aromatik bitkiler
etkinliginin degerlendirilmesi amacglanmistir. Denemede, %1 ve %2 kekik yapragi o yag asitleri
(ThyL1% ve ThyL2%), %0,5 ve %1 kekik yagi (ThyO0.5% ve ThyO1%) ve kontrol 4 histoloji

grubu olmak lizere bes grup olusturulmustur. Karidesler (6,67+1,52 g), ¢ tekerriitli ¢ paslenme

deneme diizeninde stoklama orani 15 karides/250 L (giinliik %100 su degisimi) olacak 4 arides
sekilde stoklanmistir. Deneme sonunda, en yiiksek final viicut agirligr (14,90+2,77) ve
agirlik artisi (8,22+0,72) ThyO1% grubunda belirlenmis ve kontrol grubu (Final agirlik:
13,54+43.37, agirlik artisi: 6.87+0.54) ile karsilastirildiginda istatistiksel olarak farkli
bulunmustur (p<0.05). Gruplar arasinda en iyi yemden degerlendirme orani benzer
sekilde ThyO1% (2,59+0,92) grubunda belirlenirken, yasama oranlart bakimindan
gruplar arasinda fark bulunmamustir. Hepatopankreas dokularinin histolojik incelemesi,
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gruplar arasinda doku morfolojisi agisindan fark olmadigini géstermistir. Kuru madde,
ham protein ve ham kill igerikleri gruplar arasinda Onemli &lgiide farklilik
gostermemistir. En yiiksek lipid icerigi ThyO1% grubunda (1,64) saptanmug ve diger
gruplarla karsilastirildiginda istatistiki fark olusturmustur (p<0.05). Doymus ve
doymamis yag asitleri kompozisyon degerleri tiim gruplar icin anlaml farklilik
gostermistir. (p<0.05). Sonug olarak, %1 kekik yag1 katkili yemin beyaz karideslerde
biiyiime destekleyicisi olarak kullanilabilecegi ifade edilebilir.

1. INTRODUCTION

Acrtificial chemicals such as hormones and antibiotics have been used on growth promoters,
disinfection, and other purposes in aquaculture (Jayaprakas et al., 1996; Citarasu, 2010). However,
because of the residual and resistance effects, most of the hormones and antibiotics have been banned,
limited, and not recommended for fish, mollusk, and crustacean culture. Therefore, new approaches
have emerged which may be more effective in aquaculture applications. Natural food additives such as
medicinal plants can be considered as an alternative tool to reduce or prevent the problems caused by
infectious diseases in aquaculture (Zargar et al., 2019). Medicinal/aromatic plant applications in
aquaculture practice can reduce the side effects of applying the synthetic compounds and the cost and
also make it eco-friendly. Lamiaceae (Labiatae) plant family, as its most popular members with
oregano, thyme and sage have attracted important attention (Burt, 2004). Thyme (Thymus vulgaris,
Linnaeus) is rich in essential oils, widely used, and distributed in the world (Davis 1965). It is well
known that thyme and its essential oil are consumed as food for humans. In addition to being
consumed as food, the plant has been reported to promote various activities like appetite stimulation,
growth promotion, immune stimulation, and have aphrodisiac and antimicrobial properties (Kroismayr
et al., 2008; Windisch et al., 2008; Lee et al., 2009; Zheng et al., 2009; Tiihonen et al., 2010; Villeda,
2013). The essential oil of the thyme plant is the most known and used essential oil because of its
antibacterial activity. Active substances such as carvacrol and thymol in this oil are effective on
Escherichia coli and many other pathogenic microorganisms (Dorman and Deans, 2000). The use of
thyme oil as a feed additive for poultry can provide many benefits such as weight gain, better feed
conversion ratio, inhibition of intestinal pathogenic microorganisms, and enhancement of digestive
enzymes activity (Sugiharto, 2016). However, there is limited research on aquaculture (Janior et al.,
2018; Valladao et al., 2019).

According to Food and Agricultural Organisation (FAQ), global shrimp farming production
currently reached 4.58 million tonnes, which could go up to 11-18 million tons in 2030 (FAO, 2016).
The white shrimp (Litopenaeus vannamei, Boone, 1931) is one of the most widely cultured shrimps;
represents over 50% all over the world. The shrimp culture industry could be assumable as a sector
already entering its mature stage, but still needs development such as in feed, feeding strategy, and
culture methods for sustainability. Therefore, the general objective of this study was to evaluate the
efficacy of dietary supplemental different levels of thyme leaves and thyme oil as a feed additive in
white shrimp.

2. MATERIAL and METHODS
2.1. Experimental animals, design and diet preparation

The experiment was carried out at the Research and Application Unit of the Faculty of Marine
Sciences and Technology, Iskenderun Technical University, Iskenderun, Hatay, Turkey.

In the experiment, thyme leaf and thyme oil were added to the experimental diet in 2 different
concentrations. Trial groups were constituted as 1% and 2% of thyme leaf (ThyL 1%, ThyL 2%), 0.5%
and 1% of thyme oil (ThyO 0.5%, ThyO 1%) supplemented groups, and a control group were created
to compare the effects of these plants.
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Juvenile white shrimps (initial average weight of 6.67+1.52 g) were stocked with three replicates
per treatment tank (cylindrical R: 120 cm, h: 40 cm, water volume: 200 L) and the stocking rate 15
shrimps/tank (100% water exchange day™). The thyme (Tyhmus vulgaris) used in the experiment was
freshly supplied (Talya Natural Products Ltd. Antalya, Turkey) and dried in the shade (28+1°C air
temperature). The leaves were ground into a flour/powder in the feed machine (Lavion Grinder, Akse
Ltd. Turkey). The thyme oil was obtained from the commercial firm (Talya Natural Products Ltd.
Antalya, Turkey). Thyme leaf and thyme oil contents are shown in Table 1.

Table 1. The proximate contents of thyme oil.

Thyme leaf

Raw materials Average percentage (%)
Dry matter 8.82
Crude protein 5.01
Ether extract 3.14
Crude fibre 18.02
Ash 6.84
Thyme oil

Compound Average percentage (%)
Carvacrol 74.09
Linalool 5.46
Para Cymen 4.78
Gamma Terpinen 3.17
Beta Bisabolene 2.92
Thymol 2.87
Trans Caryophyllene 241
(+) Barneol 1.39
Alpha Pinen 1.00
Alpha Terpinen 14,24
Beta Myrcene 0.91

*Talya ® Herbal (Certificate of analysis 2017).

Experimental shrimp feed containing 37% of crude protein was used as a basal diet (Table 2). The
thyme which was made into flour was mixed with 1% and 2% of the powdered feed, and then the feed
was moistened (300 ml drinking water per 1 kg dry mixture) and made into dough. Feeds that were
pelleted 2 mm in diameters from the kitchen-type pellet machine (Arcelik Ltd., Turkey) were dried in
a fume cupboard (28=1°C). For the 0.5% and 1% of thyme oil supplementation, commercial thyme oil
was sprayed and mixed with dried powdered feed and pelletized in the method given before. The same
protocol (without additives) was used for the control group diet. Shrimp were fed with the
experimental diet twice a day (4% feeding rate).

2.2. Water quality and growth performance

Throughout the experimental period, salinity, temperature, dissolved oxygen, and pH were
measured daily using a multi-parameter instrument (YSI® 556, YSI Inc., Yellow Springs, OH, USA)
at 10:00 hours in all tanks. Salinity, temperature, dissolved oxygen, and pH values varied between
19.4-21.2 ppt, 24.3-25.1°C, 6.92-7.23 mg L™ and 7.8-8.3 respectively.

The following formulas were used in the calculation of growth parameters and survival rate.

Weight gain = (final weight — initial weight)

Specific growth rate (SGR, % day ™) = (Ln (final weight) — Ln (initial weight)/duration) x 100

Survival (%) = 100 x (final number of shrimp / initial number of shrimp)

Feed conversion ratio (FCR) = live weight gain (g) / dry feed intake ()
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Table 2. Ingredients of the experimental feed and proximate analysis of diet (% dry matter).

Control ThyL 1% ThyL 2% ThyO 0.5% ThyO 1%
Ingredients %
Fish meal 29 29 29 29 29
Soybean 12 12 12 12 12
Corn gluten 13 13 13 13 13
Wheat flour 36.3 35.3 34.3 35.8 35.3
Fish oil 3 3 3 3 3
Soy lecithin 2 2 2 2 2
Thyme leaf 0 1 2 0 0
Thyme oil 0 0 0 0.5 1
Vitamin’s premix 0.8 0.8 0.8 0.8 0.8
Mineral’s premix 0.2 0.2 0.2 0.2 0.2
Vitamin C 0.1 0.1 0.1 0.1 0.1
Cholesterol 0.6 0.6 0.6 0.6 0.6
Binder (guar gam) 3 3 3 3 3
Proximate analysis (%0)
Crude protein 36.93+0.31 36.98+0.21 37.03+0.20 36.95+0.28 36.90+0.25
Crude lipid 8.07+£0.26 8.10+£0.24 8.13+£0.22 8.57+£0.25 9.07+0.18
Crude ash 15.73+£0.35 15.34+0.30 15.82+0.29 15.98+0.31 15.61+0.33

Vit amounts/453 g Vitamin Premix (Vit A: 325,000 USP Units, Vit D3: 65 USP Units, Vit E: 32 USP Units, Vit K 793.65 mg, Vit B,: 10.08
mg, Riboflavin: 3.250 mg, p-Panthothenic acid: 15.600, Niacin: 19.500 mg, Cholin: 2.600 mg, Thiamine: 2.600 mg, Pridoxine Folic acid:
780 mg, Ascorbic acid: 87.100 mg Biotin: 40 mg, BHT: 2 mg, Inositol: 13. Minerals; Manganese 60 ppm, Zinc 50 ppm, Iron 40 ppm,
Copper 4 ppm, Caobalt 0.5 ppm, lodine 40 ppm, Selenium 0.4 ppm (Formulated and Packaged By Florida Aqua Farms Inc. Dade City,
Florida).

2.3. Proximate and fatty acid analysis

At the end of the study shrimp proximate analysis; dry matter, crude ash, and protein were
determined according to AOAC (1990). Lipid and fatty acid contents were freshly analyzed by Bligh
and Dyer (1959) method. Samples placed in GC tubes were read in a GC device (Agilent
Technologies 7820A GC System, USA) to determine the fatty acid contents of each sample
represented the groups. Live weight measurements were made with a digital scale of 0.01 sensitivity to
determine growth performance.
2.4. Total bacteria count and hepatopancreas histology

Two shrimps from each replicate were randomly sampled and anesthetized on ice for total bacteria
counts and histological analysis. The decapitated shrimp samples (abdomen ~15 g) and the whole
hepatopancreas and anterior part of intestine samples (~3 g) of shrimps were removed in aseptic
condition. Samples were mixed and homogenized in sterile saline (NaCl 0.85%: 27 mL for ~3 g
sample, 135 mL for ~15 g sample) as representative of each group (serially diluted from 10~* to 10°7
in sterile saline). Dilutions (0.1 mL) were spread on three replicates plate count agar (Difco™),
Plates were incubated for 48 h at 36+1°C for the total aerobic bacteria counts (APC) (Okpala et al.,
2014). The bacteria count results (means of triplicates) were given as conventional colony forming
units (CFU g™) and also logarithm of CFU (Log CFU g™). The hepatopancreas samples were fixed in
4% buffered formaldehyde solution (1 cm®20 ml). After dehydration with ethanol, the routine
paraffine protocol was conducted. Blocked tissues were cut in 4-5 pm by a microtome (Thermo
Shandon, Germany). Sections were stained with haematoxylin & eosin (H&E) and analyzed with a
trinocular microscope (Leica CME, Germany) (Takashima and Hibiya, 1995; Roberts and Smail,
2004).
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2.5. Statistical analysis

Statistical analysis was performed using SPSS package program (IBM, Statistics 17.0 for
Windows). Analysis of variance (ANOVA) was used on shrimp performance parameters data to look
at differences of thyme leaf and thyme oil groups. The 5% significance level was used for all tests.

3. RESULTS
3.1. Growth and Feed Utilization

The growth performance parameters of the groups are presented in Table 3. At the end of the
experiment, the highest final body weight (14.90+2.77 g) and weight gain (8.22+0.72 g) were
determined in the ThyO 1% group and statistically different when compared with the control group
(FBW: 13.54£3.37 g, WG: 6.87+0.54%) (p <0.05). The best feed conversion ratio among the groups
was similarly detected in the ThyO 1% group (2.59+0.92), while the lowest survival rate was also
determined in the ThyO 1% group as 86.45+3.85% and the best survival rate was determined in the
control group as 90.11£7.70% (p>0.05).

Table 3. Growth and feed utilization in white shrimp-fed test diets for 84 days.

Control ThyL 1% ThyL 2% ThyO 0.5% ThyO 1%
IBW g 6.67+1.72 6.66x1.41 6.67x1.57 6.66+1.31 6.68+1.61
FBW g 13.54+3.37° 13.44+2.42° 14.28+2.84% 14.0242.21% 14.90+2.77°
WG g 6.87+0.54° 6.78+0.44 2 7.61£1.16%® 7.36+0.96° 8.22+0,72°
WG (%) 102.97+8.3 102.01+7.23 113.73+16.9% 110.48+14.9% 123.05+10.8°
SGR % 0.84+0.50° 0.84+.0.45 0.90+0.92%° 0.89+0.81%° 0.95+0.56"

day™

FCR 3.28+0.42 3.36+0.25 2.68+0.56 2.7140.83 2.59+0.92
SR % 90.11+7.70 88.89+7.70 86.67+6.67 88.89+7.70 86.45+3.85

Values are means of triplicate groups =+ s.d. within a row, means with different letters are significantly different (p<0.05). The absence of
letters indicates no significant difference between treatments. IBW: initial body weight (g), FBW: final body weight (g), WG: percent weight
gain (%), SGR: specific growth rate (% day '), FCR: feed conversion ratio, SR: survival rate (%).

3.2. Proximate compositions and fatty acids

The chemical composition of the basal diet and shrimps’ carcasses are displayed in Table 4. Dry
matter, crude protein, and crude ash contents were not significantly different among the groups. The
highest lipid content was observed in the ThyO %1 group (1.64) and was different when compared to
the other groups. According to the results of the analysis of fatty acids, the control group (except
C16:1, n-7 Palmitoleate) were determined in higher values in terms of saturated fatty acid (C16:0
Palmitate n-hexadecanoate, C18:0 Stearate n-Octadecanoate) (p<0.05). Similar results were also
observed for unsaturated fatty acid values in this study. The fatty acid profile is shown in Table 5.
3.3. Microbiological and histological results

Total aerobic bacterial count (APC) was determined for edible parts (except the head, posterior
intestine including the abdominal region), and hepatopancreas-anterior intestinal tract of tested shrimp.
As a result of the evaluation, it was found that there was no significant difference between the groups.
APC values of the consumable portion; control: 5.04+0.05 log CFU g™ (1.10+0.13 x10° log CFU g™),
ThyL 1%: 5.03+0.05 log CFU g™ (1.08+0.13 x10° log CFU g*), ThyL 2%: 5.03+0.05 log CFU g*
(1.08+0.13 x10° log CFU g), ThyO 0.5%: 5.03+0.04 log CFU g™ (1.07+0.10 x10° log CFU g) and
ThyO 1%: 5.01+0.03 log CFU g™ (1.03+0.08 x10° log CFU g™). The ThyO 1% supplemented group’s
shrimp edible part APC value was found relatively low compared to the control group.
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Table 4. Proximate composition (%) of the whole shrimp (triplicate composite samples of three shrimps fed with
different supplemented experimental diets).

Control ThyL %1 ThyL %2 ThyO %0.5 ThyO %1
Dry matter 23.69 23.92 23.91 23.93 23.89
Crude 20.92 20.30 20.70 20.28 21.10
protein
Lipid 1.52° 1.46° 1.45° 1.44% 1.64°
Crude ash 1.61 1.69 1.69 1.70 1.66

Values are within a row means with different letters are significantly different (p<0.05).
The absence of letters indicates no significant difference between treatments.

Table 5. Effect of thyme leaf and thyme oil on the fatty acid composition of shrimp.

Fatty acids Control ThyL 1% ThyL 2% ThyO 0.5% ThyO 1%
& C16:0 23.54+0.48° 17.070.06° 17.94+0.37% 17.40:0.46™ 18.79+0.91°
g C16:1,n-7 1.1940.04 1.1240.02 1.18+0.00 1.3540.32 1.27+0.17
§ C18:0 19.98+2.49" 14.000.02° 15.35+0.71° 14.17+0.44% 15.20+0.48°
C18:1, n-9c 18.55+0.06° 14.19+0.43° 15.33+0.38% 17.89+0.89° 15.900.32°
C18:1, n-9t 5.6620.19" 4.2440.03% 4.14+0.16% 4.76+0.75® 4.68+0.07
< C18:2,n-6c 5.18+0.03" 4.05+0.12% 4.07+0.35% 4.81%1.04% 3.78+0.14%
T C20:0 2.33+0.35° 1.600.03% 1.97+0.07% 1.93+0.29% 1.80+0.06™
§ C20:2, n-6 1.94+0.26° 1.38+0.022 1.51+0.09% 1.58+0.21% 1.38+0.012
5 C20:4,n-6 3.53+0.44° 2.58+0.09% 2.49+0.11° 3.01+0.68%° 2.50+0.03
C20:5, n-3 7.43+0.21° 7.25+0.36" 6.53+0.00° 6.46+0.46% 6.28+0.012
C22:6, n-3 9.08+0.63 9.97+0.06 9.51+0.56 9.80+£2.24 9.30+0.58

Values are means of triplicate groups+s.d. within a row means with different letters are significantly different (p<0.05).

The absence of letters indicates no significant difference between treatments. Saturated f.a.: C16:0 Palmitate n-hexadecanoate, C16:1, n-7
Palmitoleate, C18:0 Stearate n-Octadecanoate, Unsaturated f.a.: C18:1, n-9 c, Oleic acid cis-9-octadecenoic acid (w9), C18:1 n9 t Olaidic
acid trans-9-octadecenoic acid, C18:2, n-6 ¢ Linoleate (w6), C20:0 Arachidic acid, C20:2, n-6 Eicosadienoic acid, C20:4, n-6 Arachidonate
(06), C20:5, n-3 EPA (Eicosapentaenoic acid) (03), C22:6, n-3 DHA (Docosahexaenoic acid) (3).

APC values of hepatopancreas-anterior intestinal tract samples were determined as 7.45+0.02 log
CFU g™ (2.80+0.10 x10" log CFU g™) in the control group. ThyL 1%, ThyL 2%, ThyO 0.5% and
ThyO 1% for APC values respectively; 7.47+0.02 log CFU g™ (2.93+0.15 x10” log CFU g™), 7.46 +
0.04 log CFU g™ (2.87+0.23 x10’ log CFU g™), 7.47+0.05 log CFU g™ (2.97+0.32 x10" log CFU g™%)
and 7.47+0.01 log CFU g™ (2.97+0.06 x10" log CFU g™). These values were found to be slightly
increased in all treatment groups compared to the control group.

At the end of the experiment, histological examination showed that there was no difference with
regards to tissue morphology between the shrimp fed with thyme and thyme oil supplemented feed
and the hepatopancreas tissues of the control group shrimp (Figure 1).
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Figure 1. Histological sections hepatopancreatic tissues of Litopenaeus vannamei, fed on diets containing
control, %1 thyme leaf wheat (ThyL 1%), %2 thyme leaf wheat (ThyL 2%), %0.5 thyme oil (ThyO 0.5%) and
%1 thyme oil (ThyO 1%). The epithelial cells of lumen and tubule cells show normal morphology (large
vacuole: B-cells; small vacuole: R-cells and basophilic non-vacuolated: F-cells), H&E x10.

4. DISCUSSION

Thyme essential oils are herbal products with important antimicrobial activity. Although this
product has applications in terrestrial animals thanks to its positive effects on both the immune system
and growth performance, there is limited information in aquaculture (Zargar et al., 2019). In the
current study, the highest final body weight and weight gain were gained in the ThyO1% group
compared to the control. It can be argued that the thyme oil improves the nutrient utilization of shrimp
with better growth. Similarly, Zargar et al. (2019) stated that rainbow trout fed with the Thymus
vulgaris essential oils at 0.5 ml/kg feed showed a better weight gain and specific growth rate. Sonmez
et al. (2015) also recorded that the weight gain percentage of rainbow trout fed the diets containing
thyme oils was significantly higher than that of the control group. There is only one study examining
the effects of essential oils on growth in shrimp. Kim et al. (2011) investigated the effects of essential
oils on the growth parameters of white shrimp in recirculating aquaculture systems. The researchers
examined four experimental diets (commercial diet: control, phytoncyte oil, oregano oil, and
fermented garlic liquid) with 0.62 g initial weight of shrimp (12 tanks 75 shrimp 500 L™ stocks) for 16
weeks (27.8+1°C, pH: 7.6+0.3, salinity: 15.5+0.3 ppt and oxygen: 6.1+0.3 g L™). They stated that the
final weights of shrimp were between 21.9-23.6 g and there was no difference between the groups in
terms of FCR and SGR, also the highest survival rate was 55.11% in the oregano oil group. Therefore,
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it can be assumed that the content and amount of some essential oils used in the diet may not
positively affect the growth performance.

In general, the results of previous studies have referred to the effects of medicinal aromatic plants
on growth and healthy development in aquatic organisms. It is understood from the research that
mainly the antimicrobial properties of thyme oil have been taken into account (Kroismayr et al., 2008;
Windisch et al., 2008; Lee et al., 2009; Zheng et al., 2009; Tiihonen et al., 2010; Villeda, 2013).
According to the growth results in the present study, shrimps fed with 1% thyme oil supplementation
showed better growth compared with the control group. Because of its antimicrobial properties, thyme
oil could make a limitation the development of pathogenic organisms in the digestive tract, and it
could be suggested that the growth performance may also increase in this way.

Fatty acid analysis results of the control group (compared to the feed additives groups) in general
were statistically better regarding the saturated and unsaturated fatty acid values. Although these
results stated that the thyme leaf and thyme oil improved live weight gain, fatty acid composition
slightly decreased statistically except for the C16:1, n-7 Palmitoleate C22:6, n-3 DHA
(Docosahexaenoic acid). The omega-3 fatty acids C20:5, n-3 EPA (Eicosapentaenoic acid) were
significantly higher in the control group and the ThyL 1% group than the other experimental groups
(p<0.05). As a result, it could be argued that there was no significant difference between the groups in
terms of essential fatty acids, in other words, the thyme leaf and thyme oil additive was not effective in
enriching the fatty acid composition.

Zeng et al. (2005) reported the total bacterial count for Pandalus borealis shrimp as 2.4x10° CFU
g’ (~ 5.38 log CFU g), and Cadun et al. (2008), 5.76 log CFU g* for Parapenaeus longirostris.
Additionally, Farajzadeh et al. (2016), reported that the total bacteria count of Litopenaeus vannamei
as 2.5 log CFU g* (which was washed after the decapitation). The APC values obtained from this
study (5.01-5.05 log CFU g™*) were found similar to the international (1x10° CFU g*) and Japan
(1x10° CFU g™) standards for the consumable shrimp (as ~ 5-6 log CFU g-1).

About APC values of the digestive tract content, Zhang et al. (2011), reported the APC amount for
Penaeus japonicus as 7.28+0.09 log CFU shrimp™. Rengpipat et al. (1998) reported 10-10® CFU g™
(7-8 log CFU g™ for Penaeus monodon. According to the references, intestinal total bacterial counts
for Litopenaeus vannamei; Rengpipat et al. (2000), reported as 1.1x10" to 1.7x10% CFU g™ (~ 7-8 log
CFU g"), Ziaei-Nejad et al. (2006), 1.0+0.1 x10° CFU g™ (6 log CFU g*) and Li et al (2009), 1x10"
CFU g™ (10 log CFU g™). In the current study, the total bacterial count of the samples from the
hepatopancreas-anterior intestine region for Litopenaeus vannamei (7.45-7.47 log CFU g-1) was
similar to the values reported in the references.

In conclusion, according to all data obtained, it can be stated that the feeding of white shrimp with
thyme leaf and thyme oil added with 1% levels does not negatively affect the general health of the
shrimps.
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Ozet: Bu calismada, Canakkale’nin Yenice ve Bayramic ilcelerinin demografik  Anahtar kelimeler
ozelliklerine goére, su Trlinleri tiiketimini etkileyen faktorlerin  belirlenmesi o Bayramic
amaglanmistir. Bu kapsamda, 2021 yilinin Temmuz ayinda basit tesadiifi 6rnekleme o Yenice

metodu kullanilarak, 320 (160+160) bireye yiiz ylize anket uygulanmistir. Sonug olarak, o pa)ik

her iki ilgedeki katilimcilarin, balik fiyatlarinin normal oldugunu belirtmesine ragmen,
balik eti tiikketim tercihinin diger beyaz et ve kirmizi etten sonra geldigi saptanmigtir.
Bununla birlikte baligin siklikla taze olarak tercih edildigi ve en ¢ok saglikli oldugu igin
tiiketildigi  belirlenmistir. Tlgelerdeki balik tiiketiminin en fazla sonbahar-kig
mevsimlerinde ve ayda 1-3 kg oldugu, katilimcilarin balik satin alma yerinin en gok
pazar yeri oldugu ve pisirme metodu olarak en ¢ok kizartmay tercih ettigi belirlenmistir.
Yenice’deki katilimcilara gore (%19,4) yemesinin zor olmasi, Bayramic’teki
katilimcilara gore (%26,9) ise tadi ve kokusu, balik etinin tercih edilmemesindeki en
onemli etken olarak tespit edilmistir. Buna ilave olarak Yenice ve Bayramig ilgelerinde
tiiketicilerin sirasiyla %35 ve %53,8 oranlarinda balik haricindeki su iiriinlerini
tiiketmedigi tespit edilmistir. Ayrica her iki il¢e i¢in en fazla tiiketilen deniz balig tiirii
hamsi, en fazla tiiketilen tatli su balig: tiirii alabalik olarak belirlenmistir.

o tiiketim aligkanlig1
o anket

Abstract: This study aims to determine the factors that affect seafood consumption Keywords
according to the demographic features of Yenice and Bayramig. In this context, a face-to- e Bayramic

face survey was applied in July 2021, to 320 (160 + 160) people using the simple random o Yenice

sampling method. Although the participants in both towns stated that the fish prices are o fish

normal, fish consumption preference comes after other white meat and red meat. o consumption habits
However, it was found out that fish was often preferred fresh and mostly consumed for
health issues. It was determined that the most consumptions of fish in this towns were in
autumn-winter seasons and 1-3 kg in a month, the participants preferred the marketplace
to buy their fish and frying as a cooking method. The most important reason why fish
meat was not preferred in these towns was that it was difficult to eat fish in Yenice and
their taste and smell in Bayramig. It was concluded that consumers didn’t eat seafood
except for fish in Yenice and Bayrami¢ with the rate of 35.0% and 53.8% respectively.
The most consumed sea fish species was anchovy, and freshwater fish species were trout
according to our study.

e survey
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1. GIRIS

Su iiriinleri, her gelir seviyesindeki bireyin ulasabilmesi ve besin igerigindeki g¢esitlilik nedeniyle
one ¢ikmaktadir. Esansiyel aminoasitler, yag asitleri (omega—3, omega-6), mineraller (fosfor,
kalsiyum, magnezyum, kiikiirt, potasyum, sodyum, iyot) ve vitaminlerin (A, D, E, K, B ve C) 6nemli
kaynag1 oldugundan, Diinya Saglhk Orgiitii (DSO), giinliik diyet icerisinde su iiriinlerine, haftada en az
iki kez yer verilmesi gerektigini 6nermektedir (Atar ve Algigek, 2009; Bolat ve Cevher 2018; Dilek
vd., 2019).

2017 verilerine gore yillik kisi basina balik tiiketimi gelismis iilkeler icin 24,4 kg, gelismekte olan
iilkeler i¢in 19,4 kg ve gelismemis iilkeler icin ise 12,6 kg olarak aciklanmustir. Ulkeler ve bolgeler
arasi kalic1 farkliliklar olmasina ragmen, diinyada kisi bast yillik su iiriinleri tiilketim egilimi ortalama
20,5 kg olarak tahmin edilmektedir (FAO, 2020). Bununla birlikte 2018 yilinda Cin %35 ile su
tiriinleri Uiretiminde 6nemli paya sahipken, diger Asya iilkeleri %34, Amerika %14, Avrupa %10 ve
Afrika %7 paya sahiptir. Tirkiye ise diinya su tirtinleri tiretiminde 42. sirada yer almaktadir (Anonim,
2020). Son 5 yilin TUIK (2020) verilerine gére, Tiirkiye su iiriinleri iiretiminde en énemli artis %33,1
(836 bin 524 ton) ile 2019 yilinda gerceklesmistir. Ancak bu deger 2020 yilinda %6,1 azalarak 785 bin
811 ton olmustur (TUIK, 2021). 2020 yilinda avcilik yoluyla yapilan toplam su iiriinleri iiretimi 364
bin 400 ton, yetistiricilik ile gerceklestirilen su iriinleri {iretimi 421.411 ton olmustur. Su iiriinleri
iiretiminin %37,1 'ini avcilik yoluyla elde edilen deniz baliklari, %53,6 'sim1 yetistiricilik {iriinleri,
%5'ini avcilik yoluyla elde edilen diger deniz iirlinleri ve %4,2 'sini avcilik yoluyla elde edilen i¢ su
{iriinleri olusturmaktadir. Ulkemiz denizlerinde avlanabilir stok biiyiikliigiine ulasilmis oldugu ve
avcilik yoluyla tiretimi artirma potansiyelinin azaldigi bildirilmis olup, bununla birlikte girdilerdeki
(balik yemi, enerji ve petrol) maliyet artisinin da oniimiizdeki yillarda balik yetistiriciligi sektoriinii
olumsuz etkileyecegi diisiiniilmektedir (Anonim, 2020). Su iriinleri aveciliginin ve yetistiriciliginin
stirdiiriilebilir olmas1 agisindan i¢ sularimizin ve denizlerimizin kirlenmeye ve bozulmaya karsi
korunmasi géz oniinde bulundurularak, kisi basi tiikketimin artirilmasina yonelik yayim c¢aligmalarinin
yapilmasi gerekmektedir.

Literatiirde, Tiirkiye’nin farkli bolgelerinde (deniz veya gol kiyisi olan veya olmayan) yasayan
insanlarin, su iiriinleri tiiketim aligkanliklarinin belirlenmesine yonelik bir¢ok calisma yer almaktadir
(Orhan ve Yiiksel, 2010; Yiiksel vd., 2011; Aydin ve Karadurmus, 2013; Olgunoglu vd., 2014;
Abdikoglu vd., 2015; Gozener vd., 2016; Bolat ve Cevher 2018; Akkus, 2018; Selvi vd., 2019; Kilig
vd., 2019; Dilek vd., 2019; Karakaya, 2020; Karakulak vd., 2020; Geng¢ vd. 2020; Kusat ve Sahan,
2021). Yapilan g¢aligmalar, balik tiiketim aligkanliklarinin bolgelere, demografik &zelliklere ve su
iirlinleri tiikketimine olan yaklagimlara gore farklilik gosterdigi belirlenmistir. Dolayisiyla su {irtinleri
tilketim yapis1 ve aliskanliklar1 ile ilgili arastirmalarin gerek il gerekse ilce bazinda ayri ayri
belirlenmesi ve tiiketici tercihlerinin degerlendirilmesi 6nem arz etmektedir.

Canakkale’nin Yenice ilgesinin toplam niifusu, 2020 y1l1 verilerine gére 31.023 olarak belirtilmigtir
(Anonim, 2021a). Kazdaglariin kuzey eteklerine kurulmus olan ilgenin, Canakkale il merkezine olan
uzakligi 95 km olup, denize kiyis1 yoktur. Deniz seviyesinden yaklasik 310 m yiiksekte bulunan
bolgede Akdeniz iklimi ile Karadeniz iklimi arasinda gegis iklimi hakimdir (Anonim, 2021b). Yenice
gibi Kazdaglarinin eteklerinde kurulmus olan Bayramig il¢esinde ise toplam 29.302 kisi yasamaktadir
(Anonim, 2021a). Bayramig il¢esinin Canakkale il merkezine uzakligi 75 km olup, denize kiyisi
yoktur (Anonim, 2021c). Yenice ve Bayramig ilgeleri Canakkale merkezine en uzak kirsal yerlesim
yerleri oldugundan denize uzakligin, bdlgedeki balik tiiketimini olumsuz etkileyebilecegi
diisiiniilmektedir. Bu amagla c¢alismamizda, Canakkale’nin Yenice ve Bayramic ilgelerinde
yasayanlarin, demografik 6zelliklerine gore balik tiiketimindeki oncelikleri, tilketmeme sebepleri, en
cok tercih edilen tiirler, tilketim sekilleri ve satin alma sirasindaki tercihleri aragtirilarak ilgeler
arasinda karsilastirma yapilmstir.
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2. MATERYAL ve YONTEM

Oransal 6rnek hacmi formiiliinden yararlanilarak (Newbold, 1995), %95 giiven araligir ve 6rnek
oraninin %35 hata pay1 esas alinarak katilimer sayisi belirlenmistir. Anket sorular1 hazirlandiktan sonra
bolgede pilot calisma gergeklestirilerek, uygulama sonucuna gore gerekli diizenlemeler yapildiktan
sonra ¢alisma gerceklestirilmistir.

Calismada Canakkale ilinin, Bayrami¢ ve Yenice ilgelerinde bulunan toplam 320 tiiketiciye anket
yapilarak halkin demografik durumlarina gore balik tiiketim aligkanligi arastirilmistir. Bunun igin
oncelikle tim katilimeilarin cinsiyet, yas, 6grenim durumu, meslek, toplam gelir diizeyi, aile birey
sayist ve medeni hali gibi demografik etkenler belirlenmistir.

_ N.p.q
(N =102, +p.q

n

n = ornek biyikligi,

N = popiilasyon biiyiikliigii
p = tahmin orani

q =1p

2 _
6 p = oOran varyansi

Formiile gore; Yenice ve Bayramig ilgelerinde toplam uygulanacak ornek sayis1 320 (160+160)
olarak belirlenmistir. Bu nedenle ¢alismada Canakkale ili’nin, Bayrami¢ ve Yenice ilgelerinde bulunan
toplam 320 tiiketiciye, 2021 yilinin Temmuz ayinda yiiz yiize anket yapilmistir. Calismada kullanilan
ankette toplam 21 soru bulunmaktadir (Tablo 1). Katilimeilara yonlendirilen anket sorular1 Selvi vd.
(2019), Kilig¢ vd. (2019), Dilek vd. (2019), Karakaya (2020) ve Kusat ve Sahan (2021) ¢aligmalarindan
derlenmistir. Elde edilen bulgular, MS Excel ve SPSS 20 programlari kullanilarak siklik ve ytizdeleri
belirlenmis, bazi sorularin birlikte yorumlanmasinda ¢apraz tablolar kullanilmistir. Sorular arasinda
iliski olup olmadigi ve tespit edilen iligkinin degerlendirilmesinde, ki-kare istatistiksel analizi

uygulanmis ve sonuglar %95 giiven araliginda degerlendirilmistir.

Tablo 1. Anket sorulari.

Cinsiyet: 1) Erkek 2) Kadin

Yas: 1) 20-29 2)30-39 3) 40-49 4) 50 yas ve tizeri
Ogrenim Durumu: 1) Tlkogretim 2) Lise 3) On lisans/Lisans 4) Lisansistii
Meslek: 1) Isci 2) Memur 3) Serbest Meslek 4) Cahsmuyor
Toplam Gelir Diizeyi: 12000 TL’den az 2) 2000-3500 3) 3500-5000 4) 5000 TL tizeri
Aile Birey Sayisi: 1 2)2 3)3 4) 4 ve tizeri
Medeni Hali: 1) Evli 2) Bekar

Et tiiketim tercihi: 1) Balik eti 2) Beyaz et 3) Kirmizi et 4) Tiiketmiyorum
Balik eti tiiketme sikhigi: 1) Haftada Birkag Kez ~ 2) Ayda Birkag Kez 3) Yilda Birkag Kez 4)Tiiketmiyorum
Balik eti tercih etmeme sebebi: 1) Pahali Olmasi 2) Tadi/Kokusu 3)Yemesi Zor (Kilgiklt vb.)  4) Sik Tiiketirim
Aylik balik tiiketim miktari: 1) <1kg 2) 1-3kg 3) >4 kg 4) Tiiketmiyorum
Balik eti tercih etme sebebi: 1) Saglikli olmas1 2) Lezzetli olmas1 3) Aile aliskanlig 4) Tiketmiyorum
Deniz-tath su balhig tercihi: 1) Deniz balig 2) Tatli su baligt 3) Her ikisi de 4) Tiiketmiyorum
En ¢ok balik tiikettigi mevsim: 1) Tlkbahar-Yaz 2) Sonbahar-Kis 3) Her Mevsim 4) Tiiketmiyorum
Balik tiiketme bigimi: 1) Taze 2) Konserve 3)Diger (Dondurulmus vb.)  4) Tiiketmiyorum
Balik pisirme yontemi: 1) Kizartma 2) lzgara 3) Firm 4) Tiketmiyorum
Su iiriinleri tiiketme aliskanhigi: 1) Midye 2) Karides 3) Ahtapot/Kalamar 4) Tiketmiyorum
Balik fiyatlari hakkindaki 1) Ucuz 2) Normal 3) Pahali 4) Fikrim Yok
goriisii:

Balik satin alma iist limiti: 1) <25 TL 2)25-50 TL 3)>50 TL 4) Tiketmiyorum

Balik satin alma Kkriteri:

Bahgi satin alma yeri:

1) Lezzetli olmast

1)Balik hali veya
pazar

2) Ekonomik olmast

2) Market

3)Zahmetsiz
temizlenmesi/pisirilmesi
3)Kendim
tutarim/oltacilardan alirim

4) Tiiketmiyorum

4) Tiiketmiyorum
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3. BULGULAR

Canakkale'nin Bayrami¢ ve Yenice ilgelerinde su iriinleri tiiketim aligkanliklarimin belirlenmesi
amactyla gerceklestirilen bu calismanin sonuglarina gore; Bayramic¢ ilgesinde ankete katilan
tiiketicilerin %53,8 *inin erkek bireylerden, %46,3 *iiniin kadin bireylerden olustugu; Yenice ilgesinde
ise katilimcilarin %51,9 unun erkek, %48,1 ’inin kadin oldugu belirlenmistir (Tablo 2). Bayramic
ilcesinde ankete katilan tiiketicilerin 6nemli bir boliimiiniin (%43,1) 6n lisans veya lisans mezunu
oldugu, Yenice il¢esinde ise katilimcilarin biiylik ¢ogunlugunun (%45,0) ilkdgretim mezunu oldugu
tespit edilmistir. Ayrica Bayramig il¢esindeki katilimeilarin %49,4’{inilin calismadigi, Yenice ilgesinde
de %41,9 oranindaki katilimcinin serbest meslek sahibi oldugu saptanmistir. Buna ilave olarak,
Bayrami¢ ilgesindeki katilimcilarin gelir durumu en ¢ok 3500-5000 TL, Yenice ilgesindeki
katilimcilarin ise en ¢ok 2000 TL ve 3500-5000 TL arasinda degisiklik gostermektedir. Ayrica
Bayramig ilgesindeki katilimcilarin %86,3°1i, Yenice ilgesindeki katilimcilarin %80,6°s1 evli iken, iki
ilcedeki aile birey sayisinin ¢ogunlukla 4 ve iizerinde oldugu belirlenmistir.

Bayrami¢ ve Yenice ilgelerinde et tiiketim tercihleri incelendiginde ilk sirada tercih edilen et
tiirliniin beyaz et (balik eti diginda) oldugu belirlenmistir (Tablo 3). Balik tiiketim tercihinin ise her iki
ilcede Ttgiincii sirada yer aldigi saptanmistir. Buna ragmen Bayramic ilgesindeki katilimcilarin
%91,4Unilin, Yenice ilgesindeki katilimcilarin ise %94,4’linlin balik tiikettigi tespit edilirken;
Bayrami¢ ve Yenice ilgelerinde tiiketicilerin, sirasiyla %8,8 ve %35,6 ’siin balik tiikketmedigi tespit
edilmistir (Tablo 3). Bayramig¢ ilgesindeki balik tiiketmeyen katilimcilarin %26,9’u tiiketmeme
sebebinin, baligin tat ve kokusundan kaynakli oldugunu bildirmistir. Buna karsin Yenice ilgesinde
katilimeilarin %19,4°1i balik tiiketmeme sebebini, yeme zorlugu olarak belirtmistir. ilgeler arasinda
belirlenen bu farkin istatistiksel agidan 6nemli oldugu saptanmistir (p<0,05).

Caligmada balik tiiketen katilmcilarin ¢ogunlugunun haftada birkag kez balik tiikettigi
belirlenmistir (Tablo 3). Her iki ilgede aylik kisi bas1 balik tiiketim miktarinin 1-3 kg arasinda degistigi
belirlenmistir. Her iki ilgede katilimcilar balik tiiketmedeki en 6nemli nedeninin saglikli olmasi, ikinci
onemli nedeninin ise lezzetli olmasi olarak ifade etmislerdir. Bayramic ilgesindeki katilimcilarin
%37,5’1, Yenice ilgesindeki katilimcilarin ise %31,9’u deniz ve tatli su baliklarinin her ikisini de tercih
ettikleri saptanmistir. Bayramig il¢esindeki katilimeilar deniz baligi olarak ilk sirada (%30,0) hamsiyi
tercih ederken, ikinci sirada (%21,3) sardalyeyi tercih etmektedir (Sekil 1). Yenice’de ise hamsi
(%31,9) ve sardalye (%31,3) tiiketen katilimci orami birbirine benzerdir. Ilgeler arasinda tiiketilen
deniz balig1 tercihinin istatistiksel agidan énemli diizeyde farkli oldugu saptanmstir (p<0,05). Her iki
ilgedeki katilimeilarin en ¢ok tercih ettigi tathi su baligi ise alabaliktir (Sekil 2).

Ilgelerdeki katilimcilarin, en ¢ok sonbahar-kis mevsiminde (Bayrami¢ %51,3; Yenice %62,5) balik
tilkettikleri saptanmustir (Tablo 3). Bayramic¢ ilgesindeki tiiketicilerin %73,8 ’i, Yenice ilgesindeki
tiiketicilerin %90,6 ’s1 balik tiikketme bigiminin taze oldugunu ifade etmistir. Istatistiksel agidan balik
tilketme bigimi ilgeler arasinda 6nemli diizeyde farklilik géstermistir (p<0,05). Bunun yani sira her iki
ilge balik pisirme yonteminde en ¢ok kizartma yoOntemini tercih etmektedir. Ayrica yapilan anket
caligmasi ile katilimcilarin balik disinda en ¢ok tiikettigi su {irliniiniin midye oldugu saptanmistir
(Bayramig¢ %38,8; Yenice %26,9).

Ilgelerdeki balik satin alma durumu degerlendirildiginde, ankete katilan katilimcilarin ¢cogunlugu
balik fiyatlarinin normal oldugu goriisiindedir (Bayrami¢ %50,6; Yenice %56,9) (Tablo 4). Ancak her
iki ilcenin balik satin alma limitinin farkli oldugu saptannustir. ilgeler arasindaki satin alma iist limiti
istatistiksel acgidan farklilik gostermektedir (p<0,05). Bayrami¢ ilcesindeki katilimeilarin %39,4’0
balik satin alma limitini 25 TL altinda, Yenice ilgesindeki katilimcilarin %43,1°1 ise 25-50 TL arasinda
belirlemistir. Her iki il¢edeki katilimcilar en 6nemli balik satin alma kriterinin, lezzet oldugunu ifade
etmistir. Bayramig ilgesindeki katilimcilarin %72,5°1 baligi, balik hali ya da pazardan alirken, Yenice
ilcesinde bu oran (%91,3) daha yiiksektir (p<0,05).
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Tablo 2. Demografik Etkenler.

Degiskenler Degiskenler Bayramie Yenice
n % n %
Cinsiyet Erkek 86 53,8 83 51,9
Kadm 74 46,3 77 48,1
20-29 60 375 38 23,8
yas 30-39 51 31,9 61 38,1
40-49 34 21,3 38 23,8
50 yas ve stii 15 9,4 23 14,4
[kdgretim 30 18,8 72 45,0
Ogrenim Durumu i Lise >8 363 %6 350
On lisans/Lisans 69 43,1 29 18,1
Lisansusti 3 1,9 3 1,9
Isci 46 28,8 26 16,3
Meslek Memur 13 8,1 6 3,8
Serbest Meslek 22 13,8 67 41,9
Calismiyor 79 49,4 61 38,1
2000 TL’den az 30 18,8 49 30,6
Toplam Gelir Diizeyi 2000-3500 TL 32 20,0 39 24,4
3500-5000 TL 76 47,5 49 30,6
5000 TL iizeri 22 13,8 23 144
1 22 13,8 31 19,4
Aile Birey Sayisi 2 S 3.1 13 8.1
3 45 28,1 25 15,6
4 ve lizeri 88 55,0 91 56,9
Medeni Hali Bekar 22 13,8 31 19,4
Evli 138 86,3 129 80,6
HBayrami¢ H Yenice
35
30 A
g 25
,§ 20 -
2
15 4
10 A
5
0 A
e sa‘&\%c C}‘Q\)‘g '\5“"\1{\\ \;\5%*”\@\\ '{o“%‘b\\%\ esoQ\@ﬁc .\«i\i"‘“‘“
Qfs\’é‘(\“ (o Sl
Balik Tiiru

Sekil 1. Katilimcilarin tercih ettigi deniz balig1.




Selvi vd., 2022 Acta Aquat. Turc., 18(1): 093-108 98
Tablo 3. Katilimcilarin su triinleri tiiketim tercihleri.
Degiskenler Bayramic Yenice

n % n %
Balik eti 17 10,6 17 10,6
wr s o Beyaz et (Balik eti diginda) 86 53,8 99 61,9
Et tiketim tercihi Kirmizi et 51 31,9 40 25,0
Tiiketmiyorum 6 3,8 4 2,5
Haftada Birka¢ kez 63 39,4 84 52,5
. . Ayda Birkag kez 67 41,9 61 38,1

Balik eti tiiketme siklig1 Yilda Birkag kez 16 10 6 38
Tiiketmiyorum 14 8,8 9 5,6
Pahali Olmasi 37 23,1 25 15,6
Balik eti tercih etmeme sebebi Tad/kokusu 43 26,9 20 125
Yemesi zor (kilgikli, vb.) 17 10,6 31 19,4
Sik tiiketirim 63 39,4 84 52,5

<lkg 26 16,3 5 3,1
s . 1-3 kg 86 53,8 83 51,9
Aylik balik tiiketim miktari >4 kg 34 213 63 39.4
Tiiketmiyorum 14 8,8 9 5,6
Saglikli olmasi 66 41,3 81 50,6
. . . Lezzetli olmasi 58 36,3 45 28,1
Balik eti tercih etme sebebi Aile aliskanh 29 13.8 25 15,6
Tiiketmiyorum 14 8,8 9 5,6

Deniz baligi 44 27,5 88 55

. . . Tatl su balig1 42 26,3 12 7,5
Deniz-tatli su balig1 tercihi Her ikisi de 60 375 51 319
Tiiketmiyorum 14 8,8 9 5,6
[Ikbahar-Yaz 49 30,6 50 31,3
it s . Sonbahar-Kis 82 51,3 100 62,5

En ¢ok balik tiikettigi mevsim Her Mevsim 15 9.4 1 0.6
Tiiketmiyorum 14 8,8 9 5,6
Taze 118 73,8 145 90,6

. Konserve 12 7,5 2 1,3

Balik tiiketme bigimi Diger (Dondurulmus, vb.) 16 10 4 25
Tiiketmiyorum 14 8,8 9 5,6
Kizartma 12 45 89 55,6
Balik pisirme yontemi Izgara 62 388 49 306
Firin 12 7,5 13 8,1

Tiiketmiyorum 14 8,8 9 5,6
Midye 62 38,8 43 26,9

Su tirtinleri tiikketme aligkanligt Karides 30 188 15 9.4
Ahtapot/Kalamar 12 7,5 16 10
Tiiketmiyorum 56 35 86 53,8
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Balik Tiiri
Sekil 2. Katilimcilarin tercih ettigi tatli su baligi.
Tablo 4. Katilimcilarin balik satin alma durumu.
Bayramic Yenice
Degiskenler
n % n %
Ucuz 19 11,9 10 6,3
Balik fiyatlar1 hakkindaki Normal 81 50,6 91 56,9
goriis Pahali 38 23,8 41 25,6
Fikrim yok 22 13,8 18 11,3
<25TL 63 39,4 82 51,3
Balik satin alma ust limiti 2550 TL 82 °13 69 431
>50 TL 1 0,6 0
Tiiketmiyorum 14 8,8 5,6
Lezzetli olmasi 74 46,3 86 53,8
Balik satin alma kiteri Ekonomik olmasi 55 34,4 34 21,3
Zahmetsiz temizlenmesi/pisirilebilmesi 17 10,6 31 19,4
Tiiketmiyorum 14 8,8 9 5,6
Balik hali veya pazar 116 72,5 146 91,3
Market 18 113 1 0,6
Balig1 satin alma yeri .
Kendim tutarim veya oltacilardan alirim 12 75 4 25
Tiiketmiyorum 14 8,8 9 5,6




Selvi vd., 2022 Acta Aquat. Turc., 18(1): 093-108 100

m Ayda Birkac kez =~ mHaftada Birkagkez = Yilda Birkagkez  mTiiketmiyorum

60

50 A

e
o
1

30 4

Yiizde (%)
S

—
o
1

o
1

20-29 30-39 4049 50< 20-29 30-39 4049 50<

Bayramig Yenice

Sekil 3. Katilimcilarin yaslarina gore balik tiiketim sikligi.

Her iki ilgedeki farkli yas gruplarinin balik tiiketim siklig1 incelendiginde, ayda birkag kez balik
tiikketen katilimeilarin ¢cogunlugunun her iki ilge iginde 30-39 yas aralifinda oldugu belirlenmistir.
Bayramig ilgesinde haftada birkag kez balik tiiketen katilimcilarin en ¢ok 40-49 yas araliginda, Yenice
ilcesinde ise 30-39 yas araliginda oldugu saptanmustir (Sekil 3). Ilgeler arasinda belirlenen oransal
farklilik istatiksel olarak 6nemlidir (p<0,05).

mTaze ®Konserve ©Diger B Tiketmiyorum

Yiizde (%)

20-29 30-39 40-49 50< 20-29 30-39 4049 50<

Bayramig Yenice

Sekil 4. Katilimcilarin yas gruplarina gore balik tiikketme sekli.

Konserve olarak balik tiikketme sekli Bayrami¢ ve Yenice ilgelerinde, 20-29 yas araligindaki
katimcilarin oram1 benzerdir. Ancak ayni yas araliginda baligi taze olarak tiiketenlerin oram
Yenice’de %81,58 ve Bayramig’te %63,33’tlir. Bayrami¢’te bu yas araligindaki katilimeilarin
%13,33’1 balig1 diger sekillerde (dondurulmus, tuzlanmis, vb.) tiikettigini ifade etmislerdir (Sekil 4).
Balik tiiketme sekli taze olan katilimcilarin orani Bayramig ilgesinde en ¢ok 50 yas ve iizeri
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(%86,677), Yenice ilgesinde ise en ¢ok 30-39 yas araligindadir (%96,72). Bununla birlikte ilgeler
arasindaki fark istatistiksel agidan 6nemlidir (p<0,05).

mTaze ®Konserve ©Diger uTiketmiyorum
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Sekil 5. Katilimeilarin 6grenim durumuna gore balik tiiketme sekli.

Bayramig ilgesinde katilimcilarin 6grenim durumu en ¢ok Universite ve iizeri, Yenice ilgesindeki
katilimcilarin  6grenim durumu ise en cok ilkogretimdir. Bu farklilia ragmen her iki ilgedeki
katilimecilarin biiyiik cogunlugu, baligi taze olarak tiikketmeyi tercih etmektedir. Bununla birlikte
katilimcilarin 6grenim durumuna gore, ikinci sirada en ¢ok tercih edilen balik tiikketim sekli farklilik
gostermektedir (p<0,05). Buna gore ikinci sirada en ¢ok tercih edilen balik tiiketim sekli Bayramig
ilgesinde konserve iken, Yenice il¢esinde diger sekillerde (dondurulmus, vb.)’dir (Sekil 5).

mAile aligkanligt  ®Lezzetli olmast = Saglikli olmast  ®Tiketmiyorum
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Bayramig Yenice

Sekil 6. Katilimcilarin 6grenim durumuna gore balik tercih sebepleri.
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Balik tercih sebebini lezzeti, aile aligkanlig1 ve saglikli olmasi olarak belirten katilimcilarin egitim
diizeyleri ilgeler arasinda farklilik gostermektedir (p<0,05). Bayramig ilgesinde balik tercih sebebini
saglikli olmasi olarak belirten katilimcilarin %57’sinin 6grenim durumu ilkogretim iken, Yenice
ilgesindeki katilimcilarin %54 iiniin 6grenim durumu lisedir (Sekil 6).

m25> m25-50 =50< mTiketmiyorum
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Sekil 7. Katilimcilarin meslek gruplarina gore balik satin alma tist limiti (TL).

Balik satin alma iist limiti 25-50 TL araliginda oldugunu ifade eden is¢i meslek grubuna sahip
katilimcilarin orani, ilgeler arasinda benzerlik gostermektedir (Sekil 7). Ancak memur meslek
grubunda yer alan katilimcilarin Bayramig ilgesinde %77’si, Yenice il¢esinde ise %33’1 25-50 TL’yi
balik satin alma {ist limiti olarak ifade etmektedir. Ilcelerdeki memur meslek grubunda yer alan
katilimeilarin balik satin alma st limiti arasindaki farklilik istatistiksel olarak onemlidir (p<0,05).

® Fikrim yok ® Normal = Pahali ®Ucuz

<2000  2000-3500 3500-5000  >5000 <2000  2000-3500 3500-5000  >5000

Bayramig Yenice

Sekil 8. Katilimeilarin hane halk: gelirine gore (TL) balik fiyatlar1 goriisleri.
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Katilimcilarin hane gelir durumuna gore balik fiyatlar1 hakkindaki goriisleri karsilastirildiginda,
Bayramic ilgesindeki <2000 TL altinda gelire sahip katilimcilarin %27 ’si, Yenice il¢esindeki
katilimcilarin ise %51 ’i fiyatlarin normal oldugunu ifade etmistir. Bununla birlikte aynmi gelire sahip
Bayramig il¢esindeki katilimeilarin %10’u, Yenice ilgesindeki katilimeilarin yalnizca %4’1 fiyatlarin
ucuz oldugu goriisiindedir. Yiiksek gelire (>5000 TL) sahip Bayramic il¢esindeki katilimcilarin %22,7
’si ve Yenice ilgesindeki katilimcilarin %4,3 i fiyatlarin pahali oldugu goriisiindedir (Sekil 8).
Katilimcilarin hane gelir durumuna gore balik fiyatlar1 hakkindaki goriis farkliliklarinin istatistiksel
olarak 6nemli oldugu saptanmustir (p<0,05).
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Sekil 9. Katilimeilarin deniz-tatli su balig1 tercihine gore baligi tercih sebebi.

Caligmada, Bayrami¢ ilgesindeki katilimcilardan %65,9 ’u Yenice ilgesinde ise %52,3 ’ii deniz
baligint saglikli olmasindan dolay: tercih ettiklerini belirtmislerdir (Sekil 9). Ayrica Bayrami¢ ve
Yenice ilgesindeki katilimcilar sirasi ile %38,1 ve %58,3 oranda tatli su baligin1 saglikli oldugu igin
tercih ettiklerini ifade etmislerdir.
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Sekil 10. Katilimcilarin deniz-tatli su baligi tercihine gore baligi satin alma yerleri.
Bayrami¢ ilgesinde deniz baligin1 tercih eden katilimcilarim %81,8 ’i, Yenice ilgesindeki
katilimcilarin ise %98,9 ’u balik satin alma yerini balik hali/pazar olarak ifade etmistir (Sekil 10).
Bayramig’teki katilimcilarm %14,3 i tatlh su baligim1 “kendim tutarim/oltacilardan satin alirim”
olarak ifade ederken, Yenice’deki katilimcilarin tamamu tatli su baligini balik halinden ya da pazardan
temin ettigini belirtmistir. Tlgeler arasindaki bu fark istatistiksel olarak dnemlidir (p<0,05).

4. TARTISMA ve SONUC

Yenice ve Bayramig ilgelerindeki bireylerin et tiikketim tercihleri arasinda ilk sirada beyaz et
iirlinleri yer alirken, balik bu smiflandirmada iiglincli sirada yer almaktadir. Sonuglar {ilkemizde
yapilan diger ¢alismalarla benzerdir. Bu ¢alismalar beyaz etin daha fazla tercih edilmesinin sebebini
daha ucuz olmasi, kolay bulunabilirligi ve zahmetsiz pisirilmesi olarak bildirmistir (Yiksel vd., 2011;
Olgunoglu vd., 2014; Selvi vd., 2019). Yenice’deki katilimcilar pisirilmesi ve yemesindeki
zorluklardan dolay1 balik etini tercih etmediklerini bildirirken, Bayrami¢’teki katilimcilarin biyiik
¢ogunlugu pahali olmasindan dolay1 balik eti tiiketmediklerini ifade etmistir. Trabzon ve Giresun’da
yapilan benzer bir ¢alismada balik etinin tiiketilmeme sebepleri arasinda pisirme ve yeme zorlugu,
pahali olmasi gibi faktorler oldugunu belirtilmistir (Aydin ve Karadurmus, 2013). Selvi vd. (2019)
tarafindan yapilan bagka bir ¢alismada ise Canakkale’nin Can ilgesindeki tiiketicilerin balik etini tercih
etmeme sebebi pahali olmasi, tat ve koku, hijyen ve tazelige glivenilmemesi olarak bildirilmistir.

Katilmcilarin gelir diizeyine gore balik fiyatlar1 hakkindaki goriigleri incelendiginde; Yenice
ilcesindeki tiim gelir grubundaki katilimcilar balik fiyatlarinin normal oldugu goriisiinde iken,
Bayramig ilgesindeki <2000 TL gelir diizeyindeki katilimcilar, balik fiyatlarinin pahali oldugu
goriisiindedir. Selvi vd. (2019), gelir diizeyi <2000 TL olan katilimcilarinda balik fiyatlari hakkindaki
goriisii sirastyla fikrim yok ve pahali olarak saptamistir. Abdikoglu vd. (2015), Tekirdag’da yaptiklar
caligmada tiiketicilerin balik fiyatlar1 hakkindaki goriisiiniin ¢ogunlukla normal oldugunu bildirirken,
Karakulak vd. (2020), Erzurum ilinde yaptiklar1 ¢alismada katilimcilarm balik fiyatlarii pahali
buldugunu ve buradaki en 6nemli faktdriin bolgenin gelir seviyesi ve lojistik masraflan ile iliskili
oldugunu vurgulamustir.

Bayramig¢ ilgesinde farkli meslek gruplarima mensup katilimcilarin biiylik ¢ogunlugu balik satin
almadaki iist limitini 25-50 TL olarak ifade ederken, Yenice ilgesindeki ¢alismayan ve memur
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grubundaki katilimeilar bu limiti 25> TL, is¢i grubundaki katilimcilar 25-50 TL olarak ifade etmistir.
Karakulak vd. (2020) tarafindan yapilan c¢alismada, kamu sektoriinde calisanlarin %12,1’inin, 6zel
sektorde calisanlarin %14,5’inin, ¢alismayanlari %21 inin baligin fiyatina dikkat ettigi bildirilmistir.

Her iki ilcedeki katilimcilarin balik tiiketme bigiminin yas grubu ve egitim seviyesine bagli olarak
degisiklik gostermedigi ve ¢ogunlukla katilimcilarin balig1 taze olarak tercih ettikleri belirlenmistir.
Ulkemizin farkli bolgelerinde yapilan benzer calismalarda katilimcilarin balign en ¢ok islenmemis
(taze) olarak tiikettigi bildirilmistir (Bolat ve Cevher 2018; Selvi vd., 2019; Karakaya, 2020; Geng vd.
2020; Kusat ve Sahan, 2021). Ayrica Bayramig il¢esindeki katilimcilarin %41,3’{, Yenice ilgesindeki
katilimeilarin ise %50,6’s1 balig1 saglikli olmasindan dolayi tercih ettiklerini ifade etmislerdir. Cigek
vd. (2014) ve Geng vd. (2020) tarafindan yapilan ¢aligmalarda da tiiketicilerin balig1 en ¢ok saglikl
oldugu i¢in tiikettikleri belirlenmistir.

Gozener vd. (2016) tarafindan Ordu’nun Fatsa il¢esinde yapilan ve katilimcilarin gogunlugunun
egitim diizeyinin ilkdgretim oldugu bir ¢aligmada, balik eti tiiketilmesinin sebepleri arasinda lezzetli
olmasi (%26,76) ve besin degerinin yiiksek olmasi (%25,35), kolay temin edilmesi (%25,35)
gosterilmistir. Katilmcilariin %38,1inin lise ve %36,9’unun iiniversite egitim diizeyinde oldugu
diger bir ¢alismada (Selvi vd., 2019), katilimcilarin sagliklt olmasindan dolayi balik eti tercih ettikleri
raporlanmistir. Calismamizda, Bayramig ilgesindeki katilimcilarin ¢ogunlugunun (%43,1) egitim
diizeyinin 6n lisans/lisans, Yenice il¢esindeki katilimcilarin ¢ogunlugunun (%45,0) ilkdgretim oldugu
saptanmistir. Buna gore ¢alismamizdan elde edilen sonuglar, tiiketicilerin balik tiiketme sebebinin
egitim diizeyi ile iligkili olmadigini gostermistir. Karakulak vd. (2020), Erzurum ilindeki 30-50 yas
araligindaki katilimeilarin %35,8 ’inin ve yaslar1 50 ve tizerinde olan katilimcilarin %45,3 *liniin balig
saglik oldugu icin tiikettiklerini saptamistir. Sen ve Sahin (2017) Mersin’de yaptiklar1 ¢alismada ise
21-30 yas grubu arasindaki katilimcilarin, balig1 taze olarak tiiketmeyi tercih ettiklerini bildirerek,
gelismis iilkelerde pratik olmasindan dolay1 baligin konserve, tiitsiilenmis ve salamura gibi sekillerde
de tiiketildigine vurgu yapmuslardir. Calismamizda, Bayramic ilgesindeki 20-29 ve 30-39 yas
grubunda yer alan katilimcilarin ayda birkag kez, 40-49 yas grubundaki katilimcilarin haftada birkag
kez balik tiikettigi, Yenice ilgesindeki katilimcilarin ise farkli yas gruplarinin balik tiiketim sikliginin
haftada birka¢ kez oldugu belirlenmistir. Buna gore her iki ilgedeki katilimcilarin balik tiiketim
sikliginin yasa bagli olmadigi tespit edilmistir. Ankara’da yapilan benzer bir calismada da balik
tiikketim miktari ile yas arasinda bir iliski olmadig: bildirilmistir (Ozer vd., 2016).

Yenice ve Bayramig ilgelerindeki katilimcilarin en gok sonbahar-kis mevsimlerinde balik tiikettigi
ve balig1 pazardan temin ettikleri belirlenmistir. Ayrica her iki ilgedeki katilimcilarin kisi basi aylik
balik tiiketim miktarinin 1-3 kg oldugu saptanmistir. Erzincan’da yapilan benzer bir c¢alismada
(Karakaya, 2020) katilimcilarin baligr sabit balik saticisindan temin ettigi ve baligi kis mevsiminde
tikettigi, Konya ilinde yapilan bir diger ¢alismada (Bolat ve Cevher 2018) katilimeilarin balig1 kis
mevsiminde tiikettigi ve marketlerden temin ettigi bildirilmistir. Aydin ve Karadurmus (2013),
Trabzon ve Giresun illerinde yaptiklari ¢alismada katilimcilarin baligi, balikg1 tezgahlarindan aldigini
ve balik tiiketiminin kisi bagi aylik 1-2 kg oldugunu bildirmistir. Cankir1 ilinde yapilan calismada
(Geng vd., 2020), katilimcilarin balig1 haftada bir olarak tiikettikleri ve balik satin alma yeri olarak en
cok siipermarketleri tercih ettigi, Kastamonu’da yapilan ¢alismada (Dilek vd., 2019), katilimcilarin
balig1 en ¢ok pazardan aldig1 ve ayda bir kilogramdan az balik tiikettigi belirlenmistir. Kusat ve Sahan
(2021) ise Usak ilinde yaptiklar1 bir aragtirmada katilimcilarin baligr en ¢ok kis aylarinda (%71,9),
haftada bir olarak (%38,1) tiikettiklerini ve balig1 ¢ogunlukla pazar yerinden tedarik ettiklerini (%58,1)
bildirmistir. Calismamizdaki veriler literatiir ile benzerlik gostermektedir. Buna gore tiiketicilerin
balig1 temin ettikleri yer degisiklik gosterse de balig1 tiiketme zamaninin degismedigi sdylenebilir.

Yenice ilgesindeki katilimcilarin %55°1 deniz balig1 tiirlerini tercih ederken, Bayramic ilgesinde
gerek deniz gerekse tatli su baligini tercih edenlerin orani benzerdir. Tiiketiciler deniz balig1 olarak en
¢ok hamsi ve sardalyeyi tercih ederken, tatli su baligi olarak en cok alabaligi tercih etmistir.
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Ulkemizdeki demografik yapiya bagl su iiriinleri tiiketim aligkanliklar ile ilgili yapilan diger
caligmalarda da benzer sonuglara ulasilmigtir (Orhan ve Yiiksel, 2010; Dilek vd., 2019; Karakulak vd.,
2020). Bununla birlikte Yenice ilgesindeki katilimeilar, deniz ve tatli su baliklarimi saglikli oldugu
icin, Bayrami¢ ilgesindeki katilimcilar ise yalnizca deniz baliklarini saglikli oldugu igin tercih
etmektedir. Bununla birlikte Bayramig ilgesindeki katilimeilar tathi su baliklarini lezzetli oldugu igin
tilketmektedir. Su tirtinleri tiiketiminin degerlendirildigi ¢alismamizda, Bayramig’teki bireylerin %45°1
ve Yenice’deki bireylerin %355,6 ’s1 balig1 en ¢ok kizartma seklinde tiikettiklerini belirtmislerdir.
Literatiirde yapilan benzer ¢aligmalar da baligin biiylik oranda tavada pisirme ya da kizartma olarak
titketildigini gostermistir (Selvi vd., 2019; Bolat ve Telli, 2019; Geng vd., 2020)

Caligmamizda katilimcilarin, balik diginda tiiketilen su iiriininin en ¢ok midye oldugu
saptanmistir. Ayrica Yenice’de katilimcilarin %53,8’inin, Bayrami¢’te %35’inin balik haricinde su
irlinii titketmedigi tespit edilmistir. Bu durumun nedeni benzer calismalarda bolgelerin kirsalda
bulunmasi, kiiltiirii ve yeme aligkanliklar ile iligkilendirilmistir (Akkus, 2018; Kilig vd., 2019;
Karakulak vd., 2020).

Ug tarafi denizlerle gevrili iilkemizin kiy1 sinirlart uzunlugu 8.333 km olup 25 akarsu havzasi, 200
dogal gol, 293 baraj golii ve yaklasik 1000 goleti ile su lriinleri avciligl ve yetistiriciligi bakimindan
genis imkanlar sunmaktadir (Yilmaz, 2014). Buna ragmen Tiirkiye’de kisi basina balik tiiketiminin
Diinya ve Avrupa ortalamalarinin altinda kaldig:i goriilmektedir. TUIK (2020) verilerine gore;
iilkemizde kisi basina ortalama su iiriinleri tilketimi 2019 yilinda 6,26 kg olarak bildirilmis olup,
diinyadaki tiiketim oranlarinin olduk¢a altindadir. Literatiirde bunun nedeni fiyat ve yeme
aligkanliklar, tedarik, muhafaza ve hazirlanmasindaki giigliikler olarak bildirilmistir. Ayrica hamsi ve
istavrit gibi pelajik tiirleri siklikla tiiketildigi, satin alirken islenmemis ve taze iiriinlerin tercih edildigi
goriilmektedir. Bu dogrultuda; c¢alisan niifusun her gegen giin arttigi iilkemizde, kolay satin alinabilen,
pisirilebilen ve tiiketilebilen islenmis su iirlinlerinin halkimiza arzi, tiiketim miktarinin artmasini
saglayabilir. Bununla birlikte kiiltiir balik¢iligi desteklenerek ozellikle gecim kaynagi tarim ve
hayvancilik olan bolgelerde balik etinin saglik agisindan faydalar1 konusunda toplumu bilgilendirme
caligmalart yapilmalidir. Saglikli ve kaliteli protein kaynagi olan balik ve diger su {iriinleri tiiketiminin
artirllmasi ve giderek artan protein ihtiyacinin kargilanmasi i¢in kamu kurulusglari, 6zel sektorler, sivil
toplum orgiitleri ve egitim kurumlar1 ile uyumlu is birlikleri gelistirmelidir. Ulkemizin farkli
bolgelerinde, halkin su irlinleri tiiketim aligkanliklarinin belirlenmesine yonelik caligmalarin
yapilmasi da bu kapsamda biiyiik 6nem arz etmektedir.

FINANS

Bu ¢alismanin yiiriitiilmesinde herhangi bir finans destegi alinmamustir.

CIKAR CATISMASI BEYANI

Yazarlar, bu ¢aligmayi etkileyebilecek finansal ¢ikarlar veya kisisel iligkiler olmadigini beyan eder.

YAZAR KATKILARI
Kurgu, metodoloji: KS; verilerin toplanmasi: SOT, GK; istatistiksel analizz SOT; verilerin
degerlendirilmesi, makale yazimi, diizenleme: KS, BK. Tiim yazarlar nihai taslag1 onaylamistir.

ETIK ONAY BEYANI
Bu calisma Canakkale Onsekiz Mart Universitesi Lisansiistii Egitim Enstitiisii Etik Kurulu onay1 ile
yiiriitiilmiistiir (Tarih: 24.05.2021, No: 2021-YONP-0375).
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VERI KULLANILABILIRLIK BEYANI
Bu ¢alismada kullanilan veriler makul talep tizerine ilgili yazardan temin edilebilir.
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Abstract: This study reports the presence of heavy metals (Cr, Ni, Cu, Cd, Pb) in the Keywords
sediment and water column in the Koycegiz Lagoon Estuary System (KLES) (South- e Heavy metal
West Anatolia). The mean heavy metal concentrations (ug L) in the water were found o Environmental pollution
as Cr: 3.72-8.36, Ni: 6.51-9.48, Cu: 1.29-11.88, Cd: ND-0.08, Pb: ND-0.34. The heavy o Ecological risk
metal concentrations in water samples were found to be below the internationally o | a900n
acceptable limits. The mean heavy metal concentrations (mg kg™) in the sediment were

found as Cr: 1.75-4.25, Ni: 5.24-12.69, Cu: 0.25-0.51, Cd: <0.01, Pb: 0.04-0.13. As a

result of the analyses conducted concerning contamination factor (CF), geo-accumulation

index (lge), pollution load index (PLI), monomial potential ecological risk index (ER),

and total potential ecological risk index (RI) for heavy metals in the sediment, it was

deduced that there was not any pollution and moderate or high ecological risks.

Ozet: Bu calismada, Koycegiz Lagiin Ostarin Sisteminin (Giiney-Bat1 Anadolu) Anahtar kelimeler
sediment ve su kolonundaki agir metallerin (Cr, Ni, Cu, Cd, Pb) varhifi ortaya e Agir metal
konmustur. Sudaki ortalama agir metal konsantrasyonlar (ug L™), Cr: 3,72-8,36, Ni: Cevre kirliligi
6,51-9,48, Cu: 1,29-11,88, Cd: TE-0,08, Pb: TE-0,34 olarak bulunmustur. Su o Ekolojik risk
orneklerinde belirlenen agir metal konsantrasyonlarmin uluslararasi kabul edilebilir
limitlerin altinda oldugu tespit edilmistir. Sedimentteki ortalama agir metal
konsantrasyonlari (mg kg'l) Cr: 1,75-4,25, Ni: 5,24-12,69, Cu: 0,25-0,51, Cd: <0,01, Pb:
0,04-0,13 olarak belirlenmistir. Sedimentte belirlenen agir metal konsantrasyonlari

e Lagiin

yoniinden yapilan kontaminasyon faktorii (CF), jeobirikim indeksi (Ige), kirlilik yiik
indeksi (PLI), monomial potansiyel ekolojik risk indeksi (ER) ve toplam potansiyel
ekolojik risk indeksi (RI) analizleri sonucunda, herhangi bir kirlilik tespit edilmemis olup
orta veya yiiksek ekolojik risklerin olmadigi sonucuna varilmgtir.

1. INTRODUCTION
Coastal lagoons are important areas for fish species, and due to their abundant nutrient sources,
they are compared to nurseries with optimum nutrition and development for juvenile fish (Whitfield,
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1999; Innal and Giannetto, 2020). Being under the impact of both marine and freshwater ecosystems,
lagoon areas are very rich aquatic habitats. For this reason, fish, sea turtles, and other aquatic animals
use these habitats for feeding (Gilabert, 2001). The lagoon management concept emerged when it was
understood that the protection of lagoons is extremely important for the development of aquatic
animals. The scope of lagoon management includes protecting the ecological characteristics of
lagoons, preventing the depletion of valuable biological resources, and destruction of sensitive habitats
(Manzo et al., 2016).

Iztuzu Lagoon has emerged with the set formed by Iztuzu Beach. Located within the borders of
Ortaca, Mugla (Southern West Turkey), lztuzu Beach is a Mediterranean coast with 4.5 km. length.
This beach is crescent-shaped and has fine sand. The beach has also lagoons with labyrinth-shaped in
its northeastern part through which waters from Koycegiz Lake reach into the Mediterranean Sea in
the west of the beach (Sari et al., 2017). The Times from the UK declared Iztuzu Beach and Lagoon as
“The Best Open Space Europe” in 2008 after 6-year research (Anonymous, 2018). In 2013, the beach
was selected as the best 7th beach in Europe by TripAdvisor. The beach is one of the important
spawning areas of the protected loggerhead turtle Caretta caretta and Nile soft-shelled turtle Trionyx
triunguis species in the Eastern Mediterranean basin. C. caretta species is also frequently encountered
in the lagoon area. In this special region, sometimes the freshwaters of Koycegiz Lake, which is
located in the north of the lagoon, flows into the seawater, and sometimes seawater flows into the
lagoon due to the tide effect in Dalyan mouth location. The lagoon area is overcrowded during the
high season (April-October). The transportation from the hotels to the beach is generally provided via
boats and this short trip mostly lasts almost 30 minutes. Pollution stress factors for the canal and
lagoon are tourism, restaurants, boat traffic, agricultural activities, and transportation from Koycegiz
Lake.

Pollutants in water can be defined as physical, chemical, or biological factors that cause harmful
effects on aquatic life and consumers. With the development of urbanization and industrialization,
several harmful pollutants are discharged into water (Srivastava et al., 2020). Inorganic and organic
pollutants (e.g. nutrients, dioxins/furans, heavy metals) pose serious risks to many aquatic organisms
(Scott and Sloman, 2004; Storelli and Marcotrigiano, 2003). Ecological risk assessment is very
important to eliminate the negative effects of pollutants in aquatic ecosystems that can affect aquatic
life. With the understanding of the importance of ecological risk assessment in recent years, many
studies have been conducted in lagoon ecosystems (Maanan et al., 2015; Mendoza-Carranza et al.,
2016; Shaheen et al., 2019).

In this study, (1) the heavy metal concentrations detected in the water samples were compared to
the internationally acceptable limits. (2) pollution risk assessment in terms of heavy metals was made
in sediments by using some indexes and (3) potential ecological risk levels were determined.

2. MATERIAL and METHODS

For heavy metal analyses, surface water and sediment samples were taken with grap (Van Veen
type 0.1 m® sampling area) twice a year (in winter and summer) from the 5 stations (Figure 1). During
the study, the temperature, pH, and salinity values of the lagoon and open sea surface waters were
measured with a multiprobe water quality measurement device (YSI Professional Plus).
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Figure 1. The sampling points for heavy metals.

2.1. Heavy metal analyses in water and sediment samples

The water samples taken from each one of the stations were filtered through Whatman GF/F filter
paper in the laboratory, then 15 ml was put into Falcon-type covered tubes. Until the analyses, to
prevent metal ions dilution from changing, 5 ml nitric acid (HNOz; 65%, suprapur) per liter was added
onto water samples. Water samples were kept in the refrigerator at +4°C until further analysis (ASTM,
1985).

After sediment samples were stirred in a plastic cup, 5 sub-samples with 10 gr. were taken and put
into polyethylene containers separately and nitric acid was added onto them (Moody and Lindstrom,
1977). From the samples that had been brought to the laboratory under cool conditions, 0.5 gr for each
one of the samples were taken and mineralized in 3 ml HCI-HNO;—H,O solution for 1 hour at 95°C.
The mineralized sample was then diluted to 10 ml with ultra-pure water and filtered through 0.70 pm
GF/F, then it was made ready for the analysis (Sastre et al., 2002). Heavy metal concentrations in the
water and sediment samples were determined with Inductively Coupled Plasma Mass Spectrometry
(ICP-MS, Agilent 7700x). For elements Cr, Mn, Cu, Zn, Cd, and Pb, the detection limits (LOD) were
0.038, 0.064, 0.016, 0.102, 0.0005, and 0.017 ug kg™, respectively.

The accuracy and certainty of the results of the heavy metal analysis were checked via standard
reference matter (Sigma-Aldrich® CRMO016- Fresh Water Sediment 3 for Trace Metals) analysis. The
applied method for sediment in determining recovery rate was applied for CRM016-050 with five
repetitions. Table 1 presents mean concentrations and recovery rates (%) of certified reference matter
used for checking the quality of the applied analytical method in heavy metal analyses. According to
the results, a 90% recovery rate was obtained.
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Table 1. The analysis results of certificate reference matter (CRMO016) for trace metals and recovery rate results
(mg kg™?).

Element CRMO016-050 This study %Recovery
Cr 14.5 13.8+0.8 95.17
Ni 16.7 151+13 90.42
Cu 15.5 142+1.1 91.61
Cd 0.47 0.43 +£0.07 91.49
Pb 14.1 13.9+0.6 98.58

2.2. The calculation of contamination factor

In the studies which reveal heavy metal contamination in sediment, contamination factor (CF) has
been a commonly used method. Although the calculation of CF is extremely simple, it provides strong
data about the current situation. The calculation was made according to the formula of Tomlinson et
al. (1980) below:

C
CF - metal
Cbackground

In the formula, Cpea refers to the obtained metal concentration; Cpackgrouna refers to the estimated
mean concentration in sediment for that metal. These reference values are cited from Taylor and
McLennan (2001). Contamination factor results were evaluated according to Hakanson (1980) as
below:

CF<1 low contamination,
1<CF<3 moderate contamination,
3<CF<6 high contamination,
CF>6 very high contamination

2.3. The calculation of the geo-accumulation index

Geoaccumulation index (lge) is a scale of values used for specifying the level of terrestrial-based
heavy metal accumulation in sediment. It was developed by Miiller (1969) for revealing anthropogenic
modifications in heavy metal concentrations in coastal areas and is calculated via the formula below:

C
Igeo - |0g2 metal
1.5 X Cbackground

In the formula Cynear and Chacigrouna refer to the same concepts as in CF formula. The obtained results
were evaluated in relation with 7 levels suggested by Miiller (1981). These levels are shown below:
lgeo=0 — level 0— Unpolluted/practically uncontaminated

=0-1 — level 1— Unpolluted to moderated/uncontaminated to moderately contaminated
=1-2 — level 2— Moderated polluted/moderately contaminated

=2-3 — level 3— Moderated to high polluted/moderately to heavily contaminated

=34 — level 4— Highly polluted/heavily contaminated

=4-5 — level 5— Highly to extremely polluted/heavily to extremely contaminated

=>5 — level 6— Extremely polluted/ Extremely contaminated

2.4. The calculation of Pollution load index (PLI)
PLI is used for determining pollution load in sediment. It is calculated by the formula below
(Tomlinson et al., 1980):
PLI = (CF; X CF, X CF3 X ... X CF,) x 1/n
In the formula, CF refers to contamination factor; n refers to metal number. According to the
obtained results, for sediment it is suggested as; PLI = 0 “Distinguished”, PLI <1 “No pollution”, PLI
>1 “Polluted”.
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2.5. Potential ecological risk indexes

The potential ecological risk index developed by Hakanson (1980) was used to evaluate the
negative effects of pollutants on the environment and therefore the ecological sensitivity of pollutants.
Monomial (for a single element) potential ecological risk index (ER) was calculated according to the
formula below:

ER =Ti x CFi

where CFi is the contamination factor value calculated for metal i, and Ti refers to the toxic
response coefficient for metal i. In this study, the toxic response coefficients suggested by Hakanson
(1980) were used as Cr = 2, Ni, Cu, Pb =5, Cd = 30. The obtained ER results were evaluated as
ER<40 “low ecological risk”, 40<ER<80 “moderate ecological risk”, 80<ER<160 “considerable
ecological risk”, 160<ER<320 “high ecological risk” and ER>320 “very high ecological risk” (Li et
al., 2017).

In addition, total potential ecological risk index (RI) evaluation was made for all studied elements.
RI represents the sensitivity of various biological communities and the possible risks posed by heavy
metals (Ogundele et al., 2020). RI was calculated according to the formula below:

RI=Y",ER

where n refers to the number of metals studied. Rl values were graded as follows: RI<150 “low
ecological risk”, 150<RI<300 “moderate ecological risk”, 300<RI<600 “severe ecological risk” and
RI>600 “serious ecological risk” (Hakanson, 1980; Guo et al., 2010; Ogundele et al., 2020).
2.6. Statistical analyses

For the statistical analyses of the data, IBM SPSS version 22.0 was used. To compare stations, one-way
ANOVA followed by post hoc LSD was applied.

3. RESULTS and DISCUSSION
The temperature, salinity and pH values measured from the surface of the lagoon and open sea are

presented in the Table 2.

Table 2. Minimum and maximum temperature, salinity and pH values of surface water.

Water Temperature (°C) Salinity (mg L™) pH
Lagoon 18.77-19.65 17.92-25.21 9.02-9.33
Open sea 20.75-20.83 34.11-36.29 8.32-8.96

The mean heavy metal concentrations of surface water samples and guideline values based on the
WHO (2011), USEPA (1995, 2009), EC (1998) are presented in Table 3.
Heavy metals are accepted as a major anthropogenic contaminant in coastal zones. Due to their
toxicity, persistence, and bioaccumulation characteristics, they present a threat to both human beings
and aquatic organisms (DeForest et al., 2007; Ruilian et al., 2008). In this study, the highest
concentrations in water samples were found as Ni>Cr>Cu>Pb>Cd respectively. In a study conducted
in Huelva (Spain) region, in estuaries waters the concentrations were found to be similar to our study
as Cu>Pb>Cd (Vicente-Martorell et al., 2009). ANOVA followed by Tukey post hoc LSD tests
revealed no statistical differences between stations in terms of heavy metal concentrations in the water
samples (p>0.05). It was determined that the heavy metal concentrations detected in the water samples
did not exceed the minimum limits set by WHO (2011), USEPA (1995, 2009), and EC (1998) (Table
3).
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Table 3. The mean heavy metal concentrations were determined in water samples and guideline values (ug L1+
s.e.).

Elements Stations WHO USEPA EC

1 2 3 4 5 (mgL?) (mg LY (mg L™
Cr 3.78 £0.36 3.72+0.11 456+028 5.73+0.97 836+ 1.04 0.05 0.1 0.05
Ni 9.48 +1.27 736+1.05 6.61+042 6.51+1.01 8.11+0.91 0.02 0.1 0.02
Cu 443+0.61 453+033 1.29+0.14 1.31+027 11.88+2.26 2 1.3 2
cd 0.08 +0.02 “N.D. “N.D. "N.D. 0.02 + 0.004 0.003 0.005 0.005
Pb 0.32+0.09 0.34+£0.09 0.32+0.10 “N.D. “N.D. 0.01 0.015 0.005

“N.D.: not detected.

The heavy metal concentrations in water samples reported from previous studies in the Kdycegiz-
Dalyan Lagoon basin are given in Table 4.

Table 4. A comparison of the results of the current study with previous studies in the region (min-max pg L™).

Element | Location Concentration Current study References
Dalyan channel 27.76 - 209.60
Koycegiz Lake 25.82 - 38.57

cr Siiliingiir Lake 25.34 - 55.63 3.72-8.36 Avsar et. al. (2017)
Alagdl Lake 173.20 - 291.40
Kocagol Lake 37.00
Koycegiz Lagoon System 0.71£0.28 Geng and Yilmaz (2017)
Dalyan channel 1.00 - 32.00

. Koycegiz Lake 2.00 - 9.00

Ni Alagdl Lake ~0.10-101.00 6.51-9.48 Avsar et. al. (2017)
Siiliingiir Lake 7.00 - 12.00
Koycegiz Lagoon System 0.03 Geng and Yilmaz (2017)
Dalyan channel <0.02

cu ii’aygc;g:; i:ke i 8:8; 31.00 1.29-11.88 Avsar et. al. (2017)
Siiliingiir Lake <0.02

Cd Koycegiz Lagoon System 1.15+£0.34 0.02 - 0.08 Geng and Yilmaz (2017)
Dalyan channel 14.14 - 169.14
Koycegiz Lake 14.82 - 91.15

Pb Alagdl Lake 14950 - 173.40 0.32-0.34 Arslan and Avsar (2020)
Siiliingiir Lake 13.69 - 29.00

Ni and Cu concentrations detected in the water samples in this study were found to be at higher
levels when compared to previous studies conducted in the region (Table 4). However, Ni and Cu
values in water did not exceed the international limits specified in Table 3. In previous studies
conducted in Koycegiz Lake and Dalyan canal, it was stated that heavy metal pollution in the water
may be caused by agricultural activities, thermal springs in the region, and the transport of substances
from tributaries waterways (Y1lmaz, 2009; Geng and Yilmaz, 2016; Arslan and Avsar, 2020).

3.1. Determined Pollution Indices in Sediment Samples
Table 5 presents the mean values obtained from heavy metal analyses of sediment samples.
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Table 5. The mean heavy metal concentrations determined in sediment samples (mg kg™ + s.e.).

Elements Stations
1 2 3 4 5

Cr 425+0.13 3.52+0.41 1.75+0.22 3.79 £0.57 2.44+0.32
Ni 12.69 +0.59 10.21 £ 1.06 5.24+0.96 1237+ 1.14 8.56+0.99
Cu 0.51+0.09 0.46 +0.08 0.30+0.06 0.30+0.05 0.25+0.04
Cd <0.01

Pb 0.13+£0.01 0.13+£0.01 0.04 +£0.01 0.13+£0.03 0.08 £0.02

3.2.CF

CF values calculated for each metal in all the stations were found below 1. Accordingly, there was
low contamination in terms of sediment in the studied stations (CF<1). In a study conducted in
Manaduky estuaries on the western coast of India, likewise our study, low contamination (CF<1) was
determined in sediment in terms of the same elements (Kumar and Edward, 2009). In the sediment
from Delimi River (Nigeria), significant contamination was found at the level of 3<CF<6 in terms of
Cd, high contamination was found in terms of Cd and Cr (CF>6) in Emet Stream (Kutahya, Turkey) as
well as in terms of Ni in Orhaneli Stream (Bursa, Turkey) (Sabo et al., 2013; Omwene et al., 2018).
3.3. 1-geo

According to I-geo results, there was not any heavy metal contamination observed in sediment
samples taken from the studied stations (I-geo = 0). In the sediment from Kdéycegiz Lagoon System, a
highly polluted in terms of Cr was observed in the summer season (Gen¢ and Yilmaz, 2016). In a
study carried on Mangkabong lagoon (Malaysia), there was not found any contamination in terms of
copper in sediment samples (level 0) like this study, however in terms of lead, level 1 1-geo was
determined (Praveena et al., 2008). The I-geo results determined for Seyhan Dam Lake (Adana,
Turkey), report that sediment was moderated polluted (level 2) and moderated to high polluted (level
3) in terms of cadmium and unpolluted in terms of chromium and copper (Cevik et al., 2009). When I-
geo results calculated for surface sediment of Gulf of Suez were examined, extreme contamination in
some of the stations especially in terms of nickel was observed (Khaled et al., 2006). In another study
conducted in the Central Black Sea (Turkey), it was claimed that there was not any contamination in
the sediment in terms of Cr, Cu, and Pb but moderately high contamination was detected in terms of
Cd (Simsek and Bakan, 2017).
3.4.PLI

As a result of calculations made in terms of evaluated heavy metals, PLI value was found as 0.04
which indicated that the sediment was “unpolluted” as it was below 1. Gen¢ and Yilmaz (2016),
determined metal pollution caused from anthropogenic activities in Kdycegiz Lagoon System as a
result of PLI calculations and claimed that this pollution increased during summer months. Omwene et
al. (2018) found PLI values between 0.65-2.58 which they obtained as a result of different calculations
from different stations in Mustafakemalpasa, Orhaneli, and Emet Streams in North-Western Turkey.
These high PLI values were reported to be potentially caused by industrial and mining activities in the
region as well as by geological conditions. In another study which had similar results with the current
study, PLI values were detected as <1 in an effluent channel and Dikrong River in India (Chakravarty
and Patgiri, 2009; Kumar and Thakur, 2017).

3.5. ER and RI

According to the potential risk index calculations for a single heavy metal, ER was found as <40 in
sediment samples taken from all the stations for each heavy metal under consideration. Therefore, low
ecological risk was determined in terms of the studied heavy metals and it was concluded that there
was no hazardous ecological risk for the aquatic life of Iztuzu Canal and Lagoon. Similarly, some
researchers reported ER values as <40 for all the elements under consideration except Cd, in the coast
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of Tamil Nadu (India) (Devanesan et al. 2017), coastal lagoons in south-east Brazil (Fernandes, 1997),
and a lagoon in southern Mexico (Mendoza-Carranza et al., 2016). Geng and Yilmaz (2018), found ER
values as 80<ER<160 for Cd during the winter season in Kdycegiz Lagoon System.

In this study, the RI values obtained for all stations are <150, and there is a low ecological risk for
the lagoon and the canal. In contrast to this study, moderate ecological risk in port sediment in Tianjin
(China) and a lagoon in southern Mexico (Guo et al., 2010; Mendoza-Carranza et al., 2016), a very
high ecological risk at some stations in Nador Lagoon (Morocco) (Maanan et al., 2015) were
observed.

4. CONCLUSION

Ranking of heavy metals in water and sediment for the study area was determined as
Ni>Cr>Cu>Pb>Cd according to the sum of the mean element concentrations of all the stations for the
channel and lagoon. As a result of the analysis, it can be concluded that the heavy metal concentrations
determined in the water samples do not exceed the internationally acceptable limits. According to CF,
I-geo, PLI, ER, RI index calculations made for heavy metal concentrations detected in sediment, there
is not any significant pollution and moderate or high ecological risk observed in this study.
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Abstract: Existence of Penicillus capitatus Lamarck 1813 has been known along the Keywords

southern coastline of Turkey since 2010. On the other hand, no record of P. capitatus off e extended distribution
the northern Aegean coastline of Turkey has so far been reported. The present paper e marine seaweed
reports the observation of P. capitatus in the coastline of Dikili, north of the Aegean o pnew habitats

shores of Turkey. In conclusion, it seems that the physicochemical parameters of the o penjcillus capitatus
Aegean Sea are very suitable for P. capitatus and therefore, its observation in all

locations of the Aegean Sea is most likely to be expected. Regular monitoring is

recommended for this newly observed and habitat-forming species in the Turkish

Coastline of the Aegean Sea.

Ozet: Penicillus capitatus Lamarck 1813’un Tiirkiye’nin giiney kiyilarinda varligi 2010 Anahtar kelimeler
yilindan bu yana bilinmektedir. Bununla birlikte, P. capitatus’un Tiirkiye’nin Kuzey Ege e artan yayihim
kiyilarmdan kaydi heniiz yapilmamustir. Bu makale, P. capitatus’un Tirkiye’nin Kuzey o deniz algi

Ege kiyilarinda yer alan Dikili’den kaydni rapor etmektedir. Sonug olarak, Ege o yenj habitatlar
Denizinin fizikokimyasal parametrelerinin P. capitatus’un yayilimi i¢in uygun oldugu ve o penicillus capitatus
Ege Denizinin bir¢ok yerinden kaydinin kuvvetle miimkiin olacagi degerlendirilmektedir.

Tiirkiye’nin Ege Kiyilarinda yeni gézlenen ve habitat olusturan bu tiir i¢in diizenli izleme

faaliyetleri 6nerilmektedir.

1. INTRODUCTION

Penicillus capitatus Lamarck 1813 is a marine seaweed in the Mediterranean Sea. According to
Guiry and Guiry (2021), the distribution of this species is reported from Atlantic Islands, North
America, Central America, Caribbean Islands, Western Atlantic, South America, Africa, Middle East,
Southwest Asia, Australia and New Zealand. When the Mediterranean Sea is considered, Guiry and
Guiry (2021) also listed the observation of P. capitatus from the Adriatic Sea (Gallardo et al. 1993),
Balearic Islands (Ballesteros, 1992; Gallardo et al. 1993; Ribera et al. 1997), Corsica (Gallardo et al.,
1993), France (Gallardo et al., 1993; Anon, 2017), Greece (Athanasiadis, 1987; Gallardo et al., 1993;
Tsirika and Haritonidis, 2005; Tsiamis et al., 2014), Italy (Gallardo et al., 1993; Furnari et al., 1999;
Rindi et al., 2002), Spain (Gallardo et al., 1985; Gallardo et al., 1993; Flores-Moya et al., 1995) and
Veneto (Sfriso, 2011).

The first observation of P. capitatus in Turkey was reported from the Gulf of Antalya by Turna et
al (2010). They reported that their samples were collected between May-June 2006 and June 2007.
Sandy and mud substrates in which Cymodocea nodosa meadows are mentioned in the habitats of
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P.capitatus. The depth of the location of the sampling station was reported between 0.5 — 22 m by the
authors.

In 2010, Okudan et al (2010) reported another paper for extended distribution of P. capitatus along
the southern Mediterranean coastline of Turkey. The localities that the authors observed P. capitatus
are Mugla (Fethiye) and Antalya (Konyaalti, Olympus, Gulf of Maden, Bes Adalar, U¢ Adalar,
Phaselis, Goyniik, Sigan Adasi and Side). From the report of Okudan et al (2010), it is understood that
P.capitatus distributed to the east and west after the first observation of P. capitatus by Turna et al
(2010). Okudan et al (2010) reported P. capitatus as an invasive species and its adaptation to the
Turkish waters is also underlined in their paper. However, it has not been considered as an invasive
species by other reports (Tsiamis and Gerakaris, 2014). After 2010, no observation from Turkish
shores has so far been reported yet. This paper reports the new record of P. capitatus from the northern
shores of the Aegean Sea, Dikili (Turkey). Dikili is far away from Antalya, and it is most likely that P.
capitatus must be existed between Antalya and Dikili. The present paper reports the extended
distribution of P. capitatus along the northern Turkish shores by presenting morphometric parameters
of the samples.

2. MATERIALS and METHODS

The first observation of P.capitatus in Dikili coastline was observed in the summer of 2020
(August). The google map coordinates of the location (39°07°27°° N, 26° 51° 06* E) were shown in
Figure 1.

Google O %100  Goriinti taril hi: 16.04.2019 - daha yeni  Maxar Technologies - Kamera: 455 m 39°07°26"N 26°51'06°E
Figure 1. The google earth coordinates and photo of the region. The yellow symbol within the image shows the
observed P.capitatus samples in the region (Google earth V 9.151.0.1. (December 08, 2021). Dikili, Izmir.
39°07°27° N, 26° 51° 06’ E, Eye alt 70 m. http://www.earth.google.com [December 12, 2021].

Since we have been working on the invasive Caulerpa cylindracea in this station for more than 15
years, P. capitatus did not exist before 15 years in this region. In the summer of 2020, P. capitatus
covered meadows were around 6 m?. To be sure that this species was adapted to new habitat, and it is
observable after one year, a snorkel diving was done in the same region in August-2021. In 2021,
extended distribution was observed in the same region, the P. capitatus covered meadows were
measured more than 20 m> The seawater temperature was measured as 24 C. The depth in which P.
capitatus was observed was between 2.5 — 7.0 m. Since the observation was carried out by snorkelling,
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deeper areas were not checked. A sample of P. capitatus was deposited to the Flora and Fauna
Research Center in Dokuz Eyliil University. The code of the sample in this centre is FFDEU-CAVAS-
009.

3. RESULTS and DISCUSSION

P. capitatus has been known from the southern coastlines of Turkey since 2006 (Turna et al,
2010). Although Turna et al (2010) was published their report in 2010, the observation year was
reported as 2006 in their paper. The species is known as Neptune’s shaving brush because of its
unique morphological characteristics. Since they are very remarkable under the water, their
observation is very easy, and this species can be controlled by using citizen science methodology. We
have been monitoring invasive Caulerpa cylindracea distribution in Dikili since 2002. Therefore, it
was very easy for our group to recognize this species under the water. The morphological
characteristics are very similar compared to the samples mentioned by Turna et al (2010) and Okudan
et al (2010). The main morphological parts of P. capitatus are base, stalk and capitulum. The mean
length of the individuals and capitulum are 4.4 + 0.6 cm and 1.5 £ 0.3 cm, respectively. The mean
diameter of the rhizoids is found to be 0.9 & 0.2 cm. From these morphological parameters, it could be
said that the P. capitatus population in Dikili is homogenous and they must have come to the region at
the same time. The underwater view of P. capitatus meadows are shown in Figure 2a and b. The
photos in Figures 2a and b from the same region were taken in August-2020 and August-2021,
respectively.
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02/08/2621
11:31:16

Figure 2. Underwater view of Penicillus capitatus meadows in a) August-2020 and b) August-2021.

As can be seen from these photos, P. capitatus meadows formed mixed vegetations with
Cymodocea nodosa in August 2020. On the other hand, it is extremely important to note that no
Cymodocea nodosa was observed in the same region in August-2021. After the collection of 20
individuals from one of the dense meadows in the station, morphological photos of the capitulum,
stalk, and base of individuals were taken and present in Figure 3-7. The capitulum of the samples is
very unique including brush-like branches (Figure 3).




Cavag, 2022 Acta Aquat. Turc., 18(1): 121-130 125

Figure 3. Capitulum of Penicillus capitatus collected from Dikili, [zmir-Turkey.

The stalk part of the P. capitatus samples is also very well in line with the characteristics that are
previously reported by Turna et al (2010) and Okudan et al (2010) from the Antalya vicinity. Branches
of the capitulum of P. capitatus collected from Dikili are shown in Figure 4.

A close photo of the branches is shown in Figure 5 in which calcification of the branches is clearly
seen. The round and randomly distributed pores are also clearly observable on the branches (Figure 6).
The rhizoid structure of P. capitatus is depicted in Figure 7.
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Figure 4. Branches of the capitulum of Penicillus capitatus collected from Dikili, Izmir-Turkey.

ris

Figure 5. Calcification on the branches of the capitulum of Penicillus capitatus collected from Dikili,
[zmir-Turkey.
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Figure 6. Round and randomly distributed pores on the branches of Penicillus capitatus collected
from Dikili, Izmir-Turkey.

Figure 7. Rhizoid structure of Penicillus capitatus collected from Dikili, Izmir-Turkey.
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From Figure 7, tangled structures of the fine branched rhizoids are observed. Since the substrate
was muddy-sandy, the rhizoids are with muddy structures. Substrate residues were not cleaned not to
damage the fine structure of the rhizoids. It is very recommended marine scientists to study fauna
within the rhizoids. From the structure and the organisms observed within rhizoids (unpublished data),
P. capitatus in the region can behave an ecological engineer and it may alter the biodiversity in the
region. So far, only an alien dendronotacean nudibranch Melibe viridis (Kelaart, 1858) was reported
by Ozvarol (2013) from the meadows of P.capitatus in Antalya, Turkey. Caulerpa scallpelliformis and
Acetabulum acetabularia were two other seaweeds reported by Ozvarol (2013) in the same region.
Identification of two anti-fungal triterpenoid compounds, capisterones A and B, against Lindra
thallasiae in P. capitatus may play role in the ecological engineering of this species (Puglisi et al,
2004). Even if this species was previously observed in Sithonia-Greece (Athanasiadis 1987), this
paper reports its existence in the northern shores of the Turkish Aegean Sea for the first time.

Citizen science is nowadays being one of the important tools in scientific projects. Turkey has 8333
km long shores in the Mediterranean Sea. Therefore, observation of this species will be very easy via
citizen science from two perspectives: i) underwater view of this species exhibits very different
structure compared to other species in the same habitat, therefore, all snorkeling people can easily
recognize and report this species to the authorities (Figure 2a and b), ii) Even if the common name of
the species is known as “Neptune's Shaving Brush”, it resembles like micro-pine forest (Pinus pinea)
under the water. Due to this remarkable difference, snorkeling people will have a curiosity to look at it
carefully like we did in the initial phases of this investigation.

In conclusion, observation of P. capitatus in Dikili shows that this species is continuing its
distribution to the north of the Aegean Sea along the Turkish shores. Since P. capitatus has a very
characteristic morphological structure, it is very easy to recognize this species under the water. It is
highly recommended to check the distribution of this species between Antalya and Dikili and the
Greek Islands in the Aegean Sea. Since its habitat-forming characteristics are reported previously
(Tsiamis and Gerakaris, 2014), the north of the Aegean Coastline of Turkey should be monitored
regularly.
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Abstract: As a climate change assessment criterion, carbon footprint CO, equivalent Keywords

(CF, CO.e) is used to evaluate the sustainability of aquaculture in terms of its e cage
contribution to greenhouse gas emissions. In this study, the three-year CF of rainbow e carbon footprint
trout production with a cage farming project capacity of 49 tonnes/year was calculated. o cO,

The average production capacity of the farm for three years was 52.72 %. Total CF 4 rainbow trout
expended was the summation of CF expended on feed, general management,
transportation, machinery, and equipment. CF expended on the consumed compound diet
had the highest contribution to total CF with 73.69 %. The second highest contributor to
total CF was general management with a share of 13.08 % and, of this amount, diesel and
labor constituted 78.49 and 19.36 % of it, respectively. Total CF expended per kg and 1
000 fish was 1.13 and 292.52 kg CO.e. Mean values for CF expended per kg carcass, per
Mcal energy deposited in the carcass, and per gram of protein deposited in carcass were
1.69, 1.48, and 9.43 kg CO.e, respectively. On average, CF expended per Mcal of
cultural energy expended during production was 0.35 kg CO,e. The mean of CF of
FCRe, defined as total CF of consumed compound diet divided by total liveweight gain
was 0.99 kg CO.e. Results showed that aquaculture is a low carbon-emitting sector thus
is sustainable and this advantage should be considered when meeting people’s protein
demand.

e sustainability

Ozet: iklim degisikligi degerlendirme kriteri olarak karbon ayak izi CO, esdegeri (KAI, Anahtar kelimeler
CO,e), su friinleri yetistiriciliginin sera gazi emisyonuna yaptigi katki bakimindan e kafes
surdiiriilebilirliginin degerlendirilmesinde kullamlir. Bu calismada, 49 ton/yil kafes e karbon ayakizi

yetistiriciligi proje kapasitesine sahip gokkusagi alabahigi iiretiminin ii¢ yillik KAI co,

degerleri hesaplanmls.tlr. Ciftligin ii¢ yillik ortalama iiretim kapasitesi 52,72%’dir. gokkusag alabalig
Harcanan toplam KAI degeri, yem, genel yonetim, tasgima, makine ve ekipman i¢in o oo qisriilebilirlik
harcanan KAI’nin toplamimdan olugmustur. Toplam KAI degeri i¢inde karma diyet i¢in

harcanan KAI, % 73,69 oraniyla en yiiksek seviyede bulunmustur. Toplam KAT icinde

ikinci en yiiksek katkiyr % 13,08'lik pay ile genel yonetim olusturmustur ve bu katkidaki

dizel ve isciligin pay1 sirasiyla % 78,49 ve % 19,36 olarak bulunmustur. Kg ve 1 000

balik bagina harcanan toplam CF 1,13 ve 292,52 CO2e olarak hesaplanmistir. Kg karkas,

karkasta biriken Mcal enerji ve karkasta biriken gram protein basina harcanan KAI

degerleri sirastyla 1,69, 1,48 ve 9,43 kg CO,e Olarak bulunmugtur. Uretim déneminde

harcanan her Mcal kiiltiirel enerji basina diisen KAl degeri 0,35 kg CO2e olarak tespit
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edilmistir. Tiiketilen karma diyetin toplam KAl'sinin toplam canh agirlik kazancina
béliinmesiyle tanimlanan FCRe igin KAI degeri 0.99 kg CO.e olarak hesaplanmustir.
Sonuglar, diisiik karbon yayan bir sektor olan su iriinleri yetistiriciliginin siirdiiriilebilir
oldugunu ve insanlarin protein talebini karsilarken bu avantajin goz Oniinde
bulundurulmasi gerektigini gostermistir.

1. INTRODUCTION

In parallel with the increase in world aquaculture, aquaculture in Turkey is also increasing (FAO,
2021; GDFA, 2021). World rainbow trout (Oncorhynchus mykiss Walbaum, 1792) production of 495
727 tonnes in 2000 increased by 84.89% in 2019 and reached 916 540 tonnes (FAO, 2021). The
production of Turkish rainbow trout farming of 44 533 tons in 2000 increased by 223.76 % and
reached 144 182 tonnes in 2020 (GDFA, 2021). According to the 2019 data, Turkey holds 2™ place
with 13.43 % of the global rainbow trout production (FAO, 2021). In 2021, rainbow trout production
constituted 34.21 % of Turkey’s aquaculture production (GDFA, 2021).

The biggest source having an impact on climate change, which is defined as long-term changes in
the atmosphere, is anthropogenic fossil fuels (UN, 2021). Greenhouse gas (GHG) emissions that cause
climate change result in the accumulation of heat near the Earth’s surface atmosphere (Shahid and
Behnassi, 2014; UN, 2021). Some of the heat reflected from the Earth is captured by the GHGs in the
atmosphere and re-radiated back to the Earth’s surface, causing a temperature rise, potentially causing
climate damage (Shahid and Behnassi, 2014). Greenhouse gases that absorb infrared radiation in the
atmosphere include water vapor, carbon dioxide, methane, nitrous oxide, hydrofluorocarbons,
perfluorocarbons, and sulfur hexafluoride (Shahid and Behnassi, 2014). And these emissions are
mainly from energy, industry, transportation, agriculture, and land use (UN, 2021). Based on the
monitoring of the effects of climate change, the unit of measure of carbon footprint (CF) resulting
from materials entering the system is calculated in terms of CO, equivalents (CO.e) per product (Alley
et al., 2007; Weidema et al., 2008; Liu et al., 2016). GHG emissions during the production,
transportation, processing, and storage of fisheries and aquaculture activities are low, but it still
contributes to GHG emissions (Cochrane et al., 2009). However, there are significant differences in
emissions for sub-sectors and types of cultures. Considering the current practices, the CF of
aquaculture can be improved (Cochrane et al., 2009). In this respect, in the face of operational changes
in aquaculture and increasing production efficiency due to intensive production systems, determining
the CF that reduces GHG in terms of environmental and sustainability should be evaluated in
connection with meeting the global demand for protein and food safety (Boyd et al., 2020). It has been
reported that life cycle assessments of aquaculture and studies examining some socioeconomic
indicators and environmental effects have significant potential in producing recommendations and
policies for the blue growth of the aquaculture industry. Based on this, it was recommended that the
aquaculture industry, which is dependent on the environment, should be supported by public policies
within the scope of its sustainable goals, and in this context, similar studies should be carried out on
future forecasts of food grown to make more consistent recommendations to policymakers
(Henriksson et al., 2017). While the CF of aquaculture is lower than that of beef and pork farming, it is
similar to or lower than that of poultry (Sonesson et al., 2010). Aquaculture with a low CF is a
potential production area in terms of sustainability. In addition, cage farming has low investment and
energy costs, relatively low environmental impacts, and a lower CF than other systems in terms of
protein production (Angel et al., 2019). Although Raul et al., (2020) reported that there is no clear data
on the total GHG emissions of aquaculture as GHG emission source or the GHG emissions of culture
systems. Hu et al. (2016) stated that GHG emission from aquaculture in 2009 was 9.30 x 10™° g CO,e
and this will increase to 3.83 x 10% g CO,e in 2030 which will account for 5.72 percent of
anthropogenic N,O emissions. The total GHG emissions of bivalves, catfish, cyprinids, freshwater
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fish, Indian major carps, marine fish, salmonids, shrimps and prawns, and tilapias which accounted for
93 % of aquaculture production in 2017 were calculated as 245 MtCO,e. Considering that the
remaining 7 % of production would have the same emission intensity, total emissions would be
estimated as 263 MtCO.e. Based on an estimate of 53.5 GtCO,e/year of total anthropogenic emissions
in 2017, aquaculture accounts for approximately 0.49 % of total anthropogenic emissions (MacLeod et
al., 2020).

Literature review showed that even though there have been studies examining the sustainability of
aquaculture in terms of cultural energy use in Turkey (Diken et al., 2021), there is a lack of studies
examining the sustainability of aquaculture in terms of CF. Thus, the purpose of this study was to
evaluate the CF of small-scale rainbow trout cage farms in the inland waters of Turkey and to produce
some suggestions for policymakers and producers in Turkey.

2. MATERIAL AND METHOD
2.1. Management of rainbow trout:

This study is a follow-up study determining the carbon footprint (CF) of small-scale rainbow trout
cage farms in the inland waters of Turkey and it stemmed from data used in Diken et al. (2021) study.
Thus in order not to repeat it, feeding, rearing, and management information of rainbow trout can be
followed in the aforementioned article. However, for readers’ information summary of feeding and
rearing information is provided in Table 1.

2.2. Carbon footprint (kg CO.e) analysis:

The CF (kg CO,¢) inputs and outputs of cage farmed trout were calculated according to the unit
values in Table 2. The proximate composition of Diet-1 used consisted of 46 % crude protein (CP), 19
% crude oil (CO), 10 % crude ash (CA), 1.5 % crude fiber (CF), and had 4 000 Mcal ME kg™
Proximate composition of Diet-2, 3 and 4 consisted of 45 % CP, 20 % CO, 9.5 % CA, 1.7 % CF, and 4
000 Mcal ME kg™. Considering proximate composition information, the diets were formulated
according to feed ingredients (fish meal, fish oil, soybean meal, wheat grain, wheat by-products,
vitamins, and minerals) provided in the prospectus (Table 3). The CF values of Diet-1, 2, 3, and 4
were calculated by multiplying the number of feed ingredients by the unit value (kg CO.e) obtained
from the literature (Table 4). In addition to CF coming from feed ingredients, CF for pelleting which
sums to 0.13 kg CO.e per kg (Hognes et al., 2011) was also added to CF coming from feed ingredients
to find the total CF of diet which summed to 0.97 kg CO.e per kg (Table 4).
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Table 1. Feeding and rearing information of rainbow trout.

Feeding T Wiw Number of RT Diets A&V FCR
days 9 Size (g) ¥ (kg) Stock Live Dead No/ kg (kg)

First-year
Rearing Period (days): 120-150 / Stock (m®): 50 fish&1.70 kg (initial), 32.50 fish&9.33 kg (harvest)
30 14-16 30-50 4250 125 000 122 000 3000 D1/5 000 1.05
30-60 14-10 60-120 9000 122 000 121948 52 D2/ 7 500 1.0
60-90 9-10 120-180 16 500 121 948 121915 33 D3/ 9 000 5&5 1.0
90-120 9-12 150-200 25500 121915 121 877 38 D4/10 000 1.05
120-150 12-16 200-250 35000 121 877 121 800 77 X 31500 1.02

Second-year
Rearing Period (days): 130-160 / Stock (m®): 38 fish&1.71 kg (initial), 24.52 fish&6.00 kg (harvest)

30 13-15.5 45 4275 95 000 92 150 3850 D1/ 3 000 1.0
30-60 13-10 60-85 7275 92 150 92 000 150 D2/ 4 000 1.0
60-100 9-10 100-135 11 250 92 000 91975 25 D3/5 000 5&7.5 1.0
90-130 9-12 150-180 16 250 91975 91 968 7 D4/ 6 250 1.0
130-160 12-14 200-250 22500 91 968 91 950 18 X 18 250 0.99
Third-year

Rearing Period (days): 150-175 / Stock (m®): 34 fish&1.60 kg (initial), 21.93 fish&5.33 kg (harvest)
30 12-15 25 4000 85 000 82 300 2700 D1/ 2 500 0.94
30-50 12-10 50-60 6500 82 300 82 277 23 D1/2 000
50-80 9-11 80-120 8000 82 277 82 255 22 D2/ 4 000 485 1.0
80-120 12-14 100-150 12 000 82 255 82 250 5 D3/ 4 000 1.0
120-150 14-15 200-250 16 000 82 250 82 250 D4/ 4 250 0.94
150-175 16 250 20 000 X 16 750 0.96

Description; RT; rainbow trout, First-year (2016-2017), Second-year (2017-2018), Third-year (2018-2019), DAH; days after hatching, W/w;
wet weight, “ZW/w; total wet weight, T; temperature, Diets; commercial diet-D1 (46% CP and 19% CO) D2, D3, D4 (45% CP and 20% CO)
A&V; antibiotic & vitamin.

The CF expended for the consumed compound diet was calculated by multiplying the total kg of
each diet consumed and the CF values of each diet. A similar approach was also applied in calculating
the CF expended for general management, transportation, machinery, and equipment. The CF
expended for general management included the CO,e expended for antibiotics, vitamins, labor, diesel,
and oxygen. While calculating the CF expended for transportation, the distance between the hatchery
and the farm, the number of fingerlings transported to the farm was taken into account. The CF
expended on machinery and equipment was calculated by multiplying the amount of machinery and
equipment by the kg CO.e value of the item and dividing it by its depreciation rate. Total CF expended
was the summation of CF expended on feed, general management, transportation, machinery, and
equipment (Table 5). While calculating the energy content of the carcass and fillet, the methodology
given in Diken et al. (2021) was used. Some calculations used in the study are as follow:

CF expended for kg liveweight gain = total CF expended / weight gain during the feeding period.

CF expended per kg marketed carcass = total CF expended / (total final weight x dressing
percentage of carcass).

CF expended per kg marketed fillet = total CF expended / (total final weight x dressing percentage
of fillet).

CF expended per Mcal energy deposited in harvested fish = total CF expended / energy deposited
in harvested fish during feeding.

CF expended per Mcal energy deposited in carcass = total CF expended / energy deposited in
carcass during feeding.

CF expended per Mcal energy deposited in fillet = total CF expended / energy deposited in fillet
during feeding.

CF expended per gram of protein deposited in harvested fish = total CF expended / total amount of
protein accumulated in the harvested fish.

CF expended per gram of protein deposited in carcass = total CF expended / total amount of protein
accumulated in the carcass.
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CF expended per gram of protein deposited in fillet = total CF expended / total amount of protein
accumulated in the fillet.

CF expended per Mcal of cultural energy expended during production = total CF expended / total
cultural energy expended.

CF of FCRe = total CF of consumed compound diet / total liveweight gain.

CF input for total production, kg, and 1 000 harvested/marketed fish and output for production
years are provided in Table 5.

3. RESULTS AND DISCUSSION

This study was conducted at a private farm having a full capacity of 49 tonnes/year, however, the
farm used 71.43, 45.9, and 40.82% of its full capacity for the first, second and third year, respectively
with an overall average of 52.72% (Table 1). Our overall capacity use (52.72%) was similar to that of
the project capacity of inland waters of Turkey which was 59.86% (GDFA, 2021).

CF input for total production, kg, and 1 000 harvested/marketed fish are given in Table 5. CF
expended on the compound diet per kg of harvested/marketed fish for the first, second, third year, and
the mean of three years was 0.87, 0.78, 0.81, and 0.82 kg CO.e, respectively. When Figure 1 is
examined, it is observed that CF expended on consumed compound diet constituted 79.59, 71.73, and
66.42 % of total kg CO.e expenditure for first, second and third year, respectively.

CF shares of Diet-1, 2, 3, and 4 in CF expended on consumed compound diet are given in Figure 2.
Compared to the third year, an increasing trend was observed in the CF shares of the compound diets
consumed in the first and second years. The reason for this is that in the third year, the initial stocking
weight of rainbow trout fingerlings was much lighter (Table 1), thus third-year fingerlings consumed a
higher amount of Diet-1. Depending on the fish growth, as the feed consumption increases an increase
in CF expended on the compound diet is observed (Figure 2). Ziegler et al. (2021) found that in
salmon production, feed constituted 85 % of total CF which had a higher ratio than ours, however, in
our study the farm did not use its full capacity.

Considering that CF expended on general management, transportation, machinery, and equipment
would not increase much as the farm used full capacity, it would be assumed that if the farm used its
full capacity, the share of feed in total CF would increase and reach reported by Ziegler et al. (2021).
CF expended on the general management per kg of harvested/marketed fish and per 1 000
harvested/marketed fish is provided in Table 5.
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Table 2. Carbon footprint (kg CO,e) values for inputs and outputs of the rainbow trout cage rearing.

Items Unit References
Inputs MCal unit™
Fish fingerling kg 1.45 Calculated according to Mehrabi et al.
(2012)
Inputs kg COe unit™
Feed & feed ingredients
fish meal kg 0.99 Hognes et al. (2011)
fish oil kg 0.99 Hognes et al. (2011)
soybean meal kg 0.541 Moe et al. (2014)
wheat grain kg 0.51 Hognes et al. (2011)
wheat middlings kg 0.306 Vellinga et al. (2013)
vitamin kg 1.62 Rotz et al. (2019)
mineral kg 1.62 Rotz et al. (2019)
pellets production kg 0.13 Hognes et al. (2011)
Diet-1 kg 0.97 Calculated
Diet-2, 3,4 kg 0.97 Calculated
Antibiotic kg 2.02 Ecoinvent database V3.4
Vitamin kg 1.62 Rotz et al. (2019)
Labour h 0.70 Nguyen and Hermansen (2012)
Diesel L 3.11 Robertson et al. (2015)
Oxygen kg 0.2865 Sulc and Ditl (2021)
Transportation tonne.km 0.722 Robertson et al. (2015)
Cage net and rope kg 8.13 Ecoinvent database V3.4
Iron kg 3.98 Qietal. (2018)
Boat (sheet iron) kg 2.45 Ecoinvent database V3.4
Boat (engine iron) kg 3.98 Qietal. (2018)
Styrofoam flotation kg 6.735 Sivakkumar et al. (2020)
Vault (cement) kg 0.208 Henry et al. (2014)
Vault (iron) kg 3.98 Qietal. (2018)
Outputs (per kg of processed fish as) Mcal unit™
Harvested fish 1.93 Calculated according to Welker et al.
(2018)
Carcass 1.02 Calculated according to
Fillet 0.72 Tatil (2019)

The mean of three years for CF expended on the general management per kg of harvested/marketed
fish and per 1 000 harvested/marketed fish was 0.16 and 39.46, respectively. CF expended on the
general management constituted 10.23, 15.13, and 15.46% of total CF expenditure for the first,
second, and third year, respectively. CF expended on general management was composed of diesel,
labor, oxygen, antibiotics, and vitamins used and each item’s share in CF expended on general
management was 78.49, 19.36, 1.66, 0.25, and 0.24 %, respectively (Figure 3).
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Table 3. Proximate composition of feed ingredients and formulation of compound Diet-1 and Diet-2, 3, and 4*.

Proximate composition of feed ingredients
Fish Fish Soybean Wheat Wheat

P meal oil meal grain middlings Vitamin Mineral X
CP 66.95 0 46.40 13.08 15.81
CcO 8.83 100 1.09 2.10 3.00
CA 15.40 0 7.95 2.06 3.64 100 100
CF 0.70 0 6.08 3.11 6.97
ME 3559 8 766 2712 2789 2623
Constituent of Diet-1 providing
(46.0% CP, 19.43% CO, 10.86% CA, 2.16% CF, 3 994.60 ME kg™
% 50.47 14.48 23.15 9.23 1.67 0.50 0.50
CP 33.79 0 10.74 1.21 0.26 46.00
CcO 4.46 14.48 0.25 0.19 0.05 19.43
CA 7.77 0 1.84 0.19 0.06 0.50 0.50 10.86
CF 0.35 0 1.41 0.29 0.12 2.16
ME 1796.23 1269.32 627.83 257.42 43.80 3994.60
Constituent of Diet-2, 3, and 4 providing
(44.99% CP, 20.08% CO, 10.69% CA, 2.119% CF, 4 031.97 ME kg™)
% 50.31 15.12 20.54 10.36 2.67 0.50 0.50
CP 33.68 0 9.53 1.36 0.42 44.99
CcO 4.44 15.12 0.22 0.22 0.08 20.08
CA 7.75 0 1.63 0.21 0.10 0.50 0.50 10.69
CF 0.35 0 1.25 0.32 0.19 2.11
ME 1790.53 1325.42 557.04 288.94 70.03 4031.97

"Diet-1 (46% CP, 19% CO, 10% CA, 1.5% CF, 4 000 Mcal ME kg?), and Diet-2, 3, and 4 (45% CP, 20% CO, 9.5% CA, 1.7% CF, 4 000
Mcal ME kg?). The proximate composition of the feed ingredients is taken from IAFFD (2020) and the proximate compositions of the
formulation are arranged. P: proximate; CP: crude protein; CO: crude oil; CA: crude ash; CF: crude fiber; ME: metabolic energy. The
difference is reflected in the calculation due to rounding.

Table 4. Carbon footprint (kg CO»e) value of kg of Diet-1, 2, 3, and 4*.

Diet-1 Diet-2, 3, 4
CO,e value Percent in Value Percent in Value
Fl (kg COe kg?)  compound diet (kg CO.e kg?) compound diet (kg CO.e kg™)
A) B) (A*B)/100 ©) (A*C)/100

FM 0.99 50.47 0.50 50.31 0.50
FO 0.99 14.48 0.14 15.12 0.15
SM 0.541 23.15 0.13 20.54 0.11
WG 0.51 9.23 0.05 10.36 0.05
WM 0.306 1.67 0.01 2.67 0.01
Vv 1.62 0.50 0.01 0.50 0.01
M 1.62 0.50 0.01 0.50 0.01
PP 0.13 0.13 0.13

z 0.97 z 0.97

*FI: feed ingredients; FM: fish meal, anchovy; FO: fish oil; SM: soybean meal; WG: wheat grain; WM: wheat middlings; V: vitamin; M:
mineral; PP; pellets production. The difference is reflected in the calculation due to rounding.
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Table 5. Carbon footprint (CF, kg CO,e) input for total production, kg and 1 000 harvested/marketed fish and
output for production years.

Items Unit* First-year Second-year Third-year Mean
CF expended on Total 30434.39 17 632.68 16 184.37 21 417.15
consumed compound diet kg 0.87 0.78 0.81 0.82+0.04

1 000 fish 249.87 191.76 196.77 212.80+32.20
CF expended on general Total 3913.52 3718.85 3767.67 3800.01
management kg 0.11 0.17 0.19 0.16+0.04
1 000 fish 32.13 40.44 45.81 39.46+6.89
CF expended on Total 779.76 116.96 1299.60 732.11
transportation kg 0.02 0.01 0.06 0.03+0.03
1 000 fish 6.40 1.27 15.80 7.82+7.37
CF expended on Total 3113.66 3113.66 3113.66 3113.66
machinery and equipment kg 0.09 0.14 0.16 0.13+0.03
1 000 fish 25.56 33.86 37.86 32.43+6.27
Total CF expended Total 38 241.34 24 582.15 24 365.30 29 062.93
kg* 1.09 1.09 1.22 1.13+0.07
1 000 fish 313.97 267.34 296.23 292.52+23.53
CF expended for Total 255.75 136.69 112.39 168.28
compound diet, Mcal day™ kg 0.01 0.01 0.01 0.01+0.01
1 000 fish 2.10 1.49 1.37 1.65+0.39
CF expended per kg liveweight gain 1.24 1.35 1.52 1.37+0.14
CF expended per kg marketed carcass 1.35 1.35 1.50 1.40+0.09
CF expended per kg marketed fillet 1.90 1.90 2.12 1.97+0.13
CF expended per Mcal energy deposited 0.62 0.66 0.74 0.68+0.06
in harvested fish
CF expended per Mcal energy deposited 1.30 1.47 1.68 1.48+0.19
in carcass
CF expended per Mcal energy deposited 2.00 2.45 2.82 2.424+0.41
in fillet
CF expended per gram of protein 7.45 8.08 9.12 8.21+0.84
deposited in harvested fish
CF expended per gram of protein 8.55 9.27 10.47 9.43+0.97
deposited in carcass
CF expended per gram of protein 12.04 13.06 14.75 13.28+1.37
deposited in fillet
CF expended per Mcal of cultural energy 0.35 0.35 0.36 0.35+0.01
expended during production
CF of FCRe 0.99 0.97 1.01 0.99+0.02

*CF: expended per kg harvested fish. SD: standard deviation. The difference is reflected in the calculation due to rounding.

CF expended on transportation per 1 000 harvested/marketed fish for the first, second, the third
year, and the mean of three years was 6.40, 1.27, 15.80, and 7.82 Mcal, respectively (Table 5). CF
expended on transportation varied among production years and the reason for this was that as
mentioned in the materials and methods section, the distance of hatchery varied for years and
compound diet was delivered to the farm, and fish were harvested/marketed at the farm meaning that
no transportation was involved. Total CF expended on machinery and equipment was the same for
three years as each year the same amount of machinery and equipment is used. However, when CF is
reported for per kg of harvested/marketed fish and per 1 000 harvested/marketed fish, on average it
was 0.13 and 32.43, respectively (Table 5). CF expended on general management and machinery and
equipment per kg of harvested/marketed fish and per 1 000 harvested/marketed fish were lowest for
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the first year and highest for the third year and the reason for this was that production amount
decreased as the year proceeded. Considering that CF expended on machinery and equipment is the
same for three years and meaning that it does not change with the production capacity, using a full
capacity of 49 tonnes a year would decrease CF per kg of harvested/marketed fish to 0.06. This brings
the importance of using full production capacity.

Total CF expended was the sum of CF expended on the compound diet, general management,
transportation, machinery, and equipment. Total CF expended per kg of harvested/marketed fish for
first, second, the third year, and the average of three years was 1.09, 1.09, 1.22, and 1.13 kg CO.e,
respectively. And total CF expended per 1 000 harvested/marketed fish for the first, second, third year
and the mean of three years was 313.97, 267.34, 296.23, and 292.52 kg CO.e, respectively. In a study
determining resource use efficiency and estimation of carbon and water footprints in fish farming
systems using life cycle analysis, Hagos (2012) found that cobia cage farm had the highest CF at 8 kg
CO.e/kg fish output, whereas Asian sea bass recirculation farm had the lowest CF at 1.7 kg COe/kg
fish output.

First-year Third-year

204 814

5.33 12.78

Second-year m CO2e expended on consumed compound

diet (mean, 73.69)
048 12.67

m CO2e expended on general management
(mean, 13.08)

CO2e expended on transportation (mean,
2.52)

CO2e expended on machinery and
equipment (mean, 10.71)

Figure 1. Carbon footprint (kg CO,e) shares the total expended carbon footprint (kg CO.e) according to the
three-year values (%).

CF expended for a kg of liveweight gain for the first, second and third year was 1.24, 1.35, and
1.52, respectively. It was observed that as the farms had higher use of full capacity, they had lower
values for CF expended for a kg of liveweight gain. Pelletier and Tyedmers (2007) reported that
cultured Atlantic salmon required 1.2-2.7 kg of CO.e per kg liveweight and their results were similar
to ours.

CF expended for a kg of carcass and fillet on average was 1.69 and 2.39, respectively, and this
value was in agreement with Boyd (2013) who reported that CF for per kg of meat for aquacultured
fish was 2-7 kg CO,e/kg meat. On the other hand, Robb et al. (2017) reported similar values to ours
for the striped catfish culture system but lower values for carp culture and Nile tilapia. Our values
were higher than those reported by Srinivasa et al. (2016) who researched the composite fish culture,
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shrimp culture, seabass, and by Kauffman et al. (2018) who researched shrimp in the pond. The reason
for the difference in our and their values stem from the species used and production system. Our
system was more intensive than theirs.
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Figure 2. Carbon footprint (kg CO,e) shares of Diet-1, 2, 3, and 4 in carbon footprint (kg CO5¢)

expended on consumed compound diet (%).

Diesel

15.36
021 123
0.17 25.90
Vitamin Labour
—— First-year
—— Second-year
—— Third-year
0.21 %g%
8% Antibiotic Oxygen 150

Figure 3. Contribution of each item to carbon footprint (kg CO,e) expended on the general management (%).

CF expended for harvested fish was lower than that reported for sheep, beef, cow, pork, and poultry
(Nemry et al., 2001; Rotz et al., 2010; Rotz et al., 2019). CF expended for kg marketed carcass was
1.35, 1.35, 1.50, and 1.40 for first, second, third year and the mean of three years, respectively (Table
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5) and this was around 41 % higher than that expended for kg marketed fillet and the reason for this is
the dressing percentage for carcass and fillet (81 % vs 57.5 %). Compared to CF expended for a kg of
harvested fish, CF increased 24 and 74 %, as the harvested fish was processed into carcass and fillet
(1.13 vs 1.40 vs 1.97). On average CF expended per Mcal energy deposited in harvested fish was 0.68,
and this value increased 118 and 256 %, as the harvested fish was processed into carcass and fillet
(0.68 vs 1.48 vs 2.42). On average CF expended per gram of protein deposited in harvested fish was
8.21, and this value increased 15 and 62 %, as the harvested fish was processed into carcass and fillet
(8.21 vs 9.43 vs 13.28). Protein retention efficiency defined as the unit of protein produced per unit of
protein fed was 31, 21, 18, and 15 %, for salmon, chicken, pork, and beef, respectively (MH, 2017),
indicating that salmon produce twice the amount of protein as beef per unit of protein fed, therefore
representing an attractive, alternative source of meat protein (Boyd et al., 2020). In our study, protein
retention efficiency for harvested fish, carcass, and the fillet was around 36, 31, and 22 % respectively,
showing that rainbow trout is also a good converter of feed protein into edible meat protein. According
to the CF expended for the carcass and fillet, in terms of traceability of the CF, bringing the fillet
waste products into the circular economy as a recycling source will support the sustainability of the
blue economy.

CF expended per Mcal of cultural energy expended during production was on average 0.35,
meaning that for each 2.86 Mcal cultural energy expenditure during the production period kg COye
was expended. This shows the interrelationship between carbon emission and cultural energy use as
they both depend on external energy (fossil fuel) input. We propose the calculation of CF of FCRe,
which is calculated as total CF of consumed compound diet / total liveweight gain, as an approach
similar to the FCR value in the sustainability of aquaculture. With this approach, one can interrelate
FCR with CF stemming from feed intake. The three-year mean of the CF of FCRe value was
calculated as 0.99 kg CO.e.

When the results of the study are compared with other sectors, it can be concluded that the
aquaculture sector contributes little to GHG emissions (Swaminathan, 2012) and aquaculture can be
considered as a low carbon economy (Pernet and Browman, 2021). Creating risk assessment reports of
fisheries and aquaculture (Diken, 2020), covering plans for climate change adaptation studies (Kalipci
et al. 2021), and determining the carbon footprint on a sectorial basis will be an important evaluation
criterion for decision-makers in the protection and evaluation of aquaculture potential.
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kelime belirtilmeli; kelimeler aralarinda virgiil (,) son kelimeden sonra ise nokta (.) gelmelidir.

Anahtar kelimeler: CITES, akuaponik, iiretim protokolii, mortalite, immiinoloji.

ONDALIK GOSTERIM .
Tiirkge makalelerde “,” (virgiil) Ingilizce makalelerde ise “.” (nokta) olmalidir.
Tiirkge: %10,25

Ingilizce: 10.25%




LATINCE GOSTERIM
Tiir ismi, metinde ilk gectigi yerde kisaltilmadan (Cyprinus carpio), sonrasinda ise cinsi ismi kisaltilarak (C. carpio)
verilmelidir.

TABLOLAR

Tablo baslig1, tablonun iistiine gelecek sekilde kisa ve 6z olmalidir. Tabloda yer alan kisaltmalar tablonun altinda
aciklanmalidir. Tablo 6zel bir tasarim uygulanmamus, diiz kilavuz seklinde olmalidir. Ihtiyag bulunmasi halinde
tablo i¢i metinde yazi karakteri biiyiikliigii 10 puntoya kadar disiiriilebilir. Tablolara metin i¢inde Tablo 1, Tablo 2,
... seklinde atif yapilmalidir. Tablolar, alintilandiklar1 yere en yakin yerde verilmelidir.

Tablolar diizenlenebilir olmalidir. Ekran goriintiisii veya resim formatindaki tablolar kabul edilmemektedir.

SEKILLER

Sekil basligi, seklin altina ortalanmig olarak kisa ve 6z olmalidir. Sekiller minimum 300 DPI c¢oziiniirliikte
olmalidir. Sekillere metin icinde Sekil 1, Sekil 2, ... seklinde atif yapilmalidir. Sekiller, alintilandiklart yere en
yakin yerde verilmelidir.

TESEKKUR
Bu béliimde finansal destek disinda ¢alismanin yiiriitiilmesine katki sunanlar belirtilir.

C:)rnek: Yazarlar caligmanin laboratuvar bdliimiinde yardim eden Ahmet Tas’a (Isparta Uygulamali Bilimler
Universitesi, Tiirkiye) tesekkiir etmektedir.

FINANS
Bu béliimde ¢aligmanin yiiriitiilmesine finansal destek saglayan kurumlar destek numarasi kullanilarak belirtilir.

Ornek-1: Bu calisma 3241-E2-14 proje numarasi ile Isparta Uygulamali Bilimler Universitesi Bilimsel Arastirma
Projeleri Koordinasyon Birimi tarafindan desteklenmistir.

Ornek-2: Bu galismanin yiiriitiilmesinde herhangi bir finans destegi alinmamuistir.

CIKAR CATISMASI BEYANI
Bu béliimde yazarlarin varsa ¢ikar ¢atismalari belirtilir.

Ornek: Yazarlar, bu calismay: etkileyebilecek finansal gikarlar veya kisisel iliskiler olmadigini beyan eder.

YAZAR KATKILARI
Bu boliimde isim ve soy ismin ilk harfleri kullanilarak yazarlarin ¢alismanin ilgili agsamalarina yaptiklar1 katkilar
belirtilir.

Ornek:
Kurgu: BT; Metodoloji: CT, FU; Deneyin gerceklestirilmesi: FM, CT, FU; Veri analizi: FU, TA; Makale yazimi:
CT, FU, Denetleme: CT. Tiim yazarlar nihai taslagi onaylamustir.

ETIK ONAY BEYANI

Bu boliimde ¢aligmanin yiiriitilmesinde alinan etik kurul onayinin alindigi kurum, tarih ve numarasi belirtilir.
Omurgali hayvanlarla yiiriitiilen ¢alismalarda Yerel Etik Kurul Onayi, anket/miilakat ¢aligmalarinda ise Girigimsel
Olmayan Arastirmalar Etik Kurulu Onay1 gerektirdigi halde beyan edilmeyen makaleler bilimsel degerlendirmeye
alinmamaktadir.

Ornek-1: Bu galismada deney hayvanlari kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alinmamustir.

Ornek-2: Bu galisma Isparta Uygulamali Bilimler Universitesi Hayvan Deneyleri Yerel Etik Kurul onay ile
yuritilmistiir (Tarih: 01.07.2010, No: 21438139-147).

VERI KULLANILABILIRLIK BEYANI
Bu bolimde makalede kullanilan verilerin anonim kullanilabilirligine iligkin beyanda bulunulmalidir. Acta
Aquatica Turcica dergisi, yazarlar1 arastirma verilerini paylasmaya tesvik etmektedir.

Ornek-1: Bu calismada kullamlan veriler Figshare platformunda https://doi.org/10.6084/m9.figshare.11815566.v1
DOI adresi ile erisime agiktir.



Ornek-2: Bu ¢alismada kullamlan verilere ilgili yazardan talep iizerine erisilebilir. Veriler, gizlilik veya etik
kisitlamalar nedeniyle kamuya acik degildir.

Ornek-3: Bu ¢alismada kullanilan veriler makul talep iizerine ilgili yazardan temin edilebilir.

Ornek-4: Bu galismada yeni veri olusturulmadigi veya analiz edilmedigi i¢in veri paylasimi bu makale igin gegerli
degildir.

Ornek-5: Arastirma verileri paylasiimaz.
Ornek-6: Bu ¢alismada kullanilan veriler bu makalenin ekinde mevcuttur.

ATIFLAR
Atiflar yil sirasina gore ve aralarinda noktali virgiil (;) olacak sekilde asagidaki formatlarda yazilir:

- Tek yazar:

(Yazar, yil)

-- ... oldugu diisiiniilmektedir (Kiigiik, 2008; Gii¢lii, 2018a; Giiglii, 2018Db).
-- Kiigiik (2008)’e gore ...

- Iki yazar:

(Yazar-1 ve Yazar-2, yil)

-- ... 6nemli parametreler arasinda yer almaktadir (Kiiciik ve Giiglii; 2001; Ekici ve Koca, 2021a; Ekici ve Koca,
2021b).

-- Ekici ve Koca (2021b)’a gore ...

- Ug ve daha ¢ok yazar:

(Yazar vd., y1l)

-- ... donemsel olarak tekrarlayabilmektedir (Yigit vd., 2006a; Yigit vd., 2006b; Boyaci vd., 2020)
-- Boyac1 vd. (2020)’e gore ...

KAYNAKLAR

Kaynaklar APA 7. versiyona gore yazilmalidir. Tiim yazarlarin isimleri verilmelidir, ancak 10. yazardan sonra
“vd.” kisaltmas1 da kabul edilmektedir. Ozel kullamimlar hari¢ olmak iizere tiim eser tiirlerinde eser isminin sadece
ilk harfi biiyiik, eserin yayinlandig1 veya sunuldugu dergi, yaymevi, kongre isimlerinde gegen tiim kelimeler biiyiik
harfle baslanarak yazilmalidir.

1-Makale
Dergi ismi kisaltilmadan (italik), cilt (italik), say1, sayfa numaralari ve aktif link igerecek sekilde DOI numarasina
yer verilmelidir:

Petrauskiené, L., Utevska, O., & Utevsky, S. (2009). Can different species of medicinal leeches (Hirudo spp.)
interbreed? Invertebrate Biology, 128(4), 324-331. https://doi.org/10.1111/].1744-7410.2009.00180.x

Wagenaar, D. A., Hamilton, M. S., Huang, T., Kristan, W. B., & French, K. A. (2010). A hormone-activated central
pattern generator for courtship. Current Biology, 20(6), 487-495. https://doi.org/10.1016/j.cub.2010.02.027

2-Kitap
Kitap baslhigi italik olacak sekilde ve yayin kurulus ismi olacak sekilde verilmelidir.

Nesemann, H., & Neubert, E. (1999). Annelida, Clitellata: Branchiobdellida, Acanthobdellea, Hirudinea. Spektrum
Akademischer Verlag.

Sawyer, R. T. (1986). Leech biology and behavior. Oxford University Press.
3-Kitap boliimii

Boliim baglig1 normal, kitap baglig1 italik olacak sekilde, editdr(ler), boliimiin sayfa numaralari, yayinei kurulus ve
varsa aktif link igerek sekilde DOI numarasina yer verilmelidir:



Le Couteur, D., Kendig, H., Naganathan, V., & McLachlan, A. (2010). The ethics of prescribing medications to
older people. In S. Koch, F. M. Gloth, & R. Nay (Eds.), Medication management in older adults (pp. 29-42).
Springer. https://doi.org/10.1007/978-1-60327-457-9 3

McCormack, B., McCance, T., & Maben, J. (2013). Outcome evaluation in the development of person-centred
practice. In B. McCormack, K. Manley, & A. Titchen (Eds.), Practice development in nursing and healthcare (pp.
190-211). John Wiley & Sons.

4-Web sitesi
Sayfa baslig italik, websitesinin ismi ve sayfanin aktif linki olacak sekilde verilmelidir.

International Union for Conservation of Nature. (2010). Chondrostoma nasus.
https://www.iucnredlist.org/species/4789/97800985

Wikipedia. (2021). Toxicology. https://en.wikipedia.org/wiki/Toxicology

5- Tezler
Tez basghig italik olacak sekilde, tez tirli (Doktora, Yiiksek lisans, Tipta Uzmanlik) ve {iniversite ismi
belirtilmelidir.

Filik, N. (2020). Kiiltir baliklarindan izole edilen Aeromonas hydrophila suslarinda fenolik bilesenlerin ¢evreyi
algilama sistemi iizerine inhibisyon etkisi ve suslar arasindaki klonal iligkinin pulsed field jel elektroforez
yontemiyle belirlenmesi [Doktora tezi, Isparta Uygulamali Bilimler Universitesi].

Ozdal, A. M. (2019). Effects on growth and coloration of red pepper suplementation as pigment sources to diets of
jewel cichlid (Hemichromis guttatus) [Yiiksek lisans tezi, Isparta Uygulamali Bilimler Universitesi].

6- Konferans, sempozyum sunumlari

Etkinlik tarihi, sunu basghigi (italik), sunum tiirii (S6zli sunum, Poster sunum), etkinlik adi, sehir ve iilke
verilmelidir.

Ceylan, M., Cetinkaya, O. (2017, Ekim 4 - 6). Assessment of population structure and size of medicinal leech
Hirudo verbana, inhabiting some model wetlands of Turkey [So6zlii sunum]. International Symposium on
Limnology and Freshwater Fisheries, Isparta, Tiirkiye.

Snoswell, C. (2016, Ekim 31 - Kasim 3). Models of care for store-and-forward teledermatology in Australia [Poster
sunum]. 7th International Conference on Successes and Failures in Telehealth, Auckland, Yeni Zelanda.

NOT: Dergi yazim kurallarina uygun olarak hazirlanmayan makaleler degerlendirmeye alinmamaktadir.



