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Ozet

Crva yeryiiziindeki en toksik agir metallerden biridir. Selenyum canlilar igin gerekli olan ve antioksidan 6zellikleri de
bulunan bir elementtir. Zeolit ise sucul ortamlarda agir metallerin uzaklastirilmasinda yaygin bir sekilde kullamlan bir
mineraldir. Bu arastirmada Oreochromis niloticus’un dokularindaki glutatyon (GSH) ve GSH ile iliskili enzim sistemleri
iizerine civanin toksik etkileri ve bu biyokimyasal toksisite {izerine selenyumun ve zeolitin olast koruyucu etkilerinin
belirlenmesi amaclanmistir. Bu amagla baliklar 0,01 ve 0,1 mg/L civa; 0,01 mg/L civa+0,1 mg/L selenyum, 0,1 mg/L
civat1,0 mg/L selenyum ve 0,01 mg/L civa+ 0,1 g/L zeolit, 0,1 mg/L civa+1,0 g/L zeolit derisimlerinin etkisine 7 ve 21 giin
stireler ile birakilmis ve solungag, karaciger ve kas dokularindaki GSH diizeyi ve glutatyon peroksidaz (GPx), glutatyon-S-
transferaz (GST) ve glutatyon rediiktaz (GR) enzim aktiviteleri belirlenmistir. Civanin tek bagma ve civat+selenyum ve
civatzeolit kargimlarinin etkisinde incelenen tiim biyokimyasal parametrelerde dokulara, ortam derigimlerine ve etki siiresine
bagli olarak 6nemli degisimler saptanmustir. Solungag ve karacigerde GSH diizeyi ve GR aktivitesi azalma, GPx ve GST
aktiviteleri ise artis gdstermistir. Kasta ise GST disindaki parametrelerde dnemli bir degisim gdzlenmemistir. incelenen tiim
parametreler ilizerine tek basina civa etkisinin selenyum ve zeolit ile birlikte etkisine gore daha yiiksek ve kimyasallarin
etkilerinin genel olarak Hg>Hg+Zeolit>Hg+Se seklinde oldugu saptanmustir. Aragtirma sonuglarimiz O. niloticus’ta civanmin
neden oldugu toksisite {izerine selenyum ve zeolitin koruyucu bir etkiye sahip ve selenyumun zeolite oranla koruyuculuk
etkisinin biraz daha fazla oldugunu gostermektedir.

Anahtar Kelimeler: Oreochromis niloticus, Civa, Selenyum, Zeolit, Glutatyon

Investigation of Protective Effects of Selenium as Antioxidant and Zeolite as Mineral on Mercury Toxicity in
Oreochromis niloticus Using Glutathione-Related Enzyme Systems

Abstract

Mercury is one of the most toxic heavy metals on earth. Selenium is an element that is essential for living things and has
antioxidant properties. Zeolite is a mineral commonly used in the removal of heavy metals in aquatic environments. In this
study, it was aimed to determine the toxic effects of mercury on glutathione (GSH) and GSH-related enzyme systems and the
possible protective effects of selenium and zeolite on this biochemical toxicity in tissues of Oreochromis niloticus. For this
purpose fish were exposed to 0.01 and 0.1 mg/L mercury; 0.01 mg/L mercury+0.1 mg/L selenium, 0.1 mg/L mercury+1.0
mg/L selenium and 0.01 mg/L mercury+ 0.1 g/L zeolite, 0.1 mg/L mercury+1.0 g/L zeolite for 7 and 21 days and and GSH
level and activities of glutathione peroxidase (GPx), glutathione-S-transferase (GST) and glutathione reductase (GR) in gill,
liver and muscle tissues were determined. Significant alterations in GSH level and GSH-related enzymes activities in the
exposure of Hg alone, Hg+Se, and Hg+zeolite mixtures were observed due to tissues, medium concentrations, and exposure
period. In the gill and liver tissues, GSH level and GR activity reduced while GPx and GST activities increased. In the
muscle, it was not observed a significant change in other parameters except for the GST. The effect of Hg alone on analyzed
all parameters were higher than in combination with Se and zeolite and the order of their effects found
Hg>Hg+zeolite>Hg+Se. Our research results show that selenium and zeolite have a protective effect on the toxicity caused
by mercury in O. niloticus and that selenium has a slightly more protective effect than zeolite.

Keywords: Oreochromis niloticus, Mercury, Selenium, Zeolite, Glutathione
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GIRIiS

Endiistriyel ve tarimsal faaliyetlerin artmasina bagl olarak toksik agir metallerin akuatik
ortamlardaki konsantrasyonlar1 da artig gdstermektedir (Firat vd, 2018). Civa (Hg) organizmada
herhangi bir biyolojik rolii bulunmayan ve c¢ok diisiik diizeylerde bile toksik etkisini gosterebilen
oldukga tehlikeli bir metaldir. Hg tiim canlilar {izerine oldukga zararl etkileri olan kiiresel bir kirletici
olarak kabul edilmektedir (ATSDR, 2020). Kiiresel bir sorun olmasimin ana nedenleri biyolojik
bulunurlugu ve biyobirikiminin yiiksek, lipofilik karakterli, hiicresel toksisiteye sahip, viicutta
parcalanamamasi ve uzaklastirilmasinin zor olmasindan kaynaklanmaktadir (Yang vd., 2010; Firat ve
Kaya, 2019).

Selenyum (Se) selenite, selenate, selenomethionin ve selenosistein gibi c¢esitli bigimlerde
bulunmakta ve glutatyon peroksidaz, iodothyronin 5’-deiosinaz ve thioredoksin reduktaz gibi gesitli
enzimlerin yapisinda yer aldigindan basta insan olmak iizere birgok canli organizma i¢in 6nemli bir
element olarak diisiiniilmektedir (Su vd., 2008). Se insanlarda ve diger hayvan tiirlerinde bir¢ok
biyolojik fonksiyona sahiptir. Se’nin bazi 6nemli biyolojik aktiviteleri sunlardir: organizmalarin
normal biiyiime ve gelisimleri i¢in bu elementin iz derigimlerine gereksinim duyulmaktadir (1),
homeostatik islevlerin korunmasinda ve siirdiiriilebilirliginde gorevlidir (2), giiclii bir antioksidan ve
antikanser 6zellige sahiptir (3), immiin sistem i¢in gereklidir (4) (Hamilton, 2004; Cogun vd., 2012).

Zeolitler c¢evrede diizenleyici etkisi olan minerallerden olup yiiksek iyon degistirme
kapasitelerinden dolay1 sucul organizmalarda agir metal toksisitesini 6nlemek i¢in genis bir sekilde
kullamlmaktadirlar (Papaioannou vd., 2005). Dogal bir mineral olup volkanik kiiller ve deniz suyu
kombinasyonunda binlerce yilda olusmaktadir (Mishra ve Jain, 2011). Zeolitler li¢ boyutlu mikro
gozenekli yapisi sayesinde olusan bogluk hacmi toplam hacmin yaklasik %50’sine kadar tekabiil
edebilmekte ve boslugun yapisina ve bityiikliigiine bagl olarak Cs*, Rb*, NH,", Sr*, Mg*?, Na*, AlI"®,
Ca'? Fe'? Hg", Cd*" Pb* gibi element ve molekiilleri segici sekilde bosluklarinda tutabilmektedirler
(Mishra ve Jain, 2011).

Cogu cevresel kirleticiler ve onlarin metabolitleri akuatik organizmalarda oksidatif stres olusturma
yetenegindedir. Metaller, baliklarda hidrojen peroksit, hidroksil ve siiperoksit radikalleri gibi serbest
oksijen tiirlerini (ROT) olusturarak oksidatif strese neden olabilmektedirler (Firat vd. 2009).
Baliklarda kirleticilere karsi olusan antioksidan sistemler ©6nemli savunma mekanizmalaridir.
Antioksidanlar hiicresel homeostazinin korunmasinda hayati bir rol oynamakta ve bu savunma
sisteminin engellenmesi durumunda DNA hasari, proteinlerin oksidasyonu, enzimlerin inhibisyonu ve
lipid peroksidasyonu gibi hiicresel hasarlara neden olan oksidatif stres olusmaktadir. GSH ve GSH ile
iligkili enzim sistemleri, baliklardaki en 6nemli antioksidan sistemlerden biridir (Zirong ve Shijun,
2007). Bu sistemde, GSH bir kofaktdr olarak GST ya da Se baghh GPx yoluyla peroksitleri
uzaklastirarak, serbest radikallerin enzimatik olmayan rediiksiyonu ya non-enzimatik olarak ya da
GST araciligryla ksenobiyotiklerin konjugasyonu gibi ¢esitli yollarla baliklar1 oksidatif hasara karsi
korumaktadir (Zirong ve Shijun, 2007; Firat vd., 2009).

GSH ve onunla iligkili enzimler (GPx, GR, GST gibi) hiicre i¢inde koruyucu bir rol oynamaktadir
(Elia vd., 2003). Gergekten de kendiliginden ya da GST’nin katalizledigi reaksiyonla bir
ksenobiyotige GSH 1 konjugasyonu ksenobiyotigin aksiyonunu azaltabilmekte bu molekiillerin suda
daha cok ¢oziinmesini saglayarak hizli bir sekilde viicuttan atilmasina neden olabilmektedir. GR,
GSH’in rejenarasyonunda GPx ile ig birligi halindedir. Hiicrelerde GSH’in antioksidan rolii
konsantrasyonuna, doniisiimiine ve sentezlenme oranina baghdir (Firat vd., 2009). GSH’1n doniistimii
GSH’1n redoks dongiisii ile olmaktadir. Bu siirecte GPx ve GR gibi enzimler 6nemli rol oynamaktadir
(Zirong ve Shijun, 2007).

Baliklar su ortamlariin kirlenmesine ¢ok duyarl canlilardir. Agir metallerin etkisindeki baliklarda
biyokimyasal parametrelerin analizi hem organizmanin genel saglik durumu hem de hedef organda
olusturabilecegi toksik etkinin belirlenmesinde yararl olmaktadir. Hg baliklar i¢in en tehlikeli agir
metallerden biridir. Hg’nin bu canlilarda neden oldugu toksik etkileri azaltacak ya da iyilestirecek
mekanizmalar hem baliklar hem de birinci dereceden besin kaynaklarini olusturduklar insanlar i¢in
olduk¢a 6nemlidir. Bu nedenle sunulan bu ¢aligmada tath su baligi Oreochromis niloticus’ta civanin
toksik etkileri ve bu toksisite tizerine bir antioksidan olarak selenyumun ve bir mineral olarak zeolitin
koruyucu/iyilestirici etkileri GSH ve GSH ile iligkili enzim sistemleri kullanilarak arastirilmistir.
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MATERYAL ve YONTEM

Sunulan ¢alismada arastirma materyali olarak Oreochromis niloticus kullanilmustir. Baliklar,
Cukurova Universitesi Su Uriinleri Fakiiltesi balik yetistirme havuzlarindan almarak laboratuvara
getirilmis ve igerisinde 120 L bekletilmis ¢esme suyu bulunan 40x140x40 cm ebatlarindaki stok cam
akvaryumlarda {i¢ ay siire ile bekletilerek ortam kosullarina adaptasyonlar1 saglanmistir. Bu siire
icerisinde deneyde kullanilacak baliklar 12,07+0,21 ¢cm boy ve 32,81+0,72 g agirliga ulagmustir.
Deneyler 25+1 °C sicaklikta yiiriitiilmiistiir. Giinde sekiz saat aydinlanma periyodu uygulanmis ve
merkezi havalandirma sistemi ile akvaryumlar havalandirilmigtir. Baliklar, ticari balik yemiyle (Pinar
Balik Yemi, Tiirkiye) beslenmistir. Denemeler baslamadan iki giin dnce yem kesilmis, denemeler
stiresince baliklar viicut agirliklarinin %2’si kadar yem ile giinde iki defa beslenmistir. Deney ortam
suyunun fizikokimyasal Ozellikleri; toplam sertlik 335,7£2,3 mg/L. CaCOgj, ¢oziinmiis oksijen
7,49+0,15 mg/L, pH 8,21+0,07, sicaklik 21,11+0,20 °C olarak dlgiilmiistiir.

Deneylerde kullanilan civa ¢ozeltileri 1M civa kloriir [(HgCl);] (SIGMA) stok ¢ozeltisinden,
selenyum ¢ozeltileri 1M sodyum selenit [(Na,SeO3)] (SIGMA) stok ¢ozeltisinden ve zeolit ¢ozeltileri
(<75 mikron ¢apinda, Istanbul Rota Madencilik AS) stok ¢dzeltisinden seri seyreltmeler yontemi ile
hazirlanmistir. Deneyler civa, civa + selenyum ve civa + zeolit karigimlart dikkate alinarak ii¢ seri
olacak sekilde yiiriitilmistir. Deneyler her bir seride igerisinde 12 adet balik bulunan ii¢ cam
akvaryumda yapilmstir. Baliklar birinci seride civanin 0,01 mg/L ve 0,1 mg/L; ikinci seride civa +
selenyumun 0,01 mg/L Hg + 0,1 mg/L Se ve 0,1 mg/L Hg + 1,0 mg/L Se ve ii¢iincii seride ise civa +
zeolitin 0,01 mg/L Hg+0,1 g/L zeolit ve 0,1 mg/L Hg+1,0 g/L zeolit derisimlerinin etkisine 7 ve 21
giin siirelerle brrakilmigtir. O. niloticus igin Hg’nin 96 saat-LCsy degeri 0,2 mg/L olarak saptanmistir
(Ishikawa vd., 2007). Calismamizda test edilen Hg’nin 0,01 ve 0,1 mg/L derisimleri, bu LCs
degerinin sirasiyla 1/20 ve 1/2'si baz alinarak subletal konsantrasyonlar olarak se¢ilmistir.

Deneylerde birinci seride bulunan 3 akvaryumun ikisine 120 L farkli Hg ¢6zeltileri; ikinci serideki
3 akvaryumun ikisine Hg+Se karigimlari; tigiincti serideki 3 akvaryumun ikisine ise Hg+zeolit
karigimlar1 konulmus, her serideki tiglincii akvaryuma ise 120 L dinlenmis ¢esme suyu konarak kontrol
grubu olarak kullanilmistir. Deneyler alti tekrarli olarak ve her tekrarda bir balik kullanilarak
yiiritiilmistiir. Deney akvaryumlarinda kullanilan kimyasal ¢6zeltilerinin derisimlerinde buharlasma,
adsorbsiyon ve akiimiilasyon gibi nedenlerle degisim olabilecegi dikkate almarak ¢ozeltiler birer giin
arayla taze hazirlanan stok ¢6zeltilerden uygun seyreltmeler yapilarak degistirilmistir.

Denenen siireler sonunda deney akvaryumlarindan rastgele segilen baliklar, ¢esme suyuyla
yikanarak temizlenmis, yiizeylerinde bulunan su damlaciklari kurutma kagidiyla alinmis ve boy ve
agirliklar: saptanarak diseksiyona hazir hale getirilmistir. Baliklar diseksiyondan once spinal yapilarak
oldirilmiistiir. Steril aletlerle solungag, karaciger ve kas dokular1 buz tizerinde disekte edilmis ve bir
kisim dokular biyokimyasal analizler i¢in % 0,59 NaCl ile yikanarak agirliklar1 alindiktan sonra
analize kadar -80’de muhafaza edilmisglerdir. Dokular 1/10 agirlik/hacim (w/v) olacak sekilde
icerisinde 0,25 M siikroz bulunan 0,05 M sogutulmus Na-P tamponu (pH: 7,4) ile buz igerisinde ultra-
turrax homojenizatérde 3 dakika siireyle 10000 rpm’de homojenize edilmistir. Homojenatlar +4 °C
sicaklikta 30 dakika siireyle 10000 rpm’de santrifiij edilmis ve elde edilen siipernatantlarda GPx, GST
ve GR aktivitesi ile GSH ve protein diizeyleri spektrofotometrik yontemlerle belirlenmistir. GPX
aktivitesi Beutler (1984); GST aktivitesi Habig vd., (1974); GR aktivitesi Carlberg ve Mannervik
(1975), GSH diizeyi Beutler (1984) ve toplam protein miktar1 ise Lowry vd. (1951) Onerdigi
yontemlere gore belirlenmistir. Dokularin enzim aktiviteleri U/mg protein, GSH diizeyleri ise pmol/g
protein olarak hesaplanmuistir.

Elde edilen verilerin istatistiksel analizi IBM SPSS Statistics 21 paket programi kullanilarak One
Way-ANOVA ve takiben Student — Newman Keul’s Test (SNK) ve student t Test kullanilarak
yapilmugtir.

BULGULAR

Civa, civatselenyum ve civatzeolit karigimlarinin denenen tiim ortam derisimlerinde ve her iki
etki siiresinde O. niloticus’un dokularindaki GSH diizeyi ve GSH ile iligkili enzim aktivitelerindeki
degisimler Tablo 1-4’te verilmistir. Denenen stireler dikkate alindiginda GSH diizeyinde hem civanin
tek basma hem de civatselenyum ve civa+zeolit karigimlariin tiim ortam derisimlerinde solungagta
onemli bir azalma izlenirken (Tablo 1, P<0,05), karacigerde 21. giinde diisiik civa ve civatselenyum
ve civatzeolit derisimleri disindaki diger derisimlerinde 6nemli bir azalma saptanmustir (Tablo 1,
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P<0,05). Kas dokusunda ise denenen tiim kimyasallarin ortam derigimlerinde 6nemli bir degisim
gozlenmemistir (Tablo 1, P>0,05). 7 giinliik siire sonunda 0,1 mg/L Hg ve 0,1 mg/L Hg +1,0 mg/L Se
ve 0,1 mg/LL Hg+1,0 g/L zeolit karisiminin etkisinde GSH diizeyinde sirasiyla, solungacta %53, %35
ve %40 ve karacigerde ise %57, %40 ve %42 diizeyinde azalig goriilmiistiir. Bu durum, GSH
diizeyinde saptanan azalmanin civanin selenyum ve zeolitle birlikte etkisine oranla dogrudan civanin
etkisinde daha fazla oldugunu gostermektedir.

Tablo 1. Civa (mg/L), civa (mg/L)+selenyum (mg/L) ve civa (mg/L)+zeolit (g/L) etkisine
birakilan O. niloticus’un dokularinda GSH diizeyi (umol/g protein)

Doku 7 giin 21 giin
Solungag¢

Kontrol 1,69+0,04 ax 1,77+0,03 ax
0,01 Hg 1,02+0,05 bx 1,30+0,02 by
0,01 Hg+0,1Se 1,28+0,03 cx 1,25+0,04 bx
0,01 Hg + 0,1 Zeolit 1,10+0,06 bx 1,35+0,02 by
Kontrol 1,69+0,04 ax 1,77+0,03 ax
0,1 Hg 0,80+0,02 bx 1,11+0,04 by
0,1 Hg + 1,0 Se 1,10+0,02 cx 1,19+0,02 bx
0,1 Hg + 1,0 Zeolit 1,01+0,03 cx 1,07+0,06 bx
Karaciger

Kontrol 1,29+0,03 ax 1,32+0,04 ax
0,01 Hg 0,69+0,04 bx 1,22+0,07 ay
0,01 Hg + 0,1 Se 0,97+0,02 cx 1,25+0,06 ay
0,01 Hg + 0,1 Zeolit 0,89+0,03 cx 1,28+0,05 ay
Kontrol 1,29+0,03 ax 1,32+0,04 ax
0,1 Hg 0,55+0,03 bx 0,82+0,03 by
0,1 Hg + 1,0 Se 0,78+0,04 cx 1,07+0,02 cy
0,1 Hg + 1,0 Zeolit 0,74+0,02 cx 1,03+0,03 cy
Kas

Kontrol 1,96+0,05 ax 1,98+0,04 ax
0,01 Hg 1,90+0,07 ax 1,94+0,06 ax
0,01 Hg + 0,1 Se 1,9340,06 ax 1,92+0,08 ax
0,01 Hg + 0,1 Zeolit 1,9740,05 ax 1,93+0,06 ax
Kontrol 1,96+0,05 ax 1,98+0,04 ax
0,1 Hg 1,92+0,04 ax 1,93+0,04 ax
0,1Hg +1,0Se 1,9140,05 ax 1,9540,07 ax
0,1 Hg + 1,0 Zeolit 1,9540,03 ax 1,96+0,05 ax

Veriler Aritmetik ortalama+Standart hata seklinde sunulmustur (n=6). “a, b ve ¢” harfleri
aynt dokudaki derisimler “x ve y” harfleri ise aym derisimdeki etkilesim siireleri
arasindaki ayirimini gostermek i¢in kullanilmustir. Farkli harfler, veriler arasindaki
istatistiksel ayrim oldugunu gostermektedir (P<0,05).

Belirlenen etki stireleri dikkate alindiginda solunga¢ GPx aktivitesi kontrol grubuyla
karsilastirildiginda 7 giinliikk siire sonunda 0,01 ve 0,1 mg/L Hg etkisinde artarken (P<0,05),
civatselenyum ve civatzeolit karigimlarinin etkisinde 7 ve 21 giinliik siireler sonunda 6nemli bir
degisim gostermemistir (P>0,05) (Tablo 2). Karaciger GPx aktivitesi her iki civa ortam derisiminde ve
denenen her iki siire sonunda 6nemli diizeyde artarken, civa+selenyum karigimlarinin yiiksek ortam
derisiminde, civa+zeolit karisimlarinin her iki derisiminde 7 giinliik siire sonunda, arttig1 belirlenmistir
(Tablo 2, P<0,05). 7 giinliik siire sonunda Hg, Hg+Se ve Hg+zeolit gruplarimin yiiksek ortam
derisiminin etkisinde karaciger GPx aktivitesinde sirasiyla, %75, %29 ve %35 diizeyinde artis
belirlenmistir. Kas dokusunda ise hem civanin dogrudan hem de selenyum ve zeolit ile birlikte
etkisinde denenen tiim ortam derisimlerinde anlaml1 bir degisim gozlenmemistir (Tablo 2, P>0.,05).
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Tablo 2. Civa (mg/L), civa (mg/L)+selenyum (mg/L) ve civa (mg/L)+zeolit (g/L) etkisine
birakilan O. niloticus’un dokularinda GPx aktivitesi (U/mg protein)

Doku 7 Giin 21 Giin
Solungac¢

Kontrol 0,55+0,02 ax 0,53+0,04 ax
0,01 Hg 0,68+0,01 bx 0,52+0,03 ay
0,01 Hg+0,1Se 0,56+0,02 ax 0,54+0,02 ax
0,01 Hg + 0,1 Zeolit 0,57+0,01 ax 0,51+0,02 ax
Kontrol 0,55+0,02 ax 0,53+0,04 ax
0,1 Hg 0,75+0,03 bx 0,60+0,02 ay
0,1 Hg + 1,0 Se 0,54+0,03 ax 0,57+0,04 ax
0,1 Hg + 1,0 Zeolit 0,53+0,04 ax 0,56+0,05 ax
Karaciger

Kontrol 0,48+0,03 ax 0,49+0,02 ax
0,01 Hg 0,72+0,04 bx 0,64+0,02 bx
0,01 Hg+0,1Se 0,51+0,02 ax 0,50+0,01 ax
0,01 Hg + 0,1 Zeolit 0,58+0,01 cx 0,63+0,03 bx
Kontrol 0,48+0,03 ax 0,49+0,02 ax
0,1 Hg 0,84+0,03 bx 0,65+0,03 by
0,1 Hg + 1,0 Se 0,62+0,02 cx 0,47+0,03 ay
0,1 Hg + 1,0 Zeolit 0,65+0,01 cx 0,50+0,02 ay
Kas

Kontrol 0,22+0,03 ax 0,21+0,02 ax
0,01 Hg 0,20+0,02 ax 0,21+0,03 ax
0,01 Hg + 0,1 Se 0,21+0,04 ax 0,22+0,02 ax
0,01 Hg + 0,1 Zeolit 0,20+0,04 ax 0,20+0,03 ax
Kontrol 0,22+0,03 ax 0,21+0,02 ax
0,1 Hg 0,21+0,04 ax 0,22+0,02 ax
0,1 Hg + 1,0 Se 0,2140,02 ax 0,23+0,03 ax
0,1 Hg + 1,0 Zeolit 0,224+0,02 ax 0,20+0,03 ax

Veriler Aritmetik ortalama+Standart hata seklinde sunulmustur (n=6). “a, b ve ¢” harfleri
ayni dokudaki derisimler “x ve y” harfleri ise aymi derisimdeki etkilesim siireleri arasindaki
aymrimini gostermek i¢in kullanilmustir. Farkli harfler, veriler arasindaki istatistiksel ayrim
oldugunu gostermektedir (P<0,05).

Her iki etkilesim siiresi dikkate alindiginda solunga¢ GST aktivitesi kontrol grubuyla
karsilastirildiginda 7 giinliik siire sonunda tek basma civa ile civatselenyum ve civatzeolit
karigimlarmin distik ve yiliksek ortam derigimlerinin etkisinde artmistir (Tablo 3, P<0,05). Bununla
birlikte 21 giinliik siire sonunda 0,1 mg/L Hg ortam derisimi hari¢ denenen tiim ortam derisimlerinde
solunga¢ GST aktivitesinde 6nemli bir degisim gozlenmemistir (P>0,05). Karaciger GST aktivitesi
diistiik ve yiiksek ortam derisimlerinde civanin dogrudan etkisinde 7 ve 21 giinliik siireler sonunda,
civatselenyum ve civa+zeolit karisimlarinda ise 7 giinliik slire sonunda 6nemli bir artis gostermistir
(Tablo 3, P<0,05). Kas GST aktivitesinde ise sadece 7 giinliik siirenin sonunda denenen tiim kimyasal
gruplarmin yiiksek ortam derisimlerinde 6nemli bir artis saptanmustir (Tablo 3, P<0,05). 7 giinliik siire
sonunda Hg, Hg+Se ve Hgtzeolit gruplarinin yiiksek ortam derisimlerinin etkisinde GST aktivitesi
sirastyla, solungacta %64, %35 ve %34 ile karacigerde %61, %29 ve %36 diizeyinde artis
gostermistir.
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Tablo 3. Civa (mg/L), civa (mg/L)+selenyum (mg/L) ve civa (mg/L)+zeolit (g/L) etkisine
birakilan O. niloticus’un dokularmda GST aktivitesi (U/mg protein)

Doku 7 Giin 21 Giin
Solungac¢

Kontrol 12,03+0,21 ax 12,1940,17 ax
0,01 Hg 15,26+0,33 bx 12,56+0,24 ay

0,01 Hg+0,1Se
0,01 Hg + 0,1 Zeolit
Kontrol

14,90+0,29 bx
15,11+0,43 bx
12,03£0,21 ax

11,95+0,38 ay
12,87+0,65 ay
12,19+0,17 ax

0,1 Hg 19,71+0,42 bx 15,81+0,41 by
0,1 Hg + 1,0 Se 16,29+0,19 cx 12,9340,19 ay
0,1 Hg + 1,0 Zeolit 16,17+0,24 cx 11,7340,57 ay
Karaciger

Kontrol 22,15+0,44 ax 23,48+0,57 ax
0,01 Hg 28,45+0,20 bx 27,24+0,15 bx

0,01 Hg +0,1Se
0,01 Hg + 0,1 Zeolit
Kontrol

0,1 Hg

0,1Hg + 1,0 Se

0,1 Hg + 1,0 Zeolit

25,1940,31 cx
25,05+0,21 cx
22,15+0,44 ax
35,72+0,68 bx
28,63+0,54 cx
30,10+0,32 cx

22,85+0,78 ax
24,11+0,48 ax
23,48+0,57 ax
30,18+0,34 bx
24,09+0,17 ax
26,29+0,15 cx

Kas

Kontrol 4,17+0,05 ax 3,98+0,07 ax
0,01 Hg 4,22+0,07 ax 3,83+0,09 ax
0,01 Hg + 0,1 Se 4,20+0,06 ax 3,90+0,05 ax
0,01 Hg + 0,1 Zeolit 4,25+0,08 ax 3,87+0,06 ax
Kontrol 4,17+0,05 ax 3,98+0,07 ax
0,1 Hg 4,81+0,04 bx 4,02+0,06 ay
0,1 Hg + 1,0 Se 4,59+0,03 bx 3,89+0,07 ay
0,1 Hg + 1,0 Zeolit 4,72+0,07 bx 3,92+0,09 ay

Veriler Aritmetik ortalama+Standart hata seklinde sunulmustur (n=6). “a, b ve ¢” harfleri
ayni dokudaki derisimler “x ve y” harfleri ise aym derisimdeki etkilesim siireleri
arasindaki aywrimum gostermek igin kullanilmustir. Farkli harfler, veriler arasindaki
istatistiksel ayrim oldugunu gostermektedir (P<0,05).

Kontrol grubuyla karsilastirildiginda 7 giinliik siire sonunda solunga¢ ve karaciger GR aktiviteleri
cwvanin dogrudan ve selenyum ve zeolit ile birlikte etkisinde diisiik ve yiiksek ortam derisimlerinin
etkisinde azaldig1 (P<0,05) ve bu azalisin yiiksek ortam derisimlerinde civanin tek basina etkisinde
daha fazla oldugu belirlenmistir (P<0,05) (Tablo 4). 21 giinliik siire sonunda ise 0,1 mg/L Hg etkisinde
solungac ve karaciger dokularinda GR aktivitesindeki azalis (P<0,05) disinda denenen diger gruplarin
ortam derisimlerinde 6nemli bir degisim gozlenmemistir (Tablo 4, P>0,05). 7. giin sonunda 0,1 mg/L
Hg, 0,1 mg/L Hg+1,0 mg/L Se ve ve 0,1 mg/L Hg+1,0 mg/L zeolit gruplarinin etkisinde GR aktivitesi
sirastyla, solungagta %43, %29 ve %40, karacigerde %48, %32 ve %29 diizeyinde bir azalig
gostermistir. Kas GR aktivitesinde 7 ve 21 giinliik siirelerde civa, civat+selenyum ve civa+zeolit
gruplarinin tiim ortam derisimlerinde anlamli bir degisim belirlenmemistir (Tablo 4, P>0,05).
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Tablo 4. Civa (mg/L), civa (mg/L)+selenyum (mg/L) ve civa (mg/L)+zeolit (g/L) etkisine
birakilan O. niloticus’un dokularinda GR aktivitesi (U/mg protein)

Doku 7 Giin 21 Giin
Solungac¢

Kontrol 0,084+0,002 ax 0,083+0,003 ax
0,01 Hg 0,065+0,003 bx 0,075+0,004 ax
0,01 Hg +0,1Se 0,067+0,001 bx 0,076+0,003 ax
0,01 Hg + 0,1 Zeolit 0,069+0,002 bx 0,078+0,004 ax
Kontrol 0,084+0,002 ax 0,083+0,003 ax
0,1 Hg 0,048+0,004 bx 0,063+0,002 by
0,1Hg+1,0Se 0,060+0,003 cx 0,082+0,002 ay
0,1 Hg + 1,0 Zeolit 0,050+0,002 bx 0,079+0,003 ay
Karaciger

Kontrol 0,056+0,003 ax 0,054+0,002 ax
0,01 Hg 0,037+0,002 bx 0,052+0,003 ay
0,01 Hg +0,1Se 0,04040,002 bx 0,052+0,004 ay
0,01 Hg + 0,1 Zeolit 0,038+0,003 bx 0,055+0,003 ay
Kontrol 0,056+0,003 ax 0,054+0,002 ax
0,1 Hg 0,029+0,004 bx 0,040+0,001 by
0,1Hg+1,0Se 0,038+0,002 cx 0,051+0,002 ay
0,1 Hg + 1,0 Zeolit 0,040+0,004 cx 0,04140,002 bx
Kas

Kontrol 0,008+0,002 ax 0,009+0,002 ax
0,01 Hg 0,007+0,001 ax 0,008+0,001 ax
0,01 Hg + 0,1 Se 0,008+0,002 ax 0,009+0,001 ax
0,01 Hg + 0,1 Zeolit 0,008+0,001 ax 0,008+0,002 ax
Kontrol 0,008+0,002 ax 0,009+0,002 ax
0,1 Hg 0,008+0,002 ax 0,008+0,002 ax
0,1 Hg + 1,0 Se 0,007+0,001 ax 0,008+0,001 ax

0,1 Hg + 1,0 Zeolit

0,009+0,001 ax

0,009+0,001 ax

Veriler Aritmetik ortalama+Standart hata seklinde sunulmustur (n=6). “a, b ve ¢” harfleri
ayni dokudaki derisimler “x ve y” harfleri ise ayni derisimdeki etkilesim siireleri arasindaki
aymrmint gostermek ic¢in kullanilmustir. Farkli harfler, veriler arasindaki istatistiksel ayrim
oldugunu gostermektedir (P<0,05).

TARTISMA ve SONUC

Sunulan c¢alismada, civanin yiiksek ortam derisiminde ve 21 giinliikk deney siiresince baliklarda
olim gozlenmemistir. Metallerin yiiksek ortam derisimlerinin etkisinde organizmalarin hayatta
kalabilmeleri, metal iyonlarinin hiicre i¢i konsantrasyonlarinin regiile edilebilme kapasitesiyle
yakindan iligkilidir (Azevedo vd., 2007). O. niloticusun gii¢lii immiin sistemi ve koruyucu/savunma
mekanizmalarina bagli olarak mortalite gozlenmedigi diisiiniilmektedir. Benzer sekilde baska bir
laboratuvar ¢alismasinda da 0,1 mg/L civa etkisine 14 giin siireyle birakilan O. niloticus’ta 6liim
gozlenmemistir (Firidin vd., 2015).

Akuatik ortamlara giren kirleticiler hem sucul ekosistemlere hem de burada yasayan canl
organizmalara ciddi zararlar verdiginden, son yillarda ekotoksikolojik caligmalarda kirleticilerin
indiikledigi oksidatif strese karsi sucul organizmalardaki yanit mekanizmalarmin ¢alisilmasina biiyiik
bir énem verilmektedir (Soares vd., 2008). Cogu kirleticiler serbest radikaller olusturarak veya
antioksidan enzim sistemleri degistirerek oksidatif hasara neden olmaktadir. Bununla birlikte sucul
organizmalar oksidatif strese karst hem enzimatik hem de enzimatik olmayan antioksidan
mekanizmalari ile bir yanit olusturmaktadirlar. Bu yanit mekanizmalarm en 6nemlilerinden biri de
GSH ve onunla iligkili enzim sistemleridir (GPx, GR ve GST gibi).

Oreochromis niloticus diinyada yaygin sekilde kiiltiirii yapilan tath su baliklarindan birisidir.
Ekotoksikolojik ¢aligmalarmn g¢ogunda bu tiir, akuatik ekosistemlerdeki kirleticilerin etkilerini
degerlendirmek amaciyla kullanilmaktadir. O. niloticus yiiksek biiyime hizi, farkli diyetlere
adaptasyondaki yetenegi, hastaliklara ve tasima esnasindaki streslere direng gostermeleri, kolay
iiremeleri ve agir metal stresini de iceren cesitli toksik maddelere karsi genis tolerans yetenegi gibi
farkl 6zellikleri nedeniyle toksikolojik caligmalarda kullanilan iyi bir biyolojik modeldir (Fontainhas-
Fernandes, 1998).
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GSH, antioksidan ve detoksifikasyon savunma mekanizmalarinin 6nemli proeseslerine katilan tek
sistein residiisiine sahip enzimatik olmayan bir antioksidan ve tripeptidtir. GSH, indirgeyici ajan,
serbest radikal temizleyici ve GSH ile iligkili enzimler i¢in kofaktor olarak davrandigindan aktif
oksijen tiirlerinin neden oldugu oksidatif strese karsi hiicresel savunmada rol oynayan en onemli
faktorlerden biri olarak ifade edilmektedir (Verma vd., 2007). Bu molekiil, ilk savunma hatt1 olarak
metallerin hiicrelerin 6nemli molekiiler yapilarma yapacag etkiyi engellemede onemli bir tiyol
kaynagi olarak rol oynamaktadir. Sunulan ¢alismada O. niloticus’ta her iki etkilesim siiresinde GSH
diizeyleri civanin dogrudan etkisinde solunga¢ ve karaciger dokularinda azalirken kas dokusunda
onemli bir degisim gdéstermemistir. Civa ortam derisimi arttik¢a dokularin GSH diizeylerindeki azalma
oraminin da arttigi saptanmugtir. O. niloticus’un solungag ve karaciger GSH diizeylerindeki azaliglar
civanin toksik etkilerinin bir sonucu olabilir. Civa, -SH gruplarna yiiksek ilgisi olan bir metaldir.
Civanin GSH yapisinda bulunan -SH gruplarima dogrudan baglanmasi ya da bu tiyol molekiiliiniin
oksidasyonunu arttirmasinin bir sonucu olarak dokulardaki GSH diizeylerinde azalma olabilecegi
diistiniilmektedir. Buldugumuz sonuglara benzer olarak Elia vd. (2003) yaptiklar1 bir ¢alismada 35, 70
ve 140 mg/L Hg etkisine birakilan Ictalurus melas’in karaciger dokusunda GSH diizeylerinde derisime
bagli olarak dnemli azalmalarin oldugunu belirlemislerdir. Arastiricilar karaciger GSH diizeyindeki bu
azalmanin, civanin GSH’a baglanmasi ya da GSH’in GSSG’ye oksidasyonu sonucu olabilecegini
belirtmiglerdir. Agir metallerin etkisinde organizmalarm dokularindaki GSH diizeylerinde 6nemli
degisiklikler olusmaktadir. 40 giin siireyle 3 mg/L Cd etkisine birakilan O. niloticus un karaciger
dokusundaki GSH diizeylerin azaldigi rapor edilmistir (Zirong ve Shijun, 2007). Arastiricilar Cd’un
neden oldugu oksidatif strese karst GSH’in hizli bir koruma meydana getirdigini ancak zamanla
GSH’in GSSG’ye oksidasyonu sonucu diizeyinde azalmalarin oldugunu belirtmislerdir.

Arastirmamizda civa+selenyum ve civatzeolit ortam derisimlerinin etkisinde solungag ve karaciger
GSH diizeylerinde azaliglar gézlemlenmistir. Ancak bu azaliglarin civanin tek bagina etkisinde daha
yiiksek oldugu saptanmustir. Arastirma sonuglarimizla paralel olarak Su vd. (2008) Hg’nin neden
oldugu oksidatif stres iizerine selenyum etkisini arastirdiklar1 ¢alismalarinda Hg ve Hg+Se etkisindeki
siganlarin dokularindaki GSH diizeylerinde Hg’'nin tek basma etkisinde goriilen azaliglarm Se
varhiginda kontrol degerlerine dondiigii belirlenmistir. Baska bir ¢alismada da civa toksitesi {izerine bir
antioksidan olan vitamin C’nin koruyucu etkisinin arastirildigi ¢calismada civanin tek basina etkisinde
Oncorhynchus mykiss’in karaciger dokusundaki GSH diizeylerinin 6nemli Olglide azaldigi ancak
vitamin C’nin uygulanmasiyla metalin toksik etkisinin Onlendigi ve civanin neden oldugu GSH
diizeylerindeki azalislarin engellendigi rapor edilmistir (Mozhdeganloo vd., 2015).

Sunulan ¢alismada civanin tek basina ve civatselenyum ve civa+zeolit karisimlarinin etkisinde O.
niloticus’un dokularindaki GSH ile iliskili enzimlerin (GPx, GST ve GR) aktivitelerinde dokuya,
ortam derisimine ve etkide kalinan siireye bagli olarak 6nemli degisimlerin meydana geldigi
belirlenmistir. 1. melas’in karacigerinde GSH ve GSH ile iliskili enzimlerin 96 saatlik farkli Hg
derisimlerinden (100, 200, 400 mg/L) etkilendigi rapor edilmistir (Elia vd., 2000). Calismada yiiksek
metal derigimlerinin enzim aktivitelerinde azalmalara neden oldugu belirtilmistir.

GPx hem hidrojen peroksitleri hem de hidroperoksitleri indirgeyerek serbest radikaller ve oksidatif
hasara karsi etkin bir koruma saglamaktadir. Arastirmamizda civanin tek basina etkisinde her iki ortam
derisiminde de GPx aktivitesinin solunga¢ dokusunda 7 giinliik siire sonunda, karacigerde ise denenen
her iki siirede arttig1 saptanmistir. Bununla birlikte civanin selenyum ve zeolitle birlikte etkisinde ise
solunga¢ GPx aktivitesinde onemli bir degisim saptanmamis iken karaciger GPx aktivitesinde genel
olarak bir artis saptanmustir. Ancak karaciger enzim aktivitesindeki bu artigin civanin tek basina
etkisine oranla civat+selenyum ve civatzeolit karisimlarinin etkisinde daha az oldugu goriilmiistiir.
Kas GPx aktivitesinde ise civa, civat+selenyum ve civa+zeolitin tiim ortam derisimlerinin etkisinde ve
denenen her iki siirede de 6nemli bir degisim saptanmamustir.

Caligmamizda O. niloticus’un dokularinda artan GPx aktivitesinin civanin toksik etkilerine kars1 bir
yanit olarak olustugu ve civanin neden oldugu oksidatif strese karsi koruyucu bir rol oynadigi
distiniilmektedir. Arastirma sonuglarimizla benzer sekilde 4 giin siire ile 35 pg/L HgCl, etkisine
birakilan 1. melas’in karaciger dokusundaki GPx aktivitesinde onemli artiglar saptanmistir (Elia vd.,
2003). Berntssen vd. (2003) yaptiklari bir deneysel c¢alismada 100 mg/kg civa igeren diyetlerle
beslenen Salmo salar’m karaciger ve bobrek dokularinda GPx aktivitesinin artigini belirlemislerdir
Aragstiricilar bu artisin dokularda civanin neden oldugu oksidatif strese bir adaptasyon yaniti olarak
olustugunu ifade etmislerdir.
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GST, ksenobiyotiklerin GSH ile sentetik konjugasyon reaksiyonlarim katalizleyerek oksidatif
strese kars1 balik dokularim koruyan detoksifikasyon enzimlerinin 6nemli bir grubunu olusturmaktadir
(Luo vd., 2006). Sunulan ¢alismada O. niloticus’un solungag ve karaciger GST aktivitelerinin civanin
dogrudan etkisinde her iki ortam derisiminde artig1 belirlenmistir. Yine civa+selenyum ve civatzeolit
karigimlarmin etkisinde 7 giinliik siire sonunda bu dokularin GST aktivitelerinde de artig saptanmuistir.
Ancak bu artiglarin civanin tek basina etkisinde civatselenyum ve civatzeolit karigimlaria oranla
daha yiiksek oldugu belirlenmistir. Kas GST aktivitesi ise denenen tiim kimyasallarin etkisinde
yalnizca 7 giinlik siire sonunda bir artis gostermistir. Dokularin GST aktivitesinin civanin neden
oldugu oksidatif strese bir adaptasyon yanit1 olarak metal toksisitesini notralize etmek amaciyla artigi
diistiniilmektedir. Monteiro vd. (2010) yaptiklar1 bir ¢aligmada tath su baligi Brycon amazonicus’un
solungag, karaciger, kas ve kalp dokularinda GST enzim aktivitesinin civanin etkisinde artigini
belirlemislerdir. Aragtiricilar GST aktivitesindeki artiglarin metalin neden oldugu oksidatif hasarin
onlenmesinde énemli bir rol oynadigini ileri siirmiiglerdir. GST nin ¢ok ¢esitli elektrofilik bilesikleri
GSH araciligiyla konjuge ederek daha az toksik bilesiklere doniistiirebildigi ve bu aktivitesi sayesinde
toksik bilesiklerin detoksifikasyonunda dénemli gorevler oynadigi belirtilmektedir (Van Der Oost vd.,
2003). Bu nedenle O. niloticus’un dokularinda artan GST aktivitesinin detoksifikasyon proseslerinin
indiiklenmesinde 6nemli oldugu diisiiniilmektedir.

GR, bir flavoprotein olup kofaktér olarak NADPH’1 kullanarak GSSG’nin GSH’a indirgenmesini
katalizlemekte ve GSH diizeylerini korumaktadir (Pena-Llopis vd., 2001). Boylece GR hiicre igi
GSH/GSSG oranini yiikselterek —SH/-SS- oranim1 da korumaktir. Calismamizda O. niloticus’un
solungag¢ ve karaciger GR aktivitesinin civanin tek basina etkisinde azaldigi belirlenmistir. Benzer
sekilde civa+tselenyum ve civatzeolit karigimlarmin etkisinde de 7 giinliik siire sonunda bu dokularin
GR aktivitelerinde bir azalis saptanmistir. Ancak enzim aktivitesindeki azalislar 6zellikle de yiiksek
ortam derigsimlerinde civanin tek basina etkisinde daha fazla olmustur. Kas dokusunda ise GR
aktivitesi denenen tiim kimyasallarin etkisinde anlamli bir degisim gostermemistir. Sunulan
aragtirmada civa toksisitesinin bir sonucu olarak doku GR aktivitelerinin azaldigi dngoriilmektedir.
Azalan GR aktivitesi biiyiik bir olasilikla civanin enzim aktivitesi lizerine olan dogrudan ya da
NADPH iiretimi iizerine olan toksik etkisinin sonucunda bu niikleotidin igeriginin azalmasina bagli
olarak gerceklestigi diistiniilmektedir. Eroglu vd. (2015) O. niloticus’un karaciger glutatyon
metabolizmasi iizerine Cd, Cu, Cr, Pb ve Zn’nin etkilerini arastirdiklar1 ¢aligmalarinda Cr etkisinde
GR enzim aktivitesinin azaldigini saptamglardir.

GPx ve GST kofaktor olarak GSH’1 kullanarak prooksidan siiregleri etkisizlestirmek i¢in birlikte
calismaktadirlar (Monteiro vd., 2010). Bu enzimler tarafindan GSSG’ye yiikseltgenen GSH daha sonra
GR’nin katalizledigi reaksiyonda NADPH kullanilarak GSSG’den tekrar olusmaktadir. GSH
sisteminin kapasitesi GPx, GR, GST ve pentoz fosfat yolu enzimlerin aktivitelerine baglidir (Larose
vd., 2008). Bu nedenle hiicre ici GSH diizeylerindeki degisimler bu enzimlerle oldukca yakin
iligkilidir. Sunulan c¢alismada da civanin etkisinde O. niloticus’un dokularinda azalan GSH
diizeylerinin GPx, GST ve GR enzim aktiviteleriyle iliskili oldugu diistiniilmektedir. Dokularin artan
GPx ve GST aktivitelerine bagli olarak bu enzimler tarafindan GSH’1n substrat olarak kullanimi1 GSH
diizeylerini diisiirmiis olabilir. Keza azalan GR aktivitesine bagh olarak GSSG’den tekrar GSH’1n
olusturulmasinin azalmasi da diisen GSH diizeylerini agiklayabilir. Elia vd. (2003) calismamizdaki
sonuglara benzer olarak I. melas’in dokularinda civa etkisinde GSH diizeyinde ve GR aktivitesinde
azalma, GPx ve GST aktivitesinde ise artis gozlemlemislerdir. Arastiricilar artan GPx ve GST
aktivitesine ve azalan GR aktivitesine baglh olarak GSH diizeylerinin azaldigini belirtmislerdir.

Sonug¢ olarak sunulan ¢alismada crvanin O. niloticus™un dokularinda GSH ve GSH ile iliskili
enzimleri etkiledigi belirlenmistir. GSH metabolizmasinda civanin dogrudan etkisinde meydana gelen
degisimlerin civatselenyum ve civa+zeolit karisimlarina oranla daha yiiksek oldugu goriilmiistiir.
Selenyum veya zeolit varliginda civanin GSH ve GSH ile iligkili enzimler izerine olan olumsuz
etkilerinin azaldig1 ya da iyilestigi saptanmistir. Arastirma sonuglarimiz gerek selenyum gerekse de
zeolit uygulamasinin civa toksisitesi tizerine koruyucu bir rolii oldugunu gdstermektedir. Selenyumun
koruyucu etkisini civanin alimim ve atilim oranlarmi etkileyerek, Hg-Se kompleksi olusturarak
hiicredeki serbest civa bulunurlugunu azaltarak ya da antioksidan kapasitesine bagl olarak
gerceklestirdigi diisiiniilmektedir. Zeolitin ise kafes seklindeki yapisi icerisinde Hg’yi tutarak suda
serbest civa bulunurlugunu azaltarak koruyucu etki gosterdigi ongoriilmektedir. Genel olarak ¢aligilan
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parametreler {izerine selenyumun koruyucu etkisinin zeolite oranla biraz daha yiiksek oldugu
gozlenmistir.

TESEKKUR

Bu ¢alisma “Civa, Civa-Selenyum ve Civa-Zeolit Karisimlarina birakilan Oreochromis niloticus’ta
Civanin, Dokulardaki Birikimi ve GSH ile Iliskili Enzim Aktivitelerine Etkisi” baslikli ve YOK Ulusal
Tez Merkezi Referans Nosu “414359” olan Doktora tez c¢alismasindan iiretilmistir. Bu arastirma
FEF2012D1 nolu Cukurova Universitesi Bilimsel Arastirma Projesi ile yiiriitiilmiistiir.
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Ozet

Bu ¢aligmanin amaci Karadeniz’in Sile kiyilarinda yasayan Mesogobius batrachocephalus tiiriiniin viicudunun farkl
bolgelerinde bulunan pullarimin morfolojik ve morfometrik 6zelliklerinin cinsiyete bagli degisimlerini tespit etmektir. Bu
calisma kapsaminda, toplam 32 birey (no= 16, nz=16) degerlendirilmistir. Bireylerin minimum ve maksimum total boy ve
agirliklar sirasiyla 17,6 - 27,7 cm ve 46,6 - 231,0 g araligindadir. Farkli viicut bolgelerindeki pullar disi ve erkek bireyler
i¢in ayr1 ayr1 degerlendirilmistir. Pul boyutu ve pul sekli gibi morfolojik 6zellikler hem disi-erkek bireyler hem de incelenen
viicut bolgeleri arasinda ayirt edici karakterler olarak belirlenmistir. Diger morfolojik 6zellikler (pul merkezinin pozisyonu,
sirkuli, radii tipi, pulun rostral ve kaudal kenari) ise hem disi-erkek bireylerde hem de belirlenen bolgeler arasinda benzer
ozellikler gostermektedir. M. batrachocephalus bireylerinin viicut bolgelerindeki pullar karsilastirildiginda, disi ve erkek
bireylerdeki pullarin morfometrik degerleri (genislik, alan ve ¢evre) arasinda 1. bolge, 4. bolge ve 5. bolge icin istatistiksel
olarak anlamli farkliliklar tespit edilmigtir (P<0,05). Bu c¢aligmada, M. batrachocephalus tiiriiniin pul morfolojisi ve
morfometrisine ait bilgiler ilk defa sunulmustur. Calisma sonucunda disi ve erkek bireylerin bu 6zellikler bakimindan
farklilik gosterdigi tespit edilmistir. Bu sebeple filogenetik ¢alismalarda énemli yer tutan pul morfolojisi ve morfometrisinin,
M. batrachocephalus tiiriiniin hem disi hem de erkek bireylerinde ayr1 ayr1 degerlendirilmesinin gerektigi 6nerilmektedir.

Anahtar Kelimeler: Mesogobius batrachocephalus, morfometri, pul morfolojisi, Karadeniz, Sile

Determination of Gender-Based Changes in Scale Morphology of Mesogobius batrachocephalus (Pallas, 1814)
Inhabiting the coast of Sile in Black Sea.

Abstract

This study aimed to determine the gender-related changes in the morphological and morphometric properties of the scales
for Mesogobius batrachocephalus inhabiting Sile coast of the Black Sea. In this study, a total of 32 individuals (no= 16,
n;=16) were evaluated. The minimum and maximum total length and weight of the fish samples were in the range of 17.6-
27.7 cm and 46.6 - 231.0 g, respectively. The scales in different body regions were evaluated for female and male specimens
separately. The morphological features such as scale size and scale shape were identified as distinguishing features between
both female-male specimens and specified regions. The other morphological features (scale focus position, circuli, radii type,
and the rostral and kaudal margin) of the scale were showed similar characteristics both in females-males and specified
regions. When the scales in the body regions of M. batrachocephalus specimens were compared, the statistically significant
differences were determined between the morphometric values (width, area, and perimeter) of females and males for 1., 4.
and 5. Regions (P<0.05). In this study, data on scale morphology and morphometry of M. batrachocephalus was presented
for the first time. As a result of the study, it was determined that female and male individuals differ in terms of these
characteristics. For this reason, it is suggested that scale morphology and morphometry, which have an important place in
phylogenetic studies, should be evaluated separately in both female and male individuals of M. batrachocephalus.

Keywords: Mesogobius batrachocephalus, morphometry, scale morphology, Black Sea, Sile

GIRIS

Balik¢ilik biyolojisinde baliklarin derileri {izerindeki sert ve yassi iskelet elemanlar1 pul olarak
adlandirilmaktadir (Briger ve Moritz, 2016). Genel olarak pullar; plaka benzeri plakoid pullar, elmas
seklindeki ganoid pullar, ince, piiriizsiiz, disk benzeri sikloid pullar ve kaudal kenar1 boyunca kii¢lik
cikintilar tagiyan ktenoid pullar seklinde siiflandirilmaktadir (Casteel, 1976; Patterson vd., 2002).
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Baliklarda pullar tipik olarak viicudun arkasindan 6niine dogru, ardindan da dorsal ve ventral yonlii
olarak yanlara dogru ilerleyen bir olusum halindedir (Helfman vd., 1997; Motamedi vd., 2020).

Pullar, baligin viicudunda epidermis tabakasma gomiilii halde bulunan, kalsiyum karbonat ve
kolajen igeren ayni zamanda tiirlerin tanimlanmasinda da yararlanilan yapilardir. Ktenoid ve sikloid
pullar bircok calismada yararl bir tayin araci olarak kullanilmaktadir. Pullar, molekiiler tekniklere
kiyasla daha az maliyetli, tahribatsiz, kullanima uygun ve avcilarinin sindirim sistemleri tarafindan
sindirilmelerinin zor olmasindan dolay: tiir tanimlama araglar1 olarak kullanilabilecek uygun kemiksi
yapilardir (Ibafiez vd., 2007; Farinordin vd., 2017). Pul morfolojisi ise, 1833 yilindan beri taksonomi
ve siniflandirma ¢aligmalarinda kullanilmaya baglanmis olup ontogenetik analizler (Vignon, 2012) ve
morfoloji (Jawad, 2005; Esmaeili vd., 2012; Farah-Ayuni vd., 2016) gibi bir¢ok farkli ¢aligma igin de
faydalamlan yararh birer arag olarak degerlendirilmistir (Jawad ve Al-Jufaili, 2007). Ornegin, pullarin
morfolojik ve morfometrik &zellikleri balik tiirlerinin ve populasyonlarinin tanimlanmasinda ve
ayrimlarinin yapilmasinda tercih edilen yontemlerden biridir (Kuusipalo, 2000; Khemiri vd., 2001;
Esmaeili ve Gholami, 2011; Yedier vd., 2019). Su ortaminda ¢esitli sebeplere bagl olarak bulunan
agir metaller (Lake vd, 2006) gibi kirleticiler pullarm yapis1 igerisinde birikmektedir ve bu sayede
kirlilik {izerine yapilan c¢aligmalarda baliklarn biyoindikator olarak kullanilmasina da olanak
saglamaktadir (Johal ve Sawhney, 1999).

M. batrachocephalus tiirii Avrupa ve Asya’da Karadeniz, Azak Denizi ve Romanya kiyilarinin bazi
bolgelerinde yayilis gostermektedir (Froese ve Pauly, 2020). Bu tir genelde kiyr bolgelerde,
haliclerde, kum veya kayalarin diplerinde aci ve tath su laglinleri gibi farkli habitatlarda
yasayabilmektedir. M. batrachocephalus tiirii tilkemizde yogun olarak Karadeniz sularindan rapor
edilmesine ragmen tiirtin ayn1 zamanda Marmara Denizi tizerindeki Hali¢ ve Unkapani kopriilerinin
bulundugu boélgeden avlandigi (Gokdas, 2006) ve Marmara Denizi’nde (Bilecenoglu vd., 2002; 2014)
bulundugu da bildirilmistir. M. batrachocephalus tiirti ile ilgili yapilmis daha 6nceki ¢alismalarda
tirtin boy-agirlik iliskisi (Demirhan ve Can, 2007; Mihalcescu, 2011; Calik ve Erdogan Saglam,
2017), beslenme ekolojisi (Rosca vd., 2010; Rosca ve Surugiu, 2010; Rosca ve Manzu, 2011),
biyokimyasal degerlendirmeleri (Sigacheva vd., 2020), enzim aktiviteleri (Rudneva vd., 2010), kan
hiicreleri (Soldatov ve Kukhareva, 2015), parazit-konakg: iligkileri ve parazitolojik degerlendirmeleri
(Okkay ve Ozer, 2020; Okkay vd., 2020), taksonomisi (Stepien ve Tumeo, 2006) ve balik¢iliktaki
durumu (Zarev vd., 2013) belirlenmistir.

Literatiir incelendiginde, M. batrachocephalus tiriiniin pul morfolojisi ile ilgili detayli bir
aragtirmanin olmadigi tespit edilmistir. Bu ¢alismanin amaci, M. batrachocephalus tiirtiniin farkl
viicut bolgelerindeki pullarinin morfolojisini ayrintili olarak arastirmak ve cinsiyete bagli morfolojik
degisimlerin varliginmi belirlemektir. Bu nedenle, bu c¢alismada Sile kiyilarinda yasayan M.
batrachocephalus tiiriiniin 7 viicut bolgesine ait pullarin morfolojileri ve morfometrik 6zelliklerinin
hem disi hem de erkek bireylerde incelenmesi amaglanmistir. Ayrica, calisma kapsaminda farkl viicut
bolgelerindeki pullarin 4 morfometrik ve 9 morfolojik 6zelligi de tespit edilmistir.

MATERYAL ve YONTEM

Bu ¢alismada, Sile kiyilarinda yayilis gosteren 32 adet Mesogobius batrachocephalus bireyi yerel
balik¢ilarla koordineli bir caligmanin sonucunda temin edilmistir. Laboratuvara getirilen balik
ornekleri analizlere kadar dondurucuda saklanmistir. Balik 6rneklerinin total (TB) ve standart (SB)
boylar1 + 0,1 cm, agirliklar ise + 0,01 g hassasiyetle 6l¢iiliip kataloglara kaydedilmistir.

Orneklerin diseksiyonlarindan &nce M. batrachocephalus bireylerinin iizerinde 7 adet bolge
belirlenmis ve bu bolgelerdeki pullar degerlendirilmistir (Sekil 1). Balik bireyleri iizerindeki bolgeler
su sekilde belirlenmistir: 1. bolge (B1; yanal ¢izginin {iizeri ile I. dorsal ylizgecin altinda kalan
bolgedir), 2. bolge (B2; yanal ¢izginin altinda ve B1 bolgesine karsilik gelecek ventral ylizgecin
gerisindeki bolgedir), 3. bolge (B3; yanal ¢izginin iizeri ile II. dorsal ylizgecin ilk yarist altinda kalan
bolgedir), 4. bolge (B4; yanal ¢izginin alt1 ile anal yiizgecin ilk yarisi iizeri arasinda kalan bolgedir), 5.
bolge (B5; yanal ¢izginin tizeri ile II. dorsal yiizgecin son yarisi altinda kalan bolgedir), 6. bolgesi (B6;
yanal ¢izginin alt1 ile anal yiizgecin son yarisi iizeri arasinda kalan bolgedir), 7. bolge (B7; kaudal
pediinkiil bolgesidir) (Sekil 1).
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Sekil 1. Calisma kapsaminda M. batrachocephalus iizerinde belirlenen viicut bolgeleri (Froese ve Pauly, 2020’
den degistirilerek hazirlanmistir.)

Pullar viicudun sol tarafindan ve belirlenen her bir bdlgeden 8 adet olacak sekilde dikkatlice
ayrilmistir (her birey igin 56 pul). Her bolgeden pul 6rnekleri ayri ayri distile su igerisinde yikanmisg,
ardindan tlizerindeki mukus ve pigmentlerden temizlenmesi amaciyla % 3’lilk NaOH ¢dzeltisinde 24
saat bekletilmistir. Bu siirenin sonunda her bir bolgenin pullar1 ¢ézeltiden ¢ikarilarak, tekrar distile su
icerisinde yikanmustir. Daha sonar pullar 30 dakika % 96’lik etil alkolde bekletilmis ve kenarlari
kivrilmayacak sekilde dikkatlice lamlar lizerine dizilerek pul preparatlar1 hazirlanmistir (Chugunova,
1963). Her bir bireyin viicut bdolgelerine ait pullar stereo mikroskop altinda x1,6 biiyiitmede
incelenerek, S8APO kamera sistemi bagli Leica marka mikrokopta Leica Ver. 3.7.0 yazilimi
kullanilarak fotograflanmis ve pullar iizerinde Ol¢iimler gerceklestirilmistir. Jaward 2005°¢ gore
diizenlenmis ktenoid pul yapis1 Sekil 2’°de gosterilmistir.

Rostral Kenar

Sirkulus Axtene 7 Radii

Pul

Boyu

Pul . ‘ Ktenii
Merkezi Posterior
| Kaudal Kenar I
Pul Genisligi

Sekil 2. Genel ktenoid pul yapist

7 viicut bolgesinde ayr1 ayr1 incelenen pullar merkezlerinin ¢evresinde circuli halkalarma sahiptir.
Viicut rengine gore karakteristik bir renklenme de goriilmektedir. Karsilastirmalar i¢in, her bolgeden
referans bir pul belirlenmistir. Her pul i¢in asagida belirtilen 6lglimler kaydedilmis ve analizler
gerceklestirilmistir:

(1) morfometrik 6lgiimler; pul boyu (mm), pul genisligi (mm), pul alam (mm?) ve pul gevresi
(mm);

(2) morfolojik karakterler; pul tipi, pul boyutu, pul sekli, pul merkezinin pozisyonu, sirkuli
gOriiniisii, radii yerlesimi, pulun rostral ve kaudal kenar 6zellikleri.
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Balik orneklerinin diseksiyonlar1 esnasinda disi ve erkek bireyler tespit edilmistir. Disi ve erkek
bireylerin boy ve agirliklar1 arasinda istatistiksel olarak fark olup olmadigi t-testi yardimiyla
aragtirlmistir. Boy ve agirlik degerleri arasinda fark oldugundan (P<0,05) bireylere ait pullarin
morfolojik tayinleri ve morfometrik hesaplamalar1 disi, erkek ve tiim bireyler igin ayr1 ayri
gerceklestirilmistir. Ayrica, disi ve erkek bireylerin aym viicut bolgelerinde tasidiklart pullarinin
morfometrik degerleri arasindaki istatistiksel farkin varlig1 da t-testi kullanilarak arastirilmustir.

BULGULAR

Bu ¢alismada 32 adet M. batrachocephalus (@, n = 16; &, n = 16) bireyi degerlendirilmistir.
Baliklarm minimum ve maksimum total boylar1 sirasiyla disi bireyler icin 18,9-27,7 cm ve erkek
bireyler i¢in 17,6-22,2 cm; minimum ve maksimum agirliklari ise disi bireyler i¢in 61,20-231,00 g ve
erkek bireyler i¢in 46,60-70,20 g araliginda degismektedir. Disi ve erkek bireylerin boy (P<0,05) ve
agirliklart (P<0,05) arasinda t testi sonuglarma gore istatistiksel olarak anlamli bir farklilik tespit
edilmistir. Bu nedenle bireyler hem disi ve erkek bireyler olarak ayr1 ayr1 hem de tiim bireyler olarak
degerlendirilmistir.

M. batrachocephalus bireyleri tizerinde belirlenen 7 viicut bolgesi Sekil 1°de gosterilmistir.
Toplamda tiim bireyler igin 1792 adet pul (2: 896 adet ve &': 896 adet) analiz edilmistir. Bdlgelerden
secilen pullarin genel goriiniisleri disi ve erkek bireyler i¢in ayr1 ayr1 Sekil 3’te sunulmustur. M.
batrachocephalus bireylerinin viicut bolgeleri tizerindeki pullar ktenoid tiptedir (Sekil 2; Tablo 1).
Pullarin bolgelere ve cinsiyete gore farkl biiyiikliikk ve morfolojide oldugu dikkati ¢ekmektedir. Farkli
viicut bolgelerinde gézlemlenen pullarin sahip oldugu sekiller diskoidal, eliptik, sirkular, kordat ve
hekzagonal olarak degisiklik gostermektedir. Ayrica disi ve erkek bireylerde B2 ve B3 bdlgeleri
pullarmin da birbirinden morfolojik olarak farkli oldugu gbze carpmaktadir (Sekil 3, Tablo 1). Pul
merkezi tim viicut bolgelerinde posterior kisimda olup, pullarda sirkuli hem disi hem de erkek
bireylerde belirgindir. Yalnizca B3 ve B4 boélgelerindeki bazi pullarda sirkuli diizeninin pullardaki
absorbsiyon ve rejenerasyondan dolay1 bozulmus oldugu gézlemlenmistir. Pullarin radii tipi de disi ve
erkek bireylerde primer ve sekonder olarak karakterize edilmistir (Sekil 3). Pullarin rostral kenar1 hem
dis hem de erkek bireylerde tarakli olarak gozlenmistir. Pullarin kaudal kenar1 ise tiim viicut
bolgelerinde periferal kteni tiptedir (Tablo 1, Sekil 3).

Belirlenen farkli viicut bolgelerine ait pullarin morfometrik karakterleri olan boy, genislik, alan ve
cevre degerleri disi, erkek ve tiim bireyler i¢in Tablo 2’de sunulmustur. Disi ve erkek bireylerin t testi
ile degerlendirilen farkli viicut bolgelerine ait pullar1 arasmnda bazi viicut bolgelerinde anlamli farklar
oldugu belirlenmistir (P<0,05) (Tablo 2). Buna gore, disi ve erkek bireylerin B1 pullarmin genislik,
alan ve ¢evre degerleri arasinda (P<0,05); B4 pullarinin boy, genislik, alan ve ¢evre degerleri arasinda
(P<0,05); BS5 pullarin da ise genislik, alan ve ¢evre degerleri arasinda istatistiksel olarak anlamli
farkliliklar oldugu (P<0,05) tespit edilmistir. B1 pullarmin disi ve erkek bireylerine ait ortalama
genislik degerleri sirasiyla 2,471 + 0,074 mm ve 2,167 = 0,064 mm; ortalama alan degerleri 3,912 +
0,172 mm?ve 3,223 + 0,172 mm’ ve ortalama cevre degerleri 7,464 + 0,183 mm ve 6,706 + 0,179 mm
olarak belirlenmistir (P<0,05). B4 pullarmin disi ve erkek bireylerinde 6lgiilen ortalama boy degerleri
sirastyla 2,609+0,045 mm ve 2,38340,055 mm; ortalama genislik degerleri 2,939+0,157 mm ve
2,580+0,062 mm; ortalama alan degerleri 5,978+0,422 mm® ve 4,674+0,185 mmz; ortalama gevre
degerleri 9,106+0,324 mm ve 8,081+0,156 mm seklindedir (P<0,05). B5 pullarinin disi ve erkek
bireylerine ait ortalama genislik degerleri sirasiyla 2,732+0,103 mm ve 2,392+0,056 mm; ortalama
alan degerleri 5,87240,313 mm? ve 4,950+0,218 mm? ve ortalama cevre degerleri 9,124+0,224 mm ve
8,400+0,188 mm olarak tespit edilmistir (P<0,05) (Tablo 2).
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Sekil 3. Disi ve erkek bireylerin viicut bolgelerine ait pullarin genel gériiniimleri

Tablo 1. Bolgelere gore pullarin morfolojik karakterleri

Morfolojik

Karakterler Bl B2 B3 B4 B5 B6 B7
| ¢ Ktenoid Ktenoid Ktenoid Ktenoid Ktenoid Ktenoid Ktenoid
Pul Tipi
& Ktenoid Ktenoid Ktenoid Ktenoid Ktenoid Ktenoid Ktenoid
@ Orta Biiyiik Biiyiik Biiyiik Biiyiik Orta Biiyiik
Boyut
4 Orta Biiyiik Biiyiik Orta Orta Orta Orta
il Q@ Diskoidal  Eliptik Dairesel Kordat Kordat Kordat Kordat
Seki
&4 Diskoidal  Kordat Hekzagonal ~ Kordat Kordat Kordat Kordat
Pul Q Posterior  Posterior Posterior Posterior Posterior Posterior Posterior
merkezinin ) ) ) ) ) ) )
pozisyonu & Posterior Posterior Posterior Posterior Posterior Posterior Posterior
Q@ Belirgin Belirgin Belirgin/ Belirgiry/ Belirgin Belirgin Belirgin
- Bozulmusg Bozulmusg
Sirkul Belirgin/ Belirgin/
& Belirgin Belirgin Bozulmus Bozulmus Belirgin Belirgin Belirgin
0 Primer Primer Primer Primer Primer Primer Primer
e Sekonder  Sekonder  Sekonder Sekonder ~ Sekonder  Sekonder  Sekonder
Radii Tipi - - - - - - -
g Primer Primer Primer Primer Primer Primer Primer
Sekonder  Sekonder  Sekonder Sekonder ~ Sekonder  Sekonder  Sekonder
Q@ Tarakh Tarakli Tarakli Tarakli Tarakli Tarakli Tarakli
Rostral kenar
& Tarakl Tarakh Tarakh Tarakl Tarakh Tarakli Tarakli
Periferal Periferal Periferal Periferal Periferal Periferal Periferal
Kaudal kenar kteni kteni kteni kteni kteni kteni kteni
g Periferal Periferal Periferal Periferal Periferal Periferal Periferal
kteni kteni kteni kteni kteni kteni kteni
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Tablo 2. M. batrachocephalus’un disi, erkek ve tiim bireyleri iizerinde belirlenen 7 viicut bolgesinin

pullarina ait ortalama degerler (Ort. £ SH)

Morfometrik

Bolge Degerler ? d ?+d
L, mm 2,080 + 0,047 1,942 + 0,059 2,011 +0,039
B1 W, mm 2,471 + 0,074* 2,167 = 0,064* 2,319 £ 0,055
A, mm? 3,912 £ 0,172* 3,223 +0,172* 3,567+ 0,135
P, mm 7,464 + 0,183* 6,706 + 0,179* 7,085+ 0,143
L, mm 2,156+0,083 2,331+0,084 2,243 +£ 0,060
B2 W, mm 3,195+0,245 3,005+0,084 3,100+ 0,128
A, mm? 5,417+0,589 5,245+0,326 5,331 +£0,332
P, mm 8,786+0,546 8,682+0,267 8,734+ 0,299
L, mm 2,506+0,068 2,351+0,072 2,428 £ 0,050
B3 W, mm 2,605+0,112 2,536+0,114 2,570+ 0,078
A, mm? 4,959+0,294 4,532+40,295 4,746 £ 0,208
P, mm 8,269+0,247 7,992+0,254 8,131 +0,176
L, mm 2,609+0,045* 2,383+0,055* 2,496 + 0,040
B4 W, mm 2,939+0,157* 2,580+0,062* 2,760 + 0,089
A, mm? 5,978+0,422* 4,674+0,185* 5,326 £ 0,255
P, mm 9,106+0,324* 8,081+0,156* 8,593+ 0,199
L, mm 2,938+0,074 2,782+0,068 2,860 + 0,051
B5 W, mm 2,732+0,103* 2,392+0,056* 2,562 + 0,065
A, mm? 5,872+0,313* 4,950+0,218* 5,411 £ 0,205
P, mm 9,124+0,224* 8,400+0,188* 8,762+ 0,158
L, mm 2,918+0,100 3,033+0,071 2,975+ 0,061
W, mm 2,824+0,120 2,699+0,072 2,761 + 0,069
B6 A, mm? 6,265+0,399 6,199+0,267 6,232+ 0,236
P, mm 9,379+0,289 9,318+0,197 9,348 £ 0,172
L, mm 2,740+0,078 2,896+0,097 2,820 + 0,063
B7 W, mm 2,782+0,177 2,482+0,080 2,627 +0,097
A, mm? 5,748+0,523 5,310+0,352 5,522+ 0,309
P, mm 8,922+0,383 8,683+0,276 8,799 +£ 0,231

*: P<0,05. A;alan, P; gevre, L; boy, W; genislik, Ort.; ortalama, SH; standard hata.

TARTISMA ve SONUC

Bu calismada, pullarin morfolojik ve morfometrik 6zelliklerini tanimlamak ve varolan farkliliklari
cinsiyet diizeyinde belirlemek hedeflenmistir. Bu kapsamda M. batrachocephalus tiiriiniin pul
morfolojisinin ve pul morfometrisinin viicudun cesitli bolgelerine ve cinsiyete goére degisimi
incelenmistir. Bu calisma, Karadeniz’in Sile kiyilarinda yasayan bu tiiriin pul morfolojisi ve pul
morfometrisini belirlemeye yonelik yapilmig ilk ¢alismadir. M. batrachocephalus tiiriiniin pullari
incelendiginde, tiiriin pullar1 iizerinde “kteni” adi verilen ve ayri ayr1 dikenler seklinde yapilar
bulunduran ktenoid pullara sahip oldugu goriilmektedir. Tiirlin sahip oldugu ktenoid pullarin tiiri ise,
kaudal kenarinda tek sira veya bazen alternatif bir sira daha kii¢lik ikincil dikenler (ktenii) tasiyan
“periferal kteni” dir (Sekil 3, Tablo 1).

Pulun yiizeyinde, anterior bolgenin kenari rostral, posterior bolgenin kenari ise kaudal olarak
isimlendirilmektedir (Jawad, 2005). M. batrachocephalus’da rostral kenar her iki eseyde de tarakl bir
yapiya sahiptir. Kaudal kenar tipi periferal kteni olup Gobius bucchichi ve Gobius paganellus
tirleriyle benzer 6zellik gostermektedir (Brager ve Moritz, 2016).

Baliklarim  farkli viicut bolgelerinde bulunan pullarin  morfometrik karakterlerinin  ve
morfolojilerinin belirlenmesi énemlidir. Bunun nedeni, pullarin farkli viicut bolgelerinde farkl sekil
ve Ozelliklere sahip olabilmeleri ve tiirler arasinda taksonomik agidan ayrimin saglanmasinda faydali
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olabilecek bazi ayirt edici karakterlere sahip olmasidir (Kontas vd., 2020). Bu karakterlerden bazilari
tiirden tiire degisen pullarmn tipleri, Olgiileri, yaricap diizenleri, sirkuli ve merkez pozisyonlaridir. Bu
ayirt edici karakterler balik tiirlerini (Harabawy vd., 2012), yaslarim (Esmaeili vd., 2007) ve
cinsiyetlerini (Ganzon vd., 2012) tanimlamak i¢in kullamilabilir (Farinordin vd., 2017). Farkli balik
tirlerinde pullar farkl sekil ve karakterlerde olabilirler (Jawad ve Al-Jufaili, 2007). Genel olarak G.
bucchichi tiriiniin pul seklinin tam dairesel ile ¢anak sekline yakin diskoidal araliginda oldugu, G.
paganellus tiiriiniin ise dairesel ve oval sekiller arasinda degistigi bildirilmistir (Brdger ve Moritz,
2016). M. batrachocephalus tiiriiniin pul morfolojisi disi ve erkek bireylerde bolgelere gore ayr1 ayri
degerlendirildiginde, B2 bolgesinde disi bireylerde eliptik, erkek bireylerde kordat tip pul
bulunmaktadir. Ayni sekilde, B3 bolgesinde disi bireylerin dairesel, erkek bireylerin ise hekzagonal
pul morfolojisine sahip oldugu belirlenmistir (Sekil 3, Tablo 1). B1, B4, B5, B6 ve B7 bdlgelerinde ise
pul morfolojileri disi ve erkek bireylerde ayni tiptedir (Sekil 3). Eliptik, dikdortgen, besgen,
dikdortgen, kare, tiggen ve sikloid gibi gesitli tiirlerde pul morfolojilerinin oldugu Jawad (2005)’1n
yaptig1 bir c¢aligmada bildirilmistir. Ktenoid pullara sahip bir balik tiirii olan Saurida tumbil’in
pullarinin da uzun, oblong, dikdortgen ve kare olarak farkli morfolojide olduklari rapor edilmistir
(Jawad ve Al-Jufaili, 2007). Baska bir arastiricinin ktenoid pullara sahip Upeneus vittatus tiiriinde her
iki cinsiyet i¢in pul tiplerini arastirdig1 caligmasinda ise, bireylerin pullarinin farkli viicut bolgelerinde
dikdortgen, kare, liggen ve oblong gibi farkli morfolojilere sahip oldugu ve bu morfolojik farkliliklarin
disi ve erkek bireyler arasinda da gézlemlendigi tespit edilmistir (Matondo vd., 2010). Bu ¢aligmada
pul morfolojisi arastirtlan M. batrachocephalus tiiriinde ise diskoidal, eliptik, dairesel, kordat ve
hekzagonal gibi farkli pul morfolojileri hem disi hem de erkek bireylerde oldugu dikkat ¢ekicidir.
Literatiirde bazi balik tiirlerinin viicut bolgelerindeki pul morfolojilerinde farkliliklar olabilecegi
bildirilmistir (Jawad, 2005). Bu durum hem U. vittatus’un (Matondo vd., 2010) hem de M.
batrachocephalus’un her iki eseyinde de gézlemlenmistir.

Pulun merkez noktasi, ontogenez esnasinda pulun ilk gelisen kismidir. Pul {izerindeki merkezin
konumu, her bir tiiriin yasami boyunca ayni kalmaktadir (Liu ve Shen, 1991; Jawad, 2005; Matondo
vd., 2010). M. batrachocephalus tiiriiniin disi ve erkek bireylerinde pul merkezinin konumu posterior
bolgededir. Benzer sekilde S. tumbil bireylerinde de pul merkezi pozisyonunun posterior bolgede
oldugu bildirilmistir (Jawad ve Al-Jufaili, 2007). Yapilan bir ¢alismada, U. vittatus tiirtiniin ¢esitli
viicut kisimlarindaki pullarmin merkezinin genellikle ortada veya hafif posterior kisima dogru
olustugu ve belirlenen her bolgede her iki esey igin pul merkezinin konumunin ayni oldugu
belirlenmistir (Matondo vd., 2010). Bu durum M. batrachocephalus eseylerinde de benzer sekildedir.
Yani belirtilen tiirler i¢in pul merkezinin pozisyonu agisindan disi ve erkek bireyler arasinda belirgin
bir fark bulunmamaktadir. M. batrachocephalus tiiriinde tespit edilen posterior konumlu merkez
noktasinin sebebi, muhtemelen anterio-posterior yonlii bir pul biiyiimesinden ziyade pulun lateral
yonde biiyiimesine bagli olabilecegi bildirilmistir (Roberts, 1993; Jawad, 2005; Matondo vd., 2010).

Yasam stirecleri icerisinde baliklarin kemiksi yapilarindaki biiytimeler ritmik olarak gerceklesir ve
bu durum sirkulus denilen biiyliime halkalarinin olusmasina ve kemiksi yapilarin dis yiizeyinde
goriinmesine izin verir (Ottaway, 1978). M. batrachocephalus bireylerinin pullari iizerinde bulunan
sirkuluslar belirgin ve bozulmus olarak iki farkli sekilde gozlemlenmistir. 3. ve 4. Bolge pullarinda ise
rejenerasyon ve absorpsiyon oldugu da tespit edilmistir. Bu durum sirkuluslarin devamliligini
bozmaktadir (Tablo 1). Sirkuluslarda gozlemlenen bu bozulmalar, sicaklik degisimi, yumurtlama
zamani, gog¢, besinden mahrum kalma, biiylime gibi cevresel ve biyolojik faktdrlere maruz
kalmasindan kaynaklaniyor olabilir (Bostanci ve Polat, 2008; Matondo vd., 2010).

Deniz tiirleri yaninda tatli su balik tiirleri i¢in de pullarla ilgili yapilmis calismalar mevcuttur.
Farinordin vd. (2017), Cyprinidae, Channidae, Nandidae familyalarina ait 17 tiir igin pul morfolojisini
ve morfometrisini belirleyerek, tiirler-arasi ayrimlarda kullanilabilecek bir anahtar olusturmuslardir.
Matondo vd. (2012) Glossogobius aureus (Gobiidae), Yedier vd. (2016) Garra rufa (Cyprinidae),
Farah-Ayuni vd. (2016) Barbonymus schwanenfeldii, B. gonionotus, Barbodes binotatu,
Cyclocheilichthys apagon, Cyprinus carpio, Hypsibarbus wetmorei, Hampala macrolepidota, Labeo
rohita, Rasbora sumatrana ve Osteochilus vittatus (Cyprinidae), Kontas vd. (2020) Cyprinion
macrostomum (Cyprinidae) tiirlerinde pul morfolojilerini aragtirmiglardir.

Baliklarin smiflandirilmasinda pul morfolojisinin degeri uzun zaman 6nce kabul edilmis (Hughes,
1981), baliklarin pul morfolojisi lizerine yapilan onceki arastirmalar, balik sistematigi i¢in degerli
bilgiler saglamistir (Jawad, 2005; Matondo vd., 2012; Yedier vd., 2016). M. batrachocephalus tiirii
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kullamlarak yapilan bu ¢aligmanin, ileride diger deniz tiirleriyle yapilacak ¢aligmalar i¢in bir kaynak
olusturacag1 diisiiniilmektedir. Incelenen morfolojik ve morfometrik karakterlerin sonuclari, M.
batrachocephalus tiiriiniin sistematigi iizerine ileride ¢aliyma yapacak aragtirmacilara tiire 6zgii ek
morfolojik veriler sunmaktadir. Disi ve erkek bireylerin pul morfolojileri ve morfometrileri arasinda
farkliliklar olabileceginden dolayi, bu 6zelliklerin her iki esey bakimindan ayr1 ayr1 degerlendirilmesi
gerekmektedir. Bu ¢alisma, pul morfolojisi ve morfometrisi iizerine ileride yapilacak arastirmalarda
deniz tiirlerinin pul morfolojilerinin tanimlanmasi, morfometrik degerlerinin saptanmasi, Karadeniz,
Marmara Denizi, Ege Denizi ve Akdeniz’deki balik tiirleri i¢cin bu bilgiler 1s1ginda atlaslarmn
hazirlanarak tiirler hakkinda daha kapsaml bilgiler saglanmasina katki saglayabilir.
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Abstract

A new record of Lobotes surinamensis (Bloch, 1790) around Saros Bay, North Aegean Sea is presented, based on a
single hermaphrodite specimen with detailed biological information. On 12 June 2018, the specimen was captured by
fishermen with gillnets at a depth of 25 m. Sex, age, and stomach content were determined. This new record proves the
Northernmost distribution of the species in the Turkish part of the Aegean Sea.

Keywords: Non-native, spread, record, population, Aegean Sea

Ege Denizi'nin Tiirkiye Kiyillarindan Atlantik Ug Kuyruk Lobotes surinamensis (Bloch, 1790) Yeni Kaydi ve Bazn
Biyolojik Ozellikleri

Ozet

Bu ¢alismada, Lobotes surinamensis (Bloch, 1790)’in Saroz Korfezi’ndeki yeni kayd: tek disi birey ile detayli biyolojik
bilgileriyle birlikte verilmistir. Birey balik¢ilarin uzatma aglarindan 25 m derinlikte 12 Haziran 2018 tarihinde yakalanmustir.
Cinsiyet, yas ve mide igerigi belirlenmistir. Bu yeni kayit tiiriin Kuzey Ege’nin Tiirk sularindaki en kuzey dagilimimni

gostermektedir.

Anahtar Kelimeler: Yerel olmayan, yayilim, kayit, popiilasyon, Ege Denizi

INTRODUCTION

Atlantic tripletail, Lobotes surinamensis (Bloch, 1790) is a member of the family Lobotidae, is
represented only single species in Turkey. Tropical and temperate waters of all oceans host Atlantic
tripletail. A widespread distribution of this species only restricted around Eastern Pacific (Froese and
Pauly, 2018). Although it is considered rare around the Mediterranean (Tortonese, 1975), Atlantic
Tripletail continues its distribution towards the North day by day.

According to documented records, the Atlantic Triple Tail has spread from the Arabian sea and the
Oman sea to the entire Mediterranean basin (Manilo and Bogorodsky, 2003; Al-Jufaili et al., 2010;
Javad et al., 2015). After being identified in Sicilian waters (Doderlein, 1875), it has been reported in
the Southeastern Mediterranean (Tortonese, 1975) and Israeli waters (Golani, 1996). When the records
of the last 20 years were examined, many records in the Mediterranean Basin showed that the species
has become more common in this region (Camilleri et al., 2005; Minos and Economidis, 2007; Zava et
al., 2007; Deidun et al., 2010; Dulcic et al., 2014a; Dulcic et al., 2014b). On a large scale,
Northernmost occurrance of this species were notified from Nova Scotia (Gilhen and McAllister,
1985) in the North Atlantic; from the Russian waters (Kharin et al., 2009) in the Western Pacific;
Barcelona (Palom, 1991) in the Western Mediterranean and Rasa Bay (Dulcic et al., 2014b) in the
Adriatic. Northern extension of Atlantic Tripletail in the Aegean Sea has been recorded by Greek and
Turkish researchers. In the Aegean Sea, the first record was given by Economidis (1973). In the
Turkish part, Akyol and Kara (2012) were realized first record from Izmir Bay. Up to today, the
Northernmost occurrence has been identified by Tuncer and Onal (2016) from Canakkale Strait. Also,
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Goniilal and Giiresen (2014) were reported from Gokgeada Island and Bilge et al. (2017) were
reported from Southern Aegean Sea.

Detailed studies were conducted on age, growth, reproductive biology, and feeding habits of the
species around the Gulf of Mexico (Brown-Peterson and Franks, 2001; Franks et al., 2003; Strelcheck
et al., 2004). Due to limited occurrences, no study has been found in the Mediterranean yet.

The present study aims to report the Northernmost occurrence of the L. surinamensis, in the
Turkish part of the Aegean Sea. Beside, some biological notes were shared to increase knowledge on
the biology of this species.

MATERIALS and METHODS

One hermaphrodite individual was provided by a local fisherman on 12 June 2018 from Sultanige
shores in the Saros Bay, North Aegean Sea. A single specimen of Atlantic Tripletail was caught with
gillnets at a depth of 25 m. The specimen was identified according to Tortonese (1975) and Dulcic et
al. (2014a). It was photographed, some morphometric characters measured and meristic characters
were counted (Figure 1).

Figure 1. Atlantic Tripletail, Lobotes surinamensis

The total length (TL) was measured to the nearest millimeter using a measuring board, and the total
weight, gonad weight, and otolith weight were recorded to the nearest gram using precision scales.
The length and width of otoliths were measured using the Q-Image digital imaging program. Sex and
maturity stages were determined by macroscopic observation of male and female gonads. Age was
estimated by interpreting annual growth rings on otolith according to Iglesias and Dery’s (1981)
method. Readings were made by three independent researchers. Otolith rings were counted under
reflected light by placing the concave side of the otolith against the glass surface. The sexual maturity
stage was determined with Holden and Raitt’s (1974). The stomach was dried on a blotting paper,
weighted with precision scales, and prey were sorted and identified to the lowest possible taxonomic
level.
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RESULTS

Some morphometric measurements and meristic counts of the individual are given in Table 1. The
total length and weight were measured as 379 mm and 1254.6 g, respectively. The lateral line goes
along nearly straight and has 56 ctenoid scales. The species has a relatively long head with a 29% of
the total length. Anus is situated about 75% of the total length through the backward. Body
morphology can be definable as highly compressed with a high body depth, corresponding to 48% of
the total length.

Table 1. Morphometric measurements, otolith measurements, and meristic counts of the single specimen of L.
surinamensis (Bloch, 1790) and comparison with previous data obtained from varied studies.
In this study Amor et al. (2016) Kechaou De Carloetal. Javadetal.

etal. (2017) (2015)
(2018)
Region North Aegean North-Eastern Tunisian Ligurain Sea Oman Sea
Sea Tunisia Waters
Sex Hermaphrodite Q Q - Hermaphrodite -
Morphometric measurements (cm)
Total length (TL) 37.9 39 25 43 42.7 63.0
Standard length (SL) 335 334 19.9 36.5 - 53.0
Head length 11 5.5 5.1 12 12.4 24,5
Interorbital space 3.5 2.0 1.7 35 34 -
Predorsal length 125 6.7 5.1 13 12.9 17.0
Preanal length 21.5 22.5 15.8 24 27 36.5
Prepectoral length 11 - - - 13.3 19.0
Prepelvic length 125 5.7 4.7 125 15.6 -
Max.Body depth 18 - - - 155 34.0
Eye diameter 1.3 - - - 1.2 2.0
Preorbital length 2.5 - - - 24 -
Meristic counts
Dorsal fin rays X+ 16 X+ 16 X+ XIl+16 X1l +15 -
Anal fin rays 1 +12 " +13 II1I5+ " +12 " +11 -
Pectoral fin rays 16 12 g 13 15 -
Caudal fin rays 16 18 18 18 16 -
Pelvic fin rays 1+5 1+5 1+5 1+5 1+5 -
Gilrakers 12 - - - - -
Linea lateralis scal 56 - - - - -
Operculum rays VII - - - - -
Weight ()
Total weight 1254.6 1450 950 1206 1377 -
Gonad 92.2-34.82 75 6.8 - 21.2-30.7 -
Otolith measurements(mm)  Right / Left
Width 9.21/8.99 - - - - -
Height 5.067/5.223 - - - - -
Weight (g) 0.0463 / 0.0455 - - - - -

Otolith length, width, and weight measured as 9.21 mm, 5.07 mm, and 0.0463 g, respectively.
There were no statistical differences in morphological measurements for both right and left otoliths.
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Only single growth ring was determined both right and left sagittal otoliths and age were identified as
1 (Figure 2).

" ~™ o A
Figure 2. Right sagittal otolith of L. surinamensis

According to macroscopic observation, sex was determined as a hermaphrodite. Female gonad was
observed as small, dully transparent, and pinkish-whitish, and sexual maturity defined as 2nd stage.
Also, testis was whitish to creamy and determined as 3rd stage (Figure 3a). The stomach was weighted
as 12.56 g and only a single prey type was observed. Preys were poorly digested, so species of fish in
the stomach content identified as Atherina boyeri (Figure 3b).

a
Figure 3. a) Hermaphrodite gonad of L. Surinamensis b) stomach content and prey type (A. boyeri)

DISCUSSION

Azzurro (2008) described Atlantic Tripletail as a native Mediterranean species whose range is
expanding northwards. On the contrary, lots of researchers identified this species as a thermophilic
non-native fish species. Tiralongo et al. (2018) were detected a well-established population around the
Southern Tyrrhenian Sea, in the Central Mediterranean. In recent years, some juvenile specimens has
been recorded from varied regions in the Mediterranean (Deidun et al., 2010; Tiralongo et al., 2018;
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Ergiiden et al., 2018). According to these results, it seems that Atlantic Tripletail can be defined as a
native species of the Mediterranean.

The northernmost distribution of Atlantic Tripletail in the Mediterranean has been given in some
works. Atlantic Tripletail has been reported from Barcelona shores in Western Mediterranean (Palom,
1991); from Rasa Bay, Adriatic (Dulcic et al., 2014b); from Izmir Bay, Central Aegean Sea (Akyol
and Kara, 2012) and Dardanelles, North Aegean Sea (Tuncer and Onal, 2016). Minasidis et al. (2020)
were lastly recorded around the Northwesternmost shores of the Aegean Sea (Strimonikos Gulf, Delta
Evrou, Thermaikos Gulf, and the Thracian Sea). They were reported 5 individuals in the area between
2018 and 2019. In this study, the single hermaphrodite specimen was caught with gillnets on 12 June
2018 around Sultanige shores, Saros Bay, North Aegean Sea. This record constituted the Northernmost
occurrence of the Atlantic Tripletail in the Turkish part of the Aegean Sea. Minasidis et al. (2020)
were collected their records as part of the citizen science project. Authors stated that Atlantic Tripletail
has become more common in the region. This hypothesis was supported by this simultaneous report.
Atlantic Tripletail may become more common and reproduction may occur soon. Therefore, the early
life stages and juveniles of the species should be closely monitored.

Morphometric measurements and meristic counts were given and compared in Table 1. Our
findings on morphometric measurements were consistent with the findings of Kechaou et al. (2018)
and De Carlo et al. (2017). However, some differences were observed on the morphometric
measurement of 39 cm TL individual of Amor et al. (2016). These differences mostly occurred in head
length, prepelvic length, and predorsal length. As can be seen in Figure 1, these measurements were
relatively higher for 39 cm TL individuals. When compared the morphometric data with the findings
of the study conducted in the Sea of Oman (Javad et al., 2015), relatively the same values were
obtained by percentage of the total length. Information on population dynamics and reproductive
biology is absent due to the lack of extensive stock in the Mediterranean. The knowledge on the
biology of Atlantic Tripletail has been revealed around Mexico Gulf. Strelcheck et al. (2004) were
evaluated 119 specimens, ranging in size from 293 to 763 mm TL. Sexual maturity of females was
estimated as between 494 and 594 mm TL and approximately approximately 1 and 2 years old. They
stated that the diet of Atlantic Tripletail mainly consists of shrimps, pelagic fish species, and crabs.
Authors detected that the ratio of fish consumed as prey increased with increasing of the Atlantic
Tripletail length. Besides, they argued that consumed fish constituted %31 of total prey in weight.
Franks et al. (2003) were determined the feeding habits of Atlantic Tripletail around Mississippi, Gulf
of Mexico. Authors were found that fishes and Crustaceans constituted total prey abundance, equally.
In our study, we observed that a single hermaphrodite specimen could not reach the first maturity with
its 379 mm TL according to Strelcheck’s (2004) results. Synchronous hermaphroditism was
determined in the studies conducted in the Ligurian Sea (De Carlo et al., 2017) and North Aegean Sea
(Minos and Economidis, 2007). In both these studies, no ripe female gonads were observed. Since
none of these studies had histological gonad evaluation, information about reproductive biology is
insufficient.

Only a single growth ring was found, so age was determined as 1. In stomach content, a single prey
type was found as small pelagic fish, A. boyeri. Undoubtedly, a single specimen will not give
sufficient information in terms of comparison with previous studies. However, age-length key and first
sexual maturity length showed close data. As stated by Strelcheck et al. (2004) and Franks et al.
(2003), pelagic fish was also found as prey, in this study.

Atlantic Tripletail, L.surinamensis appears to expand it’s spread up to the Northernmost of the
Aegean Sea. It has not been reported from the Sea of Marmara and the Black Sea, yet. Besides, fewer
reports have been found around the Eastern part of the North Aegean Sea, where under the influence
of the Black Sea Water (BSW) inflow. BSW, which shows features of lower temperature and salinity,
may create a barrier to the spread of the species via the Sea of Marmara and the Black Sea. With the
global warming of the waters, we will see whether it can overcome this barrier in the forthcoming
years. Beside Minos and Economidis (2007) presented a different hypothesis on the dispersal of this
species. According to the authors, seasonal movements of surface currents have influenced on the
dispersal of Tripletail due to its co-existence behavior with the floating—mediated passive objects.
With the effect of these currents, it expands its distribution to the North in the summer months for
foraging and dispersing to new areas. Although it is difficult to present an opinion on this issue with a
single individual, the sampling time of individual (June) may confirm this hypothesis.
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Consequently, the spread of uncommon species in a region should be monitored in terms of
ecological balance. The knowledge on stock structure, reproductive capability, and feeding ecology
should be increased. Potential impacts on their new habitat should be identified.
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Abstract

We used seven biotic indices to determine the water quality of Karabal Stream (Gediz River) in West Anatolia, Turkey.
The indices were based on benthic macroinvertebrate and physicochemical parameters: Saprobi Index (SI), Biological
Monitoring Working Party (BMWP), Average Score per Taxon (ASPT), Family Biotic Index (FBI), Belgian Biotic Index
(BBI), EPT-Taxa [%] were used as biotic indices and Shannon-Weaver index (SWDI), Simpsons index (SDI) and Margalef
index (MDI) for diversity. Ten taxonomic groups were found in Karabal Stream consisting of Crustacea, Oligochaeta,
Gastrapoda, Ephemeroptera, Plecoptera, Trichoptera, Odonata, Coleoptera, Diptera, and Hemiptera. The water quality along
the stream varied from good class in the upstream stations, to moderate in downstream stations according to the most suitable
indices. According to canonic correspondence analysis (CCA), the distributions of Diptera, Oligochaeta, and Hemiptera
species are positively correlated to EC, Cl, Turbidity, Temperature, NH4-N, NO,-N, and NOs-N while they are negatively
correlated to DO, DOS and pH. The distributions of EPT species are positively correlated to DO, DOS and pH. According to
Pearson’s correlation, the BBI, BMWP (Original), BMWP (Spanish), and EPT-Taxa [%] metrics were sufficient in the
estimation of water quality in the examined watercourse. Considering studies in surface waters of Turkey, the BMWP and
EPT-Taxa [%] indices reflect the water quality as correctly in all studies we examined, however, BBI did not always show
reliable results. Therefore there is a need for the establishment of a Turkish Biotic Index which takes into account country-
specific macroinvertebrates, their abundance, biology, and ecology.

Keywords: Karabal Stream, Water Quality, Benthic Macroinvertebrates, Physicochemical Parameters, Biotic and Diversity
Indices.

Karabal Cay’min (Gediz Nehri, Tiirkiye) Su Kalitesinin Degerlendirilmesi ve Kullanilan Endeks Performanslarinin
Karsilagtirilmasi

Ozet

Tiirkiye'nin Bat1 Anadolu Bolgesi'ndeki Karabal Cayi'min (Gediz nehri kolu) su kalitesini belirlemek i¢in yedi biyotik
indeks kullamlmistir. Kullanilan indeksler bentik makroomurgasizlar ve fizikokimyasal parametreler temellidir. Biyotik
indeks olarak; Saprobi Indeks (SI), Biyolojik Calisma Grubu indeksi (BMWP), Takson Basma Ortalama Puan (ASPT),
Familya Biyotik Indeksi (FBI) ve Belgika Biyotik Indeksi (BBI), ¢esitlilik indeksi olarak; Shannon-Weaver indeksi (SWDI),
Simpsons indeksi (SDI) ve Margalef indeksi (MDI) kullanilmistir. Karabal Cayi'nda Crustacea, Oligochaeta, Gastrapoda,
Ephemeroptera, Plecoptera, Trichoptera, Odonata, Coleoptera, Diptera ve Hemiptera'dan olusan 10 taksonomik grup
saptanmustir. Akarsu boyunca su kalitesi, indekslere gore akarsuyun memba kesimlerinde iyi simiftan akarsuyun asagi mansap
kesimlerinde orta seviyeye kadar degismektedir. Kanonik korelasyon analizi (CCA)'ne goére, Diptera, Oligochaeta ve
Hemiptera tiirlerinin dagilimlar, CO, COS ve pH ile negatif korelasyon gosterirken EC, Cl, Turbidite, Sicalik, NH4-N, NO,-
N ve NOs-N ile pozitif korelasyon gostermektedir. EPT tiirlerinin dagilimlart CO, COS ve pH ile pozitif korelasyon
gdstermistir. Pearson korelasyon analizine gére BBI, BMWP (Orijinal), BMWP (ispanyol) ve EPT-Taksa [%] indeksleri
incelenen akarsu {izerindeki su kalitesi tahmini i¢in yeterli bulunmustur. Tiirkiye yiizey sularinda yapilan diger ¢alismalar da
dikkate alindiginda BMWP ve EPT-Taxa [%] indeksleri su kalitesi belirlemeye yonelik yapilan tiim ¢alismalarda oldugu gibi
bu ¢alismada da su kalitesi agisindan yeterli dogruluk yansitmaktadir, ancak BBI her zaman giivenilir sonuglar vermemistir.
Bu nedenle, iilkeye 6zgii makroomurgasiz gruplarinin bolluklarini, biyolojilerini ve ekolojilerini dikkate alan bir Tiirkiye
Biyotik Indeksi’nin olusturulmasina ihtiyag vardir.

Anahtar Kelimeler: Karabal Cayi, Su Kalitesi, Bentik Makroomurgasizlar, Fizikokimyasal Parametreler, Biyotik ve Cesitlilik
Indeksleri.
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INTRODUCTION

The existence of a sufficient amount of good quality water is an essential need for the future of
humanity and sustainable development. Monitoring studies on freshwater resources is the first step in
conservation policies. In the late 20™ century, the scarcity of freshwater resources reached the point
that would threaten food safety, livelihood, and health of people (Falkenmark, 1989; Kundzewicz,
1997; Vorosmarty et al., 2000). The freshwater ecosystems supply 40% of all food and agricultural
crops production by irrigation, 12% of fish consumed by humans, and produces 20% of electrical
energy in the World (Johnson et al., 2001). In addition to the direct effects of water scarcity, the
degradation of water quality reduces its usability.

More than 3 billion people in the world can not access clean water, and this problem is of particular
importance in developing countries where 90% of untreated wastewater is discharged into streams
(Johnson et al., 2001). So to maintain the water quality of the existing freshwater ecosystems very
important. Biological water quality monitoring in all surface water systems was obligated by the EU
Water Framework Directive (WFD). According to the WFD, the bio-indicators such as benthic
macroinvertebrates, phytoplankton, phytobentose (diatom), fish, aquatic macrophyte, macroalgae, and
angiosperm are biological quality components in water quality monitoring. Among all these groups,
benthic invertebrates are the most advantageous. Benthic macroinvertebrates live above or inside the
bottom substrates of freshwater and marine ecosystems. They have limited mobility and have an
important place in the food chain of freshwater ecosystems. The responses of the macroinvertebrate
community to environmental changes are particularly useful in assessing the impact of every kind of
pollutants in surface waters.

Many biotic indices were created according to specific geographic and climatic regions. European
countries have created various indices with variable diagnosis and counting of different organisms
(Korycinska and Kroélak, 2006; Yorulmaz et al., 2015). The Saprobi Index (SI) (Kolkwitz and
Marsson, 1902) in Germany, the BMWP and ASPT (De Pauw and Hawkes, 1993) in England, the BBI
(De Pauw and Heylen, 2001) in Belgium, the FBI (Hilsenhoff, 1988) in the USA, Danish Stream
Fauna Index (DSFI) (Skriver et al., 2001) in Denmark, give the most reliable results specific to
geographical regions. A lot of biotic indices have been used to determine water quality in Turkey
(Kazanc1 and Diigel, 2000; Kalyoncu and Zeybek, 2009; Kazanci et al., 2010; Zeybek et al., 2014;
Yorulmaz et al., 2015; Zeybek, 2017). Since the studies are conducted for 25 years, a biological water
quality index specific to Turkey has not been developed.

Gediz River watercourse have been polluted due to increasing industrialization and population
growth. It’s aimed to investigate the level of pollution and its effect on the macroinvertebrates in the
Karabal Stream. With this study, to compare the performances of biotic and diversity indices.

MATERIALS and METHODS
Study Area

This study was carried out on Karabal Stream (Gediz River, Turkey) (Figure 1). The length of the
stream is 58 km. Karabal Stream is 20 km away from Usak ctiy center. Usak Industrial Zone was
established 6 km east of the stream. Giire Plain is located at the junction of Karabal Stream and Gediz
River. The Mediterranean climate prevails in the region.
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Figure 1. Map of the sampling stations in Karabal Stream.

Karabal Stream is used as an irrigation water source for the surrounding agricultural fields. The
sampling stations were chosen based on stream source and domestic areas. The research was
conducted between April 2019 and March 2020 at five monitoring stations that included the upstream
(#1, #2, #3), and downstream (#4 and #5) sections. The sampling was carried out seasonally (April,
August, November, February) over a year in the stream. Some key characteristics of sampling stations
are presented in Table 1.
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Table 1. Some key characteristics of sampling stations in Karabal Stream.

Sampling Station Coordinates Habitat Stream morphology  Riparian
(N-E) vegetation
#1 The source point of the 38°64° N Largerocks (>80  No Macrophyte was It’s not
stream 29°34’ E cm) present well
mixed with gravel developed.
and wood debris
#2  Karabal Stream in village Large rocks, Well
Kayagil. Agricultural areas 38°63° N gravel, and wood Macrophyte was developed
and thermal pools are 29°29’E debris. present on both
intense around the stream. sides.
#3  Karabal Stream in village 38°64’ N Sand, gravel, silt, Domestic wastes It’s not
Eskisarat. Agricultural areas 29°24°E and cobbles inflow. well
and domestic settlements No Macrophyte was  developed.
are intense around the present
stream.
#4  Karabal Stream in village It’s not
Giire. Agricultural areas and 38°64’ N Sand, gravel, silt, Domestic wastes well
domestic settlements are 29°16’ E and cobbles inflow. developed.
intense around the stream. No Macrophyte was
present
#5 The point where the Karabal Well
Stream drains into the Gediz 38°67° N Cabbles, pebbles, Macrophyte present.  developed
River. 29°13°E sand, and muddy on both
sides.

Benthic macroinvertebrates were collected from each station by using a classic 50x30 cm size with
a 250 um mesh hand net. Macroinvertebrate sampling was done from downstream towards upstream.
Macroinvertebrates were obtained from the different substrate types such as rock, sand, and gravel
present at the stations. Some sessile organisms adhering to the large stone, rock, or any other substrate,
were collected by using forceps (AQEM Consortium, 2002). The taken organisms were stored in 70%
alcohol and 4% formaldehyde and then brought to the Ege University Hydrobiology Research
Laboratory. Brought samples from the stream were categorized and diagnosed to the lowest possible
taxonomic level such as genus or species, under a stereomicroscope.
Physicochemical Parameters

To determine the water quality classes, 16 physicochemical parameters were monitored seasonally.
Water temperature (°C), pH, electrical conductivity (EC), turbidity, oxygen saturation (DOS), and
dissolved oxygen (DO) of each water sample were measured at the sampling points by oxygen meter
and multiparameter. The biochemical oxygen demand (BOls) was assessed by using a
spectrophotometer on the base of the Winkler azide method with Merck BOD Cell Test Kits. The
orthophosphate (PO,4-P), ammoniacal nitrogen (NH4-N), nitrate (NO,-N), nitrite (NO3-N), and chloride
(CI) were by using appropriate Merck kits according to manufacturer’s instructions (Merck
Phosphate, Ammonium, Nitrite, Nitrate, and Chloride Test Kits). Major cations such as K, Ca and Na
were evaluated by flame photometry after the acid-treated on water samples, while Mg was evaluated
by using the Flame Atomic Absorption Spectrometer (FAAS). All water samples were stored in an
insulated cooler containing ice and taken on the same day to the laboratory and stored at 4°C until
processing and analysis (APHA, 2005).
Biotic Indices

The benthic macroinvertebrates were analyzed to determine the biological quality score by using
ASTERICS 4.04 software program (AQEM Consortium, 2002). With this purpose, the BBI, FBI, SI,
ASPT, BMWP (Original), BMWP (Spanish) biotic indices, and SWDI, SDI, MDI diversity indices
were used to determine the water quality of Karabal Stream.
Data Analysis

All statistical analyses between the physicochemical data sets, Pearson correlation analysis and
biotic parameters were made using Excel 2019 (Microsoft Office™) and SPSS version 20.0. In this
study, the relationship between physicochemical parameters and macroinvertebrates were determined
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by using CCA based on multivariate statistical analysis (Ter Braak, 1995). Pearson correlation
analysis is used to express the relationships between indices and physicochemical parameters. The
faunal similarities based on benthic macroinvertebrates between the sampling stations were assessed
by using the Bray-Curtis similarity index (Sommerfield, 2008; Yoshioka, 2008).

RESULTS and DISCUSSION
Physical and Chemical Parameters

The results of physicochemical variables were presented in Table 2.

Table 2. The mean and standard deviation values of physicochemical parameters in sampling stations.

Parameters Station 1 Station 2 Station 3 Station 4 Station 5
T M=SD 11.4+0.21 11.8+0.28 13.0+0.67 13.9+0.85 14.4+0.62
(°C) SE 0.062 0.081 0.185 0.228 0.163
pH M=+SD 7.13+0.04 7.03+£0.04 6.70+0.08 6.60+0.08 6.95+0.05
SE 0.014 0.015 0.030 0.031 0.018
EC M=SD 149.2+10.6 159.7+10.7 393.2+25.8 405.0+£24.5 210.2+8.22
(mS/m) SE 0.867 0.846 1.301 1.217 0.566
Turbidity M=SD 1.64+0.22 1.90+0.18 60.8+11.2 64.2+11.8 8.77+1.11
(NTU) SE 0.171 0.130 1.436 1.472 0.374
DO M+SD 11.9+0.25 11.4+0.31 10.8+0.29 10.4+0.29 10.1£0.18
(mg/l) SE 0.072 0.091 0.088 0.089 0.056
DOS M+SD 126.249.74 113.2+4.99 95.74+3.59 92.5+3.69 101.0+5.09
(%) SE 0.867 0.469 0.367 0.383 0.506
BOIs M+SD 1.11+£0.05 1.24+0.11 6.26+0.86 6.76+1.10 2.00+0.11
(mg/l) SE 0.047 0.098 0.343 0.423 0.077
NH,;-N M=£SD 0.035+0.012 0.24+0.06 7.67£2.25 7.90+£2.26 1.21£0.10
(mg/L) SE 0.064 0.122 0.812 0.804 0.090
NO,-N M=SD 0.06+0,01 0.13+0.035 4.9440.68 5.10+£0.36 1.95+0.17
(mg/L) SE 0.040 0.097 0.306 0.159 0,121
NOs-N M=£SD 1.06+0.04 1.09+0.03 5.92+0.82 6.00+0.66 1.85+0.12
(mg/L) SE 0.038 0.028 0.337 0.269 0.088
cr M=£SD 2.01£0.13 2.50+0.48 23.2+4.38 22.9+3.67 3.80+0.41
(mg/L) SE 0.091 0.303 0.909 0.766 0.210
Ca M=£SD 21.1£2.12 24.6+£5.16 56.0+8.28 54.1+£8.30 30.7+4.11
(mg/L) SE 0.461 1.040 1.106 1.128 1.347
Mg M=£SD 10.7+1.26 11.5+1.49 27.7£5.78 29.8+7.54 17.3£2.15
(mg/L) SE 0.385 0.439 1.098 1.381 0.516
K M=£SD 12.1+£0.80 12.9+1.00 27.943.25 29.2+3.94 15.1+£0.98
(mg/L) SE 0.230 0.278 0.425 0.729 0.252
Na M=£SD 15.9+0.40 16.4+0.49 30.9+£7.56 31.9+£7.04 17.5+0.86
(mg/L) SE 0.100 0.121 1.360 1.246 0.205
PO, M=£SD 0.025+0.019 0.032+0.017 5.43+1.10 5.34+0.86 0.77+0.17
(mg N/L) SE 0.120 0.095 0.472 0.372 0.193

M: Mean; SD: Standard deviation; SE: Standard error

It is known that the metabolism of organisms varies with temperature. DO and DOS which is vital
for aquatic organisms varies depending on the temperature (Wetzel, 2001; Tanyolag, 2004). Benthic
macroinvertebrates are sensitive to changing temperature and oxygen in the water and as temperature
increases and oxygen decreases, sensitive organisms are being replaced by tolerant organisms (Wetzel,
2001; Tanyolag, 2004; Walczynska and Sobczyk, 2017). The Karabal Stream is suitable for organisms
in terms of temperature, DO and DOS. Uyanik et al., (2005) reported the lowest DO value at the
sampling point (8.3 mg/L) after the mixture of industrial and domestic wastewater in their study on
Egri Stream. Kara and Comlekcioglu (2004) examined the pollution of Karagay Stream with
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biological and physicochemical parameters and stated that the amount of DO was low at the sampling
point after the domestic wastes mixed. Diigel (1995) and Barlas et al., (2000) reached similar results in
their studies on Yuvarlak¢ay Stream. Kalyoncu et al., (2008) reached similar results in their studies on
Aksu Stream BOls is of great importance as it is a measure of organic pollution in aquatic ecosystems
(WHO, 2011). In Karabal Stream, the highest BOIs values were measured at the sampling points (#3
and #4) affected by domestic wastes. pH, which is an indicator of the acidity of water, is one of the
important factors affecting life (Wetzel, 2001; Tanyolag, 2004). According to the pH data determined
in Karabal Stream, there is no risk for organisms. The turbidity of the downstream stations of the
Karabal Stream was found to be high. EC values are quite high at stations #3 and #4. At these
sampling points, the accumulation of suspended solids due to the low slope and pollution pressure.
This increased both density and EC values. Kalyoncu et al., (2005) and Kalyoncu and Zeybek (2009)
obtained similar results in Aksu Stream and Isparta Stream, respectively. The high CI” values indicate
that the electrical conductivity is also high. The amount of chloride in many drinking waters does not
exceed 30 mg/L (Egemen and Sunlu, 1996). CI" values are quite high at stations #3 and #4 parallel
with the turbidity and EC values. The increasing major cations such as K, Ca, Na and Mg amounts in
water are due to household detergents (Tanyolag, 2004). These major cations were found to be quite
high at stations #3 and #4 due to dense domestic settlements. Elements that limit efficiency in aquatic
environments are mostly PO,, NH4-N, NO,-N, NO3s-N (Moss, 1987). The NO3z-N in groundwater and
surface waters results from the oxidation of ammonia, which occurs as a result of the decomposition of
proteins contained in vegetable and animal wastes, and nitrate fertilizers used in agricultural areas.
NOs-N is the most common form of nitrogen in freshwaters, and it is very rare in uncontaminated
waters (Wetzel, 2001). It is also below the limit value reported as 50 mg/L in WHO, where the NO3-N
values determined at all stations examined in the stream are below the recommended 10 mg/L limit
value in healthy waters reported by EPA. (WHO, 2011). The increase of PO4, NH4-N, NO»-N, NO3s-N
in stations #3 and #4 showed the richness of these two stations with nutrients caused by discharges of
domestic wastes in the vicinity of Karabal Stream.
Benthic Macroinvertebrate Data

In this study, a total of 3.748 benthic macroinvertebrate samples were collected; all the specimens
collected belong to nine groups: Crustacea, Oligochaeta, Gastropoda, Ephemeroptera, Plecoptera,
Trichoptera, Odonata, Coleoptera, Diptera and Hemiptera. The maximum numbers of individuals were
collected at station #1 (1.013 individuals), while the minimum numbers of individuals were collected
at station #4 (572 individuals). The lowest number of individuals was determined in autumn while the
highest number of individuals was determined in spring with the collection of all benthic invertebrate
samples (Figure 2).

Summer

Figure 2. The total percent of benthic macroinvertebrates according to season.

As a result of this count, the most dominant group in all benthic macroinvertebrate groups was
Insecta in the stream (Figure 3).

339



ERTAS et al. 2021 ActAquaTr 17(3), 334-349

Ja1z

3500

3000

2500

2000

1500

1000

Number of individuals

196 ——=
500 142 . — —_—

88 _—

GASTROPODA CRUSTACEA OLIGOCHAETA INSECTA

Figure 3. Benthic invertebrate groups in Karabal Stream.

Considering all taxonomic groups in Karabal Stream, Ephemeroptera was the most dominant group
in station #1 (40.8%), station #2 (41%) and station #5 (31.2%); Diptera was the most dominant group
in station #3 (28.6%), and station #4 (28.3%); Pleoptera was the second dominant group in station #1
(26.8%) and #2 (22.7%); Trichoptera was the second dominant group in station #3 (18.9%) and #5
(23.3%) (Figure 4).

Taxonomic group [%6]
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Figure 4. Distribution of taxonomic groups in Karabal Stream.

Out of 25 families identified, Insects are the richest group represented with 21 families:
Ephemeroptera (6), Plecoptera (4), Trichoptera (4), Odonata (1), Coleoptera (1), Diptera (3), and
Hemiptera (2) that make up 89.15% of the macroinvertebrates of the Karabal Stream Crustacea were
represented with 1 family: Gammaridae, which consists 3.79% of macroinvertebrates; Oligochaeta
were represented with 1 family: Tubificidae, which consists 5.23% of macroinvertebrates; Gastropoda
were represented with 2 families: Bithyniidae and Lymnaeidae, which consists 2.35% of
macroinvertebrates.

The dominance of benthic macroinvertebrate species according to the stations is shown in the
Figure 5. As a result of the observations, Gammarus sp. was dominant at the station #2, #3 and #4.
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Gammarus sp., which belongs to the group of Amphipoda is found in low polluted river sections
(Meyer, 1987). Chironomus sp. and Chironomus plumosus were dominant species at the station #3 and
#4. These species are an indicator for polysaprobic (heavily polluted) aquatic systems (Kalyoncu and
Zeybek 2010; Arslan et al., 2016; Zeybek, 2017). According to Moisan and Pelletier (2008), the
tolerance range of these organisms are high They can inhabit an environment with low or high DO
(mg/l), DOS (%) and T (°C). The abundance of organic matter is favorable for benthic
macroinvertebrates such as Diptera and Oligochaeta (Rashid and Pandit, 2014). Kalyoncu and Zeybek
(2009) determined that the 6™ station, which is the downstream point of the stream, has low organism
diversity. On the other hand, the most dominant group was Diptera followed by Oligochaeta (Tubifex
tubifex). Chironomus thummi from Diptera, and Simulium sp. were the most dominant taxa in Isparta
Stream.
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Figure 5. Dominancy (%) of taxon of benthic macroinvertebrates at the stations.

In terms of diversity, the richest were sampling station #1 and station #2 with 20 families each, 14
of them belonging to Ephemeroptera- Plecoptera- Trichoptera (EPT) group that are classified as
sensitive organisms to the oxygen concentration in the water. The high percentage of EPT taxa
indicates high water quality (Lenat, 1993). In stations #1 and #2, the most dominant within EPT were
Ephemeroptera, with 6 families. The dominance of the orders Ephemeroptera, Plecoptera, and
Trichoptera which are considered to be sensitive to environmental stress signifies relatively clean
conditions (Merritt, 1978). Two Diptera, Gastropoda, and Hemiptera families composed the rest of the
macroinvertebrates in these two stations. Both these stations are upstream of the Karabal Stream.
According to Meyer (1987), Baetis sp. located in the organically less polluted stream section and
included in water quality class I-1l. Zeybek et al., (2014) determined most dominant taxon was
Ephemeroptera (a pollution-sensitive species) in upstream sampling stations in Degirmendere Stream.
Macroinvertebrate fauna consists of 19 families in stations #3 and #4. However, the number of EPT
families decreased in these station.

In sampling stations #3 and #4 due to heavy pollution with domestic wastewaters, diversity of
macroinvertebrates decreased and was dominated by semi tolerant and tolerant families to pollution,
such as Baetidae, Chironomidae, Tubificidae, Athericidae, Dixidae, Corixidae, and Gerridae.
According to Hynes (1994), the presence of highly tolerant groups of organisms in freshwater
ecosystems is generally an indicator of poor water quality. In freshwater ecosystems, the number of
sensitive species declines over time due to water pollution, while environmental conditions gradually
change in favor of semi-tolerant and tolerant species. (Zimmerman, 1993). Going downstream,
sampling stations #3, #4 and # macroinvertebrate samples consisted of Oligochaeta worms and Diptera
which were present in high abundance. Oligochaeta is one of the indicator groups of poor water
quality in streams and rivers, and they can tolerate heavy to extreme pollution. Many species of
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Oligochaeta are tolerant of low oxygen concentration and can live in anoxic conditions (Brinkhurst
and Kennedy, 1965). Oligochaeta species are also a group of organisms with high tolerance to organic
pollution. (Barbour, 1996).

The increased number of species in station #5 occurred as the result of increased water level and
flow velocity in this station. Due to this improvement in environmental conditions, in station #5, the
number of taxa further increased. In total 22 families were present, 13 belonging to the sensitive and
semi-sensitive EPT group, and the rest consisted of semi tolerant-tolerant organisms (Dytiscidae,
Oligochaeta, Bithyniidae, Lymnaeidae).

The classification of the stations based on benthic macroinvertebrates composition was illustrated
by using Bray-Curtis UPGMA analysis (Figure 6). As a result of the UPGMA analysis, the station #3
and #4 (96%) were the most similar to each other. The second most similar stations to each other were
determined as the station #1 and #2 (86%).
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Figure 6. Classification of stations based on similarities in Karabal Stream.

The ecological conditions of Karabal Stream indicate that the stream is disturbed by anthropogenic
activities. The water classification with biotic and diversity indices is shown in Table 3.

All diversity indices have shown the highest values in station #5, whereas the lowest values are
registered in station #3. High species diversity at the upstream stations indicates unpolluted conditions
whereas low species diversity in stations #3 and #4 indicates environmental stress. The sampling
station #3 and #4 are heavily disturbed due to many domestic wastes discharged in this part of the
stream. The highest BOIs value in these two stations indicates the presence of organic pollution in the
water and the oxygen consumption for the separation of organic matter. Oxygen depletion at these
stations is characterized by low species diversity. Diversity indices have proven to be useful tools for
defining the structure of communities, but they do not indicate the level of pollution of water bodies.
In this context, diversity indices are good for assessing organic pollution and eutrophication but are
insufficient for assessing toxicity and physical changes.

The both BMWP (Original) and BMWP (Spanish) values were highest in stations #1, #2 and #5.
The water is classified in Class Il in these stations. The stream water quality decreased drastically and
became of moderate quality at stations #3 and #4. ASPT and BBI index qualifies the water quality at
all stations in Class I-High. According to Sl, all stations are Betamesosaprob- Class Il. According to
FBI, the water quality is Class | in stations #1, #2, and #5 while the water quality is Class Il in stations
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#3 and #4 in the stream. These index scores indicate that upstream of the water body, due to the
distance with inhabited areas and lack of waste discharge, the water has a minimum human impact and
is of high quality. Going downstream, in urban and rural areas, human activities become more
intensive and impact physical and chemical parameters of the water that is manifested with moderate
water quality.

EPT-Taxa [%] was one of the metrics which gave the best response to the physicochemical
variables of water. These metrics are indicated that Ephemeroptera, Plecoptera, and Trichoptera taxa
are sensitive to anthropogenic effects while Oligochaeta taxa are tolerant to anthropogenic effects in
aquatic ecosystems (Ode et al. 2005). In this study, the highest EPT-Taxa [%] values are obtained at
the station #1 and #2. These stations are the upstream part of the water body and they are less affected
by domestic wastes. On the contrary, the station #3 and #4 are downstream part of the water body.
These stations are mostly affected by domestic wastes. The cause of low EPT-Taxa [%] values at the
downstream stations in the stream is the pollution that accumulates in the stream as a result of the
anthropogenic activities. Other factors depend on the physical properties of the stream such as high
temperature, low stream slope, and reduction of streamflow.

Table 3. Average score values and water quality classes of all indices in the stream.

Metric Station 1 Station 2 Station 3 Station 4 Station 5
Sl 2.006 2.024 2.140 2.140 2,200
Water quality class I 1 1 1 I
BMWP (Qriginal) 133 132 98 98 131
Water quality class I 1 1] 1] I
BMWP (Spanish) 137 134 99 99 133
Water quality class I 1 1] Il I
ASPT 7.389 7.238 6.588 6.588 6.550
Water quality class | | | | |
BBI 10 10 9,5 9,5 10
Water quality class | | | | |
FBI 3.270 3.340 4.270 4.270 3.730
Water quality class | | 1 1 |
EPT-Taxa [%] 90.227 81.264 28.667 29.783 69.507
SDI 0.971 0.971 0.954 0.955 0.973
SWDI 3,600 3.645 3.292 3.308 3.660
MDI 6.069 6.743 5.664 5.670 6.763

Our results show that there are differences between indices in water quality classification as a result
of applied different indices. When similar studies using biotic and diversity indices in other countries
are examined, we can see that some macro invertebrate-based indices are more sensitive, while others
are less sensitive. For this reason, it is difficult to choose which index is more reliable to apply in river
quality assessment in a country. (Kalyoncu and Zeybek, 2010). In our research EPT-Taxa [%], BMWP
(Original), and BMWP (Spanish) seem to be more reliable and reflect the environmental situation
better since they both are based on the presence of sensitive species to environmental variables. The
reason why EPT-Taxa [%] shows high water quality is that Ephemeroptera, Plecoptera, and
Trichoptera are considered very sensitive to pollution (Lenat, 1993). Our results show that a high
number of EPT-Taxa [%] were registered upstream, in stations #1 and #2 whereas, with the increased
level of pollution in station #3 and #4, the number of EPT families is reduced and was represented by
semi-tolerant family Baetidae and Hydropsychidae.
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In this study, the random sample cases (10% select case) were made on the biotic indices and
physicochemical parameters to verify data sets and to determine that the data was transferred without
errors in the SPSS version 20.0. Table 4 indicates the correlations of biotic and diversity indices.

As a result of the correlation analysis, the highest positive significant correlation was found
between the BMWP (Original) and BMWP (Spanish) (r-value 0.999, p<0.01). There was a positive
significant correlation between the BMWP (Original) and BBI (r-value 0.999, p<0.01). There was a
positive significant correlation between the BMWP (Spanish) and BBI (r-value 0.997, p<0.01). There
was a positive significant correlation between the BMWP (Spanish) and EPT-Taxa [%] (r-value 0.965,
p<0.01). There was a positive significant correlation between the FBI and EPT-Taxa [%] (r-value -
0.987, p<0.01). BBl, BMWP (Original), BMWP (Spanish) and EPT-Taxa [%] are positively
significant correlated with SDI and SWDI diversity indices. However, the increase in index values of
BBI, BMWP (Original), BMWP (Spanish), and EPT-Taxa [%] shows good ecological quality.

Table 4. Pearson’s based correlation assesment between biotic and diversity indices in the stream

BMWP BMWP EPT-Taxa

Sl (Original)  (Spanish) ASPT BBI FBI [%] SDI SWDI MDI
Sl 1 -0,447 -0,466 -965**  -0,416 0,769 -0,672 -0,336  -0,331  -0,083
BMWP 1 ,999%* 0,659 ,999*%* - 915* ,956* ,992%*%  987** 0,842
(Original)
BMWP 1 0,677 997** - 924* ,965** ,988**  981** 0,82
(Spanish)
ASPT 1 0,632  -,906* 0,842 0,563 0,553 0,283
BBI 1 -,901* ,945* ,996%* | 992** 0,86
FBI 1 -,987** -0,859  -0,853  -0,633
EPT-Taxa [%] 1 ,915* ,901* 0,671
SDI 1 ,996*%* 879
SWDI 1 ,913*
MDI 1

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

CCA analysis showed 84.64% total variance between the benthic macroinvertebrate species and
physicochemical parameters (Figure 7). The distributions of Simulium sp., Chironomus sp.,
Chironomus plumosus, Tubifex tubifex, and Limnodrilus hoffmeisteri are positively correlated with
EC, CI, Turbidity, T°C, NH4-N, NO,-N and NOz-N while they are negatively correlated with DO,
DOS, and pH. The distributions of EPT species are positively correlated with DO, DOS, and pH.
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Figure 7. CCA plot of reference-, test-, and the most disturbing stations distributions with environmental
variables.

Pearson correlation analyses between Biotic and diversity indices with physicochemical parameters
show that all physicochemical parameters have a significant correlation with at least one biotic and
diversity indices (Table 5). There is a strong positive correlation (p<0.01) of temperature, DO, with Sl
and ASPT (p<0.05), which means if temperature increases, these parameters will increase too. These
results indicate that the macroinvertebrate species are sensitive to increased temperature in water and
as DO decreases, sensitive taxa are being replaced by highly tolerant taxa (Horrigan et al. 2005). The
turbidity, EC, BOIs, NH4-N, NO,-N, NOs-N, PO,-P, Ca, Mg, K, Na, and CI" concentration in the water
is in negative correlation with BMWP (Original), BMWP (Spanish), BBI, FBI, EPT-Taxa [%], SDI
and SWDI (significance p<0.01 and p<0.05) whereas pH has positive correlations (significance
p<0.01 and p<0.05) with BMWP (Original), BMWP (Spanish), BBI, FBI, EPT-Taxa [%], SDI and
SWDI. We can conclude that temperature, DO and pH have influenced the macroinvertebrate richness
and abundance in Karabal Steam.
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Table 5. Pearson’s based correlation assessment between biotic indices and species diersity indices with physicochemical parameters of the stream.

SI BMWP (Original) BMWP (Spanish)  ASPT BBI FBI  EPT-Taxa[%]  SDI SWDI MDI
T 967** -0,43 -0,45 -935% -0,399 0,743 -0,652 0,312 -0,306  -0,056
DO -,966%* 0,446 0,47 946* 0,414 -0,755 0,677 0,33 0,314 0,027
DOS -0,841 0,786 0,807 945% 0,763 -,944% 930% 0,709 0,68 0,365
Turbidity 0,495 -,998%* -,997** 0,697  -,995%* 935% -,967%% -,982%% - 979**  _0,831
pH -0,631 954 962%% 0,808 943* -, 967** 987%* 912% 897* 0,676
EC 0,575 -,988%* -,991%* 0,763 -,983%%  9p4** -,986%* - 961%* - 957*  -0,783
BOIs 0,523 -,994%* -,995%* -0,72 -,990%* 945% -,973%* - 973 - 970**  -0,812
NH4-N 0,513 -,997** -,998%* 0,713 -,994%* ,943* -,973%* - 979%% - 975%*  _0,818
NO,-N 0,674 -,961** -,965%* -0,837 -,952% 989** -,991%* -,920%  -918%  -0,732
NO5-N 0,525 -,996%* -,996%* 0,722 -,992%* 947% -, 975%* S 977F%  -974%* 0,818
PO,-P 0,512 -,997** -,997** 0,711 -,994%* 942% -, 971%* -, 981%* - 978**  -0,825
Ca 0,587 -,985%* -,989%* 0,775 -,978%%  9p8** -,991%* -,958*  -949%  -0,757
Mg 0,655 -,965%* -,969%* -0,823 -,956* 984 -,990%* -,924%  -920%  -0,733
K 0,532 -,994%% -,995%* 0,729 -,989** ,949* -,978%* L 972%% - 967** -0,8
Na 0,477 -,999%* -,998%* 0,684  -,997%* 928* -,9647%* -,985%% - 980**  -0,829
cr 0,468 -1,000%* -,999%* 0,676 -,998** 924% -,962%* -,989%% - 985*%*  -0,836

**Correlation is significant at the 0.01 level
*Correlation is significant at the 0.05 level
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Kazanct and Diigel (2000) have applied BBI in their study in Turkey and they stated that BBI
complied with the physicochemical parameters. Kantzaris et al., (2002) used biotic indices at two
streams in Greece. The BMWP, ASPT, and Land Quality Indicators (LQI) were indicated insufficient
in evaluating water quality while BBI and IBE were proper according to Kantzaris et al., (2002). Oz
and Sengdriir (2004) used the BBI index in their study on Melen Stream. They tried to reveal the water
quality in Melen Stream. They stated that BBI was in harmony with the other indices they use. Balik et
al., (2006) used the BBI in their study on the Menderes River and they stated that the water quality
values of the stations determined were extremely dirty. Kalyoncu et al., (2008) stated that the BBI and
physicochemical data reflect the water quality level in Aksu Stream. However, they stated that the
quality values obtained from physicochemical data showed better water quality. Kazanci et al., (2010)
utilized BMWP and ASPT indices in Aksu Stream. They stated that the BMWP and ASPT were
adequate in assessing water quality. Ogleni and Topal (2011) applied four biotic indices in the
Mudurnu River. They determined that the BMWP and ASPT were sufficient in evaluate surface water
quality. Yorulmaz et al. (2015) applied five biotic indices in the Esen River. They stated that the FBI
was insufficient in evaluating water quality while ASPT, BMWP, SI, and BBI were appropriate in
Esen River. Zeybek et al., (2014) utilized a diverse type of BMWP and ASPT indices in Degirmendere
Stream. Zeybek (2017) applied the BBI, all types of BMWP, and ASPT indices in Kargi Stream. She
obtained inconsistent score values and indicated that used biotic indices don’t reflect Turkish
freshwater fauna and topographic characteristics as a result of her study. The results obtained
according to the BBl and BMWP which are applied to the various regions in Turkey is that they reflect
as well the stream quality. The fact that very few of these studies makes it difficult to determine the
availability in Turkey. More studies are needed on this subject and it should be applied in streams in
different regions.

DISCUSSION

The results obtained in this study show that Karabal Stream was affected by many anthropogenic
activities. The main factors are industrial discharges, agricultural runoff, and land use, as well as the
direct discharge of untreated wastewater into the stream. While upstream stations are less polluted as
they are distant from agricultural activities, in urban areas, the stream is moderately polluted and this
is reflected in the benthic macroinvertebrate community and distribution. Increased pollution at
stations #3 and #4 resulted in the disappearance of sensitive species from this part of the stream, and
the emergence of more pollution-tolerant species adapted to specific habitats. Our results have shown
that the ecological status of the Karabal Stream is of moderate quality and urgent measures for the
protection of the Gediz River Basin and other water resources in Turkey must be implemented through
professional management plans for river basins.
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Abstract

In this study, which was carried out between October 2019- August 2020, totally five stations were chosen from the
research area. Water samples (for the analysis of total phosphorus and chlorophyll-a) were taken seasonally and also Secchi
disc depth and chlorophyll-a were measured from these stations. Carlson’s Trophic State Index, OECD criteria and value
range of the Turkish Water Quality Regulation were used for the determination of the trophic status of the study area.
According to obtained data, the studied area of Balaban Lake has mesotrophic character according to chlorophyll a, total
phosphorus, and Secchi disc depth. At the end of the study, it was determined that the Balaban Lake was at the mesotrophic
level according to the Carlson trophic status index, the average+1SD interval of the OECD criteria, and Turkish Water
Quality Regulation.

Keywords: Balaban Lake, Carlson Trophic State Index, OECD criteria, Turkish Surface Water Quality Regulation.
Balaban Golii (Tiirkiye'nin Bat1 Anadolu Bélgesi) Su Kalitesinin Trofik Durum Indeksleriyle Belirlenmesi
Ozet

Ekim 2019-Agustos 2020 tarihleri arasinda gerceklestirilen bu calismada toplam bes istasyon secilmistir. Bu
istasyonlardan mevsimlik peryotlarla su 6rnekleri alinarak toplam fosfor analizleri yapilmus, ayrica klorofil a ve seki diski
derinligi lgiilmiistiir. Calisma alamnin trofik statiisiiniin belirlenmesi i¢in Carlson Trofik Durum Indeksi, OECD kriteri ve
Tiirkiye Yeriistii Su Kalitesi Yonetmeligi deger araliklari kullanilmustir. Elde edilen verilere gore, Balaban Golii’niin ¢aligilan
bolgesi klorofil a, toplam fosfor ve seki diski derinligine gére mezotrof karakterdedir. Calisma sonucunda BalabanGoli’niin
Carlson trofik durum indeksi, OECD ve Tiirkiye Yeriisti Su Kalitesi Yonetmeligi ortalama +1SD deger araligina gore
mezotrofik seviyede oldugu tespit edilmistir.

Anahtar Kelimeler: Balaban Gélii, Carlson Trofik Durum Indeksi, OECD kriteri, Tiirkiye Yeriistii Su Kalitesi Yénetmeligi.

INTRODUCTION

Water, which is one of the most important resources for all organisms, is essential for the
continuation of life and vitality. The increasing population in the world, the development of the
industry, and the need for agricultural activities increase the importance of freshwater resources
(Aksungur and Firidin, 2008). Water is an indispensable natural resource for all organisms. Although a
large part of the earth is covered with water, only 3% of it is freshwater. 78% of the freshwater and 3%
of usable water is found in glaciers in the north and south poles. This situation limits the required
drinking and utility water ratio to 22% (Gilindogdu et al., 2007).

In terms of energy production, the thermal power plants, nuclear power plants, and river resources
have remained more in the background according to the dam lakes in Turkey. With this respect, 700
dams and over 500 power plants have been built recently (Kiigiikyilmaz et al. 2010). To determine the
effective use of a water resource, it is imperative to gather information about the resource by
meticulously conducting a monitoring program that will meet the anticipated expectations (Sen and
Koger, 2003). One of the most important physicochemical factors for monitoring water quality is; to
determine the factors affecting the water quality by detecting the changes in the sources of pollution
and thus the pollution levels (Ozbay et al., 2011).
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Eutrophication is one of the most important threats in freshwater systems, especially harmful algae
blooms (HABS). Since eutrophic action can be seen in salty (ocean and marine), fresh (lake, reservoir,
stream), fresh-salty (estuary, lagoon) ecosystems, developed and developing countries, it is a very
common and still unresolved water quality problem. Although eutrophication reduces the quality of
the water, it’s commonly complained negative effects; bad image, odor, and excessive algae growth.
All these problemscreate an increasing negative pressure on ecology. Therefore, many different
methods of struggle are tried to combat eutrophication (Schindler et al., 2008; Schindler, 2012;
Lurling and Tolman, 2014). To understand the results and effects of these methods; It is necessary to
know the budgets and Spatio-temporal changes of the internal and external parameters of the
ecosystem.

Izmir with its historical importance is localizing on the Mediterranean coast in the West of Turkey.
Izmir is the third-largest city in Turkey. lzmir is the fastest-growing city with a 4.320 million
population and an annual 9.5% population growth rate in Western Anatolia. Balaban Lake is
determined as a case area because it is an important drinking water source for Izmir. Balaban Lake is
one of the important water sources of the Tahtali Dam Lake. Lake basin which supplies 40% of city
water needs. There are many industrial establishments, agricultural lands, and animal farms around
Balaban Lake. Considering these factors, the pollution situation and the trophic status of Balaban Lake
have not been researched yet. In this study, it is aimed to reveal the trophic situation of Balaban Lake
by using Carlson’s Trophic State Index, OECD criteria, and value range of the Turkish Water Quality
Regulation.

MATERIAL and METHODS
Study Area

The study was carried out seasonally at five sampling points in Balaban Lake, which were
determined considering the proximity to the pollutant sources and hydrodynamic properties. Spring
sampling was carried in April 2020, summer sampling in August 2020, autumn sampling in October
2019, and winter sampling in January 2020. Sampling points, coordinates, and average depths are also
given in Table 1 and Figure 1.
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Figure 1. Study Area

Table 1. Balaban Lake sampling points, coordinates, and average depths.

Stations Coordinates Average depths
Station 1 38°23'19.17”N-27°02'68.31”E 6.2m
Station 2 38°22'98.69”N-27°02'78.50”E 3.3m
Station 3 38°22'94.14”N-27°02'25.07"E 3.0m
Station 4 38°22'68.85"N-27°02'23.68”E 6.5m
Station 5 38°22'69.70”N-27°01'93.42”E 2.8m

Domestic pressures and threats arising from the settlement areas within the scope of the Balaban
Lake basin can be counted as the domestic wastewater and agricultural activities of the villages on the
Kozluoluk Stream, especially in the 2", 3" and 5" stations.

Trophic State Indices

Chlorophyll-a (Chl a), total phosphorus (TP) and Secchi depth (SD), total nitrogen (TN), and
dissolved oxygen (DO) parameters are used to determine the trophic conditions of lakes. The index
variables of these parameters were associated with each other by the linear regression model. Using
these variables, lake waters can be classified in terms of efficiency. For example, in the light of these
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data, the nutrient level of a lake or it’s status in terms of productivity can be determined in the simplest
and easiest way by the trophic status index set forth by Carlson (1977), and lakes are included in a
trophic class according to direct variables or indices calculated from variables.

According to the concept of trophic state, lakes are located in a series of trophic flows
(oligotrophic-mesotrophic-eutrophic-hypertrophic) that progresses continuously from one to the other.
If the mean values of the Carlson trophic state index (TSI), the TSI values are close to 0, the lake is
closer to the oligotrophic level, closer to 100 it is accepted that the lake has a hyperutrophic structure
(Carlson and Simpson, 1996) (Table 2).

Table 2. Carlson trophic state index and its associated parameters.

TSI Trophic Level Chla(mg/m®)  Secchi (m) TP (ng/L)
<30 Oligotrophic <0.95 >8 <6
40-50 Mesotrophic 2.6-7.3 4-2 12-24
50-60 Eutrophic 7.3-20 2-1 24-48
70-80 Hyperutrophic 56-155 0.25-0.5 96-192

SD, Chl a, and TP are used in the formulas for calculating the Carlson TSI. The index expressed
by;
TSI = 60 — 14.431In(SD)
TSI = 30.6 + 9.81In(Chl a)
TSI = 4.14 + 14.43In(TP)
In the OECD criteria, TP, TN, Chl a and SD values are used (OECD, 1982) (Table 3).

Table 3. The OECD classification of trophic status.
Trophic Level TP (ug/L) Chla(mg/m®) SD (m)

Oligotrophic 8 1.7 9.9
Mesotrophic 26.7 4.7 4-2
Eutrophic 84.4 14.3 2.45

In addition to these, the DO parameter is used in the trophic state index of the Turkish Surface
Water Quality Regulation (Anonymous, 2012) (Table 4).

Table 4. Lake eutrophication criteria (Anonymous, 2012)
Trophic Level TP (ng/L) TN (ug/LL) Chla(ug/L) SD(m) DO (mg/L)

Oligotrophic <10 <0.35 <3.5 >4 >7

Mesotrophic 10-30 0.35-0.65 3.5-9.0 4-2 6-4
Eutrophic 31-100 0.651-1.20 9.1-25.0 1.9-1.0 3
Hyperutrophic >100 >1.2 >25.0 <1 <3

In the research, DO, TP, Chl a, SD, and TN data were examined. DO content was measured with
the Oxi 315i/ SET WTW Oxygen meter. The SD was determined directly in place with the Secchi
disc. TP and TN were measured by spectrophotometric technique. chl a was measured in the field by
using the BBE Moldaenke AlgaeTorch.

Statistical evaluation of the dataset was made by using the PAST3 and Excel 2019 (Microsoft
Office®). Analysis of variance (One- Way ANOVA) was applied to all data and the differences
between the group means were determined according to the Tukey test and multiple comparison test,
and “p <0.05” was used as the significance level.

RESULTS

The comparison of Balaban Lake DO, SD, TP, Chl a, and TN values over the stations is given in
Table 5.

353



ERTAS et al. 2021 ActAquaTr 17(3), 350-360

Table 5. DO, SD, TP, TN and Chl a values of stations in Balaban Lake.

Parameters Station 1 Station 2 Station 3 Station 4 Station 5
DO (mg/l) R 13.4-14.1 12.4-14.0 11.1-13.5 12.6-13.5 10.8-12.4
M+Sd.  13.8%+0.29  13.4%°+0.71  12.1%1.07 13.0%°+0.40 11.5°+0.73
SD (m) R 4.0-5.0 0.5-0.8 0.3-0.8 4.0-5.0 0.3-0.8
M#Sd.  4.75°°+0.5 0.7%+0.14 0.57°+0.22 4.75%+0.5 0.57°+0.22
TP (ng/L) R 4.02-4.97 8.23-10.14 11.8-13.6 3.11-4.23 10.2-12.5
M+Sd.  4.49°+0.38 9.42°+0.84  12.6%+0.76 3.82°+0.49 11.6°°+0.98
TN (mg/L) R 0.558-0.665  0.660-0.699 0.682-0.711  0.550-0.591  0.691-0.703
M#Sd.  0.632%+0,05 0,681*+0.01 0.697*°+0.01  0.577°+0.02  0.698%°+0.01
Chl-a R 1.67-1.94 5.42-5.67 6.32-6.97 1.78-1.99 5.71-6.03
(mg/m®) M+Sd.  1.79%+0.12  555%+0.11  6.65°+0.32  1.89%°+0.08  5.85%+0.14

R: Range; M: Mean; Sd: Standard deviation. *Different characters on the same line indicate that the difference between stations is
statistically significant (p <0.05).

During the study, Balaban Lake DO content was determined to be between 10.8-14.1 mg/L and an
average of 12.8 mg/L. Seasonal average DO contents were determined to be 13.2 mg/L in the spring,
12.5 mg/L in the summer, 12.1 mg/L in the autumn, and 13.3 mg/L in the winter (Figure 2).

DO (mg/L)

13.01 E

Station 1
Station 2
Station 3
Station 4
Station 5

Figure 2. Balaban Lake dissolved oxygen variation graph.

SD was measured between 0.3-5.0 m and the average was determined to be 2.27 m. Seasonal
average SD variations are 2.42 m in spring, 2.36 m in summer, 1.82 m in autumn, and 2.48 m in
winter (Figure 3).
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Figure 3. Balaban Lake Secchi depth variation graph.
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It was observed that the differences between stations in DO and SD parameters were statistically
insignificant, but seasonal variation differences in SD were statistically significant (p <0.05). The
effect of wind and weather conditions at the time of measurement is evident in the inter-seasonal
variability of the SD measurements.

TN values were determined between 0.55-0.71 (mean: 0.66) mg/L in Balaban Lake. The lowest TN
value was determined in the 4" station in the winter, while the highest TN value was determined in the
3" station in the autumn (Figure 4). In the statistical analysis, it was seen that the difference between
the stations was statistically significant (p <0.05).
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Figure 4. Balaban Lake total nitrogen variation graph.

The TP concentration of Balaban Lake varied between 3.11-12.7 (mean: 8.41) pg/L. In the
statistical analysis, it was seen that the differences between the 3" and 5™ stations and all other stations
were statistically significant (p <0.05) (Figure 5). When seasonal TP changes were examined, average
TP content was determined as 8.68 pg/L in spring, 8.35 pg/L in summer, 9.08 ug/L in autumn, and
7.50 pg/L in winter. In the 3™ and 5™ stations, Kozluoluk Stream, which dries up especially in
summer, transports pollutant loads to the lake during rainy periods. This situation causes TP values to
be higher than other stations.
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Figure 5. Balaban Lake total phosphorus variation graph.

The chl measurements of Balaban Lake varied between 1.67-6.97 (mean: 4.35) pug/L (Figure 6). In
the statistical analysis, it was seen that the differences between the 2" 3 and 5" stations and other
two stations (1% and 4™) were statistically significant (p <0.05). The seasonal chl a levels of Balaban
Lake were determined to be 4.26 pg/L in spring, 4.45 png/L in summer, 4.51 pg/L in autumn and 4.18
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pg/L in winter. No statistically significant difference was observed between the seasons based on chl a
value (p <0.05).
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Figure 6. Balaban Lake chl a variation graph.

Carlson TSI (SD) values in Balaban Lake varied between 36.6-77.5. The highest TSI (SD) value
was determined in the 3 and 5™ stations in the autumn, and the lowest TSI (SD) value in the 1% and
4" stations in the autumn. The difference between stations in terms of TSI (SD) values was not found
to be statistically significant (p <0.05).

Carlson TSI (TP) values in Balaban Lake varied between 23.7-41.8. The lowest TSI (TP) value was
calculated at the 4" station in the summer and the highest TSI (TP) value at the 3" station in the
autumn. The difference between stations in terms of TSI (TP) values was not found to be statistically
significant (p <0.05).

Carlson TSI (Chl a) values varied between 35.6-49.6 in Balaban Lake. In Balaban Lake, the
highest TSI (chl a) value was recorded at the 3" station in the autumn, and the lowest TSI (chl a) value
at the 1% station in the winter. The difference between stations in terms of TSI (chl a) values was not
found to be statistically significant (p <0.05).

According to the Carlson TSI, it was determined that Balaban Lake showed mesotrophic
characteristics in terms of average TSI (SD), TSI (TP) and TSI (chl a) values. Balaban Lake was at the
mesotrophic level according to the average TSI values in general (Table 6).

Table 6. Carlson trophic state index results.

TSI Average Score  Trophic Level

TSI (Chl a) 43.5 Mesotrophic
TSI (SD) 50.0 Mesotrophic
TSI (TP) 33.2 Mesotrophic
TSI (average) 43.2 Mesotrophic

According to the OECD criteria, it was determined that it has mesotrophic properties in terms of
TP; it has oligotrophic properties in terms of chl a; it has eutrophic properties in terms of SD
parameter (Table 7).

Table 7. OECD trophic state index results.
Parameters Average Score Trophic Level

TP (ug/L) 8.4 Mesotrophic

TN (mg/L) 0.65 Oligotrophic

Chla (mg/m®) 4.34 Oligotrophic
SD (m) 2.27 Eutrophic
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According to the trophic status index of the Turkish Surface Water Quality Regulation, it was
determined that it has oligotrophic in terms of DO and TP values, mesotrophic in terms of TN, SD,
and chl a (Table 8).

Table 8. Turkish Surface Water Quality Management Regulation
trophic state index results.

Parameters Average Score Trophic Level
TP (ug/L) 8.4 Oligotrophic
TN (mg/L) 0.65 Mesotrophic

Chla (mg/m®) 4.34 Mesotrophic
SD (m) 2.27 Mesotrophic
DO (mg/L) 12.8 Oligotrophic

DISCUSSION

SD, which is an indicator of the light transmittance of aquatic environments, generally varies
depending on the depth of water. However, seasonal variations are also very effective on SD.
According to the OECD (1982) trophic classification, lakes with a depth of 0.8-1.5 m are classified as
eutrophic, lakes between 1.4-2.4 m as mesotrophic, and lakes between 3.6-5.9 m as oligotrophic
(Ryding and Rast 1989). According to OECD (1982) values, the 1% and 4™ stations in Balaban Lake
are mesotrophic, but the 2™, 3" and 5™ stations exhibit a eutrophic structure. In Balaban Lake, the
reason for the eutrophic situation is due to the low turbidity in these stations as a result of the growth
of filamentous algae and aquatic plants. In this study carried out seasonally, the average SD value was
found to be 2.27 m. Erk'akan and Bayrak (1992) reported the average SD values of Egirdir Lake was
1.95 m. Zeybek et al., (2012) reported the average SD values of Egirdir and Kovada Lake was 1.60 m.
Yagci et al., (2013) reported the average SD value of Egirdir Lake was 1.77 m in the monthly study in
2016. Tanyola¢ (2000) reported that many factors affect the transparency and light transmittance of
water in lakes, such as plankton density, dissolved organic and inorganic substances in water, the
chemical structure of the water, the angle and wavelength of light, the state of the water surface, and
cloudiness.

Giines et al., (2011) reported in their study that the TP content showed a distribution and change
depending on the measurement time and points, however, the values detected were at low levels (8.41
ug/L). Researchers have reported that this situation shows meso-eutrophic properties for the lake and
that it is necessary to control the use of domestic and animal wastes, especially fertilizers, and avoid
mixing with the lake water as much as possible in order not to reach the further trophic level. In
addition, the TP content determined in Balaban Lake provides the Al-K value in terms of Quality
Standard, however, the phosphate element is extremely important for the lake water quality (in terms
of algae production and eutrophication), especially with nitrogen, and it is important to control this
parameter at its source absolutely. have reported. According to Zeybek et al., (2012), the average TP
amount is below the lowest analysis limits in November, April, and June, highest 0.12 pg/L in July;
the lowest 0.10 in October, the highest 0.72 in July on the channel between 2010 and 2011 in Egirdir
Lake Kopriibasi Region, Kovada Canal, and Kovada Lake Entrance Zone; They reported that the
lowest analysis limits in Kovada Lake (February, April) was measured as 0.91 pg/L (July) (lowest
analysis limits <0.05 pg/L).

Giiler and Cobanoglu (1997) reported that although phosphorus is present in many minerals, its
amount in water is limited due to its low solubility in alkaline soils, it can pass through water, rocks,
and soils, as well as artificial fertilizers and industrial wastes. Goldman and Horne (1983) reported that
phosphorus accumulates in the embankments of deep lakes under oxygenated conditions, separates
from bottom mud in O,-free environments, and passes into the water, thus causing ferric (Fe*®) ion to
decrease in efficiency since it binds PO, in oxygenated environments. In addition, they reported that
PO,? ion is captured by Fe*®, CaCO; and mud (silt) in three different ways in waters and that mud
(silt) is more effective in shallow lakes.

Dodds (2002) reported that nitrogen and phosphorus are the primary limiting nutrients in terms of
algal production potential in aquatic ecosystems, however, phosphorus is a more limiting element in
freshwater ecosystems than nitrogen. Howarth et al., (2000) reported that the limiting nutrient is
nitrogen in marine ecosystems and phosphorus in freshwater ecosystems for algae and plant growth.
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Smith (1982) reported that when the TN/ TP ratio is <10, nitrogen, when the TN/ TP ratio is> 17,
phosphorus is the limiting nutrient, while the TN/ TP ratio between 10-17 is balanced for the
freshwater ecosystem. Varol (2013) reported that according to Carlson TSI value, Batman Dam Lake
is at a mesotrophic level, and according to the average TN/ TP ratio, phytoplankton development in
the lake is limited by nitrogen and phosphorus together.

Chl a, the essential photosynthetic pigment, is an indicator of algal biomass in water (Henderson-
Sellers and Markland, 1987; Wetzel, 2001; Tas et al. 2019). The highest chl a value was determined at
the 3" station in autumn in Balaban Lake. Chl a content was measured as low in winter months and
higher in warm months. The results obtained are similar to the information provided by various
researchers on chl measurements made in lakes and their seasonal changes (Tas, 2003; Maraslioglu,
2007; Ciice et al. 2020). Giines et al., (2011) reported that they did not observe a significant difference
between the mid-lake and surface stations in terms of chl a concentration and that the measured chl
values indicate a significant increase in biomass compared to previous years in their study, although
they do not pose a risk for lake water in the current situation. In the control of this increase,
macrophytes spreading on a significant part of the lake bottom are the factors, because water quality
and productivity in shallow lakes; reported that the level of nutrient salt varies depending on high
aquatic plants, phytoplankton status, light transmittance, and water level. Yagc1 et al., (2013) reported
that the lake chl a content varied between 0.58-9.70 pug/L in Egirdir Lake.

Jarosiewicz et al., (2011) determined the current trophic status of the lakes (Rybiec,
Niezabyszewskie, Czarne, Chotkowskie, Obleze, Jasien Potudniowy, Jasien Polnocny, Jelen) located
between the Pomeranian rivers Wieprza and Lupawa in the north of Poland with Carlson TSI. For this
purpose, they analyzed four trophic state indexes (TSI (SD), TSI (chl a), TSI (TP), and TSI (TN)) and
the relationship between them. As a result of the study, they reported that the trophic level of the
aforementioned lakes were in mesotrophic and eutrophic conditions. They reported that the TSI (TP)
values in the analyzed lakes were higher than the index values calculated based on other variables,
however, the differences between indices for certain lakes indicated that phosphorus was a factor
limiting algal productivity in the analyzed lakes.

Akyiiz (2016) stated that the TSI (chl @) value has the lowest value in all seasons, indicating that
there is a number of nutrients that can provide more algae growth than the existing algae growth. For
this reason, he reported that the key limiting parameters for the lake that are more effective than
nutrients should be evaluated. In addition, the lake has excess phosphorus and turbidity without algae;
this indicates that nitrogen concentration and Secchi depth are key limiting parameters; He also
reported that the average TN/ TP ratio of less than 30 in the summer and autumn seasons, when algae
growth is high, supports this result.

Somek and Ustaoglu (2016) determined that the TSI (SD) results calculated from the average SD
and chl a measurements in the lakes in Sakligdl, Gokgeova Pond, Kartal Lake, and Karagdl, located in
the southeast of the Aegean region, are between 47.3 and 59.3. They also reported that TSI (chl a)
results varied between 38.1 and 45.5, and TSI (average) varied between 42.7 and 55.5.

Tepe et al., (2018) stated that the water column of Karkamis Dam Lake between 0-8 m was
mesotrophic in terms of TP, TN, and chl a index values according to the Carlson TSI, and the TP
amount according to the mean +1 SD interval of the OECD criteria. They reported that the trophic
status of the Karkamig Dam Lake showed a transition from the oligotrophic class to the mesotrophic
class, and that phosphorus was the limiting nutrient in terms of TN/ TP ratio.

The conditions that slow down the pollution effect of Balaban Lake can be counted as feeding the
lake water with groundwater, the lack of industrial facilities around the lake, the low population
density around the lake, and the high DO content of the water. However, it is of great importance to
take precautions in the streams that are connected to the lake, to discipline irrigation and spraying in
agricultural lands, and to establish wastewater treatment units in settlements connected to the lake.

As a result, it should be one of our primary duties not to pollute our waters, which are very
precious for our country and the world. We need to aim to create environments in a way and in such a
way that the existing pollution can be cleaned in its cycle, without destroying the environment,
protecting forests and other vegetation areas.
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Abstract

The nutritional value of stuffed meatballs made with minced rainbow trout rather than red meat in the stuffing was
investigated, as well as color variations (L *, a *, and b *) and sensory quality, using two different cooking methods (boiling
and frying) on samples stored in the freezer (-18 °C). As a result of this research, the moisture, the crude ash, the lipid, and
the crude protein contents of stuffed meatballs produced with rainbow trout were found as %58.25 = 0.93, %2.01 + 0.05,
%5.28 + 0.29, and %7.69+ 0.08, respectively. The content of total saturated fatty acids composition (3} SFA), total
monounsaturated fatty acids composition () MUFA), and total polyunsaturated fatty acids composition (> PUFA) was found
to be 12.52 £ 0.23%, 39.11 £ 1.27%, and 43.73 + 1.98%, respectively. The atherogenic (Al) and thrombogenic indexes (TI)
for dietary factors associated with cardiovascular disease were found to be 0.10 and 0.25, respectively. In the evaluation of
color (L *, a *, and b *) of frozen samples, L * (black-white) and b * (blue-yellow) values in all groups (raw, boiled, and
fried) increased significantly at the end of storage compared to the initial value ( p<0.05). Following frying and boiling, the *
(green-red) values of the frozen-stored samples decreased significantly (p<0,05). Sensory quality was assessed in this study
using two cooking methods: boiling and fried, both of which are common serving methods for stuffed meatballs. Although a
significant decrease was detected in all sensory quality parameters of samples during frozen storage, it was determined that it
did not reach the unacceptable limit at the end of storage.

Keywords: Proximate Composition, Frozen Storage, Stuffed Meatballs, Rainbow Trout, Color

Gokkusag Alabahk (Oncorhynchus mykiss Walbaum, 1792) Kiymasi ile Uretilmis Geleneksel Tiirk I¢li Koftesinin
Besinsel Komposizyonu ve Dondurularak Depolama Boyunca (-18°C) Renk ve Duyusal Kalitesinin Belirlenmesi

Ozet

Bu calismada, i¢ harcinda kirmizi et yerine gokkusagi alabalik kiymasi kullanilarak iiretilen igli koftelerin besinsel
komposizyonu belirlenmis ve dondurularak depolanan (-18 °C) orneklere iki farkli pisirme metodu uygulanarak (haslama ve
kizartma) renk (L*, a* ve b*) ve duyusal kalitesinde meydana gelen degisimler incelenmistir. Arastirma sonucunda, {iretilen
gokkusagi alabalikli igli koftelerin nem, ham kiil, lipit ve ham protein diizeyi sirasiyla %58,25+0,93, %2,01+0,05,
%35,28+0,29 ve %7,69+ 0,08 olarak bulunmustur. Gékkusag alabalikli igli koftelerin toplam doymus yag asitleri (3 SFA),
toplam tekli doymamus yag asitleri (3 MUFA) ve toplam c¢oklu doymamis yag asitleri (3;PUFA) miktarlar1 sirasiyla
%12,52+0,23, %39,10+1,27 ve %43,73+1,98 olarak saptanmustir. Kardiyovaskiiler hastalikla iligkili diyet faktorleri icin
Aterojenik (Al) ve trombojenik indeksler (TI) sirasiyla 0,10 ve 0,25 olarak bulunmustur. Dondurarak depolanan 6rneklerin
renk (L*, a* ve b*) degerlendirmesinde, tiim gruplarda (ham, haslanmis ve kizartilmig) L* (siyah-beyaz) ve b* (mavi-sar)
degerlerinin depolama sonunda baslangi¢ degerine gore 6nemli oranda arttig1 (p<0,05) bulunmustur. Dondurarak depolanmis
orneklerin kizartilma ve haglama isleminden sonra a* (yesil-kirmizi) degerlerinin ise dnemli oranda azaldigi bulunmustur
(p<0,05). Bu ¢alismada duyusal kalite, i¢li koftelerin geleneksel sunum formlart olan kizartma ve haslama olarak iki farkli
pisirme metodu ile degerlendirilmistir. Dondurarak depolama boyunca orneklerin pisirme Oncesi, kizartma ve haglama
sonrasi tim duyusal kalite parametrelerinde 6nemli bir azalma saptansa da depolamanin sonunda tiiketilmezlik smnirina
ulasmadigi belirlenmistir.

Anahtar Kelimeler: Besin Komposizyonu, Dondurarak Depolama, icli Kofte, Gokkusag: Alabaligi, Renk
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INTRODUCTION

Bulgur, which is one of the first processed foodstuffs in the world, has been the main ingredient in
many dishes of the Turkish people in Anatolia for 3-4 thousand years. There are many types of dishes
made using bulgur such as pilav, raw meatballs, sour meatballs, stuffed meatballs, salads, soups, and
as a meat substitute in vegetarian dishes (Yaman, 1992; Yu and Kies, 1993; Isik, 2006; Donmez et al.,
2004). Now, it is widely consumed not only in Turkey but also in Greece, Cyprus, the Middle East,
North Africa, and East Europe (Basaran, 1999).

Traditional Turkish stuffed meatballs are kinds of meatballs that are made from bulgur and filled in
with dough. Its name is the original "Kibbe" from Arab cuisine. This dish was called Syriac Torpedo
by the British on Syrian territory during World War I1. This dish is made mainly in Adana, Osmaniye,
Kahramanmaras, Elaz1g, Malatja, Mardin, Diyarbakir, Hatay, Gaziantep, Sanlurfa and Adiyaman, and
derived from the Persian term kofte Eren and Sezgin, 2017; Yiizgil, 2019).

Stuffed meatballs are prepared in a variety of ways around the country, with variations owing to the
ingredients used in the dough and filling preparation. Ground meat with or without tail fat (depending
on region), tomato paste, onion, parsley, and spices are the main filling materials for stuffed meatballs
(walnuts can also be put on demand). Since it is complex and time-consuming to cook, it is no longer a
regular dinner in Turkey, but rather a special occasion meal (Balli, 2013). There are two ways to
prepare stuffed meatballs. The first is the boiling process, which is commonly used in large quantities
due to its lightness. It unquestionably has a spot at the table when it comes to hosting special events
such as celebrations, promises, weddings, and henna evenings. The second method is frying, which is
more common in big cities, especially in hotels and restaurants, due to the possibility of the meatballs
being scattered in the boiling method. The second is frying. It is made in big cities, especially in hotels
and restaurants. Frying is more preferred in such places because of the possibility of the meatballs
being scattered in the boiling method (Arslanhan, 2014). In a study on consumer preferences of soup,
appetizers, main dishes and desserts offered to consumption in local Turkish cuisine, it is stated that
stuffed meatballs are the most preferred food by customers among many appetizers (Giiler et al.,
2016). The presence of ready-to-cook stuffed meatballs from different brands in supermarkets'
prepared ready-to-eat foods category is one of the most important indicators of consumer appetite for
it.

Changes in consumer behavior, heavy workload conditions, a lack of time to prepare, and a need to
eat certain meals outside of season have mostly led to the widespread use of frozen ready-to-cook or
ready-to-eat foods (Cuneo, 1998). As the sector's production quality has improved, frozen ready meals
(cook or eat form) have started to be offered as an alternative to home meals (Sarasin, 2000).

It is stated that the most critical and frequent challenge of human beings in the developed and
changing world is sufficient and malnutrition. In this regard, animal foods have an important role due
to meat protein and its biological properties. According to the data of the World Health Organization
(WHO), 1 gram protein for each kilogram of a healthy person's body weight per day should be
consumed and 42% of it should be of animal origin (; Saygin and Demirbas, 2018). Even though
modern Turkish cuisine represents local changes, it primarily consists of dishes based on meat,
vegetables, and pastries. Seafood-based meals are more common in coastal areas and in areas where
freshwater supplies, such as lakes and streams, are abundant. Fresh seafood intake in Turkey is very
modest as compared to red meat and cereals in other countries (Sengdr and Ceylan, 2018). According
to TUIK (2020) data; the annual average fish consumption per person varies around 6.3 kg. However,
it is a well-known fact that fish and their products are much more important in terms of health and
flavor than other animal-based foods in the current time (Colakoglu, 2004). Therefore, including fish-
containing products in diets not only enhances food quality but also increases fish intake. Furthermore,
there is a high potential for adding fish-containing items as a seasoning to ready-to-eat meals in the
form of "ready to serve" or "ready to eat" that are traditionally popular (Reddy et al., 2012).

Aramouni et al. (2001) studied stuffed meatballs (named as kubbee) made from ground beef (10%
fat), bulgur wheat, and spices with a filling of barbecue sauce and evaluated their shelf-life of raw and
precooked vacuum packaged product during 180 days of storage at -18 °C. Khazaal (2004) patented a
food described as stuffed meatballs. Giiler et al. (2016) investigated stuffed meatballs in terms of
consumer's preference for a favorite local food menu composed of regionally known appetizers and
Yagmur et al. (2014) studied the proximate composition of stuffed meatballs produced traditionally in
Adana. Although fish-containing products were studied for other dishes prepared from bulgur such as

362



GUVENIN et al. 2021 ActAquaTr 17(3), 361-375

cig kofte (Kaba et al., 2014; Ozturk et al., 2016), no studies have been found on the production of
stuffed meatballs with fish and their quality changes during frozen storage.

The purpose of this study was to determine the proximate composition, color changes (L *, a *, and
b *), and sensory quality of stuffed meatballs, a traditional Turkish cuisine, produced using rainbow
trout mince as a filling ingredient, and their sensory quality during frozen storage (-18 °C).

MATERIAL and METHODS
Material

In the study, the cage-cultured rainbow trout (Oncorhynchus mykiss), 1.25 + 0.09 kg in weight and
37.83 £ 1.83 cm length used as fish material, were obtained from a local company in Persembe, Ordu.
Other ingredients used in making stuffed meatballs (onion, bulgur, salt, black pepper, farina, flour,
tomato paste, parsley, and sunflower oil) were obtained from a local market.
Methods
Preparing stuffed meatballs with rainbow trout mince

The stuffed meatballs with rainbow trout were developed by taking into account the various recipes
used for traditionally produced stuffed meatballs, and they were boiled and introduced to six trained
panelists for hedonic testing. In the hedonic test, the stuffed meatballs were evaluated using a 1-3-
point scale for odor, smell, and taste. These scores are defined as (1) I don't like it at all, (2) I like it,
and (3) I like it very much (Doloksaribu et al., 2015). The stuffed meatballs with rainbow trout that
received the highest score in the hedonic test were formulated following the panelists'
recommendations, and two formulations were made, namely stuffing materials and outer shell. (Tables
1 and 2).
Stuffing materials

The ratio (%) of stuffing materials of stuffed meatballs with rainbow trout is given in Table 1.

Table 1. The proportions of the materials used in the
preparation of the stuffed meatballs with rainbow trout (%)

Stuffing materials %

Rainbow trout mince 34.22
Onion 47.42
Salt 0.33
Black pepper 0.53
Parsley 7.47
Sunflower oil 10.03

The harvested rainbow trout from cages were beheaded, gutted, washed, filleted, and cut into small
cubes immediately after killing and transferred to the Processing Technology Laboratory of the
Faculty of Fatsa Marine Science in a foam box containing crushed ice within 1 hour. After the onions
and parsley were picked and washed, they were minced in the Ortimax 700 W food processor. The
onions were roasted in sunflower oil until they turn pink, and then the minced rainbow trout fillets
were added. When the water of the mixture was absorbed, parsley, salt, and black pepper were added
and cooked for a few more minutes (Figure 1).
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Figure 1. Cooked stuffing materials

The outer shell of stuffed meatballs
The proportions (%) of the outer shell materials used in the preparation of stuffed meatballs with

rainbow trout are shown in Table 2.

Table 2. The proportion of outer shell materials used in the
preparation of stuffed meatballs with rainbow trout (%)

Materials of the outer shell %
Bulgur 52.84
Farina 13.48
Flour 12.57
Salt 2.71
Tomato paste 18.40

Boiled water (2/3 ratio, v/w) was added to the bulgur and farina mixture, and it was kept at room
temperature until the water was absorbed by the bulgur and farina. After the bulgur and farina sucked
the water, the other ingredients; flour, salt, and tomato paste were added and the whole mixture was
mixed homogeneously. The mixture was kneaded by hand until it was shaped (Figure 2).

Figure 2. Kneading of the outer shell of stuffed meatballs with rainbow trout
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To produce stuffed meatballs in equal diameter and size, the meat grinder (EMP.12.01. P type
220W) was equipped with stuffed meatball-making apparatus. The prepared bulgur mixture was
passed through a meat grinder and cut into 7 cm lengths each (Figure 3 and Figure 4).

Figure 3. Cylindrically shaped outer shell passing through stuffed meatballs apparatus.

Figure 4. Ready to fill shaped outer shell of stuffed meatballs with rainbow trout.

The previously cooked stuffed materials were filled into the outer shell that was ready to be filled,
and the ends of the meatballs were covered and made ready to be frozen. The total weight of the
produced stuffed meatballs was determined as 54.87 £+ 2.53 g. After the stuffed meatballs were placed
on metal trays and frozen at -40° C, the packaged products in refrigerator bags were stored at -18°C,
and the changes in color and sensory quality were investigated by monthly sampling (Figure 5)
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Figure 5. The frozen stuffed meatballs with rainbow trout

Proximate Composition Analysis

In the analyzes, the stuffed materials and outer shell of the stuffed meatballs with rainbow trout
were thoroughly homogenized in a Waring blender and each sample from the homogenate was
analyzed in triplicate for the determination of moisture, crude ash, total lipid, and crude protein
analysis, and duplicate for the determination of fatty acid composition.

Moisture and ash analysis was performed on all samples using AOAC (Association of Official
Analytical Chemists, 1990) methods. The Kjeldahl method was used to determine the crude protein
content (AOAC, 1990). To evaluate the lipid content, Bligh and Dyer (1959) method has been used.
Fatty acid methyl esters were analyzed from extracted lipids according to the method of Ichihara et al.
(1996). 4ml of 2M KOH and 2ml of n-heptane were added in a screw-capped glass test tube
containing 25 mg extracted oil sample. The sample heptane layer, which was mixed in a vortex for 2
minutes at room temperature and centrifuged for 10 minutes at 4000 rpm, was taken for analysis in a
gas chromatography (GC) device. The fatty acid composition was determined using GC (Gas
chromatography) with automatic sampling with flame ionization detector (FID) and 30m x 0.32mm ID
x 0.25um film thickness SGE column (Perkin Emler, USA). Injector and detector temperatures were
set to 220 ° C and then 280 ° C respectively. Meanwhile, the oven temperature was kept at 140 ° C for
5 minutes. Then it was brought up to 200 ° C by increasing 4 ° C every minute and from 200 ° C to
220 by 1 ° C every minute. The split application was carried out at a ratio of 1:50. Fatty acids were
identified by comparing the FAME mixture consisting of standard 37 components depending on their
arrival times. The results of the two GC analyses performed in the same way were expressed in GC
area (%) as mean values + standard deviation.

According to De Lorenzo et al. (2001), the atherogenic (Al) and thrombogenic indexes (TI) were
determined as follows:

Al=(C12:0+C14:0+C16:0/n-3PUFA+n-6 PUFA+MUFA

Tl= (C14:0+C16:0+C18:0)/0.5(n-6 PUFA) +3.(n-3 PUFA)+n3/n6 PUFA)

The abbreviations MUFA and PUFA refer for monounsaturated fatty acids and polyunsaturated
fatty acids, respectively.

Instrumental Color Measurement

In color measurements, The CIE L+a+b* values of samples were measured in the reflectance by a
Chroma Meter Konica-Minolta CM-5 (Osaka, Japan) according to Calder (2003). Before starting the
analysis, the instrument was calibrated with white and black plates.

Sensory Analysis

Color, odor, flavor, texture, and general acceptability parameters were tested to determine the
sensory content of the stuffed meatballs with rainbow trout, according to Paulus et al (1979). The
sensory assessment scheme was used, and the panelists were graded on a 9-point hedonic scale (1,
dislike extremely to 9, like extremely). The samples were prepared in two separate ways, frying, and
boiling, and then introduced to the six trained panelists for evaluation. Samples were allowed to
dissolve for 5 hours at refrigerator condition (+ 4°C) before cooking. The frying was performed in a
Teflon-coated pot for 1 minute 40 seconds in deep oil (Fig.6). The samples were cooked in boiling
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water for 10 minutes during the boiling process (Fig 7). The panelists were given the samples when
they were still hot.

Figure 6. Fried stuffed meatballs with rainbow trout.

Figure 7. Boiled stuffed meatballs with rainbow trout.

Statistical Analysis

For data analysis of stuffed meatballs with rainbow trout, a one-way analysis of variance
(ANOVA) was applied using the SPSS version 16 software at a 5% confidence level, and Duncan's
multiple range test at a p-value of < 0.05 were run to determine significant differences (Duncan,
1955).

RESULTS
Proximate Composition of Raw Stuffed Meatballs with Rainbow Trout

The amount of moisture, crude ash, lipid and crude protein of stuffed meatballs with rainbow trout
were found to be 58.25 + 0.93%, 2.01 + 0.05% (4.81 = 0.13 g/ 100 g dry weight), 5.28 + 0.29%
(12.64 £0.71 g/ 100 g dry weight) and 7.69 + 0.08% (18.41 + 0.19 g/ 100 g dry weight), respectively
(Figure 10).
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Figure 10. Proximate composition of stuffed meatballs with rainbow trout (%, wet weight basis)

In the study, the total saturated fatty acid (>.SFA), the total monounsaturated fatty acid (3. MUFA),
and the total polyunsaturated fatty acid (3 PUFA) content of stuffed meatballs with rainbow trout were
determined to be 12.52 + 0.23%, 39.11 £ 1.27% and 43.73+1.98%, respectively. The highest fatty acid
among the fatty acid composition of stuffed meatballs with rainbow trout was estimated as linoleic
acid (C18: 2n6) with 39.70 £ 0.47%, followed by oleic acid (C18: 1n9) with 37.86 + 1.18%. The
amount of C18:2 n6, C18:3 n3, C20:3 n6, C20:5 n3, and C22:6 n3 as the PUFA was found as 39.70 +
0.47%, 1.80 = 0.07%, 0.11 + 0.01%, 0.55 £ 0.01% and 1.13 £+ 0.95%, respectively (Table 3).
Additionally, the amounts of PUFA/SFA, n3 PUFA, n6 PUFA, n6/n3, and EPA+DHA were estimated
to be 3.491.11, 4.020.34, 39.71+0.24, 10,880.29, and 1.680.48, respectively. Furthermore, the Al and
TI for dietary factors associated with cardiovascular disease were found to be 0.10 and 0.25,
respectively.
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Table 3. Fatty acid methyl esters (FAME) composition
of stuffed meatballs with rainbow trout (%)

FAME %
C16:0 08.29+0.16
C17:0 00.06+0.00
C18:0 03.31+0.07
C20:0 00.31+0.01
C22:0 00.52+0.01
C24:0 00.03+0.01
>SFA 12.52+0.23
Cl14:1 0.010+0.00
Ci16:1 00.28+0.39
Ci17:1 00.03+0.00
C18:1n-9 37.86+1.18
C18:1n-7 00.02+0.01
C20:1n-9 00.76+0.02
C22:1n-9 00.13+0.00
C24:1n-9 00.03+0.00
S>MUFA 39.11+1.27
C18:2n-6 39.70+0.47
C18:3n-3 01.80+0.07
C20:3n-6 00.11+0.01
C20:4n-6 00.01+0.00
C20:5n-3 00.55+0.01
C22:6n-3 01.134+0.95
>PUFA 43.73+1.98
> PUFA/Y SFA 3.49+1.11
>1n6 PUFA 39.71+0.24
>n3 PUFA 4.02+0.34
né/n3 10,88+0.29
EPA+DHA 1.68+0,48
Al 0,10+0.09
TI 0,25+0.04

The Effect of Frozen Storage on Color (L *, a *, b *) Values of Stuffed Meatballs with Rainbow
Trout

Table 4 shows the changes in L *, a*, and b* values of stuffed meatballs with rainbow trout during
frozen storage.

Table 4. Changes in L *, a*, and b* value of stuffed meatballs
with rainbow trout during frozen storage *

Months L* ax b*
0 58.16+£0.33" 17.51£0.79° 26.83+0.55°
1 57.27+0.33% 16.62+0.91° 26.03+0.65"

59.47+0.67° 16.5620.69° 26.99+0.28°
62.85+0.20° 14.25+0.54% 24.85+0.39%

BN CC N S

60.55+0.41° 14.82+0.41* 29.79+0.53¢

*Different letters in the same column show the differences at a 0.05 significance level (p <0.05).

A significant increase in the L * values of the stuffed meatballs with rainbow trout was found at the
end of storage compared to the initial values (p <0.05). Concerning the * value, while there was no
significant difference in the first two months of storage (p> 0.05), this value decreased significantly in
the 3rd month of storage (p <0.05) and this decrease remained similar at the end of storage (p> 0.05).
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The b * value of raw samples significantly increased from 26.83 £ 0.55 at the beginning of storage to
29.79 £ 0.53 at the end of storage (p <0.05).
Changes in the Color (L *, a *, b *) Values of Frozen Stuffed Meatballs with Rainbow Trout
After Boiling

Changes in the color (L *, a *, b *) values of frozen stuffed meatballs with rainbow trout after
cooked by boiling water are shown in Table 5.

Table 5. Changes in the color (1 *, a *, b *) values of frozen stuffed
meatballs with rainbow trout after cooked by boiling water*

Months L* ax b*
55.19+0.51° 15.21+0.35° 22.62+0.31°
55.14+0.20°  16.30+0.70°  24.94+0.31°
51.6240.62°  19.62+0.50°  29.33+0.88°
55.74+0.60° 15.66+0.44°° 25.29+0.79"
58.00+0.66° 13.58+0.62°  24.90+0.80"

*Different letters in the same column show the differences at a 0.05 significance level (p <0.05).

L * values of the samples at the beginning and the first month of storage were found to be
insignificant (p> 0.05), while a significant decrease was found in the second month of storage (p
<0.05). While the L* values of samples were similar to the beginning and the 3rd month of storage (p>
0.05), they showed a significant increase at the end of the storage (p <0.05).

In the statistical analysis performed, a significant increase was detected in the value of a* of
samples in the first two months of storage (p <0.05). At the end of storage, a significant decrease was
found in the samples of a*values (p <0.05).

In the samples, there was a significant increase in b* value of samples in the first two months of
storage (p <0.05), while a significant decrease was found in the third month (p <0.05). In the 4th
month, which is the last month of storage, the b* value in the samples was determined to be similar to
the value of samples in the 1st month (p> 0.05).

Changes in the Color (L *, a *, b *) Values of Frozen Stuffed Meatballs with Rainbow Trout
After Frying

Changes in the color (L *, a *, b *) values of frozen stuffed meatballs with rainbow trout after

frying are given in Table 6.

Table 6. Changes in the color (L *, a *, b *) values of frozen
stuffed meatballs with rainbow trout after frying *

Months L* ax b*
40.20£0.28%  25.13+0.61%  30.03+0.83°
32.9540.84°  19.21+0.35°  24.9240.76°
43.6240.77°  23.11£0.13°  29.82+0.41°
50.15+0.82°  20.32+0.58%  28.81+0.06°
49.2340.24° 21.97+0.72°  31.75+0.63°

*Different letters in the same column show the differences at a 0.05 significance level (p <0.05).

In this study, it was determined that the L* value of the samples increased significantly in the first
three months of storage and did not show a significant change after this month (p <0.05).

While a fluctuating change in the value of a* was observed during storage in the samples (p <0.05),
a significant decrease was found at the end of storage compared to the beginning value (p <0.05).

The b * value of the raw samples significantly decreased in the 1st month of storage compared to
the initial value (p <0.05). Then, this value increased again in the 2nd month and was found to be
similar to the initial value (p> 0.05). However, the b * value of the samples at the end of storage was
found to be significantly higher than the initial value (p <0.05).
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Sensory Quality of Stuffed Meatballs with Rainbow Trout During Frozen Storage
Sensory Assessment after Boiling

The changes in sensory quality parameters of boiled stuffed meatballs with rainbow trout are
shown in Table 7.

Table 7. The changes in sensory quality parameters of stuffed meatballs
with rainbow trout cooked after boiling

Overall
acceptability
0 8.0+1.54° 8.6+0.51° 8.5+0.54° 8.3+0.81"  8.3+0.51°
1 7.0£0.63™  8.0+0.63" 8.0+0.00° 8.0+0.63°  7.9+0.66°
2 7.040.63°  6.6£0.51* 7.740.51" 7.0+0.63*  6.8+0.75"
3 6.3£0.51%*  6.1£0.75° 7.3£0.55" 6.3+0.51°  6.0+0.00°
4 5.6+0.517 6.2+0.98° 6.5+0.23% 6.140.75°  6.1+0.40°%

*Different letters in the same column show the differences at a 0.05 significance level (p <0.05).

Months Color Odor Flavor Texture

According to the results of the sensory analysis, a significant decrease in the color value of boiled
stuffed meatballs with rainbow trout was found at the end of storage compared to the initial value (p
<0.05).

The odor value in the samples evaluated by the panelists, there was no significant difference (p>
0.05) in the 1st month of storage (p> 0.05), and a significant decrease in the odor value of the samples
occurred in the 2nd month of storage (p <0.05). After this month, it was determined that there was no
significant change until the end of storage (p> 0.05).

In samples cooked with boiling water, the flavor score significantly decreased at the end of storage
periods (p<0.05).

Statistically, it was determined that there was no significant difference in the texture value of the
samples in the 1 month of storage (p> 0.05), while there was a decrease in this value in the 2" month
(p <0.05) and this decrease was not significant until the end of storage (p> 0.05).

In the samples, there was no significant difference in the overall acceptability value in the first
month of storage (p> 0.05), while a significant decrease was found in the third month of storage (p
<0.05).

Sensory Assessment after Frying

The changes in sensory quality parameters of frozen stored rainbow trout stuffed meatballs cooked

after frying are shown in Table 8.

Table 8. The changes in sensory quality parameters of frozen stored rainbow trout
stuffed meatballs cooked after frying *

Months Color Odor Flavor Texture Overa!l_
acceptability

0 8.8+0.407  8.1+0.75°  8.7+0.52°  8.5+0.54° 8.3+0.51°

1 8.1£0.75°  8.040.63°  8.2+0.*°  8.0+0.63 7.94+0.66°

2 7.6£0.51°  7.540.54°°  8.0+0.52°  7.5+0.54° 6.8+0.75"

3 6.8+0.40°  6.5£0.54*°  7.7+0.75°  6.5+0.54° 6.0+0.00°

4 6.0+£0.63%  7.0+0.89®  6.840.52°  6.0+0.89° 6.1£0.40%

*Different letters in the same column show the differences at a 0.05 significance level (p <0.05).

According to the statistical analysis, there was a decrease in the color value in the 1st month of
storage compared to the initial value (p <0.05), but there was no change between the 1st month and the
2nd month (p> 0.05). A significant decrease was observed again in the 3rd and 4th months of storage
(p <0.05).

When the effect of frozen storage on odor value was examined, it was determined that there was a
significant decrease in odor values of fried samples at the end of storage compared to the initial value
(p <0.05).

The sensory score for the flavor of the cooked samples by frying significantly decreased at the end
of the storage time when compared to the initial value (p<0.05).
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As a result of the statistical analysis, it was found that the texture value of the samples, which was
8.5 + 0.54 at the beginning, significantly decreased to 6.0 + 0.89 in the 4th month of storage (p <0.05).
After these reductions, no significant change was noted (p> 0.05).

When the general acceptability values of the samples were analyzed statistically, a significant
decrease was found at the end of storage compared to the initial value (p <0.05).

DISCUSSION
Proximate Composition of Stuffed Meatballs with Rainbow Trout

In this study, the amount of lipid 5.28 + 0.29% (12.64 £ 0.71 g/ 100 g dry weight). Aramouni et al.
(2001) found the fat content of kibbeh (stuffed meatballs) produced from ground beef as 2.36% (7.53
g/ 100 g dry matter). It appears that the researcher did not use any oil in the filling formulation and
cooking. Therefore, it is thought that the reason for this difference in the lipid content of stuffed
meatballs is due to the formulation. In this study, the protein content of stuffed meatballs made from
rainbow trout was found to be 18.41% £ 0.19 g/ 100g dry matter. Aramouni et al. (2001) found that
the crude protein content of stuffed meatballs produced from ground beef was 51.21 g 100 g dry
matter. They used a high percentage of ground beef (33.33% ground beef, 16.67% bulgur, and 50%
water) in the outer shell of stuffed meatballs. It may explain the reason why the crude protein value
was found higher than the value obtained in this study. Again, the same studies found the raw ash
content of meatballs as 3.16 g / 100 g dry matter. It is seen that this value found is very close to the
value found for rainbow trout stuffed meatballs (3.45 g/ 100 g dry matter). Aramouni et al. (2001), the
moisture content of the meatballs made by meatballs was 68.67% (31.32% dry matter) higher than our
findings. This is thought to be due to the different formulations to produce stuffed meatballs. In the
literature review, no scientific data was found about the production of stuffed meatballs produced from
fish. In this study, it is thought that the bulgur, farina, and tomato paste used in the outer mixture have
a proportional effect on the nutritional composition of the stuffed meatballs made from rainbow trout.

In the present study, the highest amount of fatty acid within the fatty acid composition was
estimated as linoleic acid (C18: 2n6) with 39.70 + 0.47%, followed by oleic acid (C18: 1n9) with
37.86 £ 1.18%. The amount of C20: 5n3 and C22: 6 n3 was found to be 0.55 £ 0.01% and 1.13 +
0.95%, respectively. The total saturated fatty acid (3SFA) content was 12.52 + 0.23%, the total
monounsaturated fatty acid (Y MUFA) amount was 39.10 + 1.27% and the total polyunsaturated fatty
acid (3.PUFA) amount was found to be 43.73 = 1.98%. According to the results of this research, it is
thought that the fatty acid compositions of rainbow trout, sunflower oil, and bulgur are used at high
rates in the formulation of rainbow trout stuffed meatballs (depending on the amount of oil) are
effective on the fatty acid composition of rainbow trout stuffed meatballs. Our findings are supported
by previous studies mainly the fatty acid composition of ingredients used for stuffed meatballs made
from rainbow trout. Oz (2009) estimated that Y SFA, YMUFA, and YPUFA of farmed rainbow trout
were 20.74%, 26.57%, and 51.12%, respectively. Bayrak and Bayraktar (1995) obtained 44.73%
linoleic acid and 41.99% oleic acid within the fatty acid composition of the sunflower oil in their
study. Daglioglu et al. (2002), who studied the fatty acid composition of 13 grain-based foods
produced by Turkish companies, found that bulgur, which is used as the main material in the outer
shell of stuffed meatball made from rainbow trout, consists of 18: 1, 18: 2 and 18: 3 fatty acids and
they found that the 18: 2 fatty acids had the highest level with 56.8%.

The fatty acid composition of dietary fats, and especially of certain specific fatty acids, is essential
in human nutrition and health. A reduced saturated fat intake and an elevated PUFA-to-SFA ratio are
linked to a lower risk of human coronary heart disease and increasing this ratio can be resulted in
cholesterol reduction in plasma (Mcafee et al., 2010). As a result, the PUFA/SFA ratio is one of the
primary criteria used to determine the nutritional content of foods' lipid fractions. This ratio was
observed in this analysis to be 3,49+1.11; a ratio PUFA/SFA above 0.4 is recommended. (Wood et al.
2004). The observed Al and Tl value of <3 in the present study was mainly due to the n-6 PUFA
content, especially 18:2 n6. These findings for Tl are significant since atherosclerosis involves
thrombosis. Very low levels of the above indices are prescribed in a "Healthy" diet (Ulbricht and
Southgate, 1991).
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The Effect of Frozen Storage on Color (L *, a *, b *) Values of Stuffed Meatballs with Rainbow
Trout

Color is defined as a characteristic of light, which is both an inherent property of light and an
artifact of the human eye. Physically, it is measurable in terms of intensity and wavelength. However,
color as a perceptual phenomenon can be changed depending on the observer and the conditions under
which color is observed (Pathare et al.,2013). Researchers state that the color of material appears only
when the light from a luminous object or source is visible, or its surface is illuminated. Keskin et al.
(2018) stated that color measurement should be numerically expressed in food sciences and agriculture
to determine the color value precisely, accurately, and repeatably. For this purpose, different color
definition models (color model) or color spaces (color spaces) have been developed to define the color
value.

The HunterLab L *, a *, b * and modified Commission International de I’Eclariage (CIE) system
called CIELAB, are often used in the food industry. The degree of lightness (L), the degree of redness
or greenness (+/-a), and the degree of yellowness or blueness (+/-b) is measured by the systems
(Pathare et al., 2013).

Color is one of the most important quality characteristics affecting the purchasing behavior of the
consumer. Many factors affect ultimate perceived color such as animal genetics, species, nutritional
background, postmortem storage temperatures and time, postmortem changes in muscle, and a whole
host of processing, packaging, and lighting and display variables (Hunt et al., 2012). Expected changes
in colors can also indicate problems with processing or packaging. It is stated that the taste of food is
generally affected by color. For these reasons, color measurement and analysis are very important to
optimize the quality and value of foods (Pathare et al., 2013).

In this study, the L * value of the samples increased during storage (p<0.05). This increase in L *
value indicates that the whiteness of the product increased during storage. This finding
was different from the finding of Aramouni et al. (2001) who could not find a significant change in the
L * value of the stuffed meatballs produced from ground beef during storage. These differences were
thought to be due to the differences in the formulation of the outer shell.

In the present study, the * value of samples, which indicates the storage redness, significantly
decreased (p<0.05). Tomatoes are especially rich in lycopene content and are among the most
produced, consumed, and traded agricultural products in the world. It is stated that although lycopene
is the main carotenoid compound in tomato and tomato products, B-carotene is also present in these
products. Calligaris et al. (2002) suggest that the loss of red color intensity in tomato products may be
due to the chemical and physical changes of the carotenoids in tomatoes, especially lycopene. Cosmai
et al. (2017) stated that the red color in tomato-based products has a positive effect on the appearance
of the product, and the decrease in red color density during frozen storage is due to the oxidation of
carotenoids, including lycopene, and the co-oxidation of enzymatic reactions. According to these
results found by the researchers, the decrease in the * value, which indicates the red color intensity of
the rainbow trout meatballs, may be due to the deterioration of the carotene in the tomato paste
(18.40%) in the outer shell of the stuffed meatballs during frozen storage. Similarly, a decrease in
the*value of stuffed meatballs (outer shell consisting of meat and bulgur) during frozen storage was
found by Aramouni et al. (2001). However, in this study, it is thought that the reason for the decrease
in redness value was not due to tomato paste as in this study (the researcher did not use tomato paste in
the outer shell formulation), but because the hemoglobin, which gives the red color of ground beef, is
reduced during frozen storage.

In this study, a significant increase was found in b* values of frozen raw stuffed meatballs, cooked
frozen raw stuffed meatballs with boiling water, and frying at the end of storage periods when
compared to initial values (p<0.05). Unlike these findings, Aramouni et al. (2001), in their study,
emphasized that there was no significant change in the b * value of meat stuffed meatballs during
frozen storage. In this study, sensory quality stuffed meatballs were evaluated in two ways: boiled and
fried as common consumption type of it and fried samples were preferred by the panelists according to
color and flavor. Although a significant decrease was detected in the sensory quality parameters of
samples during frozen storage, it was found that they did not reach the unacceptable limit at the end of
storage. One of the most remarkable changes in sensory evaluation is the decrease in color, especially
in fried products. This is seen from the decrease in a * value, which indicates the redness.
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CONCLUSION

In comparison to stuffed meatballs made from other meats, made from rainbow trout have been
nutritionally enhanced in terms of including salmon, which play an important role in human nutrition.
and can consume as an alternative value-added product for people to increase fish consumption. The
instrumental color values could affect frozen storage. Although the scores of sensory quality
parameters of stuffed meatballs declined during frozen storage after 4 months of storage, it was
determined that it did not exceed the unacceptable limit (score <5) by the panelists.
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Ozet

Bu caligmada 2020-2021 balik avciligi sezonunda Usak ili merkezinde yasayan 1000 birey ile goriisiilerek anket
calismasi yapilmig ve su tiriinleri tiiketimine yonelik davraniglart arastirilmustir.  Ankete katilanlar %55,5°1 kadin, %44,5’i
erkeklerden olugmaktadir. Katilimeilarin %59,3’1 lise mezunu, %27,6’s1 6grenci, %21,1°1 is¢i, %28’ ev hanmimi, %19,3’u
memur, %1,5’1 emekli ve %2,5’1 de diger meslek mensuplaridir. Katilimcilarin tercihinde, oncelikle kirmizi et (%23,5),
tavuk (%18,9)  balik (%15,5) ve tiim et tiirlerinin (%36) tiiketimi goriiliirken, %06’siin et tiiketmedigi belirlenmistir.
Ankete katilanlarin balik tiikketim sikliklart haftada bir %38,1 oranla birinci siradadir. Deniz baliklar1 tiiketimi fazla
olmamakla birlikte en ¢ok tiiketilen tiir hamsidir. Katilimcilar baligi biiyiik ¢ogunlukla ki aylarinda (%79,1) tilketmekte ve
halk pazarlarindan temin etmektedirler.

Anahtar Kelimeler: Usak,balik, anket,su iirtinleri, tiikketim aligkanliklari
A Survey Study on Fisheries Consumption Preferences in Usak Province
Abstract

In this study, it was tried to determine fish consumption behaviors by surveying 1000 people living in the Usak city
center in the 2020-2021 fishing season. The respondents are women (55.5%) and men (44.5%). Most of the respondents are
high school graduates (59.3%). Considering the educational status of the participants, 27.6% are students, 21.1% workers,
28% housewives, 19.3% civil servants, 1.5% retired, and 2.5% other professionals. In the preference of the participants, it
was determined that primarily red meat (23.5%), chicken (18.9%), fish (15.5%), and all meat types (36%) were consumed,
while 6% did not consume meat. The fish consumption frequencies of the respondents were 38.1 percent per week. Although
the consumption of sea fish is not high, the most consumed sea fish is anchovy.Participants consume fish most in winter
(%79.1) and obtain them from public markets.

Keywords:Usak, fish, survey, seafood, consumer behaviors

GIRiS

Ulkemizde kisi basina diisen su iiriinleri tiikketimi daha ¢ok kiy1 bdlgelerinde yogunlasmistir. Kisi
bas1 yillik ortalama balik tiiketimi 2019 yilinda 6,3 kg olup diinya ortalamasimin ¢ok altindadir
(Anonim, 2020). Karadeniz Bolgesinde 25 kg, Istanbul, izmir, Ankara gibi biiyiik sehirlerde 16 kg,
Dogu ve Giiney Dogu Anadolu Bolgesinde 0.5 kg tiiketim goriilmektedir (ISUB, 2018). Giirgiin
(2006), Van bolgesinde yaptig1 ¢alismada, 262 bireyin %82,2’sinin baliklar1 taze tiikettigi, %4,2’sinin
ise hi¢ balik tiikketmedikleri, %59,1’inin ilk sirada inci kefalini tiikettigi sonucuna ulagmustir. Arslan ve
Izci (2016), Antalya Ili’nde su iiriinleri tiiketim aliskanliklarmi belirlemek igin bir ¢alisma yapnus ve
katilimeilarm su iriinlerini %43,67°lik oranla iki haftada bir tiikettigi, taze diirlinlerin genelde
kizartildig1 ve fiyatlarin ise su {iriinleri tercihlerinde 6nemli yer tutugunu tespit etmistir. Bu konuda
Tiirkiye’nin bir¢ok bolgesinde ve Tirkiye disinda yapilmis anket c¢aligmalart mevcuttur. Giirglin
(2006) Van Golii’ne kiyist bulunan baz ilgelerde, Cadir (2012) Keban Baraj Golii Ova Bolgesinde,
Glingdr (2014) Erzurum ve Van’da, Cicek vd. (2013) Elazig’da, Odabasit (2016) Diyarbakir’da,
Mentese (2016) Tunceli’de, Sen (2017) Erzincan’da, Ibis (2014) Sivas’ta olmak iizere Dogu ve Giiney
Dogu Anadolu boélgesinde benzer caligmalar gergeklestirmistir. Karadeniz Bdlgesi’nde ise Balik
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vd.’nin (2013) Ordu’nun Fatsa ve Aybast: Ilgelerinde, Aydin ve Karadurmus (2013)’un Trabzon ve
Giresun’da, Temel (2014)’in Rize’de, Uzundumlu ve Dingel (2015)’in Trabzon’da ve Kizilaslan ve
Nalinci (2013)’nin Amasya’da gergeklestirdigi ¢aligmalar dikkat cekmektedir. Akdeniz ve i¢ Anadolu
Bolgeleri’nde ise; Burdur (Orhan ve Yiiksel, 2010), Antalya (Arslan ve Izci, 2016), Konya ve Mersin
(Sen, 2011) ve Nigde illerinde (Bashimov, 2017) gergeklestirilen bazi g¢alismalara ulagilmistir.
Kocaeli’'nde (Akcay ve Vatansever, 2013), Izmir’de (Caylak, 2013), Manisa’da (Celik, 2014),
Gokceada’da (Dogan ve Goniilal, 2014) ve Canakkale ve Ankara’da (Bayraktar, 2015) Ege ve
Marmara Bolgeleri’ni icine alan benzer calismalara rastlanmaktadir. Ayrica Ozek’in (2008)
Kirgizistan’da gergeklestirdigi ¢alisma da dikkat ¢ekmektedir.

Kocaman Balik¢iligin "Tiirkiye'nin Balik Tiiketim Haritas1" baslikli arastirmasina gore, tilkede
kisi bagma yillik tiiketilen balik miktar1 7,6 kg olurken, Karadeniz Bolgesi 25 kg ile ilk sirada yer
almistir. Yani Karadeniz Bolgesi'nde yasayan ile Tirkiye'nin diger bolgesinde yasayanlar arasinda
balik tiikketimi konusunda 17,4 kg’lik farkin oldugu goriilmektedir. Tiiketim, Dogu ve Giineydogu
Anadolu Bélgeleri’nde ulagimin zor oldugu yillarda su iiriinlerinin bolgeye az ulastirilmasi nedeniyle,
tiikketim ahskanlig1 kazanilmadigindan 1 kg’ altina kadar inebilmektedir. izmir, Ankara, Istanbul
gibi biiylik sehirlerde ise yillik kisi basi tiiketilen balik miktar1 16 kg olarak saptanmigtir. Tiirkiye'de
en ¢ok kiiciik baliklar &zellikle hamsi tiiketilirken, onu sardalya ve istavrit takip etmektedir.
Istanbul'da liifer, mezgit ve palamut gibi bolgesel tiirler tercih edilirken, ydreye 6zgii olan kupes ve
tirsi ise en ¢ok Izmir’de tercih edilmektedir. Tiirkiye'de balik tercihlerini en gok etkileyen unsurlarin
basinda tazelik ve fiyat gelirken yoresel olarak avlanan veya yetistirilen baliklar lezzet aligkanligi ve
degisik isleme yontemleri sebeplerinden dolay: tercih edilebilmektedir. Ornegin Géller Bolgesi’nde
sazan ve sudak diger bolgelere nazaran yaz kig tercih edilen balik tiirleridir. Tiirkiye’de islenmis
bahigin %48’lik oramnin Istanbul’da yasayanlar tarafindan tiiketildigi, istanbul’dan sonra Mugla’da
%38, Antalya’da %7 oranlarinda tiiketildigi bildirilmektedir (Deniz Haber Ajansi, 2018).

Calismanin  amact su iiriinleri tiiketimi iizerine Usak Ilindeki tiiketicilerin davranislarmi
belirlemektir. Boylelikle Tirkiye’de tiiketimi az olan su iirtinlerinin tercih edilmesinde etkili olan
faktorlerin Usak Ili bazinda ortaya konulmasi amaclanmustir. Tiiketicilerin goriisleri dogrultusunda
iiretim planlamasi, pazarlama ve su iiriinlerini tamitimi konularinda fikir olusturulmasi amaglanmustir.

MATERYAL VE YONTEM

Calisma, 2021 Ocak ve 2021 Subat aylar1 arasinda Usak Il merkezinde yasayanlar igerisinde
tesadiifii olarak segilen 1000 kisi ile 16 sorudan olusan anket sorularmin yiiz yiize goriisiilerek
cevaplanmasi seklinde gergeklestirilmistir. Ankete katilanlarin bolgede yerlesik halktan olmalara
6zen gosterilmistir. Katilimcilara sosyo-ekonomik durumlari, su iirtinleri tiiketim davranislari, tiikettigi
tiirler, miktarlari, tercih sebepleri ve iiriin tedarik yerlerini belirlemeye yonelik sorular sorulmustur.

Elde edilen veriler, MS-Excel ve aritmetik ortalamalar alinarak yorumlanmis ve degerlendirilmistir.
Usak, Tiirkiye’nin Ege Bélgesinin dogusunda yer almaktadir. Ege ve i¢ Anadolu Bélgeleri arasinda
bir gecit durumundadir. Doguda Afyonkarahisar, batida Manisa, kuzeyde Kiitahya, glineyde Denizli
illeri ile komsudur.

BULGULAR

Anket calismasinda goriisiilen katilimcilarin 445 kisisi erkek (%44,5), 555 kisisi (%55,5) kadindir.
Anket uygulamasina katilan bireylerin biiyiik ¢cogunlugu %46 oranla 4 kisilik ailelerdir. En disiik
cogunluk ise %1 oranla 1 kisi olarak yasayanlardir (Sekil 1).

%1 .
%3 00/4 Birey sayisi
%5 ° m1
%19 m2
%22 3
"4
m5
v :
%46 7+

Sekil 1. Ankete katilanlarin aile birey sayilar1

377



KUSAT ve SAHAN 2021 ActAquaTr 17(3), 376-385

Arastirmada bireylerin yag dagilimi incelendiginde; 18 yasindan kiiciikler %3,6; 46 yas ve daha
bliyiikler %4,8; 35-45 yas aras1 %14,1; 25-34 yas aras1 %30; 18-24 yas aras1 %47,5 oraninda olduklar1
goriilmistiir (Sekil 2).

%4,8 Yas dagilimi
H0-18
H18-24

= 25-34

H 35-45

H 46+

Sekil 2. Katilimcilarin yas dagilimi

Anket uygulanan bireylerin mesleklerine gore dagilimi; % 27,6’s1 68renci, %21,1°1 is¢i, %28’1 ev
hanimi, %19,3’i memur, %1,5 emekli ve %2,5’1 diger mesleklerdir (Sekil 3).

Meslek dagilimi
%2,5 %19,3 B Memur
W isgi
m Emekli
%211 m Ogrenci
\ B Ev Hanimi
%27,6 %1,5 = Diger

Sekil 3. Katilimcilarin meslek dagilimi

Katilimcilarin gelir diizeylerine bakildiginda; % 36,7’si 2501-4000 TL arasinda, %34,5°1 1951-
2500 TL arasinda, %26,7°s1 4001 TL’den fazla ve %2,1°1 1950 TL’den asag1 gelire sahip oldugu tespit
edilmistir (Sekil 4).

2% Gelir durumu
m <1950

m 1951-2500
= 2501-4000

m 4001>

Sekil 4. Ankete katilanlarin gelir durumu
Anket uygulamasma tabi olan bireylere baligin diger etlerle karsilastirmalari soruldugunda;

%15,5’inin balig1 severek tiikettigi, %6’sinin et tikketmedigi, %18,9’unun beyaz et (tavuk), %23,5’inin
kirmizi et ve %36,1 inin ise biitiin etleri severek tiikettikleri sonucu elde edilmistir (Sekil 5).
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Et Tiketmiyor . . .
9 Balik Tuketilen et turleri
%6 yi5s

B Balik Eti
B Kirmizi Et

[KATEGORI ADI] " Tavuk Eti

.‘ %23,5 B Hepsi

[KATEGORI ADI]
%36,1

M Tiketmiyorum
Beyaz et (Tavuk)
%18,9

Sekil 5. Ankete katilanlarin tercih ettikleri et tiirleri

Yapilan ¢aligmada baligr tercih etme sebepleri sorulmus ve balik tiiketen bireylerin %82’si lezzetli
ve besleyici oldugu ig¢in tercih ettiklerini bildirmislerdir.

Anket uygulamasina katilan bireylerin baligin diger etlere gore fiyatlar1 karsilastirdiginda %42,2’si
normal, %29,5’1 pahali ,%12,3’1i ucuz ve %16’s1 da fikrinin olamadigini belirtmistir (Sekil 6).

Balik fiyatlar
%16 %12,3

W Ucuz

l I H Normal
%29,5 = Pahali

B Fikrim Yok

%42,2
Sekil 6. Ankete katilanlarin balik fiyatlart konusundaki degerlendirmeleri

Anket uygulamasina katilan bireylerin balik tiiketim siklig1 arastirildiginda; %38,1°1 haftada bir,
%26,4’1 on bes giinde bir, %22,31i ayda bir, %9’u diger,%3’ii haftada birden fazla ve %]1,2’si ise
balik tiiketmedigi sonucu bulunmustur (Sekil 7).

o %12,

% Tuketim sikhgi

MW Haftada birden fazla

b %3
‘ ’ W Haftada bir
%22,3 M On bes giinde bir
M Ayda bir
m Diger

m Tiketmiyorum

%26,4
Sekil 7. Ankete katilanlarm balik tiiketim siklig1

Yapilan ¢aligmada balik tiiketicilerinin %61,5’1 deniz baliklarini, %5°1 tath su baliklarmi, %33,5°1
ise her iki balig1 tiikketmeyi tercih etikleri belirlenmistir. Tiiketicilerin en fazla tercih ettigi balik tiirii
hamsi (%61,2), en az tiikettigi sazandir (%1,2) (Sekil 8). Ankete katillanlarin yaklasik %70’inin ucuz
balik tercih ettigi goriilmektedir (hamsi, istavrit, palamut).
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%1,5 Tercih edilen balik tirleri

0, o)
%1,2 %4,4 %1,4 B Hamsi

%2,6 %10,2

%4,5 “‘
% W’ W Levrek
%8,4 W istavrit

Sekil 8. Ankete katilanlarin tercih ettikleri balik tiirleri

H Palamut

B Cipura

Katilimcilara balik temin ettikleri yerler soruldugunda %58°1 pazar yeri, %33,1°1 balik hali ve
%8,8’1 stiper marketleri, satin alirken de Oncelikle taze balig1r (%68,6) tercih ettiklerini
sOylemistir. Diger tercihler sirasiyla tiire (%11,7), fiyata (%11,3) ve saticiya glivendir (%8,4).
Ankete katilanlarin bilyiik cogunlugu, deniz baliklar1 av sezonu olan kis aylarinda %79,1, sonbaharda
%16,4, yaz aylarinda %3 ve ilkbaharda %]1,5 oranminda balik tiikettiklerini bildirmistir (Sekil 9).

Tlketim mevsimleri
%1,5_ 03

¢

Sekil 9. Ankete katilanlarin balik tiikketimine, mevsimlerin etkileri

%16,4

m ilkbahar
M Yaz

= Sonbahar

m Kis

Yapmis oldugumuz calismada ankete katilan bireylerin %95,9’u baliklar1 islenmemis (taze), %1,8’1
konserve, %1,6’s1 tuzlanmis ve %0,7’si de salamura olarak tiiketmektedir (Sekil 10).

%1,6

Balik tiketim tercihleri

M Taze
M Konserve
M Tuzlanmis

B Salamura

Sekil 10. Ankete katilanlarin balik tiiketim tercihleri

Katilimeilardan kirmizi eti memurlar %32, isciler %17, ev hanimlar1 %14 6grenciler %24 ve diger
meslek mensuplar1 %22 oraminda tercih etmektedir. Baligi daha ¢ok memurlar (%25), tavuk etini
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ogrenciler ( %20), et iiriinlerinin hepsini isgiler (%54) tiiketmektedir. Ogrenciler %9 oraninda et {iriinii
tilketmemektedir (Sekil 11).

Et tiketim oranlar1 %

W Ballk Eti ™ Kirmizi Et ™ Tavuk Eti  ® Hepsi ® Tiiketmiyorum

54

Memur isci Ev Hanimi Ogrenci Diger

Sekil 11. Ankete katilanlarm meslek gruplarma gore et {irtinii tiiketim oranlar1 (%)

Anket uygulamasina katilan memurlarin %62’si deniz baliklarini, %3’ tath su baliklarmni ve %351
her ikisini de, iscilerin ise %64’ deniz baliklarini, %5°1 tath su baliklarmi ve %31°i de her iki tiirii
tercih etmektedir. Ev hanimlarinin %63’ deniz baliklarini, %44 tath su baliklarini1 ve %331 ise her
ikisini, 6grencilerin ise %60’1 deniz baliklarmni, %6’s1 tathi su baliklari ve %34’ ise her iki tiirii,
diger meslek mensuplarinin ise %51 deniz baliklarini, %68’i tath su baliklarini ve %27’si ise her iki
tiirli de tercih etmektedir (Sekil 12).

Mesleklere gore balik tiiketim tercihleri %
M Deniz Baliklari  ® Tath Su Baliklari  ® Her ikiside
68
64
62 63 60
35 31 33 34
27
3 5 4 6 5
Memur isci Ev Hanimi Ogrenci Diger

Sekil 12. Ankete katilanlarin mesleklerine gore balik tercihleri (%)

TARTISMA VE SONUC
Kaliteli gida tiiketimi giiniimiiziin en 6nemli konularmndan birisidir. Her gegen giin, bireylerin
tercihlerini belirleme ve dogru besini tiikketmesinde yardimci olmak amaciyla cesitli arastirmalar
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yapilmaktadir. Su iiriinlerinde tiiketiminin durumunu, kisilerin taleplerini, avcilik ve yetistiricilik
pazar paylarini belirlemek igin yapilan anket caligmalari 6nemli bilgi kaynagi olusturmaktadir. Bu
amacla Ege Bolgesinin kiiciik ve gelismekte olan Usak ili’nde, su iiriinleri tiiketim aliskanliklarimin
belirlenmesi amaciyla yapilan bu ¢alisma ilk olusu bakimindan da 6nemlidir. 2020- 2021 balik aveiligt
sezonunda, tesadiifen secilen 445 erkek, 555 kadin olmak iizere toplam 1000 kisiyle soru-cevap
seklinde anket ¢aligmasi uygulanmstir.

Tablo 1°de 6zetleri verilen, anket ¢caligmalarinda erkek bireylerin ¢cogunlukta oldugu goriilmektedir.
Erkek egemen goriisiin etkisi, anketlere yansimig olabilir. Balik vd. (2013) ankete katilan erkeklerin
yiizdesi (%87,45) en yiiksek olan calisma ile dikkat cekmektedir. Arslan ve Izci (2016), toplam 1365
kisiyle yaptiklar1 ¢aligmada erkek ve kadin oranlarimin birbirine yakin olmasi nedeniyle bizim
sonuclarimizla yakmlik gostermektedir. Bu konudaki diger calismalarin bilgileri Tablol de
Ozetlenmistir.

Tablo 1. Baz1 anketlere ait katilimci diizeyleri

Ankete Katilan Erkek Kadin

Kaynak 1l Kisi Sayist (%) (%)
Bizim ¢aligma Usak 1000 44,5 55,5
Akgay ve Vatansever (2013)  Kocaeli 384 54,43 45,57
Bayraktar (2015) Ankara, Canakkale 200 53 47
Balik vd. (2013) Ordu 600 87,45 12,55
Arslan ve Izci (2016) Antalya 1365 51 49
Balci vd. (2016) Malatya 409 69 31
Bashimov (2017) Nigde 150 64,67 35,33
Sen (2017) Erzincan 213 52,58 47,42
Terin vd. (2016) Van 260 75 25

Anket caligmamiza katilan bireylerin %38,1°’lik oranla haftada bir balik tiikettigi saptanmustir.
Konuyla ilgili yapilan ¢aligmalarda ¢ogunlukla tiiketimin iki haftada bir oldugu gériilmiistiir (Tablo 2).
Akgay ve Vatansever (2013) tarafindan yapilan ¢alismada tespit ettikleri tiiketim sikliginin bizim
calismamizin verilerine yakindir. Dogan ve Goniilal (2014), Arslan ve Izci (2016) arastirmalarinda
tilketim sikliginin kayda deger oranda fazla oldugunu bildirmislerdir. Tiiketim sikligindaki farkliligin
anket ¢alismalarinin yapildigi yerlerin deniz kiyisinda olup olmamasinin etkisi dnemlidir. Baz1 6zet
calismalar Tablo 2’de verilmistir.

Tablo 2. Bireylerin balik tiiketim sikliklar1 agagida 6zet seklinde verilmistir

Kaynak 1l Tiiketim SIkhgi %

Bizim ¢alisma Usak Haftada bir 38,1
Arslan ve Izci (2016) Antalya Haftada bir 43,45
Akgay ve Vatansever (2013)  Kocaeli Haftada bir 37,01
Kizilaslan ve Nalinci (2013) Amasya On bes giinde bir 34,85
Balik vd.(2013) Ordu(Fatsa-Aybasti) On bes giinde bir ~ 36,7-36,5
Bashimov,(2017) Nigde On bes giinde bir 36,0
Cigek vd. (2013) Elazig On bes giinde bir 33,0
Dogan ve Goniilal (2014) Gokgeada Haftada 2-3 kez 49,6

Anket uygulamamiza katilan bireylerin; %15,5’lnlin balig1 severek tiikettigi, %6’sinin et
tilketmedigi, %18,9’unun beyaz et, %23,5’inin kirmiz1 et ve %36,1’sinin ise biitlin et {iriinlerini
severek tlikettikleri belirlenmistir (Sekil 5).

Yapilan diger ¢aligmalara bakildiginda, i¢ kesimlerde kirmzi et tiiketimi fazladir. Baliketi tiiketimi
denize kiyisi olan illerde ¢ok yiiksek, i¢ kesimlerde diisiik oldugu vurgulanmistir. Calisgmamiza en
yakin sonuglar, kirmiz1 et tiiketiminde Bayraktar (2015)’1in Ankara ilindeki calismasinda (%38) ve
balik tiiketiminde Ibis (2014)’in Sivas ilinde yaptig1 ¢alismada (%16) bulunmustur. Konuyla ilgili
yapilan diger caligmalar incelendiginde balik, beyaz ve kirmizi et tiiketim tercihlerinin bolgesel
farkliliklar olusturdugu goriilmiistiir (Tablo 3).
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Tablo 3. Yapilan ¢alismalarda tiiketilen et {iriinleri

Kaynak i En Fazla Tiiketilen Et Uriinii(%)
Bizim ¢alisma Usak Kirmiz1 Et (%23,5)

Colakoglu vd. (2006) Canakkale Beyaz Et (%47,5)

Ozek (2008) Kirgizistan Kirmiz1 Et (%69,8)

Sen (2011) Konya [/ Mersin  Kirmizi Et (%47,8)/  Kirmizi Et(%47)
Balik vd. (2013) Fatsa / Aybasti Balik (%95,8) / Balik (%90,6)
Caylak (2013) [zmir Beyaz Et (%33,8)

Cigek vd. (2013) Elazig Kirmizi Et (%41)

Dogan ve Goniilal (2014) Gokgeada Kiimes Hayvanlar1 (%37,3)

Giingor (2014) Erzurum / Van Kirmiz1 Et (49,8) /  Beyaz Et(%39,7)
Ibis (2014) Sivas Beyaz Et (%49) /  Balik (%16)
Odabas1 (2016) Diyarbakir Beyaz Et (%41,2)

Bayraktar (2015) Ankara /Canakkale Kirmizi Et (%38) /  Balik (%34)

Ankete katilan bireylerin tercih ettikleri balik tlirleri: hamsi (%61,2), alabalik (%10,2), palamut
(%38,4), cipura (%4,6), levrek (%4,5), istavrit (%2,6), cinekop (%]1,5), turna (%1,4), sazan (%1,2) ve
%4,4 ile diger baliklardir (Sekil 8).

Tiirkiye genelinde en ¢ok avciliktan tretilen ve tiiketilen tiiriin en baginda hamsi gelmektedir.
Giiniimiizde iilkenin artik en uzak yerlesim yerlerine kadar hamsi ve istavrit kolaylikla
ulastirilmaktadir. Diger ¢alismalarda Canakkale’de liifer, Van Gélii gevresinde inci kefali ve Izmir’de
¢ipura en fazla tiiketilen baliklar olurken, diger illerde fiyati uygun olan hamsi ilk sirada yer
almaktadir. Bu ¢esitliligin {iriine yakinlikla dogru orantili oldugu gériilmektedir (Tablo 4).

Tablo 4. Yapilan ¢alismalardaki en fazla tiiketilen balik tiirleri

Kaynak il Balik Tiirii
Bizim galisma Usak Hamsi
Colakoglu vd. (2006) Canakkale Liifer
Giirgiin (2006) Van Golii Cevresi  Inci Kefali
Orhan ve Yiiksel (2010) Burdur Hamsi

Sen (2011) Mersin / Konya Hamsi
Caylak (2013) [zmir Cipura
Temel (2014) Rize Hamsi
Celik (2014) Manisa Hamsi
Dogan ve Goniilal (2014) Gokgeada Liifer
Uzundumlu ve Dingel (2015)  Trabzon Hamsi
Terin vd. (2016) Van Hamsi

Usak halkinin biiylik ¢ogunlugu, deniz baliklar1 av sezonu olan kis aylarinda (%71,9), balig1 pazar
yerinden (%58,1) tedarik ederek, satin alirken Oncelikli olarak fiyatindan ¢ok baliklarin tazeligine
(%68,6) bakarak tiikettiklerini beyan etmislerdir (Sekil 9).  Diger calismalara bakildiginda ise
Kizilaslan ve Nalinci (2013), Ibis (2014) ve Terin vd. (2016)’nin arastirmalarinda, bahgmn kis
mevsiminde tiiketildigini belirlemislerdir. Odabasi (2016) ve Sen (2017), yapmis olduklar
cahigmalarinda market ve pazar yerlerinden balik ve balik iiriinleri temin edildigini; Arslan ve Izci
(2016), Antalya ilinde fiyatlarm 6nemli bir fonksiyon oldugunu tespit etmislerdir. Ozek (2008)
Kirgizistan halkinin su iriinleri alimini etkileyen faktorlerin basinda fiyat oldugunu belirlemistir.
Bunun yaninda baliklarin taze tiiketildigi sonucuna ulasilmis ¢alismalarda dikkat cekmektedir (Sen
2011; Balik vd. 2013; Caylak 2013; Aydin ve Karadurmus 2013; Celik 2014; Giingér 2014; Arslan ve
Izci 2016; Odabas1 2016; Bashimov 2017). Bahsedilen calismalar (Tablo 5)’de ayrimntili bir sekilde
verilmistir.

Calismamizda ve konuyla ilgili baska caligmalarda tiiketim mevsiminin ki, temin yerinin pazar
alanlar1 oldugu goriiliirken, mevcut ¢aligmada satin almadaki ilk tercihin tazelik oldugu diger
arastrmalarda ise genelde fiyatin 6n plana c¢iktigi tespit edilmistir. Biitiin caligmalarda tiiketim
seklinin genellikle islenmemis iiriinler oldugu saptanmistir.
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Tablo 5. Bazi aragtirmalarda bulunan sonuglar

Satin
. Tiiketim . . almada  Tiiketme
Kaynak 1 Mevsimi Temin Yeri ilk tercih  yontemi
sebepleri

Bizim ¢aligma Usak Kis Pazar yeri Tazelik Islenmemis
Ozek (2008) Biskek - Pazar yeri Fiyat -

Arslan ve Izci (2016) Antalya - Market Fiyat Islenmemis
Glingor (2014) Erzurum / Van Kis - - Islenmemis
Caylak (2013) [zmir - Pazaryeri Tazelik Islenmemis
Aydin ve Karadurmus (2013)  Trabzon / Giresun - Balik¢1 Tezgdh1 - Islenmemis
Bashimov,(2017) Nigde Kis Balik Hali Saglik Islenmemis
Dogan ve Goniilal (2014) Gokgeada Kis Balik Hali Fiyat -
Uzundumlu ve Dingel (2015)  Trabzon-Besikdiizii - Balik Hali Fiyat -

Terin vd. (2016) Van Kis Balik¢1 Tezgdh1  Tazelik Islenmemis
Kizilaslan ve Nalinci (2013) Amasya Kis Balik¢1 Tezgaht  Lezzet Islenmemis
Ibis (2014) Sivas Kis Balik Hali Saglik Islenmemis
Sen (2017) Erzincan - Market Saglik Islenmemis
Odabas1 (2016) Diyarbakir Kis Balikg1 Tezgaht - Islenmemis
Sen (2011) Mersin / Konya Kis Balik Hali - Islenmemis
Celik (2014) Manisa Kis Pazar yeri Tazelik Islenmemis
Balik vd. (2013) Ordu (Fatsa-Aybast1)  Kis Balik¢t Tezgdhi - Islenmemis

Calismamizda ankete katilan bireylerin sorulara verdikleri cevaplardan, su Uriinlerinin en fazla
haftada bir tiiketildigi, en ¢ok islenmemis ve satin alirken taze su {iriinlerinin tercih edildigi, tikketimi
olumsuz etkileyen faktorlerin basinda ise tiiketim aligkanligmin az olmasi sonucuna varilmistir.
Ulkemizde iiretim yildan yila degiskenlik gosterebilmektedir. Bunun sonucu olarak balik
fiyatlarindaki degisim, bireylerin tiiketim tercihlerini etkilemektedir.
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Abstract

There are few studies about the effect of turmeric powder on the skin pigmentation of fish in the literature. This study
was conducted to research body and tail pigmentation and growth performance of Pseudotropheus acei (Regan 1922) fed
supplemented diets with different ratio turmeric (Curcuma longa) powder. Five diets were prepared by adding four different
ratios of turmeric powder (T1: 1%, T3: 3%, T5: 5%, and T7: 7% ) to C: control diet (without turmeric powder). A total of 75
broodstock (mean weight 6g) were randomly stocked (49:13") in 15 aquariums (70x30x40cm), with three replications. The
fish were fed twice daily at 8:30 and 20:30 with the diets supplemented turmeric as ad libitum during the 90 days.

At the end of the experiment, the body and tail pigmentation of P. acei significantly increased with increasing turmeric
rate in diets (P <0.05). The blue indicator —b values in male and female body color were high in all turmeric supplemented
groups compared to the control group (P<0.05). Also, the yellow color indicator + b value in the color of the male and female
tail increased with the addition of turmeric. H, values were determined in the blue area for the body and in the yellow area
for the tail. However, pigmentation of all groups supplemented turmeric powder was visually not different from the color of
the control group. There were no significant differences between final weights, weight gain SGR, FCR, and survival rates of
P. acei fed diets supplemented with turmeric powder compared to the control (P>0.05). As a result of the study, skin and tail
pigmentation and growth performance of P. acei were not improved by supplementing with turmeric powder to diets.

Keywords: Pseudotropheus acei, Curcuma longa, growth performance, pigmentation

Zerdecal Tozu Iilave Edilmis Diyetlerin Sar1 Kuyruk Ciklit Pseudotropheus acei (Regan 1922)'nin Viicut
Pigmentasyonu ve Biiyiime Performansi Uzerindeki Etkileri

Ozet

Literatiirde, zerdegal tozunun baliklarin viicut ve kuyruk pigmentasyonu iizerindeki etkilerinin belirlendigi az sayida
calisma bulunmaktadir. Bu calisma, farkli oranlarda zerdecal (Curcuma longa) tozu ilaveli diyetlerle beslemenin
Pseudotropheus acei'nin (Regan 1922) viicut-kuyruk pigmentasyonu ve bilylime performansma etkilerini belirlemek
amaciyla olusturuldu. Dért farkli oranda zerdegal tozu (T1:% 1, T3:% 3, T5:% 5 ve T7:% 7) C: kontrol diyetine (zerdecal
tozu olmadan) eklenerek bes diyet hazirlanmigtir. Toplam 75 anag (ortalama agirlik 6g) 15 akvaryumda (70x30x40cm) iig
tekerriirlii olarak rastgele stoklanmistir (49: 1J). Baliklar, 90 giin boyunca doyuncaya kadar zerdegal ilaveli diyetler ile
giinde iki kez saat 8:30 ve 20:30 da beslenmiglerdir. Denemenin sonunda, diyetlerdeki zerdegal oraninin artmasiyla P.
acei'nin viicut ve kuyruk pigmentasyonu dnemli 6lgiide arttigi belirlenmistir (P <0,05). Erkek ve disi viicut rengindeki mavi
renk gostergesi —b degerleri tiim zerdegal ilaveli gruplarda kontrol grubuna gore yiiksek bulunmustur (P<0,05). Ayrica
zerdegal ilavesiyle erkek ve disi kuyruk rengindeki sar1 renk géstergesi + b degeri artmustir. Hy, degerleri viicut icin mavi,
kuyruk i¢in sar1 alanda belirlenmistir. Bununla birlikte, zerdegal tozu ilaveli tim gruplarin pigmentasyonu gorsel olarak
kontrol grubunun renginden farkl degildi. Kontrole kiyasla zerdegal tozu ilaveli diyetler ile beslenen P. acei final agirlik,
agirlik kazanci SGR, FCR ve yasama oranlari arasinda 6nemli bir farklilik tespit edilmemistir (P <0,05). Sonug olarak, P.
acei'nin diyetlerine zerdegal tozu ilavesi viicut ve kuyruk pigmentasyonu ve biiylime performansi verilerini iyilestirmedi.

Anahtar Kelimeler: Pseudotropheus acei, Curcuma longa, biiyiime performansi, pigmentasyon

INTRODUCTION
Ornamental fish demand increase worldwide every year (Srikrishnan et al., 2017). One of the most
attractive features of ornamental fish is undisputed their colors (Kop and Durmaz, 2008). Pigmentation
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of fish demonstrates its quality and wellness. Especially, the colors of male fishes become brighter
(Alpbaz and Hossucu, 1996). The lively colors in the fish, as well as fish species, is one of the
considerable  determinants of the marketing of fish (Hatlen et al, 1997).
Ornamental color fish production is an important issue for producers ( Hekimoglu, 2005). It is known
that many types of diet are marketed for the coloration of fish in different countries recently
(Brineshrimp Direct, 2005).

The fish cannot synthesize carotenoids like other animals, and they must obtain from diets
(Sommer et al., 1991). Both synthetic and natural carotenes are used in the coloration of fish. But the
synthetic carotenoids causes some health problems, there is an increasing demand for the elimination
of the use of synthetic carotenes (Ambati et al., 2019; Mohammed and Mohd, 2011). Natural
carotenoids are derived from plants while synthetic ones are mainly by-products from coal distillation
(Ambati et al., 2019; Carbonell-Capella et al., 2014). Recently, natural carotenoids were started using
due to the toxic effect of synthetic carotenoid pigments ( Ambati et al., 2019). Antioxidant activity is
better in the case of natural carotenoids, unlike synthetic ones. (Murthy et al., 2005). In addition,
synthetic carotenoids added to feeds increase the price of feed by 20-25% (Yesilayer et al., 2008). The
cichlid fish is a take part in the species which people excessively prefer on the world. Pseudotropheus
acei is found in shallow water on a clear sandy bottom and in bogs in Lake Malawi (Parry et al.,
2005).

Turmeric is a spice that comes from the root of Curcuma longa, a member of the ginger family,
Zingaberaceae (Chainani-Wu N., 2003). Curcumin, an active component of turmeric, is a yellow
pigment that has been isolated from the ground rhizome part of the curcuma plant curcumin; has anti-
inflammatory, antioxidant, anticancerogenic, and hypolipidemic properties (Tayyem et al., 2006).

A study was done on pigmentation of fish; Mukherjee et al., (2009) reported that high
pigmentation was observed in caudal fin and muscle of fish (P. reticulata) fed with diets added
turmeric powder (0.09 %). For this aim, we researched the pigmentation effect of turmeric powder in
different fish Pseudotropheus acei (Regan 1922) that has yellowfins. For this aim, we researched the
pigmentation effect of turmeric powder in the diet at the different ratios on fish Pseudotropheus acei
(Regan 1922) pigmentation that has yellowfins.

MATERIAL and METHOD
Experimental diets

Experimental diets were isonitrogenous (37% crude protein) and isoenergetic (4400kcal). Five diets
were prepared by adding four different ratios of turmeric powder (T1: 1%, T3: 3%, T5: 5%, and T7:
7%) to C: control diet (without turmeric powder). The composition of the diets is shown in Table 1.
The feed ingredients were supplied from a local fish feed manufacturer. Turmeric powder was
obtained from a special spice seller (Isparta, Turkey). All ingredients were ground to small particle
size (0.5 mm) in a mill. Dietary ingredients were mixed in a mixer. Micro ingredients were first mixed
and then slowly added to the macro ingredients to ensure a homogenous mixture. Water was added to
obtain a 30% moisture level. Diets were passed through a mincer with a 1 mm sieve. The pellets were
fan-dried and stored frozen at -20°C until used.
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Table 1. Formulation and proximate composition of experimental diets

Ingredients (%) C T1 T3 T5 T7
Turmeric 0.00 1.00 3.00 5.00 7.00
Fish meal 35.00 35.00 35.00 35.00 35.00
Soybean 22 22 22 22 22
Corn starch 7.00 6.00 4.00 2.00 0.00
Wheat 26 26 26 26 26
Fish ail 7.00 7.00 7.00 7.00 7.00
Vitamin mix* 1.00 1.00 1.00 1.00 1.00
Mineral mix* 1.00 1.00 1.00 1.00 1.00
Pellet binder 1.00 1.00 1.00 1.00 1.00
Chemical Analyses

Crude protein (%) 36.91 36.99 37.15 37.31 37.47
Crude lipid (%) 10.24 10.30 10.41 10.53 10.65
Crude fiber (%) 1.75 1.80 1.89 1.98 2.07
Crude ash (%) 9.33 9.33 9.33 9.33 9.33

Gross energy ( kcal ) 442633 442371 441847 4413.23 4407.99

Vitamin premix.l; per kg, 4,000,000 IU vitamin A, 480,000 IU vitamin D3, 40,000 mg vitamin E,
2400 mg vitamin K3, 4,000 mg vitamin B1, 6,000 mg vitamin B2, 40,000 mg niacin, 10,000 mg
calcium D-pantothenate, 4,000 mg vitamin B6, 10 mg vitamin B12, 100 mg D-biotin, 1,200 mg folic
acid, 40,000 mg vitamin C and 60,000 mg inositol. Mineral premix.? per kg 23,750 mg Mn, 75,000
mg Zn, 5,000 mg Zn, 2,000 mg Co, 2,750 mg I, 100 mg Se, 200,000 mg Mg.

Experimental setup

P. acei were provided from a local commercial aquarium (Afyonkarahisar, Turkey). Fish were then
transferred to the aquaculture laboratory of Egirdir Fisheries Faculty, Suleyman Demirel University,
Isparta, Turkey. A total of 75 broodstock (mean weight 6g) were randomly stocked (49:13) in 15
aquariums (70x30x40cm) for 90 days. Shelters were placed in the aquariums containing the fish, and
the water was well aerated and filtered. The water temperature was maintained at a mean of 27°C. The
temperature of the aquariums was maintained at a constant by a thermostat heater. The dissolved
oxygen rate ranged from 5 to 7 mg L™ during the experiment. Experimental groups were fed by hand,
ad libitum twice daily (8:30 and 20:30). The aquariums were cleaned daily by siphoning out from the
waste feed and feces.

Growth parameters

The growth parameters were calculated according to the following formulas;

Specific Growth Rate (SGR) (% day™) = ((In FBW - InIBW)/T) *100

Feed Conversion Ratio (FCR) = Feed intake/weight gain,

Survival rate (%) = Final fish number/initial fish number)*100

T time (days), FBW; Final body weight, IBW; Initial body weight
Pigmentation Analysis

Skin and tail color measurements were performed at the beginning and the end of the experiment
with a colorimeter (Konica Minolta CR 300). Skin and tail color parameters of L*, a*, b* were
measured from the regions close to the lateral line and dorsal section (CIE, 1986) after fish were put to
sleep with an anesthetic (MS-222 75 mg/L). All of the fish were used color measuring. Chroma (Ch)
and hue angle (H®) was calculated with the aid of a* and b* values. L*: (+) brightness, (—) darkness,
a*: (+) redness, (—) greenness, b*: (+) yellowness, (—) blueness (Nickell and Bromage, 1998). In this
system, L * value is the brightness or luminance variable and the values a * and b * are the
chromaticity coordinates (a * < 0 green color, a * > 0 red color, b * < 0 blue color, b * > 0 yellow
color) that were determined (Yesilayer et al., 2020). Chroma (Ch) indicates color intensity and
brightness and was calculated with the equation of Ch = (a*2 + b*2 ) 4. The hue angle is calculated
with is calculated with following formulas; if (+a*, +b*), Hab® = ArcTan(b*/a*); if (-a*, +b*) and (-
a*, -b*), H°ab = 180 + ArcTan (b*/a*) ; if (+a*, -b*), Hab® = 360 + ArcTan (b*/a*) (McLellan et al.
1995). For hue (H ° ab), 0° indicates a tone of red, 90° a tone of yellow, 180° a tone of green and 270°
a tone of blue (Hunt, 1977; Yesilayer and Erdem, 2011).

388



ONGUN et al. 2021 ActAquaTr 17(3), 386-394

Ethics statement

Suleyman Demirel University Animal Experiments Local Ethics Committee, Meeting date:
06.07.2017, Meeting number: 04, Decisions number: 02.
Statistical Analysis

The significance of differences between experimental groups was analyzed by one-way analysis of
variance (ANOVA). All data were calculated by using the SPSS computer program (SPSS 20.00). The
Duncan test was used to determine the differences among treatment means (P <0.05).

RESULTS
Growth performance and survival rate of P. acei (Regan 1922)

The results on the growth performance and survival rate of P. acei were given in Table 2. There
were no significant differences between final weight, weight gain SGR (Specific growth rate), FCR
(Feed Conversion Ratio), and survival rate of P. acei fed with experimental diets (P>0.05).

Table 2. Growth performance and survival rate of P. acei (Regan 1922)

Growth Performance C T1 T3 T5 T7 df F P
Initial mean weight (g) 6.27+0.43 6.30+0.36 6.13+0.34 6.39 +0.36 6.39 +0.22 4 007 099
Initial mean length (cm) 7.75+0.16 7.65+0.20 7.84+0.15 7.83+0.13 7.70 £ 0.11 4 0.26 0.90
Final mean weight (g) 8.65+0.55 7.61+0.59 8.08 £0.43 7.55+0.45 7.52+0.80 4 079 0.54
Final mean length (cm) 8.60 +0.22 8.52+0.21 8.55+0.21 8.60+0.19 8.52+0.29 4 0.03 0.99
Feed Conversion Ratio 3.10+0.30 4.37+0.27 4.41+0.63 4.57+0.41 3.55+0.42 4 227 0.13
(FCR)

Specific growth rate 0.36+0.04 0.28+0.04 0.31+0.03 0.18+0.09 0.17+0.01 4 249 0.13
(SGR; % day™)

Weight gain (g) 2.23+0.23 0.97+0.27 1.67+0.37 1.25£0.36 0.92+0.19 4 347 005
Survival rate (%) 92.13 £3.10 91.44 +4.00 95.09+2.78 91.91 £3.66 90.08 + 3.46 4 0.26 0.90

Pigmentation body and tail of P. acei (Regan 1922)

The results on the pigmentation body and tail of P. acei were presented in Tables 3 and 4.

The blue indicator —b value in the body color of the female increased with the addition of turmeric,
the highest —b values were found in T3 and T7 groups. At the same time, the L values increased with
the addition of turmeric, namely the color opened. Hg, values were determined in the blue area and
decreased with the addition of turmeric, It approached 270° (blue). The highest Hg value was
determined in the control group (325°) (P<0.05). Ch brightness value increased with the addition of
turmeric. The highest Ch values were determined in the T3 and T5 groups (P<0.05).

The blue indicator —b values in male body color were high in all turmeric supplemented groups
compared to the control group (P<0.05). Hy, values were determined in the blue area and increased
with the addition of turmeric and it moved away from 270°. The highest Hg, values were found in T1
(290°) and T5 (291°) groups.

The yellow color indicator + b value in the color of the female tail increased with the addition of
turmeric. The highest + b value was determined in the T7 group (P<0.05). L values increased with the
addition of turmeric, namely the color opened. The highest L value was found in the T1 group.
Especially in the T7 group, the chroma brightness value was found to be higher than the control
(P<0.05).

The yellow color indicator + b value in the male tail color increased with the addition of turmeric.
The highest + b value was found in T3 group (P<0.05). Hy, Values were determined in the yellow area
and increased with the addition of turmeric and it moved away from 90°. The highest H,, value was
determined in the T3 group (97.51) group (P<0.05). Ch brightness value increased with the addition of
turmeric. The highest was detected in the T3 group (P<0.05).
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Table 3. Tail and body L*a*b* pigmentation of P. acei (Regan 1922) (Mean + SE)

Body
C T1 T3 T5 T7 df | F P
L*initial 40.92+5.31 | 40.9245.31 40.92+5.31 40.92+531 | 40.92+5.31 | - - -
L*90th day 34.86+1.11%* | 39.78+1.13° 39.34+1.08% 37.03+0.70% | 40.54+1.68" | 4 | 438 | 0.00
Female [ a*initial 2.15+0.57 | 2.15+0.57 2.15+0.57 2.15+0.57 2.15+0.57 - - -
a*90th day 2.08+0.10 | 2.31+0.14 2.40+0.14 2.46+0.13 2.16+0.19 4 |149 |021
b*initial -2.10+0.80 | -2.10+0.80 -2.10+0.80 -2.10£0.80 | -2.10£0.80 | - - -
b*90th day -1.49+0.17* | -2.20+0.22® -2.61+0.25° -2.3540.25%® | -2.61+0.27° |4 | 456 | 0.00
L*initial 32.30+2.96 | 32.30+2.96 32.30+2.96 32.30+2.96 | 32.30+2.96 | - - -
L*90th day 30.04 +3.39 | 33.06 +3.04 39.14 + 1.87 3096+ 1.15 | 34.93+337 [4 |1.77 |017
Male a* initial 0.70+0.37 0.70+0.37 0.70+0.37 0.70+0.37 0.70+0.37
a*90th day 0.43+£0.18° | 2.30+0.54° 1.23+0.24® 1.86+0.16® | 1.63+0.62® [4 |3.63 | 0.03
b*initial -3.74+£0.89 | -3.74+0.89 -3.74+0.89 -3.74+0.89 | -3.74+0.89
b*90th day -3.16£0.81% | -5.72+0.42° -5.25+0.34° -5.06+1.01° | -5.74+0.50° |4 [3.12 |0.04
Tail
C T1 T3 T5 T7 df | F P
L*initial 52.04+4.66 | 52.04+4.66 52.04+4.66 52.04+4.66 | 52.04+4.66 | - - -
L*90th day 54.47+2.11° | 68.05+0.74° 60.84+1.82% 62.24+1.47" | 62.04+1.61° [ 4 [9.20 | 0.00
Female a* initial -1.38+1.29 -1.38+1.29 -1.38+1.29 -1.38+1.29 -1.38+1.29 - - -
a*90th day -1.46+0.38" | -2.27+0.24 -0.17+0.80° -2.55+0.33° | -2.54+0.31° [ 4 [4.53 |0.00
b*initial 24.44+3.32 | 24.44+3.32 24.44+3 .32 2444332 | 24.44+332 | - - -
b*90th day 18.08+1.64° | 23.59+1.08%° 23.08+1.55® 24.28+1.11% | 28.92+0.76* |4 [7.99 | 0.00
L*initial 52.83+4.15 | 52.83+4.15 52.83+4.15 52.83+4.15 | 52.83+4.15 | - - -
L*90th day 49,57+3.11% | 69.04+1.01° 66.31+1.65° 61.49+2.98% | 46.58+9.40* | 4 | 9.20 | 0.00
a* initial -1.77£2.09 -1.77+£2.09 -1.77+£2.09 -1.77+£2.09 -1.77+£2.09 - - -
Male a*0th day | -0.75+0.19° | -1.89+0.50% | -3.640.28 2432022 | -2.09+026® | 4 | 11.65 | 0.00
b*initial 21.09+3.28 | 21.09+3.28 21.09+3.28 21.09+3.28 | 21.09+3.28 - -
b*90th day 15.41+1.82° | 22.34+0.88° 27.6240.43? 20.85+0.25" | 18.87+0.99® | 4 | 17.67 | 0.00

In the same line, values with different superscript letters are significantly different (P<0.05)
L*: (+) brightness, (—) darkness, a*: (+) redness, (—) greenness, b*: (+) yellowness, (—) blueness (Nickell and Bromage, 1998).
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Table 4. Tail and body H’ab and Chroma (Ch) values of P. acei (Regan 1922) (Mean + SE)

Body
C T1 T3 T5 T7 df | F P
H°ab initial 315.02+3.58 | 315.02+3.58 | 315.02+3.58 | 315.02+3.58 | 315.02+3.58
Female | H°ab 90th day 325.19+£3.65° | 317.95+3.32% | 315.49+3.58% | 316.74+3.20%® | 310.71+3.33* | 4 | 2.33 | 0.06
Ch initial 2.67+0.14 2.67+0.14 2.67+0.14 2.67+0.14 2.67+0.14
Ch 90th day 2.67+0.10° 3.17+0.16® | 3.68+0.21° 3.45+0.20° 3.31+£0.26° |4 |5.21 |0.00
H° ab initial 279.15£1.71 | 279.15+1.71 | 279.15£1.71 | 279.15t1.71 | 279.15+1.71
Male H°ab 90th day 275.23+2.24% | 290.79+3.70° | 283.83+3.11% | 291.77+3.52° | 285.07+5.42® | 4 | 3.33 | 0.03
Ch initial 4.10+0.26 4.10+0.26 4.10+0.26 4.10+0.26 4.10+0.26
Ch 90th day 4.33+0.21 5.46+0.81 5.43+0.72 4.82+1.89 5.46+0.12 4 1128 [0.32
Tail
C T1 T3 T5 T7 df | F P
H°ab initial 93.80+0.63 | 93.80+0.63 93.80+0.63 93.80+0.63 93.80+0.63
Female | H%b 90th day 95.37+0.66 | 95.35+0.48 | 95.51+0.58 96.1140.52 | 94.91+0.54 |4 [ 056 | 0.68
Ch initial 23.8340.59 | 23.83+0.59 | 23.83+0.59 23.83+0.59 | 23.83+0.59
Ch 90th day 24.24+1.40° | 24.25+1.00° | 24.88+1.28%" | 25.66+0.86° | 29.05+0.77° |4 |[3.35 | 0.02
H°ab initial 96.36+1.38 | 96.36+1.38 | 96.36+1.38 96.36+1.38 | 96.36+1.38
H°ab 90th day 92.91+0.83% | 94.71+1.05® | 97.51+0.56" 96.65+0.61%° | 94.53+1.49® | 4 |5.02 | 0.01
Male | Ch initial 23.7140.79 | 23.71+0.79 | 23.71%0.79 23.71+0.79 | 23.71+0.79
Ch 90th day 17.4242.05% | 22.44+0.92° | 27.86+0.43° 20.99+0.25% | 18.95+1.03® | 4 | 17.03 | 0.00

In the same line, values with different superscript letters are significantly different (P<0.05)
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DISCUSSION

In the present study, there were no differences in growth performance, FCR, and survival rate of P.
acei fed with diets with addition turmeric different ratios (0, 1, 3, 5, and 7%) compare to the control
group. Similarly, Mahmoud et al., (2014) reported that Oreochromis niloticus fed diets added 0, 0.25,
and 0.50 % turmeric powder had not different final weights. Ferreira et al., (2017) indicated that
turmeric powder supplementation (2, 4, 6, 8, and 10 %) had not an effect on the growth of juvenile
Astyanax aff. bimaculatus. Sahu et al., (2008) determined that growth performance was no affected in
Labeo rohita fed the basal diet with addition turmeric powder different ratio (0.01, 0.05, 0.1, and 0.5
%), but the highest survival ratio was found in group addition turmeric 0.5 %. Hassan, (2016) pointed
that there were no significant differences in body weight gain of hens fed dietary added turmeric
powder (0, 2, and 4%). Alagawany et al., (2016) reported that growth performance was no affected in
rabbits fed the basal diet with addition turmeric different ratios (0.2, 0.4, and 0.6 %).

However, Rebecca and Bhavan, (2014) obtained the better weight gain and survival rate in all
groups compared to the control in M. rosenbergii fed with diets containing A. sativum, Z. officinale,
and C. longa in three different ratios (1%, 3%, and 5%). Abdelwahab and EI-Bahr, (2012) indicated
the higher growth levels according to the control were obtained in Sea Bass fed diets supplemented
with different ratios (0.5, 1.0%) with a mix of turmeric powder and black cumin seeds (Nigella sativa)
(1:1 ratio). Akdemir et al., (2017) observed to increase in body weight, feed intake, and weight gain
fed with curcumin-supplemented diet at 0.02 % of diet levels of high stocking density conditions in
trout. Mukherjee et al., (2009) observed SGR in Poecilia reticulata fed supplemented diet with
turmeric powder (0.09 %). Arunkumar et al., (2016) indicated that the best of FCR and weight gain
were obtained in carp fed with copepod enriched with turmeric powder (0.9 g/l). Poongodi et al.,
(2012) found the better growth performance, SGR, feed conversion efficiency, and survival rate in all
groups compared to the control in Macrobrachium rosenbergii postlarvae fed with diets containing (1
%) Allium sativum, Zingiber officinale, Curcuma longa and Trigonella foenum-graecum powder.
Yusuf et al., (2017) determined in the 0.4 % group the highest growth in O. niloticus fed with a diet
supplemented with different ratio turmeric powder. The reasons for the differences between the studies
with the current study may be the following reasons; in the present study, the numbers of females were
higher than males because the males are a fighter. P. acei species gives offspring every two months.
Therefore, the females maybe have used for gonad development most of the nutrients obtained from
feed. As results of this, the growth may be negatively affected by gonadal development. In addition,
unlike most other studies, higher rates of tumeric powder were used in this study.

There were a few studies on the effects of turmeric in fish pigmentation. Mukherjee et al., (2009)
reported that high pigmentation was observed in the caudal fin and muscle of fish (P. reticulata) fed
with diets added turmeric powder (0.09 %). However, Nascimento et al., (2019) indicated that
supplementing to diets of turmeric powder (0-2.5 %) no improved the orange pattern of skin
pigmentation of Trichogaster labiosa orange thick-lipped gourami. Similarly, in the present study, the
pigmentation increased statistically by increasing of turmeric powder ratio in diets. However, the
pigmentation of groups supplemented turmeric powder was visually not different from the color of the
control group. As a result of the study, skin and tail pigmentation and growth performance of P. acei
were not improved by supplementing with turmeric powder to diets.
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Abstract

This study revealed the length-weight relationship, age, growth and mortality parameters, and reproductive biology of the
common sole, Solea solea in the Sea of Marmara, Turkey. Samplings were conducted with bottom trawl between March
2017 and December 2018 at 34 stations. The length-weight relationship was calculated as W=0.0082xTL3%. Ages were
ranged between 1 and 5 years. The von Bertalanffy growth parameters were calculated as L,.=34.56 cm, K=0.48 y, and t,=-
0.01y. The size at first maturity was 21.9 cm TL. The extended reproduction period was observed (from September to April).
The rates of natural mortality (M), total mortality (Z), fishing mortality (F), and exploitation rate (E) were calculated to be
0.79, 2.4, 1.61, and 0.67, respectively. The biological reference points were calculated as F.,=0.395; F,i»=0.53 and
Eopi=0.333, respectively. The length where the maximum yield can be obtained (L) was found as 22.3 cm TL. The results
showed that S.solea is under the influence of excessive fishing pressure in the Sea of Marmara.

Keywords: Common sole, Length-weight relationship, Population parameters, Sexual maturity, Excessive fishing pressure
Marmara Denizi'nde Solea solea' nin (Linnaeus, 1758) Yas, Biiyiime ve Ureme Ozellikleri
Ozet

Bu calismada Dil Baligi, Solea solea tiiriinin Marmara Denizi’ndeki boy-agirlik iligkisi, yas, biylime ve oliim
parametreleri ve {ireme biyolojisi ele alinmistir. Orneklemeler 34 istasyondan Mart 2017 ile Arahk 2018 arasinda dip trolii ile
gerceklestirilmistir. Boy-agirlik iliskisi W=0,0082xTL*% olarak hesaplanmustir. Bireyler 1 ile 5 yas araliginda dagilim
gdstermistir. Von Bertalanffy biiyiime parametreleri L.,=34,56 cm, K=0,48 y*, and t,=-0,01 y seklinde hesaplanmustir. flk
eseysel olgunluk boyu 21.9 cm TL tespit edilmistir. Eyliil’den Nisan’a kadar genis bir iireme periyodu tespit edilmistir. Dogal
6liim orani (M), toplam oliim orani (Z), balikgilik 6liimii (F) ve somiiriilme orant sirasiyla 0,79, 2,4, 1,61 ve 0,67 olarak
belirlenmistir. Biyolojik referans noktalari sirastyla Fy,=0,395; Fyin=0.53 ve Eq,=0,333 olarak hesaplanmistir. En yiiksek
{irtiniin elde edilebilecegi en uygun boy (Lgp) 22,3 cm TL bulunmustur. Sonuglar Dil Baligi’mn Marmara Denizi’nde asir1
avcilik etkisinde oldugunu géstermektedir.

Anahtar Kelimeler: Dil Baligi, Boy-agirlik iligkisi, Populasyon Parametreleri, Eseysel olgunluk, Asir1 av baskisi

INTRODUCTION

Common sole, Solea solea (Linnaeus, 1758), is one of the commercially important members of the
Soleidea family. In Turkey, the species distributed in the Black Sea, Marmara Sea, Aegean Sea, and
Norteastern Mediterranean coasts (Mater et al., 2003). Globally, distribution ranges from Eastern
Atlantic to the western Black Sea (Froese and Pauly, 2007). It can grow up to 70 cm tall and 26 years
old. It generally lives on sandy and muddy grounds and at depths of 0-150 m (Froese and Pauly,
2007).

The scientific knowledge on the common sole has been published in various aspects. The feeding
ecology and diet (Molinero and Flos; 1992; Cabral, 2000; Ende et al., 2018), the early life ecology (Le
Pape et al., 2007; Parma et al., 2013; Di Pane et al., 2020); culture potential (Imsland et al., 2003;
Avella et al., 2011); genetic (Ferraresso et al., 2016; Deconinck et al., 2020) and physiology (Davoodi
and Claireaux 2007; Frapiccini et al., 2018) of the common sole have been studied by several authors.
The previous studies have been centered on the length-weight relationship of common sole (Djbali et
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al., 1993; Deniel, 1990; Ramos, 1982; Girardin et al, 1986; Costa, 1990; Vianet et al., 1989; Jennings
et al., 1998; Campillo, 1992; De Veen, 1976; Koutrakis and Tsikliras, 2003; Vianet et al., 1989;
Duncker, 1923; Dorel, 1986; Deniel, 1984; Coull et al., 1989; Demirel and Dalkara, 2012; Hossucu et
al.,1992; Ozaydn et al., 2007; Kmacigil et al., 2008; Gokee et al., 2010; Tiirkmen, 2003; Bok et al.,
2011). Also, reproduction biology was studied (Muus and Nielsen, 1999; Quéro et al., 1986; De Veen,
1976, Oral, 1996). Studies on the population parameters of the species in Turkey are insufficiant.
Growth parameters were studied by Tiirkmen (2003) in Iskenderun Bay (Northeastern Mediterranean),
Hossucu et al. (1999), and Cerim and Ates (2020) in the Aegean Sea.

Previous studies on growth parameters and reproduction in the study area were limited to in a
single study (Oral, 1996). To our knowledge, this is the first study on the first sexual maturity length
of common sole in the Sea of Marmara. The goal of this paper is to present detailed and up-to-date
information on the age, growth, mortality, and reproduction biology of the common sole in the Sea of
Marmara. Due to the stock status of the economical demersal fish species which has under high
fishing pressure need to be monitored continuously, we want to reveal useful data for fisheries
management authority.

MATERIAL AND METHOD

The samples were collected between March 2017 and December 2018 at 34 stations located in
three different depth contours (20-50, 50-100, 100-200) from the Sea of Marmara (Figure 1).
Samplings were conducted with bottom trawl which has MEDIT’s standards, at a speed of 3 miles and
0.5 h duration. The catch-per-unit-effort (CPUE) values (kg h™) were calculated as being the
catchweight (Cw) divided by the swept area (a) and for each haul and the mean values were computed
based on depths (Sparre and Venema, 1998).

Y.Ci/Nh

CPUE = St/Nh

where 'Ci’ is the catch amount in N or W (kg) for species i; 'Nh', is the number of hauls, and 't' is haul
duration in hours 'h'".
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Figure 1. Sampling stations in the Sea of Marmara
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The total length (TL) of the species was measured with the nearest 0.1 cm precision ruler, and total
weight (W) was measured with 0.01 g precision balance. The length-weight relationship parameters
were calculated using Le Cren (1951)’s formula

W=axTL" (1)

where W is the total weight (g) and TL is the total length (cm), a and b are regression parameters.
The growth type was identified according to the equation (Sokal and Rohlf, 1987):

ts=(b-3)/SE(b)

)

where ts is t-test value, b is the slope, and SE(b) is the standard error of the slope. A significant
difference of b values from 3, which represent isometric growth, was examined with the t-test (Pauly,
1993).

Sagittal otoliths were used for age determination. Growth parameters were estimated using the von
Bertalanffy growth equation:

Lt=L., /1-exp(k(t-tp)) / (3)

where L(t) is the length at age, L., is the asymptotic length, K is the growth factor, and t, is the
theoretical age when the size of fish is zero. Growth parameters were estimated using the FISAT Il
program package (Gayanilo et al., 2005). The ¢ growth performance index was calculated as follows;

¢ = logK+ 2xlog L, 4)

Total mortality (Z) was found using the length converted catch curve (Pauly, 1984). Natural
mortality (M) was determined using Pauly’s (1980) formula,

Log(M) =(—0.0066)—0.279xlog(L)+ 0.6543xlog(K )+ 0.4634xlog(T ) (5)
Fishing mortality (Fc,) was calculated using the following formula

Fon=2-M (6)
The exploitation rate (Ecur) Was obtained using the formula

ECUI’I’:FCUI'I’/Z (7)

For comparison and interpretation of calculated mortality and exploitation rates, three reference
points were calculated, which were the optimum fishing mortality (Foy), fishing mortality limit
reference point (Fim) and optimum exploitation rate (Eoy) according to Patterson (1992), Gulland
(1971) and Frose et al. (2008), respectively.

Fop= 0.5M

Fim= (2M)3™ (Patterson, 1992)

Eopt= Fopt . (M+ Fop) ™ (Gulland, 1971)

Besides, the length where the maximum yield can be obtained (L) Was calculated.

Lop= 3L . (3+ (M. K™))™ (Frose et al., 2008)

Stages of maturity were determined by Holden and Raitt (1974): immature, maturing, ripening,
ripe, and spent. The gonadosomatic index (GSI) was calculated using the formula developed by
Gibson and Ezzi (1980):

GSI= (Gonad weight/(Body weight—Gonad weight))*100 (8)

The length at first maturity (Lsp) was estimated by fitting a logistic function using the Newton
algorithm which is defined as:

P(1)=1/1+e—(a+bl) 9
where P(1) was the proportion of mature specimens at length 1, and a and b are the parameters of the
logistic equation (Pifieiro and Sainza, 2003).

RESULTS

A total of 80 S.solea individual was evaluated for analyses. 65 of the 80 individuals (84%) were
determined as female and the remaining 15 of them were male (16 %). The sex ratio was calculated as
1:0.2 in favor of females. Total length values were varied between 9.0 and 32.0 cm TL, with a mean of
23.81 + 4.44 cm TL. The total weight of the individuals was ranged from 7.56 to 319.62 g, with a
mean of 126.02 + 64.4 g (Table 1). The length composition and length-frequency distribution of the
individuals are shown in Figures 2 and 3. The highest represented length group was determined as 22
cm TL for males and 27 cm TL for females. The mean CPUE value was calculated as 0.1 kg h™.
According to depth contours (20-50 m, 50-100 m, 100-200 m) the CPUE values were determined as
0.11 kg h™, 0.09 kg h™ and 0.07 kg h™, respectively.
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Table 1. Length-weight parameters according to the sex of S.solea in the Sea of Marmara

Sex N Length distribution (cm) Weight distribution (g)
Min-Max Meanztse Min-Max Mean
Female 65 10.8-31.5 25.74+3.83 11.45-300.83 157.25+67.14
Male 15 17.5-27 23.17+£2.77 46.94-163.30 104.92+33.5
Combined sexes 80 9-32 23.81 +4.44 7.56-319.62 126.02+64 .4
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Figure 2. Length frequency distribution of S. solea for combined sexes
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Figure 3. Length frequency distribution of female and male of S. solea

The relationship between the total length (L) and weight (W) of S.solea was calculated as
W=0.0082xL*% (R?=0.96) for both sexes. According to t-test values, common sole showed isometric
growth (p>0.05). GSI values of the individuals were ranged from 0.01 and 2.19. The GSI values of the
females were differed via months in 2017 and 2018 (Figure 4). The maximum GSI for females was
determined in September and December in 2017 and April and October in 2018, and the minimum
GSI was found on August for both 2017 and 2018. Mature gonads of females were encountered from
September to January in 2017, April 2018, and September to December 2018. Whereas, the mature
gonads of males were found only in September 2017 and April in 2018. According to GSI values and
maturity stages for both years, the extended spawning period occurred from September to April.
Besides, spawning was peaked in two periods, autumn (September-December) and spring (April)
(Figure 4). The first sexual maturity length for female individuals was determined as Lsy, = 21.9 cm
(Figure 5).
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Figure 5. The first reproductive length (Lso) of S.solea female individuals.

It was determined that the age distribution was ranged from 1 and 5 (Table 3). The asymptotic
length (L..), growth coefficient (K), and prenatal age (to) were calculated as 34.56 cm TL, 0.48 y™* and
-0.01 vy, respectively. (Figure 6). The total mortality (Z) was calculated as 2.4. The natural mortality
(M) and fishing mortality (Fq) were detected as 0.79 and 1.61, respectively. The exploitation rate
(Ecur) was found as 0.67. The biological reference points were calculated as F,=0.395; Fin=0.53 and

Eopi=0.333, respectively. The length where the maximum yield can be obtained (Loy) was found as
22.3cm TL.
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Table 2. The total length-age key of S.solea individuals

Ages  Min- Max length Mean length
1 9-10.8 9.6+0.6
2 17.5-24.5 22.03+0.4
3 25-29 26.54+0.39
4 28 28
5 30.5-32 31.33+0.44
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Figure 6. The von Bertalanffy growth curve of S.solea in the Sea of Marmara.

DISCUSSION

Although detailed and outnumbering sampling, collected individual number of common sole was
observed low. On the other hand, fishing mortality was calculated as 1.61. This value was observed as
the highest estimated fishing mortality value among 10 commercially important demersal fish species
(Merluccius merluccius, Merlangius merlangus, Chelidonichthys lucernus, Lophius budegassa, Zeus
faber, Mullus surmuletus, Mullus barbatus, Trigla lyra, Citharus linguatula) which undertaken in this
project in the Sea of Marmara. The CPUE values showed that 74% of the total catch of common sole
was sampled at the stations located lower than 100 m depths. Trawl fisheries are restricted in the Sea
of Marmara. Therefore, the reason of the low CPUE can be thought of as a result of high fishing
pressure that originated from beam trawls in the Sea of Marmara. According to fisheries statistics in
Turkey, beam trawl vessel number has been increased from 297 to 634 in the last 8 years (TUIK,
2020). Although the target species of beam trawls in the Sea of Marmara is deep water rose shrimp
(Parapenaeus longirostris), it may have a large fishing pressure on other demersal fish species as well.

The sex ratio in this study was far from expected value. Higher female number may arise from the
small number of sampling. According to Table 3, it can be seen that the growth type of common sole
is mostly as isometric and positive allometric. In this study, an isometric growth was observed.
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Table 3. The length-weight relationship parameters of S.solea from different regions.

Researchers Region Sex a b R Growth type
Duncker 1923 North Sea F+M 0.007 3.10 0.954
M 0.008 3.00
De Veen 1976 Netherlands E 0.009 3.00
Deniel 1984 Douarnenez Bay, Britain 0.005 3.21
Bedford et al. 1986 England F+M 0.008 3.07
Biscay Bay 0.005 3.18 0.998
Dorel 1986 North and south Bay, France 0.004 3.26 1.000
Coull et al. 1989 Moray Firth, Alman Bight and Clyde, Scotland 0.004 3.31 A+
Vianet et al. 1989 Lion Bay F+M 0.006 3.04 0.980
Hogsucu 1992 Aegean Sea F+M 0.005 3.14
. . M 0.011 2.94
Campillo 1992 Lion Bay L 0.009 599
Djabali et al. 1993 Adriatic Sea 0.007 3.00
Oral, 1996 Sea of Marmara F+M 0.0013 3.62
Koutrakis and Tsikliras 2003 Porto-Lagos, Aegean Sea juvenil 0.010 3.00 0.988
. M 0.012 2.99 0.922 |
Turkmen 2003 Iskenderun Bay : 0.009 3.08 0.947 I
Mendes et al. 2004 Nazaré to St André, Portugal F+M 0.007 3.09 0.953
Dul¢i¢ and Glamuzina 2006 Mirna, North Adriatic, Croatia F+M 0.002 3.45 0.946 A+
Ozaydin et al. 2007 Aegean Sea F+M 0.002 3.20
Kinacigil et al. 2008 Aegean Sea F+M 0.002 3.36 A+
Veiga et al. 2009 Algarve F+M 0.008 3.08 0.969 |
Gokge et al. 2010 Iskenderun Bay juvenil 0.049 2.35 0.980
Bok et al. 2011 Sea of Marmara juvenil 0.004 3.17 0.928 |
Demirel and Dalkara 2012 Sea of Marmara F+M 0.006 3.06 0.853 |
Maci et al. 2012 Acquatina, Lecce, F+M 0.011 3.06 0.981
Crec’hriou et al. 2013 Catalan coasts, France F+M 0.010 2.96 0.932
Froese and Sampang 2013 North Sea F+M 0.005 3.20 0.975
Cerim and Ates, 2020 Aegean Sea F+M 0.008 3.064 0.99 A+
This study Sea of Marmara F+M 0.0082 3.01 0.96 |

A+ : positive allometry, A- : negative allometry, I: isometry
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According to GSI values and maturity stages, an extended spawning period occurred from
September to April. An extended spawning duration for common sole was observed from the studies
conducted by Quéro et al. (1986) and Oral (1996). A relatively shorter spawning period was seen in
some studies (Table 4). These variations may be stemmed from geographical differences, sampling
times, and sampling types. On the other hand, Cerim and Ates (2019) were found several batches in
the spawning season of common sole and stated that partial spawning is a common situation. They
observed different peaks in dense spawning times between years. These results coincided with ours.
Although it varied by years, spawning peaked in autumn and at the end of the winter. They interpreted
that this variation can be closely related to temperature variations of seawater between years. Different
spawning peaks in a year were also observed by Anguis and Canavate (2005) for Senegal sole (Solea
senegalensis) in the south Atlantic coast of Iberia. Devauchelle et al. (1987) were stated that the
common sole spawns between 8 and 12.5 °C in a natural environment. According to the mean deep
water temperature values measured in our study, higher temperature values were observed in 2018.
Thus, it can be said that the bottom water temperature is the main determinant for the spawning
duration of the common sole.

Table 4. Reproductive parameters of S.solea from different regions.

Author Area Sex R_’eproductive Lm
time (cm)
De Veen 1976 Netherlands F 27.0
F 30.0
Dorel 1986 Bay of Biscay, France 22.0
Bay of Biscay, France F 31.0
East and west channel, 28.0
France
Quéro et al. 1986 Bay of Biscay December-May
Netherlands April-June
Deniel 1990 Douarnenez Bay, France 32.0
Rijnsdorp and Vethaak North Sea, England 26.0
1997
Rijnsdorp and  Vethaak Germany March-June
1997
Jennings et al. 1998 North Sea, England 24.8
Muus and Nielsen 1999 South England May-June
Oral 1996 Sea of Marmara December-
February
Vasilakopoulos et al. 2011 Irish Sea M May-June
Skagerrak and Kattegat April-June
Froese and Sampang 2013 North Sea M 18.8
Trevose, England F+M 18.8
This study Sea of Marmara F Autumn- Spring 21.9

The first sexual maturity length (L,,) of the common sole was determined as 21.9 cm TL. When
compared the results with the findings of studies outlined in Table 4, it can be seen that the sexual
maturity length of common sole occurred at smaller lengths. The smaller Ls, values may arise from
various factors. One of the most possible explanations may be explained with the probabilistic
maturation reaction norm (PMRN). According to PMRN the Lg, can vary abide by the length interval
of the sampling. As the length group gets smaller, the value of Ls, gets smaller (Rijndorp, 1989;
Horwood, 1993; Sampson and Al-Jufaily, 1999). Also, Morgan (2003) was stated that due to the high
fishing pressure length range of the stock becomes smaller. A 23 cm TL mean length in our study
support this hypothesis. Besides, Shuozeng (1995) stated that males can reach sexual maturity earlier
than females. The study of Froese and Sampang (2013) was convinced this finding, whereas the low
male individual number in our study enable us to ignore this situation. Additionally, Pauly (1994)
identified that Lsy appears to increase with latitude for many flatfish species. Contrary to this,
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Horwood (1993) found that Ls, of the common sole was higher in the southern latitude than northern.
When the results of Lsy values of the studies summarized in Table 4 were investigated, higher Lso
values were seen although carried out in more northern areas. So our finding supported Horwood
(1993)’s findings.

When the age length key of this study was examined, a great majority of individuals (85%) were
formed between 0 and 3 age class. On the other hand, the maximum age of stock was observed as 5
years. The maximum age was determined as 9 years by Cerim and Ates (2020) in the southern Aegean
Sea, 8 years by Turkmen (2003) in Iskenderun Bay, like 7 years by Ramos (1982) in the western
Mediterranean, and also 7 years by Oral (1996) in the Sea of Marmara, as 6 years by Stergiou et al.
(1997) in the Amvrakikos, Greece. Hossucu et al. (1999) found the maximum age as 5 years in the
Izmir Bay, the Aegean Sea, where area of overexploited stocks. The sampling method, fishing
pressure, food availability, and competition variations between the studies and areas may cause the
varied age distributions.

The asymptotic length in our study was estimated as 34.56 cm TL. This result is compatible with
the maximum length (32 cm TL) in the data set. Relatively lower estimated asymptotic length caused a
higher K value. As can be seen in Table 5, the K values showed differences between the studies.
Smaller K values were calculated in some studies as Teixeira and Cabral (2010), Turkmen (2003), and
Cerim and Ates (2020), which found the maximum age higher than 8. The lower K values of these
studies were highly related to the higher age class in the data set. Besides, lower values of growth
parameters in our study may arise from high fishing mortality and a limited number of individuals
examined. This situation was based on fishing pressure by Nash and Geffen (2015). Due to high
fishing pressure tends to higher fishing mortality rates, the older age classes disappear from the stock
and the age class becomes smaller. Additionally, the selectivity of the commercial fishing nets
excludes O age group in the data set. Hence, the age interval becomes bounded and the growth
parameters may calculate smaller. As can be seen in Table 5, the ¢ growth performance index values
reported by the researchers ranged between 2.03 and 3.04. It was determined that there was no
statistically significant difference between the value obtained in this study and previous studies
(p>0.05) (Table 5). Hence, it can be said that these parameters were closely related to the age length
distribution of the data set.
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Table 5. Von Bertalanffy growth parameters of S.solea from different regions.

Author Area Sex Loo K to(year) (4]
(year?)
Ramos 1982 Castellon coast, M 38.8 0.240 -1.09 2.56
Spain F 46.4 0.220 -0.75 2.68
Froglia and Giannetti 1985 Adriatic Italy 38.3 0.492 -3.57 2.86
Froglia and Giannetti 1986 Adriatic Italy M 23.2 0.828 -1.66 2.65
F 37.9 0.504 -5.36 2.86
Girardin et al. 1986 Lion Bay M 53.8 0.160 2.67
F 47.2 0.274 2.79
Wurtz and Matricardi 1986 Tiran Sea 35.8 0.406 2.72
Vianet et al. 1989 Lion Bay 48.8 0.240 -0.77 2.76
Costa 1990 Tagus Bay, 48.3 0.470 3.04
Portugal
Deniel 1990 Douarnenez Bay M 42.4 0.397 0.09 2.85
Britain F 48.2 0.329 0.08 2.88
Erzini 1991 North Sea 37.4 0.310 2.64
Djabali et al. 1993 Adriatic Italy 40.1 0.680 3.04
Oral 1996 Sea of Marmara 37.1 0.100 -3.267 2.27
Stergiou et al. 1997 Amvrakikos Bay, 35.6 0.380 .0.41 2.67
Greece '
Jennings 1998 Kelt Sea, England 49.8 0.130 2.51
Hossucu et al. 1999 Aegean Sea M 30.0 0.330 -1.04 2.50
F 42,5 0.170 -1.96 2.49
Turkmen 2003 Iskenderun Bay M 26.0 0.221 -1.31 2.17
F 29.9 0.181 -1.55 2.21
Teixeira and Cabral 2010 Portugal M 45.7 0.210 -1.57 2.64
F 52.1 0.230 -0.11 2.80
Colloca et al. 2013 Adriatic Sea, Italy 39.6 0.440 -0.46 2.84
Froese and Sampang 2013 North Sea 40.0 0.148 -3.00 2.37
Gabr 2015 Bardawil Bay, 31.1 0.330 2.47
-1.51
Egypt,
Cerim and Ates, 2020 Aegean Sea F+M 33.9 0.208 -0.032 2.54
5 .
F E1331.9 0.236 -0.037 2.41
M f9.l 0.324 -0.030 2.29
This study Sea of Marmara M+F 34.56 0.48 -0.01 2.76

Oral (1996) sampled 523 individuals between 1992 and 1994 with beam trawl and beach seine
between 5 and 90 m depths at 13 stations located in the Sea of Marmara. The sampling stations of this
study and Oral’s study are similar. Due to CPUE was not calculated in that study, stock status
compared based on the number of individuals caught. A quite low individual number in this study
clearly showed that the common sole stocks under threatened in the Sea of Marmara. Overfishing,
changes in the sea the physic-chemical parameters of seawater, and wrong fisheries management
applications may be a result of this problem.

Biological reference points are defined as a principal tool for fishery management strategies. Due
to comparison and interpretation of the calculated mortality rates, biological refecence points reveals
useful information(Zhang et al. 2017; Cerim et al., 2020). The calculated fishing mortality rate
(Feur=1.61) in this study was relatively higher than the estimated optimum (Fo,=0.395) and limit
(Fim=0.53) fishing pressure. Current fishing mortality is higher than the reference points. Also,
estimated optimum length (Lox= 22.3 cm) where the maximum yield can be obtained was above both
Lsp =21.3 cm and the minimum landing length (20 cm) that was determined by the Turkish Fisheries
Management Authority. Fishing pressure on low sizes should be decreased to ensure a sustainable
fishery.
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Consequently, after 25 years, it can be said that the stock structure has been damaged. High
mortality rates and low age interval and biomass supported this result. As with many other species, the
minimum landing sizes should be rearranged and fishing pressure should be decreased. Although the
trawl fishery is restricted, illegal trawling is still ongoing and causes problems in the Sea of Marmara.
Also, the shallower distribution of many commercial demersal fish species in the Sea of Marmara has
become the target of beam trawls. The laws should be persuader and control mechanisms should be
increased.
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Abstract

Seasonal variations of proximate and fatty acid compositions of the muscle tissue of sand smelt (Atherina boyeri)
harvested in Cekerek (Sureyyabey) Dam were investigated. Seasonal nutritional composition of sand smelt muscle in
October, March and July were found as 17.00%; 16.72%; 15.64% for protein, 1.95%; 2.00%; 2.86% for lipid, 79.25%;
79.17%; 78.06% for moisture and 1.80%; 2.10%; 2.49% ash, respectively. Sand smelt showed the lowest protein values in
summer, while the highest protein values were observed in autumn and spring. The highest lipid content of sand smelt was
found in summer (P < 0.05). The moisture content of sand smelt in summer was significantly (p<0.05) lower than those of the
content in autumn and spring. The lowest ash content was observed in autumn (1.80%) whereas sand smelt gave the highest
ash level was in summer. During the seasons, the proximate and FA composition values of sand smelt showed variations
(p<0.05). Seasonal fatty acid compositions of sand smelt ranged from 24.63 to 25.69% for saturated fatty acid (SFA), from
20.75 to 26.43% for monounsaturated (MUFA), and from 28.29% to 36.11% polyunsaturated fatty acid (PUFA). Palmitic
acid (16:0), stearic acid (18:0), palmitoleic acid (16:1®7), oleic acid (18:119), linoleic acid (LA, 18:2w6), arachidonic acid
(ARA, 20:4®6), linolenic acid (18:3w3), eicosapentaenoic acid (EPA, 20:5®3) and docosahexaenoic acid (DHA, 22:603)
were major fatty acids of sand smelt in different seasons. The highest proportion of EPA (5.59-7.22%) and DHA (12.33-
19.77%) were observed in spring. The results showed that sand smelt is good source of n-3 PUFAs and is rich in EPA+DHA
for human nutrition.

Keywords: Cekerek (Sureyyabey) Dam, DHA/EPA, nutritional composition, Sand smelt, seasonal variation in fatty acids.

Cekerek Baraji'ndan (Yozgat, Turkey) Avlanan Giimiis Bah@min (Atherina boyeri) Yag Asidi ve Besin
Kompozisyonundaki Mevsimsel Degisimleri

Ozet

Cekerek (Siireyyabey) Baraji'nda avlanan giimiis baligimin (Atherina boyeri) besinsel ve yag asidi kompozisyonunun
mevsimsel degisimleri arastirilmustir. Giimiis baliginin mevsimsel besin kompozisyonu Ekim, Mart ve Temmuz aylarinda
strastyla protein igin %17,00; %16,72; %15,64, lipid i¢in %1,95; %2,00; %2,86, nem igin %79,25; %79,17; %78,06 ve kiil
icin %1,80; %2,10; %2,49 olarak bulunmustur. Giimiis baliginda en yiiksek protein degerleri sonbahar ve ilkbaharda
gozlenirken, en diisiik protein degeri yazin gozlenmistir. Giimiis baliginin en yiiksek yag orani yaz mevsiminde gozlenmistir
(p<0,05). Giimiis baliginin yaz mevsimindeki nem igerigi sonbahar ve ilkbahar mevsimindeki nem igeriginden onemli
(p<0,05) o6lgiide diisiiktii. En diisiik kiil oram sonbaharda goriiliirken, giimiis baliginin en yiiksek kiil oran1 yaz mevsiminde
goriilmiistiir. Giimiis baliginin besin ve yag asidi kompozisyonu mevsimler boyunca degiskenlik gostermistir (p<0,05).
Giimiis baliginin mevsimsel yag asidi bilesimleri doymus yag asidi (SFA) i¢in %24,63 ile %25,69, tekli doymamus yag asidi
(MUFA) icin %20,75 ile %26,43 ve c¢oklu doymamis yag asitleri icin (PUFA) %28,29 ile %36,11 arasinda degisim
gostermistir.  Palmitik asit (16: 0), stearik asit (18: 0), palmitoleik asit (16: 1w7), oleik asit (18: 109), linoleik asit (LA, 18:
2m6), arasidonik asit (ARA, 20: 4w6), linolenik asit (18:3®3), eikosapentaenoik asit (EPA, 20: 503) ve dokosaheksaenoik
asit (DHA, 22: 6w3) giimiis baliginm farkli mevsimlerdeki baslica yag asitleriydi. En yiiksek EPA (%5,59-7,22) ve DHA
(%12,33-19,77) oram ilkbaharda goriilmiistiir. Sonuglar, giimiis baliginin iyi bir n-3 PUFA kaynagi ve insan beslenmesi i¢in
EPA + DHA agisindan zengin oldugunu gostermistir.

Anahtar Kelimeler: Cekerek (Siireyyabey) Baraji, DHA / EPA, besin kompozisyonu, Giimiis bahigi, yag asitlerinde
mevsimsel degisimler.
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INTRODUCTION

Fish and fish products are completely nutritious owing to their low fat, rich in high-quality proteins
and contain high component of precious ®3 polyunsaturated fatty acids (PUFAs), long muscle fibers,
liposoluble vitamins, essential minerals, and all essential amino acids that make up beneficial food
sources (Ali et al., 2019; Fallah et al., 2013; Lauriano et al., 2018; Mahadevan et al., 2019). Recently,
there has been an increasing interest in the fatty acid composition of fish and fish products due to their
nutritional and numerous health benefits.

The ®3 PUFAs contain a-linolenic acid (ALA), docosahexaenoic acid (DHA), eicosapentaenoic
acid (EPA) whereas the main @6 PUFAs include linoleic acid (LA) and arachidonic acid (ARA),
which have an important role in human health (Abedi and Sahari 2014; Robert et al. 2014). ®3 fatty
acids are valuable especially EPA and DHA for humans, preventing coronary artery disease,
inflammatory and autoimmune disorders, and arrhythmias (Connor 2000; Kinsella 1987; Alexander
Leaf et al. 2003; Ozogul et al. 2009; Schmidt et al. 2005; Simopoulos 1991) as well as other diseases
such as hypertension, atherosclerosis, arthritis, asthma, psoriasis, and cancer (Fallah et al. 2013; Gogus
and Smith 2010). In addition, ®3 PUFAs seem to play the main role in the improvement and function
of the nervous system (brain), photoreception (vision), and reproductive system (Alasalvar et al. 2002;
Prato and Biandolino 2012; Sidhu 2003).

The ®3 and o6 polyunsaturated fatty acids are considered essential since they cannot be
synthesized in the human body, thus they must be provided by food. Hence, every kind of fish should
be consumed two or three times a week, advised by the Nutrition Committee of the American Heart
Association (Kris-Etherton et al. 2002; Ozogul et al. 2009). However, previous studies imply that
nutrient contents of most fish species are more irregular in their fatty acid (FA) profiles due to
environmental factors, such as feeds, temperature, salinity, and FA composition of their nutrition
(Bandarra et al. 2001; Inhamuns and Franco, 2008; James Henderson and Tocher, 1987; Massresha et
al. 2017; Ozogul et al. 2011).

Atherina boyeri (sand smelt) is a small, short-lived, euryhaline fish generally living in freshwater
hypersaline and forming large local populations. It is spread from the south of Spain to Morocco and
Madeira in the Mediterranean, Black Sea, and Atlantic, and in isolated populations on the coasts of
England and the Netherlands (Chrisafi et al., 2007; Quignard & Pras, 1986). It is also found the
Caspian Sea (Ekmekgi et al., 2013). The species is very well adapted to the ecosystem it enters, grows
quickly, and produces large populations due to the wide range of food and habitat preferences
(Ekmekei et al., 2013). Recently, sand smelt has entered into many natural and artificial lakes in
different parts of Turkey (Becer and Bilgin, 2018). The first records of A. boyeri in Cekerek
(Stireyyabey) Dam, one of the largest dams in Turkey was given by Benzer (2018).

Sand smelt (Atherina boyeri) has become an important and economic species that both exports
and contributes to the region's and Turkey's economy (Becer and Bilgin, 2018; Cevik et al., 2018).
Sand smelt can be processed in different methods including drying (Abou-Zied et al., 2020), fish
finger (lzci et al., 2011a), fish chips (lzci et al., 2011b), fried big-scale sand smelt (Atherina boyeri)
(Dal Bosco et al., 2019). In Turkey, its catch has been reported as 4744 tons in 2019 according to the
Turkish Statistical Institute. For this reason, sand smelt (Atherina boyeri) is among the commercially
important fish species found in Cekerek (Sureyyabey) Dam (in Yozgat, Turkey). To our knowledge,
no previous study exists on the effects of seasonal variations on the proximate and fatty acid
composition of this important species in Cekerek (Sureyyabey) Dam. Therefore, the objective of this
study was to determine the seasonal variations in proximate and fatty acid profiles muscle tissue of
sand smelt (Atherina boyeri) caught in the Cekerek (Sureyyabey) Dam.

MATERIAL and METHODS
Fish samples

Sand smelt (Atherina boyeri) used in the present study were obtained from the local fisherman of
Cekerek (Sureyyabey) Dam just after catching, between October 2018 and July 2019. A minimum of
thirty fish from each species was collected in October, January, March, and July for each season
except during the reproduction season which is in the period between April and June. After catching,
fish species were immediately iced in a styrofoam box with ice and transported to the Seafood
Processing Technology Laboratory of the Fisheries Faculty at Cukurova University. The duration of
time between harvesting and arrival of the fish at the laboratory was 5-6 hours, where they were

410



BALIKCI 2021 ActAquaTr 17(3), 409-420

always kept on ice during transportation. After that, whole fish were labeled and frozen at -24°C and
kept under frozen conditions (-24 °C) until analyzed. Proximate and fatty acid composition analyses
were done within 2 months after sampling. At the beginning of each analysis, the frozen fish was
thawed in a refrigerator (2-4°C) overnight. After thawing, the length and weight measurements of the
fish were taken. The mean length and weight values were 7.714+0.76 cm and 4.24+1.31g in October;
8.49+0.57cm and 6.34£1.52 g in March; 6.98+0.45cm and 3.11+0.56 g in July for sand smelt. Then,
the fish was immediately gutted, filleted, and minced for chemical composition analyses. Triplicate
analyses were made.
Proximate analysis

The contents of ash and moisture were determined according to the method in AOAC (1984).
Protein content was carried out by Kjeldahl’s method (AOAC 981.10, 1998). Lipid content was
determined by the method of Bligh and Dyer (1959).
FAME analyses

Methyl esters were prepared by transmethylation using 2M KOH in methanol and n-heptane
according to the method as described by Ichihara et al. (1996) with minor modification. Extracted
lipids (10 mg) were dissolved in 2 ml heptanes followed by 4 ml of 2 M methanolic KOH. The tube
was then vortexed for 2 min at room temperature. After centrifugation at 4000 rpm for 10 min, the
heptanes layer was taken for GC analyses.
Gas chromatographic condition

The fatty acid composition was analyzed by GC Clarus 500 with an autosampler (Perkin Elmer,
USA) equipped with a flame ionization detector and a fused silica capillary SGE column (30 m x 0.32
mm, ID x 0.25 Im, BP20 0.25 UM, USA). The oven temperature was 140 °C, held 5 min, raised to 200
°C at a rate of 4 °C /min and to 220°C at a rate of 1 °C /min, while the injector and the detector
temperature were set at 220 °C and 280°C, respectively. The sample size was 1 uL and the carrier gas
was controlled at 16 psi. The split used was1:100. Fatty acids were identified by comparing the
retention times of FAME with a standard 37 component FAME mixture (Supelco). Three replicates of
GC analyses were carried out and the results were expressed in GC area % as mean value + standard
deviation (SD).
Statistical Analysis

Analysis per sample was carried out in triplicate and the results are shown as the average and
standard deviation. All data obtained separately for each sampling period were subjected to analysis of
variance (one-way ANOVA) and the Duncan’s Multiple Range Test was applied to determine
significant differences at a p-value of <0.05 using the SPSS version 22 software (SPSS, Chicago,
Ilinois).

RESULT and DISCUSSION
Proximate composition

The seasonal variations in proximate composition values of muscle tissues of sand smelt are
presented in Table 1. Protein contents of sand smelt samples in all seasons ranged from 15.64% to
17.00% and statistical differences were found in summer (p < 0.05). Sand smelt showed the lowest
protein in summer, while the highest protein values were observed in autumn and spring. The average
length and weight of sand smelt were also higher in spring and autumn than in summer (Table 1). lzci
et al. (2011) and Smida et al. (2014) reported similar protein contents for sand smelt, while Dal Bosco
et al. (2019) reported slightly higher protein content (18.40%) for sand smelt from Tunisian Coast.
The differences in protein contents may be attributed to fish size, genetic factors, gender, and seasonal
variations. Many previous studies (Kdose et al. 2010; Effiong and Mohammed, 2008)) have also shown
that the protein composition of fish can change depending on the fish species, size, gender, and season.

The highest lipid content of sand smelt was observed in summer as 2.86%, with significant
variation amongst seasons (p<0.05) (Table 1). The lipid contents of sand smelt in the current study
were similar to the results of previous studies (Dal Bosco et al. 2019; Prato and Biandolino 2012).
Moreover, Bouriga et al. (2014) also found that the fat content of the sand smelt (Atherina lagunae )
populations from Kerkennah Islands and Bizerta Lagoon were maximal at the end of spring —
beginning of summer and minimal at the end of the winter. The increase of lipid content in summer
may also be explained by an increased feeding activity and growth rate of fish because of higher water
temperature (Bouriga et al., 2014). However, Yavuzer (2020) reported a higher lipid level (3.58%) for

411



BALIKCI 2021 ActAquaTr 17(3), 409-420

sand smelt from Hirfanli Dam, Turkey in November. This author also found that the size of the sand
smelt was higher (between 11-18 cm) compared to the current study and its weight was similar and
lower (between 1-3 g) than our research data (Table 1). The differences in fat contents may be based
on regional fish diet, gender, size, and age. Moreover, it was found that the lipid content of fish is
influenced by gender, species, season, diet and geographical origin (Ackman, 1989; Ozogul et al.,
2007; Rasoarahona et al., 2005).

The moisture content varied from 78.06% to 79.25% for sand smelt and in summer was
significantly (p<0.05) lower than those of the content in autumn and spring (Table 1). The lowest ash
content was observed in autumn whereas sand smelt gave the highest ash level was in summer ( Table
1). Ash contents of sand smelt samples in all seasons were statistically different (p<0.05). Izci et al.
(2011a) and Bilgin et al. (2011) also found similar moisture and ash contents of sand smelt. However,
Yavuzer, (2020) reported lower moisture content (76.27%) and higher ash content (3.33%) for sand
smelt compared to the current study.

The proximate and fatty acid composition of fish muscle tissue varies from species to species and is
also affected by several factors for singular or many fish of the same species taken at different times or
under different situations (James Henderson and Tocher 1987; Tanakol et al. 1999; Vasconi et al.
2015). These factors contain the fish species, size, age, and reproductive cycle of the fish, season,
salinity, type of breeding and nutrition, spawning time, geographic location, and water temperature
(Linhartova et al. 2018). In summary, it can be said that sand smelt is a good protein source and its
nutritional composition varies according to the seasons and these specific factors.

Table 1. Proximate composition (%), average total length and weight of sand smelt in Cekerek (Siireyyabey)
Dam Lake in different seasons.

Common and Composite Autumn Spring Summer

The species name of fish (October) (March) (July)

Sand smelt. Protein 17.00+0.14% 16.72+0.43% 15.64+0.15°

(Atherina boyeri) Lipid 1.95+0.50° 2.00£0.20° 2.86+0.27°
Moisture 79.25+0.14% 79.17+0.21°  78.06+0.41°
Ash 1.80+0.02° 2.10+0.16" 2.49+0.18°
Average fish total 7.71+0.76 8.49+0.57 6.98+0.45
length (cm)
The average fish total 4.24+1.31 6.34+1.52 3.11£0.56
weight (g)

Data are shown as mean + standard deviation (SD). Different letters (a—c) in the same row for each fish show significant differences
(p<0.05).

Fatty acid composition
General

Fatty acid compositions of the sand smelt captured from Cekerek Dam in different seasons are
given in Table 2. There were significant differences (p < 0.05) in the fatty acid (FA) profiles of the
sand smelt among seasons. Total saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA)
level of sand smelt were the lowest in spring while sand smelt gave the highest level (25.69%) in
autumn for SFA, and autumn (26.43%) and summer (26.30%) for MUFA. Polyunsaturated fatty acids
(PUFA) ranged from 28.29% in autumn to 36.11% in spring. Sand smelt contained a higher amount of
PUFAs than MUFAs and SFA throughout different seasons (p < 0.05). Seasonal differences in PUFA,
MUFA, and SFA contents might be due to the differences in fish species, size and gender, ecological
factors, feeding behavior, and food items availability.

Saturated Fatty Acids (SFA)

The main SFA were palmitic acid (C16:0, 15.76-16.19%), stearic acid (C18:0, 4.54-5.17%),
followed by myristic acid (C14:0, 2.09-3.32%) in three seasons. The dominant SFA in sand smelt
were palmitic acid and stearic acid, contributing approximately 63.02-64.60% and 18.24-20.99% to
the total SFA content respectively throughout different seasons (Table 2). It was found that the
contents of stearic acid of sand smelt changed considerably during the seasons (p<0.05) while no
statistical differences were found for palmitic acid. Many authors have reported myristic, palmitic and
stearic acid as major acids among SFAs for the same and other fish (Dal Bosco et al., 2019; Rahman et
al., 1995; Tanakol et al., 1999; Yavuzer, 2020). Although, Dal Bosco et al. (2019) reported similar
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results value for stearic acid, Tanakol et al. (1999) and Yavuzer (2020) found higher results values of
the amounts of palmitic acid and stearic acid in sand smelt from the Marmara Sea (27.1 -7.0%) and
Hirfanli Dam, Turkey (26.85-6.40%), respectively. The fatty acid profile of fish species is not constant
and it changes according to many morphological and ecological factors such as species, season, life
stage, location, diet, and age of the fish, which have effects on the nutrient composition of fish and
even vary broadly within species and among species (Lunn and Theobald 2006; Ozogul et al. 2018).

The total SFA content of sand smelt was the highest in autumn, while the lower level of total SFA
was observed in spring. There were significant differences (p<0.05) among the seasons as regards total
SFAs (Table 2). In general, SFA content was low (<30%), except for certain species (Ackman 1989;
Guler et al. 2008). Similar results were observed in our study during different seasons (21-28.14%).
Moreover, Oksiiz et al. (2019), Luczynska et al. (2014) and Linhartova et al. (2018) were reported
similar results for the same and other freshwater fish species.

Monosaturated Fatty Acid (MUFA)

The highest proportions of MUFA in the examined fish were oleic acid (C18:1n-9, 9.72-13.20%),
palmitoleic acid (C16:1n7, 5.49-8.26%), and cis-vaccenic acid (C18:1n7, 3.43-4.29%). Another minor
MUFA detected was erucic acid (C22:1n9, 0.11-0.62). In terms of seasons, there were statistical
differences in the fatty acid composition of fish species (p < 0.05), (Table 2).

Oleic acid was the main fatty acid among the MUFAs in the lipids of fish accounting for 46.84-
50.19% of the total MUFAs, during different seasons in the present study. Dal Bosco et al. (2019)
reported for sand smelt from Trasimeno Lake, slightly higher values of oleic (14.06%) than those
found in this study. Tanakol et al. (1999) observed for sand smelt caught in the Marmara Sea had a
considerably lower value of this acid (4.6%) compared to the results of this study for sand smelt (9.72-
13.20%). Bilgin et al. (2011) reported a little lower oleic acid (8.52%) for sand smelt from Egirdir
Lake in Turkey.

Palmitoleic acid was the second main MUFA in the lipids of five fish species studied, constituting
about 26.45-31.40% of the total MUFAs for all seasons. The highest palmitoleic acid was found in
summer at 8.26%. The results showed that sand smelt is a good source of palmitoleic acid. Prato and
Biandolino (2012) and Yavuzer (2020) found similar variable palmitoleic contents in sand smelt.
However, Tanakol et al. (1999) found very lower (2.9%) and Dal Bosco et al. (2019) observed much
higher values (10.72%) of palmitoleic oleic acid for sand smelt than those found in this study (Table
2). The differences of oleic and palmitoleic acid contents in the same fish species could be due to the
geographical location, size, muscle zone analyzed, sexual maturation, and catching season (Prato and
Biandolino 2012).

The total MUFA content of sand smelt was the highest in autumn and summer while the lower
level of total MUFA was observed in spring (p < 0.05) (Table 2). The main reason for the high MUFA
content in autumn and summer could be since the fish has higher palmitoleic (C16:107) and oleic
(C18:1m9) acid content in these seasons. Early studies have also shown that the level of unsaturation
of total lipids in fish is conversely connected with the ecological temperatures (Vasconi et al. 2015).
Moreover, sand smelt exhibited a lower content of MUFA (20.75-26.43%) than the total PUFASs
content (28.29-36.11%) (p<0.05) during all seasons, in the present study (Table 2). Also, Dal Bosco et
al. (2019) and Prato and Biandolino, (2012) reported for sand smelt from Trasimeno Lake and from
Mar Grande Sea had a much lower content of MUFA (31.56% and 17.82% respectively) than contents
of PUFAs.

Polyunsaturated fatty acid (PUFA)

The most represented PUFA in sand smelt were decosahexaenoic acid (DHA, C22:6w3, 12.33-
19.77%), eicosapentaenoic acid (EPA, C20:5w3, 5.59-7.22%), linoleic acid (LA, C18:2w6, 2.85-
3.05%), linolenic acid (ALA, 18:3w3, 3.19-4.81%) and arachidonic acid (AA, C20:406, 0.23-0.29%)
in all seasons. It was reported that the ratio of these FAs changed significantly during the seasons
(p<0.05), (Table 2). The percentages of dominant fatty acids found in our study were similar to the
amounts reported in the literature for this species (Dal Bosco et al., 2019; Prato & Biandolino, 2012;
Tanakol et al., 1999).

The proportions of total PUFA of sand smelt were found to be 28.29% in autumn and 36.11% in
spring and 31.28% in summer (Table 2). Similar results were found by Prato and Biandolino (2012),
Dal Bosco et al. (2019), and Yavuzer (2020). Moreover, a seasonal variation in total levels of SFA,
PUFA, and DHA was reported by Yanes-Roca et al. (2009), suggesting that PUFA is functionally
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important for fish's normal growth, development, and reproduction. The reproduction period of sand
smelt in Cekerek Dam is in the period between April and June. In our study, the proportions of total
PUFA was decreased slightly from March (36.11%) to July (31.28%) that represent before the
beginning and the end of the reproduction period for sand smelt, respectively. PUFA can also be used
for more reproductive purposes for this species, which is confirmed by studies by Yanes-Roca et al.
(2009) and Kose et al. (2010) on the functionality of PUFA in fish.

It was very conspicuous that the higher PUFA values of sand smelt were mostly derived from the
high DHA and EPA amounts in the present study. The PUFA consisted primarily of 3 and @ 6 PUFA
and the main contributor to w3 PUFAs was DHA (C22:603), followed by EPA (C20:5»w3) in all
examined fish. The highest amounts of EPA and DHA were obtained from sand smelt (7.22%-
19.77%) in spring while sand smelt gave the lowest proportions of EPA and DHA (5.59%-12.33%) in
autumn (p<0.05) (Table 2). Vasconi et al. (2015) observed a similar amount of EPA (8.61%) and
DHA (18.13%) in sand smelt from Subalpine Lakes in Italy. Moreover, the highest total EPA and
DHA values were found for sand smelt in spring (26.99%) and followed by summer (23.86%)
(p<0.05) whereas the lowest total EPA and DHA (17.92%) value was obtained from sand smelt in
autumn. A close association between feeding activity and fatty acid composition of the muscle lipids
was found by Vasconi et al. (2015). Sand smelt is a species of carnivorous or opportunistic predator; it
feeds on zooplankton and benthic organisms (Bartulovi¢ et al. 2004; Benzer 2018). Moreover, many
studies have shown that zooplankton abundance is the highest in spring and lowest in winter (Bulut,
2018; Bulut & Saler, 2014). In general, zooplankton provides highly unsaturated fatty acids (HUFA)
that are physiologically essential, such as eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) (Keva et al., 2019; Makhutova et al., 2016). This could be clarified by the fact that these fish
species consumed larger amounts of freshwater phytoplankton and zooplankton, which were abundant
in ®3 PUFA, in spring than in other seasons.

Generally low levels (e.g. 3.19- 4.81%) of other w3 fatty acids were found, one of which was
linolenic acid (18:3w3), which showed significant differences (p<0.05) among the seasons. The
highest linolenic acid was found in autumn at 4.81% while sand smelt gave the lowest amount of
linolenic acid was found in summer at 3.19% (Table 2). Dal Bosco et al. (2019) observed slightly
higher values (5.45%) of linolenic acid for sand smelt in autumn whereas Yavuzer (2020) observed
very lower linolenic acid (0.43%) content than those found in this study. Polat and Beklevik (1999)
reported that many fish species the can convert linolenic acid to other long-chain w-3 series fatty acids
such as EPA and DHA. The results showed that sand smelt is also a good source of PUFAS.

EPA and DHA, found only in fish and seafood, possess excessively beneficial effects to prevent
coronary artery disease in humans (Guler et al. 2008; Leaf, A and Weber 1988). Although PUFAs
(especially, EPA and DHA) are effectively synthesized only by aquatic organisms, human
consumption of marine and freshwater products can provide these essential components (Ozogul et al.
2007). These results indicated that the investigated all fish samples are a great source of EPA and
DHA, especially in spring.

The most abundant @6 PUFA was linoleic acid (C18:2w6), followed by arachidonic acid (ARA;
C20:4m6). Sand smelt gave the highest linoleic acid (3.05%) content in autumn, while the highest
arachidonic acid (0.29%) was in spring for sand smelt (Table 2). Yavuzer (2020) and Prato and
Biandolino (2012) observed higher arachidonic acid and lower linoleic acid contents for the same
species. Hoewever, Dal Bosco et al. (2019) found that higher arachidonic (5.14%) and linoleic acid
(8.18%) content than our study results. These variations might be originated from the fatty acid
composition of freshwater microalgae (Ahlgren et al., 1990, 1992), zooplankton feed (Caramujo et al.
2008; Desvilettes et al. 1997), and freshwater insects (Ghioni et al. 1996) that provide to the
population of the lake ecosystems (Vasconi et al. 2015). Arachidonic acid like EPA and DHA is
involved in maintaining cell membrane structure and function and also contributes to reproductive
systems in fish (Cejas et al. 2004).

The amounts of ®3 PUFAs in sand smelt (ranging from 22.73% to 31.29%) were higher than those
of w6 PUFAs (ranging from 3.98 to 4.95%) in all seasons (p<0.05) (Table 2). These results are in an
agreement with previous studies related to fatty acid profiles of freshwater fish species (Branciari et
al., 2020; Dal Bosco et al., 2019; Yavuzer, 2020). Fish are the main nutritional source of essential
unsaturated fatty acids, particularly EPA and DHA. However, they are not able to synthesize long-
chain @3 PUFAs. Fish nourish on microorganisms (for instance algae) or on smaller fish that consume
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PUFA synthesizing micro-organisms, thence acquiring long-chain ®3 PUFAs (Lunn & Theobald,
2006; Prato & Biandolino, 2012). Hence, the ratios of these ®3 PUFAs in fish muscle are based on
nourishment (Sargent et al., 2002) and their changes can be due to differences in the feeding habits of
the fish (Norrbin et al. 1990; Prato and Biandolino 2012).

A maximum dietary ratio of ®6/®3 has been recommended as 4.0 (HMSO 1994). Levels higher
than the maximum level are dangerous to human health and cause cardiovascular diseases (Dridi et al.
2017; Kose et al. 2010). In the present study, the ®6/®w3 ratios in sand smelt were in the range of 0.15—
0.22 and the w6/w3 ratio in this fish species during seasons did not surpass the suggested maximum
level. Sand smelt showed the lowest w6/w3 (0.15) ratio during spring and summer whereas the highest
level of ®6/®w3 (0.22) was in autumn (Table 2). The highest PUFA/SFA ratio (1.47) was obtained from
sand smelt in spring although the lowest PUFA/SFA ratio was in autumn for sand smelt (Table 2). The
PUFA/SFA proportion is 0.45 which is advised a minimum level of PUFA/SFA proportion (Piretti et
al., 1988). Tanakol et al. (1999) reported higher than 1 for sand smelt, from the Black Sea, a
PUFAJ/SFA. In the present study, this proportion did not surpass the suggested minimum ratio for sand
smelt during seasons.
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Table 2. Seasonal variation on total (%) fatty acid compositions in muscle lipids of the sand smelt from Cekerek
(Siireyyabey) Dam.

Fatty acids Sand smelt (Atherina boyeri)

(%) Autumn Spring Summer
C12:0 0.08+0.00° 0.03+0.01° 0.10+0.01°
C14:0 2.4540.09° 2.09+0.19° 3.32+0.11°
C15:0 0.57+0.02° 0.45+0.02° 0.48+0.03°
C16:0 16.19+0.31° 15.91+0.57° 15.76+0.452
C17:0 0.84+0.03? 0.5240.01° 0.43+0.02°
C18:0 5.03+0.09° 5.17+0.09? 4.5440.40°
C20:0 0.18+0.01° 0.13+0.02° 0.05+0.01°
C22:0 0.11£0.03? 0.08+0.032 -

C24:0 0.23+0.13% 0.24+0.02° 0.21+0.03?
YSFA 25.69+0.39° 24.63+0.25° 24.89+0.73%°
C14:1 0.64+0.05° 0.47+0.06° 0.62+0.06
C15:1 0.27+0.02° 0.18+0.02° 0.20+0.01°
C16:1 7.3240.37° 5.49+0.54° 8.26+0.23%
C17:1 0.19+0.01° 0.19+0.01° 0.21+0.01°
C18:109 12.60+0.622 9.72+0.67° 13.20+0.17°
Cl8:1n7 4.29+0.10° 3.75+0.11° 3.43+0.13°
C20:109 0.48+0.02° 0.3840.02° 0.2240.01¢
C22:109 0.62+0.02° 0.5740.01° 0.1140.01¢
C24:109 0.03+0.00° - 0.07+0.02°
TMUFA 26.43+0.98° 20.75+1.30° 26.30+0.07°
C18:206 3.05+0.03° 2.8840.10° 2.85+0.05°
C18:306 0.59+0.03% 0.33+0.03° 0.15+0.02°
C18:303 4.81+0.40° 4.3140.28° 3.19+0.20°
C20:2 cis 0.40+0.01° 0.16+0.01° 0.25+0.01°
C20:3w6 1.07+0.03? 1.07+0.022 0.98+0.03°
C20:406 0.23+0.01° 0.29+0.01° -

C20:503 5.59+0.11° 7.22+0.21° 6.01+0.30°
C22:2 cis 0.21+0.02° 0.10+0.01° -

C22:603 12.33+0.51¢ 19.77+1.36 17.85+0.57°
YPUFA 28.29+0.20° 36.11+1.18° 31.28+0.27°
PUFA/SFA 1.10+0.01° 1.47+0.032 1.26+0.05°
Ym3 22.7340.24° 31.29+1.322 27.05+0.24°
Ymb 4.95+0.06° 4.56+0.15° 3.98+0.08°
06/m3 0.22+0.00° 0.15+0.01° 0.15+0.00°
DHA 12.33+0.51° 19.77+1.36% 17.85+0.57°
EPA 5.59+0.11° 72240212 6.0120.30°
DHA/EPA 2.20+0.05" 2.74+0.11° 2.98+0.24°

Data are shown as mean =+ standard deviation (SD). SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated
fatty acid; DHA: docosahexaenoic acid; EPA:eicoesapentaenoic acid; Xn-6 PUFA: total n-6 polyunsaturated fatty acid; £n-3 PUFA: total n-3
polyunsaturated fatty acid. Different letters (a-c) in the same row for each fish indicate significant differences in Table 2 (p<0.05).

CONCLUSION

This study represented seasonal variability in proximate and FA composition of muscle tissue from
economically important sand smelt caught in Cekerek Sureyyabey Dam. To the authors’ knowledge, it
is the first time that an evaluation of the proximate and fatty acid composition of sand smelt from
Cekerek Sureyyabey Dam has been carried out. According to our results, the proximate and FA
composition values of sand smelt showed differences during seasons. These variations in fatty acids
are due to environmental, other ecological, and morphological influences and also depend on their
natural nutrition and feeding habits. Sand smelt gave higher lipid contents in summer. Moreover, the
total EPA and DHA (%) value of the fish species was the highest in spring. In addition, sand smelt, the
carnivorous fish, gave the higher PUFA value than the content of SFA and MUFA during all seasons
and also had the highest total EPA+DHA value (26.99%) and total ®3 value in spring (p<0.05). This
study exhibit that these fish species are a good source of nutrients and these species seem to be
appropriate for the human diet, although there were differences in lipid and fatty acid composition
during seasons.
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Abstract

In the present study it was aimed to determine the acute toxicity of zinc on southern medicinal leech Hirudo verbana
Carena, 1820 that is used in ecotoxicological studies. The experiment was conducted for 96 hours using the semi-static
bioassay method with replicate two times. The leeches were exposed to zinc concentrations of 6.25 mg/L, 12.50 mg/L, 25
mg/L, 50 mg/L, 100 mg/L and 200 mg/L, respectively. As a result of the experiment, the LCs, values for 24, 48, 72, and 96
hours were determined 48.30 mg/L, 19.68 mg/L, 15.48 mg/L, and 14.12 mg/L, respectively. The LTso values for 25 mg/L, 50
mg/L, 100 mg/L and 200 mg/L zinc concentrations were determined 38.63 hours, 24.55 hours, 14.62 hours, and 12.78 hours,
respectively. Defecation, intensive mucus output, uncontrolled swimming, attempt to escape from the experiment media,
reducing the cling power, coiling (buckling), vomiting the digestive blood, the body deformations, penile prolapse,
hemorrhage, and abrasion in the wall of the body were the main physiological and behavioral responses in the leeches which
were exposed to the different zinc solutions. The data obtained revealed that the zinc sensitivity of H. verbana was moderate
when compared to other organisms. It is expected that the data of the present study will contribute to the management of
endangered medicinal leech populations.

Keywords: heavy metal, bioassay, mortality, LCsq, LTs.
Cinkonun Giiney Tibbi Siiliigii Hirudo verbana Carena, 1820 Uzerine Akut Toksisitesi
Ozet

Bu ¢aligma ile ¢inkonun ekotoksikolojik ¢aligmalarda kullamlmakta olan giiney tibbi stliigi Hirudo verbana Carena,
1820 {izerine akut toksisitesinin belirlenmesi amaglanmistir. Deneme 96 saat siireli yar1 statik biyodeney yontemiyle iki
tekerriirlii yiiriitilmiistiir. Bu amagla, siilikkler 6,25 mg/L, 12,50 mg/L, 25 mg/L, 50 mg/L, 100 mg/L ve 200 mg/L’lik ¢inko
konsantrasyonlarina maruz birakilmigtir. Deney ve hesaplamalar sonucunda LCsy degerleri 24, 48, 72 ve 96. saatler i¢in
sirastyla 48,30 mg/L, 19,68 mg/L, 15,48 mg/L ve 14,12 mg/L olarak belirlenmistir. 25 mg/L, 50 mg/L, 100 mg/L ve 200
mg/L konsantrasyonlari i¢in belirlenen LTsy degerleri sirasiyla 38,63 saat, 24,55 saat, 14,62 saat ve 12,78 saat olarak
hesaplanmustir. Cinkoya maruz kalms siililklerde diskilama, asirt mukus c¢ikisi, kontrolsiiz yiizme, ortamdan uzaklagma
girisimleri, tutunma giictiniin zayiflamasi, kivrilma (burkulma), sindirilmis kanin kusulmasi, viicutta olusan deformasyonlar,
erkeklik organimin diga sarkmasi, hemoraji ve viicut duvarinda aginmalar baslica fizyolojik ve davranigsal tepkileri
olusturmustur. Elde edilen veriler, diger organizmalarla kiyaslandiginda H. verbana tiiriiniin ¢inko duyarliliginin orta
diizeyde oldugunu ortaya koymustur. Bu calismada elde edilen verilerin nesli tehlike altinda olan tibbi siililk
popiilasyonlarinin yonetimine katki saglamast beklenmektedir.

Anahtar Kelimeler: agir metal, biyodeney, mortalite, LCsp, LTso.

INTRODUCTION

Medicinal leeches have been used to treat some diseases of both humans and animals in both
traditional and modern medicine, as well as in veterinary (Godekmerdan et al., 2011; Mumcuoglu,
2014; Sobczak and Kantyka, 2014). The enzymes secreted by medicinal leeches are used in the
production of some drugs and cosmetic products (Ayhan and Mollahaliloglu, 2018; Lemke and
Vilcinskas, 2020; Shakouri and Wollina, 2021). Medicinal leeches play some important roles in
aquatic ecosystems (Ceylan et al., 2015); however, because of over-collection and habitat destruction,
medicinal leech populations have been weakening day by day in many wetlands (Saglam, 2011;
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Ceylan and Cetinkaya, 2017, Saglam, 2018). It is a necessity, therefore, to take protective measures
for the sustainable management of medicinal leech populations.

Heavy metals affect both environments and organisms (Mishra et al., 2019) causing toxic effects
(Tchounwou et al., 2012). Aquatic toxicology has increasing importance for aquatic ecosystems as
well as for all organisms. Research in this field has now become a necessity (Cetinkaya, 2005).

The heavy metals lead to an activity decreases in invertebrates (Wicklum et al., 1997). Zinc, as an
essential trace element for all organisms (Eisler, 1993; Salgueiro et al., 2000), is a heavy metal found
in the highest concentrations in wastewaters of the majority of the modern industrialized societies
(Boardman and McGuire, 1990), and its concentration is increasing due to the effects of both natural
and anthropogenic factors (Ozkul, 2008). The erosion of the rocks in the earth's crust, the wastewater
originated the industrial and urban discharges, and mining activities are the main sources of zinc in
natural waters (Sonmez and Cetinkaya, 2003; Kori-Siakpere and Ubogu, 2008). The discharge of high
zinc concentrations in aquatic ecosystems causes a decrease in the number of individuals of many
species of macro-invertebrates including the leeches (Willis, 1979). Zinc leads the aquatic organisms
to death with its cytotoxic effect (Kodama et al., 1982), as well as the acid-base balance and due to the
negative effects on the regulation of ions (Senthil Murugan et al., 2008). Because medicinal leeches
are among the endangered species (Saglam, 2011; Saglam et al., 2018; Ceylan, 2020; Kvist et al.,
2020), determining the toxicologic limits becomes important to maintain sustainable management.

The southern medicinal leech, Hirudo verbana is used in various toxicological and
pharmacological studies due to its sensitivity and easy housing features in laboratory conditions. It, as
well as being a sensitive organism for ecotoxicological studies, is being used in the studies carried out
in neurobiological, neuroethological, physiological, histological, microbiological fields and in many
engineering disciplines (Petrauskiené, 2008a). The chronic lethal effects of zinc, copper, and their
mixtures to medicinal leech Hirudo verbana were investigated by Petrauskiené (2008b). Although
there is data on the chronic lethal effects, the acute toxicity of zinc and on H. verbana and the
physiological and behavioral changes of the leeches belonging to the H. verbana that are exposed to
the zinc is not known. It was aimed to reveal these yet unstudied data with the present study.
Considering that southern medicinal leech, H. verbana is endangered and its populations are
weakening day by day in both Europe and Turkey, it is hoped that data obtained will contribute to the
management policies of the medicinal leech populations in nature and fill the gap in the literature.

MATERIALS and METHODS
Leeches

The study was conducted using a total of 112 medicinal leeches Hirudo verbana Carena 1820 that
bred in the medicinal leech production unit of Egirdir Fisheries Research Institute, Turkey. The
bodyweight of leeches was determined as 3.01 £+ 0.09 g. The leeches were assigned randomly to the
experimental group, and it was confirmed that the weight of leeches in the experimental group was
normally distributed (P > 0.05).
Toxicity test

ZnS0,.7H,0 (Merck) was used as the toxicant in the experiment. The toxicity test was conducted
using the standard method that was applied by Cetinkaya (2005) and Petrauskien¢ (2008b). The stock
solution was prepared by using distilled water. The Zn*? trial concentrations were prepared in different
7 doses of 0.00 mg/L, 6.25 mg/L, 12.50 mg/L, 25.00 mg/L, 50.00 mg/L, 100.00 mg/L and 200.00
mg/L by taking from the stock solution. The leeches were placed as 8 individuals with two replications
into the 5L pet jars, filled with the solutions prepared in the concentrations. The jars were closed to
prevent the leeches from moving away from the test environment. The experiment was performed
using the semi-static test, the groups of controls and treatment concentrations were renewed at
intervals of 24 hours, and the experiment was continued for 96 hours. The reactions of the leeches and
mortality were recorded (Cetinkaya, 2005).

The temperature, dissolved oxygen concentration, pH, alkalinity (CaCO3), total water hardness
(CaCOy), and electrical conductivity were measured as 19.3 °C, 5.72 mg/L, 7.80, 242 mg/L, 350
mg/L, and 460 uS/cm, respectively.
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Statistical analyses

LCso values for 24 hours, 48 hours, 72 hours, and 96 hours and the LTs, values for each calculable
concentration, within the 95% confidence limits, were determined using the Probit Regression analysis
using IBM SPSS Statistics version 25.0 for Windows package software (IBM Corp., Armonk, NY,
USA) (Lei and Sun, 2018; Navarrete et al., 2021).

RESULTS

Except for the defecation at the beginning of the experiment, it wasn’t observed abnormal behavior,
reaction, and death in the leeches of the control group and the 6.25 mg/L concentration during the
study. In addition to the defecation, the common responses of the leeches in 12.50 mg/L and the higher
concentrations were uncontrolled swimming, excess mucus secretion especially in the suckers (Figure
1 and Figure 2), vomiting blood (Figure 3), weakening of the grip strength in suckers, twisting, the
deformations in the body (Figure 4 and Figure 5c), hemorrhage both on and surround of male genital
organs and penile prolapse (Figure 6), hemorrhage in different parts of the body (Figure 5a, Figure 6a,
Figure 7 and Figure 8), and wearing on the body walls (Figure 5b).

No death has been recorded in control and 6.25 mg/L groups during the experiment. It is observed
that all leeches died in 25, 50, 100, and 200 mg/L concentration groups and, while 5 of 16 leeches died
in the 12.50 mg/L concentration group.

LCs values for 24 hours, 48 hours, 72 hours and 96 hours were 48.30 mg/L, 19.68 mg/L, 15.48
mg/L and 14.12 mg/L, respectively. It is noted a decline in the LCsy values as long as the zinc
exposure time is extended. The LCso values and 95% confidence limits determined in the zinc acute
toxicity test were presented in Table 1.

Figure 1. Excessive mucus secretion in the anterior Figure 2. Excessive mucus secretion in the posterior
sucker sucker

Figure 3. Blood vomiting observed in the 45" minute Figure 4. Morphological deformation in the anterior
of the experiment in 50 mg/L Zn*? concentration part of the leech
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Figure 5. emorhage in the‘venfalrgi‘o'n of the Figure 6. Hemorrhage on and around the male genital

leeches (a), wearing on the body wall (b), and organ of H. verbana (a) and prolapse of the male
deformation occurring in the anterior part (c) genital organ (b)

Figure 7. Hemorrhage on anterior sucker of H. verbana

Table 1. LCs, values and 95% confidence limits in zinc acute toxicity test in medicinal leech, H. verbana.

Time (hour) LCs, (mg/L) 95% confidence limits (hour)
24 48.30 14.81 - 66.92
48 19.68 14.89-22.19
72 15.48 12.86-19.15
96 14.12 11.75-17.66

It was observed that LTs, durations were shortened depending on the increased concentrations. LTsg
values were determined for 25 mg/L, 50 mg/L, 100 mg/L and 200 mg/L as 38.63 hours 24.55 hours
14.62 hours and 12.78, respectively. LTz, values and 95% confidence limits for these values are given
in Table 2.

Table 2. LTs values and 95% confidence limits determined in zinc acute toxicity test in medicinal leech,

H. verbana.
Concentrations (mg/L) LTso (hour) 95% confidence limits (hour)
25 38.63 36.72 - 40.87
50 24.55 23.90 - 25.23
100 14.62 13.68 - 15.78
200 12.78 12.00 - 13:80
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DISCUSSION

The leeches were exposed to 0.00 mg/L, 6.25 mg/L 12.50 mg/L, 25.00 mg/L, 50.00 mg/L, 100.00
mg/L and 200.00 mg/L zinc concentrations in the present study. The observed behavioral changes and
abnormalities occurring in the bodies and deaths are recorded during this experiment continued for 96
hours.

Petrauskiene (2008b) investigated the chronic effects of zinc, copper, and their mixtures on
medicinal leech H. verbana and given the LCs, values for periods ranging from 48 hours to 30 days.
LCs values were found 19.68 mg/L and 14.12 mg/L, respectively for 48 hours and 96 hours in our
study, however, in the mentioned study these values were 33.94 mg/L and 15.83 mg/L, respectively. It
is thought that the differences might be caused by the water quality of the test solution (ion
concentration, pH, water temperature, etc.) and the size of the leeches.

Saglam and Sahin (2006) investigated the acute toxicity effect of copper sulfate (CuSO,5H,0) on
medicinal leech H. medicinalis. The LCs, values for 12 hours, 24 hours, 48 hours, 72 hours and 96
hours were found to be 0.2093 mg/L, 0.0878 mg/L, 0.0444 mg/L, 0.0261 mg/L and 0.0044 mg/L,
respectively. The LTs, values for the 0.025, 0.05 and 0.1 mg/L concentrations were found to be
60h:10min, 34h:03min and 24h:15min, respectively. Considering the LTs, values in 96 hours, the toxic
effects of copper sulfate for medicinal leeches seem to be higher compared to zinc.

According to the previous studies, the LCs, values vary over a wide range, the results of the
previous acute toxicity studies on some aquatic organisms are presented in Table 3.

Table 3. LCsq values in some aquatic organisms regarding zinc toxicity by comparing with the present study.

Species 96 h LCsg 48 h LCsq 24hLCsy  References
Salmo gairdneri 1.9-3.0mg/L - - 1HS;)7I(éombe and Andrew,
Mytilus edulis 20.8 mg/L - - Hietanen et al., 1988
Chalcalburnus tarichi 16.02 mg/L 17.13mg/L  17.09 mg/L ggg?ez and Cetinkaya,
Capoeta fusca 102.9 mg/L - - Ebrahimpour et al., 2010
Pagrus major 10.1 mg/L 4.3 mg/L - Huang et al., 2010
Oreochromis niloticus 72.431 mg/L - - Egiinyejlaku and Obiakor,
Atherina boyeri - - 1.768 mg/L  Bulut et al., 2013
Acipenser transmontanus ~ 0.150 - 0.625 mg/L - - Vardy et al., 2014
Branchiura sowerbyi 0.97 £0.07 mg/L - - Lobo et al., 2016
Tubifex tubifex 8.7+ 0.84 mg/L - - Lobo et al., 2016
Percocypris pingi 2.852 mg/L 2.933mg/L  3.504 mg/L  Zeng etal., 2018
H. verbana 15.83 mg/L 33.94 mg/L - Petrauskiené, 2008b

' 14.12 mg/L 19.68 mg/L  48.30mg/L  The present study

Regarding the data given in Table 3, H. verbana is more resistant to zinc compared to silver fish,
rainbow trout, Japanese seabream, white sturgeons, and tubificid worms, which to have the same
sensitivity as pearl mullet and seems to be more sensitive compared to other species. This indicates
that H. verbana has moderate sensitivity to zinc.

The initial responses of the leeches exposed to the zinc were defecation, excessive mucus secretion,
and uncontrolled swimming. Defecation was the reaction that occurred in the first 10 minutes of the
experiment, whereas uncontrolled swimming and excessive mucus secretion occurred in the first 20
minutes. The mucus secretion in the leeches exposed to the zinc concentration of 200 mg/L was
transparent gel consistency; however, turned into red in jelly consistency when the leeches vomit
digested blood. The examination was made on the dead leech from an external perspective, after
removing them from the zinc solution. It was observed the presence of mucus strongly attached to the
anterior and posterior suckers of some leeches (Figure 1 and Figure 2). In case of solution replacement
made at 24-hour intervals, certain responses were not observed such as defecation, excessive mucus
secretion, and uncontrolled swimming. Petrauskiené (2005) reported that the most sensitive responses
of the leeches treated with crude oil were mobility and avoidance from the environment. Saglam and
Sahin (2006) stated that the mucus secretion was more intense in anterior and posterior suckers.
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The leeches had difficulty taking hold with their suckers and then fell to the bottom of the jars and
began twisting movements in 200 mg/L concentration, especially within 30 minutes at the beginning
of the experiment. It was recorded that their twisting movements were intensified on the bottom of the
container after 40 minutes of the experiment beginning, and in continuation of this movement the
leeches have lost the integrity of their body form and certain permanent deformations have occurred
(Figure 4 and Figure 5c). Petrauskiené (2005) being consistent with our observation, reported that the
body form of the medicinal leech H. medicinalis treated with crude oil changes due to the continuous
contraction and relaxation of the muscles in certain segments. The deformation on the body walls of
the leeches occurred also in another toxicity study made with copper (Kutlu et al., 2010).

The incidence of hemorrhage in the experiment was listed as follows: the anterior sucker (67%),
the ventral region of the body (61%), male genital organs (32%), and posterior sucker (29%). Saglam
and Sahin (2006) reported that the hemorrhage occurred in different body parts of the leeches exposed
to copper sulfate.

The toxicological studies performed with leeches became restricted due to the significant decrease
in natural leech populations, therefore the cultivated leeches should be used for these studies
(Petrauskiene, 2004). In the toxicity studies to be done, it would not be appropriate to use the rare
species and reduce the required number of the individual to the minimum level for the other species.

In conclusion, although the concerns are expressed that the short-term heavy metal toxicity
experiments will be insufficient to predict the environmental impact on invertebrates (Petrauskiene,
2008b), the low concentrations to be used in the studies to investigate the long-term chronic effects of
the toxicant are likely to be inadequate to determine the lethal effects of the discharges of the high
concentrations into the receiving environments. It is hoped that the LCs, and LTs, values, the
physiological and behavioral changes defined as toxicity indicators will contribute to the studies to be
made with H. verbana and zinc and will be useful for establishing standards and implementation of
measures for the protection of medicinal leech populations in nature.
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Abstract

The Snakeheads are the most common fishes in freshwater wetlands of Bangladesh, but in recent years they are subjected
to decline by overfishing pressure, anthropogenic factors, and climate changes. A one-year-long biometric investigation was
undertaken which involve monthly random sampling of Channa striata and Channa punctatus from local wetland and
measured total length, body weight data, and gonad’s weight in the laboratory. Then data were treated and analyzed by
following the different multi-model tools i.e., Fulton’s condition factor, relative condition factor, allometric condition factor,
and Pearson’s correlation coefficient. The results exhibit a strong correlation between the total length and body weight of
Channa striata and Channa punctatus with an r? value of 0.826, 0.819, respectively. Pearson’s correlation showed a trend of
both positive and negative correlation coefficients between different conditions factors and morphometry for both species.
The peak value for gonad’s weight, gonadosomatic index, and Dobriyal index was reported in the monsoon while the bottom
value was in winter for both sexes of both species. The temperature, dissolved O, and turbidity were found as fluctuating
throughout the season while dissolved NH3 and pH remained constant. This data will help in the betterment of conservation,
management, and fishing policy by the government, scientists, and fisheries industry.

Keywords: Growth biometrics, conditions factors, maturity indices, snakeheads, environmental parameters.

Kuzeydogu Banglades, Hakaluki Haor'dan Toplanan Yilanbas, Channa striata ve Channa punctatus'ta Biiyiime ve
Olgunluk Biyometrisinin Cok Modelli Bir Analizi

Yilanbaslar, Banglades'in tatli su sulak alanlarindaki en yaygin baliklardir, ancak son yillarda asir1 avlanma baskist,
antropojenik faktorler ve iklim degisiklikleri nedeniyle azalmaya maruz kalmaktadirlar. Yerel sulak alanlardan Channa striata
ve Channa punctatus'un aylik rastgele drneklenmesini ve laboratuvarda toplam uzunluk, viicut agirligi verileri ve gonad
agirliginin Slglilmesini igeren bir yillik bir biyometrik arastirma yapilmistir. Daha sonra veriler, Fulton'un kosul faktori,
goreceli kosul faktorii, allometrik kosul faktorii ve Pearson'in korelasyon katsayisi gibi farkli ¢oklu model araglari takip
edilerek iglenmis ve analiz edilmistir. Sonugta, Channa striata ve Channa punctatus'un toplam uzunlugu ve viicut agirlig
arasinda sirastyla 0.826, 0.819 r2 degeriyle giiclii bir korelasyon sergiledigi goriilmistiir. Pearson korelasyonu, her iki tiir i¢in
farkli kosullar faktorleri ve morfometri arasinda hem pozitif hem de negatif korelasyon katsayilart egilimi gosterdi. Gonad
agirligl, gonadosomatik indeks ve Dobriyal indeksi i¢in en yiiksek deger musonda rapor edilirken, her iki tiiriin her iki
cinsiyeti igin de en diisiik deger kis mevsiminde olmustur. Coziinmiis NH3 ve pH sabit kalirken sicaklik, ¢6ziinmiis O2 ve
bulaniklik mevsim boyunca dalgali olarak bulunmustur. Bu veriler, hiikkiimet, bilim adamlar1 ve balik¢ilik endistrisi
tarafindan koruma, yonetim ve balik¢ilik politikasinin iyilestirilmesine yardimci olacaktir.

Anahtar Kelimeler: Biiyiime biyometrisi, kondisyon faktorleri, olgunluk endeksleri, yilanbaglar, ¢evresel parametreler

INTRODUCTION

The snakeheads are a very common freshwater fish group that occurred in different small ponds
systems, natural hollows, narrow channels, rivers, wetlands waters, and flood plains of Bangladesh
(Amzad et al., 2015; Haniffa & Sridhar, 2002; Mian et al., 2020) and among them, Channa striata and
Channa punctatus have drawn the commercial interest due to their good market price, nutrition value
and air-breathing adaptability (Graham, 2011; Haniffa et al., 2004; Jannatul et al., 2015). Besides this
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they are very precious for their medicinal properties and are believed to assist in healing wounds and
compensate for stress associate with surgical pain (Jais et al., 1997; Song et al., 2013). However, their
availability tends to be low in recent years due to disease, loss of habitat, and over-exploitation from
natural sources (Farhana et al., 2016; Navy et al., 2017).

The Hakaluki Haor is one of the largest wetland water resource systems in Bangladesh (Mohiuddin
& Uddin, 2019), which receives water flow from Kusiyara River (Chowdhury et al., 2019; Hossain et
al., 2017). The Haor fisheries are considered one of the diverse freshwater resources in Bangladesh
and provide a large catch of native fishes and other aquatic resources (Islam et al., 2018). The
resources allocated within the Hoar wetland provide both nutritional, economic, and ecological
services to the nearby community (Islam et al., 2011). The Haor fisheries are now drawing attention to
policymakers and biologists due to their key role in conserving biodiversity and managing stock for
the different endangered aquatic organisms (Haque & Basak, 2017).

Biometrics data carry key information regarding the growth and population structure of fish, which
would be used in future conservation, management, and adopting policies for harvesting (Hossain et
al., 2016; Muchlisin et al., 2010). The different qualitative and quantitative body metrics provide an
actual measurement of stock assessment and recruiting success (Felizardo et al., 2015; Lucifora et al.,
1999; Richter, 2007). The total length and body weight are extensively used in the growth biometry of
fish species (Alves et al., 2018; Emre, 2020; Hajjej et al., 2011; Okgerman, 2005; Richter, 2007;
Tharwat et al., 2018), and are drawn interest to ichthyologist for easy acquisition without losing the
stock and for the different available model to analyse them (Binohlan & Froese, 2009; Le Cren, 1951).
Therefore, current research work had been undertaken to investigate the length weight relationship,
gonadosomatic index and Dobriyal index of C. striata and C. punctatus in the greater Sylhet region to
assess their biological condition, stock status, and population structure.

MATERIALS AND METHODS

Both C. striata and C. punctatus were collected as live from artisanal fishermen on site (Figure 1)
monthly and they had been bringing back to the wet laboratory of the Fish Biology and Genetics
department, Sylhet Agricultural University. The environmental parameters of each site were measured
by using the YSI professional multi-probe and manufactured ammonia test kit (Model HI 3824, Japan)
simultaneously. However, turbidity was measured in cm using the conventional Secchi Disk method.
A total of random 288 individual fish of both species were used for the current study. They were
cleaned very well by using fresh tape water and then put on an anesthetics solution to slow down their
locomotion and anxiety. Finally, they were placed on a paper towel to remove access to water for
better weight measurement. The total length data were obtained by using a cm-scale designed in a
wooden structure for quick measurement and weight data have been estimated by using an electric
balance (China Electronic Analytical Balance, Model: FA2204, Made in China) with two decimals
readings. Finally, the weight of gonads and sexual status was assessed as well followed by sacrificing
all sampled fish. Sample from each gonad was put on glass slide and instantly stained with aceto-
carmine to detect cells under microscope.

Fulton’s condition factor (Kg) was calculated from the total length and weight data set by following
the formula Ke =100x (W/L?), cm (Htun-Han, 1978), where W is the bodyweight of fish in g, L is the
total length of fish in cm. The same data set were used to measure the allometric condition factor (KA)

following the below formula KA = W/L" (Caspers, 1969), where W is the bodyweight of fish in g, L is
the total length of fish in cm. Again, the relative condition factor (KR) was calculated from the above

b
data by adopting the below measurement, KR = W/(axL ) (Le Cren, 1951), where W is the body weight

in g and L is the total length in cm. The values for a and b were calculated by establishing length and
weight data in regression parameters. The sexual maturation status of fishes was explored by
calculating the following indices: Gonadosomatic index (GSI) = (GW/BW) x100 (Cone, 1989) and
Dobriyal index (DI) = YGW (Dobriyal et al., 1999), where GW is the gonad’s weight and BW is the
body weight in g.
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Figure 1. The location of the study site (*) at Sylhet, Northeast Bangladesh
(Map modified from Islam et al., 2018)

All analysis, regression relationship, and descriptive statistics were conducted in IBM SPSS v26 at
5 % of the significant level (P < 0.05). The means values were justified by Duncan's analysis in
comparing the subset on ANOVA at P < 0.05.

RESULTS

The temperature, turbidity, and dissolved O, were revealed as the most fluctuating environmental
parameters in Halaluki Haor, while NH; and pH were constant over the year (Table 1). The
temperature and turbidity were accounted as highest in monsoon (27.73+0.69°C and 29.56+1.98 cm),
while the lowest in winter (20.63+1.93°C and 19.20+1.47 cm) (Table 1). The level of dissolved O,
ranged between 5.33-7.36 mg/L with a peak on monsoon (7.36+0.41 mg/L) and a bottom in winter
(5.53+0.25 mg/L) (Table 1).

Table 1. Seasonal variation on the environmental parameters at Hakaluki Haor, Northeast Bangladesh

temp:y;tﬁrre ‘C) (Secl;li—’L;rgilsdl:ti);l cm) pH OD:SFrzlgg\//elfj) NHs (mg/L.)
Winter 20.63+1.932 19.20+1.47° 7.05+0.21*  5.53+0.25%  0.060+0.032°
Pre-monsoon 24.45+1.62" 27.87+2.04 7.44+0.67*  6.00+0.33*  0.073+0.022°
Rainy/monsoon 27.73+0.69" 29.56+1.98" 7.31£0.24*  7.36£0.41°  0.087+0.007
Post-monsoon 24.90+2.18° 18.98+2.42° 7.20+0.05%  5.84+0.57*  0.083+0.010°

The linear regression plots of length-weight data showed a positive correlation coefficient of 0.819
and 0.826 for C. punctatus and C. striata and respectively (Figure 2.A-B). The figure represented the
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discrete nature of the sample’s total length and body weight throughout the following season (Figure

2.A-B).
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Figure 2. Linear regression between and body weight (g) and total length (cm) of C. punctatus
and C. striata collected from Hakaluki Haor, Northeast Bangladesh

The descriptive analysis of data showed that the body weight and total length of C. punctatus vary
between 24.50-84.20 g and 9.10-24.20 cm (p<0.05) (Table 2). Again, the total length and body weight
of C. striata ranged between 31-42 cm and with a mean of 239-571 g respectively (p<0.05) (Table 2).
The 95 % credible interval has been calculated for each species. The length and weight metrics for
both species show a significant variation between the different seasons and the highest total length and
body weight for C. punctatus have been recorded in the rainy season asl8.10+3.06 cm and
67.82+£10.80 g respectively (p<0.05). On the other hand, the highest value for the above metrics
observed in the pre-monsoon season was 366.83+54.59 g for body weight and as 35.67+2.28 ¢m for
total length (Table 2). The lowest total length value was reported in winter as 12.36+1.68 cm for C.
punctatus and as 34.22+3.15 cm for C. striata (Table 2). The lowest body weight value recorded in
winter was 43.07+10.13g for C. punctatus while 328.00+49.79¢ in post-monsoon for C. striata (Table
2).

Table 2. Descriptive statistics for the seasonal variation in total length (cm) and body weight (g) data in C.
punctatus and C. striata.

95% Credible

Species Season Mean+SD Minimum Maximum

interval

Winter 43.07+10.13% 38.03-48.10 24.50 67.50
" _ Pre-monsoon 54.09+11.70° 48.28-59.91 33.30 73.10
2 Body weight (g) . ¢
g Rainy/monsoon 67.82+10.80 62.45-73.19 47.50 81.00
§ Post-monsoon 53.99+12.11° 47.97-60.01 35.10 84.20
© Winter 12.36+1.68% 11.53-13.20 10.20 17.00
g Pre-monsoon 14.05+2.52° 12.80-15.31 11.00 18.80
G Total length (cm) . b

Rainy/monsoon 18.10+3.06 16.58-19.62 13.50 24.10

Post-monsoon 13.64+2.79° 12.25-15.03 9.10 20.00

Winter 353.22484.93¢ 310.99-395.45 259.00 571.00

. Pre-monsoon 366.83+54.59¢ 339.69-393.98 275.00 455.00
« Body weight (9) . b
kS Rainy/monsoon 341.61+60.51 311.52-371.70 239.00 450.00
7 Post-monsoon 328.00+49.79° 303.24-352.76 240.00 410.00
@
= Winter 34.2243.15° 32.65-35.79 31.00 42.00
©
) Pre-monsoon 35.67+2.28° 34.54-36.80 32.00 40.00
Total length (cm) . a
Rainy/monsoon 34.28+2.11 33.23-35.33 32.00 39.00
Post-monsoon 34.71+1.68% 33.87-35.54 32.00 38.00
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The value of a parameter from total length and body weight data has been accounted for as 0.022
for C. punctatus in contrast to 0.031 for C. striata. The b value was located at 2.88 for C. punctatus
and 2.3 for C. striata (Table 3).

b
Table 3. Descriptive statistics for a and b value from W=a x TL equation for C. punctatus and
C. striata collected from natural wetlands of Sylhet, Northeast Bangladesh.

a b r’
Value  95% Credible interval Value 95% Credible interval
Channa punctatus 0.022 0.09-0.02 2.88 1.71-3.08 0.819
Channa striata 0.031 0.012-0.0281 2.3 1.96-2.49 0.826

The mean value of Fulton’s condition factor, reative condition facotrs and allometrics condition
facotrs were accounted as 2.03 +0.85, 0.13 £ 0.05 and 0.028+ 0.01 respectively for C. puncatus
respectively (p<0.05), while 0.83+ 0.07, 3.28+0.25 and 0.09 + 0.007 respectively for C. striata
(p<0.05) (Table 4).

Table 4. Descriptive statistics for different condition factors in C. punctatus and C. striata.
N Minimum Maximum Mean+SD  95% Credible interval

Channa punctatus

Fulton’s condition factor 0.578 4.66 2.03 +0.85 1.94-2.11
Relative condition factor 144 0.039 0.27 0.13+£0.05 0.046-0.214
Allometric condition factor 0.008 0.061 0.028+0.01 -0.0564-0.111
Channa striata

Fulton’s condition factor 0.654 0.981 0.83+0.07 0.741-0.909
Relative condition factor 144 2.75 3.94 3.28+0.25 3.20-3.37
Allometric condition factor 0.083 0.118 0.09 £+ 0.007 0.016-0.183

Pearson’s correlation between the biometrics and condition factors was found to be significant for
C. punctatus (p<0.01). The total length and body weight showed negative Pearson's correlation with
condition factors accounting as r value of -0.87, -0.87, -0.87, -0.68, -0.67, and -0.67 for Fulton’s
condition factor, relative condition factor, and allometric condition factor respectively (p<0.01) (Table
5). Again, in the case of C. striata the total length was positively correlated with relative condition
factor (0.48) and allometric condition factor (0.48), while body weight was found to be negatively
correlated with Fulton’s condition factor (-0.45) (p<0.01) (Table 5).
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Table 5. Pearson’s correlation between biometrics and different condition factors of C. punctatus and C. striata.

Total Body Fulton’s Relative Allometric
length weight  condition factor  condition factor  condition factor

Channa punctatus

Total length 1 0.90™ -0.87" -0.87" -0.87"
Body weight 0.90" 1 -0.68" -0.67" -0.67"
Fulton’s condition 087" -0.68" 1 1 1™
factor

Relative condition 0.87" 067" 1 1 ™
factor

Allometric 087" 067" i i 1
condition factor

Channa striata

Total length 1 0.90” -0.04 0.48™ 0.48"
Body weight 0.90" 1 -0.45" 0.09 0.09
Fulton’s condition -0.04 045" 1 0.84" 0.84"
factor

Relative condition 0.48™ 0.09 0.84" 1 ™
factor

Allometric 0.48™ 0.09 0.84° 1™ 1

condition factor
** Correlation is significant at the 0.01 level (2-tailed)

The weight of gonads has been reported as highest during the monsoon for both sexes in C. striata
and C. punctatus. The highest gonadal weight for male C. punctatus was reported as 1.02 +0.24g while
the female was 3.33 £0.44g. On the other hand, the highest gonad’s weight was 2.37 + 0.23g in male
C. striata and 17.70 +0.94¢g in female. The winter was accounted for as the lowest stage of gonads
weight for the male and female individuals of both species (P<0.05) (Figure 3).
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Figure 3. Monthly changes in gonad weights of C. punctatus and C. striata (M-Male, F-Female,
Combined sex, WIN-winter, PRM=pre-monsoon, RAIl-rainy/monsoon, and POM-post-monsoon).

Again, the value of GSI and DI were reported as maximum during the monsoon season and lowest
during the winter season for the male and female individuals of both species (p<0.05) (Figure 4, 5).
The trend of increasing GSI and DI indices afterward the winter indicated the maturation phases of
gonads for the breeding at monsoon season.
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Figure 4. Monthly changes in gonadosomatic index of C. punctatus and C. striata
(M-Male, F-Female, U-Combined sex).
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Figure 5. Monthly changes in Dobriyal index of C. punctatus and C. striata
(M-Male, F-Female, U-Combined sex).

The body weight and total length of female C. punctatus showed a positive Pearson’s correlation
with gonad’s weight (0.59 and 0.63) (p<0.05), gonadosomatic index (0.38 and 0.32) (P<0.01), and
Dobriyal index (0.37 and 0.37) (P<0.01) (Table 5). Similarly, the correlation between biometrics of
female C. striata showed a positive correlation with gonad’s weight (0.48 and 0.51) (p<0.05), in
contrast, male C. striata showed correlation with gonadosomatic index (0.34 and 0.38) (P<0.01)
(Table 6). Other correlations remained non-significant at P<0.01.

Table 6. Pearson’s Correlation of body weight and total length with the different maturity indices of C.
punctatus and C. striata
Body weight  Total length  Body weight  Total length Body weight  Total length

vs Gonad’s vs Gonad’s vs Gonado- vs Gonado- vs Dobriyal vs Dobriyal
weight weight somatic index somatic index index index
M F M F M F M F M F M F

CP 0.18 0.59 0.19 0.63 002 038 008 0327 003 037 0.07 037
CS 0.15 048" 011 051" 0347 001 038" 011 009 000 011 0.15

*Correlation is significant at the 0.05 level (2-tailed) **Correlation is significant at the 0.01 level (2-tailed), CP= C. punctatus, CS= C.
striata, M=Male, F=Female
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DISCUSSION

The physicochemical parameters of water are key governing factors in determining optimal fish
growth (Hasan et al., 2019; Martinez Cruz et al., 2012; Shahnawaz et al., 2010). Previous research on
the same site recorded a mean value of water temperature between 21-28°C, Sechi’s disc turbidity
reading as 19-30 cm pH, dissolved O, and NH; have fluctuated as 6.99-7.48, 5.33-5.98 mg/L, and
0.009-0.016 mg/L at Hakaluki Haor, Northeast Bangladesh (Hossain & Rabby, 2020). While water
temperature of 24-27°C, p" 5.9-7.1, dissolved O, 4.6 - 5.6 mg/L, NH; 0.9-2.18 mg/L have been
observed by Islam et al., (2014). The t water quality attributed obtained in current research fall within
the suitable range to support fish growth and support to previously available literature as well.

A strong correlation between length and weight metrics already have been well documented for
several finfish species (Ferdaushy & Alam, 2015; Jabed et al., 2020; Rahman et al., 2020; Uddin et al.,
2017). A study from Jannatul et al., (2015) reported r’=0.87 for C. striata, Mian et al., (2020) obtinaed
a r’=0.96 for C. punctatus collected from wild sources of northeast Bangladesh. Additionally, different
former studies on snakeheads also revealed a moderately robust correlation between their major
growth metrics (Amzad et al., 2015; Haniffa & Sridhar, 2002; Kapil et al., 2011; Sohel et al., 2017).

The value of ‘a’ parameter from total length and body weight data has been accounted for as 0.022
for C. punctatus in contrast to 0.031 for C. striata (p<0.05). Parameter b (slope) determines the
allometric or isometric growth rate, which depends on the genetically determined effects, and if it
remains constant and supervises the assumption of values similar to or equal to 3.0, this means that the
entity, along with ontogenetic growth, remains unchanged in form. The ‘b’ value was calculated 2.88
for C. punctatus and 2.3 for C. striata when the expected range is between 2.5 and 3.5 (Islam et al.,
2017; Singh & Serajuddin, 2017). The condition factor is the perfect indicator of relations between
biotic and abiotic factors and physiology of fish in a particular environment (Golam Mortuza & Al-
Misned, 2013; Mozsar et al., 2015; Okgerman, 2005). The value of Fulton’s condition factor was
accounted for between 1.614-1.863 (Singh & Serajuddin, 2017), 1.094-1.235 (Datta et al., 2013) for C.
punctatus in Indian water bodies. While this value for C. striata ranged between 1.50-1.49 in
Philippines (Dumalagan et al., 2017), 1.02-1.22 in West Bengal, India (Chakraborty et al., 2017).
Current findings are also aligned to the previous research, although a few deviations are arising due to
geographical position and recent environmental features.

The climbed-up trend of ovarian masses during the premonsoon and monsoon season refers to the
procession of physiology toward preparing for the breeding cycle. The fluctuating growth of ovarian
weight throughout the different seasons for both species also revealed potentiality of several breeding
peaks throughout the year (Jabed et al., 2020; Mian et al., 2017). The peak in the rainy season refers to
the onset of breeding activities and sudden dropped following after this indicate spent or spawned
ovary. Several previous studies reported C. punctatus and C. striata as multi-peak spawner (Amzad et
al., 2015; Ghaedi et al., 2013; Haniffa & Sridhar, 2002; Jannatul et al., 2015; Mian et al., 2020).

Dabriyal (DI) indices are now being considered as a better indicator of spawning season other than
using fish weight-based indices (Tahami et al., 2018). The value Dobriyal (D) is thought to be more
environmental specific which represents the health condition, availability of food, and physiological
supports (Abedi et al., 2011; Faghani Langroudi & Mousavi Sabet, 2018). Again, gonadosmomatic
(GSI) indices are a numerical indicator of spawning season solely based on body weight (Mian et al.,
2020; Nunes et al., 2011). Both indices were quite a at peak during the rainy season for both species,
which is strongly supported by the previous research for C. punctatus (Amzad et al., 2015; Sohel et al.,
2017) and C. punctarus (Ghaedi et al., 2013; Jannatul et al., 2015) from tropical waters.
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Ozet

Bu caligmada imidacloprid’in sazan yavrularinin bazi biyokimyasal parametrelerine olan toksik etkisinin belirlenmesi
amaglanmaktadir. Aragtirmada ortalama agirligi 0,34+0,03 g ve 2,97+0,21 cm boyunda olan sazan yavrulart kullanildr.
Baliklar, imidacloprid’in 2,8 ve 5,6 mg/L konsantrasyonuna 4 ve 7 giin i¢in maruz birakildi. Siire sonunda baliklarin tiim
viicudunda lipit, protein ve glikojen igerigi belirlendi. Test gruplarinda galisma sonuna kadar 6liim gdzlenmedi. Imidacloprid
uygulanan baliklarda protein ve glikojen miktarlarinda énemli derecede azalma (p<0,05) oldugu tespit edildi. Toplam lipit
diizeyi, 7. glinde 5,6 mg/L imidacloprid uygulanan grupta yiiksek oldugu goriildii. Ancak bu degerin kontrol grubundan
istatistiki olarak farkli olmadigi tespit edildi. Calismada elde edilen veriler, imidacloprid’in baliklarin biyokimyasal
parametrelerine toksik etki gosterdiginin bir kaniti olarak diistiniilebilir.

Anahtar Kelimeler: Imidacloprid, Cyprinus carpio, glikojen, toplam protein, toplam lipit
Changes in the Some Biochemical Constituents in Fry of Common Carp (Cyprinus carpio) Exposed to Imidacloprid
Abstract

This study was conducted to investigate the possible toxic effects of imidacloprid biochemical parameters of carp. The
fish (weight 0,34+0,03 g, total length 2,97+0,21 cm) were subjected to 2,8 and 5,6 mg L™ of Imidacloprid concentration for 4
and 7 days. Alterations were observed in glycogene, total protein, and total fat activities in the whole body of carp. No
mortalities occurred in any group during the test. The glycogene and total protein levels in imidacloprid treated fishes were
significantly (p<0,05) lower than the control in all the concentrations. Total fat levels were higher in imidacloprid treatment
groups, which were not significantly different. This study was conducted to investigate the possible toxic effects of
imidacloprid biochemical parameters of carp.

Keywords: Imidacloprid, carp, Cyprinus carpio, glycogene, total protein, fat

GIRIS

Son yarim asirlik siire igerisinde oOzellikle modern tarimsal uygulamalarda gesitli hastalik ve
zararlilara karsi kimyasal ilaglarin kullanilmaktadir. Bu ilaglar pratik, kolay ve etkili bir yontem
oldugu icin kullanimu siirekli olarak artmaktadir (Goktirk, 2007; Tiryaki vd., 2010; Giil, 2017).
Istenmeyen organizmalar1 yok etmek igin zirai miicadelede kullanilan pestisitler suda, atmosferde ve
toprakta birikerek cevre kirliligine neden olmaktadir (Ince ve Bekbolet, 1991; MacMahon, 1994).

Pestisitler tiim canlilarda Ozelliklede insanlar da kronik ve akut =zehirlenmelere, enzim
faaliyetlerinde bozulmalara, sinir sisteminde tahribata, hiicre membran yapisinda degismelere neden
olmaktadir (Cakir ve Yamanel, 2005). Bu tir kimyasallarin bilingsiz ve asir1 kullanimi zararh
populasyonlarinda bagisiklik mekanizmasinin gelismesine veya cevreye faydali bir¢ok tiiriin yok
olmasima neden olmaktadir (Yildiz vd., 2005). Bunlara ilaveten iiremeyle ilgili bozukluklar, enzim
aktivitesi lizerindeki degisiklikler, beslenme aligkanliklar1 ve beslenme ile ilgili anormallikler,
davranislarda ve algilamada eksiklik gibi birtakim degisikler goriilmektedir (Kitchin, 1984).
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Neonikotinoid bilesenler sinifinda olan Imidacloprid bir pestisittir (EI-Gendy vd., 2010). Diinya
tizerinde insektisit olarak hizla artan bir kullanima sahiptir (Liu vd., 2010). Toprak igerisinde birikim
etkisi ve hareket etme 6zelligine sahip olup, 48-190 giin arasinda yarilanma Omiirleri vardir (Andag,
2015). Yarilanma 6mrii suyun 5,7 ve 9 pH’da 31 giinden daha fazladir. Imidacloprid baliklarda toksit
etkisi diger canlilara gore kismen diisiiktiir. Arilar, toprak bocekleri, beyaz sinekler, termitler gibi
emicilerin kontrolii amaciyla Imidacloprid tohum, toprakta ve aga¢ yapraklarinda kullanilirlar
(Buckingham vd., 1997).

Imidacloprid bir noérotoksin olup asetilkolin reseptorlerini bloke etme 6zelligine sahiptir. Sucul
ckosistemlere tarim arazilerinde akan sularla kontamine olarak kirletmektedir (Morrissey vd., 2015;
Bonmatin vd., 2015; Karahan vd., 2017).

Imidacloprid ile yapilan akut ve kronik ¢aligmalar, bu pestisitin hayvan dokularinda oksidatif ve
biyokimyasal yollar1 etkileyebilecegini ve 6nemli zararh etkileri oldugunu gostermistir (Tomizawa ve
Casida, 2005). Ancak, imidacloprid'in baliklardaki etkisi arastirilmis ve tam olarak ortaya
konulamamustir (Rajput vd., 2012; Desai ve Parikh 2013; Iturburu vd., 2017). Imidacloprid'in, sazan
yavrularmda lipit, protein ve glikojen diizeyine etkisi hakkinda yayinlanmig herhangi bir rapor
bulunmamaktadir. Bu ¢alismada imidacloprid'in sazan yavrularinin bazi biyokimyasal parametrelerine
etkisi aragtirilmigtir.

MATERYAL ve YONTEM
Balik ve deneysel plan

Sazan, Cyprinus carpio, (ortalama agirligi 0,34+0,03 @), Devlet Su isleri 9. Bolge Miidiirligii
Keban Balik Uretimi Sube Miidiirliigiinden temin edildi. Ortam sartlarma adaptasyonlarinm
saglanmasi i¢in 2 hafta beklenilmistir. Cam akvaryumlara konan baliklara bir hava pompasi vasitasiyla
stirekli olarak hava verilmistir. Baliklar ticari bir balik yemi (% 40 protein, % 11 yag, % 10,1 ham
kiil, % 1,3 ham seliiloz, % 2,4 kalsiyum, % 1,5 fosfor, % 0,3 sodyum ig¢eren 0,6 NM graniil yavru
yemi) ile giinliik olarak beslenmistir. Coziinmiis oksijen, sicaklik, pH, amonyum ve nitrit diizeyleri
calisma boyunca kontrol edilerek kabul edilebilir degerler arasinda olmasi saglanmaistir.

Baliklar her grupta 25 balik olacak sekilde 3 gruba ayrilmistir. Birinci gruba, kontrol grubu olarak
herhangi bir islem yapilmamistir. Diger iki gruba ise sirasiyla 2,8 ve 5,6 mg/L imidacloprid (Tyor ve

Harkrishan 2016) ilave edilmistir. Baliklar 96 saat ve 168 saat (7 giin) (OECD, 2019) icin bu
konsantrasyonlara maruz birakilmistir. Deney iki tekerriir olacak sekilde yapilmistir. Her grupta 25
balik olmak iizere toplamda 150 balik kullanilmistir. Deney siiresi sonrasinda baliklar anestezik bir
madde (50 mg/L, benzokain) (Hseu ve vd., 1998) ile anestezi yapilmis ve tiim viicut aliiminyum
folyolar iginde -20 °C’de biyokimyasal islemler yapilana kadar muhafaza edilmistir. Balik kullanimi
ve deneysel protokol KSUZIRHADYEK Hayvan Etik Kurulu tarafindan onaylanmistir (Protokol no:
2017 /01).
Biyokimyasal testler

Toplam protein tayini Plummer (1971)’e gore %10 trikloroasetik asitile homojenize edilen tiim
viicut dokusu gerekli islemler yapildiktan sonra Folin-phenolreagent kullanarak Lowry vd. (1951)’min
bildirdigi metoda gore gergeklestirilmistir.

Tim viicut lipit diizeyi Folch vd. (1957)’nin bildirdigi kloroform: metanol teknigine gore
yapilmustir.

Glikojen diizeyi ise Nicholas vd. (1956)’na gore antron kullanarak bir UV-Vis spektrofotometre
kullanarak 620 nm’de glukoz standardina kars1 tespit edilmistir.
Istatistik analiz

Gruplar aras1 farkliliklar1 ortaya koymak i¢in parametrik testler kullanilmistir. Duncan testi ve tek
yonlii varyans analizi (ANOVA) ile ortalama degerler arasindaki farkliliklar karsilagtirilmstir.
Calisma gruplarina ait verilerin ortalama ve standart hatasi (Ortalama+S.Hata) belirlenmistir.

BULGULAR

Kontrol ve deneysel imidacloprid uygulanan gruplardaki baliklarda herhangi bir fiziksel
deformasyon, beslenme ve yiizme davramiglarinda degisim ve 6liim kaydedilmemistir.

Imidacloprid uygulanan sazan yavrularinin tiim viicut dokusunda toplam protein aktivitesinde, doza
bagl olarak 6nemli derecede azalma (p<0,05) oldugu tespit edildi (Tablo 1 ve Tablo 2). Toplam
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protein diizeyi her iki deneysel grupta uygulamanin 4. giiniinde kontrol grubuna gore hafif bir azalma
gostermigken 7. glinde bu azalmanin istatistiki olarak anlamli oldugu goriilmistiir.

Toplam lipit diizeyinde ise istatistiki bir degisimin olmadigi ortaya konulmustur (p>0,05) (Tablo1
ve Tablo 2).

Imidacloprid’in 5,6 mg/L’lik dozunun uygulandigi grupta glikojen igeriliginin, &zellikle
uygulamanin 7. giliniinde kontrol ve diger imidacloprid grubuna gore 6nemli derecede bir azalmanin
(p<0,05) oldugu tespit edilmistir (Tablo1 ve Tablo 2).

Tablo 1. Sazan yavrularinin toplam protein, lipit ve glikojen igerigine 4. giin imidacloprid dozlarmin etkisi

4. giin
Kontrol 2,8 mg/L 5,6 mg/L
Protein (mg/g) 5,92+0,13? 5,78+0,14° 4,71£0,12°
Lipid (mg/g) 0,79+0,12 0,74+0,11 0,8120,14
Glikojen (ug/g) 3,73+0,3 3,70+0,5 2,70+0,4

X+SH: Aritmetik ortalama; =: Standart hatast; *™: Gruplar arasindaki fark

Tablo 2. Sazan yavrularinin toplam protein, lipit ve glikojen igerigine 7. giin imidacloprid dozlarmin etkisi

7. giin
Kontrol 2,8 mg/L 5,6 mg/L
Protein (mg/g) 5,88+0,11° 4,89+0,08" 4,01£0,11°
Lipid (mg/g) 0,82+0,11 0,77+0,12 0,78+0,12
Glikojen (ng/g) 3,71+0,4° 3,43+0,4% 2,49+0,3"

X+SH: Aritmetik ortalama; +: Standart hatasi; *™: Gruplar arasindaki fark

TARTISMA ve SONUC

Bu calismada; Imidacloprid’in 2,8 ve 5,6 mg/L konsantrasyonuna 4 ve 7 giin siire ile maruz
birakilan sazan (Cyprinus carpio) yavrularinin bazi biyokimyasal parametrelerine olan toksik etkisi
arastirtlmustir. Toplam protein (mg/mL), lipit (mg/g) ve glikojen (ug/g) degerleri incelenmistir.

Inyang vd. (2018) tarafinda yapilan ¢alismada Imidacloprid’e maruz birakiltigi Heterobranchus
bidorsalis'in baz1 metabolitler (alblimin ve toplam protein) ve elektrolitler (Na +, K +, Ca, +)
tizerindeki etkisini arastirmustir. Otuz bes yetiskin Heterobranchus bidorsalis (ortalama uzunluk,
22,43 + 2,42cm; ortalama agirlik, 166,70 + 0,33 g), 14 giin boyunca 0,28, 0,42 ve 0,56 mg/L
imidacloprid konsantrasyonlarma maruz birakmustir. Toplam protein 0.00 mg/L'de 5,00 ug/L, 0,28
mg/L'de 10,25 pg/L, 0,42 mg/L'de 20,50 pg/L ve 0,56 mg/l'de 33,50pgl-1 olarak dlgmiistiir. Kontrol
grubuna gore deney gruplarinin karacigerde 6nemli derecede toplam protein artmistir (p<0,05). Bu
cahiymada ise Imidacloprid uygulanan sazan yavrularmin tiim viicut dokusunda toplam protein
aktivitesinde, konsantrasyona bagli olarak onemli derecede azalma (p<0,05) oldugu tespit edildi.
Toplam protein diizeyi her iki deneysel grupta uygulamanin 4. giiniinde kontrol grubuna goére hafif bir
azalma gostermisken 7. glinde bu azalmanin istatistiki olarak anlamli oldugu goriilmiistiir. Bu
calismada ise, toplam protein seviyelerinde goriilen azalmanin nedeni, serbest radikallerin proteinlerin
tiyol gruplarina baglanmasi ve protein yapisinda farkli konfigiirasyonlar gelistirmesi olabilir (Kayhan
vd., 2017).

Lipitler baliklardaki baslica enerji deposu ve mobilizasyonu yiiksek enerji taleplerinin oldugunu
gosterir (Fernandez-Vega vd., 2015). Bu ¢alismada, Toplam lipit diizeyi 4. giinde 0,7940,12 (kontrol),
0,74+0,11 (2,8 mg/L), 0,81+0,14 (5,6 mg/L); 7. giinde 0,82+0,11 (kontrol), 0,77+0,12 (2,8 mg/L),
0,78+0,12 (5,6 mg/L) olarak ol¢iilmiistiir. Toplam lipit diizeyinde ise istatistiki bir degisimin olmadig1
ortaya konulmustur (p>0,05). Yiiksek hidrofobik 6zellikteki toksik maddeler lipit dokusu tarafindan
hapsedildikleri igin ilgili reseptorlerle etkilesime giremezler ve organizmaya herhangi bir zarar
vermeden uzun siireler boyunca viicutta kalabilirler (Landrum ve Fisher 1999).

Bu calismada, glikojen diizeyi 4. giinde 3,73+0,3 (kontrol), 3,70+0,5 (2,8 mg/L), 2,70+0,4 (5,6
mg/L); 7. giinde 3,71+0,4 (kontrol), 3,43+0,4 (2,8 mg/L), 2,49+0,3 (5,6 mg/L) olarak Ol¢iilmiistiir.
Imidacloprid’in 5,6 mg/L’lik dozunun uygulandig1 grupta glikojen iceriliginin, 6zellikle uygulamanin
7. gliniinde kontrol ve diger imidacloprid grubuna gore Onemli derecede bir azalmanin (p<0,05)
oldugu tespit edildi. Bu, Imidacloprid’e maruz kalan baliklarin genel bir cevabi gibi gériinmektedir
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(Hori vd., 2006; Abdel-Hameid, 2007). Bu glikojen diisiisii Imidacloprid’in neden oldugu enerji
harcamalarmin bir gostergesi olabilir (Kayis ve Emre, 2012).

Bu caligma iki farkli konsantrasyondaki imidacloprid’in, farkli zaman periyodunda sazanlarin
yavrularmin tiim viicudunda protein, lipit ve glikojen aktivitelerinde olumsuz bir etki olusturdugunu
gostermistir. Diislik konsantrasyonda olmasa da yiiksek konsantrasyonda imidakloprid ile kars1 karsiya
kalan sazan yavrularinda ozellikle 7. giinde biyokimyasal parametrelerde olumsuz etkiler gézlenmis
olmast bu maddenin baliklarda toksik etki olusturabilecegini gostermektedir. Fakat bu ifadenin
dogrulugunun tam olarak ortaya konabilmesi i¢in bu madde ile baliklarin yiiksek dozlarda muamele
edilmesi ve uzun siire gdzlenmesi gerekmektedir.
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Abstract

Two specimens of Argyropelecus gigas and Conocara fiolenti were collected from off the city of Salalah on the Arabian
Sea coasts of Oman. The specimens represent the first confirmed record of the species from the northwestern quadrat of the
Indian Ocean. Meristic and morphometric characters match those described for these species.
Keywords: range extension, Salalah, New record, collection, Indian Ocean

Umman'in Arap Denizi Kiyilarindan Argyropelecus gigas Norman, 1930 ve Conocara fiolenti Sazonov & Ivanov,
1979'un i¢in yeni kayitlar

Ozet
Umman'in Arap Denizi kiyilarindaki Salalah kentinden Argyropelecus gigas ve Conocara fiolenti 6rnekleri topland.
Ornekler, Hint Okyanusu'nun kuzeybat1 kuadratindan bu tiirler icin dogrulanmus ilk kayitlar1 temsil etmektedir. Meristik ve

morfometrik karakterler bu tiirler i¢in tanimlananlarla eslesmektedir.

Anahtar Kelimeler: Menzil genisletme, Salalah, Yeni kayit, koleksiyon, Hint Okyanusu

INTRODUCTION

With the continuous records of fish species, it became obvious that human knowledge about marine
fish diversity is far from been comprehensive and many species are waiting for records and
descriptions. Research reports authenticating range extensions are often disregarded several records of
fish species that are considered unimportant, but knowledge of those species coming from certain
localities deliver the basic information for investigations on biogeography, speciation, ecology,
fisheries, and conservation (Smith et al., 2017).

Scientific investigations on the Omani ichthyofauna started in the late 1800s with the appearance of
the publication of Boulenger (1887, 1889). Since then, numerous reports were published on the fish
fauna of Oman, including the Arabian Gulf and Sea of Oman (White and Barwani, 1971; Heemstra,
1973; Fischer and Bianchi, 1984; Kuronuma and Abe, 1972; Al-Abdessalaam, 1995; Jawad and Al-
Mamry, 2009; Jawad et al., 2010a, b; Al-Jufaili et al., 2010; Jawad, 2011a, b).

Individuals of Argyropelecus gigas Norman, 1930 were recorded from the Eastern Pacific from
Portugal to South Africa (Badcock, 1984) and in the Western Atlantic including the Gulf of Mexico
(Rass, 1971). In the Indian Ocean, A. gigas was reported in the food of the longnose lancetfish
(Alepisaurus ferox) in the Seychelles waters (Potier et al., 2007) an din the food of yellowfin tuna
Thunnus albacares (Bonnaterre, 1788) in the eastern Arabian Sea (Varghese and Somvanshi, 2016).

Conocara fiolenti Sazonov and Ivanov, 1979 distributed in the eastern Atlantic from Azores Island
and in the South Atlantic at (31°S, 3°E) and Pacific (19°49'N, 151°48'E) (Froese and Pauly, 2020). It
has been reported from the eastern part of the Indian Ocean (Sazonov et al., 2009).

445


http://www.fishbase.org/Nomenclature/SynonymSummary.php?ID=29669&GSID=10970&Status=accepted%20name&Synonymy=senior%20synonym&Combination=original%20combination&GenusName=Argyropelecus&SpeciesName=gigas&SpecCode=2082&SynonymsRef=4462&Author=Norman,%201930&Misspelling=0
http://research.calacademy.org/research/ichthyology/catalog/getref.asp?ID=3219
mailto:laith_jawad@hotmail.com
http://www.fishbase.org/Nomenclature/SynonymSummary.php?ID=29669&GSID=10970&Status=accepted%20name&Synonymy=senior%20synonym&Combination=original%20combination&GenusName=Argyropelecus&SpeciesName=gigas&SpecCode=2082&SynonymsRef=4462&Author=Norman,%201930&Misspelling=0
http://research.calacademy.org/research/ichthyology/catalog/getref.asp?ID=3219
https://doi.org/10.22392/actaquatr.833423
http://www.fishbase.org/Nomenclature/SynonymSummary.php?ID=29669&GSID=10970&Status=accepted%20name&Synonymy=senior%20synonym&Combination=original%20combination&GenusName=Argyropelecus&SpeciesName=gigas&SpecCode=2082&SynonymsRef=4462&Author=Norman,%201930&Misspelling=0
http://www.fishbase.org/Nomenclature/SynonymSummary.php?ID=29669&GSID=10970&Status=accepted%20name&Synonymy=senior%20synonym&Combination=original%20combination&GenusName=Argyropelecus&SpeciesName=gigas&SpecCode=2082&SynonymsRef=4462&Author=Norman,%201930&Misspelling=0
http://research.calacademy.org/research/ichthyology/catalog/getref.asp?ID=3219
https://orcid.org/0000-0002-0930-5754
https://orcid.org/0000-0002-8294-2944

AL JUFAILI and JAWAD 2021 ActAquaTr 17(3) ,445-449

In the present paper, we report on two fish new records belonging to the families Sternoptychidae
and Alepocephalidae. From the distribution point of view of the two species, the specimens of A. gigas
and C. fiolenti represent new records for the North West region of the Arabian Sea and the coasts of
Oman Arabian Sea coasts of Oman.

MATERIALS and METHODS

One adult specimen of each of A. gigas and C. fiolenti (Figure 1A, B) were caught off the coast of
Salalah City in the Arabian Sea coast of Oman Gulf (15°30°02"N 54°37°26"E). The fishes measured
80- and 250-mm TL respectively. The sizes of the two specimens were within the reported sizes for
these two species by Markle and Sazanov (1990) and Quéro et al. (1990) respectively. The fish was
caught by deep fishing trawler (300 -1000 m) operating in the vicinity of Salalah City on 6 July 2011.
The specimens were fixed in 10% formalin and later preserved in 70% ethanol for deposit in the fish
collection of the Omani Marine Science and Fisheries Centre, Ministry of Agriculture and Fisheries,
Muscat, Sultanate of Oman.

Methods for taking measurements and counts follow Schultz (1938) for A. gigas and Sazonov et al.
(2009) for C. fiolenti. Taxonomy and spelling follow Eschmeyer et al. (2020).

The morphological and meristic characters of the two specimens are in general agreement with
those given for the species in the literature and the proportions and meristic values are presented in
Table 1.

Figure 1. A- Argyropelecus gigas, 80 mm TL; B- Conocara fiolenti, 125 mm TL collected from the Arabian
Sea coasts of Oman (Photograph by Saud M. AL JUFAILLI).
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Table 1. Morphometric and meristic characters of Argyropelecus gigas and Conocara fiolenti
from the Arabian Sea coasts of Oman (measurements in mm)

Morphometric characters A. gigas C. fiolenti
Total length (TL) 80 250

Standard length (SL) (% in TL) 71.4 (89.4) 232.5 (93)
Head length (HL) (% in SL) 23.8 (33.3) 46.5 (20)
Snout length (% in HL) 5.7 (23.4) 12 (25.8)
Eye diameter (% in HL) 8.6 (36.1) 7.5 (16.1)
Predorsal fin length (% in SL) 38.1 (53.4) 153 (65.8)
Postdorsal fin length (% in SL) 51.4 (71.9) 180 (77.4)
Prepectoral fin length (% in SL) 19.1 (26.8) 72 (30.9)
Preanal fin length (% in SL) 45.2 (63.3) 142.5 (61.3)
Body depth (% in SL) 35.7 (50) 48 (20.7)
Caudal peduncle depth (% in SL) 8.1(11.3) 18 (7.74)
Meristic characters

Number of dorsal fin rays 9 19
Number of anal fin rays 13 27
Number of pectoral fin rays 11 9
Number of pelvic fin rays 6 -

RESULTS and DISCUSSION

The specimen of A. gigas has the following set of characters: body deep and laterally compressed;
dorsal profile elevated; angular shape snout, tubular eye directed dorsally; mouth vertical; prominent
post-orbital spine; absence of spine at the posterior end of the abdomen beneath the origin of pelvic
fins; photophores making an almost uninterrupted series from behind pectoral to the base of caudal
fin; preopercle at a lower angle with one spine, which is slightly curved outward and directed ventrally
and above which is a very small one directed outward; no scales found on body. Colour in preserved
specimen light brown on the upper part of body getting blackish on sides and abdomen.

The specimen of C. fiolenti is characterised in having an elongated torpedo-shaped body, with the
deepest part located at the pelvic fins region and decreased gradually towards the tail; head conical in
shape and medium size, with depth, increases posteriorly; snout long and eye small; caudal peduncle
not marked; anal opening located mid-way between the origins of pelvic and anal fins; leathery keel
structure present at the anterior origin of the dorsal fin, which is a vertical line with the anterior 3" of
the base of anal fin; rays in anal fin short increased posteriorly; pelvic fins located near the mid-part of
the body closer to anal-fin than to the pectoral fins; pectoral fins are long situated below the imaginary
horizontal line passing through the mid-part of body, they closer to the middle of the body than the
ventral body profile; scales are small, head, the area around the anus, the area extending from
preoperculum to base of pectoral fins are with no scales; lateral line canal well-developed.

Quite a few other fish species have lately been recognized for the first time in the waters of Oman,
probable due to the increased fishing effort and monitoring (Jawad and Al Mamry, 2009; Jawad et al.,
2011a, 2011b, 2015; Jawad and Pitassy, 2015; Al-Marzougqi et al., 2018). This range extension extends
of both A. gigas and C. fiolenti to the Indian Ocean region is important from the zoogeography of
these species and will be a significant addition to the geographical range distribution of both A. gigas
and C. fiolenti. These species typically occur in relatively deep waters, and it is possible, if not
probable, that it is found in the entire Northwest Indian Ocean region.

CONCLUSIONS

New records of fish species from the Omani waters regularly appear in scientific publication. The
presence of Argyropelecus gigas and Conocara fiolenti in the coasts of Salalah on the Arabian Sea
coasts of Oman was not unexpected, but it considered a confirmation of their presence in this part of
the world. The meristic and morphometric characters showed to be matching those described for these
species.
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A Taxonomic Study on Zooplankton Fauna of Kig1 Dam Lake (Bingol-Turkey)
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Abstract

The present study was conducted to determine zooplankton fauna of Kig1 Dam Lake during September 2012 and August
2013 seasonally. The zooplankton samples were collected by using plankton net with the mesh size of 55um horizontally and
preserved in 4% formaldehyde. Total 22 taxa (16 Rotifera, 4 Cladocera, and 2 Copepoda) were identified in Kigi Dam Lake.

Keywords: Kigi1 Dam Lake, species distribution, zooplankton.

INTRODUCTION

The majority of zooplankton (Copepoda, Cladocera and Rotifera) transform the phytoplankton to
animal protein (Cirik and Gokpinar, 1993), and they play a significant role in food chain. It was reported
that some species are the indicators of water quality, and eutrophication due to their sensitivity to
environmental changes and therefore zooplankton studies on lakes have acquired significant importance
(Berzins and Pejler, 1987; Mikschi, 1989).

Many studies were carried on zooplankton in Turkey (Ozdemir and Sen, 1994; Géoksu et al., 1997,
2005; Saler and Sen, 2002; Bozkurt and Sagat, 2008; Bulut and Saler, 2013a, 2013b; 2014a, 2014b; Saler
et al., 2015a, 2015b). No previous research about zooplankton of Kig1 Dam Lake has been recorded. In
this study zooplankton species and their seasonal variations of Kigi Dam Lake have been investigated.

MATERIAL and METHODS

Kigi Dam Lake was built on Peri Stream between 1997 and 2003. The maximum water capacity is
507.55 hm3 and has surface area 8.35 km2 and maximum depth of 168 m (Simsek, 2016) (Figure.1). The
species were identified according to Edmondson (1959), Flossner (1972), Ruttner-Kolisko (1974),
Kiefer (1978), Koste (1978), Negrea (1983), Segers (1995), and Einsle (1996).
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RESULTS

A total of 22 taxa consisting of 16 Rotifera, 4 Cladocera and 2 Copepoda species were identified in
the Dam Lake (Table 2).

The lowest numbers of taxa were recorded in winter at first stations (4 species). Some water quality
parameters (pH, dissolved oxygen, and surface water temperature) were measured at study field (Table
3).

Table 3. Seasonal changes of water quality parameters in Kigi Dam Lake

Autumn Winter Spring Summer
\Water temperature (C) 16 7.2 17.2 22.5
pH 7.0 6.8 6.9 7.3
D.O (mgL-1) 6.2 7.3 6.0 5.2
DISCUSSION

Zooplankton is known as the indicator of trophic status of aquatic habitats. They are also used to
signify the water quality in freshwater systems. K. cochlearis and P. dolichoptera from Rotifera are
indicators of productive habitats, while N. acuminata and N. squamula are indicators of cold waters
(Kolisko, 1974). In Kig1 Dam Lake K. cochlearis, P. dolichoptera and N. squamula were observed.

In Murat River (Bulut and Saler, 2014a), Kalecik Dam Lake (Bulut and Saler, 2013b), Peri Stream
(Saler et al., 2011), that were located in the same region with Kig1 Dam Lake, rotifers were recorded as
dominant species as to number of individuals and abundance, followed by Cladocera and Copepoda
species.
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ORNEK MAKALE

Egirdir Golii’'nden Tathsu Istakozu (Astacus leptodactylus Eschscholtz, 1823)’nun Sindirim Enzim
Aktivitelerinin Mevsim, Biiyiikliik ve Cinsiyete Bagh Olarak Degisimi
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Ozet

Bu caligma, Egirdir Goli’'nde yasayan Astacus leptodactylus tiirinde mide sindirim enzim aktiviteleri iizerine (proteaz o-
amilaz ve lipaz) mevsim ve eseyin etkisini aragtirmak amaciyla olusturulmustur. Bu amagla kerevitler 1 yilda 4 mevsim olarak
Egirdir Gélii’'nden avlandi. ilkbahar mevsiminde,kerevitlerin pinterlere girmemesi nedeniyle &rnekleme yapilamadi. Bu nedenle,
sonuglar {i¢ mevsim (sonbahar, kis, yaz) ve eseyler iizerinden faktoriyel diizeyinde varyans analizi ile degerlendirildi. Bulgular,
esey ve mevsim faktorlerinin kerevitlerin midesindeki proteaz ve lipaz aktivitesini 6nemli diizeyde etkiledigini (p<0,05), a-
amilaz aktivitesinde ise istatistiksel olarak Onemli diizeyde etkili olmadigim1 gosterdi (p>0,05). Bulgular ayrica,
kerevitlerin,proteaz enzim aktivitesinin sonbahar ve kisin, lipaz enzim aktivitesinin ise kigin eseyler arasi 6nemli degisim
gosterdigini ortaya ¢ikardi (p<0,05).

Anahtar kelimeler: Astacus leptodactylus, sindirim enzim aktivitesi, lipaz, a-amilaz, proteaz.

Variation of Digestive Enzyme Activities Depending on Season, Size and Sex of Freshwater Crayfish (Astacus
leptodactylus Eschscholtz, 1823) from Lake Egirdir

Abstract

This study was conducted to search the effect of sex and season on digestive enzyme activities (protease, a-amylase, lipase)
in Astacus leptodactylus species that lives in Egirdir Lake.The freshwater crayfish were caught as four seasons in a year from
Egirdir Lake. The sampling was not possible for crayfish since they were not entered into trap in spring season. Therefore, the
results were evaluated over three seasons and sex by factorial variance analysis. The results showed that sex and season affected
to protease and lipase activities (p<0.05), whereas they did not affect statistically a-amylase activity in crayfish stomach
(p>0.05). Results also indicated that protease enzyme activity in crayfish showed significant changes in autumn and winter while
lipase enzyme activity showed changes in winter between sexs (p<0.05).
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GIRIS

Astacus leptodactylus, diinyada Tiirk 1stakozu (kerevit) olarak da bilinen (Koksal,1988) ve iilkemiz
icsularinda dogal olarak bulunan bir decapoda (on ayakli) tiiriidiir. Astacus ekonomik degeri yiiksek
kabuklu tiirlerinden biridir (Bolat, 2001). Kerevit 1986 yili 6ncesi 6zellikle Egirdir Goli balik¢ilarmin
baslica gelir kaynagi iken bu tiiriin daha sonra gerek asir1 avcilik ve gerekse hastalik nedeniyle
popiilasyonu azalmistir (Koksal, 1988; Ackefors, 2000; Bolat, 2001; Harlioglu ve Aksu 2002; Harlioglu
ve Mige 2007; Bilgin vd., 2008).
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MATERYAL ve YONTEM

Bu ¢alismada, Ekim 2014 ile Haziran 2015 tarihleri arasinda Egirdir Goli’'nde kerevit (10-15 cm)
aveilign gerceklestirilmistir. Avcilikta kerevit pinterleri kullanilmis, 6rneklemeler mevsimsel olarak
yapilmstir. Ilkbahar mevsiminde, kerevitlerin pinterlere girmemesi nedeniyle drnekleme yapilamanustir.
Enzim aktivite analizler

Bu c¢alismada; o-amilaz, proteaz ve lipaz olmak {izere ii¢ ¢esit sindirim enzim aktivitesi
arastirilmistir. Tathisu istakozundaki a-amilaz enzim aktivitesi, Metais ve Bieth (1968)’e gore yapilmistir.
Istatistiksel analizler

Verilerin degerlendirilmesinde SPSS 23 istatistiki paket programindan yararlanmilmis ve sonuglar,
faktdriyel diizeyinde varyans analizi testi ile P<0,05 6nem diizeyinde test edilmistir. Faktorlerin seviye
ortalamalarmin arasindaki farkliliklarin belirlenmesinde Tukey testi kullanilmusgtir.

BULGULAR
Esey ve mevsimsel farkliliklarin kerevit midesindeki a-amilaz enzim aktivitesi iizerinde énemli bir
etkisinin olmadig: tespit edilmistir (p>0,05) (Tablo 1).

Tablol. Kerevit midesindeki a-amilaz aktivitesinin esey ve mevsime gore degisimi,(Ort.+ S.H.)
(U/mgprotein)

Esey/Mevsim Sonbahar Kis Yaz
Disi 30,013+ 0,00112 ®0,007 + 0,0006" ®0,003 + 0,0010°
Erkek 30,013 + 0,0035° 0,022 + 0,0026a 0,006+ 0,0006°

Lipaz aktivitesi erkek kerevitlerde sonbahar mevsiminden kis mevsimine kadar artan ve kis
mevsiminden yaz mevsimine kadar azalan bir grafik olusturmus, disi bireylerde ise sonbahar
mevsiminden yaz mevsimine kadar azalan bir grafik olusmustur (Sekil 3).
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Sekil 3. Kerevit midesinde farkli mevsimlerdeki lipaz aktivitesi (U/mg protein)

TARTISMA ve SONUC

Mevcut sindirim enzimlerinin profili ve faaliyetleri basta olmak iizere sindirim sisteminde ortaya
cikan fizyolojik siirecler, tiirlerin genis besin cesitliliginden faydalanmasini etkilemektedir. Farkli
kabuklu tiirleri, farkli beslenme aligkanliklarina ve yasam alanlarmi yansitan bir dizi sindirim enzime
sahiptir (Anonim, 2017; Coccia vd., 2011).......

Ayrica, maksimum enzim aktivitesini belirleyebilmek i¢in; farkli pH, sicaklik ve reaksiyon
siirelerinde denemeler yapilmasi da 6nemli tagimaktadir.........



TESEKKUR
Bu ¢aligma, yiiksek lisans tezinden 6zetlenmistir. (veya varsa proje destegi yazilmali)

KAYNAKLAR

Acar Kurt, E. (2016). Tathsu Istakozu (Astacus Leptodactylus Eschscholtz, 1823)nun sindirim enzim
aktivitelerinin mevsimsel degisimi. Siileyman Demirel Universitesi, Fen Bilimleri Enstitiisii, Yiiksek
Lisans Tezi, Isparta.

Ackefors, H. (2000). Freshwater crayfish farming technology in the 1990s: a European and global perspective.
Fish and Fisheries, 1(4), 337-359.

Adebayo-Tayo, B.C., Onilude, A.A., & Etuk, F.I. (2011). Studies on microbiological, proximate mineral and
heavy metal composition of freshwater snails from Niger Delta Creek in Nigeria. AU J.T. 14(4), 290-298.
Technical Report 290.

Alpbaz, A. (1993). Kabuklu ve Eklembacakli Yetistiriciligi. |. Baski, Ege Universitesi Su Uriinleri Fakiiltesi
Yayinlar1, Izmir.

Bilgin, S., izci L, Giinlii A., & Bolat Y. (2008). Egirdir golii’ndeki tatlisu 1stakozu (Astacus leptodactylus Esch,
1823)’nun boy grubu ve eseye gore bazi besin bilesenlerinin belirlenmesi. Biyoloji Bilimleri Arastirma
Dergisi, 1(2), 63-68.

Kolkovski, S. (1995). The mechanism of action of live food on utilization of microdiets in gilthead seabream
Sparus aurata larvae. Ph.D.Thesis. The Hebrew University, Jerusalem,120.

Reynolds, J., & Souty-Grosset, C. (2011). Management of freshwater biodiversity: Crayfish as bioindicators.



