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Gokkusagi Alabaligi Yemlerine L-alliin ve Oleuropein Ilavesinin Biiyiime
Performansi, Baz1 Bagisikhik Parametreleri ve Hastalik Direnci (Aeromonas
salmonicida subsp. salmonicida) Uzerine Etkileri

Ebru YILMAZY "=, Sebahattin ERGUN? "=, Sevdan YILMAZ?

!Aydin Adnan Menderes University, Agriculture Faculty, Department of Aquaculture, 09100 Aydin-Turkey
2Canakkale Onsekiz Mart University, Faculty of Marine Science and Technology, Department of Aquaculture, 17100 Canakkale-
Turkey

6z MAKALE BiLGiSi

Bu ¢alismada, gokkusagi alabaligi (Oncorhynchus mykiss) yemlerine L-alliin ve
oleuropein takviyesinin baliklarin biiyiime performansi, serum biyokimyasal,
immiinolojik parametreleri ve hastalik direnci iizerine etkileri arastirilmistir. Gelis :01.06.2020 E E
Denemede, ortalama agirhigt 12,6 £ 0,91 olan 270 gokkusagi alabaligt Diizeltme  :04.09.2020 .
kullanilmigtir. Balik yemlerine L-alliin ve oleuropein 10 mg/kg oraninda ilave Kabul . 14.09.2020 -
edilmigtir. Baliklar deneme yemleri ile 60 giin beslenmislerdir. Alabalik T

yemlerine L-alliin ilavesinin baliklarin biiyiime performansini arttirdii tespit Yayim :29.12.2020 E
edilmigtir. L- alliin ve oleuropeinin immunolojik parametreler {izerinde olumsuz ) .

bir etki gostermemisgtir. Oleuropein ilaveli grupta, kolestrol seviyesinin, kontrol DOI:10.17216/LimnoFish.746677
grubuna oranla yiiksek oldugu tespit edilmistir.
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Effects of Supplementation Of L-alliin and Oleuropein into Rainbow Trout (Oncorhynchus mykiss) Feeds on
Growth Performance, Some Immune Parameters and Disease Resistance (Aeromonas salmonicida subsp.
salmonicida)

Abstract: The effects of L-alliin and oleuropein on growth performance, serum biochemical and innate immune parameters and
disease resistance of rainbow trout (Oncorhynchus mykiss) was investigated in the present study. In the experiment, 270 rainbow
trout with an average weight of 12.6 + 0.91 were used. L-alliin and oleuropein were added to fish feeds at a rate of 10 mg / kg. Fish
were fed with experimental diets for 60 days. The addition of L-alliin to the feed increased the performance of growth parameters.
The results showed that L-alliin and oleuropein have no negative effect on immune parameters. Cholesterol level was found higher
in Oleuropein added group rather than control group.
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1996). Antibiyotikler ayrica larva biiylimesini
azaltabilir ~ve balikk larvalarmin  savunma
mekanizmalarini inhibe edebilirler. Antibiyotiklerin
ve sentetik ilaglarin ¢ogu duyarlilagsma reaksiyonu ve
diger istenmeyen yan etkiler gostermistir (Citarasu,

Giris

Su irlinleri yetistiriciliginde;  hormonlar,
antibiyotikler, vitaminler ve diger bazi kimyasallar,
bliyiime destekleyicileri, antibakteriyel ve diger
kullanim amaglarina yonelik olarak bilimsel

aragtirmalarda test edilmistir (Jayaprakas ve Sambhu
1996). Test edilen bu kimyasallarin balik ve karides
yetistiriciliginde olumlu etkileri olmasina ragmen,
balik ve karides kaslarinda kalinti birakmalari
nedeniyle kullanimlari 6nerilmemektedir (Sambhu

2010). Kiiresel diizeyde, insanlar antibiyotiklerin
olumsuz etkilerini anlamiglar ve dogal {iriinler
kullanmaya baslamiglardir (Fauci 1993). 2006
yilindan bu yana, su iriinleri yetistiriciliginde
biiylime destekleyici olarak antibiyotik kullanimi
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AB'de tamamen yasaklanmistir (Sanandakumar
2002). Bitkilerin, antioksidan ve antimikrobiyolojik
aktiviteleri nedeniyle hastalik kontroliinde 6nemli bir
rol oynadig1 bilinmektedir, ayrica daha giivenli ve
ucuzdur (Prasad ve Variyur 1993). Bitkisel tiriinler
ve hammaddeler dahil olmak iizere diinya bitkisel
ilag pazarmin yillik biliyiime oraninmm % 5-15
arasinda oldugu tahmin edilmektedir. Kiiresel
bitkisel ilag pazarmin 62 milyar dolar biiyiikliige
ulastigt ve 2050 yilina kadarda 5 trilyon dolar
biiyiikliige wulasacagi beklenmektedir (Maggon
2005).

Alkaloidler, flavanoidler, pigmentler, fenolikler,
terpenoidler, steroidler ve ugucu yaglar gibi dogal
bitkisel {irlinlerin; anti-stres, biiyiimeyi tesvik edici,
istah uyarimi ve immiinostimiilasyon gibi c¢esitli
aktivitelerde etkili oldugu gozlemlenmistir (Citarasu
vd. 1998, 1999, 2002; Sivaram vd. 2004).

Sarimsak (Allium sativum L.), toplam 1.437.690
hektar hasat alam1 ve yillik 24.255.303 ton kuru
tomurcuk iiretimi ile diinyadaki en Onemli
sebzelerden biridir. Ozellikle Cin, Hindistan gibi
bircok yakin dogu iilkelerinde eski zamanlardan beri
lezzet verici bir ajan ve geleneksel bir ilag olarak
kullanilmaktadir (Arora vd. 2005; FAO 2013).
Sarimsak, antioksidan ve antimikrobiyal etkiler gibi
cesitli biyolojik fonksiyonlara sahiptir (Goncagul ve
Ayaz 2010; Touloupakis ve Ghanotakis 2010).
Ayrica, ateroskleroz (Durak vd. 2004), diyabet
(Padiya vd. 2014), hipertrofik kardiyomiyopati
(Padiya vd. 2014), tromboz, inflamasyon,
hipertansiyon ve hatta kanseri (Rose vd. 2005;
Mithen 2006; Bongiorno vd. 2008; Zawistowski vd.
2018) onleyebildigi de bilinmektedir. S-allil-L-
sistein  siilfoksit (alliin), sarimsaktaki sistein
stilfoksitlerin yaklasik % 80'ini olugturur. L-alliin (S-
allil-L-sistein siilfoksit), L-sisteinden tiiretilen bir
amino asittir. S-Allil-L-sistein siilfoksit (ACSO),
antioksidan ve antienflamatuar aktiviteleri olan bir
anti-aterosklerotik  bilesiktir  (Lawson  1998).
Literatiirde sarimsagin baliklar iizerindeki etkisiyle
ilgili birgok ¢alisma (Shalaby vd. 2006; Nwabueze
2012; Kanani vd. 2014) olsa da igerigindeki
bilesenler bolgelere, mevsime, sicakliga, vb. birgok
parametreye bagl olarak degiseceginden igerigindeki
etken maddelerin etkisinin arastirilmasi énem arz
etmektedir. Bu ¢alisma kapsaminda sarimsaktan elde
edilen alliin’in gokkusagi alabaliklar1 tizerindeki
etkisi ilk defa arastirilmis olacaktir.

Ayrica, oleuropein yine dogal bir antimikrobiyal
(Yildiz ve Uylagser 2011) olup baliklar tizerindeki
etkisi  bilinmemektedir. ~ Oleuropein,  zeytin
meyvelerinde ve yapraklarinda en ¢ok calisilan
fenolik bilesiktir. Oleuropeinin in vitro ¢aligmalarda,
gram-pozitif bakteriler, gram-negatif bakteriler ve
mantarlar {izerinde (Bacillus subtilis, Staphylococcus

aureus, Pseudomonas aeruginosa, Escherichia coli
ve Candida albicans) yiiksek antimikrobiyal etki
gosterdigi tespit edilmistir. (Fleming vd. 1973;
Pereira vd. 2007). Aym1 zamanda, oleuropeinin
kardiyoprotektif, antienflamatuar, antioksidan, anti-
kanser, anti-anjiyojenik ve noroprotektif etkilere
sahip oldugu bilinmektedir (Sun vd. 2017).

2016 yilinda 0.8 milyon ton iiretim ile gokkusagi
alabaligi (Oncorhynchus mykiss), diinyadaki toplam
su TUrlnleri yetistiriciligi Uretiminin % 2'sini
olugturmustur ve Atlantik somonundan sonra,
diinyanin ikinci soguk su kiiltiir balig: tiiriidiir (FAO
2016; Rashidian vd. 2018).

Son yillarda gokkusagi alabaliklart ile ilgili
yapilan balik besleme ve yetistiricilik caligmalarinda,
baliklarin beslenme ortami, yetistiricilik sekli ve
yemlere ilave edilen katki maddelerinin, baliklarda
biiylime parametreleri, kan parametreleri ve hastalik
direnci iizerine etkileri incelenmektedir
(Ramezanzadeh vd. 2019; Koshinski vd. 2020;
Rufchaei vd. 2020; Heydari vd. 2020; Rashidian vd.
2020).

L-alliin ve oleuropein balik yemi katkis1 olarak
kullanilabilecek ©6nemli dogal kaynaklar olarak
goziikmektedir. Literatiirde bugiine kadar L-alliin ve
oleuropeinin gokkusagi alabaliklarinda biiyiime
performansi, kan parametreleri ve hastalik direnci
lizerine etkilerinin aragtirlldigi  bir ¢aligmaya
rastlanilmamistir. Bu nedenle bu calismada L-alliin
ve  oleuropeinin  gokkusagi  alabaliklarinda
(Oncorhynchus mykiss) biiyiime performansi, kan
parametreleri  ve  hastalik  direncine  etkisi
arastirilmstir.

Materyal ve Metot

Deneme Yeri, Deney Sistemi ve Bahk

Deneme Canakkale Onsekiz Mart Universitesi,
Deniz Bilimleri ve Teknolojisi Fakiiltesi Canli
Kaynaklar Uretim Unitesinde gerceklestirilmistir.
Denemede 270 adet 12,06+0,91 g (ortalamatstandart
sapma) agirhginda gokkusagi alabalig1
(Oncorhynchus  mykiss) kullanilmigtir. Besleme
denemesinden 6nce baliklar 15 giin boyunca deneme
ortamina adapte edilmislerdir. Deneme kapali devre
sistemde yiiritilmistiir. Sistemde 9 adet 140 L
hacminde fiberglas tank olup bu tanklar ¢okeltme
havuzu, kaba filtrasyon, kum filtre, biyolojik filtre ve
1sitma-Sogutma tnitesine (Tuna Mac®, Canakkale)
baglhdir. Deneme sisteminin gilinlik olarak su
degisimi %10-15 oraninda yapilmistir. Deneme
tinitesinin bulundugu ortamin aydinlatilmasi1 12 saat
aydinlik/12saat karanlik olarak otomatik
zamanlayicilar yardimiyla saglanmistir.

Denemede her bir tanka 30 adet balik 3 tekrarli
olacak sekilde konmustur. Kontrol yemine herhangi
bir katki ilave edilmemistir. Deneme yemleri
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igerisine alliin ve oleuropein 10 mg/kg oranlarinda
ilave edilmistir.

Deneme Yemleri

Alliin ve oleuropein ticari bir firmadan temin
edilmistir. Deneme yemi olarak yagsiz ticari
gokkusagi alabaligi yemleri (HEMYEM, HEMAKS
MAKINA SANAYI TICARET A.S.) kullanilmistir
(Tablo 1). Alliin ve oleuropein balik yagina
karigtirilarak yagsiz yemlere literatiirde bildiriligi
gibi ilave edilmistir (Yilmaz ve Ergiin 2018).
Yemlerin besin degeri analizleri AOAC (1998) ve
Folch vd. (1957)’e gore yapilmustir.

Tablo 1. Deneme yemlerinin kimyasal kompozisyonlari.
Table 1. Chemical composition of experimental feeds.

Kontrol L-alliin  Oleuropein

Kimyasal

komposizyon

(%, kuru madde)

Protein 35,9 36 36,2

Yag 9,25 9,26 9,28

Kiil 8,65 8,63 8,62

NOM 36,2 36,11 35,9

Enerji (GE) 18,28 18,29 18,31
Nitrojensiz Oz Madde (NOM) = Kuru madde—

(yag+tkiil+protein). Enerji 23,6 kJ/g protein, 39,5 kl/g yag,
ve 17,0 kJ/g NFE’ e gore belirlenmistir.

Baliklardan Kan Orneklerinin Alinmasi

60 giinliik besleme denemesinden sonra baliklar
1 giin a¢ birakilmis ve kan drneklemesi yapilmstir.
Her bir tanktan 3 adet olmak iizere toplamda her bir
deney grubu icin 9 balik kan Orneklemesi igin
kullanilmistir. Ornekleme icin rastgele ve hizlica
yakalanan baliklar en kisa siirede 20 mg/L dozunda
karanfil yagi ile 10 L lik plastik kova iginde
bayiltilmiglardir (Iversen vd. 2003). Bayiltilan
baliklarin kanlar1 alinmadan 6nce kana mukoza
karigmasint  Onlemek amaciyla anal ylizgecinin
hemen arkas1 %70’lik alkol emdirilmis pamuk ile
temizlenmistir. Kaudal venadan kan 6rneklemesi 2,5
mL lik plastik enjektdrler yardimiyla yapilmistir.
Kan 6rnekleri hematolojik ve immunolojik analizler
icin KsEDTA, serum biyokimyasi analizleri i¢in ise
jelli serum tiipleri igerisine alinmistir. Serum
analizleri i¢in jelli tliplerdeki kan 6rnekleri 5000 g
devirde 10 dakika santrifiij edilmistir. Elde edilen
serum —80 °C de analiz edilinceye kadar saklanmustir.

Fiziksel ve Kimyasal Su Kalitesi Analizleri

Deneme siiresince deneme tanklarinin sicaklik,
oksijen ve iletkenlik 6l¢limleri Y SI Pro2030 su analiz
cihazi yardimiyla giin agir1 olarak takip edilmistir. pH
Olgtimleri HANNA (HI 2221) masa iistii pH metre ile
iki giinde bir ve toplam amonyak, nitrit ve nitrat

Olciimleri ticari kit (Spectroquant®) kullanilarak
Optizen POP UV/VIS spektrofotometre ile haftalik
olarak ol¢lilmiistiir.

Biiyiime Performansi, Yemden
Yararlanmanin Hesaplanmasi

Denemede biiylime performanst ve yemden
yararlanmanin hesaplanmasinda asagidaki formiiller

kullanilmistir (Yilmaz vd. 2018):

Yiizde Canli Agirlik Artisi CAA (%) = (Son
Agirlik g - Baslangi¢ agirligl g ) / Baslangig Agirligt
x 100

Spesifik Biiyiime Orani: SBO (%Giin)= [Ln
(Son ortalama agirlik g) - Ln (Baslangigtaki ortalama
Agirlik g)] / Deneme giin sayisi x 100

Yem Doniisiim Orant: YDO = Yem Tiiketimi (g)
/ Agirlik Kazanimi (g)

Biyokimyasal Analizler

Serum biyokimyas1 analizleri glikoz, albiimin,
globiilin, toplam protein, trigliserit ve kolesterol daha
once balik caligmalarinda kullanilan ticari kit
(Bioanalytic ~ Diagnostic  Industry,  Almanya)
yardimiyla spektrofotometrik olarak (Optizen POP
UV/VIS) belirlenmistir (Y1lmaz ve Ergiin 2012).

Immunolojik Analizler

Respiratori biirst aktivitesi

Fagositlerin respiratori biirst aktivitesi kandaki
aktif 16kositlerin 96 kuyulu yapismasi ve NBT pozitif
hiicrelerin verdigi tepkinin spektrofotometrik dl¢iimii
ile tespit edilmistir (Stasiak ve Baumann 1996;
Yilmaz 2018). Kisaca, analizden 10-12 saat dnce her
bir 6rnek i¢in 50 pL poli-I-lizin 96 kuyucuklu
plakalara ilave edilmis ve plaka +4 °C de
bekletilmistir. Sonrasinda her bir balik i¢in 50 pL kan
ornegi poli-L-lizin kapli 96 plaka kuyucuklarina
yerlestirilmistir. Devaminda &rnekler 1  saat
inkiibasyona birakilmis ve st faz atilip Ornekler
HBSS ile 3 kez yikanmustir. Yikama isleminden
sonra her bir kuyucuga 100 uL. NBT soliisyonu ilave
edilmis ve plaka 1 saat daha inkiibasyona
birakilmistir. Devaminda hiicreler %100 metanol ile
5 dakika fikse edilmis ve 3 kez %70’lik metanol ile
yikanmigtir. Plakalar kuruduktan sonra her bir
kuyucuga 60 pL 2 M potasyum hidroksit ve 70 pL
DMSO sirasiyla ilave edilmis ve okumalar multiskan
spektrofotometrede 620 nm de yapilmstir.

Potansiyel oldiirme aktivitesi

Potansiyel oldiirme aktivitesinin tespit edilmesi
icin Siwicki ve Anderson (1993)’un bildirdikleri
metod kullanilmistir. Analizden 10-12 saat dnce her
bir 6rnek i¢in 50 pL poli-I-lizin 96 kuyucuklu
plakalara ilave edilmis ve plaka +4 °C de
bekletilmistir. Sonrasinda her bir balik i¢in 50 pL kan
ornegi poli-L-lizin kapli 96 plaka kuyucuklarina
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yerlestirilmigtir. Devaminda Ornekler 1 saat
inkiibasyona  birakilmis ve st faz atilip
ornekler HBSS ile 3 kez yikanmustir. Yikama
isleminden sonra her bir kuyucuga 100 uLL NBT
[igerisinde  formalin  ile  Oldirilmiis  ve
PBS ile yikanmis A. salmonicida bakterisi (NBT
soliisyonu icindeki bakteri yogunlugu: 1,5 x 108)
bulunan soliisyonu ilave edilmis ve plakalar
150 g de 5 dakika santrifiij yapilmistir. 30 dakika
daha inkiibasyondan sonra hiicreler %100
metanol ile 5 dakika fikse edilmis ve 3 kez
%70 lik metanol ile yikanmigtir. Plakalar kuruduktan
sonra her bir kuyucuga 60 pL. 2 M potasyum
hidroksit ve 70 uL. DMSO sirasiyla ilave edilmis ve
okumalar multiskan spektrofotometrede 620 nm de
yapilmustir.

Lizozim aktivitesi

Lizozim aktivitesinin tespit edilmesi igin
Nudo ve Catap (2011) bildirdikleri metot
kullanilmistir. Kisaca 25 pl serum ornegi 175 pl
Micrococcus luteus siispansiyonuna (pH 5,8)
eklenerek ve 96 plakada oOrnekler 30 dakika
inkiibasyona birakilmigtir. Okumalar 450 nm de
multiskan mikroplaka okuyucuda yapilmis ve
standart kullanilarak (L6876 Sigma, Lysozyme from
chicken egg white) ug/mL olarak standart egriden
hesaplanmustir.

Myeloperoksidaz aktivitesi

Myeloperoksidaz aktivitesi literatiirde bildirilen
metotlarda baz1 degisiklikler yapilarak analiz
edilmistir (Quade ve Roth 1997; Kumari ve Sahoo
2006). Analiz i¢in 10 pl serum 6rnegi 90 pul HBSS
soliisyonu ile seyreltilmistir. Devaminda bu karisima
3,3',5,5'-tetramethylbenzidine dihydrochloride ve
hidrojen peroksit igeren soliisyon ilave edilerek
reaksiyon 2 dakika sonra 35 pl siilfirik asitle
durdurulmus ve 450 nm’ de multiskan mikroplaka
okuyucuda okumalar yapilmistir (Quade ve Roth
1997).

Hastalk Direnci Testi

Bu proje kapsaminda Aeromonas salmonicida
subsp. salmonicida (ATCC, 33658) hastalik direnci
tesi i¢in kullanilmustir. A. salmonicida gece boyunca
22 °C'de Triptic Soy Broth'da iiretildi ve daha sonra
yogunlugu 1x108 CFU mL -? olarak ayarlamak igin
iki kez PBS ile yikandi. Besleme denemesinin sona
ermesinden sonra 75 balik / grup intraperitonal olarak
100 pL bakteriyel siispansiyon (1x108 CFU mL/PBS)
bir insiilin sirnga kullanilarak enjekte edildi.
Tanktaki ~ balik  Olimleri  glinlik  olarak
izlendi ve 6lii baliklar tanktan cikartildi. Oliim orani
20 giinliikk bir siire boyunca kaydedilmistir.
Ayrica, Olimlerin A. salmonicida bakteriyel

enfeksiyonundan kaynaklandigindan emin olmak
icin olii baliklardan yeniden izole islemi yapilmis ve
izolatlar1 tamimlamak i¢in 16S rDNA analizi
yapilmustir.

Istatistiksel Analizler

Analizlerden elde edilen verilere tek yonlii
varyans  analizi  (ANOVA)  uygulanmistir.
Verilerin normal dagilim gostermesi ve homojen
olmast durumunda Tukey c¢oklu karsilastirma
testi, normal dagilim gdstermeyen, homojen
verilerin karsilastirilmasinda Kruskal-Wallis testi ve
homojen olmayan verilerin karsilagtirilmasinda
Tamhane testi kullanilmistir. Istatistiksel analizler
SPSS 19 (IBMM SPSS Statistics 19) programi
kullanilarak ~ p<0,05  Onemlilik  seviyesinde
degerlendirilmistir.

Bulgular
Fiziksel ve Kimyasal Su Kalitesi Bulgular:
Deneme siiresince, su sicakligt 16,2-16,3 °C,
oksijen 7,0-7,7 mg/l, iletkenlik 415-445 us cm?, pH
7,0-7,4, toplam amonyak 0,015-0,010 mg/l, Nitrit
0,01-0,02 mg/l ve Nitrat 0,11-0,19 mg/I olarak tespit
edilmisgtir.

Biiyiime Performansi Bulgulari

L-alliin ve oleuropein katkili (10 mg/kg) ve
katkisiz (kontrol) yemlerle beslenen baliklarin
biiylime performansi ve yem degerlendirme bulgulari
Tablo 2°de gosterilmistir. Yeme 10 mg/kg oraninda
L-alliin ilavesi baliklarin spesifik biiyiime oranini
(SBO), agirlik artisin1 ve agirlik artis1 (%) olumlu
oranda etkilemistir (p<0,05).

immunolojik Bulgular

Besleme  denemesi  sonunda  baliklarin
immiinolojik  parametrelerden respiratori  biirst
aktivitesi, potansiyel 6ldiirme aktivitesi, lizozim ve
MPO bulgular1 Tablo 4’de verilmistir. Deneme
yemlerine L-alliin ve oleuropein ilavesinin lizozim
aktivitesini kontrol grubuna gore istatistiksel a¢idan
onemli oranda arttirdig1 belirlenmistir (p<0,05).
Potansiyel oOldiirme aktivitesi ise L-alliin ve
oleuropein ilaveli gruplarda kontrole gore 6nemli
derecede yiiksek ¢cikmistir (p<0,05).

Oliim Oram Bulgular

Calisma  sonunda  baliklarin  Aeromonas
salmonicida subsp. salmonicida patojenine karsi
hastalik  direngleri ~ bulgular1  Tablo  5’de
gosterilmigtir. Test sonucunda yeme 10 mg/kg
oraninda L- alliin ve oleuropein ilavesinin en diisiik
yasama oranina sahip oldugu bulunurken, kontrol
grubu en yilksek yasama oranina sahip olarak
bulunmustur.
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Tablo 2. Deneme gruplarina gore biiylime parametrelerindeki degisimler

Table 2. Changes in growth parameters of experimental groups
Deneme gruplari

10 mg/kg 10 mg/kg

Kontrol L-alliin Oleuropein
Deneme basi ortalama balik agirligi (g) 12,08+0,132 12,21+0,052 12,20+0,652
Deneme sonu ortalama balik agirligi (g) 35,11+£0,37¢ 38,670,742 35,5742,57°
SBO (% giin™) 1,78+0,00° 1,92+0,03¢ 1,66+0,05¢
AA 437,50+4,50° 502,67£13,582 394,22+7,39¢
YT 476,58+15,36° 470,00+7,00? 461,08+7,34%
YDO 1,09+0,042 0,93+0,02° 1,17+£0,04%
AA (%) 190,63+0,12° 216,66+5,542 170,33+8,51¢

Tablo 3. Deneme gruplarina gére serum biyokimyasal parametrelerindeki degisimler.
Table 3. Changes in serum biochemical parameters of experimental groups.

Deneme Gruplari

10 mg/kg 10 mg/kg
Serum biyokimyasi Parametreleri Kontrol L-alliin Oleuropein
ALT (U/L) 20,56+ 3,972 15,46+ 4,16° 13,454 3,34°
AST (U/L) 112,30+ 2,692 128,43+ 32,707 130,03+ 19,802
LDH (U/L) 998,53+ 82,432 748,02+111,22° 1018,35+145,60?
ALP (U/L) 425,33+57,112 456,77+63,84% 479,38+162,412
GLI (mg/dL) 115,34+42,612 74,70+£17,34° 68,72+10,56"
Tprot (g/dL) 10,37+0,822 10,64+0,672 9,92+0,27°
ALB (g/dL) 0,78+0,05% 0,85+0,072 0,7140,10°
GLO (g/dL) 9,590,822 9,790,612 9,210,282
TRIG (mg/dL) 201,01+17,512 206,63+26,63? 195,30420,012
KOL (mg/dL) 270,31+27,90° 296,73+31,31%® 304,79+13,752

n=9, Ortalama *standart hata. Ayni1 satirda farkli tistel harfler igeren gruplar istatistiksel agidan diger gruplardan farklidir.
ALT: Glutamik Piriivik Transaminaz, AST: Glutamik Oksaloasetik Transaminaz, LDH: Laktat Dehidrogenaz, ALP:
Alkalen Fosfataz, GLI: Glikoz, Tprot: Toplam protein, ALB: Albumin, GLO: Globulin, TRIG: Trigliserit, KOL:
Kolesterol.

Tablo 4. Deneme gruplarina gére immunolojik parametrelerindeki degisimler.
Table 4. Changes in immunological parameters of experimental groups.

Deneme Gruplari

10 mg/kg 10 mg/kg
Immunolojik Parametreler Kontrol L-alliin Oleuropein
Respiratori biirst aktivitesi (OD 620) 0,13+0,02° 0,23+0,072 0,20+0,032
Potansiyel 6ldiirme aktivitesi 0,20+0,01° 0,49+0,062 0,31+0,08°
Lizozim aktivitesi (ug/mL) 16,48+2,39° 27,53+3,60? 28,63+5,402
MPO (450 nm) 0,40+0,04? 0,32+0,092 0,40+0,08?

n=9, Ortalama +standart hata. Ayni satirda farkli tistel harfler igeren gruplar istatistiksel agidan diger gruplardan farklidir.

Tablo 5. Deneme gruplarina gére 6liim oranindaki degigimler.
Table 5.Changes in mortality rate experimental groups.

Deneme gruplari

10 mg/kg 10 mg/kg
Kontrol L-alliin Oleuropein
Hastalik bulastirilan balik sayis1 75 75 75
% Oliim orani 50,66 54,66 54,66
Tartisma ve Sonug¢ belirlenmistir. Benzer olarak farkli calismalarda balik

Bu ¢alisma sonucunda yeme L-alliin ilavesinin ~ yemine ilave edilen sarimsak katkisinin baliklarin
baliklarn  biiyiime  performansini  arttirdigi ~ bliyiime  performansina  olumlu  etki  yaptigi
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bildirilmistir (Diab vd. 2002; Abou-Zeid 2002;
Shalaby vd 2006; Metwally 2009; Nya ve Austin
2009; Abdel-Hakim vd. 2010).

Serum biyokimyasi parametreleri balik yemine
ilave edilen katkilarin balik saghg iizerindeki
etkilerinin  belirlenmesinde  kullanilan  6nemli
gostergelerdir (Yilmaz vd. 2016). Ayrica serum
biyokimyasi  parametrelerindeki  degisiklikler,
parazitlerden ve toksik maddelerden kaynaklanan
hastalik ve kirliligi  gostermektedir. Ornegin,
Aeromonas'a maruz kalan gokkusagi alabaliginda
ALT, LDH ve g-GT seviyelerinde artis rapor
edilmistir ~ (Rehulka 2003). ALT, karaciger
bozukluklariin prognozunda optimum indikatordiir
(Shalaby  2005). Kan sekerindeki azalma,
indikatdrlerden biridir; sarimsak katkili yem stress
faktorlerine karsi savasir (Sahu vd. 2007). Xie vd.
(2008) yaptiklar1 ¢alismada antrakinon ile beslenen
sazan (Cyprinus carpio var. Jian) baliklarinda, hem
glikoz hem de kortizol seviyelerinin akut stresten
sonra arttigin1 bildirmislerdir. Bizim yaptigimiz
calismada ALT ve GLI degerleri, L-alliin ve
oleuropein ile beslenen baliklarda  kontrol
grubundaki baliklara gore Onemli oranda diisiik
cikmustir (p<0,05).

Sarimsak, hepatik p-hidroksi-p-metilglutaryil
koenzim A (HMG-CoA) rediiktaz, kolesterol 7a-
hidroksilaz ve yag asidi sentezi lizerinde doza bagh
bir inhibisyon etkisine sahiptir (Qureshi vd. 1983).
Bu calismada, KOL degerinin L- alliin ilaveli
gruplarda kontrol grubuna gore 6nemli bir degisiklik

gostermedigi  belirlenmistir  (p>0,05).  Bizim
caligmamizin  aksine  arastirmacilar  sarimsak
ekstraktlarinin =~ serum  kolesterol  seviyelerini

diisiirdiiglinii tespit etmislerdir (Bordia vd. 1975;
Augusti 1977). Farkli bir ¢alismada ise Carrijo vd.
(2005), % 1'e kadar sarimsak tozu iceren bir diyetle
civcivleri  besledikten  sonra  Kkolesterol  ve
triasilgliserol seviyelerinde herhangi bir degisiklik
bildirmemistir. Ancak, literatiirde L-alliin ilavesinin
baliklar tlizerindeki etkisi ilk defa bu calisma ile
arastirildigindan derin bir tartigma
yapilamamaktadir.  Oleuropein  bu  ¢alismada
kolesterolii 6nemli oranda arttirmistir. Ancak, bu

katkinin  farelerde yiiksek kolesterollii  diyet
durumlarinda  kolesterol disiiriici. oldugu
bilinmektedir ~ (Hadrich vd. 2016). Ancak,

balhiklardaki etkisi farkli olabilir. Ornegin, sazan
balig1 yemine oleuropein agisindan zengin zeytin
yapragl ekstresi ilavesi yliksek dozda kolesterol
seviyelerini arttirmistir (Zemheri-Navruz vd. 2019).
Normal sartlarda bu durum saglik durumunun
olumsuz etkilendiginin bir gostergesidir. Ancak, bu
caligmada baliklarin bagisiklik durumu ve hastalik
direncine bakildiginda saglik acisindan olumsuz bir

etki goziikmemektedir. Bu nedenle ileride daha
detayl1 calismalar yapilmasina ihtiya¢ vardir.

Bu ¢alismada yeme L-alliin ve oleuropein ilavesi,
baliklarin lizozim, respiratorii biirst aktivitesi ve
potansiyel Oldiirme aktivitelerini arttirmistir. Bu
sonuglar balik yemine L-alliin ve oleuropein
ilavesinin balik bagisikligini olumlu etkilediginin
birer gostergesi olarak kabul edilebilir. Benzer olarak
yeme sarimsak (0,5 g/kg) ilavesinin juvenil hibrit
tilapyalarda 16kosit sayisi, fagositik aktivite,
fagositik indeks, respiratorii biirst aktivitesi ve
lizozim aktivitesini 6nemli oranda arttirdig1 tespit
edilmistir (Ndong ve Fall 2011). Yine sazan baligi
yemine oleuropein agisindan zengin zeytin yapragi
ekstresi ilavesi baliklarin bagisiklik parametrelerini
arttirmistir (Zemheri-Navruz vd. 2019).

Bu c¢alismada yeme eklenen L-alliin ve
oleuropein baliklarin Aeromonas salmonicida subsp.
salmonicida patojenine karsi yasama oranini
degistirmemistir. Ancak, alabalik yemlerine 10
mg/kg oraninda L-alliin ilavesinin baliklarin biiyiime
performansini arttirdigi, L- alliin ve oleuropeinin
genel olarak serum biyokimyasi parametreleri
tyilestirdigi ve immunolojik parametreleri arttirdigi
belirlenmistir. Ileriki calismalarda farkli balik
patojenleri tizerine L-alliin ve oleuropeinin etkileri
arastirilabilir.
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The annual average of Secchi disk depth (100.42 £38. 99 cm), water temperature
(21.06£5.96 °C), dissolved oxygen (8.33+£0.99 mg/l), nitrate (0.43£0.19 mg/l),

RESEARCH ARTICLE
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(0.05+0.03 mg /1) were detected and according to these values, it was determined Accepted  : 30.08.2020 A

that the reservoir water has eutrophic and hyperneurophic character. Rotifera had P T

the highest proportion with 45 taxa, followed by Cladocera with 11 species and Published  :29.12.2020 EI A

Copepoda with 7 species. Asplanchna priodonta, Keratella cochlearis,
Polyarthra dolichoptera, Sychaeta stylata Bosmina longirostris, Diaphanosoma
birgei, and Disparalona rostrata were present throughout the whole study period.
The most abundant species from Rotifera was Sychaeta stylata (26034+56482.24
ind./m3) followed by Polyarthra dolichoptera (15356+9593.48 ind./m3) and
Keratella cochlearis (11850+15441.51 ind./m3). In the study, the most common
species belonging to Cladocera was Ceriodaphnia pulchella (7042+6759.93
ind./m3) and the most abundant copepod species was Cyclops vicinus
(2553+1596.48 ind./m3).
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Demrek Baraj Golii (Kirikhan, Hatay) Zooplankton Faunasi

Oz: Y1llik ortalama secchi disk derinligi (100,42 + 38,99 cm), su sicakligi (21,06 £ 5,96 °C), ¢oziinmiis oksijen (8,33 = 0,99 mg /
1), nitrat (0,43 + 0,19 mg /1), nitrit (0,02 = 0,01), sertlik (172 £ 17,27 mg / 1), silikat (1,17 £ 0,28 mg / 1), fosfat (0,14 += 0,03 mg /1),
organik fosfat (1,09 £+ 0,56 mg / 1) ve klorofil-a (0,05 = 0,03 mg / 1) tespit edildi ve bu degerlere gore rezervuar suyunun 6trofik ve
hiperneurofik karaktere sahip oldugu belirlendi. Rotifera 45 taksonla en yliksek orana sahipken, onu 11 tiir ile Cladocera ve 7 tiir ile
Copepoda izledi. Biitiin ¢alisma siiresince Asplanchna priodonta, Keratella cochlearis, Polyarthra dolichoptera, Sychaeta stylata,
Bosmina longirostris, Diaphanosoma birgei ve Disparalona rostrata mevcuttu. Rotifera'dan en bol bulunan tiir Sychaeta stylata
(26034 + 56482,24 birey /m3) iken, bunu Polyarthra dolichoptera (15356 + 9593,48 birey /m%) ve Keratella cochlearis (11850 +
15441,51 birey/md) takip etmistir. Calismada Kladosera'ya ait en yaygin tiiriin Ceriodaphnia pulchella (7042 + 6759,93 birey /m°)
ve Kopepoda’ya ait en bol tiiriin ise Cyclops vicinus (2553 + 1596,48 birey /m®) oldugu belirlenmistir.

Anahtar kelimeler: Demrek Baraj Golii, su kalitesi, zooplankton

How to Cite
Bozkurt A, Kara B. 2020. Zooplankton
doi: 10.17216/LimnoFish.755863

Fauna of Demrek Dam Lake (Kirikhan, Hatay). LimnoFish. 6(3): 189-200.

Introduction

The zooplanktonic organisms living in the lake
ecosystem not only form the nutrients of
planktivorous fish but also become a source of food
for all insects, fish larvae, invertebrates, and other
aquatic animals in the ecosystem. Besides,
zooplankton are potential indicators for the water
properties, pollution, and eutrophication status of the
waters in which they are found (Hecky and Kilham
1973; Bérzins and Pejler 1987; Mikschi 1989).

Various studies have reported that there is a close
relationship between the efficiency of the aquatic
environment and zooplanktonic organisms; since
pollution has negative effects on zooplankton. In lake
ecosystems, there is a balance between the living and
inanimate factors of the lake.

Since the damages caused by people to nature
disrupt the balance of the ecosystem, a considerable
part of the living organisms in the lakes are destroyed
due to pollution. The most important factor that
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disrupts the balance in the ecosystem is the
unconscious exploitation of the environment to meet
the luxurious living needs of the growing population.
Studies on zooplanktonic organisms, which
constitute the nutrients of many fish species in their
younger periods and that transform the plant foods
into animal proteins in the aquatic environment, have
also been accelerated (Giiher 1999).

As a result of the increase in industrial, domestic,
and agricultural waste disposal into water systems,
there is an accumulation of highly nutritious elements
leading to eutrophication.

Since excessive phytoplankton growth and
biological pollution are involved in eutrophication,
plankton studies are important to provide information
about ecosystems on topics such as the
biodiversity of the lakes, pollution, and trophic
levels. Turkey is considered as rich in terms of inland
water resources. It is necessary to know the inland

waters, aquatic organisms, and their distribution in
our country for using these inland water resources
efficiently.

No previous studies have been conducted in
Demrek Dam Lake, where zooplankton species
diversity and some water quality characteristics were
investigated. On the other hand, this study, which is
carried out in the dam lake, is important in terms of
being an example for the next studies.

Materials and Methods

The study was carried out between April 2013
and March 2014 in Demrek Dam Lake, which has 48
ha lake area, in Hatay province Hassa district (Figure
1). Demrek Dam Lake has 1995 hm?® water storage
volume, 276 ha irrigation capacity, its construction
started in 1997, its construction was completed in
2006 and it was put into operation in 2006
(Anonymous 2006).

Figure 1. Demrek Dam Lake and sampling stations.

Zooplankton samples were taken from 2 stations
with horizontal and vertical hauls by using 60 pm
mesh size plankton nets monthly for systematic
analyses. Using the Nansen bottle, two liters of water
samples were collected from each depth of the
different water layers (surface, medium and deep) of
both stations. Water quality parameters and
chlorophyll-a were analyzed from water samples. For
the chlorophyll-a analysis and chemical analyzes,
one It and 100 ml of the total water samples were
used, respectively. The remaining part (4.9 It) was

filtered from a collector having a mesh size of 60 um
for zooplankton analyses. All zooplankton samples
were fixed in 4% formaldehyde. Dissolved oxygen,
water temperature, and conductivity were measured
directly in the field using digital instruments (oxygen
and temperature: YSI model 52 oxygen meter;
conductivity: YSI model 30 salinometer). YSI 950
photometer and its procedure were used to determine
nitrite  nitrogen, nitrate  nitrogen, phosphate
phosphorus, Organic phosphate; the method in
APHA 1995 was used to determine chlorophyll-a
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spectrophotometrically. Secchi depth was measured
using a Secchi disk with a diameter of 20 cm.

The lowest depth at the stations was 4 m (station
1) and 7 m (station 2) in October, and the highest
depth was 9 m and 12 m in May, respectively.
Species identifications were made using a binocular
microscope according to the works of Edmondson
(1959), Scourfield and Harding (1966), Dussart
(1967), Kiefer and Fryer (1978), Koste (1978),
Negrea (1983), Segers (1995), De Smet (1996, 1997),
Nogrady and Segers (2002), Hotynska et al. (2003)
and Benzie (2005). Zooplankton count was
performed using an inverted microscope in a petri
dish with 2 mm lines at the bottom. The sample cup
was made homogenized by shaking and 2 cc sub-
sample was taken from the cup and it was placed in a
petri dish and the individuals of each species were
separately counted. This process has been repeated 4-
5 times.

CTM tolerance of the species (SPSS 20.1).
Duncan’s multiple range test (DMRT) was carried
out for post hoc mean comparisons. Regression
analysis was also carried out to evaluate the
relationship between acclimation temperature and
CTMin and CTMax (p<0.05).

Results

Secchi disk depth reached the maximum depth of
160 cm in May and the minimum depth of 55 cm in
September, with a mean value of 100.42 £38. 99 cm
(Table 1, Figure 2). The water temperature was close
to regional seasonal norms, increased from spring to
summer, and decreased from autumn to winter. Thus,
it was ranged from 13.58 °C in December to 31.42 °C
in August (annual average 21.06+5.96 °C)

The highest and the lowest dissolved oxygen
values were recorded in February and July as 9.70
and 6.83 mg/l, respectively (average 8.33+0.99 mg/I,
over the study period; Table 1, Figure 2).

Nitrate and nitrite levels showed similar patterns
during the study period and maximum levels were
recorded in December and January (0.595 mg/l and
0.056 mg/l), respectively. The minimum nitrate level
was 0.035 mg/l in November, but the minimum
nitrite level was 0.009 mg/l in November and March
(Figure 2). The mean nitrate and nitrite
concentrations were 0.434+0.19 mg/l and 0.02+0.01
mg/l at the end of the study (Table 1).

Hardness showed irregular ups and downs in the
summer, increasing properly from September to
February, but remained almost stable in spring. The
average, maximum, and minimum total hardness
values were 172+17.27 mg/l, 205 mg/l, and 133.33
mg/l respectively.

The average silica level was 1.17+0.28 mg/I.
Silica concentrations were observed as 0.635 mg/l in
May, gradually increased to 1.588 mg/l in August,
decreased to 0.932 mg/l until December, and
reincreased to 1.422 mg/l in May.

Phosphate, the most vital nutrient affecting the
productivity of natural water resources, was
0.14+0.03 mg/l, on average. The highest and the
lowest phosphate values recorded in February and
June were 0.192 mg/l and 0.104 mg/l, respectively
(Table 1, Figure 2). Phosphate levels increased
during the summer until August following a gradual
decrease this month. It increased from October to
February and decreased from here until June. The
maximum, minimum, and mean organic
phosphate values were 1.83 mg/l (November at the
first station), 0.38 mg/l (January at the second
station), and 1.09 £0.56 mg/l, respectively (Table 1,
Figure 2).

Chlorophyll-a ranging from 0.013 mg/l in March
to 0.086 mg/l in June and September was averaged to
be 0.05+0.03 mg/l (Table 1, Fig. 2). Chlorophyll a
fluctuated irregularly from April to September, and it
decreased from here to March.

Table 1. Maximum, minimum, and average values of water quality parameters.

. L Hard- Org.
Secchi- Temp DO Chl-a NO2-N NOs-N SiO-Si PO4-P PO4
disk(cm) °0) (mgl/l) (mgl/l) (mg/l) (mg/l) (mgll) (mgl/l) ness (mg/l)
Max 160.00 31.42 9.70 0.086 0.056 0.595 1.588 0.192 205.00 1.83
Min 55.00 13.58 6.83 0.013 0.009 0.035 0.635 0.104 133.33 0.38
Average 100.42 21.06 8.33 0.05 0.02 0.43 1.17 0.14 172.36 1.09
+38.99 +5.96 +0.99 +0.03 +0.01 +0.19 +0.28 +0.03 +17.27 +0.56
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Figure 2. Monthly change of water quality parameters.

The zooplankton taxa identified in Demrek Dam
Lake are shown in Table 2. The zooplankton
assemblage included 63 species. Rotifera had the
highest proportion with 45 taxa, followed by
Cladocera with 11 species and Copepoda with 7
species.

A. priodonta, K. cochlearis, P. dolichoptera, S.
stylata B. longirostris, D. birgei and D. rostrata were
present throughout the whole study period. It was
determined that these species were followed by A.
ovalis, F. longiseta, K. valga, which were found for
11 months, and T. similis, which were found for 10
months.

Copepoda were found for 8 months. The least
recorded species were as follows: A. fissa, B.
budapestinensis, B. urceolaris, B. quadridentatus, B.
nilsoni, C. adriatica, C. colurus, Conochiloides sp.,
D. epicharis, E. dilatata, H. oxyuris, K. tecta, L.

closterocerca, L. luna, L. hastata, L. hamata,
L. stenroosi, L. tenuiseta, L. patella, L. rhomboides,
L. ovalis, L. salpina, P. quadricornis, S.
longicaudum, T. patina, T. porcellus, T. tigris, A.
guttata, C. sphaericus, I. sordidus, P. laevis,
C. vicinus, D. bicuspidatus, M. albidus, M. leuckarti,
P. chiltoni, B. minutus, N. hibernica

In terms of numbers, according to the monthly
distribution of the groups, the highest numbers of
Rotifera were found with 22 taxa in July,
followed by 21 taxa recorded in November,
20 taxa in October, but only 10 taxa were determined
in April. Cladocera showed the highest number of
taxa in May with 9 taxa, followed by April, June,
July, October, and March with 7 taxa and
November with 6 taxa. Only 3 species of
Cladocera was found in January. Copepoda showed
the maximum diversity with 3 taxa in July and
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October, followed by June and November with 2 taxa
and April, September, January, March with
1 taxa. Copepoda species did not appear in May,
August, December, and February. Total zooplankton

was the highest with 32 species in July, followed
by October with 30 species. It was determined to be
the least with 18 species in April and August
(Table 2).

Table 2. Zooplankton species list and monthly availability.

Apr Jan

2013 | May | Jun [Jul | Aug |Sep | Oct | Nov | Dec | 2014 | Feb | Mar
Rotifera
Anuraeopsis fissa Gosse, 1851 + + +
Ascomorpha ovalis (Bergendahl, 1892) + + + + + + + + + + +
Asplanchna priodonta Gosse, 1850 + + + + + + + + + + + +
Brachionus angularis Gosse, 1851 + + + + + + + +
Brachionus budapestinensis Daday, 1885 + + +
Brachionus urceolaris Miiller, 1773 +
Brachionus quadridentatus Hermann, 1783 + + +
Brachionus nilsoni Ahlstrom, 1940 +
Cephalodella gibba (Ehrenberg, 1830) + + + + + + + + +
Collotheca pelagica (Rousselet, 1893) + + + +
Colurella adriatica Ehrenberg, 1831 + +
Colurella colurus (Ehrenberg, 1830) +
Conochiloides sp. + + + +
Dicranophorus epicharis Harring & Myers, 1928 | +
Euchlanis dilatata Ehrenberg, 1832 + + +
Filinia longiseta (Ehrenberg, 1834) + + + + + + + + + + +
Filinia opoliensis (Zacharias, 1898) + + + + + +
Hexarthra oxyuris (Sernov, 1903) +
Itura aurita (Ehrenberg, 1830) + + + + + + +
Keratella tecta (Gosse, 1851) + + +
Keratella cochlearis (Gosse, 1851) + + + + + + + + + + + +
Keratella valga (Ehrenberg, 1834) + + + + + + + + + + +
Lecane closterocerca (Schmarda, 1859) + +
Lecane luna (Miiller, 1776) +
Lecane lunaris (Ehrenberg, 1832) + + + +
Lecane hastata (Murray, 1913) +
Lecane hamata (Stokes, 1896) +
Lecane stenroosi (Meissner, 1908) +
Lecane tenuiseta Harring, 1914 +
Lepadella patella (Miiller, 1773) + + +
Lepadella rhomboides (Gosse, 1886) +
Lepadella ovalis (Bergendahl, 1892) +
Lophocharis salpina (Ehrenberg, 1834) +
Notholca squamula (Miiller, 1786) + + + + + + +
Platyias quadricornis (Ehrenberg, 1832) +
Polyarthra dolichoptera Idelson, 1925 + + + + + + + + + + + +
Rotaria neptunia (Ehrenberg, 1830) + + + + +
Scaridium longicaudum (Miiller, 1786) +
Sychaeta stylata Wierzejski, 1893 + + + + + + + + + + + +
Testudinella patina (Hermann, 1783) + +
Trichocerca similis (Wierzeski, 1893) + + + + + + + + + +
Trichocerca pusilla (Jennings, 1903) + + + + + +
Trichocerca porcellus (Gosse, 1851) +
Trichocerca tigris (Miiller, 1786) + +
Trichotria tetractis (Ehrenberg, 1830) + + + +
Total rotifer 10 13 19 |22 (13 |16 |20 |21 |16 |16 17 |14
Cladocera
Bosmina longirostris (Miiller, 1785) + + + + + + + + + + + +
Ceriodaphnia pulchella Sars, 1862 + + + + + +
Diaphanosoma birgei Korinek,1981 + + + + + + + + + + + +
Macrothrix laticornis (Jurine, 1820) + + + + + + +
Moina micrura Kurz, 1875 + + + + + + +
Alona guttata Sars, 1862 + + + + + + + +
Coronatella rectangula (Sars, 1862) +
Chydorus sphaericus (Miiller, 1776) + +
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Table 2. Continued.

Apr Jan

2013 | May | Jun [Jul | Aug |Sep | Oct | Nov |Dec | 2014 | Feb | Mar
Cladocera
Disparalona rostrata (Koch, 1841) + + + + + + + + + + + +
llyocryptus sordidus (Lievin, 1848) + +
Pleuroxus laevis Sars, 1862 + +
Total cladocer 7 9 7 7 5 4 7 6 4 3 5 7
Copepoda
Cyclops vicinus Ulyanin, 1875 + + +
Diacyclops bicuspidatus (Claus, 1857) +
Macrocyclops albidus (Jurine, 1820) +
Mesocyclops leuckarti (Claus, 1857) + + +
Paracyclops chiltoni (Thomson, 1882) + +
Bryocamptus minutus (Claus, 1863) + +
Nitokra hibernica (Brady, 1880) + +
Total copepod 1 0 2 3 0 1 3 2 0 1 0 1
Total zooplankton 18 22 28 32 |18 |21 |30 |29 20 |20 22 |22

Table 3. Monthly abundance of zooplankton
Species Months April 2013 May June July Aug Sept
Rotifera
A. fissa 6702 1126 355
A. ovalis 1858 4204 74275 1879 15074
A. priodonta 728 9299 13241 9081 4442 4402
B. angularis 666 1423 909 15268 728 1634
B. budapestinensis 293
B. quadridentatus 327
C. gibba 306 303 502
C. pelagica 758 248
C. colurus 259
Conochiloides sp 1862
D. epicharis 476
E. dilatata
F. longiseta 1000 1352 2519 571 939
F. opoliensis 294 250 692
H. oxyuris
I. aurita 2055 284 370
K. tecta 1251 327 357
K. cochlearis 3686 13508 | 5849 9333 1270 852
K. valga 4686 2552 10566 2277 2491
L. closterocerca
L. luna
L. lunaris
L. hamata
L. stenroosi 256
L. patella 1143 365
L. salpina
N. squamula 769 333
P. quadricornis
P. dolichoptera 18620 4530 4440 19608 4719 23590
R. neptunia 667 825 770
S. stylata 11007 6251 9802 21244 712 14023
T. patina 250 313
T. similis 625 13036 6355 822 1987
T. pusilla 625 10852 2766 15397 706
T. tigris 513
T. tetractis 251
4514+ 3771 | 4100+ | 8079+ 2785+

Average rotifer 6763.08 4139.50 |4529.23 |16171.94 4248.77 | 4356+6906.58
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Table 3. Continued.

Species Months April 2013 May June July Aug Sept
Cladocera

B. longirostris 1567 5983 11564 | 4372 33154 2271

C. pulchella 15423 13799 1154

D. birgei 1095 1508 640 3787 28102 10512

M. laticornis 1664 283 431 438 455

M. micrura 287 280 1928 851 713

C. rectangula 1997 6990 464 894

A. guttata

D. rostrata 913 2087 1080 1269 690 763

3777+ 4420+ |2410+ |[1977+ 12650+

Average cladocer 5719.13 4918.21 | 4493.06 | 1512.97 16508.74 | 3565+4687.58
Copepoda

C. vicinus 3788

D. bicuspidatus

M. albidus

M. leuckarti 303 580

P. chiltoni 303

N. hibernica 763

Average copepod 3788+0 0+0 303+0 |672+129,40 | 0+0 0+0

4026=x 4095+ | 2271+ |3576+ 7717+ 3960+

Average zooplankton 422.30 2386.59 | 1902.51 | 3954.25 6647.33 |2320.57
Species Months Oct Nov Dec Jan 2014 | Febr Marc Average
Rotifera

A. fissa 2728+3463.39
A. ovalis 2616 889 290 784 4371 10624+22772.80
A. priodonta 27286 1080 20476 | 1612 1201 891 7812+8641.56
B. angularis 521 276 2678+5107.07
B. budapestinensis 2483 3141 1972+1491.09
B. quadridentatus 3270

C. gibba 451 520 295 1863 692 617+521.99

C. pelagica 272 279 389+246.19

C. colurus 25940
Conochiloides sp 1403 3867 939 2018+1289.13
D. epicharis 476+0

E. dilatata 267 882 293 481+347.81

F. longiseta 14606 2194 537 907 999 253 2352+4121.02
F. opoliensis 1462 771 293 627+466.21

H. oxyuris 273 2730

[ aurita 12132 257 295 2056 2493+4330.34
K. tecta 645+525.03

K. cochlearis 48237 6669 2949 38695 10508 | 640 11850+15441.51
K. valga 76334 13275 |2008 1858 1567 11761+23048.84
L. closterocerca 291 2562 1427+1605.84
L. luna 258 258+0

L. lunaris 998 276 577 945 699+338.49

L. hamata 287 287+0

L. stenroosi 256+0

L. patella 295 601+470.69

L. salpina 280 280+0

N. squamula 274 4845 2944 557 262 1426+1782.20
P. quadricornis 325 32540

P. dolichoptera 27206 25262 | 1566 26716 12435 | 15574 | 15356+9593.48
R. neptunia 332 927 704+228.30

S. stylata 204367 | 4407 16644 | 13529 8485 1936 26034+56482.24
T. patina 2824+44.55

T. similis 2714 8982 172 1079 989 3676+4351.43
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Table 3. Continued.

Species Months Oct Nov Dec Jan 2014 | Febr Marc Average

T. pusilla 285 389+6435.50

T. tigris 265 389+175.36

T. tetractis 318 276 317 291+£32.81
24898+ | 4051+ 3215+ 6102+ 2880+ | 2294+ 5920+6180,93

Average rotifer 50776.53 | 6401.44 |6167.40 |11515.92 |3964.39 | 4462.00

Cladocera

B. longirostris 14780 1653 2235 3583 803 2188 7013+9291.93

C. pulchella 1988 276 9610 7042+6759.93

D. birgei 2719 3755 3210 2209 2125 1210 5073+947.53

M. laticornis 2856 772 986+947.53

M. micrura 2844 255 1023+995.35

C. rectangula 935 268 315 375 1530+2278.08

A. guttata 262 262+0

D. rostrata 4726 1291 1054 946 577 386 1315+1158.28
4407+ 1332+ 1704+ 2246+ 809+ 2754+ 3504+3108.37

Average cladocer 4713.55 |1310.06 |1278.26 |1318.89 |769.58 |3904.36

Copepoda

C. vicinus 750 3120 2553+1596.48

D. bicuspidatus 288 288+0

M. albidus 993 993+0

M. leuckarti 987 623+344.053

P. chiltoni 266 285+26.16

N. hibernica 780 772+12.02
523+ 523+

Average copepod 138,60 36345 |0+0 288+0 0+0 3120+0 | 768+1285.49
9943+ 1969+ 2459+ 2879+ 1844+ 2723+ 3398+2319.00

Average zooplankton 13096.48 | 1848.16 |1608.47 |2958.18 |1485.37 |413.89

The most abundant species from Rotifera was S.
stylata (annual average 26034:+56482.24 ind./m?). P.
dolichoptera (15356+9593.48 ind./m®) and K.
cochlearis (11850+15441.51 ind./m®) were found the
second and third abundant species, respectively. The
least abundant species was L. stenroosi (256+0
ind./m®).

In this study, the most common species belonging
to Cladocera was C. pulchella (7042+6759.93
ind./m® according to their annual averages.
The second abundant species was B. longirostris
(7013+9291.93 ind./m®) and followed by D. birgei
(5073+7700.78 ind./m®. The most abundant
copepod species was C. vicinus (2553+1596.48
ind./m® followed by M. albidus (993+0 ind./m®)
and N. hibernica (772+12.02 ind./m?). The least
abundant cladoceran species were A. guttata (262+0
ind./m® and copepod P. chiltoni (285+26.16
ind./m?).

Considering their monthly abundance, the most
abundant species was rotifer S. stylata (October
2013, 204367 ind./ m®) and followed by K. valga
(October 2013, 76334 ind./ m®), and A. ovalis (July
2013, 74275 ind./m®). The least abundant species was
T. similis obtained in December 2013 (172 ind./m?)
(Table 3).

The most abundant species were copepod C.
vicinus (April 2013, 3788 ind./m® and cladoceran
B. longirostris (August 2013, 33154 ind./m®).
Other abundant species were cladoceran D. birgei
(August 2013, 28102 ind./m®), C. pulchella (April
2013, 15423 ind./m?), copepod M. albidus (October
2013, 993 ind./m®), M. leuckarti (October 2013,
987 ind./m*® ) and N. hibernica (780 ind./m?). The
least abundant species from Cladocera were
A. guttata (February 2014, 262 ind./m® and
copepod P. chiltoni (November 2013, 266 ind./m°)
(Table 3).

The most dominant rotifer (24898+50776.53
ind./m®), and total zooplankton (9943+12231.09
ind./m®) were obtained in October 2013, cladocer
in August 2013 (12656+16508,74 ind./m®) and
copepod in April 2013 (3788+0 ind./m®). The
mean rotifer, cladocer and copepod abundance
were 5920+6180.91 ind./m3, 3504+3108.29 ind./m?
and 768+1285.49 ind./m® in the dam lake
respectively. The mean zooplankton  was
the most abundant in October (9943 + 41292.83),
followed by August (7717 £+ 10100.33) and
May (4095 + 4317.16), but the least abundant
zooplankton was in February (1844 + 3566.94)
(Table 3).
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It

has been determined that

Rotifera,

Cladocera, Copepoda and average zooplankton

showed

and

unstable

monthly

irregular

fluctuations,

and peaked in

the middle of

summer and autumn. Copepod was not
found in quantitative samples in May, August,
September, December, and February (Figure 3,
Table 3).
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Figure 3. Monthly abundances of zooplankton.

Table 4. Relationship levels between water quality parameters and zooplankton abundance.

Rotifera Cladocera Zooplankton
Temp (°C) R2=10.09 R2=10.61 R2=0.34
DO (mgl/l) R2=0.17 R2=10.34 R2=0.45
Chl-a (mg/l) R2=0.14 R2=10.04 R2=0.04
NO2-N (mg/l) R2=0.01 R2=0.05 R?=0.08
NOs-N (mg/l) R2=10.07 R2=0.07 Rz=0.12
SiO-Si (mg/l) R?=0.04 R2=10.46 R2=10.21
PO4-P (mg/l) R2=10.08 R2=0.17 R2=0.24
Hardnes R2=0.54 Rz=0.57 Rz2=0.43
Org. PO4 (mg/l) R2=0.15 R2=0.18 R2=0.26

A significant functional relationship was found
between zooplankton and water quality parameters
(hardness-rotifer, R> = 0.54; temperature-cladocer,
R? = 0.61; hardness-cladocer, R? = 0.57). A weak
correlation was found between zooplankton and other
water quality parameters (Table 4).

Discussion

Water quality parameters and zooplankton
communities together form a comprehensive
ecosystem having interaction between both
zooplankton and phytoplankton and the water quality
parameters. These interactions are directly or
indirectly subjected to the complex influences, some
of which results in quantitative changes (Welch
1952). Water quality parameters in the study were
observed to be within the normal values for animals
in the water. According to this, water temperature

values (13.58-31.42 °C) in the study generally reflect
the climatic conditions of the region and they are
ideal for zooplankton and their development. Mean
dissolved oxygen concentrations were above 5 mg/I
(6.83-9.70 mg/L) which was enough to support
aquatic  life, especially the  zooplankton
community (Karpowicz and Ejsmont-
Karabin 2017).

The mean value of chlorophyll-a was relatively
high (0.013-0.086 mg /L) and indicated that the lake
has a eutrophic character, according to Wetzel
(1975).

Inorganic forms of nitrogen (NO3; “and NO; °) can
be used by aquatic plants and algae (Tepe and Boyd
2002). If these inorganic forms of nitrogen exceed 0.3
mg/l (as N) in spring, it means there is enough
nitrogen to support summer algal blooms. The
concentrations of nitrogen forms in Demrek Dam
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Lake were enough to support algae blooms and
indirectly zooplankton biomass. The quality of
reservoir waters generally varied between clean
water and much-polluted water throughout the year
in terms of nitrite values (YSKY 2012). As the
nitrate-nitrogen values determined in the study were
below 10 mg/I, thus the reservoir waters were in the
category of clean and less polluted water.

Orthophosphate values changed between 0.104
mg/l and 0.192 mg/l and the reservoir waters
generally have the second-class polluted water and
the third-class polluted water in terms of phosphate
according to the YSKY (2012). As aresult, according
to the Regulation on Surface Water Quality, reservoir
water was first-class water in point of NOs-N, partly
also dissolved oxygen, and third class water in point
of NO2-N (YSKY 2012).

The annual mean values of total phosphorus and
chlorophyll-a with 0.14 mg/L and 0.05 mg/L
respectively also make the lake in hyper-eutrophic
class according to YSKY (2012). The Dam Lake was
determined to be eutrophic in terms of average Secchi
disc depth and mesotrophic in terms of nitrogen
(YSKY 2012).

Since there is a close relation between
phytoplankton and zooplankton because of the food
chain, increases were observed in zooplankton
biomass following the phytoplankton bloom. The
highest amount of Rotifera was reported in the area
where phytoplankton bloom occurred, as they
consequently found abundant food sources (Ruttner-
Kolisko 1974; Horn and Goldman 1994; Noges
1997). Similar results were found in the present
study. In May, chlorophyll increased due to
decreased zooplankton. In the following months, the
amount of zooplankton was decreased with a
decrease in chlorophyll-a but increased with an
increase in chlorophyll-a.

Zooplankton species diversity and abundance of
Demrek Dam Lake seem to be considerably rich
compared with other studies carried out in different
Turkish lakes [17 Rotifera species in Yamansaz Lake
(Yalim 2006); 16 Rotifera species in Hazar Lake
(Tellioglu and Sen 2002); a total of 17 species, 10
belong to Rotifera, 5 to Cladocera and 2 to Copepoda,
in Lake Burdur (Altindag and Yigit 2002). Yildiz et
al. (2007) declared that 41 species were found in
Lake Marmara, including 29 Rotifera, 8 Cladocera,
and 4 Copepoda. Bekleyen and Tas (2008) had found
10 species from Cladocera, 3 from Copepoda, and 18
from Rotifera (a total 31 species) in Cernek Lake.
The same situation was observed in dam lakes.
Results of some studies were as follow: 54 species
were declared in Aslantas Dam Lake, including 35
Rotifera, 14 Cladocera, and 5 Copepoda (Bozkurt et
al. 2009; Bozkurt and Goksu 2010); totally 39 taxa

declared, containing 21 rotifer, 11 cladocer and 7
copepod in Birecik Dam Lake (Bozkurt and Sagat
2008). Some others; 11 rotifer, 7 cladocer and 1
copepod, 19 species in total in Camligdze Dam Lake
(Dirican and Musul 2008); 12 cladocer, 5 copepod,
17 species in total in Devegecidi Dam Lake
(Bekleyen 2006); 8 cladocer, 2 copepod, 10 species
in total in Catalan Dam Lake (Aladag et al. 2006); 18
rotifer, 9 cladocer and 4 copepod, 31 species in total
in Hirfanl1 Dam Lake (Yigit and Altindag 2005); 11
rotifer in Kesikkoprii Dam Lake (Yigit 2002); 21
rotifer, 7 cladocer and 4 copepod, 32 species in total
in Kurtbogazi and Camlidere Dam Lakes (Demir
2005); 8 cladocer and 4 copepod, 12 species in total
in Ikizcetepeler Dam Lake (Alper et al. 2007); 34
rotifer at Devegecidi Dam Lake (Bekleyen 2001) and
28 rotifer, 16 cladocer and 3 copepod, 47 species in
total were declared (Bekleyen 2003).

The simultaneous presence of several species of
the genus Brachionus is a good indication for the
eutrophic nature of an aquatic ecosystem (Angeli
1976; Mageed 2008; Uzma 2009). Patalas (1972)
noticed that in the lakes of EUA the cyclopoid
copepods were more abundant in eutrophic waters
than calanoid copepods.

The results of the study are in accordance with
the above information and a large number of species
reported by various researchers as eutrification
indicators have also been identified in the study.
These species are A. fissa, N. squamula, P.
guadricornis, A. priodonta, K. cochlearis, P.
dolichoptera, B. angularis, R. neptunia, B.
urceolaris, B. quadridentatus, L. luna, L. lunaris, L.
patella, T. patina, B. nilsoni, T. pusilla, T. tetractis,
E. dilatata, F. longiseta, F. opoliensis, I. aurita, B.
longirostris, M. micrura, K. tecta, D. birgei, C.
rectangula, C. sphaericus, C. vicinus, M. leuckarti
(Pourriot 1964; Hutchinson 1967; Flossner 1972;
Ruttner-Kolisko 1974; Koste 1978; Braioni and
Gemlini 1983; Gulati 1983; Margaritora 1985; Koste
and Shiel 1986; Saksena 1987; Pejler and Beérzins
1994; Smith 2001; Lucinda et al. 2004; Baido and
Boavida 2005). Considering the water quality
parameters and the determined species, it can be said
that the Demrek Dam Lake is eutrophic. The
remaining species in the study are widely distributed
in the inland water of Turkey and have been
identified in many studies (Ustaoglu et al. 2012;
Ustaoglu 2015).
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Yazir Golii Havzas1 (Cavdir/BURDUR) Su Kaynaklarimn Hidrojeokimyasal
Ozellikleri ve Su Kalitesinin Mevsimsel Degisimlerinin Incelenmesi

Simge VAROLY "=, flknur KOSE!

ISiileyman Demirel Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Bol., 32260 Isparta-Tiirkiye

0z MAKALE BiLGIiSi
Bu ¢alismada Yazir Golii havzasi su kaynaklarindaki fizikokimyasal, major iyon, ARASTIRMA MAKAL ESi
agir metal ve kirlilik parametreleri ile su kalitesinin mevsimsel degisimi )

incelenmigtir. Caligma alaninda alttan iistte dogru Yesilbarak napi, Likya naplari, Gelis :18.03.2020

paraallokton ve neootokton konumlu kaya birimleri yer almaktadir. Aliivyon ve Diizeltme  :31.05.2020
kirectag1 birimleri akifer birimlerdir. Kurak ve yagishh mevsimlerde bdlgeden Kabul . 03.06.2020
toplam 30 su 6rnegi toplanmustir. Calisma alaninda Ca-Mg-HCO3s ve Ca-HCOs T
baskin su tiirleridir. Calisma alaninda ortaya ¢ikan farkli su tipleri ve kimyasal Yayim :29.12.2020
ozelliklerindeki mevsimsel degisimlerde bolgedeki kayaglarla temas siiresi,
suyun miktari, sicakligt ve ortamin basinct gibi faktorlerin etkili oldugu
goriilmektedir. Ayrica su kaynaklarinin hidrokimyasal ve kalitesini etkileyen
diger bir onemli faktoriin tarimsal faaliyetlerle iliskili antropojenik kirlenme
oldugu tespit edilmistir. Caligmada kurak ve yagisli donem analiz sonuglari
istatistiksel olarak da degerlendirilmis ve parametrelerin birbirleri ile iligkisi
ortaya konmustur. Calisma alanindaki sulardan S4 ve S6 nolu 6rnekler WHO
(2011), TSE266 (2005) standartlarina ve Schoeller diyagramina goére igilebilir
ozellik tasimamaktadir. Ayni sekilde ¢alisma alanindaki sular sulama suyu olarak
degerlendirildiginde ABD Tuzluluk Laboratuvar1 ve Wilcox diyagrami
siniflamalarina gore de her iki donemde de S4 ve S6 nolu 6rmeklerin kullanimi
sinirlidir.
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Investigation of Seasonal Changes of the Hydrogeochemical Properties and Water Quality of Water Resources
within the Yazir Lake Basin (Cavdir / BURDUR)

Abstract: In this study, the physicochemical, major ion, heavy metal, and pollution parameters of the Yazir Lake basin water
resources and the seasonal variation of the water quality were investigated. Yesilbarak nappe, Lycian nappes, paraallokton and
neootokton rock units are located from top to bottom in the region. Groundwater supplied from alluvium and limestone units. Thirty
water samples were collected from the area in dry and wet seasons. Ca-Mg-HCOz and Ca-HCOs were the dominant water types.
The composition of the groundwater varies depending on such factors as the time of contact with the rocks, the amount of water,
the temperature, and the pressures of the environment in the region. It has also been determined that another important factor
affecting the hydrochemical and quality of water resources is anthropogenic pollution associated with agricultural activities. In this
study, the results of the arid and rainy period analysis were evaluated statistically and the relationship of the parameters with each
other was revealed. S4 and S6 samples from the waters in the study area are not potable according to WHO (2011), TSE266 (2005)
standards, and Schoeller diagram. Similarly, when the waters in the study area are evaluated as irrigation water, according to the US
Salinity Laboratory and Wilcox diagram classifications, the use of samples S4 and S6 is limited in both periods.
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Giris

Niifusun hizli artis1 ve buna paralel olarak artan
tarimsal, igme kullanma ve sanayi suyu ihtiyaclari
nedeni ile su kaynaklarina duyulan talep giderek
artmaktadir. Talebin hizla artisina ragmen toprak ve

su kaynaklar1 kalite ve kantite olarak giderek daha
cok kisitlanmaktadir (Karadavut 2009; Akkan vd.
2018). Su kaynaklarinin kirlenmesi énemli sosyo-
ekonomik kayiplar getirmesinin yam sira, kirlilik
tiirii ile kirliligin yogunluguna bagli olarak dogrudan
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insan ve ekosistem yasamini tehdit etmektedir.
Oniimiizdeki yillarda su varliginin daha da kisitli hale
gelecek olmasi, ayn1 zamanda mevcut suyun kalitesi
ile ilgili problem ve maliyetlerin de artmasi
beklenmektedir (WWAP 2012; Kiymaz vd. 2016).
Bu nedenle su kalitesi, insan ve ekosistemin temel
ihtiyaglarinin karsilanmasi i¢in suyun miktar1 kadar
onemlidir. Bu amagla kullanilan yeralt1 ve yerdistii
sularinin kalitelerinin belirlenmesi, degisimlerinin
izlenmesi ve ¢evreye olan etkilerinin bilinmesi toprak
ve su kaynaklarimin siirdiiriilebilirligi  yoniinden
havza bazinda su kaynaklar1 yonetiminin 6nemini
arttirmigtir. Havza yonetimi, su kaynaklarmin
stirdiiriilebilir kullaniminin saglanmasi igin toprak,
bitki Ortlisii, diger dogal kaynaklar ve insan
kullanimlarmin biitiinciil bir yaklasim igerisinde
herkesin yararina uygun olacak sekilde korunmasi,
gelistirilmesi ve yararlanilmasinin  saglanmasidir
(Davraz vd. 2016; Mutlu ve Verep 2018). Bu amagla
su kaynaklarimin korunmasi ve yonetimine iliskin 23
Ekim 2000 tarihli ve 2000/60/EC sayil1 “Su Cergeve
Direktifi” yiriirliige girmistir. Bu direktifle (SCD

2000)  kirlilik  kaynaklarinin ~ kaynaklarinda
engellenmesini  ve tim kirlilik kaynaklarmin
sirdiriilebilir  kontrolii igin bir mekanizma

olusturulmasin1 gerektirmektedir. Direktif, yeralti
sularini da korumakta ve kalite ve kantitesi i¢in kesin
hedefler getirmektedir. Nehirler, goller ve kiy1 sulart
icin de kesin ekolojik hedefler getirmektedir (Chave
2001). Gerek direktifin ana hedefleri gerekse ortaya
¢ikan problemler su kaynaklar1 yonetiminde suyun
miktarinin yaninda, suyun kalitesine de Onem
verilmesi, su kalitesi izleme ve degerlendirilmesi
caligmalarima hiz verilmesini  gerektirmektedir.
Ozellikle son yillarda endiistrilesmenin ve sanayinin
gelisi ile beraber tarimsal miicadelede pestisit ve
kimyasal ilag kullanimindan dolayr bu su
kalitesindeki bozulmalara sik¢a rastlanmaktadir.
Sanayi artiklari, tarimsal ilag atiklart ve endiistri,
petrol, deri, deterjan atiklar1 su kimyasinda 6zellikle
baliklar ve su canlilart aleyhine 6nemli degisiklikler
yapmakta ve bunlarin Sliimlerine sebep olmaktadir
(Sonmez vd. 2008; Sénmez vd. 2012). Bu tip
kirlenme sonucunda yeralti ve yer iistii sulari
kullanilamaz durumu gelmektedir. Ozellikle yiizey
sularida oksijen azligina bagli olarak su canlilarmin
olimii, azot ve fosfor ¢ogalmasma bagl olarak
Otrofikasyon veya buna sebebiyet, sularin
ylizeylerinde biriken deterjan, yag vb. gibi maddeler
sonucunda suyun havalanmasimi engellenir, gilines
1sinlarina engel oldugundan dolay1 fotosentez diiser,
kokusma meydana gelir, estetik sorunlar ortaya
cikarir. Bulaniklik meydana getirdigi i¢in baliklarin
besin bulmasim zorlastirir, dolayistyla biiylimelerini
yavaglatir. Agir metal birikimine sebebiyetten dolay1
zehirlenmelere neden olabilir. Hi¢ siiphesiz ki

kimyasal su kirliliginin en tehlikeli boyutunu agir
metal birikimi olusturur ve agir metal birikimi canli
organizmalar i¢in potansiyel birer tehlikedir
(Rainbow 1995; Sonmez vd. 2012).

Bu c¢alismada Burdur Golii kapali havzasi
igerisinde bulunan Yazir Golii sulak alan alt havzasi
calisma alami olarak secilmistir. Calisma alanindaki
ylizey ve yeraltisuyu kaynaklar1 bolgede basta igme
suyu olmak iizere sulama ve kullanma gibi farkli
amaglar dogrultusunda kullanilmaktadir. Bu nedenle
calismada havzadaki sularin kalitesindeki mevsimsel
degisimler incelenmis ve bu degigimler istatistiksel
yontemlerle degerlendirilmistir.

Materyal ve Metot
Calisma Alam

Yazir GoOli  sulak alan1  (Cavdir/Burdur)
Tiirkiye'nin glineybatisinda yer almakta ve (Sekil 1)
ve 194,78 km?’ lik havza alanma sahiptir (Kose
2017). Genel olarak, sulak alan ve gevresinin iklimi,
Orta Anadolu iklimi ve Akdeniz iklim boélgesinden
etkilenmektedir. Caligma alanina diisen ortalama
yagis miktar1 406,08 mm, ortalama buharlagma
miktart ise 337,55 mm'dir (Kdse 2017). Kocadere
deresi ¢aligma alanindaki en 6nemli yilizey akisidir.
Ayrica Yazir GoOlii calisma alaninin ortasinda yer
almakta ve golden sulama suyu temin edilmektedir.
Caligsma alani igerisinde bulunan yerlesim alanlarinin
icme suyu, calisma alanindaki kaynak sularindan
temin edilmektedir. Ayrica, sulama sular1 kuyu suyu
ve yiizeysel akiglardan saglanmaktadir (Varol ve
Kose 2018a).

Jeoloji-Hidrojeoloji

Litolojik formasyonlar ve bu formasyonlarla
suyun temas siiresi, ylizey ve yeralti sularinin
kimyasal bilesimini belirlemektedir. Bu nedenle
oncelikle calisma alanindaki jeolojik birimlerin
litolojik  Ozellikleri ve bunlarin  hidrojeolojik
Ozellikleri belirlenmistir. Calisma alanindaki litolojik
birimler iki grupta incelenmistir. Bu birimler bdlgeye
otokton ve allokton olarak yerlesmis birimlerdir
(Kose 2017; Sekil 1; Tablo 1). Allokton birimler
Marmaris peridotiti (Capan 1980); Kizilcadag
ofiyolit ve melanji (Poisson 1977); Dolomitik
kiregtaglart ve katmanli ¢ort iiyelerinden olusan
Orhaniye formasyonu (Meshur vd. 1989); Dutdere
kiregtasi (Senel vd. 1989; Bilgin vd. 1990); Kirectas,
kiltasi ve kumtasindan olusan Karanasiflar
formasyonlari (Senel vd. 1989); Neritik ve dolomitik
kiregtaglarindan olusan Yuvadag formasyonu;
kirectasi, dolomitik kiregtasi ve ¢ortlii kiregtasindan
olugsan Catlica formasyonudur. Calisma alanindaki
otokton birimler ise kiltagi, kumtasi, konglomera ve
kirectagindan olusan Cameli formasyonu (Erakman
vd. 1982), aliivyon, yama¢ molozu ve birikinti
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konisidir.  Yazir  Goli  sulak  havzasinin
jeolojik yapisinin olusumu genel olarak tektonik

faaliyetlerle iliskilidir (Kogyigit vd. 2000; Varol ve
Kose 2018a).

ACIKLAMALAR

Alvyon RG] ohaniye formasyonu
Yamag Molozu [BEBE Tabakah gort Gyesi
[Pie_] games

[BER Marmaris Peridotit [»~=] Bindirme Faylan

[ :z1cadag ofiyolit ve melani{ — |Kaynak

[FRSE outdere Kirestast Derler

[y Yuvadag formasyonu IE Yerlegim Alanitan

- Cathca formasyonu E Gol _‘;' Omekleme Yerleri

Sekil 1. Calisma alaninin yer bulduru ve jeoloji haritasi.
Figure 1. Location and geology map of the study area.

Caligma alanindaki litolojik birimler farkli
hidrojeolojik 6zelliklere sahiptir. Bu birimler su
tutma kabiliyetine gore gecirimsiz (akifiij), yar
gecirimli (akitard-1, akitard-2, akitard-3), ge¢irimli-1
(taneli akifer) ve gecirimli-2 (karstik akifer) olarak
gruplandirilmistir. Calismada benzer hidrojeolojik
ozelliklere sahip birimler ayni grupta toplanmistir.
Bu birimler ve oOzellikleri Tablo 1'de verilmistir.
Havzada Onemli bir akifer oldugu diisliniilen
aliivyon, yaklasik 34,84 km?lik bir alana sahiptir ve
taneli akifer olarak adlandirilmistir. Karstik akifer ise
calisma alanindaki diger Onemli akifer tiiridiir.
Calisma alanindaki su kaynaklariin gogu Kizilcadag
ofiyolit ve melanj icindeki olistolitlerden
bosalmaktadir (Sekil 1) (Kose 2017). Calisma
alanindaki yeralt1 suyu seviyesinin mevsimsel
degisimi iki tiir faktorle ilgilidir. Bunlar yagis,
buharlagsma, yiizeysel akis gibi dogal faktorler ile
yeraltt suyunun kuyulardan ¢ekilmesi ve Kozagact
barajindan sulama ile beslenim gibi yapay

faktorlerdir. Calisma alanindaki yeraltt suyunun ana
beslenim kaynagi yagis sularidir. Yeraltisuyunun
statik seviyesi yapilan Ol¢iimlerde Kasim 2016'da
3,70 ile 75,00 m ve Nisan 2017'de 1,00 ve 40,00 m

arasinda degistigi tespit edilmistir (Kdse 2017; Varol
ve Kdse 2018a).

Ornekleme ve Analizler

Calisma alaninda Ekim 2016 (kurak donem) ve
Nisan 2017'de (yagisli donem) kuyulardan (5 6rnek),
kaynaklardan (8 oOrnek), dere (1 ornek) ve gol
suyundan (1 6rnek) olmak iizere toplam 30 su 6rnegi
basglica kimyasal oOzelliklerinin belirlenmesi i¢in
analiz edilmistir (Sekil 1). Havzada yiizey ve yeralti
sularmin kimyasal 6zelliklerini belirlemek amaciyla
¢ift kapakli polietilen siselere asitli (HNO3) ve asitsiz
olarak su ornekleri alinmistir. Ornek alimi islemleri
sirasinda YSI marka ¢ok parametreli portatif su
kalitesi 6l¢tim cihazi kullanilarak sularin sicaklik (T),
elektriksel iletkenlik (EC), ¢6ziinmiis oksijen (DO),
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redoks potansiyeli (Eh) ve hidrojen iyonu
konsantrasyonu (pH) degerleri yerinde dl¢iilmiistiir.
Su oOrneklerinin anyon (Cl, SOs, HCOs COs),

yapilmigtir. Elde edilen sonuglar farkli grafik
ve diyagramlar kullanilarak degerlendirilmistir.
Bunun yani sira tiim matematiksel hesaplamalar

camurtasi

nitrat ve nitrit analizleri Hacettepe Universitesi ~Excel 2007 (Microsoft Office) kullanilarak
Su Kimyasi laboratuvarlarinda, katyon (Na, K, Ca, fizikokimyasal degiskenler igin hesaplanmustir.
Mg) ve agir metal analizleri (As, Mn, Fe) Temel bilesenler istatistiksel analizi,
ACME (Kanada) laboratuvarinda APHA (1998) ve  SPSS yazilimi siriim 15 kullanilarak analiz
WPCF (1995) standartlarina uygun sekilde  edilmistir.
Tablo 1. Jeolojik birimlerin litostratigrafik iligkileri ve hidrojeolojik 6zellikleri.
Table 1. Lithostratigraphic relations and hydrogeological properties of geological units.
Yas Formasyon Litoloji Hidrojeolojik Ozellikler
.. Gegirimli-1
Kuvaterner Aliivyon (Qal) Cakil, kum ve camurtagi (Taneli Akifer)
Kuvaterner Yamag Molozu (Qym) Tutturulmus Cakil, kum ve Gegirimli-1

(Taneli Akifer)

Pliyosen (Neojen)

Cameli formasyonu (Plg)

Konglomera, kumtas, kiltasi, killi

Yar1 Gegirimli

kiregtagi, marn (Akitard-1)
Apsiyen—Albiyen . o Peridotite, serpantinit ve Gegirimsiz
(Kretase) Marmaris peridotiti (Kmo) serpantinize peridotit (Akifiij)
Cort, diyabaz, bazalt, sipilit, tiif,
G. Senoniyen Kizilcadag Ofiyolit ve tiifit, gabro, ve ofiyolitik matriks Yar1 Gegirimli
(Kretase) Melanj1 (Kkzm) icinde serpantin bloklari, olistolitler (Akitard-3)
i¢inde kiregtaglari,
. . o . Gegirimli-2
0.-G. Triyas Dutdere Kiregtas: (TrJd) Rekristalize kiregtaglari (Karstik Akifer)
) Orhaniye formasyonu e e et Yar1 Gegirimli
Jura- Kretase (JKo) Kalsitiirbidit, ¢ortlii kirectasi (Akitard-2)
K flar f Gegirimli-2
G. Eosen aranast (2|1<rkr(]))rmasyonu Neritik kiregtasi ve ¢ortlii bres (Karstik Akifer)
et . Gegirimli-2
— Yuvadag formasyonu Neritik kirectas1 ve dolomitik . .
Triyas (TRJy) Kirectast (Karstik Akifer)
. e Gegirimli-2
Kiregtasi, dolomitik kiregtasi ve . .
Kretase Catlica formasyonu (JK¢t) cortlii kirectas! (Karstik Akifer)
Bulgular Fizikokimyasal Parametrelerin  Mevsimsel

Hidrojeokimya

Yeraltisuyu kalitesi suyun igerisinde yer aldigi
akifer kayaclarin 6zellikleri ile iligkilidir (Subramani
vd. 2005; Kumar vd. 2016). Suyun kimyasal
Ozellikleri ise evsel, endiistriyel veya tarimsal
faaliyetlerde  kullanom  durumunu  belirler.
Glinlimiizde birgok gelismis ve gelismekte olan
iilkede goriilen su kirliligi, hastaliklarin ve bebek
Olimlerinin en Onemli faktdrlerinden birisidir
(Kumar vd. 2016). Bu c¢alismada, Yazir Goli
havzasindaki  ylizey ve  yeralt  sularinin
fizikokimyasal, major iyon ve kalite
degerlendirmeleri yapilmis ve asagida bagliklar
altinda detaylandirilmistir.

Degisiminin Degerlendirmesi

Calisma alanindaki kaynak sularmin pH" kurak
ve yagish donemler igin sirasiyla 8,96 (S12)-9,61
(S13) ve 8,93 (S12)-9,80 (S13) arasinda
degismektedir. Kuyulardan alinan su &rneklerinin
pH’ lar1 kurak mevsimde 8,56 (S6)-9,22 (S2) ile
yagigli donemde 8,54 (S6)-10,07 (S2) arasinda
Olciilmiistiir. Ayrica, ylizey sularindan gdl suyunun
pH’1 kurak donemde 9,27 (S15), dere suyunun
pH’1 9,91 (S14)dir. Yagish donemde ise gol
suyunun pH’1 9,53 (S15) dere suyunun pH’1 9,62
(S14) ’dir. Sularin pH degerleri icin yagish
donemde arttig1 goriillmektedir (Tablo 2). Bu artis
kayaclar ile yagmur suyu arasindaki yiiksek



Varol ve Kése 2020 - LimnoFish 6(3): 201-214 205
etkilesime baghdir (Makwe ve Chup 2013; (S6) arasinda degismektedir. Ayrica, ylizey
Ngabirano vd. 2016). sularindan gol suyunun ORP degeri kurak donemde

Kaynak  sularmin  EC  degerleri kurak  338,9 mV (S15) dere suyunda 410,9 mV (S14)

donemde 183,4 (S13)-434,6 (S3) uS/cm ile yagish
donemde 139,3 (S13)-394,00 puS/cm (S12)
arasinda oOl¢iilmiistiir. Kuyu sularinin EC degerleri
kurak donemde 119,2 (S6)-988,00 (S4) uS/cm ve
yagish donemde ise 293,7 (S10)-968,00 (S6)
puS/cm arasinda degismektedir. Ayrica, yiizey
sularindan g6l suyunun EC degerleri kurak
donemde (S15) 241,8 pS/cm, dere suyunun
253,7 uS/cm’dir. Gol suyunun yagish dénemde EC
degeri 253,7 puS/cm ve dere suyunun EC degeri
297,8 uS/cm araligindadir (Tablo 2). Hem kurak
hem de yagish donemde sulardaki yiiksek EC
degerleri, yagmuru ile beslenmeyle
iligkili zenginlesme ve seyreltmenin mekansal
degiskenligini  gOstermistir. ~ Ayrica,  yagish
donemde sularin daha yiiksek EC degerine sahip
olmasi, kimyasal ayrismanin yiiksek olmasina ve
akiferlerde yeralti suyunun daha uzun kalis
siiresine baglanabilir (Oinam vd. 2011; Alam vd.
2016; Varol ve Kdse 2018b).

Sularin  kalitesini  belirleyen fizikokimyasal
parametrelerden biri olan sicaklik
degerlerinin mevsimsel degisimleri de bu ¢alismada
incelenmistir. Buna gore kaynak sularmin T (°C)
degerleri kurak donemde 11,9 (S12)-17,3 °C (S3)
ve yagishi donemde 9,2 (S13)-13,4 °C (S7) araliginda
Olciilmiistiir. Kuyu sularinin T (°C) degerleri ise
kurak dénemde 11,4 (S10)-17,5 °C (S6) ve yagish

donemde 11,0 (S8)-12,5 °C (S4) arasinda
degismistir. Calisma alanindaki ylizey
sularindan gol suyunun T (°C) degerleri kurak
donemde 11,8 °C (S15) ve dere suyunun

12,4 °C (S14)’dir. Yagisli donemde ise gol suyu 9,4
°C (S15) ve dere suyu 11,2 °C (S14) olarak
Olciilmiistiir  (Tablo 2). Calisma alanindaki
sularin kurak ve yagishh donemlerdeki sicaklik
degisimleri meteorolojik kosullarla iliskilidir.
Yiikseltgenme-indirgeme potansiyeli (ORP), bir
maddenin baska bir maddeyi oksitleme veya
azaltma derecesini gosteren bir dl¢limdiir. Buna bagh
olarak su kimyast ve Arsenik tiirlerini
suda oOlgillen ORP degerleri ile belirlemek de
miimkiindiir (APHA 1998). Bu calismada, kaynak
sularinda ORP degerleri kurak donemde 327,00 mV
(S5)-620,90 mV (S13) yagisli donemde ise 240,3 mV
(S1) ile 348,00 mV (S3) arasinda bulunmustur.
Kuyu sularindan alinan orneklerin ORP degerleri
kurak donemde 320,2 mV (S2)-370,1 mV ve
yagisli donemde ise 208 mV (S2)-325,6 mV

Olclilmiistiir. Yagish donemde ise g6l suyunun
ORP degeri 288,9 mV (S15) ve dere suyunun ORP
degeri 295,5 mV (S14) olarak dl¢iilmiistiir (Tablo 2)
(Varol ve Kdse 2018Db).

Major Iyonlarin Mevsimsel
Degerlendirmesi

Calisma alanindaki yeraltisularinda en yaygin
iyon Ca iyonudur. Daha sonra ise, bilesiminde
daha az miktarda Mg, Na ve K iyonlar1 bulunur
(Tablo 3). Buna gore, su Orneklerine ait major

Degisiminin

iyonlarin mevsimsel dizilimleri Tablo 3’ de
sunulmustur.  Sudaki Ca ve Mg iyonu
kaynaklar1 genellikle kiregtasi ve dolomitik
kiregtasi  gibi  karbonat bakimindan zengin
kayaglardir. Bu tiir kayacglardaki karbonatlar,
yeraltisuyuna sulama ve yagis gibi ¢esitli
yollarla  karigsmaktadir. Mg iyonundaki artis

kurak ve yagisli donemlerde, ozellikle Kizilcadag
ofiyolit ve  melanj1  igerisinden  bosalan
kaynak sularinda (S1, S4 ve S15) gdzlenmistir.
Yeraltisularindaki Mg iyonu kaynagi, su ile
kayaglarin bilesiminde bulunan minerallerin iyon
degisimidir. K iyonu agisindan kurak donemde
sadece Kizilcadag ofiyolit ve melanj1 ile tabakali
¢ort iliyesi dokanagindan bosalmakta olan Ambarcik
kaynak suyunda (S3) bir artis gozlemlenmistir.
Bu artis, kayac-su etkilesimine bagli iyon
degisiminden kaynaklanmaktadir.

Calisma alanindaki yeraltisuyu Orneklerinin
major anyonik bileseni olan Bikarbonat (HCO3)
iyon konsantrasyonu kurak donemde 115,61-505,43
mg/L, vyagish donemde ise 148,05-538,93
mg/L arasinda degismektedir. Alkalinitenin ana
kaynagt olan HCOs; genellikle CO, e
karbonatlarin ¢oziinmesi, silikatlarin karbonik asit ile
reaksiyonu (Ranjan vd. 2013) ve organik maddenin
oksidasyonu (Jeong 2001) ile iliskilidir. Dutdere
kiregtas1 ve Kizilcadag ofiyolit ve melanji
dokanagindan  bosalim  gOsteren  yeraltisuyu
orneklerinin ¢ogunda Cl konsantrasyonlarmin
kurak donemde artt1g1 goriilmektedir.
Cl konsantrasyonlarindaki bu artis Kizilcadag
ofiyolit ve melanj1 ile yagmur suyu arasmdaki kaya-
su etkilesimi ile iliskilendirilmigtir. Caligma
alanindaki orneklerdeki siilfitin oksidasyonundan
kaynaklanan siilfat (SO4) (Ranjan vd. 2013) kurak
donemde 3,11-70,99 mg/L ve yagish donemde ise
2,13-83,79 mg/L arasinda degismektedir.
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Tablo 2. Kurak ve yagish donemler i¢in su drneklerinin fizikokimyasal, major iyon ve agir metal konsantrasyonlarinin

tanimlayici istatistiksel analiz sonuglari.

Table 2. Descriptive statistical analysis results of physicochemical, major ion and heavy metal concentrations of water

samples for dry and wet periods.

Kurak Donem Yagish Donem
N | Min.  Mak. Ort. Std. Min.  Mak. Ort. Std. WHO TSE 266
Birim Sap. Sap. (2011) (2005)
T °C 15 | 11,40 17,50 13,90 2,11 9,20 13,40 11,20 1,15
pH 15 8,56 9,91 9,14 0,36 8,54 10,07 9,29 0,41 6,5-8,5 6,5-9,5
ORP mV 15 | 320,20 620,90 400,19 100,85 | 208,00 348,00 297,22 34,50
EC | pS/em | 15 | 119,20 988,00 33534 201,44 | 139,30 968,00 382,32 248,21
TDS | mg/L | 15 | 77,48 642,20 217,97 130,93 | 90,55 629,20 24851 161,33 500
Ca mg/L | 15 | 3756 134,88 64,77 30,17 | 3599 130,82 62,09 27,93 300 200
Mg mg/L | 15 2,79 80,43 2851 22,13 1,51 79,71 30,84 2581 30 150
Na mg/L | 15 2,31 63,40 11,03 16,20 1,03 54,87 10,24 1459 200 200
K mg/L | 15 | 0,33 52,52 4,09 1340 | 0,22 4353 3,48 11,08 12
HCOs | mg/L | 15 | 11561 50543 259,45 105,01 | 148,05 538,93 302,82 110,68 500
COs | mg/L | 15 | 0,00 22,86 8,38 10,77 0,00 23,30 5,82 8,80
Cl mg/L | 15 2,04 71,14 11,32 20,04 1,41 79,96 1291 22,366 250 250
SOs | mg/lL | 15| 2,19 70,99 14,00 2040 | 213 83,79 16,97 23,52 250 250
NO3 mg/L | 15 0,00 263,80 3253 75,26 0,77 258,49 3559 78,66 50 50
NO2 | mg/L | 15 | 0,00 0,35 0,03 0,08 0,00 0,00 0,00 0,00 3 0,05
NHs | mg/L | 15 | 0,00 2,56 0,49 0,63 0,00 0,12 0,02 0,04 0,05-0,50 0,05-0,50
As mg/L | 15 | 0,02 0,08 0,06 0,02 0,04 0,13 0,09 0,02 0,01 0,01
Mn mg/L | 15 | 0,00 0,35 0,03 0,09 0,01 0,09 0,05 0,02 - 0,05
Fe mg/L | 15 | 0,00 5,52 0,39 1,42 0,01 0,30 0,05 0,07 - 0,2
N 15
Tablo 3. Su 6rneklerinin yeri ve ana iyon dizileri (Kose 2017).
Table 3. Location of water samples and main ion sequences (Kose 2017).
Kurak Dénem (Ekim 2016) Yagigh Donem (Nisan 2017)
Ornek Yeri No Ornek Tipi | Katyon Dizisi Anyon Dizisi Katyon Dizisi Anyon Dizisi
Kazillar S1 Kaynak Mg>Ca>Na>K HCO3>CI>S0;>C0O3 | Mg>Ca>Na>K HCO3>S04>C0O3>Cl
Kizillar S2 S.Kuyu Ca>Mg>Na>K HCO3>CI>S0s>CO3 | Mg>Ca>Na>K HCO3>CO3>CI>S04
Ambarcik S3 Kaynak K>Mg>Ca>Na HCOs>CI>S04>C0O3 | Ca>Mg>Na>K HCO3>CO3>CI>SO4
Ambarcik S4 S.Kuyu Mg>Ca>Na>K  HCO3>CI>S0+>CO3 | Mg>Ca>Na>K HCO3>CI>S04>CO3
Kozagaci S5 Kaynak Ca>Mg>Na>K HCO03>CI>S04,>C03 | Ca>Mg>Na>K HCO3>S0;>CI>CO3
Kozagaci S6 S.Kuyu Ca>Mg>Na>K HCO03>CI>S04,>C0O3 | Ca>Mg>Na>K HCO3>CI>S04>CO3
Golciik (Yazir) S7 Kaynak Ca>Mg>Na>K HCOs>CI>S04>C0O3 | Ca>Mg>Na>K HCO3>CI>S04>COs
Golciik (Yazir) S8 S.Kuyu Ca>Mg>Na>K HCO3>CI>S0s>C0O3 | Mg>Ca>Na>K HCO3>S0s>CI>CO3
Kiiciiklii S9 Kaynak Ca>Mg>Na>K  HCO3>CO3s>CI>S04 | Ca>Mg>Na>K HCO3>CI>S04>COs
Kiigiiklii S10 S.Kuyu Ca>Mg>Na>K HCO03>CI>S04,>C0O3 | Ca>Mg>Na>K HCO3>S0;>CI>CO3
Kayabas S11 Kaynak Ca>Mg>Na>K HCO3>CO3>CI>S04 | Ca>Mg>Na>K HCO3>S0s>CI>COs
Kayabas S12 Kaynak Ca>Mg>Na>K HCO3>CO3s>CI>S04 | Ca>Mg>Na>K HCO03>S04>CI>COs
Civgalar S13 Kaynak Ca>Mg>Na>K  HCO3>CO3s>CI>S04 | Ca>Mg>Na>K  HCO3>S04>CI>COs
Civgalar S14 Dere Ca>Mg>Na>K HCO03>CO3>CI>S04 | Ca>Mg>Na>K  HCO3>C03>S04>Cl
Yazir Golii S15 Gol Mg>Ca>Na>K HCO3;>CO3>CI>S0O4 | Mg>Ca>Na>K HCO3>C03>S0s>Cl
Agir Metal ve Kirlilik Parametrelerinin  bulunmamaktadir. NH4 konsantrasyonlar ise 0-2,56

Mevsimsel Degisiminin Degerlendirmesi

Caligma alanindaki su kaynaklarindan alinan
orneklerde sularda 6zellikle kirlilik gdstergesi olan
ve belirli miktarlardan fazla olmasi durumunda
kullanilmasini siirlandiran kimyasal
parametrelerden NOs, NO2, NH4 yani sira As, Fe ve
Mn analizleri de yaptirilmistir. NOs~
konsantrasyonlar1 kurak dénemde 0-263,80 mg/L ve
yagisli donemde 0,77-258,49 mg/L arasinda
degismektedir. NO; konsantrasyonlar1  kurak
donemde 0-0,35 mg/L ve yagishh dénemde sularda

mg/L. ve yagishh donemde 0-0,12 mg/L. arasinda
degismektedir. Sularda NOs, NO, ve NH4 tarimsal
faaliyetlerden kaynaklanan kirliligin gostergesidir.
Ozellikle i¢gme suyu olarak kullamlan sularda WHO
(2011) ve TSE266 (2005) tarafindan belirlenen sinir
degerler NO3 i¢in 50 mg/L, NO; igin WHO (2011)’a
gore 3 mg/L ve TSE266 (2005)’e gore 0,05 mg/L’dir.
Ayni sekilde NHy4 icin WHO (2011) ve TSE266
(2005) tarafindan belirlenen sinir deger 0,05-0,50
mg/L’dir. NOs, NO; ve NH4 konsantrasyonlarindaki
mevsimsel degisim incelendiginde kurak donemde
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yagish doneme gore artis s6z konusudur. Bu durum
yagislarin azalmasi ile birlikte tarimsal faaliyetler
sonrasinda toprak ve yeraltisularinda giibre kaynakli
kirleticilerin birikimini gdstermektedir (Varol ve
Kose 2018b).

Calisma alanina ait su Orneklerinin  As
konsantrasyonu kurak dénemde 0,02-0,08 mg/L ve
yagish donemde ise 0,04-0,13 mg/LL arasinda
degismektedir. As icin WHO (2011) ve TSE266
(2005) tarafindan belirlenen smir deger 0,01
mg/L’dir. igme suyu standartlarina gore g¢alisma
alanindaki sularin hepsi simir degerin {izerinde
Arsenik konsantrasyonlarina sahiptir. Bu durumda
As igerigi bakimindan bu sularin igilmesi uygun
degildir. As konsantrasyonlarindaki mevsimsel
degisim incelendiginde yagisli donemde kurak
donem ile karsilagtirildiginda konsantrasyonlarda
artis gozlemlenmektedir. Bu durum bdlgede genis bir
yayilima sahip Kizilcadag ofiyolit ve melanji ile
Marmaris  peridotitleri  igerisindeki ~ Arsenik
bulundurabilen kaya¢ tiirlerinin yeraltisuyu ile
etkilesimine  bagli  oldugu  disliniilmektedir.
Sulardaki bir diger agir metal Fe’dir. Kurak donemde
sularin Fe konsantrasyonlar1 0-5,52 mg/L ve yagish
donemde ise 0,01-0,30 mg/L arasinda degisim
gostermektedir. Sulardaki Fe iyonlarinin varligi hem
jeojenik kokenli hem de antropojenik kokenli
olabilmektedir. Cilinkii Fe elementi dogal ortamda ve
kayaglarda bol miktarda bulunan bir elementtir.
Sondaj kuyularindan alinan o6rneklerdeki Fe

iyonunun yiiksek olusu ise yine sondaj kuyusu ile su
etkilesimine bagh metal artis1 olarak
sOylenebilmektedir. Kurak doénemde Fe iyon
konsantrasyonlarinda bir artis dikkati ¢ekmektedir.
Calisma alanindaki sularda karsilasilan bir diger agir
metal ise Mn’dir. Mn konsantrasyonlar1 kurak
dénemde 0-0,35 mg/L ve yagisli dénemde 0,01-0,09
mg/L arasindadir. Aymi sekilde kurak donemde
yagisli doneme gore artis s6z konudur.

Hidrojeokimyasal Fasiyesler

Hidrojeokimyasal fasiyesler, yeraltisuyunun
kimyasal geg¢misini ve kokenlerini belirlemek i¢in
kullanilan bir yontemdir. Yeraltisuyu o6rneklerinin
kimyasinda baskin katyonlara ve anyonlara dayali
benzerlik ve farkliliklart gostermek igin Piper (1944)

tarafindan  gelistirilmistir. Kurak ve yagish
donemlerde c¢alisma alanindan toplanan su
orneklerinin hidrojeokimyasal fasiyeslerini
belirlemek  i¢cin  Piper  (1944)  diyagram

hazirlanmistir. Piper diyagramina gore, kurak ve
yagisli donemlerde Ca-Mg-HCO; ve Ca-HCOs;
baskin su tiirleridir (Sekil 2). Calisma alaninda kurak
dénemde sadece bir numune (S6) Ca-Na-HCO3-ClI-
SO; su tipindedir. Bu 6rnek Dolomitik kirectast ve
Kizilcadag ofiyolit ve melanjindan olusan Yuvadag
formasyonundan su alan sondaj kuyusuna aittir. Bu
su ornegindeki Na ve SO4 iyonlarinin artisi ofiyolitler
ile kaya-su etkilesiminden kaynaklanmaktadir (Varol
ve Kdse 2018b).
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Sekil 2. Piper (1944) diyagrami iizerinde kurak ve yagishi donemlerde su tipleri.
Figure 2.Water types in dry and wet periods on the Piper (1944) diagram.
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Istatistiksel Analiz

Su orneklerinin  fizikokimyasal &zellikleri
arasindaki iliskiyi belirlemek i¢in korelasyon analizi
uygulandi. Korelasyon analizi ile suyun mineraller ve
kimyasal bilesenler arasindaki kimyasal prosesleri
hakkinda bilgi edinmek miimkiindiir (Varol ve
Davraz 2015). Korelasyon analizinin sonuglart
degerlendirilirken, korelasyon katsayist 1 veya 1'e
yakinsa, iki degisken arasinda iyi bir pozitif iliski
oldugu anlamina gelmektedir. Sifira yakin degerler p
<0,05 ise Onemlidir. Yani, r degeri> 0,7 olan
parametreler arasinda gii¢lii bir korelasyon oldugu
varsayilirken, r degerinin 0,5 ile 0,7 arasinda orta
derecede korelasyonlu oldugu soylenir (Kumar vd.
2006). Bu caligmada da fizikokimyasal degiskenler
ile eser elementler arasindaki potansiyel iligkiyi
degerlendirmek icin “Pearson Korelasyon Analizi”
(PCA) yapilmigtir. Tiim islemler Windows i¢in SPSS
yazilim slirlimii 15,0 kullanilarak ger¢eklestirilmistir.
Ayrica  parametreler  arasindaki iliskilerdeki
degisiklikleri incelemek i¢in kurak ve yagish
donemler icin Pearson korelasyon matrisi ayri ayri
uygulanmustir (Tablo 4 ve 5).

Fizikokimyasal PCA sonuglarina goére, T (°C)
yagisli donemde EC-TDS-K-Cl ile pozitif korelasyon
gosterirken ve NHy ile negatif korelasyon
gostermistir. Ek olarak, T (°C) parametre kurak
donemde COs; iyonu ile negatif korelasyon
gostermistir. EC ve TDS yagish déoneme Mg-Na-
HCO3- CI-S0s-NO; ile pozitif gliglii korelasyon
gosterirken, kurak dénemde NHj ile pozitif giicli
korelasyon gostermistir. pH, yagislt donemde arsenik
(As) ile pozitif giiclii korelasyon gostermistir. pH
kurak dénemde ise COs; ve As ile pozitif giiglii
korelasyon gostermistir. Yagisl ve kurak donemlerin
her ikisinde de ORP ile herhangi bir parametre
arasinda anlaml bir iliski gozlenmemistir (Tablo 4 ve
5). Buna gore fizikokimyasal PCA sonuglari, ¢caligma
alanindaki su kaynaklarinda kaya-su etkilesiminin
yani sira evsel ve tarimsal atiklardan kaynaklanan
noktasal ve yayili kaynak kirliliginin katkisini
gostermektedir (Varol ve Kdse 2018b).

Major iyon PCA sonuglarina gére Mg, yagish
dénemde Na-HCO3-Cl-SO4-NOs ile pozitif ve giiclii
korelasyon gostermistir. Kurak donemde ise Mg, Na-
K-HCO3-CI-SO4 ile pozitif ve giicli korelasyon
gostermistir. Mg iyonunun diger iyonlarla
korelasyonu, Kizilcadag ofiyolit ve melanj1 igindeki
dolomitik kiregtasi ve magnezyum siilfatli mineraller
ile suyun etkilesimi ve calisma alanindaki tarimsal
siireglerden etkilendigini gostermektedir. Na yagish
dénemde HCO3-Cl- SO4-NOj ile pozitif ve giiglii
korelasyon gosterirken, kurak donemde K-HCO3-Cl-
S0, ile pozitif ve giiclii korelasyon gostermistir. Su
igerisindeki Na iyonunun yiiksekligi, kayag olusturan

minerallerin dogal olarak ayrigsmasini ve yeraltisuyu
sistemindeki cesitli iyon degisim siireglerini
gostermektedir (Davraz ve Ozdemir 2014; Varol ve
Davraz 2016; Varol ve Kése 2018b). Buna ek olarak,
Na iyonunun CI-SO4-NOs iyonlari ile korelasyonu
ise calisma alaninda antropojenik bir kirliligin
varligini gostermektedir. Su 6rneklerindeki K iyonu
yagish donemde HCOs-CI-SO4-NOs ile pozitif
korelasyon gosterirken, NH, ile negatif korelasyon
gostermistir. Ayrica bu parametre kurak donemde
HCOs-CI-SO; ile  yine pozitif  korelasyon
gostermektedir (Tablo 4). Su igerisindeki K
iyonlarinin yiiksekligi Na iyonlarinda oldugu gibi,
kaya¢ olusturan minerallerin dogal olarak
ayrigmasini ve yeraltisuyu sistemindeki ¢esitli iyon
degisim siireclerini géstermektedir. Buna ek olarak,
K iyonlarinin CI-SO4-NOs3 iyonlar ile korelasyonu
ise ortamdaki antropojenik kirliligi gostermektedir.
Calisma alanindaki sularda major anyonlarin PCA
sonuclarina gore HCOs, kurak ve yagisl donemlerde
Cl-SO4-NO3 ile pozitif ve giigli korelasyon
gostermektedir. Cl iyonu da kurak ve yagish
donemlerde SO4-NOs ile pozitif ve giiclii korelasyon
gostermistir. SO4 yagish donemde NOs ile pozitif
korelasyon gosterirken, kurak donemde SOs ile
herhangi bir parametre arasinda anlamli bir iligki
gozlenmemistir (Tablo 4 ve 5). Bu durum calisma
alanindaki antropojenik kirlilik ile aciklanabilir
(Varol ve Davraz 2016; Varol ve Kose 2018b).

Agir metal ve kirlilik parametrelerine gore PCA
sonuglari, As yagish donemde Mn ile pozitif ve giiclii
korelasyon gosterirken Fe ile orta derecede
korelasyon gostermistir. Bu durum, yeraltisuyu-kaya
etkilesimi ile suyun dogal hidrojeokimyasal evrimi
ile aciklanabilir. Ozellikle c¢alisma alanindaki
litolojik birimlerden Kizilcadag ofiyolit ve melanjina
ait kaya ve minerallerin kimyasal ayrigma ve
¢Oziilmesi buna neden olabilir. Buna ek olarak suda
arsenik, ortamdaki demirin indirgeyici
cOziinmesinden ve organik maddenin mikrobiyal
oksidasyonundan da kaynaklanabilmektedir. Yagish
donemde NOz ve herhangi bir parametre arasinda
anlamli bir iligki goézlenmemistir. Benzer sekilde,
yagislt donemde NO’in ve Mn’1n diger herhangi bir
parametre arasinda anlamli bir iligski gézlenmemistir.
Ancak kurak donemde NO», NH4 ile pozitif ve giiglii
korelasyon gostermistir (Tablo 4 ve 5). NO:
iyonunun NH, ile korelasyonu, ¢alisma alanindaki
tarimsal kokenli antropojenik kirliligi
desteklemektedir.

Istatistiksel PCA analiz sonuglarina gore, ¢alisma
alanindaki su kaynaklarmin kimyasal bilesiminde,
iklim kosullari, iyon degisim siireglerine bagli olarak
kaya-su etkilesiminin ve su kaynaklarindaki
antropojenik etkilerin 6nemli bir rolii bulunmaktadir.
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Tablo 4. Calisma alanindaki sularin kurak dénemde PCA sonuglart.
Table 4. PCA results of the waters in the study area in dry period.

o wn o) g ~ g (] =

-l R gl B e| 8| 2 2 8| gl o|g|g| 2| 2| 2| 5|

T |r|100][-28]-3 | 10 | ,10 | 26 | .35 | 30 39 | -58 | 24 | 41 | -02 | 37 | ,06 | -33 | .088 | 27
p 3L 19 | 71| 71 | 33 | 19 | 26 4 | 02| 37 | 12 | 91 | 16 | .83 | 22 | 75 | 31

pH | r 100 | 31 | -40 | -40 | -75 | -47 | -47 -84 | 73 | -.66 | -58 | -53 | 34 | -,26 | -12 | 34 | 14
p 24 | 13 | 13 | 00 | .07 | 07 00 | 00 | 00 | 02 | 04 | ,20 | 34 | 66 | 20 | 59
ORP |r 1,00 | 427 | -27 | ,05 | ,00 | ,00 20 | 63 | ,04 | 04| ,09 | -47 | -20 | ,03 | -,16 | -45
p 32 | 32 | 85 | 98 | 97 46 | 01 | 87 | 87 | ;74 | 07 | 47 | 89 | 54 | 08

EC |r 1,00 | 1,00 | ,25 | 50 | ,38 62 | -34| 51| 48 | 22 | 57 | 83 | 28 | -12 | 03
p . _ | 36 | 05| 15 0L | 20 | 05| 06 | 42 | 02 | ,00 | ;31 | 66 | ,89

TDS | r 1,000 | 25 | 50 | 38 62 | -34| 51| 48 | 22 | 57 | 83 | 28 | -12 | 03
p 36 | 05 | 15 0l | 20 | 05 | ,06 | 42 | ,02 | ,00 | 31 | 66 | 89

Ca |r 1,00 | 25 | 20 59 | -4L | 46 | 33 | 58 | 27 | ,10 | ,32 | -39 | -11
p 36 | 46 01 | 12 | 08 | 21 | 02 | ;32 | ,70 | 23 | .14 | 67

Mg | r 1,00 | 89 8. | -25| 8 | 91 | 45 | 33 | 44 | -18 | 08 | -10
p 00 00 | 3 | ,00 | 00 | ,08 | ,21 | 09 | 50 | .76 | .71

Na |r 1,00 70 | -20 | 87 | .96 | 34 | 29 | 42 | -29 | 23 | -10
p , 00 | 47 | ,00 | 00 | 21 | 28 | A1 | 28 | 39 | .72

K |r 1,00 | 61 | -35]| 80 | 68 | 42 | 23 | 33 | -04 | -,05 | -34
p 01 | .19 [ ,00 | 00 | 11 | 40 | 22 | 88 | 84 | ,20
HCOs [ r 100 | -64 | 83 | 81 | 53 | 44 | 47 | 01 | -23 | -15
p 00 [ ,00 [ ,00 | 03| .,10 | 07 | 96 | 39 | 58

COs | r 1,00 | -32 | -37 | -02 | -47 | -25 | 05 | ,10 | -15
p 238 | ,16 | 93 | 07 | ,35 | 85 | .72 | 58

cl r 1,00 | 89 | 58 | 32 | 47 | -09 | -13 | -37
p 00 | 02 | 23 | 07 | .72 | .62 | 16

SOs | r 100 | 32 | 37 | 46 | -24 | 19 | -04
p 23 | 17 | 07 | 37 | 49 | 86

NOs | r 1,00 | 1T | 01 | 33 [ -59 | -52
p 68 | 97 | 22 | 02 | 04

NO: | r 10 | 75 | -17 | 26 | 38
p 00 | 53 | 34| 15

NHs | r 1,00 | 509 [ 18 | 15
p 73 | 5L | 57

As |r 1,00 [ -51 | -31
p 04 | 25

Mn r 1,00 | ,69
p ,00

Fe r 1,00
p .
Su Kalite Parametrelerinin  Mevsimsel ikisinde de sadece S6 numarali 6rnekte sinir deger
Degisimi asmaktadir. Aym sekilde kurak ve yagish

Sularin Icme Suyu Ozellikleri

Inceleme alanindaki sularin igme suyu olarak
degerlendirilmesinde o6ncelikle Tiirk igme Suyu
(TSE 266) ve Diinya Saglik Orgiiti (WHO 2011)
standartlar kullanilmistir (Tablo 2). Havzadan alinan
orneklerin genel olarak fiziksel 6zellikleri ve major
iyon igerikleri degerlendirildiginde kurak ve yagish
dénemde su Orneklerinin tamaminda pH degerleri
icme suyu standartlar1 tarafindan belirlenen simir
degerlerin tizerinde tespit edilmistir. TDS degerlerine
gore yagisli donemde S4 ve S6 numarali 6rnekler
icme suyu standartlarinca belirlenen simir degeri
asarken kurak donemde sadece S4 numarali 6rnekte
sinir  deger agmustir. Su Orneklerinin K iyonu
konsantrasyonu igme suyu standartlar1 ile
kargilagtirildiginda kurak ve yagislh donemlerin her

doénemlerde sadece S4 numarali 6rnekte HCO3 iyonu
konsantrasyonu bakimindan smir degerleri astigi
goriilmektedir.

Major iyonlar yani sira su Orneklerinin diger
kirlilik parametreleri ile agir metal igerikleri de Tiirk
fcme Suyu (TSE 266) ve Diinya Saghk Orgiitii
(WHO 2011) standartlar1 ile degerlendirilmistir
(Tablo 2). Buna gore ¢alisma alanindaki su
kaynaklarinin NO3z ve NO; konsantrasyonlari sadece
S4 sondaj kuyusundan alinan o&rnekte her iki
donemde smir degerleri agmaktadir. NH4
konsantrasyonu ise yine S4 sondaj kuyusundan
alinan ornekte sadece kurak déonemde siir degerin
iizerindedir (Varol ve Kose 2018a). Arsenik (As)
konsantrasyonlar1 yagishh ve kurak donemlerin
her ikisinde de tiim su drneklerinde Tiirk igme Suyu
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(TSE  266) ve Diinya Saghk  Orgiitii
(WHO 2011) standartlar1 tarafindan belirlenen sinir
degerin iizerindedir. Mn konsantrasyonlar1 ise
kurak donemde sadece S2 numarali Grnekte sinir
degeri asarken, yagisli donemde S4, S6, S7, S11, S12

ve S14 numarali Orneklerde sinir degerleri
agmaktadir. Sulardaki Fe konsantrasyonlar1 ise
kurak ve yagish donemlerde sadece S14

numarali rnekte sinir degeri asmaktadir. igme suyu

uygun degildir ve sagliga zararli etkileri
olabilecektir. Calisma alanindaki diger tiim sular
kurak donemde icme suyu standartlarinca igilebilir

ozelliktedir. Ayrica, c¢alisma alanindaki sular
Schoeller icilebilirlik diyagramina gore
degerlendirildiginde tim sular ‘icilebilir

ozellikte sular’ sinifinda yer almakla birlikte S4 ve S6
ornekleri sertlik degerleri bakimindan ‘orta kalitede
icilebilir sular’ sinifinda, diger tiim sular ‘iyi-cok iyi

standartlarinca belirlenen smir degeri asan bu su  kalitede igilebilir sular’ smifindadir (Sekil 3,
omeklerinin  igme  suyu olarak  kullanimi = Kose 2017).
Tablo 5. Calisma alanindaki sularin yagish donemde PCA sonuglart.
Table 5. PCA results of the waters in the study area in wet period.
T [pH [ORP[ EC [TDS| Ca [ Mg | Na | K | HCOs [ COs | ClI | SOs | NOs | NHs | As | Mn | Fe
T |r|100|-50 | 08 | 59 | 59 | 47 | 29 | 34 | 61 | 45 | -17 | 53 | 37 | .28 | -72 | 41 | 48 | -03
p 05 | 75 |02 02 07| 28| 20|01 09 | 52,0317 .30 00].,2].,07].0
pH | r 100 | -62 | -55 | -55 | -64 | -25 | -23 | -43 | -43 | 60 | -46 | -30 | -54 | 42 | -59 | -46 | -,02
p 0l | 03| 03| 01| 36|39 ]|, 0] 10 |o0L],08],6] ,03].,1]|.,02]| .08/ .93
ORP |r 100 | 13 | 13 | 32 | 11| 0L | 21 | -03 | -35| A1 | -04 | 19 | -00 | 39 | 41 | 02
p 62 | 62 | 23 | 68 | 97 | 44 | 90 | 20 | 67 | 8 | 49 | 98 | 14 | 12 | 91
EC |r 100 | 100 | 52 | 8 | 8 | 60 | 86 | -02 | 8 | .88 | .80 | -54 | 21 | ,09 | -05
p 04 [ 00 [ 00 0L 00 | 92|00 .,00].,0] 03] 4| .2].8
DS | r 100 | 52 | 82 | 83 | 60 | 8 | -02 | 8 | .88 | 80 | -54 | 21 | ,09 | -05
p 04 [ 00 000 00 | 92|00, 00,0/ 03|44 ].,2].88
Ca |r 100 25 | 36 | 69 | 52 | -30 | 68 | 4L | 54 | -26 | 41 | 36 | -23
p 36 | 17 | 00 | 04 | 26 | 00 | 12 | 03 | 33 | 12 | 18 | 40
Mg | r 100 | 93 | 50 | 8 | 24 | 79 | 93 | ;75 | -39 | -07 | -22 | -04
p 00 [ 05 | 0 | 37 | .,00 | 00 | 00| 14 | 78 | 41 | 88
Na |r 100 59 | 78 | 37 | 8 | 96 | .75 | -29 | 04 | 08 | -04
p 02 | 00 | .17 | 00 | 00 | 00 | 28 | 87 | .75 | 87
K |r 100 | 62 | -17 | 8 | 61 | 58 | -64 | 25 | .19 | -05
p 0l | 53 | 00 | of | 02| 01 | 36 | 48 | .85
HCOs | r 100 | -09 | 88 | 83 | 8 | -58 | -01 | -08 | -18
p 74 [ 00 | 00 | 00 | 02 | .9 | .75 | 51
COs |r 100 | 00 | ,25 | -07 | 44 | -19 | -26 | 15
p 98 | 36 | ,79 | 09 | 49 | 33 | .57
cr [r 100 | 87 | 81 | -52 | 14 | 02 | -12
p 00 [ ,00 | 04 | 59 | .91 | .65
SOs | r 100 | 82 | -34 | 07 | 08 | -04
p 00 | 20 | 78 | .75 | 87
NOs | r 100 | -32 | 31 | 13 | 12
p 24 | 26 | 62 | 65
NH: | r 1,00 | -09 | -09 | -,00
p 73 | 74 | 98
As | r 1,00 | 86 | 61
p 00 | 01
Mn r 1,00 | ,33
p 21
Fe r 1,00
p
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Sekil 3. Schoeller igilebilirlik diyagramina gore kurak ve yagisli donemlerde su 6rneklerinin siniflandirilmast.
Figure 3.Classification of water samples in dry and wet periods according to the Schoeller diagram.
Sularin  Sulama Suyu Olarak Kullammm  C2S1 (Orta tuzlulukta ve Az sodyumlu)

Ozellikleri
Sularin sulama suyu olarak kullanilabilirliginin
belirlenmesi ve mevsimsel degisiminin

degerlendirilmesinde kurak ve yagisl donemler i¢in
ayr1 ayr1 hazirlanan ABD Tuzluluk Laboratuvari ve
Wilcox diyagramlart kullanilmistir (Sekil 4 ve 5).
ABD Tuzluluk Laboratuvar1 diyagrami sularin EC
(uS/cm) degeri ile SAR (Sodyum Adsorbsiyon
Oran1)  arasindaki  iligkiye  bagli  olarak
olusturulmaktadir. ABD Tuzluluk Laboratuvari
diyagramina gore ¢alisma alanindaki sularin ¢ogu
kurak donemde C1S1 (Az tuzlu ve Az sodyumlu) ve

sular sinifinda sadece S4 no’lu 6rnek C3S1 (Yiiksek
tuzlu ve Az sodyumlu) sinifindadir (Varol ve Kose
2018a). Yagishh donemde ise S4 no’lu Ornek
C3S1 (Yiksek tuzlu ve Az sodyumlu), S6 no’lu
ornek C3S2 (Yiiksek tuzlu ve Orta sodyumlu)
sular sinifinda bulunmaktadir. Diger tiim &rnekler
yagislh donemde de CIS1 (Az tuzlu ve
Az sodyumlu) ve C2S1 (Orta tuzlulukta ve Az
sodyumlu) sular sinifinda yer almaktadir (Sekil 4).
Bu diyagrama gore her iki dénemde de S4 ve S6
no’lu oOrneklerin sulama suyu olarak kullanim
stnirlidir.
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Sekil 4. ABD Tuzluluk Laboratuvar1 diyagramina gore kurak ve yagisli donemlerde sularin siniflandiriimast.
Figure 4. Classification of waters in dry and wet periods according to the U.S.A. Salinity Laboratory diagram.
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Sekil 5. Wilcox diyagramina gore kurak ve yagishi donemde sularin siniflandirilmasi.
Figure 5.Classification of waters in dry and wet periods according to Wilcox diagram.
Wilcox  diyagrami  da  sulama  suyu  hidrojeolojik ve hidrojeokimyasal aragtirmalar

siniflandirmasinda kullanilmakta olan bir baska
yontemdir. Bu diyagramda ise sularin EC (uS/cm)
degeri ile %Na degerleri kullanilmakta ve bu iki
parametre arasindaki iliskiye bagli olarak bir
simiflandirma yapilmaktadir. Wilcox diyagramina
gore kurak donemde calisma alanindaki tiim sular
‘Cok Iyi Kullamlabilir Sular’ sinifinda  yer
almaktadir (Sekil 5) (Varol ve Kose 2018a). Yagish
donemde ise S4 ve S6 no’lu &rnekler “Iyi
Kullanabilir Sular” sinifindadir.

Sodyum adsorbsiyon orani (SAR), sulama suyu
olarak kullanima uygunlugun belirlenmesinde en ¢ok
yararlanilan olgiitlerden biridir. Bu siniflandirmada
SAR<10 ise “cok iyi ozellikte sulama sularr”, 10-18
arasinda ise “lyi ozellikte sulama sulari”, 18-26
arasinda ise “Orta ozellikte sulama sulari’” ve SAR>
26 ise “Kotii ozellikte sulama sulari” smifinda yer
almaktadir (Sahinci 1991). inceleme alaninda SAR
degerleri kurak donemde 0,44 ile 6,36 arasinda
degismektedir (Varol ve Kodse 2018a). Yagish
dénemde ise 0,22 ile 5,92 arasindadir. Buna gore
caligsma alan1 genelindeki sular her iki déonemde de
“Cok iyi ozellikte sulama sular’” stmifindadir.

Tartisma ve Sonug¢

Bu c¢alismada Yazir Golii havzasindaki su
kaynaklarmin hidrojeokimyasal ve kalite
ozelliklerinin mevsimsel degisimi ve
kullanilabilirligi incelenmistir. Yazir Golii sulak alan
havzast Burdur Goli Kapali Havzasiin bir alt
havzast olup c¢ogunlugu Burdur ili Cavdir ilge
sinirlart igerisinde yer almaktadir. S6z konusu
aragtirma alami ile ilgili olarak detayli ve giincel

bulunmamaktadir. Bu nedenle bu caligma, ayni
zamanda bir sulak alan 6zelligine sahip Yazir Goli
havzasinda siirdiiriilebilir su yonetimi ve su kalitesine
bagl kullanimi agisindan 6nem tagimaktadir.
Calisma alanindaki litolojik birimler alttan iistte
dogru Yesilbarak napi, Likya naplar1, paraallokton ve
neootokton konumlu kaya birimlerinden
olugmaktadir. Calisma alanindaki litolojik birimler
fiziksel Ozellikleri ve akifer olabilme &zelliklerine
gore taneli ortam akiferi (Akf-1), erimeli-gatlakli
kaya ortam akiferi (Akf-2), akitard ortam-1 (Akt-1)
ve akifiij ortam (Akj) olarak ayirtlanmistir. Bolgede
en Onemli akifer birim aliivyon ve kirectaslaridir.
Calismada kurak ve yagishh donemlerde kuyu,
kaynak, dere ve gol suyundan alinan toplam 30 su
Ornegi  analiz  edilmistir.  Su  &rneklerinin
hidrojeokimyasal  ozellikleri ve su tiplerini
belirlemek i¢in bir Piper diyagram kullanilmistir.
Buna gore, calisma alaninda Ca-Mg-HCO;3; ve Ca-
HCOs kurak ve yagislt donemlerde gozlenen hakim
su tlrleridir. Genel olarak, caligma alaninda su
orneklerinde kalsiyum ve bikarbonat iyonlari
hakimdir. Su 6rneklerinin kimyasal bilesimi kaya-su
etkilesiminden giiclii bir sekilde etkilenmektedir.
Calisma alaninda, sadece bir 6rnekte Na ve SO
iyonlarmin artist belirlenmistir. Bu artis ¢aligma
alaninda genis alanlarda ylizeyleyen Kizilcadag
ofiyolitleri ile ve su kaynaklarina tarimsal kokenli
antropojenik girdilerle iligkilendirilmistir. Caligmada
ayrica su Orneklerine ait Hidrokimyasal parametreler
arasindaki iligkiyi tanimlamak i¢in Pearson
Korelasyon Analizi (PCA) yapildi. Buna gore, bazi
parametreler arasinda orta-gii¢lii korelasyon oldugu
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belirlenmistir (r <0,7). PCA sonuglarina gore ¢alisma
alanindaki suyun jeokimyasal bilesimini etkileyen iki
ana proses oldugu belirlenmistir. Bunlar ayrisma
siirecleri ve antropojenik girdilerdir. Istatistiksel
analizlere gore, su Orneklerinin EC ve TDS
degerlerindeki artislar, tarimsal faaliyetlerden
kaynaklanan azot tiirevleri ile iligkilidir. Ayrica Na,
Fe, SO4 ve Mg arasinda da pozitif korelasyon oldugu
belirlenmistir. Bu durum, ozellikle Mg artisinin
Kizilcadag ofiyolitik melanji ile iliskili olarak kaya-
su etkilesiminden kaynaklandigim
diisiindiirmektedir.

Su 6rneklerinin analiz sonuglart WHO (2011) ve
TSE266 (2005) tarafindan belirlenen igme suyu
standartlariyla karsilastirildiginda, 6zellikle S4 ve S6
numarali sondaj kuyusuna ait Ornekte her iki
dénemde major iyonlardan HCOs,  Kkirlilik
parametrelerinden NOs, NO., ve NHj4 iyonlarnin
kritik degerlerin iizerinde oldugu bunun yani sira agir
metal konsantrasyonlar1 (As, Fe ve Mn) bakimindan
ise As konsantrasyonlar1 yagisli ve kurak dénemlerin
her ikisinde de tiim su 6rneklerinde belirlenen sinir
degerin iizerindedir. Mn konsantrasyonlar1 ise kurak
donemde sadece S2 numarali 6rnekte sinir degeri
asarken, yagislh donemde S4, S6,S7,S11, S12 ve S14
numarali 6rneklerde siir degerleri asmaktadir. Fe
konsantrasyonlar1 ise kurak ve yagisli donemlerde
sadece S14 numarali rnekte sinir degeri agmaktadir.
Bu durum gostermektedir ki su kaynaklariin igme
suyu olarak kullanimi agir metaller agisindan sagliga
zararli etkiler yaratabilecektir. Schoeller igilebilirlik
diyagramina gore de caligma alanindaki S4 ve S6
numarali 6rnekler igme suyu olarak kullanima uygun
degildir.

Caligma alanindaki sularin sulama suyu olarak
kullanilabilirliginin degerlendirilmesi ve kalitesinin

belirlenmesi i¢cin ABD Tuzluluk Laboratuvari,
Wilcox  diyagramlari ve SAR  siniflamasi
kullanilmigtir.  ABD  Tuzluluk  Laboratuvari

diyagramina gore her iki donemde de S4 ve S6
numarali 6rneklerin sulama suyu olarak kullanimi
sinirlidir. Wilcox diyagramina gore kurak donemde
calisma alanindaki tiim sular ‘Cok Iyi Kullanilabilir
Sular’ sinifinda yer almaktadir. Yagisli donemde ise
S4 ve S6 numaral1 6rnekler “Iyi Kullanabilir Sular”
smifindadir. Ayrica sulama suyu kriterlerinden biri
olan SAR degerlerine gore yapilan degerlendirmeye
gore ise c¢aligma alani genelindeki sular her iki
donemde de “Cok iyi ozellikte sulama sularr”
smifindadir.

Sonug olarak bu ¢alismada Yazir Goli havzasi
yiizey ve yeralt1 su kaynaklarindaki agir metal ve azot
ve tiirevi bilesenlerle iligkili kirlilik nedeni ile igme
suyu olarak kullanimi sagliga etkisi agisindan uygun
olmayip sadece sulama suyu olarak kullanima uygun
oldugu belirlenmistir.
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as well as also provide support to paleontologists in their research on fish fossils.

* CORRESPONDING AUTHOR

rmznyzci@gmail.com
Phone :+90 386 280 55 10

Keywords: Otolith dimension, fish length, otolith biometry, Wels catfish,
Siddikl1 Dam Lake

Yayin Balig: (Silurus glanis L., 1758)’nin Otolit Morfometrisi

Oz: Bu caligmada Eyliil 2015-Agustos 2016 tarihleri arasinda Siddikl Baraj Gélii'nden yakalanan yaym baligi icin asteriskus ve
lapillus boyutlari ile balik boyutlari arasindaki iligkiler sunulmustur. Sol ve sag otolitlerin boyutlari ile erkek ve disi bireylerin otolit
boyutlart arasinda anlamli fark tespit edilmemistir. Analizler i¢in cinsiyetten bagimsiz olarak sag otolit Slgiimleri kullanilmistir. En
giicli korelasyon katsayisi tiim iligkiler i¢in dogrusal model kullanilarak elde edilmistir. Bu nedenle iligkilerin belirlenmesinde
dogrusal model kullanilmistir. Asterikus boyutlari ile total boy arasindaki iligkilerin r? degerleri, lapillus boyutlari ile total boy
arasindaki iligkilere gore daha yiiksek bulunmustur. Asteriskus yiiksekliginin, yayin baliginin uzunlugunu tahmin etmek i¢in diger
otolit dl¢limlerinde gore daha uygun oldugu tespit edilmistir. Bu ¢aligma, yayn baliginin total boyu ve otolit boyutlar1 arasindaki
iligkiler agisindan ilk bilgileri saglamaktadir. Bu g¢alismadan elde edilen iliskiler; predator tiirlerin beslenme rejimini yeniden
yapilandirmak ve mide iceriginden elde edilen yayin baliklarinin boyutunu tahmin etmek igin giivenilir bir ara¢ olarak kullanilabilir
ve ayni zamanda paleontologlara balik fosilleri aragtirmalarinda destek saglayabilir.

Anahtar kelimeler: Otolit boyutlari, balik uzunlugu, otolit biyometrisi, Yayin baligi, Siddikli Baraj Golii.
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Introduction

Otoliths are hard-paired calcified structures
located in the inner ear, which are used for the
maintenance of equilibrium and hearing in teleost
fishes (Payan et al. 2002). They are massive calcium
carbonate structures (Sweeting et al. 2004) and three
pairs on either side of the brain, name as lapillus,

asteriscus, and sagitta (Das 1994). The plural name
of sagitta, lapillus, and asteriscus are sagittae,
lapillus, and asteriscus, respectively (Campana
2004). Otoliths show differences in shape and size.
The shape of sagittal and asteriscus otoliths show
variability among species, but lapillus shape is more
uniform (Campana 2004). The sagittae are the
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biggest pair of otoliths and the lapillus are the
smallest in most bony fishes; however, in the
members of ostariophysian fishes, the asteriscus are
the largest otoliths and the sagittae are the smallest
(Harvey et al. 2000; Campana 2004). Also, the fishes
which are slowly swimming have larger otolith than
ones that are faster moving (Javadzadeh et al. 2016).

Since otoliths show variation in size and shape,
they are used to determine the taxon, age, and
dimensions of fishes. These data are important for
population management, prey-predator studies, and
archaeological research (Yilmaz et al. 2015).
Furthermore, the otoliths continue to grow along the
life of fish (Fowler 1990). They do not resorb in stress
time, because it is acellular (Tuset et al. 2006).
Therefore, otoliths are one of the most reliable tools
to estimate the growth rate and age of fish population,
and for fisheries management (Campana and
Thorrold 2001). Otoliths have been used in studies on
the diet of piscivore predators (e.g., Pierce etal. 1991;
Tollit et al. 1997), analysis of allometric (e.g.,
Aguirre 2003; Monteiro et al. 2005), ecomorphology
(Volpedo and Fuchs 2010; Jaramillo et al. 2014),
paleontology (Bosnakoff 2011), age determination
(Yazict  2018), species-specific  identification
(Aguirre 2003; Tuset et al. 2006; Bostanci et al.
2015), and stock discrimination (Campana and
Casselman 1993; DeVries et al. 2002).

Because prey fishes were digested partially or
totally in the stomach of the predator, the
identification and quantification of they are difficult
in stomach content analysis. The otoliths are resistant
to digestion and these hard structures can be used to
determine species of prey fishes (Aguilar-Perera and
Quijano-Puerto 2016). Otoliths can also be used to
provide data on the size of the prey (Granadeiro and
Silva 2000). Therefore, the importance of the
regressions between otolith size and fish length is
increased day by day. The relationships between
otolith dimensions and fish length can be supply
significant knowledge to determine fish length from
otoliths in the stomach of predators and understand
prey-predator relationships (Aguilar-Perera and
Quijano-Puerto 2016). Although there have been a lot
of studies on these relationships in many fish species
(Viva et al. 2015; Bostanci et al. 2017; Yilmaz et al.
2019), there are no known studies for Wels catfish.

The purpose of this paper is to estimate
relationships between otolith dimensions and fish
length. Additionally, this study will provide the first
information on relationships between otolith
dimensions and fish length in Wels catfish.

Materials and Methods
A total of 203 fish samples were monthly
collected from different regions of the Siddikli Dam

Lake between September 2015 and August 2016.
Siddikli Dam Lake located near Siddikli Kii¢likbogaz
Village, 40 km west of Kirsehir province, was built
for irrigation. The surface area of Siddikli Dam Lake
is 1.65 km?. Thanks to the dam, 4945 ha agricultural
areas are irrigated. Also, fishery activities are carried
out economically in the Siddikli Dam Lake (Yazici
2018). Fish were caught using trammel nets with a
mesh size ranging from 18 to 20 mm 25 m long and
gills nets with a mesh size ranging from 25 to 40 mm
50 m long and 45 to 80 mm 100 m long.

The total length (TL) of each fish specimens were
measured to the nearest 0.1 cm. The sex of samples
was determined by examination of gonads
macroscopically. The lagenar (lapillus) and utricular
(asteriscus) otoliths of each fish were removed,
cleaned, and stored in Eppendorf tubes. Broken and
damaged otoliths were excluded from the examines.
Thus, 179 asteriscus (98 male and 81 female) and 193
lapillus samples (104 male and 89 female) were used
for examining relationships between otoliths
dimensions and total length.

All otoliths were photographed on the proximal
side with a Mshot digital camera. Asteriscus and
lapillus length (AL and LL) was defined as the
greatest distance between anterior and posterior edge.
Asteriscus height (AH) and lapillus width (LW) was
described as the greatest distance from dorsal to the
ventral edge (Figure 1). These parameters were
measured to the nearest 0.001 mm using Mshot
Digital Imaging Software.

The relationships between otolith dimensions and
fish length were determined using both linear
(y= a+bx) and non-linear (y= a*x®) regression models
for the following parameters: asteriscus length (AL)-
fish length (TL), asteriscus height (AH)-fish length
(TL), lapillus length (LL)-fish length (TL), and
lapillus width (LW)-fish length (TL). The model with
the highest coefficient of determination (r?) was
chosen to describe the  above-mentioned
relationships. The strength of all calculated
regressions was assessed by the determination
coefficient (r?) and the mean percent prediction error
values (PE %). The mean percent prediction error
was calculated for a regression by averaging the
percent prediction error computed for each
observation. The percent prediction error (PE %) for
an individual is computed by the following formula
(Scharf et al. 1998).

PE 0% = |Observed — Predicted| % 100
o Predicted

Paired t-test was used for determining the
difference in left and right measurements of otolith.
The t-test was used to compare otolith variables
between sexes. When the equations for left and right
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otoliths did not differ statistically, one right or left
otolith was selected randomly from each individual.
Differences between regression coefficients for the
relationship between fish length and the dimensions

Figure 1. The proximal views of lagenar (asteriscus) and utricular (lapillus) otoliths of Wels catfish (A: anterior;

Otolith Width

Left Lapillus

Otolith Height

Left Asteriscus

P: posterior; D: dorsal; V: ventral; L: lateral; M: medial).

Results

In total, 203 specimens were caught in the study.
However, 179 asteriscus and 193 lapillus samples
in totally.

were

Table 1. Some descriptive statistics of total length (TL), asteriscus dimensions (AL: length. AH: height), and lapillus

examined

in this

study

of left and right otoliths were tested using analysis of
covariance (ANCOVA) (Zar 1999). The significance
of the regressions was detected using an analysis of

variance (ANOVA).

The descriptive statistics of fish total
and otolith dimensions are given in Table 1
for females and males and in Table 2 for entire

Otolith Length

]
’

Right Lapillus

Otolith Length

samples.

dimensions (LL: length. LW: width) in S. glanis from Siddikli Dam Lake.

L

Female Male

Variable n Range Mean=SD n Range Mean=SD ttest

TL (mm) 218-1075 562.9+135.8 201-1516 601.7+170.3 p>0.05
CAL(mm) | g |[15113-43350 |[2.6216£04298 |gg |[15375-4.9038 | 2.7506+0.4706 | p>0.05
“AH (mm) | 1.4750-4.2363 | 2.5487+0.4428 1.4213-4.9038 | 2.6680+0.4611 | p>0.05

TL (mm) 218-1075 574.2+131.1 201-1516 601.4+167.5 p>0.05
“LL(mm) | gg |[20038-5.8338 |3.5396+0.6338 | g, |1.9675-6.6963 | 3.6191+0.7081 | p>0.05
LW (mm) | 1.2787-3.6800 | 2.3189+0.3978 1.3238-4.1563 | 2.3485+0.4371 | p>0.05

length
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Table 2. Statistical comparison between left and right side of asteriscus and lapillus measurements in S. glanis from

Siddikli Dam Lake.
Variable Area  n Mean  Min Max Se Sd p
Left 27033 14938 5087 00345 00345
Asteriscus length (mm) 179 p>0.05
Right 2.6922 1.5113 4.9038 0.0341 0.4559
Left 2.6034 1.4400 4.5737 0.0333 0.4457
Asteriscus height (mm) 179 p>0.05
Right 2.6141 1.4213 4.9038 0.0341 0.4556
Left 3.5677 1.9850 7.1725 0.0499 0.6930
Lapillus length (mm) 193 p>0.05
Right 3.5824 1.9675 6.6962 0.0485 0.6743
) ) Left 2.3320 1.2787 4.2400 0.0288 0.4006
Lapillus width (mm) Right . 2338 12787 41563 00301 04186 P O%

Asteriscus length data was bigger than its height
data for both sexes. Similarly, Lapillus length
measurement was higher than its width measurement
both sexes. The differences in morphometric
measurements of left and right otoliths in both
asteriscus and lapillus were not statistically
significant (paired t-test, p > 0.05) (Table 2). Hence,
the right-side data of asteriscus and lapillus
dimensions were used for morphometric analysis. No
significant differences were observed between
otoliths dimensions of females and males
(t-test, p> 0.05). Therefore, otolith data of both the
sexes were pooled. The determination coefficients
(r?) of linear regressions were higher than non-linear
regressions, so all regressions were generated by a
linear model. AIll linear regressions were highly
significant (p< 0.001, ANOVA) and the regression
models explained more than 80% of the variance in
most of the cases (Figure 2 and 3). Asteriscus and
lapillus dimensions were all positively related to total
length, with r? values ranged from 0.847 to 0.944.
Among the linear regressions, asteriscus height was
recorded as the most appropriate model. The best fit
model for the relationships between asteriscus
dimensions and total length was TL-AH with r’=
0.944, while the best fit model was TL-LL with r?=
0.879 in between lapillus dimensions and total
length.

Observed total length ranged from 201 to 1516
mm while the predicted total length obtained linear
regressions ranged from 186.2 to 1348 mm (Table 3).
Non-statistically significant differences were found
between observed and predicted TL values for each

otolith measurement (t-test, P> 0.05). The mean
percent prediction errors ranged from 4.847 to 7.661
for asteriscus and lapillus measurements (Table 3).
The value of the mean (PE%) obtained asteriscus
height (AH) was lower than those of the other otolith
measurement. The regressions with high r2 have low

mean PE% values for asteriscus and lapillus
measurement.
1600 TL =333.62.AH- 287.94 °
12=0.944
- n=179
£ 1200
E
=
o
g 800
|
‘E
= 400
0
0 1 2 3 4 5 6
Asteriscus Height (mm)
1600
TL =331.22.AL - 307.56 L]
12=0.932
n=179
—
= 1200
E
-]
%" 800
|
E
& 400
0
0 1 2 3 4 5 6
Asteriscus Length (mm)

Figure 2. Relationships between fish length and asteriscus
dimensions in Wels catfish.
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Figure 3. Relationships between fish length and lapillus
dimensions in Wels catfish.

Discussion

There are many studies on the relationships
between fish length and otolith size for different
species (Granadeiro and Silva 2000; Yilmaz et al.
2015; Aneesh Kumar et al. 2017; Kanjuh et al. 2018;
Kurucu and Bostanci 2018). However, there is no
information is available on the otolith biometry of S.
glanis in Worldwide. For this reason, information on
relationships between otolith dimensions and total
length is given the first time in this study.

The studies on otolith biometry have focused on
the relationship between fish length and otolith
length (Granadeiro and Silva 2000; Viva et al. 2015;
Yilmaz et al. 2019). Also, the relationships between
fish length and different measurements (width,
height) of otolith were frequently defined in recently
(Yilmaz et al. 2015; Aneesh Kumar et al. 2017;
Kanjuh et al. 2018; Kurucu and Bostanci 2018).
Because the tip of the otolith rostrum or post-rostrum
may often be damaged, it is impossible to
predict fish length from the otolith length alone.
Therefore, the use of different measurements from
otolith is more reliable to calculate relationships
in studies on otolith biometry (Yilmaz et al. 2015).

Table 3. The mean percent prediction error (PE %) values for each variable of otolith in S. glanis from Siddikli Dam

Lake.

Observed TL (mm) Predicted TL (mm) PE %4+SD
Variable | n

Range Mean | £SD Range Mean | +£SD Range Mean | £SD
AL 201-1516 | 584.2 | 156.4 | 193.0-1316.7 | 584.1 | 151.0 | 0.077-19.925 | 5.182 | 4.054
AH e 201-1516 | 584.2 | 156.4 | 186.2-1348.0 | 584.2 | 152.0 | 0.140-20.038 | 4.847 | 3.438
LL 201-1516 | 588.8 | 152.1 | 247.4-1247.1 | 588.8 | 142.6 | 0.034-23.089 | 6.871 | 5.056
LW e 201-1516 | 588.8 | 152.1 | 236.6-1198.8 | 589.7 | 140.0 | 0.067-38.269 | 7-661 | 5.835
In this study, relationships between fish length and  biometry can change in the same fish species

length, width, and height of otolith were analyzed.
Similarly, the relationships between otolith
dimensions and fish length were determined in
various fish species to predict fish length from otolith
dimensions (Yilmaz et al. 2014; Aneesh Kumar et al.
2017; Kanjuh et al. 2018; Kurucu and Bostanci
2018).

Otoliths can also be used to estimate the size of
the prey and to reconstruct the predator diet
(Granadeiro and Silva 2000; Harvey et al. 2000). Fish
size can be functionally related to suitable otolith
dimensions and calculating relationships can be used
for predicting the size of fish (Granadeiro and Silva
2000). In general, linear model was preferred to
determine relationships between otolith dimensions
and fish size in previous studies (Harvey et al. 2000).
However, the best regression model for otolith

inhabiting different habitats (Bostanci et al. 2017).
Therefore, several models should be used for
explaining relationships the best in the manner that.
The model with the highest coefficient of
determination is chosen to explain the relationship
(Zar 1999). In the current study, both linear and non-
linear model was used to describe otolith dimensions-
fish total length relationships. According to the
results of the analysis using both models, linear
model provided the best fit for all relationships in this
study. Similar results were obtained in previous
studies in various fish species (Hunt 1992; Amouei et
al. 2013; Ider et al. 2017). Granadeiro and Silva
(2000) reported that non-linear functions provided
the best fit for Micromesistius poutassou and
Merluccius merluccius, while linear functions were
the best suitable relationships for Trisopterus luscus
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and Trachurus species. Yilmaz et al (2015) stated
that the nonlinear model best explained the
relationships between fish length and otolith
dimensions for Abramis brama, Blicca bjoerkna,
Carassius gibelio, and Scardinius erythrophthalmus,
however linear model was the most suitable model
for Chondrostoma regium in Lake Ladik.

Otoliths are often used in stomach content studies
of predator animals such as seabirds, mammalia, and
fishes (Pascoe 1986; Kemp et al. 2011; Polito et al.
2011), in paleontological studies (Bosnakoff 2011),
and in the detection of larval fish in the digestive tract
(Goémez et al. 2017). But the sex and length of the
prey fish are not known (Echeverria 1987). The
regressions obtained from all samples are needed for
those occasions when the sex is not known or when
the regressions were not considerably different
between sexes (Yilmaz et al. 2015). Among the sex,
measurements of the otolith do not always provide
the same estimate of prey fish length (Yilmaz et al.
2014), hence the measurements should be pooled
after adequate statistical analysis (Yilmaz et al.
2015). In this study, as there was no difference in
otolith measurements (AL, AH, LL, and LW)
between males and females, otolith data were pooled
according to statistical examinations. Besides, no
significant differences were found between all
measurements of the left and right otolith, so right
otolith data was used for all analyses. These findings
agree with the results of previous studies (Hunt 1992;
Alwany and Hassan 2008; Jawad et al. 2011). The
results of this study showed that there were positive
linear relationships between otolith dimensions and
total length of S. glanis. The r? values of the
regression  equations generated from each
measurement of asteriscus, and lapillus were higher
than 0.847. Besides, the values of the mean PE %
were lower than 7.661. This result showed that
asteriscus and lapillus parameters can be used for the
back-calculation of fish total length. However, the
strongest linear relationship was calculated between
AH-TL, with r?>= 0.944 for predicting total length in
Wels catfish.

In conclusion, this study represents the first
reference on the relationship between otolith
dimensions and fish length for Wels catfish
population. The linear model offered the best fit for
relations between otolith dimension and fish length.
The relationship between asteriscus height (AH) and
fish length (TL) was determined as a good indicator
for predicting the length of fish.
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Baraj Golii Ekosisteminde Dinoflagellatlardan Peridiniopsis cf. cunningtonii
(Lemmermann) Lemmermann Patlamasi1 Uzerine Bir Calisma

Iskender GULLE "2/ F. Banu YALIM?"2  Merve ULKU?

'Burdur Mehmet Akif Ersoy Universitesi Fen-Edebiyat Fakiiltesi Biyoloji Boliimii, Burdur
2Akdeniz Su Uriinleri Arastirma Uretme ve Egitim Enstitiisii Miidiirliigii, Antalya

6z MAKALE BiLGIiSi

Bu ¢alismada, Tiirkiye'nin batt Akdeniz Bolgesi’nde yer alan; enerji, taskin DERLEME

kontrolii ve sulama amaciyla kurulmus olan, ayrica balik¢ilik ve turizm

faaliyetleri i¢in de yararlanilan Karacaéren I Baraj Goli’nii besleyen iki 6nemli Gelis :04.03.2020
kaynak olan Isparta Cay1 ve Goksu Deresi’nin baraj goliine karisim noktasinda Diizeltme  :16.05.2020
asir1 alg cogalmalar (fitoplankton patlamasi) incelenmistir. Yogun algal geligim, Kabul . 03.06.2020
ilkbahar bagslarinda Isparta Cay1 ve Goksu Deresi’nin baraj goliine karistig1 nehir T
agz1 bolgesinde kizil-kahverengi belirgin bir bant olarak gézlemlenmistir. Gorsel Yayim :29.12.2020
olarak, alg patlamasi yogunlugunun nehir agzi bolgesinden lakustrin bolgeye
dogru azaldigi kaydedilmistir. 18 Mart 2014’de bu ortamdan alinan plankton ve
su Orneklerinde plankton patlamasina neden olan  organizmanin *
Dinoflagellata’dan Peridiniopsis cf. cunningtonii (Lemmermann) Lemmermann SORUMLU YAZAR
oldugu tespit edilmistir. Bu tiirlin en yiiksek yogunlugu Isparta Cay1 agzinda
26.997; Goksu Deresi agzinda ise 22.262 hiicre/ml olarak belirlenmistir. Ayrica
alg patlamasinin tespit edildigi sirada yogun balik 6liimleri gézlemlenmistir. Bu
sonuglardan hareketle, 6zellikle Isparta Cayr’ndan gelen kentsel atiklarin ve
Goksu Cayr’ndan gelen balik yetistiriciligi atiklarinin baraj goliinde alg
patlamalarini tetikleyebilecegi ve bu durumun gelecekte de ortaya g¢ikabilecegi
ongoriilmektedir.
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Anahtar kelimeler: Alg patlamasi, Dinophyceae, fitoplankton, tatlisu

A study on the Bloom of Dinoflagellates Peridiniopsis cf. cunningtonii (Lemmermann) Lemmermann in a Dam
Lake Ecosystem in Turkey

Abstract: Karacadren I Dam Lake is located in the South-Western Mediterranean of Turkey. Although it has been established for
energy, flood control, and irrigation, it is also used for fishing and recreational activities. An intense algal bloom was observed at
the riverine zone of Isparta and Goksu streams, two important sources feeding this reservoir. The phytoplankton bloom was observed
in the early spring as a dense reddish-brown band at the riverine zone of Isparta Stream and Goksu Creek were mixed into the
reservoir. Visually, it was determined that the intensity of algal bloom decreased from the riverine zone to the lacustrine zone of the
reservoir. On 18 March 2014, the organism causing the bloom in the plankton and water samples was determined to be Peridiniopsis
cf. cunningtonii (Lemmermann) Lemmermann from Dinoflagellata. The maximum cell density of species was determined as 26,997
cells/ml in the mouth of Isparta Stream and 22,262 cells/ml in the mouth of Goksu Creek. Besides, intense fish deaths were observed
at these dates during an algal bloom. Based on these results, it is predicted that especially urban wastes from Isparta Stream and fish
farming wastes from Goksu Stream may trigger algal blooms in the reservoir, and this situation may occur in the future.

Keywords: Algal bloom, Dinophyceae, phytoplankton, freshwater
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Giris daha fazla yayilis gostermektedirler. Bu grubu temsil

Tiim diinyada dinoflagellatlarm 259 cinsine ait  eden tiirlerin ¢ogu planktonik olup, bunlarin %17’si
2377 takson tespit edilmis (Gomez 2012a) olup, i¢ sularda yasamaktadir (Gomez 2012b). Tatlisu
bunlarin  250-300 kadar1 tathisularda dagilm  sistemlerinde yaygmn bilinen bir alg grubu olan
gostermektedir (Carty 2003). Dinoflagellatlar tathsu ~ Dinoflagellatlar, yasam  dongiilerinin  vejetatif
ckosistemlerine nazaran deniz ve gecis sularinda  evresinde planktonik formda yogun gelisim
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gosterirken, kist (dinlenme) evresinde bentikte
bulunurlar (Rengefors 2001).

Dinoflagellatlar tatlisu fitoplankton
komiinitesinin yaygin temsilcileri olmakla birlikte,
tatlisularda denizlerden daha az sayida tiirle temsil
edilirler. Bazi1 denizel tiirler c¢esitli toksinler
iiretebilmeleriyle taninirken, tatlisu tiirleri zararsiz
olarak bilinir. Tathisu temsilcileri bu zararsiz
oluslarina ragmen, patlama yaptiklarinda suya baliks1
tat-koku salmalar1 ve filtrasyon tinitelerini tikamalari
gibi nedenlerle 6zellikle evsel su temininde sorunlara
yol acabilmektedirler (Bowling 2009). Tathisu
dinoflagellatlar1 ototrofik ve heterotrofik yollarla
beslenmektedir (Carty 2003).

Tatlisu dinoflagellatlar1 denizel formlara nazaran
genellikle toksik olmayan, zararsiz alg grubu
(Rengefors 2001; Rengefors ve Legrand 2001; Carty
2003) olarak bilinmelerine ragmen, toksik
dinoflagellat artiglar1 da rapor edilmistir (Rengefors
2001; Rengefors ve Legrand 2001). Peridinium
bipes’in  algisit  fonksiyonunun  Microcystis
aeruginosa'nin ¢ogalmasi lizerinde inhibe edici bir
etki olusturdugu bildirilmis (Wu vd. 1998), yine baz1
Peridinium tiirlerinin patlama yapmasinin, igme
suyunda istenmeyen kokulara ve tarim endiistrisinde
ekonomik sorunlarin ortaya c¢ikmasma neden
olabilecegi kaydedilmistir (Kawabata ve Hirano
1995).

Diinyada ve Tiirkiye’de, tatlisularda
siyanobakteri tlirlerinin asir1 gelisimine yonelik ¢ok
sayida kayit bildirilmesine ragmen, dinoflagellat
tirleri ile ilgili bildirimler daha azdir (Furnas vd.
1990; Rengefors ve Legrand 2001; Viner-Mozzini
vd. 2003; Mohebbi vd. 2012; Zohary vd. 2012).
Tirkiye tatlisu sistemlerinde Peridiniopsis cinsi
iiyelerinin patlama yapmasiyla ile ilgili bir bildirim
bulunmamakta olup, ¢aligmamiz bu agidan ilk olma
Ozelligi tasimaktadir.

Bu c¢alismada, Tirkiye'nin bati Akdeniz
kesiminde yer alan; balik¢ilik, sulama ve turizm
faaliyetleri i¢in kullanilmakta olan Karacadren I
Baraj Goli sisteminde, golii besleyen iki Onemli
akarsuyun nehir agzi bolgelerinde (Isparta Cay1 ve
Goksu Deresi) fitoplankton patlamasina yol acan
Dinoflagellata tiirliniin  durumu ve baraj golii
ekolojisine iliskin bulgularimiz degerlendirilmistir.

Materyal ve Metot

Karacadren I Baraj Golu (KBG) 1990 yilinda
Isparta, Burdur ve Antalya illerinin kesistigi noktada
Aksu Nehri iizerine sulama, tagkin kontrol ve enerji
amagli kurulmustur. Baraj goliiniin yiizey alan1 45,5
km?, ortalama derinligi 27 m’dir (DSI 2019).
KBG’nin baglica su gelirini Isparta Cayi, Goksu
Deresi ve kii¢iik mevsimsel dereler olusturmaktadir.
Yaklasik 6 bin km? drenaj alanina sahip olan Isparta

Cay1, Isparta ve Egirdir yerlesimlerinin drenaj
sularin1 gole tasimakta olup, cesitli arastirma ve
raporlarda kirliligin en yiiksek oldugu sicak noktalar
olarak bildirilmektedir. Goksu Deresi ise evsel ve
endiistriyel ~atiklardan ziyade, yogun kiiltiir
balikgiligt  (gokkusagi alabaligr  yetistiriciligi)
faaliyetlerinden gelen organik madde, azot ve fosfor
yiikii ile sistemi kirletmektedir.

Dinoflagellat patlamasi sirasinda, 18 Mart 2014
tarihinde, plankton ve su ornekleri Isparta Cay1 ve
Goksu Deresi’nin gole karisim bdolgesinden, yani
agir1 alg gelisiminin tespit edildigi iki noktadan
almmustir (Sekil 1). Nicel amagli 6rnekler dogrudan
g0l suyundan alinarak 0,5 L hacimli plastik kaplarda
%1°lik Lugol ¢ozeltisi ile tespit edilmis, tiir tayini
icin dijital kamera donanimli Nikon marka 151k
mikroskobu ve invert mikroskobu kullanilarak
fotograflart ¢ekilmistir. Patlama glsteren
dinoflagellat taksonunun teshisinde Carty (1989,
1993, 2003, 2014), Lewis ve Dodge (2002), Hansen
ve Flaim (2007), Cavalcante vd. (2017) ile Guiry ve
Guiry (2020)’den yararlanilmistir.  Fitoplankton
yogunlugunun belirlenmesinde improved Neubauer
tipi sayim hiicresi kullanilarak binokiiler 151k
mikroskopunda x100 ve x200 biiylitmede sayimlar
yapilarak sonuglar1 hiicre/ml olarak verilmistir.

S

RACAOREN I. BARAJ GOL|

dieed 2 km

Olgek:1/67.000

Sekil 1. Caligma alan1 haritas1 ve 6rnekleme noktalar1 1:
Isparta Cay1 mansabi, 2: Goksu Deresi mansabi.

Figure 1. Map of the study area and sampling points 1:
Downstream of Isparta Stream, 2: Downstream of Goksu
Creek.

Ayrica, bazi fiziko-kimyasal parametreler (su
sicakligi, pH, ¢Ozinmiis oksijen, oksijen
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doygunlugu, Secchi diski goriiniirligii, elektriksel
iletkenlik ve tuzluluk) tasinabilir cihazlar ile yiizey
suyundan yerinde (in situ) 6l¢tilmiistiir. Toplam N ve
Toplam P i¢in yiizey suyundan alinan numuneler
spektrofotometrik yontemler ile analiz edilmistir.
Klorofil-a analizleri i¢in 2,5 L hacimli koyu renkli
plastik siselere 0,5 m derinden alinan gol suyu
ornekleri aninda %0,1°lik Mg(HCOs), ilavesi ile
tamponlanarak %90’lik aseton 0Oziit yontemiyle
APHA (2005)’ya gore analiz edilmistir.

Bulgular

KBG’yi besleyen Isparta Cay1 ve Goksu
Deresi’nin nehir agz (riverin) bolgesinde 18 Mart
2014’de plankton patlamasi esnasinda yapilan 6l¢tiim
ve analiz Tablo 1’de verilmistir. Buna gore, Isparta
Cay1 mansabinda Ol¢iilen su sicakligi ve elektriksel
iletkenlik hari¢ diger fiziko-kimyasal parametrelerin
Goksu Deresi mansabina gore daha yiliksek oldugu
gorlilmiistiir.

Tablo 1. Karacadren I Baraj Goli'nil besleyen Isparta
Cay1 ve Goksu Deresi mansaplar1 6rnekleme noktalarinin
baz1 su kalitesi degerleri.

Table 1.Some water quality values of sampling points of
downstreams of Isparta Stream and Goksu Stream which
feed Karacaéren I Dam Lake.

Isparta Goksu

Parametre Cay1 Deresi
nehir agzi nehir agz1

Su sicakligi (°C) 16,1 17,5
pH 7,5 9,0
Coziinmiis oksijen (mg/L) 23,3 10,9
Coz. oks. doygunlugu (%) 235 110
Elektriksel iletkenlik 495 334
(uS/cm)
Tuzluluk (%o S) 0,20 0,20
Toplam azot (mg N/L) 1,250 0,120
Toplam fosfor (mg P/L) 0,235 0,020
Klorofil a (ug/L) 136,49 112,407
Secchi diski goriiniirligi 06 14

(m)

Alg patlamasina neden olan dinoflagellat
bireylerinin  dogrudan 151tk  mikroskobunda
yaptigimiz  morfolojik inceleme ve  metrik
Olgtimlerine gore Peridiniopsis cf. cunningtonii
(Lemmermann) Lemmermann 1910 oldugu tespit
edilmistir (Sekil 2). Hiicre armudi bi¢imli, epiteka
konik yapili ve hipotekadan biraz daha uzun, canh
hiicreler haki-altuni renkli ve g6z noktasina sahiptir
(Sekil 2a,b,c). Hipoteka yuvarlak veya bazen hafif
koseli ve genellikle 4 adet bariz ve giiclii diken
bulundurmakta, bu dikenler nadiren 6 adet
olabilmektedir. Plakalar {izerinde sigil benzeri
cikintilar ile 6zellikle hipotekada bazi bireylerde ana

dikenler arasinda yer yer kiigik dikencikler
bulunabilmektedir. Apikal por ¢ikintist belirgin olup,
hafifce boynuzumsu bir goriinim almistir. Isik
mikroskobu ile tespit edebildigimiz epitekal plaka
deseni Po, X, 4’, la, 6” seklindedir (Sekil 2d-j) .
Hiicre uzunlugu 27-31 (ort. 29) um ve genisligi 23-
25 (ort. 24) um biiyiikligiindedir.

Tiirlin teshisi konusunda; P. cunningtonii ile P.
quadridens ve P. thompsonii taksonlarinin benzerligi
oldukca fazla oldugundan siklikla  yanlis
tamimlamalar yapilabilmektedir (Carty 1989, 2014;
Hansen ve Flaim 2007). Bu konunun farkinda olarak,
yaptigimiz epitekal plaka formiilasyonu, hiicre
biytikligii ve diger anatomik ozellikler tiirtin P. cf.
cunningtonii  oldugunu gostermistir.  Yine de,
dinoflagellatlarin tanisinda ¢ok dnemli bir yontem
olan, plakalarin elektron mikroskobu goriintiileme
tekniginin de kullanilmasi, tiiriin tanimlanmasi
konusunda  daha  kesin  sonu¢  alinmasini
saglayabilirdi.

Asirt iireme (alg patlamasi) olaylar Isparta Cay1
ve GoOksu Deresi’nin baraj goliine karistigi alanda
kizilimsi-kahverengi bir bant veya bdlge olarak
gbzlemlenmistir. Bu belirgin duruma sadece baraj
goliiniin  gegis (riverin-transisyonal) bolgesinde
rastlanmugtir (Sekil 3).

Sekil 3. a: Isparta Cayr mansabinda P. cf.
cunningtonii patlamasi sirasinda yiizey suyunda
gorillen degisimler b: alg patlamasi aninda
dogrudan alinmig g6l suyu 6rnegi, c: gol suyundaki
P. cf. cunningtonii hiicrelerinin sudaki dogal
yogunluk durumlarimin 1sitk mikroskobu altindaki
goriintiisii.

Figure 3.a: Changes in the surface water downstream
of Isparta Stream. during the: P. cf. cunningtonii
bloom b: lake water sample taken directly at the time
of algal bloom, c: Image of natural density of P. cf.
cunningtonii  cells in lake water under light
microscopy.
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Sekil 2. P.cf. cunningtonii hiicrelerinin 151k mikroskobu goriintiileri a, b, ¢: genel hiicre morfolojisi, oklar goz
noktasini gostermektedir; d, h: epiteka interkalari (ara) plaka apikal goriiniis ve tabiilasyon; e, f, j: bos teka
ventral goriiniis; g, i: bos teka dorsal goriiniis.

Figure 2. Light microscopy images of P.cf. cunningtonii cells a, b, c: general cell morphology, arrows show

eyepoint; d, h: epiteka intercalari (intermediate) plate apical view and tabulation; e, f, j: empty frustule ventral
view; g, i: empty frustule dorsal view.

P. cf. cunningtonii yogunlugu Isparta Cayr  maksimum 22.262 (ort. 7.985) hiicre/ml olarak tespit
mansabinda maksimum 26.997 (ort.12.905) hiicre/ml  edilmistir. Her iki bélgedeki P. cf. cunningtonii’nin
olarak sayillmistir. Goksu Deresi mansabinda ise  fitoplankton kompozisyonu igerisindeki anlik
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baskinlik durumu sirast ile %96,26 ve %90,43 olarak ~ bulunmustur (Tablo 2).

Tablo 2. Alg patlamas1 aninda P. cf. cunningtonii hiicre sayis1 ve baskinlik durumu.

Table 2. Cell number and dominance state of P. cf. cunningtonii during algal bloom.

1. istasyon 2. istasyon

Isparta Cay1 Mansabi Goksu Deresi Mansabi
Orneklem mesafesi Say1 Baskinhk* Say1 Baskinhk
(hiicre/ml) (%) (hiicre/ml) (%)

1- Alg patlamasinin en yogun yeri 26.997 96,26 22.262 90,43
2- Alg patlamasi noktasina 100 m 9.325 90,30 875 60,47
3- Alg patlamasi noktasina 200 m 2.394 71,42 819 65,52
Ortalama 12.905 92,79 7.985 87,70

Tartisma ve Sonug¢

Peridiniopsis cinsinden diinyadan 15 (Gomez
2012a) Tiirkiye’den ise 8 tiir (Goniilol 2020) kaydi
verilmis olup, P. cunningtonii’ye ve birbirlerine ¢ok
benzeyen P. quadridens ve P. thompsonii (Hansen ve
Flaim 2007; Carty 2014) tiirleri de Tiirkiye florasinda
yer almaktadir (Goniilol 2020). Ancak, tlkemiz
tatlisu ekosistemlerinde Peridiniopsis patlamasina
iligkin literatiire rastlanilmamistir. Bu tiiriin Diinya
genelinde tatlisularda patlama yaptigina dair kayitlar
cok fazla olmayip, Carty (2003) Japonya’daki bir
baraj goliinde, yaz aylarinda 17 °C’nin {istlindeki su
sicakliginda, patlama sirasindaki yogunlugu 40.000
hiicre/ml olarak bildirilmistir. Calismamizda da su
sicakligiin  16-17 °C  olmast literatlir ile
benzesmektedir. Fakat, Italya icsularinda bu tiiriin
Temmuz-Agustos donemlerinde ortaya ¢iktig
bildirilmektedir (Hansen ve Flaim 2007).

Cinsin bagka bir taksonunun, Peridiniopsis
penardii, Japonya’da kig-ilkbahar ~doneminde
patlama yaptigi  bildirilmistir  (Carty  2003).
Shimokubo Baraj Go6li’nde 1972 ve 1973 yillarinda
Subat sonundan Mayis’a kadar akarsu girisinden 20-
40 m uzaga kadar olan mesafede, siddetli Peridinium
sp. patlamasi sirasinda en yiiksek yogunluk 93x10°
hiicre/ml ve klorofil a degeri 2700 pg/l olarak
kaydedilmis; bunun nedeninin uygun giines 1s181, su
sicakligl, suyun sertligi ve kanalizasyon desarjina
bagli olabilecegi bildirilmistir (Nakamoto 1975).
Calismamizda belirlenen en yiiksek hiicre yogunlugu
(26.997 hiicre/ml) yukarida verilen, Nakamoto
(1975) ve Carty (2003)’nin verilerinden daha diisiik
bulunmustur.

P. cunningtonii Amerika, Japonya (Carty 2003),
Norveg (Nordic Microalagae and Aquatic Protozoa
2013), Brezilya (Cavalcante vd. 2017), Italya
(Hansen ve Flaim 2007) ve Israil (Zohary vd. 2012;
2014) gibi bir¢ok iilkede sik¢a rastlanilan ve zaman
zaman yogun gelisim gosterebilen bir tiirdiir.
Rengefars (2001), fotosentetik tatlisu dinoflagellat
popiilasyonlariin yil iginde siirekli olmadigini, en
yiiksek popiilasyon yogunluguna iliman bolgelerde

yaz veya kis sonunda; subtropikal bdlgelerde ise
karisim déneminin sonunda rastlandigini
bildirmektedir. Israil’de bulunan tathsu 6zelligindeki
Kinneret Golii’niin baskin fitoplankton gruplaridan
biri de dinoflagellatlardir. Bu gruptan patlama
olugturan  baslica  dinofalagellat  taksonlari,
Peridinium, Ceratium, Peridiniopsis cunningtonii ve
Peridiniopsis elpatiewskyi’dir. Son ikisinin 6zellikle
Mart-Haziran aylar1 arasinda etkili patlama
olusturabildigi bildirilmektedir (Zohary vd. 2012).
Kawabata ve Hirano (1995) tarafindan, Japonya’daki
Ishitegawa rezervuarinda red-tide olayina sebep olan
Peridinium penardii’nin spesifik biiylime hizi,
hiicresel azot ve fosfor igeriklerindeki degisiklikler
arastirilmig, en yiiksek P. penardii yogunlugu;
8 °C’de 2,5x10* hiicre/ml olarak kaydedilmistir.
Calismamiz sirasinda, her iki érnekleme noktasinda
¢cOziinmils oksijen konsantrasyonunun yiiksek
Olciilmesi  fotik bolgedeki yogun fotosentez
etkinliginden kaynaklanmaktadir. Benzer sekilde
M. aeruginosa’nin asir1 liremesinin tespit edildigi
Aras Baraj Goli’nde ¢oziinmiis oksijen degeri (17,2
mg/1) yliksek bulunmustur (Mohebbi vd. 2012).

Cesitli trofik siiflandirma indekslerine gore; her
iki ornekleme noktasi incelendiginde klorofil a,
toplam azot, toplam fosfor wve Secchi diski
gorlinlirliigli  degerleri Niirnberg (1996)’e gore
ortamin hipertrofik, OECD (1982)’ye gore otrofik
olduguna isaret etmektedir. Ancak bir ortamin dogru
ve gercek trofik durum siniflandirmasinin yil boyu
elde edilecek veriler 1s1ginda  yapilabilecegi
unutulmamalidir. Calisma alam1  sadece akarsu
mansaplari ile smirli oldugundan, gdl geneli i¢in
dogru bir 6ngodrii vermese de, dnceki yillarda gol igin
yapilan  trofik  siniflandirmalarda  rezervuarin
mezotrofik durumda oldugu bildirilmistir (Gtille
2005; Yalim vd. 2014). Hansen ve Flaim (2007), P.
cunningtonii’nin Italya igsularinda mezotrofik-
otrofik kosullarin gostergesi oldugunu
bildirmektedir.

Aksu (Isparta) Cayr’nin su kalitesi ve fiziko-
kimyasal parametrelerinin makro-omurgasiz
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cesitliligi  lizerine etkilerinin arastirldigi  bir
calismada, evsel atiksu karistminin yogun oldugu
Isparta Cayi’nda (Sekil 4) su kalitesi parametrelerine
gore kirlilik ylikiiniin c¢ok daha yiiksek oldugu
bulunmustur (Kalyoncu vd. 2008). Ozel vd. (2019),
Isparta Cayr’nin baraj goliine yaklastigt bir
bolgesinde, saprobi indeksine gore akarsuyun beta-
mezosaprobik aralikta oldugunu belirlemislerdir.
Bulut vd. (2012), Goksu Deresi (Sekil 5) {izerinde
toplam 820 ton/y1l porsiyonluk ve 58 milyon adet/y1l
yavru alabalik tiiretim kapasitesine sahip olan
isletmelerin  fiziko-kimyasal ve mikrobiyolojik
parametreler acisindan akarsuyu kabul edilemez
derecede kirletmekte oldugunu bildirmistir. Ancak,
bu saptamanin tam tersi yonde bir bulgu olarak,
Isparta Cay1 mansabi yillik ortalama BOI (4,9 mg/l
02) ve KOI (17,1 mg/l O) degerleri ile Goksu Deresi
mansab1 yillik ortalama BOI (1,8 mg/l O2) ve KOI
(6,2 mg/l Oz) degerlerinin, Yeristi Su Kalitesi
Yonetmeligi (Kitai¢i Yeriisti Su Kaynaklarinin
Smiflarina Gore Kalite Kriterleri RG: 29327)
acisindan [ smmf su kalitesini isaret ettigi

belirtilmistir (Ulkii 2016).

Sekil 4. Evsel ve kentsel atiklarin baraj gdliine giris yaptigi
Isparta Cay1r mansabi (sol) ve yogun alabalik iiretim
giftliklerinden ¢ikan sulari goéle tasiyan Goksu Deresi
(sag).

Figure 4. Downstream of Isparta Stream (left), where
domestic and urban wastes enter the reservoir, and Goksu
Stream (right), which carries water from intensive trout
farms to the reservoir.

P. cf. cunningtonii patlamasinin, Isparta
Cay1’ndan ve Goksu Deresi’nden gelen inorganik ve
organik madde yiikii fazla olan soguk sularin, daha
sicak (16-17 °C) ve durgun olan baraj golii suyu ile
karistign gecis bolgesinde olustugu ve lakustrin
bolgede etkisini kaybettigi  goriilmiistiir. Bu
sonuclardan da anlasilacagi {izere; ani artan su
sicakligr ile kistlerin uyanma siirecine girmesi ve
karma beslenme (ototrofik+heterotrofik) yeteneginin
P. cf. cunningtonii’nin asir1 ¢ogalmasina neden
oldugu diisiiniilebilir.

Isparta Cayr ve Goksu Deresi’nin baraj golii
karigim bolgesinde alg patlamasi sirasinda ve
sonrasinda, zaman zaman halkin ve yoneticilerin de

dikkatini ¢cekecek bigimde, biiyiik boyutlu toplu balik
Olimleri gozlemlenmistir (Sekil 5).

Balik oliimlerinin dinoflagellat kaynakli mu,
yoksa anaerobik kosullardan veya baska bir toksik
ajandan mu kaynaklandigini belirlemek miimkiin
olamamistir. Ancak birbirinden olduk¢ca wuzak
mesafede yer alan her iki akarsu agzinda da balik
Oliimlerinin goriilmiis olmasi, gol genelinde etkili
olan bir durumu ¢agristirmaktadir.

Literatiirde yaygin olarak bilindigi sekliyle, her
ne kadar tatlisu dinoflagellatlarimin toksik etkiye
neden olmadig (Carty 2003; Bowling 2009)
bildirilmekle birlikte, bu goriisiin sorgulanmasi
gerektigini gosteren kanitlar da bulunmaktadir.

Bu baglamada, tatlisu dinoflagellatlarinin neden
oldugu toksik patlamalara iliskin bazi bildirimlere
gore; Peridinium ve Peridiniopsis cinslerine ait

tirlerin  toksin  iiretebilecegi  Ongoriillmiistiir.
Peridiniopsis  polonicum’un  Japonya'daki  bir
rezervuarda balik Oliimlerine neden oldugu;

Peridinium bipes’in M. aeruginosa iizerinde algisit
bir etkiye sahip oldugu gosterilmistir. Yine,
Peridinium  aciculiferum  tarafindan iiretilen
toksinlerin, Isve¢’in Milaren Golii'ndeki ticari 6nemi
olan balik larvalarinin biiyiik 6lgekli 6liimiinde etkili

olabilecegini gosteren kanitlar s6z konusudur
(Rengefors 2001).
Toksik  tathsu  dinoflagellatlarinin ~ balik

Olimlerine ve alg tiirleri iizerine algisit etkisi
(alelopatik etki) gosterdigine yonelik arastirmalar
bulunmasina ragmen, P. cunningtonii’nin toksisitesi
ile ilgili bir kayda rastlanilmamistir (Kawabata ve
Hirano 1995; Wu vd. 1998; Rengefors ve Legrand
2001; Viner-Mozzini vd. 2003; Zohary vd. 2012).

Sekil 5. Calismamiz sirasinda Isparta Cayr mansabi (sol)
ve Goksu Cayr mansabinda (sag) goriilen kitlesel balik
Oliimleri.

Figure 5. Mass fish mortality observed downstream of
Isparta Stream (left) and downstream of Goksu Stream
(right) during our study.

Tathisulardaki toksik dinoflagellat patlamalari
muhtemelen kayda gecen vakalardan daha sik
goriilmekte olup, bu durum habitatin biyotasi
iizerinde biiyiik bir etkiye neden olabilmektedir.
Dinoflagellat patlamasinin ve toksisitesinin yol actig1
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potansiyel balik Oliimlerine ek olarak, i¢gme suyu
kaynagi olarak kullanilan sistemlerde su kalitesi
yonetimi agisindan da kaygiya neden oldugu
bildirilmektedir (Rengefors 2001).

04/07/2017 tarih ve 311 sayili Orman ve Su Isleri
Bakan oluru ile onaylanan “Karacaoren I-1l Baraj
Golleri Ozel Hiikiimleri” cergevesinde i¢me ve
kullanma suyu rezervuari olan her iki baraj golii igin
su kalitesinin  korunmas1 ve siirdiiriilebilir
kullaniminin saglanmasi kapsaminda hukuki ve
teknik esaslar olusturulmustur. Bunun yaninda
balikgilik, turizm ve tarimsal amagli faaliyetler igin
de kullanilan baraj goliinde niitrient konsantrasyonu,
fitoplankton kompozisyonu ve diger limnolojik
parametrelerin insan ve ¢evre saghiginin bir
gostergesi olarak izlenmesi gerekmektedir.
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Bakanlig1 Tarimsal Arastirmalar ve Politikalar
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Cah Agiz Ciice Vatozun (Ancistrus dolichopterus) Akvaryum Kosullarinda Uremesi ve Gelisimi Uzerine Bir On
Calhisma

Oz: Vatozlarm ciice tiirleri 6zellikle kiigiik akvaryumlar icin tercih edilirler. Genellikle tank temizleyiciler olarak adlandirilirlar ve
siis baliklar sektoriinde siklikla ticaretleri yapilir. Bu baliklar gececildir ve iireme performanslari ve larval gelisimlerini gozlemek
zordur. Bu calismada, ¢ali agiz ciice vatozun (Ancistrus dolichopterus) akvaryum kosullarinda tiretimi iizerine bir deneme
yiritilmistiir. Denemede, baglangi¢ agirligi ve total boyu ortalama 10,5+0,3 g ve 9,5+0,2 cm olan ¢ali agiz vatozlar 1:2 (erkek:disi)
orani ile 240 L akvaryumlarda stoklanmistir. Calisma, alti ay boyunca ii¢ tekrarli olarak gergeklestirilmistir. Disiler ortalama
39,78+0,41 adet yumurta birakmig, déllenme ve yumurtadan ¢ikis oranlari sirasiyla %75,05 ve %62,94 olarak kaydedilmistir.
Yumurtadan larvaya gegis siiresinin 105,28 saat siirdiigii ve ¢ali agiz vatozun yumurta ve yavru evreleri arasinda ayirt edilemez bir
gelisme gosterdigi ve gercek bir larval gegis evresine sahip olmadiklari bulunmustur. Calismanin sonuglari gelisimsel 6zellikleri
gozlemlenmesi zor olan bu siis balig1 tiirliniin gelisimi hakkinda temel bilgiler saglamustir.

Anahtar kelimeler: Siis baligi, vatoz, Ancistrus dolichopterus, yumurta tiretimi, larva
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Introduction the US have a freshwater aquarium and 1.6% have a

The aquarium is a popular hobby, practiced by ~ marine aquarium in their homes (APPA 2020). The
aquarists or aquarium enthusiasts, and created a vast ~ growth of this sector continues with an annual rate of
industry all over the world. American Pet Products  above 10% (Bassleer 2015; Dey 2016). In 2017, the
Association reported that 11.5% of the pet owners in  total of import and export values of ornamental fish
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trade reached 628,000 $ (FAO 2017) and the
estimated value of the aquarium sector attained
approximately 15-30 billion $ with the side materials,
including  technical equipment, decorations,
ornamental fish food, medicines, additives,
chemicals, and others (Penning et al. 2009; Dey
2016). However, as in every sector, a rapid
consumption policy in the aquarium sector is one of
the biggest problems, which may stop or even reverse
this growth. Therefore, encouraging the fish (or other
species, such as invertebrates, plants, etc.) production
at every stage of consumption will ensure the
continuity of the growth in the sector.

Up to 90% of the freshwater fish in the aquarium
industry is supplied by aquaculture (Oliver 2001).
Agquarium fish farming is carried out in glass
aquariums as well as in more advanced recirculating
aquaculture systems (RAS) in modern hatcheries and
production facilities. However, it is very important to
integrate the production experiences, culture
practices, determination of the specific requirements
of the species as well as technological developments
for the production of aquarium fish whose number
exceeds 7000 (Marranzino 2018). In Turkey, the
aquarium trade turned into a professional sector after
the 1980s. Different species of ornamental fish have
been imported since then (Tiirkmen and Alpbaz
2001). However, diversity and number of fish species
in the market continue to increase.

Cichlids, livebearers, labyrinths, cyprinids,
catfish, and tetras are important groups of aquarium
fish (Hill and Yanong 2010). Among these groups,
catfish species are called “tank cleaners” because
they take on an important mission like cleaning the
aquarium. Especially in small aquariums, dwarf
species are more preferred. The bushymouth catfish
(Ancistrus dolichopterus) is one of the popular of this
group (exporter code L183) and commercially
important in the trade (Evers and Siedel 2005; Reis
and Lima 2009). This species is originated from the
Amazon Basin and the Rio Negro River, Trombetas
River, Tefé River, Madeira River, and Tapajos River
(FishBase 2020). The fish is a demersal species that
inhabit in the fast-flowing and clean waters (Reis and
Lima 2009). They reproduce at night, mostly in
hiding spots and shaded areas. The male prepares the
nest, which is called “pseudo-nest”, and then the
females lay the eggs in the cleaned area (Brysiewicz
et al. 2011). The spawning of this fish is difficult to
observe. The frequency of spawning events is low in
culture conditions (Willis 2020), which reduces the
observation chance.

There are very limited studies about the
reproduction and larval development of Loricariids
(Schmidt 2001; Secutti and Trajano 2009; da Rocha

Perini et al. 2010; Brysiewicz et al. 2011; Jumawan
et al. 2014) and these information gaps should be
filled. Therefore, this study aimed to evaluate the
basic development stages from egg to larvae of
bushymouth catfish at an hourly basis and to present
some reproductive performance parameters.

Materials and Methods

Rearing system and fish

The study was carried out in the Aquarium Unit,
Faculty of Fisheries, Izmir Katip Celebi University,
Izmir, Turkey. In the experiment, three 240-L glass
aquariums (120x50x40 cm) were used. Aeration was
supplied to each aquarium from a central blower with
a power of 1.75 kW. A biochemical filter (Xinyou
XY 380, China) was also installed at the end of the
air hose in each aquarium to control the ammonia
levels and provide particle filtration. The municipal
water that was left for 2 days to remove chlorine and
adjust the temperature of the water was used in the
aquariums. About 30% of the aquarium water was
renewed twice a week with dechlorinated tap water.
The photoperiod was maintained at 10:14 (light:
dark). Unconsumed feeds and fecal wastes were
removed from the aquariums by siphoning. Clay
pseudo-nests were placed in aquariums to provide
spawning ground and broodstocks were regularly
followed up for 6 months.

Nine bushymouth catfish (Ancistrus
dolichophterus) were obtained from an importer
company (Istanbul, Turkey). The fish were stocked
into the aquariums after the transportation and
adapted to the conditions. At the beginning of the
trial, the weight and total lengths of bushymouth
catfish were measured and recorded as an average of
10.5+£0.3 g and 9.5+0.2 cm, respectively. Three fish
were stocked to aquariums with 1:2 (male: female)
ratio. Bushymouth catfish broodstocks were fed to
near satiation twice daily with 1 mm commercial
trout pellets (51% protein, 15% lipid).

Evaluation of reproduction parameters

After each mating and spawning, females were
removed from the aquariums. The eggs were checked
daily in all pseudo-nests to collect reproductive
performance data. Since the eggs are sticky, only
unfertilized eggs were removed whereas healthy eggs
were left in the nests so as not to disturb. Then, a
routine daily check was made and the number of dead
eggs, if any, was recorded and removed from the
aquariums. The eggs, larvae, and offspring in the
pseudo-nests were counted monthly (November
2017-April 2018) at each stage. According to these
data, average seed production (ASP), fertilization
rate (FR), and hatching rate (HR) parameters were
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calculated according to the following formulas;

ASP = Average of total collected eggs from each
treatment

FR = 100 - [(Number of total eggs - Number of
non-fertilized eggs) / Number of total eggs x 100]

HR = Number of living larvae / Number of total
eggs x 100.

Monitoring of developmental phases

The pseudo-nests were observed twice daily
(Jumawan et al. 2014) and the main stages from egg
to offspring were divided into four categories
(Geerinckx et al. 2008): egg, prominence of the head
and tail, larvae with yolk sac, and offspring.
Transition times between these categories were
recorded hourly and photographed with Sony Cyber-
shot DSC-W320. Eggs laid at night were not
evaluated for this parameter due to the uncertainty of
spawning time.

Water parameters

Temperature, dissolved oxygen (DO), salinity,
pH, total dissolved solids (TDS), and
electrical conductivity (EC) were measured in situ
with a multi-parameter device (WTW 3420i SET).

Analysis  of nutrient  elements including
ammonium-nitrogen (indophenol blue method),
nitrite-nitrogen  (diazotization method), nitrate-

nitrogen (cadmium reduction method), phosphate
phosphorus  (phosphomolybdenum method) was
performed using a spectrophotometer (Hach Lange
DR 6000).

Table 1. Average water parameters in the experimental
aquariums during the study.

Mean Value
Water Parameters (AS.E.)
Temperature (°C) 25.99+0.09
Dissolved oxygen (mg/L) 7.52+0.03
pH 7.50+0.07
Salinity (%o) 0.68+0.05
Conductivity (mS/cm) 1.3240.08
Hardness (°dH) 10.08+0.12
Total dissolved solids (mg/L) 1271.33+75.19
Ammonium nitrogen (mgNH4*-N/L) 0.05£0.01
Nitrite nitrogen (mgNO2-N/L) 0.09+0.01
Nitrate nitrogen (mgNO3™-N/L) 0.17+0.01
Phosphate phosphorus (mgPO4*-P/L) 1.01+0.02

During the study, the water parameters of the
experimental aquariums were recorded daily, and

the mean values are presented in Table 1.
Mean values were measured as 25.99+0.99 °C
for temperature, 7.524+0.03 mg/L for DO, 7.50+0.07
for pH, 0.68+0.05%0 for salinity, 1.32+0.08 mS/cm
for conductivity, and 1271.33£75.17 mg/L

for TDS.

Data presentation

Trial data were recorded monthly in the
Microsoft Office Excel 2018 program and mean
[FAVERAGE (dataset)] and standard error
[=STDEV.S(dataset)/SQRT(n)] values were

calculated. The graphics were created with the same
program.

Results

The reproduction parameters of bushymouth
catfish are shown in Table 2. The ASP of
all months was found as 39.78+0.41 and the total
number of eggs was 238.67+1.20. The mean
number of fertilized eggs was counted as
178.67+0.88 and the FR was calculated as
75.05%1.39%. The mean number of living larvae was
noted as 149.67+1.20 and the HR was calculated as
62.94+0.70%.

Table 2. Reproductive performance of bushymouth catfish
during the experiment.

Reproduction Parameters Mean Value (+S.E.)
Average seed production 39.78+0.41
Mean number of laid eggs 238.67+£1.20
Mean number of fertilized eggs 178.67+0.88
Fertilization rate (%) 75.05+1.39
Mean number of living larvae 149.67+1.20
Hatching rate (%) 62.94+0.70

Monthly numbers of total seeds (laid eggs,
fertilized eggs, and living larvae) are shown in Figure
1. The highest number of laid eggs was observed in
January with 41.00+1.15. A higher number of
fertilized eggs and living larvae were observed in
March with 31.33+0.67% and 25.33+0.33%,
respectively.

Larval development of bushymouth catfish
at an hourly basis is given in Table 3, where
the time when the egg was spawn was assumed to be
the zero. The prominence of the head and tail
took 55 h, consumption of the yolk sac 85 h,
and the transition to larvae stage 105 h.
These developmental stages are displayed in
Figure 2.

Table 3. Transition times of basic pre-larval and larval development phases of bushymouth catfish.

Development Phase Time (h)

Prominence of the head and tail 55.17+0.85
Consuming the yolk sac 85.224+0.78
Transition to larvae stage 105.28+0.79
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Figure 1. Monthly number of eggs laid, fertilized eggs, and living larvae of bushymouth catfish.

of the yolk sac, D: larvae stage, E: juveniles.
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Discussion

The results of the present study displayed that this
species could reproduce easily under suitable
conditions. Especially water parameters appeared to
be one of the main important factors for breeding
success in ornamental fish culture. For instance, in
the present study, water temperature accelerated
breeding events. Fish embryos and larvae are more
sensitive to temperature than their adults (Wood and
McDonald 1996). In a study carried with convict
cichlid (Archocentrus nigrofasciatus), Vlahos et al.
(2015) reported the rate of yolk sac consumption of
larvae at 27 °C consumed the yolk sacs faster than
those at 23 °C. In the previous studies carried with
Loricariids, the water temperature was held at 24 °C
for black armored catfish Rhinelepis aspera (da
Rocha Perini et al. 2010), bushymouth catfish
Ancistrus dolichopterus (Brysiewicz et al. 2011), and
suckermouth sailfin catfish Pterygolichthys pardalis
(Jumawan et al. 2014). However, Petrovicky (1985)
and Rymkiewicz (1988) suggested that the optimum
water temperature for the embryonic development of
bushymouth catfish is 25 °C. In this study, we kept
the water temperature at 25.99 °C and observed an
acceptable spawning and development. When
considering the literature data, it can be concluded
that water temperature between 24 and 26 °C seems
to be optimum for the breeding of bushymouth
catfish. There is a paucity of information about the
optimum  water parameters for  broodstock
bushymouth catfish. However, Brysiewicz et al.
(2011) suggested 6.5 pH as the optimum for the
development of bushymouth catfish, which is lower
than that of our study, 7.5. Taken together, a neutral
water pH (6.5-7.5) would be suitable for the
reproduction of bushymouth catfish.

Bushymouth catfish females laid their eggs
during the six months with an average of 39.78+0.41
with the highest number in January (41.00%1.15).
The previous studies pointed out that this species
spawned 30-100 eggs at a time (Petrovicky 1985;
Rymkiewicz 1988), which is consistent with this
study. The FR and HR were found as 75.05% and
62.94% in this study, respectively. da Rocha Perini et
al. (2010) collected the black-armored catfish (R.
aspera) from the Paracatu River, Brazil and found an
FR of 72.4% when they injected carp pituitary to both
males and females. Also, Jumawan et al. (2014)
caught the suckermouth sailfin catfish (P. pardalis)
from the Marikina River, Philippines and they noted
that the FR and HR of fish injected with human
chorionic gonadotropin (HCG) were 88.3% and
48.6%, respectively. Satisfactory breeding success
was recorded in the present study without a hormone
injection. The main difference between those

summarised above and the present study is that
broodstock fish were collected from nature in the
former whereas culture-based broodstock was used in
the latter, which may explain a slightly better FR and
HR in the present study due to the selective breeding
success of broodstocks in the controlled conditions.
There are huge differences in aquarium fish
species in terms of the duration of embryonic and
larval developmental stages. Various distinctions
have been observed even in large ornamental fish
families such as Cichlidae. For instance, the larval
periods of substrate-brooder American cichlids are
longer than mouth-brooder African cichlids
considering the literature findings. While the larval
development in  common cichla (Cichlasoma
dimerus), discus (Symphysodon discus), angelfish
(Pterophyllum scalare), and midas cichlid
(Amphilophus spp.) were completed in around 24-42
days (Meijide and Guerrero 2000; Celik 2010; Celik
et al. 2014; Kratochwil et al. 2015), the study
conducted by Karadal (2016) on four mbuna cichlid
species, including rusty cichlid (lodotropheus
sprengerae), kenyi (Maylandia lombardoi), auratus
(Melanochromis auratus) and demasoni
(Pseudotropheus demasoni), reported that the larval
stages lasted 19-21 days. However, there are several
studies conducted on the larval development of
armored and suckermouth catfish species. Savas and
Timur (2006) and Unal and Aral (2008) reported that
peppered cory (Corydoras paleatus) consumed their
yolk sacs in 1.5 and 4 days, respectively, suggesting
that differences in larval development are the case
even among different individuals of the same species.
The main reason for this appears to be differences in
the environmental conditions and physical
parameters between the studies. In the study
conducted by da Rocha Perini et al. (2010), the
embryos of black armored catfish (R. aspera)
injected with by the pituitary occurred in 9 h and 40
min after the fertilization, and the embryogenesis was
completed in 45 h and 50 min (Table 4). The same
study stated that the yolk sac was completely
absorbed in 120 h. Jumawan et al. (2014) reported
that in suckermouth sailfin catfish (P. pardalis)
injected with human chorionic gonadotropin (HCG),
embryonic development was completed in 168 h and
30 min after fertilization, and yolk sac consumption
lasted 8 days after incubation. Brysiewicz et al.
(2011) reported that embryonic development was
completed in 4.25 days (102 °D at 24 °C) in
bushymouth catfish. In the present study, embryonic
development lasted in 2.29 days (55 h) and the yolk
sac was consumed in 3.54 days (85 h). The complete
larval development lasted 105 h at 26 °C (113.75 °D).
Although some similarities with the literature to
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a certain degree, faster larval development phases of
bushymouth catfish were the case in this study most
probably due to higher water temperature.

Briefly, some fundamental reproduction
parameters of bushymouth catfish, one of the

important ornamental fish species, were determined
in this study. Further research is needed to develop an
efficient production method to discover the
embryonic and larval development in detail in this
species.

Table 4. Comparisons of hormone application, embryonic stage and their times in previous studies and the

current study.
Species Latin Name Hormone Time Event Author(s)
Application
Black Rhinelepis aspera Pituitary 9 h 40 min Embryos formed da Rocha
armored catfish injection Perini et al.
2010
45 h 50 min Embryogenesis
completed
120 h Yolk sac consumed
Suckermouth  Pterygolichthys pardalis HCG 168 h 30 min Embryonic Jumawan et
sailfin catfish injection development al. 2014
completed
8d Yolk sac consumed
Bushymouth  Ancistrus dolichopterus None 4d6h Embryonic Brysiewicz et
catfish development al. 2011
completed
Bushymouth  Ancistrus dolichopterus None 55 h Embryonic Present study
catfish development
completed
85h Yolk sac consumed
105 h Larval  development
completed
Acknowledgements (Symphysodon spp.). Journal of

The present study was carried out as a master
thesis by Mustafa Deniz and prepared in Graduate
School of Natural and Applied Sciences, Izmir Katip
Celebi University, izmir, Turkey. Some parts of this
study have been presented in the International
Congress on Engineering and Life Science,
Kastamonu, Turkey as a poster presentation on April
26-29th, 2018.
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MAKALE BiLGIiSi

Bu caligma Mayis 2016-Temmuz 2017 tarihleri arasinda Nigde Ili tath su balik

ARASTIRMA MAKALESI

faunasimi belirlemek amaciyla yapilmistir. Nigde il sinirlar igerisinde yapilan

arazi ¢aligmalar1 sonucunda iki takimdan bes familyaya mensup olmak tizere 12 Gelis
tir tespit edilmigtir; Capoeta pestai, Capoeta baliki, Capoeta damascina,
Cyprinus carpio, Gobio gymnostethus, Pseudophoxinus battalgilae, Salmo
labecula, Squalius cappadocicus, Oncorhynchus mykiss, Oxynoemacheilus
ciceki, Oxynoemacheilus cilicicus ve Oxynoemacheilus eregliensis. Bu tiirlerden
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dokuz tanesi bulunduklari havzalara endemik tiirlerdir. C. baliki, C. pestai, O.

ciceki ve O. cilicicus tiirleri ise il i¢in yeni kayit niteligi tasimaktadir.

Anahtar kelimeler: Tath su baliklari, Konya kapali havzasi, Seyhan havzasi,

Kizilirmak havzasi
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Ichthyofauna of Nigde Province (Turkey)

Abstract: This study was carried out between May 2016 and July 2017 to determine the freshwater fish fauna of the Nigde
province. As a result of the field studies carried out in the provincial borders of Nigde, 12 species belonging to two order and five
families were identified. These are Capoeta pestai, Capoeta baliki, Capoeta damascina, Cyprinus carpio, Gobio gymnostethus,
Pseudophoxinus battalgilae, Salmo labecula, Squalius cappadocicus, Oncorhynchus mykiss, Oxynoemacheilus ciceki,
Oxynoemacheilus cilicicus and Oxynoemacheilus eregliensis. Of these nine species are endemic to the basins in which they are

located. C. baliki, C. pestai, O. ciceki and O. cilicicus species were recorded for first time in the province.

Keywords: Freshwater fishes, Konya closed basin, Seyhan basin, Kizilirmak basin
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Giris

Anadolu, c¢esitli jeolojik 0Ozellikteki alanlar
icermesi, farkli iklimsel ve hidrolojik o6zellikleri,
Asya ile Avrupa kitalar1 arasinda kdprii konumunda
olmasi, ozellikle kus go¢ yollar1 {zerinde
bulunmasi, Bogazlar Sistemi ve Tethis Denizi gibi
cok onemli olusumlarin etkisi altinda kalmig olmasi
gibi etmenlerle tarih boyunca tiirlesmenin yiiksek
oldugu alanlardan biri olmustur (Demirayak 2002).
Tirkiye 1992 yilinda Biyolojik  Cesitlilik
Sozlesmesini imzalayarak, sahip oldugu bu denli
yiiksek biyocesitliligin kiiresel ve ulusal olgekte
korunmasi igin taahhiitte bulunmustur. Ulkemizde
biyolojik ¢esitliligin tespitine ydnelik ¢ok sayida
bolgesel c¢alisma bulunmaktadir. Ancak biitiinciil
yaklasgimi  ilke edinmis izleme c¢alismalar
yetersizdir. Bu eksikligin giderilmesi amaciyla,

Tarim ve Orman Bakanligi tarafindan "Ulusal
Biyolojik Cesitlilik Envanter ve Izleme Projesi"
hazirlanarak 2013 Yatirim Programinda yer almstir.
Izleme c¢alismalar1 sonucunda elde edilen veriler
"Nuh’un Gemisi Biyolojik Cesitlilik Ulusal Veri

Tabani"na islenmektedir. Calisma sonucunda
yapilan  degerlendirmeler; mevcut  biyolojik
cesitliligin -~ korunmasma  yonelik uygulamaya

konulan faaliyetlerin hedeflerine ulagmasi1 ve
gelecekteki yOnetim miidahalelerini  olusturmak
acisindan geri bildirim saglamasi yoniinden katkida
bulunmaktadir (Tarim ve Orman Bakanligi, Doga
Koruma ve Milli Parklar Genel Miidiirliigii 2020).
Tiirkiye’de tatli su baliklar1 ile ilgili en eski

calisma 1835 yilina tarihlenmekte olup takip
eden yillarda yabanct  bilim insanlarinca
yeni kayit Dbildirimleri ile devam etmistir.
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Ordinaryiis Prof. Dr. Curt Kosswig’in katkilar1 ile
ihtiyoloji alaninda yetismis olan yerli bilim
insanlarinca ¢alismalar yapilmaya baslanmistir
(Cigek vd. 2015). Turkiye ihtiyofaunasi {izerinde
caligmalar son yillarda olduk¢a dinamik bir ivme ile
artis gostermektedir. Gerek yeni tiir
tanimlamalar1 (Elp vd. 2017; Kiicik vd. 2017
Glglii vd. 2020; Sungur vd. 2018; Sungur vd.
2017a; Cicek vd. 2018a; Ozulug vd. 2018; Turan
vd. 2020; Freyhof ve Turan 2019; Kaya 2020),
sinonim kayitlarin belirlenmesi (Sungur vd. 2017b;
Cigek vd. 2019a; Cicek vd. 2019b; Freyhof vd.
2019), balik faunasi tespit ¢alismalar1 (Kiigiik vd.
2007; Ilhan ve Balik 2008; Giiclii vd. 2013; Giiclii
ve Kiiciik 2015; Kaya vd. 2016; Ozulug ve Sag
2019; Sar1 vd. 2019; Baycelebi vd. 2020), gerekse
istilact  ozellikleri ile ihtiyofaunaya dahil olan
tirlerin tespiti (Tarkan vd. 2015; Aydin vd. 2011;
Gaygusuz vd. 2007; Tarkan vd. 2014; Innal ve
Sungur 2019) ile glinlimiizde 390°nin iizerinde bir
tiir sayisina ulagsmig durumdadir (Cigek vd. 2018b;
Freyhof vd. 2018; Freyhof ve Turan 2019; Freyhof
vd. 2019; Cigek vd. 2020). S6z konusu tiirlerden
195710 tlkemiz i¢in endemiktir (Cigek vd. 2015;
Cigek vd. 2018b; Freyhof vd. 2018; Cigek vd.
2019a).

Nigde [li smirlan igerisinde, Konya Kapali
Havzasinda yer alan Uluirmak’in bir kolu
olan Melendiz Cayi, Seyhan Nehri’ne ddokiilen
Ecemis Cay1 ve Cakit Sulart ve Sultan
Sazligimt (Kizilirmak Havzasi) besleyen Diindarl
Cay1, baslica akarsulardir (Nigde Valiligi Cevre ve
Sehircilik 11 Miidiirliigii 2018). Ildeki akarsular
Konya Kapali Havzasi, Kizilirmak Havzasi ve
Seyhan Havzasi olmak {izere ii¢ farkli havza
simirlart  igerisinde yer almaktadir. Nigde ili
goller bakimindan zengin olmamakla beraber
Aladaglar ve Bolkar daglarn iizerinde Akgol,
Alag6l, Cinigol, Yedigol ve Karagdl gibi buzul
asinmasi ile olugmus goller ile volkanik karakterli

Narligol 6zel ekosistemlerdir. Ancak soz
konusu gollerin  hi¢ Dbirisinde dogal olarak
balik  bulunmamakta olup baz1  gollerde

sonradan asilanmis olan Cyprinus carpio tirii
bulunmaktadir.

Su ana kadar Nigde ili balik faunas ile ilgili
cesitli caligmalara rastlanmis olmakla birlikte il
smirlarinin  tamaminda yiriitilmiis bir ¢aligmaya
rastlanmamustir (Eken vd. 2005; Ozulug ve Oztiirk
2007; Bogutskaya vd. 2007; Ekmekg¢i ve Kirankaya

2010; ilhan vd. 2014; Naseka vd. 2006; Hrbek vd.
2002). Ayrica gecmiste yapilmis olan calismalarda
verilmis bazi kayitlarin siipheli veya yanlis oldugu
goriilmiistir. Bu ¢alismada Nigde 1li balik
faunasimin belirlenmesi amaglanmis olup, tiirlerin
dagilim haritas1 c¢ikartilarak mevcut durumlari,
IUCN (International Union for Conservation of
Nature) koruma statiileri ile ilgili degerlendirmelere
yer verilmistir.

Materyal ve Metot

Bu c¢alisma, Nigde Ili'nin Karasal ve I¢ Su
Ekosistemleri Biyolojik Cesitlilik Envanter ve
Izleme Projesi kapsaminda yiiriitiilmiistiir. Yapilan
arazi calismalarinda, ornekleme yapilan
istasyonlarin koordinatlari, ve 6rnekleme alanlarinin
genel ekolojik ozellikleri  kaydedilmistir  ve
istasyonlara ait bilgiler Tablo 1 ve Sekil 1’de
verilmistir.  Ornekleme akarsu istasyonlarinda
elektrosoker (SAMUS 725MP) ile barajlarda ise
uzatma aglarn kullamilarak yapilmistir (TS EN
14757). Arazi caligsmalarinda toplanan &rnekler
fotograflandiktan sonra  %10’luk  formaldehit
cozeltisinde tespit edilerek Nevsehir Haci Bektas
Veli Universitesi, Hidrobiyoloji Laboratuvarina
nakledilip tiir teshisleri Wildekamp vd. (1999),
Bogutskaya (1997), Naseka vd. (2006), Ozulug ve
Freyhof (2011), Turan vd. (2012) gore yapilmig
olup sistematik kategorileri i¢in Stout vd. (2016),
Tan ve Armbruster (2018) ve Fricke vd. (2020)
takip edilmistir. Nigde ili i¢ sular1 havzalarina gore
degerlendirildiginde Kizilirmak, Seyhan nehirleri ve
Konya Kapali havzasindaki drnekleme istasyonlari
ile ilgili bilgiler Sekil 1°de verilmistir.

Tespit edilen tiirlerin IUCN tehlike kategorileri
(IUCN 2019) ve endemizm durumlarinin yani sira,
arazi  goOzlemlerine  dayali  olarak  sucul
ekosistemlerdeki tehditlerle ilgili degerlendirmelere
de yer verilmistir.

Istasyonlarda tespit edilen tiirlerin
popiilasyon durumu 06zgiin olarak olusturulan
¢  kategoriye  seklinde  degerlendirilmistir.
Bunlar;  P1)  Nadir: Istasyonda  nadiren
rastlamyor ve farkli oOrnekleme donemlerinin
tamaminda ratlanmiyor, P2) Orta: Istasyonda yogun
olarak rastlanmiyor ancak farkli  ornekleme
donemlerinin tamaminda rastlaniyor, P3) Yogun:
Isyasyonda yogun sekilde dagilim gosteriyor ve
farkli  6rnekleme ~ donemlerinin  tamaminda
rastlaniyor.
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Figure 1. Study site and sampling stations.
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Tablo 1. Ornekleme istasyonlarina ait koordinatlar (G: Gol, A: Akarsu istasyonu).
Table 1. Coordinates of sampling stations (G: Lake, A: Stream station).

Istasyon No Istasyon Ismi Enlem Boylam Havza
Gl Glimiisler Baraji 38°00'37.53"K 34°45'40.29"D Konya Kapali
G2 Uluagag Goleti 38°01'46.20"K 34°50'49.89"D Seyhan
G3 Sulucaova Golii 38°00'20.21"K 35°7'59.90"D Kizilirmak
G4 Eynelli Baraj1 37°56'16.17"K 34°59'48.76"D Seyhan
G5 Karagol 37°24'09.53"N 34°3327.71"E Seyhan
G6 Glimiis Goleti 37°27'29.48"N 34°36'14.45"E Seyhan
G7 Emirler Géleti 37°27'33.95"N 34°29'56.12"E Seyhan
G8 Hiisniye Goleti 37°36'54.57"N 34°35'16.72"E Seyhan
G9 Akkaya Baraji 37°55'11.12"N 34°36'36.84"E Konya Kapali
G10 Gebere 38°02'48.86"N 34°38'05.94"E Konya Kapali
Gl1 Murtaza Goleti 38°08'55.95"N 34°34'51.76"E Konya Kapali
G12 Azath Goleti 38°09'19.55"N 34°32'11.62"E Konya Kapali
Al Diindarli Cay1 38°08'49.81"N 35°09'47.17"E Kizilirmak
A2 Oren Deresi 37°51'50.57"N 34°57'09.61"E Seyhan
A3 Oren Deresi 37°49'29.85"N 34°59'26.75"E Seyhan
Ad Ecemis Cay1 37°51'54.65"N 35°04'47.83"E Seyhan
A5 Korkiin Cay1 37°43'33.19"N 35°01'03.25"E Seyhan
Ab Kirkgecit Deresi 37°31'20.43"N 34°44'19.72"E Seyhan
A7 Ciftehan Cay1 37°38'56.09"N 34°43'46.63"E Seyhan
A8 Ali Hoca Cay1 37°28'40.87"N 34°40'48.48"E Seyhan
A9 Ciftehan Cay1 37°31'2.18"N 34°35'19.59"E Seyhan
Al10 Sap Deresi 37°52'43.07"N 34°22'41.46"E Konya Kapali
All Uzand1 Deresi 38°022.51"N 34°39'44.97"E Konya Kapali
Al2 Melendiz Cay1 38°12'17.80"N 34°23'10.83"E Konya Kapali
Al3 Melendiz Cay1 38°10'41.13"N 34°27'46.22"E Konya Kapali
Al4 Melendiz Cay1 38°09'15.56"N 34°32'13.34"E Konya Kapali
Al5 Zondi Deresi 37°54'57.26"N 34°36'08.06"E Konya Kapali
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Bulgular

Nigde ilindeki akarsularin Konya Kapali,
Seyhan ve Kizilirmak havzalari sinirlar igerisinde
yer aldigr gorilmiistiir. Bu ¢alisma boyunca 12 gol
(baraj, dogal gol, golet) ve 15 akarsu istasyonunda
ornekleme yapilmistir. Akkaya Baraji (G9) harig
gollerin tamaminda C. carpio tiiriine rastlanmigtir.
Akarsu istasyonlarindan Sap Deresi (A10), Akkaya
Baraji’m1 besleyen Uzandi Deresi (All) ile baraj
bendinin altinda Zondi Deresi (A15) istasyonunda
herhangi bir tiire rastlanmamistir. Sap Deresinin
mevsimsel olarak kudugu ve basgka bir akarsu ile
baglantisinin olmamasi nedeniyle balik yasamadigi
sonucuna varilmistir. Uzand1 ve Zondi derelerinin
ise son derece kirli olmasi nedeniyle balik
yasamadig1 tespit edilmistir.

Caligma siiresince Cypriniformes (10 tiir) ve
Salmoniformes (2 tiir) takimlarindan 5 familyaya
(Cyprinidae (4), Gobionidae (1), Leuciscidae (2),
Salmonidae (2), Nemacheilidae (3)) ait toplam 12
tir elde edilmistir (Sekil 2-13). Calisma sonucunda
tespit edilen tiirlerin istasyonlara gore dagilimlar
Tablo 2’de verilmistir. Bu tiirlerin  sistematik
kategorileri su sekildedir;

Osteichthyes

Cypriniformes

Nemacheilidae Regan 1911

Oxynoemacheilus ciceki Sungur, Jalili & Eagderi,
2017

Oxynoemacheilus cilicicus Kaya, Turan, Baygelebi,
Kalayci & Freyhof 2020

Oxynoemacheilus eregliensis (Banarescu &
Nalbant, 1978)

Cyprinidae Rafinesque 1815

Capoeta baliki Turan, Kottelat, Ekmekg¢i &
Imamoglu, 2006

Capoeta pestai (Pietschmann, 1933)

Capoeta damascina (Valenciennes, 1842)
Cyprinus carpio Linnaeus, 1758

Gobionidae Bleeker 1863

Gobio gymnostethus Ladiges, 1960

Leuciscidae Bonaparte 1835

Squalius cappadocicus Ozulug & Freyhof, 2011
Pseudophoxinus battalgilae Bogutskaya, 1997
Salmoniformes

Salmonidae Jarocki/Schinz 1822
Oncorhynchus mykiss (Walbaum, 1792)

Salmo labecula Turan, Kottelat & Engin, 2012

Tablo 2. Tespit edilen tiirlerin istasyonlara gore dagilimi (alfebetik olarak siralanmustir).
Table 2. Distribution of the identified species according to stations (listed alphabetically).

Istasyonlardaki
Tiir IUCN Bulunma Sekli Bulundugu istasyonlar Populasyon
Yogunlugu
Capoeta baliki LC Endemik Al P2
Capoeta damascina LC Dogal A6, A7, A9 P1
Capoeta pestai CR Endemik Al2 P1
. . . G1, G2, G3, G4, G5, G6, G7,

Cyprinus carpio VU Dogal G8, G10, G11, G12 P2
Gobio gymnostethus CR Endemik Al2, A13 P3
Oncorhynchus mykiss NE Istilact Al, A4, A8, A9 P2
Oxynoemacheilus NE Endemik G8 P1
cilicicus
Oxynoemacheilus ciceki NE Endemik Al P1
Oxynoemacheilus VU Endemik Al12, A3 P3
eregliensis
Pseudophoxinus EN Endemik G8 P1
battalgilae
Salmo labecula EN Endemik A2, A3, A4, A5 P2
Squalius cappadocicus CR Endemik Al2, A13, Al4, G11, G12 P3
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Sekil 2. Capoeta baliki (118,1 mm SB Diindarli Cay1).
Figure 2.Capoeta baliki (118.1 mm SB Diindarli Stream).
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Sekil 3. Capoeta damascina (149,5 mm SB, Ciftehan Cayi).
Figure 3.Capoeta damascina (149.5 mm SB, Ciftehan Stream).

Sekil 4. Capoeta pestai (78,5 mm SB, Melendiz Cay1).
Figure 4. Capoeta pestai (78.5 mm SB, Melendiz Stream).
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Sekil 5. Cyprinus carpio (135,5 mm SB, Giimiisler Baraj1).
Figure 5. Cyprinus carpio (135.5 mm SB, Giimiigler Dam).
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Sekil 6. Squalius cappadocicus (113,8 mm SB, Melendiz Cay1).
Figure 6.Squalius cappadocicus (113.8 mm SB, Melendiz Stream).

Sekil 7. Gobio gymnostethus (112,7 mm SB, Melendiz Cayn).
Figure 7.Gobio gymnostethus (112.7 mm SB, Melendiz Stream).
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Sekil 8. Pseudophoxinus battalgilae (60,6 mm SB, Hiisniye Géleti).
Figure 8. Pseudophoxinus battalgilae (60.6 mm SB, Hiisniye Pond).

Sekil 9. Oxynoemacheilus eregliensis (82,6 mm SB, Melendiz Cay1).
Figure 9.0xynoemacheilus eregliensis (82.6 mm SB, Melendiz Stream).

Sekil 10. Oxynoemacheilus ciceki (92,1 mm SB, Diindarli Cay1).
Figure 10. Oxynoemacheilus ciceki (92.1 mm SB, Diindarli Stream).
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Sekil 11. Oxynoemacheilus cilicicus (74,6 mm SB, Hiisniye Goleti).
Figure 11. Oxynoemacheilus cilicicus (74,6 mm SB, Hiisniye Pond).

Sekil 12. Salmo labecula (147 mm SB, Ecemis Cay1).
Figure 12. Salmo labecula (147 mm SB, Ecemis Stream).
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Sekil 13. Oncorhynchus mykiss (115 mm SB, Ecemis Cayt).
Figure 13.0ncorhynchus mykiss (115 mm SB, Ecemis Stream).

Konya Kapali Havzasinda bulunan istasyonlarda
Capoeta pestai, C.carpio, Gobio gymnostethus,
Oxynoemacheilus  eregliensis  ve  Squalius
cappadocicus; Seyhan Havzasindaki istasyonlarda
Capoeta damascina, C. carpio, Pseudophoxinus
battalgilae, Salmo labecula, Oxynoemacheilus
cilicicus ve Oncorhynchus mykiss; Kizilirmak
havzasindaki istasyonlarda ise C. carpio, O. mykiss,
Capoeta baliki ve Oxynoemacheilus ciceki tiirleri

tespit edilmistir. Bu tiirlerin dokuz tanesi
bulunduklari havzalara endemik tiirlerdir.

Arazi ¢aligmalar1 sonucunda tespit edilmis olan
C. baliki, C. pestai, O. ciceki ve O. cilicicus
tiirlerine daha oOnceki calismalarda rastlanmamig
olup il i¢in yeni kayit niteliginde oldugu
belirlenmistir.

Orneklenen tiirlerin TUCN koruma statiileri
dikkate alindiginda; {i¢ tanesi Kritik (CR), iki tanesi
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Diisiik Riskli (LC), iki tanesi Tehlike Altinda (EN)
ve bir tanesinin ise Hassas (VU) kategorisinde
degerlendirildigi goriilmiistiir. Bunun yani sira iig
tir ile ilgili hicbir degerlendirilme yapilmadigi (NE)
tespit edilmistir.

Tartisma ve Sonug¢

Bu c¢alisma ile Nigde ili i¢ sularinda dagilim
gosteren 12 tire  rastlanmistir.  Tirlerin
istasyonlara gore dagilimlar1 dikkate alindiginda,
bazi tiirlere tek bir istasyonda rastlanmistir. Bunun
yan1 sira popiilasyon durumlart degerlendirildiginde
ozellikle tek bir istasyonda rastlanmis olan
tiirlerin nadir goriilen tiirler oldugu belirlenmistir.
Bu tiirlerin nadir goriilmesindeki sebeplerin
kirlilik, habitat kaybi, su rejimindeki
diizensizlik vb. gibi antropojenik etkiler oldugu
gbzlemlenmistir.

Nigde Ili’nde daha oénce yapilmis kapsamli bir
ihtiyofauna c¢aligmasi  bulunmamasina ragmen
literatiirde baz1 kayitlara rastlanmistir. Daha 6nceki
calismalarda bildirilmis olan Sander lucioperca,
Aphanius anatoliae, Pseudophoxinus anatolicus,
Pseudophoxinus  maeandricus,  Pseudophoxinus
crassus ve Chondrostoma fahirae tiirlerine bu
caligmada ratlanmamistir (Hrbek vd. 2002,
Bogutskaya vd. 2007, Eken vd. 2005; Ozulug ve
Oztiirk 2007, Ekmekei ve Kirankaya 2010, ilhan vd.
2014).

Ilde dagilim gosterdigi belirtilen P. anatolicus
tiirii baz1 arastiricilar tarafindan Akkaya Baraji’ndan
bildirilmistir (Eken vd. 2005; Ozulug ve Oztiirk
2007). Ancak yapilan arazi ¢aligmasinda s6z konusu
tire barajda ya da baraji besleyen akarsuda
rastlanmamistir. Akkaya Baraji’m1 besleyen Zondi
Deresi Nigde il merkezinden gecmekte olup sehrin
tim kirlilik yiikiinii baraja tagimaktadir (Tungsiper
2017). Asir1 besin elementlerine baglh olarak barajda
otrof ve hatta distrof bir yapt s6z konusudur.
Barajda uzun yillardir  higbir balik  tiirii
yasamamaktadir. S6z konusu tiirlin Akkaya Barajt
populasyonunun kirlilik baskist sebebi ile yok
oldugu tespit edilmistir.

Bogutskaya vd. (2007) P. maeandricus’un
Nigde Ili'nde de dagilim gosterdigini ancak tiiriin
dagilim alanmin yeterince bilinmedigini
belirtmislerdir. Yiiriitiilen arazi ¢alismasinda bu tiire
rastlanmamistir. Cigek vd. (2015) tiirlin dagihim
alanmin Biiylik Menderes Havzas1 (Afyon, Denizli
ve Isparta) oldugu bildirilmektedir. Bu durumda P.
maeandricus’un Nigde ili i¢ sularinda dagilim
gosterme  ihtimalinin  diisik oldugu ve bu
karigikligimm yanhis tanimlamadan kaynaklandigi
distiniilmektedir.

Ekmek¢i ve Kirankaya (2010) P. crassus
tiiriiniin Nigde Ili’ndeki akarsularda da bulundugunu

bildirmislerdir. Ancak s6z konusu tiiriin Aksaray ili
sinirlart igerisinde yer alan Gilizelyurt Beldesi
yakinlarindaki gdller ve akarsularda dagilim
gosterdigi belirlenmistir (Kelleci 2019). Melendiz
Cayr’nin  Nigde il smirlart igerisinde kalan
boliimiinde ise bu tiire rastlanmamistir. Bu nedenle
P. crassus tiiriiniin Nigde Ili balik faunasi igerisinde
yer almadigi belirlenmistir.

Arazi c¢alismalar1 sirasinda  Pseudophoxinus
cinsine mensup P. battalgilae bireylerine Seyhan
Havzas1 smirlart igerisinde yer alan Hiisniye
Goletinde (Ulukigla) rastlanmustir.,

flhan vd. (2014) Akkaya Deresi’nde C. fahirae
tiiriiniin dagilhim gosterdigini bildirmislerdir. Ancak
C. fahirae tiriiniin tip lokalitesi Dalaman Cay1
havzasi (Burdur, Denizli) olup, dagilim alam1 goz
oniine alindiginda Nigde Ili’nde bulunmasinmn
miimkiin olamayacagi ve bu nedenle tiirlin yanlig
tanimlanmis olabilecegini akla getirmektedir (Cigek
vd. 2015). Giiniimiizde Akkaya Baraji’ndaki kirlilik
nedeniyle hicbir balik tiriiniin  yasamadigi
distintildiigiinde C. fahirae olarak tamimlanmig
tiirlin hangi tiir oldugunun tespit edilme imkani1 da
kalmamustir.

Hrbek vd. (2002) Nigde ili’nin dogusunda A.
anatoliae tiirtiniin varligindan bahsetmektedirler.
Yiiriitiilen arazi ¢alismasinda tiire rastlanmamustir.
Aksaray Ili’nde yapilan arazi ¢aligmalarinda
Mamasin Baraji ve buraya su saglayan bazi
akarsularda s6z konusu tiirlere rastlanmistir. Bu
nedenle bu tiirlerin gegmiste Nigde ili’nde rapor
edilmesinin sebebinin Aksaray’in eskiden Nigde’ye
bagl bir ilce olmasindan kaynaklanmis oldugu
diistintilmektedir.

Arazi ¢aligmalari sonucunda tespit edilmis olan
tirlerden C. baliki, C. pestai, O. ciceki ve O.
cilicicus il igin yeni kayit niteligi tasimaktadir. C.
pestai disindaki tiirlere ilin diger illere olan sinir
kesimlerinde rastlanmigtir. Muhtemelen il sinirlarimi
kapsayan detayr bir calisma yapilmadiginda bu
tiirlerin varhigmin gézden kactigi diisiiniilmektedir.
S6z konusu tiirler {izerinde sulama amach su
rejiminin degistirilmesi ve tarimsal kaynakl kirlilik
unsurlar1 kaynakli bir tehdit s6z konusu oldugu
gbzlemlenmistir.

S. labecula’nin dagilim gosterdigi akarsularin
debisinin, yaz doneminde tarimsal sulama amagh
kullanilmalart nedeniyle, olduk¢a azaldigi ve hatta
bazi kisimlarda akarsu yatagindaki suyun tamamen
kesilmis oldugu gozlemlenmistir. Bu durum
populasyon {izerinde bilylik bir olumsuz baski
olusturmaktadir. Yapilan arazi ¢aligsmalari sirasinda
tiriin dar bir dagilim alanina sahip oldugu, su
rejimindeki diizensizlikler, antropojenik etkiler,
kirlilik, tarimsal kaynakli giibre ve ilag girdileri
nedeniyle ortaya ¢ikan Otrofikasyon ve ayrica O.
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mykiss tliriiniin istilact baskisina maruz kalmakta
oldugu gozlemlenmistir.

Ic sularrmizdaki biyogesitliligi tehdit eden
baglica unsurlar; istilac1 tiirler, Kkirlilik, habitat
tahribi ve/veya kaybi, su rejimine yapilan bilingsiz
miidahaleler, asir1 avcilik, biyokagakeilik, iklim
kosullart degisimleri olarak siralanabilir.

Il i¢in en &nemli tehdidin endiistriyel atiksu
kirliligi ve bunun etkisi ile habitat kayiplar1 oldugu
gorlilmiistiir. Bolgede gerek Akkaya Baraji ve
gerekse baraja dokiilen akarsularin  6rnekleme
donemi boyunca oldukga kirli oldugu goriilmiistiir.
Bunun yani sira ilin en 6nemli akarsulari olan
Ecemis Cay1 ve Melendiz Cayi, kirlilik yiikiiniin
fazla olmasi sebebi ile biiyiik tehdit altindadir. S6z
konusu ekosistemler icin tarimsal, evsel veya
endiistriyel kaynakli kirlilik unsurlariin kontrol
altina alinmasinda biiyiik yarar vardir. Nigde Ili
kanalizasyon sularinin etkin sekilde aritiminin
saglanmasinin sadece sucul ekosistem nedeniyle
degil halk sagligi bakimindan da zorunluluk teskil
etmektedir. Nitekim 6zellikle yaz aylarinda Akkaya
Baraj1 yakinlarina, ¢lirlime kaynakli asir1 rahatsiz
edici koku nedeniyle neredeyse baraja dahi
yaklagilmak miimkiin olamamaktadir.

Bunun yani sira kiiresel iklim degisikligi ve
antropojenik etkiler sonucu bazi su kaynaklari
kaybedilmektedir. Bu nedenle halihazirda nispeten
kirlenmemis ve habitat bozulmasina maruz
kalmamis olan alanlarin yeniden dogal veya dogala
yakin hale getirilecek sekilde rehabilite edilerek
korunmasi biiyilk 6nem tagimaktadir. Bu nedenle
ivedilikle sucul ekosistemler i¢in iyi bir su rejimi
idaresi ve kirliligin 6nlenmesine yonelik tedbirlerin
alinmas1 gerekmektedir.
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Kadife Balg (Tinca Tinca L., 1758) Etinin Balk Koftesi Olarak Degerlendirilmesi ve Raf Omriiniin
Belirlenmesi

Oz: Bu aragtirmada kadife bahgmin (Tinca tinca L., 1758) kéfte yapimma uygunlugu ve besin bilesenlerindeki degisimler
belirlenmistir. Tedarik edilen balik filetolar1 kiyma haline getirilerek ¢esitli katki maddelerinin eklenmesiyle balik koftesi
yapilmustir. Balik kiymasi ve balik koftesinin kimyasal ve organoleptik analizleri yapilmistir. Ayrica balik koftesinde 4 + 1 °C’de
depolamanm 1., 4., 7. ve 10. giinlerinde tiyobarbiitirik asit (TBA), toplam ugucu bazik azot - (TVB-N), pH parametrelerine
bakilmistir. Toplam mezofilik aerobik bakteri (TMA), toplam psikofilik bakteri (TPA), koliform grubu bakteri ve maya-kiif sayimi
yapilmustir. Organoleptik analiz bulgularina gore, kadife baligindan elde edilen kofte titkketime uygun gormiistiir. TBA, TVB-N, pH
degerleri ve depolamanin mikrobiyolojik analiz sonuglari depolama siiresi arttikca bozulma oldugunu gostermistir. Ozellikle
depolamanin 7. giliniinden sonraki degisimler istatistiksel agidan Onemlidir (p <0,05). Aragtirma sonucunda, kadife baligi
kullanilarak yapilan balik koftesinin ekonomiye katki saglayabilecegi sonucuna varilmistir. Elde edilen balik koftelerinin,
4 + 1 ° C'de depolama siirecinde iyi kalite dzelliklerinin 7. giine kadar korundugu ve depolamanin 10. giiniinden sonra kotiilestigi
tespit edilmistir.
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takes the first place among all aquaculture. Fish meat
is a sufficient foodstuff due to its high content of
essential nutrients such as protein, unsaturated fatty
acids, and essential amino acids required for the body
(Duman and Dartay 2007).

Red meat consumption as a source of protein is
more common in our country. Consumption of red
meat is quite high especially in fast working life as
meatballs because of the reason that usage of
meatballs in some meat products as hamburgers, etc.
is necessary. However, alternative sources for
burgers and meatballs are being investigated because
of the concerns that high cholesterol in red meat may
cause cardiovascular diseases. Fish meat may be an
alternative to red meat because of its low cholesterol
level and high omega-3 fatty acid content that
prevents cardiovascular disease (Balikg et al. 2018).

Species belong to the Cyprinidae family is very
common in Turkey’s freshwater. 226 fish species and
subspecies belonging to 27 families were found to
live in inland waters of the country. 170 of them live
in freshwater. 108 of these fish belong to the family
of Cyprinidae (Hamalosmanoglu and Kuru 2004).

Tench (Tinca tinca, Linnaeus 1758) is a
freshwater cyprinid and a benthos-eating omnivorous
widely lives in parts of Europe and Asia (Secci et al.
2018). It has great potential for the aquaculture
sector. The natural distribution of this fish was
undefined for centuries since it was understood that
it was comestible and suitable for culture and
transport in middle ages (Avlijas et al. 2018).

Fish cake is a fish product obtained by adding
spices after cleaning, boiling, and mincing the fish
meat (Oksiiztepe et al. 2010; Ozpolat and Coban
2012). Different recipes are given for the production
of fish cakes and these recipes are applied by taking
into consideration the characteristics of the raw
material. In the study in which fish cakes were
produced from carp (Cyprinus carpio), fish were
filleted after skinning and boiled in boiling water for
1-2 minutes to separate meat from a fishbone. After
the process of separation of meat from fishbone,
groundfish were obtained by passing fish meat from
a grinder with a hole diameter of 3 mm. To give the
product a certain elasticity, 0.3 % sodium
polyphosphate and to enhance the flavour, 0.9 % salt,
0.4 % black pepper, 0.5 % cumin, 0.5 % red pepper,
and 1.3 % parsley were added to the experimental
groups. Then, different groups were added to the fish
cakes and 5 groups were formed together with the
control group (Group A: 6 % onion; Group B: 6 %
onion + 4 % sunflower oil; Group C: 1.4 % garlic;
Group D: 1.4 % garlic + 4 % sunflower oil, Group E:
Control group). The products were shaped by placing
6 cm diameter and 1 cm depth of stainless steel circle
molds (Yanar and Fenercioglu 1999).

In a study about the investigation of some quality
parameters of fish cakes made from raw and boiled
fish meat, fish were decapitated, eviscerated, and
minced orderly. Mixed seasonings (black pepper,
allspice, cumin) and additives (starch, garlic) were
added into the minced fish meat, then kneaded and
finally given fish cake shapes. The fish cakes were
prepared with an average of 25 g weight, packed with
stretch film by the placement of 3 pieces each on
styrofoam plates and soted at +4 + 1 °C (Akkus et al.
2004).

In a research conducted in the aquaculture
processing plants which process the zander (S.
lucioperca) and the tench fish fillets, the evaluation
of fillet residues that do not conform to the calibration
as fish cakes to contribute to the economy was
investigated. Zander and tench fillet residues were
obtained from local enterprises as material. Fish
cakes were made after mincing these supplied
materials and the addition of various additives
(Unliisayin et al. 2002).

In this study, the processability of tench, which is
common in Turkey’s inland waters was aimed to
evaluate differently. In this way, the meat of tench
which is not preferred by consumers should be
approved by converting into fishcakes. In addition to
this, depending on a consumer’s pleasure it was
aimed to extend the shelf life of the tench meat and
develop a new product that has gained economic
value.

Materials and Methods

Materials

In the study, a total of 100 tenches (Tinca tinca)
with a mean length of 24 + 1cm and a weight of 190
+ 20 g were used which caught from Lake Beysehir
(Konya, Turkey). Additives and spices used in the
production of fish cakes were supplied from the local
market of Egirdir (Isparta, Turkey).

Fishing and transport of the fish

T. tinca samples forming the material of this
study were fished from Lake Beysehir by the
operation of hauling with extension nets. After that,
fish that were in the same size group were selected
and brought to the Egirdir Fisheries Research
Institute Food Laboratory for assay.

Preparation of fish cakes

The fish to be used in the study were eviscerated
and washed with plenty of water. The washing
process was made carefully not to remain any
residues as blood, mucus, and so on. Cleaned fish
were filleted and the groundfish were obtained by
passing fish meat from a grinder with a hole diameter
of 3 mm. 3 different formulations were prepared by
adding additives and spices to the groundfish. The
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preparation of fish cakes were similar to known
methods (Damarli et al. 1992; Avct 1996). All fish
cakes were prepared by shaping in which each of
them was put in a 10 g weight, 5 cm diameter and 0.5
cm deep stainless steel circle molds. In preparation of
control group fish cakes in addition to the groundfish,
1 % salt, 0.5 % black pepper, 0.5 % red pepper, 0.5
% cumin, 1 % parsley, 10 % tail fat 10 % semolina
were added. In addition to the control group; 1 %
thyme was added into the first fish cake group and 1
% ginger was added into the second fish cake group.
After the fish cakes were prepared by 3 different
formulations, they were evaluated separately by 10
panelists. The fish cakes were packaged with
aluminum foil and stored at4 +1°C for 1, 4, 7, 10
days (under refrigerator conditions). Then, samples
were taken for each stated day and shelf life was
determined for these products by examining sensory,
chemical and microbiological changes. The
preparation of the fish cakes was carried out
according to the following product processing flow
diagram (Figure 1).

Product Processing Flow Diagram

Raw material

|

Grounding

|

Addition of additives

|

Shaping

|

Packaging

|

Cold storage

Figure 1. Product processing flow diagram.

All analyzes in the study were carried out in fresh
fish and fish cake samples taken periodically on the
1st, 4th, 7th, and 10th days of the storage.

Biometrical measurements

The meat yield of the fish brought to the
laboratory was calculated by measuring the lengths
by mm graduated of a gauge and weights by a scale
with a sensitivity of 0.01 g (Dikel and Celik 1998).

Determination of pH

pH measurement was conducted according to
TSE 2002. Samples (10 g) were taken periodically
from fresh fish and fish cakes during storage and
homogenized with the help of mixer. Then
measurements were carried out at 16 £ 1 °C with
WTW branded 320 sets of digital pH-meter (Er
2010).

Chemical composition analysis

Determination of moisture was carried out
according to TS 1743 (110+1 °C) (Anonymous
1974a) while deternination of inorganic matter (crude
ash) was carried out according to TS 1746 (550+1 °C)
(Anonymous 1974b) in fresh fish, processed and
stored fish cake samples. Additionally, crude protein
analysis was carried out according to Kjeldahl
Method (Nx6.25), (Anonymous 1983) and crude oil
analysis was carried out according to Soxhlet Method
(Keskin 1975).

Determination of  Thiobarbituric
Reactive Substances (TBARS)

In this analysis, a method based on the occurrence
of red color as a result of heating of thiobarbituric
acid with malonaldehyde which is formed by
oxidation of unsaturated fatty acids was used. The
amount of malonaldehyde specified as TBA number
was determined as spectrophotometric (at 538 nm
wavelength) and the results were given in mgMA/kg
(Varlik et al. 1993).

Determination  of
Nitrogen (TVB-N)

Total volatile basic nitrogen determination of
fresh and processed fish meat was made according to
the  Lucke-Geidel method  modified by
Antonacopoulas and Vyncke (1989) and the results
were given in mg/100 g (Inal 1992).

Acid

Total Volatile Basic

Microbiological Analysis

Preparation of samples for microbiological
analysis

25 g of fish meat was weighed with the help of
sterile forceps, scalpel and scissors in aseptic
conditions and 225 ml of buffered peptoned water
(Merck 7228) was added onto it. It was then
homogenized in 2-3 minutes pre-sterilized blender
and diluted 10-fold. Cultivations were carried out by
using pour plate method. For cultivation two parallels
were used from each dilution. 30-300 colonies-
including plaques in Petri dishes were enumerated
(Refai 1979; Varlik et al. 1993).

Total mesophilic aerobic (TMA) bacteria count

Plate Count Agar (Merck 5463) was used for the
count of total mesophilic aerob bacteria. After
cultivation petri dishes were incubated at 30=1 °C for
72 hours and forming colonies were enumerated at
the end of the incubation (Refai 1979; Varlik et al.
1993).

Total psychrophilic aerobic (TPA) bacteria
count

Plate Count Agar (Merck 5463) was used for the
count of total psychrophilic aerob bacteria. Forming
colonies were enumerated after 72 hours of
incubation at 22+1 °C (Anonymous 1993).
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Coliform bacteria count

Violet Red Bile Agar (Merck 1406) was
used as the medium. Plates were evaluated
by incubating at 37+1 °C for 24 hours and
counted bold red coloured colonies (Kocatepe et al.
2011).

Yeast and mould count

Potato Dextrose Agar (Merck 10130), which
was adjusted to pH 3.5 by using 10 % tartaric
acid, was wused as the medium. Plates
were enumerated after incubation at 22+1 °C
for 3-5 days (Anonymous 1983; Varlik et al.
1993).

Sensory analysis

In the sensory analyzes, the appearance, odor,
texture, taste and general appreciation of the fish
cakes were evaluated by the panellists with a score of
10 points in compliance with the hedonic scale.
According to this, 10 points were evaluated as very
good, 5 points were insignificant, and 4 points and
under were inconsumable (Hag et al. 2013).

Statistical analysis
The data obtained from the study were

subjected to the wvariance analysis (F-test)
with JMP program, and the means for the
calculated parameters were compared with

the LS Means Student T Multiple Comparison

Test. The significance level was chosen as
p <0.05.
Results

The meat vyield rates of biometric
measured  samples  were  determined by
seperating the viscera, head, skeleton, skin.
Accordingly, the vyield was determined as

43.769 + 0.670 % (Table 1).

Table 1. Meat yield of tench (T. tinca L. 157) samples.

Weight (g) 193.275+16.970
Total length (cm) 24.4754+0.848
Fork length (cm) 23.274+0.707

Viscera (%) 11.987+1.137
Head (%) 16.693+0.621
Meat (%) 43.769+0.670
Skeleton (%) 13.998+0.602
Skin (%) 13.308+0.488

The results of sensory analysis of the fish cakes
are given in Table 2.

Table 2. Sensory analysis of fish cake.

Panellists Control* Group 1* Group 2*
Day 0 8.26° 8.18" 9.05°
Day 1 8.32° 8.15" 9.242
Day 4 8.17° 8.19° 9312
Day 7 7.26° 7.51% 7.2°
Day 10 4.89° 4.20° 4.25b

*Different superscript letters in the same line indicate significant difference between means (p < 0.05).

As a result of the sensory analysis of the products
obtained, a large part of the panelists liked fish cakes
in terms of taste, smell, texture and appearance.
Obtained fish cakes got between 8.18 and 9.05 on a
ten point scale as a result of first sensory analysis.
Second group fish cakes were the most admired
group with 9.05 points. The sensory values of the fish
cakes stored in the cold decreased depending on the
storage period.

In ground fish, water was found to be 83.15,
crude protein was 13.07, fat 1.14, inorganic matter

was 1.89, carbohydrate was 1.21 in percentages.
In the control group water was found to be in
amount of 70.69, crude protein 10.85, fat 7.11,
inorganic matter 3.95, carbohydrate 8.17 while in the
first group water was 70.29, crude protein 10.72, fat
7.17, inorganic matter 4.14, carbohydrate 8.25 and in
the second group water was 70.11, crude protein
10.56, fat 7.11, inorganic matter 4.05, carbohydrate
8.21.

Chemical compositions of ground fish and fish
cakes are given in Table 3.

Table 3. Chemical compositions of ground fish and fish cakes.

. . Ground Fish* Control* Group 1* Grou 2%
Chemical Composition <iSH <iSH <iSH «SH P
Water % 83.15+1.102 70.69+1.14° 70.29+1.21° 70.11+1.35P
Protein % 13.07+1.092 10.85+1.23b 10.72+1.66° 10.56+1.01°
Fat % 1.14+0.41° 7.11+0.128 7.17+0.292 7.03+0.362
InorganicMatter % 1.89+0.2° 3.95+0.302 4.144+0.632 4.05+0.512
Carbohydrate % 1.21£0.42b 8.17+£1.532 8.25+£0.562 8.20+0.542

*Different superscript letters in the same line indicate significant difference between means (p < 0.05).



Capkin et al. 2020 - LimnoFish 6(3): 251-260

255

Chemical and microbiological analysis results of
fish cake are given in Table 4 and Table 5. According
to the results of the analysis made in ground fish;
TBA was found to be 1.05 + 0.30, TVB-N was 10.4
+1.09 and pH was 6.25 £ 0.39.

In microbiological analysis performed in ground
tench fish, the count of TMAB was detected as 4.462
+ 0.023 log cfu/g, TPA was 3.726 + 0.016 log cfu/g,
coliform bacteria was 1.301 + 0.026 log cfu/g and
yeast-mold was 1.079 + 0.009 log cfu/g.

Table 4. Chemical analysis results of ground fish.

. . TBA TVB-N pH
Chemical Analysis «SH SH «SH
Ground Fish 1.05+0.30 10.4+1.09 6.25+0.39

Table 5. Microbiological analysis results of ground fish.

Microbiological Analvsis T™MA TPA COLIFORM YEAST - MOULD
9 y x+SH x+SH X£SH x+SH
Ground Fish 4.462+0.023 3.72620.016 1.301£0.026 1.079+0.009

The TBA values of fish cakes were increased
according to storage time. Time dependent TBA
changes in fish cakes are given in Table 6. TBA
values of the product ranged from 1.43 £0.18 to 8.51
+ 0.33 (mg malonaldehyde/kg) at +4+1 °C during
storage. In a very good material TBA values should
be less than 3, and in a good material should not be
more than 5. The consumption limit value is between
7-8 (Duman and Ozpolat 2012; Varlik et al. 1993).

The TVB-N values of fish cakes were increased
according to storage time. Time dependent
TVB-N changes in fish cakes are given in Table 7.
The TVB-N values of the product increased
during storage and ranged from 11.33 +0.97 to 37.37
+ 0.38 mg/100 g at +4+1 °C. The difference of
TVB-N change between the products on the 4th,
7th and 10th days of the storage was significant
(p<0.05).

Table 6. Time dependent TBA changes in fish cakes (mg malonaldehyde/kg).

Days Control* Group 1* Group 2*
x+SH x+SH x+SH
Day 0 1.43+0.101° 1.58+0.1382 1.56+0.1942
Day 1 2.88+0.153b 3.03+£0.1432 3.04+0.1362
Day 4 4.97+0.101° 5.51+0.140? 5.47+0.0632
Day 7 6.81.13+0.112P 7.5+0.1802 7.2£0.106%
Day 10 8.26+0.077° 8.39+0.154 8.51+0.1872

*Different superscript letters in the same line indicate significant difference between means (p < 0.05).
Table 7. Time dependent TVB-N changes in fish cakes (mg/100 g).

Days Control* Group 1* Group 2*
x+SH x+SH x+SH
Day 0 11.33+0.560°2 11.37+0.3172 11.33+£0.6642
Day 1 13.53+0.520° 13.6+0.529° 12.87+0.845%
Day 4 19.43+0.120° 19.97+0.348P 21.6+£0.3212
Day 7 25.13+0.712° 27.5+0.2082 27.03+0.4702
Day 10 35.43+0.578P 36.3£0.321% 37.37+0.2182

*Different superscript letters in the same line indicate significant difference between means (p < 0.05).

The pH values of the product ranged from 6.4 +
0.03t06.76 £0.18 at + 4 £ 1 ° C during storage. The
difference in pH between the products on the 4th, 7th
and 10th days of the study was significant (p<0.05).
Time dependent pH changes in fish cakes are given
in Table 8.

Total mesophilic aerobic bacteria values
of the products ranged from 4.579+0.023 log cfu/g
(3.8x10* cfu/g) to 7.36+£0.049 log cfu/g
(2.3x107 cfu/g) at +4+1° C. Total mesophilic
aerobic (TMA) bacteria counts of the fish cakes were
increased depending onstorage time. The difference

between total mesophilic aerobic bacteria
change between the products on the 1st, 4th,
7th and 10th days of the study was significant
(p<0.05). Time dependent total mesophilic aerobic
(TMA) bacteria count changes in fish cakes are given
in Table 9.

According to the criteria published by the
Ministry of Agriculture and Forestry in terms
of total aerobic Dbacteria content (TMA),
the consumption limit of fresh fish meat is
107 cfu/g (Colakoglu et al. 2006). Tench fishcakes
reached thelimit on the 10th day. In terms of
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total mesophilic aerobic  bacteria  content,
they maintained their consumable properties
until the 10th day.

The total psychrophilic bacteria (TPA) load
values of the products were ranged between
3.99+0.11 log cfu/g (1.0x10* cfu/g) and 6.907+0.014
cfu/g (8.1x10° cfu/g) at +4=1° C. Total psychrophilic

aerobic (TPA) bacteria counts of the fish cakes were
increased depending on storage time. The difference
of total psychrophilic bacterial change between the
products on the 1st, 4th, 7th and 10th days of the
study was significant (p<0.05). Time-dependent total
psychrophilic aerobic (TPA) bacteria count changes
in fish cakes are given in Table 10.

Table 8. Time dependent pH changes in fish cakes.

Control* Group 1* Group 2*
Days
x+SH x+SH x+SH
Day 0 6.71x0.1772 6.71£0.0722 6.76+0.101°
Day 1 6.57+0.0742 6.63+0.60P 6.66+0.061°
Day 4 6.53+0.0322 6.46+0.029 2 6.4£0.014°
Day 7 6.63+0.012 6.56+0.014° 6.55+0.015°
Day 10 6.73+0.018? 6.64+0.017° 6.62+0.017°

*Different superscript letters in the same line indicate significant difference between means (p < 0.05).

Table 9. Time dependent total mesophilic aerobic (TMA) bacteria changes in fish cakes (log cfu/g).

Days Control* Group 1* Group 2*
x+SH x+SH x+SH
Day 0 4.579+0.0132 4.616+0.009° 4.591+0.112
Day 1 4.62+0.0092 4.663+0.005P 4.71+0.007°¢
Day 4 5.263+0.007° 5.271+0.007° 5.342+0.0112
Day 7 6.078+0.0202 6.212+0.023b 6.372+0.031°¢
Day 10 7.1£0.030° 7.192+0.0320 7.36+0.0282

*Different superscript letters in the same line indicate a significant difference between means (p < 0.05).

Table 10. Time dependent total psychrophilic aerobic (TPA) bacteria changes in fish cakes (log cfu/g).

Days Control* Group 1* Group 2*
x+SH x+SH x+SH
Day 0 3.99+0.063° 3.994+0.051° 4.053+0.026°
Day 1 4.11540.066° 4.173+0.0333 4.306+0.0302
Day 4 4.999+0.025° 5.087+0.044° 5.27+0.020°
Day 7 5.821+0.013b 5.81240.019P 5.931+0.0072
Day 10 6.783+0.0102 6.845+0.009P 6.907+0.007°¢

*Different superscript letters in the same line indicate significant difference between means (p < 0.05).

Coliform group bacterial load values of the
products ranged from 1.36+0.102 log cfu/g (2.3x10*
cfu/g) to 2.175+0.029 log cfu/g (1.5x10? cfu/g) at +
4+1° C. Coliform bacteria counts of the fish cakes
were increased depending on storage time. The
difference of coliform group bacterial change
between the products on the 1st, 4th, 7th and 10th
days of the study was significant (p<0.05). Time
dependent coliform bacteria count changes in fish
cakes are given in Table 11.

Yeast and mold load values of the products
ranged from 1.56+0.072 log cfu/g (3.6x10* cfu/g) to
2.548+0.019 log cfu/g (3.5x10% cfu/g) at + 4+1° C.
Yeast and mould counts of the fish cakes were
increased depending on storage time. The difference
between yeast and mold changes was found to be
significant (p<0.05) between the products on the 1st,
4th, 7th and 10th days of the study. Time dependent
yeast and mould count changes in fish cakes are given
in Table 12.

Table 11. Time dependent coliform bacteria changes in fish cakes (log cfu/g).

Group 1*
x+SH

Group 2*
x+SH

Control*
Days x+SH
Day 0 1.36+0.058°
Day 1 1.56+0.041°
Day 4 1.725+0.026°
Day 7 1.937+0.17°
Day 10 2.175+0.011°

1.46+0.087%
1.634+0.032%
1.752+0.026®
1.969+0.015%
2.111£0.032b

1.519+0.0412
1.7254+0.0262
1.823+0.0228
2.014+0.0172
2.145+0.0132

*Different superscript letters in the same line indicate significant difference between means (p < 0.05).
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Table 12. Time dependent yeast and mould count changes in fish cakes (log cfu/g).

Days Control* Group 1* Group 2*
x+SH x+SH x+SH
Day 0 1.56+0.0416° 1.634+0.0322 1.752+0.0262
Day 1 1.969+0.015° 2.014+0.013% 2.053+0.0262
Day 4 2.185+0.009P 2.212+0.018P 2.328+0.0252
Day 7 2.263+0.007° 2.2860.07° 2.409+0.0112
Day 10 2.437+0.005°¢ 2.472+0.004° 2.548+0.0102

*Different superscript letters in the same line indicate significant difference between means (p < 0.05).

Discussion

In this study the processability of tench was tried
to be determined. For this purpose some
physicochemical and microbiological analysis were
conducted to detect quality criteria. Generally, results
obtained in this study were in accordance with the
similar studies as indicated below.

The panelists reported that; they felt the smell of
fish cakes more than fish and they received a pleasant
taste due to the effect of spices. These results are in
accordance with those reported by Unliisayin et al.
(2002) in which similar results were obtained from
fish cakes.

With the effect of spices and additives used in
fish cake production, decrease in water and protein
ratios and increase in fat, inorganic and carbohydrate
ratios in fish cakes contrast to ground fish were
observed. Results were in agreement with Avci
(1996), who studied physical and chemical changes
in trout fish cake and salad during cold storage. In
addition, in a study about fish cakes obtained from
carp meat conducted by Yanar and Fenercioglu
(1999), reported smilar results.

The TBA results and the results of the fish cakes
for day 0 were similar and the values of the control
group were found to be lower. This is also an
expected condition for raw material. Unliisayin et al.
(2002) reported that the results of fish cakes obtained
from zander and tench were 6.13+0.39 — 6.21+0.48
for pH; 1.15£0.97 - 1.05+0.54 for TBA and
0.08+1.23 —10.93=1 for TVB-N, orderly. The results
obtained from the study show accordance with
previous studies.

The products began to deteriorate on the 7th day
of the study and exceeded the limit of consumption
on the 10th day. It has been observed that TBA
analysis findings in the study were in agreement with
other studies (Yanar and Fenercioglu 1999;
Unliisaym et al. 2002). In a different study, TBA
values ranged between 1.70-4.49 (mg MDA/Kg) in
the control group and 1.92-3.83 (mg MDA/kg) in the
Sunset Yellow FCF supplemented group during
storage. The reasons for lower TBA values include
factors such as raw material and process differences,
such as smoked garfish. (Kaba et al. 2012).

Quality classification of fish and fish products
according to TVB-N values are stated as; TVB-N
value up to 25 mg/100 g is “very good”, up to 30 mg
/100 g is “good”, up to 35 mg/ 100 g is “marketable”
and over 35 mg / 100 g is deteriorated. Beside this
TVB - N consumable limit value is given as 32-36
mg/ 100 g in freshwater fish (Cetinkaya 2017; Varlik
et al. 2000). Tench fish cakes could be characterized
as "very good" until the 7th day, “marketable”
between 7 — 10 days and deteriorated after 10 days
according to this classification.

In a study about the investigation of some quality
parameters of fish cakes made from raw and boiled
fish meat, the TVB-N values of the fishcakes made
from raw anchovies increased in dependence on the
storage period and exceeded the limit value with the
values of 39.33 mg/ 100 g on the 18th day of the first
trial and 36.03 mg / 100 g on the 15th day of the
second trial (Akkus et al. 2004). In a similar study,
TVB-N value of fresh bonito was 10.6 = 0.02 mg /
100g. This value was found to be 12.6+0.00 mg/100g
on the first day of storage in fishcakes obtained from
smoked bonito, and 30.51+0.09 at the end of 10 days
storage period (Kaba et al. 2013). It was observed that
the TVB-N results in the study were consistent with
other shelf life of fishcakes determination studies.

pH values of fish cakes were firstly decreased
depending on storage time and then increased. In a
study conducted to determine the shelf life of
marinated fiscakes, the pH value of the fishcake
marinades stored in the cold was 4.19 at first, but then
increased and then decreased depending on the
storage time (Varlik et al. 2000).

In the study on the production of fishcakes from
fillets of pike perch and tench, pH values of pike
perch and tench fishcakes at +4+1° C were initially
determined as  6.16£0.02 and  6.93+0.42,
respectively. decreased and then increased on the
14th day of the study were determined as 9.12 + 0.88
and 6.78 £ 0.09, respectively, during the study period,
it decreased firstly and then increased to 9.12+0.88
and 6.784+0.09 on the 14th day of the study,
respectively (Unliisayin et al. 2002).

In our study, changes in pH values of fishcakes
during 10 days storage were found to be acceptable.
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In general, fresh fish pH value is reported to be 6.0-
6.5, consumability limit value is 6.8-7.0 (Gokoglu
and Varlik 1992; Akkus et al. 2004). The pH values
are also in line with the results of the study in which
Oksiiztepe et al. (2010) examined the effect of
sodium lactate addition on fish cakes.

In the study on microbiological quality of fresh
and processed atherina fish (Atherina boyeri, Risso
1810), the average total aerobic bacteria count and
coliform bacteria count in fresh fish were reported as
2.2x101 cfu/g and 2.9x101 cfu/g, respectively. In the
study on the production of fishcakes from fillet
residues of pike perch and tench, total mesophilic
aerobic bacterial values of pike perch and tench
fishcakes were initially determined as 4.0x10* cfu/g
and 4.2x10* cfu/g, respectively, then increased on the
14th day of the study and determined as 1.2x107 cfu/g
and 1.4xI07 cfu/g, respectively (Unliisaym et al.
2002).

In the study of the examination of some quality
parameters of fishcakes made from raw and boiled
fish meat, total mesophilic aerobic bacteria value of
fishcakes made from raw anchovy increased
depending on the storage time and the value in the
first trial at the beginning of storage was found to be
4.8+0.007 log cfu/g and in the second trial it was
4.6+0.021 log cfu/g. On the 12th day of the storage,
the value in the first trial was found to be 7.4+0.014
log cfu/g and in the second trial it reached to
7.3£0.002 log cfu/g and exceeded the limit value
(Akkus et al. 2004). In the study on the shelf life of
anchovy fishcakes stored in cold, total mesophilic
aerobic bacteria value increased by storage time and
was determined as 4 log cfu/g (1.0x10* cfu/g) at the
beginning of storage and reached 7.76 log cfu/g
(5.8x107 cfu/g) value on the 10th day of storage
(Turhan et al. 2001).

The total psychrophilic bacteria (TPA) all
samples remained below the limit of 107. In the study
of the examination of some quality parameters of
fishcakes made from raw and boiled fish meat, total
psychophilic bacterial load value of fishcakes made
from raw anchovy increased depending on the
storage time and in the first trial at the beginning of
storage, it was found to be 4.0+0.001 log cfu/g and in
the second trial it was 4.5£0.004 log cfu/g. On the
12th day of the storage, the value in the first trial was
found to be 7.7+0.002 log cfu/g and in the second
trial it reached to 7.8+0.014 log cfu/g and exceeded
the limit value (Akkus et al. 2004).

Bacterial content of coliform group, which is an
indicator of the hygienic quality of the product, was
determined below the limit value of 2.1x10? cfu/g
given in all three sample types (Anonymous, 2002;
Colakoglu et al., 2006). In the study on the shelf life
of anchovy fishcakes stored in cold, bacterial value

of coliform group increased depending on storage
time and it was determined as 1.3 log cfu/g (2.0x10*
cfu/g) at the beginning of storage and reached 4.84
log cfu/g (6.9x10* cfu/g) on 10th day of storage
(Turhan et al. 2001).

Yeasts and molds are not found in normal flora in
fish. These microorganisms are generally of soil
origin and are known to be contaminated with water
at the time of hunting or the tools and materials used
after hunting (Goktan 1990; Patir and Duman 2006).
It is thought that the yeast and mold detected in the
products may be contaminated from the environment
during processing or from the refrigerator where the
storage is made.

The freshwater of Turkey has a large population
in terms of tench (T. tinca). These fish are usually
consumed as fresh in the regions where they are
fishing, while some of them are filleted in the
processing plants and put on the market. Due to the
fact that both having less knowledge about the tench
and having low demand for frozen fish, the fish is
sold at a very low price and consumed in a small
amount. In this study to increase fish consumption
and offer different products to the consumers, the
products obtained have been highly appreciated and
a different taste has been revealed.

The results of the microbiological analysis
obtained in this study are in accordance with the
literature. According to the results of microbiological
analysis, the fishcakes obtained in the study exceeded
the limit values after the 10th day. It is estimated that
the microbiological analysis results of the group 2
fishcakes were high and these values were
statistically significant (p <0.05) due to the high
microbial load of the ginger used at the beginning.

As a result, the fish cakes obtained from the tench
fish were maintained the edible property until the
10th day and then spoiled according to the results of
chemical and microbiological analysis. Fish cakes
could be stored in aluminum packaging for 10 days
under refrigerator conditions at 4+1 °C, but the first
7 days of storage is classified as good quality class
for the products. In addition, in the light of the
findings obtained, a new product variety and
consumer taste is presented with a different flavor,
and the shelf life of the fish cake obtained from the
tench has also been determined.
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Kirkgoz Su Kaynaklar: ve Cirmk Kopriisii Arasinda Yasayan Pseudophoxinus
antalyae, Bogutskaya, 1992°’min Kas Dokusunda Bazi1 Agir Metal Diizeylerinin
Arastirilmasi
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Arastirma, 2016-2017 yillarinda mevsimsel olarak Antalya ili Désemealt1 ilgesi ARASTIRMA M AKALESI
sinirlari iginde dogan Kirkgdz Kaynaklarinda yasayan ve endemik bir tiir olan
Pseudophoxinus antalyae Bogutskaya,1992 (Cigek balig)’'nda agir metal Gelis :26.03.2020
diizeylerini belirlemek amac1 ile gerceklestirilmistir. Kirkgdéz Kaynagi Diizeltme  :29.05.2020
Désemealti’dan Lara’ya kadar 30 km’nin lizerindeki bir akis glizergahini yerlesim

. .. L . . . . Kabul :05.06.2020
yerleri ve en dnemlisi Antalya Organize Sanayii Bolgesi Aritma Suyu Desarjint
alarak Akdeniz’e dokiilmektedir. Bu nedenle s6z konusu yerlesim yerleri ve Yayim :29.12.2020
ozellikle aritma desarj suyunun sebep oldugu muhtemel metal kirliligini tespit
etmek icin anilan tiirde mevsimsel olarak Kirkgdz Kaynagi, Kepez Yiikleme
Goleti (OSB artma suyunun desarjimi alan istasyon) ve Cirnik Kopriisii "
istasyonlarindan balik Orneklemeleri yapilmustir. Baliklarin kas dokularinda SORUMLU YAZAR
Kadmiyum (Cd) 1,48- 4,24 pg/g, Kobalt (Co) 0,73- 3,12 pg/g, Krom (Cr) 0,90-
8,14 ng/g, Bakir (Cu) 1,21- 4,22 pg/g, Mangan (Mn) 3,94- 32,39 ug/g, Nikel (Ni)
0,24- 0,78 pg/g, Kursun (Pb) 20,03-58,15 ng/g ve Cinko (Zn) 223,07- 464,39
ug/g minimum- maksimum diizeyleri saptanmustir. Buna goére: Cd, Co, Cr, Cu,
Mn, Ni, Pb ve Zn diizeyleri genel anlamda TGK, DSO, AB, EPA ve FAO
kriterlerinin tizerinde belirlenmistir
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Anahtar kelimeler: Kirkgdoz Kaynagi, kas dokusu, metal birikimi,
Pseudophoxinus antalyae

Investigation of Some Heavy Metal Levels in Muscle Tissue of Pseudophoxinus antalyae BOGUTSKAYA, 1992
(Flower Fish ) Inhabiting Between Kirkgoz Springs and Cirnik Bridge

Abstract: The study was carried out to determine the heavy metal of Pseudophoxinus antalyae Bogutskaya, 1992, (Flower fish)
which is an endemic fish species living in Kirkgoz springs. Kirkg6z springs were born within the boundaries of Dsemealt1 district
of Antalya province seasonally in the years of 2016-2017. Kirkgoz springs, which carry runoff from urban and Antalya Organized
Industrial Zone Water Treatment Discharge runoff falls, flows for approximately 30 km from Dsemealti to Lara which flowing to
the Mediterranean Sea. For this reason, to determine the possible metal pollution caused by the urban runoff and especially the water
treatment discharge, fish were sampled seasonally from the Kirkgdz Springs, the Kepez Loading Pool (the station which receiving
discharge of OIZ treatment water), and Cirnik Bridge stations. The minimum-maximum values of some heavy metals were
determined in the muscle tissues of the fish: Kadmium (Cd) 1.48 - 4.24 pg /g, Cobalt (Co) 0.73 - 3.12 pg/g, Chromium (Cr) 0.90 -
8.14 pg /g, Copper (Cu) 1.21 - 4.22 pg/g, Manganese (Mn) 3.94- 32.39 pg/g, Nickel (Ni) 0.24 - 0.78 pg/g, Lead (Pb) 20.03-58.15
ng /g and Zinc (Zn) 223.07- 464.39 pg/ g. Accordingly: Cd, Co, Cr, Cu, Mn, Ni, Pb, and Zn levels were generally determined above
the criteria of TFC, WHO, EC, EPA, and FAO.

Keywords: Kirkgoz Springs, muscle tissue, metal loading, Pseudophoxinus antalyae
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Giris atik sularda artis ile plansiz yapilan ¢aligmalar gevre

Hizli niifus artis1, sanayinin gelismesi, kentlesme  Kirliligine sebep olmaktadir. Cevre kirliliginin
sonucunda ortaya ¢ikan altyap: eksikligi, artan tarim  sonucunda alic1 ortam olan gol, gdlet ve akarsularm
ve hayvancilik faaliyetleri ile evsel ve endiistriyel ~ sukalitesinin ve dogal dengesinin bozulmasina neden
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olmaktadir (Orugoglu ve Beyhan 2019). Alict
ortamlar i¢in baslica kirleticiler organik ve inorganik
maddeler, tozlar, mikroorganizmalar, deterjanlar,
pestisitler, agir metaller, askida kati maddeler,
radyoaktivite, yaglar, petrol iirlinleri ve benzerleridir
(Ellis vd. 1989).

Bu kirleticiler arasinda yer alan ve balik
viicudunda birikimi sonucunda tehlike olusturan
maddelerden biri de agir metallerdir. Agir metaller;
pil yapimi, elektrik-elektronik sanayi, kimyasal
calismalar, kuyumculuk, otomotiv sanayi gibi bir¢ok
alanda kullanilmaktadir. Kullanilan bu agir metal
atiklarinin ¢evreye kontrolsiiz bir sekilde birakilmasi,
Ozellikle suya karigmasi sonucunda suda, sedimentte
ve balik viicudunda birikimleri goriiliir. Agir metaller
balik viicudunda stres etkeni olarak rol oynar. Pek
cok stres etkeni, baliklarda “Genel Adaptasyon
Sendromu” olarak adlandirilan stres yanitlamalarina
sebep olabilir. Agir metaller sucul canlilarda hiicresel
ve molekiiler diizeyde yapisal islev bozukluklarina ve
DNA kirilma frekanslarinda artigsa sebep olmaktadir
(Kalay ve Karatag 1999; Levesque vd. 2002).

Baliklarda agir metaller viicuda solunum veya
sindirim yolu ile gecerler. Idrar onlarin viicuttan
atilmmi saglayan en yaygm yoldur. Bagirsak
mukozasindan sindirim alanlarindaki bosluklara
dogrudan salgilanirlar. Bircok metal normal hiicre
aktivitesi igin gereklidir (Hughes 1996). Bununla
birlikte Cu, Zn gibi agir metaller belirli limitlerin
tizerinde, Pb ve Cd ise ¢ok diisiik diizeylerde bile
viicuda alindiginda farkli saglik sorunlarina yol
acmaktadir (Yazkan vd. 2002).

Biitiin metallerin (Fe, Cu, Zn, Co, Mn, Cr, Mo,
Se, Ni, Ti) yer almasi i¢in kirliligin asir1 derecede
olmas1 gerekir. Elzem ve elzem olmayan agir

metallerin  konsantrasyonlart  viicutta enzimler
yardimiyla  diizenlenebilmektedir.  Ancak bu
diizenlemenin yapilamadigi bazi tiirlerde oldukga
yiiksek metal seviyelerine rastlanilmaktadir (Bryan
1976).

Bu ¢aligmada, Antalya Organize Sanayi Bolgesi
ve Cirmik Kopriisii arasinda yasayan, Kirkgoz
kaynagindan baslayarak denize dokiiliinceye kadar
olan bolgede, Antalya c¢evresi i¢in endemik olan

cicek  baliginin,  Pseudophoxinus  antalyae
(Bogutskaya, 1992) (Cyprinidae) agir metal
yoniinden incelenmesi amaglanmistir.  Tiir igin

benzer bir ¢aligmanin yapilmamis olmasi; hem
anilan tiiriin neslinin korunmasi, hem de tiiketiminde
olas1 olumsuz bazi sonuglarin saptanmasi ile birlikte
Ozelikle aritma tesisi atik sulari ile diger etmenlerin
metal kirliligi yansimalarinin ne diizeyde oldugunun
bir canli indikatdr {iizerinden  gosterilmesi
bakimindan ¢alisma 6nem arz etmektedir.

Materyal ve Metot

P. antalyae bireyleri (Sekil 1) 4 mevsim boyunca
ve asagida detayli olarak agiklanan her istasyondan
balik kafesleri kullanilarak yakalanmistir. Kafesler
gece yarisi yemli olarak suya birakilmis ve sabah
9:00-10:00 civarinda sudan cikarilmistir. Her
mevsimde toplam 30 adet olacak sekilde her
istasyondan farkli boy gruplarindan 10 adet birey
secilmis ve toplam 120 adet bireyin analizi
gerceklestirilmistir. Yakalanan baliklarin bulundugu
lokasyonlardan ilki su ¢ikiginin oldugu Kirkgoz
mevkii, ikincisi Antalya Organize Sanayi atiklarinin
dokiildiigii yer olan Kepez 1 HES yiikleme goleti
cikis bolgesi ve iicilinciisii Cirnik Kopriisii olarak
belirlenmistir (Sekil 2).

Sekil 1. Pseudophoxinus antalyae, Bogutskaya 1992 (Orijinal) ve avlanmada kullanilan kafes.
Figure 1. Pseudophoxinus antalyae, Bogutskaya 1992 (Original), and the cage used for hunting.
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Sekil 2. Ornek aliman istasyonlar ( 1. Kirkg

()

=

z, 2. K‘epez I HES ve 3. Cirnik Kopriisii).

Figure 2. Sampled stations (1. Kirkg6z, 2. Kepez I HEPP and 3. Cirnik Bridge).
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Bu ¢aligmada metallerin depolandig1 hedef doku
ve baligin en yenilebilir kism1 oldugu i¢in baliklarin
kas dokusu (dorsal kas) kullanilmistir. Yakalanan
farkli boy ve agirliktaki baliklarin incelemeye hazir
hale getirilmesi i¢in 600 mg/L karanfil yagi
kullanilmistir. Baliklarin  boy ve agirliklar
Olciildiikten sonra baliklarin kas dokusundan 6rnek
alinmistir. Bu 6rnekler porselen bigakli bir mikser
kullanilarak homojenize edilmistir. Homojenize
edilen balik o6rneklerinden yakma islemi icin 0,5
gram yakma tiiplerine alinarak iizerlerine 8 ml
konsantre Nitrik asit (%65’ lik) ve 2 ml Hidrojen
Peroksit (%35) ilave edilip, mikrodalga firinda
yakma iglemi gergeklestirilmistir.

Yakma islemi tamamlanan &rnekler polietilen
tiplere aktarilarak toplam hacimleri deiyonize
su ile 15 ml’ye tamamlanmig ve metal analizine
hazir hale getirilmistir. Metal analizleri Varian

720-ES model ICP-OES cihaz1 kullanilarak
yapilmigtir. Baliklarda; Cd, Co, Cu, Cr, Mn,
Ni, Pb ve Zn diizeyleri tayin edilmistir

(ASTM 1985).

Kas dokusundaki agir metallerin
konsantrasyonlar1 arasinda alansal ve mevsimsel
farkliliklarin olup olmadig iki yonlii varyans (Two-
Way ANOVA) analizi kullanilarak %5 olasilik
diizeyinde (p<0,05) incelenmistir. Analizden o6nce,
tiim verilerin normal dagilim ve varyans homojenligi

gosterip-  gostermedigi  sirasiyla  Shapiro-Wilk
normallik testi ve Levene testi kullanilarak
degerlendirilmistir. ANOVA  varsayimlarin
karsilamak tizere tiim veri seti logio (X +1)’ a
doniistiiriilmiistiir.  Istatistiksel ~ analizler ~SPSS
Statistics 23 programi kullanilarak
gerceklestirilmistir.

Bulgular

Kis, ilkbahar, Yaz ve Sonbahar mevsimlerinde
strastyla Kirkgdz, Kepez ve Cirnik istasyonlarindan
yakalanan cigek baliginin kas doku
orneklemelerinden temin edilen agir metal
diizeylerine ait sonuglar Tablo 1°de verilmistir. Ote
yandan, bu diizeylerdeki alansal ve mevsimsel
degisimler ise Sekil 3’de gosterilmistir.

Tablo 1. Mevsimsel 6rnekleme alaninda ¢icek baliginda Cd, Co, Cr, Cu, Mn, Ni, Pb ve Zn diizeyleri (ng/g yas agirhk).
Table 1. Levels of Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn levels (ng / g wet weight) in flower fish in seasonal sampling area.

istasyon Mevsim Cd Co Cr Cu Mn Ni Pb Zn
(ng/lg)  (uglg) (ng/g)  (ug/g)  (nglg)  (nglg)  (ug/g)  (nglg)
flkbahar 1,87 1,33 1,27 2,24 8,24 0,46 37,75 325,78
Yaz 1,69 1,14 1,14 2,69 1041 0,32 34,24 353,39
Kepez Sonbahar 1,93 1,36 187 3,06 1055 051 3540 41152
Kis 1,59 1,14 1,29 3,34 7,20 0,34 3382 377,23
Ort. 1,77 1,24 1,39 2,83 9,10 0,41 3531 366,98
flkbahar 1,65 1,31 0,90 2,64 5,56 0,26 20,03 315,78
Yaz 1,48 1,22 1,50 2,19 5,93 0,27 30,88 223,07
Kirkgdz Sonbahar 1,52 0,73 1,16 2,40 4,18 0,24 29,82 296,95
Kis 1,61 1,29 1,04 1,21 3,94 0,26 2525 298,34
Ort. 1,56 1,14 1,15 2,11 4,90 0,26 26,50 283,54
flkbahar 1,91 3,12 2,48 2,71 17,96 0,49 5450 363,06
Yaz 1,84 1,23 1,12 4,22 3239 051 56,84 462,91
Crrnik Sonbahar 2,02 1,37 1,65 3,46 18,72 0,78 58,15 464,39
Kis 4,24 1,91 8,14 4,21 1755 0,71 46,94 414,60
Ort. 2,50 1,91 3,35 3,65 2166 0,62 5411 426,24
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Kadmiyum (Cd)

Caligma siiresince  ¢icek baligindaki  Cd
konsantrasyonu 4,24 ng/g (Cirnik, kis) ile 1,48 pg/g
(Kirkgdz, yaz) arasinda degisim gostermistir
(Tablo 1). Cirmik istasyonunun ortalama Cd
konsantrasyonu (2,50 pg/g) diger iki istasyona
kiyasla (1,77 pg/g Kepez; 1,56 ng/g Kirkgdz)
daha yiiksek bir degerde oldugu belirlenmis ve
istasyonlar arasindaki fark anlamli goriilmiistiir
(p<0,05). Kis mevsimine ait ortalama Cd
konsantrasyonunun (2,48 pg/g), ilkbahar, sonbahar
ve yaz mevsimlerine gore daha yiiksek oldugu
saptanmustir (p<0,05).

Kobalt (Co)

Calisma boyunca ¢icek baligindaki Co
konsantrasyonu 3,12 pg/g (Cirnik, ilkbahar) ile
0,73 ng/g (Kirkgdz, sonbahar) arasinda degisim
gostermistir (Tablo 1). Dort mevsimin istasyonlara
gore ortalama konsantrasyonlari incelendiginde,
ortalama Co konsantrasyonu Kirkgdz istasyonundan
Cirmik istasyonuna dogru bir artis gostermistir.
Cirnik istasyonunda ortalama Co konsantrasyonu
(1,91 pg/g) diger iki istasyona kiyasla (1,24 pg/g
Kepez; 1,14 pg/g Kirkgdz) daha yiiksek bir
degerde oldugu belirlenmistir (p<0,05). Kepez
ile Kirkgoz istasyonlar1 arasinda istatistiksel olarak
anlamli bir farklilik elde edilmemistir (p>0,05).
[lkbahar ~ mevsimine  ait  ortalama  Co
konsantrasyonu (1,91 pg/g), sonbahar (1,15 pg/g) ve
yaz (1,19 pg/g) mevsimlerinden daha yiiksek oldugu
belirlenmigtir.

Krom (Cr)
Cr konsantrasyonu 8,14 pg/g (Cirnik, kis) ile
0,90 ug/g (Kirkgdz, ilkbahar) arasinda degisim

gostermistir (Tablo 1). Cr konsantrasyonunun
istatistiksel olarak hem alansal (p<0,05) hem de
mevsimsel  farklilik  gosterdigi  belirlenmistir

(p<0,05). En yiiksek Cr degeri Cirnik istasyonunda
(3,35 pg/g) en diisiik ise Kirkgdzler istasyonunda
(1,15 pg/g ) seklinde 6lgiilmiistiir. Ilkbahar ve
sonbahar mevsimleri arasinda bir  farklilik
olmamasina (p>0,05) ragmen, kis mevsiminin (3,49
ug/g) diger tiim istasyonlardan yiiksek oldugu tespit
edilmistir.

Bakar (Cu)

Cu konsantrasyonu 4,22 pg/g (Cirnik, yaz) ile
1,21  ug/g (Kirkgozkis) arasinda degisim
gostermistir (Tablo 1). Ortalama Cu

konsantrasyonunun en yiiksek Cirnik istasyonunda
(3,65 ng/g) en disiik ise Kirkgoz istasyonunda (2,10

ng/g) oldugu belirlenmis ve istasyonlar arasindaki
fark  6nemli  bulunmustur  (p<0,05). Cu
konsantrasyonu bakimindan mevsimler arasinda
istatistiksel acidan  Gnemli bir farklilik
belirlenmemistir (p>0,05).

Mangan (Mn)

Mn konsantrasyonu 32,39 ug/g (Cirnik, yaz) ile
394 png/g (Kirkgdz, kis) arasinda degisim
gostermistir (Tablo 1). Her {i¢ istasyonun Mn
konsantrasyonlar1 arasinda 6nemli derecede farklilik
bulunmus olup, en yiiksek Mn degeri Cirnik
istasyonunda (21,65 pg/g) en diisik ise Kirkgoz
istasyonunda (4,89 pg/g) dlcilmiistir (p<0,05). Yaz
mevsiminde Mn konsantrasyonunun (16,24 ug/g)
diger tiim mevsimlerden daha yiiksek oldugu
belirlenmistir (p < 0,05).

Nikel (Ni)

Ni konsantrasyonu 0,78 pg/g (Cirnik, sonbahar)
ile 0,24 pg/g (Kirkgdz, sonbahar) arasinda degisim
gostermistir (Tablo 1). Cirnik istasyonunda ortalama
Ni konsantrasyonu (0,62 ug/g) diger iki istasyona
kiyasla (0,41 pg/g Kepez; 0,26 pg/g Kirkgdz) daha
yiiksek bir degerde oldugu belirlenmis ve fark 6nemli
bulunmustur (p<0,05). Sonbahar mevsimine ait
ortalama Ni konsantrasyonunun (0,51 ng/g), ilkbahar
(0,40 pg/g) ve yaz (0,36 ng/g) mevsimlerinden farkli
oldugu saptanmustir (p<0,05).

Kursun (Pb)

Pb konsantrasyonu 58,15 pg/g (Cirnik, sonbahar)
ile 20,03 pg/g (Kirkgoz, ilkbahar) arasinda degisim
gostermistir (Tablo 1). Ortalama Pb
konsantrasyonunun en yiiksek Cirnik istasyonunda
(54,10 pg/g) en disiik ise Kirkgdz istasyonunda
(26,49 png/g) oldugu Dbelirlenmis ve fark
anlamli bulunmustur (p<0,05). Pb konsantrasyonu
bakimimdan  mevsimler arasinda istatistiksel
acidan Onemli bir farklilk belirlenmemistir
(p>0,05).

Cinko (Zn)

Zn konsantrasyonu 464,39 pug/g (Cirnik,
sonbahar) ile 223,07 pg/g (Kirkgdz, yaz) arasinda
degisim gostermistir (Tablo 1). En yiiksek Zn
konsantrasyonu Cirnik istasyonunda (426,24 ug/g)
en disiik ise Kirkgozler istasyonunda (283,53 ng/g)
Olcililmiis ve fark Onemli bulunmustur (p<0,05).
Sonbahar ~ mevsimine  ait  ortalama  Zn
konsantrasyonunun (390,95 ug/g), ilkbahar (334,87
ug/g) ve yaz (346,45 pg/g) mevsimlerinden daha
yiiksek oldugu belirlenmistir (p<0,05).
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Sekil 3. Cigek baligi kas dokusundaki agir metal diizeylerinin alansal ve mevsimsel degisimleri.
Figure 3. Spatial and seasonal changes in heavy metal levels in the muscular tissue of fish flower.

Tartisma ve Sonug¢

Arastirma siiresince P. antalyae bireylerinin kas
dokusunda Dbelirlenen agir metallerin ortalama
konsantrasyonlar1  degerlendirildiginde; Kirkgoz
Istasyonundan Cirnik Istasyonuna dogru bir artisin
oldugu goriilmiistiir. Diger yandan caligmamizda
hedeflenen kas dokusundaki kadmiyum (Cd)
konsantrasyonu 4,24 pg/g (Cirnik-Kis) ile 1,48 pg/g
(Kirkgdz-Yaz) arasinda degisim gostermistir. Canli

vd. 1998 Seyhan nehrinden yakalanan Cyprinus
carpio, Barbus capito ve Chondrostoma regium’ un
kas dokularinda sirasiyla ortalama 0,93, 1,07 ve 0,95
pg/g olarak bulmuslardir. Buna karsin Goksu vd.
2003 bu kez Seyhan Baraj Goliindeki Aynali Sazan
(C. carpio) ve Sudak (Sander lucioperca)
baliklarinda yaptiklari ¢aligmada ise kas dokusundaki
Cd diizeylerini Aynali Sazan i¢in 0,46 (pg/g yas
agirlik), Sudak i¢in ise, 0,49 (ng/g yas agirlik) olarak
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saptamiglardir. Tokathh vd. (2016) Meri¢ Nehir’i
deltasindaki bazi baliklarin kas dokularindaki Cd
diizeyini belirlemislerdir. Buna gore Gala Goliindeki
C. carpio’ da ortalama 0,51, Silurus glanis’ de 0,18,
Sudak (S. lucioperca)’da ise 0,6 seklinde bulunmusg
olup, diger baz1 balik tiirlerinde ise kadmiyumu
dedeksiyon smirmin altinda tespit etmislerdir. Ayni
caligmada Meri¢ Nehir’indeki C. carpio’ da 0,92, S.
glanis’ de 0,32 ve S. lucioperca’ da ise 0,61 mg/kg
seklinde saptamiglardir. Yine Cetin vd. (2016),
Altinyazi Baraj Golindeki (Edirne) C. carpio’ da
ortalama 0,23 , Carassius carassius’ da 0,12 , Blicca
bjoerkna’ da 0,29 , Perca fluviatilis’ de 0,25 ve S.
lucioperca’ da ise 0,31 pg/g olarak belirlemiglerdir.
Buna gore kadmiyumun (Cd) kaslardaki birikimi
mevsim kosullarina bakilmaksizin tiim bahsedilen bu
caligmalarda degerlendirilen baliklardaki birikim
diizeylerinden yliksektir.

Diger bir metal olan kobaltin (Co)  kas
dokusundaki birikimi ise, ¢alisma siiresince 3,12
ug/g (Cirnik-ilkbahar) ile 0,73 pg/g (Kirkgdz-
Sonbahar) arasinda degisim gostermistir. Kiricr vd.
(2013a) Murat Nehir’indeki Capoeta trutta’ nin kas
dokusunda minimum 0,001 , maksimum 0,074
mg/kg; Kiricr vd. (2013b) Capoeta capoeta umbla’
nin i¢in minimum 0,000 ve maksimum ise 0,335
diizeyinde saptamislardir. Caglak ve Karsh (2014),
Beysehir Géliindeki Sudak (S. lucioperca) baliginin
kas dokusunda Co diizeyini minimum 0,001 ,
maksimum 0,074 mg/kg seklinde 6lgmiislerdir.

Cr konsantrasyonu 8,14 pg/g (Cirnik-Kis) ile
0,90 ug/g (Kirkgoz-ilkbahar) arasinda degisim
gostermistir. Caglar (2010) Sugla Goliindeki C.
carpio ve Phoxinellus anatolicus’ un kas
dokularindaki Cr diizeylerini Ol¢mislerdir. P.
anatolicus’ un kas dokusunda Cr diizeyi 0lglim
simirinin altinda bulunurken; C. carpio’ da en fazla
sonbaharda (0,07), en az ise yaz mevsiminde (0,03
ug/g olarak) Oolgiilmiistir. Teber (2013) Sidikli
Kiigiikdogan Baraj Goliinde avlanan Kadife baligi
(Tinca tinca)’nin kas dokusundaki ortalama Cr
konsantrasyonunu 0,564 ug/g diizeyinde
belirlemistir. Eroglu vd. 2017 ise Keban Baraj
Goliindeki Dikenli Yilan Baligi (Mastacembelus
mastacembelus )’nin kas dokusundaki Cr diizeyini en
diisiik 0,0046 mg/kg ve en yiiksek olarak ise 0,0069
mg/kg seklinde Slgmiiglerdir. S6kmen vd. (2018)
Karasu Nehrindeki Capoeta umbla’'nin  kas
dokularindaki Cr birikimini ortalama olarak 2,012
mg/kg diizeyinde saptamuglardir. Ote yandan
Giildiren ve Tekin-Ozan (2018) ise Seyhan Baraj
Golindeki C. carpio baliginin kas dokusunda 0,01-
4,06 mg/kg olarak belirlemis ve ilkbahar mevsiminde
arttigini, buna karsm yaz mevsiminde azaldigini
ifade etmislerdir. Sonuglardan goriildiigii lizere en

yiksek Cr
saptanmustir.

Ote yandan diger dnemli bir metal olan bakir
(Cu) konsantrasyonu arastirmamizda Orneklenen
balikta 4,22pg/g (Cinik-Yaz) ile 1,21 pg/g
(Kirkg6z-Kis) arasinda degisim gostermistir. Akgiin
vd. (2007) Sakarya Nehri Celtik¢i Cayinda yasayan
Leuciscus cephalus’ un kas dokularinda Cu
konsantrasyonunu en diisiik 1,524, en yiiksek 38,530
mg/kg olarak saptamislardir. Caglar (2010) Sugla
Goli’ndeki P. anatolicus ve C. carpio’ nun kas
dokularmdaki Cu diizeyini 0,51-0,83 ve 0,30-0,36
ng/g arasinda degistigini bildirmistir. Yabanli vd.
(2013) ise Bafa Goliindeki levrek (Dicentrarchus
labrax) baliginin kas dokusunda Cu diizeyini 0,61
mg/kg olarak tespit etmislerdir. Teber (2013) Sidikli
Kiiciikbogaz Baraj Goliindeki Kadife Baligi’nin (T.
tinca) kas dokusundaki Cu diizeyini ortalama olarak
0,0671 pg/g seklinde saptamustir. Ote yandan Kaptan
ve Tekin-Ozan (2014) Egridir Goliindeki sazan (C.
carpio) baliginin kas dokusundaki Cu birikimini
ortalama 14,21 mg/kg seklinde belirlemislerdir.
Diisiikcan vd. (2014) Karakaya Baraj Goliinden
yakalanan  Luciobarbus xanthopterus’un  kas
dokusundaki Cu konsantrasyonunu 0,86 mg/kg
seklinde bulmuslardir. Yine Caglak ve Karsli (2014),
Beysehir Goliindeki Sudak (S. lucioperca) baliginin
kas dokusundaki Cu diizey 0,326 ile 0,552 mg/kg
olarak d6lgmiislerdir. Sokmen vd. (2018) ise Karasu
Nehir’indeki C. wumbla’ nin kas dokusundaki
ortalama Cu diizeyini 0,711 mg/kg olarak
saptamiglardir. P. antalyae’ nin kas dokusundaki Cu
diizeyi, Sakarya Nehri Celtik¢i Caymdaki L.
cephalus ve Egridir Goliindeki C. carpio istisna
edilirse, diger c¢alisma sonuglarindan daha yiiksek
oldugu goriilecektir.

Calismamizda ortalama Mn konsantrasyonu
Kirkgéz istasyonundan Cirnik istasyonuna dogru
onemli derecede bir artis gostermistir. Caglar (2010)
Sugla Golinde yasayan P. anatolicus’ da kas
dokusundaki Mn birikimini 0,25 pg/g olarak en
yiiksek sonbaharda Olgmiistiir. Buna karsin, C.
carpio’ da ise, yine sonbaharda en yiiksek 0,23 pg/g
olarak saptamustir. Kirict vd. (2013a) Murat
Nehrinden avlanan C. trutta’ nin kas dokularinda Mn
diizeyini ortalama en diigiik 0,028 May1s ayinda, en
yiksek ise Aralik ayinda 0,449 mg/kg olarak
Olgmiiglerdir. Teber (2013) Karasu Nehri’nde
yasayan C. umbla’ nin kas dokusundaki Mn diizeyini
ortalama olarak 10,969 mg/kg seklinde 6lgmiistiir.
Kaptan ve Tekin-Ozan (2014) Egirdir Go6li’ndeki
sazan (C. carpio) baligimin kas dokusundaki Mn
diizeyini minimum 0,01, maksimum 3,23 ve ortalama
olarak da 0,96 mg/kg seklinde belirlemislerdir.
Caglak ve Karsli (2014) Beysehir Golii Sudak

diizeyi P. antalyae baliklarinda
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(S. lucioperca) balig1 kas dokusundaki Mn diizeyini
0,215-0,311 mg/kg olarak saptamiglardir. Tim
bunlara karsin Sokmen vd. (2018) Karasu Nehrinde
yasayan C. umbla’ nin kas dokusundaki Mn diizeyini
ortalama olarak 10,969 mg/kg seklinde 6l¢miislerdir.
Goriilecegi tizere; istasyon ve mevsimlere gore,
genelde en yiiksek konsantrasyon  diizeyi
caligmamizda kayit edilmistir.

Aynt iligki Nikel iginde goriilmiistiir. Yabanl vd.
(2013) Bafa Goliinden yakalanan Levrek (D. labrax)
baliginin kas dokusundaki Ni diizeyini 34,48 mg/kg
olarak saptamislardir. Kirici vd. (2013a) Murat
Nehir’inde avlanan C. trutta’nin kas dokusundaki Ni
diizeyini ortalama olarak 0,033-0,325 mg/kg arasinda
Olgiilmiiglerdir. Caglak ve Karshi (2014) Beysehir
Goliinde yasayan Sudak (S. lucioperca) baligi’nin
kas dokusundaki Ni diizeyini 0,14-0,222 mg/kg
olarak saptamiglardir. Kaptan ve Tekin-Ozan (2014)
Egirdir Goli’'nden avlanan C. carpio’ nun kas
dokusundaki Ni diizeyini 0,12-7,7 mg/kg (ortalama
1,47 mg/kg) seklinde oOlgmiislerdir. Tokathi vd.
(2016) Merig¢ Nehiri deltasindaki bazi baliklarin kas
dokularindaki Ni diizeyini belirlemislerdir. Buna
gore Gala Goliinde C. carpio’ da 2,94, S. glanis’de
1,32, Scardinius erythrophthalmus’ da 1,65, Esox
lucius’ da 2,2, C. gibelio’ da 0,58, P. fluviatilis’ de
2,29, S. lucioperca’ da 1,82 ve Squalius orpheus’ da
ise 1,28 mg/kg seklinde belirlemislerdir. Buna karsin
Meri¢ Nehir’indeki tiirlerin kas dokusunda biriken Ni
metalinin diizeyleri ise; C. carpio’da 1,72, S. glanis’
de 1,76 ve S. lucioperca’ da ise 2,08 diizeyinde tespit
etmislerdir. Giildiren ve Tekin-Ozan (2018) Seyhan
Baraj Goli’ndeki C. carpio baligmin kas
dokusundaki Ni birikimini 0,36-1,78 mg/kg olarak
Olgmiislerdir. Ni diizeyi kis mevsiminde artis,
sonbaharda ise azalig gostermistir. Yine S6kmen vd.
(2018) Karasu Nehir’indeki C. umbla’ nin kas
dokusunda Ni birikim ortalamasini 2,89 mg/kg olarak
Olgmiiglerdir.  Bu  verilere  gore;  calisma
materyalimizdeki  Ni  diizeyi genelde diger
caligmalara gore diisiikk bulunmustur.

Caligmamizda dort mevsimin istasyonlara gore
ortalama konsantrasyonlari incelendiginde, ortalama
Pb konsantrasyonu Kirkgdz istasyonundan Cirnik
istasyonuna dogru Onemli derecede bir artis
gostermistir. Selvi ve Kaya (2013) Atikhisar Baraj
Goli’'nden (Canakkale) avlanan turna (E. lucius)
baliginin kas dokusunda Pb diizeyini 0,183 pg/g
seklinde oOl¢miiglerdir. Tokatlhi vd. (2016) Meric
Nehri Deltasinda bulunan Gala Goli'nde yasayan
baliklarin kas dokusundaki Pb diizeylerini C. carpio
> da ortalama 0,47, S. glanis’ de 0,38, S.
erythrophthalmus’ da 0,47, E. lucius’ da 0,52, C.
gibelio’ da 0.56, P. fluviatilis’ de 0,55 ve S.

lucioperca’ da ise 0,70 diizeyinde 6lgmiislerdir. Cetin
vd. (2016) Altinyazi1 Baraj Goli’ndeki C. carpio’ nun
kas dokusundaki Pb diizeyini 17,56, C. carassius’ da
4,10, B. bjoerkna’ da 4,34, P. fluviatilis’ de 6,02, S.
lucioperca’ da ise 5,841 mgkg seklinde
saptamuglardir. Giildiren ve Tekin-Ozan (2018)
Seyhan Baraj Goliindeki C. carpio baliginin kas
dokusundaki Pb diizeyini 0,01-1,70 mg/kg olarak
belirlemislerdir. Kis mevsiminde birikimde artis,
sonbaharda ise diislis oldugu saptamiglardir. S6kmen
vd. (2018) Karasu Nehir’inde yasayan C. umbla’ nin
kas dokusundaki Pb diizeyini ortalama olarak 0,172
mg/kg diizeyinde belirlemislerdir. Bu metal diizeyi
de calismamiz i¢in kullanilan balikta yiiksek
cikmustir.

Diger yandan, Cinko (Zn) diizeyleri de diger
metallerde oldugu gibi, istasyonlar arasinda benzer
sonuglar gostermistir. Selvi ve Kaya (2013)
Canakkale Atikhisar Baraj Golii’nde avlanan Turna
Baligi (E. lucius )’min kas dokularindaki Zn
birikimini 39,227 ng/g olarak saptamiglardir. Tokatl
vd. (2016) Meri¢ Nehir’i deltasindaki bazi baliklarin
kas dokularindaki Zn diizeyini belirlemislerdir. Buna
gore Gala Goliinde C. carpio’da 37,61, S. glanis’de
23,07, S. erythrophthalmus’da 49,32, E. lucius’da
30,23, C. gibelio’da 88,1, P. fluviatilis’de 43,44, S.
lucioperca’da 32,42 ve S. orpheus’da ise 37,41
mg/kg seklinde belirlemislerdir. Buna karsin Merig
Nehir’indeki tiirlerin kas dokusunda biriken Zn
metalinin diizeyleri ise; C. carpio’da 45,73, S.
glanis’de 25,71 ve S. lucioperca’da ise 25,51
diizeyinde tespit etmislerdir. Giildiren ve Tekin-Ozan
(2018) Seyhan Baraj Goliindeki C. carpio baliginin
kas dokusundaki Zn konsantrasyonunu 42,39-
1129,36 mg/kg arasinda degisim gosterdigini
belirlemislerdir. Yine Sokmen vd. (2018) Karasu
Nehir’inde yasayan C. umbla’ nin kas dokusundaki
Zn diizeyini ortalama olarak 24,07 mg/kg diizeyinde
saptamiglar. Bu metal diizeyi de caligmamizda
oldukea yiiksek bulunmustur.

Cd ve Cr P. antalyae’ nin kas dokusunda
belirlenen diizeyler mevsimsel degerlere gore
degismekle beraber Tirrk Gida Kodeksi, Diinya
Saglik Orgiitii (WHO), Avrupa Birligi (EC) ve ABD
Cevre Koruma Ajansinin (EPA) belirledigi limitlerin
iizerinde bulunmustur (Tablo 2). Cu ise, Tiirk Gida
Kodeksi (TFC), Cevre Koruma Ajanst (EPA) ve
Birlesmis Milletler Gida ve Tarim Orgiitii (FAO)’niin
belirledigi limitlerin altinda kalmakla birlikte Diinya
Saglik Orgiitiiniin belirledigi limitin {izerinde bazi
istasyon ve mevsimlerde ¢ikmustir (Tablo 2). Yine
¢alisilan Mn, Pb ve Zn metallerinin bulunan degerleri
limitlerin iizerinde saptanmistir (Nauen 1983; EPA
1989a; TFC 2002; EC 2005; Anonim 1989b).
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Tablo 2. Calisilan balik kasindaki metal diizeylerinin standartlar ile karsilagtiriimasi.
Table 2. Comparison of metal levels in the studied fish muscles with standards.
Agir Metaller
Referanslar Cd Co Cr Cu Mn Ni Pb Zn
P. antalyae (ng/g) | 148-424 0,73-3,12 0,90-8,14 121422  394-3239  0,24-0,78  20,03-58,15 23,07-464,39

TFC (mg/kg) 0,05 20 03 50
EPA (mg/kg) 1,4 41 54 0,1 410
WHO (mg/kg) 0,18 0,15 3 1 100
FAO (mg/kg) 0,2 10 150

EC (mg/kg) 0,05-0,3 03

Cok tiiketilmemekle beraber, su akis giizergahinda
sportif avcilikla avlanan bu tiiriin kas dokularindaki
metal birikim degerleri yiliksek bulunmustur. Antalya
Organize Sanayi Bodlgesinin aritma tesisi atik
suyunun suya verilmesi, zirai faaliyetlerde kullanilan
giibre ve pestisitlerin etkileri ile diger antropolojik
faktorler nedeniyle bu  sonucun  olustugu
diistinilmektedir. Bu nedenle; anilan su kaynaginin
su, sediment ve canlilar yoniinden daha detayli olarak
incelenmesi gerekmektedir.
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Su {irtinleri, hayvansal protein kaynagi olmakla beraber icerdigi zengin yag,
vitamin ve mineraller agisindan 6nemli bir besin kaynagi olarak goriilmektedir.

ARASTIRMA MAKALESI

Ozellikle baligin 6nemli bir besin kaynagi olmasmim yani sira, tiiketiminin de Gelis :26.03.2020 E'
akademik basariya olan etkisi yapilan farkli ¢alismalarla ortaya konulmustur. Bu Diizeltme  :26.05.2020 w1
caligmada, 6grencilerin balik tiiketim siklig1 ile okul basarilar1 arasindaki iligki

< . Kabul :22.06.2020
farkli  degiskenlerle ortaya ¢ikarilmistir. Calismada betimsel tarama
yontemlerinden iligkisel tarama deseni kullanilmistir. Calismanin drneklemini Yayim :29.12.2020 E:-

Antalya Il Milli Egitim Miidiirliigiine bagh 2 ilkdgretim ve 1 lise kurumundan
sosyo-eckonomik diizeylerine gore rastgele segilen 259 &grenci olusturmustur.
Caligsmada veri toplama araci olarak aragtirmaci tarafindan gelistirilen bir anket
kullanilmigtir. Elde edilen verilerin analizinde frekans, ylizde ve korelasyon
degerlendirmeleri yapilmigtir. Arastirma sonucunda balik tiiketimi ile akademik
bagar1 arasindaki iligki, 6grencilerin bagli bulunduklar1 okul, cinsiyet, sosyo-
ekonomik diizey ve balik tiiketim sikliklar1 agisindan ele alinmis olup, ulagilan
sonuglarin kuramsal agidan desteklendigi ancak istatistiki agidan desteklenmedigi
sonuglarina varilmustir.
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The Relationships between Fish Consumption and Academic Achievement

Abstract: Seafoods are seen as a vital nutritional source in terms of protein and mineral contained. Besides being an important
nutritional source, fish consumption has been suggested by many scientific researches to have an important effect on academic
achievement. The purpose of this study is to determine the correlation between fish consumption and academic achievement with
regard to different variables. The correlational survey model was used as a research model in the study. The sample of the study
consisted of 259 students selected by random sampling depending on their socio-economic status from primary and high school of
Directorate of National Education in Antalya. A questionnaire developed by the researcher was used as a data collection tool. Data
obtained was analyzed by the frequency, percentage, correlational analysis with the Chi-square test. As a result, the relationship
between fish consumption and academic achievement was evaluated depending on the results obtained by school type, socio-
economic status, and gender and fish consumption frequency of students. However, it was concluded that although the results were
supported by theoretically they were not supported statistically.

Keywords: Seafood, fish consumption, academic achievement
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Giris

Son 50 yilda balik¢ilik ve balik yetistiriciligi
sektoriinde 6nemli bir istihsal artig1 olmustur. Bugiin
2016 verilerine gore, diinyada avcilik yolu ile
balikgilik faaliyetlerinden 90,9 milyon ton ve
yetistiricilik uygulamalarindan ise 80,0 milyon ton
olmak iizere toplam 170,9 milyon ton su iiriinleri elde
edilmistir. Halbuki 1998 yilinda avciliktan 86,3,
yetistiricilikten 30,9 olmak tlizere toplam 117,3
milyon ton iretim ger¢eklesmistir. Bu g¢ercevede
1998 yilinda bu iirlinlerden insan tiiketimi i¢in 93,3

milyon ton kullanilirken; 2016 yilinda ise 151,2
milyon ton iirlin kullanilmigtir. Diinya niifusu 1998
yilinda 5,9 milyar iken kisi bag1 balik tiiketimi 15,8
kg, 2016 yilinda ise toplam niifus 7,4 milyar iken
kisi bas1 tiketim 20,3 kg’a yilkselmistir
(FAO 2000-2018). Ote yandan iilkemizde 2000
yilinda balik¢iliktan 503,345 ton, yetistiricilikten
79,031 ton olmak iizere toplamda 582,376 ton su
iiriinleri Uiretimi yapilmis ve kisi basina diisen balik
tiikketimi 8,0 kg olmustur. Buna kargin 2018 yilinda
ise avciliktan 314,094 ton, yetistiricilikten 314,537
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ton olmak iizere toplamda 628,631 ton istihsal elde
edilmis ve kisi basi tiiketim 6,1 kg’a dismiistiir
(Anonim 2020).

Yukaridaki istatistiklere bakildiginda, diinya
genelinde 6nemli iiretim artiglarinin oldugu ve niifus
artisina ragmen kisi bagina diisen balik tiikketiminin
arttign  goriilmektedir. Buna karsin {ilkemizde,
ozellikle yetistiricilikte dnemli bir artisin oldugu,
lakin avcilikta bu artisin istenen diizeyde olmadigi
gorlilmektedir. Ancak, Tiirkiye 8333 km. kiy1 seridi
uzunlugu, 200 dogal ve 907 baraj golii, 1293 gdlet,
177,714 km akarsu uzunlugu ile toplam 26001,759
ha yiizey su alanina ve de 26 su havzasina sahip
olmasindan dolayr 6nemli bir potansiyele sahiptir
(Anonim 2018). Bu nedenle 6zellikle yetistiricilikte
iretim miktarimizi  arttirarak  diinya  tiiketim
ortalamalarini yakalamak miimkiindiir.

Baliketinin 6nemli niteliklere sahip oldugu ve
dengeli beslenme i¢in vazgecilmez bir gida maddesi
oldugu birgok calismada ifade ve tavsiye edilmistir.
Biinyelerinde bulundurduklar1 ¢oklu doymamis yag
asitleri, temel aminoasitler, vitamin (A ve D) ve
mineral maddeler bu gida maddesine olan ilgiyi her
giin daha ileri diizeye tasimaktadir. Zira icerdigi
besin maddelerinden dolay1; annelerin dogum dncesi
ve sonrasi sagliginda, cocuklarin zihinsel ve bedensel
gelisiminde 6nemli rol oynadig1 gibi kanser, kalp-
damar hastalik riskleri ile kotii kolesterolii azalttigi,
eklem ve kas yangilarim hafiflettigi, seker
hastalarinin  diyetlerinde Onemli oldugu ifade
edilmektedir. Bu anlamda birgok saglik sorununa
koruyucu ve tedavi edici mahiyette faydasinin oldugu
belirtilmektedir (Khris-Etherton vd. 2000; Valverde
vd. 2000; Lee ve Lip 2003; Undeland vd. 2004;
Ariman ve Yandi 2006; Turan vd. 2006; Mol 2008;
Fidanbas vd. 2015).

Normalde 150-200 g porsiyonluk balik, yetiskin
bir insanin giinliik protein ihtiyacinin en az % 50’sini
karsilayabilmektedir. Ote yandan haftada en az iki

kez balik tiikketimi de tavsiye edilmektedir.
Teknolojinin  gelismesiyle muhafaza kosullar
olduk¢a iyilesmistir. Balik tiketim gesitliligi

artmistir. Ornegin salamura, tuzlama fiime teknikleri
uygulanarak da baliklar tiiketilebilmektedir

Bu ¢alismada, 6nemli bir alternatif gida maddesi
olan su {riinlerinin hanelerdeki tiiketiminin
cocuklarin okul basarilar1 {izerine olan etkilerinin
tespiti amaglanmustir.

Materyal ve Metot

Bu calismanin materyalini, 2016-2017 egitim
ogretim yili II. yartyilinda Antalya il Milli Egitim
Midiirligiine bagl okullarda 6grenimlerine devam
eden sosyo-ekonomik diizeyi alt, orta ve list seviye
olarak tesadiifi ornekleme yontemi ile ulagilan 2
ilkdgretim kurumu ve 1 lise olusturmaktadir. Calisma

grubu olarak toplamda 345 6grenciye ulagilmig olup,
Olcme aracinin istenilen nitelikte uygulanmamasi
sebebi ile 86 6grencinin cevaplari degerlendirmeye
almmamistir. Geriye kalan 259 6grencinin farkli
siniflardan rastgele olmak kaydiyla 105°i erkek
(%40), 1540 ise kiz (%60) oOgrencilerden
olusmaktadir.

Bu c¢aligmada veri toplama araci olarak
hazirlanan 6l¢me araci iki kisimdan olusmaktadir.
Birinci kisimda katilimcilarin bagli  bulunduklari
okul, sinif, cinsiyet, sosyo-ekonomik diizey ve genel
basar1 durumlarindan olusan demografik bilgilere yer
verilmistir. Ikinci kisimda ise 17 maddeden olusan ve
aragtirmaci tarafindan gelistirilen 6grencilerin balik
tiketimi ile okul basarilar1 arasindaki iligkinin
belirlenmeye calisildig1 Balik Tiiketim Anketi (BTA)

uygulanmustir.
Su  drinlerinin  hanelerdeki  tiiketiminin
¢ocuklarin  okul basarilarina olan  etkisinin

belirlenmesi amaciyla asagida verilen alt problemlere
cevap aranmigtir:

1- Ogrencilerin balhk tiiketim sikligma iliskin
frekans dagilimlart nasildir?

2- Ogrencilerin balik tiiketim sikhig1 ile
cinsiyetleri arasinda anlamli bir iligki var midir?

3- Ogrencilerin balik tiiketim sikhig1 ile okul
basarilar1 arasinda anlamli bir iligki var midir?

4-lIkdgretim ve lise diizeyindeki &grencilerin
balik tiiketim sikligi arasinda anlamli bir fark var
midir?

5- Farkli gelir diizeyine sahip ailelerden gelen
ogrencilerin balik tiiketim sikliklar1 arasinda anlamli
bir fark var midir?

Veri Analizi

Ogrencilerin balik tiiketimi ile okul basarilar:
arasindaki iliskinin saptanmaya c¢alisildigi bu
caligmada iliskisel tarama modeli kullanilmustir.
Iliskisel tarama modeli, iki veya daha fazla degisken
arasindaki  degisimin varligmi ve derecesini
belirlemek olarak ifade edilmektedir (Karasar 2015).
Bu tip bir arastirma modelinin kullanildig
calismalar, iki ya da daha fazla degisken arasindaki
iligkileri belirlemek ve neden-sonug ile ilgili ipuglar
elde etmek amaciyla yapilmaktadir (Creswell 2012).

Uygulanan dlgme aracindan elde edilen veriler
SPSS 21 istatistiksel analiz paket programindan
yararlamlarak  degerlendirilmistir.  Istatistiksel
calismalarda pek ¢ok analizin uygulanabilmesi igin
verilerin normal veya normale yakin bir dagihim
gostermesi  gerekmektedir. Calismada elde edilen
verilerin normale yakin bir dagilim gostermedigi
saptanmistir. Degiskenler icin frekans degerleri,
aritmetik ortalama ve standart sapma degerleri
bulunmustur. Arastirmada elde edilen verilerden,
ogrencilerin balik tiiketim siklig1 ile genel okul
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basarilar1  arasindaki iligkinin  incelenmesinde
basit korelasyon analizi kullanilmistir. Degiskenler
arasinda fark olup olmadigt p=0,05 normal
dagilim gostermeyen biri siniflamali, digeri
siralamali olan iki degisken arasinda anlamli
bir iliskinin olup olmadigin1 test etmek igin

(Biiytikoztiirk  2014) non-parametrik  testlerden
Ki-kare  testi  kullamlmustir.  Ki-kare  testi,
gozlenen frekanslar ile beklenen frekanslar

arasindaki farkin istatistik olarak anlamli olup
olmadig1 temeline dayanir. Bu test ile elde edilen
veriler sonucunda iki degisken arasinda korelasyon
benzeri ama non-parametrik bir iligkinin oldugu
sOylenir.

Bulgular
Bu calismada 6grencilerle yapilan anket sonrasi
elde edilen verilerin analiz edilmesi ile asagidaki

bulgulara ulagilmstir.

Ogrencilerin Balik Tiiketim Sikhgina iliskin
Bulgular

Ogrencilerin balik tiiketimine iligkin frekans
dagilimlart nasildir? sorusuna yonelik elde edilen
veriler Tablo 1’de gosterilmistir.

Tablo 1 incelendiginde arastirmaya katilan
ogrencilerin %13,9’unun hemen hemen hi¢ balik
tilketmedigi; %31,7’sinin haftada 1 kez; %7,7’sinin
haftada 2 kez; %1,5’inin haftada 3 kez; %20,8’inin
ayda 1 kez; %21,2’sinin ayda 2-3 kez; %3,1’inin
ayda 4-5 kez balik tiikettigi tespit edilmistir.

Cinsiyet ve Balik Tiiketimi Arasindaki fliskiye
fliskin Bulgular

Ogrencilerin balik tiiketim sikligmin cinsiyete
gore farklilik gosterip gostermedigine iliskin ki-kare
sonuglar1 Tablo 2’de sunulmustur.

Tablo 1. Ogrencilerin balik tiiketim siklig1.
Table 1. Frequency of students' fish consumption.

Ne siklikla Frekans % (Yiizde)
Hemen hemen hig 36 14
Haftada 1 kez 82 32
Haftada 2-3 kez 24 9
Ayda 1 kez 54 21
Ayda 2-3 kez 63 24
Toplam 259 100

Tablo 2. Balik tiiketim sikligi ile cinsiyet arasindaki iligkinin ki-kare sonuglart.

Table 2. Chi-square results of the relationship between fish consumption frequency and gender.

Kadin Erkek Toplam
Hemen hemen hi¢ N 16 20 36
% 44,4 56,6 100,0
Haftada 1 kez N 52 30 82
% 63,4 36,6 100,0
Haftada 2-3 kez N 13 11 24
% 54 46 100,0
Ayda 1 kez N 34 20 54
% 62,9 37,1 100,0
Ayda 2-3 kez N 39 24 63
% 62 38 100,0
Toplam N 154 105 259
% 59,4 40,6 100,0

X% 4,60, sd=6, p=0,59

Tablo 2 incelendiginde dgrencilerin balik tiikketim
siklig1 ile cinsiyetleri arasinda ortaya ¢ikan farkin
anlamli olmadig1 bulunmustur, x? (sd=6, n=259)=
4,60, (p>0,05). Baska bir anlatimla Ogrencilerin
cinsiyeti ile balik tiiketim sikliklar1 arasinda anlamli
bir iliski yoktur.

Bahk Tiiketim Sikhg1 ile Okul Basarsi
Arasindaki iliskiye Yonelik Bulgular

Ogrencilerin  balik tiiketim sikligi ile okul
basarilari arasindan anlamli bir iligki var midir? Alt
problemine iliskin elde edilen bulgular Tablo 3.’te
sunulmustur.
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Tablo 3’iin incelenmesinden Ogrencilerin basar1
durumlari (6grencilerin sinif igerisindeki tiim dersleri
barindiran ortalama akademik puanlari) ile balik
tilketim siklig1 arasinda diisiik diizeyde, negatif ve
anlamli bir iligki olmadig1 goriilmektedir, r = -.076,
(p>0,05). Buna gore balik tiiketim siklig1 ile okul
basarist arasinda her ne kadar kuramsal agidan
desteklense de istatistiksel agidan anlamli bir iligki
olmadig belirtilebilir.

Bahk Tiiketim Sikhgi ve Okul Diizeyi
Arasindaki Iliskiye Yonelik Bulgular

[kogretim ve lise diizeyindeki 6grencilerin balik
tiketim siklig1 arasinda anlamh bir fark var midir?
Alt problemine iligskin elde edilen bulgular Tablo 4°te
sunulmustur.

Tablo 4 incelendiginde 0Ogrencilerin okul
diizeyi ile balik tiiketim sikligi arasinda ortaya

x?(sd=6, n=259)= 2,43, (p>0,05). Baska bir anlatimla
ogrencilerin okul diizeyi ile balik tiiketim sikliklari
arasinda anlaml bir iligki yoktur.

Bahk Tiiketim Sikh@ ve Gelir Diizeyi
Arasindaki fliskiye Yonelik Bulgular

Farkli gelir diizeyine sahip ailelerden gelen
ogrencilerin balik tiiketim sikliklar arasinda anlamli
bir fark var midir? Alt problemine iligkin elde edilen
Ki-kare sonuglar1 Tablo 5’te sunulmustur.

Tablo 5°ten elde edilen analiz sonuglari,
calismaya katilan farkli gelir diizeyine sahip
ailelerden gelen Ogrencilerin puanlarinin  balik
tiikketim sikligina gore istatistiksel agidan anlamli bir
farka sahip olmadigi goriilmektedir, x? (sd=30,
n=258) =29,8, ( p>0,05). Bu bulgu aylk gelir
miktarinin balik tiiketim sikligin1 arttirma veya
azaltmada herhangi bir katkisinin olmadigini

cikan farkin anlamli  olmadigi bulunmustur,  gostermektedir.
Tablo 3. Balik tiiketimi ve akademik basar1 arasindaki iligki.
Table 3.Relationship between fish consumption and academic achievement.
Korelasyon
Basar1 durumu Balik tiiketimi

Pearson Korelasyon 1 -.076
Basar1 durumu P 225
N 259 259

Tablo 4. Okul diizeyine gére 6grencilerin balik tiiketim siklig1 ki- kare testi sonuglari.
Table 4. Results of chi-square test for fish consumption frequency of students according to school level.

Ilkokul Ortaokul Lise Toplam
Hemen hemen hig N 12 16 8 36
% 33,3 44,4 22,2 100,0
Haftada 1 kez N 31 32 19 82
% 38,9 39 231 100,0
Haftada 2-3 kez N 9 10 5 24
% 37,5 41,5 21 100,0
Ayda 1 kez N 27 22 5 54
% 50 40,7 9,3 100,0
Ayda 2-3 kez N 23 32 8 63
% 36,5 51 12,5 100,0
Toplam N 102 112 45 259
% 39,4 43,2 17,4 100,0
X% 2,43, sd=6 (p=0,87)
Tablo 5. Gelir diizeyinin balik tiiketim sikligina iliskin ki-Kare testi sonucu.
Table 5. Chi-square test result for the frequency of fish consumption by income level.
Alt seviye Orta seviye Ust Seviye Toplam
Hemen hemen hig N 26 8 2 36
% 72,3 22,2 55 100,0
Haftada 1 kez N 40 20 22 82
% 49,8 24,4 26,8 100,0
Haftada 2-3 kez N 1 11 12 24
% 4 45 51 100,0
Ayda 1 kez N 30 10 14 54
% 55,5 18,5 26 100,0
Ayda 2-3 kez N 5 37 20 62
% 8 59,5 32,5 100,0
Toplam N 102 86 70 258
% 39,6 333 27,1 100,0

X7 29,81, sd=30 ( p=0,47)
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Tartisma ve Sonug¢

Balik tiiketiminin  6grencilerin  akademik
basarisint  olumlu ydnde etkiledigini gosteren
caligmalar dikkate alindiginda Aberg vd. (2009), Kim
vd. (2010), De Groot vd. (2012) tarafindan da
belirtildigi gibi haftada birden fazla balik tiiketen
Ogrencilerin ozellikle zeka ve sozel
performanslariin daha iyi oldugu tespit edilmistir.

Bu calismada balik tiiketimi ile 6grencilerin okul
basaris1 arasindaki iliskiye ve bu iliskiyi etkileyen
farkl1 degiskenler iizerine odaklamilmigtir. Elde
edilen sonuglar ve tespit edilen iligkiler asagida
aciklanmustir.

Ogrencilerden elde edilen veriler neticesinde
calisma grubunun %31,7’sinin haftada 1 kez,
%21,2’sinin ise ayda 2-3 kez balik tiikettigi sonucuna
varilmigtir. Calisma grubundaki 6grencilerin balik
tiketim sikligi her ne kadar arzu edilen seviyede
olmasa da akademik basarilarinin iyi diizeyde oldugu
sonucuna varilmstir. Dolayisiyla buradan hareketle,
elde edilen verilerin kuramsal bilgiyi desteklemedigi
ve ortaya konulan ¢alismalarin bulgulari ile celistigi
sOylenebilir.

Balik tiiketim siklig1 ile cinsiyet arasindaki
iliskiye bakildiginda diisiik diizeyde ve negatif yonlii
bir iligki oldugu sonucuna varilmistir. Elde edilen
sonuclar ¢ercevesinde her iki grubun da balik
tiiketimini birbirlerine yakin oranlarla tercih ettigi ve
dolayisiyla cinsiyet faktoriintin  balik tiiketimi
hususunda etkisi olmadig1 sonucuna varilmistir.

Elde edilen sonuglar okul tiiriine gore
degerlendirildiginde erken yaslara daha yakin olan
ilkdgretim Ogrencilerinin lise 6grencilerine kiyasla
daha ¢ok balik tiikettigi ve bu hususta okul tiiriine
gore aralarinda anlamli bir iligki oldugu sdylenebilir.
Balik tiiketiminin &zellikle ¢ocuklarda diisiik
diizeyde bilissel, davranigsal ve sosyal agidan etkileri
oldugu goz onilinde bulundurulursa (Duttaroy 2009)
ilkdgretim  seviyesindeki  &grencilerde  balik
tilketiminin lise Ogrencilerine kiyasla daha c¢ok
oldugu goriilmektedir. Ancak elde edilen basari
seviyelerine  bakildiginda ortaya ¢ikan fark
istatistiksel agidan her ne kadar anlamli olarak
goriilse de, bu farkin istenilen diizeyde olmadigi
sOylenebilir.

Gelir diizeyinin balik tiiketim siklig1 ile iliskisine
bakildiginda, sosyo-ekonomik diizeyi yiiksek olan
ailelerden gelen Ogrenciler ile sosyo-ekonomik
diizeyi diisiik olan ailelerden gelen 6grencilerin balik
tiiketim siklig1 ve okul bagarilar1 arasinda anlamli bir
fark olmadig1 tespit edilmistir. Buradan hareketle,
sosyo-ekonomik diizeyi diisiik konumda olmasina
ragmen, bu seviyedeki ailelerin g¢ocuklarinin
gelisimine ve beslenmesine O6nem verdikleri
sOylenebilir. Elde edilen bu bulgu Adigiizel vd.
(2009) tarafindan yapilan ve ailelerin balik tiiketim

durumunu inceleyen ¢alismanin sonuglart ile
benzerlik tagimaktadir.
Calisma sonucunda elde edilen veriler

neticesinde literatiire katki saglayacagi diisiiniilen
asagidaki Oneriler getirilmistir:

1- Balik tiiketimi ve okul basarisi arasindaki
iligkiyi betimsel olarak ortaya koyan bu tiir
caligmalarin yani sira daha derinlemesine bilgi sunma
imkani olan deneysel ¢aligmalar yapilabilir.

2- Erken ¢ocukluk doneminde balik tiiketiminin
gelisim ve saglik tizerine olumlu etkileri g6z 6nilinde
bulunduruldugunda, ailelerin bu konudaki
farkindaliklarini arttiracak seminerler diizenlenebilir.

3- Balik tiiketim durumu farkli bolgeler bazinda
ele almarak; tiiketilen ve tiiketilmeyen bolgeler
arasindaki cocuklarin gelisim ozellikleri ve okul
basarilar1 kiyaslanabilir.

Ulkemizin sahip oldugu potansiyel nedeni ile
alternatif bir gida maddesi olan su iiriinlerinin daha
Ozenli ve nitelikli Olctimlerle tanitim
gereksinimlerinin belirlenmesi konusunda bu tiir
calismalarin daha detayli olarak yapilmasi ve
periyodik degerlendirmelerden gecmesi
gerekmektedir.
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