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Ozet

Bu ¢alisma 100, 110 ve 120 mm goz agikligina sahip monofilament ve multifilament yapida fanyali uzatma aglarinin av
verimliliklerinin kargilagtirilmasi ve gliimiisi havuz baligi Carassius gibelio’ya ait bazi biyolojik 6zelliklerin belirlenmesi
amaciyla Nisan-Mayis 2013 doneminde Egirdir Golii’nde yiiriitiilmiistiir. Arastirma siiresince avlanan giimiisi havuz
baliklarinin sayica % 65,09’u monofilament ve % 34,91°i ise multifilament fanyali ag grubunda yakalanmistir. Agirlikca
dagilimda da yine toplam avin % 64,69’unun monofilament ve % 35,31’inin multifilament fanyali ag grubunda aglarla
yakalandig1 tespit edilmistir. Monofilament ve multifilament ag gruplari icin CPUE degerleri sirasiyla 60,21 ve 32,87
g/m/operasyon olarak hesaplanmgtir. Avlanan 495 adet Carassius gibelio’nun toplam boylar1 20,5-35,2 cm ve agirliklart ise
205-1219 g araliginda degismekle birlikte, bunlarin % 74,13 tniin disi ve % 25,87 sinin erkek bireylerden olustugu tespit
edilmigtir. Digi: Erkek orani ise 2,87:1 olarak belirlenmigtir. Carassius gibelio’ya ait toplam boy-catal boy iliskisi, boy-
agirhik iligkisi ve ortalama kondisyon faktorii sirastyla FL=-0,449+0,945TL; W=0,0141FL3** (r2=0,86) ve KF=2,5030,011
olarak bulunmugtur.

Anahtar Kelimeler: Egirdir Golii, Carassius gibelio, av verimliligi, boy-boy iliskisi, boy-agirlik iligkisi

Investigation on Catch Efficiency of Trammel Nets Used in Lake Egirdir and Some Biological Aspects of Prussian
Carp, Carassius gibelio (Bloch, 1782)

Abstract

This study was conducted in Egirdir Lake to compare the catch efficiency of monofilament and multifilament trammel
nets having 100, 110, 120 mm mesh sizes, during the April-May 2013 period . In number, 65.09% of catching prussian carps
were caught with monofilament and 34.91% were caught with multifilament trammel nets. In weight; 64.69% of catching
prussian carps were caught with monofilament and 35.31% were caught with multifilament trammel nets. The CPUE values
for monofilament and multifilaments were calculated as 60.21 g/m/operation and 32.87 g/m/operation, respectively. The
lengths and weights of 495 Carassius gibelio were measured 20.5-35.2 cm and 205-1219 g, respectively. 74.13% of the
fishes were female and 25.87% of the fishes were male. The ratio of female: male was determined as 2.87: 1. The length-
length relationship, length-weight relationship and the average condition factor of Carassius gibelio were determined. These
were found as FL=-0.449+0.945TL, W=0.0141FL3* (r?=0.86) and CF=2.503+0.011, respectively.

Keywords: Lake Egirdir, Carassius gibelio, catch efficiency, length-length relationship, length-weight relationship.

GIRIS
Su firtinleri aveiligl, ilk ¢aglardan itibaren baglayip gliniimiize kadar devam eden insanlarin gida
temini ve gecimini saglamak icin ¢aba sarf etmesiyle olusan bir iiretim tiiriidiir (Hossucu, 1991). i¢
sularimizda yaygin olarak kullanilan uzatma aglar ile yapilan avcilik, pasif aveilik yontemi olarak
degerlendirilir ve stoktan daha segici faydalanma imkani verir (Kara, 1992).
Uzatma aglar1 kullanilarak yapilan avcilikta ag materyali, av verimine etki eden faktorler igerisinde
yer alir (Hamley, 1975). Monofilament (misina) aglar seffaf olmalarindan dolayr multifilament aglara
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oranla baliklar tarafindan daha zor goriiliirler. Bu sebeple monofilament aglarin av verimliligi daha
yiiksektir (Karlsen ve Bjarnason, 1986).

Gumiisi havuz baligi, Carassius gibelio (Bloch, 1782) Dogu Asya-Sibirya ve yaygin olarak
Avrupa boyunca dagilim gosterir (Kottelat, 1997). Farinks dislerinin tek sirali olmasi ve agizda biyik
bulunmamasi ile sazan baligi Cyprinus carpio Linnaeus, 1758 tiiriinden ayrilir. Bu baliklar sazanlar
gibi durgun sularda ve kiiciik goletlerde yasamlarini siirdiirmekle birlikte, Mayis-Haziran donemi tiire
ait lireme zamani olarak bildirilmistir (Geldiay ve Balik, 1996). Tiriin Tirkiye’deki ilk kayd: ise
Trakya Bolgesi’'nde Gala Goli'nde Baran ve Ongan (1988) tarafindan bildirilmis olup, sonralar
iilkemizin farkli bolgelerinde bulunduguna dair kayitlar mevcuttur (Balik vd, 2004; Sar1 vd, 2008;
Uysal vd, 2015; Birecikligil vd, 2016, Dereli ve Dingtiirk, 2016).

Egirdir Goli’nde 1990’11 yillarin baglarina kadar uzatma ag1 olarak multifilamentler kullanilirken
daha sonra monofilamentlerin kullanimi yaygin hale gelmistir ve golde C.gibelio avciliginda
cogunlukla fanyali aglar kullanilmaktadir (Balikk ve Cubuk, 2004). Av verimliliginin tespitinde
kullanilan birim ¢abadaki av miktar1 (CPUE: Catch per unit effort), balik stoklarinin yapist ile ilgili
yaygin olarak kabul edilen bir gostergedir (Hyvéirinen ve Salojérvi, 1991; Pawson, 1991). Buna ek
olarak balik tiirlerine ait hesaplanan boy-agirlik (LWR) ve boy-boy (LLR) iliskileri, balik stoklar1 ve
populasyonlarinin degerlendirilmesinde kullanilan temel degiskenler olarak bilinmektedir (Ricker,
1968). Ozellikle boy-agirlik iliskisi parametreleri ile verilen bir uzunluga kars1 agirligin tahmini ve
kondisyon indeksinin tespiti gerceklestirilmektedir (Petrakis ve Stergiou, 1995). Dolayisiyla bu
calisma ile Egirdir Goli'nde C.gibelio aveiliginda yogun olarak kullanilan fanyali aglara ait av
verimliklerinin karsilagtiritlmasi, CPUE degerlerinin tespit edilmesi ve bu tiire ait boy-boy iliskisi, boy-
agirlik iliskisi ve kondisyon faktdriiniin belirlenmesi amaglanarak, mevcut literatiire katki saglanmasi
hedeflenmistir.

MATERYAL ve YONTEM

Aragtirmanin yapildig1 Egirdir Golii; Isparta Ili’nin Egirdir, Senirkent, Yalvag ve Gelendost ilgeleri
siirlart dahilinde yer alan tektonik olusumlu bir ¢okiintii goliidiir (Lahn,1948). Ulkemiz gdlleri
icerisinde tatli su kaynagi olarak yiizOl¢iimii bakimindan ikinci sirada bulunan bu goliin deniz
seviyesinden yiiksekligi 918 m civarinda olup yaklasik 46000 ha yiizey alanina ve ortalama 8-9 m
derinlige sahiptir (Balik vd., 2006). Bu c¢alisma derinligi 3-5 m olan Sariidris Balik¢i Barinag:
aciklarinda yapilmistir (Sekil 1).
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2013 yilinda, Nisan ayinda bes ve Mayis ayinda iic olmak iizere toplam sekiz operasyonun
gergeklestirildigi ¢alismada; 100, 110 ve 120 mm g6z agikliginda tor aga sahip, donatilmis uzunlugu
100 m olan monofilament ve multifilament yapida toplam alt1 takim fanyali ag kullanilmistir. Aglarin
seciminde, bolge balik¢ilarinin kullandigi fanyali uzatma aglarinin 6zellikleri gz Oniine alinmustir.
Tor ve fanya aglar E=0,50 donam faktorii ile donatilmistir. Aglarin mantar ve kursun yaka halatlariin
¢apt (@) 4 mm olup yaka halatlar1 polipropilen materyalden yapilmistir. Kursun yakada 30 g
agirliginda fiize seklinde 133 adet kursun (Pb) batirict ve mantar yakada 3 numara i¢i bos 133 adet
plastik ylizdiiriicii kullanilmistir. Aglarin teknik 6zellikleri Tablo 1°de verilmistir.

Tablo 1. Kullanilan aglarin teknik 6zellikleri

N Monofilament Multifilament

Ag Ozellikleri

100 110 120 100 110 120
Tor ag ip kalinlig1 (mm) 0,2 0,2 0,2 210d2 210d2 210d2
Tor ag derinligi (g6z) 50 50 50 50 50 50
Fanya ag goz agikligi (mm) 500 560 500 500 560 500
Fanya ag ip kalinlig1 (mm) 0,37 0,37 0,37 210d6 210d6 210d6
Fanya ag derinligi (g6z) 5 5 6 5 5 6
Ag derinligi (m) 2,17 2,42 2,6 2,17 2,42 2,6

Kullanilan aglarin av verimliliklerinin tespitinde her bir ag takimi i¢in elde edilen toplam av
miktarlar say1 (N) ve agirlik (W) bakimindan karsilagtirilmis ayrica birim caba basina diisen av
(CPUE) degerlerinden faydalanilmigtir. Bir birim uzunluktaki agin av miktarii gosteren CPUE nin
hesaplanmasinda ise asagida belirtilen formiilden yararlanilmistir (Hyvérien ve Salojarvi, 1991).

CPUE=Z(Y/n)/N

Y: Bir seferde yakalanan av miktari (g)
n: Ag uzunlugu (m)

N: Operasyon sayist

Avlanan tiirlerden giimiisi havuz balig1 bireylerinin her birinin ¢atal boy (FL), toplam boy (TL) ve
agirliklar1 (W) 6l¢tilmiistiir. Boy 6lgiimlerinde 1 mm hassasiyetli dlgtim cetveli ve agirlik 6lgtimlerinde
1 g hassasiyetli elektronik terazi kullamilmistir. Esey tayini gonadlarin makroskobik incelenmesi ile
yapilmigtir. Elde edilen verilerden esey durumuna gore tiire ait boy-boy iliskisi, boy-agirlik iligkisi ve
kondisyon faktorii (KF) belirlenmistir.

Boy-boy iliskisinin hesaplanmasinda toplam boy-catal boy (TL-FL) ve ¢atal boy-toplam boy (FL-
TL) iliskisine ait degerler (a ve b: regresyon sabitleri, r*: korelasyon katsayist) dogal regresyon analizi
kullanilarak hesaplanmistir.

Boy-agirhik iliskilerini tespit etmek amaciyla; W=a.L® esitliginden faydalanilmustir. Bu esitlikte, W:
baligin agirligi (g); L: boy (cm); a: baliklarin ortalama kondisyon faktdrii; b: baligin i¢inde bulundugu
kosullara gore seklini gdsteren katsayiy: ifade etmektedir (Le Cren, 1951). Calismada ¢atal boy-agirlik
iligkisi (W=a.FL") incelenmistir.

Kondisyon faktoriiniin  hesaplanmasinda ise Fulton'un Kondisyon Faktorii esitliginden
yararlanilmistir: KF=(W/L*)x100 (Ricker 1975). Bu esitlikte, W: baligm agirhig (g); L: boy (cm)
olarak ifade edilmistir. Bu ¢alismada kondisyon faktorii igin ¢atal boy kullanilmigtir.

Elde edilen verilere ait istatistiksel hesaplamalarda Microsoft 2016 Excel programindan
faydalanilmigtir. Kullanilan monofilament ve multifilament aglarin kendi aralarinda farkli g6z
acikliginda elde edilen baliklar ig¢in hesaplanan ortalama boy ve agirlik degerleri arasindaki
farkliliklarin tespitinde tek yonlii varyans analizi (ANOVA) kullanilmistir. Ayni1 géz agikligina sahip
monofilament ve multifilament aglarla elde edilen baliklara ait hesaplanan boy ve agirlik degerlerinin
ortalamalar1 arasindaki farkliliklarin ikili karsilagtirilmasinda ise Student t testinden yararlanilmstir.
Disi ve erkek bireyler igin hesaplanan ortalama boy ve agirlik degerleri arasindaki farklar ise yine
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Student t testi ile belirlenmistir. Boy-agirlik iligkisine ait belirlenen b degerinin 3’ten farklilig1 Pauly
(1984)’nin t-testi ile kontrol edilmistir. Testin yapilmasinda asagidaki formiil kullanilmistir;

t = [SD(wogy/ SD(rogwy] X [b - 3]/ V(1-12)] xN(n-2)
SD(Log1): Log L nin standart sapmasti

SD(Logw): Log W nin standart sapmasi

n: 6rnek sayist

Hesaplanan t degeri, (n-2) serbestlik derecesine gore t tablosunda bulunan degerden biiyiik ise b
parametresi 3’ten farklidir (Pauly, 1984). Tiim testlerde anlamlilik diizeyi 0,05 olarak belirlenmistir.

BULGULAR
Monofilament ve multifilament fanyali uzatma aglarinin av verimlilikleri

Aragtirmada kullanilan monofilament ve multifilament fanyali uzatma aglar ile toplam 495 adet
balik yakalanmistir. Elde edilen tiirlerin kullanilan aglara gore dagilimi Tablo 2’de verilmistir.

Tablo 2. Aglara gore yakalanan balik tiirleri ve sayilari (N)

Balik Tiirleri Monofilament Multifilament Toplam
Carassius gibelio 317 170 487
Cyprinus carpio 3 4 7
Vimba vimba 1 0 1
Toplam 321 174 495

Avlanan tiirlerin ¢ogunlugunu (%98,4) giimiisi havuz balig1 olusturdugu i¢in s6z konusu tiire ait
kullanilan fanyali aglarin av verimlilikleri karsilastirilmigtir. Ag tlirline bagli olarak yakalanan glimiisi
havuz baligina ait miktarlar1 sayica (N) ve agirlikga (W) olmak iizere Tablo 3 ve Tablo 4’de sirasiyla
verilmistir.

Tablo 3. Ag materyali ve goz agikligina gore avlanan giimiisi havuz baliklarinin sayica dagilimi (N: Toplam
adet)

. . Monofilament Multifilament Toplam
Ag Goz Acikhig N %N N %N N %N
100 89 18,28 99 20,33 188 38,61
110 143 29,36 41 8,42 184 37,78
120 85 17,45 30 6,16 115 23,61
Toplam 317 65,09 170 34,91 487 100,00

Tablo 4. Ag materyali ve goz acikligina gore avlanan giimiisi havuz baliklarinin agirlik dagilimi (W: Toplam
agirlik, g)

o e - Monofilament Multifilament Toplam
Ag Goz Acikhigr W YATY W ATY W YW
100 32953 14,75 39351 17,62 72304 32,37
110 67826 30,36 20360 9,11 88186 39,48
120 43715 19,57 19173 8,58 62888 28,15
Toplam 144494 64,69 78884 35,31 223378 100,00

Yapilan toplam 8 operasyon sonucu, her bir ag grubu i¢in hesaplanan CPUE degerleri Tablo 5 ve
Sekil 2’de verilmistir. 100 mm g6z agikligina sahip aglar i¢in multifilamentlerin; 110 ve 120 mm goz
acikligindaki aglar iginse monofilamentlerin CPUE degerleri daha yiiksek olarak hesaplanmistir.
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Tablo 5. Ag gruplari i¢in hesaplanan CPUE degerlerinin (g/m/operasyon) karsilagtiriimasi

Monofilament/

Kullanilan Aglar Monofilament Multifilament Multifilament
100 41,19 49,19 0,84
110 84,78 25,45 3,33
120 54,64 23,97 2,28
Ort 60,21 32,87 1,83
100
80
E 60
fy
O 40
20
0 T T T

100 120

110
Kullanilan Aglar
mMonofilament &Multifilament

Sekil 2. Ag gruplari igin hesaplanan CPUE degerleri
100, 110 ve 120 cm goz acikligindaki aglarin kendi aralarinda av verimliliklerin
karsilastirilmasinda elde edilen degerler monofilamentler i¢in Tablo 6’da ve multifilamentler igin
Tablo 7°de yer almaktadir.

Tablo 6. Monofilament aglarin kendi aralarindaki av veriminin karsilagtirilmasi

Kullanilan % Catal Boy (cm) Agirlik (g)
- N o
Aglar N _ M M Ort:SH W Y% . M M OrteSH
in ak W in ak

100 89 28,08 20,5 30 24,79+0,21 32953 22,8 205 794 370,3%11,5
110 143 4511 21,2 352 26,34+0,15 67826 46,9 211 1209 474,3+9,9

120 85 26,81 23,3 35 27,06+0,22 43715 30,3 281 1059 514,3+14,2
Biitiin

Aglar 317 100,00 20,5 352 26,10+0,12 144494 100,0 205 1209 455,8+7.4

Monofilament aglarda yakalanan baliklar i¢in farkli g6z agikliklarinda hesaplanan ortalama toplam
boy, ¢atal boy ve agirlik degerleri arasinda 6nemli farkliliklar vardir (p<0,05).

Multifilament aglarda yakalanan baliklar i¢in farkli goz agikliklarinda hesaplanan ortalama toplam
boy, catal boy ve agirlik degerleri arasinda 6nemli farkliliklar vardir (p<0,05).

Ag g6z agikligina gore ag gruplarinda yakalanan bireylerin ortalama boy ve agirlik degerleri
karsilastirmas1 Tablo 8’de yer verilmistir.
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Tablo 7. Multifilament aglarin kendi aralarindaki av veriminin kargilagtirilmast.

Kullanilan N % Catal Boy (cm) Agirhk (g)
g 0
Aglar N in M akM Ort+SH w W/o in M akM Ort+SH

100 99 58,24 20,8 31 25,30+0,15 39351 49,88 223 765 397,5+8,2

110 41 24,12 23,3 325 26,69+0,29 20360 25,81 320 963 496,6+19,0

120 30 17,65 253 335 28,84+0,34 19173 24,31 425 1110 639,1424,5
Biitiin

Aglar 170 100,00 20,8 33,5 26,26x0,16 78884 100,00 223 1110 464,0+10,5

Tablo 8. Ag gruplarinda yakalanan bireylerin ortalama boy ve agirlik degerlerinin karsilastirilmast.

Ag Goz Ortalama Catal Boy (cm) Ortalama Agirhk (g)
A¢ikhgi Monofila Multifilam Monofilame Multifilame
ment ent P nt nt P
100 24,79 25,30 0,049<0,05 370,3 397,5 0,052>0,05
110 26,34 26,69 0,289>0,05 474,3 496,6 0,293>0,05
120 27,06 28,84 0,000<0,05 514,3 639,1 0,000<0,05
Bi'!tiin 26,10 26,26 0,425>0,05 455,8 464,0 0,518>0,05
Aglar

Istatistiksel olarak, ayn1 gz acikligina sahip monofilament ve multifilament ag gruplan ile elde
edilen bireylerin ortalama boylar1 arasinda yapilan kargilastirmada fark, 100 ve 120 mm’lik aglar igin
onemli (p<0,05), 110 mm’lik aglar i¢cin dnemsiz (p>0,05) bulunmustur. Yine ayn1 sekilde ortalama
agirliklari arasinda yapilan karsilagtirmada ise fark, 120 mm’lik aglar i¢in 6nemli (p<0,05); 100 ve 110
mm’lik aglar i¢in 6nemsiz olarak tespit edilmistir.

Giimiisi havuz bahigimin baz1 biyolojik 6zellikleri

Calismada, avlanan 487 C.gibelio’nun 126’sim1 erkek ve 361’ini disi bireyler olusturmustur. Esey
durumuna gore elde edilen tiire ait catal boy, toplam boy ve agirlik degerleri Tablo 9’da yer
almaktadir.

Tablo 9. Esey durumuna gore tiire ait ortalama ¢atal boy, toplam boy ve agirlik degerleri

Esey N %N FL (cm) TL (cm) W (g)

Durumu Min Mak  Ort+SH Min Mak Ort+SH Min Mak  Ort+SH
Disi 361 74,13 20,5 352 26,56+0,11 22,2 37,7 28,57+0,12 212 1209 492,7+7,02
Erkek 126 2587 21,2 294 2499+0,14 225 31,7 2696:0,15 205 619 3612631

Disi ve erkek bireyler icin hesaplanan ortalama catal boy, toplam boy ve agirlik degerleri arasinda
istatistiksel olarak dnemli farkliliklar vardir (p<0,05).

Catal boy- toplam boy (FL-TL) ve toplam boy-catal boy (TL-FL) iliskileri i¢in hesaplanan a, b, r*
degerleri esey durumuna gore Tablo 10°da gosterilmistir. S6z konusu iligkilerin gorsel olarak ifadesi
ise Sekil 3°de verilmistir.

Boy agirhik iliskisinde kullanilan a, b ve r’ degerleri; disi, erkek ve biitin bireyler olarak
hesaplanarak Tablo 11’de ve bu iliskinin gorsel olarak ifadesi Sekil 4’de yer almistir. Elden edilen b
degerinin, disi ve biitiin bireylerde 3’ten farkli oldugu (p<0,05); erkek bireylerde ise 3’ten farkli
olmadigi (p>0,05) tespit edilmistir.
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Tablo 10. Esey durumuna gére boy-boy iliskilerine ait a, b ve r? degerleri

FL=a+bTL TL=a+bFL
Esey Durumu
a b r a b r
Disi -0,3396 0,9416 0,995 0,4989 1,0557 0,995
Erkek -0,3756 0,9409 0,992 0,6120 1,0543 0,992
Biitiin Bireyler -0,4489 0,9450 0,995 0,6114 1,0530 0,995
a b
40 40 TL=1,0530FL+0,6114
FL=0.9450TL-0,448% R:=0.965 ‘ o
=35 R:=0.993 ¥ RS s
g : ..
? 20 L 4
20 25 30 35 40 18 23 28 33 38
Toplam Boy {(cm) (atal Boy (cm)

Sekil 3. a: Toplam boy — Catal boy (TL-FL) ve b: Catal boy — Toplam boy (FL-TL) iliskileri.

Tablo 11. C.gibelio bireylerinde boy-agirlik iliskisine ait a, b ve r degerleri.

Esey Durumu

W=a.b™

a b % 95 Giiven Aralig (b)
Disi 0,0326 2,9272 2,8025 3,0519 0,856
Erkek 0,0248 2,9747 2,7875 3,162 0,889
Biitiin Bireyler 0,0141 3,1744 3,0617 3,2871 0,863
1400 a b 40 £
i 700 W=0,0248F125°¢ 300
_"& VR, e : R:=0,889 @ e e
B 1000 R*=0.856 .. 3 % -_-
F‘_/D 800 ; ° \’:ﬂ 800
2 600 = 600
/G D
< 400 < 400
200 & ® 00 200
18 22 26 30 34 180 220 260 300 » 18 22 26 30 34
Catal Boy {(cm) Catal Boy (cm) Catal Boy {cm)

Sekil 4. a: Disi bireyler, b: Erkek bireyler ve c: Biitlin bireylere ait boy-agirlik iliskileri.

C.gibelio i¢in tespit edilen kondisyon faktorii, disilerde 1,417-3,310; erkeklerde 1,940-2,883 ve
biitiin bireylerde 1,417-3,310 arasinda degisim gdstermektedir (Tablo 12).
Disi ve erkek bireyler i¢in hesaplanan ortalama kondisyon faktorii degerleri arasinda istatistiksel
olarak 6nemli farklilik vardir (p<0,05).
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Tablo 12. C.gibelio bireylerine ait kondisyon faktorii (KF) degerleri.

KF
E D N
sey Durumu min mak ort=SH
Disi 361 1,417 3,310 2,577+0,013
Erkek 126 1,940 2,883 2,290+0,014
Tiim bireyler 487 1,417 3,310 2,503+0,011
TARTISMA ve SONUC

Monofilament ve multifilament fanyali uzatma aglarimin av verimlilikleri

Calismada, avlanan 495 baligin %98,4’linii giimiisi havuz baligi, %1,4’tinli sazan balig1 ve
%0,2’sini egrez balig1 olusturmaktadir. Avlanan giimiisi havuz baliklarinin sayisal olarak % 65,09u
monofilament ve % 34,91’ multifilament aglarla yakalanmistir. Toplam agirlik olarak ise % 64,69’u
monofilament ve % 35,31°’1 multifilament aglarla yakalanmistir. Siirer ve Kusat (2013) Egirdir
Goli’nde yaptiklart ¢aligmada ayni tiiriin sayisal olarak % 77,41’inin monofilament ve %?22,59 unun
multifilament aglarla yakalandiklarini, agirlik olarak ise % 73,55’inin monofilament ve % 26,45’inin
multifilament aglarla avlandiklarini bildirmislerdir. Aydin vd. (2006) ise Ege Denizi’nde yapilan bir
calismasinda av miktarina ait oranlar1 monofilament ve multifilament aglar icin sirasiyla sayica % 78,6
ve % 21,4; agirlikca % 74,22 ve % 25,78 olarak tespit etmiglerdir. Balik (2001)’da Beysehir Golii’nde
yapmis oldugu caligmada, agirlik olarak toplam avin % 67,22’sinin monofilament ve % 32,78’inin
multifilament aglarla yakalandigini raporlamistir. Burada sunulan ¢alismanin sonuglari ile bahsi gegen
calismalarin sonuglar1 karsilastirildiginda, elde edilen bulgularin birbirleriyle paralellik gosterdikleri
anlasilmaktadir.

Monofilament ve multifilament ag gruplar i¢in toplam CPUE degerleri sirasiyla 60,21 ve 32,87
g/m/operasyon olarak hesaplanmistir. Ag g6z acikligina gore incelendiginde ise en yliksek CPUE
degeri 84,78 g/m/operasyon ile 110 mm g6z acikliginda monofilament agda ve en diisiik 23,97
g/m/operasyon ile de 120 mm goz agikliginda multifilament agda tespit edilmistir. Bununla birlikte
toplam olarak CPUE degeri i¢in monofilament/ multifilament oran1 1,83 olarak hesaplanmistir. Bu
orani Balik (2001) 2,01 olarak Aydin vd. (2006) ise 2,76 olarak hesaplamislardir. Yapilan bu ¢aligma
dahil s6z konusu caligmalardan da anlagilacagi tizere monofilament aglarin av veriminin multifilament
aglardan daha fazla oldugu goriilmektedir.

Monofilament ag gozleri igerisinde av verimleri incelendiginde sayica (%45,11) ve agirlikca
(%46,9) 110 mm g6z agikligina sahip aglarla en fazla avin yakalandigi tespit edilmis olup,
multifilamentlerde ise en fazla avin sayica (%58,24) ve agirlik¢a (%49,88) 100 mm goz agikligina
sahip aglarla elde edildigibelirlenmistir. 80, 90, 100, 110 ve 120 mm goz acikligina sahip
monofilament ve multifilament sade aglar kullamilarak Siirer ve Kusat (2013) tarafindan yapilan
benzer bir calismada da, sayica ve agirlikca monofilamentlerde en fazla avin 90 mm,
multifilamentlerde ise 100 mm goz acikligina sahip aglarla yakalandigi bildirilmistir. Bunlara ek
olarak sunulan bu arastirmada da goz agiklifina bagli olarak boy ve agirlik degerlerinin arttigi
gozlemlenmigtir. Ag materyalinin farklili§i, avlanan baliklarin boy ve agirlik degerlerini de
etkilemektedir. Toplamda multiflamentlerde belirlenen boy ve agirlik degerleri monofilamentlerden
daha yiiksek bulunmustur (Tablo 8). Benzer durumu Siirer ve Kusat (2013) da calismalarinda
belirlemiglerdir; ayrica ortalama boy ve agirlik degerleri 80, 90 ve 110 mm g6z agikligina sahip
monofilamentler i¢in; 100 ve 120 mm goz agiklifina sahip multifilamentler i¢in daha yiiksek tespit
etmislerdir.

Giimiisi havuz bahigimin baz1 biyolojik 6zellikleri

Calismada, avlanan 361 adet disi baligin boylar1 20,5-35,2 cm ve agirliklarn 212-1209 g arasinda
degisirken 126 adet erkek baligin boylar1 21,2-29,4 cm ve agirliklar1 205-619 cm arasinda degisim
gostermistir.  Biitiin bireylerde ise boylar1 20,5-35,2 cm ve agirliklarni 205-1219 g araliginda
Olclilmiistiir. Avlanan giimiisi havuz baliginin %74,13’tni disi ve %25,87’sini erkek bireyler
olusturmustur. Disi:Erkek orani 2,87:1 olarak belirlenmistir. Bu ¢aligmada oldugu gibi Sals1 (2015),
Sa¢ ve Okgerman (2015), Sar1 vd. (2008), Balik vd. (2004), Yazicioglu vd. (2013)’lin calismasinda da
disi oraninin daha fazla oldugu goriilmektedir. Ancak Bostanci vd. (2007) ve Dereli ve Dingtiirk
(2016)’nin bulgularinda bu ¢alismanin aksine erkek orani daha fazla bulunmustur (Tablo 13).

8
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Tablo 13. Giimiisi havuz balig: disi:erkek oranlarina ait ¢aligmalar.

Ag goz
acikhigy - -
Arastirma Sahasi (Min- Boy Agirhik Izlsl Erokek Disi:Erkek Kaynak
Mak) (cm) ) (%) (%)
(mm)
Egirdir Goli 36-140 9,0-33,0 - 53,4 46,6 1,15:1,0  Balik vd. (2004)
Egirdir Goli 36-64 8,2-28,1 17-732 40,64 59,36 0,69:1,00 Bostanci vd. (2007)
Buldan Baraji 72-112 9,7-25,5 23,6- 99,44 0,56 177,6:1,0  Sari vd. (2008)
Ladik Golu 17-80 13,4-26,5 58-550 93,5 6,5 14,4:1,0  Yazicioglu vd. (2013)
Seyitler Barajt 50-90 14,8-325  43,1- 5,1:1:0  Bulut vd. (2013)

B.Menderes Havzas1 18-45 23,8-295  356,3- 98,84 1,16 85,2:1,0  Salg1 (2015)
Biiyiikcekmece Golii 20-100 4,4-31,4 1,44- - - 20,1:1,0  Sag ve Okgerman (2015)
Beysehir Goli 30-120 8,5-28,4 15-408 47,6 52,4 0,91:1,00 Dereli ve Dingtiirk (2016)
Egirdir Golii 100-120 20,5-35,2 205-1219 74,13 25,87 2,87:1,00 Bu ¢ahisma

Boy-boy iliskisine ait elde edilen r* degerleri incelendiginde, toplam boy ile catal boy arasinda
kuvvetli iligkinin oldugu tespit edilmistir. Glimiisi havuz baliginin toplam boy-catal boy iliskisine ait
bulunan a, b ve r? degerleri, Sag ve Okgerman (2016)’mn cahismasindaki degerler ile benzer
bulunmustur. Catal boy-toplam boy iligkisine ait tespit edilen degerler ise Yazicioglu vd. (2013)
calismasindaki degerlerle karsilastirilmis olup a degeri ters isaretli ¢ikarken b ve 12 degerleri benzer
tespit edilmistir (Tablo 14).

Tablo 14. Glimiisi havuz balig1 boy-boy iligkileri (toplam boy-catal boy ve gatal boy-toplam boy iliskisi) ile
ilgili caligmalar.

iliski N a b r Kaynak
Fl=a+b.TL 395 -0,0450 0,9120 0,998 Sag¢ ve Okgerman (2016)
' 487 -0,4489 0,9450 0,995 Bu calisma
_ 155 -0,131 1,10 0,993 Yazicioglu vd. (2013)
TL=atbFL 487 0,6114 1,06 0,995 Bu calisma

Egirdir Golii’nde yakalanan 487 adet giimiisi havuz baligmimn boy-agirhik iliskisine ait a, b ve r°
degerleri sirasiyla 0,0141; 3,1744 ve 0,863 olarak tespit edilmistir. Avsar (2005) tarafindan farkli
tiirlerde “b” degerinin 2,5 ile 3,5 arasinda degistigi, balik populasyonunda b=3 ise izometrik, b>3 ise
pozitif allometrik ve b<3 ise negatif allometrik biiyiimenin oldugu ifade edilmistir. Calismamizda
bulunan b degeri 3’den biiyilik oldugu i¢in tiir pozitif allometrik biiylime gostermektedir. Balik vd.
(2004), izci (2004), Bostanci vd. (2007), Uysal vd. (2015), Inhal (2012), Sa¢ ve Okgerman (2015)
tarafindan yapilan ¢alismalarda da bu ¢alismada oldugu gibi b>3 olarak belirlenmistir. Ancak Sar1 vd.
(2008), Bulut vd. (2013), Sals1 (2015), Ergiiden (2015), Dereli ve Dingtiirk (2016), Birecikligil vd.
(2016) tarafindan yapilan ¢alismada ise bu ¢aligmanin aksine b<3 olarak tespit edilmistir. (Tablo 16).
Elde edilen degerler ayn1 sahada yapilan ¢aligmalarla benzer iken farkli sahalardaki g¢alismalarla
degiskenlik gostermektedir ve bu durum baligin biiylimesine direkt etkide bulunan ¢evre sartlarinin
degiskenligi (su sicakligi, yenen besin miktar1 ve besinin kalitesi) nedeniyle olagan kabul edilebilir
(Avsar 2005; Bok vd. 2011).

Elde edilen ortalama kondisyon faktorleri diger caligmalar ile karsilastirildiginda s6z konusu
degerlerin ayni sahada calisma yapan Balik vd (2004) ve Bostanci vd.(2007)’nin degerleri ile
benzerlik gostermekte oldugu, buna karsilik farkli sahalarda calisgan Bulut vd. (2013), Sac¢ ve
Okgerman (2015) ve Uysal vd. (2015)’nin degerlerinden ise daha yiiksek oldugu tespit edilmistir
(Tablo 16).
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Tablo 15. Giimiisi havuz balig1 boy-agirlik iligkisine ait degerlerin diger ¢aligmalarla karsilagtirilmasi.

Arastirma Sahasi N a b rl Kaynak

Egirdir Goli 616 0,0165 3,152 0,999 Balik vd. (2004)

Egirdir Goli 342 0,0210 3,060 0,950 Izci (2004)

Egirdir Goli 283 0,0151 3,177 0,980 Bostanci vd. (2007)
Buldan Baraji 2325 0,0310 2,870 0,985 Sar1 vd. (2008)

Aksu Nehri 128 0,0138 3,114 0,976 innal (2012)*

Seyitler Baraji 149 0,0274 2,938 0,813 Bulut vd. (2013)*
B.Menderes Havzasi 172 0,0362 2,880 0,996 Sals1 (2015)

Seyhan Nehri 317 0,0673 2,571 0,912 Ergiiden (2015)
Biiyiikgekmece Golii 487 0,0150 3,134 0,996 Sag ve Okgerman (2015)
Iznik Golii 3114 0,0158 3,125 0,993 Uysal vd. (2015)
Beysehir Goli 1868 0,0175 2,959 0,925 Dereli ve Dingtiirk (2016)*
Kizilirmak Nehri 144 0,0230 2,856 0,850 Birecikligil vd. (2016)*
Egirdir Golii 487 0,0141 3,174 0,863 Bu ¢alisma

*Calismalarda toplam boy kullanilmustir.

Glimiisii havuz balig1 i¢in boy, agirlik, kondisyon faktorii, disi-erkek orani, boy-agirlik iligkisine ait
elde edilen degerlerin diger calismalarla karsilagtirilmasinda ortaya g¢ikan bazi farkliliklarin tiiriin
yasam ortami, Ornekleme sayisi, Ornekleme zamani ve Orneklemede kullanilan av araglarindan
kaynaklandigi sonucuna ulasilabilmektedir.

Tablo 16. Glimiisi havuz baliginin esey durumuna gore ortalama kondisyon faktorlerinin diger ¢aligsmalar ile
karsilagtirtlmasi.

KF

Aragtirma Sahasi Disi Erkek Tiimii Kaynak

Egirdir Golu 2,591 2,401 2,498 Balik vd. (2004)

Egirdir Golii 2,631 2,461 2,525 Bostanci vd. (2007)
Biiyiikgekmece Golii 2,220 2,110 2,260 Sag¢ ve Okgerman (2015)
Iznik Golii 2,361 2,289 2,350 Uysal vd. (2015)
Seyitler Baraji 2,342 2,064 2,276 Bulut vd. (2013)
Egirdir Golii 2,577 2,290 2,503 Bu ¢alisma

Sonug olarak; Egirdir Goli'ne sonradan asilanan giimiisi havuz baligi, zamanla goéle uyum
saglayarak baskin tiir haline gelmistir ve halihazirda yore balik¢isi tarafindan ticari aveiligi yapilarak
ekonomik gelirine katki saglamaktadir. Egirdir Goli’'nde monofilament aglarin kullanimi Tarim ve
Orman Bakanhigi tarafindan 2012 yilinda Ticari Amagh Su Uriinleri Avcihigim Diizenleyen 3/1
Numaralt Teblig ile yasaklanmis ve 2016 yilinda 4/1 Numarali Teblig ile serbest birakilmugtir.
Calismada avlanan giimiisi havuz balig1 i¢in monofilament aglarin CPUE degerlerinin yiiksek ¢ikmasi,
ayni avi yakalamak icin multifilament aglara goére daha az miktarda monofilament ag kullanilmasi
gerektigini gostermektedir. Bununla birlikte multifilament aglarin temizliginin daha zor oldugu da
bilinen bir gercektir. Bu sebeple hem avci ¢abast hem de harcanan ag giderleri agisindan gdlde
balikgilar tarafindan monofilament aglarin kullanilmasinin daha ekonomik ve uygun olacagi sonucu
diistintilmektedir.
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Ozet

Bu ¢alismada, gokkusagi alabaligi (Oncorhynchus mykiss)’ndan elde edilen balik koftelerinin mikrobiyolojik ve duyusal
ozellikleri tizerine biberiye ve defne ugucu yaglarmnimn etkileri arastirilmistir. Gokkusagi alabaligr filetolart kiyma haline
getirilmis ve farkli katki maddeleri ilave edilerek kontrol grubu (Kk), biberiye ugucu yagi ilave edilmis grup (Bk) ve defne
ucucu yagi ilave edilmis grup (Dk) olmak iizere ii¢ balik koftesi grubu olusturulmustur.

Tiim kofte ornekleri 4+1°C’de muhafaza altina almarak periyodik olarak mikrobiyolojik ve duyusal olarak
degerlendirilmistir. Aragtirma sonuglarina gore, ¢ig balik etinde toplam mezofilik aerobik bakteri (TMAB) sayis1 5,24+0,04
log kob/g, toplam psikrofilik aerobik bakteri (TPAB) sayis1 4,22+0,02 log kob/g olarak belirlenmistir. Cig balik etindeki
TMAB ve TPAB sayis1 kofte yapimiyla birlikte tiim kofte 6rneklerinde (Kk, Bk ve Dk) azalmig, Dk grubu kofte rneklerinde
TPAB i¢in, Bk grubu kéfte 6rneklerinde TMAB ve TPAB igin bu azalma 6rneklerde istatistiksel olarak 6nemli bulunmustur
(P<0,05).

Panelistlerin 1. giin degerlendirmesi sonucunda Bk ve Dk kofte 6rneklerinin genel begenisinin Kk kofte 6rneklerine gore
daha iyi oldugu belirlenmistir. Tiim kofte gruplar igerisinde Dk kofte 6rneklerinin genel olarak panelistlerce daha fazla
begenildigi saptanmustir.

Anahtar Kelimeler: Oncorhynchus mykiss, balik koftesi, ugucu yag, mikrobiyolojik kalite, duyusal kalite.

Effect of Rosemary and Laurel Essential Oils on Microbiological and Sensory Quality in Fish Ball From Rainbow
Trout (Oncorhynchus mykiss)

Abstract

In this study, the effects of rosemary and laurel essential oils on microbiological and sensory properties of fish balls
obtained from rainbow trout (Oncorhynchus mykiss) were investigated. The rainbow trout fillets were minced and three fish
ball groups were formed with different additives as control group (KKk), rosemary essential oil added group (Bk) and laurel
essential oil added group (DKk).

All fish ball samples were kept at 4+1°C and periodically evaluated as microbiological and sensory. According to the
results of the study, the total number of mesophilic aerobic bacteria (TMAB) in the raw fish meat was 5.24+0.04 log cfu/g,
and the total number of psychrophilic aerobic bacteria (TPAB) was 4.22+0.02 log cfu/g. The number of TMAB and TPAB in
raw fish meat decreased with fish balls in all fish ball samples (Kk, Bk and Dk), this decrease was found to be statistically
significant for TPAB in Dk group fish ball samples, TMAB and TPAB in Bk group fish ball samples (P<0.05).

According to the 1st day evaluation of the panelists, it was determined that the overall acceptability of Bk and Dk fish ball
samples were better than Kk fish ball samples. It was found that the panelists generally more liked the Dk fish ball samples
than others in all the fish ball groups.

Keywords: Oncorhynchus mykiss, fish ball, essential oil, microbiological quality, sensory quality.

GIRIS
Gunimiizde insanlarda 1sit-ye tarzi beslenmeye yonelim artmis ve bu tarz beslenme iilkemizde de
azimsanmayacak seviyeye gelmistir. Ancak, saglikli beslenmenin énemi anlasilarak saglikli gidalara
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yonelim artmistir. Coklu doymamis yag asitleri bakimindan zengin olan su iiriinleri beslenme
diyetlerinde ilk baslarda gelen gidalardandir (Kaya vd., 2004). Is hayatinda calisan kadin sayisinin
artmastyla, pratik hazirlanip pisirilen, sentetik katki maddesi icermeyen, dogal, tiiketime hazir iglenmis
iiriinlere olan talep giin gectik¢e artmaktadir.

Su {riinlerinin farkli lezzet ve gesitlerde tiiketime sunulmasina yonelik ¢ok degisik calismalar
vardir. Su driinleri kullanilarak yapilan hazir yiyeceklere baliktan sosis, gevrek, cips, borek, fish
finger, paté, midye dolmasi, burger drnek verilebilir (Oguzhan ve Yangilar, 2014). izci vd., (2016)’nin
hamsi baligindan yaptiklar1 balik déneri ile izci ve Bilgin (2015)’in balik krakeri de su iiriinlerinde
hazir tiiketim ¢esitlerine 6rneklerdir.

Ulkemizde yetistiriciligi yapilan gokkusagi alabalig1 canli, taze sogutulmus, dondurulmus, fiime,
flime konserve olarak yurt i¢i ve yurt disina pazarlanmaktadir. Son zamanlarda alabalik havyar1 da
islenerek tiilketime sunulmaya baglanmistir. Ayrica, gokkusag: alabaligi kullanarak balik pastirmasi
(YYapar, 1993; Ersoy ve Demirkiran, 2014), balik dolmasi (Metin, 2003), balik doéneri (Simsek ve
Kilig, 2011), paté (Unliisaym vd., 2007), jambon (Eren, 2011), sosis (Dinger, 2008), kifte (Oksiiztepe
vd., 2010), kroket (Berik vd., 2011; Cankiriligil ve Berik, 2017), balik kraker (Civdir, 2011), alabalik
milfdy béregi (Kaba vd., 2013), alabalik keki (inanl1 vd., 2011), alabalik havyar1 (Ozpolat ve Patir,
2009) gibi iirlin yelpazesinin genisletilmesi konusunda 6nemli ¢aligmalar yapilmustir.

Su iriinleri protein degeri yiiksek, omega-3 serisi ¢oklu doymamis yag asitlerine sahip, cesitli
vitamin ve mineralleri igeren, beslenmemizde biiyiik 6nem tasiyan, sindirilme derecesi yiiksek olan
gida maddelerinden biridir (Turan vd., 2006). Balik yaginda bulunan omega-3 yag asitlerinin kalp
hastaliklarindan kansere olmak iizere birgok hastalikta olumlu etkileri bildirilmistir (Mol, 2008). Buna
karsin balik eti, bag dokusunun zayif ve enzim aktivitesinin yiiksek olmasi nedeniyle de bozulmalara
kars1 ¢ok hassastir (Ufuk ve Sarimehmetoglu, 2016).

Son yillarda dogal antimikrobiyal katki maddelerine olan ilgi artmistir (Tiwari vd., 2009). Bu
nedenle tibbi ve aromatik bitkiler ile bunlardan elde edilen aktif maddeler tizerindeki ¢aligmalara daha
cok yonelim baslamistir. Bitkilerin antimikrobiyal bilesikleri ¢ogunlukla ugucu yag kisminda
bulunmakta olup; ugucu yaglar genellikle su buhar1 distilasyonu seklinde elde edilirler. Fenolik
maddelerin antimikrobiyal aktivitelerini etkileyen faktorlerden bazilari; proteinler, lipitler, tuzlar, pH,
ve sicakliktir. Ucucu yag bilesenlerinin ¢ogu, ayri1 ayr1 denendiklerinde antimikrobiyal etki
gostermekte, hatta yag bilesenlerinin karisim halinde kullanimi bu etkiyi daha da ¢ok arttirmaktadir.
Diger yandan ugucu yaglar tedavi edici, antiseptik ve antibiyotik dzellik gdsterirler (Oz, 2017).

Yaptigimiz bu ¢alismada iilkemizde yetistiriciligi en fazla yapilan, her zaman kolay ulasilabilen, et
verimi yiiksek bir balik tiirii olan gokkusagi alabaligi (Oncorhynchus mykiss)’ndan elde edilen
koftelerde defne ve biberiye ucucu yaglarinin mikrobiyolojik ve duyusal kalite 6zelliklerine etkisinin
belirlenmesi amaglanmigtir.

MATERYAL ve YONTEM
Aragtirmamizda kullanilan ortalama 35,02+0,13 cm toplam boy ve 467,22+13,01 g agirhga sahip
gokkusagi alabaliklar (Oncorhynchus myKkiss) Su Uriinleri Tesisinden

(Yapagili/Dinar/Afyonkarahisar) temin edilerek derisiz filetolar1 ¢ikartilmistir. Elde edilen filetolar
strafor kutularda soguk zincir kurallar1 cercevesinde Egirdir Su Uriinleri Fakiiltesi Laboratuvarina
getirilmis ve buzdolabinda muhafaza altina alinmustir.

Balik Kiymasi ve Koftelerinin Hazirlanmasi

Derisiz gokkusagi alabaligi filetolart mikser ile kiyma haline getirilmistir. Elde edilen balik
kiymasinin bir kismu ¢ig (Cb) olarak diger kismui ise her biri 1200 g olacak sekilde 3 gruba ayrilmistir.
Calisma Oncesinde, biberiye ve defne ugucu yag katkili balik koftelerinin hazirlanmasinda kullanilacak
olan ugucu yag miktarlarinin belirlenmesine yonelik 6n ¢alisma yapilmistir. Bu 6n ¢alisma sonucunda
100 g balik kiymasia 20 pl oraninda ugucu yag ilave edilen kofte 6rnekleri panelistlerce begenilmis
ve ¢aligmada koftelerin hazirlanmasinda bu sonug dikkate alinmistir.

1200 g balik kiymasina 120 g galeta unu, 24 g tuz, 6 g kimyon, 6 g tath toz kirmiz1 biber, 6 g yeni
bahar, 6 g toz karabiber, 15 g sarimsak tozu ve 12 g aygigek yagi ilave edilerek kontrol grubu (Kk)
olusturulmustur. Yukarida belirtilen ayn1 miktardaki balik kiymasi ve katkilara ilave olarak kofte
iceriginde yer alan 12 g aycicek yagi ile 240 pl biberiye ugucu yag1 ve yine kofte iceriginde yer alan
12 g aycicek yagi ile 240 pl defne ugucu yagi birlikte ayri ayr tiiplerde 3000 rpm’de 30 sn
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vortekslenerek biberiye ucucu yagi iceren grup (Bk) ve defne ucucu yagi iceren grup (Dk)
olusturulmustur. Hazirlanan Kk, Bk ve Dk koéfte gruplari homojen bir karisim elde edilinceye kadar
yogurulmustur. Tiim kofte 6rnek gruplart 1 saat buzdolabinda aromanin oturmasi i¢in dinlendirilmis
ve kofte hamurlarindan 30+3g kofteler elde edilmistir. Elde edilen tiim gruplara ait balik kdfteleri
strafor tabaklar iizerine siralanarak seffaf kilitli buzdolabi posetlerine yerlestirilmis ve 4+1 °C’de
muhafaza altina alinmstir.
Mikrobiyolojik analiz

Mikrobiyolojik analizler i¢in, 10 g 6rnek steril bolmeli stomacher posetine alinmis ve iizerine 90
ml steril buffer pepton water ilave edilerek stomacher (BagMikser 400, France) ile 90 sn homojenize
edilmistir. Biitliin 6rneklerde toplam mezofilik aerobik bakteri (TMAB) ve toplam psikrofilik aerobik
bakteri (TPAB) sayilar1 belirlenmistir. Mikrobiyolojik analizlerde Plate Count Agar kullanilmustir.
Plaklar TMAB igin 30+1 °C’de 3 giin, TPAB igin 4+1 °C’de 10 giin siireyle inkiibe edilmistir. Elde
edilen mikrobiyolojik analiz sonuglar log kob/g olarak ifade edilmistir (Arslan vd., 1997; Patir ve
Duman, 2006; Diler vd., 2008).
Duyusal analiz

Duyusal analizde, Kk, Bk ve Dk &rnekleri kizgin (180 °C) derin aygigek yaginda iki yiizii
kahverengilesinceye kadar (5 dk) kizartilarak 10 panelistin duyusal degerlendirmesine sunulmustur.
Kofte orneklerinin duyusal kalitenin belirlenmesinde renk, koku, lezzet, tekstiir ve genel begeni
ozelliklerinden faydalanilmig (Taskaya vd., 2003; Tokur vd., 2006; Kenar, 2009) panelistlerce 1-9
puan arasinda degerlendirilmistir. Orneklerin degerlendirmesinde <3 ve asagisinda puan, bozulmus
olarak kabul edilmistir.
Istatistiksel analiz

Aragtirmamizdan elde edilen veriler, SPSS 9.0 istatistik paket programi ile varyans analizine (one-
way ANOVA) tabi tutulup, 6nemli varyans kaynaklarina ait ortalamalar Duncan Coklu Karsilagtirma
Testi ile P=0,05 giiven araliginda karsilastirilmigtir.
Mikrobiyolojik Analiz Bulgular

Mikrobiyolojik analizleri yapilan Kk, Bk ve Dk 6rneklerinde muhafaza siiresince TMAB ve TPAB
sayilarindaki degisimler Tablo 1, 2, 3’te verilmistir.

Tablo 1. Kk 6rneklerine ait TMAB ve TPAB sayisindaki degisimler (log kob/g)

Giin TMAB TPAB
Cb 5,24+0,04° 4,22+0,02°
1 (KK) 5,08+0,06° 3,94+0°
7(KK) 7,79+0° 7,95+0,28?
14(KK) 9,02+0,04° 8,46+0,01°

Cb: Cig balik, Kk: Kontrol kofte. Ayni siitunda farkli harflerle gosterilen degerle arasinda istatistiki fark vardir (P<0,05).

Tablo 2. Bk 6rneklerine ait TMAB ve TPAB sayisindaki degisimler (log kob/g)

Giin TMAB TPAB
Cb 5,24+0,04° 4,2240,02°
1 (BK) 4,88+0,07° 3,47+0,10°
7(BK) 6,17+0,06° 8,21+0,13°
14(BK) 8,67+0,06° 8,22+0,02°

Cb: Cig balik, Bk: Biberiye ugucu yagi ilaveli kofte. Ayni siitunda farkli harflerle gosterilen degerle arasinda istatistiki fark vardir (P<0,05).

Tablo 3. Dk 6rneklerine ait TMAB ve TPAB sayisindaki degisimler (log kob/g)

Giin TMAB TPAB
Cb 5,24+0,04° 4.22+0,02°
1(DK) 5,20+0,05° 3,73+0,07°
7(Dk) 5,88+0,02° 8,060,022
14(DK) 8,53+0° 7,960,022

Cb: Cig balik, Dk: Defne ugucu yagi ilaveli kofte. Ayni siitunda farklr harflerle gosterilen degerle arasinda istatistiki fark vardir (P<0,05).
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Cig balikta belirlenen TMAB ve TPAB sayilarinin, Dk ve Bk grubuna ait 6rneklerde kofte
yapimiyla birlikte azaldigi, depolamayla birlikte de artis (P<0,05) gosterdigi saptanmustir. Tiim kofte
orneklerine ait gruplar incelendiginde, depolamanin 7. giiniinde Kk 6rneklerinin limit degeri (7 log
kob/g) (ICMSF, 1986) TMAB ve TPAB sayist bakimindan astig1, Bk ve Dk 6rneklerinin TMAB sayisi
bakimindan agmadigi tespit edilmistir. Kk, Bk ve Dk kofte orneklerinde TMAB sayisi depolama
siireciyle birlikte artis gostermistir (Sekil 1). Bu artisin Kk grubu kofte 6rneklerinde diger 6rnek
gruplaria gore daha fazla oldugu goriilmiistiir. Depolamanin sonunda Bk ve Dk drnekleri arasinda
TMAB sayisindaki degisimler onemsiz (P>0,05) bulunurken, Kk ornekleri ile 6nemli (P<0,05)

bulunmustur.
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Sekil 1. Kofte 6rnek gruplarinin TMAB sayisindaki degisimleri (log kob/g)

Depolamanin 7. giiniinde tiim Ornek gruplari arasinda TPAB sayisinda Onemsiz bir degisim

(P>0,05) belirlenmistir. Depolamanin 14. giiniinde, Kk ve Dk grubu kofte ornekleri arasinda
istatistiksel olarak onemli bir fark saptanirken (P<0,05), Bk grubu kofte drnekleri ile Kk ve Dk grubu
kofte ornekleri arasinda dnemli bir farklilik saptanmamistir (P>0,05) (Sekil 2).
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Sekil 2. Kofte 6rnek gruplarinin TPAB sayisindaki degisimleri (log kob/g)

Duyusal Analiz Bulgulan
Kk grubu kofte drneklerinin genel begeni puan1 muhafazanin 1. ve 14.giinleri arasindaki degisimi

6nemli bulunmustur (Tablo 4).
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Tablo 4. Kk grubu kofte 6rneklerinin duyusal degerlendirme sonuglari

G Renk Koku Lezzet Tekstiir Genel Begeni
1 7,40+0,34° 7,10+0,432 7,40+0,27° 7,50+0,37° 7,40+0,34°
7 7,30£0,21% 6,70+0,40° 6,30+0,30° 6,90+0,28° 6,40+0,22°
14 6,00+0,37° 5,40+0,27° - - 5,00+0,26°

Ayni siitunda farkli harflerle gosterilen degerle arasinda istatistiki fark vardir (P<0,05). — Degerlendirme yapilmamustir.

Bk grubu kofte o6rneklerin icin baslangictaki panelistlerin genel degerlendirmeye iliskin puaninda
14. giinde 6nemli bir azalis gorilmiistiir (P<0,05) (Tablo 5).

Tablo 5. Bk grubu kéfte drneklerinin duyusal degerlendirme sonuglari

Giin Renk Koku Lezzet Tekstiir Genel
1 8,10+0,31° 7,600,40° 7,30+0,37 7,700,30° 7,700,263
7 7,30+0,15" 6,60+0,37% 5,50+0,40" 6,50+0,37" 5,90+0,31"
14 6,40+0,31° 5,70+0,30" - - 5,20+0,33°

Ayni siitunda farklt harflerle gosterilen degerle arasinda istatistiki fark vardir (P<0,05). — Degerlendirme yapilmamustir.

Defne ugucu yagi ilave edilerek olusturulan Dk grubu koéfte drneklerinin muhafazanin 1. giiniinde
panelistlerce begenildigi, bu begeninin muhafaza siiresiyle birlikte azaldig1 tespit edilmistir (Tablo 6).

Tablo 6. Dk grubu kéfte 6rneklerinin duyusal degerlendirme sonuglari

Giin Renk Koku Lezzet Tekstiir Genel
1 7,90+0,28° 7,40£0,372 7,400,407 7,80+0,33° 7,80+0,33
7 7,30+0,21° 6,50+0,34% 6,50+0,34° 6,90+0,35° 6,60+0,27°
14 6,30+0,30" 5,70+0,26° - - 5,20+0,36°

Ayni siitunda farklt harflerle gosterilen degerle arasinda istatistiki fark vardir (P<0,05).— Degerlendirme yapilmamustir.

Tim 6rnek gruplarmin duyusal parametrelere iliskin degerlerin her birinin depolamayla birlikte
azalma gosterdigi tespit edilmistir (Sekil 3, 4, 5, 6, 7). Duyusal degerlendirme sonucunda Kk, Bk ve
Dk grubu kofte ornekleri arasinda renk, koku, lezzet, tekstiir ve genel begeni parametrelerinde
depolama siiresi iginde ayn1 giinlerdeki ortaya ¢ikan degisim 6nemsiz bulunmustur (P>0,05).

8,50
8,50 = !
1 8,00
8,00 1
I NN 7,50 ™~
7,50 T == T2 _
i e T, 7,00 T =z
x 1 \i‘\ s L T
g § 650 Pl
oxo T x F 7
6,50 N 6,00 S~
.- NN
6,00 T 5,50 -
5,50 - 5,00 -
1 7 14  Giin 1 7 14 Giin
Kk Bk ---- Dk Kk Bk ---- Dk
Sekil 3. Kofte 6rnek gruplarinin Sekil 4. Kofte 6rnek gruplarinin koku
renk parametresindeki degisimleri parametresindeki degisimleri
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Sekil 7. Kofte 6rnek gruplarinin genel begeni parametresindeki degisimleri

TARTISMA ve SONUC

Bu ¢alismada; gokkusagi alabaligindan hazirlanmasi pratik ve ¢ocuklarin severek tiikketebilecegi bir
iiriin olan balik koftesi, balik kiymasina farkli katki maddeleri ilavesiyle elde edilmistir. Balik kiymasi
ve farkli katkilarla olusturulan kofte harcina defne ugucu yagi ve biberiye ucucu yagi ilave edilerek
mikrobiyolojik ve duyusal kaliteye etkisi belirlenmistir.
Mikrobiyolojik Sonu¢lardaki Degisimler

Uriinlerin mikrobiyolojik degerleri o iiriiniin tiiketilebilirliginin belirlenmesinde 6nemli bir kriter
olup aerobik bakterileri i¢in limit deger 7 log kob/g olarak bildirilmistir (ICMSF, 1986).

Calismamizda, ¢ig gokkusagi alabaligi etinde TMAB degeri 5,24+0,04 log kob/g, TPAB degeri
4,22+0,02 log kob/g olarak tespit edilmistir. Kofte elde edilmesiyle birlikte tiim kofte gruplarinda her
TMAB ve TPAB sayilarinda bir azalma saptanmistir (Tablo 1,2 ve 3). Balike¢1 (2015), kekik, biberiye
ve feslegen ekstraktlar ilave ederek elde ettigi uskumru (Scomber scombrus) koéftelerini vakum
paketleyerek buzdolabi kosullarinda +4+2 °C’de ve buzdolab1 posetinde -18 °C’de depolamis, -
18°C’de muhafaza edilen Orneklerde TMAB sayisinmm 7 log kob/g’a ulagmamis oldugunu
bildirmisken, +4+2 °C’de muhafaza edilen kofte 6rneklerinde kekik ve biberiye ekstrakli 6rneklerinde
feslegen ekstraktli orneklere gére TMAB sayisinda artis daha az bulunmustur. Kontrol grubu
orneklerde depolama siiresi sonunda (28. giin) 7 log kob/g limit degerinin asildig1 saptanmistir. Guran
vd. (2015), palamuttan (Sarda sarda) paté iiretiminde, paté harcina farkli gruplar olusturacak sekilde
kekik, karanfil ve biberiye esansiyel yaglarini ilave etmistir. Biberiye esansiyel yaginin ilave edildigi
grupta TMAB sayisindaki artisin daha az oldugunu belirtmistir. Ozogul ve Ugar (2013), donmus
Scomber japonicus’tan yapilan burgerlerde dogal antioksidanlarin (kekik, yesil cay, ada ¢ay1 ve defne)
etkisini belirlemislerdir. Bu dogal antioksidanlar farkli oranlarda kullanilarak gruplar olusturmuslardir.
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Kontrol grubu drneklerinin toplam bakteri sayis1 5,0+0,00 log kob/g, toplam psikrofilik bakteri sayisi
da 4,940,2 log kob/g olarak bulunmustur. Dogal antioksidan ilave edilen tiim burger gruplarinda dogal
antioksidanlarin ilavesi ile birlikte mikrobiyal yiiklerde genel olarak bir azalma goriilmiistiir. Burger
orneklerinin depolama sonunda (9. ay) kontrol grubu dahil olmak iizere tiim burger 6rneklerinde bir
azalmanin oldugu ancak bu azalisin dogal antioksidan ilave edilmis burgerlerde biraz daha fazla
oldugu saptanmustir. Bagka bir arastirmada, uskumru burgerlerine farkli konsantrasyonlarda biberiye
ekstrakt1 (%0,4 ve %0,8) eklenerek sekillendirilen burgerler vakum paketlenerek 4°C” de depolanmis
ve bu siirecte biberiye ekstrakti ilave edilmis burgerlerin kontrol grubu burgerlere gore daha fazla raf
omriine sahip oldugu tespit edilmistir. %0,8 biberiye ekstrakti ilave edilen burger orneklerinin %0,4
biberiye ekstrakti ilave edilenlere gore toplam bakteri gelisiminin daha diisiik kaldigi goriilmiistiir
(Ugak vd., 2011). Calismamizda da ugucu yag ilave edilmesinin mikrobiyolojik kaliteye olumlu etki
ettigi belirlenmistir.

Capkin (2008), kadife baligindan (Tinca tinca) ii¢ ayr1 formiilasyon ile balik koftesi yapmustir. Tk
grubu kontrol grubu olarak, ikinci grubu kekik (%1) ve iiglincii grubu zencefil (%]1) ilaveli olarak
olusturmus ve degerlendirmeye almistir. Baslangigtaki balik kiymasinin TMAB sayisim 4,462+0,023
log kob/g olarak, TPAB sayisini ise 3,726+0,016 log kob/g olarak belirlemis, kofte hazirlandiktan
sonra TMAB ve TPAB sayilarinin biraz arttigini tespit etmistir. Depolama siireci ile birlikte tiim kofte
gruplarinda mezofilik ve psikrofilik mikroorganizmalarda sayisal olarak artisin  oldugunu,
depolamanin 10. giiniinde kofte Grneklerinin siir degeri (107 kob/g) astigimi saptamustir. Gokkusag
alabaligindan yapilan balik koftesi orneklerinden elde ettigimiz sonuclarla yukaridaki calisma
sonugclar1 genel olarak paralellik gostermektedir
Duyusal Sonuclardaki Degisimler

Su iiriinleri tiiketimi ve iiriin ¢esitliliginin arttirilmasi i¢in duyusal degerlendirme olduk¢a 6nemli
parametrelerden biri olmasi yaninda tiim gidalarda oldugu gibi su iiriinlerinde de {irliniin
titketilebilirliginin belirlenmesinde goz Oniinde bulundurulmasi gereken en Snemli parametrelerden
biridir.

Aragtirmamizda, tim kofte ornekleri baglangigta panelistlerin duyusal degerlendirmesi sonucunda
yiiksek puanlar almig olup muhafaza siiresiyle iligkili olarak duyusal puanlarda azalma belirlenmistir
(Tablo 4, 5 ve 6).

Kadife baligindan elde edilen balik koftelerinin panelistlerce duyusal olarak goriiniis, koku, tekstiir,
tat ve genel begeni olarak degerlendirildigi bir ¢alismada; elde edilen tiim kofte gruplar baslangigta
duyusal olarak begenilmis olup zencefil igeren kofte grubunun kontrol ve kekik ilave edilmis kofte
gruplarina gore daha cok begenildigi belirtilmistir. Buzdolabinda 4+1°C'de depolanan balik
koftelerinin duyusal degerleri depolama siiresine bagli olarak azalma gostermis, elde edilen koftelerin
4+1°C'de 7. giine kadar iyi kalite 6zelligini devam ettirdigi, 10. giinden itibaren bozulmaya bagladig
saptanmustir (Capkin, 2008). Guran vd. (2015) S. sarda baligindan farkli katkilarla hazirladigi kontrol
grubu kofteler ile kekik, karanfil ve biberiye esansiyel yaglarinin ilave edildigi 4 farklh kofte grubu
olusturmustur. Kofte gruplar1 kizartilarak panelistlerce duyusal olarak (renk, goriiniim, doku, koku,
lezzet ve genel kabul edilebilirlik) degerlendirilmistir. Degerlendirmeler sonucunda kekik, karanfil ve
biberiye esansiyel yaglarinin koftelere ilavesinin dikkat ¢ekici bir etkiye sahip oldugu tespit edilmistir.
Ozogul ve Ucar (2013) kekik, defne, adacay1 ve yesil cay ekstraktlarmin farkli konsantrasyonlarda
(%0,3 ve %0,6) eklendigi S. Japonicus burgerlerini -18°C’de depolamus ve duyusal olarak
degerlendirilen burgerlerden kontrol grubu 7 aylik depolamada, adacay1r ve defne grubu 8 aylik
depolamada, kekik ve yesil ¢ay 9 aylik depolamada panelistlerce kabul edilemez bulunmustur. Ugak
vd. (2011), farkli konsantrasyonlardaki biberiye ekstraktini (%0,4 ve %0,8) Atlantik uskumrusu
burgerlerine ilave ederek vakum paketledigi arastirmada, genel kabul edilebilirlik puaninin en yiiksek
olan grubun %0,4’liikk biberiye ekstrakti ilave edilmis grubun oldugunu, en diisiik genel kabul
edilebilirlik degerinin ise %0,8’lik biberiye ekstrakti ilave edilmis grup olarak saptamustir. Peiretti vd.
(2012), gokkusagi alabaligindan elde edilen kiyma iizerine %0,2, %1 ve %3 oraninda ii¢ farkl
konsantrasyonda biberiye yagi ilave edilerek raf Omriine etkisini arastirmis ve bu konuda iiriin
kalitesini gelistirici nitelikte sonuglar elde etmislerdir. Vakum paketlenerek sogukta (4+£2°C)
depolanan, kontrol, kekik (% 0,05), biberiye (% 0,05) ve feslegen (% 0,05) ekstrakti ile muamele
edilmis uskumru kofteleri kizartilarak (185°C’de 2-3 dk) panelistlere sunuldugu bir arastirmada,
uskumru koéftelerinin genel begeni parametrelerinde depolama ile birlikte dnemli (P<0,05) bir azalisin
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oldugu tespit edilmistir. Depolama sonunda en fazla biberiyeli grubun genel begeniye sahip oldugu da
saptanmustir (Balik¢1, 2015). Bu galismalar ile O. mykiss’ten elde ettigimiz balik koftelerinden elde
edilen bulgular degerlendirildiginde benzerlikler yaninda farkliliklar goriilmiistiir. Farkliliklarin
kullanilan materyalden, farkli katkilardan ve ekstraktlardan, farkli paketleme yontemlerinden ve
depolama sicakliklarindan kaynaklanabilecegi kanisindayiz.

Sonug olarak; gokkusagi alabaligindan (Oncornhynchus mykiss) biberiye ve defne ugucu yaglar
ilave edilerek olusturulan balik kofteleri 4+1 °C’de mikrobiyolojik olarak sinir degeri (7 log kob/g)
TMAB agisindan Kk grubu kofte 6rneklerinde depolamanin 7. giiniinde, Bk grubu kofte drnekleri 14.
giiniinde, Dk grubu koéfte ornekleri 14. giiniinde asmisken, TPAB acisindan da Kk, Bk ve Dk kofte
orneklerinde 7.glinde agmustir. Duyusal analizlerin degerlendirilmesi sonucunda da tiim kofte 6rnek
gruplarinda (Kk, Bk, ve Dk) duyusal sinir degerin asilmadigi goriilmiistiir. Kofte katki maddelerine
biberiye ve defne ucucu yaglarinin ilave edilmesi genel begeni bakimindan az da olsa olumlu bir etki
yaratmistir. Dogal katkilarla {irtinlerin farkli lezzetlerle sunulmasinin iiriin yelpazesini genisletecegi ve
tiikketimi tesvik edici olacagi gibi iiriinlerin raf 6mriine de katki saglayacag diisiincesindeyiz.

Tesekkiir: Bu calisma, yiiksek lisans tezinden 6zetlenmistir.
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Ozet

Bu calismada, farkli konsantrasyonlarda (% 0,2, % 0,4 ve % 0,8) kullanilan nisinin sogukta depolanan levrek
(Dicentrarchus labrax) filetolarinin yag asitleri {izerine etkileri aragtirilmigtir. Yapilan yag asidi analizleri sonucunda yiiksek
oranlarda tespit edilen doymus yag asitleri (SFA) miristik asit (C14:0), palmitik asit (C16:0), stearik asit (C18:0) olarak
belirlenmigken, yiiksek oranlarda belirlenen tekli doymamis yag asitleri (MUFA) palmitoleik asit (C16:1), oleik asit
(C18:1n9), vaksenik asit (C18:1n7), eikosenoik asit (C20:1n9) olarak belirlenmistir. Yiiksek oranlarda tespit edilen ¢oklu
doymamuis yag asitleri (PUFA) ise linoleik asit (C18:2n6), linolenik asit (C18:3n3), eikosapentaenoik asit (EPA, C20:5n3) ve
dokosahekzaenoik asit (DHA, C22:6n3) olmustur. incelenen levrek baliginin doymanms yag asidi icerikleri agisindan zengin
besinsel degerlere sahip oldugu tespit edilmistir. Nisin muamele gruplarmm depolama sonundaki PUFA, MUFA ve SFA
icerigi kontrol grubundan daha yiiksek oldugu belirlenmis ve bu durumun nisinin antioksidan 6zelliginden kaynaklandigi
sonucuna varilmstir. Yag asitleri kompozisyon analizi sonuglarma gore, nisin varligmin balikta lipit kalitesini korudugu
gozlenmistir.

Anahtar kelimeler: Nisin, levrek, yag asitleri, PUFA, MUFA

The Effects of Nisin Used at Different Concentrations on Fatty Acids of Sea Bass (Dicentrarchus labrax) Fillets Under
Chilled (4+2°C) Conditions

ABSTRACT

In this study the effects of nisin used at different concentrations (0.2%, 0.4% and 0.8% wi/v) on the fatty acids profile of
sea bass (Dicentrarchus labrax) fillets were investigated under chilled storage. As a result of the fatty acid analysis, high
concentration saturated fatty acids (SFA) were determined as myristic acid (C14:0), palmitic acid (C16:0) and stearic acid
(C18:0) and high concentrations of monounsaturated fatty acids (MUFA) were determined as palmitoleic acid (C16:1), oleic
acid (C18:1n9), waxenic acid (C18:1n7), eicosenoic acid (C20:1n9). Polyunsaturated fatty acids (PUFA) which were
determined at high concentration were linoleic acid (C18:2n6), linolenic acid (C18:3n3), eicosapentaenoic acid (EPA,
C20:5n3) and docosahexaenoic acid (DHA, C22:6n3). It was determined that sea bass fillets had nutritional values rich in
unsaturated fatty acid contents. The PUFA, MUFA and SFA content of the nisin treatment groups were found to be higher
than the control group at the end of the storage and it was concluded that this was due to the antioxidant properties of the
nisin. Fatty acids composition analysis indicated that presence of the nisin preserved nutritional quality of fish lipid.
Keywords: Nisin, sea bass, fatty acids, PUFA, MUFA.

GIRIS

Balik eti yiiksek kaliteli protein, esansiyel vitaminler ve sagliga faydali ¢oklu doymamis yag
asitleri icin zengin bir kaynaktir (Ashie vd., 1996). Balik lipitleri, bes veya alt1 ¢ift baga sahip
doymamis yag asitleri nedeniyle besinsel 6neme sahiptir (Puwastien vd., 1999). Sucul ekosistemler,
¢oklu doymamisg yag asitlerinin ana kaynagi olarak bilinir ve insanlar, baliklar1 ve diger deniz ve tath
su {riinlerini tiikketerek EPA ve DHA'y1 viicutlarina alirlar (Arts vd., 2001). Baliklardan elde edilen
omega-3 yag asitleri kan trigliseritlerini, anormal kalp ritimlerini ve kan basicini azaltabilir ve kanin
pihtilagsma diizenini iyilestirebilir (Hunter ve Roberts, 2000).
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Taze balik i¢in artan tiiketici talebi, balik tiikketimindeki en 6nemli giincel trendlerden biridir. Bu
durum balik yetistiriciligi ve tiiketiciye glivenilir bir sekilde ulastirilabilmesi igin gerek gida
endiistrisinin gerekse de bilim insanlarinin yogun arastirmalarina yol agmaktadir. Sogukta depolanan
etin dnemli bir bozulma siireci, lipit oksidasyonudur (Ramirez vd., 2005). Esansiyel yag asitlerinin
oksidasyonu sonucu olarak etin besin degeri azalmaktadir (Donelli ve Robinson, 1995). Yiiksek
miktarda coklu doymamis yag asidi igeren balik eti gibi etler oksidasyona daha duyarli olmaktadir
(Foegeding vd., 1996). Lipit oksidasyon siirecinde, doymamis yag asitleri, birincil oksidasyon tirtinleri
olan hidroperoksitleri iiretmek i¢in oksijenle reaksiyona girer (Simic ve Taylor, 1987).
Hidroperoksitler stabil degildir ve cesitli ugucu bilesiklere ayrisarak kotii koku ve lezzet kayiplarina
yol agmaktadir. Lipit oksidasyonu sonucu olusan iirlinler, et ve diger kas yapisindaki gidalarinin
kalitesini ve kabul edilebilirligini kisitlar (Pacheco-Aguilar vd., 2000).

Su iirtinleri sektoriinde diger gida alanlarinda oldugu gibi, tirlinlerin tiiketicilere saglikli bir sekilde
ulagtirilabilmesi ve raf Omriiniin uzatilabilmesine yonelik ¢alismalar yogun bir sekilde
uygulanmaktadir. Bu amagla ticari deniz baliklar1 arasinda yogun olarak tiiketilen levrek
(Dicentrarchus labrax), ¢ogunlukla laboratuvar deneylerinde kullanilmaktadir. Pek ¢ok arastirmaci
baligin tazeligini korumak ve levregin raf Omriinii uzatmak ic¢in ¢esitli koruma tekniklerini
kullanmigtir. Bu ¢aligmalar arasinda nisinin, bu talebi karsilayacak etkin yaklasimlardan biri olarak
kullanilabilecegi bildirilmistir (Behnama vd., 2016). Son yillarda pek ¢ok arastirmaci gida iiretimi ile
ilgili patojenleri engellemek ic¢in nisin uygulamaktadir. Nisin, penisilinden once kesfedilen ve ¢ok
cesitli gram-pozitif bakterilere (vejetatif hiicreler ve sporlar) kars1 antimikrobiyal aktivite gosteren bir
antibiyotiktir; ayrica diger koruyucu maddelerle birlikte kullanildiginda bazi gram-negatif bakterilere
kars1 da yararli olabilir (Balciunas vd., 2013). Bu bakteriyosinler, 50'ye yakin iilkede ve Gida ve Tarim
Orgiitii/Diinya Saghk Orgiitii ve Avrupa Birligi (FDA, 1988; EU, 2004) tarafindan onaylanmus,
genellikle giivenli olarak kabul edilen (GRAS) ticari uygulamalarda genis capta kullanilmaktadir.
Nisin, gida korumaya yonelik engeller teknolojisinde (hurdle technology) etkin bir aragtir ve Avrupa
Gida Katki Maddesi listesinde E234 (EFSA, 2006) kodu ile biyoprezervatif bilesen olarak yer almistir.

Bazi antioksidant ekstraktlarla veya fiziksel yontemler (isleme, paketleme gibi) ile nisin etkilesimi
veya duyusal degisiklikler olmaksizin gidaya uygulandiginda sinerjik etki gosteren bilesikler hakkinda
calismalar bulunmaktadir (Abdollahzadeh vd., 2014; Gao vd., 2014). Sallam (2007), sodyum asetat,
sodyum laktat ve sodyum sitratin nisin Z ile kullanilmasinin, sogukta depolanan dilimlenmis
somondaki antimikrobiyal ve antioksidan kaliteyi artirdigini bildirmistir. Ayrica Ghomi vd., (2011), %
0,2 nisin ile % 3 sodyum asetatin birlikte kullaniminin buzdolab1 kosullarinda muhafaza edilen ot
sazani (Ctenopharyngodon idella) fileto dilimlerinin iriin kalitesini artirdigi en iyi kosul oldugunu
rapor etmislerdir. Nisinin antioksidan &zelligi ile ilgili Behnama vd., (2015)' nin gokkusag
alabaliklarinin buzdolabinda (4°C) depolamas ile ilgili yaptig1 ¢alismada nisin ile muamele edilen
gokkusag1 alabaliklarinda depolama siiresi boyunca daha diisiik lipit oksidasyonu (p<0.05)
gozlendigini ve bu durumun nisinin antioksidatif aktivitesinden kaynaklanan reaktif oksijen tiirlerini
temizlemesi veya metal iyonu selatlanmasindan kaynaklandigina atfettigini bildirmistir (Lin ve Yen,
1999). Ayrica, muamele grubunda gozledikleri daha yiiksek EPA ve DHA degerlerinin, nisinin
antioksidan aktivitesine bagli olabilecegini, bunun da gokkusag: alabaliginin kas dokusundaki yiiksek
lipit oksidasyonunu inhibe etmesinden kaynakli oldugunu bildirmistir. Sonug olarak nisin kullaniminin
en iyi sonucu olarak, nisin ile muamele edilen gokkusagi alabaligi filetolarmin raf Omriiniin,
kullanilmayan gruba gore raf 6mriinii uzattig1 ve bu durumun biyo-prezervatif olarak kullanilan nisinin
bakterisidal ve antioksidan aktivitesinden kaynaklandig1 sonucuna varmiglardir.

Bu ¢alismada, farkli konsantrasyonlarda (% 0,2, % 0,4 ve % 0,8) hazirlanan nisin soliisyonlarinin
levrek filetolarinin sogukta depolanmasi esnasinda yag asitleri profillerine etkileri incelenmistir. Ticari
olarak temin edilen nisin kullanilarak hazirlanan farkli konsantrasyonlardaki soliisyonlarin sogukta
(44£2°C) depolanan levrek filetolarinin yag asitleri profili lizerine etkileri arastirilmistir. Bu ¢alismadan
su lrilinleri igleme sektoriinde kullanilmak iizere 6nemli sonuclar elde edilmis olup, yapilacak yeni
arastirmalara onciiliik edebilecegi ongoriilmektedir.
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MATERYAL ve YONTEM
Nisin

Calismada kullanilan nisin, ticari olarak Sigma-Aldrich Co. (Katalog No: N5764, St. Louis, MO,
USA) firmasindan temin edilmistir. Lactococcus lactis tarafindan iiretilen nisin %2,5 konsantrasyonda
sodyum klorit ve denature siit tozlar1 (10° IU/g) ile dengelenmistir.
Bahk Materyali

Calismada ekonomik degeri yiiksek ve yaygin bir sekilde kiiltiirii yapilan levrek (Dicentrarchus
labrax) kullamlmistir. Baliklar Ocak 2018 tarihinde Mersin’de iiretim yapan Camdere Deniz Uriinleri
firmasindan temin edilmistir. Baliklar hasat edilir edilmez hipotermi uygulanarak o6ldiiriilmiis ve igi
buz dolu izole straforlar icinde Cukurova Universitesi Su Uriinleri Fakiiltesi isleme Teknolojileri
Laboratuvarina ulastirilmigtir. Baliklarin ortalama boy ve agirliklart sirasiyla 29,77+1,02 cm ve
312,06+26,85 g olarak olgtlmiistiir. Her analiz i¢in toplamda 8 fileto (her bir grup icin 2 fileto)
kullaniimustir.
Nisin Soliisyonlarimin Hazirlanmasi

Nisin soliisyonlar1 % 0,2, % 0,4 ve % 0,8 konsantrasyonlarinda sterilize edilmis saf su kullanilarak
hazirlanmustir.
Balik Etinin Hazirlanmasi

Buzlu strafor kutularda Cukurova Universitesi Su Uriinleri Fakiiltesi Isleme Teknolojileri
Laboratuvarina getirilen baliklarin, i¢ organlar1 temizlendikten sonra filetolar1 ¢ikarilmistir (Sekil 1).
Levrek filetolar1 yikanarak kontrol ve muamele gruplari olmak iizere 4 gruba ayrilmis, nisin
uygulamasi i¢in buzda muhafaza edilmislerdir.

Sekil 1. Levreklerin flleto haline getirilmesi (Ozgiin)

Baliklara Nisin Uygulamasi ve Depolama Kosullar

Nisin soliisyonlarinin levrek filetolarina uygulanmasi Ceylan (2014) yonteminde yapilan bazi
modifikasyonlara gore gergeklestirilmistir. Calismanin deneysel asamalar Sekil 2' de gosterilmistir.
Nisin soliisyonlarin balik filetosuna uygulanmasi daldirma ydntemiyle yapilmistir. Filetolar 10
dakika boyunca farkli konsantrasyonlarda hazirlanan nisin soliisyonlarinin igerisinde bekletilmistir.
Muamele edilen filetolar strafor tabak igine stre¢ film ile kaplanmis ve strec¢ film iizerinde belirli
noktalarda delikler agilarak buzdolab1 (4+2°C) icerisinde depolanmistir. Kontrol ile birlikte toplam 4
grup sogukta depolamaya alinmistir. Depolamanin 0, 3, 6, 8, 10, 12. giinlerinde toplamda 12 fileto
olacak sekilde (3 fileto/grup) her bir grup i¢in yag asitleri analizleri diizenli olarak yapilmigtir.
Calismanin akis planm1 Sekil 2°de gosterilmistir.
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Fileto  Nisin Uyg

Sekil 2. Calismanin deneysel agamalart

Yag Asitleri Analizi

Eksrakte edilmis lipitten, yag asidi metil esterleri Ichihara vd., (1996) metoduna gore yapilmustir.
25 mg eksrakte edilmis yag ornegi lizerine 4mL 2M’lik KOH (Merck) ve 2mL n-heptan (Merck) ilave
edilmistir. Daha sonra oda sicakliginda 2 dakika vortekste karistirilmig, 4000 rpm’ de 10 dakika
stireyle santrifiij edilmis ve heptan tabakas1 gaz kromotografisinde analiz i¢in viallere alinmistir.

Yag asidi analizi, bir gaz kromatografi (GC) Clarus 500 cihaz1 (Perkin—Elmer, USA), bir adet alev
iyonizasyon detektorii ve SGE (60 m Length x 0.32 mm LD. x 0.25 Film BPX70, USA) kapillar
kolonu kullanilarak analiz edilmistir. Enjektor ve dedektor sicakliklari sirasi ile dnce 220 °C ‘ye sonra
260 °C’ye ayarlanmistir. Bu esnada firin sicakligi 8 dakika 140°C'de tutulmustur. Sonrasinda her
dakika 4 °C arttirllarak 220 °C’ye kadar, 220 °C’den 230 °C’ye de her dakika 4°C arttirilarak
getirilmistir ve burada 15 dakika tutularak analiz 45.50 dakikada tamamlanmigtir. Numune &lgiisti 1ul
ve tastyici gazda 26.9 psi’de kontrol edilmistir. Split 1:40 oraninda kullanilmigtir. Yag asitleri standart
37 bilesenden olusan FAME mix (Supelco) karigiminin gelme zamanlarma bagli olarak
karsilastirilmasiyla tanimlanmistir.

Istatistik Analizleri

Arastirmanin sonunda elde edilen veriler SPSS 22.0 paket programi kullanilarak, kontrol grubu ve
nisin gruplarnn arasindaki zamana bagli degisimler Duncan ¢oklu karsilastirma testi ile
degerlendirilmistir (Duncan, 1955). Onem seviyesi p<0.05 olarak alimustir.

BULGULAR VE TARTISMA

Farkli konsantrasyonlarda hazirlanan nisinin sogukta (4+2°C) depolanan levrek (D. labrax)
filetolarinin yag asitleri {izerine etkileri 12 giin siiren depolama siiresi boyunca incelenmistir.
Depolama boyunca meydana gelen doymus yag asitleri (SFA) kompozisyonu degisimleri Tablo 1'de
verilmistir.
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Tablo 1. Farkli konsantrasyonlarda nisin uygulanarak sogukta depolanan levrek filetolarinda depolama siiresince
meydana gelen doymus yag asitleri (SFA) degisimleri (N:3)

Yag Depolama Giinleri
Asitleri 0 3 6 3 10 B Gruplar
C1220  0,37+0,04% 0,77+0,04"2 0,15+0,01% 0,02+0,00° 0,02+0,00° 0,02+0,00° Kontrol
0,8240,05"%  0,73+0,05% 0,88+0,06"* 0,02+0,00¢ 0,02+0,00% 0,02+0,00% %0,2
0,900,002 0,41+0,03% 0,84+0,08" 0,02+0,00% 0,02+0,00¢ 0,02+0,00¢ % 0,4
0,92+0,08" 0,42+0,08%° 0,87+0,05" 0,02+0,00° 0,0240,00° 0,02+0,00° %0,8
Cl4:0 2 06:0,05" 2,01+0,01" 2,15+0,00" 2,150,032 2,1040,02%° 2,11+0,16" Kontrol
1,99+0,05  2,06+0,04%° 201001  213+0,00"*  2,17+0,00" 2,0240,06% %02
2,09+0,01% 2,050,045 2,00+0,01% 2,160,042 2,22+0,01% 2,17+0,04" % 0,4

2,10£0,08"%  2,0940,024%  2,02+0,00%° 2,10£0,03"%  2,25+0,01% 2,17+0,15"8 %0,8
C15:0  0.25+0,00  0,17+0,11% 0,270,012 0,28+0,01% 0,27+0,01"° 0,27+0,01%% Kontrol

0,25+0,01° 0,27+0,01% 0,260,008 0,28+0,00" 0,28+0,00" 0,25+0,00 %0,2
0,27+0,01% 0,26+0,00% 0,26+0,00% 0,28+0,00% 0,280,002 0,28+0,00% %04
0,27+0,01% 0,27+0,00% 0,260,005 0,27+0,00% 0,29+0,00" 0,29+0,01% %0,8

C16:0  1389+0,33"  1355:+0,01"°  13,51+0,09%  13,80+0,01"°  13,804021""  13,91+0,64*  Kontrol
13,890,045  13.38+0,13%  13,60+0,15°®*  14,03+0,07®  13,98+0,01°®  14,45+0,24" %0,2
13,55+0,20%°  137740,28%  1359+0,12%  14,17+0,03"°  14,154+0,11"*  14,41+0,05" % 0,4
13,3040,09%  13,49+0,00°°  13,64+0,16%  14,71+0,11°*  13,98+0,02°°  14,65+0,01" %038

C17:0  0,27+0,01% 0,27+0,00°%°  0,27+0,00"%*  0,28+0,00* 0,28+0,00% 0,28+0,01% Kontrol
0,26:+0,015 0,27+0,00°%  0,27+0,00°%  0,28+0,00" 0,28+0,00% 0,270,007 %02
0,28+0,01°%%  0,27+0,01% 0,27+0,00%%  0,29+0,01% 0,27+0,005  0,28+0,00°% %04
0,28+0,01°%  0,28+0,00% 0,27+0,01% 0,28+0,00% 0,28+0,00% 0,280,018 %038

C18:0  380+0,03% 3,84+0,01% 3,92+0,04% 3,94+0,04% 3,96+0,01% 4,08+0,047 Kontrol

3,960,165 3,79+0,06% 3,810,055 3,950,015 3,880,025 4,31+0,13% %0,2
3,88+0,20™ 3,850,074 3,960,042 3,83+0,10" 3,76+0,11% 3,07+0,18% %04
3,990,055 3,85+0,00¢ 3,98+0,02% 3,980,055 3,750,002 4,14+0,03"% %038

C20:0  0,24+0,00% 0,24:+0,00%° 0,26+0,00°%  0,27+0,00" 0,25+0,00°®  0,26+0,02"% Kontrol
0,24+0,01% 0,26+0,00%"  0,25+0,00"%  0,27+0,01°%®  0,27+0,00" 0,26+0,02%% %02
0,25+0,00% 0,26+0,01°%  0,25+0,00% 0,26+0,01°®  0,27+0,01* 0,26+0,00°% % 0,4
0,26+0,01% 0,25+0,00% 0,260,014 0,27+0,00%  0,26+0,00% 0,27+0,02% %038

C22:0  0,09+0,00" 0,08+0,00% 0,05+0,06* 0,10+0,00% 0,09+0,01% 0,05+0,01*° Kontrol
0,09+0,01% 0,09+0,00% 0,010,002 0,06+0,06°%  0,10+0,01* 0,05+0,00%% %02

0,09+0,00% 0,09+0,01% 0,09+0,01% 0,09£0,00%  0,09+0,00% 0,09+0,00% %04
0,10+0,01% 0,05:0,06* 0,06:0,00* 0,10+0,00% 0,09+0,00* 0,10+0,01% %0,8
C24:0  0,1140,00 0,04:0,00% 0,04:0,00% 0,04+0,00% 0,04+0,00%° 0,04+0,00% Kontrol
0,11+0,10" 0,04+0,00% 0,04+0,00* 0,04:+0,00% 0,04:+0,00%° 0,05:+0,00% %0,2
0,04+0,00% 0,04+0,00% 0,04+0,00% 0,04£0,00%  0,04+0,00% 0,04+0,00% %04
0,04+0,00% 0,04:+0,00% 0,04:+0,00% 0,04+0,00% 0,16+0,01A 0,05+0,01% %0,8

2SFA  2107+0,53*  20,96+0,06"*  20,61+0,21°  20,88+0,01"°  20,79+0,18%*  21,00+0,82"* Kontrol
21,59+0,13"*  20,88+0,18%  21,12+0,25%"  21,05+0,01%  21,01+0,01% 21,68+0,23% %0,2
21,34+0,40"*  20,98+0,13"  21,28+0,07"*  21,130,18"°  21,09+0,23"* 21,51+0,19% %04
21,2240,07%  20,73+0,04%  21,38+0,23%  21,7740,09"  21,07+0,13™ 21,94+0,165 %0,8

“0 Her bir giin igin gruplar aras1 énemli farkliliklar (p<0.05) gostermektedir.
A€ Her bir grup igin giinler aras1 énemli farkliliklar1 (p<0.05) gdstermektedir.

Arastirma sonunda tiim gruplarda gozlenen temel yag asitleri miristik asit (C14:0), palmitik asit
(C16:0), stearik asit (C18:0), palmitoleik asit (C16:1), oleik asit (C18:1n9), vaksenik asit (C18:1n7),
eikosenoik asit (C20:1n9), linoleik asit (C18:2n6), linolenik asit (C18:3n3), eikosapentaenoik asit
(EPA, C20:5n3) ve dokosaheksaenoik asit (DHA, C22:6n3) oldugu tespit edilmistir. Benzer sekilde
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Durmus (2016), Tiirkkan vd., (2010), Yildiz vd., (2008) ve Yazgan (2013) tarafindan yapilan levrek
calismalarinda da temel yag asidi bilesenlerinin bu yag asitlerinden olustugu tespit bildirilmistir.

Depolamanin baslangicinda toplam SFA oranlart kontrol, % 0,2, % 0.4 ve % 0,8 nisin muamele
gruplart i¢in sirasiyla % 21,07, % 21,59, % 21,34 ve % 21,22 olarak tespit edilmistir. Tiim gruplarda
ve depolama giinlerinde istatistiksel farklilik gozlenmistir (p<0.05). Doymus yag asitleri arasinda en
yiiksek degere sahip yag asitleri tiim gruplarda miristik asit (C14:0), palmitik asit (C16:0) ve stearik
asit (C18:0) oldugu belirlenmistir. Depolamanin baslangicinda miristik asit degerleri kontrol, % 0,2, %
0,4 ve % 0,8 nisin muamele gruplari i¢in sirastyla % 2,06, % 1,99, % 2,09 ve % 2,10 olarak tespit
edilmistir. Depolama siiresiyle birlikte bu degerlerde artis gozlenmistir. Tim gruplarda depolama
stiresi boyunca istatistiksel farkliliklar gozlenmistir. Depolamanin 0, 3, 8 ve 12. giinlerinde gruplar
arasinda istatistiksel farklilik gozlenmezken depolamanin diger gilinlerinde gruplar arasinda ise
farklilik gozlenmistir. Palmitik asit oranina baktigimizda depolamanin baslangicinda en yiiksek
palmitik asit degerleri kontrol ve % 0,2 nisin grubunda, % 13,89 olarak tespit edilmistir. Depolama
stiresi ile birlikte palmitik asit oraninda artig gbzlenmis depolamanin son giiniinde en yiliksek deger %
14,66 ile % 0,8 nisin muamele grubunda gozlenmistir. Palmitik asitten sonra 6ne ¢ikan bir diger yag
asidi ise stearik asit olmustur. Stearik asit oran1 depolamanin baglangicinda 3,80 ile 3,99 arasinda
oldugu belirlenmistir. Diger doymus yag asitlerine benzer sekilde depolama siiresiyle birlikte stearik
asit oraninda da artis olmustur.

Durmus ve Ozogul (2018), depolamanin baslangicinda kontrol grubu levrek filetolarinin toplam
doymus yag asitleri (SFA) oranmm1 % 19,21 olarak rapor ederken depolama siiresi boyunca SFA
degerinde artislar oldugunu, kontrol grubu i¢in duyusal red giinii olan depolamanin 8. giiniinde toplam
SFA degerinin % 24,49' a yiikseldigi ve depolamanin sonunda (12. giin) ise bu degerin % 24,05
oldugunu bildirmistir. Calismamizda elde edilen SFA degerleri depolama boyunca (0. giin harig)
arastirmacinin sonuglarindan daha diisiik oldugu tespit edilmistir. Doymus yag asitleri arasinda en
yiiksek degere sahip yag asitlerinin kontrol grubu i¢in sirastyla, palmitik asit (% 12,86), stearik asit (%
3,18) ve miristik asit (% 2,50) oldugunu rapor etmistir. Durmus ve Ozogul (2018) tarafindan bildirilen
sonuclar mevcut calismada elde edilen sonuglar ile benzerlik gostermektedir. Kocatepe ve Turan
(2012) kiltiir levreklerinde SFA oraninin % 24,2 oldugunu ve SFA igerisinde en fazla bulunan yag
asidinin ise palmitik (% 64) doymus yag asidi oldugunu bildirmistir. Baki vd., (2015) dogal ve kiiltiir
levreginin toplam doymus yag asitleri oranlari sirastyla % 26,50 ve % 25,11 oldugunu belirlemistir.
Saglik vd., (2003), hem kiiltiir hem de dogal levrekte yiiksek oranda doymus yag asitlerinden palmitik
asit (C16:0) tespit ettiklerini bildirmislerdir. Periago vd., (2005), dogal ve ¢iftlik levreklerinde palmitik
(C16:0) asitin en fazla bulunan doymus yag asidi oldugunu tespit etmislerdir. Yag asitleri
kompozisyonu bakimindan doymus yag asitlerinin (SFA) kiiltiir levreklerinde oldukga yiiksek oranda
bulundugunu gozlemlemislerdir. Ozyurt vd., (2005) levrek filetolarinin baslica doymus yag asitlerinin
palmitik asit (C16: 0) oldugunu bildirmislerdir. Alasalvar vd., (2002), hem dogal hem de kiiltiir
levreginde SFA igerisinde C16:0 (palmitik) ve C18:0 (stearik)'in temel yag asitlerini olusturdugunu
bildirmislerdir. Ciftlik levreginin dogadan yakalanan levrek ile kiyaslandiginda daha yiiksek oranda
C14:0 ve C20:0 yag asitlerine sahip olmasina karsin C16:0 ve C18:0 yag asitleri agisindan daha diisiik
oranda oldugunu rapor etmislerdir. Toplam doymus yag asitleri ylizdesi dogal levrekte ciftlik
levregine kiyasla daha yiiksek olmustur. Ciftlik ve dogal levreklerde toplam lipit igeriginin ve yag
asidi oranlar1 kullanilarak ayirt edilecegi ve bu farklilik baliklarin diyet bilesenlerine bagh
olabilecegini tespit etmisglerdir. Calismamizdan elde edilen sonuglar dogrultusunda palmitik, stearik ve
miristik asit oranlari literatiir ile uyumlu olarak bulunmustur. Fakat toplam SFA oranin diger
calismalara kiyasla daha diisiilk oranlarda oldugu gozlenmistir. Bu durumun arastirilan baliklarin
yetistirildigi bolgenin farkli olmasi, beslemede kullanilan yem igerigi, su sicakligi, tuzluluk vb.
cevresel kosullar gibi degiskenlerden kaynakli olabilecegi diistiniilmektedir.

Nisin uygulanarak sogukta depolanan levrek filetolarinin toplam tekli doymamis yag asitleri
(MUFA) Tablo 2' de verilmistir.
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Tablo 2. Farkli konsantrasyonlarda nisin uygulanarak sogukta depolanan levrek filetolarinda depolama siiresince
meydana gelen tekli doymamis yag asitleri (MUFA) degisimleri (N:3)

Depolama Giinleri

Yag Gruplar
Asitleri 0 3 6 8 10 12

Cl4:1  0,05+0,06" 0,06+0,00% 0,09+0,00% 0,10+0,014 0,09+0,00% 0,10+0,01% Kontrol
0,02+0,02% 0,06+0,00% 0,09+0,00% 0,10+0,00% 0,10+0,00% 0,09:+0,00% % 0,2
0,09+0,00% 0,09+0,00% 0,09+0,00% 0,10+0,00% 0,10+0,00% 0,07+0,00%¢ % 0,4
0,09+0,00" 0,03+0,00 0,09:+0,00" 0,09+0,00% 0,10+0,00% 0,08+0,007 % 0,8

C15:1  0,00+0,00%° 0,03+0,00 0,04+0,01% 0,04+0,00% 0,04+0,00 0,0440,01% Kontrol
0,02+0,01%* 0,020,005 0,03+0,00"% 0,04+0,017 0,04+0,00% 0,030,001 % 0,2
0,0040,00%° 0,04+0,00 0,03+0,00" 0,04+0,00 0,04+0,00% 0,0440,00" % 0,4
0,0040,00%° 0,04+0,00 0,03+0,00" 0,04+0,017 0,04+0,00% 0,0440,01% % 0,8

C16:1  2,93+0,08" 2,84+0,01% 2,85+0,16" 2,95+0,044%® 2,90+0,03"° 2,92+0,16" Kontrol
2,84+0,117%  2,83+0,04"* 2,82+0,00%%a 2,750,145 2,99+0,017° 2,91+0,05"82 % 0,2
2,88+0,01% 2,89+0,02% 2,77+0,00% 2,98+0,00% 3,08+0,02" 3,00+0,00% % 0,4
2,87+0,10% 2,87+0,01% 2,86+0,05% 2,91+0,055 3,08+0,00 3,13+0,00 % 20,8

C17:1  0,11+0,08" 0,06+0,00% 0,06+0,00% 0,06+0,00% 0,06+0,00 0,06+0,017° Kontrol
0,12+0,08% 0,060,015 0,060,005 0,06+0,00% 0,06+0,00% 0,22+0,014 % 0,2
0,05+0,00 0,06+0,00% 0,06+0,00% 0,06+0,00% 0,06+0,00% 0,06+0,00%° % 0,4
0,060,005 0,07+0,01% 0,060,005 0,06+0,00% 0,06+0,00% 0,2040,014° % 20,8

C18:1n9  24,65+0,28"°  23,91+0,10®®  23,57+0,19% 23,3440,13% 22,4440,45%  2212+0,06  Kontrol
25,37+0,03"*  25,09+0,18"%  24,95+0,18"5%®  24,6540,57°%%* 24,600,355  24,20+0,08° % 0,2
25,86+0,09"*  25,12+0,03% 24,95+0,05% 25,01+0,06% 24,43+0,40°  24,82+0,025% % 0,4
25,55+0,21%  25,37+0,13% 25,37+0,13% 25,23+0,02% 26,08+0,17%*  24,3940,37°® % 0,8

C18:1n7  2,34+0,00% 2,26+0,14% 2,39+0,01% 2,39+0,00% 2,39+0,01° 2,29+0,11%° Kontrol
2,34+0,04°%  2,31+0,01™ 2,34+0,01° 2,38+0,015¢ 2,4140,02°%° 2 45+0,01% % 0,2
2,360,014 2,36+0,02" 2,51+0,14 2,38+0,02" 2,46+0,01% 2,44+0,01% %0,4
2,400,045 2,35+0,01% 2,38+0,04% 2,40+0,005¢ 2,44+0,00% 2,51+0,02" % 0,8

C20:1n9  2,05+0,01 2,16+0,014%° 2,11+0,085< 2,19+0,017% 2,2040,024%  2,1740,01482 Kontrol
2,15+0,02°°  2,1340,01*° 2,18+0,06" 2,20+0,00% 2,1740,02"° 2,13+0,04" %0,2
2,13+0,065°°  2,29+0,06"* 2,22+0,07°% 2,03+0,04% 2,3040,02 2,19+0,05%8 %0,4
2,27+0,01% 2,1440,01*° 2,29+0,13* 2,270,044 2,24+0,03°* 2,22+0,13% % 0,8

C22:1n9  0,23+0,01° 0,23+0,005° 0,25+0,01% 0,12+0,00™ 0,24+0,017%*  0,24+0,00%5 Kontrol
0,23+0,00"%%®  0,22+0,00%° 0,23+0,0078%® 0,24+0,01° 0,24+0,01° 0, 24+0,00% % 0,2

0,24+0,015°®  0,24+0,00"%*  0,23+0,00" 0,22+0,00™ 0,25+0,00% 0,240,015 %0,4
0,25+0,01"%  0,23+0,01% 0,25+0,017B 0,260,014 0,24+0,00%8  0,24+0,02"5 % 0,8
C24:1n9  0,07+0,00% 0,07+0,00% 0,07+0,00% 0,07+0,00% 0,07+0,01% 0,09+0,01% Kontrol
0,0740,00*  0,07+0,00"* 0,07+0,00% 0,07+0,00" 0,07+0,00% 0,07+0,014 % 0,2
0,07+0,00"*  0,07+0,00"* 0,07+0,00" 0,06+0,00% 0,07+0,00% 0,07+0,0148 %0,4
0,070,017 0,07+0,01 0,07+0,01% 0,07+0,00% 0,07+0,00% 0,070,017 % 0,8

YMUFA  3242+0,18"  31,62+0,08% 31,40+0,06%° 31,25+0,33% 30,4140,45%°  30,00+0,35% Kontrol
33,14+0,13%°  32,78+0,13"°  32,76+0,25" 32,48+0,72"* 32,66+0,40°°  32,32+0,06" % 0,2
33,67+0,02°*  33,15+0,13% 32,92+0,17%° 32,88+0,12% 32,7840,40%*  32,91+0,10% % 0,4
33,55+0,06%  33,14+0,16B%*  33,38+0,095%  33,31+0,01°©  3435+0,20"*  32,85+0,33% % 0,8

@ Her bir giin igin gruplar aras1 énemli farkliliklar1 (p<0.05) géstermektedir.
A Her bir grup icin giinler aras1 énemli farkhihiklar1 (p<0.05) gostermektedir.

Depolama siiresi boyunca MUFA degerlerinde azalmalar tespit edilmistir. Depolamanin
baslangicinda toplam MUFA degerleri kontrol, % 0,2, % 0,4 ve % 0,8 nisin muamele gruplari i¢in
strastyla % 32,42, % 33,14, % 33,67 ve % 33,55 olarak tespit edilmistir. Depolama sonunda ise en
diisik MUFA degeri kontrol grubunda % 30,00 olarak gdzlenmistir. Toplam tekli doymamis yag
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asitleri arasinda en yiiksek degere sahip yag asitleri tiim gruplarda palmitoleik asit (C16:1), oleik asit
(C18:1n9), vaksenik asit (C18:1n7) ve eikosenoik asit (C20:1n9) olarak belirlenmistir. Depolamanin
baslangicinda palmitoleik asit oranmnin % 2,84 ile % 2,93 arasinda oldugu belirlenmistir. Depolama
sonunda kontrol grubu haricinde tiim nisin muamele gruplarindaki palmitoleik asit oraninda artiglar
gdzlenmistir. Depolama siiresi boyunca giinler arasinda yalnizca kontrol grubunda istatistiksel farklilik
gbzlenmemistir (p>0.05). Gruplar arasma bakildiginda ise depolamanin 8. ve 10. giinlerinde
istatistiksel farklilik go6zlenirken diger giinlerde tiim gruplar arasinda istatistiksel farklilik
gozlenmemistir. Tekli doymamis yag asitlerinin biiyiik bir ¢ogunlugunu oleik asit olusturmaktadir.
Depolamanin baslangicinda oleik asit orani kontrol, % 0,2, % 0,4 ve % 0,8 nisin muamele gruplari i¢in
strastyla % 24,65, % 25,37, % 25,86 ve % 25,55 olarak tespit edilmistir. Depolama siiresi ile birlikte
oleik asit oraninda diisiisler gézlenmistir. Depolama boyunca kontrol grubu ile nisin muamele gruplar
arasinda istatistiksel farklilik tespit edilmistir. Depolama sonunda en diisiik oleik asit orani kontrol
grubunda % 22,12 olarak tespit edilmistir. Diger bir 6nemli tekli doymanus yag asidi olan vaksenik
asit oraninin, depolamanin baslangicinda % 2,34 ile % 2,40 arasinda oldugu tespit edilmistir. Kontrol
ve % 0,4 nisin grubunda giinler arasinda istatistiksel farklilik gézlenmemistir. Gruplar arasinda ise
depolamanin 10 ve 12. giinlerinde istatistiksel farklilik gozlenirken diger giizlerde tiim gruplar
arasinda istatistiksel farklilik gézlenmemistir. Eikosenoik asit oranina bakildiginda ise en diigiik
degerin % 2,05 ile depolamanin baslangicinda kontrol grubunda oldugu tespit edilmistir. % 0,8 nisin
grubu ile % 0,2 nisin grubunda depolama siiresi boyunca giinler arasinda istatistiksel farklilik tespit
edilmezken, kontrol ve % 0,4 nisin grubunda giinler arasinda istatistiksel farklilik belirlenmistir.
Gruplar arasini ele aldigimizda ise depolamanin 6. ve 12. giinlerinde tiim gruplarda istatistiksel
farklilik gozlenmezken depolamanin diger giinlerinde gruplar arasinda istatistiksel farklilik
gbzlenmistir (p<0.05).

Durmus ve Ozogul (2018), depolamanin baslangicinda toplam tekli doymanus yag asitleri (MUFA)
oranin1 % 35,88 olarak rapor ederken depolama siiresi boyunca MUFA degerinde azaliglar oldugunu,
kontrol grubu i¢in duyusal a¢idan sinir degerlerin asildig1 8. giinde toplam MUFA degerinin % 33,35’
e diistiigiinii ve depolamanin sonunda (12. giin) ise bu degerin % 28,80 oldugunu bildirmistir. Mevcut
calismada elde edilen MUFA degerleri arastirmacilarin sonuglari ile benzerlik géstermistir. Depolama
boyunca MUFA degerinde diisiisler gozlenmistir. MUFA orani agisindan ise ¢alismamizda daha diisiik
degerler bulunmustur. Tekli doymus yag asitleri arasinda en ¢ok palmitoleik ve oleik asit oldugunu
bildiren Durmus ve Ozogul (2018), MUFA igerisinde en yiiksek oranda bulunan yag asidinin oleik asit
oldugunu bildirmistir. Benzer sonuglar mevcut calismada da tespit edilmistir. Kocatepe ve Turan
(2012) kiiltiir levreklerinde tekli doymamis (MUFA) yag asitleri oranint % 31 olarak belirlemistir.
Baki vd., (2015) tekli doymamis yag asitlerinin (¥MUFA) dogal ve kiiltiir levreklerinde sirasiyla %
27,55 ve % 30,14 olarak tespit etmiglerdir. Alasalvar vd., (2002), hem dogal hemde kiiltiir levreginde
en fazla oranda bulunan tekli doymamis yag asidini C18:1n-9 (oleik) oldugunu rapor etmislerdir.
Ciftlik levreginin dogadan yakalanan levrek ile kiyaslandiginda daha yiiksek oranda C18:1n-9,
C20:1n-9 ve C22:1n-9 yag asitlerine sahip oldugunu rapor etmiglerdir. Dogal levrekte ciftlik levregine
kiyasla toplam monoenoik yag asit igeriginin daha diisiik oldugunu gozlemlemislerdir. Ozyurt vd.,
(2005) levrek filetolarinin baglica MUFA yag asitlerinin oleik asit (18:1n9) oldugu bildirmistir. Saglik
vd., (2003), hem kiiltiir hem de dogal levreklerde yiiksek oranda oleik asit (C18:1n-9) oldugunu tespit
etmislerdir. Lenas vd., (2011) hem dogal hem de ¢iftlik levreginde perivisceral yagda baskin olan yag
asidinin oleik asit (C18:1n-9) oldugunu bildirmistir. Bunun yan1 sira dogal levrekte C16:1n-7, C22:1n-
9 ve C20:1n-9 yag asitleri dominant iken, C20:1n-9, C22:1n-9 ve C16:1n-7 yag asitleri de kiiltiir
levreginde baskin olarak tespit etmiglerdir. Periago vd., (2005), dogal ve ciftlik levreklerinde
MUFA'lar icerisinde en fazla bulunan yag asidinin oleik asit (C18:1n9) oldugunu, yag asitleri
kompozisyonu bakimindan tekli doymamis yag asitlerinin (MUFA) Kkiiltiir levreklerinde oldukga
yiiksek oranda bulundugunu bildirmislerdir. Mevcut ¢alismada tespit edilen MUFA oranlar literatiir
ile uyumlu ve temel tekli doymamis yag asitleri agisindan benzerlik gosterdigi belirlenmistir.

Nisin uygulanarak sogukta depolanan levrek filetolarmin ¢oklu doymamis yag asitleri (PUFA)
oranlari, Tablo 3' te verilmistir.
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Tablo 3. Farkli konsantrasyonlarda nisin uygulanarak sogukta depolanan levrek filetolarinda depolama siiresince
meydana gelen ¢oklu doymamis yag asitleri (PUFA) degisimleri (N:3)

Depolama Giinleri

Yag Gruplar
Asitleri 0 3 6 8 10 12
C18:2n6  18,21+0,09°  18,10+0,01"°  18,1940,14*®"  17,10+0,10%° 17,7140,18%  17,68+0,16™ Kontrol
18,59+0,16"*  18,37+0,08""  18,10+0,01°*  18,27+0,09" 18,14+0,09  18,22+0,74 % 0,2
18,6540,20"*  18,52+0,42°®  17,95+0,11"° 18,38+0,08* 18,3840,35"®  18,48+0,41" %0,4
18,63+0,27°%  18,7440,10"%%  18,36+0,09°°*  18,41+0,23"5%  18,81+0,06"* 18,21+0,03% % 0,8
C18:3n3  3,16+0,04%° 3,2540,01°%  3,34+0,02* 3,340,017 3,2740,01%° 3,25+0,08482 Kontrol
3,110,045 32240,01°%  3,2240,05%%%  3,3440,01°%® 3,3740,01% 3,08+0,14% %0,2
3,2740,06°%®  3,22+0,13"% 3,11+0,05%° 3,25+0,06°% 3,38+0,02* 3,27+0,02°82 % 0,4
3,32+0,06" 3,240,014 3,31+0,10" 3,35+0,02° 3,39+0,02 3,2040,14" %0,8
C20:2cis  0,11+0,04" 0,13+0,00% 0,10+0,04 0,14+0,01% 0,13+0,01% 0,13+0,01% Kontrol
0,10+0,04% 0,140,014 0,140,014 0,13+0,00"% 0,13+0,00"%  0,13+0,01% %0,2
0,11+0,04" 0,10+0,04 0,110,042 0,12+0,04" 0,12+0,00* 0,13+0,01% % 0,4
0,10+0,04" 0,10+0,04" 0,07+0,00" 0,130,017 0,12+0,00* 0,12+0,01% % 0,8
C20:3n6  0,28+0,01% 0,29+0,005%®  0,31+0,015% 0,300,005 0,29+0,015¢ 0,48+0,02%° Kontrol
0,28+0,01% 0,28+0,01% 0,29+0,015% 0,29+0,00% 0,29+0,00%° 0,65+0,06" %0,2
0,28+0,015%®  0,3040,01"%*  0,27+0,00 0,28+0,01° 0,32+0,00% 0,29+0,008¢ %0,4
0,30+0,01% 0,29+0,00% 0,31+0,01% 0,32+0,01% 0,31+0,01% 0,47+0,06"° % 20,8
C20:4n6  0,98+0,00° 1,04+0,015° 1,10+0,04" 1,02+0,00°>° 1,09+0,0175 1,02+0,01°™ Kontrol
1,050,025 1,0540,01% 1,1240,04 1,1340,00 1,05+0,01% 1,09+0,0375 % 0,2
1,0040,01%° 1,11+0,01% 1,01+0,00% 1,00+0,01% 1,07+0,01%° 1,11+0,04"2 %0,4
1,06+0,01% 1,06+0,01* 1,0740,06" 1,1040,017° 1,06+0,01° 1,05+0,04"% % 0,8
C20:5n3  4,01+0,01°° 4,17+0,01% 4,08+0,02% 4,24+0,01% 4,01£0,01°" 4,00+0,02" Kontrol
3,99+0,06% 4,24+0,06" 4,08+0,04% 4,05+0,02% 4,25+0,03" 4,01+0,115 %0,2
3,98+0,08""  3,96+0,06% 4,09+0,0145 4,15+0,02"° 4,004£0,02°%  3,9240,11% %0,4
3,94+0,01% 4,130,007 4,00+0,105< 4,21+0,02% 4,040,045 4,20+0,13* % 0,8
C22:2cis  0,00+0,00% 0,000,00"% 0,000,004 0,01+0,00% 0,00+0,00% 0,03+0,00% Kontrol
0,00+0,00% 0,00+0,00% 0,00+0,00% 0,01+0,00%% 0,00+0,00% 0,01+0,00% % 0,2
0,000,00" 0,000,00" 0,000,00" 0,00+0,00" 0,00+0,00% 0,0040,00%% %0,4
0,00+0,00" 0,00+0,00" 0,01+0,00" 0,00+0,00% 0,00+0,00% 0,0040,00% %0,8
C22:6n3  8,83+0,28" 8,660,007 8,07+0,08" 8,21+0,08°>" 8,50+0,08°° 8,08+0,01" Kontrol
8,93+0,115¢*  8,98+0,23% 9,49+0,01" 9,17+0,095% 9,17+0,06% 8,68+0,04%° % 0,2
9,18+0,04 9,00+0,93* 9,23+0,04"° 9,20+0,07 9,11+0,21% 8,88+0,03" % 0,4

9,50+0,524 8,87+0,01% 9,35+0,07°8% 9 31+0,10"% 9,15+0,08"% 9,08+0,04"82 %0,8
YPUFA  3556+0,20"°  35,64+0,02°% 35,18+0,22°8¢c  34,34+0,01°° 34,97+0,275%°  34,6440,51°"®  Kontrol
36,03+0,31°  36,26+0,34"2 36,41+0,074% 36,37+0,01°° 36,38+0,18 36,620,582 % 0,2
36,46+0,21°®  36,2040,46"  35,75+0,16"° 36,36+0,11°° 36,36+0,20"* 36,97+0,40" % 0,4
36,83+0,69"*  36,43+0,13" 36,470,242 36,81+0,28 36,85+0,14 36,8440,15"* % 0,8

0 Her bir giin igin gruplar arasi énemli farkliliklar1 (p<0.05) gostermektedir.
AEHer bir grup igin giinler aras1 6nemli farkliliklari (p<0.05) gostermektedir.

Depolama siiresi sonunda PUFA degerlerinde kontrol grubu haricinde artiglar tespit edilmistir.
Fakat bu artislar istatistiksel agidan 6nemsiz olarak bulunmustur. Depolamanin baslangicinda toplam
PUFA degerleri kontrol, % 0,2, % 0,4 ve % 0,8 nisin muamele gruplar i¢in sirasiyla % 35,56, %
36,03, % 36,46 ve % 36,83 olarak tespit edilmistir. Depolama sonunda ise en diisiik PUFA degeri
kontrol grubunda % 34,64 olarak goézlenmistir. Depolama siiresi boyunca kontrol grubu haricinde
muamele gruplarmin tamaminda giinler arasinda istatistiksel farklilik gozlenmemistir (p>0.05).
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Gruplar arasinda ise depolamanin 3. giinii hari¢ diger tiim giinlerde gruplar arasinda istatistiksel
farkliliklar gézlenmistir.

Toplam ¢oklu doymamis yag asitleri arasinda en yiiksek degere sahip yag asitleri tiim gruplarda
linoleik asit (C18:2n6), linolenik asit (C18:3n3), eikosapentaenoik asit (EPA, C20:5n3) ve
dokosaheksaenoik asit (DHA, C22:6n3) olarak belirlenmistir. Linoleik asit (C18:2n6) PUFA grubu
icerisinde yer alan en 6nemli yag asitlerinin basinda gelmektedir. Depolamanin baslangicinda bu yag
asidinin orani, kontrol, % 0,2, % 0,4 ve % 0,8 nisin muamele gruplari igin sirasiyla % 18,21, % 18,59,
% 18,65 ve % 18,63 olarak tespit edilmistir. Depolama siiresi ile birlikte bu degerlerde diisiis
gbzlenmistir. Depolamanin sonunda ise linoleik asit oran1 sirastyla % 17,68, % 18,22, % 18,48 ve %
18,21 olmustur. Depolama siiresince giinler arasinda % 0,2 ile % 0,4 nisin gruplar1 i¢in istatistiksel
farkliliklar gézlenmemistir. Gruplar arasina bakildiginda ise depolamanin baslangicinda ve sonunda
tim gruplar arasinda istatistiksel farklilik gdzlenmezken (p>0.05) diger giinlerde tiim gruplarda
istatistiksel farkliliklar gozlenmistir(p<0.05). Diger 6nemli bir PUFA olan linolenik asidin (C18:3n3)
orani ise depolamanin baslangicinda % 3,11 ile % 3,32 arasinda oldugu tespit edilmistir. Depolama
siiresi boyunca giinler arasinda linolenik asit bakimindan % 0,8 nisin grubunda istatistiksel farklilik
belirlenmezken diger gruplarda, giinler arasinda istatistiksel farkliliklar belirlenmistir. Gruplar arasina
bakildiginda depolamanin 3. ve 12. giinlerinde tiim gruplarda istatistiksel farklilik gbzlenmezken diger
giinlerde farkliliklar belirlenmistir.

Insan saglhig1 ve beslenmesi acisindan oldukca 6nemli degeri olan ¢oklu doymamus yag asitlerinden
birisi de eikosapentaenoik (EPA) asittir. Depolama baslangicinda EPA orani kontrol, % 0,2, % 0,4 ve
% 0,8 nisin muamele gruplari icin sirasiyla % 4,01, % 3,99, % 3,98 ve % 3,94 olarak tespit edilmistir.
Depolama siiresince giinler arasinda tiim gruplarda istatistiksel farklilik gézlenmistir. Gruplar arasini
ele aldigimizda ise depolamanin 0, 6 ve 12. giinlerinde istatistiksel farklilik tespit edilememesine
karsin diger giinlerde istatistiksel farklilik tespit edilmistir. Depolama siiresi boyunca en yiliksek EPA
degeri depolamanin 10. giiniinde % 4,25 ile % 0,2 nisin grubunda belirlenmesine karsilik en diisiik
EPA degeri ise depolamanin 12. giiniinde % 3,92 ile % 0,4 nisin grubunda gozlenmistir.

Diger bir 6nemli ¢oklu doymamis yag asidi ise dokosahekzaenoik asit (DHA)'tir. Depolama
baslangicinda DHA oran1 kontrol, % 0,2, % 0,4 ve % 0,8 nisin muamele gruplari i¢in sirasiyla % 8,83,
% 8,93, % 9,18 ve % 9,50 olarak belirlenmistir ve bu degerler depolama siiresi ile birlikte azalmistir.
Depolamanin sonunda ise DHA orani sirasiyla % 8,08, % 8,68, % 8,88 ve % 9,08 olarak tespit
edilmistir. En yliksek DHA oram1 depolamanin baglangicinda % 9,50 ile % 0,8 nisin muamele
grubunda, en diisik DHA oran ise depolamanin 6. giininde % 8,07 ile kontrol grubunda
belirlenmistir. Yalnizca % 0,4 nisin muamele grubunda gilinler arasinda istatistiksel farklilik
gozlenmezken diger gruplarda giinler arasinda istatistiksel farklilik belirlenmistir (p<0.05). Gruplar
arast istatiksel degerlendirmesinde ise depolamanin baslangici ve 3. giiniinde tiim gruplarda
istatistiksel farklilik gdzlenmezken, diger giinlerde ise kontrol ve muamele gruplar1 arasinda
istatistiksel farklilik gézlenmistir. Depolama boyunca nisin muamele gruplarinin DHA degeri kontrol
grubuna kiyasla daha yiiksek oldugu tespit edilmistir. Nisin uygulamasi1 balik kasindaki DHA oranin
kontrol grubuna gore daha iyi korudugu belirlenmistir.

DHA ve EPA'nin insanlarda koroner kalp hastaliklarina kars1 koruyucu etkisi oldugu bilinmektedir
(Osibona vd., 2009). Bu nedenle gidalarda EPA ve DHA degerleri 6nem arz etmektedir. Bu ¢alismada
kontrol ve nisin gruplari (% 0,2, % 0,4 ve % 0,8) i¢in EPA+DHA' nin baslangi¢ degerleri (0. giin i¢in)
sirastyla % 12,84, % 12,92, % 13,16 ve % 13,44 olarak bulunmustur. Bu uzun zincirli ¢oklu
doymamig iki yag asidi oksidasyona duyarli bilesiklerdir ve bunlarin balik {iriinlerinin lipit
bilesimindeki igerikleri, isleme ve koruma yontemleri (sicaklik, koruyucularin varligi ve depolama
stiresi gibi) ile degistirilebilir (Sampaio vd., 2006). Bu durum, calismamizda 44+2°C'de 12 giinliik
depolama siiresince EPA+DHA degerlerinde meydana gelen azalmayi agiklamaktadir. Ayrica,
muamele grubunda gézlenen daha yiiksek degerler, nisinin antioksidan aktivitesine bagl olabilir, ki bu
da levrek kas dokusundaki yiiksek lipit oksidasyonunu inhibe etmistir.

Durmus ve Ozogul (2018), depolamanin baslangicinda toplam g¢oklu doymamis yag asitleri
(PUFA) oranim1 % 29,25 olarak rapor ederken depolama siiresi boyunca PUFA degerinde diisiisler
oldugunu, kontrol grubu i¢in duyusal agidan kabul edilebilir sinir degerlerinin asildigi 8. giinde toplam
PUFA degerinin % 23,86' e diistligii ve depolamanin sonunda (12. giin) ise bu degerin % 20,94
oldugunu bildirmistir. Calismamizda elde edilen PUFA degerlerinin arastirmacilarin bildirdigi
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sonuclardan daha yiiksek oldugu tespit edilmistir. Yapmis oldugu ¢aligmada ¢oklu doymus yag asitleri
arasinda en ¢ok linoleik asit, EPA ve DHA oldugunu bildiren Durmus ve Ozogul (2018), depolamanin
baslangicinda bu yag asitlerini kontrol grubu i¢in sirasiyla % 14,52, % 4,21 ve % 8,09 olarak
bildirmistir. Calismamizda ise bu yag asitlerinin temel yag asitleri oldugu fakat oraninin ise daha
yiiksek oldugu bulunmustur. Ayrica PUFA igerisinde en yiiksek oranda bulunan yag asidinin linoleik
asit oldugunu bildiren arastirmaci ile aymi sonuca varilmistir. Kocatepe ve Turan (2012) kiiltiir
levreklerinin yag asidi bilesiminde, % 33,2 coklu doymamis yag asitleri (PUFA) oldugunu
bildirmiglerdir. Coklu doymamus yag asitleri igerisinde temel yag asitlerinin linoleik asit (LA),
dokosaheksaenoik asit (DHA) ve eikosapentaenoik asit (EPA) oldugunu rapor etmislerdir. Baki vd.,
(2015) dogal ve kiiltlir levreklerinin toplam c¢oklu doymamis yag asitlerinin oranlarini sirasiyla %
35,06 ve % 33,82 olarak bildirmislerdir. Kiiltiir levreklerinde linoleik asit ve linolenik asit degerlerinin
ve dogal levrekte ise EPA ve DHA degerlerinin yiiksek oldugunu bildirmislerdir. Saglik vd., (2003),
hem kiiltiir hem de dogal levrekte ¢oklu doymamis yag asitlerinden linoleik asit (C18:2n-6) ve
aragidonik asit (C20:4n-6) oraninin yiiksek oldugunu belirlemislerdir. Eikosapentaenoik asit (20:5n-3)
ve dokosaheksaenoik asit (22:6n-3) oraninin yetistiriciligi yapilan balik tiirlerinde dogadan avlanan
tirlerine gore Onemli derecede daha yiiksek oldugunu belirlemislerdir. Lenas vd., (2011)
dokosaheksaenoik asitin (DHA, C22:6n3) dogal balik filetosunda baskin oldugunu, ¢iftlik baliklarinda
ise linoleik asitin (C18:2n-6) daha fazla oranda bulundugunu bildirmiglerdir. Arastirmacilar kiltiir
levrek filetosundaki mevcut linoleik asitin yiiksek olmast ve n-3/n-6 oraninin azalmasinin biiyiik bir
ihtimalle baliklarin karasal bitki yaglar1 acisindan zengin kaynaklarla beslendiginin gostergesi
oldugunu ileri slirmiiglerdir. Caligmanin sonucunda ¢iftlik baliklarina kiyasla dogal levregin saglik
acisindan dnemli 6l¢iide daha yliksek konsantrasyonda yag asitlerine sahip oldugunu tespit etmislerdir.
Alasalvar vd., (2002), hem dogal hem de kiiltiir levreginde C20:5n-3 (EPA) ve 22:6n-3 (DHA) yag
asitlerinin temel PUFA'lar1 olusturdugunu belirlemislerdir. Ciftlik levreginin dogadan yakalanan
levrek ile kiyaslandiginda daha yiiksek oranda C18:2n-6 ve C20:3n-6 yag asitlerine sahip olmasina
karsin C20:4n-6, C20:5n-3, C22:4n-3, C22:5n-3 ve C22:6n-3 yag asitleri agisindan daha diisiik oranda
oldugu belirlenmistir. n-3/n-6 oranini yani sira toplam polienoik yag asitleri ylizdesi dogal levrekte
ciftlik levregine kiyasla daha yiiksek olmustur. Periago vd., (2005), dogal ve giftlik levreklerinde
PUFA agisindan en fazla bulunan yag asitlerinin linoleik (C18:2n6) ve dokosaheksanoik (C22:6n3)
asitleri oldugunu bildirmislerdir. Yag asitleri kompozisyonu bakimindan doymus yag asitleri (SFA) ve
tekli doymamis yag asitlerinin (MUFA) kiiltiir levreklerinde olduk¢a yiiksek oranda bulunmasina
karsilik, dogal levreklerde c¢oklu doymamis yag asitlerinin (PUFA) olduk¢a yiiksek oranlarda
bulundugunu tespit etmislerdir. Aragtirmacilar toplam n-3 yag asitlerinin dogal ve kiiltiir levreklerinde
onemli farkliliklar gostermedigini linoleik (C18:2n6) ve DHA (C22:6n3) igeriginin dogal levrek
orneklerinde oldukea yiiksek oldugunu tespit etmiglerdir.

Mevcut ¢alismada yukarida belirtilen arastirmacilar ile benzer sonuglar bulundugu goézlenmistir.
Depolama sonunda (12. giin) levrek filetolar1 i¢in, nisin ile muamele edilen 6rneklerde EPA ve DHA
iceriginde ylizeysel bir artis olmustur. Soguk depolamanin sonunda, nisin ile muamele edilen
orneklerde c¢oklu doymamis yag asitlerinin igerigi artmistir. Bu durum nisinin tek basma soguk
depolama kosullarinda diisiik miktarlarda da olsa oksitlenmeyi 6nleyebildigi ve antioksidan etkisinin
oldugunu gostermektedir. Ghomi vd., (2011)'nin ot sazam ile yaptigi nisin ¢aligmasi da mevcut
calismay1 destekler niteliktedir. Aragtirmacilar depolama sonunda (8. giin) ot sazani fileto dilimleri
icin, sodyum asetat ile kombinasyon halinde kullanilan nisin ile muamele edilen 6rneklerde EPA ve
DHA igeriginde yiizeysel bir artig oldugunu ve soguk depolamanin sonunda, % 0,3 sodyum asetat ile
muamele edilen 6rneklerde ¢oklu doymamis yag asitlerinin igeriginin arttigin1 ve doymus yag asit
iceriginin de ayn1 sekilde azaldigini bildirmislerdir.

Mevcut aragtirmada tiim gruplarda en yiiksek yag asitleri grubu sirasiyla PUFA, MUFA ve SFA
olarak tespit edilmistir. Bu sonuglar ¢iftlik iiretimi olan levreklerin yag asitleri kompozisyonu iizerinde
calisan Kocatepe ve Turan (2012) ile Durmus (2016) tarafindan bildirilen sonuglar ile farklilik
gostermekte olup arastirmacilar en yiiksek oran1i MUFA'larin olusturdugunu kaydetmislerdir. Bu
farkliligin nedeni muhtemelen balik yemi bilesimi, baliklarin yetistirildigi ciftliklerin ¢evresel
kosullari, balik yasi ve hatta yem katki maddelerinden kaynaklanabilecegi diisiiniilmektedir. Ancak
sonuc¢larimiz Baki vd., (2015)nin dogal ve kiiltiir levrekleri ile ilgili yapmis olduklar1 ¢alisma ile
benzerlik gostermektedir (PUFA>MUFA>SFA). Nisini ot sazanlarina uyguladiklar1 bir ¢aligmada
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Ghomi vd., (2011) yag asidi igerigi sirasin1 mevcut ¢aligma ile benzer sekilde ¢oklu doymamis yag
asidi (PUFA)> tekli doymamis yag asidi (MUFA)> doymus yag asidi (SFA) olarak bildirmislerdir.

Mevcut calismada XPUFA/XSFA, X¥n-3, Xn-6, n-6/n-3, DHA/EPA igerikleri de arastirilmastir.
Omega-3 ve omega-6 yag asitleri, insan viicudunda sentezlenmedigi i¢in disaridan alinmasi gereken
esansiyel yag asitleridir. Omega yag asitleri beyin ve bagisiklik sisteminin gelisiminde énemli bir role
sahiptirler. Buna ilaveten omega yag asitleri, kalp-damar hastaliklar1, hipertansiyon, bagisiklik, alerji
ve sinirsel bozukluklar gibi rahatsizliklarin &nlenmesinde onemli bir rol oynadigi bildirilmistir
(Kinsella, 1987; Leaf vd., 1988; Simopoulos, 1991). Dolayisiyla, bu yag asitleri diyetten yeterli
miktarda elde edilmelidir. Bu yag asitlerini yiyeceklerden almak insan metabolizmasi ve sagligi i¢in
cok dnemlidir (Brown, 2000). Omega-3 serisi yag asitleri olan EPA ve DHA, baliklarda bol bulunan
yag asitleridir (Gordon ve Ratliff, 1992). Bu nedenle baliklar, insan metabolik aktiviteleri igin gerekli
olan EPA ve DHA ig¢in 6nemli bir beslenme kaynagidir (Leaf ve Weber, 1988). Balik iiriinlerinin
depolanmasi siiresince bu yag asitlerinin doniistiigli ve azaldig1 bilinmektedir. Bunlarin korunmasi
gida muhafazasi i¢in 6nemli bir konudur. Sentetik koruyucular yerine dogal iiriinlerin kullanilmasi
hem bu yag asitlerinin oksitlenmesini 6nlemede hem de insan sagligi agisindan 6nemli olmaktadir. Bu
yilizden dogal bir iiriin olan nisinin balik gibi kolay bozulabilen {iriinlerde kullanilmasi ve kalitesini
artirmasi bu tiir koruyucularin su iiriinleri sektoriinde kullanimini yayginlastiracagi diisiiniilmektedir.

Nisin uygulanarak sogukta depolanan levrek filetolarinin XPUFA/ESFA, Xn-3, Zn-6, n-6/n-3,
DHAV/EPA igerikleri Tablo 4' te verilmistir.

Kontrol ve nisin muamele gruplarinda depolama siiresince istatistiksel fark gdzlenmis olup
depolama siiresince ZPUFA/XSFA degerlerinde artis gézlenmistir. XPUFA/XSFA oram 1,65 ile 1,76
arasinda degistigi gozlenmistir. HMSO (1994) PUFA/SFA oraninin en az 0.45 olmasi1 gerektigini
bildirmistir. Elde edilen sonuglara goére bu oramin en diisiik sinir degerinin {izerinde oldugu
belirlenmistir. Depolamanin baglangicinda ve sonunda gruplar arasinda istatistiksel farklilik
gbzlenmezken depolamanin diger gilinlerinde gruplar arasinda istatistiksel farklilik gozlenmistir.
Ozogul vd., (2009) Akdeniz’den avladiklar1 34 farkli balik tiiriiniin PUFA/SFA oranini belirledikleri
calismalarinda bu limit degerin tizerinde oldugunu rapor etmislerdir. Durmus (2017), yapmis oldugu
calismada Neogobius melanostomus tiiriinin PUFA/SFA oranin mevsimsel olarak belirtilen limit
degerinin iizerinde oldugunu rapor etmistir.

Balik kasinda bulunan lipitlerin 6nemli bir bdliimiinii £n3 olusturmaktadir. Depolamanin
baslangicinda ve sonunda en yiiksek £n3 orani, % 0,8 nisin grubunda gézlenmistir. Depolamanin 0. ve
3. giinlerinde gruplar arasinda istatistiksel farklilik gozlenmez iken (p>0.05) depolamanin diger
giinlerinde gruplar arasinda istatistiksel farklilik gézlenmistir (p<<0.05). Giinler arasinda ise % 0,4 nisin
grubunda istatistiksel farklilik gézlenmedigi diger gruplarda ise gozlendigi belirlenmistir. Xn6 oranina
bakildigi zaman en yiiksek degerin depolamanin baglangicinda % 0,8 nisin grubunda gozlenmistir.
Depolamanin 3. ve 12. giinlerinde gruplar arasinda istatistiksel farklilik gézlenmemistir. DHA/EPA
oranlar1 agisindan ise % 0,4 nisin grubunun giinler arasinda istatistiksel agidan farkli olmadig
belirlenmistir. Depolamanin sonunda en yliksek DHA/EPA orami 2,49 ile % 0,4 nisin grubunda, en
diisiik oran ise depolamanin 8. giiniinde 1,94 ile kontrol grubunda oldugu gézlenmistir.

Doymamig yag asitlerinin n6/n3 orani, kanser ve kardiyovaskiiler hastaliklarin neden oldugu
mortalite ile iliskilidir (Hoz vd., 2004). Bu oranin balik yagindaki besin degerlerini karsilastirmak igin
kullanilan 6nemli bir indikatér oldugu (Pigott ve Tucker, 1990; Cengiz vd., 2010) ve diyetlerde 1:1
veya 2:1 kadar disiik tutulmasi gerektigi bildirilmistir (Candela vd., 2011; Granados vd., 2006).
HMSO (1994) gore ise bu oranin maksimum 4 olabilecegi onerilmistir. Insan diyetinde £n6/n3 yag
asitleri oranindaki azalma, koroner kalp hastaligini 6nlemeye ve kanser riskini azaltmaya yardimci
olmak i¢in sarttir (Kinsella vd., 1990). Ozogul vd., (2009) Akdeniz'den yakaladiklar1 34 farkli balik
tiiriiniin n6/n3 oraninin 6nerilen limit degerlerini asmadigini rapor etmislerdir. Benzer sekilde, Ayas
vd., (2013), karidesin n6/n3 oranimin 0,2 ile 0,7 arasinda degistigini bildirmislerdir. Durmus (2017),
yapmis oldugu ¢alismada Neogobius melanostomus tiiriiniin n6/n3 oranin mevsimsel olarak limit
degerini agmadigin1 rapor etmistir. Ghomi vd., (2011) yapmis olduklar1 ¢aligmada n6/n3 oraninin
belirtilen aralikta oldugunu bildirmistir. Yapmis oldugumuz ¢alismada Xn6/n3 oraninin 1,16 ile 1,27
araliginda oldugu tespit edilmistir. Bu sonuglara gore yukarida belirtilen limit degerleri arasinda
oldugu, literatiir calismalarina benzer sonuglar elde edildigi ve insan sagligi agisindan Onerilen
degerlere sahip oldugu gozlenmistir. Calismada kullandigimiz levrek tiiriiniin diisitk miktarda lipite
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sahip oldugu fakat yag asitleri bakimindan insan saglig1 i¢in 6nemli olan omega-3 igeriklerinin yiiksek
oldugu belirlenmistir. Mevcut ¢alisma, EPA, DHA ve n6/n3 diizeyleri diigiiniildiigiinde, levrek
tiirliniin PUFA bakimindan zengin oldugu tespit edilmistir. Ayrica bu tiiriin insan sagligi icin gerekli
yag asitlerine sahip oldugu belirlenmistir.

Tablo 4. Farkli konsantrasyonlarda nisin uygulanarak sogukta depolanan levrek filetolarinda depolama siiresince
meydana gelen TPUFA/ZSFA, Xn-3, Zn-6, n-6/n-3, DHA/EPA igerikleri

Depolama Giinleri
Yag Asitleri Gruplar

0 3 6 8 10 12
YSFA 21,0740,53%  20,96+0,06™  20,61+0,21*°  20,88+0,01"°  20,79+0,18*  21,00+0,82**  Kontrol

21,5940,13"*  20,88+0,18%  21,12+0,25%°  21,05+0,01%  21,01+0,01%%  21,68+0,23"*  %0,2
21,34+0,40°*  20,98+0,13**  21,28+0,07"*  21,13+0,18"°  21,0940,23**  21,51+0,19% %04
21,2240,07%  20,73+0,04%  21,38+0,23%  21,77+0,09%  21,0740,13°®  21,9440,16% %08

SMUFA 32,4240,18"°  31,6240,08%  31,40+0,06®  31,25+0,33%  30,41+0,45%  30,0040,35°  Kontrol
33,1440,13%°  32,78+0,13"°  32,76+0,25"°  32,48+0,72"°  32,66+0,40°°  32,3240,06"  %0,2
33,6740,02"%  33,15+0,13%  32,9240,17%°  32,88+0,12%%  32,78+0,40%*  32,91+0,10% %04
33,55+0,06%  33,1440,16B% 33,38+0,09°°* 33,31+0,01°°*  34,35+0,20"°  32,85+0,33 %08

Y PUFA 35,56+0,20"°  35,64+0,02°%  3518+0,22°%  34,34+0,01°°  34,97+0,275%®  34,64+0,51°®  Kontrol
36,03£0,31°"  36,26+40,34"*  36,41+0,07"*  36,37+0,01"°  36,38+0,18"*  36,6240,58"  %0,2
36,46+0,21°"  36,2040,46"*  3575+0,16"°  36,36+0,11°°  36,36+0,20"*  36,97+0,40° %04
36,83+0,69"  36,43+0,13"  36,47+0,24"°  36,81+0,28"  36,85+0,14"*  36,8440,15"* %08

YPUFA/SFA  1,69+0,05% 1,70+0,00%° 1,71#0,01"*  1,65+0,00* 1,68+0,03*° 1,65+0,06"  Kontrol
1,670,025 1,74+0,00°* 1,7240,02" 1,7340,00%  1,73+0,01°* 1,69+0,00% % 0,2
1,7140,02% 1,730,024 1,68+0,01* 1,7240,02%  1,7240,03**  1,72+0,03* % 0,4
1,7440,04"%  1760,03"* 1,710,015  1,69+0,01°™  1,75+0,00" 1,68+0,01% %0,8

Yn6 19,46+0,10°°  19,43+0,03"%  19,60+0,09°*  18,42+0,10®  19,08+0,18°  19,17+0,13%¢*  Kontrol
19,9140,13**  19,70+0,06"*  19,504+0,06"*  19,69+0,09"*  19,4740,08"™  19,95+0,65*  %0,2
19,93+0,18"*  19,93+0,45"*  19,23+0,11"°  19,65+0,08"*  19,7740,36"*  19,88+0,45* % 0,4
19,98+0,25°%  20,09+0,09"%  19,74+0,16"%  19,82+0,21°%%  20,17+0,08"*  19,73+0,12%%*  %10,8

>n3 16,0040,26"*  16,08+0,01"*  15,48+0,08° 15,78+0,08"% 15,77+0,08"®  1532+0,11°°  Kontrol
16,03+0,22%  16,43+0,28"*  16,78+0,01"*  16,55+0,11"°  16,78+0,10"*  16,54+0,06®°  %0,2
16,43+0,07*  16,1840,87"*  16,4240,08"°  16,60+0,01"°  16,48+0,16"*  16,97+0,06°® %04
16,76+0,47°%  16,24+0,00%%  16,66+0,07"%*  16,86+0,06"* 16,57+0,06"%  17,00+0,30"%*  %0,8

>n6/n3 1,22+0,035< 1,21+0,00% 1,27+0,00" 1,170,017 1,21+0,00  1,25+0,00%%  Kontrol
1,24+0,01"*  1,20+0,025% 1,16+0,00°°  1,19+0,01%¢*  1,16+0,00° 1,21+0,05" % 0,2
1,21+0,01 1,23+0,09" 1,17+0,00"° 1,18+0,01 1,20+0,03" 1,18+0,03" % 0,4
1,19+0,025¢ 1,24+0,01 1,18+0,00° 1,1840,01%  1,22+0,00°%  1,16+0,015< % 0,8

DHA/EPA 2,20+0,06"  2,08+0,015%  1,98+0,01°%  1,94+0,02% 2,1240,01%  2,02+0,01°®  Kontrol
2,24+0,01% 2,12+0,025 2,33+0,02 2,27+0,01* 2,16+0,00%° 2,360,075 % 0,2
2,31+0,04* 2,27+0,20% 2,26+0,01"*  2,2240,03"*  2,28+0,06" 2,49+0,07% % 0,4
2,4140,12% 2,15+0,00% 2,34+0,08"%  221+0,035%  2,27+0,04"% 2 28+0,06°" % 0,8

4 Her bir giin i¢in gruplar aras1 6nemli farkliliklar (p<0.05) gostermektedir.
A€ Her bir grup i¢in giinler aras1 énemli farkliliklari (p<0.05) gdstermektedir.

Depolama sonunda kontrol ve nisin muamele gruplarinda doymus yag asitleri ile tekli ve ¢oklu
doymamis yag asitlerinde azalma tespit edilmistir. Birgok arastirici doymamis yag asitlerindeki bu
diististin lipoliz reaksiyonlar1 sonucunda serbest hale gelen yag asitlerinden 6zellikle doymamis yag
asitlerinin oto-oksidasyon reaksiyonlar1 sonucu ilk olarak peroksitlere ikincil olarak da aldehit, keton,
alkol ve esterlere donlismesine baglamistir (Stahnke,1995; Toldra, 1998; Estevez vd., 2007; Balikgi,
2015). Calismamizda depolamanin en son giiniinde ¢oklu doymamus yag asitlerinde en diisiik deger
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kontrol grubunda goézlenmistir. Nisin muamele gruplarindan % 0,8 grubu en yliksek PUFA icerigine
sahip olmustur. Yag asidi kompozisyonu baligin cinsine, tiirline, yakalandigi bolgeye, beslenme
sekline ve cinsiyetine gore farklilik gosterebilmektedir (Ackman, 1989; Saito vd., 1999; Ozyurt ve
Polat, 2006). Mevcut ¢alisma sonucunda; yukarida verilen nedenlere ek olarak, kullanilan nisin
konsantrasyonu ve depolama kosullarindaki farkliliklarin da yag asidi kompozisyonu iizerinde etkili
olabilecegi kanaatine varilmistir.

TARTISMA ve SONUC

Depolama periyodunun sonunda, kontrol ve nisin muamele gruplarindaki doymus yag asidi
seviyeleri artmis; tekli doymamis yag asidi seviyeleri diismiis ve coklu doymamis yag asidi seviyeleri
ise hemen hemen ayn1 seviyelerde kalmistir. Arastirmacilarin ¢ogu, bu diisiisiin yag asitlerinin lipolizi
sonucu oOzellikle doymamis yag asitlerinin, ilk peroksitlere ve ikincil olarak da oto-oksidasyon
reaksiyonlarinin bir sonucu olarak aldehitler, ketonlar ve alkollere dontismesi ile iliskilendirmektedir.
Bu c¢alismada, kontrol grubunda depolama siiresinin son giinii en diisiikk ¢coklu doymamis yag asidi
seviyeleri kontrol grubunda bulunmustur. Nisin gruplari arasinda, % 0,4 grubu en yiiksek PUFA
icerigini vermistir. Nisin uygulanmasinin, doymamis yag asitlerinin oto-oksidasyon reaksiyonlarini
geciktirdigi diistiniilmektedir. Sonug olarak, farkli konsantrasyonlarda hazirlanan nisinin kullanilan
dozlarinin yag asidi bilesimleri iizerinde olumlu bir etkiye sahip olabilecegi diistiniilmektedir.

Tesekkiir: Bu c¢alisma "Farkli konsantrasyonlarda kullanilan nisinin sogukta (4+2°C) ve vakum
paketlenerek depolanan levrek (Dicentrarchus labrax, Linnaeus, 1758) filetolarmin Kalite
parametreleri iizerine etkileri" baslikli doktora tezi verilerinin bir kismi kullanilarak iiretilmistir.
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Abstract

This checklist deals with summarizing all the data on Iranian Chironomidae (Diptera). In total, 34 species from 5
subfamilies are listed as the fauna of Iran: Buchonomyiinae (single species), Chironominae (18 species from 24 genera with
some unknown species), Diamesinae (unknown species within 4 genera), Orthocladiinae (8 species from 24 genera with
some unknown species) and Tanypodinae (7 species from 10 genera with some unknown species). Three species,
Chironomus anthracinus Zetterstedt, 1860, Cladotanytarsus (Cladotanytarsus) mancus (Walker, 1856) and Tanypus
punctipennis Meigen, 1818 are new records for the fauna of Iran.

Key words: Chironomidae, Diptera, Iran, Checklist, new records.

iran’im Aciklamah Chironomidae (Diptera: Culicomorpha: Chironomoidea) Kontrol Listesine Yonelik Bir On
Calisma

Ozet

Bu kontrol listesi, iran Chironomidae (Diptera) ile ilgili tiim verilerin 6zetlenmesiyle ilgilidir. Toplamda 5 alt familyaya
ait 34 tiir fran’in faunasi olarak listelenmistir: Buchonomyiinae (1 tiir), Chironominae (tanimlanmayan tiirlerle birlikte 24
cinse ait 18 tiir), Diamesinae (tanimlanmayan tiirlerin bulundugu 4 cins), Orthocladiinae (tanimlanmayan tiirlerle birlikte 24
cinse ait 8 tiir) ve Tanypodinae (tanimlanmayan tiirlerle birlikte 10 cinse ait 7 tiir). Chironomus anthracinus Zetterstedt,
1860, Cladotanytarsus (Cladotanytarsus) mancus (Walker, 1856) ve Tanypus punctipennis Meigen, 1818 tiirleri iran faunas:
i¢in yeni kayitlardir.

Anahtar kelimeler: Chironomidae, Diptera, iran, kontrol listesi, yeni kayitlar.

INTRODUCTION

There are supposedly at least 15000 species of Chironomid midges in the world (Cranston, 1995)
making in the largest family among in the aquatic insects and is known by its abundance, species
diversity, and ecological importance, and occurs in all zoogeographical regions including Antarctica
(Ashe et al., 1987). Eleven extant subfamilies are currently recognized within the Chironomidae:
Aphroteniinae, Buchonomyiinae, Chilenomyiinae, Chironominae, Diamesinae, Orthocladiinae,
Podonominae, Prodiamesinae, Tanypodinae, Telmatogetoninae and Usambaromyiinae (Spies and
Reiss, 1996). The oldest geological record of the Chironomidae dates from the Lower Jurassic (Upper
Liassic, ca. 185 Mio years) (Ansorge, 1999).

The fauna of Iranian chironomidae has so far been studied poorly which most the studies focused
on genera identification. In the main faunistic works, Fakhri (2001) and Ebrahimnezhad and Fakhri
(2005) reported 27 genera of Chironomidae from 3 subfamilies, Chironominae (14 genera),
Orthocladiinae (9 genera) and Tanypodinae (4 genera) from Zayandehrud River (Isfahan);
Ebrahimnezhad and Allahbakhshi (2013) reported 35 genera of Chironomidae from 4 subfamilies,
Chironominae (15 genera), Diamesinae (2 genera), Orthocladiinae (13 genera) and Tanypodinae (5
genera) from Golpayegan River (Isfahan); Karami et al. (2014) reported 39 genera of Chironomidae
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from 4 subfamilies, Chironominae (15 genera), Diamesinae (2 genera), Orthocladiinae (17 genera) and
Tanypodinae (5 genera) from Marbor River (Isfahan). The aim of this research is cataloging of all the
data on Iranian Chironomidae.

MATERIAL and METHODS

The published data on the distribution of the family Chironomidae (Diptera) in Iran are
summarized by province. Subfamilies, genera, and species are listed alphabetically. Data about
classification, nomenclature and distribution data are according to Ashe and Cranston (1990), and in
other situations, the related references are given. When accurate data about local distribution in Iran
are lacking in a quoted reference, the mention "lIran (no locality cited)" is used. The specimens of hew
records were collected by the Malaise trap and preserved in alcohol. Prior to examination it was
dissected, treated with KOH and mounted in Canada balsam following the procedure outlined by
Sather (1969). This study is summarized with collected larval and adult data. The distributions of
Iranian Chironomidae are shown in Figure 1.

Qaemshahr
Terjen

West
Azerbaijan

Shahrechay River

Zarrinehrud River

Zayandehrud River,
.

Marbor River
Isfahan

Sistan and
Baluchestan
.

Figure 1. Map showing the distributions of Iranian Chironomidae

RESULTS and DISCUSSION

Totally 63 genera of Chironomidae within 5 subfamilies Buchonomyiinae, Chironominae,
Diamesinae, Orthocladiinae, and Tanypodinae have so far been recorded from Iran. Only 34 species
were identified for these genera and several collected specimens by the researchers are unknown.
Since Iran is a large country and also comprises various geographical regions especially numerous
aquatic ecosystems in northern Iran, surely a large number of species remained to be discovered. We
expect 200-250 Chironomidae species as the fauna of Iran. The list of species is given below
alphabetically with distribution data.

39



AYDIN and SAMIN 2020 ActAquaTr 16(1), 38-50

Family Chironomidae Erichson, 1842

Subfamily Buchonomyiinae Brundin & Sather, 1978
Genus Buchonomyia Fittkau, 1955

Buchonomyia thienemanni Fittkau, 1955

Distribution in Iran: Isfahan (Zayandehrud River) (Dowling, 1980; Ashe et al., 2015), Iran (no
locality cited) (Murray and Ashe, 1981; Ashe et al., 1987).

Distribution Europe and worldwide: Ireland, Italy, Czech Republic, North Africa, the Near East,
Austria, Belgium, Britain 1., Corsica, French mainland, Germany, Luxembourg, Slovakia, Spanish
mainland, Russia (Murray, 1976; Marziali et al., 2004; Sather and Spies 2013; Ashe et al., 2014; Ashe
etal., 2015).

Subfamily Chironominae Macquart, 1838
Genus Chironomus Meigen, 1803
Chironomus albidus Konstantinov, 1956

Distribution in Iran: Guilan, Mazandaran (Caspian Sea) (Mohammadian, 2004).

Distribution Europe and worldwide: Polish, Romania (Polski, 2001; Dascalu et al., 2009; Sether
and Spies 2013).

Chironomus anthracinus Zetterstedt, 1860

Material examined: Mazandaran province, Sari, Tejen River, 36°30'N 53°30'E, 3 adults, August
2011. New record for Iran.

Distribution Europe and worldwide: France and Corsica, Lithuania, Romania, Ohio, Finland,
European Turkey, Austria, Britain I, Central and East European Russia, Czech Republic, Germany,
Hungary, lIreland, Italian mainland, Sweden, Switzerland, (Serra-Tosio and Laville, 1991;
Pakalnidkis, 2000; Tatole, 2000; Bolton, 2012; Saether and Spies 2013; Paasivirta, 2014; Aydin and
Gther, 2017).

Chironomus aprilinus Meigen, 1818

Distribution in Iran: Yazd (Bafq) (Rajabipour et al., 2011 a, b).

Distribution Europe and worldwide: France and Corsica, Romania, Ohio, Germany, Finland,
European Turkey, Austria, Belgium, Britain I, Bulgaria, Croatia, Czech Republic, Danish mainland,
Faroe islands, Hungary, Ireland, North Africa, Poland, Spanish mainland, Sweden, Ukranie, The
Netherlands (Serra-Tosio and Laville, 1991; Tatole, 2000; Bolton, 2012; Sether and Spies 2013;
Orendt et al., 2014; Paasivirta, 2014; Aydin and Giiher, 2017).

Chironomus (Microtendipes) dimidiatus Kieffer, 1921

Distribution in Iran: Tehran (Jajrud River) (Amri et al., 2014 as Tanytarsus dimidiatus (Meigen,
1838)).

Distribution worldwide: Oriental China (Qi et al., 2012).

Comments: The presence of C. dimidiatus in Iran is doubtful and needs confirmation.

Chironomus plumosus (Linnaeus, 1758)

Distribution in Iran: East Azarbaijan (Aras reservoir) (Aliyev et al., 2013), West Azarbaijan
(Zarrinehrud River) (Ahmadi et al., 2011, 2012; Aliyev et al., 2013).

Distribution Europe and worldwide: France and Corsica, Lithuania, Romania, Ohio, Germany,
Finland, European Turkey, Albania, Austria, Belarus, Belgium, Bosnhia and Herzegovina, Britain I,
Bulgaria, Central and East European Russia, Czech Republic, Estonia, Hungary, Ireland, Latvia,
North Africa, Slovakia, Sweden, Switzerland, Yugoslavia (Serra-Tosio and Laville, 1991; Pakalnidkis,
2000; Tatole, 2000; Bolton, 2012; Sather and Spies 2013; Orendt et al., 2014; Paasivirta, 2014; Aydin
and Giiher, 2017).

Chironomus riparius Meigen, 1804

Distribution in Iran: Guilan (Sahragard and Rafatifard, 2006, 2010).

Distribution Europe and worldwide: France and Corsica, Lithuania, Romania, USA, Germany,
Finland, European Turkey, Austria, Belarus, Belgium, Britain I, Bulgaria, Central and East European
Russia, Czech Republic, Estonia, Hungary, Ireland, Latvia, Luxembourg, North Africa, Slovakia,
Sweden, Switzerland, Yugoslavia (Serra-Tosio and Laville, 1991; Pakalniokis, 2000; Tatole, 2000;
Bilger et al., 2005; Bolton, 2012; Sether and Spies 2013; Orendt et al., 2014; Paasivirta, 2014; Aydin
and Giiher, 2017).
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Chironomus spp.

Distribution in Iran: Isfahan (Marbor River, Zayandehrud River) (Fakhri, 2001; Ebrahimnezhad
and Fakhri, 2005; Karami et al., 2014), Tehran (Jajrud River) (Arkia et al., 2018), West Azarbaijan
(Shahrechay River) (Asadpour-Ousalou, 2015).

Genus Cladotanytarsus Kieffer, 1921
Cladotanytarsus atridorsum (Kieffer, 1922)

Distribution in Iran: Tehran (Jajrud River) (Amri et al., 2014 as Tanytarsus atridorsum (Kieffer,
1922)).

Distribution Europe and worldwide: France and Corsica, Baltic Sea, Italy, Hungary, Finland,
Germany, Austria, Canary island, Britain I, Central and East European Russia, Czech Republic,
Estonia, North Africa, Slovakia, Sweden, Switzerland, Ukraine (Serra-Tosio and Laville, 1991;
Zettlera and Daunys, 2007; Marziali et al., 2008; Mora and Farkas, 2012; Sether and Spies 2013;
Paasivirta, 2014; Orendt et al., 2014).

Cladotanytarsus (Cladotanytarsus) mancus (Walker, 1856)

Material examined: Mazandaran province, Qaemshahr, Siahrud River, 36°28'N 52°52'E, 3 adults,
17.v.2010. New record for Iran.

Distribution Europe and worldwide: France and Corsica, Lithuania, USA, Poland, Germany,
Finland, European Turkey, Austria, Belarus, Belgium, Britain I, Bulgaria, Central and East European
Russia, Czech Republic, Estonia, Hungary, North Africa, Slovakia, Sweden, Switzerland, Ukraine,
Yugoslavia, (Serra-Tosio and Laville, 1991; Pakalnidkis, 2000; Bilger et al., 2005; Gilka and
Dominiak, 2007; Bolton, 2012; Sether and Spies 2013; Orendt et al., 2014; Paasivirta, 2014; Aydin
and Giiher, 2017).

Cladotanytarsus spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Constempellina Brundin, 1947
Constempellina spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).

Genus Cryptochironomus Kieffer, 1918
Cryptochironomus camptolabis (Kieffer, 1913)

Distribution in Iran: West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2012).

Distribution worldwide: Baltic Sea (Zettlera and Daunys, 2007).
Cryptochironomus defectus (Kieffer, 1913)

Distribution in Iran: East Azarbaijan, West Azarbaijan (Aras reservoir) (Aliyev et al., 2013 as
Chironomus defectus (Kieffer, 1913)), West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2012).

Distribution Europe and worldwide: France and Corsica, Romania, Germany, European Turkey,
Albania, Austria, Belarus, Belgium, Britain I, Bulgaria, Central and East European Russia, Czech
Republic, Hungary, Latvia, Lithuania, Poland, Slovakia, Sweden, Switzerland, Ukraine, Yugoslavia
(Serra-Tosio and Laville, 1991; Tatole, 2000; Sather and Spies 2013; Orendt et al., 2014; Aydin and
Giher, 2017).

Cryptochironomus spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Cryptotendipes Beck & Beck, 1969
Cryptotendipes spp.

Distribution in Iran: Isfahan (Golpayegan River) (Ebrahimnezhad and Allahbakhshi, 2013).

Genus Demicryptochironomus Lenz, 1941
Demicryptochironomus spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Dicrotendipes Kieffer, 1913
Dicrotendipes spp.

Distribution in Iran: Isfahan (Zayandehrud River) (Fakhri, 2001; Ebrahimnezhad and Fakhri,
2005).
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Genus Harnischia Kieffer, 1921
Harnischia spp.

Distribution in Iran: Isfahan (Golpayegan River) (Ebrahimnezhad and Allahbakhshi, 2013).
Genus Kiefferulus Goetghebuer, 1922
Kiefferulus spp.

Distribution in Iran: Isfahan (Zayandehrud River) (Fakhri, 2001; Ebrahimnezhad and Fakhri,
2005).

Genus Lapposmittia Thienemann, 1939
Lapposmittia spp.

Distribution in Iran: Isfahan (Zayandehrud River) (Fakhri, 2001; Ebrahimnezhad and Fakhri,
2005).

Genus Microchironomus Kieffer, 1918
Microchironomus nigrovittatus (Malloch, 1915)

Distribution in Iran: West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2011, 2012).

Distribution worldwide: Canada, Texas, Kentucky Lake (Chang et al., 1994; Ferrington, Jr., et al.,
1995; White, 2014).

Microchironomus spp.

Distribution in Iran: Isfahan (Zayandehrud River) (Fakhri, 2001; Ebrahimnezhad and Fakhri,
2005).

Genus Micropsectra Kieffer, 1908
Micropsectra spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River) (Ebrahimnezhad and Allahbakhshi,
2013; Karami et al., 2014).

Genus Microtendipes Kieffer, 1915
Microtendipes chloris (Meigen, 1818)

Distribution in Iran: West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2012).

Distribution Europe and worldwide: France and Corsica, Baltic Sea, Finland, Germany, European
Turkey, Albania, Austria, Belgium, Britain I, Bulgaria, Central and East European Russia, Estonia,
Czech Republic, Hungary, Italian mainland, Luxembourg, Lithuania, Norwegian mainland, Poland,
Romania, Slovakia, Sweden, Switzerland, Ukraine, Yugoslavia (Serra-Tosio and Laville, 1991;
Zettlera and Daunys, 2007; Sather and Spies 2013; Paasivirta, 2014; Orendt et al., 2014; Aydin and
Giher, 2017).

Microtendipes spp.

Distribution in Iran: Isfahan (Marbor River; Zayandehrud River) (Fakhri, 2001; Ebrahimnezhad
and Fakhri, 2005; Karami et al., 2014).

Genus Neozavrelia Goetghebuer & Theinemann, 1941
Neozavrelia spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).
Genus Paratanytarsus Thienemann & Bause, 1913
Paratanytarsus lauterborni (Kieffer, 1909)

Distribution in Iran: West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2012 as Tanytarsus
lauterborni (Kieffer, 1909)).

Distribution Europe and worldwide: Aral Sea, Baltic Sea, Finland, France and Corsica, Germany,
European Turkey, Austria, Britain I, Bulgaria, Central and East European Russia, Czech Republic,
Hungary, Italian mainland, Lithuania, Norwegian mainland, Poland, Romania, Slovakia, Sweden,
Switzerland, Ukraine, The Netherlands, Yugoslavia (Serra-Tosio and Laville, 1991; Nazarova, 2006;
Zettlera and Daunys, 2007; Sather and Spies 2013; Paasivirta, 2014; Orendt et al., 2014; Aydin and
Gther, 2017).

Paratanytarsus spp.

Distribution in Iran: Isfahan (Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013).

Genus Paratendipes Kieffer, 1911
Paratendipes spp.
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Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Phaenopsectra Kieffer, 1921
Phaenopsectra spp.

Distribution in Iran: Isfahan (Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013).

Genus Polypedilum Kieffer, 1912
Polypedilum (Polypedilum) nubeculosum (Meigen, 1804)

Distribution in lIran: East Azarbaijan, West Azarbaijan (Aras reservoir) (Aliyev et al., 2013 as
Chironomus nubeculosus (Meigen, 1804)).

Distribution Europe and worldwide: Canada, France and Corsica, Baltic Sea, Finland, Germany,
Greece, European Turkey, Albania, Austria, Belarus, Belgium, Britain I, Bosnia and Herzegovina,
Dodekanisos, Bulgaria, Central and East European Russia, Estonia, Czech Republic, Hungary, Italian
mainland, Luxembourg, Lithuania, Latvia, North Africa, Norwegian mainland, Poland, Romania,
Slovakia, Sweden, Switzerland, Ukraine, Yugoslavia (Serra-Tosio and Laville, 1991; Chang et al.,
1994; Zettlera and Daunys, 2007; Méra and Csabai, 2008; Sether and Spies 2013; Paasivirta, 2014;
Orendt et al., 2014; Aydimn and Giiher, 2017).

Polypedilum spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Rheotanytarsus Theinemann & Bause, 1913
Rheotanytarsus spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Saetheria Jackson, 1977
Saetheria spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).

Genus Stempellina Thienemann & Bause, 1913
Stempellina spp.

Distribution in Iran: Isfahan (Golpayegan River) (Ebrahimnezhad and Allahbakhshi, 2013).
Genus Stictochironomus Kieffer, 1919
Stictochironomus pictulus Meigen, 1830

Distribution in Iran: Sistan and Baluchestan (Annandale, 1921; Mohammadian, 2004).

Distribution Europe and worldwide: Canada, Bulgaria, Italy, Finland, Austria, Belgium, Britain I,
Bulgaria, Corsica, Germany, Hungary, Italian mainland, Norwegian mainland, Poland, Romania,
Slovakia, Sweden, Switzerland, Yugoslavia (Chang et al., 1994; Stoichev, 1996; Rossaro, 2006;
Sather and Spies 2013; Paasivirta, 2014).

Stictochironomus spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).
Genus Tanytarsus van der Wulp, 1874
Tanytarsus antennata (Birula, 1936)

Distribution in Iran: Tehran (Jajrud River) (Amri et al., 2014).

Distribution worldwide: Russia (Ashe and Cranston, 1990).
Tanytarsus exiguus Johannsen, 1905

Distribution in Iran: West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2012).

Distribution Europe and worldwide:Lithuania (Bubinas and Jagminiena, 2002), Aral Sea
(Nazarova, 2006).

Tanytarsus gregarius Kieffer, 1909

Distribution in Iran: West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2012).

Distribution Europe and worldwide: France and Corsica, Lithuania, Romania, Polish, Hungary,
Aral Sea, Turkey, Poland, Germany, Finland, Albania, Austria, Belgium, Britain I, Bulgaria,
Hungary, Italian mainland, North Africa, Norwegian mainland, Poland, Romania, Slovakia, Sweden,
Switzerland, Yugoslavia (Serra-Tosio and Laville, 1991; Pakalnidkis, 2000; Tatole, 2000; Polski,
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2001; Bubinas and Jagminiena, 2002; Arnold and Gydrgy, 2004; Nazarova, 2006; Ozkan, 2006; Gilka
and Dominiak, 2007; Sather and Spies 2013; Orendt et al., 2014; Paasivirta, 2014).
Tanytarsus spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001,
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Virgatanytarsus Pinder, 1982
Virgatanytarsus spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River) (Ebrahimnezhad and Allahbakhshi,
2013; Karami et al., 2014).

Subfamily Diamesinae Kieffer, 1922
Genus Diamesa Meigen, 1835
Diamesa spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River) (Ebrahimnezhad and Allahbakhshi,
2013; Karami et al., 2014), Tehran (Jajrud River) (Arkia et al., 2018).

Genus Potthastia Kieffer, 1922
Potthastia spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).
Genus Pseudodiamesa Goetghebuer, 1939
Pseudodiamesa spp.

Distribution in Iran: Tehran (Jajrud River) (Arkia et al., 2018).
Genus Sympotthastia Pagast, 1947
Sympotthastia spp.

Distribution in Iran: Isfahan (Golpayegan River) (Ebrahimnezhad and Allahbakhshi, 2013).
Subfamily Orthocladiinae Edwars, 1929
Genus Aagaardia Szether, 2000
Aagaardia longicalcis Szther, 2000

Distribution in Iran: Tehran (Jajrud River) (Amri et al., 2014).

Distribution worldwide: Canada (Sether, 2000).

Aagaardia oksanae Makarchenko, 2005

Distribution in Iran: Tehran (Jajrud River) (Amri et al., 2014).

Distribution worldwide: Russian Far East (Makarchenko and Makarchenko, 2005).
Aagaardia protensa Szether, 2000

Distribution in Iran: Tehran (Jajrud River) (Amri et al., 2014).

Distribution Europe: Finland (Sather and Spies 2013; Paasivirta, 2014).
Aagaardia sivertseni (Aagaard, 1979)

Distribution in Iran: Tehran (Jajrud River) (Amri et al., 2014).

Distribution Europe: Norway, Finland, Sweden (Sather, 2000; Sather and Spies 2013; Paasivirta,
2014).

Genus Abiskomyia Edwards, 1937
Abiskomyia paravirgo Goetghebuer, 1940

Distribution in Iran: Tehran (Jajrud River) (Amri et al., 2014).

Distribution Europe: Finland, Turkey, Near East, Sweden, Norwegian mainland (Sether and Spies
2013; Paasivirta, 2014; Kogak and Kemal, 2014).

Genus Acricotopus Kieffer, 1921
Acricotopus spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).
Genus Brillia Kieffer, 1913
Brillia spp.

Distribution in Iran: Isfahan (Marbor River, Zayandehrud River) (Fakhri, 2001; Ebrahimnezhad
and Fakhri, 2005; Karami et al., 2014).

Genus Cardiocladius Kieffer, 1912
Cardiocladius spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
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Genus Chaetocladius Kieffer, 1911
Chaetocladius spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).
Genus Cricotopus van der Wulp, 1874
Cricotopus fuscus (Kieffer, 1909)

Distribution in Iran: West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2012).

Distribution Europe and worldwide: Russia, Lithuania, Andorra, Austria, Belgium, Britain I,
Bulgaria, Estonia, Czech Republic, European Turkey, Hungary, Germany, Italian mainland, Lithuania,
North Africa, Poland, Romania, Slovakia, Switzerland, Ukraine, Yugoslavia (Sather and Spies 2013;
Gukov, 2000; Bubinas and Jagminiena, 2002).

Cricotopus spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Doithrix (Seether & Sublette, 1983)

Doithrix barberi (Sether & Sublette, 1983)

Distribution in Iran: Tehran (Jajrud River) (Amri et al., 2014).

Distribution worldwide: Nearctic Region (Oliver et al., 1990).
Genus Eukiefferiella Theinemann, 1926
Eukiefferiella spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River) (Ebrahimnezhad and Allahbakhshi,
2013; Karami et al., 2014).

Genus Euryhapsis Oliver, 1981
Euryhapsis spp.
Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).
Genus Goeldichironomus Fittkau, 1965
Goeldichironomus pictus (Reiss, 1974)

Distribution in Iran: West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2012).

Distribution worldwide: Brazil, USA (Jacobsen, 2008; Trivinho-Strixino, 2011).
Genus Nanocladius Kieffer, 1913
Nanocladius spp.

Distribution in Iran: Isfahan (Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013).

Genus Orthocladius van der Wulp, 1874
Orthocladius spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005, Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Paracladius Hirvenoja, 1973
Paracladius spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River) (Ebrahimnezhad and Allahbakhshi,
2013; Karami et al., 2014).

Genus Paracricotopus Brundin, 1956
Paracricotopus spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al. 2014).
Genus Parametriocnemus Goetghebuer, 1932
Parametriocnemus spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Paraphaenocladius Thienemann, 1924
Paraphaenocladius spp.

Distribution in Iran: Isfahan (Golpayegan River, Zayandehrud River) (Fakhri, 2001,
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013).

Genus Paratrichocladius Santos Abreu, 1918
Paratrichocladius spp.
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Distribution in Iran: Isfahan (Marbor River, Golpayegan River) (Ebrahimnezhad and Allahbakhshi,

2013; Karami et al., 2014).
Genus Psectrocladius Kieffer, 1906
Psectrocladius spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).
Genus Rheocricotopus Brundin, 1956
Rheocricotopus spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River) (Ebrahimnezhad and Allahbakhshi,
2013; Karami et al., 2014).

Genus Spaniotoma Philippi, 1865
Spaniotoma spp.

Distribution in Iran: West Azarbaijan (Shahrechay River) (Asadpour-Ousalou, 2015).
Genus Synorthocladius Theinemann, 1935
Synorthocladius spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River) (Ebrahimnezhad and Allahbakhshi,
2013; Karami et al., 2014).

Genus Theinemanniella Kieffer, 1911
Theinemanniella spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).
Genus Tvetenia Kieffer, 1922
Tvetenia spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Subfamily Tanypodinae Thienemann & Zavrel, 1916
Genus Ablabesmyia Johannsen, 1905
Ablabesmyia digitata (Kieffer, 1923)

Distribution in Iran: Tehran (Jajrud River) (Amri et al., 2014).

Distribution worldwide: Africa (Harrison, 1971).

Ablabesmyia ensiceps (Chaudhuri, Debnath & Nandi, 1983)
Distribution in Iran: Tehran (Jajrud River) (Amri et al., 2014).
Distribution worldwide: Bengal (Chaudhuri et al., 1983).

Ablabesmyia spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Coelotanypus Kieffer, 1913
Coelotanypus tricolor (Loew, 1861)

Distribution in Iran: West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2011, 2012).

Distribution worldwide: Mississippi (Cooper, 1981).

Genus Conchapelopia (Fittkau, 1957)

Conchapelopia spp.

Distribution in Iran: Isfahan (Golpayegan River) (Ebrahimnezhad and Allahbakhshi, 2013).
Genus Hayesomyia Murray & Fittkau, 1986
Hayesomyia spp.

Distribution in Iran: Isfahan (Golpayegan River) (Ebrahimnezhad and Allahbakhshi, 2013).
Genus Macropelopia Thienemann, 1916
Macropelopia spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).

Genus Nilotanypus Kieffer, 1923

Nilotanypus spp.

Distribution in Iran: Isfahan (Marbor River) (Karami et al., 2014).

Genus Procladius Skuse, 1889

Procladius (Holotanypus) choreus (Meigen, 1804)

Distribution in Iran: West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2012).

46



AYDIN and SAMIN 2020 ActAquaTr 16(1), 38-50

Distribution Europe and worldwide: Romania, Hungary, Macaronesia, Russia, Baltic Sea, Greece,
Czech Republic, Denmark, Finland, Germany, Austria, Belgium, Britain I, Bulgaria, Corsica, Italian
mainland, Czech Republic, North Africa, Norwegian mainland, Poland, Romania, Slovakia, Sweden,
Sicily, Switzerland, Yugoslavia (Tatole, 2000; Arnold and Gyorgy, 2004; Murray et al., 2004; Sather,
2004; Zettlera and Daunys, 2007; Moéra and Csabai, 2008; Hamerlika and Brodersen, 2010; Sather
and Spies 2013; Paasivirta, 2014; Orendt et al., 2014).

Procladius (Holotanypus) ferrugineus (Kieffer, 1918)

Distribution in Iran: East Azarbaijan, West Azarbaijan (Aras reservoir) (Aliyev et al., 2013).

Distribution Europe and worldwide: Romania, Hungary, Aral Sea, Bulgaria, Estonia, Lithuania,
Russia, Sweden, Ukraine (Tatole, 2000; Arnold and Gyorgy, 2004; Nazarova, 2006; Sather and Spies
2013).

Procladius spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River, Zayandehrud River) (Fakhri, 2001;
Ebrahimnezhad and Fakhri, 2005; Ebrahimnezhad and Allahbakhshi, 2013; Karami et al., 2014).
Genus Rheopelopia Fittkau, 1962
Rheopelopia spp.

Distribution in Iran: Isfahan (Zayandehrud River) (Fakhri, 2001; Ebrahimnezhad and Fakhri,
2005).

Genus Tanypus Meigen, 1803
Tanypus punctipennis Meigen, 1818

Material examined: West Azarbaijan province, Ourmieh, Shahrechay River, 37°33'N 45°00'E, 2
adults, 11.vi.2008. New record for Iran.

Distribution Europe and worldwide: Canada, Lithuania, Romania, Polish, Hungary, USA,
Malaysia, Ohio, Finland, Germany, European Turkey, Albania, Austria, Belgium, Britain I, Bulgaria,
Central and East European Russia, Corsica, Czech Republic, Estonia, Italian mainland, Ireland,
Liechtenstein, North Africa, Norwegian mainland, Sicily, Slovakia, Sweden, Switzerland, Yugoslavia,
The Netherlands (Chang et al., 1994; Pakalniokis, 2000; Tatole, 2000; Polski, 2001; Arnold and
Gyorgy, 2004; Bilger et al., 2005; Al-Shami et al., 2010; Bolton, 2012; Sether and Spies 2013;
Paasivirta, 2014; Orendt et al., 2014; Aydin and Giiher, 2017).

Tanypus stellatus Coquillett, 1902

Distribution in Iran: West Azarbaijan (Zarrinehrud River) (Ahmadi et al., 2012).

Distribution worldwide: Brazil, USA, Ohio, Kentucky Lake (Fusari and Fonseca-Gessner, 2006;
Bilger et al., 2005; Bolton, 2012; White, 2014).

Tanypus spp.

Distribution in Iran: Isfahan (Zayandehrud River) (Fakhri, 2001; Ebrahimnezhad and Fakhri,
2005).

Genus Trissopelopia Kieffer, 1923
Trissopelopia spp.

Distribution in Iran: Isfahan (Marbor River, Golpayegan River) (Ebrahimnezhad and Allahbakhshi,

2013; Karami et al., 2014).

CONCLUSION

In this study, the data of the larval and adult chironomids of Iran were compiled. As a result, there
are insufficient studies on chironomids in Iran, which has many aquatic ecosystems, and we believe
that that more species will be identified for both Iran and the world through the studies to be carried
out.
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Ozet

Bu calismada Goller Bolgesi’nin su iriinleri iiretiminde lider konumda olan Antalya, Isparta ve Afyonkarahisar’da
faaliyet gosteren toplam 13 su iriinleri isleme tesisi incelenmistir. Caligsma igin 6nceden belirlenen sorularin bulundugu anket
formu hazirlanmigtir. Ankette igletmelerin kurulus tarihleri, kurulus yerleri, kurulu kapasiteleri, personel durumu, hijyen
durumu, is gilivenligi durumu, uluslararas1 almis olduklar kalite belgeleri, hammadde temin sekilleri, isleme yOntemleri,
iiretim ve ihracat durumu ve igleme tesislerinin karsilagmis olduklar1 problemler ile ilgili bilgilere yer verilmistir.

Anket sonuglarina gore genel olarak igleme tesislerinin Isparta ve Afyonkarahisar’da esit sekilde dagilim gosterdigi
belirlenmistir. Antalya’da 5, Isparta ve Afyonkarahisar’da 4’er tesis yerinde ziyaret edilerek anket formlar1 doldurulmustur.
Tesislerde bayan is¢iler daha ¢ok olmak lizere daimi isgiler ¢alismaktadir. Sorumlu yoneticilerin ¢ogunu su iriinleri
mithendisleri olusturmaktadir. Tesislerin timiinde HACCP uygulanmakta olup hijyen egitimini almis, is giivenligi
egitiminden gegmis personel ¢alismaktadir. Tesislerde is giivenligi sirketleriyle anlagmali i giivenligi uzmani bulunmaktadir.
Hammadde temininin hem yerli hem de yabanci iireticilerden karsilandig tespit edilmistir. Genellikle tiim tesislerin ihracat
yaptig1 tespit edilmistir. En ¢ok karsilagilan problemler kalifiye elaman bulmaktaki giicliikler ve hammadde sikintis1 olarak
tespit edilmistir.

Anahtar kelimeler: Su iiriinleri, isleme tesisi, kalite, Goller Bolgesi, Tiirkiye
Current situation of seafood processing plants in Antalya, Isparta and Afyonkarahisar provinces.
Abstract

In this study, a total of 13 seafood processing plants located in Antalya, Isparta and Afyonkarahisar, which are the leader
in the seafood production of the Lakes Region, were investigated. A survey form was prepared for the study. The survey
includes information on the establishment dates, establishment locations, installed capacities, personnel status, hygiene status,
occupational safety status, international quality certificates, raw material procurement methods, processing methods,
production and export status, and problems encountered by processing plants.

According to the results of the survey, it was determined that the seafood processing plants were distributed evenly in
Antalya, Isparta and Afyaonkarahisar. 5 processing plant in Antalya, 4 processing plant in Isparta and 4 in Afyonkarahisar
were visited at the site and the survey were filled. At the facilities, women work mainly and the permanent workers are
working intensively. Most of the responsible managers are aquaculture engineers. In all of the facilities, HACCP is applied
and there is personnel who have received hygiene training and who have been trained in occupational safety. Facilities
include a contracted occupational safety specialist with occupational safety companies. It is determined that raw material is
obtained from both domestic and foreign producers. Generally all facilities are exporting. The most common problems were
identified as difficulties in finding qualified personnel and a shortage of raw materials.

Keywords: Seafood, processing plant, quality, Lake District, Turkey

GIRIS

Yapilan aragtirmalara gore su driinleri sektorii diinyada en hizli biiyiiyen sektordiir. Bitkisel ve
hayvansal liretim, ormancilikla birlikte tarimn dort alt sektériinden birisidir (Kémiirlii ve Atar, 2019).
Ulkemizi gevreleyen denizler, ¢cok sayida dogal gol ve yapay golete sahip olmamiz, bu kaynaklarin
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balik yetistiriciligine uygun olmas1 su iriinleri potansiyeli i¢in énem arz etmektedir. Tiirkiye son
zamanlarda su triinleri sektorii olarak iiretim ve ekonomi ag¢isindan 6nemli yol kat etmis olsa da
istenilen diizeyde degildir.

Hayvansal protein gereksinimini karsilamak i¢in daha ucuz ve proteince daha zengin olan su
iiriinleri, diinya besin gereksiniminin énemli kismini karsilayan temel bir endiistridir. Ozellikle son 50
yilda egitimler ve teknoloji sayesinde sasirtici bir gelisim gostermis, FAO tarafindan diinyada en hizli
biiyiiyen gida sektorii olarak belirlenmistir (Dagtekin ve Ak, 2007).

Su iiriinleri saglikli beslenme onerilerinin vazgegilmezleri arasinda yer alan bir besin maddesi
olmasina ragmen; iilkemizde kisi basina su iriinleri tilketimimiz AB {ilkeleri ve diinyadaki diger
gelismis iilkelerin balik tiiketim ortalamasi altinda kalmaktadir. Su iirlinlerinin cazip hale getirilmesi
ve farkli damak tatlarinin olusturulmasinda en 6nemli sektor su iiriinleri isleme sektoriidiir. Gelisen
gida teknolojileri ile birlikte farkli su iirlinleri isleme teknolojilerinin iilkemizde uygulanmasi iilke
ekonomisine katki saglamakla birlikte su iiriinlerini iilkemizde cazip bir gida maddesi haline
getirebilecegi diislinlilmektedir.

Tiirkiye su {iriinleri iiretimi bakimindan diinyada 35., Avrupa iilkeleri arasinda ise Ingiltere’den
sonra 6’nc1 siradadir. Tirkiye’de 2017 yili iiretiminin %51,1°1 aveilik yoluyla denizden, %5, 1 i¢
sulardan ve %43,9’u da yetistiricilikten elde edilmistir (www.tuik.gov.tr). Tiirkiye’de 2017 yili TUIK
verilerine gore 630.820 ton su iriinleri iiretimi gerceklesmistir. Bu iiretimin yaklasik 354 bin tonu
avcilik yoluyla 276 bin tonu ise yetistiricilik yoluyla elde edilmistir. Bu f{iriinlerin 156 bin tonu ise
baska iilkelere hammadde, islenmis ve yar1 islenmis olarak ihrag¢ edilmektedir (www.tuik.gov.tr).

Ulkemizdeki isletmelerin biiyiik bir kismu AB basta olmak iizere dis iilkelere ihracat yapmaktadir.
Bir kismu ise iigiincii diinya iilkeleri ve i¢ piyasaya iiriin vermektedir. Ozellikle AB’ ne ihracat yapmak
iizere onaylanmis isletmeler AB uzmanlari tarafindan da denetime tabi tutulmaktadir (Anonim, 2014).
Goller Bolgesi’nde yer alan Antalya-Isparta-Afyonkarahisar illerinde bulunan 13 adet su {iriinleri
isleme tesisleri tiim Tiirkiye’de bulunan su {irlinleri isleme tesislerinin % 5’ini olusturmaktadir.

2019 yil1 itibariyle iilkemizde, Gida Tarim ve Hayvancilik Bakanligi’na kayith 248 adet balik, ¢ift
kabuklu yumusakca, kurbaga bacagi ve salyangoz isleyen tesis bulunmaktadir. Bunlarin tamami
aktiftir. Bu isletmelerin iller bazinda dagilimina bakildiginda Izmir, Istanbul, Mugla ve Trabzon
illerinin 6nde geldigi goriilmektedir (www.tarimorman.gov.tr). Bu isletmelerden Izmir, Mugla,
Trabzon, Denizli, Kayseri, Elaz1g, Kahramanmaras, Malatya gibi illerde bulunan tesislerde genellikle
kiiltiir baliklar1 iglenmektedir. Bu tesislerde baliklarin biiyiik bir kismi, taze-sogutulmus olarak
degerlendirildigi gibi; dondurulmus, fileto ve fiime olarak da islenmektedir. Deniz kiiltiir baliklari
icerisinde levrek ve cipura daha cok taze- sogutulmus, dondurulmus ve fileto olarak islenirken,
alabalik bu formlarin yani sira fiime olarak da iglenmektedir.

2014 yili su iriinleri isleme tesislerinin toplam kapasiteleri 100 bin ton/yila yakindir. Ancak bu
kapasitenin diger gida triinlerinde oldugu gibi % 65°1 kullanilmaktadir (Anonim, 2014). Calismanin
yapildig1 dénemde iilkemiz genelindeki su iiriinleri isleme tesis sayist 216 olup bunlardan 13 adet
isleme tesisi Antalya (5) Isparta (4) ve Afyonkarahisar’ da (4) bulunmakta idi
(www.ggbs.tarim.gov.tr). 2019 yili itibariyla Antalya’daki su triinleri isleme tesis sayisi artarak 8’e
yiikselmistir (www.ggbs.tarim.gov.tr). Yapilan c¢alismada bahsi gecen illerde bulunan isleme
tesislerinin kurulu kapasitesi, personel durumu, isleme yontemleri, iglenen tiirler, pazar durumu, ham
madde temin yontemi, yillik {iretim miktarlar1 ve ihracat miktarlari hakkinda bilgiler edinilmis olup
iilke ve bolge ekonomisi i¢in Onemi ortaya konulmaya calisilmistir.

MATERYAL ve YONTEM

Calismada Afyonkarahisar, Antalya ve Isparta’da kurulmus olan toplam 13 su iiriinleri igleme tesisi
ziyaret edilmistir. Calisma yapilacak illerdeki aktif durumda olan su {irtinleri isleme tesisleri Tarim ve
Orman Bakanligi’na ait Gida Giivenligi Bilgi Sistemi iizerinden tespit edilmistir. Tesisler yerinde
ziyaret edilmis; bolgede bulunan il Tarim ve Orman Miidiirliiklerinden yardim almmustir.

Birebir goriismelerde tesislerin sorumlu ydneticisi veya sorumlu miidiirii, firma yoneticilerine
calismamizla ilgili sorular yoneltilmistir. Calismamizda isletme gizliligine titizlikle 6nem verilecegi
bildirilmis ve g¢alismanin hedefine ulagmasi i¢in bilgilerin dogrulugunun 6nemine deginilmistir.
Isletme yetkilileri ile birlikte isleme tesisleri gezilmistir. Hammadde girisinden mamul madde cikis
stirecine kadar, ¢alisanlarin ve isleme tesisinin hijyen uygulamalari incelenmistir.

52



ERKEC ve BILGIN 2020 ActAquaTr 16(1), 51-65

Isletmelere asagida verilen anket bilgi formundaki sorular ydneltilmistir. Anketin hazirlanmasinda
kendi hazirladigimiz sorularin yani sira Aral (2009) ve Unliisayin vd. (2005)’ten de yararlamlnustir.
Bu sorularla isletmenin kurulu kapasitesi, yerlesim yerine uzakligi, kurulus yili iiretim ve ihracat
miktarlar, uluslararas: kalite belgeleri, is giivenligi durumu, isleme yontemleri, personel durumu ile
ilgili bilgiler hedeflenmistir. Tesisler numaralandirilarak anketler hazirlanmistir. Sadece faaliyet
gosterdikleri ve bagli bulunduklari il belirtilmistir.

SU URUNLERI iISLEME TESiSi ANKET BILGi FORMU
1) Isletmenin adi, kurulus yeri ve yil1?
2) Isletmenin kurulu kapasitesi nedir?
3) Isletmede bulunan personel durumu ve say1s1?
a- Sezonluk is¢i
b- Daimi isci
Cc- Yevmiyeci ig¢i
d-  Tekniker
e-  Su Uriinleri Miihendisi
f-  Gida Miihendisi
g- Ziraat Miihendisi
h-  Veteriner Hekim
1- Biyolog
i- Diger
4) Isletmede calisan personel hijyen egitimi aldi mi1?
a- Evet
b- Hayir
5) Isletmede galisanlarin yas araliklari nedir?
18-25
25-30
30-35
35-45
45 ve lizeri
Isletmede ¢alisanlarin cinsiyet dagilimi?
Erkek
Kadin
Isletmede ¢alisanlarin kag1 balik tiiketiyor?
Isletmede ¢alisanlarin egitim durumu?
Ilkokul
Ortaokul
Lise
Onlisans
Lisans
Yiiksek lisans / Doktora
Isletmede bulunan personel is giivenligi egitimi aldi ni?
Evet
Hayir
Isletmeye ait is giivenligi uzmani bulunuyor mu?
Evet
Hayir
Isletmede bulunan ulusal ve uluslararasi kalite belgeleri nelerdir?
Isletmede HACCP uygulaniyor mu?
Evet
Hayir
Isletmeye gelen hammaddenin edinilis sekli nedir?
Avcilik
Yetistiricilik
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14) Isletmeye gelen hammadde kaynag?

a. Yerli

b. Yabanci

15) Isletmede islenen tiirler nelerdir?

a. Balik (Balik Tiirleri)

b. Cift Kabuklu Yumusakgalar (Cift kabuklu yumusakea tiirleri)
c. Diger

16) Isletme iiriinlerini nasil degerlendirmektedir?

a. ¢ piyasada degerlendirilmektedir.

b.  Avrupa birligi tilkelerine ihrag edilmektedir.

C. AB disinda bulunan iilkelere ihrag edilmektedir.

17) Isletme tam kapasite ¢alistyor mu? Yiizde kag oranla galistyor?

a. Evet
b. Hayir
Oran% ( )

18) Isleme tesisinde kullanilan isleme yontemleri nelerdir?
a. Taze /Sogutulmus ve Dondurulmus (Vide, Fileto) iiriin
b. Tuzlanmis ve Marine iiriin

€. Dumanlanmuis iiriin

d. Konserve iiriin
e. Diger

19) Isletmenin yerlesim yerine olan uzaklig1 ne kadardir?
a. 0-5km

b. 5-10 km

c. 10-50 km

d. 50 km ve tizeri

20) isletmenin y1llik iiretim miktar1 ne kadardir?

a.  0-500 ton/y1l

b.  500-1000 ton/y1l

c. 1000-5000 ton/y1l

d. 5000 ton/ y1l ve tizeri

21) Isletme son yillarda ortalama ihracat miktar1 ne kadardir?
a. 0-500 ton/yil

b. 500-1000 ton/y1l

c. 1000-5000 ton/y1l

d. 5000 ton ve tizeri/yil

22) lsletmenin en ¢ok karsilasmis oldugu problemler nelerdir?

BULGULAR ve TARTISMA

Isletmelerin Kurulus Tarihleri

Su dirinleri isleme sektorii son yillarda hizla gelismektedir. Bu isletmelerin ¢cogunun bolgede
bulunan yetistiricilik ve avcilik tiriinlerinin degerlendirilmesi iizerine kuruldugu anlasilmaktadir. Yillar
gectikce sektoriin daha da profesyonel olarak iiretim yaptigi, tesislerde gerekli teknik ve hijyenik
sartlarin tam olarak uygulandigi gozlenmistir. Tesisler ihracat yapmak icin kendilerini yenileyip
gelistirmek zorunda kalmislar ve HACCP uygulamasina ge¢mislerdir.
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Sekil 1. Calismadaki isletmelerin kurulus tarihlerine gére dagilimi

Isletmelerin illere Gore Dagilimi

Incelenen tesislerin kurulus yerlerine bakilinca aveilik ve yetistiriciligin yogun olarak yapildigi iller
oldugu tespit edilmistir. Caligilan tesislerin birbirine yakin oldugu tespit edilmis olup daha ¢ok deniz
iriinlerinin degerlendirildigi Antalya’da 5 adet, Isparta’da 4 adet, Afyonkarahisar’da 4 adet su lriinleri
isleme tesisi bulundugu belirlenmistir (Sekil 2).

Sekil 2. incelenen tesislerin illere gore dagilin
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Isletmelerin Kurulu Kapasiteleri

Isleme tesislerinin hammadde temini, bdlgedeki konumu tesislerin kurulu kapasitesini
etkilemektedir. Antalya Ili’nde bulunan isleme tesislerinin hem tatli su hem deniz iiriinlerini islemesi
ve bu iriinlerin temininin kolayligi nedeniyle kurulu kapasiteleri 19408 ton/yil iken, Isparta Ili i¢in
3522 ton/y1l, Afyonkarahisar Ili i¢in 3030 ton/yildir (Sekil 3).

Isletmelerin kurulu kapasitesi (ton/yl)

= Antalya = Isparta = Afyonkarahisar

Sekil 3. Incelenen tesislerin illere gore kurulu kapasite dagilimi

Calismadaki Isleme Tesislerinde Personel Dagilimi

Yapilan ¢aligmada personel durumu ile ilgili elde edilen verilere gore; avcilik sezonuna baglh
olarak calisan sayis1 degisebilmektedir. Afyonkarahisar’da bulunan sadece kerevit isleyen bir tesis
daha ¢ok sezonluk is¢i g¢aligtirmaktadir. Antalya’da bulunan bagka bir tesis hem avcilik hem
yetistiricilik Urtinlerini isledigi i¢in daimi is¢iyi daha fazla caligtirmaktadir. Arastirmamiza konu olan
isletmelerde; 117 sezonluk isci, 281 daimi is¢i 23 yevmiyeci is¢i, 10 tekniker, 22 su iiriinleri
miihendisi, 1 gida mithendisi ve 12 diger (as¢1, sofor, giivenlik¢i vb) personel calismaktadir. Sorumlu
miidiirler genellikle su {irlinleri mithendislerinden se¢ilmektedir. Bu isler genellikle isleme tesislerinde
vide, fileto ¢ikarma, taze sogutulmus ve dondurulmus iiriinlerin hazirlanmasinda, kerevit ve salyangoz
temizlemede, paketleme ve iiriin kabuliinde, tiitsillemede gorev almaktadir. Ayrica isleme tesisinin
hijyeninden sorumlu kisiler de bulunmaktadir. Elde edilen veriler dogrultusunda tesislerin personel
dagilimi Sekil 4’te gosterilmistir.
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= Sezonluk Isci

= Daimi isgi

= Yevmiyeci isgi

= Tekniker

= Su Uriinleri Mihendisi
= Gida Muhendisi

m Diger

Sekil 4. Incelenen isleme tesislerinin personel dagilimi

Tesislerde Calisan Personelin Yas Gruplarina Gore Dagilim

Yapmis oldugumuz caligmada 18-25 yas gurubundan 54 kisi, 25-30 yas gurubundan 144 kisi, 30-
35 yas gurubundan 131 kisi, 35-45 yas gurubundan 92 kisi, 45 yas istli yas gurubundan 25 Kkisi
calistig1 belirlenmistir. Tespit edildigi {izere orta yas grubu isleme tesislerinde daha ¢aligmaktadir. Yas
gruplarina gore personel dagilimi Sekil 5’te gosterilmistir.

Sekil 5. Incelenen tesislerinde galisan personelin yas guruplarma gore dagilimi

57



ERKEC ve BILGIN 2020 ActAquaTr 16(1), 51-65

Incelenen Tesislerde Cinsiyet Dagilimi

Su iiriinleri isleme tesislerinde ¢aligan personelden ¢ogunun kadin oldugu, isleme tesislerinin biiyiik
boliimiiniin kadin personel tercih ettigi tespit edilmistir. Incelenen tesislerde galiganlarin 305’ini kadin,
141’ini erkek personel olusturmaktadir (Sekil 6).

B Kadin M Erkek

Sekil 6. incelenen tesislerdeki calisan personelin cinsiyet dagilimi

Aragtirmanin yapildigi tesislerde calisan personele bahk tiiketimi hakkinda sorular sorulmustur.
Tim tesislerdeki calisanlar balik tiikettigini beyan etmislerdir. Caligsanlarin bircogunun ilkégretim
mezunu oldugu tespit edilmistir. Calisanlarin genellikle tesisin bulundugu yorenin insanlarmdan
secilmis oldugu, sorumlu yoneticiler ve bazi teknikerlerin tecriibesine dnem verildigi gézlenmistir. En
cok ihtiyaglardan birisi de tecriibeli kalifiye eleman bulma sorunu oldugu goriilmiistiir. S6z konusu
tesislerde calisanlarm hepsinin is giivenli@i ve hijyen egitimi aldiklar1 tespit edilmistir. Bazi
isletmeler kendi bilinyesinde is glivenligi uzmani bulundurmakta iken bazilari ise is glivenligi sirketleri
ile sdzlesme esasina gore is giivenligi uzmani bulundurduklari tespit edilmistir.

Isletmelerde Bulunan Uluslararast Kalite Belgeleri

Calismamizda incelenen tesislerde uluslararasi kalite belgeleri olarak Global GAP, IFS, BRC, ISO
9001, ISO 14001, ISO 22000, OHSAS 18001 ve HACCP belgesine sahip olduklar1 anlasilmistir.
Incelenen 13 tesisten hepsinde HACCP, 12’ sinde IFS, 9’unda BRC, 6’sinda ISO 9001, 4’ iinde ISO
22000, 3’iinde GLOBAL GAP, 2’sinde ISO 14001 ve 1’inde OHSAS 18001 uluslararas: kalite
belgeleri bulunmaktadir.

Isletmelerin Hammadde Temin Sekilleri

Ulkemiz genelinde oldugu gibi incelenen su iiriinleri isleme tesislerinde en biiyiik problemlerinden
birisi hammadde teminidir. Calismamizdaki tesislerin 9’u hammaddeyi hem avcilik hem de
yetistiricilik yoluyla elde etmektedir. Geriye kalan 4 tesis ise sadece yetistiricilik yoluyla hammadde
kaynag1 saglamaktadir. Bu tesislerden hammadde kaynagi olarak 7’si yerli ve yabanci tirtinleri
kullanirken, 6 tanesi sadece yerli iiriinleri tercih etmektedir (Tablo 1).
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Isparta ve Afyonkarahisar’da bulunan tesislerde daha ¢ok alabalik, sudak, giimiisi havuz baligi, ¢ipura,
levrek, salyangoz, kerevit islenmektedir. Deniz iiriinlerinin bol oldugu Antalya’da ise; ¢ipura, levrek,
granydz, somon, uskumru, palamut, hamsi, tekir siibye, kalamar, ahtapot, karides, yilan baligi, deniz
1stakozu ve alabalik islenmektedir.

Tablo 1. Incelenen isletmelerde hammadde edinilis sekli ve kaynagi
Hammadde edinilis sekli Hammadde kaynag:

Tesis No Aveilik Yetistiricilik  Yerli Yabanci

1 X X X X
2 X X X X
3 X X

4 X X X

5 X X

6 X X X

7 X X

8 X X

9 X X X X
10 X X X X
11 X X X X
12 X X X X
13 X X X X

Kapasite Kullanim Oranlarina Gore isletmelerin Dagilimi

Caligmadaki tesislerden 7 tanesi tam kapasite ile caligirken, 6 tanesi %50-90 arasi kapasitede
calismaktadir (Sekil 7). Bu tesislerden 3 tanesi iiriinlerini i¢ piyasada, AB ve AB iilkeleri disindaki
iilkelere ihracat ile degerlendirmektedir. Diger tesisler ya i¢ piyasada ya da AB filkelerine ihracat
yaparak degerlendirmektedir.

m Tam Kapasite 100% m %90-80 = %70-60 = %50 ve asagisi

Sekil 7. Kapasite kullanim oranlaria gore tesislerin dagilimi
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Tesislerin isleme Yontemleri

Incelenen 13 tesisin ortak 6zelligi taze, sogutulmus ya da dondurulmus olarak iiriinlerini islemekte
olup Afyonkarahisar’da bulunan bir tesis dumanlanmis iiriinislemektedir. Bazi tesisler ise ozellikle
Antalya’da bulunan tesisler konserve diginda tiim isleme yontemlerini kullanmaktadir (Tablo 2).

Tablo 2. incelenen tesislerdeki isleme yontemleri

Tesis No Taze/Sogutulmus ve Tuzlanmus ve Marine Dumanlanms Kgnserve

Dondurulmus Uriin Uriin Uriin Uriin
(Vide, Fileto)

1 X

2 X X

3 X

4 X

5 X

6 X

7 X

8 X X

9 X X X

10 X X X

11 X

12 X X X

13 X

Isletmelerin Yerlesim Yerlerine Uzakhg1

Incelenen tesislerin yerlesim yerine uzakligindaki dagilim Sekil 8’de gosterilmistir. Buna gore
tesislerin %231 yerlesim alanina 10-15 km uzaklikta kurulmusken %38’i 5-10 km ve %39’u 0-5 km
uzaklikta kurulmustur.

Sekil 8. incelenen tesislerde yerlesim yerlerine uzaklik dagilimi

Isletmelerin Uretim Miktarlar

Antalya, Isparta ve Afyonkarahisar illerinde yapilan calismada 0-500 ton/yil arasi iiretim yapan
isletme sayis1 3 adet, 500-1000 ton/y1l iiretim yapan tesis sayisi 5 adet, 1000-5000 ton/y1l arasi {iretim
yapan tesis sayist 4 adet olarak belirlenmis olup 5000 ton/y1l {izeri iiretim yapan tesis sayisi 1 adet
olarak saptanmuistir.
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Isletmelerin ihracat Durumlar

Aragtirilan tesisler AB iilkelerine ve diger bazi iilkelere ihracat yapmaktadirlar. Bu verilere gore; O-
500 ton/yil arasi ihracat yapan tesis sayist 5, 500-1000 ton/y1l arasi ihracat yapan tesis sayisi 4, 1000-
5000 ton/y1l arasi ihracat yapan tesis sayist 2 ve son olarak 5000 ton/yil aras1 ihracat yapan tesis sayisi
1’dir (Sekil 9).

Sekil 9. Incelenen tesislerin yapmis olduklari ihracat dagilim.

TARTISMA ve SONUC

Goller Bolgesi’nde yer alan Isparta, Antalya ve Afyonkarahisar illerinde yapilan bu c¢aligmada
isleme tesisleri bircok yoniiyle incelenmistir. Isletmelerin kurulus tarihleri incelendiginde su iiriinleri
isleme sektoriiniin {ilkemizde ¢ok eskiye dayanmadigi, yeni ve gelismekte olan bir sektdr oldugu
goriilmiistiir. Ozellikle son kurulan tesislerin daha profesyonel olarak kuruldugu tespit edilmistir.
Calismada ele alinan isletmelerin ¢ogunun son 15 yilda kuruldugu en eski isletmenin 1981 yilinda
kuruldugu tespit edilmistir. Caligmadaki tesislerden %8’1 1980-1990 yillarinda, %15° i 1991-2000
yillarinda, %31’ i 2001-2010 yillar1 arasinda, %46’s1 ise 2011-2019 yillar1 arasinda kurulmustur (Sekil
1).

Calismada Antalya’da 5 (%38), Isparta’da 4 (%31), Afyonkarahisar’da 4 (%31) su lirlinleri isleme
tesisi bulundugu tespit edilmistir (Sekil 2). Tesislerin konumu kurulu kapasitelerini etkilemektedir.
Ornegin hem deniz hem i¢ sulardan elde edilen iiriinlerin bol oldugu Antalya’daki isletmelerin toplam
kurulu kapasiteleri 19408 ton/y1l iken (%75), hammadde kaynagi olarak genellikle i¢ su iiriinlerinin
agirlikta oldugu Isparta ve Afyonkarahisar illerinde bulunan tesislerin toplam kurulu kapasiteleri 6552
ton/yildir (%25) (Sekil 3).

Aral (2009), Ege ve Marmara boélgelerinde bulunan 25 tesis {lizerinde yapmis oldugu ¢alismada
tesislerin en eski kurulus tarihinin 1960’lara dayandigi ancak biiyilik ¢cogunlugunun son 10 yilda
kuruldugu, hammadde kaynagima yakin bolgelerde bu isletmelerin yogun oldugu tespit edilmistir
(Aral, 2009). Tiirkiye’de 1978’lerde baslayan su fiiriinleri isleme faaliyetleri asil gelisimini 1990’1l
yillarda gostermistir. Gerek isletme sayisinin artmasi gerekse de teknik ve hijyenik sartlarda
iyilestirmeye bagli olarak tesis ve iiriin kalitesinde bir artis goriilmektedir. Bagta biiyiik firmalara
iriinlerini satan firmalar daha sonra kendini yenileyip gelistirerek kendi isimleriyle ihracat yapar
duruma gelmislerdir (Capkin vd., 2008).

Yapilan ¢aligmada personel durumu ile ilgili elde edilen veriler soyledir; Avcilik sezonuna gore
calisan, 6rnegin Afyonkarahisar’da bulunan sadece kerevit igleyen bir tesis, kerevit av sezonu kisa
oldugundan daha ¢ok sezonluk is¢i calistirmaktadir. Antalya’da bulunan bagka bir tesis hem avcilik
hem yetistiricilik {irlinlerini isledigi i¢in daimi is¢iyi daha fazla calistirmaktadir. Calismamiza konu
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olan igletmelerde; 117 adet sezonluk isci (%25), 281 adet daimi is¢i (%60), 23 adet yevmiyeci is¢i
(%25), 10 adet tekniker (%2), 22 adet su iriinleri mithendisi (%5), 1 adet gida miithendisi ve 12 adet
diger personel (asc1, sofor, giivenlikei vb) (%3) calismaktadir (Sekil 4). Sorumlu yoéneticiler genellikle
su Uriinleri mithendislerinden secilmektedir. Ancak incelenen tesislerin ¢ogunda yetigmis ve tecriibeli
teknik eleman bulmakta giicliik yasandigi belirtilmistir.

Tiirkiye’de kiiltiir balik¢ilig1 yapan isletmeler iizerine yapilan bir ¢alismada, bu isletmelerin biiytik
¢ogunlugunda is giicli sorunu oldugunu ve yeterince teknik eleman bulamadiklar1 bildirilmigtir. Ayn
calismada diger hayvansal iiretimlere gore su lrtinleri yetistiriciliinde daha fazla deneyime ve bilgiye
sahip olan teknik elemana ihtiya¢ duyuldugu belirtilmistir. isletmeler genellikle kdy, belde gibi sosyal
alt yapisi olmayan yerlerde kurulmustur. Bu durum nitelikli personelin istihdam edilmesini ve
devamliligin1 olumsuz yonde etkilemektedir. Nitekim su {triinleri tesisleri ¢ok sik personel
degistirmektedir. Mugla bolgesinde yaklasik olarak 200 teknik personel (Su iirlinleri miihendisi,
veteriner, ziraat mithendisi, tekniker vb) ve 2000 civari is¢i calismaktadir (Ozdemir ve Dirican, 2006).

Aral (2009), Ege ve Marmara bolgelerinde bulunan 25 tesis iizerinde yapmis oldugu caligmada
isletmelerde daha ¢ok daimi isci ¢alistirildigim vurgulamustir. Isletmelerin sadece bes adedinde 10-50
arast mevsimlik is¢i calismakta olup diger tesislerin daimi is¢i ¢alistirdigini da belirtmistir.

Yapmis oldugumuz ¢alismada incelenen tesislerde 18-25 yas grubundan 54, 25-30 yas grubundan
144, 30-35 yas grubundan 131, 35-45 yas gurubundan 92, 45 yas {istli yas gurubundan 25 kisi ¢alistig1
tespit edilmistir. Orta yas grubu, isleme tesislerinde daha ¢ok tercih edilmektedir. Calisan personelin
305’ i kadin, 141’1 erkek personelden olugmaktadir (Sekil 5, 6). Bu personelin hepsi balik tiikettigini
belirtmislerdir. incelenen tiim isletmelerdeki personelin hijyen egitimi ve is giivenligi egitimi aldig
tespit edilmistir.

Beysehir’de mevcut su iiriinleri isleme tesisleri iizerinde yapilan bir c¢alismada, en Onemli
problemin kalifiye personel bulunmasi oldugu tespit edilmistir. Isletmelerin tamaminda daimi kadrolu
mithendis calistirildigi, calisanlarin genellikle 16-25 yasindaki kadinlardan olustugu belirlenmistir
(Capkin vd., 2008).

Gilvenli gida temini sadece biyolojik, kimyasal ve diger bulasma yollarindan tiiketici sagligini
korumak icin degil, saglikli beslenmek ve saglikli yasam i¢in de gereklidir. Tiiketicinin korunmasi ve
gida ile bulagan hastaliklarin dnlenmesi gida giivenirligi programinin temel unsurlarindan birisidir.
Gida giivenirligi, gidanin kaliteli ve saglikli olusu kavramlarin1 kapsamaktadir. Gida giivenirligine
iligkin sistemleri TQM (Total Quality Management), ISO 9000 (Kalite Yonetim Sistemi Standardi),
GMP (Good Manufacturing Practices), GHP (Good Hygiene Practises), ve HACCP (Hazard Analysis
Critical Control Point)olarak ozetleyebiliriz. Aslinda bu kavramlar, birbirinden ayrilmaz bir biitiindiir
(Korkut, 2002; Bulduk, 2003).

Incelenen tesislerde HACCP kalite programimin tiim isletmelerde uygulandigi goriilmiistiir. 13
tesisin tamaminda HACCP belgesi bulunmaktadir. 12’sinde IFS, 9 unda BRC, 6 sin da ISO 9001, 4’
iinde ISO 22000, 3’iinde GLOBAL GAP, 2’ sinde ISO 14001 ve 1’inde OHSAS 18001 uluslararasi
belgeler bulunmaktadir.

Su iiriinleri ile ilgili olarak belli basli direktifler mevcuttur. Bunlarin en genis kapsamlist olan "Su
Uriinlerinin Uretim ve Pazara Sunumu Sonrasindaki Saglik Kosullarini" belirleyen 91/493/EEC sayil
direktif diger direktiflerin temelini olusturmaktadir. Bu kapsamda iiretim ve igleme faaliyetleri, kalite,
iriin giivenligi ve sunumu ele alinmistir. Benzer amagla ¢ikarilmis olan 91/492/EEC sayili direktifte
canli ¢ift kabuklu tiretilmesi ve pazara sunulmasi hakkindaki bilgilerle birlikte ilgili yap1 malzemeleri,
binalar, tanklar ve iriinlerin depolanmasi hakkinda bilgi vermektedir. Bu c¢ercevede gerekli
mikrobiyolojik analizi yapacak laboratuvarin nitelikleri de belirtilmistir. Diger taraftan, 94/356/EEC
sayil1 direktifin temeli, HACCP’ e dayanmaktadir. Bir kalite kontrol uygulamasi olan HACCP, baligin
islenmesi sirasindaki tehlike yaratabilecek asamalar1 belirleyip kritik kontrol noktalarmi bu
sonuglarina gore belirleme temeline dayanmaktadir. Burada amag, islem sirasinda olusabilecek zarari
miimkiin oldugu o6l¢iide cabuk belirleyip iiriin zarar gérmeden Onlem almaktir (Anonim, 2001).
Boylesine 6nemli bir belgenin incelenen tiim isleme tesislerinde bulundugu belirlenmistir.

Saglam (2017), Toplam kalite yonetimi (TKY) uygulamalarindan HACCP’ i 12 igletmenin, ISO’
yu 5 Isletmenin, GMP ve AB ihracat sertifikasinin da 2 isletmenin uyguladigini bildirmistir. Buradan
anlasilacag1r tlizere HACCP genel olarak isletmelerin c¢ogunda bulunmakta olup diger TKY
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uygulamalarmin igerisinde %75°lik orani kapsamaktadir. Calismada Istanbul ilindeki isletmelerin
%12,5’ inde AB ihracat sertifikasi oldugu bildirilmistir.

Incelenen su iiriinleri isleme tesislerinin en biiyiik problemlerinden birisi hammadde teminidir.
Calismamizdaki tesislerin 9” u hammaddeyi hem avcilik hem de yetistiricilik yoluyla elde etmektedir.
Geriye kalan 4 tesis ise sadece yetistiricilik yoluyla hammadde kaynag1 saglamaktadir. Bu tesislerden
hammadde kaynagi olarak 7’°si yerli ve yabanci iirlinleri kullanirken, 6 tanesi sadece yerli iiriinleri
tercih etmektedir (Tablo 1). Diger bolgelerde oldugu gibi inceledigimiz 13 tesisin tamaminin ana
problemi hammadde teminindeki gii¢liiklerdir.

Tezcan (2005), Konya’da faaliyet gdsteren 8 adet su {iriinleri isleme tesisinin yapisal analizini ve
verimliliklerinin incelenmesi konulu calismasinda; Konya’da bulunan su {iriinleri isleme tesislerinin
gerekli alt yapi, teknik ve fiziksel sartlan tasidiklari, pazarlama sorunu ve hammadde temininde
problem yasadiklar1 belirtilmistir.

Isparta, Afyonkarahisar ve Antalya illerinde gerceklestirilen bu calismada tesislerin %54 {iniin tam
kapasite ile galistigi, %16’sinin %80-90, %15’inin %60-70 ve %15’inin de % 50 ve alt1 kapasite ile
calistig1 saptanmustir (Sekil 7). Istanbul ilindeki su iiriinleri isleme tesislerinin genel yap1 ve isleyisi ile
ilgili yapilan bir calismada tesislerin yillik kurulu kapasitelerinin 28ton ile 12000 ton/yil arasinda
degistigi, kapasitelerinin %98’1 oraninda faaliyet gosterdikleri belirlenmistir (Saglam, 2017). Isparta
Antalya ve Afyonkarahisar’da yaptigimiz bu caligmada tesislerin %54 linlin tam kapasite ile calistig
belirlenmis, bu yoniiyle farkli bir durum ortaya cikmustir. istanbul gerek hammaddeye yakinlik
gerekse is giicli vb. nedenlerle maliyet olarak daha avantajli oldugu i¢in kapasite kullanim oran1 daha
yiiksektir.

Isleme yontemleri incelendiginde 13 tesisin taze, sogutulmus ya da dondurulmus olarak {iriinlerini
islemekte oldugu, Afyonkarahisar’da bulunan bir tesisin sicak dumanlanmig alabalik iirettigi
belirlenmistir. Antalya’ da bulunan tesislerin konserve hari¢ tiim isleme yontemlerini kullanarak
iiretim yaptig1 goriilmiistiir (Tablo 2). Saglam (2017), Istanbul’da isleme tesisleri iizerine yaptig1
calismasinda tesislerin taze sogutulmus — dondurulmus-tiitsiilenmis-kurutulmus - tuzlanmis - konserve
ve surimi gibi ¢ok farklilik gdsteren bir iiriin yelpazesi ile galigtiklarini tespit etmistir.

Her ¢ ilde bulunan su iiriinleri igleme tesislerinin yerlesim yerine olan uzakligi arastirilmis ve
tesislerin %38’inin 5-10km, %39’unun 0-5km ve %23’linlin 10-50km uzaklikta oldugu belirlenmistir
(Sekil 8). Incelenen isleme tesislerinin iiretim miktarlar1 illere ve firmalara gore degismektedir. %38’i
500-1000 ton/yil, %31°1 1000-5000 ton/yil, %23’ 0-500 ton/yil ve %8’i 5000 ton/yilin iizerinde
iiretim yapmaktadir. Thracat verilerine gore tesislerin %42’si 0-500 ton/yil, %33’{i 500-1000 ton/yil,
%17’si 1000-5000 ton/y1l ve %8’1 5000 ton/y1lin lizerinde satig gerceklestirmektedir (Sekil 9).

Her 3 ildeki su triinleri isleme tesislerindeki personelin ¢ogunun ilkokul mezunu oldugu ancak
hemen hemen hepsinin is giivenligi ve hijyen egitimi aldig1 belirlenmistir. Aral (2009), su {iirlinleri
isleme tesislerinin hijyen durumlarin1 belirlemeye yonelik yaptigi arastirmasinda inceledigi
tesislerdeki galiganlarin egitim durumlarina ile ilgili kii¢lik yerlesim yerlerindeki tesislerde calisanlarin
ilkokul diizeyinde, tesisin biiylik sehirde olmasi veya sehre yakin olmasi durumunda egitim
seviyesinin ortaokul seviyesine yiikseldigini belirlemistir. Egitim seviyesinin diisitk olmasi kaliteyi
etkileyen bir unsurdur.

Calismamizdaki isleme tesislerin karsilasmis oldugu bir¢cok problem mevcuttur. Bunlardan en
onemlisi hammadde sorunudur. Avcilifi yapilan tiirlerin siirdiiriilebilirliginin - saglanamamasi,
yetistiricilik tesislerinin yeterince liretim yapamamasi, yetistiricilik tesislerinin girdilerinin yiiksek
olmasi hammadde konusunda problemler ortaya ¢ikarmaktadir. Mol ve Ulusoy (2010), Tiirkiye su
iriinleri igleme sektdriinlin sorunlarina iliskin yaptiklart ¢aligmada hammadde sorunu nedeniyle tam
kapasite ile calisamadiklarini bildirmislerdir. Diger bir calismada tesislerin en biiyiik sikintisinin,
hammadde siirekliliginin olamamasi seklinde yorumlanmistir (Emir vd., 2012). Yaptigimiz bu
calismada da ayn1 sorunun hala devam ettigi gorilmiistir.

Artan maliyetler, kalifiye eleman bulmaktaki zorluklar ve devlet kurumlarindaki prosediirlerin
yavas islemesi gibi problemler de iiretimi olumsuz yonde etkilemektedir. Bazi isletmelerin dile
getirmis oldugu kontrolsiiz isletmelerin rekabeti olumsuz etkiledigi iddia edilmis ve kamu kurumlari
tarafindan yeterince denetlenmedigi vurgulanmustir.

Diinyada oldugu gibi iilkemizde en hizli gelisen sektdrlerden birisi su iiriinleri sektoriidiir. inceleme
yaptigimiz illerde tespit ettigimiz kadariyla av baskisi, su iriinleri yetistiriciligindeki girdilerin
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artmasi, yetistiriciligi yapilan tiirlerin {iretimindeki giigliikleri ortaya ¢ikarmaktadir. Dolayl1 olarak bu
da su iriinleri isleme tesislerinin hammadde kaynagi temininde giigliikklere sebep olmaktadir. Son
zamanlarda ihracatin artmasi hammaddeye olan talebin artmasma; bu durumun, hammadde
maliyetinin yiikselmesine neden oldugu belirtilebilir.

Yapilan bu calismada tiim personel hijyen egitimi ve is giivenligi egitimi almistir. S6z konusu
isleme tesislerinde, yetismis personel bulmaktaki giicliikler, ¢alisanlarin hijyen ve is glivenligi egitimi
alsalar dahi bilgi yetersizliginden dolayi iiretimde problemler ortaya ¢ikarttig1 belirtilmistir. Ozellikle
yetismis sorumlu su iirlinleri miihendislerinin ve teknik elemanlarin tecriibe kazandiktan sonra is
degistirmesi isleme tesislerini zor durumda birakan bir durum olarak kargimiza ¢ikmustir.

Calismada incelenen tesis yoneticilerinin 6zellikle one ¢ikartmak ve ¢oziim istedikleri konular
arasinda kamu kurumlarindaki isleyisin hizlandirilmasi, isletmelerin sik denetlenmesi, s6z konusu
sartlar1 saglamayanlarin iiretim yapmasina izin verilmemesidir. Avcilik yoluyla elde edilen ekonomik
tiirlerin balik unu, yagi ve balikk yemi yapiminda kullaniminin 6niine geg¢ilmesi, ekonomik degeri
olmayan baliklarin (g¢aga gibi) bu amaglarla kullanilmasi isleme sektdriinde hammadde ihtiyacina
kismen ¢oziim bulacagi agiktir. Avciligi yapilan tiirlerin devlet yaptirnmlariyla korumaya alinmasi,
yasa dis1 avciligin denetlenmesi 6nem arzetmektedir.

2010 yilinda yapilan bir calismada iilkemizdeki su friinleri isleme tesislerinin karsilagtig
sorunlardan birisinin pazarlama oldugu belirtilirken (Ko6se vd., 2010) yaptigimiz bu ¢alismada
Incelenen tesislerin pazar bulma konusunda problemler yasamadigi goriilmiistiir. Bulunduklar1 illerde
istihdam sagladiklari, yaptiklari ihracat nedeniyle balik iireticisinden avcisina kadar ekonomik
dongiiye katki yaptiklart saptanmustir. Bu tesislerin yilda yaklasik olarak 25000 ton ihracat yaptigi
diisiiniiliirse iilke ekonomisine 6nemli katkilarinin oldugu diisiiniilmektedir. Yapilan ¢aligmada Goller
Bolgesi’nde faaliyet gdsteren bu isletmelerin gerek pazar durumu ve bdlge ekonomisine sagladiklari
katki, tiretim durumlari, sagladiklart istihdam kisacasi olanaklari ile bolge ekonomisinde séz sahibi
isletmeler oldugu gorilmiistiir. Tirkiye’nin su {irlinleri potansiyeli, son yillarda su iiriinleri alaninda
meydana gelen gelismeler sektoriin gelecekte daha da umut verici bir sektor oldugunu gostermektedir.
Bu alanda yapilacak yeni yatirimlarla su iiriinleri hem igleme hem yetistiricilik anlaminda daha da
ileriye gidecektir. Sektoriin bu denli gelismesinde elbette ki su {iriinleri mithendislerinin rolii biiytiktiir.
Umidimiz daha iyi bir istihdam daha iyi calisma kosullari, daha yiiksek oranda diinya standartlarinda
iiretim yapmak ve iilke ekonomisine katki saglamaktir.

Tesekkiir: Bu calisma, yiiksek lisans tezinden 6zetlenmistir.
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Ozet

Bu ¢alisma, Nisan-Haziran 2018 tarihlerinde Mersin Ilindeki bir akvaryum isletmesinde yetistiriciligi yapilan Koi
baliklarinda (Cyprinus carpio) goriilen ani 6liimlerin sebebini ortaya koymak icin yapilmistir. Baliklarin deri, yiizgeg ve
solunga¢ dokularindan alinan parazitlerin 6limlere neden olan Argulus japonicus (Brancihura: Arguludae) oldugu tespit
edilmistir. Incelenen 200 adet balikta, enfestasyon oraninin %33 oldugu saptanmustir. Ayrica parazitin morfolojik zellikleri
ve baliklarda olusturdugu semptomlar incelenmistir.

Anahtar kelimeler: Koi, Argulus japonicus, enfestasyon orani, mortalite
Argulus japonicus (Thiele, 1900) Infestation in Koi (Cyprinus carpio, Linnaeus, 1758) Culture
Abstract
This study was carried out to determine the cause of unexpected deaths in Koi fish (Cyprinus carpio) cultivated in a
private aquarium farm in Mersin, Turkey between April and June 2018. The samples taken from the skin, fin and gill tissues

of the fish revealend that the causetiv agent of these sudden death could be Argulus japonicus (Brancihura: Arguludae).The
infestation rate was found to be around 33 % from 200 fishes examined. In addition, morfology characteristics of the parasite

and symptoms in fish were observed.

Keywords: Koi, Argulus japonicus, infestasyon rate, mortality

GIRIS

Sazan balig1 yetistiriciliginde en Onemli unsurlardan biri Ozellikle parazitlerin sebep oldugu
hastaliklardir. Baliklarin ¢esitli cografik alanlara taginmasi arttirmaktadir. Akvaryum baliklarin
paraziter hastaliklart arasinda 6nemli gruplardan biri de krustase parazitlerden Argulus genusuna ait
tiirlerdir. Bu ektoparazit sazan baliklar1 i¢cin en Oonemli paraziter etkenler arasinda yer almaktadir.
Gilinimiizde toplam 150 adet Argulus genusuna ait tiir listelenmektedir. Son yillarda Avrupa
iilkelerinde yetistiriciligi yapilan Cyprinid ve Salmonid balik tiirlerinde Argulus genusuna ait tiirleri
bir¢ok aragtirmaci tarafindan rapor edilmektedir. Bunlarda A. foliaceus, A. japonicus ve A.coregoni sik
rapor edilen tiirler arasinda yer almaktadir (Rushton-Mellor, 1992;1994).

Argulus genusuna ait parazit tlirlerinin genel viicut yapisi dorso-ventral yassilasmistir. Gévde kitin
yapisina sahip karapaks ile ortiilmistiir. Viicutlar1 sefalotoraks; gdgiis ve karin, abdomen kismi olmak
tizere iki bolgeye ayrilmaktadir (Fryer, 1982). Argulus genusun ait parazitleri baliklarin mukus ve kani
ile beslenen istilaci bir ektoparazit tiirlerindendir Ayrica, bu parazitler termofilik olup, diisiik oksijen
ve ani sicaklik degisimlerine kars1 oldukga direnglidirler. Argulus genusuna ait tiirlerin neden oldugu
parazit enfestasyonlar dogal balik popiilasyonlarinin aksine, birim alandan daha fazla verim elde
etmeyi amaclayan kiiltiir balik¢iligi ortamlarinda yiiksek oranda oOliimlere neden olmakla birlikte
sekonder enfeksiyonlar i¢in de zemin hazirlamaktadirlar.

Argulus spp. enfestasyonlarinin sagitiminda, NaCl (%1-2), formaldehit, potasyum permanganat,
Diflubenzuran gibi dezenfektan ve kimyasallarin literatiirde kullanildig1 en etkili medikamentin ise
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orgonafosfor tiirevi Trichlorphon (0,25-0,5 mg/L) oldugu bilinmektedir (Oge, 2002; Dériicii ve Mutlu,
2008; Noga, 2010).

Bu c¢alisma, Koi baliklarinda (Cyprinus carpio) goriilen olim sebebinin belirlenmesi igin
gergeklestirilmistir. Ana etkenin Argulus japonicus paraziti oldugu tespiti yapilmistir. Ayrica parazit
enfestasyonun yarattig1 semptomlar tartisilmistir.

MATERYAL ve YONTEM

Isletmede 7x2,5x1 m ebatlarinda toplam 10 havuz bulunmaktadir. Isletmedeki havuz sularmn,
¢oziinmiis oksijen miktart (mg/L), sicakliklar1 (°C) ve pH degerlerinin 6lgiimleri (Orbego-Hellige)
marka su parametresi Olgeri kullanilarak yapilmistir. Daha sonra baliklar1 incelenmek {izere
isletmedeki 10 havuzdan ortalama 20’ser adet olmak iizere toplamda 200 adet Koi baligi tasima
kaplarina alinarak. Mersin iiniversitesi Su Uriinleri Fakiiltesi Balik Hastaliklar1 Laboratuvari’na
getirilen balik bireylerinin ilk 6nce agirliklart ve uzunluklart 6l¢iildii. Baliklarin viicutlar1 solungac,
yiizge¢ ve viicut ylizeyi olmak iizere li¢ kisma ayrilarak ektoparazit muayenesi yapildi. Baliklarin deri
ve ylizge¢ dokularindan bir pens yardimiyla tespit edilen parazit 6rnegi binokiiler mikroskop altinda
incelendi. Daha sonra parazitin tiirii belirlenmesi ig¢in drneklenen parazitler %70’lik etil alkole alindi.
Parazit dl¢timleri ve fotograf ¢ekimlerinde Nikon (H550L) faz kontrast mikroskop kullanilmistir.

Argulus genusuna ait parazit tiirlerinin belirlenmesi ve morfolojik kriterlerinde (sefalothoraks
karapaks, abdominal iki lop (urosom) ile erkek parazit bireylerin son bacak kisminda bulunan tutunma
aparatt (clasping) gibi.) cesitli arastirmacilarin taksonomik anahtarlarindan ve makalelerinden
faydalanilmigtir (Wilson, 1903, Byhovskaya-Pavlovskaya vd., 1962; Kabata, 1970; Fryer, 1982;
Gresty vd., 1993; Rushton-Mellor, 1992, 1994; Kabata, 1996; Wadeh vd., 2008).

BULGULAR

Parazit enfestasyonu siiresince isletme havuzlarindaki olgiimlerde, sudaki ¢oziinmiis oksijen
iceriginin  4,4-4,8 mg/L, su sicakhg 24-27,5°C, pH ise 7-7,8 arasinda degisim gosterdigi
belirlenmistir. Yapilan klinik muayenede baliklarin yavas hareket ettikleri, havuz koselerinde
bekledikleri ve sert cisimlere siirtiindiikleri gozlenmistir. Her giin diizenli olarak verilen yemi
yemedikleri ve zayif olduklar1 belirlenmistir. Enfestasyonun ilerlemesi ile baliklarin yiizgeclerinde
renklerin soldugu ve erimeler tespit edilmistir. Ayrica deri bolgesinde kizariklar ve hemorajik alanlar
olustugu ve bunun sonucunda yaralarin meydana geldigi goriilmiistiir. Ozellikle yavru ve zayif
baliklarda 6liimler meydana geldigi saptanmistir.

Isletmeden canli olarak laboratuvara getirilen hasta baliklardan yapilan incelemede, baliklarin
yiizgeglerinde ve viicut yilizeyinde ¢ok sayida parazite rastlanildi. Arastirmada 200 adet baliktan 66
baligin (%33) A. japonicus paraziti ile enfeste oldugu belirlendi. Daha sonra mikroskop altinda
parazitin morfolojik incelemesinde viicut kisminin, dorso-ventral olarak olduk¢a basik ve tabak
sekline benzedigi, dorsalde dis biikey, ventralde ise hafifce i¢ biikey oldugu gozlendi. Anteriyor
kisimda bag ile birlesik gogiis (sefalotoraks) ve posteriyor kisimda ise hareketi saglayan abdomen
olmak tizere viicutlar1 iki bolimden olusur. Yapilan dlgiimlerde erkek (n = 8) parazitlerde ortalama
toplam boy 3,6 (2,9-4,4) mm, genislik 2,5 (2,1-3) mm, ortalama abdomen uzunlugu 1,2 (1,1-1,3) mm
ve abdomen genisligi ise 1,0 (0,9-1,1) mm olarak 6l¢iilmiistiir. Disi parazitlerde ise (n = 25) ortalama
toplam boy 5,45 (4,9-6,0) mm, genislik 4,51 (3,8-5,1) mm, ortalama abdomen uzunlugu 1,4 (1,2-1,7)
mm ve abdomen genisligi ise 1,1(0,7-1,5) mm olarak belirlenmistir.

Tiriin tespitinde belirleyici morfolojik 6zelliklerden biri olan sefalothoraks ve karapaks’in
sekline bakildi. (Sekil 1.) Karapaks’in, urosoma kadar uzanmis olmasi, abdomende iki loblu olan
urosom’un ag1 seklinde sonlandig1 goriilmiistiir. Ozellikle erkek bireylerin ikinci bacak ve dordiincii
bacak kisminda bulunan tutunma (clasping) organi sekli ile Argulus japonicus tiirii tespit edilmistir
(Sekil 2.). Freyer 1982’in belirttigi teshis anahtarina gore A. japonicus’a yakin bir tiir olan A.
foliacesus’un morfolojik yapisinda ozellikle abdomen kisminda urosom yuvarlagimsi sekilde
sonlanmaktadir. Sefalotoraksin ortiilii oldugu karapaks, urosoma kadar uzanmamaktadir. Ayrica, erkek
bireylerin ikinci bacak sekli ve dordiincii bacak kisminda bulunan tutunma (clasping) organi nispeten
daha kii¢iik bir ¢ikint1 seklindedir..
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100 um

Sekil 2. A. japonicus (erkek) abdominal bolge ve I, IV bacaklarin goriiniimii (ok: clasping, urosom
bar:100 pm)

TARTISMA ve SONUC

Tatlisu ve deniz baliklarindan Argulus genusuna ait tiirler degisik cografik bolgelerden gesitli
aragtirmacilar tarafindan bildirilmistir (Rushton-Mellor, 1994; Woo, 1995). Tiirkiye’de ise 6zellikle
tathisu baliklarindan A. foliacesus tiiriiniin rapor edildigi bilinmektedir (Geldiay ve Balik, 1974;
Sarieyyiipoglu ve Saglam, 1991; Ozer ve Erdem, 1999; Yildiz ve Kumantas, 2002; Koyuncu, 2002;
Oztiirk ve Aydogdu, 2003; Kahveci, 2004; Karatoy, 2004; Kir vd., 2004; Tekin vd., 2005; Oztiirk,
2005; Uzunay ve Soylu, 2006; Karatoy ve Soylu, 2006; Oktener vd., 2006; Alag vd., 2010; Oktener
vd., 2010: Oztiirk, 2010: Pekmezci vd., 2011). Yapilan mevcut ¢calismada ise Mersin’de yetistiriciligi
yapilan koi baliklarindan izole edilen Argulus cinsi A. japonicus olarak ilk kez rapor edilmistir. Sazan
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balig yetistiriciliginin yapildig1 bolgelerde Argulus enfestasyonlarinin 6nemli derecede hasar yarattig
bilinmektedir (Rushton-Mellor, 1992). Parazit baligin mukusu ve kan dokusuyla beslenir ve serbest
yilizme yetenegine sahiptir (Y1ldiz ve Kumantas, 2002). Enfestasyon semptomlari arasinda yilizgeglerde
erime, deride yiizlek hiperemiler, petesiyal hemorajiler ile yaralar dikkati ¢ceker. Sekonder olarak
bakteriyel ve fungal enfestasyonlar icin portantre 6zelligi tasidigt icin yetistiricilikte dnemli kayiplara
yol agabilmektedir (Richards, 1977). Mevcut ¢alismada istahsizlik, yliizme bozukluklari, yiizgeglerde
renk solgunlugu, erime, deride kizariklar ve hemoraji klinik semptomlar olarak kayit edilmistir. Yogun
enfestasyon ile hastaligin ilerleyen asamalarinda 6lim rapor edilmistir. Yapilan bir ¢ok calismada
Argulus enfestasyonlari ile birlikte baliklarin deri ve solungaglarinda Costia necatrix, Trichodina sp.,
Trichodinella sp., Apiosoma sp. ve Dactylogyrus sp. gibi bir ¢ok ektoparazite rastlandigi da rapor
edilmistir (Burgu ve Oguz, 1984; Yildiz ve Kumantas, 2002; Ozer ve Erdem, 1999; Oztiirk, 2010). Mevcut
caligmada yapilan paraziter incelemede baska bir parazit etkenin varligina rastlanilmamustir. Argulus
enfestasyonunda su sicakliginin sinirlayict bir faktér oldugu (Rusthon-Mellor, 1994) o&zellikle
bahardan yaz aylarma gegiste enfestasyon oranlarinmn artti1 bilinmektedir (Ozer ve Erdem, 1999).
Mevcut calisgma parazitin sicakligin yiikksek oldugu donemlerde mortaliteye neden oldugu
belirlenmistir. Su kalitesinin kontrol altinda tutulmasi, optimum yemleme, havuzlarin bakimi ve
atiklarmn uzaklastirilmas1 Argulus enfestasyonu riskini azaltmaktadir (Woo0, 1995).

Bu calismada, Mersin’de akvaryum baligi tiretimi yapan ticari bir igsletmede, koi baliklarinda
goriilen ani Olimlere neden olan ana etkenin Argulus japonicus tirii ektoparazit olarak teshis
edilmistir. Akvaryum balig1 yetistiricilik sektoriiniin balik biti enfestasyonlarina karsi gerekli
onlemleri almasi ve ekonomik kayiplart engellemek agisindan mevcut ¢aligma bulgularinin faydali
olacag diisliniilmektedir.

Tesekkiir: Bu ¢alismada Argulus genusuna ait parazit tiiriiniin belirlenmesi ve morfolojik kriterlerinin
tespitinde bana yardimei olan Dr. Geoffrey Freyer‘e tesekkiir ederim.
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Abstract

In this study, the toxic effects of therapeutic doses of formaldehyde (37%), hydrogen peroxide (35%) and trichlorphon
(Neguvon), which are commonly used for both prophylactic and treatment purposes in ectoparasites in mirror carp (C.
carpio), were evaluated in terms of hematological stress indicators. Accordingly, 180 fish (51.13 + 8.18 g) were kept in
eighteen tanks with a volume of 70 L under freshwater conditions at 22+1°C. The study was designed as three different trials
and each trial group was compared with its own control group. Formalin administration was performed for five days, as 150
ppm/30 min/day, while hydrogen peroxide administration was performed for two days as 1000 ppm/20 min/day and
Trichlorphon administration, was performed for two days as 150 ppm/30 min/day. At the end of the trials, blood and serum
samples collected from fish were evaluated in terms of erythrocyte (RBC), leukocyte (WBC), hemoglobin (Hb) and
hematocrit (Hct) values, erythrocyte cell indices (MCV, MCH), cell sizes, leukocyte cell types (lymphocytes, monocyte,
neutrophil, eosinophil), and glucose and cortisol levels. RBC, Hb, Hct and erythrocyte indices significantly decreased in all
three experimental groups compared to those of the control group of each trial group (p <0.05). In addition, percentile values
of lymphocyte, monocyte, neutrophil cells, WBC levels, and serum glucose and cortisol levels significantly increased
compared to those of the controls. (p<0.05). On the other hand, significant increases were determined in the blood cell sizes
of the fish in the experimental groups. In the study, it has been reported that the chemotherapeutics in mirror carp caused
significant differences in the blood parameters of the stress indicator and that the therapeutics used in the study could be
considered as a source of stress in terms of dose and time.

Keywords: Formaldehyde, hematological parameters, hydrogen peroxide, mirror carp, trichlorphon.

Formaldehit, Hidrojen Peroksit ve Trichlorfon Uygulamalarimin Aynali Sazanda (Cyprinus carpio L.) Bazi
Hematolojik Stres indikatorleri Uzerine Etkileri

Ozet

Bu calismada, aynali sazan (C. carpio)’larda gerek profilaktik ve gerekse ektoparazitlerin sagaltiminda yaygin olarak
kullanilan formaldehit (% 37), hidrojen peroksit (% 35) ve triklorfon (Neguvon)’un tedavi edici dozlarinin toksik etkileri
hematolojik stres indikatorleri agisindan degerlendirildi. 180 adet balik (51,13+8,18 g) 70 L hacimli onsekiz adet tankta,
22+1°C tath su kosullarinda tutuldu. Ug farkli deneme olarak kurgulanan calismada, her deneme grubu kendi kontrol gruplari
ile karsilastirildi. Formalin uygulamasi bes giin, 150 ppm/30dk./giin, hidrojen peroksit iki giin 1000 ppm/20 dk./giin ve
triklorfon iki giin boyunca, 150 ppm/ 30 dk./giin olarak calisildi. Denemelerin sonunda, baliklardan toplanan kan ve serum
ornekleri, eritrosit (RBC) ve 16kosit (WBC) miktarlari, hemoglobin (Hb) ve hematokrit (Hct) degerleri, eritrosit hiicre
indeksleri (MCV, MCH), hiicre boyutlari, 16kosit hiicre tipleri (lenfosit, monosit, nétrofil, eosinofil), glikoz ve kortizol
diizeyleri belirlendi. Her ti¢ ayr1 deneme grubunda, RBC, Hb, Hct ve eritrosit indeksleri, her deneme grubunun kontrol
gruplar ile karsilastirildiginda, istatistiksel olarak, 6nemli diizeyde azalmalar belirlendi (p<0,05). Ayrica, lenfosit, monosit,
notrofil hiicre ylizdeleri ve WBC miktarlari ile serum glikoz ve kortizol seviyeleri kontrol ile karsilastirildiginda istatistiksel
olarak dnemli diizeyde artig tespit edildi. (p<0,05). Diger yandan deneme gruplarindaki baliklarin kan hiicre biiyiikliiklerinde
o6nemli diizeylerde artis belirlendi. Stres gostergesi kan parametrelerinde tespit edilen 6nemli diizeydeki farkliliklar, aynali
sazanlarda s6z konusu kemoterapdtiklerin, terapotik doz ve zamanlarda kullanilmasinin, stres kaynagi olarak
degerlendirilebilecegini gosterdi.

Anahtar kelimeler: Formaldehit, hematolojik parametreler, hidrojen peroksit, aynali sazan, triklorfon.
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INTRODUCTION

In intensive aquaculture, non-optimal conditions, handling, high density stocking rates,
transportation, biochemical and physiological changes, applications of disinfectants and different
medicaments cause stress in fish at different levels (Yildiz and Karasu, 2001). Formalin (37%),
Trichlorphon, an organophosphate compound (75%, Neguvon®Bayer), and Hydrogen peroxide (35%)
are commonly used chemicals against parasitic diseases such as Lernaea spp., Argulus spp., Costia
spp., Chilodonella spp., Gyrodactylus, and Dactylogyrus spp. infestationsthat cause high stress and
mortality (Schmidt et al., 2006; Russo and Yanong, 2007; Jones et al., 2015). Chemicals such as
malachite green, methylene blue, formalin, trichlorphon, copper sulphate, chloramine-t are used as
chemotherapeutics against parasitic infestations in aquaculture (Powell et al., 1994; Yildiz and
Polatsu, 1999). In a study on mirror carp, Neguvon (Trichlorphon) was found to be one of the most
effective chemicals used in the treatment of Larnea spp. However, it has been reported that
organophosphate compounds are acetyl cholinesterase inhibitors, which cause a humber of disorders
in the nerve cells of the fish, and that the enzyme acetyl cholinesterase plays a decisive role in plasma
cortisol levels (Hai et al., 1997). Hydrogen peroxide has also been used in aquaculture as an
immersion (bath) treatment against many different disease-causing organisms, including external
parasites, bacteria and fungi on different species and life-stages of fish. It has been reported that 250-
500 ul/L of hydrogen peroxide were highly toxic and lethal, and denaturated the protein structure in 15
minutes. It has been reported that hydrogen peroxide causes deformations in gills and skin especially
in fingerlings with yolk-sac which have started external feeding (Schmidt et al., 2006). Glucose and
cortisol are hematological parameters that are the common indicators used to determine the secondary
(metabolic) responses in fish. Most of the studies focus on the determination of the appropriate dosage
of these chemicals that cause stress during the treatment of parasitic diseases. In the present study,
hematological parameters and differences in serum cortisol and glucose levels after formalin, hdrogen
peroxide and trichlorphon applications were evaluated as the indicators of the level of stress in fish.
The study is of importance to reveal the effects of therapeutic doses of these chemotherapeutic agents
on fish metabolism through hematological parameters known as stress indicators, especially serum
glucose and cortisol levels.

MATERIAL and METHODS
Experimental Fish and Design

Mirror carps (180 clinically healthy fish, 51.13£8.18 g, 16.71£1.05 ¢cm) were obtained from a
commercial aquaculture farm in Adana city, Turkey. During the acclimation period, fish were fed with
a commercial diet (%30 crude protein) in two times a day. Feeding was stopped 24 hours before the
tests and the weight measurements were performed in deep anesthesia conditions by using quinaldine
sulphate. The experiment was conducted in three replicates for six different groups (Formalin,
Control-F; Hydrogen peroxide, Control-H; Trichlorphon, Control-T; n=10) and the experiment was
set up in 70 L, constantly aerated 18 glass aquariums (100cm x 30cm x 25cm). Water temperature,
oxygen, and pH were measured daily by using YSI 6600 multiparameter (USA). During the study, the
water temperature was found to be 22+1°C and the oxygen content was 5.5+0.2 ppm. The pH level
was in the range of 7.5+0.2.
Applications of the Chemotherapeutics

Commercial Formaldehyde (MERCK Chemicals Co., Germany) (37%), Hydrogen peroxide
(Merck) and Trichlorphon (75% Neguvon®Bayer) were obtained from Kutay Chemical Co. Ltd.,
Turkey. In this study, formalin was administered as 150 ppm/30 min/day for five days, hydrogen
peroxide as 1000 ppm/20 min/day for two days and trichlorphon as 150 ppm/30 min/day for two days.
All the dosages and exposure periods were determined according to Noga (1996). Formalin -treated
fish were analyzed on the fifth day of the experiment. While hdrogen peroxide and trichlorphon-
treated fish were sampled for analysis on the second day of the treatment. During all applications and
analyses, the fish samples were starved and all the applications were carried out as immersion (bath)
treatments (Balta, 2016). Macroscopic examinations on fish were conducted just after tested chemicals
(frmalin, trichlorphon and hydrogen peroxide ).
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Hematological Assay
Blood and Serum Collection

Blood and serum samples were taken from fish at the end of each trial. Blood and serum samples
collected after the fish were anaesthetized using quinaldine sulphate (Sigma Chemical Co., Germany)
at a dosage of 20 ml/L. for 4-5 minutes (Yanar and Geng, 2004). RBC, WBC, Hb, Hct values were
recorded from the blood samples collected from the caudal vein of the anaesthetized fish by using a
1cm?® heparinized syringe. Blood smears were also prepared from the heparin-free blood samples to
identify the leukocyte cell types. Also, blood samples were taken from fish to heparin-free tubes
simultaneously for glucose and cortisol assays.

Blood Analysis

For RBC and WBC analysis, the Natt-Herrick solution was used and transferred to the Thoma
slide. Examinations were conducted with an Olympus BX 51 light microscope at 400x magnification.
The results are given as x10%/mm?® for erythrocyte and x10%/mm? for leukocyte (Blaxhall and Daisley,
1973). The cyanmethemoglobin method was used to determine haemoglobin amount. The results were
given as mg/dl. The microhaematocrit technique was used to determine haematocrit levels. The results
were given in percentages (Stollen and FleTrichlorphonher, 1994). Indexes used are as follows; MCV
(Mean Erythrocyte Cell Volume); MCH (Mean Erythrocyte Hemoglobin); The formulations for these
indexes are as given;

MCV (Mean Erythrocyte Cell Volume) (u®) = (Hct) (%) / RBC (10%mm?) x10

MCH (Mean Erythrocyte Hemoglobin) (pg) = Hb(g/100 ml)/ RBC (10%/mm?®) x10 (Blaxhall and
Daisley, 1973; Kocabatmaz and Ekingen, 1984; Schreck and Moyle, 1990).

Blood smears were dried in air and stained with May Griinwald — Giemsa mixture (Kocabatmaz
and Ekingen, 1984). Possible changes in blood cells, structures, and types were photographed with
Olympus DPI25 digital camera at 1000x magnification from the blood smears. Cell sizes were
measured using a micrometer.

Serum Biochemical Analysis

Blood samples from fish samples were taken to heparin-free tubes, centrifuged at 3500 rpm and the
obtained serum was stored at -20 ° C until the time of analysis. Cortisol levels were determined by
Radioimmunoassay (RIA) from 100ul serum samples obtained after blood centrifugation at 2000 rpm
at +4°C for 20 minutes. Accordingly, a 21-thyroglobulin rabbit antiserum was used for determination
(Pickering et al., 1987). Glucose levels were measured by a colorimetric method (Burtis and Ashwood,
1999).

Statistical Analysis

Experiments were conducted in triplicates and data obtained from the three replicates were pooled
and analyzed with independent sample t-test using SPSS 10.0 software. The level of significance was
determined as 0.05 (Hayran and Ozdemir, 1995). And also, each treatment was compared to its control

group.

RESULTS
Hematological Parameters

The erythrocyte counts, hemoglobin and hematocrit levels decreased in trichlorphon, formalin and
hydrogen peroxide -treated fishes. A decrease was determined in MCV and MCH levels of erythrocyte
indices in all three trials (p<0.05). The decreases observed in RBC, Hb, Hct, MCV and MCH values in
all three applications were found to be statistically significant (p <0.05), (Table 1).

The cell sizes in three applications are given in Table 2 while the blood photos were taken for each
application shown in Figure 1. Comparing each treatment with the control group, statistically
significant increases were determined in WBC value, lymphocyte, monocyte cell ratios and
erythrocyte, lymphocyte, monocyte and neutrophil cell sizes (p<0.05).
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Table 1. Hematological parameters of C.carpio after exposure to formalin, hydrogen peroxide and

trichlorphon.

RBC Hb Hct MCV (x107) MCH (x10™)
Applications (x10%/mm?®) (g/dl) (%) (1) (mg/cell)
Formalin 0.538.5+13.7" 6.9+15  20.5+3.4" 257.5+91.3" 61.9+17.7
Control-F 1.120+22.0 10.240.3  48.7+1.1 429.5+10.5 104.5+15.8
Hydrogen 0.842.3+10.7" 6.141.0°  18.2+1.5" 235.248.2" 60.5+12.7"
Peroxide
Control-H 1.920.13+19.1  11.3+2.2 39.5+2.1 00.3+7.4 91.7+11.8
Trichlorphon  0.948.05+32.5°  5.9+1.0°  20.5+2.3" 250.5+8.9" 68.06+18.3"
Control-T 1.550+33.9 9.8+1.9 425+1.7 399.2+16.3 97.11421.7
Formalin (F), Hydrogen peroxide (H), Trichlorphon (T), Erythrocyte cell count (RBC), hemoglobin (Hb), haematocrit (Hct) and

erythrocyte cell indexes (MCV: Mean Erythrocyte Cell Volume); (MCH: Mean Erythrocyte Hemoglobin). The values in the same column

indicated with the superscript differ significantly. *: p<0.05

Table 2. Blood cell sizes of C.carpio after exposure to formalin, hydrogen peroxide and trichlorphon.

Lymphocyte Monocyte Neutrophil Eosinophil ~ Erythrocyte
Applications (nm) (nm) (nm) (nm) (nm)
Formalin 14.83+2.99 11.91+1.11° - - 14.30+1.44"
Control-F 9.25+1.83 6.60+1.14 - 7.60+0.89 10.32+1.22
Hydrogen 13.09+4.7 12.58+1.02" 13.50+3.53 9.40+1.94 14.75+2.5"
Peroxide
Control-H 10.01+1.2 6.35+1.5 - - 10.89+1.0
Trichlorphon 14.0+3.8" 8.14+0.6 14.50+3.21" - 14.35+1.02"
Control-T 12.0+2.09 7.0£1.0 10.20+1.48 - 11.21+1.20
Formalin (F), Hydrogen peroxide (H), Trichlorphon (T). The values in the same column indicated with the superscript differ significantly.
“: p<0.05
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Figure 1. The Effects of Formaldehyde, Hydrogen Peroxide and Trichlorphon Applications on Blood Cells of
Mirror Carp (Cyprinus carpio L.). Formalin (F), Hydrogen peroxide (HP ), Trichlorphon (TC). E. Erythrocyte,

L. Lymphocytes, M. Monocyte, N. Neutrophil (1000X).
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There were significant increases in leukocyte cells after the applications, especially in the
percentage values of lymphocytes, monocytes, and neutrophils (p<0.05). The most significant
increases were observed in leukocyte cell counts and lymphocyte cell ratios. For all three applications,
lymphocyte ratios increased by ten units while leukocyte cells increased approximately three-fold,
compared to those of the control groups (Table 3). Similarly, increases in monocyte and neutrophil
cell ratios between the groups were found to be statistically significant (p <0.05) (Table 3).

In the blood smear tests, since no eosinophil cells were detected, they could not be statistically
evaluated among the groups (Tables 1, 2 and 3).

Table 3. Leukocyte cells of C.carpio after exposure to formalin, hydrogen peroxide and trichlorphon.

WBC Lymphocyte Monocyte Neutrophil Eosinophil
Applications (x10*/mm?) (%) (%) (%) (%)
Formalin 17.4645.4" 85+9.0° 13.0+2.5" 12.0£3.4 2.0+0.5
Control-F 6.05+1.4 7545.2 5.0+1.5 8.0+1.2 -
Hydrogen 25.2246.1" 95.80+2.1" 10.0+6.1" 2.20+1.0 1.0+0.0
Peroxide
Control-H 7.18+1.7 86.40+8.5 3.0+1.0 - 4.0+2.0
Trichlorphon 20.3247.4 88+9.3" 16.0+2.1 12.042.9° 4.0+1.2
Control-T 6.10+0.2 7945.4 9.0+1.0 3.040.9 -

Formalin (F), Hydrogen peroxide (H), Trichlorphon (T), Leukocyte counts (WBC) and leukocyte cell types (Lymphocyte, Monocyte,
Neutrophil, Eosinophil). The values in the same column indicated with the superscript differ significantly. *: p<0.05.

Serum Biochemical Parameters

As a result of three chemotherapeutic applications, serum glucose and cortisol values are shown in
Table 4. Compared to those of the control group significant increases were determined in serum
glucose and cortisol levels(p <0.05) (Table 4).

Table 4. Serum parameters of C.carpio after exposure to formalin, hydrogen
peroxide and trichlorphon.

Glucose Cortisol

Applications (mg/dI) (ng/ml™)
Formalin 137.8+16.8 123.447.8
Control-F 80.6+7.2 79.244.2
Hydrogen Peroxide 148.2412.9 129.145.7"
Control-H 97.2+9.1 70.5+7.7
Trichlorphon 163.2+23.4" 117.245.4"
Control-T 100.7+7.5 67.6+£3.7

Formalin (F), Hydrogen peroxide (H ), Trichlorphon (T). The values in the same column indicated
with the superscript differ significantly.”: p<0.05

In the macroscopic examination of fish carried out prior to the trials, no significant results were
found in the macroscopic health examinations other than local hemorrhage in the gills.

DISCUSSION

The increased fish production in the last two decades has exposed the fish to stressors including the
high density stocking rates, handling, transportation, classification, purposes and chemical misuses.
While these applications make fish more sensitive to pathogens, they make the diseases the biggest
obstacle for fish production. As it’s known that fish parasites and diseases have gained importance in
aquaculture. On the other hand, misuse of chemicals leads to bioaccumulation and environmental
pollution risks (Christybapita et al., 2007).

Therefore, in the present study, formaldehyde, hydrogen peroxide, and trichlorphon were tested in
terms of some blood parameters and stress indicators.

In aquaculture, applications cause some changes in hematological parameters of fish (Treves-
Brown, 2000; Davis et al., 2008; Tucmechi et al., 2011).
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In numerous studies conducted for many years, blood parameters were regarded as a stress
indicator. Especially physiological parameters such as serum glucose and cortisol were defined as the
best indicators of stress in fish (Omoregie et al., 1998; Yildiz and Karasu, 2001; Kubilay and Ulukdy,
2002). An optimal therapeutic dosage should be used for the balanced of the physiological state of fish
(Barton et al., 1980; Carragher and Ress, 1994; Jung et al., 2003; Yonar et al., 2014; Bayram and
Kocaman, 2017; Kankaya and Kaptaner, 2017). Formaldehyde used in the present study is a
disinfectant. Moreover, formaldehyde, which is frequently used against external parasites of the fish,
may not always provide the expected effect due to insufficient dose administration and its rapidly
degradable structure (Balta, 2016).

Commonly formalin should not be applied more than 40 mg/L in natural environments (lakes-
ponds) due to the death of planktons and decrease in dissolved oxygen amount in prolonged baths of
fish (1-hour bath for 200-250 mg/L) (Parlar and Kaya, 2011). However, for cultured marine fish 150
ppm formalin /60 minutes dosage increased cortisol and glucose values (Yildiz and Ergoniil, 2010).
Bayram and Kocaman (2017) stated that the hemoglobin and hematocrit values were increased at the
fourth hour at 12.5 mL of formalin dose. It has been reported that formaldehyde which is capable of
binding 1 mg/L of oxygen in the water for each 5 mg/L water, reduced the oxygen concentration in the
water, triggered the erythropoietin activity in the fish and thus increased the production of erythrocyte,
causing the increase of hemoglobin and hematocrit.

In this study, regular oxygen measurements carried out during the study period kept the oxygen
levels constant.

A major advantage of hydrogen peroxide as a chemotherapeutic is the minimal environmental
impact related to the absence of toxic residues. In water, H,O, decomposes into water and oxygen, and
it has also been used as an oxygen source during the transportation of live fish or in ornamental ponds
(Innes Taylor and Ross, 1988; Russo and Yanong, 2007). On the other hand, hydrogen peroxide can
be toxic to fish, resulting in morbidity (e.g., gill damage) or mortality depending on the size of the
fish, fish species, water temperature, concentration of the chemical, and exposure duration (Russo and
Yanong, 2007). Tort et al. (2003) studied the effects of hydrogen peroxide on blood parameters in
pike-perch. The researchers have reported that 10 mg/L dose was low, and 100-150 mg/L dose could
be the effective dose for the treatment of bacterial gill disease. Additionally, subacute hydrogen
peroxide toxicity caused anemia by the destruction of the erythrocyte membrane and oxidation of
hemoglobin (Metzler, 1977; Newsholme, 1983; Innes Taylor and Ross, 1988). Hydrogen peroxide has
also been used in aquaculture as an immersion (bath) treatment against many different disease-causing
organisms, including external parasites (Rach et al., 2000a; Montgomery - Brock et al., 2001;
Powell and Clark, 2004), bacteria (Speare and Arsenault, 1997; Lumsden et al., 1998; Rach et al.,
2000b; Gaikowski et al., 2003) and fungi (Howe et al., 1999; Rach et al., 2004), on different species
and life-stages of fish.

Trichlorphon as an organophosphate compound, with a lipolytic structure, can easily pass through
the cell membrane and cause a toxic effect. Therefore, in the present study, a 2-day application period
for Trichlorphon was applied for safety measurements according to Noga (1996). In a study by
Treves-Brown (2000) on dichlorvos, a trichlorphon-like organophosphorus antihelmint, it has been
reported that at 20°C, tilapia can survive for 30 minutes when treated with a dosage of 1mg/L
dichlorvos while carp can survive at 30 mg/L dichlorvos for 30 minutes.

In the present study, RBC, Hb, Hct and erythrocyte indices significantly decreased compared to the
control group in formalin, hydrogen peroxide, and trichlorphon applications. In addition, cell swelling,
and cell disintegration were observed with the deterioration of the membrane structure in the cells and
it has been reported that the decrease in the number of cells can be caused by this. Decreases on the
levels of RBC, Hb, Hct, MCV and MCH were also found similarto the previous studies such as
Nussey et al., (1995) and Atamanalp and Yanik (2003).

In the present study, local hemorrhages were observed in gills and significant reductions were
determined in erythrocyte cells, Hb and Hct values (Table 1). Similarly, Yang and Chen (2003)
explanation, the aggregation of red blood cells in damaged gills after formalin, hydrogen peroxide and
trichlorphon exposure.

On the other hand, erythrocyte indexes representing the health status and anemia related to iron
deficiency. The mean erythrocyte cell sizes for carp reported as 10-12 mm (Sopinska, 1984; Schindler
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and De Vries, 1986; Yang and Chen, 2003). In this study, erythrocyte cell sizes of the control groups
were found in the normal range for common carp (Table 2). However, erythrocyte cell sizes in treated
groups were found higher and out of the range in comparison to control groups. On the other hand,
two-fold differences were determined in terms of leukocyte cell sizes (Table 2).

Compared to the control group, the swelling was observed in blood cells (erythrocytes,
lymphocytes, monocytes and neutrophils) in formalin, hydrogen peroxide and trichlorphon
applications (Figure 1).

Various researchers have reported that toxic substances might cause morphological anomalies in
erythrocytes, including nuclear anomalies, cell deformation, amitosis or hemolysis. Blood cells swell
or contract depending on the osmotic pressure in the medium. It has been reported that erythrocytes in
a hypotonic solution had swollen by sucking the fluid and were hemolyzed by the breakdown of the
cell membrane. Swelling-like growths in the cells which comprise the first stage of cell degeneration
were defined as the loss of membrane properties in the cells as the effects of electrolyte imbalance
caused by chemotherapeutic agents (Narains and Strivastava, 1989).

Nussey et al. (1995) explained that the increase in the number of leukocytes (leukocytosis) was a
normal reaction of the fish body, against foreign substances or chemotherapeutics. Leukocyte cell
amounts and leukocyte cell percentages significantly increased in formalin, hydrogen peroxide and
trichlorphon treated groups (p<0.05). The increase in lymphocyte cells was interpreted as the reaction
of the body to the therapeutic doses of formalin, hydrogen peroxide, and trichlorphon. In addition,
increases in monocyte and neutrophil cells were also evaluated as an increase in phagocytosis in cells
against antigenic agents. Many investigators have demonstrated that the leukocytes of teleosts are
extremely sensitive to toxicants, metals, pollutants, foreign substances, pesticides, diseases and acute
stress (Nussey et al., 1995; Fast et al., 2006; Ciftci et al., 2008). The previous study results supported
the blood parameter results after the applications in C. carpio individuals.

Some studies have reported that significant decreases in neutrophil and monocyte levels were
observed after formalin exposure. It is thought that decreases on neutrophil and monocyte levels may
depend on the increases of corticosteroids which are known as stress hormones like serum glucose and
cortisol. However, increases in these hormones also cause the limitation of the macrophage activity
(Mustafa et al., 2000). It has been reported that classical serum indicators of stress conditions were
cortisol concentrations, blood glucose concentrations, hemoglobin, and hematocrit (Pickering et al.,
1987; Krumschnabel and Lackner, 1993; Tort et al., 2003). Changes in serum corticosteroids such as
cortisol as an initial response and serum glucose level in fish as a secondary response can be used as
indicators of stress in fish (Barton, 2002; Tucmechi et al., 2011).

Serum cortisol and glucose levels were also analyzed in the present study. Stress-related increases
were observed in all three applications compared to the control group. Serum cortisol and glucose
levels are widely used as a general indicator of stress conditions in vertebrates, particularly in fish
(Carragher and Ress, 1994; Barton, 2002). The increase in blood glucose levels is another indicator
used for the determination of stressors, glucose levels in the blood can be easily measured and the
procedure relatively costs less. These increases are caused by cortisol induced gluconeogenesis,
Furthermore, blood glucose value is also utilized for the indirect measure of altered cortisol secretion
(Reddy and Leatherland, 1998). Blood glucose value is the most common parameter to evaluate the
stress response in fish (Carragher and Ress, 1994; Tort et al., 1996; Barton, 2002, Kubilay and
Ulukdy, 2002). Tort et al. (1996) investigated the toxicity level of Cadmium and the effects of stress
on the plasma cortisol, metallothionin levels and oxidative state in rainbow trout (O. mykiss). As a
result, in cases where stress became chronic, there were less insignificant increases in plasma cortisol
level whereas significant increases were determined in cortisol levels in case of acute stress.

In the present study, a significant increase on serum cortisol and glucose levels due to the stress
were also recorded in formalin, hydrogen peroxide and trichlorphon-treated fish (p<0.05), in
comparison to the fish in control group (Table 4). However, data obtained from previous studies
indicated that the basal cortisol levels in C. carpio were higher (<80 ng/ml) than other fish species
(Arends et al., 1998; Ruane et al., 1999). Among cyprinid species, higher basal cortisol level (100
ng/ml) was reported in Leuciscus cephalus, (Pottinger et al. 2000). An increase in glucose levels can
be explained by the necessity of energy depending on the metabolic defense of the fish stressed by the
application of chemicals. It has been reported that short-term intensive stress leads to a large increase
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in the cortisol concentration followed by a slightly decrease (Barton et al., 1980). Similar studies
showed that long-term stress applications result in slightly increases in serum cortisol levels while
short term stress applications cause faster increases in cortisol levels (Tort et al., 1996).

Some previous studies conducted on salmon, reduced macrophage activity was reported due to the
increasing glucose and cortisol levels. Thus, elevation in cortisol levels cause immunosuppression
(Tort et al., 1996; Mustafa et al., 2000). It was noted that stress created in fish did not create any
pressure on defense cells, but, on the contrary, it significantly increased leukocyte cell counts and
leukocyte cell percentages. Compared with other studies, it was thought that this might be related to
the application time and dose. In spite of the decrease in RBC, Hb, Hct and RBC indices, the increase
in WBC and leukocyte cell percentages were defined as the defense indicators of stress caused by the
applications on fish. However, in the present study, increases in cortisol and glucose levels did not
cause repression in the defense cells in carps, on the contrary, they caused increases in defense
mechanisms in the cells.

Today, the controlled use of most of the chemotherapeutic agents for all treatments and
prophylactic purposes is very important in terms of human health, the health of the living thing on
which the chemotherapeutic applied and environmental damage. The fact that the use of formaldehyde
in aquaculture as a bath treatment in fish has significant irritation effects in the skin and respiratory
system, and therefore causing respiratory problems suggests that chemicals should be preferred at
minimum levels for whatever purpose they are used (Bayram and Kocaman, 2017).

CONCLUSION

In the research, the significant decreases in health indicator cells and the increases in the stress
indicator parameters indicated that formalin, hydrogen peroxide, and trichlorphon applications can be
evaluated as the source of stress in carp in terms of dose and time.
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Abstract

Effects of depth and season on species composition of catch and discard rate in the gillnet fishery on the south-eastern
coast of the Black Sea was investigated in this study. For this purpose, fishing trials were carried out in the four different
depth strata (0-14 m, 15-29 m, 30-49 m and 50 m>) using multifilament gillnets with mesh sizes of 32, 34, 36 and 38 mm,
from March 2013 to February 2014. In the fishing trials, a total of 2506 individuals (133.729 g) belongs to eight fish species
were obtained which were whiting (Merlangius merlangus), red mullet (Mullus barbatus), pontic shad (Alosa immaculata),
mediterranean horse mackerel (Trachurus mediterraneus), black scorpionfish (Scorpoena porcus), stargazer (Urascopus
scaber), seahorse (Hippocampus sp.) and black-striped pipefish (Syngnathus abaster). Allmost catches for whiting, red
mullet, pontic shad and mediterranean horse mackerel were of economic value, while all catches for the other species were
discarded. In the shallow waters varying between 0-14 m depth, red mullet and mediterranean horse mackerel were mostly
caught. However, catches of especially mediterranean horse mackerel were decreased gradually with increasing water depth.
The most caught fish species in deeper water strata more than 15 m was whiting. In the evaluation of the effect of the season
on the species composition of catch, the whiting was the most caught fish species by the trial gillnets in all seasons. These
fish species, except autumn season (in autumn, pontic shad and mediterranean horse mackerel) followed by red mullet in all
seasons. On the other hand, the rate of discard was determined as 10.2% in number and 15.9% in biomass. It has been found
that the discard rate decreases gradually due to the increase in water depth. Seasonally, the lowest discard rate was calculated
in winter, followed by autumn, spring and summer, respectively.

Keywords: East Black Sea, gillnet, catch composition, depth, season

Tiirkiye’nin Dogu Karadeniz Kiyillarinda Yapilan Sade Uzatma Aglan ile Aveiikta Av Kompozisyonu ve Iskarta
Oram Uzerine Mevsim ve Derinligin Etkisi

Ozet

Bu arastirmada, Tiirkiye’nin Dogu Karadeniz kiyilarinda yapilan sade uzatma aglariyla aveilikta avin tiir kompozisyonu
ve 1skarta orani lizerine mevsim ve derinligin etkisi arastirilmigtir. Bu amagla, Mart 2013-Subat 2014 tarihleri arasinda dort
farkli derinlik katmaninda (0-14 m, 15-29 m, 30-49 m ve 50 m>) 32, 34, 36 ve 38 mm goz biiyiikliigiine sade uzatma aglari
kullanilarak avcilik denemeleri gergeklestirilmistir. Denemelerde, mezgit (Merlangius merlangus), barbunya (Mullus
barbatus) tirsi (Alosa immaculata), istavrit (Trachurus mediterraneus), iskorpit (Scorpaena porcus), tiryaki (Uranospus
scaber), deniz ati (Hippocampus sp.) ve deniz ignesi (Syngnathus abaster) tiirlerine mensup toplam 2506 (133.729 g) balik
yakalanmustir. Yakalanan balik tlirlerinden mezgit, barbunya, tirsi ve istavrit avinin tamamina yakini ekonomik degere sahip
iken, diger tiirlerin avlarinin tamami iskarta edilmistir. Derinligi 0-14 m arasinda degisen sig sularda en fazla barbunya ve
istavrit yakalanmuistir. Ancak, artan su derinligi ile 6zellikle istavritin av miktar1 hizla azalmistir. Derinligi 15 m’den daha
derin su katmanlarinda en fazla yakalanan balik tiirii ise mezgit olmustur. Avin tiir kompozisyonu iizerine mevsimlerin etkisi
bakimindan yapilan degerlendirmelerde, tim mevsimlerde sade uzatma aglarinda en fazla yakalanan balik tiiriiniin mezgit
oldugu goriilmiigtiir. Bu balik tiiriinii, sonbahar mevsimi hari¢ (sonbaharda tirsi ve istavrit) barbunya izlemistir. Diger
taraftan, 1skarta orani sayica %10,2, biyokiitlece %15,9 olarak belirlenmistir. Aragtirmada, 1skarta oraninin su derinligindeki
artisa bagli olarak tedrici olarak azaldigi tespit edilmistir. Mevsimsel olarak ise, en diisiik 1skarta oran1 ki mevsiminde
hesaplanirken, bu mevsimi sirasiyla sonbahar, ilkbahar ve yaz mevsimi izlemistir.

Anahtar kelimeler: Dogu Karadeniz, sade uzatma ag1, av kompozisyonu, derinlik, mevsim
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INTRODUCTION

The Black Sea is one of the most remarkable regional seas in the world. It is characterized by
relatively low species diversity, high productivity and biomass, and anoxic conditions below 150-200
m depth (Knudsen et al., 2010). Over the last 50 years, the Black Sea ichthyofauna has undergone
major changes concerning either its qualitative and quantitative structure and the behaviours of various
species.

The continental shelf along the Turkish Black sea coast is very narrow. This situation restricts fish
stocks and fishing activities. In addition, the bottom trawl fishery was prohibited in this part of the
Black sea. In this part of the Black Sea, pelagic fish species have been mostly fished with purse-seine,
while benthic fish species have been caught only with gill- and trammel nets for along time. Therefore,
gillnet is the most widely net type used in small-scale fisheries. In recent years, the most important
fish species are whiting (Merlangius merlangus), red mullet (Mullus barbatus) and mediterranean
horse mackerel (Trachurus mediterraneus) for small-scale fisheries. Catching of these three fish
species has been made by the same gillnets. Essentially, these fish species are known to live in
different depths. Mediterranean horse mackerel is a pelagic fish species, although whiting is a semi-
pelagic and red mullet is a benthic species.

One of the most significant issues affecting marine fisheries management today is the mortality of
fish that are discarded after capture or that escape from fishing gear. Harvesting practices that result in
significant discard mortalities have important economic and ecological implications (Murawski,
1994). Because discard refers to any animal material that is caught during commercial fishing
operations that is then subsequently returned to the sea. They include organisms that are alive as well
as those that are dead (Kelleher, 2005). Fish are released after capture (bycatch) because of harvest
restrictions: number, size or sex limits, or incidental catch as non-target species. Fish escape from gear
as a result of gear modifications causing unwanted fish to be excluded or released prior to landing. The
fundamental causes responsible for the high level of discarding are the use of unselective fishing
techniques, the failure to reduce fishing effort, and biological and environmental factors affecting the
distribution of species (Johnsen and Eliasen, 2011).

Most bycatch studies have focused on large-scale fisheries, leaving a lack of information regarding
small-scale fisheries, in particular towards the effort, catch and bycatch (Lewison et al., 2004; Moore
et al., 2010). Small-scale fisheries are often described to be more selective and potentially more
sustainable than industrial fisheries and to be therefore the most sustainable option for the utilisation
of coastal marine resources (Chuenpagdee et al., 2006; Jaquet and Pauly, 2008). Recent studies show
that bycatch in small-scale fisheries can have severe ecological impacts, and if scaled to per-unit of
total catch they can be comparable to industrial fisheries (Soykan et al., 2008; Shester and Micheli,
2011; Parker and Tyedmers, 2014). Moreover, small-scale fisheries are generally understudied and
often unregulated (Mora et al., 2009; Davies et al., 2009; Chuenpagdee, 2011). As small-scale
fisheries encompass 44% of the world’s 50 million fishers and provide over half of the total global
fisheries production (Chuenpagdee et al., 2006; Berkes et al., 2001; Teh and Sumaila, 2013), this
knowledge gap represents a major challenge to sustainable fisheries management and the conservation
of threatened species, especially in tropical fisheries of developing countries (Moore et al., 2010).

Factors affecting fishing by gill- and trammel nets from small-scale fishing units should be well
known for both commercial fishing and fisheries management. From this point, this study was
investigated the effect of seasons and water depths on catch composition and discard levels for the
whiting fishery in the south-eastern Black Sea (Fatsa, Ordu, Turkey).

MATERIALS and METHODS

The study was conducted between from March 2013 to February 2014, in the area between 40 and
41°N latitudes and 37 and 38° E longitudes on Turkish coast (Fatsa, Ordu) of Southeast Black Sea
(Figure 1). Fishing trials were carried out in the four different depth intervals (0-14 m, 15-29 m, 30-49
m and 50 m>).
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Figure 1. Map showing study area in the south-eastern Black Sea

The experimental multifilament gillnets with a combination of four different mesh sizes (stretched
mesh: 32, 34, 36 and 38 mm) were tied together to compose a set for each of four different depth
strata. The nets were constructed with the same design and characteristics as those used by local
fishermen. Their designs and characteristics were similar to commercial gillnets used by local
fishermen.

A fishing boat was rented for trials of the study. The fishing experiments were conducted three
times for each month except for July and August. In these months, fishing experiments could not be
conducted due to in maintenance fishing boats. The nets were fastened each other and they were set in
the afternoon and hauled the following morning. At the end of each fishing trial, all specimens were
classified according to species, with or without economic value and depths. Then, each commercial
and discarded individual (M. merlangus, M. barbatus, A. immaculata, and T. mediterraneus) was
measured to the nearest mm [total length (L)] and weighed to the nearest gram [total weight (W)].
Discarded species were S. porcus, U. scaber, Hippocampus sp. and S. abaster. All individuals
belonging to these species were discarded and all of them determined as in number and in biomass for
each fishing trial.

Catch compositions were determined for each depth strata and season. The relationships among
deep strata and seasons with biomass of fish species have been interpreted by principal components
analysis. The past 3.12 version software was used for these analyses. Bycatch and discard rates were
calculated in number and in biomass.

Bycatch definition can be expressed simply as;

B= Ct - C|m

where B is the bycatch biomass; C; the total catch biomass of all species; C,, the total managed
catch landed and/or utilised (Davies et al., 2009).

Bycatch and discard rates were estimated following equations (Kelleher, 2005; Sparre and Venema,
1998; Matsuoka, 1999):

Bycatch rate (Br) = B/Ct

Where B, is the bycatch rate; B is the bycatch biomass; C, is the total catch biomass of all species.

Discard rate (D,) = D/C,

Where; D, is the discard rate; D is the discard biomass; C; is the total catch biomass of all species.
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RESULTS

A total of eight fish species were obtained by four different mesh sized gillnets. These fish species
were whiting (M. merlangus), red mullet (M. barbatus), pontic shad (A. immaculata), mediterranean
horse mackerel (T. mediterraneus), black scorpionfish (S. porcus), stargazer (U. scaber), seahorse
(Hippocampus sp.) and black-striped pipefish (S. abaster). Of these species, all of black scorpionfish,
stargazer, seahorse and black-striped pipefish were discarded by commercial fishermen. On the other
hand, only three whiting and one red mullet were discarded because of smaller than minimum landing
size (MLS; 13 cm total length). Rest individuals of these species and all of the pontic shad and the
mediterranean horse mackerel were landed to market (Table 1). Whiting accounted for 50.2% of the
total catch by number and 35.4% by weight. This species was followed by red mullet in number and
pontic shad in biomass.

Table 1. Total numbers (N) and biomass (W) of total catch (C,), commercial catch (C,,) and discard (D) caught
by gillnets for each fish species

Species Total catch (Cy) Commercial catch (Cy,) Discard (D)

Sientific name  Common name N % W % N % W % N % W %
M. merlangus Whiting 1259 50.2 47293 354 1256 55.8 47207 42 3 12 86 04
M. barbatus Red mullet 440 176 17999 135 439 195 17942 16 1 04 56 0.3
A.immaculata  Pontic shad 314 125 38817 29 314 14 38818 345

T. mediterraneus M. horse mackerel 241 9.6 8497 6.4 241 10.7 8497 7.6

S. porcus BI. scorpionfish 37 15 2664 2 37 145 2664 125
U. scaber Stargazer 198 7.9 18414 138 198 77.3 18414 86.6
Hippocampus sp. Seahorse 13 05 41 0 13 51 41 0.2
S. abaster Bl.striped pipefish 4 02 4 0 4 16 4 0
Total 2506 100 133729 100 2250 100 112464 100 256 100 21265 100

Landings were dominated by whiting, which was made up of 55.8% and 42% of the landed
individuals and biomass, respectively. This species was followed by red mullet in number and pontic
shad in biomass. The proportion of horse mackerel from commercial fish species was the lowest.

Discard rate was estimated as 0.102 (10.2%) in number and 0.159 (15.9%) in biomass. 77.3% in
number and 86.6% in biomass of fishes discarded consisted of stargazer. The second most abundant
species was black scorpionfish. Gillnets used in this study are called as the whiting nets (mezgit ag1) in
Turkey and they are mostly designed to capture of the whiting. Therefore, the whiting was the target
species of our study. All of the other species were bycatch (B). In this case, the rate of bycatch (B,)
was calculated as 49.8% in number and 64.6% in biomass.

Effect of depth on catch composition, commercial catch, and discard

Red mullet and mediterranean horse mackerel were the most caught fish species in the 0-14 m
depth strata (Table 2). Least the whiting was obtained in this strata. The catch amount of this species
increased significantly in the 15-29 m depth strata and this increase lasted until the 30-49 m depth.
Similar values were obtained in deeper waters. Contrary to whiting, the most red mullet were caught in
the shallower waters. In the 15-29 m depth strata, the catch of this species was half of 0-14 m depth
strata and it decreased gradually with increasing water depth. One other fish species was stargazer
which was caught most abundant in this depth strata. Another species the most caught in this deep
strata was the stargazer. Nearly all of the catch in the deeper waters consisted of whiting, pontic shad
and stargazer.
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Table 2. Contributions (N and W, g) of fish species to the total catch (C;), commercial catch (C,;) and discard
(D) by depth strata

Total catch (Cy) Commercial catch (Cim) Discard (D)
Depth (m) Species N % W % N % W % N % W %

Whiting 34 5.9 1273 45 31 6.4 1187 5.7 3 3.3 86 1.2
Red mullet 261 452 10900 38.7 260 53.4 10844 51.7 1 11 56 0.8
Pontic shad 24 4.2 3025 107 24 49 3025 144
M. horse mackerel 172 298 5935 210 172 353 5935 283

o BI. scorpionfish 10 1.7 720 2.6 10 11.0 720 10.0
Stargazer 68 118 6324 224 68 747 6324 877
Seahorse 7 12 22 0.1 7 7.7 22 03
BI. striped pipefish 2 0.3 2 0.0 2 22 2 00
Total 578 100.0 28201 100.0 487 100 20991 100 91 100 7210 100
Whiting 242 414 9933 300 242 479 9933 37.3
Red mullet 133 227 5303 16.0 133 26.3 5303 19.9
Pontic shad 77 132 9602 290 77 152 9602 36.1
M. horse mackerel 53 9.1 1766 53 53 105 1766 6.6

1029 BI. scorpionfish 16 2.7 1152 35 16 200 1152 178
Stargazer 57 9.7 5301 16.0 57 713 5301 81.9
Seahorse 5 0.9 16 0.0 5 6.3 16 02
BI. striped pipefish 2 0.3 2 0.0 2 25 2 00
Total 585 100 33075 100 505 100 26604 100 80 100 6471 100
Whiting 493 683 18159 450 493 734 18159 50.6
Red mullet 35 4.8 1387 34 35 5.2 1387 3.9
Pontic shad 128 17.7 15577 386 128 19.0 15577 434
M, horse mackerel 16 2.2 796 2.0 16 24 796 2.2

3049 B, scorpionfish 7 1.0 504 1.2 7 140 504 114
Stargazer 42 5.8 3906 9.7 42 840 3906 885
Seahorse 1 0.1 3 0.0 1 20 3 01
BI. striped pipefish
Total 722 100 40332 100 672 100 35919 100 50 100 4413 100
Whiting 490 789 17928 558 490 836 17928 619
Red mullet 11 18 409 13 11 19 409 14
Pontic shad 85 137 10613 330 8 145 10613 36.7
M. horse mackerel

50>
Bl. scorpionfish 4 0.6 288 0.9 4 114 288 9.1
Stargazer 31 5.0 2883 9.0 31 886 2883 909
Seahorse
BI. striped pipefish
Total 621 100 32121 100 586 100 28950 100 35 100 3171 100
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It is understood from values in Table 2 that while red mullet and stargazer were localized in the
shallow waters, the whiting and pontic shad were localized in waters deeper than 15 m.

Total catch increased from the coast up to 50 m depth. while discard decreased with increasing
water depth (Table 3). Discard rate was estimated as 0.157 (15.7%), 0.137 (13.7%), 0.069 (6.9%) and
0.056 (5.6%) in number and 0.256 (25.6), 0.196 (19.6%), 0.109 (10.9%) and 0.099 (9.9%) in biomass
for the 0-14, 15-29, 30-49 and 50 m> depth strata, respectively. These results showed that both in
number and in biomass the discard rates were decreased with increasing water depth.

Table 3. Numbers (N) and biomass (W, g) of total catch (C,), discard (D) and discard rates (D,) for depth strata

Depth (m) Total catch (Cy) Discard (D) Discard rate (D,)
N w N W N W
0-14 578 28201 91 7210 0.157 0.256
15-29 585 33075 80 6471 0.137 0.196
30-49 722 40332 50 4413 0.069 0.109
50> 621 32121 35 3171 0.056 0.099
Total 2506 133729 256 21265 0.102 0.159

Influence of seasons on catch composition, commercial catch, and discard

The most catch was obtained in autumn. This season was followed winter and spring, respectively.
As seen in Table 4 catches of fish species were lower in summer than other seasons. Because fishing
trials could have been made only June because of maintaining of fishing vessels in July and August.

Table 4. Contributions (N and W, g) of fish species to the total catch (C,), commercial catch (Cy,) and
discard (D) by seasons

Total catch (Cy) Commercial catch (Cim) Discard (D)

Seasons  Species N % W % N % W % N % W %
Whiting 299 414 12790 30.3 296 47.1 12704 363 3 32 8 12
Red mullet 179 248 8079 19.1 178 283 8023 229 1 11 56 0.8
Pontic shad 106 14.7 12596 29.8 106 16.9 12596 36.0 0.0

Spring M. horse mackerel 49 6.8 1660 39 49 78 1660 4.7 0.0
BI. scorpionfish 15 21 1080 26 15 16.1 1080 14.8
Stargazer 65 9.0 6045 143 65 69.9 6045 82.9
Seahorse 8 11 25 01 8 86 25 03
Bl.striped pipefish 1 01 1 00 1 11 1 00
Total 722 100 42276 100 629 100 34983 100 93 100 7293 100
Whiting 78 38.0 2823 26.7 78 49.7 2823 405
Red mullet 56 27.3 2282 21.6 56 357 2282 32.7
Pontic shad 8 39 1120 106 8 51 1120 16.1

Summer M. horse mackerel 15 7.3 748 71 15 96 748 10.7
BI. scorpionfish 7 34 504 4.8 7 146 504 14.0
Stargazer 33 16.1 3069 29.0 33 68.8 3069 85.4
Seahorse 5 24 16 0.2 5 104 16 04
Bl.striped pipefish 3 15 3 00 3 63 3 01
Total 205 100 10565 100 157 100 6973 100 48 100 3592 100
Whiting 535 57.3 19229 38.6 535 62.7 19229 452
Red mullet 84 90 3079 62 84 98 3079 7.2
Pontic shad 132 141 16711 33.6 132 155 16711 39.3

Autumn M. horse mackerel 102 109 3529 7.1 102 120 3529 83
BI. scorpionfish 10 11 720 14 10 125 720 10.0
Stargazer 70 75 6510 13.1 70 87.5 6510 90.0
Seahorse
Bl.striped pipefish
Total 933 100 49778 100 853 100 42548 100 80 100 7230 100
Whiting 347 53.7 12451 40.0 347 56.8 12451 445

. Red mullet 121 18.7 4558 14.7 121 19.8 4558 16.3
WINter b ontic shad 68 105 8391 27.0 68 111 8391 30.0

M. horse mackerel 75 11.6 2560 8.2 75 123 2560 9.2
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BI. scorpionfish 5 08 360 12 5 143 360 114
Stargazer 30 46 2790 9.0 30 85.7 2790 88.6
Seahorse

Bl.striped pipefish

Total 646 100 31110 100 611 100 27960 100 35 100 3150 100

As seen in Figure 2, whiting, pontic shad and red mullet contributed to the total catch in spring
more than the other species. In this season, 86.6% of total discard (in biomass) consisted of stargazer.
Contribution of stargazer which is a discard species, to the total catch was the highest. On the other
hand, the most important commercial fish species was the whiting in the summer period. Both catches
of this species and pontic shad increased in the autumn and winter periods. Figure 2 showed that the
whiting and pontic shad in the autumn and winter periods and red mullet and stargazer were localized
in the spring and summer periods
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Figure 2. Contributions (W% and N%) of fish species to the total catch by seasons

Discard rate was found as 0.129 (12.9%), 0.234 (23.4%), 0.086 (8.6%) and 0.054 (5.4%) in number
and 0.173 (17.3%), 0.340 (34%), 0.145 (14.5%) and 0.101 (10.1%) in biomass in the spring, summer,
autumn and winter periods, respectively (Table 5). These results showed that both in number and
biomass the discard rates were similar from autumn to spring. However, it was very high in the
summer period. Whiting, red mullet and pontic shad from commercial species and stargazer from
discarded species more than the other species contributed to total catch in the spring period.

Table 5. Numbers (N) and biomass (W, g) of total catch (C,), discard (D) and discard rates (D,) for seasons

Depth Total catch (Cy) Discard (D) Discard rate (D,)

N W N W N W
Spring 722 42276 93 7293 0.129 0.173
Summer 205 10565 48 3592 0.234 0.340
Autumn 933 49778 80 7230 0.086 0.145
Winter 646 31110 35 3150 0.054 0.101
Total 2506 133729 256 21265 0.102 0.159
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On the other hand, only three whiting and one red mullet were discarded because of smaller than
minimum landing size (MLS; 13 cm total length). Rest individuals of these species and all of the
pontic shad and the mediterranean horse mackerel were landed to market (Table 1).

DISCUSSION

The Black Sea is a very narrow continental shelf and very thin oxygenated upper strata and
eutrophic nature, favours pelagic fishes. This is caused by the catch composition of the landings, in
which small pelagic fish more than 90% of the total catch (Giicii, 2012). Although pelagic fish species
such as Engraulis encrasicolus, T. mediterraneus, Sprattus sprattus etc. are caught mostly with purse
seine and otter trawl, in the catching of benthic fish species are used commonly bottom trawl, gillnets
and trammel nets in the south-east Black Sea. The catch amount obtained by small-scale fishing is less
than that of large-scale fishing. A number of fishing boats and fishermen in small-scale fisheries are
quite high. Therefore, gillnet and trammel net fisheries are very important in the south-eastern Black
Sea. The importance of gillnet and trammel net fishing has increased because of the prohibition of
fishing by trawl in this region. Because nearly all of the bottom fish species catch has been caught by
gillnets and trammel nets.

Although the Black Sea is inhabited by 187 species (Yankova et al., 2014), during our study only
eight fish species were sampled by experimental gillnets. In terms of biomass, 35.4% of the total catch
consisted of whiting. The second most abundant fish species was red mullet (29%). These species
were followed by stargazer, mediterranean horse mackerel and black scorpionfish, respectively.
Knudsen et al. (2010) indicated that whiting is a dominant species in the littoral zone of the south-
eastern Black Sea. Similarly, Zengin (2000), Kara et al. (1991), ismen and Bingel (1995) and Bingel et
al. (1996) reported that 65-70% of the benthic and benthopelagic macrofauna biomass consisted of
whiting in this part of the Black Sea. In recent years, small-scale fisheries in the south-eastern Black
Sea depend on only whiting, red mullet and mediterranean horse mackerel fishing. Especially the
whiting is the most important fish species for gillnet fisheries. Since the whiting reaches reproductive
maturity at two years age (Iismen and Bingel, 1995; Bingel et al., 1996; Geng, 2000), lays eggs almost
throughout the whole year, and has potential for rapid growth, the stock reproduces and regenerates
quickly. The whiting stock is, therefore, more resilient to fishing pressure than sturgeon and turbot,
which have longer life spans and later reproductive maturity (Knudsen et al., 2010).

In the shallow waters varying between 0-14 m depth, red mullet and mediterranean horse mackerel
were mostly caught. However, catches of both species were also decreased gradually with increasing
water depth. In the between 15-29 m and in the deeper waters mostly caught whiting and pontic shad.
It is understood from these results that red mullets prefer the coastal areas especially during water
temperature increased. According to Knudsen et al. (2010), they live at different depths during the
year, depending on the fluctuations in water temperature. From late spring and throughout the summer
red mullets prefer shallow coastal waters where they reproduce. During this period red mullets are
caught with beach seines, gillnets, and small trawls. Red mullet is more intensively fished from
September through April when 96% of the total catch is taken, primarily by trawlers.

The horse mackerel is a migratory species distributed in the whole Black Sea (lvanov and
Beverton, 1985). Actually, it is a pelagic fish species that it likes to live in the waters close to the
surface. In our study was determined that this species was mostly caught in waters at a depth of 0-14
m. Its catch decreased with the increase of water depth, and even it was never caught in waters deeper
than 50 m.

It is known well that in the south-eastern Black Sea the whiting is one of the most abundant species
among the benthic fishes. It does not undertake distant migrations, spawning mainly in the cold season
within the whole habitat area. The whiting produces pelagic juveniles, which inhabit the upper 10 m
water strata for about a year. The adult whiting is cold-living, preferring temperatures 6-10° C. It
occurs all along the shelf, dense commercial concentrations are formed by 1-3 year old fishes in the
water down to 150 m depth, most often at 60-120 m depths. In the vicinity of the southern coast of the
Black Sea whiting concentrations are more stable (Daskaalov and Rétz, 2011). This information was
agree with the results of our study. In our study, the catch amount of this species was found very low
in the waters shallower than 15 m. Its catch increased significantly in the waters varying depth
between 15 and 29 m and this increase lasted up to 50 m> depth. Erdem et al. (2007) reported similar
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results in the coast of Samsun. Whiting catch was higher for fishing conducted in the waters deeper
than 50 m. Similarly, Ciloglu et al. (2002) reported that no catch was obtained in waters of 15 m depth
in the coast of Trabzon. However, 16, 65.7 and 71.8% of total catch were caught in the 35, 60 and 80
m depths, respectively. Both the results of our study and the results of the studies cited above showed
that the whiting doesn’t prefer living in the waters shallower than 15 m. Therefore, the whiting nets
should be set in waters deeper than 15 m. In addition, when these results are compared with our study
results, it was understood that the rate of whiting obtained from shallow waters were higher in the
coast of Fatsa than those of Samsun and Trabzon coasts.

Most pontic shad were caught in the depths of 30-49 m. Move away from this depth, catch of this
species decreased. Even, it was never caught at depths between 0-14 m in the summer and winter
periods and between 15-29 m in the summer period. Ak et al. (2012) reported that this species was
sampled coast of Trabzon in depth between 40 and 60 m during winter and spring. Pontic shad migrate
to brackish waters and rivers to spawn (Polat and Ergiin, 2008) and they are found in large scholars
around the river mouth and in the middle waters. In our study region, there are many rivers and two of
them (Bolaman and Elekgi rivers) flow into our study area. Catch of pontic shad may be positively
affected especially in the spawning season because of this situation.

In terms of seasonal, the spring catch consisted of mostly the whiting, pontic shad, and red mullet,
respectively. Especially, the catch of pontic shad decreased significantly in summer. Contribution of
the whiting and pontic shad increased during the autumn and winter seasons. Of commercial fish
species, contributions of whiting to the total catch were the highest in all seasons. Except for summer,
this species was followed by pontic shad and red mullet, respectively. However, the most catch was
obtained in autumn and winter for whiting and pontic shad, in spring and summer for red mullet. As
indicated by Knudsen et al. (2010), excluding the summer period, whiting in the south-eastern Black
Sea yields abundant catch throughout the year. This species is a cold water fish and its seasonal
vertical distribution depends on the sea water temperature. During the summer, when the water
temperature rises in the southern Black Sea, the whiting population passes to deep waters at and below
the thermocline strata (30-40 m) that has a constant water temperature (in general 7.5-8.5 C). The
catch of red mullet was very low especially during the autumn. This species prefers shallow coastal
waters from late spring and throughout the summer and during this period red mullets are caught with
beach seines, gillnets and small trawls (Knudsen et al., 2010). Geng (2002) reported similar results.
According to Geng (2002), red mullet migrates into shallow waters toward spring and they are caught
by gillnets in this season. May is season the most catch obtained by small fishing boats. The results of
our study were similar to these results reported. As reported by Aydin et al. (2008), spawning season
was summer for this species in the south-eastern Black Sea and they migrate to the shallow waters in
this period. On the other hand, contrary to the results of our study was indicated by Knudsen et al.
(2010) red mullet is more intensively fished from September through April when 96% of the total
catch is taken, primarily by trawlers. Most mediterranean horse mackerel catch was obtained in
autumn. Catch of this species decreased gradually from this season to summer in the South-eastern
Black Sea. Spring and summer catches were very low and similar to each other. lvanov and Beverton
(1985) reported that this species in spring migrates to the north for reproduction and feeding. In
summer they are distributed preferably in the shelf waters above the seasonal thermocline. In the
autumn it migrates towards the withering grounds along with the Anatolian and Caucasian coasts
migration. According to Demir (1958), the horse mackerel winter at a depth ranging between 20 and
90 m off Crimea and between 20 and 60 m off the Caucasian coasts. Depending on water temperature,
feeding migration starts in mid-April or towards the end of that month. This species is one of the most
important fish species in the Black Sea and it is caught mostly by purse seine and otter trawl. In
addition, it is also caught by gillnets and trammel nets using in small scale fisheries. Therefore, it is an
important income source for small-scale fishing in the Black Sea coast of Turkey.

In multispecies fisheries where a catch complex rather than a single species is targeted, it is a
common feature for fishers to take into account the outcome of the catch in terms of species
composition, sizes, and abundances to decide what will be discarded. Thus, when catches of the
primary commercial species are not satisfactory, species and sizes of the lower commercial value are
retained to a higher degree (Tsagarakis et al., 2013). The annual discard rate in biomass was
determined as 15.8%. Several studies for example in the C. Aegean 5.1% (Stergiou et al., 2002), in
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brackish water of Australia 6.2% (Gray et al., 2005), in the Tabarca Marine Reserve 4.1% (Forcada et
al., 2010) and Patraikos Gulf 10% (Tzanatos et al., 2007) discard rates reported lower values for
gillnets and trammel nets. However, certain net fisheries present higher discard rates. Examples are
gillnets for hake in the lonian Sea [29.5%; 43] as well as trammel-nets for prawns in lzmir Bay
(Gokege and Metin, 2007) and in Rize coast of the Black Sea 17.98% (Kalayci and Yesil¢icek, 2014)
and common spiny lobster (Palinurus elephas) in Tunisia and Spain (Quetglas et al., 2004) where
discards may exceed 40%. The differences in the results (discard rates) can be attributed to the species
compositions resulting from regional differences, technical characteristics of nets and fishing
strategies. The results of the study showed that black scorpionfish and stargazer were the major
discarded species caught by the 32 mm and larger mesh sized bottom gillnets in the south-eastern
Black Sea, because of their morphological structure or being more abundant in these fishing grounds.
Rest individuals of these species and all of the pontic shad and the mediterranean horse mackerel were
landed to market (Table 1). The number of other discard species was very low. Individuals of
commercial fish species which are whiting, red mullet and pontic shad under minimum landing size
(MLS) (13 cm total length) represented very low rates in total catch. On the other hand, as indicated
by Koca (1997), black scorpionfish is of commercial interest and is an important artisanal species in
the Black Sea. But it is not evaluated enough by fishermen because of the difficulty in removing the
poisonous thorns. Reducing the catching of these species, it may be possible by prohibition fishing
with gillnets in the summer period or in shallow waters. In this context, it can be argued that discard
rates for benthic fishes as black scorpionfish and stargazer may cause negative effects on the
populations of these species. However, reducing these discard rates can be achieved by prohibiting
seasonal and by selectivity studies. In addition, it could be said that considering implemented current
landing size for whiting, red mullet and mediterranean horse mackerel (13 mm total length) the use of
gillnets having mesh sizes of 32 mm> in the south-eastern Black Sea doesn’t cause discard on these
fish species.

The discard rate decreased gradually with increasing water depth (from 0-14 m to 50 m >). This
fluctuation may be attributed to a high catch of stargazer in the shallow waters. Seasonally, it was the
highest in summer and the least in winter. The most important reason may be increasing in the catch of
stargazer and decreasing in the catch of commercial fish species in the summer period. Contrary to the
summer period, the low discard rate in the winter period can be explained with decreasing of discarded
species and increasing of commercial species in the winter catch.

CONCLUSION

Whiting, red mullet, pontic shad, and mediterranean horse mackerel were commercial fish species
caught by gillnets in the fisheries conducted in the south-eastern Black Sea. Of these species,
mediterranean horse mackerel in waters shallower than 15 m, red mullet in waters shallower than 30 m
were mostly caught, while whiting and pontic shad were caught mostly in waters deeper than 15 m.
Seasonally, whiting and pontic shad from autumn to the end of spring, red mullet from winter to
summer, mediterranean horse mackerel in the autumn and winter periods were mostly caught.

Depth was verified as a significant factor affecting the size of the discard; very high discard at
depths shallower than 30 m. However, the discard does not follow a linear decrease towards deeper
strata. Similarly, the discard rate was importantly affected by water temperature. Although it was very
high in the summer period, it gradually reduced from summer to winter.
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Ozet

Bu ¢aligma Tatlarin Baraj Goliiniin fiziko-kimyasal 6zelliklerini ortaya koymak ve kirliligin baliklar iizerine genotoksik
etkisini ortaya koymak amaciyla yapilmustir. Calisma Nisan 2013-Mayis 2014 tarihleri arasinda aylik periyotlarla
yiiriitiilmiistiir. Olgiimii yapilms olan fizikokimyasal parametrelere ait yillik ortalama degerlerden; su sicakligi 15,5 °C,
¢ozlinmils oksijen 6,44 mg/L, elektriksel iletkenlik 622,9 pmho/cm, toplam ¢oziinmiis madde 0,519 mg/L, tuzluluk 0,40
mg/L, pH 10,67, nitrit 0,77 mg/L, nitrat 1,14 mg/L, amonyak 2,67 mg/L, amonyum 1,54 mg/L, potasyum 17,56 mg/L, stilfat
63,7 mg/L, flor 0,57 mg/L, klor 48,23 mg/L, askida kati madde 44,75 mg/L, sertlik 10,82 mg/L, CaCO3 195,67 mg/L, fosfat
2,96 mg/L, kimyasal oksijen ihtiyact 74,05 mg/L ve biyolojik oksijen ihtiyact 12,5 mg/L olarak belirlenmistir. Caligma
sonunda barajin Su Kirliligi Kontrol Yoénetmeligi kirlilik siniflamasina goére “cok kirli sular” kategorisine yakin oldugu
sonucuna varilmigtir. Kirli suya sahip baraj goéliinde yasayan Carassius gibelio ve C. auratus bireylerine ait mikroniikleus
frekanslar1 ile kromozom anomalilerinden tomurcuklu niikleus, g¢entikli niikleus, loblu niikleus ve biniikleus frekanslari
belirlenmistir. Barajda yasayan C. gibelio ve C. auratus tiirlerinin eritrositlerinde mikroniikleus frekans: sirastyla 6,12+3,61
ve 5,57+2,3 olarak belirlenmis olup bu sonuglara gére su kirliliginin baliklar iizerinde genotoksik etki gdsterdigi sonucuna
varilmustir.

Anahtar kelimeler: Carassius gibelio, Carassius auratus, genotoksisite, Nevsehir

Determination of the Genotoxic Effect of Water Pollution on Carassius gibelio and Carassius auratus by Micronucleus
Test in Tatlarin Dam Lake

Abstract

This study was conducted to identify physico-chemical features of water of Tatlarin Dam Lake and if water pollution is
intended to reveal the genotoxic effect on aquatic fish. This study carried out from April 2013 to May 2014 by monthly
intervals. The measured physicochemical parameters were given as following: for Tatlarin Dam Lake: water temperature
15.5 °C, dissolved oxygen 6.44 mg/L, conductivity 622.9 umho/cm, total dissolved solution 0.519 mg/L, salinity 0.40 mg/L,
pH 10.67, nitrite 0.77 mg/L, nitrate 1.14 mg/L, ammonia 2.67 mg/L, ammonium 1.54 mg/L, potassium 17.56 mg/L, sulphate
63.7 mg/L, fliorine 0.57 mg/L, chlorine 48.23 mg/L, suspended solids 44.75 mg/L, hardness 10.82 mg/L, CaCO; 195.67
mg/L, phosphate 2.96 mg/L, chemical oxygen demand 74.05 mg/L, biological oxygen demand 12.5 mg/L. According to the
results, it was identified that Tatlarin Dam Lake which, according to the classification of Water Pollution Control Regulation
is said to be very close to the polluted waters category. Micronucleus fregency was found to be 6.12+3.61 in C. gibelio and
was found to be 5.57+2.34 in C. auratus in Tatlarin Dam Lake. The water pollution in Tatlarin Dam Lake can say that
showed genotoxic effects.

Keywords: Carassius gibelio, Carassius auratus, genotoxicity, Nevsehir

GIRIS

Sucul ortamlar ¢ogunlukla insan faaliyetleri sonucu ortaya ¢ikan etmenler nedeniyle kirlenmekte ve
kirlilik tehdidi giinden giine artis géstermeye devam etmektedir. Kirlenen sularda bulunan canlilarin
yasamsal faaliyetleri de dogrudan veya dolayli olarak etkilenmektedir. Stahl (1991) endiistriyel atik
sularm %30’unun genotoksik kimyasallarla kirlendigini belirtmistir (Tucker ve Preston, 1996).
Guniimiizde bu durumun ¢ok yiiksek seviyelere ulasmis oldugunu tahmin etmek zor degildir.
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Yagmur sular1 atmosferi temizlemekte ve bunun bir sonucu olarak bu yagmur sular ¢oziinmiis
asitler ve organik bilesikler ile birlikte bakir, kursun, civa vb. gibi agir metalleri de biinyesinde
almaktadir. Nehirler, akarsular ve goller gibi sularin toplandigi rezervuarlar yagmur sularinin
birikmesi ile kirlenmektedir.

Tarimsal faaliyetler sonucu suya patojenler, besin maddeleri, herbisit, pestisitler vb. gibi
kimyasallar karisarak su kaynaklarini kirletmektedir. Kiimes ve ahir gibi kii¢iik bir alanda ¢ok sayida
hayvan yetistirilmesi sonucu birim alana diisen hayvan artiklarmin miktar1 normal sinir1 asarak
patojenlerin birikmesine ve bunlarin suya karigmasina sebep olmaktadir (Gross vd., 1998).

Kentsel ylizeysel akis diinyanin ¢ogu yerinde su kirliliginin baglica sebeplerinden biridir. Bu
yilizeysel akis sular patojenler, hidrokarbonlar (PAH igeren), pestisitler, agir metaller (kadmiyum,
bakir, krom, kursun, ¢inko ve demir igeren) iceren toksinleri ihtiva ederler (Walker vd., 1999; Hwang
ve Foster, 2006; Stein vd., 2006; Markiewicz-Patkowska vd., 2005; Rocher, 2004).

Temizlik maddeleri, kozmetik iiriinler, deodorantlar, dezenfektanlar, ev ve bahc¢ede kullanilan
pestisitler, ilaglar, boya ve boya iirlinleri, koruyucular ve sabunlar gibi ev ve kisisel bakim ve
temizlikte kullanilan driinlerin igerdigi kimyasal maddeler de suya karigarak su kirliligine sebep
olmaktadir (Hathaway, 1980).

Genetik toksikoloji, kimyasallar ve radyasyonun kalitsal materyaller, DNA ya da hiicreler
tizerindeki toksik etkilerini incelemekte olup mikroniikleus formasyon, kromozomal anormallikler,
kromozomal aneuploidiler ve memeli hiicrelerindeki morfolojik ve neoplastik transformasyonlar,
kimyasal karsinojenler ve bunlarin onkogenleri aktivasyonu, tiimor supresor genlerindeki kotii huylu
mutasyonlar1 incelemektedir (Landolph, 2014). Mikroniikleus, 19. yiizyilin sonunda Howell ve
Jolly’nin, kedilerden ve si¢anlardan alinan kanda kii¢iik inkliizyonlar1 bulmasiyla tanindi. Howell-
Jolly cisimleri olarak adlandirilan kii¢iik inkliizyonlar, siddetli anemi hastalarinin periferik kanin
eritrositlerinde de goriilmektedir (Hayashi, 2016).

Mikroniikleus testi, in vivo ve in vitro olarak uygulanabilen bir test olmakla beraber sitogenetik
hasar1 tespit etmede, kromozom analizlere kiyasla kolay uygulanabilmesi, daha fazla hiicre sayim
yapilmasi ve istatistiki acidan daha anlamli sonug elde edilmesi gibi avantajlardan dolayr kullanim
alam1 yaygindir (Sekeroglu ve Atli-Sekeroglu, 2011).

Tatlarin Baraji hemen hemen her yaz déneminde toplu balik 6liimleri ile giindeme gelmektedir.
Baraj goliiniin suyunda kirlilik yiikii olduk¢a yiiksek olup hemen hemen her yil alg patlamasi
yasanmakta ve otrofikasyona bagli balik 6liimleri sorunu ortaya ¢ikmaktadir. Bu nedenle s6z konusu
tez galigmasi ile Tatlarin Baraji’nin y1l boyunca aylik olarak su kalitesi parametrelerinin belirlenerek
kirliligin baliklar {izerine etkilerinin ortaya konmasi amaciyla mikroniikleus analizi yapilmistir.

MATERYAL ve YONTEM

Tatlarin Baraj1 (38°37°2,18"" K-34°29"30,91"") Nevsehir ilinde, Derindz Cayi1 iizerinde, sulama
amagli olarak 1964-1966 yillar1 arasinda insa edilmistir. Bu ¢alisma Nisan 2013-Mayis 2014 tarihleri
arasinda aylik olarak gerceklestirilmis olup gl suyunun fiziksel ve kimyasal oOzelliklerini
belirlenmistir. Yiizeysel su sicakligi (°C), pH, ¢6zlinmiis oksijen miktar1 (mg/1), tuzluluk ve elektriksel
iletkenlik degerleri YSI Professional Plus model multiparametre ile yerinde Olcililmiistiir. Diger
analizler i¢in ise temiz pet siseler icerisine bir litre ylizeyden su numunesi alinarak Nevsehir Haci
Bektas Veli Universitesi Fen Edebiyat Fakiiltesi Hidrobiyoloji Arastirma Laboratuvarina getirilmistir.
Analizler kitler (Hach Lange) kullanilarak Masa Tipi Vis Spektrofotometre (Hach Lange marka DR
3900 RFID) ile yapilmistir. Barajin su kalitesi Olgiilen kirlilik parametrelerinin degerlendirmesi Su
Kirliligi Kontrol Ydnetmeligi (SKKY) ne gore yapilmistir (SKKY, 2004).

Balik 6rnekleri 18, 24, 32, 36, 44, 60 ve 70 mm g6z agikligina sahip 100 m uzunlugunda galsama
aglar kullanilarak profesyonel balikcilar yardimiyla temin edilmistir. Canli haldeki baliklarin kuyruk
kismindan, heparinli enjektorlere ¢ekilerek, kan alindiktan sonra baliklar géle saliverilmistir. Alinan
numuneler testler yapilincaya kadar +4°C’de sogutucuda saklanmustir.

Periferal eritrositlerin incelenmesi amaciyla alinan her bir kan numunesinden iiger adet yayma
preparat hazirlanmistir. Hazirlanan preparatlar havada kurutulduktan sonra %95°lik etanolde 20 dk.
stiresince fikse edilmistir. Fikse edilen preparatlar tekrar havada kurutulduktan sonra %5’°lik Giemsa
soliisyonunda 20 dk. siire ile boyanmistir. Boyama isleminden sonra preparatlar, saf sudan gegirilerek
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fazla boyanin uzaklastirilmasi saglandiktan sonra, mikroskop altinda degerlendirmeye alinmiglardir.
Her preparattan 1000 hiicre sayilarak mikroniikleus degerlendirmesi yapilmustir.

Morfolojik niikleus diizensizlikleri periferik yayma ile Carrasco vd. (1990) gore; centikli niikleus,
tomurcuklu niikleus, loblu niikleus ve biniikleus olmak {izere baglica dort grup altinda toplanarak
degerlendirilmislerdir.

BULGULAR ve TARTISMA
Tatlarin Baraj fiziko-kimyasal dzelliklerin aylik degisimi Tablo 1°de verilmistir.

Tablo 1. Tatlarin Baraj G6lii Baz1 Su Kalitesi Parametreleri

Olgiilen Parametreler é % g g é a E % % fxg é £ Ortg?;xrl’r?:Std
z = 8 @ % = w ¥ < e} 7> p=
Hava Sicaklig1 (°C) 18 24 28 23 23 20 6 14 -6 10 13 13 15,5+8,97
Su sicakligi (°C) 12,5 19,5 231 22,7 216 191 114 8 2,5 52 9,2 75 13,53+7,32
Cozinmiis Oksijen (mg/L) 7,13 6,94 6,22 5,39 491 448 597 623 79 755 7,32 7,18 6,44+1,09
Elektriki Iletkenlik (uS/cm) 582 602 689 712 703 687 630 605 542 493 626 604 622,9+66,84
TCM (mg/L) 0,49 0,44 0,47 0,48 049 050 055 058 053 051 058 0,59 0,52+0,05
Tuzluluk (mg/L) 0,38 0,33 0,35 036 037 038 042 044 043 039 044 045 0,40+0,04
pH 10,7 10,9 11,1 111 106 104 104 10,2 10,2 10,2 101 10,7 10,57+0,36
Nitrit (mg/L) 1,24 0,13 0,08 005 005 008 003 029 112 19 398 0,26 0,77+1,19
Nitrat (mg/L) 1,26 084 0,86 055 053 051 056 124 125 127 316 1,61 1,14+0,74
Amonyak (mg/L) 1,2 1,01 0,5 046 055 061 463 663 472 397 545 2,27 2,67+£2,27
Amonyum (mg/L) 0,33 0,22 0,07 005 0,08 009 376 341 323 312 281 1,26 1,54+1,58
Potasyum (ng/L) 12,6 10,4 17,1 12,9 133 156 238 304 22,7 188 176 15,5 17,56+5,69
Siilfat (mg/L) 90,7 65,3 63,5 51,2 579 638 701 624 582 548 653 61,2 63,7+£9,92
Floriir (ug/L) 037 031 0,75 065 054 059 051 067 069 069 0,65 0,38 0,57+0,15
Klor (mg/L) 46,7 39,8 29,9 336 399 433 656 569 554 54 57,6 56,1 48,23+10,99
AKM (mg/L) 73 79 46 31 29 26 30 29 30 35 59 70 44,75+19,96
Sertlik (Fransiz) 9,2 9,5 8,87 8,63 927 993 11,7 126 124 121 121 13,5 10,82+1,73
CaCO3 (mg/L) 198 169 158 154 170 177 209 225 217 216 215 240 195,67+28,8
Fosfat (mg/L) 1,36 1,21 1,14 1,23 1,77 194 421 451 426 39 5,08 4,92 2,96+1,63
KOIi (mg/L) 834 811 58,3 62,8 664 71,7 929 58 68,7 768 87,3 81,23 74,05+11,49
BOI (mg/L) 16 22 17 9 8 6 14 32 6 5 8 7 12,5+8,14

Su Kalitesi Parametrelerinin Degerlendirilmesi

Elde edilen verilerle Tatlarin Baraj Goliinde meydana gelen kimyasal kirlilige neden olan etkenler
arastirilmig ve su kalitesinin akuakiiltiir i¢in elverigli olmadigi anlasilmistir.

SKKY’ye gore genel olarak Tatlarin Baraji suyunun kirli olarak degerlendirilebilecegi sonucuna
varilmistir. Nitekim hemen hemen her yil yaz aylarinda toplu balik liimlerinin yasandig1 goz oniine
alimacak olursa bu oliimlerin kirlilikle baglantili olarak ortaya ¢iktigi kolaylikla sdylenebilir. S6z
konusu kirliligin evsel ve tarimsal kaynakli olarak daha ¢ok besleyici elementlerden kaynaklandigi,
endiistriyel bir kirliligin s6z konusu olmadigi da ortaya ¢ikmis olmaktadir. Nitekim kis aylarinda
ortaya c¢ikan besleyici elementlerden kaynakli kirlilik yiikii iklim ve su kosullarinin iyilesmesine bagh
olarak ilkbahar-sonbahar donemlerinde alg patlamasina ve buna bagli olarak &trofikasyona sebep
olmaktadir. Bu nedenle baraj goliine dokiilen akarsuya evsel kirleticilerin girisinin engellenmesi veya
aritildiktan sonra desarjinin saglanmasi durumunda kirliligin 6nemli 6l¢giide engellenecegi soylenebilir.
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Mikroniikleus Analizi ve Niikleus Diizensizlikleri

Boyama yapilmis olan preparatlarin mikroskop altinda incelenmesi sonucunda Mikroniikleus (MN)
frekanslar1 ile kromozom anomalilerinden tomurcuklu niikleus (TN), ¢entikli niikleus (CN), loblu
niikleus (LN) ve biniikleus (BN) frekanslar1 belirlenmistir (Sekil 1).
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Sekil 1. Mikroniikleus (MN) ve Centikli niikleuslarin (CN) goriintimii

Tatlarin Baraj Golii’ndeki Carassius gibelio ve C. auratus’a ait Mikroniikleus (MN) frekanslart ile
kromozom anomalilerinden tomurcuklu niikleus (TN), ¢entikli niikleus (CN), loblu niikleus (LN) ve
biniikleus (BN) frekanslar1 belirlenmistir.

Carassius gibelio’ya ait MN, TN ve CN frekanslar1 C. auratus’taki frekanslarla karsilastirildiginda
daha yiiksek bulunmustur (Sekil 4.22). LN ve BN frekanslar1 ise C. auratus’ta C. gibelio’dan daha
yiiksek oldugu belirlenmistir.

Centikli niikleus frekanslar1 C. gibelio igin 6,124+3,61 ve C. auratus igin ise 5,57+2,34 olarak
hesaplanmigtir. Ergene vd. (2007) C. gariepinus ve A. orontis tiirlerinde bu degeri sirasiyla Akgol’de
(Mersin) 4,75+0,08 ve 4,15+£0,50, Paradeniz’de (Mersin) 4,90+0,09 ve 3,45+0,87 olarak
bildirmislerdir.

Bunun yani sira C. gibelio ve C. auratus i¢in sirastyla tomurcuklu niikleus frekanslart 3,58+1,99 ve
2,69+1,84, loblu niikleus frekanslar1 1,47+0,83 ve 1,50+0,58, biniikleus frekanslar1 1,46+0,97 ve
1,60+0,89 olarak hesaplanmistir.

Bu farkliliklarin nedeni sudaki kirlenme seviyelerinin, balik tiirlerinin, tiirlerin beslenme
aligkanliklarinin, habitatlarin, balik davramiglariin farkliligindan kaynaklandigi diisiiniilmektedir
(Ergene vd., 2007).

Tatlarin Baraj Golii’ndeki oranin yiiksek bulunmasinin sebebi olarak suyun yiiksek bir kirlilik
yiikiine sahip olmasindan kaynaklandig: diistiniilmektedir. Nitekim fiziksel ve kimyasal analiz verileri
degerlendirildiginde, Tatlarin Baraj Goliinde ortalama su sicakligi, TCM, nitrit, floriir ve siilfat
degerlerine gore su kalitesi I. simiftir (yiiksek kaliteli su). Ortalama ¢6ziinmiis oksijen ve kloriir
degerleri bakimindan II. siif (az kirlenmis su), amonyum ve BOI degerlerine gore de III. simf
(kirlenmis su), pH, nitrit, fosfat ve KOI degerleri bakimindan IV. simf (¢ok kirli su) kalite dzelligi
gostermistir. Su kalitesi I-IV arasinda degisim gosteren Tatlarin Baraj Golii, SKKY’de belirtilen
uygun su ihtiyaglan icin degerlendirilebilir nitelikte olmadigi goriilmektedir. Baraj goliiniin su
kalitesinin igme, kullanma ve akuakiiltiir i¢in uygun sartlarin olmadig1 goériilmektedir. Tatlarin Baraj
Golindeki sonuglar bu alanda yiiksek bir genotoksik kirliligin oldugunu gézlenmektedir. Bu kimyasal
kirliligin Acigdl ilgesi ile Tatlarin Baraj Golii arasinda kalan boélgedeki antropojenik ve zirai
faaliyetlerden kaynaklanmaktadir. Benzer sekilde kimyasal maddelerle kirlenmis tathi su
ekosistemlerinde MN frekanslarinda 6nemli artislar oldugu; bu artiglara Barbus plebejus (Minissi vd.,
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1996), Salmo trutta (Sanchez-Galan vd., 1998) ve Carassius sp. (Hayashi vd., 1998) gibi tiirlerde
rapor edilmistir.

Dogal baliklarda niikleus anomalilerinin sayilmasi kimyasallarin sagliga etki giiciinii anlamak i¢in
yararlt oldugu ispatlanmistir (Rodriguez-Cea vd., 2003). Aym1 zamanda bu anomaliler baliklarda
sitotoksik/genotoksik hasarin indikatorii olarak kabul edilir. Tatlarin Baraj Golii’niin fazla miktarda
sehirsel atiklara maruz kaldigindan dolayr her iki tiirde centikli niikleus oranlarinin yiiksek oldugu
goriilmektedir.

Tesekkiir: Ayrica bu calisma materyallerinin Dog. Dr. Ramazan MERT’in yiriitiiciisi oldugu
NEUBAP-13F40 nolu BAP projesi kapsaminda elde edilmis olmas1 nedeniyle Nevsehir Haci Bektas
Veli Universitesi Bilimsel Arastirma Projeleri Birimine de tesekkiir ederiz.
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Abstract

Some biological aspects of silverstripe blaasop from the Turkish coast were studied in terms of morphometry age and
growth. Samples were collected between December 2011 and May 2013, comprising of 100 inviduals of Lagocephalus
sceleratus (Gmelin,1789) from Antalya Bay. The age of each specimen was estimated based on vertebra analysis, and the age
of L. sceleratus ranged between one and five years. Length weight relationships were calculated as W= 0.0102TL*%® and
Von Bertalanffy growth function L=79.48 (1-™18537(+061791) ‘The reqylts were discussed with data available from different
studies.

Key words: Age, growth, silverstripe blaasop, Turkey

Tiirkiye'nin Akdeniz Kiyilarindan Giimiis Banth Balon Baligi Lagocephalus sceleratus (Gmelin, 1789)'un Biiyiime
Parametreleri

Ozet

Tirkiye’nin Akdeniz kiyilarindan, giimiis bantli balon baliginin bazi biyolojik ozellikleri, yas ve biiylime acisindan
incelenmistir. Aralik 2011-Mayis 2013 tarihleri arasinda Antalya Korfezi'nden Lagocephalus sceleratus (Gmelin, 1789)
tiiriine ait toplamda 100 birey toplanmistir. Her bir bireyin yasi, omurga analizine dayanarak okunmustur ve bu ¢alismada L.
sceleratus'un yas araligi I-V yil olarak belirlenmistir. Boy-agirhk iliskisi W = 0.0102 TL*%**® ve Von Bertalanffy biiyiime
fonksiyonu Lt = 79.48 (1-e 01857 (t+ 061791y ylarak hesaplanmustir ve sonuglar farkli ¢caligmalardan elde edilen verilerle
karsilastirilmigtir.

Anahtar Kelimeler: Yas, biiyiime, giimiis bantli balon baligi, Tiirkiye

INTRODUCTION

The silverstripe blaasop, Lagocephalus sceleratus (Gmelin, 1789) belongs to the family
Tetraodontidae; with the native range in the Indo-West Pasific Ocean (Smith and Heemstra 1986;
Aydin, 2011). It inhabits tropical waters at depths ranging from 18 to 100 m, preferably on reefs (May
1986; Tiirker-Cakir et al., 2009). It contains Tetrodotoxin (TTX) which can cause death by muscular
paralysis, respiratory depression and circulatory failure (Field, 1998; Akyol et al., 2005).

L. sceleratus is a Lessepsian immigrant and was first recorded in the Gokova coast of Turkey from
the Eastern basin of the Mediterranean Sea on 17 February 2003 (Akyol et al., 2005). Additional some
records followed from Mediterranean coast of Israel, (Golani and Levy, 2005) in the marine of Rhodes
Island (SE Aegean Sea, Greek) on 21 September 2005 (Corsini et al., 2006); a single specimen from
Kemer-Antalya coast (Antalya Bay, eastern Mediterranean Sea) on 18 September 2004 and another
specimen was speared from Hekim Island- Izmir Bay (Aegean Sea) on 21 April 2006 (Bilecenoglu et
al., 2006); a specimen was caugt in July 2005 in Heraklion Bay and another specimen was caught in
December 2005 in Georgipoupolis Bay (Cretan Sea) (Kasapidis et al., 2007); a single specimen in
Edremit Bay (Aegean Sea) in July 2008 (Tiirker-Cakir et al., 2009); four specimens were caught in
February 2009 in iskenderun Bay (Torcu-Kog et al., 2011); two specimens were caught from Mersin
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coast (Mersin Bay, north-eastern Mediterranean Sea) on 10 November 2010 and other two specimens
Konacik Harbour (Iskenderun Bay northeastern Mediterranean Sea) on 29 November 2010 (Yaglioglu
et al., 2011); in the southern gulf of Gabes, Central Mediterranean on December 2010 (Jribi and
Bradai, 2012); five inviduals were caught in Ain Al Ghazala, Libya in September 2010 (Milazzo et al.,
2012). L. sceleratus has established new territories of the Eastern Mediterranean Sea.

Length-weight relationships are important because they: allow the conversion of growth-in-length
equations to growth-in-weight, for use in stock assesment models; allow the estimation of biomass
from length observations; allow an estimate of the condition of fish; and are useful for between-region
comparisons of life histories of a certain species (Wootton, 1991; Pauly, 1993; Petrakis and Stergio,
1995; Gongalves et al., 1996; Moutopoulos and Stergio, 2002). Relationships between different types
of lengths are also very important for comparative growth studies (Moutopoulos and Stergio, 2002).

The population structure of L. sceleratus should be monitored regularly in distribution areas due to
the rapidly adapted new environment. The aims of this study were to investigate (i) the relationships
between different morphometric parameters and the population structures, (ii) growth and age
determination of the vertebrae. The results are discussed with respect to observations from the same
and different areas.

MATERIALS and METHODS

Specimens of silverstripe blaasop L. sceleratus were collected from commercial catches and fishing
line at the Antalya Bay between December 2011 and May 2013. In this study, a total of 100 L.
sceleratus was examined. The sex (female and male) was determined by macroscopic observation of
the gonads. Total body weight was recorded with an electronic balance at the nearest 0.1 g. Length-
weight relationships (LWRs) were calculated for male, female and combined sex by the exponential
regression equation: W=a TL" (Ricker, 1975); where W is the total body weight in g, TL is the total
length in cm, a and b the parameters to be established. The 95% confidence interval (95% CI), Cl of b
was computed using the equation: s(b)*tq.,) where s(b) is standart error of b (Sparre and Venema,
1998). The age of this species were determinedby vertebrae. The trunk vertebrae was carefully
removed and placed in boiling water for 5 minutes, cleaned from tissues. The mechanically uncleaned
backbones were left in 5-25 % sodium hydrocloride for about 1day and rinsed distilled water (Karatas,
2005). Age was determined by counting the apaque rings on the vertebral centrum.

The von Bertalanffy growth equation L= L, (1-e ™) was used to describe the growth of
silvestripe blaasop. The von Bertalanffy growth equation L= L., (1-e **') where t is age, L, is the
length at time t. Asymptotic length (L..), growth cofficient (k) and theoritical age (t,) were calculated
using the Ford-Walford method (Avsar, 2005; Aydin, 2011). The growth performance index (®) was
calculated. @ = 2 log;o Loo + logyg K (Pauly and Munro, 1984) where L., and k were parameters of the
von Bertalanffy growth equation. Additionally, the stomach content of silvestripe blaasop was
examined by macroscopic.

RESULTS

Total length range, weight range, parameters of LWR and 95% CI of b are presented for of male,
female and all fish in Table 1. Graphic of LWRs is given in Figure 1, Male exhibitied negative
allometric growth (b<3), female and all sampled fish exhibitied positive allometric growth (b>3) in
Table 1.

Table 1. Parameters of length-weight relationships for L. sceleratus, male, female and all sampled fish (M:
Male; F: Female; LR: Length Range; N: Number of inviduals; WR: Weight Range; a and b, Intercept and
Slope of Length-Weight Relationships; r?, Coefficient of Determination; SE(b): Standart Error of b; 95% ClI:
Confidence Interval)

Sex N LR (cm) WR (9) a b r? SE(b) 95% Cl of b
M 52 19.0-57.4 58.60-1981.00 0.0108 2.9914 0.9903 0.0299 0.0593

F 48 13.2-57.6 28.20-2042.80 0.0096 3.0337 0.9921 0.0272 0.0539
All 100 13.2-57.6 28.20-2042.80 0.0102 3.0118 0.991 0.0289 0.0574
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Figure 1. The total length- weight relationships of the a) male, b) female and c¢) sex combined of L. sceleratus in

Antalya Bay

The age distribution of samples ranged from | to V years based on the results of vertebra reading.
The age group | was dominant (49%), followed by age groups Il (32%), IV (11%), Il (4%) and V

(4%).

The growth was described by the von Bertalanffy model based on the back-calculated length at age
data (Figure 2). Estimates of L., k, and t, obtained from Ford-Walford were respectively 79.48;
0.18537 and -0.61791. The values of the growth performance index (®) calculated as 3.069 in this
study (L..=79.48) and were given along with the values of other authors in Table 2.
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Figure 2. The von Bertalanffy growth curve for L. sceleratus in Antalya Bay (Mediterranean Coast of Turkey)
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Table 2. Values of L., (cm), k (years)™, t, (years)™ and @ of other studies for L. sceleratus (Loo :
Theasymptotic Length,; k: Growth Coefficient; to: theoretical age; ®: The Growth Performance Index)

L, (cm) k to o References
81.1 0.26 - 3.23 Sabrah et al., 2006
82 0.5 - - Michailidis, 2010
126.6 0.0994 -0.4336 3.197 Aydm, 2011
106.34 0.17 0.0228 3.289 Farrag et al., 2015
109.72 0.12 -0.4544 - Ersonmez et al., 2017
79.48 0.18537 -0.61791 3.069 This study

The population L. sceleratus is carnivorous which was seen to feed on shrimps, fishes, crabs,
squids, cuttlefish, a remnant of fishnet, fishing hook and piece of stone in this study.

DISCUSSION

L. sceleratus has come under the scientific spotlight since first being noted in the Mediterranean in
the early 2000s due to (i) the rapid invasion (ii) ecological as well as socio-economic (fisheries)
impacts (iii) and threat it poses to human health due to its toxicity. The maximum observed length and
weight (57.6 cm) is well below the maximum values of 110 cm reported in Japan (Masuda et al.,
1984), 78.5 cm in the Suez Canal (Sabrah et al., 2006); 78.4 cm in Iskenderun Bay (Basusta et al.
2013); 77 cm in Cyprus (Michailidis, 2010); 71.5 cm in New Caledonia (Letourneur et al., 1998); 65
cm in Antalya Bay (Aydin, 2011). Additionally, the maximum weight of fish observed in the present
study (2042.80 g) is also lower than that of 7000 g reported (Smith and Heemstra, 1986); 5100 g
(Sabrah et al., 2006); 4750 g (Basusta et al., 2013); 5600 g (Michailidis, 2010), 3465 g (Aydin, 2011).

Length-weight relationships are important in fisheries biology because they allow estimation of the
average weight of the fish at a given length, by establishing a mathematical relationship between
weight and length (Kalogirou, 2013). Additionally, this mode of growth for males was nearly the same
other recorded while the type of growth in all fishes and females was different other recorded in
Table3. This difference may due to variations in habitats, biological, environmental conditions,
seasonality, sex or even the used of narrow length range.

This findings are lower than compared with previously studies in Table 3. The difference between
previously and present studies may be from differences numbers of invidual in age groups.

The population L. sceleratus is carnivorous which was seen to feed on shrimps, fishes, crabs,
squids and cuttlefish. Our results are consistent with Sabrah et al. (2006) and Aydmn (2011).
Additionally there are remnant of fishnet, fishing hook and piece of stone in this study.

Studying growth patterns and other life cycle characteristics of invasive species are important to
understand and possibly respond to the newly invaded environment. In addition, long term approaches
and continuous studies are required for invasives to monitor their spatial distribution and population
status. Finally over the last ten years silvestre blaasop have rapidly spread and reproduced in southern
coasts of Turkiye (the Eastern Mediterranean Sea). The results of this research showed, growth and
feeding of lessepsian species L. sceleratus. Previously other studies with this data will be used as first
step for further ecological and biological studies of L. sceleratus.
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Table 3. Length range, weight range and parameters of length-weight relationships of L. sceleratus as reported

Length range Weight range

(cm) @ a b r? Sex N Samples Date Area References
18.5-78.5 82.9-5100 0.0160 2.9044  0.9883 M 77 October 2002, June 2003 Gulf of Suez Sabrah et al., 2006
19.1-69.5 115-4445 0.0209  2.8418  0.9803 F 99 October 2002, June 2003 Gulf of Suez Sabrah et al., 2006
18.5-78.5 82.9-5100 0.0187 2.8676  0.9835 All 176 October 2002, June 2003 Gulf of Suez Sabrah et al., 2006

- - 0.0111  3.0037 - M - 2009-2010 Coastal of Cyprus  Michailidis, 2010
- - 0.0105  3.0255 - F - 2009-2010 Coastal of Cyprus  Michailidis, 2010
6.0-77.0 3.0-5600 0.0106 3.018 - All 6656 Coastal of Cyprus ~ Michailidis, 2010
12.5-65.0 22.8-3463 0.012 2974 0.994 M 336 December 2008-January 2010  Antalya Bay Aydin, 2011
13.5-63 29-3465 0.011 2.984 0.994 F 320 December 2008-January 2010  Antalya Bay Aydin, 2011
12.5-65.0 22.8-3465 0.012 2.979 0.995 All 656 December 2008-January 2010  Antalya Bay Aydin, 2011
8.9-78.4 7.59-4750 0.0381  2.6446  0.9392 M 49 September 2011-March 2012 Iskenderun Bay Bagusta et al., 2013
15.4-52.3 37.04-1324 0.0138 2.915 0.9730 F 28 September 2011-March 2012 Iskenderun Bay Basusta et al., 2013
5.3-63.1 - 0.0164  2.8932 - All 290 2008-2009 Rhodes Islands Kalogirou, 2013
- - 0.012 2.957 0.984 M 408 January 2012-December 2012 Coast of Egyptian ~ Farrag et al., 2015
- - 0.013 2.933 0.997 F 371 January 2012-December 2012  Coast of Egyptian  Farrag et al., 2015
5-83 2.1-5400 0.013 2.938 0.996 F 795 January 2012-December 2012  Coast of Egyptian ~ Farrag et al., 2015
12.5-68 14.6-3678 - 2.9814 - All 997 2008-2011 Antalya Bay Aydm et al., 2017
16.7-63.8 64.36-2968.42 0.0164  2.9272 0.974 All 125 2014 Coast of Mugla Bilge et al., 2017
- - - 2.9993 - M 235 March 2017- August 2017 Finike Bay Ersénmez et al., 2017
- - - 2.9919 - F 165 March 2017- August 2017 Finike Bay Ersonmez et al., 2017
5.4-62.5 2.0-3700 0.0172  2.8921 - All 69 October 2014-February 2015 Antalya Bay Mutlu et al., 2017
19.0-57.4 58.60-1981.00  0.0108  2.9914  0.9903 M 52 December 2011-May 2013 Antalya Bay This Study
13.2-57.6 28.20-2042.80 0.0096  3.0337  0.9921 F 48 December 2011-May 2013 Antalya Bay This Study
13.2-57.6 28.20-2042.80 0.0102  3.0118 0.991 All 100 December 2011-May 2013 Antalya Bay This Study
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Abstract

Sensorial and fatty acid levels of sand smelt as an alternative protein and fatty acid source against rainbow trout were
investigated. The fish were separated into two groups; which were identified in expensive/known one (rainbow trout) and the
cheaper/little-known one (sand smelt). Although rainbow trout and sand smelt groups have the same proximate and sensorial
values, sand smelt group preferred more according to price/flavor preference. The fatty acid combinations of groups changed
from 27.56% to 38.80% saturated (SFA), 26.30-31.22% monounsaturated (MUFASs) and 34.91-41.22% polyunsaturated
acids (PUFAs). Between the groups, the highest rates were myristic acid (3.15-3.73%), palmitic acid (15.99-26.85%),
palmitoleic acid (5.82-6.01%), stearic acid (4.44-6.40%), oleic acid (11.81-20.40%), linoleic acid (2.47-16.73%),
eicosapentaenoic acid (2.30-8.80%) and docosahexaenoic acid (7.84-15.77%). The values of PUFAs-n3 and DHA were
higher in a cheaper group than an expensive one.

Keywords: Alternative protein source, DHA, EPA, san smelt, rainbow trout

Daha Ucuz Bir Protein ve Yag Asidi Kaynagi Olarak Giimiis Bahgi (Atherina boyeri) ile Gokkusag1 Alabah@inin
(Oncorhynchus mykiss) Karsilastirilmasi

Ozet

Alternatif bir protein ve yag asidi kaynagi olarak giimiis baliginin gokkusagi alabaligina kars1 yag asidi seviyeleri
aragtirilmistir. Baliklar iki gruba ayrilarak; pahali / bilinen (gokkusagi alabaligi) ve daha ucuz / az bilinen (giimiis baligi)
olarak tanimlandi. Gokkusagi alabalig1 ve glimiis balig1 gruplar1 yakin besin ve duyusal degerlere sahip olsa da glimiis baligt
grubu fiyat / lezzet tercihine gore daha fazla tercih edilmistir. Gruplarin yag asidi kombinasyonlar1 27,56%'dan 38,80%
doymus (SFA), 26,30%-31,22% tekli doymamis (MUFA) ve 34,91%-41,22% doymanus asitleri (PUFA) seklinde
degismistir. Gruplar arasinda en yiiksek oranlar miristik asit (3,15-3,73%), palmitik asit (15,99-26,85%), palmitoleik asit
(5,82-6,01%), stearik asit (4,44-6,40%), oleik asit (11,81-20,40%), linoleik asit (2,47-16,73%), eikosapentaenoik asit (2,30-
8,80%) ve dokosaheksaenoik asit (7,84-15,77%) idi. PUFAs-n3 ve DHA degerleri daha ucuz olan grupta pahali gruba gore
daha yiiksekti.

Anahtar Kelimeler: Alternatif protein kaynagi, DHA, EPA, giimiis balig1, gokkusagi alabaligi

INTRODUCTION

Aguatic products include important polyunsaturated fatty acids for human health such as EPA
(eicosapentaenoic acid) and DHA (docosahexaenoic acid) and also a high level of protein and minerals
(Ackman, 1999). These long chain polyunsaturated fatty acids have great importance to humans for
the prevention of coronary artery disease, brain health, inflammatory and cancer (Simopoulos, 1991;
Conner, 2000; Ward and Singh, 2005; Giudetti and Cagnazzo, 2012; La Rovere and Christensen,
2015). Although DHA is the main part of heart muscles, brain and eye retina (Ward and Singh, 2005),
EPA is also important for brain disorders and cancer treatment (Fenton et al., 2000).

Depending on population growth, there is a trend towards alternative protein sources in the world.
Tasting and traditional culture are the most important factor in receiving the protein requirements. But
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usually, it can be difficult to find a healthy and tasty combination of foods. Fish are the major
participator of PUFA for the human diet but different fish species have variable fatty acid
compositions. Fatty acid composition of fish species can be variable depending on factors such as
gender, location and environmental conditions (Ozogul et al., 2007). Therefore, different fish species
should be preferred in diets. But for consumers, it is important that the product must have economical
and tasty specialties.

In today's society, many fish consumers consume culture fish such as trout, sea bream, and sea
bass. A lot of studies have been made on the nutritional profiles of them (Tidball et al., 2017; Turchini
et al., 2018; laconisi et al., 2018). But some species like sand smelt (Atherina boyeri) are not well
known by consumers due to not being sold by fish markets. Another reason is that these fish are too
small and people do not know that they can eatable. And sometimes frying of ungutted sand smelt
with head may be strange for people. But only little groups of consumers who know this fish from
their ancestors are consuming this fish with pleasure. 4630 tons of sand smelt were hunted in Turkey
in 2018 (TUIK) and a large part is exported at a price as low as 50 cents. On the other hand, countries
that import sand smelt from our country sell it to the level of 9 Euros under the name "finger fish". At
the same time in recent years, researchers published some processing methods of making fish chips
and other processing methods of sand smelt (Kalogeropoulos et al., 2004; izci et al., 2011). But
despite this, the price is still very affordable.

Although there are lots of studies that have pointed with fatty acid profiles of some fish species
there is a little information on the fatty acid profile of sand smelt. The aim of this study was to
determine the fatty acid (FA), proximate profiles and sensorial opinions of sand smelt as a cheap
source and compare the values with popular market fish known as rainbow trout.

MATERIALS and METHODS
Fish Samples

Sand smelt (Atherina boyeri) was purchased by local hunters in Kirsehir, Hirfanli Dam, Turkey and
rainbow trout (Oncorhynchus mykiss) was taken from a cage fish producer (LBG Trout Farm) located
on Hirfanli Dam (Kirsehir Turkey) in November 2017. The average weight of trout was 260 + 10,2 g
and length of both samples were 22 = 3 cm. The length of sand smelt were between 11-18 cm and
weight were between 1-3 g. Rainbow trout were killed by hitting to head (anterior of the brain) which
is fast and humane. Harvested trout and hunted sand smelt were delivered to the laboratory in
polystyrene boxes with ice within 1 h of harvesting. 10 trout and 30 sand smelt were used for fatty
acid analysis and also 30 trout and 250 sand smelt were used for sensory analysis.
Proximate Composition

Kjeldahl technique (AOAC, 1990) was used for the crude protein and Bligh and Dyer (1959)’s
method was used for lipid analyses. Also moisture and ash content was analyzed with the method of
AOAC (1984).
Fatty Acid Analysis

Fatty acid composition was determined according to Ichihara and others (1996). 4 ml of 2M KOH
and 2 ml of n-heptane were added to 25 mg of extracted oil sample. It was then vortexed for 2 minutes
at room temperature and centrifuged at 4000 rpm for 10 minutes and the heptane layer was taken for
GC analysis. Determination of fatty acids was accomplished using a Perkin EImer GC (Clarus 500)
with an autosampler (Perkin Elmer, Shelton, CT, USA), equipped with a flame ionisation detector and
a fused silica capillary column (30 m x 0.32 mm i.d., 0.25 pm; SGE Analytical Science Pty Ltd,
Melbourne, Australia). The oven temperature was 140 °C, held for 5 min, increased to 200 °C at a rate
of 4 °C/min, and increased to 220 °C at a rate of 1 °C/min, while the injector and the detector
temperature were set at 220 and 280 °C, respectively. The carrier gas was controlled at 16 ps. The split
used was 1:100. Fatty acids were identified by comparing the retention times of fatty acid methyl
esters (FAMEs) with the Standard 37-component FAME mixture obtained from Sigma-Aldrich
Chemie Gmbh, Munich, Germany. Two replicate samples were run and data was indicated as the
percentage of the mean value.
Sensory Analysis

Cooked fish analyses were made by Paulus et al. (1979) with some modifications. The opinions of
the panelist for color, odour, flavor, texture and general acceptability scored to the given pages using
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9-point hedonic scale (1 excessively dislike, 9 excessively like). For the analysis of cooked fish, trout
group was filleted and samples were cooked for 5 minutes at sunflower oil. But sand smelt did not
fillet and cooked ungutted with head in sunflower oil. Because sand smelt should be cooked in ail,
rainbow trout was also cooked in oil. So that the overall cooking and eating perception was also
measured. In addition to standard questions, the panelists were asked which fish they would prefer in
terms of price/flavor. For price/flavor preference sand smelt cost given as 50 Cent/kg and trout cost
given as 5 Dollars/kg. Analyses were done on each test day in natural day conditions by the staff
members and 4th semester students of the Ahi Evran University Food Processing Department who are
familiar with fresh fish and fish products also the panelists were selected from those who had never
eaten sand smelt before.
Statistical analysis

SPSS 22 version software (Chicago, Illinois, USA) used for one-way variance analysis (ANOVA)
and Duncan's Multiple Range Test. Calculations were done in triplicate and comparisons at p value of
<0.05 were carried out to point out significant differences.
RESULTS and DISCUSSION

Protein, lipid, moisture and crude ash contents of sand smelt and rainbow trout are given in Tablel.

Table 1. Proximate composition of rainbow trout and sand smelt

Proximate Rainbow trout Sand smelt
composition (%)

Protein 17.11+£1.22% 16.82+1.12%

Lipid 5.0940.22* 3.58+0.37Y

Moisture 76.22+1.27% 76.27+0.95*

Crude ash 1.58+0.03% 3.33+0.027

Different letters (X — y) in the same fraction show significant differences (p < 0.05).

Sensory analyse results of trout and sand smelt are given in Table2. The table shows color, smell,
flavor and tissue structure as standard quality questions. In addition to these parameters, the price-
flavor option was added to the table.

Table 2. Sensory analysis of cooked rainbow trout and sand smelt

Analyses Rainbow trout Sand smelt
Color 8.3+0.82° 8.7+0.48°
Smell 8.4+0.51° 8.1+0.56°
Flavor 8.4+0.69° 8.7+0.48°
Tissue structure 9.0+0.00° 9.0+0.00°
Price/Flavor preference 5.9+0.73" 8.2+0.63°

“Price/ Flavor preference: Sand smelt cost given as 50 Cent/kg and trout cost given as 5 Dollars/kg. Different letters (a — b) in the
same fraction shows significant differences (p < 0.05).

There were no significant differences (p>0.05) between groups according to the values of protein
and moisture (Tablel). However, Tokur et al. (2006) reported a higher protein level (22.96%) and
lower lipid content (2.71%) for cultured rainbow trout compared to the current study. But izci et al.,
(2011) reported similar protein and lipid contents for sand smelt. Lipid content of trout and sand smelt
were exhaust to the components of the diet of the fish so lipid content was higher (5.09 + 0.22%) in
rainbow trout than sand smelt (3.02 + 0.22%). Some factors such as geographic location, season and
size or age effect fat content and composition of fish muscle (Ackman, 1989). In this study, it is
important that two species have the same protein levels. This means that cheaper one may become an
important protein source provided that it is delicious.
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Table 2 shows the sensory analyses of trout and sand smelt. The fresh flavor characteristics of the
species were strong in all groups. Off-flavours and off-odours were not detected and there was not any
rejection point for the cooked sand smelt bodily. Although they were prejudiced about eating sand
smelt bodily with head all the panelists liked this style. There were no significant differences between
trout and sand smelt according to color, smell, flavor and tissue structure while significant difference
was observed in price/flavor preference (p < 0.05). Sand smelt cost is given as 50 Cent/kg and trout
cost given as 5 Dollars/kg to the panelist according to the market data. The panelists who were
selected from those who had never eaten sand smelt before but eaten trout before liked sand smelt very
much and they described boned and bodily sand smelt like chips.

Table3. Fatty acid content of rainbow trout and sand smelt (%)

FA Rainbow trout Sand smelt
C12:0 0.02+0.14° 0.56+05°
C14:0 3.15+0.9° 3.73+0.1°
C15:0 0.03+0.01° 0.63+0.07%
C16:0 15.994+0.26° 26.85+1.48°
C17:0 0.80+0.14° 0.63+0.02°
C18:0 4.4440.35" 6.40+0.39°
C20:0 1.47+0.12° 0+0.00°
C21:0 1.55+0.48° 0+0.00°
C22:0 0.11+0.022 0+0.00°

Y SFA™ 27.56 38.795
C14:1n5 0.06+0.01" 1.22+0.04
C16:1n7 5.82+0.37° 6.01+0.17°
C17:1n8 1.33+0.27° 0.40+0.03"
C18:1n9 20.40+1.35% 11.814+0.97°
C18:1n7 0.03+0.02° 5.61+0.26%
C20:1n9 2.94+0.45% 1.27+0.16°
C22:1n9 0.66+0.19% 0+0.00°

Y MUFA™ 31.22 26.30
C18:2 n6 16.73+1.42% 2.47+0.49°
C18:3n6 0.10+0.01° 1.50+0.12°
C18:3n3 5.18+0.53% 0.43+0.01°
C20:2 n6 0.32+0.02" 0.65+0.04%
C20:3n6 0.05+0.01° 0+0.00"
C20:3n3 0.02+0.01° 1.25+0.09°
C20:4n6 1.03+0.21° 3.17+0.44%
C20:5n3 2.30+0.11° 8.80+0.312
C22:2n6 0.20+0.02° 0.60+0.022
C22:5n3 7.47+0.96° 0.28+0.09°
C22:6 n3 7.84+0.68° 15.77+0.35%
Y PUFA™ 41.22 34.91
PUFA/SFA 1.50 0.90
DHA/EPA 3.41 1.79

Y 03 22.80 26.53

Y 06 18.42 8.38
Y06/ 3 0.81 0.32

=

“SFA: Saturated fatty acid, " MUFA: Monounsaturated fatty acid,
(a—Db) in the same fraction shows significant differences (p < 0.05).

PUFA: Polyunsaturated fatty acid. Different letters

It is known that the lipid content of fish can be variable depending on factors such as species and
diet, (Rasoarahona et al., 2005). Table 3 shows the % as a mean value of 27 fatty acids for two groups.
The fatty acid compositions of groups ranged from 27.56% to 38.80% SFA, 26.30-31.22% MUFAs
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and 34.91-41.22% PUFAs. Between them, those occurring in the highest rates were myristic acid
(3.15-3.73%), palmitic acid (15.99-26.85%), palmitoleic acid (5.82-6.01%), stearic acid (4.44—
6.40%), oleic acid (11.81-20.40%), linoleic acid (2.47-16.73%), eicosapentaenoic acid (2.30-8.80%)
and docosahexaenoic acid (7.84-15.77%). The results showed that sand smelt is very rich in n-3
polyunsaturated fatty acids (%34. 91) like trout (%41. 22). Similar results were reported for rainbow
trout and sand smelt (izci et al., 2011). The levels of SFA between rainbow trout and sand smelt was
varied but it can be variable too for the same species as reported (Haliloglu et al., 2001). PUFA/SFA
value found as 1.50 in trout and 0.90 in sand smelt. So these values are higher than the minimum value
of PUFA/SFA recommended as 0.45 (HMSO, 1994). Palmitic acid was the primary saturated fatty
acid contributing 15.99% and 26.85% of the total saturated fatty acid content of lipids for rainbow
trout and sand smelt respectively. Oleic acid was the primary MUFAs accounting for 20.40% of total
MUFAs for rainbow trout while it contributes 11.81% of total MUFAs for sand smelt. And similarly
linoleic acid was the primary PUFAs for rainbow trout contributing 16.73% while sand smelt was
2.47%.

Among the analyzed fish species, the highest EPA and DHA were obtained from sand smelt,
accounting for 8.80% and 15.77% of total PUFAs respectly while rainbow trout group was 2.30%
EPA and 7.84% DHA. It is known that EPA and DHA values can be higher hunted fish species
compared to cultured fish species (Chen et al., 1995; Rahman et al., 1995). EPA is the most important
essential fatty acid among the n3 series fatty acids for the human diet (Chen et al., 1995) and also
DHA decreases the concentration of low density lipoprotein cholesterol in plasma (Childs et al.,
1990). Differences in fatty acids of rainbow trout and sand smelt should not only be considered with
respect to species habitat but also based on their natural diet.

Shang et al., 2017 reported that the ratio of 1:2 DHA/EPA decreased the level of serum
triglycerides and total cholesterol on mice. There was no group in which the DHA / EPA ratio
approached 1/2 in this study but the limit of these ratios has not yet been stabled in the literature.

Among the groups, the highest ratio of n6/n3 was found to be 0.81 for rainbow trout followed by
0.32 for sand smelt. The ratios of n6/n3 found in this study were lower in both rainbow trout and sand
smelt than the value (4.0 at maximum) recommended by the UK Department of Health (HMSO,
1994). Simopoulos (2010) reported that a ratio of 1:1 to 2:1 ®w6/w3 fatty acids should be the ideal for
human health.

CONCLUSION

This work is important because it can be a source of inspiration to people who helps food aid to
poor countries. Also, sand smelt is found in abundance in our and other countries but its price is 50
cents because it is a little known species. However, in Europe fish chips have been made with these
fish and sold at a price of 20 Euros. Therefore, the high level of omega-3 and omega-6 of sand smelt
shared in this study may cause new initiatives. Although there is an important difference in the market
about prices of rainbow trout and sand smelt species, this study exhibits that fatty acid, proximate and
sensorial profiles of sand smelt are comparable to those of trout as sources of PUFAs and MUFAs.
Besides this, despite their first-time consumption, the panelists were overjoyed at the taste of sand
smelt. Nowadays the economic level of every consumer is variable and generally healthy foods such
as fish can be expensive. This study will contribute to the identification of nutritional compositions of
an alternative and less known functional food type and to the maintenance of community health.
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Abstract

Heavy metals concentrated in waters can also accumulate in sediments and various biota. This research was conducted to
examine the concentration of heavy metals in seawater, sediment, intestine and meat of golden sea cucumber Stichopus
herrmanni in Kayeli bay, Buru Island, Indonesia. The concentrations of heavy metals Hg, Au, and Fe were analyzed using
the AAS, and the tissue damage of S. herrmanni used the HE staining method. Correlation analysis and multiple linear
regression were used to examine the correlation and the effect of the independent variables (heavy metals Hg, Au, and Fe)
partially on the dependent variable (damage on intestinal villi of S. herrmanni) with a statistically significant at a= 0.05. The
results showed that the highest to lowest heavy metal concentrations in water was Hg>Fe>Au, while the concentration of
heavy metals in water, intestine and meat was of sea cucumber was Fe>Hg>Au. There was a correlation between heavy
metals in sediments, intestines, and meat which caused damage to intestinal villi, while the multiple linear regression tests
showed a probability of 0.012<0.05 for Fe, a probability of 0.000< for Hg, while probability >0.05 for Au on the damage of
intestinal villi of S. herrmanni. This shows that Fe has a significant potential to cause damage to the intestinal villi of S.
herrmanni. Fe is highly concentrated in sediments, intestines and meat showed a positive correlation to the damage of
intestinal villi of S. herrmanni.

Keywords: Heavy metals, Stichopus herrmanni, tissue damage, Kayeli Bay

Endonezya Kayali Korfezi’nde Bulunan Stichopus herrmanni’nin (Semper, 1868) (Holothuroidea; Stichopodidae)
Dokulari ile Su Ve Zeminde Hg, Au, Fe Agir Metalleri Birikimi

Ozet

Bu arastirma, Endonezya'nin Buru Adasi, Kayeli koyunda deniz suyu, sediment ile Stichopus herrmanni (deniz salataligr)
bagirsak ve kaslarinda agir metallerin konsantrasyonunu incelemek i¢in yapildi. Hg, Au ve Fe konsantrasyonlart AAS
kullanilarak analiz edildi ve S. herrmanni'nin doku hasari igin HE boyama yontemi kullandi. Korelasyon analizi ve ¢oklu
lineer regresyon, bagimsiz degiskenler ile (agir metaller Hg, Au ve Fe) kismen bagiml degisken (S. herrmanni'nin bagirsak
villusundaki hasar) iizerindeki korelasyonunu ve etkisini o = 0.05. istatistiksel dnem seviyesinde incelemek i¢in kullanildi.
Sonuglar, sudaki en yiiksek ve en diisiik agir metal konsantrasyonlariin Hg> Fe> Au oldugunu, su, bagirsak ve etteki agir
metal konsantrasyonunun ise deniz salataliklarinda Fe> Hg> Au oldugunu gostermistir. Sediman, bagirsak ve etlerdeki agir
metaller arasinda bagirsak villerine zarar veren bir korelasyon vardi, ancak ¢oklu lineer regresyon testleri, Fe i¢in 0.012
<0.05, Hg i¢in 0.000 < olasilik, S. herrmanni'nin bagirsak villusunun hasarina dair Au i¢in> 0.05 olasilig1 gostermistir.

Bu Fe'nin S. herrmanni'nin bagirsak villerine zarar verme potansiyeli oldugunu gostermektedir. Fe, tortular, bagirsaklar
Ve ette yiiksek oranda konsantre edilir ve S. herrmanni'nin bagirsak villusunun hasart ile pozitif bir korelasyon gdstermistir.

Anahtar Kelimeler: Agir metaller, Stichopus herrmanni, doku zarari, Kayeli Korfezi.
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INTRODUCTION

Heavy metals are one type of pollutant that pollutes the environment and causes degradation in the
aquatic environment and endangers the lives of various aquatic biota (Kumara et al., 2013; Lorenzon
et al., 2001). The presence of heavy metals in an organism indicates human activity (Mohiuddin et al.,
2011). Heavy metals that pollute the aquatic environment due to human activities originate from
household waste, industrial, agricultural activities, fuel combustion, and mining activities (Al-Naggar
et al., 2018; Jakimska et al., 2011).

Heavy metals including copper (Cu), cobalt (Co), molybdenum (Mo), zinc (Zn), iron (Fe) and
manganese (Mn) at low concentrations are nutrients for organism, while cadmium (Cd), Arsenic (As),
lead (Pb) and mercury (Hg) are toxic elements, although they are found at very low levels (Khaled,
2004; Jakimska et al., 2011; Liu et al., 2015). Hg is one of the metals that pollute the environment due
to agricultural and industrial activities (Al-Nagar et al., 2018). Whereas Nindyapuspa and Ni‘am
(2018) argue that heavy metal Fe is a natural pollutant in marine ecosystems. Aquatic ecosystems
consist of water, sediments, and various biota. Heavy metal pollution in biota tissue is strongly
influenced by the level of bioavailability of heavy metals, both external bioavailability; which depends
on the ability of heavy metals to dissolve and be released in certain media and internal bioavailability;
which is the ability of heavy metals to be absorbed and at the same time toxic for the tissue of
organisms (Caussy et al., 2003). Therefore, heavy metals concentrated in waters can also accumulate
in sediments and various biota (Ziyaadini et al., 2017). According to Jinadasa et al. (2014), marine
biota can accumulate heavy metals such as Hg, Zn, Cu, Cd, and Pb. In addition, Chen et al. (2000)
explain that sediments are rich in dissolved organic material, especially the protein content that is able
to bind metals. It is confirmed by (Gbrauko and Friday, 2007) that the amount of heavy metals
accumulated in the body of aquatic biota depends on the chemical effects of the heavy metals and
tends to bind to proteins and lipids in the biota tissues. Metal-binding proteins are metallothionein
(Rumahlatu and Leiwakabessy, 2016) and metal transcription factors (Rumahlatu, 2017).

Research on the use of aquatic biota as a pollution indicator species to monitor heavy metals in the
waters has become the current research trend. Flammang et al. (1997) used Diadema setosum to
monitor heavy metals Zn, Pb, Cd, Fe, Cr, Cu, and Ti. Rumahlatu and Huliselan (2016) used Apogon
Beauforti as a bioindicator species of Hg pollution in the waters of Ambon Island. Khalaf et al. (2012)
used three species of fish Decapterus macrellus, Decapterus macrosoms and Decapterus russelli to
monitor heavy metals Cu, Ni, Mg, Pb, Zn, Cd, and Fe in Agaba Bay, Red Sea, Jordan. This means that
aquatic biota can be used as an indicator of heavy metal pollution, one of which is a sea cucumber.
Currently, sea cucumbers receive attention as the subject of heavy metal pollution research and have
been proposed as bioindicators to monitor heavy metal pollution in marine ecosystems (Ahmed et al.,
2018). The sea cucumbers of Actinophyga bannwarth and Holothuria impatiens are used as pollution
indicator species of heavy metals Cd, Cu, Ni, Mn, Zn, Fe and Pb in the Red Sea, Gulf of Agaba (Al-
Najjar et al., 2018). Golden sea cucumber (Stichopus herrmanni) can be used as an indicator of
pollution in marine waters, because of his life habits that immerse themselves in sediment, as well as
eating habits that decompose organic matter. Purcell et al. (2016) added the way of its eating is
deposit-feeding, and it eats diatoms mixed with sediments. Its habitat is in reef areas and lagoons, in
seaweed ecosystems, and muddy sand (Conand, 2006). In addition, S. herrmanni is an animal that
easily absorbs heavy metals through its cell membrane during the bioabsorption process. This
characteristic allows S. herrmanni to be contaminated with heavy metals (Ismail et al., 2004). On the
other hand, S. herrmanni is a species of sea cucumber that is used as a medicine, and S. herrmanni
isrich in protein and low in lipids and contains a large number of sulfated glycosaminoglycans
(Pangestuti and Arifin, 2017).

Kayeli Bay waters are one of the habitats of S. herrmanni. This is influenced by the physical
properties of the sediments in the Kayeli Bay waters which are of muddy sand. Kayeli Bay is located
in the North-East of the Buru sub-district close to the gold mining area on Mount Botak. The gold
mining on Mount Botak is geographically located between 127°03'28" east longitude and 3°24'33"
south latitude. According to Male et al. (2014) that mining activities in Mount Botak are a trigger for
heavy metal pollution on Buru Island.

The mining activities carried out at Mount Botak use simple mining methods with simple tools.
Salatutin et al. (2015) explained that the processing of gold required large amounts of water so that the
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gold processing unit placed on the riverbank resulted in mercury waste being absorbed in the
sediments of the Wamsai river and Kayeli Bay. The research conducted by Male et al. (2014) on
mercury levels in sweet shells in Kayeli Bay showed that high levels of mercury were caused by
mercury waste which was disposed into the river bodies due to "drum" activities along the slopes of
Mount Botak. This caused the Kayeli Bay as the estuary of several rivers on the island of Buru to be
affected by mercury heavy metal pollution. The research conducted by Naickera et al. (2003) shows
that the groundwater in the mining district is highly contaminated and acidified due to the oxidation of
pyrite (FeS,) contained in mining wastes, and it increases the concentration of heavy metals.
Meanwhile, the deposition of heavy metals Fe in water flow is a consequence of the oxidation of the
pyrites. Based on these facts, the traditional gold mining process which occurs in Mount Botak can
accumulate heavy metals Hg, Fe, and the rest of Au. According to Cobbina et al. (2013), the waste
from gold mining is mercury which is discharged into the environment, so that it can contaminate
water bodies through the flow of surface water. The research conducted by Nurcholis et al. (2017)
reported that gold mining in the Gunung Mas, Boto village, and Wonogiri area had resulted in the
exposure of heavy metals to the environment, and the soil around the mining area had been
contaminated by heavy metals Mn, Fe, Pb, Hg and As.

The sea cucumbers have a distinctive morphology with a soft, cylindrical body, extending from the
mouth to the anus, and lying on the seafloor (Conand, 2006). Ahmed et al. (2018) report that heavy
metal Hg dissolves in fat so that it easily accumulates in the body of the biota and can even
accumulate in the nerves and brain. Based on this opinion, the pollution of heavy metals due to
traditional mining activities in Mount Botak can accumulate in the meat and intestinal tissues of S.
herrmanni. Therefore, in this research, we examined the effect of concentrations of heavy metals Hg,
Au, and Fe on intestinal villi damage, and examined the histopathology of intestinal villi of S.
herrmanni which were exposed to heavy metals.

MATERIALS and METHODS
Study Area

This research was carried out in the waters of Kayeli Bay, Buru Island, Indonesia (Figure 1). The
selected location was the coast in the Kayeli Bay with coordinates Southern Latitude 3°16'32"-3°20'10"
and Eastern Longitude 127°7'18"-127°9'42", which were Kodim Asrama Beach (station 1), Kota
Namlea Beach (Station 2), Sailong Beach (Station 3), Siahoni Beach (Station 4), Sanleko Beach
(Station 5), Muara Waeapo (Station 6), Anahoni Estuary (Station 7), Kayeli Beach (Station 8),
Masarete Beach (station 9) and Waelapia Beach (station 10).

INDONESIA

Gogorea g

Figure 1. Location of sample collection. A: station 1, B: station 2, C: station 3, D: station 4, E: station 5, F:
station 6, G: station 7, H: station 8, I: station 9, J: station 10.
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Sample Collection

The samples of water, sediment, and specimens of S. herrmanni were taken from each station. The
samples of S. herrmanni sampled randomly at each station as many as 3 individuals (Figure 1). After
that, the samples were put into ethylene plastic and labeled. After that, the sample S. herrmanni was
put into the icebox. And then, all samples were taken to the laboratory.
Sample Preparation and Analysis of Heavy Metals Hg, Au and Fe

The testing of heavy metals Hg, Au, and Fe for all samples were carried out at the Bandung
Geological Survey Central Laboratory, Indonesia. The samples were prepared, reconstructed, and
calibration curves were made and then analyzed using the Atomic Absorption Spectrophotometer
(AAS) (Warnau et al., 2006). The heavy metal content in the sample (wet weight) was calculated by
the equation:

a
ppm = -
a = the amount of metal ug from the measurement results with AAS

b = sample weight (5.0 g).

Histopathology of Intestine Tissue of Stichopus herrmanni

The histological preparations followed Ken (1985), with the following steps. (1) The sample was
washed, then incised into the abdomen, and then the intestine was taken, (2) The intestine was put into
4% formalin and fixed for 24 hours, (3) After fixation, the tissue was dehydrated into alcohol at 70%,
80 %, 90%, absolute, xylol 1 and xylol 2 for 1 hour each, (4) Intestinal tissue was inserted into a
vacuum to remove air from the tissue, (5) The tissue was printed with paraffin blocks, then thinly
incised using a microtome , (6) The results of the incision were placed above the waterbath then lifted
using a glass object and placed on a hot plate, (7) Then the tools and materials for coloring were
prepared, including xylol 1, xylol 2, alcohol absolute, multilevel alcohol, Hematoxylin solution, eosin
solution, (8) The results of the incision were arranged in a shelf, then put into xylol 1, xylol 2, absolute
alcohol, 90% alcohol, 80% alcohol, 70% alcohol, hematoxylin solution, rinsed with flowing water for
1 week, eosin solution, rinsed with with flowing water for 1 week, 80% alcohol, 90% alcohol, absolute
alcohol, xylol 1, xylol 2 each solution was put in for 3 minutes, (9) an adhesive solution was dropped
into a glass object and then covered with a glass cover and observed under a microscope. Specifically
for intestinal histopathological observations, researchers used one individual S. herrmanni to represent
each station, so the total number of individuals used for histopathological observation was 9
individuals. Determination of the intestinal tissue damage of S. herrmanni used the Hematoxylin Eosin
(HE) staining method carried out at the Zoology Laboratory, Faculty of Mathematics and Natural
Sciences, Pattimura University.
Data Analysis

The obtained data were descriptively analyzed to describe the conditions of the water, sediment and
the histology of the tissue of the body of S. herrmanni which had been exposed to heavy metals.
Furthermore, to analyze the effect of concentration of heavy metals on the damage of the villi of S.
herrmanni in Kayeli bay, the research data were analyzed using correlation analysis and multiple
linear regression to determine the correlation and the effect of the independent variables (heavy
metals) partially on the dependent variable (villous damage) with a significant level (o= 0.05). The
type of correlation used is the Pearson correlation to analyze the relationship between heavy metal
concentrations in water, sediment, intestines, and meat with villous damage. Damage to the intestinal
villi of S. herrmanni was determined based on observations of the histological intestine that
experienced necrosis on the surface of the villi. Intestinal necrosis is determined by the characteristics
of unclear cell boundaries, and the loss of some or all of the tissue in the intestinal villi. Villi damage
was focused on one villi cell in epithelial tissue, then observed 5 times of view and calculated damage
in the form of necrosis of S. herrmanni is intestinal villi. Regression analysis was used to predict the
concentration of heavy metal Hg against villous damage, while three-predictor regression analysis was
used to predict the concentration of heavy metals Au and Fe in sediment, water, intestines, and meat
against villi damage.
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RESULTS and DISCUSSION
The Concentration of Heavy Metal in Kayeli Bay

The average measurements of heavy metals Hg, Au, and Fe on the sampled sediment, water,
intestine and meat of S. herrmanni from Kayeli bay are presented in Table 1.

Table 1. The average concentration of heavy metals in the Kayeli bay

Concentration of Heavy Metals (ppm)

Station  Sediment Water Intestine Meat
Hg Au Fe Hg Au Fe Hg Au Fe Hg Au Fe
1 0.112 0.004 0.080 0.00008 0.0005 0.05 0.148 0.001 46 0.607 0.0005 11
2 0.154 0.006 1.690 0.00023 0.0001 0.06 0.156 0.003 111 0.812 0.0039 14
3 0.185 0.004 0.730 0.00008 0.0005 0.13 0.178 0.002 139 0.923 0.0012 17
4 0.148 0.003 0.520 0.00009 0.0003 0.03 0.155 0.001 121 0.615 0.0005 12
5 0.260 0.004 0.970 0.00008 0.0006 2.57 7.305 0.004 1974 2.467 0.0008 16
6 6.855 0.092 0.251 0.00880 0.0007 0.05 0 0 0 0 0 0
7 5.361 0.106 0.255 0.00023 0.0030 0.34 7.163 0.010 6510 14.48 0.0045 27
8 6.595 0.006 0.204 0.00008 0.0002 0.36 2.800 0.009 3603 10.922 0.0041 23
9 0.921 0.008 2.110 0.00008 0.0002 0.58 1.028 0.002 2474 6.310 0.002 22
10 0.133 0.003 1.360 0.00008 0.0020 0.10 0.043 0.001 51 0.404 0.0007 4
Average 2.0724 0.0236 0.817 0.000983 0.00081 0.427 1.8976 0.0033 1502.9 3.754 0.00182 14.6

The concentration of heavy metals in the sediment sample was Hg>Fe>Au, while in the water
sample was found to be Fe>Hg>Au (Table 1). The concentration of Hg and Fe was the highest in the
sediment sample. The concentration of Au in sediment and water was very low. The results of this
study are also supported by the results of research by Asha et al. (2010) that the concentration of
heavy metal Fe was found to be higher in sediments when compared to seawater in the Tuticorin
coastal area. Abdel-Baki et al. (2011) reported that the concentration of heavy metal Hg was found to
be higher in sediments by 14.7 ppb, whereas in seawater it was 0.26 ppb.

Praveena et al. (2008) state that heavy metals dissolved in water bodies or bound together with
sediment layers are influenced by the nature of heavy metals, and physicochemical factors such as pH
and salinity. High heavy metal concentrations in sediments are caused by sediments that are sedentary
at the base as well as being a place to store concentrations of various xenobiotics including heavy
metals (Chakraborty and Owens, 2014).

The concentration of heavy metals in intestinal and meat tissues varies. The concentrations of
heavy metals in the intestinal and meat samples are Fe>Hg>Au (Table 1). The concentration of Fe
found in the intestine of S. herrmanni was very high compared to the concentration of Fe in the meat
of S. herrmanni. According to Warnau et al. (2006), the concentration of heavy metal Fe was found
the highest in the intestine of Holothuria tubulosa. Meanwhile, the concentration of heavy metal Au in
the intestines and meat of S. herrmanni was very low. The concentration of heavy metal in the tissue
of S. herrmanni was influenced by trophic level processes in the food pyramid (Wang, 2002). Nott and
Nicolaidou (1989) showed that the highest concentration of heavy metals was found in the digestive
gland due to the presence of granular Mgs (PO,4), compounds that function as ligands to bind metal
ions. Meanwhile, the concentration of heavy metals Cd, Cu, Pb, and Fe was in intestinal tissue very
high when compared to that in other tissues (Al-Najjar et al., 2018). Several types of research also
show that muscle is a tissue that accumulates lower concentrations of heavy metals when compared to
other tissues such as the liver, gills, and intestines (Zhang et al., 2007; EI-Moselhy et al., 2014; Annabi
etal., 2017).

Tissue Damage of Stichopus herrmanni Due to the Concentration of Heavy Metals

Based on the accumulation of heavy metals in the intestine of Stichopus herrmanni, it was followed
by observation of intestinal histology to find villous damage as a physiological response to the
exposure of these heavy metals. Villi damage was observed in the form of necrosis (Figure 2)

The tissue damage is characterized by lysis of the intestinal villi of S. herrmanni (Figure 2). The
lysis of the intestinal villi at each station was different in appearance. At station 1, it can be seen that
the appearance of villi was still normal with epithelial cells lining the outside of the mucosa.
Meanwhile, at stations 2, 3, and 4, villous damage was seen. At station 5, 7, 8 and 9, high damage to
villi was observed, lysis which was characterized by the loss of some epithelial cells in the intestinal
mucus layer. At station 10, the villi reappeared clearer than before, but it still had damage caused by
lysis. This means that the concentration of heavy metals tends to increase damage marked by lysis in
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villi. The results of this research showed that concentrations of heavy metals in intestinal tissue were
higher, which was influenced by the eating behavior and the food eaten by S. herrmanni. The type of
food eaten by S. herrmanni is organic material that accumulates in sediments (Navarro et al., 2013).
Moreover, the tentacles of S. herrmanni in the form of a shield (peltate) make it easier for sea
cucumbers to eat sediments (Tehranifard et al., 2011). Jakimska et al. (2011) added that the highest
metabolic activity occurs in duodenal organs and allows the biota to absorb the largest amount of
metal with the assistance of binding proteins such as metallothionein.

The lysis of villi was calculated from the intestinal preparations of S. herrmanni taken from each
sampling station (except station 6) (Table 2, Figure 3). The number of damaged intestinal villi of S.
herrmanni where lysis occurred on each station in Kayeli Bay ranged from 5-15. The most damaged
villi were found at station 7, and the least damaged villi were found at station 1. No species of S.
herrmanni was found at station 6 so that no observation of damage villi was carried out at this station
(Table 2, Figure 3).

Figure 2. Results of the staining of the intestinal tissue of S. herrmanni by using Hematoxylin Eosin (HE)
staining. Observations using an olympus microscope for shooting slides with 1000x magnification. Picture with
notation: A) station 1; B) station 2; C) station 3; D) station 4; E) station 5; F) station 7; G) Station 8; H) station 9;
and 1) station 10. Note: black arrows indicate lysis of villi.

Table 2. The number of damaged villi of S. herrmanni at each station in Kayeli Bay
The number of damaged villi

Station I I i Y, v Total
1 0 1 2 1 1 5
2 1 2 1 1 2 7
3 2 0 2 2 1 7
4 1 1 1 1 2 6
5 1 1 3 2 2 9
6 n.f
7 3 2 3 4 3 15
8 2 3 2 2 3 12
9 3 1 2 3 2 11

10 1 2 0 2 1 6

Note: n.f: not found S. Herrmanni
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Figure 3. The number of intestinal villi of S. herrmanni which experienced cell damage at each
station in Kayeli Bay.

At station 1, there were 5 damaged intestinal villi of S. herrmanni, while at station 2 and 3 there
were 7 damaged villi. Station 4 had 6 damaged villi, and at station 5 there were 9 villi that experienced
lysis (Figure 2, Table 2). Furthermore, station 7 had the highest lysis rate in villi reaching 15, followed
by station 8 with 12 villi. The number of damaged villi decreased again at station 9 with 11 villi and
continued to decline at station 10 with 6 villi experiencing lysis (Figure 2, Table 2). The results of this
research showed that the intestinal cells of S. herrmanni were very sensitive to heavy metals
concentrated in the waters of Kayeli bay. This caused lysis (necrosis) in the intestinal tissue. Sultana et
al. (2016) explained that the stages of necrosis in intestinal cells began with an erosion of the intestinal
mucosal layer, collection of cells that had undergone inflammation, swelling of the intestinal mucus
layer, followed by bleeding, and the peak was cell degeneration and necrosis.

The Effects of the Concentration of Hg, Au, and Fe on the Intestinal Villi Damage of S.
herrmanni

The results of the partial correlation analysis of the concentration of heavy metals in sediments,
water, intestines and meat toward the damage of intestinal villi of S. herrmanni showed that several
variables had a significant correlation with a heavy metal concentration in the intestine of S.
herrmanni. Of the four variables tested, only the water factor did not have a significant correlation
with the damage of the intestinal villi of S. herrmanni (Table 3).

Table 3. The results of the correlation analysis between the concentration of heavy metals in water,
sediments, intestines, and meat with the damage to villi.

Variant sources _ Pearson Correla_tion Damage to_ViIIi .

Sediment Water  Intestine  Meat P. correlation Sig.
Sediment 1 0.76 0.017

Hg Water 0.641 1 0.383 0.31
Intestine  0.802 0.365 1 0.964 0.000
Meat 0.959 0.537 0.935 1 0.896 0.001
Sediment 1 0.862 0.003
A Water 0.628 1 0.425 0.254
u Intestine  0.932 0.419 1 0.882 0.002
Meat 0.767 0.226 0.821 1 0.745 0.021
Sediment 1 0.852 0.004
Fo Water 0.004 1 0.217 0.575
Intestine  0.769 0.207 1 0.973 0.000
Meat 0.665 0.159 0.847 1 0.899 0.001

Heavy metals Hg, Au, and Fe found in sediments, intestines and meat had a positive correlation
because of the sig. value <a= 0.05, while heavy metals Hg, Au, and Fe found in seawater had a
negative correlation because of the sig. value >a= 0.05 (Table 3). If it is associated with how strong a
correlation is, then the heavy metals in sediments, intestines, and meat partially have a strong
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correlation because the value of the correlation coefficient (P-correlation) is almost 1 (Table 3).
According to Ahmed et al. (2018), heavy metals Hg that enter the marine ecosystems accumulate in
sediments so that they can pose risks to benthic biota and further risks to consumers. This means that a
high concentration of heavy metals in the sediment is correlated with the concentration of heavy
metals in the intestine and meat. Madkour et al. (2011) reported that Galatea paradoxa is a species
whose habitat is on the sedimentary water surface, thus heavy metal contamination in sediments can
also contaminate tissue significantly.

On the other hand, partially sediment, intestine and meat factors have a strong correlation with the
damage of intestinal villi of S. herrmanni, while the water factor is not correlated with the damage of
intestinal villi of S. herrmanni. Thus, it can be concluded that the high concentration of heavy metals
(Hg, Au, and Fe) in sediments has a correlation with the high concentration of heavy metals (Hg, Au,
and Fe) in meat and intestines; and the high concentration of heavy metals (Hg, Au, and Fe) in the
intestine has a correlation with the high concentration of heavy metals (Hg, Au, and Fe) on the
intestinal villi damage. This research is supported by the research conducted by Asha et al. (2010) that
the concentration of heavy metal Fe in sediments is found to be higher than the other heavy metals in
sediment. The concentration in this sediment has a correlation with the concentration in bivalve
animals. Another research conducted by Lin et al. (2018) on the sea cucumber Acaudina leucoprocta
in the East China sea showed that the part that has very high concentrations of heavy metal Pb is the
intestine and body compartment. This is because sea cucumbers eat by swallowing seawater and mud
which has been contaminated by heavy metal Pb, besides the body wall of the sea cucumbers secretes
sticky mucus which allows it to absorb heavy metals in the mud. This means that there is a correlation
between the concentration of heavy metals in sediments and the concentration of heavy metals in the
intestine of S. herrmanni.

Table 4. The results of the regression analysis on the effect of heavy metal concentration in water,
sediment, intestine, and meat on the damage of villi of S. herrmanni

- Model Summary Sig. -
Variant sources R Recuare Sig.Fanange Regretion Equation
Sediment 0.689
Water 0.63
Hg Intestine  0.965 0935 0012 0.56 Y= 6.100+0.001 (X3)
Meat 0.741
\S,\?g:;]ent 8;212 Y=8.610+0.008
Au Intestine  0.89 0792 0112 0.549 (§1)+0'0(1’2 a4
Meat 0.905 (X3)+0.016(x4)
Sediment o Y=8.610+0.008
Fe Intestine ~ 0.998 0995  0.000 0.002 (§1)+0'0(1’2 a
Meat 0.016 (X3)+0.016(X4)

The significance test of the multiple correlations from Table 4 obtained the value of Ryuae= 0.935
with a probability value (Sig. Fcnange) of 0.012<a = 0.05. This shows that there is a significant effect on
the damage of Villi. In addition, the regression equation obtained was (Y)= 6.100 + 0.001 (X3), this
indicates that the damage of Villi was affected by the third factor, the heavy metal Hg factor in the
intestine.

Metal Au shows that the simultaneous effect of sediment, water, intestine and meat factors on the
damage of Villi has a correlation coefficient of 0. 890, Rsuae= 0.792 with probability value (Sig.
Fchange) 18 0.112>a = 0.05. This indicates that overall the metal Au does not have an effect on the
damage of villi even though it has a big R-value.

The significance test of the effect of the concentration of metal Fe on the damage of intestinal villi
of S. herrmanni (Table 4) shows that the effect of sediment, water, intestine and meat factors on the
damage of cell has a correlation coefficient of 0.998, Ryuare Value= 0.995 and probability value (Sig.
Fchange) 0.000<a = 0.05. This indicates that there is a significant effect on the damage of intestinal villi.
The regression equation obtained is (Y= 8.610 + 0.008 (X1) + 0.002 (X3) + 016 (X4). This indicates
that the damage of villi is simultaneously affected by heavy metals concentrated in sediments,
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intestines, and meat. This test proves that the damage of the intestinal villi is caused by high
concentrations of heavy metal Fe in the intestine and meat. Accumulation of heavy metals in the
intestine is influenced by food sources. Jinadasa et al. (2014) explained that sea cucumbers could
accumulate heavy metals through food consumption. Meanwhile, Kumar et al. (2012) added that Fe
metal is one type of essential metal that functions as an enzyme cofactor in cell metabolism so that its
concentration is found to be higher in organisms. The heavy metals belonging to non-essential
elements have relatively lower concentrations, for example, Hg. This indicates that the heavy metal Fe
is an essential element in the tissue of living organisms because it is a material for hemoglobin
synthesis so that it increases higher in the tissue of S. herrmanni compared to heavy metals Hg and
Au.

CONCLUSION

This research was conducted to provide information that heavy metals Hg, Fe, and Au on 10
stations in Kayeli Bay, Buru Island were concentrated on water, sediment, intestines, and meat of
Stichopus herrmanni. The results showed that the highest Hg concentration in water was 0,000983
ppm, while the highest Fe metal concentration in sediment, intestine, and meat were 0.817 ppm, 0.427
ppm, and 1502.9 ppm, respectively. The accumulation of heavy metals in the intestine S. herrmanni
caused damage to villi in the form of necrosis, the most severe villi damage was in S. herrmanni at
station 7, and the least damage was at station 1. Correlation analysis showed that there was a positive
relationship between heavy metals Hg, Au, and Fe in sediment, intestine, and meat, while heavy
metals Hg, Au, and Fe in seawater have a negative relationship. Meanwhile, one predictor regression
analysis showed that the factor that caused damage to villi was the concentration of heavy metal Hg in
the intestine. Three-predictor regression analysis showed that the factors that caused damage to villi
were the simultaneous effects of heavy metal concentrations of Fe on sediment, intestine, and meat.
While the analysis of three predictors for heavy metal Au did not show the effect of damage to the
villi, due to the low concentration of heavy metal Au. Heavy metal accumulations are toxic,
accumulating in seawater, sediments, intestines, and meat from S. herrmanni.
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Ozet

Bu ¢alismada Mustafakemalpasa Cayi’nda belirlenen iki ornekleme noktasindan Ekim 2016 - Eyliil 2017 tarihleri
arasinda aylik olarak alinan su Orneklerinde bazi fizikokimyasal ve agir metal analizi sonuglar1 akarsuyun su kalitesini
belirlemek i¢in degerlendirilmistir. Veri setine Ana Bilesenler Analizi/Agiklayict Faktor Analizi uygulanmis ve toplam
varyansin % 76,426’sin1 agiklayan li¢ faktor yiikii belirlenmistir. Faktor I’de bikarbonat, bor, arsenik, antimon, sodyum ve
kalsiyumun kuvvetli pozitif faktor yiikii olusturdugu ve toplam varyansin % 28,76’sin1 agikladig tespit edilmistir. Faktor 11
toplam varyansin % 25,999 unu agiklamis, bu faktdrde aliiminyum, demir ve toplam azot kuvvetli negatif, magnezyum ve
siilfat ise pozitif faktor yiikii olugturmustur. Faktor III’te ¢oziinmiis oksijen negatif, floriir, fosfat fosforu ve silis ise pozitif
faktor yiikii olusturmustur. Bu faktdr toplam varyansin % 21,667’sini kapsamustir. Her ii¢ faktor yiikiiniin havzanin
madencilik faaliyetleri ve jeolojik yapisini yansittig1, daha az oranda ise havzada yapilan tarimsal faaliyetlerin baski unsuru
olusturdugu belirlenmistir. Calismada 6l¢iilen fizikokimyasal degiskenlerin ve bazi agir metal analizlerinin yillik ortalamalari
ulusal yonetmeliklerdeki standart degerler ile karsilagtirilmigtir. Mustafakemalpasa Cayi’nda Slgiilen bazi agir metallerin
(bor, arsenik, civa, krom, nikel, aliiminyum ve demir) Yeriistii Su Kalitesi Y6netmeligi’ne gore yillik ortalama ¢evresel kalite
standardi ve/veya maksimum c¢evresel kalite standardinin iistiinde oldugu tespit edilmistir. Nitrat azotu hari¢ tiim besin
tuzlarinin ise II. ya da III. sinif su kalitesini yansittig1, toplam fosfor derisimi agisindan akarsuyun 6trofik karakterde, toplam
azot miktar1 agisindan ise akarsuyun mezotrofik ila dtrofik karakter arasinda oldugu tespit edilmistir. Mustafakemalpasa Cay1
bulundugu bolgede tarim arazilerinin sulanmasi i¢in ¢ok dnemli bir su kaynagi oldugu i¢in sulama suyu kriterleri a¢isindan
da su kalitesi arastirilmis ve akarsuyun sulama suyu kalitesinin yiiksek bor derisimi diginda iyi kalitede oldugu tespit
edilmigtir. Ancak Mustafakemalpasa Cayi’nda tespit edilen yiiksek bor derisiminin bora yiiksek tolerans gésteren bitkiler i¢in
belirlenen siir degerin iki kat iistiinde oldugu belirlenmistir.

Anahtar kelimeler: Mustafakemalpasa Cay1, su kalitesi, agir metaller, sulama suyu, agiklayici faktor analizi
Use of Factor Analysis to Evaluate the Water Quality of Mustafakemalpasa Stream (Bursa)
Abstract

In this study, to determine the water quality, some physicochemical and heavy metal analysis results of water samples
taken from two sampling points in Mustafakemalpasa Stream among October 2016 - September 2017 were evaluated.
Principal Component Analysis/Explanatory Factor Analysis was applied to the data set and three factor loadings, explaining
76.426% of the total variance were determined. In Factor I, it was determined that bicarbonate, boron, arsenic, antimony,
sodium and calcium caused a strong positive factor load and explained 28.76% of the total variance. Factor Il explained
25.999% of the total variance. In this factor, aluminum, iron and total nitrogen were strongly negative and magnesium and
sulfate were positive factor loadings. Dissolved oxygen was negative in factor 111, and fluoride, phosphate phosphorus, and
silica had a positive factor load. This factor covered 21.667% of the total variance. It was determined that all three factors
reflect the mining activities and geological structure of the basin, and to a lesser extent, agricultural activities in the basin
constitute a pressure factor. The annual averages of physicochemical variables and some heavy metal analyzes results which
measured in the study were compared with the standard values in national regulations. Some heavy metals (boron, arsenic,
mercury, chromium, nickel, aluminum and iron) measured in Mustafakemalpasa Stream are found to be above the annual
average environmental quality standard and / or maximum environmental quality standard according to the Surface Water
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Quality Regulation. It was determined that all nutrients except nitrate nitrogen reflect Il. or 111. class water quality and the
stream is eutrophic in terms of total phosphorus and between a mesotrophic and eutrophic character in terms of total nitrogen
concentrations. Since Mustafakemalpasa stream is an important source of water for irrigating agricultural lands, water quality
was also investigated in terms of irrigation water criteria and the water quality of the stream was good quality except for high
boron concentration. However, it was found that the high boron concentration detected in Mustafakemalpasa Stream was two
times higher than the limit value for the plants with high tolerance to boron.

Keywords: Mustafakemalpaga Stream, water quality, heavy metals, irrigation water, explanatory factor analysis

GIRIS

Canlilarin varligini siirdiirebilmesi i¢in en 6nemli dogal kaynaklardan biri sudur. Giiniimiizdeki en
onemli g¢evresel problemlerden biri ise su kirliligidir. Su kaynaklarinin kirlenmesi hem su ici
canlilarina hem de sudan igme, kullanma ve sulama suyu olarak yararlanan insanlar igin biiyiik sorun
teskil etmektedir. Su kaynaklarinin insan ve g¢evre sagliginin korunmasi igin siirekli izlenmesi ve
gerekli koruma tedbirlerinin alinmas1 gerekmektedir. Ulkemizde yapilan caligmalar yeriistii
sularimizin (g6l ve akarsular) yaklasik 1/3’{inlin hassas su kiitlesi oldugunu gostermistir (HSKY,
2016).

Gilinlimiizde su kaynaklarinin iizerinde olusan kirlilik ve diger cevresel baskilar1 belirlemek igin
istatistiksel yontemlerden yararlanilmaktadir. Tek ve iki degiskenli istatistiksel analizler iki degisken
arasindaki iligkiyi aciklayan analizler olduklari i¢in bir¢ok kirleticinin bir arada bulundugu su
kaynaklarinda hangi kirletici/kirleticilerin su kaynagi iizerinde baski olusturdugunu ¢ok iyi
aciklayamazlar. Cok degiskenli istatistiksel analizler ise ¢ok sayida degisken arasindaki iliskileri ve su
kalitesi {izerine muhtemel g¢evresel baskilar1 agiklayabilen analizlerdir. Bu nedenle su kiitleleri
tizerindeki muhtemel gevresel baskilari arastirmak igin siklikla kullanilirlar (Shrestha ve Kazama,
2007; Varol vd., 2012; 2013; Kdése vd., 2014; Tokath vd., 2014; Simsek vd., 2017). Bu ¢ok degiskenli
analizlerden bir tanesi Agimlayict Faktor Analizidir. Faktor analizi g¢esitli amaglar i¢in kullanilan
yontemlerden bir tanesidir. Faktdr analizi biiyiikk veri setlerinin yorumlanmasi, su kalitesinin
degerlendirilmesi, degiskenler arasindaki iliskilerin belirlenmesi gibi ¢esitli amaglar i¢in yaygin olarak
kullanilmakta olup, literatiirde bu analizin uygulandig1 ¢ok sayida arastirma mevcuttur (Liu vd., 2003;
Tokatli vd., 2016).

Mustafakemalpasa Cay1 Orhaneli ve Emet ¢aylarinin birlesmesi ile olusan Susurluk Havzasi i¢inde
kalan ¢ok 6nemli bir su kaynagimizdir. Ge¢mis yillarda Orhaneli ve Emet caylarinda B, As, Ag
kirliligi arastirilmus ve kirlilik kaynaklari tartisilmistir (Arslan ve Celik, 2015; Tokatli vd., 2013; 2014;
2016). Ancak Emet ve Orhaneli ¢aylarinin birlesmesi ile olusan ve iilkemizin 14 RAMSAR alanindan
biri olan Uluabat Go6li’'nii besleyen Mustafakemalpasa Cayi’nin su kalitesi ve agir metal igerigi ile
ilgili ¢aligmalar sinirhi sayidadir (Semiz, 2014; Omwene vd., 2019). Mustafakemalpasa Cay1
Kemalpaga Ovasi’nin sulama suyu ihtiyacinin énemli bir boliimiinii karsilamasi nedeniyle de bolgenin
onemli bir su kaynagini olusturmaktadir. Bu nedenle akarsuyun su kalitesinin belirlenmesi ¢ok
onemlidir.

Bu ¢alismada Mustafakemalpasa Cay1i’nin su kalitesi iizerinde baski unsuru olusturabilecek kirlilik
kaynaklarini agimlayici faktor analizi (AFA) kullanarak belirlemek ve akarsuyun su kalitesini bazi
ulusal yonetmeliklere gore degerlendirmek amaglanmustir.

MATERYAL ve YONTEM
Calisma Alani

Mustafakemalpasa (Kirmasti) Cay1, Susurluk Havzasi’nin bir alt havzasi olan Uluabat Golii Alt
Havzasi’nda yer alan ve golii besleyen en onemli kaynaktir. Mustafakemalpasa Cayi {izerinde
membadan mansaba dogru Dollik (M1) ve Ayazkdy (M2) olmak {iizere iki ornekleme noktasi
belirlenmistir. Délliik istasyonu Mustafakemalpasa Ilgesi’nin membasinda yer alirken, Ayazkdy
istasyonu ise mansabinda bulunmaktadir. Calisma alan1 ve Ornekleme noktalar1 Sekil 1’de
gosterilmistir.
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Sekil 1. Uluabat Go6lii alt havzasi ve 6rnekleme noktalar

Mustafakemalpasa Cay1, Orhaneli ve Emet ¢aylarinin Mustafakemalpasa ilgesi Camandar Koyii
mevkiinde birlesmesi ile olusur ve yaklasik 43 km sonra Uluabat Golii'ne dokiiliir. Orhaneli Cayz,
Kiitahya ili Cavdarhisar Beldesi’nde Murat Dagi’nin kuzey yamaglarindan dogmakta ve yaklasik 276
km akis yolu kat etmektedir. Emet Cay1 ise Kiitahya ili Gediz ilgesinde Saphane Dagi’nda 1100 m’de
dogmakta ve yaklasik 180 km aktiktan sonra Orhaneli Cay1 ile birlesmektedir (Anonim, 1982). Her iki
cayin da biiylik kismi Kiitahya ili sinirlan icinden ge¢cmekte ve bu nedenle bu bdlgelerde olusan
kirliligi, madencilik faaliyetlerini ve havzanin jeolojik yapisin1 6nemli Olgliide Mustafakemalpasa
Cay1’na tagimaktadirlar. Bu nedenle bu iki ¢ayda olusan kirlilik dogrudan Mustafakemalpasa Cay1’na
ve akabinde de iilkemizin 14 RAMSAR alanindan biri olan Uluabat G6li’ne yansimaktadir.

Mustafakemalpasa Cay1’ndan alinan su ile Mustafakemalpasa Ovasi’nda bulunan yaklagik 165.000
dekar ekim alanina sulama suyu verilmektedir. En ¢ok sulanan iiriinler ise 48.867,39 dekar ekim alani
ile misir, 22.889,39 dekar ekim alani ile sebzedir (Anonim, 2016). Bunun yaklasik 15.000 dekarinda
domates iiretilmektedir.

Havzanin jeolojik yapisi

Mustafakemalpasa Cayi’n1 besleyen iki biiyiik akarsu olan Orhaneli ve Emet caylarmin
havzalarmin bilyiik kismi Kiitahya ili sinirlart icinde kalmaktadir. Kiitahya iilkemizin en Snemli
maden kaynaklariin bulundugu ilimizden biridir. Bu madenlerden bir tanesi bor madenidir. Kiitahya
Emet’te bulunan borat yataginda Ca-boratlardan kolemanit (Ca;BsO1:.5H,0) ve meyerhofferit
(Ca;B6011.7H,0); Ca/Na boratlardan iileksit (NaCaBs09.8H,0) ve propertit (NaCaB3;04.5H,0); Mg-
boratlardan hidroborasit (CaMgBsO1:.6H,0) ve borasit (MgB;043Cl); As-boratlardan terrujit
(CasMgAs,B1,045.2H,0) ve kahnit (Ca,BAsOs.2H,0) ve Sr-boratlardan tunellit (SrBeO10.4H,0) ve
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vigit-A (SrsB2,037.7H,0) bulunmaktadir (Helvaci, 1984; 2003; 2015a, b). Eti Maden Emet Bor
Isletme Miidiirliigii Hisarcik ve Espey olmak iizere iki acik ocaktan kolemanit cevheri iiretimi
gerceklestirmektedir. Bu havzadan ¢ikarilan kolemanit borik asit tesislerinde islenerek piyasaya
sunulmaktadir. Hisarcik-Espey formasyonu, diinya kolemanit rezervlerinin yaklasgik % 40’1,
Tiirkiye’deki rezervlerinin ise % 55’ini olusturmaktadir (Anonim, 2019).

Yapilan calismalar Emet borat havzasinda bor mineralleri ile birlikte bir¢ok mineralin de
bulundugunu géstermektedir. Bu mineraller; kalsit (CaCQOj3), dolomit (CaMg(COQ3),), anhidrit (CaSOy),
selestit (SrSOy), jips (CaSO4x2H,0), realgar (AsS), orpiment (As,03) ve dogal kiikiirttiir (Helvact,
1984; 2003; 2015b). Emet borat havzasinda tiif ve tiiflii kayalarin yapisinda da SiO, (% 56,93-62,5),
Al,O3 (% 12,55-13,85), CaO (% 1,55-8,12), Na,O (% 0,13-0,3), MgO (% 1,94-4,97), K,0 (% 9,75-
10,48), Fe,O3 (% 0,12-0,83), FeO (% 0,28-1,45), TiO;, (% 0,06-0,46) ve MnO (% 0,03) bulundugu
tespit edilmistir (Helvaci, 2003).

Borat mineralleri diginda Kiitahya havzasinda feldispat (XAlu-2SiE2Og), manyezit (MgCOs),
florit (CaF,), talk (MgsSisO10(OH),, glimiis, bakir, kursun, ¢inko, antimon, demir, mangan, krom
madenleri de bulunmaktadir (Oygiir ve Erler, 1999; Ozgeng, 1993; MTA, 2010a). Bursa-Harmancik’ta
bulunan krom madeni tilkemizin en eski krom madenidir (Anonim, 2001). Krom madenciliginin Emet
Cay1 su kalitesi lizerinde olumsuz etkileri oldugu belirlenmistir (Tokatli vd., 2014).

Emet Havzasi’nda bulunan borat minerallerinden dort tanesi giiniimiizde isletilmeyen ve Orhaneli
Cayi1 kiyisinda bulunan ve Bursa — Mustafakemalpasa sinirlari icinde kalan Kestelek maden yataginda
da bulunmaktadir. Bu dort borat minerali ise; kolemanit, iileksit, propertit ve hidroborasittir. Kestelek
cevher zonu igindeki kaya tipi olan trakiandezik tiif, bor ile birlikte St, Li ve As icermektedir (Helvaci
ve Alonso, 2000). Kestelek’te tiif ve tiflii kayalarin analizine bakildiginda SiO, (% 55,0), Al,O3; (%
16,9), CaO (% 4,9), Na,0 (% 3,57), MgO (% 3,23), K,0 (% 2,9), Fe,0; (% 2,33), FeO (% 0,22), TiO,
(% 0,54) ve MnO (% 0,02) icerdikleri tespit edilmistir (Helvaci vd., 1993). Bu maden yataginin
isletildigi donemlerde Bor madenciliginin Orhaneli Cay1 su kalitesi iizerine énemli etkileri oldugu
tespit edilmistir (Dalkiran, 2006; Semiz, 2014).

Uluabat Golii Alt Havzasi’ndaki en énemli madencilik faaliyetlerinden biri Orhaneli Cayi tizerine
onemli etkileri olan, Kiitahya-Tavsanli’da bulunan Garp Linyitleri Isletmesi’dir (GLI). Ayrica
Tavsanli’'nin 3 km dogusunda bulunan Gozegukuru As—Sh—Pb-Zn maden ocagi da aktif olarak
isletilmektedir (Arik, 2012; Sener ve Karakus, 2017). Sener ve Karakus (2017) As—Sb-Pb-Zn ve
komiir madenlerinin  Tavsanli bdlgesinin en 6nemli madencilik aktivitelerinden oldugunu
sOylemektedirler. Giimiiskdy’de bulunan iilkemizin tek Giimiis madeni de aktif olarak isletilmektedir
(MTA, 2010a; Arik ve Yaldiz, 2010). Ayn1 zamanda Bursa-Giimiispinar’da bulunan koémiir ocagi da
(MTA, 2010b) Tiirkiye Kémiir Isletmeleri Bursa Linyitleri isletmesi (BLI) tarafindan isletilmektedir.
MTA (2010b) verilerine gore Bursa ilinde 10 adet krom ocagi aktif olarak isletilmektedir. Bursa —
Orhaneli’de 2 ve Mustafakemalpasa’da 1 krom maden ocagi bulunmaktadir. Bunun yaninda olivin
((Mg, Fe),[SiO4]) maden ocagi ve isleme tesisleri de Mustafakemalpasa’da bulunmaktadir (MTA,
2010Db).

Su Kalitesi Analizleri

Bu calismada Mustafakemalpasa Cay1 su kalitesini belirlemek i¢in akarsuyun iist ve alt boliimlerini
temsil eden iki ornekleme noktasindan (D&lliik ve Ayazkdy) Ekim 2016 — Eyliill 2017 tarihleri
arasinda aylik su ornekleri alinmigtir. Su 6rnekleri 1 litrelik polietilen siselerin yiizeyden dibe dogru
daldirilmasi ile standart yontemler ile alinmistir. Su sicakligi, pH, elektriksel iletkenlik (EC) ve
¢Ozlinmiis oksijen (CO) Lovibond marka multiprob ile arazi esnasinda yerinde olgiilmiistiir. Sodyum
(Na), potasyum (K), magnezyum (Mg), kalsiyum (Ca), floriir (F), kloriir (Cl), nitrit azotu (NO,-N),
nitrat azotu (NOs-N), amonyum azotu (NH,-N), siilfat (SO,) analizleri TETRA marka Iyon
Kromatografi cihazinda, bor (B), antimon (Sb), arsenik (As), bakir (Cu), civa (Hg), krom (Cr), kursun
(Pb), nikel (Ni), selenyum (Se), demir (Fe), mangan (Mn), aliiminyum (Al) analizleri Perkin Elmer
marka ICP-MS cihazinda akredite bir laboratuvar olan BUSKI i¢cme suyu laboratuvarinda standart
yontemlere gore (APHA, 1998) gerceklestirilmistir. Toplam azot (TN), toplam fosfor (TP), silis (Si),
toplam sertlik (TH) ve askida kat: madde (AKM) analizleri ise Bursa Uludag Universitesi Limnoloji
Aragstirma Laboratuvari’nda standart yontemlere gore gergeklestirilmistir (APHA, 1998).

Sulama suyu acisindan Mustafakemalpasa Cayi’nin degerlendirilmesinde bazi sulama suyu
indeksleri uygulanmistir. Bunlar yilizde sodyum (% Na) (Wilcox, 1955), sodyum adsorbsiyon orani
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(SAR) (Wilcox, 1955) ve kalict sodyum karbonat (RSC)’tir (Eaton, 1950). Bu indekslerin
hesaplanmasinda iyonlarin meq/L degerleri kullamilmustir. Ayrica Mustafakemalpasa Cayi’nin su
kalitesi ABD tuzluluk diyagramina (Richards, 1954) ve Wilcox diyagramina (Wilcox, 1955) gore de
degerlendirilmistir.

Mustafakemalpasa Cay1 suyunda Olgiilen gevresel degiskenlere ait analiz sonuglar1 Yeriistii Su
Kalitesi Yonetmeligi (YSKY, 2012) ve Su Uriinleri Yénetmeligi’ne (SUY, 1995) gore
degerlendirilmistir. Ayrica Mustafakemalpasa Cay1 suyunun sulama suyu olarak kullanilmasi nedeni
ile Atiksu Aritma Tesisleri Teknik Usiiller Tebligi (AATTUT, 2010) Ek 7; Antilmis Atiksularin
Sulama Suyu Olarak Geri Kullanim Kriterleri'ne gore de degerlendirilmistir. Sonuglarin
degerlendirilmesinde Mustafakemalpasa Cayi’nda belirlenen iki 6rnekleme noktasina ait yillik
ortalama degerler ve yillik maksimum degerler g6z 6niinde bulundurulmustur.

Istatistiksel analizler

Bu calismada arastirmada veri setini indirgemek, Olgiilen ¢evresel degiskenler arasindaki iliskileri
belirlemek ve gevresel degiskenlerin su kalitesi lizerine muhtemel ¢evresel baskilarini belirlemek igin
cok degiskenli istatistiksel yontemlerden biri olan agimlayici faktor analizi (AFA) uygulanmustir.

Verilerin indirgenmesi ve iligkili degiskenlerden iligkisiz ve daha az boyutlu yeni faktdr yapilar
uretmek faktor analizinin iki temel amacii olusturmaktadir. Kiiresellik testi (Bartlett, 1950)
korelasyon matriksinin anlamliligini 6lgen bir hipotez testidir. Faktor analizinin gegerli olmasi i¢in bu
testin anlaml1 ¢ikmasi gerekir (p<0,05). Kaiser-Meyer-Olkin 6rneklem yeterliligi testi (KMO) (Kaiser,
1970) ise degiskenlerin tutarlilifini Olgen bir OSlgiittiir ve faktér analizinin uygulanabilmesi igin
degerinin en azindan 0,5’in iizerinde olmasi istenir (Kaiser, 1974). KMO’nun 6zel bi¢imi, her bir
degisken icin belirlenen 6rneklem uygunluk 6lgiisii (OUO) degerleridir (Kaiser ve Rice, 1974, Cerny
ve Kaiser, 1977). Her bir cevresel degisken icin belitlenen OUQO degerleri de KMO gibi
degerlendirilmekte ve 0,5’in altindaki degerler kabul edilmemektedir (Dziuban ve Shirkey, 1974;
Kaiser ve Rice, 1974; Cerny ve Kaiser, 1977). Field (2013), OUO degerleri igin sinir degeri 0,5 olarak
verirken, Pett vd. (2003) 0,6 degeri iistiiniin uygun oldugunu sdylemektedirler. Bu nedenle diisiik
OUO degerleri iceren gevresel degiskenler analizden cikarilmstir (Pett vd., 2003). AFA’da varimaks
rotasyonu ile veri seti dondiiriilmiistlir. Faktorlerin ekstraksiyonu igin ana bilesenler analizi (ABA)
uygulanmistir. Analizler IBM SPSS 22 istatistik paket programinda gerceklestirilmistir.

BULGULAR
Mustafakemalpasa Cay1 su kalitesinin ulusal yonetmelikler cercevesinde degerlendirilmesi
Mustafakemalpasa Cay1 ylizey suyunda oOlciilen cevresel degiskenlere ait analiz sonuglar
(minimum, maksimum, yillik ortalama, standart sapma) bazi yonetmeliklere gore (SUY, 1995; YSKY,
2012) ve teblige gore (AATTUT, 2010) degerlendirilmis ve sonuglar Tablo 1’de gosterilmistir.
Mustafakemalpasa Cay1 suyunda genel ¢evresel su kalitesi parametrelerinin (sicaklik, pH, EC, CO)
EC harig I. Simif kalitede oldugu goriilmektedir. Major iyonlardan sadece SO, ve Mg iyonlarinin SUY
(1995)’e gore tolere degerin ilizerinde oldugu tespit edilmistir. Mustafakemalpasa Cayi’nda analizi
yapilan besin tuzlari, ilgili yonetmeliklere gore degerlendirildiginde ise bir¢ok besin tuzunun limit
degerlerin {izerinde oldugu goriilmektedir. TN yillik ortalamasi YSKY (2012)’ye gore I. Smuf su
kalitesini gosterirken, NH4,-N YSKY (2012)’ye gore II. Smif su kalitesini isaret etmektedir. Su
Uriinleri Yonetmeligi’ne (SUY, 1995) gore ise tolere degerin iistiinde tespit edilen tek besin tuzudur.
TP degerleri YSKY (2012)’ye gore III. Smuf su kalitesindedir. PO4-P yillik ortalama degeri ise YSKY
(2012)’ye gore 1. Sinif su kalitesini isaret etmistir. Ayrica Mustafakemalpasa Cayi’nda analizi yapilan
metaller YSKY (2012)’ye gore degerlendirildiginde yedi metalin (B, As, Hg, Cr, Ni, Al ve Fe) yillik
ortalama c¢evresel kalite standardi (YO) ve/veya maksimum gevresel kalite standardinin (MAK)
iistiinde oldugu goriilmektedir (Tablo 1).
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Tablo 1. Mustafakemalpasa Cayi’nda 6l¢iilen ¢evresel degiskenlerin minimum, maksimum ve yillik ortalama
degerleri ve bu degerlerin ulusal yonetmeliklere gore degerlendirilmesi.

. . Yk  Standart  YSKY . AATTUT
Birim Min. Maks.  Ortalama  Sapma  2012%* SUY 1995 2010
Sicaklk °C 5,67 24,50 1471 6,37 - - -

pH 8,02 8,66 8,35 015  Lsmif - -

EC uS/em 34000 845,00 639,25 15428  ILsuuf - KZD yok

co mg/L 4,10 15,20 9,64 2,68 Lsinif - -

Bulamklk  NTU 7,25 96,60 3564 2029 - - -

HCO, mg/L 9455 408,70 21001 101,83 - - -

CO; mg/L 9,60 91,20 3070 18,04 - - -

AKM mg/L 030 141,80 1914 3091 - - -

TH Fo 10,00 37,60 21,16 8,45 - - -

NO,-N ug /L 3,04 93,13 2784 3125 - TD altinda -
NO4-N ng /L 197,67  1176,07 53498 242,02  Lsif TD altinda -
NH;-N pg /L 13,64 1116,28 202,77 285,75  ILsimf TD iistiinde -

PO,-P ng /L 5154 267,61 12328 6073  ILsumf TD altinda -

™ ng /L 70255 260585 149865 477,95  Lsmif - -

P ng /L 117,60 355,17 20274 6513 I[Lsimf - -

S0, mg/L 3341 149,04 9388 3507 - TD iistiinde -

Si0, mg/L 0,43 1,12 0,66 0,5 YO alunda - -

cl mg/L 7,12 29,07 1473 6,80 - TD altinda -

Na mg/L 9,17 30,72 17,42 6,55 - TD altinda -

K mg/L 1,61 6,90 3,05 1,13 - TD altinda -

Mg mg/L 18,09 60,77 4355 1247 - TD iistiinde -

Ca mg/L 21,97 71,34 5043 11,63 - TD altinda -

F ng/L 8000 330,00 16000 60,00  Lsif TDalunda VMK

altinda
MAK .

B mg /L 1,31 20,86 9,32 6,32 iistinde YO  TD iistinde VMK
o iistiinde #
iistiinde

_ MAK VMK

As ng /L 1675 167,96 8585 47,71 iistinde YO  TD altnda
o altinda
iistiinde

Sb ng /L 0,49 1,39 0,89 0,27 YO altinda - -

cu ng /L 1,07 2,81 1,45 040 YOaltnda  TDalunda VMK

altinda
MAK
Hg ng /L <0,06 1,54 0,14 030 M TD altinda -
MAK :

Cr pg /L 2,78 6,83 4,76 1,34 altinda YO TD altinda IVMK
P altinda
ilistiinde

Pb ng /L <0,15 0,23 0,16 002 YOaltnda  TDalunda LYK

altinda
. MAK VMK

Ni pg /L 3,93 12,00 6,09 1,86 altinda YO TD altinda
P altinda
ilistiinde

Se ug /L 0,36 0,58 0,40 007  Lsmf TDaltnda ¥ VK

altinda
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MAK VMK
Al pg /L 120,47 5881,54 1054,86  1529,87 iistiinde YO  TD iistiinde
v e altinda
iistiinde
MAK IVMK
Fe ng/L 146,61  2865,14 793,80 873,98 iistiinde YO TD iistiinde
o e altinda
ustiinde
Mn ug /L 1810 137,02 5397 3224  Lsmif TD altinda VMK
altinda
% Na % 7,20 17,04 10,76 2,25
RSC meq/L -3,83 1,01 -1,62 1,55
SAR meq/L 0,30 0,75 0,43 0,13

Yonetmeliklerde azot bilesikleri farkli formlarda degerlendirilmektedir. Bu durumda hangi formunda verilmisse doniisiimler yapilarak
verilen deger iizerinden degerlendirme yapilmistir.

**Yonetmelikte 2016 yilinda yapilan degisiklik sonucu eklenen Ek 5, Tablo 2,4 ve 5’e gore degerlendirilmistir.

SD: sinur degerler

YO: yillik ortalama gevresel kalite standardi

MAK: maksimum gevresel kalite standard1

KZD: Kullanimda zarar derecesi

TD: Tolere deger

IVMK: izin verilen maksimum konsantrasyon

#Bora cok toleransh (> 4 mg/L) bitkiler i¢in dahi ¢ok iist bir deger

Mustafakemalpasa Cay1 suyu, Mustafakemalpasa Ovasi’nin sulanmasinda kullanildigi i¢in yiizey
suyu bazi sulama indeksleri agisindan da degerlendirilmis ve bu bulgular da Tablo 1’de verilmistir.
Calismada hesaplanan % Na degerinin hem maksimum hem de yillik ortalama derisimi degerinin
20’nin altinda ve SAR degerinin de 10’un altinda belirlenmesi sulama suyu kalitesinin 1. Simif
oldugunu gostermektedir (Richards, 1954) Mustafakemalpasa Cayr RSC indeksi acgisindan
degerlendirildiginde ise yillik ortalama deger -1,62 olarak tespit edilmistir. Indeks degerinin 0’mn
altinda bir degerde ¢ikmasi sodyumun olumsuz etkisinin olmadigini ifade etmektedir (Eaton 1950;
Hopkins vd., 2007). Sulama suyu sinifi ABD tuzluluk laboratuvari grafik sistemine gore
degerlendirildiginde (Richards, 1954) su kalitesi C2-S1 (orta tuzlulukta ve az sodyumlu) ¢ikmaktadir.
Wilcox diyagramina (Wilcox, 1955) gore ise su kalitesi ¢ok iyi sinifinda belirlenmistir. Bu bulgular
akarsuyun sulama suyu kalitesinin yiiksek bor derigimi diginda iyi kalitede oldugunu gostermektedir
(AATTUT, 2010).

Faktor analizi sonuclar:

Tim gevresel degiskenlerin kullanildigi analizler (ABA/AFA) sonucunda her bir degisken i¢in
belirlenen &rneklem uygunluk &lgiisii (OUO) degerleri kontrol edilmis ve 0,6 altinda OUO degerine
sahip degiskenler analizden ¢ikarilmistir (Pett vd., 2003). Son ABA/AFA veri setinde 15 gevresel
degisken kullanilmig ve KMO degeri 0,771 olarak belirlenmistir. Kaiser (1974) 0,7 iizerinde bulunan
KMO degerlerinin orta seviyede kabul edilebilen bir deger oldugunu séylemekte olup, KMO degeri
0,5 altinda oldugunda ise veri setinin faktor analizi i¢cin uygun olmadigini sdylemektedir. Bartlett
kiiresellik testi (Bartlett, 1950) sonucunda ise alternatif hipotez kabul edilmis (X 349,27; df: 105; p:
0,000) ve AFA’nin bu veri seti i¢in uygun olduguna karar verilmistir.

Uygun faktdr sayisimi belirlemek igin yama¢ egim testi uygulanmig (Cattell, 1966), faktorlerin
ozdegerlerinin (L) degisimi yamag egim grafiginde verilmistir (Sekil 2). Ozdegeri (1) 1'den biiyiik olan
ilk ti¢ faktér uygun faktorler olarak belirlenmistir (Kaiser kriteri). Ayrica ilk ti¢ faktor toplami %
76,426 olmus (Tablo 2) ve aciklanan varyans kriteri i¢in istenen % 67 sinir1 da (agiklanan varyansin en
az 2/3°1) asilmustir.

ABA/AFA ile elde edilen tahminlenmis ve dondiiriilmiis faktorlerin 6zdegerleri (1), toplam varyans
ve y1gilmali (kiimiilatif) varyans sonuglar1 Tablo 2’de verilmis, ilk ti¢ faktoriin % varyans degerlerinin
birbirine yakin degerler oldugu ve ii¢ faktorden birinin digerlerine baskin olmadig: tespit edilmistir. Tk
faktor toplam varyansin % 28,760’sin1, ikinci faktér %25,99’unu ve {igiincii faktor ise % 21,667’ sini
olusturmustur. Degiskenlerin hangi faktorle iliski igerisinde oldugunu gosteren dondiiriilmiis faktor
matriksi Tablo 3’te verilmis, bu degiskenlerin ii¢ boyutlu gosterimi ise Sekil 3’te verilmistir. ilk
faktorde HCOs;, B, As degiskenlerinin ¢ok kuvvetli pozitif yiikk olusturdugu Sb, Na ve Ca
degiskenlerinin ise kuvvetli pozitif yiik olusturdugu Tablo 3’te goriilmektedir. Ikinci faktorde ise Fe,
Al ve TN ¢ok kuvvetli negatif yiik olusturuken, Mg, SO4 ve Ca kuvvetli pozitif yiikk olusturmustur.
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Ucgiincii faktorde ise F, PO4-P, Si, SO, Sb ve Na kuvvetli pozitif yiik, DO ise kuvvetli negatif yiik
olusturmustur (Tablo 3).

4

Ozdeger

3

ra
w
=
w
@
~1—
@
w
)
=]
o
=
-
wm
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Sekil 2. Ozdegerlerin yamag egim grafigi

Tablo 2. Toplam varyans tablosu

Baslangic Ozdeserler Tahminlenmis Yiiklerin Dondiiriilmiis Yiiklerin
slangie g Kareler Toplam Kareler Toplanu
Faktor % % % % % %
Toplam Varyans Yigilmalh  Toplam Varyans Yigilmah Toplam Varyans Yigilmah
Varyans Varyans Varyans
1 7,318 48,784 48,784 7,318 48,784 48,784 4,314 28,760 28,760
2 2,523 16,822 65,605 2,523 16,822 65,605 3,900 25,999 54,759
3 1,623 10,821 76,426 1,623 10,821 76,426 3,250 21,667 76,426

Tablo 3. Dondiiriilmiis faktér matriksi sonuglari

Faktorler

1 2 3
DO -0,683
HCO; 0,917
Si 0,655
SO, 0,665 0,520
Na 0,647 0,504
Mg 0,717
Ca 0,591 0,504
PO,-P 0,735
TN -0,811
F 0,801
B 0,913
As 0,863
Sb 0,700 0,511
Al -0,837
Fe -0,890
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Sekil 3. Dondiiriilmiis faktdr matriksinin bilesen yiikleri

TARTISMA ve SONUC

Bu ¢alismada ABA/AFA kullanilarak degiskenlerin faktorler ile gruplara ayrilmasi saglanmis ve su
kalitesi iizerine muhtemel g¢evresel baskilar aciklanmaya c¢alisilmistir. Faktor analizi sonuglari
Mustafakemalpasa Cayi’nda madencilik faaliyetleri ve havzanin jeolojik yapisinin akarsuyun su
kalitesi {izerinde biiyiik etkisinin oldugunu gostermektedir. Ozellikle ilk ii¢ faktrde faktdr yiikii
olusturan B, As, Sb, F, Al ve Fe metalleri ve HCOg, Si, SO4, Na, Mg, F ve Ca iyonlarinin faktor yiikii
olugturmalar1 bu durumun kanitidir. Kiitahya, iilkemizin maden kaynaklari agisindan en zengin
illerinden biridir. Bu madenlerin baginda bor madeni gelmektedir. Bor iyonik yapisi nedeni ile hicbir
zaman tek bagina bulunmaz, diger elementler ve oksijen ile bor tuzlarini olusturur (Helvaci, 2015a).
Giiniimiizde 250’den fazla borat minerali tanimlanmstir (Helvaci, 2015a). Kiitahya Emet’te ETI
Maden tarafindan isletilen maden yataginda Ca boratlar, Ca/Na boratlar, Mg boratlar ve As boratlar
bulunmaktadir (Helvaci, 2003). Borat minerallerinden Ca boratlardan kolemanit ve Ca/Na boratlardan
iileksit Emet Cayr’na kiyis1 bulunan maden yatagindan ekonomik olarak cikarilmaktadir. Tlk iki
faktorde faktor yiikii olugturan Na, Ca ve Mg ile B ve As metallerinin faktor analizinde 6nemli faktor
yiikii olusturmasinin sebebinin bor madenciligi ile iliskili oldugu goriilmektedir.

Havzanin jeolojik yapisinin da faktor yiikii olusumunda 6nemli oldugu, genellikle bor ile birlikte
bulunan bazi minerallerin yapisinda bulunan Ca, Mg, HCO3, SO, Si ve As gibi elementlerin (Helvaci,
1984; Helvaci vd., 1993; Helvaci, 2015a) ve havzada maden rezervlerinde bulunan bazi minerallerin
yapisinda bulunan Fe, Al, F, Sb gibi elementlerin (MTA, 2010a) yine istatistiksel analizlerde
(ABA/AFA) faktor yiikii olugturdugu tespit edilmistir.

ABA/AFA’da faktor yiikii olusturan bazi iyon ve metallerin ulusal yonetmeliklere goére sinir
degerleri astig1 tespit edilmistir. Faktor analizinde 1. ve II. faktorlerde kuvvetli faktor yiikii olusturan
B, As, Al ve Fe agir metallerinin yillik ortalama ve yillik maksimum degerlerinin YSKY (2012)’ye
gore limit degerin {istiinde tespit edilmistir. As disinda diger {i¢ agir metal ayn1 zamanda Su Uriinleri
Yonetmeligi’ne (SUY, 1995) gére de tolere degerin iistiinde bulunmustur. Mg ve SO, iyonlarmin
yillik ortalama derisimi Su Uriinleri Y&netmeligi’ne gore (SUY, 1995) tolere degerin iistiinde tespit
edilmis, diger iyonlar ise sinir degerleri agmamistir. ABA/AFA’da faktor yiikii olusturan Floriiriin ise
ulusal yonetmeliklere gore sinir degerler i¢inde oldugu tespit edilmistir. Ancak Tavsanli’da bulunan
florit yataginin gegmis yillarda isletilmesi nedeni ile (MTA, 2010a) bu elementin de siirekli izlenmesi
gerekmektedir.

ABA/AFA’da faktor yiikii olusturmamis bazi metallerin de ulusal yonetmeliklere gdre sinir
degerleri astig1 tespit edilmistir. Cr ve Ni agir metallerinin yillik ortalama derisimleri YSKY (2012)’ye
gore yillik ortalama degerin iizerinde, ancak yillik maksimum degerin altinda kaydedilmistir. Hg
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derigsimi ise yillik maksimum seviyenin lizerinde tespit edilmistir. Kiitahya havzasinda ve Bursa
Orhaneli’de bulunan krom madenlerinden kaynakli atiklarin takip edilmesi gerektigi ve bu
madenlerden kaynakli kirliligin ileriki yillarda havzada kirlilige yol acabilecegi ve risk faktorii oldugu
diistiniilmektedir. Agir metallerden Sb, Cu, Se, Pb ve Mn ise yonetmeliklere gore sinir degerlerinin
altinda bulunmus ya da L. simif su kalitesinde tespit edilmistir. Bu agir metaller sinir degerler i¢inde
belirlenmesine ragmen havzada gerceklestirilen madencilik faaliyetleri ve havzanin jeolojik yapisi
nedeni ile siirekli takip edilmesi gerektigi diisiiniilmektedir. Mustafakemalpasa Cayi’nin besledigi
Uluabat Golii’nde daha 6nceki yillarda yapilan ¢alismalar gél suyunda, sedimanda ve golde yasayan
canlilarin dokularinda (Elmact vd., 2007; Arslan vd., 2010) Cd, Cr, Pb, Cu, ve Ni seviyelerinin sinir
degerlerin iizerinde oldugunu gostermistir.

Yapilan aragtirmalar ozellikle son 15 yildir Emet Cayi’nda ¢ok yiiksek B derigsimlerinin
gozlendigini gostermektedir (COl ve CoOl 2003; Semiz, 2014; Tokathh vd., 2016; Benzer, 2017).
Omwene vd. (2019) havzadaki bor kirliliginin temel kaynaginin Emet Cay1 oldugunu belirlemisler,
Emet Cay1 iist havzasinda B derisiminin 50 mg/L’nin iizerinde oldugunu ve B derisiminin {ist
havzadan alt havzaya dogru giderek azaldigini tespit etmislerdir. Bu durum Emet Cay1 vasitasi ile bor
kirliliginin Mustafakemalpasa Cayi’na tasindiginin bir kanitidir. Bu calismada Mustafakemalpasa
Cayr’nda B yillik ortalamasi 9,32 mg/L olmus ve 20,86 mg/L olarak 24 Ekim 2016’da Dolliik
ornekleme noktasinda en yiiksek derisimde belirlenmis, bu ayda Ayazkdy noktasindaki derigim ise
19,93 mg/L olmustur. Mustafakemalpasa Cay1 2015 yilindan beri BUSKI tarafindan yilda 4 defa iki
ornekleme noktasinda drnekleme yapilarak izlenmektedir (BUSKI, 2019). Bu verilere gére (BUSKI,
2019) B derisimi 06.10.2016 tarihinde Emet ve Orhaneli ¢aylar1 karigimi sonrasinda 21,792 mg/L
olarak Ol¢iilmiis, yine bu tarihte Mustafakemalpasa Cay1’nin Uluabat Golii’'ne dokiildiigli noktada ise
17,927 mg/L olarak tespit edilmistir. Yillik ortalama B derisimi AATTUT (2010)’a gore yiiksek B
derisimini tolere edebilen bitkiler (>4,0 mg/L) i¢in yiiksek bir degerdir ve bu bitkilerde dahi toksik etki
olusturabilecek seviyededir. Mustafakemalpasa Ovasi’nda liretimi yapilan en 6nemli sebze domatesdir
ve Mustafakemalpasa Cayi’ndan aliman su ile sulama gerceklestirilmektedir. Uysal vd. (2017),
Mustafakemalpasa ilgesinde yetisen domateslerin yapraklarinda ve toprakta bor analizleri yapmislar ve
orneklerin % 65’inde toprak bor igeriklerini 2,0 mg/kg degerinin lzerinde bulmuslar, bazi alanlarda
ise kritik seviye olan 5 mg/kg B seviyesine ¢ok yaklastigini tespit etmisleridir. Yaprak érneklerinde ise
100 mg/kg olan Ust sinirin Gzerinde bulunan alanlarin oranini % 80 olarak tespit etmislerdir (Uysal vd.,
2017). Bu bulgular Mustafakemalpasa Cayi’'ndan alinan su ile sulanan tarlalarda toprakta ve bitkilerde
ylksek bor birikimi oldugunun bir goéstergesidir.

As uzun yillardan beri Uluabat Goli alt havzasinda kirlilik olugturan 6nemli bir metaldir. Daha
onceki yillarda yapilan caligmalar, Emet ve Hisarcik bolgelerinde yiizey ve yeralti sularinda igme
sularinda izin verilen seviyenin (< 10 pg/L) c¢ok iizerinde As derisimleri bulundugunu (Colak vd.
2003; Col ve Col 2004; Tokathi vd., 2016; Benzer 2017) ve bu sular tiiketen yore halkinda deri
lezyonlar1 ve cilt kanseri bulgulart gézlendigini gostermektedir (Col vd., 1999; Dogan vd., 2005).
Omwene vd. (2019), Emet Cay1 iist havzasinda As derisiminin 200 pug/L’nin iizerinde oldugunu
belirlemislerdir. Colak vd. (2003) Emet bolgesinde yiizey ve yeraltisularinda tespit edilen yiiksek As
derigiminin temel sebebinin kolemanit nodiilleri iginde bulunan realgar (AsS) ve orpiment (As,S3)
minerallerinden kaynaklandigini ifade etmektedirler. Bu minerallerin yaninda As-boratlardan terrujit
ve kahnitin Emet borat yataklarinda bulunmasi (Helvaci, 2003) bu havzadaki yiiksek As derigsiminin
bir diger nedenidir. Omwene vd. (2019) Orhaneli Cayr’nda Kiitahya-Tavsanli bolgesinde As
derigiminin 50-100 pg/L araliginda bulundugunu tespit etmislerdir. Sener ve Karakus (2017) Kiitahya-
Tavsanli’'nin 3 km dogusunda Goézegukuru As—Sb—Pb-Zn maden bolgesinde yapilan madencilik
aktiviteleri nedeni ile Tavsanli bolgesinde yilizey sularinda As seviyesinin yeralti sularindan daha
yiiksek bulundugunu soylemektedirler. Arslan ve Celik (2015) Goézegukuru maden alaninin hemen
yakininda bulunan giimiis madeni atik havuzunun As, Pb ve Sb bakimindan zengin oldugunu ve bu
atiklarin maden havuzundan sizmasi sonucu yiizey sularinin kirlendigini sdylemektedirler. Arsenigin
icme suyundaki limit degeri 10 pg/L’dir (TSE, 2005). AATTUT (2010)’ye ve SUY (1995)’e gore ise
tolere deger 100 pg/L’dir. Mustafakemalpasa Cayi’nda yillik ortalama As derisimi 85,85 pg/L olmus,
bazi aylarda arsenik derigsiminin 160 pg/L’nin iizerine ¢iktig1 tespit edilmistir. Mustafakemalpasa
Cay1r’ndaki As bulgular1 havzada yapilan cesitli calismalar ile karsilastirildiginda, caydaki yiiksek As
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derisiminin ana kaynaginin Emet Cay1 oldugu, daha az oranda As girdisinin ise Orhaneli Cay1’'ndan
kaynaklandigi goriilmektedir.

Mustafakemalpasa Cayi’nda kirlilige sebep olan metallerden bir digeri demirdir. Yillik ortalamasi
793,89 ug/L olarak tespit edilmis ve YSKY (2012) ve SUY (1995)’e gdére bu degerlerin tolere
edilebilir degerin iizerinde oldugu goriilmiistiir. Yillik maksimum derisim ise 2800 pg/L’nin iizerinde
bulunmustur. Mustafakemalpasa Cayi’nda bu degerden daha yiiksek Fe degerleri daha dnceki yillarda
tespit edilmistir. BUSKI (2019) verilerine gére Fe derisimi dzellikle kis aylarinda donemsel olarak
yiiksek seviyelere gikmaktadir (Or: 14.01.2016 tarihinde sirasiyla 21,619 mg/L ve 22,397 mg/L).
Dalkiran (2006) Orhaneli Cayi’nda yaptigi calismada Fe derigiminin 0,03 — 4,71 mg/L araliginda
degistigini tespit etmistir. Karacaoglu (2006) Emet Cayi’nda Fe derisiminin 0,01 mg/L ile 20,5 mg/L
arasinda degistigini bildirmistir. Bu degerler Orhaneli Cayi’nda tespit edilen degerlerden g¢ok daha
yiiksek degerlerdir. Bu bulgular Mustafakemalpasa Cayi’ndaki yiiksek Fe derisiminin Orhaneli ve
ozellikle Emet Cay1 kaynakli oldugunu gostermektedir. Bunun en énemli nedeni olarak yine bdlgenin
jeolojik yapisi 6ne ¢ikmaktadir. Kiitahya ilinde Emet ve Simav ilgelerinde yiiksek demir zuhurlari
bulunmaktadir (MTA, 2010a). Bu zuhurlar yiiksek S, As ve Si icerikleri nedeni ile isletilmemektedir
(MTA, 2010a).

Aliiminyum calisma alaninda yiiksek derisimde tespit edilen diger bir agir metal olmustur.
Mustafakemalpasa Cayi’nda yillik ortalama derisimi 1054,86 pg/L olmus, yillik maksimum derisimi
5800 pg/L’nin (Ocak 2017 Dolliik 6rnekleme noktasi) lizerine ¢ikmig, yonetmeliklere gére maksimum
ve tolere degerlerin iizerinde tespit edilmistir. BUSKI (2019) verilerine gére de Mustafakemalpasa
Cayr’nda Al derisimi &zellikle kig aylarinda daha yiiksek degerlere c¢ikmaktadir (6r: 14.01.2016
tarihinde sirasiyla 28,781 ve 29,355 mg/L). BUSKI verileri disinda her ii¢ akarsuda eski yillara ait Al
derisimi ile ilgili herhangi bir bulguya ulagilamamustir. Havzadaki yiiksek Al derisiminin sebebi olarak
yine havzanin madencilik faaliyetleri ve jeolojik yapisi 6n plana ¢ikmaktadir. Kiitahya ilinde feldispat
gibi Al igeren mineraller bulunmaktadir (MTA, 2010a). Emet borat yataklarinda bulunan tiif ve tiiflii
kayalarda da % 12,55- 13,88 oraninda Aliinit (Al,O3) bulunmaktadir (Helvact vd., 1993). Ayrica
Kiitahya-Gediz’de Saphane Sahasinda bulunan tendr % 19,2 alunit igermekte ve yatak isletilmektedir
(MTA, 2010a). Saphane Dagi Emet Cayi’nin kaynaginin bulundugu bolgedir. Bu bulgular bize
Mustafakemalpasa Cayi’ndaki Al kirliliginin ~ sebebinin Emet Cay1 kaynakli oldugunu
diisiindiirmektedir. Ayrica Emet ve Mustafakemalpasa caylarinda yiiksek Al ve Fe iceriginin bir diger
sebebi olarak bor madenciliginin de katkis1 oldugu disiiniilmektedir. Erdogan vd. (2004), kolemanit
atiklarinda yas agirlhikta sirasiyla % 3,73 ve % 1,90 oraninda Al,O; ve Fe,O; bulundugunu
sOylemektedirler.

Mustafakemalpasa Cay1 yillik ortalama TN derigsimi YSKY (2012)’de belirlenen 1. Sinif su sinir
degerinin (< 3,5) yaklagik yaris1 kadardir (Tablo 1) ve TN wyillik ortalama degerlerine gore
Mustafakemalpasa Cay1 su kalitesi I. Smiftir. Dodds vd. (1998) yaptiklar bir arastirmada, yillik
ortalama TN degerini mezotrofik-6trofik sinir degerinin (1,5 mg/L) altinda, ancak oligotrofik-
mezotrofik sinir degerinin (0,7 mg/L) {istiinde tespit etmislerdir. Bulgularimiza goére, akarsuyun yillik
ortalama TN derisimi ag¢isindan degerlendirildiginde mezotrofik, ancak yillik maksimum TN derisimi
acisindan degerlendirildiginde ise otrofik karakterdedir. TP yillik ortalama degeri ise III. Smuf su
kalitesini gosterirken, Dodds vd. (1998)’e gore de mezotrofik-6trofik sinir degerinin (0,075 mg/L)
yaklasik 2,5 kat tizerinde bulunmus ve akarsuyun TP agisindan 6trofik karakterde oldugunu isaret
etmistir. Mustafakemalpasa Cay1 hassas su kiitlesi (6trofik oldugu belirlenen veya yakin gelecekte
otrofik olabilecek su kiitlesi) oldugu Miilga Orman ve Su Isleri Bakanlig tarafindan yapilan ¢alismalar
ile ortaya konmus (HSKY, 2016) ve bu konuda alinacak dnlemler belirlenmistir.

Mustafakemalpasa Cayr NH4-N ve NO,-N acisindan sirasi ile II. ve III. sinif su kalitesinde tespit
edilmistir, NO3-N degeri agisindan ise I. Smuf su kalitesine sahiptir (Tablo 1). NH;-N degerleri
ozellikle baliklarda yiiksek toksik etki yaptigi igin su iirlinleri yetistiriciliginde énemle takip edilen bir
azot formudur. Coziinmiis reaktif azot formlari (NH4-N, NO,-N, NO3-N), TN, TP ve PO4-P’nin su
kaynaklarinda yiiksek seviyelerde bulunmasi 6zellikle bu akarsu havzalarinda tarim faaliyetlerinin
yiiksek olmasi ve dtrofikasyon ile iliskilendirilmektedir (Dodds vd., 1998). Ozellikle azotlu ve fosfatl
giibrelerin tarimda yaygin olarak kullanilmasi bu besin tuzlarin su kaynaklarinda yiiksek seviyelere
cikmasina ve 6trofikasyona neden olmaktadir. ABA/AFA’da TN ve PO,-P sirastyla II. ve II1. faktorde
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faktor yiikii olusturmus ve Mustafakemalpasa Cayi’nda tarimsal faaliyetlerin de énemli bir kirlilik
yiikii olusturdugunu isaret etmistir.

Yapilan degerlendirmeler sonucunda akarsuda 6zellikle yiiksek bor ve arsenik kirliliginin oldugu,
bunun yaninda bazi agir metallerin smir degerler iizerinde bulunmasinin da havzada yapilan
madencilik faaliyetleri ile iliskili oldugu belirlenmistir. Ilerleyen dénemlerde ciddi tedbirler alinmazsa
Mustafakemalpasa Cayi’nin sulama suyu olarak kullanilmasinin topraga ve bitkilere dnemli zararlar
verecegi ve akarsuyun besledigi iilkemizin en 6nemli sulak alanlarindan biri olan Uluabat G6lii’niin su
kalitesinin de Mustafakemalpasa Cay: tarafindan olumsuz etkilenecegi sonucuna varilmigtir.
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Abstract

The surveys were conducted between 2005-2019 to assess endemic fish species in the Lake Beysehir that have special
importance in terms of endemism. A total of 12 endemic freshwater fish species (Aphanius cf. iconii, Capoeta mauricii,
Chondrostoma beysehirense, Garra kemali, Gobio microlepidotus, Pseudophoxinus anatolicus, Pseudophoxinus battalgilae,
Pseudophoxinus hittitorum, Squalius anatolicus, Cobitis battalgilae, C. bilseli and Oxynoemacheilus atili) belonging to 6
families (Aphaniidae, Cyprinidae, Gobionidae, Leuciscidae, Cobitidae and Nemachelidae) were observed.

Key words: Konya Endorheic Basin, endemic fish, exotic fish, ichthyofauna.
Beysehir Golii Havzasi'ndaki (Tiirkiye) Endemik Balik Tiirlerinin Taksonomik Durumu
Ozet

Bu ¢alismada endemizim agisindan biiyiikk dneme sahip olan Beysehir Golii Havzasinda 2005-2019 tarihleri arasinda
yapilmig olan ¢aligmalarin sonuglarina yer verilmistir. Calisma sonucunda 6 familyaya mensup (Aphaniidae, Cyprinidae,
Gobionidae, Leuciscidae, Cobitidac ve Nemachelidae) 12 endemik tath su baligi tiiriine (Aphanius cf. iconii, Capoeta
mauricii, Chondrostoma beysehirense, Garra kemali, Gobio microlepidotus, Pseudophoxinus anatolicus, Pseudophoxinus
battalgilae, Pseudophoxinus hittitorum, Squalius anatolicus, Cobitis battalgilae, C. bilseli ve Oxynoemacheilus atili)
rastlanmustir.

Anahtar Kelimeler: Konya Kapali Havzasi, endemik balik, egzotik balik, ihtiyofauna.

INTRODUCTION

Lake Beysehir is the largest freshwater lake in Turkey, located in Konya and Isparta provinces. In
terms of biodiversity and endemic fishes, it has a great importance but its significance has not been
understood yet..

Anatolia has a stable structure lasting for millions of years, and it has given many species a
permanent shelter. The Lake Beysehir basin is one of the best examples for this permanent shelter,
therefore there are many endemic species in the lake basin (Tavsanoglu, 2016). Pollution and
uncontrolled water withdrawal for irrigation have reduced the water level of the lake, so disrupted the
natural structure of the water.

In the early 1980s, Sander lucioperca was introduced and became the dominant invasive species in
the lake. Then, Tinca tinca, Carassius gibelio, Atherina boyeri were introduced to the lake and they
rapidly proliferated (Kiigiik, 2012).

Up to date thirteen endemic fish species (Alburnus akili, Aphanius cf. iconii, Capoeta mauricii,
Chondrostoma beysehirense, Cobitis battalgilae, C. bilseli, Garra kemali, Gobio microlepidotus,
Oxynoemacheilus atili, Pseudophoxinus anatolicus, P. battalgilae, P. hittitorum, Squalius anatolicus)
and four translocated (Alburnus escherichii, Atherina boyeri, Tinca tinca, and Sander lucioperca), five
exotic (Carassius gibelio, Cyprinus carpio, Gambusia holbrooki, Knipowitschia caucasica and
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Pseudorashora parva) fish species reported in the Lake Beysehir (Erk’akan et al., 1999; Geldiay and
Balik, 2009; Kiiciik, 2012; Ozulug et al., 2013).

In this study, distribution, recent taxonomic status, and conservation status of fishes in the Lake
Beysehir have been revealed.

MATERIALS and METHODS

Lake Beysehir has an altitude of 1125 meters and with an overall surface area is 88750 hectares.
The length of the lake is 45 kilometers and the widest part is 26 kilometers and has been declared as a
national park in 1993 (Isildar, 2010). Fish samples were caught at 9 different sampling sites in Lake
Beysehir and tributaries during May 2005 and June 2019 (Figure 1). Tricaine Methanesulfonate (MS-
222) was used to minimize pain when fish were fixed in 4% formaldehyde. Meristic counts and
measurements follow Kottelat and Freyhof (2007). Family names were given taxonomically according
to Stout et al. (2016) and Van der Laan (2017). The valid names of species were taken from Fishbase
(Froese and Pauly, 2019) or Catalog of fishes (Fricke et al., 2019). Conservation status of species
provided from the [JUCN Red List (2019).
Abbreviations: FFR, Zoology Museum of the Faculty of Fisheries, Recep Tayyip Erdogan University, Rize,
Turkey. IFC-ESUF, Isparta University of Applied Sciences, Egirdir Fisheries and Aquatic Sciences. IUCN,
International Union for Conservation of Nature and Natural Resources. SL, Standart Length.
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Figure 1. Sampling sites in the Lake Beysehir and its tributaries.

RESULTS

This study was carried out between 2005 and 2019 in Lake Beysehir and tributaries. During the
surveys, a total of 12 endemic species belonging to 6 families were observed at the family level, the
Leuciscidae comprises the greatest number of species (5 species), followed by Cyprinidae and
Cobitidae (2), Nemacheilidae, Gobionidae, and Aphaniidae (1).

Family: LEUCISCIDAE
Chondrostoma beysehirense Bogutskaya, 1997 (Figure 2)

Common names: Beysehir nase; Beysehir kababurun baligi (Turkish).

Material Examined: FFR02019, 1, 110 mm SL, 06.06.2007, Beysehir, Stream Sari6z. —
FFR02068, 1, 101 mm SL, 07.06.2015; Seydisehir, Stream Kugulu. — IFC-ESUF 03-1505, 16,
155.70-250.79 mm SL, 26.06.2012, Beysehir, Lake Beysehir.

Conservation: Endangered (EN).

Distribution: Lake Beysehir basin
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Threats: The predominant threat for the population of Lake Beysehir is the predator pressure of
Sander lucioperca, unregulated fishing methods, pollution of canals and small rivers due to domestic
and agricultural wastes and loss of habitat (water shortage in summer).

Figure 2. Chondrostoma beysehirense; Beysehir, Lake Beysehir, 209.2 mm SL.

Squalius anatolicus (Bogutskaya, 1997) (Figure 3)

Common names: Beysehir dace; Chub; Beysehir tatlisu kefali, akbalik (Turkish).

Material Examined: FFR00514, 9, 138-232 mm SL, 06.06.2007; Beysehir. —FRR03810, 14, 127-
240 mm SL; 06.06.2007; Beysehir, Stream Sari6z. —FFR06239, 10, 123-266 mm SL, 07.06.2015;
Seydisehir, Stream Akcay. —FFR06242, 23, 98-223 mm SL, 07.06.2015; Seydisehir, Stream Kugulu.
—FFR06287, 1, 134 mm SB, 13.11.2018; Beysehir, Stream Eylikler.

Conservation: Least Concern (LC).

Distribution: Beysehir, Tuz, and Ilgin Lake basins and Manavgat River (Ozulug and Freyhof,
2011).

Threats: The predator pressure of Sander lucioperca may be effective in part for the population of
Lake Beysehir. There is no significant threat in other distribution areas.

Figure 3. Squalius anatolicus; Seydisehir, Stream Akgay, 220 mm SL.

Pseudophoxinus anatolicus (Hanko 1924) (Figure 4)
Common names: Anatolian minnow; Anadolu yagbaligi (Turkish).
Material Examined: IFC-ESUF 03-1014, 208.5 mm SL; 26.06.2012; Beysehir, Lake Beysehir.
Conservation: Endangered (EN).
Distribution: Beysehir, Sugla and Akgél Lake basins (Kiigiik et al., 2016).
Threats: It has a very rare (or rare) population density in Beysehir and Sugla lakes. Sander
lucioperca is the predator pressure in both populations.
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Figure 4. Pseudophoxinus anatolicus; Beysehir, Lake Beysehir, 208 mm SL.

Pseudophoxinus battalgilae Bogutskaya, 1997 (Figure 5)

Common names: Beysehir minnow; Beysehir otbalig1 (Turkish).

Material Examined: IFC-ESUF 03-0965, 62 mm SL; 19.05.2005; Seydisehir; Stream Bozkir, Lake
Sugla drainage.

Conservation: Least Concern (LC).

Distribution: P. battalgilae is known from Lake Sugla area, Manavgat River basin, Akgdl Swamp,
Lake Cavuscu and Nigde environs (Kizilca and Giimiisler) (Freyhof and Ozulug, 2010, Kiiciik et al.,
2016).

Threats: No individuals were found in Lake Beysehir, which is the type locality. Canals flowing to
Lake Sugla and the Stream Bozkir populations are under pressure from pollution due to domestic
wastes. There is no significant threat in the Manavgat River basin.

Figure 5. Pseudophoxinus battalgilae; Seydisehir, Stream Bozkir, 62 mm SL.

Pseudophoxinus hittitorum Freyhof & Ozulug, 2010 (Figure 6)

Common names: Hittitic spring minnow; Hitit otbaligi (Turkish).

Material Examined: FFR03292, 10, 69—100 mm SL, 17.10.2009; Beysehir, Stream Eflatunpinari.

Conservation: Endangered (EN).

Distribution: Lake Beysehir basin (streams Eflatunpinar, Bakaran and Deliktas spring near
Yesildag) (Kiictik et al., 2009a).

Threats: The most important threat is the drying and pollution of the resources because it prefers
very cold and clean spring waters.
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Figure 6. Pseudophoxinus hittitorum; Beysehir, Stream Eflatunpinari, 100 mm SL.

Family: CYPRINIDAE
Capoeta mauricii Kiigiik, Turan, Sahin & Giille, 2009 (Figure 7)

Common names: Long shout scraper; Uzun burun siraz (Turkish).

Material Examined: FFR 03801, 14, 114-238 mm SL, 06.06.2007; Beysehir, Stream Sar16z. —
FFR 01928, 3, 127—-144 mm SL, 07.06.2015; Beysehir, Stream Eylikler.

Conservation: Endangered (EN).

Distribution: Sari6z, Bakaran, Eflatun Pinari, Sarigay streams, a tributary of the southern of Lake
Beysehir basin (Kiigiik et al., 2009b).

Threats: Capoeta mauricii is endemic to Lake Beysehir and populations of the species declining
according to our in situ observations. Water abstraction is the main threat to the species.

Figure 7. Capoeta mauricii; Beysehir; Stream Eylikler, 205 mm SL.

Garra kemali (Hanko, 1925) (Figure 8)

Common names: Eregli minnow; Eregli golyan baligi (Turkish).

Material Examined: FFR04030, 1, 65 mm SL, 07.06.2019 Beysehir, Stream Eflatunpimnari. —
FFR02479, 12, 3545 mm SL, 19.05.2005 Beysehir, Stream Kugulu.

Conservation: Endangered (EN).

Distribution: The species was known from Lake Beysehir basin, stream Kopriigay (Mediterranean
Sea basin). It has been recently recorded from Hirfanli reservoir (Black Sea basin) (Yogurtcuoglu et
al., 2018).

Threats: Even though the species from the three independent water sources are known, the
populations are generally very poor. Therefore, the species to be at threat. The major threats are
potential invasive species and water abstraction.
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Figure 8. Garra kemali; Beysehir, Stream Eflatunpinari, 32 mm SL.

Family: GOBIONIDAE
Gobio microlepidotus Battalgil, 1942 (Figure 9)

Common names: Beysehir gudgeon; Beysehir Derekayasi, Yaglica (Turkish).

Material Examined: FFR05944, 30, 49-138 mm SL, 07.06.2015; Seydischir, Stream Akgay. —
FFR05945, 5, 94-124 mm SL, 07.06.2015; Beysehir, Stream Eylikler. —FFR05947, 3, 107-126 mm
SL, 07.06.2015; Seydisehir, Stream Kugulu.

Conservation: Vulnerable (VU).

Distribution: The species was known from Lake Beysehir basin (Turan et al., 2016). It has been
recently recorded from the Goksu River and Stream Limon (Mediterranean Sea basin) (Turan and
Baycgelebi, 2019).

Threats: Even though the species from the three independent water sources are known. However,
these populations are generally poor. Gobio microlepidotus is the only species in head water of the
Goksu River and Stream Limon. Pollution and water abstraction are major threats.

Figure 9. Gobio microlepidotus; Seydisehir, Stream Kugulu, 137 mm SL.

Family: APHANIIDAE
Aphanius cf. iconii (Figure 10)

Common names: Beysehir killifish; Beysehir disli sazancigi.

Material Examined: FFR08658, 3, 40-55 mm SL, 07.06.2019 Beysehir, Stream Eflatunpinari. —
IFC-ESUF 04-0013, 30, 20-42 mm SL, 15.04.2000 Beysehir, Soguksu Bridge

Distribution: Lakes Beysehir and Egirdir basins and Stream Kopriigay.

Threats: The threat to the populations of the springs feeding the Beysehir and Egirdir lakes is
drought and pollution.
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Figure 10. Aphanius cf. iconii; Beysehir, Soguksu Bridge, 41.2 mm SL Q- 38.2 mm SL J&.

Family: COBITIDAE
Cobitis battalgilae Banarescu, 1962 (Figure 11)
Common names: Battalgil spined loach; Battalgil dikenli ¢opgiibaligi (Turkish)
Material Examined: IFC-ESUF uncat., 121 mm SL; 07.06.2006; Beysehir; Stream Eflatunpinari.
Conservation: Endangered (EN).
Distribution: C. battalgilae is known from Beysehir and Lake Sugla basins, Manavgat River basin
(Freyhof et al., 2018) and below the Apa Reservoir (Percides et al., 2018).
Threats: They live mostly in canals and small streams. The threat to the Manavgat River population
is currently unknown.

Figure 11. Cobitis battalgilae; Beysehir, Stream Eflatunpinari, 121 mm SL.

Cobitis bilseli Battalgil, 1942 (Figure 12)

Common names: Beysehir spined loach; Koca tagyiyen balig1 (Turkish)

Material Examined: —FFR05523, 1, 120 mm SL, 06.06.2007; Beysehir, Stream Sari6z. —
FFR05542, 1, 160 mm SL, 07.06.2015; Seydisehir, Stream Akcay. —FFR05544, 3, 92-185 mm SL,
07.06.2015; Seydisehir, Stream Kugulu.
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Conservation: Endangered (EN).

Distribution: Lake Beysehir basin (Freyhof et al., 2018).

Threats: Domestic and agricultural pollution and habitat losses are also a threat to the Manavgat
River population.

Figure 12. Cobitis bilseli; Gokgehiiyiik, Stream Akgay, 120 mm SL.

Family: NEMACHEILIDAE
Oxynoemacheilus atili Erk’akan, 2012 (Figure 13)

Common names: Lake Beysehir loach; Copgii baligi (Turkish).

Material Examined: FFR01375, 12, 50-65 mm SL, 06.06.2007; Beyschir, Stream Sariéz. —
FFR01534, 1, 47-56 mm SL, 07.06.2015; Seydisehir, Stream Kugulu. —FFR01535, 1, 59 mm SL,
07.06.2015; Beysehir, Stream Eylikler.

Conservation: Near Threatened (NT).

Distribution: Stream Eflatunpinari, Lake Beysehir basin (Erk’akan, 2012).

Threats: Domestic and agricultural pollution and habitat losses are also a threat to the Manavgat
River population.

; Al e
gure 13. Oxynoemacheil

.

us atili; Seydisehir, Stream Ku’éuiu,MSS mm SL.

DISCUSSION and CONCLUSION

Anatolia has numerous river systems and closed watersheds. This reveals very rich biodiversity,
especially on water-dependent living creatures such as fish. The fishes of the Lake Beysehir are one of
the best examples of this rich diversity by hosting 12 native species and more than one species belong
to the same genus. For instance, Pseudophoxinus represented by three (P. anatolicus, P. battalgilae, P.
hittitorum) species in Lake Beysehir and Cobitis two (C. bilseli and C. battalgilae).

Acanthorutilus anatolicus caralis Battalgil, 1942 was described from Lake Beysehir. In the late
20th century, there was some argument about the validity of this species (Bogutskaya, 1992, 1997).
Even though it was evaluated to species level as Pseudophoxinus caralis (Freyhof and Ozulug, 2010;
Bogutskaya et al., 2006). According to the last study, P. caralis is not distinguish from P. anatolicus
morphologically (Geiger et al., 2014). The killifish samples found in Lake Beysehir basin exhibited
similar morphologic characters with A. iconii. However, the female samples have 3-4 regular rows of
black spots on the flank (vs. spots are irregularly scattered on the flank). Therefore, we treat the
Beysehir as A. cf. iconii because of the insufficient material to assess its exact taxonomic position.

Some of the previously reported species were not caught. Alburnus akili population rapidly
decreased after the introduction of S. lucioperca, which is the most dangerous invasive species of Lake
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Beysehir (Erk’akan et al., 1999). Kiigiik (2012) claimed that A. akili has already extinct. Recently,
Gobio battalgilae have treated this as a synonym of G. microlepidotus (Turan et al., 2018).
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Ozet

Bu ¢aligmada Crocus cancellatus subsp. mazziaricus (Herbert) Mathew geofit bitki ekstrakti iki farkli konsantrasyonda
(0,5 ve 2 mg/balik) intraperitonal enjeksiyon yontemiyle Avrupa deniz levregine (Dicentrarchus labrax, L. 1758) uygulanmis
ve bagisiklik sistemine etkisi aragtirilmigtir. Enjeksiyon sonrasi 7., 14., 21., 28. ve 35. giinlerde baliklardan kan ornekleri
almmugtir. Dogal bagisiklik ile ilgili parametrelerden olan toplam 16kosit sayisi, hematokrit seviye, NBT(+) hiicre sayisi,
lizozim aktivitesi ve serum total protein miktarindaki degisimler tespit edilmistir. Crocus cancellatus subsp. mazziaricus
uygulanan deneme gruplarinda kontrol grubuna kiyasla dogal bagisiklik sisteminin aktifleserek, NBT(+) hiicre sayisinin 21.
giinde, toplam 10kosit sayisinin 14.giinde, serum total protein miktarinin 14. ve 21. giinlerde ve serum lizozim aktivitesinin
21. giinde en yiiksek seviyeye ulagtigi tespit edilmistir. Sonug olarak, 2 mg/balik dozunda uygulanan C. cancellatus subsp.
mazziaricus ekstraktinin 0,5 mg/balik dozuna kiyasla daha etkin oldugu bulunmustur.

Anahtar kelimeler: Immunostimulant, bitki ekstrakti, bagisiklik sistemi, Crocus cancellatus subsp. mazziaricus,
Dicentrarchus labrax.

Effects of Crocus cancellatus subsp. mazziaricus (Herbert) Mathew Plant Extract on the Innate Immune System of
European Sea bass (Dicentrarchus labrax, L.1758)

Abstract

In this study, Crocus cancellatus subsp. mazziaricus (Herbert) Mathew geophyte plant extract was applied to European
sea bass (Dicentrarchus labrax, L. 1758) in two different concentrations (0.5 and 2 mg/fish) by intraperitoneal injection
method and its effect on the immune system was investigated. After injection on the 7th, 14th, 21st, 28th and 35th days,
blood samples were collected from fish. Some of the innate immune related parameters in blood and serum samples such as
total leukocyte count, hematocrit level, NBT (+) cell count, lysozyme activity and serum total protein content were
determined. C. cancellatus subsp. mazziaricus plant extract treated groups exhibited significant immunostimulatory effect,
increased NBT (+) cell count at 21st day, total leucocyte count in 14th day, serum total protein level at 14th and 21st day and
serum lysozyme activity at 21st day compared with the control group. As a result of plant extract application, the 2 mg/fish
group was found to be more effective than the 0.5 mg/fish group.

Keywords: Immunostimulant, plant extract, immune system, Crocus cancellatus subsp. mazziaricus, Dicentrarchus labrax.

GIRIS

Giliniimiizde balik yetistiriciligi, artan diinya niifusuna paralel olarak ortaya ¢ikan hayvansal protein
ihtiyacinin karsilanmasinda biiyiik ekonomik 6neme sahip olan bir sektdrdiir (Done ve Halden, 2015;
Wang vd., 2016). Balik yetistiriciligi genellikle intensif ve yar1 intensif sistemlerde yapilmaktadir.
Ulkemiz balik yetistiriciligi toplam 314.537 ton olup bunun 116. 915 tonunu Avrupa deniz levregi
iiretimi olusturmaktadir (TUIK, 2018).

Balik yetistiriciliginde amag, gelisen teknoloji ile birlikte en ekonomik yolla kaliteli ve saglikl
balik tiretimi yapmaktir (Terech-Majewska, 2016). Ancak ¢esitli patojen mikroorganizmalarin sebep
oldugu enfeksiyoz hastaliklar balik g¢iftliklerinde yiliksek oranda oOliimlere neden olabilmektedir.
Yetistiricilik kosullarinda yasanan cesitli problemler 6rnegin; stok yogunlugunun fazla olmasi, su
kalitesi ve su sicakligindaki ani degisimler, baliklarin yetersiz beslenmesi ve olumsuz ¢evre sartlari
baliklarda stresle birlikte bagisiklik sisteminin zayiflamasina neden olmaktadir. Zayiflayan bagisiklik
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sistemi ile birlikte baliklar patojenlere kars1 daha savunmasiz bir hale gelmekte ve hastaliklar ¢ok daha
hizli bir sekilde ortaya ¢ikarak yayilmaktadir (Awad ve Awaad, 2017). Hastaliklarla miicadelede
bircok kemoterapdtik madde kullamlmaktadir. Ozellikle bakteriyel balik hastaliklarinda yasanan
kayiplar1 dnlemek icin antibiyotikler tercih edilmektedir. Ulkemizde su iiriinleri yetistiriciliginde
siklikla kullanilan antibiyotiklere 6rnek olarak florfenikol, sulfadiazin+trimetoprim, oksitetrasiklin,
amoksisilin, oksolinik asit ve enrofloksasini 6rnek olarak verebiliriz (Aksit, 2016). Antibiyotiklerin
bilingsiz ve agir1 kullanimu ¢esitli negatif etkilere yol agmaktadir. Balik ¢iftliklerinde antibiyotiklerin
hastalik ortaya ¢ikmadan profilaktif amacla ve biiylime performansini arttirmak ig¢in kullanildig
bilinmektedir (Rico vd., 2013; Pes vd., 2018). Asir1 antibiyotik kullanimi1 bakteriyel diren¢ gelisimine,
cevreye antibiyotik kontaminasyonuna, baliklarda bagisiklik sisteminin baskilanmasina, toksik etkiye
ve kas dokusunda antibiyotik kalintisinin besin zinciri yoluyla insanlara ge¢mesine sebep
olabilmektedir (Lunden vd., 1998; Ren vd., 2014; Sukumaran vd., 2016). Antibiyotiklerin bilingsiz ve
yogun kullaniminin sebep oldugu bu negatif etkilerden dolay1 balik yetistiricili§inde hastaliklardan
korunmak amaciyla profilaktif metotlarin kullanimi giderek dnem kazanmakta ve yayginlagmaktadir.
Balik bagisiklik sistemini uyararak aktive olmasimi saglayan ve giiclendiren profilaktif metotlarin
basinda asi, probiyotik ve immiinostimulant uygulamalari yer almaktadir. (Beltran vd., 2018).
Immunostimulantlar bagisiklik sistemini giiglendiren, antijen ile verildiginde kazanilmis bagisiklik
sistemini uyaran yalmz verildiklerinde ise dogal bagisiklik sistemini harekete gegiren dogal veya
sentetik maddelerdir (Candan ve Karatas, 2010). Balik sagligina olumlu yonde etki eden bir¢ok tibbi
bitkinin immunostimulant olarak kullanimi giderek yayginlagmaktadir. Yapilan ¢alismalarda, terapotik
maddelere alternatif olarak balik yetistiriciliginde antimikrobiyal 6zellige sahip, anti stresor, istah
arttirici, biiyiime ve hayatta kalma oranini arttiran ve bagisiklik sistemini giiclendiren cesitli tibbi
bitkilerin kullaniminda artis oldugu goriilmektedir (Hai, 2015 ; Ngugi vd., 2015; Sukumaran vd.,
2016; Yilmaz vd., 2016a; Diler vd., 2018; Bilen vd., 2018). Bitkisel immiinostimulantlar, fenolik,
polifenolik, lektin, alkaloit, kinon, terpenoid, lektdr ve polipeptid bilesenlerini igermektedir. Bu
immiinostimulantlarin antimikrobiyal 6zellik gdsterip insan ve balik sagligini tehdit etmeyen zararsiz
maddeler oldugu bildirilmektedir (Sukumaran vd., 2016; Saeidi asl vd, 2017).

Bu ¢alismada Iridaceae familyasina ait antimikrobiyal, antiinflamatuar ve antioksidan 6zelliklere
sahip geofit bir bitki olan C. cancellatus subsp. mazziaricus se¢ilmistir. Bu bitki ¢ok yillik, yumrulu
bir geofit bitki tiirtidiir. Bitkinin ¢icekli donemi Eyliil ve Kasim aylarindadir ve beyaz mavi tonlarinda
cigekleri vardir. Yasam alanii kayalik yamaglar ile makilikler olusturur ve 50-2400 m yiiksekliklerde
bitkiye rastlanabilir. Ulkemizde bu bitkinin ismi ‘cigdem’ olarak bilinmektedir (Mammadov ve
Sahrang, 2003; Deniz, 2016). Iridaceae familyasina ait c¢esitli tiirlerin kullanildig1 farmakolojik
calismalarda sagligit olumlu ydnde etkileyen biyolojik aktiviteye sahip bilesenleri igerdikleri
bildirilmistir (Singab vd., 2016; Mykhailenko vd., 2019; Zengin vd., 2019). Fitokimyasal incelemeleri
sonucu izoflavonlar, flavonlar, flavanonlar, triterpenler, iridallar, ksanfonlar, kinonlar, peltojinoidler
ve stilbenlerin varligi tespit edilmistir (Munyemana, 2013).

Calismamizda, Mugla bolgesinde yogun bir sekilde yetistiriciligi yapilan Avrupa deniz levregi
(Dicentrarchus labrax, L.1758) baliginin spesifik olmayan bagisiklik sistemi tizerine C. cancellatus
subsp. mazziaricus (Herbert) Mathew geofit bitki ekstraktinin etkileri arastirilmisgtir.

MATERYAL ve YONTEM
Bitki ekstraksiyonun elde edilmesi

Crocus cancellatus subsp. mazziaricus bitkisi Mugla ili Goktepe beldesinde, bitkinin dogal olarak
yayllim gosterdigi lokasyonlardan toplanarak identifikasyonu yapilmigtir. Bitkinin soganlari
yapraklardan ayrilarak 1sik almayan bir oda da kurutulmustur. Kurutulmus soganlarin kabuklar
soyulmus ve distile suda yikanarak kalintilardan armndirilmistir. Bitki soganlarn kiigiik parcalara
ayrildiktan sonra erlenlere konarak lizerine etil alkol ilave edilmis ve calkalamali su banyosunda
50°C’de 24 saat inkiibe edildikten sonra siiziilerek sivi kisim kat1 pargaciklardan ayrilmistir (bu iglem
3 kez tekrarlanmistir). Daha sonra elde edilen ekstrakta ki etil alkol rotary evaporatdr kullanilarak
uzaklastirilmistir. Bitki ekstrakti liyofilize edilerek denemede kullanilincaya kadar buzdolabinda
+4°C’de saklanmustir.
Baliklar ve deneme dizaym
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Calismada, ortalama 130+3,5 gr agirliginda 180 adet Avrupa deniz levregi (Dicentrarchus labrax,
Linnaeus, 1758) kullanilmistir. Deneme Bodrum/Giivercinlik’te bulunan su iirlinleri yetistiriciligi
yapan Ozel bir isletmede yiiriitiilmiistiir. Baliklar deneme tanklarina alindiktan sonra iki hafta
adaptasyona tabi tutulmustur. Deneme baglamadan 6nce rastgele 6rneklenen baliklar mikrobiyolojik
yonden incelenmis ve herhangi bir enfeksiyon tasimadigi tespit edilmistir. Deneme 3 gruptan (her bir
grupta 30 adet balik) olusmustur ve iki paralel olarak dizayn edilmistir. Bitki ekstrakti iki farkli
konsantrasyonda (0,5 mg/balik, 2 mg/balik) hazirlanarak 0,1 ml dozajinda intraperitonal enjeksiyonla
baliklara uygulanmistir. Kontrol grubuna ise 0,1 ml fosfat tampon soliisyonu (PBS) enjekte edilmistir.
Bahklardan kan alimi

Enjeksiyon iglemini takiben, belirlenen 6rnekleme giinlerinde (7., 14., 21., 28. ve 35. giin) her bir
gruptan 5’er adet balik rastgele se¢ilmis ve anestezi (fenoksietanol 0,32 ml/l) uygulanarak kaudal
venadan enjektor yardimiyla hematolojik ve immiinolojik parametreler i¢in heparinli ve heparinsiz
tiiplere kan 6rnekleri alinmistir. Heparinsiz kan 6rneklerinden serum elde etmek amaciyla 6rnekler +4°
C’de bir gece bekletilmistir. Ertesi giin 3500 devirde 15 dk santrifiij edilerek serum elde edilmis ve
kullanilincaya kadar -20° C’de muhafaza edilmistir (Stolen vd., 1990).

Hematolojik parametreler

Levrek baliklarina iki farkli konsantrasyonda uygulanan bitki ekstraktinin bagisiklik sisteme
etkisini belirlemek amaciyla hematolojik parametrelerden toplam lokosit sayisi, monosit, lenfosit ve
notrofil sayilar ile hematokrit deger tespit edilmistir. Toplam 16kosit hiicre miktar1 belirlenmesinde
Thoma laminda sayim yontemi kullanilmistir. Kan 6rnekleri 16kosit sayimi igin 6zel pipete alinmis ve
1/10 oraninda Natt-Herrick soliisyonu ile seyreltilmis ve boyanmustir. Boyanan renkli 16kosit hiicreleri
mikroskopta sayillmistir (Siwicki vd., 1994; Basusta, 2005).

Hematokrit degerin olgiilmesinde mikrohematokrit yontem kullanilmistir. Her bir baliktan alinan
kan oOrnekleri hematokrit tiipe alinmig ve hematokrit santrifiijde 10500 devirde 5 dk santrifiij
edilmistir. Santrifiij isleminden sonra % hematokrit deger, santrifiij skalasi kullanilarak belirlenmistir
(Basusta, 2005).

Baliklardan alinan kan ornekleriyle hazirlanan frotiler May Griinwald-Giemsa boyama teknigi
kullanilarak boyanmistir. Boyanan preparatlar mikroskop altinda immersiyon yagi kullanilarak
100X’de incelenmistir. Hazirlanan bu frotilerden 16kosit hiicreleri igerisinde yer alan monosit, lenfosit
ve notrofiller yiizde olarak belirlenmistir (Stoskopf, 1993).

Notrofillerde oksidatif radikal iiretimi-Nitroblue tetrazolium testi

Notrofillerde oksidatif radikal iiretiminin tespiti icin NBT (+) hiicre sayisimin belirlenmesinde
Anderson vd. (1992) tarafindan tanimlanan yontem modifiye edilerek kullanilmistir. % 0,2 oraninda
Nitroblue tetrazolium (Sigma, N-6876) soliisyonu steril %0,9’luk tuzlu su ile taze olarak
hazirlanmigtir. Heparinli kan orneklerinden alinan 50 pl kan 6rnegi lamel iizerine konularak nemli
ortamda 25°C’de 30dk inkiibe edilmistir. inkiibasyon sonrasi lamel PBS ile yikanarak eritrositlerden
arindirilmistir. Inkiibasyon sonrasi yikanan lamel, NBT soliisyonu damlatilmis lam iizerine ters
kapatilarak tekrar nemli ortamda 25°C’de 30dk inkiibe edilmistir. Inkiibasyon sonrasinda NBT (+)
hiicreler mikroskop altinda mavi-mor renge boyanmis olarak goriintiilenmis ve 40X biiyiitmede
sayimlar1 yapilmistir. Her bir baliktan alinan iki ayr1 kan 6rneginde sayimlar yapilarak elde edilen
degerlerin ortalamalari alinarak hesaplanmigtir.

Serum total protein

Serum total protein miktarinin belirlenmesinde Bradford yontemi (Bradford, 1976) bazi
modifikasyonlar yapilarak uygulanmstir. 96’lik mikroplaka kuyucuklarina 225 pl Bradford reaktifi ve
tizerine test edilecek serumdan 25 ul eklenmis ve spektrofotometrede 595 nm’de 6lglim yapilmistir.
Standart 6rnek olarak, Bovine serum albumin (BSA) farkli konsantrasyonlarda (0,25mg/ml, 0,50
mg/ml, 1 mg/ml ve 1,40 mg/ml) kullamilmig ve spektrofotometrede absorbans degerleri tespit
edilmistir. Elde edilen degerlerle standart egri grafigi olusturulmus ve deneme orneklerindeki sonuglar
degerlendirilmistir.

Serum lizozim aktivitesi

Serum lizozim aktivitesi turbidimetrik metotla belirlenmistir. Liyofilize Micrococcus lysodeikticus
bakterisi (Sigma M 3770) PBS ile siispanse edilmistir. 96’lik mikroplakalara hazirlanan bu
stispansiyondan 175 pl ve analiz edilecek serum orneklerinden 25 pl konularak spektrofotometrede
450 nm’de Ol¢iim yapilmistir. Standart olarak tavuk yumurtasi beyazindan elde edilen lizozim
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(lysozyme chicken egg White, Sigma L 6876) kullanilmistir. Spektrofotometrik dl¢iimler sonucunda
0,001°1ik absorbans degerindeki azalma 1 iinite lizozime esdeger olarak hesaplanmistir (Demers ve
Bayne, 1997).
Istatiksel analizler

Deneme sonucu elde edilen veriler SPSS 25 paket programi kullanilarak degerlendirilmistir. Tek
yonli varyans analizi (ANOVA) yapilmistir ve gruplar arasinda zamana bagh farkliligin
belirlenmesinde Duncan ¢oklu karsilastirma testi kullanilmistir. Onem seviyesi p<0.05°dir.

BULGULAR
Hematolojik parametreler

Avrupa deniz levregine 2 farkli dozda (0,5 ve 2 mg/balik) intraperitonal enjeksiyon yontemiyle
uygulanan C. cancellatus subsp. mazziaricus bitki ekstraktinin bagisiklik sisteme olabilecek etkisi
hematokrit deger, toplam 16kosit sayisi (Tablo 1) ve ylizde monosit, notrofil ve lenfosit hiicre oranlari
tespit edilerek belirlenmistir (Tablo 2).

Toplam 16kosit sayisinda, bitki ekstrakti uygulanan deneme gruplan ile kontrol grubu arasinda
istatistiki agidan farkliligin (p<0.05) oldugu tespit edilmistir (Tablo 1). Bitki ekstraktinin uygulandigi
her iki deneme grubunda, kontrol grubuna kiyasla 16kosit sayisinda tiim érnekleme giinlerinde artigin
oldugu goriilmektedir. Bu artis 6zellikle 2 mg/balik dozunda uygulanan grupta 0,5 mg/balik grubuna
gore daha yiiksektir. Lokosit sayisindaki maksimum artis 14. giinde 2 mg/balik grubunda tespit
edilmistir.

Kan frotilerinde belirlenen lenfosit, monosit ve notrofil hiicrelerinin yiizde oranlarina ait veriler
Tablo 2’de gosterilmistir. Yapilan istatistik analiz sonucuna gore lenfosit hiicrelerinin yiizdeleri
degerlendirildiginde, her iki deneme grubunda kontrol grubuna kiyasla 7. giinde ki diisiis hari¢ diger
giinlerde biiyiik bir farkliligin olmadigi bulunmustur (p>0.05). Noétrofil hiicre yiizdesinde, bitki
ekstrakti uygulanan deneme gruplarinda istatistiki olarak 7. giinden itibaren artis oldugu tespit
edilmistir (p<0.05). En yiiksek notrofil ylizdesi 0,5 mg/balik dozunda bitki ekstrakti uygulanan grupta
21. giinde goriilmektedir. Monosit hiicrelerinin yilizdesi degerlendirildiginde ise her iki deneme
grubunda 21. ve 28. giinlerde kontrol grubuna oranla artis oldugu tespit edilmistir (p<0.05). Ozellikle
uygulamanin 21. giiniinde hem 0,5 hem de 2 mg/balik gruplarinda monosit yiizdesinin en yiiksek
degere ulastig1 saptanmustir.

Hematokrit seviyelerinde deneme grubu ve kontrol grubu baliklar arasinda istatistiksel olarak bir
farkliligin olmadig: tespit edilmistir (p>0.05) (Tablo 1).

Nitroblue tetrazolium pozitif hiicre sayisi

Bitki ekstraktinin uygulandigi deneme gruplarinda NBT (+) hiicre sayisinin kontrol grubuna
kiyasla istatistiki agidan farkliligm énemli oldugu tespit edilmistir (p<0.05). Orneklemenin yapildig1
tiim gilinlerde, her iki deneme grubunda da NBT (+) hiicre sayisinin kontrol grubuna kiyasla artig
gosterdigi goriilmektedir (Tablo 1). Denemede 2 mg/balik grubunun NBT pozitif hiicre sayisinin 28.
ve 35. giinlerde 0,5 mg/balik grubuna gore daha yiiksek degere ulastigi saptanmaistir.

Serum lizozim aktivitesi

Deneme ve kontrol grubu baliklarinda, serum lizozim aktivitesi bulgular1 Sekil 1°de verilmistir.
Bitki ekstrakti uygulanan gruplarda ozellikle 14., 21. ve 28. giinlerde lizozim aktivitesinin kontrol
grubuyla karsilastirildiginda 6nemli bir artis gosterdigi tespit edilmistir. Maksimum lizozim aktivitesi
2 mg/balik grubunda 21. giinde saptanmustir (p<0.05).

Serum total protein

C. cancellatus subsp. mazziaricus geofit bitki ekstraktinin levrek baliklarina intraperitonal
enjeksiyonu sonrasi l.glinden 35. giine kadar alinan kan drneklerine ait serum total protein miktari
bulgular1 Sekil 2’de verilmistir. Varyans analiz sonucuna gore kontrol grubu ile bitki ekstrakti
uygulanan gruplar arasinda istatistiki farkliligin oldugu belirlenmistir. 0,5 mg/balik grubu kontrol
grubu ile kiyaslandiginda 1., 21. ve 35. giinlerde artig gosterirken, 2 mg/balik grubunda ise 1., 14. ve
21. giinlerde artis oldugu saptanmistir (p<0.05).
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TARTISMA ve SONUC

Hastaliklara karst koruyucu amagli dogal bagisiklik sistemini uyarip harekete geciren cesitli
bitkisel maddelerin balik yetistiriciliginde kullanimi giderek yayginlasmaktadir. Ayrica baliklar da
biiyiimeyi tesvik etmeleri, istah arttirmalari, ve antimikrobiyal 6zelliklere sahip olmalari nedeni ile
bitki ekstraktlarinin su iriinleri yetistiriciliginde kullanimi ilgi goren 6nemli konular arasinda yer
almistir (Abdel-Tawwab vd., 2018).

Yapilan bu ¢alismada C. cancellatus subsp. mazziaricus geofit bitki ekstraktinin levrek baliklarmin
bagisiklik sistemi ilizerindeki etkisi arastirilmigtir. Bu amagcla iki farkli dozda hazirlanan (0,5 ve 2
mg/balik) geofit bitki ekstrakti baliklara intraperitonal enjeksiyon yontemiyle uygulanmistir.

Farkli bitki tiirlerinin baliklara uygulanmasi sonrasinda cesitli hematolojik parametrelerin
seviyesindeki artis bu tiir bitki  immunostimulant olarak kullanilabilecegini gostermektedir
(Moghanlou vd., 2018). Hematolojik parametreler, beslenme, su kalitesi ve hastalik gibi etmenlere
bagli olarak baligin fizyolojisi, bagisiklik sistemi ve dolayisiyla da saglik durumu hakkinda bilgi
edinmemizi saglayan Onemli indikatorlerdir (Fazio, 2019). Savunma mekanizmasinin ilk hattini
olusturan 16kositler dogal bagisiklik sisteminin en Snemli hiicreleridir. Saglikli bireylerde l6kosit
sayisinda ki artis immiin sistemin aktive oldugunu gostermektedir (Ngugi vd., 2015; Laith vd., 2017).
Saleh vd. (2015) tarafindan yapilan bir ¢alismada levrek baliklari sarimsak (10, 20 ve 30 g/kg diet) ve
sogan (5, 10 ve20 g/kg diet) tozu igeren yem ile 8 hafta beslenmislerdir. Deneme sonucu toplam
lokosit sayisinin 30 g/kg oraninda sarimsak tozu uygulanan grupta kontrol grubuna gore daha yiliksek
oldugu bulunmustur. Farkli oranlarda sogan tozu uygulanan tiim deneme gruplarinda ise toplam
16kosit sayisinin kontrol grubuna kiyasla daha yiliksek oldugu belirlenmistir. Diler vd. (2018)
tarafindan yapilan bir arastirmada gokkusagi alabaliklarinin dietine pelin otu (Artemisia vulgaris L )
bitkisi, toz (%0, %0.1, %0.5, %1, %2) ve etanol ekstrakt1 (250 ve 1000 mg/kg) olarak ilave edilmistir
ve baliklar 60 giin siiresince hazirlanan bu yem ile beslenmistir. Denemenin 20. giiniinde yapilan
orneklemede 16kosit sayisinin %2 grubunda kontrol ve diger deneme gruplarindan daha yiiksek oldugu
bulunmustur. Denemenin 45. giinlinde ise gruplar arasinda herhangi bir farklilik goriilmemistir. Bagka
bir ¢aligmada ise Nil tilapyasinda, Excoecaria agallocha yapragi ekstraktinin bagisiklik sisteme ve
Streptococcus agalactia’ye karsi etkisini belirlemek amaciyla 5 farkli konsantrasyonda diyete bitki
ekstrakti ilave edilmistir. Baliklar 28 giin bu diyetle beslenmis ve calisma sonucu toplam Iokosit
sayisinin 50 mg ekstrakt uygulanmis deneme grubunda 28. giinde arttig1 bulunmustur (Laith vd.,
2017). Calismamizdan elde ettigimiz veriler sonucu C. cancellatus subsp. mazziaricus geofit bitki
ekstrakti verilen deneme gruplarinda toplam 16kosit hiicre sayisinda ki artisin yukaridaki arastirma
sonuclart ile uyumlu oldugu goriilmektedir. 2 mg/balik dozunda bitki ekstrakti uygulanan grupta
toplam 16kosit sayisinda ki artisin daha yiiksek oldugu bulunmustur.

Calismamizda 16kosit grubu kan hiicrelerinden olan monosit, nétrofil ve lenfosit hiicrelerinin yiizde
oranlar1 belirlenmistir. Farkli bitki tiirleri uygulanan ¢esitli balik tiirlerinde yapilan arastirmalarda
monosit, ndtrofil ve lenfosit oranlarinda artig oldugu bildirilmistir (Binaii vd., 2014; Saeidi asl vd.,
2017; Dias vd., 2019) Enfeksiyon olmadig1 halde artan 16kosit grubu hiicre sayist bagisiklik sistemin
uyarilarak aktive oldugunu gosteren olumlu bir sonugtur. Lokosit hiicre sayis1 bulgular
incelendiginde, C. cancellatus bitki ekstraktinin uygulandigi bu ¢alisma ile yukarida belirtilen farkli
balik tirlerinde uygulanan immunostimulant ¢aligmalarina ait sonuglarin uyumlu oldugu
goriilmektedir.

Bitki ekstraktinin uygulandigi bu ¢alismada kandaki hematokrit seviye belirlenmistir ve deneme ile
kontrol gruplari arasinda istatistiki agidan 6nemli bir farklilik olmadigi tespit edilmistir (p > 0,05).
Yilmaz ve Ergiin (2012 b) tarafindan yapilan bir aragtirmada levrek baliklarina sarimsak (0.01 ve 0.02
mL/L) ve zencefil (0.01 ve 0.02 mL/L) yag1 ve ikisinin karisimi (herbir yag i¢in konsantrasyon 0.005
ve 0.01 mL/L) immersiyon yoOntemiyle (96 saat) uygulanmistir. Deneme sonucu hematokrit
seviyesinde deneme ve kontrol grubu arasinda bir farklilik tespit edilememistir. Yapilan baska bir
arastirmada ise Stachys lavandulifolia Vahl ekstrakti iceren yem ile beslenen alabaliklarda hematokrit
degerde farklilik olmadig tespit edilmistir (Moghanlou vd., 2018). Calisma bulgularimiz ile yukarida
ornek olarak verilen aragtirma bulgulari benzer sonuglar gostermistir. Baliklara uygulanan bitkisel
immunostimulantlarin kan hematokrit seviyesinde olumsuz bir etki yaratmadigi goriilmektedir.

Fagositik hiicrelerin patojenik mikroorganizmalar 6ldiirebilme yetenegi, viicudun hastaliklara karsi
korunmasinda goérev alan 6nemli mekanizmalardan biridir. Aktif nétrofil hiicrelerinin belirlendigi
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NBT (+) hiicre sayisindaki artis dogal bagisiklik sisteminin aktive oldugunu gosteren bir parametredir.
C. cancellatus geofit bitki ekstrakti uygulanan baliklardan haftalik alinan kan 6rneklerinde NBT (+)
hiicreler belirlenerek sayilmistir. Bilen vd. (2018) tarafindan yapilan bir ¢alismada sazan baliklari dere
otu (Anethum graveolens) ve tere (Lepidium sativum) bitkilerinden 1 ve 2 g/kg oranlarinda hazirlanmig
diet ile 45 giin beslenmislerdir. Siiperoksit anyonlarinin tiretimini belirlemek amaciyla NBT testi
yapilmis ve deneme gruplarinda siiperoksit anyon iiretiminin kontrol grubuna kiyasla artis gosterdigi
belirlenmistir. Nil tilapyalarinda yapilan baska bir arastirmada baliklar 6 farkli konsantrasyonda targin
iceren yem ile 8 hafta siiresince beslenmistir. Caligma sonucuna gore 3 ve 10 g/kg oranlarinda tar¢in
ile beslenen gruplarda NBT (+) hiicre sayisi kontrol grubuna kiyasla artig gostermistir (Abdel-Tawwab
vd., 2018). Bilen vd. (2013 a) tarafindan yapilan baska bir arastirmada koi baliklar1 3 farkli dozda (0.5,
1, 1.5 g kg-1) tetra oziitii (Cotinus coggygria) igeren yem ile 4 hafta beslenmistir. NBT (+) hiicre
say1s1 tiim deneme gruplarinda kontrol grubundan daha yiiksek bulunmustur. Ayrica NBT (+) hiicre
sayisinin tetra dozunun miktariyla dogru orantili olarak artis gosterdigi tespit edilmistir. Calismamizda
iki farkli dozajda uygulanan geofit bitki ekstraktinin uygulandigi gruplarda saptanan NBT (+) hiicre
sayisindaki artis yukarida belirtilen c¢alismalara ait sonuglar ile uyumludur. Her iki deneme
grubumuzda da NBT (+) hiicre sayist artis gostermistir, 6zellikle 2 mg/balik grubu 0,5 mg/balik
grubuna kiyasla 28. ve 35. giinlerde daha yiiksek degerlere ulagsmustir.

Baliklarda humoral faktdrelerden biri olan lizozim, , mukus, kan serumu, bobrek, karaciger, dalak
ve fagositik hiicrelerde bulunan bir enzimdir ve dogal bagisiklik sisteminin 6nemli bir parcasidir.
Antimikrobiyal 6zellige sahip olan lizozim bakterilerin hiicre duvarini inhibe ederek etki gosterir ve
balig1 patojen mikroorganizmalara karsi korur (Iwama ve Nakanishi, 1996; Kav ve Erganis, 2008;
Uribe vd., 2011). Yapilan bircok aragtirmada bitkisel kokenli immunostimulantlarin lizozim
aktivitesini arttirdig1 belirlenmistir. Ornegin; Yilmaz vd. (2016 a)’nin yaptig1 bir ¢alismada levrek
baliklar1 %1 oraninda kekik (Thymus vulgaris L.), biberiye (Rosmarinus officinalis L.,) ve ¢cemen
(Trigonella foenum graecum L.) ilave edilen yemler ile 45 giin boyunca beslenmistir. Lizozim
aktivitesinin 30. gilinden itibaren tiim deneme gruplarinda kontrol grubuna kiyasla artig gosterdigi
bulunmustur. Wang vd. (2016) tarafindan yapilmis bir ¢alismada bitkisel polisakkaritler (Ficus carica,
Radix isatidis, Schisandra chinensis) diyete eklenerek sazan baliklarina 21 giin boyunca verilmistir.
Serum lizozim aktivitesinin Ozellikle yemlemenin 14. giiniinden sonra kontrol grubuna kiyasla
polisakkarit igeren yemle beslenen deneme gruplarinda artig gosterdigi tespit edilmistir. Yapilan baska
bir ¢alismada alabaliklar %1, %2 ve %3 oranlarinda 1sirgan otu ilaveli yemle 8 hafta siiresince
beslenmistir ve serum lizozim aktivitesinin 8. haftada %2 ve %3 oraninda 1sirgan otunun kullanildig
deneme gruplarinda kontrol grubuna gore yiiksek seviyelerde oldugu bulunmustur (Saeidi asl vd.,
2017). Cipura baliklarinda yapilan bir aragtirmada, Muscari comosum bitki ekstrakt1 0,5 ve 2 mg/balik
konsantrasyonlarinda intraperitonal enjeksiyon yontemiyle baliklara uygulanmistir. Calisma sonucu en
yiiksek serum lizozim aktivitesi 7. giinde 0,5 mg/balik grubunda ve 21. giinde 2 mg/balik grubunda
belirlenmistir (Baba vd., 2014). Yapilan ¢alismalar gosteriyor ki immunostimulantlar bagisik cevabi
aktive ederek lizozim seviyesinde artisa sebep olmaktadir. Yukarida bahsedilen arastirmalar ile
calisma sonuglarimiz benzerlik gostermektedir ve C. cancellatus subsp. mazziaricus geofit bitki
ekstraktinin her iki dozda da 14., 21, ve 28. giinlerde lizozim seviyesinde kontrol grubuna oranla
belirgin bir artis gosterdigi tespit edilmistir.

Serum total protein humoral kompenetlerden olan albiimin, globiilin, lipoprotein ve glikoproteinler
gibi ¢esitli proteinlerden olusmaktadir ve baliklarda dogal bagisiklik sisteminin bir pargasidir. Serum
total protein miktar1 baligin tiirine, yasma ve yasadigt su kosullarina gore degisiklik
gosterebilmektedir (Baba, 2014). Asya deniz levreginde yapilan bir arastirmada zencefil (Zingiber
officinale Roscoe), baliklarin yemine 1, 2, 3, 5 ve 10 g/kg oranlarinda karistirtlmistir ve 15 giin
boyunca beslenmislerdir. Deneme sonucu 3, 5 ve 10 g/kg zencefil ile beslenen gruplarda toplam
protein miktarinin kontrol grubuna kiyasla artis gosterdigi tespit edilmistir (Talpur vd., 2013). Bir
baska arastirmada, kahverengi hazar alabaliklar1 %1, %2, %3 oranlarinda nane ekstrakti iceren yemle
8 hafta boyunca beslenmistir ve serum total protein miktarnin 6zellikle %3’liik nane konsantrasyonu
ile beslenen grupta deneme grubuna kiyasla artis gosterdigi belirlenmistir (Adel vd., 2015). Calisma
bulgularimiz incelendiginde farkli balik tiirlerinde, farkli bitkisel uygulamalarin yapildigi yukarida
bahsedilen arastirma bulgular ile benzer sonuglara sahip oldugu goriilmektedir ve serum total protein
miktarinda deneme gruplarinda kontrol grubuna kiyasla artis kaydedilmistir.
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Sonug olarak bu ¢aligmada C. cancellatus subsp. mazziaricus bitki ekstrakti levreklerde dogal
bagisiklik sistemini harekete gegirmekte ve bazi immiin sistem parametrelerinde artisa sebep oldugu
tespit edilmistir. Ozellikle 2 mg/balik dozunun, bagisik cevapta dnemli bir rol oynayan toplam lokosit
hiicre sayisinda ve NBT pozitif hiicre sayisinda 0,5 mg/balik dozuna gore daha etkili oldugu ve deniz
baliklar yetistiriciliginde kullanilabilecegi tespit edilmistir. Hastaliklara karst korunmada alinabilecek
onlemler arasinda diyetlere immunositimulant ilave edilmesi yetistiricilik agisindan uygulanmasi
gereken alternatif ve faydali yontemlerden biridir. Ekonomik, etkin ve uygulanabilir olmas1 sebebiyle
biiyiik bir avantaja sahiptir. Stirdiiriilebilir bir yetistiricilik i¢in, dogal ve ¢evre dostu bitkisel kokenli
immunostimulant uygulamalarinin gelistirilmesine devam edilerek, farkli balik tiirlerinde, farkli
yetistiricilik kosullarinda bilimsel ¢alismalara ihtiya¢ vardir.

Tablo 1. Farkli dozlarda Crocus cancellatus subsp. mazziaricus ekstrakti uygulanan levreklerde hematokrit
(%), NBT (+) hiicre say1s1 ve toplam 16kosit hiicre say1s1 sonuglari

Grup Hematokrit NBT (+) Toplam lokosit
(%) hiicre sayisi (10%cell/mm®)
0,5 mg 36 +0,47° 6+ 0,52° 60,30 + 2,07%
7.giin 2mg 36 +0,29° 3,4+0,19" 67,34 + 2,44
Kontrol 36 +0,47° 0,9 +0,19" 54,68 + 0,96°
0,5 mg 35,6 +0,28° 6+0,21 62,22 + 0,49%
14.giin 2 mg 36 +0,47° 6,3 +0,53° 82,96 + 2,422
Kontrol 36,3 + 0,29 1,7 + 0,24°1" 50,15 +2,08™
0,5mg 35,6+ 0,33 6+ 0,62° 80,46 + 3,46°
21.giin 2mg 36 +0,69° 6,6 + 0,54° 82,37+ 1,77°
Kontrol 36,4+ 0,33 2,1 +0,22%f 46,09 + 1,58%"
0,5mg 35,7+ 0,24 2,9 +0,22% 70,64 + 1,29°
28.giin 2mg 36,2+ 0,13 4+0,72° 68,32 + 225"
Kontrol 36 + 0,76 1,3 + 0,207 50,80 = 0,37™
0,5 mg 36,1 +0,33% 1,9 + 0,16%"" 60,46 + 1,92%
35.giin 2mg 36,2 + 0,24° 2,2 +0,30% 65,68 + 1,96°
Kontrol 36+0,21° 140,18 50,00 = 1,05™

Tablodaki harflendirmeler istatistiki farkliliklar1 gostermektedir (p > 0,05; n:30)

Tablo 2. Farkli dozlarda Crocus cancellatus subsp. mazziaricus ekstrakti uygulanan levreklerde
kan frotisinde sayilan lenfosit, notrofil ve monosit hiicrelerin yiizde oranlari

Grup Lenfosit Notrofil Monosit
(o) 0 0
(%) (%) (%)
0,5 mg 83,8+ 1,42 6,2+0,51" 8+1,31°
7. giin 2mg 89 + 1,38° 5+0,13° 6+1,32°
Kontrol 94,6 + 0,33 2,4+0,26 3+0,24°
0,5 mg 95,6 + 0,33° 2,2 + 0,33 2,2+021"
14.giin 2mg 94,8 +0,32 3+0,13¢ 2,2+021"
Kontrol 94,8 + 0,77 2,1 +0,32° 3,1+£0,61°
0,5 mg 82,8 +0,53" 7,2 +0,74° 7,2 +0,93"
21.giin 2mg 92,8+ 0,57 3,2 +0,32° 4 +0,47°
Kontrol 96,4 +0,54° 1,6 +0,42° 2+0,16"
0,5 mg 96 +0,21" 240,29 2+0.21"
28.giin 2mg 96,6 + 0,4° 1,4 +0,29° 2+0,16'
Kontrol 97,2 +0,24° 1,8+0,13¢ 1+£0,16°
0,5 mg 96,8 +0,13° 1,2+0,13¢ 240
35.giin 2 mg 95 +£0,55° 3 +0,44° 240,24
Kontrol 95,4 +0,33° 2,6 +0,.21° 2+0,13f

Tablodaki harflendirmeler istatistiki farkliliklar1 gostermektedir (p > 0,05; n:30)
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Sekil 1. Gruplar arasinda serum lizozim aktivitesi degisimleri (p>0,05; n:30)
*: [statistiki agidan farklilig1 gostermektedir.
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Sekil 2. Gruplar arasinda serum total protein miktarlarindaki degisim (p>0,05; n:30),
*: [statistiki agidan farklilig1 gostermektedir.

Tesekkiir: Bu calisma, TUBITAK 104V126 no’lu kariyer projesinin bir pargasi olup Mugla Sitki
Kog¢man Universitesi BAP tarafindan da 09/19 nolu yiiksek lisans tez projesi olarak desteklenmistir.

KAYNAKLAR

Abdel-Tawwab, M., Samir, F., Abd EI-Naby, A.S., & Monier, M.N. (2018). Antioxidative and
immunostimulatory effect of dietary cinnamon nanoparticles on the performance of Nile tilapia,
Oreochromis niloticus (L.) and its susceptibility to hypoxia stress and Aeromonas hydrophila infection.
Fish and Shellfish Immunology, 74, 19-25.

Adel, M., Safari, R., Pourgholam, R., Zorriehzahra, J., & Esteban, M.A. (2015). Dietary peppermint (Mentha
piperita) extracts promote growth performance and increase the main humoral immune parameters (both
at mucosal and systemic level) of Caspian brown trout (Salmo trutta caspius Kessler, 1877). Fish and
Shellfish Immunology, 47, 623-629.

Aksit, D. (2016). Balik Yetistiriciliginde Antibakteriyel Direng ve Onemi. Turkiye Klinikleri Journal of
Veterinary Sciences Pharmacology and Toxicology-Special Topics, 2 (1), 47-54.

Anderson, D.P., Moritomo, T., & Grooth, R. (1992). Neutrophile, glass adherent, nitroblue tetrazolium assay
gives early indication of immunization effectivenecs in rainbow trout. Veterinary Immunology and
Immunopathology, 30 (4), 419-429.

155



ONTAS vd. 2020 ActAquaTr 16(1), 148-157

Awad, E., & Awaad, A. (2017). Role of medicinal plants on growth performance and immune status in fish. Fish
and Shellfish Immunology, 67, 40-54.

Baba, E., Ulukéy, G., & Mammadov, R. (2014). Effects of Muscari comosum extract on nonspecific immune
parameters in gilthead seabream, Sparus aurata (L. 1758). Journal of the World Aquaculture Society, 45
(2), 173-182.

Baba, E. (2014). Gokkusagr Alabaligi (Oncorhynchus mykiss, Walbaum 1792)'nda bazi mantar tirlerinin
spesifik olmayan immiin sistem iizerine etkilerinin arastirilmast. Mugla Sitki Kogman Universitesi, Fen
Bilimleri Enstitiisii, Doktora Tezi, Mugla, 177 s.

Basusta, A.G. (2005). Balik Hematolojisi ve Hematolojik Metotlar. Nobel Yayin, Ankara.

Beltran, J.M.G., Espinosa, C., Guardiola, F.A., & Esteban, M.A. (2018). In vitro effects of Origanum vulgare
leaf extracts on gilthead seabream (Sparus aurata L.) leucocytes, cytotoxic, bactericidal and antioxidant
activities. Fish and Shellfish Immunology, 79, 1-10.

Bilen, S., Yilmaz, S., & Bilen, A. M. (2013). Tetra (Cotinus coggygria) oziitiiniin koi baliklarinda (Cyprinus
carpio) Vibrio anguillarum enfeksiyonuna karsi hematolojik ve immunolojik acidan etkileri. Turkish
Journal of Fisheries and Aquatic Sciences, 13 (3), 517-522.

Bilen, S., Ozkan, O., Alagdz, K., & Ozdemir, K.Y. (2018). Effect Of dill (Anethum graveolens) and garden cress
(Lepidium sativum) dietary supplementation on growth performance, digestive enzyme activities and
immune responses of juvenile common carp (Cyprinus carpio). Aquaculture, 495, 611-616.

Binaii, M., Ghiasi, M., Farabi, S. M. V., Pourgholam, R., Fazli, H., Safari, R., Alavi, S.E., Taghavi, M.J., &
Bankehsaz, Z. (2014). Biochemical and hemato-immunological parameters in juvenile beluga (Huso
huso) following the diet supplemented with nettle (Urtica dioica). Fish and Shellfish Immunology, 36 (1),
46-51.

Bradford, M.M. (1976). A rapid method for the quantification of microgram quantities of protein utilizing the
principle of protein dye binding. Analytical Biochemistry, 72, 248-254.

Candan, A., & Karatas, S. (2010). Balik Saghig:. Kalmak Ofset, Istanbul.

Demers, N.E., & Bayne, C.J. (1997). The immediate effects of stres on hormones and plasma lysozyme in
rainbow trout. Developmental & Comparative Immunology, 21, 363- 373.

Deniz, N. (2016). Crocus cancellatus subsp. mazziaricus ve Crocus pallasii subsp. pallasii taksonlarinin
ekstraklarimin aktif bilesenleri ve bazi biyolojik aktivitelerinin belirlenmesi. Pamukkale Universitesi, Fen
Bilimleri Enstitiisti, Yiiksek Lisans Tezi, Denizli, 66 s.

Dias, M.K.R., Yoshioka, E.T.O., Rodriguez, A.F.R., Ribeiro, R.A., Faria, F.SE.D.V., Ozédrio, RO.A., &
Tavares-Dias, M. (2019). Growth, physiological and immune responses of Arapaima gigas
(Arapaimidae) to Aeromonas hydrophila challenge and handling stress following feeding with
immunostimulant supplemented diets. Fish and Shellfish Immunology, 84, 843-847.

Diler, O., Gérmez, O., Terzioglu, S., & Atabay, A. (2018). Effect of wormwood (Artemisia vulgaris L) on
resistance against diseases and nonspecific immune system in rainbow trout (Oncorhynchus mykiss,
Walbaum). Journal of Aquaculture Engineering and Fisheries Research, 4 (1), 1-11.

Done, H.Y., & Halden, R.U. (2015). Reconnaissance of 47 antibiotics and associated microbial risks in seafood
sold in the United States. Journal of Hazardous Materials, 282, 10-17.

Fazio, F. (2019). Fish hematology analysis as an important tool of aquaculture: A review. Aquaculture, 500,
237-242.

Hai, N.V. (2015). The use of medicinal plants as immunostimulants in aquaculture: A review. Aquaculture, 446,
88-96.

Iwama, G., & Nakanishi, T. (1996) The Fish Immun System, Organism, Pathogen and Environment, Academic
Press. California, USD.

Kav, K., & Erganis., O. (2008). Baliklarda Bagisiklik Sistemi. Atatiirk Universitesi Veteriner Bilimleri Dergisi,
1, 97-106.

Laith, A.A., Mazlan, A.G., Effendy, AW., Ambak, M.A., Nurhafizah, W.W.I., Alia, A.S., Jabar, A., & Najiah,
M. (2017). Effect of Excoecaria agallocha on non-specific immune responses and disease resistance of
Oreochromis niloticus against Streptococcus agalactiae. Research in Veterinary Science, 112, 192-200.

Lundén, T., Miettinen, S., Lonnstrom, L.G., Lilius, E.M., & Bylund, G. (1998). Influence of oxytetracycline and
oxolinic acid on the immune response of rainbow trout (Oncorhynchus mykiss). Fish and Shellfish
Immunology, 8 (3), 217-230.

Mammadov, R., & Sahrang, B. (2003). Mugla il Merkezinde Sonbaharda Tespit Edilen Baz1 Geofitler. Ekoloji
Cevre Dergisi, 12, 13-18.

Moghanlou, K.S., Isfahani, E.N, Dorafshan, S., Tukmechi, A., & Aramli, M.S. (2018). Effects of dietary
supplementation with Stachys lavandulifolia Vahl extract on growth performance, hemato-biochemical
and innate immunity parameters of rainbow trout (Oncorhynchus mykiss). Animal Feed Science and
Technology, 237, 98-105.

Munyemana, F. (2013). Qualitative Phytochemical Screening and Antimicrobial Activity Evaluation of the Bulb

156



ONTAS vd. 2020 ActAquaTr 16(1), 148-157

Extracts of Gladiolus psittacinus Hook (Iridaceae). International Network Environmental Management
Conflicts, 2 (1), 14-31.

Mykhailenko, O., Kovalyov, V., Goryacha, O., Ivanauskas, L., & Georgiyants, V. (2019). Biologically active
compounds and pharmacological activities of species of the genus Crocus: A review. Phytochemistry,
162, 56-89.

Ngugi, C.C., Oyoo-Okoth, E., Mugo-Bundi, J., Orina, P.S., Chemoiwa, E.J., & Aloo, P. A. 82015). biochemical,
hematological and immunological parameters in juvenile and adult Victoria Labeo (Labeo victorianus)
challenged with Aeromonas hydrophila. Fish and Shellfish Immunology, 44 (2), 533-541.

Pés, T. S., Saccol, E. M. H., Londero, E. P., Bressan, C. A., Ourique, G. M., Rizzetti, T. M., Prestes, O.D.,
Zanella, R., Baldisserotto, B., & Pavanato, M. A. (2018). Protective effect of quercetin against oxidative
stress induced by oxytetracycline in muscle of silver catfish. Aquaculture, 484, 120-125.

Ren, X., Pan, L., & Wang, L. (2014). Effect of florfenicol on selected parameters of immune and antioxidant
systems and damage indexes of juvenile Litopenaeus vannamei following oral administration.
Aquaculture, 432, 106-113.

Rico, A., Phu, T.M., Satapornvanit, K., Min, J., Shahabuddin, A.M.,. Henriksson, P.J.G, Murray, F.J., Little,
D.C., Dalsgaard, A., & Brink, P.J.V (2013) Use of veterinarymedicines, feed additives and probiatics in
four major internationally traded aquaculture species farmed in Asia. Aquaculture, 412-413, 231-243.

Saeidi asl, M.R., Adel, M., Caipang, C.M.A., & Dawood, M.A.O. (2017). Immunological responses and disease
resistance of rainbow trout (Oncorhynchus mykiss) juveniles following dietary administration of stinging
nettle (Urtica dioica). Fish and Shellfish Immunology, 71, 230-238.

Saleh, N. E., Michael, F. R., & Toutou, M. M. (2015). Evaluation of garlic and onion powder as phyto-additives
in the diet of sea bass (Dicentrarcus labrax). Egyptian Journal of Aquatic Research, 41 (2), 211-217.

Singab, A.N.B., Ayoub, I.M., El-Shazly, M., Korinek, M., Wu, T.Y., Cheng, Y.Bin, Chang., F.R., & Wu, Y.C.
(2016). Shedding the light on Iridaceae: Ethnobotany, phytochemistry and biological activity. Industrial
Crops and Products, 92, 308-335.

Siwicki, A.K., Anderson, D.P., & Rumsey, G.L. (1994). Diatery intake of immunostimulants by rainbow trout
affects non-specific immunity and protection against furunculosis. Veterinary Immunology and
Immunopathology, 41, 125-1309.

Stolen, J.S., Fletcher, T.C., Anderson, D.P., Roberson B.S., & van Muiswinkel W.B. (1990). Techniques in Fish
Immunology. Fair Haven, NJ:SOS Publications

Stoskopf M. K. (1993). Fish Medicine. Philadelphia: WB Saunders.

Sukumaran, V., Parh, S.C., & Sankar, S. (2016). Role of dietary ginger Zingiber officinale in improving growth
performances and immune functions of Labeo rohita fingerlings. Fish and Shellfish Immunology, 57,
362-370.

Talpur, A. D., Ikhwanuddin, M., & Ambok Bolong, A. M. (2013). Nutritional effects of ginger (Zingiber
officinale Roscoe) on immune response of Asian sea bass, Lates calcarifer (Bloch) and disease resistance
against Vibrio harveyi. Aquaculture, 400401, 46-52.

Terech-Majewska, E. (2016). Improving disease prevention and treatment in controlled fish culture. Archives of
Polish Fisheries, 24, 115-165.

TUIK, Tiirkiye Istatistik Kurumu, Su Urlinleri Istatistikleri. Alintilanma Adresi
http://www.tuik.gov.tr/PreTablo.do?alt_id=1005 (03.09.2019).

Uribe, C., Folch, H., Enriquez, R., & Moran, G. (2011). Innate and adaptive immunity in teleost fish: a review.
Veterinarni Medicina, 56 (10), 486-503.

Wang, E., Chen, X., Wang, K., Wang, J., Chen, D., Geng, Y., Lai, W., & Wei, X. (2016). Plant polysaccharides
used as immunostimulants enhance innate immune response and disease resistance against Aeromonas
hydrophila infection in fish. Fish and Shellfish Immunology, 59, 196-202.

Yilmaz, S., Ergiin, S., & Celik, E. S. (2016 a). Effect of Dietary Spice Supplementations on Welfare Status of
Sea Bass, Dicentrarchus labrax L. Proceedings of the National Academy of Sciences India, Section B,
Biological Sciences, 86 (1), 229-237.

Yilmaz, S., & Ergiin, S. (2012 b). Effects of garlic and ginger oils on hematological and biochemical variables of
sea bass, Dicentrarchus labrax. Journal of Aquatic Animal Health, 24 (4), 219-224.

Zengin, G., Aumeeruddy, M. Z., Diuzheva, A., Jekod, J., Czidky, Z., Yildiztugay, A., Yildiztugay, E., &
Mahomoodally, M. F. (2019). A comprehensive appraisal on Crocus chrysanthus (Herb.) Herb. flower
extracts with HPLC-MS/MS profiles, antioxidant and enzyme inhibitory properties. Journal of
Pharmaceutical and Biomedical Analysis, 164, 581-589.

157



Acta Aquatica Turcica

(e-1SSN: 2651-5474)

Copyright Release Form

Manuscript Submit Date: ...../...../ ...

MaANUSCIIDE TElE © .ot e e e e e e e e et er e er s et s et et e rerenae e eeneenees

The author(s) warrant(s) that;

e The manuscript is original and is not being forwarded for publish and assessment to publication elsewhere
after sending Acta Aquatica Turcica (Acta Aqua.Tr.)

e The publishing, printing and distribution of the article is belong to the legal entity under name Acta Aquatica
Turcica (Acta Aqua.Tr.).

e The written and visual materials such as the text, tables, figures and graphics etc. of the manuscript don’t
contain any copyright infringement, and the all legal permissions for them have been taken by the author(s).

e The all scientific, ethic and legal responsibility of the article is belong to author(s).

Notwithstanding the above, the Contributor(s) or, if applicable the Contributor’s Employer, retain(s) all proprietary rights
other than copyright, such as
v The patent rights,

v The using rights of the all authors will be published in book or other work without paying fees,

v The rights to reproduce the article for their own purposes provided are not sell under the seal of secrecy of
distribution rights, and in accordance with the following conditions has been accepted by us.

Full Name Address Signature

Acta Aquatica Turcica
Phone : +90 246 2146401 Fax: +90 246 2146445
http://dergipark.gov.tr/actaguatr
actaquatr@isparta.edu.tr



http://dergipark.gov.tr/actaquatr
mailto:actaquatr@isparta.edu.tr

Page Size

Edge Interval

Font style

Address writing

Abstract

Key words

Decimal notation

Table

Figure

Examples in-text
references
representation

Reference

How to Cite
Something You

Found on a Website

in APA Style

Author Guidelines

:A4 (21 cm x 29.7 cm)
:Top: 2.5, lower: 2.5, left:2.5, right:2.5 , shrinkage: 0
:Except for these, the entire article should be set to 11punto-the first line

of the paragraph starting at 0,5cm-before the line spacing-0 single line
before / after the line spacing.

:University (institution)-Faculty-Department-Province (Must be written
county in foreign publications)

:The abstract should not exceed 250 words.

:It should contain at least 3 (three), maximum 5 (five) words.

:In Turkish articles, "(comma)" should be ". (Dot)" in English articles.

:The table should be centered on the page.In-table scripts should be set to
max 10punto. Footer, 8 point, left side of table.

:The figure and the figure should be centered on the page

:(Bilgin et al., 2006; Kiigiik, 2008; Ekici and Koca, 2009; Giiclii, 2018a;
Gtigli, 2018b; Anonymus, 2019), According Kubilay et al. (2006),
According Boyaci and Durucan (2009) etc.....

:“APA” standard should be used. Journal names should be written

clearly. No abbreviation should be made.
https://www.adelaide.edu.au/writingcentre/referencing_guides/APA_styleGuide.pdf

https://blog.apastyle.org/apastyle/2010/11/how-to-cite-something-you-found-on-a-website-
in-apa-style.html?_ga=2.171887075.2146134039.1550653734-57712603.1550653734



https://www.adelaide.edu.au/writingcentre/referencing_guides/APA_styleGuide.pdf
https://blog.apastyle.org/apastyle/2010/11/how-to-cite-something-you-found-on-a-website-in-apa-style.html?_ga=2.171887075.2146134039.1550653734-57712603.1550653734
https://blog.apastyle.org/apastyle/2010/11/how-to-cite-something-you-found-on-a-website-in-apa-style.html?_ga=2.171887075.2146134039.1550653734-57712603.1550653734

Sample Article

A Taxonomic Study on Zooplankton Fauna of Kig1 Dam Lake (Bingol-Turkey)
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Abstract

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

Keywords: Kigi Dam Lake, species distribution, zooplankton.

INTRODUCTION

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

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

MATERIAL and METHODS

Kig1 Dam Lake was built on Peri Stream between 1997 and 2003. The maximum water capacity is
507.55 hmsand has surface area 8.35 kmz and maximum depth of 168 m (Simsek, 2016) (Figure.1).
The species were identified according to Edmondson (1959), Flossner (1972), Ruttner-  Kolisko
(1974), Kiefer (1978), Koste (1978), Negrea (1983), Segers (1995), and Einsle (1996).

AN IR,

Figurel. Stations of Kigi Dam Lake
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RESULTS

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

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

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

Autumn Winter Spring Summer
Water temperature (€) 16 7.2 17.2 22,5
pH 7.0 6.8 6.9 7.3
D.O (mgL-1) 6.2 7.3 6.0 5.2
DISCUSSION

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

In Murat River (Bulut and Saler, 2014a), Kalecik Dam Lake (Bulut and Saler, 2013b), Peri Stream
(Saler et al., 2011), that were located in the same region with Kig1 Dam Lake, rotifers were recorded
as dominant species as to number of individuals and abundance, followed by Cladocera and Copepoda
species.
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Egirdir Golii’nden Tathsu Istakozu (Astacus leptodactylus Eschscholtz, 1823)’nun Sindirim Enzim
Aktivitelerinin Mevsim, Biiyiikliik ve Cinsiyete Bagh Olarak Degisimi
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Ozet

Bu ¢alisma, Egirdir Goli’nde yasayan Astacus leptodactylus tiriinde mide sindirim enzim
aktiviteleri lizerine (proteaz a-amilaz ve lipaz) mevsim ve eseyin etkisini arastirmak amaciyla
olusturulmustur. Bu amagla kerevitler 1 yilda 4 mevsim olarak Egirdir Gélii’nden avlandi. Ilkbahar
mevsiminde,kerevitlerin pinterlere girmemesi nedeniyle 6rnekleme yapilamadi. Bu nedenle, sonuclar
iic mevsim (sonbahar, kis, yaz) ve eseyler lizerinden faktériyel diizeyinde varyans analizi ile
degerlendirildi. Bulgular, esey ve mevsim faktorlerinin kerevitlerin midesindeki proteaz ve lipaz
aktivitesini onemli diizeyde etkiledigini (p<0,05), a-amilaz aktivitesinde ise istatistiksel olarak dnemli
diizeyde etkili olmadigimi gosterdi (p>0,05). Bulgular ayrica, kerevitlerin,proteaz enzim aktivitesinin
sonbahar ve kisin, lipaz enzim aktivitesinin ise kigin eseyler aras1 6nemli degisim gosterdigini ortaya
cikardi (p<0,05).

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

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

Abstract

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

Keywords: Astacus leptodactylus, digesitve enzyme activity, a-amylase, lipase, protease.
GIRIS

Astacus leptodactylus, diinyada Tiirk 1stakozu (kerevit) olarak da bilinen (Koksal,1988) ve iilkemiz
icsularinda dogal olarak bulunan bir decapoda (on ayakli) tiirlidiir. Astacus ekonomik degeri yliksek
kabuklu tiirlerinden biridir (Bolat, 2001). Kerevit 1986 yil1 6ncesi 6zellikle Egirdir Golii balikgilariin
baslica gelir kaynagi iken bu tiiriin daha sonra gerek asir1 avcilik ve gerekse hastalik nedeniyle

popiilasyonu azalmigtir (Koksal, 1988; Ackefors, 2000; Bolat, 2001; Harlioglu ve Aksu 2002;
Harlioglu ve Mise 2007; Bilgin vd., 2008).
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MATERYAL ve YONTEM

Bu calismada, Ekim 2014 ile Haziran 2015 tarihleri arasinda Egirdir Goli’'nde kerevit (10-15 cm)
aveiligi gergeklestirilmistir. Avcilikta kerevit pinterleri kullanilmis, 6rneklemeler mevsimsel olarak
yapilmugtir.  Ilkbahar mevsiminde, kerevitlerin pinterlere girmemesi nedeniyle &rnekleme
yapilamamustir.

Enzim aktivite analizler

Bu calismada; a-amilaz, proteaz ve lipaz olmak {izere ii¢ c¢esit sindirim enzim aktivitesi
arastirilmigtir. Tathsu istakozundaki o-amilaz enzim aktivitesi, Metais ve Bieth (1968)’e gore
yapilmistir.

istatistiksel analizler

Verilerin degerlendirilmesinde SPSS 23 istatistiki paket programindan yararlanilmis ve sonuglar,
faktoriyel diizeyinde varyans analizi testi ile P<0,05 onem diizeyinde test edilmistir. Faktorlerin seviye
ortalamalarinin arasindaki farkliliklarin belirlenmesinde Tukey testi kullanilmistir.

BULGULAR

Esey ve mevsimsel farkliliklarin kerevit midesindeki a-amilaz enzim aktivitesi tizerinde 6nemli bir
etkisinin olmadig tespit edilmistir (p>0,05) (Tablo 1).

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

Esey/Mevsim Sonbahar Kis Yaz
Disi 20,013+ 0,0011° 20,007 + 0,0006° 20,003 £ 0,00107
Erkek 70,013 + 0,0035° P0,022 + 0,0026a ©0,006:+ 0,0006%

Lipaz aktivitesi erkek kerevitlerde sonbahar mevsiminden kis mevsimine kadar artan ve kis
mevsiminden yaz mevsimine kadar azalan bir grafik olusturmus, disi bireylerde ise sonbahar
mevsiminden yaz mevsimine kadar azalan bir grafik olugsmustur (Sekil 3).

0,025 Lipaz

= .
2 002
= 0,015
s C
£ 0,01 +— erkek
‘::: 3 "1:51
% 0,005 ~—— .
;‘:' ) -

4]

sonbahar Kig yaz

Sekil 3. Kerevit midesinde farkli mevsimlerdeki lipaz aktivitesi (U/mg protein)

TARTISMA ve SONUC

Mevcut sindirim enzimlerinin profili ve faaliyetleri basta olmak iizere sindirim sisteminde ortaya
¢ikan fizyolojik siirecler, tiirlerin genis besin ¢esitliliginden faydalanmasini etkilemektedir. Farkli
kabuklu tiirleri, farkli beslenme aliskanliklarina ve yagam alanlarini yansitan bir dizi sindirim enzime
sahiptir (Anonim, 2017; Coccia vd., 2011).......

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



TESEKKUR

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