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Ozet

Caligmada, Dogu Karadeniz’deki Mezgit (Merlangius merlangus) popiilasyonunun bazi temel parametrelerinin
belirlenmesi amaglanmgtir. Mart 2017- Subat 2018 tarihleri arasinda yapilan 12 aylhik érneklemede elde edilen ve incelenen
1579 adet mezgit baliginin boylarmin 7,5 cm ile 32,6 cm arasinda dagilim gosterdigi ve ortalama boyun 14,49+2.85 cm
oldugu, agirliklarmin ise 2,68 g ile 279,58 g arasinda dagilim gosterdigi ve ortalama agirhigin 26,05+20,95 g oldugu
bulunmustur. Boy-agirlik iliskisi W=0,0046*L>'" olarak saptanmustir. Cinsiyet orani (disi/erkek) 1,31:1 ve yapilan 42 testi
sonucu farkin 6nemli oldugu tespit edilmistir. Yas dagilimi 0-VIII arasinda, biiylime parametreleri L,,=31,87 cm, K=0,130,
to=-3,071, W,=271,01 g ve ©@'=2,123 olarak belirlenmistir. Toplam 6rneklerde ilk eseysel olgunluk boyu (Lsp=13,19 cm)
olarak hesaplanmustir. Elde edilen veriler 1s1ginda Dogu Karadeniz mezgit stoklarmin siirdiiriilebilirligini olumsuz yonde
etkileyen bir avcilik s6z konusu oldugu goriilmiistiir.

Anahtar Kelimeler: Merlangius merlangus, Dogu Karadeniz, bityiime parametreleri, ilk eseysel olgunluk boyu

Determination of Age, Growth and First Maturity Length of Whiting (Merlangius merlangus, Nordmann, 1840) in the
Eastern Black Sea

Abstract

In this study, it is aimed to determine some basic parameters of the whiting (Merlangius merlangus) population in the
Eastern Black Sea. As a result of 12 months sampling conducted between March 2017 and February 2018, a total of 1579
whiting were examined and their lengths ranged between 7.5 cm and 32.6 cm and the mean length was 14.49 + 2.85 cm and
their weights ranged between 2.68 g and 279.58 g, the mean weight was 26.05 + 20.95 g. Length-weight relationship was
found W=0,0046*L>1"%, While the sex ratio (female/male) was found to be 1,31: 1, because of the chi-square test the
difference was found to be significant. Age distribution was between 0 and VIII, growth parameters were determined as
L,=31,87 cm, K=0,130, t,=-3,071, W,=271,01 g and ©'=2,123, respectively. The first sexual maturity length of total
samples (Lso) was calculated as 13.19 cm. In the light of the data obtained, it has been observed that there is a catch that
negatively affects the sustainability of Eastern Black Sea whiting stocks.

Keywords: Merlangius merlangus, Eastern Black Sea, growth parameters, first sexual maturity length

GIRIS

Mezgit (Merlangius merlangus) baligi, Karadeniz demersal balikgiliginin en 6nemli tiirlerinden
biridir. Ozellikle kii¢iik 6lgekli balikgilik agisindan biiyiik 6nem tagimaktadir. Tiirkiye’de 1988
yilindaki mezgit iiretimi 30488 ton iken 2019’da ise 8941 tona diismiistiir (TUIK 2020). Yillar
icerisinde mezgit stoklar iizerindeki av baskisi ve Karadeniz’deki ekolojik degisimler stoklarin
verimliligini azaltirken, stirdiiriilebilirlikleri kaygi verici duruma diigmistiir (Bat vd., 2005; Oguz vd.,
2006; Akoglu vd., 2014, Giicii vd., 2018). Bir semipelajik balik olan mezgit baliginin dip trolii ile
avciligl Orta ve Bati Karadeniz’de daha yogunken, dip trolii avciligina yasak olan Dogu Karadeniz’de
ise uzatma aglar1 ve oltalar ile avlanmaktadir (Bat vd., 2005; Erdem vd., 2007; Kalayc1 ve Yesilgigek
2014; Aydin ve Hacioglu 2017). Dolayistyla Dogu Karadeniz’deki kiigiik 6lgekli balik¢iligin ana
hedef tiirlerinden biridir. Genis bir dagilim alan1 gdosteren bu tiir {izerinde pek ¢ok ¢aligma mevcuttur.
Bu caligsmalarin genellikle, tiirlin biiyiimesi, yas kompozisyonu, lremesi, avciligl, av araglarinin
seciciligi ve stoklar iizerindeki av baskisinin etkileri iizerine oldugu tespit edilmistir (Ismen, 1995;
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Polat ve Giimiis 1996; Ciloglu vd., 2001; Hehir vd., 2003; Bradova ve Prodanov 2003; Prodanov ve
Bradova 2003; Samsun, 2005; Atasoy, 2006; Saglam ve Saglam 2012; Bilgin vd., 2012; Mazlum ve
Bilgin 2014; Kalayc1 ve Yesilcicek 2014; Zengin, vd., 2019). Siirekli av baskisi altinda olan stoklarin
biyolojik parametrelerinde degisim s6z konusudur. Dolayisiyla stoklarin  ve balik¢iligin
siirdiiriilebilirliginde biyolojik parametrelerin izlenmesi, mevcut stok ydnetimindeki uygulamalarin
yeniden degerlendirilmesi veya ihtiya¢ durumunda yeni bir yonetim planinin olusturulmasi agisindan
onem arz etmektedir. Bu caligmada stoklarin yonetimi agisindan 6nem tagiyan biiylime parametreleri
ve ilk eseysel olgunluk boyu tespit edilmistir.

MATERYAL VE METOT

Arastirmanin  Ornekleri, Mart 2017-Subat 2018 tarihleri arasinda aylik olarak Giiney Dogu
Karadeniz’de Siirmene ve lyidere kiyilarinda 5 m ile 60 m arasindaki derinliklerden elde edilmistir
(Sekil 1). Ornekler, Recep Tayyip Erdogan Universitesine ait Karadeniz Arastirma gemisi kullanilarak
gerceklestirilen dip trolii (torba goz agikligi 12 mm) operasyonlarindan saglanmustir.
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Suemense M TORKIYE
20 km ]
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Sekil 1. Arastirma sahasi.

Toplam 1579 adet ornek toplanmis, bireylerin toplam boylar1 0,1 cm ve agirliklart 0,01 gr
hassasiyetle 6l¢iilmiistiir. Gonadlardan yararlanarak disi ve erkek bireyler belirlenmistir (Avsar, 2005;
Samsun, 2005; Peterson, 2011). Yas tayini i¢in 404 adet baligin (her bir boy grubunu temsil edecek
sekilde) otolitleri ¢ikarilarak kan ve dokudan arindirilmig sonrasinda ependorf tiiplerine %70’lik alkol
ile muhafaza ilmistir. Yaslar1 belirlemek i¢in otolitler binokiiler mikroskopta (Nikon SMZ 1000) alttan
aydinlatma ile incelenmistir. Otolitlerin iizerinde bulunan yaz (opak) ve kis (hyalin) halkalar sayilarak
yaglar belirlenmistir (Chilton ve Beamish 1982).

Orneklerin boy-agirlik iliskisi asagidaki formiilden yararlanarak belirlenmistir (Ricker, 1973).
W = a * LP Burada W: baligin toplam agirligi, L: baligmn toplam boyu, a ve b en kiigiik kareler
yontemine gore tespit edilen denklemin parametreleridir. Disi, erkek ve tiim O6rnek bireyler i¢in elde
edilen “b” degerleri, izometrik bilylimeyi gosteren b = 3 degeri ile Pauly’nin t testi uygulanarak
izometrik biiyiime gosterip gostermedikleri tespit edilmistir (Pauly, 1984).

Ly = Lo (1 — ekt

L..; asimtotik boy, K; biiylime sabiti, to; teorik olarak boyun sifir oldugu yas olarak tanimlanmustir.

Asimtotik agirlik;

W, = a * L2 formiiliinden yararlanarak hesaplanmstir (Ricker, 1979; King, 1995).

Aylik olarak kondisyon faktorii;

K = (Lmb) * 100 formuliinden belirlenmistir (Avsar, 2005; King, 1995).

Biiyiime performanst;
@' = Log K + 2Log L, formiiliinden yararlanarak hesaplanmiglardir (Munro ve Pauly 1983; Pauly
ve Munro 1984).
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Ik eseysel olgunluk boyu (Lsp), iiremenin gergeklestigi dénemlerde her boy smifindaki olgun
bireylerin toplam bireylere oranlamasindan yararlanarak belirlenmistir. Eseysel olgunluk egrisi ve Lsg,
King (1995)’e gore asagidaki bagintilardan yararlanilarak hesaplanmistir.

P=1/(1+exp(a—D>b)=*Lve

a
Lso = —(E)
P: olgunlagma orani, a ve b: regresyon sabitleri, L.: boy grubudur.
Disi ve erkek frekans dagilimlari arasinda farkliligin Gnemli olup olmadigi 4 testi ile belirlenmistir.

Biiylime sabitlerinde Munro’nun @’iissii testi (Avsar, 2005) ve kondisyon faktorleri arasinda t testi
uygulanarak farkliliklar belirlenmistir. Istatistiki analizler SPSS12.0 programiyla yapilmustir.

BULGULAR

Arastirmada incelenen toplam 1579 mezgit baliginin aylik ve toplam boy frekanslar1 Sekil 2°de
verilmistir. Toplam 6rneklerde boy 7,5-32,6 cm, agirlik 2,68-279,58 g arasinda iken ortalama boy ve
agirhik sirastyla 14,49+2.85 cm ve 26,05+£20,95 g olarak hesaplanmistir. Disilerde boy 7,5-32,6 cm,
agirlik 2,86-279,58 g arasinda degisirken ortalama boy 15,5343 cm, ortalama agirhik 32,85+£25,32 g
olarak belirlenmistir. Erkeklerde ise boy 7,5-19,6 cm, agirlik 2,68-46,40 g arasinda, ortalama boy
13,34+1,97 cm ve ortalama agirlik 17,99+7,49 g olarak belirlenmistir (Sekil 2).

O Disi EErkek ®Olgunlasmamis B Belirsiz

i
o o
1 J

Frekans (%)
o

|7 8 o TOHlT2[13lHAI5TR 17 18 19 20 21 22 23 24 25 32

517 8910 ;_ :
-10 - =
-15 - Boy (cm)

Sekil 2. Toplam bireylerin boy frekans dagilimi.

Alinan tiim orneklerin cinsiyet durumu degerlendirildiginde, 668’1 erkek (%42,30), 877’si disi
(%55,54), 28’1 olgunlasmamis (%1,77), 6’s1 ise cinsiyeti belirlenememis (%0,37) bireyler olarak tespit
edilmistir. Disi/erkek cinsiyet oran1 1,31:1olarak hesaplanmis ve yapilan Ki-kare testi sonucu bu
oranin istatistiki olarak 1:1 oranindan farkli oldugu bulunmustur (x’s.= 28,72; p<0,05). Ayrica, boy
gruplarindaki disi ve erkek frekanslar arasinda yapilan Kolomogorow-Smirnov (K-S) testi sonucu
onemli farklihigin oldugu tespit edilmistir (p<0.05).

Alman 6rneklerin aylik frekans dagilimlar Sekil 3’de verilmistir. Tarim ve Orman Bakanliginin
belirlemis oldugu avlanabilir boyun (13 cm) altindakilerin orani aylara gore % 3,3-% 47 arasinda
degismis, disilerde %16, erkeklerde %36 ve toplam orneklerde % 26,2 olarak bulunmustur.
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Sekil 3. Cinsiyetlere gore aylik boy frekans dagilimlari (B: Belirlenememis, O: olgunlagsmamus, D: disi, E:
erkek).

Boyun bir kuvveti olarak ifade edilen boy-agirlik iliskisi, toplam birey ve cinsiyetlere gore Sekil
4’de goriildiigii gibi hesaplanmustir.
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Sekil 4. Cinsiyet ve toplam bireylerin boy-agirlik iliskileri.

Boy-agirlik iliskisinin “b” degerlerinden bilylimenin disi bireylerde ve toplam bireylerde pozitif
allometrik biiylime, erkeklerde ise negatif allometrik oldugu tespit edilmistir. Ayrica disi ve erkek
bireylerin b degerleri arasinda yapilan t-testi sonucunda “b” degerleri arasinda farkin 6nemli oldugu
(p<0,05) belirlenmistir.

Elde edilen 6rneklerden 404 baligin otolitleri okunarak yaslari tespit edilmistir. Yaglari tespit edilen
bireylerin 250’si disi ve 154’1 erkek birey olarak belirlenmistir. En yash bireyin yas yapis1 Sekil 5’te
verilmistir. Boy gruplarina gore yaslarin dagilimi dikkate alindiginda 26-31,9 cm boy sinifi arasinda
ornek birey elde edilemedigi icin 6rnekleme esnasinda yakalanan 32 cm lizerindeki 8 yasl iki birey
bliylimeye dahil edilmemistir.

Sekil 5. En yasli bireyin otolit goriiniimii (Orijinal).
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Cinsiyetleri belirlenen bireylerin boy gruplarina gore yas dagilimlari tespit edilmis olup yas
anahtarlar1 Tablo 1’de verilmistir.

Tablo 1. Boy gruplarina gore yas anahtari, ortalama boy (Lort) ve standart sapma (ss).

E, Disi Erkek Genel

)

@ 0 1 2 3 4 5 6 7 0 1 2 3 4 5 0 1 2 3 4 5 6 7

7 3 3 3

8 2 7 9

9 7 9 16
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20 8 1 2 8 1 2
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24 4 1 1 4 1 1

25 4 4
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Caligmada incelenen mezgit baliklarinda belirlenen yas ve yaslara karsilik gelen ortalama boylar
dikkate alinarak, yas-boy iligkileri ve biiylime parametreleri asagidaki gibi belirlenmistir (Sekil 6,
Tablo 2).
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Erkek Disi

a)
2 -1 0 1 2 3 4 5 -4-3-2-1012 34567
Yas Yas

Genel

a)
-4 -3-2-1012 3 456 7
Yas

Sekil 6. Cinsiyetlere gore yas-boy iliskileri.

Tablo 2. Mezgit baliginin cinsiyet ve toplam 6rneklere gore bilyiime parametreleri.

Cinsiyetler L, K to W, o'

Disi 30,82 0,140 -3,015 269,41 2,125
Erkek 16,46 0,694 -1,297 31,21 2,274
Genel 31,87 0,130 -3,071 271,01 2,123

Hesaplanan von Bertalanffy biiylime parametrelerine gore disi, erkek ve toplam bireylerin
herhangi bir yastaki biiyiime fonksiyonlar1 sirasiyla; L[,=30,82%(1-e%*40""*3019)) | =16 46*(1-€"
0694%(1+1,297)) yye L =31,87*(1-e 33070y geklinde belirlenmistir.

Orneklemelerin cinsiyetlerine gére aylik olarak hesaplanan kondisyon faktérleri Sekil 7°de
verilmistir. En yiiksek deger Aralik aymnda belirlenmis olup, en diisiik degerler yaz aylarinda
goriilmistiir. Cinsiyetler arasi aylik kondisyon degerleri arasindaki farkin istatistiki olarak onemli
oldugu belirlenmistir (p<0,05).
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—e—Disi --a-- Erkek

Aylar

Sekil 7. Aylik kondisyon dagilimlari.

Ik eseysel olgunluk boyu, balik popiilasyonlarin yonetiminde énemli parametrelerden biridir ve
mezgit balig1 icin Ls=13,19 cm olarak hesaplanmis olup eseysel olgunluk egrisi Sekil 8’de verilmistir.

100
90
80

\‘
o o
T T B
()

Oran (%)
PN WS oo
O O O oo
| I | 1 1

o

T H T T T T T T

6 8 10 12 14 16 18 20 22 24
Boy (cm

Sekil 8. ilk eseysel olgunluk egrisi.

SN

SONUC ve TARTISMA

Boy kompozisyonu, avlanan stoklarin boy gruplarinda meydana gelen degisimlerin
gostergelerinden biridir. Bu arastirmada Giiney-dogu Karadeniz’de mezgit baliklarinda boyun 7,5-32,6
cm arasinda degistigi, disilerin 32,6 cm’ ye, erkek bireylerin ise 19,6 cm’ ye kadar ulastiklar
saptanmistir. Arastirma bolgesinde ve bolge disinda yapilan bazi ¢alismalarda bildirilen boy, cinsiyet

orani ve boy-agirlik iligkisiyle ilgili veriler Tablo 3’de verilmistir.
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Tablo 3. Bolge ve bolge diginda yapilan bazi ¢aligmalarin sonuglari.

Yazar-Yil Bolge C Boy Aralik Ortalama Cinsiyet  Boy Agirhk iliskisi Lso
(cm) Boy (cm) Orani
(D:E)
. Q
Diizgiines ve - _ . — *| 2573
Karacam (1990) D. Karadeniz g 13,2-24,9 19,5 2,44:1 W=0,0272*L
Samsun vd. .
(1994) O. Karadeniz > 8,5-40 16,0
E?E:) Suunn\és 0. Karadeniz
1998y : 3 9,0-24,0 14,53 W=0,0039*L3%%
Sahin ve - 9 9,0-27,7 . - 3,151
Akbulut. 1997 D. Karadeniz a 8.8-217 1,55:1 W=0,0048*L
0 11,0-30,4
Ciloglu vd., D. Karadeniz 2 11,0-25,3 1,84:1
2001 5 11,0-30,4 W=0,0037*L3%°
i . _ * 3,240
fsmen, 2002 Karadeniz ¥ 10.8-30,6 1,3:1 W=0,0042*L
. Q 8,4-31,5 15,35
Samsun, 2005 O.Karadeniz 2 g0 14,79 1,15:1 g'g
Y 8,4-31,5 15,06 W=0,0042*L.320 :
Kalayet, vd., . Q 8,8-22,7 .
2007 0. Karadeniz g 8.1-22.4 1,2:1
3 7,7-22,7 W=0,0067*L3924
Yankova vd., .
2011 Bulgaristan & 55955 W=0,0040%L 3151
Saglam ve ? 151
> O.Karadeniz 3 14,5 1,95:1
Saglam 2012 s 101231 14.9 W=0,0064*|304
. D. Karadeniz Q 10,8-20,4 15,72 14,6
Bilgin vd., 2012 3 11,6-30,7 15,15 13,9
Mazlum ve D. Karadeniz (% iég:ig 122 1501
Bilgin 2014 S 10,6274 16.1 o
Yesilcicek vd., D.Karadeniz § Z;g:;gé 1,01:1
2015 3 7,6-24,2 W=0,0046*L31%
Aydin ve
Hacioglu 2017 3 7,5-24,1 14,7 W=0,0062*|308%
Yildiz ve B. Karadeniz c% ;iigg 1851
Karakulak 2019 y 610-25'9 e
15,53
Bu galisma, D.Karadeniz C% Z’Sﬁé’ﬁ 13,34 1311 W=0,0046*L3'7 13,19
3 7,5-32,6 14,49

C: cinsiyet

Dogu Karadeniz’deki mezgit baliginin disilerinin erkeklere gére daha dominant ve daha bilyiik
boylara ulagtig1 goriilmiistiir (Sekil 2). Calismadaki aylik frekans dagilimlarina bakildiginda disi ve
erkek bireylerin oranlari arasinda yapilan y° testi sunucu 6nemli farkliligin oldugu ortaya konmustur.
Bu baglamda, stoktaki disi-erkek bireylerin bdlgede kullanilan av araglarina karsi tepkileri ve avlanma
oranlarinin farkliligini géstermektedir. Aylik ve toplam boy frekanslar dikkate alindiginda (Sekil 2,
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Sekil 3) Tarim ve Orman Bakanliinin belirlemis oldugu avlanabilir boyun (13 cm) altindakilerin
orant disilerde %16, erkeklerde %36 ve toplam bireylerde %26’nin {izerinde olmasi Dogu
Karadeniz’deki mezgit stoklar1 iizerine bir av baskisinin oldugu sonucuna isaret etmektedir. Tablo
3’de yapilmis olan caligmalardaki boy araliklari ile bu galigmadaki boy araliklar karsilastirildiginda
bazi farklilik goriilmiistiir. Bunun nedeninin ¢alismalarda kullanilan av araci ve bolgedeki popiilasyon
yapisindan kaynaklandig: diisiiniilmektedir. Bu ¢alismada elde edilen disilerin erkeklerden daha biiyiik
boya ulasabildikleri hususu diger calismalarin sonuglariyla da benzerlik gostermektedir (Tablo 3).
Dogu Karadeniz’de yapilan bu ¢alismada tespit edilen cinsiyet orani ile Karadeniz ve diger denizlerde
yapilan bazi c¢aligmalarda bildirilen sonuglar karsilastirildiginda sonuglarin  benzer oldugu
anlagiimaktadir (Diizgiines ve Karacam 1990; Sahin ve Akbulut 1997; Ciloglu vd., 2001; Ismen,
2002; Samsun, 2005; Kalayct vd., 2007; Saglam ve Saglam, 2012; Mazlum ve Bilgin, 2014,
Yesilgicek vd., 2015; Yildiz ve Karakulak 2019).

Gliney-dogu Karadenizdeki mezgit baliklarinda biiylimenin disi ve toplam bireylerde pozitif
allometrik, erkeklerde negative allometrik bulunmasi, cinsiyetler arasinda boyca ve agirlikca
biiylimenin de farkli oldugunu gostermektedir. Bu tiir lizerinde yapilan bazi caligsmalardaki b degerinin
2,57-3,25 arasinda degisim gosterdigi anlasilmaktadir(Tablo 3), (Diizgiines ve Karagam, 1990;
Samsun ve Erkoyuncu 1998; Sahin ve Akbulut 1997; Ciloglu vd., 2001; ismen, 2002; Samsun,
2005; Kalayci vd., 2007; Yankova vd., 2011; Saglam ve Saglam 2012; Yesilgicek vd., 2015; Balik ve
Oztas, 2019.). Bu degisimin, 6rnekleme sekli, drnekleme donemi, yasadiklar1 habitatlara bagh olarak
beslenme 6zelliklerinden kaynaklandigi soylenebilir

Giliney-dogu Karadeniz’deki mezgit baliklarinda yas araliginin 0-8 arasinda degismesi ve disilerin
II. Yasta, erkeklerin ise 1. Yasta yogunlastig1 belirlenmistir (Tablo 1). Yapilan ¢aligmalarda farkli
sonuclarin ortaya kondugu goriilmiistiir (Tablo 4). Bu farkliligin sahada kullanilan 6rnekleme av
aracina ve Ornekleme sahasinda mevcut bulunan popiilasyonun yapisina bagli oldugu
diistiniilmektedir.

Tablo 4. Farkli zamanlarda mezgit balig iizerinde tespit edilen yas araliklari.

Yazar-Yil Yas Arah@ En Yogun Yas Bolge
Diizgiines ve Karagam (1990) -V Il D. Karadeniz
Samsun vd. (1994) 1-VII 1 O. Karadeniz
Sahin ve Akbulut, 1997 I-VII ] D. Karadeniz
Ciloglu vd., 2001 I-1X | D. Karadeniz
Ismen, 2002 I-1X | Karadeniz
Samsun, 2005 0-1X 1 O.Karadeniz
Saglam ve Saglam, 2012 0-V | 0. Karadeniz
Mazlum ve Bilgin, 2014 1-VI Il D. Karadeniz
Yildiz ve Karakulak, 2019 -V 1 B. Karadeniz
Bu Caligma, I-VII 1 D. Karadeniz

Baliklar tiikettikleri besinden elde ettikleri enerjinin biiyiik bir kismin1 metabolik faaliyetleri igin
harcarken, kiigiikk bir kismini biiyiimelerinde kullanmaktadir. Bir baska deyisle biiyiime, baligin
kiitlesinin zamana gore degisimi olarak ifade edilmektedir (Pauly, 1984; Sparre ve Vanema 1998;
King, 1995; Avsar, 2005). Calismada biiylime, yapilan yas analizi ve yaslara karsilik gelen ortalama
boylardan yararlanarak hesaplanmistir. Karadeniz’de yapilan calismalarda elde edilen biiylime
sabitleri ile calismadaki elde edilen biiylime sabitleri Munro’nun @' testi uygulanmistir. Test
sonucunda farkin 6nemli olmadig1 (p>0,05), dolayisiyla benzer biiyiime 6zelliklerine sahip oldugu
goriilmistiir (Tablo 5).
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Tablo 5. Mezgit balig1 stoklari iizerine yapilan ¢aligmalarda elde edilen bazi parametreler.

Yazar-Yil C L. K to o'

Diizgiines ve Karacam (1990) > 31,90 0,203 -1,970 2,32

Samsun vd. (1994) > 40,04 0,143 -1,527 2,36

. 45,35 0,100 -1,806 2,31

Sahin ve Akbulut, 1997 CS; 3592 1124 -1.806 220
Samsun ve Erkoyuncu, 1998 > 35,45 -2,042
- 52,50 0,092 -1,759
Ciloglu vd., 2001 § 37,19 0,114 -2,390
> 38,40 0,136 -1,833

Q 37,30 0,170 -0,970 2,37

Ismen, 2002 3 29,10 0,160 -1,050 2,13

> 37,90 0,160 -1,050 2,36

Q 39,00 0,114 -2,219 2,24

Samsun, 2005 3 32,29 0,143 -2,338 2,17

> 39,00 0,115 -2,193 2,24

Maximov vd., 2007 > 26,30 0,160 -2,190 2,04

Q 38,16 0,124 -2,583 2,26

< - 26,26 0,203 -2,505 2,15

Saglam ve Saglam 2012 g 35,56 0141 2654 220

Mazlum ve Bilgin 2014 C% 32893 8(1%[11 gggg ig?

Q 40,20 0,111 2,24

Yildiz ve Karakulak 2019 g g;"gg 8’132 g'ig

Q 30,82 0,140 -3,015 2,12

Bu Calisma 1) 16,46 0,694 -1,297 2,27

u baliyma, > 31,87 0,130 -3,071 2,12

Kondisyon faktorii yil igerisinde bir tiiriin beslenme, ¢evre uygunlugu veya ilireme aktivitesini
belirleyen biyolojik o6zelliklerin 6l¢iimiidir (Le Cren., 1951; Blackwell vd., 2000; King, 1995).
Arastirmada aylik kondisyon faktorleri incelendiginde en yiiksek degerlere kis mevsiminde ulasildigi
bu durumun bolgede yapilan bazi ¢aligsmalarla benzerlik gostermektedir (Ciloglu vd., 2001; Samsun,
2005; Saglam ve Saglam, 2012).

Balik stoklariin yonetilmesinde ilk eseysel olgunluk boyu oldukg¢a 6nemli bir parametredir (Avsar,
2005; King, 1995). Calismada elde edilen Lsy =13,19 cm, Tarim ve Orman Bakanliginin belirlemis
oldugu avlanabilir boyun (13 cm) iizerindedir. Sonug olarak Dogu Karadeniz’deki mezgit stoklarinda
boy ve yas smifindaki daralmalar, yogun olarak avlanmasi ve yiiksek seviyede isletilmesi, ayni
zamanda Lsy degerinin belirlenen avlanabilir boyun iizerinde olmasi, bu stoklar {izerine av baskisinin
devam ettigini gostermektedir. Mevcut bulunan av baskisinin devam etmesi ve Karadeniz’deki
biyolojik ve ekolojik nedenlerle ekosistemde meydana gelen degisimler stoklarin ve balik¢iligin
stirdiriilebilirligini olumsuz yonde etkileyecegini ifade edilmektedir (Oguz, 2005; Oguz ve Gilbert
2007; Bat vd., 2007; Akoglu vd., 2014). Dolayisiyla, balik¢iligin ve stoklarin devamliligini saglamak
icin bahsedilen etkenleri minimize etmek gerekir. Tiirler iizerine yapilan ¢aligmalar sonucunda elde
edilen sonuglar dikkate almarak balik¢iligin ve stoklarin siirdiiriilebilirligini saglayacak yonetim plani
olusturulmasi gerekir.
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Abstract

The high of catching intensity or overfishing of dusky whaler shark, Carcharhinus obscurus (Lesueur, 1818), has
threatened its sustainability. Even though fisheries and biological aspects of C. obscurus are important as a basic assessment
for making regulation of shark fisheries management. However, those studies never been reported in Indonesia. The aim of
this study is to identify the number of catches and biological aspects of C. obscurus. This study was conducted from January
to March 2018 at Fishery Port Technical Implementation Unit (FP-TIU) Muncar, Banyuwangi, Indonesia. 54
C. obscurus individuals were obtained using random sampling survey method. Here, we found that the number
of C. obscurus landed in 2018 was higher compared to 2014 and 2017. The shark length ranged from 172 to 394 cm.
Percentages of male and female adults of C. obscurus were 22.22 and 46.30%, respectively. Whilst in the juveniles were
20.37% males and 11.11% females. The maturity rate based on clasper length, male landed sharks was 82.61% classified
within full calcification and 17.39% non-full calcification level. The sex ratio of C. obscurus sharks that are landed was
1:1.34 (M: F).
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Muncar Balik¢r Limani, Banyuwangi, Endonezya'daki Golgeli Képek Baliginin Carcharhinus obscurus'un (Lesueur,
1818) Biyolojik Ozellikleri ve Balik¢ilik A¢isindan Degerlendirilmesi

Ozet

Golgeli kopekbaligi Carcharhinus obscurus'un (Lesueur, 1818) yiiksek yakalama yogunlugu veya asiri avlanmasi,
stirdiiriilebilirligini tehdit etmektedir. C. obscurus'un balik¢ilik ve biyolojik yonlerinin bilinmesi, kopek baligi balik¢iligi
yonetiminin diizenlenmesinde temel teskil etmektedir. Ancak, bu calismalar simdiye kadar Endonezya'da hi¢ rapor
edilmemistir. Bu ¢aligmanin amaci, C. obscurus'un avlanma sayisint ve biyolojik yonlerini belirlemektir. Bu galigma Ocak-
Mart 2018 tarihleri arasinda Endonezya, Banyuwangi, Muncar'da Balik¢ilik Liman1 Teknik Uygulama Birimi (FP-TIU)
gergeklestirilmistir. Rastgele 6rnekleme yontemi kullanilarak toplam 54 C. obscurus bireyi elde edilmistir. 2018 yilinda C.
obscurus sayisinin 2014 ve 2017 yillarina gére daha fazla oldugu tespit edilmistir. Yakalanan kopekbaliklarinin boyu 172 ile
394 cm arasinda degismektedir. C. obscurus'un erkek ve disi erigkinlerinin yiizdeleri sirasiyla %22,22 ve %46,30 olarak
belirlenmistir. Genglerde ise %20,37 erkek ve %11,11 disi idi. Klape uzunluguna gore olgunluk orani, karaya ¢ikan erkek
kopekbaliklar1 %82,61 tam kalsifikasyon ve %17,39 tam olmayan kalsifikasyon diizeyinde siniflandirilmigtir. Karaya ¢ikan
C. obscurus kopekbaliklarinin cinsiyet orani 1:1.34 (E:D) olarak belirlenmistir.

Keywords: Carcharhinus obscurus, Carcharhinidae, olgunluk, cinsiyet orani, Muncar

INTRODUCTION

Carcharhinus obscurus (Lesueur, 1818) is widely distributed in the world, has a wide range with a
certain migration pattern (Musick et al., 2009) ranging from nearshore to a depth of 500 m (Carpenter
and Niem, 1998; White et al., 2006; Rigby et al., 2019) but not evenly distributed throughout warm
tropical and subtropical waters (White et al., 2006). Distribution in Indonesia, C. osbcurus is spread
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from southeastern Sumatra to Sulawesi and Papua (Froese and Pauly, 2017). The morphology
character of C. osbcurus has a body length of up to 600 cm (White et al., 2006) and the maturity level
of the gonads at the age of 17-23 years (Last and Steven, 1994).

The high demand for sharks in national and international markets results in an increase its catching
activity which leads to overfishing and will threat the existence of shark populations as well as disturb
the trophic level of the marine ecosystem. Overfishing of sharks from southern Java (Indian Ocean)
has increased over the past 5 years (Prihatiningsih et al., 2018). Due to the long-life cycle and low
fecundity (Compagno, 1984; Last and Steven, 1994; Camhi et al., 1998), sharks and other
chondrichthyans are vulnerable to overfishing (Galucci et al., 2006).

Nearly 26 species of shark species representing the families from the Squalidae, Rhynchiddae,
Carcharhinidae, Lamnidae, Alopiidae, and Sphyrnidae, families have large size and high market value
(Fahmi and Dharmadi, 2013). Sharks from the Carcharhinidae family are the most traded in Indonesia.
There are 27 species of shark from family Carcharhinidae which have an important economic value in
Indonesia (White et al., 2006), and Carcharhinus obscurus is one of them. Local people have been
catching sharks from generation to generation (Simeon et al., 2016) and selling at fishing ports. C.
obscurus has been landed in several fishing ports in Indonesia, from Fishery Port Technical
Implementation Unit (FP-TIU) Muncar (Harlyan et al., 2016) to West Nusa Tenggara (Nurcahyoet al.,
2016; Sentosa et al., 2016; Dewi et al., 2018; Yulianto et al., 2018) and Central Sulawesi (Zamrudet
al., 2016). The FP-TIU Muncar is one of the sales and landing shark centers in Indonesia.

Due to its population declines (Rigby et al., 2019), C. obscurus is categorized as an endangered
species, but not included in the CITES list related to trade management. The lack of information on
the biological aspects of C. obscurus is the reason why Indonesia does not have regulations to protect
dusk whaler sharks. Rigby et al. (2019) suggested that to support the creation of shark and ray
management policies and sustainable fisheries, sufficient information is needed covering biological,
management, social, and economic aspects. Furthermore, the aims of the study to analyze the number
of catches, length frequency distribution, clasper length, and sex ratio of C. obscurus landed at FP-TIU
Muncar, Banyuwangi.

MATERIALS and METHODS
Study site

The Fishery Port Technical Implementation Unit (FP-TIU) Muncar is located in Kedungrejo
Village, Muncar District, Banyuwangi Regency, East Java Province (Figure 1). Initially, the FP-TIU
Muncar was a Special Work Area for Muncar Fisheries based on the Decree of the Head of the East
Java Regional Fisheries Service Number 15 of 1984. Later, the name is changed to FP-TIU Muncar
based on the East Java Governor Regulation No. 31 of 2014. The management of fish landing and
marketing of FP-TIU Muncar is assisted by four fish auction places (FAP) including Port, Kalimoro,
Sampangan, and the new Port of FAP.
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Figure 1. a) Map of Prohibition of Fishing in Fisheries Management Area of Republic of Indonesia
(FMA-RI) with dash line. b) Map of FP-TIU Muncar, Banyuwangi (black circle).

Fishery production at FP-TIU comes from various fisheries commaodities including sharks, which
are landed at FP-TIU Muncar mostly originating from fishing sites along with the Bali to Makassar
Strait. Most of the sharks landed (78%) are the main catches of Muncar fishermen. 12 species of 4
shark families were landed at FP-T1U Muncar from 2014 to 2015 i.e the family of Alopiidae (Alopias
pelagicus), Lamnidae (Isurus paucus and I. oxyrinchus) and Sphyrnidae (Sphyrna lewini, S. zygaena
and S. mokarran). Commonly landed carcharhinid sharks were Carcharhinus limbatus, C. leucas, C.
obscurus, C. falciformis, C. longimanus, Galeocerdo cuvier, and Prionace glauca (Harlyan et al.,
2016).

Data sampling

The study was conducted in January to March 2018. The research location was at the Fishery Port
Technical Implementation Unit (FP-TIU) Muncar, Banyuwangi, East Java, Indonesia. Experimental
data were collected from fish landing by fisheries man, using a survey method with random sampling
techniques. Data on biological aspects including, total length, clasper length, level of maturity of the
classification, and sex ratio were recorded. The maturity level of male sharks is categorized based on
clasper condition and of the female is based on the presence of embryos (White et al., 2006).
Observation of the clasper condition is divided into non-calcification, non-full calcification, and full
calcification (Dharmadi et al., 2012). The amount of shark catch was adopted from Harlyan et al.
(2016) and Caesar et al. (2019). Supporting information of fisheries including the number of fish
catch, fishing locations, and fishing gear were collected by interviews with fishermen.

Data analysis

The total length was tabulated in a long frequency at 32 cm intervals and the comparison between
male and female sharks was analyzed descriptively. The correlation between clasper length and total
length is used linear regression analysis and the sex ratio was tested using Chi-Square. Furthermore,

comparison of sex (atio using the following formula (Effendie, 2002):

. Nb
SexXTatio = —.......cccciieeeeeeei, (1)
Nji
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Where:
Nbi = Female fish number of the size group of i
Nji = Male fish number of the size group of i

RESULTS
Fisheries and sex ratio

From the research was conducted at FP-TIU Muncar from January to March 2018, we found that
the amount of C. obscurus landed with 54 individuals (Figure 2). The catches of C. obscurus males
landed were 23 individuals with a percentage of 43% and female were 31 individuals with a
percentage of 57%. The result of sex ratio analysis shows that the ratio of male and female sharks is
1:1.34. Chi-square analysis showed the results of X? = 1.185: X? table (0.05) = 3.841. Besides, the
number of C. obscurus landed in 2018 was higher compared to 2014 and 2017 (Figure 2).
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Figure 2. The total catch of C. obscurus in 2015 (Harlyan et al., 2016), 2016 (Caesar et al., 2019;
Zulfiaty et al., 2019) and 2018 (this study) at FP-TIU Muncar.

Frequency of Total Length, Weight, and Maturity

The measurements on 54 individuals showed the C. obscurus are spread in a total length interval of
32 cm divided into seven classes where male and female sharks occur at size ranges of 268-299 cm.
Male sharks have a smaller total length than females the size ranges from 172-331cm and 172-394 cm,
respectively (Figure 3). Apart from the total length, the size of the shark landed is also seen through
the weight of the shark. Figure 4 shows the shark's body weight for 3 months. The results obtained
from weighing the shark body weight showed that the C. obscurus shark landed weighed 68-193 Kg
with a total weight of 8.604,43 Kg. C. obscurus landed at FP-TIU Muncar based on total length spread
at juvenile and adult. Adult sharks were 12 individuals (22.22%) and juveniles were 11 individuals
(20.37%), while adult females were 25 individuals (46.30%) and juveniles were 6 individuals 11.11%
(Figure 5).
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Correlation of clasper with a total length

The length of the clasper at the level of full calcification (FC) is 17-46 cm, at the level of non-full
calcification (NFC) has a class length of 19-23 cm and non-calcification (NC) has a length of 0 cm.
Based on the measured class length, 19 male individuals were included in the FC category (82.61%), 4
NFC individuals (17.39%) and there were no individuals in the NC category (Figure 6).

The results of the analysis of the total length relationship with the length of clasper in this study
have the equation y = 0.2047x-25.87 which means that with each 1% increase in the total length, the
length of the class will increase by 0.2047. The regression analysis has a correlation value R? = 0.595
(Figure 7). The longest class size is 46 cm from 310 cm and 324 cm individuals, while the shortest
class length is 17 cm from 197 cm individuals.

| o
- y = 0,2047 - 25,87 e
R? = 0,5959

0 50 100 150 200 250 300 350
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Figure 6. Maturity level based on clasper
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Figure 7. Correlation of clasper with a total length

DISCUSSION

Indonesia is a country in the Asia region where global production is caught by sharks, rays, and
chimaeras (FAO, 2020) and number 4 in the world which exports fins (Nicholas et al., 2017). This is
demonstrated by the number of shark captures that have been increasing from 2015 (Harlyan et al.,
2016) to 2018 with an increase by 21 individuals in Muncar (Figure 2). The increase in fishing is due
to the use of fishing gear, season, and amount of demand. Sharks were caught by Muncar fishermen
using bottom and surface longlines fishing gear. Season, fishing gear, month, fishing ground, engine
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power, and hook number affect the number of shark captures (Smale, 1991; Fahmi and Sumadhiharga,
2007; Manojkumar et al., 2012; Taylor and Bennett, 2013; Sentosa et al., 2016; Pratiwi et al., 2018;
Yulianto et al., 2018; Priyanti et al., 2019). Longline gears used by Muncar fishermen consist of main
ropes, branch ropes, buoys, and hooks. The number of hooks baited mostly with tuna and other bony
fishes is 500 pieces per unit of long lines.

Captured sharks are mostly processed for food products, where fin, meat, liver, skin, and bone
organs are used for consumption. The productivity of shark captures is predicted to increase per the
demand for shark fins or other organs. High demand for shark fin in the market from China has led to
increased shark fishing (Dent and Clarke, 2015), increase hunting, and threatens the preservation of its
stock in the wild (Daley et al., 2002). Therefore, the certification approach and business compliance
analysis are a part of the solution to control the sustainable management of shark fisheries resources
(Zamrud et al., 2019).

Longline fishing gear is used in several regions in Indonesia (Sentosa et al., 2016; Pratiwi et al.,
2018; Yulianto et al., 2018) where that target sharks as the main catch (Sentosa et al., 2016).
Fishermen from the TanjungLuar Fishing Port, East Lombok, West Nusa Tenggara are a group of
fishermen who use longlines to catch sharks (Fahmi and Sumadhiharga, 2007; Sentosa et al., 2016).
The fishermen's catches have similarities with those obtained by Muncar fishermen because the
fishing gear and the location of the same fishing operations are around the waters of Bali and Lombok
(Nurcahyo et al., 2016; Sentosa et al., 2016).

The location of the fishermen's catch is in the area of the Prohibition of Fishing in Fisheries
Management Area of Republic of Indonesia (FMA-RI) 573 and 713 (Sentosa, 2016; Figure 1a). Area
713 is an area from the Makassar to Bali Strait. Both straits are influenced by oceanographic
conditions from the Indonesian Through Flow (ITF) and have high potential fishery resources
(Suniada and Susilo, 2017; Efendi et al., 2019; Puspasari et al., 2019; Syah et al., 2019). Furthermore,
sea surface temperature and chlorophyll-a in the Bali Strait affect the production of sardine fish
(Puspasari et al., 2019), where the fish (Osteichthyes and Chondrichthyes), Mollusca, crustaceans, and
algae are a food source of the shark genera Carcharhinus (Smale, 1991; Saidi et al., 2007).

As it is seen in the total captures of sharks, the percentage of females is higher than males. This
indicates that more female sharks are found due to influences by environmental conditions, body size,
behavior, foraging, and spawning. Hoffmayer et al. (2014) suggested that temperature, depth,
maturity, and cruising influence the presence of female sharks. Furthermore, more female sharks are
caught due to the process of foraging to support the maturity of the gonads. More female sharks is
believed to have a better implication to the preservation of the specific resources and producing
offspring (Bhagawati et al., 2017).

The sex ratio of C. obscurus landed at FP-TIU Muncar is similar to the previous study (Harlyan et
al., 2016). The condition shows that the continuity of reproduction in nature can still occur where
fishing activities are balanced category. A balanced sex ratio is assumed in a state in nature that can
still do reproduction and allow fertilization of the egg by spermatozoa (Effendie, 2002). Furthermore,
a balanced sex ratio indicates the absence of intraspecific competition and stable shark migration.
Taylor and Bennett (2013) suggested that intraspecific competition and individual migration are
thought to affect sex ratio. The sex ratio has similarities where females are compared to males
(Harlyan et al., 2016). Different results were shown from previous studies of C. obscurus where the
sex ratio of females was higher than male (Caesar et al., 2019; Zulfiaty et al., 2019) and an inverse
male was higher than female (Taylor and Bennett, 2013; Nurcahyo et al., 2016). An unbalanced sex
ratio indicates that the survival of C. obscurus reproduction in nature is disturbed where reproduction
is low if the male population is more than females (Candramila and Januardi, 2007).

The results of measurements on 54 individuals showed C. obscurus landed where male sharks have
a smaller total length than females. Our study found the maximum total length that was caught reached
394 cm. The largest catches of C. obscurus compared to FP-TIU Muncar were 420 cm (Compagno et
al., 1989) and 210 tons at Nanfanao Fish Market in Northeast Taiwan (Joung et al., 2015). The weight
of sharks in Muncar is heavier than in previous studies where it weighed 180 kg (Castro, 1983) and
lighter than in KwaZulu-Natal weighing 450 kg (Dudley et al., 2005). The size of C. obscurus sharks
that were caught the most in this study is large than previous studies at Muncar with a size range of
160 to 385 cm (Harlyan et al., 2016), 383 cm at KwaZulu-Natal (Dudley et al., 2005), and 224 cm at
South Africa (Smale, 1991). Castro (1993) suggested in North American waters, concluded that C.
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obscurus sharks can reach a maximum size of up to 360 cm. Furthermore, the fishing gear and the
location of the caught are thought to affect the size of the C. obscurus. The fishing gear used is
longline sharks where commonly used to caught large sharks were families of Carcharhinidae,
Lamnidae, Alopiidae, and Sphyrnidae (MFM, 2015) with sizes of 3-4 meters (White et al., 2006). The
longline shark fishing gear is perfect for obtaining C. obscurus, due to their characteristic that is
included in semi-pelagic and large sharks.

Total frequency length data can be used to categorize shark maturity, where most of those caught
are in the adult category. The adult male category of C. obscurus was size range of 257-300 cm with
age 23 yr and newborn sized range of 69-100 cm (Natanson et al., 1995; White et al., 2006). Joung et
al. (2015) suggested the age at maturity level for females 16.6 yr and 15.5 yr for males. Furthermore,
C. obscurus can reach 37 yr of age based on age analysis of the spine and up to be 40 or 50 yr old
(Natanson et al., 1995). Juvenile and adult categories of sharks caught are influenced by seasons,
location, and fishing gear (Fahmi and Sumadhiharga, 2007; Taylor and Bennett, 2013; Hoffmayeret
al., 2014).

Clasper can be used to determine the level of sexual maturity in male sharks. The maturity level
based on the condition is divided into full conditions containing calcium substances and ready to
fertilize an egg or Full Calcification (FC), some contain calcium, but are not ready to fertilize an egg
or Non Full Calcification (NFC) and does not contain calcium, it is not ready to fertilize an egg or
Non-Calcification (NC) (Dharmadi et al., 2012). Calcium is a substance that influences the hardening
of the classification and is needed in the development of sexual maturity (Chodrijah and Faizah,
2016a). Mature male sharks are caught more than immature sharks based on clasper length in FP-TIU
Muncar. Different results from previous studies in Muncar where immature category sharks were
caught (Harlyan et al., 2016).

Adult or mature sexually (FC) caught is assumed to have experienced a reproductive cycle. The
young individuals (NFC) caught will cause growth overfishing, i.e. the number of young fish caught in
a catch rate that has not reached the optimum growth rate and allows the reduction of adult fish
populations (Efendi et al., 2019). Landed male individuals who are still in the NFC category are
assumed not to have the opportunity to reproduce and become a threat to sharks which are the top
predators to maintain their population. Maintaining a balance in the ecosystem is very important
because all the organisms live in symbiosis (Ferretti et al., 2010).

The correlation of total length with clasper length is generally used to determine the size of the
Elasmobranchii subclasses when reaching maturity (Carrier et al., 2004). The analysis shows that the
correlation between the two parameters (x: total length, y: class length) is less than 1, but has a
positive correlation. It is mean that the growth of clasper length will follow the body length. Chodrijah
and Fauziah (2016ab) suggested that the total length with clasper length are positively correlated. The
clasper is increasingly filled with calcium, the correlation between the length of the class and the total
length of body is getting smaller (Dharmadi et al., 2007). Therefore, the condition of class that is filled
with calcium has a length that is not closely related to the total body length.

CONCLUSION

The number of C. obscurus in FP-TIU Muncar has increased in recent years with the adult and
juvenile categories being the target of catch. Our results indicate that there has been overfishing by
Muncar fishermen. Management activities of fisheries in FP-TIU Muncar need to be carried out
considering the conservation status of sharks of C. obscurus categorized as endangered species.
Biological research data of C. obscurus in waters throughout Indonesia is needed, it can be proposed
to become regulation from the government to the community. Furthermore, government regulations on
conservation status and socialization of regulations to the community are solutions to protect C.
obscurus from endangered.

ACKNOWLEDGEMENT
The authors would like to acknowledge local people and fishermen of Muncar to help data
collected and WWF Indonesia (Marine Program) for research funding.

REFERENCES
Bhagawati, D., Nurani, T., & Abulias, M.N. (2017). Species, performance and sex ratio of shark landed in

470



IRSAN et al. 2021 ActAquaTr 17(4), 463-473

Pelabuhan Perikanan Samudra Cilacap. Jurnal Iktiologi Indonesia, 17, 185-200.

Caesar, H., Ulfah, M., Miswar, E., Yuneni, R.R. (2019). Biological aspects and the status of shark conservation
at the Muncar fishing port, Banyuwangi Regency. 2™ Proceedings Symposium of Sharks and Indonesian
Rays 2018, Fisheries Research Center.Maritime and Fisheries Human Resources and Research Agency,
Marine and Fisheries Ministry, Jakarta, 307-313 p. [Indonesian]

Camhi, M., Fowler, S.L., Musick, J.A., Brautigam, A., Fordham, S.V. (1998). Sharks and Their Relatives —
Ecology and Conservation. IUCN/SSC Shark Specialist Group. IUCN, Gland, Switzerland and
Cambridge, UK. iv + 39 pp.

Candramila, Junardi. (2007). Composition, diversity and sex ratio of Elasmobranchii fish from the Kakap River
in West Kalimantan. Jurnal Biospecies, 1, 41-46. [Indonesian]

Carrier, J.C., Musick, J.A., Herthaus, M.R. (2004). Biology of sharks and their relatives. CRC Press, Washington
D.C.

Carpenter, K.E. & Niem, V.H. (1998). FAO Species identification guide for fishery purposes the living marine
resources of the Western Central Pacific volume 2. Chepalopods, Crustaceans, Holothurians and Sharks.
Roma:  Food and Agriculture Organization of the United Nations.

Castro, J.I. (1983). The sharks of North American Waters.Texas A & M University Press, USA.

Chodrijah, U., & Faizah, R. (2016a). Size structure and sex ratio of Kejen shark (Carcharhinus falciformis) in
the South Waters of West Nusa Tenggara.1st Proceedings of Indonesian Sharks and Rays 2015, Marine
and Fisheries Ministry & WWF Indonesia, Bogor, 43-49 p. [Indonesian]

Chodrijah, U., & Faizah, R. (2016b). Size distribution and sex ratio of tiger sharks (Galeocerdo cuvier) in the
Indian Ocean waters of the Southern part of West Nusa Tenggara.1st Proceedings of Indonesian Sharks
and Rays 2015, Marine and Fisheries Ministry& WWF Indonesia, Bogor, 121-126 p. [Indonesian]

Compagno, L.J.V. (1984). FAO species catalogue. Vol.4. Sharks of the world: an annotated andillustrated
catalogue of shark species known todate Part 2 Carcharhiniformes. Food and Agriculture Organization
of the United Nations, Roma.

Compagno, L.J.V., Ebert, D.A., & Smale, M.J. (1989) Guide to the sharks and rays of southern Africa. New
Holland (Publ.) Ltd., London. 158 p.

Daley, R.K., Stevens, J.D., Last, P.R., & Yearsley, G.K. (2002). Field Guide to Australian Sharks and Rays.
CSIRO Marine Research and Development Corporation, Australia.

Dewi, S.P.S., Lasniroha, R., Pumpun, Y.K., Abidin, Z., & Wardono, S. (2018). Catch composition and fishing
ground of shark Appendix Il cites landed in Namosain, East Nusa Tenggara. Jurnal Penelitian Perikanan
Indonesia, 24, 149-156. [Indonesian]

Dent, F., & Clarke, S. (2015). State of the global market for shark products. FAO Fisheries and Aquaculture
Technical Paper 590. Rome.

Dharmadi, Fahmi, & Wiadnyana, N.N. (2012). Identification of vulnerable species and biological of sharks from
the Indian Ocean (SEASTAR 2000). Proceedings of the 7th International Symposium on SEASTAR 2000
and Asian Bio-logging Science (The 7th SEASTAR2000 workshop), 43-47 p.

Dharmadi, Fahmi, & Adrim, M. (2007). Long frequency distribution, body length relationship, class length, and
genital ratio of shark Lanjaman (Carcharhinus falciformis). Jurnal Litbang Perikanan Indonesia,13, 243-
254. [Indonesian]

Dudley, S.J.F., Cliff, G., Zungu, M.P., & Smale, M.J. (2005). Sharks caught in the protective gillnets of
KwaZulu-Natal, South Africa. African Journal of Marine Science, 27, 07-127.

Effendie, 1.M. (2002). Fisheries Biology. Yayasan Pustaka Nusantara, Yogyakarta. [Indonesian]

Efendi, H.P., Dhewi, R.T., & Ricky. (2019). Diversity of species and length distribution of sharks in the
Makassar Strait waters.2™ Proceedings Symposium of Sharks and Indonesian Rays 2018, Fisheries
Research Center, Maritime and Fisheries Human Resources and Research Agency,Marine and Fisheries
Ministry, Jakarta, 33-42. [Indonesian]

Fahmi, & Dharmadi. (2013). An overview of the status of shark fisheries and their conservation efforts in
Indonesia. Directorate of Conservation of Areas and Fish Species, Directorate General of Marine, Coastal
and Small Islands, Marine and Fisheries Ministry, Jakarta.

Fahmi, & Sumadhiharga, K. (2007). Size, sex and length at maturity of four common sharks caught from
Western Indonesia. Marine Research Indonesia, 32, 7-19.

Ferretti, F., Worm, B., Britten, G.L., Heithaus, M.R., & Lotze, H.K. (2010). Patterns and ecosystem
consequences of shark declines in the ocean. Ecology Letters, 13, 1055-1071.

Food and  Agriculture  Organization  (FAO). (2020). Global  capture  production -
http://www.fao.org/fishery/statistics/global-capture-production/en. [Accessed February 1th 2020].

Froese, R., & Pauly, D. (2017). Carcharhinus obscurus. www.fishbase.org. [Accessed October 10™ 2017].

Harlyan, L.1., Kusumasari,A., Anugrah, M., & Yunaeni, R.R. (2016). Data collection of sharks landed at Muncar
Beach Fishing Port, Banyuwangi.1lst Proceedings of Indonesian Sharks and Rays 2015, Marine and
Fisheries Ministry& WWF Indonesia, Bogor, 23-32 p. [Indonesian]

471


http://www.fishbase.org/

IRSAN et al. 2021 ActAquaTr 17(4), 463-473

Hoffmayer, E.R., Franks, J.S., Driggers, W.B., McKinney, J.A., Hendon, J.M., & Quattro, J.M. (2014). Habitat,
movements and environmental preferences of dusky sharks, Carcharhinus obscurus, in the northern Gulf
of Mexico.Marine Biology, 161, 911-924.

Joung, S.J, Chen, J.H, Chin, C.P., &Liu, K.M. (2015). Age and growth of the dusky shark, Carcharhinus
obscurus, in the Western North Pacific Ocean. Terrestrial Atmospheric and Oceanic Sciences, 26, 153-
160.

Last, P.R., & Stevens, J.D. (1994). Sharks and rays of Australia. Marine Biological Association of the United
Kingdom. Melbourne, Australia.

Manojkumar, P.P., Zacharia, P.U., & Pavithran, P.P. (2012). Fishery of elasmobranchs with some observations
on the biology and stock assessment of Carcharhinus limbatus (P. Muller & Henle, 1839) exploited along
Malabar coast. Indian Journal of Fisheries, 59, 35-41.

Marine and Fisheries Ministry (MFM). (2015). National action plan for shark and ray conservation and
management 2016-2020. Directorate of Marine Biodiversity Conservation and Management, Directorate
General of Marine Zone Management, Marine and Fisheries Ministry, Jakarta. [Indonesian]

Natanson, L.J., Casey, J.G., & Kohler, N.E. (1995). Age and growth estimates of the dusky shark, Carcharhinus
obscurus, in the western North Atlantic Ocean. Fish Bulletin, 93, 116-126.

Nurcahyo, H., Sangadji, I.M., & Yudiarso, P. (2016). Species composition, length distribution and shark
sexlanded in East Java, Bali, NTB and NTT.1st Proceedings of Indonesian Sharks and Rays 2015, Marine
and Fisheries Ministry & WWF Indonesia, Bogor, 33-41 p. [Indonesian]

Prihatiningsih, Nurdin, E., & Chodrijah, U. (2018). Species composition, catch per unit of effort, season and
fishing ground of shark in the Indian Ocean Southern Java waters. Jurnal Penelitian Perikanan
Indonesia, 24, 283-296. [Indonesian]

Puspasari, R., Rachmawati, P.F., & Muawanah, U. (2019). Climate variability impact on Bali sardine fishery:
Ecology and fisheries perspective. Fisheries Management and Ecology, 26, 540-547.

Rigby, C.L., Barreto, R., Carlson, J., Fernando, D., Fordham, S., Francis, M.P., Herman, K., Jabado, R.W., Liu,
K.M., Marshall, A., Pacoureau, N., Romanov, E., Sherley, R.B., &Winker, H. (2019). Carcharhinus
obscurus. The IUCN Red List of Threatened Species 2019: e.T3852A2872747.
https://dx.doi.org/10.2305/IUCN.UK.2019-3.RLTS.T3852A2872747.en. Downloaded on 23 February
2020.

Saidi, B., Bradai, M.N., Bouain, A., & Capapé, C. (2007). Feeding habits of the sandbar shark Carcharhinus
plumbeus (Chondrichthyes: Carcharhinidae) from the Gulf of Gabés, Tunisia.Cahiers de Biologie Marine,
48, 139-144.

Sentosa, A.A., Widarmanto, N., Wiadnyana, N.N., & Satria, F. (2016). The shark catch composition differences
of drift and bottom longline based in Tanjung Luar, Lombok. Jurnal Penelitian Perikanan Indonesia, 22,
105-114. [Indonesian]

Simeon, B.M., Apriliani, 1.M., & Gautama, D.A. (2016). Strategy to shift shark fishing operations in Muncar
Beach Fishery Port, Banyuwangi Regency, East Java.lst Proceedings of Indonesian Sharks and Rays
2015, Marine and Fisheries Ministry& WWF Indonesia, Bogor, 233-240 p. [Indonesian]

Smale, M.J. (1991). Occurrence and feeding of three shark species, Carcharhinus brachyurus, C. obscurus and
Sphyrna zygaena, on the Eastern Cape coast of South Africa. South African Journal of Marine Science,
11, 31-42.

Suniada, K.1., & Susilo, E. (2017). Relationship of oceanography conditions and pelagic fisheries in Bali strait
waters. Jurnal Penelitian Perikanan Indonesia, 23, 275-286. [Indonesian]

Syah, A.F., Setyowati, N., & Susilo, E. (2019). Preliminary findings on distribution of Bali Sardinella
(Sardinella lemuru) in relation to oceanographic conditions during southeast monsoon in Bali Strait using
remotely sensed data. Journal of Marine Science, 01, 25-30.

Taylor, S.M., & Bennett, M.B. (2013). Size, sex and seasonal patterns in the assemblage of Carcharhiniformes in
a sub-tropical bay. Journal of Fish Biology, 82, 228-41.

White, W.T., Last, P.R., Stevens, J.D., Yearsley, G.K., Fahmi, & Dharmadi. (2006). Economically important
sharks and rays of Indonesia. ACIAR. Canberra, Australia.

Yulianto, 1., Booth, H., Ningtias, P., Kartawijaya, T., Santos, J., Sarmintohadi, Kleinertz, S., Campbell, S.J.,
Palm, HW., &Hammer, C. (2018).Practical measures for sustainable shark fisheries: Lessons learned
from an Indonesian targeted shark fishery.PLoS ONE, 13(11), e0206437.

Zamrud, M., Hesroni, & Musram, S. (2016). Tracking the shark trade in Banggai islands Central Sulawesi.1lst
Proceedings of Indonesian Sharks and Rays 2015, Marine and Fisheries Ministry& WWF Indonesia,
Bogor, 143-150 p. [Indonesian]

Zamrud, M., Hidayat, J.A., & Chadidjah, S. (2019). Trade monitoring and compliance of dried shark fin’s
exporters in south Sulawesi based on certification approach. 2™ Proceedings Symposium of Sharks and
Indonesian Rays 2018, Fisheries Research Center, Maritime and Fisheries Human Resources and
Research Agency, Marine and Fisheries Ministry, Jakarta, 179-186 p. [Indonesian]

472



IRSAN et al. 2021 ActAquaTr 17(4), 463-473

Zulfiaty, E., Wiadnya, D.G.R., Lelono, T.D., & Yuneni, R.R. (2019). Species composition and biological aspects
of tiger shark (Galeocerdo cuvier) caught in Bali strait and Makassar strait (WPP 573 and 713). 2"
Proceedings Symposium of Sharks and Indonesian Rays 2018, Fisheries Research Center, Maritime and
Fisheries Human Resources and Research Agency, Marine and Fisheries Ministry, Jakarta, 109-118 p.

[Indonesian]

473



Acta Aquatica Turcica
E-ISSN: 2651-5474 17(4), 474-488 (2021) DOI: https://doi.org/10.22392/actaquatr.866136

Fajlarin Balik Hastaliklarimin Kontroliinde Kullanim
Siiheyla KARATAS ©, Fatma KARACOBAN
Istanbul Universitesi, Su Bilimleri Fakiiltesi, Su Uriinleri Yetistiriciligi ve Hastaliklar1 BSliimii, Istanbul

“Sorumlu Yazar: skaratas@istanbul.edu.tr

Gelis 21 Ocak 2021; Kabul 19 Nisan 2021; Basim 01 Aralik 2021.

Alintilama: Karatas, S. & Karagoban, F. (2021). Fajlarin Balik Hastaliklarinin Kontroliinde Kullammu. Acta Aquatica
Turcica, 17(4), 474-488. https://doi.org/10.22392/actaquatr.866136

Ozet

Kiltir balik¢iliginda antibiyotik direncin ortaya c¢ikmasi sonucu, daha 6nce kolaylikla tedavi edilen hastaliklar ile
miicadele gittikce zorlagmis hatta imkansiz hale gelmistir. Acil c¢evreyle dost alternatif yontemlerin arastirilmasi ve
gelistirilmesine ihtiyag vardir. Olas1 se¢encklerden biri, sorunlu bakteriyel balik patojenlerini hedef alan susa Ozgii
bakteriyofajlarin profilaktik veya terapotik kullanimidir. Yapilmis olan bu ¢aligmada su iiriinleri yetistiriciliginde 6zellikle
ilkemizde goriilen bakteriyel hastalik etkenlerine kars:i izole edilen bakteriyofajlar ile ilgili bugline kadar yapilmig
arastirmalar derlenmistir. Sonug olarak iilkemiz akuakiiltiir sektorii acisindan baktigimizda fajlar ile ilgili detayli ¢alismalara
ihtiya¢ bulunmaktadir. Faj terapisi stratejisinden tam olarak yararlanabilmek i¢in faj adaylarmin dikkatle secilmesi ve izole
edilmis fajlarin kullanimlarmin giivenli oldugundan emin olmak i¢in ayrintili bir sekilde karakterize edilmesi gerekmektedir.
Bugiine kadar yapilmis faj ¢aligmalarinin ¢ogu in vitro kosullarda yapilmistir ve sahada kullanima gegmeden 6nce daha
detayli in vivo ¢aligmalara ihtiyag vardir.

Anahtar Kelimeler: bakteriyofaj terapi, balik sagligi, bakteriyel balik hastaliklari, akuakdiltiir, ¢gevreyle dost
The use of phages for fish disease control
Abstract

It has become increasingly difficult or sometimes impossible to combat bacterial diseases that were previously easily
treated due to the emergence of antibiotic resistance in bacterial fish pathogens. There is therefore an urgent need for more
research and the development of eco-friendlier alternatives to antibiotics. One very promising option is the preventive or
therapeutic use of strain-specific bacteriophages that target problematic bacterial fish pathogens. In this article, the studies on
bacteriophages isolated against bacterial disease agents in aquaculture, especially in our country, have been reviewed. As a
result, when we look at the aquaculture sector in our country, detailed studies on phages are needed. To take full advantage
of the phage strategy, phage therapy candidates must be carefully selected and characterized in detail to ensure that they are
safe to use. One main conclusion is that there is a need for more basic research related to the use of phages in the aquaculture
sector of our country. So far, most of the phage studies have been carried out in vitro, and more detailed in vivo studies are
needed before the phages can be used in the field.

Keywords: bacteriophage therapy, fish health, bacterial fish diseases, aquaculture, eco-friendly

GIRIS

Diinya genelinde niifusun ve beslenme sorunlarimin arttig1 giiniimiizde saglikli bir protein kaynagi
haline gelen su iriinlerinin 6nemi giderek artmistir ve artan bu {iretimle birlikte bu kaynaklari
korumak, stirekliligini saglamak gerekmistir. Bunun sonucunda su trlnleri, yetistiricilik yoluyla
gelismis ve en hizli biiyiiyen sektorler arasinda yer almustir. Su iiriinlerinin yillara gore gelisimi ve
degisimi incelendigi zaman iiretim miktarinda artis gézlenmistir ve artan bu liretim beraberinde
hastalik, yem, cevre, pazar, teknoloji, is giici ve mevzuat gibi ¢esitli sorunlar1 da getirmistir
(Subasinghe vd., 2009; Candan ve Karatag 2010; Cabello, 2006).

Baliklar diger canlilara oranla ¢evre kosullarina daha fazla duyarlidir ve yasadiklari ortamdaki
suyun fiziksel, kimyasal, biyolojik 6zelliklerin bozulmasindan ¢ok fazla etkilenirler. Ayrica sularin
1sinmasi, kirlenmesi ve oksijen seviyenin diismesi yani sira yetistiriciligin yapildig1 yerlerde stok
yogunlugunun artmasina bagli olarak stres olusmaktadir. Baliklarin boylama ve sayilmasi esnasinda
elle miidahale edilmesi ya da taginmasi gibi nedenler yiiziinden ortamda bulunan firsat¢i patojenlerin
varligina bagli olarak enfeksiyonlar ortaya ¢ikmaktadir. Kiiltiir baliklarinda g¢evresel faktorlerin
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hastaliklar {izerine etkisi, dogada yetisen baliklara oranla daha fazladir (Candan ve Karatas, 2010;
Barton ve lwama, 1991; Middelboe vd., 2008; Dallaire-Dufresne vd., 2014).

Su iiriinleri sektorii, bakteriyel ve viral etkenlerin neden oldugu hastaliklar nedeniyle O6liim
oranlarinda ciddi bir artis ve biiyiik ekonomik kayiplar yasamaktadir ve bu kayiplar1 azaltabilmek igin
uygun terapdtikler kullanilmaktadir (Samanidou ve Evaggelopoulou, 2007; Diana vd., 2013; Wise ve
Johnson, 1998). Antibiyotikler, bakteriyel hastaliklar1 kontrol altina almak i¢in etkili terapotik ajanlar
olarak kabul edilmis, bununla birlikte sik kullanimlarina bagh olarak antibiyotik direnci olusmasina ve
yayginlagsmasina neden olmustur (Candan ve Karatas, 2010). Antibiyotiklerin, diren¢ gelistirmesiyle
hastaliklarin tedavi siireleri uzamakta, maliyet miktar1 artmaktadir ve ciddi kayiplar meydana
gelmektedir. Bir ilacin gelisimi yavas bir siiregtir ve son yillarda az sayida antibiyotik piyasaya
siriilmiistiir. Diinya Saghk Orgiiti (WHO) gdzlem raporunda, yeni bir 'antibiyotik &ncesi cag' in
baglayabilecegini ve bu nedenle yenilikei, ¢evreyle dost yontemlerin arastirilmas: ve gelistirilmesinin
tesvik edilmesi gerektigini belirtmistir (WHO, 2014).

Bakteriyel antibiyotik direncine iliskin farkindalik son yillarda artmakta ve diinya ¢apinda cesitli
onlemler alinmaktadir. 2003 yilinda Avrupa Birligi (AB), hayvanlarda biiylime amacli antibiyotik
kullanimimi yasaklamistir. Ulkemizde de Saglik Bakanligi 2014-2017 yillarim1 kapsayan “Akilcr ilag
Kullanimi Ulusal Eylem Plan1” baglatmustir. Ilacin iiretiminden, atigiin imhasina kadar gegen siireci
kapsamaktadir ve hasta, doktor, iiretici ve personelin egitilmesi, enfeksiyonlarin daha erken ve etkili
bir sekilde tedavisi i¢in direng profilleri hakkinda daha iyi bir veri toplanmasi, yeni antibiyotiklerin
bulunmasi, hizli tanm1 yontemlerinin ve diger alternatif yontemlerin gelistirilmesi i¢in kaynak
saglanmas1 hedeflenmistir (Sahin, 2017).

Alternatif anti-enfeksiyon yontemlerin gelistirilmesi, modern tibbin ve biyoteknolojinin
onceliklerinden biri olmustur. Antibiyotik direncinin ortaya ¢ikmasi sonucu, kiiltiir balik¢iliginda daha
once kolaylikla tedavi edilen hastaliklar ile miicadele gittikce zorlasmis hatta imkansiz hale gelmistir.
Bu nedenle antibiyotiklerin etkilerini azaltabilmek i¢in ¢esitli ¢calismalar baslatilmigtir (Merabishvili
vd., 2009; Weber-Dabrowska vd., 2016). Baliklardan hastalik etkeni olarak izole edilmis bakterilere
kars1 etkili, ¢evre dostu ve antibiyotige direngli bakteriyel enfeksiyonlar1 kontrol etmek icin bilimsel
olarak kanitlanabilir bir ¢6ziim olan “bakteriyofaj tedavisi” sahip olduklar1 dogal 6zellikleri nedeni ile
antibiyotiklere alternatif olarak diisliniilmiistiir.

Yapilmig olan bu calismada su iriinleri yetistiriciliginde hastalik ¢ikiglarinda goriilen yiiksek
mortalitenin Oniine gegebilmek ve antibiyotik kullanimini azaltabilmek igin alternatif bir tedavi
yontemi olan bakteriyofajlar ile ilgili bugiine kadar yapilmis calismalar derlenmistir.

Tarihce ve Simiflandirma

Bakteriyofajlar, bakterilerin zorunlu hiicre i¢i parazitleridir yani bakterileri enfekte eden viriislerdir.
2011 yilinda Alexander Sulakvelidze, bakteriyofajlar1 “bu gezegendeki mikrobik dengenin
korunmasinda 6nemli bir rol oynayan diinyadaki en yaygin organizmalar” olarak tanimlamistir. 1896
yilinda Ingiliz bilim adami Ernest Hanbury Hankin, Vibrio cholerae bakterisinin Ganj Nehri suyunda
6ldigini ve su kaynatildiginda bu 6zelligini kaybettigini ve bu olaya canli bir varligin sebep oldugunu
fark ettiginde daha bakteriyofaj tanimi yapilmamustir. Iki yil sonra, Rus bakteriyolog Gamaleya,
Bacillus subtilis ile calisirken benzer bir fenomenin varligini gozlemlemistir. Ancak Hankin’in
gdzleminden yaklasik 20 yil sonra Ingiliz bilim adanu Frederick Twort tarafindan benzer bir fenomen
rapor edilinceye kadar hi¢ kimse bu konu ile daha fazla ilgilenmemistir. Bu kesiften sonra 1915
yilinda Felix d’Herelle bakteriyofajlar1 isimlendirerek kolera, sarbon, difteri gibi hastaliklara neden
olan bazi patojen mikroorganizmalara kars1 bakteriyofajlar izole etmistir. Birgok bilim adami, ilk kez
1896 yilinda kesfedilen ancak adi konamayan fenomene “Twort-d’Herelle fenomeni” ve daha sonra da
“bakteriyofaj fenomeni” olarak atifta bulunmustur (Sulakvelidze vd., 2001; Wittebole vd., 2014).

Fajlarin bulunmasindan yaklasik 20 yil sonra ilk antibiyotik, penisilin bulunmus ve bu nedenle
bakteriyofaj caligmalar1 yavaglamistir. 1928 yilinda Alexander Fleming’in penisilini kesfetmesiyle
antibiyotik ¢ag1 baglamis ve fajlara olan ilgi bir anda 6nemini yitirmistir. Bununla birlikte faj terapisi,
eski SSCB, Polonya ve daha az 6l¢iide Hindistan'da devam etmistir. Ancak son yillarda bir¢ok patojen
organizmada olusan antimikrobiyal direng, arastirmacilarin bu asirlik yaklasimi  yeniden
diistinmelerine ve tedavisi zor olan bakteriyel patojenlere karst yeni ve potansiyel olarak uygulanabilir
bir tedavi secenegi olarak faj terapisini yeni bir bakis acisi ile ele almalarina neden olmustur
(Wittebole vd., 2014). Bu c¢alismalarin bir sonucu olarak, faj tedavisi iizerine ilk makale Richard
Bruynoghe ve Joseph Maisin tarafindan 1921 yilinda yayimlanmistir (Sulakvelidze vd., 2001). Bu
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caligmalardan birka¢ yil sonra, bakteriyofaj ¢aligmalarini daha ileri boyuta tasimak ve faj tedavisini
gelistirmek tizere 1923 yilinda Tiflis-Giircistan’da ilk bakteriyofaj enstitiisii kurulmustur. Bu enstitii
halen faj terapisini aragtirmakta ve gesitli bakteriyel hastaliklarin tedavisinde faj tedarik etmektedir
(Summers, 2001; Sulakvelidze vd., 2001; Kutter ve Sulakvelidze, 2004). Insan hekimliginde
bakteriyofajlar ilk kez Hindistan’da kolera hastalig1 tedavisi i¢in d’Herelle tarafindan 1931 yilinda
kullanilmigtir, 1940 yilinda Helmut Rushka tarafindan elektron mikroskobunda incelenmistir
(Ackerman, 2011). 1951 yilinda “ A” lambda faj1 izolasyonu Esther Lederberg tarafindan yapilmis ve
bu yillardan baglamak iizere fajlar molekiiler biyolojide rutin bir sekilde kullanilmustir (Lederberg ve
Lederberg, 1953). 1960 yilinda immiinoloji konusunda Nobel 6diilii alan Avustralyali bilim adami
Frank Macfarlane bakteriyofajlarin dogasi, bakteriyel konag: ile etkilesimleri ve lizojeni ile iliskili
caligmalar yapmis ve ayni zamanda farkli faj tiirlerinin olabilecegini gostermistir (Sankaran, 2010,
Wittebole vd., 2014). Schlesinger, fajlarin niikleoproteinlerden olugsmus viral partikiiller oldugunu
dogrulamistir. Faj genomlarinin dizilenmesine ise ilk kez 1970’lerin sonlarina dogru baslanmistir
(Fiers vd., 1976).

Fajlarin bakteriyel ajanlara karsi etkilerinin gozlenmesinin hemen ardindan ¢esitli ticari {iriinler
gelistirilmistir. Ornegin Eliava Enstitiisii 1920’li yillarda kurulduktan sonra; Staphylococcus,
Pseudomonas, Proteus ve bir¢ok enterik patojene karsi, giinde tonlarla ifade edilen faj tiretimi
yapmistir. 1940’larda Amerika Birlesik Devletleri’nde “the Eli Lilly Company”, insan kullanimi igin
staphylococci, streptococci, Escherichia coli ve diger bakteriyel patojenlere karsi kullanilmak tizere
yedi farkli faj iiriinii iiretmistir. 1930 ve 1940'larda bakteriyofaj iiriinleri Fransa, Ingiltere, Almanya,
Italya ve ABD'de ticari olarak bulunuyordu (Myelnikov, 2018). 1952 yilinda Polonya’da kurulan
Hirszfeld Enstitiisii, septisemi, furunkulozis, pulmoner ve iiriner kanal enfeksiyonlar1 ve postoperatif
ve posttravmatik enfeksiyonlarin tedavisi veya profilaksisinde kullanilan friinler gelistirmistir
(Sulakvelidze vd., 2001). Bunlarin disinda giiniimiize kadar pek c¢ok faj arastirmasi hayvanlarda
(Smith ve Huggins, 1983; Smith ve Huggins, 1987; Soothill vd., 1988; Bogovazova vd., 1991) ve
insanlarda (Slopek vd., 1983; Slopek vd., 1987; Kaczkowski vd., 1990; Stroj vd., 1999) yapilmistir ve
gelisen antibiyotik direnci sorunuyla birlikte, fajlarin insan-hayvan hekimliginde klinik kullaniminin
gelecekte cok daha fazla 6nemli hale gelecegi diisiiniilmektedir (Kingwell, 2015).

Bakteriyofajlar, Eubacteria ve Archaea’lar1 enfekte ederler bu nedenle prokaryotlarin viriisleri
olarak da tanimlanmaktadirlar ve toplamda 140’tan fazla bakteri genusunu enfekte ederler.
Bakteriyofajlar diger viriisler gibi niikleik asit ve protein kiliftan ibarettir. Farkli sekilleri olmakla
birlikte, cogunda niikleik asidin konak hiicreye transferinde bir kanal ya da koprii vazifesi goren bir
kuyruk bulunur. Yiiksek sicaklik, diisiik pH gibi zor kosullarda bile hayatta kalabilirler. Fajlar yapisal,
fizikokimyasal ve biyolojik dzelliklerinde son derece heterojen olduklarindan; morfotiplerine, niikleik
asit yapilarina, sekillerine, enfekte ettikleri bakterinin tiirline gore farkli sekilde siniflandirilmislardir
(Ackermann, 2001, 2007). Virionlar kuyruklu, polihedral, filament6z ve pleomorfik yapidadirlar.
Biiyiik cogunlugu ¢ift iplikli DNA igerir ancak tek iplikli DNA, tek iplikli RNA veya ¢ift iplikli RNA
iceren az sayida faj gruplari da bulunmaktadir ve 1 ordo, 13 familya ve 31 tiir olarak
siniflandirilmiglardir. Familyalar, faj niikleik asidin dogasi ve genel virion morfolojisine gore
tanimlanmugtir. Siniflandirma igin yaklasik 40 kriter kullanilmasina ragmen, cins ve tiirler i¢in
evrensel bir kriter bulunmamaktadir (Ackermann, 2005).

Kuyruklu fajlar en biiyiik ve en yaygin bakteriyel viriis grubunu olusturur; 6rnegin, bugiine kadar
elektron mikroskobunda en az 4950 kuyruklu faj gézlenmistir (Ackermann, 2001; Schopf, 1992;
Ackermann, 1999). Virionlar sadece bir protein kiliftan ve dogrusal ¢ift iplikli DNA'dan olusur.
Zarflar1 bulunmaz ve kapsitler kiibik simetrili, kuyruklar1 sarmal yapidadir. Baslar1 ikosahedral yapida,
diizglin ya da yayvan sekildedir. Kuyruklu fajlar Caudovirales ordosu altinda simiflandirilmislardir.
Ayrica boyutlari, yapilari, DNA igerigi ve bilesimi, yapisal proteinlerin dogasi, serolojileri, konake1
aralig1 ve fizyolojileri farklilik gosterebilmektedir. Bu nedenle kuyruklu fajlar tiim viriislerin en ¢esitli,
en ¢ok sayida ve en yaygin olanlaridir. Kuyruklu fajlarin yaklasik %25’ini olusturan, bir kilif ve bir
merkezi kasilabilen kuyruklar olan Miyoviridae, kuyruklu fajlarin yaklagik %61’°ini olusturan uzun,
kasilamayan kuyruklari olan Siphoviridae ve kuyruklu fajlarin yaklasik %14’iinii olusturan kisa,
kasilamayan kuyruklari olan Podoviridae olmak iizere li¢ familyasi bulunmaktadir (Ackermann, 2005).

Bugiine kadar tanimlanmis virlislerin % 4’linden daha az bir kismin1 kapsayan kuyruksuz fajlar
bazen tek bir genus ve tiir igeren 10 familya altinda siniflandirilmislardir. Zarfli ve zarfsiz fajlar ise
polihedral, filament6z ve pleomorfik yapida olmak iizere {i¢ tiptir (Sekil 1) (Ackermann, 2005).
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Kuyruklu Polihedral

(Caudovirales, dsDNA, zarfsiz) : :
Microviridae Leviviridae
(ssDMA, zarfsiz) (ssRNA, zarfsiz)

Podoviridae Tectiviridae
(dsDNA, lipid vezikiil)

Myoviridae "~
Siphoviridae Corticc;viridae Cystoviridae
(dsDNA, lipidli kompleks kapsid) (dsRNA, lipidik zarfli)
Filamentoz Inoviridae Pleomorfik

(ssDNA, filament, cubuk,

helikal, zarfsiz)
V\ Fuselloviridae

M (dsDNA, zarfl)

Lipothrixviridae H *
beta, dsDNA, helikal Rudiviridae Plasmaviridae
apsid, zarfh) (dsDNA, helikal, zarfsiz) (dsDNA, lipidik zarfli, kapsidsiz)

Sekil 1. Temel bakteriyofaj morfotipleri (Ackerman 2005, degistirilerek ¢izilmistir)

Bakteriyofajlarin Yasam Dongiisii

Fajlar, diger tiim viriisler gibi hiicre i¢i parazitlerdir ve bu nedenle ¢ogalmak i¢in belirli bir
konakgiya ihtiyac duyarlar. Bir konake1 bakteri ile faj temasi, konake1 yilizeyinde mevcut olan gerekli
reseptorleri (karbonhidrat, protein, lipopolisakarit molekiilleri ve flagella) taniyan kuyruklari ve uglari
yoluyla gerceklesir. Cogu faj, konak reseptdrleri i¢in oldukg¢a spesifiktir ve biraz farkli yapilara sahip
reseptorlerle zayif veya hic etkilesimleri yoktur. Bu yiiksek Ozgiilliik, bakteriyel tiirlerin veya alt
tirlerin tanimlanmasinda yaygin olarak kullanilan faj tipleme yontemlerinin temelini olusturur
(Sillankorva 2008; Sharma vd., 2017). Genetik materyal olarak viriisler gibi DNA ya da RNA igerirler
ve konak bakteri yoniinden oldukca secicidirler. Her fajin, icinde ¢cogalabilecegi spesifik bir bakteri
konag1 bulunur. Viriislerde oldugu gibi adsorbsiyon, penetrasyon, bakteri i¢inde gelisme donemi,
olgun fajlarin meydana gelmesi ve fajlarin serbest kalma safhalar1 bulunur. Kuyruklu fajlar konak
bakteriye kuyruk kisimlariyla, kuyruksuz fajlar ise kapsitlerinin herhangi bir noktasindan tutunurlar.
Kasilabilen kuyruklar1 bulunan bakteriyofajlar bakteri hiicresine yapisir yapismaz, kasilma hareketi ile
faj DNA’si1 bakteri igerisine enjekte ederler. Diger fajlarda 6zel bir mekanizma ile faj niikleik asidi
hiicre igerisine girer. Bakteriyofajlar genellikle lizojenik ve litik olmak {izere 2 tiir enfeksiyona neden
olurlar. Litik enfeksiyon bakteriyel konakg¢iya dogrudan zarar veren bir enfeksiyon seklidir. Bu tiir
cogalma sonucunda bakteri hiicreleri genellikle parcalanarak erirler, yani lizise ugrayarak oOliirler.
Konak bakterinin erimesi ve fajlarin serbest hale gecmesinde faj genomunda kodlanan spesifik litik
enzimlerin 6nemli fonksiyonlar1 vardir. Bu enzim sayesinde fajlar belirli bir sayiya ulastiktan sonra
hiicre duvarini eriterek serbest hale gelirler. Konake1 lizisi ile enfekte olmus her bir bakteriden
yiizlerce yeni faj salimir. Uretilen yeni fajlarin sayisi tiirlere ve kosullara bagli olmakla beraber her bir
faj, litik dongii basina ortalama 50-200 yeni faj iiretebilir (Hayes, 1968; Carlton, 1999, Tan, 2015;
Alves, 2015). Lizojenik enfeksiyon, virionun konakgilarin hiicre yiizeyi reseptdr molekiilleri ile
etkilesime girmesi ile baslar, faj adsorpsiyonundan sonra hiicre duvar eritilerek niikleik asit hiicreye
taginirken kapsit hiicrenin disinda kalir. Fajlar bakteri i¢ine girdikten sonra faj DNA’s1 bakteri DNA’s1
ile biitiinlesir. Bu sekilde DNA’s1 ile biitiinlesmis faj tasiyan bakteriye lizojen bakteri ad1 verilir. Bu
olaya lizojeni, baglanan faja da profaj adi verilir ve bu durumda faj ¢ogalmaz ve bakteriyi eritmez.
Lizojenik bakteriyofajlar da diger bakteriler gibi ¢ogalirlar ve hayati fonksiyonlarini devam ettirirler.
Boylece bir lizojenik bakteriden iki yavru lizojenik bakteri meydana gelir (Letchumanan, 2016;
Bilgehan, 2002; Rao ve Lalitha, 2015, Alves, 2015; Sillankorva, 2008).

Fajlar dogada en ¢ok bulunan organizmalardir (10%°-10%! arasinda). Konak bakterileri nerede
yastyorsa o bdlgede ¢ok sayida bulunurlar. Yaklasik olarak saniyede 10% faj enfeksiyonu gerceklestigi
ve diinyadaki bakterilerin yarisimn 48 saatte fajlar tarafindan yok edildigi rapor edilmistir
(Sulakvelidze vd., 2001). Dogada ¢ok fazla sayida faj olmasina ragmen spesifik bir bakteriye karsi
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izolasyonlar1 zordur. Bu nedenle faj konusunda ¢alisan bilim adamlar1 faj izolasyon islemine “faj av1”
(phage hunting) kendilerine de “faj avcis1” (phage hunter) ismini vermislerdir.

Lizojenik fajlar, faj terapisi i¢in iyi adaylar degillerdir. Lizojenik yasam dongiisiinde fajlar,
kendilerini enfekte olmus bakterilerin genomuna kopyalarlar ve orada bir “profaj” olarak bulunurlar.
Bu fajlarin bakteri genomlariin evrimi i¢cin 6nemli oldugu ve “transdiiksiyon” olarak bilinen islemde,
bakteriler arasinda yatay gen transferine aktif olarak katkida bulunduklari bilinmektedir. Bu
mekanizma, zararsiz bir bakteriyi problemli bir patojen haline getirebilecek antibiyotik direng
genlerini ve viriilans genlerini yaymaktadir. Bunun aksine; litik fajlarin yasam dongiileri, enfekte
olmus hiicrenin lizizine yol agtig1 igin bu tipteki fajlar faj tedavisi icin genellikle idealdir. Bununla
birlikte, baz1 lizojenik fajlar da bakteriler arasinda gen transferini kolaylastirabilmektedir.
Genomlarinda endoniikleazlar olmayan ve “siiper yayici” olarak adlandirilan bu viriilan fajlar,
parcalanmig bakterilerden ¢evreye bozulmamis genomik DNA salgilarlar (Keen vd., 2017). Bu hiicre
dist DNA, “transformasyon” olarak bilinen islemde bazi diger bakteriler tarafindan almabilir. Bu
nedenle, terapétik potansiyele sahip bir fajin, bakteriyel hiicre lizizinden 6nce bakteriyel kromozomu
parcaladigindan emin olmak 6nemlidir.

Ek olarak, faj terapisi icin iyi adaylar “spesifik” yani dar bir bakteriyel konak aralifina sahip
olmalidirlar. Bu 6zellik hem yetistiricilik ortamimin hem de yetistiriciligi yapilan baliklarin dogal
mikrobiyotasinin faj tedavisi sirasinda bozulmamasini saglayacaktir. Dolayisiyla, ikincil enfeksiyonlar
da 6nlenmis olacak ve konak baliklarin biiyiik olasilikla daha hizli iyilesmesi saglanacaktir. Ayrica, faj
terapisi igin iyi olarak nitelendirilecek adaylar hem in vivo hem de in vitro olarak etkili bir sekilde
cogalabilmelidir, 6zellikle in vitro ¢ogalma biiyiik 6l¢ekli faj Giretimi i¢in bir gerekliliktir.
Bakteriyofajlarin Avantaj ve Dezavantajlari

Fajlarin birgok avantaji bulunmasina ragmen heniiz agiklanamamis ve daha detayli ¢alismalarin
yapilmasina ihtiya¢ duyulan olasi dezavantajlari da bulunmaktadir. Faj uygulamalarini kisitlayan en
onemli faktorlerden birisi faj direngli bakterilerin goriilmesidir. Faj direnc¢li bakterilerden korunmak
icin farkl faj kokteyllerinin kullanilmas1 yada antibiyotik ve dezenfektanlar ile birlikte kullanilmalari
onerilmektedir (Nakai, 2010; Park vd., 2020). Ancak su friinleri yetistiriciliginde basarili faj
uygulamalar1 icin bakteriyel faj direng mekanizmalarini anlamak ve secilen fajdaki reseptorleri
belirlemek ¢ok dnemlidir. Fajlarin bugiine kadar bildirilmis avantaj ve olasi dezavantajlart Tablo 1°de
Ozetlenmistir (Sieiro vd. 2020; Rao ve Lalitha, 2015).

Avantaj Dezavantaj

Dogal biyolojik tiriinler Hastalik etkeninin kesin tanisinin yapilmasi
Kolay izole edilir ve ¢gogaltilabilirler gerekmektedir

Gram negatif ve Gram pozitif bakterilere karsi Ilgili mevzuat ve yonetmeliklerin
etkilidirler gelistirilerek uygulanmasi gerekmektedir
Spesifiktirler yani yalnizca belirli bir bakteri Faj direnci olusabilir

tiirtinii veya susu enfekte edebilirler Bakteriye gen transferi olabilir

Normal flora bakterilerine kars1 etki Uretim siireclerinin optimize edilmesi
gostermezler gerekmektedir

Kolaylikla uygulanabilirler Litik faj koleksiyonlarinin olusturulmasi ve
Cok bilesenli faj preperatlar sinerjik etki stirekliligin saglanmasi gerekmektedir
gosterirler Doz, zamanlama ve uygulama yontemlerinin
Antibiyotik ve dezenfektanlar ile sinerjik etki optimize edilmesi gerekmektedir
gosterirler

Terapotik ve biyosanitasyon amagh

kullanilabilirler

Simdiye kadar herhangi bir yan etkileri
bildirilmediginden giivenli olarak kabul
edilebilirler

Diger yontemlere gore nispeten ucuzdur
Biyofilmlere kars1 etkilidirler

Coklu antibiyotik direnci goriilen bakterilere
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karsi etkilidirler
Cevre dostu

Tablo 1. Fajlarin avantaj ve dezavantajlari

Bakteriyofajlarin Ticari Uretimi ve Akuakiiltiirde Faj Uygulamalari

D’Herelle tarafindan hastaliklar1 tedavi etmek i¢in bakteriyofajlarin kullanilabilecegi ileri
stiriildiikten sonra ilk kez 1921 yilinda Fransa’da Bruynoghe ve Masin, insanlarda Stafilokok deri
hastaliklarini tedavi etmek i¢in fajlar1 kullanilmuslardir (Alisky vd., 1998; Barrow ve Soothill, 1997;
Morozova vd., 2018). Daha sonrasinda 1928 yilinda Alexander Fleming tarafindan antibiyotigin
kesfedilmesi ile fajlarin bakteriyel hastaliklarin tedavisinde kullanilabilirligi, yerini antibiyotik
tedavisine birakmistir. Ancak insan saglig1 agisindan énemli pek ¢ok bakteriyel hastalik etkeninde ¢ok
saylda antibiyotige diren¢ goriilmesi bilim adamlarint bu eski yaklasima ydnlendirmistir. Faj tabanh
iirlinler ilk olarak Paris’te, adi daha sonra L’Oréal olarak degistirilen d’Herelle ticari laboratuvarinda
gelistirilmis ve Bacté-rhinophage, Bacté-intesti-phage, Bacté-pyophage, and Bacté-staphyphage olarak
isimlendirilen bes farkli faj iiretilmistir (Summers 1999; Sulakvelidze vd., 2001; Sharma vd., 2017).
1940’11 yillarda Amerika Birlesik Devletleri’nde de ticari faj iiretimi gerceklestirilmistir. Eli Lilly
adindaki sirket insanlarda hastalik olusturan Stafilokok, Streptokok, E. coli ve diger bakteriyel
patojenler igin kullanilabilecek yedi ticari faj tiretmislerdir (Sulakvelidze vd., 2001; Sharma vd.,
2017).

Faj tedavisi hala Rusya, Giircistan ve Polonya disinda diger iilkelerde kullanilmamaktadir
(Reardon, 2014). Ancak 2013 yilinda E. coli ve Pseudomonas aeruginosa ile enfekte olan yaniklari
tedavi etmeyi amaglayan “PhagoBurn” baglikli proje Avrupa Birligi tarafindan desteklenmistir
(Sharma vd., 2017; Reardon, 2014; http://www.phagoburn.eu/). Faj konusunda c¢alisan Eliava
Enstitiisii aragtirmacilart bakterilerin kullanilan faja diren¢ kazanabilme o6zellikleri nedeniyle sekiz
ayda bir yeni faj kokteylleri hazirladiklarini ifade etmektedirler (Reardon, 2014).

Litik fajlar antibiyotikler ile karsilastirildiklarinda ¢evreye negatif etkilerinin bulunmamasi nedeni
ile bakteriyel patojenlerin kontroliinde alternatif biyoterapdtik ajan olarak diisiiniilmektedir ve ziraat
alaninda, et ve peynir liretiminde bakteriyel enfeksiyonlarin kontrolii i¢in kullanilmiglardir (Rao ve
Lalitha, 2015; Soykut 2007; Ozkan 2015). Faj terapisi i¢in kullanilabilecek iiriinler Hollanda’da ticari
olarak satisa sunulmustur. Ornegin Listeria monocytogenes icin PhageGuard Listex, Salmonella igin
PhageGuard S, E. coli ile miicadele i¢gin ise PhageGuard E isimli iiriine ulasilabilmektedir (Hagens ve
Loessner, 2014; https://phageguard.com/ecoli-solution/). Ancak hala Avrupa Birligi tarafindan bu
iirlinler onaylanmamistir. AB ayrica, su iiriinleri yetistiriciliginde faj terapisinin gelistirilmesi ve
endiistriyel kullaniminin ¢evresel etkilerini degerlendirmek iizere Aquaphage ve Enviphage isimli iki
faj projesine destek vermistir (https://aquaphage.weebly.com/; http://www.enviphage.eu/en/).

Culot vd. (2019) akuakiiltiirde faj kullanimi, avantajlar1 ve bugiine kadar yapilmis olan yayinlar
derledikleri ¢aligmalarinda 2000-2018 yillar1 arasinda akuakiiltiir ve faj anahtar kelimeleriyle yapmis
olduklar1 taramada su {irlinleri yetistiriciligi i¢in en ¢ok ¢aligilan fajlarin Myoviridae, Podoviridae ve
Siphoviridae familyalarma ait oldugunu rapor etmislerdir. Ayrica yine ayni caligmalarinda en ¢ok
yayinin Asya’da ve daha sonra da Avrupa’da yapildigi, en ¢ok Vibrio fajlarinin arastirildigi ve
sirastyla Flavobacterium, Aeromonas, Lactococcus ve Pseudomonas sp. fajlari ile ilgili ¢alismalarin
yapildigi tespit edilmistir.

Proteon Pharmaceuticals tarafindan Aeromonas ve Pseudomonas sp. i¢in etkili Bafador isimli iirtin,
ACD Pharma tarafindan Yersinia ruckeri’ye karsi etkili Custus isimli triin, Fixed-phage sirketi
tarafindan Flavobacterial enfeksiyonlara karsi etkili iiriinler su {riinleri yetistiriciliginde baliklarda
kullanilmak tizere gelistirilmektedir (http://www.intralytix.com/;  https://acdpharma.com/en/front-
page/; www.proteonpharma.com).

Su tirtinlerinde kullanilabilecek fajlar ile ilgili ¢alismalarin biiyiik bir kismi faj izolasyonu ve in
vitro etkisinin arastirildigi caligmalardir ancak son yillarda baliklar {izerinde in vivo galigmalar da
yapilmaya baglanmgtir. Ozellikle en gok bilinen ve baliklarda hastalik olusturan V. anguillarum, V.
parahaemolyticus, V. alginolyticus, V. harveyi, A. hydrophila, A. salmonicida, Streptococcus iniae,
Flavobacterium columnare, F. psychrophilum, P. aeruginosa, P. plecoglossicida, Lactococcus
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garvieae, Edwardsiella ictaluri ve Edwardsiella tarda’ya karsi in vitro ve bazi in vivo ¢alismalar
bulunmaktadir (Chow ve Rouf 1983; Merino vd., 1990; Le vd., 2018; Jun vd., 2013; Akmal vd.,
2020; Easwaran vd., 2016; Kim vd., 2012; Silva vd., 2016; Verner-Jeffreys vd., 2007; Mateus vd.,
2014; Kalatzis vd., 2016; Higuera vd., 2013; Silva vd., 2014; Vinod vd., 2006; Richards, 2014).
Aeromonas Genusu

Aeromonas sp. tatli ve aci sularda hastaliga neden olan 6nemli bir bakteri grubudur. Hareketli
tirleri bagisiklik sistemi zayif baliklarda ¢ok sik goriildiigiinden hastaligi kontrol edebilmek igin
biiyiik cabalar harcanmaktadir. 1980°1i yillardan bu yana fajlar bu bakterilerin listesinden gelmek igin
arastirilmiglardir (Chow ve Rouf, 1983; Merino vd., 1990; Hoang vd. 2019; Le vd., 2018; Jun vd.,
2013; Akmal vd. 2020; Easwaran vd. 2016). Yapilan ¢alismalarin biiyiik bir kismi faj izolasyonu ve
in vitro etkisinin arastirildigi ¢aligmalardir, son yillarda baliklar iizerinde in vivo g¢alismalar da
yapilmaya baslanmistir.

Chow ve Rouf (1983) kanalizasyon suyundan izole ettikleri A. hydrophila fajimnn in vitro etkisini
arastirnuglardir. izole edilen fajlarin, ¢alismada kullanilan 22 adet izolatin 13’{inii enfekte ettigi rapor
edilmistir.

Hoang vd. (2019) yaymn baliklarinin (Pangasianodon hypophthalmus) yetistiriciliginin yapildigi
havuz suyundan A. hydrophila’ya 6zgii faj izole ederek in vitro etkilerini aragtirmislardir. Calismada
kullanilan 100 adet havuz suyu orneginden 24 adet etkili faj izolasyonu gergeklestirdiklerini rapor
etmislerdir.

Le vd. (2018) Vietnam’daki yayin baliklarinda ¢esitli antibiyotik tedavileri uygulanmasina ragmen
yiiksek 6liim oranlarina neden olan A. hydrophila izolatinin antimikrobiyal direnglerini arastirarak faj
izolasyon c¢alismalar1 yapmislardir. Calismada kullanilan alti izolatin hepsinin gentamisin,
oksitetrasiklin, Bactrim, enrofloksasin, amoksisilin/klavulanik asit ve ampisiline direngli oldugu ve
coklu antibiyotik direncinin goriildiigi, izole edilen her iki fajin da Myoviridae familyasina ait oldugu
rapor edilmistir. Izole edilen fajlarin ¢alismada kullamlan A. hydrophila izolatlarmin {iremesini
engelleyici etkiye sahip oldugu, hazirlanan faj kokteylinin yayin baliklarinda A. hydrophila
enfeksiyonunun tedavisinde kullanilabilecegi sonucuna varilmistir.

Kore’de nehirden izole edilen pAhl-C ve pAh6-C fajlarinin ¢oklu antibiyotik direng ozelligine
sahip A. hydrophila’ya kars1 etkisi in vitro ve in vivo olarak Jun vd. (2013) tarafindan aragtirilmustr.
Fajlarin in vitro olarak bakterisidal etki gosterdikleri ve bu fajlarin tek bir enjeksiyon uygulamast ile
deney baliklarina verilmesinden sonra hayatta kalma oranlarinda artis tespit edilmistir. pAh1-C ve
pAh6-C fajlarinin baliklarda A. hydrophila enfeksiyonunun tedavisi i¢in potansiyel terapdtik ajanlar
olabilecegi sonucuna varilmigtir. Jun vd. (2013)’nin ¢alismasina benzer sekilde Akmal vd. (2020)
Giiney Kore’deki bir nehirden izole ettikleri Siphoviridae familyasina ait Akh-2 fajinin ¢aligmada
kullandiklar1 yedi A. hydrophila izolatinin dordiine etkili oldugu rapor edilmistir. Yapmis olduklar1 in
Vivo ¢alismalarinda Akh-2 faji ile tedavi edilmis baliklarda kontrole gore daha yiiksek hayatta kalma
orani elde edilmistir. Akh-2 fajinin baliklarda Aeromonas enfeksiyonlarinin tedavisi i¢in potansiyel bir
biyolojik ajan olabilecegi bildirilmistir.

Easwaran vd. (2016) akarsulardan izole ettikleri pAh-1 fajinin A. hydrophila iizerine etkisini ve
sicaklik, pH, kalsiyum ve magnezyum konsantrasyonunun bu fajin gelisimini nasil etkiledigini
caligmislardir. Sicaklik, pH’1n, kalsiyum ve magnezyumun farkli konsantrasyonlarinin faji ¢ok fazla
etkilemedigi rapor edilirken zebra baliginda periton i¢i faj tedavisinin A. hydrophila' ya karsi koruyucu
bir etkiye sahip oldugu sonucuna varilmstir.

Cao vd. (2020) daha onceden izole edilmis olan MJG isimli fajin in vitro etkisi ve gokkusagi
alabaliklar1 tizerine in vivo etkisini arastirdiklar1 ¢alismalarinda MJG'nin genis bir pH ve sicaklik
araligina sahip oldugu rapor edilmistir. MJG fajinin ¢alismada kullanilan 20 A. hydrophila izolatinin
sadece 4’iinii enfekte ederek dar bir konak araligina sahip oldugu gosterilmistir. Gokkusagi alabaliklar
A. hydrophila ile enfekte edildikten iki saat sonra MJG faj1 3,2x10° PFU/balik oraninda periton igi
enjeksiyonu, 3,2x10° veya 3,2x10° PFU/ml oraninda 15 dakika daldirma banyo seklinde uygulanmus,
ayrica 3,2x10" veya 3,2x10° PFU/g olacak sekilde hazirlanmus yemler ile baliklar beslenerek oral
tedavinin etkisi de arastirilmigtir. MJG faji1 daldirma ve enjeksiyon seklinde gokkusagi alabaliklarina
uygulandiginda, baliklarin hayatta kalma oranlarimin arttig1, oral uygulamanin ise diger iki yonteme
gore daha az hayatta kalma oranina neden oldugu ancak kontrole oranla daha yiiksek oldugu rapor
edilmistir (Cao vd., 2020).
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Furunkulozis bilinen en eski balik hastaligi oldugundan, etkeni A. salmonicida’ya kars: etkili faj
izolasyon c¢alismalar1 da 1960’11 yillarda baslamistir. Paterson vd. (1969) Kanada’da yetistiricilik
yapilan kulugkahane ve havuzlardan A. salmonicida’ya karsi etkili faj izolasyonu calismalar
yapmuslardir. 19 istasyondan aliman su ve camur Orneklerinin 13’iinden basarili bir sekilde faj
izolasyonu gergeklestirmislerdir. Fajlarin izole edildigi 13 istasyonun dokuzunda furunkulozis
hastalign Oykiisii oldugu tespit edilmistir. izole edilen fajlarin ii¢ serolojik grup ve iki farkli
morfolojiye sahip olduklari, serolojik grup I ve II 6zellik gosteren fajlarin aym1 morfolojiye sahip
olduklari, biitiin fajlarin bas ve kasilabilen bir kuyruga sahip karmasik yapida olduklari rapor
edilmistir.

Kim vd. (2012) A. salmonicida subsp. salmonicida’nin neden oldugu hastaligi kontrol edebilmek
icin Kore’de kiiltiirii yapilan gokkusagi alabalik sistemlerinin sediment drneklerinden PAS-1 fajim
izole ederek tanimlanuslardir. izole edilen fajin diger Aeromonas tiirlerini enfekte eden Myoviridae
fajlar ile iliskili oldugu ve A. salmonica subsp. salmonicida, A. salmonica subsp. achromogenes, A.
salmonicida subsp. masoucida iizerine bakteriyolitik bir etkiye sahip oldugu ancak A. hydrophila
izolatlar1 lizerine herhangi bir etkiye sahip olmadigi rapor edilmistir.

Baliklarda 6nemli bir mortaliteye neden olan furunkulozis hastaliginin etkeni A. salmonicida’y1
inaktive etmek ic¢in fajlarin in vivo ve in vitro etkisi Silva vd. (2016) tarafindan arastirilmustir.
Portekiz’de kanalizasyon suyundan izole edilen AS-A fajinin 25 bakteri tiirline kars1 etkisi arastirilmig
ve sadece A. salmonicida’y: inaktive ettigi tespit edilmistir. izole edilen tank suyuna faj ilave edilerek
enfekte edilmis baliklarin kontrol grubuna gore hayatta kalma oranlarinda 6nemli bir artis oldugu ve
izole edilen AS-A fajinin furunkulozis hastaliginin tedavisinde kullanilabilecegi rapor edilmistir.

Verner-Jeffreys vd. (2007) Atlantik salmonuna oral, periton i¢i ve banyo seklinde verdikleri fajin in
Vivo etkisini arastirdiklar1 g¢aligmalarinda, faj uygulamasinin furunkulozis hastaligini tedavi etmede
herhangi bir etkisinin olmadigini rapor etmislerdir.

Vibrio Genusu

Vibriozis deniz ve aci sularda yasayan balik tiirlerinin en 6nemli bakteriyel hastaligidir. V.
anguillarum, V. alginolyticus, V. ordalii, V. vulnificus, V. salmonicida, V. damsela, V. carchariae, V.
tubiashii, V. marinus, V. campbellii, V. nereis, V. parahemolyticus, V. viscosus, V. cholerae, V.
splendidus, V. pelagius tiirlerinin vibriozise neden oldugu bilinmektedir. Vibrio sp. tiirlerine kars
gerek in vivo gerekse in vitro etkilerinin arastirildigi detayli faj caligmalar1 bulunmaktadir. Son
zamanlarda farkli Vibrio sp. tiirlerine karsi etkili fajlarin tim genom analizleri yapilmistir (Romero
vd., 2014; Luo vd., 2015).

V. parahaemolyticus izolatlarin1 enfekte eden VP-1, VP-2 ve VP-3 fajlarmin farkli balik
patojenlerinin {lizerine etkisinin arastirildig1 ¢alismada VP-1, VP-2 ve VP-3 fajlarinin V. anguillarum
ve A. salmonicida’yr enfekte ettigi, izole edilen ii¢ fajin A. hydrophila, Photobacterium damselae
subsp. damselae, V. fischeri, E. coli, P. aeruginosa, P. fluorescens, P. putida, P. gingeri ve P. segetis’i
enfekte etmedigi rapor edilmistir. iki veya ii¢ farkli faj kokteyllerinin kullaniminin konak bakteride
direng olusumunu geciktirerek V. anguillarum’a karsi etkili oldugu sonucuna varilmistir (Mateus vd.,
2014).

Cipura baliklarindan izole edilmis olan V. alginolyticus bakterisi konak olarak kullanilarak
Yunanistan’mn Girit adasindan alinan deniz suyu Orneklerinden izole edilen iki farkli fajin V.
anguillarum, V. harveyi, V. alginolyticus, V. ordalii, V. parahaemolyticus, V. splendidus ve V.
owensii’ye karsi etkisi in vitro olarak aragtirilmis ve ayni ¢alismada Artemia salina yetistiricilik
sistemlerine bu fajlarm ilave edilmesi ile in vivo etkisi de incelenmistir (Kalatzis vd., 2016). izole
edilen her iki fajin da ¢aligmada kullanilan sekiz V. alginolyticus izolatinin tiimiinii, sekiz V. harveyi
izolatinin birini ve bir V. parahaemolyticus izolatin1 enfekte ettigi; V. anguillarum, V. ordalii, V.
owensii ve V. splendidus izolatlarinin higbirine etkili olmadigi rapor edilmistir. Faj karisiminin A.
salina kiiltiir sistemlerine ilavesi ile sistemde bulunan Vibrio sp. yiikiinde %93 oraninda azalma
goriilmiistiir (Kalatzis vd., 2016).

Higuera vd. (2013) ilk kez Atlantik salmonunda V. anguillarum’un neden oldugu vibriozise karsi
etkili fajlart kullandiklar1 galismalarinda alt1 faj izole ederek tanimlamislardir. izole edilen fajlarm
hepsinin de V. anguillarum ve V. ordalii izolatlarin1 enfekte ettigi ancak V. parahaemolyticus
izolatlarin1 enfekte etmedigi; Atlantik salmonunda yapmis olduklar1 in vivo ¢alismada da kullanilan
fajin baliklar1 vibriozise kars1 korudugu rapor edilmistir.
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Portekiz’de kanalizasyon suyundan elde edilen V. parahaemolyticus faji VP2 ve V. anguillarum
faj1 VA1’in in vitro etkisi ve zebra baliklarinda in vivo etkisi Silva vd. (2014) tarafindan arastirilmustir.
Zebra baliklar1 V. anguillarum ile enfekte edildikten sonra suya faj ilave edilmis ve 72 saat sonra
larvalarin hayatta kalma oranlarn takip edilmistir. Sonug olarak faj ile muamele edilmis grupta kontrol
grubuna oranla 6nemli 6l¢iide yiiksek hayatta kalma orani elde edilmistir. Faj VP2’ nin V. anguillarum
ve A. salmonicida’y: enfekte ettigi ancak A. hydrophila, P. damselae subsp. damselae, P. damselae
subsp. piscicida, V. fischeri, P. aeruginosa, P. fluorescens ve P. putida’y1r enfekte etmedigi, faj
VAT’in ise V. parahaemolyticus ve A. salmonicida’y1 enfekte ettigi rapor edilmistir (Silva vd., 2014).

Karides c¢iftliklerinde V. harveyi’nin neden oldugu mortaliteyi azaltabilmek ig¢in Hindistan’in bati
kiyilarindaki karides giftliklerinden izole edilen faj kullanilmistir. Siphoviridae familyasina ait faj
izole edilerek in vivo etkisi ¢alisilmistir. Penaeus monodon larvalarmm bulundugu tanklara 10°
PFU/ml faj ilavesinin larvalarin hayatta kalma oranlarinda kontrol gruba oranla 6nemli bir artisa neden
oldugu ve tanktaki V. harveyi bakteri ylikiiniin de azaldig1 rapor edilmistir (Vinod vd., 2006).

Cui vd. (2021) kalkan baliklarinin yemlerine ilave edilen spesifik V. harveyi faj kokteyllerinin
koruyucu etkinligini aragtirmiglardir. Sonug¢ olarak faj ilave edilmis yemler ile beslenen baliklarin
hayatta kalma oranlarinda artis tespit edilirken baliklarin normal biiyiimeleri iizerine herhangi bir
etkiye sahip olmadigi bildirilmistir. Bu nedenle kalkan balig1 kiiltiirinde V. harveyi enfeksiyonuna
kars1 faj kokteyllerinin hazirlanarak yem ile birlikte oral yolla baliklara verilebilecegi sonucuna
varilmistir.

Ulkemizde balik patojeni V. anguillarum’a 6zgii faj izolasyonu calismasi ilk kez 2015 yilinda
Yildizi tarafindan gergeklestirilmistir. Yapmis olduklari ¢alismada deniz suyu Ornekleri alinarak
herhangi bir zenginlestirme islemi yapilmadan direkt filtre edilerek kullanilmis, ¢ok kiiciik yapida ve
igne ucu goriiniimli plak olusturan Caudovirales’e iiye farkli boyutlarda fajlar izole edilmistir
(Y1ldizli, 2015).

Karideslerde V. vulnificus’un neden oldugu vibriozise kars1 kullanilabilecek etkili fajlar Srinivasan
vd. (2017) tarafindan izole edilerek tanimlanmistir. Karides yetistiricilik sistemlerinden Tectiviridae
familyasina ait VV1, VV2, VV3 ve VV4 olmak tizere dort farkli faj izole edilmistir. Kloroform,
aseton, etil ve metil alkol, RNase, tripsin, triton-X100’tin bu dort fajin iiremesi tizerine herhangi bir
etkisi bulunmadigi, VV1-VV4 fajlarinin yiiksek sicaklik (60°C-iizeri), yiiksek ve diisiik pH (<3 ve
>12) degerlerinde, lizozim ve SDS ilavesi ile tamamen inaktif oldugu rapor edilmistir (Srinivasan vd.,
2017)

Martinez-Diaz ve Hipolito-Morales (2013), Artemia franciscana nauplilerini V. parahaemolyticus
ile enfekte ettikten 0, 3, 10, 20 ve 30 saat sonra Vpmsl fajinin farkli dozlarinin ilave edilmesinin
etkisini aragtirmiglardir. A. franciscana tizerine V. parahaemolyticus’un olumsuz etkisini ortadan
kaldirabilmek i¢in Vpms] fajinin tek bir dozunun etkili oldugu rapor edilmistir. Ayrica enfeksiyondan
sonra ge¢ faj uygulanmasinin V. parahaemolyticus’un neden oldugu mortaliteyi kontrol etmede etkisiz
oldugu sonucuna varilmistir.

Lactococcus Genusu

Laktokokkozis hastaliginin etkeni Gram pozitif L. garvieae, kiiltirii yapilan baliklarda oldugu
kadar dogada yasayan baliklarda da 6nemli ekonomik kayiplara neden olmaktadir. Laktokokkozis
enfeksiyonunu kontrol edebilmek igin yeni asi ve antibiyotik caligmalarina ragmen eritromisin,
linkomisin ve oksitetrasiklin gibi antibiyotiklere direnc¢li yeni izolatlar elde edildigi rapor edilmistir
(Kawanishi vd., 2005).

Ghasemi vd. (2014) iran’da atik su aritma tesisinden L. garvieae’ye kars: etkili, litik bir WWP-1
faj1 izole etmislerdir. izole ettikleri fajin ikosahedral kafa ve kontraktil olmayan kisa bir kuyruga sahip
Podoviridae familyasinin iiyesi oldugu rapor edilmistir. In vivo ¢aligmalarinda, L. garvieae ile enfekte
gokkusagi alabaliklar, 10° PFU/g olacak sekilde faj ilave edilmis yemler ile beslendiginde mortalitede
onemli bir azalma oldugu gorilmiistiir.

Toprak kompostundan L. garvieae’ye karsi etkili GE1 faji izole edilmistir. Izole edilen fajin
Siphoviridae familyasina ait, yayvan bir kapside, uzun bir kontraktil olmayan kuyruga ve DNA
genomuna sahip oldugu, latent déonem siiresinin 31 dakika ve patlama biiyiikliigiiniin ise 139 oldugu
rapor edilmigtir. Ayrica ¢aligmada kullanilan 72 adet L. garvieae izolatinin sadece ikisini enfekte

edebildigi ve 58 adet L. lactis izolatim1 enfekte etmedigi arastirmacilar tarafindan rapor edilmistir
(Eraclio vd., 2015).
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Park vd. (1997) L. garvieae izolatlarina kars1 etkili PLgY isimli bakteriyofaji hasta Seriola
quinqueradiata’dan izole ederek tanimlamuslardir. Izole edilen fajin Siphoviridae familyasina ait 50-
60 nm boyutlarinda izometrik bir kafa ve esnek uzun bir kuyrugu sahip oldugu ve ¢alismada kullanilan
26 L. garvieae izolatinin 22’sini enfekte ettigi rapor edilmistir. 1999 yilinda Park vd. (1997) tarafindan
izole edilerek tanimlanan PLgY-16 fajinin in vivo ve in vitro etkisi Nakai vd. (1999) tarafindan
arastirilmigtir. Faj, Seriola quinqueradiata’ya periton igi ve oral yolla verildikten sonra L. garvieae ile
enfekte edilmis ve baliklarin mortalite oranlar takip edilmistir. Fajin farkli fizikokimyasal (sicaklik,
tuzluluk, pH gibi) ve biyolojik (yem, serum gibi) ortamlarda hayatta kalabildigi, baliklara oral veya
enjeksiyon seklinde uygulanmasimin baliklar1 L. garvieae enfeksiyonuna karsi koruyabildigi rapor
edilmistir.

Yersinia Genusu

Gram negatif balik patojeni Yersinia ruckeri 6zellikle salmonid baliklar1 olmak tizere pek ¢ok balik
tiriinde enterik kizil agiz (ERM) olarak bilinen hastaliga neden olmaktadir. Hastalik 1950’li yillarda
ilk kez Amerika’da yetistiriciligi yapilan gokkusagi alabaliklarinda rapor edildikten sonra biitlin
diinyaya yayimstir. Ulkemizde ise 1991 yilinda ilk bildirimi yapilmis ve sonrasinda cok sayida
arastirmaci tarafindan rapor edilmistir (Timur ve Timur, 1991; Cagirgan, 1991). Daha 6nceki yillarda
ERM hastaligi tath su ile iliskilendirilmistir ancak aci sularda yetistiriciligi yapilan alabaliklarda ve
denize yeni tasinmig salmon baliklarinda da hastalik tespit edilmistir (Karatas ve dig., 2004; Gulla ve
dig., 2018). Asilamanin etkisi ile hastalik biitiin diinyada oldugu gibi iilkemizde de etkisini azaltmistir.
Ancak son yillarda ERM ile iligkili balik 6liimleri yeniden artmaya baglamistir.

Farkl1 balik tiirlerinden elde edilmis Y. ruckeri suslarina kars1 etkili faj izolasyonu ¢aligsmasi ilk kez
Stevenson ve Airdrie tarafindan 1984 yilinda yapilmistir. Farkli bolgelerden alinan kanalizasyon
orneklerinden Y. ruckeri izolatlarina karsi etkili sekiz faj izole edilmistir. Izole edilen fajlarin biiyiik
¢ogunlugunun ikosahedral veya oktahedral yapida basa sahip kuyruklu fajlar oldugu rapor edilmistir.
Izole edilen kuyruklu ikosahedral yapida olan faj YerA41’in 35 farkl1 Y. ruckeri serovar I susundan
34’line kars1 etkili oldugu ancak diger ii¢ serolojik gruba ait 15 susa karsi herhangi bir etki
gostermedigi bildirilmistir (Stevenson ve Airdrie, 1984)

Strand (2017) yapmis oldugu yiiksek lisans tez calismasinda, 2011 yilindan bu yana su iiriinleri
yetistiriciliginde bakteriyel enfeksiyonlarin azaltilmasinda kullanilmak {izere bakteriyofaj bazli iiriinler
gelistiren ACD Pharmaceuticals AS (Norveg) tarafindan izole edilen dort farkli fajin, Y. ruckeri
izolatlarina karsi bakteriyolitik etkisini arastirmustir. Calismada test edilen tiim fajlarin, Y. ruckeri
iizerinde bakteriyolitik bir etki gosterdigi rapor edilmistir. Ayrica salmon baliklarinda spesifik faj
antikorlarini 6l¢mek igin bir ELISA testi gelistirmistir.

Karagoban (2019) yapmis oldugu tez ¢alismasinda farkli kaynaklardan topladigi su drneklerinden
Y. ruckeri, V. anguillarum, A. hydrophila ve A. sobria’ya kars1 etkili faj izolasyon c¢aligmalari yapmis
ve sonug olarak ¢aligmada kullandig1 13 Y. ruckeri izolatindan sadece bir izolata kars etkili bir faj elde
etmistir. Ayrica ACD Pharmaceuticals AS (Norveg) tarafindan izole edilen Y. ruckeri fajinin
tilkemizden izole edilen Y. ruckeri izolatlarina herhangi bir etkisinin olmadig tespit edilmistir.

TARTISMA ve SONUC

Su iriinleri yetistiriciliginde faj uygulamalarini etkileyen en 6nemli faktorler uygun yontemin,
zamanin ve dozun se¢imidir. Hastalik bag edilemeyecek bir noktaya gelmeden 6nce faj uygulamasina
baglamak en uygun zaman olarak diisiiniilmektedir. Ayrica konsantrasyonun iyi ayarlanmasi, yiiksek
¢ogalma oranina ve diisiikk dozlarda yiiksek enfekte etme yetenegine sahip olan fajlarin segilmesi ¢ok
onemlidir. Fajlar daldirma, yeme karistirma, enjeksiyon gibi yoOntemler ile baliklara
uygulanabilmektedir. Her uygulama yoOnteminin bazi avantaj ve dezavantajlar1 bulunmaktadir.
Ornegin, daldirma yéntemi asilamada oldugu gibi cok sayida baliga izl bir sekilde uygulanabilirken
¢ok fazla faja ihtiyag¢ duyulan maliyetli bir yontemdir. Uygulama yontemi baligin tiiriine,
enfeksiyonun dogasina, fajlarin 6zelliklerine gore belirlenmelidir (Culot vd., 2019; Park vd., 2020).

Fajlarin su iiriinleri yetistiriciliginde kullanimlari ile ilgili baz1 endiseler bulunmaktadir. Ozellikle
bu {irlinleri tiiketen insanlar tizerindeki etkileri ile ilgili ¢ok fazla ¢alisma bulunmamaktadir. Ancak
fajlarin ¢evresel stresten ¢ok etkilenmedigi i¢in su ortaminda ve memelilerin sindirim kanalinda gok
bol miktarda bulundugu yani normal mikrobiyomun bir pargas1 oldugu bilinmektedir. Ayn1 sekilde su
irtinleri yetistiriciliginde kullanilan fajlarin ¢ogu dogal ortamdan izole edilmektedir ve deniz
iiriinlerini tiiketen insanlar tarafindan bilinen zararh etkileri olmaksizin giinliik olarak sindirilmektedir.

483



KARATAS ve KARACOBAN 2021 ActAquaTr 17(4), 474-488

Fajlar bakteriler neredeyse orada ¢ogalirlar, bugiine kadar herhangi bir yan etkileri bildirilmemistir,
bakterilerde diren¢ gelisse bile ayni bakteriyi hedef alan diger fajlara duyarli olabilirler, biyofilm
olusturan bakteri formlarinda oldukga etkilidirler. Ayrica fajlar spesifik dar bir konak araligina
sahiptirler, yani normal bagirsak mikrobiyotasina zarar vermezler. insan saghgmi etkileme ve
mikrobiyomun diger iyeleri ile etkilesime ge¢me yeteneklerinin oldukga zayif oldugu
diistiniilmektedir.

Faj tedavisi; yeni teknoloji ile canlanan eski bir fikir olarak karsimiza ¢ikmaktadir. Su triinleri
yetistiriciliginde bakteriyel hastaliklarin kontrol ve tedavisinde kullanilabilecek fajlar ile ilgili bugiine
kadar yapilmis calismalar incelendiginde biiyiik bir kisminin faj izole edilerek in vitro etkisinin
arastirildigi ¢alismalar oldugu, son yillarda az sayida in vivo ¢aligmalarin da yapildigi tespit edilmistir.
Ulkemiz akuakiiltiir sektorii acisindan baktigimizda ise fajlar ile ilgili sadece iki tez calismasi
bulunmaktadir. Daha ¢ok sayida ve detayli klinik calismalara ihtiya¢ oldugu aciktir. Ancak faj
caligmalarinda klinik ¢aligmalara gegmeden Once bu kadar hizli gelisen bir iriiniin yetkili kurumlar
tarafindan nasil denetleneceginin iyi anlagilmasi1 gerekmektedir. Faj terapisi stratejisinden tam olarak
yararlanabilmek icin faj adaylarinin dikkatli se¢ilmesi ve izole edilmis fajlarin kullanimlarinin giivenli
oldugundan emin olmak i¢in ayrintili bir sekilde karakterize edilmesi gerekmektedir. Baska bir deyisle
giivenligin; hem ¢evre hem yetistiriciligi yapilan baliklar hem de bu baliklart tiiketen insanlar igin
oldugunu unutmamak gerekmektedir.
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Ozet

Yenicaga GoOli Kuzey Anadolu fay hatti kusaginin etkisiyle olusmus bir ¢ukurlugun sonradan aliivyonlarla dolmasi
sonucu meydana gelmistir. Yeni¢aga golii derinligi 2 metreyi bulan Tiirkiye’nin en biiyiik turbaligini igermektedir. Yenicaga
g0lil ayn1 zamanda ticari balik¢ilik potansiyeli olan bir dogal su kaynagidir. G6lde bugiine kadar yapilmis arastirmalarda
toplam alt1 balik tiirii tespit edilmistir. Bunlar, Cyprinidae familyasindan; Capoeta baliki, Cyprinus carpio, Carassius gibelio,
Squalius cephalus ve Tinca tinca, kiy1 bolgelerde Poecilidae familyasindan Gambusia holbrooki’dir. Golde ayrica ekonomik
6neme sahip kerevit (Astacus leptodactylus) yasamaktadir.

2000°1i yillardan itibaren giderek artig gosteren antropojenik faktorlere daha ¢ok maruz kalan Yenigaga Goli igin etkin
bir yOnetim stratejisi uygulanamayig1 sonucunda goldeki ticari tiirlerde ciddi azaliglar gdzlenmistir. Ayn1 siiregte sonradan
gole agilanan egzotik tiirler ile gol ekosisteminde degisikler meydana gelmistir. Bu g¢alisma ile son 15-20 yilda golde
meydana gelen degisimler tespit edilerek, golde basta ticari balik aveiligi olmak iizere uzun vadeli rasyonel bir g6l yonetimi
i¢in Onerilerde bulunulmustur. Elde edilen bulgulara gore Yeni¢aga Golii'nde kooperatife ortak balikgilar tarafindan ti¢ balik
tirii (sazan, kefal, kadife) avlanarak pazara sunulmaktadir. Av verilerinde yillar icerisinde ¢ok fazla bir dalgalanma
gbzlenmemesine kargin, 2015 yilindan itibaren karaya ¢ikarilan av miktarlar1 radikal bir azalma egilimine girmistir. Goldeki
populasyonlarin stirdiiriilebilirligi agisindan; golde baskin olarak bulunan S. cephalus iizerindeki av baskisinin arttirilmast,
buna karsin C. carpio ve T. tinca tizerindeki av baskisinin ise azaltilmasi gok 6nemlidir. Goldeki tiim balik tiirlerine kontrollii
ve dengeli bir balik¢ilik yapilmasi, tiir ¢esitliliginin korunmasinda etkili olacaktir.

Anahtar Kelimeler: Yenigaga Goli, balik¢ilik yonetimi, ticari ve egzotik tiirler, sucul hayat
An Evaluation of Fisheries Management on the Lake Yenicaga, Bolu, Turkey
Abstract

Lake Yenicaga formed as a result of filling a depression, which developed with the effect of the North Anatolian fault
line, with alluvium afterward. Lake Yenicaga includes the largest peatland in Turkey that reaches up to 2 meters of depth.
Lake Yenicaga also has the potential for the commercial fishery. Six different species of fish have been located in the lake.
These are Capoeta baliki, Cyprinus carpio, Carassius gibelio, Squalius cephalus and Tinca tinca from the family Cyprinidae
and Gambusia holbrooki from the family Poecilidae in coastal regions. Furthermore, Astacus leptodactylus, which has
economic importance, lives in the lake.

As a result of the failure of implementing an effective management strategy in Lake Yenicaga, which has been exposed to
anthropogenic factors that have been increasing gradually since the 2000s, there was a serious decrease in the commercial
species in the lake. During the same period, it has been changed in the ecosystem then some exotic species entered the lake.
In this study, changes in the fish fauna of the lake in the last 15-20 years were determined. However, suggestions related to
primarily commercial fishing and long-term and rational lake management were made. According to findings, three species
of fish (carp, gray mullet, and tench) are fished and marketed by a cooperative member in Lake Yenicaga. Although there
was not too much fluctuation in the landings over the years, there has been a radical decline in the number of fish landings
since 2015. In terms of the sustainability of fish populations in the lake, applying overfishing on S. cephalus which are
dominant in the lake, and decreasing the pressure of fishing on C. carpio and T. tinca is very important. Applying controlled
and balanced fishing on all species of fish in the lake will be effective in protecting the diversity of species.

Keywords: Lake Yenicaga, aquatic life, commercial and exotic fish species, fisheries management
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GIRIS

Yenicaga Goli, Kuzey Anadolu fay hatti kusaginin etkisi ile olusmus bir ¢ukurlugun sonradan
aliivyonlar ile dolmasi sonucu meydana gelen Yenicaga Ovasinin bir kisnuni igine almaktadir. Uggen
bigimli bu diizliigiin biiyiik bir kismini Yenigaga Goli ve goliin olusturdugu turbaliklar kaplamaktadir.
Gol bolgenin hem mesire alani, hem de balik¢ilik yapilan bir dogal su kaynagidir.

Yenicaga Golii, Bolu merkezine 37 km uzaklikta, Ankara-istanbul karayolu iizerindedir. Bati
Karadeniz Bolgesi’nde 40° 47'N enlemi, 32° 02'E boylami arasinda bulunan gol, ¢anak seklinde ve
etrafi daglarla ¢evrili bir ovanin ortasinda yer almaktadir (Sekil 1). Goliin deniz seviyesinden
yiiksekligi 980 m’dir. Yiizey alan1 mevsime gore degisiklik gostermekle birlikte; sulak alan olarak
ortalama 260 hektarlik bir alan1 kaplamaktadir (Anonim 2011a). G6liin ortalama derinligi ise 1.4-5.2
m olup, en derin yeri 8 m ile orta bolgesidir. Kisin; bir yandan iklim sartlari, diger yandan da gol ile
baglantist olan derelerin getirdigi sular, tasmasina sebep olmaktadir. Su seviyesindeki bu artis, goliin
etrafinda bulunan sazliklarin ve ¢ayirlarin sular altinda kalmasina neden olur. Ayrica géliin etrafindaki
bitkilerin su altinda oksijensiz kalarak ¢ok yavas bir sekilde ¢iiriimesi sonucu turbaliklar olusur. Géliin
kuzey ve bat1 bolgesi, su i¢i bitkilerinin olusturdugu yar ciiriimiis turba materyali ile kaplidir.

Yenicaga golii sulak alan ekosistemi, iklim o6zellikleri, flora ve fauna 6zellikleri agisindan tam bir
gecis konumundadir. Bu nedenle yil boyunca Bati1 Karadeniz, i¢ Anadolu ve Marmara gibi ii¢ farkli
iklim rejiminin etkisi altinda kalmaktadir. Bolu Meteoroloji Miidiirliigii’niin 62 yillik iklim kayitlarina
gore, yorede ortalama sicaklik 10.2 °C’dir. Ocak ayindan agustos ayina kadar diizenli artan ortalama
sicaklik, Eyliil ayindan itibaren diizenli olarak azalmaktadir. En sicak aylar temmuz ve agustos olup,
en soguk aylar aralik, ocak ve subattir (Anonim, 2018). G6l kapali bir havza konumundadir. Disariya
herhangi bir desarji yoktur. Ancak mevsimsel taskinlar sebebiyle 1965°li yillardan itibaren DSI
tarafindan kurutma ve 1slah c¢aligmalar1 yapilarak gdliin sular1 kuzeyde agilan bir kanal ile
Asagidere’ye bosaltilmaktaydi (Biger, 1966). Ancak goliin su seviyesinin agirt diismesi nedeniyle
1990 yilindan sonra bu kanal atil birakilmistir (Saygi ve Yigit, 2011).

Yenicaga Goliinii besleyen Caga Deresi 8 koluyla (Hamzabey, Giizviran, Kaymaz, Omerli, Kirenli,
Findikli, Aksu ve Kayislar) gole akmaktadir. Bunlardan Kaymaz, Omerli, Kirenli, Giizviran ve
Findikl1 ilgenin iist tarafindan 1992 yilinda gecen TEM Otoyolu, ilge i¢inden gecen D-100 Karayolu
ve Zonguldak Yolu ile birlikte giinde yaklasik 40 bin aracin trafikte oldugu bolgede atiklar; yagmur
suyu ve dere yataklariyla birlikte stiriikledikleri kirleticileri gole akitmaktadirlar. Kanalizasyon
sebekesi 1992 yilinda yapilana kadar Yenicaga’nin evsel atiklar1 uzun yillar géle bosaltilmustir. leri
diizeyde Otrofik durumda olan gol, agir bir kirlilik baskist altinda bulunmaktadir (Sayg1 ve Yigit,
2011). Ayrica Hamzabey ve Aksu derelerinden gelen tarimsal atiklar da gole desarj olmaktadir.
Golden toplanan su ve liken orneklerinden elde edilen sonuglara gore siilfat, nitrat ve amonyum
miktarlarinin normal seviyelerinin iki-li¢ kati1 yiiksek tespit edilmistir. GOl c¢evresindeki hava
kalitesinde, demir, aliiminyum, ¢inko ve magnezyum miktarlarinin trafikle ilgili pargaciklarin olumsuz
etkisi sonucunda onemli dlgiide arttig1 da tespit edilmistir (Dogan ve Kizilkaya, 2010). Yeni¢aga Golii
ayn1 zamanda 16.05.2008 tarih ve 3158 numarali Karar ile ‘1.Derece Dogal Sit Alani’ (554,44 ha)
olarak tescil edilmistir (Erdem vd., 2017).

Yenigaga Goli’niin giiney kiyilar1 hari¢, hemen tiim kiy1 seridi, genisligi yer yer 200 m’yi gecen
sazlarla ¢evrilidir. Bu sazlik alanlar gogmen kuslar i¢in 6nemli barinma ve beslenme habitatlarini
olusturmaktadir. GOl kenarinda otlayan hayvanlardan kaynaklanan otlatma baskisinin az oldugu
kiyilarda sazliklar (Phragmites australis) gelismistir. Buna karsin yogun otlatma baskisinin oldugu
golin giney kiyillarinda mevsime bagli olarak subasar bitkiler bulunmaktadir. Alanda bulunan
tirlerden aksaz (Typha minima) ve puf saz1 (Typha shuttleworthii) tiirleri Bern S6zlesmesi (Avrupa'nin
Yaban Hayati ve Yasama Ortamlarini Koruma Sozlesmesi) ile koruma altina alinmus tiirlerdir. Diger
taraftan Yenicaga goliinde derinligi 2 metreyi bulan Tiirkiye’nin en biiyiik turbaligini igermektedir. Bu
alanlar zengin bitki ¢esitliligi ile karakterizedir (Erdem vd, 2017).

Tiirkiye’nin 122 6nemli bitki alanindan biri olan Yenicaga Golii, OBA (Onemli Bitki Alanlar1)
kriterlerine gore, zengin tiir ¢esitliligi i¢eren genel habitatlar ve tehlike altindaki dogal habitatlar
sinifina girmektedir. Bern Soézlesmesine gore, ‘Tehlike Altindaki Habitatlar: Zengin Kalkerli
Turbaliklar’ statlisiindedir. Yenigaga Goli sulak alanindaki bitkiler iginde 12 endemik bitki tiirii tespit
edilmis olup bu tiirler IUCN (The International Union for Conservation of Nature) kategorilerine gore
smiflandirilmigtir. Buna gore alanda bulunan endemik bitki tiirlerinden biri de Tripleurospermum
rosellum’dur. Ayrica Chenopodium album VU (Vulnerable-Zarar Gorebilir) kategorisinde olup
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habitat bozulmasina bagli olarak zarar gorebilir durumdadir. Diger 11 tiir, LR (Lower Risk-Az Tehdit
Altinda) kategorisinde olup az tehdit altindaki tiirlerdir (Erdem vd., 2017).

Istanbul-Canakkale {izerinden gelen kuslarm go¢ yolu iizerinde bulunan gol, gé¢ déneminde ari
sahini, balik kartali ve angit gibi kus tiirleri i¢in énemli bir konaklama habitatidir. Gol; gogmen kus
populasyonlar1 i¢in yavrulama, dinlenme ve kis1 gegirmek icin kullanilmaktadir. Ayrica gol cevresi;
turna, sah kartal, balik¢il, balaban, saz delicesi, uzun bacak gibi tiirlerin dogal yasam alanidir
(Anonim, 2011b). En az 183 kus tiirii (Kilig¢ ve Kasperek, 1987; Yarar ve Magnin, 1997), 345 bitki
toplulugu (Siimer, 2002) ve alt1 balik tiiriine (Kilig, 2003; Saygi, 2005; Kiilkdyiioglu vd., 2007) ev
sahipligi yapan Yenicaga GOlu, ‘Ramsar Sulak Alanlari Sozlesmesi’ne de aday konumundadir (Saygi
ve Yigit, 2011).

Golde onceki yillarda ekonomik degere sahip, sazan (C. carpio), kadife baligi (T. tinca), giimiisi
havuz balig1 (C. carassius), tatli su kefali (S. cephalus), siraz (C. tinca) ve kerevit (A. leptodactylus)
avlanilmaktadir (Kilig, 2003). Kadife balig1 golden en fazla avlanilan tiirlerden birini olusturmaktadir
(Kilig ve Ozvarol, 2008). Ayrica golde inci baligi (Alburnus alburnus), biyikli balik (Barbus sp.) ve
kaya baligi1 (Gobio gobio) tiirlerinin de bulundugu tespit edilmistir (Beklioglu vd., 2020). Yenicaga
Golii’'ndeki balikgilik faaliyetleri; golii kiralayan Yenicaga Su Uriinleri Kooperatifi tarafindan
gerceklestirilmektedir. Golii kiralayan kooperatifin diizenli kayit tutmamasi sebebiyle yakalanan balik
tiirleri ve miktarlar1 hakkinda uzun yillar igeren bilgi bulunmamaktadir.

Tirkiye dogal igsu kaynaklari, 6zellikle 2000°1i yillardan itibaren giderek artis gosteren basta
kentlesme, tarimsal alanlar i¢in su ihtiyaci, enerji amagli su yapilari, fiziksel ve kimyasal kirlilik,
turizm ve plansiz balikgilik faaliyetleri gibi ¢ok farkli antropojenik faktorlere maruz kalmustir.
Yenicaga Golii de bu siiregte benzer etkilere maruz kalmistir. Golde etkin bir yonetim stratejisinin
uygulanamayist sonucunda gerek ekosistemde, gerekse gol sucul ortaminda yasayan canli kaynaklar
tizerinde ciddi tahribatlar meydana gelmistir. Bu g¢aligma ile son 15-20 yilda gol ekosisteminde
meydana gelen degisimler tespit edilerek, gdlde basta ticari balik avciligi olmak iizere uzun vadeli
akilcil bir gol yonetimi i¢in 6nerilerde bulunulmustur.

MATERYAL ve METOT

Alan aragtirmalart igin Ekim-2017, Haziran-2018, Kasim-2018, Eyliil-2019 ve Ocak-2020 gibi
ardisik zaman siireclerinde dogrudan Yenicaga Golii ziyaret edilmis ve goldeki balik¢iligin durumu,
karaya ¢ikarilan av miktarlari, baliklandirma gibi aktiiel gelismeler konusunda golde faaliyet gosteren
balik¢1 kooperatifinden bilgi alinmistir. Goldeki makrofaunanin dagilimi ve hedef ticari tiirlerin bazi
temel populasyon oOzelliklerini tespit etmek icin dogrudan ornekleme calismalari planlanmistir.
Populasyona iligkin 6rnekleme c¢aligmalari Haziran, 2018 periyodunda gerceklestirilmistir.
Orneklemeler goliin aveilik agisindan karakteristik olabilecek 7 ayr1 lokasyonunda gergeklestirilmistir.
Istasyonlarin seciminde ayrica gdliin cevresindeki sazlik bolgeler, akarsu giris noktalari, olasi kirlilik
lokaliteleri, mevcut tiirlerin yogun olarak av verdigi alanlarin 6zellikleri dikkate alinmistir (Sekil 1).
Bu lokasyonlarda kullanilan farkli g6z acikligina sahip, her biri 100 m uzunlugunda, misina
materyalinden olusan uzatma aglar1 ve kerevit pinterlerinin kurulacagi istasyonlarin koordinatlar
belirlenmistir. Ayrica hangi 6rnekleme istasyonunda hangi goz acikligina sahip agin kullanilmasinda
golde avcilik yapan balikgilarin goriisii alinmigtir. Tablo 1°de bu aglarin 6zellikleri verilmistir. Aglar
gole atildiktan itibaren 12 ile 14 saatlik farkli bekletme siirelerinden sonra kaldirilmistir.
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Her bir ag tipinden ¢ikan baliklar tiirlerine gore tasnif edilmis ve agdan cikan her bir tiirlin toplam
sayl1 ve agirligi kaydedilmigtir (Tablo 1). Daha sonra her bir tiirden tesadiifii olarak alinan alt
orneklerde biyometrik Slgiimler (total boy, viicut agirligi) cinsiyet teshisi, gonad gelisim safhasi ve
gonad agirlig tespitleri yapilmistir.
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Tablo 1. Yenigaga Goliinde Haziran 2018 doneminde gergeklestirilen alan ¢aligmalarinda makrofaunanin av  miktarlarinin dagilimi

Operasyon parametreleri Av miktari (adet-kg)
Ag tipi Tari Siire  Ag uzunlugu Cyprinus Squalius Tinca  Capoeta  Carassius  Aynal Astacus
arih . . L oo
(saat) (m) carpio cephalus  tinca baliki gibelio sazan leptodactylus
28 mm 27.6.2018 13 100 - 116-4.1 50-0.73  48-1.6 - - -
36 mm 27.6.2018 13 100 - 675-23.3 43-1.1 34-2.2 - - -
36 mm (fanyali)  27.6.2018 13 100 - 1188-77  94-3.3 68-2.3 27-5.9 - -
60 mm 27.6.2018 13 100 - 326-59.6  14-1.3 - 15-4.3 - -
70 mm 28.6.2018 12 120 8-12.1 - - - 20-11.7 42-6.7 -
80 mm 28.6.2018 12 120 44-44.8 - 1-0.4 - - 36-9.9 -
85 mm 28.6.2018 14 120 11-19.6 - - - - 12-4.1 -
90 mm 28.6.2018 12 120 9-75 - - - - - -
Pinter 28.6.2018 12 35 adet - - - - - - 94-4.9

Makrofaunaya ait Orneklenen av standardize edilmis ve birim c¢abadaki av miktarlar1 kg/saat/ag (baliklar icin 100 m’lik ag, kerevit i¢in sepet bagma av miktar1) cinsinden
hesaplanmustir (Tablo 1). Arastirmada golde dagilim gosteren makrofaunaya yonelik 6rneklemelerin yanisira, géldeki mevcut balik¢iligin gegmis ve bugiinkii durumunu, karaya
¢ikarilan avin dagilimini, balik¢1 kooperatifinin ve diger ilgili paydaslarin gol yonetimi tizerindeki rolii ve etkilerini ortaya koyacak ve ardigik yillar igerecek sekilde bir seri alan ve
gozlem calismasi yapilmistir.
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BULGULAR ve TARTISMA
Hedef Tiirlere Iliskin Baz1 Populasyon Bulgulari

Kiligc ve Ozvarol (2008) tarafindan Yenicaga Golii'nde dagilim gdsteren makrofauna iizerine
yapilan ¢alisma referans alinarak gergeklestirilen 6rneklemelerde toplam 6 balik tiirii tespit edilmistir.
Ayrica onceki yillarda ticari olarak avlanan ve goldeki en 6nemli bentik faunayr olusturan kerevit
populasyonu igin de drnekleme yapilmistir. Bu tiirler sirasiyla; C. tinca (siraz), C. carpio (pullu
sazan), S. cephalus (tatlisu kefali) ve T. tinca (kadife baligi), C. gibelio (giimiisi havuz baligi), kiiltiir
kokenli aynali sazan ve A. leptodactylus (kerevit)’tir (Sekil 2). Bu tiirlere iligkin boy-frekans
dagilimlari, bireysel ortalama, minimum, maksimum total boy, viicut agirligi ve esey oranlar1 Tablo 2
ve Sekil 3’te verilmistir. Diger taraftan Haziran 2018 doneminde gélde gergeklestirilen arastirmalarda,
karaya ¢ikarilan her bir tiiriin birim ¢abadaki av miktarlar1 Sekil 4’te 6zetlenmistir.
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(g) Astacus leptodactylus (kergxg

Sekil 2. Yenigaga goliinde 6rneklenen tiirler (26 Haziran, 2018): (a) Squalius cephalus, (b) Tinca tinca,
(c) Capoeta baliki, (d) Aynali sazan, (€) Cyprinus carpio, (f) Carassius gibelio (g) Astacus leptodactylus

Tablo 2. Yenigaga Golii'nde 2004/2006 ve 2018 avlanma dénemlerinde 6rneklenen tiirlerin ortalama, minimum
ve maksimum uzunluklari ile yakalama oranlarinin kargilastirilmasi

s;;;lghe:ne 2004 (Kilig vd, 2010) 2006 (Kilig vd, 2010) 2018 (Bu galisma)
Tirler %Av Ort. TL(cm) %Av Ort. TL (cm) % Av Ort. TL (cm)
miktar1  (Min-Max) miktar1  (Min-Max) miktar1 (Min-Max)
Tatlisu kefali 54.2 22.9 (16-80) 82.0 25.4 (15-30) 77.5 17.8 (10.3-34.6)
Sazan 63  50.7(30-64) 49  36.9(15-70) 2.4 50.1 (42.5-70.0)
Kadife 274  302(19-39) 118  35.8 (19-64) 2.8 13.8 (8.7-32.6)
Giimiisi 84  245(15-30) 1.1  28.4(25-33) 2.1 28.5 (19.0-34.0)
havuz
Siraz 34  281(22-32) 02  26.1(24-33) 5.0 15.3 (10.6-20.4)
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Aynal1 sazan - - - - 4.8 44.3 (35.0-57.0)
Kerevit 3.2 - - - 1.4 11.3+(6.0-22.5)

Elde edilen bulgulara gore; Yeni¢aga Golii'ndeki en baskin balik tiiriiniin tathisu kefali oldugu
belirlenmistir. Haziran 2018 doneminde Orneklenen tatlisu kefalinin birim ¢abadaki av miktar1 3.35
kg/saat/ag olarak hesaplanmistir. Bunu sirastyla; 1.57 kg/saat/ag ile sazan, 0.61 kg/saat/ag ile glimiisi
havuz baligi, 0.58 kg/saat/ag ile aynali sazan, 0.17 kg/saat/ag ile siraz ve 0.11 kg/saat/ag ile kadife
balig1 takip etmistir. Kerevit populasyonu i¢in tespit edilen birim ¢abadaki av miktar1 ise 0.012
kg/saat/sepet olarak bulunmustur (Sekil 4). Kilig vd. (2010) tarafindan Yenicaga Golii’'nde 2000’1i
yillarin ilk yarisinda; 2004 ve 2006 yillarinda golde avlanan ticari balik tiirleri lizerine gergeklestirilen
bir arastirmada da tatlisu kefali ve sazan populasyonu ilk iki sirada yer almistir. Bu ¢aligmada balik
tirlerinin oransal av dagilimlar1 sirastyla; tatlisu kefali %54.2 ve %82, sazan %6.3 ve %4.9, kadife
%27.4 ve %11.8, glimiisi havuz balig1 %8.4 ve %1.1, siraz %3.4 ve %0.2 olarak bulunmustur (Kili¢ ve
Ozvarol, 2008) (Tablo 2). Tatlisu kefali iizerine Kilig vd. (2010) tarafindan yapilan ¢aligmalarda besin
rekabeti agisindan Yenicaga Golii'nde baskin olarak bulunan bu tiiriin iizerinde daha yogun bir
avciligin uygulanmasi 6nerilmistir.
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Sekil 3. Yenicaga goliindeki makrofaunanin boy-frekans dagilimlari
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Sekil 4. Yenicaga goliindeki tiirlerin birim ¢abadaki av miktarlari

Yaklasik 15 yillik bir zaman diliminde, Yenicaga Golii’nde dagilim gosteren ticari balik tiirlerine
iliskin bazi temel populasyon parametrelerindeki negatif degisimler, goldeki balik¢ilik ydnetimi
uygulamalarinin iyiye gitmedigini isaret etmektedir. Her iki c¢aligmaya iligkin hedef balik tiirlerin
ortalama, minimum ve maksimum boylari ile sayica oransal av miktarlar1 Tablo 2’de gosterilmistir.
Bu siirecte 6zellikle ana avi olusturan tatlisu kefali ve sazan populasyonlarindaki av oranlarindaki
diisiisler bu yipranma icin 6nemli bir gostergedir. 2000’1i yillarin baginda gdélde dagilim gosteren ve
ayn1 zamanda golde baskin durumda olan tatlisu kefalinin sayica oransal av miktar1 %82 iken, bu oran
2018’de %77.5’e digmistiir. Sazan populasyonunda oransal av miktar1 ise %6.3’den, %?2.4’lere
diismiistiir. Ayn1 zamanda hedef balik tiirlerinin av miktarlarindaki diisiisler ortalama av boylarina da
yansimugtir (Tablo 2). Tatlisu kefalindeki ortalama av boyu 24.1 cm’den 17.8 cm’ye, kadife baliginin
ortalama boyu 32.9 cm’den 13.8 cm’ye, siraz baligmin ortalama boyu 30.7 cm’den, 15.3 cm’ye
diismiistiir. Sazan avindaki ortalama av boyunda fazla bir degisim goriilmemistir. Bunun 6rnekleme
periyodunun her iki ¢aligmada da Haziran periyodunda yapilmasi ve bu donemde iireme olgusu
igerisindeki anag bireylerin baskin durumda olmasi ile iliskili oldugu tahmin edilmektedir.

Diger taraftan Yenicaga Goli’ne 1990’11 yillarin sonunda giren (kisisel gortisme, 2017), bu
ekosisteme hizli bir sekilde uyum saglayan ve kisa siirede dinamik bir stok olusturan giimiisi havuz
balig1 populasyonundaki oransal av artisinin yanisira ortalama boy degerindeki artiglar, bu yayilimci
tiiriin golde halen gelisme gosterdigine dair 6nemli bir gostergedir. Kili¢ (2003) tarafindan yapilan bir
ornekleme c¢alismasinda golde avlanan hedef tiirler igerisinde glimiisi havuz baliginin av oran1 %38.4
olarak belirlenmistir. Giimiisi havuz balig1 yiiksek lireme kapasitesi ve ¢evresel degisimlere olan
toleranst ile basarili bir istilaci tiirdiir. Bu 6zellikleri sayesinde yeni girdigi habitatlarda ¢ok kisa siire
icerisinde baskin hale ge¢mektedir. Tiiriin 80’li yillarda Trakya Boélgesinden verilen ilk kaydini
takiben tilkemizdeki tatlisu ekosistemlerinde giderek hizla yayilmaya baslamustir ve ticari olarak av
vermeye baslamistir (Yerli vd., 2014; Zengin vd., 2019). Nitekim Yenigaga Goli dahil bugiin
tilkemizdeki tiim i¢ sularin C. gibelio tarafindan istila edilmesi bu tiiriin bilingsizce sucul ortamlara
birakilmasinin bir sonucu olabilir (Zengin vd., 2012).

Gilimiisi havuz baliginin av orani 2000’li yillarin basima gore onemli Olglide diismis ve ticari
olmaktan ¢ikmustir. Nitekim 2004 yilinda yapilan arastirmada Yenicaga Golii’'ndeki av oran1 %8.4
(Kilig ve Ozvarol, 2008) iken, bu arastirmadaki av oram %2.1 olarak tespit edilmistir. Bu diisiisiin
nedenleri lizerinde yapilan degerlendirmelerde oncelikle gdlde avcilik yapan balikgilar ve kooperatif
bagkaninin goriisiine bagvurulmustur. Giimiisi havuz balig1 populasyonunun 6zellikle {ireme donemini
olusturan Temmuz-Agustos aylarinda goldeki agik sulara gog ettigi, diger donemlerde ise sazlik
alanlarda barindigi, normal olarak sazlik alanlarda aglarin etkin olarak kullanilamamasindan dolay1
avlanamadigr ve avin ekonomik olmaktan ¢iktigi ileri siiriilmiistiir. Bu iddianin tartismali olmasinin
yaninda glimiisi havuz balig1 aveiliginin gélde ekonomik olmaktan ¢ikisinin baska nedenleri tizerinde
de durulmalidir. Bunlar sirasiyla; aveilik baskisi, besin rekabeti, av-avei iligkileri ve gol ekosisteminde
meydana gelen negatif faktorler olarak ele alinabilir. Diger bir yaklasim da; Yenicaga Golii’ne
sonradan giren bu istilaci tiir genetik darbogaza girmis olabilir. Bir habitata bulasan yabanci bir tiir o
ortama, ilerleyen yillarda bagka habitatlardan aym tiire iliskin yeni bireylerin katilmamasi sonucu
genetik risk ¢ikmazina girebilmektedir. Siirekli olarak kendi gen havuzunda lremeye devam etmesi
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sonucu genetik olarak yozlagsmayla iireme basaris1 da azalabilmektedir (Tarkan vd, 2012; Tarkan vd,
2013). Ancak bu konularda gol ekosistemi ilizerine yapilacak kapsamli c¢alismalar ile daha kesin
sonuclara ulasmak miimkiin olacaktir.

Goldeki benzer bir siire¢ kerevit populasyonu i¢in yaganmistir. Gl ekosistemine 1980°1i yillarin ilk
yarisinda giris yapan ve sonraki asamada; 1980’li yillarin sonunda (1989), balik¢1 kooperatifinin
inisiyatifi ile ticari olarak avciligina baglanan kerevit stogunda son yillarda 6nemli Olciide azalma
meydana geldigi ve ekonomik Onemini kaybettigi balik¢ilar tarafindan vurgulanmistir. Ayrica
‘Yenicaga Golii Sulak Alan Ydnetimi Raporu’(2014) ’nda da kerevit populasyon yogunlugunda azalma
oldugu ifade edilmektedir. 2004/06 6rnekleme calismalarinda kerevit av orani ticari tiirler arasinda
%3.8 iken, 2018 Orneklemelerinde av oram1 %1.4’e diismiistiir (Tablo 2). Bu siirecte; 2013 yilindan
itibaren kerevit populasyonu yogunlugu azalmis (Erdem vd., 2017), ticari avciligi da piyasadaki
talebinin azalmasi, fiyat politikasinin yetersizliginden dolay1r ekonomik olmaktan ¢ikmis ve goldeki
avciligina son verilmistir. Bu populasyonlarin, yaygin yasam alani olarak bulundugu Tiirkiye nin
Alasehir, Beysehir, Egirdir, Civril, Karatas ve Apolyont gibi 6énemli gollerinde, bulasici olan ‘kerevit
vebast’ hastaligina maruz kalmasi sonucu kisa siirede populasyon iizerinde yiiksek miktarlarda
6liimlere sebep olmustur (Timur vd, 2010). Bu hastalik Yenicaga Golii’ndeki stoklarinin azalmasinda
onemli bir etkendir. Saygi ve Gengay (2019) tarafindan Yenigaga Golii’nde dagilim gosteren kerevit
lizerine yiriitiilen bir arastirmada; populasyonun %14 {iniin kerevit vebasi hastaligina maruz kaldig
saptanmistir. Cildir Goli'ndeki kerevit avi 2012 yilindan itibaren kerevit vebasinin giderek
yayginlagmast sebebiyle 2019 yilinda goldeki avcili@i neredeyse son bulmustur (Zengin, 2019).
Kerevit populasyonu ayni zamanda sulak alan ekosistemindeki besin zincirinde 6énemli olup, balikgil
kuslari, dalarak beslenen 6rdek tiirleri ve baliklarin beslenmesi bakimindan énem tagimaktadir.
Karaya Cikarilan Ava lliskin Degerlendirmeler

Gilinlimiizde Yenigaga Goli’nde kooperatife ortak balikgilar tarafindan baslica ii¢ balik tiir{i (sazan,
kefal, kadife) lizerinde avcilik faaliyetleri yiiriitiilmektedir. Bu tiirlerin her biri i¢cin Bakanlik¢a yillik
av kotasi limiti uygulanmaktadir. 2019 yili i¢in bu ii¢ tiiriin maksimum av kotalar1 sirasiyla sazan igin
2250 kg, kadife i¢in 5000 kg, ‘cay baliklary’ olarak adlandirilan ve kefal baliginin i¢inde yer aldig
diger tiirler icin de 8000 kg’lik bir av kotas1 yer almaktadir. Ancak golde ticari avciligi en fazla tercih
edilen tiirler sazan ve kadife baligidir. Bununla birlikte kadife baligi i¢in ayrilan 5 tonluk kota miktari,
bu tiirlin stoklarinin giderek azalmasina bagli olarak hi¢bir zaman bu limite ulasmamustir. Son yedi yil
icerisinde (2013-2019) karaya ¢ikarilan av miktart maksimum 2.7 ton ile 0.9 ton arasinda, azalan bir
oranda gerceklesmistir (Sekil 5). Kadife balig1 populasyonundaki azalis, onbes yillik uzun bir aralikta;
2004 ve 2006 yillarinda yiiriitilen populasyon calismalar1 ve 2018’de yiiriitiilen bu arastirmada elde
edilen oransal av miktar1 ve ortalama balik boylarina da yansimistir (Kili¢ ve Becer, 2015) (Tablo 2).
Yenicaga Golii'nde 2004°te yiiriitiilen ¢aligmalarda, kadife baliginin av oram1 %27.4 iken (Kili¢ ve
Ozvarol, 2008) bu ¢alismada av oran1 %13.8’e diismiistiir.

Yenicaga Golii’ndeki ekonomik 6neme sahip tiirlerin basinda sazan balig1 (C. carpio) gelmektedir.
Yenicaga Balik¢1 Kooperatifinden saglanan yil serisi sazan av miktarlarina bakildiginda, 2013 ile 2019
yillar1 arasinda kiiciik dalgalanmalarin disinda 6nemli bir degisim goriilmemistir. Aksine av
miktarlarinda yillar itibari ile az da olsa kiigiik artislar saglanmigtir. 2019 yilinda; bu tiir i¢in izin
verilen maksimum av kotasi sinirina ulagilmigtir (Sekil 5).
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Sekil 5. Yeni¢aga goliinde kooperatife ortaklari tarafindan son 6 yilda pazarlanan ticari balik tirlerine ilisikin
av miktarlan (Kaynak: Bolu Tarum Il miidiirliigii kayitlari, 2018 ve Yeni¢aga Balik¢t Koop. kayitlar, 2019)
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2000°’li yillardan itibaren goldeki c¢ok farkli antropojenik faktorlerin etkisi ile goldeki balik
populasyonlarinda az-¢cok azalmalar meydana gelmisken ve amatdr balikgilik faaliyetleri harig,
balike¢ilik cabasinda/balik¢r sayisinda uzun yillardir herhangi bir degisiklik olmamasina karsin sazan
avinin ayni kalmasi, hatta az da olsa artisinin nerden kaynaklandigi konusu irdelenmis ve kooperatif
yoneticileri ile yapilan goriismelerde bunun gélde 2014 yilindan itibaren gerceklestirilen baliklandirma
calismalarindan ileri geldigi goriisii agirlik kazanmustir.

Bolu Tarim ve Orman Bakanhig 11 Miidiirliigii kayitlarina gore Yenigaga Golii'nde baliklandirma
caligmalar1 2014 yilindan itibaren ticari ve amator balikgiligr gelistirmek amaciyla baglatilmistir. Gole
disaridan kiiltiir kokenli aynali sazan balig1 yavrusu birakilmaya baslanmistir. Bu siirecte yildan yila
atilan balik miktarinda degisiklik olsa da goldeki sazan populasyonun disaridan desteklenmesi
stirmiistiir. 2019 yilindan baliklandirma programu gercevesinde 40 bin adet yavru sazan baligi gole
birakilmistir. Kooperatif yetkililerinin gdle birakilan sazan yavrularinin ii¢ yil igerisinde yasal av
bliytikliigline ulastig1 rapor edilmistir. Sekil 5’deki av egrisinde kiiltiir kdkenli sazanin av verimi
tizerindeki etkisi acik¢a goriilmektedir. Diger taraftan aynali sazan baliklandirma ¢alismalarinin da
ticari avciliga ciddi bir oranda katki sagladigi bu c¢aligmada elde edilen sonuglar ile ortaya
konulmustur.

Cay baliklan olarak adlandirilan ve bagta tatlisu kefali ve siraz gibi daha az ticari 6neme sahip
baliklarin av miktarinda da yillara gore onemli bir diisiis kaydedilmesine karsin, bu tiirler igin
uygulanan 8 tonluk av kotasina hi¢bir donem ulasilamamistir. Yukarida da ifade edildigi gibi bu tiirler
piyasada fazla tercih edilmedigi igin av seviyeleri de verilen kotaya karsilik diigiik kalmaktadir. Yore
halkinin ticari 6neme sahip olan sazan, kadife gibi baliklarin cok miktarda tercih etmesi ve 6zellikle bu
ekonomik balik tiirlerinin daha fazla avlanilmasi, kefalin géldeki populasyonunu diger tiirler lehine
arttirmaktadir. Populasyonundaki bu artis besin rekabetinde diger tiirlerin aleyhine islemektedir.
Ayrica masraf ve sarf edilen is giici maliyeti agisindan degerlendirildiginde; tatlisu kefalinin
ekonomik getirisinin az olmasi, daha az avlanilmasina yol agmaktadir. Bu sebeplerden &tiirii Yenicaga
Balik¢1 Kooperatifinin tathh su kefalini pazarlayabilme konusunda akilci bir planlama ve strateji
gelistirmesinde yarar bulunmaktadir. Goldeki balik tiirlerinin tiimii lizerinde kontrollii ve dengeli bir
avciligin uygulanmasi; tiir ¢esitliliginin ve siirdiiriilebilirliginin korunmasi agisindan etkili olacaktir.
Gl Sucul Yonetimi Uzerine Degerlendirmeler

Ulkemizin en 6nemli turbalik alanlarindan birini olusturan Yenicaga Golii'ndeki torf materyali
ticari olarak igletilmektedir. Bu faaliyet gdlin dogal alaninin bozulmasina, dolayisiyla habitat
degisimlerine ve tiir ¢esitliliginin azalmasina sebebiyet vermektedir. Go6l sulak alan bdlgesinde torf
iretimine temmuz-agustos donemlerinde izin verilmektedir. Bu donem ayni zamanda goldeki
baliklarin {ireme donemi ve sonrasindaki hassas larval donemini kapsamaktadir. Bu ¢aligmada; alan
orneklemelerinin gergeklestirildigi haziran aymin son haftasinda (25-29 Haziran, 2018) makroskopik
gbzlemlere gore golde dagilim gosteren ergin balik tiirlerinin halen {ireme olgusu igerisinde oldugu
goriilmiistiir. Incelenen orneklerde (sazan, tathisu kefali, kadife balig1) gonad gelisim safhalari IV
olarak tespit edilmigtir. IV. Safhadaki bireyler yumurtlama olgusuna devam eden, sulanmig
yumurtalardan olusmaktadir (Sekil 6). Kilig (2003) tarafindan Yenicaga goliinde yapilan bir
arastirmada da sazan populasyonunun yumurtlama déneminin mayis-temmuz aylar1 arasinda meydana
geldigi saptanmistir. Halbuki Yenigcaga Golii i¢in yasal av sezonu 15 Haziranda baslamaktadir. 4/1
Numarali Ticari Amagli Su Uriinleri Aveiligini Diizenleyen 2016-2020 dénemine iliskin genelgelerde
Yenicaga golii i¢in sazan populasyonun av yasagi 15 Mart-15 Haziran olarak uygulanmaktadir
(Anonim, 2016). Haziran 6rneklemesi golde yasayan balik tiirlerinin yumurtlama zamanini belirleme
acisindan O6nemli bir donemdir. Diger taraftan cografik simirlamalara gére Bolu ilinin de yer aldigi
bolgesel sazan populasyonlarinin iireme donemine iligkin yapilan arastirmalarda {ireme baslangict 1
Nisan, 15 Mayis ile iiremenin sona erdigi donem 30 Haziran, 15 Temmuz periyotlar1 olarak
bildirilmistir (Karabatak, 1973; Karabatak, 1977; Diizgiines, 1985). Kili¢ ve Becer (2016) tarafindan
Yenicaga Goli’nde dagilim gosteren kefal populasyonunun iireme 6zellikleri iizerine yliriitiilen bir
aragtirmada, liremenin Nisan-Temmuz arasinda meydana geldigi saptanmistir. Bu arastirmada avcilig
yapilan sazan, tatlisu kefali, kadife baliginin gonad gelisim sathalar1 iizerine yapilan gézlemlerde; av
yasaginin 1 Nisan-30 Haziran olarak degistirilmesi daha rasyonel goriinmektedir. Yenicaga
Goli’ndeki av sezonunun yeniden ele alinarak diizenlenmesi gerekmektedir.
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Sekll 6. Yenlgaga goliinde 26 Ha21ran 2018de orneklenen bir ergin,
disi sazanindaki olgunlasmis (V1. Safha) gonad

Bu baglamda 2014 yilinda hazirlanan ‘Sulak Alan Yénetim Planimin® (Erdem vd., 2017)
uygulamaya konulmasi, balik populasyonlarinin dengeli bir sekilde isletilmesi ve devamliliginin
saglanmas1 bakimindan mevcut ve olasi problemlerin asamali olarak ¢oziimde ©nemli bir rol
oynayacaktir. Gole sirasiyla 80’11 ve 90’11 yillarin sonlarinda giris yapan egzotik iki tiiriin; glimiisi
havuz balig1 ve kerevit populasyonlarin avciliginda da akiler bir politika gelistirilmelidir. Yenigaga
Goli'nde bugiine kadar yapilmis olan arastirmalar sonucunda 6 balik tiirii tespit edilmistir. Bunlar,
Cyprinidae (Sazangiller) familyasindan; C. baliki (siraz), C. carpio (sazan), C. gibelio (giimiisi havuz
balig1), S. cephalus (tatlisu kefali) ve T. tinca (kadife baligi) ve kiy1 bolgelerde Poecilidae (Doguran
baliklar)’den Gambusia holbrooki (Sivrisinek balig1)’dir. Bunlardan C. gibelio, T. tinca ve Gambusia
holbrooki egzotik ve istilaci tiirlerdir. Ulkemizde genellikle T. tinca ve C. gibelio baliklandirmak
amactyla, G. holbrooki ise sivrisineklerle miicadele amaciyla gol ve goletlere atilmigtir. C. baliki
iilkemize 6zgili endemik bir tiir olup, Anadolu’nun kuzey ve kuzeybatisindaki Karadeniz’e dokiilen
nehirlerde ve gollerde bulunmaktadir (ilhan ve Balik, 2005). Gél ile ilgili yapilan diger calismalarda
bu balik tiirlerinin disinda Carassius carassius (Kilig vd. 2010) ve Carassius auratus (Saygi ve
Demirkalp, 2001) tiirerinin de Orneklendigi bildirilmektedir. Ancak bu caligmada bu iki tiire
rastlanmamigstir. Geldiay ve Balik (2009)’1n ‘Tatlisu Baliklar1® kitabinda her iki tiiriin de dagilim alani
olarak Bolu ve civarina iliskin kayit bulunmamaktadir. Ancak yakin havzalar olusturan Sakarya ve
Samsun bolgelerinde C. carassius kayitlar1 verilmektedir. Sazangiller familyasina ait bu {i¢ farkl: tiiriin
Yenicaga Golii'ndeki varligr konusundaki kayitlarin tartigmali olabilecegi kanisina varilmistir. Biiyiik
olasilikla aragtirmacilar tarafindan bu tiirlerin taniminda karigikliga sebebiyet verilmis olabilir. Zira
her iki arastirmanin yapildig1 déonemlerden dnce Yeni¢aga Golii'nde giimiisi havuz baligi av verecek
biiyiikliikte stok olusturdugu rapor edilmektedir. Bir baska olasilikta bu iki tiirtin C. gibelio ile rekabet
edemeyisi nedeniyle gol ekosisteminden ¢ekilmis olmalaridir.

Yenicaga bentik faunasi Asellus aquaticus, Dina lineata, Helobdella stagnalis, Planorbarius
corneu (Erdem vd., 2017) ve A. leptodactylus gibi tiirlerden olusmaktadir. Kiy1 bentiginde ise siiliik
faunas1 yaygmdir. Yenicaga golii kiyisal sazlik bolgeleri kurbaga populasyonu (Bataklik kurbagasi;
Pelophylax ridibundus) bakimindan oldukga zengin bir biyogesitlilik sergilemektedir. Bentik faunanin
sulak alan ekosistemindeki besin zincirinde 6nemli yerleri olup, balik¢il kuslari, dalarak beslenen
ordek tiirleri ve baliklarin beslenmesi bakimindan 6nem tasimaktadir.

Yenicaga Golii'ndeki torf materyalinin ticari olarak isletilmesi sucul kus populasyonlarinin gog
yolu iizerinde ve balik populasyonlarinin yagama alanini olugturmasi nedeniyle goliin dogal alaniin
bozulmasina neden olmaktadir. G6lde torf materyalini ¢gikaran 10 isletme bulunmaktadir. Yenicaga
Goli Kiy1-Kenar Cizgisi disinda kalan Tampon Bolge sinirlart igerisinde turba ¢ikarimu faaliyeti Doga
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Koruma ve Milli Parklar Genel Midiirliigii’nlin iznine tabiidir. Yenicaga Golii kiyi-kenar ¢izgisi
icerisinde kalan kesimlerde, 3621 sayili Kiy1 Kanunu kapsaminda turba ¢ikarimina izin verilmektedir.
Doga Koruma ve Milli Parklar Genel Miidiirliigiince bu bolgelerde yeniden degerlendirme yapilarak
turba ¢ikarimu ile ilgili gol ekosistemine etkilemeyecek sekilde bir iiretimin planlanmasi gereklidir.

Yenig¢aga Golii’niin glineyinde; 6zellikle ilce merkezine kiyist olan bolgelerdeki sazlar; gecmiste
sokiilerek kiy1 tahkimati yapildigi icin bu bolgedeki sazlar daha zayiftir. GOl alan1 1954'te sitmayi,
1969'da tagkinlart onlemek amaciyla kiigiiltiilmiistiir. Bu amacla agilan kanal; gdl seviyesi fazla
diistince 1990 yilinda kapatilmistir. 1944°de alinan hava fotograflar ile giiniimiizdeki uydu goriintiileri
kargilastirildiginda, sazliklarin gliniimiizde ¢ok daha genislemis oldugu goriilmektedir (Sekil 7)
(Erdem vd., 2017). Bu artigin nedenleri arasinda Yenigaga sehrinin atik sulari, tarim alanlarindan gelen
kimyasallar veya torf ¢ikarilan alanlardan gelen organik materyalin etkisi oldugu diistiniilmektedir.
Uydu goriintiilerinden yapilan 6l¢iimlere gore sazlik alanlarin toplami 64 ha civarindadir (Erdem vd.,
2017).

Kiilkoyliioglu vd. (2007) tarafindan Yenigaga Golii'nde kerevit populasyonu ve g6l suyundaki agir
metallerin durumu {izerine yiiriitiilen arastirmalarda; agir metal diizeylerinin yiiksek yogunlukta
oldugunu tespit etmisler ve g6l suyunun etkisi altinda kalan bitki ve baliklarin devamli tiiketilmemesi
gerektigi uyarisinda bulunmuslardir. Benzer bir bulgu Tunca vd. (2012) tarafindan kerevit etinde tespit
edilmistir. Bu sonuglar Yenicaga Golii’'ndeki su kalitesinin diisiik oldugunu gostermektedir. Gol bu
sekilde kirlilik unsuru tagiyan desarjlardan etkilenmektedir.

Bahkcilik Yonetimi Uzerine Degerlendirmeler

Yenicaga GoOli, ticari ve sportif balik avciliginin yapildigi ekonomik degeri olan ve bulundugu
cografyanin onemli dogal gollerinden biridir. Goldeki ticari balikgilik faaliyetleri Yenicaga Su
Uriinleri Kooperatifi tarafindan organize edilmektedir. Yenicaga Golii Balikgt Kooperatifi 1989
yilinda kurulmustur. Halen hizmet veren kooperatif binasi da bu donemde insa edilmistir (Sekil 8). Bu
doneme kadar gdlde yasayan kerevit populasyonunun ekonomik oldugu bilinmiyordu. Kooperatifin
kurulusu ve binamn ingasinda kerevitin ticari olarak avlanmas1 énemli rol oynamustir. Iki katli binanin
zemin katinda o donem avlanan kerevitlerin canliligimi korumasi igin bir seri havuz planlanmisti.
2010’1u yillara kadar da bu tiiriin avciligr yapilmistir. Ancak giinlimiizde populasyonun énemli 6lgiide
azalmasindan dolay1 avciligina son verilmistir.
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Sekil 7. 20. Yiizyilin otalarinda (1944) ve 21. Yiizyilin baslarinda Yenicaga golii sazlik florasindaki degisim
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Sekil 8. Yenicaga golii, Balik¢1 Kooperatifi binas1 ve balik¢t tekneleriinarmgl ve ava acildig1 gliin
Giliney-dogu kiyist

Bugiin kooperatifin ortak sayis1 22’dir. Ancak bu ortaklarin biiyiik bir cogunlugu atil durumdadir. 8
ortagin avlanma ruhsati bulunmaktadir. Golde aktif olarak avlanan tekne sayisi1 5’dir. Bu teknelerin
boylar1 4.9 m ile 6 m asinda degismektedir. Teknelerden 4’1 motorlu, 1’1 ise motorsuzdur. Golde ticari
olarak yapilan balik aveiliginda fanyali uzatma aglar1 kullanilmaktadir.

Yenicaga Goli'nde 15 Mart tarihinde baslayan av yasagi 15 Haziran tarihinde sona ermektedir.
Golde avcilik yapmak isteyen balikgilari her yil igin kooperatif yonetimi belirlemektedir. Ancak
avlanan balik¢1 sayis1 az oldugundan talep eden her balik¢iya avcilik izni verilmektedir. Aslinda aktif
balike1 sayisi yillik kota miktarina gore belirlenmektedir. Goldeki balik avciligi i¢in kiralamay1 balikgi
kooperatifi yapmaktadir. Tiir miktarlar1 tlizerinden belirlenen kira bedeli sézlesmesi 5 yilda bir
yapilmaktadir. Son dénem (2014-2019) i¢in goliin kira bedeli 8500 TL/y1l olarak saptanmistir. Karaya
¢ikarilan balik avinda en onemli problemin pazarlama oldugu kooperatif baskani tarafindan dile
getirilmistir. Her ortak kendi kisisel ¢abalari ile avini pazarlamaktadir. Basta Yenicaga il¢esi olmak
iizere yerel yerlesimlerde baliketine olan talep ¢ok diisiiktiir. flge merkezinde kooperatifin taze/canli
balik satig1 yapacak bir mekani bulunmamaktadir. Tiiketiciler daha ¢cok Bolu merkez ve Diizce’den
telefon ile veya ilgeye ugradiklarinda bireysel olarak veya ilgeye seyahat ettikleri zamanlarda balik
satin almaktadir. Ayrica balikgilar mahalle/semt pazarlarinda da satis yapmaktadir. Sonug olarak gélde
avlanan baliklar i¢in organize bir pazarlama olgusundan bahsedilemez.

Yenicaga Goli’ndeki balikgiligin ticari boyutuna bakildiginda, gerek kooperatifin pazarlamada
etkin olmayisi, gerekse aktif balik¢ilarin, balik¢iligr yan is, ikinci, {igiincii is olarak yapmalarmin da
pay1 biiylktiir. Hicbir balik¢i yasamini balik¢iliktan temin etmemektedir. Balik¢ilik aile gelirine
sadece belirli oranda katki saglamaktadir. Bu acidan bakildiginda balikgilarin yas ortalamasi
yiiksektir. Geng kusaktan kimsenin balik¢iliga karsi ilgisinin olmadig1 goriilmiistiir.

Yenigcaga Golii ililkemizde amator balik¢ilifin en yogun olarak yapildigi alanlarin basinda
gelmektedir. Ozellikle yaz periyodunda, hafta sonlari, 100-300 arasinda amatdr balikg1r golde
avlanmaktadir. Golde olta balik¢iliginin disipline edilmesi i¢in Balik¢1 Kooperatifi, Tarim ve Orman
Ilge Miidiirliigii ve Belediye tarafindan bir seri onlem alinmustir. Buna karsin Yenicaga Golii’niin en
onemli sorunlarmin basmda kontrolsiiz ve gelisigiizel yapilan amatdr balik¢ilik gelmektedir.
Kooperatif yonetimi ve balik¢ilar da en fazla bu konudan sikdyet etmektedir. Bolgenin en 6nemli ve
giderek popiiler olmaya aday Yenicaga mesire alam hafta i¢i ve hafta sonu yakin bdlgeden (Gerede,
Bolu, Diizce) gelen tatilcilerin adeta akinina ugramaktadir. Siiphesiz bu asirt amator balike1 sayisi,
ticari tiirlerin {lizerinde baski olusturmakta, sonugta golii kiralayan gergek balikgilarin av etkinliginin
azalmasina sebep olmaktadir.

Yenigaga Tarim ve Orman Ilge Miidiirliigii tarafindan 2016 yilindan itibaren baslatilan
denetimlerde bu konuda Onemli sayilabilecek bir ilerleme kaydedildigi goriilmiistiir. Denetimler
sonucunda 2016 yilinda 24 amatdr balik¢iya toplam 7848 TL idari para cezasi uygulanmistir. Bu
uygulama sonucu 2017 yilindaki cezalarda énemli bir azalmanin meydana geldigi goriilmiistiir. 2017
denetimlerinde 4 kisiye 1356 TL idari para cezasi uygulanmistir. GOl kooperatif tarafindan
kiralanmakta ve buradaki avcilik aktivitelerinde kooperatif yonetiminin de sorumlulugu
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bulunmaktadir. Buna karsin bu konuda kooperatif yonetiminin etkin bir rol {istlendigi sdylenemez. Bir
taraftan amator balik¢ilarin ticari stoklar {izerindeki olumsuz etkisinden séz ederken, diger taraftan bu
konuda alinacak tedbirlere yeterince istirak edememektedir.

SONUC

Yenicaga Golii i¢in 2014 yilinda hazirlanan ve uygulamaya konulan ‘Sulak Alan Yénetim Planimin’®
bircok kamu ve sivil toplum kuruluslarindan paydasi bulunmaktadir. Bu paydaslardan biri de
Yenicaga Belediyesi’dir. Hazirlanan bu plan dogrultusunda Belediye ve diger paydaslarin katkisi ile
2015 yilindan beri g6l cevresinde birgok 6nemli gelismeler saglanmistir. Mesire alani, parklar, uyarici
tabelalarin yan1 sira Belediye tarafindan g6l {lizerinde turizm amagli bir gezinti yatinin faaliyete
gegmesine ve bu yat i¢in bir ylizer iskelenin ingasina izin verilmistir. Son derece izole bir yapiya sahip
olan ve temiz su girdisi sinirli olan Yenicaga Golii'ndeki yaz turizmini canlandirmaya yonelik bu
faaliyetin balik stoklar1 iizerinde olasi negatif etkileri yiiksektir. Giiriiltii kirliliginin yanisira, sintine
suyu, ilgenin kat1 ve siv1 atik vb gibi olumsuz etkilerin yanisira yaz avcilifinda, ticari aglara da zarar
verme riski bulunmaktadir. Goldeki mevcut ve olasi sorunlarin giderilmesi ve daha rasyonel,
sirdiirilebilir bir balik¢ilik yonetimi icin golde daha kapsamli bir arastirmanin yiiriitiilmesi
gerekmektedir. Bunun da otesinde goldeki ekonomik tiirlerin avciligimin  siirdiiriilebilirliginin
saglanabilmesi i¢in karaya cikarilacak av miktarinin tespitine yonelik stok izleme programlari
uygulanmalidir. Biyolojik sonuclar ile birlikte mevcut balik¢ilik yonetimine iligkin kriterlerin
(uygulanan avcilik sezonu, amator balik¢ilarin durumu, goldeki deger aktiviteler; torf isletmeleri, yat
turizmi, kentsel atik su desarjlar1 gibi) birlikte ele alinmasi; g6l sucul ekosistemi, balik
populasyonlarinin dengeli bir sekilde isletilmesi ve devamliliginin saglanmasi bakimindan énemlidir.

TESEKKUR

Bu arastirmada alan ¢aligmalarinda arastirma ekibine lojistik destek saglayan ve goldeki gegmis ve
aktiiel balik¢iligin durumu hakkinda her tiirlii bilgiyi sunan Yenig¢aga Balik¢i Kooperatif Bagkan1 Ali
Giilmez’e tesekkiir ederiz.
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Abstract

During the research in the grand port area of Antalya (coordinates: 36. 829022N; 30. 603739 E), it was observed that a
very rare fish belonging to the Trachipteridae family was stranded in the Mediterranean Sea. The length of the fish, which
weighs 400 g (TW = 400g), has been measured as 85cm (TL = 85cm). The fish without anal fin has a dorsal fin with red
colour and soft rays, extending from the dorsal to the caudal region. In the examination made; it has been understood that this
fish is Ribbon fish, Trachipterus trachypterus (Gmelin, 1789) which are rare fish in the Mediterranean Sea. In a review of
previous studies, it was previously understood that this species was not given in the Gulf of Antalya. In the study, the Ribbon
fish, Trachipterus trachypterus (Gmelin, 1789), is presented as a new record in the Gulf of Antalya (Turkey).

Keywords: Ribbon fish, Trachipterus trachypterus, rare species, Gulf of Antalya, Mediterranean Sea.
Trachipterus trachypterus'un (Gmelin, 1789) Antalya Korfezi'nde (Turkiye) ilk Kayd:
Ozet

Antalya'nin bilyiik liman boélgesinde (coordinates: 36. 829022N; 30. 603739 E) yapilan bir aragtirmada, Trachipteridae
familyasina ait Akdeniz'de ¢ok nadir goriilen bir baligin karaya vurdugu goriilmiistiir. 400 gr (TW = 400 gr) agirligindaki
baligm boyu 85cm (TL = 85cm) olarak 6l¢iilmistiir. Anal yiizgeci olmayan baligin, dorsal bolgeden kaudal bolgeye kadar
uzanan; kirmizi renkli ve yumusak 1sinli dorsal yiizgeci goriilmiistiir. Yapilan incelemede; bu baligim Akdeniz'de ender
bulunan kurdele baliklar1 Trachipterus trachypterus (Gmelin, 1789) oldugu belirlenmistir. Daha 6nceki galigmalar gézden
gecirildiginde, daha once bu tiiriin Antalya Korfezi'nde verilmedigi anlagilmigtir. Calismada, kurdele baligi Trachipterus
trachypterus (Gmelin, 1789) Antalya Korfezi'nde (Tiirkiye) yeni bir kayit olarak sunulmustur.

Anahtar Kelimeler: Kurdele baligi, Trachipterus trachypterus, nadir tiir, Antalya Korfezi, Akdeniz.

INTRODUCTION

Very little is still known in mesopelagic communities belonging to the biodiversity of
Mediterranean fishes. Among the deepwater species, members of the family Trachipteridae Swainson,
1839 (Lampriformes) are rare. They are represented by 10 species in 3 genera (Desmodema,
Trachipterus and Zu). Of these, only species Trachipterus arcticus (Briinnich, 1788), Trachipterus
trachypterus (Gmelin, 1789) Zu cristatus (Bonelli, 1819) have been reported to be in the
Mediterranean Sea (Macali et al.2020). Trachipterus trachypterus (Gmelin, 1789) is an open sea fish
belonging to the family Trachipteridae, which can reach up to 3 meters in length, living in the
mesopelagic region in the tropical and subtropical seas of the world (Borne and Voltolina, 2006).

There is not much information about this fish, which is a very rare species in the Mediterranean.
Most of the records are related to the presence of dead animals stranded on the coasts. This fish
generally lives in the depth of 100 - 600 meters and swims with its head up. It feeds on squid and mid-
water fishes. Juveniles swim near the surface, trailing elongate dorsal and pelvic fin rays, to resemble
the trailing tentacles of jellyfish (Lipej et al., 2018).

T. trachypterus is occasionally caught by trawls, gillnets, and long lines. Ribbon fish are seen dead,
floating on the surface, or drifting to the beach by waves or tides (Borne and Voltolina, 2006).

Common name of fish in different countries: Ribbons (Turkey), Dealfish; Ribbon fish (English),
Argentina, Poisson ruban (France), Band fish (Deutschland) (Quero et al., 1990).
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In the research, The Ribbon fish, Trachipterus trachypterus (Gmelin, 1789), was aimed to
presentation as first record in the Gulf of Antalya.

In a study conducted on 10 April 2020; a land-striking fish was found in the Antalya Grand harbor
area (coordinates: 36.829022 N; 30.603739 E) (Figure 1). The fish, whose height and weight was
measured, was immediately photographed and dropped back to the sea.
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Figure 1. Sampling area (Gulf of Antalya, Turkey).

Fish without an anal fin has a dorsal fin that is red-colored and soft-rayed, continuing from the back
of the head to the tail area on the dorsal. Its pectoral and pelvic fins are also red in color and thin. He
has large eyes on both sides of his blunt head. The body of the fish without scales is bright silvery in
color, and two rounds, a large and pronounced dorsal line, and two smaller round spots on the ventral
line were noted just above the linea lateralis. Its mouth is small and anteriorly shaped. The length of
the fish, which weighs 400 g (TW = 400g), has been measured as 85cm (TL = 85cm). Considering
these distinctive features, the fish was found to be the rare ribbon fish Trachipterus trachypterus
(Gmelin, 1789) in the Mediterranean Sea (Figure 2).

.
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Figue 2. Trachipterus trachypterus from in the Gulf ntalya (Turkey) -

T. trachypterus is one of the very rare fish species in the Mediterranean (Mytilineou et al., 2013;
Lipej et al., 2018). This fish was reported from the Gulf of Trieste (Northern Adriatic Sea) (Borme and
Voltolina 2006; Lipej et al., 2018), from NCA off northern Cephalonia Island in 488 m depth
(Mytilineou et al., 2013), and from the Aegean Sea, Turkey (Yapici, 2019).
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Given all these features mentioned in other studies, it has been confirmed that the fish is a
ribbonfish. However, although previous studies have reported records of this species in Turkey in the
Eastern Mediterranean and Aegean Seas; its presence in the Gulf of Antalya (Turkey) has been
revealed for the first time by this research. With this article, a new species has been added to the
diversity of fish living in the Gulf of Antalya.
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Abstract

A seventy-five-day feeding study was performed to investigate the usage of black soldier fly (Hermetia illucens) larvae
meal as an alternative protein source in carp diets (Cyprinus carpio). In this study, experimental fish were fed with four
different diets (fish meal-based without Black soldier fly larvae (BSFL) meal (BSFLO0), 50% (BSFL50), 65% (BSFL65), and
75% (BSFL75) of fish meal substitution with BSFL), with triplicate. The carps (1.045+0.083 g) were randomly stocked into
twelve flow-through tanks with a density of 50 fish per tank and reared for 75 days. Diet feed was provided to carps as a
proportion of their biomass (5% of their mass per day) with two meals a day. Carps fed with BSFL65 meal showed positive
effects on weight gain (WG), specific growth rate (SGR), protein efficiency ratio (PER), apparent net protein utilization
(ANPU), and feed conversion ratio (FCR). There were significant differences in moisture, crude protein, lipid, and ash
content in the whole body among dietary groups (P<0.05). The protein content of the carp-fed BSFL75 diet group (20.22%)
was significantly the highest among all three diet groups. Consequently, a BSFL meal can be considered as an alternative
animal source of protein for the carp diet.

Key Words: Hermetia illucens, Insect meal, Fish meal replacement, Common carp.

Sazan (Cyprinus carpio) Diyetlerinde Alternatif Protein Kaynagi Olarak Siyah Asker Sinegi (Hermetia illucens)
Larvasi Ununun Kullamim

Ozet

Yetmis bes giinliik besleme ¢alismasinda, Sazan (Cyprinus carpio) diyetlerinde alternatif protein kaynagi olarak Siyah
Asker Sinegi (Hermetia illucens) Larvasi Ununun kullanim imkéanlari aragtirilmigtir. Calismada, ti¢ tekerriirlii olmak ftizere,
ASSLO (Kontrol diyet grubu: sadece Balik unu), ASSL50 (Balik ununa ikame %50 ASSL), ASSL65 (Balik ununa ikame
%65 ASSL) ve ASSL75 (Balik ununa ikame %75 ASSL) olacak sekilde dort farkli diyetle deneme baliklar1 beslenmistir.
Ortalama baslangi¢ agirliklar 1,045+0,083 g olan sazanlar (Cyprinus carpio) siirekli su akisinmn saglandigi 12 adet tanka
tesadiifi olarak ve her bir tanka stok yogunlugu 50 adet olacak sekilde stoklanmis ve 75 giin siire ile besleme ¢aligmast devam
etmistir. Deneme yemleri sazanlara viicut agirliklarinin %5°1 oraninda sabah ve aksam olmak {izere giinde iki kez verilmistir.
Deneme periyotu sonunda, ASSL65 diyet grubunda agirlik kazanci, spesifik biiylime orani, protein etkinlik orani, net protein
kullanim oran1 ve yem degerlendirme orani pozitif yonde etkilenmistir. Diyet gruplar1 arasinda nem, ham protein, yag ve kiil
icerigi agisindan 6nemli farkliliklar tespit edilmistir (P <0,05). ASSL75 diyet grubunun protein icerigi (% 20.22), diger diyet
gruplar arasinda 6nemli 6lgiide yiiksek seviyede bulunmustur. Sonug olarak, Siyah asker sinegi larvasi unu sazan diyeti ig¢in
alternatif hayvansal protein kaynagi olarak diisiiniilebilir.

Anahtar Kelimeler: Hermetia illucens, Bocek unu, Balik unu ikame, Sazan

INTRODUCTION

Nutrition demand in aquaculture production is the most important factor because it comprises about
50% of the production costs. Fish meal is an important ingredient in aquatic feeds due to its highly
digestible protein, amino acids, and also being palatable. However, the increasing demand for fishmeal
and unbalanced fishmeal production caused the cost of aquaculture production to increase. The limited
availability of natural resources and increasing prices have led both producers and researchers to
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alternative protein sources with less expensive and protein-rich animal or plant ingredients (Davis and
Arnold, 2000; Zhou and Yue, 2012).

An insect is the ecosystem's largest community of organisms. In recent years, with the continual
exploration and use of insect resources, the insect industry is gradually forming a healthy model of
ecological development along with the agricultural industry and animal husbandry such as processing
as feed protein (Sanchez-Muros et al., 2014). Besides, insects have attracted the attention of
researchers due to their shorter production time and rich nutritious contents (Khan, 2018). In
aquaculture, one of the most promising insect species for commercial operation is the Black soldier fly
(Hermetia illucens L.). It has been reported that black soldier fly larvae contain 42.1% crude protein
and the defatted black soldier fly larvae contain 56.9% crude protein (Makkar et al., 2014), which can
be used as an alternative protein source as part of the natural diet of fish meal. Furthermore, the Larvae
of the black soldier fly (Hermetia illucens L.) is one of the valuable feedstuffs, and has a better amino
acid profile, and can replace better fish meal than soybean meal (Tran et al., 2015).

In many parts of the world, H. illucens is effectively used as a partial substitute of dietary fish meal
in practical diets for finfish (freshwater and marine fish species) (Fasakin et al., 2003; Riddick, 2013;
Magalhdes et al., 2017; Belghit et al., 2019), shrimp (Cummins et al., 2017) and freshwater crustacean
diets (Langer et al., 2011; Riddick, 2013). Li et al (2017) reported that at least 50% of fish meal
protein could be replaced with black soldier fly meal without any adverse effects on growth
performance, and digestive enzyme activities of juvenile Jian carp. Also, in the same study, it was
observed that dietary stress and intestinal histopathological damage were observed when the level of
soldier fly meal used exceeded 75% instead of fish meal. However, research on the optimum
usage/application of black soldier fly larvae in the carp diet was scarce in the literature studies.
Therefore, it has been revealed that studies should be conducted to determine the optimum usage rates
of black soldier fly larvae in carp diets.

With this background, this study aims to investigate the effects of H. illucens larvae meal on
growth performance, feed utilization, and body composition in common carp, to provide reference
information for optimum usage rates of Black Soldier Fly larvae meal as a protein source.

MATERIAL and METHODS
Experimental Diets

The control diet (BSFLO) represented a commercial (Fish meal, FM100) diet where 50% of the oil
was from a vegetable source (soya oil) and 50% from fish oil. The control diet (FM100) contained a
20 g 100 g™ fish meal, which was gradually replaced by Black Soldier Fly (BSFL) larvae. Black
soldier fly eggs were taken from Tamer Calikoglu Ankara, Turkey. The resulting larvae were grown in
plastic containers (400x600x150 mm) in a climate chamber at 26-27°C and 60%— 70% humidity and
were regularly fed restaurant waste once a day for 15 days. Restaurant waste was obtained from a
student restaurant at Iskenderun Technical University and contained potatoes, rice, pasta, and
vegetables. All larvae were harvested from a plastic container on day 15. Then, the larvae were
washed in distilled water, drained, and smashed into a pulpous state with a pulverizer. So, BSFL
larvae meal (40% protein, 45% lipid, 4800 Kcal kg™*) were obtained for this experiment. The standard
feed contained the ingredients; fishmeal (60% protein, 12% lipid, 2600 Kcal kg™), meat-bone meal,
soybean meal, canola meal, cottonseed meal, sunflower meal, wheat bran, bentonite, mono-calcium,
vitamin mixture. Three experimental diets were formulated, in which 50% (BSFL50), 65% (BSFL65),
and 75% (BSFL) of the FM was replaced with BSFL, corresponding to dietary BSFL inclusion levels
of 10 g 100 g*, 13 g 100 g™ and 15 g 100 g*, respectively (Li et al., 2017) (Table 1). The same
ingredients have been used for the BSFL meal diet with the only difference that 20% of the fishmeal
has been substituted by BSFL, which in turn corresponded to 5% of the final diet. The feeds were
prepared at the laboratory of the Faculty of Marine Science and Technology of Iskenderun Technical
University, Iskenderun, Hatay, Turkey. All ingredient feed materials were blended in a kitchen robot
for a homogenous mix, and sufficient water (400 g kg™) was added to the mix from soft dough. The
obtained dough was passed through a mincer with a 2 mm diameter die. The diets were then dried at
40 "C and stored in plastic bags at -18 "C until feeding (Gasco et al., 2016). The feed formulation and
proximate composition of the diets are presented in Table 1.
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Table 1. Ingredients and proximate composition of the experimental diets.
Diets
BSFLO BSFL 50 BSFL 65 BSFL 75

Ingredients (g/100g)

Fish meal 20 10 7 5
Black soldier fly larvae (H. illucens) meal 0 10 13 15
Meat-bone meal 11 15 16 17
Soybean meal 25 29 29 29
Canola meal 7 5 5 5
Cottonseed meal 6 5 5 5
Sunflower meal 16 16 16 16
Wheat bran 4 2 2 2

Fish oil 4 3 2 2
Soya oil 4 2 2 1
Bentonite 1.0 1.0 1.0 1.0
Mono-calcium 1.0 1.0 1.0 1.0
Vitamin mixture 1.0 1.0 1.0 1.0
Proximate composition (%)

Dry matter” 88.95+0.03  89.05+0.04  88.88+0.03  89.12+0.07
Crude protein” 40.35£0.42  40.46+0.23  40.31+£0.13  40.36+0.45
Lipid* 12.34+0.09  12.83+£0.06  12.91+0.10  12.65+0.11
Ash” 12.75+£0.02  12.35+0.03  11.98+0.04  12.05+0.01
Digestible Energy”~ (MJ/kg) 115 11.8 11.8 11.7

BSFL: Black Soldier Fly Larvae (H. illucens). All values except for digestible energy are reported as the mean of duplicate
analyses. " Calculated from analyzed. ™ Digestible energy determined according to 5.0 kcal/g protein, 9.0 kcal/g lipid, 2.0 kcal/g
carbohydrate (Cowey et al., 1972)

Feeding Trial

The feeding trial was conducted at Iskenderun Technical University Aquaculture Research Facility
located in Iskenderun, Hatay, Turkey. Before the start of the feeding trial, carps were acclimated to the
environmental conditions for two weeks. A total of 600 fish (1.045+0.083 g) were randomly
distributed into 12 recirculating tanks (approximately 100 L), at a density of 50 fish per tank. The fish
used in the experiment were of equivalent size and weight. Water inflow was adjusted at 6 L min™,
and supplemental aeration was provided via air stone. Before the beginning of the feeding experiment,
the experimental carp were fasted for 24 h and weighed.

The four experimental diets were randomly assigned to triplicate tanks and where the following: (1)
a fish meal-based diet without BSFL (control diet: BSFLO), three diets with an inclusion of 50%
(BSFL50), 65% (BSFL65), and 75% (BSFL75) of fish meal substitution, corresponding to BSFL
dietary inclusion levels of 50% 75%, respectively. Diets were provided to carps as a proportion of
their biomass (5% of their mass per day). Faces and waste feed were siphoned daily before feeding.
The daily total feed ratio was separated between two equal parts and delivered at 8:00 am and 5:00
pm. The tanks were housed in a room controlled with an automatic photoperiod timing system (12 L:
12 D cycle) and each tank was supplied with continuous aeration. The water quality parameters were
monitored on weekly basis, and the following parameters were recorded: the water temperature,
dissolved O, and pH maintained at 23.0+1.5°C, 5.75 + 1.50 mg L™, 7.65 £ 0.5, respectively. Dead fish
were weighed and the mortalities were recorded during the experiments.

After 75 days, all the carps in each tank were collected, weighed, and counted for calculation of
weight gain (Watanabe et al., 1990), survival rate (Watanabe et al., 1990), specific growth rate (SGR)
(Clark et al., 1990). Feed use is estimated by feed conversion ratio (FCR) (Steffens, 1989), the protein
efficiency ratio (PER) (Steffens, 1989), and apparent net protein utilization (ANPU) (Bender and
Miller, 1953). At the beginning of the experiment, 15 fish randomly were treated with an overdose of
phenoxyethanol (1.5 mg ") solution and stored at —20 °C for the determination of body proximate
composition. At the end of the feeding trial, 5 fish from each dose group (n=20 fish\per dose) were
analysed for the final whole-body proximate composition (AOAC 2000).

Statistical Analysis

The data were analyzed by using the Statistical Package for the Social Sciences software (SPSS,

Version 21.0). The results were subjected to Levene’s test to determine homogeneity of variance and
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no transformation was required. One-way ANOVA was used to determine the effects of the three diets
on the various responses including growth parameters for all treatments. A post hoc Duncan’s multiple
range test was used to determine the statistical significance of the differences in means among the
treatments (Zar, 1996). Results were considered to be significant at the (P<0.05) level. The mean
results were presented with + standard error (SE).

RESULTS
The effects of experimental diets on growth performance and survival rate are presented in Table 2.

Table 2. Effect of BSFLM on growth performance and survival rate of the experimental fish

Dietary groups’

BSFLO BSFL50 BSFL65 BSFL75
Initial weight (g) 1.024+0.004*°  1.019+0.001*  1.121£0.094®  1.018+0.003%
Final Weight (g) 4.045+0.109°  4.901+0.068°  6.957+0.442°  4.787+0.113®
Weight Gain (g) 3.021+0.112°  3.882+0.069°  5.836+0.358°  3.768+0.112°
Specific growth rate (%) 1.830+0.039°  2.093+0.020°  2.437+0.051°  2.062+0.029"

Feed conversion ratio
Protein Efficiency Ratio

Net Protein Utilization Rate

Survival rate (%)

1.991+0.074°
1.258+0.468"

25.580+0.930%

74.66+0.66%

1.546+0.027°
1.617+0.029°

30.633+0.429%

74.00+1.15%

1.208+0.074%
2.084+0.128°

41.496+3.307°

74.00+1.15%

1.594+0.045"
1.570+0.046°

39.891+0.942"

74.66+0.66°

“Values are means and standard errors with different superscripts in the same row are significantly different (P < 0.05) from each
other (n=3). WG (Weight Gain) (g) = Final weight-Initial weight; Specific Growth Rate (SGR) (%) = (Ln final weight - Ln
initial weight) / total number of the experimental days x 100; FCR (Feed Conversion Ratio) = Dry feed intake (g) / wet weight
gain (g); PER (Protein Efficiency Ratio) = Live body weight gained (g) / protein intake (g); ANPU (Apparent Net Protein
Utilization) (%)= (Protein retained / unit protein intake) x 100; Survival rate (%) = Final number of fish harvested / initial
number of fish stocked x 100.

There were no significant differences in the initial weight of the experimental fish at the start of the
trial (P>0.05). After 75 days of feeding, it was observed that there were significant differences in the
growth performance of carps among the four diet groups (P<0.05). The mean final weight, weight gain
(WG), and specific growth rate (SGR) of the carp fed with the BSFL65 diet were significantly
(P<0.05) higher than those carp fed with the other three diet groups (BSFLO, BSFL50, and BSFL75)
(Table2). The best weight gain (5.836+0.358 g) was found in the BSFL65 diet group and it was
significantly higher than those of the other three groups (Table 2). These results indicated that the
growth of carp was improved significantly by dietary Black soldier fly larvae incorporation. The
highest mean specific growth rate (SGR) (2.437+0.051%) was obtained in the BSFL65 diet group
whereas the lowest value (1.830+0.039%) was found in the group fed with a fish meal-based diet
without BSFL (BSFLO) (Table 2).

Also, the best FCR (1.208+0.074), PER (2.084+0.128), and ANPU (41.496+3.307) were observed
in the BSFL65 diet group were significantly (P<0.05) higher than that of carp fed with other three diet
groups (BSFLO, BSFL50, and BSFL75) (Table 2). After 75 days of rearing, the survival rate (SR) of
carp showed a range of 74.00%-74.66% (Table 2). There were no significant differences in the
survival rate of the BSFL treated groups. During the study, there were no abnormal behaviors in the
general activities of treated experimental carps.
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Table 3. Effect of Black soldier fly larvae meal on proximate composition in tissues of fish*

Dietary groups *

BSFLO BSFL50 BSFL65 BSFL75
Moisture (%) 79.708+£0.154°  79.296+0.265%  78.670+40.353°  76.667+0.333°
Crude protein (%) 15726+0.591°  16.059+0.244®  17.509+0.549° 20.229+0.331°
Lipid (%) 4.564+0.642°  4.644+0377°  3.819+0366°  3.103+0.308°
Ash (%) 1.13340.029°  1.802+0.085°  1.603+0.023°  1.767+0.048"

* Values (% w.w.) are means and standard errors with different superscripts in the same row are significantly
different (P < 0.05) from each other (n=5)

The statistical analysis results of the body composition of the experimental fish are shown in Table
3. There were significant differences in moisture, crude protein, lipid, and ash content in the whole
body among dietary groups (P<0.05). The protein content of the carp-fed BSFL75 diet group
(20.229%) was significantly the highest among all three diet groups (Table 3). The lipid content of
BSFL treated groups was significantly lower than that of the control group (P<0.05).

DISCUSSION

The current study showed that replacement of dietary fish meal by Black soldier fly larvae had a
significant effect on the growth performance and feed conversion ratio of carp, suggesting that it is
possible to substitute up to 65% fishmeal by BSFL meal in diets for Common carp without negative
effect on growth performance and feed utilization. Protein replacement in fish diets has been
investigated using the meals obtained from both larvae and prepupae of Black soldier fly for the
following fish species: turbot (Psetta maxima) (Kroeckel et al., 2012), hybrid tilapia (Oreochromis
niloticus X Oreochromis spilurus) (Furrer, 2011), rainbow trout (Oncorhynchus mykiss) (Sealey et al.,
2011), Atlantic salmon (Salmo salar) (Belghit et al., 2019), European seabass (Dicentrarchus labrax)
(Magalhaes et al., 2017), Jian carp (Cyprinus carpio var. Jian) (Li et al., 2017).

Similar results have been reported by Li et al. (2017) who indicated that adding up to 50% BSFL
meal in the Jian carp diet showed good growth performance. Besides, they reported that dietary stress
and intestinal histopathological damage were observed when the replacement levels exceeded 75% in
some studies. For this reason, our study was conducted to determine the optimum usage rates of black
soldier fly larvae meal in carp diets. Our results showed that the effect of growth performance and feed
efficiency of common carp were influenced by dietary composition. The final weight, weight gain, and
SGR values of carp-fed BSFL diets (65% black soldier fly larvae meal replacement) were significantly
improved when compared to those of carp fed on control (BSFLO) and other diets (BSFL50, BSFL75).

Moreover, Magalhaes et al. (2017) pointed out similar results in their studies that when the BSFL
meal was included in the seabass diets, growth and feed conversion parameters improved. Besides,
they reported that up to 19.5% of the prepupae of black soldier fly (Hermetia illucens) meal
(corresponding to 22.5% of dietary protein) can replace 45% FM 'in diets for the European sea bass
without any adverse effect on growth, and have positive effects on growth, feed use and digestive
enzyme activity.

Previous studies have shown that adding insects to diets at different levels gives conflicting results
in growth performance. Other studies in Nile tilapia found that replacing black soldier fly larvae with
diet instead of the fish meal significantly reduced weight gain and specific growth rate, significantly
improved feed intake and feed conversation rate (Webster et al., 2016). Kroeckel et al. (2012) reported
that the replacement of black soldier fly larvae meal with diet instead of the fish meal significantly
reduced the growth performance and feed utilization of turbot. These various results may be due to
differences in fish species, fish size, insect species and substrates, and processing for the insect
(Tschirner and Simon, 2015).

The survival rate was not significantly different among all groups (Table 2), suggesting that BSFL
was palatable for C. carpio. The results of survival rate indicated that BSFL could be included in diets
of carp without negative effects. Similar results have been found on juvenile mirror carp (Cyprinus
carpio), Jian carp (Cyprinus carpio), yellow catfish (Tachysurus fulvidraco), and juvenile Jian carp
(Cyprinus carpio) when BSF larvae were included in their diets (Li et al., 2016; Hu et al., 2017; Zhou
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et al., 2018; Xu et al., 2020). In the current study, it was found that the protein content of C. carpio
body mass (whole proximate composition) was significantly influenced by adding BSFL meals
(P<0.05) (Table 3). The highest protein content (20.229%) was observed in the diet feed with 75%
BSFL meal (BSFL75), which had small differences from the other two groups (BSFL50 and BSFL65).
The diet group (BSFL50) had the highest lipid content (4.644%) compared to the others and control
group of BSFL. But, no significant differences were shown in whole-body lipid among the dietary
treatments. Also, the values obtained from the whole body of carp were found to be between 76.66 and
79.70% for moisture and approximately 16-20% for protein, and these values are consistent with
previous studies (Li et al., 2016; Zhou et al., 2018; Xu et al., 2020).

In conclusion, the results of this study clearly showed that the replacement of fishmeal with up to
65% BSFL meal in the diet of Common carp had positive effects on weight gain, specific growth rate,
feed conversion rate, and protein efficiency ratio. This application may increase the expansion of the
aquaculture industry. Therefore, we conclude that the insect meal made from BSF is a nutritionally
appropriate source of protein for carp culture.
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Ozet

Calismada, kiiltiir deniz baliklar1 isleme endiistrisi artiklarindan formik asit hidrolizi ile balik silaji ve balik yagi
iretilmesi, elde edilen iiriinlerin kimyasal ve mikrobiyolojik kalitesinin tespiti ve balik yagmin yag asit kompozisyonun
belirlenmesi amaglanmustir. Bu kapsamda yapilan ¢aligmalar sonucunda elde edilen balik silajinin nem igerigi %80,40, tim
asamalarda iiriin kalitesinin 6nemli gostergelerinden birisi olan pH degerinin de 3,62 ile 3,89 arasinda degisim gosterdigi
tespit edilmistir. Balik silajinin kuru agirliktaki kuru madde, ham protein, ham yag ve ham kiil degerleri sirastyla %19,60,
%48,26, %15,17 ve 17,01 olarak bulunmustur. Ayrica iriiniin toplam mezofilik aerob bakteri, toplam psikrofilik aerob
bakteri ve toplam koliform bakteri bakimindan giivenli oldugu, iiretilen balik yagmin toplam doymus yag asidi miktar1
%20,64, doymamis yag asidi miktar1 ise %70,49 olarak belirlenmistir. Toplam n-3 yag asidi miktar1 %12,15, toplam n-6 yag
asidi miktar1 %19,87 ve n-3/n-6 oran1 da 0,61 olarak saptanmustir.

Anahtar Kelimeler: Kiiltiir deniz baliklari, balik isleme artig1, balik yagi, balik silaji, yag asidi
Some Quality Characteristics of Fish Oil and Silage Produced From Culture Marine Fish Processing Waste
Abstract

It was aimed to produce fish silage and fish oil by formic acid hydrolysis, to determine the chemical and microbiological
quality of the products obtained, and to reveal the fatty acid composition of fish oil in this study. The fish silage has a
moisture content of 80.40 %, and the pH value, one of the important indicators of the product quality at all stages, has been
determined to be between 3.62 and 3.89 . Values of the dry weight of the fish silage sample were 19.60 %, crude protein
48.26 %, crude fat 15.17 %, and crude ash 17.01 %. In addition, the total mesophilic aerobic bacteria, total psychrophilic
aerobic bacteria, and total coliform bacteria safety of the produced fish oil, total saturated fatty acid amount of 20.64 %,
70.49 % percent of unsaturated fatty acid was determined. The total amount of n-3 fatty acid was 12.15 %, the total amount
of n-6 fatty acid was 19.87 % and the n-3 / n-6 ratio was calculated as 0.61 %.

Keywords: Cultured marine fish, fish processing waste, fish oil, fish silage, fatty acid

GIRIS

Su {iirinleri isleme artiklar1 6nemli oranda proteine sahip olmasinin yaninda vitamin, mineral ve
degerli yag asitlerini de barindirmaktadir. Artiklar gida, kozmetik, eczacilik, yem sanayi gibi gesitli
endiistriyel alanlarda kullanilmaktadir. Balik yagi, kollajen, protein hidrolizati, jelatin, kitin ve kitosan
bu iiriinlerden sayilabilir (Taylor ve Alasalvar, 2002).

Tiirden tire degismekle birlikte su f{rinlerinin  %20-50’1ik kismu insan gidas1 olarak
degerlendirilirken, geriye kalan kism1 da artik olarak ortaya ¢ikmaktadir. Bahsedilen bu artiklar diinya
genelinde 20 milyon tona ulasmak iizere olup uygun sekilde degerlendirilemedigi bildirilmektedir (Pal
ve Suresh, 2016; Giindiiz vd., 2018). Aslinda artiklar gesitli islemlerden gegirildikten sonra balik yemi,
balik silaji, jelatin, sos, enzim ve yenilebilir film eldesin de kullanilabilmektedirler. Ozellikle
Norveg’te 6nemli oranda balik silaji yapilmaktadir. Biyiik kismi isleme yan iiriinlerinden olusmak
iizere yilda yaklasik 140 bin ton balik silaj {iretimi gerceklestirilmektedir (Rustad, 2003; Kiling, 2007;
Giindiiz vd., 2018).
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Balik artiklari; su {irlinleri isleme tesislerinde temizlenen baliklardan geriye kalan kafa, barsak, i¢
organlar, iskelet gibi kisimlari ile diger isleme teknikleriyle islenmis (dumanlanmis, tuzlanmis,
konserve, marinat vb.) baliklardan geriye kalan kisimlardir. Bu kati artiklar oldukga biiyiik bir protein
ve balik yag1 potansiyelini olugturmaktadir.

Su driinleri yetistiriciliginde maliyet ve verimliligi etkileyen unsurlarin basinda balik yemi
gelmektedir. Balik yemleri, balik tiirlerine ve biiyliklikklerine gore farkli oranlarda protein
icermektedir. Yemlerde istenilen diizeyde protein miktarii saglamak amaci ile yiiksek miktarda
protein igeren yem ham maddeleri yogun bir sekilde kullanilmaktadir.

Balik silaji, biitiin veya kiyilmis sekildeki balik etlerinin belli orandaki asitlerle islenmesi ve
enzimlerin aktivitesi sonucu elde edilen ve hayvan beslenmede protein kaynagi olarak kullanilan yem
hammaddesidir (Giilli vd., 2015; Giindiiz vd., 2018). Baliklarin yenilmeyen kisimlar1 ve ekonomik
degeri diisiik baliklar kullanilarak da balik silaj1 iiretilebilmektedir (Kiling, 2007; Giindiiz vd., 2018).
Balik unu ile kiyaslandiginda daha ucuz oldugu i¢in kanath ve biiyiik bas hayvan yemi liretiminde
yaygin olarak kullanilmaktadir. (Rustad, 2003; Mol, 2004; Goddard ve Perret, 2005; 2005; Kiling.,
2007; Borghesi vd., 2008).

Balik silaji ekonomik degeri diisiik baliklar, yan {riinler ve isleme artiklarinin karisimlarina %2-
3’lik formik asit ilavesi sonrast oda sicakliginda bekletilerek, balik dokusundaki endojen enzimlerin
faaliyetlerinin maksimum seviyeye ¢ikarilmasiyla gergeklestirilir. Karigim 2 giin boyunca 30-40°C’de
depolanarak balik dokusundaki istenilen ¢oziinme saglannus olur. Ideal hazirlannms balik silaji
karigiminin pH degeri, balik pepsinlerinin optimum aktivite gosterdigi pH araligi olan 3-4 araligidir.
Balik silajlar1 dogrudan hayvan yemi olarak kullanilabilir ya da yaglar ayrilarak protein igerigi
artirllmis {irlin olarak da degerlendirilebilir. Diisiik yatirim maliyeti ve basit isleme ekipmanlarinin
kullanilmas1 gibi liretim avantajlarin vardir. En 6nemli dezavantaji yiliksek su igerigi nedeniyle
depolama ve nakliye zorluklaridir. Buna ragmen ekonomik degeri diisilk baliklardan ve isleme
artiklarindan silaj eldesi ile; su liriinleri tarafindan sevilerek tiiketilen, sindirilebilirlik degeri yiiksek,
hijyenik agidan giivenilir yemlerin iiretilmesi 6nemini artirmaktadir (Kiling, 2007; Giillii vd., 2015;
Giindiiz vd., 2018).

Balik silaji, Norveg’te daha c¢ok kiirk hayvanlari yemi olarak kullanilirken sonradan somon
yetistiriciliginde kullanilmaya baslanmis ve iyi sonuglar elde edildigi bildirilmistir (Cakli 2008;
Colakoglu ve Kiinili, 2016; Jonsson ve Vidarsson, 2016). Balik silaji1 iiretiminde daha ¢ok endiistriyel
pelajik baliklar (caca, ringa baligi gibi) ve balik igleme artiklarinin hammadde olarak kullanildigi,
istenilen pH araliginin saglanmasinda genellikle formik asit kullanildig1 bildirilmistir (Archer vd.,
2001).

Rustad (2003), diinyada her y1l 91 milyon tondan fazla balik ve kabuklu deniz {irlinleri avlanmakta
oldugu, avciligin sadece %50-60’nm insan tiiketimi i¢in kullanildigi, geriye kalan artiklarin az bir
kisminin yan {irlinlerin eldesinde kullanildig1 ve c¢ok biiyiilk miktarinin ise israf edilmekte oldugu
bildirilmistir. Bu ¢aligmada, Norveg¢’te morina balik¢iligindan toplam 232.000 ton yan {iriin elde
edildigi, bu yan iiriin dretiminin 125.000 tonunun kullanilmadan atildigi ve 107.000 tonunun ise
degerlendirildigi bildirilmistir. insan tiiketiminde toplam miktarin yaklasik %15,5%ini olusturan
yalnizca 36.000 ton yan iiriin kullanilmigtir. Geri kalan balik unu, silaj ve hayvan yemi iiretiminde
kullanilmistir. Balik silaji balik unu ile kiyaslandiginda daha ucuz olmasi nedeniyle kanath ve biiyiik
bas hayvan iiretiminde daha yaygin olarak kullanildig1 belirtilmistir (Rustad, 2003).

Gidalarin islenmesi ile ortaya g¢ikan artiklarin iyi bir sekilde degerlendirilmesi, gevresel artik
birikimlerinin 6nlenmesi, sektdrel gesitliligin artmasi ve iirlin degerinin zenginlestirilmesi konusunda
onemli bir yere sahiptir. Ulkemizde, son yillarda ki su iirlinleri iiretim artigina paralel olarak gelisen su
iirlinleri isleme endiistrisi ile hem yetistiricilik hem de avcilik kaynakli su iiriinleri taze, dondurulmus,
i¢ organlar1 ¢ikarilip islendikten sonra i¢ ve dis pazarlara sunulmaya baslanmistir. Bu baglamda su
iirlinleri isleme endiistrisi artiklarinin 6nemli bir kismin1 olusturan bas, barsak, i¢ organlarin biiyilik bir
kismi ekonomik anlamda kullanilamadan atilmakta, ¢ok az bir kismi ise yem hammaddesi liretiminde
kullanilabilmektedir. Bu ¢alisma ile kiiltiir balig1 igleme artiklarindan asit hidroliz yontemiyle balik
yag1 ve balik silajinin eldesi, silajin mikrobiyolojik ve kimyasal kalitesinin belirlenmesi yani sira silaj
iretim islemi sonucunda elde edilen balik yagmin yag asit kompozisyonun ortaya cikarilmasi
amaclanmigtir. Ayrica {lilkemiz kdiltiir balig1 sektoriiniin en 6nemli sorunlarindan biri olan balik unu
yerine kullanilabilecek hidrolize balik proteini iiretimi ile artiklarin iilke ve bolge ekonomisine
kazandirilmasina katki sunulmas1 da hedeflenmektedir.
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MATERYAL ve YONTEM
Materyal

Arastirmada kullanilan kiiltiir deniz baliklart (levrek ve ¢ipura) isleme artiklari (kafa, omurga,
ylizgee, kirpint1 et ve deri parcalari)) Bodrum/Mugla bdlgesinde bulunan yerel isleme fabrikalarindan
temin edilmigtir. Artiklardan bolgede kurulu balik yemi {iretim tesisinde kimyasal yontemle iiretilen
balik yag1 ve balik silaj1 6rnekleri strafor kutu igerinde soguk zincir uygulamasiyla, vakit gecirilmeden
Mugla Sitki Kogman Universitesi, Su Uriinleri Fakiiltesi, Su Uriinleri Isleme Teknolojisi Kalite
Kontrol Laboratuvarma getirilmistir. Ornekler kalite-kontrol analizleri yapilincaya kadar -85°C’lik
ultra derin dondurucuda (Daihan WUF500, Korea) saklanmustir.
Yontem

Fileto islemi sonrasi kalan ham balik artiklar1 (3.000 kg levrek ve ¢ipura) vakum sistemi ile
¢ekilerek hicbir islemden gecirilmeden dogrudan igerisinde kesici bigaklar bulunan pargalayicili silaj
tankina (Kayaoglu Makine, Tiirkiye) alinmistir. Tankin igine, % 0,85’lik formik asit (SoftAcid S
E236) 100L ilave edilmis ve yaklasik 10 saat siirekli sagdan sola karigtirilarak homojen bir
parcalanmanin gerceklesmesi saglanmistir. Formik asit kullanilarak gerceklestirilen asit hidroliz
isleminden sonra kemik ayirici (Kayaoglu Makine, Tiirkiye) ile {iriinden kemik pargalart ve 5 mm
iizerindeki partikiiller ayrilmig, hidroliz edilmis balik artigi 2 tonluk ana hidroliz stok tankina
pompalanmistir. Bu asama asit hidroliz asamasi olarak adlandirilmistir. Hidroliz stok tankina alinmis
asit hidroliz sivisina oksidasyonu engellemek i¢in 1000 kg’a 1 litre Biitil Hidroksi Toluen (BHT) ilave
edilmistir. Karigimin hidroliz stok tankinda 3-4 saat siireyle kendi i¢inde sirkiilasyon yaparak homojen
kalmasi saglanmistir. Hidroliz stok tankina alinan siispansiyonun baglangic pH degeri 6,4-7,0
degerinden pH 3,5-4 seviyelerine diismesi asit ilavesi ile saglanmistir. Her biri 250 kg kapasiteli
pisirme reaktorlerinde karisim 4’e ayrilarak iizerlerine 2 kg formik asit ilave edilmis ve 90° C’de 60
dakika 1s1l iglem uygulanmugtir. Isil igleme maruz birakilan hammadde 5 tonluk kapasitesi olan ve
iiriiniin sicakligimi 75-80 °C araliginda tutabilen ana stok tankina aktarilmistir. Ana stok tankindan
yiiksek devirli dekantore karisim aktarilarak balik artiginin sivi (yag+protein sivisi) ve kati (protein
kat1 partikiilii) olmak tlizere iki faza ayrilma islemi gergeklestirilmistir. Dekantor santrifiijle siispanse
ornek, yagl su faz1 ve yogun hidrolize protein fazi olarak ayrilmistir. Ayrilan yagh su fazi igeren
kistm pompa ile seperatdre aktarilmis, separatore 70 °C sicaklikta su girisi yapilarak yiiksek hizda
santrifiyj islemi araciligiyla su ile balik yaginin birbirinden ayrilmasi saglanmistir. Separatorde ayrilan
balik yagi, yag gecis tankina boru ile aktarilmig (Sekil 1.a), sivi faz ise bir dnceki asamada ¢ikan
yogun proteinize faz ile birlestirilmistir (Sekil 1.b). Bu asama da elde edilen {iriin balik silaji olarak
isimlendirilmistir. Balik silaji ve yagi iiretim akis semas1 Sekil 2°de verilmistir. Bu dort asamadan
alinan drneklerde % nem, % ham protein, % ham yag, % ham kiil ve pH analizleri yapilmistir (n=6).
Ayrica son agamada elde edilen hidrolize protein siv1 faz1 liyofilize edilerek kurutulmus ve kurutulmus
ornekte mikrobiyolojik analizler gergeklestirilmistir (n=2). islem sonucunda elde edilen balik yag: ise
yag asit kompozisyon analizine tabi tutulmustur (n=2).

Sekil 1. a) Balik yagi fazi, b) Balik silaji
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Sekil 2. Balik artig1 isleme akis semast

Kimyasal Kompozisyon Analizleri

Calismada elde edilen balik silajinin nem miktar1 tayini AOAC (1990), ham protein miktar1t AOAC
(2005a), ham yag miktar1 (Sokshlet Metodu) AOAC (2005b) ve ham kiil tayini AOAC (1990)
metotlar esas alinarak yapilmistir.

Liyofilize Bahk Silaji Orneklerinin Mikrobiyolojik Analizleri

Mikrobiyolojik analizler kapsaminda liyofilize edilen balik silaji drneklerinde toplam mezofilik
aerob, toplam psikrofilik aerob ve toplam koliform bakteri sayisi belirlenmistir. Toplam mezofilik
aerob ve toplam psikrofilik aerob bakteri sayisi analizleri i¢in aseptik kosullarda balik silaji
orneginden 10 g alinip steril stomacher posetlere (Bagmixer intersince) konulmus, {izerine 90 ml %
0,1 steril peptonlu su (Merck) ilave edilip stomacherde homojenize edilerek 10™lik dilisyon elde
edilmistir. Istenilen seyrelti oranina kadar 9’ar ml steril peptonlu su iceren tiiplere her bir onceki
dilisyondan 1’er ml eklendikten sonra tiipler vorteks (X620, CAT) ile iyice calkalanarak seri
diliisyonlar olusturulmustur. Toplam koliform bakteri sayisinin belirlenmesi i¢in aseptik sartlar altinda
10 g 6rnek i¢inde 90 ml MRD (Maksimum Recovery Diluent) ¢ozeltisi olan sigelere eklenmistir. Bu
karisim stomacherda 2 dk homojenize edilmistir. Bu sekilde hazirlanan 10™’lik diliisyondan deney
tiiplerine 102-1071ik diger diliisyonlar hazirlanmistir. Her bir diliisyondan ¢ift paralelli olarak steril
petri kaplarina dokme plak yontemlerinde 1 ml, yayma plak yontemlerinde 0,1 ml ekim yapilmistir
(Varlik vd 1993, Akgelik vd 2000, Unliitiirk ve Turantas 2002, Sekin ve Karagozlii 2004).

Toplam mezofilik aerob bakteri ve toplam psikrofilik aerob bakteri sayisi Plate Count Agar
(Merck)’l1 besi yerinde sirasiyla 37°C’de 24-48 saatlik ve 7°C’de 10 giinliik inkiibasyon sonucunda,
toplam koliform bakteri sayisi ise Violet Red Bile Agar (Merck)’l1 besi yerinde 37°C’de 24-48 saatlik
inkiibasyon sonucunda petrilerde gelisen biitiin kolonilerin standart sekilde sayimmi ile hesaplanmistir
(FAO, 1992).

Balik Yaginda Yag Asidi Kompozisyonu Analizi

Orneklerin yag asitleri kompozisyonu gaz kromatografisi-alev iyonlastirict detektdér (GC-FID)
kullanilarak belirlenmistir. Ham yag Orneklerinin belirlenmesinde Bligh ve Dyer (1959) yontemi
kullanilmig ve elde edilen yaglar 4 ml 2N potasyum hidroksit eklendikten sonra vorteks ile 1 dk
karigtirllmis ve 2 ml isooktan eklenerek metillendirme islemi yapilmistir. Daha sonra vorteks ile 1 dk
karigtirllmig ve +4°C’de 4000 rpm’de 10 dk santrifiij edilmistir. Stipernanant kismi ependorf tiiplerine
almarak gerekli oldugu durumda 1/3 oraninda isooktan ile seyreltme uygulanmistir (Ichihara vd.,
1996). Ornekler GC cihazina verilinceye kadar -85°C (Daihan WUF500, Korea)’de saklanmustir. Metil
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esterlerine donistiiriilen yag asitleri Agilent 7820 GC model gaz kromatografi cihazinda FID
detektorti ile HP-88 kapiler kolon (60 m, 0.25 mm ID ve 0.25 pum) kullanilarak analiz edilmistir.
Sirasiyla enjektor ve detektor sicakliklar ile 220°C sonra 280°C’ ye ayarlanmistir. Bu sirada firin
sicakligr 140 °C’de 5 dakika tutulmustur. Sonrasinda 200 °C’ye kadar, her dakika 4 °C arttirilarak,
200 °C’den 220 °C’ye de her dakika 1°C arttirilarak getirilmistir. Ornek miktar1 1 ul olup, tastyic1 gaz
kontrolii 16 psi’de olmasi saglanmistir. Split uygulamasi 1:50 oraninda gergeklestirilmistir. Yag
asitleri standart 37 bilesenden olusan FAME (Supelco) karisiminin gelme zamanlarina bagli olarak
karsilagtirilmasiyla tanimlanmistir. Ayni sekilde yapilan iki paralelli GC analiz sonuglar1 + standart
hata degerleri ile % olarak ifade edilmistir.
Istatistiksel analizler

Istatistiksel analizler, istatistik paket programi (SPSS for Windows 16.0) kullanilarak yapilmistir.
Cizelge ve sekillerde analiz sonuglari ortalamatstandart hata (SH) olarak verilmistir. Coklu
kargilagtirmalar i¢in tek yonlii varyans analizi (ANOVA) uygulanmistir. Bu test sonucunda 6nemli
farklar bulunan varyans kaynaklar1 arasinda Duncan ¢oklu karsilastirma testi kullanilmustir. Istatistiki
karsilastirmalarda 6nem seviyesi P=0.05 olarak alinmistir.

BULGULAR
Kimyasal kompozisyon analiz sonuc¢lari

Kiiltiir deniz baliklar1 isleme artiklarindan formik asit kullanarak balik silaji iiretiminin her
asamasinda yas ve kuru agirlikta kimyasal igerikteki degisimleri gosterir analiz sonuglar1 Tablo 1 ve
2’de verilmistir.

Tablo 1. Liyofilize balik silaji 6rneklerinin kimyasal kompozisyon analiz sonuglari (Yas agirlikta)

NEM HAM PROTEIN HAM YAG HAM KUL pH
%ORT+SH %ORT+SH %ORT+SH  %ORT+SH OR +SH
Asit Hidroliz asamas1 55,84+2,34° 11,83+0,27° 9,1140,24°  5,22+0,22°  3,89+0,02°
Ana Stok Tanki 62,39+0,37° 12,61+0,16° 12,7141,26°  4,94+0,07*  3,62+0,06"
Yogun Proteinize Faz 80,28+0,44% 9,95+0,28° 4,12+0,71°  2,45+0,06° 3,67+0,04°
Proteinize Sivi Faz 80,40+0,28% 9,44+0,23° 2,97+0,32° 3,34+0,11°  3,86+0,08°

ORT=SH: Ortalama+Standart Hata (n=6), Ayni siitunda farkl tistsel harfler bulunduran degerler arasinda istatistik fark vardir(P<0,05).

Tablo 2. Liyofilize balik silaji 6rneklerinin kimyasal kompozisyon analiz sonuglar1 (Kuru agirlikta)

KURU MADDE HAM PROTEIN HAM YAG HAM KUL pH
%ORT+SH %ORT+SH %ORT+SH %ORT+SH  ORT+SH
Asit Hidroliz asamast 44,16+2,34% 27,31+2,03° 21,00+£1,46° 11,96+0,71°  3,89+0,02%
Ana Stok Tank1 37,61+0,37° 33,54+0,60" 33,71+3,16* 13,13+0,22°  3,62+0,06"
Yogun Proteinize Faz 19,72+0,44° 50,63+2,13° 20,62+3,22° 12,42+0,38°  3,67+0,04°
Proteinize Sivi Faz 19,60+0,28° 48,26+1,58° 15,17+1,70° 17,01+0,45°  3,86+0,08°

ORT=SH: Ortalama+Standart Hata (n=6), Ayn1 siitunda farkli {istsel harfler bulunduran degerler arasinda istatistik fark vardir(P<0,05).

Mikrobiyolojik analiz sonu¢lar:

Asit hidroliz agamasi sonrasi alinan 6rnek ile son asamada hidrolize protein asamasindan alinan
ornekler dondurulduktan sonra liyofilize edilerek kurutulmus, liyofilize &rneklerde mikrobiyolojik
kalite analizleri yapilmistir. Orneklerin mikrobiyolojik analiz sonuglar1 Tablo 3’te verilmistir. Analiz
sonuclarina gore her iki 6rnek grubunda da toplam koliform ve psikrofil bakterileri bulunmamis,
toplam bakteri yiikii ise asit hidroliz agsamas1 6rneginde 5,3 log kob/g; proteinize siv1 faz drneginde ise
5,7 log kob/g olarak tespit edilmistir.

Tablo 3. Liyofilize balik silaji 6rneklerinin mikrobiyolojik kalite analiz sonuglar1 (log kob/g)

T. Mezofilik Aerob Bakteri  T. Psikrofilik Aerob Bakteri T. Koliform
ORT+SH ORT+SH ORT+SH
Asit Hidroliz Asamasi 5,3+0,05 <1,0+0,00 <1,0+0,00
Proteinize Sivi1 Faz 5,7+0,04 <1,0+0,06 <1,0+0,00
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Yag asit analiz sonuclari

Kiiltlir deniz baliklar1 isleme artiklarindan hidrolize balik proteini {iretimi sirasinda elde edilen
balik yaginin yag asit kompozisyonunu belirlemeye yonelik ¢alismada 30 farkli yag asidi belirlenmis,
toplam doymus yag asidi miktar1 %20,64, doymamus yag asidi miktar ise %70,49 olarak bulunmustur.
Ayrica toplam n-3 yag asidi miktar1 %12,15, toplam n-6 yag asidi miktar1 %19,87 ve n-3/n-6 oran
%0,61 olarak hesaplanmistir (Tablo 4).

Tablo 4. Su iiriinleri igleme artiklarindan elde edilen balik yaginin yag asit kompozisyonu (%)

Yag asitleri % ORT<SE
1 Laurik Asit C12:0 0,030,00/
2 Tridekanoik Asit C13:0 0,01+0,00'
3 Miristik Asit C14:0 2,34+0,00°"
4 Miristeloik Asit C14:1 0,06+0,00'
5 Pentadekanoik Asit C15:0 0,32+0,00"
6 Palmitik Asit C16:0 13,36+0,00°
7 Palmiteloik Asit C16:1 1,99+1.88°""
8 Heptadekonoik Asit C17:0 0,28+0,04"
9 Steraik Asit C18:0 3,22+0,01°
10 cis 10 Heptadekonoik Asit C17:1 0,39+0,014
11 Trans Oleik Asit C18:1n9t 0,20+0,01!
12 Oleik Asit C18:1n9¢c 32,40+0,02°
13 Trans Linoleik Asit C18:2n6t 0,10+0,01
14 Linoleik Asit C18:2n6c 19,14+0,02°
15 Arsidik Asit C20:0 0,26+0,02"
16 Gama Linoleik Asit C18:3n6 0,15+0,15'
17 cis 11 Eikosenoik Asit C20:1n9 1,70+1,49%"
18 Alfa Linoleik Asit C18:3n3 2,11+0,00°"
19 Enoikosanoik Asit C21:0 0,12+0,00'
20 cis 11-14 Eikosadienoik Asit C20:2 1,02+0,008"
21 Behenik Asit C22:0 0,22+0,01"
22 cis 8-11-14 Eikosatrienoik Asit C20:3n6 0,12+0,00'
23 Erucic Asit C22:1n9 0,6140,07™
24 cis 11-14 -17 Eikosatrienoik asit C20:3n3 0,61+0,08™
25 Arasidonik Asit C20:4n6 0,36+0,00"
26 Trikosanoik Asit C23:0 0,21+0,219
27 cis 5-8-11-14-17 Eikosapentaenoik Asit C20:5n3 3,03ﬂ:0,02§f
28 cis 13-16 Dokosadienonik Asit C22:2 0,10+0,00'
29 Lignoserik Asit C24:0 0,27+0,014
30 Docosahegzaenoik Asit C22:6n3 6,41+0,00°
LSFA 20,64
TUFA 70,49
EMUFA 37,36
YPUFA 33,14
¥n-6 PUFA 19,87
¥n-3 PUFA 12,15
n-3/n-6 0,61

ORT+SH: Ortalama+Standart Hata (n=2), Ayni siitunda farkl: iistsel harfler bulunduran degerler arasinda

istatistik fark vardir(P<0,05).

TARTISMA ve SONUC

Tiirkiye’de ¢ok sayida su firiinleri igleme tesisi bulunmaktadir. Bunlarin sayilar ise her gecen giin
artmaktadir. Bu isletmelerde balik artiklar1 oldukga fazla olup bu artiklar protein ve balik yagi
acisindan oldukga zengindir. Son yillarda {ilkemizde su triinleri isleme endiistrisi artiklarmin balik
yemlerinde balik ununun yerini alabilecek protein igerigi yiiksek hidrolize balik proteini ve bu iiretim
stireci igerisinde elde edilen balik yagi {retimine yonelik ticari isletmeler faaliyete gecmis
bulunmaktadir.
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Ulkemiz balik yetistirme ve isleme konusunda diinya standartlarini yakalamis ve iistiin kalite ve
standartlarindaki {irlinleri yurt dis1 pazarlarina basartyla sunmaktadir. Buna karsin {ilkemizde balik
artiklarinin fermantasyon yoluyla degerlendirilmesine yonelik calismalar ise sinirh sayida kalmistir.
Ozellikle Danimarka ve Norveg gibi Iskandinav iilkelerinde balik silaji iiretiminin énemli oldugu
bilinmektedir. Balik silaji, Norveg’te cogunlukla kiirk hayvanlari i¢in bir yem olarak kullanilirken
daha sonra bu teknoloji somon yetistiriciliginde uygulanmaya baglanmis ve iyi sonuglar elde edilmistir
(Cakl1 2008; Colakoglu ve Kiinili 2016; Jonsson ve Vidarsson 2016). Norveg’te onemli bir kismi su
iirlinleri isleme yan iirlinlerinden olmak iizere, yilda yaklasik 140 bin ton balik silaji iiretimi
gerceklestirilmektedir. Balik unu ile balik silaji karsilastirildigi zaman daha ekonomik olmasi
sebebiyle kanatli ve biiyiik bas hayvan iiretiminde yaygin olarak kullanilmaktadir (Rustad, 2003).

Gilli vd. (2015)’ne gore balik silaji; parcalanmis veya kiyilmig balik veya balik isleme artiklarina
asit eklenerek, enzimatik faaliyetlerle sivilastirma seklinde olusturulan bir {iriindiir. Balik silaji
tiretiminde, genellikle biiyiik miktarlarda yakalanan endiistriyel pelajik baliklar (cacga, ringa baligi,
gibi) ve balik isleme artiklar1 hammadde olarak kullanilmaktadir. Asit hidroliz yontemi ile iiretimi
sirasinda genellikle formik asit kullanildig: bildirilmektedir (Archer vd. 2001).

Kiiresel balik isleme sanayileri, islenmis baliklarin % 60'in dan fazlasini olusturan balik artiklarini
imha etmektedir. Cevre kirliligi ve artik problemleri yerine, bu artiklarin silaj ve balik unu olarak
iiretime kazandirilmasi, hatta proteinler, hidrolizatlar, biyoaktif peptidler, kollajen ve jelatin gibi katma
degeri daha yiiksek iiriinlere doniistiiriilmesi 6nemli bir konudur. Protein hidroizatlar1 (FPH) su anda
balik artiklarmin endiistriyel potansiyelini diisiirmeye odaklanmaktadir. Bu {irlinlerin amino asit
icerikleri en biiyiik ilgi gormektedir. FPHnin islevsel ve biyoaktif 6zelliklerine iliskin arastirmalara
yogunlasilmas1 gerekliligi bildirilmektedir (Halim vd., 2016).

Balik silajinin balik igleme iiriin artiklarindan hazirlanmasi igin gereken siire, karisima eklenen
formik asit miktarina ve ortamin sicakligina bagl olarak degismektedir. Karigima ilave edilen formik
asit miktarinin artirllmast artiklarin sivilagtirma stiresini  kisaltmakta ancak {iretim maliyetini
artirmaktadir (Hossain ve Alam 2015). Silaj iiretiminde depolamaya bagli olarak pH degeri silaj
tiriinlerinin kalitesinin degerlendirilmesinde iyi bir indikator olarak bilinmektedir (Tezel vd., 2016).
Calismamiz kapsaminda kiiltiir deniz baliklar1 igleme artiklarindan formik asit hidroliz yontemiyle
elde edilen balik silajinin iiretim basamaklari icerisindeki pH degeri 3,62-3,89 araliginda bulunmustur
(Tablo 1). Hossain ve Alam (2015) tarafindan market artiklarindan formik asit hidroliz yontemiyle
silaj liretimine yonelik ¢aligmalarinda bulgularimizla uyumlu sekilde sivi silajm pH’s1 3,77 olarak
tespit edilmistir. Calismamizla uyumlu sekilde Tezel vd., (2016) tarafindan biitiin inci kefali ve
balikgilik isleme artiklarindan iretilen balik silajlarmin pH igerigi 3,8-4,0 araliginda bildirilmistir.
Ramasubburayan vd. (2013) tarafindan deniz baliklar1 isleme artiklarindan farkli oranlarda formik asit
kullanilarak iiretilen balik silajinin besinsel kalite karakteri belirlenmistir. Bu ¢calismada uygulanan asit
ylizdesine (%2, %2,5 ve %3) bagh olarak degismekle birlikte pH degeri baslangicta 5,23-4,60
araliginda, calisma bulgularimiza uyumlu olarak 30. gilinde ise 3,42-3,98 araliginda bildirilmistir.
Caligmamizla uyumlu sekilde Kristanto ve Riyadi (2018) tarafindan kimyasal ve biyolojik silaj
isleminin karsilastirildig1 caligsmalarinda, ton balig1 kafa ve icorganlar1 kullanilarak %3 formik asit ile
40 giinliik muamele sonucu elde edilen balik silajimin pH degeri 3,79 oldugu bildirilmistir. Balik
artiklar laktik asit bakterisi (L. plantarum), siilfirik asit ve organik asit karigimlart (formik asit ve
propiyonik asit) (1:1) kullanilarak silaj iiretimi gergeklestirilen bir ¢aligmada %4 (w/w) siilfirik asit ve
%4 (w/w) organik asit karigimlarmin (formik asit ve propiyonik asit) (1:1) balik silaj iiretimi i¢in en
ideal oran oldugu bildirilmistir (Pagarkar vd., 2006).

Kiiltlir deniz baliklar1 igleme artiklarindan formik asit hidroliz yontemiyle iiretilen balik silajinin
iiretim siireci icerisindeki kuru madde icerigi asit hidroliz asamasinda %44,16’iken, son agsamada ise
%19,60 olarak tespit edilmistir (Tablo 2). Ramasubburayan vd. (2013) tarafindan deniz baliklar
isleme artiklarindan farkli oranlarda formik asit kullanilarak tretilen balik silajinin besinsel kalite
karakteri belirlenmistir. Bu g¢aligmada uygulanan asit yilizdesine (%2, %2,5 ve %3) bagh olarak
degismekle birlikte kuru madde igerigi baslangicta %19,15-%21,33 araliginda, ¢alisma bulgularimiza
uyumlu olarak 30. giinde ise %9,33-3,98 araliginda bildirilmistir. Madage vd. (2015) tarafindan
kirmizi tilapia yan {riinlerinden formik asit ile iiretilen silajda kuru madde igerigi bulgularimizla
uyumlu olarak 200 g/kg (%20) oldugu bildirilmistir.

Calisgmamiz kapsaminda kiiltiir deniz baliklar1 igsleme artiklarindan asit hidroliz yontemiyle tiretilen
balik silajinin protein igerigi kuru agirlikta % 48,26, yas agirlikta ise % 9,44 olarak bulunmustur
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(Tablo 1-2). Ramasubburayan vd. (2013) tarafindan deniz baliklar1 isleme artiklarindan farkli
oranlarda formik asit kullanilarak iiretilen balik silajmin besinsel kalite karakteri belirlenmistir. Bu
caligmada uygulanan asit ylizdesine bagl olarak degismekle birlikte kuru agirlikta ham protein igerigi
depolamanin baslangicta %40,38-%40,62 araliginda, 30. giinde ise %36,06-%38,40 araliginda
bildirilmistir. Hossain ve Alam (2015) tarafindan market artiklarindan formik asit hidroliz yontemiyle
silaj iiretimine yonelik ¢aligmalarinda bulgularimizdan farkli olacak sekilde siv1 silajin protein igerigi
%12 olarak bildirilmistir. Bu farkliligin sebebi olarak kullanilan asidin yiizde konsantrasyonu ve balik
tirlerindeki farkliliklar oldugu distiniilmektedir. Madage vd. (2015) tarafindan kirmizi tilapia yan
iirlinlerinden formik asit ile {iretilen silajda yas agirlikta ham protein igerigi bulgularimizla uyumlu
olarak 97 gkg™ (%9,7) oldugu bildirilmistir. Bulgularimizla benzer sekilde Tezel vd., (2016) yilinda
biitiin inci kefali ve balik¢ilik isleme artiklarindan iiretilen balik silajlarinin ham protein igerigi kuru
agirlikta sirasiyla %47,38 ve 9%37,20 olarak bildirilmistir. Kristanto ve Riyadi (2018) tarafindan
kimyasal ve biyolojik silaj isleminin karsilastirildigi ¢alismalarinda, ton baligi kafa ve i¢ organlar
kullanilarak %3 formik asit ile 40 gilinlik muamele sonucunda elde edilen balik silajinin kuru agirlikta
protein igerigi calismamizla uyumlu sekilde %10,7 olarak bulunmustur.

Kiiltiir deniz baliklar1 isleme artiklarindan hidrolize protein iiretimi g¢aligmasi sonucunda son
asamada balik silajimin kuru agirlikta ham yag igerigi %15,17 olarak bulunmustur (Tablo 2).
Ramasubburayan vd. (2013) tarafindan balik silaji {izerine yapilan calismada; kuru agirlikta lipit
icerigi %2 asit uygulanmis orneklerde baslangicta %8,08, depolamanin 30. giiniinde ise %10,66, %2,5
asit uygulanmis Ornekte baslangigta %8,19, 30. giinde %11,19 ve %3 asit uygulanmig Grnekte ise
baslangigta %8,27, 30. giinde %12,24 olarak bildirilmistir. Hossain ve Alam (2015) tarafindan market
artiklarindan formik asit hidroliz yontemiyle silaj tiretimine yonelik ¢alismalarinda bulgularimizdan
farkl1 olacak sekilde kurutulmus toz halindeki silajin lipit igerigi %33,73 olarak bildirilmistir. Bu
farkliligin heniiz 6rnekten yag fazinin ayrilmamis olmasindan kaynaklandigi disiiniilmektedir.
Madage vd. (2015) tarafindan kirmizi tilapia yan {irlinlerinden formik asit ile iiretilen silajda yas
agirlikta ham yag igerigi 76 gkg™ (%7,6) oldugu bildirilmistir. Bulgularmzdan farkli olarak Tezel
vd., (2016) tarafindan, biitiin inci kefalinden {iretilen balik silajinda kuru agirlikta ham yag igerigi
baglangicta %26,79 iken asit ile muamele igleminin 150. giiniinde %25,93 olarak bildirilmistir.
Balikeilik isleme artiklarindan {iretilen balik silajlarmin kuru agirlikta ham yag igerigi ise baslangicta
%30,21 iken asit ile muamele isleminin 150. giiniinde %32,71 olarak saptanmustir. Kristanto ve Riyadi
(2018) tarafindan kimyasal ve biyolojik silaj isleminin karsilastirildigi ¢alismalarinda ton baligi kafa
ve i¢ organlan kullamilarak %3 formik asit ile 40 giinlik muamele sonucunda elde edilen balik
silajinin yas agirlikta lipit igerigi ¢aligmamizla uyumlu sekilde %1 olarak bulunmustur.

Caligma sonuglarina gore iiretilen balik silajimin kuru agirlikta ham kiil iceriginin %17,01, yas
agirlikta ise %3,34 oldugu tespit edilmistir (Tablo 1). Ramasubburayan vd. (2013) tarafindan balik
silaji1 iizerine yapilan ¢alismada; kuru agirlikta kiil icerigi farkli ylizdelerde (%2, %2,5 ve %3) asit
uygulanmig o6rneklerde %14,04 ile %14,60 araliginda tespit edilmis olup bizim bulgularimizdan daha
diisiik oldugu goriillmektedir. Hossain ve Alam (2015) tarafindan market artiklarindan formik asit
hidroliz yontemiyle silaj iiretimine yonelik calismalarinda bulgularimizdan uyumlu olacak sekilde sivi
silajin kil igerigi %3,73 olarak bildirilmistir. Madage vd. (2015) tarafindan kirmizi tilapia yan
tiriinlerinden formik asit ile iiretilen silajda yas agirlikta kiil icerigi bulgularimizla uyumlu olarak 36
gkg™ (%3,6) oldugu bildirilmistir. Calismamuzdan farkli olarak Kristanto ve Riyadi (2018) tarafindan
ton balig1 kafa ve i¢ organlan kullanilarak %3 formik asit ile 40 giinliik muamele sonucunda elde
edilen balik silajinin yas agirlikta kil icerigi %8,5 olarak bulunmustur.

Liyofilize edilerek kurutulmus hidrolize protein 6rneklerinde yapilan mikrobiyolojik kalite analiz
sonuclarina gore toplam koliform ve psikrofil bakteri bulunmamis, toplam mezofilik aerob bakteri
yiikii ise 5,3-5,7 log kob/g araliginda belirlenmistir (Tablo 3). Benzer sekilde Tezel vd. (2016)
tarafindan balik¢ilik isleme artiklarindan iiretilen balik silajinin asitle muamelenin 60. giiniinden sonra
toplam aerobik mezofilik bakteri yiikii, laktik asit bakteri sayis1 ve maya-kiif tespit edilmemistir.
Kristanto ve Riyadi (2018) tarafindan kimyasal ve biyolojik silaj igleminin karsilastirildigt
caligmalarinda, ton baligi kafa ve igorganlar1 kullanilarak %3 formik asit ile 40 giinliik muamele
sonucunda elde edilen balik silajinin yas agirlikta mikrobiyolojik kalite analizlerinde toplam
psikrofilik aerob bakteri yiikiiniin azaldig1 bildirilmistir.

Balik yaglari, esansiyel 6zellikli yag asitlerini kapsayan doymamis yag asit (UFA) igerigi yiiksek
ve fosfor, magnezyum, kalsiyum gibi mineralleri de 6nemli oranda ihtiva eden yaglardir. Yapilan
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caligmalar sonucunda; su iiriinleri kaynakli omega-3 yag asitlerinin tansiyon, kanser, kardiyovaskiiler
sistem hastaliklar, immiin sistem kaynakli rahatsizliklarda koruyucu etki gosterdigi belirlenmistir.
Omega-3 yag asitleri katkili fonksiyonel firiinlerin, beslenme takviyeleri, fonksiyonel gida, bebek
mamalar1 ve mesrubatlarda gida destek iirlinii olarak kullanildig1 da bildirilmektedir (Rustad, 2003;
Strobel vd., 2012).

Yogun proteinize balik silaji iiretimi islemi sirasinda elde edilen balik yaginin yag asit analiz
sonuglarina gore otuz (30) farkli yag asidi belirlenmis, toplam doymus yag asidi miktar1 %20,64,
doymamis yag asidi miktar1 ise %70,49 olarak bulunmustur. Ayrica toplam n-3 yag asidi miktar1
%12,15, toplam n-6 yag asidi miktar1 %19,87 ve n-3/n-6 oran1 %0,61 olarak hesaplanmustir (Tablo 4).
Caligma sonuglarimizdan farkli olarak Tezel vd., (2016) tarafindan balikgilik isleme artiklarindan
iiretilen balik silajinin asitle muamelenin baslangicinda toplam doymus yag asit miktar1 %18,77 ve
toplam doymamis yag asit miktar1 %57,10 (toplam tekli doymamis yag asit miktar1 %37,02, toplam
¢oklu doymamis yaga sit miktart %20,09), toplam n-3 %6,67 ve n-6 3,51 olarak bildirilmistir.

Sonug olarak; mevcut calisma ile su iriinleri isleme tesisi artiklarinin, balik yem endiistrisi igin
balik unu ve yag1 olarak kullanilabilecek kalitede hidrolize balik proteini ve yagi eldesine uygun
oldugu, yem sanayisi i¢in alternatif bir ham madde kaynagi olusturabilecegi, artiklarin bu sekilde
degerlendirilerek cevre kirliliginin 6niine gegiebilecegi gibi yeni hidrolize balik proteini ve balik yagi
iiretim tesislerinin kurulmasiyla bdlge ve iilke istthdamima O©nemli katkilar saglanabilecegi
diistintilmektedir.

TESEKKUR

Bu calisma, Fatma YAMUC un Yiksek Lisans tezinden ozetlenmistir. Calisma Mugla Sitki
Kogman Universitesi, Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan 17/026 proje
numarasi ile desteklenmistir.
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Abstract

The checklist of the marine Brachyura from the Iraqgi coast has been analyzed and presently it comprises 29 species. The
Pilumnidae, Leucosiidae, Camptandriidae, and Macrophthalmidae are the most diverse families in the northwestern Persian-
Arabian Gulf. Specimens of Phalangipus persicus Griffin, 1973 have been collected from the northwest of the Persian-
Arabian Gulf, Iraq, at the Fao region in July 2019. This species is widely distributed in the Persian-Arabian Gulf, Iran, Saudi
Arabia, and UAE; however, it is recorded for the first time from the Iragi coasts.

Keywords: Checklist, Fao region, Phalangipus persicus, Brachyura

Kuzeybati Basra-Arap Korfezi'nde Denizel Brachyura'nin Tiir Listesi ve Phalangipus persicus Griffin 1973'in, Irak
Kiyilarindan Yeni Kaydi (Crustacea: Brachyura: Epialtidae MacLeay, 1838)

Ozet

Irak kiyilarinda denizel Brachyura'min tiir listesinin 29 tlirden olustugu tespit edildi. Pilumnidae, Leucosiidae,
Camptandriidae ve Macrophthalmidae, kuzeybat1 Basra-Arap Korfezi'ndeki en yaygin familyalardir. Phalangipus persicus
Griffin, 1973"in 6rnekleri Temmuz 2019'da Irak'taki Basra Korfezi'nin kuzeybatisindaki Fao bolgesinden toplanmustir. Bu
tiir, Basra-Arap Korfezi, Iran, Suudi Arabistan ve BAE'de yaygin olarak bulunmaktadir. Irak kiyilarindan ilk kez
kaydedilmistir.

Anahtar Kelimeler: Kontrol listesi, Fao bolgesi, Phalangipus persicus, Brachyura

INTRODUCTION

The investigated area comprises Shatt Al-Arab estuary and many open lagoons, such as Khor Al-
Khafga, Khor Al-Umaya, Khor Al-Rocka, and Khor Abdullah, which occupy the northwesternmost tip
of the Arabian Gulf (Albadran et al., 2016). Given the limitation of 105 km of Iragi coastline, 1034
km? of the continental shelf, and 716 km? of the territorial sea, these territories are considered the most
productive region in the Gulf due to the Shatt Al-Arab River running off (Bibik et al., 1970).

Naderloo (2017) illustrated 256 species of Brachyura from the Persian Gulf and the Gulf of Oman,
subsequently described or recorded in previous studies, such as Naser (2009); Ng et al. (2009); Naser
et al. (2010); Naser (2011); Naser et al. (2012); Naser et al. (2013). New records followed from the
Iragi coast, such as Naser (2018); Naser (2019); Yasser and Naser (2019a); Yasser and Naser (2019b),
and Yasser et al. (2021).

The genus Phalangipus (Latreille, 1828) is represented by only one species that is P. persicus
Griffin, 1973 in the Persian-Arabian Gulf (Naderloo, 2017). Although the length of the coast is much
larger in Kuwait and the habitat variation as well compared to the Iraqi coast, the species was not
known from Kuwaiti coasts (Jones, 1986), while the species was recorded from Iran (Stephensen,
1946), from Saudi Arabia (Basson, et al., 1977) and UAE (Nobili, 1905).

In the present paper, a first checklist of the marine Brachyura of the northwestern Persian-Arabian
Gulf, more precisely the Iraqi coasts, is provided based on the original and recently published data and
the record of P. persicus is given.
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MATERIALS AND METHODS

To prepare the comprehensive checklist of the known brachyuran specimens from Iragi coasts the
search in the Web of Science and Google Scholar sites were performed with the keywords
*Brachyura, *Iraq, *Persian Gulf. A search in the Marine Science Centre (MSC) in Basrah, Iraq, was
also carried out and the Library of the Basrah University, Irag, was consulted.

Two specimens of Phalangipus persicus were collected from the northwestern Persian-Arabian
Gulf, Fao region (Fig. 1) in July 2019. The specimens were cleaned, as they were covered with silt
mud, photographed, preserved in 70% alcohol, and deposited in the Marine Science Centre (MSC),
University of Basrah, Iraq. Sizes were recorded in millimetres (mm). Classification of the species was
adopted from Naderloo (2017) and Griffin (1973). The following abbreviations were used: CW:
carapace width; CL: carapace length.
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Figure 1. Sampling site (red dot)

RESULTS AND DISCUSSION

The first checklist of the brachyuran marine crabs of the Persian-Arabian Gulf, with particular
attention to the Iragi coast, is given in Table 1, where 29 valid species belonging to 14 families are
listed. The most diverse family is Pilumnidae which is composed of 4 genera and 5 species (18%),
followed by Leucosiidae (4 genera; 4 species 14%), and Camptandriidae (4 genera; 4 species 14%),
Macrophthalmidae (3 genera; 3 species 11%). With 2 genera and 2 species (7%) the following
families: Epialtidae, Varunidae, and Sesarmidae are present (Table 1).

The investigated area, the 105 km of Iragi coast, seems to have a consistent Brachyuran fauna, even
if the preliminary purpose of this paper, corroborating the fact that this territory is considered a
productive region in the Gulf.

However, there are still limitations or insufficient samplings of Brachyura from the Arabian side of
the Persian-Arabian Gulf, including many parts of UAE, Qatar, and Bahrain (Al-Kandari et al., 2020).
A quite exhaustive sampling has been taken on the Iranian side of the Persian-Arabian Gulf and Gulf
of Oman, which is particularly rich in decapod fauna (Naderloo, 2017).

Phalangipus persicus Griffin, 1973 (Fig. 2)
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Examined material: 2 females (CL = 20.22 mm, CW = 16.50 mm, CL = 18.30 mm, CW = 14.90
mm) (MSC 98).

Description - Carapace broad pyriform; rostrum very short, usually longer than broad. Carapace
with blunt spines. Branchial region has 4 small tubercles. Posterolateral region with 1-3 small spines
or tubercles, while epibranchial region smooth. The rostrum is markedly short. Supraorbital hiatus
with an intercalated spine. First walking legs longer than others, meri of all legs with a strong spine
anteriorly on distal margin (Fig. 2). The abdomen of females with seven free moving somites.

Along the Iraqi coast, P. persicus lives subtidal up to 32 m on sandy and muddy substrates. The
species is widely distributed in north western Indian Ocean, Red Sea, Gulf of Aden, and Persian-
Arabian Gulf. Although the species was recorded from Iran as P. longipes (Stephensen 1946), from
Saudi Arabia as P. longipes (Basson et al., 1977) and from UAE as P. arachnoides (Nobili, 1905), it is
the first record from the Iragi coast. Griffin (1973: 188-190) described the species from the Iranian
Gulf, 10-49 m depth.

Figure 2. Phalangipus persicus Griffin, 1973. Female, CL = 20.22 mm,
CW = 16.50 mm (MSC 98).
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Table 1. Families and species list of marine Brachyura of the northwestern Persian-Arabian Gulf, Iragi coast

Family

Species

Locality

References

Dorippidae

Dorippe quadridens (Fabricius,
1793)

North west of the
Persian-Arabian
Gulf, Fao region,
Iraq

Yasser and Naser, 2019b

Matutidae

Matuta planipes (Fabricius, 1798)

North west of the
Persian-Arabian
Gulf, Fao region,
Iraq

Al-Khafaji et al., 2017e

Leucosiidae

Arcania erinacea (Fabricius, 1787)

Ixa holthuisi (Tirmizi, 1970)

Seulocia anahita (Galil, 2005)

Hiplyra sagitta (Galil, 2009)

North west of
the Persian-
Arabian Gulf,
Fao region, Iraq

North west of
the Persian-
Arabian Gulf,
Fao region, Iraq

North west of
the Persian-
Arabian Gulf,
Fao region, Iraq

Rass Al-Beshaa
area from the
lower reaches of
the Shatt Al-Arab
in Fao city, Iraq

Yasser and Naser 2019a

Yasser and Naser 2019a

Yasser and Naser 2019a

Al-Khafaji et al., 2017a

Hymenosomatidae

Neorhynchoplax kempi (Chopra &
Das, 1930)

Shatt Al-Arab,
Basra, Iraq

Chopra and Das, 1930

Pilumnidae

Eurycarcinus integrifrons (de Man,
1879)

Eurycarcinus orientalis (A. Milne
Edwards, 1867)

Pilumnus savignyi (Heller, 1861)

Halimede tyche (Herbst, 1801)

Pilumnopeus convexus (Maccagno,
1936)

North west of
the Persian-
Arabian Gulf,
Fao region, Iraq

North west of
the Persian-
Arabian Gulf,
Fao region, Iraq

North west of
the Persian-
Arabian Gulf,
Fao region, Iraq

Khor Abudallah
south Fao city,
Iraq

Khor Al-Zubair,
Basra, Iraq

Naser, 2018

Naser, 2019

Yasser et al., 2020

Al-Khafaji et al., 2017d

Al-Khafaji, et al., 2017f

Epialtidae

Hyastenus hilgendorfi (de Man,
1887)

Phalangipus persicus (Griffin,
1973)

Rass Al-Beshaa
area from the
lower reaches of
the Shatt Al-Arab
in Fao city, Iraq

North west of
the Persian-
Arabian Gulf,
Fao region, Iraq

Al-Khafaji, et al., 2017b

Present study
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Xanthidae Atergatis laevigatus (A. Milne- Fao region, Basra, Al-Khafaji, et al., 2017¢
Edwards, 1865) Iraq quoted as Atergatis roseus
— Heller 1861-
Portunidae Portunus (Portunus) segnis Fao region, Basra, unpublished record
(Forskal, 1775) Iraq
Varunidae Eriocheir hepuensis (Dai, 1991) Shatt Al-Basra Naser et al. 2012

Metaplax indica (H. Milne
Edwards, 1852)

Canal, Basra, Iraq

Fao region, Basra,
Irag

Al Maliky et al., 2016

Camptandriidae

Leptochryseus kuwaitensis (Jones
and Clayton, 1983)

Manningis arabicum (Jones and
Clayton, 1983)

Nasima dotilliformis (Alcock, 1900)

Opusia indica (Alcock, 1900)

Fao region, Basra,
Iraq

Shatt Al-Basrah,
Basra, Iraq

Fao region, Basra,
Iraq

Fao region, Basra,
Iraq

Ng et al., 2009

Ng et al., 2009

Ng et al., 2009

Ng et al., 2009

Macrophthalmidae

llyograpsus rhizophorae (Barnard,
1955)

Venitus dentipes (Lucas, 1836)

Macrophthalmus (Mareotis) laevis

(A. Milne-Edwards, 1867)

Khor Al-Zubair,
Basra, Iraq

Fao region, Basra,
Iraq

Fao region, Basra,
Iraq

Yasser et al., 2020

Yasser et al., 2013

Yasser et al., 2013

Sesarmidae Nanosesarma sarii (Naderloo & Khor Al-Zubair, Naser et al., 2013
Tiirkay, 2009) Basra, Iraq
Parasesarma persicum (Naderloo Khor Al-Zubair, Naser, 2011
& Schubart, 2010) Basra, Iraq
Ocypodidae Austruca sindensis (Alcock, 1900) Khor Al-Zubair, Naser et al., 2010
Basra, Iraq
Dotillidae llyoplax stevensi (Kemp, 1919) Shatt Al-Basrah, Yasser et al., 2021
Basra, Iraq
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Abstract

Examination of 341 individuals of Luciobarbus callensis caught in Foum El Khanga Dam during the year 2015, allowed
us to collect 2782 specimens of the parasitic species Dactylogyrus heteromorphus EI Gharbi, 1994. The statistical study of
the epidemiological index distribution of D. heteromorphus shows that the parasitic infestation varies from one season to
another. In contrast, the sex and size of L. callensis do not affect parasite infestation. Variations in the epidemiological index
of D. heteromorphus concerning fifteen physicochemical water parameters were tested statistically. These variations are
significant with temperature, salinity, nitrate, nitrite, chloride, phosphate, calcium, sulfate, hardness, turbidity, and electrical
conductivity, however, no significant effect of the concentration of magnesium, dissolved oxygen, ammonium, and pH on
these indexes according to the Pearson’s parametric test.

Keywords: Monogenean, Dactylogyrus heteromorphus, Luciobarbus callensis, Foum-El-Khanga dam, Epidemiological index

Biyotik ve Abiyotik Faktorlerin Foum-El-Khanga Baraji'nda (Souk-Ahras, Cezayir) Yasayan Cezayir Barbeli
Luciobarbus callensis (Cyprinidae) Paraziti Dactylogyrus heteromorphus El Gharbi, 1994 (Monogenea) ‘min
Epidemiyolojik indeksi Uzerindeki Etkisi

Ozet

2015 yilinda Foum El Khanga Baraji'nda yakalanan 341 Luciobarbus callensis bireyinin incelenmesi ile Dactylogyrus
heteromorphus El Gharbi, 1994 parazit tirinden 2782 6rmek toplandi. D. heteromorphus'un epidemiyolojik indeks
dagiliminin istatistiksel ¢aligmasi, parazit istilasinin bir mevsimden digerine degistigini gosterdi. Buna karsilik, L. callensis'in
cinsiyeti ve boyutunun parazit istilasini etkilemedigi belirlenmistir. On bes fizikokimyasal su parametresine iliskin D.
heteromorphus'un epidemiyolojik indeksindeki varyasyonlar istatistiksel olarak test edildi. Pearson'm parametrik testine gore
sicaklik, tuzluluk, nitrat, nitrit, kloriir, fosfat, kalsiyum, siilfat, sertlik, bulaniklik ve elektriksel iletkenlik agisindan 6nemli
olarak bulunurken magnezyum, ¢6ziinmiis oksijen, amonyum ve pH konsantrasyonunun bu indeksler iizerinde énemli bir
etkisinin olmadig: belirlenmistir.

Anahtar Kelimeler: Monojen, Dactylogyrus heteromorphus, Luciobarbus callensis, Foum-EI-Khanga baraji, Epidemiyolojik
indeks

INTRODUCTION

Freshwater fish are an important part of biodiversity. They have great economic and social value
with nearly 30,000 living species (Moyle and Cech, 2004). Taxonomically, freshwater fish are the
most diverse hosts of parasites, with estimates of up to 30,000 species of helminth parasites (Williams
and Jones, 1994).

Recently, parasitologists have shown more importance to parasitic ecology, which deals with the
influence of environmental conditions on parasitic fauna (Sargsyan, 2013). Seasonal changes in abiotic
factors and their influence on the presence of parasites have been the subject of numerous ecological
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studies (Rohlenova et al., 2011; Alsarakibi et al., 2012; Singh et al., 2012; Khidr et al., 2012;
Karvonen et al., 2013; Majumder et al., 2013; Wali et al., 2016). For example, the prevalence and
intensity of parasitic infection have been assessed considering several parameters of water quality
(temperature, dissolved oxygen, alkalinity, hardness, clarity) and water pollutants (heavy metals,
petrochemicals, effluents, organic pollutants) (Siddall et al. 1997; Yeomans et al., 1997; Faulkner and
Lochmiller, 2000; Lefcort et al., 2002; Billiard and Khan, 2003).

The composition of the helminth parasites of fish was influenced by the aquatic environmental
stress, and the biology of the host. Consequently, they constitute a bio-indicator of the structure and
the evolution of the host population. Monogenean species infest gill tissue and are exposed directly to
the environment; they are also subject to variations in the abiotic environment in which their host
evolves (Zargar et al., 2012).

Dactylogyrus heteromorphus El Gharbi 1994 comes from the class of ectoparasitic monogeneans
with a direct life cycle parasitizing exclusively the gills of Luciobarbus callensis (Valenciennes,
1842). This host fish is a characteristic species of North Africa where it is very well represented in
Algeria, Morocco, and Tunisia (Djemali, 2005). It is an important cyprinid species in the world for
aquaculture because of its abundance, availability (year-round), affordability, and economic value
(Mimeche et al., 2013).

Algerian continental waters are endowed with an ichthyological fauna that has emerged, especially
in recent years, from numerous studies related to its biology, reproduction, and growth (Mimeche et
al., 2015; Mouaissia et al., 2017). In contrast, on the parasitological level, it can be considered that any
research concerning the freshwater fish hosts is almost non-existent, on L. callensis, except those of
Boucenna et al (2018), Menasria et al. (2019) in the Oued Charef Dam, and Tolba et al. (2018) in the
Beni Haroun Dam.

The objective of this work is to assess the variation in the epidemiological index of Dactylogyrus
heteromorphus infesting the Algerian barbel Luciobarbus callensis inhabiting the Foum EI-Khanga
Dam (Souk-Ahras, Algeria). It highlights the effect of some biotic (sex and size) and abiotic (season
and physicochemical parameters) factors on the distribution of the monogeneans.

MATERIALS and METHODS
Study Area

The Foum EIl-Khanga dam is located on the Oued-Charef, in the communes of Zouabi and Bir
Bouhouche, 20 km south-west of the town of Sedrata (Wilaya of Souk-Ahras). The area of the
watershed is 1735 km2 and its current capacity is 80 million cubic meters; the latter is used for
upstream irrigation through releases on the perimeter of Guelma and forward illicit irrigation over 200
ha by farmers.

Study Method

During the year 2015 (from January to December), a total of 341 individuals of the Algerian barbel
Luciobarbus callensis were sampled monthly using gill nets, after specific identification according to
the nomenclature and criteria used by Lévéque et al. (1990, 1992). All fish were measured, weighed
and the sex was also determined after dissection of the abdominal cavity, the gill arches were
examined immediately or preserved with formaldehyde (8-10%) for later study.

The research was carried out by a careful examination of the gills under stereomicroscope
(Olympus SZX 10).

The collected parasites were mounted using Magmberg's ammonium picrate glycerol (APG)
mixture (Magmberg, 1957), the slide was looted with Canada balsam, and finally observed and
measured using a phase-contrast microscope equipped with a photographic system and an ocular
micrometer.

Some of our observations were made on fresh material. According to Lambert (1977), the
examination of living Dactylogyroidea is the best technique.

The determination of the monogenean species was carried out under the microscope by following
the key given by Bykhovskaya-Pavlovskaya et al. (1962), Gusev (1985), and Guegan (1988).

For physicochemical sampling, 15 water quality parameters were measured on the same day of host
sampling. These are temperature, pH, dissolved oxygen, electrical conductivity, and salinity, which
were measured in situ using a multi-parameter, and turbidity, calcium, magnesium, chlorides, sulfate,
phosphate, nitrate, nitrite, ammonia, and total hardness were carried out at the Chemistry Laboratory
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of the Algerian Water Institution (Wilaya of Souk-Ahras). Physicochemical characteristics were
established according to the standards of Rodier (1984) and AFNOR (1985).
Data Analysis

Prevalence, abundance, and mean intensity were calculated according to Bush et al. (1997).

The Chi-squared test (x2) was used to observe the significant effect of the different factors studied:
sex, size classes, and seasons on prevalence. In addition, the variation in mean intensity by sex of host
was statistically analyzed using the Mann-Whitney test.

The Kruskal-Wallis test was used to see the significance of mean intensity within different host
size classes and over the four seasons. Pearson’s correlation test was applied to determine the
correlations between D. heteromorphus infection and the physicochemical parameters of the water.
The differences were considered significant at the 5% threshold.

Statistical analysis of the data was performed using Statistica software (StatSoft version 8.0) for
Windows.

RESULTS

Out of a total of 341 L. callensis examined, 68.91% were infested by 2782 individuals of
Dactylogyrus heteromorphus (Figure 1) with parasitic loads of 8 parasites per fish examined
(abundance) and 11 parasites per infested fish (mean intensity).
Effect of Biotic Factors
Effect of Sex

The highest rate of infestation was found in female of L. callensis, of which 75.70% of the
examined population is infested. Moreover, parasite load values were higher in males (MI = 12.79; A
= 8.42) compared to females (MI = 10.02; A = 7.59) (Table 1). Statistically, parasitizing by D.
heteromorphus seems to evolve independently of the sex (prevalence: x2= 0.64; p = 0.42; mean
intensity: U = 6275; p = 0.93).
Effect of Size Classes

The parasitic index of D. heteromorphus in different classes of host size shows that small
individuals have the highest infestation rates and parasitic loads (Table 1). The statistical study shows
that the size of the host appears to have no influence on the infestation (prevalence: x2 = 1.14; p =
0.56; mean intensity: H = 0.01; p = 0.99).
Effect of Abiotic Factors
Seasonal Variation

Parasitic index values of D. heteromorphus show fluctuations between seasons. We also note that
infestation rate and parasitic loads are the highest during the summer season and the lowest in the
winter season (Figure 1).

The results of the statistical analysis show that the seasons have a very highly significant influence
on prevalence (y2 = 18.87; p= 0.0003) and mean intensity (H= 18.32; p= 0.0004).
Correlation Between Water Quality and Parasitic Index of D. heteromorphus

Analysis of the Pearson’s correlation matrix (Table 2) allowed us to determine some significant
relationships between the parasitic index of D. heteromorphus and water physicochemical parameters.

It was found a positive and highly significant correlation between prevalence and water
temperature (r=0.79). Nevertheless, the values of this index are inversely proportional to the values of
salinity (r=-0.86), nitrate (r=-0.84), nitrite (r=-0.76), chloride (r=-0.73), phosphate (r=-0.68), calcium
(r=-0.67), sulfate (r=-0.67), hardness (r=-0.65) and turbidity (r=-0.60). However, parasitic loads are
negatively correlated with electrical conductivity where r= -0.68 for abundance and r=-0.67 for mean
intensity (significant correlation).

DISCUSSION

The most common measures of the extent of parasite populations in hosts are prevalence,
abundance, and mean intensity (Margolis et al., 1982). Calculation of these indexes will make it
possible to determine statistically whether communities of monogenean parasites vary according to
biotic (sex and host size) and abiotic factors (season and physicochemical parameters of water). For
this reason, the ectoparasite D. heteromorphus was examined in 341 specimens of L. callensis species
during the year 2015 from January to December.
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Evaluation of parasitic index of D. heteromorphus according to host sex does not indicate a
significant difference in prevalences and mean intensity between male and female fish. The absence of
influence of fish sex on infestation has already been demonstrated by Allalgua et al. (2015) in
Cyprinus carpio infested by monogenean parasites in Foum ElI Khanga dam and by Boucenna et al.
(2018) in L. callensis.

According to Rohde (1993), only very rare parasite species prefer the sex of the host. However,
some studies have found that Monogenean infestation is sometimes correlated with the sex of host fish
(Ibrahim, 2012; Chaibi, 2014).

Concerning the distribution of parasitic index by size classes, our results show that the infestation
rate and parasitic loads increase with the decrease in total length of L. callensis, it is indeed the small
specimens that are the most infested by D. heteromorphus. Our observations are consistent with those
of Fazio et al. (2008) who revealed a negative correlation between individual size and parasite
infestation. This can be explained by the fact that young fish are more susceptible to parasite
infestation and indeed have a somewhat fragile immune system compared to those of mature (older)
fish. Contrary to these results, lbrahim (2012) reported a significant correlation of prevalence and
mean intensity of monogenean infracommunities with the total body length of Tilapia zillii collected
from Lake Manzalah in Egypt.

According to Luque and Alves (2001), the relationship between host size and epidemiological
index of parasites is a widely studied model in marine and freshwater fish. In contrast, Poulin (2000)
stated that this model cannot be generalized, because in many systems the host-parasite relationship is
positive but weak and not significant. Nevertheless, some quantitative differences and qualitative data
are found in size class studies for fish.

Evaluation of parasite index indicates that collected D. heteromorphus specimens show seasonal
variations. Indeed, the highest infestation rates and parasitic loads are noted in the warm season
(spring and summer) and the lowest in the cold season (autumn and winter). Several authors have
indicated an increase in pest infestation in the warm periods and a decrease in the cold periods (Turgut
et al., 2011; Lekeufack-Folefack and Fomena, 2013; Allalgua et al., 2015).

Koyun (2011) also agreed with our results and reported a higher infection of A. alburnus by D.
alatus in summer. In addition, a higher prevalence of D. marteau from B. barbusis was reported in
spring (Kadlec et al., 2003; Stojanovski et al., 2010). Some authors reported no temporal variation in
infestation (Geng et al., 2005; Knopf, 2006).

According to Chubb (1970) and Hanzelova and Zitnan (1985), changes in temperature and season
have a major influence on the dynamics of Dactylogyrus populations, some of which tend to produce
more at higher water temperatures, others prefer a cold-water temperature.

Variations in the epidemiological index of D. heteromorphus in the fish host L. callensis
concerning fifteen physicochemical parameters were tested statistically. According to the Pearson's
parametric test, the prevalence shows a significantly positive correlation with water temperature.
Similar observations were obtained in several studies showing a positive correlation between the
increase in water temperature and the oviposition rate of monogeneans (Marchiori et al., 2015;
Bayoumy et al., 2015; Gilbert and Avenant-Oldewage, 2016; Ojwala et al., 2018).

Water temperature is the most important factor affecting the life cycle of parasites in the aquatic
ecosystem (Karvonen et al., 2013). According to EI-Naggar and Khidr (1986) and Zargar et al. (2012),
water temperature affects the survival, growth, reproduction, and progression of parasitic helminths.

In contrast, the present study indicates a significantly negative correlation between prevalence and
salinity, nitrate, nitrite, chloride, phosphate, calcium, sulfate, hardness, and turbidity. Similar to our
results, a study by Khidr (2012) shows a negative correlation between the average intensity of
Microcotyloides sp and salinity. Numerous works show the impact of salinity and temperature on the
longevity of larvae of A. crassus (Kennedy and Fitch, 1990; Schippers et al., 1991). These authors
report that in freshwater, free-living larvae can live for up to 3 to 4 weeks, but their life span is
reduced to 3-4 days if the meeting with the host is not carried out and if the salinity of the environment
is high with the absence of temperature increase.

In vitro, Buchmann et al. (1987) and Crespo et al. (1995) also assumed that long-term treatment
with sodium chloride reduced the intensity of infestation of European Eel A. Anguilla by the P.
anguillae and P. bini monogeneans. These authors found that sodium chloride was very effective in
controlling Cichlidogyrus infestation.
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Ndour's (2007) work on Sarotherodon melanotheron heudelotti (Cichlidae) in some dams in
Senegal concluded that high salinity could be a preventive measure against parasitic infections since it
affects the biological conditions of both the host and its parasites. The results of Schippers et al.
(1991), also point in the same direction, they report that in freshwater, free larvae of A. crassus can
live for up to 3-4 weeks, but their longevity is reduced to 3-4 days if the encounter with the host is not
made and if the salinity of environment is high with no temperature increase.

In our result, Pearson's correlation test revealed an inversely proportional correlation between
electric conductivity values and parasitic loads (mean intensity and abundance). In accordance with
our results, negative correlations between P. ichthyoxanthon infestation intensity and water
conductivity were shown by Gilbert and Avenant-Oldewage (2016).

Several studies have shown that there is a close and very sensitive correlation between abiotic
factors and parasitism (Alsarakibi et al., 2014; Hagen et al., 2014; Pilecka-Rapacz et al., 2015;
Smallbone et al., 2016). According to Esch et al. (1977), environmental factors are important in the
recruitment, transmission, colonization, fertility, and survival of adult and larval parasites.

Monogenean parasites are recognized as useful bio-indicators of quality because of their
predictable numerical responses to chemical pollution (Pietrock and Marcogliese, 2003; Thomas et al.,
2005). They tend to increase in number when exposed to low and medium concentrations of pollutants
but disappear at high concentrations (Moles and Wade, 2001; Khan and Payne, 2004).

Conclusively, this study shows that the parasitic index of D. heteromorphus is also strongly
influenced by variations in abiotic factors (seasons and physicochemical parameters). However, biotic
factors (sex and size of L. callensis) do not affect the parasite infestation.
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Abstract

This study was conducted to determine antibiotic susceptibility of Flavobacterium psychrophilum isolated in diseased
rainbow trout (Oncorhynchus mykiss) from two hatcheries in the Mediterranean region of Turkey. The samples were taken
from the kidney and spleen for bacteriology from rainbow trout juveniles (weight 0.7-1 g) in April and isolates obtained on
tryptone yeast extract salts (TYES) agar medium at 15°C for 72 hours. Fourteen isolates were identified as F. psychrophilum
using biochemical, physiological, and morphological characteristics and APl ZYM test. Antibiotic sensitivities of the isolates
were determined by the disc diffusion method on TYES agar, and the results were evaluated according to CLSI standards.
Only one isolate from each hatchery was used for the antibiogram test. Both isolates were sensitive to amoxicillin/clavulanic
acid 2:1, penicillin, nitrofurantoin, florfenicol, amoxicillin, clindamycin, chloramphenicol, ampicillin, doxycycline,
streptomycin, and erythromycin; resistant to sulfadiazine, sulfamethoxazole/trimethoprim, oxolinic acid, vancomycin,
trimethoprim/sulfadiazine, gentamicin, kanamycin, nalidixic acid, oxacillin, enrofloxacin, flumequine, tobramycin. The
results show that isolating F. psychrophilum and performing the antimicrobial susceptibility testing is important issue in
disease control.

Keywords: antibiotics resistance, RTFS, hatcheries, rainbow trout fry.

Gokkusagi Alabalhklarindan (Oncorhynchus mykiss) izole Edilen Flavobacterium psychrophilum izolatlarmnin
Antimikrobiyal Duyarhhg:

Ozet

Bu calisma, Tiirkiye'nin Akdeniz bolgesindeki iki kuluckahaneden temin edilen hasta gokkusagi alabaliklarindan
(Oncorhynchus mykiss) izole edilen Flavobacterium psychrophilum'un antibiyotik duyarliligini belirlemek amaciyla
yapilmistir. Nisan ayinda hasta gokkusagi alabalifi yavrularmin (agirhign 1-2 g) bobrek ve dalagindan alinan
orneklerlemelerde  tryptone yeast extract salts (TYES) agar besiyerine ekim yapilarak 15°C de 72 saat inkiibe edilerek
izolatlar elde edilmistir. Biyokimyasal, fizyolojik ve morfolojik ozellikler ve API ZYM testi kullanilarak 14 izolat F.
psychrophilum olarak tanimlanmustir. izolatlarin antibiyotik duyarliliklari TYES agarda disk difiizyon yontemi ile
belirlenmis, sonuglar CLSI standartlarina goére degerlendirilmistir. Her kuluckahaneden sadece bir izolat antibiyogram testi
igin kullanilmustir. Her iki izolat da amoksisilin / klavulanik asit 2:1, penisilin, nitrofurantoin, florfenikol, amoksisilin,
klindamisin, kloramfenikol, ampisilin, doksisiklin, streptomisin ve eritromisine duyarli; siilfadiazin, siilfametoksazol /
trimetoprim, oksolinik asit, vankomisin, trimetoprim / siilfadiazin, gentamisin, kanamisin, nalidiksik asit, oksasilin,
enrofloksasin, flumequine, tobramisine direnglidir. Sonuglar, F. psychrophilum'un izole edilerek antimikrobiyal duyarlilik
testinin yapilmasinin hastalikla miicadele de 6nemli oldugunu géstermektedir.

Anahtar Kelimeler: Antibiyotik direnci, RTFS, kulugkahane, yavru gokkusag: alabaligi.

INTRODUCTION

The Gram-negative bacterium, Flavobacterium psychrophilum, causing bacterial cold water
disease (BCWD) and rainbow trout fry syndrome (RTFS) has been seen in mostly freshwater
salmonids. During the last twenty years, RTFS has become one of the most serious bacterial diseases
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in rainbow trout (Oncorhynchus mykiss, Walbaum) hatcheries in many parts of Europe. Outbreaks of
diseases caused by F. psychrophilum are treated with antibiotics. A limited number of commercial
vaccines are currently available in Chile and Norway but they are not suitable for fry fish (Madetoja,
2002; Gomez et al., 2014; Boyacioglu et al., 2015; Hoare et al., 2017). The only course of action
which occurs in fry is the antibiotic treatment which has led to increased levels of antibiotic resistance
(Henriquez-Nufez et al., 2012, Wahli and Madsen, 2018, Saticioglu et al., 2019).

In recent years, RTFS is causing mortality rates between 10% and 30%. Also, the cumulative
mortality rate of fries found to be up to 70% in Turkey (Gultepe and Tanrikul, 2006; Kubilay et al.,
2009; Ozcan and Sarieyyiipoglu, 2014; Boyacioglu et al., 2015). Previously, oxytetracycline and
chlortetracycline were the only antimicrobial agents licensed for use in aquaculture. Currently, the use
of oxytetracycline has dropped about 55% and 75% to treat flavobacteriosis disease in fish farms in
the western Aegean region (Kum et al., 2008; Boyacioglu and Akar 2012). Nowadays, oxolinic acid
and florfenicol antibiotics are licensed for use in fish. Today, florfenicol is the drug of choice. Until
now, the resistance of F. psychrophilum to florfenicol has scarcely been reported in Turkey (Kum et
al., 2008; Saticioglu et al., 2019).

Several studies carried out in different countries have also shown the differences in resistance
profiles among F. psychrophilum isolates. Valdebenito and Avendano-Herrera (2009) found that F.
psychrophilum isolates from Chile were resistant to sulphamethoxazole+trimethoprim but highly
sensitive to amoxicillin. In Denmark, F. psychrophilum isolates were resistant to amoxicillin (11.6%),
oxolinic acid (65.9%), oxytetracycline (67.7%), and sulphamethoxazole+trimethoprim (98.2%) (Bruun
et al. 2000). In another study, Del Cerro et al. (2010) found that F. psychrophilum isolates originating
from Spain were found resistant to oxytetracycline. Ozcan and Sarieyyiipoglu (2013), evaluated the
antibacterial susceptibility of resistance profiles strains and found that strains sensitive to
oxytetracycline, florfenicol, enrofloxacin, and ciprofloxacin. Among the studies, it is seen that much
more variations on the antimicrobial resistance profile of F. psychrophilum that is the causative agent
of RTFS.

This study aimed to determine the antimicrobial susceptibility of F. psychrophilum isolated from
sick rainbow trout fries from two hatcheries in the Mediterranean region of Turkey.

MATERIALS and METHODS
Samples Bacterial Isolation and Identification

Fish samples were obtained from two hatcheries (F1 and G1) in the Mediterranean region of
Turkey. Tissue samples for bacteriology were taken from rainbow trout fries which showed signs of
diseases in April. Fish weighted 0.7-1 g and a total of 14 fish were examined. The samples were
collected from the kidney and spleen and streaked onto ryptone yeast extract salts (TYES) agar (Holt
et al., 1994). Agar plates were incubated at 15°C for 72 hours. Isolates were identified by using
biochemical, physiological, and morphological characteristics by following the guidelines for the
diagnosis of fish diseases and the international and national guidelines for animal welfare (OIE, 2003;
Buller, 2004; Austin and Austin, 2016). and a rapid identification kit by using APl ZYM test (Austin
and Austin, 2016).
Antimicrobial Susceptibility Testing

Antimicrobial sensitivities of the isolates were determined by the disc diffusion method on TYES
agar. Only one isolate from each hatchery (F1, G1) was used for the antibiogram test. Antibiotic discs
(Oxoid, England) (Total 24) were used for determining the resistance profiles. The results were
evaluated according to guidelines of the Clinical and Laboratory Standards Institute (CLSI,_2014),
Briefly, TYES broth was used to prepare bacterial suspensions. The turbidity of suspensions was
adjusted to McFarland 0.5 and 100 pl aliquots were spread over TYES agar surface. Antibiotic discs
were placed on the surface of the inoculated agar plates and the plates were incubated at 15°C for 5
days. After the incubation period, the inhibition zone diameters were measured and the results were
evaluated according to the CLSI, 2014 and Van Vliet et al., 2017.

RESULT and DISCUSSION

In this study, sick fish samples (14 fish) were obtained from two hatcheries (F1 and G1) in April
from farms where the water temperature at (F1) was 8 °C and another hatchery (G1) had 13 °C and the
fries infected with RTFS showed signs of diseases such as dorsal fin erosion, darkening body, and
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splenomegaly (Figure 1). The result of the rapid identification test APl ZYM on the isolates (F1 and
G1) showed the pathogen as F. psychrophilum (Figure 2).

Figure 2. Result of APl ZYM test for F. psychrophilum

The improvement of antimicrobial resistance by F. psychrophilum could be a concern since
outbreaks regularly require the utilize of antimicrobials. During outbreaks, F. psychrophilum strains
(Figure 3) were identified in fries of rainbow trout in the hatcheries. Both isolates from rainbow trout
were sensitive to amoxicillin/clavulanic acid 2:1, penicillin, nitrofurantoin, florfenicol, amoxicillin,
clindamycin, chloramphenicol, ampicillin, doxycycline, streptomycin, erythromycin, and tetracycline.
The isolates were resistant to sulfadiazine, oxolinic acid, vancomycin, nalidixic acid, oxacillin, and
tobramycin. While the examined isolates were sensitive to florfenicol, they were resistant to
sulfonamides. The results indicate that antimicrobial susceptibility testing of F. psychrophilum is an
important issue to be able to fight RTFS disease outbreaks.

N

Figure 3. Typical yellow colonies of F. psychrophilum on TYES agar
The results of the antibiotic susceptibility test in both F.psychrophilum isolates were found to be

susceptible to 12, intermediate to 3, and resistant to 5 out of 24 examined antibiotics (Table 1). While,
isolate F1 showed resistance against trimethoprim/sulfadiazine and kanamycin, isolate G1 was
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susceptible to these antibiotics (Figure 4). The reason for it might be the developing resistance of the
bacteria to these antibiotics in the hatchery F1. Saticioglu et al. (2019) reported that all isolates of F.
psychrophilum were susceptible to amoxicillin and florfenicol.

Table 1. Antibiotic susceptibility profiles of F. psychrophilum isolates

Antibiotic Disc Isolate, F1 Isolate, G1
Sulfadiazine (25pg) R (0 mm) R (0 mm)
Florfenicol (30ug) S (53mm) S (57mm)
Sulphamethoxazole/Trimethoprim (25pg) I (10mm) I (14mm)
Chloramphenicol (30ug) S (47mm) S (43mm)
Ampicillin (10ug) S (38mm) S (39mm)
Erythromycin (15ug) S (22mm) S (24mm)
Oxolinic acid (2ug) R (0 mm) R (0 mm)
Streptomycin (10pg) S (28mm) S (35mm)
Vancomycin (30pg) R (0 mm) R (13mm)
Trimethoprim/ Sulfadiazine (30png) R (0 mm) S (25mm)
Gentamycin (10pug) I (13mm) S (15mm)
Nitrofurantoin (300pg) S (57mm) S (53mm)
Doxycycline (30pg) S (41mm) S (34mm)
Kanamycin (30ug) R (0 mm) S (20mm)
Nalidixic Acid (30pg) R (0 mm) R (0 mm)
Amoxicillin (25pg) S (53mm) S (55mm)
Penicillin (10pg) S (57mm) S (60mm)
Clindamycin (2pg) S (47mm) S (44mm)
Oxacillin (1pg) R (0 mm) R (0 mm)
Enrofloxacin (5ug) I (15mm) 1 (20mm)
Flumequin (30ug) I (20mm) I (10mm)
Tetracycline (30pg) S (38mm) S (30mm)
Tobramycin (30ug) R (0 mm) R (0 mm)
Amoxicillin/Clavulanic acid 2:1 (30ug) S (60mm) S (60mm)

R, Resistance; S, Susceptible; I, Intermediate

Figure 4. Susceptibility test of F. psychrophilum against Amoxicillin/
Clavulanic acid 2:1 (S), Chloramphenicol (S) and Oxacillin (R)
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Many studies have been performed to determine the antibiotic resistance profiles of F.
psychrophilum in various regions of Turkey and quite variable profiles have been observed. Balta
(1997) recorded that F. psychrophilum was sensitive to nitrofurans but resistant to flumequine,
sulphonamides, and oxolinic acid. Diler et al. (2003) have reported that two F. psychrophilum isolates
were sensitive to amoxicillin-clavulanic acid, oxytetracycline, and gentamicin but resistant to
trimethoprim. In another study, five F. psychrophilum isolates from rainbow trout farms in eastern
Anatolia were reported to be sensitive to oxytetracycline, erythromycin, gentamicin, nitrofuran, and
amoxicillin-clavulanic acid, but resistant to chloramphenicol and penicillin (Ispir et al., 2004).
Boyacioglu (2007) reported that a total of 20 F. psychrophilum strains isolated from an outbreak in
Mugla province were resistant to ampicillin (95%), sulphamethoxazole (95%), erythromycin (45%),
and oxytetracycline (20%) but sensitive to enrofloxacin (100%). In these studies, different techniques
were used to evaluate antibiotic resistance profiles. In the Mediterranean region, 13 F. psychrophilum
strains isolated from different outbreaks were resistant to enrofloxacin (23%), amoxicillin (46.2%),
erythromycin (61.5%), kanamycin (30.8%), cefoperazone (46.2%), and oxolinic acid (53.8%)
(Didinen et al., 2005). Durmaz et al. (2012), showed that F. psychrophilum isolates were resistant to
neomycin, ampicillin, amoxicillin, and kanamycin. Furthermore, 80%, 40%, 20%, and 20% of these
isolates  were resistant  to  erythromycin, cefoperazone, oxolinic  acid, and
sulphamethaxazole+trimetoprim, respectively. However, all the strains were 100% sensitive to
oxytetracycline and enrofloxacin. It was considered that these variable resistance profiles may be due
to the widespread use of different antibiotics or to differences among the strains. Several studies
carried out in different countries have also shown the differences in resistance profiles among F.
psychrophilum isolates. Valdebenito and Avendano-Herrera (2009) found that F. psychrophilum
isolates from Chile were resistant to sulphamethoxazole+trimethoprim but highly sensitive to
amoxicillin. 387 F. psychrophilum isolates were resistant to amoxicillin (11.6%), oxolinic acid
(65.9%), oxytetracycline (67.7%), and sulphamethoxazole+trimethoprim (98.2%) in Denmark (Bruun
et al., 2000). In another study, Del Cerro et al. (2010) found that 25 F. psychrophilum isolates
originating from Spain were found resistant to oxytetracycline (>80%). The findings of the present
study were not in agreement with those mentioned above. However, Rangdale et al. (1997), reported
identical results to the current study concerning sensitivity to enrofloxacin. These differences in
antibiotic resistance profiles of F. psychrophilum might be due to the use of different techniques or
isolated strain variations. Ngo et al. (2018) determined the antimicrobial susceptibilities of 133 F.
psychrophilum strains. They found a high categorical agreement between the classifications of the
isolates for florfenicol (100%), oxytetracycline (93%), and oxolinic acid (99%). Mwega et al. (2020),
reported that assessing the antimicrobial susceptibility of Flavobacteriaceae family members isolated
from Nile tilapia (Oreochromis niloticus). The antimicrobial susceptibility of 67 Flavobacteriaceae
isolates originating mainly from ponds and Lake Victoria against 19 antimicrobial agents was
determined. Overall, most isolates were found to be susceptible to enrofloxacin (97%). Ozcan and
Sarieyyiipoglu (2013), found F. psychrophilum strains were sensitive to oxytetracycline, florfenicol,
enrofloxacin, and ciprofloxacin. These results are similar to our results for florfenicol (sensitive) but
different for enrofloxacin (intermediate).

In conclusion, F. psychrophilum was isolated from commercial rainbow trout hatcheries in the
Mediterranean region of Turkey. To control F. psychrophilum infections and to ensure the rational use
of antibiotics, it is important to run the antibiotic susceptibility tests by using standard methods (CLSI,
2014). It is concluded that the most critical point is F. psychrophilum antimicrobial resistance patterns
should be determined to treat the disease in farms in each region and country.
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Abstract

In this study, the effect of some biotic (total length, sex) and abiotic (sampling station and month) factors on the shell
status (soft or hard) of Pontastacus leptodactylus were investigated in a natural crayfish population. The study was carried
out in Hirfanli Dam Lake (Central Anatolia), where one of the most important crayfish harvesting areas of Turkey, with a
monthly basis between Jun-2017 and May-2018. Permutational multivariate analysis of variance (PERMANOVA) was used
for the determination of the differences between nonparametric variables. A total of 5920 crayfish were checked, ultimately
determined as 106 (1.79%) individuals with a soft shell and 5814 (98.21%) hard shell. Shell status was shown statistical
difference with total length, stations, and sampling month (p<0.05), while it was no significant by sex group (p>0.05).

Keywords: PERMANOVA, Hirfanli Dam Lake, moulting, narrow-clawed crayfish

Baz Biyotik ve Abiyotik Faktérlerin Kerevit (Pontastacus leptodactylus Eschscholtz, 1823) Kabugunun Yumusak veya
Sert Olma Durumu Uzerine Etkileri: Hirfanli Baraj Golii Ornegi

Ozet

Calismada, dogal bir popiilasyonda, baz1 biyotik (total boy, esey) ve abiyotik (6rnekleme istasyonu, 6rnekleme donemi)
faktorlerin kerevit (Pontastacus leptodactylus) kabugunun yumusak veya sert olmasi iizerine etkileri aragtirilmistir. Arazi
caligmalart Tiirkiye’nin en 6nemli kerevit {iretim merkezlerinden bir tanesi olan Hirfanli Baraj Golii’'nde Haziran-2017 ile
Mayi1s-2018 doneminde aylik 6rneklemeye dayali olarak yiiriitiilmisgtiir. Paramerik olmayan degiskenlerin istatistiksel olarak
degerlendirilmesinde permiitasyonel ¢ok degiskenli varyans analizi (PERMANOVA) kullanilmigtir. Toplamda 5920 adet
kerevit kontrol edilmis ve sonugta 106 (%1.79) 6rnegin kabugunun yumusak, 5814 (%98.21) 6rnegin kabugununda sert
oldugu belirlenmistir. Kerevit kabugun sert veya yumusak olma durumu total boy, ornekleme doénemi ve Ornekleme
istasyonuna gore istatistiksel farklilik gdstermis (p<0.05), eseye goére degerlendirildiginde ise istatistiksel farklilik
bulunmamistir (p>0.05).

Anahtar kelimeler: PERMANOVA, Hirfanli Baraj Golii, kabuk degisimi, dar kiskacli kerevit

INTRODUCTION

As an extremely old group freshwater crayfish (159 million years ago) is very important for the
freshwater ecosystem and they carry out some key roles in the environment such as water quality
indicators, biodiversity indicators, keystone trophic regulators, and ecological engineering (Reynolds
et al., 2013). Besides ecological importance, freshwater crayfish are very importance for economically
as well. Although quality value of crayfish meat was also known in medieval times (Gherardi, 2011),
as commercial mass harvesting (both fisheries and aquaculture based) started in 20™ century according
to official records. The narrow-clawed crayfish (Pontastacus leptodactylus, Eschscholtz, 1823) is the
only commercial crayfish in Turkey, almost all of the products are export to the European country.
Total annual production occurred as 696 t in 2019 (TurkStat, 2020).

The moulting process is very important for crustaceans because size increasing connected with
moult frequency. Crayfish growth is discontinuous and can be resolved into two components: moult
increment and intermoult interval (McLay and van den Brink, 2016). Hence, exhibiting the factors that
can affect moulting is extremely important for both comprehending species life history and managing
of the commercial stock. Crayfish with soft shells are undesirable in Turkey’s commercial inland
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fisheries in that marketing is almost impossible. Discrimination is an improbable soft and hard shell in
fishing operations because of the used catching technique, ultimately, all of them are harvested from
fyke nets onboard. Finally, crayfish with soft shells are most likely convert to discard. If close season
applied in the mass moulting period, this strategy can be directly affected the decrease of discard ratio.
Current and similar studies are very important for the management of natural stocks when results
using within this scope.

There are very limited studies conducted on the shell status of commercially exploited natural
crayfish stock. It is seen that similar research is focus on indoor aquaculture studies (Taugb@L and
Skurdal, 1992, Kouba et al., 2010, Kozak et al., 2009, Renai et al., 2007, Hesni et al., 2009, Yu et al.,
2020). Turvey and Merrick (1997) investigated relationships of moulting frequency and moult
increments with biological or environmental factors for freshwater crayfish Euastacus spinifer in
Sydney Region, Australia. Coughran (2011) investigated basic biology (including population
structure, behaviour, reproduction, growth, and moulting) of Blood Crayfish (Euastacus gumar) in the
north-eastern New South Wales region (Australia). Walsh and Walsh (2013) researched growth rates
and moult frequency of Tasmanian giant freshwater crayfish (Astacopsis gouldi) with using marking
technic (tailfan clips and Passive Integrated Transponder) in northern Tasmania.

The aim of this study was to investigate the effect of some biotic (total length, sex) and abiotic
(sampling station and month) factors on having whether soft or hard-shell in a natural crayfish
population.

MATERIAL AND METHODS

The study was conducted in Hirfanli Dam Lake (Ankara, Aksaray, Kirsehir- Turkey) where one of
the most important crayfish harvesting areas of Turkey (Figure 1). The dam was constructed on
Kizilirmak river in 1959 and its average surface area 218.81 km’ and average depth 20.15 m
(Gengoglu and Ekmekgi, 2016). Fishing operations were conducted six stations where determined
from the introduction section of the river in the dam toward to dam body. All stations were in a
commercial crayfish fishing area. The study was conducted monthly between June-2017 and May-
2018. Single-input crayfish fykes equipped with red net with 210d/12 rope thickness and 18mm mesh
were used during sampling. 600 fyke nettings were used during sampling, 100 at each site.
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Figure 1. Hirfanli Dam Lake and sampling stations
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The sex of caught crayfish was determined macroscopically and carapace and abdomen length
were measured with a digital calliper in 0.01 precision. Total length was obtained with the summing of
carapace and abdomen length. The shell status (soft or hard) was determined as organoleptically from
the same body part (carapace bilateral area) for each individual.

Determining the effect of some biotic and abiotic factors on crayfish shell status (soft-hard)
permutational multivariate analysis of variance (PERMANOVA) was used. All of the categorical data
were transformed as numerical before statistical analysis. Polychoric Correlation Analysis
(Drasgow,1986) was used to determination the correlations between variables through polycor (0.7-
10) R package (Fox, 2019). vegan (v 2.5-7) R package, adonis2 function was used for statistical
evaluation (Oksanen et al, 2020). Bray—Curtis distance matrices with 999 permutations were
performed on the function. We utilized from GGally (v 2.1.0) R package for plotting of the
interactions between variables (Schloerke et al, 2020). All statistical process was computed with R
(v4.0.3) based RStudio (v1.3.1093) software.

RESULTS

At the end of the fishing trial, a total of 5920 crayfish were caught consist of 2595 females and
3325 males. Shell status of caught each crayfish was checked, in conclusion, we determined 106
(1.79%) individuals with a soft shell and 5814 (98.21%) hard shell. The status of a shell (soft or hard)
was shown remarkable differences by total length class of crayfish. (Table 1). This difference was
found significant as statistically (p<0.05) (Table 3), on the other hand, correlations between shell
status and total length were founded weak correlation (Table 2). The status of the shell is shown in
Table 1 by sampling stations. Caught number crayfish were shown differences by stations despite
applied equal fishing pressure. The ratio of having soft shells was founded different by stations
(p<0.05) (Table 2). It can say that moulting frequency is more intense in the middle areas of the dam
than the beginning and last part. Sampling month was another important variable effected on the
moulting process, in this case, most crayfish with soft shell were sampled in May (Table 1). Despite
the founded weak correlation between shell status and sampling month (Table 2), differences shown
significant as statistically (p<0.05) (Table 3). Crayfish inhabit Hirfanli Dam Lake have generally
chosen spring months for moulting by this result. When evaluating the shell status by sex very similar
result was gained (Table 1), no statistical significant was founded between variables (p>0.05) (Table
3). All both double and tribble interactions between variables were found to be insignificant (p>0.05)
(Table 3). The monthly mean water temperatures were measured as 5.8, 7.4, 9.2, 13.8, 16.4, 23.3,
25.2,26.1,22.8, 15.2, 10.7, 9.1°C from January to December respectively.

Table 1. Shell status by biotic and abiotic factors

Total Length (cm)

Shell 4 5 6 7 8 9 10 11 12 13 14 15
Hard 8 32 218 921 1111 719 1016 1004 571 166 43 5
Soft 0 0 1 14 42 20 12 9 8 0 0 0
Sampling Location
Sartyahsi (1) Siddikli (2) Evren (3) Gegitli (4) Savcilli (5) Sanlikisla (6)
Hard 198 656 2203 1194 1321 242
Soft 13 23 33 29 7 1
Sampling Month
Jan.(1) Feb.(2) Mar.(3) Apr.(4) May.(5) Jun.(6) Jul.(7) Aug.(8) Oct.(9) Sep.(10) Now.(11) Dec.(12)
Hard 505 277 1163 1123 512 420 272 136 172 253 392 589
Soft 0 0 0 3 58 16 6 7 7 9 0 0
Sex
Female (1) Male (2)
Hard 2545 3269
Soft 50 56
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Table 2. Polychoric correlation matrix of variables

Variables Shell status Total length ~ Sampling location Sampling month
Total length 0.181 - - -
Sampling location -0.223 -0.078 - -
Sampling month 0.355 0.110 0.065 -

Sex -0.034 0.081 -0.053 -0.144

Table 3. PERMANOVA results on the differences in crayfish soft or hard-shell by other variables
(tl: Total length, ss: Sampling station, sm: Sampling month, temp: Temperature)

:
o 6 A B QL0 A LD S PP @ P PP P & ¢

&

Source of Variation df  Sum of square R? F p
tl 1 0.3602 0.6999 45,3870 0.0039
SS 1 0.0539 0.1047 6.7910 0.0336
sm 1 0.0108 0.0210 22.7190 0.0012
sex 1 0.0064 0.0124 0.0807 0.3869
tl * ss 1 0.00425 0.00826 0.5357 0.4870
tl *sm 1 0.00777 0.01510 0.9791 0.3461
tl * sex 1 0.00111 0.00216 0.1399 0.7218
SS * sex 1 0.00236 0.00459 0.2974 0.6343
sm *sex 1 0.00840 0.01632 1.0582 0.3375
tl * ss * sex 1 0.00178 0.00346 0.2241 0.6688
tl * sm * sex 1 0.00202 0.00393 0.2547 0.6511
Residual 1 0.05556 0.10795
Total 18 0.51462 1.00000
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Figure 2. Plot matrix of interaction between variables
DISCUSSION

In our study, which investigated the effects of some biotic and abiotic factors on the hardness or
softness of shells of individuals in a natural crayfish population, total length and sex as biotic factors
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and sampling period and station as abiotic factors were evaluated. Kouba et al. (2010) revived the
effect of several abiotic and biotic environmental factors on growth (or moult frequency) of crayfish,
by the author, abiotic factors are temperature, photoperiod, the composition of the bottom substrate,
shelter availability, pH, available calcium and biotic factors are age, sex, density, size, feeding
frequency, individual growth rate and food source (Abrahamsson 1966, Mason 1979, Price and Payne
1984, Appelberg 1986, Lowery 1988, Gydemo 1989, Gydemo and Westim 1989, Hessen et al. 1991,
Ackefors et al. 1992, Skurdal and Taugbol 1994, Jussila and Evans 1996, Savolainen et al. 2003,
Ulikowski and Krzywosz 2004, Ahvenhariju et al. 2005).

Correlations between variables were found to be quite weak in the study. This situation does not
constitute any handicap in terms of the applied statistical method. As a matter of fact, according to
Pasin et al. (2016), PERMANOVA s insensitive to correlations between dependent variables, and it
also uses permutation techniques while calculating artificial (Pseudo) F test statistics and p-value. For
this reason, this method does not require any distribution assumption. Therefore, the normal
distribution assumption could not be achieved. The use of PERMANOVA in areas such as
environment, ecology, medicine, and genetics has been increasing in recent years (Killi, 2020;
Postnikoff et al., 2020; Kim et al., 2020). In this context, it is believed that PERMANOVA method,
which we used in the evaluation of non-parametric data, is a current and accurate method.

It was observed that only 1.79% of the samples examined in the study had a softshell. The main
reason for this low rate is that it is often difficult to sample crayfish that have entered the moulting
cycle. Reynolds et al. (2013) explain this situation as follows: the moulting, or ecdysis, is hazardous to
the individual, which must find somewhere to hide until its new, larger exoskeleton has hardened. The
soft-shelled crayfish we caught were probably those that shed their shells in the fyke net (shell
fragments were observed from time to time in the fyke nets during fishing operations) and those that
have entered the shell hardening process. The softness of the shell was accepted as an indication that
the sample had recently shed its shell.

Softshell texture was observed to be relatively intense in the 7, 8, and 9 cm length class (Figure 2),
and the difference between total length and shell condition was found to be statistically significant
(Table 2). This situation is thought to be since the shell change occurred more intensely in young
individuals (6, 7, 8 cm total length) in this length class compared to other height classes. A similar
result was reported by Wals and Wals (2013) for A. gouldi. By the authors, smaller specimens moulted
more frequently than other individuals. Similarly, Reynolds (2002) reported that juveniles moult many
times at first, larger individuals only once or twice a year in temperate regions. By the Turvey and
Merrick (1997), small individuals (20-35 mm carapace length (CL)) of E. spinifer usually moult three
times per year, the medium size class (35-55 mm CL) typically moults twice and large specimens (>55
mm CL) moult once per year. In addition, the authors reported that there are no differences in annual
frequencies of moult related to sex and site.

In the study, it was observed that the softness of the crayfish shell peaked in May and June (Figure
2). It was observed that the sampling period was quite effective on moulting. The main reason for this
situation is thought to be the water temperature. Because the process of moulting is inhibited when
water temperates are lower than 10 — 11°C (Ackefors et al. 1989; Henttonen et al. 1993). The effect of
water temperature on moulting frequency has been revealed more clearly in aquaculture studies
conducted under controlled conditions. Kouba et al. (2010) reported that higher temperature
influenced growth in juvenile noble crayfish (Astacus astacus) by causing a higher moulting
frequency. Another reason for the seasonal difference in shell change is based on the reproductive
biology of the species. Females with eggs in their pleopods cannot change their shells in the
December-May period (Cilbiz, 2020). In the study, the increase in the number of soft-shelled crayfish
in May and June is the fact that female crayfish start to moulting immediately after they get rid of their
eggs.

The amount of catch and the correspondingly soft or hard shell varied significantly between the
sampling stations. This situation is generally thought to be caused by the ecological characteristics of
the habitat (depth, vegetation, pollution, ground structure, etc.). Particularly in the 1% station, which
represents the region where the river enters the reservoir, unlike the other stations, the floor was
covered with mud as a result of the precipitation of suspended solid material over the years. However,
crayfish mostly prefer sandy-gravelly ground areas (Alpbaz, 2005). Another issue regarding habitat
preference is vegetation. Reynolds et al. (2013) stated that in most open water crayfish, juveniles live
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away from the adults in vegetation, litter or gravel, usually in shallower, warmer water, and grow
relatively rapidly through many moults. This situation may also cause a difference in length between
stations. According to France (1993), acidification may have severe impacts on moulting and egg
survival (Reynolds et al., 2013), in this context, the difference of water quality criteria in the reservoir
depending on the fishing area may have caused the differentiation of the moulting process.

In addition to the increasing pollution, global climate change has caused serious changes especially
on the lives of aquatic creatures on a global scale and continues to do so. Recently, plasticity has been
among these negative factors. According to Reynold et al. (2013), unsuspected plasticity is affecting
crayfish ecology such as physiology, behaviour, and reproductive strategies. In this direction, it causes
changes in the life cycles of living things. For example, in Egirdir Lake (Isparta-Turkey), it has been
observed that crayfish with a total length of 11-12 cm, which is generally not expected to change their
shells in the 2020 hunting season, have moulted densely. The soft-shelled catch is directly discarded in
line with the demands of the traders (unpublished data). This has resulted in increased fishing pressure
on the stock, whose sustainability is already severely troubled (more fishing has been required to reach
the targeted marketable quota). By clearly demonstrating the seasonal moulting, the discard rate can be
significantly reduced by applying the closed season in fishing during these periods. Therefore, it will
be useful to carry out similar studies in other fishing areas.

In this study, it is demonstrated that shell status was shown statistical difference with total length,
stations and sampling month (p<0.05), while it was no significant by sex group (p>0.05). Results of
the study will contribute both understanding of the biological properties of P. leptodactylus and
improving the management of its natural stocks.
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Abstract

Water management is considered to be a field that searches for optimal solutions to the problems posed by society's need
for water and the availability of water in nature. Urbanization and rapid increase in population have brought many problems
related to water resources, especially in developing countries like Ethiopia. As a result, millions of people do not have access
to potable water and improved sanitation. This study found that the main water problems in Ethiopia are more likely to result
from weaknesses in coordination, lack of adequate authorized institutions, rapid population growth, technical, financial, and
hydro political problems rather than water scarcity. The country's policy on sharing its natural resources, allocation, and
management of transboundary water resources creates major problems between upstream and downstream countries. The
study recommends advanced management mechanisms and appropriate approaches that can solve the existing problems and
promote the socio-economic development of the country.

Keywords: Ethiopia, Nile River, Water Allocation, Water Management, Water Resources
Etiyopya'da Su Yonetiminin Durumu: Sorunlar ve Coziim Yaklasimlar:
Ozet

Su yonetimi, toplumun suya olan ihtiyacinin ve suyun dogadaki mevcudiyetinin yarattig1 sorunlara en uygun ¢dztimler
arayan bir alan olarak kabul edilmektedir. Kentlesme ve niifusun hizla artmasi, 6zellikle Etiyopya gibi gelismekte olan
iilkelerde su kaynaklar ile ilgili bir¢ok sorunu beraberinde getirmistir. Sonug olarak, milyonlarca insanin i¢gme suyuna ve
geligmis sanitasyona erisememektedir. Bu calisma, Etiyopya'daki asil su sorunlarmin su kithigindan ¢ok su kaynaklarinin
koordinasyondaki zayifliklardan, yeterli yetkilendirilmis kurumlarin eksikliginden, hizli niifus artigindan, teknik, finansal ve
hidropolitik sorunlardan kaynaklanma olasihgmin daha yiiksek oldugunu bulmustur. Ulkenin dogal kaynaklarinin paylasimu,
simirasan su kaynaklarmin tahsisi ve yonetimine iliskin politikasi, yukari ve asagi havza iilkeleri arasinda biiyiik sorunlar
yaratmaktadir. Bu calisma, mevcut sorunlart ¢6zebilecek ve iilkenin sosyo-ekonomik kalkinmasini destekleyebilecek
geligmis yonetim mekanizmalar1 ve uygun yaklagimlar dnermektedir.

Anahtar Kelimeler: Etiyopya, Nil Nehri, Su Tahsisi, Su Y6netimi, Su Kaynaklari

INTRODUCTION

Water is considered the elixir of life in the world. It would not be an exaggeration to say that
without effective water resource management, the world's social and economic development will be
severely constrained or even threatened in the future. Both developed and developing countries need to
implement more effective water management policies and practices for better water quality and ensure
the availability of water in nature (UNEP, 2010).

According to Prasifka (1994), water covers about three-quarters of the earth's surface. However, it
is worth noting that freshwater is unevenly distributed across the world. To illustrate, only the Amazon
River carries one-fifth of the water discharged by all the world's rivers. The Amazon is theoretically
enough to supply twice the world's freshwater needs. The great river of China, Yangtze Kiang, has
enough water to supply every person on the planet with about 500 liters of water in a day.

The Nile, considered the longest river in the world and originating in Ethiopia, is known as the
main source of water supply for Egypt and Sudan. With nearly 72% of the river's potential originating
from the highlands of Ethiopia, the issue of exploiting the Nile River is now the focus of interest for
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the Ethiopian government. These concerns are the effect of increasing demand in using the river for
various purposes by the Ethiopian government as well as downstream countries, especially Egypt
(Bilen, 2009).

Political and social problems will likely arise between the riparian states and Ethiopia as a result of
the exploitation of the Nile River (Loucks and Van, 2017). As water is nowadays a limiting factor for
the socio-economic development of any country, international, regional, and local conflicts
overutilization of water are increasing significantly. In addition to the impact of global change on
water resources in the world due to increasing demand, excessive water extraction from underground
aquifers and rapid population growth are among these problems.

The issue of cross-border waters has arisen since the earliest time over who owns a body of water,
who has a right to use it, or how water should be allocated and shared among those who claim it
(Loucks and Van, 2017). The fact that all countries involved in disputes over transboundary
waterways have still not signed the 1997 General Convention UN on the Non-Navigational Use of
International Waterways is a worrying situation. This case; thus, has some marginal implications for
the resolution of current and future water disputes (Schelwald et al., 2009).

Although the increase in water demand in agricultural production has been of great concern
worldwide in recent years, the provision of water for energy production is ignored by water
professionals and development experts. Sustainable development and advanced economic growth,
sanitation, wastewater treatment, and water supply cannot be achieved without adequate energy
resources, especially in developing countries. Similarly, it is not possible to produce electricity on a
large scale without large quantities of water (Asit, 2008).

Water resources development and management strategies can be considered in terms of economic
and non-economic measures. The all-inclusive National Water Management Development (2000)
strategy initiated by the Ethiopian government shows more attention to the use of non-economic
measures of water demand management than the previous supply-driven plan. It recommends that the
use of water tariffs to reduce water demand must be complemented by education campaigns on water
conservation and use (MoWR, 2002).

According to WWAP (2012), water management is not only a technical term but also encompasses
various scientific disciplines and activities. It requires a combination of practices and measures,
including policies, regulations, principles, prices, and other incentives, and changes in physical
infrastructure and facilities. Integrated Water Resources Management (IWRM), which is intensively
voiced nowadays, focuses on the necessary integration of water management between sectors, policies,
and institutions. These can be divided into three categories: Management of resources, Management of
water services, and Management the necessary balance between supply and demand. Management of
water resources refers to the management of rivers, lakes, and groundwater. It includes water
allocation, assessment and protection from pollution, natural and man-made infrastructure, and
groundwater discharge to maintain, distribute and store water-related ecosystems and water quality.
Water service management extends from the water supplier to the end user's demand. Management of
balancing supply and demand also involves a wide range of socio-economic interests, administrative
activities related to allocation, authorization, and agreements (Tortajada and Biswas, 2009).

Sub-Saharan Africa in general, and Ethiopia in particular, face significant water challenges (UNEP,
2002). While Ethiopia has relatively adequate water resources that are technically and economically
viable, the majority of the population lacks proper sanitation and hygiene facilities and access to clean
water. Public drinking water is supplied from unprotected lakes, rivers, wells, ponds, and streams that
are unsafe and most likely highly polluted (EWNHS, 2018).

MATERIALS AND METHODS
The study area

The Federal Democratic Republic of Ethiopia is a landlocked country in the Horn of Africa.
Ethiopia is bordered by Eritrea and Djibouti to the north, Somalia to the east, Kenya and Somalia to
the south, and Sudan and South Sudan to the west. The country has an area of 1,127 km?, including a
water area of 7,444 km?, with an altitude ranging from 4,550m (Ras dejan mountain) to 125 m (Dalol
depression) below sea level (EWNHS, 2018). According to World Bank (2019), the country has ten
(as of 2020) autonomous regions and two city administrations (Addis Ababa and Dire Dawa) (Figure
1). The regional states and city administrations are divided into sub-regions. With a population of
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more than 110 million, the country comprises more than 80 ethnic groups and as many languages and
religions.

Addis Ababa -t
Q Harari

Oromiya

Southern Nations

Nationalities
and Peoples

Figure 1. Ethiopia's political and administrative map (Anonymous, 2020)

Methodology

The necessary primary data for this study were collected from various sources. For this purpose,
field observations and interviews were conducted between January and March 2019. During the
interviews and field observations at Oromia Mining and Water Bureau, Awash Basin Authority,
Adama City Water Bureau, Koka Water Supply Centre, and other interrelated agencies, the following
main topics were discussed. The general status of water resources, regulations, policies, coordination
among different stakeholders and sectors, and most importantly the problems of water management
were discussed. Other qualitative data were obtained from interviews and observations. The data
collected during the field observation and interview was also written in a holistic approach.

RESULTS AND DISCUSSIONS
Water Status in Africa

Africa has enormous potential water resources that can be harnessed and help to achieve the
Sustainable Development Goal that the UN has set for the world by 2030. Although Africa is rich in
water resources with major rivers such as the Nile, Congo, and Lake Victoria (Figure 2), many African
countries still face difficulties in utilizing water resources due to economic and political problems.
According to UNEP (2002), it is estimated that millions of Africans will face serious water shortages
by 2030 unless the necessary investments are not made and measures taken in time.
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Figure 2. Africa’'s largest river basins (UNEP, 2002).

Africa is the second driest and most populous continent in the world. Poverty is also a widespread
issue in Africa except a few regions. The majority of the continent's population lives in rural areas
where there is no access to potable water, inadequate sanitation, and hygiene. The average annual per
capita water availability is far below the global average of 6,498 m*/person/year (Table 1). In Ethiopia,
access to safe drinking water is 57 percent and improved sanitation remains woefully low at only 28
percent nationwide (UNEP, 2002).

Table 1. Global distribution of freshwater resources (UNEP, 2002)

Continent/Region Annual vg)lume Percentage of fresh };’er capita
(km?) water resources (%) (m°/year) 2008

World 43,802 100 6498
Africa 3931 9.0 4008
Asia 12393 28.3 3037
South America 12380 28.3 32165
Central America and 781 1.8 9645

the Caribbean

North America 6877 15.7 15166
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Oceania 892 2.0 32366

Europe 6548 14.9 8941

Potential and Current Situation of Water Resources in Ethiopia

Ethiopia has 12 major river basins, 11 lakes, 9 salt lakes, 4 crater lakes, and more than 12 major
swamps (Figure 3). The average annual flow of the river basins is estimated to be 122.19 billion m®,
With this enormous flow of its water resources, Ethiopia is called the "water tower of East Africa".
This does not necessarily mean that it has abundant water resources that are easily accessible for use.
Although Ethiopia has relatively adequate water resources (about 124 billion m® of surface water, 2.6
billion m* of groundwater, and hydroelectric potential of 161,000 Gwh/year), only a portion of this
enormous potential has been harnessed to contribute meaningfully to the socio-economic development
of the country (MoWR, 2002).

Mereb Gash
Tekeze
Denalal
Abbay
Awash

Baro Akobo
Omo Gibe
Rift Valley
Genale Dawa
10 Wabi Shebele
11 Avisha

12 Ogaden

[ = - R . R o

Figure 3. Major basins of Ethiopia (EWNHS, 2018)

Even the estimated 2.6 billion m® of groundwater widely dispersed in the lowlands of the country
could not be properly utilized stemming from financial and technical capacity problems. The findings
of the research revealed that the majority of the country's population has access to ponds, springs,
swamps, streams and rivers, and rainwater for domestic use. Water consumption per capita varies from
10-20L/day in some urban areas to 3-4 liters per person in rural areas. An estimated 86% of all water
withdrawals in the country are used for agricultural purposes, 13% for domestic use, and 1% for
industry, compared to global averages of 70%, 11%, and 19%, respectively (CIA, 2019).

Nile River

The Nile is a basin with a drainage area of 2.9 million km? which makes up 10% of the entire
African continent and is shared by nine countries (Burundi, Egypt, Ethiopia, Kenya, Rwanda,
Tanzania, Sudan, Uganda, and Zaire). The basin takes its name from the main watercourse of the
basin, the Nile. The Nile, the longest river in the world, has a length of 6825 km from the equator in
Africa to the Mediterranean Sea (Figure 4).
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Figure 4. The Nile River (Loucks & Van, 2017)

As it flows towards South-North, it takes most of its source from Lake Tana, Ethiopia. The annual
volume of water supplied to the Nile from Ethiopia is about 72 billion m®, which is about 72% of the
total river flow. The Upper Nile, also known as White Nile, originates from the equatorial lakes,
particularly Lake Victoria and the largest freshwater swamp in the world (Sudd). The Nile then takes
the Atabara River at Khartoum and there is no further major water inlet until it reaches the
Mediterranean Sea (Bilen, 1997).

Nile River Treaties and Water Rights of Upstream Countries

According to the protocol signed in 1891 between Italy on behalf of Ethiopia and the British
Colonial Administration in Egypt, Ethiopia was not allowed to build any hydraulic structures on the
Blue Nile that would alter the amount of water flowing into the Nile River. Then, on May 15, 1902,
the agreement was concluded between Ethiopia and the British colonial administration that defined the
boundaries of Ethiopia. Through this agreement, the Ethiopian administration committed not to build
any infrastructures that would alter the flow and volume of the Nile River to Egypt (Bilen, 2009).

With the Tripartite Agreement signed between Britain, France, and Italy on 13 May 1906, the notes
were exchanged in Rome in 1925 between Italy and England. In addition, Egypt's interests in the Nile
were reaffirmed without regard to the rights of the riparian states in the upper basin. The Nile Water
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Agreement of May 1929 is of particular importance for the water policy of the Nile. The most
important article of the agreement makes it clear that no irrigation, power, or other development
activities should be undertaken in Sudan and other countries under the British administration that
would reduce or retard the amount of water flowing into Egypt. In 1935, an American company
obtained permission from the Ethiopian government to build a dam at the outlet of Lake Tana.
However, this initiative was stopped by England based on the agreement signed in 1929 (Bilen, 1997).

The Nile River Agreement (1959) provides no water allocation for the countries in the upper basin
of the river. This inequitable allocation (see Table 2) still causes serious disputes in the region;
especially between Ethiopia, the largest contributor to the Nile River (72%), and Egypt, the largest
user (55%). The old colonial system, the British and French colonial periods, has left deep traces in the
legal arrangements of the Nile. The protocols and notes supporting this agreement were signed in 1959
between Egypt and Sudan after the 1929 treaty that regulated the Nile's use regime. Even worse, the
articles of the agreement include the following:

Except for the annual water allocations to Egypt and Sudan, the provisions of the 1929 agreement
were adopted without much change.

Sudan agreed to the construction of the Aswan Dam, with part of the reservoir remaining in its
territory.

Of the total annual volume of water that would flow into the Aswan Dam, Egypt (55.5 billion cubic
meters) and Sudan (18.5 BCM) would each receive a share. Provided Sudan meets its quota, the
construction of Roseries Dam and other facilities would be approved by Egypt.

Before construction could begin, all countries remaining in the upstream part of the Nile Basin had
to apply and receive approval by submitting the relevant technical details to the joint technical
committee formed by Egypt and Sudan.

Sudan could take measures to reduce water losses in the marshes and wetlands in the south of
Sudan by agreeing with Egypt.

Table 2. Allocation of the Nile River according to 1959 Treaty (Bilen, 1997)

Country Country’s c.ontrit?u‘Fion to3 water Water allocation ac.co.rding ;o the 1959
potential (Billion m®) Treaty (Billion m®)

Egypt 0 55.5

Sudan 0 18.5

Ethiopia 72 0

Other Countries 12 0

Evaporation Losses - 10

Total 84 84

Analyzing (Table 2), it can be seen that the highest shares of the contribution to Nile River were
supplied by Ethiopia. However, the lowest share was consistently provided by Egypt and Sudan,
which were allocated the highest share for utilization. The 1959 agreement did not provide for the
allocation of water to other riparian states, including Ethiopia, whose highlands contribute about 72%
of the flow to the river basin.

To intermit Egypt's violation of international transboundary water law and to achieve effective and
reasonable use of transboundary water resources with riparian states, fair regional cooperation and
agreements should be reached, taking into account the principles (geographical, hydrographical,
climatic, ecological, and natural) of international and regional agreements. Above all, the bilateral
agreements (the 1929 Treaty Anglo-Egyptian and its modified version, the 1959 agreement), which
completely disregarded water allocation to other riparian states, should be reconsidered with the
participation of all states under international transboundary water law. In this way, it is possible to halt
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Egypt's aggressive approach to the use of the Nile and introduce a strong resolution as soon as
possible.
Water Ownership and Usage Rights

On 8 July 1997, the General Assembly of UN adopted the Decision on the Non-Navigational Use
of International Waterways. Looking at the Nile Rivers, Sudan was in favor of an agreement, Egypt
and Ethiopia abstained, and Burundi was also against the agreement. This suggests that both upstream
and downstream countries are unlikely to sign the convention and are unwilling to resolve disputes
over transboundary water issues (Varis et al., 2008). In addition, Ethiopia's stance on the use of the
Nile River in recent years and Egypt's stance on the allocation of the river could complicate the
existing tensions over the use of the river.

Ethiopia's water policy and water rights declaration make it clear that surface and groundwater
resources located within the country's geographic, ecological and natural boundaries are the common
property of the Ethiopian people and the state. Under the national laws of the country and international
conventions, every Ethiopian citizen has the right to access clean water for basic needs (FNGoE,
2000). Accordingly, the country must allocate and use its water resources in a sustainable manner to
achieve a nationwide supply of clean water.

According to NGoE (1994), Article 44 of the Ethiopian Constitution, which is still in force and was
adopted in 1995, states that all international agreements and relations entered into, established, or
conducted by the state shall protect and ensure Ethiopia's right to sustainable development (FDRE,
1995). In addition, the Constitution clarifies that all-natural resources (including water) are the
common property of the Ethiopian people and the state. The Ministry of Water, Irrigation, and Energy
(MoWIE) is responsible for the overall planning, development, management, use, and protection of
the country's water resources, as well as the supervision of all medium and large irrigation projects.
However, the country still lacks strict enforcement of natural resource use regulations, coordination
weaknesses, and adequate authorized institutions.

PROBLEMS AND SOLUTION APPROACHES
Rapid Population Growth

During the period between 2005 and 2050, the world population is expected to increase in only
eight countries. The largest population increases are expected in the countries of India, Nigeria,
Pakistan, Congo, Ethiopia, USA, Bangladesh, and China. Together, they may account for almost half
of the expected growth in the world population during this period (Biswas et al., 2008).

In many regions of Ethiopia, the majority of the population lives in areas where water availability
is limited and not easily accessible. With this rapid population growth, it is obvious that the major
water resource issues will emerge to hinder the country's water policy. While the Ethiopian population
was about 80 million in 2009, it is currently (2019 estimate) 110 million people (Figure 5).
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Figure 5. Population growth in Ethiopia between the years 1960-2019 (World Bank, 2019).
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Extreme population growth is one of the most pressing reasons for water problems in Ethiopia.
Excessive population growth, together with climate change, exacerbates the country's water scarcity
problems. For example, while the country's population was about 60 million in 2000, it will reach
almost 110 million people in 2019 (see Figure 5). This leads to many constraints in water supply and
social stability. As the country's population grows, the demand for water or pressure on limited water
resources is expected to increase. Population growth, uncontrolled urbanization, the release of
untreated sewage and bulk waste into the environment and water bodies, and lack of treatment
technologies are increasing the pollution of the country's water bodies.

Hydropolitical Problems

Ethiopia is a country endowed with huge hydroelectric potential. It is second only to Congo in
hydroelectric potential in Africa. However, the country has so far exploited only a part of this
potential. Due to inadequate environmental and water resources policies, the distribution and
management of transboundary water resources create instability within and between riparian states
(MoWR, 2002).

In this case, the Grand Ethiopian Renaissance Dam has been under construction since 2011 due to
disputes over water policy issues regarding the filling and operation of the dam between Ethiopia and
Egypt. The latest round of talks between Ethiopia and Egypt involving Sudan was held in Khartoum,
the capital of Sudan, on September 15-16, 2019. However, no satisfactory agreement was reached on
the duration of filling the reservoir of the dam. While Egypt wanted the reservoir to be filled in a
period of 7 to 10 years so as not to restrict the flow in the river, Ethiopia rejected this plan and opted
for three years (Anonymous, 2019).

Additionally, while Egypt wants the dam to release at least 40 billion cubic meters of water per
year, Ethiopia has not specified how much should be released in this regard. After many years of
diplomatic intercourse between Cairo and Addis Ababa, the US proposed mediation to reach a
cooperative, sustainable, and mutually beneficial agreement on the filling and operation of the dam.
The agreements signed by other countries on behalf of Ethiopia are a violation of its rights and should
be revised immediately. The issue should be reassessed and the causes of disagreement between Egypt
and Ethiopia should be resolved diplomatically.

Financial Problems

Due to the location of major rivers and lakes in the rugged physical structure, hydrological and
topographical features of the country, sufficient investment is required for the optimum utilization of
the country's water resources. On the other hand, in developing countries like Ethiopia, where surplus
budgetary resources are used more for areas such as education and health than for water resources
utilization, sufficient budgetary resources and investments have not been allocated for mega water
infrastructure projects for water resources development. For this reason, there is insufficient funding
from corporate financiers and private investors in the long run. Problems in the country's financial
management, inadequate capital stock, and external debt pressures (China, Russia, USA, etc.) have
generally made it difficult to raise and use national and international finance for water resources
development.

Technical Problems

Stemming from the variability of climatic, topographic, and local conditions of water resources, the
country needs a variety of hydrologic data. Regular hydrological data and information on the country's
water resources are few or non-existent. The existing hydrological monitoring stations cover only 40%
of the country (MoWR, 2002). Due to limited research and the unavailability of data, hydrological
information on river basins in the country cannot be verified and estimated to use appropriate models
and plans. There is no adequate advanced national research center and development institute
specialized in water science to assess the water resources problems. The underutilization of the
country's water resources has led to poverty, food insecurity, loss of biodiversity and conflict.
Strengthening the role of applied research can be one of the solutions to alleviate the problems in the
water sector (Awulachew et al., 2007).

Political and Security Problems

The Ethiopian people have been living in tragedy over the past decades due to an undemocratic
regime, growing Bereacracy, misuse of regional resources, corruption, and unfortunately ethnically
based disputes over the allocation and use of natural resources. Ethiopia consists of a population of
about 110 million and about 83 ethnic groups with different identities, cultures, religions, and
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languages. In addition to this fact, superfluous conflict among stakeholders over the use of natural
resources leads to waste of resources and growing animosity among people instead of being a strong
pluralistic and economically vibrant nation. Moreover, the government's attitude of putting its own
political affairs above the stability and economic growth of the country is hindering the establishment
of a democratic government and the implementation of competitive reforms in the country. For this
reason, the country is undergoing a deep transition. Investment opportunities in the country are being
hampered and most of the projects that have been started are currently suspended. For instance,
although the Ethiopian Renaissance Dam project was supposed to be completed in five years, it has
been under construction since 2011. Reconciliation between ethnic groups and political parties and the
implementation of meaningful reforms, including the revision of the country's water policy, would
bring dramatic changes that would also allow the country's untapped natural resources to be managed.
Water Pollution Problems

Water pollution is a major challenge that degrades water quality especially in the 21st century
(Teshager et al., 2016). Another major problem is meeting the ever-increasing needs of rapid
population growth, urbanization, industry, and agriculture. Land-use changes are known to have a
significant impact on water quality by altering the concentration of nutrients (Stonestrom et al., 2009;
Schlesinger et al., 2006) and sediment balance (Valentin et al., 2008). For example, the agricultural
sector has a consumption share of about 86% (CIA, 2019), which often reduces the normal flow in
several rivers in the country.

Freshwater degradation is a result of the overall socio-economic development of human activities.
Anthropogenic factors such as wastewater disposal, rapid population growth, excessive water
abstraction, and traditional irrigation practices are likely to have huge impacts on groundwater storage
and the other hydrological processes within a river ecosystem (Wada et el., 2013). Agricultural
activities pose a major threat to the country's water bodies as they can cause algal blooms through
nutrient and sediment pollution. It was observed that Lake Zuway, one of the most important lakes in
Ethiopia, has significant pollution as untreated sewage is discharged directly into the lake and
fertilizers used in agriculture end up in the surrounding lakes. As a result, the overall situation of water
guality management in the country is far from satisfactory.

SOLUTION APPROACHES
Wastewater Treatment

Due to the lack of wastewater treatment technologies, water pollution is becoming an increasing
problem in many parts of the country. The future social and economic development of the country is at
great risk if water pollution is not regulated through sustainable water resource management (Libhaber
and Jaramillo, 2012). Therefore, the country should adopt wastewater treatment plants and
comprehensive water management policies and practices to improve water quality on the one hand and
to ensure the availability of water in nature on the other.

Wastewater treatment is not only used for specific end-use, but also helps to ensure the health and
standard of living of the community, which prevents pollution of the environment and water bodies
(Biswas et al, 2009). Therefore, the government should take strict measures including issuing
regulations and proclamations to create a harmonious environment and ensure the reclamation of
rivers, lakes, and other water bodies. In the near future, desalination of the country's saline lakes and
brackish water is likely to be the upcoming approach. This approach could be considered as an
alternative source for irrigation and industrial purposes.

Management of Transboundary Water Resources

In the twenty-first century, international concern about the management and allocation of
freshwater has increased worldwide. The issue of effective management and development of
transboundary water resources has not been easily resolved in international forums due to intense
debates and disagreements over national sovereignty concerns (Varis et al, 2008). To protect the rights
of riparian states to transboundary waters and prevent disputes, the international community has
proposed international general principles for the management of transboundary water resources.
According to the article of agreement, the most important principle is to take into account the
geographical, hydrographical, climatic, ecological, and natural character of transboundary water
resources (Varis et al, 2008; Schelwald-van der and Reijerkerk, 2009). Therefore, Ethiopia should
fully utilize its transboundary water resources under the international principles and agreements on the
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use of transboundary water resources with full rights and participate in the international water rights
negotiations equipped with adequate preparations.

Integrated Water Resources Management and a Rational Water Allocation and Allocation
Management

Integrated Water Resources Management (IWRM) promotes the coordinated development and
management of water, land, and related resources to ensure economic and social well-being without
compromising the sustainability of vital ecosystems, and provides for the joint management of all
different uses of water resources (Asit, 2008). Incompetencies and weak coordination among
institutions responsible for watersheds significantly hinder the implementation of the approach in the
country. Therefore, the government should prioritize projects related to water issues in a well-
organized system that ensures comprehensive water resource management to overcome these
challenges. In this regard, water problems can be solved through proper multi-disciplinary, multi-
institutional, and multi-stakeholder coordination (Asit, 2008; Schelwald-van der and Reijerkerk,
2009).

According to Rowan (2009), the European Union (EU) Water Framework Directive (WFD) exists
as the most comprehensive water policy dedicated to promoting sustainable management of water
resources. Its policies and legislation aim to protect natural habitats, keep air and water clean, ensure
appropriate waste disposal, avoid toxic chemicals and contribute to sustainable development
worldwide. In this regard, improving institutional capacity and strengthening regional measures to use
and protect its transboundary water resources will benefit from implementing the holistic approach
and the most comprehensive water policy (as the EU Water Framework Directive) at the national and
regional levels in Ethiopia.

Development of Multi-purpose Dams

In ancient times, dams were built for a single purpose, namely, water supply or irrigation. As
civilizations developed, greater needs arose for water supply, irrigation, flood control, navigation,
water quality, sediment control, and power. Therefore, dams are built for specific purposes such as
water supply, flood control, irrigation, navigation, sediment control, and hydroelectric power. A dam
is a cornerstone for the development and management of the water resources of a river basin (Scudder,
2012). Multipurpose dam projects have also been implemented in many developing countries and
regions (GAP/Southeastern Anatolia Project, Ataturk Dam in Turkey (Bilen, 2009), Bhakra Nangal in
India and High Aswan Dam in Egypt (Biswas et al, 2009).

Because of such benefits and justifications, Ethiopia has so far implemented a few of its dams for
such purposes. Accordingly, multipurpose dams are of great importance to developing countries like
Ethiopia so that the community can derive domestic and socio-economic benefits from a single
investment. Multipurpose dams, properly planned, designed, and implemented, will radically increase
the use of water resources to the highest possible level. These projects will promote the socio-
economic development of the country and effectively regulate river flows and floods. In addition, they
will also improve water quality and protect the ecosystem.

Water Quality Management and Pollution Control

The Ethiopian standards specify the physical, chemical, and bacteriological requirements of water
for drinking and domestic purposes. The requirements contained in the standards are in line with the
World Health Organization (WHO) and International Organization for Standardization (ISO) (ES,
2013). However, there is no integrated set of rules that expresses the desire to protect the ecosystem
and preserve the freshwater quality of the country. Therefore, this standard should also include
environmental management, technology, development, and society in a broader sense. Accordingly,
integrated water quality monitoring and monitoring strategy have significant importance in
maintaining or improving quality, controlling pollution, and protecting ecosystems. Therefore, it is
crucial to assess water use in domestic, industrial, and agricultural sectors to meet the increasing
challenges to freshwater resources (Wada et al., 2013). In addition, regular water quality monitoring
and surveillance activities should be conducted on a planned and continuous basis. Public education
programs that create awareness about climate change, the importance of water, water pollution, its
causes and ways to prevent water pollution are of great importance.

CONCLUSION
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Ethiopia has coped with the water resources utilization activities carried out so far with very low
performance. Ethiopia, which is considered the water tower of East Africa due to its enormous
transboundary water resource potential, has become marginalized and incompetent in deciding its
transboundary water issues. In the country, the organizational structure for water resources
management is very centralized, and sectoral coordination and stakeholder participation in allocation
and decision making is unsatisfactory. Inconsistent water policies, technical problems, inadequately
trained manpower and failure in financing and utilization of water resources are major impediments to
the overall socio-economic development of the country. Therefore, the issue of sustainable water
management should be supported by the entire society, including scientists, water professionals,
development experts, policymakers, administrators, the public, non-governmental organizations
(NGOs), and industrialists. Pursuing meaningful reforms in the use of water resources, including
transboundary water allocation policies and reviewing inappropriate contracts signed in the past,
would bring about dramatic political and economic changes and contribute significantly to managing
the country's untapped natural resources. Most importantly, the commitment to implement holistic
approaches and constructive mechanisms in policy and practice will significantly improve the
development and transformation of Ethiopia's water resources utilization strategy. As such, Ethiopia
needs to establish a rigorous legal framework for the realization of its national objectives related to the
use of its water resources.
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Abstract

The use of biofloc technology (BFT) in narrow-clawed crayfish (Astacus leptodactylus) culture for 45 days was evaluated
by production performance and physiological status of crayfish. Four different stocking densities of crayfish were tested in
BFT (20, 41.66, 62.5, and 83.33 individuals m). Water quality parameters were monitored to sustain desired levels for
crayfish and biofloc management. The growth performance of narrow-clawed crayfish did not show any significant
differences among the groups. However, the survival rate changed by the stocking density. Hemolymph indices represented
by total hemocyte counts and relative abundance of hyalinocyte, semi-granulocyte, and granulocyte were not affected by
different stocking densities. Overall hemolymph glucose and lactate levels of narrow-clawed crayfish reflected mild stress in
response to BFT conditions. Hemolymph protein concentrations did not change by the stocking ratio in BFT. Hemolymph
protein levels were in the normal range, indicating the healthy status of the individuals. The hepatopancreas histology was
observed as a typical morphology for healthy crayfish in all stocking densities in BFT. Notwithstanding the relatively lower
survival rate in higher stocking density of narrow-clawed crayfish, the results of the present research revealed that the
adaptation of narrow-clawed crayfish to BFT conditions is promising for the crayfish culture.

Keywords: Biofloc, Astacus leptodactylus, stocking density, growth, physiological response

Astacus leptodactylus i¢in Biyoyumak Teknolojisinin Degerlendirilmesi: Farkh Stoklama Yogunluklarmmn Uretim
Performansi ve Fizyolojik Tepkileri Uzerine Etkisi

Ozet

Biyoyumak teknolojisinin (BFT) Astacus leptodactylus yetistiriciliginde iiretim performansi ve fizyolojik durumuna
etkileri 45 giin siireyle degerlendirilmistir. Kerevitler dort farkli stoklama yogunlugunda (20, 41.66, 62.5 ve 83.33 adet m™)
BFT ortaminda test edilmistir. Su kalitesi parametreleri kerevit ve biyoyumak ortamu igin istenen seviyeleri siirdiirmek
amaciyla takip edilmistir. Caligmanin sonunda kerevitlerin biiylime performansi gruplar arasinda 6nemli bir farklilik
gostermemistir. Bununla birlikte, farkli stoklama yogunluklarmin yasama oranlarmi etkiledigi belirlenmistir (p<0.05).
Toplam hemosit sayilart ve goreceli olarak hyalinosit, yar1 graniilosit ve graniilosit bollugu ile temsil edilen hemolenf
indeksleri, farkli stoklama yogunluklarindan etkilenmemistir. Ancak kerevitin genel hemolenf glikoz ve laktat seviyeleri,
BFT kosullarina yanit olarak hafif stresi yansitmistir. Hemolenf protein konsantrasyonlari, BFT'deki stoklama yogunluguna
gore degismemistir. Hemolimf protein seviyeleri ise kerevitlerin saglikli durumunu gosteren normal simnirlar arasinda
bulunmustur. Hepatopankreas histolojisi, BFT'deki tiim stoklama yogunlugunda saglikli kerevit igin tipik bir yapi
gostermigtir. Kerevitlerin daha yiliksek stoklama yogunlugundaki nispeten diisiik yasama oranina ragmen, mevcut
aragtirmanin sonuglari, kerevitlerin BFT kosullarina adaptasyonunun kerevit yetistiriciligi i¢in umut verici oldugunu ortaya
koymustur.

Anahtar Kelimeler: Biyoyumak, Astacus leptodactylus, stoklama yogunlugu, biiyiime, fizyolojik yanit

INTRODUCTION
Decapod crustaceans are represented by the second-highest market value among the world's
aquaculture production (FAO, 2018). Narrow-clawed crayfish (Astacus leptodactylus) as a decapod is
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also considered a species that has consumer demands (Farhadi and Jensen, 2016; Harlioglu and
Farhadi, 2017). This species is widely distributed in Europe, East Russia, and the Middle East and
mostly cultured in extensive and semi-intensive farms. However, intensive culture possibilities are
limited due to the absence of suitable commercial feed and the disease as well as cannibalism
problems (Nedaei et al., 2019). Moreover, late sexual maturity age, the long incubation period of the
eggs, slow growth rates, and disease problems are common disadvantages for the intensive culture of
narrow-clawed crayfish.

Stocking density is one of the most important factors affecting yield in decapod culture.
Crustaceans naturally exhibit territorial and aggressive behavior, increasing the food competition at
high stocking densities in culture systems. Therefore, determining the appropriate stocking density
specific to the species is also an indicator of culture performance (Yu et al., 2020).

Many culture techniques and feed formulations can be used to minimize disease outbreaks and
ensure the sustainability of production (Safari and Paolucci, 2017). Apart from traditional culture
applications, new practical methods such as BFT that improve the culture performance, health status,
and water quality parameters have been developed in recent years (Minaz and Kubilay, 2021). BFT
has many positive effects on the survival rate, growth, and immune system and also reduction in
cannibalism even at high stocking densities for cultured decapods (Foes et al., 2011; Liu et al., 2017,
Negrini et al., 2017; Kaya et al., 2020).

In Decapoda, hemo-cytological analysis can provide an insight into the physiological and
immunological status of the individuals (Gargioni and Barracco, 1998; Lin and Séderhill, 2011;
Hauton, 2012; Kaya et al., 2019b). Hemocytes are the cells found in the hemolymph that is in the
center of the protective system of the crayfish as in other crustaceans. Hemocytes are involved in non-
specific immune systems associated with non-self-recognition and alterations in hemocyte count may
indicate the crayfish's health directly (Soderhall et al., 1988). Hemolymph indices, representing total
hemocyte counts and relative abundance of the hyalinocytes, semi-granulocytes, and granulocytes are
a valuable tool to assess the health of crayfish. The circulating hemocytes can be affected by many
factors such as water quality, food intake, starvation, environmental conditions, grow-out methods, life
cycle, molting, diseases, etc (Winzer, 2005). Thus, BFT as a culture technique can influence the
nonspecific immune system associated with hemolymph indices (Panigrahi et al., 2019b). Hemolymph
metabolites such as protein, lactate, and glucose levels in the hemolymph of the crayfish are the
biomarkers to detect the physiological status of crayfish (Bonvillain et al., 2012). Increases in
hemolymph glucose level, under the effect of crustacean hyperglycemic hormone, has been reported to
be a secondary stress response (Jussila et al., 1998). Thus, hemolymph glucose and lactate have been
classified under the acute stress biomarkers in crayfish (Bonvillain et al., 2012). Hemolymph protein is
another biomarker that can be used in the evaluation of health status and particularly for the linkage
between food intake and the condition of the crayfish (Sladkova and Kholodkevich, 2011). The
hepatopancreas is the main organ for digestion metabolism. Due to these characteristics,
hepatopancreas tissue and cell types have been intensively investigated (Vogt, 2019). The organ is
responsible for nutrient absorption, lipid storage, and digestive enzyme synthesis (Johnson, 1980;
Genc et al., 2007). Therefore, the monitoring of hepatopancreas can be a useful indicator of decapod
metabolism.

The negative effects of increased stocking rates on narrow-clawed crayfish have been reported by
many researchers (Ulikowski and Krzywosz, 2004; Mazlum, 2007; Farhadi and Jensen, 2016), but
there is no study related to evaluation stocking densities with BFT in narrow-clawed crayfish. In our
previous study (Genc et al., 2019), narrow-clawed crayfish with an initial weight of 37,61g showed a
100% survival rate in BFT compared to the clear water conditions (77.77%) in stocking density of
28.57 crayfish m™. This result demonstrated that BFT could be directly implemented in practice for
the narrow-clawed crayfish culture instead of a clear water technique. For this reason, this study aimed
to evaluate the effects of higher stocking densities on survival, growth performance, body
composition, and physiological response of narrow-clawed crayfish in BFT conditions.

MATERIAL and METHODS
Ethical Statement

The authors declare that this study complies with the ethical policies that the scientific journal has
been adhered to. In this study, a crayfish (Decapoda) was used as an experimental animal. Regarding
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"the Scientific Purposes Used Animal Protection to the European Union Directive" (2010/63/EU
dated), and the "Republic of Turkey the Experimental and other Scientific Purposes of Animals used
for a Regulation on the Welfare and Conservation" (13.12.2011 date, 28 141 number); the crayfish as
an invertebrate organism the permission is not subjected.
Experimental Design, Water, and Growth Parameters

The experiment was carried out in recirculating aquaculture system (RAS) for 45 days at Fisheries
Research and Application Unit (Faculty of Agriculture, Ankara University), Each tank of the RAS had
a bottom area of 0.24 m? and with a volume of 40+0.5 L. Narrow-clawed crayfish at the intermolt
stage were obtained from the stock in the Unit. One hundred and fifty crayfish were randomly
distributed to each RAS tank in stocking densities of 5, 10, 15, and 20 individuals corresponding to
20.83 (Group S1), 41.66 (Group S2), 62.5 (Group S3), and 83.33 (Group S4) individuals m?
respectively. Each group was tested with three replicates. During the trial, 12 h of light and 12 h of
dark conditions were maintained. In the experiment, feed containing 38.1% protein and 9.1% fat was
used (Table 1). Feeding was started at a rate of 4.5% body weight (BW) day™ and adjusted by
reducing 1.5% every 15 days.

For biofloc production, sugar beet molasses (Beta vulgaris) (Ankara Sugar Company, Turkey) was
added after daily feeding in a C: N ratio of 15:1 according to Avnimelech (2012). During the
experiment, the addition of molasses for the daily feeding rate was adjusted by the report of Kaya et al.
(2020). The biofloc volume was measured daily for ensuring an ideal level (10-20 ml L) using the
Imhoff cone (Avnimelech, 2012).

Table 1 Ingredients of the experimental feed and proximate analysis of diet (% dry matter)

Ingredients %
Fish meal’ 30.0
Soybean meal® 12.5
Corn gluten® 13.0
Wheat flour* 36.0
Fish oil® 2.4
Soy lecithin® 2.0
Vitamins premix’ 0.8
Minerals premix’ 0.2
Vitamin C’ 0.1
Binder (guar gum)® 3.0
Proximate analysis (%) Experimental diet
Crude ash 6.0
Crude protein 38.1
Crude lipid 9.1
Crude cellulose 1.5
Total energy (MJ kg™) 19.5
Digestible energy (MJ kg™*) 15.2

Anchovy fishmeal. Sursan Feed Mill Company, Samsun, Turkey
%Kire1 Soya Company, Balikesir, Turkey

®Cargill, Istanbul, Turkey

“ipek Wheat Company, Nevsehir, Turkey

®Anchovy fish oil. Sursan Feed Mill Company, Samsun, Turkey
®Sigma Aldrich Chemicals, St. Louis, MO, USA

"DSM Nutritional Products, Turkey

8Guar gum, Kartal Chemical Company, istanbul, Turkey

The weight gain, specific growth rate, feed conversation ratio, survival rate, and the moult
frequency (percentage of moulted crayfish) in each stocking group were calculated using the following
equations:

Weight gain (WG) = Wfinal (g)*Winitial (g) /Winitial (g) x 100

Specific growth rate (SGR) = 100 (In Wrina - IN Wipigia) / Time

Feed conversation ratio (FCR) = feed intake (g) / weight gain (g)

Survival rate (SR) = (Nﬁna|/ Ninitial) x 100

Moulting Frequency (MF)%= (Np, / Ng) x 100 (N, = the total number of moulted crayfish per
group during the experiment, N; = the total number of live crayfish per group).
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The proximate compositions of the narrow-clawed crayfish were determined based on the
Association of Analytical Communities (AOAC, 1997), the Kjeldahl method was used for the crude
protein (N x 6.25) and the crude ash was determined by combustion in a muffle furnace at 550 °C for
16 h. The total lipid concentration was carried out according to the method described by Bligh and
Dyer (1959).

Water Parameters

Water temperature, dissolved oxygen, saturation, and salinity levels were recorded daily using a
multi-parameter instrument (YSI® 556, YSI Inc., Yellow Springs, OH, USA). Nitrite, nitrate, and
phosphate measurements were performed every week (APHA, 1998). Daily measured water quality
parameters and nitrite, nitrate, and phosphate values of the BFT system are shown in Table 2.

Table 2 Water parameters of the RAS system

Parameter BFT N
T (°C) 22.740.9 45
DO (mg L™ 6.5£0.4 45
Saturation (%) 75+5.0 45
pH 78404 45
Salinity (ppt) 0.002 45
N-NO, (mg L™) 0.2+0.1
N-NO; (mg L™) 2.1£0.3
PO, (mg L™ 0.4+0.2

Biofloc volume (ml L) 14.2+4.5 45

N: sampling number

Hemolymph Sampling and Analysis
Hemolymph Indices

Total hemocyte counts and relative abundance of hemocyte types (hyalinocytes, semi-granulocytes,
and granulocytes) were determined to form hemolymph indices. Hemolymph sampling was carried out
at the end of the experiment. Hemolymph samples from each crayfish were withdrawn by the
pericardial cavity puncture with a hypodermic needle and transferred to Eppendorf tubes to dilute with
crustacean anticoagulant (1:2) for total and differential hemocyte counts. Collected hemolymph was
pooled to enable enough amount for the analysis. Crustacean anticoagulant was the solution of citrate
buffer and EDTA (Anderson et al.,, 1997). Total and differential hemocyte counts (THCs) were
established by the hemolymph in crustacean anticoagulants using a Neubauer hemocytometer (Persson
et al., 1987). In determining the differential hemocyte counts, hemolymph in the anticoagulant mixture
was dropped on a slide and smeared. In brief, air-dried smears were fixed in 70% methanol and then
stained with May-Grunwald and Giemsa (Bancroft and Stevens, 1977). Approximately 100 cells were
counted under a microscope to differentiate the hemocyte types (hyaline cells, semi-granulocytes, and
granulocytes).
Hemolymph Metabolites

Hemolymph protein, glucose, and lactate were analyzed in hemolymph samples without
anticoagulants. Hemolymph samples were allowed to clot and stored at 4 °C. Before analysis thawed
samples were centrifuged and the supernatant was collected. Commercial kits (Cayman Chemicals,
USA) were used for hemolymph metabolites: hemolymph protein, glucose, and lactate determination.
In hemolymph metabolites, the instructions of the manufacturer were followed.
Statistical Analysis

In the statistical analysis of the data obtained the package program (SPSS 17.0, Chicago, IL, USA)
was used. One-way ANOVA and Duncan multiple range tests were used for comparing different
stocking densities among the BFT groups (mean =+ standard deviation). The statistical significance of
the data was considered as p<0.05.
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RESULTS

S1 group clearly showed better growth performance among the groups (p<0.05) (Table 3).
Increased stocking densities negatively affected the final weight values of crayfish. Moreover, the feed
conversion ratio changed by the groups, and the best feed conversion ratio was obtained from the S1
group (p<0.05). The survival rate was the highest in the group with a minimum stocking density (S1).
Moulting frequency was not statistically affected by increased stocking rates for all groups (p>0.05).
Lipid content of tail meat did not differ among the experimental groups, however, protein amount in
tail meat increased significantly in comparison to initial values of tail meat of narrow-clawed crayfish
(Table 4). Moisture and ash amount of tail meat decreased in biofloc groups in comparison to initial
values (p>0.05).

Hemolymph indices representing the total hemocyte counts (THCs) and relative abundance of
hemocyte types (hyalinocyte, semi-granulocyte, and granulocyte) did not differ among the groups
(p>0.05) (Table 5). From the hemolymph metabolites measured, hemolymph protein and lactate did
not change by the stocking density of crayfish (p>0.05). Hemolymph glucose increased in the group of
S2 and S3 in comparison to group S1 and S4 (p>0.05) (Table 6).

The hepatopancreas sections indicated normal tissue architecture. Examined hepatopancreas tissue
was not adversely affected by different stocking applications (Figure 1). Normal histomorphology has
been observed in hepatopancreatic tubular cells and central lumens in the narrow-clawed crayfish of
all groups. There were no pathological changes in the hepatopancreas of the examined crayfish during
the experiment.

Table 3 Growth performance of crayfish, A. leptodactylus in different stocking densities with BFT

s1 S2 S3 S4
IWg 7.27+0.06% 7.28+0.09% 7.28+0.07° 7.28+0.07°
FW g 13.86+1.00° 12.25+1.88% 11.75+1.83% 12.12+2.02°
WG g 6.59+0.99° 4.97+1.89° 4.84+2.01° 4.47+1.82°
DWG g 0.07+0.01° 0.05+0.02° 0.05+0.02° 0.05+0.02°
SGR% day™  0.70+0.08" 0.55+0.18° 0.54+0.19° 0.51+0.16°
FCR 1.94+0.07° 2.60+0.36% 2.7140.54%® 2.90+0.47°
MF % 80.00+17.64*  60.86+6.49° 59.00+18.56° 57.72+16.24°
SR % 100.00+0.00°  93.33+5.77% 91.11+3.85°% 88.33+2.89°

S1: 5 crayfish 0.24m™. S2: 10 crayfish 0.24m™. S3: 15 crayfish 0.24m™. S4: 20 crayfish 0.24m™
IW: initial weight, FW: final weight, WG: weight gain, DWG: daily weight gain, SGR: specific growth rate
(% day™), FCR: feed conversion ratio, MF: moulting frequency (%), SR: survival rate (%).

Table 4 Proximate composition of tail meat (wet-weight basis) of narrow-clawed crayfish in
different stocking densities

Initial S1 S2 S3 S4
Moisture (%)  81.17£0.40°  79.07+0.57*  79.33+0.91® 79.87+1.65®  79.17+1.01%
Protein (%)  16.63+1.25%  18.28+0.42°  18.20+0.54°  18.02+0.89" 18.22+0.61°
Lipid (%) 0.80+0.10% 1.07+0.15° 1.03+0.42° 0.93+0.15% 1.17+0.312
Ash (%) 1.23+0.06°  1.16£0.03*  1.19£0.05®  1.14+0.05*  1.20+£0.02*
S1: 5 crayfish 0.24m™. S2: 10 crayfish 0.24m™. S3: 15 crayfish 0.24m™. S4: 20 crayfish 0.24m™
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Table 5 Hemolymph indices of narrow-clawed crayfish, A. leptodactylus in different stocking densities
Stocking density groups S1 S2 S3 S4
Total hemocyte Counts 5 5o 1589 51.19414.85%  49.70£17.71°  47.93£15.49°

(x10* cells mL™)
The relative abundance

of hemocyte types

Semigranulocyte (%) 1426£9.10°  14.54+9.47%  12.9548.08°  12.45+9.32°
Granulocyte (%) 19.15+12.37%  19.70£11.63%  20.60+10.25%  20.52+11.54%
Hyalinocyte (%) 66.59+14.28"°  65.76£17.08°  66.45+12.38"  67.03+16.84°

S1: 5 crayfish 0.24m™. S2: 10 crayfish 0.24m™. S3: 15 crayfish 0.24m™. S4: 20 crayfish 0.24m

Table 6 Hemolymph metabolites of narrow-clawed crayfish, A. leptodactylus in different stocking
densities
Stocking density groups S1 S2 S3 S4
Hemolymph protein (mg mL™)  2.94+0.08%  2.82+0.05%  2.48+0.18%  2.71+0.12°
Hemolymph lactate (mg dL™®)  60.16£1.47° 61.32+1.41°  63.83+0.98%" 61.16+3.54°
Hemolymph glucose (mgdL™)  54.86+0.76° 60.96+0.71® 60.72+0.89® 55.16+1.16°
S1: 5 crayfish 0.24m™. S2: 10 crayfish 0.24m™. S3: 15 crayfish 0.24m™. S4: 20 crayfish 0.24m

Besxe. M. '
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Figure 1. Hepatopancreas of A. leptodactylus by the groups in BFT culture conditions. B-cells: large vacuoles,
R-cells: small vacuoles and F-cells: basophilic/nonvacuoles. H&E, Bar = 50 pm. S1: 5 crayfish 0.24m™. S2: 10
crayfish 0.24m™. S3: 15 crayfish 0.24m™. S4: 20 crayfish 0.24m™

Ut
L

A% Y Rk

DISCUSSION

The main advantage of BFT in aquaculture is to improve water quality by removing toxic
nitrogenous compounds (Emerenciano et al., 2013). In the present study, water quality parameters
such as water temperature, dissolved oxygen, and pH were within a normal range for narrow-clawed
crayfish (Nedaei et al., 2019; Safari and Paolucci, 2017). Nitrite, nitrate, and phosphate levels were
also in the appropriate range in crayfish culture for BFT conditions (Azhar et al., 2020). In the present
study, BFT application with its unique water quality and nutritional characteristics reduced
cannibalism rates by ensuring 24 hours instant diet to this decapod. In BFT conditions, narrow-clawed
crayfish, which is naturally cannibalistic behavior, did not exhibit aggressive behavior.
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Previous studies showed that narrow-clawed crayfish were affected by the increase in stocking
density, and both survival rate and growth performance decreased in clear water conditions (Mazlum,
2007; Farhadi and Jensen, 2016). Farhadi and Jensen (2016) expressed that 10 A. leptodactylus m™
provided the best survival rate in the study where they tested three different stocking densities (10, 20,
and 40 individual m?). Mazlum (2007) reported that the stocking density of 50 A. leptodactylus m™
ensured more yield. The main difference between Mazlum (2007) and Farhadi and Jensen (2016) trials
was the initial live weights of crayfish (22.4+0.5 mg in Mazlum (2007), and 36.9-40.5 g in Farhadi
and Jensen (2016). The initial weight variation can probably explain the optimum stocking rates. Our
study demonstrated that BFT conditions had a positive effect on the overall survival rate of narrow-
clawed crayfish. By the stocking density groups, the survival rate was lower in the highest density
group of narrow-clawed crayfish. It can be considered that as the decreased stocking density had a
favorable effect on survival rate thus, the stocking densities of crayfish can be kept relatively low in
BFT. The promising results of this study proved that BFT application can be an ambient habitat for
narrow-clawed crayfish. The protein content of narrow-clawed crayfish tail meat in this study was
similar to the values reported for red claw crayfish, Cherax quadricarinatus, reared in the earthen
ponds (Thompson et al., 2005). Lipid content of tail meat of A. leptodactylus in BFT here was higher
than that of C. quadricarinatus (Thompson et al., 2005) and A. leptodactylus fed on diets containing
mannan oligosaccharide (Mazlum et al., 2010). This elevated amount of lipid content in tail meat may
be attributable to BFT conditions.

Since no data on the culture of crayfish in the BFT are available in the literature, trials with other
decapod crustaceans were taken into consideration to compare the results of our current research.
Crustaceans have an only innate immune system and hemolymph parameters are important indicators
in the evaluation of health conditions (Kaya et al., 2019). The role of BFT in improving hemolymph
parameters and maintaining appropriate culture conditions in many crustaceans has been reported in
previous studies (Xu and Pan, 2013; Li et al., 2019; Panigrahi et al., 2019; Kaya et al., 2020). In the
current study, hemolymph indices and metabolites of narrow-clawed crayfish reflect the compatibility
with the BFT conditions. The hemocyte number in the hemolymph of crustaceans is considered as the
health indicator and stress biomarker (Jussila et al., 1998; Le Moullac and Haffner, 2000). To our
knowledge there is no study on narrow-clawed crayfish with different stocking ratios in BFT,
preventing us from the comparisons of the previous hemolymph indices. THCs in the hemolymph in
the present study were not affected by the different stocking densities, showing the mean values
between 47.93+15.49 and 52.58+15.88 (x10* cells mL™). Hemolymph indices of this research showed
a decreasing tendency by increasing crayfish density however, the decreases of THCs in higher
stocking density groups were statistically insignificant. THCs were similar to the values reported for
A. leptodactylus under normal conditions (Yildiz and Benli 2004). Contrarily, THCs counted in our
study were lower than the THCs assessed in feeding experiments with A. leptodactylus fed with
different ratios of fructo- and mannan oligosaccharides (Safari et al., 2014). The hyalinocyte ratio in
our measurements was the most found hemocyte type in narrow-clawed crayfish in BFT. In the study
of Sang et al. (2009) hyaline cells of marron, Cherax tenuimanus in control groups were of the highest
ratio in all cell types, showing similarity with our findings in terms of sequencing the ratios of
hemocyte types. The protein levels in hemolymph of crayfish, in general, have been reported to be
between 20 to 75 mg mL™ as a reference interval for healthy crayfish individuals (Sladkova and
Kholodkevich, 2011). The hemolymph protein concentrations in all groups tested in the present study
fell in the range of normal protein levels. Similar hemolymph protein concentrations (24-25 g L™)
were recorded for Cherax destructor individuals in normal conditions (Stara et al., 2018). The
insignificant differences between groups show the normal physiological state of the crayfish in all
groups. However, hemolymph protein of red swamp crayfish (Procambarus clarkii) was measured
61.61 mg mL™ for normoxic conditions. (Bonvillain et al., 2012). Hemolymph protein concentrations
in this study are below the values of healthy A. leptodactylus (4.56 mg dL™) reported by Yildiz et al.
(2005). This may be related to biotic and abiotic factors of BFT for crayfish thus, the physiological
compensation mechanism associated with BFT conditions may result in alterations in hemolymph
protein concentrations. Elevated hemolymph concentrations in crayfish can be an indication of
stressful conditions (Yildiz and Benli, 2004). Glucose mobilization in crayfish has validity as a strong
biomarker of the physiological status of the animal. In particular, higher levels of hemolymph glucose
are linked to glycogenolysis hence, elevated hemolymph glucose concentrations are considered as
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acute biomarkers for stress. In our study, the glucose levels in hemolymph differed among the groups
however, the changes in glucose levels were independent of the stocking density. In P. clarkii the
hemolymph glucose was stated as 24 mg/dL for the normal physiological state of crayfish (Bonvillain
et al., 2012) and 1.36 mmol dL™ for Cherax destructor (Stara et al., 2018). Hemolymph glucose values
below 10 mg dL™ were reported in A. leptodactylus in normal conditions (Yildiz and Benli, 2004).
Based on the literature cited, the hemolymph glucose values in our groups can be categorized as
relatively high for all tested groups, corresponding to mild stress. It should be noted that elevated
glucose levels are not the biomarker of chronic stress. Thus, the recovery from acute stress in culture
conditions seems possible, demonstrating the need for more tests to measure the hemolymph glucose.
Similar to hemolymph glucose, higher lactate levels in hemolymph are acute biomarkers of stress.
Lactate is the end metabolic product of anaerobic metabolism in crustaceans and its level increases
under stressful conditions to maintain homeostasis. In our study, the lactate levels in hemolymph did
not show any significant differences among the groups. The lactate values measured here were higher
than the lactate values in unstressed P. clarkii (Bonvillain et al., 2012) and hemolymph of Cherax
destructor in the normal physiological state (Stara et al., 2018). Increases in hemolymph lactate levels
of P. clarkii and Procambarus digueti in response to altered light intensity and durations were
recorded by Fanjul-Moles et al. (1998). The increase in hemolymph lactate of P. digueti was 317 times
the control values (0.207 mmol mL™) after exposing crayfish to 1 week of LD 12:12, indicating
extreme elevations of hemolymph lactate. The hemolymph lactate concentrations in this study are
relatively higher however, the elevation in the lactate levels does not indicate higher levels of stress.
Although both hemolymph glucose and lactate levels may represent mild stress response to BFT
conditions in our study we did not observe any unhealthy individuals during the experiments. The
elevations in these acute biomarkers (hemolymph glucose/lactate) may be linked to the exertion in the
physiological response to adapt to the BFT.

It is known that the hepatopancreas with a tubular structure consisting of R-cells, B-cells, and F-
cells is a highly vital organ in the decapods for digestion, absorption of nutrients, and the storage of
lipids (Steinacker, 1981; Genc et al., 2007; Kaya et al., 2019a, 2019b). With these approaches,
hepatopancreas histology can serve the general health status and metabolism of crayfish. Examined
samples for all stocking groups in our study were found normal and healthy. The hepatopancreas
histology results of this study were coherent with the other decapod species cultured in BFT (Furtado
et al., 2015; Kaya et al., 2019a, 2019b, 2020).

CONCLUSION

BFT conditions for narrow-clawed crayfish raising may provide suitable conditions considering the
growth performance, overall survival rates, and health status of the individuals. Stocking density in
narrow-clawed crayfish culture should be kept relatively low to achieve higher survival rates under
BFT conditions although the increased stocking density of narrow-clawed crayfish did not appear a
potential risk factor for the physiological status of narrow-clawed crayfish as reflected in hemolymph
indices associated with the metabolites and hepatopancreas histology.
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Abstract

This study was carried out to determine the growth and reproductive characteristics of Garra rufa Heckel, 1843 infested
with Paradiplozoon bingolensis Civanova et al., 2013 in Goyniik Stream, Bingol. A total of 267 G. rufa specimens were
caught by a casting net between March 2015 and February 2016. The total length of G. rufa ranged from 8.5-19.1 cm and the
total weights ranged from 5.8-58.7 g. The most intensive catching was in G. rufa population of 12.0-12.9 cm (30.0%) cm and
15.0-19.9 (25.2%) g in the groups. The mean condition factor was determined as 1.126+0.151 (0.607-1.646). The length-
weight relationships were calculated as W= 0.0205 x TL?"®® (r? = 0.891). The M: F ratio was 1:1.15. The sexual maturity
length was recorded as 13 cm total length for males and 14 cm total length for females. Additionally, Paradiplozoon
bingolensis was detected on only 218 G. rufa in this population. Of these positive samples, 173 P. bingolensis were isolated
from male fish samples, while the females had 228 P. bingolensis. Therefore, female G. rufa specimens from this population
were determined to be more predisposed to the infestation (p<0.01).

Keywords: Growth, reproduction, Garra rufa, length-weight relationships, Paradiplozoon bingolensis.

Goyniik Cayr (Bingdl, Tiirkiye)’nda Yasayan ve Paradiplozoon bingolensis Civanova et al., 2013 (Monogenea:
Diplozoidae) Infestasyonuna Konak Olan Doktor Balik, Garra rufa (Cyprinidae)’min Biiyiime ve Ureme Ozellikleri

Ozet

Bu c¢alismada Goyniikk Cayi’nda yasayan Garra rufa Heckel, 1843 tiiriiniin biiylime ve Ureme Ozellikleri ile
Paradiplozoon bingolensis Civanova et al., 2013 infestasyonuna konak olma durumu arastirilmistir. Mart 2015-Subat 2016
tarihleri arasinda toplam 267 adet G. rufa serpme ag ile yakalanmigtir. Toplam boy 8,5-19,1 cm, agirlik ise 5,8-58,7 g
arasinda belirlenmistir. En yogun avcilik 12,0-12,9 cm (30,0%) cm ve 15,0-19,9 (25,2%) g’lik gruplarda gerceklesmistir.
Kondisyon faktorii 1,126+0,151 (0,607-1,646) olarak belirlenmistir. Boy-agirlik iliskisi W= 0,0205 x TL>"® (> = 0,891)
olarak hesaplanmistir. Erkek: disi oran1 1:1,15 olarak belirlenmistir. Cinsel olgunlugun erkeklerde 13 cm, disilerde ise 14 cm
total boya ulaginca gerceklestigi tespit edilmistir. Bununla birlikte, 218 G. rufa 6rneginin Paradiplozoon bingolensis paraziti
tasidig1 belirlenmistir. Pozitif olan bu 6rneklerde 173 adet P. bingolensis erkek G. rufa 6rneklerinden izole edilirken, disi G.
rufa 6rneklerinin 228 adet P. bingolensis tagidigi goriilmiistiir. Bu nedenle, disi G. rufa orneklerinin enfeksiyona daha yatkin
oldugu belirlenmistir (p<0,01).

Anahtar kelimeler: Boy-agirlik iliskileri, biiyiime, iireme, Garra rufa, Paradiplozoon bingolensis

INTRODUCTION

It has been acknowledged that collecting data about the growth parameters of fish is a crucial step
in the evaluation process of fish populations as it allows researchers to compare the condition and
biomass of a specific population as well as the distribution of species in varied geographical areas
(Martin-Smith, 1996).

The length-weight relationships (LWRs) provide a quick cost-effective method for assessing the
weight of a particular fish species by estimating the weight from length observations obtained on the
field (Kimmerer et al., 2005). Understanding the LWRs are of paramount importance in fishery
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resource management and useful in comparing life history and morphological aspects of populations
inhabiting in different regions. Besides, LWRs also provide information on the stock composition, life
span, mortality, growth, and production of fish (Bolger and Connoly, 1989).

Fulton’s Condition Factor (K) is used to know the variation between the observed and expected
weight of fishes (Kund et al., 2011). K measures the deviation of an organism from the average weight
in a given sample to assess the suitability of a specific water environment for the growth of fish
(Yilmaz et al., 2012). An overall fitness for fish species is assumed when K values are equal or close
to 1. Good growth condition of the fish is deduced when K>1, while the organism is in poor growth
condition compared to an average individual with the same length when K<1 (Jisr et al., 2018).

Gonadosomatic index (GSI) is one of the most essential parameters in studying reproductive
investment, gonadal development and maturity of fish in relation to spawning. GSI is a parameter that
is used to study the spawning biology of the fish. GSI is also helpful to assess the level of ripeness of
the ovary. GSI serves as an indicator of the reproductive seasonality of fish species. Reproduction of
fish stock is one of the important components of fishery biology as it has a direct bearing on fish
production, stock-recruitment and stock management (Wootton, 1992; Cetinkaya et al., 2005; Shafi,
2012).

Belonging to the family of Cyprinidae, the members of the genus Garra were first found by
Hamilton-Buchanan in 1822 from Southwest Asia and in the region extending from Africa to
Southeast Asia (Krupp and Schneider, 1989); however, it was reported that G. rufa was first found in
Aleppo. Originating from this region and reaching Southwest Asia, the distribution of G. rufa in
Turkey is reported in varied regions such as Aras/Araxes River, Tigris-Euphrates River system, and
Tigris River basins (Menon, 1964; Karaman, 1971; Coad, 1995; Geldiay and Balik, 2002). To the
author’s knowledge, there is no record of G. rufa living in Kizilirmak and Yesilirmak rivers, both of
which are located in Central Anatolia. Therefore, it is assumed that the distribution of G. rufa could
not spread out of its original location (i.e., Mesopotamia, Eastern Turkey, and surrounding basins)
(Koyun, 2011; Koyun et al., 2018).

G. rufa can live in a variety of habitats such as rivers, streams, ponds, and lakes, hiding under and
among stones and vegetation. G. rufa generally feeds on algae and zooplankton. In addition,
chrysophyta, chlorophyta, cyanobacteria, rotifera, and protozoa were detected in stomach contents of
G. rufa populations (Krupp and Schneider, 1989; Jarvis, 2011).

G. rufa is named the ‘doctor fish’ due to its use as a therapeutic agent in human skin
diseases/disorders (e.g., Psoriasis), but it is also known as nibble fish, Kangal fish, sucker, or licker
fish (Koyun, 2011). Regarding morphological characteristics, the typical shape of G. rufa is a thin and
long cylindrical structure covered with thin but large scales. There are tubercles present on its
truncated nostrils. There are two pairs of short barbels on the crescent-shaped ventral mouth of this
fish. A well-developed adhesive disc/organ located on the bottom/lower lip enables G. rufa to
conveniently survive in fast-flowing water. During the fall and winter months, black spots emerge on
their originally brown-colored bodies (Karaaslan, 2010; Jarvis, 2011).

Monogeneans, belonging to the family of Diplozoidae, are common parasites that have been found
specifically in the gills of Cypriniformes. Their direct parasitic life cycle starts as free-swimming
oncomiracidia, a larval stage (diporpa), and is completed with an adult stage. Two larvae (diporpae)
permanently coexist by fusing their bodies to achieve sexual maturity. Vitellaria and most internal
organs are distributed towards the cranial end in adult parasites, while reproductive organs of both
sexes and distal point of the intestine are located towards the dorsal end. Additionally, adults have four
pairs of hooks as attachment organs along with one small pair centered on the ventral side of the
opisthaptor (Civanova et al., 2013).

This study was carried out for the determination of growth and reproduction properties of Garra
rufa and the infestation status by Paradiplozoon bingolensis in the Goyniik Stream.

MATERIALS and METHODS
Study area and sampling

The present study was carried out in Goyniik Stream, which is a reach of Murat Stream (Figure 1).
The river springs from Kargapazar1 Village on the western slopes of the Bingol Mountains and merges
with Mendo Creek and joins the Murat Stream. It has approximately 95 km in length and there are also
5 Hydro Electric Power Plants and 2 regulators on the river (Koyun et al., 2018). A total of 267 G.
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rufa specimens were monthly collected by a casting net in Goynilk Stream from March 2015 to
February 2016. In Goyniik Stream, water temperature and pH were measured for 12 months with AZ
8685 device in the sampling area, and dissolved oxygen (DO) values were taken with Portable Hanna
Galvanic Dissolved Oxygen Meter - HI9147.
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Figure 1. Sampling points at Goyniik Stream

Laboratory Procedures

Fish specimens were transported within a 20-liter plastic aquarium filled with stream water. After
transport to the laboratory for every fish specimen, each gill arch was removed to examine
monogeneans parasites within 24 h. At the same time samples were measured to the nearest 0.1 cm for
total length (TL) and to the nearest 0.1 g for total weight (W). Total length-weight relationships
(LWRs) were determined using the equation: W = a x L°, where W is the weight (W), L is length (L),
a is the intercept, and b is the slope (Le Cren, 1951). Fulton’s Condition Factor was calculated using K
= (W /L% x 100, where W = weight of fish (g), L = total length of fish (cm) (Ricker, 1975).

The gonads were removed and observed morphologically. Sex was recorded for each fish. The sex
of the fish was categorized as male or female. The first reproduction length and weight of the fish were
determined according to the maturity status of the gonads (Crim and Glebe, 1990). Gonadosomatic
Index value was calculated using the formula GSI = (Gw / W) x 100, where Gw = gonad weight of
fish (g), W = total weight of fish (g) (Karatas et al., 2005).

The obtained parasites were preserved in glycerine ammonium picrate and flattened in 70% ethanol
for staining with iron acetocarmine. After dehydrated in an alcohol series and mounted in Canada
balsam. Parasite specimens were observed under a light microscope and identified according to
Pugachev et al. (2009) and Civanova et al. (2013). In addition, P. bingolensis was the first time
described as a new species of genus in Garra rufa from Murat River (Civanova et al., 2013). So, the
diagnosis of the mentioned parasite was done according to the descriptive features of Civanova et al.
(2013) article, considering the host specificity. In another parasitic study conducted on 17 fish species
in Iraq, it is reported that P. bingolensis was found only in the same host Garra rufa (Furhan et al.,
2017). In addition, according to the distribution of the P. bingolensis in the host fish, sex, prevalence
(P), abundances (A) and mean intensity (I) were investigated.
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Statistical Analysis

The growth types for the specimens were determined using the Student t-test. The t-test statistics
values were calculated and compared with critical values from the T-Table to check if the growth type
is isometric (b = 3) or allometric (b # 3) (Pajuelo and Lorenzo, 1998). The sex ratio was tested by the
chi-square test (5°) to indicate whether there was a deviation from a 1:1 ratio (Zar, 1999). The
prevalence, mean intensity and mean abundance levels of P. bingolensis were calculated according to
Bush et al. (1997). Bivariate correlations between the mean intensity of parasites and the
physicochemical parameters as well as the condition factor were tested to find out which parameters
correlated significantly with the number of parasites, according to Pearson coefficients. The means,
variance, standard deviation, regression, correlation values, and the comparisons of population
parameters obtained from the study were performed with SPSS 21.0 and Microsoft Excel 2016.

RESULTS
Temperature, pH, oxygen

For 12 months at Goyniik Stream, the mean values + standard deviation (SD) of water temperature,
pH, and DO were measured as 14.5 £ 6.7 °C, 8.5 £ 0.3 and 9.1 = 0.3 mg/L, respectively (Table 1).

Table 1. Physico-chemical parameters of Goyniik Stream.
Months Temperature (°C) pH DO (mg/L)

Mar 2015 10.6 8.6 9.1
Apr 2015 14.6 8.9 9.3
May 2015 17.1 8.7 9.1
June 2015 20.2 8.2 9.0
July 2015 22.3 8.4 8.9
Aug 2015 25.0 8.2 8.8
Sep 2015 20.1 8.1 8.7
Oct 2015 14.8 8.6 9.0
Nov 2015 11.2 8.8 9.1
Dec 2015 8.2 8.4 9.6
Jan 2016 4.6 8.7 9.8
Feb 2016 5.5 8.8 9.2
Mean + SD 14.5+6.7 8.5+0.3 9.1+0.3

Growth in Length

The TL values of the G. rufa in this study ranged from 8.5 to 19.1 cm (n = 267) for all population,
8.5 to 17.5 cm (n = 124) for males, and 8.6 to 19.1 cm (n = 143) for females. The samples were
grouped in length (i.e., at 1 cm intervals) and the length-frequency distribution was examined. The
length-frequency distribution of G. rufa indicated that the most frequent size class in the samples were
12.0-12.9 cm (30.0%) for all populations, 11.0-11.9 cm (21.3%) for males, and 12.0-12.9 cm (19.5%)
for females (Figure 2).
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Figure 2. Total length frequency of G. rufa in the Goyniik Stream

Growth in Weight

The ranges of total weight for G. rufa population were found between 5.8-58.7 cm (n = 267), for all
the samples, 7.6-42.6 g (n = 124) for males, and 5.8-58.7 g (n = 143) for females. All samples were
investigated by grouping them at 5 g intervals. It was observed that the dominant weight groups were
found as 15.0-19.9 g (25.5%) for all samples, 15.0-19.9 g (16.9%) for males, and 20.0-24.9 g (15.4%)
for females (Figure 3).
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Figure 3. Total weight frequency of G. rufa in the Goyniik Stream

Length-weight Relationship

The LWRs for G. rufa are shown in Table 2. The LWRs evaluated by using the lengths and weights
were found to be significant with the high regression coefficient for each considered group (r* = 0.851
to 0.922).

The LWRs of G. rufa population from G6yniik Stream was calculated as W = 0.0205 x TL*"® (r?=
0.891) for all samples, W = 0.0207 x TL>"*(r* = 0.845) for males, and W = 0.0208 x L*" (r*= 0.914)
for females (Figure 4). The b values imply that the body shape of the sexes and of the population
displays isometric form, because the b values were not significantly different from 3 (p>0.05) (Table
2).
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Table 2. The descriptive statistics and estimated parameters of length-weight relationships
of G. rufa populations in the Géyniik Stream.

Sex Regression parameters , Student’s D Growth
a b SEy r t-test type
Male 124 0.0207 2.752 0.138 0.845 -1.341 0.207 |
Female 143 0.0208 2.753 0.107 0.914 -0.994 0.341 |
Total 267 0.0205 2.758 0.102 0.891 -1.379 0.195 |

n = number of individuals, a = proportionality constant, b = slope of the relationship; SE;, standard
error of b; r?= coefficient of determination; I = isometric growth; * Statistically different (p<0.05).
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Figure 4. Length-weight relationships for G. rufa in the Goyniik Stream

Fulton’s Condition Factor

Fulton’s Condition Factor of G. rufa was calculated as 1.126+0.151 (0.607-1.646) for all samples,
1.134+0.168 (0.607-1.646) for males, and 1.119+0.135 (0.698-1.509) for females. The mean lowest
condition value was determined in June (1.058+0.124), whereas the highest was in July (1.195+0.105)

(Figure 5).
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Figure 5. Fulton’s Condition Factor changes for G. rufa in the Goyniik Stream
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Reproduction and Sexual Maturation

In the population of G. rufa, 124 (46.4%) of the specimens collected were male and 143 (53.6%)
were female. The M: F ratio was calculated as 1:1.15. The sex ratio was only found to be significantly
different from equality 1:1 in June (x°«, p<0.05) (Table 3).

Table 3. M: F ratio of the Garra rufa populations in the Géyniik Stream.

Male Female

Months M: F r Result
n %n n %n
Mar 2015 5 50.0 5 50.0 1:1 0.00 P>0.05
Apr 2015 16 53.3 14 46.7 1:0.88 0.13 P>0.05
May 2015 6 33.3 12 66.7 1:2 2.00 P>0.05
June 2015 8 27.6 21 0.0 1:2.63 5.83 P<0.05
July 2015 4 40.0 6 60.0 1:1.50 0.40 P>0.05
Aug 2015 12 52.2 11 47.8 1:0.92 0.04 P>0.05
Sep 2015 13 54.2 11 45.8 1:0.85 0.17 P>0.05
Oct 2015 13 43.3 17 56.7 1:1.31 0.53 P>0.05
Nov 2015 13 48.1 14 51.9 1:1.08 0.04 P>0.05
Dec 2015 10 41.7 14 58.3 1:1.40 0.67 P>0.05
Jan 2016 17 58.6 12 41.4 1:0.71 0.86 P>0.05
Feb 2016 7 53.9 6 46.1 1:0.86 0.08 P>0.05
Total 124 46.4 143 53.6 1:1.15 1.35 P>0.05

The sexual maturity for G. rufa was determined on 62 samples. When the sexual maturation was
examined according to 1 cm total length groups, it was determined that maturation occurred at 13 cm
(55.6%) TL for males and 14 cm (53.3%) TL for females (Table 4).

Table 4. Sexual maturity groups of G. rufa in the Goyniik Stream.

Male Female
Total Length
groups (cm) Mature Immature Mature Immature
n (%n) n (%n) n (%n) n (%n)
<9 0 10 (100.0) 1(11.1) 8 (88.9)
10 0 6 (100.0) 3(42.9) 4 (57.1)
11 3(5.3) 54 (94.7) 6 (30.0) 14 (70.0)
12 2(7.1) 26 (92.9) 13 (25.0) 39 (75.0)
13 5 (55.6) 4 (44.4) 11 (45.8) 13 (54.2)
14 1(25.0) 3 (75.0) 8 (53.3) 7 (46.7)
15 1(14.3) 6 (85.7) 0 6 (100.0)
16< 0 3(100.0) 8 (80.0) 2 (20.0)
Total 12 112 50 93

The total GSI for G. rufa was calculated between 0.000 and 27.460 with an average of
7.280+0.766. This value was determined as 6.327+1.824 (0.000-22.439) for males and 8.196 + 1.145
(0.000-27.459) for females. The mean GSI for all samples peaked in June (12.480+1.423), whereas the
lowest in July (4.699+2.201) (Figure 6).
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Figure 6. GSI changes for G. rufa in the Goyniik Stream

Ectoparasite, Paradiplozoon bingolensis (Civanova et al., 2013)

218 (81.6%) fish specimens were infested by P. bingolensis in the G. rufa population (Table 5).
Females were found to be more commonly infested with the parasite P. bingolensis (p<0.01). The
highest prevalence value in all populations of G. rufa was found as 95.7% in August, while the lowest
as 40.0% in March (Table 5). The highest mean abundance and mean intensity values in all
populations of G. rufa were determined in June (1.8) and in June (2.2) and January (2.2), respectively
(Table 5).

Additionally, a total of 401 P. bingolensis (Figure 7) were detected on G. rufa samples in this
study. While 173 (43.1%) of them were male, 228 (56.9%) of them were female, indicating that P.
bingolensis were more inclined (p<0.01) to prefer female G. rufa as hosts in this population from
Goyniik Stream (Table 5).

|
[
Figure 7. P. bingolensis; total view (scale bar 1 mm) (from Civanova et al., 2013)

The highest amount of P. bingolensis in this study was recorded in June, while the lowest in March
(Figure 8).
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Figure 8. The amount of P. bingolensis isolated on G. rufa by months and sex

Although the results obtained from the correlation analysis are not statistically significant (p>0.05),
it shows that increasing water temperature, as well as the oxygen level, has a positive correlation with
the number of parasites, while the pH level causes a negative correlation. On the other hand, a positive
correlation was detected between the present P. bingolensis in the environment and the fish population
(p<0.05).

A negative correlation was found between the mean intensity levels and the condition factor of all
populations in G. rufa, but it was not statistically significant (p>0.05) (Table 6).
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Table 5. Prevalence, mean intensity and mean abundance of P. bingolensis infection of G. rufa.

Number of examined fish samples- The number of P. bingolensis determined on

Months Number of infected fish samples P (%) male, female, and all population of G. rufa Al

Male Female Total Male Female Total Male (%) Female (%0) Total (%) I\g\a_llle Fe:j?le TXT?I
Mar 15 5-2 5-2 10-4 40.0 40.0 40.0 2 (0.5) 2 (0.5) 4 (1.0) 0.4-1.0 04-1.0 0.4-1.0
Apr 2015 16-11 14-12 30-23 68.8 85.7 76.7 18 (4.5) 22 (5.5) 40 (10.0) 1.1-16 16-1.8 1.3-17
May 15 6-5 12-10 18-15 83.3 83.3 83.3 7(1.8) 21 (5.2) 28 (7.0) 1.2-1.4 18-21 1.6-1.9
Jun 2015 8-7 21-17 29-24 87.5 81.0 82.8 16 (4.0) 37 (9.2) 53 (13.2) 2.0-23 1822 18-22
Jul 2015 4-3 6-4 10-7 75.0 66.7 70.0 4 (1.0 10 (2.5) 14 (3.5) 1.0-1.3 1.725 1.4-20
Aug 2015 12-12 11-10 23-22 100.0  90.9 95.7 22 (5.5) 18 (4.5) 40 (10.0) 18-18 1.6-1.8 1.7-1.8
Sep 2015 13-8 11-10 24-18 61.5 90.9 75.0 14 (3.5) 15(3.7) 29 (7.2) 1.1-1.8 14-15 1.2-16
Oct 2015 13-13 17-15 30-28 100.0  88.2 93.3 23 (5.7) 24 (6.0) 47 (11.7) 1.8-1.8 14-16 1.6-1.7
Nov 2015 13-12 14-12 27-24 92.3 85.7 88.9 25 (6.2) 22 (5.5) 47 (11.7) 1.9-21 16-1.8 1.7-2.0
Dec 2015 10-9 14-12 24-21 90.0 85.7 87.5 15 (3.7) 23 (5.7) 38(9.4) 15-1.7 16-19 16-1.8
Jan 2016 17-9 12-11 29-20 52.9 91.7 69.0 18 (4.5) 25 (6.2) 43 (10.7) 1.1-20 21-23 1522
Feb 2016 7-6 6-6 13-12 85.7 100.0 92.3 9(2.2) 9(2.2) 18 (4.5) 1.3-15 15-15 14-15
Total 124-97 143-121 267-218 78.2 84.6 81.6 173 (43.1) 228 (56.9) 401 (100.0) 14-18 16-1.9 15-18

Total: male+female individuals (all population) of G. rufa; P: prevalence; A: mean abundance, |: mean intensity.
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Table 6. Correlation coefficients between the mean intensity (1) and
the condition factor of G. rufa in the Goyniik Stream.

Parameter Male condition factor
Pearson Correlation -0.149
Male | Sig. (2-tailed) 0.643
N 12
Female condition factor
Pearson Correlation 0.080
Female |  Sig. (2-tailed) 0.804
N 12
Total condition factor
Pearson Correlation -0.169
Total | Sig. (2-tailed) 0.600
N 12

*. Correlation is significant at the 0.05 level (2-tailed),
**Correlation is significant at the 0.01 level (2-tailed) and the other parameters
were non-significant, I: mean intensity.

DISCUSSION

The maximum total length was reported as 29.9 cm by Birecikligil and Cicek (2011). However, the
maximum total length was found as 19.1 cm in this study and this result is higher than the previous
studies except for Birecikligil and Cigek (2011) (Table 7). The variation in the maximum size of a fish
population could be explained based on ecological conditions. Population characteristics of G. rufa
presented different studies are given in Table 7.

The LWRs are used to ascertain the condition of fish and to determine whether the growth pattern
is isometric or allometric and the b value used in the calculation of the length-weight relationship
indicates nutritional, thereby optimum growth conditions of fish (Sakar et al., 2013). The ideal growth
pattern represents an isometric growth due to good environmental conditions or good condition of the
fish (Ricker and Carter, 1958). Allometric growth can be either positive or negative. When the growth
pattern shows negative allometric (b<3), fish become slimmer with increasing length and growth.
When the growth pattern shows positive allometric (b>3), fish become heavier reflecting optimum
conditions for growth (Jisr et al., 2018). In this study, the LWR of G. rufa population was calculated
using the equation of W= 0.02979 x L*% (r* = 0.898). Calculated b values were not significantly
different from 3 and the growth types of G. rufa for all the samples, males and females were isometric
growth (p>0.05). However, it was also reported as negative and positive allometric growths in some
habitats and the calculated coefficient b varied among the localities from a minimum of 2.74 to a
maximum of 3.196 in the previous studies (Table 7). The ideal b value for fish is determined 3 or close
to 3 (Wootton, 1992). On the other hand, Froese (2006) proposed that the ideal b value should range
from 2.5 to 3.5. The discrepancy between recorded b values in varied studies can be attributed to
ecological factors such as temperature, food supply, spawning conditions, and habitat characteristics.
In our study, the value of b remained within the expected range.

Fulton’s Condition Factor, based on the analysis of length-weight data, is effectively used to
compare the feeding and reproduction activity of populations thriving under similar or different
conditions of nutrient density and climate (Bolger and Connolly, 1989). In this study, the mean
Fulton’s Condition Factor was calculated as 1.126+0.151 (0.607-1.646) for all samples. The mean
condition factor for all samples peaked in July (1.195+0.105), whereas the lowest was in June
(1.058+0.124). The condition factors of G. rufa populations were reported as 2.03 (0.87-3.14) in
Armand River (Abedi et al., 2011) and 1.218+0.18 (0.651-2.198) in Cholvar River (Gerami et al.,
2013). These results were higher than our study. Being one of the key criteria in fish growth and
development, the ideal condition factor value has been accepted as 1 (Martinez and Vazquez, 2001),
and it is proposed that it may vary due to the species, sex, age, and maturation of fish, as well as fat
and muscle deposition in the host (Barnham and Baxter, 1998).

Sex determination, which is used to calculate the sex ratio, can be described as the differentiation in
sexes. The sex ratio of a water source can vary due to fish species and populations inhabiting the
environment (Nikolsky, 1963). In this study, the M: F ratio was calculated at 1:1.15 and the chi-square
analysis showed that the sex ratio was not significantly different from the expected 1:1 ratio (y3°= 1.35,
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p>0.05). Only females were dominant in June (y’= 5.83, p<0.05). The M: F ratio was found as 1:0.91
in Armand Stream, 1:1.09 in Dalaki River and 1:1.46 in Cholvar River (Table 7).

Evaluation of ideal length and weight values as indicators of sexual maturity is a crucial process to
sustain and manage current fish stocks. When sexually mature fish (with a certain length and weight)
reproduces, the values are defined as the length or weight at first sexual maturity (Avsar, 2005). The
first sexual maturity size for G. rufa population in Goyniik Stream was observed at 13 cm TL for
males and 14 cm TL for females.

Gonadosomatic index (GSI) is utilized to determine or detect the reproduction season of fish
(Karatas et al., 2005). In this study, the mean GSI for all samples peaked in June (12.480+1.423),
whereas the lowest in July (4.699+2.201). Abedi et al. (2011) reported that GSI values of G. rufa
samples from Armand River peaked in April for males and May for females and the GSI values of
both genders kept declining until November. Patimar et al. (2010) reported the GSI indicated that the
reproduction of G. rufa in the Kangir River occurred around April-May. The variation in these studies
due to different peak times may be attributed to the water temperature. Monitoring gonad development
ratio and determining the reproductive season of fish present in natural habitats are important both
economically and scientifically (Martinez and Vazquez, 2001).

218 (81.6%) G. rufa samples were P. bingolensis positive in the current population (121 females
and 97 males). Additionally, 401 P. bingolensis were detected on the current G. rufa population (173
(43.1%) male and 228 (56.9%) female. The highest mean intensity of P. bingolensis in the G. rufa
population was recorded in June (2.2) and in January (2.2), while the lowest in March (1.0). A
negative correlation was found between the mean intensity of P. bingolensis parasites and the
condition factor of the fish population, indicating when the number of parasites increased in the host,
the condition factor of the G. rufa population declined (p>0.05). P. bingolensis parasites were more
inclined to prefer female G. rufa fish as hosts. As is seen in this study, diplozoid parasites more
commonly prefer the members of the family Cyprinidae as hosts. Aside from the afore-mentioned
parasite, there are other examples of diplozoids found in different fish species inhabiting varied water
sources. In the other studies, Paradiplozoon ichthyoxanthon, Paradiplozoon hemiculteri,
Paradiplozoon yunnanensis, and Paradiplozoon chazarikum were isolated from Labeobarbus aeneus
(Avenant-Oldewage et al., 2014), Hemiculter leucisculus (Jirsova et al., 2018), Sikukia gudgeri (Fan et
al., 2018), and Rutilus frisii kutum (Mohamamad and Mahsa, 2019), respectively.

In conclusion, the information provided here on the studied population as representative of G. rufa
from the Goyniik Stream shows that the specific characteristics include a isometric growth resulting in
ideal shape (b=3) and a shortened duration of the spawning season. The mean condition factor value of
1.126+0.151 which indicates that fish were in good condition during the study period. It was
established that G. rufa attained sexual maturity when they reached to 13 cm TL for males and 14 cm
TL for females. It has been observed that G. rufa population reproduced at similar periods from
various regions. When the mean intensity value increased in the population, the condition factor of the
G. rufa population declined.
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Table 7. Population characteristics of Garra rufa presented different studies.

Total Length (cm)  Total Weight (g)

Locality N M F M:F ; . b r References
(min-max) (min-max)

Goyniik Stream, Turkey 247 124 143 1:1.15 8.5-19.1 5.8-58.7 0.0205 2.758 0.891 The present study
Iran 201 - - - 2.90-13.00 : 00119 3139 0.992 (EZS&‘)%‘;'“ and Ebrahimi
Kangir River, Iran 433 1:1.21 4.8-10.2 1.53-14.45 - - - Patimar et al. (2010)
Armand Stream, Iran 364 191 173 1:0.91 2.91-15.13 - 0.0063 3.112 0.984 Abedietal. (2011)

. Birecikligil and
Euphrates River, Turkey 161 - - - 4.75-29.90 7.6-13.9 0.0075 3.149 0.996 Cicek (2011)
ﬁ::]ak' and Shapour fivers, 354 156 168 1:1.09 3.0-17.1 2-35 00223 291 093 Paziraetal. (2013)
Cholvar River, Iran 535 217 318 1:1.46 - - 0.000005 3.196 - Gerami et al. (2013)
Tange River, Iran 27 - - - 5.07-9.60 2.45-13.32 0.00005 2.74 0.95
Beshar River, Iran 21 - - - 5.48-10.16 1.97-13.98 0.00002 2.86 0.93
Mazoo River, Iran 19 - - - 5.89-12.34 2.66-28.31 0.00001 299 0.99
Palangan River, Iran 51 - - - 6.3-17.8 11.5-239 0.05 295 098
Sirvan River, Iran 27 - - - 6.0-14.8 3.6-57.8 0.01 3.00 0.97
Kheirabad River, Iran 70 - - - 5.07-12.48 1.96-28.1 0.00002 2.96 0.98
Gamasiab River, Iran 10 - - - 5.25-10.57 2.10-18.06 0.00001 3.19 0.98 Segherloo et al. (2015)
Ghalate River, Iran 31 - - - 6.94-15.39 4.46-55.85 0.00001 3.16 0.99
Cheshme gerdab River, Iran 12 - - - 7.60-16.96 5.87-73.71 0.00001 3.08 0.99
Maroon River, Iran 12 - - - 5.30-10.02 1.84-13.45 0.00001 3.14 0.97
Dashte chenir River, Iran 17 - - - 4.82-12.06 1.53-23.74 0.00001 3.02 0.99
Kheirak-shekarak River, Iran 20 - - - 5.48-11.11 1.91-15.78 0.00002 2.82 0.98
Tange faryab River, Iran 47 - - - 4.94-10.51 1.64-14.15 0.00002 2.86 0.98
Jarrahi River, Iran 108 - - - 2.72-13.54 0.18-23.0 00044 306 098 Levanyand

' ' ' ' ' ' ' ' Zamani-Faradonbe (2017)
Tigris Basin, Iran 147 - - - 3.22-12.28 - 0.0093 3.10 0.97
Karkheh Basin, Iran 121 - - - 1.98-17.28 - 0.0115 3.02 099
Karun Basin, Iran 62 - - - 3.69-13.09 - 0.0099 3.06 0.98 Keivanyetal. (2015)
Persis Basin, Iran 103 - - - 1.98-17.28 - 0.0095 3.06 0.98
Hormuz Basin, Iran 19 - - - 3.35-7.57 - 0.0059 334  0.99
Merzimen Stream, Turkey 365 - - - 2.9-16.8 0.21-69.27 0.0124 2989 0.96 Cigeketal. (2021)
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Ozet

Bu ¢alisma 2017 yilinda Oymapimar Baraj Golii’'nde yiiriitilmiistiir. Calisma kapsaminda gol suyunda, sedimentinde ve
gblde yagayan sazanin (Cyprinus carpio L.,1758) kas, karaciger ve solungag¢ dokularindaki bazi agir metallerin
konsantrasyonlarinin belirlenmesi amaglanmigtir. Gl suyunda Mo (<0.0008) her mevsim, Cu (<0.0006) ilkbahar ve
sonbahar mevsimlerinde analiz limitinin altinda kalmistir. Suda en fazla biriken metal Fe, en az biriken metaller ise Cd ve Cr
olmugtur. Mevsimsel olarak yapilan degerlendirmede Cd, Cu, Mn, Ni ve Se’un sonbahar mevsiminde, Cu, Fe ve Zn’nun kig
mevsiminde ve Pb’un yaz mevsiminde artis gosterdigi tespit edilmistir. Buna karsin Cd, Cu, Fe, Mn ve Zn’nun yaz
mevsiminde, Cr, Ni ve Se’un ilkbahar mevsiminde ve Pb’un kis mevsiminde azaldigi saptanmistir. Gl sedimentinde tim
metaller her mevsimde belirlenmigtir. Sedimentte de en fazla biriken metal Fe, en az biriken metal ise Cd olmustur.
Mevsimsel olarak yapilan degerlendirmede Mo (sonbahar mevsiminde) hari¢ tiim metallerin miktarlarinin yaz mevsiminde
artt1g1 belirlenmistir. Buna karsin Cu, Mn, Ni, Cr, Fe, ve Zn’ nun ilkbahar mevsiminde, Cd ve Pb’nun sonbahar mevsiminde,
Se’un kis mevsiminde ve Mo’in yaz mevsiminde azaldigi belirlenmistir. Baliklarda analizi yapilan tiim metaller her
mevsimde her dokuda belirlenmistir. Elde edilen sonuglar genellendiginde metallerin kasta ki mevsiminde, karacigerde
ilkbaharda ve solungagta yaz mevsiminde arttigi, kasta ilkbaharda ve solungagta ise sonbaharda azaldigi saptanmustir.
Karacigerdeki metal azalist mevsimsel olarak birbirine benzerlik goéstermektedir. Su ve balik dokularinda belirlenen
degerler, Cevre ve Sehircilik Bakanligi, EPA, WHO, EU, EC, TGK ve FAO’nun verdigi agir metallerin kabul edilebilir
smirlart ve su kalite simifi degerleri ile kiyaslanmigtir. Sedimentte belirlenen konsantrasyonlar sediment kalite kriterlerine
gore degerlendirilmistir.

Anahtar kelimeler: Agir metal, Su, Sediment, Balik, Oymapinar Baraj Golii.

Determination of Heavy Metal Levels in Water, Sediment and Some Tissues of Carp (Cyprinus carpio L.1758) Living
in the in Oymapinar Dam Lake’s (Antalya)

Abstract

This study was conducted in Oymapiar Dam Lake in 2017. Within the scope of the study, it was aimed to determine the
concentrations of some heavy metals in the lake water, sediment, and muscle, liver, and gill tissues of carp (Cyprinus carpio
L., 1758) living in the lake. Mo (<0.0008) in lake water was below the analysis limit in all seasons and Cu (<0.0006) in the
spring and autumn seasons. The highest metal in water was Fe, and the lowest metals were Cd and Cr. In the seasonal
evaluation, it was determined that Cd, Cu, Mn, Ni, and Se increased in autumn, Cu, Fe, and Zn increased in winter, and Pb in
summer. On the other hand, it was determined that Cd, Cu, Fe, Mn, and Zn decreased in summer, Cr, Ni, and Se in spring,
and Pb in winter. All metals in the lake sediment were determined in all seasons. Fe was the highest and Cd was the lowest in
sediment. In the seasonal evaluation, it was determined that the amount of all metals increased in the summer, except Mo (in
the autumn). On the other hand, it was determined that Cu, Mn, Ni, Cr, Fe, and Zn decreased in spring, Cd, and Pb in autumn,
Se in winter, and Mo in summer. All metals analyzed in fish were determined in all tissues in all seasons. When the results
obtained were generalized, it was found that metals increased in muscle in winter, the liver in spring and gill in summer, and
decreased in muscle in spring and gill in autumn. Metal reduction in the liver is similar to each other seasonally. The values
determined in water and fish tissues have been compared with the acceptable limits of heavy metals and water quality class
values given by the Ministry of Environment and Urbanization, EPA, WHO, EU, EC, TGK, and FAO. Concentrations
determined in sediment were evaluated according to sediment quality criteria.

Keywords: Heavy metal, Water, Sediment, Fish, Oymapinar Dam Lake
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GIRIS

Gilintimiizde hizli niifus artisi, teknoloji ve sanayinin gelismesi, diizensiz kentlesme, artan tarim ve
hayvancilik faaliyetleri, evsel ve endiistriyel atik sulardaki artis ¢evre kirliligine sebep olmaktadir
(Ellis vd., 1989; Saglam ve Cihangir, 1995; Orugoglu ve Beyhan, 2019). Su kirliligi de glinlimiiziin
onemli ¢evre problemlerinden biridir. Farkli yollarla sucul ortama karisan organik ve inorganik
maddeler, endiistriyel atiklar, pestisitler, agir metaller, kimyasal giibreler, deterjanlar, petrol ve
tiirevleri, mikroorganizmalar ve yaglar sularin kirlenmesine, sucul dengenin bozulmasina, igilebilir ve
kullanilabilir su miktarinin azalmasina sebep olmaktadir (Ellis vd., 1989; Uysal vd., 2009).

Sucul ortamlardaki onemli kirleticilerden olan agir metaller ¢evre sartlarina dayanikli olmalari,
farkl1 kaynaklardan ortaya cikabilmeleri ve besin zincirine katilarak canlilarin viicutlarinda
birikmeleri, diisiik miktarlarda bile toksik etki gosterebilmeleri nedeniyle ¢evre kirliligi ve canlilarin
sagligr acisindan oldukga tehlikelidirler (Uzunoglu, 1999; Yuan vd., 2004; Liu vd., 2016). Agir
metaller erozyon, orman yanginlari, ayrigsma olaylari, yanardag faaliyetleri, maden ocaklari, evsel,
tarimsal ve endiistriyel atiklar gibi hem antropolojik faaliyetlerden hem de dogal kaynaklardan kdken
alarak sucul ortamlara karisir (Goksu, 2003).

Agir metaller dogal sularda partikiil maddeler tarafindan absorbe edilmis, serbest iyonlar ve
organik veya inorganik bilesikler seklinde bulunmaktadirlar (Engel vd., 1981). Ayrica eger iyon
halinde iseler toksik etkileri artmaktadir. Metaller suya girdikten sonra az miktar1 suda serbest iyon
halinde kalirken, cogunlugu sedimente ¢oker (Tiirkmen ve Tiirkmen, 2004; Zhuang ve Gao, 2015).
Sediment ise ¢ogu sucul canli i¢in yasam alanidir ve sedimente ¢oken metaller sediment parcalari
tarafindan alimirlar (Goyer, 1986). Bu absorbsiyondan sonra suyun bazi fiziko-kimyasal 6zelliklerinde
gerceklesen degisiklikler ile birlikte agir metaller tekrar su kolonuna geri salinirlar. Bu durum
sedimentin metaller agisindan siirekli bir kaynak gibi rol oynamasi demektir (Soares vd., 1999;
Yozukmaz, 2017).

Baliklar yiiksek besin degeri, kolay hazmedilebilmesi, viicutta sentezlenemedigi i¢in disaridan
almmas1 zorunlu olan yag asitlerini ve aminoasitleri icermeleri nedeniyle saglikli ve dengeli beslenme
icin insan diyetinde 6nemli bir yere sahiptir (Cetin vd., 2016; Tokath vd., 2016). Agir metaller, besin
zinciri yolu ile plankton ya da sudaki diger organizmalardan baliklara gecer (Begenirbas, 2002).
Baliklar, agir metalleri; solungagclar, deri ve sindirim sistemi yoluyla biinyelerine alirlar (Ddkmeci,
1988), alinan agir metaller tasiyici proteinlere bagli halde kan yolu vasitasiyla doku ve organlara
taginarak dokularda bulunan metal baglayici proteinler tarafindan baglanir ve yliksek miktarlara ulagir
(Cicik, 2003). Baliklarda biriken agir metallerin miktar1 baligin yasina, metabolik aktivitelerine, agir
metal ile etkilesim siirecine, ortamda bulunan metalin miktarina, biriktigi doku ve organa gore
degismektedir (Kose ve Uysal, 2008). Agir metaller viicutta en yiiksek diizeye ulasinca depolanmakta
ve belirli bir limiti asmadig1 takdirde toksik etki yapmamaktadir (Aktop ve Cagatay, 2020). Agir
metaller sucul organizmalarda molekiiler ve hiicresel diizeyde yapisal islev bozukluklarina ve DNA
kirilmalari frekanslarinda artisa sebep olmaktadir (Kalay ve Karatas, 1999; Levesque vd., 2002).

Son yillarda sucul sistemlerde agir metal birikimi ile ilgili pek ¢ok ¢aligma yapilmistir (Karadede
ve Unlii, 2000; Uysal vd., 2010; Tirkmen ve Akbulut, 2015; Tiirkmen vd., 2016; Uckun vd., 2017;
Giildiren ve Tekin-Ozan, 2018; Tiirkmen vd., 2018; Kankilig, 2019; Oner ve Metli, 2021). Suyun
insanlar igin 6nemi gozoniine alindiginda ve baliklarin insan beslenmesindeki yeri diistiniildiigiinde
agir metallerin sucul ortamlardaki durumu ve baliklarda ne derecede birikim yaptig1 gibi konularin
arastirllmas1 hem sucul sistemler, hem balik biyolojisi hem de insan sagligi a¢isindan oldukga
onemlidir.

Bu ¢alismada Antalya ili sinirlan iginde kalan Oymapinar Baraj Golii’nilin suyunda, sedimentinde
ve golde yasayan sazanin (Cyprinus carpio L., 1758) kas, karaciger ve solungaglarindaki bazi agir
metallerin mevsimsel degisimlerinin belirlenmesi amaglanmustir.

MATERYAL VE METOD
Arastirma Alam

Oymapinar Baraji ve Hidro Elektrik Santrali (HES) Tiirkiye nin giineyindeki Antalya ili sinirlari
icinde yer almaktadir (Sekil 1). 36°54° kuzey enlemi ve 31°31° dogu boylamlarinda bulunmaktadir.
Akdeniz kiyisinda Antalya iline 76 km uzaklikta Manavgat Irmag: {lizerinde enerji tiretimi ve sel
baskinlarii 6nlemek amaci ile 1977-1984 yillan arasinda insa edilmistir (Anonim, 2004; Aykurt ve
Altinok, 2009; Web 1). Ulkemizdeki en yiiksek beton kemer gévdeli ve en yiiksek su derinligine sahip
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barajlardan biridir. Baraj goliiniin derinligi 185 m’yi, uzunlugu ise 5 km’yi bulmaktadir. Baraj golii
384 milyon km® su hacmine sahiptir. Goliin alan1 normal su kotunda 4.70 km?dir (Anonim, 2004).
Golde Salmo cf. opimus, Capoeta caelestis, Carassius gibelio, Alburnus baliki, Alburnus escherichii,
Squalius anatolicus, Pseudophoxinus alii, Pseudophoxinus battalgilae, Cobitis battalgilae ve
Oxynoemacheilus atili bulunmaktadir (Kiigiik vd., 2020). Manavgat Irmagi ayni zamanda tarim,
turizm, igme suyu, enerji liretimi ve alabalik yetistiriciligi yapilan ve ekonomik &nemi olan bir
akarsudur (Kiigiik vd., 2011).

— + Y

2000m Kamera: 14.527 m 36°54'08"N 31°33'30°E 413 m

Sekil 1. Caligma alani (Google.Earth’den alinmustir)

Arazi ve Laboratuvar Calismalari

Bu caligma siiresince 2017 yilinin Ocak, Nisan, Temmuz ve Ekim aylarinda arazi ¢alismasi
yapilmigtir. Go6liin farkli bolgelerinden alinan su 6rnekleri 500 ml’lik polipropilen kaplara konarak
Whatman marka 45 mm GF/C cam filtre ile siiziilmiis ve tizerlerine pH < 2 olacak sekilde nitrik asit
ilave edilmistir. Su 6rnekleri analiz yapilincaya kadar +4 °C muhafaza edilmistir (APHA, 1998).

Golden alinan sediment ve balik 6rnekleri de yine polipropilen kaplara koyularak laboratuvara
getirilmistir. Laboratuvara getirilen balik 6rneklerinin (36 adet) standart, ¢atal ve total boylari £ 1 mm
hatali 6l¢gme tahtasinda, agirliklar1 ise Weightlab marka hassas terazide Ol¢ililmiis, drneklerle ilgili
kayitlarin tutuldugu forma yazilarak, baliklardan solungag, karaciger ve kas Ornekleri alimmustir.
Sediment 6rnekleri 60 mesh’lik bir elekten gecirilmistir. Sediment ve balik dokusu 6rnekleri 1siya
dayanikli petrilere konularak etiivde kurutulmustur. Kurutma isleminden sonra sediment drneklerinden
yaklagik 1 gr alinmis ve tizerine nitrik asit /stlfiirik asit karisimindan (5/10) 5 ml ilave edilerek hot
plate iizerinde ¢eker ocakta renkli buharlar1 kayboluncaya kadar isitilmis ve tamamen mineralize
olmalar1 saglanmustir. Coziinen 6rnekler 25 ml’lik polipropilen balon jojelere aktarilmis ve distile su
ile 25 ml’ye tamamlanmistir (APHA, 1985). Kurutulan balik dokusu 6rneklerinden 1-2 gr kadar
almarak iizerine 5 ml derisik nitrik asit ilave edilerek hot plate lizerinde renkli buharlar1 kayboluncaya
kadar 1sitilmig ve tamamen mineralize olmalar1 saglanmistir. Daha sonra Orneklerin {izerine 1 ml
H,SO, ilave edilmis ve ornekler saf su ile 25 ml’ye tamamlanmigtir. Cozeltiler iizerine 1-2 damla
HNO; ilave edilerek analize hazir hale getirilmistir (APHA, 1985). Analiz islemi yapilmadan dnce
balik dokular1 ve sediment Grneklerinin ¢ozeltileri filtre kagitlarindan gegirilerek stiziilmiistir.
Orneklerin metal analizi Vista marka ICP-AES (Inductively Coupled Plasma-Atomic Emission
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Spectrometer) cihazinda yapilmistir. Ayrica cihazin agir metal 6l¢iimiindeki dogrulugunu saptamak
amaciyla DORM-3 (Dogfish Protein Certified Reference Material For Trace Metals), DOLT-4
(Dogfish Liver Reference Materials for Trace Metals) ve HISS-1 (Marine Sediment Reference
Material for Trace Elements and Other Constituents) sertifikali referans materyallerden de ayn1 sekilde
cozeltiler hazirlanarak metal analizi yapilmistir.
Istatistiksel Analizler

Ornek sonuglarmin tiim istatistiksel hesaplamasi SPSS 22.0 programu ile yapilmistir. Sonuglarmn,
minimum degeri, maksimum degeri, aritmetik ortalamalar1 ve standart sapmalar1 hesaplanmistir. Su,
sediment ve balik dokularindaki metallerin mevsimsel degisimini belirlemek ve agir metal miktarlar
bakimindan balik dokular1 arasinda istatistiki bir degisiklik olup olmadigini ortaya koymak amaciyla
One-Way Anova ve Duncan Testi yapilmistir (Fisher, 1928; Duncan, 1955).

BULGULAR ve TARTISMA

Bu ¢alismada DORM 3 (Dogfish Protein Certified Reference Material For Trace Metals), DOLT 4
(Dogfish Liver Reference Material For Trace Metals) ve HISS-1 (Marine Sediment Reference
Material for Trace Elements and Other Constituents) standart referans materyallerden agir metal
analizi yapilarak, Kanada Ulusal Arastirma Konseyi tarafindan verilen sertifika degerleri ile
kiyaslanmistir (Tablo 1.) Hassasiyet dereceleri DORM 3 i¢in %89-104 arasinda, DOLT 4 icin %95-
108 arasinda ve HISS 1 i¢in %87-107 arasinda degisiklik gostermistir.

Oymapinar Baraj Goli’nlin suyunda yapilan metal analizlerinin sonuglari Tablo 2’de
goriilmektedir. Tabloya gore Oymapinar Baraj Golii’niin suyunda Mo (molibden) her mevsim analiz
limitinin altinda (<0,0008) kalirken, Cu (bakir) ilkbahar ve sonbahar mevsimlerinde analiz limitinin
altinda (<0,0006) kalmistir. Suda en fazla biriken metal Fe (demir), en az biriken metaller ise Cd
(kadmiyum) ve Cr (krom) olmustur. Atatiirk Baraj Golii (Karadede ve Unlii, 2000; Ugkun vd., 2017),
Demirkdprii ve Avsar Baraj Gélleri (Ozozen, 2005), Seyhan Baraj Golii (Cevik vd., 2009; Giildiren ve
Tekin-Ozan, 2017), Gokcekaya Baraj Golii (Karakoca ve Topgu, 2017), Avsar Baraj Golii (Oztiirk
vd., 2009), Karatas Golii (Basyigit ve Tekin-Ozan, 2013) ve Isikli Golii (Giilcii-Giir ve Tekin-Ozan,
2017a)’niin sularinda yapilan agir metal analizleri sonucunda Fe’in en yiiksek diizeyde biriktigi
belirlenmistir.

Sudaki belirlenen metallerin minimum ve maksimum miktarlar1 (ppb) Cd i¢in 0,03-0,70, Cr igin
0,11-4,19, Cu i¢in 3,30-7,30, Fe i¢in 25,01-1936,89, Mn (mangan) i¢in 3,21-33,12, Ni (nikel) i¢in 0,5-
20,05, Pb (kursun) igin 31,34-115,00, Se (selenyum) i¢in 4,63-35,80 ve Zn (¢inko) i¢in 1,26-181,44
arasinda degismistir. Ayrica mevsimsel olarak yapilan degerlendirmede Cd, Cu, Mn, Ni ve Se’un
sonbahar mevsiminde, Cu, Fe ve Zn’nun kig mevsiminde ve Pb’un yaz mevsiminde artig gosterdigi
tespit edilmistir. Buna karsin Cd, Cu, Fe, Mn ve Zn’nun yaz mevsiminde, Cr, Ni ve Se’un ilkbahar
mevsiminde ve Pb’un kis mevsiminde azaldigi saptanmistir. Oymapinar Baraj Goli’niin suyunda
tespit edilen metal miktarlarinin istatistiki degerlendirmesinde; Cd, Ni, Pb ve Se’un birikimi a¢isindan
mevsimler arasinda 6nemli farkliliklar belirlenmisken (<0,05), Cr, Cu, Fe, Mn, Mo ve Zn birikimi
acisindan mevsimler arasinda 6nemli bir farkliligin olmadigi (>0,05) saptanmuistir.

Tiirkmen ve Akbulut (2015), Giresun sahilindeki bazi derelerin denize desarj olduklar1 noktada
yaptiklar1 ¢alismada sudaki Zn, Pb, Cr, Ni ve Cu’in sonbaharda, Mn’in yazin azaldigini, Zn, Ni ve
Cr’un ilkbaharda, Pb’un yazin arttigim belirlemislerdir. Giildiren ve Tekin-Ozan (2017) Seyhan Baraj
Goli’niin suyunda Cd, Cr, Fe, Mo, Ni ve Pb’un yaz mevsiminde, Se ve Zn’nun sonbahar mevsiminde,
Mn’in kis mevsiminde, Cu’in ise ilkbahar mevsiminde arttigini, Cr, Se ve Zn’nun ilkbahar
mevsiminde, Mn ve Mo’in miktarinin sonbahar mevsiminde, Cu, Fe, Ni ve Pb’un miktarinin ise kis
mevsiminde azaldigm saptamslardir. Isikli Go6li’niin suyunda Cr, Cu, Fe, Mn, Ni ve Se’un yaz
mevsiminde, Cd, Mo ve Zn’nun ilkbaharda arttigi, Cd, Cr, Mo ve Zn’nun sonbahar mevsiminde, Cu
ve Se’un ilkbahar mevsiminde, Fe, Mn ve Ni’in kis mevsiminde azaldig1 belirlenmistir (Giilcii-Giir ve
Tekin-Ozan, 2017a). Metallerin genel olarak yaz ve kis mevsimlerindeki azalisi gélde olusan
durgunluk sebebiyle su kolonundaki metallerin dibe ¢okmesinden kaynaklanmis olabilir. Sonbahar
mevsimindeki artig ise hem bolgedeki atmosfer sicakligina bagl olarak yogun buharlasmanin devam
etmesine hem de sirkiilasyon ile su kolonuna metal gecisinin olmasina baglanabilir.
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Tablo 1. Standart referans materyallerin sertifika degerleri, belirlenen degerleri ve hassasiyet dereceleri

Metal DORM 3 Sertifika DORM 3 Belirlenen Hassasiyet DOLT 4 Sertifika DOLT 4 Belirlenen Hassasiyet HIIS 1 Sertifika HISS 1 Belirlenen Hassasiyet
degerleri degerler derecesi (%) degerleri degerler derecesi (%) degerleri degerler derecesi (%)
Cd 0,290+0,02 0,30+0,02 103 24,3+0,8 23,5+0,10 96 0,024+0,009 0,021+0,002 87
Cr 1,89+0,17 1,98+0,01 104 - - - 30,0+6,8 29,445,21 98
Cu 15,5+0,63 14,5+0,39 93 31,2+1,1 32,2+0,9 103 2,29+0,37 2,18+0,06 95
Fe 34720 360+18,1 103 1833475 1765451 96 - - -
Mn - - - - - - 66,1+4,2 66,8+£2,8 101
Mo - - - - - - - - -
Ni 1,28+0,24 1,19+0,21 92 0,97+0,11 0,83+0,02 95 2,16+0,29 2,11+0,31 97
Pb 0,395+0,05 0,354+0,07 89 - - - 3,13+0,40 3,21+0,01 102
Se - - - 8,3+1,3 9,0+0,54 108 0,050+0,007 0,052+0,008 104
Zn 51,3431 52,94+2,8 103 116+6 125+1,2 107 4,94+0,79 5,3+0,55 107
Tablo 2. Oymapinar Baraj Gélii'niin suyunda belirlenen agir metallerin miktarlar1 (ppb)
Mevsim  Cd Cr Cu Fe Mn Mo Ni Pb Se Zn
Kis 0,14-0,63 0,38-2,33  7,20-7,30 204,03-1936,69  3,56-33,12 ALA 1,94-18,48 31,34-73,03 7,20-8,90 20,19-181,44
0,45+0,27"  1,30£0,97*  7,25+0,05%  791,54+£997,83*  18,64+11,61* 8,68+4,23" 45,3242,99°  7,94+0,86" 79,6448,57°
Ilkbahar ~ 0,33-0,51 0,21-0,25 ALA** 118,63-379,96 7,20-7,74 ALA 0,5-0,8 88,16-106,18  4,63-8,01 5,99-12,33
0,43+0,09%  0,23+0,02° 243,65+13,03% 7,54+0,32 0,67+0,05 % 97,5249,03° 6,30+1,69° 8,73+3,25°
Yaz 0,03-0,37 0,24-0,61  3,30-3,60 25,01-41,44 3,21-5,36 ALA 2,53-3,86 100-115 15,55-21,66 1,26-12,31
0,1 5:t0,08""b 0,36+0,02° 3,45+0,15° 3327+821°2 4,48+1,13° 3,18+0,66° 109,94+8,61 b 19563472 5,46+1,97°
Sonbahar  0,60-0,70 0,11-4,19 ALA 69,66-784,42 21,32-25,08 ALA 12,00-20,05 44,63-77,27 14,07-35,80 19,62-179,53
0,65+0,05%  2,23+2,04° 480,93+36,96 22,84+1,98° 16,12+4,02° 59,16£16,60°  26,87+11,37° 76,23+8,59?2

*Her bir parametre siitununda ayni harfle gésterilen degerler arasindaki fark 0.05 diizeyinde 6nemsizdir.

**Analiz Limitinin Altinda
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Oymapinar Baraj Golii'niin sedimentinde yapilan metal analizlerinin sonuglar1 Tablo 3’de
goriilmektedir. Tabloya gore Oymapinar Baraj G6li’niin sedimentinde tiim metaller her mevsimde
belirlenmistir. Aynen suda oldugu gibi sedimentte de en fazla biriken metal Fe, en az biriken metal ise
Cd olmustur. Farkli arastirmacilar tarafindan yapilan caligmalarda da Atatliirck Baraj Golii’niin
(Karadede ve Unlii, 2000), Seyhan Baraj Gélii’niin (Giildiren ve Tekin-Ozan, 2017), Enne ve Porsuk
Baraj Gollerinin (Uysal vd., 2010), Kapulukaya Baraj Goli’niin (Kankilig, 2019), Karasu Nehri’nin
(S6kmen vd., 2018), Egirdir Golii’niin (Kaptan ve Tekin-Ozan, 2014) sedimentinde benzer sonuglar
bulunmustur. Hem sedimentte hem de suda Fe’in en yiiksek seviyedeki metal olmasi Fe’in
yerkabugunda en fazla bulunan metallerden biri olmastyla agiklanabilir. Cd’un diisiik oranda
bulunmas ise sedimenteki organik maddelerin bilesiminde Cd’un diisiik oranda bulunmasiyla ilgili
olabilir (Baron vd., 1990).

Sedimentte belirlenen metallerin minimum ve maksimum miktarlar1 (mg/kg) Cd igin 0,003-0,06,
Cr igin 2,26-11,08, Cu i¢in 0,41-3,84, Fe i¢in 88,99-3130,97, Mn i¢in 3,70-52,14, Mo igin 0,21-0,49,
Ni igin 0,80-10,09, Pb i¢in 1,16-20,29, Se i¢in 1,66-12,80 ve Zn i¢in 4,50-11,02 arasinda degigmistir.
Ayrica mevsimsel olarak yapilan degerlendirmede Mo (sonbahar mevsiminde) hari¢ tiim metallerin
miktarlarinin yaz mevsiminde arttig1 belirlenmistir. Buna karsin Cu, Mn, Ni, Cr, Fe ve Zn’nun
ilkbahar mevsiminde, Cd ve Pb’nun sonbahar mevsiminde, Se’un kis mevsiminde ve Mo’in ise yaz
mevsiminde azaldigi belirlenmistir. Sedimentte tespit edilen metal miktarlarinin istatistiki
degerlendirmesinde; Se’un birikimi acisindan mevsimler arasinda 6nemli farkliliklar belirlenmisken
(<0,05), diger metallerin birikimi agisindan mevsimler arasinda énemli bir farkliligin olmadigi (>0,05)
saptanmuigtir.

Tirkmen ve Akbulut (2015), Giresun sahilindeki bazi derelerin denize desarj olduklar1 noktada
yaptiklar1 ¢alismada sedimentteki Cd ve Pb’un yazin, Fe, Cu, Zn, Ni, Cr ve Co’m kig mevsiminde
arttigim bildirmislerdir. Kankili¢ vd. (2019) Kapulukaya Baraj Golii’'niin sedimentindeki metal
miktarlariin yaz mevsiminde arttigim tespit etmislerdir. Sancer ve Tekin-Ozan (2016) Kovada
Goli'niin  sedimentindeki metal seviyelerinin ilkbahar ve yaz mevsimlerinde arttigini, sonbahar
mevsiminde azaldigini bildirmislerdir. Giildiren ve Tekin-Ozan (2017) Seyhan Baraj Golii’niin
sedimentinde Cd, Cr, Fe, Mo, Ni ve Pb’un yaz mevsiminde, Se ve Zn’nun sonbahar mevsiminde,
Mn’1n kis mevsiminde, Cu’in ise ilkbahar mevsiminde arttigini, Cr, Se ve Zn’nun miktarinin ilkbahar
mevsiminde, Mn ve Mo’in miktarinin sonbahar mevsiminde ve Cu, Fe, Ni ve Pb’un miktarinin ise kis
mevsiminde azaldigini saptamiglardir. Oymapinar Baraj Goli’niin sedimentinde yaz mevsiminde
metal miktarlarmin artmasinin sebebi hem golde olusmast muhtemel yaz durgunlugu hem de yaz
doneminde gol etrafinda artan turizm faaliyetleri nedeniyle gdle kirletici madde girisi olmasi ihtimali
olabilir. Bahar aylarindaki azalis ise golde olusabilecek karisim nedeniyle sedimentteki metallerin su
kolonuna ge¢mesine bagli olabilir.

Oymapinar Baraj Golii'nde yasayan sazanin kas, karaciger ve solungaclarinda belirlenen agir
metallerin miktarlar1 Tablo 4’de verilmistir. Analizi yapilan tiim metaller her mevsimde tiim dokularda
belirlenmigtir.

Balik 6rneklerinde yapilan analiz sonucu kastaki Cd miktarinin 0,029-0,32 mg/kg, karacigerdeki
miktari 0,19-2,23 mg/kg, solungagtaki miktarin ise 0,01-0,33 mg/kg arasinda degistigi belirlenmistir.
Kastaki Cd miktar1 sonbaharda artarken, ilkbahar mevsiminde azalmistir. Karacigerdeki ve
solungagctaki diizeyinin yaz mevsiminde arttig1, ilkbahar mevsiminde azaldig1 tespit edilmistir. Kastaki
Cd miktarinin degisimi tim mevsimler arasinda istatistiksel agidan onem (<0,05) tagimaktadir.
Karacigerdeki Cd miktar1 kis ve ilkbaharda diger mevsimlere gére énemli (<0,05) bulunmusken ve
solungactaki Cd diizeyinin mevsimler arasindaki degisimi énemli bulunmamistir (>0,05). Cr miktar
kasta 3,80-8,09 mg/kg, karacigerde 4,60-22,89 mg/kg ve solungacta ise 3,45-7,93 mg/kg arasinda
degismistir. Kasta Cr miktar1 kis mevsiminde, karacigerde ilkbaharda ve solungagta yaz mevsiminde
artmistir. Her 3 dokuda da Cr konsantrasyonu sonbahar mevsiminde azalmistir. Kasta Cr seviyesinin
mevsimler arasinda istatistiksel agidan Onemli bir farklilik gostermedigi (>0,05) belirlenmistir.
Karacigerde ilkbahar ve sonbahar mevsimlerinde diger mevsimlere gore istatistiksel agidan onemli
fark oldugu (<0,05) tespit edilmistir. Solungacta ise yaz mevsimindeki birikiminin diger mevsimlere
gore farkll (<0,05) oldugu tespit edilmistir. Cu diizeyinin kasta 0,69-5,21 mg/kg, karacigerde 2,88-
13,93 mg/kg, solungagta ise 0,65-6,34 mg/kg arasinda degistigi belirlenmistir. Cu kasta ve solungacta
yaz mevsiminde, karacigerde ise ilkbahar mevsiminde artis gosterirken, kasta ilkbaharda, karacigerde
yaz mevsiminde ve solungagta sonbaharda azalmistir. Kas ve karacigerde Cu diizeyi bakimindan tim
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mevsimler arasinda istatistiksel a¢idan onemli bir fark olmadigi belirlenmistir (>0,05). Solungagta ise
yaz ve sonbahar mevsimlerindeki
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Tablo 3. Oymapinar Baraj Golii'niin sedimentinde belirlenen agir metallerin miktarlari (mg/kg)

Mevsim Cd Cr Cu Fe Mn Mo Ni Pb Se Zn

Kis 0,01-0,06 2,40-7,39 0,55-2,97 118,26-1312,89 3,70-31,74 0,28-0,44 1,04-5,47 2,03-5,37 1,66-2,90 4,77-7,07
0,026+0,01%"  437+2,65° 1,97£0,26%  719,50+97,352 17,16+4,042 0,33+0,092 2,71+2,40° 3,79+1,67%  2,16£0,65%  622+126%

IIkbahar 0,003-0,02 2,39-3,98 0,57-0,84 133,34-509,91 5,27-18,93 0,22-0,49 1,06-2,25 1,86-6,54 3,90-7,02 4,50-8,22
0,01+0,006%  3,04+0,83?% 0,67+0,14%  301,63+19,14% 10,37+7,46° 0,31+0,142 1,51£0,63° 3,924238%  535+1,57%® 581+2,08°

Yaz 0,02-0,04 2,26-11,08 0,41-3,84 88,99-3130,97 4,33-52,14 0,27-0,33 0,80-9,98 1,90-20,29 5,28-12,80 5,85-10,81
0,03+0,001%  6,87+2,24? 2,12+40,71%  194897+63038° 2891+3,93° 0,29+0,032 6,08+1,74° 6,29+220%  891+1,76°  842+2.48°

Sonbahar 0,01-0,03 2,74-8,18 0,67-2,85 130,52-1907,22 5,91-29,54 0,21-0,49 1,20-10,09 1,16-6,91 2,32-4,68 5,39-11,02
0,016+0,008*  4,90+2,88? 1,86+1,10*  1015,24+888,37*°  18,49+11,89"  0,34+0,14? 4,49+2,87% 3,30+1,31*  3,17+1,31*  8,34+2.82%

*Her bir parametre siitununda ayn1 harfle gosterilen degerler arasindaki fark 0.05 diizeyinde onemsizdir.

Tablo 4. Sazan (Cyprinus carpio Linnaeus, 1758)’1n farkli dokularinda tespit edilen bazi agir metallerin maksimum, minimum,

standart sapmalar1

ortalama degerleri (mg/kg) ve

Mevsim Doku Cd Cr Cu Fe Mn Mo Ni Pb Se Zn
Kas 0,06-0,32 4,24-8,09 0,69-1,59 84,43-171,04 3,58-7,37 0,52-097  1,13-2,32 4,61-6,55 2,79-3,21 12,27-19,02
0,19+0,13%" 5714207  1,04£047°  118,07+46,42° 5,00+2,06° 0,78+0,23*  1,66+0,60°  5,72+1,000  3,0140,21°  14,80+3,67°
. Karaciger  141-2:23 4,60-6,12 4,72-5,82 531,92-787,86 5,60-7,71 0,98-1,26  1,43-2,06 2,15-4,87 7,61-8,91 546,32-834,59
$ g 1,73+0,43° 553+0,81°  54240,61°  660,90+127.98%  6,97+1,19° 1,1140,13*  1,77+0,32%  3,54+1,36°  8,39+0,69°  710,11+148,10%®
Soluneac  0020:33 5,07-5,95 1,64-2,05 292,27-364,42 11,80-23,22  0,52-0,62  1,37-1,93 5,01-8,62 3,84-3,94 401,69-899,65
846 (), 13+0,06° 5434045  1,89+,0,22%®  319,61439,11® 15,6246,57°  0,56+0,04° 1,67+0,28°  6,72+1,81°  3.87+0,05°  584,04+274,42°
Kas 0,03-0,14 4,31-5,08 0,77-4,53 84,38-144,37 3,59-5,28 0,38-0,67  1,28-1,51 2,76-8,05 1,76-2,70 11,55-40,88
0,09+0,06°  4,71+038  227+4199*  113,72430,01% 4,45+0,84% 0,49+0,15°  136+0,12°  5.1242,69°  237+0,52®  27,42+14,80°
i1kbah Karacis 0,19-0,47 8,37-22,89  3,59-1393  679,42-2461,13  12,32-30,12  1,00-354  3,92-9,42 2,51-5,46 3,20-4,80 140,13-528,20
ahar araclger — (.3340,13° 13,96+7,81°  9,88+5,52°  1367,024957,89°  18,28+10,24°  1,86+1,45° 5,82+3,11°  3,80£1,50°  4,10+0,82%  281,38+214,49°
Solungae  0:02-0.03 5,21-6,35 2,09-3,37 593,62-732,55 14,45-2324  0,54-0,68  2,18-2,90 2,16-2,80 1,63-2,50 521,72-615,18
83 025+0,008° 5,78+0,56°  2,79+0,64%  645,02476,18° 17,46£5,00°  0,62+0,07° 2,61+0,38°  2,57+0,35°  2,16£0,46°  559,12+49 43
Kas 0,26-0,29 3,81-6,58 1,87-5,14 107,15-195,20 3,51-5,75 0,30-0,69  1,20-1,57 0,35-6,13 1,02-1,22 32,32-95,48
0,27+0,012°  5,03+1,41°  3,49+1,63%  138,58+49, 12° 4.48+1,14% 0,47+0,19°  134+0,19°  3,12+2,89°  1,1240,10°  55,40+34,83°
Yoz Karacizger 80207 5,37-6,27 2,88-5,46 264,44-476,91 7,29-8,14 0,97-1,80  1,73-2,17 1,30-6,59 6,05-7,65 427,63-1398,69
& 1,2940,73®  591+047°  4,56+1,45°  403,02+£120,10°  7,65+0,43%® 1,2840,45° 1,87+025°  3,3742,81°  6,76+0.81°  1030,79+526,54°
Soluneac  0010.12 6,81-7,93 2,86-6,34 393,57-548,17 15,32-18,86  0,81-0,90  1,87-2,41 528-10,11  2,37-4,23 692,54-876,66
83 () 06:0,05° 7,28+0,58°  4.0242,00°  445.86+88,60° 17,40+1,85%  0,86+0,04° 220+029%  7,9242.44°  3,03+1,03®  786,92+92,14%
Kas 0,029-0,032  3,80-5,31 1,19-5,21 142,29-175,92 4,25-5,47 0,39-052  1,28-1,51 1,88-5,29 1,48-3,95 29,45-55,26
0,31£0,001*°  4,68+0,78°  2,81+2,11*  159,48+16,82° 5,01+0,66° 0,46+0,06° 1,38+0,11°  3,68+1,71°  296+1,30°  38,66+14,40°
Sonbahar  Karaciger 0,64-1,81 6,35-9,14 4.86-13,53  416,26-722,16 7,39-13,95 1,14-152  2,34-3,60 6,22-14,12  7,46-9,32 611,32-895,15
1,2540,58®  8,07+1,50®  8,15+4,69°  582,84+154,75° 10,85+3,29%  1,30+0,18°  3,10+0,67%  9,32+421°  840+0,93°  727,29+148,85®
Solungag 0,04-0,15 3,45-5,51 0,65-2,33 82,93-351,73 13,74-2129  0,26-0,98  0,97-1,88 2,73-12,80  2,94-4,22 480,88-596,53
0,09+0,05° 47441128 1,62+40.87°  24225+141,16°  17,48+3.77°  0,67+0,36° 1,52+048°  7,23+511*°  3,70+0,68°  529,22+60,11°

*Her bir parametre stitununda ayni1 harfle gosterilen degerler arasindaki fark 0.05 diizeyinde 6nemsizdir.
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birikimin diger mevsimlere gore farkli oldugu (<0,05) saptanmustir. Kastaki Fe miktar1 84,38-195,20
mg/kg, karacigerdeki 264,44-2461,13 mg/kg, solungagtaki ise 89,93-732,55 mg/kg arasinda degisim
gostermistir. Kastaki Fe seviyesi sonbaharda, karacigerde ve solungagtaki ise ilkbaharda artig
gostermistir. Kastaki Fe ilkbaharda, karacigerdeki Fe yaz mevsiminde, solungagtaki Fe ise sonbahar
mevsiminde azalmistir. Kas ve karacigerdeki Fe birikiminin tiim mevsimler arasinda istatistiksel
acidan onemli bir farklilik gostermedigi belirlenmistir (>0,05). Solungactaki Fe birikimi ise tiim
mevsimler arasinda istatistiksel agidan 6nemli bir fark gostermistir (<0,05). Mn konsantrasyonunun
kasta 3,51-7,37 mg/kg, karacigerde 5,60-30,12 mg/kg, solungagtakinin ise 11,80-23,24 mg/kg arasinda
degisim gosterdigi belirlenmistir. Kasta ve solungagta Mn miktar1 sonbaharda, karacigerde ilkbaharda
artis gostermis olup kasta ilkbaharda, karaciger ve solungacta ise kis mevsiminde azalmistir. Kas ve
solungacta Mn diizeyi agisindan tiim mevsimler arasindaki istatistiki iliskinin 6nemli olmadig: (>0,05)
tespit edilmistir. Karacigerde ise kig ve ilkbahar ile diger mevsimler arasinda 6énemli fark oldugu (<
0,05) saptanmistir. Mo miktarinin kasta 0,30-0,97 mg/kg, karacigerde 1,11-3,54 mg/kg, solungagta ise
0,26-0,98 mg/kg arasinda degistigi tespit edilmistir. Bu degerlere gore kasta kis mevsiminde,
karacigerde ilkbahar mevsiminde, solungagta ise yaz mevsiminde arttig1 belirlenmistir. Buna karsilik
kasta sonbaharda, karaciger ve solungagta kis mevsiminde Mo miktarmin azaldigi goriilmiistiir.
Ayrica, tiim dokularda Mo birikimi agisindan mevsimler arasinda istatistiki olarak énemli bir farklilik
gorliilmemistir (>0,05). Ni diizeyleri kasta 1,13-2,41 mg/kg, karacigerde 1,43-9,42 mg/kg, solungacta
ise 0,97-2,90 mg/kg arasinda degisim gostermistir. Ni konsantrasyonu kasta kis mevsiminde, karaciger
ve solungagcta ise ilkbaharda artig gosterirken, kasta yaz mevsiminde, karacigerde kis mevsiminde ve
solungagta sonbahar mevsiminde azalmistir. Ni miktarinin kasta tiim mevsimler arasinda istatistiksel
acidan oOnemli bir farkhilik gostermedigi belirlenmistir (>0,05). Karacigerde yaz ve kis
mevsimlerindeki birikimin, solungagta ise ilkbahar ve yaz mevsimlerindeki birikimin diger
mevsimlere gore istatistiksel agidan farkli oldugu (<0,05) saptanmistir. Pb miktarinin kasta 0,35-8,05
mg/kg, karacigerde 1,30-14,12 mg/kg, solungacta ise 2,16-12,80 mg/kg arasinda degistigi tespit
edilmistir. Buna gore; kasta Pb birikiminin kis mevsiminde, karacigerde sonbaharda ve solungagcta ise
yaz mevsiminde arttig1 gozlemlenmistir. Kasta ve karacigerde Pb’un yaz mevsiminde, solungagta ise
ilkbaharda azaldig1 saptanmistir. Tiim dokularda Pb miktar1 bakimindan tiim mevsimler arasinda
istatistiki ag¢idan dnemli bir farklilik olmadigi (>0,05) saptanmistir. Se konsantrasyonun kasta 1,02-
3,95 mg/kg, karacigerde 3,20-9,32 mg/kg, solungacta ise 1,63-4,23 mg/kg arasinda degistigi tespit
edilmistir. Kas, karaciger ve solungactaki Se miktarinin kis mevsiminde arttigi, kastaki
konsantrasyonun yaz mevsiminde, karaciger ve solungactaki Se diizeyinin ise ilkbahar mevsiminde
azaldig1 belirlenmistir. Kasta Se miktarinin ilkbahar ve yaz mevsiminde diger mevsimlere gore,
karacigerdeki ve solungagtaki miktarin ilkbahar ve yaz mevsimlerinde diger mevsimlere gore
istatistiki agidan oOnemli farkliliklar gosterdigi (<0,05) saptanmistir. Zn konsantrasyonunun kasta
11,55-95,48 mg/kg, karacigerde 140,13-1398,69 mg/kg, solungacta 401,69-899,65 mg/kg arasinda
degisim gosterdigi tespit edilmistir. Tim dokulardaki Zn konsantrasyonu yaz mevsiminde artig
gosterirken, Zn miktarinin kasta kis mevsiminde, karacigerde ilkbaharda ve solungagta sonbaharda
azaldig1 belirlenmistir. Kasta ve solungagtaki Zn birikiminin tiim mevsimler arasinda istatistiksel
acidan Onemli bir farklilik gdstermedigi (>0,05) belirlenmis olup, karacigerde ilkbahar ve yaz
mevsiminde diger mevsimlere gore onemli farklilik oldugu (<0,05) saptanmistir. Mevsimsel olarak
elde edilen sonuglar genellendiginde metallerin kasta kis mevsiminde, karacigerde ilkbaharda ve
solungacta yaz mevsiminde arttigi, kasta ilkbaharda ve solungacta ise sonbaharda azaldigi
saptanmigtir. Karacigerdeki metal azalisi mevsimsel olarak birbirine benzerlik gostermektedir.

Yapilan bazi ¢aligmalarda da baliklardaki metallerin mevsimsel degisimleri ortaya konmustur.
Eastwood ve Couture (2002), Ontario Golii (Kanada)’nde yasayan Perca flavescens’in karacigerindeki
Cu miktarmin ilkbahar mevsiminde, Zn ve Mn miktarlarinin ise sonbahar mevsiminde arttigini tespit
etmiglerdir. Canpolat ve Calta (2003), Keban Baraj Goli’nde yasayan Capoeta capoeta’daki
metallerin ilkbahar ve yaz mevsiminde arttigini, sonbahar ve ki mevsiminde azaldigim
belirtmislerdir. Tekin-Ozan ve Aktan (2012) Isikli Golii'nde yasayan sazanin dokularindaki metal
miktarlarinin yaz ve kis mevsimlerinde arttigini, ilkbahar ve sonbahar mevsimlerinde azaldigini
belirtmiglerdir. Giildiren ve Tekin-Ozan (2018) Seyhan Baraj Golii’'nde yasayan sazanm kas ve
karacigerindeki metallerin kis mevsiminde, solungagtaki metallerin ise yaz mevsiminde arttigini
bildirmiglerdir. Metallerin balik dokusundaki mevsimsel degisimi suyun fiziko-kimyasal
parametrelerine, baligin yasina, baligin beslenme rejimine, baliin metabolizmasina, ekolojik
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ihtiyaglarina, analizi yapilan metale ve c¢alisilan dokuya goére farklilik goésterebilir (Newman and
Doubet 1989; Philips, 1990; Goksu, 2003). Karaciger ve solungagtaki metallerin ilkbahar ve yaz
mevsimlerinde artmasi artan su sicakligina bagl olarak baliklarin metabolizma hizlarinin artmasina
bagli olabilir. Ozellikle yaz aylarinda pH’in diismesi ile birlikte metaller daha ¢oziiniir hale
geldiklerinden solungaclar her soluk aligverisinde daha fazla metale maruz kalmaktadir (Newman ve
Doubet, 1989; Philips, 1990)

Genel olarak tespit edilen veriler incelendiginde Cd, Cr, Cu, Fe, Mo, Ni, Se ve Zn birikiminin
Karaciger>Solungac>Kas seklinde, Mn ve Pb birikiminin Solunga¢>Karaciger>Kas seklinde oldugu
belirlenmistir. Benzer sonuglar Altinyazi Baraj Golii’nde yasayan Cyprinus carpio, Blicca bjoerkna,
Perca fluviatilis ve Sander lucioperca’da (Cetin vd., 2016), Atatiirk Baraj Golii'nde yasayan Silurus
triostegus, Chalcalburnus tarichi, Chondrostoma regium ve Carassius carassius’da (Firat vd., 2018),
Bafa Gélii'nde yasayan Mugil cephalus’da (Oner ve Metli, 2021), Avsar Baraj Golii’'nde yasayan
Cyprinus carpio’da (Oztiirk vd., 2009), Seyhan Baraj Gélii'nde yasayan Cyprinus carpio’da
(Giildiren ve Tekin-Ozan, 2018), Isikli Golii’nde yasayan Cyprinus carpio’da (Tekin-Ozan ve Aktan,
2012) ve Esox lucius’da (Giilcii-Giir ve Tekin-Ozan, 2017b) belirlenmistir. Karaciger, hem
metabolizmada aktif olarak rol almasindan hem de metal baglayan proteinler olan metalloproteinlerin
tiretildigi organ olmasi agisindan metallerin depolandigi 6nemli bir organdir (Al-Yousuf vd., 2000; Liu
vd., 2012;). Solungaclar, hem bir baligin dis yiizey alaninin yaklasik yarisindan fazlasini olusturmasi
hem de saatte oldukca fazla suyun gecis yaptig1 énemli bir dokudur. Dolayisiyla metallerin viicuda
girigsinde oldukga aktif bir role sahiptir (Tao vd., 1999). Solungaglar solunum suyunda bulunan
kimyasallara ilk ve dogrudan siirekli olarak temas eden yapilardir. Solunum suyuyla birlikte alinan
metaller solungaclardaki mukuslara yapisir ve solungag lamellerinden solunum suyu gegerken metaller
lamellerin arasinda kalir. Boylece solungaclardaki metal konsantrasyonu yiiksek miktarlara ulasabilir
(Heath, 1995). Kas dokusunda metallerin diisiik seviyede birikmesi ise kasin metabolik olarak aktif bir
organ olmamasi ile agiklanabilir (Karadede vd., 2004).

SONUC

Cevre ve Sehircilik Bakanligi tarafindan verilen Su Kirliligi Kontrol Y6netmeligine (SKKY) gore;
Oymapinar Baraj Golii’nlin suyunun Fe degerlerine gore tiim mevsimlerde 2. kalite sinifinda, Pb
degerlerine gore tiim mevsimlerde 4. kalite sinifinda, Se degerlerine gore yaz mevsiminde 3. kalite ve
sonbaharda 4. kalite sinifinda oldugu, diger tim metallerin degerlerine gore ise 1. kalite simifinda
oldugu belirlenmistir (Cevre ve Sehircilik Bakanligi, 2008). Ayrica Oymapinar Baraj Golii’niin
suyunda belirlenen metal miktarlar1 ile ABD Cevre Koruma Ajanst (EPA, 2018), Diinya Saglik
Orgiitii (WHO, 2017) ve Avrupa Birligi (EU, 2020) tarafindan verilen agir metallerin sularda kabul
edilebilir degerleri ile kiyaslanmistir. EPA kriterlerine gére Cd, Se ve Zn’nun tiim mevsimlerde ve
Fe’in yaz mevsiminde sinir degerlerin altinda oldugu, Fe’in kis, ilkbahar ve sonbaharda sinir
degerlerin tstiinde oldugu, WHO kriterlerine gére Cd, Cr, Cu, Ni ve Se’un tim mevsimlerde sinir
degerlerin altinda oldugu, Pb“un tiim mevsimlerde simir degerlerin iistiinde oldugu ve EU kriterlerine
gore Cd, Cr, Mn ve Ni’in tiim mevsimlerde, Fe’in yaz mevsiminde ve Se’un yaz, ilkbahar ve kig
mevsimlerinde smir degerlerin altinda oldugu, Cu’in tim mevsimlerde, Fe’in kig, ilkbahar ve
sonbaharda, Pb’un tiim mevsimlerde ve Se’un sonbaharda smir degerlerin {istiinde oldugu
belirlenmistir. Bu sonuglara gore Fe, Pb, Cu ve Se disindaki metaller agisindan gol suyunun herhangi
bir tehlike arz etmedigi ancak Fe ve Pb miktarlarinin tehlikeli boyutlara ulastig1 sdylenebilir.

MacDonald vd. (2000) tarafindan verilen sediment kalite kriterlerine gore yapilan degerlendirmede
Oymapinar Baraj Golii sedimentinde Ol¢iimii yapilan agir metal (Cd, Cr, Cu, Ni, Pb, Zn)
konsantrasyonlarinin dort esik etki degerinin (LEL-en diisiik etki seviyesi, MET- minimum etki esik
seviyesi, TET- toksik etki seviyesi, SEL- siddetli etki seviyesi) de altinda oldugu ve sedimentte
yasayan canlilara olumsuz etki gostermedigi belirlenmistir.

Bu ¢alismanin sonucunda balik dokularinda belirlenen metallerin miktarlar1 Diinya Saglik Orgiitii
(WHO, 1996)’niin, Avrupa Komisyonu (EC, 2006)’nun, Tiirk Gida Kodeksi (2002; 2011)’nin, Gida
ve Tarim Orgiitii (FAO, 2003)’niin ve Avrupa Birligi (EU, 2001) nin belirledigi agir metallerin balik
dokularinda kabul edilebilir miktarlar1 ile kiyaslanmistir. Buna gore Cd; kis, ilkbahar ve yaz
mevsimlerinde Avrupa Komisyonu (EC, 2006) ve Gida ve Tarim Orgiitii (FAO, 2003)’niin balik
dokular1 i¢in belirledigi kabul edilebilir degerlerin tizerinde ¢ikmistir. Pb tiim mevsimlerde yukarida
sozedilen tiim kurum ve kuruluslarin verdigi kabul edilebilir degerlerin lizerinde ¢ikmustir. Zn yaz
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mevsiminde Diinya Saglik Orgiitii (WHO,1996)’niin, Gida ve Tarim Orgiitii (FAO, 2003) niin ve Tiirk
Gida Koteksi (2011)’nin, yaz ve sonbaharda ise Gida ve Tarim Orgiitii (FAO, 2003)’niin belirledigi
kabul edilebilir degerlerin tizerinde ¢ikmistir.

Oymapinar Baraj Golii’'nde artmaya meyilli bir metal kirliligi belirlenmistir. Calisma sonucunda
belirlenen metal seviyeleri genel olarak asir1 yiiksek olmasa da iilkemizdeki baska gollerin kirlilik
durumlar diigiiniildigiinde Oymapinar Baraj Golii’niin kirlilik seviyesi artmadan gereken tedbirlerin
alinmas1 onem arz etmektedir. Ozellikle turizm faaliyetleri géliin kirlenme kapasitesi gdzoniine
alinarak diizenlenmelidir.
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Sample Article

A Taxonomic Study on Zooplankton Fauna of Kig1 Dam Lake (Bingol-Turkey)
Hilal BULUT

Firat University, Faculty of Fisheries, Elaz1g, Turkey

*Sorumlu Yazar: hilalhaykir@gmail.com
Abstract

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

Keywords: Kig1 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; Géksu et al., 1997,
2005; Saler and Sen, 2002; Bozkurt and Sagat, 2008; Bulut and Saler, 2013a, 2013b; 2014a, 2014b; Saler
et al., 2015a, 2015b). No previous research about zooplankton of Kig1 Dam Lake has been recorded. In
this study zooplankton species and their seasonal variations of Kigi Dam Lake have been investigated.

MATERIAL and METHODS

Kig1 Dam Lake was built on Peri Stream between 1997 and 2003. The maximum water capacity is
507.55 hm3 and has surface area 8.35 km2 and maximum depth of 168 m (Simsek, 2016) (Figure.1). The
species were identified according to Edmondson (1959), Flossner (1972), Ruttner-Kolisko (1974),
Kiefer (1978), Koste (1978), Negrea (1983), Segers (1995), and Einsle (1996).
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RESULTS

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

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

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

Autumn Winter Spring Summer
\Water temperature (€) 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 Kigi Dam Lake, rotifers were recorded as
dominant species as to number of individuals and abundance, followed by Cladocera and Copepoda
species.
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ORNEK MAKALE

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

Esra ACAR!, Seval BAHADIR KOCA® Mehmet NAZ2, Ozgiir KOSKAN?, ilter ILHAN*

2iskendurun Teknik Universitesi

1Isparta Uygulamali Bilimler Universitesi, Egirdir Su Uriinleri Fakiiltesi, Isparta
Deniz Bilimleri ve Teknolojisi Fakiiltesi, Hatay 3Siileyman DemirelUniversitesi, Ziraat Fakiiltesi, Isparta

4Si'11eyrnan Demirel Universitesi, Tip Fakiiltesi, Isparta
*Sorumlu Yazar: sevalkoca@sdu.edu.tr

Ozet

Bu caligma, Egirdir Golii'nde yasayan Astacus leptodactylus tiirlinde mide sindirim enzim aktiviteleri iizerine (proteaz o-
amilaz ve lipaz) mevsim ve eseyin etkisini aragtirmak amaciyla olusturulmugtur. Bu amagla kerevitler 1 yilda 4 mevsim olarak
Egirdir Golii’nden avlandi. ilkbahar mevsiminde,kerevitlerin pinterlere girmemesi nedeniyle 6rnekleme yapilamadi. Bu nedenle,
sonuglar li¢ mevsim (sonbahar, ki, yaz) ve eseyler iizerinden faktoriyel diizeyinde varyans analizi ile degerlendirildi. Bulgular,
esey ve mevsim faktorlerinin kerevitlerin midesindeki proteaz ve lipaz aktivitesini 6nemli diizeyde etkiledigini (p<0,05), a-
amilaz aktivitesinde ise istatistiksel olarak Onemli diizeyde etkili olmadigin1 gosterdi (p>0,05). Bulgular ayrica,
kerevitlerin,proteaz enzim aktivitesinin sonbahar ve kigin, lipaz enzim aktivitesinin ise kigin eseyler arasi 6nemli degisim
gosterdigini ortaya ¢ikardi (p<0,05).

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

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

Abstract

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

Keywords: Astacus leptodactylus, digesitve enzyme activity, a-amylase, lipase, protease.

GIRIS

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

Bu c¢aligmada, Ekim 2014 ile Haziran 2015 tarihleri arasinda Egirdir Golii'nde kerevit (10-15 cm)
aveiligr gergeklestirilmigtir. Avcilikta kerevit pinterleri kullanilmig, 6rneklemeler mevsimsel olarak
yapilmustir. [lkbahar mevsiminde, kerevitlerin pinterlere girmemesi nedeniyle 6rnekleme yapilamamustir.
Enzim aktivite analizler

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

Verilerin degerlendirilmesinde SPSS 23 istatistiki paket programindan yararlanilmig ve sonuglar,
faktoriyel diizeyinde varyans analizi testi ile P<0,05 6dnem diizeyinde test edilmistir. Faktorlerin seviye
ortalamalarmin arasindaki farkliliklarin belirlenmesinde Tukey testi kullanilmustir.

BULGULAR
Esey ve mevsimsel farkliliklarin kerevit midesindeki a-amilaz enzim aktivitesi iizerinde énemli bir
etkisinin olmadigi 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° 0,007 + 0,0006" ®0,003 + 0,0010°
Erkek %0,013 + 0,0035° ®0,022 + 0,0026a °0,006+ 0,0006°

Lipaz aktivitesi erkek kerevitlerde sonbahar mevsiminden kis mevsimine kadar artan ve kig
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
- o
;’_’.: 0.01 > — o> grkek
é E-"'m, N —s— disi
Z 0,005 S — .
> -

4]

sonbahar Kis 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
cikan fizyolojik siiregler, tiirlerin genis besin cesitliliginden faydalanmasini etkilemektedir. Farkli
kabuklu tiirleri, farkli beslenme aligkanliklarina ve yagam alanlarini yansitan bir dizi sindirim enzime
sahiptir (Anonim, 2017; Coccia vd., 2011).......

Ayrica, maksimum enzim aktivitesini belirleyebilmek ig¢in; farkli pH, sicaklik ve reaksiyon
siirelerinde denemeler yapilmasi da dnemli tasimaktadir.........
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