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Ozet

Bati Toros Daglari’ndaki karstik bosalim sistemlerinin en biiyiigii olan Manavgat Irmagi balik faunasinin 1995-2020
yillar1 arasindaki 25 yillik bir stirede gegirdigi degisimlerin incelenmesi sonucunda, bu akarsuda 9 familyaya ait 20 takson
belirlenmistir. Bunlardan dokuzu endemik (d6rdii havza digindan), dordii yabanci, biri yerli ve altist ise denizel kokenlidir.
Bulgularimiz ve giincel kayitlarimiza gére, Manavgat Irmagi sistemine; Alburnus escherichii, Squalius anatolicus,
Pseudorashora parva, Cobitis battalgilae ve Oxynoemacheilus atili taksonlarinin sonradan girdigi belirlenmistir.

Anahtar Kelimeler: Balik taksonomisi, Zoocografya, I¢ su baliklari, Cevresel etki
The Change of Manavgat River (Antalya, Turkey) Fish Fauna in a Quarter-Century
Abstract

The changes of fish fauna of Manavgat River, which is the largest of the karstic discharge systems in the Western Taurus
Mountains, were examined over a period of 25 years between 1995 and 2020 and the 20 taxa belonging to 9 families were
determined in the river.9 of these are endemic (4 endemic species outside the basin), 4 are nonnative 1 is native and 6 are
marine origin. According to our findings and current records, it was determined that Alburnus escherichii, Squalius
anatolicus, Pseudorashora parva, Cobitis battalgilae and Oxynoemacheilus atili taxa entered later to the Manavgat River
system.

Key Words: Fish taxonomy, Zoogeography, Inland water fish, Environmental impact

GIRIS

Manavgat Irmag1 vadisi bugiinkii seklini bolgenin Ust Miosen’den (25 milyon yil dnce) baslayarak
glinimiize kadar gecirdigi jeomorfolojik evrim sonucunda; 6zellikle son 2,6 milyon yil 6nce olusan
Kuaterner tektonizmasiyla aldigi, havzanin sekillenmesinin ise erken ve orta Miyosen donemlerindeki
tektonik rejiminin bir parcasi olan erozyon yiizeylerinde gerceklesen Kuzeybati-Giineydogu egilimli
karstik paleovadilerin olusumu ile bagladig bildirilmistir (Dogan, 2002).

Gliniimiizde yaklastk 93 km uzunlugundaki Manavgat Irmagi’nin en Onemli kaynaklar
Gilimiigdamla Koyii ile Oymapinar Baraji’nin ¢ikigi arasinda kalan karstik pinarlardir. Bunlardan en
biiytigii Oymapinar Baraj Gélii altinda kalan ve yaklasik 50 m®/s akimu ile diinyanin en biiyiik yeralti
kaynaklar1 arasinda gosterilen Dumanli Kaynag1’dir (Kiiciik, 1997). Irmak tlizerinde Oymapmar (4,70
km?), Manavgat (8,60 km?) ve Naras (3,6 km?) baraj golleri bulunmaktadir. Manavgat Irmagi ayn
zamanda igme suyu, enerji tiretimi, turizm, tarim ve alabalik yetistiriciligi yapilan ve 6nemli ekonomik
girdiler saglayan bir akarsudur (Kiigliik vd., 2011). Ancak akarsuyun ekolojisi ve ihtiyofaunasi
konusunda yeterince ¢alisma olmadigi anlasilmaktadir. Irmagin balik faunasina iligkin ilk kayitlarin
1976 ve 1977 yillarinda verilen Salmo trutta macrostigma ve Capoeta capoeta angorae taksonlari
oldugu anlagilmaktadir (Balik, 1980). Sonrasinda Anguillidae, Salmonidae, Cyprinidae, Mugilidae,
Morenidae, Clariidae ve Poecilidae familyalarina ait toplam 11 takson bildirilmistir (Kiigiik, 1997).

Sozii gegen kayitlardan sonra, Manavgat Irmag1 havzasi ve Ilica Deresi’nden Alburnus baliki’nin
tanimu yapilmus, tiirtin diger Alburnus iiyelerinden pelvik aksilinden yoksun olusu ve omur sayisinin
azlig ile farklilastig bildirilmistir (Bogutskaya vd., 2000). Ayrica irmaktan sirasi ile Pseudophoxinus
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battalgilae ile Squalius anatolicus’un ilk kayitlar1 verilmis (Kiigiik ve Ikiz, 2004; Ozulug ve Freyhof,
2011), daha giincel g¢aligmalarda ise Cobitis battalgilae ve Oxynoemacheilus atili’nin varligi
bildirilmigtir (Freyhof vd., 2018). Yine, Geiger vd. (2014) ve innal ve Giille (2019)’nin kayitlart
bulunmakla birlikte, 1997°den giiniimiize kadar gecen siirede akarsu havzasinin biitiiniinde giincel
orneklemelere dayali ve gegerli taksonomik revizyonlara gore yapilmis ihtiyofaunistik bir ¢alisma
bulunmamaktadir. Ayrica, lilkemiz i¢sularinin neredeyse tamaminda yayilis gosteren yabanci/istilaci
tiirlerin sistemdeki varlig1 ve olasi etkileri konusunda da yeterli kayitlara rastlanmamstir.

Bu nedenlerle, ¢alismamizda yaklasik 25 yillik bir siirecte akarsuyun balik faunasindaki degisimi
ayrintili bir sekilde incelerek, fauna {izerindeki baskilarin neden ve sonuglarinin belirlenmesi
amaglanmustir,

MATERYAL ve YONTEM

Manavgat Irmagi, Antalya Havzasinin akis rejimi diizenli olan en énemli akarsuyu konumundadir.
Yillik su akimi iist bolgesinde (Saapkdprii) 1,35-40,06 m¥s, asag bolgesinde (Biiyiik Selale) ise
50,69-202,91 m*s‘dir (Anonim, 2019). Giiniimiizde Manavgat Irmag Akseki’ye bagh Kuyucak
beldesinin kuzey batisindaki yaklagik 1100 m yiikseltideki Akdag’dan gelen yiizey sulari ile baglar.
Biiyiik oranda yer alt1 sular1 ile beslenen irmak, drenaj alanina diisen yagisa oranla daha fazla su
tasimakta olup, yillik toplam akisin 1/3’l yiizey sularindan, 2/3’ ise karstik kaynaklardan
saglamaktadir (Glinay, 1986). Ancak irmagin dogal kollarindan olan ve Derebucak (Konya)
yakinlarindan dogarak Kembos (Gembos) polyesinden yeralti diidenleri ile rmaga karigan Uludere
(Dogan vd., 2017)’nin sular1 2008 yilindan itibaren yapay bir kanal ile Beysehir Golii’ne verilmeye
baslanmistir. Boylece 2019 yili itibari ile Manavgat Irmagi’nin yer alt1 ve ylizeysel sularindan yaklagik
118 milyon m*ii Beysehir Golii’ndeki olumsuz kosullarin iyilestirilmesi igin kullanilmaktadir
(Anonim, 2019).

Manavgat Irmagi’nin alt havzalar1 ile Oymapinar ve Manavgat baraj gollerindeki ihtiyofaunanin
yeniden belirlenmesi amaciyla, Ocak 2015-Ekim Haziran 2020 tarihleri arasinda farkli donemlerde
balik 6rneklemesi yapilmistir (Tablo1 ve Sekil 1).

Tablo 1. Ornekleme noktalar:

No Lokalite Koordinat

1 Gimisdamla Koyii-Akseki, Antalya 37°11"46""N-31°41"00" E
2 Uziimlii Mevkiisi-Akseki, Antalya 37°08" 54" N-31°43"08"E
3 Sinankoca Koyii-Akseki, Antalya 36° 58 35" N-31°36"31""E
4 Oymapmar Baraj Goli-Manavgat, Antalya 36°55"25""N-31°32" 10" E
5 Oymapinar Baraj Goli ¢ikisi-Manavgat, Antalya 36°54"01""N-31°31"41"E
6 Manavgat Baraj Go6lii-Manavgat, Antalya 36°51" 10" N-31°31"01"" E
7  Manavgat Irmagi-Manavgat, Antalya 36°49° 59" N-31°30" 11" E
8 Kargi Cayi-Manavgat, Antalya 36°49"44""N-31°26" 17" E
9 Manavgat Irmag alt havza-Manavgat, Antalya 36°46° 02""N-31°26"51" E
10 Manavgat Irmagi Gstarin bolge-Manavgat, Antalya 36° 44" 21" N-31°29"36"" E
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Sekil 1. Manavgat Irmag1 havzasi ve drnekleme yerleri

Irmagin akintili (riverin) kesimlerinde elektrosoker, serpme ag ve olta avciligi 6rnekleri; baraj
golleri gibi durgunsu (lakustrin) ve yavas akintili dstarin bolgede ise farkli goz agikligindaki uzatma
aglari, 18r1p ve balik¢ilardan temin edilen 6rnekler kullanilmstir.

Ayrica, gecmise yonelik karsilastirmalarda; Isparta Uygulamali Bilimler Universitesi Egirdir Su
Uriinleri Fakiiltesi Igsu Baliklar1 Koleksiyonu (IFC-ESUF), Recep Tayyip Erdogan Universitesi Su
Uriinleri Fakiiltesi Zooloji Miizesi (FFR) ile istanbul Universitesi Fen Fakiiltesi Hidrobiyoloji Miizesi
(IUSHM) 6rnekleri de incelenmistir.

Familya isimleri Stout vd. (2016) ve Van der Laan (2017)’a gore diizenlenmis, gecerli tiir adlar1 ise
Froese ve Pauly (2019) ile Fricke vd. (2019)’nin balik katalogundan alinmistir. Ayrica taksonlarin
Kirmiz1 Listedeki koruma durumlar1 (IUCN, 2020-2) verilerek, bazi tiirler i¢in agiklamali yeni koruma
oOlgiitii Onerilmistir. Tasnif islemi yapilmadig i¢in koleksiyon numarasi verilmeyen ornekler IFC-

ESUF’de saklanmaktadir.
BULGULAR ve TARTISMA

Manavgat Irmagi havzasi balik faunasi 1980’lerden giiniimiize kadar gézden gegirilmis, ancak
2015-2020 yillar1 arasinda yapilan dénemsel arazi ¢aligmalari sonucunda giincel olarak; 9 endemik, 4
yabanci, 1 yerli ve 6 denizel kdkenli toplam 20 takson belirlenmistir (Tablo 2).
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Tablo 2. 1980-2020 yillar1 arasinda Manavgat Irmagi balik faunasinin degisimi ve giiniimiizdeki [TUCN koruma

Olciitleri
Takson 1980 1997 2004° 2020 Havzadaki dagilim alami Kokeni IUCN
(2020-2)
ANGUILLIDAE
Anguilla anguilla - + + + Manavgat BG, ostarin ~ Deniz/Katadrom CR
bolge
SALMONIDAE
Salmo cf.opimus + + + + Oymapinar BG, Tatlisu/Endemik NE
(S.t. macrostigma)” Uziimdere
CYPRINIDAE
Cyprinus carpio + + + + Manavgat BG, dstarin Tatlisu VU
bolge
Capoeta caelestis + + + + Oymapinar BG, Tatlisu/Endemik LC
(C.capoeta Uziimdere
angorae)”
Carassius auratus - + + - Manavgat BG Tatlisu/Yabanci LC
Carassius gibelio - - - + Oymapinar BG, Tatlisu/Yabanci LC
Manavgat BG
Pseudorasbora - - - + Manavgat BG, Ostarin ~ Tatlisu/Yabanci LC
parva bolge
LEUCISCIDAE
Alburnus baliki - + + + Oymapinar BG, dstarin ~ Tatlisu/Endemik EN
(Chalcalburnus sp.)” bolge
Alburnus escherichii - - - + Oymapinar BG, Tatlisu/Yabanci CR
Manavgat BG
Squalius anatolicus - - + Oymapinar BG, Tatlisu/Yabanci LC
Manavgat BG
Pseudophoxinus alii - - - + Oymapinar BG, Tatlisu/Endemik EN
(Rutilus tricolor)” Manavgat BG
P.battalgilae - - + + Oymapinar BG, Tatlisu/endemik LC
Manavgat BG
COBITIDAE
Cobitis battalgilae - - - + Oymapinar BG, Tatlisu/endemik EN
Manavgat BG
NEMACHEILIDAE
Oxynoemacheilus - - - + Oymapinar BG, Tatlisu/endemik NT
atili Manavgat BG
CLARIIDAE
Clarias gariepinus - + + + Asag1 havzadaki su Tatlisu/yabanci LC
kanallari
MUGILIDAE
Mugil cephalus - + + + B.Selale, 6starin bolge  Deniz/Katadrom LC
Liza aurata - + + + Ostarin bélge Deniz/Katadrom LC
Chelon ramada - + + + B.Selale, 6starin bolge  Deniz/Katadrom LC
Chelon labrosus - + + + Ostarin bolge Deniz/Katadrom LC
MORONIDAE
Dicentrarchus - + + + B.Selale, 6starin bolge Deniz NT
labrax
POECILIDAE
Gambussia - + + + Manavgat BG, ostarin ~ Tatlisu/yabanci LC
holbrooki bolge
(G.affinis)”

®Onceki calismalarda verilmis olan kayitlar

MBahk (1980), @Kiigiik (1997), ®Kiigiik ve Ikiz (2004), “Bu calisma
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Anguilla anguilla (L. 1758), Yilanbalig:

Incelenen 6rnekler: IFC-ESUF 01-009, 9, 57,39-250,22 mm TB; Tiirkiye; Antalya: Ilica Deresi,
Manavgat; F. Kiigiik, 1996

Manavgat Irmagi ve baraj gollerinde, 1995-1996 yillar1 arasinda yogun miktarda sar1 ve giimiisi
yilanbalig1 tespit edilmistir (Kiiciik, 1997). Hatta yoresel balikgilar avladiklari yilanbaliklarini,
Aydin’dan gelen tiiccarlara pazarladiklarini belirtmislerdir (Kiigiikk vd., 2018). 2015-2020 yillart
arasinda siirekli yapilan ornekleme ve amator olta balikgilari ile yapilan goriismelerden, bu tiiriin
Manavgat Baraj Goli’nde neredeyse kalmadigi anlasilmistir. Manavgat Irmagi’nin fiziko-kimyasal
ozelliklerinin 1. simif su kalitesinde olmasina karsin (Erdogan ve Ertan, 2016), yilanbaligi
popiilasyonlarinin siirekli azalmasinin; akarsuyun alt havzasindaki turizm faaliyetleri (6zellikle yogun
gezi teknesi trafigi), sehirlesme ve otel yapimi sonucunda ortaya ¢ikan akarsu kenari (yatagi) tahribi ve
HES yapimindan kaynaklandiginmi diisiiniilmektedir. Ancak baska bir husus da, bu azalisin Manavgat
Irmagi’ndaki olumsuz kosullardan mi, yoksa yilanbaligi popiilasyonundaki kiiresel azaligtan m
kaynaklandiginin tam olarak bilinememesidir. Diger taraftan 1wmak havzasinda yasayan
yilanbaliklarinin % 63,6’da 6liime yol acacak kadar etkili olan nematod parazit enfeksiyonunu tespit
edilmistir (innal vd., 2019).

Yilanbaliklar1 i¢in Manavgat Baraj Golii’nlin énemli bir beslenme ve biiylime habitati olmasina
karsin, baraj iizerinde balik gec¢idi olmayist tiiriin yasam alanin1 daraltmistir. Yine Ostarin bolge ile
sehir merkezi arasindaki yogun gezi teknesi trafiginin suda olusturdugu ses ve titresimlerin gé¢ eden
yilanbalig1 yavrulan (elver) lizerindeki etkisi tam olarak bilinmemektedir. Ayrica, teknelerin neden
oldugu sok dalgalarimin etkisiyle olusan kiy1 ve dip asinimi nedeniyle elverlerin saklanma ve beslenme
alanlar1 tahrip olmaktadir. Diger bir antropojenik etki olarak, akarsu ayaginin (0starin bolge) sediman
yapisinin degistirilerek beton bir kanal icerisine alinmasi énemli tehditler olarak goriilmektedir. Bu
havzadaki gozlemlerimiz IUCN koruma olgiitii (CR, kritik) ile uyumludur.

Salmo cf. opimus, Kirmizibenekli alabalik (Sekil 2)

Incelenen 6rnekler: IFC-ESUF 02-0011, 2, 88,85-39-06,51 mm TB; Tiirkiye; Antalya: Manavgat
Irmagi, Bucaksehler Koyii; F. Kiigiik, 14 Ekim 1995. — IFC-ESUF 02-0019, 5, 231,83-240,84 mm
TB; Tiirkiye; Antalya: Manavgat Irmagi, Sinanhoca Kdyii; F. Kiiciik, 13 Ekim 2019.

Tiir ile ilgili eski kayitlar, Balik (1980) ve Kiigiik (1997) tarafindan verilmistir. Balik (1980), 1976
ve 1977 yillar1 arasinda toplam 12 &rnek, Kiigiik (1997) ise 1995-1996 yillar1 arsinda 10 6rnek
incelemis ve her iki arastirict da tiirii S.t.macrostigma olarak tanimlamustir. Son yillarda Tiirkiye
igsularindaki Salmonidae familyasi lizerinde yapilan taksonomik g¢alismalarda (Turan vd., 2009;
2012), Manavgat Irmag1 6rnekleri degerlendirilmemistir. Calismamizda Manavgat Irmagi 6rneklerinin
bas, maksilla, agiz ve kuyruk sapinin S. opimus’tan kismen farklilik gosterdigi, ancak genel
morfolojisinin bu tiire yakin olmasi nedeniyle S. cf. opimus seklinde simiflandirilmast uygun
bulunmustur. Son 5 yil icerisinde yapilan 6rneklemelerde tiiriin yalmz akarsuyun derin vadilerden
gectigi Oymapinar Baraj Golii ile Uziimdere mevkisi arasinda nadir popiilasyonlar olusturdugu
belirlenmistir. Yaptigimiz yiiz ylize goriigmelerde, sportif olta balikgilar1 3 kg ve daha {izerinde
bireyleri avladiklarini belirtmislerdir. Kiicliik (1997)’e gore bu tir, 1995-1996 yillar1 arasinda
akarsuyun orta ve alt bolgelerinde yasamasina karsin, 2020 yilinda yapilan 6rneklem ve gozlemlerde
s0zii gegen bolgelerde rastlanilamamugtir.

Manavgat Irmag1 havzasinda habitat kaybi, sportif aveilik ve gokkusagi alabalig1 predasyonu bu tiir
icin onemli tehdit kaynaklarini olusturmaktadir. Diger taraftan HES ¢ikis sularinin diizensizligi ve
turizm faaliyetleri Oymapinar Baraji’nin altinda kalan bélgede popiilasyonlarmin yok olmasina neden
olmustur. Su anda EN (Tehlikede) olan gegerli IUCN koruma olgiitiiniin, tarafimizca “CR” olmasi
onerilmistir.

Sekil 2. Salmo cf. opimus, IFC-ESUF 02-0019, 240,84 mm TB
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Cyprinus carpio L. 1758, Sazan

Incelenen rnekler: Koleksiyon kaydi yapilmamustir.

Tiirin Manavgat Irmagi’ndan ilk kaydi Kiiclik (1997) tarafindan verilmistir. Sazan’in Diinya
genelindeki popiilasyonlart i¢in I[UCN koruma olgiitii duyarli (VU) seviyesindedir. Ancak,
iilkemizdeki bir¢ok i¢suda oldugu gibi Manavgat Irmag1 popiilasyonunun da dogal olmadigi, baraj
gollerine agilanan baliklar nedeniyle “popiilasyonlarin genetiginde” degisimler olabilecegi
diistiniilerek, koruma 6lgiitli 6nerisinde bulunulmamustir.

Carassius auratus (L. 1758), Japon sazani, havuzbaligi

Incelenen 6rnekler: Ornek tespit edilememistir.

Ulkemizin dogal balik faunasi igerisinde olmayan bu tiiriin, asil yayilis alan1 Asya’dir. Tiiriin
Manavgat ve Oymapinar baraj gollerinde 1995 yilindan itibaren yayilis gosterdigi bildirilmistir
(Kiiciik, 1997). S6zii gecen yayinda -baliklarin viicudunun tamamu turuncu renkli, yanal hatta 29-32
adet delikli pul bulunur ve solunga¢ dikeni sayis1 33-36 arasindadir- seklinde tanimlanmigtir. Daha
sonra 2000’11 yillarin bagindan itibaren her iki baraj géliinde yaptigimiz 6rneklemeler ve gozlemlerde
bu tiire rastlanilmamigtir. Muhtemelen Manavgat Baraji’nin yapildigi 1986 yilindan sonra insan eliyle
disardan girmis olan bu tiirlin yok olusunun, habitata uyum saglayamadigindan kaynaklanabilecegi
diistiniilmektedir. Bu nedenle koruma o6l¢iitii onerisinde bulunulmamastir.

Carassius gibelio (Bloch, 1782), Glimiisi havuzbaligi, ¢insazani

Incelenen &rnekler: Koleksiyon kaydi yapilmamustir.

Bu tiirtin 2000’li yillarin bagindan itibaren Manavgat ve Oymapinar baraj gollerinde ¢ok baskin
popiilasyonlar olusturdugu bilinmektedir. Her iki baraj goliindeki yerli tiirler iizerinde etkisi
konusunda her hangi bir ¢alisma bulunmamaktadir. Ancak irmak havzasinda yayilis gosteren A. baliki,
P. alii ve P. battalgilae gibi endemik tiirler iizerine olumsuz etkisinin olabilecegi
degerlendirilmektedir. [UCN koruma 6l¢iitiiniin “LC” olmas1 uygundur.

Capoeta caelestis Schéter, Ozulug & Freyhof 2009, Toros sirazi, Karabalik, Aptalbalik (Sekil 3)

Incelenen 6rnekler: IFC-ESUF 03-0003, 1, 299,81 mm TB; Tiirkiye; Antalya: Manavgat Irmagi; F.
Kigiik, 14 Ekim 1994. —IFC-ESUF 03-0028, 4, 104,25-124,75 mm TB; Tirkiye; Antalya: Alara
Cay1; F.Kiigiik, 1.Giille & E.Giimiis, Ekim 2003. —IFC-ESUF 03-0114, 5, 144,12-192,49 mm TB;
Tiirkiye; Antalya: Kargi Cay1, Alanya; F Kiiciik, 1.Giille, S.S.Giiglii & O.Erdogan, 18 Haziran 2008.
—IFC-ESUF 03-0115, 4, 158,34-174,72 mm TB; Tiirkiye; Antalya: Alara Cay, Kargi; F. Kiigiik,
1996.

Tiiriin yakin zamana kadar Manavgat ile dogusundaki Akdeniz’e dokiilen biitiin akarsulardan
C.c.angorae olarak kaydi yapilmistir (Balik, 1980; Kiiciik, 1997). Cins iizerinde son yillarda yapilan
morfolojik ve molekiiler ¢aligmalarda; Goksu Irmagi ile Manavgat Irmagi arasindaki popiilasyonlarin
C.caelestis oldugu bildirilmistir (Schoter vd., 2009; Kiigiik vd., 2011; Kaya vd., 2019). Diger taraftan
Antalya Havzasi’'ndaki bazi popiilasyonlarin C. antalyensis ile dogal bir hibritlesme gosterebilecegi
ileri stiriilmistiir (Geiger vd., 2014; Freyhof, 2014a). Manavgat Irmagi’na en yakin akarsu olan Ilica
Cay1 orneklerinde agiz acikligi, alt ¢ene, yanal ¢izgideki pul sayist ve biyik sayist yoniyle C.
antalyensis’e daha yakin, ancak Manavgat, Alara ve Kargi ¢ay1 6rnekleri baz1 morfolojik degisimler
gostermesine karsin, C. caelestis igerisinde siniflandirilmast uygun gorilmiistiir.

Freyhof (2014a)’un degerlendirmesinde tiirlin popiilasyon yapisi konusunda bilgi olmadigi, ancak
bolgedeki hidroelektrik santrallerin ciddi tehdit olusturdugu ve popiilasyonlarindaki azalmanin yavas
geliseceginin beklendigi belirtilmistir. Oysaki 1996-2020 yillar1 arasinda yaptigimiz 6rnekleme ve
gozlemlerde, tiiriin yayilig alaninin biiyiik oranda daraldigi, yalniz Oymapinar Baraj Golii’niin daha st
kesimlerinde, kirmizibenekli alabaliklar ile ayni habitati paylastiklari, akarsuyun diger kesimlerinde
neredeyse kaybolduklar1 belirlenmistir. Akarsularda 6zellikle alabalik bolgesini paylasan bu tiiriin yok
olmasinda; su seviyesindeki azalislarin, beton kanallarin, akarsu yatagi diizenlemelerinin, HES’lerin
ve amator avcilarin son derece olumsuz etkisi bulunmaktadir. Bu akarsuda tiiriin son siginak alanlari
olan derin vadilerin ve dehlizlerin korunmasi ¢ok biiyiik nem arz etmektedir.

IUCN koruma 6l¢iitii 6nerisi: Yayilis alanindaki biitlin popiilasyonlari i¢in dnerilen koruma 6l¢iitii
(LC), Manavgat Irmagi popiilasyonu i¢in uygun degildir.
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Sekil 3. Capoeta caelestis, IFC-ESUF 03-0114, 192,49 mm TB

Pseudorasbora parva (Temminck & Schlegel 1846), Cakil balig

Incelenen 6rnekler: —IFC-ESUF 03-1357, 2, 65,22-101,45 mm TB; Tiirkiye; Antalya: Manavgat
Baraj Golii, Kiiciik & 1.Giille, 07 Haziran 2020.

Ulkemizdeki istilac1 baliklar arasinda bulunan P. parva; Japonya, Cin, Kore ve Amur Nehri
havzasina 6zgili en fazla 8-10 cm boya ulasabilen kiigiik bir sazangil tiiriidiir. Anavatani olan Dogu
Asya'dan 1960’larin basinda istem dis1 yollardan Romanya’ya tagindiktan sonraki elli yildan daha kisa
bir slirede agirlikli olarak Avrupa ve Kuzey Afrika genelinde 32 iilkeye yayilarak, oldukca istilact
potansiyele sahip oldugunu gostermistir (Gozlan vd., 2002; 2005). Tiirkiye sularinda ise ilk kez 1982
yilinda Trakya Bolgesi’nde (Meri¢ Nehri) (Erk’akan, 1984), daha sonra 1993’de Aksu Cayi’nda
(Antalya) gozlemlenmistir (Wildekamp vd., 1997). Bu tiiriin Manavgat Irmag1 havzasinda ilk kaydi
2014 yilinda &starin bdlgeden verilmistir (Innal, 2017). Giincel ¢alismamizda dstarin bdlge yaninda,
Manavgat Baraj Golii’niin kiyisal alanlarinda yogun popiilasyonlar olusturduklart belirlenmistir. 2020
yilt Haziran aynin ilk haftasinda yapilan 6rneklemede 58 ila 75 mm olan bireylerin 600 ila 1350
arasinda olgun yumurta gelistirdikleri belirlenmistir. Istilact bir organizma olmasi nedeniyle bu tiir i¢in
koruma 0lgiitlii 6nerilmemistir.

Alburnus baliki Bogutskaya, Kiiciik & Unlii 2000, Manavgat (Antalya) incibalig1 (Sekil 4a, b)

Incelenen 6rnekler: IFC-ESUF 03-0304, 13, 49,66-59,30 mm TB; Tiirkiye; Antalya: Manavgat
Baraj Golii; F. Kiigiik, 19 Nisan 1998. —IFC-ESUF 03-0329, 53, 33,21-83,62 mm TB; Sagirin Cay1
(K&priigay havzasi), Manavgat; F. Kiiciik, S.S.Giiclii & 1.Giille, 02 May1s 2009.

Manavgat Irmag1 havzasindan 2000 yilinda tanimlanan (Bogutskaya vd., 2000) tiiriin yayili alani
batida Aksu Cayi ile doguda Karpuz Cay1 arasinda kalan akarsulardir. Aksu Cayi’nin yataginin yapay
bir kanal sekline doniistiiriilmesi ve yogun olarak tarimsal sulama i¢in zaman zaman kurutulmasi
nedeniyle popiilasyon nadir seviyeye gerilemistir. Yayilis alani igerindeki diger akarsularda ise
orneklere rastlanilamamistir. Yaptigimiz 6rnekleme ve gozlemlerde Manavgat Baraj Golii’niin littoral
alanlarinda A. escherichii, P. battalgilae, S. anatolicus ve P. parva ile karisik siirii olusturduklari,
ayrica wrmagin acisu bolgesinde de yayilis gosterdikleri belirlenmistir. Manavgat Baraj Goli’nde
Haziran 2020°de 18rip ag1 ile yaptigimiz 6rneklemelerde, popiilasyon yogunlugunun 2000°li yillarin
basindakine gére neredeyse %70-80 civarinda azaldig: izlenmistir. incelemelerde -49 mm olan bir
bireyin yaklasik 500 civarinda olgun (yumurtlamaya hazir) yumurta gelistirdigi belirlenmistir.
Yukarida belirtilen nedenlerden dolayr IUCN koruma 6l¢iitiiniin “EN” olmasi uygun goriinmektedir.
Alburnus escherichii Steindachner 1859, Sakarya incibaligi (Sekil 4c)

Incelenen drnekler: IFC-ESUF 03-0379, 4, 37,18-50,81 mm TB; Tiirkiye; Antalya: Manavgat Baraj
Goli; F. Kiigiik, 12 Haziran 1996. —IUSHM 2020-1422, 4, 73-95 mm TB Tirkiye; Antalya:
Manavgat Irmagi1 (Oymapinar Baraji ¢ikist); M.Ozulug & Jorg Freyhof, 28 Ekim 2010.

Dogal yayilig alan1 Sakarya Irmagi havzasi olan tiiriin, bolgeden ilk kaydi 2011 yilinda Manavgat
Irmagi’nin komsu havzasi olan Beysehir Golii'nden verilmistir. Beysehir Golii'ne yore balikeilari
tarafindan Sartyar Baraj Golii’'nden (Ankara) getirildigi bildirilmistir (Anonim, 2014). Manavgat Baraj
Goli’nde 2015 yilinda yaptigimiz 6rneklemlerde tespit edilen tiiriin, havzaya hangi yollarla karistig
bilinmemektedir. 2019-2020 yillarinda yaptigimiz 6rneklemelerde ise her iki baraj goliinde, bu gollere
akan kiiciik dereler ile akarsuyun en asagi havzasina kadar yayilis gosterdigi ve diger tiirlere oranla
daha baskin bir popiilasyon olusturdugu, ayrica bu irmaga komsu olan Karpuz ve Ilica ¢aylarinda da
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yayilis gosterdigi belirlenmistir. Havzadaki popiilasyonu i¢in [IUCN’nin verdigi “LC” koruma 0lgiitii
tarafimizca da uygundur.
Pseudophoxinus alii Kiigiik, 2007, Pamfilya (Antalya) otbalig1 (Sekil 4d)

Incelenen érnekler: IFC-ESUF 03-0951, 8, 47,55-103,92 mm TB; Tiirkiye; Antalya: Sagirini Cayi-
Manavgat; F. Kiigiik, S.S.Giiclii & L.Giille, 02 Mayis 2009. —IFC-ESUF 03-0952, 4, 45,25-51,51 mm
TB; Tiirkiye; Antalya: Giindogdu Cay1, Manavgat; F. Kiiciik & 1.Giille, 23 May1s 2010. —IFC-ESUF
03-0953, 6, mm 40,30-65,09 TB; Tiirkiye; Antalya: Ilica Cay1, Manavgat-Antalya; F. Kiigiik, 1990. —
IFC-ESUF 03-0954, 8, 34,72-52,48 mm TB; Tiirkiye; Antalya: Manavgat Irmagy; F. Kiigiik, 10 Mayis
1997.

Tiiriin yayilis alan1 Manavgat Irmagi ile Aksu Cay1 arasinda kalan biitiin akarsulardir (Kiigiik vd.,
2011). Ancak, Geiger vd. (2014) molekiiler verilere dayanarak Aksu Cay1 6rneklerini Pseudophoxinus
ninae olarak vermislerdir. Calismamizda Aksu Cay1, Sagirin Cay1 (Kopriicay), Ilica Cay1 ve Manavgat
Irmagindan ornekler incelenmis ve morfolojik olarak s6zii gecen popiilasyonlar arasinda belirgin
farklilik gozlenmemistir. S6zii edilen akarsulardan Aksu Cay1 popiilasyonunun dnemli habitat kaybi
nedeniyle biiyiik oranda yok oldugu, tip yeri olan Ilica Cay1 popiilasyonunun ise bolgedeki sehirlesme,
tarimsal kirlenme ve akarsuya yakin zamanda giris yapan Alburnus escherichii’nin olas1 baskisi
nedeniyle ¢ok nadir seviyeye geriledigi anlagilmistir. Manavgat Irmag1 popiilasyonunun ise akarsuya
son 5-6 yil once karistigi diisiiniilen akbahk (Squalius anatolicus) ile Sakarya incibaligi (A.
escherichii)’nin dogrudan veya dolayli etkileri nedeniyle azalmis oldugu diistiniilmektedir. Tiiriin
ITUCN korumu 6l¢iitii “EN”dir. Ancak yukarida belirtilen etkenlerden dolay1 koruma 6lgiitiiniin “CR”
seviyesine ylikseltilmesi 6nerilmektedir.

Pseudophoxinus battalgilae Bogutskaya 1997, Otbaligi, yagbaligi (Sekil 4e)

Incelenen 6rnekler: IFC-ESUF 03-0961, 9, 45,93-136,61 mm TB; Tiirkiye; Antalya: Manavgat
Baraj Golii; C. Kiigiik, 15 Mayis 2009. —IFC-ESUF 03-0963, 18, 59,54-111,21 mm TB; Tirkiye;
Antalya: Oymapmar Baraj Golii, Manavgat; F. Kiiciik & 1.Giille, 28 Kasim 2003. —IUSHM 2020-
1421, 6, 40-89 mm; Tiirkiye; Antalya, Manavgat Irmag (Oymapmar Baraji ¢ikis1); M. Ozulug & J.
Freyhof, 28 Ekim 2010.

Tammi Beysehir Golii’nden yapilan tiiriin, Manavgat Irmag1 havzasindan ilk kayd: Kiiciik ve ikiz
(2004) tarafindan verilmistir. Anadolu’daki diger Pseudophoxinus tiirlerine gore oldukg¢a genis bir
yayilis alam vardir: Seydisehir ¢evresindeki kiiciik kaynak sular1 ve Sugla Kanali, Akgol (Eregli)’i
besleyen kiiciik kanallar, Nigde c¢evresi ve Cavuscu (Ilgin) Golii ¢evresindeki kaynak sularn (Kiigiik
vd., 2016). Manavgat Irmagi havzasinda ise her iki baraj golii ve baraj ¢ikis sularinin bulundugu soguk
ve temiz akarsu kesimleridir. Ureme dénemi olan Mayis ve Haziran aylarinda baraj gollerinin kiyisal
alanlarinda A.baliki, A. escherichii, S.anatolicus ve P.parva ile karigik siirii olustururlar. Haziran
aymin ilk haftasina kadar siiren tireme doneminde bir disi bireyin 5 bin-6 bin arasinda olgun yumurta
gelistirdikleri belirlenmistir. Gozlemler ve bulgularimiza dayanarak IUCN koruma O6lciitiiniin LC
(Disiik riskli) yerine VU (duyarl) seviyeye yiikseltilmesi uygundur.

Squalius anatolicus (Bogutskaya 1997), Akbalik, Anadolu tatlisukefali (Sekil 4f)

Incelenen ornekler: IFC-ESUF 03-0867, 4, 72,28-103,87 mm TB; Tiirkiye; Antalya: Manavgat
Baraj Golii, Kiiciik & 1.Giille, 07 Haziran 2020. —IFC-ESUF 03-0868, 5, 65,28-101,49 mm TB;
Tiirkiye; Antalya: Manavgat Irmag1 Ostarin Bolge, D.innal, Mayis-Agustos 2015.

Asil yayilis alan1 Beysehir ve Sugla golleri ile Tuz Goli’niin giineyindeki (Golyazi-Cihanbeyli)
kiigiik akarsulardir (Ozulug ve Freyhof, 2011). Manavgat Irmagi’ndan ilk kayit Ozulug ve Freyhof
(2011) tarafindan verilmigtir. Kiigiik (1997)’lin kayitlarinda bulunmayan tiiriin Manavgat Irmagi’na
1996 yilindan sonra karistigi veya getirildigi diisiiniilmektedir. 2015-2020 yillar1 arasinda yapilan
orneklem ve gozlemlerde her iki baraj golinde A. escherichii ile birlikte baskin popiilasyonlart
bulundugu, hatta akarsuyun acisu zonuna kadar yayilis gosterdikleri belirlenmistir. Bu tiir igin [UCN
tarafindan 6nerilen koruma o6lgiitii tarafimizca uygun goriilmektedir.

Cobitis battalgilae Bacescu 1962, Beysehir tag 1siran1 (Sekil 5a)

Incelenen 6rnekler: IUSHM 2020-1423, 5, 55-111 mm TB; Tiirkiye; Antalya: Manavgat Irmag
(Oymapinar Baraji ¢ikist); M.Ozulug & Jérg Freyhof, 28 Ekim 2010. —IFC-ESUF uncat., 1, 121 mm
TB; Tiirkiye; Konya: Eflatunpinari-Beysehir, F.Kiiciik & S.S.Giiglii, 07 Haziran 2006.

Beysehir Golii havzasinin en kuzeydeki Celtek, dogusundaki Eflatun Pinar1 ve giineyindeki ilirmak
caylar1 ile Manavgat Irmagi’ndan bilinmektedir (Freyhof, 2014b). Manavgat Irmagi’ndan ilk kayit
Geiger vd. (2014) tarafindan verilmis, Freyhof vd., (2018) ise ayrintili morfolojik tanimlamasini
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yapmustir. Irmakta daha once yapilan higbir ¢alismada kaydi verilmeyen tiiriin, Oymapinar Baraji’nin
cikisindaki s1g ve cakilli-tagl alanlarda yasadiklar1 belirlenmistir. Bu tiir i¢in 6nerilen IUCN koruma
olciitii (EN, Tehlikede) uygundur.

Oxynoemacheilus atili Erk’akan 2012, Beysehir ¢opgiibaligi (Sekil 5b)

Incelenen 6rnekler: IUSHM 2020-1420, 12, 38-65 mm TB; Tiirkiye; Antalya: Manavgat Irmag:
(Oymapimar Baraji ¢ikis1); M.Ozulug & Jorg Freyhof, 28 Ekim 2010. —FFR01534, 1, 47-56 mm TB;
Tiirkiye; Konya: Kugulu Deresi-Seydisehir, D.Turan & C.Kaya, 07 Haziran 2015.

Tanimi Beysehir Goli'nii besleyen Eflatun Pimnari’ndan (Erk’akan, 2012) yapilan tiir, Beysehir
Goli ve Manavgat Irmagi havzasindaki kiiglik akarsularda yayilis gosterir. Manavgat Irmagindan
kaydi Freyhof vd. (2018) tarafindan verilmistir. Daha 6nceki kayitlarda verilmeyen tiiriin Oymapinar
barajinin ¢ikigindaki s1g ve cakilli-tash alanlarda C. battalgilae popiilasyonu ile ayni habitatlari
paylastiklar1 belirlenmistir. Bu tiir i¢in Onerilen IUCN koruma o6lgiitii (NT, Tehlikeye Yakin)
uygundur.

Gambusia holbrooki Girard 1859, Sivrisinek balig1

Incelenen rnekler: Koleksiyon kaydi yapilmamustir.

Kuzey Amerika kokenli olan ve sitma hastaligi yayicisi sivrisinekler ile biyolojik miicadele
amaciyla diinya genelinde insan eliyle yayilan bu baliklarin taksonomilerinde uzun bir siire karmaga
yasanmugtir. Bu tiir Tiirkiye’de yapilan ¢alismalarin biiyiik ¢cogunlugunda, 2003 yilina kadar G. affinis
seklinde tammlanmis (Geldiay ve Balik, 2009; Kiiciik, 1997; Oztiirk ve Ikiz, 2003), daha sonraki
kayitlarda G. holbrooki olarak isimlendirilmistir (Kurtul ve Sari, 2019). S6z konusu taksonomik
karmasa bu iki tlirlin morfolojik ve anatomik agidan ¢ok benzer olmalarindan kaynaklanmigtir.
Calisgmamizda baraj golleri ve akarsuyun havzasindaki kiy1 kesimleri ile havzadaki toprak kanallarda
yaygin olarak bulundugu belirlenmistir. Manavgat Baraj Golii ve Ostarin bolgenin kiyisal alanlarinda
yogun popiilasyon olusturdugu bildirilen bu tiriin (Kigiik, 1997), giiniimiizdeki popiilasyon
yogunlugunun oldukga azaldigi, bu durumun gole giren diger istilaci ve yabaci tiirlerin, C. gibelio, P.
parva ve A. escherichii’nin etkili olabilecegi diistiniilmektedir. Yabanci tiir oldugu i¢in koruma olgiitii
Onerilmemistir.

Clarias gariepinus (Burchell 1822), Yayin, karabalik, Afrika yayini

Incelenen &rnekler: Ulualan Ovasi kurutma kanali 5 6rnek, koleksiyon kaydi yapilmamistir.

Afrika kokenli olan bu balik genellikle taban1 ¢camur-balgik olan, su bitkilerince zengin, yavas akan
akarsu, gol, golet veya bataklik gibi diigiik rakimli 1lik sulari tercih etmektedir. Manavgat Irmagi’nin
alt havzasinda yer alan Ulualan Ovasi’ndaki kurutma kanallarinda ¢ok yaygin olarak bulunduklar
belirlenmistir. Tir {lizerindeki en 6nemli tehdit evsel ve tarimsal kirlilik olarak goriilmektedir.
Ulkemizin Hatay, Adana ve Mersin yorelerinde eti sevilerek tiiketilmesine karsin, Antalya ¢evresinde
titketimi yok denecek kadar azdir. Yabanci tiir oldugu i¢in koruma 6lgiitii 6nerilmemistir.

Mugil cephalus L. 1758, Haskefal, mankafa

Incelenen &rnekler: IFC-ESUF 10-0003, 4, 177,56-281,00 TB; Tiirkiye; Antalya: Manavgat Irmagi;
F. Kiigiik, 1996. —IFC-ESUF 10-0003, 4, 264,94 mm TB; Tiirkiye; Antalya: Manavgat Irmagi; F.
Kigiik, 1996.

Kefal baliklar1 arasinda akarsulara giren birkag tiirden biridir. Ilkbahar sonu ila yaz baslarinda
beslenmek icin akarsulara giren bireyler, iremek amaciyla Temmuz-Eyliil aylarinda denize go¢ eder.
Eti ve havyar1 nedeniyle ticari degeri ¢ok yiiksek olan bir kefal tiiriidiir. Manavgat Irmagi’nda nehir
agzindan yaklasik 15 km i¢ kesimlere kadar girdigi tespit edilmistir. Bu tiir i¢in Onerilen [UCN
koruma 6lgiiti (LC, Disiik risk) uygundur.

Chelon ramada (Risso 1827), Kefal balig1, incedudakli kefal

Incelenen Ornekler: IFC-ESUF 10-0002, 4, 18,73-205,62 mm TB; Tiirkiye; Antalya: Manavgat
Irmags; F. Kiigiik, 1996.

Kefal baliklar1 arasinda M. cephalus ile birlikte akarsulara giren tiirlerden biridir. Manavgat
Irmagr’nin akarsu agzi ile Biiylik Selale bolgesi arasinda, ¢evredeki kurutma kanallart ve acisu
ozelligindeki bolgelerde yogun olarak bulunur. Su sicakliginin yiiksek oldugu Mayis-Kasim aylari
arasinda igsulardaki yogunluklari oldukga fazladir. Ekonomik degeri olan bir tiirdiir.
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Sekil 4. Manavgat Irmag: baliklari, a- Alburnus baliki, IFC-ESUF 03-0304, 49,86 b- Alburnus baliki, IFC-ESUF
03-0329, 83,62 mm TB c- Alburnus escherichii, IFC-ESUF 03-0379, 50,81 mm TB
d- Pseudophoxinus alii, IFC-ESUF 03-0954, 52,48 mm TB e- Pseudophoxinus battalgilae, IFC-ESUF 03-0961,
54,34 mm TB f- Squalius anatolicus, IFC-ESUF 03-0867, 103,87 mm TB
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Sekil 5. Manavgat Irmag1 baliklari, a- Cobitis battalgilae, IFC-ESUF uncat., 121 mm TB
b- Oxynoemacheilus atili, FFR01534, 55 mm TB

Chelon auratus (Risso 1810), Sarikulak, altinbas kefal

Incelenen Ornekler: Ornekler mrmagm &starin bolgesinden uzatma aglari ile yakalanmustir.
Koleksiyon kaydi verilmemistir.

Cok soguk sular diginda; tuzluluk, sicaklik vb. diger ortam kosullarina iyi uyum saglamis olsa da,
cogunlukla denizlerde yasayan ve igsulara girmeyen bir tiirdiir. Yaz aylarinda sahillere yaklasarak
1rmagin Ostarin golgesinde gézlemlenir. Denizlerde aveiligi yapilan, ekonomik degeri oldukga yiiksek
olan bir kefal tiirtidiir.

Chelon labrosus (Risso 1827), Kiispe, sivriburun, kalindudakli kefal

Incelenen &rnekler: Koleksiyon kayd: verilmemistir.

Genellikle denizlerin neritik bolgesindeki kiy1 alanlarinda yasayan bir tiirdiir. Siklikla lagiinlere,
Ostarin bolgeye ve akarsulara giren tiiriin yavrulari tathi sulara kolayca uyum saglar. Subat-Nisan
aylarinda denizin pelajik bolgesine biraktiklari yumurtalarindan ¢ikan yavrular Nisan-Haziran
aylarinda kiy1 gollerine ve haliglere girerek, yazin denize geri donerler. Cogunlukla denizlerde avcilig
yapilan, ekonomik degeri oldukga yiiksek olan bu kefal tiiriine Manavgat Irmagi’nin Ostarin
bolgesinde rastlanmigtir.

Dicentrarchus labrax (L. 1758), Levrek

Incelenen Ornekler: IFC-ESUF 11-0001, 2, 191,58-297,21 mm TB; Tiirkiye; Antalya: Manavgat
Irmagy; F. Kiigiik, Temmuz 1996.

Deniz kdkenli olan bu tiir, su sicakligimin yiikseldigi ilkbahar ve yaz baslangicinda, lagiinler ve
akarsulara beslenme gogli yapar. Manavgat Irmagi’nin yaklasik 15 km i¢ kesimlerine kadar girdigi
saptanmistir. Akarsu agizlari (Gstarin bolge) ve denizlerin kiyisal alanlarinda goriilen kirlilik, akarsu
yatagindaki fiziki-topografik bozulmalar ve su araglar1 trafiginin popiilasyonlar1 i¢in olumsuz sonuglar
dogurdugu izlenmektedir. Haziran ayinda Ostarin bolgede 18rip ag1 ile 4-5 cm yavrular tespit edilmis
ve irmaga geri birakilmistir.

SONUC

Yukarida verilen taksonlardan (bkz. Tablo 2) bazilar1 Kiigiik (1997), Bogutskaya vd. (2000), Kiiglik
ve Ikiz (2004)’in kayitlarinda yer almamis veya sonradan yapilan taksonomik revizyonlar nedeniyle
sistematik durumlar1 degigmistir. Manavgat Irmagi’ndan 2004’den sonra kaydi verilen tiirler; A.
escherichii, S. anatolicus, P. parva, C. battalgilae ve O. atili’dir (Geiger vd., 2014; innal, 2017;
Freyhof vd., 2019). Ayrica havzada yayilis gosteren tiirlerden S. cf. opimus, C. calestis ve G.
holbrooki’nin bilimsel isimleri degismis veya yeniden diizenlenmis, C. auratus’a ise bu ¢alismada
rastlanilmamuistir.

Calismamizda, 1995 yilindan giiniimiize kadar A. anguilla, S. cf. opimus ve C. caelestis tiirlerine ait
popiilasyonlarda biiyiik bir diisiis oldugu gézlemlenmistir.
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Irmaktan ilk Orneklemesi 1976 yilinda yapilan ve S. t. macrostigma olarak tanimlanan
kirmizibenekli alabaliklarin gilinlimiizde yalniz akarsuyun yukari havzasindaki 7-8 km’lik bir
kesiminde bulunmasi ve yogun avcilik baskisi tiiriin gelecegi ile ilgili endiseyi arttirmaktadir.

Diger taraftan “hizlisu cyprinidleri”’nden C. caelestis’in yogunlugunun azaldigi, sadece Oymapinar
Baraj Goli’niin daha {ist kisimlarinda nadir seviyede bulundugu belirlenmistir. Bu tiir lizerinde en
bliyiik baskiy1 olusturan etkenin, 1984 ve 1987 yillar1 arasinda kurulmus olan Oymapinar ve Manavgat
HES’lerinin akarsu sistemini durgun su sistemine doniistiirmesiyle birlikte go¢ yollarinin engellenerek
popiilasyon ve habitatlarin parcalanmasi ve kii¢iilmesi oldugu diisiiniilmektedir.

Manavgat Irmagi yilanbaliklar1 i¢in ¢ok uygun bir habitat olmasina karsin, irmak tizerinde balik
gecidi olmayan birden ¢ok HES, baraj ve regiilator bulunmasi, yilanbaligi stoklarindaki azalmaya ve
ekonomik kayiplara neden olmaktadir. Diger taraftan akarsuyun asagi havzalarindaki turizm
faaliyetleri ve c¢evre korumaci olmayan yapilasmanin popiilasyonunun azalmasini etkiledigi
diistiniilmektedir.

Beysehir Goli’nden karistigr diisiiniilen ve once Manavgat Irmagi havzasinda, sonra da komsu
akarsularda (Ilica ve Karpuz caylar1) gozlenen Sakarya Incibaligi (A. escherichii)’nin endemik tiirler
iizerine baskin oldugu goriilmiistiir. Ilica ve Karpuz c¢aylarinda 2018 yilinin mayis ayinda yapilan
orneklemde A. baliki yogunlugunun goéreceli olarak son derece azaldigi, buna karsilik A.
escherichii’nin ¢ok baskin oldugu gézlemlenmistir.

Jeolojik calismalarda Manavgat Irmagi’nin Beysehir Golii’nilin gilineyindeki karstik diidenlerden
kagan yeralt1 sular ile beslendigi ileri siiriilmiistiir (Anonim, 1968; Aygen, 1967). Bu suyolu ayni
zamanda farkli havzalarin balik faunasi arasindaki ortak tiirler ile de kurulabilmektedir. Bunlar; A.
escherichii, S. anatolicus, P. battalgilae, C. battalgilae ve O. atili’dir (Kiigiik vd., 2016; Freyhof vd.,
2018). Ancak bu tiirlerin 2004’den once yapilan faunistik ¢aligmalarda bulunmayisi, insan eliyle de
taginmig olabilecegini diigiindiirmektedir.

Yaklasik 93 km uzunlugunda ve iizerinde toplam 16,5 km? yiizey alanina sahip 3 baraj golii
bulunan Manavgat Irmagi havzasinin tamaminda sportif olta balik¢ili§i yapilmaktadir. Irmakta
cogunlukla Yilanbalig1 (A. anguilla), Gokkusagi alabaligi (O. mykiss), Sazan (C. carpio), Siraz (C.
caelestis), Gluimiisi havuzbaligi (C. gibelio), Akbalik (S. anatolicus), Levrek (D. labrax) ve Kefal
tirleri (M. cephalus, C. auratus, C. ramada, C. labrosus) avlanmaktadir. Diger taraftan irmagin orta
ve alt havzalarinda yilda yaklagik 126 ton {iiretim kapasitesine sahip 7 adet gokkusagi alabaligi
isletmesi bulunur.

Jeomorfolojik ve topografik ozellikleri, akis rejimi ve su kalitesiyle baliklar i¢in son derece
elverisli bir ekosistem olan Manavgat Irmagi’nin balik faunasi ¢esitliligi oldukca yliksek olmakla
birlikte; havzadaki su yapilarinin ihtiyofauna ve diger biyota Ogelerinin yasam dongiileri {izerine
etkileri, hassas tiirlerde popiilasyon kaybina neden olmaktadir. Ozellikle Manavgat Baraj Gélii’nde su
seviyesinin siklikla degismesi, baliklarin yumurtlama ve beslenme alanlarinin zarar gormesi ile
sonuglanmaktadir. Ayrica, nehir agzin1 da icgine alacak sekilde, akarsuyun asagi kesiminde yapilan
yogun bot turizmi, akarsu yataginda yapilan uygunsuz degisiklikler, akarsuyun yan kollar1 ve delta
bolgesinde yer alan drenaj kanallarindan karisan kirlilik etkenleri balik faunasini etkileyen ve
gelecegini tehdit eden giincel sorunlar olarak karsimiza ¢ikmaktadir.

Tesekkiir: Istanbul Universitesi Fen Fakiiltesi Hidrobiyoloji Mizesi (IUSHM) o6rneklerinin
incelenmesini saglayarak katki yapan, Miifit Ozulug (Istanbul)’a tesekkiir ederiz.
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Abstract

The growth parameters of gilthead seabream (Sparus aurata) fry supplied from three different hatcheries stocked in nine
HDPE offshore cages (30 m diameter and 22 m depth) were investigated for 450 days. It was determined that the fish
obtained from Firm A on the 450th day gained more weight by consuming less feed. Fishes belonging to Firm A consumed
an average of 1.8 kg of feed for one kg body weight gain, while fishes belonging to Firm B consumed an average of 2.29 kg
and fishes of Firm C consumed an average of 2.18 kg. However, feed conversion rates were not significant between firms.
Also, the highest survival rate was determined in fish from Firm B with 96.11%. As a result, the success of fish culture
should be guaranteed by the supply of high standard juvenile fish. Otherwise, production costs and fish quality will be
adversely affected.

Key words: SGR, FCR, hatchery, deformation, offshore cage raising
Acik Deniz Kafes Kiiltiiriinde Cipura (Sparus aurata) Yavrularimin Performansinin Arttirilmasi
Ozet

Dokuz HDPE agik deniz kafesinde (30 m ¢apinda ve 22 m derinliginde) stoklanan ii¢ farkli kulugkahaneden temin edilen
¢ipura (Sparus aurata) yavrularinin bilylime parametreleri 450 giin boyunca incelenmistir. Firma A'dan elde edilen baligin
450. giinde daha az yem tiikketerek daha fazla kilo aldigi belirlenmistir. Firma A'ya ait baliklar bir kg viicut agirlig1 artisi igin
ortalama 1.8 kg yem tiiketirken, Firma B'ye ait baliklar ortalama 2.29 kg ve Firma C'ye ait baliklar ortalama 2.18 kg
tilketmistir. Ancak, yemden yararlanma oranlar1 arasinda 6nemli bir fark tespit edilmemistir. Ayrica, en yiiksek hayatta kalma
orant % 96.11 ile Firma B'den elde edilen baliklarda tespit edilmistir. Sonug olarak, balik kiiltiiriiniin basarisi, yiiksek
standartta yavru baliklarin saglanmasiyla garanti altina alinmalidir. Aksi takdirde iiretim maliyetleri ve balik kalitesinin
olumsuz etkilenmesi kaginilmazdir.

Anahtar kelimeler: SGR, FCR, kuluckahane, deformasyon, agik deniz kafes yetistiriciligi performans arttirma

INTRODUCTION

Aguaculture was shown by FAO as the fastest-growing food production sector in the last 10 years
(FAO, 2018). In parallel with this, the aquaculture sector has made great development in the last 30
years in Europe, especially in countries with a coast to the Mediterranean. In marine fish culture, many
basic problems encountered in seabream culture, which is one of the two most-produced species in
Europe, have been resolved over the years. In marine fish farming, many main problems encountered
in seabream, one of the two most-produced species in Europe, have been resolved over the years. A
detailed description of the biology of the species, biotechnological approaches, and advances in
aquaculture engineering have been the basis for this development. Especially, broodstock
management, fry production, and different breeding techniques were effective in this success (Calderer
and Cardona 1993; Divanach et al., 1996; lzquierdo et al., 2001; Mylonas et al., 2009; Boglione et al.,
2013a, b; FAO, 2019). Besides, improvements in cage culture systems and feed technology future an
important role in increasing production quantity and quality (Merinero et al., 2005; Garcia Garcia et
al., 2016).

In particular, Turkey has an important position in terms of marine fish farming in the
Mediterranean basin and produced a total of 205 thousand tons of marine fish production in 2018.
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116.915 tons of this amount consists of European seabass (Dicentrarchus labrax), 76.680 thousand
tons of gilthead seabream and the remaining amount is the production of other marine fish species. In
this context, Turkey meets about 40% of the total marine fish production in Europe. However, when
considering the sector in detail, there are inevitably some serious and/or unsolved problems currently
goes on. Additionally, the most important and current problems in the sector are clearly emphasized as
use of water area, transfer of license for production, insurance, mortgage (pledge of license), pledge of
livestock, obtaining a loan, marketing sector, increasing input costs that depend on imported raw
materials and fluctuations of the exchange rate.

Different studies have been carried out in our country within the scope of culture of gilthead
seabream fish in cages (Korkut et al., 2006; Yilmaz, 2007; Sert, 2008; Ozturk, 2017). However, in this
study, for the first time, some growth parameters (length-weight relationship, specific growth rate,
condition factor, feed conversion rate, deformation rate, and survival rate) were determined in the
offshore cage environment of gilthead seabream juveniles obtained from different hatcheries at the
same age and date. The purpose of this study is to reveal the factors that affect the quality of
production to guide those who will be engaged in offshore cage systems in aquaculture.

MATERIALS and METHODS
Cage Systems

The study was carried out by monitoring and evaluating the development data of fish produced in
offshore cages of a private marine fish farm in the Mugla region. Three different hatcheries, stocked in
nine HDPE cages (30 m diameter and 22 m depth, the experimental period is 450 days). Cages are
positioned in accordance with the communiqué No. 26413 dated January 24, 2007, issued by the
Ministry of Environment and Forestry, on the determination of closed bay and gulf areas, which are
sensitive areas where fish farms cannot be established, and the company has legal production
permission. Cage systems are fixed at a depth of 53 m. The cages are 30 m in diameter and are made
of HDPE (High-Density Polyethylene) material. The juveniles from 3 different hatcheries were placed
in a total of 9 cages. Knotless nets in PE (Polyethylene) structure are used in cages. The nets used have
7-10 mm eye-opening, 30 m in diameter, and 22 meters in depth. Nets were treated against fouling
organisms.
Juvenile Fish Supply and Monitoring

The fish were supplied from 3 different marine fish hatcheries and titled these hatcheries as Firm
A, Firm B, and Firm C. The fish were stocked with an average of 300 thousand juvenile per cage. The
average weight of the fish was 3.83+0.16 g total length 7.93+0.07 cm for Firm A, the average weight
for Firm B was 3.93+0.29 g total length 7+0.58 cm, and 3.66+0.27 g total length of Firm C was
7.33+0.88 cm. After the fish were placed in the cage in March 2018, their development was followed
for each month until the harvest period (June 2019).
Feed Features and Feeding

During the production, the fish were fed with commercial seabream extruder feed (1-3 mm). The
feeds used in feeding during the production are given in Table 1 and the feeding was made with an
automatic feeding system integrated on the barge system. It was applied once a day in summer and
winter based on the feed water temperature and fish weight. Besides, dissolved oxygen (HI 9142
oxygen meter) and water temperature measurements (thermometer) were made daily to support the
feeding regime. Also, the cages were observed with an underwater camera system. The dead fish were
removed from the cages by the divers daily.

Table 1. Nutrient content of sea bream feeds used
Nutrient Content / Unit Quantity
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Raw Protein (%) 53
Raw oil (%) 16
Ash (%) 8.5
Crude Cellulose 25
Total phosphorus (%) 1.4
Calcium (%) 2.1
Sodium 0.25
Vitamin A (1U/kg) 13200
Vitamin D3 (1U/kg) 2400
Vitamin E (1U/kg) 300
Iron (mg) 15
lodine (mg) 15
Cobalt (mg) 0.5
Copper (mg) 25
Magnesium (mg) 15
Zinc (mg) 50
Selenium (mg) 0.2

Estimation of Growth Parameters

Length-Weight Relationship

Length-Weight Relationship was calculated according to the following equation,

W=aTL" (Gould, 1966)

Specific Growth Rate (SGR)

Specific growth rate SGR was calculated according to the following equation (De Silva and
Anderson, 1995):

SGR (% body wt.gain/day) = [Logn Final fish wt.— Logn initial fish wt.)] / Time interval x 100

Condition Factor (K)

The weight-length relation of Fulton, which was used to determine

the health of fish was calculated using the following formula

(Ricker, 1975). K = W x 100/L®

Feed conversion rate

FCR = Amount of feed consumed (g) / Live weight gain (g) (Santinha et al., 1999).

Survival Rate (SR)

The survival rate of fish is calculated by the formula reported by Pechsiri and Yakupitiyage (2005).

SR % = (Ns/ Ni) x 100.

(Ns: Number of fish at the end of the trial; Ni: Number of fish at the beginning of the trial)
Deformation Rate (DR)

The deformation rate of fish is calculated by the formula;

DR % = (Ne / Nb) x 100.

(Ns: Number of fish at the end of the trial; Ni: Number of fish at the beginning of the trial).
Statistical Analysis

The results obtained are defined as Mean+Standard Error (X + sz). The length-weight relationship
was tested by regression analysis. In the evaluation of the data obtained, Levene Test was applied to
determine the homogeneity of the variances. Then, it was seen that the data had nonparametric test
assumptions and Kruskal Wallis Variance Analysis was used in this context. After analysis of
variance, the Mann-Whitney-U test was used to reveal which companies are different and the
differences are tested at a 95% significance level. The difference between the survival rates of the
fishes of the firms was determined with the Chi-Square Test. SPSS 15.0 (SPSS, Chicago, IL) statistics
program was used to evaluate the data.
Findings

The mean of water temperature and oxygen values monitored in the cage environment during the
production made between March 2018 and June 2019 are shown in Figure 1. The highest mean
seawater temperature was determined during August 2018 (26.8+£0.22 °C) and the lowest seawater
temperature mean was determined in February 2019 (14.6+£0.34 °C) in the cage systems. Also, the
lowest oxygen value average in the cage systems was determined in August 2018 (6.3+0.12 mg/1) and
the highest oxygen value mean was obtained between February and March 2019 (7.14+0.18 mg/1).
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Figure 1. Water temperature and oxygen mean values between

March 2018 and June 2019 (X + sy).

Regression analysis of fish was determined for Firm A y= 250.4In(x)-560 (R?>= 0.8622), Firm B y=
279.23In(x)-660 (R? = 0.9092) and Firm C y= 279.23In(x)-660 (R>= 0.9092). There was no
significant difference between regression analysis of fish (p>0.05).

When the specific growth rates of the fish during the production are analyzed, it was seen that after
the fish were put in the cage, this value increased to a high level in May 2018, and then it tended to
decrease depending on the fish size. The specific growth rate of the whole process was determined as
1%/day in June 2019, when the fish were harvested. The data obtained during the production period
are shown in Figure 2 on a monthly. In terms of specific growth rate, there was no difference in fish
obtained from companies at monthly periods and at the end of production (p>0.05).
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Figure 2. The specific growth rate for Firm A, Firm B, and Firm C (%/day) (X + sg)

Besides, in the examination of fish in terms of condition factor, it was determined that this factor
varies between 1-1.19 in fish belonging to companies. In this context, this value was determined as
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1.19 for Firm A, 1.05 for Firm B, and 1.12 for Firm C. There was no significant difference between
firms in terms of condition factor (p> 0.05).

At the mean biomass of cages, the highest biomass was found in cages where juveniles from Firm
A was placed. Although the difference between cages was not significant (p> 0.05), fish belonging to
Firm A showed an average of 1650 kg more weight than fish from Firm B and an average of 2700 kg
more than fish from Firm C (three cages mean values) (Figure 3).
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Figure 3. Total biomass value of fish of Firm A, Firm B, and Firm C (X + s;)

In the evaluation of the feed conversion rate of fish, based on the 450th day, it was determined that
the fish supplied from Firm A gained more live weight by consuming less feed. Fishes belonging to
Firm A consumed an average of 1.8 kg of feed for one kg of live weight gain, while fishes belonging
to Firm B consumed an average of 2.29 kg and fishes of Firm C consumed an average of 2.18 kg
(Figure 4). However, feed conversion rates were not significant between firms (p> 0.05).
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Figure 4. Feed conversation rate of fish of Firm A, Firm B, and Firm C (X + sz)
In March 2018, when the fish came to the cages, the deformation rates were determined as 4.33%,
7.33%, and 9.33%, respectively. In the evaluation made at this stage, deformation rates were found to
be significant between the fishes coming from Firm A and Firm C, Firm A and Firm B, and Firm B
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and Firm C (p<0.05). However, in the evaluation made at the end of production (450th day),
deformation rates were determined as 1.5%, 3.33%, and 2.67%, respectively. In this context, only the
deformation ratio between Firm A and Firm B was found significant (p<0.05). The deformation rates
of the fish coming from the facilities at the beginning and end of production are shown in Figure 4.
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Figure 5. Deformation rate of fish at the beginning and end of production (%) (X + sz)

Besides, in the evaluation, the living rates at the end of production were also examined, and the
highest survival rate was determined in fish from Firm B with 96.11%. The survival rate of fish
belonging to Firm A and Firm C was 95%. There was no difference in the survival rates of fish by
firms (p>0.05).

DISCUSSION and RESULTS

The facility where the breeding is done and the fish produced to comply with the legal legislation.
The fish produced in this context were grown by animal welfare and health regulations and the
breeding conditions were in line with the industrial production in the Mediterranean basin (Mayer et
al., 2008; Garcia et al., 2016).

Water temperature has a key effect on physiological processes in the development of fish (Brett
and Groves, 1979). Maximum growth can be achieved at optimum temperature values between these
temperature tolerance values. The temperature rise to some extent maximizes food consumption by
fish. With the passing of the upper-temperature limit, a decrease in food consumption begins (Jobling,
1997). In this context, the temperature affects the vital activities of all organisms as well as the fish.
Many important processes and parameters are under the direct effect of the water temperature, from
the maturation of the ovaries to the embryonic development of the eggs, from the immune system to
the live weight gain. For gilthead seabream, the limits of survival and growth depending on the water
temperature vary between 5-32 °C. It is minimized in activity and growth below 15 °C. At 12 °C, the
fish stop receiving food (EFSA, 2009). In seabream cultivation in the Black Sea region, it was
reported that the growth stopped almost immediately with the water temperature falling below 16 °C
after November and that the fish lost weight in the period between January and April (Sahin et al.,
1999). The compatibility of the water temperature of the Mugla region with the species did not harm
the survival and development of the species.

Dissolved oxygen value in water, another important parameter in terms of aquaculture, has an
important effect on development. As the temperature and salinity of the water increases, the solubility
and the amount of oxygen decreases in the water. Oxygen consumption decreases proportionally as the
temperature increases and ends at a lethal (lethal) temperature value. Bream fish need 140-300 mg/kg
of oxygen per hour under routine conditions at temperatures between 13-29 °C. Oxygen value
reaching 3-4.5 mg/l causes hypoxia, which causes disruption in cortisol, glucose hematocrit values.
For seabream, 7.4 mg/l oxygen value determines normoxic life. Oxygen fluctuations are limited in the
seas, especially in the open region. In the mesh cage environment, suitable stock density, mesh
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opening, and flow rates allow continuous water conditions to be constantly found in the cage
environment in terms of oxygen values. Within the scope of these evaluations, while the oxygen
values were determined as the lowest water temperature during the production in August 2018, this
value remained within the normal limits for the fish.

The length-weight relationship is very important in terms of fish biology. This relationship allows
the fish to be estimated from height to weight, to define the condition index, to the morphology of
populations in different environments, and to evaluate the life processes of living things (Petrakis and
Stergiou, 1995). In the data obtained in the study, it is seen that the length-weight relationship is quite
strong for each group. The specific growth rate ranged from 1.01-1.05% on day 450. These specific
growth rates are higher than the Western Mediterranean data (Petridis and Rogdakis, 1996), but are
lower than commercial growth values (Kaushik, 1998) in the Aegean Sea. This situation may be
influenced by parameters such as the genetic structure, feeding regimes, feed quality, and stock density
of the fish, as well as the most important effect on these values is the water temperature (Sola et al.,
2007). The data obtained in general is to take place in a laboratory environment. In this context,
commercially obtained data are meaningful. However, growth data differ depending on the periodic
changes in water temperature during the long rearing period.

Condition factor is one of the nutrition and development criteria in fish and it is one of the
parameters in which the morphological structure is evaluated. Although the condition factor differs for
fish species, it differs according to the age, gender, breeding season, ripening period, the fullness of
the intestines, the content of the food consumed, the amount of lubrication, and the development in the
muscle structure (Garcia Garcia et al., 2016). When the condition factors of the fishes of the firms are
analyzed, the values obtained between 1-1.20 can be accepted as the main indicator of good growth,
which was defined as 1.25-1.75 by Barnham and Boxter (1998). In this context, the effect of the feed
content and amount used in the feeding of the fish on the development is very valuable in terms of the
meaning of the feeding application.

When the total biomass in the cages is examined, it is seen that approximately 100 tons of fish are
obtained for each cage on average. Although there is no statistical difference between the cages in
terms of total biomass, the development of the fish of Firm A is greater than that of Firm B and Firm C
(1600-2700 kg). This situation is very thought-provoking for the cage companies producing at high
capacity.

Another important issue when analyzing the data obtained is the feed conversion rate.
Approximately 70% of fish costs in aquaculture are feed outgoings. The feed should be evaluated in
the best way by the fish and the maximum growth should be gained with minimum feed. Also, 85-
90% of feed production is provided from imported raw materials. This situation causes the feed prices
to be negatively affected by exchange rate movements. The rate of feed conversion in the
Mediterranean basin for gilthead seabream has been expressed as an average of 2 (Garcia, 2016). In
the evaluation, it was determined that the fish produced from the offspring of Firm A provided al kg
body weight gain with 1.8 kg feed. For other companies, these values were 2.29 (Firm B) and 2.18
(Firm C). This situation is very thought-provoking. In this case, approximately 0.45 kg more feed
consumption occurs for one kg of fish in production. Considering the average of the cage, it is seen
that 45 tons more feed is consumed for one cage. These consumption amounts increase exponentially
at high production capacities. Considering that feed prices are based on 1.5 Euros in today's
conditions, the resulting cost figures reach high budgets.

Especially in the Mediterranean basin, the high increase in seabream and seabass production led to
an increase in the number of skeletal deformations. The deformation forms encountered in aquaculture
conditions are among the problems that have a high impact on the growth, survival, and economic
values of living things. In the production studies carried out in today's conditions, there is a
deformation rate between 15% and 50% depending on the production protocol in seabream fish, and
this rate can reach 45-100% on a tank basis in some cases (Boglione et al., 1993; Andrades et al.,
1996; Koumoundouros et al., 1997; Georgakopoulou et al., 2010). These results are defined not only
for gilthead seabream but also with similar comments in species such as European seabass (D. labrax;
Chatain, 1994), red seabream (Pagrus major; Hattori et al., 2003), and common dentex (Dentex
dentex; Coban, 2005). The poor development and high mortality observed in deformed fish cause high
economic losses with the emergence of various diseases (Divanach et al., 1996; Loy et al., 1996).
Permanent shape differences (deformations) that can be easily distinguished by consumers generally

453



AKPINAR et al. 2020 ActAquaTr 16(4), 447-456

occur in the embryological and postlarval stages of production (Daulas et al., 1991). The
developmental disorder theoretically causes the phenotype differences of individuals who show
genetically the same characteristics in the same environmental conditions. Increasing phenotype
changes cause a lot of stress because it negatively affects many activities of fish (Scheiner, 1993). It is
not yet understood whether individuals with deformation exhibit the same feature during their life in
embryonic and postembryonic periods. One of the causes of spinal disorders seen in juvenile and adult
seabream fish are deformations in the notochord that occur in the larval period.

In aquaculture, skeletal abnormalities point to a serious economic problem, which reduces fish
survival rates and fish prices (consumers prefer not to buy deformed fish). Deformed fish also brings
ethical issues and concerns. Swimming performance and feeding of deformed fish can cause improper
health conditions, resulting in high stress and pathogen sensitivity, low nutritional rates, and low
growth rates. In this context, when the deformation rate of the fish coming from the firms is analyzed,
it is seen that this value is above the acceptable limits for Firms B and C. Considering these rates at the
end of production, it is seen that deformed individuals die in the process as expected. This negative
effect on total biomass, feed consumption, and survival. In this context, questioning the production
techniques of hatcheries and separating deformed individuals better without going to the cage is quite
meaningful in terms of the success of net cage farming, which takes about 15-17 months. In addition
to this, living rates were determined to be quite high as a result of production. This success can be
accepted as an indicator of production. However, it should not be forgotten that the high rate of living
does not mean that an efficient culture application is made.

As a result, it was determined clearly how important fry quality in terms of development and feed
conversion in the cage culture of bream. It is seen that production costs and fish quality will be
adversely affected if long-term cage farming is not guaranteed by the supply of high standard juvenile
fish. In this context, inevitably, marine fish hatcheries should constantly review their production
techniques, establish a good rootstock management strategy, and give importance to genetic studies.
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Ozet

Su iriinleri sektorii yarattigi yiiksek katma degeri ile {ilke ekonomisine Onemli katkilar saglamaktadir. Sektor
kapsaminda, agirlikli olarak avlanma yasagi doneminde uluslararasi sularda yapilan derin deniz balik¢iligi faaliyetleri
ekonomiye art1 bir deger kazandirmaktadir. Ancak, aveiligin derin sularda yapilmasi, yatirim ve isletme masraflarindaki artis
da beraberinde getirmektedir. Bu ¢alismada derin deniz balik¢ilig1 yapan bir igletmenin teknik ve ekonomik performansinin
cesitli gostergelerle ortaya konulmasi amaglanmistir. Bu ¢alisma, 2014 Mayis ve Haziran, 2015 Haziran ve 2019 Temmuz
aylarinda, Kuzeydogu Akdeniz’in (Mersin Korfezi) uluslararasi sularinda 200-630 m derinlikler arasinda gergeklestirilmistir.
Toplam 132 saat 50 dakika siire ile aktif trol ¢cekimi yapilmistir. Her bir ¢ekim sonucunda elde edilen av miktarlar tiirlerine
gore ayr1 ayri belirlenmistir. Analiz ve degerlendirmeler i¢in oranlar ve yiizde hesaplari kullanilmigtir. Elde edilen veriler
degerlendirilerek derin deniz balik¢ilig1 yapan bir igletmenin teknik ve ekonomik performansinin gesitli gostergelerle ortaya
koyulmasi amaglanmistir. Analiz sonuglarina gore; isletmenin toplam 40.549 TL balikeilik geliri igerisinde en ¢ok getirinin
sirast ile Aristaeomorpha foliacea-Aristeus antennatus (%36,11), Merluccius merluccius (%17,60) ve Parapenaeus
longirostris (% 11,97) tiirlerinden elde edildigi belirlenmistir. incelenen balikeilik isletmesinin toplam maliyetleri icerisinde
yakit maliyetleri ilk sirada yer almus, yakit maliyetlerini iscilik maliyetleri izlemistir. Isletmenin briit geliri negatif olarak
belirlenmistir. Isletme, kir marji bakimmndan alternatif yatirim araclarindan daha diisiik getiri saglamistir. Bu sonuglara gore
isletmenin negatif ekonomik performans sergiledigi belirlenmistir. Ancak, briit faydanin (GEP) negatif olmasina karsin, net
fayda (NEP) ve briit katma degerin (GAV) pozitif olmasi, s6z konusu balik¢iligin ulusal ve bolgesel ekonomiler tizerinde
olumlu bir ekonomik etki yarattigi sonucunu ortaya koymaktadir.

Anahtar kelimeler: Derin deniz balik¢ilig, Kuzeydogu Akdeniz, karlilik analizi, ekonomik performans
Profitability Analysis of Investment in Deep Sea Fisheries: The Northeast Mediterranean Case
Abstract

The fisheries sector provides significant contributions to the country's economy with its high added value. Within the
scope of the sector, deep-sea fishing activities carried out in international waters during the fishing ban period add an added
value to the economy. However, fisheries in deep waters bring an increase in investment and operating costs. This study aims
to reveal the technical and economic performance of a deep-sea fishing enterprise with various indicators. This study was
carried out between the depths of 200-630 m in the international waters of the Northeast Mediterranean (Mersin bay) in May
and June 2014; June 2015 and July 2019. Active trawling was performed for a total of 132 hours and 50 minutes. The amount
of fish obtained as a result of each hauling drawing has been determined according to species. Ratios and percentage
calculations were used for analysis and evaluations. By evaluating the obtained data, it is aimed to reveal the technical and
economic performance of a deep-sea fishing enterprise with various indicators. According to the analysis results, it has been
determined that Aristacomorpha foliacea-Aristeus antennatus (36,11%), Merluccius merluccius (17,60%) and Parapenaeus
longirostris (11,97%) were the highest yields respectively in the fishing income of the company with 40.549 TL in total.
Among the total costs of the fisheries surveyed, fuel costs took the first place and fuel costs were followed by labor costs.
The gross income of the entity was determined as negative. The entity provided lower returns than alternative investment
instruments in terms of profit margins. According to these results, it is determined that the company exhibits negative
economic performance. However, although Gross Estimated Profit (GEP) is negative, Net Estimated Profit (NEP) and Gross
Added Value (GAV) are positive, which results in a positive economic impact on the national and regional economies.

Keywords: Deep-sea fisheries, Northeastern Mediterranean, profit analysis, economic performance
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GIRIS

Su trlinleri sektdrii, toplumun su iirtinleri ihtiyacini karsilamasi, isttihdama katki saglamasi ve
yarattigl yiiksek katma deger ile Tiirkiye’de Onemli sektorler arasinda bulunmaktadir. Sektdrde
faaliyette bulunan isletmeler bu siiregte faaliyetlerini siirdiiriirtken tretim  faktorlerini
kullanmaktadirlar. Bu kaynaklarin etkin ve verimli kullanilmasi hem isletmeler i¢in hem de iilke
ekonomisi igin biiylik Onem tagimaktadir. Dolayisiyla isletmelerin ortaya koyacagi ekonomik
performans mikro diizeyde yatirim kararlarinda da ¢ok 6nemli bir rol oynamaktadir.

Akdeniz’de bulunan sucul canlilar igerisinde demersal tiirlerin biiyiikk boliimii dip trol aglar ile
avlanmakta ve avcilik agirlikli olarak kita sahanligi yamacina kadar siirdiiriilmektedir. Diinya
denizlerinde oldugu gibi Akdeniz’de de kita sahanliginda bulunan sucul canlilarin asir1 avlanmalari,
balik¢ilart daha derin sularda ve farkli bolgelerde yasayan kaynaklara yoneltmistir. Ancak, derin
sularda yapilan avciligin giic, zahmetli ve masrafli olusunun yaninda, bu avcilikta kullanilacak
teknelerin boy, motor giicii ve kullanilacak avlanma ekipmanlarinin daha biiyiik kapasitede olma
zorunlulugu, derin deniz avciligina yonelen tekne sayisimi kisitlayan en onemli faktorlerden biri
olmustur (Bayhan vd., 2018). Kuzeydogu Akdeniz’de derin deniz balik¢iliginin baslamasi 20-25 yil
oncesine dayanmaktadir. Tiirkiye karasularinda geleneksel olarak dip trolii ile yapilan su {iriinleri
avciligina Gida Tarim ve Hayvancilik Bakanlig: tarafindan ¢ikarilan Tebligler ile her yil 15 Nisan- 15
Eyliil tarihleri arasindaki donemde avlanma yasagi getirilmektedir. Uluslararasi sularda derin deniz
alan1 (batial zon)’nda ise dip trolleri ile avcilik kis ortasindan itibaren baslamakla birlikte, avlanma
yasaginin bagladigi 15 Nisan’dan sonra yogunluk kazanmakta ve 15 Temmuz’a kadar
stirdiiriilebilmektedir. Anonim (2017)’ye gore; Akdeniz’de avcilik faaliyetinde bulunan tekne sayisi
1201 adet olup, bunlar igerisinde 12 m ve iizerindeki boylara sahip trol ve girgir avciligi yapan tekne
sayist 218 adettir. Bu tekneler icerisinde ise Uluslararasi sulara gegis izni alan tekne sayisi 2012
yilinda 147 adet iken, bu rakam 2016 yilinda 63’e diigmiistiir. Yine bu tekneler icerisinde 2012-2016
yillar1 arasinda derin deniz alaninda faaliyet gosteren tekne sayisi 15 ile 30 adet arasinda degisim
gostermistir (Bayhan, 2018). Bu bilgiler, uluslararasi sulara ve derin deniz balik¢iligina olan talebin
giderek azalma egiliminde oldugunu gostermektedir.

Diinyada ve 6zellikle iilkemizde derin deniz balik¢iliginin yapisini belirlemeye yonelik ¢alismalar;
uygulamada yasanan zorluklar ve maliyetlerinin yiiksek olmasi nedeniyle her zaman
gergeklestirilemeyen c¢aligsmalardir. Dolayisiyla Tirkiye’nin derin sularinda konu ile ilgili olarak
yapilan ¢aligmalar olduk¢a sinirli sayidadir. Bu ¢aligmalar igerisinde, Kuzeydogu Akdeniz’de derin
deniz balik¢iligi ile ilgili ¢alismalar genellikle bio-ekolojik agirlikli galigmalardir (Anonim, 1993;
Kaya, 1993; Basusta, 1997; Benli vd., 1999; Can ve Aktas, 2005; Can vd., 2006; Demirci, 2007;
Ozcan ve Katagan, 2009; Goniilal vd., 2010; Yesilgimen ve Kusat, 2011; Dalyan, 2012; Yemisken vd.,
2014; Deval ve Froglia, 2016; Géniilal, O, 2017. Deniz balik¢iliginda son yillarda avlanan su triinleri
miktarlarinda azalmaya dogru bir egilimin olusu, bu sektoriin hem ekonomik hem de ekolojik olarak
stirdiiriilebilir olmas1 agisindan bazi 6nlemlerin alinmasi ihtiyacini 6n plana ¢ikarmaktadir.

Tiirkiye denizlerinde, derin deniz balik¢iligr ile ilgili olarak gerek maliyet, gerekse uygulama
zorluklar1 nedeniyle giiniimiizde bile hi¢ arastirilmamis bolgeler bulunmaktadir. Kuzeydogu Akdeniz
bunlardan birisidir. Arastirma bolgesinde derin deniz balik¢iligi faaliyetinde bulunan baliket
teknelerinin ekonomik gostergelerini ortaya koyan bir arastirmaya da rastlanilamamistir. Bolgede
yapilan aragtirmalar genel olarak faunanin belirlenmesine yonelik arastirmalar olup, Tiirkiye
denizlerinde konu ile ilgili yapilan ¢alismalar agirlikli olarak balik¢iligin sosyo-ekonomik yoni ile
ilgilidir. Bu c¢alismalar igerisinde; Foga (Ege denizi)’daki trol balikg¢iliginin karliligini ortaya koyan
caligmada, statik ve dinamik yontemler kullanilmis, trol teknelerinin 6nemli bir oraninin (%70)
ekonomik olarak siirdiiriilebilir olmadig1 belirlenmistir (Unal, 2002). Unal (2003), ayn1 bélgede
yaptigi diger bir ¢alismasinda her bir balik¢iy1 ve teknesini ayri bir igletme olarak kabul etmis ve
klasik isletme analizi kapsaminda sosyo-ekonomik analizler yapmistir. Calisma sonucunda, yari-
zamanli kiiglik 6lgekli balik¢iligin karli olmadigini ortaya koymustur. Celiker vd. (2006), Karadeniz
Bolgesi’nde su tirtinleri aveiligi yapan isletmelerin sosyo-ekonomik yapisinin analizi yoniinde yapmis
olduklart ¢aligmalarinda, maliyetler igerisinde en biiylik payin tayfa payr oldugunu belirlemislerdir.
Mersin ili, Tasucu limanina kayith trol teknelerinin fiziksel ve teknik &zellikleri ile tekne sahibi
balik¢ilarin - sosyo-demografik ve sosyo-ekonomik &zelliklerinin belirlendigi ¢aligmada yakit
masrafinin en énemli gider unsuru oldugu ortaya konulmustur (Rad ve Delioglan, 2006). Korkmaz ve
Coskun (2016), Sinop ilinde balik¢1 teknelerinin balik¢ilik faaliyetlerine dayali olarak sosyo-ekonomik
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gostergelerini saptamus, balik¢i teknelerinin %29,55’nin negatif ekonomik performans gosterdigi,
girgir ve trol teknelerinin kar marj1 bakimindan diisiik getiri sagladiklar1 belirlemislerdir.

Derin deniz balik¢ilig1 konusunda yapilan ¢aligmalar gii¢, zahmetli ve masrafli ¢aligmalardir. Bu
zorluklar, derin deniz balik¢iligr ile ilgili ¢alisma sayilarimi sinirlayan en 6nemli faktorlerin basinda
gelmektedir. Bu ve benzer calismalarin farkli yillarda farkli tekneler ile yapilmasinin uzun zaman
alacagi, personel, teknik imkanlar, hava ve calisma kosullarinin zahmetli ve 6denek ayrilmasi
acisindan zor oldugu bilinmektedir. Bu c¢alismada, derin deniz balikgilig1 faaliyetinde bulunan bir
balike1 teknesinin mevcut teknik ve ekonomik yapisini kullanarak ne diizeyde ekonomik olarak etkin
ve verimli ¢alistiginin ortaya konulmasi amaglanmis, farkli yillara, mevsimlere ve derinliklere gore av
verimlilikleri degerlendirilmistir. Yapilan bu ¢alismanin bundan sonraki benzer ¢alismalara kaynaklik
edecegi diigiiniilmektedir.

MATERYAL ve YONTEM

Deniz ¢alismalari 2014 Mayis ve Haziran, 2015 Haziran ve 2019 Temmuz aylarinda, Kuzeydogu
Akdeniz’in (Mersin Korfezi) uluslararasi sularinda 200-630 m derinlikler arasinda Cinar Bey (boy:
26,15 m, motor giicii: 480 hp) isimli balik¢i teknesi ile yiiriitiilmiistiir. Toplam 132 saat 50 dakika siire
ile 23 aktif trol ¢ekimi yapilmistir. Derinlikler teknede bulunan echo-sounder ile 6lgiilmiis, her ¢cekim
sonucunda elde edilen av iizerinde yapilan 6l¢iim ve gozlemler kayit altina alinmistir. Calismada
farkli yillara, mevsimlere ve derinliklere gore av verimlilikleri degerlendirilmis, bdylelikle veri
yeterliliginin saglanmasi, elde edilen av miktarlarinda ortalama degerlere ulasilmasi ve hata payinin
minimuma indirgenmesi amaglanmigtir. Deniz galigmalar1 yaninda, g¢alisma yapilan tekne sahibi ve
bolgede faaliyet gosteren diger tekne sahip veya donatanlari, balik¢ilar ve balike1 kooperatifi yetkilileri
ile yliz yiize goriisiilerek teknelerin teknik 6zellikleri, tayfalarin durumu, maliyetlerin yapisi, avlanma
giin sayis1, avlanan tiirler ve miktarlar ile ilgili bilgiler toplanmigtir.

Calismada derin deniz balik¢iligi yapan bir balik¢t teknesinin karlilik analizini belirleme
amaclandigindan, briit gelirin hesaplanmasinda (karlilik analizlerinde) aktif trol ¢ekim siireleri dikkate
almmustir. Incelenen balikg1 teknesinin Uluslararasi sularda ¢alisma yapilan yillardaki toplam aktif trol
cekim siiresi 132 saat 50 dakikadir. Bu siireye avlanma bolgesine gidis ve gelis, agin deniz tabanina
inis ve tekneye alinisi siireleri de ilave edilerek toplam 195 saatlik avlanma siiresine ulasilmistir.
Bunun yaninda, personel maaglari, amortisman, bakim onarim giderlerinin hesaplanmasinda ise
balik¢r teknesinin bir av sezonunda ulusal sularda 2.557 saat ve uluslararasi sularda ise 1.387 saat
olmak tiizere toplamda 3.944 saat olarak belirlenen avlanma saati dikkate alinmistir. Balik¢ilik
teknesinin karlilik analizinin ortaya konulmasi ve avlanma siireci ile ilgili maliyetlerin dagitiminin
hesaplanmasinda bu siireler dikkate alinmuis, hesaplamalarda 2019 yili birim fiyatlar1 dikkate
almmistir. Derin deniz balik¢iligi kisith yapilan bir faaliyet oldugundan yeterli veri olusturmak
acisindan 2014, 2015 ve 2019 yillar1 verileri birlikte degerlendirilmis, bu kapsamda analizde fiyat
artiglar1 da goz Oniine alinarak maliyet hesaplamalarinda da 2019 yil birim fiyatlar1 kullanilmistir. Bu
kapsamda balik varligimin degerlemesinde halihazirdaki (2019 yili) piyasa fiyatlar1 esas almmistir
(Giilten, 1994°den aktaran Demir ve Kiziloglu, 2012).

Balik¢1 teknesinin maliyetleri degisken (yakit, yag, is¢ilik giderleri, yiyecek-igecek, giyecek buz,
kasa, tagsima-nakliye, vergi riisum ve harclar vb.) ve sabit maliyetler (kaptan maasi, bakim-onarim,
amortisman) olmak {izere ana iki grupta toplanmistir. Yakit maliyeti OTV’siz olarak 4,5 TL/litre
olarak almmustir. Teknede dort tayfa ¢aligmakta ve {icretlerini nakit olarak almaktadirlar. Kaptanin
aldig1 iicret devamli statiide oldugu i¢in sabit maliyetlerde degerlendirilmistir. Amortismanlar (ag, tel
halat, kasa) Maliye Bakanligi’nin belirledigi oranlar kullanilarak hesaplanmistir. Hazine ve Maliye
Bakanligi’nin ilgili mevzuati geregi baliker teknelerinin ekonomik émrii 10 yildir (Amortisman orani
%10). Balik¢1 teknesinin yasi 31 oldugundan amortisman ayrilmasi s6z konusu degildir. Bu durumda
tekne ile ilgili bakim ve onarim giderleri sabit gider kapsaminda degerlendirilmistir (Franquesa vd.,
2001). Tekne sermayesinin firsat maliyeti hesaplanirken, Ziraat Bankasi’nin Temmuz 2019
donemindeki nominal faiz orani (%19) alinmis ve reel faize doniistlirilmiistir.

Balik¢1 teknesinin teknik ve ekonomik gostergeleri hesaplanmasinda, Franquesa vd. (2001) ve
Sabatella ve Franquesa (2004)’nin Onerdigi yontemler kullanilmig, bu yontemlere gore analizler
yapilarak, hesaplanan degerler yorumlanmustir. Bunun yaninda Unal (2002)’1n galismasi ile Korkmaz
ve Coskun (2016)’un Sinop ili i¢in yaptigi ¢calismalardan yararlanilmigtir. Calismada kullanilan teknik
ve ekonomik gdstergeler, bulgular boliimiinde ¢alisma verileri ile birlikte agiklanmigtir
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BULGULAR
Balikc teknesinin teknik ozellikleri

Arastirmaya konu olan balik¢1 teknesinin teknik 6zellikleri; boyu 26,15 m, motor giicii 480 HP,
tonaj1 98 GRT, yas1 31, yapildig1 malzeme sac olarak belirlenmistir. Teknede bir kaptan ve 4 tayfa
caligmaktadir. Teknenin ortalama mazot tiiketimi trol ¢ekerken 25 It/saat, avlanma bdlgesine gidis
gelislerde seyir halinde mazot tiiketimi 18 1t/saat olarak hesaplanmustir.
Balik¢1 teknesinin maliyetleri

Incelenen balikg1 teknesinin degisken maliyetleri 34.611,5 TL (%74,10) ve sabit
maliyetleri ise 12.095 TL (% 25,90) olarak belirlenmistir (Tablo 1). Toplam degisken maliyetler
icerisinde % 42,44 oram ile yakit maliyeti ilk sirada yer almaktadir. Bunu % 25,05 ile iscilik
maliyetleri izlemektedir.

Tablol. Caligmasi yapilan balik¢1 teknesinin maliyet unsurlari

Maliyetler Tutar (TL) %
Yakit 19.822,5 42,44
Isci iicreti 11.700 25,05
Vergiler 494 1,06
Yiyecek-igecek 1.200 2,57
Yag (motor-sanziman) 378 0,80
Buz 840 1,80
Filtreler (yag-mazot) 140 0,30
Giyecek 37 0,08
Toplam Degisken Maliyetler 34.611,5 74,10
Yonetici ticreti (kaptan maasi) 7.800 16,70
Bakim onarim (tekne, makine,

elektrikli cihazlar, ag, halat, can sali) 2.233 4,78
Tel amortismani 1.080 2,31
Ag amortismani 494 1,06
Kasa amortismani 78 0,17
Diger 410 0,88
Toplam Sabit Maliyetler 12.095 25,90
TOPLAM 46.706,5 100,00

Sabit maliyetler kapsaminda kaptanlik {icreti ve bakim-onarim giderleri 6nemli bir maliyet
unsurunu olusturmaktadir. isletmenin makine yag1, buz, yiyecek-igecek, giyecek, kasa, bakim-onarim
vb. diger maliyet unsurlart da bulunmaktadir. Teknede 4 ig¢inin ¢alistig1 ve aragtirmaya konu olan siire
boyunca teknede ¢alisan personele 6denen ortalama iicretin 3.900 TL/kisi oldugu belirlenmistir.
Balik¢1 teknesinin avladigi ticari degeri olan tiirler ve gelirleri

Toplam siiresi 132 saat 50 dakika olan aktif ¢ekim sonrasi tiirlere ve yillara gore elde edilen av
miktar ve tutarlart Tablo 2’de verilmistir. Calismada analize tabi yeterli diizeyde veri olusturmak
amactyla 2014, 2015 ve 2019 yillar1 avlanma miktarlar1 birlikte degerlendirilmis, bu kapsamda
analizde hem toplam tutar hem de maliyet hesaplamalarinda 2019 y1l birim fiyatlar1 kullanilmisgtir.

Balike1 teknesinin avladig: ticari tiirler igerisinde miktar (kg) olarak en ¢ok avlanan tiirler sirasi ile
C. agassizi (%33,52), P. longirostris (%18,19), A. foliacea- A. antennatus (%15,32) ve M. merluccius
(%12,30) olmasina karsin, elde edilen gelire gore bu sira; A. foliacea- A. antennatus (% 36,11), M.
merluccius (% 17,60), P. longirostris (% 11,97) olarak degismistir. Bunu C. agassizi (% 8,27), M.
barbatus (% 7,19), L. vulgaris (% 3,80) ve H. dactylopterus (% 2,62) izlemistir. Bu siralamanin
degismesi her bir tiirlin birim fiyatlarinin farkli olmasindan kaynaklanmaktadir. Caligma yapilan trol
teknesi ile toplam 195 saatlik avlanma siiresi boyunca 2.222,6 kg balik avlanmis ve buna karsilik
toplam 40.549 TL gelirin elde edildigi belirlenmistir (Tablo 2).
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Tablo 2. Isletmenin tiirlere ve yillara gore toplam av miktar ve tutarlar

2014 2015 2019 Toplam
Tiirler Miktar Tutar Miktar Tutar Miktar Tutar Miktar Tutar

_ (kg) (TL) (kg) (TL) (kg) (TL) (kg) (TL)
A foliacea- A. Antennatus 4155 4 755 . . 230 9.890 3405 14,642
(K1rmuz1 karides)
P. longirostris (Cimgim) 154,3 1.852 200 2.400 50 600 404,3 4.852
P. edwardsii-P. martia 31,6 790 - - 4 100 35,6 890
(Japon karides)
Merluccius merluccius 170 4.165 100 2.843 35 129 2735 7137
(Berlam-Bakalyaro)
t‘;ph'us budegassa (Fener 15 250 135 320 2.1 465 306 6165
Chlorophthalmus agassizi 708
(Yesilgoz b.) 3.186 32,5 146 4,5 20 745 3.352
Lepidorhomps whiffiagonis 340 45 167,5 - - 165 5075
(Pisi b.)
Phycis blennoides
(Bryikli mezgit) 14 180 3 30 1 20 18 230
Micromesistius poutassou i i ) ) 3 45 3 5
(Derinsu mezgit)
Scorpaena notata
(Benekli iskorpit) 15 380 15 445 - - 30 825
Helicolenus dactylopterus
(Derinsu iskorpiti) 34 610 26,5 4375 05 14 61 1.061,5
Mullus barbatus
(Keserbas barbun) - - 53 2.915 - - 53 2.915
Anguilla anguilla
(Yilan b 7 280 3,5 140 25 92 13 512
Trachurus trachurus 27 189 103 721 - - 130 910
(Istavrit)
Pagellus bogaraveo 25 25 25 25 ) ) 5 525
(Mercan)
Zeus faber
(Dillger) 1 10 4 35 - - 5 45
Lepidopus caudatus 25 125 2 10 1 6 28 141
(Kayis)
Chelidonichthys lucernus ) ) 0.4 3 ) ) 0.4 3
(Kirlangig)
Loligo vulgaris 2 120 235 1.410 0,2 12 25,7 1.542
(Kalamar)
Illex coindeti
(Yalanci kalamar) 3 45 15 225 ) ) 45 270
GENEL TOPLAM 1.331,9 17.299 588,4 12.273 302,3 10.977 2.222,6 40.549

Balik¢1 Teknesinin Gostergeleri

Balik¢1 teknesinin teknik, ekonomik ve sosyal gostergeleri ayri tablolar halinde verilerek
aciklamalar1 agagida yapilmistir.
Teknik gostergeler

Incelenen teknenin fiziksel verimliligi 2.222,6 kg/teknedir (Tablo 3). Giiciin fiziksel verimliligi, av
miktarinin tekne birim motor giiciine diisen orani olup 4.630 kg/hp olarak hesaplanmistir. Kapasitenin
fiziksel verimliligi, av miktarinin tekne birim kapasitesine oranlanmasi ile hesaplanmig olup 22,68
kg/GRT’dir. insanin fiziksel verimliligi, teknede istihdam edilen insana diisen av miktar1 (kg/kisi)
olup; 444,520 kg/kisidir. Av saatinin fiziksel verimliligi, teknenin av saati basina diisen av miktari
kg/saat olup 11,400 kg/saattir.
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Tablo 3. Derin deniz balikgiliginin teknik gostergeleri

Teknik Gostergeler
Teknenin fiziksel Teknenin ortalama av miktar1 (kg/tekne). 2.222,6 kgltekne
verimliligi
Giiciin fiziksel Teknedeki birim motor giiciine diigen av 4.630 kg/hp
verimliligi (kg/hp).
Kapasitenin fiziksel Tekne birim kapasitesine diisen av (kg/GRT) 22,68 kg/GRT
verimliligi
Insanm fiziksel Teknede istihdam edilen insana diisen av 444,520 kg/kisi
verimliligi (kg/kisi)
Av saatinin fiziksel Teknenin av saatine diisen av (kg/saat) 11,400 kg/saat
verimliligi

Ekonomik gostergeler

Ekonomik gostergelerden olan teknenin verimliligi, karaya avin ilk ¢ikarildigi satis degeri olarak
40.549 TL’dir (Tablo 4). Teknenin birim giiciine diisen avin ilk satis degeri (TL/hp) olan gii¢
verimliligi, avin ilk satis degerinin teknenin birim giiciine oranlanmasiyla bulunmus olup, 84,48
TL/hp’dir. Kapasite verimliligi, teknenin birim kapasitesine diisen avin ilk satis degeri 413,77
TL/GRT olarak hesaplanmustir. insan verimliligi, avin degerinin teknede istihdam edilen galisanlara
orani olup, 8.109,8 TL/kisi olarak belirlenmistir. Av saatinin verimliligi, avlama saatine diigen avin
degeri olarak 207,94 TL/saat hesaplanmistir. Karaya ¢ikis ortalama fiyati, av degerinin av miktarina
orani gostermekte olup, 18,24 TL/kg’dur.

Tablo 4. Derin deniz balik¢iliginin ekonomik gostergeleri
Ekonomik Gostergeler

Tekne verimliligi Teknenin karaya ¢ikardigi avin ilk satig
degeri (TL/tekne) 40549 TL
Giig verimliligi Teknenin birim giiciine diigen avin ilk
satis degeri (TL/hp) 84,48 TL/hp
Kapasite verimliligi Teknenin birim kapasitesine diisen avin
ilk satig degeri (TL/GRT) 413,77 TLIGRT
Insan verimliligi Teknede istihdam edilen insana diigen 8.109.8 TL/kisi
avin degeri (TL/insan) B
Av saatinin verimliligi Avlama saatine diisen avin degeri 20794 TL/saat
(TL/av saati) '
Karaya ¢ikis ortamla fiyati ~ Av degerinin av miktarma orani (TL/kg) 18,24 TL/kg
Yatirim sermayesi Avlama faaliyetine yatirilan teknenin 2.000.000 TL
sermayesi (TL) AN
Firsat maliyeti 29.970 TL
Briit Fayda=Briit Nakit Akis -36.12755 TL
Net Fayda=Net Nakit Akis  Balik¢ilik geliri — Top. amortismanlar 38.897 TL
Kar Orani % 3,44
Briit Katma Deger 449645TL

Isletmenin yatinm sermayesi olan balik¢1 teknesinin degeri 2.000.000 TL’dir. Firsat maliyeti
hesaplanirken T.C. Ziraat Bankasi (Temmuz 2019) % 19 cari faiz oran1 kullanilmistir. Firsat maliyeti
dahil diger biitiin balikgilik giderleri diisiildiikten sonra tekne sahibinin kazancini gosteren briit fayda,
negatif (-36.1275,5) deger olarak belirlenmistir. Briit faydadan amortisman gideri diisiildiikten sonra
tekne sahibinin kazanci gosteren net fayda ise 38.897 TL olarak hesaplanmistir. Firsat maliyeti
eklenmis yillik net faydanin yatirim sermayesine yiizde oranini ifade eden karlilik oranmi (PR) %
3,44°diir. Oran, ekonomik faaliyet cercevesinde degerlendirildiginde oldukga diisiik kalmistir. Bu
oranin % 10°dan daha fazla olmasi1 beklenir (Tietze vd., 2005). Bu getirinin ayn1 zamanda da alternatif
yatirim araglarmin getirisinin altinda kaldigin1 da gostermektedir. Bu degerler isletmenin ekonomik
performansi agisindan yetersizligini gostermektedir. Balik¢ilik teknesinin ulusal ekonomiye yaptigi
katkiy1 gosteren briit katma deger, 44.964,5 TL olarak hesaplanmigtir.
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Sosyal gostergeler
Sosyal gostergelerden olan balikg¢ilarin toplam geliri 19.500 TL ve ortalama ticret 3.900 TL/kisi
olarak belirlenmistir (Tablo 5).

Tablo 5. Derin deniz balikgiliginin sosyal gostergeleri
Sosyal Gostergeler

Ucret Gideri Balikg¢ilarin Geliri 19.500 TL
Ortalama Ucret 3.900 TL
TARTISMA ve SONUC

Derin deniz balik¢ilig1 maliyeti yliksek bir balik¢ilik faaliyetidir. Avlanma bolgeleri kiyidan uzak,
derinligi fazla, olumsuz deniz ve hava kosullarindaki zorluklar nedeniyle yiiksek risk icermektedir.
Bunun yaninda, yatirnm ve isletme giderlerinin fazla olusu, tekne ve makine aksaminda meydana
gelebilecek arizalar vb. yoniinden de bir¢ok kisit vardir. Bu c¢alismada Mersin Korfezi’nde
(Kuzeydogu Akdeniz) derin deniz balik¢iligi yapan bir balik¢i teknesinin teknik ve ekonomik
performansinin ortaya konulmasi amac¢lanmistir. 195 saatlik avlanma siiresi sonunda ekonomik degeri
olan 2.222.6 kg av elde edilmis ve buna karsilik toplam 40.549 TL gelirin elde edildigi belirlenmistir.
Bu gelir igerisinde ise en ¢ok getiri A. foliacea- A. antennatus (% 36,11), M. merluccius (% 17.60), P.
longirostris (% 11,97) tiirlerinden elde edilmistir. Maliyet unsurlari igerisinde mazot gideri (% 42,44)
ilk siray1 almis, bunu personel maliyetleri (% 41,75) izlemistir. Derin deniz balik¢ilig ile ilgili olarak
maliyetler konusunda yapilan birgok calismada yakit giderlerinin toplam giderler igerisinde %40’ 1n
tizerinde pay aldigi ortaya konulmustur (Rad ve Delioglan, 2006; Stefano vd., 2006; Aswathy et al,
2011). Celiker vd. (2006) ise is¢ilik giderlerinin toplam giderler igerisinde daha yiiksek oranda pay
aldiginmi belirlemislerdir. Bu sonuglar, akaryakit giderlerinin avcilik faaliyetleri igerisinde en onemli
maliyet unsurlarinin basinda geldigini ortaya koymaktadir. Maliyetlerin yiiksek olusu balik¢iligin
karlilik oranlarin1 diigiiren, dolayisiyla Onlem almmasmi gerektiren bir durumdur. Karar
mekanizmasinda yer alanlarin, sektore diisiik fiyattan yakit saglanmasi konusunda desteklemelerde
bulunmasi1 gereklidir. Bu kapsamda sektore yonelik yakit tesviklerinin siirdiirilmesi Onemini
korumaktadir (Ciloglu, 2018). Balik¢1 teknesinin teknik &zellikleri av verimi i¢in 6nem tasimaktadir.
Teknik verimlilik; teknenin yasi, boyu ve teknik donanim gibi bir¢ok unsurdan etkilenmektedir. S6z
konusu balik¢1 teknesinin teknik verimlilik degerleri diisiik gerceklesmistir. Bu agidan yapilan
analizde balik¢1 teknesinin yeterli teknik verimlilige ulasamadigi gdzlenmistir. Isletmenin toplam
maliyetleri igerisinde degisken maliyetler 3/4, sabit maliyetler 1/4 oraninda yer almistir. Bu
maliyetlerin dagilimi agisindan ideal bir dagilimi gostermektedir. Briit fayda negatif ve isletmenin
karlilik oranmi yalnizca % 3,44 olarak bulunmustur. Yapilan bazi ¢alismalarda da briit fayda, negatif
olarak bulunmustur (Korkmaz ve Coskun, 2016; Unal, 2002). Hesaplanan diger gostergeler pozitif
olmakla birlikte bu sonuglar s6z konusu isletmenin yeterli performans gdsteremedigini ortaya
koymustur. Bunun en 6nemli nedeni isletme maliyetlerinin yiiksek olmasi ve elde edilen balik¢ilik
gelirinin yeterli seviyede olmamasidir.

Unal (2002) tarafindan Fogca’da yapilan benzer bir calismada, ekonomik rantabilite, mali
rantabilite, i¢c karlilik orani, net bugiinkii deger, geri 6deme siiresi gibi statik ve dinamik yontemler
kullanarak trol balik¢iliginin karliligi ortaya konulmustur. Calisma sonucunda, trol teknelerinin
%70’inin ekonomik olarak siirdiiriilebilir olmadig1, daha etkin ve verimli isletilmesinin gerekli oldugu
belirtilmistir.

Rad ve Delioglan (2006), Mersin ili Tagucu limanina kayitli trol teknelerinin 2005-2006 av
sezonunda fiziksel ve teknik 6zellikleri ile trol tekne sahibi balik¢ilarinin sosyo-demografik ve sosyo-
ekonomik ozellikleri belirlenmesine yonelik yapmis olduklari ¢aligmada mazotun % 45,9 oran ile en
onemli masraf unsuru oldugu sonucuna ulagsmiglardir.

Korkmaz ve Coskun (2016), Sinop ilindeki 44 endiistriyel balik¢1 teknesinin 2008-2009 av
mevsimindeki sosyo-ekonomik gostergeleri ortaya koymak iizere yapmis olduklari ¢alismada, Sinop
ilindeki endiistriyel balikg¢1 teknelerinin % 29,55’inin negatif ekonomik performans gosterdigini, girgir
ve trol teknelerinin kar marj1 bakimindan disiik getiri sagladiklarini belirlemislerdir.

Celiker vd. (2006), Karadeniz Bolgesi’nde su iiriinleri aveiligi yapan isletmelerin sosyo-ekonomik
yapisimi analizi etmislerdir. Kiy1 balikcilarmin ortalama tekne sermayesini ve ortalama balikgilik
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gelirlerini hesaplamiglar ve maliyetler igerisinde en biiyiik payin tayfa pay1 oldugu, tayfa paymin kiyi
balik¢ilarinda % 46,84, girgirlarda % 40,90, trollerde % 67,86 ve trol-girgirlarda % 41,68 oldugunu
belirlemislerdir.

Sicilya’nin farkli bolgelerinde yapilan derin deniz karides avciliginda da yakit maliyetlerinin % 33
ile % 37 arasinda yer aldigt ve buna bagli olarak balikgilik yapan isletmelerin ekonomik
verimliliklerinin yiiksek olmadigi ve buna bagli olarak ekonomik gostergelerin diigiik gergeklestigi
belirlenmistir (Stefano vd., 2006). Hindistan’da yapilan bir caligmada ise akaryakit maliyetinin,
toplam isletme maliyetinin % 47,9' unu olusturdugu belirlenmistir (Aswathy vd., 2011).

Chhaya vd. (1991), Hindistan'in Gujarat eyaleti kiyilarinda yapilan trol ve uzatma aglariyla kiigiik
Olgekli balik¢iligin ekonomik analizini yapmislar ve diigiilk sermayeye karsin yiiksek net getiri elde
edildigini ve ekonomik olarak siirdiiriilebilir oldugunu bildirmislerdir.

Isletmenin ekonomik gostergeleri sektdriin genel ekonomik yapisini yansitmaktadir. Briit fayda
negatif olarak belirlenmisken, net fayda ve briit katma deger pozitiftir. Derin deniz balik¢iliginda
Ozellikle yakit maliyetlerinin daha fazla olmasi isletme karliligini olumsuz yonde etkilemektedir.
Yapilan calismada da ekonomik gdstergelerin bir kisminin yeterli seviyeye ulasamamasi bu durumun
sonucudur. Bunlardan en belirgin olan isletmenin karlilik oraninin diisiik diizeyde gergeklesmesidir.
Karliligin diisiik olmasi balik¢iligin  bu kapsamda ekonomik bir faaliyet alam1 olarak
siirdiiriilemeyecegini ortaya koymaktadir. Bu durum alternatif yatirim araglarini giindeme getirebilir.
Calismalarda yapilan gozlem ve degerlendirmeler, balikgilarin bazi av seferlerinde isletme
masraflarimi1 dahi karsilayamadiklari sonucunu ortaya koymustur. Ancak biitlin bunlara karsin,
balik¢ilik igletmesi faaliyet alanini terk etmemektedir. Asiri kapitalizasyon, asiri avlanma, tekne
sahipleri arasindaki c¢atismalar, avlanma kurallarina uyulmamasi gibi sorunlar balik¢iligin temel
sorunlar1 arasindadir. Bu sorunlarin ¢6ziimiine yonelik olarak Tiirkiye’de geg¢mis yillarda gemi geri
alim programi uygulanmig, ancak istenen sonuglar alinamamustir. Ekmekgi ve Unal (2019), tarafindan
yapilan c¢alismada gemilerini satan balikgilarin %56°s1 i¢in balik¢iligin ekonomik olarak siirdiiriilebilir
olmaktan ¢iktig1 tespiti yapilmigtir. Bu acidan Tiirkiye balik¢iliginda hem biyolojik siirdiiriilebilirligi hem
de ckonomik etkinligi giivence altina alabilecek bir balikgilik yonetim sisteminin kurulmasinin
gerekliligi ortaya ¢ikmaktadir (Unal ve Génciioglu, 2012). Akdeniz’de kiyist olan iilkeler arasinda
balikgilik ile ilgili baz1 anlasma ve diizenlemeler [ICCAT (Uluslararast Atlantik Ton Baliklarim
Koruma Komisyonu, GFCM (Akdeniz Genel Balik¢ilik Komisyonu, EUROFISH (Avrupa Balikg¢ilik
Organizasyonu, FAO (Diinya Gida ve Tarim Orgiitii)] bulunmaktadir. Ancak uluslararasi sularda
avciligin farkli zamanlarda ve farkli ag gozleri ile yapilmasi, avcilikta uygulanan yasal diizenlemelerin
degisken olmasi bu filkeler arasinda farkli politikalarin uygulandigi sonucunu ortaya koymaktadir
(Bayhan, 2018). Akdeniz’de kiyisi olan ¢ok sayida iilke halen yetki alanlarimi belirlemek konusunda
girisimlerde bulunmamakta, bu durum da hizla tiiketilen deniz kaynaklarinin siirdiiriilebilir yonetimi
konusunda problemler ortaya ¢ikarmaktadir (Bilgin, 2008).

Avcilikta ilerleyen teknolojik gelismelere ragmen, birim ¢abada elde edilen av veriminin giderek
azalmasi, stirekli artan yatirim ve isletme masraflari, doviz kurlarinda meydana gelen ani degismeler,
su lriinleri avciligi yapan igletmeleri giic durumda birakmaktadir. Burada iki 6nemli konu 6n plana
cikmaktadir. Bunlardan birincisi aveilik igin ayrilan sermayenin rantabl olarak kullanilamamasi, digeri
de stoklarin korunarak siirdiiriilebilirliginin saglanamamast durumudur. Stoklardaki azalmalar
balik¢ilarin av verimini diisiirmekte, bu da elde edilecek geliri olumsuz yonde etkilemektedir. Bu
konuda da balik¢ilikla ilgili otoritelerin konuya el atarak, balikgilara 6zellikle mazot indirimi
konusunda kolayliklarin saglanmasi, balikgilara diisiik faizli kredilerin saglanmasi, karaya cikis
noktalarinda balikg¢ilarin kendi iriinlerini pazarlayacaklar1 mezat yerlerinin yapilmasi bunun yaninda
stoklarin korunmasi ve siirdiiriilebilirligi konularinda ilgili politikalarin gelistirilmesi ve uygulanmasi
ivedilikle gerekli goriilmektedir. Derin deniz balik¢iligr faaliyetinde bulunan bir isletmenin ekonomik
yoniinii ortaya koyan bu ¢alismanin basta bu sektérde faaliyette bulunanlar olmak iizere, sektor ile
ilgili plan yapan ve politikalar iireten karar mekanizmas1 sahiplerine yardimci olacag
distiniilmektedir.

Tesekkiir: Bu calismada yardimlarimi esirgemeyen Cinar Bey teknesi sahibi Murat CINAR ve
personeline ayrica, bolge balik¢ilarina ve Kooperatif Baskanliklarina tesekkiir ederiz.
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Ozet

Bu galismada, Fethiye Kérfezi’nde faaliyet gosteren S.S. Fethiye ve S.S. Gocek-inlice Su Uriinleri Kooperatiflerine
kayith teknelerde kullanilan paraketa ve bazi ticari olta takimimin teknik ozellikleri, operasyon yontemleri ve av
kompozisyonlarmin tespit edilmesi amaglanmigtir. Takimlarin teknik 6zellikleri, donam ve operasyonel 6zellikleri, avcilik
donemleri ile yakaladiklar1 hedef ve 1skarta tiirlere ait bilgiler, balik¢ilarla yapilan yiiz yiize goriismeler aracilifiyla ve av
araglarmin yerinde incelenmesiyle belirlenmistir. 27’si Fethiye, 31’1 Gécek-Inlice Su Uriinleri Kooperatifi olmak iizere
toplam 58 teknenin paraketa takimi kullandig: tespit edilmistir. Ana bedende kullanilan materyal ve igne biiyiikliigiine bagh
olarak, paraketa takimlar1 kalin, ince ve kili¢ paraketasi olarak ii¢ grupta siniflandirilmstir. Paraketa takimlarinin kullanilan
toplam igne sayist 32725 olup, bunun 17400’ Fethiye, 15325’inin ise Gocek-Inlice Su Uriinleri Kooperatifi’'nde kayith
teknelerce kullanilmaktadir. Ticari amagh kullanilan olta takimlarinda @ 0,80-1,00 mm poliamid misina ve 7-9 numara
biiyiikligiinde diiz yuvarlak boyunlu J-tipi igneler kullanilmaktadir. Kalin paraketanin hedef tiirleri lahoz (Epinephelus
aeneus), grida (Epinephelus marginatus), fangri (Pagrus pagrus) ve sinagrit (Dentex dentex), ince paraketanin ise sargoz
(Diplodus sargus), ¢ipura (Sparus aurata) ve karagéz (Diplodus vulgaris)’diir. Kili¢ pareketas ise tiire 6zgii bir av araci
oldugundan bu takim hedef tiirii olan kili¢ baliginin (Xiphias gladius) adi ile isimlendirilmistir. Olta takimlar: ile sinagrit,
lahoz, akya (Lichia amia) ve fangri tiirleri hedeflenmektedir.

Anahtar Kelimeler; Fethiye Korfezi, Gocek, pareketa, olta takimi
Investigation of Structural Featutes of Longline and Some Hand Line Used in Fethiye Bay
Abstract

In this study, it was aimed to investigate the technical characteristics, operation methods, catch composition of longline,
and hand line by registered in Fethiye and S.S. Gécek-Inlice Fishing Cooperative in Fethiye Bay. The technical specification,
equipment, and operational features of the fishing gears, using periods, the target and discard species were obtained through
face-to-face interviews (questionnaires) and on-site examination of fishing gear. A total of 58 fishing boats (27 in Fethiye and
31 in Gocek-Inlice Fisheries Cooperative), used longline in Fethiye Bay. Longline was classified into three groups as thick,
thin and swordfish longline based on mainline and needle size. The total number of needles belonging the longline was 32725
which 17400 in Fethiye and 15325 in Gocek-inlice Fisheries Cooperative. Hand lines, used for commercial purpose, mainline
iswas @ 0.80-1.00 polyamide material and the needle is J-type, 7-9 no, short or long straight and round neck. While white
grouper (Epinephelus aeneus), dusky grouper (Epinephelus marginatus), common sea bream (Pagrus pagrus), common
dentex (Dentex dentex) were targeted with thick longline, White seabream (Diplodus sargus), gilthead seabream (Sparus
aurata) and common two-banded sea bream (Diplodus vulgaris) were with thick longline. The swordfish (Xiphias gladius) is
the specific longline; therefore, it is named after the target fish. Besides white grouper, common dentex and leer fish (Lichia
amia) were targeted in hand line

Keywords: Fethiye Bay, Gocek, longline, line fishing

GIRIS

Avrupa'nin Yaban Hayat1 ve Yasama Ortamlarin1 Koruma Soézlesmesi (Bern Sozlesmesi) ve Nesli
Tehlike Altinda Olan Yabani Hayvan ve Bitki Tiirlerinin Uluslararas: Ticaretine Iliskin Sozlesmeleri
(CITES) ile Caretta caretta (Linnaeus, 1758) ve Chelonia mydas (Linnaeus, 1758) tiirleri koruma
altina alinmigtir (Resmi Gazete, 1984; UNEP-WCMC, 2020). Bu tiirlerin lireme alanlarindan bir tanesi
de Fethiye kumsalidir. Tiirkiye g¢evre ve biyolojik g¢esitliligin korunmasiyla ilgili uluslararasi
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sozlesmelere taraf olma siiresince Fethiye Korfezi, 12 Haziran 1988 tarihinde Bakanlar Kurulu
tarafindan Ozel Cevre Koruma Alanm1 (OCK) olarak ilan edilmis ve resmi gazetede yayinlanmistir
(Resmi Gazete, 1988). Fethiye-Gocek Ozel Cevre Koruma Bolgesi sinirlari; Fethiye ilge simirlari
icerisinde bulunan, Gocek, Ciftlik, Fethiye, Oliideniz Belediyeleri ile Karaculha ve Camkoy
Belediyelerinin bir kismi girmektedir. Ozel g¢evre koruma alam olmasindan dolay1 balikgilik
aktivitelerinde de biiyiik kisitlamalar bulunmaktadir. Balik¢ilik; Fethiye limaninda, Fethiye Adasi
Feneri (36° 38.824° N - 29° 05.896’ E) ile Pacariz Burnu (36° 38.517° N - 29° 06.075”) birlestiren
hattin dogusunda kalan alanda, Oliideniz lagiiniinde, Fethiye Deniz kaplumbagasi iireme alani olarak
tespit edilen Fethiye-Calis arasinda yasaktir. Ayrica, 29° 00' E -28° 50" E boylamlar1 arasinda 2 mil
icerisinde ve 28° 50' E boylami arasinda 1,5 mil igerisinde bolge trol avciligma kapalidir (Resmi
Gazete, 2016). Bu nedenle bilimsel arastirmalar daha ¢ok kiy1 koruma alanlar1 ve deniz kaplumbagasi
(C. caretta) tizerinde yogunlasmustir (Baskale vd., 2012; Giiglisoy, 2016).

Fethiye Korfezi’nde denizel tiir dagilimu, cesitliligi ve habitat yapisi lizerine yapilan bazi ¢aligmalar
arasinda; Fethiye Korfezi (Mugla, Tirkiye)’nin balik faunast (Tuncay, 2007), makrobentik
omurgasizlar (Ozgiir ve Oztiirk, 2007), Gocek Korfezi ve civari kiyr ve deniz alanlan tiir ve
habitatlarinin gérsel sayim metodu ile tespiti (Unliioglu vd., 2007), demirlemenin deniz ¢ayirlart
tizerine etkisi (Okudan vd., 2011), Fethiye-Antalya arasindaki kafadanbacakli tiirlerinin tespiti
gelmektedir (Salman, 2016).

Av araglar acisindan degerlendirildiginde bdlgede yiiriitiilen ¢alismalar oldukca kisithdir. Aydin
ve Doyuk (2012), Akdeniz, Ege ve Marmara denizlerinde kili¢ (Xiphias gladius), uzun kanat orkinos
(tulina) (Thunnus alalunga) ve yazili orkinos (Euthynnus alletteratus) avciliginda kullanilan
siiriiklenen (Drift net) uzatma aglarinin teknik ve yapisal 6zelliklerini ortaya koymuslardir. Siiriiklenen
uzatma aglar1 2012 yilinda 3/1 numarali ticari amagli su iiriinleri aveiligini diizenleyen tebligce (Teblig
No: 2012/65) yasaklanmistir (Resmi Gazete, 2012). Paraketa balik¢iligina iliskin caligmalar daha ¢ok,
kili¢ paraketalar1 tizerine yogunlagsmistir. Akyol ve Ceyhan (2010), Mugla bolgesi i¢in Fethiye ile
Datca-Bozburun Yarimadasi’nda Selimiye, Datga, Palamutbiikii bolgesinde kullanilan kilig
paraketasinin teknik &zelliklerini rapor etmislerdir. Erdem ve Akyol (2005) paraketa ile kili¢ avlayan
filo ve bunlarin donanimlari, balik¢ilik sahalari, kilig paraketasinin 6zellikleri, balik¢ilik giicli ve birim
cabaya diisen av miktarlarini (CPUE) incelemislerdir. Tiizen vd. (2013) ise Fethiye yoresinde
(Akdeniz) kili¢ baliklarinin pelajik paraketalar ile avciliginda 11k ¢ubuklarinin av verimi iizerine etkisi
arastirmiglardir. Ceyhan ve Akyol (2014), 2008-2013 arasindaki balik¢ilik sezonu boyunca Tiirk kilig
balig1 paraketa teknelerinde birim ¢aba bagma diisen av (CPUE) verileri ve tesadiifii av oranlarini
arastirmiglar fakat av araglarmin teknik &zelliklerini incelememislerdir. Akyol ve Ceyhan (2017)
Fethiye’de (Ege Denizi) kullanilan derinsu orfoz oltasinin teknik 6zellikleri {izerinde durmustur. Bu
caligmalar diginda bolgede kullanilan diger paraketalarin (kalin ve ince paraketa) ve ticari olarak
kullanilan bazi olta takimlarinin teknik 6zelliklerine iligkin herhangi bir arastirmaya rastlanmamustir.

Turkiye’de kiigiik 6lgekli balikgilikta kullanilan av araglarinin teknik 6zelliklerinin ortaya konmasi
lizerine farkli bolgelerden ¢ok sayida ¢alisma mevcuttur (Ozbilgin vd., 2010; Tokag vd., 2010; Yildiz
vd., 2012). Gerek hedef tiir gerekse boélgelerin Ozelliklerine av araglarinin teknik ozellikleri de
degisebilmektedir. Kullanilan av araglarinin teknik 6zelliklerinin bilinmesi; stoklarin Ol¢iilmesi ve
stirdiiriilebilir kullanimi, balik¢ilik yonetimi i¢in dogru karar ve politikalar tiretilmesi, yasalara uygun
kullanip kullanilmadigiin denetlenmesi, ve av araglarinin gelistirilmesi acisindan olduk¢a onemlidir
(Kara, 2004; Ayaz vd., 2012).

Paraketa takimlari, hedeflenen tiire gore degisik materyal ve kalinliklardaki uzun bir beden
tizerinde (misina, ip, g¢elik tel vb.) cok sayida ignenin, kostek adi verilen kollar ile belli araliklarla
baglanmasi ile olusturulan, yemli ve yemsiz olarak kullanilabilen ve ¢ogunlukla kiiciik olgekli
balik¢ilik sinifinda yer alan teknelerin kullandigi bir av aracidir (Bjordal ve Lokkeborg, 1996). Trolle
aveiligmm zor oldugu kayalik ve kumluk bolgelerde, ekonomik degeri yiliksek olan baliklarin
avciliginda kullanilabilmektedir (Celikoz ve Kusat, 2016). Hedeflenen tiirlerin biyolojik ve ekolojik
ozellikleri nedeniyle, tiire 6zgii en etkin avcilik yontemi olabilmektedir (Ozdemir vd., 2007; Soykan
ve Kinacigil, 2013; Kinacigil vd., 2015; Soykan vd., 2016; Giilsahin ve Soykan, 2017). Iskarta
miktariin en az olmasi sebebiyle de ¢evrecidir.

Bu calismada, Fethiye Korfezi’nde, S.S. Fethiye ve S.S. Gocek-inlice Su Uriinleri Kooperatifine
kayitl balikgilar tarafindan kullanilan paraketa takimlarinin ve bazi olta takimlarinin teknik 6zellikleri,
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uygulama yontemleri ve av kompozisyonlarmin tespit edilmesi amaclanmigtir. Fethiye bolgesinde
kullanilan kalin, ince paraketa ve olta takimlarinin 6zellikleri ilk defa ortaya konmustur.

MATERYAL ve YONTEM

Fethiye Korfezi (Sekil 1) paraketa ve olta takimlarina iliskin veriler SS Fethiye ve S.S. Gocek-
Inlice Su Uriinleri Kooperatifi iiyelerinden ve bu iiyelerin kullandiklari av araglarinin yerinde
incelenmesi ile elde edilmistir. Paraketa ve olta takimlarimin teknik planlari, donam ve operasyonal
ozellikleri, avcilik donemleri ile yakaladiklar1 hedef ve 1skarta tiirler balik¢ilar ile yiiz yiize yapilan
goriismeler sonucunda derlenmistir. Kullanilan av araglarina ait teknik planlarinin ¢iziminde Microsoft
Visio 2010 programindan yararlanilmigtir. Balikg¢ilar tarafindan yakalanan balik tiirlerinin
tanimlanmasi ve teshisinde Froese ve Pauly (2000)’den faydalanilmistir.

29° 00" E
S.S. Gicek GOCEK A
Su Ur. Kop$® N
DALAMAN
36°40' N
S Fethiye
Ur. Kop
s
*ANKARA 7:/‘Q
m TURKIVE \
36° 00" N i ) o 3/
Shll = i

Sekil 1. Fethiye Korfezi ve ¢aligmanin yiiriitiildiigii kooperatifler ile avlak sahalari

BULGULAR

Fethiye Korfezi’'nde teknik ve yapisal olarak ii¢ farkli paraketa takimu tespit edilmistir. Kullanilan
paraketalar kalin, ince ve kili¢ paraketasi olarak siniflandirilmistir. Kalin ve incelik durumu,
paraketada kullanilan ana beden kalinlig1 ve igne biiytkliigi ile iligkilidir. Kalin ve ince paraketalar ile
cesitli tiirlerin aveiligi hedeflenirken, kili¢ paraketas tiire 6zgii oldugundan hedeflenen baligin ismi ile
adlandirilmistir. Bolgede kullanilan paraketalar (ana beden ve kdostekler) ve oltalar misina olarak
isimlendirilen monofilament poliamid (PA) materyalden yapilmustir.

S.S. Fethiye Su Uriinleri Kooperatifinde 27 ve S.S. Gécek-Inlice Su Uriinleri kooperatifinde 31
tekne olmak iizere toplam 58 tekne paraketa kullanmaktadir. Bu teknelerin % 59’unda kalin, %
34’iinde ince ve % 7’sinde ise kili¢ paraketasi bulunmaktadir. Fethiye Su Uriinleri kooperatifinde
kullanilan paraketalarin yaklasik % 70’1 kalin, % 26’s1 ince ve % 4’1 kili¢ paraketas1 iken, bu oran
Gocek’de % 48 kalm, % 42 ince ve % 10 kilig paraketas: seklindedir. igne sayis1 S.S. Fethiye Su
Uriinleri Kooperatifinde 17400, S.S. Gocek-Inlice Su Uriinleri kooperatifinde 15325 olmak {izere
toplam 32725 olarak belirlenmistir. Her iki kooperatifin teknelerinde kullanilan paraketalar ve igne
sayilar1 Tablo 1°de verilmistir.
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Tablo 1. Fethiye Korfezi’nde faaliyet gosteren su iiriinleri kooperatiflerinin paraketa ¢esidine gore tekne ve igne
sayilari.

thhiye Gocek Toplam
PARAKETALAR  Tekne Igne ort. Tekne Igne ort. Tekne Igne ort.
Sayist Sayisi Sayisi Sayist Sayisi Sayisi
Kalin paraketa 19 14000 737 15 7300 487 34 21300 626
Ince paraketa 7 3100 443 13 6650 512 20 9750 488
Kilig paraketa 1 300 300 3 1375 458 4 1675 419
Toplam 27 17400 644 31 15325 494 58 32725 564

Kalin Paraketa

Her iki kooperatifte kullanilan kalin paraketanin ana beden @ 1,20 mm, ara beden ve kosteklerin
ise @ 0,80-0,90 mm’dir. Kosteklerin uzunlugu 50-60 cm ve iki kostek aras1 mesafe ise 10 m’dir (Sekil
2). igneler Mariner marka, 23150 serisi, 8 numara diiz (J tipi), yass1 palali, uzun sapli ve yuvarlak
boyunlu olup kalay malzemeden yapilmistir. Selelerdeki [(Sele: paraketanin igerisinde toplanip
muhafaza edildigi, genellikle hayit ve kuru kamis dallarindan 6rmek suretiyle yapilan, tahta veya
plastik de olabilen aragc (MEGEP, 2008)] igne sayist genellikle 300 adettir. Kalin paraketanin atim
sekli bolge ve zemin yapisina gore degismekte olup; genellikle diiz zeminlerde diiz, taglik yerlerde
zigzag seklindedir (Sekil 3). Her balik¢1 teknesinde bir ya da iki sele bu takimdan bulunmaktadir.
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Sekil 2. Kalin paraketa takiminin teknik ¢izimi.

Diiz Alana Atim Sekli Kayalik-Taslik Alana Atim Sekli

Sekil 3. Kalin paraketanin atim sekilleri.

Bolgede grida paraketasi olarak adlandirilan ve sinagrit-lahoz (Epinephalus sp.) hedefleyen
paraketa kalin paraketa siifi icerisinde olup, bazi teknik 6zellikleri nedeni ile tiire 6zgii bir av aract
haline getirilmistir. Bu paraketanin ana bedeni & 1,00 mm, ara beden ve kostekler ise @ 0,80 mm’dir.
Kosteklerin uzunlugu 100 cm ve iki kostek arasi mesafe ise 13,50 m’dir (Sekil 4). Lahos-grida
paraketasinda kullanilan igne 6zellikleri kalin paraketalarda kullanilan ile ayni olup, boyutu 7, 8 ve 9
no dur. igne sayis1 bir selede 250-300 arasinda degismektedir Bir selede igne sayis1 250-300 arasinda
degismektedir. Balik¢1 teknelerinde iki sele bu paraketa takimindan bulunabilmektedir. Her iki
bolgede de bu paraketa diiz bir sekilde zemine kurulmaktadir (Sekil 5).
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Sekil 4. Grida paraketasinin teknik detayi.

Diiz Alana Atim Sekli

Kalin paraketa ile lahoz (Epinephelus aeneus), grida (Epinephelus marginatus), sinagrit (Dentex
dentex), fangri (Pagrus pagrus), iskorpit (Scorpaena porcus) ve derin sularda bakalyaro (Merluccius
merluccius) tiirlerinin avciligi hedeflenirken, kopek baligi (Mustelus sp.), vatoz (Raja sp.), balon balig
(Lagocephalus sceleratus) ve deniz kaplumbagasi (Caretta caretta) iskarta edilmektedir (Tablo 2).
Kalin paraketa yogun olarak mayis ayinda kullanilmaktadir. Lahos avciliginin yasak oldugu Haziran,
Temmuz ve Agustos aylarinda kullaniminin olmamasina ragmen bu donemde en iyi verim elde
edildigi bildirilmistir.

Grida paraketasi ile basta lahoz olmak lizere fangri (Ocak-Subat aylarinda) ve yasak donem
olmasina ragmen orfoz hedeflenmektedir. Migr1 (Conger conger) yem olarak degerlendirilmek iizere
yan uriin olarak alinmakta, kdpek baligi ise 1skarta edilmektedir. Bu av aracinin en verimli déonemi
Temmuz-Agustos aylar1 oldugu bildirilmekte fakat bu donemde lahoz avciligi yasak oldugundan
kullanilmamaktadir. Haziran, Temmuz ve Agustos aylari hari¢ tiim yi1l boyunca avcilik yapilmakta,
yogun olarak yasak donemden sonrasi yiiksek av vermesi nedeniyle Eyliil ayinda kullanilmaktadir.
Ince Paraketa

Fethiye Korfezinde kullanilan ince paraketanin ana beden @ 0,80 mm, ara beden ve kosteklerin @
ise 0,45 mm’dir. Kdsteklerin uzunlugu 50 cm ve iki kostek arasi1 mesafe ise 5,00 - 5,50 m’dir (Sekil 6).
Ince paraketada Mariner marka 23150 serisi, 12-13 numara diiz (J tipi), yass1 palali, uzun sapl ve
yuvarlak boyunlu kalay malzemeden yapilmis igne kullanilmaktadir. Selelerde kullanilan igne sayisi
Gocek’te 300, Fethiye’de 350 adettir. Balik¢1 teknesinde bir ya da iki sele bu paraketa takimindan
bulunabilmektedir. Ince paraketa camur-diiz zeminlerinde diiz atilirken, taslik yerlerde zigzag seklinde
birakilmaktadir. Pelajik tiirler hedeflendiginde ise diiz bir sekilde denize kurulmaktadir (Sekil 7).
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Sekil 6. ince paraketa takiminin teknik detayi.

Kayalik-Taslik Alana Atim Sekli

Diiz Alana Atim Sekli

Sekil 7. ince paraketanin atim sekilleri.

Ince paraketada lahoz, sargoz, cipura (Sparus aurata), karagdz (Diplodus vulgaris) tiirleri
hedeflenirken kopek baligi, vatoz, kertenkele baligi (Synodus saurus), trakonya (Trachinus draco)
tiirleri 1skarta edilmektedir (Tablo 2). Ince paraketa yogun olarak Ocak, Subat, Mart ve Nisan
aylarinda kullanilmaktadir.

Kilig Paraketasi

Kili¢ paraketast tiire 6zgii bir av araci olup, ana beden @ 1,50 mm, ara beden ve kostekler ise sirasi
ile @ 1,30-1,50 mm’dir. Kosteklerin uzunlugu 3-7 m ve iki kostek arasit mesafe ise 45-50 m’dir (Sekil
8). Bu paraketalarda genelde Mariner marka 23150 serisi, 2 numara diiz, yuvarlak boyunlu (J type)
veya Mariner marka 1405 (50500) serisi, 2 numara ¢apraz igne kullanilmaktadir. Ayn1 6zellikte farkli
markalarda igne olmasma karsin balik¢r birim fiyat1 dikkate alarak igne se¢imini yapmaktadir.
Genelde sepetler 250-300 adet igneden olusmaktadir. Teknelerde en az bir en fazla ii¢ sele
bulunabilmektedir. Seledeki igne sayilar1 +50 adet seklinde farklilik gosterebilmektedir. Korfez’de bu
paraketa diiz bir sekilde denize kurulmaktadir (Sekil 9).

Kilig paraketas: ile kilig baligi basta olmak iizere, orkinos ve tirleri (Scombridae sp.)
hedeflenmektedir. Mustelus sp.’nin biiyiik bireyleri ticari degere sahip oldugundan alikonulurken,
kiigiik bireyleri ise 1skarta edilmektedir (Tablo 2). Kili¢ paraketasi yogun olarak 1 Ocak-15 Subat
tarihleri arasinda kullanilmaktadir. 15 Subat-15 Mart ve 1 EKim-30 Kasim tarihleri arasinda avciligin
yasak olmasindan ve geri kalan aylarda da verimli olmadigindan kullanilamamaktadir.
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Sekil 8. Kilig paraketasinin teknik detayi.

Sekil 9. Kilig paraketasinin atim sekli.

Olta takimi

Fethiye Korfezi’'nde ticari amaglh olta takimlar1 kullanilmaktadir. Olta takimlarinda, @ 0,80-1,00
mm PA misina ve 7-9 numara biiyiikliigiinde farkli markalarda (Mustad, Mariner vb.) kisa veya uzun
sapli diiz yuvarlak boyunlu J-tipi igneler tercih edilmektedir (Sekil 10-A). Canli yem kullanildiginda
tek igne, diger yemlerle ise hirsizli zoka (2 igneli) tercih edilmektedir (Sekil 10 —B). Avcilik, kiyidan
ve tekneden olmak iizere iki sekilde yapilmaktadir. Tekneden yapilan avcilikta; 100-300 m arasinda
degisen uzunluktaki takimlar denize birakilmaktadir (Sekil 11). Tekne iizerine alinan oltalar sirayla
2’ser metre yukar1 ¢ekilmektedir. Kiyidan yapilan avcilikta genelde 10-15, tekneden yapilan avcilikta
ise tekne durumu ve hava kosullarina bagh olarak 5 takim kullanilabilmektedir. Yem genelde kupes
(Boops boops), sokkan (Siganus sp.) ve siibye (Sepia officinalis)’dir. Olta takimlar1 ile avcilik yil
boyunca yapilmaktadir. Avciligin en etkin zamanlar1 Mart, Nisan, Mayis ve Haziran aylaridir. Bu
takim ile sinagrit, lahoz, akya (Lichia amia) ve fangri tiirleri hedeflenmekte, balon ve kdpek baligi ise
1skarta edilmektedir (Tablo 2).
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Tablo 2. Paraketa ve olta takimlarinda yakalanan hedef ve 1skarta tiirler

Paraketalar

Hedef Tiirler

Iskarta Tiirler

Kalin paraketa

Lahoz (Epinephelus aeneus), grida
(Epinephelus marginatus), sinagrit (Dentex
dentex), fangri (Pagrus pagrus), iskorpit
(Scorpaena porcus) bakalyaro (Merluccius
merluccius)

Kopek baligi (Mustelus sp.), vatoz (Raja
sp.), balon baligi (Lagocephalus
sceleratus), deniz kaplumbagasi (Caretta
caretta)

Ince paraketa

Lahoz (Epinephelus aeneus), sargoz
(Diplodus sargus), ¢ipura (Sparus aurata),
karag6z (Diplodus sp.)

Kopek baligi (Mustelus sp.), vatoz (Raja
sp.), kertenkele baligi (Synodus saurus),
trakonya (Trachius draco)

Kili¢ paraketasi

Kilig baligi (Xiphias gladius), Orkinos ve
tiirleri (Scombridae sp.), Képek baliginin
(Mustelus sp.) biiyiik bireyleri

Kopek baliginin (Mustelus sp.) kiigiik
bireyleri

Olta

Lahoz (Epinephelus aeneus), sinagrit
(Dentex dentex), akya (Lichia amia), fangri
(Pagrus pagrus)

Kopek baligi (Mustelus sp.), balon balig
(Lagocephalus sceleratus)

®

X 5 ADET
(100-300 m)

00°1-08°0 @ OUOIN Vd

igne Biiyiikliigii
7-8 no

00°1-08'0 @ OUOIN Vd

G

igne Biiyiikliigii
7-8 no

Sekil 10. Olta takimlarinin teknik detaylari (A- Tek Igneli; B- Hirsizli Takim)

N

Sekil 11. Farkli uzunluklarda tekneden yapilan olta avciligi.
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TARTISMA ve SONUC

Bu ¢alismada, Fethiye Korfezi’nde kullanilan paraketa ve bazi olta takimlarinin yapisal 6zellikleri
iizerinde durulmustur. Fethiye Korfezi OCK alani oldugundan balikgilik alanlar nispeten kisithidir. Bu
nedenle kooperatiflere kayitlh 58 teknede kullamilan paraketa takimlari énemli bir av araci olarak
nitelendirilmektedir. S.S Fethiye ve Gocek Su Uriinleri Kooperatifinde kullamlan paraketalarda
yapisal acidan belirgin bir fark tespit edilmemistir. Balik¢i zaman iginde edindigi tecriibeyi av
aracglarina deneme yanilma yontemi ile av aracinda baz kiiciik yapisal degisikliklere gidebilmektedir.
Yapisal agidan ¢ok farkli olmamasina ragmen grida paraketasi ile kalin paraketa bolgede ayr
nitelendirilmektedir. Bu durum av aracinin isminin tamamen farkli bir isimlendirme yapilarak
gruplandirmasim gerektirmemektedir. Farkli isimlendirmeler biiyiik yapisal degisiklikler, yontemler
veya tiire 6zgii avcilik durumunda s6z konusu olabilmektedir.

Fethiye Korfezi’nde paraketa iizerine yapilan caligsmalar kili¢ paraketasi iizerine yogunlasmustir.
Erdem ve Akyol (2005), Akyol ve Ceyhan (2010) ve Tiizen vd. (2013), kili¢ balig1 paraketas: teknik
Ozellikleri olarak; ana beden @ 1,20 —1,50 mm, kosteklerin @ ise 1,50 mm, kostek uzunlugunu 3—4-5
m kostekler arasi mesafenin genelde 50 m ve c¢ogunlukla 2 numara diiz veya capraz ignelerin
kullanildigin1 belirtmiglerdir. Bu calismada ana beden @ 1,50 mm, ara beden @ 1,30 mm, kdstek @
1,50 mm, kosteklerin uzunlugu 3-7 m ve iki kostek aras1 mesafe ise 45-50 m olarak tespit edilmistir ve
diger arastiricilarin raporladigi kilig¢ balig1 pareketasi bulgulari ile hemen hemen aynmi 6zelliktedir.

Fethiye Korfezi’'nde daha once kalin paraketalarin teknik ozellikleri iizerine bir c¢aligmaya
rastlanilmadigindan dogrudan bir karsilagtirma yapilamamistir. Fakat Akyol (2012) Antalya
Korfezi’nde (Akdeniz) derinsu orfoz paraketasinin teknik ozellikleri iizerinde yaptigi ¢alismasinda
orfoz, lahoz ve tranga hedeflenen paraketa takimin ana beden @ 1,50 mm, kostek @ 1,20 mm, kostek
uzunluklar1 bir kulag (~1,8 m), kostekler arasi mesafe 7 kulag (~12 m) ve takimin toplam uzunlugu ise
7000 m civarinda oldugunu belirtmistir. Bu ¢alismada grida paraketasi olarak isimlendirilen ve orfoz
lahoz hedefleyen kalin paraketanin ana beden @ 1,00 mm, ara beden ve kdstek @ ise 0,80 mm’dir.
Kosteklerin uzunlugu 100 cm ve iki kostek arasi mesafe ise 13,50 m olmast bakimindan Antalya
Koérfezi'nde kullanilan paraketa takimindan farkliik gostermektedir. Ince paraketa acisindan
degerlendirildiginde; calisma bdolgesine yakin bir alanda (Antalya’nin Finike Korfezi kiyilarinda)
farkli ignelerin av verimi iizerine yapilan calismada dip paraketalarin teknik 6zellikleri verilmistir
(Celikoz ve Kusat, 2016). Calismada, dip paraketasinin ana beden @ 0,7 mm, kostek ¢ap1 ve uzunlugu
0,50 mm ve 50 cm oldugu bildirilmistir. Rapor edilen dip pareketasi ile bu calisa ile ortaya konulan
ince paraketa ozellikleri (ana beden ¢ap1 0.80 mm, ara beden ve kostek capt 0.45 mm, kosteklerin
uzunlugu 50 cm ve iki kostek arasi mesafe ise 5-5.50 m) benzerlik gostermektedir. Yakalanan ve
hedeflenen tiirler agindan degerlendirildiginde Fethiye Korfezi’nde hedeflenen ile Fethiye Korfezi’nde
hedeflenen ile Antalya Korfezi’'nde en ¢ok yakalanan sargoz, mirmir ve ¢ipura tiirleri benzerlik
gostermektedir (Celikoz ve Kusat, 2016).

Ticari olarak kullanilan olta takimlar1 degerlendirildiginde Akyol ve Ceyhan, (2017) derinsu orfoz
oltasinin teknik 6zelliklerini raporlamigtir. Fethiye Korfezi’'nde 250-800 m sularda kullanilan takimin
ana beden O 1,5 mm dakron ana bedene sahip olup, firdondiiden sonra 12 m’lik 1,2 mm ¢apinda yine
dakron ip ile bir ara bedene baglanmistir. Ara bedenin ucunda 4 kg’lik bir demir agirlik baghdir.
Kostekler 2 mm ¢apinda ve 1 m uzunlugunda celik teldir. Her kdstekte 2 adet (biri hirsizli) 3-4 no diiz
igne kullanilmis olup, her iki ignenin bagh oldugu ¢elik kosteklerin aralarina onar adet yesil fosforlu
boncuk dizilmistir. Celik kostekler firdondii ile ara bedene baglanmistir. 2 m arayla ara bedene
yerlestirilen 5 kostek igin toplam 10 adet igne kullanilmaktadir. Oltanin en {istteki kdsteginin yarim
metre lizerine 1 m’lik bir misina veya gelik tele bagli saniyede bir ¢akan yesil 151kl1 led konulmaktadir.
Oltanin toplam uzunlugu 1000 m olarak bildirilmistir. Bu olta takimmin yaygin kullaniminin olmadig
ve balik¢1 barinagina kayith sadece 2 tekne tarafindan kullanildig: bildirilmistir. Bu ¢alismada sunulan
olta takimlarinin ana beden @ 0,80-1,00 mm PA misina ve 7-9 numara olup, canli yem kullanildiginda
tek igne, diger yemlerle ise hirsizli zoka (2 igneli) tercih edilmektedir. Fethiye Su Uriinleri
Kooperatifinde 10, Gécek-Inlice Su Uriinleri kooperatifinde 8 tekne 6zellikle Mart, Nisan, Mayis ve
Haziran aylarinda yogun olarak kullanilmaktadir.

Av araglarinin teknik 6zellikleri kadar verimliliklerinin de ortaya konulmasi olduk¢a énemlidir.
Erdem ve Akyol (2005) Fethiye yoresinde paraketayla kilig baligi (X. gladius) avciliginda birim
cabaya diisen av miktarmi (CPUE)’m1 giinde her 1000 ignelik iinite i¢in 15,6 ile 27,8 kg olarak
degistigini bulmustur. Kalin ve ince paraketa takimlari i¢in Fethiye Korfezi i¢in bir ¢alisma mevcut
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degildir. Fakat Gokova Korfezi’'nde yapilan ¢aligmada CPUE’ 1,7 + 2,8 kg/100 igne/giin, tekne basina
giinliik av (kg) ortalamasi ise ve paraketa i¢in 5,2 + 4,3 kg/tekne/giin olarak bulunmustur (Dereli vd.,
2015). Fethiye Korfezi i¢in kalin ve ince paraketa basta olmak iizere diger av araglar1 ile de CPUE
caligmalarinin yapilmasi son derece faydali olacaktir.

Tarim ve Orman Bakanligi, Balikcilik ve Su firtinleri Genel Miidiirliigii tarafindan deniz ve i¢
sularda geleneksel kiy1 balik¢iligi verilerinin gilincellenerek kayit altina alinmasi ve siirdiiriilebilir
yonetiminin saglanmas1 amaciyla balik¢r gemisi sahiplerine yapilacak desteklemeye iligkin is ve
islemleri diizenleyen “Geleneksel Kiy1 Balik¢iliginin Kayit Altina Alinmasi ve Desteklenmesi” tebligi
kapsaminda Resmi Gazetenin 29/05/2018 tarihli sayis1 Teblig No: 2018/25 ile (Resmi Gazate, 2018)
av araglarina iliskin veriler toplanmaktadir. Toplanan verilere gore Fethiye Korfezi’'nde faaliyet
gosteren 74 kayith balik¢i teknesinin bu tesvikten faydalandigi tespit edilmistir. Ancak destek
kapsaminda balikg¢ilar tarafindan doldurulan anketlerde, av araglar ile ilgili baz1 6nemli eksiklikler
oldugu tespit edilmis ve bu calisma i¢in degerlendirmeye alinamamistir. Tarim ve Orman Bakanligi
anketlerine paraketalarla ilgili birim uzunluk verilmektedir. Halbuki av ¢abasini ortaya koymak
acisindan kullanilan igne sayist daha 6nemlidir. Yine Bakanlik anketlerinde yapisal olarak paraketa
tipinin (ince, kalin, tiire 6zgii 6rn. kili¢ paraketasi) mutlaka belirtilmesi gerekmektedir. Av araclari ile
hangi tlirlerin aveiliginin hedeflendigi, hedef dig1 ve iskarta tiirlerin neler oldugu da mutlaka
eklenmelidir. Kooperatiflere liye balik¢ilarla ve yerinde inceleme ile yiiriitilen bu calisma ile
eksiklikler giderilmeye calisilmistir. Balik¢ilik yonetimine katki saglamasi agisindan da ¢alisma son
derece 6nemlidir.

Sonug olarak; Fethiye Bélgesi OCK ve turizm bolgesi olmasinin yaninda balik¢ilik acisindan da
yore halki icin olduk¢a dnemlidir. Balik¢ilik politikalarinin gelistirilmesi ve siirdiiriilebilir balik¢ilik
politikas1 i¢in mevcut av araglarinin dogru ve tam olarak bilinmesi gerekmektedir. Kooperatif
balikgilari ile yliz yiize yapilan bu ¢alisma ile Tarim ve Orman bakanliginin hibe kapsaminda topladigi
veriler arasinda dnemli farkliliklar bulunmustur. Sadece Fethiye yoresi paraketa balik¢iligi igin degil
tim Tirkiye’de bu durum goz Oniinde tutularak hibe anket sorularinin giincellenmesi balik¢ilik
yonetimi igin son derce faydali olacaktir.

Tesekkiir: Bu calisma; Lisbet Rausing ve Peter Baldwin’in sahip oldugu Arcadia Fonu ve Cambridge
Universitesi biinyesindeki Cambridge Koruma Girisimi’nin destegi ile kurulan Endangered
Landscapes Program (Tehdit Altindaki Cografyalar Programi) ¢ergevesinde Akdeniz Koruma Dernegi
tarafindan Tiirkiye’de yiiriitiilen proje kapsaminda yapilmistir. Katkilarindan dolay1 proje yiiriitiiciisii
Zafer Kizilkaya’ya tesekkiir ederiz.
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Abstract

There are many studies on the growth, reproduction, and diet of Sciaena umbra Linnaeus, 1758 in the Mediterranean Sea,
while general information on the species is scarce with only a few limited regions from along the Turkish coasts of the
Mediterranean Sea, the Aegean Sea, Sea of Marmara and the Black Sea. A total of 217 individuals, 98 males, and 119
females were obtained between March 2018 and February 2019 from the Southeastern Black Sea (Ordu province). Length of
the individuals ranged from 11.70-48.20 cm, and weight ranged from 16.43-1934.48 g. According to IRl % analysis, the
primary prey group is crustaceans for all individuals and each sex. The secondary prey group was teleost and the third was
mollusks. This study extends the current knowledge of length and weight relationships and dietary habits of near threatened
brown meagre for its long-needed sustainable management, especially in the Black Sea.

Keywords: Brown meagre, Black Sea, LWR, feeding habits
Giineydogu Karadeniz'den Sciaena umbra Linnaeus, 1758 tiiriiniin Beslenme Aliskanlig ve Boy-Agirhk iliskisi
Ozet

Akdeniz’de Sciaena umbra Linnaeus, 1758 tiiriiniin biiylime, ireme ve diyeti {izerine bir ¢ok ¢aligma yayinlanmig
olmasina karsin Akdeniz’in Tiirkiye kiyilari, Ege Denizi, Marmara Denizi ve Karadeniz’den tiir iizerine genel bilgi sinirhidir.
Toplamda 217 birey, 98 erkek ve 119 disi, Mart 2018 ve Subat 2019 arasinda giineydogu Karadeniz’den (Ordu) elde
edilmistir. Bireylerin boylart 11,70-48,20 cm ve agirliklart 16,43-1934,48 gr arasinda degismektedir. Tiim ve her esey i¢in
%IRI analizine gore ana besin grubu krustaselerdir. ikincil besin grubu teleost ve iigiinciil molluskadir. Bu galisma, 6zellikle
Karadeniz'de uzun siiredir avlanan eskina tiiriiniin siirdiiriilebilir yonetimi i¢in ihtiya¢ duyulan boy ve agirlik iliskileri ve
beslenme aligkanliklar1 hakkindaki giincel bilgi birikimini genisletmektedir.

Anahtar Kelimeler: Eskina, Karadeniz, boy-agirlik iliskisi, beslenme aligkanligi

INTRODUCTION

Economically and ecologically important brown meagre, Sciaena umbra Linnaeus, 1758, can be
found throughout the Mediterranean Sea, the Black Sea, and the Azov Sea, inhabiting inshore waters
down to about 180 m depth (Fischer et al., 1987). In the coastal zones with their favorable habitats, the
presence of brown meagre is considered an indication of high environmental quality and fish
community richness (Mouillot et al., 2002; Garcia-Rubies et al., 2013; Harmelin-Vivien et al., 2015).
Additionally, the species was suggested as a useful bioindicator of professional and recreational
fishing pressures (Harmelin and Ruitton, 2007).

There are studies published on brown meagre growth (Chakroun and Ktari, 2003; Ragonese et al.,
2004; Chater et al., 2018), reproduction (Chakroun and Ktari, 2003; Grau et al., 2009), and diet (Fabi
et al., 1998) in the Mediterranean Sea. However, information on the species is scarce with only a few
limited regions from along the Turkish coasts of the Mediterranean Sea, Aegean Sea (Karakulak et al.,
2006; Bilge et al., 2014), Sea of Marmara (Artiiz, 2006; Keskin and Gaygusuz, 2010) and the Black
Sea (Engin and Seyhan, 2009).

According to the Turkish Statistic Institute (TUIK) (2019) reports, the annual production of brown
meagre in Turkish waters has declined within the last decade (Table 1). Similarly, there is a report of a
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declining trend globally by Chao (2015) and brown meagre, is categorized as a “Near Threatened”
species, by IUCN categories.

Table 1. Annual catch of all species and brown meagre (TUIK, 2019)

Year Total (tons) Brown meagre (tons)
2008 395,660.0 41
2009 380,636.0 32
2010 399,656.0 20
2011 432,246.0 6.6
2012 315,636.5 5.6
2013 295,167.9 2.5
2014 231,058.3 7.6
2015 345765.0 5
2016 263,724.5 45
2017 269,676.4 3

Conservational status and trend of this species are not available in the Black Sea due to limited
knowledge on the species. Consideration of threats and habitat preference of the species (Chao 2015)
is required to fill data gaps for the population of the species in the area. This study aims to extend the
current bio-ecological knowledge of the near-threatened brown meagre for its sustainable
management. The length-weight relationship and dietary habits of this were investigated in the
southeastern Black Sea.

MATERIALS and METHODS

Samples were collected monthly between March 2018 and February 2019 from the Southeastern
Black Sea (Ordu province) (Figurel). The samples were brought to the laboratory fresh and
morphological measurements of each individual were conducted. Total length was measured using a
measuring board with a sensitivity of 1 mm, and body weight was taken with an electronic scale with a
sensitivity of 0.01 g. Then, each individual was dissected by cutting from the anus towards the head
and the body cavity was exposed. The sex of each specimen was determined by microscopic
observation of the gonad. Stomach contents were identified, separated, counted, and weighed. The
stomach contents was determined by using Fischer et al., (1987) and Aydin et al., (2013).

480



AYDIN and BENGIL 2020 ActAquaTr 16(4), 479-486

Outer ticks in Nautical Miles

— 1500
— 1550
— 1600
— 1650
T— 1700

x— 1750
— 1800
— 1850
— 1900
L— 1950
— 2050
“+— 2100
— 2150
— 2200
— 2250

4 2300
— 2350
— 2400
— 2450
— 2500
— 2550
— 2600
— 2650
— 2700

L 4— 2000

“\
X

2750 — — 2750

i L",.—tr” N
} {~
2700 —

W,
o
2650 —ﬂ‘;

2600 — y N\ — 2600
BLACK SEA F\“\/w
z

AT — 2700

— 2650

2550 — — 2550

2500 7£ |

2400 — 37 o

— 2500
— 2450
— 2400
2350 — ; ) TURKEY — 2350
2300 — )

— 2300

2250 —| 3 e L 2250

S NS — 1 2200

— 2150

‘.’- Sh
2200 — 7"

2150 —| § ) ‘

1500 —| )
1550 —| =
1600 —| v
1650 —
1700 —
1750 —
1800 —
1850 —
1900 —
1950 —f..
2000 —f |
2050 —f !
2100 —|
2150 —
2200 —|
2250 —|
2300 —|
2350 —|
2400 —
2450 —|

T S—
2500 —|
2550 —
2600 —|
2650 —| @‘
2700 —|

Figure 1. Map of the study area

The LWR was calculated by using the power relationship in the following equation:
W = alL?

Where; W is the total weight (g); L is the total length (cm), a and b are constants for each species or
population. The b constant was estimated by using the logarithm transformation of the LWR dataset.
The LWR was estimated for all, each sex and season. The “b” value, which indicates growth tendency,
was tested to verify whether it differs from the isometry at a 0.05 significance level.

All prey items found in the stomach were identified to the lowest possible taxonomic level.
Analyses on diet comparison were made between sexes. To evaluate the importance of each prey item
percentage index of relative importance (IR1%) was calculated (Hyslop, 1980).

IRIl = Fl% (Wl% + Nl%)
100.1RI;
j=11R];

Where; N% percentage by number, W% percentage by weight, F% frequency of occurrence, IRI is
relative importance, and IRI1% percentage index of relative importance. For each species, vacuity
indices were calculated from the ratio of the number of stomachs with prey items and total examined
individuals.

Trophic levels of all individuals as well as for both sexes, all and each season were estimated. All
taxa found in the stomachs of examined individuals were classed under the prey categories as
Crustacean, Teleost, and Mollusca for easy comparison. The trophic level of identified groups was
taken from FishBase (http://www.fishbase.org) (Froese and Pauly, 2019) (Palomares and Pauly n.d.).
The IRI% of each taxon was used to calculate the proportional contribution of each taxon in a group.
The contribution of each taxon and their trophic levels were then used to calculate the weighted
average trophic level of each prey group.

Afterwards, trophic levels of examined species were calculated by;

IRI;% =
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G
1+ z IRI;; * troph;
j=1
Where; IRI,; is the fraction of prey (j) in the diet of the species (i), troph; is the trophic level of j,
and G is the number of groups in the diet of i (Pauly et al., 2000). All statistical analyses were
performed using Windows Office Excel software.

RESULTS

A total of 217 individuals, 98 males, and 119 females were obtained during the study period.
Length of the individuals ranged from 11.70-48.20 cm, and weight ranged from 16.43-1934.48 g.
Descriptive statistics of length and weight, as well as LWR parameters of all individuals and both
sexes by seasons, are given in Table 2.

Table 2. Table of descriptive statistics of length and weight measurements, and LWR parameters of all
individuals and both sexes by seasons (J: male; Q: female; X: overall; S: Sex; N= Number of individuals, Min:
Minimum; Max: Maximum; Ave: Average; a: and b:population constants; R% Regression coefficient; SE:
Standard error; Sp: Spring; Sum: Summer; Win: Winter)

S N Length (cm) Weight () LWR
Min Max Ave Min Max Ave a b R? SE
ALL & 98 117 460 27.0 1643 1300 32432 0.0060 3.23 0.981 0.046
Q 119 157 482 299 47.67 193448 45455 0.0059 3.24 0976 0.047
Y 217 117 482 286 1643 193448 39562 0.0057 3.25 0.979 0.032
Sp d 37 19.8 450 27.0 82.00 1300 30256 0.0031 342 0955 0.126
@ 38 173 463 310 5771 1481 486.94 0.0051 3.27 0972 0.092
Yy 75 173 463 29.0 57.71 1481 39598 0.0040 3.34 0970 0.072
Sum 4 34 143 445 242 3319 1127.70 24829 0.0072 3.17 0.992 0.049
Q 24 184 482 254 7672 181401  286.18 0.0060 3.23 0.990 0.079
Y 58 143 482 242 3319 181401 24829 0.0068 3.19 0992 0.039
Fall d 18 117 46.0 30.4 1643 1289.80 47523 0.0072 3.19  0.992 0.003
Q 47 157 479 31.0 47.67 193448 511.97 0.0060 3.25 0.978 0.072
Yy 65 117 479 30.8 16.43 193448  501.80 0.0065 3.22 0984 0.052
Win d 8 212 349 305 133.16 553.87 399.21 0.0219 2.85 0.995 0.073
@ 10 232 39.1 315 21046 823.13 463.02 0.0597 258 0933 0.245
Y 18 212 391 309 133.16 823.13 430.11 0.0323 275 0960 0.136

According to IRI % analysis, the primary prey group is crustaceans for all individuals and each sex.
The secondary prey group was teleost and the third was mollusks. Though the IRI % ratios varied, the
prey importance in the diet did not change among seasons. The IRI % with a list of prey and trophic
levels of all, female and male individuals overall and for each season are given in Table 3.
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Table 3. Table of IRI % and trophic level of all individuals and both sexes by seasons (TL: Trophic level; X: overall; Sp: Spring; Sum: Summer; Win: Winter)

All (TL: 3.21) Female (TL: 3.27) Males (TL: 3.18)
Species X% Sp% Sum% Fall% Win% X% Sp% Sum% Fall% Win% X% Sp% Sum% Fall% Win%
Crustacea 9546 9096 9841 8877 9763 9242 6532 9431 9099 10000 97.09 9993 9882 7370 _ 93.62
Carcinus aestuarii 030 000 0.0 0.68 353 012 000 0.0 000 1231 061 000 0.0 5.27 0.00
Brachynotus 009 000 011 0.29 000 011 000 071 0.06 000 006 000  0.00 161 0.00
sexdentatus
Crangon crangon 270 160 219 2.48 000 402 192 227 3.85 000 109 136 180 0.00 0.00
Eriphia verrucosa 079 496 026 0.00 000 123 681 170 0.00 000 026 173 000 0.00 0.00
Isopoda 4070 5812 4466  13.48 000 2999 2367 3498 1839 000 5051 6574 4223 0.00 0.00
Liocarcinus depurator | 0.79 114 0.0 1.96 000 177 438 0.0 1.84 000 006 000  0.00 1.08 0.00
Liocarcinus navigator | 0.05 000  0.25 0.04 000 016 000  1.36 0.06 000 000 000  0.00 0.00 0.00
Pachygrapsus 420 161 241 7.93 000 327 139 1166 152 000 514 046 0.0 29.47 0.00
marmoratus
Palaemon elegans 003 000  0.00 0.06 117 011 000 0.0 0.09 383 000 000 000 0.00 0.00
Palaemon serratus 268 000 077 7.91 1634 656 000 472 676 5426 022 000 0.0 5.19 0.00
Pilumnus hirtellus 002 000 020 0.00 000 007 000 130 0.00 000 000 000 000 0.00 0.00
Pisidia longimana 111 020  3.06 0.63 000 034 000 568 0.00 000 245 068 154 10.28 0.00
Upogebia pusilla 17.27 1257 0.0 3072 7532 1777 147 0.0 4061 2535 1563 2875  0.00 2.56 93.62
Xantho poressa 2473 1075 4450 2259 128 2680 2567 2991  17.81 425 2104 121 5324 1825 0.00
Teleost 449 901 116 11.23 237 758 3468 569 9.01 000 271 000 0.0 26.30 6.38
Diplodus puntazzo 001 000  0.00 0.09 000 004 000 000 0.14 000 000 000  0.00 0.00 0.00
Gobius niger 085 112 0.0 1.91 000 250 331 000 3.12 000 000 000 000 0.00 0.00
Merlangius merlangus | 0.01  0.00  0.00 0.08 000 000 000 000 0.00 000 006 000 000 1.01 0.00
Mullus barbatus 005 000 0.0 0.34 000 015 000  0.00 0.53 000 000 000 0.0 0.00 0.00
Neogabius 006 000 0.0 0.38 000 002 000 0.0 0.06 000 012 000 0.0 1.48 0.00
melanostomus
Parablennius 002  0.00 0.00 0.21 000 008  0.00 0.00 0.28 000 000  0.00 0.00 0.00 0.00
tentacularis
Scorpaena porcus 034 000  0.00 2.19 000 101 000 000 3.62 000 000 000 000 0.00 0.00
Symphodus melops 152 0.00 1.16 5.87 000 118 000 569 1.27 000 198 000  0.00 22.16 0.00
Trachurus 164  7.88 0.00 0.17 2.37 260 3137 0.0 0.00 000 055 0.0 0.00 1.66 6.38
mediterraneus
Mollusca 004 004 044 0.00 000 000 000 _ 0.00 0.00 000 021 007 118 0.00 0.00
Mytilus 004  0.00 0.44 0.00 000 000  0.00 0.00 0.00 000 019  0.00 1.18 0.00 0.00
galloprovincialis
Tritia neritae 000 004 000 0.00 000 000 000 000 0.00 000 002 007 000 0.00 0.00
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DISCUSSION

Though it is reported that different types of length measurements alter “a” but not “b”’; remarkably
(Froese, 2006), environmental factors, food availability, and maturity stage is known to affect the
growth of fish (Mommsen, 1998). The LWR studies conducted on brown meagre are given in Table 4.
When compared regionally, the b value of the LWR showed mostly positive allometry along the
Turkish seas, in the Mediterranean Sea, the northwestern Adriatic Sea, and the western Mediterranean
(except by Crechriou et al., 2013). In only three studies were reported negative allometric growth
(Karachle and Stergiou, 2008; Maci et al., 2009; Crechriou et al., 2013) and in a study was reported
isometric growth (Keskin and Gaygusuz, 2010). Since there is no regional pattern for negative
allometry (Table 4) it can be said that methodologic differences (sampling gear, using standard length
rather than total length for LWR and number of individuals) are the main reasons for such variations.

Table 4. Previously reported LWRs of Sciaena umbra collected from the Black Sea and some different locations
(SE: Standard Error)

Study N - LVZVR Location
Equation R SE (b) Allometry
This study 217 W=0.0057TL®*® 0979  0.032 + S Black Sea
Dulgi¢ & Kraljevi¢ (1996) 26 W=0.0000315TL*™® 0964  0.121 + E Adriatic
Morey et al., 2003 233 W=0.0053TL3%* 0.952  0.136 + W Mediterranean
Dulcic & Glamuzina, 2006 39 W=0.0354TL%0° 0.98 + E Adriatic Sea
Karachle & Stergiou, 2008 11 W=0.0242TL>7%° 0.93 0.252 - NW Aegean Sea
La Mesa et al., 2008 532  W=7.15x10°TL32% 0.98 0.017 + NW Adriatic Sea
Engin & Seyhan, 2009 329  W=0.0045TL3%0% 0.96 + SE Black Sea
Grau et al., 2009 160  W=0.041TL3%? 0.96 + W Mediterranean
Maci et al., 2009 203 W=0.0343SL28% 0.952  0.089 - SW Adriatic
Keskin & Gaygusuz, 2010 12 W=0.0069TL%® 0.98 0.338 isometry  Sea of Marmara
Crechriou et al., 2013 16 W=0.0018TL2% 0.908 - W Mediterranean
Bilge et al., 2014 54  W=0.0136TL3%0%® 0.979  0.196 + SE Aegean Sea

According to Artiiz (2006), decapod crustaceans and teleost fish were the main food groups by
weight and in terms of occurrence frequency, the order changed as teleost fish and crustaceans in the
Sea of Marmara. The main food taxon identified in this study differs from Artiiz (2006)’s results.
Parallel to this study, a study conducted from the southeastern Black Sea by Engin and Seyhan (2009)
reported that throughout the year crustaceans and teleost fish were the main food groups, and mollusks
and polychaetas contributed in small portions to the diet, as well. A study conducted from the coasts of
Italy in the central Adriatic Sea also reported that the main food item for brown meagre was
crustaceans, especially decapods, which were followed by amphipods, polychaetas, and benthic fish
(Fabi et al., 1998). Moreover, Fabi et al., (1998) and Engin and Seyhan (2009) stomach content results
along with a study by Karachle and Stergiou (2017) all support the result of crustaceans being the
main food source contrary to Artiiz (2006) which may also indicate a localized dietary habit in the Sea
of Marmara. Additionally, the trophic levels that were estimated within this study ranged between
3.27-3.18 and the total lengths between 11.7 48.2. Though it is lower than previously reported from
the Mediterranean Sea (trophic level estimated by Stergiou and Karpouzi (2002) was 3.80 and
Karachle and Stergiou (2017) reported a range between 3.50-3.80) the length range that was estimated
from is narrower (total lengths ranged between 13-37 in the study conducted by Stergiou and
Karpouzi, 2002) than this study. Besides the length group that it was estimated from estimated lower
trophic levels within this study may be related to ecological differences of the Black and
Mediterranean Sea.

Overfishing has long been the cause of the depletion of fish populations in the Mediterranean Sea,
as in many other aquatic environments, which induce changes in the trophic levels of communities and
the functioning of coastal ecosystems (Harmelin-Vivien et al., 2015). Additionally, other factors such
as ghost fishing, pollution, and climate change are also stressors on a fish population. A study
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conducted in the Sea of Marmara reported that as a result of increasing pollution in the eastern Sea of
Marmara, the numbers of brown meagre have decreased but the population in the western Sea of
Marmara has remained stable (Artiiz, 2006). In conclusion, such reports, along with the declining
numbers in TUIK reports, raise questions on the brown meagre” population sustainability. Therefore, it
is imperative to monitor the current state of other populations amongst other Turkish seas, such as the
Black Sea. This study extends the current knowledge of length and weight relationships and dietary
habits of the near-threatened brown meagre for its long required sustainable management, especially in
the Black Sea.
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Abstract

A new locality for the invasive freshwater jellyfish (Craspedacusta sowerbii Lankester, 1880) was found during a study
conducted in a mesotrophic dam lake (Urkmez Reservoir, western Anatolia, Turkey). The study was focused on the
limnological characteristics of the reservoir and conducted at monthly intervals between March 2014 and February 2015.
Some limnological characteristics (physicochemical parameters, phytoplankton composition, and trophic status) of the
investigating area are presented. In August and September 2014, jellyfish specimens were observed just beneath the surface
(3-4 spec/m?). In the remaining period of the study, no jellyfish specimens were found in the limnetic zone of the reservoir.
C. sowerbii has been rarely observed in Turkish freshwaters. The present record is the westernmost point of its distribution in
Turkey. An overview of its distribution in South-Eastern Europe and the Middle East, and a map showing the actual
distribution in the mentioned area was given.

Keywords: invasive species, freshwater jellyfish, reservoir, geographical distributional data

Tiirkiye’deki istilaci tathsu mediizii Craspedacusta sowerbii (Lankester, 1880): Yeni lokalite kaydi, habitat
limnoekolojisi ve Orta Dogu ve Balkanlar’daki dagilimm

Ozet

Mezotrofik bir baraj gdliinde (Urkmez Baraj Golii, bati Anadolu, Tiirkiye) yapilan galisma esnasinda istilaci tatlisu
mediizii (Craspedacusta sowerbii Lankester, 1880) i¢in yeni bir lokalite bulunmustur. Calisma baraj g6liiniin limnoekolojik
ozellikleri lizerineydi ve Mart 2014 ile Subat 2015 tarihleri arasinda aylik olarak yapildi. Calisma yapilan habitatin bazi
limnolojik 6zellikleri (fizikokimyasal parametreler, fitoplankton kompozisyonu ve trofik durum) sunulmustur. Agustos v
Eyliil 2014 tarihlerinde mediiz bireyleri yiizeyin hemen altinda olacak sekilde gozlemlenmislerdir (3-4 birey/m?). Calismanin
geri kalan donemlerinde baraj goliiniin limnetic bolgesinde mediiz bireylerine rastlanilamamustir. C. sowerbii Tiirkiye nin
tatlisularinda nadir goriilen bir tiirdiir. Mevcut kayit, tiiriin Tiirkiye dagilimndaki en bati noktay1 teskil etmektedir. Caligmada
ayrica, tliirlin Giineydogu Avrupa ve Orta Dogu’daki dagilimi gézden gegirilmis olup, tiiriin belirtilen bolgelerdeki giincel
dagilimini gosteren bir harita sunulmugtur.

Anahtar kelimeler: istilact tiir, tatlisu mediizii, baraj, cografik dagilim datasi

INTRODUCTION

More than 20 freshwater jellyfish species were identified worldwide (Jankowski et al., 2008).
Among them, Craspedacusta and Limnocnida are the two main freshwater Cnidarian genera, which
are originated from Asia and both of them produce medusa (Arbaciauskas and Lesutiene, 2005).
Although all of the species within the genus Craspedacusta have a limited distribution area, which
covers the Asian tropical and subtropical freshwater parts (mainly China and Japan), only
Craspedacusta sowerbii (Lankester, 1880) distributes in an extended large area (Jakovéev-Todorovi¢
et al., 2010). The exact number of the valid species belong to the genus Craspedacusta is not clear in
the literature [three species reported by Jankowski (2001); or five species given by Boulenger and
Flower, (1928)]. It has a worldwide distribution and inhabits almost all types of freshwater bodies of
big islands and all of the continents except Antarctica (Dumont, 1994). There are numerous records on
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the occurrence of this jellyfish both in natural (lakes, ponds, and streams) and artificial (reservoirs,
pools) freshwater bodies of temperate to subtropical regions worldwide (Duggan and Eastwood,
2012).

In a comprehensive study on the world distribution of C. sowerbii, Dumont (1994) mentioned the
presence of this species at two localities in Turkey. The first one is an aquarium occurrence in Istanbul
and the other one is a locality in the Firat-Dicle region (probably Keban Reservoir). Later, the species
was recorded from an artificial water body located in the Biiyilk Menderes River Basin (Top¢am
Reservoir) (Balik et al., 2001). Then, C. sowerbii was reported from the Kozan and Kralkizi dam lakes
(Bozkurt, 2004; Bekleyen et al., 2011). A few years ago, two new localities were reported which are
Sapanca Lake and Karacadren I Dam Lake (Akgaalan et al., 2011; Giille et al., 2014). Lake Sapanca is
the first and single habitat of this species from a natural lake in Turkey until now. The latest paper on
the occurrence of C. sowerbii was about the existence of this unique species at Ula Pond, Mugla
Province (Gtilsahin, 2017).

In this paper, a) we recorded a new locality for the distribution of this jellyfish species from
Turkey, b) reported selected limnoecological features of the new locality for the first time, ¢) and
overviewed the geographical distribution of C. sowerbii in SE Europe and the Middle East.

MATERIALS and METHODS

Urkmez Reservoir has been established for providing irrigation and drinking water requirements of
the neighboring settlements between 1985 and 1989 on the Kiiciik Menderes River. It has about 1 km?
surface area and is located in Seferihisar District, Izmir Province, Turkey (Figure 1). Two sampling
points (38° 05' 42"N - 26° 57' 22"E and 08° 06' 02"N - 26° 57' 24"E) were chosen to measure the
environmental characteristics and conduct a limnological study in the reservoir. Water samples and
biological materials were collected between March 2014 and February 2015 at monthly intervals using
a 2 L Hydrobios water sampler and plankton net (60um mesh size). The biological materials were
primarily fixed with Lugol’s iodine solution for a short time while the permanent preservation was
made with 4% formaldehyde.

Transparency of the water column was measured by Secchi-disk (30 cm ). Water temperature,
pH, dissolved oxygen, salinity, and conductivity were measured by a multiparameter (model WTW
3420i SET). Other chemical analyses and chlorophyll-a were performed in the laboratory following
standard methods and using a spectrophotometer (model Hach Lange Dr 6000-spectrophotometer,
APHA, 1980).

The observation of each phytoplankton species was presented as percent frequency in monthly
intervals and relative abundance was calculated according to Utermdhl’s method (Sournia, 1978).
Trophic State Index (TSI) was calculated from the values of Total Phosphorus (TP), Secchi Depths,
and Chlorophyll a (Chl-a) to determine the eutrophic level of the reservoir (Carlson, 1977).

To find out the current distribution of C. sowerbii in South-Eastern Europe and the Middle East,
the relevant literatures were examined and each record was mapped (Figure 1). Taxonomic
identification of the medusa was carried out morphologically according to Jankowski (2001) under an
Olympus stereomicroscope and light microscope. The individual density was calculated by snap
observations on an area of approximately one square meter in situ.
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Figure 1. Distribution of the C. sowerbii in SE Europe and the Middle East (Google n.d., 2019) and the photo of
a sampled specimen of C. sowerbii (Photograph by Semih Engin)

RESULTS

C. sowerbii was recorded for the first time in Urkmez Reservoir and Basin of Kiiciik Menderes
River. The reservoir is the westernmost point in the distribution area of C. sowerbii in Turkey. The
specimens were observed during the summer period (August and September) of 2014. The medusa
density was about 3-4 ind. /m*at both of the sampling stations. In the remaining period of the study, no
C. sowerbii specimens were found in the pelagic zone of the reservoir.
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The maximum depth of the two stations showed significant fluctuations throughout the year. The
maximum depths of both stations were measured in November (23 m and 18 m) while the minimum of
the first station was in July (10 m) and that of the second one was in October (4 m). The Secchi depths
of the stations were maximum in May and minimum in November. The highest water temperature
value (28.3 °C) was observed in August at the first station and in July at the second one. The reservoir
has an alkali character where the measured pH values were higher than 8.0 throughout the year. The
maximum pH value was 8.69 (in July) at the first station and 8.67 (in June and July) at the second
station. The minimum pH values were measured in November (8.17 at the first station and 8.21 at the
second one). The highest dissolved oxygen values were observed in November at both of the stations,
which were 9.0 mg/l and 8.5 mg/l, respectively. The minimum dissolved oxygen values were
measured in August (7.63 and 7.64 mg/l). The conductivity values had a peak in October at the
stations while the lowest values were measured in December. The maximum total Phosphorus values
were observed in October in both of the stations (0.113 mg/l) while the minimum values were
measured in January (0.007). The highest total Nitrogen value of the first station was 1.20 mg/l in
December while that of the second one was 1.49 in July. The lowest values were 0.08 at the first
station and 0.17 at the second station and both of them were measured in June. The highest Chl-a
values of the stations were measured in April which were 15.20 and 12.82, respectively. The lowest
Chl-a value of the first station was below the measurement range in January. Similarly, the lowest
Chl-a value of the second station, which was 0.80, was observed in November, December, and
February (Table 1).

During the two months when jellyfish was observed, there is a remarkable increase in water
temperature values in both stations especially in August 2014. August was the warmest month of the
study period with 27.4 °C and 28.7 °C surface water temperature at the first and second stations,
respectively. Then, a decline in water temperature was observed and the surface water temperatures
were decreased to around 22.0 °C. Oppositely, the dissolved oxygen value of August was the lowest at
7.63 mg/l. There is no obvious alteration in the pH values throughout the year, which was around 8.4.
Similar conditions were observed for the other measured physicochemical parameters. The monthly
values of the measured physicochemical parameters at the two stations in Urkmez Reservoir were
given in detail (Table 1).

The minimum values of TSI (TP) at the first and second stations were observed in January (32.2)
and September (20.0), respectively. The maximum values of TSI (TP) at both stations were observed
in October (72.4 at Stat. 1; 79.4 at Stat. 2). Similarly, the minimum scores of TSI (Chl-a) were
calculated both in December and February (28.4 in both stations) while the maximum values in April
(57.3 at Stat. 1; 55.6 at Stat. 2). The minimum TSI (SD) was observed in May at the stations (41.5 at
Stat. 1; 40.0 at Stat. 2) and the maximum values in November (77.4 in both stations). The average TSI
values show an alteration between 45 and 60 throughout the study period (Figure 2). Similarly, the
mean values of August and September were 45 and 52, respectively.
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Table 1. Temporal and spatial variation of physicochemical parameters in the Urkmez Reservoir

— [
2 ., £ 5 & 2 & %
Parameters S 5 = o ° 4 % 2 g = s 2
g5 3 5 3 s 2 3 =2 3 3 o g 3
n = < = ) ) < N O zZ @) ) L
15 17 175 13 10 13 17 13 23 22 14 16
Depth (m) 12 13 12 7 7 8 5 4 18 12 10 10
_ 60 160 360 200 230 170 70 110 30 40 80 _ 60
Secchi Depth (cm) 70 120 400 200 240 220 70 110 30 40 60 60

162 189 250 262 278 283 220 167 9.0 100 108 154
160 185 26.0 268 283 287 228 170 85 9.9 11.0 146
840 864 860 863 869 845 837 817 830 831 824 838
847 860 865 867 867 838 836 821 824 846 831 839
93 837 787 806 763 824 865 11.09 10.71 1043 9.86

Temperature (°C)

pH

Dissolved Oxygen

(mg/L) 1002 905 837 803 805 7.64 844 880 1096 1044 1031 10.19
- 332 338 347 356 350 367 371 378 336 306 312 318
Conductivity (pS/cm) 331 340 347 355 360 371 371 379 334 310 316 320

0.022 0.061 0.033 0.029 0.015 0.014 0.039 0.113 0.05 0.038 0.007 0.025
0.022 0.061 0.033 0.029 0.015 0.014 0.039 0.113 0.05 0.038 0.007 0.025
023 034 09 008 011 026 033 040 015 064 082 120
040 036 063 017 149 009 075 044 076 076 039 019

401 1520 1202 561 160 160 881 561 401 080 * 0.80
961 1282 560 240 160 481 481 160 080 080 160 0.80

Total Phosphorus
(mg/L)

Total Nitrogen (mg/L)

NP NDNEFPNEFEPNEPDNRPDNDMNREPDNDNEPRDNDPRPRDNDPRE
©
o
—

Chl-a (ng/L)

* Below the measurement range.
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Figure 2. Temporal and spatial variation of calculated TSI values

The most frequent phytoplankton assemblage of the Urkmez Reservoir was composed of 16 taxa
during the sampling period (Figure 3). Most of them belonged to Chlorophyta (4) and Bacillariophyta
(4) followed by Miozoa (3) and Euglenozoa (2). Cyanobacteria, Ochrophyta, and Cryptophyta were
also represented by only one taxon. Additionally, the data on phytoplankton species (15 taxa) and
density in August and September when the medusa was observed, were listed in Table 2.

Table 2. The phytoplankton species associated with the medusa and their relative abundances (%)

Phytoplankton Species August  September

Aphanizomenon gracile Lemmermann 15 +

Binuclearia lauterbornii (Schmidle) Proschkina-Lavrenko + 44

Ceratium hirundinella (O.F.Miiller) Dujardin 35 5

Dinobryon divergens O.E.Imhof 26 -

Euglena tuberculata Swirenko +

Microcystis aeruginosa (Kiitzing) Kiitzing 3

Monactinus simplex (Meyen) Corda 2 18

Pantocsekiella ocellata (Pantocsek) K.T Kiss & E.Acs +

Pediastrum duplex Meyen +

Peridiniopsis cunningtonii Lemmermann 2

Peridinium cinctum (O.F.Miiller) Ehrenberg 4 12

Pseudopediastrum boryanum (Turpin) E.Hegewald + +

Trachelomonas planctonica Svirenko 16 20
+

Ulnaria acus (Kiitzing) Aboal
Ulnaria ulna (Nitzsch) Compére
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Figure 3. The most frequent (>40%) phytoplankton species and their max. relative abundances (MRA)

DISCUSSION

Based on the calculated TSI values and its morphological characteristics (depth, surface area, water
level fluctuation, etc.), Urkmez Reservoir is categorized as an artificial water body which is meso-
eutrophic, shallow, small, and turbulent. In contrast to natural lakes, it is known that pelagic food
chain elements (bacteria, phytoplankton, and zooplankton), which are directly affected by water
guality, have an important role in the carbon cycle for a long time after initial filling in reservoirs
(Saito et al., 2001; Straskrabova et al., 2005). In a microcosm study, strong interactions between C.
sowerbii and pelagic food web were determined and it was reported that predation effects of the
medusa on herbivore zooplankton could lead to significant increases in chlorophyll concentration
(Jankowski et al., 2005. Consistent with previous findings, a significant increase in chlorophyll values
was observed during the period when medusae were observed in the present study.

Dam lakes or reservoirs, which are generally defined as unbalanced environments, are aquatic
ecosystems that are unique in their limnoecological characteristics due to seasonal or periodic filling
cases and water level variations caused by human discharge (Geraldes and Boavida, 1999). Dramatic
water level fluctuations were also detected in the Urkmez reservoir (see Table 1). As a result of the
prevailing climatic conditions, marked water level changes are widespread phenomenon in reservoirs
of the Mediterranean basin (Naselli-Flores and Barone, 2005). Researchers working on phytoplankton
dynamics predict that physical instability of the water column is the main factor in changes in species
composition (Calijuri et al.,, 2002). Monactinus simplex, Binuclearia lauterbornii, Ceratium
hirundinella, Peridinium cinctum, Trachelomonas planctonica, Dinobryon divergens, Pantocsekiella
ocellate and Cryptomonas ovata were observed as the most frequent phytoplankton species which
have high relative abundance values in the pelagic life of the study area. These phytoplankton species
were relatively common in several meso-eutrophic reservoir of Turkey (Aysel, 2005). In August and
September, A. gracile, B. lauterbornii, C. hirundinella, D. divergens, M. simplex, and T. planctonica
were the phytoplankton species associated with C. sowerbii. The phytoplankton composition and
trophic status are more or less similar to other temperate artificial lakes or reservoirs where the medusa
has established summertime populations (Ak¢aalan et al., 2011; Caputo Galarce et al., 2013; Stefani et
al., 2010).

C. sowerbii is one of the most successful invasive freshwater invertebrate species of the world.
Having a chitin-covered drought-resistant resting stage can be one of the main reasons for its success
and wide distribution worldwide. This species can tolerate extreme environmental conditions and has a
suitable life-stage for anthropogenic transport (Jankowski et al., 2008).

There are eight records (+ an aquarium record) of this jellyfish from Turkey and just one of them is
a natural lake (Sapanca Lake). The remaining records are mainly reservoirs, ponds, and dam lakes
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(Figure 1). Similarly, many of the records from SE Europe and the Middle East are artificial water
bodies.

There are several records on the existence of C. sowerbii in the Middle East countries (Table 3).
The first record of C. sowerbii from the area is an artificial lake located in Nile Delta, Egypt in 1956
(Dumont, 1994). The next one is an artificial pond near Baghdad, Iraq (Saadalla, 2006). Later, the
species was found in a perennial stream and a small pond near the Sea of Galilee in Israel (Gasith et
al., 2011). The last record of the species is an artificial water body near Tehran, Iran (Bagheri et al.,
2017).

Table 3. List of C. sowerbii records in SE Europe and the Middle East (see distribution map)

Country Locality Habitat type Source
Croatia Pond Cingi-lingi Artificial Stankovic & Ternjej, 2010
Roumania Pond Ghioroc Artificial http://freshwaterjellyfish.org/other-countries-
sightings/ 2007
Pond Near Zona Ghiroda Artificial http://freshwaterjellyfish.org/other-countries-
Noua sightings/ 2005
Grebla Pond Artificial http://freshwaterjellyfish.org/other-countries-
sightings/ 2011
Serbia Lake Velika Pescara Artificial Ludoski et al., 2004
Sava Lake Atrtificial Kalafati¢, 1983; Kalafati¢ et al. 1999
Lake Milosevo Artificial Database, Faculty of Science, Kragujevac
Lake Sumarice Artificial Database, Faculty of Science, Kragujevac
Pool near Velika Morova Natural Grozdani¢ and Manojlovié, 1958
River
Pond near Trstenik Artificial http://freshwaterjellyfish.org/other-countries-
sightings/ 2012
Gazivoda Reservoir Artificial Jaksic et al., 2017
Montenegro  Scutari Lake Natural Milovanovic & Zivkovic 1965
Bulgaria Drenovets Reservoir Artificial Kozuharov et al., 2017
Srechenska Bara Reservoir  Avrtificial Trichkova et al. (2013)
Gorni Dabnik Reservoir Artificial Regional History Museum — Pleven
Alexander Stamboliiski Artificial Stoyneva et al. (2013)
Reservoir
Iskar Reservoir Artificial Kozuharov et al., 2017
Zhrebchevo Reservoir Artificial Traykov; According to Kozuharov et al., 2017
Kardjali Reservoir Artificial Velkov (2004); Traykov et al. (2011)
Studen kladenetz Reservoir  Atrtificial Kozuharov et al., 2017
Ivaylovgrad Reservoir Artificial Bechev (1991)
Turkey Istanbul Agquarium According to Dumont, 1994 (Aquarium record)
Sapanca Lake Natural Akgaalan et al., 2011
Urkmez Reservoir Artificial This study
Topgam Reservoir Artificial Balik et al., 2001
Keban Dam Lake Artificial According to Dumont, 1994
Kralkizi Dam Lake Artificial Bekleyen et al., 2011
Pond Ula (Mugla) Artificial Gilgahin, 2017
Greece Canal in Lake Marathon Artificial Karaouzas et al., 2015
Cyprus Reservoir near Klirou Artificial http://freshwaterjellyfish.org/other-countries-
sightings/
Iran Chitgar Lake Artificial Bagheri et al., 2017
Irag Pond Artificial Saadalla, 2006
Pond Artificial http://freshwaterjellyfish.org/other-countries-
sightings/2002
Israel Lake Kinneret Aquarium Gasith et al., 2011
Iris Pon Natural Gasith e al., 2011
Egypt Lake Maryut Artificial According to Dumont, 2009
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This species has more records in Southeastern Europe than in the Middle East (Figure 1, Table 3).
There are many reports from Bulgarian and Serbian reservoirs and dam lakes (Jakov¢ev-Todorovi¢ et
al., 2010; Kozuharov et al., 2017).

The records of C. sowerbii were mainly based on observations of medusae form especially from
artificial water bodies such as ponds, reservoirs, and dam lakes in the Middle East and Balkan
countries (see Table 3). The two main reasons for this phenomenon can be 1) easiness in observation
of jellyfish form in the field study, and 2) overlooking (in general) the polyp form during benthic
studies conducted in the mentioned area. Environmental characteristics of artificial water bodies can
offer more favorable conditions for medusae form than those of natural lakes but it was reported that
natural waters were invaded at a higher rate than artificial waters in New Zealand (Duggan and
Eastwood, 2012) and this phenomenon was also observed in the United States (Acker and Muscat,
1976).

New records for the distribution of Craspedacusta are given in many parts of the world (Fritz et al.,
2007; Fuentes et al., 2019). Researchers try to get information about the origin and exact taxonomic
status of the recorded populations with molecular systematic studies. Zhang et al. (2009) suggested
that C. xinyangensis should be the synonym of C. sowerbii, C. sichuanensis the synonym of C.
kiatingi and C. brevinema the synonym of C. sinensis. The authors also emphasized that the
Craspedacusta populations distributed outside of China belong to C. sowerbii species. Molecular
genetic research on the state of Craspedacusta populations in Turkey may enable us to obtain valuable
results in terms of taxonomic status and origin determination of this unique species.

More studies, which will be focused both on polyp and medusa forms, can indicate the exact
distribution pattern of this unique species in the Middle East and Balkan countries. During this period,
C. sowerbii will continue to expand its distribution area throughout unconscious human activities.
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Abstract

This study was aimed to identify Paradiplozoon bliccae (Monogenea: Diplozoidae) in an endemic fish species
Pseudophoxinus burduricus (Teleostei: Cyprinidae) and to describe parasite’s prevalence and intensity of infection.
P. burduricus specimens were collected between January 2014 and February 2015 in Doganbaba Creek (Yesilova-Burdur). A
total of 60 P. burduricus specimens were examined for monogenean parasites. During the course of surveys, diplozoid
specimens were collected from the gills of these fish and examined microscopically for identification. Paradiplozoon bliccae
specimens were isolated from the examined fish. Prevalence, intensity, and seasonality of infection, age classes, and sex
compositions of the infected population have been calculated. It has been recorded that the highest point of prevalence being
in summer and the highest invasion value in the two-age class of fish. Hyperaemia, haemorrhage, and atrophy of the gills
were observed during pathological examination of the parasite infested fish individuals.

Keywords: Monogenea, Diplozoidae, Burdur,endemic

Doganbaba Cay: (Salda Gélii, Tiirkiye)’mn Endemik balik tiirii Pseudophoxinus burduricus’ta Paradiplozoon bliccae
(Monogenea: Diplozoidae) Enfeksiyonunun Bazi Parazitolojik Ozellikleri

Ozet

Bu ¢aligmada endemik bir balik tiirii olan Pseudophoxinus burduricus (Teleostei: Cyprinidae) ‘da bulunan Paradiplozoon
bliccae (Monogenea: Diplozoidae) bireylerinin tamimlanmasi ve parazitin enfeksiyon prevalansinin ve yogunlugunun
belirlenmesi amaglanmustir. P.burduricus 6rnekleri Ocak 2014 ile Subat 2015 arasinda Doganbaba Deresi'nden (Yesilova-
Burdur) toplanmigtir. Monogenean parazitleri agisindan toplam 60 P. burduricus 6rnegi incelenmistir. Balik solungaglarindan
diplozoid odrnekleri toplanmig ve tespit i¢in mikroskobik olarak incelenmistir. Paradiplozoon bliccae ornekleri baliklardan
izole edilerek enfeksiyon prevalansi, siddeti ve mevsimselligi, yas smiflar1 ve enfekte olmus populasyonun cinsiyet
kompozisyonlar1 hesaplanmistir. En yiiksek prevalans degeri yaz mevsiminde ve en yiiksek istila degeri iki yas balik
simifinda kaydedilmistir. Parazit bulagsmis balik bireylerinin patolojik olarak incelenmesi ile solungaclarda hemoraji, solungag
atrofisi gozlenmistir.

Anahtar Kelimeler: Monogenea, Diplozoidae, Burdur, endemik

INTRODUCTION

Monogenea is a diverse group of ectoparasites most of which predominantly live on the gills, skin
arches, and fins of a fish. A few may invade the rectal cavity, ureter, body cavity, and even the blood
vascular system. World widely about 4,000 to 5,000 species of monogeneans have been described on
fishes from freshwater and marine systems also at different temperature ranges (Reed et al., 2009a;
Reed et al., 2009b).
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Monogenean parasites transmit to another host via contagion and many of them are host specific.
They have no intermediate hosts; new hosts are infected by tiny free-swimming ciliated larvae or
oncomiracidia (Reed et al., 2009a; Kearn, 2011; Kearn, 2014; Bommakanti, 2016).

Diplozoids (subfamily Diplozoinae) as blood-feeding ectoparasites have a unique position in
monogeneans with having unusual body morphology and a direct life cycle. They invade mainly the
gills of cyprinid fishes. The life cycle includes permanent fusion of two larval forms that later turn into
a single worm. Adults have the specific hook-like structure, use two haptors with four pairs of clamps
to attach to fish gills, and create a X-shaped body (Pecinkova et al., 2007; Hodova et al., 2018).
Infected gills are pale, bloody, damaged and with excessive mucous secretion resulting in decreased
gill respiratory function and mortality (Reed et al., 2009b; Al- Nasiri, 2010).

It is known that diplozoons infect a large number of fish species in Europe (Maté&jusova et al.,
2001; Mat&jusova et al., 2004; Stavrescu-Bedivan and Aioanei, 2008; Stojanovski et al., 2010;
Konstanzova et al., 2017) in Asia (Soylu, 2009; Ahmad et al., 2015; Al- Nasiri and Balbuena, 2016;
Jirsova et al., 2018) and Africa (Dos Santos et al., 2015; Gilbert and Avenant-Oldewage, 2016a-b).

P. bliccae belongs to the Paridiplozoon genus from the Diplozoidae family. Several parasitological
studies have been conducted on monogenean parasites in Turkey (Ozer et al., 2004; Oztiirk and
Altunel, 2006; Soylu, 2009; Koyun, 2011; Soylu, 2012) and only a few Paradiplozoon species were
reported.

Paradiplozoon homonion had been previously reported by Soylu and Emre (2007) from
Pseudophoxinus antalyae and Cyprinus carpio in Kepez Pond; by Koyun and Altunel (2007) from
Alburnus alburnus in Enne Dam Lake; by Oztiirk (2011) from Rutilus rutilus in Manyas Lake; by
Akmirza and Yardimci (2014) from Abramis brama and Blicca bjoerkna in Sakarya river; by Oztiirk
and Ozer (2014) from Scardinius erythrophtalmus in Lower Kizilirmak and by Altan and Soylu (2018)
in Blicca bjoerkna from Akgol Lake.

Aydogdu et al. (2001) found P. megan from Squalius cephalus in Doganct Dam lake. P. megan
was also reported in Susurluk Stream (Giirkan and Tekin-Ozan, 2012). P. bingolensis was described as
a new species of genus in Garra rufa from Murat River (Civanova et al., 2013). P. bliccae has been
firstly reported from Squalius fellowesii in Doganbaba creek (Unal et al., 2017).

Pseudophoxinus is represented by 18 species in Anatolia, where an important diversification center
for this genus is. Except for two of this species, all of them are endemic to Anatolia (Kiigiik et al.,
2012; Kiigiik et al. 2013). Burdur spring minnow P. burduricus (Teleostei, Cyprinidae) is an endemic
fish species of Turkey. It is known from several freshwater systems in Central Anatolia and in the
surroundings of Lake Salda and Lake Burdur basins; Karamanli stream, Diiger spring, Degirmendere
stream, Sazak spring near Lake Yarisli. The conservation status of the fish has been referred to
category E - endangered fish (Freyhof, 2014).

There is a limited number of studies on the biological features, distribution (Kiigiik et al., 2012;
Giille et al., 2016), identification (Kii¢iik et al., 2013), and length-weight relationship (Yogurt¢uoglu et
al., 2016, llhan and Giicer, 2018) of P. burduricus. And except the Innal et al. (2017), there are no data
related to the parasites on P. burduricus.

The parasites in threatened fish species need to be investigated for the management and
conservation of fish populations in natural waters (Aydogdu et al., 2015). As mentioned above, Innal
et al. (2017) recorded Lernea cyprinacea with the highest prevalence of 28.3 % on P. burduricus from
Diiger Spring Creek (Burdur-Turkey). The objective of this work was to investigate parasite infection
of gill from P. burduricus in Doganbaba Creek (Yesilova-Burdur).

MATERIALS and METHODS
Fish sampling and dissection

Pseudophoxinus burduricus specimens were collected by electrofishing method in Doganbaba
Creek (37°35°48.35”N, 29°38°24.89” E) from January 2014 to February 2015. A total of 60 P.
burduricus were investigated for the presence of parasite specimens. Fish specimens were transported
in an oxygenated 20-litre aquarium filled with stream water. They were maintained in the aquarium for
2-3 hours and subsequently anaesthetized by MS-222. Following a standard parasitological method for
the detection of diplozoid species, all P. bliccae specimens were removed from the gills.
Monogeneans were isolated in the laboratory using a dissecting needle and stereomicroscope. To
evaluate pathology, gills samples infected with the parasites were fixed in 10% neutral formalin and
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routinely processed. Five micron sectioned and stained with haematoxylin eosin. The gills were
examined before and after the removal of the parasites. Infected gills of fishes were examined under
microscope. Fish age and sex were noted. Fish age was determined by using method of Lagler (1956).
Fish were dissected and classified according to sexual states (immature, mature, female, and male).
Prevalence, intensity, and seasonality of infection, age classes, and sex compositions of the infected
population have been investigated. Prevalence (Pr %), as the percentage of hosts infected with a
particular parasite species or taxonomic group and intensity (Int), as the number of individuals of a
parasite species in/ on a single infected host was calculated following Bush et al. (1997). A Kruskal—
Wallis test was applied to find significant differences in the prevalence of the parasite species for host
fish size, ages, and seasons. The differences in parameters were considered significant at P<0.05.

RESULTS

This study presents the first investigation of the monogenean fauna occurring on the gills of
endemic Pseudophoxinus burduricus species inhabiting Doganbaba Creek. The monogenean parasite
Paradiplozoon bliccae was found on 14 of 60 P. burduricus (23.33 %). A total of 86 specimens were
recovered from gills of 14 fish. Prevalence and intensity of infection in different age groups and sex
classes of fish species are shown in Table 1 and Table 2, respectively. Seasonal variation of infection
and mean intensity are shown in Table 3.

Four age classes were determined in captured specimens of P. burduricus. The age group | was
dominant in the population with 35 individuals and 5 of them were infected. The prevalence of
infection and infection intensity was higher among age group Il. There were significant differences
(p<0.05) in the infection rates of P. bliccae between ages. No diplozoon was found in juvenile
individuals and the group of age IlI.

Table 1. Prevalence and intensity of infection among different age groups of P. burduricus

Ages N N P Total Int.
0 6 0 0 0 0
| 35 5 14.29 24 4.8
1 17 9 52.94 62 6.89
11 2 0 0 0 0
Total 60 14 23.33 86 6.14
0— I— II— 11l - age categories, N — total number of fish in the age category, N — Number of infected fish,

P Prevalence (%), Total — number of recovered parasites, Int. — intensity of infection

Among examined population of P. burduricus, male individuals had superiority in numbers (35
from 60). But female hosts had higher levels of infection. Among all infected fishes, 8 were female,
and 6 were male. The prevalence rates of female and male individuals are 42.11 % and 17.14 %,
respectively. The differences in P. bliccae parasitic infections and the sex of the fish hosts is
statistically significant (p<0.05). Results are presented in Table 2.

Table 2. Prevalence of infection in sex groups of P. burduricus

Sex N N P
Immature 6 0 0
Female 19 8 42.11
Male 35 6 17.14
Total 60 14 23.33

N — total number of fish, N” — Number of infected fish, P — Prevalence (%)

The seasonal prevalence and intensity related to P. bliccae infection are shown in Table 3.
Prevalence value was highest (45.45 %) in the summer and lowest (0 %) in autumn and it increased in
winter (25.93 %). There were significant differences (p<0.05) in the infection rates of P. bliccae
between seasons.
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Table 3. Seasonality of infection and mean infection intesity for P. bliccae in P. burduricus

Season N N’ P Total Int.
Spring 27 7 25.93 36 5.14
Summer 11 5 45.45 27 5.4
Autumn 4 0 0 0 0

Winter 18 2 11.11 23 11.5
Total 60 14 23.33 86 6.14

N — total number of fish, N'— Number of infected fish, P — Prevalence (%), Total — number of recovered parasites,
Int. — intensity of infection

Mean intensity reached a peak in winter (11.50 %), but then decreased in spring and it fell to the
lowest level in autumn (0 %). The total number of P. bliccae was 86 whereas the maximum abundance
was recorded during spring (36) and the minimum values were obtained during autumn (0); in winter,
there were found 23 individual on only two host specimens.

Gross examination of the gills of P. burduricus revealed P. bliccae attached to the gills. Parasites
were generally localised at filament extremities and caused irregular appearance at the gills. More than
one parasite was observed on the same fish. Marked swelling, hyperaemia, and in some case
haemorrhages were observed at the gills that parasites attached area. Besides, atrophy was noticed the
filaments after removal of the parasites (Figure 1). Microscopical examination revealed desquamation
at the epithelial layer of the gills. Hyperaemia, haemorrhage and oedema were common
histopathological findings at the parasite attachment site. In some cases slight to moderate leukocyte
inflammation at these areas.

i

Flgure 1. (A) Slight hyperaemla haemorrhage (white arrow), and irregular appearance of the gills after
removing the parasites (black arrow), (B) macro appearance of the parasites that collected from the gills, (C)
attached parasite (arrow) on the gill

DISCUSSION

Monogenea is a group of species-rich parasitic flatworms consisting of many described species that
are commonly found on fishes and lower aquatic invertebrates. Due to having their high-degree host
specificity, parasitic monogeneans are used as excellent biological indicators to unveil host-species
relationships (Kmentova et al., 2016). The presence of monogeneans is regarded as a sensitive
biological indicator for the health situation of their habitat (Stojanovski et al., 2009).

In this study, monegean parasite P. bliccae was found in P. burduricus. This is a typical blood-
feeding ectoparasite from Diplozoidae family (Polyopisthocotylea, Monogenea) which have an
obvious specificity for host species. P. bliccae specimens were reported from some different fish
species in Europe and Asia (Mat&jusova et al., 2001; Al-Nasiri, 2009; Sobecka et al., 2014). Unal et al.
(2017) recorded Paradiplozoon bliccae for Turkey parasite fauna firstly from the gills of Squalius
fellowesii (Cyprinidae) in Doganbaba Creek (Yesilova-Burdur).

Herein, a total of 86 parasites attached to the gill of their hosts were obtained from 14 infected fish
specimens with a prevalence 23.3 % and quite high mean intensity of infection 6.14. According to the
data collected so far, different infectious densities were detected in different fish species. Unal et al.
(2017) found that prevalence and mean intensity were 28.3 % and 3, respectively in Squalius felowesii.
Al-Nasiri (2009) recorded P. bliccae with their percentage incidence of infection: from Cyprinion
macrostomum (13.7 %) and Cyprinus carpio (18.2 %) in Tigris river passing through Tikreet city,
Salah Al-Deen province. Sobecka et al. (2014) reported P. bliccae from Leuciscus idus in Lake Dabie,
Poland with prevalence of 1.81 % and mean intensity of 1.50.
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Many factors affect the prevalence of paradiplozoon infection in freshwater fishes. There are
several studies that reveal these relations (Koyun and Altunel, 2007; Aydogdu et al., 2008; Tombi et
al., 2014; Gilbert and Avenant-Oldewage, 2016b).

Of 60 P. burduricus classified according sex combination, 35 male and 19 female fish specimens,
carried 6 and 8 P. bliccae, respectively. There was no infection in any of 6 immature individuals.
Prevelance was found to be higher in females (42.11 %) than in the males (17.14 %). Contrary of these
results, male dominancy in infection was reported in studies of Tun¢ and Koyun (2018) about P.
homoion in Alburnus mossulensis (47.61 %) and Unal et al. (2017) concerning P.bliccae (52.9 %) in S.
felowesii.

The ages of examined specimens ranged from 0 to Ill and total prevalence was 6.14 %. The one
age class showed dominancy in the population (35 specimens). In our study highest prevalence is
reported to be 52.94 % in the two age class while in Unal et al. (2017) maximum prevalence were
reported in the four-age group of Squalius fellowesii (50 %).

In terms of seasonality, in this study prevalence of P. bliccae was the highest (45.45 %) in the
summer and mean intensity reached a peak in winter (11.5 %). The maximum abundance occurred
during spring and minimum during autumn with no parasitism. Unal et al. (2017) repoted that P.
bliccae prevalence was in the highest value in summer.

According to previous studies dealing with other Paradiplozoon sepecies, conclusions show that
water temperature may affect parasitism. For example, P. homoion has been reported in different fish
species. Pecinkova et al. (2005) found P. homoion specimens in Gobio gobio with highest prevalence
93.33 % in winter. In Soylu (2007), maximum of monthly prevalence was recorded in January
(79.3 %) and lowest in May (43.2 %) from Pseudophoxinus antalyae while Koyun and Altunel (2007)
reported maximum in summer in Alburnus alburnus (69.0 %). Oztiirk and Ozer (2014) found highest
infection percentages in Scardinius erythropthalmus and Vimba vimba in summer 54.6 % and in
spring 21.1 %, respectively. By Gilbert and Avenant-Oldewage (2016a), infestations of Paradiplozoon
icthyoxanthon in Labeobarbus aeneus were most intensive (90.0 %) in the summer. Stojanovski et al.
(2010) observed differences in invasion of P. ergensi according to the season in Leuciscus cephalus
albus from Lake Ohrid and reported highest value in spring (25.0 %).

There are several studies interested in Pseudophoxinus parasites in Turkey. By Soylu and Emre
(2007), Paradiplozoon homoion, Dactylogyrus ergensi, and Dactylogyrus sphyrna were reported on
the gills of Pseudophoxinus antalyae from Kepez | Hydro Electric Power Plant Loading Pond
(Antalya, Turkey). Soylu (2007) found that P. antalyae were infected by P. homoion with an overall
prevalence of 54.6 %. Aydogdu et al. (2011) reported that Contracaecum sp. larvae attached in the
abdominal cavity of Pseudophoxinus battalgilae that lived in Antalya Bay with a total prevalence
47.6 %. Aydogdu et al. (2014) conducted a study in incesu Stream — Konya Province and four
parasitic helminth species were detected; Asymphylodora imitans (28.2 %), Bothriocephalus
acheilognathi (1.08 %) and Pomphorhynchus laevis (52.1 %) in the intestines of Pseudophoxinus
crassus while Gyrodactylus latus (5.4 %) in the gills of host fishes. The study was carried out in Diiger
Creek by Innal et al. (2017) and Lernaea cyprinacea were found in P. burduricus overall prevalence
(28.3 %) as mentioned above. Lesley, Aydogdu, and Emre (2015) dissected Pseudophoxinus fahrettini
and found 11 specimes of Pomphorhynchus spindletruncatus with 31.4 % prevalence from Aksu,
Pazarkoy.

Our work, for the first time, shows that the occurrence of P. bliccae hosted by P. burduricus
contributed to the knowledge of distribution of this parasite in Turkey. Additionally, our results have
indicated that both seasonal and host factors (age and sex) may influence the levels of infection of P.
burduricus with this parasite species. Even if there is a need to investigate additional material for
species identification and molecular analyses together with a wide geographical investigation to obtain
more information about monogenean fauna in the inland waters of Turkey.
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Abstract

Phycocyanin is a blue pigment and water-soluble biliprotein from the Spirulina platensis. In this study, the water was
used as a solvent for the extraction of phycocyanin. Wet biomass of Spirulina, wet biomass held for 48 hours at room
temperature, frozen Spirulina for 48 hours, and frozen biomass for fifteen days, and dried Spirulina was used to determine
phycocyanin concentration (PC) (mg mL™). At the same time, extract purity of phycocyanin (ODg;5/OD,g0) and yield (mg g
%) were determined. Phycocyanin yield of 17,6497, 17,1370, and 17,0833 mg g™ were obtained from frozen Spirulina for
fifteen days, wet biomass of Spirulina held for 48 hours, and wet biomass of Spirulina, respectively. The purity ratios
(ODg15/0Dg) of 4.60, 0.81, 0.85, 0.98, and 6.55 were determined for frozen for 15 days, frozen Spirulina for 48 hours, wet
biomass of Spirulina (waited for 48 hours), dried Spirulina and wet Spirulina, respectively.

Keywords: Phycocyanin, extraction, solvent, C-PC yield
Spirulina platensis’ten mavi pigment fikosiyanin ekstraksiyonu
Ozet

Fikosiyanin, Spirulina platensis’ten elde edilen ve suda ¢oziinebilen mavi pigmenttir. Bu caligmada fikosiyanin
ekstraksiyonu igin ¢dziicii olarak su kullanilmustir. Fikosiyanin konsantrasyonunu (PC) (mg mL™) belirlemek igin yas
Spirulina biyomasi, oda sicakliginda 48 saat beklemis yas biyomas, 48 saat dondurulmus Spirulina, 15 giin dondurulmus
Spirulina ve kuru Spirulina kullamlnustir. Ayni zamanda Fikosiyanin safligi (ODg;s/ODyg0) ve iiriin miktar1 (mg g™)
saptanmugstir. Onbesgiin  dondurulmus Spirulina,48 saat oda sicakliginda beklemis yas biyomas ve yas Spirulina
biyomasindan, sirasiyla 17,6497, 17,1370 ve 17,0833 mg g fikosiyanin elde edilmistir. Uriindeki saflik oranlar
(ODg15/0OD2g), 4.60, 0.81, 0.85, 0.98 ve 6.55, sirasiyla onbesgiin dondurulmus Spirulina, 48 saat dondurulmus Spirulina, 48
saat bekletilmis yas Spirulina biyomasi, kurutulmus Spirulina ve yas biyomastan elde edilmistir.

Anahtar kelimeler: Fikosiyanin, ekstraksiyon, ¢oziicii, C-PC iiriin

INTRODUCTION

Phycocyanin is an accessory photosynthetic blue colored pigment of Spirulina sp. Cyanobacteria
Spirulina platensis is an excellent source of phycocyanin. C-phycocyanin(C-PC) is the major
phycobiliprotein and may constitute up to 20% of the dry weight of Spirulina (Jaouen et al., 1999;
Vonshak, 1997). C-PC has been widely investigated concerning its characteristics and commercial
potential. The application of C-PC has been examined in a wide range of fields. Phycocyanin is a
natural blue colorant, has uses as a food colorant for chewing gum, ice sherbets, soft drinks, candies,
and cosmetics including lipstick and eyeliners. Phycocyanin is also used as biochemical tracers in
immunoassays due to its fluorescent properties (Herrera et al., 1989; Silveira et al., 2007).
Furthermore, phycocyanin has been proven to have therapeutic properties including antioxidant, anti-
inflammatory, and anti-cancer activities (Romay et al., 2003; Eriksen, 2008).

Several factors can influence the phycocyanin extraction. The most important are, cellular
disruption method, type of solvent, biomass-solvent ratio, and extraction time (Abalde et al., 1998;
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Reis et al., 1998). Many studies on efficient extraction and purification of C-PC have been carried out.
Phycocyanin extraction was evaluated in terms of phycocyanin concentration using different solvents,
including distilled water, sodium phosphate, and sodium acetate buffers, NaCl, CaCl, (Abalde et al.,
1998; Bermejo et al., 2003, llter et al., 2018).

In the present study, the water as a solvent for phycocyanin extraction from S. platensis was
investigated. In the study we carried out, C-PC contents were determined from the wet biomass of
Spirulina, wet biomass of Spirulina held for 48 hours at room temperature, frozen Spirulina for 48
hours, and frozen biomass for fifteen days and dried Spirulina. Phycocyanin concentration (PC) (mg
mL™), extract purity of phycocyanin (ODgs/ODag), and yield (mg g™') were determined in the
samples.

MATERIALS and METHODS

In the study, the blue-green alga Spirulina platensis was cultured at the fiber-glass ponds with a
size of 1x5x0.2 meter and 1 ton capacity in the greenhouse of the Algal Biotechnology Pilot Plant,
Fisheries Faculty, Cukurova University, Turkey were used. There is a pedal system that provides
mixing with a speed of 20 cm sn™ in the ponds. The cultures were harvested by filtering. The wet
biomass of Spirulina, the wet biomass of Spirulina held for 48 hours at room temperature, frozen
Spirulina at -22 °C for 48 hours and frozen at -22 °C for fifteen days and Spirulina dried at 55 °C and
stored at room temperature were used to extract and purify.

Phycocyanin concentration was evaluated in terms of phycocyanin concentration (Eg. (1) using
distilled water. The Spirulina biomass samples were weighted.

Wet Spirulina samples of 20.09, 20.01, 20.07, 20.01 g; Spirulina waited 48 hours of 20.03, 20.04,
20.00, 20.04 g; frozen Spirulina for 48 hours of 20.04, 20.04, 20.04, 20.04 g, frozen Spirulina of 15.00
grams at for fifteen days and dried Spirulina of 2.0, 2.0, 2.03 g were weighed.100 mL distilled water
was added to the samples. The samples were studied with three samples except for frozen Spirulina
for fifteen days. The biomass was homogenized in ultra thorax at 5000 rpm for five minutes and 15000
rpm for one minute. The homogenized samples of 7 mL were placed in the centrifuge tubes and
centrifuged at 5000 rpm for five minutes. After centrifugation, the optical density of the supernatant
was measured at 615 and 652 nm.

Phycocyanin concentration (PC), according to Bennett and Bogorad (1973), was defined as

co 615 nm - 0.474(652 nm)
- 5.34

where PC is the phycocyanin concentration (mg mL™), ODss is the optical density of the sample at
615 nm, ODgs; is the optical density of the sample at 652 nm.

The purity of phycocyanin extract was monitored spectrophotometrically by the Agis/Asgg ratio
(Abalde et al., 1998). This relationship is indicative of the extract purity of phycocyanin with respect
most forms of contaminating proteins. Absorbance at 615 nm indicates the phycocyanin concentration,
while that at 280 nm is due to the total concentration of proteins in the solution (Liu et al., 2005). The
extract purity of phycocyanin (EP) was defined as

EP= OD615/O ngo

Where EP is the extract purity, ODg;s is the optical density of the sample at 615 nm, OD,g is the
optical density of the sample at 280 nm.

The yield of the extraction was defined as
Yield =

PCxV
DB

Where PC is phycocyanin concentration (mg mL™), V is the volume of solvent (mL), DB is dried
biomass (g).

Data were subjected to analysis of variance (ANOVA) and means were separated using Fisher's
Least Significant Difference (LSD) test at p<0.05.
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RESULTS and DISCUSSION

In the study carried out, PC contents were determined from the wet biomass of Spirulina, wet
biomass of Spirulina kept for 48 hours at room temperature, frozen Spirulina for 48 hours, frozen
Spirulina for fifteen days, and dried Spirulina.

Phycocyanin contents of 0.3119 mg mL™ obtained from wet biomass of Spirulina waited for 48
hours was found higher than 0.3108, 0.3043, 0.2997 and 0.24096 mg mL™ obtained from wet
Spirulina, frozen Spirulina for 48 hours, dried Spirulina than biomass frozen for 15 days, respectively
(Table 1).

Phycocyanin yield of 17,6497, 17,1370, 17,0833, 16,7208 mg/g obtained from frozen Spirulina for
fifteen days, wet biomass of Spirulina waited for 48 hours, wet biomass and frozen Spirulina for 48
hours respectively were higher than 14,8935 mg/g from dried samples (Table 1).

The purity of phycocyanin extracts of 4.60 and 2.55 were found high in the samples of Spirulina
frozen for 15 days and wet Spirulina of, respectively.

Table 1. Main parameters values of phycocyanin concentration (PC), extract purity of phycocyanin (EP), and
yield. Values with the different letter in each column showed a statistically significant difference between and
within groups (p<0.05)

Parameters PC (mg/mL) EP(OD615/0D280)  Yield (mg/g)
Frozen For 15 Days 0.240967+0.004315°  4.606667+1.158462° 17.6497°
Frozen Spirulina for 48 hours 0.304325+0.014516%  0.814275+0.080285° 16.7208"
Wet biomass of Spirulina (held for 48 hours)  0.3119+0.010455%  0.85225+0.050554° 17.1370°
Dried Spirulina 0.29975+0.004282%  0.9820540.02608° 14.8935°
Wet Spirulina 0.3108+0.007143% 2.5567+0.092880" 17.0833°
Prob > f 0.0001 0.0131 0.0001
LSD 9% 0.05 0.014 3.671 0.116

Many studies on efficient extraction and purification of C-phycocyanin have been carried out. The
phycocyanin content during the extraction with different solvents was investigated. The study was
carried out by Silveira et al. (2007) about the optimization of phycocyanin extraction from Spirulina
platensis and used different solvents, including, distilled water, 10 mM sodium phosphate buffer (pH
7.0), 10 mM sodium acetate buffer (pH 5.0), NaCl 0.15 M and CaCl, 10 g L™ (Abalde et al., 1998;
Bermejo et al., 2003). Silveira et al.(2007) were recorded that the higher phycocyanin contents of 3.73,
4.20 3.32, and 3.48 mg mL™ with different solvents of water, phosphate buffer pH 7.0, NaCl 0.15 M,
and CaCl, 10 g L™ than 1.84 mg mL™ of acetate buffer. In conclusion, the work described a suitable
method for the extraction of phycocyanin from the S. platensis. Water was chosen as the extractant
because it produced a high phycocyanin concentration. Besides, it is a low cost extractant (Silveira et
al., 2007). The reason for the low PC values (mg mL™) in our study can be explain strains of the
species and the mechanical disruption of cells, which caused increased release of phycocyanin.

At the study carried out that the slurry of Spirulina dried at different temperatures (T) and relative
humidity (RH). The PC values of air-dried fresh Spirulina and freeze-thawed and air-dried Spirulina
were compared and no significant differences were found, so it can be confirmed that the preservation
of Spirulina in a freezer did not cause serious changes in its properties. The phycocyanin contents for
three protocols of T30/RH50, T50/RH20/T80/RH20 were found similar (Nakagawa et al., 2016). In
this study, the PC values were found similar except the Spirulina frozen for fifteen days.

In the other study carried out with Spirulina, different phycocyanin extraction methods were
compared. Spectral properties of phycocyanin were observed that extracted with water, hydrochloric
acid, and homogenization in the blender. The quality of phycocyanin required would influence the
selection of suitable extraction method. It was reported that fresh biomass was suitable for
phycocyanin extraction (Sarada et al, 1999). In our study, we also observed that the best PC values
with the wet samples of 0.31 mg/mL.

The relationship is indicative of the extract purity of phycocyanin with respect to most forms of
contaminating proteins. The results obtained from the studies demonstrated that the purity of the
extract is significantly influenced by temperature. In the study carried out phycocyanin concentration
and extract purity were shown that as a function of time. The results obtained in that work
demonstrated that the purity of the extract was significantly influenced by temperature. High
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temperature resulted in reduced purity because it facilitated the extraction of other proteins (Silveira et
al., 2007).

liter et al. (2018) was carried out a study in which different solvents of distilled water, Na-
Phosphate pH:7,4 suspension, and 1.5% CacCl, (w/v) water solution were used for dry, frozen, and wet
Spirulina. In that study, the highest phycocyanin content of frozen biomass was obtained using 1.5%
CaCl, (w/v) as extraction medium with 55.33+3.23 mg/g PC. With distilled water as a solvent,
24.67+2.26 mg/g PC was obtained for frozen Spirulina biomass. In our study, a higher PC content of
17.64 mg/g was found with frozen Spirulina biomass for fifteen days with distilled water (p<0.05).

The extract purity was favored when using low temperatures. High temperature resulted in reduced
purity because it facilitated the extraction of other proteins. Since the phycocyanin concentration was
only slightly affected by temperature, the increase of temperature did not improve phycocyanin
extraction (Silveira et al., 2007). In that study, the room temperature was 24 °C and extract purity
(ODg15/0D,g0) values were determined 4.60, 0.81, 0.85, 0.98, and 6.55 for frozen for 15 days, frozen
Spirulina for 48 hours, wet biomass of Spirulina (waited for 48 hours), dried Spirulina and wet
Spirulina, respectively.

C-phycocyanin extraction process for large-scale use were studied and the optimum conditions for
extracting C-PC from dried, frozen biomass, milled to a small diameter, were an extraction time of 1
h, a biomass-to-solvent ratio 0.16:1, and without agitation, obtaining a C-PC concentration of 13.20
mg/mL, purity of 0.603 and extraction yield of 82,48 mg/g (Moraes et al., 2010).

Oguz et al. (2011) were carried out the experiment in the fiber-glass ponds in the greenhouse
during the months of April, July, and September to determine the effect of seasonal temperature and
light intensity on the blue pigment C-phycocyanin and protein content of Spirulina platensis. While
C-phycocyanin content was found higher in Autumn (332.7 +1 pugmL™), lower and similar in Spring
and Summer (327.5 +2 and 323.4+1 pgmL™ respectively. In the study, NaNO; was used as a
solvent and read at 620 nm CP values was calculated with the equation of CP=0ODgonm X 137= ugmL’
! (Boussiba and Richmond, 1979). The CP values were similar to the CP contents of this study,
however, the water as a solvent for extraction is not harmful to health and environment, at the same
time costless.

In the other study, the effect of ultrasonication process time on the extraction of phycocyanin and
chlorophyll-a prior to the application of solvent extraction with methanol and aqueous sodium nitrate
solution (1.5% NaNO3), and the antioxidant activity (FRAP, Ferric Reducing Ability of Plasma) of
extracts were determined. Ultrasonication for 1, 3, 5, 10, 15, 20, 30, 45, and 60 minutes were applied
prior to methanol and NaNOj solvent extraction for 120 minutes at room temperature. Chlorophyll a
concentration with 6.75 mg/g dry Spirulina for control sample increased to 7.70 mg/g dry Spirulina by
30 minute sonication process, and it remained constant at further sonication times. Moreover,
phycocyanin concentration with 34.52 mg/g dry Spirulina for the control sample increased to 51.83
mg/g dry Spirulina up to 45 minute sonication process and remained constant at further sonication.
Antioxidant activity of chlorophyll a and phycocyanin were 15.74 mg/g and 11.98 mg/g, respectively
for 60 minutes sonic application followed by solvent extraction. In conclusion, prior to solvent
extraction, 30 minute sonication process is recommended for chlorophyll a while 45 minute process
for phycocyanin (Aksay and Arslan, 2018). In that study, phycocyanin extraction was performed using
1.5% sodium nitrate aqueous solutions and the phycocyanin concentration was higher than in our
results because of the different solvents probably. However, as stated in this study, prior to solvent
extraction sonication process will increase the yield of phycocyanin, so the sonification seems
necessary in this study.

CONCLUSION

In the study, water as a solvent was used for extraction of phycocyanin. It can be said that in that
study phycocyanin amount is not high as the other studies used different solvents or methods for
disruption to the cells. In the trials used water as a solvent, disruption of the cells, agitation, different
temperatures can be added for more effective extraction. Phycocyanin, the blue color, organic
coloring, not harmful to human health, can be used in the food industry widely. However the cost of
the product should be as low as possible, so the water can be preferable.
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Abstract

In this study, cytogenetic properties of E. lucius in Sakarya River were investigated using standard Giemsa staining, C-
and Ag-NOR banding techniques. The number of diploid chromosomes (2n) of individuals studied is 50 and karyotype
consists of 50 acrocentric chromosomes with decreasing sizes. Secondary constriction was observed on the third autosomal
pair in the karyotype. Morphologically distinguishable sex chromosomes were not detected in male and female individuals.
Some chromosomes were centromeric C-positive, while some chromosomes were negative. Active NOR is localized in the
pericentromeric region of the third autosomal pair and it is related to C-heterochromatin. Our results are similar to those of
other studies and this result shows that the cytogenetic properties of the species are quite stable. Moreover, these results may
contribute to the cytogenetic and phylogenetic studies of the Esox species in the future.

Keywords: Chromosome, Ag-NOR band, C-band, northern pike, Turkey
Tiirkiye’deki Turna Baligi, Esox lucius (Esocidae)’un Banth Karyotipleri
Ozet

Bu calismada, Sakarya Nehri’ndeki E. lucius’un geleneksel Giemsa boyama, C- ve Ag-NOR bantlama teknikleri
kullanilarak sitogenetik 6zellikleri aragtirildi. Calisilan bireylerin diploid kromozom sayist (2n) 50°dir ve karyotip azalan
biiyiiliikte 50 akrosentrik kromozomdan olugmaktadir. Karyotipte, liglincli otozomal ¢iftte ikincil bogum goézlemlendi. Erkek
ve disi bireylerde morfolojik olarak ayirt edilebilir cinsiyet kromozomlari tespit edilmedi. Baz1 kromozomlar sentromerik C-
pozitif iken, bazilar1 negatifti. Aktif NOR’lar ii¢lincii otozomal g¢iftin perisentromerik bolgesinde lokalizedir ve C-
heterokromatin ile iliskilidir. Bulgularimiz diger ¢alismalarin sonuglari ile benzerdir ve bu sonug, tiiriin sitogenetik
ozelliklerinin oldukga stabil oldugunu gostermektedir, Ayrica bu sonuglar gelecekte ESoX tiirlerinin sitogenetik ve filogenetik
¢aligmalaria katki saglayabilir.

Anahtar kelimeler: Kromozom, Ag-NOR bant, C-bant, turna baligi, Tirkiye

INTRODUCTION

The genus Esox consists of five species distributed in North America, Europe, and Eurasia
(Gandolfi et al., 2017). Northern pike Esox lucius (Linnaeus, 1758) is a broadly distributed predatory
fish in the fresh waters of Eurasia and North America (Liberman et al., 2019).

Until now, the karyological properties of different populations of the genus Esox in the world have
been studied (Table 1). The number of diploid chromosomes (2n) of the genus Esox in Sweden
(Nygren et al., 1968), Canada (Beamis et al., 1971; Rab and Crossman, 1994), USA (Davisson, 1972),
Czechia (Rab and Mayr, 1987; Symonova et al., 2017), Poland (Jankun et al., 1998) and China (Zou
and Li, 2006) populations was 50.

E. lucius distributed in many freshwater ecosystems in the Black Sea and Central Anatolia in
Turkey (Fricke et al., 2007). There is no study on the cytogenetic properties of Northern pike. This
study aims to investigate the cytogenetic properties of Northern pike in Turkey.
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Table 1. Chromosomal records of Esox species.

Species Locality 2n Karyotype NF Reference
Sweden - Nygrenetal., 1968
Canada - Beamis et al., 1971
USA - Davisson, 1972
Czech - Raband Mayr, 1987
E. lucius Canada - Rab and Crossman, 1994
Poland 50 Jankun et al., 1998
China 50 Zouand Li, 2006
Czechia 50 Symonova et al., 2017
Turkey 50 This study
USA 50 50A ) Davisson, 1972
E. americanus Canada Rab and Crossman, 1994
USA Davisson, 1972
Canada ) Rab and Crossman, 1994
Canada McGregor, 1970
E. masquinongy USA - Davisson, 1972
Rab and Crossman, 1994
. Davisson, 1972
E. niger USA " Raband Crossman, 1994
E reicherti USA - Davisson, 1972

MATERIALS and METHODS

Three specimens of E. lucius were collected from River Sakarya (39°20" N, 32°0" E), Ankara,
Turkey (Figure 1). The study was undertaken and the specimens were obtained with the permission of
the Republic of Turkey, Ministry of Forest and Water Works (Permit no. 21264211-288.04-
E.789508). The fish specimens were transported alive to the laboratory and kept in well-aerated
aquaria until analysis. Chromosomes were prepared directly from the head kidney according to the
method of Collares-Pereira (1992). Air-dried slides were stained conventionally by 10% Giemsa for
10 minutes. Constitutive heterochromatin and nucleolar organizer regions (NORs) were detected by
the techniques of C-banding (Sumner, 1972) and Ag-NOR staining (Howell and Black, 1980),
respectively. From each specimen, 10 to 20 slides were prepared, and at least 20 well-spread
metaphase plates were analyzed. Definition of the shapes of the chromosomes was established
according to Levan et al. (1964).
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Figure 1. Collecting site in River Sakarya from Ankara.
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RESULTS

The number of diploid chromosomes (2n) of Northern pike is 50. The chromosome set consists of
50 acrocentric chromosome pairs (NF = 50). No morphologically distinguishable sex chromosomes
were detected in the set. Secondary constriction was observed in the medium-sized chromosome pair
(no: 3) (Figure 2). While C-heterochromatin bands were observed in the centromeric regions of some
autosomal pairs, other autosomal pairs were negative (Figure 3). Active NOR is localized in the
pericentromeric region of a pair of medium-sized acrocentric chromosomes (no: 3) and it is related to
C-heterochromatin (Figure 4).
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Figure 2. Standard Giemsa staining karyotype of Esox lucius. Arrows indicate the position of
secondary constrictions.
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Figure 3. C-banded karyotype of Esox lucius
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Figure 4. Silver-stained karyotype of Esox lucius. Arrows indicate the position of active Ag-NORs.

DISCUSSION

The karyological properties of E. lucius from Turkey were investigated in this study for the first
time. The diploid chromosome number (2n) is 50, and all the chromosomes are acrocentric. The
karyological findings of E. lucius in Turkey are consistent with the results of studies in North
America, Asia, and Europe (Nygren et al., 1968; McGregor, 1970; Beamis et al., 1971; Davisson,
1972; Rab and Mayr, 1987; Rab and Crossman, 1994; Jankun et al., 1998; Zou and Li, 2006;
Symonova et al., 2017). Besides, a secondary constriction was identified in medium-sized
chromosome pairs in both Turkey population and other populations (Rab and Mayr, 1987). In this
study, sex chromosomes of E. lucius were not detected.

Heterochromatin bands contain highly repetitive DNA and are transcriptionally inactive (Sumner,
1982). The number, size, and form of the bands vary even in individuals of the same species and they
are generally localized in the centromeric and telomeric regions of the chromosomes (John and
Miklos, 1979). DAPI C-heterochromatin bands in E. lucius individuals from Poland are located near
the centromeres of some chromosomes (Jankun et al., 1998). Turkey's population that some
chromosomes have centromeric C-heterochromatin bands are compatible with the Polish population.

Locations and phenotypes of active NORs have proven useful in fish cytotaxonomy (Crossman and
Rab, 2001). It has been reported in previous studies that an active NOR in the Esox and Umbra species
was localized near the centromeric or pericentromeric region of the medium-sized acrocentric
chromosome pair (Rab, 1981; Rab and Mayr, 1987; Rab and Crossman, 1994; Jankun et al., 1998).
Rab and Crossman (1994) stated that NORs are not related to heterochromatin. However, Jankun et al.
(1998) found that this NOR is related to C-heterochromatin as a result of C-banding and DAPI
staining. Also the NORs is relate with heterochromatin in Turkey population. The results obtained
both in this study and in other studies show that the karyotype and NORs phenotypic structure of E.
lucius is homogeneous. Moreover, our results support the hypothesis that the NOR position of North
American and European populations is shared characteristically (Rab and Crossman (1994). As a
result, the karyotype properties of Northern pike with all acrocentric (2n = 50) chromosomes are
compatible with the findings in other studies.

Acknowledgments: The standard karyological features of this study were presented as an abstract at
the 1st International Symposium on Graduate Research in Science Focus on Entrepreneurship and
Innovation (ISGRS 2018).
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Ozet

Bu ¢alisma, Karapiar Deresi lizerinde bulunan 3 alabalik tesisinin su kalite parametreleri lizerindeki etkilerini incelemek
amaciyla Ocak - Aralik 2012 tarihleri arasinda gergeklestirilmigtir.

Calismada incelenen su kalite parametrelerinden sicaklik 15,6 - 17,9 °C, pH 7 - 7,94, ¢6ziinmiis oksijen 6,04 - 9,75 mg/l,
elektriksel iletkenlik 431,0 - 545,0 ps/cm, askida kat1 madde 0,1 - 18,2 mg/l, klorofil-a 0,12 - 11,38 mg/m?®, toplam alkalinite
280 - 510 CaCOa3/l, toplam sertlik 285 - 397,1 CaCO3/1, kimyasal oksijen ihtiyac1 27 - 79 mg/l, nitrit azotu 0,001 - 0,015
mg/l, nitrat azotu 0,54 - 0,87 mg/l, amonyum azotu 0,018 - 0,033 mg/I, ortofosfat 0,002 - 0,009 mg/l, toplam azot 0,68 - 1,07
mg/l, toplam fosfor 0,016 - 0,030 mg/l, sedimentte toplam kjeldahl azotu 841 - 1436 mg/kg ve sedimentte toplam fosfor 95 -
145 mg/kg araliginda degismistir.

Sonug olarak, Karapinar Deresinde su kalitesi, su kirliligi kontrol yonetmeligine (SKKY) gore sicaklik, pH, ¢dzlinmiis
oksijen, kimyasal oksijen ihtiyaci, nitrit azotu, nitrat azotu, amonyum azotu ve toplam fosfor degerleri yoniinden I. sinif
olarak belirlenmistir. Bu durumun alabalik g¢iftliklerinin kapasitelerinin diisiik ve yemleme yogunlugunun az olmasindan
kaynaklandig1 diistiniilmektedir. Tiiketilmeyen yem ve baliklarin metabolik faaliyetlerinden kaynaklanan atiklarin, yiiksek
debi sayesinde birikim yapmadig: tespit edilmistir.

Anahtar Kelimeler: Su kirliligi, su kalitesi, alabalik ¢iftligi, Karapmar Deresi
The Effect of Trout Fish Farms on Water Quality of Karapinar Creek ( Erdemli, Mersin)
Abstract

This study was carried out to determine the effect of three trout fish farms on the water quality of Karapinar Creek
between January - December 2012.

During the study, measured water quality parameters varied in different ranges, water temperature 15.6 - 17.9 °C, pH 7-
7.94, dissolved oxygen 6.04 - 9.75 mg/l, electrical conductivity 431.00 - 545.00 us/cm, suspended solid matter 0.1 - 18.2
mg/l, chlorophyll-a 0.12 - 11.38 mg/m?®, total alkalinity 280 - 510 CaCO4/l, total hardness 285 - 397.1 CaCOs/l, chemical
oxygen demand 27 - 79 mg/l, nitrite nitrogen 0.001 - 0.015 mg/l, nitrate nitrogen 0.54 - 0.87 mg/l, ammonium nitrogen 0.018
- 0.033 mg/l, orthophosphate 0.002 - 0.009 mg/l, total nitrogen 0.68 - 1.07 mg/l, total phosphorus 0.016 - 0.030 mg/I,
sediment total kjeldahl nitrogen 841 - 1436 mg/kg and sediment total phosphorus 95 - 145 mg/kg.

In conclusion, according to the Water Pollution Control Regulation of Inland Water Resources Criteriathe creek can
bewas classified as I. class (high quality water) with regard to water temperature, dissolved oxygen, chemical oxygen
demand, nitrite-nitrogen, nitrate-nitrogen, ammonium-nitrogen and total phosphorus. This situation might be related tothe
low capacity of trout farms and low feeding intensity. It was also determined that non-consumed feed and wastes from
metabolic activities of fish did not accumulate due to the high flow rate.

Keywords: Water pollution, water quality, trout farm, Karapinar Creek

GIRIS

Su iiriinleri yetistiriciligi glin gectikce biliylimeye devam eden bir sektordiir. Yetistiricilik tiretimi
son 30 yil icerisinde diinya genelinde yillik ortalama %8,8 artis ile neredeyse 12 kat artmustir (FAO,
2018). Ulkemizde 314,537 ton olan su iiriinleri yetistiriciliginin %33,4"ii i¢ sularda gerceklestirilmistir
(Anonim, 2019). Son yillarda artan yetistiricilik faaliyetleriyle birlikte yetistiricilikten kaynakli atik
sularin akarsulara karigmasi sonucu, akarsularin su kalitesinin bozulmasi da giindeme gelmistir.
Birgok arastirmaci i¢ sularda balik yetistiriciliginden kaynaklanan kirliligin akarsular {izerindeki
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etkilerini arastirmis (Pulatsii vd., 2004; Tanigawa vd., 2007; Manoochehri vd., 2010; Fadaeifard vd.,
2012; Saremi vd., 2013) ve su iiriinleri yetistiriciliginin, ¢evre ve dogal kaynaklar {izerine etkilerini
dile getirmislerdir.

Su tirtinleri yetistiricilik sistemlerinin ¢ikis sulari, alic1 sularda besin elementi yogunlugunu artiran,
oksijeni azaltan, 6trofikasyon ve bulaniklifi dogrudan etkileyen atiklar igermektedir. Bu ¢ikis sulari,
otrofikasyona yol acan ozellikle fosfat ve nitrat gibi besin elementleri ile organik madde miktarinin
fazla olmas1 nedeniyle biyolojik oksijen ihtiyac1 (BOIs) ve kimyasal oksijen ihtiyacim1 (KOI) artirarak,
oksijen dengesi ilizerinde istenmeyen etkiye sahip maddeleri igermesi nedeniyle 6nem tagimaktadir. Bu
sular aritilmadan desarj edildiginde, alici suyun kalitesi {izerinde ciddi bir olumsuz etkiye sebep
olabilir (Saremi vd., 2013). Balik ¢iftliklerinin atik sularinin fizikokimyasal parametrelerinin ve
cevreye olan etkilerinin belirlenmesi, atik su sistemlerinin yonetilmesine yardimci olacaktir (Pulatsii
vd., 2004).

Teknolojinin gelismesiyle birlikte sucul yetistiricilik sistemlerinin daha fazla su, yem ve kimyasal
madde desarjinin sucul ekosisteme zarar verdigi disiincesiyle, bu konu iizerinde c¢aligmalar
baglamigtir. Bu amagla, EPA (Environmental Protection Agency) tarafindan uluslararas atik su kalite
kriterleri belirlenmistir (EPA, 1986; Millen ve Redding, 1998). Ayn1 zamanda Avrupa Birligi iilkeleri
tarafindan 2000 yilinda kabul edilen Su Cergeve Direktifi (SCD); yeralt1 sulari, yiizey sulari, kiyilar ve
denizlerde meydana gelen kirlilik etmenlerinin, kaynaklarinda engellenerek tiim bu kirlilik
kaynaklarimn siirdiiriilebilir kontrolii i¢in bir mekanizma olusturulmasin1 gerektirmektedir (Akkaya
vd., 2006).

Caligmanin yapildigi Karapinar Deresi etrafinda tarim arazileri, bilylikbas hayvan ciftlikleri ve
yerlesim alanlar1 bulunmakta, dere suyu alabalik ¢iftliklerinin yan1 sira bolgenin igme ve kullanma
suyunu karsilamasi ve tarim arazileri ig¢in sulama suyu olarak kullanilmaktadir. Bu sebeplerle balik
isletmelerinin ¢ikis sularinin Gzelliklerinin belirlenmesi ve su iriinleri yetistiriciliginin ¢evre
iizerindeki etkisinin tespiti onem teskil etmektedir. Bu calismada Karapinar Deresi {izerinde bulunan
ardisik 3 alabalik ¢iftliginin ¢ikis sularinin su kalitesine etkilerinin belirlenmesi amaglanmustir.

MATERYAL ve YONTEM

Proje calismas1, Mersin Ili’ne 25 km uzakliktaki Erdemli Ilgesi, Kargipinar1 beldesi mevkiinde bir
dag kaynagi olan Karapinar Deresi lizerinde gergeklestirilmistir. Karapinar Deresi tizerinde ardigik 3
alabalik igletmesi bulunmakta, her isletmenin ¢ikis suyu kendinden bir sonraki isletmenin besleme
suyuna karigmaktadir. Isletmeler sirasiyla 8, 15 ve 10 ton/y1l iiretim kapasitesine sahiptir. Istasyon 1
Karapmar Deresi’nin baslangi¢ kismi olup ilk isletmenin giris bolgesi, istasyon 2 ilk igletmenin ¢ikis
noktasi, istasyon 3 ikinci isletmenin giris noktasi, istasyon 4 ikinci igsletmenin ¢ikis noktasi ve istasyon
5 iiclincii isletmenin ¢ikis noktasindan Karapinar Deresi {izerinden secilmistir.
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Ormneklemeler, Ocak-Aralik 2012 tarihleri arasinda 5 istasyonda aylik periyotlarla
gerceklestirilmistir. Coziinmiis oksijen (CO), pH, sicaklik (T) ve elektriksel iletkenlik (EI) degerleri
HachLange marka HQ40D model Multi 6l¢iim cihazi ile arazide yerinde Ol¢iilmiistiir. Kimyasal ve
diger fiziksel parametrelerin ise standart metotlara gore analizleri yapilmustir (APHA, 1998).
Laboratuvara getirilen su orneklerinin siizme diizeneklerinde 0,45 pm gozenek acikligina sahip
Whatman marka GF/C cam mikrofiber filtrelerden siiziilmesinin hemen ardindan toplam sertlik (TS),
toplam alkalinite (TA), nitrit azotu (NO,-N), nitrat azotu (NOs-N), amonyum azotu (NH;-N),
ortofosfat (PO,-P) ve klorofil-a (Kl-a) analizleri yapilmistir. Toplam azot (TN), toplam fosfor (TP) ve
kimyasal oksijen ihtiyac1 (KOI) analizleri i¢in kullanilacak siiziilmemis su ornekleri 24 saat icinde
analiz edilmistir (APHA, 1998). Akis hizinin diisiik oldugu bdlgeden sedimentin en {ist katmanindan
alinan sediment 6rnekleri, koyu renkli polietilen torbalarla laboratuvara ulastirilmistir. Sedimentte
Toplam Kjeldahl Azotu (SD-TN) kjeldahl metoduna gére, Sedimentte Toplam Fosfor (SD-TP) ise
spektrofotometrik olarak belirlenmistir (APHA, 1998). 3. istasyon mevkiinde dip yapisinin kayalik
olmasi nedeniyle sediment 6rnegi alinmamustir.

Tiim analizler i¢in SPSS 19.9 programi kullamlmistir. Ornekleme noktalarinda su kalitesi
degiskenleri arasindaki iliskileri belirlemek amaciyla Spearman korelasyon analizi yapilmistir. Su
kalite parametrelerinin istasyonlara gore farkliliklart Varyans Analizi ve Tukey testi ile
degerlendirilmistir. Tiim parametreler bakimindan diisiik ve yiiksek akimlar arasindaki farkliliklar
p<0,05’e gore anlamli kabul edilmistir. Elde edilen sonuglar ¢iftliklerin akarsu su kalitesine etkilerini
belirlemek amaciyla Su Kirliligi Kontrol Yonetmeligine gore degerlendirilmistir (SKKY, 2004).

BULGULAR

Karapmar deresi lizerindeki alabalik ciftliklerinin su kalite parametrelerine iligkin veriler Tablo
1’de, izlenen degiskenler arasindaki istatistiksel olarak énemli iligkiler Tablo 2°de, sedimentte toplam
azot ve toplam fosfor degerlerinin ortalama degerleri Tablo 3’de verilmistir.

Tablo 1. Karapinar deresi tizerindeki alabalik ¢iftliklerinin su kalite parametrelerinin istasyonlara
gore degisimi (ortalama + Standart hata)

Parametre 1.istasyon 2.istasyon 3.istasyon 4.istasyon 5.istasyon

T (C) 16,6 £ 0,4 164+04 16,6 + 0,4 16,6 0,5 16,7+ 0,6
PH 74+0,1° 7,6+0," 7,7+0,1° 7,6+0,1° 7,7+0,2°
CO (mg/l) 7,5+0,6° 8,7+0,2° 8,9+0,2° 9,0+0,3 9,0 +0,4°
Ei (us/cm) 522+ 15 521+ 17 518+ 18 520+ 17 520+ 17
AKM (mg/l) 43+3.6 5,6 £4,0 6,6 +5,8 54+56 5,7+42
Kl-a (ug/l) 0,93+0,43% 0,77+0,58? 0,4140,25®  0,31+0,23° 0,48+0,42%
TA(mg CaCO3/l) 375+36 361 =38 376 + 36 376 £45 374 £ 45
TS(mg CaCOy/l) 341 +26 349 £ 32 359 +£24 354+13 35611
KOI (mg/l) 53+8,5 42+13,5 55+ 19 54+99 48 £6,2
NO, (mg/l) 0,006+0,004 0,005+0,004 0,005+0,004 0,006+0,004 0,006+0,004
NO; (mg/l) 0,69+ 0,10 0,71+£0,00  0,72+0,08 0,71 + 0,08 0,71 + 0,07
NH,4 (mg/l) 0,024+0,005  0,023+0,005 0,024+0,00 0,025+0,005 0,024=+0,004
PO, (mg/l) 0,004+0,001  0,004+0,001 0,004+0,001 0,004+0,002 0,004+0,001
TN (mg/l) 0,92+0,07  0,89+0,08  0,87+0,06 0,91 + 0,05 0,88 + 0,05
TP (mgl/l) 0,020+£0,005  0,019+0,004 0,019+0,004 0,019+0,004 0,019+0,004

Ayni satirda farkli tistel harflerle gosterilen degerler istatistiksel olarak 6nemli farkliligi temsil eder; P < 0,01; Tukey’s HSD
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Tablo 2. izlenen degiskenler arasindaki istatistiksel olarak énemli iliskiler (P < 0,05; Spearman korelasyonu)

CO Ei AKM TS TA NO, NH, NO; TN PO, TP Kl-a KOI

T 0,29 0,29 0,29 0,36 0,32

pH 0,47 0,27 0,47 0,34 0,31 0,35 -0,37

Cco -0,42 -0,44

Ei 0,53 0550 0,33 0,32 0,31 0,42 -0,67

AKM 0,29 0,44 047 0,44

TS -0,29 041

TA 0,26 0,27 0,30 -0,32 -0,34

NO, 0,99 0,28

NH, 0,28 0,26

NO; -0,49 -0,26

TN 0,26

Tablo 3. Sedimentte toplam azot ve toplam fosforun ortalama (£standart sapma) degerlerinin degisimi (mg/kg)

I I \Y; Vv
SD-TN 841582 1121+58° 1354466 1436+58°
SD-TP 101£21% 95+18? 134414 145+11°

Ayni satirda farkli Uistel harflerle gosterilen degerler istatistiksel olarak 6nemli farklilig: temsil eder; P <0,01; Tukey’s HSD

SD-TN degerleri incelendiginde 1 nolu istasyonun 2, 4 ve 5 nolu istasyondan farkli, 2 nolu istasyon
ise 5 nolu istasyondan farkli oldugu tespit edilmistir (p<0,05). SD-TP degerleri incelendiginde ise 2
nolu istasyonun 4 ve 5 nolu istasyondan farkli, 5 nolu istasyonun ise 1 nolu istasyondan farkli oldugu
belirlenmistir (p<0,05) (Tablo 3).

TARTISMA ve SONUC

Karapinar deresinde, Wetzel ve Likens (2000)’e gore belirlenen yillik ortalama debi 20,18 m%/s
olarak tespit edilmistir.

Calismamiz sonucunda sicaklik degerleri en yiliksek 17,9 °C ile Ekim ayinda 5. istasyonda, en
diistik ise 15,6 °C ile Ocak ayinda 5. istasyonda belirlenmistir. Su sicakliginda g6zlenen degisimin
mevsimsel kosullara uygun oldugu tespit edilmistir. Istasyonlar arasinda su sicaklik degerleri 6nemli
bir farklilik gostermemistir (p>0,05). Karapinar Deresi’nin su sicakligi, Tagdemir ve Goksu (2001),
Ozbay vd., (2011) ve Tas vd., (2010)’nin calismalarinda belirttigi gibi mevsimsel olarak degisim
gostermis ve normal degerler iginde seyretmistir.

pH degerleri, 7 - 7,94 araliginda degisim gosterirken, en diisiik Ocak ayinda 1. istasyonda, en
yiiksek ise Aralik aymnda 5. istasyonda Olgiilmiistiir. Pulatsii vd., (2004) tarafindan ciftliklerin pH
tizerine 6nemli etkisi olmadig1 bildirilirken, ¢caligmamizda istasyonlardaki pH degisimi incelendiginde
1. istasyonun diger istasyonlardan farkli oldugu tespit edilmistir (p<0,05). 1. istasyonda gozlenen
diisitk pH degeri, istasyonun kaynak noktasina yakin olmasindan dolay:1 kaynak sularinin oksijence
diisiik olmasina baglanmigtir. Yildirim ve Pulatsii (2011), yaptiklar1 ¢aligmada biiyiik ve orta 6lgekli
isletmelerin giris ve ¢ikis sularindaki pH degisiminin istatistiksel olarak 6nemli oldugunu bildirirken,
caligmamizda isletmelerin giris ve ¢ikis sularinda pH degeri bakimindan 6énemli farkliligin olmamasi,
isletmelerin ¢ok kiigiik kapasiteli olmasina baglanmustir.

Calismamizda ¢oziinmiis oksijen degeri 6,04 - 9,75 mg/l araliginda degisirken, en diisiikk 6l¢lim
Ocak ayinda 1. istasyonda, en yiiksek dl¢iim ise Subat ayinda 5. istasyonda gozlenmistir. istasyonlarin
ortalama ¢Oziinmils oksijen degerleri 1. istasyondan sonra artis gostermektedir. Bu durum, 1.
istasyonun kaynaga yakin ve kaynak sularinin oksijence diisiik olmasina baglanmistir. Pulatsii vd.,
(2004) ve Tekinay vd., (2009), yetistiricilik tesislerinin ¢ikis sularinin ¢6ziinmiis oksijen miktarinin
yetistiricilik aktivitelerinden dolay: diistiigii bildirirken, ¢alismamizda bu durumun tersine, derenin
asagisima dogru artis gostermistir. Bu artigin, calisma alaninda yer alan tesislerin yetistiricilik
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kapasitesinin diisik ve yemleme yogunlugunun az olmasiyla birlikte, dere yatagi egiminin fazla
olmasi ve dere yataginin dar olmasindan kaynaklandigr diistiniilmiistiir. Oksijen diizeyinin 1.
istasyondan 5. istasyona dogru artmasi ve mevsimsel olarak fazla degisim gdstermemesi, istasyonlar
aras1 mesafenin az olmasi ile iligkilendirilmistir.

Y1l boyunca izlenen elektriksel iletkenlik degeri, en yiikksek 545,00 ps/cm ile Aralik ayinda 2.
istasyonda, en disiik 431,00 ps/cm ile Haziran ayinda 1. istasyonda belirlenmis, mevsimsel olarak
debinin diisiik oldugu kisin en st seviyede seyreden elektriksel iletkenlik degerleri, ilkbaharda, kar ve
yagmur sularinin dereye karismasindan dolayr azalmistir. Su tiriinleri standartlar1 ve yiizey sulariin
kirlenmeye karsi korunmasini igeren protokolde elektriksel iletkenlik degerlerinin 150-500 puS/cm
araliginda olmasi1 gerektigi (Tas vd., 2010) belirtilmektedir. Bu calismada, ortalama elektriksel
iletkenlik degerlerinin, Tas vd., (2010)’nin belirttigi araligin st limitinin hafif disinda kaldig
gorlilmektedir. Tag vd., (2010)’nin bildirdigine gore elektriksel iletkenlik degerleri, yagis miktar1 ve
bolgenin jeolojik yapisina gore degismektedir. Bolgenin dolomit ve kalker kayaclarla kapli olmasi
sebebiyle elektriksel iletkenlikte yiikselmeye neden oldugu diisliniilmiistiir (Anonim, 2008).

Askida kati madde degerleri en yiiksek 18,2 mg/l ile Agustos ayinda 3. istasyonda, en diisiik 0,1
mg/l ile Nisan ayinda 4. istasyonda belirlenmistir. Calismamizda gozlenen bu degisim, Pulatsii vd.,
(2004)’nin bildirdigi gibi, ilkbaharda debinin artmasi nedeniyle diistiigii ve yazin ise diisiik debiyle
birlikte alabalik tesislerinde hasat ve temizlik aktiviteleri ile ¢evredeki evsel, hayvansal ve tarimsal
kaynaklardan arttig1 diisiiniilebilir.

Klorofil-a degeri en diistik 0,12 ug/l ile Kasim ayinda 3. istasyonda, Haziran ayinda 4. istasyonda,
Mart ayinda 5. istasyonda, en yiiksek 11,38 pg/l ile Haziran ayinda 5. istasyonda belirlenmistir.
Istasyon 5’teki klorofil-a diizeyinin yiiksek olmas1 bu istasyonun s1g, akint1 hizinin diisiik ve klorofil-a
diizeyinin sicaklikla birlikte artmasina baglanmistir. Akarsu sistemlerinde klorofil-a degisimlerinin her
zaman besin elementi yiikiinii yansitmadig: belirtilmistir (Cloern, 2001). Bu g¢alismada, Ozbay vd.,
(2012)’nin ¢alisma sonuglarina benzer olarak, besin elementleri ile klorofil-a arasinda dogrusal bir
iliski belirlenememistir. Bu durum ¢alisma sahasinin akarsu sistemi olmasi ile iliskilendirilmigtir
(Odabasi ve Biiyiikates, 2009). Haziran ayinda 6zellikle 5. istasyondaki ani artigin, akarsu debisinin bu
mevsimde diisiik olmasi ve sicaklikla iliskili oldugu diistiniilmiistiir.

Toplam alkalinite degeri en diisiitk 280 mg CaCOs/1 ile Subat ayinda 4. istasyonda, en yiiksek 510
mg CaCOzy/l ile Ocak ayinda 1. istasyonda gozlenmistir. Mersin ili topraklarinin %45,8’i ¢ok fazla
kiregli oldugundan (Tiirkoglu vd., 2007), bu yiiksek degerlerin bulundugu diisiiniilmiistiir. Yapilan
bircok arastirmada toplam alkalinite degerlerinin akim ile iliskili oldugu ve akimin yiiksek oldugu
donemlerde disiik, akimin diisiik oldugu donemlerde ise yiiksek oldugu ifade edilmistir (Sen vd.,
2002; Varol, 2004; Ouyang vd., 2006). Bu durum, ¢alismamizda tespit edilen toplam alkalinite
degerleri ile ilgili bulgular desteklemektedir.

Toplam sertlik degeri ise en yiiksek 397,1 mg CaCO4/l ile Ocak ayinda 2. istasyonda, en diisiik 285
mg CaCOs/l ile Haziran ayinda 2. istasyonda Olgiilmiistiir. Mevsimsel olarak toplam sertlik degeri,
sonbahar mevsiminde diger mevsimlere gore yiiksek bulunmustur. Istasyonlar arasinda ise toplam
sertlik degeri 1. istasyondan itibaren artis gostermis ve 2. istasyonda en yiiksek degere (397,1 mg
CaCOq/l) ulagmstir. Chapman ve Kimstach, (1996) ve Risch (2004), akimin diisiik oldugu aylarda
ortalama toplam sertlik derisiminin arttigini, akimin yiiksek oldugu aylarda ise azaldigini ifade
etmislerdir. Calismamizda toplam sertlik, debinin yiiksek oldugu ilkbaharda diisiis, diger mevsimlerde
artig gostermistir. Yiksek ¢ikan toplam sertlik degerlerinin nedeni olarak, bdlgenin genelinin dolomit
ve kalker kayaglarla kapli olmasi sdylenebilir. (Anonim, 2008; Oner vd., 2005).

Kimyasal oksijen ihtiyac1 degerleri (KOI) en yiiksek 79 mg/l ile Agustos ayinda 3. istasyonda, en
diisiik ise 27 mg/l ile Subat ayinda 2. istasyonda tespit edilmistir. {1k isletmenin ¢ikisindan (Istasyon 2)
ikinci isletmenin girisine kadar (istasyon 3) ortalama KOI degeri (55 mg/l) artis gdstermistir. Bu
artisin, alabalik igletmelerinin yani sira evsel, hayvansal ve tarimsal alanlardan dereye karisan organik
maddelerden kaynaklandig1 diisiiniilmiistiir. Tespit edilen KOI degerleri Midlen ve Redding (1998)
tarafindan balik isletmeleri ¢ikis sularinda havuzlarin temizlendigi déonem disinda belirtilen kimyasal
oksijen ihtiyaci degerlerinden (8,0-24 mg/l) ve Pulatsii vd. (2004) tarafindan Karasu Deresi iizerinde
ardarda kurulu bes gokkusagi alabaligi isletmesi ¢ikis sularinda maksimum 6,32 mg/I olarak belirtilen
degerden daha yiiksek bulunmustur.

Calismamiz sonucunda nitrit azotu degerleri, en yiiksek 0,015 mg/1 ile Aralik ayinda istasyon 5’te,
en disiik 0,001 mg/1 ile Ocak ve Subat aylarinda istasyon 3’de, Nisan ayinda istasyon 4’de, Haziran
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ayinda istasyon 2’de ve Kasim ayinda istasyon 5°de ol¢iilmiistiir. Koger ve Sevgili (2014), alabalik
ciftliklerinin etkisinin oldugu istasyonlardaki ortalama nitrit azotu araligin1 0,007-0,022 mg/l olarak
tespit etmislerdir. Calisma alanimizda yer alan isletmelerin diisiik kapasiteye sahip olmasindan dolay1
nitrit azotu degerleri bu ¢aligmaya gore diisiikk diizeyde ¢ikmugtir. 1. istasyondaki yiiksek nitrit azotu
diizeyi, bu istasyonun kaynaga yakin olmasi nedeniyle nitrifikasyon olaymin ara iriinii olmasi
seklinde degerlendirilmistir. Diger istasyonlardaki artislarin ise evsel, tarimsal ve karasal hayvan
yetistiriciliginden gelen kirleticilere ek olarak alabalik giftliklerinde balik biyomasinin degisimine
bagli yemleme oranlarindan kaynaklandig diistiniilmektedir.

Karapinar Deresi’nde nitrat azotu en yiiksek deger 0,87 mg/l ile Temmuz ayinda 1. istasyonda, en
diistik ise 0,54 mg/1 ile Ocak ayinda 4. istasyonda tespit edilmistir. 1. istasyondan 2. istasyona nitrat
azotu artisinin nedeninin, ¢iftlik atik sularmin yani sira 1. istasyondaki yiiksek diizeydeki nitritin
nitrifikasyon sonucu nitrata doniismesi oldugu diisiiniilmiistiir. Caligmada nitrat azotu mevsimsel
olarak dalgalanmalar gostermistir. Karapimar Deresinin balik isletmelerinin yani sira Tepe vd., (2006)
ve Fianko vd., (2010)’nin belirtikleri gibi evsel, tarimsal ve biiyiikkbas hayvan yetistiriciliginden
etkilendigi sonucuna varilmistir.

Amonyum akarsu ve gollerdeki bitkiler, algler ve bakteriler i¢in ¢ok 6nemli azot kaynagi olup
sularda ¢ok diisiikk miktarlarda bulunmakta ve ¢ok ¢abuk form degistirmektedir (Wetzel ve Likens,
2000). Kirlenmemis akarsular 0,005-0,04 mg/l araliginda amonyum azotu i¢ermektedir (Wetzel,
2001). Karapmar Deresi’nde gozlenen ortalama amonyum azotu degerleri en yiiksek 0,033 mg/l ile
Mayis ayinda 1. istasyonda, en diisiik ise 0,018 mg/I ile Kasim ayinda 5. istasyonda tespit edilmistir
olup Wetzel (2001)’in amonyum azotu bakimindan kirlenmemis sular i¢in belirtmis oldugu degerler
arasinda kalmigtir. Helfrich (1998)’in alabalik c¢iftliklerinin akarsu iizerindeki kirlilik yiikiinii
belirlemek amaciyla yaptigi bir calismada akarsuyun alt bolgelerine dogru su debisinin azaldigi
kisimlarda, amonyum azotu miktarimin artis gosterdigini bildirmistir. Bu c¢alismada benzer olarak
ozellikle yaz aylarinda su debisini azaldigi donemlerde, amonyum azotu miktarinin artig gosterdigi
gorilmiistiir.

Karapinar Deresi’nde ortofosfatin en diisiikk degeri 0,002 mg/1 ile Aralik ayinda 4. istasyonda, en
yiiksek degeri ise 0,009 mg/l Mayis ayinda yine 4. istasyonda tespit edilmistir. Istasyonlar
incelendiginde, ortofosfat diizeyleri tiim istasyonlarda benzer seviyede seyrederken, Mayis ayinda 4.
istasyonda ani bir artig goriilmiistiir. Bu artisin sebebi olarak 4. istasyonda suyun tarim alanlarinda
kullanilan giibrelerin yagmur sulari ve sulama kanallari ile tasinmasina ve balik ciftliklerinden artan
yemleme ve balik biyomasina bagl olarak gelen kirlilik yiikiiniin bu mevsimde bu boélgede birikim
gostermesine baglanmistir. Fytianos vd., (2002)’nin bildirdigine goére, 6trofikasyon riskinin olustugu
nehir sularinda, fosfat alt limiti 0,5 mg/l oldugunu bildirmis olup, ¢alisma bulgularimizda bu sinir
degerin agilmadig goriilmiistiir. Reynolds (1993), alg gelisimi igin ortofosfat konsantrasyonunun 0,01
mg/I’den diisiik olmamasi gerektigini bildirmistir. Calismamizda ortofosfat konsantrasyonlari ortalama
degerlerine bakildiginda tiim istasyonlarin 0,01 mg/I’nin altinda kaldig1 belirlenmigtir.

Calismada toplam azot (TN) degerleri en yiiksek 1,07 mg/l ile Subat ayinda 1. istasyonda ve en
disiik ise 0,68 mg/l ile Ocak ayinda 2. istasyonda tespit edilmistir. Toplam azot degerlerinin Ocak
ayinda diisiis gOstermesinin, artan su debisinden kaynaklandigini soOyleyebiliriz. Pulatsii ve
Camdeviren (1999), alabalik yetistiriciligi ¢ikis suyunun kalitesini degerlendirmek amaciyla yaptiklar
bir ¢alismada toplam azot degerini 0,49 mg/l olarak tespit etmisler ve bu degerin alabalik {iretimi i¢in
kabul edilebilir standart degerler igerisinde oldugunu bildirmislerdir. Bu calismaya benzer olarak,
buldugumuz toplam azot degerlerinin kabul edilebilir standart degerler igerisinde oldugu tespit
edilmistir.

Calismada siiresince toplam fosfor (TP) degerleri en yiiksek 0,030 mg/l ile Nisan ayinda 1.
istasyonda, en disiik ise 0,016 mg/l ile Kasim aymnda yine 1. istasyonda tespit edilmistir. Nisan
ayindaki artigin sebebinin, bu ayda alabalik ¢iftliklerinde artan balik miktariyla birlikte, yemleme ve
diski miktarindan kaynakli oldugu sdylenebilir. Toplam fosfor diizeyinin 1. istasyonda diger
istasyonlara gore fazla ¢ikmasi, bu bolgede tarimsal arazilerden, evsel ve ¢evresel atiklardan yeraltina
sularin sizdigin1 diistindlirmiistiir. Suda TN/TP oranlar1 1. istasyonda: 46; 2. istasyonda: 47; 3.
istasyonda: 46; 4. istasyonda: 48 ve 5. istasyonda; 46 olarak belirlenmistir.

Caligma sonucunda sedimentte toplam azot (SD-TN) degerleri mevsimsel olarak en diisiik 700,5
mg/kg olarak 1. istasyonda kis mevsiminde, en yiiksek ise 1542,1 mg/kg ile yaz mevsiminde akinti
hizinin distiigii, sig ve balcik sediment yapisina sahip olan 5. istasyonda belirlenmistir. Bu durum,
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Ciice ve Bakan (2005) tarafindan belirtildigi gibi, bolgede karasal ve sucul bitkilerin yogun olmasi ve
cansiz bitki, yem ve digki atiklarinin ve yagmur sulari ile taginan azotun sedimentte ¢okerek birikmesi
ile agiklanabilir. Sedimentte azot ve fosfor birikiminin ayni1 zamanda su akis hiz1 ve kirlilik siiresiyle
de iliskili oldugu bildirilmistir (Wetzel, 2001). SD-TN diizeyi mevsimsel olarak incelendiginde su
debisinin yiiksek oldugu kis donemde en az birikim gozlenirken, yazin su debisinin azalmasi
sedimentteki azot diizeyinde artmasina neden olmustur. Calismamizda 5. istasyona kadar sedimentteki
azotun su akisi ile birlikte tasindigi ve bu istasyonda akis hizinin diiserek suyun siglagsmasindan dolay1
sedimentte birikim gosterdigi belirlenmistir.

Sedimentte toplam fosfor (SD-TP) degeri ise mevsimsel olarak en yiiksek 156,14 mg/kg ile 5.
istasyonda yaz mevsiminde, en diisiik ise 76,52 mg/kg ile 2. istasyonda kis mevsiminde tespit
edilmistir. istasyonlardaki SD-TP diizeyi karsilastirildiginda, 5. istasyonda toplam fosfor yiikiiniin en
fazla oldugu goriilmiis, bunun sebebi olarak bu istasyonda su akint1 hiz1 diiserek derenin siglagmasina
ve balgik sediment yapiya sahip olmasina baglanmigtir. 2. istasyonda gozlenen en diisiik SD-TP
diizeyinin ise suyun akis hizinin fazla ve Mainstonea ve Parr (2002)’1n belirttigi gibi sedimentin kumlu
yapiya sahip olmasindan dolay1 fosforun sedimentte birikimi diisiik olmasi ile agiklanmistir. Toplam
fosfor mevsimsel olarak yazin azalan su debisinden dolay1 g¢evresel (evsel, hayvansal, tarimsal)
kirleticiler ile baliklar tarafindan yenemeden su ortamina karigan yemlerden ve balik digkilarindan
gelen fosfor yiikiiniin sedimentte birikmesi dolayisiyla artig gostermis, kis mevsiminde ise artan su
debisiyle birlikte tekrar azalmstir. Istasyonlardaki ortalama SD-TP degerleri ise 95 - 145 mg/kg
araliginda belirlenmistir. Ikinci isletmenin giris noktas: olan 3. istasyonda yiiksek akinti hizi ile
birlikte sediment yapisinin kayalik olmasindan dolayr sediman birikimi olmadigi i¢in Ornekleme
yapilamamustir.

Su triinleri yetistiriciliginin artmasiyla birlikte ¢cevre sorunlar1 da son yillarda 6n plana ¢ikmaya
baslamistir. Sebebi ise yetistiricilik faaliyet alanlarmin artmasiyla birlikte olusan kirlilik yiikiiniin
hissedilir derecede olmasidir. Bu ¢alismada aradigimiz sonug, dere ve akarsularda yapilan yetistiricilik
cevreyi kirletiyor mu, yoksa suyun belirli hizdaki akisindan dolay1 su kendini devamli yeniliyor mu
sorusunun cevabini bulabilmektir.

Su kirliligi kontrol yonetmeligine (SKKY, 2004) gore tim istasyonlarin ortalamasi bakimindan
Karapmar Deresi; sicaklik, pH, ¢6ziinmiis oksijen, nitrat azotu, amonyum azotu ve toplam fosfor
yoniinden I. sinif; nitrit azotu bakimindan II. sinif ve kimyasal oksijen ihtiyac1 bakimindan 2. ve 5.
istasyonlar II. sinif, 1., 3. ve 4. istasyonlar ise III. sinif olarak belirlenmistir. Doods vd., (1998) akarsu
sistemlerini toplam azot diizeyine (mg/l) gore yaptiklari smiflandirmada <0,7 oligotrofik, 0,7-1,5
mezotrofik ve >1,5 otrofik olarak belirtmistir. Buna gore Karapimar Deresi toplam azot diizeyi
bakimindan mezotrofik sinifta yer almaktadir. Doods vd., (1998) akarsu sistemlerini toplam fosfor
diizeyine (mg/l) gore yaptiklari siniflandirmada <0,025 oligotrofik, 0,025-0,075 mezotrofik ve >0,075
otrofik olarak belirtmistir. Buna gore Karapinar Deresi toplam fosfor diizeyi bakimindan oligotrofik
smifta yer almaktadir. Doods vd., (1998), akarsu sistemlerini klorofil-a diizeyine (ug/l) gére yaptiklar
siiflandirmada ise klorofil-a diizeyi <10 oligotrofik, 10-30 mezotrofik ve >30 otrofik olarak
belirtmistir. Bu siniflandirmaya gore Karapinar Deresi klorofil-a diizeyi bakimindan oligotrofik sinifta
yer almaktadir. Karapmmar Deresi trofik simiflandirmaya gore, klorofil-a ve toplam fosfor diizeyi
bakimindan oligotrofik, toplam azot diizeyi bakimindan mezotrofik sinifta yer almaktadir. Sularda
toplam azot (TN)/toplam fosfor (TP) oranmi algal biiylimeler i¢in sinirlayict besin elementinin tespit
edilmesi igin yaygin olarak kullanilmaktadir. Eger TN/TP <10 ise azot, TN/TP >17 ise fosfor
sinirlayict besin elementidir (Smith, 1982). TN/TP oram incelendiginde tiim istasyonlarda fosfor
sinirlayict element olarak tespit edilmistir. pH, ¢ozlinmiis oksijen, askida katt madde, toplam
alkalinite, toplam sertlik, nitrit azotu ve nitrat azotu degerlerinin EPA (1986)’nin belirtmis oldugu
limit degerlerin {izerine ¢ikmadig tespit edilmistir.

Belirlenen istasyonlarda 1 yil siireli ¢aligmalarda elde edilen veriler degerlendirilmis ve tatli sularda
yapilan balik yetistiriciliginin akinti sebebiyle, ¢esitli faaliyetler sonucu olusan kirlilik etmenlerinin
bliylik oranda elimine ettigi goriilmiistiir. Tuketilmeyen yemler ve baliklarin metabolik
faaliyetlerinden kaynaklanan atiklar yiiksek debi sayesinde birikim yapmamaktadir.

Akarsular iizerinde yapilan su iiriinleri yetistiriciliginde biiylik boyutta kirlenme goriilmemesine
ragmen olasi kirlilik faktorlerinin minimum seviyeye indirilmesi, yetistiricilik sektdriiniin ilerlemesine
yardimci olacaktir. Her ¢ isletmenin de pelet yem kullandig1 géz oniine alindiginda, yiiksek enerjili,
sindirilebilirligi yiiksek ve fosfor igerigi diigiiriilmiis ekstrude yem kullanimi ile isletmelerden
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kaynaklanan azot-fosfor yiikiiniin azaltilarak su kalitesinin artirilmast onemli bir unsur olarak
gorlilmektedir. Bu sebeple, akarsular {izerinde yapilan yetistiriciligin ¢evreye etkisini azaltmak igin
isletmelerden ¢ikan atik sularin aritmaya tabi tutulmasi, suda istenilen siire kalabilen ve baliklar
tarafindan tamamen tiiketilebilecek yem tipleri kullanilmasi ve stoklama yogunlugu gibi faktorlere
dikkat edilmelidir. Boylelikle su firiinleri isletmelerinden kaynaklanan etkilerin en aza inecegi bir
gercektir.

Tesekkiir: Bu calisma, inksek Lisans tezinden 6zetlenmistir. Bu ¢alismanin gerceklesmesinde maddi
imkan saglayan Mersin Universitesi Bilimsel Arastirma Projeleri (BAP) birimine (Proje No: BAP-
FBE SU (HMK) 2011-7 YL) katkilarindan dolay1 tesekkiir ederiz.
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Abstract

To describe the spawning period, size at maturity (L,,), reproductive load (L.,/Liay), length at maximum yield per recruit
(Lopy) of thornback ray (Raja clavata); and to assess the differences in these parameters from other populations, a total of 18
months samplings were conducted between February 2011 and December 2013 in the southeast Black Sea. A total of 265
(160 females and 105 males) specimens of thornback ray were examined. The mean total length (L) of females was
significantly greater than the mean total length of males (p<0.05). The GSI analysis revealed that thornback ray showed
reproductive activities throughout the year. The L, was estimated as 75.44 cm for females and 71.71 cm for males. The Loy
was estimated from the empirical relationships between the Ly, and Ly, and it was larger than L, for both sexes.

Keywords: Life history, reproduction biology, maturation, fisheries management

Karadeniz’de Vatoz Baligimn, Raja clavata (Linnaeus, 1758) (Elasmobranchii: Rajidae) Ureme Zamam ve Cinsi
Olgunluk Boyu

Ozet

Karadeniz’de vatoz baliginin {ireme zamani, cinsi olgunluk boyu (L), tireme yiikii (Ly/Lyax) Ve yeni birey katilim bagina
maksimum iiriin boyunu (L) belirlemek ve bu parametreleri diger popiilasyonlarda yapilan ¢alisma sonuglariyla kiyaslama
icin Ocak 2011 ve Aralik 2013 arasinda 18 ay 6rnekleme yapilmistir. Toplam 265 birey (160 disi, 105 erkek) incelenmistir.
Digilerin ortalama toplam boyu erkeklerden istatistiksel olarak biiyiikk hesaplanmistir (p<0,05). GSI degerleri ilireme
aktivitesinin yil boyu devam ettigini gostermistir. Ly, disiler i¢in 75,44 cm, erkekler i¢in 71,71 cm olarak hesaplanmistir. Her
ikicinsiyet i¢in tespit edilen Ly, degeri Loy degerinden biiyiik bulunmustur (Ly > Log).

Anahtar kelimeler: Hayat dongiisii, tireme biyolojisi, olgunlagsma, balik¢ilik yonetimi

INTRODUCTION

The thornback ray, Raja clavata (Linnaeus, 1758), is a widely distributed skate in Eastern Atlantic
and Southwest Indian Ocean: Iceland to Madagascar, including the Mediterranean and Black Sea
(Froese and Pauly, 2019). It is most abundant in 10-60 m of water off coastal areas and inhabits a
variety of substrates, including mud, sand, shingle, gravel, and rocky areas (Froese and Pauly, 2019).
It was reported between 10 and 300 m in the North Sea (Walker et al., 1997) and between 300 and 577
m in the lonian Sea (Mytilineou et al., 2005). In the North Sea, adults move to offshore, relatively
deep water (up to 30 m) in the winter months (December to March) and returned to shallow, inshore
waters (up to 10 m) in the summer months (Walker et al., 1997). In the Black Sea, it habits mainly
between 20 and 40 m (Saglam and Ak, 2011), up to 120 m deep (Demirhan et al., 2005) and feeds on
preferably crustaceans such as shrimp and crab species and fish as whiting, red mullet, and goby
(Demirhan et al., 2005; Saglam and Bascinar, 2008). Ray species are among the top predators in the
marine environment, affecting the populations of fish and invertebrates at lower trophic levels (Ellis et
al. 1996). Moreover, rays represent an important constituent of the multispecies demersal landings
caught especially by demersal trawling gear. Rays are also an important bycatch in the gill and tangle
net fisheries in Turkey. In some areas, a large part may be discarded, with only the largest ones being
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landed for consumption on the European market (Fahy, 1989). However, in some demersal fisheries
(e.g. in the Bristol Channel, Irish Sea, and the North Sea) immature fish are also marketable (Fahy,
1989; Walker, 1999).

Till the early 1990s, the whole yield of thornback ray was processed into minced meat for feeding
of poultry and other domestic animals in Ukraine (Shlyakhov and Charova, 2003). After the 2000s,
there has been observed people's demand for thornback ray as human food in the Black Sea countries.
Moreover, some studies were carried out on the processing of this fish and suggested that it can be a
good alternative for surimi production due to their white meat and low-fat content (Turan and Sénmez,
2009). In recent years, there is no evidence that thornback ray is a target species for consumption.
They are only accidentally caught during trawl and turbot gill fisheries and released back into the
Black Sea completely as live and/or dead (personal observation).

Reproduction biology parameters such as spawning season, size at maturity, fecundity, and others
(e.g. reproductive load, etc.) are key population input parameters in the assessment and management
of exploited and/or unexploited fish stocks (Tsikliras et al., 2010; Tsikliras and Stergiou, 2014). These
reproduction biology parameters of thornback ray were previously reported from different geographic
regions such as British water (Steven, 1934; Ryland and Ajayi, 1984; McCully et al., 2012), Irish sea
(Nottage and Perkins, 1983; Gallagher et al., 2005; Whittamore and McCarthy, 2005), Adriatic sea
(Krstulovié¢Sifner et al., 2009; Jardas, 1973), Portuguese coast of Atlantic (Serra-Pereira et al., 2011),
Mediterranean Sea of Tunisia and France coast (Kadri et al., 2014; Capapé et al., 2007). Moreover,
previous research into thornback ray reproduction has been rather fragmentary in the Black Sea. Only
two studies have been conducted on the subject on the Black Sea coast of Turkey so far (Demirhan et
al., 2005; Saglam and Ak, 2011). Any changes in the ecosystem and environmental conditions
together with global warming may cause a serious impact on the fish population as possible influence
spawning period, maturity, etc. The maturity of fish could vary among year classes of the same stock
even though growth remained constant from year to year and the variation could be attributed to the
temperature regime that fish were exposed to during the early life stage (Alm, 1959). Furthermore,
fluctuations in both ambient water temperature and the abundance of stock between years are
considered as factors affecting sexual maturity (O'Brien, 1999). For better understanding the possible
changes in thornback ray population, frequent monitoring surveys are very essential. The present study
contains current results, which will allow for a better understanding of this fish population in the
south-eastern Black Sea since the species has been declared as a near threatened (NT) species in the
IUCN red list of threatened species (Ellis, 2016).

The objective of the present study was to contribute with information on the spawning period,
provide first findings of length at maximum yield per recruit (Lop) and reproductive load (Ln/Lmax) Of
this species, also to present some detailed estimation on the size at maturity (L) necessary for the
introduction of suitable management plans for thornback ray in the Anatolian coast of the Black Sea
and to assess the differences in these parameters in other populations of the different geographical
region.

MATERIALS and METHODS
Study area and sampling

Samples of thornback ray (R. clavata) were collected on the Rize province coasts of the
southeastern Black Sea (Fig. 1) using turbot gill net with 360 mm stretched mesh size and beam trawl
with 15 mm cod-end stretched mesh size. Although commercial turbot gill net is banned in the Turkish
Black Sea coast between May and June, and also beam trawl during the year, sampling surveys were
conducted with a special permit for turbot fishery to determine the interaction between turbot fishery
and cetaceans, and to determine crab population dynamics. Since monthly sampling was not carried
out regularly, a total of 18 sampling months (In 2011: February, March, April, May, June, August; In
2012: April, May, June, July and in 2013: January, February, March, April, May, October, November,
and December) were seasonally evaluated to determine spawning period. Seasons were grouped as
winter (December - February), spring (March-May), summer (June - August), and autumn (September
- November). For each specimens, total length (TL) was recorded to the nearest 1 mm on the linear
axis as the distance between the tip of the snout to the end of the tail. Total wet weight (W) and gonad
weight (W,) were recorded to the nearest 0.1 g.
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Figure 1. Sampling area of thornback ray (Raja clavata) around the Rize province in the south-east Black Sea,
Turkey

Maturity and spawning period

The maturity stages of examined thornback ray specimens were assigned according to the maturity
scale proposed by both Serra-Pereira et al. (2011) and Saglam and Ak (2011): stage (1) immature,
stage (2) maturing, stage (3) mature, and/or actively-post spawning.

The spawning period was graphically determined for both sexes by the seasonal variation of the
mean values of the gonadosomatic index (GSI) as:

Gsli =9 100
W

where W, is gonad weight (g), W is the total thornback ray weight (g).
Size at sexual maturity (L)

Size at sexual maturity was determined from both sexes of thornback ray by calculating the
proportion of mature specimens in 5 cm size classes. Individuals with stage 2 and 3 were considered as
mature (Serra-Pereira et al., 2011; Saglam and Ak, 2011). The proportion of mature female and male
by size were fitted to the logistic equation:

1

:1+ea+bL !

where, P is the proportion of mature specimens, a and b are the coefficients of the equation, and L is
the total length. Size at sexual maturity (L), corresponding to 50% sexually mature for specimens,
was calculated from - (a/b).
Length at maximum yield per recruit (Lqp)

Length at maximum yield per recruit for both sexes of thornback ray was calculated from the
following empirical equation suggested by Froese and Binohlan (2000).

logLop = 1.053 X log(Lm) - 0.0565,
where, Ly, is the size at sexual maturity (or the length at which 50% of a population become sexually
mature for the first time).
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RESULTS

A total of 265 (160 female and 105 male) specimens of thornback ray were examined. The total
length ranged 13.1 and 95.9 cm (mean 73.06 + 1.568 cm) for females and between 12.5 and 99.2 cm
(mean 67.9 + 2.07 cm) for males. Size frequency distribution between sexes were significantly
different (Kolmogorov-Smirnov two-sample test; d = 0.197, P < 0.05). Female mean total length was
significantly (t-test, P < 0.05) greater than the corresponding one for males.
Spawning period

The gonadosomatic index (GSI) values varied between 0.93 (winter) and 0.95 (spring) for both
sexes (Fig. 2). The difference between the mean seasonal GSI values of female and male were not
significantly different (ANOVA, P > 0.05). The GSI analysis revealed that thornback ray showed
reproductive activities throughout the year.
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Figure 2. Seasonal variation of the gonadosomatic index (GSI) of thornback ray (Raja clavata) around the Rize
province in the south-east Black Sea. Vertical bars indicate the standard error

Size at maturity (Ly)

Total length of female ranged between 13.1 and 75.0 cm (n = 37) in stage | (immature), between
71.0 and 88.1 cm (n = 8) in stage Il, between 67.0 and 95.9 cm (n = 115) in stage I1l. When it comes
to males, total length ranged between 15.5 and 68.3 cm (n = 33) in stage | (immature), between 61.0
and 82.5 cm (n = 18) in stage I, between 66.0 and 99.2 cm (n = 54) in stage IlI.

Size at sexual maturity was estimated from 265 thornback ray of which 195 were mature (Fig. 3).
The relationship between total length and the proportion of mature females was:

_ 1 I 1
- 1_|_ e14.447 —0.1915*TL and fOI’ males It was: - 1+ e13.955—0.1946*TL !

from this, the estimated size for 50% sexual maturity (TLsg) was 75.44 cm for females and 71.71 cm
for males (Fig. 3).
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Figure 3. Logistic function fitting the proportion of mature female and male with total length (cm). TLs,
corresponding to proportion of 50% of mature specimens

Length at maximum yield per recruit (Lop)

The Lo, was estimated from the empirical relationships between length at maximum yield per
recruit and size at maturity. Thus, Lo, was estimated as 83.3 cm for females and 79.0 cm for males,
and also L, was larger than L, for both sexes of thornback ray.

DISCUSSION
Spawning period

In the latest study, spawning period of the Mediterranean marine fish species except Black Sea fish
was reviewed by Tsikliras et al. (2010) and were classified in two main groups as cold (October,
November, December, January, February, March, April), and warm (May, June, July, August,
September) months. A small percentage (5.1%: 26 stocks including 13 species) of the Mediterranean
fish stocks were also reported as all year-round spawner. However, thornback ray data were never
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presented in the review. It was described firstly as an all year round spawner in British waters by
Holden (1975). Later, continuous spawning was reported from the southern North Sea (Pawson and
Vince, 1999) off the coast of Languedoc, southern France, northern Mediterranean (Capapé et al.
2007) and of the Trabzon province, the southeastern Black Sea, Turkey (Saglam and Ak, 2011).
Similar to previous studies, all year round spawning feature for thornback ray has been proven and/or
redefined from the present study in the Black Sea. Continuous spawning was also reported for other
rajid species such as eyespot skate, Atlantoraja cyclophora (Regan, 1903) (Oddone and Vooren,
2005), and spotted ray, Raja montagui Fowler, 1910 (Walker, 1999). Contrary to the aforementioned
results, thornback ray did not report as a continuous spawner in the north (Matosinhos) and the center
(Peniche) of Portugal (Serra-Pereira et al.,, 2011) and in the Gulf of Gabés (south-central
Mediterranean) (Kadri et al., 2014). Although there is an evidence that the duration of the spawning
period may vary both annually and geographically, it was suggested that length of daylight is the main
factor controlling the ovarian cycle and that temperature controls the rate of egg laying (Holden,
1975). Holden et al. (1971) demonstrated that the rate and peaks of egg deposition in different ray
species such as thornback ray, blonde ray (Raja brachyura Lafont, 1871), and spotted ray were
dependent on water temperature fluctuations. As can be seen from the above explanations, the
spawning period of thornback ray may vary according to the region and years in the Mediterranean
Sea (Capapé et al. 2007; Kadri et al., 2014), but this event has not yet been proven for the stock of the
Black Sea and the North Sea.

Length at maximum yield per recruit (Lop)

The Loy is an important fishery management parameter, because it is obtained at an intermediate
age to,x Where the result of the number of surviving individuals multiplied by their average weight
results in the highest biomass, usually correspondes to the highest egg production and also it can be a
useful tool in defining routine fisheries management measures such as minimum size limits, closed
seasons, etc. (Holt, 1958; Gulland. 1983; Frose and Binohland, 2000). However, estimation of Ly
requires knowledge of basic population parameters as natural mortality (M) and the von Bertalanffy
growth function parameter, K. This two parameters are not easily obtained. Therefore, an empirical
relationship (logLoy: = 1.053*logL, - 0.0565) was reported between Lo and L, to provide an
estimation of this parameter (Frose and Binohland, 2000). In the previous studies reported on
thornback ray, L, values were assembled and L,y values calculated using the proposed formula, and
the results were shown in table 1. The outcomes of previous studies which are conducted in different
geographical areas showed that the L,y ranged between 64.1 and 81.0 cm (mean 70.7 = 1.4 cm) for
males and between 64.9 and 101.5 cm (mean 79.0 + 2.7 cm) for females (Table 1). Moreover, the Lo
values for females were greater than males and L values were greater than L, for both sexes of
thornback ray (Table 1). In the present study, similar results were found for both sexes of thornback
ray stocks in the Black Sea. Besides, when using the recommended empirical formula for calculation
Lopt from Ly, the calculated Loy value may be smaller than to Ly, in small fish species, whereas in large
fish species (slow-growing species) Lo is usually larger than L, (Froese and Binohlan, 2000). E.g. for
small L, values (e.g. L, = 10.5 cm), Loy is a lower value (10.4 cm) than L, and also for higher L,
values (e.g. Ln = 90 cm), Loy is a higher value (100.3 cm) than L. Thus, thornback ray is a slow-
growing and long-lived fish species (Ryland and Ajayi, 1984), it may be considered normal that L
values are higher than L, values for both sexes of thornback ray stock in the Black Sea.

Reproductive load (Ln/Lmax)

L/Linax ratio can be used to compare potential trends in maturation and energetic investment in
reproduction and/or growth for fish species (Tsikliras and Stergious, 2014) and also express the
proportion of the potential growth span of the species before maturation (Beverton 1963), so this ratio
was calculated to compare and/or to express the reproductive load from different stock in different
geographical areas for thornback ray (Table 1). The results of previous studies which are conducted in
different geographical areas and/or different latitude showed that the L/Lya ratio of thornback ray
ranged between 61.1 and 80.9 (mean 69.9 £ 1.5) for males and between 69.0 and 88.9 (mean 75.3 +
2.1) for females (Table 1). Moreover, the L. /Ly ratio of different species such as Mediterranean
starry ray Raja asterias Delaroche, 1809, longnose skate Beringraja rhina (Jordan & Gilbert, 1880),
brown ray Raja miraletus Linnaeus, 1758, undulate ray Raja undulata Lacepede, 1802 belonging to
Rajidae family ranged between 0.74 and 0.88 for males and between 0.83 and 0.90 for females in the
Mediterranean (Tsikliras and Stergious, 2014). These results showed that L/L ratio of females was
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generally larger than males. In the present study, similar results were found for thornback ray stocks in
the Black Sea. Moreover, L/Lya ratio may vary within and between different species due to many
factors such as sampling strategy (e.g. sampling depth), latitude variation (depending on water
temperature) and nutritional quality or availability of food, etc. (Capapé, 1976; Longhurst and Pauly,
1987; Abookire and Macewicz, 2003; Trip et al., 2014; Tsikliras and Stergious, 2014).

Size at maturity (L)

Size at maturity is an important fisheries management parameter because it is the basis in setting
the minimum landing size (MLS) of exploited fish stocks, i.e. the minimum legal size under which
fish should not be caught (Tsikliras and Stergiou, 2014). The results of previous studies which are
conducted in different geographical areas showed that the L, values of thornback ray ranged between
58.8 and 73.5 cm (mean 64.6+1.2 cm) for males and between 59.5 and 91.0 cm (mean 71.7£2.3 cm)
for females (Table 1). According to the previous results, Ly, values of females were calculated to be
larger than males in 13 studies except for two studies (Jardas, 1973; Ryland and Ajayi, 1984) for
thornback ray (Table 1).

In the Black Sea, L, value for thornback ray was previously reported as 66.7 cm for females and
64.0 cm for males (individuals collected using longline near the Georgian border at depths between 20
and 120 m in 2002 - 2003 and TL of samples was between 34.3 cm and 95 cm) (Demirhan et al.,
2005). Later, L, values were reported as 74.6 cm for females and 71.8 cm for males (individuals
collected using bottom trawl off the coast of Trabzon province at 20 - 40 m depth in 2009 and TL was
between 15.6 - 93 cm for females and between 14.3 - 92 cm for males) (Saglam and Ak, 2011). The L,
results of our study were larger than the study of Demirhan et al. (2005) but close to the study of
Saglam and Ak (2011). These differences between the studies are most probably due to different
length composition used to size at maturity calculation, different sampling methods, a different
environmental condition such as temperature, and different fishing pressure levels among the years.

Thornback ray stocks are not under overexploitation in the eastern Black Sea and this species is
caught only as by catch during the turbot gill nets fisheries and by catch, individuals are released back
to the sea as alive or dead (personal observations). Maturity sizes of thornback ray obtained in the
Black Sea are relatively larger than the reported in other regions (see Table 1). This variability may be
most probably due to differences in fishing pressure and also differences in biotic and abiotic factors.
It is reported that fishing pressure was brought about a reduction in the maturity size of thornback ray
in the Solway Firth (Nottage and Perkins, 1983).

Size at maturity is a good predictor of vulnerability to fishing, especially for species maturing at
larger-sized fish species (i.e., > 25 ¢cm and > 3 years) such as thornback ray (Anderson et al. 2008;
Tsikliras and Stergiou, 2014). Moreover, the overexploitation of small and/or immature individuals
may have harmful consequences for recruitment and stock conservation. Thus, MLS should always
exceed L, regardless of species and stocks (Doring and Egelkraut 2008; Tsikliras and Stergiou, 2014).
Thornback ray is not amongst commercially important fish species and no MLS limits are defined for
the catch in the Black Sea. The results of the present study could be used as a biological input
parameter regarded as a reference (e.g., the MLS: between 67 - 78 cm total length) for management of
Black Sea stocks of this species. The MLS’s have been implemented as 40 cm disc width for ray
species in the Southern and the Kent and Essex Sea Fisheries Districts of the UK by Sea Fisheries
Committees (Ellis, 2016).
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Table 1. Comparison of maximum total length (Lmax in cm), length at maximum yield per recruit (Lo in cm), size at maturity, and reproductive load
(Ln/Lmax in %) of thornback ray (Raja clavata) in southeast Black Sea with previous study results in different geographical regions

Male

Female

Lo Lo Ly Lol | Lo Lo Ly Loflmge 12 References

1074 81.0 735 70.4 135.0 101.5 91.0 71.2 British water, English Channel, UK  Steven (1934)

99.0 66.0 60.5 61.1 85.2" 64.9 59.5 69.6 British Isles, Camarthen Bay, UK Ryland and Ajayi (1984)
94.0 72.9 66.5 70.7 98.0 82.9 75.1 76.6 British Isles, UK McCully et al. (2012)

89.2° 677 62.0 69.7 93.9 71.2 65.0 69.9 Irish Sea, Solway Firth Nottage and Perkins (1983)
90.0 72.0 65.7 73.0 104.0 79.1 71.8 69.0 Irish Sea Gallagher et al. (2005)

95.0 64.1 58.8 61.9 77.8 77.6 70.5 90.6 Irish Sea, Caernarfon Bay Whittamore and McCarthy (2005)
73.3 64.6 59.3 80.9 95.0 66.8 61.2 64.4 Adriatic Sea, Croatia KrstuloviéSifner et al. (2009)
93.6° 710 64.8 69.9 91.6 69.5 63.5 69.8 Adriatic Sea Jardas (1973)

105.0 74.2 67.6 64.4 96.5 86.7 78.4 81.2 Atlantic, Portuguese Serra-Pereira et al. (2011)
89.0 71.2 65.0 73.0 104.0 87.4 79.0 76.0 Mediterranean Sea, Tunisia Kadri et al. (2014)

85.0 65.3 59.9 70.5 85.0 83.5 75.6 88.9 Mediterranean Sea, France Capapé et al. (2007)

95.0 70.0 64.0 67.4 88.2 73.2 66.7 75.6 Black Sea, Turkey Demirhan et al. (2005)

92.0 79.1 71.8 78.0 93.0 82.3 74.6 80.2 Black Sea, Turkey Saglam and Ak (2011)

X+SE  70.7£1.4  64.6£1.2  69.9+1.5

79.0£2.7  71.7+£2.3  75.3+£2.1

(): calculated from Lyax = (Lm - 5.541) / 0.633 (Tsikliras and Stergiou, 2014), (7): calculated from logLoy: = 1.053 X log(Lm) - 0.0565 (Binohlan and Froese, 2009).
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Ozet

Klasik dis ticaret teorilerinin dis ticareti agiklama konusunda yetersiz kalmasi, modern dis ticaret teorilerine olan ihtiyact
artirmustir. Ozellikle II. Diinya Savasi sonrasinda yeniden sekillenen uluslararasi ticaret, yeni teorilere ihtiya¢ duymustur.
Yapilan c¢aligmalar, uluslararasi ticari faaliyetlerde sadece iilkelerin sahip oldugu karsilastirmali stiinliikler ¢ercevesinde
ticaretin gelismedigini gostermistir. Ticaretin bir kismini ayni mal grubunda iiretim yapan iilkelerin ticari faaliyetlerinin
sekillendirdigi anlasilmistir. Ayn1 sektore ait farklilagtirilmis {iriinlerin alim satimim yapildig1 bu ticaret tiirii ‘Endiistri I¢i
Ticaret’ olarak adlandirilir. Ekonomik biitiinlesme siirecine giren iilkeler arasinda enddistri igi ticaretin artmasi beklenir.

Bu calismada; Tiirkiye ve AB 28 iilkeleri Su Uriinleri Sektorii ticari faaliyetlerinin, endiistri igi ticaret analizi
yapilmaktadir. Endiistri i¢i ticaret endeks degerinin hesaplanmasinda literatiirde siklikla kullanilan Grubel-Lloyd Endeksi
kullanilmaktadir. Endeks hesaplamalarinda kullanilan dig ticaret verilerine ise Birlesmis Milletler Veri Bankasi’ndan
ulagilmaktadir. Bu veriler Birlesmis Milletler’in STIC Rev. 2 ¢ercevesinde sundugu verilerdir. Bu verilerin ilgili Endeks’te
kullanimiyla elde edilen sonuglar; Tiirkiye ile AB 28 iilkeleri arasindaki su iiriinleri ticaretinde enddistri i¢i ticaretin yok
denecek kadar az oldugunu gostermektedir. Ayrica bu tek yonlii ticarette Tiirkiye'nin sektorel iistiinligii de dikkat
¢ekmektedir.

Anahtar Kelimeler: Endiistri i¢i ticaret, Grubel-Lloyd endeksi, su iiriinleri, Tiirkiye, AB 28
"Intra Industry Trade' Analysis of Turkey - EU 28 Trade in the Fisheries Sector
Abstract

The inability of classical foreign trade theories to explain foreign trade has increased the need for modern foreign trade
theories. International trade, which was reshaped especially after the Second World War, required new theories. Studies have
shown that trade does not develop within the framework of comparative advantages that only countries have in international
commercial activities. It is understood that some of the trade is shaped by the commercial activities of the countries
producing in the same goods group. This type of trade, where differentiated products belonging to the same sector are traded,
is called "Intra Industry Trade". Increasing intra-industry trade is expected among the countries undergoing economic
integration.

In this study; intra-industry trade analysis was performed of Turkey and the EU 28 countries Fisheries Sector commercial
activities. The Grubel-Lloyd Index, which is frequently used in the literature, is used to calculate the intra-industry trade
index value. The foreign trade data used in the index calculations are accessed from the United Nations Data Bank. These
data are provided by the United Nations within the framework of STIC Rev. 2. The results obtained by using this data in the
related Index show that; there is almost no intra-industry trade in fishery products trade between Turkey and the EU 28
countries. Also, Turkey's industrial supremacy draws attention to this one-way trade.

Keywords: Intra industry trade, Grubel-Lloyd index, fisheries sector, Turkey, EU 28

GIRIS

Uluslararasi ticaret teorilerinin baslica amaci, lilkeler arasindaki mal ve hizmet alim satimlarinin
nedenlerini agiklamaktir. Bu c¢ercevede dis ticaretin kapali ekonomiye gore iilkelere sagladigi
yararlarin neler oldugu, bir iilkenin hangi mallar1 ihrag, hangilerini ithal edeceginin neye gore
belirlendigi ve dis ticarette nisbi fiyatlarin nasil olustugu sorgulanmaktadir.

Klasik dis ticaret teorilerinin dis ticarete yaklagiminda; karsilastirmali {istiinliklere dayali son
derece rekabet¢i bir ticaret yapilanmasi yer alir. Bu anlayis rekabet giicliniin artirilmasi i¢in her
iilkenin kargilagtirmali {istiinliiklerini belirlemesi gerektigine vurgu yapar. Giiniimiizde de bu anlayisa
ait genel kurallarin halen gecerli oldugunu belirtmek gerekir. Ulkelerin gerek karsilastirmali iistiinliik
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elde ettikleri iiretim alanlarini belirlemek, gerek istiinliik elde edilen sektorler igin rekabet giicii
Olciimlerini yapmak, uluslararas: iktisat literatiiriinde iizerinde en c¢ok calisilan konular olmustur.
Gelecekte de benzer ¢alismalarin devam etmesi muhtemeldir.

Karsilastirmali tstiinliikler ¢ergevesinde sekillenen dis ticarette, tilkelerin uzmanlasma alanlarmin
birbirinden tamamen farkli olacagi varsayilir. Diger bir deyisle; iilkeler farkli is kollarinda rekabet
avantaji elde edeceklerdir. Oysa modern diinyadaki dis ticaret faaliyetlerine bakildiginda, bu
faaliyetlerin bir kismmin karsilagtirmali Ustiinliik mantigiyla tamamen farkli iretim sahalan
cergevesinde gerceklestigi goriiliirken, bir kisminin ayni iiretim sahasinda farklilastirilmig iiriinler
iizerinden gerceklestigi goriilmektedir. Aslinda bu ikinci durum “Endiistri ici Ticaret” olarak
isimlendirilen ve bir anlamda karsilastirmali iistiinliikler anlayiginin bir miktar disina ¢ikan bir ticari
anlayis1 ortaya koyar. Modern dis ticaret teorileri arasinda yer alan endiistri i¢i ticaret, karsilagtirmali
iistiinliikler teorisinin bir nevi rakibi durumundadir.

Grubel ve Lloyd’a gore (1975) endiistri igi ticaret, ayni iretim sahasina ait mallarm iki iilke
arasinda es anli olarak ithalat ve ihracatinin sonucunda ortaya ¢ikan dis ticaret faaliyetidir. Aslinda
boyle bir ticari faaliyetin gergeklesiyor olmasi, bu iilkelerin talep yapilarinin ve iiretimde kullandiklari
girdilerin az ya da ¢ok birbirine benzerlik gostermesini gerektirir (Narin, 2002). Endiistri ici ticaret
faaliyeti sonucunda tilkelerin ithalat ve ihracatini ger¢eklestirdikleri tirlinlerin ayni iiretim sektoriine ait
iirlinler oldugu gozlenir. Diger bir deyisle; ithal edilen iirlin de ihra¢ edilen {iriin de ayni sektoriin
iirettigi farklilastirilmis bir iiriindiir. Grubel Lloyd (1975) ve Balassa (1979) tarafindan “Endiistri I¢i
Ticaret” olarak adlandirilan ve yaygin olarak bu tanimlama ile literatiirde yer alan bu ticari faaliyetin;
“Farklilastirilmis Uriinlerin Cift Yonlii Ticareti” olarak degerlendirilmesi miimkiindiir. Bu ticari
siirecte, lilkeler kendilerinde hi¢ olmayan bir iiriiniin yerine, ihra¢ edebilecekleri diizeyde iyi
tiretebildikleri ve ihra¢ da ettikleri bir iirliniin farkli versiyonlarim ithal etmektedirler. Dis ticaret
siirecinde karsilagilan bu olusum; sonug itibariyle, tekelci rekabet piyasasimnin farklilastirilmig diriin
algisinin ortaya ¢ikardig: bir tiir ticari faaliyettir.

Endiistri ici ticaretin yatay ve dikey endiistri i¢i ticaret seklinde iki farkli kategoride ele alindig1 da
gozlenmektedir. Yatay endiistri ici ticaretin genellikle belirli bir kalitedeki {riiniin farkli 6zellik ve
yonleriyle farklilastirilmasi sonucu ortaya ¢ikan ticaret olarak yorumlandigi, dikey endiistri i¢i ticarete
ise farkli kalite diizeyindeki mallarin karsilikli ticareti olarak yaklasildigi sylenebilir (Sahin, 2015).
Endiistri ici ticaret sayesinde tiiketici tercihlerindeki farkliliklara cevap vermek adina {iriin
farklilagtirmasina gidilmesi sayesinde, tiiketicilere daha genis bir {irlin yelpazesi sunulmast miimkiin
olabilmektedir. Bunun {ilke ekonomisine yansimasi ise Olgcege gore artan getiri ve dis ticaret
kazanclarinin yiikselmesi seklinde olmaktadir (Sharma, 2000).

Yeni ekonomik diizenin 6nemli yapilanmalarindan olan iktisadi biitiinlesmelerin endiistri i¢i ticareti
artiracagl yoniinde genel kanaat bulunmaktadir. Ciinkii bu birliktelik icerisinde yer alan iilkelerin
faktor donamimlart ve kisi basma gelir diizeylerindeki benzerliklerin yan1 sira tliketim
aliskanliklarindaki benzerliklerin de endiistri igi ticareti artiracagi diisiiniiliir. Bu nedenle bir ekonomik
biitiinlesme igerisine giren iilkelerde iirlin farklilastirmalarma gidilerek endiistri igi ticaretin ivme
kazanacagi tahmin edilmektedir.

Bu calismada; Tiirkiye’nin Gumrik Birligi siirecinde 6nemli bir ticaret partneri haline gelen
Avrupa Birligi (AB) ile gerceklestirdigi dis ticaretteki endiistri i¢i ticaret kabiliyeti, su {iriinleri sektorii
icin Olciilmek istenmistir. Bu amagla oncelikle literatiirde gerceklestirilmis olan endiistri i¢i ticaret
caligsmalari tizerinde bir tarama gergeklestirilmis ve sonrasinda AB’yi olusturan 28 iilkenin Tirkiye ile
gerceklestirdigi su iiriinleri ticareti Grubel Lloyd (1975) tarafindan gelistirilmis Endiistri I¢i Ticaret
Endeksi (EIT) yardimiyla dl¢iilmiistiir. Calisma 2009-2019 y1l araligii kapsayacak sekilde planlanmig
ve gerek Tiirkiye gerekse AB 28 iilkelerinin dis ticaret verilerine Birlesmis Milletler data bankasindan
ulasim saglanmistir. Endeks degerlerinin 6l¢iilmesinde SITC Rev.2 diizeyinde kayit altina alinmig olan
ticaret verileri kullanilmustir.

LITERATUR TARAMASI

Caligmayla ilgili genel literatiir taramasindan dnce, ¢alismanin hedef kitlesini olusturan Tiirkiye ve
AB 28’in, toplam dis ticaretleri igerisinde su tiriinleri ticaretlerinin deger ve oranlarimi gormek gerekir.
Bu deger ve oranlar, birbirinin ticari partneri olan {ilkelerin gelismislik diizeylerini de karsilastirma
olanagi verecektir. Tablo 1 bu amagla diizenlenmistir.
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Tablo 1. Tiirkiye ve AB 28 dis ticaret degerlerinde su iiriinleri sektorii (000.0008$)

TURKIYE AB 28
Yillar TX tx tx/TX ™ ™m tm/TM TX tx tx/ITX ™ tm tm/TM
2009 102143 342 0,33 140928 108 0,08 1600134 3536 0,22 1757279 21207 1,21
2010 113883 342 0,30 185544 137 0,07 1805319 4071 0,23 2034248 22766 1,12
2011 134907 426 0,32 240842 176 0,07 2177209 4828 0,22 2413764 25871 1,07
2012 152462 446 0,29 236545 179 0,08 2178600 5154 0,24 2317658 23890 1,03
2013 151803 568 037 251661 188 0,07 2311186 9350 0,23 2242512 25598 1,14
2014 157610 676 0,43 242177 198 0,08 2260494 5485 0,24 2247826 27283 1,21
2015 143850 692 0,48 207207 251 0,12 1983411 4700 0,24 1918102 24295 1,27
2016 142530 790 0,55 198618 181 0,09 1930219 4976 0,26 1894790 26454 1,40
2017 156993 843 0,54 233800 227 0,10 2120420 5485 0,26 2089910 28156 1,35
2018 168023 936 0,56 223039 187 0,08 2307466 95832 0,25 2234987 29945 1,34
2019 180839 1007 056 210343 197 0,09 2280695 5958 0,26 2293002 28994 1,26
ORT. - 0,43 - - 0,09 - - 0,24 - - 1,22

Kaynak: United Nations, (2020). Hesaplamalar tarafimdan yapilmigtir.
* Tabloda kullanilan kisaltmalarla ilgili agiklamalar asagida verilmistir.

TX: Toplam hracat, TM: Toplam ithalat, tx: Su Uriinleri Ihracati, tm: Su Uriinleri ithalats,

tx/TX: Su Uriinleri ihracatinin Toplam Ihracat icindeki Pay1, tm/TM: Su Uriinleri Ithalatinin Toplam ithalat icindeki Pay1.

Tiirkiye su iriinleri sektdrii dig ticaretinin, Tiirkiye nin toplam dis ticareti icerisindeki payinin az
oldugu sdylenebilir. Thracat payr 11 yil ortalamasma gére %0,43 (binde 4), ithalat payr %0,09
(onbinde 9) olarak hesaplanmistir. Fakat yil bazli sektorel ticaret gelismelerine baktigimizda, ihracatin
siirekli arttig1, ithalatin ise artis ve azalislar gosterdigi goriilmektedir. Diger bir ifade ile su triinleri
ihracat1 Tirkiye icin istikrarli bir gelisme gosterirken, su {iriinleri ithalatinda ayni istikrar
bulunmamaktadir.

Tablo sonuglarina gore Tiirkiye su triinleri sektoriiniin dis ticaret fazlasi veren yapisindan da
bahsetmek gerekir. Ciinkii sektor ihracati, incelenen her bir yil icin, sektor ithalatindan daha fazla
miktarda gergeklesmistir. Bu nedenle Tiirkiye su iiriinleri sektoriiniin dis ticaret yapilanmasi bize;
sektoriin Tiirkiye dis ticaret dengesi icin pozitif deger yarattigini, hatta bu katkinin her yil itibariyle
istikrarli bir sekilde arttigini gostermektedir. Bu bir anlamda su iiriinleri sektdriiniin rekabet giiciiniin
artmakta oldugunun bir gostergesi olarak da degerlendirilebilir. Kusat’in (2019) Tiirkiye su {riinleri
sektoriiniin 5 sektor lideri lilke karsisindaki rekabet giiciinii 6l¢tiigli calisma sonuglari da, Tiirkiye su
iirlinleri sektdriiniin rekabet avantajinin yiiksek, ihracat performansinin ise artirilabilir bir potansiyele
sahip oldugunu teyit etmektedir.

AB 28 su iiriinleri sektoriiniin, AB 28 toplam dis ticaretindeki payini inceledigimizde, bu payin
ihracat i¢in az, ithalat i¢in daha anlamli bir deger ortaya koydugunu goérmekteyiz. Sektoriin ihracat
icerisindeki pay1 son 11 yil ortalamasina gore % 0,24 (binde 2), ithalat icerisindeki pay1 ise % 1,22
(yizde 1,2) olarak hesaplanmistir. Fakat sektoriin yillik ithalat ve ihracat oranlarindaki degisimlerini
takip ettigimizde de, ihracat pay1 oldukga istikrarlt bir seyir izlerken, ithalatinin daha istikrarsiz bir
yap1 sergiledigi goriilmektedir. Ayrica tablo 1’den AB 28’in bazi yillar dis ticaret fazlasi, bazi yillar
dis ticaret agig1 verdigini; fakat su trlinleri sektorii ticaretinde her yil dig ticaret agigi verdigini de
gormekteyiz. Sonug itibariyle AB 28 su iiriinleri ithalatgist bir birlikteliktir diyebiliriz.

Bu c¢aligmada; Tiirkiye-AB 28 su firiinleri sektorii ticari iliskilerini endiistri i¢i ticaret ¢ercevesinde
ve Grubel-Lloyd (1975) tarafindan gelistirilmis olan endeks yardimiyla 6lgiip degerlendirecegiz.
Grubel-Lloyd (1975) tarafindan gelistirilmis olan endeks hesaplama yOnteminin segilme sebebi,
literatiirde en yaygin kullamlan Endiistri ici Ticaret Endeksi olmasidir. Tablo 2 de yerli ve yabanci
literatiirde ilgili endeks kullanilarak gergeklestirilmis bazi c¢alismalari ve sonuglarini gostermek
amaciyla diizenlenmistir.
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Tablo 2. Grubel - Lloyd’un EIT yontemi kullanilarak yapilmis olan ¢alisma 6rnekleri

Arastirmaci Yil Ulke/Ulkeler Sektor / Uriin /  Cahsma Bulgular
Uriin Grubu

Schiiler 1995  Ispanya-Tiirkiye Genel 73-91 dénemini kapsayan calisma sonuglari; Ispanya ve Tiirkiye
arasindaki EIT’nin arttigim fakat Tiirkiye’nin dis ticaretinde EIT
gergeklesme miktarmin  Ispanya’ya oranla zayif oldugunu
gostermektedir.

Duman 1996  OECD ve Tirkiye  Genel EIT’nin Tiirkiye’nin dis ticaretinde 6nemli bir yer tutmadigi, fakat
ekonomik gelismesinin hizlanmasi, Glimriik Birligi ve ticari
liberalizasyon artis1 ile gelecekte bu paym artabilecegi ifade
edilmistir.

Rossini ve 1999 Iitalya-AB Genel Italya’nin AB iilkeleriyle gerceklestirdigi endiistri ici ticaret, AB disi

Burattoni Italya-AB dist tilkelerle gergeklestirdigi ticaretten daha yiiksek bulunmustur.

Tharakan ~ ve 1999  Belgika-AB Genel 60-90 donemini kapsayan calismada, Belgika’nin AB iilkeleriyle

Calfat Belgika-AB dis1 gerceklestirdigi endiistri i¢i ticaret, AB dis1 tilkelerle gerceklestirdigi
ticaretten daha yiiksek bulunmustur.

Doganer Génel =~ 2001  Tiirkiye Tekstil 90-97 dénemini kapsayan bu calismada, 90°l1 yillardan itibaren
tekstil alt sektorlerinin hemen hemen tamaminda endiistri igi ticaret
paymin artmakta oldugu tespit edilmistir.

Erk ve Tekgiil 2001  Tirkiye-AB 97 Uriin Grubu Tiirkiye ve AB fiilkeleri arasinda gergeklesen ticarette dikey mal
farklilasmasi iceren endiistri i¢i ticaretin agirlikli oldugu tespit
edilmistir.

Lee ve Lloyd 2002  OECD iilkeleri Hizmet Sektorii ~ OECD iilkelerinin geneli agisindan yiiksek EIT oranlart gézlenmis
olup, Tirkiye i¢in bu endeks degerinin diger iilkeler karsisinda diisiik
kaldig1 gozlenmistir.

Kosekahyaoglu 2002  Tiirkiye-AB 12 Genel 75-90 donemini kapsayan ¢alismada; Tiirkiye’nin tiim mallara iligkin
endiistri-i¢i ticaret hacminin yillar itibariyle yiikseldigi, ayrica
Tiirkiye’nin benzer faktér donatimina sahip oldugu Yunanistan ve
Portekiz ile olan endiistri igi ticaretinin diger AB iilkelerine kiyasla
daha yiiksek oldugu tespit edilmistir.

Cepni ve Kdse 2003  Tirkiye-AB- Genel 88-98 donemini kapsayan bu ¢alismada; Tiirkiye’nin dis ticaretinde

OECD endiistri i¢i ticaret paymnin artmakta oldugu, ayrica AB ve Tiirkiye
arasindaki endiistri i¢i ticaretin diger iilkelere kiyasla yiiksek oldugu
tespit edilmistir.

Erlat ve Erlat 2003  Tirkiye-AB 15 Genel 69-99 doénemini kapsayan c¢alismada, Tiirkiye-AB arasindaki ticaret
yapisinin agirlikli olarak endiistriler arasi ticaret 6zelligi gosterdigi
saptanmuigtir.

Deviren 2004  Tirkiye-AB Genel Tiirkiye ile Avrupa Birligi iilkeleri arasinda endiistri igi ticaret yerine
endiistriler arasi ticaretin var oldugu tespit edilmistir.

Simsek 2005  Tiirkiye-OECD Genel Tiirkiye'nin OECD ile ticaretinde diisiik kalite dikey endiistri i¢i
ticaretin varligi tespit edilmistir.

Cakmak 2006  Tirkiye - Imalat Sektorii 1991-2004 doénemini kapsayan ¢aligmada, Tiirkiye ile segilmis

Almanya, italya, ilkeler arasinda gerceklestirilen ticarette, endiistri i¢i ticaret diizeyi
Fransa, Ingiltere siralamalarinin yillar itibariyle degisim gosterdigi tespit edilmistir.

Altay, Ozcan 2009  Tirkiye-AB 15 Genel 1995-2007 yillar1 arasini kapsayan ¢alismada, Tiirkiye’nin genel

ve Cinar olarak diisiik katma degerli iiriinlerde avantajli oldugu gézlenmistir.

Bedir 2009  Tirkiye Imalat Sektorii 1995-2005 donemini kapsayan calismada imalat sanayinde fiyata
dayali rekabet eden endiistrilerde ortalama endistri ii ticaret genelde
diisiik ve sabitken, kaliteye dayali rekabet eden endiistrilerde daha
yiiksek bulunmustur.

Eriin 2010  Tirkiye-AB Gida ve Canli  1995-2009 donemini kapsayan galismada, AB-15 iilkeleriyle olan

Hayvan Sektérii.  gida ve canli hayvan ticaretinde EIT’nin giderek azaldig,
Macaristan, Bulgaristan, Danimarka, Ispanya, Irlanda ve Romanya
ile olan ticarette yiikseldigi gozlenmistir.

Biesebroeck 2011 ABD/AB/Cin/ Imalat Sektorii ABD, Avrupa Birligi ve Cin’in imalat sanayindeki ticaretinin

Japonya giderek daha da endiistri i¢i hale geldigi, fakat Japonya’da hala
endiistriler arasi ticaretin 6n planda oldugu tespit edilmistir.

Cestepe 2012  Tirkiye-Ortadogu  Genel 1999-2009 donemini kapsayan calismada, Tirkiye’nin Ortadogu

Ulkeleri iilkeleriyle ticaretinde endiistri i¢i ticaret diizeyinin genel olarak
diisiik, islenmis mallarda ise nispeten yiiksek oldugu tespit edilmistir.

Sentiirk 2014  Secilmis Ulkeler Genel 1990-2016 dénemini kapsayan calismada, Tirkiye’nin en yiiksek
endiistri i¢ ticareti Italya, Ispanya, Fransa ve Almanya ile
gerceklestirdigi gozlenmektedir.

Sahin 2015  Tirkiye-AB 15 Gida Sektorit Tirkiye ve AB-15 iilkeleri arasinda, seg¢ilmis tarimsal gida
uriinlerinde gergeklestirilen ticarette dikey endiistri i¢i ticaretin
varlig1 saptanmigtir.

Mangir ve 2017  Tirkiye Tarim Sektorii Tiirkiye'nin tarim sektoriindeki endiistri igi ticareti g¢ok yiiksek

Fidan bulunmustur.

MATERYAL ve YONTEM

Literatiir taramasi cergevesinde endiistri i¢i ticaret hesaplamalarinda en yaygin kullanilan
hesaplama tekniginin Grubel ve Lloyd (1975) tarafindan gelistirilen endeks oldugu tespit edilmistir.

538



KUSAT 2020 ActAquaTr 16(4), 535-544

Calismamizda da Grubel ve Lloyd (1975) tarafindan gelistirilen orijinal endeks formiilii kullanilarak
hesaplamalar yapilmaktadir. Calismada kullanilan formiil Grubel ve Lloyd (1975)’un orijinal endeks
hesaplama formiilii olup, ¢aligmamizda yer alan sektoriin adi ilave edilerek aciklamasi asagida
yapilmaktadir.

EIT=1-[|Xi-Mi| / (Xi+Mi)]

Bu formiilde:

EIT: Endiistri i¢i Ticaret Endeks Degerini (Su Uriinleri Sektorii igin)

Xi: i iilkesinin (Tiirkiye’nin) j iilkesine (AB 28 Ulkesi) yaptig1 ilgili sektdr (su iiriinleri) ihracatin

Mi: i iilkesinin (Tiirkiye’nin) j iilkesine (AB 28 Ulkesine) yaptig1 Ilgili sektdr (su iiriinleri)
ithalatim1 gdstermektedir.

Yukarida yer alan formiil kullanilarak gerceklestirilen hesaplama sonucunda EIT 0 ile 1 arahginda
(0 <EIT< 1) olusmaktadir. Bu durumda elde edilen degerin temelde 2 deger igin ayri ayri
yorumlanmasi s6z konusu olur:

EIT=0 oldugunda i iilkesinin (Tiirkiye nin) j iilkesi (AB 28 Ulkesi) ile gerceklestirdigi y mal grubu
(Su Uriinleri Sektorii) ticaretinde endiistri ici ticaretin olmadigi, yani sadece ihracat ya da ithalat
yapildigi (tek tarafli ticaret),

EIT=1 oldugunda i iilkesinin (Tiirkiye’nin) j iilkesi (AB 28 Ulkesi) ile gerceklestirdigi y mal grubu
(Su Uriinleri Sektorii) ticaretinde endiistri ici ticaretin giiclii oldugu, yani ihracat ve ithalatin
degerlerinin birbirine yakin oldugu (¢ift tarafl ticaret) soylenebilir.

EIT’nin 0 ile 1 degeri arasinda yer almasi1 durumunda ise elde edilen degere gore;

1>EiT>0,50 oldugunda endiistri igi ticaretin varligindan,

0<EIT<0,50 oldugunda endiistri ici ticaretin zayifligindan soz edilebilir.

Caligmada 1 {ilkesi Tirkiye, j fllkesi ise AB 28 igerisinde yer alan tiim iilkeler olarak
degerlendirmeye almmistir. Bu degerlendirme yapilirken AB 28 iilkeleri arasinda yer alan ama
Tiirkiye ile hig ticari faaliyeti olmayan Giiney Kibris Rum Kesimi (Kibris) ¢alisma disinda kalmistir.
Ayrica Tirkiye’nin AB 28 ile gerceklestirdigi su {iriinleri ticareti, AB 28’in bir uluslararas: iktisadi
birlik olarak da kabulii 6ngoriisiiyle, endiistri igi ticaret kapsaminda degerlendirilmistir.

Tirkiye ve AB 28 arasindaki su friinleri ticaretinin endiistri ic¢i ticaret ¢ercevesindeki
degerlendirmesinde 2009-2019 yil aralig1 baz alinmis, Tiirkiye ve 28 AB iilkesi ile AB 28’ e ait ticari
verilere Birlesmis Milletlerin web sitesindeki resmi istatistiklerden (Comtrade Statistics) ulasilmigtir.
Caligma y1l aralig1 geriye doniik olarak 10 yil olarak belirlenmis olmasina ragmen, baz iilkeler 2019
yilt ticari verilerini heniiz sisteme yliklemedikleri i¢in bu degerlendirme 10 ve 11 yillik ticari verileri
tizerinden yapilmak zorunda kalmustir.

BULGULAR ve DEGERLENDIRME

Tirkiye ile AB 28 iilkeleri arasindaki endiistri ici ticaretin su {iriinleri sektorii ¢ercevesinde yapilan
analiz sonuglari, birka¢ kategoride degerlendirilecektir. Bu degerlendirme; Avrupa Birligi’nin Avrupa
Ekonomi Toplulugu olarak kuruldugu 1958 yilindan giiniimiize gelene kadarki siire¢ igerisindeki
genigleme donemleri gozetilerek gergeklestirilecektir.

Ik degerlendirme; AB’nin kurucu iilkeleri olan ve Altilar olarak isimlendirilen Almanya, Fransa,
Italya, Belgika, Hollanda ve Liiksemburg icin yapilmaktadir. ikinci degerlendirme; Danimarka, irlanda
ve Ingiltere (1973), Yunanistan (1981), Portekiz ve Ispanya (1986), Avusturya, Finlandiya ve Isve¢’i
(1995) igerisine almaktadir. Aslinda bu 9 iilkenin Topluluga katilmasi ii¢ farkli genisleme donemini
kapsasa da; Toplulugun 2000 yilina kadar ki son genisleme siireci olarak dikkat geker. Ugiincii
degerlendirme Avrupa Ekonomi Toplulugu'ndan Avrupa Birligi’ne terfi eden iktisadi birligin 10
iilkeyi tek celsede tiyelige kabul ettigi iilkeler icin yapilacaktir. Bu iilkeler 2004 yilinda Birlige katilan
Giliney Kibris Rum Kesimi (Kibris), Cek Cumhuriyeti (Cekya), Estonya, Macaristan, Letonya,
Litvanya, Malta, Polonya, Slovakya, Slovenya’dir. Bu genisleme sonrasinda Birligin iiye sayis1 25°¢
yiikselmistir. Ayrica bu iilkelerin siyasi ve ekonomik gecmisleri dikkate alindiginda, Birlige toplu
kabulleri olduk¢a dikkat c¢ekicidir. Bir sonraki iilke grubu ise; 2007’de tiiyelige kabul edilen
Bulgaristan ve Romanya ile 2013’de iiye olan Hirvatistan’dan olusmaktadir. Uye sayis1 da 28’e
ulagsmistir. AB 28’1 bir birliktelikten ziyade bir {ilke olarak ele alip gerceklestirdigimiz hesaplamalar
ise, ¢calismanin son degerlendirme kismini olugturmaktadir.

Avrupa Birligi 1957 yilinda Almanya, Fransa, Italya, Belgika, Hollanda ve Liiksemburg arasinda
imzalanan Roma Anlagmasi ile kurulmus ve 1958 yilindan itibaren Avrupa Ekonomi Toplulugu olarak
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faaliyetlerine baslamustir. Tiirkiye’nin bu topluluga ilk basvurusu ise 1959 yilinda olmus ve 1963
yilinda imzalanip 1964 yilinda yiiriirliige giren Ankara Antlagmasi ile bu talep resmiyet kazanmistir.

Tiirkiye’nin yarim yiizyili geckin bir siiredir bu kurucu iilkelerle olan ticari iligkileri devam etmekte
olup, 1996 yilinda Gimriik Birligi siirecine gecilmesi ile ¢ok daha kapsamli bir yapiya kavusmustur.
Tablo 3 Tiirkiye ile AB kurucu iilkeleri arasindaki su iiriinleri sektorii endiistri i¢i ticaretinin durumunu
gostermek i¢in olusturulmustur.

Tablo 3. Tiirkiye-AB kurucu iilkeler EiT endeksi

Yillar Almanya Fransa italya Belcika Hollanda  Liiksemburg
2009 0,25 0,50 0,06 0,03 0,05 0,00
2010 0,23 0,61 0,01 0,11 0,12 0,00
2011 0,12 0,35 0,01 0,26 0,05 0,00
2012 0,14 0,39 0,00 0,27 0,05 0,00
2013 0,11 0,50 0,00 0,24 0,04 0,00
2014 0,13 0,02 0,00 0,02 0,05 0,00
2015 0,07 0,10 0,01 0,02 0,04 0,00
2016 0,04 0,14 0,00 0,01 0,05 0,00
2017 0,03 0,28 0,00 0,03 0,04 0,00
2018 0,03 0,24 0,00 0,15 0,04 0,00
2019 0,03 - 0,01 0,06 - -

Ortalama 0,11 0,31 0,01 0,11 0,05 0,00

Tiirkiye’nin giiniimiiz Avrupa Birligi’nin kurucu 6 iilkesi ile olan su iiriinleri ticaretindeki endiistri
ici ticaret gelisimini 2009-2019 y1l araliginda degerlendirdigimizde, bu ticaretin tek yonlil bir ticaret
yapis1 sergiledigini sdylemek dogru olacaktir. Hesaplanan EIT endeksinin yil bazli ortalama
degerlerine baktigimizda, Liiksemburg hari¢ diger 5 iilke ile gerceklestirilen sektorel dis ticarette,
zayif bir endistri i¢i ticaretin mevcut oldugunu sdyleyebiliriz (hesaplanan degerler 0-0,5 araliginda yer
aliyor). Liiksemburg ile Tiirkiye arasindaki sektorel ticaretin ise tek tarafli bir ticari iligski ortaya
koydugu, hicbir sekilde endiistri i¢i ticaret yaratilamadig1 sdylenebilir (her yil icin hesaplanan deger 0
olarak bulunmustur). Ayrica bu hesaplamalar yapilirken Tiirkiye ve Liiksemburg dis ticaret
verilerinden yararlanildig1 i¢in, bu tek yonlii ticarette Tiirkiye’ nin su {iriinleri ihracat¢ist konumunda
oldugunu da belirtmek gerekir.

Hesaplanan endeks degerlerine yillar genelinde baktigimizda, Tiirkiye-Fransa arasinda
gergeklestirilen su triinleri ticaretinde 2009, 2010 ve 2013 yillar igin endiistri i¢i ticaret gelisiminin
soz konusu oldugunu sodylemek miimkiindiir. Fakat bu sektorde endiistri igi ticaretin
siirdiiriilebilirliginin saglanamamis oldugu da goriilmektedir.

Tablo 4, Tiirkiye’nin AB’nin kurucu iilkeleri disinda kalan, ama 2000 yilina gelene kadar bu
birliktelik icerisine alinan 9 iiyesi ile gerceklestirdigi su {iriinleri ticaretinin EIT endeks degerlerini
gostermektedir.

Tablo 4. Tiirkiye-AB ikinci genisleme donemi iilkeleri EIT endeksi
Yillar  Danimarka  irlanda  ingiltere  Yunanistan  Portekiz  ispanya  Avusturya  Finlandiya  isvec

2009 0,22 0,56 0,14 0,13 0,00 0,25 0,03 0,00 0,10
2010 0,03 0,48 0,23 0,15 0,00 0,21 0,00 0,00 0,00
2011 0,25 0,00 0,28 0,19 0,95 0,24 0,00 0,00 0,02
2012 0,16 0,79 0,12 0,18 0,46 0,78 0,00 0,00 0,02
2013 0,10 0,05 0,05 0,30 0,11 0,45 0,00 0,00 0,01
2014 0,01 0,56 0,00 0,28 0,44 0,32 0,00 0,01 0,00
2015 0,30 0,20 0,02 0,43 0,59 0,30 0,02 0,00 0,01
2016 0,11 0,00 0,02 011 0,09 0,49 0,00 0,00 0,05
2017 0,28 0,11 0,04 0,03 0,01 0,57 0,00 0,00 0,01
2018 0,15 0,27 0,08 0,02 0,01 0,32 0,00 0,00 0,00
2019 0,01 - 0,08 0,01 0,03 - - - 0,00
Ort. 0,15 0,30 0,10 0,17 0,24 0,39 0,01 0,00 0,02

Tiirkiye’nin Tablo 4’ de yer alan 2. nesil AB filkeleriyle olan endiistri i¢i ticaret gelisimini 2009-
2019 y1l arahigi ortalama EIT degerlerine gore degerlendirdigimizde, zayif bir endiistri ici ticaretin
mevcut oldugunu sdyleyebiliriz (hesaplanan degerler 0-0,5 araliginda yer aliyor). Ayrica Finlandiya ile
Turkiye arasindaki sektorel ticaretin ise tek tarafli bir ticari iliski ortaya koydugu, higbir sekilde
endiistri igi ticaret yaratilamadigmi da belirtebiliriz (Ortalama EIT degeri 0 olarak bulunmustur).
Calisma sirasinda yararlanilan Tiirkiye ve Finlandiya dis ticaret verilerinden de tespit edildigi {izere,
bu tek yonlii ticarette Tiirkiye nin su {iriinleri ihracat¢ist konumunda oldugunu da belirtmek gerekir.
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Hesaplanan endeks degerlerine yillar genelinde baktigimizda, Tiirkiye-irlanda, Tiirkiye-Portekiz ve
Tiirkiye - Ispanya arasinda gergeklestirilen su iiriinleri ticaretinde bazi yillarda endiistri ici ticaret
gelisiminin s6z konusu oldugunu sdylemek miimkiindiir. Irlanda ile 2009, 2012 ve 2014 yillar1 igin,
Portekiz ile 2011 ve 2015 yillar1 igin, Ispanya ile 2012 ve 2017 yillar igin, ilgili sektdrde endiistri igi
ticaret gelisimi tespit edilmistir (EIT endeksi 0,5’den biiyiik hesaplanmistir). Fakat su iiriinleri
sektoriinde endiistri i¢i ticaretin bu yillar disinda siirdiiriilebilirliginin saglanamamis oldugu da
goriilmektedir.

Tablo 5, Tiirkiye’nin, AB’nin 2000 sonrasindaki ilk genisleme siirecinde iiyelige alinan 10 iilkeyle
olan su iiriinleri ticareti EIT endeks degerlerini gdstermek iizere hazirlanmustir. Fakat ilgili iilkelerin
dis ticaret verileri sistemden cekilirken, Tiirkiye nin Giiney Kibris Rum Kesimi (Kibris) ile herhangi
bir ticari faaliyetinin bulunmadig tespit edilmis ve bu iilke analize dahil edilmemistir.

Tablo 5. Tiirkiye-AB iiciincii genisleme donemi iilkeleri EIT endeksi
Yillar  Cekya  Estonya Macaristan Letonya Litvanya Malta Polonya  Slovakya Slovenya

2009 0,03 0,00 0,00 0,00 0,00 - 0,00 0,00 0,00
2010 0,02 0.85 0,00 0,00 0,00 - 0,00 0,00 0,00
2011 0,00 0,09 0,00 - 0,00 - 0,01 0,00 0,00
2012 0,00 0,00 0,00 - 0,00 - 0,07 0,00 0,00
2013 0,00 0,00 0,00 - 0,00 - 012 0,00 0,00
2014 0,00 0,00 0,00 0,00 0,00 0,00 0,06 0,00 0,00
2015 0,01 021 0,00 0,00 0,00 0,00 014 0,00 0,00
2016 0,01 0,00 0,00 0,40 0,10 0,00 0,80 0,00 0,00
2017 0,01 0,00 0,00 0,02 015 0,00 013 0,00 0,00
2018 0,01 0,00 0,00 0,04 0,01 0,00 016 0,00 0,00
2019 0,00 0,00 0,01 - - 0,00 0,06 - -

ort. 001 0,10 0,00 0,07 0,03 0,00 0,14 0,00 0,00

Tablo 5°de yer alan iilkelerle Tiirkiye arasindaki su iiriinleri ticaretinde hesaplanan EiT endeks
degerleri; Tiirkiye ile Macaristan, Malta, Slovakya ve Slovenya arasinda tek yanl bir ticaret oldugunu
ve bu ticarette hicbir sekilde endiistri ici ticaret sartlarinin gelismedigini gostermektedir (EIT degerleri
bu iilkelerin her biri i¢in sifir olarak hesaplanmistir). Diger iilkelerle gergeklestirilen ticaretin ortalama
EIT endeks degerlerine baktigimizda ise, Tiirkiye ile bu iilkeler arasinda zayif bir endiistri igi ticaret
olusumunun varhgindan bahsedilebilir (EiT endeks degerleri 0 ile 0,5 araliginda hesaplanmustir).

Genel goriinim AB’nin 21. ylizyildaki ilk genisleme siirecinde yer alan {ilkelerle Tiirkiye
arasindaki su iriinleri ticaretinin endiistri i¢i ticaret yaratmadigini ya da zayif bir ticari hareketlilik
yarattigini soylesek de; bazi iilkelerle bazi yillarda gergeklesmis olan ticarette endiistri ici ticaret
yaratici etkilerin yiiksek oldugu da gézlenmektedir. Estonya ile 2010 yilinda, Polonya ile 2016 yilinda
su Uriinleri ticaretinde endiistri igi ticaret yaratict gelismelere rastlandigi sOylenebilir. Fakat bu
gelismeler siirdiiriilebilir olmamis ve tek bir yilla sinirh kalmis ve incelenen diger yillarda yine tek
yonlil ticari iliskiler dikkat cekmeye devam etmistir. Bu tek yonlii ticarette Tiirkiye’nin bu iilkelere
gerceklestirdigi ihracat agir basmaktadir.

Tablo 6, Tiirkiye ile AB’nin son 3 iiye iilkesi arasindaki su iiriinleri ticaretinin EIT endeks
degerlerini gostermek iizere hazirlanmstir.

Tablo 6. Tiirkiye-AB dordiincii genisleme dénemi iilkeleri EIT endeksi

Yillar Bulgaristan  Romanya  Hirvatistan
2009 0,01 0,00 0,24
2010 0,01 0,00 0,00
2011 0,00 0,00 0,00
2012 0,05 0,03 0,00
2013 0,16 0,00 0,00
2014 0,40 0,01 0,00
2015 0,21 0,00 0,15
2016 0,23 0,00 0,00
2017 0,04 0,00 0,00
2018 0,07 0,00 0,00
2019 - 0,00 -

Ortalama 0,12 0,00 0,04
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Tirkiye’nin AB’ye iiye olan son iiyelerle gergeklestirdigi su iirlinleri ticaretinde de endiistri igi
ticareti ivmeleyen herhangi bir gelismenin yakalanamadigi gézlenmektedir. Tiirkiye’nin Romanya ile
ticari faaliyetlerinde tam olarak tek yanli ticaret siireci yasanirken (Tirkiye ihracatgr konumunda),
Bulgaristan ve Hirvatistan ile olan ticaretinde az da olsa karsilikli aligverisin oldugu sdylenebilir.
Fakat bu karsilikli ticaretin ticareti gergeklestiren iilkeler adina endiistri igi ticaret yaratabilecek
kapasite de olmadig1 EIT endeks degerlerinin diisiikliigiinden anlasiimaktadir.

Tablo 7 Tiirkiye ile AB 28 arasindaki su iirlinleri ticaretinin endiistri i¢i ticaret yaratma kabiliyetini
gostermek amaciyla olusturulmustur. Bu hesaplamada AB 28, tek bir devlet statiisiinde
degerlendirilmis ve veri setlerine de diger iilkelere ait hesaplamalarda da oldugu gibi; Birlesmis
Milletler’in veri bankasindan ulasim saglanmustir.

Tablo 7. Tiirkiye-AB 28 EiT endeksi

Yillar AB 28
2009 0,16
2010 0,16
2011 0,11
2012 0,16
2013 0,13
2014 0,09
2015 0,08
2016 0,08
2017 0,11
2018 0,08
2019 0,08

Ortalama 0,11

Yukarida gerceklestirilen lilke bazli incelemelerden sonra, AB 28 i¢in de benzer sonuglara
ulasilmis olmasi ¢ok sasirtict degildir. Nihayetinde Tiirkiye AB 28 arasinda incelenen hicbir yil
araliginda su iiriinleri ticaretinde endiistri igi ticaret yaratici bir EIT endeks degerine rastlanmamistir.
Tiirkiye ile AB 28 arasindaki su iiriinleri ticareti tamamen tek yonlii bir ticaret olmasa da, endiistri i¢i
ticaret yaratilabilecegi yoniinde cok fazla iimit vermemektedir. Incelenen 11 yilin ortalama EiT endeks
degeri 0,11°dir ve bu deger 0,5’in altinda kaldig1 i¢in endiistri i¢i ticaretin zayif oldugunun bir
gostergesidir.

SONUC

AB 28’1 iktisadi bir biitiinlesme olmasindan dolay1 bir biitiin olarak degerlendirdigimizde, bu
birlikteligi gelismis iilke statiisiinde gérmemiz gerekir. Bu birlikteligin ortaya ¢ikmasinda rol alan
‘Kurucu 6 iilke ve 2000 yilina kadar bu birliktelige katilmis olan {ilkelere baktigimizda, zaten bu
iilkelerin ¢ok biiyiik kisminin gelismis iilkeler oldugunu goriiriiz. 2000 yilina kadar Birligin toplam
iye sayis1 15°dir. Birligin 2000 sonrasi genisleme siirecinde daha siyasi bir bakis agisi izledigi ve bu
cergevede birlige tam {iye olarak aldig: iilkelere baktigimizda, bu {iilkelerin genelde gegis ekonomisi
statiistindeki kiiclik ve gelismemis ekonomiler oldugunu goriiriiz. 2000 sonrasinda ise iiye sayist 13
adet artarak 28’e ulasmustir.!

Su firtinleri sektorii saglikli gida {iriinleri arzi igerisinde olduk¢a 6nemli bir potansiyele sahiptir. Bu
nedenle ozellikle refah diizeyi yliksek tilkelerdeki yogun tiiketim miktarlariyla dikkat ¢eker. Sektor;
heniiz kalkinma siirecini tam olarak gergeklestirememis olan llkeler igin; eger mevcut iiretim
kaynaklarina sahiplik varsa, iyi bir iiretici olma sans1 sunar. Bu piyasa yapilanmasinin 6ziinde, yani
gelismis lilkelerin iyi bir su {irlinleri tiiketicisi, gelismekte olan iilkelerin iyi bir su iiriinleri {ireticisi
olmasinda; sektor {rlinlerinin ortalama fiyatlarinin yiiksek olmasi yatar. Gelismis iilkeler piyasa fiyati
yiiksek olan iriinleri saglik adina tiikketmekten ¢ekinmez ve bu iiriinlere olan taleplerini rahatlikla
artirabilirler. Gelismekte olan {lkeler ise diisik gelir diizeyleri nedeniyle yeterli i¢c talep
yakalayamadiklar1 i¢in bu saglikli ama pahali {irtinleri ihrag ederek gelir elde etmeye ¢alisirlar.

! Ocak 2020 itibariyle Ingiltere’nin birlikten ayrilmasi sonucu iiye sayist 27’ye diigmiistiir. Fakat EIT endeks
hesaplamalar1 2020 dncesindeki ticari verilere gore gerceklestirildigi igin, caligmada ‘AB 28 {ilkeleri’ olarak yer almaktadir.

542



KUSAT 2020 ActAquaTr 16(4), 535-544

AB 28, bir biitiin olarak degerlendirildiginde refah diizeyinin yiiksekligiyle dikkat ¢ekmektedir.
Refah diizeyindeki bu yiikseklik, dogal olarak birligin dis ticaret bilesenleri icerisinde de fark edilir.
Ayrica ithalata konu olan mallarmn niteligi ve agirlikli olarak hangi sektér ya da sektorlere yonelik
mallarin ithal edildigi, iilkenin refah diizeyini de anlamaya yardimci olacaktir. AB’nin toplam dig
ticareti igerisinde su tiriinleri sektoriiniin ithalat ve ihracat degerlerine baktigimizda binde 2’lik ihracat
degerine karsilik, % 1,2’lik ithalat degeriyle karsilasiriz ki (bkz. Tablo 1), bu ticari yapilanma AB
28’in su drlinleri ithalatcist bir Birlik oldugunu bize gosterir. Ayni tablo bize Tiirkiye’nin dig
ticaretinde su iiriinlerinin binde 4 ihracat, onbinde 9 ithalat pay1 oldugunu da gostermektedir. Oranlar
kiiciik olmakla birlikte, bu sonuglara bakarak da Tiirkiye’ nin su iirlinleri ihracatgist bir iilke oldugunu
sOyleyehbiliriz.

Bu calismada 5 asamal: iktisadi biitiinlesme teoremi cergevesinde Giimriik Birligi asamasiyla (3.
asama) birbirine bagl olan Tiirkiye ve AB 28 arasindaki su iiriinleri ticaretinin 2009-2019 yillar
arasinda endiistri i¢i ticaret yaratma kabiliyeti analiz edilmektedir. Endiistri igi ticaret teorisi ve
iktisadi birlesme teorileri kapsaminda elde edilmesi gereken bulgularn iilkeler arasinda endiistri igi
ticaretin gelistigini gostermesi gerekir. Fakat bizim yaptigimiz calisma sonuglar1 beklenen sonuglarin
tam tersini gostermekte olup, iiriin akis yonii Tiirkiye’den AB 28’e dogru gerceklesen tek yonli bir
ticaretin varligim dogrulamaktadir. Erlat ve Erlat’m (2003), Deviren’in (2004) ve Eriin’iin (2010)
Tirkiye ve AB iilkeleri arasindaki endiistri i¢i ticareti oOlgtiikleri calisma sonuglar1 da, bizim
calismamizin sonuglari ile drtiismektedir.

Caligma sonuglarinin bu sekilde ortaya ¢ikmasi aslinda hig de sasirtici degildir. Tiirkiye gelismekte
olan iilke statiisiiyle su iiriinleri ihracatgisi ve AB 28’de gelismis iilke statiisiiyle su iirlinleri ithalatgisi
iilkelerdir. Sonug olarak diyebiliriz ki; iilkeler arasinda endiistri i¢i ticaretin olusabilmesi i¢in, ayni
ekonomik birliktelik igerisinde yer almak yeterli bir kriter olmamakla birlikte, ayn1 gelismislik
diizeyinde bulunmak gerektigi asikardir. Tiirkiye’nin gelismislik diizeyini kisa vadede AB 28
seviyesine getirerek endiistri i¢i ticareti artirma sansimiz olmadigina gore, bu iilke grubuna olan
ticaretimizi artirmanin yollarini arastirmak daha mantikli olacaktir.

Nihayetinde AB 28 yiiksek refah diizeyi ile iyi bir su driinleri ithalatgisi iilke konumundadir.
Tirkiye de zengin su kaynaklar1 ve balik ¢esitliligi ile potansiyel bir su {irlinleri ihracatgisidir.
Tiirkiye’nin bu agamada yapmas1 gereken sey, mevcut zengin kaynak yapisina ragmen diisiik iiretim
miktarin1 artirmasinin yani sira, tirettigi iiriinlerde farklilagmaya giderek mevcut su {iriinlerinin katma
degerini de artirmaya c¢alismak olmalidir. Ciinkii su iriinlerinin iretildigi gibi pazarlanmasindansa,
islenerek pazarlanmasi iilke adina daha yiliksek katma deger yaratacaktir. Dogal olarak da gelismis
tilkelere gore, gelismekte olan tilkeler igin yiiksek katma degerli iiriin ihra¢ etmek ¢ok daha 6nemlidir.
Ulkeye giren doviz miktar1 attikca, iilkenin biiyiime ve sonrasinda kalkinma sansi artmaktadir ve
Tiirkiye i¢in su triinleri sektorii bu anlamda 6nemli firsatlar sunmaktadir.
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Abstract

The introduction of invasive fish species is considered to be one of the major causes of species endangerment in aquatic
ecosystems. More than 30 non-native freshwater fish species which are introduced for the different purpose were reported in
Turkey. In addition to the freshwater non-native fish species, the brackish water systems are also affected by the fish species
that enter the Mediterranean Sea through the Suez Canal. This study aimed to identify non-native fish species introduced in
the Mediterranean brackish water systems of Turkey. Thirteen non-native species from eleven families were identified from
15 localities along the entire Mediterranean Coast of Turkey between 2014-2017. These species are Carassius gibelio (Bloch,
1782), Pseudorasbora parva (Temminck & Schlegel, 1846), Coptodon zillii (Gervais, 1848), Oreochromis niloticus
(Linnaeus, 1758), Gambusia holbrooki Girard, 1859, Oncorhynchus mykiss (Walbaum, 1792), Chelon
carinatus (Valenciennes 1836), Equulites klunzingeri (Steindachner, 1898), Upeneus moluccensis (Bleeker, 1855), Upeneus
pori Ben-Tuvia & Golani, 1989, Siganus rivulatus Forsskal & Niebuhr, 1775, Sillago suezensis Golani, Fricke &
Tikochinski, 2013 and Sphyraena chrysotaenia Klunzinger, 1884. The most widely distributed non-native fishes were
Gambusia holbrooki, Chelon carinatus, and Carassius gibelio. Of the 15 localities surveyed Lessepsian fish species were
sampled from 9 localities.

Keywords: Lessepsian species, biological invasion, fish fauna, biodiversity
Tiirkiye'nin Akdeniz Acisularinda Lesepsiyen go¢men ve yabanc tathsu balik tiirlerinin dagilim
Ozet

Istilac1 balik tiirlerinin sistemlere girmesi, sucul ekosistemlerde tiirlerin tehlikeye girmesinin baslica nedenlerinden biri
olarak kabul edilmektedir. Tiirkiye’de farkli amaglarla sucul sistemlere giren 30'dan fazla yabanci tathi su baligi tiiri
bildirilmigtir. Yabanci tatlisu balik tiirlerine ek olarak, acisu sistemleri Stiveys Kanali araciligi ile Akdeniz'e giren balik
tiirlerinden de etkilenmektedir. Bu ¢alismanin amaci, Tiirkiye'nin Akdeniz acisu sistemlerinde bulunan yabanci balik tiirlerini
belirlemektir. 2014-2017 yillar1 arasinda Tiirkiye’nin Akdeniz kiyilarinda 15 farkli ¢aliyma alaninda onbir familyadan 13
yabanci tiir tespit edilmistir. Bu tiirler Carassius gibelio (Bloch, 1782), Pseudorasbora parva (Temminck & Schlegel, 1846),
Coptodon zillii (Gervais, 1848), Oreochromis niloticus (Linnaeus, 1758), Gambusia holbrooki Girard, 1859, Oncorhynchus
mykiss (Walbaum, 1792), Chelon carinatus (Valenciennes 1836), Equulites klunzingeri (Steindachner, 1898), Upeneus
moluccensis (Bleeker, 1855), Upeneus pori Ben-Tuvia & Golani, 1989, Siganus rivulatus Forsskal & Niebuhr, 1775, Sillago
suezensis Golani, Fricke & Tikochinski, 2013 ve Sphyraena chrysotaenia Klunzinger, 1884°dir. En yaygin dagilima sahip
yabanci1 baliklar Gambusia holbrooki, Chelon carinatus ve Carassius gibelio ’dur. Incelenen 15 sistemden 9’unda Lesepsiyen
balik tiirleri 6rneklenmistir.

Anahtar Kelimeler: Lesepsiyen tiirler, biyolojik istila, balik faunasi, biyogesitlilik

INTRODUCTION

Estuaries, lagoons, and coastal ponds are known as brackish water systems, which are associated
with freshwater and the sea. Brackish water fish assemblages are adapted to live under highly variable
environments. Brackish water systems are usually recognized by the presence of habitats with
conservation interest. In addition to the ecosystem regulatory properties, the brackish water systems
play a key role as feeding, spawning, and breeding area for many species (Mc Dowall, 1988; Malavasi
et al., 2004). Fish assemblages of brackish water systems vehave been studied extensively in the last
four decades (Blaber, 1980; Elliott and Dewailly, 1995; Kennish, 1990; Potter et al., 1990; Jaureguizar
et al., 2006; Mird et al., 2020; Schwartzkopf et al., 2020).
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There are 25 river catchment basins in Turkey and 18 of them have important coastal marine areas.
The Mediterranean region of Turkey has many important lagoon lakes and rivers whose fishery
resources play a significant role in the economy of the local populations. Various aspects of the fish
assemblages in the brackish water systems of Turkey have been studied in recent decades, including
temporal and spatial patterns in abundance and diversity of fishes (Akin et al., 2005; innal, 2012a;
Innal, 2016), systematics (Engin and innal, 2017), and length-weight relationships (innal and
Ozdemir, 2012; Kara et al., 2018).

As reported in other Mediterranean countries (Anonymous, 2012; Cataudella et al., 2015; Maneas
et al., 2019) there are human impacts on the brackish water systems of Turkey as well. These systems
have been affected by large-scale anthropogenic influences, mainly the substantial development of
tourism activities and the increasing population in the catchment (Bayhan et al., 2008; Innal, 2012a).
Biological invasions in the brackish water systems of Turkey have accelerated in recent years. Many
non-native species from different taxonomical groups have been found in the brackish water
systems of Turkey (Saitsev and Oztiirk, 2001; Oztiirk and Ozer, 2014; Tiireli et al., 2016). In
Turkey, the introduction of non-native freshwater fish species dates back to the 1920s, when eastern
mosquitofish was introduced into the Cukurova region. To date, more than 30 non-native fish
species have been introduced. Studies have been conducted into different aspects of the non-native
species, including their distributions (Emiroglu, 2011; Innal, 2012b, Tarkan et al., 2015; Ozulug et al.,
2019), impacts on fish communities (innal and Erk’akan, 2006; Yerli et al., 2013; Kurtul and Sari,
2017; Ilhan et al., 2020), and biological features (Sa¢ and Okgerman, 2015; Cilbiz and Yalim, 2017;
Innal et al., 2019). In addition to non-native freshwater fish, the Lessepsian marine fish also threaten
Mediterranean brackish water systems. Despite the prevalence of studies documenting the native
fishes of the brackish water systems in the Mediterranean, there have been few reports of non-native
species. The purpose of the study was to analyze the occurrence and distribution of non-native fishes
established in the brackish water systems of Turkey.

MATERIALS and METHODS

The study was carried out from November 2014 to June 2017 in brackish water systems along the
entire Mediterranean coast of Turkey. A total of 15 localities, representing a variety of habitats
(including mouths of river and creeks, canals of rivers, and lagoonal areas), were repeatedly surveyed.
Sampling sites with their locality and habitat description are given in Table 1.

Table 1. Sampling sites with their locality and habitat description

No Locality Type Substrates \i:?(\)IZi ty Coordinates

1  Koycegiz, Koycegiz (Mugla) Lagoon lake gravel-silt-sand ~ Stagnant 36°57'30.45"N  28°40'30.46"E
2 Beymelek, Demre (Antalya) Lagoon lake silt-sand Stagnant 36°1626.25"N  30°3'15.01"E
3 Kopak, Aksu (Antalya) Open creek estuary silt-sand Slow 36°51'7.27"N 30°52'1.87"E
4 Besgoz, Serik (Antalya) Open creek estuary silt-sand Slow 36°5121.89"N  30°56'39.81"E
5  Kopriigay, Serik (Antalya) Open river estuary gravel-silt-sand ~ Fast 36°49'46.82"N  31°1026.82"E
6  Manavgat, Manavgat (Antalya) Open river estuary silt-sand Fast 36°44'18.42"N  31°29'3843"E
7  Karpuzgay, Manavgat (Antalya) Semi-closed creek silt-sand Slow 36°42'56.84"N  31°33'00.95"E

estuar

8  Hacimusa, Gazipasa (Antalya) Open )c/reek estuary gravel-silt-sand  Slow 36°15'45.14"N  32°16'46.54"E
9  Sultansuyu, Anamur (Mersin) Open creek estuary gravel-silt-sand  Slow 36°2'15.42"N 32°49'8.11"E
10  Paradeniz, Silifke (Mersin) Lagoon lake silt-sand Stagnant 36°1827.51"N  34°0'39.00"E
11 Goksu, Silifke (Mersin) Open river estuary silt-sand Fast 36°17'46.24"N  34°2'42.75"E
12 Berdan, Tarsus (Mersin) Open river estuary silt-sand Moderate  36°44'53.83"N  34°5329.27"E
13 Seyhan, Tarsus (Mersin) Open river estuary silt-sand Fast 36°43'50.61"N  34°54'45.74"E
14 Ceyhan, Karatas (Adana) Open river estuary silt-sand Fast 36°34'10.83"N  35°33'36.15"E
15  Yelkoma, Yumurtalik (Adana) Lagoon lake silt-sand Stagnant 36°4227.30"N  35°40'36.72"E

are given in Figure 2.
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Figure 1. Sampling localities of brackish water systems in the Mediterranean coast of Turkey
1-Koycegiz lagoon lake; 2- Beymelek lagoon lake; 3- Kopak creek estuary; 4- Besgoz creek estuary; 5-
Kopriigay river estuary; 6- Manavgat river estuary; 7- Karpuzgay creek estuary; 8- Hacimusa creek estuary; 9-
Sultansuyu creek estuary; 10- Paradeniz lagoon lake; 11- Goksu river estuary; 12- Berdan river estuary; 13-
Seyhan river estuary; 14- Ceyhan river estuary; 15- Yelkoma lagoon lake

Details (Type, substrate structure, flow regime) of localities were recorded. The non-native
ichthyofauna of the systems was sampled using Shore seine net (10 m in length and 2 m in height; 1.2
x 2.0 mm mesh sized) in all localities. Besides, gill nets in different mesh sizes (310 m in total length;
10, 17, 23, 30 mm bar lengths), cast nets, and fish traps were used in four localities (Manavgat, Goksu,
Seyhan, and Ceyhan river estuaries). Fish species were identified according to Aksiray, 1987; Geldiay
and Balik, 1988; Kottelat and Freyhof, 2007, Turan et al., 2007.
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Figure 2. Google Earth photographs of localities (1-Koycegiz lagoon lake; 2- Beymelek lagoon lake; 3- Kopak
creek estuary; 4- Besgoz creek estuary; 5- Kopriigay river estuary; 6- Manavgat river estuary; 7- Karpuzgay
creek estuary; 8- Hacimusa creek estuary; 9- Sultansuyu creek estuary; 10- Paradeniz lagoon lake; 11- Goksu
river estuary; 12- Berdan river estuary; 13- Seyhan river estuary; 14- Ceyhan river estuary; 15- Yelkoma lagoon
lake)
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RESULTS

The systematic status of the non-native fishes in brackish water systems are given in Table 2.
Origin and introduction ways of species are given in Table 3. Non-native fishes inhabited in the
sampling localities are given in Table 4. Numerical evaluation of locality and non-native species is
given in Figure 3.

Table 2. Systematic status of the non-native fishes in brackish water systems

No  Species Name Family Order

1 Carassius gibelio (Bloch, 1782) Prussian carp Cyprinidae Cypriniformes
2 Pseudorasbora parva (Temminck & Schlegel, 1846)  Stone moroko Gobionidae Cypriniformes
3 Coptodon zillii (Gervais, 1848) Redbelly tilapia Cichlidae Perciformes

4 Oreochromis niloticus (Linnaeus, 1758) Nile tilapia Cichlidae Perciformes

5 Gambusia holbrooki Girard, 1859 Eastern mosquitofish Poeciliidae Cyprinodontiformes
6 Oncorhynchus mykiss (Walbaum, 1792) Rainbow trout Salmonidae Salmoniformes
7 Equulites klunzingeri (Steindachner, 1898) Leiognathidae Perciformes

8 Chelon carinatus (Valenciennes 1836) Keeled mullet Mugilidae Mugiliformes
9 Upeneus moluccensis (Bleeker, 1855) Goldband goatfish Mullidae Perciformes
10  Upeneus pori Ben-Tuvia & Golani, 1989 Por's goatfish Mullidae Perciformes

11 Siganus rivulatus Forsskal & Niebuhr, 1775 Marbled spinefoot Siganidae Perciformes

12 Sillago suezensis Golani, Fricke & Tikochinski, 2013 Sillaginidae Perciformes

13  Sphyraena chrysotaenia Klunzinger, 1884 Yellow stripe barracuda Sphyraenidae Perciformes

Table 3. Origin and introduction ways of species

No  Species Region of origin Habitat of origin Purpose of introduction

1 Carassius gibelio Asia Freshwater Accidental transfer

2 Pseudorashora parva Far East Freshwater Accidental transfer

3 Coptodon zillii Africa Freshwater Unknown

4 Oreochromis niloticus Africa Freshwater Aquaculture (Farm escape)
5 Gambusia holbrooki North America Freshwater Biological Control

6 Oncorhynchus mykiss North America Freshwater Aquaculture (Farm escape), weed control
7 Equulites klunzingeri Indo-Pacific Marine Lessepsian migration

8 Chelon carinatus Indo-Pacific Marine Lessepsian migration

9 Upeneus moluccensis Indo-Pacific Marine Lessepsian migration

10  Upeneus pori Indo-Pacific Marine Lessepsian migration

11  Siganus rivulatus Indo-Pacific Marine Lessepsian migration

12 Sillago suezensis Indo-Pacific Marine Lessepsian migration

13  Sphyraena chrysotaenia Indo-Pacific Marine Lessepsian migration
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Table 4. Non-native fishes established in the sampling localities

Species
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Figure 3. Numerical evaluation of locality and non-native species

Non-native species have been identified in all brackish water systems examined. The 13 non-native
fish species collected represent 5 orders, 11 families, and 12 genera (Table 2). The most species-rich
orders were Perciformes (61.5%), followed by Cypriniformes (15.4 %). Seven of the non-native
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species originate from Indo-Pacific, 2 from Africa, 2 from North America, and 1 each from Asia and
the Far East (Table 3). The numbers and distributions of the non-native species have differed between
these water systems. In the studied systems, non-native fish species richness ranged from 1 to 13
(Table 4).

The most widely distributed non-native species were Gambusia holbrooki, present in 15 localities,
and Chelon carinatus which was registered in 8 localities. The highest number of non-native species
(10) was sampled from the Manavgat River Estuaries (Figure 3).

DISCUSSION

Brackish water systems create special ecological habitats for many fish species. They play an
essential role in the nursery function of many species, especially for marine fish. These ecosystems
generally provide high food availability and good predator refuge for the early life stages of these
fishes (Mir¢ et al., 2020). It has been determined that the brackish water systems analyzed in this study
are important areas for the life periods of marine, estuarine, and freshwater native fishes. Some gobiid
[Gobius paganellus Linnaeus, 1758; Gobius niger Linnaeus 1758; Pomatoschistus anatoliae Engin &
Innal 2017; Knipowitschia byblisia Ahnelt 2011; Knipowitschia caunosi Ahnelt 2011) and blenniid
(Parablennius sanguinolentus (Pallas 1814); Salaria fluviatilis (Asso, 1801); Salaria pavo (Risso
1810)] fish species live in these studied region. Brackish water systems analyzed in this study also
contain important habitat for migrant species including the European eel Anguilla anguilla (Linnaeus,
1758) and Twaite shad Alosa fallax (Lacepede, 1803).

Brackish water systems selected in this study belong to five different water basins (Western
Mediterranean, Antalya, Eastern Mediterranean, Seyhan and Ceyhan water basins). These water basin
systems characterised by a high degree of endemism of freshwater fishes (Kiiciik et al., 2007;
Erk’akan and Ozdemir 2011) and some of them were described more recently (Turan et al., 2013;
Engin and Innal, 2017; Kiiciik et al., 2017). These systems have undergone dramatic changes in recent
years. These changes occurred in the river drainage basin involving the migration barriers,
industrialization, pollution, agricultural developments, introduction and invasion of non-native species
(Akbulut et al., 2009; Davutluoglu et al., 2011; Demirel et al., 2011).

Non-native fish introductions in these water basins have been accelerated in recent decades by
increasing human activities such as aquaculture and fisheries. Some non-native species threatening the
life of natural fish species have been reported in these river basins (Gokoglu et al., 2001; Kiigiik and
Ikiz, 2004; Kara et al., 2010; Erk’akan and Ozdemir, 2011; Ergiliden and Goksu, 2012; Ozulug et al.,
2013). In this study, the most encountered non-native fish species in the localities was Gambusia
holbrooki. It is thought that the Eastern mosquitofish were released for the solution of the intense
mosquito problem in the regions where the study was conducted. It was introduced to humerous pond,
drainage canals and swamps in Cukurova region (Turkey) to control malaria in 1920s (Oztiirk and
Ikiz, 2004; innal and Erk’akan, 2006). G. holbrooki has been previously reported in the Seyhan river
basin (Kara et al., 2010; Erk’akan and Ozdemir, 2011; Ergiiden and Géksu, 2012), Ceyhan river basin
(Kara et al., 2010; Erk’akan and Ozdemir, 2011), Antalya river basin (Kiiciik and Ikiz, 2004) and
Western Mediterranean basin (Balik et al., 2005).

The other fish species commonly found in the studied systems is Carassius gibelio. It was probably
dispersed into studied systems with carp (Cyprinus carpio) stocking program of natural and artifical
lakes on water drainages. It was first observed from Gala Lake in Turkey. Since then the distribution
of the species has increased greatly (Ozulug et al., 2004; Yerli et al., 2014). According to Yerli et al.,
(2014) C. gibelio was recorded in 22 of 26 river basins of Turkey. It was detected in six different
regions in this study. These regions are Kopak creek estuary, Besgoz creek estuary, Kopriicay river
estuary, Manavgat River estuary, Goksu River estuary, and Seyhan River estuary. It has been observed
that C. gibelio creates reproducible populations in these brackish water systems, which have different
chemical and biological structures.

Oreochromis niloticus has been detected in 5 (Paradeniz lagoon lake, Goksu river estuary, Berdan
creek estuary, Seyhan river estuary and Ceyhan river estuary) of the 15 regions. It was reported that O.
niloticus found in Seyhan River (Dikel and Celik, 1998), Asi River (Giirlek, 2004), Damsa Dam Lake
(Mert and Cigek, 2010), Sakarya river basin (Emiroglu, 2011), Pmarbasi Creek (Burdur) (innal and
Sungur, 2009). Oreochromis species escaped from the breeding units in the Seyhan Dam Lake and
found the opportunity to live on the Seyhan River (Dikel and Celik, 1998). Also, Oreochromis species
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were used to solve the weed problems in some water channels in the Cukurova region (D. Innal, pers.
observation). Oreochromis species have expanded their dispersal ranges in Adana and Mersin
Provinces by moving through canals and other aquatic connections created by humans.

Stone moroko Pseudorasbora parva is another small non-native species that has become
established in the Mediterranean brackish water systems of Turkey. Pseudorasbora parva was
captured from 4 stations and it was recorded as new to Besgoz creek estuary, Kopak creek estuary, and
Manavgat river estuary. The first records of P. parva in Turkey were reported by Erk’akan (1984)
from the Thrace region. Since then, several records of P. parva have been reported in Turkey (Yagci et
al., 2014). Stone moroko tolerant to a wide range of salinity and temperature fluctuations, and
characterized by early maturation, and establish high-density populations in a short time (Rosecchi et
al., 1993; Gozlan et al., 2002; Yegen et al., 2015). P. parva has been previously reported in the
Antalya Basin (Kii¢iik and Ikiz, 2004) and Kopriicay River (Gokoglu et al., 2001).

In this study, Oncorhynchus mykiss was sampled only in Manavgat River Estuary. In Turkey, the
first introduction of O. mykiss was into Yedigoller (Bolu) National Research Park in 1969 for
aquaculture purposes (Uysal and Alpbaz 2002). Since 1969 Fry and fingerlings of rainbow trout are
released to water bodies by the Ministry of Agriculture and Forestry. In addition to the stocking
program, due to their escape from aquatic facilities, O. mykiss has become established in some aquatic
systems. In Manavgat River, O. mykiss was probably established from the farm escape at an aquatic
farm located in the estuarine zone of the River.

During the last several decades, over 30 non-native fish species have been introduced to inland
water systems of Turkey for different purposes including improvement of fisheries resources, wild
stocks and aquaculture, aquarium trade, and biological control. Carassius gibelio, G. holbrooki, and O.
mykiss are the most common non-native fish species in the lentic and lotic systems of Turkey.
Dispersal areas of P. parva have increased recently (Cetinkaya, 2006; Innal and Erk’akan, 2006;
Tarkan et al., 2015; Emiroglu et al., 2016; Cicek et al., 2018). Mediterranean brackish water systems
are known for their rich biodiversity and economic importance. Besides non-native fish species of
freshwater origin, some non-native marine fish have also been identified in this study. Of the 15
localities surveyed Lessepsian fish species were sampled from 9 localities (Beymelek lagoon lake,
Kopak creek estuary, Besgoz creek estuary, Kdpriicay river estuary, Manavgat river estuary, Paradeniz
lagoon lake, Goksu river estuary, Seyhan river estuary, Ceyhan river estuary).

Seven Lessepsian migrant species of Mediterranean were sampled in studied brackish water
systems. The most widely distributed Lessepsian species were Chelon carinatus, present in 8
localities, and Sillago suezensis which was registered in 4 localities. Within the brackish water
systems, the highest number of lessepsian species was observed in the Manavgat River Estuary. The
native fish assemblages of brackish water systems analyzed in this study are threatened by
introductions of non-native fish species. The negative ecological effects of non-native fish species on
native species have been reported (Macdonald and Tonkin, 2008, Cucherousset and Olden, 2011).
Non-native fish introductions may result in impacts as a result of one or many undesirable
characteristics, including competition, habitat alteration, parasitism, predation, hybridisation, alteration
of habitat quality and/or ecosystem function, host of pests or parasites (Copp et al., 2005).

The Mediterranean Sea is considered to be one of the main hotspots of marine bio-invasions on
Earth and is by far the major recipient of non-native species among European seas (Kalogirou et al.,
2012). Many Lessepsian fish species form dense populations in Mediterranean. Some of them
contributed economically to local fishermen. The spread of some species expanded to the Aegean and
the Marmara seas. Due to the excessive population density of some poisonous sea fish species, they
damage ecosystem and economy (D. Innal, pers. observation). Various aspects of Lessepsian fish
ecology (Taskavak and Bilecenoglu, 2001, Basusta et al., 2013, Yapic1 and Filiz, 2019, Irmak and
Ozden, 2020) were examined. However, information about their distribution in brackish water is
limited. Reticulated filefish Stephanolepis diaspros, Por’s goatfsh Upeneus pori, and Dusky spinefoot,
Siganus luridus, were reported in the peri—-Mediterranean lagoon of Bizerte in northern Tunisia
(Bdioui et al., 2004, Azzouz et al., 2010; Ounif-Ben Amor et al., 2016). Black-barred halfbeak
Hemiramphus far was recorded from Bardawil lagoon, Egypt (Mehanna et al., 2019).

The non-native fish species composition, numbers of species, and dominant species differed
between the studied locations. The highest number of non-native species (10) was sampled from the
Manavgat River Estuaries. Differences in the non-native fish species composition of the locations may
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be due to factors such as sampling procedure, human interventions on aguatic systems, and
bioecological characteristics of aquatic systems.

Additional research on the impact of non-native fishes will be beneficial as it will complete and
further improve knowledge in this field. The urgent need for management actions to prevent further
introductions of non-native species in the Mediterranean brackish water systems appears evident.
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Abstract

We inspected functional feeding groups in relationship with seasonality, stream order, Land Scape Elements (LSE), and
mesohabitat of Ephemeroptera, Plecoptera, and Trichoptera (EPT) based on gut content analysis and mouthparts in 27
streams of the Western Ghats and the Eastern Ghats. From the study, a total of 14,168 specimens were collected and
identified. The composition of trophic categories showed a slight variation among the different seasons with the dominance
of collectors. The results of the abundance of functional feeding groups of EPT across stream orders additionally showed the
predominance of collectors and predators in-stream orders 1 and 2. Collectors and filter feeders dominate in-stream orders 3
and 4. By examining the LSE elements, it is found that collectors were higher in the streams flowing through areca nut and
low in the streams flowing through natural vegetation. The distributions of functional feeding groups within the orders were
also analyzed. Mesohabitat results showed scrapers were found to be predominant in riffles whereas collectors, predators,
shredders, and filter feeders overwhelm in runs. ANOVA results showed that only mesohabitat was found to be significant.
The results of the present study did not broadly concur with the predictions of the River Continuum Concept (RCC) because
of the lack of thickly canopied headwater stream sites and the limitation of our study to only EPT taxa.

Keywords: Mesohabitat, EPT, land scape elements, macroinvertebrates, seasons

Mevsimsellik, Peyzaj Elemanlar1 ve Mezohabitatlara Goére Ephemeroptera, Plecoptera ve Trichoptera Beslenme
Modelleri ve Stratejileri

Bat1 Ghats ve Dogu Ghats'n 27 deresindeki Fonksiyonel beslenme gruplari, bagirsak icerigi analizine ve agiz kisimlaria
dayanarak, mevsimsellik, akarsu diizeni, peyzaj elementleri (LSE)Ephemeroptera, Plecoptera ve Trichoptera mezohabitat
(EPT) ile iliskili olarak incelenmistir. Calismadan toplam 14.168 6rnek toplandi ve tanimlandi. Trofik kategorilerin bilegimi,
toplayicilarin baskinligr ile farkli mevsimler arasinda hafif bir farklilik gosterdi. Akarsu diizenine gore EPT'nin fonksiyonel
besleme gruplarmin bollugunun sonuglari, akarsu diizeni 1 ve 2°de toplayicilarin ve avcilarin, 3 ve 4’de toplayicilar ve filtre
besleyicilerin baskin oldugunu gosterdi. LSE elementleri incelendiginde, toplayicilarin areka cevizinden akan derelerde
yiiksek, dogal bitki ortiisii i¢inden akan akarsularda ise diisiikk oldugu goriilmiistiir. Fonksiyonel besleme gruplarinin akarsu
diizeni i¢indeki dagilimlari da analiz edilmistir. Mezohabitat sonuglari, kaziyicilarin gukurlardaki suda baskin oldugunu,
toplayicilarin, yirticilarin, 6giitiiciilerin ve filtre besleyicilerin akan derelerde oldugunu gosterdi. ANOVA sonuglari, sadece
mezohabitatin istatistiki agidan anlamli oldugunu gosterdi. Bu ¢alismanin sonuglari, ¢alismamizin sadece EPT taksonlari ile
siirlt olmasi ve kalin bir sekilde ortiilii su akis1 alanlariin bulunmamasi nedeniyle, Nehir Siirekliligi Konseptinin (RCC)
tahminleriyle genel olarak uyusmamaktadir.

Anahtar Kelimeler: Mesohabitat, EPT, peyzaj elemanlari, makro omurgasizlar, mevsimler

INTRODUCTION

The streams and other freshwater habitats mirror the physical and organic processes happening in
the specific environment (Allan, 2004). Aquatic insects form assemblages that vary with their
geographical location, according to historical biogeographical and ecological processes. Trophic
categorization of aquatic insects is generally controlled by the species adaptation and taxonomical
variations. The structure and functions of an aquatic habitat are maintained by the material cycling and
energy flow. In turn, a significant position of such material cycling and energy flow involves the
processing of various forms of organic matter by freshwater invertebrates, especially insects. The
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functional feeding group of aquatic insects can be classified into several functional feeding groups
(FFGs) based on the trophic dynamics and mouthparts modification. Assessment of the mouthparts
and adornment structures in the front legs is an initial phase in allocating an FFG. These are the parts
utilized by the organisms to catch, control, and devour food resources (Merritt et al., 2008). Sharp and
pointed teeth are attributes of predators and shredders. Mouthparts that look like plates or flat
structures are a sign of a scraper. Collectors and filterers normally have an enormous number of hairs
and setae or fan-like structures.

The aquatic production is directed by various intricate and dynamic biotic and abiotic factors, such
as spatial and temporal variations in the overall productivities of environments (Chan et al., 2007)
coupled by trophic trade (Wesner, 2010), predator-prey life history attributes (Baxter et al., 2005),
highlights of the riparian ecotone, for example, limit penetrability (Cadenasso et al., 2003) and
microhabitat multifaceted nature (Bates et al., 2007).

Aguatic insects are influenced by biotic and abiotic factors. Most examinations and calculated
models relating to stream food networks have concentrated on the amount of every food web part and
the development of vitality and materials from allochthonous and autochthonous food sources to
benthic macroinvertebrates (Vannote et al., 1980). Benthic macroinvertebrates normally track the
changes in the environment and they show dietary shift as a component of resource accessibility
(Haapala et al., 2001). Hydromorphological changes are decided to be one of the most serious human-
produced impacts influencing the uprightness of lotic ecosystems. The most well-known modifications
are channel fixing and expulsion of riparian vegetation (Naiman and Décamps, 1997; Ward, 1998). A
decrease of riparian vegetation can increment sunlight in the riparian zone and this leads to shifting of
the changes in the functional feeding groups of the particular habitat. The effects of changes in land
use and the expulsion of riparian vegetation on stream environments are well studied and understood
(Allan and Castillo, 2007). Anthropogenic changes can bring about diminished diversity and
distributions in aquatic insects and compel the appropriation of sensitive species.

Material cycles and energy flows of freshwater ecosystems are strongly influenced by the riparian
zone, stream hydrology, and physicochemical parameters of water and substrate characteristics of
streams. Ecological patterns and processes in aquatic ecosystems have been shown to vary at multiple
spatial scales, between and within an aquatic habitat. Scrapers and collector-gatherers are abundant in
the upper lotic habitat. Filter feeders are numerous in lower lotic habitats (Vilenica et al., 2018).
Habitat and microhabitat distribution of trophic categories of insects of Western Ghats have been
studied by Burton and Sivaramakrishnan (1993) and Subramanian and Sivaramakrishnan (2005).

This work intends to contemplate the trophic relationship of Ephemeroptera, Plecoptera, and
Trichoptera in both the Western and the Eastern Ghats of Southern India. It also addresses the
comparisons of trophic classifications with different seasons, landscape elements, and mesohabitats.

MATERIALS and METHODS
Study area

The study was carried out in 27 streams of the Western and the Eastern Ghats. The details of the
study area were given in Table 1. Each site was selected after assessing the habitat heterogeneity,
canopy cover, and riparian taxa.
Sampling

All the streams in 27 sites are classified into four orders, three seasons, six landscape elements, and
seven mesohabitats. The method of sampling was followed by kick net sampling (Burton and
Sivaramakrishnan, 1993) and Surber sampling. The individuals were assigned to five functional
feeding groups, namely predators, shredders, scrapers, collectors, and filter feeders (Merritt and
Cummins, 1984) depending on their gut contents analysis and by the study of mouthparts morphology.
Analysis of Data

An Analysis of Variance (One way—-ANOVA) was performed by PAST software (Hammer et al.,
2001).

Classification of Stream orders
Twenty-seven sites were classified into 4 Stream orders. They are Stream order I, 11, 111, and 1V.
The stream orders were classified based on Strahler (1957).

559



SIVARUBAN et al. 2020 ActAquaTr 16(4), 558-570

Table 1. Characteristic features of sampling sites

Latitude and Stream

No Sites Abbreviation  Altitude (m) Longitude order
1 Kumbakkarai Kumb 400 10°18’ N 77°53° E  Third
2 Sothuparai stream Soth 282 10°13° N 77°46” E  Fourth
3 Suruli Suru 450 09°65°N 77°30° E  First
4 Kurangani falls Kura 650 11°04°N 77°50 E  Second
5  Gadana Nathi Gada 360 08°48'N 77°19'E  Third
6  lluppaiar lHup 125 08°46'N 77°17"E  Second
7 Ramanadi Rama 310 08°47'N 77°23'E  Second
8  Chittar Chit 200 09°38' N 77°36'E  Third
9  Ayyanar falls Ayya 115 08°42'N 77°07'E  Second
10 Karuppar Karu 253 08°29'N 77°03 E  First
11 Mundar Mund 155 08°30'N 77°07° E  Third
12 Mothiramalai Moyh 139 08°18'N 77°29’ E  Second
13 Kumbar Kumr 211 08°29'N 77°01’ E  Second
14 Illanguruparai lla 197 08°29'N 77°11” E  Second
15 Kalikesam falls Kali 280 08°39'N 77°39’ E  Third
16  Kaippillai thodu-Kallar Kaip 48 08°71'N 77°12 E  Third
17  Golden valley-Kallar Gold 176 08°72'N 77°12 E  Second
18 Kallar Kall 165 08°70'N 77°10’E  Third
19  Aranakuzhi — Kallar Aran 240 08°50° N 77°35* E  Second
20  Panivadi — Kallar Pani 300 08°33'N 77°19’E  Second
21 Meenmutti Meen 610 08°71'N 77°14* E  Third
22 Downstream- Kallar Down 155 08°42'N 77°14° E  Fourth

Odamundurai odai-

23 Karanthamalai Odam 470 10°30'N 78°17° E  Second
24 Ayyan odai-Karanthamalai Ayyn 390 10°35 N 78°20° E  First
25 Sirumalai Siru 550 10°24 N 77°95'E  Third
26  Bison vally- Alagar malai Biso 425 10°30' N 78°20° E  First
27  Periaaruvi- Alagar malai Peri 500 10°50' N 78°30° E  Second

Classification of Landscape Types

Twenty-seven sites were classified into 6 Land Scape Element (LSE) types. They are Evergreen
(EVG), Semi-evergreen (SEVG), Forestry plantation (FORP), Areca nut (ARE), Scrub (SCRUB), and
Dry deciduous forest (DRY). The landscapes were classified according to Nagendra and Gadgil (1998)
and Ghate et al. (1998).
Seasonality classification

All the samples collected during February to May, June to September, October to January are
grouped as summer, south-west monsoon, and north-east monsoon collections respectively.
Mesohabitat Descriptions

Based on flow speed, depth, and substrate mesohabitat has been evolved by Vadas and Orth (1998),
which were then characterized to EPT insects according to habitat associations in temperate streams
(Ferro and Sites, 2007). Seven meso habitats were identified in the study and they were riffle, run, leaf
pack, pool, no flowing, bank, and silt/mud.

RESULTS and DISCUSSION

From the study, a total of 14,168 specimens were collected and identified. In the present
investigation, twenty seven species of Ephemeroptera belonging to six families, two species of
Plecoptera belonging to one family, and 20 genera of Trichoptera belonging to 12 families were
identified. Plenitude of Plecoptera was limited only to two species; this may be due to the that the
stoneflies ordinarily endure only in the cool headwaters as they are cold-water specialists and also due
to the absence of rocky substrates in the 27 streams.

To characterize the functional feeding groups of EPT in different seasons, streams flowing through
various stream orders, LSE types, and mesohabitats were examined utilizing the proportional
abundance and log abundance in this study. The functional feeding groups of EPT taxa in 27 streams
of the Western and the Eastern Ghats showed in Table 2. The composition of trophic categories
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indicates slight changes across various seasons (Figure 1). Different species of EPT insects present in
six LSE types of the Western and the Eastern Ghats were presented in table 3. The proportional
abundance of collectors is high in the stream moving through areca nut (ARE) and low in streams
flowing through natural vegetation (Forested area). The scrapers were higher in streams flowing
through the semi-evergreen area (57.9 %). The predators were at a high rate (17 %) and shredders
were at a low rate (8.4 %) in streams coursing through scrub forests. The shredders were in high
percentage in streams flowing through evergreen and semi-evergreen forests. The filter feeders were in
high percentage in streams flowing through the dry deciduous forest (23.5 %). Only the influence of
mesohabitats between groups and within groups was found to be significant based on ANOVA results.
Statistically, P-value for functional feeding groups of EPT is significant (P= 0.0004) between and
within the mesohabitats (Table 4). On all stream orders (Figure 2) collectors were more dominant
when compared to other groups and shredders were of low rate (Table 5). Moreover, the distribution
of functional feeding groups within the orders shows that Ephemeroptera generally prevailed by
collectors followed by scrapers whereas in the order Plecoptera, they were predator transcendent
because they were mostly predaceous, so it accounts for only one type of functional feeding group.
Trichoptera, which were enriched with all the five functional feeding groups, in which the filter feeder
was dominant among them and scrapers were least present feeding group (Figure 5).

However, in the present study, level of shredders was low (6 to 10 %) and this might be because of
the low degrees of leaf litter in the streams. Stout (1989) recommended that shredders are hindered in
tropical stations by the higher extent of poisonous dense tannins in the leaves of the tropical plants.
Abdul and Che Salmah (2019) reported that the abundance of predators increments step by step in
streams with a high measure of prey. Predators like stoneflies and some trichopterans can survive in
cool headwaters. This might be ascribed to the slow decrease in predators in our study. The results of
the present study agree with the results of other studies that have suggested that predictions of the
River Continuum Concept do not apply strictly to streams from the tropics (Winterbourn et al., 1981).

The present study shows that the diversity and community structure of EPT insects change with
riparian land-use patterns (Table 6). Taxa such as Hydropsyche sp., Macronema sp., Tenuibaetis
frequentus, Baetis ordinatus, Labiobaetis germinatus, Centroptella similis, Isca purpurea,
Choroterpes alagarensis, Choroterpes nambiyarensis, Choroterpes nandini, Choroterpes petersi,
Neoperla sp were tolerant to disturbance inhabit streams flowing through human-influenced riparian
land-use types.
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Table 2. Trophic categorization of macroinvertebrates in 27 streams of Western and Eastern Ghats

Order Family Genus and species FFG
assignment
Baetis conservatus Collectors
Labiobaetis geminatus Collectors
Centroptella similis Collectors
Baetidae Acentrella vera Collectors
Tenuibaetis frequentus Collectors
Caenidae Caenis sp. Collectors
Nathanella indica Collectors
Notophlebia jobi Collectors
Petersula courtallensis Scrapers
Edmundsula lotica Scrapers
Indialis badia Scrapers
Isca purpurea Scrapers
Ephemeroptera Leptophlebiidae Thraulus sp. Scrapers
Choroterpes alagarensis Scrapers
Choroterpes nambiyarensis Scrapers
Choroterpes nandini Scrapers
Choroterpes petersi Scrapers
Teloganodes insignis Collectors
Teloganodes dentata Collectors
Teloganodes kodai Collectors
Teloganodes sartorii Collectors
Teloganodidae Teloganodes sp. Collectors
Indoganodes jobini Collectors
Ephemeridae Ephemera nadinae Collectors
Epeorus petersi Scrapers
Afronurus kumbakkaraiensis ~ Scrapers
Heptageniidae Thalerosphyrus flowersi Scrapers
Plecoptera Perlidae Neoperla biseriata Predators
Neoperla nitida Predators

Trichoptera

Hydropsychidae

Hydropsyche sp.
Cheumatopsyche sp.
Wormaldia sp.
Leptocerus sp.
Diplectrona sp.
Potamyia sp.
Macrostemum sp.
Polymorphanisus sp.

Filter feeders
Filter feeders
Collectors

Shredders

Filter feeders
Filter feeders
Filter feeders
Filter feeders

Helicopsychidae Helicopsyche sp. Scrapers
Stenopsychidae Stenopsyche kodaikanalensis  Filter feeders
Rhyacophila sp. Predators
Polycentropodidae  Polycentropus sp. Predators
Adicella sp. Collectors
Dipseudopsidae Oecetis sp. Predators
Ecnomidae Ecnomus sp. Predators
Goerodes sp. Shredders
Lepidostomatidae  Lepidostoma sp. Shredders
Setodes sp. Shredders
Calamoceratidae Anisocentropus sp. Shredders
Sericostomatidae ~~ Gumaga sp. Shredders
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Table 3. Distribution of EPT insects across landscape elements in 27 streams of Western and Eastern Ghats

ORDER FAMILY SPECIES EVG S-EVG SCRUB ARE FORP DRY
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Table 4. Summary of nested analysis of variance test to examine the influence of stream orders, LSE,
mesohabitats and seasons on total functional feeding groups

Mean
Source of variation Df SS Square F P-value F crit
Between
Stream orders groups 3 1.015 0.33 0.0237 0.994 (ns) 3.490
Within 12 171.04 14.25
Groups
Between 5 0 0 0 1 (ns) 2.620
LSE Groups
Within 24 795212  331.33
Groups
Mesohabitats Between 6 971861 1619.76  5.8635 0.0004* 2.445
Groups
Within

Groups 28 773477 276.24
9.09E- 4.54E-

Seasons Between 2 13 13 1.24E-15 1 (ns) 3.885
Groups
Within 12 4390.84 365.903
Groups

* Significant (ns) Not significant

The taxa with high sensitivity to human disturbance such as Helicopsyche sp., Lepidostoma sp. and
Anisocentropus sp. are present in the streams with the natural riparian semievergreen and evergreen
forests.

Prior investigations in Western Ghats streams reported fauna such as freshwater fishes and
amphibians did not address how the riparian land use influences the diversity and community structure
(Bhatta, 1997; Arunachalam, 2000). On the other hand, the present study and past investigation by
Subramanian and Sivaramakrishnan (2005) show that the distribution and abundance of aquatic insect
families and genera are extensively influenced by riparian land use.

Change in functional groups mirrors that human influence in the riparian zone alters the stream
insect community structure and could be related to a change in the nature of the nutrient input into the
streams. This change in functional groups of stream insects could fundamentally alter the stream
ecosystem function. This, in turn, could directly affect the diversity and distribution of other fauna
such as fishes that depend upon stream insects for their survival.

This examination likewise shows that the riparian land use-based approach to study the stream
fauna could provide valuable insights into aspects of stream ecosystem function.

Table 5. Proportional abundance of functional feeding groups of EPT across stream orders

Feeding Stream orders

groups 1 2 3 4
Collector 535 53.3 50.8 52.9
Scraper 10.3 9.5 10.6 10.1
Predator 154 14.8 13.3 121
Shredder 6.7 7.6 6.7 10.1
Filter feeder 14 14.6 18.3 14.7
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Table 6. Proportional abundance of functional feeding groups of EPT across LSE

Feeding LSE types

groups EVG SEVG SCRUB ARE FORP DRY
Collector  52.4 52.4 46.7 57.9 51.3 47.1
Scraper 10.9 11.9 4.4 10.1 8.4 7.8
Predator 12.6 13.9 17 12.3 16.3 16.4
Shredder 12.6 9.2 8.4 8.2 59 5.2
Filter 15.7 13.6 19.3 10.5 18.1 235
feeder

Table 7. Proportional abundance of functional feeding groups of EPT across mesohabitats

Feeding Mesohabitats

groups Riffle  Run Leafpack Pool Noflowing Bank Silt/Mud
Collector 7.3 125 0 0 2.3 4.1 0.4
Scraper 22.6 2 2 0 0 7.2 0
Predator 2 7.7 3 0.9 0 0 0
Shredder 0 6.5 0.7 0 1.95 0 0

Filter 1 6.7 0 0 0.2 0 0

feeder

The proportional abundance of collectors (Table 6, Figure 3) is high in the stream flowing through
areca nut and low in streams flowing through natural vegetation (forested area). The scrapers were
higher in streams flowing through semi-evergreen areas (57.9 %). The predators were in a high
percentage (17 %) and shredders were at a low percentage (8.4 %) in streams flowing through scrub
forests. The shredders were in high percentage in streams flowing through evergreen and semi-
evergreen forests. The filter feeders were higher in streams flowing through the dry deciduous forest

(23.5 %).

The proportional log abundance of functional feeding groups in the streams flowing through
different mesohabitats provides interesting results. (Table 7). Statistically, the P-value for functional
feeding groups of EPT is significant (P = 0.0004) between and within the mesohabitats (Table 4).
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The scrapers dominate in riffles whereas collectors, predators, shredders, and filter feeders
dominate in runs. The richness of EPT was the highest in the riffles and the lowest in the pool with no
flow (Ferro and Sites, 2007). Substrate type may influence species distribution; however, velocity and
complex hydraulic characters also may be important (Sites and Willing, 1991). The high velocity and
turbulence of a riffle increases aeration and provides an area where filterers can exploit the current and
gather food with minimum energy expenditure (Merritt and Cummins, 1996). Additionally, the
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shallow water in riffles and runs increase the diversity of microhabitats of the bank and leaf pack
which helps to protect EPT from predator fishes (Schlosser, 1987). Recent literature suggests that
shredders are scarce in tropical streams (Dobson et al., 2003). Most of the common shredder taxa from
temperate systems are lacking in the tropics. It has been suggested that shredding may be less
important in tropical streams because there is an alternative decomposition pathway for leaves such as
faster microbial processing due to higher temperatures (Irons et al., 1994) and because of the higher
concentration of toxic compounds in leaves (Wantzen et al., 2002).

The collectors and scrapers decrease in abundance from the cascades to pools. Genus such as
Helicopsyche, Neoperla, Epeorus, Baetis, and Notophlebia represents collectors and scrapers in the
riffle and runs.

The River Continuum Concept (RCC) predicts that fine particulate organic matter (FPOM) in
forested headwater streams is largely the result of upstream processing of leaf litter by shredders but
such processing is likely to be carried out to a lesser extent by a few taxa of shredding insects besides
macro crustaceans (prawns and crabs) and gastropods and mainly by Hyphomycetes fungi (personal
observation) in investigated headwater streams of the Western and the Eastern Ghats.

= Collector Shredder
= craper

Predator

Filter feeder

-

Ple

Figure 5. Percentage of functional feeding groups within the EPT orders
(Eph- Ephemeroptera, Ple- Plecoptera, Tri- Trichoptera)

The result of the present study in the Western Ghats and the Eastern Ghats did not broadly agree
with the predictions of RCC with regard to the dominance of insect shredders in headwater streams.
Lack of thickly canopied headwater stream sites and restriction of our study to only EPT taxa are the
probable reasons for the dominance of collectors and scrapers in investigated headwater sites, many of
them with an autochthonous food source, and flowing through riffles and runs with meagre leaf litter
retention.

On the whole, this work gives a lot of valuable information regarding the relationship of trophical
categorization with seasonality, LSE types, and microhabitats. Compare to the Western Ghats, the
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Eastern Ghats of Southern India have been less exposed in the light of taxonomy. So this work gives
more information about the taxa of both the Western and the Eastern Ghats of Southern India.
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Abstract

Due to their incidence and negative effects on public health, foodborne diseases are considered an issue of international
relevance. Fish is considered a nutritious food and highly susceptible to contamination by physical, chemical, and biological
agents responsible for diseases in animals and humans. Mycotoxins are biological contaminants of food with various harmful
effects on human and animal health derived from their consumption, concentration, and exposure time. The presence of
mycotoxins has been reported in different foods, mainly cereals, which are intended for human and animal consumption, such
as feed processing. The presence of mycotoxins in fish is generally by way of feeding by supplying contaminated feed in
aquaculture production activities, and the transfer can be generated in the food chain and affect human health. The objective
of this bibliographic review is to provide relevant general information about mycotoxins in foods including fish, harmful
effects on fish, especially tilapia, prevention, control, and regulation of these contaminants in foods intended for human and
animal consumption, its negative impact on animal production and health, as well as human health through its transfer in the
food chain.

Keywords: Aquaculture, Tilapia, feed, food safety
Gida, Balik ve Mikotoksinler

Halk saglig: tizerindeki olumsuz etkileri ve sik goriilmeleri nedeniyle, gida kaynakli hastaliklar uluslararas: dnem tasiyan
bir konu olarak kabul edilmektedir. Balik, besleyici bir gida olarak kabul edilir ve hayvanlarda ve insanlarda hastaliklara
neden olan fiziksel, kimyasal ve biyolojik ajanlarin bulagmasina karsi olduk¢a hassastir. Mikotoksinler, tiiketim,
konsantrasyon ve maruz kalma siirelerine bagli olarak insan ve hayvan saglig: tizerinde ¢esitli zararli etkileri olan biyolojik
gida kirleticileridir. Mikotoksinlerin varligi, insan ve hayvan tiiketimine yonelik olarak iiretilen tahillar basta olmak iizere
farkli gidalarin yem olarak iglenmesi asamalarinda bildirilmistir. Baliklarda mikotoksinlerin varligi, su iriinleri yetistiriciligi
faaliyetlerinde genellikle kontamine yem temin edilerek beslenme yoluyladir ve mikotoksinlerin transferi besin zinciri
yoluyla olusur ve bu durum insan sagligimi olumsuz etkileyebilir. Bu bibliyografik incelemenin amaci, balik dahil
gidalardaki mikotoksinler, 6zellikle tilapia olmak {izere baliklar iizerindeki zararli etkileri, insan ve hayvan tiiketimine
yonelik gidalardaki bu kirleticilerin 6nlenmesi, kontrolii ve diizenlenmesi, hayvansal iiretim {izerindeki olumsuz etkisi, gida
zincirine aktarilmasi yoluyla insan sagligi.lizerindeki etkileri hakkinda genel bilgi saglamaktir.

Anahtar Kelimeler: Su iriinleri yetistiriciligi, Tilapia, beslenme, gida giivenligi

INTRODUCTION

For some years the concept of food quality and safety has become increasingly important
worldwide (Rojas et al., 2017). Consumers have the right to access safe and quality food, placing them
as the basis of a nutritious diet (FAO, 2019). Food safety is considered as the absence, or safe and
acceptable levels, of food hazards that can harm the health of consumers (FAO, 2019). Annually, 600
million people get sick, and 420,000 die from Foodborne Diseases (FD); these diseases affect the
general population, and being the children and low-income people the most vulnerable groups;
besides, the impact of unhealthy food causes production losses for around USD 95 billion in low- and
middle-income economies (FAO, 2019).

The products of animal origin (meat and by-products, eggs, fish, shellfish, milk, dairy products,
among others), vegetables, water, and even ready-to-eat foods, are the main causes of foodborne
illnesses since they are an available route of food and nutrition for consumers; during production, food
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can be subjected to scarce or zero hygiene conditions, short thermal processes and high handling,
being these activities a potential risk to public health by having a high probability of acquiring various
hazardous pollutants (Espinosa et al., 2014; Soto et al., 2016; Huertas et al., 2019).

It has been established that education and improvement in hygiene practices focused on food
production and handling by consumers contributes to the reduction and control of foodborne diseases;
highlighting that food safety is a shared responsibility among government, food industry, and
consumers (FAO, 2019).

The objective of this bibliographic review is to provide general yet relevant information about
mycotoxins in foods including fish, harmful effects on fish, especially tilapia, prevention, control, and
regulation of these contaminants in foods intended for human and animal consumption, its negative
impact on animal production and health, as well as human health through its transfer to the food chain.
Foodborne diseases

Foodborne diseases are considered a major public health problem as it is a major cause of
morbidity, mortality and negative economic effects due to a decrease of productivity, health services,
and surveillance measures in food safety, as well as a commercial detriment of food (Zufiiga and Caro,
2017; Palomino et al., 2018; Huertas et al., 2019).

These diseases are defined as those symptoms derived from the consumption of water or food
contaminated with physical, chemical, or microbiological agents (Huertas et al., 2019). More than 250
foodborne diseases have been reported whose occurrence has been increasing in recent years, due to
factors such as the globalization of the food market, changes in eating habits, and increased migration
of infected people favoring the spread, reemergence, and appearance of pathogens in food (Zufiiga and
Caro, 2017; Palomino et al., 2018; Huertas et al., 2019); it has even been established that factors such
as the climate change affect the geographical occurrence and prevalence of contamination hazards in
foods (FAO, 2019). Foodborne diseases can be infectious or toxic, whose casual agents are bacteria,
viruses, fungi, parasites, heavy metals, or chemicals that penetrate the body through contaminated
food or water (Ortega, 2014; Zuiiiga and Caro, 2017; WHO, 2019).

Among the chemicals that involve health risks are those natural toxins and environmental
pollutants (lead, mercury, cadmium, dioxins, and polychlorinated biphenyls) (WHO, 2019). Natural
toxins include mycotoxins, marine biotoxins, cyanogenic glycosides, and toxins present in poisonous
mushrooms. Basic foods such as cereals may contain high levels of mycotoxins, and prolonged
exposure to these toxins can affect the immune system, normal development, or be a cause of cancer
(WHO, 2019). Likewise, the consumption of foods of animal origin that were exposed to mycotoxins
during their production (livestock and aquaculture) through feeding can constitute a risk to human
health when consumed (Abrunhosa et al., 2012; Tolosa et al., 2013).

Fish

Fish is a perishable and very nutritious food because it is a source of biological value protein,
vitamins, minerals, and polyunsaturated lipids (Sartori et al., 2012; Fuertes et al., 2014; Castillo et al.,
2017). The nutritional quality, freshness, and safety of the fish is a function of factors such as species,
age, medium in which they live, food, conditions of capture, cultivation, processing, conservation,
storage, transport, and distribution (Fuertes et al., 2014; Avdalov, 2015).

Fish and products are the most commercialized food in the world mainly due to availability, access,
and price in relation to the consumption of beef, pork and poultry (Anater et al., 2016; FAO, 2018).
Worldwide, in 2016, the production in fishing activities was 90.9 million tons, while aquaculture
production reached 80 million tons, with a total of 171 million tons, of which 88% was used for direct
human consumption, reaching a per capita consumption of 20.3 kg; the remaining 12% was destined
for non-food uses such as the preparation of flour and oil, that are considered among the nutritious and
digestible ingredients to generate feed intended for the aquaculture production of fish; the
aforementioned activity continues in a trend of greater growth with respect to other sectors dedicated
to food production (FAO, 2018).

Fish is a food that is sensitive to deterioration, so adequate hygienic manipulation is necessary due
to its chemical composition, autolytic and microbial activities, it is also susceptible to contamination
from the environment where it lives, along with fishing, harvesting, handling, processing,
conservation, including stages of its commercialization which can have a negative impact on the
quality and safety of these foods (Vazquez et al.,, 2018). Fish is considered a food frequently
responsible for outbreaks of foodborne illnesses, being causative agents of chemical and biological
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origin (bacteria, viruses, parasites, and biotoxins) (Arias and Buelga, 2005; Quijada et al., 2005;
Espinosa et al., 2014; Ortega et al., 2014; Soto et al., 2016; Vazquez et al., 2018). Among the
contributing factors to these diseases are cross-contamination, handling and storage temperatures,
contaminated feed, infected handlers, economic and sanitary fraud by extracting resources in
prohibited areas, among others (Arias and Buelga, 2005; Quijada et al., 2005; Espinosa et al., 2014;
Soto et al., 2016; Vazquez et al., 2018). Currently, as a result of the demand, production, and
commercialization of aquatic food, the quality of the fish available in the market in terms of the degree
of freshness, diversity, and safety is sought and demanded to protect the health of consumers (Anater
et al., 2016; Castillo et al., 2017; FAO, 2019a).

Fungi, mycotoxins, and mycotoxicosis

Fungi are microorganisms widely distributed in nature, they can be eukaryotes, heterotrophs,
unicellular and multicellular, acidophilic, aerobic, they can grow in a wide temperature range between
0 °C and 55 °C, have a filamentous mass called mycelium that, according to their function, can be
vegetative or reproductive, its functional and structural unit is the hyphae, they have a cell wall but no
chlorophyll so they do not perform photosynthesis, can tolerate high concentrations of solutes, as well
as extreme pH conditions (2 to 8), the reproduction can be sexual or asexual through the generation of
spores, while their nutrition can be saprophytic or parasites (optional or forced) generating various
diseases to plants, animals and humans (Cortés and Mosqueda, 2013; Cortés et al., 2016).

As saprophytes, fungi contribute to the breakdown of organic matter, as well as to soil fertility,
being responsible for food spoilage and generating mycotoxins, with negative health effects through
poisonings called mycotoxicosis, derived from the consumption of contaminated foods (Gomez, 2007;
Cortés and Mosqueda, 2013; Cortés et al., 2016).

Myecotoxins are secondary metabolites of chemical diversity produced by filamentous fungi at the
end of the exponential phase or stationary phase of growth by contaminating food, feed, or raw
materials intended for food processing (Robledo et al., 2012; Rojas et al., 2017; Gongalves et al.,
2018; Darwish, 2019).

These compounds can be found in their conjugated form, soluble or incorporated into other
macromolecules in the food, they are heat stable so they are not destroyed by cooking or industrial
processes, and can pass into the food chain through the consumption of meat, milk, and derivatives,
and when consumed they generate toxicological disorders called mycotoxicosis affecting human and
animal health (Tapia et al., 2010; Rojas et al., 2017; Assefa and Geremew, 2018).

The formation of mycotoxins depends on different factors such as the genetic ability of the fungus
to produce them (the presence of the toxigenic fungus in a substrate does not necessarily imply the
presence of mycotoxins), substrate composition, water activity, temperature (20 °C-25 °C), relative
humidity (80% -90%), pH (4-8), redox potential, parasites, pests (insects), climatic conditions, and
storage time (Murcia et al., 2010; Serrano and Cardona, 2015; Robledo et al., 2012; Rojas et al.,
2017). Usually, the substrates affected by mycotoxins are corn, wheat, sorghum, cotton cake, barley,
and peanuts (Table 1) (Murcia et al., 2010).

Approximately 300 mycotoxins have been described of which the ones of the greatest health and
toxicological interest are aflatoxins, ochratoxins, trichothecenes, zearelenone, fumonisin, citrinin,
patulin, and ergot alkaloids that present the greatest threat to human and animal health (Denli and
Perez, 2006; Kumar et al., 2013; Serrano and Cardona, 2015; Rojas et al., 2017; Assefa and Geremew,
2018; Darwish, 2019).

The negative health effects from exposure to these toxic metabolites may be carcinogenesis,
teratogenesis, immunosuppression and clinical symptoms of neurotoxicity, nephrotoxicity,
hepatotoxicity, dermotoxic, immunotoxic, myelotoxicity, and pulmonary or endocrine toxicity (Tolosa
et al.,, 2013; Kumar et al., 2013; Serrano and Cardona, 2015; Assefa and Geremew, 2018). The
mycotoxins’ mechanisms of action vary and depend on their ability to inhibit proteins, inhibit DNA
and RNA synthesis, induce lipid oxidation, cell death programming, and alter the structure and
function of cell membranes (Pinton et al., 2019; Darwish, 2019).

The main mycotoxin-producing fungi belong to the Ascomycetes of the genus: Aspergillus,
Penicillium, Fusarium, Claviceps, and Alternaria, which are spread by spores that are highly resistant
to extreme conditions of temperature and pressure, and they germinate when conditions are
appropriate (Lopez, 2012; Escorcio et al., 2015; Santillan et al., 2017; Assefa and Geremew, 2018).
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Table 1. Different mycotoxins, fungi producers and generally contaminated substrates or food
(Denli and Perez, 2006; Abrunhosa et al., 2012; Dinolfo and Stenglein, 2014; Cortés et al., 2016;
Santillan et al., 2017; Rojas et al., 2017; ELIKA, 2018; Pinton et al., 2019)

Producer fungi Micotoxin Common affected foods
Aspergillus flavus Rice, corn, wheat,
Aspergillus parasiticus peanut, sorghum, coffee,
Aspergillus niger pistachio, almond, nuts,
Aspergillus ruber figs, cotton seeds, spices,
Aspergillus fumigatus Aflatoxins vegetable oils, milk and

Aspergillus terreus
Aspergillus candidus
Penicillium frecuentans
Penicillium variable
Penicillium puberulum

dairy products.

Aspergillus ochraceus
Aspergillus carbonarius
Aspergillus alliaceus
Aspergillus melleus
Aspergillus ostianus
Aspergillus petrakii
Aspergillus sclerotiorum
Penicillium aurantiogriseum
Penicillium cyclopium
Penicillium chrysogenum
Penicillium expansum
Penicillium variabile
Penicillium purpurescens
Penicillium verrucosum

Ochratoxins

Cereals, dry fruit, wine,
grapes, coffee, cocoa and
cheese.

Fusarium culmorum
Fusarium graminearum
Fusarium poae

Fusarium sporotrichioides
Fusarium equiseti
Fusarium cerealis
Fusarium verticiilloides

Zearalenone
Tricothecenes

Corn, wheat, rye, barley,
oats, vegetable oils

Fusarium proliferatum
Fusarium verticillioides
Fusarium anthophillum
Fusarium globosum
Fusarium liseola

Fumonisins

Corn, wheat, barley,
sorghum and sub-
products.

Fusarium poae Enniatin Beauvericin

Cereals and products.

Aspergillus flavus
Aspergillus oryzae
Aspergillus caelatus
Penicillium griseofulvum
Penicillium chrysogenum

Cyclopiazonic acid

Corn and peanut.

Aspergillus terreus

Penicillium citrinum Citrinin Rice, rye and derivates,
Penicillium expansum fruits.

Monascus ruber

Penicillium expansum

Penicillium claviforme

Penicillium patulum Patulin Apples, apple juice and
Penicillium vulpinum concentrates.
Penicillium carneum

Aspergillus clavatus

Fusarium moniliforme

Fusarium acuminatum Moniliformin Cereals and derived

Fusarium avenaceum
Fusarium poae

products.
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Acremonium coenophialum

Claviceps purpurea Ergot alkaloids Rye, barley, wheat, oats,
Claviceps africana triticale, oilseeds.
Alternaria alternata

Alternata solani

Alternaria citri

Myecotoxins are produced and located in many feed and foods, especially those of plant origin such
as cereals during pre-harvest, post-harvest, transport, processing and storage (Assefa and Geremew,
2018; Gongalves et al., 2018; Darwish et al., 2019).

The importance and economic impact of mycotoxin contamination can be reflected in various
sectors of production and consumption due to the loss of food and feed, agricultural activities, analysis
costs, and regulatory programs to minimize risks to human and animal health (Castillo and Duran,
2006; Gomez, 2007; Hernandez et al., 2009; Assefa and Geremew, 2018; Gongalves et al., 2018).

In addition to its importance in human and animal health and food safety, the transfer of
mycotoxins through the food chain can be through different routes: I. Directly through unprocessed
foods (cereals, legumes, oilseeds, fruits, spices), or processed (cereal products, wine, coffee, juices,
beer, and porridges) from contaminated crops that cause primary mycotoxicosis, and Il. Indirectly
through food from animals that have consumed contaminated feed such as meat, eggs, and milk,
generating secondary mycotoxicosis (Gomez, 2007; ELIKA, 2018).

Aguaculture and mycotoxins

Aquaculture globally contributes about half of the total foodstuffs of aquatic origin destined mainly
for human consumption, being, therefore, an important part of the food industry (Anater et al., 2016;
FAO, 2018).

In the hygiene and sanity of the fish, the sanitary conditions of ponds influence animal health, and
consequently the public health, due to meat consumption; some factors such as overcrowding,
malnutrition, and poor water quality are those that mainly favor diseases in farmed fish; within the
diet, the presence of toxic substances such as mycotoxins in feed are factors that generate stress and
diseases in fish, so controlling the contamination of fungi and mycotoxins is relevant (Tolosa et al.,
2013; Anater et al., 2016; Millan et al., 2017; Gongalves et al., 2018). Mycotoxins in aquaculture have
a significant negative economic and health impact after exposure to a contaminated diet, which results
in growth abnormalities, immunological, physiological and histological imbalances that also result in
decreased yield and profitability of production (Villarreal et al., 2014; Escorcio et al., 2015; Anater et
al., 2016). Frequent mycotoxicosis in fish is caused by aflatoxins, ochratoxins, zearalenone, and
trichothecenes (Tolosa et al., 2013; Gongalves et al., 2018). The presence of mycotoxins in aquatic
species is mainly due to the ingestion of contaminated foods that have been made with material of
plant origin (cereals, legumes, or by-products) used as food ingredients that are excellent substrates for
fungal growth, specifically in favorable conditions of humidity and temperature (Tolosa et al., 2013;
Escorcio et al., 2015; Gongalves et al., 2018). Different toxins such as aflatoxins, deoxynivalenol,
zearalenone, fumonisins, ochratoxins A, and T-2 / HT-2 toxins have been commonly reported in
animal feed (Huerta et al., 2016).

Effect of mycotoxins in fish

The effects of mycotoxins vary depending on the type, concentration, and period of exposure of the
animal to these substances, as well as the species, sex, and age of it (Anater et al., 2016). The effects
may include gastrointestinal disorders, reproductive and growth disorders, suppression of the immune
system, renal damage, liver damage, carcinogenic, genotoxic effects, bioaccumulation phenomena
(with the derivative risk to human health due to meat consumption), and in severe cases, the exposure
leads to fish mortality with the consequent economic and production losses (Tolosa et al., 2013;
Anater et al., 2016; Gongalves et al., 2018).

Tilapia

Tilapia are those fish originating from Africa, belonging to the family Cichlidae genus Tilapia and
Oreochromis, having relevance in the production of animal protein in temperate, tropical, and
subtropical waters globally as a source of sustainable, economical, and high-quality protein to meet the
demand derived from the constant increase of the human population (Wicki and Gromenida, 1998;
Bautista and Ruiz, 2011; INP, 2018; Jacome et al., 2019). The species of the genus Oreochromis are
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those of greater acceptance in commercial cultivation, highlighting O. niloticus, O. aureus, O.
mossambicus, and Oreochromis spp., due to factors such as the versatility of eating habits (including
formulated food), rapid growth, high density and ability to tolerate adverse conditions in culture
(Wicki and Gromenida, 1998; Bautista and Ruiz, 2011; Jacome et al., 2019). Tilapia is one of the most
popular species and aquaculture production, being China, the main producing country contributing
10% worldwide in 2016 (Magouz et al., 2018; FAO, 2018). Once in cultivation when reaching its
commercial weight, the tilapia harvest for human consumption is generally in its entire fresh form or
fillet (Balbuena, 2014; Jacome et al., 2019).

The use and consumption of feed at a global level in aquaculture activities is increasing due to
availability and profitability, and where tilapia production is no exception (FAO, 2018). And the
tilapia culture is prone to mycotoxin exposure through its diet with negative effects on aquaculture
production, health, and safety (Deng et al., 2019).

Different studies around the world have been reported tilapia and their exposure to mycotoxins and
have revealed the negative impact on the animal health of these compounds. For example, Anater et al.
(2016) studied the effects on Nile tilapia and tilapia (O. niloticus) of aflatoxin (AFB1) in periods
ranging from 5, 10, 15, and 20 weeks through feeding with doses of 5, 29, 100, 200, 245, 793, 1641,
2500 pg / kg, being among the different negative effects growth reduction, weight reduction, yellow or
black coloration on the body surface, abnormal behavior, hematocrit involvement and growth
performance, mortality (16.7%) (200 pg / kg) and reduction of survival up to 67% (5-38.62 ng / kg);
while for exposure to fumonisins by Oreochromis niloticus at concentrations of 150,000 pg / kg for 4
weeks through feeding, the effects developed were weight reduction and hematocrit.

Magouz et al. (2018) stated that exposure to aflatoxins B1 (150ppb) for 16 weeks through feeding
and showed a negative effect on the growth and survival of 13.5g of O. niloticus. Meanwhile, Deng et
al. (2019) noted that in O. niloticus culture of 15 g of weight exposed for 20 days to diets with
trichocethenes (T-2) (4.8, 7.2, 10.8, 16.2, and 24.3 mg / kg) there were mycotoxins produced by
Fusarium species that infect cereal crops (corn, wheat, and soy); the survival rate, weight gain, and
hepatosomatic index, induced damage of liver cells and myofibers, an increase of T-2 residues in the
liver and fish muscle were reduced.

Control and prevention of mycotoxins in food and feed

Mycotoxin-producing fungi are widespread throughout nature, can contaminate crop plants (corn,
wheat, rye, among others) and produce toxins during growth, post-harvest, storage, transportation,
processing, and use as feed in the farm, as well as being present in foods such as milk and eggs that
are indirectly contaminated when producing cattle are fed contaminated cereals (Denli and Perez,
2006; Hernandez et al., 2009; Lopez, 2012; Anater et al., 2016).

Myecotoxins are heat-stable compounds and it is difficult to eliminate them once they have been
synthesized; therefore, food control is through the prevention of fungal growth and contamination or
once these molecules are present by detoxification or decontamination of food through physical,
chemical, and biological methods, the latter only used in animal feed (Tapia et al., 2010; Cortés et al.,
2016; ELIKA, 2018; Darwish, 2019).

It has been determined that the implementation of good hygiene practices in the entire food
production chain (cultivation, collection, storage, processing, packaging, transport, and storage of
food), hazard analysis and control of critical points (HACCP), as well as maximum concentration
limits present, are effective measures to reduce the risk of exposure to mycotoxins through food in
human and animal health (Gomez, 2007; Lopez, 2012; Espinosa et al., 2014; Cortés et al., 2016;
ELIKA, 2018; Assefa and Geremew, 2018).

Meanwhile, and regarding the activities for aquaculture food production, some good hygiene
practices have been established and implemented, in which are included some focused on cultivation
conditions according to the species, water quality, facilities, transport, and animal feed (CXC 54-2004;
MAAMA, 2014; Zahran et al., 2020). Currently, to guarantee the safety of aquaculture products,
animal welfare, and health, various certification standards have been developed based on good hygiene
practices and implementation of HACCP plans such as Global GAP, Accredited Fish Farm Scheme,
Bio Suisse, Krav, Safe Quality Food (SQF), ISO 22000 among others (MAAMA, 2014).

In the matter of prevention and control of negative effects due to the presence of mycotoxins in
feedstuffs in aquaculture feeding, studies with favorable results have been carried out involving the
reduction of negative effects on animal health and increasing the defense capacity of fish and
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metabolism against toxins, which is why natural additives (phenolic compounds, selenium, vitamins)
or synthetic antioxidants (BHA or BHT) have been recommended in diets during feeding, and thus
improving food safety (Agouz et al., 2011; Rahman et al., 2017; Magouz et al., 2018; Tewodros et al.,
2018; Deng et al., 2019) or by applying adsorbent substances to detoxify the food (Huwing et al.,
2001; Tapia et al., 2010; Tewodros et al., 2018; Zahran et al., 2020). In aquaculture feeding, inherent
costs are an important point in production, so products that improve feed efficiency and animal health
are of special interest (Tewodros et al., 2018).

Analysis of mycotoxins in the laboratory

The presence or contamination by mycotoxins in food and feedstuffs is often unavoidable,
producing toxicity in foods at minimum concentrations; therefore, it is necessary to have sensitive and
reliable methods for their detection (Chauhan et al., 2016). Food analysis in search of mycotoxins is
part of the mechanisms of control and prevention of poisoning, and involves a series of steps that
cover sampling, preparation, extraction, cleaning, and detection through various techniques such as:
Enzyme-Linked Immunosorbent Assay (ELISA), analysis with biosensors and instrumental methods
such as Thin Layer Chromatography (TLC), High-Performance Liquid Chromatography (HPLC) in its
different adaptations such as coupled with ultraviolet (UV), diode array (DAD), HPLC- FLD (HPLC
coupled with fluorescence) and HPLC-MS / MS (HPLC coupled with mass spectrometry), gas
chromatography (GC) coupled with electron capture (ECD), flame ionization (FID) or MS detectors
(Stark, 2009; Arroyo et al., 2014; Chauhan et al., 2016; Assefa and Geremew, 2018; Gongalves et al.,
2018). Molecular techniques have also been developed in the detection of mycotoxin-producing fungi,
indicating the potential hazard in food (Fungaro et al., 2004; Stark, 2009; Gong et al., 2015).

An important point in the analysis of mycotoxins in foods is the collection of the sample since the
distribution and concentration of mycotoxins can be heterogeneous and the concentration in analyzed
material can be determined erroneously (Lopez, 2012; Cortés et al., 2016). According to the above, the
following recommendations can be taken in the sampling phase: 1. Collect a greater weight and
consider a greater number of sampling points; 2. Subsampling with an increase in the weight of the
subsample, or by reducing particles due to milling processes; 3. An analysis of a larger number of
samples; 4. The sample should be collected as close as possible to the place where the intoxicated
animal was fed; 5. Obtaining and analyzing blood samples and testing of animal organs facilitates a
retrospective analysis of some contamination, mainly in situations where food availability is involved.
At the end of the sample collection, it must be sent to the laboratory as soon as possible for analysis,
not exceeding 48 hours (Cortés et al., 2016). Likewise, in the context of food sampling for the
detection of mycotoxins, sampling plans have been developed for their detection through regulation N°
401/2006 of the European Communities Commission and for the particular case of aflatoxins in
cereals such as corn and peanuts the Food and Agriculture Organization (FAO) has developed a
sampling plan for the efficacy and precision in the detection of toxic compounds (FAO,1993).
Sanitary regulation of mycotoxins in human food and animal feed

Around the world, there is a need to ensure food safety, human, and animal health through
regulations that set limits on the concentration of mycotoxins in food and feed (Darwish, 2019).
Through the sanitary regulation, several countries have established the permissible limits of
mycotoxins in agricultural products, mainly of aflatoxins; for example, in the United States of
America, 20 pg / kg (B1 + B2 + G1 + G2) are allowed in food, 0.5 pg / kg of aflatoxin M1 in milk,
and table 2 shows the limits for other foods and feed; meanwhile, in the European Union, raw cereals
and derivatives with 5 ug / kg and 3 pug / kg of ochratoxin A are allowed, and the sanitary regulations
of the food of the Republic of Chile indicate that only up to 5 pg / kg of aflatoxins B1 should be
allowed, B2, G1 and/or G2 in food, and up to 0.05 pg / kg of M1 in milk (Murphy et al,
2006;Martinez et al., 2013; Serrano et al., 2015).

The European Union legislation establishes a set of rules to ensure that food and feed are safe and
healthy through the agri-food chain, among which the regulation (EU) 2017/625, regarding controls
and other official activities carried out to ensure the application of food and feed legislation, and of the
rules on animal health and welfare, plant health and plant protection products stands out. Directive
96/23/EC relates to the applicable control measures regarding certain substances and their residues in
live animals and their products. Among these substances, the mycotoxins are considered. Commission
Regulation (EC) 1881/2006 sets the maximum content of certain contaminants in food products for
human consumption based on cereals, dairy products, and fruits including mycotoxins (Aflatoxins,
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Ochratoxin A, Patulin, Deoxynivalenol, Zearalenone, and Fumonisins). Commission Recommendation
2006/583/EC refers to the prevention and reduction of Fusarium toxins in cereals and cereal products.
Corresponding to undesirable substances in animal feed about feed, they are regulated in the European
Union through Directive 2002/32/EC. Commission Recommendation 2006/576/EC establishes
maximum limits of deoxynivalenol, zearalenone, ochratoxin A, toxins T-2 and HT-2, and fumonisins
in products intended for animal feed, including guideline values of fumonisins in the fish feed (Table
3). And the Commission Regulation 884/2014, where special conditions are imposed on the
importation of feed and food that may be contaminated by aflatoxins.

International organizations such as The Food and Agriculture Organization (FAO) a specialized
agency of the United Nations, through Codex Alimentarius, have issued different codes of hygiene
practices to prevent mycotoxins contamination in specific foods or susceptible ones to the presence of
these compounds. Some of these codes are the code of practice to prevent and reduce contamination of
mycotoxins cereals (CXC 51-2003), code of hygiene practices for foods with low moisture content
(CXC 75-2015), code of hygiene practices for spices and dried aromatic herbs (CAC / RCP 42 -1995),
and code of practice for the prevention and reduction of mycotoxins contamination in spices (CXC 78-
2017).

Table 2. Regulation and permissible limits of the United States of America about mycotoxins in different
foods (Murphy et al., 2006)

Micotoxin Food or feed Maximum allowable limit
Patulin Apple juice and derivates 50ppb

Deoxynivalenol

DON Wheat products 1ppm

Aflatoxins Peanuts destined to process 15ppb

B1+B2+G1+G2

Fumonisin Dry grounded corn products 2ppm

B1+B2+B3

Maize and sub-products destined to:

Pigs and catfish 20ppm
Maize, peanut products, and other animal feed

and food ingredients, except cottonseed meal,  100ppb
intended for immature animals

Aflatoxins
B1+B2+G1+G2 Maize, peanut products, cottonseed meal, and
other animal feed ingredients for dairy
animals, animal species or when the intended 20ppb
use is unknown
*ppm: parts per million; ppb: parts per billion.

Contributing to the prevention of mycotoxins contamination in 2003, the FAO developed a manual
on the application of the Hazard Analysis and Critical Control Point (HACCP) system in the
prevention and control of mycotoxins, which is applied by the food industry and official authorities for
the control of hazards associated with food such as pathogenic microorganisms and toxic chemicals
(FAO,2003).

In the approach to animal nutrition and health, the World Health Organization (WHO) since 1999
has produced a technical report that exposes and explains the different hazards (mycotoxins) of food
associated with aquaculture products and strategies to guarantee their safety, like good aquaculture
practices which cover aspects of breeding and feeding, as well as the implementation of HACCP
system (WHO, 1999).

In 2003, FAO developed technical guidelines for suitable procedures in the manufacture of food for
aquaculture so that producers of these foods can supply quality products (FAO, 2003a). The code of
practice on good animal nutrition (CXC 54-2004) and general standard for contaminants and toxins
present in food and feed (CODEX STAN 193-1995), which indicates the use of good agricultural
practices, and manufacturing for hazard reduction, maximum levels, and related sampling plans for
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pollutants and natural toxic substances (mycotoxins) found in food and feed and that should be applied
to internationally marketed products to reduce the risk to public health.

In Latin American countries such as Mexico, food safety legislation is through the “NOM-247-
SSA1-2008” standard that refers to sanitary specifications for aflatoxins (20 pg / kg maximum limit)
in food for human consumption such as cereals, cereal flours, semola, as well as food-based on:
cercals, edible seeds, flour, semola or their mixtures. Meanwhile, the “NOM-243-SSA1-2010”
standard establishes the sanitary specifications for products of animal origin such as milk, milk
formula, combined dairy product, and dairy products for human consumption in the field of aflatoxins
M1 (0.5 pg / L maximum limit). In both standards, it does not refer to other mycotoxins, which leads
to a review and update of them.

Table 3. Mycotoxin regulations on feed in the European Union (Directive 2002/32 / EC; Commission
Regulation 574/2011; Commission Recommendation 2006/576 /EC)

Maximum content in
mg / kg (ppm) in feed
Micotoxin Products destined to animal feed calculated on the basis
of a content of
12% humidity
Aflatoxin B1 All feed materials 0.02
Complementary feedingstuffs 0.02
- All feedingstuffs containing unground cereals 1000
Rye Ergot (Claviceps + Compound feed for cattle (except dairy cattle and
purpurea) calves), sheep (except dairy sheep and lambs), goats
(except dairy goats and kids), pigs (except piglets)
and poultry (except young animals). 0.02
Raw materials for feed:
Deoxynivalenol * Cereals and cereal products, except for maize by
products 8
* Maize by-products 12
Zearalenone Feed materials
* Cereals and cereal products, except for maize by- 2
products
* Maize by-products 3
Ochratoxin A Feed materials:
* Cereals and cereal products 0.25
Feed materials:
* Maize and maize products 60

Fumonisins Complementary and complete feed for:
Bl + B2 * Pigs, horses (equidae), rabbits, and pets 5
* Fish 10
* Poultry, calves (under 4 months), lambs, and kids 20
* Ruminants older than four months and minks 50
* General data. For specifications, check complete regulations.

On the other hand, and regarding the animal health and production in the context of food intended
for animal consumption, the ‘“NOM-061-ZO0O-1999” standard establishes the zoo sanitary
specifications of food products including mycotoxin levels. Meanwhile, “NOM-188-SSA1-2002”
establishes the control of aflatoxins in cereals for human and animal consumption. It claims that
concentrations below 20 pg / kg of total aflatoxins in cereals are tolerated for human consumption, and
from 21 to 300 ng / kg, the cereal may only be used for animal consumption. In aspects of production,
health, and food safety in aquaculture activities, manuals of good practices have been established
contemplating aspects of hygiene and handling of food for animal consumption (SENASICA, 2019),
and specifically for aquaculture production of tilapia fish (Garcia and Calvario, 2008).
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CONCLUSION

Food safety is the guarantee that an ingested food negatively affects the health of the consumer,
and this characteristic is considered a basic, mandatory, and non-negotiable concept in the entire food
production chain.

Fish is a food of frequent and varied consumption worldwide due to its nutritional value, being the
main source for humans through fishing and aquaculture activities.

Aguaculture worldwide is reported (FAO) to supply almost half of the fish for human consumption
and other various uses such as the generation of animal feed and is considered one of the main
economic and food-generating activities.

Aquaculture activities include feeding and handling food for fish; these activities are therefore
essential in the risk of fish exposure to different hazards such as mycotoxins, thus compromising
animal health, favoring the transfer of these pollutants in the food chain and in turn generating a risk to
human health.

Within the activities of surveillance, prevention, and control of contamination by mycotoxins in the
food chain; specifically in fish and aquaculture activities, there are the establishment and
implementation of sanitary regulations in the matter of animal feeding and limits in the concentration
of the different potentially contaminating mycotoxins, implementation of procedures of good hygiene
practices (with emphasis on animal feeding and animal health), and the Hazard Analysis and Critical
Control Points (HACCP) system, the latter being accepted worldwide as actions to achieve food
safety, protect human and animal health.
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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 calisma, Egirdir Golii'nde yasayan Astacus leptodactylus tiiriinde mide sindirim enzim aktiviteleri iizerine (proteaz o-
amilaz ve lipaz) mevsim ve eseyin etkisini aragtirmak amaciyla olusturulmustur. Bu amagla kerevitler 1 yilda 4 mevsim olarak
Egirdir Golii’nden avlandi. ilkbahar mevsiminde, kerevitlerin pinterlere girmemesi nedeniyle 6rnekleme yapilamadi. Bu nedenle,
sonuglar iic mevsim (sonbahar, kis, yaz) ve eseyler lizerinden 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 kisin 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 yil1 oncesi 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¢alismada, Ekim 2014 ile Haziran 2015 tarihleri arasinda Egirdir Golii'nde kerevit (10-15 cm)
avciligr 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 6nemli 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 %0,013+ 0,0011° 0,007 + 0,0006° 20,003 + 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 {izere sindirim sisteminde ortaya
cikan fizyolojik siiregler, tiirlerin genis besin cesitliliginden faydalanmasimi etkilemektedir. Farkli
kabuklu tiirleri, farkli beslenme aligkanliklarina ve yasam alanlarin1 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.........



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