Acta Aquatica

Turcica

Turk Su Bilimleri
Dergisi

Yayin Tarihi: Aralik - 2022



ACTA AQUATICA TURCICA
TURK SU BiLIMLERI DERGISi

E-ISSN: 2651-5474
(YIL: 2022 — CILT: 18 — SAYI: 4)
Isparta Uygulamali Bilimler Universitesi Egirdir Su Uriinleri Fakiiltesi
Adma Sahibi /
Owner of Behalf of Isparta University of Applied Sciences, Egirdir Fisheries Faculty

Aysegiil KUBILAY

Bas Editor / Editor in Chief

Yunus Omer BOYACI

Editorler / Editors

Sengiil BILGIN
Nalan Ozgiir YIGIT
Secil METIN
Mustafa CEYLAN
Viktoras LIORANCAS
Tom WIKLUND

Aynur LOK
Erciiment GENC
Selda TEKIN OZAN
Hiiseyin SEVGILI
Mehmet CILBIZ
Mehmet Arif ZORAL
Hiiseyin KUCUKTAS

Yayin Tarihi: Aralik - 2022



Mizanpaj Editorleri / Layout Editors

Deniz KARA

Ergi BAHRIOGLU

ingilizce Editorii / English Editor

Arda OZEN

iletisim / Contact

Acta Aquatica Turcica
Yaym Komisyonu Baskanligi,
32260 Dogu Yerleskesi-ISPARTA
Tel: 0 246 2146401 Faks: 0 246 2146445
http://dergipark.org.tr/actaquatr

E-Posta: actaquatr@isparta.edu.tr

E-ISSN: 2651-5474

Yayin Tarihi: Aralik - 2022



ACTA AQUATICA TURCICA
E-ISSN: 2651-5474

(YIL: 2022 —

CiLT: 18- SAYI: 4)

YAYIN KURULU / EDITORIAL BOARD*

Altan LOK

Doru Stelian BANADUC
Erciiment GENC

Erdogan CICEK

Erik JEPPESEN

Eugenia BEZIRTZOGLU
Hamid Reza ESMAEILI

Karim ERZINI

Magdolna Miillerne TRENOV SZKI
Ozkan OZDEN

Pavel KOZAK

Stamatis ZOGARIS

Stefan BERGLEITER

Sitheyla KARATAS STEINUM
Tom WIKLUND

Viladimir PESIC

Yazdan KEIVANY

Ege University, TURKIYE

Lucian Blaga” University of Sibiu, ROMANIA
Ankara University, TURKIYE

Nevsehir Haci Bektas Veli University, TURKIYE
Aarhus University, DENMARK

Democritus University of Thrace, GREECE
Shiraz University IRAN

University of Algarve, PORTUGAL

Szent Istvan University, HUNGARY

Istanbul University, TURKIYE

University of South Bohemia, CZECHIA
Hellenic Centre for Marine Reseaech, GREECE
Naturland, GERMANY

Istanbul University, TURKIYE

Abo Akademi University, FINLAND
University of Montenegro, MONTENEGRO
Isfahan University of Technology, IRAN

* Liste akademik unvan ve isme gore alfabetik sirayla hazirlanmustir.



ICINDEKILER / CONTENTS

ARASTIRMA MAKALELERI | RESEARCH ARTICLES:

Diinden bugiine Beysehir Golii (Isparta-Konya, Tirkiye) balik¢iligi ve durum analizi
Iskender Giille, Fahrettin Kiiciik, Salim Serkan Giiclii «......ccccuveveerneenneennnne

Antibacterial activity and characterization of water-soluble Chitosan compounds
produced from enzymatic deacetylation

Hatice Aysun Mercimek Takel, Fatih Matyar, Fatma Yilmaz, Giilcihan Giizeldag, Halil
IDIANIIN CeliKevrvnnnirrrnnrirrenneerrieneeerennnscrerensessessiisieist st e st s s s sesse et

Tiirkiye’de  Gokkusagi  Alabaligi  yetistiriciliginin ~ iiretim ve ekonomik
gostergelerinin incelenmesi
Onder Yildirim, Ismail Berat Cantas.............coeeveeeescsessessessessessessesesssssessessess setenssssesnsons

The determination of trophic level of Kiiciikcekmece Lagoon Lake (Istanbul,
Tiirkiye) by using some environmental variables with indicator benthic
Macroinvertebrates findings

Gazel Burcu Aydin, Cenk Giirevin, Burak Oterler............ccouuueeeiieoeieceeneeeennseesnns

Ozliice Baraj Gélii (Elaz1g-Bingol, Tiirkiye)’nde yasayan Alburnus sellal Heckel,
1843 populasyonunda bazi morfometrik ve meristik dzelliklerinin incelenmesi
Mustafa Diisiikcan, Miicahit Eroglu, Mehmet Ziilfii Coban .........ccccceveiuiniiiiiiinennnnee

In vitro antibacterial activity of Origanum onites and Mentha spicata subs.
tomentosa essential oil nanoemulsions against bacterial fish pathogens
Mevliit Naziroglu, Oznur Diler, Oznur Ozil, Abdullah Diler ........coeeeeeerereeneercreerecre e,

The effects of environmental variables and morphometry on hemocyte structure in
the hemolymph of portunid crab, Carcinus aestuarii Nardo, 1847 in Cardak Lagoon
(Canakkale Strait)

Secil ACar, A. SUAL ALES cuoveiieiieiiuiieiieiieiieeieetesteosssntsstosssssosssssssssssssssssssssssssssssns

A Pycnogonid species new for the Mediterranean coast of Tiirkiye: Achelia langi
(Dohrn, 1881) (Arthropoda, Pycnogonida)
(0031 T2q v 20 LT 1

Farkli yemlerin (Teke Karidesi (Palaemon serratus Pennant, 1777), Morio kurdu
(Zophobas morio Fabricius, 1776) ve Afrika gégmen ¢ekirgesi (Locusta migratoria
L. 1758)) olta balik¢iliginda av verimliligine etkilerinin karsilagtiritlmasi

Yildiz Bolat, Atllgan Kunt .....cccciiviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiieiiiicieiiicneciecneenees

Selectivity characteristics of the sorting grid in shrimp beam trawls used to reduce
bycatch in the Sea of Marmara
Mustafa Zengin, Hakan Kaykag, Zafer Tosunoglu, Taner Yildiz, Ugur Uzer ...............

436-450

451-460

461-474

475-485

486-494

495-504

505-512

513-517

518-534

535-549


https://www.sciencedirect.com/science/article/abs/pii/0165783692900869?via%3Dihub#!

Acta Aquatica Turcica

E-ISSN: 2651-5474
Home Page: https://dergipark.org.tr/actaquatr ~ 18(4): 436-450, 2022 DOI: 10.22392/actaquatr.1068143

Research Article Arastirma Makalesi

Diinden Bugiine Beysehir Golii (Isparta-Konya, Tiirkiye) Balik¢iligi ve Durum Analizi

Beysehir Lake (Isparta-Konya, Tiirkiye) Fishing from Past to Present and Situation
Analysis

iskender Giille'™, Fahrettin Kiiciik> ", Salim Serkan Gii¢lii*

"Burdur Mehmet Akif Ersoy Universitesi Fen-Edebiyat Fakiiltesi Biyoloji Béliimii, Burdur, Tiirkiye
’Isparta Uygulamah Bilimler Universitesi, Egirdir Su Uriinleri Fakiiltesi, Isparta-Tiirkiye

*Sorumlu yazar: fahrettinkucuk@isparta.edu.tr

Gelis: 04.02.2022 Kabul: 31.10.2022 Yaymn: 01.12.2022

Ahntilama: Giille, 1., Kiigiik, F., & Giiclii, S. S., (2022). Diinden bugiine Beysehir Gélii (Isparta-Konya, Tiirkiye) balik¢iligt
ve durum analizi. Acta Aquatica Turcica, 18(4), 436-450. https://doi.org/10.22392/actaquatr.1068143

Ozet: Anadolu plakasinin onemli karstik bosalim havzalarindan birinde yer alan  Anahtar kelimeler
Beysehir Golii 650 km? yiizey alami ile Tiirkiye'nin en biiyiik tatlisu golii olmasin e Balik¢ilik ekonomisi
yaninda; biyo-ekolojik, sosyo-ekonomik ve kiiltiirel yonlerden ¢ok onemli bir sulak ¢ Enosistern hizmetleri
alandir. Beysehir Golii balik¢iligr lizerine tutulmus ilk kayitlar 1910°’lara dayanmakla
birlikte, balik¢iliga ait ilk bilimsel bulgular 1950’1i yillarda baslamistir. Goliin balikgiligi
hakkinda giivenli verilere ulasmak oldukga zor olmakla beraber, 1950’lerden giiniimiize ~® S18 g0!

kadar olan siiregte balikgilik tizerine etkin olan baglica siireglerin: i) kullanilan avcilik e Tatlisu balik¢iligt
yontemi ve av araglari, ii) golin trofik yapisindaki degisimler, iii) yabanci fauna

elemanlarinin gole girmesi, iv) goliin su seviyesindeki degisimler, v) balik¢ilarin sosyo-

ekonomik ve biling diizeyi, vi) balik¢ilik yonetim stratejileri oldugu goriilmiistiir. Golde

1950’lerde yaklasik 3 kg/ha olan av verimi 2021 yilinda 13,34 kg/ha olarak

belirlenmistir. Aradan gegen zamanda faunada onemli degisimler olurken, artan av

miktart ile birlikte balik¢1 sayisinda da dnemli bir artis oldugu belirlenmistir. Gliniimiizde

14’1 endemik olmak tizere 23 balik tiiriiniin yasadig1 ve mezotrofik-6trofik diizeyde olan

golde, 2010-2021 yillart ortalamasina gore avlanan 669.051 kg baligm %67,41’ini

Carassius gibelio (giimiisi havuzbaligl) %20,17’sini Sander lucioperca (sudak) ve

%12,42’sini Cyprinus carpio (sazan) olustururken; 2021 yilindaki aveilik dagiliminin ise

%75,41’ini glimiisi havuzbaligi, %21,47’sini sudak ve %3,11 kadarini ise sazan

olusturmustur. Golde 385 adet balik¢1 aktif olarak avcilik yapmakta olup, 2021 yili

verilerine gore balik¢i basina 2.252 kg/yil ava karsilik 13.790 TL/yil kazang elde

edilmistir. Bu ¢aligmanin diger bir sonucu olarak, Beysehir Goli balikgilik ekosistemi

tizerindeki en biiyiik etkenin zamansiz ve asir1 avcilik oldugu anlasilmstir.

o (G0l yonetimi

Abstract: Beysehir Lake, located in one of the important karstic discharge basins of the Keywords
Anatolian Plate, is Turkey's largest freshwater lake with a surface area of 650 km?, and is e Fisheries economy
a very important wetland in terms of bio-ecological, socio-economic, and cultural Ecosystem services
aspects. Although the first records on Beysehir Lake fishery date back to the 1910s, the « Lake management
first scientific findings on fisheries began in the 1950s. Although it is challenging to g
reach reliable data about the fishery of Lake Beysehir, the main processes that have been  ® Shallow lake
effective in fishing from the 1950s to the present are: i) used fishing gear and methods, e Freshwater fisheries
ii) changes in the trophic structure of the lake, iii) foreign fauna elements entering the

lake, iv) the lake water level changes, v) fishermen's socio-economic and awareness

level, vi) fisheries management strategies. The lake's catch yield was nearly 3 kg/ha in

the 1950s, and it was determined as 13.34 kg/ha in 2021. While there have been

significant changes in the fauna in the intervening time, it has been determined that there

has been a substantial increase in the number of fishermen with the increasing amount of

catch. Today, 23 fish species, 14 of which are endemic, live in the lake, which is at the

mesotrophic-eutrophic level in terms of trophic status. The average catch amount

between 2010 and 2021 was 669.051 kg/year. 67.41% of this amount was composed of

Carassius gibelio (Prussian carp), 20.17% of Sander lucioperca (pike-perch), and

12.42% of Cyprinus carpio (carp). In 2021, the last fishing season, 75.41% of the caught

species were Prussian carp, 21.47% pike-perch, and 3.11% carp. 385 fishermen are
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actively fishing in the lake, and according to the data of 2021, it has been determined that
the fishermen have earned 13,970 TL/year in return for 2.252 kg/year of catch. As
another result of this study, it has been understood that the most significant factor in the
fishing ecosystem of Beysehir Lake is untimely and excessive fishing.

1. GIRIS

Beysehir Golii Anadolu’nun onemli karst bolgelerinden biri olan Toros Karst Kusaginin Bati
Toroslar kesiminde, Isparta Biikliimii igerisinde yer alan, tektonik-karstik olusumlu bir havza
icerisinde sekillenmistir (Soyaslan ve Hepdeniz, 2019). Konya Kapali Havzasi’nin alt havzasi
konumundaki Beysehir Golii ve cevresi, Akdeniz iklimi ile karasal iklim arasinda bir gegis 6zelligi
gostermektedir. 1929-2021 yillar1 arasinda Olglilen uzun donemli iklimsel verilere gore bolgenin
ortalama sicakligi 12,3 °C olarak verilmistir (Url-1). G6l {izerine ortalama yagis 605,4 mm/yil ve
gblden ortalama buharlagma 1.382,2 mm/y1l olarak belirtilmistir. G6liin su toplama havzasi1 4.086,4
km?, yiizey alan1 maksimum isletme kotunda (1.124,60 m) 703 km?; ortalama su kotunda (1122,50 m)
ise 650 km?dir (Anonim, 2016).

Beysehir Golii’ne 1993 yilinda “Beysehir Golii Milli Parki” statiisii verilmistir. Bunun yaninda gol
havzasimin bir kismi da “Kizildag Milli Parki” sinirlarina girmektedir. Milli park smirlart ve yakin
cevresinde 545 bitki (79 endemik, 140 alttiir ve 55 varyete), 264 bocek, 153 kus ve 34 memeli tiirii
tespit edilmistir (Anonim, 2020).

Golin limnolojisine iliskin ilk bilimsel arastirmalarindan olan Numann (1958)’nin 1953-1954
yillarina ait ¢aligmasinda kisaca su bilgiler verilmistir: “...dogu kiyilarinda (Tolca-Kiyakdede arasi)
kismen bataklik halinde sazlik-kamiglik sahalar bulunsa da, Potamogeton tiirleri yoktur ve su ici
(submers) bitkileri pek nadirdir. Zemini kumlu-gakilli olup bol miktarda midye kabuklar1 bulunur.
Golin derin kisimlarinin dip bolgesi balgikla kaplidir. GOl ekseriya gri-yesil renkte, dalgali
zamanlarda bulaniklik giinlerce hiikiim siirmektedir. Plankton ve bentik makrofauna agisindan olduk¢a
fakir olan g6liin planktonu igerisinde kalanoit kopepotlardan Eudiaptomus vulgaris yil boyu, Daphnia
ve Leptodora ise yazin ve sonbaharda az miktarda bulunmaktadir. Bu organizmalar goliin oligotrof
karakterde oldugunu gostermektedir. Ayrica 12 kg’a kadar biiyliyen sazanlar goriilse de, balik¢ilik
bakimindan g6l fakirdir. Goliin balik avciligr istatistigi tutulmamasina karsin, tiretim 200 ton/yil
kadardir.”

Goliin balike¢iligr ve ihtiyofaunast ile ilgili kayitlar Cumhuriyet Donemi 6ncesine dayanir. Donemin
Istanbul Balik Hali Miidiirii Karekin Deveciyan (2006); Beysehir Gélii'nde sazan, biyiklibalik,
kizilkanat, capak, govce (=gokce), tatlisu kefali, tatlisu kayasi ve kerevit yasadigimi bildirmistir.
Bilimsel isimleri belirtilmeyen s6z konusu baliklardan “biyiklibalik” olarak verilen tiiriin havyarimin
zehirli oldugu bilgisinden hareketle tiiriin, Beysehir Siraz1 (Capoeta mauricii) oldugu anlasilmaktadir.
Diger taraftan Hanko (1924)’'nun Orta Anadolu Bolgesi’nden tanimladigi 27 balik tiiriinden
Pseudophoxinus anatolicus (Yagbaligi) ve Garra kemali (Eregli sazbaligi)’nin Akg6l (Eregli)’iin yani
sira Beysehir Go6li Havzasi’nda da yasadigi bilinmektedir.

Goliin balik faunast ile ilgili daha giincel kayitlardan ilki ve en 6nemlisi Battalgil (1942) tarafindan
verilmigtir. Battalgil (1942), Beysehir Goli’nden Alburnus akili (gokge), Gobio microlepidotus
(kayabaligi, derekayasi) ve Cobitis bilseli (tasisiran veya yilanbaligi)’yi tanimlamigtir. Daha sonraki
siiregte Numann (1958) sudak baligmin asilanmasindan 6nce Beysehir ve Sugla gollerinde; Sazan
(Cyprinus carpio), kizilkanat (Chondrostoma regium), gokce (Alburnus akili), yagbalig
(Acanthorutilus anatolicus), akbalik (Leuciscus lepidus) ve siraz (Varicorhinus pestai) olmak iizere 6
tiiriin yasadigini, predator bir tiiriin bulunmadigini, s6z konusu baliklardan sazanin en ekonomik tiir
oldugunu, yakin dénemde yapilan bir ¢aligmada, sudak baliginin predatér etkisi sonucu A.akili’nin
neslinin tiikendigi belirtilmistir (Kiigiik, 2012). Giincel kayitlarda ise golde 23 tiiriin yayilis gosterdigi,
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bunlarin da 14’tniin endemik oldugu bildirilmistir (Baygelebi vd., 2020; Yogurt¢uoglu vd., 2020,
2021).

Yukarida 6zetlendigi gibi, 1900’1 yillarin bagindan gliniimiize kadar Beysehir Golii ve havzasinda
balik faunasi ve taksonomisi, bazi tiirlerin biyo-ekolojik &zellikleri ve popiilasyon yapisi, géldeki
baliklarin stok durumlari, géliin trofik diizeyi ve su kalitesi konularinda ¢ok sayida bilimsel ¢aligma
oldugu halde, goldeki balikgilik ekonomisinin tarihsel gelisimi konusunda kapsayici bir arastirma
olmadig1 anlagilmaktadir. Calismamizda Beysehir Golii'niin 1900’1 yillarin basindan giiniimiize
kadar gecirdigi balike¢ilik ekosistemi ve ekonomisindeki degisimin irdelenmesi amaglanmistir.

2. MATERYAL ve METOT

Ortalama su kotunda 650 km? (65.000 ha) alana sahip olan géliin 420 km? lik avlak bolgesi Konya
(Beysehir ve Hiiyiik), 230 km”lik avlak bolgesi ise Isparta (Sarkikaraaga¢ ve Yenisarbademli) ili
siirlart igerisinde yer alir (Sekil 1). Goldeki su iiriinleri avciligi Beysehir-Hiiyiik Su Uriinleri
Kooperatifi (Konya) ile Gedikli Su Uriinleri Kooperatifi (Isparta)’nin sorumlulugunda yiiriitiilmekte
ve goldeki 604 adet kayith balik¢i teknesi olmasina karsilik, 385 adet ruhsatli balikgr (250 adet
Beysehir-Hiiyiik, 135 adet Gedikli bolgesine kayitli olan) bulunmaktadir.

Gedikli
avlagi
Gedikli

Akburun

Beysehir
Yen|§arb?c/1€mll > avlagi . KUQUK%%?

e

i )

§ G sehin
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Sekil 1. Beysehir Golii avlak sahalart
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Beysehir Golii’niin gegmis yillara ait balikgilik verileri; Konya ve Isparta il Tarim Orman
Miidiirliiklerinin resmi avcilik kayitlari, Beysehir-Hiiylik ve Gedikli Su iirtinleri kooperatiflerinin
2010-2021 yillan1 arasindaki balik¢ilik kayitlar1 ve literatiir taramasi yapilarak degerlendirilmistir.
Giincel veriler ise Ekim 2020-Mart 2021 tarihleri arasinda Yesildag ve Ciftlikkdy avlaklarindan;
Orman ve Su Isleri Bakanhiginca hazirlanan kilavuzda (TS EN 14757) belirtilen, 30 m uzunlugunda,
1,5 m derinliginde ve 12 farkli gézenek agiklig: (5, 10,12,15, 18, 20, 25, 30,33, 37,50, 55 mm) olan
bentik aglar ve 27,5 m uzunlugunda ve 6 m derinliginde 11 farkli gozenek ag¢ikligina (6,5, 10, 12,15,
20, 25, 30, 38, 45, 50, 55 mm) sahip pelajik aglar 6rnekler ile balik¢ilarin yakaladigi avlardan rastgele
secilmis ornekler iizerinden yapilmistir. Baliklarin tam boyu (TB, cm) elektronik kumpas (0,1 cm
duyarli), agirliklar1 (W, g) elektronik terazi (0,5 g duyarli) ile belirlenmis, yaslari pullardan tespit
edilmigtir. Balik tlirlerinin siniflandirilmasinda Schonhuth vd. (2018), Fricke vd. (2021), Baygelebi vd.
(2020) ve Yogurtcuoglu vd. (2021)’den yararlanilmistir. Calisma, Isparta Uygulamali Bilimler
Universitesi Hayvan Deneyleri Yerel Etik Kurulu tarafindan onaylanan Tiirkiye Cumhuriyeti hayvan
refah1 yasalari, yonergeleri ve politikalar1 ile uyumludur (sayr: 77211729-804.01, izin referans
numarasi 2020/001).

3. BULGULAR ve TARTISMA
3.1. Balik Faunasi

Son bilimsel kayitlar ve Ekim 2020-Mart 2021 tarihleri arasinda yaptigimiz orneklemelerden
saglanan veriler 1s18inda Beysehir GoOli ve baglantili sularda 15°1 yerli, 8’i yabanci olmak iizere
toplam 23 takson belirlenmistir. Yerli tiirlerin 14’i endemik olup, bunlarin da 7’si sadece Beysehir
Goli Havzasi’nda yerel endemik olarak yayilis gostermektedir (Tablo 1).
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Tablo 1. Beysehir Golii ve baglantili akarsularda yasayan balik faunasi ve habitatlar

Familya Tiir Tiirkce Ad1 Durumu Habitat
. . Sazan Yerli Beysehi gla golleri
1- Cyprinus carpio eysehir ve Sugla golleri, Carsamba
Kanali
Beysehir ve Sugla golleri, Carsamba
2- Capoeta mauricii Beysehir sirazi Endemik Kanali; Saridz, Soguksu ve Ustiinler ve
Cyprinidae Derebucak ¢aylari
. . Efl Delikt K g
3- Garra kemali Eregli sazbalig Endemik at}mp 1narl’ cas aynagt
(Yesildag)
4- Chondrostoma beysehirense Kababurunbaligi, Endemik Beysehlr ve ?ugula golleri, Sar16z Kanali,
Kizilkanat Soguksu ve Ustiinler ¢aylar1

5- Pseudophoxinus anatolicus ~ Beysehir yagbalig Endemik Beysehir ve Sugla golleri

6- Pseudophoxinus battalgilae  Yagbaligi Endemik Kugupark Kaynagi (Seydisehir)
Kubadabad Kaynaklari
isci . - . Yenisarbademli), Pinarb K 5
Leuciscidae 7. pseydophoxinus hittitorum  Yagbaligi Endemik \cnisarbademl),  Pmarbasi Kaynag,
Eflatunpinari, Derebucak Cay1 ve
Deliktag Kaynagi (Yesildag)
Beysehir ve Sugla golleri, Carsamba
8- Squalius anatolicus Beysehir tatlisu kefali Endemik Kanali, Sarioz Kanali, Soguksu ve
Ustiinler caylar
Aphaniidae  9- Anatolichthys iconii Disli sazancik Endemik B?}isehlr Golu nun kiyssal alanlar ve
g6lii besleyen kiiciik kaynaklar
I I . . ba Kanal Sarioz  Kanal
Gobionidae  10- Gobio microlepidotus Kayabalig1, derekayas1 Endemik Cafsam a afla b anoz anat,
Soguksu ve Ustiinler ¢aylari
Beysehir ve Sugla Golleri, Carsamba
11- Cobitis bilseli Tagisiranbalig1 Endemik Kanali, Sariéz Kanali, Soguksu ve
. Ustiinler caylari
iti
Cobitidae Beysehir ve Sugla golleri havzasi, Apa
12- Cobitis battalgilae Tagisiranbaligi Endemik Baraj Goli, Eflatunpinari, Celtek
(Sarkikaraagag)
. - . ey 1o . Beysehir Golii, Eyilikler ve Sari6z
13- Oxynoemacheilus atili bal Endemik ’
y COpeiibahig: Kanali, Soguksu ve Ustiinler ¢aylart
Nemacheilidae 14- Oxynoemacheilus isauricus Copgiibaligi Endemik Beysehir ve Sugla golleri havzasi
15- Seminemacheilus tubae Copgiibaligi Endemik Bey.sehlf Golihavzast  (Soguksu-
Yesildag)
16- Carassius gibelio Giimiisi havuzbaligi  Istilaci Beysehir Golii ve biitiin gl havzasi
17- Pseudorashora parva Cakilbaligi Istilact Beysehir Golii ve biitiin gol havzast
Cyprinidae Beysehir ve Sugla gélleri, Carsamba
18- Tinca tinca Kadife sazani Egzotik  Kanali, Sariéz Kanali, Soguksu ve
Ustiinler caylari
Beysehir  Goli, Carsamba Kanali,
Leuciscidae  19- Alburnus escherichii Sakarya incibalig Egzotik Saribz, Sofuksu ve Ustinler caylar
y £ g (Yerel balikgilara gore havzaya bu tiir;
Sartyar Baraj Golii’nden getirilmistir)
Beysehir ve Sugla golleri ve Carsamba
Percidae 20- Sander lucioperca Sudak Isitilact ~ Kanali (1978-1980 yillarinda Egirdir
Goli’nden getirilmistir)
Atherinidae  21- Atherina boyeri Giimiigbalig1 Istilact Beysehir Goli
. L . . Beysehi oli 6l h daki
Gobiidae 22- Knipowitschia caucasica ~ Kafkas kayabaligi Egzotik ,(,;'y,,se ir Goli ve gol havzasindaki
kiiglik akarsular
Poecilidae 23- Gambusia holbrooki Sivrisinekbalig1 Istilact Beysehir GOld ve havzasidaki biitin

akarsular




Giille vd., 2022 Acta Aquat. Turc., 18(4): 436-450 441

3.2. Balikcilik Yapisi ve Faaliyetleri

Beysehir Goli’niin balik stoklar1 ve balikeilik ekonomisine iliskin bilimsel arastirmalar sinirlidir.
Balikeilikla ilgili ilk kayitlar 1900’li yillara kadar uzanmaktadir. Deveciyan (2006) 1900’li yillarin
basinda Beysehir Golii'niin 180 km® yiizey alaminda, 12 m derinliginde, suyunun tatli ve igilebilir
ozellikte oldugunu; golde sazan, kizilkanat, capak, biyikli balik, incibalig1 (gokge), tatlisu kefali,
tatlisu kayasi ve kerevit yasadigini, aveiligin 150 kulag (270 m) uzunlundaki biiyiik 1griplar ile
yapildigini, Eyliil ortasindan Haziran ortasina kadar 9 ay siiren sezonda yakalanan 100 ton balik
kargiliginda, balik¢ilardan bir yilda 20.000 kurus vergi alindigi bildirilmistir.

195011 yillara geldigimizde, 1953-1954 yillarinda yapilan kapsamli bir arastirmada, gélde Sazan
(Cyprinus carpio), Kizilkanat (Chondrostoma regium), Gokge (Alburnus akili), Yagbalig
(Acanthorutilus anatolicus), Akbalik (Leuciscus lepidus) ve Siraz (Varicorhinus pestai) olmak tizere 6
tiriin yasadigl, predatdr bir tiiriin bulunmadigi, s6z konusu baliklardan sazan’in en ekonomik tiir
oldugunu; bu dénemde 200 ton/y1l kadar balik avlanabildigi, 12 kg’a kadar biiyiliyen sazanlar goriilse
de, 3 kg/ha yil kadar olan av verimi nedeniyle goliin balik¢ilik bakimindan fakir oldugu ifade
edilmistir (Numann, 1958).

1960’1 yillara iligskin olarak, goélden yakalanan baliklarin Konya c¢evresinin balik ihtiyacim
karsiladig1 gibi, Suriye ve Israil’e de gonderildigi not edilmistir (Anonim, 1969). Yine de, 1960’lardan
1980’lerin ortalarina kadar Beysehir Golii balikg¢iligi lizerine yapilmis bilimsel nitelikte bir ¢alisma
bulunmamaktadir.

Isparta i1 Midiirliigii'niin 1986 yili verilerine gore, goldeki ekonomik baliklarin oransal
dagilimlari: sudak %37,6; sazan %31,2; akbalik %20; kizilkanat %7,6 ve Gokge %3,5 seklindedir.
2004 yilina gelindiginde, gélden 1.607 ton balik avlandigi (1.147 ton kadife, 404,6 ton sudak ve 55,3
ton sazan), Ote yandan 646,3 ton avlanabilir giimiisi havuzbalig1 stoku oldugu halde bu tiiriin yeterince
avlanmadigindan s6z edilmistir (Cubuk vd., 2005).

Beysehir Golii balikeiligi {izerine daha diizenli verilerin tutulmaya basladigi 2010’lu yillardan
sonrasina gelindiginde, bizzat yapmis oldugumuz yaklasik son iki yillik gézlem ve incelemelere gore;
g6l ve havzasinda 23 balik taksonu bulunmasina karsin; bunlardan sadece sazan (C. carpio), sudak (S.
lucioperca) ve giimiisi havuzbaligi (C. gibelio)’nin ticari olarak aveciliginin yapildigi anlasilmigtir.
Bunlara ek olarak az da olsa kadife (T. tinca), akbalik (S. anatolicus), yagbaligi (P. anatolicus),
kizilkanat (C. beysehirense) ve kerevit (Pontastacus leptodactylus) avlanmaktadir. Beysehir siraz1 (C.
mauricii) ¢ogunlukla gole karisan kanallar, dereler ve akarsu agizlarinda amator ve sportif avciligi
yapilan endemik bir tiirdiir.

Calismamiz kapsaminda Konya ve Isparta il Tarim Orman Miidiirliikleri ve sorumlu Su Uriinleri
Kooperatiflerinin kayitlarindan alinan resmi avcilik verilerine gore; Beysehir Golii’'nde ticari balik
aveiligimin, 2010 yilindan gilinlimiize kadar gegen, son 12 yillik siire igerisinde biiyiik degisim
gosterdigi anlasilmaktadir. Bu slirede goldeki aveiligin oldukga degisken ve istikrarsiz oldugu, avlanan
sazan miktarinda siirekli bir azalis, sudak miktarinda diizenli olmayan bir artig, glimiisi havuzbaligi
miktarinda ise siirekli bir artig oldugu goriilmektedir (Tablo 2, Sekil 2 ve 3).




Giille vd.,

2022

Acta Aquat. Turc., 18(4): 436-450

442

Tablo 2. Beysehir ve Gedikli su iriinleri kooperatifleri balik av miktar1 (kg). (Not: Tabloda kullanilan veriler
Konya ve Isparta Il Tarim Miidiirliikleri kayitlar1 ile kooperatiflerin satis kayitlarindan alinmugtir.)

Yillar Sudak Sazan Giimiisi havuzbahigi  Genel
Beysehir Gedikli Toplam Beysehir Gedikli  Toplam Beysehir Gedikli Toplam Toplam
2010 33.000 wv.y." 33.000 152.000 v.y. 15.2000  w.y. A" A" 185.000
2011 54.067 v.y. 54.067 131.900 v.y. 131.900  w.y. VY. AY2 185.967
2012 53.555 20.000 73.555 90.374 1.200 91.574 A" A" A" 165.129
2013 12.895 27.270 40.165 60.540 63.200 123.740 31.500 wv.y. 31.500 195.405
2014 53.380 8.361 61.741 50.005 48.649 98.654 A" A" A" 160.395
2015 111.210 20.850 132.060 47.535 54.000 101.535 wv.y. VY. AY2 233.595
2016 149.750 28.900 178.650 57.450 24.900 82.350 271.940 wv.y. 271.940 532.940
2017 176.050 25.720 201.770 24.890 2.700  27.590 86.000 wv.y. 86.000 315.360
2018 176.049 52.679 228.728 64.100 2.700  66.800 313.900 16.000 329.900 625.428
2019 173.130 24.850 197.980 23.600 3.150  26.750 476.000 244.000 720.000 944.730
2020 148.685 31.250 179.935 20.750 4.820  25.570 454,700 165.100 619.800 825.305
20217 168.275 17.950 186.225 22.105 4.850  26.955 487.499 166.500 653.999 867.179
ort. 109.171 25.783 134.954 62.104 21.017 83.121 303.077 147.900 450.977 669.051

 v.y.: veri yok
™ Kadife, akbalik ve kerevit dahil edilmemistir.

Balikgilik verilelrinin daha diizenli tutulmus oldugu 2010-2021 yillar1 arasindaki ekonomik av
gruplarina daha yakindan bakildiginda; 2015-2016 yillarindan sonra, son donemde en 6nemli degisim
siirecinin yasandigr goriilmektedir (Sekil 2). Bu donemden sonra sudak ve giimiisi havuzbaligi av
miktarlar1 siirekli artarken, tersi yonde sazan av miktar1 ise giderek azalmistir. Toplam balik av
miktarinin 2016 yilindan sonra glimiisi havuzbaligi av miktar1 ile biiyiik bir paralellik gosterdigi
goriilmektedir.
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Sekil 2. Beysehir Golii 2010-2021 avcilik doneminde yakalanan ekonomik tiirlerin av miktari.

Yakin donem (2010-2021) avcilik degerleri oransal olarak, iki donem halinde incelendiginde (Sekil
3); 2010-2015 doneminde baskin tiir olan sazanin 2016-2021 déneminde oldukg¢a azaldigi, bu iki
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donem arasindaki en ¢arpici degisimin sazan ile glimiisi havuzbaliginin av oranlari arasinda yasandigi
acikca goriilmektedir.

2010-2015 2016-2021

Sekil 3. Beysehir Golii 2010-2021 yillart arasindaki aveilik donemlerinde, ekonomik tiirlerin oransal degisimi.

Giiniimiizde ise, sadece 2021 yili avcilik verilerine bakildiginda, avlanan toplam 867.179 kg avin
tirlere gore dagilimi; 26.955 kg sazan, 186.225 kg sudak ve 653.999 kg giimiisi havuzbaligina ilave
olarak 8.850 kg kadife, 6.950 kg kerevit ve 200 kg akbalik avciligi yapilmistir. Bu kayitlara gore 2021
yilindaki avciligin yaklasik %74,04’iinii giimiisi havuzbaligi, %21,08’ini sudak, %3,06’sim1 sazan ve
%1,82’lik kismini da diger iirlinler (kadife, kerevit ve akbalik) olusturmustur.

Avlanan balik miktar1 avlak bolgelerine gore degerlendirildiginde; Beysehir-Hiiylik bolgesinden
2010-2021 yillart arasinda, ortalama 474.352 kg/y1l avcilik yapilmig ve 11,29 kg/ha.y1l av verimi elde
edilmistir. Gedikli avlagi bolgesinden ise avcilik verilerinin diizenli tutuldugu 2012-2021 yillar
igerisinde sadece sazan ve sudak avciligi yapilmig olup, ortalama 105.96 kg/yil balik avlanmis, yani
4,61 kg/ha.yil av verimi elde edilmistir (Tablo 2). Iki bolge arasindaki avcilik verim farkinin
balikgilarim avlanma etkinliginden veya bolgelerin ekolojik, topografik 6zelliginden kaynaklanmasi
miimkiindiir. Zira, Beysehir-Hiiylik bolgesinin pelajik alani aveilik yapmaya daha elverisli iken,
Gedikli avlag: icerisinde bir¢ok ada ve kayalik bulunmasi iki bolge arasinda baslica topografik farki
olusturmaktadir. Goliin ortalama av verimi ise 2010-2021 doéneminde 6,71 kg/ha.yil olarak
belirlenmistir.

Ekonomik degeri en yiiksek baliklardan olan sudak, Beysehir Goli’'ne 1978-1980 yillari arasinda
kamu kurumlar1 tarafindan balik¢ilig1 gelistirmek amaciyla getirildiginden beri (Kiiciik, 2012), 40 yili
askin bir siirede, yore balik¢isina dnemli ekonomik getiri saglamstir. Bu tiiriin 2010-2021 déneminde,
her iki avlak bolgesindeki ortalama avcilik miktar1 130.656 kg/yil (33.000-228.728 kg/yil arasinda)
olarak belirlenmistir. Resmi kayitlarin diizenli tutuldugu 2012-2021 yillar1 arasinda sudak av verimi
7,5 kg/ha.yil olarak gergeklesmistir. Mevcut veriler 1s1g8inda, bu tiirin géldeki avcilik donemini iki
asamali degerlendirmek miimkiindiir: 2010°dan 2015 yilina kadar olan dénemde 52.503 kg/yil, 2015
yilindan sonraki donemde ise biiyiik bir artigla 186.478 kg/y1l avlanmistir. Sudak ilk dénemde toplam
av miktari i¢inde %35,1; ikinci donemde ise %28,5’lik bir oranla temsil edilmistir.

2020-2021 yil igerisinde yaptigimiz saha caligmalarinda avlanan sudaklarin 0+, I ve Il yasindaki
bireyleri, popiilasyonun %86,7’ini olusturmustur. 0+ yas grubundaki bireyler 17,3 cm boy ve 47,3 g
agirhik, I yas gruplarindaki bireyler 22,3 cm boy ve 85,90 g agirlik, II. yagindakiler ise ortalama 25,1
cm boy ve 127 g agihgindadir. Orneklemelerimiz yil boyu gergeklesmediginden, sudak
popiilasyonunun ilk eseysel olgunluk boyu tespit edilmemistir. Ancak yakalanan II. yasindaki




Giille vd., 2022 Acta Aquat. Turc., 18(4): 436-450 444

bireylerin heniiz ilk eseysel olgunluk boyuna (ayni boy grubundaki bireylerin %50’si) ulasmadigi
gozlemlenmistir. Yaptigimiz kaba degerlendirmede, heniiz iireme boyuna gelmemis 25 cm’den daha
kiiciik bireylerin, sabirli davranilip bir yil sonra avlandigi varsayilirsa, s6z konusu boy grubundaki
baliklarin yaklagik %45°lik bir artigla ortalama 185 g agirliga ulasacagi kestirimi yapilmistir. Buradan
hareketle 2020 yilinda avlanan yaklagik 180 ton sudak stokunun, zamanindan 6nce avlanan yaklasik
156 ton’luk kisminin bir yil sonra avlanmasi halinde, %45°lik agirlik artisi kazanarak av miktarinin
226 tona ulasabilecegi hesaplanmistir. Bu sonuglardan, tiir iizerindeki yogun avcilik baskisit nedeniyle
ekonomik bir kaybin s6z konusu oldugu anlasilmaktadir.

Deveciyan (1915), Numann (1958) ve Tarim, Orman K&yisleri Bakanlig: Isparta Il Miidiirliigii’niin
(1986) kayitlarina gore; Beysehir Goli’nde sazan aveiliginin 1980°1i yillarin ilk yarisina kadar yiiksek
ekonomik getiri sagladigi anlasilmaktadir. S6z konusu tiir 2010-2020 yillart arasinda yilda ortalama
84.407 kg yakalanmasina karsin, 2021 yilinda ancak 26.955 kg avlanabilmistir (Tablo 2, Sekil 2).
Sazanin 1900’li yillarin basindan 2016 yilina kadar yiiksek oranda avlandigi varsayilmaktadir.
Ornegin, saglam verilere sahip oldugumuz 2010-2015 déneminde sazan toplam avin %62,1’ini
olustururken; 2016-2021 déneminde ancak %6,2’sini olusturmustur. Bu durum bize goldeki sazan
avinin 6zellikle giimiisi havuzbaligi ile yer degistirdigini géstermektedir (Sekil 2 ve 3).

Golden 2021 yilinda avlanan 26.955 kg sazanin, av verimi agisindan ¢ok diisiik oldugu (0,415
kg/ha), bu sonucun goliin mezotrofik-6trofik diizeydeki trofik durumu ile uyusmadigr goriilmektedir.
Yine de sahada balik¢i operasyonlari tizerine yaptigimiz gozlemlerde, nadiren de olsa 2,6-5 kg
arasinda sazan bireyleri yakalandigi goriilmiistiir. Sazan avcilik miktarinin diisitk olmasinin olasi
nedenlerinin; tiirlin balikgilar tarafindan yapilan dogrudan satis nedeniyle kooperatif kayitlarina
girmeyen av miktarindan, 6zellikle iireme doneminde olmak iizere yasadisi elektrikle balik avcilig
yapilmasindan, su seviyesi dalgalanmalarindan veya giimiisi havuzbaligi ile rekabet etkisinden
kaynaklanabilecegi diisiiniilmektedir. Ozellikle sazan ile giimiisi havuzbaliginin, av miktar ve oranlar
arasindaki koklii degisim 2015-2016 donemi Oncesi ve sonrasinda agik bir sekilde goriilmektedir
(Sekil 2 ve 3).

Beysehir Golii ekosistemine 2001 yilinda giren yabanci bir tiir olan giimiisi havuzbaliginin (Yerli
vd., 2014), 2016-2021 yillar1 arasindaki avcilik miktarinda belirgin bir yiikselme goriilmektedir. Tiiriin
avcilik miktar1 gol genelinde 2016 yilindan giiniimiize kadar artig egiliminde olup, gliniimiizde en ¢ok
avlanan (2020°’de 619.800; 2021°’de 653.999 kg/yil) balik durumundadir (Sekil 2). Giimiisi
havuzbaliginin diizenli avcilik verilerinin 2016 yilindan sonra tutulmus olmasi kanimizca bu tiiriin
goldeki avlanabilir miktariyla ilgili olmayip, piyasanin arz-talep durumuna bagli olarak, diizenli
ticaretinin yapilmamasiyla ilgilidir. Zira, 2004’de go6lde 646,3 ton avlanabilir giimiisi havuzbalig
stoku oldugu halde yeterince avlanmadigindan bahsedilmistir (Cubuk vd., 2005).

Beysehir Goli'nlin Yesildag ve Ciftlikkdy bolgelerinde yaptigimiz orneklem ve izlenimlerde;
cogunlugu 23-31 cm boy ve 260-645 g agirhiginda olan 3 ila 5 yasindaki giimiisi havuzbaligi
bireylerinin avlandigi belirlenmistir. Tespitlerimizde bir balik¢inin, tam goz boyu 10-12 cm olan
yaklasik 3.000 m ag ile giinliik ortalama 300 kg kadar giimiisi havuzbalig1 yakalayabildigi ve 1-1,3
TL/kg ederinde (2020 yil1 av doneminde) sattig1 belirlenmistir.

Beysehir Golii’niin yerli tiirii olamayan kadife baliginin 1990’11 yillarda gdle girmesinden sonraki
10-15 yillik siiregte ¢ok biiylik bir av verimi ger¢eklesmistir. Bu tiir sadece 2004 yilinda 1.147 ton
avlanmigken (Cubuk vd., 2005), sonraki donemlerde, 2010 yilinda 71 ton olan av miktari, o tarihten
sonra neredeyse bitme noktasina gelmistir. Giincel avcilik verileri ve gozlemlerimize gore, kadife
balig1 av miktar1 toplam avcilik igerisinde kayda deger bir yer teskil etmemektedir (2021°de 3,7 ton).
Kadife balig1 popiilasyonundaki diislisiin yogun avcilik baskisindan ve/veya diger tiirler ile olan
rekabetten kaynaklandigi diistiniilmektedir.
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Goliin balik¢ilik kayitlar1 diizenli olmamakla birlikte, 1900’14 yillardan giiniimiize kadar olan
veriler incelendiginde (Sekil 4), verimin 2004 yilinda 24,7 kg/ha (toplam av 1607 ton/yil) ile en
yiiksek degere ulastig1 goriilmiistiir. Bu donemde kadife baligi en ¢ok avlanan (1147 ton/yil) tiir olarak
verilmigtir (Cubuk vd., 2005). 2015 yilindan sonra birim alandan saglanan av verimindeki belirgin
yiikselmenin de giimiisi havuzbaligindan kaynaklandig: acikca goriillmektedir (Sekil 2-4).
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Sekil 4. Beysehir Golii balik av veriminin (kg/ha) tarihi degisimi
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Goldeki balik av verimi degisiminde; balikgilik verilerinin giivenilirligi, balik¢ilarin avlanma
etkinligi, piyasanin arz-talep durumu, gol ekosistemindeki trofik ve biyolojik degisimler, yabanci tiir
girisi ve su seviye degisimleri gibi ¢ok sayida degiskenin etkili oldugu diistiniilmektedir.

3.4. Balikciik Ekonomisi

Calismamizda go6lden avlanan yillik balik miktar1 (ton veya kg), birim alan basma verim (kg/ha),
kooperatif iiyesi olan balikg1 basina diisen av miktar1 (kg balik/balik¢i.yil) ve elde edilen kazang
arasindaki iligkiler ele alinmistir. Avlanan baliklar goliin farkli bolgelerindeki c¢ekek yerlerinden
giinliik olarak tiiccarlar tarafindan alimmaktadir. Goldeki toplam balik¢1 sayisinin %30°nu olusturan
Gedikli bolgesindeki avcilarin yillik yakalanan avin yaklasik %22’sini; %70’ni olusturan Beysehir-
Hiiyiik bolgesi aveilarinin ise toplam avin %78’ni yakaladiklart belirlenmistir.

Tablo 3. Beysehir Goli’nden 2018-2021 yillart arasinda avlanan ortalama av miktar1 ile tekne bagina diisen
avcilik degerleri (kg/yil).

Aktif Aktif Balik¢1 Ort. Av miktar1 Av
Oran (% Oran (%
Tekne Sayisi sayis1 (%) (kg/y1l) (%) (kg)/balikel
Gedikli 138 135 35 183.462 22 1.359
Kooperatifi
Beysehir-Hilyiik 466 250 65 632.198 78 2,529
Kooperatifi
Toplam 604 385 100 815.660 100 ort. 2.106

Balikeilik kayitlarindan da anlagilacag tizere, 1980’1 yillardan 2015 yilina kadar sazan ve sudagin
bilesik getirisiyle, avciligin ekonomik getirisinin yiiksek oldugu goriilmiistiir. Bu goriisii destekler
bigcimde, Balik (1997) tarafindan yapilan bir arastirmada; balik¢ilarin aveilik seferlerinin %85,3'linde
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sadece sudak, %10,6'sinda sudak+sazan ve %4,1'inde sadece sazan avladiklar1 bildirilmistir. Buna
paralel olarak her bir avcilik seferinde tekne basina ortalama 35+2,9 kg sudak; 6,3+2,5 kg sazan ve
29,6+7,1 kg sudak+sazan av verimi elde edildigi kaydedilmistir.

2015 yilindan itibaren sazanin yerini, ekonomik getirisi suan oldukca diisiik olan glimiisi
havuzbaliginin aldigi goriilmektedir. Giiniimiizde avcilik miktar olarak artmis (Sekil 3 ve 4)
goziikmekle birlikte ekonomik getirisi azalmig bulunmaktadir. Balik¢1 kooperatifi yoneticileri,
balikeilar ve sahada goriistiigiimiiz yore halkindan aldigimiz bilgiler ve gozlemlerimiz 1s1ginda; sazan
popiilasyonunun yogun avcilik baskisi ve kagak avcilik gibi nedenlerden dolayi siirekli azaldig,
bununla birlikte golden yakalanan fakat kayitlara girmeyen sazan miktarinin, resmi verilerin neredeyse
dort kat1 (2021 yili verilerine gore yaklagik 108 ton/y1l) kadar oldugu tahmin edilmektedir.

Yesildag ve Ciftlikkdy bolgesindeki balikgilardan rastgele aldigimiz 6rneklemelerde; yakalanan
sudak bireylerinin %86,7’sinin (ort. 25,1 cm) av yasagina giren boy biiyiikliigiinden, yani 26 cm’den
daha kiiciik bireylerden olustugu belirlenmistir. Bu nedenle, her ne kadar balik¢ilar golden yeterince
sudak avcilig1 yapamadiklarindan soz etseler de, avciligin 2015 yilindan giiniimiize kadar belirgin artis
gosterdigi goriilmektedir (Tablo 2, Sekil 2). Gézlemlerimizde avlanan sudaklarin yalniz %13,35’inin
senatOr olarak adlandirilan, 1 kg’dan daha agir bireylerden olustugu belirlenmistir.

Golden 2020-2021 yillarinda giimiisi havuzbaligl, sudak, sazan, ¢ok az miktarda kadife, yagbaligi
ve akbalik avlanmistir. Orneklem bdlgesi olarak sectigimiz ve kooperatif satis kayitlarin
inceledigimiz, Ciftlikkdy bolgesinde balik¢i basina ortalama 7.278 kg/yil giimiisi havuzbaligi, 767
kg/yil sudak ve 201 kg/yil sazan; Gedikli bolgesinde ise 1.223 kg/y1l glimiisi havuzbaligi, 231 kg/yil
sudak ve 138 kg/yil sazan avlandigi belirlenmistir. Bu iki bolgenin avcilik verileri arasindaki farkin
balikgilarin yillik aveilik siireleri, gdle atilan ag miktar1 ve bolgedeki aktif avcr sayindan
kaynaklandig1 diisiiniilmektedir. Avciligr yapilan baliklarin kabaca ekonomik analizi yapilacak olursa;
2020-2021 av sezonunda goliin tamamindan 186.225 kg sudak (15 TL/kg’dan yaklasik 2.793.375 TL),
653.999 kg giimiisi havuzbaligi (1,3 TL/kg’dan yaklagik 850.200 TL) ve 26.955 kg sazan (15
TL/kg’dan yaklasik 404.325 TL) avlanarak, toplam 4.047.900 TL degerinde balik pazarlandigi
anlagilmaktadir. Sorumlu kooperatif kayitlarindan saglanan 15 Haziran 2020-14 Mart 2021 tarihleri
arasindaki 8 aylik siireyi kapsayan avcilik verileri ile Ciftlikkdy’de avcilik yapan 9 balik¢iin yillik
gergek avcilik verilerinden elde edilen ekonomik getiri hesabi asagida verilmistir (Tablo 4).

Tablo 4. Beysehir Golii, Ciftlikkdy balik¢ilarimin 15 Haziran 2020-14 Mart 202 1tarihleri arasinda avladiklari
balik miktarlar1 (kg) ve ekonomik degerleri (TL).

Tiirler Sazan Giimiisi havuzbahg Sudak Yagbahg Kizilkanat Akbalik Toplam
Balikg1 bagi giinliik 0.8 304 3,3 - - - 34,5
av (kg)

Balik¢1 bagt yillik 201 7278 767 2,8 11 - 8250
av (kg)

Avcimin yillik 3.015 10.917 6.903 42 - - 20.877

kazang (TL)

Tablo 4’den anlasilacagi iizere bir balikginin 15 Haziran 2020-14 Mart 2021 tarihleri arasinda
toplam 8.250 kg balik avlayarak 20.877 TL kazang elde ettigi, sz konusu kazancin 8 aylik avcilik
stiresine oranliginda, aylik yaklasik 2,534 TL gelirlerinin oldugu anlasilmaktadir. Isparta Tarim Orman
Il Miidiirliigii 2021 yili aveilik verilerine gore, Gedikli avlak bolgesindeki bir baliker yaklasik 1.233 kg
giimiisi havuzbaligi, 133 kg sudak ve 36 kg sazan olmak iizere toplam 1.402 kg balik avlamakta, yillik
4.138 TL, aylik ise 8 ay iizerinden 517 TL’ye gelir elde etmektedir.

4. SONUC
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Goliin 1950’lerden sonraki siirecte, fitoplankton miktarinin oldukga diisiik diizeyde ve oligotrofik
seviyede oldugunu belirtilmistir (Merter vd., 1986). Daha yakin dénemde yapilan ¢alismalarda, su
seviyesinin gol icin kritik diizeyde oldugu ve bu kosullarda makrofitlerin genisledigi (Beklioglu vd.,
2006), diistiik fitoplankton biyokiitlesi nedeniyle trofik diizeyinin oligotrofik-mezotrofik oldugu
belirtilmistir (Bucak vd., 2018).

Beysehir Golii genelinde, 2021 yilinda elde edilen toplam 867.179 kg av karsiliginda, her bir
balik¢1 basina 13.790 TL/y1l gelir elde edilmistir. Avciligin %21,47’sini olusturan sudak, kazancin
yaklasik %69,01’ini; avciligi %75,42’sini olusturan giimiisi havuzbalig ise %21,01’ini ve avciligin
yalmz  %3,11’ini  olusturan sazan ise kazancin %9,98’ini karsilamistir. S6z konusu
degerlendirmelerden anlagilacagi iizere Beysehir Goli’nde balik¢iligin oldukca verimsiz oldugu,
ozellikle ekonomik degeri oldukca yiiksek olan sazan popiilasyonunun nadir seviyeye geriledigi
anlagilmaktadir. Diger ekonomik bir tiir olan sudak popiilasyonunda avcilifin yapilabilecegi birey
orant %13 olup, geriye kalan %87’lik kismin ise en az yarisinin bir yil sonra avlanmasi gerekmektedir.
Bu durum gélde siirdiiriilebilir balik¢ilik ve popiilasyonlarin korunabilmesi i¢in ¢ok acil dnlem ve
planlama yapilmasi gerekliligini ortaya koymaktadir.

Goldeki avciligin olduk¢a degisken ve istikrarsiz oldugu, avlanan sazan miktarinda siirekli bir
azalis, sudak miktarinda belirsiz bir artis, giimiisi havuzbaligr miktarinda ise siirekli bir artis oldugu
goriilmektedir (Tablo 2, Sekil 2 ve 3). Bu degisimin popiilasyonlar iizerindeki avcilik baskisi ve diger
cevresel faktorlerden (goliin su seviyesindeki ani degisimler, trofik diizey degisimleri, biyotadaki diger
bazi degisimler gibi) kaynaklandigi anlasilmistir. Bunun sonucunda, goldeki ticari balik stoklari
dengeli ve istikrarli olmadigindan, balik¢iligin ekonomik getirisinin diisiik oldugu acgikca
gorlilmektedir.

Beysehir Golii ekosistemine giren yabanci/istilaci tiirler yerel popiilasyonlar iizerinde ¢ok dnemli
etkiler yapmakla birlikte, bu yabanci tiirlerden bazilar1 giiniimiizde avciligi yapilan en 6nemli balik
haline gelmistir. Yabanci tiirlerin gole girisleri kronolojik acidan ele alindiginda; sudak 1978 yilinda
bilingli olarak gole asilanmig iken (Kiiciik, 2012), giimiisi havuzbaligi 2001 (Yerli vd., 2014), giimiis
balig1 2003 (Balik ve Ustaoglu, 2006) ve cakil balig1 2010 yilinda (Meke vd., 2012) izinsiz olarak gole
girmistir. G6lde uzun vadede yasanan trofik diizey degisimlerinin yaninda, ekosisteme periyodik
olarak bir¢ok farkli yabanci/istilaci tiir girmistir. Bu durum ekosistem dinamikleri, besin rekabeti ve
av-avci iligkilerinin degismesine yol agmis oldugundan, avlanan balik miktar1 da nicelik ve nitelik
yoniinden siirekli bir degisim icerisindedir. Ongériilemeyen bu siirekli degisimler, golde siirdiiriilebilir
ve istikrarli bir avcilik yapilmasinin 6niindeki en 6nemli engeli olusturmaktadir.

Beysehir Golii’'nde yapilan tarihsel ve paleolimnolojik ¢aligmalar su seviyesindeki dalgalanmalarin
ekosistemin yapisi ve iglevleri igin kritik onemde oldugunu gostermistir. Goliin gelecekteki su seviyesi
durumu ise kasvetli goriinmektedir. Tiim senaryolarda, sonuglarin su seviyesinde 6nemli bir azalma
olacagini gostermekte olup, en karamsar iklim ve arazi kullanim senaryolarinda, mevcut su kullanim
rejiminde 2030'lara kadar potansiyel bir kuraklik ongoriilmektedir (Yilmaz vd., 2021). Buradan
hareketle onlimiizdeki siirecte, Beysehir Golii'nde yasanmasi yiiksek olasi su seviye diismelerinin gol
ckosistemini, balik faunasini ve biyomasini da olumsuz yonde etkilemesi kaginilmaz olacaktir.
Goldeki bu seviye diismesine bagli olarak ortaya ¢ikacak trofik diizey artisiyla birlikte g6liin en baskin
baligi durumundaki giimiisi havuzbaliginin, giiniimiizde zaten en yiiksek miktar ve oranda (2021°de
654 ton ve %75) avlaniyor iken, gelecekte de en yiiksek oranda avlanacak tiir olacagini tahmin
etmekteyiz.
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Abstract: In this research, it was aimed to investigate the production of water-soluble Keywords
chitosan from the enzymatic deacetylation of chitin by Bacillus (B. cereus (BC) and B. e Antibacterial activity
thuringiensis (BT)) strains. Characteristic properties involving molecular weight, degree o Bacillus sp.

of deacetylation, and antibacterial activity of chitosan samples were identified. The o Chitosan
degree of deacetylation of BC and BT chitosan samples obtained at 393 and 213 ppm Deacetylation
amounts was reported as 80.54% and 86.07% by the IR spectrum. As well as the degree  , cnaracterization
of deacetylation, the molecular weights of samples showed a significant effect on

antibacterial activity were 48.27 and 48.46 Da, respectively. Among the tested bacteria,

the highest inhibitory effect was recorded in Pseudomonas aeruginosa and

Staphylococcus epidermis for both chitosan samples. On the other hand, no antibacterial

effect on S. aureus, Vancomycin-resistant Enterococci, S. epidermidis, Klebsiella sp.,

and Salmonella spp. were observed. Our results indicated a simple and cost-efficient

method for the production of chitosan polymers showing antibacterial activity.

Ozet: Bu arastirmada, Bacillus sp. (B. cereus (BC) ve B. thuringiensis (BT)) suslar1 ile  Anahtar kelimeler
kitinin enzimatik deasetilasyonundan suda ¢oziilebilir kitosan iiretiminin incelenmesi e Antibakteriyel aktivite,
amaglanmustir. Kitosan Orneklerinin molekiiler agirliklari, deasetilasyon dereceleri ve o Bagillus sp.
antibakteriyel aktivitelerini iceren karakteristik 6zellikleri tanimlanmistir. 393 (BC) ve o Kitosan

213 (BT) ppm miktarda elde edilen kitosan oOrneklerinin deasetilasyon derecesi IR Deasetilasyon

spektrumu ile sirasiyla %80,54 ve %86,07 olarak belirlenmistir. Deasetilasyon 4 Karakterizasyon
derecesinin yani sira antibakteriyel aktivitede 6nemli bir etki gosteren molekiiler agirlik

degerleri ise 48,27 ve 48,46 Da’dir. Her iki kitosan bilesikleri icin, test bakterileri

arasinda en yiiksek inhibitor etki P. aeruginosa ve S. epidermis’e kars1 kaydedilmistir.

Bunun yani sira S. aureus, Vankomisin direngli Enterococci, S. epidermidis, Klebsiella

sp. ve Salmonella spp’ye karsi higbir antibakteriyel etki gozlenmemistir. Bizim

sonuglarimiz, antibakteriyel aktivite gdsteren kitosan polimerlerin iiretimi igin basit ve

diisiik maliyetli bir yonteme isaret etmektedir.
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1. INTRODUCTION

Chitin, one of the most abundant biopolymers in nature, second only to cellulose, is a
polysaccharide of animal origin. This biopolymer was identified as a natural poly-b-(1-4)-N-acetyl-D-
glucosamine in 1884 and dissolves quickly in concentrated acid solvents (Brasselet et al., 2019; Junior
et al., 2016). Chitosan, found by Rouget in 1859, is obtained from chitin by using chemical methods,
including demineralization, deproteinization, and deacetylation processes (Junior et al., 2016; Santos
et al., 2020). It comprises D-glucosamine and an N-acetyl D-glucosamine unit branched by b-(1-4)
linkages and is a linear polycationic polysaccharide (Brasselet et al., 2019). It is a weak base and
soluble in limited aqueous acidic solutions because of the presence of amine groups and the formation
of cationic polyelectrolytes (Mohammadi et al., 2019).

Chitosan has unique properties, such as chemical resistance, low toxicity, chelating with metal
ions, biodegradability, wound healing, biocompatibility, antiviral, antimicrobial, antitumor, and
antioxidant has been researched in a wide range of pharmaceuticals and medical applications (Prabu &
Nataraja, 2012; Qin & Li, 2020). It and its derivates in different forms (solutions, films, and
composites) are well-known as antimicrobial agents against target microorganisms like Gram-positive
bacteria, Gram-negative bacteria, yeast, and fungi (Saito et al., 2019; Sharma et al., 2019).

This antimicrobial activity depends on its biological origin, molecular weight, and degree of
acetylation. With its low molecular weight and degree of acetylation, Chitosan has been reported to
inhibit the growth of several fungi, Gram-positive and Gram-negative bacteria, in many studies
(Shariah & Masson, 2017; Goy et al., 2019).

Three antimicrobial mechanisms related to chitosan and its derivates have been revealed: 1) the
interaction between the NH3" cationic groups in chitosan molecules and negatively charged microbial
cell wall (Dragland et al., 2019), 2) the interference of mMRNA synthesis due to penetration into cell
nucleus (Abdeltwab et al., 2019) and 3) the preventing toxin production and microbial growth because
of metal chelation characteristic of chitosan (Mohammadi et al., 2019).

This work aims to investigate the characterization of chitosan produced by the bioconversion of
chitin and the antibacterial capacity of this biomaterial.

2. MATERIAL AND METHODS
2.1. Isolation of Bacillus sp. strains

Chitin deacetylase (CDA, EC 3.5.1.41), the bioconversion of chitin to chitosan by hydrolysis of
acetamido groups of N-acetyl-D-glucosamine, belongs to the hydrolases enzyme family. CDA-
producing Bacillus sp. strains were isolated from soil samples provided by Adana Karatas beaches
(36°33'45"N35°22'49"E) in Tiirkiye. This isolation was performed by a method declared by Mercimek
Takci et al. (2019). Bacterial strains were identified by applying microbiological methods (Gram
staining, spore-forming, and cell morphology). According to these methods, VITEK 2 compact system
(microbial identification system) was employed for bacterial identification.
2.2. Qualitative analysis and purification of chitosan obtained by bioconversion

Bacillus sp. strains that produced CDA were grown Luria-Bertani media overnight at 37°C.
Subsequently, 5 mL of inoculum (Mc Farland 0.4) was transferred into a medium including 1% yeast
extract, 0.4 g (NH,4),SO,, 0.15 g KH,PO,, 2% sucrose, and 1% colloidal chitin with an initial pH of 8.0
at 37°C for 12 h with shaking (180 rpm). After incubation, the pellet was harvested using
centrifugation at +4°C, 5500 rpm for 30 min. The pellet containing bacterial cells, chitin, and chitosan
was suspended in 10 mL of 0.1 N NaOH and autoclaved. After cooling, the suspension was again
centrifuged at +4°C, 5500 rpm, for 30 min. Pellet washed with 10 mL of 2% glacial acetic acid was
left on a shaker at room temperature for 24 h for the dissolving of chitosan biopolymer. After
centrifugation at 5500 rpm for 15 min., the discarded white precipitate was washed twice in distilled
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water. Pellet suspended in 5 mL sterile water was evaluated as crude chitosan preparation and
preserved at +4°C (Kaur et al., 2012).

For qualitative analysis of chitosan, 1 mL of this chitosan solution was dried in a glass plate at
+55°C for 2-6 h. 2-3 drops of iodine (0.3% wi/v)/potassium iodide (0.5% wi/v) solution was then added
to the dried precipitate and mixed. This mixture was acidified by adding 2-3 drops of 1% H,SO,, The
formation of the white precipitate by neutralization with 1 N NaOH and the transformation of dark
brown color to dark purple by adding H,SO, indicates the presence of chitosan (Kaur et al., 2012).

2.3. Chitosan characaterization

Quantitative analysis of crude chitosan solutions was spectrophotometrically performed using
0.35% (w/v) ninhydrin reagent prepared in methanol. 1 mL ninhydrin reagent and 5 mL of chitosan
solution were mixed. Moreover, tubes immediately capped were heated in the water bath for 30 min
and diluted with 3 mL of 50% ethanol-distilled water (v/v) into a reaction mixture cooled below 30°C.
The absorbance of solutions stirred by a vortex was measured at 570 nm against a blank (Prochazkova
et al., 1999). The concentration of chitosan is calculated depending on a calibration curve plotted using
standard chitosan. All measurements were performed three times.

The degree of deacetylation of crude chitosan solutions was detected using The Thermo
Scientific™ Nicolet™ iS™](0 FT-IR Spectrometer. Powder samples acquired by drying at room
temperature were analyzed in the IR at the wavenumber range of 400-4000 cm™. According to the
equation stated below, the degree of deacetylation of samples was calculated (Kasaai, 2008).

%DD =100 - [(A1655/A3450) x 100/1.33]

The absorbances of 1655 cm™ of the amide-I band as a measure of the N-acetyl group content and
3450 cm™ of the hydroxyl band as an internal standard are employed. 1.33 is the ratio of
A1655/A3450.

The average molecular weight (Mv) of chitosan solutions was identified by viscometric
measurements using an Anton Paar Modular Compact Rheometer 302. This value was calculated
following the Mark-Houwink-Sakurada equation (MHS), in which [n] is the intrinsic viscosity
(Yomota et al., 1993).

[n] = KMva

logMv = (log[n]-logK)/a.

where K=0.119 cm3 g-1 and o= 0.59 determined.

2.4. Antibacterial activity

Antibacterial activity of crude chitosan solutions were tested against the following bacterial
isolates: (Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa, Klebsiella sp.,
Salmonella spp., vancomycin resistance Enterococci (VRE), Staphylococcus epidermidis, Listeria
monocytogenes). The strains cultured in nutrient broth were incubated at 37°C for 24h. Cultures were
then centrifuged at 5500 rpm for 15 min to harvest cells. The optical density of cells suspended in
saline solution was adjusted to 3.0 turbidity. This bacterial suspension was used as the inoculum. 0.1
mL of each test bacterium was inoculated in nutrient broth (pH 7.0), including chitosan, at a final
concentration of 250 mg/L and incubated at 37°C and 120 rpm for 6h. 0.1 mL of bacterial samples
were spread on Petri dishes, including plate count agar (PCA). After 12 h incubation, colonies on
plates were counted, and antibacterial activity was calculated as a percentage according to the formula:
[(C-T)/C]x100. C and T symbols are expressed as the colony numbers counted on the control and
sample plates, respectively (Chung et al., 2011).

Control plates involved colonies formed by bacterial cultures grown without chitosan on PCA. The
antibacterial capacity of crude chitosan solutions was compared with standard chitosan at the medium
molecular weight (~400.000) (2 mg/mL dissolved in 0.1% glacial acetic acid solution). All counting
was repeated three times.
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3. RESULTS and DISCUSSION

Ten Bacillus spp. strains were isolated from the Karatas beach samples. The CDA production
ability of these strains was screened based on the conversion of p-nitro acetanilide by the enzyme. Out
of 10 isolates, only two Bacillus strains were seen to produce the enzyme chitin deacetylase (Figure 1).

Figure. 1 Screening of chitin deacetylase (CDA) producing Bacillus isolates on a plate.

Two CDA-producing Bacillus isolates were identified as B. cereus (BC) and B. thuringiensis (BT)
by using VITEK 2 microbial identification system, with an upper probability of 90%. Two Bacillus sp.
strains were cultivated in broth medium, including 1% colloidal chitin. Following the incubation
period, aqueous suspensions obtained from the fermented broth were qualitatively analyzed for the
presence of chitosan biopolymer. Figure 2 is revealed that the dark purple coloration indicated
bioconversion of the commercial chitin sample to chitosan for both samples. For in vitro rapid
determination of chitosan concentration in an aqueous solution, colorimetric protocols may be used. A
colored product is formed by acting between the free amino groups of chitosan and cationic sites of
anionic dyes. This reaction is a reliable method for the quantification of chitosan polymers. The
sensitivity of the ninhydrin essay is dependent on the type and properties (degrees of deacetylation and
molecular weight) of chitosan performed (Leane et al., 2004).
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Figure 2. Dark purple coloring related to the production of chitosan by Bacillus sp.:
a, colloidal chitin; b, standard chitosan; ¢, BC chitosan samples; d, BT chitosan sample

In BC and BT solutions, chitosan concentrations revealed by ninhydrin binding were 393 and 213
ppm, respectively. MWs of the BC and BT chitosans obtained from the bioconversion was detected as
48.27 and 48.46 Da. Our results based on enzymatic deacetylation of various chitin samples can be
discussed with other studies: EIMekawy et al. (2013) noted the increase in the degree of deacetylation
of different chitinous substrates after treatment with CDA purified from Alcaligenes sp. ATCC 55938.
Similar results were achieved by other researchers, such as Kaur et al. (2012), who declared the yield
of chitosan 160 and 100 ppm using bioconversion of chitin by bacterial CDA (Bacillus spp. and
Serratia spp.), values lower than our results. Similar results were described to convert various chitin
substrates to partially deacetylated chitosan oligomers by fermentation the soil bacterium Arthrobacter
sp. as CDA producers (Tuveng et al., 2017).

The reaction of deacetylation is the release of chitosan, including a high degree of the chemical
reactive amino group (-NH,), by the process of the removal of acetyl groups from chitin. The quality
of chitosan is expressed in its intrinsic properties, such as purity, molecular weight, and degree of
deacetylation (DD). The degree of deacetylation is one of the main characteristics that affected the
performance of chitosan in many of its applications. The degree of deacetylation of the final chitosan
product may result in differences in the variation of the manufacturing process and origin (Ak Kalut,
2008). The degree of deacetylation (DD) of chitosans commercially prepared is in the range of 70-
95% (Kaczmarek et al., 2019). FTIR results of purified (BC and BT) and commercial chitosans are
depicted in Figure 3. In the FTIR spectrum of standard chitosan, internal reference bands were
determined as the OH stretching band at 3289.08 cm™, -CH, stretching band in pyranose circle at
2870.71 cm™, -C=0 (amide 1) stretching band at 1649.74 cm™, NH (amid II) stretching band at
1567.25 cm™, C-O-C stretching band at 1149.43 cm™ and C-O stretching band at 1023.48 cm™. The
1655 cm™ and 3450 cm™ wavenumbers of the characteristic peaks in the FTIR spectrum of standard
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and purified chitosan samples were observed to shift to higher/lower wavelengths. This clarified some
impurities that originated from the preparation process. So, the degree of deacetylation was calculated
by taking reference to the characteristic stretching vibrations at 1647.57 cm™ and 3281.96 cm™ for the
BC sample and 1624.27 cm™ and 3264.85 cm™ for BT. DD% acquired from IR of chitosan samples
were 80.54 and 86.07%, respectively.
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In a study, Venugopal (2021) noted to obtain chitosan via the hydrolysis of Nacetylamido linkage
of chitin by fungal chitin deacetylase produced from Mucor rouxii, M. mechei, and Aspergillus niger.
A similar deacetylation pattern (79.52%) was observed after the fermentation of superfine chitin by
using CDA obtained from Penicillium oxalicum (Pareek et al., 2019). In the other study, the degree of
deacetylation of resultant chitosan in solid-state fermentation of Aspergillus flavus CDA was revealed
as 83.35% at a 2.1 mg/g chitosan amount (Yonis et al., 2019). Compared to our chitosan solutions, the
chitosan produced in this work was quite low. On the other hand, the degree of deacetylation of
83.35% was a little higher than the BC sample.

Table 1. Antimicrobial activities of standard and water-soluble chitosans prepared by enzymatic deacetylation
(%).

Standard BC chitosan BT chitosan 0.1% glacial

chitosan sample sample acetic acid
Staphylococcus aureus 0 0 0 0
Bacillus subtilis 96 14 16 0
Pseudomonas aeruginosa 99 41 49 0
Klebsiella sp. 99 0 0 0
Salmonella spp. 99 0 0 0
VRE 0 0 0 0
Staphylococcus epidermidis 0 34 33 0
Listeria monocytogenes 44 19 11 0

As represented in Table I, standard chitosan possessed a higher degree of inhibition than chitosan
produced by bioconversion. Standard chitosan solution demonstrated antibacterial activity against
63% of all tested bacterial strains. This solution showed maximum inhibition in the range of 96-99%
to B. subtilis, P. aeruginosa, Klebsiella sp., and Salmonella spp. The lowest activity, with 44%
inhibition, was obtained against L. monocytogenes. However, no inhibitory action of standard chitosan
on S. aureus, VRE, and S. epidermidis was noted. 0.1% glacial acetic acid was performed as a
negative control for antibacterial capacity studies of standard chitosan and exhibited that negative
control had no inhibitory effect on strains. For chitosan solutions, it was indicated that comparable
antibacterial activity with the standard chitosan tested at a 2 mg/mL dose level was not recorded. BC
and BT chitosan solutions were found to have no antibacterial effect on S. aureus, VRE and S.
epidermidis, Klebsiella sp., and Salmonella spp. Among tested bacterial strains, the inhibitory effect at
below 50% against only four strains (B. subtilis, P. aeruginosa, L. monocytogenes, and S. epidermis)
was observed. The lowest inhibitory effect of both BC and BT solutions was noticed on B. subtilis and
L. monocytogenes compared with the other microorganisms. The percentage of the maximum
antibacterial activity of BC which is similar to the BT solution, was determined to be P. aeruginosa.
Among all test bacteria, the most susceptible strain was P. aeruginosa against BC and BT chitosan
solutions. As Chung et al. (2011) reported, the antibacterial efficiency of water-soluble chitosan
obtained from shrimp shells with 90% N-deacetylation on L. monocytogenes was 11£5.0%. The
inhibitory effect of bioconversion chitosan solutions in our study was higher than that of this value.
Similarly, inhibition (22%) of the standard chitosan samples (at 2000 ppm) on P. aeruginosa observed
by Ortega-Ortiz et al. (2010) was substantially lower than our results. Ali and Aldujaili (2022)
reported that different concentrations of biogenic chitosan NPs synthesized by B. subtilis had an
inhibitory effect on all tested. The highest inhibition zone with 26 mm showed against S. aureus.

The authors indicated that the antibacterial activity of chitosan polymers might be explained by the
interaction of positively charged amino groups with the bacterial cell surface. The efficiency of this
interaction depends upon the molecular weight and the degree of deacetylation of chitosan.
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4, CONCLUSION

Enzymatic deacetylation of colloidal chitin by Bacillus sp. yielded water-soluble chitosans showing
antibacterial activity. Especially the highest inhibition was reported against P. aeruginosa and S.
epidermis. The degree of deacetylation and MW may be affected by the antimicrobial activity of
chitosan as well as its concentration. The inhibitory effects of BC and BT chitosans at obtained
amounts on tested bacteria are valued as compared with that of standard chitosans prepared by
previous studies. However, the degrees of deacetylation of our chitosan samples are in the range of
those used commercially. So, we here described that chitosan samples produced via enzymatic
biotransformation of chitin by Bacillus sp. strains might be a promising candidate for industrial
application.
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Ozet: Bu calismada, Tiirkiye su {iriinleri yetistiriciliginde en fazla iiretilen ikinci tiir olan Keywords
gokkusagi alabaligimin (Oncorhynchus mykiss) genel ve illere gore iiretim miktarlari, e Tiirkiye

degerleri, isletme sayilar1 ve kapasiteleri degerlendirilerek ekonomiye katkilari ve o fller
potansiyellerinin ortaya konulmasi amaglanmistir. 2020 yilinda Diinya’da toplam su o Gokkusag: Alabalig
tirtinleri tiretimi 178 milyon ton olurken, yetistiricilik iiretimi 87,5 milyon tondur. o Tiirk Somonu
Gokkusagi alabalig: yetistiriciligi 2020°de Diinya’da 77 iilkede ve yaklasik 1,02 milyon
ton olarak elde edilmistir. fran 197.370 ton ile ilk sirada, Tiirkiye 144.283 ton ile ikinci
sirada yer almaktadir. Ulkemizde, 10 yillik degisime bakildiginda 2012 yilinda
yetistiricilik miktar1 212.410 tondan, 2021 yilinda 471.686 tona ¢ikmustir. Tiirkiye’de
2021 yilinda yapilan toplam 471.686 ton yetistiriciliginin %35’ini, bu tiir
olusturmaktadir. Gokkusagi alabalifn yetistiriciligi Tiirkiye’de toplam 68 ilde
yapilmaktadir. Ulke genelinde 58 ilde toplam 1.435 milyar adet yavru iiretim
kapasitesine sahip 493 adet gokkusag1 alabaligi kulugkahanesi bulunmaktadir. Gokkusagi
alabalig: yetistiriciliginde Elazig (26.500 ton; %16) ilk sirada gelmekte, Mugla (22.000
ton; %13); Samsun (13.045 ton; %8), Trabzon (9.800 ton; %4,6) ve Sanlurfa (7.658 ton;
%4) ise Elaz13’1 takip etmektedir. 2012-2021 yillar1 arasinda i¢ sularda yetistiriciligi
yapilan gokkusagi alabaliginin satis fiyatinin 4,99-24,14 TL (2,71-2,78 ABD dolar1)
arasinda, denizlerde yetistiriciligi gokkusagi alabaliginin ise 6,78-32,83 TL (3,69-3,78
ABD dolar1) arasinda degistigi bulunmustur. Gokkusagr alabaligi yetistiriciligin i¢
sularda 3.238.960.360 TL (363.611.540 ABD dolar1) ve denizlerde 1.034.440.470 TL
(116.268.210 ABD dolar1) olmak iizere ekonomiye toplam katkis1 4.273.400.830 TL
(479.879.750 ABD dolar1) oldugu tespit edilmistir. Gokkusagi alabaliklarinin,
Karadeniz'deki denizel ag kafes isletmelerinde kilogram iizeri biiyiitiildiikten sonra, i¢

e Ekonomi

piyasa ve ihrag iiriin olarak satis etiketlerinde “Tiirk Somonu” ticari ismi kullanilmaya
baslanmustir. Tiirkiye, “Tiirk Somonu” olarak tescillenen gokkusagi alabaligr iiretiminde,
Diinya'daki yerini saglamlagtirmak i¢in gelecek planlamalarin1 su noktalarda
yogunlastirmasinda fayda vardir. Bunlar arasinda mevcut pazarlarin korunup bununla
birlikte yeni pazarlara girilmesine yonelik girisimler, su kaynaklarini tasima
kapasitelerinin gozetilerek c¢evreyle dost siirdiiriilebilir kullanimi, hammadde-enerji-
akaryakit gibi yetistiricilik {iretim girdilerinin minimalize edilmesi i¢in yerli
alternatiflerin/yerinde tiretimlerin kullanilmasi sayilabilir.

Abstract: This study aims to reveal the contribution of rainbow trout (Oncorhynchus  Anahtar kelimeler
mykiss), according to production volumes, values, number of farmers, and capacities. e Tiirkiye

Total fisheries and aquaculture production in the world were 178 and 87.5 million tonsin ¢ Provinces

2020 respectively. Rainbow trout is produced in 77 countries in the world, with a o Rainbow Trout
production amount of approximately 1.02 million tons in 2020. Within this field, Iran

@ ® Bu makale, Isparta Uygulamah Bilimler Universitesi Egirdir Su Uriinleri Fakiiltesi tarafindan Atif 4.0 Uluslararasi

(CC BY 4.0) lisanst altinda yaymlanmaktadir. http://creativecommons.org/licenses/by/4.0/


https://dergipark.org.tr/actaquatr
http://creativecommons.org/licenses/by/4.0/
mailto:onderyildirim@mu.edu.tr
https://doi.org/10.22392/actaquatr.1101098
https://orcid.org/0000-0003-2591-0310
https://orcid.org/0000-0002-2074-4985

Yildirim ve Cantas, 2022 Acta Aquat. Turc., 18(4): 461-474 462

was first with 197 203 tons, followed by Turkey with 144 283 tons in 2020. When e Turkish Salmon (Somon)
viewed from a “10-year of change” aspect, the amount of aquaculture in Turkey e Economy
increased from 212.410 tons in 2012 to 471 686 tons in 2021. Rainbow trout accounts for
35% of total aquaculture production in 2021. This species is cultured in 68 cities in
Turkey. There are 493 rainbow trout hatcheries in 58 cities across the country with a total
production capacity of 1,435 billion fries. Elazig (26,500 tons; 16%) comes first in
rainbow trout farming followed by Mugla (22,000 tons; 13%); Samsun (13,045 tons;
8%), Trabzon (9,800 tons; 4.6%) and Sanhurfa (7.658 tons; 4%). It has been determined
that the price of rainbow trout cultured in inland waters during the years 2012 and 2021
ranged between 44.99-24.14 TRY (2.71-2.78 USD), while rainbow trout cultured
offshore sea cages ranged between 6.78-32.83 TRY (3.69-3.78 USD). The economic
contributions of inland and off-shore-cage rainbow aquaculture are 3 238 960 360 TRY
(363.611.540 USD) and 1 034 440 470 TRY (116 268 210 USD), respectively. The total
contribution of rainbow trout to the economy was 4 273 400 830 TRY (479 879 750
USD). In off-shore cage aquaculture, rainbow trout are grown over kilograms in the
Black Sea, and are traded with the name of "Turkish Salmon (Somon)". It would be
beneficial for Turkey to focus its future plans on the following points to consolidate its
world position in the production of rainbow trout registered as "Turkish Salmon". These
may include taking initiatives to protect existing markets and opening up new markets,
carrying out environmentally sustainable use of water resources considering their
carrying-capacities and using local alternatives/on-site production methods to minimize
aquaculture production inputs such as raw materials - energy - fuel.

1. GIRIS

Diinya su iirtinleri tiretimi, 2020 yilinda 177,8 milyon ton olarak gerceklesirken, bu {iretiminin,
90,3 milyon tonunu avcilik, 87,5 milyon tonunu ise yetistiricilik vasitasiyla saglanmigtir. 2030 yilinda
ise su trlinleri yetistiriciligin 109 milyon ton civarinda olacagi ongoriilmektedir (FAO, 2022a).
Tiirkiye’de ise toplam 799.581 ton su {iriinleri iiretiminin %41’ini (328.165 ton) avcilik, %59 unu
(471.686 ton) ise yetistiricilik olusturmaktadir. 2020 yilinda su {irlinleri ihracat hacmi toplam 201.157
ton olarak dikkat cekmektedir. Su irilinleri tiretiminin yaklasik %71°1 (559.932 ton) i¢ piyasa
tarafindan tiiketilirken, %13’liikk kistm (107.223 ton) ise hammadde olarak balik unu ve balik yag
yapiminda kullanilmaktadir. TUIK (2022) verilerinden yola ¢ikildiginda, 2021 yilinda, yetistiriciligi
en ¢ok yapilan 3 tiir %35 pay (165.683 ton) ile gokkusagi alabaligi; %33 pay (155.151 ton) ile Avrupa
deniz levregi ikinci ve %28 (133.476 ton) ile ¢ipuranin ii¢lincii sirada oldugu goriiliir.

2021 yilinda toplam su triinleri yetistiriciligi tesis sayist 2.139 olurken bunlarin yaklasik %80’
(1707 tesis) i¢ su baliklari, %20’si (423 tesis) ise deniz baliklar1 yetistiriciligi faaliyeti stirdiirmektedir.
Proje kapasitesi bakimindan deniz baliklar1 yetistiriciligi 306.718 ton iiretim kapasitesine, i¢ su
baliklar yetistiricilik tesisleri ise 210.660 ton toplam kapasiteye sahiptir. En ¢cok gokkusagi alabalig
tiretimi yapilan 10 ildeki toplam tesis sayisi 469 iken iiretim miktar1 87.147 ton olurken, gokkusagi
alabalig1 iiretimimin yarisindan fazlasini olusturmaktadirlar (BSGM, 2022). Gokkusagi alabaliginin
2020 yilinda Diinya’da 1,021 milyon ton yetistiriciligi yapilmistir. Diinya su iiriinleri yetistiricilik
iiretimi icinde % 0,3‘liik paya sahip olan Tiirkiye, gokkusagi alabalig1 yetistiriciliginde iran’dan
(197.370 bin ton) sonra ikinci sirada gelmektedir. Avrupa Birliginde toplam gdkkusagi alabaligi
yetistiriciligi 183.507 ton olarak gerceklesmistir. Tiirkiye, AB gokkusagi alabalig1 yetistiriciliginin
yaklasik %78’ini, Diinya’da gokkusagi alabalig tliretiminin de %15’ini olusturmaktadir (FAO, 2022b).
Tirkiye, diinya gokkusagi alabaligi iiretiminde ikinci, Avrupa birligi dahil Avrupa’da ise birinci
konumda bulunmaktadir.

Son 10 yilda oldugu gibi 2021 yilinda da gokkusagi alabaligi, yetistiriciligi yapilan tiirler arasinda
Tiirkiye’de ilk ii¢ tiir arasina girmektedir. Gokkusagi alabaligi yetistiriciliginde yakalanan ivmenin
stirdiiriilebilir olmas1 ve diinya iiretiminde ikinci sirada olan konumun daha ileriye taginmasi iilke
ekonomisi ag¢isindan olduk¢a 6nemlidir.
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Gokkusagr alabaligr yetistiricilik i¢in olduk¢a uygun Ozelliklere sahiptir, bunlardan bazilari;
cevresel sartlara cabuk adapte olabilmesi, kulucka siiresine miiteakip aktif olarak yem alabilmesi
sayilabilir (Wedemeyer, 1996) Ayrica su kalitesi ve diger yetistiricilik sartlarina bagli olarak yem
degerlendirme oraninin yaklasik 0,8-1.5 arasinda degisim gostermektedir (Guzel & Arvas, 2011;
Kause vd., 2016; Stadtlander vd., 2017; Parrino vd., 2020).

Tiirkiye’de ilk gozlii gokkusag alabaligi yumurtalan Bilecik’te (Boziiylik) Hasan Papila tarafindan
kurulan ve gilinlimiizde de hale iiretime devam etmekte olan Liman Entegre Balikeilik tesislerine
getirilerek baslanmistir (Celikkale vd., 1999; Memis vd., 2002; Aydin & Baltaci, 2017). Tiirkiye’de
yetistiricilik 2000 yilinda i¢ sularda yaklasik 43 bin ton seviyesinde iken 2020 yilinda toplam
gokkusagi alabalig1 yetistiriciligi yaklasik 145 bin ton seviyesine yiikselmistir. Bu artis miktarinda ig
ve dis talepteki degisimler, devlet destekleri ve gelisen teknoloji ve bilgi birikimin de etkisi
bulunmaktadir (Aydogan vd., 2020).

Gokkusagi alabaliginin 2020 yilinda toplam ihracat hacmi 703 milyon ABD dolar1 olmus, Norveg
ihracatla ilk sirada (309 milyon ABD dolar), Tiirkiye dérdiincii sirada (36,8 milyon ABD dolar ) yer
almistir (OEC, 2021).

Son yillarda 6zellikle gokkusagi alabalig: yetistiriciligi ile birlikte ad1 siklikla anilan diger bir tiir,
kahverengi alabaliklardir. Kocabas vd. (2013), kahverengi alabaliklarin morfolojik 6zelliklerinin
onemli derecede farklilik gosterdigini ve bircok alt tiirii bulundugunu bildirmistir. Ulkemizde dért alt
tiir ile temsiliyeti vardir. Bunlar, Salmo trutta abanticus Abant Golii’nde, Salmo trutta caspius Aras ve
Kura Bolgesinde, Salmo trutta macrostigma Akdeniz Bolgesinde ve Salmo trutta labrax Karadeniz
Bolgesinde dagilim gostermektedir (Turan vd., 2008). Bunlardan, Karadeniz alabaligi, 1998 yilinda
baglayan calismalarla kiiltiire alinmistir (Cakmak vd., 2004). Diger taraftan, Karadeniz alabalig1 “deniz
alabalig1”, “deniz alas1” ve “kirmmzi benekli alabalik” adiyla da kullanilmaktadir (Anonim, 2015).
Farkli adlarla isimlendirilen Karadeniz alabaliginin, Salmo labrax ve Salmo trutta labrax isimleri
kullanilmakta birlikte Kalayc1 vd. (2018) Salmo trutta’nin lokasyonlara (Ekotiplerine) gore (Abant,
Hazar, Karadeniz ve Anadolu gibi) isimlendirilmesini tavsiye etmektedirler. Bu bilgilerden hareketle,
su Urlinleri yetistiriciligi istatistiklerinde Salmo sp. olarak gegen alabalik, kahverengi alabalik olarak
miitalaa edilebilir.

Bu calismada, gokkusagi alabaligi yetistiriciliginin Tirkiye’deki son 10 yili kapsayacak sekilde
iller bazinda iiretim miktarlari, proje kapasiteleri ortaya konarak, ekonomik verileri ele alinmistir.

2. MATERYAL VE METOT
2.1. Verilerin Degerlendirilmesi

Yapilan bu calismadaki gokkusagi alabaligina ait yetistiricilik verileri (miktar, fiyat), Tiirkiye
Istatistik Kurumu ve ilgili Tarrm ve Orman Il Miidiirliiklerinin web sayfalarindan siiziilerek elde
edilmistir. Isletme sayilar1 ve kapasiteleri ise Tarim ve Orman Bakanligi, Balikgilik ve Su Uriinleri
Genel Miudirliigii internet sitesinde yer alan gilincel su firlinleri yetistiricilik tesisleri listesinden
derlenmistir. Elde edilen veriler tablolar haline getirilerek bulgular béliimiinde irdelenmistir. Giincel
gokkusagi alabaligi fiyatlarmin tiretim maliyetleri ise firmalarla ikili goriismeler neticesinde elde
edilmistir. Tirk Lirasi (TL) cinsinden gokkusagi alabaligi fiyatlarinin dolara donistiiriilmesinde T.C.
Merkez Bankas1i ABD dolar/TL (degerlendirilen yillara gore) ABD dolar1 ortalamalar1 kullanmilmistir,

3. BULGULAR

Son 10 yila bakildig1 zaman tilkemizde gokkusagr alabaliginin, 75 ilde iiretiminin yapildig tespit
edilmistir. Aksaray, Kilis, Istanbul, Nevsehir ve Tekirdag illerinde son 10 yilda gokkusag: alabaligi
yetistiriciliginin yapilmadig1 belirlenmistir. Bu illerin, Tarim ve Orman Mudiirliikleri ile yapilan ikili
goriismelerde edinilen bilgilere gore, Tekirdag’da gokkusagi alabalig: yetistiriciligi i¢in gerekli olan
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optimum su kosullarinin saglanamamasi; Kilis ve Aksaray’da su kaynaklarinin olduk¢a yetersiz
olmasi, 6zellikle yaz aylarinda yasanan kuraklik durumu bunun yaninda gokkusagi alabaligi igin
ihtiyag duyulan su sicakligi ve doymus oksijen seviyelerinin uygun olmamasi; Istanbul’da niifus
yogunlugundan dolay1 su kaynaklarinin yetersiz kalmasi ve gokkusagi alabaligi yetistiriciligi i¢in
uygun arazilerin olmamasi; Nevsehir ilinde sudaki doymus oksijen miktarmin gokkusagi alabalig
yetistiriciligi i¢in yeterli diizeyde olmamasi ve azotlu bilesiklerin bu tiirlin yetistiriciligi i¢in belirlenen
degerlerin iistiinde olmasi durumlari nedenleriyle bu illerde gokkusagi alabaligi yetistiriciligi
yapilamadig1 6grenilmistir.

2020 yilinda toplam su triinleri yetistiriciligi tesis sayist 2.139 olurken bunlarin yaklasik %801
(1707 tesis) i¢ su baliklari, %20’si (423 tesis) ise deniz baliklar yetistiriciligi faaliyeti stirdiirmektedir.
Proje kapasitesi bakimindan deniz baliklar1 yetistiriciligi 306.718 ton iiretim kapasitesine, i¢ su
baliklar yetistiricilik tesisleri ise 210.660 ton toplam kapasiteye sahiptir. En ¢ok gokkusagi alabalig
tiretimi yapilan 10 ildeki toplam tesis sayis1 469 iken iiretim miktar1 87.147 ton, gokkusagi alabaligi
iiretimimin yarisindan fazlasini olusturmaktadirlar (BSGM, 2022). 2021 yili itibariyle 58 ilde toplam
1.435 milyar yavru kapasiteli, 493 adet gokkusagi alabaligi kulugkahane isletmesi vardir (BSGM,
2021).

2021 yilinda yetistiricilikte ikinci sirada bulunan gokkusagi alabaligl 165.683 ton iiretim miktarina
ulagmustir. 2012-2021 yillan arasinda tilkemizde i¢ sularda yapilan gokkusagi alabalig1 yetistiriciligin
miktar1 (ton), degeri (TL ve ABD Dolar1) ve iiretim yapilan il sayis1 Tablo 1°’de gosterilmektedir.
Ayrica son 10 yilda denizlerde yapilan gokkusagi alabaligi yetistiricilig§i miktar1 Tablo 2’de
gosterilmektedir. 2021 yilinda i¢ sularda Salmo sp. yetistiriciligi 1.558 ton, denizlerde ise 45 ton
olarak gerceklesmistir.

Tablo 1. 2012-2021 yillar1 arasinda i¢ su gokkusagi alabalign yetistiriciligi miktari, degeri ve tiretim yapilan il
sayis1 (BSGB, 2022; TUIK, 2022)
Gokkusag Alabalig (ic Su) Miktar (Ton) Deger (TL) Deger (ABD dolar1)* Uretim Yapilan il Sayis1

2012 111.335 4,99 2,78 74
2013 122.873 4,68 2,46 74
2014 107.533 5,86 2,68 73
2015 101.166 6,82 2,15 74
2016 101.297 7,57 2,50 75
2017 103.705 8,42 2,31 74
2018 104.887 11,61 2,41 72
2019 116.053 15,34 2,70 69
2020 126.101 17,60 2,51 71
2021 134.174 24,14 2,71 68

*TCMB, 2022. (Aylik ortalama kurdan, yillik ortalamasi bulunarak hesaplanmistir, kullanilan tim tablolarda ayni yontemden
yararlanilmistir).
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Tablo 2. 2012-2021 yillar1 arasinda denizel gokkusagr alabaligi yetistiriciligi miktari, degeri ve iiretim yapilan il
sayis1 (BSGB, 2022; TUIK, 2022).

Gokku(sl:i)leg:] 3)1 abalgt  \riktar (Ton) Deger (TL) Deger (ABD dolar1) Uretim Yapilan il Sayis1
2012 3.234 6,78 3,78 4
2013 5.186 8,22 4,32 4
2014 5.610 8,98 4,11 4
2015 6.872 9,93 3,65 4
2016 5.716 9,84 3,25 3
2017 5.952 10,71 2,94 3
2018 9.610 15,67 3,25 4
2019 9.692 19,70 3,47 4
2020 18.182 25,19 3,59 6
2021 31.509 32.83 3,69 6

2021 yilinda i¢ sularda gokkusagi alabaligi iiretimi 68 farkli ilde gerceklestirilmistir. Bu alanda en
¢ok tiretim yapan iller 26.500 ton ve 152 adet isletme ile Elaz1ig (%19,75), 22.000 ton iiretim ve 83
adet isletme ile Mugla (%16,39) ve 7.658 bin ton iiretim ve 25 adet isletme ile Sanliurfa (%5,70)
olmustur. Gaziantep isletme bagmna iiretim miktarinda (417 ton) i¢ sularda gokkusagi alabaligi
yetistiriciliginde bu alanda lider konumdadir. En ¢ok iiretim yapilan ilk 10 ildeki iiretim miktari,
isletme sayisi, proje kapasitesi ve isletme bagina liretim miktar1 Tablo 3’te gosterilmektedir.

Tablo 3. illere gore igsularda gokkusagi alabaligr yetistiriciligi

Gokkusag Alabalign ~ Uretim Miktar1  Isletme Sayis1  Proje kapasitesi  Isletme Basina Uretim
(icsu)* (Ton) * (Adet)** (Ton) ** Miktar1 (Ton)***

Elaz1g 26.500 164 35.525 161

Mugla 22.000 95 19.567 231
Sanliurfa 7.658 27 9.533 283

Tokat 6.825 45 7.155 151
Gaziantep 6.267 19 8.914 329
Samsun 5.995 21 6.729 206

Artvin 5.497 27 8.614 203
Kahramanmarag 5.314 49 6.516 108

Aydin 4.398 17 5.417 258
Kayseri 3.984 40 20.349 99

Diger (57 il) 39.736 1.238 62.968 32
Toplam 134.174 1.735 215.022 78,60

* TUIK, 2022; **BSGB, 2022;***Bu ¢alisma

2021 yilinda denizel gokkusagi alabaligi iiretimi 6 ilde gergeklesmistir. Bu alanda ilk sirada
Trabzon (%31) gelmekte, Sinop (%23) ve Samsun (%22) takip etmektedir. Denizel {iretimin tamami

tuzluluk miktar1 gokkusagi alabalig1 icin elverisli olan Karadeniz’de gerceklesmektedir. isletme basina

tiretim miktar1 en yiiksek olan ilimiz 980 ton ile Trabzon olarak goriilmektedir.
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Tablo 4. illere gére denizel gokkusagi alabalig1 iiretimi

Gokkusag Alabaligi  Uretim Miktan Isletme Sayis1  Proje kapasitesi Isletme Basina Uretim
(Deniz)* (Ton) * (Adet) ** (Ton)** Miktar: (Ton) ***
Trabzon 9.800 14 17.400 700
Sinop 7.400 28 20.278 264
Samsun 7.050 12 14.450 587
Ordu 4.869 10 5.464 486
Rize 1.645 3 1.500 548
Artvin 745 2 2.000 372
Toplam (6 i) 31.509 69 61.092 456

* TUIK, 2022; **BSGB, 2022;***Bu ¢aligma

2021 yilinda toplam 68 ilde i¢ sularda, 6 farkli ilde de denizde gokkusag1 alabalig1 yetistiriciligi
gerceklesmistir. 2016 yilinda 75 farkli ilde, 2021 yilinda ise 68 farkli ilde gokkusagi alabaligi
yetistiriciligi gerceklesmis olup neredeyse iilkemizin her yerinde gokkusagi alabaligi yetistiriciligi
yapilabildigi goriilmektedir.

Ulkemizde toplamda (i¢ su ve deniz) gékkusagi alabaligin en ¢ok yapildigi il 26.500 ton ile Elaz1§
iken, Mugla 22.000 tonla takip etmektedir. Bu alanda ilk 10 il Tablo 5’te gosterilmektedir. Son 10
yilda deniz ve i¢ sularda yapilan gokkusagi alabaligi iiretiminin karsilagtirilmas: Sekil 1°de

verilmistir.

Tablo 5. llere gore toplam gokkusagi alabalig yetistiriciligi (Ig Su ve Deniz)

Gokkusag Alabalig Uretim Miktar

Uretim  Isletme

isletme Sayis1

Proje

isletme Basina

. (AT - PR . .
(I¢ Su ve Deniz) * (Ton) * M(lo;f)a o ( sdae);;s:* () k(?r%ans)l tfil Ure(:f;gr;l)\’ili(:arl
Elaz1g 26.500 15,99 164 9,6 35.525 174
Mugla 22.000 13,27 95 5,4 19.657 265
Samsun 13.045 7,87 33 1,9 21.179 395
Trabzon 9.800 5,91 14 0,8 17.400 980
Sanliurfa 7.658 4,62 27 1,55 9.533 306
Tokat 6.825 4,11 45 2,59 7.155 166
Artvin 6.242 3,76 40 2,30 10.614 156
Gaziantep 6.267 3,78 19 1,09 8.914 417
Kahramanmaras 5.314 3,20 49 2,82 6.516 118
Ordu 4.869 2,93 10 0,57 5.464 608
Diger (58 il) 57.881 34,93 1.239 71,41 73.065 43
Toplam (68 il) 165.683 100 1.735 100 215.022 97

* TUIK, 2022; **BSGB, 2022;***Bu ¢alisma
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Sekil 1. 2012-2021 yillar1 arasinda gokkusag: alabalig1 yetistiriciligi (TUIK ,2022)

Tiirkiye’de 56 tane isletmede denizel gokkusagi alabaligr yetistiriciligi yapmaktadir. 56 isletmenin
toplam 2021 iiretimi ise, 31.509 ton olarak gerceklesmis toplam gokkusagi alabalifi yetistiriciligin
yaklasik %19’unu olusturmaktadir. Tablo 6’da illerin gdkkusagi alabaligi yetistiriciligine toplam
ekonomik katkilari verilmistir.

Tablo 6. illerin gdkkusagi alabalig1 yetistiriciligine toplam ekonomik katkilar

Gikkusagi Alabalig Uretim Miktar: Uretim Miktars =<0 K Ekonomik Ekonomik
(i¢ Su ve Deniz) (Ton) (%) Katlast Katlast Katkast (%)
(TL) (ABD dolar)
Elazig 26.500 15,99 639.710.000 71.958.380 14,96
Mugla 22.000 13,27 531.080.000 59.739.032 12,42
Samsun 13.045 7,87 376.170.300 42.313.870 8,80
Trabzon 9.800 5,01 321.734.000 36.190.551 7,52
Sanliurfa 7.658 4,62 186.864.120 21.019.586 4,37
Tokat 6.825 4,11 164.755.500 18.532.677 3,85
Artvin 6.242 3,76 157.155.430 17.677.776 3,67
Gaziantep 6.267 3,78 151.285.380 17.017.478 3,54
Kahramanmaras 5.314 3,20 128.279.960 14.429.692 3,00
Ordu 4.869 2,93 159.849.270 17.980.795 3,74
Diger (58 il) 57.881 34,93 1.433.205290  161.215.443 33,53
Toplam (68 il) 165.683 100 4.273400.830  479.879.750 100

Gokkugagi alabaliginin 2021 yilinda ekonomik katkisina bakildiginda ilk sirada 639.710.000
(71.958.380 ABD dolan) ile Elaz1g ili gelmekte, bu ili sirastyla Mugla 531.080.000 TL (59.739.032
ABD dolar1), Samsun 376.170.300 TL (42.313.870 ABD dolar1), Trabzon 321.734.000 TL
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(36.190.551 ABD dolar1) ve Sanliurfa 186.864.120 TL (21.019.586 ABD dolan) ile takip etmektedir.

4. TARTISMA

Tiirkiye’nin su iiriinleri iiretiminin 785 bin tonu gectigi bu yillarda, yakin vadede 1 milyon tonluk
iiretim miktar1 yakalamasinin ve ge¢mesi siirpriz olmayacaktir. Diger taraftan su iirlinleri {iretimin en
onemli bilesenini olusturan yetistiricilik {iretim miktarinin 500 bin tona yaklastig1 goriilmektedir. 2021
yilinda, 471.686 tonluk toplam yetistiricilik iiretiminin %35°1 gokkusag1 alabalig1 yetistiriciligidir.
Ulkemiz su iiriinleri yetistiriciligi 1984 yilinda 2.284 ton iken, 1999 yilinda 63.000 ton, 2012 yilinda
212.419 ton ve 2021 yilinda da 471.686 tona yiikselerek bilyiik bir degisim gostermistir. Isletme sayisi
ise 1999 yilinda 1.079 iken 2021 yilinda ise 2.193 adete ¢ikmustir. 2021 yilinda gokkusagi alabaliginin
134.174 tonu i¢ sularda (%79), 31.509 tonu (%19) ise denizlerimizde yetistirilmistir. 68 ilde toplam
165.683 ton gokkusagi alabaligr yetistirilmis olup, ortalama degeri denizde yetistiricilikte kg bagina
32,83 TL (3,69 ABD dolar1) iken i¢ sularda yetistirilen iiriinlerde kg basina 24,14 TL (2,71 ABD
dolar1) olarak gerceklesmistir. 2012-2021 yillar1 arasinda i¢ sularda yetistirilen gokkusag: alabaliginin
satig fiyatinin 4,99-24,14 TL (2,71-2,78 ABD dolar1) arasinda, denizlerde yetistirilen gokkusagi
alabaligmin ise 6,78-32,83 TL (3,69-3,78 ABD dolar1) arasinda degistigi tespit edilmistir. Ulkemizde,
1 kg’a kadar olan gokkusagi alabaligi iiretimine kg basina 0,75 TL destek verilirken, 1 kg {istii
yetistiricilikte ise kg bagina 1,5 TL destek saglanmaktadir (TOB, 2022).

Diinya'da gokkusag alabaligi yetistiriciligi 77 iilkede yapilirken, bu alanda lider konumda bulunan
Iran’da i¢ su baliklan yetistiriciligi oldukca 6nemli olup, gokkusagi alabaligi 1slah caligmalar1 da
bliyiik 6nem arz etmektedir (Giinay vd., 2018). Tiirkiye’de de hem 1slah hem de yem degerlendirme
calismalarinda gelismeler mevcuttur. Hem Tiirkiye hem de Iran igin, kontrolsiiz bir bicimde gelen,
genetik bilgileri eksik olan alabalik yumurtalari, sikint1 teskil edebilmektedir ama genetik bilgisine
sahip sertifikali yumurtalarin bulunmasi uluslararasi rekabet agisindan da biiylik bir avantaj
olusturmaktadir (Kayis, 2019).

Tiirkiye’de 68 ilde gokkusag: alabaligi, 11 ilde Avrupa deniz levregi yetistiriciligi ve 7 ilde ¢ipura
yetistiriciligi yapilmaktadir. Gokkusagi alabaligir Tiirkiye’de son 10 yilda ortalama 70 ilde tiretimi
gerceklesmistir bunun yaninda 75 ile kadar yetistiricilik vasitasiyla iiretimin oldugu yillar da
bulunmaktadir. Artan tesvikler, bilimsel gelismeler ve teknolojik sartlarin da iyilesmesi ile birlikte
yillar i¢inde iiretim miktar1 da paralel olarak artig gostermistir. Gokkusagi alabaliginda iiretimin en
onemli isletme gideri balik yemidir. Yem degerlendirme oranlar1 ise isletme sartlarina gore degisim
gostermekle birlikte 1-1,3 arasinda degigmekte genel anlamda 1,2’ye yakin oldugu goriilmektedir.
Yetistiricilik iiretim rakamlarina bakildiginda ise, bu ¢alismada yetistirilen gokkusag1 alabaligi i¢in
yaklasik 175.000 ton yem kullanildigi tahmin edilmistir.

Baraj gollerinde yapilan alabalik yetistiriciliginde 6nemli sorunlardan birinin artan su sicakliklar
oldugu goriilmektedir. Baraj gollerinde kurulan ag kafes alabalik isletmelerinde ortalama iiretim siiresi
7-8 ay civaridir. Mayis- Haziran aylarinda hasat yapilan liretimler sonucunda yaz aylarinda gokkusagi
alabaliginin piyasada bulunmasinda bazi sorunlar olabilecegi goriilmektedir. Bu aylarda iiretim
planlamasinin baraj golleri ve beton havuzlarda iiretim gergeklestirilen i¢ su tesisleri arasinda birbirini
takip edecek sekilde yilin her ayinda istenen boylarda lirtin bulunmasi seklinde ayarlanmasinin énemli
oldugu ongériilmektedir. Ozellikle Dogu Anadolu’da beton havuzlardaki iiretimde kullanilan su
sicakliginin, Ege bolgesi ya da diger kesimlere gore daha diigiik araliklarda oldugu, 8-10 C arasinda
seyrettigi bilinmektedir. Bu sekilde yavrudan iiretim yapmanin yilin biiyiik bir boliimiinde giicliiklere
neden olabilecegi, bu sicaklarda yumurta iiretiminin daha verimli oldugu yapilan calismalarda
goriilmiistiir (Ozgiir vd., 2015).

Gokkusag alabaligy yetistiriciligin kayda deger bir boliimii denizlerde ya da i¢ sularda yer alan ag
kafeslerde yapilmaktadir. Cevre ile dost stirdiiriilebilir yetistiricilik yapabilmek i¢in de kisa zamanda
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giivenilir sonu¢ verebilecek izleme programlar1 sayesinde ag kafeslerde tasima kapasitesinin
hesaplanmas1 ve tahminine yonelik uygulamalara gereksinim duyulmaktadir. Bu baglamda da kafes
alanlarinda sedimentin izlenmesinin ¢evresel etkilerin ortaya konmasi ve siirdiiriilebilir yetistiricilik
acisindan da faydali olacagi diisiiniilmektedir (Pulatsii & Kaya, 2016).

Dogan (2010), yaptig1 calismada 2008 yilinda gokkusagi alabaligi yetistiricilik yapan tesis sayisi
bakimindan Denizli’nin, iiretim miktar1 bakimindan ise Mugla’nin lider konumda oldugunu tespit
etmistir. Bu calismada, 2021 yilinda Elazig 164 tesis ve 26.500 ton toplam iiretimle ilk sirada,
Mugla’nin ise 95 tesis ve 22.000 ton tiretimle ikinci sirada geldigi tespit edilmistir.

Birici vd. (2014), yaptiklar1 calismada 2011 yilinda Elazig ilinde proje kapasitesinin yaklasik
23.000 ton, toplam iiretimin ise 13.000 ton oldugunu tespit etmistir. Daha sonraki yillarda 6zellikle
deniz baliklart yetistiriciligi yapan biiyiik firmalarin bu bolgeye yatirimlarini yonlendirmeleri ile proje
kapasitesi bu bolgede 35.525 ton toplam iiretim de 26.500 tona yiikselmistir.

Ozellikle gokkusag: alabaligi iiretiminin biiyiik bir kismini karsilayan Dogu Anadolu bdlgesinde su
iirlinleri yetistiricilik sektoriiniin yarattigi katma deger, istihdam, teknolojik gelismeler ve ihracat
degerleri issizligin yogun oldugu bdlge istihdami arttiracak ve sosyal yasami da dogrudan
etkileyecektir. Bu isletmelerde c¢alisan insanlarin mesleki yeterliklerinin artmasi ile gelecek
donemlerde dogrudan iiretim performansi ve kalitenin etkilenecegi Ongdriilmektedir (Aydogdu &
Ozdemir, 2019). Bu durum gokkusagi alabaligy iiretimi yapilan diger bolgeler icin de gecerlidir,
Ozellikle bu alanda ikinci sirada yer alan Mugla ilinde de gokkusag: alabalig yetistiriciligi, genellikle
turizm ve sanayi bdlgesi olmayan Seydikemer ilgesi ve civarinda toplanmis olup, bu bdlgede de biiyiik
bir istihdam sagladigi goriilmektedir.

2013 yilinda, 13.900 ton olan Mugla ili gokkusagi alabalig1 iiretimi, 2021 yilinda 22.000 tona
ulasmistir. Mugla ili gokkusagi alabaligi iiretiminin yarisindan fazlasini olusturan Fethiye-Seydikemer
bolgesinde Tolon vd. (2016), yaptiklar1 calisma ile bazi tavsiyelerde bulunmus, en 6nemli tavsiye
olarak, isletmelerde bazi verilerin ve yem degerlendirme sonuglarinda eksiklikler oldugu géziikiirken,
giiniimiizde de benzer sorunlarin siire geldigi, proje kapasitesi olarak miisait olan Mugla ilinde daha
fazla gokkusagi alabalig yetistiriciligi yapabilmesinin miimkiin oldugu dikkat cekmektedir.

2014 yilinda i¢ sularda gergeklestirilen gokkusagi alabaligi {iretimi toplam yetistiricilik tiretiminin
yaklasik %46'sin, 2021 yilinda ise toplam yetistiricilik tiretiminin %35’ini olusturdugu goriilmektedir.
Burada bir azalma var gibi goziikse de son 10 yildaki gokkusagi alabaligi yetistiriciliginin benzer
seviyelerde oldugu, buradaki oransal azalmanin, Avrupa deniz levregi ve ¢ipura yetistiriciliginde
meydana gelen {iretimden kaynaklandig1 tahmin edilmektedir (Sen & Rad, 2016).

Sen (2021), calismasinda iiretimi en ¢ok yapilan 3 tiir olan Avrupa deniz levregi, ¢ipura ve
gokkusagi alabaligi yetistiriciliginin pazar odakli iliskisinde, birimler arasi koordinasyon ile genel
performans ve finansal performans arasinda anlamli ve pozitif yonlii iliski oldugunu, miisteri odaklilik
ve rakip odaklilik agisindan basarili olduklarini; bu baglamda kiigiik ve orta kapasitede bulunan
gokkusagi alabaligi isletmelerinin rekabete ve miisteri odakli {iriinlere yonelmesinin olumlu olacagini
saptamigtir.

Yapilan bazi ¢alismalarda (Buhan vd., 2010; Pulatsu & Kaya, 2016; Ayekin vd., 2018) 6zellikle i¢
su baraj golii tesislerinde tasima kapasiteleri hesaplanmis ve {iretilen reel miktarin iistiine ¢ikabilme
potansiyeli oldugu goriilmiistiir. Bu alanda ¢aligmalara agirlik verilmesi, hatta yetistiricilik izinleri
verilirken tagima kapasitesinin uzmanlar tarafindan hesaplanmasi ile mevcut tiretim rakamlarinin daha
verimli olarak yukari tasimabilmesi gdz Oniinde tutulmasi yerinde olacaktir. Yillara gore gokkusag
alabalig1 tiretimi incelendiginde 2012 yilinda yaklagik 115 bin ton olan iiretimin, 2021 yilinda 165 bin
tona yiikseldigi goriilmektedir. 2022 yili i¢in yaptifinz projeksiyonda gokkusagi alabaligi
yetistiricilik toplam tiretiminin 165.000-183.000 ton arasinda olabilecegi bulunmustur (Tablo 7).
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Tablo 7. 2012-2021 yillar1 arasinda gokkusag alabaligi tiretim durumu ve 2022 tahmini

Uretim 000 2016 2021 2012-2016 2016-2021 YUikBiyime o rahmin

Miktanr Oranr*

fesu 111235 101297 134174 %893  +%3245 %2,06 142.459-145.600
Deniz 3234 5716 31509  +%76,74  +%451,24 %87,43 22.479 -36.927

Toplam 114469 107.013 165.683  -%6,51  +%44,74 %4,47 164.938-182.527

*2012°den 2021’ye olan biiylime oraninin, yillara gére ortalama artis1 iizerinden hesaplanmustir.
**Y1llik bliyiime orani ile minimum-maksimum tahmin orani, son 10 yilda elde edilen veriler ile iistel diizgiinlestirme metodu ile

belirlenmistir.

Ak vd. (2019) yaptiklan calismada, mersin balig1 ve alabaligin birlikte ve ayr1 ayr yetistirmenin
spesifik biiylime oran1 ve kondisyon faktorii lizerinde herhangi bir 6nemi olmadigi belirlenmistir.
Canli agirlik artiglart acisindan da farklilik 6nemsiz bulunmus, bu sayede kafeslerde gokkusagi
alabalig1 ile beraber yumurta bakimindan oldukca degerli bir tiir olan mersin baliginin polikiiltiiriiniin
ekonomik ac¢idan biiyiik katkis1 olacagi asikardir.

Denizel ortamdaki tesislerin maliyetlerine yonelik yapilan arastirmalarda, o6zellikle gokkusagi
alabalig1 tiretiminde en 6nde yer alan Trabzon ilinde, 1.800 tonluk bir isletmenin kurulum maliyeti 1,3
milyon ABD dolar1 oldugu, yatirimin geri doniis siiresinin ise 4,69 yil belirtilmektedir (DOKA, 2021).

Hali hazirda Trabzon ilinde, gokkusagi alabaligi yetistiricilik iretiminin 9800 ton oldugu
diisiiniiliince, bu rakamin artmasinin hem bolge istihdami hem de iilke ekonomisine katkisinin olacag:
ongoriilmektedir. Elazig ilinde 250 tonluk bir ag kafes isletmesinin yatirim maliyetinin 172 bin dolar
oldugu, geri doniis siiresinin ise 2,68 yil olarak tespit edilmistir (FKA, 2021).

Denizel yetistiricilikte 2012 yilinda yaklasik 3 bin ton olan iiretim, 2021 yilinda 31 bin tona
yiikselmis, 3 ilden 6 farkli sehire ¢ikmustir. Bu alanda yapilacak yatirimlar ve yeni tesislerin
kurulmasi, farkli illerde de yetistiriciligin baslamasi ile biiylik bir potansiyele sahip oldugumuz, Tiirk
Somonu markamizin daha ilerilere tasinacagi asikardir.

5. SONUC

Son 10 yila bakildiginda, gokkusagi alabalig1 yetistiriciligin yavas seyreden bir egimle arttigi 2012
yilinda, 114 bin ton civar1 olan iiretimin, 2021 yilinda 165 bin tonu gectigi goriilmektedir. Bu
yetistiricilik vasitastyla tiretim miktar1 6zellikle, Samsun ve Sinop arasinda 70 kilometrelik alanda yer
alan 41 tesisin ag kafeslerde 60 bin tonluk biiyiik alabalik (Tiirk somonu) liretiminin gergeklestirmesi
icin tahsis edilmesiyle (Anonim, 2017) birlikte yakin bir zaman iginde 200 bin ton seviyelerine
ulasabilecektir. 2021 yilinda i¢ sularda yetistiriciligi yapilan gokkusagi alabaligimin satis fiyatinin
24,14 TL (2,71 ABD dolari), ekonomiye toplam katkisinin ise 3.238.960.360 TL (363.611.540 ABD
dolar1); denizlerde yetistiriciligi yapilan gokkusagi alabaliginin ekonomiye toplam katkisinin ise
1.034.440.470 TL (116.268.210 ABD dolar1) gibi 6nemli rakamlar oldugu tespit edilmistir. Gokkusagi
alabaliginin ekonomiye toplam katkisi ise 4.273.400.830 TL (479.879.750 ABD dolar1) olmustur.

Balikgilik ve Su Uriinleri Genel Miidiirliigii tarafindan 2020 yilindan itibaren, Karadeniz'de denizel
ag kafes isletmelerinde gokkusagi alabaliklarinin kilogram iizeri biiyiitiildiikten sonra, i¢ piyasa ve
ihra¢ iiriin olarak satig etiketlerinde “Tiirk Somonu” ticari isminin kullanilmasi benimsenmistir.
Turkiye'de yetistirilen gokkusagi alabaliginin en 6nemli iki alicisi Almanya ve Rusya’dir. Bu iki
iilkede farkli {iriin tiplerini ragbet gostermektedir. Alman tiiketiciler daha ¢ok biitiin, fileto veya fiime
gokkusagr alabaligi tercih ederken, Rus tiiketicileri ise genellikle biiyiik boy alabaliklar1 tercih
etmektedir. Rusya, 2014 yilinda gida ithalat1 yasaginin getirilmesiyle birlikte, Atlantik salmonu ve
gokkusagi alabalig1 arzin1 durdurmustur. O yillarda, Tiirkiye bu yasaga tabi olmamasi nedeniyle biiylik
bir firsat yakalamis ve bu bos kalan nig, Tirk somon baligi ile doldurulmustur. Pazarlarinda “biiyiik

~ 9

kirmizi Tiirk balig1” olarak isimlendirdikleri, gokkusag: alabaliklarini (Tiirk somonu), hem biiyiik hem
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de et renginin somon fileto renginde olmasi nedeniyle, Rus tiiketiciler tarafindan tercih edilmektedir
(FAO, 2022a).

Global su iiriinleri yetistiriciliginde 6zellikle girdiler i¢cinde 6nemli bir yekn tutan hammadde,
enerji ve akaryakit artisinin yakin bir zamanda basta Cin olmak {izere diinya genelinde bir yetistiricilik
{iretim artisim  yavaslatabilecegi diisiiniilmektedir (Coteli, 2021). Ulkemizin de bu iiretim
girdilerindeki yiikselisten benzer etkilenmeler yasamasi muhtemeldir. Bu noktadan hareketle dile
getirilen yerli hammaddelerin AR-GE’lerine agirlik verilmesi bir kez daha Oonemini arttirmaktadir.
Karnivor bir tlir olan gokkusagr alabaliginin yemlerinde %10-40 diizeyinde balikk unu
kullanilmaktadir. Balik ununun diinyadaki iiretim miktar1 5 milyon diizeyinde, stabil bir haldedir.
Hayvansal protein kaynagi olarak en onemli yeri teskil eden balik unu hem bulunabilirligindeki
sikintilar  hem de fiyatinin yiiksek olmasi, alternatif olarak yeni hammadde arayislarim
hizlandirmaktadir. Son zamanlarda balik unu ikamelerinde rendering (su iiriinleri isleme artiklarindan
elde edilen balik unu-yagi) tirlinlerin kullaniliyor olmasi dnemlidir. Diger taraftan siyah asker sinegi
larvas1 ununun (BSF), gokkusagi alabaligi dietlerinde %15°e kadar kullaniminin baliklarm biiyiime
performansini ve yem sindirilebilirligini olumsuz etkilemedigi tespit edilmistir (Caimi vd., 2021).
Ozellikle hayvansal protein hammaddelerinde yasanan ve yasanmasi muhtemel bu sikintilara yénelik
bu tip hammaddeler iizerinde yogunlasilmasi gerekmektedir.

Denizlerde iiretimin artmasi ve son yillarda almman kararla kilogram {istii gokkusagi alabaliginin
Tiirk Somonu markasiyla i¢ ve dis ticarette alict bulmasiyla, gokkusagi alabalig1 popiiler bir {iriin hale
gelmistir. Hali hazirda yapilan iiretim ve proje kapasitelerine bakildiginda da iiretim miktarinin
onlimiizdeki yillarda artacagi, Diinya’da gokkusagi alabaligi yetistiriciliginde ikinci konumda olan
Tiirkiye’nin bu alanda liderligi ele alabilecegi siirpriz olmayacaktir. Burada artan yem maliyetlerinin
diisiiriilmesi i¢in alternatif yerli hammadde arastirmalari ya da yerinde iiretme c¢aligmalari, su
kaynaklarinin israf edilmeden c¢evreyle dost siirdiiriilebilir kullanimi, gokkusagi alabaligi iiretimi
yapilmayan ama {iretim potansiyeli bulunan yerlerde iiretim faaliyetlerinin baslatilmasi, bu hedefe
ulagsmada faydali olacaktir.

FINANS KAYNAGI

Bu ¢alismanin yiiriitiilmesinde herhangi bir finansal destek alinmamustir.

CIKAR CATISMASI BEYANI

Yazarlar, bu calismay1 etkileyebilecek finansal g¢ikarlar veya kisisel iligkiler olmadigini beyan
etmektedir.

YAZAR KATKILARI
Calisma kurgusu: OY; Literatiir taramasi: IBC, OY Metodoloji: OY, Veri analizi: IBC, OY.
Makale yazimi: OY, IBC, Denetleme: OY, IBC. Tiim yazarlar nihai taslag1 onaylamustir.

ETIK ONAY BEYANI

Bu ¢alismada deney hayvanlar1 kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alinmamagtir.

VERI KULLANILABILIRLIK BEYANI
Bu ¢alismada kullanilan veriler makul talep tizerine ilgili yazardan temin edilebilir.
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Abstract: In this study, to determine the trophic level of Kiigiikgekmece Lagoon Lake, Keywords

water and sediment samplings were performed at five selected stations seasonally during e Benthic macroinvertebrates
a year between 2014-2015. The water samples were analyzed to determine some e Kiigiikgekmece Lagoon
environmental variables (water temperature, pH, conductivity, DO (dissolved oxygen), e physicochemical variables
TDS (total dissolved solids), and salinity. NOs-N, NO,-N, SO,? PO,® SiOs 4 pollution

chlorophyll-a, TP (total phosphorus), and Secchi disc light permeability) and benthic
macroinvertebrates were examined to determine indicator organisms in the sampled
sediment material. Bray-Curtis Similarity Index was used to the observed environmental
results to determine the similarities of the sampling stations. According to this, station 1
(St. 1) located in the center of the lake, and St. 5 located near the sea were found to be
different from other sampling stations while the stations located near the creeks were
found to have much more similar to each other. In addition, to determine the trophy level
of the lake, Carlson Trophic State Index (CTSI) was used to the obtained some
physicochemical results (Secchi disc permeability, total phosphorus, chlorophyll-a) and
it was found that the lake showed a eutrophic character during all seasons. According to
the result of sediment sampling, an average of 350 individuals per m? (44.3 % belonging
Polychaeta group; 29.5 % belonging Chironomidae group; 19.7 % belonging Oligochaeta
group; 6.5 % belonging Bivalvia group) in a total of 6 benthic macroinvertebrate taxa
(Bivalvia, Polychaeta, Tubificoides benedii (Oligochaeta), Tubificoides sp. (immature
Oligochaeta), Limnodrilus hoffmeisteri (Oligochaeta), and Chironomus salinarius
(Chironomidae) were determined. Thus, it is observed that the presence of some indicator
species supported eutrophic conditions qualitatively. As a result of this study, it was
determined that Kiiciilkcekmece Lagoon lake going on to expose the increasing pollution
load.

e Trophic level

Ozet: Bu calismada, Kiiciikcekmece Lagiin Golii’niin trofi diizeyinin belirlenmesi Anahtar kelimeler
amaciyla 2014-2015 yillar arasinda bir y1l boyunca mevsimsel olarak bes istasyonda su e Bentik makroomurgasizlar
ve sediment drneklemesi yapildi. Su Orneklerinde bazi fizikokimyasal analizler (su e Kiigiikgekmece Lagiinii
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151k gecirgenligi) yapilirken, sediment Ornekleri bentik n}akroomurgasm icerikleri o Trofi diizeyi
acisindan indikator organizmalari belirlemek icin incelendi. Ornekleme istasyonlarinin
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cevresel kosullar agisindan benzerliklerini belirlemek i¢in Bray-Curtis Indeksi kullanildi.
Buna gore, gol ortasinda bulunan istasyon 1 (St. 1) ve denize yakin bulunan St. 5 diger
ornekleme istasyonlarindan farkli bulunurken, derelere yakin bulunan istasyonlarin
birbirine ¢ok benzer oldugu goriildii. Ayrica, elde edilen fizikokimyasal verilere (Secchi
disk goriiniirligii, toplam fosfor, klorofil-a) trofi diizeyini belirlemek amaciyla Carlson
Trophic State Index (CTSI) uygulandi ve gol suyunun yilin her mevsiminde O6trofik
karakter gosterdigi belirlendi. Sediment o&rneklemesine gore, toplam 6 bentik
makroomurgasiz taksonuna ait (Bivalvia, Polychaeta, Tubificoides benedii (Oligochaeta),
Tubificoides sp. (immature Oligochaeta), Limnodrilus hoffmeisteri (Oligochaeta), ve
Chironomus salinarius (Chironomidae) m*de ortalama 350 birey (44,3 % Polychaeta
grubu; 29,5 % Chironomidae grubu; 19,7 % Oligochaeta grubu; 6,5 % Bivalvia grubu)
tespit edildi. Boylece, bazi indikator tiirlerin varliginin kalitatif olarak 6trofik kosullar
destekler nitelikte oldugu gozlendi. Calismanin sonucunda, Kiigiikgekmece Lagiin
Goli’niin giderek artan kirlilik yiikiinii ortaya ¢ikardig: tespit edildi.

1. INTRODUCTION

The lagoon ecosystems are dynamic and rich in biodiversity. In addition to the rich biodiversity,
these ecosystems are important in terms of fisheries productivity, storm protection, agriculture,
tourism, and recreation (Anthony et al., 2009). However, especially with the increasing population and
pollution load, industry, etc. they may be the ecosystems most exposed to pollution due to various
reasons. Kiiciikcekmece Lagoon Lake is located in the European part of Tirkiye (in Istanbul city
which is the most populous city of Tiirkiye). Although the lake was a drinking water reservoir in the
1980s, at the present it is under a pollution load because of intense urbanization (Demirci et al., 2006;
Kiiciikmehmetoglu & Geymen, 2006). As a result of intense urbanization, increasing industrialization,
population increase, and the discharging of wastewater into the lake accelerate eutrophication by
increasing the pollution load in the lake (Aksehirli, 2005; Oz¢alkap & Temel, 2011). The process of
eutrophication affects the community structure of aquatic organisms. The first effects of eutrophication
begin with the increase of primary production by phytoplankton, which is the first step of the food
chain (Yildiz et al., 2007; Heip, 1995). The increased organic material deposited in sediments is in
turn assimilated by bacteria, grazing, and detritus-feeding animals. This situation may after all lead to
increases in benthic biomass but also anoxic conditions in sediments and the die-off of benthic
organisms (Heip, 1995). Especially the benthic macroinvertebrates are the most affected organisms
because of living in sediment and they promote the sustainability of the aquatic ecosystems by doing
bioturbation and having an important role in the food chain (Covich et al., 1999). In addition, the
presence of some species of these organisms is used as biological indicators that give clues about the
structure, biological richness, and water quality of the aquatic ecosystem (Kenney et al., 2009; Rizo-
Patrén et al., 2013).

This study aims to evaluate the trophic level of Kiigiikgekmece Lagoon Lake by using some
environmental variables and benthic macroinvertebrates. For this purpose, water and benthic sampling
were performed at seasonal intervals in the lake for 1 year. Up to now, although there are studies
which were performed about the other aquatic organisms (algae, zooplankton, ostracod, zebra mussels,
amphipod) of the Kiigiikgekmece Lake (Kiilkdyliioglu et al., 1993; Albay et al., 2005; Camur-Elipek
& Kirgiz, 2008; Polge et al., 2010; Ozcalkap & Temel, 2011; Berber et al., 2018), there has been no
detailed study on evaluating together with environmental factors and indicator benthic
macroinvertebrates findings in the lake.
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2. MATERIAL AND METHODS
2.1. Study Area

Kiigiikgekmece Lagoon Lake is located in northwest part of Tiirkiye in European Region (41°00' N-
28°43' E). While the average depth of the lake is approximately 10 m, the deepest part is 20 m. A
narrow channel connects it to the Marmara Sea and the 3 stream systems (Nakkagdere, Sazlidere, and
Eskinoz) feed the lake (Topguoglu et al., 1999) (Figure 1).
2.2. Sediment Sampling and Analyses

A total of five sampling stations were selected from the study area and sampled seasonally during a
year between 2014 and 2015 for benthic fauna and physicochemical variables (Fig 1). Spring
samplings were made in May 2015, and June 2015; Summer samplings were made in June 2014, July
2014, and August 2014; Autumn samplings were made in September 2014, October 2014, and
November 2014; Winter sampling was made in February 2015. Data used in the tables and graphics
was calculated by taking the average of obtained values in the sampling dates. The coordinates,
sampling depth, and characteristics of sampling stations were presented in Table 1. Sediment samples
were taken twice by using Ekman grab from each station (15x15 cm?) for benthic macroinvertebrates.
The sediment was washed through on mesh net series (1.5 mm, 0.7 mm, and 0.3) and the remaining
materials were preserved in 70% ethanol. In the laboratory, benthic samples were identified to the
lowest possible taxonomic category under a stereo binocular microscope. The individual numbers in
m? of the determined benthic macroinvertebrates taxa were calculated according to stations and
seasons. The following literature was used in benthic macroinvertebrates identification; Brinkhurst,
1971; Casellato, 1994; Milligian, 1997; Seys et al., 1999; Nesemann et al., 2004; éporka, 2009; Cinar
et al., 2014; Orel et al., 2014; Yildiz & Ustaoglu, 2016.

Figure 1. The sampling stations of Kiigiikcekmece Lagoon Lake
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Table 1. The station features, coordinates, and water sampling depth of Kiigiikgekmece Lagoon Lake

Stations Coordinates Stations Features Water Sampling Depth
St. 1 41°00'18"N, 28°44'47"E The center of the lake (5-10 m) 5m
St. 2 41°02'52"N, 28°44'15"E Near the creek (3-4 m) 1m
St. 3 41°00'42"N, 28°43"29"E Near the creek (3-4 m) Im
St. 4 41°00'30"N, 28°46'01"E Near the creek (3-4 m) 1m
St.5 40°59'03"N, 28°45'02"E Near the sea (2-3 m) 1m

2.3. Water Sampling and Analysis

The water samples were taken by using a Ruttner water sampler from 1-meter depth in each station
(except St. 1). During the field studies, A Radiometer Pioneer 65 multi-parameter device was used to
measure some environmental variables (temperature, pH, conductivity, dissolved oxygen, TDS (total
dissolved solids), salinity) and water transparency was measured by using a Secchi disc in each
station. For other analyses (NOs-N, NO,-N, SO4'2, PO4'3, SiO, and TP) the water samples were put into
to dark glass bottles (1 It) and were transported to the laboratory. The analyses were carried out by
spectrophotometer (Shimadzu UV 1601) according to APHA-AWWA-WPCF methods (APHA,
1992). Also, chlorophyll-a was measured spectrophotometrically according to Nusch (1980). Also, the
results of environmental variables findings were evaluated according to the water quality classes
included in the water pollution control regulation (WPCR, 2004).
2.4. Statistical Analysis

The seasonal values were calculated by taking the averages of the monthly data. These average
values were used in Bray-Curtis Similarity Index to compare similarities between the sampling
stations for their environmental variables by the BioDiversity Pro 2.0 program (McAleece et al.,
1997). Also, the sampling seasons were compared by using Bray-Curtis Similarity Index. For
determining the trophic state of the lake, Carlson’s trophic state indices (TSI) (Carlson, 1977) were
utilized based on values of chlorophyll-a (TSICA), total phosphate (TSITP), and Secchi disk (TSISD).
Canonical Correlation Analysis (CCA) was utilized to evaluate the effect of the trophic state and the
other physicochemical variables on the dynamic of benthic macroinvertebrates by the Paleontological
Statistics Version 3.14 (Hammer et al., 2001). The average number of individuals based on groups of
organisms was taken and used in statistical analysis.

3. RESULTS
3.1. Benthic Macroinvertebrates Findings

As a result, It was found that 3 taxa (Tubificoides benedii (d'Udekem, 1855) (mature)), Tubificoides
sp. (immature), Limnodrilus hoffmeisteri Claparede, 1862 (mature)) belonging to Oligochaeta come
out of 69 individuals/m? 1 taxon belonging to Chironomidae (Chironomus salinarius Kieffer, 1915)
come out of 103 individuals/m? 1 taxon belonging to Polychaeta come out of 154 individuals/m?, and
1 taxon belonging to Bivalvia come out of 22 individuals/m? (Table 2). Polychaeta has the highest
percentage constituting 44.3 % abundance of the total specimens. It was followed by Chironomidae
(with 29.5 %), Oligochaeta (with 19.7 %), and Bivalvia (with 6.5 %), respectively.

In terms of individuals per m? at the average in stations St. 4 was the most with 867 individuals/m?
and followed by St. 5 with 528 individuals/m? St. 2 with 189 individuals/m? St. 3 with 156
individuals/m?, and St. 1 with 11 individuals/m? (Table 2). During the study period, the maximum
number of individuals was found in summer with 1583 individuals/m® and followed by autumn with
351 individuals/m?, winter with 85 individuals/m?, and spring with 76 individuals/m? (Table 2).
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Table 2. The individual numbers in m? of benthic macroinvertebrates which are determined from sampling
stations of Kiiciikgekmece Lagoon Lake and seasons (St: Station, Ave: Average, Domin: Dominance)

Stations  ee—) St.1 St. 2 St.3 St. 4 St.5 Ave Domin.
BIVALVIA 0 0 45 11 56 22 6.5
POLYCHAETA 11 122 89 411 139 154 44.3
OLIGOCHAETA 0 0 0 17 333 69 19.7
T. benedii (d'Udekem, 1855)

Tubificoides sp. Lastockin, 1937

L. hoffmeisteri Claparede, 1862

CHIRONOMIDAE 0 67 22 428 0 103 29.5
C. salinarius Kieffer, 1915

Total 11 189 156 867 528 350

SEASONS  e— Spring  Summer  Autumn  Winter

BIVALVIA 76 13 0 0

POLYCHAETA 342 227 49

OLIGOCHAETA 218 44 18

T. benedii (d'Udekem, 1855)

Tubificoides sp. Lastockin, 1937

L. hoffmeisteri Claparede, 1862

CHIRONOMIDAE 0 396 18 0

C. salinarius Kieffer, 1915

Total 76 1583 351 85

3.2. Environmental Variables Findings

The seasonal values and their average and standard deviation of some physicochemical variables
measured from the lake were given in Table 3. While the average of pH (8.38), temperature (18.43
°C), DO (9.75 mg/L), SO42 (41.31 mg/L), and NO;-N (0.53 mg/L) values were determined in the first
class water quality, the average of NO,-N (0.07 mg/L) was the fourth class, PO, (0.4 mg/L) was the
third, TDS (14.35 g/L) was the second class water quality according to the water pollution control
regulation (WPCR, 2004). The high average conductivity (19.7 mho/cm), TDS (14.35 g/L) and
salinity (ppt) values are proof of the input of seawater. According to the water pollution control
regulation, in terms of chlorophyll-a (34.6 pg/L) and total phosphorus (0.6 mg/L), average values
exceed the acceptable values (WPCR, 2004).
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Table 3. Physicochemical variables in Kiigiikgekmece Lagoon Lake during the study period

Spring Summer  Autumn  Winter Average Water Quality Classes
Temp. 23.1 27.0 15.3 8.3 18.43+ 8.32 |
pH 8.1 8.5 7.9 9.0 8.38+0.49 |
Cond. 21.9 23.6 20.2 13.1 19.7+ 4.61 -
DO 8.3 9.8 75 134 9.75+ 2.61 |
TDS 15.0 14.8 15.1 125 14.35+ 1.24 1
Salin. 14.1 13.7 15.2 114 13.6+ 1.6 -
NOs-N 0.6 1.0 0.2 0.5 0.58+ 0.33 |
NO,-N 0.04 0.02 0.12 0.09 0.07+0.05 v
S0,? 32.54 47.48 37.23 48.0 41.31+ 7.67 |
PO, 0.3 0.5 0.5 0.3 0.40+ 0.12 1l
SiO, 111 2.06 2.90 5.84 2.98+ 2.04 -
CA 55.6 41.2 10.3 31.3 34.6+ 19.03 -
SD 78 104 166 85 108.25+ 40.04 -
TP 0.6 0.7 0.6 0.5 0.6+ 0.08 -

Cond: Conductivity (mho/cm); Temp: Temperature (°C); CA: chlorophyll-a (ug/L); DO: Dissolved Oxygen (mg/L); Salin: Salinity (ppt);
SD: Secchi Disc (cm); TP: Total Phosphorus (mg/L); TDS: Total Dissolved Solids (g/L)

While Bray-Curtis Similarity Index showed that the most similar seasons were found as summer
and spring (88.2% similarity), the most similar stations were found as St. 2, St. 3, and St. 4 (98.1%
similarity) (Figure 2 a, b).

Autumn
a e W inIter
Summer
Spring
r T
0. % Similarity 50. 100
5. Station
3. Station
4. Station
2. Station
1. Station
P T 1
0, %% Similarity 50. 100

Figure 2. The dendrogram of similarity of seasons (a) and stations (b) in Kiigiikgekmece Lagoon Lake in relative
to the physicochemical variables
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Concerning Carlson’s trophic state index results which were measured based on TP, CA, and SD;
all index values exceed the eutrophication limits during all the sampling seasons (Table 4). In terms of
Carlson’s trophic state index (CTSI) values, the water of the lake showed a eutrophic character during
all seasons of the year and it means the dominance of blue-green algae, algal scums, and dense
macrophytic problems (Carlson, 1977).

Table 4. Carlson’s trophic state index (CTSI) values according to the sampling seasons of the Kii¢iikgekmece
Lagoon Lake.

Spring Summer Autumn Winter Average
TSI (CD) 65.3 66.7 515 63.5 62
TSI (SD) 64.22 60.11 53.50 62.38 60
TSI (TP) 97.24 98.22 95.71 94.7 96
CTSI 75.58 75.01 66.91 73.54 73

In the Canonical Correlation Analysis (CCA), the eigenvalues of the first two axes were calculated
as 0.775 and 0.197, respectively. In the analysis, the two axes explain 98,47% of the variance of the
species, 78.47% (Axis 1) and 20% (Axis 2). Concerning the CCA, while the distribution of Polychaeta
(Poly), T. benedii, and L. hoffmeisteri (L. hoffm) was affected by NO,-N, SiO,, DO, and SD, it was
not affected by salinity, CA, TDS, CTSI, conductivity, temperature, TP, and NO3-N (Figure 3). S0.7%,
PO4?, and pH affected the distribution of C. salinarius (C. salin) and Tubificoides sp. (T. sp.). Also,
the analysis results show that environmental variables do not affect the distribution of Bivalvia (Figure
3).

*L. hoffmys-
3.00-
2.25-
02N
1.50
o *T.benedii
< Polye3 o 75
Bivalvia°1
. i) — : : . .
-1.50 -0, salin.g 75 1.50 225 3.00 375
2
S04 PO4 _0.754
*T.s
.
C. sdlin.
A
Cond.
1501 cTsi
T Temp.

NO3N

Axis 1

Figure 3. CCA between physicochemical variables and benthic macroinvertebrate taxa

4. DISCUSSION

In the present study, it was determined that the identified species were found to be more tolerant
species that adapt to eutrophic conditions. It has been reported that some Polychaeta species and T.
benedii are dominated by increasing eutrophication conditions and changing climatic conditions
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(Giere et al., 1999; Schiickel & Kroncke, 2013). In this study, according to the CCA analysis results, it
was shown that CTSI value did not affect the distribution of Polychaeta and T. benedii species in the
lake. (Figure 3). Although L. hoffmeisteri is a common freshwater worm, it can be found in lagoons
systems and often regarded as an indicator of organic pollution (Lobo & Alves, 2011). In terms of
physicochemical variables, the identified species were tolerant. C. salinarius determined in this study
in summer and autumn, prefers aquatic ecosystems which have a wide salinity spectrum and tolerate
variations in salinity (Drake & Arias, 1995; Zinchenko et al., 2019; Michailova et al., 2021). L.
hoffmeisteri has a tolerance to nitrogen compound and acts as a sink for inorganic nitrogen via
bioturbation (Shang et al., 2014).

Three stations (St. 2, St. 3, and St. 4) were found to have the most similar to each other (Figure 2b;
about 90%) in terms of the similarity of stations the lake in relative to the physicochemical variables
and it can say that this similarity because of being close to the streams (Figure 1). In addition, the
season autumn showed a difference from the others (Figure 2 a) and it can be a result of seawater
mixing with the lake water in autumn when the water level of the lake decreases and this case can
affect the physicochemical variables.

The physicochemical variables of chlorophylla-a, total phosphorus, PO,?, Secchi disc, NO,-N, and
NOs-N are important in the evaluation of the trophy state. In this study, while NO,-N and NOs-N
averages were found to be acceptable limits, the others were found between hypertrophic limits
according to the water pollution control regulation (WPCR, 2004). But, the effects of eutrophication
are usually more related to phosphorus than to nitrogen compounds and organic matter (Sara 2007).

In the previous studies in the Kiigiikgekmece Lagoon Lake, it was concluded that the lake had an
apparent feature of eutrophication in terms of the phytoplankton, zooplankton compositions and water
quality (Ozgakalp & Temel, 2011; Demirci et al., 2006; Yilmaz, 2015; Polge et al., 2010; Albay et al.,
2005). The present study results showed a eutrophic state in terms of both the benthic
macroinvertebrates findings and some physicochemical variables (conductivity, NO,-N, PO,3,
chlorophyll-a, TP (total phosphorus), and Secchi disc light permeability). For the composition of the
benthic macroinvertebrate, diversity and individuals per square meter values were low and the
determined taxa were tolerant taxa adapt to eutrophic conditions. According to Heip (1995), increased
organic loadings lead to the upward movement of reducing conditions and anoxia in sediments and
ultimately in the water column, and this shifts sediments from aerobic to anaerobic pathways that can
lead to the disappearance of the benthic macroinvertebrates fauna. For the physicochemical variables,
especially the parameters chlorophylla-a, total phosphorus, PO,?, SiO,, and Secchi disc that have a
great effect on the eutrophication process were determined at high rates.

5. CONCLUSION

According to the results of this study, it can be concluded that there is an intensive pollution load to
the Kiiciikgekmece Lagoon lake because of industrial, agricultural, and domestic waste, and
urbanization around the lake. In terms of the protection and sustainability of Kiiglikcekmece Lagoon
Lake, it is recommended to monitor the lake with such biological and chemical studies.
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Ozet: Bu galigmada, ana akarsuyu Peri Cayi olan Ozliice Baraj Golii’nden yakalanan Keywords
Alburnus sellal Heckel, 1843 tiiriine ait bireylerde bazi morfometrik ve meristik e Alburnus sellal
ozelliklerinin belirlenmesi amaglanmustir. 135 adet A. sellal bireylerinde bazi ¢ Morfometrik
morfometrik ozellikler ile birbirlerine olan oranlari ortalama, maksimum, minimum, o Meristik
standart sapma, standart hata ve varyasyon katsayisi olarak hesaplanmistir. Ayrica bazi ¢ peri Cayt
viicut 6l¢limlerinin standart boyda oranlar1 (%) ile regresyon denklemleri ve korelasyon

e Ozliice Baraj Golii
katsayilart hesaplanmis olup pozitif yonde kuvvetli iliskiler oldugu belirlenmistir.

Meristik 6zelliklerden, yanal ¢izgi (80-88) ve transversal yondeki pul sayilari (13-17/5-
7), yizgeglerdeki basit ve yumusak 1sin sayilar1 (dorsal I11/8-9, ventral 1-11/8-9, pektoral
1/14-17, anal 111/11-15), solungag diken sayilar1 (13-18), farinks dis sira ve sayilar (2.5-
5.2) belirlenerek, tiire ait tanimlayici 6zellikler belirlenmistir.

Abstract: This study aimed to determine some morphometric and meristic characteristics ~ Anahtar kelimeler
of individuals belonging to Alburnus sellal Heckel, 1843 species, which was caught from e Alburnus sellal
Ozliice Dam Lake, the mainstream of which is Peri Stream. Some morphometric features o Morphometric

and their ratios to each other in 135 A. sellal individuals were calculated as mean, o Meristic
maximum, minimum, standard deviation, standard error, and coefficient of variation. In ¢ pari Stream
addition, the percentile ratio of some body measurements to standard length, the
regression equations, and the correlation coefficients were calculated, and it was
determined that there were strong positive relations. In meristic features, lateral line (80-
88) and the number of scales in the transversal direction (13-17/5-7), the number of
simple and soft rays on the fins (dorsal 111/8-9, ventral 1-11/8-9, pectoral 1/14-17, anal
111/11-15), the number of rakes in the first-gill arch (13-18), the row and number of
pharyngeal teeth (2.5-5.2) by being detected, descriptive features of the species were
determined.

e Ozliice Dam Lake

1. GIRIS

Tiirkge adi tath su giimiis baligi1 olan Alburnus sellal Heckel, 1843 iilkemizde Asi, Ceyhan, Firat ve
Dicle Nehir havzalarinda genis bir dagilim alania sahiptir ( Fricke vd., 2007; Okur ve Ozdilek, 2008;
Cicek vd., 2015; Elp vd., 2015; Sungur-Birecikligil vd., 2016; Mohammadian-Kalat vd., 2017
Esmaeili vd., 2018; Freyhof vd., 2018a; Freyhof vd., 2018b; Mangit ve Yerli, 2018; Eagderi vd., 2019;
Baycelebi, 2020; Bektas vd., 2020; Cicek vd., 2020; Cigcek vd., 2021; Turan vd., 2020; Baygelebi ve
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Turan, 2020; Freyhof vd., 2021; Kubilay, 2021). Alburnus cinsinde, viicut genellikle agik renkli ve
parlak goriiniisli olup, sirt1 yesilimsi esmer, yan ve karin taraflari ise, giimiis beyazidir. A. sellal’da
viicut al¢ak yapili ve yanlardan hafif basik olup orta biiyiikliikte cycloid pullarla kaplidir. Bas boyu
hemen hemen viicut yiiksekligine esittir. Gozler gayet irice olup, agiz yukariya dogru yonelmistir.
Agiz iist konumlu ve nispeten kiiciiktiir. Biyik bulunmaz ve dudaklar zayiftir. Alt dudak iist dudaktan
daha uzun olup ist dudagi onden ortecek sekilde bir ¢ikinti tagir. Burun uzun ve sivridir. Kuyruk
yiizgeci oldukca derin catalli ve loplarin serbest uclari sivridir. Ozellikle gollerin ve hizli akan
nehirlerin parlak yiizeylerini tercih ederek su ylizeyine yakin zonlarda gruplar halinde dolasirlar.
Cogunlukla siiriiler halinde yasarlar. Yavas akan ya da durgun temiz ve berrak sular1 tercih ederler.
Kiigiik boylu ve fazla kilgikli baliklar olduklart i¢in ekonomik olarak avciligi yapilmayan bu tiir, yore
halki tarafindan 6zellikle akarsularda kendi yontemleriyle yakalanarak gida olarak tiiketilmektedir
(Bostanct, 2006; Birecikligil, 2016; Kubilay, 2021).

Son yillarda yapilan baz1 molekiiler sistematik ve filocografik ¢aligmalara (Mohammadian-Kalat
vd., 2017; Bektas vd., 2020; Cigek vd., 2020; Jouladeh-Roudbar vd., 2020; Freyhof vd., 2021) gore,
Firat-Dicle Nehir Sistemi’nde tanimlanan Alburnus mossulensis Heckel, 1843 tiirii revize edilerek A.
sellal Heckel, 1843’{in sinonimi olarak verilmistir.

Bazi tath su balik tiirlerinin dagilim alanlar icerisindeki jeolojik gecmis ve cografi faktorlerin yani
sira, iklim ozellikleri, habitat tiirii, besin ¢esitliligi, ortamdaki diger tiirler ve bu tiirler ile olan nis
iligkileri gibi ekosistemsel kosullarin etkisine bagli olarak balik populasyonlarinda farkli adaptasyonlar
gelisebilmekte ve aralarinda morfometrik varyasyonlar goriilebilmektedir. Bu baglamda, baliklarin
morfometrik karakterleri, tlir tayininin yani sira tiirler arasi ve tiir i¢i varyasyonlarin belirlenmesi
amactyla da kullanilmaktadir (Kubilay, 2021).

A. sellal tiirii ile ilgili birgok arastirma (Okur ve Ozdilek, 2008; Birecikligil ve Cicek, 2011;
Birecikligil vd., 2016; Mohammadian-Kalat vd., 2017; Esmaeili vd., 2018; Koyun vd., 2018; Mangit
ve Yerli, 2018; Al-Moussawi ve Afrasiab, 2019; Eagderi vd., 2019; Baygelebi, 2020; Baygelebi ve
Turan, 2020; Bektas vd., 2020; Turan vd., 2020; Cicek vd., 2021; Zare-Shahraki vd., 2020; Kubilay,
2021; Yiiksel vd., 2021; Cicek vd., 2022) mevcuttur.

Bu c¢alismada, Yukar1 Firat Havzasi’nda yer alan ve lilkemizin en biiyiik ikinci baraj goli olan
Keban Baraj Golii’nii besleyen ana akarsulardan biri olan Peri Cay1 iizerinde yer alan Ozliice Baraj
Go6liiniin baz1 kiyr kesimlerinden yakalanan A. sellal tiiriiniin morfometrik ve meristik 6zelliklerinin
belirlenmesi amaglanmistir.

2. MATERYAL ve METOT

Bu ¢alisma, Keban Baraj Géliinii besleyen Peri Cay1 iizerindeki Ozliice Baraj Golii’niin (Elaz1g-
Bingo6l, Tiirkiye) farkli bolgelerinde yiiriitiilmiistiir. Caligmada baraj gdliinden avcilik yolu ile 6li
olarak elde edilen A. sellal bireylerine (Sekil 1) ait metrik 6l¢iimler, 1 mm hassasiyetli balik 6lgtim
tahtas1t ve 0,01 mm hassasiyetli kumpas ile yapilmigtir. Baliklarin agirliklan ise 0,1 g hassasiyetli
hassas terazide (CAS MW-II) tespit edilmistir. Meristik karakterler 1s1kl1 biiyliteg, stereo ve binokiiler
mikroskop altinda belirlenmistir. Orneklerden elde edilen morfometrik degerlerin aritmetik ortalamasi
(Ort), maksimum (maks), minimum (min), standart sapma (SS), standart hata (SH) degerleri ile
varyasyon katsayilart (VK) hesaplanmistir. Varyasyon katsayist VK=(SS/Ort)x100 formiilii ile
hesaplanmistir (Avsar, 1998). Standart 6lgiimlerin kullanilmasi populasyonlarin karsilastirilmasinda
daha gergek sonuglar1 yansitmasi agisindan 6nemli oldugundan morfometrik karakterlerin birbirlerine
oranlar1 da hesaplanmistir. Boy iliskilerinin bilinmesiyle balik tiirlerinin kondisyonu, iliremesi ve
yasam evreleri hakkinda bilgiler elde edilebilir. Ayrica, populasyonlarin morfolojik yénden kiyas
edilmesine olanaklar saglamaktadir (Taskavak vd., 2012). Bu nedenle sistematik g¢aligmalarda 6nem
arz eden metrik 6zellikler ile standart boy arasindaki iliski diizeyleri dogrusal regresyon analizi ile test
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edilmis olup, Fowler ve Cohen (1992)’e gére yorumlanmustir. Kullanilan kisaltmalar; total boy (TB),
catal boy (CB), standart boy (SB), viicut yiiksekligi (VY), bas uzunlugu (BU), bas genisligi (BG), bas
yiiksekligi (BY), pektoral yiizge¢ uzunlugu (PYU) pre-dorsal uzunluk (Pre-DU), post-dorsal uzunluk
(Post-DU), burun uzunlugu (BrU), kuyruk sap1 uzunlugu (KSU), kuyruk sapi1 yiiksekligi (KSY), pre-
orbiter mesafe (Pre-OM), goz ¢ap1 (GC), Inter-orbiter mesafe (/n-OM), dorsal yiizge¢ uzunlugu
(DYU), dorsal yiizgeg yiiksekligi (DYY), dorsal yiizge¢ basit 15in uzunlugu (DYBIU), dorsal yiizgeg
yumusak 151 uzunlugu (DYYIU), dorsal yiizgeg basit 1s1n sayisi (Dor-BIS), ventral yiizgeg basit 1s1n
sayist (Ven-BIS), anal yiizgeg basit 151n sayist (An-BIS), pektoral ylizgec basit 15in sayist (Pek-BIS),
dorsal yilizge¢ yumusak 1sin sayist (Dor-YIS), ventral yiizge¢ yumusak 15 sayisi (Ven-YIS), anal
yiizge¢ yumusak 1sin sayisi (An-Y1S), pektoral ylizge¢ yumusak 151n sayis1 (Pek-YIS), linea lateral pul
say1st (LLPS), linea transversal pul sayisi (LTPS), solungag¢ diken sayis1 (SDS), farinks disleri (FD).

Sekil 1. A. sellal Heckel, 1843 (Orijinal).

3. BULGULAR ve TARTISMA

Bu c¢alismada, Ozliice Baraj Golii’ndeki A. sellal’in bazi morfometrik ozellikleri ile bunlarin
birbirlerine oranlar1 belirlenmistir. Metrik dlctimlerde en yiiksek varyasyon katsayisi (%18,02) ile
burun uzunlugunda, en diisiik varyasyon katsayisi total boy (%4,75) ile pektoral ylizge¢ uzunlugunda
(%4,95) belirlenmistir. Metrik 6lgtimlerin birlerine oranlarinda en yiiksek varyasyon katsayilari bag
uzunlugu/burun uzunlugu (%16,20) ile interorbiter mesafe/gdz capinda (%16,17), en diislik varyasyon
katsayilar1 ise dorsal ylizge¢ yumusak 1sin uzunlugu/dorsal yiizge¢ basit 1sin uzunlugu (%2,93),
standart boy/predorsal boy uzunlugu (%3,13) ve standart boy/bas uzunlugunda (%3,70) belirlenmistir
(Tablo 1). Standart uzunlugu ortalama 115,48 mm olgiilen A. sellal bireylerinde standart uzunlukta
ylizdesel olarak ortalama viicut yiiksekligi %20,98, bas uzunlugu %22,46, bas genisligi %10,18, bas
yiiksekligi %14,12, predorsal uzunluk %51,09, postdorsal uzunluk %38,88, burun uzunlugu %3.35,
kuyruk sap1 uzunlugu %37,45, kuyruk sap1 yiiksekligi %9,29, preorbital mesafe %4,79, interorbital
mesafe %7,07, goz cap1 %5,89, dorsal ylizge¢ uzunlugu %9,98, dorsal yiizge¢ yliksekligi %16,92
olarak belirlenmistir. Ayrica metrik 6zellikler ile standart boy arasindaki iliski diizeyleri dogrusal
regresyon denklemi ve korelasyon katsayisi (r) olarak hesaplanmistir ve pozitif yonde kuvvetli iliskiler
oldugu goriilmiistiir (Tablo 2).
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Tablo 1. A. sellal’da bazi1 morfometrik 6lgiimler (mm) ile birbirlerine olan oranlar (%)

Metrik A. sellal (N=135)

Karakterler ort. Maks. Min. SS SH VK (%)
B 137,02 151,00 120,00 6,50 0,94 4,75
CB 124,56 139,00 108,00 6,43 0,93 5,16
SB 115,48 127,00 100,00 5,80 0,84 5,02
VY 24,23 27,58 20,63 1,26 0,18 5,20
BU 25,94 29,22 22,19 1,62 0,23 6,26
BG 11,76 13,55 9,86 0,71 0,10 6,06
BY 16,31 18,77 13,42 1,27 0,18 7,81
PYU 20,47 21,97 18,09 1,01 0,15 4,95
Pre-DU 59,00 67,72 48,79 3,77 0,54 6,39
Post-DU 44,91 51,46 37,13 3,15 0,45 7,02
BrU 3,88 5,98 2,09 0,70 0,10 18,02
KSuU 43,25 49,85 36,46 3,01 0,43 6,96
KSY 10,73 13,90 8,86 1,24 0,18 11,55
Pre-OM 5,54 6,99 4,18 0,62 0,09 11,23
GC 6,81 8,27 3,73 0,76 0,11 11,11
Int-OM 8,17 10,01 6,49 0,74 0,11 9,03
DYU 11,53 14,13 9,95 0,91 0,13 7,93
DYY 19,54 22,00 16,38 1,15 0,17 5,88
DYBIU 19,54 22,00 16,38 1,15 0,17 5,88
DYYIU 18,43 21,01 15,54 1,10 0,16 5,98
SB/VY 4,77 5,40 4,24 0,27 0,04 5,66
SB/BU 4,46 4,83 4,10 0,16 0,02 3,70
SB/Pre-DU 1,96 2,11 1,85 0,06 0,01 3,13
SB/Post-DU 2,58 2,87 2,32 0,13 0,02 5,04
SB/DYU 10,06 11,58 8,28 0,76 0,11 7,58
SB/KSU 2,68 2,86 2,39 0,11 0,02 3,94
SB/KSY 10,87 12,55 8,30 1,10 0,16 10,11
SB/DYY 5,93 6,89 4,59 0,43 0,06 7,29
SB/BY 7,11 8,03 6,33 0,49 0,07 6,84
SB/BG 9,84 11,14 9,01 0,43 0,06 4,40
SB/G¢ 17,20 32,44 13,97 2,55 0,37 14,84
BU/BY 1,59 1,76 1,39 0,09 0,01 5,89
BU/Pre-OM 4,72 5,86 4,03 0,38 0,05 8,05
BU/GC 3,86 6,71 3,13 0,52 0,07 13,36
BU/Int-OM 3,19 3,66 2,75 0,22 0,03 6,96
BU/BrU 6,87 10,62 4,89 1,11 0,16 16,20
BG/BY 0,72 0,82 0,61 0,05 0,01 7,05
Int-OM/GC 1,22 2,24 0,95 0,20 0,03 16,17
DYU/DYY 0,59 0,80 0,50 0,06 0,01 10,81
DYBIU/BU 0,76 0,97 0,62 0,06 0,01 8,41
DYYIU/DYBIU 0,94 0,99 0,87 0,03 0,00 2,93
KSU/KSY 4,07 5,01 3,15 0,47 0,07 11,46
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Tablo 2. A. sellal’da baz1 metrik 6lgiimlerin standart boy ile iliskisi ve oransal degisimleri (%).

Morfometrik A. sellal

Oranlar Regresyon denklemi Korelasyon katsayis1 (r)  Standart uzunlukta (%0)
VY/SB y=0,1913x+2,0846 0,92 20,98
BU/SB y=3,3548x+29,593 0,88 22,46
BG/SB y=7,3122x+29,538 0,85 10,18
BY/SB y=3,8418x+53,211 0,84 14,12
Pre-DU/SB y=1,3545x+ 35,561 0,88 51,09
Post-DU/SB y=1,5813x+ 44,337 0,85 38,88
BrU/SB y=6,773x+ 89,314 0,82 3,35
KSU/sSB y=1,5765x+ 47,297 0,82 37,45
KSY/SB y=3,6931x+ 74,993 0,80 9,29
Pre-OM/SB y=7,5199x+ 74,096 0,80 4,79
Int-OM/SB y=5,9988x+ 66,458 0,76 7,07
GC/SB y=7,0637x+ 67,453 0,80 5,89
DYU/SB y=5,074x+ 57,041 0,80 9,98
DYY/SB y=3,3834x+ 50,134 0,80 16,92

Bostanci, (2006), Seyhan, Ceyhan ve Asi nehirlerinde yasayan baliklarin sistematigi lizerine yaptigi
calismada; A. sellal’da bazi metrik ozelliklerin oranlarimi, bas boyu/standart boyu ortalama 0,239
(0,236 min - 0,243 maks), viicut yiiksekligi/standart boyu ortalama 0,223 (0,215 min - 0,230 maks),
kuyruk sap1 yiiksekligi/standart boyu ortalama 0,101 (0,097 min - 0,105 maks), bas genisligi/bas boyu
ortalama 0,411 (0,395 min - 0,421 maks), bas yliksekligi/bas boyu ortalama 0,493 (0,476 min - 0,503
maks), gbz c¢api/bas boyu ortalama 0,268 (0,258 min - 0,273 maks), burun uzunlugu/bas boyu
ortalama 0,313 (0,308 min - 0,319 maks), gozler aras1 mesafe/bag boyu ortalama 0,296 (0,282 min -
0,312 maks), predorsal mesafe/standart boy ortalama 0,546 (0,532 min - 0,555 maks), kuyruk sap1
uzunlugu/standart boy ortalama 0,223 (0,216 min - 0,233 maks) olarak belirlemistir.

Sungur, (2009), Gaziantep ili tatli su balik faunasi iizerine yaptigi ¢alismada; A. sellal igin baz1
morfometrik 6zellikler ile bu 6zelliklere ait oranlari, bas uzunlugunu ortalama 14,25 mm (13,13 min -
15,96 maks), viicut yiiksekligini ortalama 12,55 mm (11,38 min - 17,85 maks), gbz ¢apini ortalama
5,13 mm (4,45 min - 5,82 maks), standart boy/bas uzunlugunu ortalama 3,96 mm (3,81 min - 4,31
maks), bas uzunlugu/viicut yiiksekligini ortalama 1,10 mm (0,88 min - 1,20 maks), bas uzunlugu/géz
capini ortalama 2,73 mm (2,40 min - 3,06 maks) olarak belirlemistir.

Birecikligil ve Cigek, (2011), Gaziantep ili sinirlar1 igindeki Firat ve Asi Havzasi akarsulart balik
faunasi tizerine yapmis olduklar1 ¢alismada, A. sellal tirii i¢in, standart boy/bas uzunlugu oranini
3,96+0,20 (3,81 min - 4,31 maks), bas uzunlugu/viicut yiiksekligi oranim 1,10+0,12 (0,88 min - 1,20
maks), bas uzunlugu/gdz ¢ap1 oranini 2,73+0,46 (2,40 min - 3,06 maks) olarak belirlemislerdir.

Birecikligil, (2016), Seyhan, Ceyhan, Asagi Firat ve Asi Nehir havzalarindaki Alburnus
Rafinesque, 1820 (Teleoster: Cyprinidae) tiirlerinin morfolojik ve filogenetik analizi konulu
calismasinda A. sellal’a ait morfometrik 6zellikleri standart boyu ortalama 8,65 cm (3,1 min - 13,1
maks), bag uzunlugunu 2,15 cm (0,8 min - 2,9 maks), viicut yiiksekligini 2,20 cm (0,8 min - 3,1 maks),
g6z capini 0,60 cm (0,3 min - 0,8 maks), total boy/bag uzunlugunu 4,88 cm (3,8 min - 7,2 maks), catal
boy/bas uzunlugunu 4,44 cm (3,5 min - 6,6 maks), standart boy/bas uzunlugunu 4,01 cm (2,9 min - 6,1
maks), standart boy/viicut yliksekligini 3,95 cm (3,1 min - 5,0 maks), bas uzunlugu/viicut yiliksekligini
0,99 cm (0,8 min - 1,5 maks), bas uzunlugu/géz ¢apmt 3,58 cm (1,5 min - 5,5 maks) ve bas
uzunlugu/burun uzunlugunu 3,92 cm (2,9 min - 5,7 maks) olarak belirlemistir.

Sungur-Birecikligil vd. (2016), mitokondriyal DNA dizileri ve morfometrik karakterlere dayali
taksonomik degerlendirme {izerine yapmig olduklar ¢aligmada; A. sellal i¢in, bas uzunlugunu/standart
boyda yiizdesel olarak ortalama %?24,86, predorsal uzunlugu/standart boyda ortalama %54,75, dorsal
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yilizge¢ uzunlugunu/standart boyda ortalama %16,10, g6z ¢apini/bag uzunlugunda ortalama olarak
%29,02 burun uzunlugunu/bas uzunlugunda ortalama %25,87 olarak belirlemislerdir.

Freyhof vd. (2018a), yapmus olduklar ¢aligmada A. sellal’da bazi morfometrik 6zellikleri standart
boyun yiizdesi olarak ifade etmisler ve bas uzunlugunu ortalama %23,6, viicut yiiksekligini ortalama
%20,3, predorsal uzunlugu ortalama %>52,8, kuyruk sap1 uzunlugunu ortalama % 22,6, dorsal yiizgeg
uzunlugu ile pektoral yiizge¢ uzunlugunu ortalama %19,1, burun uzunlugu ortalama %6,9, goz ¢api
ortlama %06, 1, interorbital mesafe ortalama %6,9 olarak belirlemislerdir.

Koyun vd. (2018), Goyniik Cay1 (Bingol) balik faunasi {izerine yapmis olduklar1 ¢alismada,
ozellikle Leuciscinae alt familyasina ait A. sellal tiiriiniin fauna iginde baskin populasyonlardan biri
oldugunu belirtmislerdir. Baz1 morfometrik 6zelliklerden standart boy/viicut yiiksekligini 5,1 (4,6 min
- 5,8 maks), standart boy/bas uzunlugunu 4,8 (4,3 min - 5,9 maks), bas uzunlugu/géz ¢apini 2,7 (2,3
min - 2,9 maks), bas uzunlugu/interorbital uzunlugu 2,7 (2,6 min - 2,7 maks), interorbital uzunluk/goz
capini 0,9 (0,8 min - 1,0 maks) olarak belirlemislerdir.

Eagderi vd. (2019), A. sellal i¢in, maksimum viicut derinligini standart boyun %22,3 (19,7 -
25,1)1, kuyruk sap1 yiiksekligini standart boyun %10,3 (8,8 - 10,7)’li, predorsal uzunlugu standart
boyun %51,4 (48,0 - 60,3)’1, postdorsal uzunlugu standart boyun %38,0 (32,9 - 43,0)’1, kuyruk sap1
uzunlugunu standart boyun %25,7 (19,8 - 33,8)’i, dorsal yiizge¢ uzunlugunu standart boyun %13,1
(10,2 - 19,3)’i, dorsal yiizge¢ yiiksekligini standart boyun %17,1 (12,6 - 22,7)’i, kuyruk sapi
uzunlugunu standart boyun %21,4 (16,3 - 31,2)’ii ve bas uzunlugunu standart boyun %19,5 (14,6 -
26,7)’1 olarak hesaplamislardir.

Turan vd. (2020), Yukar1 Firat Nehri’nde yayilis gosteren Squalius semae ve A. sellal arasindaki
yerli hibrit populasyonunun tanimlanmasi tizerine yapmis olduklari ¢aligmada A. sellal i¢in, standart
uzunlugun ylizdesinde bas uzunlugunu ortalama %?23,8, dorsal yiizge¢ baslangicindan itibaren viicut
yiiksekligini ortalama %19,6, predorsal uzunlugu ortalama % 52,0, pektoral yiizge¢ uzunlugu ortalama
%18,9, dorsal yiizgec yiiksekligi ortalama %18,6, kuyruk sap1 uzunlugunu ortalama %23,4, bas
uzunlugunun yiizdesi olarak burun uzunlugunu bas uzunlugunun ortalama %28,7, g6z capini bas
uzunlugunun %25,2 ve interorbital mesafeyi bas uzunlugunun ortalama %28,3 olarak belirlemislerdir.

A. selal’da meristik karakterler, linea lateral pul sayis1 (LLPS) 80-88, linea transversal pul sayist
(LTPS) 13-17/5-7, dorsal yiizgeg (Dor-BIS/YIS) 111/8-9, ventral yiizges (Ven-BIS/YIS) 11/8-9, pektoral
yiizgeg (Pek-BIS/YIS) 1/14-17, anal yiizgeg (An-BIS/YIS) 111/11-15, solungag diken sayisi (SDS) 13-18,
farinks disleri (FD) 2.5-5.2 olarak tespit edilmistir ve A. sellal’da daha onceki ¢aligmalarda tespit
edilen meristik bulgular ile bu ¢aligmadaki bulgular Tablo 3’de birlikte verilmistir.
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Tablo 3. A. sellal’da meristik 6zelliklerin farkli ¢aligmalar ile karsilagtirilmasi.

Literatiir LLPS LTPS SDS FD
Bu ¢aligmada 80-88 13-17/5-7 13-18 2.5-5.2
Bostanci, 2006 65-74 12-14/5-6 - 2.5-5.2
Sungur, 2009 48-59 (58) - - 2.5-5.2
Birecikligil ve Cigek, 2011 48-59 (58) 2.5-5.2
Birecikligil, 2016 49-63 9-13/4-7 2.5-5.2
Sungur-Birecikligil vd., 2016 49-63 9-13/4-7 - -
Freyhof vd., 2018a 66-89 11-16/5-7 10-17 -
Koyun vd., 2018 81-90 14-15/6-8 22-29 -
Eagderi vd., 2019 61-83 10-16/4-7(8) 11-14 -
Turan vd., 2020 77-89 13-15/6-7 14-17 2.5-5.2
Literatiir Dor-BIS/YIS Ven-BIS/YIS Pek-BIS/YIS An-BIS/YIS
Bu ¢aligmada 11/8-9 I-11/8-9 1/14-17 111/11-15
Bostanct, 2006 11/8 119 1/16-18 111/11-13
Sungur, 2009 111/8-9 17 1/13-14 111/13-16
Birecikligil ve Cigek, 2011 111/8-9 17 P:1/13-14 111/13-16
Birecikligil, 2016 H-111/7-9 11/7-8 1/11-15 111/9-12
Sungur-Birecikligil vd., 2016 H-111/7-9 11/7-8 1/11-15 111/9-12
Koyun vd., 2018 11/8 17 1/9 1/11-12

Bu ¢alismada, A. sellal i¢in tespit edilen baz1 morfometrik ve meristik 6zeliklerin, daha once
yapilan ¢aligmalarda elde edilen bulgular ile kiyaslandiginda az da olsa farkliliklar gdstermesi habitat
farkliligindan kaynaklanabilir.

4. SONUC

Sonug olarak bu ¢aligma ile Yukar1 Firat Nehri Havzasi’nda yer alan ve iilkemizin en biiyiik ikinci
baraj golii olan Keban Baraj Go6li’nii besleyen ana akarsulardan biri olan Peri Suyu Cayi lizerinde yer
alan Ozliice Baraj Gélii'nden yakalanan A. sellal tiiriiniin morfometrik ve meristik 6zelliklerinin
belirlenmesi ile Tirkiye tath su baliklarinin farkli sucul ekosistemlerindeki tanimlarina ilave olarak
taksonomik ¢aligmalara katki saglanacagi 6ngoriilmektedir.
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Abstract: The current study aimed to determine the antimicrobial activities of two  Keywords

different aromatic plants (Origanum onites, Mentha spicata subs. tomentosa) essential e Origanum onites

oils, and their nanoemulsion formulations against six common fish pathogens,  Mentha spicata subs.
Pseudomonas aeruginosa, Vibrio parahaemolyticus, Aeromonas veronii, Vibrio o Tomentosa
alginolyticus, Yersinia ruckeri, and Lactococcus garvieae. The main components of o Bacterial fish pathogen
Mentha spicata subs. tomentosa essential oil (MEO) were piperitone (25.01%),
eucalyptol (1,8-cineole) (19.53%), pulegone (14.50%) and, Piperitenone (10.98%). The
major components of Origanum onites essential oil (OEO) which were carvacrol
(46.17%) and, p-cymene (13.05%) were detected. The antibacterial effects of OEO and
MEOQ and their nanoemulsions were determined by using the agar disc diffusion method.
The OEO and its nanoemulsions were extremely effective against the Gram-negative
Aeromonas veronii than the positive control (enrofloxacin). In addition, it was observed
that OEO nanoemulsion was more effective than OEO in terms of antibacterial activity.
MEO and its nanoemulsions were found to have low activity against fish pathogens,
however, there was no activity on Aeromonas veronii and Lactococcus garvieae.

¢ Antibacterial activity

Ozet: Bu calismanin amaci, iki farkli aromatik bitkinin (Origanum onites, Mentha  Anahtar kelimeler
spicata subs. tomentosa) ugucu yaglarinin ve bunlarin nanoemiilsiyon formiilasyonlarinin » Origanum onites

altt farkli bahk patojeni Pseudomonas aeruginosa, Vibrio parahaemolyticus, e Mentha spicata subs.
Aeoromonas veronii, Yersinia ruckeri, Lactococcus garvieae ve Vibrio alginolyticus'a o Tomentosa

kargt antimikrobiyal aktivitelerini belirlemektir. Mentha spicata subs. tomentosa ugucu ¢ Bakteriyel balik patojenleri
yaginin (MEO) ana bilesenleri piperitone, okaliptol (1,8-cineole), pulegone, piperitenone
sirastyla %25.01, %19.53, %14.50 ve %10.98 olarak belirlenmistir. Origanum onites
ucucu yagmin (OEO) ana bilesenleri sirasiyla karvakrol, %46.17 ile p-cymene, %13.05
oraninda tespit edilmisti. OEO ve MEO ve bu ugucu yaglarin nanoemiilsiyonlarinin
antibakteriyel etkileri agar disk diflizyon yontemi kullanilarak belirlendi. OEO
nanoemiilsiyonlari, Gram-negatif Aeromonas veronii'ye kars1 pozitif kontrole
(enrofloksasin) gore son derece etkili oldugu tespit edilmigtir. Bunun yaninda,
antibakteriyel aktivite bakimindan OEO nanoemiilsiyonlarinin, OEO’ya gére daha etkili

o Antibakteriyel aktivite

oldugu goriilmiistiir. MEO ve nanoemiilsiyonlarinin balik patojenlerine karsi diisiik bir
aktiviteye sahipken Aeromonas veronii ve Lactococcus garvieae tizerinde antibakteriyel
aktivite gdstermemistir.
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1. INTRODUCTION

Fish pathogens have been causing severe economic losses in aquaculture for many years. In
addition to financial loss, they also threaten fish health and negatively affect human health due to the
zoonotic character of some pathogens. For example, the pathogen Aeromonas veronii is zoonotic and
may play a role in developing diseases such as sepsis and gastroenteritis, especially in children (Pablos
etal., 2011, Li et al. 2020).

In addition to the advantages of chemotherapeutic drugs used in treating these diseases,
chemotherapeutics have disadvantages such as residual and suppressor immunity in fish. For these
reasons, there has been a tendency toward treatment with medicinal plants today (Reverter et al., 2014,
Hoque et al.,2016).

The use of medicinal herbs and their seconder metabolites is increasing each day worldwide
because of having environmentally safe properties in aquaculture (Diler et al., 2021). Also, they do not
have residue in animal tissues. Essential oils (EOs) are secondary metabolites derived from medicinal
herbs. They possess biologically active properties to be used as a phytotherapeutic agent for
sustainability in aquaculture. Essential oils show strong antioxidant, antiradical, and antimicrobial
activities because of their constituents, such as aldehyde, terpenoid, and phenolic (Baratta et al., 1998,
Chang et al., 2013).

In addition, these biologically active constituents of EOs show strong antimicrobial activity against
important fish pathogens (Baydar et al., 2004, Okmen et al., 2012). The key chemical groups
identified in EOs are terpenes, terpenoids, phenylpropenes, and isothiocyanates (Dawood et al., 2021).
Nanoemulsions of herbal plant oils have antimicrobial activity against microorganisms. The usage of
nano-emulsified EOs (NEOs) is a new approach to achieving sustainable aquaculture (Krishnamoorthy
etal., 2018).

Medicinal plants have attracted attention in recent years due to their antimicrobial properties.
Carvacrol and thymol are the compounds of O. onites essential oils, which provide the major
antibacterial activity (Proestos et al., 2005), and in vitro activity on A. salmonicida, Bacillus subtilis,
Escherichia coli, P. aeruginosa, Staphylococcus aureus, Candida albicans, Streptococcus mutans, and
Micrococcus luteus infections were also reported (Sarac & Ugur, 2008, Okmen et al., 2012). Mentha
spicata essential oil has an antimicrobial effect due to the compounds it contains such as piperitone,
pulegone, and 1,8-cineole.

There are few studies on the antibacterial activity of M. spicata subs. tomentosa EO (Sevindik et
al., 2017). Moreover, there is no study on the antimicrobial activity of MEOs and nanoemulsions of
MEOs and OEOs against fish pathogens. Thus, in this study, it was aimed to investigate the
antimicrobial activities of two selected essential oil and their nanoemulsions, from different aromatic
plants (Origanum onites, Menta spicata subs. tomentosa) against six common fish pathogens,
Pseudomonas aeruginosa, Vibrio parahaemolyticus, Aeromonas veronii, Vibrio alginolyticus, Yersinia
ruckeri, and Lactococcus garvieae.

2. MATERIAL AND METHOD
2.1. Bacterial strains

Fish pathogen bacteria, Yersinia ruckeri, and Lactococcus garvieae were obtained from the culture
collection of Isparta Applied Science University, Microbiology laboratory of Egirdir Fisheries Faculty,
and Vibrio parahaemolyticus, Pseudomonas aeruginosa, Aeromonas veronii and Vibrio alginolyticus
were isolated from disease outbreaks in the Mediterranean Sea.
2.2. Preparation of essential oil

Origanum onites plant was purchased from Denizli province, while Menta spicata subs. tomentosa
plant was obtained from Isparta province. All the essential oils were obtained using the hydro
distillation method reported by Baydar et al. (2004). Briefly, the provided plants were dried at 25°C
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for about two weeks in optimal conditions. The plants were then pulverized with a blender. Then, the
essential oils were obtained by distillation of 200 g plant samples in 2 liters of water for three hours
using the Clevenger apparatus with the hydro distillation method. All essential oils were kept in the
laboratory at 4°C until the chemical composition analysis and the antibacterial studies.

2.3. Determination of volatile constituents of plant essential oil

Hewlett-Packard 6890 series gas chromatograph (Perkin Elmer (PE) Auto System XL, USA) with a
flame ionization detector (FID) was used to conduct gas chromatography-mass spectroscopy analysis
(GC-MS) of the essential oils. The following conditions were applied for the PE Auto System XL gas
chromatography: capillary column, CPWax 52CB (50 m x 0.32 mm; film thickness %4 0.25 Im); oven
temperature programmed, 60-220°C raised at a rate of 2°C/min and then held at 220°C for 20 min;
injector and detector temperatures, 240°C; carrier gas, helium at a flow rate of 40 mL/min; and split
ratio, 1/20 mL/min. Relative percentage amounts were calculated from chromatograms by the Turbo
Crom Navigator computer program (Baydar et al., 2004).

2.4. Preparation of nanoemulsions

Oil-in-water nano-emulsions were prepared by mixing the individually prepared oils and water
phases described by Hamouda et al. (1999) with minor modifications. Briefly, plant essential oil (14
ml), surfactant (3 ml), and ethanol (3 ml) were added to the beaker for the oil phase of nanoemulsion
and then kept at 86°C for 1 hour. The mixture was cooled to room temperature, and sterilized distilled
water (80 ml) was added to the cooled mixture to make up 80% of the total emulsion. It was then
combined in an ice-cold beaker and homogenized in an ultrasonic homogenizer at 72 AMPL for 15
minutes.

2.5. In vitro antimicrobial activity

The antibacterial effect of CEOs and MEOs and their nanoemulsions was determined against
Pseudomonas aeruginosa, Vibrio parahaemolyticus, Aeromonas veronii, Vibrio alginolyticus, Yersinia
ruckeri, Lactococcus garvieae strains by using agar disc diffusion method (Murray et al., 1995), with
minor modifications. Essential oils were homogenized with ethyl alcohol (96%) at 1000, 500, 250,
125, and 62.5 pl/ml concentrations. In contrast, their nanoemulsions were diluted to 1000, 500, 250,
125, and 62.5 pl/ml in sterilized distilled water and these dilutions were absorbed into 25 pl on 6 mm
diameter sterile filter paper discs.

Antibiotics which specially selected for each tested bacterium (Enrofloxacin for Vibrio
parahaemolyticus, Aeromonas veronii, Pseudomonas aeruginosa, Vibrio alginolyticus, Yersinia
ruckeri, and Amoxicillin for Lactococcus garvieae) were used in the positive control groups, and ethyl
alcohol (96%) and sterilized distilled water was used in the negative control group. 100 ul of the
bacterial culture was prepared to an optical density (OD) of 0.5 using McFarland (10® CFU ml™)
standard tube and was added to 100 ml of the Trypticase Soy Agar (TSA). Prepared discs were placed
on the TSA and incubated at 25°C for 24 hours. After the incubation, the diameters of the inhibition
zones formed around the disc were measured in millimeters. All experiments were conducted in
triplicate. The value that inhibition 50% of the bacterial growth was determined as the minimum
inhibitory concentration (MIC). Afterward, inhibition activity was evaluated to be strong for >15 mm,
medium for 8 to 15 mm, and weak for 1 to 8 mm zone diameters, according to the report (Bansemir et
al., 2006).

2.6. Statistical analysis

The data obtained from each group were given as mean values and standard deviation. Duncan's
multiple comparison test with SPSS version 19.0 for Windows (SPSS Inc., Chicago, IL. USA) was
used to determine the significant variation (p<0.05) were determined using.
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3. RESULTS

In the present study, the chemical composition of MEO was characterized by 82 different
components. The main components were piperitone, eucalyptol (1,8-cineole), pulegone, and
piperitenone with the percentage of 25.01, 19.53, 14.50, and 10.98%, respectively (Table 1). A total of
60 components in OEO were determined. The major components were carvacrol and p-cymene, with a
percentage of 77.45 and 6.61%, respectively (Table 2).

Table 1. The main chemical components of MEO

Component Retention time (Min) Content (%0)
Piperitone 21.343 25.01
1,8-Cineole 12.707 19.53
Pulegone 20.672 14.50
Piperitenone 24.286 10.98
p-Menthan-3-one, (1R,4R)-(+)- 17.485 6.06
Caryophyllene 26.991 5.59
Piperitenone oxide 24.966 2.70
Beta.-Myrcene 11.032 1.74
3-Acetoxytridecane 16.123 1.62
2-.Beta.-Pinene 10.492 1.21
Beta.-Phellandrene 10.338 1.18

Table 2. The main chemical components of OEO

Component Retention time (Min) Content (%)
Carvacrol 25.820 77.45
p-Cymene 9.232 6.61
1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- 10.807 3.87
B-Myrcene 7.741 1.43
Bicyclo[2.2.1]heptan-2-ol, 1,7,7-trimethyl-, (1S-endo)- 16.948 1.43
Alpha. Terpinene 8.876 1.29
Caryophyllene 32.567 1.10

The antibacterial activities of the OEO, MEO, and their nanoemulsions are represented in Table 3.
No inhibition zones were detected in the negative control groups of both essential oil and essential oil
nanoemulsions. The OEO nanoemulsions displayed more strong antibacterial activity against A.
veronii (22-40 mm) at 250-1000 pL mL™ and L. garvieae (16-28 mm) at 250-1000 uL mL™ than other
fish pathogens tested. OEO nanoemulsions were found to be medium effective against P. aeruginosa
(500 pL mL™); V. alginolyticus (500 pL mL™), V. parahaemolyticus (250 pL mL™), and Y. ruckeri
(250-500 uL mL™). OEO nanoemulsions showed weak inhibitory activity against V. alginolyticus. The
OEO nanoemulsions showed the most effectiveness with inhibition zone of 22-40 mm at 125-1000 pnL
mL ™" against A. veronii compared to positive control. MIC values of OEO nanoemulsions were 125 pL
mL?at L. garvieae, 250 uL mL?at A. veronii, V. alginolyticus, V. parahaemolyticus, Y. ruckeri, and
500 pL mL™at P. aeruginosa.

OEO was exhibited strong inhibitory activity against A. veronii (20-26 mm) at 500-1000 uL mL™,
P. aeruginosa (16 mm) at 1000 pL mL™; L. garvieae (18-22 mm) at 500-1000 pL mL™*; V.
parahaemolyticus (20 mm) at 1000 uL mL™; and Y. ruckeri (18 mm) at 1000 pL mL™. In addition,
OEO was found to be moderately effective against A. veronii (250 uL mL™), P. aeruginosa (500 uL
mL™); V. alginolyticus (1000 uL mL™), L. garvieae (250 uL mL™); V. parahaemolyticus (500 pL mL’
1; and Y. ruckeri (250-500 pL mL™).
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Table 3. Antibacterial activities of OEO, MEO and their nanoemulsions against the fish pathogen bacteria (inhibition zone, mm)
Concentration (u/ml) OEO (mm)  OEO nanoemulsions (mm) MEO (mm) MEO nanoemulsions (mm)  Positive Control (mm)

1000 26.2+0.3° 40.4+1.9°% 0.0+0.0° 0.0+0.0¢ 20.0+0.0°
500 20.5+0.7° 34.5+0.7° 0.0+0.0° 0.0£0.0¢ 20.0+0.0°
A. veronii 250 13.5+0.7" 22.5+0.7° 0.0+0.0° 0.0£0.0°¢ 20.0+0.0°
125 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0£0.0¢ 20.0+0.0°
62.5 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0°9 20.0+0.0°
1000 16.2+0.3¢ 18.0+0.0° 8.5+0.7¢ 14.620.8° 32.0+0.0°
500 10.0+1.4° 13.54+0.7° 0.0+0.0° 0.0+0.0° 32.0+0.0°
P. aeruginosa 250 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° 32.0+0.0%
125 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° 32.0+0.0°
62.5 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0+0.0° 32.0+0.0°
1000 10.5+0.7° 28.5+0.7° 10.4+0.0° 17.5+0.7° 32.0+0.0°
500 6.6+0.8° 12.4+0.6° 6.6+0.6° 8.4+0.6' 32.040.0°
V. alginolyticus 250 0.00.0’ 5.5+0.7° 0.0=0.0’ 5.5+0.79 32.0+0.0°
125 0.0+0.0/ 0.0+0.0/ 0.00.0’ 4.0+0.0" 32.0+0.0°
62.5 0.0+0.0/ 0.0+0.0’ 0.00.0’ 0.00.0’ 32.0+0.0°
1000 22.5+0.7° 28.5+0.7° 0.0+0.0’ 0.0+0.0’ 30.0+0.0°
500 18.5+0.7¢ 19.5+0.7 0.0+0.0! 0.0+0.0! 30.0+0.0°
L. garvieae 250 12.4+0.6 16.4+0.6° 0.0+0.0’ 0.0+0.0’ 30.0+0.0°
125 4.0+0.0" 9.5+0.7° 0.0+0.0! 0.0+0.0! 30.0+0.0°
62.5 0.0+0.0! 0.0+0.0! 0.0+0.0! 0.0+0.0! 30.0+0.0°
1000 20.4+0.6° 30.6+1.9° 14.2+0.3¢ 18.6+0.8° 36.0+1.4°
v 500 12.1+2.8% 18.8 +3.5° 10.2+0.3° 12.4+0.6% 36.0+1.4%
pz;lrahaemolyticus 250 0.0i0.0I 12.5 :I:O.7fde 0.0ﬂ:O.: 0.0i0.0I 36.0+1.4%
125 0.0+0.0 0.0+0.0 0.0=0. 0.0=0.0 36.0+1.4°
62.5 0.0+0.0" 0.0+0.0f 0.0£0.f 0.0+0.0" 36.0+1.4%
1000 18.2+0.3° 20.5+0.7° 11.5+0.7% 16.5+0.7° 20.0+0.0%
500 12.6+0.6¢ 15.540.7° 0.0+0.0 0.0+0.0" 20.0+0.0%
Y. ruckeri 250 10.0+1.4° 10.0+0.0° 0.0+0.0 0.0+0.0" 20.0+0.0%
125 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0" 20.0+0.0%
62.5 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0" 20.0+0.0%

Data are presented as the means + SD (n = 3); values within the same row and column having different superscripts are significantly different (p<0.05).
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In the present study, OEO showed weak inhibitory activity against V. alginolyicus and L. garvieae.
The OEO showed the most effective with inhibition zone of 26 mm at 1000 uL mL™ against A. veronii
compared to positive control. MIC values of OEO were 125 uL mL™ at L. garvieae, 250 pL mL™at A.
veronii, Y. ruckeri and 500 pL mL"at P. aeruginosa, V. alginolyticus, V. parahaemolyticus.

MEO and its nanoemulsions were effective against P. aeruginosa, V. parahaemolyticus, V.
alginolyticus, and Y. ruckeri. Both MEO and its nanoemulsions did not affect the A. veronii and L.
garvieae. Antimicrobial activities of the positive control group and MEO nanoemulsions were much
more effective than MEO.

MEO nanoemulsions exhibited strong inhibitory activity against V. alginolyticus (17 mm) at 1000
uL mL™; V. parahaemolyticus (18 mm) at 1000 pL mL™; and Y. ruckeri (16 mm) at 1000 pL mL™
MEO nanoemulsions were found to be medium effective against P. aeruginosa (1000 uL mL™), V.
alginolyticus (500 uL mL™), and V. parahaemolyticus (500 pL mL™). MEO nanoemulsions showed
weak inhibitory activity against V. alginolyticus. MIC values of MEO nanoemulsions were 125 pL
mL™ at V. alginolyticus, 500 uL mL™ at V. parahaemolyticus and 1000 uL mL™ at P. aeruginosa, Y.
ruckeri.

MEO was exhibited medium inhibitory activity against P. aeruginosa (1000 pL mL™); V.
alginolyticus (1000 uL mL™), V. parahaemolyticus (500-1000 uL mL™), and Y. ruckeri (1000 pL mL’
1. MEO showed weak inhibitory activity against V. alginolyticus. MIC values of MEO were 500 pL
mL™at V. alginolyticus, V. parahaemolyticus and 1000 pL mL™ at P. aeruginosa, Y. ruckeri.

4. DISCUSSION

Essential oils were declared to produce the construction of various chemical compositions (such as
terpenoids, sterols, flavonoids, alkaloids, phenylpropanoids, and coumarins) that show antimicrobial
activity (Manandhar et al., 2019). In the present study, major components of OEO were detected as
carvacrol and p-cymene. Toncer et al. (2009) reported that the OEO was characterized by higher
quantities of carvacrol, thymol, p-cymene, and y-terpinene. In another study, the main components of
OEO have been reported as carvacrol, thymol, y-terpinene, p-Cymene, a-terpinene, and a-pinene
(Ozkan et al., 2010). This observation is in accordance with the literature, as previous analyses
concluded that carvacrol and p-cymene are typically the main constituents in OEO.

In this study, the major components of MEO were piperitone (25.01%), eucalyptol (1,8-cineole)
(19.53%), pulegone (14.50%), piperitenone (10.98%). M. spicata subs. tomentosa plants gathered
from Aydin province were reported to contain piperitenone oxide (25.84%), pulegone (24.72%), cis
piperitenone oxide (12.55%) as major components (Sevindik et al. 2017). Sarer et al. (2011)
determined that the main compounds of the M. spicata subs. spicata from eastern Turkey were
carvone (48.4%), 1,8-cineole (21.3%), PB-pinene (3.5%), p-caryophyllene (3.3%) and trans-
dihydrocarvone (2.9%). In another study, the major compound in Mentha spicata was carvone
(59.40%), other components present in appreciable contents were: limonéne, 1,8-cinéol, germacréneD,
B-caryophylléne, B-bourbonéne, a-terpinéol, terpinéne-4-ol (Boukhebti et al., 2011). In general, these
findings approved that the EOs component of the medicinal herbs may vary in terms of quality and
quantity. These variations could be caused by different geographical and environmental conditions, in
addition to different periods of plant growth (Mazandarani et al., 2013, Dastjerdi & Mazoji, 2015,
Sevindik et al., 2016).

In this study, we compared the antibacterial activities of OEOs and MEOs, and their nanoemulsions
against six bacterial fish pathogens. All the essential oils and their nanoemulsions exhibited
antibacterial activity against P. aeruginosa, V. parahaemolyticus, V. alginolyticus, and Y. ruckeri.
However, OEO and its nanoemulsions were highly effective against the Gram-negative A. veronii than
the positive control (enrofloxacin). This is in agreement with (Gholipourkanani et al., 2019) who
reported the powerful antimicrobial activity of OEOs against P. damselae and A. hydrophila. The MIC




Naziroglu et al., 2022 Acta Aquat. Turc., 18(4): 495-504 501

values of OEQOs nanoemulsions are always lower than OEOs, suggesting the increase of transport
mechanisms through the cell membrane of the target microorganisms. Previous studies have also
found that OEO provided effective bacterial inhibition against A. salmonicida subspecies salmonicida
(Starliper et al., 2015), and Escherichia coli (Shan et al., 2011). Our study is in agreement with others
regarding antibacterial efficacy against Gram-positive and Gram-negative bacteria; however, these
activities were further enhanced by the use of nanocarriers (Hemmila et al., 2010, Shan et al., 2011,
Starliper et al., 2015, Gholipourkanani et al., 2019).

In this study, MEO and its hanoemulsions were effective against pathogens of P. aeruginosa, V.
parahaemolyticus, V. alginolyticus, and Y. ruckeri. Still, they had no effect against the A. veronii and
L. garvieae. It has been observed that the antibacterial activities of MEO and its nanoemulsions were
less effective than the positive control group. Similarly, in a study, the antibacterial activity of MEO
was slightly lower than that of antibiotics on tested six different bacteria genera; methicillin-resistant
Staphylococcus aureus, S. aureus, P. aeruginosa, E. faecium, E. coli, and B. cereus (Sevindik et al.,
2017).

5. CONCLUSION

OEO, MEO, and their nanoemulsions exhibited antibacterial activity against Pseudomonas
aeruginosa, Vibrio parahaemolyticus, Vibrio alginolyticus, Yersinia ruckeri in this study. The
antibacterial activities of O. onites nanoemiilsions against A. veronii were much more effective than
the positive control (enrofloxacin). This study reveals that the nanoemulsions of medicinal aromatic
herbs have more species-specific antibacterial effects and can be an alternative in the treatment of
infectious diseases.
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Abstract: This study aims to determine the relationship between hemocyte count and Keywords

hemocyte types with environmental variables and morphometric measurements in e Total hemocyte counts
Carcinus aestuarii. A total of 240 crabs were seasonally collected in Cardak Lagoon o Hyaline

June 2018, October 2018, February 2019, and May 2019. The average carapace length o Granular

(CL) was 44.66+0.44 mm, the mean carapace width (CW) was 37.71+0.38 mm and the
mean weight was 28.49+0.88 g. Crab specimens were anesthetized on ice for 10 min, and
500 pL of hemolymph was collected from the legs of each crab using a 1-mL plastic
syringe. After sampling, hemolymph samples were mixed with the anticoagulant, which
was applied to a Thoma slide and examined under a microscope at X40 magnification.
The total hemocyte count (THC) was calculated as 13.91+8.08x10° (cells/mm®).
Differential hemocyte count (DHC) 53.25+0.6% for hyalinocyte, 26.15+0.23% for semi-
granulocyte, and 20.6+0.06% for granulocyte and 3 different cell types were observed.
The most dominant cell type is hyalinocyte cells.

¢ Physicochemical variables
o Mediterranean Green Crab

Ozet: Bu calisma, Carcinus aestuarii'de hemosit sayisi ile hemosit tipleri arasindaki Anahtar kelimeler

iligkiyi cevresel degiskenler ve morfometrik Olciimlerle belirlemeyi amaglamaktadir.
Cardak Lagiinii'nde Haziran 2018, Ekim 2018, Subat 2019 ve Mayis 2019'da mevsimsel
olarak toplam 240 yenge¢ toplanmstir. Ortalama kabuk uzunlugu (CL) 44.66+£0.44 mm,
ortalama kabuk genisligi (CW) 37.71+0.38 mm ve ortalama agirlik 28.49+0.88 g’ idi.
Yengeg ornekleri buz iizerinde 10 dakika siireyle anesteziye tabi tutuldu ve 1 mL'lik
plastik bir siringa kullanilarak her bir yengecin bacaklarindan 500 uL hemolenf toplandi.
Orneklemeden sonra hemolenf 6rnekleri bir Thoma lamma uygulanan antikoagiilan ile
karistirildi ve X40 bilylitmede mikroskop altinda incelendi. Toplam hemosit sayisi
(THC) 13.9148.08x10° (hiicre/mm®) olarak hesaplandi. Diferansiyel hemosit sayist
(DHC) hiyalinosit i¢in % 53.25+0.6, yar1 graniilosit i¢cin % 26.15+0.23 ve graniilosit i¢in
% 20.6+0.06 ve 3 farkl hiicre tipi gézlendi. En baskin hiicre tipi hyalinosit hiicreleridir.

e Toplam hemosit sayis1

e Hyaline

e Granuler

o Fizikokimyasal degiskenler
e Akdeniz yesil yengeci

1. INTRODUCTION

Crustaceans have an open vascular system with large numbers of hemocytes circulating freely in
the hemolymph. (Matazzo & Marin, 2010). Circulating hemocytes of crustaceans and other
invertebrates play an important role in immunity and can be used as an indicator of physiological



https://dergipark.org.tr/actaquatr
mailto:secilkolsal@gmail.com
https://doi.org/10.22392/actaquatr.1150615
https://orcid.org/0000-0002-6426-8095
https://orcid.org/0000-0002-4682-1926

Acar and Ates, 2022 Acta Aquat. Turc., 18(4): 505-512 506

states. (Battison et al., 2003). Total cell count and differential cell count are useful in determining the
physiological state of an organism (Battison et al., 2003). They perform functions such as
phagocytosis, encapsulation, and fragmentation of foreign cells and provide information on local
populations' health status. (Petri et al., 2006; Adeogun et al., 2015). Furthermore, hemocytes play
critical roles in wound healing and defense mechanisms against parasites, viruses, and bacteria.
(Matazzo & Marin, 2011). Hose et al. (1990) classified crustacean hemocytes based on morphology,
cytochemistry, and function and distinguished three cell types; hyaline cells, granulocytes, and small
and large granule cells. While hyaline cells initiate coagulation, small and large granule hemocytes
participate in phagocytosis and encapsulation, respectively. Hemolymph numbers differ between
species, as does the variation in the crustacean hemocyte population between species. (Adeogun et al.,
2015; Sawyer, 1970; Clare & Lumb, 1994). While hemolymph number varies by species it is also
affected by environmental factors. Age, sex, season, capture method, sexual fatigue, length, weight,
water temperature, pH, diet, and other factors affect the hemolymph structure living (Basusta & Sen,
2004).

Ecological indicators are widely used in monitoring, evaluating, and managing the ecosystem
because they can help simplify environmental and ecosystem complexity and provide valuable
information for further risk assessment. THC and hemocyte types, which are physiological variables,
are used as ecological indicators in determining the stressors and health status of living. Considering
that hemocytes are immune responding cells, the balance of total hemocyte density in aquatic
invertebrates over a physiological range is an important variable of the cell-mediated immune response
(Mello et al., 2010; Matozzo et al., 2016; Burgos-Aceves & Faggio, 2017, Qyli et al., 2020). It is
known that the increase in total hemocyte count is the most common response to environmental
stressors (Coles et al., 1994).

Carcinus aestuarii which is an important representative of the Mediterranean Lagoons can tolerate
physicochemical variables. Although there are many studies conducted on C. aestuarii in Turkey,
there is any study on the hemolymph structure of the species. This study aims to determine the total
number of hemocytes and the percentages of hemocytes of C. aestuarii in Cardak Lagoon and their
relationship with environmental variables.

2. MATERIAL AND METHODS
2.1. Crab Sampling

Carcinus aestuarii samples were collected (Canakkale Strait) seasonally in Cardak Lagoon in June
2018, October 2018, February 2019 and May 2019 using a static traditional eel trap. Crabs were
sampled as 60 individuals per season. Environmental variables such as salinity, temperature, pH, and
dissolved oxygen in the lagoon water were measured in real-time using a YSI 556 model MPS in situ.
A digital caliper was used to measure the carapace length (CL) and carapace width (CW) of each crab
(in mm). A digital scale was used to determine total wet body weight (W) (in 0.001 g).

2.2. Total Hemocyte Count (THC) and Differential Hemocyte Count (DHC)

Crab specimens were anesthetized on ice for 10 min before 500 L of blood was collected from the
walking legs of each crab using a 1-mL plastic syringe. After dilution with a 1:2 citrate
buffer/ethylenediaminetetraacetate (EDTA) solution (NaCl 0.45 mol L-1, glucose 0.1 M, sodium
citrate 30 mM, citric acid 26 mM, EDTA 10 mM, pH 4.6, stored at 4 °C) in Eppendorf tubes, a manual
count was performed on a Thoma slide to calculate the total number of hemocytes (THC) (Soderhall &
Smith 1983). After sampling, hemolymph samples were mixed with the anticoagulant, which was
applied to a Thoma slide and examined under a microscope at X40 magnification. To identify
hemocyte morphology, 0.1 ml of hemolymph was mixed on a glass slide with 0.1 ml of a 1.2% trypan
blue solution in seawater. Hemocyte morphotypes were identified, and 100 cells from each slide were
counted. For wet staining, one drop of hemolymph was placed on a slide and thin smears were
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immediately viewed with a 100x light microscope, while for permanent staining, three drops of
hemolymph were placed on individual slides, smeared, and fixed with absolute methanol for three
minutes with three types of dyes: Giemsa, which was applied for 10 minutes to determine the best
stain for crab hemolymph morphology. The stains were rinsed with distilled water, and the slides were
examined under the microscope for the different cell morphotypes. Giemsa staining provided the best
results for the hemocyte morphology of C. aestuarii.
2.3. Statistical Analysis

The relationship between the sexes and the seasons and THC counts was tested using the t-test.
Statistical relationships between environmental variables measured at seasons and hemocyte
parameters were determined using Pearson correlation. Statistical analysis was performed using SPSS
25.

3. RESULTS
3.1. Environmental Variables

Seasonal differences in salinity, temperature, and dissolved oxygen were observed during the study
(Table 1). The average temperature values according to the seasons were between 10.80 and 25.67.
Average salinity values according to seasons were 20.3540.12-23.194+0.2%o. Dissolved oxygen values
were between 7.5+0.78 mg L™ and 9.14+1.64 mg L™ and pH values were 8.67+0.06 - 8.85+0.02.

Table 1. Temperature, salinity, dissolved oxygen, and pH values measured in sampling seasons
Dissolved Oxygen (mg L

Temperature (°C) Salinity (%o) 1y pH
Summer 25.67 £2.15 20.35+0.12 7.5+£0.78 8.85+0.02
Autumn 18.92+3.73 21.17+0.56 7.8£1.5 8.8+0.02
Winter 10.80+1.13 23.19+0.25 9.14+1.64 8.67+0.06
Spring 16.13+4.05 21.94+0.43 8.93+1.21 8.81+0.03

A total of 240 individuals (120 females and 120 males), were examined. Several morphometric
measurements of the crabs are shown in Table 2. The average carapace length (CL) was 44.66+0.44
mm, the mean carapace width (CW) was 37.71+0.38 mm and the mean weight was 28.49+0.88 g. The
mean hemocyte count in hemolymph was calculated as 13.91+8.08x10°. The range of total hemocyte
count was from 5.54+1.22x10° to 24.5+6.48x10° (cells/mm?®). While the average hemocyte count in
females is 13.84+8.97x10° (cells/mm?®) and 13.88+6.48x10° (cells/mm?) in males.

Table 2. Average CL, CW, W, and THC values by sex.

Sex N CL (mm) CW (mm) W (g) THC (cells/mm?®)
Female 120 40.51£0.38 34.57+0.36  19.91+0.75 13.84+8.97x10°
Male 120 48.82+0.6  40.85+0.53 37.08+1.16 13.88+6.48 x10°
Total 240 44.66+0.44 37.71£0.38 28.49+0.88 13.91+8.08 x10°

N: The number of specimens, CL: Carapace length (mm), CW: Carapace width (mm), W: Weight (g), THC: Total Hemocyte Counts
(cells/mm®)

The t-test was applied to find the relationship between several morphometric variables (CL, CW,
and THC) in female and male individuals. CL, CW, and THC levels in females and males are
statistically significant (p=0.00; p<0.05).

The relationships between the environmental variables and THC and morphometric characteristics
are shown in Table 3. A statistically significant and strong correlation was found between THC and
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carapace length CL (r;=.638; p<0.05). THC is positively correlated to temperature and pH and

negatively correlated to salinity and oxygen levels.

Table 3. Correlations between environmental variables and morphometric measurements

DO (mg L THC CL

TCC)  S(%o) D) pH (cells/mm?) (mm) CW(mm) W(g)
T 1 -9377 -0.540 667" 0.153 0.406 0.098 0.051
S -937” 1 624" -7217 -0.253 -0.388 -0.096  -0.082
DO -0.540 .624" 1 -0.046 -0.105 -0.170 0.014 0.056
pH 667" -7217  -0.046 1 0.473 0.296 0.010 0.013
THC 0.153 -0.253 -0.105 0.473 1 638" 0.343 0.527
CL 0406 -0.388 -0.170 0.296 638" 1 823" 747"
CW 0.098 -0.096 0.014 0.010 0.343 823" 1 592"
w 0.051 -0.082 0.056 0.013 0.527 7477 592" 1

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Figure 1. Total THC in sampling seasons

Spring

The number of THC in each season is shown in Figure 1. The highest THC count was recorded in
the spring and the lowest in the winter season. The statistical differences between seasons were not
significant, but the association between the winter season and THC count was statistically significant
(p=0.00; p < 0.05).

Hemocytes in the hemolymph of C. aestuarii individuals were divided into hyalinocytes,
semigranulocytes, and granulocytes. Hyalinocytes were free of granules or sometimes contained very
few small intracellular inclusions. Semigranular cells contained fewer small and generally less
refractive granules. Granular cells were filled with numerous large, highly refractory granules. The

most abundant cell type was counted as hyalinocyte.

Three different types were determined for

hemocytes: Hyalinocytes, Semigranulocytes, and Granulocytes (Table 4). While the number of
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hyalinocytes (55.324+0.55%) and semigranulocytes (28.13+0.5%) was higher in females, the number of
granulocytes (26+0.07%) was calculated to be higher in males.

Table 4. The number of differential hemocyte counts (DHC) in C. aestuarii

Sex Hyalinocyte (%0) Semi-granulocyte (%) Granulocyte (%)
Female 55.32+0.55 28.13+0.5 16.55+0.05
Male 48.46+0.45 25.54+0.58 26+0.07
Total 53.2540.6 26.15+0.23 20.6+0.06

4. DISCUSSION

The number of hemocytes in Carcinus aestuarii and their relationship to hemocyte species were
investigated in several studies that evaluated the effects of pollutants and various environmental
stressors on hemolymph quality (Matozzo and Marin, 2010; Aliko et al., 2015; Mancuso et al., 2019;
Giirkan, 2019; Qyli et al., 2020). Here we tried to define the relationships between crab morphometry,
environmental variables, and hemocyte structure.

In this study, the highest THC count was found in the spring, and it was observed that the THC
count decreased in the winter period. Matazzo et al. (2013) found a significant relationship between
season and THC and counted the highest THC content in C. aestuarii for summer. In both sexes of C.
aestuarii, the lowest THC level was measured in the winter months, when the lowest seawater
temperature was recorded. This result shows a possible correlation between water temperature and
THC. The t-test showed a statistically significant association between sex and THC. In addition, THC
levels showed a significant positive correlation with the carapace length of the crabs. The correlations
between sex and carapace length, and THC support the findings of other studies. The number of
hemocytes was found to increase with growth (Matozzo, 2013). In their study, Tiireli et al. (1999)
found higher, total hemocyte counts, hyaline, granular, and semigranular cells in the blue crab
Callinectes sapidus, although the females were morphometrically small. Dutta et al. (2021) found
more hemocytes in females than in males in their hemocyte study of another portunid crab, Scylla
serrata. In this study, although the values of weight carapace length, carapace width of female
individuals are lower than those of male ones, hyaline, semigranular, values are found to be higher.
Also in this study, the THC count was found to be very similar between female and male individuals
and the number of granular cells was higher in males, in contrast to other studies. Although the exact
cause of the sex-specific variation is not known, it is generally thought that the reason for the high
hemocyte counts in females is reproductive (Tireli, 1999; Pugazhvendan & Soundarjan, 2012; Dutta
etal., 2021).

According to the relevant literature, the density of each hemocyte type varied between crustacean
species. Matazzo & Marin (2010) stated that the hyaline cell type was determined to be 44%,
semigranular 27%, and granular 28%. In this study, although hyaline cell type was predominant, it was
calculated at 58%, semigranular at 26%, and granular at 13.6%. Qyli et al. (2020) found in their study
that under stress conditions, C. aestuarii mainly increases the number of granular cells and decreases
the number of hyaline cells. Bauchau and Plaket (1973) found in their study that granular cells are
about eight times more abundant than hyalinocytes. Although the significance of this apparent
variability in the relative proportions of each hemocyte type among crustacean species remains
unclear, it is thought to be caused by the effects of molting, feeding, reproduction, disease, and
environmental pollutants. Granular cells are known to play an important role in phagocytosis. The
functional differences between these two cell types have not been fully elucidated herein and in other
studies. However, the role of hyalunocytes is not fully understood. Hyalunocytes are smaller and less
granular than granulocytes and have a large central nucleus. However, both cell types are thought to be
involved in the cytotoxic immune response (Wang et al., 2012). The total number of hemocytes and
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the differential number of hemocytes thus provide an informative way of assessing the general
physiological condition of an animal (Battison et al., 2003; Qyli et al., 2020). Because crab hemocytes
are involved in the immune response, their defense against pathogens and environmental
contaminants, as well as their survival success, is highly dependent on the number, proportion, and
cellular integrity of circulating immunocytes.

5. CONCLUSION

In this study, which was conducted in the Cardak lagoon, the relationship between the hemolymph
structure of C. aestuarii, one of the most important representatives of the lagoon areas, and the
environmental and morphometric variables was discussed. Total hemocyte count is positively
correlated to temperature and pH and negatively correlated to salinity and oxygen levels.
Consequently, this study showed that the temperature, carapace length (CL), and sex significantly the
number and types of hemolymphs.
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Abstract: A male specimen of Achelia langi (Dohrn, 1881) was found in Antalya Bay
(Turkish coast of the Mediterranean Sea) at 1.5 m depth in July 2019. A distribution map
of the species in the Mediterranean Sea is provided, together with a photograph and line
drawing of the species. A. langi is reported in this study for the first time from Antalya
Bay and the Mediterranean coast of Tiirkiye and also the third time from the eastern
Mediterranean Sea. The record further extends the known distribution of this species
from the Aegean Sea to the Mediterranean coast of Tiirkiye in the eastern Mediterranean
Sea.

Keywords
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Tiirkiye

Ozet: Achelia langi (Dohrn, 1881) tiiriine ait bir erkek birey Temmuz 2019 tarihinde 1.5
m derinlikten Antalya Korfezi’nden tespit edilmistir. Tiriin Akdeniz’deki dagilimi,
fotograf ve ¢izimi ¢aligmada verilmistir. A. langi, Antalya Korfezi’nden ve Tiirkiye nin

Anahtar kelimeler

¢ Pycnogonida
e Ammotheidae

Akdeniz kiyilarindan ilk kez, dogu Akdeniz’den ise {iglincii kez bu c¢aligmada rapor
edilmektedir. Bu kayit, dogu Akdeniz’de tiiriin bilinen dagilimini Ege Denizi’'nden
Tiirkiye’nin Akdeniz kiyilarina kadar genisletmektedir.

e Achelia langi
o Akdeniz
o Tiirkiye Akdeniz kiyilari

1. INTRODUCTION

Achelia langi (Dohrn, 1881) has occasionally been found in the Mediterranean Sea, mainly in its
western and central regions (Dohrn, 1881; Faraggiana, 1940; Stock, 1968; Chimenz et al., 1979;
Arnaud, 1987; Sanchez & Munilla,1989; Munilla, 1993; Chimenz et al., 1993; Munilla & Nieto, 1999;
Piscitelli, 2000; Vignoli et al., 2006;). In the eastern Mediterranean Sea, it was reported only from
Candarli Bay (Kogak & Katagan, 2007) and Foca (Krapp et al. 2008) on the Aegean Sea coast of
Tirkiye. An examination of sea spiders collected in Antalya Bay revealed the presence of a species
belonging to the genus Achelia Hodge, 1864, which is identified in this paper as Achelia langi. The
species is new to Antalya Bay and the Mediterranean coast of Tiirkiye. It is also reported here for the
third time in the eastern Mediterranean Sea.

2. MATERIALS AND METHODS

A male specimen of Achelia langi was collected by snorkeling from Cystoseira crinita Duby, 1830
facies in the upper infralittoral zone (1.5 m depth) of Alanya, Antalya Bay (eastern Mediterranean Sea,
Tiirkiye) (Figure 1). The specimen was fixed in 5% formaldehyde, later rinsed with fresh water, and
then preserved in 70% ethanol. The specimen was examined under a stereomicroscope. The drawing
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was made with the aid of a drawing tube mounted on an Olympus CX31 compound microscope. The
following papers were used for the species identification: Stock (1968), Kocak and Katagan (2007),
and Lehmann et al. (2014). The specimen was deposited in the ESFM (Museum of the Faculty of

Fisheries, Ege University, Izmir).
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Figure 1. Earlier established the occurrence of Achelia langi (Dohrn, 1881) in the Mediterranean Sea (filled
circle) and the sampling area (filled rectangle) reported in the present study.

3. RESULTS

3.1. Systematics
Class PYCNOGONIDA Latreille, 1810

Order PANTOPODA Gerstaecker, 1863
Family AMMOTHEIDAE Dohrn, 1881
Genus Achelia Hodge, 1864

Achelia langi (Dohrn, 1881) (Figures 2-3)

Material examined: 1 &, (EFSM-PYC/2019-1), Alanya (Antalya Bay, Mediterranean coast of
Tiirkiye), 36°33'16"N, 31°58'19"E, Cystoseira crinata Duby,1830, 1.5 m, 23 July 20109.
Measurements (mm): Trunk length (frontal margin of a cephalic segment to tip of the fourth lateral

process), 1.22; Trunk width (across second lateral processes), 0.95.
Remarks: The present specimen agrees well with the specimen given by Kogak and Katagan

(2007). 1 noted only that the trunk length of the present specimen is slightly smaller than those in

Kogak and Katagan’s (2007) specimen (1.25 mm in ).
Worldwide Distribution: Atlantic-Mediterranean (eastern Atlantic Ocean, Mediterranean Sea)

(Soler-Membrives & Munilla, 2015).
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Figure 2. Achelia langi (Dohrn, 1881), &, Antalya Bay. Dorsal view.

Figure 3. Achelia langi (Dohrn, 1881), &, Antalya Bay. Propodus of right leg 3.
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4. DISCUSSION

Most previous records of A. langi from the Mediterranean Sea are from the western and central
regions: the Italian coast. Napoli (Dohrn, 1881); Levanto (Faraggiana, 1940); Civitavecchia port,
Torvaldaliga (Chimenz et al., 1979); Apulian coast (Chimenz et al., 1993); Tremiti Island (Piscitelli,
2000); Costa d’Argento, southern Tuscany (Vignoli et al., 2006). Spanish coast. Canary Islands
(Sanchez & Munilla, 1989); Nuevo Faro, Valencia (Munilla, 1993); Chafarinas Islands (Munilla &
Nieto, 1999). French coast. Banyuls (Stock, 1968); vicinity of Marsilia and Toulon (Arnaud, 1987). In
the eastern Mediterranean Sea, this species is reported only from the Aegean Sea coast of Tiirkiye:
Candarli Bay (Kogak & Katagan, 2007); Foca (Krapp et al. 2008) (Figure 1).

Three pycnogonid species were recorded so far from Antalya Bay. The present study raises the
total number of pycnogonid species found in Antalya Bay to 4, with the addition of the species
(Tanystylum orbiculare Wilson, 1878; T. conirostre (Dohrn, 1881); Achelia sp. and A. langi (Dohrn,
1881). These four different species of pycnogonids, out of a total number of 30 species in Tiirkiye
(Kogak, 2022), represent 13.3% of all known pycnogonid species.

Kocak (2015) stated that the number of pycnogonids known from the Mediterranean coast of
Tiirkiye was 8 species. Then Ammothea hilgendorfi (Bohm, 1879) was reported from the Mersin Bay
by Ragkousis et al. (2020). In a later study, Kogak (2022) recorded Ammothella longioculata
(Faraggiana, 1940) from Fethiye Bay. These records increased the total number of species to 10. With
A. langi, the total number of species is raised to 11 on the Mediterranean coast of Tiirkiye. Thus, the
reported four species in Antalya Bay represent 36.6% of the actual Turkish Mediterranean Sea species.

The new record of A.langi reported in this study further extends the known distribution of this
species from the Aegean Sea to the Mediterranean coast of Tiirkiye in the eastern Mediterranean Sea.
Therefore, A. langi now has an established distribution ranging from the eastern Atlantic to the
Turkish coast of the Mediterranean Sea.
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Ozet: Olta balikgiliginda hedef balik tiirlerine ve habitatlara gdre canli, cansiz ve yapay Keywords

yemler kullanilmaktadir. Bu ¢alismada, Hexapoda tiirlerinden Morio Kurdu (Zophobas e Teke karidesi

morio Fabricius, 1776) ve Afrika Gogmen Cekirgesi (Locusta migratoria L. 1758)’nin e Afrika gd¢men cekirgesi
denizde olta balik¢iliginda kullanilabilirligi ve av verimlilikleri Teke Karidesi (Palaemon ¢ Morio kurdu

serratus Pennant, 1777) ile kargilastirmali olarak test edilmistir. Caligma, Yelkoma o oy verimliligi

Dalyani’nda (Adana-Tiirkiye), toplam 420 olta operasyonu gergeklestirilmis ve 80 adet o girim cabaya diisen av miktari
balik (72 adet ¢ipura, 8 adet levrek) yakalanmustir. Cipuralarin % 45°1 Teke Karidesi ile (CPUE)

%33’ Afrika Gogmen Cekirgesi ile ve %22’si Morio Kurdu ile, Levrek baliginin da

%751 Afrika Gogmen Cekirgesi ile %25’ de Morio Kurdu ile yakalanmigtir. Oltalarin

ortalama CPUE degeri 0,003 (igne/balik/saat) ve YPUE degeri de 0,327 (igne/g/saat)

olarak belirlenmistir. Baliklarin toplam agirliklar1 iizerinden yapilan Birim Maliyet

Hesabina gore, en diisiik maliyete sahip olan yemin Afrika Go¢men Cekirgesi oldugu

belirlenmistir.

Abstract: In angling, live, non-living and artificial baits are used according to the fish Anahtar kelimeler
species and habitat. In this study, Morio wolf (Zophobas morio Fabricius, 1776) and e Common prawn
African Migratory Locust (Locusta migratoria L. 1758) from hexapoda species were e African migratory locust
tested in comparison with Common Prawn (Palaemon serratus Pennant, 1777) in terms ¢ Morio wolf

of usability and efficiency in marine angling. The study was carried out in Yelkoma o catch efficiency
Lagoon (Adana), with a total of 420 fishing trials and 80 fish (72 sea bream, 8 sea bass) o catch per unit effort (CPUE)
were caught. Of the sea bream, 45% by Common Prawn, 33% by African Migratory

Locust, and 22% by Morio Wolf also, of the sea bass, 75% by the African Migratory

Locust, and 25% by the Morio Wolf were caught. Average CPUE and YPUE values for

the fishing line were computed as 0.003 (hook/fish/hour) and 0,327 (hook/g/hour)

respectively. According to the Unit Cost Calculation based on the total weight of the fish,

the lowest-cost bait was calculated as the African Migratory Locust.

1. GIRIS
Olta balik¢iligl, zaman, biitce, iklim, cografya, cinsiyet, demografik yapi vb. pek ¢ok faktdriin
etkisinde kalinmadan yapilabilen, ticari amacla yapilabildigi gibi rekreasyonel (eglence) sportif ve

@ ® This paper is published by Isparta University of Applied Sciences, Egirdir Fisheries Faculty under Creative Commons
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amatOr olarak da yapilabilen (Atessahin vd., 2014; Taylan vd., 2017) popiiler bir faaliyettir. Basit bir
olta takimi; olta ignesi, beden, kostekler, batiric1 ve yiizdiiriiciiler ile diger yardimci malzemelerin
balik tutmaya hazir hale getirilmesi ile olusan balik yakalama aracidir (Alpbaz & Ozer, 1991). Olta
balike¢ilig1, kullanilan malzemelerdeki kalite ve inovasyon, kullanilan yeni teknikler, tekne ekipmanlari
ve donanmimlari, bilisim teknolojisi ve yapay zekanin da dahil edilmesi ile hizla gelisen bir sektdr
haline gelmistir. Bu gelismelere paralel olarak da milyonlarca kisinin aktif rol aldig1 ve milyonlarca
dolarin harcandig iiretim ve tiiketime dayali ticari nitelikli cok biiyiik bir sektor olarak degerlendirmek
de miimkiindiir. Diinya’da rekreasyonel balikg¢ilik etkinliklerine katilim ile ilgili bir¢ok calisma
mevcuttur (Cooke & Cowx, 2004; Arliungaus & Cooke, 2009), 700 milyon insanin aktif rol aldigi
(Guadin & Young, 2007), diinyada 300 milyar dolarlik bir sektor haline gelirken, sadece Avrupa’da 25
milyar dolarlik biiylik bir sektor haline gelmistir (Pawson vd., 2008). Bu biiylime Tirkiye’de de
olmakla birlikte ne yazik ki yeterli ilgiyi gérememektedir (Tunca vd., 2013). Ulkemizde olta
balik¢ilarmin kayit olma zorunlulugu olmamasina ragmen iilkemizde, 245137 civarinda belge sahibi
kisinin oldugu da bilinmektedir (Atessahin & Cilbiz, 2018). Olta balik¢iliginda kullanilan alet,
ekipman ve donanim ne olursa olsun, bir takimin basarisi ve verimliligi takimin ucundaki igne ve
yeme baglidir (Kayka¢ vd., 2003). Olta balik¢iliginda dogal ve yapay olmak iizere iki g¢esit yem
kullanilir ve dogal yemler daha c¢ok tercih edilir. Basari, hedef tiiriin beslenme davranislarina uygun,
dogal yemin veya dogal yem gibi davranabilen yapay yemlerin kullanilmasi ile miimkiindiir. Bunun en
onemli nedeni baliklarin dogal ortamlarindaki beslenme aligkanliklar1 ve yem tercihleridir (Saylikoglu
vd., 2018). Yemin avci balig1 kendine ¢ekmesi, yemin biiytikliigiine, sekline, goriiniirliigiine ve canl
yem ise su igerisinde kancada canli kalma (av siiresince kancada kalma) (Aneesh Kumar vd., 2015)
siirelerine gore degisir. Olta balikciliinda tiire 6zgii yem se¢imi oldugu ve 6zellikle iilkemizde ¢ipura
avciliginda Teke Karidesinin en ¢ok kullanilan yem oldugu bilinmektedir. Ozellikle Afrika Gogmen
Cekirgesi yapilan 6n denemelerde deniz suyunda 10 dakika kadar hareketli kaldigi ve morfolojik
olarak da Teke Karidesine benzemesi nedeni ile alternatif bir yem olarak tercih edilmistir. Olta
balik¢iliginda kullanilacak yemlerin en azindan iilkemiz i¢in gida olarak tiiketilmemesi,
yetistiriciliginin yapilabilmesi, ucuz ve kolay ulasilabilir olmasi 6nemlidir. Bahsedilen konular
ger¢evesinde bu calismada, Ege ve Akdeniz bolgesinde yore balikgilar tarafindan olta ile balik
avciliginda yem olarak kullanilan Teke Karidesi yaninda, olta avciligi igin verimli olabilecegi
diistinlilen ve kiiltiir yolu ile iretimi yapilan “Afrika Gogmen Cekirgesi” ile “Morio Kurdu”’nun
Yelkoma Dalyani (Adana) i¢inde ¢ipura ve levrek baliklari aveiliginda etkinlikleri ve verimlilikleri
karsilagtirmali olarak incelenmistir.

2. MATERYAL ve METOT

Calisma, Adana Ili, Yumurtalik Ilgesi, Yelkoma Dalyani’nda (Sekil 1), Kasim 2020 ve Subat 2021
tarihlerinde iki tekrarda gerceklestirilmistir. Dalyanin igerisinde kiyidan a¢iga, giin dogumu ve giin
batiminda, ilk avcilik denemelerinde 4, ikinci denemelerde ise 5 kisilik ¢aligma ekibi ile toplam 420
avcilik operasyonu gergeklestirilmistir. Caligmada avcilik deneyimi 6zdes olan bir amator balik¢1 ekibi
yer almistir.
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Sekil 1. Caligsma sahasi (Yelkoma Dalyani-Adana)

Denemelerde, bolge amatdr balikgilar: tarafindan da sarkitma olarak isimlendirilen olta takimlari
(Sekil 2) kullanilmistir. Olta takimlari en az iki igne ile yapilabildigi gibi daha fazla sayidaki ignenin
bir araya getirilmesiyle de olusturulan ve amator oltacilarin genel olarak kullandiklar1 basit olta
takimlarindandir. Bu c¢alismada {i¢ farkli yem ¢esidinin karsilastirilmas: yapilacagindan 3 igneden
olusan olta takimui tercih edilmistir.

<+ 0.35mm

15¢m 0.30 ———/

A <+—— iskandil

Sekil 2. Arastirmada kullanilan sarkitma olta takimi
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Kullanilan olta takimi Poliamid (PA) @ 0,40 malzemeden en az 100 m uzunlugunda ana beden, 90
cm uzunlugunda PA @ 0,35 ara beden, kosteklerde ise her kostek uzunlugu 15 ¢cm olan PA @ 0,30
misinadan olusmaktadir. Olta takimlar1 donatilirken her iki kostek arasindaki mesafenin 20 c¢cm, en
altta kursun ile ilk igne kostek baglantis1 arasindaki araligin ise 20 cm olmasina dikkat edilmistir.
Uygulama sirasinda denizdeki riizgar ve akinti sartlarma gore 30-100 g arasinda kursun batiricilar
tercih edilmistir. Takimlarda igne biiyiikliigii ve farkliligindan olusabilecek etkiyi en aza indirmek igin
standart tek tip 5 numara uzun sapl “J-Tipi Mustad 1251 C” marka olta igneleri kullanilmistir.

Cipura (Sparus aurata L., 1758) ve levregin (Dicentrarchus labrax L., 1758) mevsime bagl olarak
¢cit araliklarina gore Yelkoma Dalyanina giris yaptigi ve dalyan icerisinde beslenme ve biiyiimesini
tamamladigi bilinmekte oldugundan deneme materyali olarak bu tiirler tercih edilmistir. Yorede ¢ipura
ve levrek avciliginda en fazla tercih edilen yem olarak kullanilan Teke Karidesi (P. serratus) ile Morio
Kurdu (Z. morio) ve Afrika Gogmen Cekirgesi (L. migratoria) (Sekil 3) yem olarak denemeye
almmustir,

) C0fm2 34 5 o6 7 ol

Sekil 3. Arastirmada yem olarak kullanilan Teke Karidesi, Morio Kurdu ve Afrika Gogmen Cekirgesi

Yemler takima ii¢ farkli kombinasyonda (Grupl, Grup2 ve Grup3), esit biiyiikliikte olacak sekilde
takilmig ve ti¢ farkli kombinasyon her bir oltaci tarafindan iki tekrarli olarak kullanilmistir (Sekil 4).

: e
PR A
Al G O O ™ &)

Sekil 4. Yem Kombinasyon diizeni (C:Afrika Gogmen Cekirgesi, M:Morio Kurdu, K:Teke Karidesi)

Denemelerde her oltaci, 10 kez takimi atip ¢ektikten sonra 2. tur ve 3. tur denemede, ignedeki yem
siralamas1 degistirilmis ve oltacilarin yetenek ve tecriibelerinin sonuglara etki etmesi de miimkiin
oldugu kadar azaltilmaya calisilmistir. Yakalanan baliklarin anlik olarak boy (cm) ve agirlik (g)
Olciimleri yapildiktan sonra hangi igne ve kombinasyondan elde edildi ise ayri ayri posetlerde
muhafaza edilmistir. igneler her atimda yeni yemler ile yemlenmistir. Bir kombinasyona ait 10 tur
tamamlaninca olta takimimnin ara bedeni de yenilenmistir. Denemeye alinan yem kombinasyonlarinin
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birim ¢abaya diisen av miktarlar1 adet (CPUE) ve agirliga (YPUE) gore Aydin (2011) tarafindan
bildirilen asagidaki formiiller [1, 2] yardimi ile hesaplanmis.

2/ Birey (n)
CPUE=—+— — 1
2 Igne sayis1 x J'Operasyon sayist x avcilik stiresi

agirlik
YPUE=—— 2 agulik (g) __ 2
J1gne sayis1x J'Operasyon sayisi x aveilik siiresi

Her bir denemede yakalandiklar1 yemlere gore ayri ayr1 paketlenmis olan baliklarin ve kullanilan
yemlerin ekonomik degerlerinin karsilagtirilmast icin maliyet analizi yapilmistir. Maliyet analizi;
yakalanan balik basina kullanilan yem maaliyeti ve her bir yem ve kombinasyon i¢in toplam avlanan
baliklarin pazar degerinin kullanilan yemlerin maliyetine oranlar iizerinden hesaplanmstir.

Yakalanan baliklarin birim maliyet hesabinda ise adet ve agirlik bazinda degerlendirilmek tizere
asagidaki formiiller [3, 4] kullanilmugtir.

BMH (adet)= Zﬂ 3

> ybs

3 2ym

BMH(agirlik) Syba

Esitliklerde (tym) toplam yem maliyetini, (ybs) avlanan balik sayisini, (yba) avlanan balik agirligini
ifade etmektedir.

Elde edilen verilerin normal dagilim igeresinde yer alip almadiginin belirlenmesinde “Shapiro-Wilk
normality test” kullanilmigtir. Normal dagilim gostermis olan CPUE ve YPUE verilerinin yem
kombinasyonuna gore karsilagtirilmasinda ANOVA test gruplar arasindaki farkliligin belirlenmesinde
de TUKEY"™P test kullanilmistir. Yem kombinasyonlarina gére yakalanan avin karsilastirmalarinda
anlamli bir iligkinin olup olmadigini1 belirlemek igin ki-kare bagimsizlik testi kullanilmistir. Tiim
istatistiksel degerlendirmeler 0,05 6nem diizeyinde Rstudio (v2022.07.1) bilgisayar programinda
ylirtitilmistiir.

3. BULGULAR

Caligma ekibin tarafindan toplam 420 operasyon gerceklestirilmis, ii¢ farkli yem ve ii¢ farkli
kombinasyon ile 72’si (%90) c¢ipura ve 8’i de (%10) levrek olmak iizere toplam 80 adet balik
yakalanmigtir. Yem kombinasyonlarina gére avlanan balik sayilari Tablo 1’de verilmektedir. Buna
gore Grup3 en verimli (%47.5) olta olurken Grup2 en verimsiz (%17.5) olmus, Grup1’den alinan av
toplam avin %35,0’ine karsilik gelmistir. Yem kombinasyonlarina gore avlanan balik sayilar1 arasinda
istatistiksel farklilik bulunmustur (X*= 10,9, p < 0,05). Yem kombinasyonu ve balik tiiriine gore av
miktarlar1 Tablo 1’de verilmektedir.
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Tablo 1. Yem kombinasyonu ve balik tiiriine gére av miktarlari (Adet)

Kombinasyon Gruplari Balik tiirii N (%)

Cipura 28 100,0
1

Grup Levrek - -

Grup 2 Cipura 14 100,0
Levrek - -

Grup 3 Cipura 30 78,9
Levrek 8 21,1

Genel olarak oltalardan alman avin tiir dagilimimin Grup3’te diger gruplara gore daha zengin

oldugu goriilmektedir (Sekil 5).

. cipura
- levrek
30 A
=
@
=, 20 1
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»
=
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[s]
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0 -

gn.;p1

Sekil 5. Yem kombinasyonu ve balik tiirline gore av miktarlar1

grdpz
Yem kombinasyonu

gn;ps

Yem tiirline gére av miktarlarina bakildiginda, teke karidesi en verimli (% 40,0) ve morio (% 22,5)

en verimsiz yem olmustur. Cekirge’nin de %37,5 av verdigi dagilimda yemlere gore av veriminde
istatistiksel farklilik gdzlemlenmemistir (X°= 4,3, p > 0,05).

Tablo 2. Yem tiiriine gore yakalanan balik tiirleri ve oransal dagilimi (%)

Yem Tiirii Balik Tiirii N (%)
. . . . Cipura 24 80
Afrika Gogmen Cekirgesi Levrek 5 20
Teke karidesi Gipura 32 100
Levrek - -
Morio Kurdu Cipura 16 88.9
Levrek 2 11.1

Teke karidesinin ¢ipura avciliginda diger yemlere gore daha verimli oldugu; Afrika Gogmen
Cekirgesi’nin de levrek avciliginda diger yemlere gore daha verimli oldugu ve Morio Kurdu’nun hem
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¢ipura hem de levrek avciliginda diger yemlere gore daha verimsiz oldugu soylenebilir (Sekil 6).

304 B Cipura
- Levrek
— 204
=
>
>
©
w
x
©
[sa]
104
0+
Cekirge Teke karidesi Morio
Yem cesidi

Sekil 6. Yem kombinasyonu ve balik tiiriine gore av miktarlar1

Avlanan 72 adet ¢ipura baliklarinin ortalama agirliklarinin 116,44 g, ortalama boylariin 14,39 cm,
levrek baliklarinin ise 160,5 g ve 19,85 cm oldugu belirlenmistir. Teke Karidesi ile 32 adet ¢ipura
avlanmig ve bu baliklarin ortalama agirliklar1 111,33 g, ortalama boylart 14,06 cm olarak hesaplanmig
ancak karides ile hi¢ levrek baligi avlanamamustir. Morio kurdu ile avlanan 16 ¢ipura, 2 adet levrek,
Afrika Gogmen Cekirgesi ile ise 24 ¢ipura ve 6 levrek balig1 yakalanmistir (Tablo 3).

Tablo 3. Yem tiirlerine gore avlanan baliklarin ortalama boy ve agirlik degerleri

Balik Sayis1 Ortalama Agirhik (gr) Ortalama Boy (cm)
Yem Tiirleri
Cipura Levrek Toplam Cipura Levrek Cipura Levrek
T.Karidesi 32 0 32 111,334£2,69 0 14,06+0,29 0
M.Kurdu 16 2 18 116,19+5,58  121,00+10,00  13,73+0,78  16,40+1,00
A.G. Cekirgesi 24 6 30 122,38+6,17  173,67+13,46  15,19+0,60 21,00+1,28
Toplam 72 8 80 116,44+2,70  160,50+13,22  14,39+2,50 19,85+1,22

Yem tiirlerine gore yakalanan balik sayilar1 arasinda istatistiki olarak fark bulunmazken (P>0,05),
ortalama agirliklar arasindaki farkin 6nemli (P<0,05) oldugu tespit edilmistir.

Olta takimlarinda {i¢ farkli yem ile olusturulan {i¢ farkli kombinasyonlara gore olta ignelerinde
yemin ve yemle birlikte baligin geri alindig1 atim oran1 Grup 1 (K: Teke Karides, M: Morio kurdu, C:
Afrika Go¢gmen Cekirge) kombinasyonunda en verimli Teke Karidesi, Grup 2 kombinasyonunda Teke
Karidesi ile Afrika Gogmen Cekirgesi ve Grup 3 kombinasyonunda ise Afrika Go¢men Cekirgesi en
verimli kombinasyon olarak tespit edilmistir (Tablo 4).




Bolat ve Kunt, 2022 Acta Aquat. Turc., 18(4): 518-534 525

Tablo 4. Yem kombinasyonlarina gore olta ignesinin dolu ve bos oranlari ile balik sayilarina gére av
verimlilikleri.

Yem Tiirii Karides Morio Cekirge
Kombinasyon Gruplary/ Operasyon 0 Operasyon Operasyon
. % % %
Igne Durumu sayis1 sayis1 sayis1
Bos 90 64,3 66 47,1 92 65,7
“ Dolu 36 25,7 66 47,1 42 30,0
3 Balik 14 10,0 8 5,7 6 43
o Yem-+Balik 50 35,7 74 52,9 48 34,3
Total 140 100,0 140 100,0 140 100,0
Bos 114 81,4 104 74,3 62 44,3
o~ Dolu 20 14,3 34 24,3 72 51,4
S Balik 6 43 2 1,4 6 43
o Yem+Balik 26 18,6 36 25,7 78 55,7
Total 140 100,0 140 100,0 140 100,0
Bos 106 75,7 64 45,7 70 50,0
™ Dolu 22 157 68 48,6 52 37,1
S Balik 12 8,6 8 5,7 18 12,9
o Yem+Balik 34 24,3 76 54,3 70 50,0
Total 140 100,0 140 100,0 140 100,0

Yem kombinasyonlarina gore yakalanan baliklarin ortalama agirliklart karsilastinldiginda, Grup 3 olarak
kodlanan ve Teke Karidesinin en altta oldugu kombinasyonun agirhke¢a daha biiyiik bireyleri yakaladiklari tespit
edilmistir (Tablo 5).

Tablo 5. Yem kombinasyonlarina gore yakalanan baliklarin ortalama boy ve agirliklari

Kombinasyon Gruplar1  Operasyon Sayis1  Ortalama Agirhk (g)+SH Ortalama Boy (cm)+SH

Grup 1 140 23,89+4,24 14,7242,14
Grup 2 140 11,6643,14 14,0243,39
Grup 3 140 33,51£5,60 15,42+3,48

Tablo (5)’ya gore kombinasyon gruplar dikkate alindiginda, boy degerleri arasinda anlamli bir
fark bulunmazken, yakalanan baliklarin ortalama agirliklari arasindaki farkin anlamli oldugu (P<0.05),
farkliliga neden olan grubu bulmak igin yapilan Post Hoc testlerine gore ise (Grup 3) yem
kombinasyonu ile elde edilen ortalama balik agirhigi, (Grup 2) yem kombinasyonu ile tutulan ortalama
balik agirligindan anlamli (P<0.05) bulunurken, (Grup 1) yem kombinasyonundan istatistiki olarak
farkli olmadigi (P>0.05) tespit edilmistir.

Oltalarin ortalama CPUE degerleri 0.000-0.006 (igne/balik/saat) araliginda ve YPUE degerleri de
0,00-0,78 (igne/g/saat) araliginda degisim gostermistir (Tablo 6).

Tablo 6. Operasyon bagina ortalama CPUE (n/igne/saat) ve YPUE (g/igne/saat) degerleri

Parametre Min-Max Ort. SE Cl (%95)
CPUE 0-0.006 0.003 0.00 0.001
YPUE 0-0.78 0.327 0.04 0.081

Yem kombinasyonlarina gore ortalama CPUE degerleri Tablo 7’de verilmistir. Ortalama CPUE
degerleri Grupl, Grup2 ve Grup3 i¢in ayn1 sira ile 0,003, 0,001, ve 0,004 olarak bulunmustur (Sekil
7). Kombinasyon gruplarina ait ortalama CPUE degerleri arasinda istatistiki olarak farklilik
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bulunmustur (p<0,05).

Tablo 7. Yem kombinasyonlarina gore ortalama CPUE (n/igne/saat) ve degerleri

Kombinasyon Gruplari Min-Max Ort. SE Cl (%95)
Grupl 0.001-0.005 0.003% 0.000 0.001
Grup2 0.000-0.003 0.001° 0.000 0.001
Grup3 0.001-0.006 0.004% 0.000 0.001
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Yem kombinasyonu

Sekil 7. Yem kombinasyonlarina gore ortalama CPUE degerleri

Yem kombinasyonlarina gore ortalama YPUE degerleri de Tablo 8’de verilmistir. Ortalama YPUE
degerleri Grupl, Grup2 ve Grup3 icin ayn1 sira ile 0,340, 0,166, ve 0,477 olarak bulunmustur (Sekil

8). Kombinasyon gruplarina ait ortalama YPUE degerleri arasinda da istatistiki olarak farklilik

bulunmustur (p<0,05).

Tablo 8. Yem kombinasyonlarina gore ortalama YPUE (g/igne/saat) degerleri

Kombinasyon Gruplari Min-Max Ort. SE Ci (%95)
Grupl 0.140-0.643 0.340% 0.059 0.133
Grup2 0.000-0.407 0.166° 0.047 0.106
Grup3 0.106-0.780 0.477% 0.064 0.145
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Sekil 8. Yem kombinasyonlarina gére ortalama YPUE degerleri

Avlanan baliklarin hangi yem tiirii ile avlandigi ve yemlerin ¢alisma siiresindeki giincel piyasa alim
fiyatlar dikkate alinarak, tutulan balik adetleri {izerinden hesaplanan birim maliyetler, Teke Karidesi
icin 13,12 + 0,95 yem maliyeti (TL)/balik, Morio Kurdu i¢in 16,33 + 0,95 yem maliyeti (TL)/balik ve
Afrika Gogmen Cekirgesi icin ise 15,40 + 0,95 yem maliyeti (TL)/balik olarak tespit edilmistir (Tablo
9). Yakalanan baliklarin adet bazinda yem maliyetleri kiyaslandiginda Teke Karidesinin daha
ekonomik oldugu hesaplanmustir.

Tablo 9. Teke Karidesi, Morio Kurdu ve Afrika Gogmen Cekirgesinin yakalanan balik miktarlarina
gore birim maliyetleri

Yem Tiirii Teke Karidesi Morio Kurdu Afrika Gocmen Cekirgesi
Toplam Yem Adeti 420 420 420

Yem Maliyeti (adet) 1,00 0,70 1,10

Tutulan Balik Sayis1 32 18 30

Birim Maaliyet (TL) 13,12 16,33 15,40

Baliklarin hangi yem tiirii ile avlandigi ve yemlerin ¢aligma siiresindeki giincel piyasa fiyatlar
dikkate aliarak, yakalanan baliklarin agirliklar (kg) iizerinden hesaplanan birim maliyetleri, Teke
Karides i¢in 122,70 + 9,09 yem maliyeti (TL)/agirhik, Morio Kurdu i¢in 141,89 + 9,09 yem
maliyeti(TL) /agirlik ve Afrika Gogmen Cekirgesi i¢in ise 110,68 + 0,09 yem maliyeti(TL)/agirlik
olarak tespit edilmistir. Birim yem maliyeti olarak diger iki yemden daha pahali olmasina ragmen
yakalanan balik miktarlarina gore karsilastirildiginda Afrika Gogmen Cekirgesinin daha ekonomik
oldugu anlagilmaktadir (Tablo 10).
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Tablo 10. Teke Karidesi, Morio Kurdu ve Afrika Gogmen Cekirgesinin yakalanan toplam balik agirliklarina
gore hesaplanan birim maliyetleri

Yem Tiirii Teke Karidesi Morio Kurdu Afrika Gocmen Cekirgesi
Toplam Yem Adeti 420 420 420

Yem Maliyeti (adet/TL) 1,00 0,70 1,10
Yakalanan Balik Agirlig1 (Kg) 3,422 2,072 4,174

Birim Maaliyet (TL) 122,7 141,89 110,68

Teke Karidesi ¢ipura avciliginda kullanilan en yaygin yem cesidi olmasi nedeni ile karidesin
kursun agirliga en yakin takilmis oldugu kombinasyonun (Grup 3) av giicii en yiiksek bulunurken,
Afrika Gogmen Cekirgesinin de karidese yakin bir av giliciine sahip oldugu ve morfolojik olarak
karidese benzemis oldugundan kaynakli olabilecegi sdylenebilir. Kombinasyonlarin birim yem
maliyetleri ile yakalanan balik sayilarina gore hesaplanan birim maliyetler, Grup 1 kombinasyonu igin
13,95 + 5,34 yem maliyeti (TL)/balik, Grup 2 kombinasyonu i¢in 27,90 + 5,34 yem maliyeti
(TL)/balik ve Grup 3 kombinasyonu igin ise 10,28 + 5,34 yem maliyeti (TL)/balik olarak tespit
edilmistir (Tablo 11).

Tablo 11. Kombinasyonlarin yakalanan balik sayilarina gére birim maliyetleri

Kombinasyon Gruplari Grupl Grup 2 Grup 3
Toplam Yem (adet) 420 420 420
Yem Maliyeti (adet) 0,93 0,93 0,93
Tutulan Balik Sayisi 28 14 38
Birim Maaliyet (TL) 13,95 27,90 10,40

Yakalanan baliklarin toplam agirliklar1 esas alinarak yapilan maliyet hesabina gore; Grup 1
kombinasyonu i¢in 116,81 + 47,44 yem maliyeti(TL)/agirlik, Grup 2 kombinasyonu i¢in 239,34 +
47,44 yem maliyeti(TL)/agirhk ve Grup 3 kombinasyonu igin ise 83,25 + 47,44 yem
maliyeti(TL)/agirlik olarak tespit edilmistir (Tablo 12).

Tablo 12. Kombinasyonlarin toplam balik agirliklarina gore birim maliyetleri

Kombinasyon Gruplari Grup 1l Grup 2 Grup 3
Toplam Yem Adeti 420 420 420
Yem Maliyeti (adet) 0,93 0,93 0,93
Tutulan Balik Agirlig: 3,344 1,632 4,692
Birim Maaliyet (TL) 116,81 239,34 83,25

Balik sayilaria ve toplam yakalanan balik agirliklarina gore Teke karidesinin en altta donatildig:
takimin birim maliyet agisindan daha verimli oldugu belirlenmistir. Afrika Go¢gmen Cekirgesinin de
Teke karidesine yakin bir maliyete sahip oldugu sdylenebilir.

4. TARTISMA VE SONUC

Olta balik¢iligl, diinyanin her yerinde ve iilkemizde denize kiyist olan yerler ile i¢ sularca zengin
tiim bolgelerde yapilan rekreasyonel balikgilik etkinligidir. Bu balikgilik etkinliginde, her bolgede, her
mevsimde farkli avlanma araglar1 ve metotlar1 ile farkli veya benzer tiirler avlanabilir. Bilimsel
metotlarin yaninda bolgeye ve kisiye Ozel tekniklerin kullanildigi son derece zengin alternatiflere
sahiptir. Hangi bilimsel ya da kisisel metot ile avcilik yapiliyor olsa da kisisel bilgi ve tecriibe bir yana
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av verimliliginde en Onemli iki faktér olta bedeninin ucundaki igne ve igneye takili olan yemdir
(Kaykag vd., 2003). Olta balik¢iliginda hedef tiirii cezbeden oldukg¢a zengin alternatifi olan dogal ve
yapay yemler kullanilir ancak hedef tiire sayg1 agisindan dogal yemlerin kullanilmas1 bize gére dogru
olanidir. Olta balik¢iligt (Rekreasyonel), basta Ege ve Marmara denizi olmak iizere tiim
denizlerimizde ve i¢ sularimizda yapilan en yaygin balik¢ilik tekniklerinden biridir. Olta takiminin
yapisi, malzemelerin kalitesi, avlanma zamani, mevsim ve avlanma teknigi gibi faktorler avlanacak
balik tiirii ve miktarini etkiler. Bu avlanma tekniginde baliklar agi1z ve agiz ¢evrelerinden yakalanirken,
av verimliligi lizerinde en etkili olan temel iki faktor; kancammn biiyiikligi ve kullanilan yemdir
(Kaykag¢ vd., 2003). Masilan ve Neethiselvan (2018), dogal canli yemlerin her mevsim bulunma
zorlugu oldugunu ve hatta maliyetlerinin olta balik¢iligini oldukga sik olumsuz etkiledigini, Uskumru,
ringa, sardalya, kalamar ve hamsi gibi yem baliklarinin genellikle tuzak ve olta balik¢iliginda
kullanildigini, bununla birlikte; bu baliklarin besin degerleri nedeniyle insan gidasi olarak iyi bir pazar
talebine sahip oldugunu, hem insan gidasi hem de yem i¢in artan pazar talebi nedeniyle, bu baliklarin
fiyatlarinin son on yilda 6nemli 6lclide arttigini bildirmislerdir. Bu nedenle 6zellikle olta balik¢ilig
icin her mevsim bulunabilecek, iilkemiz igin insan gidasi olarak kullanilamayacak ve maliyeti de ¢ok
yiiksek olmayacak alternatif yem kaynaklarina ihtiya¢ vardir ve bu ¢alismadaki hedefimiz de budur.
Av aracinin hedef tiirii yakalama performansi baligin beslenme davranisi ve yem tercihine baglidir
(Kumar vd., 2016). Hedef tiiriin, hedef dis1 tiiriin ve tesadiifi yakalanan baliklarin oltadaki yeme ve
igneye olan ilgisi, baliin tiiriine, avlanma zaman1 ve yerine gore degisiklik gosterdigi bildirilmistir
(Coelho vd., 2011, 2012; Foster vd., 2012; Santos vd., 2012; Amorim vd., 2015). Yapilan ¢alismalar
oltadaki takili yem ile balik arasinda sinerjik bir etkilesim oldugunu belirtmistir (Foster vd., 2012;
Santos vd., 2012; Amorim vd., 2015; Coelho vd., 2015). Olta balik¢iliginda balig1 oltaya ¢eken en
onemli faktor yemin kokusu ve goriintirliigiidiir. (Mejuto vd., 2005). Calismada kullandigimiz ¢ekirge
ve morio kurdunun oltaya takildig: viicut bolgesine bagli olarak disariya ¢ikan viicut sivilarinin ve bu
viicut stvilarin verdigi bir koku ile kendilerine 6zgii bir goriintiisii s6z konusudur.

Olta balikgiliginda kullanilan ve yiiksek verimlilige sahip oldugu ispatlanan bir yem cesidi kisa
zamanda popiiler olur, en ¢ok aranan yem olur ve fiyati yiikselirken, {izerindeki talep baskis1 artinca da
maaliyeti ylikselir. Yem modifikasyonlarimin av verimliligi ve tiir segiciligi iizerindeki potansiyel
etkilerinin daha iyi anlagilmasi, basarili balik¢ilik operasyonlari i¢in hayati onem tagimaktadir (Y okota
vd., 2009). Bu nedenlerle alternatif balik yemi ¢esitliligini arttirmaya acilen ihtiya¢ vardir.
(Lokkeborg, vd., 2014). Alternatif yem ¢esitlerini zenginlestirirken, yemlerin oltada kalma siirelerine,
canliligina, sertligine, kokusuna, hedef balik tiirlerinin ilgisine, biiylikliigiine, depolama ve nakliye
kolayligina bakilmasi gerektigini belirtmistir. Calismada avcilik operasyonlarinda takimlar miimkiin
oldugu kadar benzer siirelerde atilip, ¢ekilmis ve dolu/bos oranlarma gore alternatif yem kaynagi
olarak ongoriilen cekirge (%53,3) ve morio kurdunun (%55,7) oltada kalma siire ve orani karidese
(%73,8) gore daha yiiksek bulunmustur.

Hedef tiir ve biiyiikliikteki baligin yakalanmasinda olta ignesinin biyiikligl, agiz acikligi ve
kullanilan yemin biiyiikliigii arasinda optimal bir iliski vardir (Lokkeborg, 1990). Cekirge ve morio
kurdu da morfolojik biiyiikliikk araligi acisindan amatdr olta balikgisina oldukga genis avantajlar
sunmaktadir. Farklt yemlerin kullanimina bagli olarak av verimliligi ve boy seciciligi iizerine
potansiyel etkilerinin anlagilmasi, basarili balik¢ilik operasyonlari i¢in hayati 6nem tasimaktadir
(Yokota vd., 2009; Echwikhi vd., 2010). Kullanilan yemin tiirii ve bilylikligiiniin yakalama oranlar
iizerine etkilerinin arastirildigi pekcok calisma vardir (Ferno & Huse, 1983; Lokkeborg & Bjordal,
1995; Woll vd., 2001; Broadhurst & Hazin, 2001; Watson vd., 2005; Lowry vd., 2006; Pol vd., 2008).
Olta balik¢ilig1 ile yapilan avcilikta balik boyu segiciligi ve av verimliligi bilgisi, balik¢iligin
yonetilmesi ve balik¢ilarin gelirlerini optimize etmesi agisindan son derece dnemlidir (Eighani vd.,
2018). Olta balik¢iliginda kullanilacak yemlerin ekonomik olarak pazar degeri olan ve gida olarak
tilkketilen balik vb su iiriinlerinden olmamasi, ucuz, lretilebilen ve kolay ulasilabilen canli tiirlerden
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olmasi tercih sebebidir. Calismamizda tercih ettigimiz tiirler de bu kriterleri saglayan tiirlerdendir. Olta
balik¢iliginda kullanilan yemin tiirii ve biiyiikligli yakalanan balik biiyiikligi ve av verimliligi
tizerinde etkilidir (Eighani vd., 2018). Yemin tiirii ve biiyiikliigliniin av verimi ve biiyiikliigii {izerine
etkisi olduguna yonelik ¢alismalar vardir ve benzer sonuclar elde edilmistir (Smith, 2002; Lowry vd.,
2006; Lokkeborg & Bjordal,1992, 1995; Woll vd., 2001; Alos vd., 2009). Yaptigimiz c¢alisma
bulgularina gore de, boyut olarak karides ve morio kurdundan daha iri olan ¢ekirge ile boyca daha
bliyiik bireyler yakalanmistir. Yem olta balik¢iliginda tiir ve biiyiikliik seciciliginin en 6nemli
bilegenlerinden biridir. Herhangi bir yem veya yem kombinasyonunun balik yakalamada basarili
olmasi i¢in hedef balik tiirlerinin ilgisini ¢ekmesi, tat ve koku alma tepkilerini uyarmasi gerekir
(Aydi, 2011). Yemlerin kokusu, tadi, dokusu ve sertligi, yakalama oranimi ve dolayisiyla verimliligi
etkileyen diger faktorlerdir. Ancak bu faktorlerin tiimii, hedeflenen tiirlerin yiyecek arama ve
beslenme davranislariyla baglantiidir (Lekkeborg vd., 1989) Ayrica yem, takim suya atilirken
kaybolmamali ve yemi yutmadan kiigiikk 1siriklarla yemi yoklayan baliklar tarafindan igneden
ayrilmamasi icin belirli bir fiziksel giice sahip olmalidir (Jacobsen ve Joensen, 2004). Arastirmada
kullandigimiz g¢ekirge ve morio kurdunun, karidese oranla oltada daha fazla oranda kaldigi tespit
edilmistir.

Birim ¢abadaki av miktarlari (CPUE/YPUE), olta balik¢iliginda kullanilan yemin tiirtiniin,
yakalanan baliklarin hem sayisal degerleri hem de agirliklari lizerinde etkili olan ve verimliligi
dogrudan etkileyen 6nemli konulardir (Atessahin vd., 2015; Atessahin & Cilbiz, 2019). Diinyanin
diger yerlerinde oldugu gibi Tiirkiye kiyilarinda da bir¢ok balike¢i, dinlenmek icin olta balik¢ilig
yapmaktadir. Balik¢ilarin bu aktivitedeki memnuniyeti, yakaladiklar1 baligin miktar1 veya ne kadar
biiyiik oldugu ile ilgilidir. Bu durumda yem, faaliyetin 6nemli bir par¢asi haline gelir. Kullanilan yem
tiriiniin birim g¢abadaki av miktar1 {izerine etkileri ¢aligmalarda da ozetlenmistir (Leokkeborg &
Bjordal, 1992; Woll vd., 2001; Aydm, 2011). Aydin (2011), Sardalya ve boru kurdunun birim
cabadaki av miktarlarini karsilastirdigi calismasinda, boru kurdunun sardalya baligina gore %25 daha
yiiksek oldugunu tespit etmistir. Caligma bulgularimiza gore Teke karidesi ve Cekirgeye ait birim
cabadaki av miktarlari, Morio kurdu av miktarindan yiiksek bulunmustur. Ayni calismada agirlik
olarak toplam avin %29,7 si sardalya ile avlanirken, %70,3 i ise boru kurdu ile avlanmigtir. Toplam av
agirliginin %15 1 teke karidesi ile %40,2 si morio kurdu ile ve %44,8 i de gekirge ile avlanmugtir.

Teke Karidesi, Morio Kurdu ve Afrika Go¢men Cekirgesinin olta balik¢iliginda av verimliligine
etkilerinin karsilastirilmasi iizerine yapilan ¢aligmada en fazla baligin Teke Karidesi ile avlandigi, en
az baligin ise Morio Kurdu ile avlandigi goriilmekle birlikte, tutulan baliklar1 toplam agirliklar:
bakimindan degerlendirildiginde en fazla baligin Cekirge ile en az baligin yine Morio Kurdu ile
avlandig tespit edilmistir.

Olta ile balik avciligin dort temel kuralindan biri olan uygun yem kullanimmi hedefleyen
caligmamizda, kullanilan yemler arasinda birim av giicii dikkate alindiginda avlanan balik sayisi
bakimindan anlamli bir fark gostermedigi, fakat tutulan baliklarin toplam agirliklart bakimindan
anlamli bir farkin ortaya ¢ikti§1 goriilmiistiir. Buna gore, bu ¢alismada kullanilan ii¢ yem tiiriinden
toplam balik agirliklar1 esas alindiginda en verimlisinin Afrika Gogmen Cekirgesi, Teke Karidesinin
daha az verimli ve Morio Kurdunun ise en diisiik verimlilige sahip yem olduklar1 ancak her iki
alternative yem c¢esidinden karidese alternatif olta yemi olabilecek olan yemin Afrika Gdgmen
Cekirgesi olabilecegi belirlenmistir.

Ayrica calismada mevcut yemler ile siralama dizini esashi yapilan ti¢ (3) farkli kombinasyon
olusturulmus olup, bu komibasyonlarda da tutulan balik sayilari lizerinden anlamli bir farklilik
cikmamakla birlikte, toplam agirlik iizerinden yapilan testlerde 3. yem kombinasyonu (Grup 3) ile
tutulan ortalama balik agirhigr ile 2. yem kombinasyonu (Grup 2) ile tutulan ortalama balik
agirhgimndan anlamli farkin oldugu goriiliirken, 1. yem kombinasyonu (Grup 1) ile anlamli farkin
olmadig tespit edilmistir.
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Yem tiirlerine gore karsilastirmali balik avciligr igin yapilmis olan ¢alismalar dikkate alindiginda,
Aydin (2011) siiliinez ve sardalya yemleri arasindaki verimliligi karsilagtirmis ve siiliinezin bir¢ok tiir
icin daha avantajli oldugunu bildirmistir. Benzer bir calismada Saylik (2019) siiliinez ve tavuk eti
yemlerini karsilastirdiginda aveilik bakimindan aralarinda anlamli bir fark olugsmadig: fakat, oltada
kalma stiresine bagli dayamiklilik ve maliyet bakimindan tavuk etinin daha avantajli oldugunu
bildirmistir.

Son donemlerde tiim diinyada oldugu gibi iilkemizde de olta balik¢iligi kullanilan malzemelerin
tilke tretimi ve ekonomisine katkisi da dahil olmak iizere ekonomik agidan ve eglence amach
balik¢ilik yapan kisi sayisinin artigt bakimindan siirekli yiikselen bir gelisme gostermektedir. Buna
ragmen, denizel ortamlarda olta balik¢iligr ile ilgili yapilan calismalar oldukca kisithi sayidadir
(Kaykag vd., 2003; Akamca & Kiyaga, 2009; Aydin, 2011; Soykan & Kinacigil, 2013; Aydmn vd.,
2017; Saylikoglu, 2019). Amator olta balik¢ilarinin ¢ogunun dikkat ettigi etmenlerin basinda yemin
maliyetinin uygunlugu, kolay erisebilirliligi, oltada kalma siiresi ile hedef baliklar tarafindan tercih
edilebilirliligi gelmektedir. Olta balik¢ilar1 bu sebeplerle tercih edilen yem bakiminda siirekli farkli bir
arayis icinde olmuslardir. Calismamizda balik¢ilik yemi olarak denemesi yapilmis olan g¢ekirgenin,
toplam yem maliyeti ve toplan avlanan baliklarin agirliginin birim av giicii bakimindan
degerlendirildiginde alternatif bir yem tiirii olabilecegi tespit edildiginden bu sekilde bir katki
saglayabilir.
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Abstract: Considerable by-catch problems have occurred in the commercial beam trawl Keywords
fishery targeted at deep water pink shrimp in the Sea of Marmara. In this study, the grid e Deep water rose shrimp
systems were used to reduce the untargeted catch and improve the species' selectivity. e Beam trawl
By-catch reduction ratios of the beam trawls deployed with and without the grid were o Target catch
compared by the parallel hauling method. Selectivity values of 20 mm bar spacing grid By-catch
and 24 mm mesh size cod-end were also analyzed by SELNET program. In general, by- § ig

catch reduction ratios of the grid beam trawl were determined as 50.6% and 56.9% in

terms of number and weight, respectively. The reduction of target catch (Parapenaus

longirostris) in the same gear was found to 23.1% in terms of number and 23.2% in terms

of weight. In the model for rose shrimp, obtained according to the lowest AIC value, the

selectivity parameters of the grid for Lsy were 13.51 cm and for SR 4.76 cm. Selectivity

parameters of the same species for 24 mm mesh size cod-end were; Lsg=8.99 cm and SR

= 5.56 cm. These results indicated that grid usage benefits and contribute to sustainable

fishery in the target catch-oriented fishing applications.

Ozet: Marmara Denizinde derin su pembe karides avciliginda 6nemli derecede yan av.  Anahtar kelimeler
sorunu yasanmaktadir. Bu galismada hedef tiiriin haricinde istenmeyen tiilerin avciligini e Derin su pembe Kkaridesi
azaltmak i¢in 1zgara panel sistemleri kullamlmustir. Izgara panel sistemi yerlestirilen ve o Algarna

1zgara panel sistemi olmayan algarna takimlarinin yan av yakalama oranlar1 paralel o Hedef av
cekme yontemi ile karsilastirilmistir. 20 mm cubuk aralifi 1zgarast ve 24 mm ag g6z o yan av

acikligina sahip torba secicilik degerleri de SELNET programu ile analiz edilmistir. Genel
olarak 1zgara panel kullanilan algarna takiminin yan av azaltma oranlart say1 ve agirlik
bakimindan sirasiyla %50,6 ve %56,9 olarak belirlenmistir. Hedef avin (Parapenaeus
longirostris) azalmasi say1r olarak %23,1, agirhk bakimindan ise %23,2 olarak
bulunmustur. En diisiik AIC degerine gore elde edilen derin su pembe karides modelinde

e |zgara panel

1zgaranin segicilik parametreleri Lsg i¢in 13,51 cm ve SR i¢in 4,76 cm'dir. Ayni tiiriin 24
mm ag gbzi agikligindaki segicilik parametreleri; Lsg = 8,99 cm ve GD = 5,56 cm'dir. Bu
sonuglar, hedef av odakli balik¢ilik uygulamalarinda i1zgara panel kullaniminin
siirdiiriilebilir balik¢iliga fayda sagladigini ve etkili oldugunu gostermistir.
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1. INTRODUCTION

Deep water rose shrimp (Parapenaeus longirostris, rose shrimp hereafter) is the predominant
species in the benthic fauna of the Sea of Marmara (Zengin et al., 2004). Among the Turkish Seas,
most of the shrimp landing (72%) has been supplied from the Sea of Marmara. In the last five decades,
the average landing was 1590.8 (40.2-6236) tons. The sixty-three percent of rose shrimp export
originated from the Marmara region. The commercial fishery of the shrimp has been carried out by
traditional gears; bottom trawls (illegally) and beam trawls (locally named as “algarna”). While one
vessel-operated beam trawls were used in the 1970s, the use of multi-gears (range between 2 and 5
beam trawl) have become widespread in the 1990s due to increasing commercial importance and
increasing demand for rose shrimp.

The highest discard and incidental catch ratios in the world fisheries belong to shrimp-targeted
bottom trawls (Hall, 1996). Discard and by-catch problems are seriously important where the species
diversity is rich (Martin, 1992). In recent years, studies regarding shrimp trawls focused on excluder
and separator panel designs for other species that share the same habitat and are being captured
together with shrimps. Therefore, many studies were conducted on the selective grid trawl nets with
different modifications which can provide optimum selectivity and eliminate other species (Isaksen et
al., 1992; Klima, 1993; Graham, 1995; Tokai et al., 1990; Boulos & Brothers, 1996; Waldemarsen,
1996; Larsen, 1996; Madsen et al., 1999; Salini et al., 2000; Ye et al., 2000; Machias et al., 2001,
Fonteyne & Polet, 2002; Graham, 2003). On the contrary, the number of studies conducted in Turkey
is scarce (Aydin & Tosunoglu, 2012; Ozvarol, 2016). Usage of the leading panels and selective grids,
a relatively new system for trawl fishery, was firstly performed in 1989 during coastal shrimp fishery
for excluding jellyfish in Norway. Nowadays the purposes of grid applications in trawl fishery are
improving species and size selectivity, eliminating untargeted species especially the turtles (Caretta
spp.) during fishing operations, and increasing survival ratios of the escaping fish from the net (Larsen,
1996; Valdemarsen, 1996).

Fishers have operated with bottom trawl gears intensively since the beginning of the 1990s to
obtain more yield and catch the shrimp stocks easily generally located between the depths of 100-200
m (Zengin et al., 2004). Bottom trawling has been completely prohibited since the early 1970s to
protect demersal fish stocks in the Sea of Marmara. However, the failure in operating an effective
control mechanism due to administrative, legal, and infrastructural deficiencies has been one of the
most important reasons for persistent trawling in the area. High levels of by-catch and discard were
reported in bottom trawl and beam trawl fisheries, especially for flatfish and cartilaginous fishes
(Zengin et al., 2014; Zengin et al., 2017).

Shrimp landings in the Sea of Marmara within the last half century (1967-2019) show that shrimp
catch has increased since the early 1980s and the production peaked in 1989 with 8380 tons. However,
the number of landings started to decrease gradually in the following years and the number of catches
decreased to 1200 tons in the 2010s. It is obvious that besides high fishing power, characteristics of
traditional beam trawl nets also play a role in this decrease. On the other hand, destructed habitats
caused by bottom trawling, which was applied for capturing deep water rose shrimp together with
other macrofauna distributed over the benthic and benthopelagic zone and is completely prohibited for
this sea, also have an important impact (Zengin et al., 2004; Zengin & Akyol, 2009).

This research aimed to reduce the ratio of bycatch shrimp catch taken by beam trawls and to
increase the survival chance of commercial and non-commercial species in the Marmara Sea, which is
subjected to the multi-species fishery. Studies related to the reduction of bycatch in the multi-species
fishery all over the world are of great concern. Especially in trawling gear, various modification
techniques towards the separation are available (Isaksen et al., 1992; Larsen, 1996; Broadhurst, 2000;
Campos & Fonseca, 2000; Eayrs, 2007). With these motivations, modification studies have been
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carried out to reduce discard and non-target catch rates in traditional beam trawls, which are widely
used for the rational sustainability of rose shrimp stocks in the Sea of Marmara.

2. MATERIAL AND METHODS
2.1. Study area

This study was conducted in five stations, Istanbul-Yesilkdy, istanbul-Tuzla, Tekirdag-Barbaros,
representing Northern Marmara, and Erdek-Cakilkdy, Gemlik Gulf, representing South Marmara
(Figure 1) between August and September 2004. Water depth varied between 44 to 110 m, generally
50 to 80 m. Experimental surveys were carried out by commercial fishing vessels. In the sampling,
vessels with a length of 9 to 12 m, and an engine power of 28 to 135 hp was used. The speed ranged
from 1.5 to 1.8 knots.
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Figure 1. Map of the study area and sampling stations

To reflect the real situation, haulings were taken during the commercial fishing period. The average
duration of these hauls was 3.8 (3.5-4) hours, although it varied locally. It has been reported that the
rose shrimp was associated with feeding dynamics, light and dark rhythms of the day affect fishing
and in general large amounts of prey were obtained during the day (Kangas et al., 2015). Similarly,
operations in this study were performed during daylight.

2.2. Structural features of traditional beam trawl net

Beam trawl gears are composed of 5 components; net, beam, sledge, chain, and rope. The mouth
opening of the net is as long as the beam. The length and height of the beam are generally 5-6 m and
50-60 cm, respectively, and are made of galvanized profile pipe (Figure 2). The total length of beam
trawl nets is 11 m. A protective bag is generally placed over the cod-end; 2.5 mm twine diameter,
Polypropylene (PP) 80 mm mesh size, and 2.5 strokes in length. Tow ropes connect the net to the
vessel. Net release and tow are carried out by ropes via pulleys and cranes.
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N-SG

Non-Sorting Grid (Conventional Beam Trawl)

SG
Sorting Grid (Beam Trawl with Sorting Grid)

SN

Figure 2. The beam trawls featured for shrimp used in the study (N-SG: Non-Sorting Grid, SG;
Sorting Grid).

2.3. Designing the separator grid

The grid as presented in Figure 3 was formed by combining 31 chrome bars of 4 mm diameter with
20 mm bar spacing (Figure 3). The length and width of the ellipsoid panel given in Figure 3 were 108
and 77 cm, respectively. Bar spacing was determined according to the body height of the carapace
zone of the target species rose shrimp in the present study. The panel was reinforced with crossbars
from three equidistant points. The optimum operation angle of the grid was reported to be 45° (Isaksen
et al., 1992). The perimeter of the grid panel was covered with a 6 mm mesh size (PA 210d/8) net of
403 meshes with a length of 74 meshes. An escape window was formed on this net which had a base
of 49 and a depth of 24 meshes. For determining the escape species, a collective bag was also
equipped to the mouth of the window.
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Figure 3. The sorting grid details and the positioning of the escape window (dimensions in this design are in
mm)
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2.4. Experimental studies

Two same-size beam trawls were used in the study; the first one without a grid panel and the
second one with a grid panel mounted in front of the cod-end (Figure 2). A parallel hauling method
was performed for comparing the selectivity and target catch ratio of the grid panel. In addition, the
optimum catch length for the shrimp population was determined by using a 24 mm diamond mesh size
to determine the selectivity in the bag part of the SG beam trawl (Figure 4). A grid cover of 24 mm
mesh size was used for determining the excluded species by the grid. The shrimp catch of each haul
was recorded and 1000-1500 g subsamples were separately taken from cod-end and cover. These
subsamples were fixed in 10% formaldehyde solution for length measurement and transferred to the
laboratory.

The hooped-covered cod-end method was used to collect selectivity data (Wileman et al., 1996)
and benthic material from the nets. An 8.2 m longhand 12 mm mesh size knotless PA (polyamide)
netting cover was used to collect the escaped individuals from the cod-end. The cover was supported
by two hoops (PVC @ 1.6 m) to avoid the masking effect and to provide water flow between the cod-
end and the cover. These hoops were mounted on the cover at distances of 2.2 and 5.2 meters from the
attachment point at the end of the funnel (Figure 4).

Escape Window

o

Figure 4. Positioning the sorting grid on the beam trawl cod-end (C: Cod-end; CC: Cover Cod-end; GC; Grid
Cover; EW: Escape Window).

The total catch in the cover cod-end of the traditional and modified net and the total catch in the
cod-end of the escape window were evaluated separately during sampling surveys. After the
identification of the target catch and by-catch at the species level in both parts of the net, catch
amounts of each species in terms of number and weight were recorded to datasheets.

2.5. Data analysis

Catches taken from traditional (control gear) and modified gears were taxonomically identified at
the species level. Every Catch was recorded by number and weight. Target species (P. longirostris)
and some important commercial fishes (hake, whiting, gurnard, sole) were measured to assess the total
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length (cm) frequency distribution. The catch per unit effort (CPUE) is used as an index for finding the
bycatch reduction amount/ratio for both traditional and modified gear.

CPUE was used to determine the catch difference of beam trawl hauls. The catch of each trawl
operation was standardized. Calculated CPUE in such a case shows the change of catch related to
fishing effort (Phiri & Shirakihara, 1999). CPUE was calculated by the following formulae,
CPUE=(3.C/N¢)/(3>.T/Ng); CPUE; fishing index (kg/h), C; catch amount of each target catch (kg), T;
sampling time (h), N¢; the number of hauls.

2.6. Selectivity analysis

The size selection is termed as a sequential dual selection system in the beam trawl cod-end
comprised of two main phases. These were 20 mm bar spacing grid selectivity and a 28 mm diamond
mesh cod-end selectivity (Figure 4). The first selection process started when the rose shrimp and fish
encounter the rigid sorting grid, after that the second process followed the first one was completed.
Fish and invertebrates that did not pass through the grid accumulated in the top cover of the grid
compartment. Specimens that passed through the grid enter the size-selective cod-end, where the
second selection process occurs. In order to be retained in the cod-end (rcombined (1)), every
individual has to be retained by the first (rgrid(l)) and the second process (rcodend(l)): rcombined(l) =
rgrid(l) x rcodend(l) where | denotes the length of the individuals. The selectivity analyses procedures
performed in this study are similar to those previously implemented by Sistiaga et al. (2010),
Herrmann et al. (2013), and Brcic et al. (2015). According to these studies, the probability of fish
passing through the grid for fish that make contact with it can be modeled with the following log it
model:

rcontact(l, L50grid, SRgrid) = 1 — log it(l, L50grid, SRgrid) where:
log it(l, L50, SR) = exp(In(9) x (1 — L50)/SR) 1 + exp(In(9) x (1 — L50)/SR)

The model involves pooling the haul data. To account for the increased uncertainty in the
estimation resulting from subsampling, a double bootstrap method was used to estimate 95% Efron
percentile confidence intervals (Efron, 1982; Chernick, 2007) for curves and parameters. For this
reason, 1000 bootstrap iteration was used for each species investigated. The analysis was carried out
using the software SELNET which implements the models described above (Sistiaga et al., 2010;
Herrmann et al., 2013).

3. RESULTS

A total of 17 experimental hauls with and without grid panels were conducted during the shrimp
beam trawl survey in five different areas of the Sea of Marmara. Besides the target catch, rose shrimp,
61 species belonging to 9 taxonomic groups were determined by the non-sorting grid beam trawl gear.
Bony fishes (Osteichthyes) were represented by 21 species, cartilogenus fishes (Chondrichthyes); 2
species, Crusteceans (Crustecea); 8 species, mollusks (Mollusca); 12 species, cephalopods
(Cephalopoda); 3 species, echinoderms (Echinodermata); 8 species, anthozoons (Anthozoa); 5 species,
Ascides sp.; 1 species and porifera (Spongiidae) by 1 species. The catch composition of the sorting
grid beam trawl was composed by 34 species of benthic and bentho-pelagic macrofauna belonging to 9
taxonomic groups. These groups and number of species in each group are as follows; bony fishes
(Osteichthyes) 15 species, cartilogenus fishes (Chondrichthyes) 1 species, Crusteceans (Crustecea) 3
species, molluscs (Mollusca) 4 species, cephalopods (Cephalopoda) 2 species, echinoderms
(Echinodermata) 5 species, anthozoons (Anthozoa) 2 species, Ascides sp. 1 species and pofires
(Spongiidae) 1 species.

CPUE of the non-sorting grid beam trawl in terms of number and weight were 643 ind./h/net and
4.5 kg/h/net, these values were estimated to be 473 ind./h/net and 3.3 kg/h/net for sorting grid beam
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trawl, respectively. The difference, as mentioned above, was due to escaped or excluded individuals.
Despite this lost amount, length distribution-based evaluation showed that 9-11 cm length groups were
dominant in the evacuated portion excluded by the window among 6.5-15 c¢cm length groups that
entered the net. Although the selectivity was determined for by-catch species passing from the grid and
reaching the cod-end, considerable evacuation of small-size by-catch individuals was also observed
from the cod-end of the beam trawl.

The existence of many species was observed in the collective bag of the grid beam trawl which was
not able to pass through the bar spacing and was directed by the escape window. The reduction ratio of
the excluded species in comparison to non-grid gear in terms of number and weight were calculated to
be 56,7% and 62,9% for bony fishes, 21.2% and 21.6% for cartilaginous fishes, 30.4 % and 26.1% for
crustaceans, 24.5% and 35% for molluscs, 26.9% and 19.9% for cephalopods, 12.2% and 18% for
echinoderms, 32.3% and 58.3% for anthozoons, 26,6% and 19.9% for ascides species and both 100%
for sponges, respectively. In general, the by-catch reduction of grid-mounted beam trawl gear was
determined to be 56.9%. Moreover, the reduction in the target catch (P. longirostris) with the
mentioned gear was 23.1% and 23.2 in terms of number and weight respectively (Figure 5).
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Figure 5. By number and weight reduction rates of non-target species compared to non-grid fishing gear

While the target catch was calculated to be 64.99% and 73.99% for non-grid and grid beam trawl in
terms of weight, respectively, the numerical target capture rates were found to be 67.85% and 77.00%
for the non-grid and grid beam trawl. This case indicated that rose shrimp is the target species for both
gears. Flatfish (turbot, common sole, skates, and rays), categorized in by-catch fraction, were generally
excluded by the escape window due to obstruction of the grid. Similarly, fusiform bony fishes (hake,
whiting, shore rocking, horse mackerel) were also excluded at a higher rate in number and weight
compared to other taxonomic groups.

It was found that 15% of the shrimps escaped via an upper window and 8 % were captured at the
cod-end. Moreover, 34% of the individuals placed at the cod-end, were captured in the cover. Small-
sized individuals of other species composing the by-catch, especially the juveniles, accumulated in the
cod-end together with shrimp. Whereas the length groups of shrimps that escaped to the cover was
between 8.5 and 10.0 cm, they ranged from 8 to 12.5 cm in the cod-end. Furthermore, 14.5-15.5 cm
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length groups were determined among the individuals which couldn’t pass through the grid and
escaped (Figure 5).
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Figure 6. Size distribution of rose shrimp caught in sorting grid (GC: Grid Cover; C: Codend;
CC: Cover Codend; T: Total numbers of individuals).

The retention ratio of by-catch species was determined according to a place of capture as in front of
grid (collective bag of the escape window) and behind the grid (cod-end). While 50.8% of European
hake, 69.1% of whiting, 39.2% of tube gurnard, and 59.4% of common sole were captured in front of
the grid, the rest was caught at the cod-end. Length distributions of excluded and captured (in the cod-
end) individuals were determined as follows respectively; European hake 11-42 cm and 5-24 cm,
whiting 10-27 cm and 8-18 cm, tube gurnard 8-26 cm and 6-19 cm, common sole 7-25 cm and 5-19
cm.

Bigger individuals of fusiform species such as European hake and whiting were observed to escape
via the panel of the window but smaller ones passing through the bar spacing gathered in the cod-end.
A similar case was also determined for tube gurnard specimens. However, since the tube gurnard
entering the net was mostly composed of small individuals that can pass through the grid gaps, a
greater proportion of tube gurnard individuals were found in the cod-end. A high exclusion ratio was
observed for flatfishes.

According to the results of the selectivity analysis for rose shrimp, many models were applied on
SELNET and among those, the one with the smallest AIC value was preferred. The calculated
minimum AIC value (1015.21) belonged to RGompertz model for grid selectivity. Selectivity
parameters for shrimp in this model were determined to be Lsy, =13.51 cm and SR = 4.76 cm. Rprobit
model had the minimum AIC value (1492.88) for 24 mm cod-end selectivity of the same species and
the selectivity parameters were found to be Ls,= 8.99 cm and SR = 5.56 cm. Selectivity curves and
confidence intervals of shrimp for grid and cod-end are given in Figure 6. The sigmoid curve in this
graph defined the escape of small individuals before a certain length and retain of others in the cod-end
after a certain length. Bell shaped curve occurred for the grid selectivity which meant in the transfer of
smaller individuals from grid to cod-end and remain of bigger individuals in front of the grid or escape
via upper window.
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Figure 7. Sorting grid and cod-end selectivity curves with Efron percentile bootstrap 95% confidence limits for
rose shrimp (dashed line for sorting grid, straight line for beam trawl cod-end).

Eight models were tested during the grid selectivity analyses for European hake, whiting, tube
gurnard, and common sole. The most suitable model was determined to be the Probit model for the
above-mentioned species except for common sole (Table 1). Parameters of grid selectivity for by-catch
species were calculated as Lsp=17.88 cm and SR=6.89 cm for European hake, Ls;=14.44 cm and
SR=6.97 cm for tube gurnard, Ls,=11.89 cm and SR=3.29 cm for whiting and Ls,=12.82 cm and
SR=7.56 cm for common sole.

Table 1. Model selectivity parameter values in SELNET (The lowest AIC value indicates the best fit) for
bycatch species.

EUROPEAN HAKE WHITING
Model Lsox SR AIC p-value D. df Lso1 SR AIC  p-value D. df
Logit 17.88 6.55 126.13 1.0000 10.12 35 12.20 355 101.24  0.9809 7.19 17
Probit 17.88 6.89 12434 1.0000 8.33 35 12.26 3.80 10149 0.9772 7.43 17
Gompertz 17.05 726 124.82 1.0000 8.81 35 11.89 3.29 99.38  0.9967 5.33 17
Richard 17.15 7.14  126.86 1.0000 8.85 34 1193 330 10157  0.9925 5.52 16
ClLogit 17.88 6.55 128.13 1.0000 10.12 34 12.20 355 10324 0.9694 7.19 16
CProbit 17.88 6.89 126.34 1.0000 8.33 34 1226 3.80 10349 0.9639 743 16
CGompertz ~ 17.05 726 126.82 1.0000 8.81 34 11.89 329 101.38  0.9939 5.33 16
CRichard 17.15 7.14 128.86 1.0000 8.85 33 1193 3.30 10357  0.9867 5.52 15
TUB GURNARD COMMON SOLEA
Model Lsox SR AIC p-value D. df Lso1 SR AIC  p-value D. df
Logit 14.47 6.86 99.81 0.5074 18.23 19 1280 742 96.97 0.9478  10.20 19
Probit 14.44 6.97 99.20 0.5479 17.62 19 1282 7.56 96.31  0.9635 9.54 19
Gompertz 13.90 7.47 99.34 0.5386 17.76 19 12.15 7.34 98.02 0.9151 11.25 19
Richard 13.96 736 101.39 0.4681 17.81 18 14.22 9.41 96.56  0.9816 7.79 18
CLogit 14.47 6.86 101.81 0.4409 18.23 18 14.65 571 98.67  0.9350 9.90 18
CProbit 14.44 6.97 101.20 0.4809 17.62 18 14.47 6.05 98.10  0.9517 9.33 18
CGompertz 13.90 747 101.34 0.4717 17.76 18 14.29 5.64 99.63  0.9001 10.86 18
CRichard 13.96 736  103.39 0.4008 17.81 17 14.22 9.41 98.56  0.9708 7.79 17

Even though the length groups of European hake passing from the net mouth to the panel ranged
between 5 and 42 cm, lengths of individuals escaping from the panel varied from 17.5-42.5 cm. The
smaller individuals which were able to pass through the grid system ranging from 5 to 12.5 cm
belonging to the 0 age group gathered at the cod-end. A similar situation also occurred for whiting,
tube gurnard, and common sole populations. Although the whiting entering the net varied between 8
and 27 cm, it was determined that mostly 8-12 cm length and 0-1 age groups smaller individuals of the
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population were in the cod-end. Tube gurnards and common soles entering the net ranged from 6-27
cm and 8-25 cm, respectively, length groups which were not able to exclude via the panel system were
composed of smaller individuals of the populations varying between 6-16 cm for tube gurnard and 8-
14 cm for common sole (Figure 7).
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Figure 8. Sorting grid and cod-end selectivity curves with Efron percentile bootstrap 95% confidence limits for
others (dashed line for sorting grid, straight line for beam trawl cod-end).

4. DISCUSSION

Findings of the present study especially the behaviors of commercial demersal species (European
hake, whiting, tube gurnard, and common sole) sharing the same habitat with rose shrimp in the
modified beam trawl net resulted in confirming the targeted approach. Length distribution analysis of
these species showed that bigger individuals of the population escaped via the window of the panel
according to the bar of the grid spacing and the smaller ones which were able to pass between the grid
bars mostly accumulated in the cod-end. Isaksen et al. (1992) reported similar results in Pandalus
borealis fishery on the exclusion of bigger individuals by the grid. Considerable by-catch problems
have been occurring in the Sea of Marmara during commercial fishing operations by bottom trawling
gears. A total of 34 species belonging to 9 taxonomic groups were determined during experimental
beam trawl fishery operations targeting by-catch reduction by using a sorting grid. Zengin and Akyol
(2009) reported 119 species belonging to 10 taxonomic groups together with rose shrimp by traditional
bottom trolling gears such as bottom trawl, boat seine, and beam trawl in the Sea of Marmara focusing
on the benthic and benthopelagic catch.

During this research, a considerable amount of by-catch reduction was determined by the grid
application to shrimp-targeted beam trawl gear in the Sea of Marmara. Bio-economic losses will be
able to reduce by decreasing this catch over the long term and therefore benthic biodiversity of
Marmara will be protected.

In this study, the grid panel was mounted at an angle of 45° into the cylindrical cage. The full
functioning of the system and optimum results depend on placing the grid panel at an appropriate
angle. It was reported that the ideal working angle of all shrimp grids must be between approximately
45° and 50° (Isaksen et al., 1992; Larsen, 1996). Boules and Brothers (1996) mounted the sorting grid
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at an angle of 48° and they reported a 9% increase in the shrimp catch during their experimental study
conducted in Canada. If this angle is smaller than 35°, the amount of shrimp loss due to upwards
movement may significantly increase in comparison to the number of shrimps passing through the
grid. Shrimp loss is much lower at the beginning of the operation at an angle of 50° or wider angles
(Larsen, 1996). To reduce the catch of small shrimp in Pandalus borealis trawling in Europe and
North America, a separation grid with a spacing of 9 and 11 mm has been installed in the Nordmere
style panel net. As a result, it was determined that more shrimp escaped from the grids with 11 mm
spacing than 9 mm (He & Balzano, 2012). A similar result was found in this study as well. A decrease
of 23.1% in number and 23.2% in weight was determined from the panel with 20 mm grid spacing
compared to the traditional mesh. Undoubtedly, these individuals who escaped from the cod end are
young and have not yet reached sexual maturity, and at the same time, they are low-priced
bioeconomically.

In experimental fishing trials in the Barents Sea by Larsen et al. (2017) the 19 mm bar spacing of
the Nordmore grid of the shrimp of the species Pandalus borealis, which is a target species in trawling
fisheries, has been determined for the four main bycatch species (redfish Sebastes spp., Haddock
Melanogrammus aeglefinus, Atlantic Cod Gadus morhua, and American Plaice Hippoglossoides
platessoides). According to the findings, it was determined that 80% to 100% of the bycatch species
passed from the grid to the bag part. Similar trends were found for other bycatch species. Overall, very
few deep-water shrimp have been found escaping from escape.

The escaping ability of by-catch species through a window of the grid system is also influenced by
their habitat behavior. Substrate-dependent some benthic species (crab, squid, starfish, sea urchin) are
commonly less excluded than free-swimming semi-demersal species (bony and cartilaginous fish) in
the benthic and pelagic zone. The exclusion ratio of sandy swimming crab (Liocarcinus depurtor)
classified in crustaceans was determined to be 57.6% in terms of number and 44.9% in terms of weight
in the present study. These results are largely due to the individual catch sizes of these populations.
Flatfish (turbot, common sole, skate) of the by-catch fraction were generally excluded via window due
to obstruction of the grid. Graham (2003), in a similar study, revealed the significant impact of
excluding 0 and 1-year-old age groups of European plaice (Pleuronectes plattesa) which composed an
important part of the population, during shrimp catch for the commercial plaice fishery. Less
swimming ability of smaller individuals in comparison to bigger ones was also reported to be a reason
why small fish in the by-catch couldn’t get out via the escape window (Larsen, 1996).

In experimental studies, the amount of catch per unit effort caught by conventional beam trawls is
in number and weight, respectively; 643 ind./h/net and 4.5 kg/h/net; for modified nets, these values
were estimated as 473 pcs/hr/w and 3.3 kg/hr/w. As mentioned above, the difference comes from the
individuals escaping/expelled from the grid/panel system. Despite this loss amount, when evaluated in
terms of height distribution; It was determined that in the total shrimp catch, which entered the net and
ranged in length between 6.5-15.5 cm, mostly 9-11 c¢cm size groups were thrown out of the window.
Small individuals of non-target species were also observed to be largely expelled from the beam trawl
cod end.

Females of the rose shrimp population reach sexual maturity at 9.7 cm (total length with rostrum).
The reproduction activity of P. longirostris population in the Sea of Marmara starts from the beginning
of the first age (Zengin et al., 2004). Selectivity investigations on P. longirostris population indicated
that the size and shape of meshes at the beam trawl cod-end must have been 28 mm diamond or 24
mm square for an optimum fishery (Zengin and Tosunoglu, 2006). Cod-end selectivity value of 8.99
cm showed that 24 mm mesh size net used in the study was insufficient. The calculated selectivity
value of the grid (Lso = 13.51 cm) is significantly higher than the sexual maturity value. But
composing very little loss of 15% in the total catch is considered to contribute to the sustainable
shrimp fishery.
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Considered together with the selectivity findings; In algarna nets with a bag mesh opening of 28
mm/prism and a separating grid/panel, although the amount of shrimp escaping from the window part
of the panel was up to 25%, with the selectivity provided in the codend of the net (with the selectivity
provided in the codend in shrimp catch). A portion of 44.4%, mostly consisting of juveniles and young
individuals, is returned to the ecosystem.) Fishing large-sized individuals will provide a significant
advantage in terms of both the shrimp population in the Sea of Marmara and commercial value.

5. CONCLUSION

It is stated that shrimps have poor swimming ability in the targeted direction concerning fish.
Shrimps which are passive swimmers in comparison to fish move randomly in the water and enter the
trawl cod-end without any escape. These behavioral characteristics represent important design
information for fish escapes quickly from the panel net with strong swimming ability. In the first step,
grid beam trawl design benefits from swimming performance differences between by-catch fish, and
shrimps and fish moving at high speed are effective in escaping from the panel. On the other hand, the
average length of fish entering the net is also an important factor to escape. Because the escape of
smaller fish from the net panel is lower than the others (Eayrs, 2007). The results of this study confirm
these general approaches.

Glngor et al. (2007) reported that the length distribution of the landed shrimps was more effective
on the market-value policy than the amount landed in a study focusing on the socio-economical
characteristics of fishery in the Sea of Marmara. From the perspective of fishermen’s economy, it has
been seen that shrimp catch with panel/grid modified beam trawl net was more advantageous. When
the benefits of the system are considered as a whole; (1) besides an optimum shrimp fishery (2)
Species diversity in the benthic ecosystem in the Sea of Marmara will be protected up to 50-55%.

Some economic advantages of using a horizontal sorting panel in the shrimp fishery on the market
price were revealed. First of all, the income of the fishermen may be raised by increasing the quality of
the landed shrimp. Preventing over-quota problems, decreasing on-board efforts and capturing only
target species, and exclusion of other bycatch species and undersized individuals are the other
beneficial cases. The use of horizontal sorting panels was reported to increase the trawl resistance by
approximately 10% and this was counted to be negligible for fuel consumption but it was also stated to
be non-effective on the height of the net (Wileman, 1994).
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be accepted. Except for special uses, only the first letter of the title of all references should be capitalized, and all



words in the names of the sources (journal, publishing house and congress) should be written with a capital
letter.

1-Journal articles
The name of the journal (italic) without shortening, volume (italic), issue, page numbers and DOl number having
an active link should be specified.

Petrauskiené, L., Utevska, O., & Utevsky, S. (2009). Can different species of medicinal leeches (Hirudo spp.)
interbreed? Invertebrate Biology, 128(4), 324-331. https://doi.org/10.1111/j.1744-7410.2009.00180.x

Wagenaar, D. A., Hamilton, M. S., Huang, T., Kristan, W. B., & French, K. A. (2010). A hormone-activated
central pattern generator for courtship. Current Biology, 20(6), 487-495.
https://doi.org/10.1016/j.cub.2010.02.027

2-Book
The title of book should be written in italic, and it should be followed with Publisher information.

Nesemann, H., & Neubert, E. (1999). Annelida, Clitellata: Branchiobdellida, Acanthobdellea, Hirudinea.
Spektrum Akademischer Verlag.

Sawyer, R. T. (1986). Leech biology and behavior. Oxford University Press.

3-Book section
The title of the chapter should be normal, the title of the book should be in italic, the editor(s), the page numbers
of the section, the publisher and the DOI number (if available) having active link should be included.

Le Couteur, D., Kendig, H., Naganathan, V., & McLachlan, A. (2010). The ethics of prescribing medications to
older people. In S. Koch, F. M. Gloth, & R. Nay (Eds.), Medication management in older adults (pp. 29-42).
Springer. https://doi.org/10.1007/978-1-60327-457-9 3

McCormack, B., McCance, T., & Maben, J. (2013). Outcome evaluation in the development of person-centred
practice. In B. McCormack, K. Manley, & A. Titchen (Eds.), Practice development in nursing and healthcare
(pp. 190-211). John Wiley & Sons.

4-Web pages / Online documents
The title of the page should be in italic, the name of the website and the active link to the page should be
specified.

International Union for Conservation of Nature. (2010). Chondrostoma nasus.
https://www.iucnredlist.org/species/4789/97800985

Wikipedia. (2021). Toxicology. https://en.wikipedia.org/wiki/Toxicology

5-Dissertations/Thesis
The title of the dissertation/thesis should be in italic, its type (Doctoral, Master's, Specialization in Medicine) and
the name of the university should be specified.

Filik, N. (2020). Inhibition effect of phenolic compounds on the environmental sensing system of Aeromonas
hydrophila strains isolated from cultured fish and determination of the clonal relationship between strains by
pulsed field gel electrophoresis method. [Doctoral dissertation, Isparta University of Applied Sciences].



Ozdal, A. M. (2019). Effects on growth and coloration of red pepper supplementation as pigment sources to diets
of jewel cichlid (Hemichromis guttatus). [Master's thesis, Isparta University of Applied Sciences].

6-Conference, symposium presentations
Event date, presentation title (italic), presentation type (Oral presentation, Poster presentation), event name, city
and country should be given.

Ceylan, M., Cetinkaya, O. (2017, October 4 - 6). Assessment of population structure and size of medicinal leech
Hirudo verbana, inhabiting some model wetlands of Turkey [Oral Presentation]. International Symposium on
Limnology and Freshwater Fisheries, Isparta, Turkey.

Snoswell, C. (2016, October 31 - November 3). Models of care for store-and-forward teledermatology in
Australia [Poster presentation]. 7th International Conference on Successes and Failures in Telehealth, Auckland,
New Zealand.

NOTE: Manuscripts that are not prepared in accordance with the journal writing rules will not be considered for
scientific evaluation.



Yazim Kurallari

SAYFA BOYUTU
Sayfa A4 (21 cm x 29,7 cm) formatinda olmalidir.

KENAR BOSLUKLARI

Ust: 2,5 cm Sol: 2,5¢cm Alt: 2,5cm Sag: 2,5 cm Cilt payt: 0 cm
YAZI STILI

Yazi karakteri : Times New Roman

Yazi karakteri biiytikliigt : 12 punto

Paragraf : Iki yana yash

Paragraf girintisi :1,25¢cm

Satir araligi 12

Satir numarasi : Metnin tiimiinde satir numarasi atanmalidir

Sayfa numarast : Sayfalarin altina gelecek sekilde otomatik numaralanmis
BASLIK SAYFASI

Baslik sayfasi, makale dosyasindan ayri olarak sisteme yiiklenmelidir. Baglik sayfasinda sadece asagidaki
bilgiler yer almalidir.

- Baslhik
Baslik kisa, bilgilendirici ve ¢aligmay1 net olarak yansitmalidir. Kisaltma ve formiil kullanimi 6nerilmez.

- Kisa bashik
Baglig1 yansitacak sekilde maksimum 75 karakterde kisa bir baglik verilmelidir.

- Yazarlar
Yazarlarin ad ve soyadlar: kisaltilmadan agik olarak yazilmalidir. Makale yiiklenmeden dnce yazar isimlerinin
dogrulugu kontrol edilmelidir.

- Kurum bilgisi

Kullanilan diizen: Universite/Enstitii, Fakiilte, Boliim, 11-ULKE

Ornek: Isparta Uygulamali Bilimler Universitesi, Egirdir Su Uriinleri Fakiiltesi, Su Uriinleri Yetistiriciligi
Boliimii, Isparta-TURKIYE

- Sorumlu yazar

Makalenin tiim asamalarindan sorumlu olacak sorumlu yazar belirtilmelidir. Baslik sayfasinda sorumlu yazarin
iletisim bilgileri ve posta adresi verilmelidir.

*Sorumlu Yazar: Ad1 Soyadi, e-posta: ...

- ORCID bilgileri
Tim yazarlarin ORCID bilgileri belirtilmelidir. Litfen ORCID tanimlamasi yapmak icin https://orcid.org
adresini ziyaret ediniz.

MAKALE FORMATI
Arastirma makalesi, kisa makale, olgu sunumu ve derlemeler asagidaki formata uygun olarak hazirlanmalidir.



Arastirma Makalesi Kisa Makale Olgu Sunumu Derleme
Baglik
Kisa baglik
Yazarlar
Kurum bilgileri
Sorumlu yazar e-posta adresi
ORCID bilgileri

Baglik
Ozet

Anahtar kelimeler

Title
Abstract
Keywords
1. Giris
2. Materyal ve Metot . . . .
3. Bulgular 2. SERBEST ICEREIK 2. Olgu Sunumu 2. SERBEST ICEREIK
4. Tartigma 3. Tartisma
5. Sonug 4. Sonug
Tesekkiir
Finans
Cikar Catismasi Beyani
Yazar Katkilari
Etik Onay Beyani
Veri Kullanilabilirlik Beyani
Kaynaklar
OZET

Ozet, ¢aligmanm amacim, kullanilan metotlar, &ne ¢ikan bulgulari ve literatiire katkisim 6z bir sekilde
igermelidir. Hem Tiirkge hem de Ingilizce dillerinde maksimum 300 kelime olacak sekilde yazilmalidir.
Not: Tiirk olmayan yazalar icin Tiirkge Ozet destegi saglanmaktadir.

ANAHTAR KELIMELER

Anahtar kelimeler baslikta yer almayan, calismay1 yansitacak kelimelerden se¢ilmelidir. En az 3 (ii¢), en ¢ok 5
(bes) kelime belirtilmeli; kelimeler aralarinda virgiil (,) son kelimeden sonra ise nokta (.) gelmelidir.

Anahtar kelimeler: CITES, akuaponik, iiretim protokolii, mortalite, immiinoloji.

ONDALIK GOSTERIM .
Tiirk¢ce makalelerde “,” (virgiil) Ingilizce makalelerde ise “.”” (nokta) olmalidir.
Tiirkge: %10,25

Ingilizce: 10.25%



LATINCE GOSTERIM
Tir ismi, metinde ilk gegtigi yerde kisaltilmadan (Cyprinus carpio), sonrasinda ise cinsi ismi kisaltilarak (C.
carpio) verilmelidir.

TABLOLAR

Tablo baslig1, tablonun iistiine gelecek sekilde kisa ve 6z olmalidir. Tabloda yer alan kisaltmalar tablonun altinda
aciklanmalidir. Tablo &zel bir tasarim uygulanmanus, diiz kilavuz seklinde olmalidir. Ihtiyag bulunmasi halinde
tablo ici metinde yazi karakteri biiyilikliigii 10 puntoya kadar diisiiriilebilir. Tablolara metin i¢inde Tablo 1, Tablo
2, ... seklinde atif yapilmalidir. Tablolar, alintilandiklar1 yere en yakin yerde verilmelidir.

Tablolar diizenlenebilir olmalidir. Ekran goriintiisii veya resim formatindaki tablolar kabul edilmemektedir.

SEKILLER

Sekil bagligi, seklin altina ortalanmis olarak kisa ve 6z olmalidir. Sekiller minimum 300 DPI ¢oziiniirliikte
olmalidir. Sekillere metin iginde Sekil 1, Sekil 2, ... seklinde atif yapilmalidir. Sekiller, alintilandiklart yere en
yakin yerde verilmelidir.

TESEKKUR
Bu boliimde finansal destek disinda ¢alismanin yiiriitiilmesine katki sunanlar belirtilir.

anek: Yazarlar ¢alismanin laboratuvar bdliimiinde yardim eden Ahmet Tag’a (Isparta Uygulamali Bilimler
Universitesi, Tlirkiye) tesekkiir etmektedir.

FINANS
Bu boliimde ¢aligmanin yiiriitiilmesine finansal destek saglayan kurumlar destek numarasi kullanilarak belirtilir.

Ornek-1: Bu ¢aligma 3241-E2-14 proje numarasi ile Isparta Uygulamali Bilimler Universitesi Bilimsel Arastirma
Projeleri Koordinasyon Birimi tarafindan desteklenmistir.

Ornek-2: Bu ¢alismanin yiiriitiilmesinde herhangi bir finans destegi alinmanustir.

CIKAR CATISMASI BEYANI
Bu béliimde yazarlarin varsa ¢ikar catigmalari belirtilir.

Ornek: Yazarlar, bu ¢alismay: etkileyebilecek finansal ¢ikarlar veya kisisel iliskiler olmadigin1 beyan eder.

YAZAR KATKILARI
Bu boliimde isim ve soy ismin ilk harfleri kullanilarak yazarlarin ¢aligmanin ilgili asamalarina yaptiklari katkilar
belirtilir.

Ornek:
Kurgu: BT; Metodoloji: CT, FU; Deneyin gerceklestirilmesi: FM, CT, FU; Veri analizi: FU, TA; Makale yazimt:
CT, FU, Denetleme: CT. Tiim yazarlar nihai taslagi onaylamistir.

ETIK ONAY BEYANI

Bu bélimde ¢aligmanin yiiriitiilmesinde alinan etik kurul onayimin alindigi kurum, tarih ve numarasi belirtilir.
Omurgali hayvanlarla yiiriitiilen caligmalarda Yerel Etik Kurul Onayi, anket/miilakat caligmalarinda ise
Girisimsel Olmayan Arastirmalar Etik Kurulu Onay1 gerektirdigi halde beyan edilmeyen makaleler bilimsel
degerlendirmeye alinmamaktadir.

Ornek-1: Bu galismada deney hayvanlari kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alinmamustir.

Ornek-2: Bu galisma Isparta Uygulamali Bilimler Universitesi Hayvan Deneyleri Yerel Etik Kurul onay ile
yiriitiilmiistiir (Tarih: 01.07.2010, No: 21438139-147).

VERI KULLANILABILIRLIK BEYANI
Bu boliimde makalede kullanilan verilerin anonim kullanilabilirligine iliskin beyanda bulunulmalidir. Acta

Aquatica Turcica dergisi, yazarlari aragtirma verilerini paylagmaya tesvik etmektedir.

Ornek-1: Bu calismada kullanilan veriler Figshare platformunda ttps://doi.org/10.6084/m9.figshare.11815566.v1



DOI adresi ile erisime agiktir.

Ornek-2: Bu calismada kullanilan verilere ilgili yazardan talep {izerine erisilebilir. Veriler, gizlilik veya etik
kisitlamalar nedeniyle kamuya ag¢ik degildir.

Ornek-3: Bu ¢alismada kullanilan veriler makul talep iizerine ilgili yazardan temin edilebilir.

Ornek-4: Bu calismada yeni veri olusturulmadigi veya analiz edilmedigi icin veri paylasimi bu makale icin
gecerli degildir.

Ornek-5: Arastirma verileri paylasiimaz.
Ornek-6: Bu ¢alismada kullanilan veriler bu makalenin ekinde mevcuttur.

ATIFLAR
Atiflar y1l sirasina gore ve aralarinda noktali virgiil (;) olacak sekilde asagidaki formatlarda yazilir:

- Tek yazar:

(Yazar, yil)

-- ... oldugu diisiiniilmektedir (Kii¢tik, 2008; Giicldi, 2018a; Giiglii, 2018b).
-- Kiigiik (2008)’e gore ...

- Iki yazar:

(YYazar-1 ve Yazar-2, yil)

-- ... 6bnemli parametreler arasinda yer almaktadir (Kiigiik ve Giiglii; 2001; Ekici ve Koca, 2021a; Ekici ve Koca,
2021b).

-- Ekici ve Koca (2021b)’a gore ...

- Ug ve daha ¢ok yazar:

(Yazar vd., yil)

-- ... donemsel olarak tekrarlayabilmektedir (Yigit vd., 2006a; Yigit vd., 2006b; Boyaci vd., 2020)
-- Boyaci vd. (2020)’e gore ...

KAYNAKLAR

Kaynaklar APA 7. versiyona gore yazilmalidir. Tiim yazarlarin isimleri verilmelidir, ancak 10. yazardan sonra
“vd.” kisaltmas1 da kabul edilmektedir. Ozel kullanimlar hari¢ olmak iizere tiim eser tiirlerinde eser isminin
sadece ilk harfi biiylik, eserin yaymlandigi veya sunuldugu dergi, yayinevi, kongre isimlerinde gegen tiim
kelimeler biiyiik harfle baslanarak yazilmalidir.

1-Makale
Dergi ismi kisaltilmadan (italik), cilt (italik), sayi, sayfa numaralari ve aktif link igerecek sekilde DOI
numarasina yer verilmelidir:

Petrauskiené, L., Utevska, O., & Utevsky, S. (2009). Can different species of medicinal leeches (Hirudo spp.)
interbreed? Invertebrate Biology, 128(4), 324-331. https://doi.org/10.1111/j.1744-7410.2009.00180.x

Wagenaar, D. A., Hamilton, M. S., Huang, T., Kristan, W. B., & French, K. A. (2010). A hormone-activated
central pattern generator for courtship. Current Biology, 20(6), 487-495.
https://doi.org/10.1016/j.cub.2010.02.027

2-Kitap
Kitap bagligi italik olacak sekilde ve yayin kurulug ismi olacak sekilde verilmelidir.

Nesemann, H., & Neubert, E. (1999). Annelida, Clitellata: Branchiobdellida, Acanthobdellea, Hirudinea.
Spektrum Akademischer Verlag.

Sawyer, R. T. (1986). Leech biology and behavior. Oxford University Press.



3-Kitap béliimii
Boliim bagligi normal, kitap baslig: italik olacak sekilde, editdr(ler), boliimiin sayfa numaralari, yayinci kurulusg
ve varsa aktif link icerek sekilde DOI numarasina yer verilmelidir:

Le Couteur, D., Kendig, H., Naganathan, V., & McLachlan, A. (2010). The ethics of prescribing medications to
older people. In S. Koch, F. M. Gloth, & R. Nay (Eds.), Medication management in older adults (pp. 29-42).
Springer. https://doi.org/10.1007/978-1-60327-457-9 3

McCormack, B., McCance, T., & Maben, J. (2013). Outcome evaluation in the development of person-centred
practice. In B. McCormack, K. Manley, & A. Titchen (Eds.), Practice development in nursing and healthcare
(pp. 190-211). John Wiley & Sons.

4-Web sitesi
Sayfa baslig1 italik, websitesinin ismi ve sayfanin aktif linki olacak sekilde verilmelidir.

International Union for Conservation of Nature. (2010). Chondrostoma nasus.
https://www.iucnredlist.org/species/4789/97800985

Wikipedia. (2021). Toxicology. https://en.wikipedia.org/wiki/Toxicology

5- Tezler
Tez basghigi italik olacak sekilde, tez tiirii (Doktora, Yiksek lisans, Tipta Uzmanlik) ve {iniversite ismi
belirtilmelidir.

Filik, N. (2020). Kiiltiir baliklarindan izole edilen Aeromonas hydrophila suslarinda fenolik bilesenlerin ¢evreyi
algilama sistemi {izerine inhibisyon etkisi ve suslar arasindaki klonal iliskinin pulsed field jel elektroforez
yontemiyle belirlenmesi [Doktora tezi, Isparta Uygulamali Bilimler Universitesi].

Ozdal, A. M. (2019). Effects on growth and coloration of red pepper suplementation as pigment sources to diets
of jewel cichlid (Hemichromis guttatus) [Yiiksek lisans tezi, Isparta Uygulamali Bilimler Universitesi].

6- Konferans, sempozyum sunumlart

Etkinlik tarihi, sunu bashg: (italik), sunum tlirii (S6zIli sunum, Poster sunum), etkinlik adi, sehir ve iilke
verilmelidir.

Ceylan, M., Cetinkaya, O. (2017, Ekim 4 - 6). Assessment of population structure and size of medicinal leech
Hirudo verbana, inhabiting some model wetlands of Turkey [S6zlii sunum]. International Symposium on
Limnology and Freshwater Fisheries, Isparta, Tirkiye.

Snoswell, C. (2016, Ekim 31 - Kasim 3). Models of care for store-and-forward teledermatology in Australia
[Poster sunum]. 7th International Conference on Successes and Failures in Telehealth, Auckland, Yeni Zelanda.

NOT: Dergi yazim kurallarina uygun olarak hazirlanmayan makaleler degerlendirmeye alinmamaktadir.



