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Ozet: Bu ¢alismada, Nisan- Eyliil 2023 tarihleri arasinda Edremit Korfezi’nde kiigiik
Olcekli balik¢ilar tarafindan kullanilan av araglarinin teknik ve yapisal 6zellikleri
belirlenerek, av araglarindaki yillar igerisindeki degisim tespit edilmistir. Calismada
Edremit Korfezi’'ndeki Behramkale (Asos), Kiigiikkuyu, Altinoluk, Giire, Akcay,
Burhaniye (Oren), Gomeg, Ayvalik (Merkez) ve Ayvalik (Cunda) bolgelerinde toplam
9 farkli alanda, 399 ticari tekne igerisinden 256 ticari balik¢i ile anket galismasi
yapilmustir. Yapilan anket ¢aligmasi neticesinde bolgedeki kiigiik 6lgekli balikgilarin
farkli 6zelliklerde 3 ince ve 4 kalin paragat takimi, 1’er adet karides ag1, zargana ag,
dil agi, birakma agi, bakalyaro agi, 16 barbun agi, 3 alamana agi, 7 voli agi, 2
kopekbaligr ag1, 4 uskumru-kolyoz ag1, 6 mezgit agi, 8 kupes ag1 ve 17 adet farkl
tipte marya ag1 kullandigi tespit edilmistir. Bu ¢aligmada Edremit Koérfez’inde yapilan
onceki caligmalara gore, uzatma aglarinda farkli 6zelliklerde 32 adet uzatma agi, 3
adet farkli Ozellikte paragat takimi tanimlanmistir. Sonu¢ olarak Edremit
Korfezi’'ndeki balik¢ilik alanlarinda kiiglik 6lgekli balikg¢ilarin kullandigi uzatma
aglar1 ve paragat takimlarimnin gesidi artarken, yillara gore takimlarin teknik ve yapisal
Ozelliklerinde degisiklikler oldugu belirlenmistir. Av araglarindaki bu degisimlerin
bolgedeki balik stoklart iizerindeki etkilerini ortaya koyan ¢aligmalar yiiriitiilmelidir.

Anahtar kelimeler

e Uzatma ag1

e Paragat

o Kiiciik 6l¢ekli balikgilik
e Balikeilik yonetimi

e Anket yontemi

Abstract: In the present study, the technical and structural characteristics of the
fishing gear used by small-scale fishermen in Edremit Bay were determined between
the months of April and September in 2023. In addition, the observed innovations in
fishing gear were compared with the previous years. Interview studies were conducted
with 256 commercial fishermen among the total of 399 commercial boats from the
following 9 locations in the Bay of Edremit: Behramkale (Asos), Kiigiikkuyu,
Altinoluk, Giire, Akcay, Burhaniye (Oren), Gémeg, Ayvahk (Center) and Ayvalik
(Cunda). As a result of the interview studies, we identified 3 thin and 4 thick longlines
with different characteristics used among small-scale fishermen in this region. In
addition,, we determined the use of 16 mullet nets, 3 encircling nets, 7 encircling
trammel nets, 2 shark nets, 4 scombrid nets, 6 whiting nets, 8§ bogue nets, 17 marya
nets, and one of each of the following gears: shrimp net, garfish net, sole net, passive
gillnet, scombrid net and european hake net. Among these , 32 gillnets and 3 longline
sets had different characteristics than the characteristics defined in the previous
studies in Edremit Bay. In conclusion,, an increasing number of innovations was
determined in the technical and structural characteristics of gillnets and longline sets

Keywords

o Gillnets

e Longline

e Small scale fisheries

o Fisheries management
® Questionnaire method
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used by small-scale fishermen in Edremit Bay, when compared to the previous years.
Further studies need to be conducted in order to determine the effects of the
innovations in fishing gear on fish stocks in this region.

1. GIRIS

Balikeilik otoriteleri su triinleri avciligr ile ilgili diizenlemeler, balik¢iligin ve balik stoklarinin
stirdiiriilebilirliginin saglanmasi iizerine odaklanmaktadir. Ticari balik¢ilikta ise av arag gereglerindeki
teknolojik gelismelere ve avciligin ekonomik boyutuna yogunlagilmaktadir. Bu baglamda ulusal ve
uluslararas1 balik¢ilik mevzuatinin gelismesinde av araglarina bir standart getirme konusu son
donemde 6nemli bir konu haline gelmektedir. Bu nedenle balik¢ilik yoneticilerinin dogru karar ve
politikalar gelistirmesinde, bir balik¢ilik sahasindaki av araglarimin teknik ve yapisal ozelliklerinin
bilinmesi son derece 6nemlidir (Kara, 2004; Doyuk, 2006; Ayaz vd., 2012; Samsun & Emirbuyuran,
2017).

Ege Denizi’nin kuzeyindeki Edremit Korfezi bir¢ok tiir igin 6nemli yasam ve balik¢ilik alanidir
(Kocatas & Bilecik, 1992). Korfezin besince zengin sularla beslenmesi, dip baliklarinin bu sularda
yogun olarak bulunmasimi saglamaktadir. Korfezin dnemli balik¢ilik alanlarinin Babakale, Sivrice,
Assos, Kiiciikkuyu, Altinoluk, Giire, Oren ve Ayvalik oldugu bildirilmistir. Edremit Korfezi, dip
yapisinin diiz olmasi ve su derinliginin fazla olmamasi nedeniyle geleneksel kiiciik 6lgekli balikgilik
icin oldukca uygundur (Altinagac vd., 2008). Bunun yanisira biiyiik 6lcekli trol ve girgir takimlart da
zaman zaman faaliyet gostermektedir (Ceyhan vd., 2006). Bolgede kiiciik 6l¢ekli balikgilar tarafindan
en ¢ok kullanilan av araglari ise paragat takimlar1 ve uzatma aglaridir. Edremit Korfezi’nde kullanilan
uzatma aglariin teknik 6zellikleri ile ilgili bugiine kadar yapilmis sadece bir ¢alisma bulunmaktadir
(Altinaga¢ vd., 2008). Yine bolgede paragat av aracinin Ozelliklerinin belirlendigi bir calisma
bulunmaktadir (Oztekin vd., 2012).

Av araglariin yapisit ve kullanim sekilleri bolgeden bolgeye degisiklik gosterebilmektedir. Yine
ayn1 bolgede dahi bir tiiri avlamak i¢in kullanilan av araglari, hedeflenen tiirlerin stok yapisindaki
degisiklikler, zaman ve ¢evresel faktdrlere bagh olarak farklilasma gosterebilmektedir (Ozdemir &
Erdem, 2006). Bu calismada kiigiik Olgekli balik¢ilik i¢in biiyiik Ooneme sahip olan Edremit
Korfezi’'nde kullanilan av araglarinin teknik 6zelliklerinin tespit edilmesi ve bu teknik 6zelliklerde
gegmisten gilinlimiize olan degisimlerin belirlenip balik¢ilik yonetimi agisindan yorumlanmasi
amaglanmustir.

2. MATERYAL ve METOT

Calisma alaninda Tarim ve Orman Bakanligi’nin Balik¢ilik ve Su Uriinleri Genel Miidiirliikleri ve
Su Uriinleri Kooperatifleri ile gériismeler dogrultusunda arastirma bélgesinde 399 ticari tekne oldugu
belirlenmistir. Calismada Edremit Korfezi’ndeki liman ve balik¢i barinaklarinda bulunan ticari
balikgilarin av araglarinin teknik ve yapisal 6zelliklerini belirlemek ic¢in anket ¢aligmalarinin tamami
yerinde ve yliz yilize goriismeyle olmak fiizere c¢aligma ekibi ile gerceklestirilmistir. Anket
caligmalarinda arastirma bolgesindeki resmi kayitli ticari tekneler ana kitleyi olusturmus, basit tesadiifi
ornekleme yontemiyle, %95 giiven seviyesinde %35 hata pay1 ve %50 goriilme siklig1 ile anket
yapilacak minimum balik¢1 sayist 196 olarak hesaplanmistir. Anket ¢aligmalart Behramkale (Asos),
Kiiciikkuyu, Altinoluk, Giire, Ak¢ay, Burhaniye (Oren), Gémeg, Ayvalik (Merkez) ve Ayvalik
(Cunda) limanlarinda olmak iizere toplam 9 farkli alanda calisma siiresince ulasilabilen 256 ticari
balikei ile yapilmistir (Sekil 1).
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Sekil 1. Edremit Korfezi’nde anket ¢aligmasi yapilan alanlar.

Anket caligmalarinda paragat takimlart kullanilan alanlardaki paragat tipi, beden tipi, beden
kalinlig1 (mm), igne boyutu (numara), iki kostek aras1 mesafe (kulacg), kostek kalinligi (mm), kostek
boyu (kulag) 6zellikleri kayit altina alinmistir. Uzatma aglar1 kullanilan bolgelerde ise tor ve fanya goz
genigligi (mm), mantar biiyiikliigii (numara), kursun agirlig1 (gr), mantar ve kursun yaka donamui, tor
ve fanya ip kalinlig1 (denye), tor ve fanya yiikseklik goz sayilan (adet), donam faktorii, kursun ve yaka
halatlar kalinliklar1 (numara) ve ¢ako boyu (mm) ile cakoda goz sayisi (adet) 6zellikleri belirlenmistir.
Elde edilen veriler Onceki g¢aligmalar ile karsilastirilmistir. Yapilan anket ve saha galigsmalar
sonucunda bolgede kullanilan kiiglik 6l¢ekli balik¢ilarin av araglarindaki teknik ve yapisal farkliliklar,
uzatma aglar1 i¢in Altiagac vd. (2008) ile paragat takimlar1 icin ise, Oztekin vd. (2012) ¢alismalari ile
karsilagtirilarak degerlendirilmistir. Paragat takimlarinda 11, 12, 13 igne numarasina ait paragat
takimlar1 Oztekin vd. (2012)’e gbre ince paragat olarak gdz Oniine almmstir. 6, 7, 8, 9 igne
numarasina ait paragat takimlar1 kalin paragat olarak degerlendirilmistir (Oztekin vd., 2012; Demir,
2018).

3. BULGULAR

Caligma kapsaminda Edremit Korfezi’nde kiigiik 6lgekli balikgilar ile yapilan anketler neticesinde
farkli ozelliklere sahip farkli igne boyutunda 3 adet ince ve 4 adet kalin paragat takimi kullanildig
belirlenmistir. Uzatma aglar1 degerlendirildiginde ise farkli 6zelliklerde 1 adet karides agi, 1 adet
zargana agi, 1 adet dil ag1, 1 adet birakma agi, 1 adet bakalyaro agi, 3 adet alamana ag1, 7 adet voli agi,
2 adet kopekbaligi ag1, 4 uskumru-kolyoz agi, 6 adet mezgit ag1, 8 adet kupes ve 1 adet sardalya agi ile
17 adet marya agmin kullamldig1 tespit edilmistir. Bolgede kullamilan av araglarindan paragat ve
uzatma ag1 takimlarinin teknik ve yapisal detayl 6zellikleri Tablo 1, 2, 3 ve 4’te gosterilmektedir.

Edremit Korfezi’nde kullanilan paragat takimlarinin teknik 6zellikleri incelendiginde, bolgedeki
balik¢ilarim tamaminin paragat yapiminda monofilament misina materyal kullandig1 belirlenmistir.
Ancak bolgeler arasinda paragat ile hedeflenen tiirler degisiklik gosterebildigi i¢in kullanilan beden ve
kostek kalinliklar ile kullanilacak yemin canli ya da 6lii yem olmasina gore iki kdstek arasi mesafe,
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igne numarasi gibi o6zellikler degismektedir. Korfezde kullanilan en ince paragatin bedeninin kalinlig:
0,40 mm, en kalin paragatin bedeninin kalinlig1 ise 1,20 mm olarak belirlenmistir. Bélgede kullanilan
paragatlarda en ince kdstek kalinligi 0,40 mm, en kalin kostek kalinligr 0,80 mm tespit edilmistir.
Kullanilan kostekler genellikle 1 kulag (1,83 metre) uzunlugundadir. Yalnizca Giire bolgesinde kalin
paragatlarda 1,5 kula¢ kostek boyu kullanildigi belirlenmistir. Kullanilan igne biiyiikliikleri ise 5-12
numara arasinda degismektedir (Tablo 1).

Tablo 1. Edremit Korfezi’nde kullanilan paragat takimlarinin teknik 6zellikleri.
Paragat  Paragat beden Paragat iki kostek Kostek  Kostek

::(:lllragat Bolge beden kalinhg: igne arasi mesafe  kalinhgi boyu
tipi (mm) numarasi (kulac) (mm) (Kulac)
Kalin 1 Altinoluk Misina 0,80-1,20 8-10 7 0,80 1
ince 1 Altinoluk Misina 0,60-0,90 11 4 0,60 1
ince2 AR viging 0,40-0,70 10-12 4 0,60 1
Cunda
Kalin 2 Ayvalik Misina 1,00 8 5-7 0,80 1
ince 3 Burhaniye Misina 0,60 13 5 0,50 1
Kalin 3 Burhaniye Misina 0,60 8 1 0,40 1
Kalin 4 Giire Misina 0,80-1,00 5-6 6 0,60 1,5

Edremit Korfezi'nde yogun olarak barbun ag1 kullanildigi belirlenmistir. Barbun aglar
incelendiginde tercih edilen géz genisliklerinin 18-22 mm, ag goz yiiksekliklerinin 30-50 ve tor ip
kalinliklarinin 210d/2-3 numara oldugu belirlenmistir. Sadece Altinoluk bdlgesinde barbun aglarinda
fanyali (100 mm) kullanimi goriilmiistiir. Kiiclikkuyu ve Ayvalik bolgeleri disindaki alanlarda barbun
avciliginda misina ag kullaniminin olmadigi belirlenmistir. Korfezde barbun aglarinda 2-3 numara
mantar tercih edildigi tespit edilmistir. Batiric1 olarak kullamilan kursunlarin 40-50 gr arasinda
degistigi, Gomeg bolgesinde 30 gr kursunlarin da kullanildigi belirlenmistir. Mantar ve kursun yakada
4-5 numara halat kullanilirken, Ayvalik ve Gomeg’te kursun yakada 3,5 numara halat da kullanildig1
tespit edilmistir. Kursun ve mantar yakalarda kogma ipi olarak 2-3-3,5-4 numara halatlar tercih
edilmektedir. Barbun aglarinda mantar yaka donaminin 3 bos 1 doludan, 6 bos 1 doluya degistigi;
kursun yakada ise 2 bos 1 doludan, 5 bos 1 doluya kadar degisiklik gdsterdigi belirlenmistir. Aglarin
yiikseklik g6z sayilariin 20-50 arasinda degisiklik gosterdigi belirlenmistir. Donam faktoriiniin ise
bolgelere gore 0,26 ile 0,50 arasinda degistigi belirlenmistir (Tablo 2).

Edremit Koérfezi’nde kullanilan marya aglarinin teknik 6zelliklerine bakildiginda kiigiik dlgekli
balikgilar tarafindan kullanilan marya aglarinin ag géz genisliginin 25 mm ile 42 mm, tor ag1 goz
yiiksekliginin 40-60, fanya g6z genisliginin 110-180, fanya ag1 goz yiiksekliginin ise 4,5-7 araliginda
oldugu belirlenmistir. Bunun yan1 sira aglarin yapiminda kullanilan ip kalinliklari, kursun ve mantar
miktarlar1 gibi 6zellikleri incelendiginde, kullanilan marya aglarinin kdrfezdeki bolgelerde belirli bir
standarda sahip olmadig tespit edilmistir (Tablo 3).

Edremit Korfezi’nde cesitli liman ve balik¢1 barinaklarinda yapilan anketler incelendiginde teknik
ve yapisal Ozelliklerinde bolgelere gore farkliliklar bulunan sardalya, kupes, dil, bakalyaro,
kolyoz/uskumru, kiyr birakma, voli, alamana, zargana, karides, kdpek baligi ve mezgit aglarinin
bolgedeki kiiglik 6lgekli balikgilar tarafindan kullanildigr belirlenmistir. Farkli 6zelliklerdeki her bir

agm kullamldig1 bolgelere gore detayli teknik ve yapisal Ozellikleri Tablo 4’de sunulmaktadir.
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Tablo 2. Edremit Korfezi’nde kullanilan barbun aglarinin teknik 6zellikleri.
AB . Goz F?.nya Mant  Kurs Mant  Kurs  Mant  Kurs Tor Ag Fan DEI‘ gzll; z/l;l?z: 52]23 Cz‘l'koda Cako
g Ad1 Bolge G Goz N AB Yaka Yaka Yaka  Yaka ip Kal p Goz Go K K Goz Boyu
e Gen 0 g No No Don Don pta Kal  Say oz tosma - fosma sayisi
Say IpNo Ip No
Barbunl Behramkale 20 2 40 4 4 4B1D 3B1D 2 40 2 4 0,50 5 100
Barbun2 Kigikkuyu 20 3 50 4-5 4 3BID 3BID 2 50 3 4 0,375- 6 90-120
0,50
Barbun3 Kiglikkuyu 22 3 50 5 4-5 6B1D 3BID 2 40 3 4 0,29 7 88
Barbun4 Kigikkuyu — 20-22 3 50 5 4-5 6B1D 3BID Mono 40-50 3 4 0,45 5 90-99
0,18
Barbun5 Altinoluk 18-20 3 40-50 4 4 4B1D 4B1D 2 20-35 2 3 0,42 6 90-100
Barbuné6 Altmoluk 20 100 2 40 4 4 4BID 4BI1D 2 6 30 6 2 3 0,5 6 120
Barbun?7 Giire 18 2-3 40-50 54 4 5B1D, 4BID, 2 40-50 3- 3-4 0,37-0,56 6 80-120
6B1D  3BID, 3,54
2B1D
Barbun8 Giire 20 2 40-50 54 4 4BID 5BI1D, 2 40-50 3-4 3-4 0,29-0,33  6-7 80
4B1D
Barbun9 Edremit 18-20 2 50 4 3 4BID 3BID 2 50 3 3 0,33-0,37 6 80
Barbunl0  Burhaniye 18- 2 50 4 3 4BID 3BID 2 50 3 3 0,29-0,31- 7 88
20- 0,35
22
Barbunll  Ayvalik 20 2 50 5 4 4BID 4BI1D 2-3 33 4 0,5 4 80
Barbunl2  Ayvalik 21 2 50 4 3,5 5B1ID 4BID 2 35 4 0,38-0,42 5 80-88
Barbun13 Ayvalik 20-22 2 50 5 4 4B1D 4B1D  Mono 33 4 0,5 4 80-88
0,18
Barbunl4  Akcay 18-20 2 50 4 4 5BID 5BID 3 40 3 3 0,23-0,46 6 50-100
Barbunl5  Ayvalik 22 2-3 50 5 4 4B1D 4BID 3 30-40 4 0,30-0,33 6 80-88
Barbunl6  Gomeg 20-22 2 30- 4 3,54 5BID 4BI1D, 2 40 3 3 0,36-0,4 5 80
40-50 3B1D




Oztekin vd., 2024 Acta Aquat. Turc., 20(3): 182-194 187

Tablo 3. Edremit Korfezi’nde kullanilan marya aglarinin teknik 6zellikleri.

g Adi Bolge Goz - Yaka Yaka Yaka Yaka | Ip Goz . E Goz
Gen Gen No Ag No No Don  Don Ip Kal Say Goz Kosma  Kosma sayisl Boyu
Kal Say Ip No Ip No

Maryal Behramkale 25 110 2 50 4 4 7B1D 4BID 4 9 60 7 3 4 043  4lu3lu 75
Marya2 Behramkale 36 160 3 50 5 4 4BID 2BID 6 9 50 5 4 4 0,50  3li2li 90
Marya3 Behramkale 42 160 3 50 5 4 7B1D 4BID 6 9 50 6 3 4 0,50  3li2li 105
Marya4 Giire 40 140 2 50 5 5 5BID 4BID 4 6 50 6,5 4 4 047 4 150
Marya5  Giire 36 140 23 50 5 sa o2 B0 34 6 50 65 3 3 g:g‘g‘ 4 }‘5‘8'
Marya6 Giire 30 140 2 50 5 5 5BID 5SBID 3 6 50 6,5 4 4 0,63 4 150
Marya?7 Akcay 36 180 3 50 4 4 5B1ID 5BID 4 9 60 4,5 3 3 052 4 150
Marya8 Burhaniye 36 160 2 50 6 4 6B1D 3BID 4 9 40 4,5 3 0,50 4 144
Marya9 Burhaniye 36 160 4 50 6 4 6B1D 3BID 4 9 40 4,5 3 0,50 4 144
Maryal0  Ayvalik 36 140 3 50 5 4-5-6 4B1D 4B1D 4 6 40 55 4 0,50 4 144
Maryall  Edremit 32 140 3 50 5 4 6BID 3BID 3 6 40 4,5 3 0,50 4 128
Maryal2  Edremit 36 160 2 50 6 4 6B1D 3BID 4 9 40 “ 3 0,50 4 144
Maryal3  Edremit 40 180 4 50 3 4 SBID 4BID 3-4-6 6 40-50 5-55 35 4 038 5 150
Maryal4 Cunda 32 160 3 50 6 4 5BID 2BID 3 4 40-50 6 4 056 4 144
Maryal5 Cunda 36 160 3 50 5 4 5BID 4BID 4-6 6 40 55 2,5 2,5 0,50 4 144
Maryal6  Gomeg 36 180 4 4318 50 2-3 4 5B1D ig ig 3-4-6 6 40-50 5-55 35 4 042 5 150
Maryal7  Gomeg 40 180 4 50 3 4 S5BID 4BID 3-4-6 6 40-50 5-55 35 4 038 5 150




Oztekin vd., 2024

Acta Aquat. Turc., 20(3): 182-194

188

Tablo 4. Edremit Korfezi’nde kullanilan diger aglarin teknik 6zellikleri.

Tor Der Mant Kurs Cakoda Cako
AB . Goz Far}ya Mant  Kurs Mant — Kurs Mant Kurs Ag Fan D?r Fan Yaka Yaka Goz Boyu
g Ad1 Bolge Goz - Yaka  Yaka Yaka Yaka : Ip Goz ..
Gen Gen No Ag No No Don Don Ip Kal Say Goz Kosma Kosma Sayisi (mm)
Kal Say Ip No Ip No (adet)
Sardalyal  Kiigiikkuyu 12,7 6 50 9 9 5B1D f?ﬂ;ﬁtj‘s 4 100x8 2,5 2,5 0,5 5 63,75
2,5
Sardalya2  Altinoluk 12,65 5 6 6 3B1D kulagta 4-6 100x6-8 3 5-6 0,67 6 101,2
4,5 kg tas
.. 3 kulagta 0,59- 88,55-
Sardalya3  Giire 12,5 4 8-6 6 2B1D 1,5 ke tas 2 100x6 4 4-5 0,60- 6 89,25-
’ 0,67 100
Sardalyad  Burhaniye 12,5 4 6 5 oip S Kulagta 100x6 5 0.5 6 75
1,5 kg tas
12,6- 4,5 100,8-
Sardalya5  Akgay 1 2’7 5 5 6 6 5B1D kulagta 3 520x2 6-4 0,5 8 10 2’
’ 1,5 kg tas
. 12,5- 4.5 0.63-
Sardalya6  GOmeg 1 2’ 6 5-6 50 10 10 7B1D kulagta 3 650 3,5 3,5 0’ 64 5 80
’ 1,5 kg tas ’
12- 4,5 0,50- 100,8-
Sardalya7  Ayvalik 5 6 6 5B1D kulagta 3 520x2 6-4 ’ 8 ’
12,6 0,53 102
1,5 kg tas
12,6- 4,5 0,42- 75,6-
Sardalya8  Ayvalik 1 2’7 5 5 6 6 5B1D kulagta 3 400 6-4 0’ 43 7 7 6’ 5
’ 1,5 kg tas ’ ’
Kupesl Behramkale 20 3 50 4 4 3B1D 2B1D 2 100-200 3 4 0,3 3l 2l 60
Kupes2 Kigiikkuyu 20 3 50 5 5 3B1D 2B1D 2 120 5 4 0,5 3 60
Kupes3 Altinoluk 18-20 34 50 5 4 3B1D 3B1D 2 200 3 4 0,5 4 72-80
Kupes4 Burhaniye 18-20 3-4 50 5 4 3B1D 3B1D 2 100 3 0,5 4 72-80
20- 4B1D- 3B1D- 0,43
Kupes5 Gomeg 2223 3 50 4 4 3B1D- 4B1D- 2-3 100 34 3-4 0,45- 5 100
6B1D 6B1D 0,5
Kupes6 Ayvalik 20-22 3 50 5 3 3B1D 3B1D 2-3 60 4 0,5 4 80-88
Kupes7 Giire 20 5 100 7 6 IBID 1B1D 2 450 4 4 0,5 6 120
Kupes8 Giire 22 3 50 4 4 4B1D 5B1D 2 50 3 3 0,33 6 88
25- 0,42- 125-
Bakalyaro  Kiiglikkuyu  28- 3- 50 5 4 3B1D 3B1D 3 80-120 4 4 50 5 140-
30 -60 150
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Dil
Kiyn
Birakma

Mezgitl

Mezgit2

Mezgit3
Mezgit4
Mezgit5

Mezgit6

Kolyoz-
Uskumrul

Kolyoz-
Uskumru2
Kolyoz-
Uskumru3

Kolyoz-
Uskumru4

Kopek
Bahgil
Kopek
Bahgi2
Voli
Donekl
Voli
Donek2
Voli
Donek3
Voli
Donek4
Voli
Donek5

Kiigiikkuyu

Kiigiikkuyu

Altinoluk

Akgay

Kiigiikkuyu
Kiigiikkuyu

Burhaniye

Giire

Altinoluk

Giire

Edremit

Akgay

Altinoluk
Ayvalik
Altinoluk
Akgcay
Burhaniye
Burhaniye

Ayvalik

36

28-
30-32

23-25

24

25
18-20
23

24

25

24

23

23-
24-25

110

70

32

25

25

28

28-30

160

140

160

125

125

140

140-
160

2-3

2-3
2-3
2-3

2-3

50

50

50

50-
100-
120
50

50

50
50-
100-
120

50

50

50

50

50

50

100

50

50

100

100

4-5

4-5

45

6-5

5

4-5

4-5

6B1D

3B1D

4B1D

3B1D-
4B1D

3B1D
3B1D
4B1D

3B1D-
4B1D

4B1D

3B1D-
4B1D

3B1D

4B1D

3B1D

3B1D

2B1D

2B1D

3B1D

2B1D

3B1D

3B1D

2B1D

3B1D

3B1D-
4B1D-
5B1D
3B1D

3B1D

4B1D
3B1D-
4B1D-
5B1D
3B1D

3B1D-
4B1D

3B1D

3B1D

3B1D

3B1D

2B1D

2B1D

3B1D

1B1D

3B1D

3-4

50 6

100 13,5

100

100-120

100
50
100

100-120
120-

150-
200

100

100

100

20
18

100 13,5

6,5
13

100 13,5

50-100

300 14

50-100- 13-
150 16

2-3

3-4

34

2-3

3-4

3-4

0,5

0,58

0,5

0,50-
0,52

0,6
0,45-
0,50
0,5

0,5

0,52

0,58

04

0,40-
0,42-
0,43

0,45
0,5
0,5
0,5
0,4
0,45

0,5

5

3l 2l

3lu 21i-
5

1

2

3l 2l

3lu 2li

4

4

108
98-
105-
112
92-
100

120-
150

150
90
160

120-
150

100

140

93

100

55

140

160

120

100

100

112-
120
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Voli 50-100- 6,5 0,50 112-
Dének6 Gire 28 140 5 100 6 6 3B1D 3B1D 3-4 9 150 3,5 6 0.54 4 120
Voli .. 80-100- 0,55-
Dének? Gomeg 30-32 140 4 50 5 5 5B1D 5B1D 3 4-6 120 20 3 4 0.58 4 140

.. 30m'de 20 cm'de Girgir
Zargana Gire 8 5 100 5 - lkursun 1 Kursun 4 100x3 5 6 donami
Karides Akgay 18 100 2 100 4 4 3BID 3BID 1 4 100 14 3 3 0,44 5 80
Alamanal  Kicikkuyu 28 140 5 100 5-6 8-10 IBID 2B1D 4-6 9-12 100 10,5 5 5 3ld 21
Alamana2  Ayvalik 25-28 140 5 50 10 10 IBID 2B1D 4 9 100 135 5 5 3ld 21
Alamana3  Giire 28 140 5 50 10 10 1B1D 2B1D 4 9 100 135 5 5 3li 21
B: Bos Mant. Yaka don.: Mantar yaka donami. Mantar yakada, mantarm dizilme sekli
D: Dolu Kurs. Yaka don.: Kursun yaka donami. Kursun yakada kursunun dizilme sekli

Go6z Gen.: GOz genisligi, iki diigiim arasindaki mesafe (mm)

Fanya g6z gen.: Fanyadaki goz genisligi (mm)
Mant. No: Mantar numarasi (numara)
Kurs. Ag.: Gram cinsinden kursun agirlik (gram)

Tor ag ip kal.: Tor agn ip kalinligi. Tor agin denye cinsinden numarast
Fan ip kal.: Fanya ip kalinlig1. Fanya agin denye cinsinden numarasi
Der. G6z say.: Agin donamdan sonraki derinligine goz sayis1 (Adet)

E: Donam faktorii
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4. TARTISMA ve SONUC

Bu c¢aligsmada kiigiik 6lgekli balik¢ilik i¢in biiyiik 6neme sahip olan Edremit Korfezi’'nde kullanilan
av araglarinin teknik 6zelliklerinin tespit edilmesi ve bu teknik 6zelliklerde ge¢misten giiniimiize olan
degisimlerin belirlenip balik¢ilik yonetimi acisindan yorumlanmasi amaglanmistir. Bunun i¢in bolgede
bulunan 399 ticari tekneden, ulasilabilen 256 ticari balike1 ile yeterli saymin iizerinde anket ¢aligmasi
gergeklestirilmistir.

Kiiciik dlgekli balikeilar tarafindan Edremit Korfezi’nde kullanilan av araglarinin teknik ve yapisal
ozelliklerinin zamansal degisimi incelendiginde bolgedeki uzatma ag1 ve paragat av araclarinin teknik
ve yapisal Ozelliklerinde dnceki calismalara gore degisiklikler oldugu belirlenmistir. Altinagag vd.
(2008) yilinda Edremit Korfezi’nde yaptiklan galismada bolgede kullanilan dip uzatma aglarinin
teknik planlarini belirlemislerdir. Yapilan calismada mezgit avciliginda kullanilan aglarin en kiiciik
g0z genislikleri 23-25 mm iken, bu ¢alismada 18-20 mm goz genisligine sahip aglarin kullanildig:
belirlenmistir. Buna ek olarak ayni ¢alismada uskumru-kolyoz avciliginda kullanilan aglarm en kiigiik
g6z genisligi 25 mm iken giiniimiizde kullanilan aglarin goz genislikleri 23 mm’ye kadar diistiigii
tespit edilmistir. Yapilan calisma sonucunda bolgedeki mezgit, kolyoz, uskumru gibi ekonomik
tirlerin avciliginda av sahasindaki hedef tiirleri yakalamaya uygun g6z genisligini kiiciilterek aveilik
yaptig1 diiginilmektedir. Bu degisimin nedeni olarak balik¢ilarin bdlgede bulunan daha kiigiik
boydaki bireyleri yakalama istegi oldugu diistiniilmektedir. Literatiirde de uzatma aglarinda en ideal
g0z agikliginin se¢ilmesi, hedef tiir oranini arttirdigi belirtilmistir (Brandt, 1984; Aydin & Hacioglu,
2017; Karakulak & Erk, 2008). Fakat bu durum stoklarda av baskisi olusturmasindan dolayi da
avlanan bireylerin boylarinda kiigiilmeye sebep olabilmektedir. Bu durumun ise ilgili tiirler iizerinde
asir1 avciliga neden olarak, tiirlerin stoklarini tehlike altina sokabilecegi diisiiniilmektedir. Bunun
yerine uygun ag gozl genisligi secimi veya degisikligi balik¢ilarin davramiglarina gore degil, av
araglarinda secicilik calismalar1 yapilip belirlenmeli, yakalanan bireylerin av yasaklarina uygun olup
olmadig1 izlenmeli ve sonrasinda av araglarinda degisiklikler gerceklestirilmelidir.

Altinagag vd. (2008) bolgede 9 adet marya, 10 adet barbun, 6 adet sardalya, 5 adet kupes, 3 adet
kolyoz-uskumru, 2 adet mezgit, 2 adet kdpek baligi, 3 adet voli-donek, 1 adet bakalyaro, 1 adet dil ve
1 adet kiy1 birakma ag1 olmak iizere toplam 44 gesit farkli yapi ve donam 6zelliklerine sahip uzatma
ag1 kullanildigimi tespit etmislerdir. Bu ¢alisma da ise 76 ¢esit farkli yap1 ve donam &zelliklerine sahip
uzatma ag1 kullanildig1 belirlenmistir. Paragat takimlarinda ise bu ¢alismada 7 farkli 6zellikte takim
belirlenirken, Oztekin vd. (2012) ¢alismasinda 4 farkli 6zellikte paragat takim belirlenmistir. 2012
yapilan ¢alismaya gore kilic ve mezgit paragat takimlarinin kullanilmadigi tespit edilmistir (Tablo 5).
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Tablo 5. Mevcut ¢alisma ile dnceki caligmalarda belirlenen farkli 6zellikteki av araglarimin sayilari.

Uzatma aglari Bu ¢alisma (adet) Altimagac vd. (2008) (adet)

Karides ag1 1 -

Zargana ag1 1 -

Dil ag1 1 1
Birakma ag1 1 1
Bakalyaro ag 1 1

Barbun ag1 16 10

Voli ag1 7 4
Kd&pekbaligi agi 2 2
Uskumru-kolyoz ag1 4 3

Mezgit ag1 6 2

Kupes ag1 8 5
Sardalya ag1 8 6
Alamana aglar 2 3

Marya aglan 17 9
Paragat takimlari Bu calisma Oztekin vd. (2012)
Kalin 4 1

Ince 3 1

Kilig - 1

Mezgit - 1

Altinaga¢ vd. (2008) Edremit Korfezi’nin farkli bolgelerinde 10 farkli 6zellikte barbun aginin
kullanildigini belirlemiglerdir. Bu ¢aligmada ise 16 farkli barbun agi tespit edilmistir. Altinaga¢ vd.
(2008)’deki galigmalarinda barbun aglarinda 18 mm goz genisliginde 1 adet ag1 Altinoluk’ta tespit
etmislerdir. Bu ¢alismada Altinoluk, Giire, Edremit, Burhaniye, Akcay’da olmak {iizere 5 farkli ag
tespit edilmistir. Altinaga¢ vd. (2008)’de barbun aglarinda 40 gr agirhiginda kursunlarin daha yogun
kullanildigini, mantar yaka kosma ip numarast olarak 2,3 numara kullanildigini, donam faktoriiniin
0,41-0,5 arasinda degisim gosterdigini, cakodaki g6z sayisi 4-5-6, cako boyunun ise 90-100 mm
arasinda degistigini belirtmislerdir. Bu ¢alismada ise 50 gr kursunun daha yogun kullanildig1, mantar
yaka kosma ip numarasi olarak 2-3-3,5-4 numara ip kullanildigi, donam faktoriiniin 0,29-0,5 arasinda
edilmistir. Bu durum 2008 yilinda ayni bolgede yapilan ¢aligmaya gore aglarin teknik ve yapisal
ozelliklerinde degisiklikler oldugunu gostermektedir.

Diger taraftan av araglarindaki en biiyiikk degisim marya aglarinda goriilmektedir. Marya aglari
karsilagtirildiginda Altinagag vd. (2008)’de 9 farkli 6zellikte marya agi bildirilmistir. Bu ¢alismada ise
17 farkli 6zellikte marya ag1 tespit edilmistir. En biiyiik degisimin ag goz genisliklerinde oldugu
goriilmektedir. Bu ¢alismada marya aglarinda 30 mm goz genisligindeki aglarin ilk kez kullanilmaya
baslandig1 belirlenmistir. Fanya olarak da 180 mm goz genisliginin kullanilmaya baslandig
goriilmektedir. Bu ¢aligmada ve Altinaga¢ vd. (2008)’de marya aglarinda 36 mm g6z genisliginde
aglarin en sik kullamldigi tespit edilmistir. Diger farklilik ise fanyada kullanilan aglarin ip
kalinligindadir. Mevcut ¢alismada marya aglarinda genellikle 210d/6 numara kullanilirken, Altinagac
vd. (2008)’de ip kalinligin1 genellikle 210d/9 numara olarak bildirmistir. Ayn1 zamanda bu ¢aligmada
mantar yakada kosma yaka ipi kullaniminin arttigi tespit edilmistir. Kosma kullanimi donami
giiclendirmektedir. Mantar yaka ve kursun yaka da kosma kullaniminin artmasi mekanik giiciin
teknelerde attiginin agik gostergesidir.
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Her iki ¢alismada da kullanilan, tiire 6zgii avcilik yapilan (mezgit, sardalya, kupes, voli) aglarda
onemli degisiklikler bulunmaktadir. Dil, bakalyaro, kopekbaligi, birakma ise 6dnemli bir degisiklik
olmadig1 tespit edilmistir. Mezgit aglar incelendiginde Altinagag¢ vd. (2008)’de 2 farkli mezgit ag1
bildirmistir. Bu ¢alismada ise 6 farkli 6zellikte mezgit ag1 tespit edilmistir. En biiyilik degisim yine ag
g6z genisliklerinde oldugu goriilmektedir. Mezgit aglarinda Altinagac vd. (2008)’de 23 mm, 25 mm
g0z genisliginde aglari en sik kullanildig: belirlenirken, bu ¢aligmada kullanilan mezgit aglarinin gz
genisliklerinin 18 mm, 20 mm’ye kadar diistiigii, Giire ve Akcay bolgelerinde 24 mm goz genisliginde
aglarinda kullanilmaya baslandig1 tespit edilmistir. Altinaga¢ vd. (2008)’deki calismasinda 25 mm ag
g0z genisliginde belirlenen uskumru/kolyoz aglarinin, bu ¢alismada ag gz genisliklerinin 23 mm, 24
mm ye diistiigli belirlenmistir. Sardalya aginda Kiigiikkuyu bolgesinde aglarin goz genisliginde 12,75
mm, 12,70 mm’ye kiiciik bir degisiklik olmustur. Yine Ayvalik bolgesinde 12 mm goz genisliginde
aglarin kullanilmaya baglandig1r goriilmektedir. Ayrica; Altinaga¢ vd. (2008)’in calismalarinda
tanimlanmayan, 1 adet zargana, 1 adet karides ve 3 adet alamana agina bu ¢aligmada rastlanmigtir.
Bolgedeki ticari balik¢ilarin aglarin yapim ve donam iglemlerinde net bir hesaplama yapmadigi, balik
tirleri ve boylarindaki degisimin ya da balik¢ilarin birbirlerinden veya biiyiiklerinden gordiigii
orneklerin ag yapimina etki ettigi diisiiniilmektedir.

Edremit Korfezi'nde paragat takimlarimin teknik Ozelliklerine iliskin ¢aligmalara bakildiginda,
Oztekin vd. (2012) kalin paragat takimlarinda 1-1,2 mm kalinligindaki beden ve 6, 7, 8, 9 numara
ignelerin kullanildigimi  belirtmiglerdir. Bu calismada ise kalin paragat takimlarinda beden
kalinliklarinin 0,60, 0,80 mm’ye ve igne numaralarinin ise 10 numaraya kadar diistiigii belirlenmistir.
Ince paragat takimlarinda ise Oztekin vd. (2012), 0,5-1,2 mm kalinligindaki beden ve 8-14 numara
ignelerin kullanildigini tespit etmislerdir. Bu calismada ise ince paragat takimlarinda beden
kalinliklarinin 0,60-0,80 mm ve igne kalinliklarinin 10, 11, 12, 13 numara oldugu belirlenmistir.
Paragat takimlarinda daha kiiciik balik yakalamak igin daha kiigiikk agiz acgikliginda ignelerin
kullanilmas1 bu av araclarinda da hedef tiirler iizerinde bir av baskisi olusturabilecegini
gostermektedir. Ozellikle yaz aylarinda turizm kaynakli bolgedeki niifus artisi balik talebini
arttirmaktadir. Bu durum ise balik¢ilarin ekonomik tiirleri yakalamak igin kullanilan aglarin goz
genisliklerinde ve paragat takimlarinda da igne agiz agikliklarinda kiigiilmelere gidilmesinin bir diger
sebebi oldugu diigiiniilmektedir.

Sonug olarak, Edremit Korfezi’ndeki balikgilik alanlarinda kiigiik 6lgekli balikgilarm kullandigi
uzatma aglar1 ve paragat takimlarinin teknik ve yapisal 6zelliklerinde yillara gore degisiklikler oldugu
belirlenmistir. Bu durumun stoklarda azalma, yeni neslin atadan gelme bilgi ve tecriibelerinde
degisikliklere gitmesi ile teknolojideki yeni gelismelerin sebep olabildigi diisiiniilmektedir. Ayrica
2011 yilinda Edremit Korfezi’'nde Altinoluk Bolgesi’nde baslayan yapay resif ¢aligmalarmin (Savut,
2013; Pelister, 2014) bolgedeki stoklar1 ve tiir yapisinin degisimine ve dolayisiyla av araglarinda
degisikliklere sebep olabildigi diigiiniilmektedir. Nitekim Pelister (2014), Edremit Korfezi’ndeki
caligmasinda farkli av araglar1 kullanarak 78 tiire ait bireyler tespit etmistir. Bu c¢alismada av
araglarinda meydana gelen degisimlerin yapay resif sisteminin olusturulmasiyla bolgedeki balik
stoklar ve tiir ¢esitliligi tizerindeki etkilerini ortaya koyan detayli calismalar yiiriitiilmelidir. Yine bu
calismada korfezdeki 9 farkli alanda av araglarinin 6zellikleri tespit edilmistir. Bazi araglarinin her
bolgede kullaniminin olmamasi veya sadece bir bolgede kullaniminin goriilmesi, bolgelerin dip
yapisinin kayalik, gamur veya deniz ¢ayirlari ile kapli olmast ile iliskilendirilebilir. flerleyen siiregte
kiiciik olgekli balikgilarinin av araglarinin yap1 ve ozelliklerinde olusabilecek degisiklikler balik
stoklarinin ve balik¢iligin siirdiiriilebilirliginin saglanmasi agisindan balik¢ilik yoneticileri tarafindan
izlenmelidir.

TESEKKUR

Calismaya katkilarindan dolay1 bolgedeki su iiriinleri kooperatif bagkanlari ile bolge balik¢ilarina
ve anket yapiminda desteklerinden dolayr Mehmet HEZER, Ahmet TANER, Haluk KIZMAZ, Umut
TUNCER, Osman ODABASI ve Mehmet Yilmaz TABANLIya tesekkiir ederiz.

FINANS
Bu ¢alisma, COMU/BAP FBA 2023/4274 No'lu proje tarafindan desteklenmektedir.
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CIKAR CATISMASI BEYANI
Yazarlar, bu ¢aligmayi etkileyebilecek finansal ¢ikarlar veya kisisel iligkiler olmadigini beyan eder.

YAZAR KATKILARI

Kurgu: AO; Metodoloji: AO, YS, OA, GEU, IBD, AA, FC, UA, UO; Saha calismalari: AO, YS,
OA, GEU, IBD, AA, FC, UA, UO; Veri Analizi: Makale Yazimi: AO, YS, OA; Son Okuma: AA, YS,
IBD. Tiim yazarlar nihai taslag1 onaylamustir.

ETIiK ONAY BEYANI

Bu calisma Canakkale Onsekiz Mart Universitesi, Lisansiisti Egitim Enstitiisii, Bilimsel
Arastirmalar Etik Kurulu'nun 17.11.2022 tarihli, 19/05 nolu toplantisindaki karar1 dogrultusunda
yuriitiilmistiir. Ticari balik¢ilar ile yapilan goriismeler de Kisisel Verileri Koruma Kanunu dikkate
alinarak kisisel veri alinmamustir.
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Abstract: In the present study, the usability of Prussian carp (Carassius gibelio) meal

(PCM) as an alternative animal protein source in fish feeds was investigated by Keywords
comparing it with anchovy (Engraulis encrasicholus) and sprat (Sprattus sprattus)
meals in terms of their biochemical, fatty acid, amino acid and element compositions.
Prussian carp were obtained by fishing and made into a meal (PCM). Anchovy (AM),
and sprat (SM) meals were purchased from a commercial company. The amino acid
analysis results show that PCM's total, essential, and non-essential amino acid values @ Fatty acid composition
were lower than that of AM and SM (P < 0.05). The polyunsaturated fatty acids ® Amino acid composition
(PUFA) and Omega-6 values of PCM were higher than AM and SM; and lower than

saturated fatty acids (SFA), Omega-3, eicosapentaenoic acid (EPA), docosahexaenoic

acid (DHA), atherogenicity index (Al) values (P < 0.05). According to the element

analysis, the P and Ca values of the PCM were higher than the AM and SM (P <

0.05), and the Na, K, Fe, Cu, Zn and Se values were lower. According to the results of

the present study, PCM can be utilized in the feed industry to boost the sustainability

of fish meals used in feed production, which in turn will reduce the foreign

dependency on vegetable and fish meals, and lower feed costs.

e Prussian carp meal
e Anchovy meal
® Sprat meal

Ozet: Calismada Israil sazami (Carassius gibelio) ununun hamsi (Engraulis

encrasicholus) ve caga (Sprattus sprattus) unlarinin biyokimyasal, yag asidi, amino Anahtar kelimeler
asit ve element kompozisyonlart ile karsilastirilarak balik yemlerinde alternatif protein
kaynag1 olarak kullanilabilirligi arastirilmistir. Israil sazan1 avcilik yoluyla elde edilip o Hamsi unu
un haline getirilmis (PCM); hamsi (AM) ve caca (SM) unlari ise ticari bir firmadan

almmugtir. Calisma sonunda PCM'nin toplam esansiyel ve esansiyel olmayan amino ® Caga unu

asit degerleri AM ve SM'den diisiik oldugu belirlenmigtir (P < 0.05). PCM’nin ¢oklu ~ ® Yag asitleri kompozisyonu
doymamusg yag asitleri (PUFA) ve Omega-6 degerleri AM ve SM'den yiiksek; doymus @ Amino asit kompozisyonu
yag asitleri (SFA), Omega-3, eikosapentaenoik asit (EPA), dokosaheksaenoik asit

(DHA) ve aterojenite indeks (Al) degerleri diisiik bulunmustur (p<0.05). Element

analizine goére PCM'nin P ve Ca degerleri AM ve SM'den yiiksek (p<0,05), Na, K, Fe,

Cu, Zn ve Se degerleri ise diisiik oldugu belirlenmistir. Calisma sonunda, yem

tiretiminde kullanilan balik unlarmin siirdiiriilebilirliginin arttirilmasi, bitkisel ve balik

unlarinda disa bagimlhiligin azaltilmas: ve yem maliyetlerinin diisiiriilmesi amaciyla

PCM'nin yem sektoriinde kullanilabilecegi belirlenmistir.

o [srail sazan1 unu

1. INTRODUCTION

Population increases, dwindling terrestrial and aquatic supplies, increased demand for products

@ @ This paper is published by Isparta University of Applied Sciences, Egirdir Fisheries Faculty under Creative Commons
Attribution 4.0 International (CC BY 4.0) license. http://creativecommons.org/licenses/by/4.0/
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made from animals, excessive dependence on fossil fuels, and a changing climate are all major
pressures on the world food system (Neff et al., 2011; Gerile et al., 2017). The production of seafood
has also undergone significant change in recent decades. Currently, aquaculture, or farmed fish,
accounts for half of all seafood consumption worldwide and is growing more quickly than any other
area of animal production (FAO, 2014). The dietary requirements of aquatic species vary, and they are
grown in a variety of ways. Feed is needed for around two-thirds of the output of farmed aquatic
animals. Some species, such as tilapia (Oreochromis sp.) and grass carp (Ctenopharyngodon idella)
are herbivorous and can consume 100% vegetarian feed derived from crops, other foods, and
agricultural waste. Carnivores species such as Atlantic salmon (Salmo salar), rainbow trout
(Oncorhynchus mykiss), sea bass (Dicentrarchus labrax), and bream (Sparus aurata), always consume
fish/animal protein and lipids as part of their diet. Fish meal is a key component of aquaculture diets
and is commonly used in animal diets to increase feed palatability, which promotes feed efficiency and
animal growth, as well as taking in nutrients, digestion, and absorption (Mile & Chapman, 2006). It is
estimated that roughly 30% of the entire fish catch is converted into fish meal and fish oil for use in
animal and fish feeds (Ogunji et al., 2006). Fish used in diets are generally obtained from short-lived,
fast-growing fish (e.g., anchovy: Engraulis encrasicholus, sprat: Sprattus sprattus, herring: Clupea
harengus, capelin: Mallotus villosus, etc.), that are not intended for human consumption or byproducts
of seafood processing plants. However, fish populations are constantly changing due to the variability
of stocks, fishing pressure, and environmental conditions. The development of sustainable aquaculture,
on the other hand, is dependent on the availability of raw resources such as fish meals. Many studies
were conducted with alternative and low-cost different vegetable protein sources (Kaushik et al., 2004;
Naylor et al., 2009; Rana et al., 2009; Cabral et al., 2011, Siddik et al., 2021) and animal protein
sources (Yang et al., 2004; Xiaoming et al., 2010; Tabinda & Butt, 2012; Da et al., 2012; van Huis &
De Prins, 2013; Sevgili et al., 2015; Rahman et al., 2016; Zhang et al., 2016; Wang et al., 2017; Devic
etal., 2018; Ye et al., 2019; Choi et al., 2020) to fish meal.

Carassius gibelio, which will be evaluated as meal in the current study, is a species found in
streams, lakes, and ponds in Northern, Central, and Eastern Europe, the Balkans, and Asia (Hong et
al., 2005). Because of its rapid distribution, it has gained interest in many nations, and surveillance
studies have increased in recent years (Wheeler, 2000; Halacka et al., 2003; Paschos et al., 2004;
Tsoumani et al., 2006 Gozacan & Becer, 2018). C. gibelio benefits from a considerable portion of the
nutrients in its environment due to its omnivorous nature (benthic and planktonic invertebrates, insects
and fish larvae, plants, and so on) (Balik et al., 2003; Innal & Erkakan, 2006; Yilmaz et al., 2007). The
C. gibelo was captured in its native habitat and its biochemical components were examined in several
investigations (izci, 2010; Siile, 2011; Dagtekin Goézii & Bastiirk, 2014). Following these
investigations, research was conducted to introduce the species into the economy by employing
several processing processes to ensure customer preference (Baygar, 2012; Dagtekin Gozii, 2013; Izci
& Bilgin, 2015). In this study, the possibilities of using the Prussian carp (C. gibelio Bloch, 1782),
which is reported as invasive in Turkish waters (Ozulug et al., 2004; Y1lmaz et al., 2007), as fishmeal
were investigated. In addition, a comparative analysis of Prussian carp meal with anchovy and sprat
meals, which are currently used as fish meals, was conducted in terms of biochemical, fatty acid,
amino acid, and element compositions, and their usability as an alternative raw material for
aquaculture was evaluated.

2. MATERIAL and METHODS

Prussian carp (C. gibelio) samples were obtained from the Bafra Fish Lakes (Bafra, Samsun,
Tiirkiye) by fishing monthly throughout the year (2019). The sampled fish were transferred to the Feed
Technology Laboratory (Sinop University). The whole body was used in the production of fish meal
and no sorting was done. The fish were placed on drying trays and dried in an oven at 105°C for 12
hours. After the drying process, the fish were allowed to cool down to room temperature (24°C), and
they were ground into meal. Prussian carp meals (PCM) were kept in plastic bags in a deep freezer
until they were analyzed. In the study, anchovy (E. encrasicholus) (AM) and sprat meals (S. sprattus),
(SM) used in fish feeds were obtained from a commercial production company (Kardez Seafood
Company -Samsun/Turkey). Biochemical analyses of Prussian carp, anchovy, and sprat meals were
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made according to AOAC (1995). Dry matter analysis was performed in an oven (105+£1°C), crude
protein analysis was performed using the Kjeldahl method, crude oil analysis was performed using
soxhlet extraction, and crude ash analysis was performed using a muffle furnace (550+£1°C). All
biochemical analyses in meals were triplicated. Element, amino acid, and fatty acid analyzes of meals
were made by Sinop University Scientific Research and Application Center (SUBITAM). The
elemental measurements of fish meals were based on EPA Method 200.3 (Sample Preparation
Procedure for Spectrochemical Determination of Total Recoverable Elements in Biological Tissues).
Fish meals (up to 0.5g) (HPR-FO-67) were prepared using a microwave digestion system (Milestone
SK10), concentrated grade HNO; (suprapur 65%) and H,O, (suprapur 30%) according to temperature
and pressure profile (7:1) was digested in teflon containers containing the mixture. After adding the
acid, the teflon bombs were closed and heated at 200°C for 15 min. and kept at the same temperature
for another 15 min. The digested solution was transferred to 50ml polypropylene falcon tubes and
filled with ultrapure water to 50ml. Concentrations of elements were measured with an Inductively
Coupled Plasma Mass Spectrophotometer (ICP-MS, Agilent 7700X). Quality assurance and control
were performed using triplicate measurement and certified reference material (UME CRM 1201-UME
CRM 1204). Multi-element standard solutions (27-element mixtures: 8500-6940 2A and 8500-6940
Hg) supplied by Agilent were used for calibration curves. Analytical precision was within £10%. In
this study, a 1 ppm internal standard (Agilent 5188—6525) was analyzed continuously with samples.
The accuracy of items in the CRM ranged from 90% to 100%. Amino acid analyses of fish meals were
performed using the Jasem LC-MS/MS amino acid assay kit. The concentration of the target amino
acids was determined using the electrospray ionization (ESI)-based multiple reaction monitoring
(MRM) mode. 0.5g sample was taken into a glass vial with a screw cap, and 4ml of reagent-2 was
added, and then, a hydrolysis reaction was performed at 110°C for 24 hr. The hydrolysate was
centrifuged for 5 min at 4000 rpm when it reached room temperature. Then, 100ul of the supernatant
was transferred to a vial and completed to 1 ml with distilled water. This dilution procedure was
repeated one more time to yield 800-fold diluted hydrolysate of the sample. 50ul of the diluted
hydrolysate was transferred to a sample vial and 50ul of internal standard mixture with isotope
labelled and 700ul of reagent-1 was added, respectively, and then, the mixture was vortexed for 5s. All
samples were prepared according to the above procedures and injected into the LC-MS/MS system
where the amounts of amino acids were read. The following formulae were used to determine the
quantity and quality of amino acids (Li et al., 2009).

Essential Amino Acids (EAA) = Histidine + Lysine + Phenylalanine + Methionine + Threonine +
Leucine + Isoleucine + Valine + Arginine + Tryptophan

Semi-Essential Amino Acids (SEAA) = Histidine + Arginine

Non-Essential Amino Acids (NEAA) = Alanine + Aspartic acid + Glutamic acid + Tyrosine +
Glycine + Serine + Proline

Branched-chain amino acid (BcAA) = Leucine + Isoleucine + Valine

Sulfur-containing amino acids (SAA) = Cystine + Methionine

Aromatic amino acids (ArAA) = Phenylalanine + Tyrosine

Basic (alkaline) amino acids (BAA) = Lysine + Arginine + Histidine

Acidic amino acids (AAA) = Aspartic acid + Glutamic acid

For fatty acid analysis, fish meals were transformed to methyl esters by derivatizing fat samples in
a gas chromatography instrument (Thermo Scientific Trace 1310). For this purpose, 0.25g of the
extracted oil was removed, and 4 ml of heptane and 0.4ml of 2N KOH were added. The mixture was
stirred in a vortex for 2 min, and then centrifuged at 5000rpm for 5 min. After centrifugation, 1.5-2ml
of the heptane phase was collected and transferred to glass tubes for GC/MS analysis. The injection of
samples into the device was carried out with an automatic sampler (Autosampler Al 1310). Samples
were analyzed by Thermo Scientific ISQ LT model GC/MS. For this analysis, Trace Gold TG-
WaxMS capillary column (Thermo Scientific code: 26088-1540) with a film thickness of 0.25 um and
60 m length was used. The injection block temperature was set to 240°C, and the column temperature
was increased from 100°C to 240°C in the temperature program. Helium gas (1 ml/min) was used as a
carrier gas at constant flow, and 1:20 split ratio was applied. The MS unit (ISQ LT) was used in
electron ionization mode. Fatty acids were defined by comparing the standard FAME mixture of 37
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components based on the arrival times. Additionally, the quality of fatty acids (peroxidability index
(PD), atherogenicity index (AD), thrombogenicity index (TT) and
hypocholesterolemic/hypercholesterolemic ratio (HH)) was determined according to Arakawa &
Sagai, (1987); Ulbricht & Southgate, (1991), and Santos-Silva et al., (2002).

Total saturated fatty acids (3SFA) = C12:0 + C13:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 +
C20:0 + C21:0 + C22:0 + C23:0 + C24:0

Total monounsaturated fatty acids (3 MUFA) = C14:1 + C15:1 + C16:1 + C17:1 + C18:1n-9¢c +
C18:1n-9t + C20:1n-9c + C22:1n-9 + C24:1

Total polyunsaturated fatty acids (3;PUFA) = C18:2n-6t + C18:2n-6¢ + C18:3n-3 + C18:3n-6 +
C20:2 + C22:2 + C20:3n-6 + C20:5n-3 + C20:4n-6 + C22:6n-3

> Omega-3 = C18:3n-3+C20:3n-3+C20:5n-3+C22:5n-3+C22:6n-3;

> Omega-6 = C18:2n-6t + C18:2n-6¢+ C18:3n-6+ C20:4n-6+ C20:3n-6

> Omega-9 = C18:1n-9c+ C18:1n-9t+ C20: 1n-9c+ C22:1n-9

Atherogenicity Index (AD= [(C12:0+ (4 x C14:0)+ C16:0)] / MUFA+Omega-3+Omega-6)

Thrombogenicity Index (TD= (C14:0+C16:0+C18:0) / [(0.5 x MUFA) + (0.5xOmega-6) +
(3xOmega-3) + (Omega-3/0Omega-6)]

Hypocholesterolemic/Hypercholesterolemic ratio (HH)= (C18:1n-9+ C18:2n-6+ C18:3n-3+
C20:4n-6+ C20:5n-3+ C22:6n-3) / (C14:0+C16:0)

Peroxidisability index (PI)= (MUFAx0.025) + (C18:2n-6+C20:2) x 1 + [(C18:3n-6+C18:3n-3)x2]
+ [(C18:4n-3+C20:4n-6+C22:4n-6) x 4] + [(C20:5n-3+C22:5n-3) x 6] + [(C22:6n-3) x §]

The data were reported as average values with standard error (SE). Statistical analysis was
performed using the IBM-SPSS21 statistical package program. The differences between the values
were tested with a one-way analysis of variance (ANOVA), these differences were compared with the
Tukey test, and the significance values were taken as P < 0.05.

3. RESULTS

The biochemical compositions of Prussian carp, anchovy, and sprat meals are given in Table 1.
When the biochemical composition of PCM were examined, it was determined that the crude protein
value was lower than AM and SM (P < 0.05). The statistical difference between the crude fat value of
fish meals was not significant (P > 0.05). The crude ash values were in high amounts (28.09+0.37%)
in PCM and the statistical difference was significant (P < 0.05).

Table 1. The biochemical compositions of Prussian carp (PCM), anchovy (AM), and sprat (SM) meals (%).

Crude protein Crude Fat Crude Ash Dry Matter
PCM 58.43+0.23° 12.39+1.17 28.09+0.37° 97.47+0.04°
AM 74.93+0.50" 10.18+0.01 18.90+0.63" 94.08+0.03"
SM 73.02:+1.28" 11.47+0.01 18.93+0.11° 96.07+0.23"

Each value represents the mean + standard error. Values expressed with different exponential letters on the same column are statistically
different from each other (P < 0.05).

The amino acid compositions of Prussian carp (PCM), anchovy (AM) and sprat meals (SM) are
given in Table 2. The highest total amino acid values (TAA) were determined in AM and the lowest in
PCM (P < 0.05).The glycine and proline values were high in PCM (P < 0.05).The alanine, arginine,
cystine, glutamic acid, histidine, leucine, lysine, phenylalanine and taurine were prominent in AM (P <
0.05).The aspartic acid, isoleucine, methionine, serine, threonine, tyrosine and valine values peaked in
SM (P < 0.05).
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Table 2. The amino acid compositions of Prussian carp (PCM), anchovy (AM), and sprat meals (SM) (g/100g).

Amino acid PCM AM SM
Essential Amino Acids

Arginine 3.43+0.01° 4.12+0.01° 4.11£0.01°
Histidine 1.1240.01° 2.2340.01° 1.54+0.01°
Isoleucine 1.00£0.01° 1.4940.01° 1.7840.01°
Lysine 4.45+0.01° 6.67+0.01° 6.54+0.01°
Leucine 3.75+0.01° 5.27+0.01¢ 5.130.02°
Methionine 1.65+0.01° 2.3240.01° 2.39+0.01°
Phenylalanine 2.06+0.03* 2.90+0.01° 2.65+0.01°
Tyrosine 1.67+0.01° 2.62+0.01° 2.93+0.01°
Valine 1.48+0.01° 2.24+0.01° 2.59+0.01¢
Taurine ND 0.46+0.01° 0.12+0.01°
Non Essential Amino Acids

Alanine 4.16+0.01° 5.60+0.01° 4.30+0.01°
Aspartic Acid 7.37+0.01° 8.51+0.01° 9.55+0.01°
Cystine 0.06+0.01° 0.45+0.01° 0.32+0.01°
Glutamic Acid 7.18+0.01° 10.61+0.01° 9.37+0.01°
Glysine 5.27+0.01° 5.24+0.05" 3.61+0.01°
Proline 3.50+0.01° 3.35+0.01" 2.76+0.01°
Serine 2.83+0.01° 3.36+0.01° 3.37+0.01°
Threonine 2.16+0.01° 2.83+0.01° 2.96+0.01¢
YTAA 53.09+0.01° 70.25+0.01° 65.99+0.01°

Each value means mean+standard error. Values expressed with different exponential letters on the same line are statistically different from
each other (P < 0.05). ND: not detected.

The amino acid quality of Prussian carp (PCM), anchovy (AM) and sprat meals (SM) (g/100g) are
shown in Figure 1. The Y EAA, Y’SEAA and ) NEAA values were highest in AM and lowest in PCM,
and the statistical difference was significant (P < 0.05). The highest ) EAA/Y NEAA ratio was in SM
(0.82+0.01) and the lowest in PCM (0.66+0.01) (P < 0.05).

40 oPCM EAA/NEAA EAAIL
0,9
=AM L6
03
osM 14
0,7
1,2
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30
0.5 1
PCM AM SM PCM AM SM
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]
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Figure 1. The amino acid quality of Prussian carp (PCM), anchovy (AM) and sprat meals (SM) (g/100g).

The Y BCAA, Y KAA, YBAA, and Y AAA values were high in AM, and ) ArAA value was in SM.
The lowest EAAI value was in PCM and the highest in AM, and the statistical difference between the
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EAAI values of the meals is not significant (P > 0.05).

According to the fatty acid composition analysis, the most determined fatty acids in meals were
C16:0, C18:0, C18:1n-9¢, C18:2n-6¢, C18:3n-3, C20:4n-6, C20:5n-3, and C22:6n-3 (Table 3). The
highest Y SFA value was in AM, while the lowest was in PCM (P < 0.05). While the Y MUFA value
was the highest in SM, the lowest was in AM and the statistical difference was significant (P < 0.05).

Table 3. The fatty acid compositions of Prussian carp (PCM), anchovy (AM), and sprat meals (SM) (%).

Fatty acids PCM AM SM
C12:0 0.20+0.01¢ 0.08+0.01% 0.11£0.01°
C13:0 0.12+0.01¢ 0.08+0.01% 0.10+£0.01°
C14:0 4.70+0.01° 6.04+0.04° 6.07+0.02"
C15:0 1.32+0.01° 1.55+0.01° 1.61£0.01¢
C16:0 14.694+0.01* 17.3140.18¢ 15.10+0.05°
C17:0 1.13+0.01° 1.60+0.01° 0.97+0.01%
C18:0 5.3340.01° 7.00+0.03° 4.60+0.03*
C20:0 0.47+0.01° 1.46+0.01° 1.2440.01°
C21:0 0.04+0.01 0.04+0.04 0.08+0.07
C22:0 0.20+0.03* 0.82+0.01° 0.70+0.04°
C23:0 0.13+0.02° 0.04+0.02" 0.06+0.02*
C24:0 0.12+0.01° 0.03+0.01% 0.03+0.01%
Y'SFA 28.45+0.03" 36.05+0.16° 30.65+0.14°
Cl4:1 1.33+0.01¢ 0.46+0.01% 0.73+£0.01°
C15:1 0.77+0.01° 0.28+0.01% 0.29+0.01%
C16:1 0.85+0.01° 1.14+£0.01° 1.19+0.01¢
C17:1 1.81+0.01° 0.85+0.01% 0.95+0.04*
C18:1n-9¢ 14.59+0.05° 14.20+0.06* 13.9840.08"
C18:1n-9t 6.07+0.14¢ 3.97+0.02° 3.55+0.01%
C20:1n-9¢ 3.05+0.02° 2.7140.01* 5.86+0.08°
C22:1n-9 2.17+0.02° 1.43+0.03" 6.26+0.06°
C24:1 0.61£0.01° 2.17+0.01° 3.36+0.01°
YMUFA 31.2440.09° 27.20+0.08* 36.16+0.18°
C18:2n-6t 0.70+0.01¢ 0.11£0.01% 0.20+£0.01°
C18:2n-6¢ 9.18+0.01¢ 3.78+0.01% 4.05+0.01°
C18:3n-3 7.42+0.02¢ 1.99+0.01° 2.53+0.01°
C18:3n-6 0.10+0.01° 0.01+0.012 0.02+0.012
C20:2 2.30+0.01° 0.76+0.01% 0.77+0.01*
C20:3n-3 1.64+0.01¢ 0.45+0.01° 0.39+0.01°
C20:5n-3 6.37+0.04° 8.58+0.03° 6.74+0.03"
C20:4n-6 4.00+0.01° 1.97+0.01° 1.45+0.06*
C22:6n-3 7.83+0.02° 18.73+0.11¢ 16.39+0.06"
C22:2 0.07+0.01° 0.01£0.01* 0.01+0.01%
C20:3n-6 0.66+0.03¢ 0.31+0.02% 0.55+0.01°
YPUFA 40.26+0.07¢ 36.70+0.12° 33.10+0.06"

Each value means meantstandard error. Values expressed with different exponential letters on the same line are statistically different from
each other (P < 0.05).

The highest > PUFA value was in the PCM value, the lowest was in SM and the statistical
difference between the Y PUFA values of the meals was significant (P < 0.05). The C20:5n-3 (EPA)
values of PCM, AM and SM were 6.37+£0.04, 8.58+0.03 and 6.74+0.03%, respectively (P < 0.05). The
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DHA value of PCM was approximately half of the C22:6n-3 (DHA) values of SM and AM and the
statistical difference between the DHA values of the meals was significant (P < 0.05).

The ) omega-3, Y omega-6, and Y omega-9 values and omega-3/omega-6 and omega-6/omega-9
ratios of the meals used in the study are shown in Figure 2.
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Figure 2. The Y omega-3, Y omega-6, and) omega-9 values (%) and omega-3/omega-6 and mega-6/omega-9
ratios of Prussian carp (PCM), anchovy (AM) and sprat meals (SM).

In the current study, the Y omega-3 value was prominent in AM (P < 0.05), Y omega-6 value in
PCM (P < 0.05) and Y omega-9 value in SM (P < 0.05). The omega-3/omega-6 ratio was calculated as
1.59+0.01, 4.81+£0.02, and 4.16+0.06 for PCM, AM, and SM, respectively (P < 0.05). The omega-
6/omega-3 ratio was the highest in PCM and it was statistically different from the omega-6/omega-3
ratios of other meals (P < 0.05).

The atherogenicity index (Al), thrombogenicity index (TI), hypocholesterolemic/
hypercholesterolemic ratio (HH), and peroxidisability index (PI) values of fish meals are shown in
Figure 3. When lipid quality values were evaluated, the atherogenicity index (Al) values were highest
in AM and lowest in PCM, and the statistical difference in Al values was significant (P < 0.05).
Thrombogenicity index (TI) values of fish meals were found to be similar (P < 0.05). The
hypocholesterolemic/hypercholesterolemic ratio (HH) value was high in PCM and statistically
different from the HH values of other meals (P < 0.05). Peroxidisability index (PI) values of fish meals
were highest in AM and lowest in PCM, and it was determined that the statistical difference between
PI values was significant (P < 0.05).
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Figure 3. The atherogenicity index (Al), thrombogenicity index (TI), hypocholesterolemic/hypercholesterolemic
ratio (HH), and peroxidisability index (PI) values of Prussian carp (PCM), anchovy (AM) and sprat meals (SM).

The element compositions of Prussian carp (PCM), anchovy (AM) and sprat meals (SM) are given
in Table 4. The most abundant elements in anchovy meal were K, Ca, Fe, Cu, and Zn. Na, Mg, Mn,
Sei Al, Cr, Co, and Ni were prominent in the sprat meal.

Table 4. The element compositions of Prussian carp (PCM), anchovy (AM), and sprat (SM) meals (mg/kg).

Elements PCM AM SM

Na 5743.30+28.99" 8425.03+34.81° 9578.28428.48°
Mg 3360.96+22.41° 3333.81+10.80° 4343.22421.47°
p 66364.80+£445.23° 30240.92+142.43° 31158.00+£157.84°
K 11144.59+34.15° 11860.15+61.24° 11714.80+£56.94°
Ca 128353.32+1021.10° 45816.52+440.51° 41678.76+215.40°
Mn 33.14+0.28° 23.73+£0.11° 36.28+0.21¢
Fe 241.30+0.84% 514.95+3.12° 524.21+1.70°
Cu 2.94+0.02° 4.43+0.02° 3.92+0.04°

Zn 136.65+0.38" 176.42+1.02° 171.62+0.63°
Se 1.09+0.06 2.3240.04° 3.00+0.03¢

Al 190.99+1.40° 40.73+0.37* 333.5542.25°
Cr 0.45+0.01* 0.55+0.01° 2.39+0.02¢

Co 0.16+0.01* 0.18+0.01° 0.25+0.01°

Ni 0.77+0.01* 0.72+0.01° 1.93+0.01°

Each value means mean+standard error. Values expressed with different exponential letters on the same line are
statistically different from each other (P < 0.05).

The most P was determined in Prussian carp meal. While the statistical difference between the Mg
values of Prussian carp and anchovy meals was not significant (P > 0.05), the Mg value of the sprat
meal was significant (P < 0.05). The Fe and Zn values of the Prussian carp meal were statistically
different from the Fe and Zn values of the anchovy and sprat meals (P < 0.05).

4. DISCUSSION
In the current study, biochemical, fatty acid, amino acid, and element compositions of the Prussian
carp, which was recorded as an invasive species in Turkey, were determined and compared to anchovy
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and sprat flours, which are commonly utilized as the primary animal protein source in fish diets. In the
current study, the CP values of PCM were lower than that of AM and SM (P < 0.05), and the CF value
was higher than the CF value in other meals (P < 0.05, Table 1). A report on the biochemical
compositions of different fish meals (herring meal, sardine meal, Peruvian anchovy meal, haddock
meal, sprat meal, tuna meal, capelin meal, mackerel meal, sand eel meal, salmon meal, cod meal) used
in fish feeds disclosed that the CP values of the fish meal in question are between 53.24 and 76.6%
(Windsor & Barlow, 1981; Widsor et al., 2001; Kop & Korkut, 2010; Suresh et al., 2011; Tabinda &
Butt, 2012; Sevgili et al., 2015; Rahman et al., 2016; Zhang et al., 2016; Guo et al., 2019). The CP
value of the different fish meals in the mentioned references was higher than the CP value of the PCM,
and the CP values of the AM and SM were similar. When compared with alternative animal raw
material sources that can be used as protein, except for fish meals, it is observed that the protein values
of PCM were similar [meat-bone meals:27.35-50.40% (NRC, 1994; Hardy, 1996); meat meals: 54%
(NRC, 1994); chicken scraps meals: 46.6-66.88% (Firman, 2003; Ertiirk & Celik, 2004; Feedipedia,
2023); fishery by-products meals:51.71% (Kop & Korkut, 2010); apple snail meals: 56.4% (Da et al.,
2012); krill meals 58.8-59.4% (Suresh et al., 2011; Choi et al., 2020); yellow mealworm larvae meals
51.93% (Bovera et al., 2015)]. The CF values were the opposite of CP, and the CF values of fish meals
in many studies (Windsor, 2001; Kop & Korkut ,2010; Suresh et al., 2011; Tabinda & Butt, 2012;
Sevgili et al., 2015; Rahman et al., 2016; Zhang et al., 2016; Guo et al., 2019; Choi et al., 2020) were
lower than the CF value of PCM in the current study. These differences in the biochemical
compositions of different fish meals are thought to be due to the living environments (sea/inland
water), feeding, and breeding conditions of the fish used as meals.

In the study, the AM was found higher > TAA, YEAA, > SEAA, YNEAA, YSAA, Y ArAA,
> AAA, and Y BAA, the SM was higher of EAA/NEAA ratio and Y BcAA (Figure 1). Since there is no
literature on the evaluation of total amino acids of animal protein sources added to feeds such as fish
meals, an evaluation could not be made. The total amino acid values show that the amino acid values
of AM and SM were better than PCM. When essential amino acids are evaluated separately, the
leucine value in different studies (Windsor & Barlow, 1981; NCR, 1994; Windsor, 2001; Sevgili et al.,
2015; Choi et al., 2020; Feedipedia, 2023) was higher than the leucine values in all meals in the
current study. Otherwise, lysine values, which is an essential amino acid determined in meals obtained
from animal protein sources in different studies, were lower or similar to the lysine values in the
current study (NRC, 1994; Da et al., 2012; Bovera et al., 2015; Rahman, 2016; Guo et al., 2019;
Feedipedia, 2023). These differences in amino acid compositions are assumed to be effective in the
life stage, nutritional conditions, and freshness of the animal protein source, as well as being of
terrestrial or aquatic origin.

In the current study, the highest }'SFA value was in AM, the highest Y MUFA value in SM, and the
highest), PUFA value in PCM, and the statistical difference was significant for each fatty acid (P <
0.05) (Table 3). The Y omega-3 value was high in AM and ) omega-6 value in PCM (P < 0.05) (Figure
2). In studies conducted with meals used in fish feeds and especially obtained from marine products
(Sevgili et al., 2015; Rahman et al., 2016), the total fatty acids values in question differ from the
values in the current study. It is thought that these differences are caused by the nutritional
characteristics of the fish used in making the meals, the fishing season, the processing conditions and
the stocking conditions.

The element values determined in fish meals in the current study are given in Table 4. Elemental
values of fish meals to be used in fish feeds (Cakli, 2007), especially Ca and P values are very
important in fish feed ration preparation (Chavez-Sanchez et al., 2000). Ca and P values of PCM in the
present study were approximately two times higher than AM and SM (P < 0.05). The fact that both Ca
and P values of PCM are higher than the other two meals can be explained by the fact that the bone
and awn structure of Prussian carp is larger than that of sprat and anchovy. The reason why the Na
value in AM and SM is higher than that of PCM can be explained by their living environments
(marine). The element values of AM and SM were different from the values given in the literature
(Windsor & Barlow, 1981; Guo et al., 2019; Anonymous, 2023). These differences are assumed to be
caused by the periods in which the fish were caught, biological (age, species, size) and environmental
(marine/inland water, salinity, etc.) factors, and the processing method used to make fish meal.
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5. CONCLUSION

As a result, when all analyzes in the current study are evaluated, it does not seem possible to use
PCM in fish feeds instead of 100% AM and SM. Although PCM contains around 60% protein and
may be used as an animal protein source, its high raw ash values limit its utilization. In addition, it is
known that the main problems of vegetable raw materials include an unbalanced profile in terms of
essential amino acids and high antinutritional factors. By limiting the use of these vegetable raw
materials in fish feed, terrestrial animal by-product meals appear as a suitable and practical alternative
at the technical and economic level. However, there are strict regulations and restrictions on the use of
these meals. Apart from these, insect meals, which are used as feed raw materials as an alternative, are
rich in Y omega-6 and poor in Y omega-3. When all these factors are evaluated together, it is thought
that PCM can be used instead of AM and SM in certain proportions. In conclusion, the comparison
between Prussian carp, anchovy, and sprat meal reveals that Prussian carp meal has the potential to be
used in fish feeds, but further experimental studies are needed to validate this. Our study highlights the
need for continued research and analysis in this field to determine the best options for fish feed.
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Ozet: Bu calismada, Daphnia magna kiiltiiriine 3 farkli besinin (Chlorella vulgaris,

Toz Spirulina, Ekmek mayasi) tek tek ve kombine sekilde kullaniminin popiilasyon  Anpahtar kelimeler
artist Uizerine etkisi aragtirilmugtir. Deneme gruplar sirasiyla; Besin olmayan grup e Daphnia magna
(Kontrol/I. Grup), Toz Spriulina (Il. Grup), Chlorella vulgaris (IIl. Grup), Ekmek o cpioreiia vulgaris
mayas1 (IV. Grup), Toz Spirulina + C. vulgaris (V. Grup), Toz Spirulina + Ekmek
mayas1 (VL. Grup), C. vulgaris + Ekmek mayas1 (VII. Grup), Toz Spirulina + C.
vulgaris + Ekmek mayast (VIII. Grup) olarak belirlenmistir. Denemel litre hacimli
balon joje icinde700 mL’lik su hacminde baslangic yogunlugu 25 adet birey olacak
sekilde baslamis, 21 giin boyunca giinliik olarak birey sayimlari yapilmistir.
Aragtirmanin sonunda D. magna kiiltiirlerindeki popiilasyon artisginda en yiiksek
toplam birey sayisi Toz Spirulina + C. vulgaris + Ekmek mayasi ile beslenen grupta
5541,33 + 57,83 birey/700ml olarak 16. giinde belirlenmistir. Caligmada 16 giin
sonundaki en yiiksek birey sayis1 Toz Spirulina + Ekmek mayasi ile beslenen grup ile
istatistiki olarak benzerlik gdstermis olsa da diger gruplar arasinda istatistik olarak
fark tespit edilmistir (P < 0,05). D. magna’ya uygulanan besleme rejimine gore en
yiiksek biiyiime hizi 14. giin sonunda Toz Spirulina + ekmek mayasi ile beslenen
grupta 0,87 £ 0,02 boliinme/giin olarak belirlenmis olup bu sonug istatistiki olarak C.
vulgaris ile beslenen gruba istatistiki olarak benzerlik gosterse de diger gruplardan
farkli bulunmustur (P < 0,05). Calismada Toz Spirulina + C. vulgaris + Ekmek
mayast ilavesinin D. magna’nm popiilayon artig1 ve bliyiime hizini olumlu ydnde
etkiledigi belirlenmistir.

® Toz Spirulina
o Ekmek mayast
® Popiilasyon artis1

Abstract: In this study, the effect of 3 different ingredients (Chlorella vulgaris,

Powder Spirulina, Baker's yeast) individually and in combination on the population Keywords

growth of Daphnia magna was investigated. Experimental groups were non-fed or e Daphnia magna
starvation group (Control/Group I), Powder Spirulina (Group II), Chlorella vulgaris o Cpiorella vulgaris
(Group III), Baker's yeast (Group 1V), Powder Spirulina + C. vulgaris (Group V),
Powder Spirulina + Baker's yeast (Group VI), C. vulgaris + Baker's yeast (Group
VII), Powder Spirulina + C. vulgaris + Baker's yeast (Group VIII). The treatments
were tested using volumetric flasks of 1 liter with a volume of 700 ml of water. The
initial density in each flask was 25 individuals, and daily individual counts were made
for 21 days. At the end of the study, the highest total number of individuals was
determined on the 16th day as 5541.33 + 57.83 individuals/700 ml in the group fed
with Powder Spirulina + C. vulgaris + Baker's yeast. Although the highest number of
individuals on day 16 was statistically similar to the group fed with Powdered
Spirulina + Baker's yeast, there were statistical differences among other groups (P <
0.05). According to the feeding regimens applied to D. magna, the highest growth rate
was determined as 0.87 + 0.02 divisions/day in the group fed with Powdered Spirulina
+ Baker's yeast on day 14. This treatment was statistically comparable to the group
fed with C. Vulgaris but significantly higher than the other groups (P < 0.05). In

e Powder Spirulina
e Baker's yeast
® Population growth
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conclusion, it was determined that the addition of Powder Spirulina + C. vulgaris +
Baker's yeast positively affected the population increase and growth rate of D. magna.
Future studies in this area should focus on water quality and nutrient compositions of
D. magna along with the population increase and growth rate.

1. GIRIS

Damuzlik baliklarin gamet iiretimi siirecinde kullanilan yemlerin kalitesi {ireme performanslar
tizerine belirleyici role sahiptir (Kruger vd., 2001; Lim vd., 2003). Baliklar daha iyi biiyiime, {ireme ve
yiiksek yasama orani i¢in protein basta olmak iizere besin maddeleri agisindan yeterli ve dengeli canli
yemlere ihtiya¢ duyar (Lall & Tibbetts, 2009). Baligin erken yasam evrelerinde canli yemlerle
beslenmesi ile bilylime i¢in gerekli olan amino asitler, doymamus yag asitleri, vitaminler, mineraller ve
diger bilesenlerin viicuda almimini saglanir (Das vd., 2012, Tuchapska & Krazhan, 2014).
Glintimiizde balik larvalarinin erken donemlerinde ticari yem kullanimi amacglanmakla birlikte,
larvalarin besin maddesi gereksinimlerinin karsilanmasi, hayatta kalma oranlari ve deformasyon
oranlar1 bakimindan hala alimmasi gereken ¢ok yol vardir (Fouzi vd., 2021). Canli yemler protein,
aminoasit, mineral, vitamin ve endojen enzim igerigi acisindan énemli bir besin kaynagidir (Kandathil
Radhakrishnan vd., 2020). Artemia, Rotifer ve Daphnia gibi canli yemler yaygin olarak kiiltiirii
yapilan balik ve kabuklu larvalarmin ilk beslenme periyodunda kullanilmaktadir (Conceig¢do vd.,
2010; Hamre vd., 2013; Hossain & Yoshimatsu, 2014; Hagiwara & Marcial, 2019). Daphnia magna
Ozellikle tatli su baliklarimin larva {iretiminde basariyla kullanilmaktadir (Hoff & Snell, 1987). D.
magna, %45-70 oraninda protein ve %11-27 oraninda lipit iceren oldukg¢a besleyici bir canli yemdir
(German vd., 2016). Baliklar i¢cin D. magna yetistirmenin ve tedarik etmenin temel faydasi, hizl
iiremeleri, aktif olarak hareket edebilmeleri ve larvalarin agiz agikligina uygun olmasidir (Cheban vd.,
2017). Artemia su triinleri yetistiriciligi sektoriinde yaygin olarak kullanilmasina ragmen ¢ok pahali
ve tedarigi zor bir canli yemdir. Bu nedenle, ekonomik olarak daha avantajli olabilecek benzer besin
kalitesine sahip daha ucuz alternatiflerine ihtiya¢ vardir (Khan vd., 2020). D. magna, diisiik maliyetleri
ve tedarikinin kolay olmasi nedeniyle Artemia’ya alternatif canli yem kaynagidir. Ayrica, larvalarin
beslenmesinde D. magna kullanimi besleme maliyetini diistirerek yetistiriciligin  karliligini
artirmaktadir (Fouzi vd., 2021). D. magnanin larva beslemede kullaniminda besinsel igeriginin
zenginlestirilmesi, Artemia ve Rotiferlerde oldugu gibi sindirilen besinlere gore degismektedir.
Yapilan ¢alismalar genellikle D. magna nin besinsel iceriginin artirilmasina yonelik olup popiilasyon
artigt ile ilgili caligmalar sinirlidir (Ferrdao-Filho vd., 2003; Kang vd., 2006). Bu nedenle D. magna nin
bliylime performansi ve fekondite oranini optimize etmek igin daha fazla arastirma yapilmasi
gerekmektedir.

Bu ¢alisma hem balik hem de kabuklu yetistiriciliginde canli yem olarak énemli bir yeri olan D.
Magna’nin farkli besleme rejimlerinin (kurutulmus mikrolag olarak toz Spirulina, canli mikroalg C.
vulgaris ve ekmek mayasi) popiilasyon artis1 ve biiyiime orani {izerine etkilerini belirlemek amaci ile
planlanmustir.

2. MATERYAL ve METOT
2.1. Arastirma yeri

Aragtirma Isparta Uygulamali Bilimler Universitesi Egirdir Su Uriinleri Fakiiltesi Canli Yem
Laboratuvari’nda 01 Ekim 2022 — 01 Kasim 2022 tarihleri arasinda yiiriitiilmiistiir.
2.2. Deneme materyali

Denemede kullanilan D. magna (Crustacea: Cladocera) Isparta Uygulamali Bilimler Universitesi
Egirdir Su Uriinleri Fakiiltesi Canli Yem Laboratuvarinda uzun yillardir tutulan stok kiiltiiriinden
temin edilmistir.
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2.3. Kiiltiir kosullar:

D. magna kiltirti igin artezyen suyu kullanilmigtir. Denemede D. magna tretimi 20£1°C su
sicakligt ve 6,5-8,00 pH’da gercektelstirilmistir. Deneme gruplar1 arastirma boyunca dogal
aydinlatmaya tabi tutulmustur. Muameleler havalandirma destekli 1 L’lik balon jojelerde test
edilmistir.

2.4. Besin kaynaklan

D. magna’nin beslenmesinde Isparta Uygulamali Bilimler Universitesi Egirdir Su Uriinleri
Fakiiltesi Canli Yem Laboratuvar stok kiiltliriinde bulunan Chlorophyta filumuna ait tatli su mikroalgi
C. vulgaris, piyasadan satin alinmis olan toz formdaki Spirulina ve ekmek mayas1 (e-ticaret
firmasindan alinmis, Tirkiye Firmasi) kullanilmistir. Denemelerde kullanilan toz formdaki Spirulina
ve ekmek mayasi1 15 g/L, C. vulgaris ise 1.5x10° h/ml konsantrasyonunda sabit oranda ortama ilave
edilmistir.

2.5. Besleme rejimi

Bu ¢aligmada ti¢ farkli besin (kurutulmus mikrolag tiriinii toz Spirulina, canli mikroalg C. vulgaris
ve ekmek mayasi) ile kiiltiire alinan D. magna’nin en yiiksek popiilasyon artis1 ve bilylime hizinin
belirlenmesi hedeflenmistir. 1 litrelik kiiltiir hacminde 700 mL’lik su hacminde gergeklestirilen
denemelerde 25 adet birey stoklanarak denemelere baslanmis ve 21 giin boyunca her giin birey
sayimlar1 gerceklestirilmistir.

D. magna’ya uygulanan besleme rejimleri asagida 6zetlenmistir;

I.  Besin olmayan ya da a¢ birakilan grup

II.  Sadece toz spriulina

III. Sadece Chlorella vulgaris

IV. Sadece kkmek mayasi

V. Toz Spirulina + C. vulgaris

VL. Toz Spirulina + ekmek mayasi

VIL. C. vulgaris + ekmek mayasi

VIIL.Toz Spirulina + C. vulgaris + ekmek mayasi

Buna gore kontrol grubu dahil olmak {izere 8 besleme rejimi 3 tekerriirlii olarak tesadif parselleri
deneme desenine gore test edilmistir. Denemede D. magna’nin stoklandigi balon jojelerdeki su giinliik
olarak %100 oraninda degistirilmigtir.

2.6. Birey sayimlari

Deneme gruplarina gore D. magna’nin toplam birey sayimlari her bir tekerriir i¢in bireyler yeni
ortamlarina aktarilmadan once tespit edilmistir. Deneme boyunca giinliikk olarak yapilan birey
sayilarina gore popiilasyondaki biiyiime hizi (r) asagidaki formiile goére hesaplanmistir (Naylor vd.,
1992);

r = (In Nt-In Ny)/t

No=Baslangigtaki birey yogunlugu

Nt=t zaman1 sonundaki birey yogunlugu

t=birim hacimde (ml) maksimum birey sayisina ulagsma siiresi (giin)

2.7. istatistiksel analizler

Istatistiki degerlendirmelerin tiimii SPSS 21,00 (SPSS Inc, Chicago, IL, USA) paket programi
kullanilarak gerceklestirilmistir. Varyans homojenlik testleri (Levene testi) uygulandiktan sonra tek
yonlit ANOVA testi yapilmis ve grup ortalamasi arasindaki farkliliklar Tukey’in ¢oklu karsilastirma
testi ile belirlenmistir. Istatistiksel analizlerde 6nem seviyesi p = 0,05 diizeyi olarak dikkate alinmustir.

3. BULGULAR

Bu c¢alismada D. magna’nin toplam birey sayisi, biiylime hizi ve fekondite orani iizerine farkli
besin ortamlarinin etkisi arastirilmistir. D. magna kiiltiirinde elde edilen birey sayisina ait bulgular
Tablo 1°de, biiyiime hizina ait bulgular ise Tablo 2’de verilmistir.
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D. magna kiltiirlerindeki popiilasyon artisina ait en yiiksek toplam birey sayist Toz Spirulina + C.
vulgaris + ekmek mayasi ile beslenen grupta 5541,33 + 57,83 birey/700 mL olarak 16. giinde
belirlenmistir. Calismada 16 giin sonundaki en yiiksek birey sayis1 Toz Spirulina + ekmek mayasi ile
beslenen grup ile istatistiki olarak benzerlik gdstermis olsa da diger gruplar arasinda istatistik olarak
fark tespit edilmistir (P < 0,05). Uygulanan besleme rejimine gore 16. giin sonundaki en diisiik birey
sayist kontrol grubunda 32,33 £ 2,33 birey/700 mL olarak belirlenmistir.

Caligmada 21 giin sonundaki en yiiksek birey sayis1 3186,67 = 80,58 birey/700 mL olarak Toz
Spirulina + ekmek mayasi ile beslenen grupta belirlenmis olup istatistiki olarak Toz Spirulina + C.
vulgaris + ekmek mayasi ile beslenen gruba benzerlik gostermesine ragmen diger gruplardan istatistiki
olarak farklidir (P < 0,05).

D. magna’ya uygulanan besleme rejimine gore en yiiksek biiyiime hizi 14. giin sonunda Toz
Spirulina + ekmek mayasi ile beslenen grupta 0,87 £ 0,02 boliinme/giin olarak belirlenmis olup bu
sonug istatistiki olarak C. vulgaris ile beslenen gruba istatistiki olarak benzerlik gdsterse de diger
gruplardan farkli bulunmustur (P < 0,05). Calismada herhangi bir besin verilmeyen kontrol grubuna
ait bliyiime hiz1 degerleri diger gruplardan istatistiki olarak énemli oranda diisiik bulunmustur (P <
0,05).
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Tablol. Daphnia magna kiiltiirlerindeki popiilasyon artis1 (birey/700ml).

Giin 1 I I v A VI VII VIII
1 25,00 = 0,00 25,00 = 0,00 25,00 = 0,00 25,00 +0,00 25,00 = 0,00 25,00 = 0,00 25,00 = 0,00 25,00 = 0,00
2 36,66 + 1,67 45,67 £ 0,67 4233 £ 1,45™ 42,33 £2,67™ 4733 +1,45% 50,33 2,91 46,67 + 1,66™ 53,33 +1,67°
3 118,33 +£3,76™ 131,67 £2,91° 117,67 +3,76® 107,33 +£4,33° 105,00 + 4,93° 103,00 + 4,04° 133,33 £ 6,39" 133,33 +4,41°
4 123,33 +4,91% 143,00 + 5,20° 141,00 +1,73° 132,33 + 4,33 116,67 + 4,84° 121,67 +2,03™ 174,66 + 4,80" 192,00 +7,21°
5 123,00 £2,51° 161,00 + 8,89° 159,33 £2,91° 174,00 £5,51° 148,67 +7,54% 154,33 £ 6,06% 218,00 £ 3,06° 255,00 £11,55°
6 120,33 +3,18° 182,00 + 2,00 180,00 + 8,33¢ 190,33 +£9,13% 199,33 £2,91™ 223,00 + 4,73 232,67 +5,93° 350,00 +13,23"
7 111,00 + 2,65° 273,00 + 4,04 235,00 + 13,00° 253,33 +5,36% 240,33 + 3,76 287,67 + 10,40 298,33 +6,57° 405,67 £16,70°
8 100,33 £4,91¢ 295,67 + 6,06" 289,67 + 8,95" 285,33 +11,05" 274,00 + 6,66" 368,00 + 13,70 352,33 + 8,99 450,00 +15,50°
9 93,00 £ 5,20° 373,67 + 16,76™ 338,00 + 11,36% 313,33 + 10,09° 39433 +4,98% 601,67 + 15,30° 421,67 £8,67° 649,00 +15,62°
10 85,00 + 3,79° 431,33 £8,11% 407,00 5,77 378,00 + 10,97 504,00 + 8,50° 812,33 +23,79° 488,00 +10,97™ 821,33 +9,13°
11 72,33 = 5,81¢ 501,00 = 6,08 47333 £ 16,05° 432,67 £ 6,44° 626,00 +9,87° 1220,67 + 57,03° 537,00 + 5,86 1304,33 +£56,63°
12 63,33 +3,53¢ 553,67 + 13,35™ 566,33 £ 25,98 518,67 + 8,95° 74333 £ 8,67° 1580,00 + 90,67* 648,00 + 5,51 1535,67 £73,79°
13 51,67 +1,20° 742,33 + 28,30 752,33 +60,73° 593,00 + 8,39" 818,67 +13,28°  2134,33£150,96° 811,00+ 12,77° 1998,33 £16,90°
14 4433 +1,20° 1240,67 £ 4821  1075,33 + 44,60° 978,33 + 19,43° 1453,67 £40,52° 329500 = 85,99*  1170,67 + 11,62  3437,00 + 161,52°
15 39,33 £0,67° 2646,67 £40,13° 250433 +£31,97° 252767 +£6237°  2739,67+58,89°  4659,00 + 127,99  2840,00 £40,93°  4644,00 + 184,93"
16 32,33 +2,33¢ 3656,33 £42,36™  3393,33 +130,84°  3457,00 £103,73°  3797,33+39.33° 520633 £96,89°  3523,00 £ 87,20  5541,33 +57,83"
17 2533 +291° 2670,33 £ 1821¢  2807,67£11,78%  2715,67 £40,91°  2864,00 £ 17,35 422300 + 150,40° 314733 £34,85°  4612,67 £ 52,23
18 21,33 +3,38¢ 2517,67 £ 16,80°  2573,67 £ 24,06° 2556,67 £8,29°  2727,00+20,81%  4031,37 +140,87°  2879,67 £20,34°  1471,00 + 50,59°
19 14,00 £ 0,58° 2292,67+93,12°  2272,67+£62,46°  2450,00 £25,01°  2506,33 £40,46°  3752,00 +85,51° 254233 +81,96"  3715,00 £ 52,25
20 11,33 +0,88° 2202,33+89,64°  2138,00+39,68° 239833 +£10,53°  2177,33+41,98°  3409,00 + 62,48"  2281,33+36,33°  3443,67 £ 80,22"
21 10,00 % 0,58° 2144,67 + 88,02  1834,67 +£40,01°  2353,67+17,13°  2001,67 24,88  3186,67 =80,58"  2106,00 + 75,64  3168,00 + 37,29

1. Besin olmayan grup, II. Toz Spirulina, 1. C. vulgaris, IV. Ekmek mayasi, V. Toz Spirulina + C. vulgaris, V1. Toz Spirulina + ekmek mayasi, VIL. C. vulgaris + ekmek mayasi, VIIL. Toz Spirulina + C. vulgaris +

ekmek mayasi.

*Ayni satirda farkli harfle gosterilen ortalamalar arasindaki farklilik istatistiki olarak énemlidir (P < 0,05).
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Tablo 2. Daphnia magna kiiltiirlerindeki biiytime hizi (bdliinme/giin)

Giin I 11 I IV Y VI VII VI
1 0,19 + 0,02° 0,30 £ 0,01 0,26 + 0,02 0,26 + 0,03 0,32 £ 0,027 0,35 + 0,03%® 0,31 = 0,02 0,38 = 0,02°
2 0,39 + 0,02° 0,35 +0,01* 0,34 + 0,02 0,31+ 0,017 0,26 + 0,01 0,24 + 0,03¢ 0,35 + 0,02% 0,31 + 0,00
3 0,04 +0,01¢ 0,08 + 0,02 0,18 + 0,03 0,21 + 0,04 0,11 £ 0,03 0,17 £ 0,05>¢ 0,27 + 0,03 0,36 = 0,01°
4 0,02 + 0,03° 0,12 + 0,04 0,12 +0,02% 0,27 + 0,04* 0,24 + 0,08° 0,24 + 0,04* 0,22 + 0,04* 0,28 +0,03*
5 0,02 + 0,03¢ 0,13 + 0,05™° 0,12 + 0,06™ 0,09 + 0,07 0,30 + 0,04™ 0,37 + 0,04* 0,06 + 0,01 0,32 + 0,08
6 0,08 + 0,03° 0,41 +0,02° 0,27 + 0,10 0,29 + 0,07 0,19 +0,02% 0,25 + 0,04™® 0,25 + 0,00™ 0,15+0,01"
7 0,10 £ 0,04° 0,08 + 0,02% 0,21 £ 0,05° 0,12 +0,03%® 0,13 £ 0,03® 0,23 £0,12° 0,17 £0,01° 0,10 £ 0,01%
8 0,08 £ 0,01° 0,23 + 0,06 0,15 + 0,06 0,09 +0,01% 0,36 £ 0,01%® 0,51 +0,12° 0,18 £ 0,05 0,37 £ 0,06
9 0,09 +0,01° 0,15 +0,03° 0,19 + 0,02% 0,19 + 0,06™ 0,25 + 0,02% 0,30 + 0,03" 0,15 +0,02° 0,24 + 0,02%
10 0,17 £ 0,04° 0,15 +0,02° 0,15 +0,02° 0,14 + 0,04° 0,22 +0,03° 0,41 +0,02° 0,10 £0,01° 0,46 + 0,05°
11 0,13 £ 0,03® 0,10 +0,01° 0,18 £ 0,06® 0,18 +0,03% 0,17 £ 0,00 0,26 + 0,03% 0,19 £ 0,02% 0,16 = 0,00
12 0,20 + 0,04™ 0,29 + 0,06" 0,28 + 0,04° 0,13 +0,03* 0,10 = 0,00° 0,30 +0,01* 0,22 +0,02% 0,27 + 0,04*
13 0,15 + 0,03° 0,51 +0,02% 0,36 + 0,06° 0,50 + 0,01™ 0,57 +0,01° 0,44 + 0,04™ 0,37 £0,01° 0,54 + 0,04*
14 0,12 + 0,04¢ 0,76 + 0,05 0,85 = 0,05° 0,51 +0,01° 0,63 +0,02° 0,35+ 0,03¢ 0,87 + 0,02° 0,30 = 0,04°
15 0,20 + 0,08% 0,32 + 0,00" 0,30 £ 0,03" 0,31 +0,01° 0,33 +0,03" 0,11 +0,02° 0,22 +0,01% 0,18 + 0,03
16 0,25 + 0,05%® 0,31 +0,02° 0,19 + 0,03 0,24 + 0,02% 0,28 + 0,00™ 0,21 + 0,02 0,11 +0,03¢ 0,18 +0,01%
17 0,13+0,07 0,06 + 0,01 0,09 + 0,01 0,06 + 0,01 0,05 + 0,00 0,05 = 0,00 0,09 + 0,02 0,10+ 0,01
18 0,04 +0,12 0,10 + 0,04 0,13 + 0,04 0,04 + 0,02 0,08 + 0,01 0,07 £0,01 0,13 + 0,04 0,12 +0,02
19 0,03 +0,07° 0,04 + 0,02° 0,06 +0,01° 0,02 +0,01° 0,14 +0,02° 0,10 +0,01™® 0,10 = 0,02% 0,08 + 0,02
20 0,02 + 0,02° 0,03 + 0,00° 0,15+ 0,00° 0,02 + 0,00° 0,08 + 0,03 0,07 +0,01%® 0,08 + 0,02%° 0,08 +0,01*°
21 0,03 +0,01 0,02 + 0,01 0,04+ 0,01 0,03 + 0,01 0,02 + 0,00 0,03 +0,01 0,05+ 0,01 0,04 + 0,02

L. Besin olmayan grup, II. Toz Spirulina, 1. C. vulgaris, IV. Ekmek mayasi, V. Toz Spirulina + C. vulgaris, V1. Toz Spirulina + ekmek mayasi, VIL C. vulgaris + ekmek mayasi, VIIL. Toz Spirulina + C. vulgaris +
ekmek mayasi
*Ayni satirda farkli harfle gosterilen ortalamalar arasindaki farklilik istatistiki olarak énemlidir (P < 0,05).
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4. TARTISMA

D. magnamm popiilasyon artis1 tiikettigi besine gore degisiklik gosterdigini tespit eden ¢ok sayida
arasatirma mevcuttur. Ornegin Antunes vd. (2016), D. magna ve D. longispina’mn 6zellikle
Rhodopirellula rubra ile beslendiginde popiilasyon artisinin olumsuz yonde oldugunu bildirmistir.
Ancak su pirelerinin tek besin ile degil de iki besin kaynagiyla beslendiginde popiilasyon artis hizinda
herhangi bir degisiklik kaydedilmedigi belirtilmistir. Benzer sekilde Da Conceicdo Marinho vd.
(2019), tarafindan R. rubrammn, D. magna'ya tamamlayici besin kaynagi olarak giinlik kullanimi ve
nesiller arasi popiilasyonlarin beslenmesindeki fizibilitesi aragtirilmigtir. R. rubra'min hiicre
konsantrasyonunun artmasiyla birlikte D. magna veriminde bir artis oldugu goriilmiis ancak genel
olarak tek besin kaynagi olarak saglandigindaki analiz edilen tiim parametreler R. rubramin besin
acisindan yetersiz oldugunu gostermistir. Dahas1 Marinho vd. (2018) tarafindan Daphnia magna igin
alternatif veya tamamlayici besin kaynagi olarak Gemmata obscuriglobus ve Rhodopirellula rubra'nin
potansiyeli incelenmistir. Yalnizca bakterilerle beslenme, tek besin kaynagi olarak hem
planktomisetlerin hem de aktinobakterilerin etkisizligini gostermistir. Ancak, R. subcapitata'ya
takviye olarak kullamldiginda, test edilen bakterilerin en yiiksek hiicre yogunluklarinda ilk lireme
yasinda azalma, lireme, somatik biiyiime ve popiilasyon artig hizinda ise 6nemli bir artis bulunmustur.
Ayrica farkli besinler ile beslenen D. magna’nin yag asidi igerigi incelendiginde gruplar arasinda
herhangi bir iligki farki bulunmamistir. Martin-Creuzburg vd. (2011) yiiksek konsantrasyonlarda tek
besin ile D. magna’nin beslenmesinin de olumsuz etkilere neden oldugunu belirtilmistir. Bizim
calismamizda da D. magna'nin karma besin ile beslenmesinin tekli besine gore daha iyi performans
gosterdigini kanitlamistir. Benzer sekilde Wenzel vd. (2012), Khan vd. (2020) ve Fouzi vd. (2021)
yaptiklar ¢alismada D. magna'nin {iretimini laboratuvar kosullarinda incelemis ve D. magnamin tek
besin yerine kombine besini tercih ettigini bildirmistir. D. magna kiiltiirlerindeki popiilasyon artisina
ait en yiiksek toplam birey sayist Toz Spirulina + C. vulgaris + ekmek mayasi ile beslenen grupta
5541,33 + 57,83 birey/700mL olarak 16. giinde belirlenmistir. Uygulanan besleme rejimine gore 16.
giin sonundaki en diisiik birey sayisi kontrol grubunda 32,33 + 2,33 birey/700mL olarak belirlenmistir.
Calismamizda belirledigimiz en yiiksek birey sayisinin elde edildigi gruba benzer sekilde Fouzi vd.
(2021)’de D. magna’da en yiiksek popiilasyon artigini ekmek mayasi + kurutulmus balik iceren besin
ile beslenen grupta belirlemistir.

Olmez vd. (2009) tarafindan yapilan calismada Scenedesmus acuminatus ile beslenen D. magna’da
en yiiksek birey sayisini 3600,00+41,00 birey/500 mL olarak belirlemis olup s6z konusu deger bizim
calismamizda yalnizca mikroalg (C. vulgaris) ile beslenen gruptan elde edilen birey sayisi
(3393,33+130,84 birey/700 mL) ile benzerlik géstermistir.

D. magna’ya uygulanan besleme rejimine gore en yiiksek biiyiime hizi 14. giin sonunda Toz
Spirulina + ekmek mayasi ile beslenen grupta 0,87+0,02 boliinme/giin olarak belirlenmis olup bu
sonug istatistiki olarak C. vulgaris ile beslenen gruba (0,85) istatistiki olarak benzerlik gdstermistir.
Calismamizin sonucu German vd. (2016)’nin C. vulgaris ile beslenen D. magna’nin biiylime orani
verileri (0,82) ile paralellik gostermektedir. Ayrica calismamizdaki en yiiksek biiylime hiz1 verisi
Repka (1997)’'nin S. obliquusla beslenen D. galeatada elde ettigi degerden (0,34) ve Olmez vd.
(2009)’nin S. acuminatus ile beslenen D. magna’dan elde ettigi degerden (0,36) daha yiiksektir.
Yetistirilen hedef tiir farkli olmasina ragmen beslenme tiiriine bagh olarak, Ceriodaphnia dubia'nin
popiilasyon artis hiz1 0,07 - 0,26 giin, Moina macrocopa’nm ise 0,14 - 0,61 arasinda oldugu Alva-
Martinez vd. (2007) tarafindan bildirilmis ve s6z konusu sonuglar bizim sonuglarimiz ile benzerlik
gostermistir. Calismada elde edilen sonuglarin arastirmacilardan daha yiiksek olmasinin nedeninin ise
kiiltiir kosullarindaki farkliliklar veya arastiricilarin D. magna’y1 tek bir tiir ile beslemesi ile ilgili
olabilecegi diisiiniilmektedir.
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5. SONUC

Sonug olarak, bu ¢alismada D. magna iiretimi agisindan en iyi sonuglar Toz Spirulina + C. vulgaris
+ ekmek mayasi ile beslenen grupta bulunmustur. Uriinlerin tek tek kullanmilmasinin yerine kombine
sekilde kullanilmasi hem popiilasyon artisint hem de biiyiime hizin1 olumlu yonde etki etmistir.
Calismanin kuluckahanelerde larval yetistiricilikte 6nemli yere sahip olan D. magna’nin popiilasyon
artist ile ilgili yapilacak ileriki aragtirmalara 151k tutulacagi ve yetistiricilik sektoriine katki saglayacagi
ongoriilmektedir.
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Abstract: Efficient cracking and separation of periwinkle shells are essential unit
operations in periwinkle meat processing. Mechanization remains the panacea to
achieving timely processing of periwinkle meat. This study was carried out to design,
develop, and evaluate the performance of a viable machine for the extraction of meat
from periwinkle. The performance of the machine was dependent on certain processing
parameters, such as cracking speed (CS), Agitating speed (AS), feed rate (FR) and heat
conditioning time (HCT), while periwinkle cracking efficiency (CE), separating
efficiency (SE), Throughput capacity (7P) and periwinkle meat loss (PML) were the
responses. The maximum periwinkle meat CE of 84.05 % was obtained at CS of 130
rpm, FR of 0.2 kgs™ and HCT of 6 min. The result for SE indicated that most efficient
periwinkle meat separation of 78.79% can be achieved when HCT, CS, AS and FR set at
6 min,130 rpm,1.11m/s and 0.40 kg/s respectively. Highest TP value of 26.79 kg/h was
obtained when the machine was operated at CS of 130 rpm, AS of 1.23 m/s under the
HCT of 6 min at FR of 0.40 kg/s. Also, the lowest PML value of 10.71 % was obtained
when the machine was operated at CS of 120 rpm, AS of 1.04 m/s under the HCT of 4
min at feed rate of 0.30 kg/s. These machine parameters have significant effects on the
periwinkle meat processing. The study has provided a viable option to replace the time-
consuming, crude manual method of periwinkle meat postharvest processing.
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Ozet: Deniz salyangozu kabuklarmin verimli bir sekilde parcalanmasi ve ayrilmast,
deniz salyangozu eti islemede temel birim islemlerdir. Mekanizasyon, deniz salyangozu
etinin zamaninda islenmesini saglamak i¢in her derde deva olmaya devam ediyor. Bu
caligma, deniz salyangozundan et ekstraksiyonu i¢in uygun bir makinenin tasarimini
yapmak, gelistirmek ve performansini degerlendirmek i¢in yapilmigtir. Makinenin
performansi, catlama hizi (CS), Calkalama hizi (AS), ilerleme hizi (FR) ve 1s1
sartlandirma siiresi (HCT) gibi belirli isleme parametrelerine bagliyken, deniz
salyangozu kirma verimliligi (CE), ayirma verimliligi (SE), Verim kapasitesi (TP) ve
deniz salyangozu et kaybi (PML) yanitlardi. Maksimum deniz salyangozu eti %84.05
CE, 130 rpm CS, 0.2 kgs-1 FR ve 6 dakika HCT'de elde edildi. SE i¢in elde edilen
sonug, HCT, CS, AS ve FR sirasiyla 6 dk, 130 rpm, 1,11 m/s ve 0,40 kg/s'ye
ayarlandiginda %78,79'luk en verimli deniz salyangozu eti ayrimmimn elde
edilebilecegini gosterdi. 26,79 kg/s ile en yiiksek TP degeri, makine 130 rpm'lik CS'de,
0,40 kg/s'lik FR'de 6 dakikalik HCT altinda 1,23 m/s'lik AS'de ¢alistirildiginda elde
edildi. Ayrica, %10,71'lik en diisik PML degeri, makine 120 rpm'lik CS'de, 0,30
kg/s'lik ilerleme hizinda 4 dakikalik HCT altinda 1,04 m/s'lik AS'de ¢alistirildiginda
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elde edilmistir. Bu makine parametrelerinin deniz salyangozu eti isleme iizerinde
o6nemli etkileri vardir. Calisma, deniz salyangozu etinin hasat sonrasi iglenmesinin
zaman alict, ham manuel yonteminin yerini almak i¢in uygun bir segenek saglamustir.

1. INTRODUCTION

Periwinkle meat contains high-quality proteins, minerals such as calcium, potassium, iron, and
phosphorus, as well as vitamins. It includes sufficient amounts of the most important amino acids for
human nutrition. The periwinkle shells are possible sources of calcium for animal feeds (Ekop et al.,
2019). In most producing places in Nigeria, there is no information on the annual harvest or output of
periwinkle. A recent survey of some riverine communities in Itu, Oron, Issiet, Okobo, and Uta-ewa in
Akwa Ibom State shows an abundance of periwinkle, with over 10 tons harvested annually. Thirty-five
mangrove villages in Nigeria's Delta and Rivers States harvest roughly 40.3 tons of periwinkle each
year. Some localities in Nigeria's Bayelsa, Cross River, and Edo states have reported large scale
periwinkle output (Ekop et al., 2021; Mmom & Arokoyu, 2010; Jamabo & Chinda, 2010).

Over the years, the processing of periwinkle has been carried out through traditional manual
methods, which involve using a knife to trim the tapered end and cooking it with its shell after
thorough washing. The process includes immersing it in hot water until it froths (flash pasteurization)
and then using a sterile needle to extract the meat from its shell (Odu et al., 2010). This makes the
processing of periwinkle tedious, time consuming, unwholesome, and uneconomical. Additionally, the
shape, size, varieties, and other physiological factors further make the development of efficient
processing of periwinkle difficult, thereby limiting its economic potential. Considering the processing
challenges associated with the crude manual method of processing periwinkle, this work focused on
developing an efficient mechanize system for periwinkle meat processing.

2. MATERIALS AND METHODS
2.1. Design considerations for periwinkle meat processing machine
For hygienic and safe processing of periwinkle meat, the following design criteria were considered:

i Material selection was done in conformity to salubrious design principles, periwinkle meat
contact surfaces were made with materials that are plane, easy to clean, non-toxic, non-corrosive, and
inert to periwinkle meat and cleaning agent.

ii. Design related to the physical, mechanical and thermal characteristics of the machine were
made using appropriate standards (i.e., according to the American Society of Mechanical Engineering
(ASME) standard) and were also based on the computed theoretical analysis.

iii. Raw materials used were locally sourced for the construction of the machine.

iv. Minimal power requirement was targeted; hence, a 2.5 HP electric motor was adopted to run
the machine.

v. The operation and maintenance of the machine were made simple with friendly user-interface.

2.2. Design concept

The periwinkle meat processing machine comprised of the following:

(i) Feed hopper to receive the periwinkle into the machine.

(i) Two cylindrical cracking rollers for cracking the periwinkle shell to obtain the meat.

(iii) Transmission unit; which is the machine's prime mover.

(iv) The separating and cleaning units for actual sorting and separating periwinkle meats from the
shells.
2.3. Design analysis and calculations of machine components

Several analysis and calculations were made based on the results of the measured engineering
properties of the periwinkle.
2.4. Design of the hopper

The hopper is the receptacle through which periwinkle is admitted into the machine for cracking. It
has a composition of a trapezium and rectangle cross-section made with stainless steel sheet. Figure 1
(a) and (b) show the assembly and exploded view of the hopper respectively.
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(a) Assembly drawing (b) Exploded drawing

Figure 1. Assembly drawing (a) and exploded drawing (b) of the hopper.

The cross-sectional area was determined according to Otto (2015) as

Sa = (axb) (1)

where, Sa= rectangular section surface area (m?), a = rectangular length (m),

b = rectangular width (m)

S, = (0.3 X 0.316) = 0.0948 m?

A 20-gauge stainless steel sheet of 800 X 470 mm, with thickness of 1.0058 mm was used to
construct and form the hopper of the machine.

Capacity of the hopper C,y, is expressed as

Cuy = (cross-sectional area) X (hopper’s length) 2)

Coy = 0.0948m? x 0.312m = 0.0296 m3

2.5. Design of the outlet chute

The outlet chute constitutes the discharge chamber that expels the cracked periwinkles into the
separating unit. It has a trapezoidal shape made with stainless sheet. Figure 2 shows the assembly and
exploded drawings of the outlet chute.

(a) Assembly drawing (b) Exploded drawing

Figure 2. Assembly drawing (a) and exploded drawing (b) of the outlet chute.

The cross-sectional area of the outlet chute as stated by Otto (2015) is expressed as
Sa1=LXB (3)
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where, S,; = rectangular section surface area (m?), L= rectangular length (m),
B = rectangular width (m), and

1
Saz = E(a + b)h 4)
where, S, = trapezoidal section surface area (m?), a = rectangular length (m),

b =rectangular width (m) h = trapezoidal height (m).

The outlet chute cross-sectional area (S,,) was computed as 0.0332 m?2.

A 20-gauge stainless steel sheet of 450 X 510 mm, with thickness of 1.0058 mm was used to
construct the outlet chute of the machine.

Hence, the capacity of the outlet chute (C,p¢) is given by

Cooc = (cross-section area) X (length of the hopper outlet chute) 5)

Caoc = 0.0104 m3

2.6. Design of the cracking unit

The cracking unit consists of two identical cylindrical rollers which were prepared using hollow
cylindrical mild Steel of 350 mm X 138 mm by cutting and welding it into actual dimensions as
shown in Figure 3. The final surfaces of the cylindrical roller were knurled for better friction.

Figure 3. Hollow cylinders for the cracking rollers.

Mass of hollow cylinder material for periwinkle cracking roller was determined using expression
given by Otto (2015) as

Mass, myc = pv (6)

where, my = mass of the material used for the cracking roller (kg)

p = density of mild Steel sheet = 7850 kgm ™3 (Umani et al., 2019)

v = volume of the cracking roller (m?)

Surface area of the cracking roller in m?, as given by Otto (2015) is expressed as:

Stc = 2rR X L @)

where, Sy = surface area of the hollow cylinder (m?)

R = external radius of the hollow cylinder (m)

L = length of the hollow cylinder (m)

Syc = 2mR X L = 0.1517 m?

But, V = cracking surface area (m?) X thickness of the material used (m)

= 0.002276 m?3 and, Mass, myc = 17.87 kg

Thus, Mass of circular disc material for cracking roller as given by Otto (2015).

Mass, mq = pv' (8)

where, m, = mass of circular disc material for cracking roller (kg)

p = density of mild Steel sheet = 7850 kgm ™3 (Umani et al., 2019)

v’ = volume of the cracking roller (m3)

Surface area of the cracking roller in m? as given by Otto (2015) is expressed as

v =nmr’t 9)
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where, r = radius of the disc material (), and t = thickness of the disc material (m).

v’ = 1(0.069)% x 0.015 = 0.000224 m?
Thus, Mass,m¢ = pv’' = 7850 kgm™3 x 0.000224 m3 = 1.76 kg
Therefore, the mass for covering the hollow cylinder opening is given by

me = 1.76 X2 =352kg
Mass of the cracking roller, mg is given as
meg = (mass of hollow cylinder material for periwinkle cracking rollers (myc)) + (mass for
covering the hollow cylinder opening(m())

Thus, meg = (17.87 + 3.52) = 21.3%g
The periwinkle cracking unit mechanism is shown below in Figure 4.

Figure 4. An isometric view of the cracking unit.

2.7. Power requirements to crack periwinkle

In order to determine the power required to efficiently crack periwinkle, it is essential to establish
the different forces acting on the cracking rollers. These forces are: (i) force due to periwinkle
dropping on the surface of the rollers (ii) average compression force that is required to crack
periwinkle (iii) frictional compression force required to crack periwinkle; and, (iv) rotational torque
required on the periwinkle cracking rollers.

(1) Force due to periwinkle dropping (F,q)

The dropping effect of the periwinkle from the hopper inlet to the rotating surface has a force effect
greater than the weight of the periwinkle. Since the Potential Energy of the periwinkle can be

2
expressed as mhg and its Kinetic Energy at impact is % , where, h = height of object in meters, m =
mass of object in kg, g = acceleration due to gravity (9.81 m/s®), v = velocity at impact in m/s.
vZ

Hence, h = 5 andv = ,/2gh

Since the dropping force (Fpq) can be expressed as shown in equation 10

Fpq = ma = m(=2) (10)

where, u = velocity of periwinkle before impact (here, it is assumed to be zero (0)

v =velocity at impact,
t = time in seconds (here, time of impact is assumed to be 1 second)

hence, dropping force, Fpg=m (V%O) =m(y/2gh) (10a)
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Since, m = mass of a periwinkle (kg) = 4.4g = 0.0044kg (measured), g = acceleration due to
gravity (ms~2) = 9.81 ms~2, h = height from hopper inlet discharge chute to the roller surface (m) =
0.066 m (measured).

Fpq = 0.0044 X (V2 x 9.81 x 0.066) = 0.005 N
Maximum allowable number of periwinkles dropping per unit time in seconds is twenty (20)
periwinkles. This was based on the opening of the inlet control. Thus, Maximum periwinkle dropping
force per unit second is
Fpq =0.005x20 = 0.1N
(i1) Average compression force that is required to crack a single periwinkle is denoted as F.. From
experiment, this force is measured and has a magnitude of 746.1 N (Ekop et al., 2022).

(iii) Frictional compressive force induced between the roller surface and the loaded periwinkle

during the cracking process is denoted as Fy.. This force may also be expressed as
Fre = uN (11)

where, ¢ = friction coefficient between the roller surface and periwinkle, N = normal reaction force,

Since the average compressive force is the force the roller must overcome to crack a single
periwinkle, thus we can say that N is equal to F,.. Hence

Fre = uN = pF, (11a)

Taking  u to  be 0.9 (ie., maximum  possible frictional resistance),

Fre =09 X846 =7614 N

(iv) The torque required to be developed to crack a periwinkle may be expressed as
T =FseXr (12)
Where r = radius of rotation (radius of cracking roller = 0.069 m)

T =761.4x%0.069 =52.54 Nm

The power required (Pg) to be developed to crack a periwinkle may be expressed a

Pr = Tw = (T) X % (13)

where, N is the speed of the cracking roller (the maximum speed of the cracking roller was set at
160 rpm.) (Ekop et al., 2022).

Thus, Pp = 52.54 x 2180

= 52.54 X 16.76 = 880.6 Watt

From the design of the machine, two cracking rollers are used. Thus, the cracking force developed
by a single roller may be expressed as

E.. = ma = mgpw?r (14)

where, mgp = mass of periwinkle cracking roller = 21.39 kg

r =radius of rotation (radius of cracking roller = 0.069 m)

w = angular velocity of the cracking roller in rad/sec = %, and

N = rotational speed of the cracking roller in rpm = 160 rpm

Since two rollers are used, total roller cracking force is equal to

Frer = nrmGDwzr (15)
where, n, = number of rollers = 2
Hence, Frer = 2 X 2139 X (2222 X 0.069 = 829 N

The torque developed by the rollers, 7,is expressed as
T,=Feer X1 (16)
T,=1829 X 0.069 =57.20Nm
Power developed by the machine, Pj, to crack a periwinkle may be expressed as
Pro=T-Xw a7)
2Xm X160
Py =57.20 % %0 - 25.2 X 16.76 = 958.72 Watt

Machine Power ratio, Mpp may be expressed as
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P
Mpg = i (20)
958.72 -
PR ™ '880.6 =

Thus, this means that the machine power safety factor is 1.1 times the required power to crack a
single periwinkle.

2.8. Selection of electric motor and transmission drive
The machine was design and rated at 1.875kW (i.e., 2.5 hp). This allowed the machine to

2::07:6 = 2.12 = 2) and still have additional

power to drive the system auxiliaries (e.g., cams, belt and gears system). However, an electric motor
having the following rated specification was selected to provide for total power requirement in the
system.

Power, P =2.24 kW (3.0 HP)

Rotational Speed, N = 1440 rpm

Frequency =50 Hz

Phase =3

The machine's power transmission drives were pulleys and belts.
2.9. Selection of transmission system

A pulley system with open belt as shown in Figure 5 was used to transfer motion from the driving
shaft (electric motor shaft) to the roller shaft.

conveniently crack two (2) periwinkles per second (i.e.,

Roller shaft
Pulley

i Mg ™

T2
T Roller-Motor belt

Electric Motor
S pulley

Figure 5. Pulley and open belt drive system.

The electric motor speed is 1400 rpm, this speed can be varied with the help of a regulator switch.
The maximum speed of the driven pulley was determined from the velocity ratio expression given by
Khurmi & Gupta (2008) and Hicks (2004) as

Ny _ D,

N, Dy

where, N, = speed of roller 1 shaft in rpm

N; = speed of electric motor shaft in rpm

D, =roller 1 shaft pulley diameter in mm (= 153mm = 0.153m)

D, = electric motor pulley diameter in mm (= 74mm= 0.074m)

0.153

Thus, the speed ratio of the system was calculated as: (% = m) =21
y 0.

21
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2.10. Determination of the length of belt (L;,)

Power is transmitted from the electric motor pulley to the cracking rollers through the belt drive.
The pulley used has a V-slot, hence a V-belt type was used. A sizeable belt length was selected
according to the relation expressed by Khurmi & Gupta (2008) as

_ 2
Ly =2(D, +Dy) +2C + 2220 (22)
where, Lp=length of belt in mm, C = centre distance of pulleys
D, and D, = effective or pitch diameter (imm) of smaller and larger pulleys respectively.

_ (D2 | Dq
Thus, c=(2+2)+ D, (23)
153 74

C = (T-l_?)-l_ 74 = 261.5mm

Hence, substituting 261.5mm for C in equation 22, we have
L, = (153 + 74) + 2(261.5) + (153 - 74)7 _ 885.54
b=7 ' 4(2615) ~ coXormm

2.11. Determination of belt speed V4
The speed of the belt was determined as described in V-Belt Design Manual, (2017) as

N1D
Vos ==go (24)

where, V¢ = peripheral velocity of the belt in m/s, N; = speed of the electric motor in rpm
D; = pulley diameter of the electric motor in mm.

Tx1440X0.074 -
=————— =558ms"!

Hence, Vis s

2.12. Angle of contact of roller-1/motor pulleys
Considering an open belt, the lap angle of the belt according to Khurmi and Gupta (2008), was
determined using equations 25 and 26.

6 = (180 — 2() =) rad (25)
_ . _1[D2-Dq

o= sin~ [2=21] (26)

where, C = centre distance of the pulleys in mm

D; = pulley diameter of the prime mover, mm
D, = pulley diameter of roller 1 shaft (driven),mm
& = joint angle (°)

Hence, o« = sin~?! 153_74] = 8.69°
2 X 261.5
9 = [180 — 2(8.69) (i)]
180
6 = 162.62 x (L)
180
= 2.84rad

2.13. Friction coefficient between the belt and roller-1/motor pulley
Khurmi and Gupta (2008) reported that the coefficient of friction () for leather belts on cast iron

pulleys, at the point of slipping is given by the relation in equation 27
425

u=054- [152.6+v @7
where, v = speed of belt, mmin~! = 5.58 ms™! = 5.58 x 60 = 334.8 mmin~!
42.5
=054 - |——— | =045
# 152.6 + 334.8

2.14. Determination of tension (T; and T,) on roller-1/motor belt

According to Khurmi and Gupta (2008), the tension on the tight side of the belt is given in equation
28 as

P = (T; = T2)Vps (28)

where, T; = tension in the tight side of the belt in N

T, = tension in the slack side of the belt in N

P = power transmitted from electric motor = 2.5 HP = 1.875 kW

Vs = belt speed (5.58ms™1)




Ekop et al., 2024 Acta Aquat. Turc., 20(3): 218-241 226

For a V-belt drive, the tension ratio can be expressed as Khurmi and Gupta (2008)
2.3log(z2) = o (29)
2

T
2.310g(T—1) = 0.45 x 2.84
2

Solving equations 28 and 29 simultaneously yielded
T, =465.26 N,and T, = 129.24 N

2.15. Cross-sectional area (a;) of the V-belt

The area of cross-section of the V-belt was determined by considering the areas A, B, and C in
Figure 6. From Table 1, the top width (b) and the thickness (t) of the A-type V-belt are 13 and 8§ mm
respectively, therefore the cross-sectional area of the V-belt was determined using equation 30.

Area of belt (a,) = area of triangles (A + B + C).

a, = [3(39)¢ +at + (5] (30)

Where, b= top width of the belt = 13 mm; a = base width of the belt = ? ;

t = thickness of the belt = 8 mm

From Figure 6, the groove angle for A-type V-belt is given as:

2B=34"and B =17° (Khurmi & Gupta 2008)

Note: u = friction coefficient between the belt and pulley = 0.44;

6 =lap angle of the belt on roller 1-motor pulley = 3.14 rad; and

B = groove angle of the pulley = 17°

From Figure 6, x = bz;a 31
But, x = ttan17° = 8tan 17° = 2.45mm
From equation 31, a = 13- 2(2.45) = 8.1mm
b
X
';B;u I
T
N a ¥
A o et

\.{.f Ba°

Figure 6. Cross-section of V-belt for roller-1 transmission drive.

Substituting the values 13, 8.1 and 8mm for b, a and ¢ respectively into equation 30, we have
1/13-8.1 1/13-8.1
@y = [JE5)8 +8.1(8) + 3(252)8| mm?
= 84.4 mm? = 0.0000844 m?
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Table 1. Dimensions of standard V-belts.

Types of Power range Minimum-pitch diameter Top Width Thickness Weight per-meter
belt in kW of pulley (D) mm (b) mm (t) mm Length (N)
A 0.7-3.7 75 13 8 1.06
B 2-15 125 17 11 1.89
C 7.5-75 200 22 14 3.43
D 20-150 355 32 19 5.96
E 30-350 500 38 23 ---

Source: Khurmi & Gupta 2008.

2.16. Design of shaft
2.16.1 Design for roller-1 shaft

The roller-1 shaft was designed to withstand combined bending and twisting moments. Figure 7
shows loads, forces, and reactions on the roller-1 shaft. The machine elements that exert forces on
roller-1 shaft is the belt, pulley (driven pulley), cracking roller, and gear. The shaft with forces acting

on it is represented schematically, as shown in Figure 8.

The forces acting on the roller-1 shaft were of vertical and horizontal components. The forces
acting on the roller-1 shaft are due to compression force by the cracking roller, force due to
periwinkles dropping, weight of the cracking roller, weight of the drive pulley, and tensions in the

drive belt.

Figure 7. Roller-1 main shaft carrying the periwinkle cracking roller with a pulley, two bearings (A and B)

and a gear.

Load due to weight of pulley

Lodd dyc to weight of periwinkle
Lioad|dug to weight of rqller

 J

Load due to weight of gear

Bearing Reaction
(Ra)

Bearing Reaction

(RB)

Figure 8. Forces acting on the drive shaft with bearing reaction.
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2.16.2. Vertical forces exerted on roller-1 shaft (F,)
The vertical forces acting on the roller-1 shaft is shown schematically in Figure 9.

(TV & 13 F‘)w) ‘ va
] B Pl (Fym)

bo

T 38 197.5 ‘ 197.5

504

Ts RAv All dimensions in mm Riv
T
Figure 9. A schematic diagram illustrating the vertical forces acting on the roller-1 shaft.

2.16.3. Force due to periwinkles dropping (F,q)

As already computed under the power requirements section, the periwinkle dropping force due to
gravity is (Fpq) = 0.1N
2.16.4. Force due to weight of the cracking roller (F,,1)

The force F,,; due to the weight of the cracking roller was determined using the expression given
in equation 32, as expressed by Khurmi and Gupta (2008).

Fwri =Mcr X g (32)

Where; Mgg= mass of the cracking roller, kg = 21.39kg; g = acceleration due to gravity, ms~2=
9.81 ms™2

Fyri = Mcp X g = 21.39 X 9.81 = 209.84 N

2.16.5. Force due to weight of the drive pulleys (Fpy,)

The force Fpy, due to the weight of the drive pulleys was determined using the expression given in
equation 33, as expressed by Khurmi and Gupta (2008).

Fpw = Mpy X g (33)

where Mp;; = mass of the pulley on roller-1 shaft, kg = 0.897 kg (measured);

g= acceleration due to gravity, ms~%=9.81 ms~2

Fpy = Mpy X g =0.897 x9.81 =880N
2.16.6. Vertical components of tensions in the belt drive (T,)
T2y = (Ty + Tp)sin b° = (465.26 + 129.24)sin 78°

= 581.51 N (force acting downward)
2.16.7. Force due to weight of the gear (Fg1)

Force acting tangential to the gear (Fy) was computed using equation proposed by Khurmi and
Gupta (2008)

Fp=22 (34)

where, D = diameter of the gear ~ diameter of the roller = 0.138m

T, = Torque on the cracking roller-1, and

T, =57.2 Nm
Hence,
F zTr 2 572 829 N
= —_— x —_— —
T D 0.138
T

Normal load acting on the tooth of the gear (Fy) = cosp 829/ cos20° =882.2 N

@= pressure angle of the gear taken as 20° (Collins et al., 2010)
Vertical Component i.e., load on the shaft due to weight of gear (Fy,4,) = Fycos 20°
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=882.2 X cos20° = 829N
2.16.7. Summation of the vertical forces exerted on roller-1 shaft
FV = de + erl + pr + ngl + Tv
= 0.1N + 209.84 + 8.80 + 829 + 581.51

= 1629.25 N
2.16.8. Horizontal forces exerted on roller-1 shaft (Fy,)

The horizontal forces acting on the roller-1 shaft is shown schematically in Figure 10.

T Tre
(Tx) ‘ (FrerifFecra) ( ‘F&l)
C :
= =
== 415
O Al D
| 58 197.5 | 197.5 50.5
|
504
Rkt All dimensions in mm

Figure 10. A schematic diagram illustrating the horizontal forces acting on the roller-1 shaft.

2.16.9. Horizontal components of tensions in the belt drive (Ty)

Tan = (Ty + Ty)cos b® = (465.26 + 129.24)cos 78°
= 123.6N (force acting to the right)

2.16.10. Maximum periwinkle transverse compression force between roller 1 and 2 (Fpcgr1 2)
Fpcr12 = 746.1 N (measured)
2.16.11. Horizontal component load acting on shaft due to gear torque (Fyq1)
Fpg1= Fysin20° = 882.2 x sin20° = 301.7 N
2.16.12. Summation of the horizontal forces exerted on the roller-1 shaft
Fy = Fpcrip + Fpg1 + Ty
= 746.1 +301.7 +123.6

= 11714 N
2.16.13. Reactions at the bearings due to vertical loading

The reactions on roller-1 shaft due to vertical loading is shown in Figure 11.
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Figure 11. Load reactions on the roller-1 drive shaft due to vertical loading.
To determine R4y, and Ry, equation 35 was adopted according to Khurmi and Gupta (2008).

XF, = Ryy + Rgy = 1629.15
Ruy + Rgy = 1629.15 N (35)
Taking moment about Rgy, in Figure 12.
R, (0.395) = 590.31(0.453) + 209.84(0.1975) — 829(0.0505) = 226.99 N
266.99

4 0.395

= 67592 N
From equation 35; Ryy + Rpy = 1629.15 N

Rpy = 1629.15 - 675.92 = 953.23 N

2.16.14. Bending moment at vertical loading

The bending moment on vertical loading, as shown in Figure 12 is calculated as follows:

BMyy = ONm
BM,, = —(590.31 x 0.058) = —34.24 Nm
BM¢y = —(590.31 x 0.2555) + (675.92 x 0.1975) = —17.33 Nm
BMpg, = —(590.31 x 0.453) + (675.92 x 0.395) — (209.84 x 0.1975) = —41.87 Nm

BMpy, = —(590.31 x 0.5035) + (675.92 x 0.4455) — (209.85 x 0.248) + (953.23 X
0.0505) =0 Nm

Maximum bending moment due to vertical loading occurs at A, so

MBM, = —41.87 Nm
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Figure 12. Shear force and bending moment diagram in the vertical plane for roller-1.

2.16.15. Reactions at the bearings due to horizontal loading

The reactions on the roller-1 shaft due to horizontal loading is shown in Figure 13.

To determine the reactions Ryyand Rgy, equation 36 was adopted according to Khurmi and Gupta
(2008).

LE. = Ryy + Rgy = 11714 N
Ryg + Rgy = 11714N (36)
Taking moment about Ry in Figure 13.
R,;(0.395) = 123.6(0.453) + 746.1(0.1975) — 301.7(0.0505) = 188.11 N

Ry = 188.11 _ 476.23 N
AH =™ 9395 — 77

From equation 36; R4y + Rgy = 1171.40 N
Rgy = 117140 — 476.23 = 695.17 N

173.75 N ‘ 296.72 N
‘ 1297.50 N
/\ | C
¢ o[ &
58 197.5 1975

|

504 '
RaH RBH

T2
T

Figure 13. Load reactions on the roller-1 drive shaft due to horizontal loading.
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2.16.17. Bending moment at horizontal loading
The bending moment on horizontal loading as shown in Figure 14 is calculated as follows

BMpy = O0Nm

BMyy = —(123.6 X 0.058) = —=7.17 Nm

BM:y = —(123.6 X 0.2555) + (476.23 X 0.1975) = 62.48 Nm
BMgpy = —(123.6 X 0.453) + (476.23 X 0.395) — (746.10 X 0.1975) = —15.23 Nm
BMpy = —(123.6 X 0.5035) + (476.23 X 0.4455) — (746.10 x 0.248)

+ (695.17 x 0.0505) = ONm

Maximum bending moment due to horizontal loading occurs at C, so

MBMy = 62.48 Nm

1236 N 746.1 N 301.7 N
L.oad in horizontal ()l A l( - T D
planc _ss | 197.% = 197.% k- 505
S S04 =
47623 N 695.17 N
636.39 N
SIS20N
Shear Force in C B I
O >
horizontal planc "36% £ :
661.11 N
62 48 N-m
Bending Moment O0N-m A B 0 N-m
in horizontal plane © T —_7 C NP
-717 N-m 15 A3 AT
1323 MN-m

Figure 14. Shear force and bending moment diagram in the horizontal plane for roller-1.

2.16.18. Maximum bending moment (Mg)
The maximum bending moment, Mg on the roller-1 shaft was determined using Khurmi and Gupta
(2008) expression given in equation 37.

Mg= \/ MBM,? + MBM,," (37)

where, MBM,, = maximum bending moment in the vertical plane,Nm;
MBMpy = maximum bending moment in the horizontal plane, Nm.
Therefore,

Mp=\/(—41.87)? + (62.48)% = 75.21 Nm

2.16.19. Roller-1 shaft diameter (d,.;)

The shaft was designed for strength, rigidity and stiffness. The shaft was designed with the
possibility of being subjected to twisting and bending moments.

The shaft diameter was determined based on A.S.M.E Code according to Collins et al. (2010);
Fagbami et al. (2014); Shigley et al. (2011); Umani et al. (2020) utilizing equation 38 for shaft design
as
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16 2
d3r—1=E\/MBKb2 + MrK, (38)

where, T = allowable shear stress brought on by bending and twisting, Nmm™2 = 56 MPa or 56
Nmm™2 for shaft without allowance for keyway; K;,= combined shock and fatigue factor applied to
bending moment = 1.5 for minor shock; K; = combined shock and fatigue factor applied to torsional
moment = 1.5 for minor shock; Mp = maximum bending moment, Nm = 75.21 Nm;Mr=

torsional/twisting moment, Nm.
_PX60 _ 1875.10 X 60

= = - 111.91 Nm
27N, 27 X 160
Therefore, d3,_ = ﬁ\/l.SUS.Zl)Z ¥ 1.5(111.91)2

d3,_, = 0.00000009093 (165.138) = 0.000015016;
dy—1 = 0.02467 m = 24.67 mm

Therefore, the total shaft diameter is 24.67 mm.

However, 25 mm shaft diameter was selected for the design of the roller-1 shaft. This provided for
a safety factor of 1.0.

2.16.20. Design for roller-2 shaft

The roller-2 shaft was assessed to have less combined twisting and bending moments. However, a
25 mm shaft diameter was adopted. This was necessary to maintain mass balancing in order to reduce
vibration tendencies.

2.16.21. Bearing selection for roller-1 and roller-2 shafts

Due to the high centrifugal force in roller shafts, the radial and thrust or axial loads on the two
roller shafts are supported by two (2) deep groove ball bearings each. Deep groove ball bearing has
comparatively high load-carrying capacity. It is designed to carry a radial, and it can also perform well
under combined radial and axial loads (Harris & Rotzalas 2006).

According to Khurmi and Gupta (2008), the average life of a bearing is 5 times the rating or
minimum life. Therefore, the bearing number 6204 having 10 kN dynamic load capacity (for 25 mm
and above shaft diameter at 62 series) was selected. The S-type bearings are used for highly
contaminated environment, shaft deflection and misalignment. It is mostly applicable in agricultural
machines, and conveyor systems (FAG Catalogue 2006).

2.17. Design of the frames

The frames were made of mild steel bars with a rectangular cross-section. The frames carried the
weights of two periwinkle rollers, the electric motor, the gears, the pulley, and the hopper with
periwinkles in it. The thickness of the frame was estimated using the procedure outlined by Umani et
al. (2020) for the determination of the thickness of rectangular bars of known width. The equation 36

was used.
Se Se
S, = Fs—sy—pxSm 39)
where S, = superimposed alternating stress, , kNm™2; S, = maximum endurance stress of mild
steel = 107.696 x 103kNm~2 (Etoamaihe & Iwe 2014)
Syp = yield strength of mild steel = 801.414 x 10’ kNm ™2

Sy = mean stress

But,
Sr — O'max;O'min (40)
S, = Imax + Tmin 41)

2
where 0,45, =maximum stress, kNm~2 and 0,,;,, = minimum stress, ktNm™

A mild steel angle bar of 3 mm thickness with a 38 mm width was selected for the machine in
order to avoid under-estimation.

Note: The weight of the machine's components like the hopper, the shafts, electric motor, pulleys,
and gears on the frame causes the minimum stress, while the maximum stress is owing to all the
aforementioned weights plus the weight due to the periwinkles used in filling the hopper and the force
applied by the electric motor on the machine members.

2.17.1. Bolts selection for the frames

To determine the bolt size for the frame, the shear stress induced on the bolt due to the weight of
the machine was evaluated. According to Shigley et al. (2011), the bolt size was expressed as

2
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Fmax
Se = 1a2a (42)
_ ,4F
d = ‘max 7S, 43)
where, S,= allowable endurance stress of mild steel = 107.696 X 103kNm™2

Fnax = Fpin + weight of periwinkles filling the hopper,

Fpin = force due to total weight of the machine without load, (kN)
Thus, d was computed to be = 0.010 m = 10 mm.

Hence, 12 mm bolts were selected to fasten the machine to its frame.

2.18. Design of screen aperture
The screen aperture can be round, rectangular or oblong according to the width of the cracked
periwinkle shell particles. The open area of square screen wire can be determined using the equation of
Sahay and Singh (1994) presented by Ndirika and Onwualu (2016) given as
2

_ 4
A = P17 x 100 (44)
where A; = Open area (%) for screen one,@ = size of opening (mm),D = wire diameter (mm)
102
1= s X 100 = 69.4%
102
A = G122 X 100 = 69.4%
Where A, = Open area (%) for screen two
__¢ _ _6 _
2= i) x 100 = o127 x 100 = 56.3%

2.18.1. The capacity of screen (C;)

The bigger the size of the holes of the screen, the better the efficiency, this was expressed by
equation given by Igbeka (2013) as

Cs=KxXAXa (45)

where K = characteristic constant

A = Area of hole, m*

a = width or diameter of hole (m)

For screen one

Cii=KxAXa=025x10x10x 10 = 250 mm3

For screen two

Cor=KXAXa=025x6X6x6=54mm3
2.19. Design of water supply system

The water supply system consisted of a variety of essential components such as a pressure source; a
pump, and piping connections with valves to move water for cleaning the separated periwinkle meat as
shown in Figure 15.
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Figure 15. Schematic diagram of the water supply system.

2.19.1. Components of the water supply system
2.19.1.1. Pump

The pump is an important part of the water supply system, it transfers water from the tank through
positive displacement action to the suction or intake port of the pump.
2.19.1.2. PVC pipe and control valves

Pipes are essential for the transportation of fluids (water) with the aid of pumps for various
agricultural and food processing operations. The flow control valves helped in controlling the rate of
flow of water within the system.
2.19.1.3. Pump sizing and selection

The power requirement of the pump depends on the amount of fluid (water) to be delivered.
Centrifugal pump was chosen for the system. Neglecting all losses, the power output of the pump

P. = wQH; (46)

As given by Rajput (2007)

Where P. = 0.5hp = 0.373kW (specified); Q = pump delivery, minsGpecified) — .

Hy = energy added by the pump per unit weightof water pumped(m); V,
= velocity of water in the pipe

v =Y, @7)
A = surface area of pipe = 7TD2/4 =X 0'0252/4 =4.909 x 10™*m

2.833x10”*m3

R
VP T 4.909x10~4m 0.5771 m/s

P. = wQHy = 0.373kW hence Hy = 0.373 x 103/9.81 x 1032.833 x 10™* = 134m

Applying Bernoulli’s equation to points [ and D

P /w+V2/2g+Zy+Hp=Pp/w+V?,/2g + Z, (48)

04+0+0+134=P,/w+0.57712/2 x 9.81 + 0.082
Pp/w = 133.9m; P, = 1313.6kN /m?

2.20. Working principle of the machine

The conditioned periwinkles are introduced into the running machine through the hopper where
they flow down through a controlled feed gate opening to the revolving rollers for periwinkle shell
cracking operation. The cracked periwinkle shells together with its meat fall into the reciprocating
two-tier separating sieving screens equipped with a steady shower of water to clean the meats and
dislodge any adhered shells. The separated meat flows through the trough and are collected while the
shells fall directly below to the waste trough (Figure16).

17L _2.833x107*m3

’
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PART NO. DESCRIPTION
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FEED CONTROL GATE
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17 P205 BEARING
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Figure 16. Exploded view of the periwinkle meat extraction machine

2.21. Performance Evaluation of developed periwinkle meat processing machine

Freshly harvested periwinkles were procured at a local water front market in Itu, Akwa Ibom State.
The periwinkle samples were then cleaned manually to remove dirt and foreign materials, graded
thereafter weighed using electronic weighing balance (Ohaus — Scout Pro) with an accuracy of 0.001g.
The experiment was performed in triplicates as adopted by Ekop et al. (2021).
2.22. Design of experiment and statistical analysis

Measurements were replicated three times, and data were subjected to analysis of variance and
main effects plots. The performance of the periwinkle processing machine was designed as a function
of the machine operating parameters and crop factors: cracking speed (CS), agitating speed (AS), feed
rate (FR), heat condition time (HCT) and the response variable(s) namely: the periwinkle cracking
efficiency (CE), separating efficiency (SE), throughput (7P) and periwinkle meat loss (PML). Also,
the obtained results of the experiment were analyzed as reported Ekop et al. (2021).

Table 2. The periwinkle machine performance at different processing conditions.

Runs Order (0N FR1 AS1 HCT CE SE TP . PML
(rpm) kgs™) (ms”) (mins) (%) (%) (kgh™) (%)

1 120 0.30 1.04 0 70.95 54.70 15.10 43.30
2 110 0.20 0.95 2 63.07 61.31 16.81 31.48
3 130 0.20 1.11 2 65.94 66.07 19.43 22.93
4 110 0.40 0.95 2 64.75 68.53 18.33 29.88
5 130 0.40 1.11 2 69.79 72.38 20.61 11.62
6 120 0.10 0.95 4 69.74 62.39 16.84 30.56
7 100 0.30 1.11 4 58.63 63.91 20.47 18.09
8 120 0.30 0.95 4 79.83 67.56 14.81 34.74
9 120 0.30 1.11 4 79.52 69.25 21.10 38.75
10 120 0.30 1.04 4 79.66 68.29 17.64 10.71
11 120 0.30 1.04 4 79.59 59.17 17.32 16.23
12 120 0.30 0.76 4 79.42 60.38 13.37 34.62
13 120 0.30 1.04 4 79.97 71.67 15.34 18.64
14 140 0.30 1.04 4 78.61 71.94 15.58 18.06
15 120 0.50 1.04 4 72.34 71.72 15.29 18.88
16 110 0.20 1.04 6 71.54 71.84 15.11 18.06
17 130 0.20 1.04 6 84.05 71.88 15.71 18.42
18 110 0.40 1.04 6 66.68 71.74 15.54 18.78
19 130 0.40 1.23 6 79.67 78.79 26.79 17.06
20 120 0.30 1.04 8 78.68 71.17 17.89 26.36

CS = Cracking Speed, FR = Feed Rate, AS = Agitating Speed, HCT = Heat Conditioning Time, CE = Cracking Efficiency, SE = Separating
Efficiency, TP = Throughput, PML = Periwinkle Meat Loss.
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3. RESULTS AND DISCUSSIONS

Table 2 presents the data obtained during performance operations of the developed machine. CE an
essential machine response variable that entails the quantity of periwinkle cracked with respect to what
was fed into the machine. The optimum CE was found to be 84.05% when periwinkle HCT was 6 min
at CS of 130 rpm and FR of 0.20kg/s while the least CE of 58.63% was obtained when periwinkle
HCT was 4 min at CS of 100 rpm and FR of 0.30kg/s (Ekop et al.,2021). There is information dart on
periwinkle and related mollusk processing. However, Dixit and Ravindra (2022) obtained a machine
cracking efficiency of 82.1% at 43 rpm for walnut while Hussain et al., (2018) obtained a shelling
(cracking) efficiency of 96 % for walnut although machine parameters were not specifically
mentioned.

The result for SE indicated that the most efficient separation can be achieved when HCT, CS, AS
and FR at 6 min,130 rpm,1.11m/s and 0.40 kg/s respectively.SE gives the amount periwinkle separated
based on the amount of periwinkle cracked. This was found to be 78.79% whereas its lowest SE of
54.70% was obtained when HCT, CS, AS and FR at 0 min,120 rpm,1.04 m/s and 0.30 kg/s. Although
there is no related literature on periwinkle processing, but Akubuo and Eje (2002) working on palm
kernel recorded an optimum SE to be 82.1% at 93/min crank speed.

The highest TP value of 26.79 kg/h was obtained when the machine was operated at CS of 130
rpm, AS of 1.23 m/s under the HCT of 6 min at FR of 0.40 kg/s while the lowest TP value of 13.37
kg/h was recorded at CS of 120 rpm, AS of 0.76 m/s, FR of 0.30 kg/s under the HCT of 4 min. TP
shows the quantity of periwinkle meat separated per unit time. This is a unique in performance
evaluation of the periwinkle machine. Accordingly, the lowest PML value of 10.71 % was obtained
when the machine was operated at CS of 120 rpm, AS of 1.04 m/s under the HCT of 4 min at feed rate
of 0.30 kg/s but the maximum PML value was recorded when the machine was operated at CS of 120
rpm, AS of 1.04 m/s, feed rate of 0.30 kg/s under the HCT of 0 min. There is no other research
conducted in this domain for various processing conditions and machine parameters of periwinkle.

3.1. Effects of the cracking speed, feed rate and heat conditioning time on the periwinkle
cracking efficiency

Figure 17(A) shows the relationship between the mean response (periwinkle cracking efficiency)
and the different levels of machine operation parameters (cracking speed, feed rate) and crop factor
(heat conditioning time). The reference line in the main effects plot is the overall mean for the
response. It shows that cracking speeds of 120,130 and 140 rpm and feed rate of 0.3 kgs™ and heat
conditioning time of 4, 6 and 8 minutes are associated with the highest mean cracking efficiency.
Hence, these combinations represent the best option for achieving optimum periwinkle cracking
efficiency.
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Figure 17 Main effects for:(A) periwinkle shell cracking efficiency, (B) periwinkle meat separating efficiency,
(C) periwinkle meat throughput, (D) periwinkle meat loss.

The analysis of variance for the effects of cracking speed, feed rate, heat conditioning time on
cracking efficiency is presented in supplementary table 1. The results indicate that the p-value for the
cracking speed, feed rate and heating conditioning time are 0.0001, 0.015 and 0.0007 respectively.
Since the p-values for the machine variables (cracking speed, feed rate, and heat conditioning time) are
less than the chosen a-level of 0.05, it means that the effects of cracking speed, feed rate and heating
conditioning time is statistically significant (Ekop et al., 2021).

3.2. Effects of the cracking speed, agitation speed, feed rate and heat conditioning time on the
periwinkle separation efficiency

Figure 17(B) presents the relationship between the mean response (separation efficiency) between
four levels of machine parameters and crop factor; cracking speed, agitation speed, feed rate and heat
conditioning time. The reference line in the main effects plot is the overall mean for the response. It
shows that cracking speed of 120,130 and 140 rpm, agitation speed of 1.04, 1.11 and 1.23 m/s and
feed rate of 0.1 and 0.3 kg/s and heat condition time of 4, 6 and 8 minutes are associated with the
highest mean separation efficiency. Thus, the best combinations for optimum periwinkle separation
efficiency.
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Analysis of variance for the effects of cracking speed, agitation speed, feed rate, heat conditioning
time on separating efficiency is presented in supplementary table 2. The results indicate that the p-
value for the cracking speed, agitation speed, feed rate and heat conditioning time are
0.0025,0.001,0.0409 and 0.0386 respectively. Since the p-values for the machine separation variables
are less than the chosen a-level of 0.05, it means that the effects of cracking speed, agitation speed,
feed rate and heating conditioning time is statistically significant (Ekop et al., 2023).

3.3. Effects of the cracking speed, agitation speed, feed rate and heat conditioning time on the
periwinkle throughput

Figure 17(C) shows the relationship between the mean response (throughput) between four levels
of machine parameters and crop factor; cracking speed, agitation speed, feed rate and heat
conditioning time. This indicates that cracking speed of 100,130 and 140 rpm, agitation speed of 0.95,
1.11 and 1.23 m/s and feed rate of 0.4 and 0.5 kg/s and heat conditioning time of 6 and 8 minutes are
associated with the highest mean throughput. Therefore, the best combination for optimum periwinkle
meat throughput.

Also, analysis of variance for the effects of cracking speed, agitation speed, feed rate, heat
conditioning time on throughput is presented in supplementary table 3. The results indicate that the p-
value for the cracking speed, agitation speed, feed rate and heat conditioning time are 0.0140, 0.0466,
0.0182 and 0.0189 respectively. Since the p-value for cracking speed and heat conditioning time are
less than the chosen a-level of 0.05, it means that the effects of the four machine operation parameters
and crop factor are statistically significant.

3.4. Effects of the cracking speed, agitation speed, feed rate and heat conditioning time on the
periwinkle meat loss

Figure 17(D) shows the relationship between the mean response (meat loss) between four levels of
machine parameters and crop factor; cracking speed, agitation speed, feed rate and heat conditioning
time. It entails that cracking speed of 100 and 110 rpm, agitation speed of 1.11 and 1.23 m/s and feed
rate of 0.4 and 0.5 kg/s and heat condition time of O and 2 minutes are associated with the highest
mean meat loss. Thus, combining these machine parameters give an optimum periwinkle meat loss but
our aim is to minimize periwinkle meat loss as much as possible.

Analysis of variance for the effects of cracking speed, agitation speed, feed rate, heat conditioning
time on periwinkle meat loss is presented in supplementary table 4. The results point out that the p-
value for the cracking speed and agitation speed, feed rate and heat conditioning time are 0.0005,
0.8369, 0.0365 and 0.0013 respectively. Since the p-value for cracking speed, feed rate and heat
conditioning time are less than the chosen a-level of 0.05, it means that the effects of cracking, feed
rate and heat conditioning time are statistically significant.

4. CONCLUSION

The periwinkle machine meat processing machine was designed, developed, and evaluated based
on the essential data available for physical, mechanical and thermal properties of the periwinkle. It was
established that processing factors and crop condition influence the periwinkle meat cracking
efficiency, separation efficiency, throughput and meat loss. The developed periwinkle meat processing
machine serves as a viable option for periwinkle meat processors in that it would efficiency replaced
the time-consuming, crude manual method that often times help add contaminants to the meat. With
the availability of machine for periwinkle meat processing, economic potentials of periwinkle meat
become more realistic.
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Abstract: The present study aimed to determine the water quality of Susurluk Stream,

Capraz Stream, and Karadere Stream by examining 5207 samples from 14 different Keywords
stations in two different periods of 2021 (July and September), during which 37
families belonging to 15 order were identified. Physidae was identified as the
dominant family for the first sampling period, while Baetidae was dominant for the
second sampling period. BMWP Original, BMWP Turkish, BMWP Spanish, and ® BMWP
ASPT biotic indices were used to assess the water quality of Susurluk, Capraz, and ® Macrobenthos
Karadere Streams, and the index results were determined for each station for the first

and second periods (July and September). Based on these index results, five different

water quality categories were identified (Very Poor, Poor, Moderate, Good, Very

Good). The obtained data were interpreted using t-tests and correlation analysis with

the SPSS 2021 program.

e Balikesir
e Pollution

Ozet: Susurluk Cayi, Capraz Cay ve Karadere Cayi’nin su kalitesinin belirlenmesi
amactyla 2021 yilinin iki farkli déneminde (Temmuz ve Eyliil) 14 farkli istasyondan Anahtar kelimeler

5207 ornek incelenmis olup, 15 takima ait 37 familya tespit edilmis ve birinci e Balikesir
ornekleme donemi i¢in Physidae, ikinci drnekleme donemi igin Baetidae familyalar1 e Kirlilik

en baskin familya olarak tespit edilmistir. Susurluk, Capraz ve Karadere ¢aylarinin su e BMWP
kalitesinin ortaya konmast amaciyla BMWP Orijinal, BMWP Turkish, BMWP e Makrobentoz
Spanish ve ASPT biyotik indeksleri kullanilmig olup, her bir istasyonun birinci ve

ikinci donemleri i¢in indeks sonuglari belirlenmistir. Bu indeks sonuglarina gore 5

farkl su kalitesi basamag1 ortaya konulmustur (Cok zayif, Zayif, Orta, Iyi, Cok iyi).

Elde edilen veriler SPSS 2021 programi kullanilarak t testi ve korelasyon analizi ile

yorumlanmigtir.

1. INTRODUCTION

Northwest Anatolia's Susurluk Basin is one of the most significant basins in the country with a
precipitation area of 22,400 km®. Some of the water sources in the basin include the Orhaneli, Emet,
Niliifer, Mustafakemalpasa, and Simav streams, along with the Karadere and Manyas Lakes. Due to
the presence of borax facilities, poultry farms, leather and sugar factories within the basin and
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industrial waste from Bandirma district, pollution has reached critical levels in the area (Giirkan and
Tekin-Ozan, 2012).

Water pollution caused by industrial, organic-inorganic waste, sewage, and agricultural waste,
which are among the significant pollutants, represents the chemical, biological, and physical changes
in the waters (Atig, 2020).

One of the major contributors to water pollution is agricultural waste. The release of fertilizers and
pesticides used during agricultural activities into water increases the concentration of nitrate (NO;) and
phosphate (PO,) in the water. The increased concentration increases in algal populations, resulting in
eutrophication in the aquatic environment (Cinar, 2008; Atis, 2020).

Studies conducted to determine water pollution involve both chemical and biological processes. In
a recent research, the use of biological methods complements the results obtained from chemical
methods (Donmez & Yilmaz, 2015).

Bioindicator organisms, including macrobenthosis, provide crucial information about water quality
and habitat based on their presence and abundance in aquatic environments. Due to their inability to
move over long distances under changing ecological conditions and adverse circumstances, these
organisms allow the detection of pollution over the long term (Akay, 2015).

Water quality assessment methods have emerged with the consideration of a biological perspective
in studies aimed at determining water quality. Biotic indices are at the forefront of these methods.
These indices are metric systems applied to reveal water quality, using data obtained from various
stations. By considering the ecological condition of the study area, the presence, absence, abundance,
sensitivity, and tolerance of species can be determined using biotic indices (Bahgeci, 2019).

There are many biological indices developed for different groups of organisms. One of the
commonly used indices for macroinvertebrates is the Biological Monitoring Working Party Score
System (BMWP), (Metcalfe, 1989). Many countries have adapted this index to their own invertebrate
fauna in their rivers, with Spain being among the first to do so. The Spanish version of BMWP, known
as "SpBMWP," is one of the most widely used indices, especially after the original BMWP (Alba &
Sanchez, 1988). In Turkey, this index has also been adapted to create the "TRBMWP" (Turkish
BMWP) biotic index (Kazanci, 2016).

The Average Score Per Taxon (ASPT) index is one of the most commonly used indices following
BMWP. The ASPT index was calculated by dividing the total BMWP score obtained from the
sampling point by the number of families (Metcalfe, 1989).

This study aims to determine the pollution levels of three Streams (Susurluk Stream, Capraz
Stream, Karadere Stream) located in the Marmara region through macrobenthos and family-based
biotic indices, and to reveal the correlation between the biotic indices used.

2. MATERIAL and METHOD

In the present study, conducted between July and September 2021 on the Susurluk Stream, Capraz
Stream, and Karadere Stream, a total of 14 different stations were identified. The coordinates and
altitude information for the designated stations are provided in Table 1. July is selected for sampling
due to the high biological activity and for collecting mature multivoltine macrobenthos specimens.
Sampling was also conducted in September due to the onset of rainfall at the end of the summer
drought and the subsequent rise in water levels.

Various methods were used during sample collection. For instance, organisms living in areas with
dense aquatic plants were collected using scoop nets and sieves, while in shallow and stagnant areas,
the Surber Sampler along with the kick-sampling method was used. Samples from large stones in the
water were collected by quickly removing samples from the surface of the stone using fine-tipped
forceps. The macrobenthic samples collected from each station were sieved through sieves with
different mesh sizes (0.5 mm, 1 mm, and 2 mm) to allow separation based on their sizes (Hauer &
Lamberti, 2011). They were then transferred to falcon tubes and eppendorf tubes of different sizes and
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brought to the laboratory for fixation in 70% ethanol and subsequent identification. The collected
samples were identified using a Leica MZ12.5 stereo microscope, and photographs of the samples
were taken with a Leica DMC 2900 camera attached to the stereo microscope.

The families identified from the sampling areas were subjected to four different biotic indices, and
the data were interpreted using t-tests and correlation analysis with the SPSS-2021 program.

During the diagnosis of the samples, literature sources such as Elliot (1988), Friday (1988),
Bouchard (2004), Smith (1989), Giirlek (2019), Giirlek (2009), Macan (1976), Savage (1990), Saglam
(2004), Nesemann & Neubert (1999), Dobson (2013), Soltesz (1996), and (Holzenthal, et al., 2007)
were consulted.

Table 1. Coordinates and altitude information of the sampling areas.

Station Location Name Geographic Coordinates (N, E) Altitude a.s.l (m)
1 Susurluk Stream 39°36'31.62"N, 28°5'14.55"E 40m
2 Susurluk Stream 39°48'49.56"N, 28°10'49.12"E 33m
3 Susurluk Stream 39°51'53.11"N, 28°9'36.06"E 50m
4 Susurluk Stream 39°53'32.84"N, 28°9'36.06"E 48m
5 Susurluk Stream 39°55'3.36"N, 28°9'56.79"E 59m
6 Capraz Cay Stream 39°59'32.92"N, 28°10'35.61"E 30m
7 Capraz Cay Stream 40°3'16.56"N, 28°11'58.11"E 16m
8 Capraz Cay Stream 40°11'48.42"N, 28°21'43.21"E 24m
9 Capraz Cay Stream 40°12'18.95"N, 28°25'59.15"E 10m
10 Capraz Cay Stream 40°16'43.07"N, 28°25'5.41"E 19m
11 Capraz Cay Stream 40°18'16.95"N, 28°26'51.95"E 15m
12 Capraz Cay Stream 40°2023.02"N, 28°28'3.36"E 10m
13 Karadere Stream 40°8"2.96"N, 28°7'43.78"E 20m

14 Karadere Stream 40°7'50.20"N, 28°2'56.20"E 17m
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Figure 1. Locations of all stations on the map.

3. RESULTS

During field studies conducted in July and September 2021, a total of 37 benthic macroinvertebrate
families were detected in Susurluk Stream, Karadere and Capraz Stream. These families include
Erpobdellidae, Glossiphonidae, Unionidae, Hydrobidae, Lymnaeidae, Melanopsidae, Physidae,
Planorbidae, Viviparidae, Asellidae, Gammaridae, Baetidae, Caenidae, Calopterygidae,
Coenagrionidae, Cordulegasteridae, Gomphidae, Libellulidae, Corixidae, Gerridae, Hydrometridae,
Mesovelidae, Naucoridae, Nepidae, Pleidae, Curculionidae, Dytiscidae, Haliplidae, Hydrophilidae,
Hygrobidae, Noteridae, Ceratopogonidae, Chironomidae, Sciomyzidae, Simuliidae, Stratiomydae, and
Hydropsychidae. The class most represented with identified families was Insecta according to the
diagnoses.

As a result of field studies, 37 families belonging to 15 taxa were identified at 14 different stations.
Four different biotic indices were applied to the identified families. The index results are provided in
Table 2. The lowest and highest values obtained from the station are indicated in bold.
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Table 2. The index results obtained from the stations.
BMWP(Orijinal) BMWP(Turkish) BMWP(Spanish) ASPT
1* period - - - -
Station 1 2" period 13" 9 9 6,5
Ist period 59 49 50 45
Station 2 2nd period 34 31 33 4,25
. 1st period 44 42 37 4,8"
Station 3 2nd period 15 15 15 3,75
) 1st period 32 33 28 4,0
Station 4 2nd period 40 42 35 5,0
1st period 31 31 26 4.4
Station 5 2nd period 31 29 29 3,8
1st period 49 45 48 4,4
Station 6 2nd period 20 26 26 4,0
Ist period 41 35 35 45
Station 7 2nd period 46 30 40 5,1
1st period 40 37 33 4.4
Station 8 2nd period 28 30 27 4,0
Ist period 63 54 45 45
Station 9 2nd period 64" 63" 49" 4,5
1st period 33 3 28 4,1
Station 10 2nd period 42 44 43 4,6
. 1st period 45 45 42 4,09
Station 11 2nd period 3] 26 29 3.8
. Ist period 58 59 46 4.4
Station 12 2nd period 16 26 71 32"
. 1st period 59 52 52° 4,2
Station 13 2nd period 25 71 1 4.1
. 1st period 61 51 50 4.6
Station 14 2nd period 17 12 1 425
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Figure 2. Families detected during the study.; a) Figure 3. Families detected during the study; a)
Erpobdellidae, b) Glossiphonidae, c) Unionidae, Viviparidae, b) Asellidae, c) Gammaridae, d)
d) Hydrobidae, e) Lymnaeidae, f) Melanopsidae, Baetidae, e) Caenidae, f) Calopterygidae, g)

g) Physidae, h) Planorbidae. Coenagrionidae, h) Cordulegasteridae.
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Figure 4. Families detected during the study; a) Figure 5. Families detected during the study; a)
Gomphidae, b) Libellulidae, c) Corixidae, d) Pleidae, b) Hydropsychidae, c) Curculionidae, d)
Gerridae, e) Hydrometridae, f) Mesovelidae, g) Dytiscidae, e) Haliplidae, f) Hydrophilidae,

Naucoridae, h) Nepidae. 2)Hygrobidae, h) Noteridae.
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pltaL.”
Figure 6. Families detected

d) Simuliidae, e) Stratiomydae.

The percentage ratios of all identified orders resulting from the field studies are provided below
(Figure 7). The order represented by the highest number of families (7 families) at the designated
sampling points is Hemiptera, followed by Coleoptera and Gastropoda with 6 families each. The data
related to water quality parameters from the index studies conducted in a total of 14 stations during the
first and second periods are presented in Table 2.

TOta I m Ephemeroptera

® Hemiptera
Odonata
3% 5% Diptera
H Trichoptera
B Arhynchobdellida
H [sopoda
B Amphipoda
B Gastropoda
H Bivalvia

Coleoptera

®m Rhynchobdellidae

Figure 7. Percentage dominance of all orders detected during the first and second sampling periods.
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Table 3. Water quality classes of the stations.
BMWP (Original) BMWP (Turkish) BMWP (Spanish) ASPT
. 1* period - - - -
Station I 2 I1))eriod Very poor Very poor Very poor Very good
Station 2 Ist peri.od Moderate Moderate Moderate Moderate
2nd period Poor Poor Poor Moderate
Station 3 Ist peri.od Poor Moderate Moderate Moderate
2nd period Very poor Poor Very poor Poor
Station 4 Ist perilod Poor Poor Poor Moderate
2nd period Poor Moderate Poor Good
Station 5 Ist perilod Poor Poor Poor Moderate
2nd period Poor Poor Poor Poor
Station 6 Ist perilod Poor Moderate Moderate Moderate
2nd period Very poor Poor Poor Moderate
Station 7 Ist peri.od Poor Poor Poor Moderate
2nd period Poor Poor Moderate Good
Station 8 1st peri.od Poor Poor Poor Moderate
2nd period Poor Poor Poor Moderate
Station 9 1st period Moderate Moderate Moderate Moderate
2nd period Moderate Moderate Moderate Moderate
Station 10 Ist peri.od Poor Poor Poor Moderate
2nd period Poor Moderate Moderate Moderate
Station 11 Ist period Poor Moderate Moderate Moderate
2nd period Poor Poor Poor Poor
Station 12 Ist period Moderate Moderate Moderate Moderate
2nd period Very poor Poor Poor Poor
Station 13 1st period Moderate Moderate Moderate Moderate
2nd period Very poor Poor Poor Moderate
Station 14 1st period Moderate Moderate Moderate Moderate
2nd period Very poor Poor Very poor Moderate

During the sampling period, no samples could be obtained from Station 1. This station, located on
the Susurluk River, has been significantly exposed to pollutants due to its location. The waste
discharged into the river by nearby livestock farms is one of the major factors causing a decrease in
the abundance of macrobenthos populations in the environment and even complete disappearance

during discharge periods.

The results of the t-test and correlation analysis applied to the data are presented in Table 4 and 5.
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Table 4. Independent Samples Test.

Levene's Test

for Equality of t-test for Equality of Means
Variances
95% Confidence
F Sig. t dat Sig. Mean Std. Error Interval of the
(2-tailed) Difference Difference  Difference
Lower Upper
Equal
variances ,133 719 2,325 26 ,028 13,786 5,929 1,598 25,974
BMWPORIGINAL 2554med
Equal
variances not 2,325 25,337 ,028 13,786 5,929 1,582 25,989
assumed
Equal
variances ,090 J767 2,111 26 ,045 11,429 5,413 302 22,555
BMWPTURKISH ssumed
Equal
variances not 2,111 25,934 ,045 11,429 5,413 , 301 22,556
assumed
Equal
variances ,183 ,672 1,932 26 ,064 9,429 4,879 -,601 19,458
BMWPSPANISH ssumed
Equal
variances not 1,932 25,303 ,065 9,429 4,879 -,614 19471
assumed
Equal
variances ,005 942 -739 26 ,467 -,283 ,383 -1,070  ,504
assumed
ASPT Equal
variances not -, 739 22,754 ,468 -,283 ,383 -1,076  ,510
assumed
Table 5. Correlation Analyzes.
BMWPORIGINAL BMWPTURKISH BMWPSPANISH ASPT
Pearson Correlation 1 936" 9527 604"
BMWPORIGINAL Sig. (2-tailed) ,000 ,000 ,001
N 26 26 26 26
Pearson Correlation 936 1 925" A7
BMWPTURKISH Sig. (2-tailed) ,000 ,000 ,015
N 26 26 26 26
Pearson Correlation 9527 9257 1 ,540”
BMWPSPANISH Sig. (2-tailed) ,000 ,000 ,004
N 26 26 26 26
Pearson Correlation ,6047 AT 5407 1
ASPT Sig. (2-tailed) ,001 ,015 ,004
N 26 26 26 26

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

4. DISCUSSION

Today, the rapidly increasing industrialization in Susurluk Stream and its surroundings, the
proximity of agricultural areas to the Stream, the spillage of agricultural pesticides into the stream
directly or through groundwater, the proximity of some parts of the Susurluk Stream to the highway,
domestic pollutants, the local people's use of the stream and its surroundings for recreational purposes,
and the unconscious pollution left behind are the main causes of pollution. The waste left behind is the
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most important factor that has caused the pollution in the Susurluk stream to seriously increase in
recent years.

Similar to many other macrobenthic invertebrate studies conducted in our country, Insecta was
identified as the class with the highest number of individuals in this study, as reported in previous
works (Imamoglu, 2000), (Yorulmaz, et al., 2003), (Kalyoncu, 2005), (Baydar, 2020), (Ertas, et al.,
2021), (Kilgik &Tekin Ozan, 2024).

When the dominance values of benthic macroinvertebrates were examined according to stations,
the Physidae family was the most dominant family with rates of 33%, 46%, 50%, 40% and 29%,
respectively, in the 3rd, 4th, 6th, 8th and 9th stations in the 1% sampling period; during the 2nd
sampling period, the Baetidae family was the most dominant family with rates of 65%, 79%, 47%,
55% and 33% at the 2nd, 3rd, 4th, 5th and 9th stations, respectively.

In the first sampling period, no samples were obtained from the 1st station. This station on the
Susurluk Stream has been exposed to significant pollutants due to its location. The discharge of waste
from the livestock farms near the station is one of the major factors causing the disappearance of life
in the environment. In the second sampling period, a total of 46 individuals were identified, and these
individuals belonged only to the Dytiscidae and Hydrophilidae families. The dense algal growth
present at the station during the first sampling period has transformed into a livable environment
through auto-remediation in the second sampling period.

5. CONCLUCION

All field studies revealed that the 1st station had the least number of samples collected. This result
highlights the pollution level at the station. The results of the BMWP indices also support this
pollution. However, according to the ASPT index result, the station is considered to be very good in
terms of pollution. The exceptionally good ASPT index result is thought to be due to the detection of
only two families at the station. Since the ASPT index is obtained by dividing the BMWP score by the
number of families at the station, the value turned out to be high due to the detection of only two
families, leading to a conclusion of very good water quality in terms of pollution. In stations with a
low number of families like this, it is believed that the ASPT index may not work accurately, and other
indices should also be considered.

In a general sense, when all stations are examined, the study results indicate that the dominant
organisms are Gastropoda, Odonata, and Isopoda. In many stations, pollution levels in the second
sampling period are worse compared to the results of the first sampling period. The variation between
the two periods, influenced by a decrease in the number of organisms and families in the polluted
environment, indirectly affects the score values, reflecting on the results of biotic indices.
Additionally, the absence of some families obtained in the second sampling period from the BMWP
score table is also a significant factor contributing to this conclusion.

When the samples taken from the Susurluk Stream are evaluated, it is observed that there are
differences between the stations, but the overall water quality is deemed POOR. The discrepancy
arises in the ASPT index results at the 2nd station of the Susurluk Stream, where the first period's
result is good and the second period's result is very good, contradicting with the other index results.
Since the ASPT index is obtained by dividing the BMWP value by the number of families, it is
believed that the scarcity of families has influenced this result.

The stations 6 to 12 on the Capraz Stream, similar to the Susurluk Stream, can be characterized as
having POOR water quality. In some stations where the pollution level is determined to be
MODERATE, the observation of families not included in the index tables and not taken into account
is thought to lead to different results. Additionally, the proximity of sampling points on the Capraz
Stream to residential areas and the poor use of recreational areas in the vicinity can be said to have a
significant impact on the results obtained.
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At the 13th and 14th stations on the Karadere Stream, the significant difference in water quality
between the two periods is attributed to the lower number of families sampled during the second
sampling period. While a total of 29 different families were identified during the first sampling period
from both stations, only 10 different families were identified during the second sampling period. It is
believed that the decrease in the number of organisms in the polluted environment has affected the
score values and is reflected in the biotic index results.

All these studies indicate that the three different biotic indices used (BMWP Original, SpBMWP,
TrBMWP) do not yield entirely identical results, demonstrating that the indices do not fully support
each other. The discrepancies may also be attributed to the absence of some families obtained from the
stations in the BMWP original index table, contributing to these conclusions.

BMWP Original (t:2.325, p<0.05) and BMWP Turkish (t: 2.111, p<0.05) indices show a
statistically significant difference as their Significant values are less than 0.05. However, BMWP
Spanish (t: 1.932, p>0.05) and ASPT (t: -0.739, p>0.05) indices do not exhibit a statistically
significant difference since their Significant values are greater than 0.05.

The correlation test indicates that the BMWP Original index is associated with the other indices.
BMWP Original index shows positive correlations with BMWP Turkish at 0.936, with BMWP
Spanish at 0.952, and with ASPT at 0.604, all with a 99% confidence interval (<0.001) for each.
BMWP Turkish index is correlated with BMWP Spanish at 0.925 and with ASPT at 0.471, with a 99%
confidence interval (<0.01) for Spanish and 95% (<0.05) for ASPT. A positive correlation of 0.540 is
found between BMWP Spanish and ASPT indices, with a 99% confidence interval (<0.01).

Numerically, an increase in the score value suggests an increase in the other indices. It is believed
that BMWP Original, BMWP Turkish, and BMWP Spanish indices are derivatives of each other, with
a 99% confidence interval. The narrower 95% confidence interval between BMWP Turkish and ASPT
indices suggests that the BMWP Turkish index might have been determined within a limited range and
could have areas for further development.

When the results of the study are evaluated, it becomes evident how crucial it is to have a new
index for Tiirkiye and to create a comprehensive score table covering the Turkish limnofauna. The
similarity in water qualities of all stations, except for a few, according to the BMWP Turkish and
Spanish results, suggests that the Spanish version of the BMWP index can also be utilized in biotic
index studies conducted in Tiirkiye.
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Abstract: Many factors such as bacteria, viruses, parasites and fungi can cause

infections in fish. Fungal infections are often overlooked because they are secondary Keywords

to other infections. However, these infections can cause serious economic losses as  ® Qomycetes

they cause problems such as mortality, growth retardation, deformed appearance due e Chytridiomycetes
to lesions on the skin, and negatively affect hatching rates, especially in farmed fish. @ Zygomycetes

In addition, it can cause infections in aquarium fish and the same findings can be e Deuteromycotina
seen in them. This article reviews the classification, aetiology, epidemiology,

clinical and pathological findings, possible diagnosis, treatment and prevention of

fungal infections in fish.

Ozet: Bakteri, viriis, parazit ve mantar gibi bircok etken baliklarda enfeksiyonlara

neden olabilmektedir. Mantar enfeksiyonlari, genellikle diger enfeksiyonlar: takiben Anahtar Kkelimeler
sekonder olarak ortaya giktig1 igin gozden kagabilmektedir. Ancak bu enfeksiyonlar @ Qomycetes
ozellikle yetistiriciligi yapilan baliklarda oliim, gelisme geriligi, deride meydana
gelen lezyonlara bagli dis goriinimde deformasyonlar gibi sorunlara yol agmasi ve
yumurtadan c¢ikis oranlarini da olumsuz ydnde etkilemesinden dolay:r ciddi )
ekonomik kayiplara neden olabilmektedir. Bunlarm yani sira akvaryum baliklarmda ~ ® Deuteromycotina
da enfeksiyonlara neden olabilmekte ve aymi bulgulara onlarda da
karsilagilabilmektedir. Bu makalede baliklarda goriilen mantar enfeksiyonlar:

smiflandirilmis, etiyoloji, epidemiyoloji, klinik ve patolojik bulgulari ile olas1 tani,

tedavi ve koruma yontemleri derlenmistir.

® Chytridiomycetes
® Zygomycetes

1. INTRODUCTION

In underdeveloped or developing countries such as Tiirkiye, changes in nutrition and consumption
habits are inevitable depending on financial resources and herbal products are used instead of
relatively expensive animal products. On the other hand, in developed countries, animal protein
consumption is higher than vegetable protein consumption. To increase animal protein production in
Tiirkiye, abundant water resources and fish production in these water resources are important
(Saridzkan, 2016).

Fungal diseases cause the highest economic losses in aquaculture after bacterial diseases (Ramaiah,
2006). Mortality rate of incubated eggs due to fungal infection can reach 80-100% (Chukanhom &
Hatai, 2004). Siddique et al. (2009) examined a total of 2097 fish samples of 300 species in
Bangladesh for the presence of fungal infections and found that 13.40% of cultured fish and 15.19% of
wild fish were infected.
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Aquatic animals, like other vertebrates, are susceptible to various pathogenic organisms, which
encompass fungi (Khoo, 2000). However, the first fungal infection among vertebrates was reported as
saprolegniasis in roach (Rutilus rutilus) in 1748 (Ainsworth, 2002).

Fungal infections in fish usually occur as secondary infections due to factors such as water quality
problems (low pH, temperature, water contaminated organic matter ), poor condition, trauma, high
stock density, poor nutritional status, stress, dead fish, bacterial diseases and parasite infestations.
However, fungal pathogens of high pathogenicity can also be the primary cause of disease. Fungal
infections can be divided into external and internal (systemic) fungal infections. It has been observed
that external fungal agents infect fertilized eggs and cause larval deaths and economic losses. Some
fungal species are also known to proliferate in poorly stored feed, produce mycotoxins and cause
toxicity (Yanong, 2003; Patel et al., 2018; Sarkar et al., 2022).

The aim of this study was to compile the information on fungal infections in fish and to contribute
to the literature in this field.

2. FUNGI AND FUNGAL INFECTIONS

A vast majority of fungal organisms exhibit eukaryotic characteristics and exist as multicellular
entities. They possess filamentous structures known as hyphae, which exhibit apical growth from their
tips and rely entirely on heterotrophic nutrition. Most fungal species reproduce sexually and asexually
via spores (Yanong, 2003). Fungi are categorized according to their life cycle, the structure of their
hyphae, their reproductive components, and the spores they generate. These organisms lack the
capacity to synthesize their own sustenance and can be categorized as either saprophytes, relying on
deceased organic material, or parasites, which infect living organisms to obtain nutrients. It is worth
noting that the majority of fungi exhibit a facultative parasitic or saprophytic lifestyle rather than an
obligate one (Khoo, 2000). Hyphae play a pivotal role in enabling the expansive expansion of
saprophytic and pathogenic organisms, aiding in the extensive transport within symbiotic mycorrhizal
fungi, and serving as the foundational framework for the formation of multicellular reproductive
structures through their aggregation (Howard & Gow, 2007).

There are three classes in the taxonomic classification of fungal pathogens. These are the classes
Oomycetes, Chytridiomycetes and Zygomycetes. Species in the class Oomycetes produce motile
bicellular spores. Asexual reproduction occurs through zoospores produced in the zoosporangium and
this plays an important role in spread. Sexual reproduction, which occurs by fusion of two gametes to
form oospores, gives its name to the class Oomycetes. Hyphae of the species in the Oomycetes class
are aseptate (Roberts, 2012). Chytridiomycetes and Zygomycetes cells are coenocytic and there is no
distinction between individual cells, filaments are long and tubular, the cytoplasm is lined and there is
a large vacuole in the center. In the class Chytridiomycetes these unicellular organisms have hyphae
branching into rhizoids and produce flagellated gametes. In the class Zygomycetes these organisms
have branched mycelium and produce thick-walled spores in round spore cases called zygospores.
They can reproduce sexually or asexually (McConnaughey, 2007). In addition to these, the
classification also includes the Deuteromycotina (Fungi imperfecti) group, which consists of fungal
species that share the characteristic of lacking a sexual phase. Although there are different studies
conducted so far in the classification of fungal agents, the classification made by Roberts (2012) is
valid. According to this classification; Saprolegnia, Achlya, Aphanomyces and Branchiomyces genera
are included in Oomycetes class; Dermocystidium genus is included in Chytridiomycetes class;
Ichthyophonus and Basidiobolus genera are included in Zygomycetes class (Roberts, 2012).

2.1. Oomycetes

Oomycetes are commonly known as water moulds. As such, they are multicellular and absorb
nutrients through extracellular digestion. Oomycetes can infect all freshwater fish in the world.
Therefore, they are thought to be primarily responsible for the decline of natural populations of
salmonids and other freshwater fish. Oomycetes are classic saprophytic opportunists that growing in
physically injured, stressed or infected fish. They are usually secondary pathogens resulting from
bacterial infections, parasitic infestations, immunosuppression and poor husbandry conditions.
However, there are also reports of oomycetes as primary pathogens (Woo et al., 2006). Stueland et al.
(2005) stated that Saprolegnia species are the primary cause of disease in Atlantic salmon (Salmo




Kaydu and Yardimei, 2024 Acta Aquat. Turc., 20(3): 256-266 258

salar L.) and revealed their morphological and physiological characteristics. On the other hand,
Yardimci and Turgay (2020) reported Saprolegnia sp. and Aeromonas sobria as coinfection in
rainbow trout fingerlings (Oncorhynchus mykiss).

The taxonomic classification of oomycetes involves three distinct subclasses, namely
Saprolegniomycetidae, Hypidiomycetidae, and Peronosporomycetidae. It is noteworthy that the
majority of fish-pathogenic oomycetes belong to the subclass Saprolegniomycetidae.This subclass
includes the orders Saprolegniales and Leptomitales (Roberts, 2012).

2.1.1. Saprolegniales and Saprolegniaceae

Saprolegnia, Achlya and Aphanomyces are the major genera in the family Saprolegniales. The
taxonomy of the members of this family is complex, but the relationships between them are becoming
clearer with the use of molecular methods. Saprolegniaceae are water moulds with numerous
branching mycelia that look like cotton wool tufts in water (Roberts, 2012).
2.1.1.1. Saprolegniasis

Saprolegniasis stands as the prevalent and economically significant fungal ailment. Alternatively
termed winter fungus or winter kill syndrome, this condition is instigated by organisms belonging to
the Saprolegnia genus within the Oomycete family. Saprolegnia is known to have about 14 genera and
126 to 146 species. The most common species are reported to be Saprolegnia parasitica and
Saprolegnia invaderis (Ozcan & Arserim, 2022).

Saprolegniasis occurs when water temperatures drop below 15°C, especially when the water
temperature drops rapidly due to cold air. The disease can be caused by immunosuppression due to
rapid temperature drop, high ammonia levels in the water and stress. Morbidity and mortality increase
with the amount of skin and gill tissue affected. In acute infections, fish usually die within a few days
or recover within a few weeks (Noga, 2010).

Clinically, the skin shows lesions consisting of grey-white foci caused by fungal spores and
cotton-like structures extending outwards from the body. Tissue necrosis occurs as the fungal mycelia
grow not only outside the skin but also into the subcutaneous and muscle layers. In some cases, the
starting point of infection is the digestive system. In these infections, the hyphae that develop in the
stomach grow outwards by penetrating the stomach wall, muscle layer and skin. In such cases, lesions
with mycelia are seen in the ventral region of the fish (Oge & Oge, 2020).

Histopathological examination of salmonids infected with Saprolegnia spp. during the initial
phases of infection shows degenerative changes in the epidermis and dermis. In more advanced cases,
deep myofibrillar and focal cellular necrosis, spongiosis, acute cellular swelling and eventual
sloughing of the epidermis may be observed. The pathogen may spread from the focus of infection,
destroying more of the epidermis, and hyphae may penetrate the basement membrane. Sometimes
growth may continue into the hypodermis and muscles, and hyphae may penetrate blood vessels,
causing thrombosis (Bruno et al., 2011).

Various techniques can be used to identify Saprolegnia species. General identification can be made
by microscopic examination of asexual sporangia and zoospore shedding. Species identification is
made by examination of sexual structures, oogonia, oospores and antheridia. As many isolates do not
form sexual structures in vitro and information on them is inadequate, identification to species level is
often difficult or impossible. This has led to the development of molecular identification methods that
provide new insights into oomycete classification (Lone & Manohar, 2018). The most frequently
employed technique for identification is the sequencing of the internal transcribed spacer (ITS) region.
This contains the highly conserved region 18S and 28S rDNA sequence. It is approximately 700 bp
long in Saprolegnia species and is considered very suitable for intraspecific analysis (Van Den Berg et
al., 2013).

In 2002, following the worldwide ban on the use of malachite green in animals for human
consumption due to its carcinogenic and toxic effects, research was conducted to find new treatment
methods. Currently, there are several alternative treatments used in fish farms to treat Saprolegnia in
eggs and fish (Barde et al., 2020). Gormez and Diler (2014) evaluated the chemical composition and
antifungal activity of three Lamiaceae species, black tyme (Thymbra spicata L.), oregano (Origanum
onites L.) and savory (Satureja tymbra L.) essential oils against Saprolegnia parasitica and showed
positive results. In another study, Metin et al. (2015) evaluated the chemical composition and
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antifungal properties (in vitro and in vivo) of thyme (Satureja cuneifolia) essential oils obtained from
the Mediterranean region of Tiirkiye against Saprolegnia parasitica strains isolated from rainbow trout
(Oncorhynchus mykiss) eggs for the first time and positive results were obtained. The best known
products for treatment purposes are bronopol, formalin, hydrogen peroxide and iodine-free salt (Barde
et al., 2020).

2.1.1.2. Achlya spp.

Within freshwater ecosystems, the genus Achlya, a regular constituent of the fungal population, is
situated within the Saprolegniaceae family. Incidences of Achlya species are frequently documented in
association with fish and fish eggs. Achlya infections usually occur as secondary infections due to
mechanical injury to fish or non-fungal infections (Kitancharoen et al., 1995).

Infected fish show clinical signs of fungal infection with deformed dorsal fins, darkening of colour,
skin erosion and formation of a yellowish-brown cottony mass on the skin of the caudal peduncle. In
some areas the scales are exfoliated and the muscles are exposed due to these lesions. These symptoms
indicate chronic infection (Peyghan et al., 2019). In infected fish, the disease is characterised by
surface swimming and stagnation (Khulbe et al., 1994).

Histopathological examination of the skin shows varying degrees of erosion and ulceration in the
dermis and hypodermis. Epidermal and dermal cells show vacuolar degeneration and focal necrosis,
focal aggregation of melanomacrophage cells in the dermis and hypodermis, and necrosis containing
fragments of fungal hyphae. Muscle fibrils exhibit distinct features, including vacuolation,
granulomatous inflammation, necrotic tissue, and the infiltration of inflammatory cells. Furthermore,
variable-length fungal hyphae are discernible within the muscle tissue (Chauhan et al., 2013).
2.1.1.3. Aphanomyces spp.

Aphanomyces invadans, the only truly clonal species of Aphanomyces, is the causative agent
responsible for the most significant fish outbreaks of modern times. It receives reinforcement from
secondary pathogens, which encompass other oomycetes, fungi, bacteria, and parasites (Roberts,
2012). Epizootic ulcerative syndrome (EUS) is a disease that affects both wild and farmed fish in
freshwater and estuarine environments (Oidtmann, 2012). Its initial description dates back to the year
1971 in Japan (Egusa & Masuda, 1971). In various geographical regions, EUS is recognized under
different aliases. For instance, it goes by the name red spot disease (RSD) in Australia (Callinan et al.,
1989), mycotic granulomatosis (MG) in Japan (Hatai et al., 1977), and ulcerative mycosis (UM) in the
USA (Noga & Dykstra, 1986).

Aphanomyces invadans infections in fish begin with the attachment of motile zoospores to the skin
surface. These organisms produce germ tubes that invade the damaged skin, with their hyphae delving
deeply into the subcutaneous tissue, causing extensive ulceration and tissue damage (OIE & OIE,
2009).

In the early stages, lesions typically present as haemorrhagic bullae accompanied by small
ulcerated areas along the lateral surface. Fish with mild infections show mild inflammation with
petechial haemorrhages on the body, mouth, anal fin and exophthalmos in the eyes. In severe cases,
deep ulcers with enlarged haemorrhagic areas, widespread inflammation and myotome necrosis may
be seen. These ulcers initially appear as whitish patches with central reddish areas on the fish's skin,
eventually turning into completely red areas. As the disease progresses, the severity of the
exophthalmos increases, the body disintegrates and in some cases the head skin necroses (Iberahim et
al.,, 2018). The precise reason for mortality remains elusive, although infection results in a
considerable decline in blood hemoglobin and serum protein levels. In the presence of open lesions,
opportunistic bacterial infections swiftly emerge and frequently serve as the ultimate factor
contributing to fatality (Arshad & Arockiaraj, 2020).

From a histopathological perspective, A. invadans infection is distinguished by severe necrosis of
the muscle tissue surrounding the invasive hyphae, eventually progressing into well-defined
granulomas. Smaller non-invasive hyphae are often observed on the surface of the infection site.
Hyphae in the process of migration are evident within the fascial layers and myofibrils, accompanied
by myconecrosis. In instances of severe lesions, a significant influx of inflammatory cells is noted,
leading to gill lamellae oedema and hyperplasia (Iberahim et al., 2018).
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The use of wet mount, smear, electron microscopy or cytopathology is not sufficient to diagnose of
A. invadans infection. Diagnosing A. invadans can be accomplished through histopathological
examination, oomycete isolation, or the utilization of polymerase chain reaction (PCR). Determination
of the growth rate, pathogenicity and sporangia morphology of the agent isolated from infected tissue
is a more appropriate and more accurate method for species identification of A. invadans. The
disadvantage of isolation is that it is time consuming and not always successful (Arshad & Arockiaraj,
2020).

EUS infection is transmitted horizontally between susceptible fish at an alarming rate. Following
an outbreak in a river or canal, the pathogen is transported by EUS-infected fish to various locations
downstream as the water courses along its path. At present, no efficient treatment method exists, but
there are preventive measures that can be implemented to manage the dissemination of EUS. Of these,
the most important precaution is to prevent infected river water from coming into contact with
aquaculture farms. Adhering to quarantine procedures and health certificate requirements when
transporting live fish across international borders is the primary approach for managing EUS (Lilley et
al., 1998).

Within the genus Aphanomyces, there is also Aphanomyces astaci, which causes "crayfish plague",
a disease characterised by mortality and growth retardation in Eurasian freshwater crayfish (Martin-
Torrijos et al., 2023). In addition to freshwater crayfish, the Chinese mitten crab (Eriocheir sinensis),
which also lives in freshwater, is a vector of crayfish plague and plays a role in the spread of the
disease (Schrimpf et al., 2014).
2.1.1.4. Branchiomyces spp.

It is commonly accepted that there exist two species of Branchiomyces, both recognized solely as
fungal agents affecting fish gill tissue. Among these two species, Branchiomyces sanguinis
specifically inhabits the gill blood vessels, while Branchiomyces demigrans traverses the gill tissues to
reach the surface (Roberts, 2012). B. sanguinis and B. demigrans species can be distinguished by
differences in hyphae and spore diameter and their location in fish gills (Goodwin, 2012).

Branchiomycosis is found in carp, koi, eels, perch and many freshwater fish species and has a high
mortality rate. It is an acute infection that can cause respiratory distress in fish. In aquaculture ponds,
water temperature, organic matter content and high ammonia levels are the main critical factors
affecting the course of the disease (Ozcan & Arserim. 2022).

Branchiomycosis pathogens are transmitted horizontally between fish. Fungal spores in the water
adhere to gill tissue, germinate and produce hyphae that penetrate the gill epithelium and blood vessels
(Smith, 2019).

Tissues affected by branchiomycosis lose their bright red color due to circulation disorder. Necrotic
tissue sloughs off, often leaving large areas where the gill arches are exposed. Infected fish are often
immobile, show signs of anorexia, lose their balance and die (Meyer & Robinson, 1973).

Histologically, in fish afflicted with branchiomycosis, there is an observable hyperplasia of the
lamellar epithelium, leading to the subsequent fusion of the gill lamellae. Vascular necrosis and, as a
result, extensive tissue necrosis areas are seen as the fungal hyphae create thrombosis within the
vessels. B. demigrans exhibits extensive proliferation beyond the vessel wall, forming a cluster of
hyphae that infiltrate the necrotic tissue, while B. sanguinis does not display robust proliferation
outside the blood vessels. Within 2 days of disease onset, up to 50% of the population may be infected
with Branchiomyces organisms (Roberts, 2012).

Branchiomycosis can be diagnosed by wet mount or histopathological examination of infected
tissue. Hyphae primarily infect the proximal gill lamellae, but if the crown of the gill is also affected,
it can be examined for diagnostic purposes. Characteristic hyphae causing deep gill infection appear as
diagnostic lesions (Noga, 2010).

There is no known treatment, but it is recommended to reduce the concentration of organic matter
in the water and to reduce the water temperature below 20°C (Noga, 2010). Effective management is
intricately associated with the quality of the water. Draining of ponds/drying of earthen ponds and
liming of the pond are also recommended as control measures (Yanong, 2003).
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2.2. Chytridiomycetes
2.2.1. Chytridiales
2.2.1.1. Dermocystidium

The taxonomic position of Dermocystidium is uncertain. It is a genus of unicellular parasites of fish
and amphibians. These organisms have been classified as protozoa or lower fungi by various
researchers. Dermocystidium spp. are usually found in fish, especially juveniles, and rarely in
amphibians. They cause infections that result in fish mortality (Zhang & Wang, 2005).

The main Dermocystidium species are Dermocystidium koi and Dermocystidium cyprini in carp,
Dermocystidium macrophagi in rainbow trout, Dermocystidium percae in sea bass, Dermocystidium
salmonis in various salmonid species (Steckert et al., 2019).

Infected salmonids are easily identified by their ascites and abnormal behaviour. These fish are
immobilised on the tank bottom or swim with difficulty (McVicar & Wootten, 1980). Systemic
infections in salmonids, goldfish and tilapia show dense granuloma formation (Eli et al., 2011).

Histological examination reveals macrophage infiltration, fibrosis, diffuse cell necrosis, and a
prominent fungal cyst formation (Bruno, 2001). In the gills, changes such as epithelial hyperplasia and
fusion of the secondary lamellae are seen (Steckert et al., 2019).

2.3. Zygomycetes
2.3.1. Entomophthorales
2.3.1.1. Ichthyophonus hoferi

The initial isolation of Ichthyophonus sp. occurred in Germany, where it was obtained from brown
trout (Salmo trutta L., 1758) and brook trout (Salvelinus fontinalis Mitchill, 1815) by Hofer in 1893.
Plehn and Mulsow (1911) identified the pathogen as a fungus and named it Ichthyophonus hoferi.
Ichthyophonus hoferi is an obligate pathogen with a wide host spectrum including marine and
freshwater fish worldwide (Franco-Sierra et al., 1997; LaDouceur et al., 2020). I hoferi is an
intercellular parasite and can be cultured in vitro (Spanggaard et al., 1996). I. hoferi infections occur in
cold waters (3-20 °C) (Ganguly et al., 2016).

It is thought that the main route of transmission to carnivorous fish is the ingestion of infected fish.
The mode of transmission to wild herbivorous fish is unclear. Experimentally, intraperitoneal injection
of isolated fungal pathogens or feeding of feed contaminated with the pathogen resulted in the highest
infection rates. There is no evidence for vertical transmission. The use of infected marine fish in the
diet of farmed aquaculture fish is a source of infection (Smith, 2019).

Infected fish show stagnation, pale colour, irregular scales and extensive loss of scales on the body
surface, erosions of the tail and pectoral fins. In necropsy, grayish white granular formations are
observed in the internal organs, especially the heart and kidney (Oztiirk et al., 2010).

In diagnosis, culture is considered the most sensitive detection technique, especially for low-
intensity infections. PCR and qPCR, histology and imprint preparation are used alone or in
combination with culture (Smith, 2019).

There is no known treatment. Contaminated feed should be avoided and pasteurised feed should be
used. Ichthyophonus can render fillets unmarketable due to foul odour and poor muscle development.
Infected fillets should be culled as infected fillets can contaminate normal fillets by contact (Noga,
2010).
2.3.1.2. Basidiobolus

The classification of Basidiobolus as a fish pathogen remains ambiguous. Basidiobolus ranarum,
which also occurs in fish, is a fungal species regularly isolated from frog faeces. Another species,
Basidiobolus meristophorus, has been associated with juvenile carp and their eggs (Roberts, 2012).
2.4. Deuteromycotina (Fungi imperfecti)

Fungi imperfecti are a group of fungal species characterised by the absence of a sexual
(teleomorphic) stage. Many fish infections caused by these species have been described. Generally
recognised as opportunistic pathogens, these infections are chronic, progressive and fatal when they
occur. In cases of extensive infections within aquaculture, the resulting economic losses have the
potential to be disastrous. A formal taxonomic system for categorizing the pathogens or infections
within this unique grouping does not currently exist (Roberts, 2012).
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2.4.1. Aspergillomycosis

Numerous members of the Moniliacea exhibit pathogenic characteristics, and due to the challenges
associated with identifying sexual stages in many of them, this group is commonly taxonomically
classified within the Deuteromycotina (Fungi imperfecti). The name "Aspergillus" originates from the
distinctive appearance of its aspergillum, akin to holy water brushes, and its spore heads a feature
recognized by the priest Micheli (1729), who bestowed this name. Aspergillus species are widely
distributed and primarily participate in saprophytic decomposition processes. The formation of
aflatoxins, as by-products from Aspergillus's breakdown of fish feed, is responsible for aflatoxicosis in
fish (Roberts, 2012).

Clinical findings in infected fish are abdominal bloating, darkening in color and lethargy. Necropsy
of infected fish shows abundant fluid in the abdominal cavity and severe focal necrosis of the liver.
Mortality varies at different growth stages and can be at least 20% of the population (Roberts, 2012).
2.4.2. Systemic Mycosis of Channel Catfish

In 1969, Fijan reported a condition marked by the presence of ulcers ranging from 2 to 15 mm in
diameter, with depths reaching 5 mm on the skin. This ailment exhibited both hematogenous and
localized spread in channel catfish, leading to adhesions within internal organs and peritonitis. Within
the nodules, tubular, branched, septate hyphae that tested positive for PAS staining were identified,
leading to the conclusion that the causative agent belonged to the Dematiaceae family. Intraperitoneal
injection of fungal agents caused infection in channel catfish, white catfish and bluegill. The method
facilitated the isolation and subsequent re-identification of the causative agent.

2.4.3. Cerebral Mycetoma

In 1967, Carmichael reported an epizootic disease termed cerebral mycetoma in cutthroat trout,
induced by a Phialophora-like fungus. This pathogen was subsequently named Exophiala salmonis,
and the associated lesions were characterized as chronic, non-suppurative granulomas containing
numerous giant cells in the brain and cranial area. Meanwhile, in 1987, Langdon and McDonald
documented an Exophiala pisciphila infection in Atlantic salmon, which led to substantial mortality.
This infection involved hyphal invasion of the head, lateral region, and semicircular canals, resulting
in diffuse granulomatous inflammation accompanied by cartilaginous necrosis.

2.4.4. Systemic Phialophora Infection

In their research on Phialophora infection in Atlantic salmon, Ellis et al. (1983) provided an
exceptionally detailed account of systemic infection. This type of infection predominantly occurs
during low water temperatures, notably in January. Affected fish show an accumulation of bloody,
purulent fluid in the abdominal cavity, a distended kidney and, characteristically, a deflated swim
bladder with petechial haemorrhages at the base of the fins and on the surface of the abdomen. A
distinctive feature includes a collapsed swim bladder adorned with petechial hemorrhages at the fin
bases and on the abdominal surface. Whitish masses, comprising densely clustered mycelium, were
noted on the internal organs' surfaces, and hyphae were observed within the lumen of the collapsed
swim bladder.

2.4.5. Scolecobasidium humicola Infection

For experimental purposes, Ross and Yasutake (1973) induced a systemic infection in coho
salmon. Typically, the afflicted fish display abdominal distension accompanied by skin lesions.
Common observations include ascites, adhesions, and gray areas within internal organs, particularly
the kidneys. In natural outbreaks, the morbidity rate is relatively low. Colonies cultivated on
Sabouraud dextrose agar exhibit an olive coloration and possess a powdery surface texture.

In 1946, Doty and Slater documented a Heterosporium species that posed a threat to Chinook
salmon. While this genus is no longer considered taxonomically distinct, Ross and Yasutake (1973)
proposed its resemblance to Scolecobasidium and suggested that it might be another species within
this genus.

2.4.6. Sphaeropsidales Infection

Ross et al. (1975) isolated Phoma herbarum, typically known as a common plant saprophyte, from
three distinct diseased salmonid species in the states of Washington and Oregon. Earlier, Wood (1968)
reported this infection in Chinook salmon in a brief study.
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Phoma herbarum rarely contaminates fish feed and may cause granulomatous disease, particularly
in the kidney. The morbidity rate in salmonid outbreaks rarely exceeds 5% and the disease usually
affects juveniles (Roberts, 2012).

3. CONCLUSION

The increase in fish farming as a source of animal protein in recent years has led to an increase in
fungal infections. Fungal diseases are the diseases that cause the most economic losses after bacterial
diseases due to the lesions and deaths they cause in fish farming. Therefore, controlling fungal
diseases is important for the growth of fish farming. Fungal diseases usually appear as secondary
infections and therefore it is important to eliminate the primary causes (stress, stocking density, water
quality problems, infectious agents, etc.) by disinfection, avoidance of contaminated feeds, quarantine
and compliance with health certificate guidelines. With the ban on the use of malachite green, various
treatment methods have been tried and successful results have been obtained and research is still
ongoing. It is concluded that alternative methods for diagnosis, treatment and control should continue
to be investigated in order to control fungal diseases.
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Ozet: Bu derlemede Goller Bolgesinde sucul makrofitler iizerinde yapilmis olan
yaymlar gozden gegirilerek tiir cesitliligi, makrofit tiirlerinin kullanim amaglari,
makrofitlerden kaynaklanan sorunlarm ele almmasi amaglanmistir. Tirkiye nin
giiney-batisinda yer alan Goller Bolgesi, gollerin sayisi, morfolojisi ve ekosistem
cesitliligi agisindan dikkat ¢ekmektedir. Bolge sucul bitkilerin yayilisi, ¢esitliligi,
ekolojik iligkileri, kullanim ve bitkilerin yasadigi 6te yandan yol agtigi sorunlar
acisindan bir “sicak nokta” konumundadir. Sucul bitkiler, su kalitesini iyilestirme,
bulaniklig1 azaltma, oksijen saglama, golgeleme, taban ve kiy1 stabilizasyonu,
otrofikasyon ve kirlenmeyi azaltma, balik komiinitelerini koruma ve giiclendirme gibi
ekosistem hizmetlerini yerine getirirken seliiloz, gida, ilag, mobilya malzemesi,
ekoturizm, peyzaj elemant olarak ekonomik ve sosyal fayda saglarlar. Bolge ve yakin
gevresi yiizey sularinda 43 familyaya ait 144 sucul bitki tiirii belirlenmistir. Sucul
bitkiler tizerindeki baglica tehditler 6nemli mevsimsel su seviyesi degisimleri ve
kaynaklarin tamamen kurumasidir. Bazi kaynaklardaki asir1 makrofit gelisimi, istilaci
tiirlerin yayilmasi, bitkilerin sulama sistemlerindeki olusturdugu hasarlar 6ne ¢ikan
sorunlardandir. Bolgedeki sucul makrofitler ile ilgili arastirmalarin artirilmasi;
gollerin ekolojik durumunu izlemek i¢in makrofit indekslerinin kullanilmasi
onerilmektedir. Ayrica makrofitlerin, insan besini, yem ve giibre materyali, peyzaj-
akvaryum bitkisi, ilag-kozmetik bitkisi, su aritim kullanimi g¢alismalarma yer
verilmelidir.
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Abstract: In this review, it is aimed to review the publications on aquatic
macrophytes in the Lakes Region and to address the species diversity, purposes for

the use of macrophyte species and the problems due to the evaluated macrophytes.
The Lakes Region located in the southwest of Turkey stands out in terms of the
number of lakes, their morphology, and ecosystem diversity. The region is considered
a "hotspot" in terms of the distribution, diversity, ecological relationships, and both
the benefits and problems caused by aquatic plants. While aquatic plants provide
ecosystem services such as improving water quality, reducing turbidity, providing
oxygen, shading, stabilizing the bottom and shores, reducing eutrophication and
pollution, and protecting and strengthening fish communities, they also bring
economic and social benefits as sources of cellulose, food, medicine, furniture
material, ecotourism, and landscape elements. In the region and its vicinity, 144
aquatic plant species belonging to 43 families have been identified in surface waters.
The main threats to aquatic plants include significant seasonal fluctuations in water
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levels and the complete drying up of water sources. Excessive macrophyte growth in
some sources, the spread of invasive species, and the damage caused by plants to
irrigation systems are among the emerging issues. It is recommended to increase
research on aquatic macrophytes in the region and to use macrophyte indices to
monitor the ecological status of lakes. Furthermore, studies on the use of macrophytes
in human nutrition, feed and fertilizer material, landscape-aquarium plants, medicine-
cosmetic plants, and water purification should be included.

1.GIRIS

Makrofit olarak da adlandirilan, ¢iplak gozle goriilebilen, yasam dongiilerinin bir béliimiini veya
tamamini su icerisinde gegiren fotosentetik organizmalara “su bitkileri” ismi verilmektedir (Bronmark
& Hansson, 2017; Lesiv vd., 2020). Ekolojik olarak submers, emers, koklil yiizen yaprakli ve serbest
ylizen makrofitler olarak dort kategoriye ayrilir ve sucul ekosistemlerde hayati rol oynarlar. Fotosentez
stirecinde sudaki karbondioksiti kullanarak su hayvanlari ve bakteriler i¢in gerekli olan oksijeni
tiretirler. Sucul bitkiler, organizmalar igin barmmma, epifitik algler i¢in tutunma substrati (mikro
habitat), omurgali ve omurgasizlar i¢in saklanma-korunma imk&ni saglarlar. Akarsu kiyilar1 ve
banklarinin, gol kiyilar1 ve taban sedimentlerinin stabilizasyonunda 6nemli katkilar1 vardir (Lesiv vd.,
2020; Malaiya, 2015). Etkili kok sistemlerine sahip makrofitler (Eichhornia crassipes (Mart.) Solms
ve Hydrilla verticillata L. vb.) besin maddelerini emerek su kalitesini iyilestirir, trofikasyonu kontrol
ederek (O’Hare vd., 2018; Paul, 2022) ekolojik dengenin korunmasinda 6nemli rol oynarlar
(Bhagyaleena & Gopalan, 2012). Onemli bir biyogesitlilik bileseni olan makrofitlerin (Tasleem, 2016)
organik karbon Ttretimi, fosfor mobilizasyonu ve diger besin elementlerinin transferi yoluyla
biyokimyasal dongiilerde onemli rolleri vardir (Jeppesen vd., 2009). Sucul bitkiler ekosistemdeki
ekolojik gorevleri, ekosistem hizmetleri yaninda énemli birer insan ve hayvan gidasi, bitkisel ilag
hammaddesi, ingaat malzemesi mobilya, ev esyasi, selilloz hammaddesi kaynagidir, akvaryum
sektoriiniin vazgecilmez canli materyal olarak dneme sahiptirler (Oyedeji & Abowei, 2012; Tasleem,
2016).

Gollerde kiyidan derin sulara dogru farkli makrofit formlar1 gelisir ve bu formlarm baskin oldugu,
yogunlastiklart bolgeleri (zon) olusturur. Ekolojik olarak siiksesyon da denilen bu zonasyon c¢ogu
golde kolaylikla goriilebilir, genellikle riparyan (akarsu boyu) bolge ve kiyida emers makrofitlerle
baglar, bunu yiizen yaprakli ve submers makrofitler takip eder (Bronmark & Hansson, 2017).

Makrofitler, ¢ogunun yerlerinin sabit olmasi, ¢iplak gozle goriilebilmeleri, goreceli olarak kolay
temin edilmeleri nedeniyle su kiitlelerinin trofi seviyelerinin belirlenmesinde (Bronmark & Hansson,
2017), sucul ekosistemlerdeki degisiklikleri izlemede gosterge canlilar olarak kullanilmaktadir
(Othman vd., 2014; Brabec & Szoszkiewicz, 2006; Sendergaard vd., 2010). Bu kapsamda yiizey
sularinin ekolojik durumlar1 ve su kalitelerinin belirlenmesinde uygulanan bir¢ok “makrofit indeksi”
bulunur. indekslerin hesaplanmasi tiir kompozisyonu ve bulunus yogunluklarina/bolluklarina gore
yapilmaktadir (Coskun & Demir, 2019).

Makrofitlerin fonksiyonlarmi, bolluk, dagilim ve yayilislarini; su kalite parametreleri, ortamdaki
diger canlilar ile rekabetleri, mevsimsel degisiklikler ve su kullanim sekilleri onemli derecede
etkilemektedir (Balci, 2012). Suda otrofikasyon siirecinde artan besin seviyeleri, su kalitesindeki
degisiklikler, su seviyesi ve fotik zon derinligi degisimi bir¢ok gélde sucul bitki ortiistiniin bollugu ve
tiir kompozisyonu iizerinde olumsuz etkiler gosterebilir. Su seviyesindeki mevsimsel dogal degisimler,
g0l cevresindeki sagak bitki oOrtiisiiniin genislemesini tesvik edebilecegi gibi, sucul bitkilerinin
cesitliligi lizerinde de olumsuz etkiler yaparak, makrofit gelisimi i¢in 11k rejimini degistirerek tiim gol
sistemini etkileyebilir. Sucul alanlardan sulama amagli asir1 su ¢ekimi de gostergelerde mevsimsel
degisiklige neden olabilir (Ozbay, 2016).

Sucul bitkilerin baz1 dezavantajlar1 da vardir. Asirt ¢cogaldiklarinda, su kiitlesi ve yiizeyini kapatir,
Olip curiidiiklerinde de suda organik madde artisina yol agar, parcalanirken oksijen tiiketirler,
¢cOzlinmiis oksijenin diigmesine neden olurlar. Su yiizeyini kaplayarak 151 su hacmine gecisini ve
yayiligini azaltir, alg fotosentezini sinirlayabilirler. I¢ sularda asir1 ¢ogalan su bitkileri sulama
kanallarinda, toprak balik havuzlarinda, igme suyu kaynak, depo ve iletim sistemlerinde, gol, akarsu
ve goletlerde sorunlar olustururlar. Asiri makrofit artiglari balik yetistiriciligi ve avciligi, rekreasyonel
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acidan da problem olusturabilir, su kiitlelerinin kullanimlarini sinirlandirabilir veya bozabilir. Tampon
kapasiteleri diisiik sularda, sucul bitkilerin asir1 gelisimi, énemli pH dalgalanmalarina (yiikselme) yol
acar, bu da sucul organizmalari1 olumsuz etkiler (Coskun & Demir, 2019).

Gliney-bat1 Anadolu’da yer alan Goller Bolgesi’nde ¢ogu tektonik ve bir kismi karstik kokenli, irili
ufakli birgok dogal gol bulunur. Bu goller platolar iizerinde, Toros Daglari'nin ¢okiintiileri iginde
yayilmistir. Afyon, Denizli, Isparta, Burdur, Antalya ve Konya illeri idari sinirlar1 i¢inde kalan gdller
bolgesi yaklasik 40.000 km™lik bir alani kaplar. Tiirkiyenin en biiyiik tatl su golleri Beysehir ve
Egirdir ile tuzlu sodali Burdur Golii ve Acigél, derin ve ilging jeokimyasal yapt gosteren Salda Golii
bolgede yer alir. Bolgenin diger dnemli golleri; Aksehir, Eber, Kovada, Ilgin ve Sugla'dir. Bolgede
ayrica bircok kiigiik gol, baraj golii, golet ve sulak alan bulunmaktadir (Kuzucuoglu vd., 2019).

Diinyada ve Tiirkiye’de sucul makrofitler iizerinde ¢alismalar yapilmaktadir. Diinyada son yillarda
yapilan caligmalardan bazilar1 sunlardir; yapay sulak alanlarda makrofitlerin mikro ve nanoplastik
tutma O6zelliklerinin incelenmesi (Huang vd., 2023), Kamerun daglik bdlgesindeki akarsularin makrofit
dagilimi ve aritim kapasitelerinin incelenmesi (Awo vd., 2023), igsulardaki makrofitlerin bilgi ve
yonetiminin incelenmesi (Troia, 2023), iki tropikal rezervuarda submers ve ylizen yaprakl
makrofitlerin fitoplankton taksonomileri ve fonksiyonlar: iizerinde etkilerinin incelenmesi (Diniz vd.,
2022), Hindistan Karnataka, Chitradurga Bolgesi ve Holalkere gollerindeki sucul makrofit
cesitliliginin incelenmesidir (Mallappa & Takrya, 2022).

Genelde Tiirkiye (Akkoz vd., 2000; Aksoy vd., 2023; Altinayar & Onursal, 1982; Altinayar, 1988;
Giines Ozkan vd., 2022; ikinci, 2023; Korkmaz & Mumcu, 2013; Segmen & Leblebici, 2008; DSI,
2009; Balci, 2012; Ozbay, 2016; Coskun & Demir, 2019; Ersoy, 2019; Yildiz vd., 2020; Tas &
Topaldemir, 2021; Topaldemir & Tas, 2022) 6zelde Goller Bolgesi sucul makrofitleri tizerinde yapilan
caligmalar smirli kalmistir. Goller Bolgesi ve yakin cevresinde sucul bitkilerle ilgili yapilan
caligmalarin bazilar1 sunlardir; Beysehir Golii’ndeki makrofit vejetasyonun incelenmesi (Kii¢iikddiik
& Ketenoglu, 1996), Egirdir Go6lii makrofit vejetasyonu {iizerinde fitososyolojik ve ekolojik bir
arastirma (Kesici, 1997), Afyon Capali Goliiniin makrofitleri iizerine bir aragtirma (Turna & Bilgin,
2004), Egirdir Golii yaygin submers makrofit tiirleri lizerine bir arastirma (Turna & Yildirim, 2007),
Goller Bolgesini de kapsayan Tiirkiye sulak alan bitkileri ve bitki ortiisiiniin arastirilmasi (Se¢men &
Leblebici, 2008), Egirdir Goli’'nde Elodea canadensis michaux’un ilk bildirimi ve istilasi iizerine
arastirma (Kesici vd., 2009), Egirdir G6liiniin su altt makrofit tiirleri gorselleri {izerine bir arastirma
(Turna vd., 2010), Elodea canadensis’in Kovada Golii’nden ilk bildirimi (Kesici vd., 2012). Akargay
Deresi’ndeki makrofitler ve epilitik diyatomlar ile su kalitesi arasindaki iligkilerin incelenmesi
(Kargioglu vd., 2012), Isikli Baraj Golii’'ndeki (Denizli) su seviyesi dalgalanmalan ile baz1 fiziksel ve
kimyasal degiskenlerin makrofitler {izerinde etkilerinin incelenmesi (Kog, 2013), Isikli Baraj Golii’nde
Chara hispida tiriinin yeni kayit olarak verilmesi (Barinova vd., 2014), Karamik Golii kiy
ekosistemindeki sucul makrofitler ve toprak yapisi 6zelliklerinin incelenmesi, (Serteser & Acar, 2014),
Egirdir Goli'nde makrofit gelisimlerinin incelenmesi (Bolat vd., 2015), Isikli Baraj Goli’niin
sirduriilebilirligi projesiyle makrofitlerin incelenmesi (Giillii vd., 2015), Kovada Goli’ndeki
Phragmites australis L. bitkisindeki metal birikiminin mevsimsel degisimin incelenmesi (Sancer &
Tekin, 2016), Egirdir Goli'nde makrofit kompozisyonun arastirilmasi (Gille vd., 2022), Egirdir
Golii’ndeki baz1 makrofit tiirlerinin agir metal diizeylerinin belirlenmesidir (Ozan vd., 2022).

Bu calismada Tirkiye’nin goller bakimindan dikkat ¢ekici bir cografi alani ve sucul bitki
zenginligine sahip “sicak noktasi” olan Goller Bolgesi yiizey sularindaki sucul bitkilerin habitatlari,
yayilisi, biyogesitliligi, kullanimlari, karsilastig1 tehditler ve bu tehditlerin yol agtig1 sorunlar yapilan
caligmalar ve sahada yapilan gézlemlerimiz 1g181nda ele alinmaktadir.

1.1. Goller Bolgesi Yiizey Sulari

Goller Bolgesi daha ¢ok cografi bir tanimlama olup, Tiirkiye nin énemli tatlisu géllerini, birgok
kiigiik golii, golet, baraj goli, sulak alan ve akarsuyu barindirmaktadir (Sekil 1). Goller Bolgesi ve
yakin ¢evresindeki ylizey su kaynaklari ile bazi 6zellikleri Tablo 1°de 6zetlenmistir. Bolge hidrolojik
olarak Burdur kapali, Orta Akdeniz (Antalya), Akargay kapali ve Konya kapali havzalarinin yiizey
sularmin ¢ogunu temsil eder. Biiylik Menderes (Karakuyu Sazligi, Biiylik Menderes Nehri, Kufi Cayi,
Isikli Baraj Goli (BG), vd.), Bati Akdeniz (Dalaman Cayi, Golhisar Golii), Sakarya (Ilgin Golii)
havzalarindan bazi kaynaklar da bolge icinde degerlendirilebilir. Bolgedeki gollerin g¢ogunlugu
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kapalidir, yiizey alanlar1 degisebilmekte hatta bazi durumlarda tamamen kuruyabilmektedir. Bolgedeki
Acigol, Burdur ve Yarigh gollerinde su tuzlu, sodali pH yiiksek oldugundan makrofite rastlanmaz,
makrofitler bu golleri besleyen akarsularin géle dokiilmeden dnceki kesimlerinde goriilmektedir (Sekil
1, Tablo 1).

[ Existing lakes ~~ Moraines . Black Sea
£ Former lakes (last maximum) <—— Surface flows & e -
Land over 1500m <« -~ Subsurface flows " e ‘
O Pollen core sites —= Overflow channels L S ANKARA
© Didens — — Sub-catchment boundaries -
= = = S TURKEY

Mediterranean Sea km 40

Sekil 1. Goller Bolgesi ylizey su kaynaklari (Kuzucuoglu vd. 2019).
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Tablo 1. Goller Bolgesi ve yakin ¢evresi yiizey su kaynaklari (Kuzucuoglu vd., 2019’a ilavelerle).

Yiizey Su Kaynagi Olusum Sekli Rakim (m) Alany/Uzunlugu (km*/km) idari Siir
Dogal Goller

Acigdl Goli Tektonik 837 33 Afyon/Denizli
Aksehir Goli Tektonik 955 95 Konya
Beysehir Goli Tektonik 1126 651 Konya-Isparta
Burdur Golii Tektonik 845 146 Burdur-Isparta
Eber Goli Tektonik 965 16 Afyonkarahisar
Egirdir Goli Tektonik/Karstik 918 450 Isparta
Ilgin/Cavuscu G. Tektonik 1022 7 Konya
Salda Golii Tektonik/Karstik 1140 45 Burdur
Sugla Goli Tektonik/Karstik 1092 44 Konya
Akgol/Corak G. Tektonik 986 9 Burdur
Golciik Goli Volkanik 1380 0.9 Isparta
Golhisar Goli Karstik 946 3.7 Burdur
Karamik Golii Tektonik/Karstik 1002 40 Afyonkarahisar
Kovada Golit Tektonik 915 8-10 Isparta
Yarigh Golii Tektonik 909 11.5 Burdur
Yazir Goli Karstik 1488 2.7 Burdur
Karatas Goli Tektonik 1053 6 Burdur
Karakuyu/Eldere Tektonik 1006 0.72-16,5 Afyonkarahisar
Baraj Golleri/Goletler

Isikli B. G. Baraj 816 45 Denizli
Karacadren 1 Baraj 381 45 Burdur-Isparta
Karacadren 2 Baraj 264 23 Burdur
Siiciilli B. G. Baraj 1173 1 Isparta
Gonen Goleti Baraj 1079 0.04 Isparta
Keciborlu Goleti Baraj 1062 0.12 Isparta
Karagal B.G. Baraj 930 54 Burdur
Sorgun B.G. Baraj 1386 1.22 Isparta
Kasimlar B. G. Baraj 1018 1.53 Isparta
Uluborlu B. G. Bargj 1143 1.25 Isparta
Selevir B. G. Baraj 1087 5.04 Afyonkarahisar
Onag¢ B. G. Baraj 825 3.56 Burdur
Dedegam B.G. Baraj 1286 0.08 Isparta
Ozbayat B.G. Baraj 1196 0.07 Isparta
Kozlugay B.G. Baraj 1328 0.12 Isparta
Yaprakl B.G. Baraj 1067 6.5 Burdur
Kozagaci1 B.G. Baraj 1545 0.16 Burdur
Kizilsu B.G. Baraj 790 0.17 Burdur
Karamanli B.G. Bargj 1190 1.70 Burdur
Cavdir B.G. Baraj 1123 1.94 Burdur
Kestel B.G. Baraj 1111 0.05 Afyonkarahisar
Orenler B.G. Baraj 1172 3.35 Afyonkarahisar
Seyitler B.G. Bargj 1045 4.9 Afyonkarahisar
AKkarsular

Akarcay Nehri Akarsu 900 425 Afyonkarahisar
Bozgay/Eren Cay1 Akarsu 845 80 Burdur
Isparta Cay1 Akarsu 1200 20 Isparta
Onag Cay1 Akarsu 889 - Burdur
Cay Deresi Akarsu 1116 - Afyonkarahisar
Cay Dere Akarsu 977 - Isparta
Pupa Cay1 Akarsu 1277 45 Isparta
Yalvag(Avsar) cayl Akarsu 1110 60 Isparta
Hoyran Deresi Akarsu 1010 10 Isparta
Cukur Dere Akarsu 1193 20 Isparta
Eflatunpnari Akarsu 1149 7.13 Konya
Burdur Cayi Akarsu 1089 25 Burdur
Kiifi Cay1 Akarsu 1141 98 Afyon/Denizli
Aksu Cay1 Akarsu 1020 145 Isparta/Antalya
Kopriicay Akarsu 1200 200 Isparta /Antalya
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1.2. Goller Bolgesi Sucul Bitki Biyocesitliligi

Makrofitler, durgun sulara; goller, sulak alanlar, baraj golleri, goletler, havuzlar gibi habitatlara
adapte olmustur ve genelde topluluklar halinde bulunurlar. Bazilar1 ¢ok genis bir dagilim gosterirken
baz bitkiler ¢ok daha az toleransli olup 6zel habitatlari tercih ederler (Demir, 2020).

Cesitlilik, ister kiiltlirel, isterse ekolojik nitelikli olsun, bir sistemin dinamik bir 6zelligidir. Bu
dinamik 6zellik, icinde bulundugu sisteme direnc ve istikrar, tat ve lezzet, renk ve giizellik, giic ve
canlilik kazandirir. Biyogesitlilik de ¢evremizdeki ekolojik sistemlere benzer degerleri sunmaktadir.
“Biyogesitlilik”, ya da kisaca "biyogesitlilik", bir bolgedeki genlerin, tiirlerin, ekosistemlerin ve
ekolojik olaylarin olusturdugu bir biitiindiir (Boyaci, 2023). Birlesmis Milletler Biyogesitlilik
Sozlesmesinde “Biyocesitlilik” kara, deniz ve diger su ekosistemleri ile bu ekosistemlerin bir pargasi
oldugu ekolojik kompleksler de dahil olmak iizere, tiim kaynaklardan canli organizmalar arasindaki
farkliliklar seklinde tanimlanir (Anonim, 1992). Biyogesitlilik, ekosistem cesitliligi, tiir ¢esitliligi ve
genetik cesitlilikten olugsmaktadir (Polat, 2017).

Makrofitlerin tiir zenginligi ve bulunma siklig1 o goliin verimliligi hakkinda 6nemli bilgiler verir.
Ozellikle bir golde sucul bitkilerin azhigi veya coklugu o goliin kullanim amacim belirlemek
bakimindan ¢ok dnemli bir gosterge olabilirken, g6liin olusum ve gelisim siirecleri (paleolimnoloji)
hakkinda ¢ok onemli bilgiler verebilmektedir. Kimi zaman verimlilik gostergesi olabilen sucul
bitkilerin ekosistem dengesini bozacak diizeyde artmalar1 kirlilik ve g6l sisteminin yok olusunun
gostergesi olarak da degerlendirilebilmektedir (Bolat vd., 2015).

Goller bolgesi ve yakin cevresi yiizey su kaynaklarindaki tiir bazinda sucul bitki biyogesitliligi ile
ilgili caligmalara gore, bolgede 43 familyaya ait 144 sucul bitki tirii (Tablo 2) bildirilmistir.
Polygonum amphibium L., Butomus umbellatus L., Lotus cornicalatus L., Myriophyllum spicatum L.,
Potamogeton lucens L., Sparganium erectum L., Ceratophyllum demersum L., Eleocharis palustris L.,
Phragmites australis (Cav). Trin. ex Steud., Mentha aquatica L., Nasturtium officinale R.Br., ve
Typha angustifolia L., birgok su kaynaginda yaygin olarak bulunurlar (Sekil 2) ve ortamda baskin olan
sucul bitki tiirleridir (Kiiglikodiik & Ketenoglu, 1996; Kesici, 1997; Se¢men & Leblebici, 2008; Kesici
vd., 2009; Kog, 2013; Barinova vd., 2014; Giillii vd., 2015; Bolat vd., 2015; Giille vd., 2022).
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Sekil 2. Goller bolgesi ylizey su kaynaklarindaki yaygin goriilen sucul makrofitler.
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Tablo 2. Goller Bolgesi yiizey su kaynaklarindaki sucul bitki tiirleri.
Bilimsel Ad1 Tiirkce Ad1 Familya Bulunus yeri Sikhik
Sagittaria sagittifolia L. Su oku Alismataceae Egirdir, Beysehir G. +
Alisma plantago- aquatica L. Susinirotu Alismataceae Egirdir G. +
A. lanceolatum L. Mizrakotu Alismataceae Egirdir, Eber, Beysehir G. ++
Egirdir, Karamik, Eber, Aksehir,
A. gramineum Lej. Daryaprakli su sinirotu  Alismataceae Ilgin, Kovada, Beysehir, Sugla ++
G.
Baldellia ranunculoides L. Alismataceae Karamik, Beysehir G. +
Damasonium alisma Miller Yildizotu Alismataceae Beysehir G. +
Bidens tripartila L. Su papatyasi Asteraceae Aksehir, Beysehir 4+
Pulicaria dysenterica L. Asteraceae Aksehir,Isikli G. +
Cirsium creticum Lam. Girit devedikeni Asteraceae Aksehir G. +
C. pseudocreticum Davis & Parris Kanatli devedikeni Asteraceae Aksehir G. +
C. vestitum Wimmer & Grab Tarla devedikeni Asteraceae Aksehir, Kovada, Beysehir G. ++
Scorzonera parviflora Jacq. %ﬁiﬂi’;ﬁh Asteraceae Gokgol, Aksehir, Acigol +
Berula eracta Huds Semsiyeciceklisi Apiaceae Egirdir, Aksehir +
Apium nodiflorum L. Apiaceae Egirdir, Karamik, Acigol +
Bupleurum heldreichii Boiss Apiaceae Aciod] +
&Bal P &
B. euboeum Beauverd Apiaceae Acigol +
Apium graveolens L. Su kerevizi Apiaceae Acigol +
Oenanthe aquatica L. Su rezenesi Apiaceae Beysehir G. +
Acorus calamus L. Hazanbali Araceae Beysehir G. +
Barbarea verna Mill Kis teresi Barbarea Beysehir ++
Veronica aquatica L. Tavsanotu Boraginaceae Tiim Kaynaklar ++
V. anagallodies Guss Boraginaceae Tiim Kaynaklar ++
Gratiola officinalis L. Tibbi hiiddaverdiotu Boraginaceae Beysehir G. +
Lepidium latifolium L. Genis Yaprakli Tere Brassicaceae Egirdir, Ebg{l:ﬁfreglr’ Golhisar, ++
Rorippa amphibia L. Su teresi Brassicaceae Isikli, Egirdir, Beysehir G. ++
Hymenolobus procumbens L. Brassicaceae Aksehir +
Nasturtium officinale L. Su Teresi Brassicaceae Tiim kaynaklar +++
Rorippa austriaca Crantz Brassicaceae Ilgm G. ++
R. syivestre L. Brassicaceae Beysehir G. +
R. aurea Boiss &Heldr Brassicaceae Beysehir G. +
R. amphibia L. Golgakandura Brassicaceae Isikli, Egirdir, Beysehir G. ++
Butomus umbellatus L. Cicekli hasirsazi Butomaceae Tiim Kaynaklar +++
Spergularia media L. Su Karanfili Caryophyllaceae Eber, Aksehir G. +
S. marina L. Caryophyllaceae Acigol +
Ceratophyllum demersum L. Suboynuzotu Ceratophyllaceae Tiim kaynaklar +++
Isikl1, Egirdir, Beysehir, Aksehir,
Chara sp. L. Su samdani Characeae Eber G ++
Chenopodium glaucum L. Su kazayagi Chenopodiaceae Eber G. +
Calystegia sepium L. Citsarmasigi Convolvulaceae Eber, Aksehir G. ++
Convolvulus arvensis L. Tarla sarmasig1 Convolvulaceae Aksehir, Beysehir G. +
Eleocharis palustris L. Bataklik sivrisazi Cyperaceae Tiim kaynaklar +++
Schoenoplectus lacustris L. Gol hasirsazi Cyperaceae Tiim kaynaklar ++
Bolboschoenus maritumus L. Cyperaceae Tiim kaynaklar ++
Bolboschoenus cymosus Reichb Cyperaceae Egirdir G. ++
Scirpoides holoschoenus L Vurla Cyperaceae Egirdir, Acigdl, Corak, Burdur, ++
) Kovada, Beysehir G.
Schoenoplectus litoralis Schrader Sahil hasirsazi Cyperaceae Isikl1, Aksehir G. +++
Cyperus longus L. Kirkbogum Cyperaceae Golhisar, Beysehir G. +
C. glaber L. Cyperaceae Beysehir G. +
Elatine alsinastrum L. Su otu Elatinaceae Beysehir G. +
Elodea canadensis Mitchaux Bataklikseven Elodea Egirdir, Isikli, Beysehir G. ++
Euphorbia palustris L. Batakli siitlegeni Euphorbiaceae Gokgol, Egirdir, Beysehir G. +
Lotus cornicalatus L. Gazelboynuzotu Fabaceae Karamik, Aksehlr,.Amgol, Corak, ++
Beysehir G.
Galega officinalis L. Kegisakali Fabaceae Aksehir G. +
Sphaerophysa kotschyana Boiss Fabaceae Aksehir G, Acigol +
Alhagi pseudoalhagi Bieb Fabaceae Aksehir G. +
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Tetragonobolus maritimus L. Fabaceae Acigol +
Lotus angustissimus L. Daryaprakli gazelotu Fabaceae Beysehir G. ++
Frankenia hirtusa L. Frankeniaceae Aksehir, Ilgin, Burdur G. +
gﬁ;‘lg rium tenviflorum Hoffmans Su kantaronu Gentianaceae Egirdir G. +
C. pulchellum Swarrtz Kiigiik su kantaronu Gentianaceae Aksehir G. +
Agrostis stolonifera L. Siiriingen ayrik ¢imi Gramineae Isikli, Egirdir, Beysehir G. +
Phalaris arundinacea L. Yem konyast Gramineae Egirdir, Golciik, Beysehir G. +
Alopecurus arundinaceus Poiret Kamusst tilkikuyrugu Gramineae Isikli, Egirdir, Beysehir G. ++
Phragmites australis L. Kamis Gramineae Tiim kaynaklar +++
Polypogon monspeliensis L. Gramineae Karamik, Eber, Aksehir G. +
Catabrosa aquatica L. Pinarotu Gramineae Tsikls, KaramlkéAksehlr, Corak +
Aeluropus littoralis Gouan Gramineae Eber, Aksehir G. +
Alopecurus myosuroidesHudson Gramineae Aksehir, Golhisar G. +
Echinochloa crus-galli L. Gramineae Isikli, Aksehir G. ++
Puccinellia gigantea Grosh Gramineae Acigol +
Myriophyllum spicatum L. Basakli civansuper¢cemi  Haloragidaceae Tiim kaynaklar +++
M. verticillatum L. Halkali civansupercemi  Haloragidaceae Isikls, Gokeol, K.a ramik, Eber, ++

Beysehir G.
Hippuris vulgaris L. Adikisrakkuyrugu Hippuridaceae Isikli, Egirdir, Eber G. +
Hydrocharis morsus ranae L. Kurbaga zehir otu  Hydrocharitaceae Egirdir, Eber, Beysehir G. ++
Vallisneria spiralis L. Kurdelaotu Hydrocharitaceae Egirdir, Karamik G. +
Iris psedocorus L. Sarisiisen Iridaceae Tsikls, Gokeol, léksehlr, Beyschir +++
L orientalis Miller Dogu siiseni Iridaceae Aksehir G. ++
Juncus orientalis Snog Hasir otu Juncaceae Tiim kaynaklar +++
J. hybridus Brot Melez hasirotu Juncaceae Egirdir, Salda G. ++
J. sparganifolius Boiss &Kotschy Sigirsazi hasirotu Juncaceae Egirdir, Salda G. ++
J. articulatus L. Eklemli hasirotu Juncaceae Egirdir, Karamik, .Aksehlr, ligm, ++
Beysehir G.
J. libanoticus Thieb Juncaceae Aksehir G. +
J. inflexus L. Juncaceae Aksehir, Kovada G. +
J. compressus Jacq Juncaceae Ilgin, Kovada G. +
J. maritimus Lam. Denizhasirotu Juncaceae Acig6l, Burdur, Isikli G. ++
J. gerardi Loisel Juncaceae Acigol +
Lycopus europaeus L. Kurtayag1 Lamiaceae Egirdir, Aksehir G. +
L L Isikli, Gokgol, Egirdir, Ilgin,
Lemna minor L. Su Mercimegi Lemnaceae . ++
Beysehir G.
L. trisulca L. Zincirsi su mercimegi Lemnaceae Gokgol, Eber, Ilgin G. ++
L. turiunifera Landolt Lemnaceae Beysehir G. ++
Utricularia australis R.Br. Su migferi Lentibulariaceae Isikls, Gokgol, ‘Kararvnlk, Aksehir, ++
Beysehir, Sugla G.
U. vulgaris L. Adi migfer Lentibulariaceae Karamik, Eber G. ++
Lythrum salicaria L. Aklarotu Lythraceae Egirdir, Aksehilr, Kovada, +
Beysehir G.
L. thymifolia L. Lythraceae Beysehir G. +
L. tribracteatum Salzm. Lythraceae Beysehir G. +
Althaea cannabina L. Kenevir hatmi Malvaceae Egirdir G. +
A. officinalis L. Tibbi hatmi Malvaceae Eber, Aksehir, Beysehir G. +
Najas sp. L. Su perisi Najadaceae Egirdir G. +
N. armata Lindb.fil. Dikenli su perisi Najadaceae Egirdir, Eber, Beysehir G. +
N. minor All Kii¢iik superisi Najadaceae Beysehir G. ++
Nuphar lutea L. Sar1 Niliifer Nymphaeaceae Egirdir, Beysehir G. ++
Nymphaea alba L. Beyaz Niliifer Nymphaeaceae sk, Iézr;g:}llli(; gf)lhlsar, +++
Epilobium hirsutum L. Tiiyli yakiotu Onagraceae Aksehir, Beysehir G. +
E. parviflorum Schreber Kiigiik Cigekli yakiotu Onagraceae Aksehir, Beysehir G. +
E. tetragonum L. Dort koseli yakiotu Onagraceae Beysehir G. +
Plantago lanceolata L. Mizrakli sinirotu Plumbaginaceae Aksehir G. ++
Limonium bellidifolium Gouan Papatya yapraklr Plumbaginaceae Acigol +
kunduzotu
Polygonum amphibium L. Su Coban degnegi Polygonaceae Tiim kaynaklar +++
P. lapathifolium L. Bogumlu cobandegnegi  Polygonaceae Aksehir, Beysehir G. ++
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P. persicaria L. Kirmiz1 ¢gobandegnegi Polygonaceae Isikli, Aksehir, Beysehir G. ++
Rumex crispus L. Krvircik labada Polygonaceae Karamik G. +
R. conglemeratus Murray Yumaks: labada Polygonaceae Aksehir G. +
Potamogeton natans L. Denizdili P()tam()geet()nacea Egirdir G. ++
P. nodolus Poiret Bogumlu su slimbiilii Potamogeetonacea Isikli, Egirdir, Beysehir G. ++
P. lucens L. Parlak su stimbiilii Potamogeetonacea Tiim kaynaklar +++
P. perfoliatus L. Sar1 Yapr?.k}l su Potamogetonacea  Isikli, Egirdir, Aksehlr, Ilgn, -

stimbiilii e Beysehir G.
P. panormitanus Biv. Kiigiik su stimbiilii Potamogetonacea Egirdir, Aksehlr, Kovada, ++

e Beysehir G.
P. pectinatus L. Taraks1 su siimbiilii Potamogeetonacea Tiim kaynaklar +++
P. crispus L. Kivireik su siimbiilii Potamogetonacea Isikla, Golhlsgr, Kovada, +
e Beysehir G.

P. gramineus L. Deglske{l yaPrakll su  Potamogetonacea Tsikls, Sugla G. +

stimbiil e
P. pusillus L. Giidilk su simbiili oramogetonacea Egirdir, Kovada G. +
Stuckenia pectinata L. Su taragi Pommogeezanacea Isikli, Karamik G. ++
Groenlandia densa L. Sik }./.apra.l.k.l‘l su Potamogetonacea Isikli, Gokgol, Karamik, Aksehir, +

siimbiilii e Kovada G.
Ranunculus scleratus L. Zehirli diigiin ¢igegi Ranunculaceae  Isikl, Egirdir, Eber, Aksehir G. ++
R. trichophyllus Chaix Yyl ygir:gih diigiin Ranunculaceae Isikli, Egirdir, Ilgm G. +
R. saniculifolius Viv. Deg.l.swlien }{ap?kh Ranunculaceae Tiim kaynaklar ++

diigiin ¢igegi
R. sphaerospermus Boiss Kurf: mst t(?huvrr_l lu Ranunculaceae Isikl1, Eber G. +
&Blanche diigiin ¢igegi
Yatikgovdeli diigiin .
R. repens L. gigepi Ranunculaceae Aksehir, Burdur G. +
R. peltatus subsp. . fucoides Freyn Ak Yaglicanak Ranunculaceae Egirdir, Isikl1 G. +
Potentilla reptans L. Begparmakotu Rosaceae Egirdir, Golciik G. +
. . . Gokgol, Egirdir, Karamik, Eber,
Sparganium erectum L. Dikkoza kamisi Sparganiaceae Aksehir, Kovada, Beysehir G. ++
Tamarix smyrnensis Bunge Su 1lgmi Tamaricaceae Isikls, Egirdir, ((}} dleitk, Kovada ++
T. parviflora DC. Kiigiik Cigekli Ilgin Tamaricaceae Eber, Aksehir, Salda G. +
o Dar yaprakli hasir Karamik, Aksehir, Egirdir,

Typha angustifolia L. kamist Typhaceae Beyschir G. ++
T. domingensis Pers. Soluk i/(zrr)rrl?sklh hasir Typhaceae Isikl1, Acigol, Burdur G. ++
T. laxmannii Lepechin Hasir kamist Typhaceae Kovada G. ++
Lycopus europaeus L. Avrupa kurtayagi Verbenaceae Egirdir, Aksehir G. +
Teucrium scordium L. Verbenaceae Karamik, Aksehir, Beysehir G. +
Mentha longifolia L. Kiigiik su nanesi Verbenaceae Gokgol, Beysehir, Isikli G. ++
M. spicata L. Bascikli nane Verbenaceae Karamik, Aksehir, Beysehir G. +++
M. pulegium L. Su yarpuzu Verbenaceae Aksehir G. ++
M. suaveolens Ehrh. Tatli kokulu nane Verbenaceae Golhisar G. ++
M. aquatica L. Su nanesi Verbenaceae Gokgol, Beysehir, Isikli G. .
Verbena officinalis L. Tibbi minegicegi Verbenaceae Isikli, Aksehir, Beysehir G. +
Zannichellia palustris L. Zannichelliceae Tsskls, Gokgdl, Egirdir, Eber, +

Golhisar, Beysehir G.

+ az, ++ orta, +++ yogun

(Kigiikodiik ve Ketenoglu 1996; Kesici 1997; Segmen ve Leblebici 2008; Kesici vd. 2009; Kog 2013; Barinova vd. 2014; Giilli vd. 2015;

Bolat vd. 2015; Giille vd. 2022).

1.3. Yayihs, Dagilis ve Ekolojik iliskiler

1.3.1. Yayihs ve Dagilis1 Etkileyen Faktorler
Bunlar, su kiitlesinin morfolojisi, derinligi, rakimi kiy1r egimi, su, ortamdaki 1s1k, sicaklik, pH,

tuzluluk, basing, su hareketi, sediment yapis1 gibi abiyotik faktorler ile abiyotik faktorlere karsi
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tirlerin toleranslari, diger makrofitlerle rekabet iliskileri, herbivorlar, patojenlerin etkileri gibi biyotik
faktorlerdir. Herbivor baliklar, zooplankton, fitoplankton, omurgasizlar ve diger canlilarin makrofitler
iizerine etkileri vardir (Demir, 2020; Yildiz vd., 2020). Gollerin morfometrik 6zellikleri ve Secchi
diski derinliginin makrofitler {izerine 6énemli etkileri vardir. Sucul bitkilerin maksimum kolonizasyon
derinligi ve maksimum bitki biyokiitlesi derinligi, Secchi diski derinligi ile iliskilidir. Berrak, sig
goller ve sulak alanlarda litoral bdlgenin genisligi su bitkisi biyokiitlesinin artmasina yol agmaktadir
(Duarte & Kalff, 1990).

Akarsularda bulunan sucul bitkilerin iireme organlar akigla akarsu boyunca tasinir, sellerle akarsu
ile iliskili kanallara, diger su kiitlelerine dagilabilir. Tohumlar, govde parcalari, kuslar ve diger sucul
hayvanlara tutunarak veya sindirim sistemi yoluyla tasinabilir. Yayilim etkileyen 6nemli bir faktor de
riizgardir. Phragmites australis L. ve Typha latifolia L. gibi kii¢iik tohumlar rlizgarla taginan bitkiler
tiim diinyada genis bir dagilim gostermektedir (Lesiv vd., 2020; Troia, 2023).

1.3.2. Horizontal ve Vertikal Dagilis

Yiizey sularin genellikle litoral bolgelerinde yogunluk gosteren sucul bitkilerin varligini, su
kaynagmin kokeni, morfolojik yapisi, su kalite 6zellikleri, 6trofikasyon ve su kaynaginin kullanim
Ozellikleri olumlu ya da olumsuz yonde etkiler. Sucul bitkiler gollerde ve sulak alanlarda su
seviyesinin diisiik oldugu sig kesimlerde bulunurlar ve sucul ortamdaki buharlasma ve terlemeyi
(evapotranspirasyon) arttirirlar. Yeterli 151k varsa 2 m’nin altindaki derinliklerde de akuatik vejetasyon
yogun bir ortii olusturur, ancak derinlik arttikga makrofit tiir sayis1 da azalir. Potamogeton perfoliatus
L. gibi uzun boylu tiirler derinlik azalmasina bagli olarak goliin i¢ kesimlerine dogru cekilmekte,
kumlu-killi zeminlerde topluluk olusturmaktadir. Bolgede Egirdir ve Kovada gollerine sonradan
girmis egzotik yayilici bir tiir olan Elodea canadensis Mitchaux tiim su siitununda gelismekte ve su
hacmini kaplamaktadir (Kesici vd., 2009, 2012). Derinligin 9 metreyi gegtigi yerlerde ayrica zeminin
tagli, makrofit gelisimi i¢in substratin uygun olmadig1 kesimlerde sucul bitkiler goriilmez. Egirdir
Goliinde genellikle kiyidan itibaren 4,5 m derinlige kadar olan bolgede makro alglerden Chara spp. ile
daha derin bolgelerde makrofitlerden Potamogeton spp., Myriophyllum spp. ve Ceratophyllum
demersum gibi tiirler bulunur (Bolat vd., 2015).

1.3.3. Sucul Bitkilerin iliskileri ve Ekolojik Etkileri

Herbivor beslenen tiirlerin varligi ve baskinligi, su kiitlesindeki makrofit varligimi 6nemli derecede
kisitlar. Herbivor beslenme yaninda sulardan (Karamik, Eber, Egirdir Golii Hoyran boliimii) cesitli
kullanim amaglartyla sucul bitkilerin (saz, kamis, hasir sazi, su teresi vb.) insanlar tarafindan kesilmesi
veya toplanmasi da sucul bitki varligimi kisitlayabilir. Mevsim degisiklikleri de makrofit varligini
etkiler. Kis aylarinda su ylizeyinin donmasi ve yaz aylarinda ise kuraklik ve asir1 su g¢ekilmesi
makrofitleri olumsuz etkilemektedir. GOl sedimentlerini ekolojik olarak 6nemli kilan unsurlar; bitkisel
ve hayvansal organizmalar igin substratum olusturmalari, g6l ekosisteminin enerji kaynagi olmalari,
kimyasal tampon ve goliin gecmisini kayit etmeleridir (paleolimnoloji) (Pulatsii vd., 2015).
Sedimentin yapist ve bilesimi makrofitlerin yagamlarim siirdiirebilmeleri i¢in 6nemli bir faktordiir.
Tasli, g¢akilli, kil oran1 ¢ok diisilk sedimentlere tutunan makrofitler su hareketlerinden olumsuz
etkilenir, kopup parcalanabilir. Sedimentin yapist ve bilesimi uygunsa sucul bitki gelisimi gii¢lii ve
vejetasyon siirekliligi daha saglikli olur. Submers ve koklii ylizen yaprakli makrofitlerin kdk
yapilarimin yaygin ve kuvvetli olmasi sediment stabilizasyonunu artirir, askida kati maddelerin (AKM)
¢Okelmesini saglar ve su-sediment arasindaki besin elementi gecisini en aza indirir. Bu siire¢ sularda
bulanmiklig1 azaltir, 151k gecirgenligini artirir. Sucul bitkiler kok yapilar1 sayesinde gol ve akarsu
tabanindaki aginma ve taginmay1 onler (Ersoy, 2019).

Su kaynaklarindaki organik ve inorganik kirlilik bazen su bitkilerinin 6liimiine yol acarken;
cogunlukla da kirliligi olusturan maddelerin mikroorganizmalar tarafindan parcalanip ayristirilmasi
yiikksek diizeyde bitki besin elementlerinin artmasina, bu siire¢ de sudaki makrofitlerin asir
cogalmasina neden olur. Asir1 ¢cogalan bitkiler su yiizeyini kaplayip sudaki diger canli organizmalar
icin tehdit olusturur. Buna benzer problemler son yillarda, Eber, Karamik, Egirdir, Kovada ve Civril
gollerinde izlenmektedir (Sekil 3).
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Sekil 3. Gollerde asir1 bitki gelisimi Kovada Golii (sag), Isikli Golii (sol) (Fotograf: O.Cetinkaya 2022).

1.4. Bolgede Sucul Bitkilerinin Kullanim

Phragmites australis L. bolgedeki Eber, Aksehir, Karamik ve Egirdir Hoyran Goli ¢evresinde
yasayan halk tarafindan kesilip toplanir, kurutulur. Toplanan kamislar balyalar halinde kamis ticareti
yapan tiiccarlara satilmaktadir (Sekil 4).

Sekil 4. Sulak alanlardan kesilip satilmak tizere biriktirilen kamig balyalart.
(https://www.yurtgazetesi.com.tr/yerel/sultansazligindan-dunyaya-kamis-ihracati-h192503.html)

Toplanan kamiglardan hasir, siis esyasi, ¢ati malzemesi, ev mobilya dekorasyonu, sebze meyve
yetistirme (sirik) ve sepet yapilarak ekonomik bir kazang¢ saglanmaktadir (Sekil 5). Ayn1 zamanda
kamislar kisin 1sinma amagli yakacak olarak ve kus gozlemciliginde kullanilir.
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Sekil 5. Bolgede kamis kullanilarak yapilan 6rme hasir.
(https://www.hasirbambudekorasyon.com/sayfa/kamis-hasir)

Diger iilkelerde oldugu gibi (Tasleem, 2016) bolgede de Niliiferler (Nuphar spp., Tablo 2)
rekreasyonel ve eko-turizm amagli olarak kullanilmakta, sucul alanin insanlar tarafindan ziyaret
edilmesinde bir cazibe unsuru olusturmaktadir. Sucul bitkilerin bir diger 6nemli kullanim alam da
akvaryum sektoridiir. Bolge sucul bitkilerinin bir kismu akvaryumculukta kullanilir, ticareti yapilir.
Isikli-Civril Baraj Golii (Sekil 6) ve Beysehir Golii'nde sucul makrofitler eko-turizmde rekreasyonel
amagli kullanilmaktadir. Sulari berrak, temiz su kaynaklarinda dogal olarak yetisen su teresi
(Nasturtium officinale Tablo 2, Sekil 2-j) toplanarak semt pazarlarinda insan tiiketimi amagli yesillik
olarak satisa sunulmaktadir.

A - = ~— »
= Pagp— et P

Sekil 6. ivril Isikli Golii'nde fer tekne tlar1 Fotogfaf: . Cetinya 2022).

1.5. Sucul Bitkiler ve Kaynak Kullanim
Goller Bolgesi yiizey su kaynaklarinin ¢ogunlugunu dogal goller ve baraj golleri olusturmaktadir.
Bu kaynaklar genellikle, balik¢ilik (Egirdir, Beysehir, Isikli, Karamik, Eber, Sugla, Karacadren-I,
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Golhisar vd.) kurbaga ve tibbi siiliik toplayiciligi (Egirdir, Eber, Karamik, Isikli), tarimsal sulama,
icme suyu, rekreasyon, su sporlar1 (Beysehir, Egirdir, Salda, Isikl1 ve diger baraj gélleri), tuz ve soda
iiretimi (Acig6l), kara aveilig (Isikli BG, 6zellikle su kuslari) ve eko-turizm (Beysehir, Egirdir, Isikli,
Kovada, Golciik) amaglartyla kullanilmaktadir. Kovada Goli milli park statiisiine sahiptir. Bu
faaliyetlerin hemen hepsi su kaynaklarinin yapisi, su seviyeleri, su kaliteleri, flora ve faunayr bir
sekilde etkilemektedir.

Goller ve baraj gollerinde su {irlinleri kooperatifleri tarafindan kiralama usuliiyle balik¢ilik
yapilmaktadir. Balik¢ilik operasyonlar1 sirasinda tekneler ve av araglari (uzatma agi, pinter) sucul
bitkileri kokiinden sokerek, koparip pargalayarak zarar vermektedir. Buna karsilik yogun makrofit
ortiisii bulunan yerlerde g6l aynasina ulagim zorlagsmakta, uzatma aglarinin makrofitlere takilip
dolagmasi, aglarin c¢ekimini zorlagtirmakta, parcalanmasina ve kullanilmaz hale gelmesine neden
olmaktadir. Bazi kesimlerde yogun makrofit ortiisii balik¢1 teknelerinin pervanelerine dolanmakta,
navigasyon zorlagmakta, av verimi diigmekte hatta hi¢ avcilik yapilamaz hale gelmektedir. Buna
karsilik tekne pervaneleri ile kiiciik parcalara ayrilan makrofitler, 6zellikle de istilaci iseler, tim su
kaynagina yayilmakta istila agisindan avantaj kazanmaktadirlar. Beysehir ve Egirdir Golleri ile Isikl
BG’de eko-turizm amagli yazin diizenlenen gezi ve niliifer izleme turlar1 nedeniyle (Sekil 6) yogun bir
tekne trafigi olugmakta, bu trafik ve geziye katilanlarin makrofitleri koparmasi su bitkileri {izerinde
olumsuz bir etki olusturmaktadir.

Bolgede tarimsal sulama i¢in su ihtiyaci genellikle yiizey sularindan (gol, baraj goli, golet, akarsu,
kanal vb.) karsilanmaktadir. Sulama amagli g¢ekilen su miktarin artmasi makrofitlerin yasam
alanlarinin daralmasina, ilerleyen safhalarda yagam alanlarinin yok olmasina neden olmaktadir. Sucul
bitkilerin yerinden sokiilerek siirliklenmesi, pargalanarak sulama kanallarim1 tikamasi, pompajin
durmasi, sulama sistemine ve giftcilere biiylik ekonomik zararlar vermektedir.

Bolgede (Egirdir, Karamik, Isikli-Civril, Beysehir, Eber vd.) tekneler de kullanilarak kus avcilig
yapilmaktadir (Sekil 7). Avcilik sirasinda sucul bitkiler teknelerden zarar gérmekte, ayrica avcilar igin
saklanma alani/siper olusturmak amaciyla kesilmekte, bazen yakilmaktadir.

Sekil 7. Sulak alanlarda kus (6rdek, kaz, meke vd.) aveiligi. (https://tr.pinterest.com/pin)
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1.6. Sucul Bitkileri Uzerindeki Tehditler
1.6.1. Sel ve Taskinlar

Sel ve tagkinlar nehir yataginin egimine ve bitki boyutuna bagli olarak, bitkileri yerinden sokebilir
veya sucul bitki topluluklarini bozup dagitabilir. Bazi durumlarda siiriiklenen kaba sediment akarsu
yatagindaki ince taneli, faydali sedimentleri tamamen ortadan kaldirabilir, lizerini iri kum ve g¢akilla
ortebilir, kiyilarin uzun siire su altinda kalmasina neden olabilir (Bornette vd., 2008). Sel ve tagkinlarin
siklig1 ve/veya yogunlugu, su bitkilerinin kirilmasina veya koklerinden sokiilmesine yol agar (Bornette
& Puijalon 2009).

Uzun siireli sel baskinlarinin oldukga farkli etkileri goriilmiistiir. Sel ve taskin sonucu suyun
bulanmasi ve bulanikligin uzun stirmesi (birkag hafta) sucul bitkilerinin biiyiimelerini engellemektedir.
Nehir boyu yayilis gosteren sucul bitkiler de sel ve tagkindan etkilenebilir, bir yandan bitkilerin tagkin
sedimentleri ile Ortiilmesi ve parcalanmasina bir yandan da olusan bulaniklik yetersiz 151k ve kok
bolgesindeki oksijensizlik sorununa yol agabilir (Blom vd., 1994).

1.6.2. Su Cekilmesi ve Kurakhk

Gol, akarsu ve sulak alanlarda su cekilmesi ve kuraklik su bitkilerinin yasamlarim1 olumsuz
etkileyen en 6nemli faktordiir. Sucul bitkiler icin temel ihtiyag sudur. Tarimsal sulama, HES ve diger
amaclar (icme suyu ve endiistriyel ihtiyaclar) i¢in sulak alanlardan asir1 su g¢ekilmesi ve kiiresel
1sinma, buharlasmanin artmasi sonucu meydana gelen kuraklik nedeniyle sulak alanlarda biiyiik su
kayiplar1 yasanmaktadir. Goller Bdlgesi yiizey sularimn hemen hemen tiimiinde bu sorunla
karsilagilmaktadir. Yakin zamanda Yarigli Golii tamamen kurumus, Aksehir Goli ve Burdur Goli
biiyiik alan kaybetmistir. Suyun c¢ekilmesiyle bitki beslenmesi, tutunmasi, liremesi ve solunumu
durmakta ve ileri asamalarda bitki tamamen 6lmektedir.

1.7. Sucul Bitkilerin Yol Actigi Problemler

Sucul bitkiler asir1 cogalip gelistiklerinde, su kiitlesi ve yiizeyini kaplar. Olmeleri ve ciiriimeleri
sonucunda da suda organik madde artisina yol acarlar. Bu siiregte oksijen tiiketirler, suda ¢oziinmiis
oksijenin diismesine neden olurlar. Su yiizeyini kaplayarak 1s181n suyun icerisine gegisini ve yayilisini
azaltir, alg fotosentezini smirlayabilirler. I¢ sularda asir1 cogalan su bitkileri sulama kanallarinda,
toprak balik havuzlarinda, igme suyu kaynak, depo ve iletim sistemlerinde, gol, akarsu ve goletlerde
sorunlar olustururlar. Asirt makrofit gelisimi, balik yetistiriciligi ve avciligini zorlastirmanin (tekne ve
aglarin zarar gOrmesi) yani sira rekreasyonel acidan da problem olusturabilir. Bitkilerin asiri
geligmeleri su kiitlelerinin kullanimlarin1 sinirlandirabilir veya bozabilir. Tampon kapasiteleri yetersiz
sularda asir1 gelisen sucul bitkiler, giin iginde dnemli bir pH degisimine de neden olabilirler. Bu da
suda yasayan organizmalari olumsuz yénde etkileyebilir (DSI, 2009; Coskun & Demir, 2019). Su
kullanimi agisindan, sulama ve igme suyu amagcli sig g6l ve rezervuarlarda asir1i makrofit geligimi su
depolama hacmini azaltir, sulama kanallarimi tikayarak su iletimini engeller, damlama ve yagmurlama
sulama sistemlerini, 1zgara ve maslak filtrelerini tikar, ¢alismaz hale getirir, HES’lerde tikanma ve
tribiin hasarina sebep olur, riizgar ve firtina ile sahile siiriiklenen sucul bitkiler ciiriiyerek koku
olusturur, sahil kullanim1 ve estetik goriiniime zarar verirken, evaporasyonla su kayiplarmi artirirlar
(DSI, 2009).

1.8. istilac1 Sucul Bitkiler ve Etkileri

Dogal yayilis alanlarindan alinarak baska sulara insan eliyle bilingli veya istemeyerek tasinan
bitkilere “egzotik sucul bitkiler” denir. Egzotik tiirlerden sucul ortamda hizla geliserek yogun bir ortii
olusturan, su kaynagindaki yerli tiirlerin gelisimini engelleyen, su kaynaginin insanlar ve sucul canlilar
tarafindan verimli kullanimin1 engelleyen tiirlere ise “istilact sucul bitkiler” denmektedir (DSI, 2009).
Sucul bitkiler tatli sularda ¢ok hizli yayilis gosterir ve 6nemli bir problem olan biyolojik istilaya sebep
olurlar. Istilac1 bitkiler sucul ekosistemin dengesini bozmakta hatta su yiizeyini kaplayip suya 1s1k
girisini ve yayilisim bozduklarindan diger sucul bitkilerin yok olmasina neden olabilirler. igme suyu
alman su kaynaklarinda istilacilarin ¢ogalmasi insan sagligini da olumsuz etkileyebilir (Willby, 2007).

Egzotik istilact sucul bitkiler, cesitli ekolojik etkilere sahip ciddi bir ¢evre sorunudur. Vejetatif
pargalanma ve dagilma vektorleriyle hizla ¢ogaldiklarmdan sucul ekosistemlerin ciddi ve kalici sekilde
bozulmasina neden olabilirler. Istilaci tiirler genellikle abiyotik faktdrlere karsi genis bir toleransina
ayrica biyotik etkilesimler agisindan yerli tiirlere gore rekabet avantajina sahiptirler. Yerli tiirler
iizerinde kisa siirede baski kurarak ortamda baskin hale gelebilirler. Yerli tiirlerin cesitliligini ve
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bollugunu azaltirlar, alandaki biyolojik cesitliligi olumsuz etkilerler. ilerleyen siirecte tiirlerin yok
olmasina veya popiilasyonlarin genetik cesitliliginin degismesine de neden olabilir, ayrica trofik
hiyerarsiyi ve genel habitat 6zelliklerini degistirebilirler (ikinci, 2023).

Kiiresel istilact bir tiir olarak bilinen (GISD, 2023) ve aym1 zamanda Tiirkiye ylizey sular i¢in
egzotik ve istilaci, ¢ok yillik, submers bir sucul bitki olan Elodea canadensis (Sekil 8) giderek
yayilmaktadir. Cesitli habitatlarda yasama sansi bulan bu tiir genellikle, mezotrofik veya o&trofik
goller, goletler, sulama kanallari, baraj golleri ve yavag akan akarsulan tercih eder. S1g sularda 4 m
derinlige kadar yasayabilir. Yiiksek rakimlara dayaniklidir ve ¢ogu makrofit gibi kolayca parcalanir.
Parcalar1 uzun siire canli kalir, vejetatif olarak c¢ogalip su alanlarinda baskin hale gelir. Tiim g6l
ekosistemini degistirebilen bu tiir, suyun hiperdtrofik hale gelmesine neden olabilir. Bu tiiriin baskin
oldugu ve istila gosterdigi sularda sucul bitki biyogesitliliginin diisiik oldugu bilinmektedir.
Allelopatik bilesikler iireterek istilacilik yeteneklerini giliclendirir. Su sicakliginda yilikselme tiiriin
biiyiimesini kiskirtmaktadir. E. canadensis orta seviyede 151k seviyelerini tolere edebilir, ancak su
yiizeyinin donmasindan olumsuz etkilenmektedir. Tiir ayn1 zamanda bir akvaryum bitkisi oldugundan
en 6nemli vektdriin akvaryum bitkileri ticareti oldugu sanilmaktadir (GISD, 2023; Ikinci, 2023).

Sekil 8. Egirdir Géliinden toplanan egzotik istilact E. canadensis (Fotograf I. Ozdal; C. Cevher 2023).

Goller Bolgesindeki yiizey su kaynaklarinda E. canadensis ilk olarak Beysehir Golii'nii besleyen
Eflatunpinart kaynaginda 1999 yilinda tespit edilmistir. Tiir daha sonra 2005°te Egirdir Golii’nde,
2010 yilinda Kovada Golii'nde goriilmiistiir (Kesici vd., 2009, 2012)). E. canadensis, 2011 yilinda
Beysehir Golii’nden, 2016 yilinda Civril-Isikli Baraj Golii’nden ve Seydisehir Dipsiz Go1’den (kinci,
2023), 2019°da Afyonkarahisar ihsaniye Emre Golii’nde bildirilmistir (Karatas, 2019). Kiiresel dlcekte
istilac1 bu tlirin Goéller Bolgesine hizla yayilip yerlestigi goriilmektedir. Gozlemelerimize gore, E.
canadensis’in asir1 gogalmast Egirdir ve Kovada Gélleri ile Kovada Kanali’nda 2021 yilindan bu yana
onemli bir sorun haline gelmis, yerel yonetimler sorunun ¢6ziimil i¢in arayiglara girmis, arastirma ve
egitim kuruluslart (Egirdir Su Uriinleri Arastirma Enstitiisii  Miidiirliigii-SAREM ve Isparta
Uygulamal1 Bilimler Universitesi-ISUBU) bu tiiriin hayvan yemi olarak kullanimi amagli projeler
tizerinde ¢alismaktadirlar.

2.TARTISMA VE SONUC

Sucul ekosistemlerde hayati rol oynayan su bitkileri su kaynaklarinin énemli birer bilesenidir. Su
kaynaklarinda; canli organizmalar igin gerekli olan oksijenin temininde, baliklar ve diger su hayvanlar
i¢cin yumurtalarini birakma, barimma ve saklanma alanlarini olusturmada etkin rol oynarlar. Durgun ve
akarsularin trofik durumlarinin belirlenmesinde indikator olarak, dogal ve yapay sulak alanlarda su
arttiminda besin elementleri tutucusu ve filtre olarak gorev yaparlar. Insan yiyecegi ve hayvan yemi,
rekreasyonel kullanim, farmakolojide ilag¢ hammaddesi ve insanlarm giinliik yasamlarinda kullandig1
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cat1 Ortli malzemesi, hasir, yastik vb. malzemelerde su bitkileri kullanilmaktadir. Kullanim alanlarin
genis olmasi bu alanda yapilacak ¢aligmalarin 6nemini artirmaktadir.

Goller Bolgesi ve yakin cevresi sig sulak alanlarin ¢oklugu, makrofit biyogesitliligi ve bollugu
yoniinden zengindir. Bu nitelikler bolgeye makrofit agisindan “sicak nokta” niteligi kazandirmaktadir.
Tiirkiye ve global 6l¢ekte bu sicak noktalarin biyogesitlilik zenginligi olusturmasi, ¢ok sayida degerli
ekosistem hizmeti saglamalari nedeniyle sucul ekosistemlerin yonetimi ve korunmasi agisindan
onemlidir. Bu noktalarda kirlenme, kiiresel 1sinma ve istilaci tiirler baglaminda makrofit topluluklar
tizerinde 6nemli etkileri olabilecektir. Bu alanlarin sayilan gerekcelerle daha detayli olarak izlenmesi
de 6nem kazanmaktadir. Bununla birlikte Goller Bolgesinde makrofitler tizerinde yapilan ¢alismalar
sinirl1 kalmigtir. Bolge ylizey sularinda sucul makrofitler iizerindeki calismalarin artirilmasi; su
kaynaklarinin kalite, trofi ve ekolojik durumlarinin makrofit indeksleri ile ortaya konulmasi gerekli
goriilmektedir. Makrofitlerin su aritma sistemlerinde (yapay sulak alanlar), peyzaj ve akvaryum
bitkisi, insan gidasi, tarimsal giibre ve hayvan yemi olarak kullanilmasi, ilag-kozmetik calismalari,
istilact tiirlerin kontrolii gibi konular bdlge makrofitleri agisindan yeni arastirma alanlari
olusturmaktadir.

FINANS
Bu ¢alismanin yiiriitiillmesinde herhangi bir finansal destek alinmamustir.

CIKAR CATISMASI BEYANI
Yazarlar, bu calismay1 etkileyebilecek finansal ¢ikarlar veya kisisel iligskiler olmadigini beyan
etmektedir.

YAZAR KATKILARI
Calisma kurgusu: OC; Makale yazimi: 10. Tiim yazarlar nihai taslag onaylamstir.

ETIiK ONAY BEYANI

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

VERI KULLANILABILIRLIK BEYANI
Bu ¢alismada kullanilan veriler makul talep tizerine ilgili yazardan temin edilebilir.
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Ozet: Amerika’da balik hastaliklart galismalart 1960'li yillarda baslarken, 1970'li
yillarda Avrupa’da bu caligmalar odak noktas1 haline gelerek bakteriyel hastaliklara
kars1 basarili agilar gelistirilmistir. 1980'li yillarda da etkili viral agilar kullanilmaya
baslanmistir. Ulkemizde ise soz konusu tarihlerde daha yetistiricilikle ilgili ilk
caligmalar heniiz yapilmaya baslanmistir. Tiirkiye’de yetistiriciligin hizla artmasi ve
hastalik problemlerinin ortaya ¢ikmasi 20. ylizyilin baglarina tekabiil ederken,
uluslararas1 camiada 20. yiizyilin sonuna gelindiginde balik immiinolojisi gelisen bir
bilim dali haline gelmistir. Bu otobiyografi, 1970 yillardan 2015 yilina kadar, gerek
yurt i¢inde gerekse yurt disindaki dergilerde yayinlanan ¢ok sayida arastirmasi, sdzel
sunum ve poster bildirileri, proje caligmalar1 ve farkli konularda kitaplar1 olan, ¢cok
sayida uzman yetistirerek hem sektorde hem de akademik camiada balik hastaliklart
konusunda bilime katki saglayan, iilkemizde balik hastaliklar1 konusunda ilk
caligmalar1 yapan, balik hastaliklar1 konusundaki anlayisimiza ve su iriinleri
yetistiriciliginin bagarisina katkida bulunan akademisyen Giilsen Timur’un yasam
Oykiisiinii igermektedir.

Anahtar kelimeler
e Otobiyografi
e Balik hastaliklart
e Giilsen Timur
e Egirdir Su Uriinleri Fakiiltesi

Abstract: In the 1960s, studies on fish diseases began in America, and in the 1970s,
these studies became the focal point in Europe, leading to the development of
successful vaccines against bacterial diseases, and in the 1980s, effective anti-viral
vaccines started to be used. In our country, the first studies related to aquaculture had
just begun during the mentioned period. While the rapid growth of aquaculture and
the emergence of disease problems in Turkey correspond to the early 20th century, by
the end of the 20th century, fish immunology had become a developed science in the
international community. This autobiography encompasses the life story and
summarized information of Giilsen Timur, who conducted the first studies on fish
diseases in our country, contributed to the understanding of fish diseases and the
success of aquaculture, and trained numerous experts, both domestically and
internationally, through numerous research articles, oral and poster presentations,
project works, and books on various topics published in domestic and international
journals from the 1970s to 2015.

Keywords
e Autobiography
e Fish diseases
o Giilsen Timur
e Egirdir Fisheries Faculty

Ibrahim Fevzi Yaman ve Sekibe Yaman’min dért gocugundan ilki olan, 1948 yilinin bahar ayinda
Isparta’nin Egirdir ilgesinde sarisin mavi gozlii bir kiz olarak diinyaya geldim (Sekil 1). Tlkokulun ilk
yilin1 Isparta’da daha sonra ilk ve orta 6grenimimi Ankara -Yenimahalle’de tamamladim.
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Sekil 1. Ibrahim Fevzi Yaman ve Sekibe Yaman’nin dért cocugundan ilki olan inci kolyeli beyaz kurdeleli
Giilsen Yaman.

Basarili bir &grencilik hayatim oldu. 1965 yilinda iilkemizde tek olan Ankara Universitesi,
Veteriner Fakiiltesi’nde baglayan (Sekil 2) meslege yonelik egitimimi 1970 yilinda tamamladim. Bes
yillik yiiksekdgrenim tahsilimin son yilinda mesleki tecrilbbemi arttirmak amaciyla veterinerlik
Ogrencisi olan kardesim Bekir Yaman ile birlikte i¢ hastaliklar1 kliniginde ¢alisirken kendim gibi
Veteriner Hekim olan bir {ist siniftaki Metin Timur ile tanistim (Sekil 3).

: : Sy S i & 3 &
v 3 NS S N s 2
Sekil 2. Ankara Universitesi akiiltesi donem arkadaglarimla birlikte 6grencilik yillarimdan bir ani.
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Sekil 3. Ankara Universitesi Veteriner Fakiiltesi I¢ Hastaliklar1 Kliniginde 1970 yilinda Veteriner hekim olarak
mezun oldum, Ankara Yenimahalle ilgesinde Veteriner Hekim olarak 1 y1l siire ile ¢alistim (Sekil 4).

Sekil 4. Ankar Yenimahalle’de Veteriner Hekim olarak ¢alisirken.

1971 yilinda 1416 sayili kanunla Milli Egitim Bakanligi’nin Yurtdisi1 Doktora bursunu kazandim ve
aynt yil hayatimi Metin Timur ile birlestirdim (Sekil 5). Ve ardindan Ingiltere-Stirling
Universitesi’nde su iiriinleri konusunda lisansiistii egitimime basladim.
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Sekll 5. Sayln Metin Timur ile diigiin gunumuzden bir kare.

Master programi tamamlaninca senato karari ile dogrudan doktora programina basarili oldugum
icin kabul edildim. 1974 yilinda “The President's Fund of The Edinburg Association of The British
Federation of University Women” cemiyetinin diizenledigi tiniversiteli bayan arastirmacilar arasinda
doktora tez konularinda acilan yarigmada o6zel bilim o&diiliinii kazandim (Sekil 6). 1974 yilinda
Edinburg’ta Ingiltere Kraligesi Elizabet’in daveti iizerine “Garden of the Palace of Holyroodhouse”da
vermis oldugu yabanci dgrencilerle tanisma partisine Stirling Universitesi’ni temsilen esimle birlikte
katildik (Sekil 7). Ekim 1975 tarihinde Balik Hastaliklar1 konusunda Stirling Universitesi, Akuatik
Patobiyoloji Boliimiinde (Aquatic Pathobiology Department) “A Study of Giant Cells in Inflamatory
Lesions of the Plaice (Pleuronectes platessa L.)- Pisi baliginda (Pleuronectes platessa L.) Yangil
Lezyonlardaki Dev Hiicrelerin Incelenmesi” baslikli doktora tezimi basariyla tamamladim ve yurda
dondiim (Sekil 8).
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Sekil 6. “The President's Fund of The Edinburg Association of The British Federation of University Women”
bilim 6diiliiniin gazete kiipiiri.

ER
The Lord Chamberlain is
commanded by Her Majesty to invite

MR ouet ML M. Tirun
to an Aﬁemoon Party
in the Garden of the Palace of Holyroodhouse

on Thursday, the 3rd July 1975. from 4 to 6 p.m.

Morning Dress or Umﬁrm or Lounge Suit

Sekil 7. ingiltere Kraligesinin daveti iizerine Edinburg’ta “Garden of the Palace of Holyroodhouse”da vermis
oldugu partinin davetiyesi.
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Sekil 8. Doktora mezuniyetim ve emektar arabamiz ile yurda doniigiimiiz.

Ulkemize dondiikten sonra 1976 - 1978 yillari arasinda iki yil siire ile Ankara Universitesi
Veteriner Fakiiltesi’nde Dr. Arastirma Gorevlisi olarak ¢alistim. 1976 yilinda ayni1 zamanda giizel bir
kiz ¢ocugunu diinyaya getirdim. Yurtdisindan dondiigiimiizde belirledigimiz hedefe ulagsmak igin
Ankara Universitesi Veteriner Fakiiltesi’'nde géreve baslamus isek de, o yillarda ayn1 bransta birlikte
gorev yapabilmek pek miimkiin olmadigindan 1978 - 1980 yillar1 arasinda iki yil siire ile Gida, Tarim
ve Hayvancilik Bakanligi (Ankara)’nda ¢alistim. 1977 yilinda ilk makalemi “pisi baliginda fokal
tiiberkiilozun deneysel patogenezisi” ingilizce yaymladim. 1980 - 1981 yillar1 arasinda ayni bakanligin
Veteriner Isleri Ankara il Miidiirliigii’nde 1 y1l siire ile gorev aldim. Ancak biitiin bu siiregte akademik
ortamda kalabilmek i¢in bilimsel ¢alismalara hi¢ ara vermemeye c¢alistim. Ankara Gevher Nesibe
Saglik Meslek Yiiksekokulu’nda mikrobiyoloji dersleri verdim.

1981 yilinda ikinci kez anne oldum. Aymi yil Veteriner Isleri Genel Miidiirliigii’niin biinyesinde
Proje Dairesi Sube Miidiirii olarak atandim ve iki yil siire ile gorev yaptim. Esimin Akdeniz
Universitesi Isparta Miihendislik Fakiiltesi Egirdir Su Uriinleri Yiiksekokulu’nun kurucu miidiirliigiine
atanmasi ile adi1 gecen yiiksekokulun akademik kadrosuna gecerek 1983 yilinda yardimci dogent
oldum ve kariyerime akademik camiada devam ettim. Akdeniz Universitesi Egirdir Su Uriinleri
Yiiksekokulu’nda 1985 yilinda ‘Ekoloji’ ders kitabini1 yaymladim. 1984 yilinda Isparta Valiligi’nin
istegi lizerine Egirdir Goli’'nden avlanan ticari degeri yiiksek olan ve yurt disina ihrag edilen tatli su
levrek (sudak) baliklarindaki yogun oliimlerin nedenini arastirilarak balik Oliimlerinin Argulus
enfestasyonu sonucunda olusan Pseudomonas septisemisin den kaynaklandigi ortaya cikarilarak
valilige bildirildi. Ekim 1985 tarihinde aym iiniversitede Su Uriinleri dalinda Universite dogenti
unvaninit aldim (Sekil 9) ve ayni yil pisi baligindaki Ichtyophonus hoferi enfeksiyonuyla iligkili dev
hiicre reaksiyonunu, bunu takip eden yilda ise Prof. Dr. Metin Timur ve Prof. Dr. Ronald Roberts ile
birlikte yapilan yaymnda pisi baliklarinda deneysel carrageenin graniilomunun moderasyonunu
tanimladik.
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Sekil 9. 17 Ekim 1985 Su Uriinleri dalinda iiiversite dogenti unvanini aldlglm juiri iieleri ve arkadaglarimla bir
ani.

g

1984 - 1993 yillar1 arasinda Akdeniz Universitesi Egirdir Su Uriinleri Yiiksekokulu’nda Béliim
Baskani ve Yiiksekokul Miidiir Yardimcilig1 gorevleri yanisira Eyliil 1988 tarihinden itibaren Akdeniz
Universitesi Fen Bilimleri Enstitii Kurulu ve Yonetim Kurulu iiyelikleri yaptim. 1984 yilinda ise
iilkemizde ilk kez kerevit vebasi hastaligim1 tanimlayarak Egirdir ve Beysehir gollerinde kerevit
avciligiin yasaklanmasi yoniinde Tarim Bakanlig ile iletisime gegilerek 5 yil siire ile bu gollerde av
yasag1 baslatilmasini sagladim. 1988 yilinda 8 giin siire ile Polonya - Varsova' da, FAO tarafindan
diizenlenen "Tarim ve Kiiltiir Balik¢ilig1" konulu sempozyuma katildim. Pamukkale Denizli’deki bir
gokkusag1 alabalik isletmesinde 1988 yilinda yiiksek oranda Oliimlere neden olan Enterik Kirmizi
Agiz Hastaligini (ERM) iilkemizde ilk kez tespit ettim. Daha sonraki donemlerde bu hastaligin
yurdumuzun diger bolgelerindeki alabalik isletmelerinde de epizootikler olusturdugu bildirilmistir.
1989 yilinda 15 giin siire ile Igsu Balik Yetistiriciligi ve Balik Isleme Teknolojisi konularinda
incelemelerde bulunmak iizere Macaristan'a gorevli olarak gittim. 1990 yilinda ikinci kitabim olan
“Plankton Bilgisi ve Plankton Kiiltiirii”nii Akdeniz Universitesi yaymnevinden yayimladim. 1991
yilinda Antalya’da aynali sazan balig1 iiretimi yapilan isletmelerden gelen cesitli agirliktaki hasta
baliklarda deri iizerinde, yiizgeglerde goriilen kiiciik, biiylik beyaz renkli veya hafif pembemsi
lezyonlarin histopatolojik muayene ile bir viriisiin deride epidermisin ¢ok katli iiremesine neden
oldugu, sazan ¢icegi hastaligini tespit ettim. Davetimiz iizerine Aberdeen Universitesi’nden Akuatik
Immiinolog Prof. Dr. Tony Ellis Egirdir’i ziyaretiyle ilgili olarak hatirladiklarim arasinda immiinoloji
konusundaki verdigi seminer ve Antalya ziyaretimizdeki piknigimizden ibaret (Sekil 10).
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Sekil 10. Akuatik Immiinolog Tony Ellis ile ilgili bir anu.

Subat 1992 tarihinde Akdeniz Universitesi Egirdir Su Uriinleri Yiiksekokulu’nda Profesérliige
yiikseltildim. Mayis 1993 tarihinden Agustos 1994 tarihine kadar Siileyman Demirel Universitesi
Egirdir Su Uriinleri Yiiksekokulu Yetistiricilik Boliim Baskanligi yani sira Siileyman Demirel
Universitesinde Saglik Hizmetleri Meslek Yiiksekokulu Miidiirliigii gorevini yiiriittim (Sekil 11) ve
ilk mezunlarin1 verdik (Sekil 12). Sadece hastaliklar konusunda degil ayn1 zamanda balik histolojisi
ve embriyolojisi konularinda da yiiksek lisans ve doktora tezleri de yaptirdim. 1993 yilinda Prof. Dr.
Mehmet Riistii Ozen ile birlikte igsu baliklarindan sazan, sudak ve egrezbaliklarmin hipofiz bezindeki
hiicre tiplerini histokimyasal ydntemlerle identifikasyonunu yaptik. Prof. Dr. Mehmet Riistii Ozen
doktora tezinden “Yapay Sartlarda inci (Alburnus orontis) ve Kavinne (Phoxinellus handlirschi)
Baliklarmin Yumurtalarinda Embriyo ve Larva Gelisimi Uzerine Bir Calisma” baslikli makaleyi
birlikte yaymladik. Esim, Sayin Prof. Dr. Aysegiil Kubilay ve Dog. Dr. Aliye Sarmasik ile birlikte,
baz1 alabalik igletmelerinde goriilen Pankretik Nekrozis Hastalig1 iizerine histopatolojik ve elektron
mikroskopi ¢aligmalar adli tebligiyi Dogu Anadolu Bolgesi I. Su Uriinleri Sempozyumunda ilk kez
sunduk. Denizli ve Antalya illerindeki iki isletmede beton havuzlarda su akiginin hatali
projelendirilmesinden kaynaklanan beyaz benek hastaliginin etkeni olan Ichthyophthirius multifiliis ile
enfeste alabaliklarda yogun oOliimler gdzlemledim. Bu havuzlarda parazitlerle miicadele ¢ok zor
olmustu. Daha sonra Antalya Su Uriinleri Genel Miidiirliigii’niin Kepez Su Uriinleri Isletmesinde
yetistirilen alabaliklarin gézlerinde korliige neden olan Diplostomum spathaceum paraziti tespit ettik.
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Sekil 11. Siileyman Demirel Universitesinde Saglik Hizmetleri Meslek Yiiksekokulu Mezuniyet Téreni.

Sekil 12. Miidiirliik gérevini yaparken Saglik Hizmetleri Meslek Yiiksekokulu ilk mezunlari ile ilgili gazete
haberi.
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Agustos 1994 tarihinde Istanbul Universitesi Su Uriinleri Fakiiltesi Yetistiricilik Boliimii
Hastaliklar Anabilim Dalina 6gretim iiyesi olarak atandim. Istanbul Universitesi catis1 altinda
akademik hayatimi siirdiiriitrken Mayis 1995 tarihinde aynmi boliimiin, Hastaliklar Anabilim Dali
Bagkanligina segildim. Yurdumuzda Pasteurellosis hastaligini 1996 yilinda ilk defa Marmara Denizi
Yalova kiyisindaki kamuya ait bir isletmede bulunan geng levrek baliklarinda tespit ettim. Akut olarak
seyreden ve oliimlere neden olan bu epizootikte dalak, karaciger gibi internal organlarda goriildiigii
bildirilen nodiil benzeri beyaz renkli depositlerin goriilmedigi atipik formunu literatiire bildirdim. 1998
yilinda NATO/ARW organizasyonunun Portekiz'de diizenledigi "Kiy1 Bolgesinde Modern
Akuakiiltir’ konulu workshop'a katildim. Temmuz 1998 Haziran 1999 tarihleri arasinda ayni
fakiiltede bir yil siireyle Dekan Yardimciligi gorevini yiiriittim. 1997-2003 tarihleri arasinda iki
dénem Fakiilte Kurulu tiyeligi yani sira 1999-2003, 2003- 2005 ve 2005-2007 tarihlerinde {i¢ donem
Fakiilte Yonetim Kurulu iiyeligi gorevlerini yiiriittiim. 2003 yilinda Prof. Dr. Metin TIMUR ile birlikte
ulusal ve uluslararasi ¢aligmalardan derleyip hazirladigimiz ve {ilkemizin ilk balik hastaliklar kitabini
Istanbul Universitesi yaymn evinden yaymladik. Ilk Tiirk¢e kaynak olarak birgcok Fakiiltede halen ders
kitab1 olarak okutulmakta ve giincelligini korumaktadir.

Tiirkiye'de Karadeniz bolgesinde kiiltiire alinan levrek baliklarin (Dicentrarchus labrax)'da A.
salmonicida subsp. salmonicida ile diger bazi bakteriyel ve viral patojenlerin varligimi aragtirdigimiz
proje calismasinda kiiltlir levrek baliklarinda kan frotilerinde monositler iginde riketsiya benzeri
organizmalart gbzlemledim, ayni zamanda bazi baliklarda VEI virusunun eritrositlerin
sitoplazmalarinda olusturdugu inkuliizyon cisimciklerini tespit ettim. VEI viriisii ile baliklarin viseral
organlarindan ayn1 zamanda Vibrio anguillarum, P. damsela subsp. piscicida, Vibrio sp.,
Tenacibaculum maritimum (Flexibacter maritimus) gibi patojen bakterileri de identifiye ederek karma
enfeksiyonlar olusturdugunu bildirdim ve Cin’in Sangay ilinde Ocean Universitesi’nde diizenlenen
toplantida sozlii bildiri olarak teblig ettim. Mayis 2005 tarihinde Istanbul Universitesi Fen Bilimleri
Enstitiisii Yonetim Kurulugu iiyeligine secildim. Karadeniz’deki ayni isletmelerde hasta gokkusagi
alabaliklarinda EIBS’nin Vibrio sp., Tenacibaculum maritimum (Flexibacter maritimus), A.
salmonicida, S. epiderdermis gibi patojen bakterilerden bazilari ile karma enfeksiyonlar olusturdugunu
tespit ettim. May Gralinwalt/Giemsa ile boyanmis kan frotilerinde eritrositlerin i¢inde inkliizyon
cisimcikleri gorildiigii gibi niikleuslarin eridigi ve hayalet niikleuslarin goriildiigli, elektron
mikroskobunda ise hasta baliklarin eritrositlerinde ovoid sekilli viral inkuliizyonlarin varligini
gozlemledim. 2008 yilinda Prof. Dr. Jale Korun ile birlikte 2-5 g agirligindaki Avrupa levreklerinde
ekzoftalmi, iilseratif cilt lezyonlari, i¢ organlarda kanamalar gibi klinik belirtilerle birlikte V.
harveyi'yi tanimladik. Ayni yil su tirlinleri lisans ve lisansiistii 6grencilerinin ders ve uygulamalarina
kaynak olmak {iizere alabalik, deniz levregi, ¢ipura, sazan, mersin balig1 ve altin balik (japon balig1)
gibi ticari oneme sahip baliklarin yani sira, kopek baliklar1 ve vatozlar ile ¢enesiz baliklardan
lamprey'lerin anatomik yapilarimi da karsilastirmali olarak diizenleyerek konularin daha iyi
anlagilmasina olanak saglayan Balik Anatomisi kitabini Nobel Yayin evinden yayinladim. Bu
kitabimda klinik olarak 6nemli konular1 isleyerek ¢esitli balik tiirlerindeki organ sistemleriyle ilgili
bilgilere yer verdim.

Mart 2009 tarihinde Istanbul Universitesi Su Uriinleri Fakiiltesi’ne ikinci kez Dekan Yardimcis
olarak atandim, ayn1 zamanda Fakiilte kurul iiyeligi de yaptim. Fakiilte ve Fen Bilimleri Enstitiisii
Yonetim Kurulugu iiyeliginin yan1 sira Hastaliklar Anabilim Dali Baskanligi ve Dekan Yardimcilig
gorevlerini birden fazla kez yiiriittim. 2013 yilinda ‘Balik Histolojisi ve Embriyolojisi’ kitabim
Istanbul Universitesi Fen Bilimleri Enstitiisii’nden yayimnladim. 2014 yilinda Istanbul Universitesi
Senatorliigii’ne secildim ve bu gorevi emekli olana kadar siirdiirdiim. Esimin emekliye ayrilmasinin
ardindan (Sekil 13), 2015 yilinda biiyiik bir tutkuyla icra ettigim bu meslekten emekli oldum. Emekli
oldugum yil doktorantim Dog¢. Dr. Remziye Eda Yardimci ile birlikte bakteriyolojik ve molekiiler
yontemlerle Tirkiye'de yetistirilen Avrupa levreginde goriilen hastalik salgininda 7. maritimum'u
etiyolojik ajan olarak tamimladik. Emekli olsam da ¢aligmalarima devam ettim. Bu siirecde iki doktora
tezi daha bitirtmis oldum. 2014 ve 2015 yillarinda kiiltiir grany6z baliklarindan M. marinum izole ve
identifiye ederek, viseral organlarin doku kesitlerinde granulomatoz nodiillerin i¢inde Zeil Nelson
boyasi ile asit fast pozitif boyanan ince comak sekilli pembe M. marinum basilleri gézlemledim.
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Sekil 13. Prof. Dr. Metin Timur’un emeklilik yemeinden bir an.

Kizimdan Can ve Cem isminde iki erkek torunum, oglundan ise Pelin isimli bir kiz torunum var.
Gerek yurt iginde gerekse yurt disindaki dergilerde yaymnlanan ¢ok sayida aragtirma, proje
caligmalarimin yani sira yiiksek lisans ve doktora tezleri yaptirmig, hem ulusal hem uluslararasi
kongrelerde sozel ve poster tebligler sundum. Ayrica ¢ok sayida uzman yetistirilerek hem sektdrde
hem de uluslararasi camiada balik hastaliklart konusunda {ilkemi temsil etmeye calistim. Calisma
arkadaslarimla birbirinden degerli yayinlarimizla giiniimiize bir¢ok eser birakmis, bu konuda miitevazi
olamayacagim birgok hastaligi ilk kez iilkemizde tanimlayarak literatiirde ismimden sz ettiren bir
balik histopatologuyum. Iclerinde bircok Fakiilte Dekani ve akademisyenin bulundugu, sektdrde
alaninda calisan sayisiz 6grenci yetistirmis olmanin gururunu yasiyorum. Ayrica bu otobiyografiyi
kaleme almam icin beni tesvik eden ¢ok degerli Isparta Uygulamali Bilimler Universitesi Egirdir Su
Uriinleri Fakiiltesi Dekan1 Sayin Aysegiil Kubilay’a en samimi dileklerimle tesekkiir ederim.




Copyright Release For

Manuscript Submit Date: ...../.....[........
I 0L T T A L[ PP

The author(s) warrant(s) that;

e  The manuscript is original and is not being forwarded for publish and assessment to publication elsewhere
after sending Acta Aquatica Turcica (Acta Aqua.Tr.)

e The publishing, printing and distribution of the article is belong to the legal entity under name Acta
Aquatica
Turcica (Acta Aqua.Tr.).

e The written and visual materials such as the text, tables, figures and graphics etc. of the manuscript don’t
contain any copyright infringement, and the all legal permissions for them have been taken by the author(s).

o The all scientific, ethic and legal responsibility of the article is belong to author(s).

Notwithstanding the above, the Contributor(s) or, if applicable the Contributor’s Employer, retain(s) all
proprietary rights other than copyright, such as

v’ The patent rights,

v’ The using rights of the all authors will be published in book or other work without paying fees,

v’ The rights to reproduce the article for their own purposes provided are not sell under the seal of secrecy of
distribution rights, and in accordance with the following conditions has been accepted by us.

Full Name, Address of Corresponding
AUthOR:. ... 0. ... R e . . . it eneanae s ;

E-Mail "8 ... SN ... TR Signature

Full Name Address Signature

Acta Aquatica Turcica
Phone : +90 246 2146401 Fax: +90 246 2146445
http://dergipark.org.tr/actaquatr
actaquatr @isparta.edu.tr



http://dergipark.org.tr/actaquatr
mailto:actaquatr@isparta.edu.tr

Author Guidelines

PAGE SIZE
Page should be A4 (21 cm x 29.7 cm) size.

MARGINS

Top: 2.5 cm Right: 2.5 cm Left: 2.5 cm Bottom: 2.5 cm Gutter: 0 cm
TEXT FORMATING

Font : Times New Roman

Font size : 12-point

Alignment : Justified

Indent :1.25cm

Line spacing 12

Line numbers  : Continuously throughout the manuscript

Page numbers  : Automatic numbered in the bottom center of the pages
TITLE PAGE

The title page should be uploaded to the system separately from the manuscript file. The title page should
contain only the following information.

- Title
Title should be brief and informative reflecting the study. Abbreviations and formulae usage is not
recommended.

- Running title
A short (running) title with a maximum of 75 characters should be given to reflect the title.

- Authors names
Name and surnames of the authors should be indicated clearly. Accuracy of the names spelling should be
checked before submission.

- Institution

Format used: University/Institution, Faculty, Department, Province-COUNTRY

Example: Isparta University of Applied Sciences, Egirdir Fisheries Faculty, Department of Aquaculture, Isparta-
TURKEY

- Corresponding author

Please indicate the corresponding author who will be responsible for all the stages of publication, review, and
post-publication. Contact information and mailing address of corresponding author should be given in the title
page.

*Corresponding Author: Name Surname, e-mail: ...

- ORCID’s of the authors
ORCID’s of the authors should be identified. Please visit https://orcid.org to register an ORCID.

MANUSCRIPT FORMAT
Manuscripts in original articles, short communication, case report and reviews should be prepared in accordance
with the format below*.



Original Article Short Communication Case Report Review Article
Title
Short title
Authors
Institutions
Corresponding author e-mail
ORCID’s of the authors

Title
Abstract
Keywords

Turkish title”
Turkish abstract”
Turkish keywords"

1. Introduction
2. Material and Methods

2. FREE CONTENT 2. Case Report 2. FREE CONTENT
3. Results
4. Discussion 3. Discussion
5. Conclusion 4. Conclusion
Acknowledgement
Funding

Conlflict of Interest
Author Contributions
Ethical Statements
Data Availability Statement
References
* Note: Turkish title, abstract and keywords supports are provided for non-Turkish authors.

ABSTRACT
Abstract should concisely contain the purpose of the study, the methods used, the prominent findings, and its
contribution to the literature. It should be written both in Turkish and English with a maximum of 300 words.

KEYWORDS

Keywords should be chosen from words that are not included in the title and reflect the study. At least 3 (three),
maximum 5 (five) keywords should be specified. There should be a comma (,) between words and a dot (.) after
the last word.

Keywords: CITES, aquaponics, production protocol, mortality, immunology.

DECIMAL NUMBERS
Comma “,” should be used in Turkish manuscripts and dot ““.” should be used in English manuscripts.
Turkish: %10,25

English: 10.25%

SCIENTIFIC NAMES
The species name should be given without abbreviation (Cyprinus carpio) in the first place in the text, and then
the genus name should be abbreviated (C. carpio).

TABLES

The table title should be positioned above the table and should be written concisely. Abbreviations used in the
table should be explained below the table. The table must be in the form of a straight guide, with no special
design applied. Authors are encouraged to convey the table contents to the reader in the table footer,
independently of the article. Font size for footers should be 10 points. Tables should be cited in the text as Table
1, Table 2, etc. The tables should be given in the nearest place where it cited. Tables must be editable. Tables in
screenshot or picture format are not accepted.



FIGURES

The figure title should be short and concise, centered at the bottom of the figure. Figures should have a minimum
resolution of 300 DPI. Figures should be cited in the text as Figure 1, Figure 2, etc. The figures should be given
in the nearest place where it cited.

ACKNOWLEDGEMENT
In this section, those who help to the conduct the study apart from financial support, are indicated.

Example: The authors thank Ahmet Tas (Isparta University of Applied Sciences, Turkey) for his helps during the
laboratory part of the study.

FUNDING
In this section, institutions that provide financial support to the conduct of the study are indicated using the grant
number.

Example-1: This study was supported by the Scientific Research Projects Coordination Unit of Isparta
University of Applied Sciences grant 3241-E2-14.

Example-2: No financial support was received for the present study.

CONFLICT OF INTEREST
Conlflicts of interest of the author(s), if any, are indicated in this section.

Example: The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

AUTHOR CONTRIBUTIONS
The contributions of each author to the relevant stages of the study are indicated by using each work package and
the first letters of the name and surname.

Example:
Fiction: IT; Literature: KL, TN; Methodology: CT, FU; Performing the experiment: FM, CT, FU; Data analysis:
FU, TA; Manuscript writing: CT, FU, Supervision: CT. All authors approved the final draft.

ETHICAL APPROVAL STATEMENTS

The ethics committee approvals obtained for the study are indicated with information of institute, date, and
number. Manuscripts that are not declare, although they require the Local Ethics Committee Approval in studies
conducted with vertebrates, and the Approval for Ethics Committee Approval of Non-Interventional Investigates
in survey/interview studies will not be considered for scientific evaluation.

Example-1: Local Ethics Committee Approval was not obtained because experimental animals were not used in
this study.

Example-2: This study was conducted with the approval of Animal Experiments Local Ethics Committee of
Isparta University of Applied Sciences (Date: 01.07.2010, No: 21438139-147).

DATA AVAILABILITY STATEMENT

In this section, data availability statement should be declared by the authors regarding the anonymous
availability of the data used in the manuscript. Acta Aquatica Turcica encourages authors to share research data
used.

Example-1: The data that support the findings of this study are openly available in Figshare at
https://doi.org/10.6084/m9.figshare.11815566.v1

Example-2: The data used in the present study are available upon request from the corresponding author. Data is
not available to the public due to privacy or ethical restrictions.

Example-3: Data supporting the findings of the present study are available from the corresponding author upon
reasonable request.



Example-4: Data sharing is not applicable for the present study as no new data was created or analyzed.
Example-5: Research data is not shared.

Example-6: Data supporting the findings of the present study are available in the supplementary material to this
article.

CITATIONS

Citations are written in the following formats, in the order of the year, separated by a semicolon (;).
- Single author

(Author, Year)

-- It is thought to be ... (Kii¢iik, 2008; Giiclii, 2018a; Giiclii, 2018b).

-- According to Kiiciik (2008), ...

- Two authors

(Author-1 and Author-2, Year)

-- They are among the important parameters (Kiiciik and Giiclii; 2001; Ekici and Koca, 2021a; Ekici and Koca,
2021b).

-- According to Ekici and Koca (2021b),...

- Three or more authors

(Author-1 et al., Year)

-- It can be repeated periodically (Yigit et al., 2006a; Yigit et al., 2006b; Boyaci et al., 2020).
-- According to Boyaci et al. (2020),...

REFERENCES LIST

References should be indented 1.25 cm from the second line and should prepared according to APA version 7.
Ideally, the names of all authors should be provided. Usage of “et al” in long author lists (more than 10) will also
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 DOI 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: 2,5 cm Sag: 2,5 cm Cilt pay1: 0 cm
YAZI STILi

Yazi karakteri : Times New Roman

Yazi karakteri biiytikliigii : 12 punto

Paragraf : iki yana yash

Paragraf girintisi : 1,25 cm

Satir araligi : 2

Satir numarasi : Metnin tiimiinde satir numarast atanmalidir

Sayfa numarasi : Sayfalarin altina gelecek sekilde otomatik numaralanmis

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

- Baslk
Baslik kisa, bilgilendirici ve ¢alismay1 net olarak yansitmalidir. Kisaltma ve formiil kullanimi dnerilmez.

- Kisa bashk
Baslig1 yansitacak sekilde maksimum 75 karakterde kisa bir baglik verilmelidir.

- Yazarlar
Yazarlarin ad ve soyadlari kisaltilmadan agik olarak yazilmalidir. Makale yiiklenmeden 6nce yazar isimlerinin
dogrulugu kontrol edilmelidir.

- Kurum bilgisi

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

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

- Sorumlu yazar

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

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

- ORCID bilgileri
Tim yazarlarin ORCID bilgileri belirtilmelidir. Liitfen ORCID tamimlamasi 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
Baslik
Kisa baslik
Yazarlar
Kurum bilgileri
Sorumlu yazar e-posta adresi
ORCID bilgileri

Baglik
Ozet
Anahtar kelimeler

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

Ozet, calismanmn amacimi, kullanilan metotlar, &ne ¢ikan bulgulari ve literatiire katkismi 6z bir sekilde
icermelidir. 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, {iretim protokolii, mortalite, immiinoloji.

ONDALIK GOSTERIM
Tiirkge makalelerde «,” (virgiil) ingilizce makalelerde ise “.” (nokta) olmalidir.
Tiirkge: %10,25

Ingilizce: 10.25%

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

TABLOLAR

Tablo basligi, tablonun {istiine gelecek sekilde kisa ve 6z olmalidir. Tabloda yer alan kisaltmalar tablonun altinda
aciklanmalidir. Tablo zel bir tasarim uygulanmamus, diiz kilavuz seklinde olmalidir. Thtiya¢ bulunmasi halinde
tablo i¢i metinde yazi karakteri biiyiikliigii 10 puntoya kadar disiiriilebilir. 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.

SEKIiLLER

Sekil basligi, 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, alintilandiklar1 yere en
yakin yerde verilmelidir.

TESEKKUR
Bu béliimde finansal destek diginda ¢alismanin yiiriitiilmesine katki sunanlar belirtilir.

Ornek: Yazarlar ¢aligmanin laboratuvar boliimiinde yardim eden Ahmet Tas’a (Isparta Uygulamali Bilimler
Universitesi, Tiirkiye) tesekkiir etmektedir.

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

Ornek-1: Bu galisma 3241-E2-14 proje numarast ile Isparta Uygulamali Bilimler Universitesi Bilimsel Aragtirma
Projeleri Koordinasyon Birimi tarafindan desteklenmistir.

Ornek-2: Bu galismanin yiiriitiilmesinde herhangi bir finans destegi alinmamuistir.

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

Ornek: Yazarlar, bu ¢aligmay: etkileyebilecek finansal cikarlar veya kisisel iligkiler olmadigini beyan eder.

YAZAR KATKILARI
Bu bdliimde isim ve soy ismin ilk harfleri kullanilarak yazarlarin ¢aligmanin ilgili agamalarina yaptiklart katkilar
belirtilir.

Ornek:
Kurgu: BT; Metodoloji: CT, FU; Deneyin ger¢eklestirilmesi: FM, CT, FU; Veri analizi: FU, TA; Makale yazimi:
CT, FU, Denetleme: CT. Tiim yazarlar nihai taslagi onaylamistir.

ETiK ONAY BEYANI

Bu boliimde ¢aligmanin yiiriitiilmesinde alinan etik kurul onayinin alindigi kurum, tarih ve numarasi belirtilir.
Omurgali hayvanlarla yiiriitilen ¢alismalarda Yerel Etik Kurul Onayi, anket/miilakat g¢alismalarinda ise
Girigsimsel Olmayan Arastirmalar Etik Kurulu Onay1 gerektirdigi halde beyan edilmeyen makaleler bilimsel
degerlendirmeye alinmamaktadir.

Ormnek-1: Bu ¢alismada deney hayvanlari kullanilmamas1 nedeniyle Yerel Etik Kurul Onay1 alinmanustir.

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

VERI KULLANILABILIRLIK BEYANI
Bu boliimde makalede kullanilan verilerin anonim kullanilabilirligine iliskin beyanda bulunulmalidir. Acta
Aquatica Turcica dergisi, yazarlar1 arastirma verilerini paylasmaya 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 g¢alismada kullamlan verilere ilgili yazardan talep {izerine erisilebilir. Veriler, gizlilik veya etik
kisitlamalar nedeniyle kamuya acik degildir.

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

Ornek-4: Bu calismada yeni veri olusturulmadigi veya analiz edilmedigi i¢in veri paylasimi bu makale igin
gegerli degildir.

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

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

- Tek yazar:

(Yazar, yil)

-- ... oldugu diisiiniilmektedir (Kiigiik, 2008; Gii¢lii, 2018a; Giiglii, 2018Db).
-- Kiigiik (2008)’e gore ...

- ki yazar:

(Yazar-1 ve Yazar-2, yil)

-- ... dbnemli parametreler arasinda yer almaktadir (Kii¢iik 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)
-- Boyac1 vd. (2020)’e gore ...

KAYNAKLAR

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

1-Makale
Dergi ismi kisaltilmadan (italik), cilt (italik), sayi, sayfa numaralari ve aktif link icerecek 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/10.1111/5.1744-7410.2009.00180.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 baslig1 italik olacak sekilde ve yayimn kurulus 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 boliimii
Boliim bagligl normal, kitap basligi italik olacak sekilde, editor(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 basglig1 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 baglig italik olacak sekilde, tez tiirii (Doktora, Yiiksek lisans, Tipta Uzmanlik) ve {iniversite ismi
belirtilmelidir.

Filik, N. (2020). Kiiltiir baliklarindan izole edilen Aeromonas hydrophila suslarinda fenolik bilesenlerin ¢evreyi
algilama sistemi iizerine inhibisyon etkisi ve suslar arasindaki klonal iligskinin 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 sunumlari

Etkinlik tarihi, sunu basligi (italik), sunum tiirii (S6zli 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, Tiirkiye.

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 alinmayacaktir.



