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Olgun Sayilar ve Olgun Sayilar/Mersenne Sayilar Urete¢ Algoritmasi

Ahmet Sedat KAYA!

Ozet: Sayilar ve say1 sistemleri ile ilgili yapilan ¢aligmalar ge¢misten giiniimiize insanligin dikkatini gekmis ve
insanoglu sayilar arasindaki iliskileri anladik¢a yeni kavramlar tiretmistir. Sayisal kavramlardan en 6nemlilerinden
birisi de hig siiphesiz asal sayilardir. Sayilar iizerinde arastirma yapan Marin Mersenne; 17.yy. baslarinda mersen
sayilar1 kavramini iiretmis ve sonrasinda ise hem mersen hem de asal olan sayilara mersenne asal sayis1 denilmistir.
Asal sayilarla ilgili yapilan ¢alismalarin olast sonuglar: basta kriptoloji ve bilgi giivenligi olmak {izere hayatimizi
etkileyecek birgok gelismeyi ortaya ¢ikarma potansiyeline sahiptir. Bu sebeple basta matematik ve bilgisayar bilimi
alanlar1 olmak {izere bu konuda birgok calisma yapilmasina neden olmaktadir. Bu makale kapsaminda, Mersenne
asal sayilar1 iizerinde yapilan ¢alismalar esnasinda ortaya ¢ikan olgun sayilar kavrami tiretilmistir. Bu kavrama
gore her sayinin olgun say1 olmak istedigi ve her olgun saymin daha sonra genisleyerek yeni olgunluk seviyesine
ulasacag1 varsayilmaktadir. Makalede ayrica 2’lik say1 sistemi igin Olgun Sayi/Mersenne Say1 {ireteg algoritmasi ve
olgun sayilar ile ilgili bazi kurallar tiretilmistir.

Anahtar kelimeler: Olgun sayilar, mersenne sayilari, algoritma, numeroloji, say1 sistemleri, collatz varsayimi

Mature Numbers and The Algorithm to Generate Mature

Numbers/Mersenne Numbers

Abstract: The Studies on numbers and number systems have attracted the attention of humanity from past to
present. As people deepen their understanding of the relationships between numbers. One of the most important
numerical terms is undoubtedly the prime numbers. Marin Mersenne, who studied on numbers, generated the
term of mersen numbers at the beginning of 17th century and subsequently numbers that are both Mersenne and
prime came to be known as Mersenne prime numbers. Later on the numbers that are both mersenne and prime
were called as the mersenne prime numbers. The potential outcomes of studies related to prime numbers, especially
in the fields of cryptography and information security, have the capacity to bring forth numerous developments
that can significantly impact our lives. Therefore, this leads to a considerable amount of research being conducted,
particularly in the fields of mathematics and computer science. Within the scope of this article, the term of mature
numbers, which emerged during the studies on Mersenne prime numbers, was generated. According to this term,
each number aims to be a mature number and later on it is assumed that each mature number will expand and
reach a new level of maturity. Furthermore, the article introduces the Mature Numbers/MErsenne Number
generator algorithm for the binary system and outlines certain rules goverining mature numbers.

Keywords: Mature number, mersenne number, algorithm, numerology, number systems, collatz assumption
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GIRIS

Olgun Sayilar Kavraminin Ortaya Cikist

Bu makale ile ilgili calismalarin baslangi¢ yil1 2000°li yillara dayanmaktadir. 2000’li yillarin basinda
Mersenne Vakfi tarafindan diizenlenen GIMPS (Great Internet Mersenne Prime Search) yarismasinda
Mersenne Asal Sayilariin bulunmast ile ilgili ¢alismalar yapilmistir (Great Internet Mersenne Prime
Search, 2023). Bu calismalar esnasinda Mersenne Asal Sayisinin bulunmast ile ilgili olarak tiimdengelim
yontemi (olas1 asal sayinin tiim sayilara boliinerek asal say1 olup olmadiginin tespiti) yerine tiimevarim
(bir say1 kokiiniin ileride hangi sayiya evirilecegi tespit edilerek olasi asal say1 listesinden elenmesi)
seklinde bir yontem izlenmistir (Anli, 2021). izlenen bu yéntem neticesinde say1 kokleri ile ilgili yapilan
calismalar sirasinda “Olgun Sayilar” kavrami ortaya ¢ikmis ve bu sayilarla ilgili olarak calismalar
derinlestirilmistir. Yapilan calismalar sirasinda Olgun Sayilar yerine daha once “Giiglii Sayilar”
kavramlar1 da diistiniilmiis fakat Olgun Sayilar siirekli genisledigi ve her bir Olgun Sayinin bagka bir

Olgun Sayimn kokii olabilecegi i¢in “Olgun Sayilar” kavramina karar verilmistir.

Bu makale kapsaminda ortaya atilan Olgun Sayilar kavrami ve gelistirilen algoritma ile matematik
alaninda yeni bir say1 kavrami ortaya konulmus ve sayr koklerinden yeni sayilarin {iretilmesi,
gelistirilen algoritmarnun tersine kullanimi ile sayilarin koklerinin olup olmadiginin tespiti, sayilarin asal
say1 olup olmadig; ile ilgili yeni calismalarin yapilmasina zemin hazirlanmistir. Asal sayilar matematik
ve kriptoloji olmak iizere pek ¢ok alanda kullanilmaktadir (Celik, 2022). Asal sayilarla ilgili olarak
yapilan c¢alismalar ve olasi sonuglar1 basta giivenlik olmak {izere bir ¢ok alanda yeni gelismeleri

tetikleme potansiyeline sahiptir.

Olgun Sayilar Kavraminin tersi bir bakis acis1 da Collatz varsayiminda bulunmaktadir (Conway, 1972).
Collatz varsaymmi tiim sayilarin 1’e indirgenebilecegini savunurken (Ozkenar, 2020), Olgun Sayilar

kavramu tiim sayilarin kendi Olgunluk seviyelerine ulasacagini diisiinmektedir.

Niimerolojik (Dudley, 1997) acidan bakildiginda, nasil ki i¢cinde bulundugumuz evren yapilan bilimsel
calismalara gore genisliyorsa (Linder, 2023) ve insanlik her yasadig1 dénem igerisinde siirekli iyiyi
ariyor ve olgunlasiyorsa say1 sisteminde de benzer yaklagimlarin oldugu ve bu kapsamda sayilarinda
tipki insan, insanlik/medeniyet gibi bir sonraki olgunluk seviyesine ulasmak isteyecekleri

diastuntlmistiir.

Olgun Say1 Nedir

Olgun sayilar bulunduklari say: sistemlerine gore degerlendirilir. Eger bir say1 haneleri bazinda iginde
bulundugu say1 sisteminin en yiiksek rakami ile gosteriliyorsa bu say1 olgun sayidir. Eger
gosterilmiyorsa bu say1 olgun say1 degildir. Bilindigi {izere Matematik’de cesitli say1 sistemleri vardir.
(Shahid, 2011) Bunlardan en bilinenleri 2'lik say1 sistemleri (Binary), Onluk Say1 Sistemleri (Decimal) ve
16’lik Say1 Sistemleridir (Hexadecimal). Olgun say1 kavramui tiim say1 sistemleri i¢in gegerli olmak iizere

en ¢ok bilinen bu say1 sistemleri {izerinden 6rneklendirilmistir.

Olgun Say1= Bir say1 gosterildigi say1 sisteminin en yiiksek rakamu ile ifade ediliyorsa o say1 olgun
sayidir.

Mature Number = IF Number’s All Digits Have Maximize Number According to Number Numerical
System

Ornegin;

Olgun sayilar kavramini daha iyi agiklamak igin ¢esitli say1 sistemlerinden ornekler verilmistir.
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2'lik say1 sisteminde 4 haneli / basamakl: iki say1 secilmistir (Kovacs, 2001).
1111 = Bu say1 tiim haneleri (digitleri) 2’lik say1 sistemindeki en yiiksek rakami olan 1 ile ifade edildigi

i¢in bu say1 olgun sayidir.

1011 Bu say1 ise tiim haneleri 1 ile gosterilmedigi i¢in olgun say1 degildir.

10’luk say1 sisteminde 7 haneli iki say1 secilmistir (Sarton, 1950).
999999910=> Bu saymin tiim haneleri onluk say1 sistemindeki en yiiksek rakam olan 9 ile ifade edildigi

i¢in bu say1 olgun sayidir.

123456710~ Bu say1 ise tiim haneleri 9 ile gosterilmedigi i¢in olgun say1 degildir.

16'lik say1 sisteminde 5 haneli iki say1 secilmistir (Mahat, 2021).
FFFFFu6)= Bu say1 tim haneleri 16’lik say1 sisteminde en yiiksek rakam olan F ile ifade edildigi i¢in bu

say1 olgun sayidir.

FOAB1u6)=> Bu say1 ise tiim haneleri F olmadig; icin olgun say1 degildir.

Bu ornekler diger say1 sistemleri igin ¢ogaltilabilir. Goriildiigii tizere Olgun Sayilar bulunduklari say1
sistemlerinde gosterildikleri haneler bazinda degerlendirilir. Eger saymun biitiin haneleri ilgili say1

sisteminin en yiiksek degeri ise Olgun Sayidir degilse Olgun Say1 degildir.

Mersenne Sayist ve Olgun Say1 Iliskisi
Mersenne Sayilar1 =2 -1 olarak ifade edilir (Robinson, 1954).

Bu kapsamda bir Mersenne Sayis1 2’lik say1 sistemi icin ayni zamanda bir Olgun Sayidir. Ama Olgun
Sayilar kavrami sadece 2’lik say1 sistemi igin degil tiim say1 sistemleri igin gecerlidir.
Ornegin,

7q0) sayis1 bir Mersenne sayisidir.

710=2% -1 olarak ifade edilir ve ikilik say1 sisteminde bakildiginda ise 111 olarak gosterilir.

Ornegin,

n yerine 10 koyarak yeni bir Mersenne sayisi {iretilmistir.

210-1=1023110=1111111111¢» olarak gosterilir. Bu 6rnekte goriildiigii gibi tiim mersenne sayilar: tanimlari

itibariyle 2’lik say1 sistemleri agisindan Olgun sayilardir fakat diger say1 sistemleri igin Olgun sayilar
olmayabilir (Ornegin 10230 sayist 10'luk say1 sistemi i¢in Olgun Say1 degildir).

YONTEM
2’'lik say1 sistemleri igin Olgun Say1/Mersenne Sayisi tiretme algoritmasi olusturulmustur. Gelistirilen
bu algoritma kendisine verilen 2lik say1 sisteminden say1 kokiinii kullanarak yeni bir olgun say1
tiretmektedir. Bu sayede herhangi bir 2’lik say1 sistemindeki saymin bir sonraki Olgun Sayisi
belirlenebilmekte ve olusan say1 tekrar bu algoritmaya girdi teskil ederek yeni Olgun Sayilar

uretilebilmektedir.

Algoritmanin ¢alisma mantig1 Collatz varsayiminda bahsedilen algoritmanin tersi bir mantikla
calismaktadir. Collatz varsaymmindaki algoritma kendisine verilen tiim sayilar1 1’e indirgemekte, Olgun
Sayilar/Mersenne Sayilar Algoritmasi ise kendisine verilen 2’lik say1 sistemindeki sayiy1 bir sonraki

Olgunluk seviyesine ¢ikarmaktadir.

Algoritma tiimevarim yéntemi ile caligmaktadir. leride yapilacak calismalarda tersine-miihendislik

yontemleri kullanilabilir. Bu sayede tiimden gelim yontemi kullanilarak sayilarin koklerinin neler
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olabilecegi kapsaminda calismalar derinlestirilebilir. Bu ¢alismalarin ¢iktilar1 bir saymin asal olup

olmadiginin kontrolii kapsaminda kullanilabilir.

Algoritmanin daha iyi anlasilmasi igin dncelikle algoritmanin ¢alisma mantig1 aktarilmis sonrasinda ise
algoritmanin fonksiyonel gosterimi yapilmistir. Bu algoritma 2’lik say1 sistemine gore en diisiik seviyeli
bitten (LSB) en yiiksek seviyeli bite dogru (MSB) ilerler (Yiice, 2014).

Algoritmanin Calisma Mantigt
2’lik say1 sistemi i¢in gelistirilen Olgun Sayilar algoritmasinin ¢alisma mantig1 asagida adimlar halinde

acgiklanmaktadir. Say1 N olarak alinur.

Saymin Tek veya Cift olduguna bakilir. Eger say1 Cift ise 1 eklenerek say1 tek haline getirilir.
2. Daha sonra bu say1 en diisiik seviyeli bitten (LSB) en yiiksek seviyeli bite dogru(MSB) déngiiye
sokulur. 3a0 = 11¢) ve 5102101 sayilar1 6rnek say1 olarak belirlenmistir.

300 sayisina gore Islem Yonii 50 Sayisina Dogru Islem Yénii
11 101
< <

3. Ayrica saymn ilk hali StartN degiskenine atilir ve Index degiskeni saymmin uzunlugu olacak
sekilde ve en diisiik seviyeli biti gosterecek sekilde ayarlanir. Bir adet Counter degiskeni

olusturularak N sayisinin ilgili basamagini bulmak i¢in kullanilir.

11 101
StartN=11 StartN=101
Counter=0 Counter=0

4. Daha sonra en diisiik seviyeli bitten (LSB) baglayarak basamak basamak ilerlenir. Oncelikle
islem yapilacak Index degeri hesaplanir. Eger N sayisinin dizi Index degeri “1” ise sayinin en
yiiksek bitine(MSB) “0” eklenir. Degilse yani Eger N sayinin dizi Index degeri “0” ise StartN
degeri ile toplanur. Bu kontrol yapildiktan sonra StartN degiskeni sayisal olarak 2 ile ¢arpilir

veya String olarak LSB tarafina “0” eklenir ve Counter degeri 1 arttirilir.

Index yeni Hali

Index=Length(N)-Counter=2-0=2 Index=Lengh(N)-Counter=3-0=3
11[Index]>11[2]>"1" 101[Index]>101[3]>"1"

N yeni hali

11 =2 011 1012—=>0101¢)

StartN yeni hali

112=>110¢) 1012=>1010¢)

Counter yeni Hali
Counter=Counter+1->0+1=1 Counter=Counter+1->0+1=1

5. Daha sonra N degiskeninin Olgun Say1 olup olmadig: kontrol edilir (2'lik say1 sistemi igin tiim
basamaklarinin 1 oldugu). Eger Olgun Say: degil ise diger basamaklar: kontrol etmek igin

dongiiye devam edilir. Eger Olgun Say1 ise dongiiden ¢ikilir.
IF N is Mature Number
Then return/break;

Else Continue;
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IsMature(N=001)=False>Continue IsMature(N=1010¢=False->Continue

Bir sonraki basamaga gecilir ve tekrar 5. basamaktaki islemler tekrar edilir. Yeni Index degeri

hesaplanir ve N degiskeninin dizi Index degeri kontrol edilir.

Index yeni Hali
Index=Length(N)-Counter=3-1=2 Index=Lengh(N)-Counter=4-1=3
011[Index]>011[2]>"1" 0101[Index]>0101[3]>"0”

Bu durumda sol taraftaki blokta “1” degeri sag taraftaki blokta ise “0” degeri ile karsilagilmistir.

Daha net anlasilmasi icin ayr1 ayr1 islem yapilacaktir.
Sol taraf su sekilde islenecektir. “1” oldugu igin.

N yeni hali

0112 = 0011

StartN yeni hali
110@>1100¢)

Counter yeni hali
Counter=Counter+1>1+1=2
Sag taraf su sekilde isleyecektir. “0” oldugu igin.
N Yeni Hali

N=N-+StartN
N=0101+1010=1111

StartN yeni hali
10102=>10100¢)

Counter yeni Hali
Counter=Counter+1>1+1=2

Daha sonra N degiskeninin Mature olup olmadig1 kontrol edilir.

IsMature(N=0011)=False>Continue IsMature(N=1111@=True—>Break
Sol taraf i¢in dongiiye devam edilir. Sag taraf i¢in Olgun Sayiya (1111@) ulasildig:
i¢in dongtiden ¢ikilir.

Sol taraf i¢in dongiiye devam edilir.

Index yeni Hali
Index=Length(N)-Counter=4-2=2
0011[Index]>0011[2]>"0"

N Yeni Hali
N=N+StartN
N=0011+1100=1111

StartN yeni hali
11002)=>11000¢)

Counter yeni Hali
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Counter=Counter+1->2+1=3
IsMature(N=1111)>True=Break

N degiskeni Olgun Say1iya ulastig1 icin dongiiden ¢ikalir.

Algoritma calistirildiginda goriildiigii tizere baslangigta 310)> 11 sayist Olgun Say1 olmasina ragmen
bir sonraki Olgunluk Sayis1 olan 15a0 211112 degerine de ulasmustur.

Ayni sekilde 510 101 sayis1 Olgun Say1 olmamasina ragmen bir sonraki Olgunluk Sayis1 olan 150
1111 degerine ulasmistir. Bu da bize Numerolojik agidan her saymmin Olgun Sayiya ulasmak

istedigini ve her Olgun Sayinin bir sonraki Olgunluk seviyesine ulasabildigini gostermektedir.

Algoritmanin Fonksiyonel Gosterimi
Algoritmanin fonksiyon hali gosterilmistir.

Function GenerateMatureandMersenneNumber(NN)

Begin
IF N is EVEN
Then N=N+1
index=0
StartN=N
Counter=0
Repeat
Index=Length(N)-Counter
IF (N[Index]=="1")
Then
N="0"+N
IF (N[Index]=="0")
Then
N=N+StartN
StartN=StartN+"0"
Counter=Counter+1
Until (IsMature(N));
Return N;
End
BULGULAR
Test Ortam

Olgun Sayilar ve Mersenne Sayilar icin hazirlanan Algoritmanin calistirildig: test ortamina iliskin
donanim, isletim sistemi Tablo 1'de, yazilim, gelistirme ortam1 ve kullanilan dil bilgileri ise Tablo 2’de

verilmistir.

Tablo 1. Algoritmanin ¢alistig1 test ortamina iliskin donanim ve isletim sistemi bilgileri.

CPU Intel(R) Core (TM) i7-4700HQ CPU -2.40GHz
RAM 16 GB

HDD 500 GB SSD

Operating System Windows 10
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Tablo 2. Algoritmanin ¢aligtig1 test ortamina iliskin framework, gelistirme ortamu ve dili bilgileri.

Framework Microsoft.Net Framework 4.8
Gelistirme Ortami Microsoft Visual Studio 2019
Geligtirme Dili C#

Algoritma Gelistirme Yontemi

Algoritma gelistirilirken C# dili tercih edilmistir (Hejlsberg, 2008). Baz1 Olgun Sayilarmm milyon
basamakli oldugu goriildiigiinden dolay: islemler sayisal toplama yerine (sayisal degisken tipleri
maksimum 64 bit 6rnegin Int64 oldugundan) String (karakter dizisi) kullanilarak yapilmistir (String
Computer Science, 2023).

Mature/Mersenne Sayilarin {iretilmesi ve dogrulanmas igin bir uygulama gelistirilmistir (Sekil 1).

o5 Mature/Mersenne Number — L] X

Generate Mature/Mersenne Numbers

Validate Mature/Mersenne Numbers

Sekil 1. Olgun/Mersenne Sayilari iiretilmesi ve dogrulanmasi icin gelistirilen uygulama.

Uygulama iki formdan olusmaktadir. Mature/Mersenne sayilarinin iretildigi “Generate
Mature/Mersenne Numbers” formu digeri ise iiretilen Mature/Mersenne sayilarmnin dogrulandig:

“Validate Mature/Mersenne Numbers formudur.

Mature/Mersenne Sayilarimin Uretilmesi
Sekil 2’de ekran goriintiisii verilen “Mature/Mersenne Number Generator Algorithm” formu sayesinde
girilen herhangi bir 2’lik say1 sistemindeki (binary) say1 Olgun hale getirilebilmekte veya 1-1000q0)

arasindaki sayilar kullanilarak otomatik olarak Olgun sayilarin iiretilmesi saglanmaktadir.
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8! Mature/Mersenne Number Generator Algorithm = (] X

Generate Mature And Mersenne Number Enter Binary Number Generate Mature Number

968: 1111001000 7

983: 1111010111
984: 1111011000

21.03.2023 14:48:18::21.03.2023 14:48:33
|

Sekil 2. Olgun/Mersenne Sayilari {iretim sonuglari.

Burada ¢ikt1 gosterimi su sekilde 6zetlenebilir.

999: 1111100111 36

999: N sayisinun 10’luk say1 sisteminde gosterimidir.

1111100111: N sayisinin 2’lik sisteminde gosterimidir.

36: Olusan Olgun Say1 Mersenne Say1 Formatinda gosterimidir. 2 3¢ -1

21.03.2023 14:48:18::21.03.2023 14:48:33 : Algoritmanin ¢alistirildigr ve tamamlandigi andaki tarihsel
gosterimidir. Buna gore 1ao den 1000q0) e kadar olan sayilarin Olgun say1 haline gelmesi test ortaminda

yaklagik 15 saniye siirmiigtiir.

Algoritma Sonuclarimin Test Edilmesi

Her bir Olgun say1 bir say1 kokiinden tiiretilmektedir. Bundan dolayz iiretilen Olgun saymin kok sayiya
kalansiz boliinmesi gerekmektedir. Bu kapsamda her bir iiretim sonrasinda sayisal olarak {iretilen
Olgun Say1 kok sayiya boliinerek sonucun dogrulugu kontrol edilmistir. Bu kapsamda 2’lik say1
sisteminde bolme islemi yapilmis ve bolme yontemi olarak Long Division yontemi kullanilmistir
(Korkmaz, 2021).

“Mature/Mersenne Number Validator” formu sayesinde 1-1000a0 arasindaki tek kok sayilar
kullanilarak oncelikle Olgun Sayilar1 iiretilmekte daha sonra iiretilen Olgun Sayilar kok sayilara

boliinerek dogrulanmasi saglanmaktadir.

Formdaki “Generate and Validate Mature and Mersenne Number” butonuna basildiginda Sekil 3’teki

ekran goriintiisii olusmaktadir.
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a' Mature/Mersenne Number Validator

Generate and Validate Mature And Mersenne Number

963:1111000011:318: validated
965:1111000101:96: validated
967:1111000111:483: validated
969:1111001001:72: validated
971:1111001011:194: validated
73:1111001101:138: validated
75:1111001111:60: validated
111010001:488: validated
111010011:110: validated
981:1111010101:36: validated
983:1111010111:491: validated
985:1111011001:156: validated
987:1111011011:138: validated
989:1111011101:154: validated
991:1111011111:495: validated
993:1111100001:30: validated
995:1111100011:396: validated
997:1111100101:332: validated
999:1111100111:36: validated

3.04.2023 21:10:53::3.04.2023 21:11:16

Sekil 3. Uretilen Olgun/Mersenne Sayilarimin dogrulanmast.

Numbers (500): 1 -1000q0) say1lar1 arasindaki tek say1 koklerinin sayisini gosterir.

Validated Numbers Unvalidated Numbers

Validated Numbers(500): Bu tek say1 kokleri ile olusturulan Mature/Mersenne numberlarin kag

tanesinin dogrulandigini gosterir.

Unvalidated Numbers(0): Dogrulanmayan sayilarin kag adet oldugunu gosterir.
999: 1111100111 36 validated

999: N sayisinun 10’luk say1 sisteminde gosterimidir.

1111100111: N sayismnin 2’lik sisteminde gosterimidir.

36: Olusan Olgun Say1 Mersenne Say1 Formatinda gosterimidir. 2 36 -1
Validated: Sayinin dogrulandigini gostermektedir.

03.04.2023 21:10:53::03.04.2023 21:11:16: Algoritmanin g¢alistirildigl ve tamamlandig1 andaki tarihsel

gosterimidir. Buna gore 1ao den 100010 e kadar olan sayilarin Olgun sayi haline gelmesi ve

dogrulanmasi test ortaminda yaklasik 23 saniye siirmiistiir.

Olgun Say1 Kurallar

TARTISMA ve SONUC

Makale kapsaminda 2’lik say1 sistemine gore yapilan ¢alismalar kapsaminda bazi sayilarin olgun

sayilara doniisiirken bazi kurallara gore doniistiigli gozlemlenmistir. Bu kurallar iizerinden cesitli

formiiller olusturularak sadece say1 kokii ve kural setleri kullanarak sayilarin ne zaman olgun say1

olacag algoritma kullanmadan bulunabilmektedir. Belirtilen kurallarin test edilmesi amaciyla her bir

kural igin kurala uygun 1000 adet 2’lik say1 sisteminden sayilar secilmis ve kurallar test edilmistir.

Yapilan test sonucunda kurallara uygun olmayan herhangi bir sonug ile karsilasilmamaistir.

Kurall:

Eger bir say1 Olgun Sayi ise, bir sonraki Olgun Sayinin basamak uzunlugu Olgun Sayinin basamak

uzunlugunun iki katidir.

IF(N=Mature(N) THEN NextMatureLength=Length(N)*2
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Ornek1:
11 > Length(N)=2 - NextMatureLength=Length(N)*2=2*2=4 - Next Mature Number=1111)

111 > Length(N)=3 - 3*2=6 - Next Mature Number=111111¢)

1111 - Length(N)=4 >4*2=8 > Next Mature Number=11111111¢)
111112 -> Length(N)=5 5*2=10 > Next Mature Number=1111111111¢
Kural2:

Eger bir say1 “1” ile basliyor ve “1” ile bitiyor ve diger tiim haneleri “0” ise o zaman olusacak olgun

sayinin hane sayisi sayinin hane sayisina “0” larin sayisi eklenerek bulunur.

IF(N is Start equal “1” and End equal “1” and Others equal “0”) THEN
MatureLengh=Length(N)+Count(“0”)

Ornek2:
101@>MatureLength=Length(N)+Count(“0”)->MatureLength=3+1=4->1111¢
1001@=> MatureLength=4+2=6->111111¢

10001~ MatureLength=5+3=8->11111111¢)

100001»=> MatureLength=6+4=10->1111111111¢)

Kural3:

Eger bir saymin hanelerini olugturan “1” ler ve “0” lar arasinda bir esitlik oriintiisii var ise olusacak

olgun sayis1 hane sayisina oriintii uzunlugu (her bir esitin uzunlugu) eklenerek bulunur.

IF (N has Pattern between “1” and “0”) THEN MatureLength=Length(N)+Length(Pattern)

Ornek3:
1100110011)>MatureLength=Length(N)+Length(Pattern)->MatureLength=10+2=12->111111111111
1110001110001112>MatureLength=15+3=18->111111111111111111¢
111100001111000011112>MatureLength=20+4=24->111111111111111111111111¢
11111000001111100000111112)>MatureLength=25+5=30>111111111111111111111111111111¢

Sonug ve Oneriler

Bu makale kapsaminda Olgun Sayilar kavrami ortaya konulmus, Mersenne ve Olgun Sayilar arasindaki
iliski gosterilmis ve ayni zamanda Olgun Say1 olan Mersenne sayilari i¢in 2’lik say1 sisteminde ¢alisan

bir iireteg algoritmas: olusturulmustur.

Ayrica 2'lik say1 sistemi i¢in Olgun Sayilarla ilgili olarak kurallar olusturularak Olgun Sayilarin {iretimi

i¢in gesitli yontemler 6nerilmistir.
Bu kapsamda bundan sonra yapilabilecek ¢alismalar1 asagidaki sekilde dzetleyebiliriz.

¢ Bu makale kapsaminda 2lik say1 sistemi i¢in yapilan iirete¢ algoritmasinin diger say1 sistemlerine

uygulanmasi.

e Olgun Say1 kurallarinin zenginlestirilmesi ve diger say1 sistemlerine uygulanmasi.
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¢ Bu makale calismasinin baglangici olan Mersenne Asal Sayilar1 ve Asal sayilar kapsaminda
calismalar yapilarak, Olgun Sayilarin genisleme yontemi tersine-miihendislik bakis agisiyla
degerlendirilip bir sayiya bakildiginda onun herhangi bir say1 kokii ve/veya béleni olup olmadig1

konusunda ¢alismalarin yapilmas:.

¢ Olgun Sayilar tizerinde yapilan ¢alismalar kapsaminda bazi sayilarin Olgun hale gelmesinin yakin
diger sayilara gore daha uzun siirede ve basamakta/hanede (>21000000) olgunlastig1 gozlemlenmistir.
Bu say1 koklerinin saklanarak daha sonra gelistirilecek calismalar kapsaminda say1 kokleri ve

Olgunlasmalar1 arasinda yeni algoritmalar gelistirilmesi.
¢ Olgun Sayilar ve say1 kokleri ile ilgili olarak yeni yontem ve metotlarin gelistirilmesi.

¢ Olgun Sayilar iizerinde yapilan ¢alismalar kapsaminda bazi ¢ift sayilarinin Olgunlastigi zaman (Not:
Algoritma kapsaminda Cift sayilar oncelikle 1 eklenerek tek say1 haline getirilir.) ulastigi hane
sayinin sayinn 10'luk(Decimal) karsilig1 oldugu gozlemlenmistir. Bu kapsamda say1 kokleri ile bir

baglantinin veya kuralin olup olmadig1 konusunda ¢alismalarin derinlestirilmesi.
Ornegin,
610>110@)>MatureLength=Decimal(N)=6-2>111111¢)
100021010 >MatureLength=Decimal(N)=10->1111111111¢)
12010>1100>MatureLength=Decimal(N)=12->111111111111¢)
18010=>10010»>MatureLength=Decimal(N)=18->111111111111111111¢)
Bu kapsamda 1000a0’e kadar belirlenen 10'luk say1 sistemindeki sayilar sunlardir.

6,10, 12, 18, 28, 36, 52, 58, 60, 66, 82, 100, 106, 130, 138, 148, 162, 172, 178, 180, 196, 210, 226, 268, 292, 31
6, 348, 372, 388, 418, 420, 442, 460, 466, 490, 508, 522, 540, 546, 556, 562, 586, 612, 618, 652, 658, 660, 676,
700, 708, 756, 772, 786, 796, 820, 826, 828, 852, 858, 876, 882, 906, 940, 946.
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Kat1 ve Sivi Kiiltiir Ortamlarinda LED Aydinlatmanin Alternanthera

reineckii Briq.nin Mikrogogaltim1 Uzerine Etkisi

Ummiigiilsiim EKIN?
Muhammet DOGAN?2

Ozet: Is1k, bitki bityiimesinde énemli gevresel faktorlerden biridir. Birgok avantajindan dolay1 isik yayan diyotlar
(LED), bitkilerin 151k ortaminin diizenlenmesi icin 6nemli 151k kaynaklarindan biri haline gelmistir. Bu ¢alismada,
Thidiazuron (TDZ) igeren kat1 ve siv1 kiiltiir ortamlar1 ve farkli LED aydinlatma kosullarinin Alternanthera reineckii
Briq.'nin siirgiin rejenerasyon yetenegi iizerindeki etkileri incelenmistir. Bogum eksplantlar1 0,25-1 mg/L TDZ
igeren Murashige ve Skoog (MS) besin ortaminda kiiltiire alinmistir. Aydinlatma igin kirmizi, mavi ve beyaz LED
tek olarak ve kirmizi ve mavi LED 1siklarin farkli kombinasyonlar1 kullanilmistir. Kontrol olarak beyaz floresan
tercih edilmistir. Siirgiin rejenerasyon degerleri incelendiginde, LED isiklarin flouresan 1s18a gore daha verimli
olduklar1 goriilmiistiir. Daha fazla siirgiin sayisi ve uzun siirglinler kirmizi ve mavi LED isiklarin
kombinasyonlarinda elde edilmistir. 0,25 mg/L TDZ ve 1K:2M LED 1s1k uygulamalar kat1 kiiltiir ortaminda en
fazla sayida siirgiinleri vermistir (9,03 siirgiin/eksplant). Stv1 kiiltiir ortaminda en fazla siirgiin sayis1 0,50 mg/L
TDZ ve 2K:1M LED uygulamalarinda elde edilmistir (11,62 siirgiin/eksplant). Kat1 ve siv1 kiiltiirlerde en uzun
siirglinler 1K:2M LED 1s1k altinda ve 0,25 mg/L TDZ’li MS besin ortaminda tespit edilmistir. Doku kiiltiirii
kosullarinda koklendirlen bitkiler ardindan akvaryum kosullarina basaris sekilde aligtirilmistar.

Anahtar kelimeler: Bogum eksplant, doku kiiltiiri, in vitro iiretim, siirgiin rejenerasyonu

Influence of LED Lighting on Micropropagation of Alternanthera
reineckii Briq. in Solid and Liquid Culture Media

Abstract: The light is one of the important environmental factors in plant growth. Due to its many advantages, light
emitting diodes (LEDs) have become one of the important light sources for regulating the light environment of
plants. In this study, the effects of solid and liquid culture media containing Thidiazuron (TDZ) and different LED
lighting conditions on the shoot regeneration ability of Alternanthera reineckii Briq were investigated. Nodal
explants were cultured in Murashige and Skoog (MS) medium including 0.25-1 mg/L TDZ. Single red, blue and
white LEDs and different combinations of red and blue LEDs were used for illumination. White fluorescent was
used as a control. When the shoot regeneration values were examined, it was seen that LED lights were more
efficient than fluorescent light. Higher shoot numbers and longer shoots were obtained in combinations of red and
blue LED lights. The treatment with 0.25 mg/L TDZ and a ratio of 1R:2B LED lights resulted in the highest number
of shoots in solid culture medium (9.03 shoots/explants). The maximum number of shoots in liquid culture medium
was obtained in 0.50 mg/L TDZ and 2K:1M LED applications (11.62 shoots/explants). The longest shoots in solid
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and liquid cultures were determined under 1R:2B LED light and in MS nutrient medium with 0.25 mg/L TDZ. The
plants rooted in tissue culture conditions were then successfully acclimatized to aquarium conditions.

Keywords: Nodal explant, tissue culture, in vitro propagation, shoot regeneration

GIRIS

Doku kiiltiirii bir bitkinin hiicre, doku veya organinin yapay olarak olusturulmus bir besin ortaminda
tiretmek igin izlenen bir yontemdir. Ayn1 zamanda bitkinin 6zelliklerini iyilestirmenin yollarini da
kapsar. Laboratuvar ortami1 disinda bitki {iretimi, zigotik hiicreler kullanilarak tohumlar yoluyla veya
somatik hiicreler araciligiyla gerceklestirilebilir. Bu nedenle, somatik hiicrelerin en azindan
rejenerasyon potansiyeline sahip olmasi énemlidir. In vitro kosullar altinda, hem zigotik hem de somatik
hiicreler (meristematik olmayan dokular dahil) bitki ¢ogalmasina katkida bulunur. Kontrollii bir
ortamda bu tiir ¢ogaltma, bitkilerin toplu ¢ogalmasina yol acar (Haque vd., 2022). Doku kiiltiirii
teknikleri kullanilarak ekonomik 6neme sahip Bacopa monnieri L. Pennell (Dogan & Emsen, 2018),
Cymbidium aloifolium (L.) Sw. (Kumar vd., 2022), Dendrobium heterocarpum Wall. ex. Lindl (Longchar &
Deb, 2022), Bambusa tulda Roxb. ve Pseudoxytenanthera stocksii (Munro) T.Q.Nguyensii Munro.
(Choudhary vd., 2022) gibi bir¢ok bitki tiirii in vitro klonlanarak ¢ogaltilmistir.

Mikrogogaltim, bitkiden alinan eksplantlar (bitki doku veya parcalar1) kullanarak in vitro kosullarda,
yapay besin ortaminda ve steril kosullarda genotip ve fenotip olarak kalitsal ¢esitliligi olmayan fazla
sayida bitkinin ¢ogaltilmasina denir (Tiirker & Hatipoglu, 2018). Diger bir ifade ile in vitro kiiltiir
tekniklerini kullanarak secilen bir bitkinin hizl1 bir sekilde ¢ogaltilmasidir (Dogan, 2022; Papafotiou vd.,
2023; loannidis vd., 2023). Geleneksel vejetatif ¢ogaltimin iizerinde bir¢ok avantaja sahiptir ve

bahcecilik, tarim ve ormanciliktaki ticari kullanimi oldukga yaygindir (Singh, 2015).

LED’ler yapay aydinlatma alanmna giren yeni bir aydinlatma teknolojisidir. Geleneksel aydinlatma
sistemlerine gore daha uzun kullanim 6mrii, daha kiiciik boyut, daha yiiksek fotosentetik verimlilik,
daha az termal radyasyon ve daha ytliksek giivenlik performansi gibi ¢esitli avantajlar saglar (Schuerger
vd., 1997; Dogan, 2020; Al Murad vd., 2021). Aslinda LED'ler bitki biiyiimesini, besin kalitesini ve
verimini iyilestirmek igin istege bagli bir 151k kalitesi islevi goriir. LED'lerin bitki iiretimi ve gelistirmede
verimli kullanima igin bir sistem yaklasimi gelistirilmesi 6nemlidir. LED aydinlatmanin potansiyelleri
fazladir ve bunlardan bitki biiylimesini optimize etmek igin tiire 6zgii bir 151k tarifinin gelistirilmesi
gereklidir (Al Murad vd., 2021; Gupta & Sood, 2023). Doku kiiltiirii ¢calismalarinda LED isiklarin
kullanimi son yillarda giderek artis gostemektedir (Martinez & Andreu, 2022; Djangalina vd., 2023; Lim
vd., 2023).

Bu nedenle mevcut ¢calismada, A. reineckii’nin kirmizi, mavi ve beyaz LED isiklar altinda tek olarak,
kirmizi ve mavi LED igiklarin farkli kombinasyonlar1 altinda doku kiiltiirii teknikleri ile {iretilmesi

hedeflenmistir. Ayrica etkili bir in vitro tiretim igin siv1 ve kat1 kiiltiir ortamlari karsilagtirilmistir.

MATERYAL ve METOT
Bitki ylizey sterilizasyonu daha 6nce Ugur vd. (2019) tarafindan gerceklestirilmistir ve KMU Biyoloji

Boliimii Laboratuvarinda steril olarak mevcuttur. Uretimde bu steril bitkiler kullanilmustir.

In wvitro tretimlerde eksplant kaynag:i olarak bogum eksplantlar kullanilmigtir. Kiiltiirlerin
hazirlanmasinda besin ortami olarak Murashige and Skoog (1962), (MS) mineral tuz ve vitaminleri
kullanilmistir. Karbon kaynagi olarak %3 oraninda siikroz (Duchefa) eklenmistir. MS ortamina 0,25,
0,50 ve 1 mg/L Thidiazuron (TDZ) ilave edilmistir. Denemeler siv1 ve agarla katilastirilmis olarak iki
sekilde gerceklestirilmistir. Kat1 besin ortamina %0,65 agar (Duchefa) ilave edilmistir. Kiiltiirlerin pH
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seviyesi 1 N NaOH ve 1 N HCl ile 5,7+1 olarak diizenlenmis ve ardindan otoklavda steril edilmistir
(121°C’de 20 dk). Eksplant ekilmis kiiltiirler sicaklik ve 1sik kontrollii iklimlendirme odasma
yerlestirilmistir. Aydinlatmalar i¢in LED 1s1k sistemleri kullanilmistir. Kullanilan LED 1siklar kirmizi,
mavi ve beyaz LED’lerin tekli kullanima ile kirmizi ve mavi LED 1siklarin farkli kombinasyonlar: olarak
belirlenmistir. Uygulanan 1s1k siddeti 1500 liiks olarak ayarlanmistir. Kontrol grubu olarak beyaz

flouresan 1s1k kullanilmigtir. Alt1 hafta sonunda denemeler sonlandirilmistir.

Uzayan siirgiinlerin iist kisimlarindan yaklasik 3 cm kesilmis ve in vitro koklendirme calismalari igin
MS Kkiiltiir ortamina 0,25-1 mg/L indol-3-asetik asit (IAA) ve naftalin asetik asit (NAA) eklenmistir.
Koklendirme denemeleri dort hafta sonra sonlandirilmistir. Koklendirmis bitkiler igerisinde su bulunan
akvaryum ortamina aktarilmistir. Akvaryum taban kismina dere kumu dokiilmiistiir. Akvaryum
ortami termostat ile (Tetratec HT-100, 100W) 24+1°C  ayarlanmustir. Aydinlatma igin 16 saat beyaz
flouresan (Roxin RX-500 12W) 151k kullanilmistir. Dort hafta sonunda bitkilerin durumu goézlenmistir.

Denemelerde her besin kabina 5 eksplant yerlestirilmis ve 3 tekrarli olarak denemeler yiiriitiilmiistiir.
Verilerin analizi SPSS 21.0 programi kullanilarak gerceklestirilmistir. Post Hoc testlerinden Duncan

Coklu Karsilastirma Testi tercih edilmis ve anlamlilik derecesi p<0,05 olmak {izere kaydedilmistir.

BULGULAR ve TARTISMA
Bu calismada, TDZ'li s1v1 ve kat1 kiiltiir ortamlarinda ve farkli LED aydinlatma kosullarinda A. reineckii
bitkisinin bogum eksplantlarinin rejenerasyon kapasiteleri degerlendirilmistir. Bogum eksplantlar bitki
doku kiiltiirtinde 6nemli bir eksplant kaynagidir. Benzer sekilde, bogum eksplantlar1 Rosa setigera
(Warhade & Badere, 2017), Ipomoea purpurea (L.) Roth (Acemi vd., 2018), Staurogyne repens (Nees) Kuntze

(Kose vd., 2021) ve Mansonia altissima (Oseni vd., 2022) bitkilerinin in vitro tiretiminde kullanilmistir.

Agarla Katilastirilmis MS Besin Ortami Uygulamalar

Genel olarak TDZ konsantrasyonunun en diisiik seviyede kullanldig: (0,25 mg/L) kiiltiir kosullarinda
daha yiiksek rejenerasyon degerlerine ulasilmistir. Siirgiin rejenerasyonu 0,25 mg/L TDZ
uygulamasinda 1K:2M LED ve mavi LED hari¢ diger tiim 1s1k uygulamalarinda %100 rejenerasyon
degerlerine ulasilmistir (Tablo 1). Konsantrasyonu 0,50 mg/L TDZ olan uygulamasinda %100
rejenerasyon frekansina 1K:2M LED i1sik altinda ulasilmistir. En diisiik rejenerasyon degeri ise (%80)
1K:1IM LED 1s1k altinda belirlenmistir. Siirgiin rejenerayonu 1 mg/L TDZ eklenmis MS besin ortaminda
en yliksek %93,33 ile beyaz LED altinda, en diisiik ise %66,67 ile beyaz flouresan 1sik altinda tespit

edilmistir.

TDZ eklenmis kati MS besin ortaminda farkli 1s1k kaynaklarinin eksplant basina diisen siirgiin sayist
tizerine etkileri arastirilmistir (Tablo 2). Tiim 151k uygulamalari kiyaslandiginda en fazla siirgiin sayilar1
1K:2M LED 1s1k altinda belirlenirken, en az sayida siirgiinler beyaz flouresan 1sik altinda belirlenmistir.
TDZ konsantrasyonlarina gore kiyaslandiginda maksimum stirgiinler 0,25 mg/L TDZ'li besiyerinde
gozlemlenirken, en az miktarda stirgiinler 1 mg/L TDZ'li besiyerinde elde edilmistir. Sonug olarak en
yogun siirgiinler 9,03 siirgiin/eksplant ile 1K:2M LED 1sik altinda 0,25 mg/L TDZ’li besiyerinde
meydana gelmistir (Sekil 1).

66



Tablo 1. Kat1 MS kiiltiir ortaminda farkli TDZ ve
rejenerasyon frekansi iizerine etkisi.

151k uygulamalarinin A. reineckii’nin siirgiin

TDZ (mg/L)
Isik uygulamalar1
0,25 0.50 1

2K: 1M 1002 86,67 802>
1K:2M 93,332 1002 86,6720
1K:1M 1002 80 73,332
Beyaz LED 1002 86,67 93,332
Kirmizi LED 1002 93,332b 80ab
Mavi LED 93,332 86,67 73,332
Beyaz Flouresan 1002 73,33b 66,670

Stitunlardaki farkli harflere sahip degerler p<0,05 seviyesinde farklilik gosterir.

K: Kirmiz1 LED, M: Mavi LED

Tablo 2. Kat1 MS kiiltiir ortaminda farkli TDZ ve 151k uygulamalarinin A. reineckii'nin eksplant basina

siirgiin sayisi iizerine etkisi.

TDZ (mg/L)
Isik uygulamalar1
0,25 0,50 1

2K: 1M 6,47b¢ 5,98bc 4,92bc
1K:2M 9,032 8,202 6,512
1K:1M 5,83¢ 4,95b¢ 4,52b¢
Beyaz LED 7,93ab 6,62ab 5,55ab
Kirmizi LED 6,20b¢ 5,02bc 4,47bc
Mavi LED 6,35b¢ 5,03b¢ 3,86¢
Beyaz Flouresan 4,73¢ 4,19¢ 3,75¢

Siitunlardaki farkli harflere sahip degerler p<0,05 seviyesinde farklilik gosterir.

K: Kirmiz1 LED, M: Mavi LED

67



Sekil 1. TDZ iceren kat1 kiiltiir ortaminda A. reineckii bogum eksplantlarmdan siirglin rejenerasyonu.
0,25 mg/L TDZ ve 1K:2M LED 1s1k altinda (a) kiiltiiriin tiglincii ve (b) altinc haftasinda rejenere
siirgiinler.

Farkli 1s1k uygulamalar1 ve TDZ konsantrasyonlarinin siirgiin uzunlugu tizerine etkileri incelenmistir
(Tablo 3). En fazla siirgiin uzunlugu (2,58 cm) 0,25 mg/L TDZ iceren konsantrasyonda 1K:2M LED 1s1k
altinda, ardindan (2,54 cm) 0,25 mg/L TDZ igeren konsantrasyonda 1K:22M LED i1sik altinda tespit
edilmistir. Buna karsin en kisa siirgiin uzunlugu ise 1 mg/L TDZ ilave edilmis beyaz flouresan 1sik
altinda (1,54 cm), ardindan ise 0,50 mg/L TDZ ilave edilmis beyaz flouresan 1s1k altinda kaydedilmistir
(1,69 cm). Bu sonuglara gore TDZ iceren besin ortamu igin siirgiin uzunluguna en iyi etki eden LED 151k
1K:2M olurken, en az etki eden LED ise beyaz flouresan 1sik olmustur. TDZ konsantrasyonunun artmast

stirgiin uzunlugunu olumsuz yonde etkilemistir.

Tablo 3. Kat: MS kiiltiir ortaminda farkli TDZ ve 151k uygulamalarimin A. reineckii’nin siirgiin uzunlugu
iizerine etkisi.

TDZ (mg/L)
Isik uygulamalar1
0,25 0,50 1

2K: 1M 2,49 2,340 2,110
1K:2M 2,582 2,542 2,322
1K:1M 2,10¢ 1,83¢f 1,63
Beyaz LED 2,38> 2,12 2,03b
Kirmiz1 LED 2,06¢ 1,95de 1,79c¢
Mavi LED 2,46 2,19be 2,172
Beyaz Flouresan 1,98¢ 1,69f 1,544

Siitunlardaki farkli harflere sahip degerler p<0,05 seviyesinde farklilik gosterir.
K:Kirmizi LED, M:Mavi LED

S1v1 (agarsiz) MS besin ortam1 uygulamalar

Bu denemede, farkli TDZ igeren sivi MS besin ortaminda farkl: 1sik kaynaklarinin siirgiin rejenerasyon
ylizdesi iizerine etkilerine bakilmigtir. Siirgiin rejenerasyon degerleri p<0,05 degerinde anlaml1 ¢tkmugtir
(Tablo 4). Maksimum siirgiin rejenerasyon frekansi 0,25 mg/L TDZ'li kiiltiir ortaminda (%100) 2K:1M
LED’lerde, 0,50 mg/L TDZ (%100) ve 1 mg/L TDZ (%66,67) igeren kiiltiir ortaminda ise 1K:2M LED’lerde
saptanmistir. Minimum rejenerasyon frekanslari 0,25 mg/L TDZ igeren besin ortaminda (%53,33) beyaz
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flouresan 1s1k altinda, 0,50 mg/L TDZ iceren besin ortaminda (%60) beyaz LED 1sikda ve 1 mg/L TDZ'li
besiyerinde (%40) 1K:1M LED, kirmuz1 LED ve beyaz flouresan 1s1k altinda oldugu kaydedilmistir.

Tablo 4. Sivi MS Kkiiltiir ortaminda farkli TDZ ve 1sik uygulamalarinin A. reineckii’nin siirgiin
rejenerasyon frekansi iizerine etkisi.

TDZ (mg/L)
Isik uygulamalar1
0,25 0,50 1

2K:1M 1002 80 53,332
1K:2M 80 1002 66,672
1K:1M 80 93,332 400
Beyaz LED 86,6720 60 53,3320
Kirmizi LED 66,673 80ab 40v
Mavi LED 93,332 86,6720 46,670
Beyaz Flouresan 53,33 73,33 40p

Stitunlardaki farkli harflere sahip degerler p<0.05 seviyesinde farklilik gosterir.
K: Kirmiz1 LED, M: Mavi LED

Siviuygulamalarda, TDZ eklenmis MS besin ortaminda farkli 151k kaynaklarinin eksplant basina siirgiin
sayist lizerine etkileri incelenmistir (Tablo 5). LED isiklarin uygulamalarinin, beyaz flouresan isik
uygulamasina gore pozitif yonde istatistiksel olarak onemli etkileri goriilmiistiir (p<0,05). Maksimum
stirgtinler 0,25 mg/L TDZ'li besiyerinde (8,44 siirgiin/eksplant) 1K:2M LED 1s1kl1 ortamda, 0,50 mg/L
TDZ konsantrasyonunu igeren ortamda (11,62 stirgiin/eksplant) 2K:1M LED 1s1kl1 ortamda (Sekil 2) ve
1 mg/L TDZ igeren ortamda ise (7,83 siirgiin/eksplant) 2K:1M LED 1sikl1 ortamda kaydedilmistir. En
kisa siirglinler ise tiim hormon oranlarn igin beyaz flouresan 1sik altinda goézlemlenmistir. Genel
anlamda stirgiin sayisi igin en iyi biiyiime diizenleyicisi 0,50 mg/L TDZ'li besiyerinde sirasiyla 2K:1M
ve 1K:2M LED 1s1kl1 ortamlar oldugu goriilmiistiir. Ayrica LED 1siklarin kombinasyon olarak kullanimi,

tek kullanimlarina gore daha iyi sonuglar vermistir.

Siirgiin uzunluklar1 yoniinden TDZ'l1 MS besin ortamlar1 ve farkli 1s1k uygulamalar: karsilastirilmistir
(Tablo 6). Siirgiin uzunluk degerleri kontrol grubu uygulamalarina gore istatistiksel olarak onemli
farkliliklar gostermistir (p<0,05). Maksimum siirgiin uzunlugu 3,73 cm ile 0,25 mg/L TDZ igeren besin
ortaminda ve 1K:2M LED 1sik altinda belirlenmistir. Bununla beraber 0,50 ve 1 mg/L TDZ li besin
ortamlarinda en uzun siirgiinler 1K:2M LED 1s1k uygulamalarinda tespit edilmistir. En kisa siirgiinler
0,25 mg/L TDZ'li besin ortaminda beyaz LED uygulamasinda belirlenirken, 0,50 ve 1 mg/L TDZ'li besin
ortamlarinda kirmizi LED 1sitk altinda Dbelirlenmistir. Konsantrasyonlar kendi arasinda
karsilastirildiginda TDZ igeriginin kademeli olarak artirilmasi olumsuz yonde etki etmis ve sayisal
veriler de azalma oldugu gozlemlenmistir. Siirgiin uzunlugu tizerinde en iyi etkileri tiim LED 1siklarda

0,25 mg/L konsantrasyonunda belirlenmistir.
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Tablo 5. Sivi MS kiiltiir ortaminda farkli TDZ ve 151k uygulamalarinin A. reineckii’nin eksplant basina
siirgiin sayisi iizerine etkisi.

TDZ (mg/L)
Isik uygulamalar1
0,25 0,50 1

2K: 1M 8,332 11,622 7,832
1K:2M 8,442 10,13 7,302
1K: 1M 6,27 9,67 7,172
Beyaz LED 5,44 7,13v 6,33
Kirmizi1 LED 5,45 6,24¢ 6,053b
Mavi LED 5,40 9,91 5,50p
Beyaz Flouresan 4,330 5,64¢ 5,07

Stitunlardaki farkli harflere sahip degerler p<0,05 seviyesinde farklilik gosterir.
K: Kirmizi1 LED, M: Mavi LED

__—_—p-‘—----‘

Sekil 2. TDZ igeren sivi1 kiiltiir ortaminda A. reineckii bogum eksplantlarindan siirgiin rejenerasyonu.
0,50 mg/L TDZ ve 2K:1M LED 1s1k altinda (a) kiiltiiriin ti¢lincli ve (b) altinct haftasinda rejenere
stirgiinler.

Tablo 6. S1vi MS kiiltiir ortaminda farkli TDZ ve 1sik uygulamalarinin A. reineckii’nin siirgiin uzunlugu
iizerine etkisi.

TDZ (mg/L)
Isik uygulamalar1
0,25 0,50 1

2K: 1M 3,182 2,79bc 2,44
1K:2M 3,732 3,462 3,232
1K:1M 3,26 3,10 2,73
Beyaz LED 2,870 2,75bc 2,52ab
Kirmizi LED 3,000 2,40¢ 2,17
Mavi LED 3,03 2,68bc 2,16°
Beyaz Flouresan 2,93b 2,63bc 2,33b

Siitunlardaki farkli harflere sahip degerler p<0.05 seviyesinde farklilik gosterir.
K: Kirmizi LED, M: Mavi LED
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Doku kiiltiirii teknolojisine dayali mikrogogaltma, ¢ok kisa stirede ve ¢ok sinirhi bir alanda ve ayrica
tim yil boyunca, ¢ok sayida bitkinin ¢ogalmasina izin vermektedir (Abdalla vd. 2022). Mevcut
calismamizda, sivi ve kati kiltiir ortamlarinda ve farkli LED isiklar altinda A. reineckii’'nin
mikrogogaltimi basariyla gerceklestirilmistir. Benzer sekilde mikrogogaltim ile Physalis peruviana L.
(Mascarenhas vd., 2019), Physalis angulata L. (de Jesas Romo-Paz vd., 2021), Lilium candidum (Patil vd.,
2021), Azadirachta indica A. Juss (Bello vd., 2022) ve Crataegus monogyna Jacq. (Dinger vd., 2023) bitkileri

uretilmistir.

Denemelerde farkli LED i1siklarinin biyoteknolojik olarak iiretimde etkinlikleri incelenmistir. LED
1siklar giincel 151k kaynaklari olup, doku kiiltiirii ile tiretimde 1s1k kaynaklar1 olarak kullanilmaktadir.
Denemelerde LED 1siklarinin, in vitro tiretim igin etkili olduklar: belirlenmigtir. Benzer sekilde Cio¢ vd.
(2018) ortamdaki 1sik kalitesi ve sitokinin igeriginin Myrtus communis L.'nin biiyiimesi, gelismesi ve
ikincil metabolit igerigi iizerindeki etkisini arastirmiglardir. LED’ler %100 mavi, %100 kirmizi, %70
kirmizi + %30 mavi olacak sekilde uygulamistir. Kontrol olarak geleneksel bir flouresan lamba ile
kullanilmistir. Aksiller siirgiinler 0,5 uM NAA ve farkli konsantrasyonlarda 6-benziladenin (BA): 1, 2,5
ve 5 uM igeren MS besin ortamina yerlestirilmistir. Kiiltiirler 6 hafta stireyle 23/21+1 °C (gilindiiz/gece)
de, %80 bagil nem ve 16/8 saat fotoperiyotta tutulmustur. Uygulanan 151k spektrumlar: ve BA igerigi,
biyometrik ve fitokimyasal olarak M. communisun 6zelliklerini etkilemistir. Kirmizi LED'ler ve 5 pM
BA, en yiiksek ¢ogaltma hiziyla sonuglanmistir. En yiiksek stirgiinler ortamdaki en diisiik sitokinin
konsantrasyonu ile birlikte kirmizi LED'ler altinda elde edilmistir. Martinez-Estrada vd. (2016)
Anthurium andreanum Lind bitkisinin in vitro slirgilin rejenerasyonu ve biiyiimesi tizerindeki LED'lerin
etkilerini aragtirmiglaridir. Nodal eksplantlar 2 mg/L BAP ile desteklenmis MS besiyerine alinmugtur.
Tiim eksplantlar flouresan lambalar (545-610 nm), beyaz LED'ler (460 ve 560 nm), kirmizi LED'ler (660
nm), mavi LED'ler (460 nm) ve mavi + kirmizi LED'lerin kombinasyonu (460 ve 660 nm) ile 60 giin
boyunca aydinlatmaya maruz birakilmistir. En ¢ok adventif siirgiin sayist mavi + kirmiz1 LED'lerde
gozlemlenirken, en fazla biiyiime mavi LED'lerde elde edilmistir. Kamal vd. (2020) Brassica cinsinin bes
tiirtinii temsil eden 21 ¢esidin biiyiime karakterizasyonu, besin bilesimi profilini, LED’ler altinda
degerlendirmisleridir. Bu bitki tiirleri dort farkli LED oram (%) altinda biiytitiilmiistiir; Kirmizi:Mavi
80:20 ve 20:80 (K80:M20 ve K20:M80) veya kirmizi: yesil: mavi 70:10:20 ve 20:10:70 (K70: Y10: M20 ve
K20: Y10: M70). Sonuglar, yesil LED'lerle (K70: Y10: M20) ek aydinlatmanin bitkisel biiyiimeyi ve
morfolojiyi artirdigini, mavi LED'lerin (K20: M80) ise mineral ve vitamin igeriklerini artirdigini
gostermistir. ilging_ bir sekilde, optimum LED kurulumunu tanumlamak igin besin igerigini biiytime
verimiyle iliskilendirerek, mikro yesil biiytimeyi tesvik etmek i¢in en iyi aydinlatmanin yesil LED
kombinasyonu oldugunu bildirilmistir (K70: Y10: M20). Xu vd. (2019) Cunninghamia (C.) lanceolata
bitkilerini farkli LED 1s1k uygulamalari altinda doku kiiltiirii teknigi ile kiiltiire almistir. Kirmizi-mavi
4:1, 8:1 (4K:1M ve 8K:1M), kirmizi-mavi-mor 8: 1: 1 (8K1:M:1Mr) ve kirmizi-mavi-mor-yesil 6: 1: 1:1 ve
8 1: 1: 1 (6K:IM:IMr:1Y ve 8K:1M:1Mr:1Y) olmak tizere farkli LED igiklar1 altinda denemeler
kurulmustur. Sonuglar koklenme orani, ortalama kok sayisi, kok uzunlugu, kok yiizey alani ve kok
aktivitesi 6K:1M:1Mr:1Y ve 8K:1M:1Mr:1Y LED isiklarinda 4KIM ve 8K1M kiyasla daha yiiksek
bulunmustur. Yiiriitiilen bir ¢alismada, bitkilerin doku kiiltiirii kosullarinda 1stk kaynagi olarak
kullanilan mevcut beyaz floresan lambalara alternatif olarak 1sik yayan diyot bazlh bir kiiltiir diizenegi
gelistirilmistir. LED 1s1klar1 altinda yetistirilen in vitro yetistirilen Swertia chirayita bitkileri, flouresan
altinda biiyiiyen bitkilerle karsilastirildiginda daha yiiksek siirgiin biyokiitlesi ve ikincil metabolit
birikimi gostermistir. LED 1siklar deneyinde, kirmizi LED maksimum biyokiitle birikimi (3,56 + 0,04
g/L) gosterirken ve mavi LED 1sitk maksimum amarogentin igerigi, toplam fenolikleri, toplam
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flavonoidler ve DPPH radikal temizleme aktivitesi gostermistir (Gupta & Sood, 2023). Aratijo vd. (2022)
LED aydinlatma kosullarinin ve kiiltiir ortamlarmin (MS ve MRA) Adenium obesum tohum ¢imlenmesi,
fidelerin ilk in vitro biiylimesi ve fotosentetik pigmentlerin ve ¢oziiniir sekerlerin iiretimi tizerindeki
etkisini degerlendirmeyi amaclamislardir. Calisma, MRA ortamiyla birlestirilmis kirmizi LED 1s181nin
ve MS ortamiyla birlestirilmis mor LED'in, en yiiksek ¢cimlenme oranlarini ve en diisiik 6liim oranlarini
tesvik eden 6nemli bir etkisini gosterdigi goriilmiistiir. A. obesum fidelerinin en iyi baslangi¢ in vitro

gelisimi, her iki kiiltiir ortaminda da kirmizi LED altinda meydana gelmistir.

In vitro kogularda iiretilen bitkilerin koklendirmesi islemleri farkli konsantrasyonlarda (0,25-1 mg/L)
IAA ve NAA ile gerceklestirilmistir. Genel olarak her iki oksin uygulamasinda da basarili sonuglar elde
edilmistir. Bununla beraber, kok sayis1 bakimindan IAA daha iyi sonuglar verirken, NAA kok
uzunluklari yoniinden daha iyi sonuglar gostermistir. Koklendirilen bitkilerin dis kosullara alistirilmas:
in vitro liretimin son agsamasi olup, oldukga 6nemli bir uygulamadir. Doku kiiltiirii kosullarinda {iretilen

A. reineckii bitkileri akvaryum kosullarina basaris: sekilde alistirilmistir.

SONUC
A. reineckii’'nin mikrogogaltimi siirecinde, LED i1siklarin flouresan 1s1ga gore daha etkili oldugu
belirlenmistir. Genel olarak en ¢ok siirgiin sayis1 ve en uzun siirgiinler kirmizi ve mavi LED 1siklarin
kombinasyonlarinda elde edilmistir. Kati kiiltiir ortaminda maksimum siirgiin sayist (9,03
stirgiin/eksplant) 0,25 mg/L TDZ'li kiiltiirlerde 1K:2M LED 1s1kta gzlemlenirken, sivi kiiltiir ortaminda
maksimum siirgiin sayist (11,62 siirgiin/eksplant) 0,50 mg/L TDZ'li kiiltiirde ve 2K:IM LED altinda
gozlemlenmistir. En uzun siirgiinler kat: kiiltiirler (2,58 cm) ve siv1 kiiltiirlerde (3,73 cm) 1K:2M LED
uygulamasinda ve 0,25 mg/L TDZ'li MS besin ortaminda ulasilmistir. A. reineckii’nin in vitro ¢oklu
iiretimi bagariyla ortaya konmustur. Ilerleyen galismalarda farkli renkte LED 1siklar (sari, yesil gibi) ile

yeni denemeler kurulabilir ve yine bu bitki ile gen aktarim caligmalar: ytiriitiilebilir.

Tesekkiir
Bu galisma, Karamanoglu Mehmetbey Universitesi Bilimsel Aragtirma Projeleri Komisyonu tarafindan
desteklenmis (Proje No: 12-YL-20) olup, Muhammet Dogan danismanliginda, Ummiigiilsiim Ekin'nin

yliksek lisans tezinden tiretilmistir.
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Propolisle Beslenen Kerevitlerin Pleopodal Yumurtalarinda Oksidatif

Stresin Belirlenmesi

Serpil MISE YONAR!

Ozet: Propolis, arilarin kendilerini soguktan ve hastaliklardan korumak igin agaglarmn yaprak, tomurcuk, dal ve
kabuklarindan topladig yapiskan, kendine 6zgii kokusu olan, agik kahverengiden siyaha kadar rengi degisebilen
recinemsi karakterdeki maddedir. Antimikrobiyal, antibakteriyel, antikanserojen, antifungal, antiviral, antitimor,
antiparaziter, antiprotozoan, antiinflamatuar, anestetik, antioksidan, antiseptik gibi 0Ozelliklere sahip
immiinostimulan yapida bir madde olan propolis son yillarda oldukga fazla dikkat ¢cekmektedir. Bu ¢alismada,
farkli oranlarda yeme katilan propolisin uygulandig1 kerevitlerden alinan pleopodal yumurtalarda malondialdehit
(MDA) ve glutatyon (GSH) diizeylerindeki degisimler arastirildi. Bu amagla % 0 (kontrol), % 0.5 (D1), % 1 (D2) ve
% 2 (D3) oranlarinda propolis iceren deneme yemleri olusturuldu. 90 giinlitk besleme sonunda, kerevitlerden
pleopodal yumurta 6rnekleri alindi. Alinan 6rneklerde MDA ve GSH diizeyleri arastirildi. Propolis uygulanan
gruplarin pleopodal yumurtalarinda MDA diizeylerinin azaldig: belirlendi (p < 0, 05). Pleopodal yumurtalardaki
GSH diizeylerinin ise arttifr (p < 0,05) gozlemlendi. Propolisin kerevit yumurtalarinda oksidatif strese karsi
koruyucu bir etki gosterdigi ve {ireme doneminde stresi azaltabilecegi sdylenebilir.

Anahtar kelimeler: glutatyon, kerevit, malondialdehit, oksidatif stres, propolis

Determination of Oxidative Stress in Pleopodal Eggs of Propolis-
Feeding Crayfish

Abstract: Propolis is a sticky, resinous substance that has a unique smell and can vary in color from light brown to
black, collected by bees from the leaves, buds, branches and bark of trees to protect themselves from cold and
diseases. Propolis, an immunostimulant substance with properties such as antimicrobial, antibacterial,
anticarcinogenic, antifungal, antiviral, antitumor, antiparasitic, antiprotozoan, anti-inflammatory, anesthetic,
antioxidant and antiseptic, has attracted a lot of attention in recent years. In this study, changes in malondialdehyde
(MDA) and glutathione (GSH) levels were investigated in pleopodal eggs taken from crayfish to which propolis
was added to the feed at different rates. For this purpose, trial feeds containing 0% (control), 0.5% (D1), 1% (D2)
and 2% (D3) propolis were created. At the end of 90 days of feeding, pleopodal egg samples were taken from
crayfish. MDA and GSH levels were investigated in the samples taken. It was determined that MDA levels
decreased in the pleopodal eggs of the propolis applied groups (p < 0.05). It was observed that GSH levels in
pleopodal eggs increased (p < 0.05). It can be said that propolis has a protective effect against oxidative stress in
crayfish eggs and can reduce stress during the reproductive period.

Key words: crayfish, glutathione, malondialdehyde, oxidative stress, propolis
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GIRIS
Diinyanin bir¢ok iilkesindeki tath su kaynaklarinda yasayan kerevitler kiiltiirii yapilabilen kabuklu su
iirtinlerindendir. Afrika disindaki hemen hemen biitiin kitalarda dogal olarak 500'iin {izerinde tiirii
bulunan kerevitlerin en O&nemli cinsleri Pontastacus, Pacifastacus, Procambarus, Orconectes,
Austropotamobius ve Cherax’tir. Dogal kerevit tiirtimiiz olan Pontastacus leptodactylus {ilkemizde genis bir

dagilim gostermektedir (Harlioglu, 2008).

Protein igeriginin yiiksek olmasi ve yapisinda 6nemli vitamin ve mineralleri bulundurmasi nedeniyle
kerevit eti oldukga tercih edilen bir besin kaynagidir. Bununla birlikte diinyanin pek ¢ok bolgesinde
litkks bir gida maddesi olarak tercih edilen kerevitlerin ekonomik degeri giin gectikce artmaktadir.
Ancak bilingsiz avlanma, sulardaki kirlenme ve hastalik gibi faktorler nedeniyle bazi kerevit
popiilasyonlarinda azalmalar olmustur. Bu sebeple, kerevitlerin popiilasyonlarinin desteklenmesi

baglaminda pleopodal yumurta olduk¢a 6nem arz etmektedir (Mise Yonar, 2012).

Onemli biyolojik aktivitelerinden dolay1 son yillarda arastirmacilarin dikkatini geken propolis, bal
arllarinin kendi kovanlarini koruk igin {iirettii yapiskan, re¢inemsi bir iiriindiir. Propolis cesitli
miktarlarda polifenolleri (fenolik asitler ve esterleri, flavonoidler ve fenolik aldehitler), ketonlar ve
alkolleri, terpenleri, steroidleri, inorganik bilesikleri ve amino asitleri icermektedir (Bankova vd., 2000).
Antifungal ve antibakteriyel aktiviteleri en ¢ok arastirilmakla birlikte (Kujumgiev vd., 1999),
antiinflamatuar (Wang vd, 1993), antiviral, antikanser, antibiyotik, immiinostimiilan ve antioksidan gibi
farmakolojik aktiviteleri belirlenmis ve propolisin etanolik ekstraktlariyla iliskilendirilmistir (Yonar vd.,
2011; Mise Yonar vd., 2014; Mise Yonar vd., 2017).

Bu calismada, propolisin yemle uygulandig1 kerevitlerden almman pleopodal yumurtalarda

malondialdehit (MDA) ve glutatyon (GSH) diizeylerindeki degisimler arastirilmistir.

MATERYAL ve METOT
Kerevit ornekleri (Sekil 1), Elazig ili Keban Baraj Goli Agin bolgesindeki kerevit avciligl yapan
kisilerden temin edildi. Kerevitler, ortalama agirhig1 30 + 1 g ve uzunlugu 11 * 0,5 cm olan disi ve
erkekler arasindan segildi. Kerevit érnekleri Firat Universitesi Cip Balik Uretim Tesisine getirilerek 7 x
4 x 0,5 m ve 16 x 4 x 1 m ebatlarindaki beton stok havuzlara yerlestirildi. Havuzlarin kerevitler icin
uygun bir ortam olusturmasi amaciyla havuz zeminine 20 cm uzunlugunda ve 7 cm capinda yeterli
sayida barinak (plastik borular) yerlestirildi. Havuzlara 1 m? yiizey alan i¢in dakikada 1,5 litre su akis1

saglandi. Adaptasyonlar1 saglanan kerevitlere bu donemde kontrol yemi verildi.

Calisma baslatilmadan hemen 6nce stok havuzlarindan alinan kerevitler 2 x 2 x 0,5 m ebatlarindaki
deneme havuzlarina alind1 (Sekil 2). Calisma ii¢ tekrarh yiiriitiildii ve toplamda 12 havuz kullanild.
Stoklama yogunlugu 15 birey / m? (4 disi: 1 erkek) olarak ayarlandi. 48 adet disi ve 12 adet erkek kerevit

olmak tizere her bir tekrar igin 60 6rnek kullanildi.

Calismada, Yonar vd. (2011) tarafindan 6zellikleri bildirilen ve identifiye edilen kavak tipi Tiirk propolisi
kullanildi.
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Sekil 2. Kerevitlerin birakildig: havuzlar.

Denemeye baslamadan 6nce toplam enerji diizeyi 3326 kcal/kg, ham protein orani % 42,85 olan ve
propolis icermeyen bir kontrol (K) yemi hazirlandi (Tablo 1). Bu yeme % 0,5 (D1), % 1 (D2) ve % 2 (D3)
oranlarinda propolis ilave edilerek deneysel yemler olusturuldu. Bunun icin Mise Yonar (2012),
tarafindan belirtilen yontem kullamldi. Yemler kullanilincaya kadar 4 °C” de plastik muhafaza kaplari
icerisinde saklandi.
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Tablo 1. Calismada kullanilan yem 6gelerinin ham besin madde (kuru maddenin %’si olarak) ve toplam
enerji diizeyleri (kcal/kg).

Ham besin mz'i'ddeleri (%) Balik unu Soya F’asulyesi Bugday unu Mistr gliiteni
ve toplam enerji (kcal/kg) Kiispesi
Protein 64,3 44,0 12,90 60,4
Yag 7,6 1,1 1,70 1,8
Seliiloz 1,0 7,3 2,50 1,5
Kil 14,3 6,3 1,65 2,1
Nem 8 10 12 9

Ekim ayinin basinda beslenmeye baslanan kerevitlere giinliik olarak doyuncaya kadar 90 giin siireyle
hazirlanan yemler verildi. 90 giinlitk deneme sonunda kerevitlerden pleopodal yumurtalar bir pens

yardimiyla toplandi (Sekil 3).

Her bir kerevitten alinan tiim yumurtalar bir 6rnek olarak kabul edildi. Yumurtalar % 1.15’lik potasyum
kloriir (KCl) ile 1:10 oraninda sulandirildi ve homojenize edildi. 50 ml'lik propilen tiiplere birakilan
homojenatlar 3200 rpm’de +4 °C’ de sogutmali santrifiijde 10 dakika santrifiij edildi ve siipernatantlar
alindi. Elde edilen siipernatantlarda malondialdehit (MDA) (Placer vd., 1966) ve rediikte glutatyon
(GSH) (Ellman, 1951) diizeyleri spektrofotmetrik olarak olciildii. Doku protein diizeyleri Lowry vd.
(1951)' nin bildirdigi yontemle belirlendi ve MDA ve GSH diizeylerini hesaplamak i¢in kullanildi.

Sekil 3. Pleopodal yumurtalar.
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Sonuglarin istatistiksel analizleri SPSS 22.0 istatistik programi kullanilarak gergeklestirildi. Kontrol ve
deneysel gruplarin incelenen parametrelerinde olusan degisimlerin belirlenmesi i¢in tek yonlii varyans
analizi (ONEWAY — ANOVA) kullanildi. Gruplar arasindaki farkliliklar ise Least Significant Difference
(LSD) test edildi. Sonuglar ortalama + standart hata olarak gosterildi.

BULGULAR
Kontrol ve deneme gruplarinin pleopodal yumurtalarinda belirlenen MDA ve GSH diizeyleri Tablo 2’

de sunulmustur. Kontrol grubuna gore propolis uygulanan tiim deneme gruplarinda pleopodal
yumurtalarin MDA diizeylerinin azaldig belirlendi (p < 0,05). Yemdeki propolisin artan diizeyine bagh
olarak MDA diizeylerindeki azalmanin daha yiiksek oldugu goriildii (p < 0,05). Sadece propolis
uygulanan gruplar kendi i¢inde incelendiginde en diisiik MDA diizeyi D3 grubunda belirlendi. D1, D2
ve D3 gruplarinin MDA diizeylerinin istatistiksel olarak birbirinden farkli oldugu saptandi (p < 0,05).

Tablo 2. Kontrol ve deneme gruplarinin pleopodal yumurtalarinda MDA ve GSH diizeyleri.

Gruplar MDA (nmol/g protein) GSH (umol/g protein)
K 1,94+0,14 4 3,76 £0,41 2
D1 1,81+0,22¢ 3,98+0,55°
D2 1,67 +0,17° 4,24+0,76 ¢
D3 1,55+0,202 4,47 +0,68 ¢

K: Kontrol, D1; % 0.5 oraninda propolis ilave edilmis yem verilen grup; D2: % 1 oraninda propolis ilave edilmis yem verilen
grup; D3; % 2 oraninda propolis ilave edilmis yem verilen grup.
abed: Ayni stitunda farkl harflerle gosterilen gruplar istatistiksel olarak birbirinden farkhidir (p < 0,05).

Kontrol grubuna gore propolis uygulanan tiim deneme gruplarinda pleopodal yumurtalarin GSH
diizeylerinin arttigr belirlendi (p < 0,05). Yemdeki propolisin artan diizeyine bagli olarak GSH
diizeylerindeki artisin daha ytiiksek oldugu goriildii (p <0,05). Sadece propolis uygulanan gruplar kendi
icinde incelendiginde en yiiksek GSH diizeyi D3 grubunda belirlendi. D1, D2 ve D3 gruplarmin GSH
diizeylerinin istatistiksel olarak birbirinden farkli oldugu saptandi (p < 0,05).

TARTISMA VE SONUC
Karbonhidrat, protein, lipit ve niikleik asitlerin yikimina sebep olan serbest radikaller oksijenden tek
elektronun indirgenmesiyle olusurlar. Bununla birlikte reaktif oksijen tiirleri olarak da bilinen serbest
radikaller DNA’ ya zarar verdikleri gibi enzimlerin aktivasyonunu ve hiicrelerde membran
gecirgenligini degistirerek bozarlar. Serbest radikallerin etkisiyle doymamis yag asitlerinin oksidatif
yikimi sonucu olusan, bir baska ifadeyle lipid peroksidasyon sonucu agiga ¢ikan aldehitlerden biri olan
MDA’ nin diizeyinin Olgiilmesi hiicrelerde olusan oksidatif zararin belirlenmesinde kullanilan en
onemli gostergelerden biridir (Morales vd., 2004; Fontagné vd., 2006). Mise Yonar vd. (2017), tarafindan
kerevitler {izerine yapilan bir ¢alismada %1, 2 ve 4 oraninda yeme ilave edilen propolisin
hepatopankreas ve ovaryumlardaki MDA diizeylerinde 6nemli bir azalmaya yol a¢tig1 bulunmustur.
Benzer sekilde bu c¢alismada da diyetle propolis uygulanan deneme gruplarinin pleopodal
yumurtalarindaki MDA d{izeylerinin kontrol grubuna gore istatistiksel olarak Onemli diizeyde
azaldigy, yine artan propolis diizeyiyle paralel olarak MDA diizeylerinin deneme gruplarinda diistiigii
belirlenmistir. Bu durum propolisin kerevitin yumurtlamasi sirasinda ve yumurtayi tasidigr donemde
olusan serbest radikallerin birikimini azaltma yetenegiyle agiklanabilir. Propolisin bu etkisi, propolis
ekstraktindaki fenolik bilesiklerin antioksidan 6zellikleriyle iligkili olabilir (Mise Yonar vd., 2017). Isla
vd. (2005) propolisin biyolojik aktivitesinden 0zellikle fenolik bilesiklerin sorumlu oldugunu
bildirmistir. Marquele vd. (2005), Christov vd. (2006) ve Mani vd. (2006) ayrica fenolik bir bilesik olan
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flavonoidlerin, oncelikle radikal temizleme yeteneklerinden dolay: antioksidan aktiviteden sorumlu

oldugunu belirtmistir.

Serbest radikaller ve peroksitlerle reaksiyona girerek hiicreleri oksidatif stresten koruyan tripeptit
karakterdeki GSH, ¢ok énemli bir antioksidan olup non-enzimatik ve endojen 06zelliktedir. Protein
yapisindaki siilfhidril gruplarimi indirgenmis halde tutan GSH boylece ¢cogu protein ve enzimin inaktive
olmasini 6nler (Hayes ve McLellan, 1999). Bu ¢alismada propolis verilen deneme gruplarinin pleopodal
yumurtalarindaki GSH diizeyleri kontrol grubuna gore istatistiksel olarak onemli artislar gostermistir.
Harlioglu vd. (2012) % 1, 2 ve 4 oraninda kerevit yemine ilave n-3 serisi doymamais yag asitlerinin
pleopodal yumurtalardaki GSH diizeylerini arttirdigini ifade etmislerdir. Arastirmacinin bulgulariyla
bu ¢alismadan elde edilen sonugclar arasindaki benzerlik propolisin yapisinda bulunan yag asitlerinden

kaynaklaniyor olabilir.

Sonug olarak, yapilan bu calismada yeme ilave edilen propolisin kerevitlerde MDA diizeyini
diisiirdiigli, ote yandan GSH diizeyini arttirdigr belirlenmistir. Propolisin kerevit yumurtalarinda
oksidatif strese kars1 koruyucu bir etki gosterdigi ve kerevitlerde iireme verimliliginin arttirilmasinda

bir etkisinin olabilecegi goriilmektedir.

Tesekkiir
Bu calisma III. Uluslararas: Battalgazi Bilimsel Calismalar Kongresi'nde sozlii bildiri olarak

sunulmustur.
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Firat Dikenli Yilan Balig1 (Mastacembelus mastacembelus Banks &
Solander, 1794) Bobreklerinin Histolojik Yapis1

Emrah SUICER!
Sibel KOPRUCU:?

Ozet: Bu arastirmada; daha once Firat Universitesi Hayvan Deneyleri Yerel Etik Kurulu Bagkanligindan
onaylanmis olan 2014/113 protokol no’lu projeye ait olan Mastacembelus mastacembelus’dan alinan bobrek
dokularma ait parafin bloklar kullanildi. Bu parafin bloklardan 5-6 mikron kalinliginda alinan kesitlere
hematoksilen eosin, Crosman's Mallory's Triple ve periodic acid shiff (PAS) boyamalar1 uygulandi. Boyamalar1
yapilan preparatlar 151tk mikroskobunda incelendikten sonra mikrofotografi ile goriintiilenerek degerlendirilmeleri
yapildi. Mastacembelus mastacembelus'un bobreginin, omurgalarin altinda, ince ve uzun iki lop seklinde kirmizimsi
kahverenginde ve ince bir zarla kapli oldugu belirlendi. Bobregin en kiigiik yap1 birimi olan er nefronda glomerulus
ad1 verien kilcal damar kiitlesi bulunmaktadir ve glomerulusun etrafinda ayni zamanda bobrek {initesinin baslangici
olan Bowman kapsulu yer alir. Ayrica boyun segmenti, ardindan glomerulusun ¢tkisindan gelen siiziilmiis sivinin ilk
gectigi boliim olan birinci ve ikinci proksimal tubuller siralanmaktadir. Proksimal tubulleri takiben geri emilim ve
idrarm konsantre hale geldigi, distal tubuller ve distal tubullerden gelen idrarin toplandig: toplayici toplayici tubuller
gozlendi.

Anahtar kelimeler: Mastacembelus mastacembelus, bobrek, histoloji

Histological Structure of Euphrates Spiny Eel (Mastacembelus
mastacembelus Banks & Solander, 1794) Kidneys

Absract: In this study, paraffin blocks containing kidney tissues from Mastacembelus mastacembelus, which were
obtained as part of project with protocol number 2014/113 approved by the Local Ethics Committee for Animal
Experiments at Firat University, were used. Sections with a thickness of 5-6 microns were taken from these paraffin
blocks and subjected to hematoxylin-eosin, Crosman's Mallory's Triple, and periodic acid Schiff (PAS) staining,.
After staining, the prepared specimens were examined under a light microscope, and evaluations were conducted
by capturing microphotographs. It was determined that the kidney of Mastacembelus mastacembelus, situated
beneath the vertebrae, is characterized by thin and elongated lobes with a reddish-brown color, covered by a
delicate membrane. The smallest structural unit of the kidney, the renal corpuscle, contains a capillary mass called
the glomerulus, and surrounding the glomerulus is the Bowman's capsule, marking the initiation of the renal unit.
Additionally, the neck segment is followed by the first and second proximal tubules, where the filtered fluid from
the glomerulus exit initially passes. Following the proximal tubules, there is reabsorption, leading to the
concentration of urine, and distal tubules are observed follewed by collecting tubules where urine from the distal
tubules is gathered.

Keywords: Mastacembelus mastacembelus, kidney, histology.
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Bobrekler, trombosit ve graniilositlerin meydana gelmesinde rolii oldugu gibi, kreatin, amonyak, {ire,
tirik asit gibi metabolizma atik maddeleri karbondioksit, pigment ve gesitli organik tuzlarin viicuttan
atilmasinda da 6nemli gorev bulunmaktadir. Baliklarin azot kokenli atiklarinin ¢ogu bobreklerden
gecer ve su tuz dengesini baz1 minerallerin atilmasi ya da alikonmasi seklinde yardimai olur (Timur,
2008). Baliklarda bobrekler, karin boslugunun yukarisinda, omurgalarin altinda ve dorsal aortanin
ontinde yer alan yumusak yapida bir ¢ift organdir ancak tiir olarak ¢ok sayida olmalar1r nedeniyle
yapilarinda degisiklik gostermektedir (Mccampbell vd., 2015). Baliklarda anatomik olarak iki tip bobrek
bulunmaktadir. Bunlar pronefrik ve mezonefriktir (Genten vd., 2009; Mccampbell ve Wingert, 2014
Mccampbell vd., 2015; Bates vd., 2018). Tathisu baliklarinin bobreklerinden ¢ok miktarda suyun gegmesi
nedeniyle deniz baliklarina gore daha biiyiiktiir (Timur, 2008; Mccampbell vd., 2014).

Tatlisu baliklarinin idrar1 azotlu bilesikler, aminoasitler, iire ve amonyak igermektedir. Toplam azotun
%25 kadar1 bobrekler tarafindan, geriye kalanin biiyiik bir kismi ise amonyak seklinde solungaglardan
atilmaktadir. Klorid gibi bazi tuzlar idrar ve mukus yoluyla disar1 atilmaktadir (Tam vd., 2003;
Drummond ve Davidson, 2010).

Tathisu, tuzlu su ve ac1 su gibi farkli ortamlarda yasayan baliklarin bobrekleri degisik fonksiyonlar:
gormek igin degisiklige ugramislardir. Bazi baliklarda bobreklerle genital sistemin yakin ilgisi
bulunurken, bircok kemikli balikta ayr1 olmaktadir. Anterior kismin hematopoietik alan olarak gorev
almasi gruplara gore degisiklik gostermekle birlikte (Kurtovi¢ vd., 2008; Timur, 2008; Hassan vd., 2012)
eritrosit, lenfosit ve myeloid serilerine ait hiicrelerin iiretilmesinde, antijenlerin tutulmasinda ve antikor

tiretiminde rol oynarlar (Wolke, 1992; Meseguer vd., 1995; Press ve Evensen, 1999).

Kok hiicre teknolojisinde baliklarin baz1 hiicrelerini (bobrek, karaciger, beyin, kalp, yiizgec, omurilik,
retina) rejenerasyon ile yenileyebilmelerinden dolay1 farelere gore iistiin bir 6zellige sahiptir (Diep vd.,
2011; Mccampbell ve Wingert, 2014; Wan vd., 2016; Bates vd., 2018). Yapilan ¢alismalarda (De Jong vd.,
2011) kan kok hiicrelerinin Zebra baliklar1 bébreklerinde depolandiklar: rapor edilmistir.

Genis bir cografik alana yayiim gosteren Mastacembelidae familyasina ait ballik tiirlerinden sadece
Mastacembelus mastacembelus tirii iilkemizde bulunmaktadir. Bol bitkili kayalikli akarsu ve durgun
sularda yasayan (Coad ve Keivany, 2002; Jalali vd., 2008) bu tiiriin ince uzun bir viicut yapisi ve sirt
kisminda dikenleri bulunmaktadir (Vreven, 2004).

Mastacembelus mastacembelus tiriiyle ilgili biiylime, iireme, morfolojik 6zellikleri (Vreven, 2004; Pazira,
2005; Vreven, 2005; Vreven ve Teugels, 2005; Sahindz vd., 2006a; Sahindz vd., 2006b; Eroglu ve Sen,
2007; Eroglu ve Sen, 2009; Oymak vd. 2009; Cakmak ve Alp, 2010; Glimiis vd.2010; Eroglu ve Sen, 2012;
Kara vd., 2014; Coban vd., 2021) agir metal birikimi (Eroglu vd., 2017a, b), paraziter (Jalali vd., 2008;
Bashe ve Abdulllah, 2010), sindirim sistemi igerigi (Pala vd., 2010), insan saglig1 ve beslenmesi yoniinde
(Olgunoglu, 2011a; Olgunoglu, 2011b) cesitli galismalar mevcut olup, histolojik olarak bu tiiriin derisi
(Dauod vd., 2011), solungagclar1 (Dabak ve Kopriicii, 2015), mide ve bagirsaklar (Karatas ve Kopriicii,
2016) calisilmistir. Ancak bdobreklerinin histolojik yapisiyla ilgili herhangi bir calismaya
rastlanilmamistir. Bobrek, viicudun savunma mekanizmasi, bosaltim sistemi ve osmoregulasyon gibi
bir¢ok 6nemli fonksiyonunda biiyiik rolii bulunan bir organdir. Bu arastirmada gerek avcilik gerek
akvaryum balik¢iligindaki 6nemi gerekse de esansiyel aminoasitler yoniinden zengin ve organoleptik
kalitelerinin iyi olmas1 sebebiyle ekonomik 6neme sahip olan Mastacembelus mastacembelus (Banks &

Solander, 1794)'un bobrek dokusunun histolojik yapis1 incelenmistir.
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MATERYAL ve METOT
Bu aragtirma, daha dnceden Firat Universitesi Hayvan Deneyleri Yerel Etik Kurulu Bagkanligindan
onaylanmis olan 2014/113 protokol nolu projede kullanilan 5 Adet Mastacembelus mastacembelus’dan
alman bobrek dokularina ait parafin bloklar kullanilmistir (Etik Kurul protokol numaras: 22.06.2021-
2636). Kizakli mikrotomda parafin bloklardan 5-6 mikron kalinliginda alinan kesitlere hemotoksilen
& eosin boyamasi (Luna, 1968), Crossman’s Uglﬁ boyamas1 (Crossman, 1937) ve periyodik asit-schiff

(PAS) boyamasi (Luna,1968) uygulandi. Isik mikroskobunda incelemeler yapilarak goriintiileri alindi.

BULGULAR
Mastacembelus mastacembelusun bobregi viicut boslugunun iist tarafinda, omurgalarin altinda ince ve

uzun iki lop seklinde yumusak bir cift organ olarak bulunmaktadir. Distan bakildiginda kirmizimsi

kahverenginde oldugu ve ince bir zarla kapl oldugu goriildii.

Mikroskobik olarak incelendiginde bobreklerin hematopoietik ve renal dokulardan olustugu goriildii.

Hematopoietik dokuda melanin pigmentli hiicreler mevcuttu ki bunlara melanomakrofajlar denir.

Bobregin en dis ylizeyinde tek katli yassi hiicrelerden meydana gelmis ince gevsek bir bag dokudan
bulunmaktadir. Bobregin hematopoietik olan bas kisminda, tubul ve glomeruluslarin bulunmadigy, renal
olan kavdal kisminda ise hematopoietik dokunun azaldig1 hatta tamamen yok oldugu, bol miktarda
tubullerin ve glomeruluslarin bulundugu goriildii. Hematopoietik doku nefronlarin aralarinda mevcuttu

(Sekil 1).

Her nefronun glomerulustan olustugu ve bununda etrafinin Bowman kapsulu ile gevrildigi ayrica
proksimal tubul, distal tubul ve toplayici tubullerin varligi gézlendi. Uriner tubullerin boyun segmenti,
birinci ve ikincil proksimal segmenti, distal segment ve toplayici kanallardan olustugu tespit edildi (Sekil
2).

Glomerulus, yogun bir sekilde anastomozlasan kilcal damarlarindan olusan bir ag toplulugu seklinde ve
etrafinda tek katli yassi hiicrelerden olusmus Bowman kapsiilii ile gevrili vaziyettedir. Bu kilcal damarlar
icinde afferent ve efferent damarlar yer alir. Kan ile gelen elementler glomerulustan Bowman kapsiiliine

geger ve oradan da boyun, proksimal, distal ve toplayici kanallardan gecerek disariya atilmaktadir.

Uriner tubullerde boyun segmenti silli kuboidal ya da kisa kolumnar seklinde tek katli epitel hiicrelerden
meydana gelmis, sitoplazmalar1 zayif bazofilik, cekirdekleri basale yakin konumda, oval ya da

yuvarlagimsi sekildedir (Sekil 3).

Mastacembelus mastacembelus un bobreginin proksimal kisminda tek katli kolumnar olan hiicrelerin boylar:
daha uzundur ve eosinofiliktir. Fircams: kenar bulunmaktadir. Hiicrelerin ¢ekirdekleri yuvarlak ve
hiicrenin alt kismina dogru yerlesmistir. Proksimal tubulun first sementinde kolumnar epiteliyal hiicreler
daha uzun, cekirdekler basalde, zayif eosinofilik sitoplazma va apikalde fircamsi kenar bulunmaktadir.
Ikincil proksimal segmentte kolumnar epitel hiicreler birinci segmente gore daha uzun gekirdek merkeze
lokalize ancak fircamsi kenar biraz daha az belirgin bulunmaktadir. Bu hiicrelerin sitoplazmalar1 yogun

eosinofilik boyanmustir (Sekil 3 ve 4).

Distal tubuller proksimal tubule gére daha kisadir. Toplayic kanallarin bag kismi distal segmente gore
daha genis, kolumnar epitelyum zayif eosinofilik, ¢ekirdek bazalde ve fircamsi kenar1 bulunmamaktadir.
Diiz kaslar bag dokular bu bolgede goriilmektedir. Toplayict kanallar proksimal ve distal tubullerden ¢ap1
daha genis oldugu belirlendi (Sekil 3 ve 4).
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Sekil 1. M. mastacembelus bobregindeki glomerulus (a), tubuller (b) ve hemosiderin (c) H&E.

hemopoietik boliim (d), tiriner tubul (e), ven (f), H&E.
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TIERE X A IR A O R 1A TATE o
Sekil 3. M. mastacembelus bobreginde glomerulus (a), proksimal tubul (b), distal tubul (c), hematopoietik
kisim (d), toplayici kanal (e), {iriner tubul (f), H&E.

- - A s ~ &

Sekil 4. M. mastacembelus distal tub

ul (a) ve proksimal tubuller (b), PAS.

TARTISMA VE SONUC
Dikenli Tathsu Yilan Baligt M. mastecambalus’un bobreginin genel yapisina bakildiginda diger
balik tiirleriyle benzerlik gosterdigi goriilmiistiir (Mobjerg vd., 2004; Morovvati vd., 2011; Moradi, 2005;
Kurtovic vd., 2008; Charmi, 2009; Charmi vd.,2010).

Mastacembelus mastacembelus bobrek dis ylizeyi ince bir kapsiil seklinde, gevsek bag dokudan ve tek
katli yass1 hiicrelerden olugsmasi bulgusu Oncorhynchus mykiss (Yasutake ve Wales, 1983), Barbus
sharpyei (Moradi, 2005), Dicentrarchus labrax (Kurtovic vd., 2008), Huso huso ve Acipencer persicus (Charmi
vd., 2010), Cytenopharygodon idella (Morovvati vd., 2011) tiirlerinin bulgulariyla benzer oldugu

goriilmiistiir.
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Aragtirmast yapilan bu baligin bdbreginin bas kisminda az sayida nefron tubulleri, malpigianh
hematopoietik dokunun bulunmasi Barbus pectoralis (Morovvati vd., 2012), Huso huso ve Acipencer

persicus (Charmi vd., 2010) balik tiirlerinin bulgulariyla uyum saglamistir.

Salmo trutta fario gibi Salmoniformeslerin bobreginin bas bolgesi Huso huso (Krayushkina vd., 1996a),
Polyodon spathula (Krayushkina vd., 1996b) Cytenopharygodon idella (Morovvati vd, 2011), Barbus sharpyei
(Moradi, 2005), A. persicus and H. huso (Charmi vd., 2010) gibi balik tiirlerinde oldugu gibi ve yapilan
bu arastirmada da lenfoid, endokrin, malpigian cisimcigi ve nefronlardan olusan hematopoietik
dokuya sahiptir. Bununla birlikte Polyodon spathula (Krayushkina vd., 1996b) ve Acipenser brevirostrum
ve A. oxyrhynchus Krayushkina (1998), kavdal bobreginde nefronlarin sayisi bobregin bas kismindakine
gore daha fazla sayida oldugu yine yapilan aragtirma bulgulariyla paralellik gostermistir. Buna karsilik,
Charmi vd. (2009) Huso huso'nun bobreginin basinda nefron hiicresi bulunmadigini ve bu kisimda

sadece hematopoietik doku ve interregnal hiicrelerin dagildigini bildirmistir.

Mastacembalus mastacembalus bahigindaki kilcal damarlar yumagi olan glomerulusun etrafininda tek
katli yass1 hiicrelerden olusmus ince bir kat halinde bulunan Bowman kapsiilii bulgusu Barbus sharpyei
(Moradi, 2005), A. persicus and Huso huso (Charmi vd., 2010) Cytenopharygodon idella (Morovvati vd.,
2011), Barbus pektoralis (Morovvati vd., 2012) tiirlerindeki bulgularla benzerlik gostermistir.

Cataldi vd. (1995) Acipenser naccarii de glomerulusun ¢ok loblu oldugunu, glomeruluslarin say1 ve
caplarmin genisliginin biiyiik oranda yasa bagli oldugunu bildirmistir.

Sonug olarak Mastacembelus mastacembelus un bobrek histolojisinin ele alindig1 bu ¢alismada; bobregin
anatomik yapist mikroskobik diizeyde incelenerek organin temel yapisinin ortaya konulmustur. Bu

bulgular, bobrek hastaliklarmin teghisi ve anlasilmasina, bdobrek fonksiyonlari, bobrek hiicreleri,

molekiiler degisiklikler gibi ileride yapilabilecek temel bilim arastirmalarina da katki saglayacaktir.

Tesekkiir: Bu ¢alisma birinci yazarin yiiksek lisans tezinden 6zetlenmistir.

Cikar Catismast

Yazarlar, bu makale ile ilgili baska kisi veya kurumlar ile gikar ¢atismasi olmadigini beyan eder.
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Effect of COVID-19 Exposure and Concerns of Healthcare Workers on

Their Hopelessness Levels

Nur Ozlem KILINC!
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Abstract: This study aims to determine the effect of COVID-19 exposure and concerns of healthcare workers on
their hopelessness levels. The sample for this cross-sectional study comprised 290 healthcare workers (including
physicians, nurses, technicians, etc.) selected through power analysis in a hospital in Eastern Tiirkiye. The study
employed the use of an Information Form, a COVID-19 exposure form, the Scale of Concern for COVID-19, and the
Hopelessness Scale as data collection tools. The mean age of the participants was 34.64 + 8.51, and the mean working
years were 12.04 + 9.08. Among the participants, 71% were female, and 62.8% were married. About 49% of the
healthcare workers had been employed in the health sector for 10 years or less. Additionally, 23.9% of the healthcare
professionals participating in the research worked in the outpatient diagnosis and treatment unit. Furthermore,
63.5% of the healthcare professionals worked 40 hours or fewer per week. It was found that the concern level of
healthcare workers was a significant variable affecting the level of hopelessness; however, COVID-19 exposures
did not have an impact. As a result of this study, it has been determined that the anxiety level of healthcare
professionals is a factor influencing the level of hopelessness. This study will provide data support to understand
the effects of factors such as concern and exposure on hopelessness during the pandemic and to plan appropriate
interventions to combat hopelessness.

Keywords: COVID-19, exposure, concerns, health workers, hopelessness

Saglik Calisanlarinin COVID-19 Maruziyeti ve Endiselerinin

Umutsuzluk Diizeylerine Etkisi

Ozet: Bu ¢alismanin amaci; saglik ¢alisanlarinin COVID-19 maruziyeti ve endiselerinin umutsuzluk diizeylerine
etkisini belirlemektir. Bu arastirma, kesitsel tipte yapilmis bir arastirmadir. Arastirmanin érneklemini, Tiirkiye” nin
Dogusundaki bir hastanede calismakta olan ve gii¢ analizi ile belirlenen 290 saglik calisan1 (hekim, hemsire,
tekniker vb.) olusturmustur. Arastirmanin verilerini toplamak i¢in “Kisisel Bilgi Formu”, “COVID-19 Maruziyet
Anketi”, “COVID_19 Endise Olgegi" ve “Umutsuzluk élgegi" kullanilmigtir. Arastirmaya katilan saglik
¢alisanlarimin yas ortalamasi incelendiginde 34.64+8.51 oldugu tespit edilmistir. Katilimcilarin, ortalama calisma
yil1 12.04+ 9.08 olarak belirlenmistir. Katihmcilarin % 71’ i kadin olmakla birlikte, % 62.8” i ise evlidir. Arastirmaya
katilan saglik calisanlarinin % 49'u 10 yildan daha az siiredir herhangi bir saglik sektoriinde ¢alismaktadir. Saglik
calisanlarmin % 23.9” u ayaktan teshis ve tedavi biriminde ¢alismaktadir ve bu katilimcilarin % 63.5'i haftalik 40
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saat yada alt1 ¢alismaktadir. Saglik ¢alisanlarinin endise diizeyinin umutsuzluk diizeyini etkileyen énemli bir
degisken oldugu, COVID-19 maruziyetlerinin ise umutsuzluk diizeyine etki etmedigi belirlenmistir. Bu calismanin
sonucunda; saglik calisanlariin endise diizeyinin umutsuzluk diizeyini etkileyen bir faktor oldugu belirlenmistir.
Bu ¢alismanin sonuglari; pandemi sirasinda endigse, maruziyet gibi faktorlerin umutsuzluga etkisini anlamak ve

umutsuzlukla miicadelede uygun miidahaleler planlamak icin veri destegi saglayacaktir.

Anahtar kelimeler: COVID-19, maruziyet, endise, saglik ¢alisani, umutsuzluk

INTRODUCTION
Coronavirus Disease 2019 (COVID-19) emerged in China and rapidly evolved into a worldwide public
health concern. The COVID-19 pandemic, leading to millions of infections and numerous fatalities
globally, was declared a pandemic by the World Health Organization (WHO) on March 11, 2020 (WHO,
2021).

This disease, for which there is no treatment yet, has triggered widespread psychological effects in
addition to its physical and economic impacts worldwide (Fiorillo & Gorwood, 2020; Hacimusalar et
al., 2020). The COVID-19 pandemic has been associated with various psychological issues in humans,
including post-traumatic stress disorder, depression, suicide, and acute stress disorder. Moreover, it has
been indicated to induce psychological reactions such as tension, anxiety, fear, and hopelessness, which
can contribute to the development of these psychological problems (Gao et al., 2020; Huang et al., 2020a;
Kaplan Serin & Dogan, 2021; Wang et al., 2020).

The lack of knowledge about the exact course of the COVID-19 pandemic, its significant effects on
society, high mortality rates, and the absence of a definitive treatment method are cited as reasons that

may lead to concerns and hopelessness about the future (Hacimusalar et al., 2020).

It is emphasized that hopelessness, defined as one of the main symptoms of depression, may also be
observed in suicide attempts, schizophrenia, drug/alcohol addiction, sociopathy, and physical illnesses
(Kaplan Serin & Dogan, 2021; Kazan Kizilkurt et al., 2021; Kliem et al., 2017; Kocalevent et al., 2017;
Sarigali et al., 2020).

Healthcare workers represent a group in which all negative effects of COVID-19 are observed in every
aspect. Undoubtedly, healthcare workers are at a higher risk of exposure to infection than other
individuals in society. Healthcare workers can acquire COVID-19 within the hospital environment and
may transmit this infection to those around them (CDC, 2020; Qarawi et al., 2020). Many healthcare
workers around the world, including in Tiirkiye, fell ill and lost their lives during the pandemic
(Hacimusalar et al.,, 2020). There are studies examining the psychological problems and negative
feelings of healthcare workers, who play an indispensable role in the fight against epidemic diseases,
due to the challenges posed by this situation (Erkal Aksoy & Kocak, 2020; Huang et al.,, 2020b).
In the literature, there is a limited number of studies on hopelessness, a feeling that negatively affects
the mental health of healthcare workers and may lead to psychopathological problems during the
COVID-19 pandemic (Hacimusalar et al., 2020; Kazan Kizilkurt et al., 2021; Franza et al., 2020).

In the study conducted by Hacimusalar et al. (2020) during the COVID-19 pandemic in Tiirkiye, the
hopelessness levels of healthcare workers were found to be higher than those of other individuals in
society (Hacimusalar et al., 2020). During the pandemig, it is crucial for employees to have adequate
healthcare and paid sick leave to perform their jobs safely and maintain their health. However, during

the COVID-19 pandemic, healthcare workers often work long hours, and their leave is canceled. Hope
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is identified as one of the primary coping strategies for healthcare workers facing such stressful, life-

threatening situations and other challenges (Jones-Schenk et al., 2020).

It is considered that increased exposure to/contact with COVID-19 patients and concern for COVID-19
may affect the hopelessness level of healthcare workers. During pandemic periods such as COVID-19,
some people, especially at-risk groups, may experience extreme concern and various psychological
problems (Kaplan Serin & Dogan, 2021). Concern is defined as the anxiety or uneasiness caused by the
fear or expectation of danger or misfortune directly related to stress. In other words, concern is a
cognitive activity that accompanies anxiety about future events, the outcomes of which are uncertain

but believed to have negative consequences (Yilmaz, 2015).

In the literature reviews, no study examining the effect of COVID-19 concern and exposure on
hopelessness was found. This study was conducted to determine the impact of COVID-19 exposure and

the concerns of healthcare workers on their hopelessness levels.
Research Hypotheses

H1; COVID-19 concern levels of healthcare workers affect the level of hopelessness.

H2; COVID-19 exposure of healthcare workers affect the level of hopelessness.

MATERIAL and METHOD
This cross-sectional study was conducted to determine the effect of COVID-19 exposure and concerns

of healthcare workers in a city hospital in eastern Tiirkiye on their hopelessness levels.

Population and Sample

1794 healthcare staff (physicians, nurses, technicians, etc.) working in a city hospital in eastern Tiirkiye
constituted the population of the study. The sample consisted of 290 individuals determined by power
analysis (95% confidence interval, 5% error level, and 95% representative power). The random sampling

method was used in the selection of samples from the population.

Data Collection

The data of the study were collected digitally by the researchers between April and May 2020. The data
were collected using the Personal Information Form, the COVID-19 exposure questionnaire, the Scale of
Concern for COVID-19, and the Hopelessness Scale. The time to answer the questionnaire was 5-10
minutes. In this study, a pilot study was conducted with 20 healthcare workers in another health
institution to determine the comprehensibility of the questionnaire form. The questionnaire forms were
prepared in the digital environment and distributed to the healthcare staff in the institution by sending
via a phone application (WhatsApp), and they were collected in the digital environment.

Data Collection Tools

Personal Information Form: It was developed by the researchers to collect introductory information of
the participants who agreed to participate in this study. This form consists of a total of six questions
(age, gender, marital status, working year, working clinic, work hour) including socio-demographic

characteristics and working conditions.

COVID-19 Exposure Questionnaire
It is a study-specific questionnaire prepared by the researchers by reviewing the literature. It consists of
four questions (answered as yes or no) examining the exposure status. The questions about COVID-19

exposure are as follows;
COVID-19 Exposure-1; Have you had exposure to/contact with a patient isolated due to COVID-19?
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COVID-19 Exposure-2; Do you have a COVID-19 infection?
COVID-19 Exposure-3; Do any family members have COVID-19 infection?
COVID-19 Exposure-4; Do any of your colleagues have COVID-19 infection?

Scale of Concern for COVID-19

The scale was created by the researchers specifically for this study. It is a 5-point Likert-type and single-
factor scale consisting of 5 items that measure the concern levels of healthcare staff. The scale items are
scored as Strongly agree (1), Partially agree (2), Undecided (3), Partially disagree (4), Strongly disagree
(5). It was determined that the alpha coefficient of the scale was 0.65, with factor loadings of the items
ranging between 0.49 and 0.76, and the item-total correlation coefficient ranging between 0.30 and 0.51.
The scale is assessed based on the total score, where the level of concern increases as the scale score

decreases.

Beck Hopelessness Scale

The scale, created by Beck et al. (1974) aims to identify the individual's level of pessimism (Beck, 1974).
It consists of 20 items, answered as yes or no, with 11 true and 9 false answer keys. The score range of
the scale is 0-20, and the total score obtained from the scale represents the hopelessness score. A higher
total score indicates a greater level of hopelessness in the individual. The Turkish validity and reliability
study of this scale was initially conducted by Seber et al. (1993). It was found that the internal consistency
coefficient was 0.86, the item-total correlations ranged between 0.07 and 0.72, and the test-retest
reliability coefficient was 0.74 (Seber et al., 1993). In the current study, the internal consistency coefficient
(Cronbach alpha) was determined to be 0.88.

Data analysis
The data were analyzed using the SPSS 23 Package Program. Frequency, Mean, Linear Regression, and

Auto Linear Regression tests were used.

Ethical Principles

Ethical permission was obtained from the Medicine Non-Interventional Ethics Committee of a
University (numbered 391234) to conduct the study. Permission was obtained from the hospital and the
data were collected by the principles of voluntariness and confidentiality. The principles of the

Declaration of Helsinki were followed during the study.

RESULTS
Descriptive variables of healthcare workers are presented in Table 1. The mean age of healthcare
workers who participated in the study was 34.64 + 8.51, and the mean working years were 12.04 + 9.08.
Of the participants, 71% were female, and 62.8% were married. Additionally, 49% of the healthcare
workers had been working in the health sector for 10 years or less. While 23.8% of the healthcare workers
who participated in the study worked in the outpatient diagnosis and treatment department, 63.4% of

them worked 40 hours or less in a week.

In the linear regression performed in Table 2, it was determined that concern was a significant variable
affecting the total level of hopelessness; however, the independent variables were not effective in total
(R2=0.068, p=0.046; p<0.05).

According to the results of the regression analysis obtained in Table 3, the model testing the effect of
COVID-19 concern and COVID-19 exposure on hopelessness level was found to be statistically
significant (F: 2.47; P<0.05). This result meant that it was statistically possible to estimate the effect of
COVID-19 concern and COVID-19 exposure, which were independent variables in the study, on
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Hopelessness, addressed as the dependent variable in the study. Independently of the other variables
in the model, COVID-19 concern was found to be a significant variable affecting the level of
hopelessness ([3=0.437, p<0.005). It was determined that not all exposures to COVID-19 affected the level
of hopelessness (p>0.05).

Table 1. Characteristics of the health worker.

Descriptive Variables

Mean Age 34.64 £8.51
Mean Working Year 12.04+ 9.08
n %
20-29 age 102 35.2
30-39 age 89 30.
Age 40-49 age 8 30.0
50 age and over 12 4.1
Female 206 71.0
Gender Male 84 29.0
. Married 182 62.8
Marital Status Single 108 366
0-10 year 142 49.0
. 11-20 year 99 34.1
Working Year 21-30 year 41 14.1
31 year and over 8 2.8
Outpatient Diagnosis and Treatment 69 23.8
Emergency Group 65 224
Working Clinic Intensive care 39 134
Internal Services 50 17.2
Surgical Services 41 14.1
Other 26 9.0
40 hours and less 184 63.4
Work hour Over 40 hours 106 36.6
Table 2. Factors affecting hopelessness.
Moldel Variables B Std. Error Beta t Sig.
(Constant) -6.196 4.149 -1.493 137
Age -.453 .604 -.078 -.750 454
Gender -.082 710 .007 116 908
Marital Status 1.139 720 .105 1.582 115
Working Year .610 643 .094 0.949 343
Working Clinic .059 154 .024 384 701
Work hour 1.133 642 .104 1.764 079
Concern Scale Total 391 150 155 2.613 .009
COVID-19 Exposure-1 .381 733 .031 0.520 .604
COVID-19 Exposure-2 1.359 3.886 .021 .350 727
COVID-19 Exposure-3 .097 1.958 .003 .049 0.961
COVID-19 Exposure-4 .801 .630 .075 1.272 .205
R:0.261
R Square: 0.068
F:1.850
P: 0.046

a. Dependent Variable: Hopelessness Scale Total.
b. Predictors: (Constant), Age, Gender, Marital Status, Working Year, Working Clinic, Work hour.
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Table 3. Effect of COVID-19 concern and exposure on total hopelessness level.

Moldel Variables B Std. Error Beta t P
(Constant) -4.946 3.460 -1.140 .255
Concern Scale Total 437 .147 173 2.963 .003
COVID-19 Exposure-1 591 725 .048 1.815 416
COVID-19 Exposure-2 2.017 3.861 .032 .503 .602
COVID-19 Exposure-3 -172 1.932 -.005 -.089 .929
COVID-19 Exposure-4 726 .629 .068 1.154 .250
R:0.204
R Square: 0.042
F:2.47
p: 0.032

a. Dependent Variable: Hopelessness Scale Total.
b. Predictors: (Constant), Concern Scale Total, COVID-19 Exposure-1, COVID-19 Exposure-2, COVID-19 Exposure-3, COVID-19
Exposure-4.

DISCUSSION

During pandemics, it is necessary to protect the health of healthcare workers to control infectious
diseases and increase the effectiveness of treatment (Bayiilgen et al., 2021). During these periods,
especially healthcare workers have a great responsibility; their workload increases, and psychological
resilience becomes important (Franza et al., 2020). Hopelessness is a concept that should be emphasized
in terms of the energy, performance, and health of healthcare workers. During periods of high stress
such as COVID-19, it is known that hope strongly reduces the effects of stress on mental and physical
health (Kazan Kizilkurt et al., 2021).

In the literature review, no study on the effect of healthcare workers' exposure to COVID-19 disease
agents and concerns about it on their hopelessness levels was found. The data from the study are
important as they were collected during the period when COVID-19 first reached the highest case rates

in Turkey, measuring the initial reactions.

In this section, the effects of exposure and concern levels of healthcare workers on hopelessness were
discussed along with similar studies. In the regression model established in this study, it was
determined that healthcare workers' concern was a factor affecting the level of the hopelessness scale
(Table 3). In the literature, no study investigating the concern for COVID-19 and its effect on

hopelessness was found. This study was compared with similar anxiety studies in the literature.

In the study on anxiety and hopelessness levels of nurses conducted by Bayiilgen et al., it was
determined that there was a relationship between the coronavirus anxiety scale levels of nurses and
their hopelessness levels (Bayiilgen et al., 2021). In the study conducted by Hacimusalar et al. during
the COVID-19 pandemic in Turkey, it was indicated that the general anxiety level of the participants
was an important indicator of hopelessness (Hacimusalar et al., 2021). In the study conducted by
Kizilkurt et al. on the elderly during the COVID-19 pandemic, a relationship was found between the
health anxiety and hopelessness levels of the participants (Kazan Kizilkurt et al., 2021). Although these
studies did not reveal the effects of COVID-19 anxiety level on hopelessness level, they support our
study in that they explain the relationship between anxiety and hopelessness. In this study, healthcare
workers' concern for COVID-19 was determined as a significant factor affecting the level of
hopelessness, and hypothesis H1 was accepted. It is considered that the concern for COVID-19 during
the pandemic period affects the level of hopelessness by reflecting the anxiety of healthcare workers in
general.In the regression model established in this study, it was determined that the exposure/contact
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of healthcare workers, their families, and friends to COVID-19 was not a factor affecting the level of the
hopelessness scale (Table 3). In the literature, no study on the effect of exposure on the level of

hopelessness was found.

In the study conducted by Bayiilgen et al. to determine the anxiety and hopelessness levels of nurses in
Turkey, it was determined that there was no significant difference between the levels of hopelessness
in nurses who encountered and did not encounter a COVID-19 patient. Furthermore, in the same study,
it was also determined that there was no significant difference between nurses caring for COVID-19
patients and hopelessness (Bayiilgen et al., 2021). This study reveals that exposure and contact with the
patient or the presence of a patient with COVID-19 in the environment of the healthcare worker (family,
colleague) do not affect the level of hopelessness and support our study. In this study, hypothesis H2
was rejected. This result can be explained by the effect of another stronger factor influencing the

hopelessness of healthcare workers during the pandemic period.

CONCLUSION and RECOMMENDATIONS
In conclusion, according to this study, concern emerges as a significant predictor of hopelessness for
healthcare workers. During pandemic periods, examining the concern levels of healthcare workers and
other at-risk groups for psychological health is crucial. Education and support programs can be planned
to provide psychosocial support, thereby reducing concern and hopelessness levels. This approach
ensures that healthcare workers can more easily cope with the current psychological challenges of the
pandemic, and it prevents potential psychological problems arising from hopelessness in the future.
Contrary to popular belief, exposure did not impact the level of hopelessness during the pandemic
period. It is recommended to conduct similar studies in different groups, considering various factors

that may affect the concepts of concern and hopelessness.
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Investigation of Fishing Efficiency of Crayfish Pontastacus
leptodactylus (Eschscholtz, 1823) in Keban Dam Lake
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Abstract:. This study was carried out to determine the catch efficiency of crayfish fishing in Keban Dam Lake during
the crayfish fishing season between July 1 and November 1, 2023. The study was conducted by applying a face-to-
face questionnaire to 45 fishermen engaged in crayfish fishing, and fishing data were obtained from cooperative
records. In the crayfish fishing season from Keban Dam Lake, it was found that 45 boats engaged in crayfish fishing
in 5 regions, Kemaliye, Agin, Keban, Aydincik and Cemisgezek. A total of 43.600 fykenets were used and 33.430
kg of crayfish were caught. Aydincik region started crayfishing for the first time this season with 16 fishermen.
The CPUE values for crayfish fishing in Keban Dam Lake were found to be 10.87 g for Agin region. 10.14 for Keban
region. 6.75 for Cemisgezek region. 7.87 for Kemaliye region and 6.58 for Aydincik region. The yield per hectare
for crayfish fishing in 28.450 hectares of Keban Dam Lake was determined to be 6.3 kg. In addition, among the
reasons why fishermen in the region prefer crayfish fishing; it was determined that crayfish prices are higher than

fish prices and they receive their income immediately in cash.

Keywords: Pontastacus leptodactylus, CPUE, fykenet, Keban Dam Lake, Elazig

Keban Baraj Go6lii Kerevit Pontastacus leptodactylus (Eschscholtz,

1823)"un Avcilik Veriminin Arastirilmasi

Ozet: Bu calisma, Keban Baraj Golii'nde 1 Temmuz- 1 Kasim 2023 y1l1 kerevit av sezonunda gergeklestirilen kerevit
avciliginin av veriminin tespit edilmesi amaciyla yapilmistir. Calisma, kerevit avciligi yapan 45 adet balikgiya yiiz
ylize anket uygulanarak ve kooperatif kayitlarindan avcilik verileri alinarak gerceklestirilmistir. Keban Baraj
Golii'nde; Kemaliye, Agin, Keban, Aydincik ve Cemisgezek, olmak {izere 5 bolgede, 45 adet teknenin kerevit
avaligl yaptig, toplam 43.600 adet kerevit pinteri kullanildig1 ve 33.430 kg kerevit avlandig: tespit edilmistir.
Aydinak boélgesi ilk defa bu sezon 16 balikg ile kerevit avcilig1 yapmaya baslamigtir. Keban Baraj Golii kerevit
avcligi icin CPUE degerleri; Agin Bolgesi igin 10.87, Keban Bolgesi igin 10.14, Cemisgezek Bolgesi igin 6.75,
Kemaliye Bolgesi igin 7.87, Aydincik Bolgesi icin 6.58 g/pinter/giin olarak bulunmustur. Keban Baraj Golii 28.450
hektar alanda yapilan kerevit avcilig icin hektara diisen verim 6.3 kg olarak tespit edilmistir. Ayrica bolgedeki
balikgilarin kerevit avciligini tercih etme sabepleri arasinda; kerevit fiyatlarinin balik fiyatlarindan daha yiiksek

olmasi ve gelirlerini nakit olarak hemen almalar1 olarak saptanmuisgtir.
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INTRODUCTION
Crayfish (Pontastacus leptodactylus) are the most important animal product obtained after fish in inland
waters. In addition to being an important source of protein, crayfish are also very tasty and expensive,
making them one of the most luxurious aquaculture products (Erdemli, 1982; Duman and Pala, 1998;
Patir et al., 2002). It started to be utilized as a foodstuff after the 1830s in the world. The formation of
traditional consumption culture in many European countries increased the commercial value of the
species. In Tiirkiye, after World War 11, especially after 1968, it became a good source of income for

inland fishermen with its increasing export potential until the 1990s (Cilbiz et al., 2020).

Crayfish, which is one of the economic inland water products of our country and widely found in many
lakes, ponds and reservoirs, has provided important foreign currency inflows for our country's

economy with its exports that started in 1963 and gradually increased (Orkiin, 1977; Balik et al., 2005).

P. leptodactylus is found naturally in many lakes, reservoirs and rivers of Anatolia and has a wide
distribution in Eastern Europe and the Middle East (Koksal, 1988; Kokko et al., 2018). In our country, it
is a natural product of lakes Egirdir, Beysehir, Aksehir, Eber, Civril, Apolyont and Manyas. Also it has
settled in other water sources later (Erencin and Koksal, 1977; Celikkale et al., 1982; Bolat, 2001;
Harlioglu, 2002). In parallel with this, the number of freshwater resources where crayfish are fished in
our country is increasing day by day (Yiiksel, 2007). Keban Dam Lake is one of the water bodies where
crayfish are stocked in this way. Crayfish fishing in Keban Dam Lake was started from the Agin region.
Crayfish was brought to this region from Lake Egirdir and released into the dam lake.

The oldest data on crayfish production based on fisheries in the world is the production amount
reported as 487 tons for 1950 in the United States of America. The production, which was around 500
tons in the 1950s, was recorded as 10.000-15.000 tons in the 1980s and reached 25.298 tons in 1993. In
2016, it was 15,782 t (Cilbiz et al., 2020). There are 22 fish species and subspecies belonging to 6 families
in Keban Reservoir (Ekingen and Sarieyyiipoglu, 1981). In addition, the crayfish (Pontastacus
leptodactylus Eschscholtz, 1823), which was introduced to the reservoir later, has adapted to the reservoir

and become a prey species.

In 2022, the amount obtained from crayfish fishing in our country was recorded as 622 tons (Tuik, 2023).
The catch, which started in 1994 with 17 tons in the region of Agin, was realized in 2004 with a total of
3 tons in the regions of Kemaliye, Keban and Cemisgezek. In the 2023 crayfish fishing season, Aydincik
region has started to actively fish. Thus, after the Kemaliye, Agin, Cemisgezek and Keban regions of
Keban Dam Lake, commercial fishing was carried out in a total of 5 fishing regions with Aydincik

region.

While the free fishing season in Tiirkiye was applied as June 15-December 24 until 2006, it started to be
applied as July 1-November 1 after 2006. With the communiqué numbered 2/1 regulating the fishing of
fishery products for commercial purposes, the legal fishing length of 9 cm was increased to 10 cm. There
is no legal regulation on mesh size of fyke nets in Tiirkiye. However, single-entry fyke nets with 17 mm
mesh size are used without bait (Cilgin and Aksu, 2015).

MATERIALS and METHODS
The study was carried out in the crayfish fishing areas of Keban Dam Lake from July 1 to November 1,
2023. Face-to-face interviews were conducted with fishermen by visiting the Keban Dam Lake 1st
fishing area (Kemaliye), 2nd fishing area (Agin), 3rd fishing area (Keban), 4th fishing area (Cemisgezek),
and 6th fishing area (Aydincik) (Figure 1). The fykenets used by the fishermen and the catch data were
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observed on site. Fykenets measurements were made with calipers and steel meters. Crayfish fishing in
the Agin region was carried out together with the fishermen. Catch data were taken from the records of
the buyer contractor of crayfish in Keban Dam Lake.

Catch per unit effort (CPUE) was calculated as grams of crayfish per fykenet per day, considering the
duration the fishermen kept their fykenet in the water. Yields per hectare and per boat were computed.
Furthermore, the study examined the reasons why fishermen in the region prefer crayfish fishing and

assessed the challenges they encounter. The results were then analyzed.
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Figure 1. Keban Dam Lake (Elazig), crayfish fishery regions 1st fishery area (Kemaliye), 2nd fishery area
(Agin), 3rd fishery area (Keban) and 4th fishery area (Cemisgezek) and 6th fishery area (Aydincik)
regions.

RESULTS
It was determined that the fykenet used in Keban Dam Lake was equipped with 210d/6 PA nets with

17 mm mesh size, single entrance, double venter. The circle at the entrance was semicircular (D-shaped)

and the others were made of 4 circles in round shape (Figure 2).
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Figure 2. The D-shaped (4-circle) fykenets used in crayfish fishing (2023 Crayfish season).

10 of 13 fishermen in Agin region, 8 of 16 fishermen in Keban region, 9 of 32 fishermen in Cemisgezek
region, 2 of 7 fishermen in Kemaliye region, and 16 of 18 fishermen in Aydincik region also fish for
crayfish. Crayfish caught in Keban Dam Lake are offered for sale with a length of 10 cm and longer. It
was observed that the fykenets used for catching crayfish also catch non-target fish species such as
Mastacembelus mastacembelus (Figure 3).

Figure 3. The crayfish caught in Keban Dam Lake (Agin region).
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The ratio of crayfish fishermen to total fishermen was highest in Aydincik region (88.8%) and lowest in
Kemaliye and Cemisgezek region (28%). The number of fykenet used by the fishermen varied between
400-2500 pieces per vessel. Cemisgezek region has the highest number of fykenet used in total and
Kemaliye region has the lowest number. In addition, Aydincik region have started crayfish fishing this
year with 400 fykenet (10 fishermen) (Table 1, Figure 4).

Table 1. The distribution of the number of fishermen and fykenets quantities according to fishing

regions.
Region Parcel Area (Hectar)  Total Fishermen  Fishermen of Crayfish  Numbers of Fykenets
Kemaliye 2000 7 2 3.000
Agin 4700 13 10 12.000
Keban 5000 16 8 6500
Aydincik 7200 18 16 9600
Cemisgezek 9550 32 9 13.500
Total 28.450 86 45 43.600
14000
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Figure 4. The number of fykenets quantities according to fishing regions.

In the 2023 crayfish fishing season, it was determined that 33.430 kg of crayfish were caught in total.
The highest fishing efficiency was determined as Agin region with 11.230 kg and the lowest was
determined as Kemaliye region with 2150 kg. The total catch per unit effort (CPUE) in Keban reservoir
was 41.62 g (Table 2).

Table 2. The distribution of CPUE and crayfish amounts according to fishing regions.

Region Amounts of crayfish (kg) CPUE Yield per hectare (kg)  Yield per boat (kg)
Kemaliye 2.150 7.87 1.07 1.075

Agin 11.230 10.28 2.38 1.123
Keban 6.000 10.14 1.2 750
Aydincik 5.750 6.58 0.79 359.37
Cemisgezek 8.300 6.75 0.86 922.2

Total 33.430 41.62 6.3 4.229
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The highest CPUE value was in Agin region with 10.28 g, while the lowest was in Aydincik region with
6.58 g. Again, the highest yield per hectare was recorded in Agin region and the lowest in Aydincik
region (Figure 5).

CPUE
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Figure 5. The CPUE values according to fishing regions.

Among the reasons why Keban reservoir fishermen prefer crayfish fishing, it was determined that
crayfish prices are higher than fish prices, and they receive their income in cash immediately. In 2023,
the price of crayfish was determined to be 150 TL. Additionally, it was determined that crayfish fishing
is preferred due to reasons such as the decrease in fish yield caused by overfishing and damage to

fishing nets due to unfavorable conditions like water pollution, which increases the cost of fishing.

DISCUSSION and CONCLUSION
There are many scientific studies on crayfish in different fields in Tiirkiye. These studies generally
include crayfish biology (Balik et al., 2005; Bolat and Kaya, 2016; Balik et al., 2006; Berber and Balik
2006; Berber et al. 2010; Bok et al., 2013), aquaculture (Farhadi and Harlioglu, 2018; Erisir et al., 2006;
Bahadir Koca et al., 2015), population dynamics (Bolat 2001; Berber et al., 2012; Yiiksel et al., 2013),
fishing technologies (Balik et al., 2002; Balik et al., 2003; Bolat et al., 2010) and genetics (Akhan et al.,
2014).

In the previous studies on the production amounts of the species; Bolat (2001) mentioned the study
titled 'Estimation of Population Size of Freshwater Lobsters (A. leptodactylus Eschscholtz, 1823) in
Egirdir Lake Hoyran region'. Additionally, Harlioglu and Harlioglu (2004) in their study titled 'The
harvest of freshwater crayfish, Astacus leptodactylus (Eschscholtz, 1823) in Turkey' mentioned the total
production amounts between 1977 and 2002. Studies on crayfish fishery in Keban Dam Lake are limited.
These studies include socio-economic status of fishermen of the region, reproduction characteristics,
growth characteristics of population and stock determination studies (Duman and Giirel, 2000; Duman
and Pala; 1998; Duman et al., 1999; Dartay et al., 2013; Yiiksel and Duman, 2011; Demirol and Yiiksel,
2013). In this study conducted in Keban Dam Lake during the crayfish fishing season from July 1 to
November 1, 2023, it was determined that 45 boats were engaged in crayfish fishing in 5 regions, namely
Kemaliye, Agin, Keban, Aydincik, and Cemisgezek, using a total of 43,600 crayfish fykenets, resulting
in a catch of 33,430 kg of crayfish. The Aydincik region commenced crayfish fishing for the first time
this season with 16 fishermen. CPUE values for crayfish fishing in Keban Dam Lake were found as 10.87
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g/fykenet/day for Agin region, 10.14 for Keban region, 6.75 for Cemisgezek region, 7.87 for Kemaliye
region and 6.58 for Aydincik region. The yield per hectare for crayfish fishing in 28,450 hectares of
Keban Dam Lake was determined as 6.3 kg.

In the study titled investigation of crayfish (Astacus Leptodactylus Eschscholtz, 1823) population size in
Keban Dam Lake by Yiiksel and Duman (2011), the catch per unit effort (CPUE) was calculated as 0.93
crayfish/fykenets/7 days. Crayfish density was estimated as 1.82 individuals/m2 in the Agin region and
2.08 individuals/m2 in the Keban and Cemisgezek regions. The total stock in terms of number was
estimated as 219,8560 individuals in Agin region, 2672800 individuals in Keban region and 479,9142
individuals in Cemisgezek region, and in terms of weight as 58482 kg in Agin region, 71,096 kg in Keban
region and 127,657 kg in Cemisgezek region.

The density of crayfish of catchable size (=9 cm) was determined as 1.17 individuals/m? in Agin region,
1.37 individuals/m? in Keban region and 1.40 individuals/m? in Cemisgezek region. The number of
crayfish of catchable size was estimated as 1,413,360 individuals in Agin region, 1,760,450 individuals
in Keban region, 3,230,192 individuals in Cemisgezek region, 44,380 kg in Agin region, 55,278 kg in
Keban region and 101,428 kg in Cemisgezek region.

Bolat (2001), calculated the catch per unit effort as 0.17 crayfish/fykenets/day in the fishing trials
conducted between July and December 1999 in Hoyran region of Lake Egirdir. In the same period, the
month with the highest catch per unit effort was December (0.23 crayfish/fykenets/day). In 2000, the
catch per unit effort was calculated as 0.13 crayfish/fykenets/day and the months with the highest catch
effort were November (0.20 crayfish/fykenets/day) and December (0.18 crayfish/ ykenets/day).

Bolat and Aksoylar (1997), determined the number of crayfish per unit ( fykenets ) as 2.68 pieces for a
10-month period and 0.27 pieces for a 1-month period in their study conducted in Lake Egirdir.

Suggestions for solutions to the problems experienced by fishermen fishing crayfish in Keban Dam Lake
are as follows;

- Inadequate diesel oil support from the state (4.250 TL for one time (in 2023 year),

- Excessive lake rent and reduction of the amount,

- Increasing interest-free credit support,

- Suggestions such as starting the season earlier are offered.
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