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Abstract: This study was conducted to investigate the physical and chemical properties of the waters
of Lower Tulgali, Oymakli, Sirimli, Morgigek and Sagmali ponds in Van province during the Autumn
(November 2022), Spring (May 2023) and Summer (July 2023) seasons. On site measurements were
as follows: Dissolved oxygen 8.70+0.77 mgL-1, water temperature 13.56+0.62°C, turbidity
18.09£12.57 NTU, electrical conductivity 423.67+156.37 uScm™, salinity 0.21+0.08 mgL-1, pH
8.77+0.18, TDS 215.26+80.04. The mean levels of chemical parameters were determined as CI?
27.36+3.81 mgL?, Ca+2 52.50+14.43 mgL?, Mg+2 22.95+10.49 mgL™, Ca+Mg 151.97+48.96 mgL
1 C032- 6.21£0.92 mgL?, HCOs 130.61+61.39 mgL?, NO, 0.07+0.02 mgL?, NO,-N 0.02+0.01
mgL?, NO3 3.93+2.38 mgL™, NO3-N 0.94 +£0.56 mgL?, NH3 0.36+0.45 mgL?, NH3s-N 0.31+0.39
mgL?, NH,4 0.38+0.47 mgL?, PO, 0.10+0.10 mgL%, P 0.03+0.04 mgL?*, SO, 102.95+32.12 mgL?, K
2.16+1.01 mgL?, Na 9.76+3.12 mgL?, B 0.56+0.38 mgL?, total hardness 20.33+10.82 mgL™%, organic
matter 1.35+0.39 mgL™, SAR 0.29+0.07 mgL?, Cr+6 0.001+0.001 mgL?, Fe+2 0.032+0.023 mgL™,
Mn+2 0.075+0.129 mgL?, Cu 0.005+0.003 mgL™, nickel and cobalt values were below measurable
levels and Zn was determined as 0.010+0.003 mgL™. The results obtained were evaluated according
to the relevant water quality regulations. According to YSKYY and SKKY, all the measured
parameters excluding pH indicated that pond waters were suitable for agricultural irrigation. According
to ASSKY, all parameters excluding ammonia (except Sirimli and Morgicek) and nitrite were suitable
for carp and trout production.

Van (Tiirkiye) ilinde Bulunan Bazi Goletlerin Su Kalite Ozellikleri

Oz: Bu calisma, Sonbahar (Kasim 2022), flkbahar (Mayis 2023) ve Yaz (Temmuz 2023)
mevsimlerinde, Van ilinde bulunan Asagi Tulgali, Oymakli, Sirimli, Morgigek ve Sagmali golet
sularinin fiziksel ve kimyasal zelliklerini aragtirmak amaciyla yapilmistir. Arazide yerinde yapilan
dlgiimlerde ortalama, ¢dziinmiis oksijen 8.70+0.77 mgL?, su sicaklign 13.56+0.62°C, bulaniklik
18.09£12.57 NTU, elektriksel iletkenlik 423.67+156.37 puSem™, tuzluluk %00.21£0.08 mgL?, pH
8.77+0.18, TCK 215.26+80.04 olarak ol¢iilmiistiir. Laboratuvarda yapilan kimyasal analizlerde ise
ortalama, Cl, 27.36+3.81 mgL® Ca'? 52.50+14.43 mgL?, Mg* 22.95+10.49 mgL?, Ca+Mg
151.97+48.96 mgL?, COz* 6.21+0.92 mgL?, HCO3 130.61+61.39 mgL?*, NO; 0.07+0.02 mgL™?,
NO; N 0.02+0.01 mgL, NOs 3.93+2.38 mgL™, NO3 N 0.94 £0.56 mgL?, NH; 0.36+0.45 mgL™?,
NH3-N 0.31+0.39 mgL™, NH; 0.38+0.47 mgL?, PO,® 0.10£0.10 mgL™, P 0.03+0.04 mgL?, SO*
102.95+32.12 mgL?, K 2.16+1.01 mgL?, Na 9.76+3.12 mgL?, B 0.56+0.38 mgL?, Toplam sertlik
20.33+10.82 mgL?, Organik madde 1.35+0.39 mgL?, SAR 0.29+0.07 mgL?, Cr*® 0.001£0.001 mgL
1 Fe*20.032+0.023 mgL, Mn*20.075+0.129 mgL?, Cu 0.005+0.003 mgL™, nikel ve kobalt degerleri
dlgiilebilir degerin altinda ve Zn 0.010£0.003 mgL™ olarak tespit edilmistir. Elde edilen sonuglar ilgili
su kalitesi yonetmeliklerine gore degerlendirilmistir. Golet sulari, YSKYY ve SKKY’ye gore, pH
digindaki parametrelerin tarimsal sulamada kullanilabilecek kalitede oldugu, ASSKY’ye gore,
amonyak (Sirimli ve Morgigek harig) ve nitrit disindaki parametrelerin ise sazan ve alabalik iiretimine
uygun oldugu belirlenmistir.

*Corresponding author: muhammet.demir1453@gmail.com

How to cite this article: Demir, M. (2024). Water quality characteristics of some ponds in Van (Tiirkiye) province. COMU J. Mar. Sci. Fish, 7(1): 1-17. doi:10.46384/jmsf.1391707
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Giris

Su tiim canlilar i¢in yasam kaynagidir. Kiiresel anlamda
niifusun hizla artmasina karsin mevcut su ve kaynaklariin
niifusa paralel olarak artmamasi, asir1 tiketimi ve
kirletilmesinden dolayr meydana gelen sorunlar, su

kaynaklarim1 verimli bir sekilde kullanilmasint zorunlu
kilmistir (Sen, 2017).

Canlilarin yasami disinda su, iilkelerin yiikselmesinde
ve ilerlemesinde Onemli bir degerdir. Su uygarliklarin
kurulacagr alanlarin belirlenmesinde etkili olmustur.
Niifusun artmasiyla birlikte suya olan ihtiyagta devamli
artmistir. Bunun sonucunda yetersiz kalan su kaynaklari
nedeniyle ¢evre problemleri ortaya ¢ikmis ve su daha da
O6nemli bir degere sahip olmustur (Yilmaz ve Peker, 2013).

1960’11 yillarda 28 milyon niifusa sahip olan {ilkemizde
bir kisinin 4.000 m® su kullanim hakki varken, 2000’1i
yillarda 70 milyon civarinda niifusa sahip oldugunda bir
kisinin su kullamm hakki 2.000 m®’ten altina diismiistiir
(Sen, 2016). 85 milyondan fazla niifusa sahip iilkemizde
Niifusun 84,6 milyon kisi oldugunu diisiiniirsek, tilkemizde
2023 yilinda kisi basma diisen kullanilabilir yillik su
miktarinin  1.323 metrekiip oldugu goriilmektedir. Bu
degerin 2050 yilinda niifus artigt ile birlikte 1.069
metrekiipe kadar diismesi beklenmektedir (Ozkan, 2023).
Bu durum olast bir kuraklik ve normal yagis senaryolari
dikkate alinmadan hesaplanmistir. Bu az miktardaki su
kaynaklari bilimsel ve akla dayali yontemler ile yonetilmez
ise su kitlig1 ve kuraklik beklemektedir (Sen, 2016).

Tarimda kuraklik, hayvansal ve tarim alanlarinda {iriin
veriminin azalmasina ve gida irinlerini saglamak
konusunda sorunlarin ortaya ¢ikmasi, su miktarlarinin
diismesi, sularda oksijen sikintilari, su triinleri stok
yogunluklar1 gibi problemlerden dolayi balik 6liimlerinin
meydana gelmesine sebebiyet verebilmektedir (Kabay,
2019). Kurakligi etkileyen en onemli parametrelerin
basinda kiiresel 1sinma oldugu belirtilmektedir (Akbas,
2014). iklimlerde meydana gelen degisimler sonucunda, 20.
ve 21. yiizyil arasinda olusan kiiresel 1sinma sebebiyle yer

kabugu sicakligi yaklasik 0.7-0.8°C artmustir.  Bunun
sonucu olarak buzullarin erimesiyle deniz seviyeleri artacak
ve dogal afetler meydana gelecektir. Meydana gelecek
kurakligin etkisiyle tarim alanindaki iiretim 6nemli 6l¢iide
etkilenecek ve birden fazla bitki ve hayvan tiirlerinin yasam
sartlarmin bozulmasina sebebiyle yok olus meydana
gelebilecektir (Sen, 2016).

Van Golii havzasindaki su kaynaklarinda endemik balik
tiirlerinin Alburnus tarichi, Alburnus timarensis, Barbus
ercisianus, Capoeta kosswigi ve Oxynoemacheilus
ercisianus yaninda havzada endemik olarak bulunan gél,
golet, akarsu ve barajlarda Cyprinus carpio, Oncorhynchus
mykiss, Gambusia holbrooki tiirleri bildirilmistir (Sen ve
ark., 2018).

Bu calismada Van Goélii Havzasi’nda Van-Ozalp
sinirlar1 icerisinde bulunan ve c¢evredeki yore halki
tarafindan tarimsal faaliyetlerde kullanilan Oymakli, Asagt
Tulgali, Sagmali, Morgicek ve Saray sinirlart igerisindeki
Sirimli  Goletlerinin -~ su  kalitesinin  &zelliklerinin
belirlenmesi amaciyla yapilmistir. Calisma alani olarak
belirlenen Sagmali, Asagi Tulgali, Oymakli ve Sirimh
goletlerinde kuraklik ile ilgili caligmalar yapilmistir (Demir
ve Sen, 2021). Arastirma sonucunda elde edilen veriler,
ilgili ~ yonetmeliklerde  belirtilen  degerlere  gore
yorumlanarak, g6l ve goletler hakkinda genel bir
degerlendirme yapilmistir.

Materyal ve Yontem
Calisma Alaninin Durumu

Calismaya konu olan, Oymakli, Asagt Tulgali, Sagmali,
Sirimli ve Morgicek Goletlerinin (Sekil 1) konumlarma ait
bazi veriler Tablo 1°de verilmistir.

Calisma konusu goletlerde aynali ve pullu sazan
(Cyprinus carpio, L., 1758) balik tiirleri mevcut olup yil
boyu ticari avcilifi yasaktir. Ureme dénemleri disinda
amator avcilik serbesttir.

Tablo 1. Géletlerin kiy1 uzunlugu, yiizey alan1 ve konum bilgileri (Demir, 2023a)

. K I
Gol/Golet fige At

Yiizey alam

Koordinatlar

(km) (km?) Enlem Boylam
Oymakl1 Ozalp 0.60 0.11 38°50'07.88"K  44°13'36.52"D
Sagmali Ozalp 0.90 0.14 38°51'38.63"K  44°06'04.34"D
Asagi Tulgal Ozalp 0.50 0.10 38°4724.93"K  44°15'34.57"D
Morg¢icek Ozalp 0.80 0.19 38°3427.89"K  43°52'38.36"D
Siriml1 Saray 0.65 0.21 38°40'57.88"K  44°13'10.61"D

Numune Alma ve Analiz Yontemleri

Su numuneleri dipsavak ¢ikisinin oldugu yerde numune
alma metotlarma gore 1 litrelik su Ornegi alma kaplari
kullanilarak — alimmustir  (Ayyildiz, 1983). Calisma
cergevesinde tarimsal sulama amagli kullanilan goéletlerin
bir takim fiziksel ve kimyasal parametrelerini bulmak igin;
sulama donemi baslamadan &nce, sulama doneminde ve

sulama sonrasit olmak iizere 3 donem Sonbahar (Kasim
2022), ilkbahar (Mayis 2023) ve Yaz (Temmuz 2023)
seklinde caligma alani olarak belirlenen Oymakli, Asagi
Tulgali, Sagmali, Sirirmli ve Morgigek Goletleri’nden
almmigtir  (Sekil 1). Kis mevsiminde, meteorolojik
kosullardan dolay1 gol ve goletlere ulasim saglanamamustir.
Su 6rneklerinden; sicaklik, ¢oziinmiis oksijen miktar1 (CO),
toplam ¢6ziinmiis katilar (TCK), tuzluluk (%o,) elektriksel
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iletkenlik (EQ) ve pH 6lgiimlerinin analizleri HACH 2100 Q
portatif multimetre cihaz1 ile bulaniklik analizleri ise
HACH 2100 Q turbidimetre cihazi ile yerinde 6l¢iilmiistiir.
Toprak, Giibre ve Su Kaynaklar1 Merkez Arastirma
Enstitiisii  Laboratuvarinda kimyasal parametrelerden
sodyum ve potasyum analizleri BWB alev fotometre (flame
fotometre) cihazi ile karbonat, bikarbonat, kalsiyum, kloriir,
magnezyum, kalsiyum+magnezyum, toplam sertlik ve
organik madde (permanganat value) analizleri titrimetrik
metotla (APHA, 1995), ¢inko, bakir, nikel, kobalt, demir,
manganez, molibden analizleri ICP-MS cihaz1 (Agilent
Technologies 7700 Series ICP-MS), siilfat ve bor
shimano 2V spektrofotometre cihazi ile Van Yiziincii Yil
Universitesi Su Uriinleri Fakiiltesi Laboratuvarinda ise
nitrit, nitrat, amonyum, amonyak, fosfat, fosfor ve askida
kati madde (AKM) analizleri HACH LANGE DR 5000

78T
o~

Sagmal Goleti (4)

spektrofotometre cihazi ile 6lgiimleri yapilmigtir (HACH,
2005).

Calisma sonucunda elde edilen bulgular; Alabalik ve
Sazan Tiri Baliklarin Yagadigr Sularin Korunmasi ve
Iyilestirilmesi Hakkinda Yonetmelik (ASSKY, 2014),
Yiizeysel Su Kalitesi Yonetimi Yonetmeligi (YSKYY,
2015), Kitaigi Yeriistii Su Kaynaklarinin Genel Kimyasal ve
Fizikokimyasal Parametreler Agisindan Siniflarina Gore
Kalite Kriterleri, Insani Tiiketim Amach Sular (TS 266,
2022), igme Suyu Temin Edilen Sularin Kalitesi ve
Artilmas1 Hakkinda Yonetmelik (ISY, 2019), Su Kirliligi
Kontrolii Yonetmeligi (SKKY, 2008), Avrupa Birligi Su
Cergeve Direktifi (AB, 1998) ve Diinya Saghk Orgiitii
(DSO,1993)’ne gore degerlendirilmistir.

Morgigek Goleti (5)

Sekil 1. Sirimli (1), Oymakli (2), Asag1 Tulgali (3), Sagmali (4), Morgicek (5) Goletleri.
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Bulgular ve Tartisma

Van ilinde bulunan Oymakli, Asag1 Tulgali, Sagmali,
Sirimli ve Morgigek Goletlerinde mevsimsel olarak (Kis
mevsimi hari¢) yapilan Olglimler sonucunda bulunan
degerler Tablo 2, Tablo 3, Tablo 4, Tablo 5, Tablo 6’da
verilmistir. Ayrica, tim goletlerin en az ve en yiksek
degerleri ile ortalama ve standart sapma degerleri Tablo
7’de belirtilmistir.

Arastirma bulgularina gore, ortalama su sicakligi,
Oymakli’da  13.20+£6.76°C,  Sagmali’da  ortalama
13.80+9.07°C, Asag1 Tulgali’da 13.97+£5.98°C, Sirimli’da
12.67+6.47°C, Morgigek’te 14.17+7.60°C (Tablo 2 ve 7),
tim goletler de en diisik Sagmali’da 3.90°C, en yiiksek
Morgigek’te 22.20°C olarak 6l¢iilmistiir (Tablo 2). Golet
sularinda 6lgiilen ortalama sicaklik degerleri, YSKYY ye
gore 1. sinif su degerleri arasinda, ASSKY’ye gore hedef
degerler arasinda, SKKY’ye gore 1. simf kalite sulari
arasinda yer almistir. Ayrica, AB ve TSE 266°ya gore uygun
oldugu goriilmiistiir (Tablo 8). Yapilan bagka caligmalarda
ortalama su sicaklik degeri, Aygir Golii’nde ise 13,6+2,5°C
(Cavus, 2018), Nemrut Krater Golii’nde ortalama 18.10 °C
(Sepil, 2020), Sarimemet 18.4°C, Kockoprii 17.4°C ve
Zernek 19.1°C (Demir, 2023b) olarak bildirmistir. Bu
¢alismada, ortalama su sicaklik degerleri, Aygir Goli ile
benzer, diger c¢aligmalardan daha disiik oldugu
gozlemlenmistir. Bu durumun iklimsel ve cografi sartlardan
ve su dl¢liim zamanlarinin farkli olmasindan kaynaklandig:
diigiiniilmektedir.

Coziinmiis oksijen ortalama degeri, Oymakli’da
9.2942.22 mgL?!, Sagmali’da 8.05+1.35 mgL?, Asag
Tulgalr’da 9.19+0.99 mgL™?, Sirimli’da 8.04+1.50 mgL?,
Morgigek’te 8.43+0.88 mgL* (Tablo 2 ve 7), tiim goletler
de en diisiik Sirimli’da 6.37 mgL?, en yiiksek Oymakli’da
12.18 mgL ! olarak 6l¢iilmiistiir (Tablo 2). Golet sularinda
Olcillen ortalama ¢6ziinmils oksijen degeri, YSKYY’ye
gore, 1. simif su kalitesi oldugu, ASSKY’ye gore ¢oziinmiis
oksijen degeri 6 mgL'nin altinda olmamasi gerektigi
bildirilmistir (Tablo 8). Yapilan baska c¢aligmalarda
goletlerin ortalama ¢odziinmiis oksijen degeri, Yumruklu
Goleti’nde 8.15 mgLt (Atict, 2020), Arin G6lii’nde 8,1+0,4
mgL? (Cavus, 2018), Nemrut Krater Golii’nde 9.72 mgL?
(Sepil, 2020) oldugu bildirilmistir. Bu ¢alismada elde edilen
ortalama ¢Oziinmiis oksijen degerleri, ¢calisma alan1 olan
goletlerde yasayan sazan baliklar1 i¢in uygun oldugu ve
daha dnce yapilan caligmalardaki degerler ile benzer oldugu
tespit edilmigtir.

Tuzluluk ortalama degeri, Oymakli’da %00.12+0.01,
Sagmali’da %00.33+0.04, Asagi Tulgali’da %00.19+0.03,
Sirimli’da %00.19+0.00, Morgicek’te %00.20+0.02 (Tablo 2
ve 7), tim goletler de en diigiik Oymakli’da %00.11, en
yiiksek Sagmali’da %038, 6l¢ilmiistiir (Tablo 2). Yapilan
bazi bilimsel c¢aligmalarda tuzluluk degeri, Kabakli
Goleti'nde %00.29 mgL! (Kaya ve Sen, 2022) ve Aygir
Goli'nde  %00.21£0.003 mgL™? (Cavus, 2018), olarak
bildirilmistir. Elde edilen ortalama tuzluluk degeri, daha
once yapilan caligmalara gore, Sagmali yiiksek, diger
goletler diisiik degerlerde bulunmustur. Sagmali goletinde
tuzlulugun yiiksek olmasi, toprak ve iklim ozellikleri,

sulama yOntemi, drenajin yeterliligi, taban suyu diizeyi,
sulama ve drenajmm  yonetimi gibi faktdrlerden
kaynaklandig diigiiniilmektedir.

Elektriksel iletkenlik ortalama degeri, Oymakli’da
246.33+£18.18 uScm?, Sagmali’da 676.67£79.96 pScm™,
Asagr Tulgali’da 389.67+47.92 pScm?, Siimli’da
390.00+£7.00 uScm?, Morgigek’te 415.67+35.56 pScm
(Tablo 2 ve 7), tiim goletlerde en diigiik Oymakli 226 pScm
1 en yiiksek Sagmali 769 uScm olarak 6lgiilmiistiir (Tablo
2). Goletlerin ortalama elektriksel iletkenlik degerleri,
YSKYY ye gore, Oymakli, Asagi Tulgali ve Sirimli 1. sinif,
Morgigek ve Sagmali 2. sinif, ISY ’ye gore ise Al sinif sulari
arasinda, TSE 266’ya gore parametrik degerde yer
almaktadir. Genel olarak tiim goletlerin ortalama elektriksel
iletkenlik degerleri, YSKYY ye gore 2. smif, ISY’ne gore
A1 kalite sular1 arasinda yer almaktadir (Tablo 8). Yapilan
bazi bilimsel caligmalarda elektriksel iletkenlik degeri,
Sarimemet Baraj Golii 386.00 uScm™, Kogkoprii Baraj
Golii 301.00 puScm?, Zernek Baraj Golii 364.00 puScm™
(Demir, 2023a), Dolutas 662 pScm™, Degirmigdl 515
puSem?, Yumruklu 579 pScm™, Dénerdere 488 pScm™
(Atic1, 2020), Nazik Golii’'nde 254.4-340.6 uScm* arasinda
(Sen, 2001), Nemrut Krater Golii’nde 434.20 pScm (Sepil,
2020), Kabakli Goleti'nde 578.0 puScm™ (Kaya ve Sen,
2022) olarak bildirmistir. Elde edilen degerlere gore,
Oymaklr’da elektriksel iletkenligin toprakta ¢cogu mahsuliin
sulanmasi icin kullanilabilir, diger goletlerde ise orta
diizeyde tuz toleransi olan bitkilerin sulamasinda
kullanilabilir niteligindedir.

pH ortalama degeri, Oymakli’da 9.04+0.09, Sagmali’da
8.60+£0.23, Asagt Tulgali’da 8.73+0.12, Sirimli’da
8.65+0.16, Morgicek’te 8.85+0.41 (Tablo 2 ve 7), tim
goletler de en disiik Sagmali’da 8.34, en yiiksek
Oymakli’da 9.15 olarak ol¢iilmistiir (Tablo 2). Goletlerin
ortalama pH degerleri tim goletlerde, TS 266’ya gore,
parametrik degerden diisiik, ISY’de ise Al sif, YSKYY
ve SKKY’ye gore, 3. sinif kalite sulari igerisinde ve
ASSKY’ye gore, zorunlu degerler igerisinde yer almaktadir
(Tablo 8). Ulkemizde yapilan farkli limnolojik calismalarda
goletlerimizin az miktarda alkali yapiya sahip oldugu
gozlemlenmistir (Sen, 2001; Cavus, 2018). Yapilan bazi
bilimsel ¢aligmalarda pH degeri, Donerdere’de 8.88 ve
Degirmigol’de 9.00 (Atici, 2020), Kabakli Goleti’nde 8.58
(Kaya ve Sen, 2022) oldugu bildirilmistir. Elde edilen pH,
degerleri, daha 6nce yapilan ¢aligmalarda belirtilen degerler
ile benzer bulunmustur. Genel olarak kirletici faktorlere
maruz kalmayan gollerin suyunda pH degerinin 6-9
arasinda degistigi bildirilmistir (Tanyolag, 2000). Elde
edilen pH degerlerine gore, goletlerin kirletici faktdrlere
maruz kalmadigini gostermektedir.

Askida kati madde (AKM) ortalama degeri, Oymakli’da
4.64+3.92 mgLl, Sagmali’da 26.41+24.62 mgL?! Asag
Tulgali’da 20.91+16.71 mgL? Sirimli’da 11.05+8.59 mgL-
! Morgigek’te 6.95+3.93 mgL* (Tablo 2 ve 7), tiim goletler
de en diisiik Oymaklr’da 1.21 mgL™, en yiiksek Sagmali’da
54.70 mgL*? olarak Olciilmiistiir (Tablo 2). Géletlerin
ortalama AKM degerleri, ASSKY ye gore, uygun degerler
arasinda yer aldig1 belirlenmistir. YSKYY’ye gore, AKM
degeri baraj gollerinde dtrofikasyon takibi icin 5 mgL*’den
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az olmasi gerektigi bildirilmistir (Tablo 8). Yapilan bazi
bilimsel ¢calismalarda AKM degeri, Batman Baraj Go6lii’nde
6-10 mgL* arasinda, Dicle Baraji’nda 6-12 mgL™! arasinda
(Yildiz ve ark., 2008), Yumruklu 6.5 mgL?, Dénerdere 18.5
mgL* (Atic1, 2020) olarak bildirmistir. Elde edilen degerler,
daha oOnce yapilan calismalardaki degerler ile benzer
bulunmustur. Askida kat1 maddeler canlida olumsuz bir etki
yapmakta, sudaki 1s1k miktarim  disiirerek canlinin
beslenme verimliligini ve davranislarinin degismesine,
sedimentin dogal yapisinin bozulmasina, tiir dagiliminin
degismesine neden olabilmektedir. Ayrica yetersiz
solunuma bagl olarak Oliimlerine sebebiyet verebilir
(Donahue ve Irvine, 2003). Elde edilen AKM degerlerin,
otrofikasyonu kontrol etmek igin yiiksek oldugu
belirlenmistir. Golet sularinda l¢timlerin yapildig: ilkbahar
ve sonbahar aylarinda yagmurlarin, yaz ayinda ise eriyen
kar sularinin etkisiyle golet sularinin bulaniklastigi, bu
nedenle AKM degerlerinin yiiksek ¢iktig1 diisiiniilmektedir.

Bulaniklik ortalama degeri, Oymakli’da 12.53+11.13
NTU, Sagmali’da 39.33+37.90 NTU, Asagi Tulgali’da
20.91£16.71 NTU, Simli’da 12.03£9.62 NTU,
Morgigek’te 7.47+5.54 NTU (Tablo 2 ve 7), tiim goletler de
en diisiik Morgigek’te 3.50 NTU, en yiiksek Sagmali’da
83.00 NTU olarak ol¢iilmistiir (Tablo 2). Goletlerin
ortalama bulaniklik degerleri, ISY’ye gére, 2. simf sulart
icerisinde yer almaktadir (Tablo 8). Ulkemizde yapilan bazi
bilimsel g¢alismalarda bulaniklik degeri, Donerdere 13.7
NTU (Atict, 2020), Aksu Cayi’'min 3 farkli noktasinda
yapilan §lgiimlerde ortalama 4,9 NTU (Dede ve Sezer,
2017), Batman Baraj Goli'nde 0.3-3.3 NTU arasinda
(Varol, 2010), Nemrut Krater Goliinde ortalama 3.03 NTU
(Sepil, 2020) olarak bildirmistir. AKM ve bulaniklik
degerleri dogru orantilidir.

Toplam ¢ozlinmis katilar (TCK) ortalama degeri,
Oymaklr’da 117.57+8.73 mgL?, Sagmali’da 330.67+40.13
mgL?l, Asagi Tulgali’da 188.00+24.25 mgL?, Simli’da
188.60+3.84 mgL™?, Morgicek’te 251.47+103.12 mgL?
(Tablo 2 ve 7), tiim goletler de en diisiik Oymakli’da 107.70
mgL™, en yiiksek Sagmali’da 377.00 mgL?! olarak (Tablo
2). Hassas olan bitkilerde (yonca, korunga, bugday, arpa,
cavdar vb.), TCK’nin risk olusturma degerleri 500-1000
mgL ! arasindadir. TCK degerinin yiiksek olmasi bitkilerin
hiicrenin igindeki ¢6ziinmiis maddelerin olusturdugu su
alma istegini etkileyerek fizyolojik olaylar1 engellemektedir
(Obiefuna ve Sheriff, 2011). Elde edilen TCK degerleri,
Ozalp ve Saray ilgelerinde yetisen bitkilerin (yonca,
korunga, bugday, arpa, ¢avdar vb.) fizyolojini etkileyecek
diizeyde olmadigi belirlenmistir.

Kloriir (Cly) ortalama degeri, Oymakli’da 24.97+4.73
mgL?, Sagmali’da 33.26+5.14 mgL?, Asagi Tulgalr’da
21.89£2.14 mgL?t, Smmlrda 28.52+7.28 mgL7,
Morgigek’te 28.17+9.46 mgL (Tablo 3 ve 7), tiim goletler
de en diisiik Morgigek’te 17.40 mgL?, en yiiksek Sagmali

ve Sirimli’da 35.86 mgL! olarak 6lgiilmiistiir (Tablo 3).
Goletlerin kloriir degeri, AB’ye gore, tavsiye edilen limitin
altinda, iISY’ye gore Al smfinda ve TSE 226’ya gore
paramedik degerde yer almaktadir (Tablo 8). Ulkemizde
yapilan bazi bilimsel caligmalarda kloriir degeri, Aygir
Goli’nde 17,3 mgL™* (Cavus, 2018), Dolutas 26.6 mgL™,
Degirmigdl 29.6 mgL™, Yumruklu 23.7 mgL™, Dénerdere
26.6 mgL™* (Atic1, 2020) olarak bildirilmistir. Yagish olan
yerlerde bulunan goéllerde sodyum, potasyum ve kloriir
kurak yerlerdeki gollere gore daha diisik olmas1 beklenir.
Elde edilen degerler, daha Once yapilan caligmalarda
belirtilen degerlere benzer ¢ikmistir. Kloriir degeri artikga
tuzluluk miktar1 da artar. Elde edilen kloriir degeri bunu
dogrulamaktadir.

Kalsiyum (Ca*?) ortalama degeri, Oymaklr’da
41.67+7.07 mgL?, Sagmal’da 76.53+7.25 mgL™?, Asag
Tulgalr’da 55.23+4.43 mgL!, Sirimli’da 45.87+1.89 mgL?,
Morgigek’te 43.20+25.57 mgL (Tablo 3 ve 7), tiim goletler
de en disiik Morgicek’te 14.00 mgL™?, en yiiksek
Sagmali’da 84.20 mgL? olarak 6lgiilmiistiir (Tablo 3).
Yapilan bazi bilimsel c¢aligmalarda kalsiyum degeri,
Deligay’da ortalama 36.2 mgL? (Seyhan, 2016) ve Aygir
Goli'nde 54,3 mgL? (Cavus, 2018) olarak bildirilmistir.
Goletlerden elde edilen ortalama kalsiyum degerleri,
Sagmali hari¢ Aygir Goli’nde bulunan degere yakin,
Delicay’da bulunan degerden yiiksek oldugu gorilmiistiir.
Kalsiyum degeri artikca tuzluluk ve sertlik miktar1 da artar.
Kalsiyum degeri yiiksek, tuzlu ve sert su 6zelligine sahip
olan g6l sulart sulamaya uygun degildir. Elde edilen
kalsiyum degerlerine gore, golet sularinin sulamaya uygun
oldugu goriilmiistiir.

Magnezyum (Mg*?) ortalama degeri, Oymaklr’da
14.56+5.68 mgL?, Sagmalr’da 40.60+6.01 mgL™, Asag
Tulgalr’da 24.32+2.34 mgL%, Sirimlr’da 17.48+6.90 mgL?,
Morgigek’te 17.80+10.88 mgL (Tablo 3 ve 7), tiim goletler
de en diisiik Morgicek te 6.60 mgL, en yiiksek Sagmali’da
47.40 mgL? olarak &lgiilmiistiir (Tablo 3). Ulkemizdeki
bazi bilimsel c¢alismalarda Magnezyum degeri, Kabakli
Goleti’'nde 24.47 mgL™! (Kaya ve Sen, 2022), Karacadren I
Baraj Golii'nde 12.16-21.78 mgL ™ araliginda (Giille, 2005),
Yedikir Baraj Goli'nde 5-21 mgL™? (Marashioglu, 2007)
olarak bildirilmistir. Elde edilen degerler, daha 6nce yapilan
calismalardaki degerler ile benzerlik gostermektedir.

Kalsiyum+Magnezyum (Ca*?>+ Mg*?) ortalama degeri,
Oymakli’da 105.60+24.62 mgL™, Sagmali’da
232.01£28.16 mgL™, Asag1 Tulgali’da 152.43+14.32 mgL-
L Sirimli’da 119.89+5.43 mgL %, Morgicek’te 149.92+21.07
mgL (Tablo 3 ve 7), tiim goletler de en diisiikk Oymakli’da
84.16 mgL?, en yiiksek Sagmali’da 264.44 mgL? olarak
ol¢tilmisgtiir (Tablo 3).
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Tablo 2. Goletlerin su kalite parametrelerinin mevsimsel, ortalama ve standart sapma degerleri (mgL™)

Goletler  Mevsimler Sicaklik CO_ TCI? El _ Tuzluluk oH Bulaniklik AKM
(°C) (mgL?)  (mgL™")  (uScm™) (%0) (NTU)  (mgL™)

Sonbahar 6.00 12.18 124.30 261.00 0.12 9.15 9.00 3.80

[lkbahar 14.20 9.41 120.70 252.00 0.12 9.01 3.60 1.21

Oymakli  Yaz 19.40 7.79 107.70 226.00 0.11 8.97 25.00 8.92

Ortalama 13.20 9.79 117.57 246.33 0.12 9.04 12.53 4.64

SD +6.76 +2.22 +8.73 +18.18 +0.01 +0.09 +11.13 +3.92

Sonbahar 3.90 9.26 377.00 769.00 0.38 8.34 15.00 9.81

Ilkbahar 15.80 8.29 307.00 630.00 0.31 8.79 20.00 14.72

Sagmali Yaz 21.70 6.59 308.00 631.00 0.31 8.67 83.00 54.70
Ortalama 13.80 8.05 330.67 676.67 0.33 8.60 39.33 26.41

SD +9.07 +1.35 +40.13 +79.96 +0.04 +0.23 +37.90 +24.62

Sonbahar 5.90 9.18 216.00 445.00 0.22 8.60 10.20 11.62

[Ikbahar 15.80 10.19 173.90 362.00 0.17 8.75 10.00 10.90

?ﬁf‘gg;h Yaz 2020 821 17410 36200 017 883  37.00  40.20
Ortalama 13.97 9.19 188.00 389.67 0.19 8.73 19.07 20.91

SD +5.98 +0.99 +24.25 +47.92 +0.03 +0.12 +15.53 +16.71

Sonbahar 5.90 9.27 184.30 387.00 0.19 8.47 5.00 3.50

IIkbahar 13.30 8.47 191.70 398.00 0.19 8.68 8.10 9.25

Smmht— g, 1880 637 18980 38500 019 879 2300  20.40
Ortalama 12.67 8.04 188.60 390.00 0.19 8.65 12.03 11.05

SD +6.47 +1.50 +3.84 +7.00 +0.00 +0.16 +9.62 +8.59

Sonbahar 7.10 8.60 370.00 450.00 0.22 9.21 3.50 6.70

IIkbahar 13.20 7.47 202.00 418.00 0.20 8.41 5.10 3.15

Morgicek  Yaz 22.20 9.21 182.40 379.00 0.18 8.94 13.80 11.00

Ortalama 14.17 8.43 251.47 415.67 0.20 8.85 1.47 6.95

SD +7.60 +0.88  £103.12  £35.56 +0.02 +0.41 +5.54 +3.93

Karbonat (COs?*) ortalama degeri, Oymakli’da ve Sen, 2022), Aygir Gélii’nde 256.9 mgL* (Cavus, 2018),

4.80+3.27 mgL?, Sagmali’da 7.07+5.40 mgL™, Asag
Tulgali’da 7.00+5.00 mgL™t, Morgigek’te 6.07+3.72 mgL!
(Tablo 3 ve 7), tiim goletler de en diigiik Morgigek ve Asagi
Tulgali’da 2.00 mgL?, en yiiksek Sagmali’da 13.20 mgL?!
olarak oOl¢ilmistir (Tablo 3). Yapilan bazi bilimsel
caligmalarda karbonat degeri, Kabakli Goéleti’'nde 13.78
mgL? (Kaya ve Sen, 2022), Aygir Géli'nde 9.80 mgL?
(Cavus, 2018) oldugu bildirilmistir. Elde edilen degerler,
daha Once yapilan ¢alismalardaki degerler ile benzerlik
gostermektedir.

Bikarbonat (HCO3*) ortalama degeri, Oymakli’da
104.11+35.11 mgL? Sagmal’da 239.12+60.90 mgL™?,
Asagt Tulgalda 113.46+6.46 mgL?, Simli’da
108.17+18.04 mgL™, Morgicek’te 88.19+54.46 mgL?
(Tablo 3 ve 7), tiim goletler de en diisiik Morgigek’te 25.44
mgL?, en yikksek Sagmal’da 309.27 mgL?® olarak
Ol¢tilmiistiir (Tablo 3). Yapilan bazi bilimsel ¢aligmalarda
bikarbonat degeri, Kabakli Goleti'nde 182.54 mgL! (Kaya

oldugu bildirilmistir. Elde edilen degerler, daha Once
yapilan  caligmalardaki ~ degerler ile  benzerlik
gostermektedir. Bazi sular toprak igerisine gectigi zaman
¢okelme ile karbonat miktar1 daha da artar (Bower ve
Wilcox, 1965). Elde edilen degerlere gore, goletlerdeki
karbonat ve bikarbonat degerlerin farklilik gdstermesinin
nedeni bdlgenin kayag ve toprak yapisindan kaynaklandig:
diistiniilmektedir.

Toplam sertlik ortalama degeri, Oymakli’da 16.50+3.85
mgL?! Sagmali’da 36.08+4.14 mgL?, Asagi Tulgali’da
23.83+2.25 mgL?, Smmli’da 18.73+3.12 mgL?,
Morgigek’te 6.51+4.56 mgL* (Tablo 3 ve 7), tiim goletler
de en diisiik Morgicek te 2.06 mgL, en yiiksek Sagmali’da
40.86 mgL! olarak dlgiilmiistiir (Tablo 3). Yapilan bazi
bilimsel ¢aligmalarda suyun sertlik degeri, Kabakli
Goleti’nde 161.77 mgL?! (Kaya ve Sen, 2022), Dénerdere
793.30 mgL? (Atici, 2020) oldugu bildirilmistir. Golet
sularinin CaCO3 mgL ™! sertlik derecesi smiflanmasina gore,
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yumusak sular (Samsunlu, 2005) igerisinde, Almanya’daki
sularin siniflandirilmasina gore ise, Morgigek cok yumusak,
Oymakli, Sirimli orta sert, Asagi Tulgali oldukca sert ve
Sagmali sert sular sinifinda yer almaktadir (Ogur ve Tekbas,
2005). Sularin sertligi, kiregtas1 ve kalkerli yerler ile iligkisi
yakindir. Yumusak sular gecirgenligi az olup, dibindeki

kayaclar genellikle granit yapidadir (Gray, 2015). Elde
edilen degerler, daha 6nce yapilan ¢alismalardaki degerlere
gore su sertliginin oldukga diisiik oldugunu gostermektedir.
Bu durum, Ca*? ve Mg*? miktarimin goletlerin igerisinde
diisiik miktarda bulunmasindan kaynaklandig
disiiniilmektedir.

Tablo 3. Géletlerin su kalite parametrelerinin mevsimsel, ortalama ve standart sapma degerleri (mgL ™)

Goletler Mevsimler Cl, Ca*? Mg*?  Ca*?+ Mg CO3z> HCO; Tsi?:ﬁ?
Sonbahar 27.34 37.00 15.36 100.16 840  86.01  15.66
ilkbahar 19.53 49.80 19.80 132.48 200 14457 2071
Oymakli  Yaz 28.05 38.2 8.52 84.16 400 8174  13.14
Ortalama 24.97 41.67 14.56 105.60 480 10411  16.50
SD +4.73 +7.07 +5.68 +24.62 4327 #3511  +3.85
Sonbahar 35.86 84.20 47.40 264.44 13.20 22387  40.86
flkbahar 27.34 75.60 36.00 217.82 500  309.27  33.95
Sagmali  Yaz 36.57 69.8 38.4 213.76 3.00 18422  33.44
Ortalama 33.26 76.53 40.60 232.01 707 23912  36.08
SD +5.14 +7.25 +6.01 +28.16 4540  +63.90  +4.14
Sonbahar 21.66 60.08 27.00 168.96 1200 111.02  26.43
flkbahar 19.88 51.40 23.28 144.32 200 10858 2256
?Efgg;h Yaz 24.14 54.20 22.68 144.00 7.00 12078 2251
Ortalama 21.89 55.23 24.32 152.43 700 11346  23.83
SD 4214 +4.43 +2.34 +14.32 4500 4646 225
Sonbahar 35.86 48.00 19.80 129.60 1140 11224  20.25
ilkbahar 21.30 44.40 9.72 96.96 500 8845  15.14
St Yaz 28.40 45.20 22.92 133.12 200 12383  20.81
Ortalama 28.52 45.87 17.48 119.89 6.13  108.17  18.73
SD +7.28 +1.89 +6.90 +5.43 +4.80 +18.04 +3.12
Sonbahar 31.95 61.60 28.32 174.08 1020 12322  2.06
ilkbahar 17.40 14.00 6.60 140.32 3.00 2544  6.29
Morgicek  Yaz 35.15 54.00 18.48 135.36 500 1159  11.17
Ortalama 28.17 43.20 17.80 149.92 607 8819 651
SD 946 42557  +10.88 +21.07 4372 5446  +4.56

Nitrit (NO2") ortalama degeri, Oymakli’da 0.05+0.03
mgL? Sagmali’da 0.06+0.03 mgL?, Asagi Tulgalr’da
0.06+0.04 mgL?, Sirimlr’da 0.06+0.03 mgL™, Morgicek’te
0.10£0.01 mgL™* (Tablo 4 ve 7), tiim goletler de en diisiik
Sirtmlr’da 0.02 mgL?, en yiiksek Morgigek’te 0.11 mgL*
olarak Olgiilmiistir (Tablo 4). Goéletlerin nitrit degeri,
ASSKY’ye gore, zorunlu degerlerden yiiksek, AB ve
DSO’niin belirledigi degerlerden diisiik degerde ve ISY’e
gore, tamami Al smif sularn igerisinde yer almaktadir
(Tablo 8). Yapilan bazi bilimsel ¢aligmalarda nitrit degeri,
Aygir Golii'nde 0.018 mgL? (Cavus, 2018), Akkdprii
Deresi’nde 0.070 mgL™, Giizelkonak Deresi’nde 0.021

mgL? (Bayram, 2016), Karasu Cayi’nda 0.024 mgL!
(Atici, 2017), Dolutas 0.000 mgL%, Degirmigél 0.004 mgL-
L Yumruklu 0.009 mgL1, Donerdere 0.081 mgL? (Aticy,
2020) oldugu bildirilmistir. Géletlerde elde edilen degerler,
daha once yapilan ¢aligmalardaki degerlere benzer oldugu
tespit edilmistir. Goletlerin ortalama nitrit degerinin yiiksek
cikmasi, son yillarda yasanan kurakliktan ve su yiizey
alanlarinin daralmasindan kaynaklandig: diistiniilmektedir
(Demir ve Sen, 2021). Ayrica, goletlerdeki nitrit degeri
sazan ve alabalik yasami i¢in uygun degildir.

Nitrit Azotu (NO2-N) ortalama degeri, Oymakli’da
0.01£0.01 mgL?, Sagmali’da 0.02+0.01 mgL?, Asag
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Tulgalr’da 0.02+0.01 mgL™?, Sirimli’da 0.03+£0.01 mgL™?,
Morgigek’te 0.02+0.01 mgL™ (Tablo 4 ve 7), tiim goletler
de en diisiik Oymakli, Sagmali ve Asagi Tulgali’da 0.01
mgL, en yiiksek Sirimli’da 0.03 mgL* olarak Slgiilmiistiir
(Tablo 4). Goletlerin nitrit azot degeri, SKKY’ye gore,
Oymakli 2. sinif, diger goletler 3. smif, YSKYY’ye gore,
Oymakli, 1. smif, diger goletler 2. smif kalite sular
icerisinde yer almaktadir (Tablo 8). Yapilan bazi bilimsel
calismalarda nitrit azotu degeri, Aygir Golii’nde 0.006 mgL~
! (Cavus, 2018), Dolutas 0.000 mgL, Degirmigol 0.001
mgL?, Yumruklu 0.003 mgL?, Déonerdere 0.025 mgL*
(Atici, 2020) oldugu bildirilmistir. Goletlerde elde edilen
degerler, daha Once yapilan calismalardaki degerler ile
benzerlik gosterdigi tespit edilmistir.

Nitrat (NO3) ortalama degeri, Oymakli’da 6.40+0.95
mgL? Sagmali’da 1.72+£0.19 mgL?, Asag Tulgali’da
2.52+1.78 mgL?, Sirmlr’da 2.07+0.54 mgL?, Morgigek’te
6.45+4.65 mgL! (Tablo 4 ve 7), tiim goletler de en diisiik
Asagi Tulgal’da 1.03 mgL™?, en yiiksek Morgigek’de 11.70
mgL ! olarak 6lgiilmiistiir (Tablo 4). Goletlerin nitrat degeri
ISY’ye gore, Al smf sulari igerisinde, TS 266’ya gore,
parametrik degerden diisiik, DSO ve AB’nin belirledigi
degerden diistik oldugu goriilmiistiir (Tablo 8). Yapilan bazi
bilimsel ¢aligmalarda nitrat degeri, Kabakli G6leti’nde 4.98
mgL* (Kaya ve Sen, 2022), Aygir Gélii’nde 1.2+0.1 mgL™!
(Cavus, 2018), Dolutas 2.0 mgL?, Degirmigdl 4.5 mgL?,
Yumruklu 7.9 mgL? oldugu bildirilmistir (Atic1, 2020).
Tarimsal olmayan alanlarda, yeriistii ve yer alt1 sularinda
nitrat 0-10 mgL™? arasinda bulunmaktadir (Olhan ve
Ataseven, 2009). Bu calismada elde edilen degerler,
goletlerin etrafinda yapilan tarimsal faaliyetlerde kullanilan
nitratli giibre ve ilaglarin gélet sularina zarar verecek
diizeyde olmadigin1 gostermektedir. Ayrica ¢aligma konusu
goletlerin ve goletleri besleyen su kaynaklarinin etrafinda
yerlesim alanlar1 az oldugundan evsel atiklardan cok
etkilenmedikleri diistiniilmektedir.

Nitrat Azotu (NOsz-N) ortalama degeri, Oymakli’da
1.35+0.41 mgL? Sagmali’da 0.33+£0.08 mgL?, Asag
Tulgalr’da 0.83+0.15 mgL™?, Sirimli’da 0.52+0.08 mgL?,
Morgigek’te 1.67+0.83 mgL* (Tablo 4 ve 7), tiim goletler
de en diisiik Sagmali’da 0.25 mgL?, en yiiksek Morgicek’de
2.60 mgL? olarak olciilmiistir (Tablo 4). Goletlerin
ortalama nitrat azot degeri, YSKYY ’ye gore tamami 1. sinif
kalite sular1 igerisinde yer almaktadir (Tablo 8). Yapilan
bazi bilimsel calismalarda nitrat azotu degeri, Kabakli
Goletinde 1.14 mgL?' (Kaya ve Sen, 2022), Aygir
Gélii’'nde 0.028 mgL! (Cavus, 2018), Dolutas 0.4 mgL™?,
Degirmigdl 1.1 mgL?, Yumruklu 1.9 mgL™, Dénerdere 3.7
mgLt (Atici, 2020) oldugu bildirilmistir.

Amonyum (NH4) ortalama degeri, Oymakli’da
0.10£0.03 mgL?, Sagmali’da 0.99+0.34 mgL?, Asag
Tulgali’da 0.80+0.05 mgL?, Sirimli’da 0.01+0.01 mgL™,

Morgigek’te 0.02+0.01 mgL™ (Tablo 4 ve 7), tiim goletler
de en diisiik Sirimli’da 0.00 mgL, en yiiksek Sagmali’da
1.27 mgL? olarak ol¢iilmiistir (Tablo 4). Géletlerin
ortalama amonyum degeri, ISY’ye gore, Oymakli, Siriml
ve Morgigek Al, Sagmali ve Asagi Tulgalt A2 sinif sulari
icerisinde, ASSKY’ye gore, zorunlu degerler icerisinde,
TSE 266’ye gore, Asagi Tulgali ve Sagmali parametrik
degerin tistiinde, diger gdletlerde parametrik degerlerde yer
almaktadir (Tablo 8). Yapilan bazi bilimsel galigmalarda
amonyum degeri, Aygir Goli'nde 0.063+0.001 mgL™?
(Cavus, 2018), Balikligdl'de (Sanlwrfa) 0.2-0.87 mgL™*
(Disli, 2002) ve Murat Nehri’nde (Elaz1g) 0.25-0.88 mgL*
(Caglar, 2011) oldugu bildirilmistir. G6letlerden elde edilen
degerler, daha oOnce yapilan calismalardaki degerler ile
benzerlik gostermektedir. Amonyum degeri sazan ve
alabaliklarin yasami i¢in uygun degerler arasinda yer
almaktadir.

Amonyak (NHsz) ortalama degeri, Oymakli’da
0.09+0.03 mgL?, Sagmali’da 0.92+0.32 mgL?, Asag
Tulgalr’da 0.65+£0.02 mgL™, Siriml’da 0.00+0.00 mgL?,
Morgigek’te 0.01£0.01 mgL* (Tablo 4 ve 7), tiim goletler
de en diisiik Sirimli’da 0.00 mgL?, en yiiksek Sagmali’da
1.20 mgL? olarak o&lgiilmiistir (Tablo 4). Goletlerin
amonyak degeri, ASSKY’ye gore, Sirimli ve Morgigek
hedef degerlerde, Oymakli, Asagi Tulgali ve Sagmali
zorunlu degerlerden yiiksek ¢ikmistir (Tablo 8). Yapilan
bazi bilimsel c¢alismalarda amonyak degeri, Kabakli
Goleti'nde 1.76 mgL?! (Kaya ve Sen, 2022), Aygr
Goli'nde 0.059 mgL? (Cavus, 2018), Gorentas (Hatay)
Goleti'nde 0.10-0.11 mgL™ (Tepe ve Mutlu, 2004), Omerli
(istanbul) Baraj Gélii’nde 1.42 mgL™* (Giirevin, 2004)
oldugu bildirilmistir. Dogal yapili sularda amonyak 0.1
mgL'’den daha diisiikken, kanalizasyon ve sanayi
atiklarinin igerisine karistigi sularda NH3z miktar1 yiiksek
olabilmektedir. Bu doéniisiim olayinda aerobik bakteriler
gorev almaktadir (Atabey, 2015). Su icerisindeki amonyagi
etkileyen faktorlerden bazilari tarimsal amagli amonyakli
giibrelerin kullanimi, su igerisindeki akuatik bitkiler, 6li
algler ve canli digkilaridir. Otrofikasyon ve nitrifikasyondan
dolay1r oksijen tiiketimi, iyonize olmamis amonyaktan
dolayr toksisite riskini azaltmak igin toplam amonyum
konsantrasyonu 1 mgL? asmamahdir (ASSKY, 2014).
Bir¢ok balik tiiriiniin tolere edebilecegi amonyak miktari
0.02-0.1 mg/L UIA'dir (Polatsii ve Camdeviren, 1999).
Sazanlar i¢in amonyagin LC50 dozu 1-1,5 mgL?,
alabaliklar i¢in 0,5-0,8 mgL* olarak bildirilmistir (Wicks ve
ark.,, 2002). Alabalik yetistiriciliginde amonyak simnir
degerin 1 mgL? oldugu bildirilmistir (Emre ve Kiiriim,
2007). Caligmada Olgiilen amonyak konsantrasyonlart
ASSKY’ye gore, Morgicek ve Siriml1 harig diger goletlerde
sazan ve alabalik i¢in yiiksek seviyededir. Bu durumun
devam etmesi durumunda goletlerdeki baliklarin 6liimiine
yol agabilir.
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Tablo 4. Géletlerin su kalite parametrelerinin mevsimsel, ortalama ve standart sapma degerleri (mgL ™)

Goletler ~ Mevsimler NOzy NOz-N  NOy  NOs-N  NHs NH:N NHs; PO,3 P
Sonbahar ~ 0.05 001 582 145 007 008 008 004 001
flkbahar 003 001 58 090 009 009 010 003 0.00
Oymakli  Yaz 008 002 750 170 012 010 013 005 0.02
Ortalama  0.05 001 640 135 009 009 010 004 001
SD +0.03  +0.01 +0.95 +0.41  +0.03 +0.01 +0.03 +0.01 =+0.01
Sonbahar ~ 0.09  0.02 150 035 058 067 061 008 003
flkbahar 003 001 18 025 099 079  1.09 011 0.05
Sagmali  Yaz 007  0.02 180 040 120 099 127 017  0.06
Ortalama  0.06  0.02 172 033 092 082 099 012 0.05
SD +0.03  +0.01 +0.19 +0.08 +0.32 +0.16 +0.34 =+0.05 =+0.02
Sonbahar ~ 0.05 001 204 070 072 063 075 017 0.6
flkbahar 003  0.02 103 080 078 065 080 019 007
?ﬁf‘gg;h Yaz 010 003 450 100 080 066 085 044 0.14
Ortalama  0.06 002 252 083 077 065 080 027 0.9
SD +0.04 +0.01 +1.78 +0.15 +0.04 +0.02 +0.05 =+0.15 =+0.04
Sonbahar ~ 0.07  0.02 173 045 001 000 002 003 001
ilkbahar 002  0.03 179 050 001 000 001 001 0.00
Strmly Yaz 008  0.03 2.70 060 000 000 000 009 0.03
Ortalama ~ 0.06 003 207 052 00l 000 001 004 001
SD +0.03 +0.01 +0.54 +0.08 +0.01 +0.00 =+0.01 =+0.04 =+0.02
Sonbahar 010 001  2.87 100 00l 001 001 001 000
flkbahar 0141 002 478 140 002 001 003 001 0.00
Morcicek ~ Yaz 040 003 1170 260 002 002 002 003 001
Ortalama 010 002 645 167 002 001 002 002 001
SD +0.01 +001 =465 +0.83 +001 +0.01 +0.01 +0.01 =+0.01

Amonyak Azotu (NH3N) ortalama degeri, Oymakli’da
0.09+0.01 mgL?, Sagmali’da 0.82+0.16 mgL?, Asag
Tulgalr’da 0.77+0.04 mgL?, Sirimli’da 0.01+0.01 mgL?,
Morgigek’te 0.02+0.01 mgL* (Tablo 4 ve 7), tiim goletler
de en diisiik Sinmli’da 0.00 mgL?, en yiiksek Sagmali’da
0.99 mgL? olarak &lgiilmiistiir (Tablo 4). Yapilan bazi
bilimsel caligmalarda amonyak azotu degeri Kabakli
Goletinde 0.11 mgL?! (Kaya ve Sen, 2022), Aygrr
Gélii’'nde 0.04 mgL* (Cavus, 2018), Dolutas 0.27 mgL™,
Degirmigdl 0.45 mgL?, Yumruklu 0.04 mgL™?, Dénerdere
0.11 mgL* (Atici, 2020), Yenisehir Golii’niin (Hatay) 0.11
mgL! (Tepe, 2009), Gaga Golii (Ordu) 0.11 (Tas ve Cetin,
2011), Akdegirmen Baraj Goli’niin (Afyonkarahisar) 0.65
mgL? (Sahin, 2015), Giizelkonak Deresi’nin (Van) 0.05
mgL-t (Bayram, 2016) oldugu bildirilmistir.

Fosfat (PO4®) ortalama degeri. Oymakli’da 0.04+0.01
mgL?, Sagmali’da 0.12+0.05 mgL?, Asagi Tulgali’da
0.27+0.15 mgL?, Sirimlr’da 0.04+0.04 mgL?, Morgicek’te
0.02+0.01 mgL* (Tablo 4 ve 7), tiim goletler de en diisiik
Sirtmli ve Morgigek’te 0.01 mgL?, en yiiksek Asag

Tulgalr’da 0.44 mgL? olarak Slciilmiistiir (Tablo 4). Tiim
goletlerin ortalama fosfat degeri, ISY’ye gore Al siifi
icerisindedir (Tablo 8). Yapilan bazi bilimsel ¢aligsmalarda
fosfat degeri, Dolutas 0.000 mgL%, Degirmigél 0.40 mgL™?,
Yumruklu 0.03 mgL?, Dénerdere 0.01 mgLt (Atic1, 2020),
Balikhigdl'de (Sanlrfa) 0.00-0.08 mgL? (Disli, 2002),
Gorentas (Hatay) Goleti’nde 0.8-0.9 mgL* (Tepe ve Mutlu,
2004), Hazar (Elazig) Gélii’'nde 0.05-1.99 mgL? (Coban,
2007) oldugu bildirilmistir. Elde edilen fosfat degerleri
sazan ve alabalik i¢in uygun degerdedir.

Fosfor (P) ortalama degeri, Oymakli’da 0.01+0.01 mgL"
! Sagmali’da 0.05+0.02 mgL?, Asag1 Tulgali’da 0.09+0.04
mgL%, Sirimli’da 0.01£0.02 mgL?, Morgicek’te 0.01£0.01
mgL! (Tablo 4 ve 7), tiim goletler de en diisiik Simls,
Morgigek, Oymakli’da 0.00 mgL?, en yiiksek Asagi
Tulgali’da 0.14 mgL? olarak 6lgiilmiistiir (Tablo 4).
Goletlerin fosfor degeri, SKKY ve YSKYY’ye gore,
Oymakli, Sirimli ve Morgicek 1. smif, Sagmali ve Asagi
Tulgali 2. simif kalite sulart igerisinde, ASSKY’ye gore
Sagmali ve Asagt Tulgali uygun olamayan degerler, diger
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goletler ise uygun olan degerler arasinda yer almaktadir
(Tablo 8). Yapilan bazi bilimsel ¢alismalarda fosfor degeri,
Kabakli Géletinde 0.08 mgL?' (Kaya ve Sen, 2022),
Dolutas 0.000 mgL?, Degirmigol 0.13 mgL™, Yumruklu
0.01 mgL?, Donerdere 0.00 mgL™' (Atici, 2020), Hazar
(Elaz1g) Golii’nde 0.15-2.21 mgL! (Coban, 2007) oldugu
bildirilmistir. Elde edilen degerler fosfat ve fosfor degerleri,
daha once yapilan ¢alismalardaki degerlere genel olarak
benzer oldugu goriilmiigtiir. Elde edilen fosfat ve fosfor
degerlerine gore, goletlerde otrifikasyonun olmadigi ve
herhangi bir kirletici unsura maruz kalmadiklarim
gostermektedir.

Siilfat (SO4") ortalama degeri. Oymakli’da 60.48+33.47
mgL1, Sagmali’da 137.76+60.53 mgL?, Asag1 Tulgalr’da
120.00+16.40 mgL?, Sirimlr’da 78.56+20.38 mgL?,
Morgigek’te 117.97+27.18 mgL?! (Tablo 5 ve 7), tim
goletler de en diisiik Oymakli’da 35.04 mgL, en yiiksek
Sagmali’da 186.72 mgL? olarak &lgiilmiistiir (Tablo 5).
Goletlerin siilfat degeri, DSO’niin belirledigi tavsiye
limitinden diisiik degerde, ISY’ye gére, Al simf sulari
icerisinde, SKKY’e gore 1. sif sular, TSE 266’ye gore
parametrik degerler igerisinde yer almaktadir (Tablo 8).
Yapilan bazi bilimsel ¢alismalarda siilfat degeri, Yenisehir
Goli’'niin  (Hatay) 137.0 mgL' (Tepe, 2009) olarak
bildirilmisgtir. Calismada elde edilen degerlere gore
goletlerde siilfat kaynakli bir kirlilik goriilmemektedir.

Potasyum (K) ortalama degeri, Oymakli’da 1.30+0.60
mgL?, Sagmalr’da 3.90+0.68 mgL?, Asagi Tulgali’da
1.82+0.60 mgL!, Sirimli’da 1.82+0.90 mgL!, Morgigek’te
1.95+0.00 mgL™* (Tablo 5 ve 7), tiim goletler de en diigiik
Oymakli ve Sirimli’da 0.78 mgL?, en yiiksek Sagmali’da
4.29 mgL? olarak olgiilmiistiir (Tablo 5). Yapilan bazi
bilimsel g¢aligmalarda potasyum degeri, Aygir G6li’'nde
1.7240.07 mgL! (Cavus, 2018), Balikhigdl'de (Sanliurfa)
0.37-1.3 mgL? (Disli, 2002) olarak bildirilmistir. Dogal
sularda potasyum 1-10 mgL! arasinda bulunur ve potasyum
belirtilen limit degerin iizerinde olmas1 baliklarda
zehirlenme etkisi yapar (Ozdemir, 1994). Elde edilen
degerlere baktigimizda, golet sularinda potasyum degeri
baliklar i¢in uygun degerler arasinda yer almaktadir.

Sodyum (Na) ortalama degeri, Oymakli’da 9.89+7.05
mgL?, Sagmali’da 12.96+3.67 mgL?, Asagi Tulgali’da
6.90£1.05 mgL?, Smmli’da 12.73+8.01 mgL?,
Morgigek’te 6.33+3.46 mgL* (Tablo 5 ve 7), tiim goletler
de en diisiik, Morgigek’te 2.99 mgL?, en yiiksek Siriml1’da
20.01 mgL? olarak olgiilmiistiir (Tablo 5). Géletlerin
sodyum degeri. ISY’ye gére, Al simf sulari, SKKY ye
gore, 1. siuf sular, TSE 226’ye gore parametrik degerler
icerisinde yer almaktadir (Tablo 8). Yapilan bazi bilimsel
calismalarda sodyum degeri, Aygir Goli’'nde 1.72+0.07
mgL? (Cavus, 2018), Balikligdl'de (Sanliurfa) 2.54-7.04
mgL! (Disli, 2002), Yenisehir Golii’niin (Hatay) 58.0 mgL-
1 (Tepe, 2009) olarak bildirilmistir. Elde edilen degerler,
daha Once yapilan calismalardaki degerler ile farklilik
gostermektedir. Sodyum, magnezyum, potasyum, kloriir ve
kalsiyumun diisiik konsantrasyonlar1 canlilarin ihtiyaci igin
gerekli ve faydalidir. Sodyum yiiksek konsantrasyonlarda
oldugunda canlilarin sagligina olumsuz etki eder ve kirletici
etkilere sahiptir. Elde edilen degerlere gore, bu

parametrelerin goletlerde kirletici ve canlilara zarar verecek
diizeyde olmadigi belirlenmistir.

Bor (B) ortalama degeri, Oymaklr’da 0.86+1.31 mgL,
Sagmalr’da 0.58+0.77 mgL?, Asag1 Tulgali’da 0.99+1.63
mgL1, Sirimli’da 0.28+0.32 mgL!, Morgicek’te 0.09+0.15
mgL* (Tablo 5 ve 7), tiim goletler de en diisiik Morgicek’te
0.00 mgL?, en yiiksek Asagi Tulgali’da 2.88 mgL* olarak
Ol¢tilmistir (Tablo 5). Goletlerin bor degeri, SKKY ve
YSKYY’e gore, 1. sinif su kalite degerleri igerisinde, TS
266’ya gore, parametrik degerin altinda igerisinde yer
almaktadir. ISY’ye gore, Al kilavuz degerleri igerisinde,
DSO’ye gore, Sirimli ve Morgicek tavsiye limitinin altinda,
Oymakli, Sagmali ve Asag1 Tulgali Gistiinde yer almaktadir.
AB’ye gore, disiik kalite sular icerisinde yer almaktadir
(Tablo 8). Yapilan bazi bilimsel ¢alismalarda bor degeri,
Uluabat Golii'nde 0.86 mgL! (Ziinbiilgil, 2015), Adigiizel
Baraj Golii'nde 0.659 mgL™? (Minareci ve Cakir, 2018)
olarak bildirilmistir. Elde edilen bor degerleri, Sirimli ve
Morgicek’te hassas bitkiler i¢in 1. sinif, Sagmali yar1 hassas
bitkiler i¢in 1. sinif, hassas bitkiler i¢in 2. smif, Oymakli,
Asagi Tulgali hassas bitkiler i¢in 3. sinif, yari hassas bitkiler
i¢in 2. sinif ve dayanikli bitkiler i¢in 1. sinif sular igerisinde
yer almaktadir.

Organik madde ortalama degeri, Oymakli’da 1.27+0.29
mgL?, Sagmalrda 1.66+0.88 mgL?, Asagi Tulgali’da
1.50+0.73 mgL%, Sirimli’da 1.62+0.89 mgL!, Morgicek’te
0.71+0.26 mgL! (Tablo 5 ve 7), tiim goletler de en diisiik
Morgigek’te 0.42 mgL™?, en yiiksek Sagmali’da 2.68 mgL*
olarak olglilmiistir (Tablo 5). Yapilan bazi bilimsel
calismalarda organik madde degeri, Karanfillicay (Denizli-
Mugla) Deresi’nde 2.2-14.5 mgL? (Bulut ve ark., 2010),
Kopriigay (Antalya) Nehri’nde 1.25 mgL* (Cigek ve Ertan,
2012) olarak bildirilmistir. Elde edilen organik madde
degerleri daha Once yapilan calismalardaki degerler ile
benzerlik gostermektedir.

Sodyum adsorbsiyon orani (SAR) ortalama degeri,
Oymaklr’da 0.28+0.26, Sagmali’da 0.30+0.07, Asagi
Tulgali’da 0.19+£0.02, Sirimli’da 0.39+0.24, Morgicek’te
0.30£0.12 (Tablo 5 ve 7), tim goletler de en diisiik
Oymakli’da 0.03, en yiiksek Sirimli’lda 0.61 olarak
Ol¢iilmiistiir (Tablo 5). Yapilan bazi bilimsel ¢alismalarda
potasyum degeri, Aygir Golii’'nde 0.5736 mgL? (Cavus,
2018), Cavuscu (Konya) Golii sulama kanalinda 0.22-1.37
(Donmez, 2010) olarak bildirilmistir. Golet sularindaki
SAR degerleri bitki sulamalari i¢in uygundur.

Krom (Cr*®) ortalama degeri, Asag1 Tulgali, Srrmli ve
Oymakl1 dl¢tilmemistir (DLA). Sagmali’da 0.001+0.000
mgL!, Morgigek’te 0.002+0.001 mgL* (Tablo 6 ve 7), tiim
goletlerde, en yiiksek Morgigek’te 0.003 mgL™? olarak
Olglilmigtir (Tablo 6). Golet sularindaki krom degeri,
SKKY ve YSKYY’ye gore, Asagi Tulgali, Sirimli ve
Oymakli 1. siif, Sagmali ve Morgigek 2. sinif kalite sulari
icerisinde, TS 266’ya gore, parametrik degerin altinda,
ISY’ye gore, Al smifi icerisinde, DSO ve AB’ye gore,
tavsiye edilebilir limitin altinda yer almaktadir (Tablo 8).
Yapilan bazi bilimsel ¢aligmalarda krom degeri, Karasu
Cayr’nda 0.021+0.002 mgL* (Atic, 2017), Adigiizel Baraj
Goli'nde 0.0016 mgL? (Minareci ve Cakir, 2018),
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Giizelkonak Deresi’nde 0.029 mgL™? (Bayram, 2016) ve
Dolutas 0.015 mgL?, Degirmigdl 0.001 mgL?, Yumruklu
0.008 mgL™, Dénerdere 0.00 mgL? (Atic1, 2020) olarak

bildirilmistir. Elde edilen degerler, daha once yapilan
calismalardaki degerler ile benzerlik gostermektedir.

Tablo 5. Géletlerin su kalite parametrelerinin mevsimsel, ortalama ve standart sapma degerleri (mgL ™)

Goletler ~ Mevsimler SO K Na B O,Vrlggg'ek SAR  Alkalinite
Sonbahar 4800 117  6.90 237 1.60 0.03 T2-Al
flikbahar 9840 195  17.94 017 1.11 0.54 T2-Al

Oymakli  Yaz 3504 078 483 0.04 1.09 0.28 T1-AL
Ortalama 6048 130  9.89 0.86 127 0.28 T2-Al
SD +33.47 +0.60 +7.05 +1.31 +0.29 +0.26 -
Sonbahar 18672 429  17.02 147 2.68 0.37 T2-Al
flikbahar 7008 312 989 0.13 1.10 0.24 T2-Al

Sagmali  Yaz 15648 429 1196  0.14 1.20 0.29 T2-Al
Ortalama  137.76 390 1296 0.8 1.66 0.30 T2-AL
SD +60.53 +0.68 +3.67 +0.77 +0.88 +0.07 -
Sonbahar  137.28 234 805 2.88 234 0.21 T2-Al
flikbahar 11808 117 598 0.05 115 0.17 T2-Al

T‘?ﬁﬁil Yaz 10464 195 667 0.05 1.02 0.19 T2-Al
Ortalama 120.00 1.82 6.90 0.99 1.50 0.19 T2-Al
SD +16.40 +0.60 +1.05 +1.63 +0.73 +0.02 -
Sonbahar 8352 234 2001 0.4 2.64 0.61 T2-Al
flkbahar 56.16 078 414 0.03 111 0.14 T2-Al

Smmli Yaz 9600 234 1403 017 1.10 0.42 T2-Al
Ortalama 7856 182 1273 0.8 1.62 0.39 T2-Al
SD +20.38 +0.90 +8.01 +0.32 +0.89 +0.24 -
Sonbahar 14064 195  6.10 0.00 0.42 0.42 T2-Al
flkbahar 12544 195  2.99 0.01 0.90 0.18 T1-AL

Morcicek ~ Yaz 87.84 195  9.89 0.26 0.82 0.30 T2-Al
Ortalama  117.97 195  6.33 0.09 0.71 0.30 T2-Al
sD 12718 £000  +346 015 026 012 -

T2-Al: Orta tuzlu ve az sodyomlu sulardir, T1-Al: Az tuzlu ve az sodyumlu sulardir

Demir (Fe*?) ortalama degeri, Oymaklr’da 0.072+0.061
mgL?, Sagmali’da 0.021+0.025 mgL?, Asagi Tulgali’da
0.022+0.008 mgL?, Smmli’da 0.022+0.012 mgL?,
Morgigek’te 0.029+0.020 mgL* (Tablo 6 ve 7), tiim goletler
de en disiik Sagmali’da 0.006 mgL?, en vyiiksek
Oymaklr’da 0.13 mgL™* olarak 8l¢iilmiistiir (Tablo 6). Golet
sularindaki demir degeri, SKKY ve YSKYY’ye gore, 1.
siif, ISY’ye gore Al simf kalite sular1, TSE 266’ye gore
parametrik degerler, AB’ye gore uygun degerler igerisinde
yer almaktadir (Tablo 8). Yapilan bazi bilimsel ¢aligmalarda
demir degeri, Kabakli Géleti'nde 0.018 mgL?! (Kaya ve
Sen, 2022), Aygir Gélii'nde 0.003 mgL? (Cavus, 2018),
Yenisehir Golii’niin (Hatay) 0.19 mgL™! (Tepe, 2009), Gaga
Golii (Ordu) 0.19 mgL™? (Tas ve Cetin, 2011), Ziyaret
Goleti (Amasya) 0.051-0.096 mgL? (Kaya, 2015),
Bendimahi Cayi’nda (Van) 0.025 mgL* (Bulum, 2015),

Giizelkonak Deresi’nde 0.003 mgL™* (Bayram, 2016) ve
Dolutas 0.12 mgLt, Degirmigél 0.065 mgL™, Yumruklu
0.02 mgL?, Dénerdere 0.02 mgL? (Atici, 2020) olarak
bildirilmigtir. Demir, sulardaki Kkimyasal faaliyetlerin
gerceklesmesinde, bitkilerde  klorofilin meydana
gelmesinde, solunum pigmentinde islev gormektedir
(Tanyolag, 2009). Oksijen seviyesi diisiik olan sularda veya
yer altindaki mevcut sularda demirin tamami ¢oziiliir (Gray,
2015). Oksijen seviyesi diisiik olan sularda veya yer
altindaki mevcut sularda demirin tamamu ¢oziliir (Gray,
2015). Demir bilesenleri sulama sularinda yiiksek degerde
olursa, topragin ¢amur tutmasma ve topraktaki tanelerin
arasindaki bosluklart kapatip hava ve su aligverigini
engelleyerek tarimsal agidan verimsizlesmesine neden olur.
Elde edilen demir degerlerine gore, golet sulari tarimsal
acgidan verimli diizeydedir.
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Tablo 6. Goletlerin su kalite parametrelerinin mevsimsel, ortalama ve standart sapma degerleri (mgL )

Goletler ~ Mevsimler Co Cr*® Fe*? Mn*? Cu Ni Zn
Sonbahar ~ DLA DLA 0.008 0.005 0.007 DLA DLA
Oymakli  Ilkbahar DLA DLA 0.130 0.002 0.005 DLA DLA
Yaz DLA DLA 0.078 0.010 0.003 DLA DLA
Ortalama DLA DLA 0.072 0.006 0.005 DLA DLA
SD +0.000 +0.000 +0.061 +0.004 +0.002 +0.000 +0.000
Sonbahar ~ DLA 0.001 0.008 0.716 0.005 DLA DLA
Sagmali  llkbahar DLA 0.001 0.050 0.270 0.003 DLA DLA
Yaz DLA 0.001 0.006 0.010 0.001 DLA DLA
Ortalama DLA 0.001 0.021 0.332 0.003 DLA DLA
SD +0.000  +£0.000  +0.025  +0.357 +0.002 +0.000 +0.000
Sonbahar ~ DLA DLA 0.020 0.406 0.030 DLA DLA
?E?gg;h flkbahar DLA DLA 0.030 0.231 0.008 DLA DLA
Yaz DLA DLA 0.015 0.010 0.011 DLA DLA
Ortalama DLA DLA +0.022  +0.216 +0.016 DLA DLA
Sonbahar ~ DLA DLA 0.034 0.005 0.002 DLA 0.005
flkbahar DLA DLA 0.010 0.005 0.002 DLA 0.008
Strmly Yaz DLA DLA 0.021 0.020 0.001 DLA 0.002
Ortalama DLA DLA 0.022 0.013 0.002 DLA 0.005
SD +0.000 +0.000 +0.012 +0.011 +0.001 +0.000 +0.003
Sonbahar ~ DLA 0.003 0.008 0.028 0.008 DLA 0.011
flkbahar DLA 0.001 0.048 0.005 0.005 DLA 0.009
Morgicek  Yaz DLA 0.002 0.032 0.010 0.001 DLA 0.001
Ortalama DLA 0.002 0.029 0.014 0.005 DLA 0.007
SD +0.000  +£0.001  +0.020  +0.012 +0.004 +0.000 +0.005
DLA: Dedeksiyon Limitinin Altinda
Mangan (Mn*?) ortalama degeri, Oymakl’da calismada ise Sonmez ve ark. (2012), Karasu Nehri

0.006+0.004 mgL!, Sagmali’da 0.332+0.357 mgL?, Asag
Tulgalr’da 0.216+0.198 mgL?, Sirimli’da 0.013+0.011
mgL™, Morgigek’te 0.014+0.012 mgL (Tablo 6 ve 7), tiim
goletler de en diisiik Oymakli’da 0.002 mgL?, en yiiksek
Sagmal’da 0.716 mgL™? olarak 6lgiilmiistiir (Tablo 6).
Golet sularindaki mangan degeri, Oymakli, Sirimlh ve
Morgicek, SKKY ve YSKYY ye gore, 1. sinif, ISYye gore,
Al smuf, Sagmali, Asagi Tulgali SKKY ve YSKYY’ye
gore, 2. smif, ISY’ye gore. A3 simf, TSE 266’ye gore
Sagmali parametrik degerlerin iistiinde, digre goletler ise
parametrik degerlerin igerisinde yer almaktadir (Tablo 8).
Yapilan bazi bilimsel ¢caligmalarda mangan degeri, Kabakl
Goleti'nde 0.018 mgL? (Kaya ve Sen, 2022), Aygir
Gélii’nde 0.00 mgL?! (Cavus, 2018) ve Dolutas 0.5 mgL?,
Degirmigdl 0.3 mgL?, Yumruklu 0.1 mgL™, Dénerdere 0.1
mgL* (Atici, 2020) olarak bildirilmistir. Hava ile bulusan
mangan oksitlenmektedir. Sulardaki mangan canlilar
tarafindan kullanilabilecek sekildedir (Gray, 2015). Elde
edilen degerlere gore, Sagmali ve Asag1 Tulgali gblet sular1
mangan bakimindan kirlilik sinirini {izerindedir. Baska bir

sularinin mangan bakimindan kirli olmasini manganin
topraklarda ve su kaynaklarinda dogal olarak bulunabilmesi
ile iligkilendirmislerdir.

Bakir (Cu) ortalama degeri, Oymakli’da 0.005+0.002
mgL™, Sagmal’da 0.003+£0.002 mgL™, Asag Tulgali’da
0.016£0.012 mgL™?, Sirtmli’da  0.002+0.001 mgL?,
Morgigek’te 0.005+0.004 mgL* (Tablo 6 ve 7), tiim goletler
de en diisiik Sagmali, Sirimli ve Morgigek’te 0.001 mgL™?,
en yiiksek Asag1 Tulgali’da 0.030 mgL? olarak 6lgiilmiistiir
(Tablo 6). Gélet sularindaki bakir degeri, TS 266, DSO ve
AB’ye gore, belirtilen degerin altinda, SKKY ve
YSKYY’ye gore, 1. simif, ISYye gore, Al sinif kalite sulart
icerisinde, ASSKY ’ye gore, Asag1 Tulgali zorunlu degerler,
digerleri ise hedef degerler arasinda yer almaktadir (Tablo
8). Yapilan baz1 bilimsel ¢aligmalarda bakir degeri, Kabakli
Goleti'nde 0.002 mgL?' (Kaya ve Sen, 2022), Aygur
Golii'nde 0.004 mgL? (Cavus, 2018), Ziyaret Goleti
(Amasya) 0.008-0.35 mgL* (Kaya, 2015), Bendimahi
Cayr’nda (Van) 0.009 mgL? (Bulum, 2015) ve Giizelkonak
Deresi’nde  0.000 mgL? (Bayram, 2016) olarak

12



Demir, COMU J Mar Sci Fish, 7(1): 1-17 (2024)

bildirilmistir. Bakir madenlerinden gelen atik sular, farkli su
kaynaklarina karistiginda canlilar i¢in risk teskil etmektedir
(Atabey. 2015). Elde edilen bakir degerleri de gosteriyor ki

calisma alani olan goletlerin ¢evresinde ya da yakininda
herhangi bir bakir madeni bulunmamaktadir

Tablo 7. Goletlerin su kalite parametrelerinin ortalama ve standart sapma (SD) degerleri

Asagi Tulgali

Parametreler Morcicek Goleti Géleti Oymakl1 Géleti Siriml1 Goleti Sagmali Goleti
Ort. SD Ort. SD Ort. SD Ort. SD Ort. SD
Sicaklik (°C) 1417  £7.60 1397 4598 1320 +6.76  12.67 +6.47 1380  9.07
Tuzluluk 0.20 +0.02 0.19 +0.03  0.12 +£0.01  0.19 +£0.00  0.33 +0.04
Ei 415.67 +35.56 389.67 +47.92 24633 11818 390.00 +£7.00  676.67 £79.96
TCK 251.47 +103.12 188.00 +24.25 117.57 4873  188.60 +3.84  330.67 +40.13
AKM 6.95 +3.93 2091  +16.71 4.64 +3.92  11.05 4859 2641 = +24.62
Bulaniklik ~ 7.47 +5.54 19.07  +1553 1253  £11.13 12.03  +9.62 3933  +37.90
PH 8.85 +0.41 8.73 +0.12  9.04 +£0.09 865 +0.16  8.60 +0.23
CcO 8.43 +0.88 9.19 £0.99  9.79 £222  8.04 +1.50  8.05 £1.35
Alkalinite - - - - -
Cl, 28.17  49.46 21.89  £2.14 2497  +473 2852  +728 3326  £5.14
Ca*2 4320 42557 5523  +4.43 4167  +7.07 4587  +189 7653  +7.25
Mg 17.80  +10.88 2432 4234 1456  +568 1748 1690 4060  +6.01
Ca*?+ Mg 149.92 +21.07 152.43  +14.32 10560 +24.62 119.89 +543  232.01 +28.16
COz> 6.07 +3.72 7.00 4500  4.80 327  6.13 +480  7.07 +5.40
HCOs3 88.19  +54.46 113.46  +6.46 10411 £35.11 108.17 +18.04 239.12 +63.90
;22:?;‘ 651  +456 2383 4225 1650 385 1873  +3.12 3608  +4.14
NO; 0.10 +0.01 0.06 +0.04  0.05 +0.03  0.06 +0.03  0.06 +0.03
NO>-N 0.02 +0.01 0.02 +0.01  0.01 +£0.01  0.03 +£0.01  0.02 +0.01
NO3 6.45 +4.65 2.52 +1.78  6.40 +£0.95  2.07 +0.54 172 +0.19
NO3-N 1.67 +0.83 0.83 +0.15  1.35 +041 052 +0.08  0.33 +0.08
NH3 0.02 +0.01 0.77 +0.04  0.09 +0.03  0.01 +0.01  0.92 +0.32
NH3z.N 0.01 +0.01 0.65 +0.02  0.09 +0.01  0.00 +0.00  0.82 +0.16
NH, 0.02 +0.01 0.80 +0.05  0.10 +0.03  0.01 +0.01  0.99 +0.34
PO, 0.02 +0.01 0.27 +0.15  0.04 +£0.01  0.04 +0.04 012 +0.05
P 0.01 +0.01 0.09 +0.04  0.01 +£0.01  0.01 +0.02  0.05 +0.02
SOy 117.97  +27.18 120.00 +16.40 6048  +£33.47 7856  +20.38 137.76  +60.53
K 1.95 +0.00 1.82 +0.60  1.30 £0.60  1.82 £0.90  3.90 +0.68
Na 6.33 +3.46 6.90 +1.05  9.89 +£7.05 1273 4£8.01 1296  +3.67
B 0.09 +0.15 0.99 +1.63  0.86 131 028 +0.32 058 +0.77
Organik 071 4026 150 073 127 <029 162 089 166  +0.88
Madde
SAR 0.30 +0.12 0.19 +0.02  0.28 +0.26  0.39 +0.24  0.30 £0.07
Co - - - - - - - - -
Cr 0.002  +0.001 - - - - - 0.001  +0.000
Fe*2 0.029  +0.020 0015  +0.022 0.072  +0.061 0.022  +0.012 0.021  +0.025
Mn?*2 0.014  +0.012  0.010 +0.216 0.006  +0.004 0.013  +0.011 0332  £0.357
Cu 0.005  +0.004  0.011  £0.016 0.005  +0.002 0.002  +0.001 0.003  £0.002
Ni - - - - - - - - -
Zn 0.007  +0.005 - - 0.005  +0.003
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Tablo 8. Goletlerin ortalama parametre degerlerine gore siniflandirilmast

Morgicek Goleti Asag1 Tulgali Goleti Oymakli Goleti Sirimli Goleti Sagmali Goleti
Paametre | S % % - B o g3 % . 8 03238008223, 800823 . €& 94
S X 3 2w AFEx B2 W A g2y AFx g2y AFEx 32 W i<
> < [ > < [ > < [ > < [ > < —

Sicaklik (°C) 1 1 v - - - -1 1 U - - - -/j217 v - - - -J1 1 U - - - - 1 U Al - -
El - - AlPD - U - Al - PD u - - AlPD - U|1 - - AlPD - U - - - PD - U
AKM - - v - - - -1- - U - - - -]1- - U - - -]- - U - - - - - UbD - - - -
Bulaniklik - - - A2 - - -0 - - - A2 - - -l - - A2 - - - - - A - - - - - A2 - - -
PH 3 3 U ALPD - - 3 U A1 PD - - u ALPD - - |3 u Al PD - - 3 U Al PD - -
(6[0) u - - - - u - - - - u - - -1 u - - - - - - - - -
Clz - - - ALPD - U|- - - AL PD - U|- - - Al - - U|f- - - Al - - U}|- - - Al PD - U
NOz» - - UbA1L - U U|- - UDA1L - u uf- - UDA1 - U U|- - UDAl - U U|- - UDA1l - u u
NO2-N 2 3 - - - - -12 3 - - - - -]/17 2 - - - - -2 3 - - - - -|l2 3 - - - - -
NOs - - - AlPDU U|- - - Al PD UU|- - - ALPDUU|- - - ALPDU U|- - - Al PD U U
NOs-N 1 - - - - - -1 - - - - - -1 - - - - - -41 - - - - - -]1 1 - - - - -
NHs - - v - - - -1- - UD - - - -/- -UuUb - - - =-{- - v - - - -|- - UD - - - -
NHa4 - - U ALPD - -|- - U A2PDU - - U ALPD - -|- - U ALPD - -|- - U A2PDU - -
PO 8 - - - Al - - - |- - - Al - - -]l- - - A - - -|- - - Al - - -|- - - Al - - -
P 1 1 v - - - -]12 2 UD - - - 1 1 U - - -Jj17 1 Y - - - -]12 2 UD - - - -
SO« - 1 - AAPD - -|- 1 - AL PD - -|-1 - ALPD - -|- 1 - ALPD - -|- 1 - Al PD - -
Na - 1 - AAPD - -|- 1 - AL PD - -|-1 - ALPD - -|- 1 - AlLPD - -|- 1 - Al PD - -
B 1 1 - pD - -f121 1 - - PD - -]1 1 - pD - -1 1 - - PD - -j1 1 - - PD - -
Cr* 2 2 - AlLPDU U|1 1 - AL PD UU|1 1 - AAPDUU|1 1 - ALPDU U|2 2 - Al PD U U
Fe*? 1 1 - AlLPD - U1 1 - A1l PD - U|1 1 - AlPD - U1 1 - AlPD - U|1 1 - Al PD - U
Mn*2 1 1 - ALPD - U|1 1 - AL PD - U|1 1 - ALPD - U|1l 1 - ALPD - U|2 2 - A3PDU - UD
Cu 1 1 U AlPD - U1 1 U A1 PD - U|l1 1 U AIPD - U1 1 U A1PD - U|1 1 U Al PD. - U
Zn 1 1 - A1l - - -|1 1 - Al - - -/17 17 uAa - - -/12 1 UA - - -|1 1 U Al - - -

P.D : Parametrik degerde, P.D.U : Parametrik degerin iistiinde, U: Uygun, U.D : Uygun degil
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Cinko (Zn) ortalama degeri, Sirimli’da 0.011+0.009
mgL %, Morgigek’te 0.007+0.005 mgL* (Tablo 6 ve 7), tiim
goletlerde, en yiiksek Morgigek’te 0.011 mgL™? olarak
Olciilmiistiir (Tablo 6). Golet sularindaki ¢inko degeri,
ASSKY’ye gore, zorunlu degerler arasinda, SKKY ve
YSKYY’ye gore, 1. sinif, ISY’ye gore, Al simf kalite sular
icerisinde yer almaktadir (Tablo 8). Yapilan bazi bilimsel
calismalarda cinko degeri, Karasu Irmagi’nda (Erzurum)
0.35-1.32 mgL? (Sénmez ve ark., 2012), Ziyaret Goleti
(Amasya) 0.033-0.146 mgL™' (Kaya, 2015), Bendimahi
Cayr’nda (Van) 0.17 mgL? (Bulum, 2015), Giizelkonak
Deresi'nde 0.037 mgL?! (Bayram, 2016) ve Kabakh
Goleti’'nde 0.09 mgL?' (Kaya ve Sen, 2022) olarak
bildirilmistir. Elde edilen deger alabalik ve sazan i¢in uygun
degerlerdir. Kobalt ve nikel degerleri diisiikk konsantrasyon
nedeni ile belirlenememistir (DLA).

Sonug¢

Yapilan bu calisma ile fran simirma yakin Ozalp ve
Saray ilgelerinde bulunan su kaynaklarimiz hakkinda genel
bir su kalitesi degerlendirmesi yapilmustir.

Calisma sonucunda, calisma konusu olan goletlerin
ortalama parametre degerleri su kalite smiflarina gore
degerlendirildiginde, golet sularinin, YSKYY ve SKKY’ye
gore, pH disindaki parametrelerin tarimsal sulamada
kullanilabilecek kalitede oldugu, ASSKY’ye gore, nitrit
(tiim goletlerde) ve amonyak (Morgicek ve Sirimli harig)
disindaki parametrelerin ise sazan ve alabalik iiretimine
uygun oldugu belirlenmistir. Ayrica, Wicks ve ark.,
(2002)’nin bildirdigi degerlere gore, goletlerdeki amonyak
degeri sazan baliklart igin Oldiiriicii diizeyde olmadigi,
ancak alabaliklar i¢in, Sagmali ve A. Tulgali g6letlerindeki
amonyak degeri, Oldiricii diizeyde oldugu, Emre ve
Kiirtim, (2007)’tin bildirdigi degerlere gore ise, goletlerdeki
amonyak degerleri alabaliklar igin sinir degerin altinda
oldugu goriilmiistiir.

Goletlere Tarim ve Orman [l Miidiirliigii tarafindan belli
araliklar ile sazan baligi aktarilmakta olup, hali hazirda
amator balik¢ilik, tarimsal amagli olarak kullanilmaktadir
(Demir ve Sen, 2021). Goéletlerin ¢evresinde yapilan tarim
amaglt ¢alismalar genelde havalarin 1sinmastyla baglar. Bu
donemde tarimsal arazilerin yogun sekilde sulanmasi,
yagislarin az olmasi ve yiiksek sicakliktan kaynaklanan
buharlasma nedeniyle goletlerin su seviyesinde azalma
oldugu gozlemlenmistir. Giin gegtik¢e su kaynaklarimizin
tilkendigi géz Oniline alindiginda, arazi sulamalarinda, su
israfin1 engellemek icin vahsi (salma) sulama yontemi
yerine modern sulama sistemleri kullanilmalidir. Ayrica bu
konuda, cift¢iler bilinglendirilmeli ve tesvik edilmelidir.

Tesekkiir

Bu calismada. laboratuvarda yapilacak golet sularinin
analiz {icretini temin eden Tarim ve Orman Bakanligi’na
(Balikgilik ve Su Uriinleri Genel Miidiirliigii) tesekkiir
ederiz.

Cikar Catismasi

Bu ¢aligmada herhangi bir ¢gikar catigmasi yoktur.

Yazar Katkilari

Bu ¢alismada sorumlu yazar disinda, yazarlarin katkisi
yoktur.

Etik Onay

Bu calismada, insanlar ve/veya hayvanlar iizerinde bir
deney calismasi yapilmamigtir. Caligma, goletlerden alinan
sular {izerinde yapilmistir. Bu nedenle etik onayina gerek
yoktur.
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Abstract: DNA barcoding, a molecular taxonomy technique, has been increasingly used by herptile
taxonomists in recent years. In DNA barcoding studies with museum specimens, there are difficulties
in achieving success in specimens that have been exposed to formaldehyde, which is usually used as a
fixative, for a long time and intensively. Here we studied the effect of formaldehyde on the application
of the DNA barcode method in Emys orbicularis specimens stored in 4% formaldehyde and 70%
ethanol solution since 2008 and 2014. Sanger sequence analysis of tissues taken from samples stored
in both ethanol and formaldehyde solution successfully yielded sequences of 623 bp. In conclusion,
the use of ethanol solutions should be preferred for mid or long-term sample storage, especially in the
context of molecular studies. In cases where the use of formaldehyde is unavoidable, it may be
advisable to use extremely low concentrations to increase success in molecular research.

Formaldehit Cézeltisindeki Bir Miize Orneginden DNA Barkod Calismasi
Yapilabilir mi? Emys orbicularis (Linnaeus, 1758) Ornegi

Oz: Bir molekiiler taksonomi teknigi olan DNA barkodlama, son yillarda herptil taksonomistleri
tarafindan giderek daha fazla kullanilmaktadir. Miize &rnekleri ile yapilan DNA barkodlama
¢alismalarinda, genellikle fiksatif olarak kullanilan formaldehite uzun siire ve yogun bir sekilde maruz
kalan orneklerde basari elde etmekte zorluklar yasanmaktadir. Bu ¢alismada, herptil koleksiyon
materyali olarak 2008 ve 2014 yillarindan beri %4 formaldehit ve %70 etanol ¢ozeltisinde saklanan
Emys orbicularis drneklerinde formaldehitin DNA barkod yonteminin uygulanmas: tizerindeki etkisi
arastirilmistir. Hem etanol hem de formaldehit ¢6zeltisinde saklanan 6rneklerden alinan dokularin
Sanger dizi analizi sonucunda 623 baz ¢iftinden olusan dizileri basariyla elde edilmistir. Sonug olarak,
ozellikle molekiiler ¢alismalar baglaminda orta ve uzun siireli numune saklama igin alkol
soliisyonlarinin kullanilmasinin tercih edilmesi gerekmektedir. Formaldehit kullaniminin kaginilmaz
oldugu durumlarda ise, molekiiler arastirmalarda basartyr artirmak igin son derece diisiik
konsantrasyonlarin kullanilmas: tavsiye edilebilir.

Introduction

Since their inception, natural history collections have
constituted an indispensable tool for taxonomists (Brooke,
2000), functioning as repositories for the entire spectrum of
biological materials integral to taxonomic investigations
and facilitating broad dissemination within the scientific
community (Pulliandre et al., 2012). Over a span of two and
a half centuries, the most important mission of natural
history museums and herbaria has been the preservation and
dissemination of biological materials and data of scientific
importance. However, the advent of the DNA revolution in

*Corresponding author: ukgunay@stu.comu.edu.tr

the past two decades has engendered a novel challenge
(Whitfield, 1999). Curators and scientists are currently
confronted with two pivotal inquiries: (a) In instances where
novel scientific methodologies necessitate access to the
DNA of specimens, how may DNA extraction be conducted
from specimens not initially preserved for genomic
purposes? (b) When DNA sequences serve as a distinctive
marker for specimen identification, how can the enduring
association be sustained between the DNA barcode, which
provides nomenclature to the user, and the specimens
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meticulously identified by taxonomists? (Pulliandre et al.,
2012).

The integration of morphological data with DNA barcode
sequences constitutes a potent synergy for a broad spectrum
of applications in biodiversity studies (Dayrat 2005, Will et
al. 2005, Goldstein and DeSalle 2011, Miller et al. 2013,
Riedel et al. 2013). The imperative determination of herptile
species at the taxonomic level is indispensable for the
comprehensive assessment of species assemblage, spatial
distribution, and ecological vitality within a given
ecological milieu. DNA barcoding, a molecular taxonomy
technique, requires the use of short, predetermined gene
sequences in combination with an established reference
database (Hebert et al., 2003). Although this method is
known to show high efficiency and precision, Hawlitschek
et al. (2016) emphasize that this method has some biases
and limitations in its application. In recent years, numerous
DNA barcoding studies on herptile taxa have been
conducted (Chovanec and Grillitsch 1994; Beebee et al.
2005; Schlaepter et al. 2005; Smith et al. 2008; Vences et
al. 2012; Murphy et al. 2013; Perl et al. 2014; Chambers et
al. 2016; Hawlitschek et al. 2016; Zangl et al., 2020;
Ceriaco et al., 2023). The merging of these molecular
datasets significantly augments the repository of the global
International Barcode of Life (iBOL) initiative, as posited
by Ratnasingham and Hebert (2007).

In a review of the threat categories of turtles and tortoises
according to the IUCN (International Union for
Conservation of Nature), it was reported that 51.9% of the
species had a threatened level Vulnerable or more (CR or
EN) (Bayraker et al., 2015; Rhodin et al., 2018; IUCN,
2023). Emys orbicularis (Linnaeus, 1758) the European
Pond Turtle is a Palearctic region-native freshwater turtle
which has a wide distribution covers the Iberian Peninsula,
the Maghreb, central Europe, southern France, Italy, the
Baltic States, the Balkan peninsula, Tiirkiye and the Caspian
Sea (Ficetola et al., 2004; Fritz, et al., 2009; Bayrakci and
Ayaz, 2014; Bayrake: et al., 2015; Escoriza et al., 2020;
Broggi, 2023). Emys orbicularis, inhabits temporary ponds
and seasonal streams and, commonly found in permanent
ponds and slow-flowing rivers which often surrounded by
woodlands and marshes. According to the IUCN Red List
E. orbicularis is listed as “Near Threatened” (Bayrakci et
al., 2015; IUCN, 2023).

For various disciplines, including ecology, phylogenetics,
biodiversity, evolutionary biology, and epidemiology,
stored biological samples provide a valuable supply of
genetic data. Formaldehyde solutions has been used to
preserve samples, ranging from tissues to whole organisms.
However, the sample's amplification of DNA and
sequencing suffers by this preservation (Greer et al., 1991).
The development of new protocols for isolating DNA from
formalin-fixed samples represents a promising avenue for
increasing the ability to collect genetic information from
such samples. In particular, the use of formalin-fixed
samples curated in collections and museums is valuable to
distinguish the impact of environmental changes on the
genomic structure of biological populations (Totoiu et al.,
2020).

The ability of aqueous formaldehyde to inhibit the growth
of parasitic microorganisms is another benefit (Fox et al.,
1985) yet using formalin-preserved samples for molecular
testing is often challenging. Base deglycosylation is caused
by the electrophilic formaldehyde's covalent alteration of
DNA bases, which results in abasic regions that can break
DNA strands (Lindahl and Andersson, 1972). PCR and
DNA sequencing can also be inhibited by intrastrand and
protein-DNA crosslinks created by formaldehyde (Dutta et
al., 2007).

Sequence artifacts, or apparent sequence changes that are
distinct from the original sample can arise in DNA that has
been effectively extracted from samples (Do and Dobrovic,
2015). Because it might be challenging to differentiate
between real and artificial sequence changes, there is a
higher chance of false-positive mutation calls (Wong et al.,
2013; Wong et al., 2014)

In this study, we present the effect of different types of
preserving solution to DNA barcoding studies and a local
database for Emys orbicularis from the Canakkale
population.

Material and Methods

The samples of Emys orbicularis specimens were
collected from 2 different localities and stored in 70%
ethanol solution in the COMU-ZLAR herptile collection
(Table 1).

Table 1. Metadata of Emys orbicularis specimens of this study.
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DNA Extraction

DNA isolations were carried out on muscular tissue
sourced from the posterior extremities. It was performed
according to the GeneMATRIX Tissue & Bacterial DNA
Purification Kit's Sample preparation for formalin-fixed
tissues procedure with minor modifications (Coombs et al.,
1999). In accordance with this preparation step, before the
genomic DNA extraction, tissue samples were rinsed in
phosphate-buffered saline (PBS) buffer to limit exposure to
formalin gas and formalin pollution. The resulting DNA's
quality and quantity were evaluated using the
SPECTROstar  Nano  Spectrometer  device. A
straightforward yet efficient method of reducing sequence
artifacts resulting from DNA lesions would be to employ
particular DNA polymerases with low bypass efficiency
over a range of DNA defects. GoTaq® DNA Polymerase, a
proprietary Tag polymerase formulation that provides
robust amplification comparable to and, in certain
situations, better than that of traditional Tag, has been used
in the current study.

PCR Amplifications

A 623-bp fragment from the 5’ region of the
mitochondrial cytochrome c oxidase subunit | (COI) gene,
recognized as the DNA barcoding region, was amplified
using the degenerate universal barcoding primers dgLCO-
1490 (5-GGTCAACAAATCATAAAGAYATYGG-37)
and dgHCO-2198
(5’-TAAACTTCAGGGTGACCAAARAAYCA-3")
(Meyer, 2003). The PCR procedure commenced with an
initial heating step at 94 °C for 2 min, followed by 35 cycles
consisting of denaturation at 94 °C for 1 min, annealing at
54 °C for 45 s, and extension at 72 “C for 2 min. A final
extension step at 72 °C for 10 min concluded the
amplification process. Each 10 pL reaction mixture was
composed of 0.05 ul of GoTaq® DNA Polymerase, 1,2 ul
MgCly, 2 ul 5X Buffer, 0,8 ul dNTP, 0,5 ul of each primer

(5 pmol/ml), and sterile water making up the final volume
to 10 ul. The PCR products were then assessed for optimal
fragment size through electrophoresis on a 2% agarose gel.

Sequencing

The purification of PCR products was carried out with
the Thermo Fisher Scientific ExoSAP-IT PCR Product
Cleanup Reagent following the supplier's protocol.
Subsequently, unidirectional sequencing of these PCR
products was conducted using the identical primers. The
sequencing process occurred on a Thermo Fisher Scientific
SeqgStudio Genetic Analyzer, utilizing the Thermo Fisher
Scientific BigDye Terminator v3.1 Cycle Sequencing Kit in
accordance with the manufacturer's specifications.

Analyses

Analyses were performed based on 623 base pair
fragments that were trimmed and quality checked.
Nucleotide sequences were aligned and checked for read
errors, insertions, and deletions. All analyses were
performed using MEGA 11 (Tamura et al.,, 2021) to
measure the proportion of correctly identified queries.

Results

A final sequence for cytochrome ¢ oxidase | with a
length of 623 base pairs was generated and deposited in the
GenBank database under accession numbers OR961469 -
OR961478 (Figure 1). No deletions or insertions were
detected in the alignment of the sequences. Following
translation of the protein-coding mitochondrial cytochrome
c oxidase | sequences into protein; an analysis was
performed for stop codons based on the vertebrate
mitochondrial genetic code. No stop codons were detected,
confirming that the cytochrome c oxidase | dataset encodes
functional mitochondrial genes. Analysis of the nucleotide
composition showed a G-C content of 40.50 percent for the
cytochrome ¢ oxidase | dataset.

1
61
121
181
241
301
361
421
481
541
601

gcattaagtc
caagtctata
ccagttataa
atagcatttc
cttctagcat
ctagccggaa
ttagctggtg
aaatccccag
gctgtectat
gaccgaaact
caacacttat

tactaatccg
atgttatcgt
ttggtggatt
cacgtataaa
catcaggaat
acttagctca
tatcttcaat
ccatatcaca
tactattatc
taaatacaac
tctgattctt

cgcagaactg
tacagcccat
tggaaattga
taatataagt
tgaagcaggg
tgccggtgec
tttaggggct
ataccaaaca
attaccagta
cttctttgac

tgg

agtcaaccag
gccttcatta
cttgtaccat
ttctgacttt
gcaggcacag
tctgtagacc
atcaatttta
cccctgtttg
ctagctgcag
ccttcagggg

gagccctttt
taatcttctt
taataatcgg
tacctccatc
gttgaactgt
taactatttt
ttaccacagc
tatgatcagt
gtatcactat

gaggagaccc

aggagatgac
catggtcata
agcaccagat
cctactacta
ataccccccg
ttctctecac
aattaacata
acttattacc
actacttaca
aatcctatat

Figure 1. 623 base pair COI data of Emys orbicularis from formaldehyde and ethanol preserving solutions.

Discussion

As the exposure time to fixation increases, the number
of direct and indirect reactions between DNA and the
fixative also increases (Rogers et al., 1990; Greer et al.,
1991; Forsthoefel et al., 1992; Hamazaki et al., 1993).
Similarly, it has been demonstrated that the duration of

fixation also influences the procedures to be carried out
(Gavrilov and Razin, 2009). The results obtained from the
current study showed that fixation of tissues with a low
concentration of formaldehyde solution did not significantly
reduce the amplification potential of DNA.
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Blum (1894) is acknowledged for introducing
formaldehyde as a tissue fixative. Currently, 10% neutral
buffered formalin, a formulation of formaldehyde, is widely
utilized as a universal fixative due to its effectiveness in
preserving diverse tissue types and components.
Nevertheless, endeavours to extract functional DNA from
the tissues fixed with formalin have produced outcomes of
varying success (Bramwell and Burns, 1988; Yagi et al.,
1996). In this case, one of the main factors contributing to
the successful results of the specimen stored in
formaldehyde solution is the use of about 3-4%
formaldehyde, unlike the typical use of formaldehyde,
which is usually around 10%.

Although we were successfully able to sequence from a
formaldehyde specimen; for biological collections to fulfill
their purpose, low concentrations of formaldehyde can be
used, if necessary, after creating a "tissue inventory" by
taking tissue from the specimens as a preliminary
preparation for molecular studies before the specimens are
fixed. In this way, we hope that since the samples can be
stored intact, the need to obtain new samples from nature
will be reduced and the collection samples can be used in
future molecular studies.
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Abstract: The records of the striper eel catfish Plotosus lineatus have been assigned based on
morphological characters in the Mediterranean Sea. However, molecular and genetic analyses are
needed to confirm the morphological taxonomic determination and avoid misidentification. In this
study, the mitochondrial cytochrome ¢ oxidase subunit | (COI) gene region was used for genetic
confirmation of Plotosus lineatus in the Mediterranean Sea. The obtained P. lineatus sequences were
found to have a 100% identity match with the Red Sea and Mediterranean records. The present
molecular genetic study confirms the presence of P. lineatus in Turkish marine waters. Also, this study
is the first genetic confirmation of P. lineatus on the coast of Tiirkiye and in the Mediterranean Sea.

Cizgili Yilan Bahgmm Plotosus lineatus (Thunberg, 1787) iskenderun
Korfezi’nden (Dogu Akdeniz, Tiirkiye) Genetik Dogrulamasi

Oz: Cizgili yilan balig1 Plotosus lineatus'un Akdeniz'deki kayitlari morfolojik karakterlere dayanilarak
belirlenmistir. Bununla birlikte, morfolojik taksonomik belirlemeyi dogrulamak ve yanlis tanimlamay1
onlemek icin molekiiler ve genetik analizlere ihtiya¢ duyulmaktadir. Bu ¢alismada, Akdeniz'deki
Plotosus lineatus'un genetik dogrulamast i¢in mitokondriyal sitokrom ¢ oksidaz alt tinite I (COI) gen
bolgesi kullanilmistir. Elde edilen P. lineatus dizilerinin Kizildeniz ve Akdeniz kayitlari ile %100
Ortiigtiigil tespit edilmistir. Meveut molekiiler genetik ¢calisma ile P. lineatus'un Tiirk deniz sularindaki
varhgini dogrulamaktadir. Ayrica, bu ¢alisma P. lineatus'un Tiirkiye kiyilarinda ve Akdeniz'de ilk
genetik dogrulamasidir.

Introduction

Marine alien and invasive species have increased in the
Mediterranean ecosystem due to the opening of the Suez
Canal and the effects of climate change (Turan et al., 2016;
Tiralongo et al., 2020; Langeneck et al., 2023). To date,
more than 100 non-native fish species from the Indo-Pacific
region have entered the Eastern Mediterranean via the Suez
Canal (Galil et al., 2018; Turan et al., 2018; Azzurro and
D’Amen, 2022; Mutlu et al., 2023).

The family Plotosidae has 10 valid genera and 42 valid
species all over the world but only a single species, striped
eel catfish Plotosus lineatus (Thunberg, 1787), has been
reported in the Mediterranean Sea (Golani, 2002; Fricke et
al., 2023; Dogdu et al., 2016). P. lineatus is distributed
throughout the Indo-Pacific, Red Sea and Mediterranean.
First recorded in the Mediterranean from the Israeli coast

*Corresponding author: servet.dogdu@iste.edu.tr

(Golani, 2002) after which, it was rapidly established in the
Mediterranean Sea. Thereafter, it was recorded from Egypt,
Syria, Tirkiye and Northern Cyprus, respectively (Temraz
& Ben Souissi, 2013; Ali et al., 2015; Dogdu et al., 2016;
Turan et al., 2022). Monitoring studies have shown that the
species is spreading rapidly in the Mediterranean (Turan
and Dogdu, 2023; Dogdu & Turan, 2024).

The mtDNA sequence analysis is extensively used for
species identification in taxonomic studies (Hebert et al.,
2003; Dogdu and Turan, 2021). Inrecent years, the issue of
invasive alien fish species has become a growing concern in
marine ecosystems (Katsanevakis et al., 2014; Watkins et
al.,2021; Turan and Dogdu, 2022; Chaikin et al., 2023). The
mtDNA sequence analysis can identify and differentiate
between species of fish with a high degree of accuracy
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(Landi et al., 2014; Isaacs and Hellberg, 2020; Antil et al.,
2023). It can play a key role in the identification and
management of alien fish species, allowing for early
detection and rapid response to prevent further ecological
disruption (Bariche et al., 2015; Turan et al., 2017; Dogdu
etal., 2019).

Here, we used mitochondrial cytochrome c oxidase
subunit I (COI) for the molecular identification of Plotosus
lineatus. This is the first genetic confirmation of P. lineatus
on the coast of Tiirkiye and in the Mediterranean Sea.

Material and Methods

Four samples of Plotosus lineatus were captured by gill
net at a depth of 20 m in Iskenderun Bay on 20 September
2023 by fishermen. Samples were safely transported to the
laboratory and placed on crushed ice for analysis. All tissue
samples were stored at -20 °C under 95% ethanol until
analysis.

mtDNA were obtained from the muscle samples using
phenol-chloroform with minor changes (Sambrook et al.,
1989). Polymerase chain reaction (PCR) amplification was
performed with the following universal cytochrome c
oxidase subunit | (COI) primers (Ward et al., 2005):

Fish1_COIl_F1:
5-TCAACCAACCACAAAGACATTGGCAC-3’
Fish1_COI_R1:
5-ACTTCAGGGTGACCGAAGAATCAGAA-3’

The PCR reaction was performed in a volume of 50 ul
with 0.4 uM of each primer, 0.2 mM dNTP and 0.5 U Taq
DNA polymerase in a PCR buffer containing 20 mM Tris-
HCI (pH 8.0), 1.5 mM MgCI2, 15 mM KCI and 1.5 pl
template DNA. The denaturation step comprised 30 cycles
at 95°C for 45 seconds, 60°C for 30 seconds, and 75°C for
60 seconds, followed by a final extension for 3 minutes at
72°C. Electrophoresis on a 1.5% agarose gel was used to
visualise the PCR products. The order of the nucleotides in
the mtDNA COI gene region was determined through DNA
sequencing. The BigDye sequencer V3.1 and ABI 3130 XL
genetic analyzer were applied with the Sanger et al. (1977)
chain termination method. COI subsequences aligned using
BioEdit (Hall et al., 2011). Genetic diversity and sequence
divergence were determined after sequence alignment and
phylogenetic trees were constructed using MEGA X
(Kumar et al., 2018). Sequences of other Plotosus species
obtained from GenBank and the BOLD system were used
to construct phylogenetic trees. The accession numbers and
references of the sequences used are given in Table 1.

Table 1. Sequences of other Plotous species obtained from Genbank and the BOLD system.

Species Accession Numbers Database References

Plotosus lineatus KR861548.1 GenBank Bariche et al., (2015)
Plotosus lineatus BIM263-13 BOLD System Unpublished

Plotosus lineatus KM538501.1 GenBank Shirak et al., (2016)
Plotosus canius KR086940.1 GenBank Samani et al., (2016)
Plotosus canius MK093214.1 GenBank Kundu et al., (2019)
Plotosus canius OR271961.1 GenBank Unpublished

Plotosus canius KP258655.1 GenBank Samani et al., (2016)
Plotosus canius KU692769.1 GenBank Dahruddin et al., (2017)
Plotosus limbatus KF824846.1 GenBank Barathkumar et al., (2020)
Plotosus limbatus KF824845.1 GenBank Barathkumar et al., (2020)
Plotosus limbatus KF824844.1 GenBank Barathkumar et al., (2020)
Plotosus japonicus KR270437.1 GenBank Liu and Zhang (2016)
Plotosus japonicus NC_027737.1 GenBank Liu and Zhang (2016)
Plotosus japonicus AP012020.1 GenBank Nakatani et al., (2011)
Plotosus japonicus ILRS001-19 BOLD System Goren et al., (2020)
Plotosus nkunga JF494192.1 GenBank Unpublished

Plotosus nkunga JF494190.1 GenBank Unpublished

Plotosus nkunga KF511562.1 GenBank Dhar and Ghosh (2015)
Sebastes schlegelii OR577041.1 GenBank Yaglioglu et al., (2023)
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Results

There were observed 5 variable and 630 conservative
nucleotides over 635 bp DNA barcode of four Plotosus
lineatus samples. With the four barcodes obtained from our
study, eleven haplotypes were found in a total of 22
sequences belonging to the species of the genus Plotosus,
and no common haplotype was found between the species
(Table 2. See Supplementary Material for further details).
The mtDNA COI gene region sequence of four Plotosus
lineatus samples was obtained at 635 bp and into the
Genbank with accession number: PP434659-PP434662 and
BOLD with sample number: PLINOO1-PLINO04 (BIN:
ACGB8821). The Genbank and BOLD databases were used

Plotosus lineatus 1

Plotosus lineatus 3

Plotosus lineatus 4

Plotosus lineatus KR861548.1
Plotosus lineatus BIM263-13
Plotosus lineatus KM538501.1
Plotosus lineatus 2

Plotosus limbatus KF8§24846.1
Plotosus limbatus KF824844.1
Plotosus limbatus KF824845.1
Plotosus japonicus KR270437.1
Plotosus japonicus AP012020.1

for comparison with sequences of other Plotosus species
with a worldwide marine distribution. The accession
numbers of the sequences used are given in Table 1.

The analyses of Neighbour-Joining (NJ) and Maximum
Parsimony (MP) trees of the sequences created within the
scope of our study and the sequences obtained from
Genbank and BOLD databases are given in Figure 1 and
Figure 2. Both NJ and MP phylogenetic trees were observed
with similar tree topologies. The bootstrap consensus tree
inferred from 1000 replicates was taken to represent the
evolutionary history of the taxa analyzed (Felsenstein,
1985).
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Figure 1. Neighbour-Joining (NJ) phylogenetic tree based on COI sequences. Fish drawings from Froese & Pauly (2023).
The NJ tree was constructed by using the outgroup species Sebastes schlegelii. In the tree created with the bootstrap
test (1000 replicates), branches with a bootstrap value of less than 50% were reduced.
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Figure 2. Maximum Parsimony (MP) phylogenetic tree based on COI sequences. Fish drawings from Froese & Pauly (2023).
The tree was constructed by using the outgroup species Sebastes schlegelii. In the MP tree created with the bootstrap
test (1000 replicates), branches with a bootstrap value of less than 50% were reduced.
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Discussion

The majority of Lessepsian fish entering the
Mediterranean Sea probably originate from populations in
the Red Sea (Gollani et al., 2021; Azzurro et al., 2022). In
this study, Plotosus lineatus specimens distributed in
Turkish marine waters were genetically analysed and P.
lineatus were identified by the NJ and MP trees with a high
bootstrap value. At the species level, the obtained P.
lineatus sequences have a 100% identity match with
KR861548.1 (Bariche et al., 2015) and KM538501.1
(Shirak et al., 2016) from the Red Sea according to the blast
results obtained from the Genbank database. Moreover,
according to the NJ and MP phylogenetic trees, Plotosus
lineatus were found as genetically distinct from other
Plotosus species. Goren et al. (2020) recorded Plotosus
japonicus from the Gulf of Agaba using the COI gene
region and reported that P. lineatus and P. japonicus
showed a sympatric distribution. Therefore, they concluded
that the records of these species should be genetically
confirmed. Species identification studies, combining both
morphological and molecular tools, are becoming
increasingly common, allowing clear taxonomic identity to
be established (Vellaetal., 2016; Karan et al., 2019; Deidun
etal., 2020; Turan et al., 2020).

In conclusion, this study proves the presence of Plotosus
lineatus in Turkish marine waters and in the Mediterranean
Sea. Genetic analyses showed that P. lineatus is the species
that entered the Mediterranean Sea and showed genetic
differences from other Plotosus species at the species level.
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Key words: Abstract: In this study, the effects of different selectivity analysis methods on selectivity parameters

o in gill net fishing were investigated. Thirty-one operations were carried out in commercial fishing
Selectivity areas on the coast of Canakkale. In the trials four different gill nets with mesh sizes of 20, 22, 23 and
Bogue 25 mm were used. The selectivity analysis was performed for bogue (Boops boops) and saddled
Saddled seabream seabream (Oblada melanura) using both Holt and SELECT methods and the differences in the
Holt selectivity parameters were compared. Using Holt selectivity analyses method, modal lengths were
SELECT calculated as 20,50, 22,55, 23,57 and 25,62 cm for bogue and 9,65, 10,61, 11,09 and 12,06 cm for

saddled seabream for the nets with mesh sizes 20, 22, 23 and 25 mm, respectively. Modal lengths of
SELECT method were calculated as 19,89, 21,88, 22,87 and 24,86 cm for bogue and 13,55, 14,91,
15,58 and 16,94 cm for saddled seabream for the nets with mesh sizes 20, 22, 23 and 25 mm,
respectively. In order to compare Holt and SELECT methods, areas under the selectivity curves
(SEA) and selectivity ranges were calculated. SEA values for bogue indicated that, selectivity curves
of Holt method were 37%, 25%, 20% and 10% bigger than of those of SELECT method for mesh
sizes 20, 22, 23 and 25 mm, respectively. Similarly, for the saddled seabream we have found that
selectivity curves of Holt method were %41, %29, %24 and %14 bigger than those of SELECT
method, for mesh sizes 20, 22, 23 and 25 mm, respectively. As a result, it was determined that
different selectivity analysis methods resulted in up to 40% differences, especially for the saddled
seabream.

Anahtar kelimeler: . e
Sade Uzatma Aglar1 Avciliginda Baz1 Balik Tiirlerinde Farkh Segicilik

Secicilik Analiz Yontemlerinin Secicilik Parametrelerine Olasi Etkileri

Kupes

Melanur Oz: Bu calismada voli yontemiyle uygulanan uzatma aglariyla aveilik sonucunda yakalanan bazi
;'EEECT balik tirleri ile ilgili, farkli segicilik analiz yOntemlerinin segicilik parametrelerine etkisi

arastirllmistir. Canakkale kiyilarinda farkli ag g6z genisligindeki (20, 22, 23 ve 25 mm) uzatma
aglariyla toplamda 31 operasyon yapilmigtir. Operasyon sonucunda avlanilan kupes (Boops boops)
ve melanur (Oblada melanura) baliklarinin hem Holt hem de SELECT ydntemiyle segicilik analizi
yapilmis ve segicilik parametrelerinin farkliliklar1 karsilastirilmistir. Secicilik analizleri sonucunda
tim ag goz genislikleri i¢in Holt yontemi sonucunda hesaplanan optimum yakalama boylari kupes
baliklar1 i¢in sirastyla 20,50, 22,55, 23,57 ve 25,62 cm, melanur baliklar i¢in sirasiyla 9,65, 10,61,
11,09 ve 12,06 cm’dir. SELECT yontemiyle yapilan analizler sonucunda tiim ag géz genislikleri i¢in
hesaplanan optimum yakalama boylar1 sirasiyla kupes baliklar i¢in 19,89, 21,88, 22,87 ve 24,86 cm,
melanur baliklar1 i¢in 13,55, 14,91, 15,58 ve 16,94 cm’dir. Segicilik analiz yontemlerinin
karsilastirilmasi i¢in Holt ve SELECT yontemiyle olusturulan segicilik egrilerinin altinda kalan
alanlar (SEA) ve segicilik araligi degerleri hesaplanmistir. Kupes baliklarinin 20, 22, 23 ve 25 mm ag
g6z genisliginde Holt yontemiyle olusturulan segicilik egrilerinin SEA degerleri, SELECT yontemi
ile olusturulan segicilik egrisinden sirasiyla %37, %25, %20 ve %10 daha bilyik oldugu
hesaplanmigtir. Melanur baliklarmin 20, 22, 23 ve 25 mm ag goz genisliginde Holt yontemiyle
olusturulan segicilik egrilerinin SEA degerleri, SELECT ydntemi ile olusturulan segicilik egrisinden
sirastyla %41, %29, %24, %14 daha biyiik oldugu hesaplanmistir. Caligma sonucunda farkl
secicilik analiz yontemlerinin analiz sonuglarinda farkliliklara neden oldugu 6zellikle melanur gibi
yasst baliklarin secicilik parametrelerini %40 kadar degistirdigi belirlenmistir.

*Corresponding author: kanvermez.c@gmail.com

How to cite this article: Demirdak, C. & Ayaz, A. (2024). Potential effects of different selectivity analysis methods on selectivity parameters for some fish species in gillnet fishing. COMU J. Mar. Sci.
Fish, 7(1): 30-43. doi:10.46384/jmsf.1449175
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Giris

1970’lerden gilinlimiize kadar olan siiregte diinya
genelinde balik stoklarinin azalma egiliminde oldugu
goriilmektedir (FAO, 2022). Uluslararast ve ulusal
yontemlerle ¢esitli koruma 6nlemleri alinarak tiir, cinsiyet
ve boy segiciliginin arttirilmasiyla deniz ekosisteminin
korunmasi amaglanmaktadir (Aday vd., 2002; Lester vd.,
2003; Longhurst, 2002; Sullivan, 2003; Wilberg vd.,
2005). Segicilik calismalari, balik popiilasyonlarinin
dinamiklerinin (biiyiime ve Oliim oranlari, popiilasyon
bliylikliigii, vb.) ve stok calismalarinin siirdiiriilmesine
onemli katkilar saglamaktadir (Hamley, 1975).

Uzatma aglari; kullanimi kolay ve diisiik maliyetli av
araclaridir. Buna ek olarak hem boy hem de tiir segiciligi
bakimindan en etkili av araglarindan birisidir (Holt, 1963;
Hamley, 1975; Reis ve Pawson, 1992; Hubert vd., 2012;
Dankwa vd., 2014). Bu o6zelliklerinden dolay1 secicilik
¢aligmalarinda siklikla kullanilanilirlar (Hamley, 1975;
Millar, 1992).

Uzatma aglarinda secicilik; baliklarin davranis ve
morfolojik &zellikleri ile av araglarinin teknik 6zelliklerine
(donam faktorii, ag rengi, ag esnekligi, vb.) bagl olarak
degismektedir (Clarke, 1960; Hamley, 1975). Uzatma
aglar1 secicilik yontemlerinde genel olarak Holt ve
SELECT yontemleri uygulanirken, son zamanlarda siklikla
SELECT yo6ntemi tercih edilmektedir (Cilbiz vd., 2017,
Tesfaye, 2019). Pet vd. (1995) ve Biiyiikdeveci (2019),
analiz yonteminden kaynaklanabilecek olasi degisimleri
belirlemek amaciyla ayn1 balik tiiriinde iki analiz yontemi
uygulayarak  segicilik  parametrelerinde  olabilecek
degisimleri arastirmiglardir. Biyiikdeveci (2019); Mullus
barbatus, Merlangius merlangus, Solea solea, Pegusa
lascaris, Arnoglossus laterna tirleri arasmnda uzatma
aglartyla yapilan avcilik sonucunda hem Holt hem de
SELECT yontemleriyle her balik tiiri i¢in ayri ayri
secicilik analizleri yapmustir. Her bir analiz ydntemi
sonucunda elde edilen parametreler karsilagtirilmis ve
optimum yakalama boylar1 (OYB) arasindaki farkliliklarin
hata araliklarinda kaldigini belirtmistir. Pet vd. (1995);
sazan baligi, kaya balig1, yayin balig1 tiirleri arasinda her
bir tlir igin Holt ve Secin yontemleriyle hesaplanan
secicilik egrilerini karsilagtirmiglardir. Calisma sonucunda
Secin yontemi ile elde edilen secicilik egrilerin Holt
yontemi sonucunda elde edilen secicilik egrilerine gore
daha dar oldugu sonucuna varilmistir. Literatiirde, uzatma
aglarinda segicilik analizi ¢aligmalari, tek yontem segilerek
sonuglarin degerlendirilmesine yogunlagmustir. Segicilik
analizlerini etkileyen faktorler dikkate alinarak mevsimsel,
avlanma bolgeleri ile baliklarin beslenme farkliliklariin
degisen analiz sonuglarinin ortaya ¢ikmasina neden oldugu
literatiirde detayli olarak tartisilmistir (McCombie ve
Berst, 1969; Hamley, 1975; Van Densen, 1987; Aydin,
1997, Kurkilahti vd., 2002, Ilkyaz, 2005, Ayaz vd., 2011;
Biiyiikdeveci, 2019).

Kuzey Ege ve Canakkale kiyilari, Tiirkiye balikgiligi
acisindan Onemli bir yere sahiptir ve ticari balikgilar
tarafindan siklikla uzatma aglari kullanilmaktadir (Ayaz
vd., 2010; Ayaz ve Altinagag, 2020). Bolgedeki ticari

balik¢ilik agisindan kupes (Boops boops Linnaeus, 1758)
ve melanur (Oblada melanura Linnaeus, 1758) tiirleri
onemli bir yere sahiptir dolayisiyla dogru segicilik analiz
yontemlerinin  belirlenerek  saglikli  sonuglarin  elde
edilmesi hem balik popiilasyonlarmin siirekliligi hem de
ticari balik¢ilik yonetimleri agisindan biiyilk 6neme
sahiptir. Literatiirde aym tiirlerde farkli secicilik
analizlerinin olas1 farkliliklart ile ilgili yeterli calisma
olmamasi nedeniyle bu calismada segicilik egrileri ve
OYB degerlerinin analiz yontemlerinden kaynakli
farklarin ortaya konulmasi amaglanmaistir.

Materyal ve Yontem

Bu c¢alisma, Mayis 2023-Kasim 2023 déneminde,
Kuzey Ege Denizi’nde Gelibolu yarimadasi kiyilarinda 5-
30 m derinlik konturlarinda 31 deneme yapilarak
gerceklestirilmistir (Sekil 1). Canakkale Onsekiz Mart
Universitesi, Hayvan Deneyleri Yerel Etik Kurul’nun
2022/07-02 numarali karari ile hayvan deneyleri etigi
acisindan uygundur. Calismada ayn1 ag malzeme ve teknik
ozelliklere sahip olan sirastyla 20, 22, 23 ve 25 mm goz
genisliginde, 0.5 donam faktdriine sahip 210d/3 numara ip
kalinliginda ve 100 goz derinliginde sade uzatma aglari
kullanilmigtir.  Calismanin =~ amaci  farkli  segicilik
yontemlerinin  segicilik parametreleri iizerinde olasi
etkilerini incelemektir. Bu nedenle uzatma aglarinda
seciciligi etkileyen ag ip kalinhigi, ag goz genisligi, ag
ipinin rengi, agin goriiniirligi, esnekligi ve kalinligi,
donam faktorii gibi teknik 6zellikleri ayni olan yalnizca ag
g6z genislikleri degisen aglar kullanilmigtir. Buna ek
olarak ayni Ornekleme doneminde ayni bolgede avcilik
operasyonlart  ylriitiilmiistiir. Deniz ¢aligmalarinda
Canakkale Onsekiz Mart Universitesi’ne ait olan Bilim I

aragtirma gemisi ve ticari balik¢i  gemilerinden
faydalanilmisgtir.

Sade wuzatma aglari avciliginda voli  yoOntemi
kullanilmistir.  Voli  yonteminde oOnceki tecriibelere

dayanarak hedeflenen tiirlin bulunma ihtimali bulundugu
dogal resif alanlarinin etrafi aglar ile gevrilerek, baliklarin
151k ya da ses ile korkutularak aga dogru hareket etmeleri
saglanmaktadir. Bunun yaninda echosounder gibi balik
bulucular da kullanmak sureti ile balik siiriisiiniin
bulundugu yer de tespit edilerek ayni yontem uygulanip
avcilik yapilabilmektedir.

Her av operasyonundan sonra ag gdz genisliklerine
gore yakalanan baliklar ayr1 ayr1 gruplandirilmistir. Her ag
20z genisliginde yakalanan her bir balik i¢in boy ve agirlik
parametreleri  Olcililerek  kayit  altima  alinmistir.
Parametrelerin hassasiyet degerleri boy i¢cin 1 mm agirlik
icin ise 1 gr olarak belirlenmistir.

Bu olctimler sonucunda elde edilen ayn1 veri seti Holt
ve SELECT segicilik tahmin metotlari ile analiz edilmistir.

Elde edilen optimum yakalama boylar1 birbiri ile
karsilagtirtlmistir.  Segicilik analizlerinden Holt metodu
Microsoft Excel programi kullanilarak hesaplanmistir.
SELECT metodun uygulamast ise PASGEAR 1I
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programinda yapilmisti. PASGEAR 1II programinda
yapilan analizler sonucunda SELECT metotta belirlenen
en iyi modelin parametreleri kullanilarak Microsoft excel
programinda farkli g6z genisliklerindeki aglarin optimum
yakalama boylar1 ve yayilim degerleri hesaplanmistir.

Aglarin  secicilik  araliklarinin minimum  degerini
belirlerken, optimum yakalama boyundan yayilim degeri
cikartmak, maksimum degeri belirlerken de optimum
yakalama boyuna yayilim degerini eklemek suretiyle aralik
belirlenmektedir.

Saroz Korfezi

040°20.00N

Gelibolu
Yarmmadasi

Canakkale

Canakkale Bogazi

040° 0.00M

T z87a000E

) Cahsma Sahas:

Ankara

Sekil 1. Caligma sahasi

Calismada segicilik analizlerinde kullanilan Holt
yontemi, farkli goz genisliklerindeki aglar ile bunlara
yakalanan baliklarin boy-frekans dagilimlar1 arasindaki
matematiksel islemler sonucunda, yakalanma olasiliginin 0
ile 1 arasinda gosterilerek segicilik  egrilerinin
olusturulmasma dayanan bir yontemdir (Holt, 1963). Bu
yontemde avcilik verileri ve regresyon grafikleri manuel
olarak olusturulmaktadir. Holt yonteminde iki ag goz
genigliginde yakalanan baliklarin logaritmasi asagidaki
denklemle ifade edilir,

C
In—%+=a+bL

“ ®

Burada C; biiyiikk ag g6z genisligine sahip ag ile
yakalanan balik sayisi, Ci ise kiicik ag goz genisligine
sahip ag ile yakalanan balik sayisidir. L ise balik boyudur.
Denklemdeki a; lineer regresyon denklemindeki kesisme
degerini, b ise lineer regresyon denklemindeki egimi
gosterir. a ve b katsayilarinin hesaplanmasiyla secicilik
faktorii (SF) ve varyans (S°) hesaplanmaktadir. Segicilik
faktoriiniin  bulunmasiin ardindan optimum yakalama
boyu asagidaki formiiller ile hesaplanmaktadir.

-2a

Fo——
b(M, +M,) "

Burada;

Ma; kiigiik ag goz genisligi degeri (mm)

Mp; biiyiik ag goz genigligi degeri (mm)

Ag gbz genisliklerine gore optimum yakalama boylar1
(La ve L), secicilik faktorii (SF) ve ag goz genislikleri ile
asagidaki denklemdeki gibi hesaplanir.

L, =SFxM,
®)

L, =SFxM, @

Varyans degeri ise asagidaki denklem ile elde edilir;

o2 _ SFx(M, +M,)
B b

()

Ag goz genisliklerine gore secicilik egrileri (Sa Ve Sp);
her boy degerine karsilik gelen yakalama olasiligi (P)
yardimiyla asagidaki denklemle hesaplanilir,

(LY
Sa =e 2xS2

(6)
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~(L-L,)?
Sb =e 2xS?2

(")

Calismada kullanilan diger analiz yontemi ise SELECT
(Share Each Lengthclass Catch Total) secicilik analiz
yontemidir (Millar, 1992; Millar ve Holst, 1997; Millar ve
Fryer, 1999). Bu yontem, beklenen av oranlari ile aveilik
sonucunda elde edilen av oranlarinin maksimum olasilik
dagilimi ile secicilik egrilerinin olusturulmasma dayanan
bir yontemdir (Millar, 1992).

Bu yonteme gore j goz acgikligina sahip aga 1
uzunlugunda yakalanan balik sayis1 nj; Poisson dagilimina
sahiptir. A§ goziine yakalanan baliklarin sayisimin (njj)
Poisson dagilima sahip olduklar1 varsayilir ve asagidaki
bagmti ile ifade edilirler

nIj ] nl'

Z

bollugunu ifade ederken J nispi  balikg¢ilik
yogunlugunu temsil eder. Nispi balik¢ilik yogunlugu
genellikle sabit kabul edilir.

; & Pois(p,Ar;(1)) ©

, ag ile karsilasan 1 uzunlugundaki baliklarin

ni;’nin log-olasilik dagilimi,

> Y {nlog] par () ]-piAn )}
b 9)

Avcilik sonucunda elde edilen veriler PASGEAR 11
version 2.6 (Kolding ve Skélevik, 2020) bilgisayar
programt  kullanilarak  degerlendirmeler  yapilmistir.
Program SELECT metot ile bes farkli modele (Normal
location, normal scale, log-normal, gamma ve bi-modal)
ait parametreleri hesaplamaktadir. Bu parametreler iginde
en diisiik model sapma degerini veren model en iyi model
olarak secilmektedir. Secicilik egrileri bu modelin
parametrelerine  gére excel programi  kullanilarak
¢izdirilmistir. SELECT metoda ait model denklemleri
asagida verilmistir.

Normal Location:

o (I—km,)*
P\~ 262
(10)
Normal Scale:
I —k.m.
G
2kZ.m?
(11)

Log-Normal:
m; .,
m o (log(l)—ﬂ—log(mj)
m T 257
(12)
Gamma:
a-1
; exp a_l_l_
(a=1).km, k.m; 13)
Bi-modal:
| -k .m. 2 1-k,.m
exp( k21 ;) +C.exp —( > 2)
2k, .m; 2k, .m;
(14)

Uzatma aglarinda segicilik egrileri genel olarak
baliklarin ~ boy  degerlerine  karsihik  yakalanma
olasiliklarinin dagilimlart hakkinda bilgi sahibi olmamizi
saglar. Bu egriler, sifirdan maksimuma c¢ikan sonrasinda
da tekrar sifira inen normal dagilim seklindedirler
(Hamley, 1975). Uzatma aglarinda segiciligi etkileyen
parametrelere bagli olarak bu sekiller genlik ve yayilim
bakimindan farklilik gosterebilirler. Bu calismada aym
tire ait segicilik egrileri Holt ve SELECT y0Ontemleriyle
olusturulmustur ve sonrasinda Origin 2019b programiyla
bu egrilerin altinda kalan alanlar (olasilik x cm biriminde)
hesaplanmistir. Segicilik egrilerinin altinda kalan alanlar
(SEA) degerleri sekiller iizerinde Area ifadesiyle
gosterilmistir.

Segicilik aralig1 degeri, ¢an egrisi ya da normal dagilim
grafiklerinin genislikleri hakkinda bilgi sahibi olmamiz1
saglayan bir parametredir. Normal dagilim grafiginin %50
degerine karsilik gelen ¢ikis ve inis kolundaki iki nokta
arasindaki uzaklig1 ifade etmektedir. Diger bir ifade ile
secicilik araligi, secicilik egrisinde yakalanma olasilig1
%50 olan en kisa boy degerinden baslayarak maksimum
boy degerini izleyen ve son olarak yakalanma olasilig1
%50 olan en uzun boy degerini kapsayan araligi
tamimlamaktadir. Bu ¢alismada her bir segicilik analiz
yonteminin secicilik araligi belirlenerek yontem farkindan
kaynaklanabilecek boy aralig1 degerlerinin karsilagtirilmasi
yapilmustir.

Bulgular

Calisma periyodu sonucunda voli ydntemiyle 3701
adet kupes ve 995 adet melanur baligi yakalanmustir.
Avcilik sonucunda yakalanan kupes ve melanur tiirlerinin
boy ve agirlik degerleri olglilmiistiir. Avlanilan kupes
baliklar1 i¢in minimum ve maksimum boylar sirasiyla 15,4
cm ve 29,9 cm, minimum ve maksimum agirliklar ise
sirastyla 44 g ve 292 g’dir. Avlanilan melanur baliklarinin
maksimum ve minimum boylari sirasiyla 27,5 cm ve 13,2
cm olup maksimum ve minimum agirliklar ise 303 g ve
8,1 g’dir (Tablo 1).
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Tablo 1°de kupes ve melanur baliklari i¢in verilen boy- Avlanilan iki tiirtin farkli géz genisliginde yakalanma
frekans dagilimlart (N) incelendiginde tim ag goz adetleri incelendiginde, kupes baliklari i¢in en fazla miktar
genislikleri i¢in kupes baliklarnin melanur baliklarina 22 mm g6z genisliginde, melanur baliklart igin ise 25 mm
gore yakalanma miktarlar1 daha ytiksektir. 206z genisliginde elde edilmistir (Tablo 1).

Tablo 1. Denemeler sonucunda yakalanan kupes ve melanur baliklarimin farkli goz genisliklerine gore adet biriminde
frekans degerleri (N), maksimum, minimum ve ortalama boy ve agirlik degerleri

Ag Go? N Maksimum  Minimum BoSr(tceBZ:td. I\/Ijnimum szlksimum igill?lini
Genisligi Boy (cm) Boy (cm) Hata Agirhik (g)  Agurlik (g) Std. Hata
20 mm 826 29,9 15,7 19,4+0,2 60 167 89,3+0,3
%’ 22mm 1192 29,5 15,4 21,1140,2 44 195 110,7620,3
X 23mm 1073 29,7 16,3 21,41£0,2 46 292 116,29+0,3
25 mm 610 29 16,2 21,71+£0,2 47 277 121,93+0,3
_ 20 mm 59 23,8 13,2 19,047+0,3 27 170 95,068+0,4
(_gu 22 mm 172 27,5 14,5 19,811+0,2 42 264 101,145+0,3
% 23 mm 280 27,5 13,5 20,381+0,2 9,5 264 111,989+0,3
25 mm 484 27,4 15,8 20,548+0,2 8,1 303 114,478+0,4
250 20 mm 1 23 mm
250
] 200 —
Tdllll ]
1 N=826 ]
o D e 21 gzgﬁ U S 0 'T‘H ; A= e

T T
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Toplam Boy (cm)

Toplam Boy (cm)

300 o 22 mm 25mm
160

250 ] 140
200+ ™ 120 4
100 4 —

80

Frekans (Adet)
o
=
1

=]
[=]
!
Frekans (Adet)

60

50 H 40 4
0 ﬂ N=1192 00
0 R e e e e e e L e e N=610
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 0 N e
T T T T T T T T T T 1

\
Toplam Boy (cm) 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Toplam Boy (cm)

Sekil 2. Kupes baliklarinin farkli ag goz genisliklerine gore frekans-toplam boy dagilimlari
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Sekil 3. Melanur baliklarinin farkl ag goz genisliklerine gore frekans-toplam boy dagilimlar

Holt yontemi Kkullanilarak hesaplanan aglarin
secicilik parametreleri

Calisma sonucunda avlanilan kupes ve melanur igin
Holt yontemiyle yapilan segicilik analizi sonucunda elde
edilen parametreler Tablo 2 ve Tablo 3’te verilmistir. 20
mm, 22 mm, 23 mm ve 25 mm ag goz genislikleri i¢in
ortak hesaplamalar kupes ve melanur baliklar1 igin
yapilmustir.

Holt yontemiyle yapilan segicilik analizleri sonucunda
kupes baliklar1 igin optimum yakalama boylar1 her ag goz
genigligine gore sirasiyla 20,50 cm, 22,55 cm, 23,57 cm ve
25,62 cm olarak hesaplanmistir (Tablo 3). Melanur
baliklar1 igin ise her ag gdz genisligine gore optimum
yakalama boylar1 sirastyla 9,65 cm, 10,61 cm, 11,09 cm ve
12,06 cm’dir (Tablo 3). Kupes ve melanur baliklarinin
Holt yontemiyle hesaplanan segicilik egrileri sirastyla
Sekil 5’te gosterildigi gibidir.

Tablo 2. Kupes ve melanur baliklarinin 20 mm-22mm-23mm ve 25 mm ag gbz genisligine sahip ag ¢iftleri i¢in hesaplanan

regresyon katsayilar1 ve secicilik parametreleri

Tiir Ci C a b r Lcs Lc2 SF SD
Kupes 20 22 -12,889 0,6477 0,8101 18,95 20,85 9,48 1,71
23 25 -3,8785 0,1491  0,1842 2493 27,10 10,84 3,81
Melanur 20 22 -0,7673 0,0784  0,0732 9,32 10,25 4,66 3,45
23 25 -0,7921 0,0667  0,3921 11,38 12,37 4,95 3,85
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Tablo 3. Kupes ve melanur baliklarinin ortak segicilik faktorii, ortak standart sapma ve optimum yakalama boylar1

Tiir SF SD L2o L2z La23 La2s
Kupes 10,25 2,96 20,50 2255 2357 25,62
Melanur 4,82 3,66 9,65 10,61 11,09 12,06
Kupes (Boops boops) Melanur (Oblada melanura)
1.0 —20 mm
——%0mm 1.0 4 . - = 22 mm
- - gg mm ' X'.'_.\‘ - Sg mm
- 23mm . —-—25 mm)|
z 0.8 —-=25mm _ 08 | \
5 5
g 0.6 E 064
% 0.4 E
2 0.4+ ;_s 0.4
0.2 4 024
¢ N X
00 T 7 T T T e 00 T T T T = T
10 15 20 25 30 35 0 5 10 15 20 25

Toplam Boy (cm)

Toplam Boy (cm)

Sekil 4. Kupes ve melanur baliklarinin farkli ag g6z genisligindeki uzatma aglarmin Holt yontemiyle hesaplanan secicilik

egrileri
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Sekil 5. Kupes ve melanur baliklarinin tiim ag goz genigligindeki uzatma aglarimin SELECT yontemiyle hesaplanan

secicilik egrileri

b. SELECT yoéntemi kullamlarak hesaplanan
aglarin secicilik parametreleri

Kupes ve melanur baliklar1 i¢in 20 mm, 22 mm, 23 mm
ve 25 mm ag goz genisliklerindeki secicilik parametreleri
SELECT yontemiyle hesaplanmistir (Tablo 4). Segicilik
parametreleri en diisiik sapma degerini veren model ile
hesaplanmistir. Kupes baliklar1 i¢in en diisiikk sapma
degerini veren model Gamma, melanur baliklar1 i¢in ise en

diisik sapma degerini veren model Log-normal olarak
belirlenmistir (Tablo 4).

Secicilik analizleri sonucunda 20 mm, 22 mm, 23 mm
ve 25 mm ag goz genisliklerinde avlanilan kupes
baliklarinin optimum yakalama boylar1 sirastyla 19,89 cm,
21,88 cm, 22,87 cm, 24,86 cm ve melanur baliklari icin
sirastyla 13,55 cm, 14,91 cm, 15,58 cm, 16,94 cm olarak
hesaplanmigtir (Tablo 5)
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Tablo 4. Kupes ve melanur baliklarinin SELECT yo6ntemi kullanilarak yapilan analizler sonucunda her iki yontem igin
hesaplanan model parametreleri

Tiir Model Parametre Sapma Degeri p-value Diﬁerfee;t(lciil_(f,)
'Ii‘orm?" (k;5)=(9,899;2,450) 342,58 0,0001 48
ocation
2 Normal Scale (k1;k2)=(9,992;1,061) 289,565 0,0001 48
(o
2 Log-normal (11;6)=(2,996;0,109) 293,146 0,0001 48
Gamma (k;0)=(0,0116;86,722) 288,268 0,0001 48
Bi-modal Hesaplanamadi Hesaplanamadi Hesaplanamadi ~ Hesaplanamadi
'Ii'ormf"" (k:5)=(6,377:3,303) 64,824 0,0644 49
ocation
é Normal Scale (k1;k2)=(4,495;2,263) 60,875 0,1189 49
é Log normal (11;0)=(2,641;0,186) 55,515 0,2427 49
Gamma (k;0)=(0,0329;20,286) 57,865 0,1806 49
Bi-modal Hesaplanamadi Hesaplanamadi Hesaplanamadi ~ Hesaplanamadi

Tablo 5. Kupes ve melanur baliklarinin SELECT yontemi kullanilarak hesaplanan optimum boy ve yayilim degerleri

Tiir Ag Goz Genisligi Optimum Boy (cm) Yayilim (cm) Secicilik Modeli
20 mm 19,89 2.15
Kupes 22 mm 21,88 2.36
Gamma
23 mm 22,87 247
25 mm 24,86 2.69
20 mm 13,55 2.68
Melanur 22 mm 14,91 2.95 Log normal
23 mm 15,58 3,08
25 mm 16,94 3,35

Holt ve SELECT hesaplanan secicilik analizlerinin optimum yakalama boylar1 (OYB) kiyaslanmistir. Kupes
karsilastirilmasi baliklarinin ~ farkli  segicilik  analiz ~ yontemleriyle
hesaplanan segicilik analiz sonuglar1 arasinda farklar
birbirine ¢ok yakin degerler iken melanur baliklarinda
secicilik analiz yontemine bagli olarak secicilik analiz
sonuglart arasinda belirgin farkliliklar oldugu goriilmiistiir.
Bunun nedeni olarak kupes baliklarinin daha fusiform
yapida iken melanur baliklarinin yassi viicut yapisina sahip
olmas1 yorumlanmistur.

Bu c¢alisma sonucunda kupes ve melanur baliklarinin
farkli ag g6z genisliklerine goére farkli yontemler
sonucunda elde edilen SEA ve egrilerin normal dagilim
grafiginin %50 degerine karsilik gelen ¢ikis ve inisg
kolundaki iki nokta arasindaki uzaklik degerleri (segicilik
aralig1) hesaplanmistir ve analizler sonucunda elde edilen
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Tablo 6. Bu ¢alisma sonucunda kupez baliklarinin farkli ag g6z genisliklerine gore farkli yontemler sonucunda elde edilen
secicilik egrilerinin altinda kalan alan (SEA), egrilerin normal dagilim grafiginin %50 degerine karsilik gelen ¢ikis
ve inis kolundaki iki nokta arasindaki uzaklik degerleri (segicilik araligi) degerleri ve optimum yakalama boylari

Yakalanma Oram

Yakalanma Orani

Sekil 6.

(OYB).
20 mm 22 mm 23 mm 25 mm
Tiir Parametre
Holt SELECT Holt SELECT Holt SELECT Holt SELECT
SEA 7,401 5,385 7,402 5,922 7,401 6,192 7,400 6,732
(%]
[<5)
é_ Secicilik Arahg1 7,031 5,099 7,023 5,584 7,019 5,829 7,012 6,356
oYB 20,50 19,89 22,55 21,88 23,57 22,87 25,92 24,86
SEA 9,056 6,411 9,100 7,031 9,123 7,361 9,110 8,010
p -
S
% Secicilik Arahg 8,646 6,066 8,652 6,603 8,631 6,957 8,631 7,494
=
oYB 9,65 13,55 10,61 14,91 11,09 15,58 12,06 16,94
20 mm 23 mm
1.0+
1.0 4
0.8 0.8
g
0.6 - © 0.6+
g
=
0.4 '3": 0.4
-
—— Holt
24 Holt
Sl 7 S W SELECT 0.2 SELECT
0.0
T T T T T T 1 0.0 T T T \T' - T
5 10 15 20 25 a0 s 40 10 15 20 25 a0 a5
Total Boy (cm) Total Boy (cm)
22 mm 25 mm
1.0 4 . 1.0 4
08+ 0.8
g
06+ © 05
£
Lu
04 § 0.4
024 0.2
0.0 T i i T 0.0 T T

T T
15 20 25
Total Boy (cm)

30

35

15

T
25

Total Boy (cm)

Kupes baliklarinin Holt ve SELECT yontemiyle hesaplanan se¢icilik egrilerinin farkli a§ g6z genisliklerine gore
karsilastiriimasi.
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Sekil 7. Melanur baliklarinin Holt ve SELECT yontemiyle hesaplanan secicilik egrilerinin farkli ag g6z genisliklerine gore

karsilagtirilmasi

Tartisma ve Sonuc¢

Bu ¢alisgmada 20 mm, 22 mm, 23 mm ve 25 mm ag g6z
genisligine sahip uzatma aglariyla voli  ydntemi
uygulanarak kupes ve melanur baliklarmin segicilik analiz
¢aligmalart yapilmigtir. Analizler sonucunda her bir balik
tirti icin hesaplanan optimum yakalama boylar1 (OYB),
SEA ve egrilerin normal dagilim grafiginin %50 degerine
karsilik gelen ¢ikis ve inig kolundaki iki nokta arasindaki
uzaklik degerleri (Segicilik araligr) Holt ve SELECT
yontemleriyle hesaplanarak farkliliklar incelenmistir.
Fusiform viicut yapisina sahip olan kupes baliklarinda
secicilik parametrelerinde (optimum yakalama boyu ve
secicilik araligt gibi) segicilik analiz ydnteminden
kaynaklanabilecek farklar kabul edilebilir seviyede
olmasma ragmen viicut sekli yasst olan melanur
baliklarinda secicilik analiz yontemi degistiginde segicilik
parametreleri arasinda 6nemli farkliliklar belirlenmistir.

Calisma sonucunda ag g6z genisliklerine gore frekans
(adet) sayilar1 dikkate alindiginda (Tablo 1) kupes baliklari

icin en yiiksek frekans degeri 22 mm’de olup melanur
baliklar1 i¢in en yiiksek frekans degeri 25 mm’de elde
edilmistir. Tablo 1°de goriildiigi gibi baliklarin morfolojik
ozellikleri ag goz genisligine goére yakalanma sayisim
onemli Ol¢iide etkilemektedir. Yakalanan melanur
baliklarinin sayilar1 20 mm goz genisliginde 59 adet ile en
diisilk deger olup en yiiksek deger ise 25 mm’de 484
adettir. Kupes baliklarinin yakalanma sayilar1 ise 20 mm
g0z genisliginde 826 adet ile en diisik degerde olup 22
mm goz genisliginde 1192 adet ile en yiliksek degerdedir.
Kupes baliklarinin 23 mm ve 25 mm goz genisligindeki
yakalanma sayilari ise azalarak elde edilmistir.

Kupes baliklarinin literatiirde yer alan bazi segicilik
analiz ¢aligmalar1 bu ¢aligma ile karsilastirilmistir. Ayaz ve
Altinagag¢ (2020) tarafindan yapilan ¢alismada 20 mm, 22
mm, 23 mm ve 25 mm ag goz genisliklerinde SELECT
yontemi sonucunda hesaplanan optimum yakalama boylari
sirastyla 19,13 cm, 21,04 cm, 22 cm ve 23,91 cm’dir. Ayaz
vd. (2009) tarafindan yapilan ¢aligmada ise SELECT
yontemi ile segicilik hesaplamalar1 yapilmis ve optimum
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yakalama boylart 22 mm, 23 mm ve 24 mm goz
genigligindeki uzatma aglari i¢in sirastyla 21,55 cm, 22,52
cm ve 24,48 cm olarak belirlenmistir. Ayaz vd. (2011) 22
mm, 23 mm ve 25 mm gbdz genisligindeki uzatma
aglarinda optimum yakalama boylar1 sirasiyla 20,70 cm,
21,30 cm ve 21,82 cm olarak hesaplanmistir. Bu ¢aligmada
ise 20, 22, 23 ve 25 mm ag g6z genisligi i¢in Holt
yontemiyle sirasiyla 20,50, 22,55, 23,57 ve 25,62 cm
olarak hesaplanmistir (Tablo 3). SELECT yontemiyle
hesaplanan optimum yakalama boylar1 ise ag goz
genisliklerine gore sirastyla 19,89, 21,88, 22,87 ve 24,86
cm olarak hesaplanmistir (Tablo 5). Holt yontemi, veri
giriglerinin ve hesaplamalarinin  kullanict  tarafindan
yapildigi bir yontemdir. SELECT yontemi ise tamamen
program tabanli ¢alisan bir yontemdir. Bu nedenle kupes
baliklarmin optimum yakalama boylarinda Holt ve
SELECT yontemine gore farkli degerler elde edilmesi
beklenen bir sonugtur. Yontem farkindan kaynaklanan
farkli optimum yakalama boylar1 degerleri melanur
baliklarinin avciliginda da belirlenmistir.

Melanur baliklarinin uzatma aglartyla yapilan segicilik
caligmalarinda Subakan vd. (2017) tarafindan SELECT
yontemiyle 20, 22, 23 ve 25 mm ag gbz genisligi icin
optimum yakalama boylar1 sirastyla 15,3, 16,83, 17,59 ve
19,12 cm olarak hesaplanmistir. Bu ¢alismada ise 20, 22,
23 ve 25 mm ag goz genislikleri i¢cin Holt yontemiyle
hesaplanan optimum yakalama boylar1 sirasiyla 9,65,
10,61, 11,09 ve 12,06 cm’dir (Tablo 3). SELECT
yontemiyle hesaplanan optimum yakalama boylari ise ag
g6z genisliklerine gore sirasiyla 13,55, 14,91, 15,58 ve
16,94 cm olarak hesaplanmistir (Tablo 5).

Bu g¢alismada kupes ve melanur baliklart igin
hesaplanan optimum yakalama boylar1 ile literatiir
degerleri arasinda farkliliklar  goériilmektedir. Bunun
nedeni, teknik (ag goz genislikleri, donam faktorii, agin
esnekligi, kalinligi, vb.) ve biyolojik (baliklarin viicut
sekli, davranigi, beslenme periyodu, vb.) farkliliklar ile
avlanma boélgelerinin ve mevsimlerinin farkliliklarindan
kaynaklanabilecegi  sonucuna  varilmistir.  Ozellikle
melanur baliginin kupes baligindan farkli viicut sekline
sahip olmasi ve literatiirde segiciligi ile ilgili yeterli sayida
calisma olmamasi nedeniyle ilerleyen donemlerde bu balik
tiirli i¢in daha fazla ¢alisma yapilmasi 6nerilmektedir

Bu ¢aligma sonucunda farkli yontemler ile olusturulan
secicilik egrilerinin SEA ve degerleri dikkate alindiginda,
tim ag goz genisliklerinde kupes ve melanur baliklar i¢in
Holt yontemi ile hesaplanan segicilik egrilerinin SELECT
yontemi ile hesaplanan segicilik egrilerinden daha yiiksek
degerlere sahiptir (Tablo 6). OYB karsilastirildiginda ise
kupes baliklar1 i¢cin Holt yontemi, melanur baliklari i¢in ise
SELECT yo6ntemi sonucunda hesaplanan degerlerin diger
yonteme kiyasla daha biiyiik olduklar1 belirlenmistir (Sekil
6).

Kupes baliklarinin 20, 22, 23 ve 25 mm ag goz
genisliginde  segicilik  egrilerinin  SEA  degerleri
incelendiginde, Holt yontemi ile hesaplanan segicilik
egrisinin SELECT yontemi ile hesaplanan segicilik
egrisinden sirastyla %37, %25, %20, %10 daha biiylik

oldugu hesaplanmistir (Tablo 6 ve Sekil 6). Secicilik
aralig1 degerleri dikkate alindiginda ise kupes baliklarinin
tim ag gbéz genislikleri i¢in hesaplanan secicilik
egrilerinde Holt ydntemi ile hesaplanan segicilik
egrilerinin degerleri SELECT yontemi ile hesaplanan
secicilik egrilerine kiyasla sirasiyla %38, %26, %20 ve
%10 daha biiyiiktiir (Tablo 6 ve Sekil 6). Diger bir ifade ile
kupes baliklart i¢in aym1 boydaki bir baligin yakalanma
olasiligt Holt ve SELECT yontemine gore farklilik
gostermektedir. Holt yontemi SELECT yOntemine kiyasla
daha genis toplam boy grubunun yakalanma olasili1
oldugunu hatta bazi boy degerlerinin SELECT yontemine
gore yakalanma olasilifi yok iken Holt yontemine gore
yakalanma olasiligr oldugu sonucu elde edilmistir (Sekil
6). OYB dikkate alindiginda ise 20, 22 ve 23 mm ag g6z
genisliklerinde Holt yontemi ile hesaplanan degerler
SELECT yontemi ile hesaplanan degerlerden %3 daha
uzun, 25 mm ag goz genisliginde ise %4 daha uzundur
(Tablo 6).

Melanur baliklar1 i¢in 20, 22, 23 ve 25 mm ag goz
genisliklerinde hesaplanan segicilik egrilerinin  SEA
degerleri incelendiginde, Holt yontemi ile hesaplanan
secicilik egrisinin SELECT yontemi ile hesaplanan
secicilik egrisinden sirasiyla %41, %29, %24, %14 daha
biliyilk oldugu hesaplanmistir (Tablo 6 ve Sekil 7).
Secicilik araligi degerleri dikkate alindiginda ise melanur
baliklarinin tim ag g6z genislikleri i¢in hesaplanan
secicilik egrilerinde Holt yontemi ile hesaplanan degerler
SELECT yontemi ile hesaplanan degerlerden sirasiyla
%43, %31, %24 ve %15 daha biiyiiktiir (Tablo 6 ve Sekil
7). Holt yontemi ile hesaplanan segicilik egrileri, SELECT
yontemi ile hesaplanan secicilik egrilerine gore daha
biiyilik ve genistir. Diger bir ifade ile melanur baliklari i¢in
ayni boydaki bir baligin yakalanma olasiligt Holt ve
SELECT yontemine gore farklilik gostermektedir. Holt
yontemi SELECT yontemine kiyasla daha genis toplam
boy grubunun yakalanma olasiligi oldugunu hatta bazi boy
degerlerinin SELECT ydntemine gore yakalanma olasilig:
yok iken Holt yontemine gore yakalanma olasiligi oldugu
sonucu elde edilmistir (Sekil 7). Sekil 7°de de gorildigi
tizere iki farkli yontem ile hesaplanan optimum yakalama
boylar1 belirgin sekilde birbirlerinden farklidirlar. Tiim ag
g6z genisliklerinde SELECT yontemi ile hesaplanan
degerlerden OYB degerleri, Holt yontemi ile hesaplanan
OYB degerlerinden %40 daha uzundur. Bu farkin nedeni
olarak melanur baliklarinin morfolojik 6zelliklerinin kupes
baliklarindan daha farkli olmasindan kaynaklandigi
disiiniilmektedir.

Secicilik g¢aligmalarinin temel amagclarindan Dbirisi
baliklarin ilk iireme boylar1 ile optimum yakalama
boylarinin karsilagtirilmasiyla, stoklarin korunmasi igin
hazirlanan yasal diizenlemelere katki sunmaktir. Kupes
baliginin ilk tireme boyu Cengiz (2022) tarafindan yapilan
calismada 16,6 cm, Soykan vd. (2015) tarafindan yapilan
calismada disi bireylerde 12,9 cm, erkek bireylerde ise 9,3
cm, Amira vd. (2019) tarafindan yapilan g¢alismada ise
14,7 cm olarak belirlenmistir. Bu c¢alismada kupes
baliginin en kisa optimum yakalama boyu 20 mm ag goz
genisliginde Holt yontemiyle 20,50 cm, SELECT
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yontemiyle ise 19,89 cm olarak hesaplanmistir.
Literatiirdeki ilk iireme boylarina kiyasla daha biiylik
yakalama boyunun elde edilmesi nedeniyle 20 mm g6z
genigligindeki  avciligin  stoga  olumsuz  etkisinin
olmayacagi yorumlanmistir. Melanur baliklart igin ilk
tireme boyu ¢alismast Daban vd. (2020) tarafindan
gergeklestirilmigtir.  S6z  konusu ¢alisma  sonucunda
melanur baliklarinin ilk ireme boyu disi bireylerde 18,83
cm, erkek bireylerde ise 18,97 cm olarak belirlenmistir.
Tablo 6°da gortildiigi gibi 20 mm, 22 mm, 23 mm ve 25
mm ag goz genisliklerinde Holt ve SELECT yontemiyle
belirlenen optimum yakalama boylart ilk iireme
boylarindan o6nemli Olclide kiiciik kalmaktadir. Daha
detayli incelendiginde ise bu ¢aligma sonucunda yakalanan
en kiiglik melanur baligr 20 mm ag goz genisliginde Holt
yontemiyle 9,65 cm, SELECT yonteminde ise 13,55 cm
olarak hesaplanmistir ancak Tablo 6’da da goriildiigi gibi
22 mm ag goz genisliginde yakalanan melanur baliklarinin
Holt yontemiyle hesaplanan optimum yakalama boyu
10,61 cm olarak belirlenmistir. Melanur baliklarinda tiim
ag g6z genisliklerinde Holt yodntemiyle hesaplanan
optimum yakalama boylar1 SELECT yontemine kiyasla
%41°e varan daha kisa boylar hesaplanmistir. Dolayisiyla
ilk iireme boyu ile birlikte degerlendirme yapildiginda,
ozellikle melanur baliklar gibi yass1 viicut yapisina sahip
baliklarda segicilik analiz yonteminin farkli olmasi ilk
tireme boyu ile kiyaslama yapilarak mevcut aveiligin stok
tizerine etkilerinin yorumlanmasint zorlastirabilmektir.
Baliklar ekosistem igerisinde yasamaktadirlar, bu nedenle
bir tiirlin stok durumunda gelisen olumsuzluklar o tiir ile
etkilesim halinde olan diger tiirleri de etkileyerek
ekosistem icerisinde genel bir olumsuzluga neden olabilir.
Sucul ekosistemin korunmasi amaciyla secicilik analiz
caligmalart gelistirilerek ozellikle yontem farkindan olan
farkliliklar belirlenerek ilk tireme boylart ile kiyaslama
yapilarak aragtirma yapilmasi ilerleyen c¢aligmalar icin
onerilmektedir.

Literatiir ¢alismalarinda yogun olarak tek bir segicilik
analiz yontemi tercih edilerek ilgili parametreler
belirlenmektedir. Bu c¢alisma sonucunda farkli segicilik
analiz yontemlerinin OYB degerlerinde ve total boylarin
yakalanma olasiliklarinda  farkliliklara yol agacagi
belirlenmistir. Mevcut farkliliklarin bir nedeni; Holt
yonteminin manuel (Avlanma verilerinin  kullanici
tarafindan elle girildigi ve segicilik parametrelerinin
hesaplanmasi siirecinde sagilmaya neden olabilecek
verilerin kullanic1 tarafindan silinebildigi) bir ydntem,
SELECT yonteminin ise program tabanhdir (Segicilik
parametreleri  program  tarafindan  hesaplanir  ve
kullanicinin  iglemlere miidahale etmesi s6z konusu
degildir). Diger bir neden ise baliklarin viicut sekilleri ile
ilgili olabilir. Bu calisma ile goriilmektedir ki ozellikle
melanur gibi viicut sekli yassi olan baliklarin secicilik
analiz sonuglar1 yonteme gore degisebilmektedir. Avlanma
bolgesi, avcilik yontemi, aglarin teknik ozellikleri gibi
secicilik analizlerine etki edebilecek parametrelerin aym
olmasi saglanarak bu ¢alismaya benzer c¢aligmalarin
arttirilmasinin secicilik analiz yontemlerinden
kaynaklanacak farklarin, &zellikle yassi viicut yapisina
sahip olan baliklarda belirlenmesinin tiirlerin stok ve
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Key words: Abstract: This study investigates the unusual muscle scars observed in some specimens of
o Pododesmus patelliformis (Linnaeus, 1761). Materials were collected between 1964 and 1977 from 18

i'valY'_z stations across the Sea of Marmara and the Aegean Sea. In only 49 out of the 85 specimens examined
nomiidae

(57,7%), the muscle scars were distinctly separated from each other as described in the general
literature. Thirty-six specimens (42,3%) exhibited muscle scars that differed from the known pattern.
These atypical muscle scar types were categorized into five types, explained, photographed, and
illustrated in this study.

Pododesmus patelliformis

Anahtar kelimeler: . .
namtar kelimeter Pododesmus patelliformis (Linnaeus, 1761) [Bivalvia: Anomiidae]’in Sol

Bivalvia Kapaginin Kas izlerinde Gériilen Varyasyonlar
Anomiidae

Pododesmus patelliformis Oz: Bu galigma Pododesmus patelliformis (Linnaeus, 1761)'in baz1 6rneklerinde gézlenen sira dis1 kas

izlerini ele almaktadir. Materyaller 1964-1977 yillari arasinda Marmara Denizi ve Ege Denizi'ndeki 18
istasyondan elde edilmistir. Incelenen 85 &megin sadece 49'unda (%57,7) kas izleri literatiirde
belirtildigi gibi belirgin bir sekilde birbirinden ayrilmistir. Otuz alt1 5rnekte (%42,3) bilinen modelden
farkli kas yara izleri vardi. Bu farkli kas yara izi tipleri bu ¢aligma ile bes smnifa ayrilmis, agiklanmus,
fotograflanmis ve sekli ¢izilerek gosterilmistir.

Introduction

Cox et al. (1969) described Anomiidae as follows:
“Shells irregular in outline, mostly sessile, slightly to
markedly inequivalve. Byssus present in young stages, later
modified in most to become pluglike, horny, passing
through embayment or foramen in lower valve (normally
RV). Adductor muscle scar subcentral, with one or more
pedal and byssal retractor muscle scars above it, best seen
on LV, opposite to foramen.”. Members of the family
Anomiidae inhabitate hard substrates, by attaching
themselves with a calcified byssus passing inside of the left
valve through a hole, called as foramen or byssal aperture,
in the right valve. This family can be readily identified by
semi-transparent lower (right) valve with a foramen.
However, species level identification is challenging due to
the valves often mimicking the shape of the hard substrate
on which they reside. The shape and number of muscle scars
in the upper (left) valve are the primary diagnostic features

*Corresponding author: serhatal@istanbul.edu.tr

used in species identification within the family (Poppe &
Goto, 1993; Tebble, 1966).

The Anomiidae family is represented by five species
[Anomia ephippium Linnaeus, 1758, Isomonia alberti
(Dautzenberg & H. Fischer, 1897), Heteranomia squamula
(Linnaeus, 1758), Pododesmus patelliformis (Linnaeus,
1761) and Pododesmus squama (Gmelin, 1791)] in the
European Marine Mollusca (MolluscaBase eds., 2024). A.
ephippium, H. squamula, P. patelliformis and P. squama are
found in the Mediterranean basin and Atlantic coasts of
European countries, whereas |. alberti is restricted to the
North Atlantic coasts of Europe (WoRMS eds., 2024). In
the seas surrounding Tirkiye, A. ephippium and P.
patelliformis are distributed along the coasts of Black,
Marmara, Aegean and Levantine Seas. Conversely, H.
squamula and P. squama are known only from Marmara
and Aegean coasts, and | . alberti has not been reported from
Turkish seas (Albayrak, 2011; Uysal et al., 2008).
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Anomia ephippium is distinguished from other species
by having three muscle scars. The other four species each
exhibit two muscle scars within the left valves. P.
patelliformis and P. squama are separated from other
species in the family by having byssal and adductor muscle
scars which feature radiating furrows (Fig. 1). In P.
patelliformis, the two muscle scars are clearly separated and
distinct, whereas in P. squama they merge to form one
continuous scar (Poppe & Goto, 1993; Tebble, 1966).
Moreover, the external sculpture of left valve in P.
patelliformis displays approximately thirty radiating ribs, as
opposed to the very fine and numerous striae found in P.

squama (Bucquoy et al., 1887-1898; Forbes & Hanley,
1853; Tebble, 1966).

In 2010, emeritus Prof.Dr. Muzaffer Demir brought to
our attention the unusual muscle scars in P. patelliformis
specimens obtained from the Sea of Marmara and the
Aegean Sea. These variations did not align with the existing
literature. The significance of the subject inspired us to
prepare this article even though it comes years after his
passing. This study aims to present the different muscle scar
patterns observed in P. patelliformis.

Figure 1. Muscle scars in the Anomiidae family after Tebble (1966). A) Anomia ephippium, B) Pododesmus patelliformis,

C) Pododesmus squama, D) Heteranomia squamula

Material and Methods

The material for this study was collected between 1964
and 1977 from 18 stations, 10 in the Sea of Marmara and 8
in the Aegean Sea by trawlers (Fig. 2, Tab. 1).

A total of 85 P. patelliformis individuals, 62 from the
Sea of Marmara and 23 from the Aegean Sea, were selected.
Photographs were taken with a digital camera connected to

a stereomicroscope and later illustrations were also carried
out. After being examined and photographed in the
laboratory, all the samples were taken back by Prof. Demir.
Unfortunately, the materials could not be found by his
family after his passing. Thus, the materials examined in the
present study are not part of the Hydrobiology Collection of
Department of Biology, Faculty of Science, the University
of Istanbul.
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Table 1. Locations and depths of sampling stations

Station Location Depth (m)
1 Tuzla 30
2 Kinaliada 30
3 Kigiikgekmece 25
4 Ambarli 40
5 M. Ereglisi 25
6 Imrali 20
7 Bandirma 35
8 Erdek 55
9 Sarkoy 80
10 Canakkale 20
11 Kabatepe 70
12 Gokgeada 15
13 Bozcaada 45
14 Altmoluk 35
15 Behramkale 65
16 Foca 30
17 Cesme 45
18 Bodrum 30

BLACK SEA N

41°N

39°N

37°N

Ocean Data View

26°E 28°E 30°E 32°E 34°E

Figure 2. Sampling stations in the coasts of Marmara and Aegean Seas in Tiirkiye
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Results

Although muscle scars are widely used as a primary
character for species identification in the Anomiidae family,
here we used exterior sculpture of the left valve to
distinguish P. patelliformis from P. squama, both of which
differ from other species in the family by having muscle
scars with radiating furrows, as some variations in the
muscle scar were observed in P. patelliformis. Based on
definitions by Forbes & Hanley (1853) and Tebble (1966),
individuals with approximately thirty radial ribs on the
exterior surface of the left valve were identified as P.
patelliformis (Fig. 3a), while individuals with very fine and
numerous striae were identified as P. squama (Fig. 3b).

Six different muscle scar patterns were observed in P.
patelliformis individuals, one of which was consistent with
the literature.

Type I: Muscle scars were contiguous across their width
(Fig. 4) in 19 (22,4 %) out of 85 individuals from Stations
1,2,3,5,6,8,9, 10, 11, 16 and 18. These individuals were
found at depths of 20, 25, 30, 55, 70 and 80 meters.

Type 11: Muscle scars were adjacent to each other with
a wide and short cervix (Fig. 5) in 6 individuals (7 %) from

a
Figure 3. Exterior surfaces of a) Pododesmus patelliformis, b) Pododesmus squama

Stations 2, 6, 7, 11 and 18. This type of muscle scar is
somewhat similar to P. squama, however, they are joined
together to form one continuous scar in P. squama. These
individuals were found at depths of 20, 30, 35 and 70
meters.

Type I1I: Muscle scars were connected by a narrow and
short cervix (Fig. 6) in 5 individuals (5,9 %) from Stations
7 and 13. These individuals were found at depths of 35 and
45 meters.

Type IV: Muscle scars were connected by a thin and
long cervix (Fig. 7) in 3 individuals (3,5 %) from Stations 8
and 12. These individuals were found at depths of 15 and 55
meters.

Type V: There was a narrow and long cervix between
muscle scars, but, this cervix did not reach to upper scar
(Fig. 8) in 3 individuals (3,5 %) from Stations 6 and 11.
These individuals were found at depths of 20 and 70 meters.

Type VI: Muscle scars were clearly separated from each
other (Fig. 9) just as described in the general literature in 49
individuals (57,7 %) from Stations 1, 2, 3, 4, 6,7, 8, 9, 12,
14, 15, 17 and 18. These individuals were found at depths
of 15, 20, 25, 30, 35, 40, 45, 55, 65 and 80 meters.

b
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Figure 5. Photograph and illustration of muscle scars belonging to type Il

Figure 6. Photograph and illustration of muscle scars belonging to type 11l
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Figure 7. Photograph and illustration of muscle scars belonging to type IV

Figure 8. Photograph and illustration of muscle scars belonging to type V

Figure 9. Photograph and illustration of muscle scars belonging to type VI
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Discussion

The shape and number of muscle scars in Anomiid
species have either not been mentioned or inadequately
defined in earlier works (Bucquoy et al., 1887-1898; Carus,
1889-1893; Forbes & Hanley, 1853; Locard, 1892). The
byssal and adductor muscle scars of Pododesmus
patelliformis were described in the literature as distinctly
separated from each other which serves as a key descriptive
character (Nordsieck, 1969; Poppe & Goto, 1993; Tebble,
1966). Contrary to this general pattern, Parenzan (1974)
illustrated a muscle scar type with adjacent scars and
HABITAS (online) provided photograph of another type
with connected muscle scars.

This study identifies six different muscle scar patterns
of P. patelliformis. These patterns can be grouped into three
categories: adjacent, connected and separated.

Of the 85 specimens examined, 25 specimens (29,4 %),
corresponding to type | and type Il in this study, had
adjacent muscle scars. Isomonia alberti and Heteranomia
squamula also exhibit adjacent byssal and adductor muscle
scars. However, |. alberti can be easily distinguished from
other Anomiid species by its dorsal margin with auricles
similar to those of Pectinidae family (Cox et al., 1969) and
H. squamula can be distinguished from P. patelliformis by
the absence of radiating furrows on the scars (Tebble, 1966).
Additionally, the diameters of the examined P. patelliformis
specimens exceeded 19 mm while H. squamula reaches
only up to 12,7 mm in diameter (Nordsieck, 1969).

Eight specimens (9,4 %), corresponding to type 11l and
type IV in this study, had connected muscle scars.
Pododesmus squama within the Anomiidae family also has
joined and furrowed muscle scars (Poppe & Goto, 1993;
Tebble, 1966). However, the exterior of left valve of P.
squama is sculptured with very fine and numerous striae
countable only under a microscope whereas P. patelliformis
has approximately thirty radiating ribs countable with the
naked eye (Bucquoy et al., 1887-1898; Forbes & Hanley,
1853; Tebble, 1966). Left valve sculpture proved that all of
the examined 85 specimens belonged to P. patelliformis.

Muscle scars were separated from each other in 52
specimens (61,2 %), corresponding to the type V and type
VI in this study. Although type VI matched the general
literature description, a residue of cervix was present in type
V.

Specimens with type | muscle scars were found in 11
stations at depths of 20-80 m, whereas those with type 11
muscle scars were found in 5 stations at depths of 20-70 m,
type Il in 2 stations at depths of 35-45 m, type IV in 2
stations at depths of 15-55 m, type V in 2 stations at depths
of 20-70 m and type VI in 13 stations at depths of 15-80 m.
As seen, specimens with different types of muscle scars
were not confined to a narrow depth range. Moreover,
specimens with various muscle scar types were found in the
same stations. Station 6 hosted four different types: I, I, V
and VI; Station 11 hosted three different types: I, 11, V;
Stations 2 and 18 hosted three different types: I, Il and VI ;
Station 7 hosted three different types: 11, Il and VI; Station

8 hosted three different types: I, IV and VI; Stations 1, 3 and
9 hosted two different types: | and VI; Station 12 hosted two
different types: IV and VI. These findings indicated that
muscle scars did not vary depending on depth. We were
unable to comment on the effects of other environmental
factors due to the lack of data. However, it is likely that
differential gene expression patterns due to intraspecific
genetic variations and/or epigenetic modifications may have
caused the different types of muscle scars.

In conclusion, the shape of muscle scars did not conform
the literature in about 39 % of the examined specimens. The
study identified different patterns, beginning with adjacent,
continuing with connected by different cervix types and
finally becoming separated. It is advised that other
diagnostic features, in addition to muscle scars, should be
carefully examined when identifying Anomiid species.
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Abstract: This study assessed the chemical composition of wild and culture-adapted golden grey
mullet (Chelon auratus) and flathead grey mullet (Mugil cephalus). Wild samples were collected
seasonally from Trabzon shores and compared to those adapted to aquaculture conditions for one year.
Both species had high levels of glutamate, aspartate, alanine, leucine, and isoleucine. Mugil cephalus
was a high protein source for adults, with a digestible indispensable amino acid score (DIAAS) score
above 100 in both wild and culture forms. However, a DIAAS score exceeding 100 was only detected
in wild Chelon auratus in the winter and spring. Both species had high levels of EPA and DHA, with
Mugil cephalus having the highest lipid quality. Despite seasonal variations, cultured fish maintained
a good nutritional profile similar to wild fish, especially in the autumn and summer.

iki Kefal Tiriiniin (Chelon auratus, Mugil cephalus) Kimyasal
Kompozisyonu: Dogal ve Akuakiiltire Adapte Edilmis Tiirlerin
Karsilastirilmasi

Oz: Bu calismada, dogal ve kiiltiire adapte edilmis altmbas kefal (Chelon auratus) ve has kefal (Mugil
cephalus) tiirlerinin kimyasal bilesimi degerlendirilmistir. Ornekler Trabzon kiyilarindan mevsimsel
olarak avlanmig ve bir yil boyunca yetistiricilik sartlarina adapte edilen bireylerle karsilagtirilmustir.
Her iki tiirde de yiiksek diizeyde glutamat, aspartat, alanin, 16sin ve izolosin tespit edilmistir. Mugil
cephalus, dogal ve kiiltiir formlarinda 100'in {izerinde bir sindirilebilir elzem amino asit skoruna
(DIAAS) sahip yiiksek protein kaynagi olarak belirlenmistir. Ancak, 100'i asan DIAAS skoru sadece
kis ve ilkbaharda dogadan avlanan Chelon auratus'ta tespit edilmistir. Her iki tiirde de yiiksek miktarda
EPA ve DHA tespit edilmis olup Mugil cephalus tiiriiniin en yiiksek lipit kalitesine sahip oldugu
belirlenmistir. Mevsimsel degisikliklere ragmen, kiiltire adapte edilen baliklarin, 6zellikle sonbahar
ve yaz aylarinda, dogadan avlanan baliklara benzer iyi bir besin profilini korudugu tespit edilmistir.

Introduction

The increasing global population necessitates the
efficient use of diminishing natural resources, with seafood
consistently playing a vital role in human nutrition
throughout history. However, overfishing and adverse
environmental factors have caused a rapid decline in natural
fish populations, with some species even facing extinction.
Consequently, aquaculture has become essential to meet the
growing demand for food and protein (Lee and Tamaru,
1988; Harmantepe and Biiyiikhatipoglu, 2007; FAO, 2020).
With the global population currently at 7 billion and
projected to reach 8 billion within the next 20 years, the
demand for aquaculture products is expected to rise

*Corresponding author: ekremcem19@gmail.com

significantly (FAO, 2020). The surge in aquaculture
production has also heightened the demand for fish meal
and fish oil, which are critical components in fish feed
production. These components, serving as primary sources
of protein and fat, have seen significant price increases,
substantially raising feed costs (Harmantepe and
Biiyiikhatipoglu, 2007). The profitability of fish farming is
closely linked to the growth rate of the fish; hence,
producers aim to bring fish to market quickly to maximize
returns (Yigit and Aral, 1999). As a result, fish species that
adapt well to environmental conditions and exhibit rapid
growth are preferred for cultivation.
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In this context, it is crucial to investigate species that can
diversify the aquaculture sector and thrive under current
environmental conditions with minimal fish meal and oil
requirements in their feed (Thomas et al., 2021; van Riel et
al., 2023). As herbivorous fish, grey mullets are among the
promising candidates for such diversification (Lee and
Tamaru, 1988) due to their unique tolerance to a wide range
of salinity and temperature levels. As pelagic species, grey
mullets predominantly inhabit coastal areas of tropical and
subtropical seas (Whitfield and Durand, 2023). Mugil
cephalus, a notable species in this family, is widely
distributed in the Black Sea, Mediterranean Sea, Aegean
Sea, and along the Spanish coast of the Atlantic Ocean.
Chelon auratus (Risso, 1810) is found in the Black Sea, the
Mediterranean, the Sea of Azov, the southern coasts of
Africa and Europe, the Caspian Sea, the Scandinavian
coasts and the southern coasts of England. They spend the
winter in the warmer waters of Crimea, the Caucasus, and
Anatolia in the Black Sea and the Sea of Marmara,
migrating northwest and northeast to feed (Ciloglu, 2023;
Froese and Pauly, 2024).

Despite their potential, grey mullet species are not
extensively cultured, with only a few scientific research
conducted (Garcia-Marquez et al., 2011; Nguyen et al.,
2023; Quiros-Pozo et al., 2023). From 2015 to 2019, the
TAGEM project "Determination of the Bioecology and
Aquaculture Characteristics of the Mullet Species (Mugil
cephalus, Liza aurata) in the Eastern Black Sea" focused on

P ~‘s
. °
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adapting grey mullet species to culture conditions as well as
fish feed (Altuntas et al., 2020). In the context of this
project, grey mullet species were successfully adapted to
culture conditions over approximately one year. This study
uses both wild and aquaculture-adapted individuals from
this project. The main aim of this study is to evaluate the
chemical composition of wild and culture-adapted golden
grey mullet (Chelon auratus) and flathead grey mullet
(Mugil cephalus) individuals to determine their suitability
for aquaculture and to compare the nutritional profiles of
cultured and wild individuals across different seasons.
Preliminary results indicate that both mullet species have
successfully adapted to culture conditions and show
significant potential for further rearing activities.

Material and Methods
Fish material and fishing operation

This study examined two economic grey mullet species,
golden grey mullet Chelon auratus (Risso, 1810) and
flathead grey mullet Mugil cephalus (Linnaeus, 1758). The
study materials were obtained from the Project
titled“Determination of the Bioecology and Aquaculture
Characteristics of the Mullet Species (Mugil cephalus, Liza
aurata) in the Eastern Black Sea”. In the project context,
grey mullet species were caught seasonally, and some
individuals were adapted to the culture conditions. The
workflow of the study is shown in Figure 1.
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Figure 1. Workflow diagram of this study's methodological procedure. The graphic was drawn using Vecta.io software

(Vecta, 2024)
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Fishing operations were carried out by partnering with a
small-scale fishing boat owner who operated in Trabzon,
Eastern Black Sea. Legal permits were provided for the
fishing ban period. Surveys were carried out periodically in
mids of October, February, April, July from 2016 to 2017
along Trabzon coast. Sampling coordinates were between
41°0'43.79"N,  39°43'30.10"E  and  40°58'31.64"N,
39°50'13.24"E. Sampling stations were shown in Figure 2.
Fish were caught using gillnet nets with 36 mm mesh size.
In sampling studies, two grey mullet species were seen in
exact locations every season. Some of the samples were

stored for the chemical analyses at +4 °C, while some were
collected as live material for adaptation studies. For
aquaculture adaptation studies, the fish's body form and
condition were considered, along with their health status
after the fishing operation. Individuals who lost scales or
were damaged were often lost during adaptation due to
infections caused by these injuries. Therefore, only
individuals with no signs of external injuries were directly
transferred from the ship's deck to special transport tanks
(0.5 m3).

41.15°N

41.1°N

41.05°N

41°N

40.95°N

40.9°N

39.5°E 39.6°E 39.7°E

3om

150 m

250m

750 m

1250 m

1750 m

2250 m

Ocean Dara View

39.8°E 39.9°E 40°E

Figure 2. Sampling stations on Trabzon coast of the Black Sea. The sampling map was drawn by ODV software (Schlitzer,

2024)
Aquaculture adaptation and rearing conditions

In this study, a group of fish were selected for
aquaculture adaptation studies. Some of them were stored
for chemical analysis and immediately transported to the
laboratory in cold storage at +4 °C. The fish taken alive
from the fishing vehicles were placed in transportation tanks
with liquid oxygen and transferred to the marine fish
adaptation unit at Central Fisheries Research Institute. Grey
mullets were placed in separate fiberglass tanks (2x2x1m)
in an open system aquaculture unit with continuous water
exchange at 40 L/min. The tanks were supplied with
seawater drawn from a depth of 54 m, approximately 1 km
off the coast of Trabzon-Yomra. The mean salinity was
18%o and the temperature was 15 °C. The fish were not fed
for the first two days to allow them to adapt to the tank
environment. A mixture of feed consisting of small
crustaceans, macroalgae, and pelagic fish was provided to
adapt them to feeding. From the very first feeding, a
meticulous approach was taken. Fresh feed was used for ten
days, followed by a commercial pellet fish feed. The fish
were fed approximately 2% of their total weight daily,
ensuring a consistent and precise feeding regime.

Harvesting and pre-treatment for analyses

After the one-year adaptation study, a subset of the fish
was harvested for this study. It is important to note that only
fish successfully adapted to the feed and aquaculture
environment were used. Throughout the adaptation and
harvesting procedures, strict adherence to ARRIVE
guidelines (Kilkenny et al., 2010) and EU directive for
animal experiments (European Commission, 2010) was
maintained, ensuring the highest ethical standards. After
harvesting, the fish were anesthetized in clove oil baths (50
puL/L) and euthanized immediately by the gill-cutting
method. All wild and aquaculture samples were skinned and
filleted, and their internal organs were removed. Finally, the
obtained fillets were homogenized at 1800 rpm and stored
until the analyses were at +4 °C. In this study, 30 individuals
were used in each season and cultured form for each species
(n=150 for C. auratus, n=150 for M. cephalus). Mean length
and weight were determined as 28.19+1.14 cm and
367.12+14.06 g for C. auratus, and 26.86+0.97 cm and
455.38+11.29 g for M. cephalus.
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Proximate composition analyses

Moisture analyses were performed using Horwitz's
(2000) method. Two grams of the homogenates were placed
in petri plates and dried in an oven (Sanyo MOV1125,
Japan) at 100 °C for 24 hours. The dried samples were
weighed with analytical balance (Kern ABJ-220,
Philippines), and the % moisture (water) content was
determined. Crude protein analysis was performed using the
AOAC (2000) method. 0.5 grams of the samples were
weighed, taken into distillation tubes, and burned with 15
mL H2SO4 and Kjeldahl tablet at 450 °C. The solutions were
distilled with distillation equipment (FOSS 2100, Denmark)
and the, obtained solutions were then titrated with 0.1 N
HCI, and the protein ratio was calculated. Crude fat analysis
was performed according to Folch et al. (1957)’s method.
In this method, 0.5-gram samples were weighed, and 10 mL
of methanol-chloroform (2:1) mixture was added and kept
in the dark for 12 hours. The filtered samples were then
concentrated in a Rotary evaporator (Eyela N-N 1521,
Japan) to calculate the % of the crude fat content. Crude ash
content was determined according to Horwitz's (2000)
method. The samples weighed 1 gram in heat-resistant
porcelain crucibles and were incinerated in a muffle furnace
(Protherm PLF, Tirkiye) at 600 °C for 6 hours. The
obtained samples were weighed, and crude ash content was
determined by percentage.

Amino acid analysis

Acidic digestion was used to prepare the fish meat for
analysis. Fish meat was hydrolyzed with HCI until
completely hydrolyzed (24 hours, 110 °C) (Cankirihgil et
al., 2020). The hydrolysates obtained were filtered through
a 0.45 um syringe filter and diluted 10 with distilled water.
The filtrates obtained were then stored in 1.5 mL amber
vials until the analyses started. Amino acid analyses were
performed according to Henderson et al. (2000). The
solutions obtained were filtered through a PTFE injector
filter. The filtrates were transferred to 1.5 mL vials and
analyzed on an HPLC with a DAD detector (Agilent Infinity
I, U.S.A) at 40 °C with a 2 mL/min flow rate. For the
separation of amino acids, Zorbax Eclipse AAA amino acid
column was used as stationary phase and a mixture
(45%:45%:10%) of 40 mM NaHPO4A) and
MeOH:ACN:H,O(B) fixed at pH 7.8 with 10 N NaOH as
mobile phase. The gradient stages of the mobile phase were
A:100%, B:0% at the 1.9 minute; A:43%, B:57% at the
18.1%t minute; A:0%, B:100% at the 18.6" minute; A:0%,
B:100% at the 22.3 minute and A:100%, B:0% at the
23.2" minute. Amino acids were detected at 338 nm and
262 nm.

Protein quality evaluation

The protein qualities of both grey mullet species were
evaluated using the digestible indispensable amino acid
score (DIAAS) method (FAO, 2013). In this method, IAA
reference ratios were calculated by multiplying the true ileal
digestibility (df) for each indispensable amino acid in the
grams of protein in the samples comparing to the reference
protein values (FAO, 2013; Kendler et al., 2023). True ileal
digestibility reflects the actual amount of amino acid the

metabolism can use. Limited digestibility data exists for fish
species individually, including grey-mullet species. This
study used universal values for amino acid digestibility of
fish muscle described by Moughan et al. (2012). Actual ileal
digestibility factors were accepted as 85% for histidine,
93% for isoleucine, 91% for leucine, 93% for lysine, 83%
for phenylalanine, 95% for threonine, and 90% for valine.
According to the literature, no specific digestibility data
exists for cysteine, methionine, and tyrosine in fish muscle.
Thus, the true ileal protein digestibility of fish protein used
for those amino acids is 90% (Moughan et al., 2012;
Shaheen et al.,, 2016). Reference protein values were
obtained from WHO/FAO/UNU (2007) for two distinct age
groups: children (6 months to 3 years) and older children,
adolescents, and adults. Finally, the lowest DIAA value was
multiplied by 100, and the DIAA score (DIAAS) was
calculated (FAO, 2013). The equations used in the study are
shown below.

mg amino acid per g wet weight

, . - r i —
mg amino acid per g protein g protein per g wet weight

mg of amino acid in 1 g sample protein x (df/100)
mg of amino acid in1 g of reference protein

Digestible IAA reference ratio =
DIASS = 100 x lowest digestible IAA reference ratio of given amino acids
Fatty acid analysis

Fatty acid analysis was performed according to IUPAC
(1987). A 0.15 g of the lipid sample was weighed, obtained
from the crude fat extraction procedure performed
according to Folch et al. (1957). 5 mL of methanolic 0.5 N
NaOH and the boiling stone were added into the samples
which were then placed in Soxhlet evaporator (Velp
Scientifica Ser148, Italy). The temperature was fixed at 65
°C. After 15 minutes, 5 mL BF3;was added, and the samples
were kept at 65 °C for another 2 minutes. At the end of 2
minutes, 2 mL heptane was added to the samples. After 1
minute of evaporation at 65 °C, the obtained mixture was
transferred into 25 mL flasks, and they were mixed with
saturated NaCl solution to form a liquid phase containing
lipids. The obtained phase was filtered with a 0.45 pum
injector filter and stored in 1.5 mL vials. Finally, the
samples were analyzed in gas chromatography (Shimadzu
GC-17A, Japan) with an FID detector and 150 cm column.

Calculation of lipid quality indices

Obtained fatty acid data was evaluated to assess the lipid
quality of the grey-mullet species. Total eicosapentaenoic
acid and docosahexaenoic content as mg per 100g
(EPA+DHA mg/100g), polyunsaturated fatty acid/saturated
fatty acid ratio (PUFA/SFA), total omega 3 and omega 6
fatty acid ratio (n-3/n-6), linoleic acid/a-linolenic acid ratio
(LA/ALA), fish lipid quality (FLQ), health-promoting
index (HPI), unsaturation index (Ul) were calculated
according to Chen and Liu (2020). While the nutritional
value index (NVI) was calculated using the method
described by Wotoszyn et al.  (2020), the
hypo/hypercholesterolemic ratio (h/H) was determined
according to Santos-Silva et al. (2002). Finally, the
atherogenicity index (Al) and thrombogenicity index (TI)
were calculated according to Ulbricht and Southgate (1991).
Equations that were used in assessing lipid quality are
shown below:
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PUFA/SFA = YPUFA/YSFA

LAJ/ALA = C18:2n—6/C18:3n—3
n-3/n—-6 =Yn—-3/¥n-6

NVI = (C18:0 + C18:1) /C16:0

FLQ = 100 x (C22:6n—3 + C20:5n—3)/ YFA
HPI = YUFA/[C12:0 + (4 x C14:0) + C16:0]

Ul = 1 x (% monoenoics) + 2 X (%dienoics) + 3 X
(%trienoics) + 4 X (Y%tetraenoics) + 5 X
(%pentaenoics) + 6 X (Yohexaenoics)

HH = (C18:1 + YPUFA) / (C14:0 + C16:0)
Al = [C12:0 + (4 X C14:0) + C16:0] / (EMUFA + Y.PUFA)

TI = (C14:0 + C16:0 + C18:0) / [(0.5 X XMUFA) +
(0.5 X ¥'n — 6 PUFA) + (3 x n — 3PUFA) + (n— 3 /n — 6)]

Statistical analysis

Data were expressed as mean values + standard error
(SE). Differences between mean values of aquaculture
forms of the two species were determined via T-test. In
contrast, differences between mean values of seasonal
variations of the same fish species were evaluated by one-
way variance analysis (ANOVA). Homogeneity and normal
distribution of the values were calculated using Levene and
Anderson-Darling tests, respectively. The significance level
(p value) was adopted as 0.05, and mean values less than

0.05 were accepted as statistically significant. The IBM
SPPS 23 was used in all statistical analyses.

Results

The proximate composition of grey mullet species was
presented in Table 1. It was determined that the moisture
(water) was 71.69+0.27-78.31+0.38%, crude protein was
16.71£0.12%-18.62+0.24%, crude fat was 2.11+0.18-
7.2740.27% and crude ash was 1.37+0.07-1.90+0.23% in
the muscle tissue of golden grey mullet (Chelon auratus).
The highest crude protein, crude fat and crude ash were
determined in spring and winter, respectively. The lowest
protein content was found in autumn samples, while the
lowest crude fat and crude ash content were found in
summer and culture forms (p < 0.05). In muscle tissue of
flathead grey mullet (Mugil cephalus), the moisture (water)
was  73.14+0.26-77.31+£0.22%, crude protein was
16.24+0.17-16.81+£0.17%, crude fat was 3.85+0.08-
7.70+0.26% and crude ash was 1.34+0.11-1.40+0.17%. The
highest crude protein content was found in the autumn, and
the highest crude fat content was found in the winter and
spring. The lowest crude protein and fat were detected in the
summer samples, and the individuals adapted to the culture
conditions (p < 0.05). There was no statistical difference
between the samples in crude ash contents (p > 0.05). The
proximate composition of culture-adapted grey mullet
individuals was statistically similar to those caught in nature
in the summer.

Table 1. Proximate composition of wild and culture forms of grey mullet species (%)

Golden grey mullet (Chelon auratus)

Autumn Winter Spring Summer Aquaculture
Moisture 77.91£0.24% 71.69+0.27¢ 71.93+0.48¢ 78.31+0.382 77.41£0.20°
Protein 16.71+0.12¢ 17.61£0.19° 18.62+0.242 17.13+£0.29% 17.06+0.15%
Fat 2.76+0.16° 7.27+0.272 6.36+0.24° 2.11x0.18¢ 2.23+0.21¢
Ash 1.52+0.09° 1.90+0.232 1.89+0.092 1.374+0.07¢ 1.42+0.18°¢

Flathead grey mullet (Mugil cephalus)

Autumn Winter Spring Summer Aquaculture
Moisture 75.28+0.28° 73.18+0.17°¢ 73.14+0.26° 77.31+0.222 77.20+0.18%2
Protein 16.81+0.172 16.51+£0.24% 16.50+0.14% 16.24+0.17° 16.30+0.20°
Fat 5.17+0.10° 7.54+0.232 7.70+£0.262 3.85+0.08°¢ 3.92+0.11°¢
Ash 1.344+0.112 1.37+0.102 1.36+0.082 1.40+0.172 1.38+0.132

Values expressed as mean valuetstandard error. Different superscripts in a line represent statistical differences (p < 0.05)

Table 2 demonstrates the amino acid compositions of
golden grey mullet (Chelon auratus) and flathead grey
mullet (Mugil cephalus). Total amino acid contents were
found between 13.39+0.24-14.20+0.15 g/100g in the
muscle tissue of C. auratus and 13.45+0.20-14.08+0.24
g/100g in M. cephalus. The highest total amino acid content
in both species was found in the winter and spring (p <
0.05). The amino acid compositions of the culture forms of

both species were statistically similar to the summer and
autumn samples (p > 0.05). All essential amino acids were
detected in all samples. Glutamine, asparagine, alanine,
leucine and isoleucine were the highest-detected amino
acids in all groups. Tryptophan was the lowest (p < 0.05).
In muscle tissue of C. auratus, asparagine, glutamine,
aspartate, serin, glutamate, histidine, alanine, tyrosine,
cysteine, tryptophan and phenylalanine were found
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statistically the same in all seasons and culture form (p >
0.05). Glycine, threonine and isoleucine were highest in the
winter, while lysine was highest in the spring (p < 0.05).
Valine, methionine and leucine were found to be the most
common in both the winter and spring seasons. In M.
cephalus, asparagine, glutamine, aspartate, serin, glycine,
valine, methionine, leucine and lysine were statistically the
same in all groups (p > 0.05). Glutamine was highest in the
spring, while histidine was highest in the summer.
Threonine and isoleucine were higher in the winter and
spring seasons (p < 0.05). In culture forms of C. auratus,
amino acids were statistically similar compared to the
autumn and summer seasons (p > 0.05). No statistical
differences were found in the total amino acid compositions
of the culture form of M. cephalus (p > 0.05).

The digestible amino acid composition and DIAAS
score of the grey mullet species are shown in Table 3.
According to the results, only two ileal amino acids, valine
and histidine, were found below the recommended daily
intake ratios in some groups, which defines limiting amino
acids for DIAAS calculation. In C. auratus, valine was
found below the daily recommendations in all groups for
young children. At the same time, it was also below the
recommended levels in the autumn, summer and culture
groups for adult reference patterns. Histidine was found
below the recommended daily intake for young children in
the winter and spring. In M. cephalus, histidine was found
below the recommendations for young children only in
winter and spring groups, similar to C. auratus. In contrast,
valine was found in autumn and culture form. Notably, the
amino acid compositions of M. cephalus were higher than
the daily recommendations for adults in terms of all
digestible ileal amino acids. DIAAS score of C. auratus
ranged between 89-92 for young children and 98-103 for
adults. In M. cephalus, the DIAAS score ranged between 93
and 102 for young children, whereas it was calculated
between 100-112 for adults. It is clear that M. cephalus is
richer in terms of amino acid quality than C. auratus, with
the highest DIAAS scores.

The fatty acid compositions of grey mullets are
presented in Table 4. The total saturated fatty acid value was
found to be the lowest in the winter, with 39.67+0.37% in
total, while it was the highest in the summer season, with
43.534+0.41% in C. auratus. Palmitic acid (C16:0) was the
highest saturated fatty acid in all samples, followed by
pentadecanoic (C15:0) and stearic acids (C18:0). In
contrast, the lowest total saturated fatty acids content was
detected in the spring, while the highest values were found
in both the summer and autumn seasons in M. cephalus. The
highest amount of saturated fatty acid found in the muscle
tissues of both mullet species was palmitic acid (p < 0.05).
It was followed by pentadecanoic acid (C15:0), myristic
acid (C14:0) and stearic acids (C18:0). The total
monounsaturated fatty acids were statistically similar within
each group of both fish species (p > 0.05). The highest
monounsaturated fatty acid was oleic acid (C18:1),
followed by palmitoleic acid (C16:1) in all groups (p <
0.05). The amount of oleic acid did not change throughout
the year or in the culture form of C. auratus (p > 0.05).

However, the oleic acid content was increased in culture-
adapted M. cephalus (p < 0.05). The highest total
polyunsaturated fatty acid values were found in the winter
and spring seasons in both species. The highest
polyunsaturated fatty acids were docosahexaenoic acid
(DHA) (C22:6) and eicosapentaenoic acid (EPA) (C20:5) in
C. auratus. In M. cephalus, DHA was the highest PUFA,
followed by linoleic acid (C18:2) (p < 0.05). In C. auratus,
DHA was detected at the highest in the winter (p < 0.05),
while it was found statistically the same in other groups (p
> 0.05). However, in M. cephalus, DHA was detected as the
lowest in the cultured form (p < 0.05), even though no
statistical differences were detected between seasons (p >
0.05). EPA was found to be highest in the winter and spring
groups of C. auratus (p < 0.05); there were no statistical
differences (p > 0.05) between groups in M. cephalus.
Essential fatty acids, linoleic acid (C18:2) and a-linolenic
acid (C18:3) were detected in all groups. Linoleic acid was
found statistically the same in both species' cultured forms
and autumn, winter and spring seasons (p > 0.05). Only the
summer values were found to be statistically different (p <
0.05) from the lowest. Similarly, a-linolenic acid was found
to be the lowest in the summer and autumn samples (p <
0.05). M. cephalus had more total polyunsaturated fatty
acids, DHA, linoleic acid and a-linolenic acid in all seasons
and cultured forms than wild and cultured C. auratus (Table
4).

Lipid quality changes of grey mullet species are shown
in Figure 3 and Table 5. According to the results, the highest
PUFA/SFA ratios were detected in the winter and spring
seasons in each species, but M. cephalus has higher values
amongst species with 0.93+£0.04 and 0.94+0.05 (p < 0.05).
The highest FLQ of C. auratus groups was calculated in the
winter season at 20.05+0.35, while the highest FLQ was
found in the spring season of wild M. cephalus (p < 0.05).
HP1 and Ul reached the highest proportions in the winter in
C. auratus (p < 0.05). Similarly, in M. cephalus, Ul was
found to be highest in the winter along with the spring
season (p < 0.05). However, HPI and HH were found to be
statistically the same (p > 0.05). Al and TI were found to
have the highest values in the summer in C. auratus (p <
0.05). Moreover, no statistical differences were detected in
the LA/ALA, n3/n6, and NVI indices of C. auratus meat (p
> 0.05). Similarly, in M. cephalus, seasonal values of
LA/ALA, n3/n6, NVI, Al and TI indices were not
statistically different (p > 0.05). In C. auratus, Al and TI
were detected as the highest in the summer season (p <
0.05).
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Table 2. Amino acid composition of wild and cultured forms of grey mullet species (g/100g)

Golden grey mullet (Chelon auratus)

Flathead grey mullet (Mugil cephalus)

Autumn Winter Spring Summer Aquaculture | Autumn Winter Spring Summer Aquaculture
Asp 1.45+0.052 1.50+0.032 1.48+0.032 1.42+0.052 1.44+0.062 1.45+0.06" 1.53+0.054 1.54+0.034 1.48+0.04% 1.49+0.05%
Glu 1.96+0.062 2.05+0.062 1.98+0.062 1.94+.006? 1.95+0.06° 1.97£0.204  2.10+0.13~ 2.07+0.18” 1.95£0.104  2.02+0.094
Asn  0.43+0.04°  0.42+0.052  0.45+£0.02%  0.44+0.03  0.44+0.022 0.44+0.05%  0.41+0.04*  0.47+0.057 0.46+0.04%  0.44+0.04~
Ser 0.40+0.032  0.42+0.012  0.4440.03*  0.40+0.03°  0.41+0.012 0.51£0.02%  0.48+0.05*  0.47+0.057 0.52+0.03*  0.53+0.03A
Gin  031+0.04*  0.35+0.03*  0.33+0.02®  0.32+£0.03°  0.32+0.02% 0.29+0.028  0.31£0.02"8  0.3420.027 0.28+0.018  0.31+0.0248
His  0.40+£0.04*  0.38+£0.04*  0.39£0.03®  0.42+0.04°  0.43+0.02? 0.42+0.02°%  0.35+0.038 0.38+0.038  0.46+0.04*  0.40+0.0278
Gly  0.53+0.02°  0.58+0.02°  0.53+£0.03°  0.51£0.03°  0.52+0.02° 0.55+0.04*  0.5120.05%  0.50+0.047 0.54+0.02%  0.58+0.03A
Thr  0.69+0.03®  0.75+0.04%  0.71£0.03*®  0.64+0.02°  0.65+0.04° 0.64+0.038  0.72+0.04*  0.7420.027 0.63+£0.038  0.66+0.038
Ala  1.39+0.06 1.48+0.04  1.42+0.06% 1.36£0.05%  1.35+0.07° 1.38+0.06"  1.43+0.05* 1.40+0.044 1.35+0.05A  1.41+0.06*
Try  0.49+0.058  0.46+0.052  0.49+0.042  0.50+0.04*  0.51+0.04 0.50+0.024  0.53x0.03A  0.51%0.027 0.49+£0.03A  0.51+0.03A
Cys  0.1740.03®  0.19+0.03®  0.15+0.02*  0.16+0.02®  0.20+0.03? 0.16+£0.02*  0.16+0.02*  0.18+0.027 0.13£0.04*  0.18+0.03A
Val 0.72+0.03° 0.81£0.042 0.83+0.042 0.75+0.04° 0.74+0.02° 0.75+0.05A 0.79+0.03A 0.82+0.047 0.79+£0.03~  0.77+0.04%
Met  0.47+0.02° 0.54+0.032 0.55+0.032 0.48+0.02° 0.510.02% | 0.48+0.03A 0.54£0.05%  0.50+0.034 0.49+£0.04%  0.51+0.024
Trp  0.15+0.01°  0.17+0.01*  0.16£0.01*  0.16£0.01*  0.18+0.012 0.12+£0.01*  0.13:£0.01*  0.1420.017 0.12+£0.01*  0.13+0.01A
Phe  0.63£0.07*  0.65+0.06°  0.66+0.04®°  0.60+0.06*  0.61+0.02? 0.58+0.04*  0.60+0.04*  0.61£0.03A 0.59+0.04%  0.62+0.03~
e 0.75+0.03%  0.80+0.032 0.77+0.03%  0.72+0.02° 0.73+0.04° 0.72+0.028 0.75+0.03A 0.76+0.02A 0.70+0.038 0.71+0.018
Leu  1.32+0.03° 1.40£0.04%  1.42+0.042 1.31£0.03°  1.35+0.02® | 1.29+0.08"  1.36+0.06" 1.37+0.06* 1.30£0.07%  1.32+0.10~
Lys  1.19+0.04° 1.254£0.03°  1.33+0.042 1.26+0.02°  1.2240.03° | 1.20+0.07*  1.27+0.114 1.28+0.084 1.24+0.06"  1.2240.074
SAA  13.45£0.23Y  14.20£0.15*  14.09+0.21°  13.39+£0.24°  13.56+0.23° | 13.45£0.208  13.97+0.18"  14.08+0.24*  13.52+0.18%  13.81+£0.217®

Asp: aspartic acid, Glu: glutamic acid, Asn: asparagine, Ser: serine, GIn: glutamine, His: histidine, Gly: glycine, Thr: threonine, Ala: alanine, Tyr: tyrosine, Cys: cysteine, Val: valine, Met:
methionine, Trp: tryptophan, Phe: phenylalanine, Ile: isoleucine, Leu: leucine, Lys: lysine, ) AA: total amino acids. Values are expressed as mean valuetstandard error. Different superscripts in a
line represent statistical differences. Sentenced case letters defined statistical differences between golden grey mullets, while capital letters were used for flathead grey mullets. The p-value is
accepted as 0.05.

58



Chemical Composition of Two Grey Mullet Species (Chelon auratus, Mugil cephalus): A Comparative Study on Wild and Aquaculture-Adapted Species

Table 3. Digestible indispensable amino acid ratio (DIAA) and scores (DIAAS) for wild and culture forms of grey mullet species

DIAA calculations Golden grey mullet (Chelon auratus) Flathead grey mullet (Mugil cephalus)
Reference Amino  Daily | Autumn Winter Spring Summer  Aquaculture Autumn Winter Spring Summer  Aquaculture
pattern acids intake
For young AAA 52 111 1.04 1.02 1.06 1.09 1.07 1.14 1.13 1.10 1.15
children His 20 1.02 0.92 0.89 1.04 1.07 1.06 0.90 0.98 1.20 1.04
(6 months to
3 years) lle 32 1.30 1.32 1.20 1.22 1.24 1.24 1.32 1.34 1.25 1.27

Leu 66 1.09 1.10 1.05 1.05 1.09 1.06 1.14 1.14 1.10 112
Lys 57 1.16 1.16 1.17 1.20 1.17 1.16 1.26 1.27 1.25 1.22
SAA 27 1.28 1.38 1.25 1.25 1.39 1.27 141 1.37 1.27 141
Thr 31 1.27 1.31 1.17 1.14 1.17 1.17 1.34 1.37 1.19 1.24
Trp 8.5 1.01 1.08 0.97 1.05 1.18 1.01 1.09 1.16 1.04 1.10
Val 43 0.90 0.96 0.93 0.92 0.91 0.93 1.00 1.04 1.02 0.99
DIAAS % 90 92 89 92 91 93 90 98 102 99
Limiting AA Val His His Val Val Val His His Val Val
For older AAA 41 141 1.32 1.30 1.35 1.38 1.35 1.44 1.43 1.40 1.46
;zgfersecrgms His 16 1.27 1.15 1.11 1.30 1.34 1.33 1.13 1.22 1.50 1.30
and adults lle 32 1.39 1.41 1.28 1.30 1.33 1.33 1.41 1.43 1.34 1.35
Leu 61 1.18 1.19 1.14 1.14 1.18 1.14 1.23 1.24 1.19 1.21
Lys 48 1.38 1.38 1.38 1.43 1.39 1.38 1.49 1.50 1.48 1.45
SAA 23 1.50 1.62 1.47 1.46 1.63 1.49 1.66 1.61 1.49 1.66
Thr 25 1.57 1.62 1.45 1.42 1.45 1.45 1.66 1.70 1.47 1.54
Trp 6.6 131 1.39 1.24 1.35 1.52 1.30 1.40 1.49 1.34 1.42
Val 40 0.97 1.03 1.00 0.99 0.98 1.00 1.08 1.12 1.09 1.06
DIAAS % 97 103 100 99 98 100 108 112 109 106
Limiting AA Val Val Val Val Val Val Val Val Val Val

AAA: aromatic amino acids (phenylalanine + tyrosine), His: histidine, lle: isoleucine, Leu: leucine, Lys: lysine, SAA: sulfur amino acids (methionine + cystine), Thr: threonine, Trp: tryptophan,
Val: valine. I1AA references for young children and adults were obtained from FAO (2013) and daily intakes were expressed as mg amino acid/g protein.
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Table 4. Fatty acid composition of wild and cultured forms of grey mullet species (%)

Fatty Acids Golden grey mullet (Chelon auratus) Flathead grey mullet (Mugil cephalus)

Autumn Winter Spring Summer Aquaculture Autumn Winter Spring Summer Aquaculture
Cioo 0.11+0.022 0.02+0.01° 0.10£0.022 0.08+0.012 0.07+0.022 0.08+0.028 0.13+0.02A 0.07+0.018 0.13+0.02"  0.1420.024
Ci20 0.22+£0.02%  0.1840.03®  0.19£0.02®  0.18+0.03®  0.15+0.02° | 0.32+£0.03*  0.29+0.03A  0.26+0.04*  0.34+0.04*  0.28+0.04"
Cus0 3.01£0.13  2.35+0.12¢ 3.224+0.07° 4.25+0.082 2.87+0.11° | 2.91+0.14A  2.8240.104  2.70+0.18"8  2.65+0.14B  2.60+0.108
Ciso 8.31+0.12° 7.54+0.13¢ 7.97+0.09¢ 8.63+0.18? 8.34+0.13° | 8.31£0.25%  7.65£0.268  7.75+£0.198  8.45+0.31%  8.01+0.147®
Ciso  24.40+0.31*  23.65+0.30°  23.30+0.24°  24.61+0.38%  24.42+0.23% | 22.40+0.174 22.05+0.32"8  21.86+0.30%  22.65+0.37%  22.34+0.15"
Cizo 1.56+0.09° 1.59+0.08° 1.61£0.11° 1.88+0.122 1.86+0.152 1.92£0.07*  1.66+0.108 1.48+0.07¢ 1.90+0.15~  1.91£0.114
Ciso 3.24+0.10%® 3.66+0.082 3.20£0.15% 2.88+0.22° 3.31+0.23% | 3.30+0.114 3.28+0.12%  3.20+0.08"8  3.21+0.10%®  3.06+0.08"
Ca00 0.25+0.03° 0.18+0.02° 0.22+0.02%¢ 0.29+0.022 0.23+0.03* | 0.52+0.058 0.53+0.038 0.54+0.028 0.66+0.04"  0.64+0.04"
Caro 0.26+0.03¢ 0.20+0.02¢ 0.35+0.04° 0.44+0.042 0.35£0.04° | 0.66+0.03%8  0.60+0.038 0.61£0.04®  0.65+0.03"B  0.71+0.034
Cazo 0.33+0.032 0.30:£0.022 0.32+0.032 0.29+0.032 0.20+0.03° | 0.52+0.04"  0.51£0.03*  0.56+£0.04*  0.52+0.05*  0.56+0.03”
YsFA 41.69+0.34°>  39.67+0.379  40.48+0.43°  43.53:0.41*  41.80+0.36° | 40.94+0.44"  39.52+0.43°  39.03+0.47°  41.16+0.34"  40.25+0.24°
Cua 0.19£0.02%  0.16+0.021°  0.21+0.022 0.20+0.022 0.18+0.01%° | 0.110.02A 0.13+0.02A 0.14+0.02A 0.12£0.02%  0.10+0.024
Cis1 0.24+0.022 0.26+0.032 0.24+0.012 0.24+0.022 0.19+0.03% | 0.32+£0.03*8  0.31+0.02"®8  0.33+0.02"®  0.36+0.02"  0.27+0.028
Cis1 8.11+0.17° 8.86+0.122 8.39+0.11° 8.04+0.09° 8.62+0.202 7.13+£0.218  7.3240.18"8  7.56x0.17°  7.06x0.16®  7.58+0.08"
Ci71 2.98+0.082 2.91£0.142 2.88+0.132 2.11£0.092 2.06£0.12° | 2.75+0.1278  2.65+0.07®  2.89+0.15A  2.21+0.14°  2.34+0.13€
Cis1 12.68+0.312  12.41+0.32%  12.58+0.34%  12.74+0.35%  12.92+0.32% | 10.36£0.23%  10.28+0.40®  10.50+0.15%  10.67+0.21°%  10.99+0.24
Cao1 1.75+0.082 1.71£0.062 1.74+0.052 1.80+0.10? 1.76+0.092 1.75£0.14~  1.70£0.12%  1.63+0.154  1.73+0.13A  1.80+0.107
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Table 4 continued

Caz1
> MUFA
Cis2
Ciss
Coo:2
Cao
Ca04
Caoss
Cazs
Cazs

> PUFA

1.44+0.112
27.39+0.18%
5.61+0.122
2.21+0.08°
0.94+0.05°
0.88+0.042
1.12+0.062
6.29+0.29°
1.52+0.132
12.23+£0.23°

30.80+0.41°

1.41+0.162
27.72+0.252
5.84+0.132
2.314+0.07%
0.80+0.07°
0.89+0.032
1.214+0.052
7.23+0.27°
1.51+0.112
12.82+0.272

32.61+0.442

1.43+0.072
27.47+0.172
5.59+0.122
2.40+0.052
0.91+0.06
0.92+0.052
1.15+0.06?
7.01+0.182
1.56+0.152
12.48+0.28°

32.02+0.40?

1.43+0.122
26.56+0.36°
5.11+0.15P
2.08+0.06°
0.85+0.05%
0.83+0.05°
1.18+0.072
6.48+0.28°
1.3040.09°
12.06+£0.31°

29.89+0.47°¢

1.40+0.132
27.13+0.27%
5.46+0.15°
2.28+0.08%
0.91+0.042
0.86+0.052
1.1940.06?
6.87£0.19%
1.40+0.15°
12.06+0.27°

31.03+0.51P

1.50+0.12A

23.92+0.3178

6.15+0.20"8
3.39+0.12€
1.21+0.15%
1.64+0.154
1.35+0.174
5.8940.244
1.36+0.16"
14.12+£0.254

35.11+0.358

1.58+0.167

23.97+0.38"8

6.42+0.194
3.89+0.08%
1.29+0.144
1.68+0.16

1.36+.214
6.010.264
1.46+0.194

14.36+0.27A

36.47+0.38%

1.4620.114

24.51+0.27A

6.35+0.134
3.67+0.118
1.25+0.074
1.64+0.174
1.38+0.20
6.2840.274
1.55+0.18%

14.35+£0.26"

36.47+0.417

1.50+0.13A
23.65+0.288
6.00+0.208
3.34+0.11¢
1.14+0.17A
1.59+0.154
1.38+0.18A
6.12+0.21A
1.43+0.16”
14.09+0.24A

35.09+0.298

1.53+£0.14A
24.61+0.324
6.20+0.18"8
3.64+0.098
1.16£10.08%
1.57+0.134
1.37+0.147
6.20+0.26*
1.40+0.15%
13.56+0.188

35.10+0.328

>'SFA total saturated fatty acids, Y MUFA total monounsaturated fatty acids, Y PUFA total polyunsaturated fatty acids, C10:0 capric acid, C12:0 lauric acid, C14:0 myristic acid, C15:0
pentadecanoic acid, C16:0 palmitic acid, C17:0 margaric acid, C18:0 stearic acid, C20:0 arachidic acid, C21:0 heneicosylic acid, C23:0 Tricosanoic acid, C14:1 myristoleic acid, C15:1
pentadecenoic acid, C16:1 palmitoleic acid, C17:1 heptadecenoic acid, C18:1 oleic acid, C20:1 eicosenoic acid, C22:1 erucic acid, C18:2 linoleic acid, C18:3 a-linolenic acid, C20:2 eicosadienoic
acid, C20:3 dihomo-y linolenic acid, C20:4 arachidonic acid, C20:5 eicosapentaenoic acid (EPA), C22:5 docosapentaenoic acid, C22:6 docosahexaenoic acid (DHA).Values are expressed as mean
valuetstandard error. Different superscripts in a line represent statistical differences. Sentenced case letters defined statistical differences between golden grey mullets, while capital letters were
used for flathead grey mullets. The p-value is accepted as 0.05.
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Table 5. Lipid quality indices of wild and cultured forms of grey mullet species

Golden grey mullet (Chelon auratus)

Flathead grey mullet (Mugil cephalus)

Autumn Winter Spring Summer Aquaculture Autumn Winter Spring Summer Aquaculture
EPA+DHA 511.1+20.88° 1457.6+42.65% 1239.6+37.25° 391.2+19.739 422.1+15.24% | 1034.5+31.328  1535.9+40.55" 1588.5+37.64" 778.1£25.44C 774.6+24.19¢
PUFA/SFA  0.74+0.03% 0.82+0.052 0.79+0.032 0.69+0.04° 0.74+0.03® 0.86+0.0578 0.93+0.044 0.94+0.05% 0.85£0.038  0.87+0.047B
LA/ALA 2.54+0.112 2.53+0.09? 2.33+0.13¢2 2.46+0.092 2.39+0.122 1.81+0.15% 1.65+0.06" 1.73+0.12A 1.80+0.054 1.70+0.09%
n-3/n-6 3.02+0.09? 3.15+0.132 3.19+0.072 3.19+0.082 3.10+0.142 3.03+0.184 3.02+0.154 3.06+0.194 3.12+0.26* 3.02+0.094
NVI 0.65+0.052 0.68+0.042 0.68+0.072 0.63+0.032 0.66+0.042 0.61+0.024 0.61+0.034 0.63+0.024 0.61+0.044 0.63+0.024
FLQ 18.54+0.32° 20.05+0.35¢ 19.50+0.36®  18.54+0.38°  18.94+0.30° | 20.02+0.268 20.38+0.28%8 20.63+0.30%  20.23+0.22%B  19.77+0.31B
HPI 1.59+0.08° 1.82+0.072 1.64+0.05° 1.35+0.07°¢ 1.61+0.09° 1.72+0,09 1.80+0,134 1.85+0.08% 1.75+0.104 1.81+0.074
ul 166.67+1.54° 176.06+1.82%  172.76+2.06° 163.19+1.35% 167.76+1.72°| 180.10+2.15%  185.05+2.334  186.41+2.45% 180.53+2.04% 179.80+2.308
h/H 1.59+0.04° 1.73+£0.052 1.68+0.06% 1.48+0.06° 1.61+0.04° 1.80+0.134 1.88+0.08% 1.91+0.09% 1.81+0.114 1.85+0.114
Al 0.63+0.04° 0.55+0.03¢ 0.61+0.03b¢ 0.74+0.052 0.62+0.02° 0.58+0.034 0.56+0.044 0.54+0.044 0.57+0.024 0.55+0.034
TI 1.12+0.05% 1.05+0.05° 1.06+0.04° 1.18+0.052 1.11£0.06% 1.05+0.05% 1.01+0.034 0.99+0.034 1.05+0.044 1.01+0.044

EPA: eicosapentaenoic acid, DHA: docosahexaenoic acid, PUFA: polyunsaturated fatty acids, SFA: saturated fatty acids, LA: linoleic acid, ALA: alpha-linolenic acid, NVI: nutritive value index,
FLQ: fish lipid quality, HPI: health promoting index, Ul: unsaturation index, h/H: hypo/hypercholesterolemic ratio, Al: atherogenicity index, TI: thrombogenicity index. Values are expressed as
mean valuetstandard error. Different superscripts in a line represent statistical differences. Sentenced case letters defined statistical differences between golden grey mullets, while capital letters
were used for flathead grey mullets. The p-value is accepted as 0.05.
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Figure 3. Changes in lipid quality. A: Food lipid quality (FLQ) with EPA and DHA, B: Health-promoting index (HPI), C:
Nutritive value index (NVI), D: Indices of atherogenicity (Al), thrombogenicity (TI), unsaturation (Ul),

hypo/hypercholesterolemia (HH) and n-3/n-6 ratio

Discussion

Seafood contains high levels of essential amino acids
and polyunsaturated fatty acids necessary for human
nutrition (Ozden and Erkan, 2008; Sahena et al., 2009).
These nutrients are used for many essential tasks, such as
maintaining metabolic activities, repairing organs and
tissues, and regulating hormones and secretions
(Ballantyne, 2011). Aquaculture is one of the main ways to
meet the increasing global food demand with nutritious
products like seafood (FAO, 2020). The food quality of
aquaculture-derived seafood varies depending on many
factors, such as nutrition, season, size, age, and water
temperature (Nurnadia et al., 2011; Bjorndal and Guillen,
2016). In this research, both species show similar changes
in proximate composition by the seasons. Crude fat content,
in particular, increases in the winter season when water
temperatures drop and decreases in the summer and autumn
seasons in parallel with the reproduction period of the fish.
The differences in meat quality are believed to be mainly a
factor of seasonal and reproductive patterns of the fish (Di
Lena et al., 2016). Besides, fish adapted to culture
conditions were sampled at the end of one year.
Environmental conditions were constant during sampling.
Sampling was carried out in May 2018, and the salinity of
the water used during the sampling was 0.18%, the
temperature was 15 °C, the nitrite nitrogen value was 0.046
MM, the nitrate nitrogen value was 1.312, the ammonia
value was 0.001 MM, the phosphate value was 0.108 MM
and silicon value 4.637 MM. Since the environmental
conditions and nutritional characteristics were similar in the

study, the nutrient content of the fish in culture conditions
was similar.

When the amino acid contents of two mullet species
were compared with the individuals caught in nature, it was
observed that the results obtained were statistically similar
to the summer and autumn samples (p > 0.05). Although no
statistical difference was detected between seasons for most
amino acids (p > 0.05), statistical differences were found
between total amino acid contents (p < 0.05). Statistically,
the lowest total amino acid amounts were obtained in these
periods. Aspartate and glutamate are the most abundant
amino acids in tissues. In the pretreatment of amino acid
analysis, fish meat is hydrolyzed with high temperature and
low pH (Cankirihigil et al., 2020). Due to this hydrolyzation
process, asparagine and glutamine, which are intolerant to
heat and low pH, are broken down into aspartate and
glutamate (Varlik et al., 2004; Moreno et al., 2012).
Similarly, tryptophan, which is highly sensitive to
environmental conditions, is reduced during this acidic
digestion process (Varlik et al., 2004). For this reason,
tryptophan, asparagine and glutamine amounts were found
to be lower, while aspartate and glutamate were found to be
higher.

The DIAAS score defines the food's protein quality, and
the highest values were calculated for M. cephalus. FAO
(2013) states that a DIAAS score ranges between 75 - 99,
which means the sample food can be accepted as a good
protein source. If the DIAAS score is 100 or higher, the
sample food is an excellent food source in terms of protein
quality. According to the results, M. cephalus is an excellent
protein source for older children, adolescents and adults in
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all seasons. At the same time, it was an excellent protein
source for young children (6 months to 3 years) in winter,
spring and summer seasons, exceeding 100 points. C.
cephalus was detected as an excellent protein source only
for older children, adolescents and adults in the winter and
spring.

Palmitic acid (C16:0) is often fish's most abundant
saturated fatty acid (Yu et al., 2020). Comparing the fatty
acid differences between the groups, it can be seen that the
results are similar with crude nutrient composition and
amino acid composition. Unsaturated fatty acids tend to
increase in the winter, while saturated fatty acids tend to
decrease. Similarly, the lowest amounts of polyunsaturated
fatty acids were found in the summer. According to the
literature, EPA (C20:5) and DHA (C22:6) are higher in
pelagic fish in colder waters than in other fish (Hossain,
2011). As a result, the meat quality of both species varies
mainly due to environmental conditions resulting from
seasonal differences and reproductive periods. When we
compared it to aquaculture-adapted individuals, it was
shown that the cultured form of M. cephalus had more total
polyunsaturated fatty acids, DHA (mg), than that in C.
auratus (Table 4). However, the cultured form of M.
cephalus had more lipid content than C. auratus, which was
approximately 1.75 times higher. For this reason, although
the proportional amount of EPA in the cultured form of M.
cephalus was found to be less than that of C. auratus when
proportioned with the crude fat amounts of the species, it is
seen that M. cephalus contains more EPA with 243.04 mg
than C. auratus as 153.20 mg. Similarly, when expressed in
milligrams, the total amount of DHA in the cultured form
of M. cephalus is approximately 1.97 times higher (531.55
mg) than C. auratus (268.94 mg). In similar studies on grey
mullets, palmitic acid, oleic acid, EPA and DHA were found
at similar ratios (Alpaslan et al., 2019; Ramoz-Judez et al.,
2023). Our results are similar to those reported in the
literature.

In the Mediterranean diet, food sources having high
PUFA/SFA, n3/n6, HPI, FLQ and NVI were linked to
positive health effects such as reducing cholesterol and
preventing cardiovascular diseases (Hossain, 2011; Chen
and Liu, 2020). PUFA/SFA ratios were highest in winter
and spring seasons in both species due to those seasons’ rich
polyunsaturated fatty acid contents (Table 4). In addition,
FLQ was higher in these seasons due to low SFA and high
PUFA proportions (Figure 3A). Similarly, HPI was also
found to be highest in the groups with more polyunsaturated
fatty acids than saturated ones (Figure 3B). NVI was
associated with palmitic acid (C16:0), stearic acid (C18:0)
and oleic acid (C18:1) of the food source, and it was found
higher in groups having relatively low palmitic acid and
high oleic acid, such as winter and spring seasons of C.
auratus (Figure 3C). Ul is characterized by the amount of
unsaturated fatty acids and double bond counts in each fatty
acid (Chen and Liu, 2020). Thus, Ul increased parallel with
DHA and EPA contents, which have 6 and 5 double bonds,
respectively. Al and Tl indices were found to be inversely
proportional to the h/H ratio (Figure 3D). Due to increasing
some saturated fatty acids, such as lauric acid (C12:0),

myristic acid (C14:0), palmitic acid (C16:0) and stearic acid
(C18:0), Al and TI can be high, but the h/H value is low.
Similarly, as the amounts of unsaturated fatty acids
increase, the h/H ratio decreases, while Al and TI values
increase (Ulbricht and Southgate, 1991; Santos-Silva,
2002). All three indices are directly related to
cardiovascular health and must be within specific ranges for
an ideal diet (Hossain, 2011). For fish, these values are
between 0.21-1.07 for Al, 0.14-0.87 for TI, and 0.87-4.83
for h/H (Chen and Liu, 2020). The values of Al and h/H
determined in our study are consistent with the literature. Al
was found to be slightly higher than the literature in the
range of 1.05+0.05-1.18+0.05 for C. auratus and
0.99+0.03-1.05+0.05 for M. cephalus.

In conclusion, aquaculture products, such as those from
golden grey mullet (Chelon auratus) and flathead grey
mullet (Mugil cephalus), offer biologically rich sources of
essential amino acids and polyunsaturated fatty acids vital
for human nutrition. This study demonstrates that the meat
quality of these species, including their crude nutrient
composition and amino acid content, varies seasonally and
is influenced by their reproductive cycles. Notably, crude
fat content increases during colder months and decreases
during the reproductive period in the summer and autumn.
Environmental conditions and feeding regimes in
aquaculture settings can mirror these natural variations,
resulting in similar nutrient profiles between cultured and
wild-caught specimens. The high levels of EPA and DHA,
as well as other fatty acids found in these fish, underscore
their nutritional value. Ultimately, the findings highlight the
significant impact of seasonal and reproductive factors on
the meat quality of cultured fish, affirming their importance
as a nutritious and sustainable food source.
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Abstract: Chelidonichthys lucerna is an economically important demersal species. It is under
excessive fishing pressure and yields from fisheries are in decline in Tirkiye. Information about the
species' population structure and habitat connections is limited. In this study, otolith chemistry and
shape analyses of 160 individuals captured between February 2020 and December 2020, in the four
main fishing grounds of Tiirkiye coasts (Black Sea/Ordu, Marmara Sea/Bandirma, Aegean Sea/Foga,
Mediterranean Sea/Mersin) were investigated. Otolith morphology and chemistry (Li:Ca, Na:Ca,
Mg:Ca, Mn:Ca, Fe:Ca, Co:Ca, Ni:Ca, Cu:Ca, Zn:Ca, Sr:Ca, Ba:Ca , Pb:Ca, K:Ca, P:Ca) of the
individuals with similar length range (19-25 cm, TL) were evaluated by univariate and multivariate
statistical analyses. The overall combination of otolith elemental chemistry and morphology techniques
revealed the highest re-classification success (75%-90%) of samples to their original location and the
existence of significant differences among sampling regions. When otolith shape analysis and otolith
chemistry were evaluated together, linear discrimination function analyses fully discriminated C.
lucerna individuals from the four sampling regions (Black Sea, Marmara, Aegean, Mediterranean).
Moreover, the results of the analyses revealed that there were habitat connections among individuals
from the Sea of Marmara and Aegean Sea and that the Black Sea and the Mediterranean Sea were
isolated regions in terms of C. lucerna stocks. The shape and chemical signatures suggest that C.
lucerna is apparently not a single stock-unit in the Turkish coasts and that these fish stocks should be
managed separately for fisheries purposes.

Tiirkiye Kiyillarinda Kirlangic Bahgimin (Chelidonichthys lucerna Linnaeus,
1758) Otolit Kimyasi ve Otolit Sekil Analizi Kullanilarak Populasyon Yapisi

Oz: Chelidonichthys lucerna ekonomik 6neme sahip demersal bir tiirdiir. Ulkemizde asir1 averlik
baskisi altindadir ve elde edilen miktar azalmaktadir. Tiiriin populasyon yapisi, habitat baglantilart
hakkindaki bilgi smirhdir. Bu g¢aligmada Tirkiye kiyilarinda dort avlanma bolgesinde
(Karadeniz/Ordu, Marmara Denizi/Bandirma, Ege Denizi/Foc¢a ve Akdeniz/Mersin) Subat 2020-Aralik
2020 tarihleri arasinda yakalanan 160 adet bireyin otolit sekli ve kimyasi incelenmistir. Boy aralig1
benzer bireylerin TL (19-25 cm, TL) otolit morfolojisi ve kimyasi (Li:Ca, Na:Ca, Mg:Ca, Mn:Ca,
Fe:Ca, Co:Ca, Ni:Ca, Cu:Ca, Zn:Ca, Sr:Ca, Ba:Ca, Pb:Ca, K:Ca, P:Ca) tek ve c¢ok degiskenli
istatistiksel analizlerle degerlendirilmistir. Otolit morfolojisi ve kimyasi tekniklerinin genel
kombinasyonu, 6rneklerin orijinal konumlarina en yiiksek yeniden siniflandirma basarisini (%75-%90)
ve ornekleme bolgeleri arasinda onemli farkliliklarin varligini ortaya ¢ikarmustir. Otolit sekil analizleri
ve otolit kimyas birlikte degerlendirildiginde dort denizden 6rneklenen (Karadeniz, Marmara, Ege ve
Akdeniz) C. lucerna bireylerini tam olarak ayirt edebilmistir. Ayrica, analiz sonuglari, Marmara ve
Ege denizlerindeki bireyler arasinda habitat baglantilarinin bulundugunu, C. lucerna stoklari agisindan
Karadeniz ve Akdeniz'in izole bolgeler oldugunu ortaya koymustur. Elde edilen sekil ve kimyasal
bulgular, C. lucerna'nin Tiirkiye kiyilarinda tek bir stok birimi olmadigini ve bu balik stoklarinin
balik¢ilik amaciyla ayr1 ayr1 yonetilmesi gerektigini gostermistir.
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Giris

Ticari balik tiirlerinin stok yapisinin bilinmesi hem
stirdiirtilebilir avcilik hem de nesli tiikenmekte olan tiirlerin
yonetimi i¢in temel bir bilgidir. Balik stoklarmin
stirdiiriilebilir {iretimi i¢cin dogru/etkin balik¢ilik yonetim
uygulamalarinin belirlenmesinde giivenilir stok
degerlendirilmeleri oldukga dnemli bir gerekliliktir (Ismen
vd., 2004, Turan, 2006). Kemikli baliklarin otolit kimyast,
bireyin ortammin kimyasal ve fiziksel ozelliklerindeki
farkliliklar1 yansitabilen dogal etiketleri temsil etmektedir.
Otolitler baligin i¢ kulaklarinda bulunan ve baligin dengesi
ve isitme fonksiyonlarinda 6nemli rol oynayan metabolik
olarak inert aragonit kalsifiye yapilardir. Otolitler etraftaki
sudan siirekli kalsiyum karbonat ve diger kimyasal
elementlerin ilavesiyle baligin émrii boyunca biiyiir, bu
elementler geri emilmez ve birey i¢in tam bir ¢evre kaydi
saglar. Kimyasal otolit analizi, bir baligin embriyonik
evrelerinden oOlene kadar bir yasam oOykiisii profili
oOlusturulmasina izin verir. Bu da balik yasam alanlarinin
cevresel kosullari, dzellikleri ve tiim yasamlar1 boyunca
hareket diizenleri hakkinda bilgi verir. Otolit sekli tiire
Ozgilidiir, bolgeler aras1t ¢esitlilik gosterir ve balik
populasyonu c¢aligmalart i¢in ideal bir belirteg gibi
goriilmektedir. Ayrica, otolitlerin kimyasal ve sekil
analizlerin kombinasyonunun balik stoklarmi ayirt etmek
icin iyi bir ara¢ oldugu kanitlanmistir (Bouchard vd., 2015;
Campana, 1999; Elsdon ve Gillanders, 2002; Martin ve
Thorrold, 2005; Secor ve Rooker, 2000; Zorica vd., 2010;
Sturrock vd., 2012; Ferreira vd., 2019).

Triglidae familyasina ait ekonomik Oneme sahip
demersal bir balik olan kirlangic baligi (C. lucerna),
Akdeniz ve Karadeniz'de, Dogu Atlantik kiyilart boyunca,
Norvec'ten Afrika'nin kuzeybati kiyilarina da yayilan bir
Akdeniz-Atlantik tiiridiir (Richards ve Saksena 1990;
Ismen vd., 2004). ICES, C. lucerna'y1 potansiyel bir ticari
tir ve yeni bir MOU (Mutabakat Muhtirasi) tiirii olarak
tanimlamig ve stok degerlendirme amaciyla biyolojik
parametreler hakkinda bilgi elde etmek icin izleme
programlarinin  yapilmasim  Onermistir.  Ulkemizde
Triglidae familyasi Chelidonichthys cuculus,
Chelidonichthys gurnardus, Chelidonichthys lastoviza,
Chelidonichthys lucernus, Chelidonichthys obscurus,
Lepidotrigla cavillone, Lepidotrigla dieuzeidei, Trigla lyra
olmak tizere 8 tiir ile temsil edilmektedir (Bilecenoglu vd.,
2014). Bu tiirlerden C. lucerna ekonomik 6neme sahip
demersal bir tiir olup, asir1 avcilik baskisi altindadir. Uretim
miktar1 her gecen yil azalmaktadir. Tirkiye’de otolit
morfolojisi ve/veya kimyasal analizi kullanarak stok
aymrimiyla ilgili yapilmis ¢alismalar az sayida olup, kalkan
baligi, 1skarmoz baligi, istavrit, yilan balig1, hamsi, sardalya
inci kefali, giimiis baligi, dikenli kirlangig¢ baligy, tiirlerinde
yapilmistir (Akyol vd., 1997; Serpin, 2007; Basusta vd.,
2013a; Basusta vd., 2013b; Basusta vd., 2013c; Saygin
2019). Tirkiye sularinda C. lucerna’nin biyolojik
ozellikleri ile ilgili yapilmis c¢aligmalar bulunmaktadir
(fsmen vd., 2004; Cigek vd., 2008; Uyan 2014; Cigek vd.,
2020; Basusta ve Bryikli, 2022). Diinya geneline
bakildiginda ise C. lucerna’min otolit morfolojisi ve
kimyasal analizi kullanarak stok ayirimiyla ile ilgili

yapilmis sadece bir ¢alisma bulunmaktadir (Ferreira vd.
2019).

Bu ¢alismada, Tiirkiye kiyilarinda (Karadeniz, Marmara
Denizi, Ege Denizi ve Akdeniz), C. lucerna’nin otolit
morfolojisi ve kimyasi incelenerek, habitat kullanim
alanlarina bagli stoklarin ayrimi ve stoklar arasi farkliliklar
veya benzerliklerin iligki diizeylerinin tespit edilmesi
hedeflenmistir.

Materyal ve Yontem
Ornekleme

Chelidonichthys lucerna bireyleri Karadeniz (Ordu)
(n=91), Marmara Denizi (Bandirma) (n=121), Ege Denizi
(Foga) (n=155) ve Akdeniz (Mersin) (n=100) olmak iizere
Tirkiye kiyilarindan dogrudan balik¢ilardan  temin
edilmigtir. Trol ve uzatma aglarla yakalanmig ornekler
soguk zincirde tasinmustir. Laboratuvara getirilen her bir
bireyin total boyu (TL; 0,1 cm), ¢atal boyu ve viicut agirlig
(W; 0,01 g) olciilmiistiir. Bireyler disekte edilmis, i¢
organlart ¢ikarildiktan sonra makroskobik gozlem ile
gonadlardan cinsiyet tayini yapilmistir. Sonrasinda baligin
bas1 dikkatlice agilmig ve basin iki yaninda bulunan 3 ¢ift
otolitten en biyiigli olan sagittal otolitler metalik
kontaminasyonu Onlemek igin plastik pens kullanilarak
balik kafasindan dikkatlice ¢ikarilmistir. Otolitler distile su
ile kan, doku ve diger yiizey kontaminantlarindan
arindirtlip, temizlenmis, tartilmis (= 0,0001 g) ve daha ileri
analiz yapilmak iizere eppendorf tliplerine aktartlmistir.

Otolit sekli, bir dizi ¢evre ve endojen faktorlerden
etkilenmektedir ve stoklar arasinda farklilik
gosterebilmektedir. Ayrica, ayni stoktaki boy ve yas
siniflar1 arasinda da farklilik gosterebilmektedir. Bu
faktorlerin etkisini ortadan kaldirmak i¢in benzer TL (19-25
cm) araliginda ve 2 yasinda 160 adet birey seg¢ilmistir
(ANOVA,; F315=0,119, p=0,94) (Adelir-Alves vd. 2018;
Moreira vd., 2018, 2019). Otolit sekil indeksleri ve element
analizleri bu bireyler iizerinden yiriitilmistiir. Sag ve sol
sagittal otolitlerin uzunlugu, genigligi ve agirligini
karsilastirmak igin t testi (Zar, 1999) kullanilmugtir. Tiir igin
sag ve sol otolitler arasinda anlamli bir farklilik tespit
edilmemistir (p>0,05). Bu nedenle analizlerde sag otolit
kullanilmistir.

Otolit sekil analizi

Otolitlerin iki boyutlu dijital goriintiileri, yansiyan 1s1k
ve karanlik alan altinda 15x biiylitmede binokiiler stereo
mikroskop (Olympus SZX2-ILLB) iizerine monte edilmis
yliksek ¢oOziliniirliikkli bir USB kamera kullanilarak
kaydedilmis ve Argenit KameraM 3.3.0.0 dijital goriintii
analiz program kullanilarak analiz edilmistir. Gorilintiileme
proximal yiizeyden olacak sekilde 10x23 biiyiitme ile
yapilmistir. Otolitlerin morfometrik dl¢limleri igin sag
sagittal otolitlerin rostrumu saga doniik ve dis biikey taraf
yukar1 gelecek sekilde yerlestirilip, Sulcus acusticus’u
goriintiilenmistir.
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Otolit genigligi (mm) i¢in otolitin ventral ile dorsal hat
uzunlugu, otolit boyu (mm) i¢in posterior ug ile anterior ug
noktalar arasi esas alinmustir. Otolit ¢evresi ve alan Slgiileri

otolit ¢evresi Ttizerinde hat boyunca takip edilerek,
stereomikroskop yardimiyla hesaplanmistir (Sekil 1).

Sekil 1. Chelidonichthys lucerna’ya ait sagittal otolit (OB: Otolit Boyu (mm), OG: otolit genisligi (mm), r: Yari¢ap (mm))

(Marmara Denizi)

Otolitlerden 6l¢iim sonunda elde edilen ham veriler
[otolit boyu (OL, mm), otolit genisligi (OWi, mm), otolit
alamm  (OA, mm?) ve otolit ¢evresi (OP, mm)]
degerlendirilerek, her bir bireyin otolit sekil indeksleri
hesaplanmistir. Otolitlerin sekil indekslerinin
belirlenmesinde Tablo 1’ de verilen formiiller kullanilmigtir
(Tuset vd., 2003b; Ponton vd., 2006). Otolit sekli, baliklarin
ontogenetik gelisimi boyunca degisebildigi, farkli yas-boy
gruplarindaki populasyonlarin arasindaki kargilagtirmalari

onyargili hale getirdigi i¢in otolit uzunlugunun ve otolit
agirliginin her morfometrik indeksin biiyiikligi tizerindeki
etkileri ayr1 ayn istatistiksel analiz (ANCOVA)
(faktor:bolge, kovaryant: otolit uzunlugu ve faktor:bolge
kovaryant: otolit agirligi) ile degerlendirilmistir. Denizlere
gore otolit uzunlugu ile otolit sekil indeksleri (eliptiklik,
dairesellik, cerceve orani, form faktor, yuvarlaklik ve
dikdortgenlik) arasinda iligki olup olmadigi regrasyon
analizi ile yapilmistir.

Tablo 1. Tirlerin otolitlerinin sekil indeksleri igin kullanilan formiiller

Parametreler Sekil indeksi Formiil

OP (Otolit Cevresi, mm) Form Faktor (FF) 4.1.0A/(OP)?

OA (Otolit Alami, mm?) Dairesellik (CL) (OP)?)/0OA

OL (Otolit Boyu, mm) Yuvarlaklik (RO) 4.0A/n.(OL)?

OWi (Otolit Genisligi, mm) Eliptiklik (EL) (OL-OWi)/(OL+0OWi)
Dikdortgenlik (RE) OA/(OL.OWi)
Cerceve Orani (AR) OL/OWi

Otolit element analizi

Uzerindeki  kan, doku ve diger yiizey
kontaminantlarindan arindirtlmis ve temizlenerek saklama
kaplarmma (eppendorf) alinmis olan otolitler, mikro-
kimyasal analizlere tabi tutulmustur. Oncelikle, her bir
otolitin sabit agirliga ulagsmasi i¢in 120 °C’ye ayarli etiivde
2 saat siire ile cam tiipler igerisinde kalmas1 saglanmistir.

Kurumas: tamamlanan otolit ornekleri yaklasik 0.001
grama duyarli hassas terazi ile tartilarak, mikrodalga yakma
initesindeki vessel’lara aktarilmistir. Daha sonra her bir
vessel’in tizerine %65°lik nitrik asit (HNO3)’ten 8 ml ve
%30’luk hidrojen peroksit (H202)’den 2 ml ilave edilerek,
Ethos marka Easy model cihazda SK-12 rotor kullanilarak,
sicaklik kontrollii mikrodalga ile yakmaya tabi tutulmustur
(Rooker vd., 2001).
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Ol¢iim sirasinda dikkate alman standartlar: EPA 200.2
(Spektroskopi teknigiyle toplam geri kazanilabilir element
analizi i¢in 6rnek hazirlama) ve EPA 6020’dir (Cevresel
numunelerde Endiiktif Olarak Eslestirilmis Plazma-Kiitle
Spektrometresi (ICP-MS) ile ¢oklu element tayini). Otolit
numuneleri 0.0060-0.030 g araliginda ortalama ise 0.015 g
olacak sekilde 13 ml hacimli test tiiplere yerlestirilmistir.
Uzerlerine 0.4 ml aqua regia; 3:1 oraninda hidroklorik asit:
nitrik asit (3:1 HCI:HNO3) eklenmis sonrasinda ise iki giin
boyunca oda sicakhiginda bekletilmistir. Ikinci giiniin
sonunda 15 dakika boyunca 40°C ultrasonik banyoda
tutulmustur. Sonrasinda {izerlerine 10ml ultra saf su
eklenmistir. Seyreltme faktorleri ortalama 1000 olarak
hesaplamistir. Elementlerin konsantrasyonlar1 Endiiktif
Olarak Eglestirilmis Plazma Kiitle Spektrofotometresi (ICP-
MS, Agilent 7700X) ile 6l¢iilmiistiir (Patterson vd., 1999;
Campana vd., 2000; Campana ve Thorrold 2001; Patterson
vd., 2004; Walther ve Limburg, 2012; Thomas vd., 2017;
Bal ve Esen, 2021). Kalibrasyon egrileri igin 27 element
karigimi standartlar (8500-6940 2A ve 8500-6940 Hg)
kullanilarak yapilmistir. Kalite kontrolii i¢lii dl¢iim ve
sertifikali referans malzemeler kullanilarak
gergeklestirilmigtir. Kontrol numunesi (sertifikali referans
materyali, SRM, CRM) olarak denizel hayvan dokusu olan
TORT2 (Lobster hepatopancreas) kullanilmistir. Tim
elementler %95 ve {iizeri dogrulukla Ol¢iilmiistir. Bu
calismada lppm internal standart karisimi ISTD Agilent
5188-6525:Li6, Sc45, Ge72, Rh103, In115,Th159, Lul75,
Bi209 kiitleleri numunelerle birlikte siirekli olarak analiz
edilmis ve bagintili olarak hesaplamada yer almigtir. Her
element i¢in tespit limiti (DL, LOD) kalibrasyon egrisinin
altinda listelenmistir. Nicel tayin sinir1 (NTS, Limit of
quantification LOQ) ise LOD degerinin 3,3 kat1 olarak
belirlenmistir (EPA, 2014).

Deniz baliklar1 otolitlerinde elementlerin stabilitesinin
tirlere gore degiskenlik gostermesi nedeniyle genellikle
kaydedilen iz elementler de dikkate alinarak, C. lucerna'nin
biitiin otolitlerinde bulunan en bol ve olasi bilgilendirici
unsurlart belirlemek i¢in bir 6n analiz yapilmistir. Analizde
ilk asamada elementlerin stabilitesinin tlirlere gore
degiskenlik gostermesi nedeniyle C. lucerna tiirii i¢in
otolitlerde fiziksel olarak stabil olan tekrarlanabilir ve
kararl1 elementler incelenmis (Silva vd., 2011; Correia vd.,
2014; Daros vd., 2016) ve 14 element (Li, Na, Mg, Ca, Mn,
Fe, Co, Ni, Cu, Zn, Sr, Ba, Pb, K, P) belirlenmistir. Caligma,
belirlenen elementlerin kalsiyuma oranlar1 (element:Ca)
tizerinden yiuriitiilmistiir.

Denizler arasinda TL agisindan 6nemli bir farklilik
olmamasina ragmen, element konsantrasyonu ile balik
biiylikligii (otolit agirlif) arasindaki iligkiler kovaryans
analizi (ANCOVA, ortak degisken: otolit agirligr) ile test
edilmistir. Element: Ca oranlarinin otolit agirligi ile anlamh
diizeyde iliskili olmadig tespit edilmistir (ANCOVA, p >
0.05). Numuneler arasindaki balik boyutu farkliliklarinin,
otolit kimyasinda bolgeye 6zgii herhangi bir farkliliga yol
agmamasini saglamak i¢in, elementlerin konsantrasyonlari,
ortak grup i¢i dogrusal e§im c¢arpiminin otolit agirlig: ile
gbzlenen konsantrasyondan c¢ikarilmasi suretiyle agirlik
acisindan azaltilmistir (Campana vd., 2000).

istatistiksel analizler

Ham veriler Quinn ve Keough (2002)’ye gore normallik
(Shapiro-Wilk testi), varyans homojenligi (Brown-Forsythe
testi) ve esit grup ici kovaryans matrisleri (ayirt edici
fonksiyon puanlarinin incelenmesi) acisindan kontrol
edilmigtir. Bu varsayimlar sekil indeksleri ve element:Ca
oranlarinin bir kism1 i¢in saglansa da Na:Ca, Mg:Ca, Fe:Ca,
Zn:Ca element oranlarinda saglanmamistir. Bu nedenle bu
dort orana Logio donlisiimii yapilarak, varsayimlar
saglanmustir.

Denizler arasindaki bireysel elementlerin ve sekil
indekslerinin farkliliklarimi1  aragtirmak igin tek yonli
varyans analizi (ANOVA) kullanilmistir. Anlamli farklar
bulundugunda (p< 0.05) ise Tukey post hoc testi yapilmustir.
Otolit ¢oklu element (element:Ca) ve sekil indeksleri ve her
ikisinin birlesimindeki (element:Ca, sekil indeksi) uzaysal
farkliliklar1 test etmek icin ¢ok degiskenli varyans analizi
(MANOVA) kullanilmistir. MANOVA analizinde ¢ok
degiskenli istatistiklerin en saglam testi (Pillai izi) igin
yaklastk F orani istatistigi rapor edilmistir. Denizler
arasinda post hoc ¢ok degiskenli ikili karsilastirmalar,
Hotelling T-kare testi kullamlarak yapilmistir. Ornekler
arasindaki benzerlik derecesi ve grup ayrimi igin her
Olglimiin goreceli 6nemi, Oklid mesafesine dayanan ileri
adimlt  diskriminant fonksiyon analizi (DFA) ile
degerlendirilmistir. Ayrica, bir jackknifed prosediiriinii
kullanarak, mekansal farkliliklart gorsellestirmek ve
baliklarin bu orijinal konuma gore yeniden siniflandirma
dogruluk basarisini incelemek icin de DFA kullanilmistir.
Sonuglar iki boyutlu grafiklerde sunulmustur (Moreira vd.,

2018). Tium istatistiksel analizlerde SPSS v. 21
kullanilmuistir.
Bulgular

Otolit sekil indeksleri

Otolit morfolojisi ve kimyasini test etmek icin segilen
19-25 cm boy araligindaki tim bireylerin sag otolitlerine
sekil indeksleri uygulanmigtir. Denizlerdeki C. lucerna
bireylerinin sagittal otolitlerinin boyu (OL), genisligi
(OW1), yarigapi (Or) , agirligr (Ow), alani (A), ¢evresi (P),
form faktorii (FF), yuvarlakligi (RO), dikdortgenlik (RE),
eliptiklik (EL), daireselligi (CL) ve g¢ergeve orani (AR)
Ol¢iilmiigtiir. Tablo 2°de her bir bdlgede sekil indekslerinin
tanimlayici istatistikleri verilmistir.

Denizler arasinda otolit sekil indekslerinin otolit
uzunlugu ile olan iligkisi Sekil 2°de gosterilmistir. Bu
verilere gore otolit wuzunlugu artarken; eliptiklik
(EL=0,070L+0,13, R?=0,415), cerceve orani
(AR=0,190L+0,62, R?>=0,416) artmakta, dikdortgenlik
(RE=-0,030L+0,81, R*=0,082) ve yuvarlaklik (RO=-
0,140L+1,18, R?>=0,476) azalmaktadir. Otolit uzunlugu ile
otolit sekil dairesellik (CL=2,190L+14,11, R?=0,043) ve
form faktor (FF=-0,050L+0,75 R?=0,046) arasmnda ise
dogrusal olmayan iliski oldugu belirlenmistir. Otolit sekli
baligin ontogenetik gelisimi boyunca degisebildigi icin
balik boyutunun (yani otolit uzunlugunun) her bir sekil
indeksi tiizerindeki etkisini ortadan kaldirip bolgeler
arasinda sekil indeksleri agisindan farklilik olup olmadigini
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test etmek igin ANCOVA kullanilmustir (faktor:bolge,
kovaryant: otolit uzunlugu). Yapilan istatistiksel analizler
sonucunda Karadeniz’deki stoklarin Marmara Denizi’ndeki
stoklardan form faktor sekil indeksi agisindan farkli oldugu
ve bu farkin anlamli oldugu saptanmistir (MANOVA,
Pillai’s Trace: Fsise= 1,263 p=0,04). Dairesellik sekil
indeksi acisindan ise tiim denizlerdeki stoklarin birbirinden

farkli oldugu ve farkin anlamli oldugu tespit edilmistir
(p<0,05) (Tablo 3).

Yapilan istatistiksel analizler sonucunda otolit
agirhiginin Marmara Denizi’'nde tim diger denizlerden
anlamli derecede farkli oldugu saptanmistir (MANOVA,
F3156=10,245, p=0,00). Karadeniz’de otolit boyu, genisligi,
yarigapt ve alani agisindan Marmara ve Ege denizlerinde
farkli oldugu ve farkin istatistiksel olarak anlamli oldugu
tespit edilmistir (p<0,05). Akdeniz’in otolit boyu ve

yarigap1 agisindan Marmara ve Ege denizlerinden anlamlt
derecede farkli oldugu belirlenmistir (p<0,05).

Yapilan diskriminant analizi sonucunda {ii¢ adet
diskriminant fonksiyonu diretilmis olup birinci ve ikinci
diskriminant fonksiyonlarmin toplam varyansa %72,6 ve
%26,1 oraninda katkida bulunmasi toplam varyansin
cogunlugunun ilk iki kanonik degisken tarafindan
aciklandigimi gosterir. Analiz sonucunda sekil indeksleri
acisindan tiim denizlerde ortiigme gézlenmistir. Birbirinden
kismi olarak ayrilan bolgeler ise Karadeniz ve Marmara
denizleri olmustur (Sekil 3A). Bireylerin orijinal gruplarina
gore dogru siniflandirilmasi otolit sekline gére yapildiginda
%45 ile %47,5 arasinda degisim gostermektedir (Tablo 6).

Tablo 2. Chelidonichthys lucerna bireylerinin sag sagittal otolitlerinin denizlerdeki sekil indeksleri

Bolge OL OwWi OR OwW A P FF RO RE EL CL AR
Minumum 2,638 2,269 2,368 0,004 4,44 9331 0,301 0,622 0,596 0,012 17,658 1,024

) Maksimum 3,852 3,01 3,255 0,01 8,441 17,361 0,711 0,884 0,759 0,203 41,792 1,51
aradeniz Ortalama 3,319 2,626 2,792 0,007 6,247 11,828 0,569 0,723 0,715 0,116 22,569 1,266
Standart Sapma 0,263 0,175 0,179 0,001 0,793 1,377 0,075 0,06 0,029 0,036 3,964 0,092
Minumum 2,973 2,482 2,585 0,006 5,292 10,674 0,448 0,592 0,657 0,058 18,28 1,122

Maksimum 4,153 3,306 3,392 0,016 9,16 14,46 0,687 0,801 0,777 0,188 28,049 1,463

Marmara Ortalama 3,584 2,774 2,966 0,009 7,05 12,103 0,606 0,7 0,709 0,127 20,902 1,294
Standart Sapma 0,247 0,189 0,167 0,002 0,793 0,848 0,054 0,05 0,031 0,031 2,092 0,079
Minumum 2,673 2,395 2,412 0,005 4,613 9,888 043 0,565 0,628 0,034 17,181 1,07

Maksimum 4,117 3,172 3,555 0,012 8,95 16,163 0,731 0,822 0,777 0,194 29,189 1,482

Foe Ortalama 3,509 2,737 2,904 0,008 6,715 11,931 0,596 0,697 0,698 0,122 21,295 1,283
Standart Sapma 0,312 0,167 0,2 0,002 0,845 1,177 0,061 0,056 0,027 0,036 2,336 0,093
Minumum 2,865 2,377 2,565 0,006 5,221 10,332 0,336 0,634 0,651 0,04 18,794 1,084

_ Maksimum 4,034 3,058 3,194 0,015 8,12 16,007 0,668 0,851 0,771 0,16 37,429 1,382
Aldentz Ortalama 3,324 2,668 2,801 0,008 6,279 11,642 0,589 0,726 0,708 0,109 21,709 1,247
Standart Sapma 0,267 0,161 0,158 0,002 0,723 1,267 0,064 0,06 003 0,03 3539 0,075
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Sekil 2. Denizler arasinda otolit uzunluguna gore otolit sekil indeksleri
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Tablo 3. Sekil indekslerinin denizler arasindaki farklar

(ANOVA)

Sekil indeksleri F p
Form faktor 5,825 0,001
Yuvarlaklik 0,856 0,465

Dikdortgenlik 1,806 0,148
Eliptiklik 0,948 0,419
Dairesellik 5,137 0,020

Cergeve orani 1,012 0,389

Otolit element analizi

Her bir denizde C. lucerna otolitlerinin element
konsantrasyonlarinin ortalama ve standart sapma degerleri
Tablo 4°de verilmigtir. Otolitlerin element
konsantrasyonlar1 Sekil 4’de verilmistir. Bolgesel olarak
bakildiginda otolitlerde en ¢ok bulunan element
kalsiyumdur. Kalsiyumdan sonra en bol bulunan elementin
ise Karadeniz, Ege ve Akdeniz denizlerinde sodyum iken,
Marmara Deniz’inde stronsiyum elementi oldugu
saptanmistir.

Tablo 4. Chelidonichthys lucerna otolitlerinin denizlerdeki element konsantrasyonlarina ait ortalama + standart sapma

degerleri (pg*g™)

Element el
Karadeniz Marmara Ege Akdeniz

Li 0,125+0,199 0,190+0,095 0,145+0,074 0,149+0,056
Na 2880,506+774,304 1994,501+652,776 2819,171+£514,167 3464,755+350,622
Mg 37,557+46,864 30,756+22,627 41,514+28,861 45,305+60,435
Mn 9,166+4,407 3,893+2,827 6,796+3,284 10,691+3,688
Fe 1,669+2,383 2,584+2.,464 3,906+5,217 5,247+3,839
Co 0,125+0,182 0,245+0,115 0,295+0,135 0,404+0,128
Ni 0,089+0,126 0,207+0,160 0,173+0,086 0,383+0,143
Cu 0,200+0,417 0,226+0,201 0,352+0,449 0,885+0,587
Zn 2,329+2,875 0,852+1,783 2,999+3,085 6,058+5,247
Sr 1788,536+222,610 2455,781+618,544 2570,556+465,945 2593,074£311,311
Ba 4,031+1,683 2,251+1,089 2,113£1,133 2,517+1,060
Pb 0,115+0,071 0,130+0,051 0,147+0,054 0,223+0,069

K 891,110+222,764 591,507+189,985 750,438+228,759 1168,619+217,295
P 20,382+9,726 16,972+7,831 20,987+13,770 17,309+10,368

Ca 282322,123+72520,386

335844,768+25712,011

368453,928+61253,449  405112,887+34269,534

Element:Ca degerlerine normallik testi uygulanmustir.
Normal dagilim sartini tagiyip tasimadiklar1 olgusu Shapiro-
Wilk testi ve carpiklik basiklik degerleri olan Skewness ve
Kurtosissonuglarina gore degerlendirilmistir. Buna gore
Li:Ca, Mn:Ca, Co:Ca, Ni:Ca, Cu:Ca, Sr:Ca, Ba:Ca, Pb:Ca,
K:Ca ve P:Ca oranlar1 normal dagilim gosterirken, Na:Ca,
Mg:Ca, Fe:Ca, Zn:Ca oranlarmin normal dagilim
gostermedigi tespit edilmistir. Bu nedenle normal dagilim
sartin1 tagimayan verilere Logio donilisiimii uygulanmig ve
verilerin normal dagilmast saglanmigtir. Varyanslarin
homojenligi varsayimi i¢in Levene testi uygulanmig ve tiim
verilerin homojenlik sartin1 tasidigi sonucuna varilmustir.
Ayrica Element:Ca konsantrasyonu ile otolit agirligt
arasindaki iligki kovaryans analizi (ANCOVA, kovaryant:
otolit agirhigl) ile test edilmis ve Element:Ca oranlarinin

otolit agirlig1 ile anlamlh diizeyde iliskili olmadig1 tespit
edilmistir (ANCOVA, p > 0.05). Denizler arasinda
Element:Ca konsantrasyonlarinda anlamli farklilik olup
olmadigi Tek Yonli ANOVA analizi kullanilarak test
edilmistir. Analiz sonucunda Li:Ca, Mn:Ca, Fe:Ca, Co:Ca,
Ni:Ca, Cu:Ca, Zn:Ca, Sr:Ca, BaCa ve K:Ca
konsantrasyonlarinda bolgesel olarak anlamli farkliliklar
oldugu saptanmistir (p<0,05) (Tablo 5). Birinci ve ikinci
diskriminant fonksiyonlar1 i¢in gruplar arasinda ayrim
yapilmasinda birincil 6neme sahip elementler sirastyla Sr,
K, Zn, Fe, Cu, Ni, Li, Coolmustur (Sekil 5).
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Tablo 5. Element:Ca konsantrasyonlarinin denizler
arasindaki farklar1 (ANOVA)

Element K. F p
Li:Ca 3,592 0,015
Mn:Ca 13,152 0,000
Fe:Ca 14,784 0,000
Co:Ca 2,816 0,041
Ni:Ca 12,330 0,000
Cu:Ca 9,061 0,000
Zn:Ca 8,289 0,000
Sr:Ca 8,389 0,000
Ba:Ca 16,765 0,000
K:Ca 7,574 0,000

Otolitlerin ¢ok elementli konsantrasyonlarinda denizler
arasinda farkliliklar saptanmistir (MANOVA, Pillai’s
Trace: F3156=9,699 p=0,00). Ayrica c¢oklu element
karsilagtirmalar1 da yapilmis ve denizler arasinda anlamli
farkliliklar oldugu saptanmistir (Hotelling T kare testi
p<0,05). Sr:Ca igerigi denizler arasinda farklilik
gostermektedir (p=0,00), diger denizlere kiyasla Marmara
Denizi’ndeki otolitlerde en yiiksek seviyede oldugu tespit
edilmistir. Zn:Ca element oraninin Marmara Denizi’nde
tim diger denizlerden az oldugu, Karadeniz’de Ege
Denizi’nden fazla oldugu tespit edilmistir. Mn:Ca, Ni:Ca,
K:Ca ve Cu:Ca konsantrasyonlar1 agisindan tiim denizlerin
birbirinden anlamli derecede farkli oldugu saptanmigtir
(p<0,05). Karadeniz’de Fe:Ca oraninin diger ii¢ denizden
fazla oldugu ve bu sonucun da istatistiksel olarak anlamli
oldugu saptanmistir. Li:Ca konsantrasyonunun Marmara
Denizi'nde Ege ve Akdeniz’den farkli oldugu
belirlenmistir. Co:Ca ve Ba:Ca element oranlarinin
Karadeniz’de Marmara ve Ege denizlerinden anlamli
derecede farkli oldugu diger denizlere oranla otolitlerde
fazla bulundugu sonucuna ulasilmistir (Sekil 4).

Tablo 6. Chelidonichthys lucerna bireylerinin otolit sekli, otolit kimyas1 ve tiim dogal etiketlerine dayali Jackknifed gapraz

dogrulamali yeniden siralama matrisi

Otolit Sekli Tahmini Lokasyon
L(())kra:Js ?oar: Karadeniz Marmara Ege Akdeniz Total %
Karadeniz 19 2 9 10 40 47,5
Marmara 4 18 11 7 40 45
Ege 10 9 18 3 40 45
Akdeniz 9 7 5 19 40 47,5
Otolit Kimyasi Tahmini Lokasyon
Lc())kreljs ?oar: Karadeniz Marmara Ege Akdeniz Total %
Karadeniz 32 0 5 3 40 80
Marmara 2 28 8 2 40 70
Ege 1 4 32 3 40 80
Akdeniz 3 2 34 40 85
lTEltllllt(l elt)lggal Tahmini Lokasyon
L(())kgjs I;oar: Karadeniz Marmara Ege Akdeniz Total %
Karadeniz 33 0 5 3 40 82,5
Marmara 2 30 8 2 40 75
Ege 1 4 34 3 40 85
Akdeniz 3 2 36 40 90
Otolit kimyasina iliskin diskriminant analiz grafigi Sekil aciklamaktadir. Grafige bakildiginda fonksiyon 1’in

3B’de verilmistir. Yapilan analiz sonucunda ii¢c adet
fonksiyon iiretilmis olup, ilk iki fonksiyon sirasiyla %54,4
ve %35,2 oranlart ile varyansin = ¢ogunlugunu

Marmara ve Karadeniz, fonksiyon 2’nin ise Marmara ve
Akdeniz  populasyonlarmi  ayirdigt  gozlenmektedir.
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Marmara ve Ege populasyonlarinda ise kismen de olsa
ortiisme oldugu sonucuna varilmistir.

Bireylerin  orijinal gruplarina  gdre dogru
smiflandirilmasi otolit kimyasina gore yapildiginda ise %70
ile %85 arasinda degisim gostermektedir. En yiiksek
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yeniden siniflandirma orani agikg¢a izole olan Akdeniz
orneklerinde gozlenmistir. Otolit kimyasi agisindan dort

denizde de baliklar nispeten yiiksek bir dogruluk
derecesiyle  orijinal  konumlarina  gére  yeniden
siniflandirilabilmektedir (Tablo 6).
B
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Sekil 3. Chelidonichthys lucerna bireylerindeki dogal etiketler i¢in mekansal farkliliklar1 gosteren dogrusal diskriminant
fonksiyon analizleri (LDFA) grafikleri (A) otolit sekil indeksleri, (B) otolit kimyasi (C) tiim dogal etiketler (sekil
indeksleri ve elementler). Verilerin etrafindaki elipsler %95 giiven araligini temsil eder. Her veri noktasi birer balik
bireyine tekabiil eder. Denizler; Karadeniz, Marmara, Ege ve Akdeniz
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Sekil 4. Chelidonichthys lucerna'nin sag otolitlerinde kaydedilen element konsantrasyon grafikleri (ug.g™)
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Sekil 4 devamu. Chelidonichthys lucerna'nin sag otolitlerinde kaydedilen element konsantrasyon grafikleri (ug.g™2)
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Sekil 5. Chelidonichthys lucerna bireylerine ait otolit element konsantrasyonlarinin diskriminant fonksiyonu. Vektorler, her
degiskene iligkin puanlarin ilk iki diskriminant fonksiyonu lizerindeki yiiklerini gdsterir.

Otolit element ve sekil analizi

Tim dogal otolit etiketler bir araya getirildiginde (otolit
sekil indeksleri ve otolit kimyasi), denizler arasinda
istatistiksel olarak anlamli sonuglar elde edilmistir
(MANOVA, Pillai's Trace Fzis6= 7,345, p=0,00). Dort
denizden gelen baliklar yakalanma konumlarina gore
oldukca yiiksek bir dogruluk derecesiyle yeniden
simiflandirilmstir (%75 ile %90 arasinda) (Tablo 6). Tim
dogal etiketlere yapilan diskriminant analizi sonucunda iig
adet fonksiyon tretilmis olup, %54,4 ve 35,9 oraninda
katkida bulunmasi, toplam varyansin ¢ogunlugunun ilk iki
kanonik degisken tarafindan agiklandigini gostermektedir.
Tim o6rneklerin ilk iki diskriminant fonksiyonun grafigi
Akdeniz ve Karadeniz’in birbirlerinden ve diger
denizlerden 6nemli 6l¢iide ayrildigini ve de Marmara ve
Ege denizlerinin kismen de olsa ortiigtiigiinii gdstermistir
(Sekil 3C).

Tartisma

Balik stoklarinin ayirt edilmesi giivenli balikgilik
kaynak yonetimi i¢in gereklidir (Begg ve Waldman, 1999).
Stoklarin tanimlanmas1 populasyonlar arasi baglantilarin
veya farkliliklarin iligki diizeylerinin belirlenmesine imkan
verir (Gillanders ve Kingsford, 1996; Pender ve Griffin
1996; Campana ve Thorrold, 2001; Forrester ve Swearer,
2002). Ticari olarak somiiriilen balik stoklarinin ¢ogu,
gegici bir karisgimla giiglii habitat ortligmeleri gosterir.
Ozellikle stoklar iiretkenlik bakimindan  farklilik
gosterdiginde stok karigimlarimin dikkate alinmamasi,
Ozglinyumurtlayan bireylerin agirt somiiriisiine yol agabilir
(Kerr vd., 2020). Bu nedenle, karisim stoklarindaki
bireylerin, yiiksek siniflandirma dogrulugu olan giivenilir

stok ayirma yontemleri kullanilarak stok orijinlerinin
belirlenmesi gerekmektedir (Cadrin vd., 2014).

Baliklarda stok ayrimina iliskin Tirkiye denizlerinde
yapilmis ¢aligsmalar bulunmaktadir. Atay (1985), kirlangic
baliklarinin  Marmara, Ege ve Akdeniz’de bolca
bulundugunu, Karadeniz’de ise nadiren bulunduklarini
belirtmigtir. Turan vd. (2004) yaptiklart c¢aligmada
Karadeniz, Ege ve Kuzeydogu Akdeniz'deki hamsinin
(Engraulis  encrasicolus L.) morfometrik yapisini
incelemis, denizler arasinda yiiksek derecede (%93)
farklilik  oldugunu, denizlerdeki hamsilerin  farkli
kiimelenmeleri temsil ettigini, 6zellikle de Akdeniz’deki
hamsi popiilasyonlariin Ege ve Karadeniz’den morfolojik
olarak farkli oldugunu saptamistir. Bizim ¢aligmamizda da
C. lucerna tiiriniin Akdeniz popiilasyonunun diger
denizlerden 6nemli dlglide ayrildigi sonucuna vartlmistir.
Turan (2004) yaptig1 ¢alismada Trachurus mediterraneus
tirtiniin Karadeniz, Marmara, Ege ve Dogu Akdeniz'deki
stoklar1 arasindaki morfolojik farkliliklar1 incelemistir.
Marmara Denizi 6rneklerinin hem morfometrik hem de
meristik karakterler agisindan digerlerinden en izole
ornekler oldugu, Ege Denizi ve Akdeniz’de bir dereceye
kadar ortiisme oldugu belirlenmistir. Ergiiden ve Turan
(2005) yaptiklar1 ¢alismada Dicentrarchus labrax tiiriiniin
Karadeniz, Marmara, Ege ve Kuzeydogu Akdeniz'deki
populasyonlarinin  genetik ve morfolojik  yapisinin
incelemis, populasyonlarin morfolojik olarak biribirinden
ayristigint saptamistir. Turan (2006) yaptiklart ¢aligmada
Karadeniz, Marmara, Ege ve Kuzeydogu Akdeniz'deki liifer
(Pomatomus saltatrix) stoklar1 arasindaki morfometrik ve
meristik  degisimlerini  incelemigtir. Calismada hem
morfometrik hem de meristik analizlerde en yiiksek yeniden
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smiflandirma oranimin, en net izole edilen gruplar olan
Dogu Karadeniz ve Kuzeydogu Akdeniz &rneklerinde
oldugu belirlenmistir. Bu ¢alismada da C. lucerna
bireylerinin morfometrik analizler (otolit sekil indeksleri)
acisindan en yiliksek yeniden smiflandirma oraninin
Karadeniz ve Akdeniz’de (%47,5) oldugu saptanmustir.
Diirrani ve Seyhan (2024) yaptiklar1 ¢alisgmada Trachurus
mediterraneus tiirtiniin Marmara ve Karadeniz'deki viicut
ve otolit sekil analizlerini kullanilarak stoklarinin
tanimlanmasini amag¢lamiglardir. Calismada sekil indeksleri
ve eliptik fourier analizi kullanilarak yapilan otolit sekil
analizi, t¢ farkli T. mediterraneus stokunun varligini
desteklemis, Dogu Karadeniz, Orta Karadeniz ve Marmara
Denizi arasinda onemli farkliliklar oldugu belirlenmistir.
Saygin (2024) yaptig1 calismada Ege, Karadeniz ve
Akdeniz’de yasayan Mullus barbatus tiiriiniin sagittal otolit
morfometrisini incelemistir. Calisma sonunda Eliptik
Fourier analizinin (%68,6) Karadeniz'i Akdeniz ve Ege
Denizlerinden ayirirken, Wavelet analizinin (%69,3) Ege
Denizi'ni Akdeniz ve Karadeniz'den ayirdig: saptanmustir.

Baliklarin i¢ kulaginda bulunan kalsiyum karbonat
yapilt otolitler yaygin olarak kullanilan stok ayirma
tekniklerinden biridir (Campana ve Casselman 1993). Otolit
sekil oOlglimleri, spesifik ayrim, stok analizi ve otolit
morfolojisi ¢alismalarinda sekil farkliliklarinin islevinin ve
ekolojik 6neminin test edilmesinde bir indeks olarak kabul
edilmektedir (Aguirre ve Lombarte, 1999; Cardinale vd.,
2004). Otolit sekil analizleri, balik populasyonlar: arasinda
ayrim yapmak i¢in degerli bir aractir (Stransky vd., 2008;
Agiiera ve Bronphy 2011; Moreira vd., 2019). Otolit
seklinin bir dizi gevresel (Tuset vd., 2003b; Carvalho vd.,
2015; Vignon 2015) ve endojen faktérlerden (Castonguay
vd., 1991; Simoneau vd., 2000; Cardinale vd., 2004)
etkilenmekte ve bir tiiriin stoklar1 arasinda farklilik
gosterebildigi gibi, ayni stok igindeki yas, cinsiyet ve yil
smiflari arasinda da farklilik gosterebilmektedir (Campana
ve Casselman 1993; Cardinale vd., 2004; Ladroit vd. 2017).
Otolit sekli cogunlukla gevresel ve genetik faktorlerin bir
kombinasyonu tarafindan yonlendirilir ve farkli stoklarin
ilgili bir igareti olarak kullanilabilen stoka 6zgii 6zellikler
icerir (Vieira vd., 2014; Berg vd., 2018)

Otolit agirligi, biiylime oranindaki degisikliklere karsi
duyarhidir ve giicli bir ayiricidir (Reznick vd., 1989;
Pawson, 1990; Foresberg ve Neal, 1993; Tuset vd, 2006;
llkyaz vd., 2010; Zorica vd., 2010; Amouei vd., 2014).
Bostanct vd. (2015) dort allopatrik Alburnus tiiriiniin
tanimlanmasi amactyla yaptiklari ¢alismada otolit sekli ve
morfometrisini kullanmigtir. Yapilan ¢alismada otolit
agirhiginim Alburnus tiirleri igin giiglii bir ayirict olmadig
sonucuna varilmistir. Bizim ¢alismamizda otolit agirliginin
bolgeler arasinda anlamli farkliliklar gosterdigi yapilan
istatistiksel analizler sonucunda Marmara Denizi’nde tim
diger denizlerden anlamli derecede farkli oldugu
Saptanmuigtir.

Dairesellik (CL) minumum 4 (12.57) degerini alan ve
otolitin tam bir daireye ne kadar benzedigi ile ilgili bilgi
veren otolit sekil indeksidir (Tuset vd. 2003b). Tuset vd.
(2008) yaptiklar1 ¢alismada C. lucerna tiirii igin
daireselligin minumum 15,4 cm maksimum 26,0 oldugunu

belirtmiglerdir. Cigek vd. (2021) ise C. lucerna tiirii igin
ortalama daireselligi 17,378 olarak belirlemistir. Bu
calismada ortalama dairesellik Karadeniz’de 22,5 cm,
Marmara Denizi’nde 20,9 cm, Ege Denizi’nde 21,2 cm,
Akdeniz’de 21,7 cm olarak tespit edilmistir.

Dikdortgenlik (RE) otolit sekil indeksi uzunluk ve
genisligin alana gore olan degisikliklerini tanimlar, diger bir
deyisle alanin uzunluk ve genisligin carpimina oramidir.
Dikdortgenlik igin 1,0 degeri otolitin tam bir kare oldugunu
ifade eder (Tuset 2003b). C. lucerna tiirii igin dikdortgenlik
Tuset vd. (2008)’nin ¢aligmasinda 0,1, Cigek vd. (2021)’nin
calismasinda ise 0,683 olarak belirtilmistir. Bu ¢alismada
Karadeniz’de 0,715, Marmara Denizi’nde 0,709, Ege
Denizi’nde 0,698, Akdeniz’de 0,708 olarak saptanmustir.

Form faktorii (FF); miikemmel bir daire oldugunda 1,0
degerini alan, diizensizlestik¢e de 0'a yaklasan, yiizey alani
diizensizligini tahmin etmek i¢in kullanilan otolit sekil
indeksidir. Yuvarlaklik (RO); daireye benzerlik hakkinda
bilgi veren otolit sekil indeksidir. Eliptiklik (EL), otolit
eksenlerindeki degisikliklerin orantili olup olmadigini
gosterir (Tuset 2003b). Cerceve orani (AR) otolit uzunlugu
ile otolit genisligi arasindaki orandir, bu faktor otolitin sekil
egilimini ifade eder; baligin otoliti ne kadar uzun olursa
gergeve orant da o kadar biiyiik olur (Zorica vd., 2010).
Cigek vd. (2021) yaptiklar1 ¢alismada C. lucerna tiirii i¢in
ortalama form faktor 0,723, yuvarlaklik 0,630, eliptiklik
0,160, cergeve orani ise 1,382 olarak tespit edilmistir. Bu
calismada ortalama form faktorii Karadeniz’de 0,568,
Marmara Denizi’nde 0,606, Ege Denizi’'nde 0,596,
Akdeniz’de 0,589 olarak belirlenmistir.  Ortalama
yuvarlaklik Karadeniz’de 0,723, Marmara Denizi’nde
0,700, Ege Denizi’nde 0,697, Akdeniz’de 0,726 olarak
tespit edilmistir. Ortalama eliptiklik Karadeniz’de 0,116,
Marmara Denizi’nde 0,127, Ege Denizi’'nde 0,122,
Akdeniz’de 0,109 olarak saptanmustir. Ortalama ¢ergeve
orani ise Karadeniz’de 1,266, Marmara Denizi’nde 1,294,
Ege Denizi’'nde 1,283, Akdeniz’de 1,247 olarak tespit
edilmistir.

Ozpigak vd. (2019) Karadeniz’de liifer baligimin otolit
sekil indeksleri tizerine yaptiklar1 ¢alismada otolit uzunlugu
artarken cerceve orani, eliptiklik ve daireselligin arttig1,
form faktorii, yuvarlaklik ve dikdortgenlik degerlerinin ise
azaldigr sonucuna varmistir. Bu caligmada da otolit
uzunlugu artarken; ¢erceve orami ve eliptiklik artarken,
yuvarlaklik ve dikdortgenligin azaldig: tespit edilmistir.
Ferreira vd. (2019) Portekiz'de C. lucerna bireylerinin stok
ayrimi ile ilgili yaptiklarn calismada form faktor,
dikdortgenlik ve dairesellik sekil indeksleri agisindan
bolgelerin birbirinden ayristigi sonucuna varmuslardir.
Bizim c¢alismamizda form faktdor ve dairesellik sekil
indeksleri stoklar1 ayirmada istatistiksel olarak Onemli
bulunmustur. Chelidonichthys lucerna otolitlerinin sekil
indekslerine yapilan diskriminant analizi, denizlerde
ortiismeler olsa da Karadeniz ve Marmara denizlerinin
otolit morfometrisi agisindan birbirinden farkli oldugunu
ortaya cikarmistir. Ayrica, yapilan istatistiksel analizler
dairesellik sekil indeksi agisindan tim denizlerdeki
stoklarin birbirinden farkli oldugunu, form faktor sekil
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indeksi agisindan ise Karadeniz’deki stoklarin Marmara
Denizi’ndeki stoklardan farkli oldugunu agiga ¢ikarmustir.

Literatiirde bireylerin otolit sekil indeksleri ile orijinal
konumlarina goére dogru simflandirilmasiyla ilgili
calismalar bulunmaktadir. Begg ve Brown (2000),
Melanogrammus aeglefinus stoklarimin tanmimlanmasinda
yil smiflarinda %56-81 oraninda simiflandirma basarisi
bildirmislerdir. Devries vd. (2002), dogu Meksika Korfezi
ile Atlantik Okyanusu arasindaki Scomberomorus cavalla
stoklarinin  siniflandirilmasinda  %81,6 dogruluk elde
etmistir. Tuset vd. (2003b) Serranus cabrilla'da Kanarya
Adalar1 ile Alicante arasinda bolgesel farkliliklar %68,8
dogrulukla ortaya koymustur. Bourchail vd. (2015)
Cezayir’de Sphyraena sphyraena ve Sphyraena viridensis
stoklarin1 ayirmak i¢in otolit sekil indeklerini kullanmis ve
calismada bireylerin %80'inin otolit sekli ile dogru sekilde
simiflandirilabilecegi sonucuna varmiglardir. Ozpicak vd.
(2018) Karadeniz bolgesindeki dort lokaliteden drneklenen
kefalin utrikiiler ve lagenar otolit sekillerinin popiilasyon igi
ve popiilasyonlar arasi varyasyonlarini belirledikleri
calismada, bireylerin otolit sekline gore %65 oraninda
dogru sekilde smiflandirildigin tespit etmislerdir. Ferreira
vd. (2019) Portekiz'de C. lucerna bireylerinin stok ayrimi
ile ilgili yaptiklar1 caligmada otolit sekil indeksleri ile
bireylerin orijinal boélgelerine yeniden tahsis basarisinin
diisiik oldugu (%51) sonucuna varmigtir. Bu ¢aligmada ise
C. lucerna bireylerinin orijinal denizlerine gore dogru
simiflandirilmast otolit sekline gore yapildiginda basari ¢ok
diisiik olmustur (%47,5). Bu nedenle de sadece sekil indeks
analizi sonuglarina bakarak C. lucerna populasyonlarini
siiflandirmanin yeterli olmadig: diisiiniilmektedir.

Balik otolitlerindeki element konsantrasyonlarimin
kronolojik kayitlari, bireysel baliklarin yasadigi cevresel
kosullar1 anlamak i¢in yaygin olarak kullanilan bir aragtir
(Hiissy vd., 2024). Otolit element bilesiminin balik
stoklarinin  populasyon yapisint ve populasyonlarin
baglantisin1  belirlemede yararli bir teknik oldugu
kanitlanmistir (Silva vd., 2011; Higgins vd., 2013; Moreira
vd., 2018). Turan vd. (2006) Trachurus mediterraneus
tirtinde yaptiklart ¢alismada Na:Ca ve K:Ca oranlarinin
Karadeniz ve Ege denizlerinin ayrilmasinda énemli 6l¢iide
rol aldigini rapor etmislerdir. Rooker vd. (2001) Atlantik
mavi yiizgecli orkinosun bdlgesel stok farkliligini
degerlendirmede lityumun (Li) Onemli bir element
oldugunu, magnezyumun (Mg) ise bdyle bir 6nem arz
etmedigini bildirmistir. Ayrica Gillanders ve Kingsford
(2003) yaptiklan1 ¢alismada benzer habitatlardaki ¢ipura
tiirleri arasinda lityum (Li) ve manganez (Mn) elementleri
acgisindan 6nemli farkliliklar bulundugunu bildirmistir. Bal
ve Esen (2021) Marmara Denizi’'nde iki demersal balik
tiriinin Merluccius merluccius ve Mullus surmuletus'un
otolit kimyasi ve otolit morfolojisi lizerine yaptiklar
calismada otolitlerde Sr:Ca ve Mg:Ca konsantrasyonlarini
belirlemiglerdir. Calismada iki balik tiiri i¢in stronsiyum
(Sr), magnezyum (Mg) ve kalsiyum (Ca) miktarlari
arasindaki 6nemli fark oldugu, Sr ve Mg elementlerinin
Merluccius  merluccius  tiiriinde daha fazla oldugu
bulunmustur. Schroeder vd. (2022) Atlantik okyanusunda
Sardinella brasiliensis ile ilgili yaptiklari ¢alismada Ba:Ca,

Cu:Ca, Li:Ca, Mg:Ca, Mn:Ca, Sr:Ca ve Zn:Ca element
oranlarmin bolgesel olarak farkliliklarini rapor etmislerdir.
Ferreira vd. (2023) Portekiz kryilarinda yaptiklari caligmada
C. lucerna tiirtiniin otolitlerindeki Sr:Ca ve Ba:Ca oranini
kullanarak aci ve deniz sulari arasindaki tiir hareketini
degerlendirmistir. Caligsmada juvenil bireyler kullanilmis ve
cogu bireyin (%97) nehir agzina bagli bir profile sahip olsa
da tiim yasami boyunca orada olmadigi, %63'iniin
yasaminin erken donemlerinde deniz sularinda bulundugu
saptanmistir. Koochaknejad vd. (2024) otolit element
analizi ile Basra Korfezi'nde Tenualosa ilisha baliginin gog
davraniglarim1 ve stok yapisini belirledikleri ¢aligmada
otolitlerdeki Sr:Ca, Ba:Ca ve Li:Ca oranlarin1 analiz
etmistir. Bu 6rneklerden de anlasildig1 iizere elementlerin
stok ayrimi iizerindeki etkisi tiirlere gore degisim
gostermektedir. Caligmamizda C. lucerna otolitlerinin
kimyasal analizi sonucunda diger kiy1 deniz tiirlerinde
bulunan genel konsantrasyon araliklar1 dahilinde olan 10
elementin (Li, Mn, Fe, Co, Ni, Cu Zn, Sr, Ba, K)
bilgilendirici seviyelerde varligi tespit edilmistir. Na:Ca,
Mg:Ca, Pb:Ca, P:Ca elementlerinin oranlar1 ¢alisma alant
boyunca bolgesel bir degisiklik gdstermemistir. Tiirkiye’nin
dort denizinden yakalanan tiiriin otolitlerinde hemen hemen
tiim element:Ca oranlar1 bdlgesel farkliliklar gostermistir.

Karadeniz, Ege ve Akdeniz’de kalsiyumdan sonra en
bol bulunan element sodyum (Na) iken, Marmara
Denizi’nde stronsiyum (Sr) elementi olmustur. Ferreira vd.
(2019) Portekiz’de yaptiklar1 ¢calismada da stronsiyum (Sr)
elementinin C. lucerna otolitlerinde en bol bulunan element
oldugunu rapor etmislerdir. Sr elementinin tuzluluk ile
pozitif korelasyona sahip oldugunu ve bu nedenle genellikle
yiiksek tuzluluk ortamlariyla iliskilendirilen bir eser
element oldugunu belirten bir¢ok ¢aligma mevcuttur (Silva
vd., 2011; Reis-Santos vd., 2013; Moreira vd., 2018).
Ancak, Hiissy vd. (2024) yaptiklar1 ¢alismada beklenenin
aksine ¢evresel kontrol altindaki elementlerden olan Sr
elementinin tuzlulukla iligkili olmadigimi belirtmiglerdir.
Otolitlerdeki Sr elementinin fazla olmasi suyun tuzluluk
orantyla ilgili olabilir ya da balik biiylimesi ve yumurtlama
gibi intogenetik  siireglerden  kaynaklanabilmektedir.
Ayrica, Ferreira vd. (2023) Portekiz kiyilarinda yaptiklari
caligmada C. lucerna'min yiiksek cevresel esneklik ve
adaptasyon gostererek farkli tuzluluk derecelerine sahip
habitatlara  yerlesebildigi ve g0¢ edebildigini
belirlemiglerdir. Diger denizlerdeki C. lucerna otolitlerinde
sodyum elementinin fazla ¢ikmasi da yine suyun tuzluluk
orani ile ya da balik bireylerinin beslenme, biiyiime gibi
fizyolojik siiregleri ile iligkili olabilir (Sturrock vd., 2015;
Avigliano vd., 2017; Heimbrand vd., 2020). Sr ve Ba
elementleri genellikle zit yonlerde degisen tuzluluk
gradyanlariyla iliskilidir. Sr elementi Marmara Denizi’nde
fazla iken, Ba elementi ise tuzluluk orani daha diisiik olan
Karadeniz’de Marmara Denizi’ne oranla daha fazla oldugu
belirlenmistir. Br konsantrasyonu genellikle karasal tatli su
kaynaklar1 ve kiyidaki yiikselme siirecleriyle iligkilidir
(Bath vd., 2000; Hamer vd., 2006).

Mn:Ca, Ni:Ca, Co:Ca, Cu:Ca, Zn:Ca
konsantrasyonlarinin tiim bolgelerde anlamli derecede
farkli oldugu saptanmistir. Balik otolitlerinde Cu, Zn, Co ve
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Ni gibi gecis metallerinin varligi, ¢cevresel bir etkiden ¢ok,
esas olarak fizyolojik rollerinden kaynaklanmaktadir
(Halden vd., 2000; Ranaldi ve Gagnon, 2008; Thomas vd.,
2017). Ayrica, Co, Cu gibi agir metallerin otolitlerde
fazlalilig1, baliklarin su kirliligine cevresel olarak maruz
kalma geg¢misiyle tutarli olabilir. Co elementi Karadeniz’de
Marmara ve Ege denizlerine oranla daha fazla bulunmustur.
Bu da Karadeniz’de su kirliligi olma ihtimalini akillara
getirmektedir. Zn:Ca element orant Marmara Denizi’nde
tim diger denizlere oranla daha fazladir. Teleost
baliklarinda Zn alimmin birincil kaynagir beslenmedir
(Pentreath 1973; Ranaldi ve Gagnon, 2008; Mathews ve
Fisher, 2009). Ayrica, Thomas vd. (2017) yaptiklan
caligmada  disilerin  otolitlerindeki Zn:Ca  oranim
Pleuronectes platessa tiiriiniin yumurtlama zamani ile
iligskili oldugunu saptamislardir. Hiissy vd. (2024) ise
fizyolojik kontrol altinda olan Zn elementinin yumurtlayan
bireylerde fazla oldugunu belirtmistir. Marmara Denizi’nde
Zn elementinin fazla ¢ikmast biiyiik 6l¢ekte suyun kimyasi,
baliklarin beslenme ve iireme gibi fizyolojik stirecleri ile
iligkili olabilir.

Chelidonichthys lucerna populasyon yapisi tizerindeki
iki otolit dogal etiketinin sinerjistik bir kombinasyonu,
bunlarin populasyon etkilesimlerini anlama konusundaki
faydalarin1 ve potansiyellerini karsilagtirmak igin firsat
saglamaktadir. Diskriminant analizi sonucunda %95 giiven
aralig1 ile yapilan elipslerden de agikga goriilmektedir ki
Marmara ve Karadeniz stoklar1 hem otolit sekli hem de
kimyas1 agisindan birbirinden farklidir. Bu da iki stokun
yiiksek diizeyde ayristigmni, populasyonlarmin sinirl
miktarda  karistigini  ya  da  hig  karigmadigini
diisiindlirmektedir. Yine Akdeniz tiim diger denizlerden
otolit kimyasi agisindan ayrilmaktadir. Bu da Akdeniz’deki
tir dagilim alanmin muhtemelen otolitlerin kimyasin
etkileyebilecek ¢evresel farkliliklarin bir sonucu olarak
diger denizlerden izole edildigini gdstermektedir. Marmara
ve Ege denizleri stoklarinin hem otolit sekli hem de kimyasi
acisindan  Ortiistiigi  belirlenmistir. Bu durum  bitisik
denizlerdeki ortam kosullarinin benzerligi nedeniyle
olabilir. Tiim dogal etiketler (otolit sekil indeksi ve otolit
kimyas1) birlikte degerlendirildiginde dort denizde de
baliklar nispeten yiiksek bir dogruluk derecesiyle (%75-
%90) orijinal konumlarina gore yeniden siniflandirilabilir.

Sonug olarak, otolit sekil analizleri ve otolit kimyasi
birlikte degerlendirildiginde Tirkiye'nin dort denizindeki
(Karadeniz, Marmara, Ege ve Akdeniz) 6rneklemelerde C.
lucerna bireylerini yiiksek oranda ayirt edebilmistir.
Yapilan analizler sonucunda Marmara ve Ege denizlerinde
habitat baglantilar1 bulunsa da, Karadeniz ve Akdeniz'in C.
lucerna  stoklar1 acisindan izole bolgeler oldugu
belirlenmistir. Bu balik stoklariin balik¢ilik amactyla ayri
ayr1 yonetilmesi gerektigini gostermistir.
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Abstract: This study, conducted from October 2019 to September 2021 in the regions of the Canakkale
Strait and the Northern Aegean incleuding, Kepez, Kumkale, Yenikoy, Dardanos, Giizelyali, Morto
Bay, and Saros Bay. 162 individuals of the species Scorpaena scrofa examined. The total weights and
lengths of the individuals were recorded. The average otolith weights of female and male individuals
were found to be 0.023 g and 0.023 g, respectively (P<0.05); otolith lengths were 5.13 mm and 4.67
mm (P<0.05); and otolith widths were 2.01 mm and 1.87 mm (P<0.05), respectively. It was determined
that males had smaller values than females across all three otolith biometric measurements, and these
differences were statiscially significant. Additionally, there were no differences in size between the
left and right otoliths (P>0.05). The lenght-weight relationship analysis indicated that the species
exhibited isometric growth, with b values approaching 3.

Canakkale Bolgesinde Bulunan Sq_orpaena scrofa Linnaeus 1758'nin Boy-
Agirhik Iliskisi ve Otolit Biyometri Ozelliklerinin Belirlenmesi

Oz: Bu galisma Ekim 2019 — Eyliil 2021 tarihleri arasinda Canakkale Bogazi ve Kuzey Ege Denizi
olmak tizere; (Kepez, Kumkale, Yenikdy, Dardanos, Giizelyali, Morto Koyu ve Saroz Koérfezi)
mevkilerinde gergeklestirilmistir. Scorpaena scrofa tiiriinden toplam 162 birey temin edilmistir.
Bireylerin toplam ve standart agirliklar ile boylar1 belirlenmistir. Disi ve erkek bireylerin ortalama
otolit agirliklari sirastyla 0,023 g- 0,023 g (P<0,05); otolit boylar1 5,13 mm- 4,67 mm (P<0,05); otolit
genislikleri ise 2,01 mm- 1,87 mm (P<0,05) olarak belirlenmistir. Tiim ii¢ otolit biyometrisinde, erkek
bireylerin disi bireylere karsilik olarak daha kiiciik degerlere sahip oldugu ve aralarindaki farkin
istatistiksel olarak anlamli oldugu bulunmustur. Ayrica otolit ¢iftleri sol ve sag olusuna gore de
karsilastirilmig, ancak aralarindaki biyiliklik farkinin énemsiz oldugu (P>0,05) saptanmistir. Boy —
agirlik iliskisi hesaplamalarinda ise tiiriin genel olarak b degerleri 3’e yakin oldugu i¢in izometrik
biliylime gosterdigi tespit edilmistir.

Introduction

Fish age determination plays a crucial role in fisheries
biology research. To ensure sustainable fisheries
management, it's essential to accurately assess fish stocks, a
task that hinges on understanding population age structures
and growth rates (Keskin, 2013). Determining the growth
and mortality rates, sexual maturity, and age information of
fish across different age groups forms an integral part of
population studies (Polat, 2000). In order to achieve
maximum yield from a population, understanding the age
compositions of the species is one of the crucial factors
(Das, 1994). This is particularly important for economically
important fish species.

*Corresponding author: ermanugur@hotmail.com

Studies utilizing otolith analyses aim to determine the
characteristics of sagittal otoliths and investigate variations
in otolith morphology among species using shape indices.
Additionally, comparisons of otolith variability with other
morphometric features such as fish depth distribution,
length, head length, and migration range were conducted
(Tuset et al., 2003; Aydin et al., 2004; Ceyhan and Akyol,
2006; Tuset et al., 2008; Bostanci and Polat 2009; Zorica et
al., 2010; Bostanci et al., 2011; Atilgan et al., 2012;
Bostanci et al., 2012; Cengiz et al., 2012; Basusta et al.,
2013; Oztekin et al., 2016; Oztekin et al., 2018; Innal and
Engin, 2020; innal, 2020).
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Scorpaena scrofa (scorpion fish), belonging to the
Scorpaenidae family, is a species of high economic value.
Particularly, S. scrofa is widely consumed both in soups and
fresh due to its culinary popularity. While studies on otolith
biometry exist for S. porcus in Tirkiye (Bostanci et al.,
2012), there is a lack of research specifically on the otolith
biometry for S. scrofa. This study aims to fill this gap in the
literature by determining the otolith characteristics,
biometry, and exploring the relationships between otolith
size, width, weight, and fish length of S. scrofa inhabiting
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the Canakkale Strait, Gallipoli Peninsula, and the Saros
Gulf, with a focus on gender differences between males and
females.

Material and Methods

This study was conducted between October 2019 and
September 2021 in Canakkale Strait, including areas such
as Kepez, Kumkale, Yenikoy, Dardanos, Giizelyali, Morto
Bay, and Saros Bay (Figure 1).
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Figure 1. Sampling locations of Scorpaena scrofa

Fishing operations targeting Scorpaena scrofa utilized
gill nets with mesh sizes of 18, 20, and 22 mm, resulting in
the capture of 162 individuals. Upon retrieval, each fish was
sorted by species, and their total lengths were measured
using a precision measurement board (+ 1 mm), while
weights were recorded with a scale (£ 1 g). Subsequently,
otoliths were extracted from each specimen, with both left
and right otolith pairs individually weighed using a Precisa
XB220A series precision balance (+ 0.0001 g). Otolith
dimensions were measured along the dorsoventral axis for
width (OWi) and from anterior to posterior for length (OL)
using 'Kameram' image analysis on an Olympus SZX16
microscope, ensuring measurements were taken on
undamaged surfaces (Figure 2).

In the final analysis, the difference between otolith pairs
was determined using a Paired t-test. The difference in
otolith biometry between female and male individuals was
identified using a t-test. In addition female and male otolith
lengths, widths and weights did not show statistically
significant differences according to the Kolmogorov-
Smirnov test results (p> 0.05).

In this study, the formula W = alL"b (Bagenal and Tesch,
1978) was used to calculate the length-weight relationships
of fish. In this formula, W represents the weight of the fish
(9), L represents the length of the fish (cm), and a and b
represent the constants of the relationship.
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Figure 2. Measurements of length and width of the left (a) and right (b) otoliths of S. scrofa species

Results

Table 1 presents the distribution of total length and
weight among individuals included in this study.
Female Scorpaena scrofa ranged in total length from 11.7
to 27.2 cm and in weight from 25.63 to 355.86 g, while
males ranged from 11.6 to 35.5 cm in length and 27.46 to
847.28 g in weight. Statistical analysis revealed significant
differences in both total length (P<0.05) and weight
(P<0.05) between females and males. The mean total length
and weight for males were 17.6 cm and 122.15 g,

respectively, and for females, 19.9 cm and 163.64 g,
respectively. The length-weight relationships were
characterized by the equation W=0.0153L37% (12=0.9517)
for all samples, W=0.0149L3%2% (>=0.9045) for females,
and W=0.0183L3%%! (r>=0.9891) for males, with "b" values
of 3.0705, 3.0823, and 3.001, respectively. These "b" values
align with isometric growth (b=3.0), as indicated by Froese
(2006), with no statistically significant difference from 3.0
(P>0.05) observed across sexes in this study.

Table 1. Distribution of TL (cm) and W (g) of male and female individuals of S. scrofa

Measurement Gender Mean Min. Max. S. e S. d.
) Q 163.64 25.63 355.86 7.93 84.38
Weight (g)
a 122.15 27.46 847.28 23.75 166.78
Q 19.9 11.7 27.2 0.38 4.07
Total Length (cm)
a 17.6 11.6 35.5 0.55 3.89

The weights of both right and left otoliths in all
individuals of the population were determined to be 0.0235-
0.0236 g (P>0.05); the widths of both left and right otoliths
were 1.97-1.83 mm (P>0.05); and the lengths of both left
and right otoliths were 4.992-4.995 mm (P>0.05) (Figure
3). The weights of the right otoliths were found to be larger
than those of the left otoliths, but the difference between
them was determined to be statistically insignificant.
Similarly, the differences in both the lengths and widths of

the right and left otoliths were also found to be statistically
insignificant.

The means of otolith weight, width, and length differed
significantly between female and male Scorpaena scrofa
individuals, with values of 0.023 g vs. 0.023 g (p<0.05),
2.017 mm vs. 1.87 mm (p<0.05), and 5.130 mm vs. 4.671
mm (p<0.05), respectively (Table 2). This indicates that
females have larger otoliths than males in terms of weight,
width, and length.
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Figure 2. Right and left otolith weight (g), length, and width (mm) of S. scrofa

Table 2. Left otolith weight (g), length, and width (mm) in female and male individuals of S. scrofa

Measurement Gender Mean

Min. Max. S. e S. d.

0.023
Otolith Weight (g)

0.0097 0.0673 0.00086 0.0091

3 0.023 0.0071 0.1246 0.0027 0.0188

Q 2.017 1.448 2.919 0.022 0.23
Otolith Width (mm)

3 1.87 1.407 2.136 0.041 0.29

Q 5.130 3.461 7.155 0.079 0.855
Otolith Length (mm)

3 4.671 3.127 9.405 0.136 0.956

The relationship between the growth of left otoliths in
Scorpaena scrofa in terms of weight, length, and width and
fish growth was analyzed separately for each gender, with
results depicted in Figures 4-12. High correlation
coefficients were observed between otolith biometry and
total length in both females and males. Notably, the R?
values for male individuals were consistently higher than

those for females across all three otolith properties.
Analysis of length-weight relationships indicated that the
species generally exhibits isometric growth, as evidenced
by "b" values close to 3.0. This finding underscores the
uniformity in growth patterns across sexes within the
studied population of S. scrofa.
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Discussion

In this study there were no statistically significant
differences in the right and left pairs of S. scrofa otoliths in
terms of weight, width, and length, (P>0.05). Therefore,
either left of right pair of S. scrofa can be used in studies on
otolith biometry. In terms of differences between male and
females, the otoliths of males were significantly smaller
than those of females (P<0.05). Therefore, gender
differences should be taken into consideration in future
studies. When comparing the b values of S. scrofa from
various seas (Table 4), it was observed that the b value
ranged from 2.686 to 3.298. Ozaydin et al. (2007)
documented the b value as 2.686 in Izmir Bay. However, in
another study conducted in the same region, the b value for
S. scrofa was calculated as 2.993 (Arslan and Bostanci,
2019). This difference may possibly be due to differences in

the sample sizes and length ranges. In this study, 162
individuals with a total size distribution of 11.6 - 35.5 cm
were examined, while Cengiz (2013) studied 134 samples
with a total size distribution of 8.6 - 29.1 cm and Oztekin et
al. (2016) studied 12 samples with a total size distribution
of 13.8 —32.00 cm. Since b value is also a factor of weight,
wheather stomach contents were digested or not could
impact body weight and alter the parameters of the length-
weight relationship. In addition, "b" coefficients may vary
significantly due to regional differences.

Our findings on biological characteristics for both sexes
of S. scrofa from the North Aegean Sea will contribute to
future population and stock assessment studies of this
species as valuble reference. In addition, our data will be a
potential guideline for future sustainable management
measures.

Table 4. Comparison of length-weight relationships of S. scrofa from different areas

Study Area n a b r References

Eastern Adriatic (Croatia) 125 0.0000078 3.298 0.960 Dul¢i¢ and Kraljevi¢, 1996
Naxos Island, Greece 37 0.01692  2.999 0.980 Moutopoulos and Stergiou, 2002
Iberian Peninsula 359 0.022 2.942 0.981 Morey et al., 2003

Eastern Spain 23 0.03134  2.803 0.986 Valleetal., 2003

Western Portuguese 22 0.0121 3.124 0.966 Mendes et al., 2004
Gokgeada Island, Turkey 15 0.0180 3.005 0.985 Karakulak et al., 2006
Izmir Bay, Turkey 12 0.0448 2.686 0.983 Ozaydmn et al., 2007
Madeira Archipelago (Eastern Atlantic) 12 0.01526  3.039 0.974 Ferreira et al., 2008

French Catalan coast 32 0.330 2.89 0.990 Crec’hriou et al., 2012
Gallipoli Peninsula (Canakkale), Turkey 134 0.0221 2.96 0.980 Cengiz, 2013

Korinthiakos Gulf, Greece 53 0.0169 3.002 0.981 Moutopoulos et al., 2013
Gokeeada Island, Turkey 16 0.012 3.135 0.983 Altinetal., 2015

The mid-coastal region of the Adriatic 1700 0.0013 3.068 0.978 Mati¢-Skoko et al., 2015
Gallipoli Peninsula (Canakkale), Turkey 12 0.0337 2.794 0.990 Oztekin et al., 2016

Gulf of Izmir (Giizelbahge), Turkey 199 0.0016 2.993 0.914  Arslan and Bostanci, 2019
Canakkale Region, Turkey 162 0.0153 3.071 0.952  This study
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Abstract: Within the scope of this study, 15 experimental fishing operations were carried out from the beginning
of March 2020 until mid-June of the same year, to compare the gill net and trammel nets (16mm gill net, 16mm gill
net and 18mm trammel net) used to supply bait to the setline fishing. The results obtained showed that the dominant
species for both 16mm gill net and 16mm trammel nets was Chelon auratus. There were no statistically significant
differences between the two types of nets in terms of CPUE (number/operation), average length and length
distribution (p>0,05). It was determined that 41% of all individuals caught in gill nets and 44% of all individuals
caught in trammel nets were bycatch species. When 16mm and 18mm trammel nets were compared with respect to
catch composition, the dominant species for these two mesh widths was Chelon auratus, and the difference between
the two mesh widths in terms of CPUE was not statistically significant (p>0,05), but the difference was statistically
significant in terms of average length and length distribution (p<0,05). The rate of non-target species caught in
16mm and 18mm trammel nets was determined to be 41% and 22%, respectively. It was determined that the number
of fishing hooks (fishing power) used in a season in professional fishing gear fishing was 67553 pieces. This data
also approximated the number of mullets (approximately 3.3 tons) used as bait in Yumurtalik Bay in a season. As a
result, the rate of bycatch in bait fishing with gillnets is remarkable and it is recommended to conduct studies on the
survival rate of bycatch species released back into the sea. In addition, it is recommended to investigate the potential
of substituting mullets which can be used as human food with artificial baits.

Birakma Olta Takimlarina Yem Temini icin Kullanilan Sade ve Fanyalh Uzatma
Aglarimin CPUE, Boy Dagilimi ve Hedef Dis1 Av Oranlariin Karsilastirilmasi

Oz: Bu galigma kapsaminda, birakma oltasina yem temini igin kullanilan sade ve fanyali uzatma aglarini (16mm
sade, 16mm fanyali ve 18mm fanyali) CPUE, boy dagilimi ve hedef dis1 av oran1 bakimindan karsilagtirmak igin,
2020 yilinin Mart ayinin bagindan ayni yilin Haziran ortasina kadar, 15 deneysel amagli balik¢ilik operasyonu
gergeklestirilmistir. Elde edilen sonuglar, her 16mm sade ve 16mm fanyali aglar i¢in en ¢ok avlanan tiirtin Chelon
auratus (Risso, 1810) oldugunu gostermistir. Yapilan karsilagtirmalar,]1 6mm sade ve fanyali aglar arasinda; CPUE
(adet/operasyon), ortalama boy ve boy dagilimi bakimindan istatistiksel olarak onemli bir fark olmadigim
gostermistir (p>0,05). Fanyal1 aga yakalanan tiim bireylerin %41’inin, sade aga yakalanan tiim bireylerin ise
%44’ tiniin hedef dis1 tiirler oldugu belirlenmistir. 16mm ve 18mm fanyali aglar av kompozisyonu bakimindan
kiyaslandiginda, bu iki ag goz genisligi i¢in en ¢ok avlanan tiiriin Chelon auratus oldugu, CPUE bakiminda iki ag
20z genisligi arasindaki farkin istatistiksel olarak onemli olmadig1 (p>0,05), buna karsin ortalama boy ve boy
dagilimi bakimindan farkin istatistiksel olarak 6nemli oldugu gériilmiistiir (p<0,05). 16mm fanyali aga yakalanan
hedef dis1 tiir oran1 %41, 18mm fanyali aga yakalanan hedef dis1 tiir oran1 %22 olarak tespit edilmistir. Mesleki
birakma olta takimi avciliginda bir sezonda kullanilan olta ignesi sayisinin (balikgilik giicii) 67553 adet oldugu
belirlenmistir. Bu veri, ayn1 zamanda,, Yumurtalik Koyunda bir sezonda yem olarak kullanilan ortalama kefal
bireyinin (yaklasik 3,3 ton) sayisini da gostermistir. Sonug olarak, uzatma aglari ile yem avciliginda hedef dig1 av
oraninin dikkat gekici oldugu ve geri birakilan hedef dist tiirlerin ne kadarnin yasadigi ile ilgili ¢aligmalar yapilmasi
onerilmistir. Buna ek olarak, insan gidasi olarak kullanilabilecek kefal tiirlerin yerine yapay yemlerin kullanilmasi
olanaklarinin arastirilmasi tavsiye edilmistir
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Giris

Balikgilikta harcanan c¢abanin bilesenleri; av araci,
balik¢1 teknesi ile balik¢ilarin deneyim ve becerisidir
(Bjordal, 2009). Bu ¢abanin c¢iktilar1 ise; av (iirlin) ve
gevresel etkilerdir. Balik¢ilik cabasinin arttirilmast  bir
noktaya kadar iiriinii arttirir. Ornegin filodaki av araci
sayisinin  ve boyutunun artmasi, teknelerin motor
giiclerinin, depolama kapasitelerinin, sefer siirelerinin
artmasi, baslangigta iirlinde artigsa sebep olacaktir. Ancak
Artik Uriin Modeli (MYS), Stoga Katilanlar Bagma Diisen
Uriin Modeli (YPR) gibi balik¢ilik modellerinde agiklandig1
gibi bir noktadan sonra ¢abanin artmasi triiniin miktarimi
arttirmayacak, tersine azaltacaktir (Avsar, 1998; Bingel,
2002; Sparre ve Venema, 1998). Bu durum; stoklarda ve
genetik cesitlikte azalig, hedef dis1 av, hayalet avcilik,
habitat  tahribati gibi  olumsuz etkiler ortaya
c¢ikarabilmektedir (Dayton vd. 1995; Gislason, 2003; Goiii,
1998; Kaiser vd. 2003). Genel olarak, iyi avcilik yontemi;
diisiik ¢abayla yiiksek {iiriin elde edilen ve cevresel etkisi

diisik olan yontem olarak tanimlanmaktadir (Bjordal,
2009).

Birgok avcilik yonteminde, ¢aba ve {iriin iliskisinde tek
katmanlidir. Ornegin trol, uzatma ag1, girgir, dreg, serpme
gibi avcilik yontemlerinde ¢aba; av araci, tekne ve
balik¢idan olusmaktadir. Ancak paraketa, sepet, tuzak hatta
el oltast gibi avcilik yontemleri yeme bagimli avcilik
yontemleridir. Bir bagka deyisle genellikle bagka bir avcilik
yonteminden elde edilen {irtin kullanilir. Bu yem, diger
avcilik yontemlerinden elde edilen hedef dis1 tiirler veya
ekonomik degeri gorece diisiik olan tiirler olabilir. Kimi
durumlarda balik¢ilar tarafindan dogrudan yem teminine
yonelik avcilik yapilir. Dolayisiyla, yeme bagimli aveilik
yontemlerinin ¢aba ve triin iligkisi iki katmanlidir. Birinci
katman yemin temin edildigi avcilik yontemidir ki bu
yontemin kendine 6zgii bir ¢abas, lirlinli ve ¢evresel etkisi
vardir. ikinci katman ise yemin kullamldigi avcilik
yontemidir. Bu yeme bagimli aveilik yonteminin de kendine
0zgii ¢aba, iirlin ve ¢evresel etkisi vardir. Dolayistyla, yeme
bagimli bir aveilik yontemi ile ilgili ¢aba, iiriin ve ¢evresel
degerlendirmeleri  yapiliyorsa 1. katmandaki avcilik
yonteminin goz ardi edilmemesi gerekir.

Iskenderun Kérfezi’nin Dogu Akdeniz’in geri kalanina
oranla daha verimli balik¢ilik kaynaklara sahip oldugu
bilinmektedir (Kosswig, 1953). Korfezin giiney batisinda
yer alan Yumurtalik Koyu ise lagiinel alanlar ve tiir
zenginligi ile daha da dikkat c¢ekici bir bolgedir. Bunun
dogal sonucu olarak, bolgede dagilim gosteren kiyisal
yerlesimlerde; uzatma agi, paraketa gibi balikcilik
faaliyetleri yogun olarak yiiriitilmektedir. Uygulanan
yontemlerden biri de bdlgeye ozgii olan ve balikgilar
arasinda mantar paraketa olarak isimlendirilen birakma olta
avciligidir. Balik¢ilar 100-150 arasinda birakma oltay1 bir
araya getirerek bir olta takimi olusturmaktadir. Birakma olta
takimiyla avcilikta hedef tiirler lifer ve levrektir. Her iki

tirtin avciligr iginde yem olarak kefal kullanilmaktadir.
Sade ve fanyali uzatma aglari ile kefal avciligi, olta
operasyonu Oncesinde ¢evirme yoOntemiyle yapilarak
avlanmaktadir. Eger levrek icin operasyon yapilacaksa,
yakalanan kefal bireyleri canli tutulmakta ve olta ignelerine
canlt olarak takilmaktadir. Eger hedef tir liifer ise
yakalanan bireyler canli ya da 6lii olarak hatta bazen 2
parcaya boliinerek olta ignesine takilmaktadir. Yemlerin
avlanmast i¢in 16mm ag gz genisligine sahip (kol
uzunlugu) sade veya fanyali uzatma aglari ile g¢evirme
operasyonlar1 yapilmaktadir (Ozyurt vd., 2019).

Yukaridaki agiklamalardan da anlagilabilecegi gibi
Yumurtalik Koyu’nda kullanilan bu av arac1 yeme bagiml
bir yontemdir. Dolayisiyla iki katmanli avcilik cabasi
gerektirmektedir. Birinci katman uzatma aglari ile ¢cevirme
aveiligl yapilmasi ve yemin elde edilmesidir. Tkinci katman
ise birakma olta takimi ile aveilik yapilarak lifer ya da
levrek avlanmasidir.

Yiriitiilen bu ¢aligmada, birakma olta takimi avciligina
yem temini i¢in kullanilan uzatma aglart ile elde edilen {iriin
ve olasi c¢evresel etkiler incelenmistir. Bunun igin yapilan
saha ¢aligmalarinda 6ncelikle bolgedeki ticari balik¢ilarla
yiiz ylize goriismeler gergeklestirilmistir. Bu gorlismelerde
balik¢ilarin bir sezonda kag¢ kez operasyon yaptiklari ve her
operasyonda kac¢ birakma olta kullandiklari ile ilgili bilgiler
toplanmistir. Bu bilgiler yardimiyla balik¢ilarin yem amagh
olarak ne kadar kefal birey kullandiklar1 belirlenmistir.
Cevresel etkilerin belirlenmesi i¢in deneysel amagl aveilik
operasyonlart yapilmistir. Bu kapsamda 16mm ag goz
genisliginde sade ve fanyali uzatma aglar ile 18mm goz
genigliginde fanyali uzatma aglarma yakalanan basat
tiirlerin birey sayilari, ortalama boylar1 ve boy dagilimlari
incelenmistir. Buna ek olarak, hedef disi olarak avlanan
tiirlerin sayisi ve miktari belirlenmistir.

Materyal ve Yontem
Calisma sahas

Yumurtahk Koyu Iskenderun Kérfezi’nin giiney
batisinda yer almaktadir (Sekil 1). Bolgenin hem ekonomik
(cipura, levrek, liifer vb.) hem de baz1 kritik tiirlere (orfoz,
yesil deniz kaplumbagasi, kum kdpekbaligi vb.) ev sahipligi
yaptig1 bilinmektedir (Akamca vd. 2010; Basusta vd. 2021;
Ozyurt vd. 2017; Ozyurt vd. 2019). Koydaki ana balik¢ilik
faaliyetleri; uzatma ag1, birakma olta ve paraketa avciligidir
(Ozyurt ve Kiyaga, 2016). Koy etrafinda bulunan Kiiciik
Yumurtalik, Ayvalik, Haylazli, Deveciusagi, Kaldirim
mahallelerindeki balik¢ilar donemsel olarak bu av araglari
ile avcilik yapmaktadirlar. Yem temini igin yapilan uzatma
aglartyla ¢evirme operasyonlari koyun 1 m’den sig olan
bolgelerinde yapilmaktadir.
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Sekil 1. Yumurtalik Koyu

Saha caliymalar
Deneysel balik¢ilik orneklemeleri

Calisma kapsaminda, 2020 yilinin Mart ayinin basindan
ayni yilin Haziran ortasina kadar toplam 15 balik¢ilik
operasyonu c¢evirme yontemiyle yapilmistir. Cevirme
operasyonlarinin 8 tanesi giindiiz, 7 tanesi gece yapilmistir.
Avcilik denemelerinde kullanilan aglarin donatilmasi islemi
bolge Dbalikgisina  yaptirilmistir.  Dolayisiyla  teknik
ozellikleri bakimindan mesleki balik¢ilarin kullandiklari ile
ayn1 Ozelliktedir. Calismada toplam 3 posta (her biri 100
metre uzunlugunda 50 goz yiiksekliginde) uzatma agi
kullanilmistir. Bunlardan bir tanesi sade, iki tanesi ise
fanyali uzatma aglaridir. Tim aglarin  materyali
monofilamenttir. Sade agin ve bir posta fanyali agin goz
genisligi 16mm (diigiimden diigiime), fanyali agin birinin
g6z genisligi 18mm (diigimden diiglime)’dir. Fanyal
aglarda, fanya gdz genisligi 125 mm ve yiiksekligi 7 gozdiir.
Operasyonlarda bu ii¢ ag birlestirilerek kullanilmistir.

Cevirme operasyonlarinin bagarisi balik¢inin deneyimi
ile yakindan iliskilidir. Bu nedenle operasyonlar mesleki
balik¢ilar esliginde ¢aligma ekibi ile birlikte yapilmistir.
Operasyonlarda tekne ile koy igerisinde gezilmis, balik¢inin

ag1 sermis ve yakalanan tiirleri agdan ¢ikarmistir. Av saati,
agm serildigi yer gibi parametreler balik¢ilar tarafindan
secilmistir. Yakalanan bireyler %4’liikk formaldehit bulunan
bidonlara alinmistir. Ornekler laboratuvar ortamina
getirilerek her bireyin tiir tayinleri yapilmis, toplam, ¢atal
ve standart boylar1 6l¢iilmiis, toplam agirliklar: tartimistir.

Balik¢ilik cabasinin tahmin edilmesi

Sparre ve Venema, (1998) yemli oltalarda harcanan
cabanin; operasyona c¢ikilan giin, balik¢1 sayis1 ve olta
ignesi sayisti ile ifade edilebilecegini belirtmistir. Bigelow
vd. (2002) ise; paraketalarda ¢abanin, belirli bir alanda ve
belirli bir zaman diliminde kullanilan olta ignesi sayisi
olarak kabul edilebilecegini belirtmistir. Bu ¢alismada, bir
sezonda Kullanilan birakma oltas1 sayisi toplam balikgilik
¢abasi olarak kabul edilmistir. Her bir birakma oltasi i¢in bir
kefal bireyi yem olarak kullanilacagindan toplam balik¢ilik
cabasi ayni zamanda yem olarak kullanilan kefal bireyi
sayis1 olarak kabul edilmistir.

Balikgilar; ellerinde bulunan malzeme (misina, mantar,
igne gibi), yem operasyonlarinda elde ettikleri birey sayisi
gibi parametrelere gore farkli sayida birakma oltalar
kullanabilmektedir. Caligma kapsaminda, kullanilan
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birakma olta sayisini belirleyebilmek i¢in 9 farkli balik¢i
tarafindan gerceklestirilen 40 operasyon takip edilmis ve
kullanilan birakma oltas1 sayisi kayit altina alinmistir. Bu
veri yardimiyla bir teknenin ortalama olarak kullandigi
birakma oltasi sayis1 tahmin edilmistir.

Istatistiksel analizler

Sade ve fanyali aglarin tiir cesitligi acisindan
kiyaslanmasi yapilirken iki tip aga yakalanan tiir sayisi ve
orani dikkate alinmistir. Basat tiirlerin belirlenmesinde

“% Sayisal Bulunurluk”

Bir Turin Birey Sayist

%N = - x* 100 ve
Toplam Birey Sayist
“% Bulunma Siklig1”
Turin Gozlendigi Operasyon Sayist
% F = B CPTEYOT S %100

Toplam Operasyon Sayist

indeksleri kullanilmigtir. Sade ve fanyali aglara yakalanan
basat tiirlerin ortalama boylar1 kiyaslanirken verilerin
normal dagilis gosterip gostermedigi kontrol edilmis ve
“Welch t Test Istatistigi” kullanilmistir. Aglarin Ortalama
Birim Caba Elde Uriin (adet/operasyon) karsilagtirmalar
(16mm sade ile 16mm fanyalmin karsilastirilmasi, 16mm
fanyali ile 18mm fanyalinin karsilastirilmasi) i¢in Mann
Whitney U-Testi kullanilmistir. Welch t Test ve Mann
Whitney U-Testi i¢in R programi icerisindeki onewaytests
paketi (Dag vd., 2018), boy dagilislarinin karsilagtirmalari
icin stats paketi (R Core Team, 2020) ve verilerin
gorsellestirilmesi i¢in ggplot paketi (Wickham, 2016)
kullanilmustir.

Toplam Balik¢ilik Cabasi; TBC=Ts x Os x Oi esitligi ile
tespit edilmistir. Burada; Ts=Birakma oltasi ile avcilik
yapan tekne sayisini, Os=Bir teknenin yillik ortalama
operasyon sayisini, Qi=Bir teknenin kullandigi ortalama
igne sayisini ifade etmektedir. Buradan elde edilen caba
(birakma olta say1s1) ayn1 zamanda bir sezonda yem olarak
kullanilan “en az kefal” sayisin1 gostermistir.

Bulgular
Deneysel balik¢ilik operasyonlar:

Calismada, 15 operasyonda, 16 familyaya ait 27 farkli
tirden 1203 birey Orneklenmistir. Bu familyalardan;
Mugilidae 6, Sparidae 4, Carangidae 2, Clupeidae 2 ve
Penaeidae 2 tiirle, diger familyalar ise sadece bir tiir ile
temsil edilmigstir (Tablo 1). Buna ek olarak, tim 6rnekler
icinde, Mugilidae %67,50, Haemulidae %9,23, Sparidae
%8,56, Clupeidae %6,07, Carangidae %2,66 ve
Trichiuridae %1,25’lik oranla temsil edilmistir. Diger
familyalarin tiim orneklerdeki temsil orani %1 ’den
diisiiktiir. Mugilidae 6 tiirle temsil edilmesine ragmen,
familyaya ait tiirlerin %96.30’dan fazlas1 Chelon auratus
(782 birey)’tur. Dolayistyla, bu familyay1 avda ana olarak
temsil eden tiriin Chelon auratus oldugu soylenebilir.
Sparidae familyasi ise avda 4 tiir ile temsil edilmistir. Ancak
bu tiirlerden Diplodus annularis %58,25 ve Sparus aurata

ise %32,03’lik oran ile familyanin basat tiirleri olarak
goziikmektedir. ki tiir ile temsil edilen Clupeidae
familyasinda ise Sardinella aurita %76,71’lik oranla
familya icerisindeki sayisal bulunurlugu daha yiiksek olan
tirdiir. Yine iki tiirle temsil edilen Carangidae ve Penaeidae
familyalarinin toplam av igindeki sayisal bulunurluklari
diisiiktiir (Tablo 1).

Tiir olarak degerlendirildiginde, “%  Sayisal
Bulunurluk” agisindan ilk on sirayr alan tiirler; Chelon
auratus (%65), Pomadasys stridens (%9,23),
Diplodus annularis (%4,99), Sardinella aurita (%4,66),
Sparus aurata (%2,74), Caranx rhonchus (%1,75), Mullus
barbatus  (%1,50), Sardinella maderensis  (%1,41),
Trichiurus lepturus (%1,25) ve Chelon labrosus (%1,16)
olmustur. Bu on tiirlin toplam av igerisindeki “% Sayisal
Bulunurlugu” yaklasik olarak %94’tiir (Tablo 1). Geri kalan
17 tirlin her birinin av igerisindeki “% Sayisal
Bulunurlugu” ise %]1°den daha azdir. Tiirlerin “% Sayisal
Bulunurluklar1” Sekil 2a’da gosterilmistir. Gergeklestirilen
15 operasyonun tamaminda gozlenen tek tir Chelon
auratus tur. Caranx rhonchus operasyonlarin yaklagik
%50’sinde, Pomadasys stridens, Sardinella maderensis,
Sparus aurata ise operasyonlarin %40’nda gozlenmistir.
Tiirlerin operasyonlardaki “% Gozlenme Sikligr” Sekil
2b’de gosterilmistir.

Calismada bu avciligin hedef tiiriiniin Chelon auratus
oldugu anlagilmaktadir. Kullanilan uzatma aglar ile
cevirme yontemiyle yapilan avcilikta, yem olarak
kullanilmak tizere kefal hedeflendigi diisiiniiliirse, bu
durum beklenebilecek bir durumdur. Yem olarak
kullanilacak kefal tiiriiniin % Sayisal Bulunurlugu %65
iken, hedef dis1 olarak avlanan ve balik¢1 tarafindan tekrar
denize atilan tiirlerin % Sayisal Bulunurlugun %35 olarak
belirlemistir.

Fanyali sade uzatma aglarinin karsilastirilmasi

Ayni ag g6z genisligine sahip (16 mm) fanyali ve sade
uzatma aglari; tiir seciciligi, hedef dist av, hedef tiiriin boy
dagilimi, ortalama boyu ve av verimi agisindan
karsilagtirtlmistir. Elde edilen veriler; fanyali ag ile 21, sade
ag ile 22 tlir avlandigini gostermistir. Yakalanan tiirlerin 18
tanesi (%72’si) her iki ag tiirlinde gozlenirken, 3 tiir
(%12’si)  (Engraulis encrasicolus, Liza carinata ve
Penaeus monoceros) yalnizca fanyali aglarda, 4 tiir (%16)
ise (Chelon labrosus, Hyporhamphus affinis, Sillago
suezensis ve Trachinotus ovatus) yalmzca sade aglarda
gozlenmistir.

Sekil 3’de fanyali ve sade aglara yakalanan tiirler ve
birey sayilar1 gosterilmistir. Her iki ag tliriinde de hedef tiir
Chelon auratus’tur, bir ag tliriinde gozlenip diger ag
tiirtinde gézlenmeyen tiirlerin bireylerinin sayilari oldukca
dugiiktiir. Chelon auratus hedef, diger tiirler hedef dist
oldugu kabul edildiginde, on bes operasyon sonunda,
fanyali aga yakalanan tim bireylerin %59’u Chelon
auratus, %41’inin ise hedef dis1, sade aga yakalanan tim
bireylerin %56’s1 Chelon auratus, %44t hedef dis1 avdir.
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Tablo 1. Ornekleme siiresince yakalanan familyalar, tiirler ile birey sayilar1 ve ortalama boylar1 (N: Birey sayisi; SH: Standart

Hata)
Toplam Boy (cm) Agirlik (g)
Familya Tiir N %
Ortalama SH Ortalama SH
] Caranx rhonchus 21 1,75 16,50 0,83 51,18 7,15
Carangidae )
Trachinotus ovatus 11 0,91 14,60 0,28 29,37 1,39
] Sardinella aurita 56 4.66 17,15 0,12 43,23 0,87
Clupeidae ) )
Sardinella maderensis 17 1.41 14,16 0,42 25,54 2,53
Engraulidae Engraulis encrasicolus 1 0,08 8,30 - 4,42 -
Haemulidae Pomadasys stridens 111 9,23 11,52 0,19 22,28 1,49
Hemiramphidae  Hyporhamphus affinis 1 0,08 17,50 - 11,61 -
Leiognathidae Equulites klunzingeri 12 1,00 9,02 0,26 9,60 0,99
Moronidae Dicentrarchus labrax 8 0,67 16,48 0,62 43,13 4,45
Chelon auratus 782 65,00 18,02 0,06 50,33 0,55
Chelon saliens 1 0,08 15,80 - 43,59 -
Chelon labrosus 14 1,16 15,54 0,56 41,62 6,26
Mugilidae
Liza carinata 5 0,42 16,42 0,47 47,00 3,43
Mugil cephalus 7 0,58 17,81 1,25 52,89 11,80
Oedalechilus labeo 3 0,25 15,43 0,47 36,52 4,06
Mullidae Mullus barbatus 18 1,50 14,89 0,59 44,85 7,08
) Penaeus monoceros 1 0,08 10,60 - 7,72 -
Penaeidae
Penaeus semisulcatus 4 0,33 14,43 0,56 18,63 1,94
Sciaenidae Argyrosomus regius 7 0,58 24,70 1,91 163,10 26,85
Sillaginidae Sillago sihama 2 0,17 19,10 1,70 57,90 16,52
Soleidae Solea solea 1 0,08 17,50 - 37,81 -
Diplodus annularis 60 4,99 9,66 0,07 14,69 0,29
) Diplodus sargus 5 0,42 12,00 1,23 32,94 9,30
Sparidae )
Lithognathus mormyrus 5 0,42 13,64 2,38 51,47 31,68
Sparus aurata 33 2,74 12,49 0,43 29,02 3,51
Terapontidae Pelates quadrilineatus 2 0,17 13,65 0,05 29,08 0,66
Trichiuridae Trichiurus lepturus 15 1,25 51,38 1,17 105,86 9,15
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Sekil 3. Fanyal1 ve sade uzatma agina yakalanan birey sayilarinin bar grafigi

ise iki ag tirtinde dagilis hafif pozitif ¢arpik ve mod
degerleri birbirine oldukc¢a yakindir. Bu grafikte, iki ag
tiriiniin  dagilisinin 6nemli oranda st liste bindigi de

Fanyali ve sade uzatma aglar i¢in boy verisinin kutu ve

goriilmektedir. Dolayisiyla gorsel inceleme sonucu olarak,

gine

luk grafikleri Sekil 4’de verilmistir. Kutu grafi
gore, her iki ag tir igin aritmetik ortalama ve medyan

degerleri, birinci ve ticlincii ¢eyreklikle, alt ve {ist sinirlar
birbirine yakindir. Yine iki ag tiiriinde de aykiri degerler dist
limitin tizerinde ve az sayidadir. Yogunluk grafigine gore

yogun

her iki ag tirii i¢in elde edilen boy dagilislarinin farkli

yapilan

olarak,

Kolmogorov-Smirnov Test Istatistigi sonucunda da fanyal

ek
ve sade uzatma aglara yakalanan bireylerin boy dagilislar

sOylenebilir.  Buna

olmadigi
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arasindaki farkin istatistiksel olarak Onemli olmadig
belirlenmistir (D=0,06746, p=0,615). Fanyali ve sade
uzatma aglarina yakalanan Chelon auratus bireylerinin boy
verisinin tanimlayici istatistikleri Tablo 2°de verilmistir. Bu
tablo incelendiginde fanyali ve sade uzatma aglar i¢in tiim
tanimlayict istatistiklerin birbirine olduk¢a yakin oldugu
goriilmektedir. Yapilan Welch t test Istatistigi sonucunda
fanyali ve sade uzatma aglarina yakalanan Chelon auratus
bireylerinin ortalama boylar1 arasindaki fark istatistiksel
olarak 6nemli bulunmamistir (p:0,6044). Fanyali ve sade
uzatma aglari ile yakalanan toplam birey sayisi sirasiyla 295
ve 252 bireydir. Bu ¢aligmada “Birim Cabada Elde Edilen
Uriin” (CPUE) her bir operasyonda yakalanan birey say1si
olarak kabul edilmistir. Tablo 3’de Chelon auratus igin her
bir operasyonda yakalanan birey sayisinin tanimlayici

24- T
L]
.
L]
-
£
L
=,
320-
m F4
. L]
16 -
I I
Fanyali16mm Sade16mm

istatistikleri verilmistir. Bu veriler, yapilan 15 operasyonun
12’sinde fanyali uzatma agi ile Chelon auratus bireyi
yakalandigini, yakalanan birey sayisinin 1 ile 83 arasinda
degisim gosterdigini ve bir operasyonda yakalanan ortalama
birey sayisinin ise 24,58 adet oldugunu gostermistir. Sade
uzatma aglarinda ise, yapilan 15 operasyonun 13’iinde
Chelon auratus bireyi yakalandigi, yakalanan birey
sayisinin 2 ile 93 arasinda degisim gosterdigi, bir
operasyonda yakalanan ortalama birey sayisinin 19,38 adet
oldugu tespit edilmistir. Bu veriler, iki ag tiirii i¢in ortalama
CPUE (adet/operasyon) degerinin yakin oldugunu
gostermektedir. Yapilan Mann-Whitney U Test Istatistigi
sonucunda fanyali ve sade uzatma aglarinin ortalama CPUE
(adet/operasyon) arasindaki fark istatistiksel olarak 6nemli
bulunmamustir (p= 0,9130).

Uzatma Ag Tard

D Fanyali16mm
D Sade16mm

Yogunluk

01-

0.0-

16 20 24

Sekil 4. Fanyali ve sade uzatma aglar1 i¢in Chelon auratus tiiriiniin boy verilerinin kutu ve yogunluk grafigi (Kutu grafikteki

kirmizi noktalar aritmetik ortalamay1 gdstermektedir)

Tablo 2. Fanyali ve sade uzatma aglarina yakalanan Chelon auratus bireylerinin boy verisinin tanimlayici istatistikleri (N:

Birey sayis1; Ss: Standart sapma)

AgTiri N  Ortalama Ss. Medyan  Min. Mak. 1.Cey. 3.Cey. Carpikhk Basikhik
Fanyali 295 17,82 1,77 17,70 1430 2530 16,60 18,80 0,85 4,52
Sade 252 17,90 1,70 17,80 1460 26,60 16,60 19,00 0,86 5,12

Tablo 3. Her bir operasyonda fanyal1 ve sade uzatma aglarina yakalanan Chelon auratus bireylerinin tanimlayici istatistikleri

(N: Birey sayisi; Ss: Standart sapma)

Ag Tiirii N Ortalama Ss Medyan Min. Mak. 1.Cey. 3.Cey. Carpikhik Basiklik
Fanyali Ag 12 24,58 28,53 14,50 1 83 1,75 40,50 0,94 2,46
Sade Ag 13 19,38 28,16 4,00 2 93 3,00 25,00 1,68 4,64
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Avlanan tiir ¢esitligi, hedef disi tiir orani, hedef tiiriin
boy dagilimi, ortalama boyu ve CPUE bakimindan 16 mm
fanyali uzatma aglar1 ile sade uzatma aglar1 arasinda
istatistiksel acidan Onemli bir farklilik olmadigini
gostermektedir (p>0,05).

Fanyali uzatma aglarinin karsilastirilmasi

Farkli ag gbz genisligine sahip (16 mm ve 18mm)
fanyali uzatma aglari; tiir segiciligi, hedef dis1 av, hedef
tiiriin boy dagilimi, ortalama boyu ve av verimi agisindan
karsilastirllmistir. Fanyali aglar ile toplam 26 farkli tiir
avlanmistir. Bunlarda 15 (%58) tanesi hem 16mm fanyali
hem de 18mm fanyali agda, 6 (%23) tiir sadece 16mm
fanyali agda (Penaeus semisulcatus, Diplodus sargus,
Engraulis encrasicolus,  Oedalechilus labeo,  Pelates
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quadrilineatus, Penaeus monoceros) 5 (%19) tir ise
yalnmizca 18mm fanyali agda (Trachinotus ovatus,
Chelon labrosus, Chelon saliens, Sillago suezensis, Solea
solea) gozlenmistir. Sekil 5°de farkli ag gz genisligindeki
fanyali aglara yakalanan tiirler ve birey sayilari
gosterilmistir. Her iki ag goz genisligi icin hedef tiiriin
Chelon auratus oldugu, bir g6z genisliginde gozlenip
digerinde gozlenmeyen tiirlerin birey sayilarinin oldukca
diisiik oldugu goriilmektedir. On bes operasyon sonunda,
16mm fanyali aga yakalanan tiim bireylerin %59’u Chelon
auratus, %41’inin ise diger tiirler yani hedef dis1 avdir.
Buna karsin, 18mm fanyali aga yakalanan bireylerin %78’
Chelon auratus %22’si hedef dis tiirlerdir.
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Sekil 5. 16mm ve 18mm fanyali uzatma agina yakalanan tiirler ve birey sayilar

Boy dagilisi ortalama boy ve av verimi ile ilgili
kiyaslamalar hedef tiir Chelon auratus igin yapilmistir.
Farkli ag g6z genisligine sahip fanyali uzatma aglar i¢in
boy verisinin kutu ve yogunluk grafikleri Sekil 6’da ve
tanmimlayict istatistikleri ise Tablo 4’de verilmistir. Kutu
grafige ve Tablo 4’¢ gore, biiyiik gozlii agin aritmetik
ortalama, medyan degerleri, birinci ve tigiincii ¢ceyreklikle,
alt ve ist sinirlarinin kiigiik gozlii aga gore biraz daha
yiiksek oldugu goriilmektedir. Bilyiik gozli agda alt ve iist
smirin lizerinde aykirt degerler gozlenirken kiigiik gozli
agda sadece {ist smirin izerinde aykirt degerler
gozlenmigtir. Sekil 6’da verilen yogunluk grafiginde ise

biiytik gozlii agin dagiliminin, kiictik gozlii agin dagilimina
gore x eksende bir miktar solda oldugu goriilmektedir. Tim
bunlara ek olarak, yapilan Kolmogorov-Smirnov Test
Istatistigi sonucunda da 16 mm fanyali ve 18 mm fanyali
uzatma aglarina yakalanan bireylerin boy dagilislar
arasindaki farkin istatistiksel olarak oOnemli oldugu
belirlenmistir (D = 0,19135, p = 0,00013). Buna ek olarak,
yapilan Welch t test istatistigi sonucunda 16mm ag goz
genigligine sahip fanyali aglar ile 18mm ag goz genisligine
sahip fanyali aglara yakalanan bireylerin ortalama boylari
arasindaki farkin istatistiksel olarak onemli oldugu tespit
edilmistir (p= 0,00006).
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Sekil 6. Farkli g6z genisligindeki fanyali uzatma aglari igin Chelon auratus tiiriiniin boy verilerinin kutu ve yogunluk grafigi

Tablo 4. Farkli ag g6z genisligine sahip fanyali uzatma aglarina yakalanan Chelon auratus bireylerinin boy verisinin
tanimlayicr istatistikleri (N: Birey sayisi; Ss: Standart sapma)

Ag Tiirii (Fanyal) N  Ortalama Ss Medyan Min. Mak. 1.Cey. 3.Cey. Carpikhk Basikhk
16mm 295 17,82 1,77 17,70 1430 2530 16,60 18,80 0,85 4,52
18mm 235 18,39 1,51 1820 14,50 2350 17,40 19,30 0,72 3,70

Tablo 5°de Chelon auratus i¢in farkli ag g6z genisligine
sahip uzatma aglar1 i¢in her bir operasyonda yakalanan
birey sayisinin tanimlayici istatistikleri verilmistir. Bu
veriler, yapilan 15 operasyonun 12’sinde 16mm fanyali
uzatma a1 ile Chelon auratus bireyi yakalandigini,
yakalanan birey sayismin 1 ile 83 arasinda degisim
gosterdigini ve bir operasyonda yakalanan ortalama birey
sayisinin ise 24,58 adet oldugunu gostermistir. 18 mm ag
g0z genisligine sahip fanyali uzatma aglarinda ise, yapilan
15 operasyonun 11’inde Chelon auratus bireyi yakalandigi,

yakalanan birey sayisinin yine 1 ile 83 arasinda degisim
gosterdigi, bir operasyonda yakalanan ortalama birey
sayisinin 21,36 adet oldugu tespit edilmistir. Bu veriler, iki
ag tirii icin ortalama CPUE (adet/operasyon) degerinin
yakin oldugunu gostermektedir. Yapilan Mann-Whitney U
Test Istatistigi sonucunda 16mm ve 18mm fanyali uzatma
aglarmin ortalama CPUE (adet/operasyon) degerleri
arasindaki farkin istatistiksel olarak onemli olmadigini
gostermistir (p=0,9011).

Tablo 5. Her bir operasyonda 16mm fanyali ve 18mm fanyali uzatma aglarina yakalanan Chelon auratus bireylerinin
tanimlayici istatistikleri (N: Birey sayisi; Ss: Standart sapma)

Ag Tiri (Fanyal)) N Ortalama  Ss Medyan Min. Mak. 1.Cey. 3.Cey. Carpiklik Basiklik
16mm 12 24,58 28,53 14,50 1 83 1,75 40,50 0,94 2,46
18mm 11 21,36 26,19 11,00 1 83 2,50 32,00 1,31 3,69

Ag gdziiniin 2mm artmasinin tiir gesitliligi bakimindan
onemli bir fark yaratmadigi, buna karsin hedef dis1 tiir
miktarinda dikkate deger bir azalis oldugu soylenebilir. Ag
g0zliniin biiytimesiyle hedef tiiriin boy dagilimi1 ve ortalama

boyu arasindaki farklarim dnemli oldugu (p<0,05), buna
karsin CPUE (adet/operasyon) degerleri arasindaki farkin
ise istatistiksel olarak Onemli olmadigi belirlenmistir
(p>0,05).
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Balikcilik cabasinin tahmin edilmesi

Calisma kapsaminda, 9 farkli balik¢r teknesinin 40
operasyonda kac birakma oltas1 kullandig1 ve 4 teknenin
sezonda kac kez av yaptigi ile ilgili bazi tanimlayici
istatistikler Tablo 6’da verilmistir. Buna ek olarak
Yumurtalik Koyu’nda birakma olta avciligi yapan tekne
sayist 12 olarak tespit edilmistir. Elde edilen veriler

yardimiyla, bu alanda bir sezonda kullanilan birakma olta
sayist 67553 adet olarak belirlenmis ve bu veri, ayn
zamanda Yumurtalik Koyunda yem olarak kullanilan kefal
bireylerinin sayisin1  da gostermektedir. Tablo 1’de
gosterildigi gibi, yem olarak kullanilan kefal bireylerinin
ortalama agirligi 50,33 g’dir. Yani yem olarak kullanilan
toplam kefal miktar1 3399942 g (yaklasik 3,3 ton)’dir.

Tablo 6. Bir teknenin kullandig1 birakma olta sayisi ve bir sezonda yaptig1 operasyon sayisinin ortalamalart (N: Birey sayist;

Ss: Standart sapma)

%95 Giiven Arahgi

Degisken N Ortalama Ss Min.  Mak. 5

Alt Simir  Ust Simir
Bir teknede kullanilan birakma olta sayis1 40 119,78 46,05 35 250 105,05 134,50
Bir teknenin bir sezonda yaptigi 4 47,00 1734 29 62 19.40 7459

operasyon sayisl

Tartisma

Balik¢ilik otoriteleri, diisiik yakit tiikketimi, minimum
habitat tahribati, diisiik hedef dis1 av orani ve iyi kalitede
iiriin elde edilmesi gibi 6zellikleri ile balik¢ilik yonetimi
acisindan  cezbedici olan paraketalarn  kullanimint
konusunda balikgilari cesaretlendirmektedir (Ingélfsson vd.
2017; Lekkeborg ve Pina, 1997). Yumurtalik Koyu’'nda
uygulanan birakma olta takimi teknik yapist bakimindan
tam bir paraketa Ozelligi gdostermese de; yakit tiiketimi,
hedef dis1 av, habitat tahribati gibi konularda paraketalar
gibi ¢evre dostu 6zelliklerine sahiptir. Birakma olta takimi
ile bir sezonda elde edilen iiriiniin sadece %4’ hedef dis1
tirlerden olugmakta ve elde edilen bireylerin sadece
%10’luk kismi yasal boyun altinda oldugu bildirilmistir
(Ozyurt, Yaymlanmamis veri). Ancak daha &nce de
belirtildigi gibi, bu tip yeme bagimli avcilik yontemlerinin
canli topluluklart ¢evresel etkileri degerlendirilirken, yem
elde etmek i¢in kullanilan avcilik yonteminin de gdz dniinde
tutulmasi gerekir.

Yem avlamak i¢in kullanilan uzatma aglarinin hedef ve
hedef dis1 tiirler (16 familyaya ait 27 farkl tiir) lizerinde
etkileri oldugu gostermistir. Yem avciligmin yapildigi
bolge; tath su girdilerinin oldugu, s1g ve lagiinel alanlara
¢ok yakindir. Bir¢ok tiirin bu tip alanlar1 erken yasam
evrelerinde beslenmek icin kullandigi bilinmektedir
(Garrido vd., 2011). Dolayistyla, uzatma aglarina yakalanan
tiir cesitliliginin fazla olmasinin av bolgesinin 6zelligi ile
iligkilendirilebilir. Bu noktada dikkat ¢ekici olan veri, 16
mm fanyali agda %41 olan hedef dis1 av oraninin 18mm
fanyali agda %22 oranina gerilemesidir. Bir bagka deyisle,
ag goz genisliginin 2mm artmasi hedef dis1 av oranin1 yari
yariya azaltmigtir. Bugiline kadar yapilan ¢aligmalarda, ag
g0z genisliginin tiir ¢esitligini, tiirlerin boy dagilimini, boy
seciciligini ve CPUE degerlerini etkiledigi tespit edilmistir
(Dereli vd., 2022a; Dereli vd., 2022b; Rotherham vd. 2006).
Ayrica, 16 mm ve 18 mm fanyali aglarla avlanan hedef
Chelon auratus tiriintin av veriminde bir degisiklik

olmamigtir. Bu durum, ag gbz genigligindeki 2mm’lik
artigla, hedef tiiriin av verimini etkilemeden hedef dis1 avin
azaltilmasia olanak sagladigindan, balik¢ilar agisindan
uygulanabilir bir tedbir olarak diisiiniilebilir. Aslinda hedef
dis1 kavrami oldukca karmasiktir ve bu sorunun bir bileseni
hedef dig1 avin denize atilan kisminin 6liim olanlarinin ne
kadar oldugudur (Davis, 2002). Bu avcilik yonteminde
hedef disi avlarin hepsi balik¢r tarafindan geri denize
atilmaktadir. Av siiresinin kisa olmasi (30-60 dakika aras),
yakalanan tiiriin hemen agdan ¢ikartiliyor ve denize atiliyor
olmast hedef dis1 olarak yakalanan tiirlerin denize atildiktan
sonra ne kadarmin yasamaya devam ettigi sorusunu akla
getirmektedir. Eger hedef dis1 olarak yakalanan ve geri
denize atilan bireyler biiyiik oranda yasamaya devam
ediyorsa, bu avcilik yontemindeki hedef dis1 av sorunu
yukarida ifade edilenden ¢ok daha az olabilir. Ancak bu
durumun etkilerini ortaya koyacak arastirmalar yapilmasi
gerekmektedir.

Elde edilen veriler, Yumurtalik B6lgesi’nde bir sezonda
yaklasik 3,3 ton kefal bireyinin yem olarak kullanildigim
gOstermistir. Bunun biiyiik kisminin Chelon auratus oldugu
anlasilmaktadir. Bu tiiriin yem olarak avlanan bireylerin
ortalama boyu yaklasik 18 cm iken, ilk eseysel olgunluk
boyu 26,6 cm olarak belirlenmistir (Kesiktas vd., 2020). Bu
durum, yem olarak kullanilan bireylerin hemen hepsinin ilk
iireme boyunun altinda bireyler oldugunu gostermektedir.
Dolayistyla Cheon auratus’un yem olarak avlanmasi ve
kullanilmas1  balikgiik  ydnetimi  agisindan  uygun
goziikmemekedir. Ayrica kefal bireyleri, kiyisal ekosistem
icinde, besin aginda onemli bir role sahiptir (Whitfield,
2016). Bu bireylerin heniiz kiigiik boylarda avlanmasi
ekosistem sagligt bakimindan da riskler yaratabilir. Bu
nedenle, hedef tiir olarak Chelon auratus yerine farkli bir
tiirlin (eseysel olgunluk boyu daha kiiciik olan) yem olarak
tercih edilmesi faydali olabilir. Bu noktada ilk akla gelen tiir
Liza carinata’ dir. Bu tiirtin Kizildeniz’de yapilan bir
calismada ilk eseysel olgunluk boyunun 13,5 cm oldugu
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goriilmektedir (El-Ganainy vd., 2014). Fakat ¢aligmanin
yapildig1 bolgede tiiriin ilk iireme boyunu tespit edilecegi
caligmalar yiiriitiilmelidir. Dolayisiyla balikg¢ilar yem olarak
bu tirli avlasalar bile yakalanan bireyleri biiyiikk bir
cogunlugu ilk eseysel olgunluk boyundan daha yiiksek
olacaktir. Buna karsin c¢evirme operasyonlart yapilirken
balik¢ilarin Chelon auratus yerine Lisa carinata’y: nasil
sececekleri belirsizdir. Balik¢ilarla yapilan goériismelerde,
mevsim ve bolge se¢imi ile bunun miimkiin oldugu ifade
edilmistir. Ancak yinede bu durumun yapilacak ileri
calismalar ile ortaya konmasi gerekmektedir. Yine
bolgedeki Lisa carinata’nin stok yapisini ortaya koyan
caligmalar yiiriitilmelidir. Tim bunlara ek olarak insan
gidast olarak kullanilmas1 miimkiin olan tiirlerin yem olarak
kullanilmast balik¢ilikta tartigilan bir konu haline gelmistir
(Lekkeborg vd., 2014). Bu nedenle, bu sorunun iistesinden
gelmek icin yapay yem kullnimi ile ilgili ¢aligmalar
yapilmaktadir (Januma vd., 2003; Lekkeborg, 1990). Bu
avcilik yonteminde de yem olarak kullanilan Chelon
auratus ve Lisa saliens tiirleri dogrudan insan gidasi olarak
kullanilabilecek tiirlerdir. Bu nedenle, bu yemlerin yerine
yapay yemlerin kullanim olanaklarinin incelenmesi daha
dogru bir segenek olacaktir.

Bu ¢alismada, yem avciliginda kullanilan fanyali ve
sade uzatma aglar1 arasinda; en ¢ok avlanan tiirlerin boy
dagilimi1 ve av verimi agisindan farklilik olup olmadigi
arastirllmistir. Bugiine kadar yapilan fanyali ve sade uzatma
aglarmin kiyaslandigi caligmalarda boy dagilimi ve av
verimi arasinda farkliliklar oldugu belirtilmistir (Acosta ve
Appeldoorn, 1995; Fabi vd., 2002; Thomas vd., 2003).
Ancak bu ¢alismada elde edilen sonuglar, 16mm fanyali ve
16mm sade aglara yakalanan basat tiir Chelon saliens’in
boy dagilimi ve av verimi arasinda bir fark olmadigim
gostermistir. Bu durum hedef tiiriin av bolgesindeki boy
dagilimindan ve stok yapisindan kaynakli olabilir. Bélgede
avlanan bagat tiir Chelon auratus’un boy dagilim1 yeterince
genis bir aralikta degilse (bilyiik bireyler yoksa), fanyalarin
caligsma mekanizmasi ige yaramayacak, fanyali aglarda sade
aglar gibi av yapacaktir. 16 mm fanyali ag ile 18 mm fanyali
ag kiyaslandiginda ise basat tir Chelon auratusun boy
dagiliminda fark oldugu, ancak av veriminde bir fark
olmadig1 goriilmiistiir. Ag goz genigligi boy segiciligini
etkileyen en dnemli parametrelerden birisidir (Lobyrev ve
Hoffman, 2018). Dolayisiyla, ag goz genisliginin artmasi
boy dagiliminin degismesine neden oldugu ancak bu
durumun av verimini etkilemedigi sdylenebilir. Bu noktada,
farkli ag (donam faktori, ip kalinligi, multifilament aglar
vb.) ve operasyon Ozelliklerinin (suda kalma siiresi,
operasyon saati vb.) av verimini ve stok yapisina etkilerini
arastiran caligmalar yiiriitilmesinin, daha net sonuglara
ulasmak agisindan faydali olacagi sdylenebilir.

Fanyali aglarda ag gbz genisliginin 2mm artmasinin
hedef dis1 av oranin1 %50 azalttig1 goriillmiistiir. Bu nedenle,
yem avciliginda 16mm yerine 18mm ag goz genisliginin
kullanilmasi, bu avciligin tiirler {izerindeki etkisini
azaltilmasi agisindan faydali olacaktir.

Bu ¢aligmadan elde edilen sonuglar dogrultusunda, bu
avcilik yontemi ile avlanan ve tekrar denize birakilan
tiirlerin ne kadarinin hayatta kaldiginin belirlenmesi tizerine

caligmalar yiritilmesinin faydal olacagi anlasilmaktadir.
Buna ek olarak, insan gidasi olarak kullanilma olanagi olan
ancak yem olarak kullanilan kefal bireyleri yerine ikame
yapay yem kullanma olasiliklar1 da arastiriimalidir.
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Key words: Abstract: A total of 933 samples of Pagellus bellottii were obtained from the coast of Ghana between
. January and December 2019, from commercial catches to determine the sex ratio, maturity stages,
Sparidae spawning period, and length at first maturity. The male to female ratio was 1.39:1. July and May were
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Pagellus bellottii
Reproduction
Ghanaian coast

Anahtar kelimeler:

Sparidae
Eseysel olgunluk
Pagellus bellottii
Ureme

Gana kiyisi

the main spawning peaks for female individuals of the assessed fish species. Two spawning periods
were observed with a minor spawning period from November to January and major spawning from
March to September. Female individuals matured slightly earlier than male individuals at 20 cm and
20.8 cm respectively. The results of this study could help to revise the existing minimum capture size
of Red Pandora in Ghana.

Gana Kiyisindaki Kirmizi Pandora'min (Pagellus bellottii Steindachner,
1882) Ureme Biyolojisi ve Yonetime Yonelik Etkileri

Oz: Ocak 2019 ile Aralik 2019 tarihleri arasinda Gana kiyilarindan ticari avlardan cinsiyet oran,
olgunluk sathalari, yumurtlama dénemi ve ilk eseysel olgunluk boyunu belirlemek amaciyla toplam
933 Pagellus bellottii 6rnegi elde edilmistir. Erkek-disi oran1 1.39:1 idi. incelenen balik tiiriiniin disi
bireyleri i¢in Temmuz ve Mayis aylari, en yiiksek ana yumurtlama aylartydi Kasim'dan Ocak'a kadar
kii¢lik yumurtlama dénemi ve Mart'dan Eyliil'e kadar biiyiik yumurtlama dénemi olmak tizere iki
yumurtlama donemi gozlemlenmistir. Disi bireyler erkeklere gore sirasiyla 20 cm ve 20,8 cm, daha
erken olgunlagsmistir. Bu g¢aligmanin sonuglari, Gana'daki kirmizi pandora’nin mevcut minimum

avlanma boyunun revize edilmesine yardimci olabilir.

Introduction

The Red Pandora, distributed in the eastern Atlantic
portion of the ocean, is mostly found between 10 m and 50
m (Kouame et al., 2018). It is an important component of
the multispecies marine demersal fish in the Eastern Central
Atlantic (Russell and Carpenter, 2014). P. bellottii is a
commercially important demersal fish in Ghana, accounting
for about 70% of the demersal fishes landed in Ghana
(Lazar, 2017). However, from the coastal waters of Ghana,
the catch size of the assessed species is currently on the
decline since 2005 which demands proper management
measures (Ayivi, 2012). For sustainable management of this
species, there is the need for science-based information
which largely precipitates from several biological studies
including the reproductive studies (Adebiyi, 2012). Studies
on reproductive biology of fishes is essential in fisheries
management because it provides an understanding of the
spawning behavior of the species, dynamics unpinning the
dominance of a particular sex, seasonal variations in fish

*Corresponding author: samuel.amponsah@uenr.edu.gh

growth, physiological wellbeing of fishes and the dynamics
controlling the addition of juveniles to the fish stock (Ismail
et al., 2018; Shamsan et al., 2010; Sangun, Akamca, &
Akar, 2007; Walker et al., 2005).

Despite the importance of studies on the reproductive
biology of fishes to sustainable management, the only study
published on Red Pandora in Ghana mainly revolve around
population parameters (i.e. Amponsah et al., 2016). In
addition, the only study on reproductive biology of P.
bellottii is linked to Asare-Ameyaw (2000). The paucity of
such important ecological information limits the options
needed for sustainable management of this commercially
important species. Thus, the objective of this was to provide
an update on some aspects of reproductive studies of Red
Pandora in Ghana. Such information is a necessary
contribution to the ecologically based management of the
species from the coast of Ghana.
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Material and Methods
Study area

The study focused on six fishing communities along the
coast of Ghana, namely Elmina, Kpone, Tema, Prampram,
Sakumono and Nungua fishing communities along the coast
of Ghana (Fig. 1). Table 1 shows the geographical
coordinates of the fish sampling communities used in the
study. These fishing communities were selected based on
the intensity of fishing activities and predominant landing
of fish species in the Sparidae family.
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Table 1. Geographical coordinates of sampling locations

Locations Geographic coordinates
Elmina 5°4'58.94"N, 1°21'10.66"W
Kpone 5°40'22.61"N, 0° 2'36.74"E
Tema 5°38'37.46"N, 0° 1'0.15"E
Prampram 5°42'19.00"N, 0° 6'57.11"E
Sakumono 5°36'40.70"N, 0°2'41.85"W
Nungua 5°35'42.91"N, 0° 4'13.85"W
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Figure 1. Map showing the sampling locations of the study

Data collection

Samples were sourced from different types of artisanal
fishing gears, particularly hook and line from January to
December 2019 and identified in situ using Kwei and Ofori-
Adu (2005) identification keys. Samples obtained were then
preserved on ice and sent to the fish laboratory at the
University of Ghana for further analysis. At the laboratory,
total length of the samples was measured to the nearest 0.1
cm using a wooden measuring board. A digital balance was
used to record body and gonad weight of the specimen to
the nearest 0.01g.

Methods
Length-Weight Relationships (LWR)

The total length and body weight of fish were used for
the Length-Weight Relationships. The Length-Weight
relationships were represented using the log transformed
procedure: Log W = a + b log TL (Pauly, 1984), where W
= body weight (g), TL = total length (cm), a and b are
constants for intercept and growth pattern respectively.

Condition factor (CF)

The condition factor (CF) indicates the physiological
wellbeing of fishes. This was estimated monthly using the
equation: fish weight *100/total length® (Froese, 2006).

Maturity stages

Macroscopical assessment for sex and maturity stages
was done for each of the gonads obtained. Categorization of
the maturity stages was as follows: I, immature; 11, resting;
11, ripe; 1V, ripe and running; V, spent (Chaouch et al.,
2013).

Sex ratio

Sex ratio provides information on the representation of
male and female fish present in a population. The sex ratio
was calculated as the proportion of males to females
(Chaouch et al., 2013).

Length at first maturity

For the calculation of the length at which 50% of
individuals were matured, only maturity stages Il and 1V
were used. From the cumulative length frequency of
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matured individuals, 50 % on the cumulative axis was
extrapolated to the length axis for the length at first maturity
estimation.

Gonadosomatic index (GSI)

Determination of GSI aids in quantifying the changes in
gonad weight during the annual sexual cycle and identifying
the spawning season. The gonadosomatic index (GSI) was
determined as gonadal weight * 100/eviscerated weight (g)
(Analbery, 2004).

Data analysis

Variation in reproductive parameters such as GSI,
length, and condition factor between male and female
individuals were statistically analyzed using a T-test at a
significance threshold of P < 0.05. Chi-square test was used
to investigate the differences in sex ratio from an expected
1:1 ratio.

Results
Length distribution

The length measurement ranged from 7 cm to 33.9 cm
for female individuals with a mean length of 19.6 + 0.2 cm
(Table 2). For male individuals, the mean length was 19.4 +
0.1 cm with minimum and maximum lengths as 7 cm and
32.3 cm, respectively (Table 2).

Length weight relationship (LWR)

In the LWR, the growth pattern (b) for male and female
individuals of P. bellottii was 3.03 (Fig. 2) and 3.02,
respectively (Fig. 3). The variation in log transformed
length of both male and female individuals explained more
than 96 % of the variation in log transformed weight (Table
3).

Table 2. Descriptive statistics of length distribution of male and female individuals of P. bellottii

Sex N Mean SE Min/cm Max/cm T-test P-value
Female 391 19.6 0.2 7 33.9 0.32
Male 542 19.4 0.1 7 32.3
3,00
Log W=3.0214Log TL - 1.888 PY
R2=0.98 .
2,50 N =391
5 2,00
=
2 1,50 )
-
1,00
0,50 ’
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080 100 120 140 160 1,80
Log TL (cm)

Figure 2. Linearized length weight relationship (LWR) of female individuals obtained during the study period
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Figure 3. Linearized length weight relationship (LWR) of male individuals obtained during the study period.

Table 3. Regression output for LWR of male and female individuals of P. bellottii obtained during the study period

Sex b a 95% CL 'a' 95% CL 'b* R?
Males 3.037 0.012 0.011-0.013 2.993-3.081 0.97
Females 3.021 0.013 0.012- 0.015 2.974-3.069 0.98

Condition factor

The condition factor spanned from 1.08 to 1.97 for
female individuals and 0.68 to 2.02 for male individuals of
P. bellottii. The mean condition factor was 1.36 for males
and 1.38 for females, respectively (Table 4).

Sex ratio

A total of 542 males and 391 females were observed out
of 933 samples obtained. Sex ratio in the study was favoured
by males with a ratio of 1.39 male: 1 female. Chi-square
analysis showed significant difference from the theoretical
ratio of 1.1 between male and female individuals (Goodness
of Fit Chi-square = 24.4, N =533, df=1, p-value <0.001).

Table 4. Descriptive statistics of condition factors of P. bellottii

Sex N Mean SE Min Max T-test P-value
Female 391 1.38 0.006 1.08 1.97 001
Male 542 1.36 0.006 0.68 2.02 '

Gonadosomatic index (GSI)

The mean GSI for matured female individuals ranged
from 0.54 in Octoberto 5.14 in July, with the major
spawning peak in July and a minor spawning peak in May
(Fig. 4).

Length at first maturity

The size at which 50% of female and male individuals

mature was 20.0 cm (Fig. 5) and 20.8 cm (Fig. 6),
respectively.
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Figure 4. Monthly estimated GSI of individuals obtained during the period of sampling
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Figure 5. Length at first maturity of female individuals obtained during the sampling period
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Figure 6. Length at first maturity of male individuals obtained during the sampling period

Discussion

Growth pattern of fish species is an essential length
weight parameter for managing fish species (Ndiaye et al.,
2022). The LWR of P. bellottii from the study showed an
isometric growth pattern for both male and female
individuals which implies equal growth in length and
weight. The implication of the growth pattern (b) for both
male and female individuals of the Red Pandora from the
study resonated with findings by other researchers such as
Pauly (1984); Froese (2006) and Amponsah et al. (2017).
Studies by Mansaray and Konomiya, (2020) from the
coastal waters of Sierra Leone recorded a negative
allometric growth pattern (b > 3.0) for male Red Pandora
individuals and isometric growth pattern (b = 3.0) for
female individuals. The variation in growth pattern for male
individuals may be linked to factors such as seasonal effect,
habitat type, stomach fullness level, obtainability of feed
items, size variations, weight of species, environmental
conditions, maturation stage, health status, and population
size (Ndiaye et al., 2022). Nonetheless, the recorded “b”
value for both sexes was within the suggested range of 2.5
to 3.5 by Thomas et al., (2003) for most tropical fish
species.

The mean condition factor of both male and female
individuals of the assessed species was above 1.0 which
implies the existence of conducive environmental factors in
the marine environment of Ghana. This suggests the
relatively sound physiological well-being of both male and
female individuals of the assessed fish species.
Furthermore, this assertion has been confirmed by other
scholars such as Ayode (2011) and Adebiyi (2013).
Mansaray and Konomiya (2020) recorded higher condition

factor for males than females of Red Pandora which was
consistent with finding from this study. The variation in
condition factor between male and female individuals may
be due to the rate of growth in both sexes and the weight of
the individual fishes (Oliveria et al., 2017; Agbugui, 2013).

In the present study, males were numerically more than
females, leading to violation of the theoretical ratio of 1:1
for males and females. Findings from the study was similar
to studies by Mansaray and Konomiya (2020) and Kouame
et al., (2018) from the Ivorian waters and Asabere-Ameyaw
(2000) from the Ghanaian waters. The higher number of
male individuals than females could be due to high
vulnerability of males than females to fishing gears
(Vicentini and Araujo, 2003). In addition, spatial or vertical
variation of sexes may have contributed to higher number
of males than females (Sims et al., 2001). Furthermore, Ali
Ben Smida and Hadhri (2014); Benina (2015); Mahdi et al.,
(2017) and Dobroslavi¢ et al., (2017) have inferred that one
of the sexes of fish species will always be predominant.

The most important biological parameter for
determining the breeding season of fish as well as their
gonadal maturity is the gonadosomatic index (Bindu et al.,
2012; Raghavan et al., 2016). The GSI increases with
maturity and decreases with the end of gonadal activity after
spawning (Jan et al., 2014; Geremew et al., 2015). In the
study, a minor spawning period was observed from
November - January and a major spawning from March to
September based on the variation in GSI. This was similar
to studies by Asabere-Ameyaw (2000) who documented
minor and major spawning phases in January-February and
June to September, respectively. Nonetheless, the relatively
small breeding activities observed in all months of the study
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could suggest a continuous spawning behavior (Lazar,
2017). In addition, ICE (2004) has inferred P. bellottii to be
a multi-spawner species fish due the presence of matured
individuals all year round.

In this study, females reached first maturity earlier than
males which was in accordance with findings by Kouame et
al., (2018), Ndiaye (2014) from Senegalese waters and
Asabere-Ameyaw (2000). Zarrad et al. (2010) attributed
difference in size at first maturity to growth differences of
populations influenced by temperature and food quality and
availability. Also, changes in length at first maturity may be
directly connected to demographic density, environmental
conditions, differences in reproductive biology, growth
rates, fishing catches, availability of food, and hydrological
conditions (Perez-Palafox et al., 2021). Nonetheless, the
size at first maturity for both males and female individuals
was similar to those estimated by Asabere-Ameyaw (2000),
but higher than the estimates by Amponsah et al. (2016)
which may be due to differences in the scientific approach
used in the estimation process. Size at sexual maturity (Lso)
is an essential parameter for fisheries management as it
gives the authorities to decide on mesh size in fishing zones
and therefore, to avoid fishing juveniles (Hossain et al.,
2013). The use of appropriate meshes will prevent the
capture of immature individuals and therefore, sustain the
potential for reproduction (Lin et al., 2013).

Conclusion

This study sheds light on some aspects of the
reproductive biology of the Red Pandora in the coastal
waters of Ghana. The results revealed that male and female
individuals of Red Pandora exhibit isometric growth with a
mean value of condition factor greater than 1.0. The sex
ratio of individuals in the study favored males. GSI studies
displayed two spawning periods. This information will
contribute to knowledge essential for sustainably managing
the population of P. bellottii in Ghana.
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