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Mevcut arastirma, Tiirkiye nin kuzeyinde Yesilirmak Deltasi’ndaki Terme sulak alanlarinda yaygin bulunan etnobotanik ve tibbi
acidan 6nemli sucul/yari-sucul makrofitlerin belgelenmesi igin gergeklestirilmistir. Sucul bitkilerin etno-medical potansiyelini be-
lirlemek icin yore halkinin etnobotanik bilgisi kullanilmamis, konuyla ilgili yapilan bilimsel ¢alismalar degerlendirilmistir.
Yesilirmak Deltasi’nda farkli 6zellik, derinlik ve biiyiiklikklerde zengin lentik ve lotik sistemler bulunmaktadir. Cesitli ra-
hatsizliklarin tedavisinde kullanilan ve literatiirlerde biyoaktif 6zellikleri belirtilen makrofitler bes yil siiren (2017-2022) saha
arastirmalart ile toplanmis ve tanimlanmistir. Yapilan incelemelerde Terme sulak alanlarmim makrofit gesitliligi bakimindan
oldukca zengin oldugu belirlenmistir. Alanda etno-tibbi potansiyeli olan 14 familyaya bagli 18 cins ve 22 makrofit taksonu tespit
edilmistir. Bitkiler sucul/yari-sucul habitatlarda emers, submers, yiizen yaprakli ve serbest yiizen yaprakl tiirlerden olusmaktadir.
Farkli mevsimlerde bazi makrofitlerin (4zolla filiculoides Lam., Wolffia arrhiza (L.) Horkel ex Wimm., Salvinia natans (L.) All.,
Ceratophyllum demersum L., Ranunculus sphaerospermus Boiss. & Blanche, R. trichophyllus Chaix) asin ¢ogaldiklar
gozlenmistir. Literatiir arastirmalarinda, mevcut su bitkilerinin biyoaktif bilesenlerce zengin oldugu, antimikrobiyal, antioksidan,
antienflamatuvar vb. etkilerinin yani sira endiistrinin farkli alanlarinda kullanim potansiyelinin de oldugu ortaya konulmustur.
Calisma bulgular1 Yesilirmak Deltasi’nin etnobotanik sucul bitki zenginligi bakimindan 6nemli bir potansiyele sahip oldugunu
gostermektedir. Tiirkiye’de tibbi bitki olarak su bitkileri goz ardi edilmistir. Oysa yapilan arastirmalarda sulak alanlarda yaygin
bulunan bu bitkilerin dogal, ticari, farmakolojik olarak kullanim potansiyelleri yiiksektir. Sulak alanlarin sucul bitki ¢esitliliginin
ve potansiyellerinin belirlenmesi etnobotanik arastirmalar destekleyebilir. Yenilebilir ve biyoaktif bilesenlerce zengin makrofitler
bolgenin ekonomik, ekolojik ve sosyokiiltiirel faaliyetlerine katki saglayabilir. Ayn1 zamanda, son yillarda artan antropojenik faali-
yetlerin baskisi altinda olan sulak alanlarin korunmasini da saglayabilir. Birgok fonksiyonel 6zelliklere sahip olan sulak alanlarin
korunmasi, gelecekte etkisini artirmasi beklenen kiiresel iklim degisikliginden en az oranda etkilenmesi, dogal dengenin ve
biyogesitliligin siirdiiriilebilirliginin saglanmasi bakimindan olduk¢a 6nemlidir.

Anahtar Kelimeler: Antropojenik baski, Etnobotanik, Etnomedikal, Makrofit, Sulak alan tibbi bitkileri
ABSTRACT

Common macrophytes with potential for ethnobotany and medicinal in the Terme wetlands of the Yesilirmak Delta

The current research aimed to document the ethnobotany and medical important aquatic/semi-aquatic macrophytes common in the
Terme wetlands in the Yesilirmak Delta in northern Tiirkiye. To determine the ethno-medical potential of aquatic plants, the eth-
nobotanical knowledge of the local people was not used, and scientific studies on the subject were evaluated. There are rich lentic
and lotic systems with different features, depths and sizes in the Yesilirmak Delta. Macrophytes, used in the treatment of various
ailments and whose bioactive properties are mentioned in the literature, were collected and identified through field research lasting
five years (2017-2022). In the examinations, it was determined that Terme wetlands are very rich in terms of macrophyte diversity.
A total of 22 water plant species with ethno-medicinal characteristics, belonging to 18 genera and 14 families, were documented
from Terme wetlands. Plants consist of emerged, submersed, floating, and free-floating leaf species in aquatic/semi-aquatic habi-
tats. It has been determined that some macrophytes (4zolla filiculoides Lam., Wolffia arrhiza (L.) Horkel ex Wimm., Salvinia
natans (L.) All., Ceratophyllum demersum L., Ranunculus sphaerospermus Boiss & Blanche, R. trichophyllus Chaix ex Vill.)
overgrow in different seasons. Literature research shows that existing aquatic plants are rich in bioactive compounds, antimicrobial,
antioxidant, anti-inflammatory, etc. In addition to its effects, it has also been shown that it has the potential to be used in different
areas of industry. Study findings show that Yesilirmak Delta has significant potential in ethnobotanical aquatic plant richness.
Aquatic plants have been ignored as medicinal plants in Tiirkiye. However, research shows that these plants, common in wetlands,
have high potential for natural, commercial and pharmacological use. Determining the aquatic plant diversity and potential of
wetlands can support ethnobotanical research. Macrophytes rich in edible and bioactive components can contribute to the region's
economic, ecological and sociocultural activities. It can also ensure the protection of wetlands, which have been under increasing
pressure from anthropogenic activities in recent years. Preserving wetlands, which have many functional features, is very important
in terms of being least affected by global climate change, which is expected to increase its impact in the future and ensure the
sustainability of natural balance and biodiversity.

Keywords: Anthropogenic pressure, Ethnobotany, Ethnomedical, Macrophyte, Wetland medicinal plants
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Insanlar gegmisten giiniimiize ihtiyaglar1 dogrultusunda
bitkilerin kok, gévde, yaprak, tohum, meyve ve ¢icek gibi or-
ganlarindan veya biitiin bitkiden yararlanmiglardir (Verma,
2017). Giiniimiizde kullanilan modern ilaglarin %25’inden
fazlas1 dogrudan ya da dolayli olarak bitkisel kaynaklardan
olusmaktadir (Topcu ve Colgegen, 2015). Sifali bitkiler,
kirsal kesimde yagamlarini siirdiiren insanlarin sagligini
koruyabilme ve hafif diizeydeki bazi hastaliklar tedavi et-
mede fayda saglamaktadir (Deka ve ark., 2019). Geleneksel
halk hekimligi alaninda bilgi birikimleri kullanilarak sifali
bitkilerden hastaliklarin tedavisinde yararlanilmistir. Ancak
bu bilgiler bazen sonraki kusaklara aktarilmis olmakla
birlikte baz1 durumlarda belirli lokal alanlarda kalmigtir (Kar
ve ark., 2022). Giinlimiizde artan sanayilesme ve insanlarin
hayat tarzlarinin degismesiyle etnobotanik alana ilgi azalmis
ve bu sebeple bilgilerin kayit altina alinmasi caligmalart
yliriitiilmiistiir (Acharya ve ark., 2021). Etnobotanik bilg-
ilerden yeni ilaglarin yapilmasinda veya mevcut ilaglarin
gelistirilmesi calismalarinda faydalanilmasi amaglanmistir
(Erbay ve ark., 2018).

Ik defa 1895 yilinda John W. Harshberger tarafindan
kullanilmaya baslanan etnobotanik, “etno” insan ve
“botanik” bitki terimlerinden olugmakta, insanlarla bitkilerin
cesitli alanlardaki iliskilerini kapsamakta (Wong ve ark.,
2001), ekonomik botanik ve geleneksel tip kavramlartyla da
es anlamli olarak kullanilmaktadir (Raha ve ark., 2022).
Yeryiiziinde 35.000-70.000 bitki tiirii halk sagligi alaninda
degerlendirilmektedir (Amjad ve ark., 2020). Sifali bitkiler,
saglik alaninda ¢ok eski ¢aglardan beri kullanilmaktadir.
Sucul bitkiler (makrofit) de bu alanda dikkat ¢ekmis, has-
taliklarin tedavisinde kullanim potansiyeli bulunmaktadir
(Verma, 2017). Sucul bitkilerden elde edilen iirlinler giiven-
lidir ve uygun maliyetlidir. Bitkilerin yapisindaki karote-
noidler, alkaloidler, terpenoidler, flavonoidler, mineraller,
steroidler ve protein gibi fitokimyasallar saglik alaninda
tercih edilmektedir (Raha ve ark., 2022). Ekolojik olarak da
makrofitlerin ¢ok 6nemli fonksiyonlart vardir. Sucul ekosis-
temin birincil {ireticileri olarak besin ve ¢oziinmiis oksijen
iiretir, baz1 makrofitler yapisinda kire¢ tutarak suyun alkali
olmasini saglar, asidik olmayan sucul ortamda sucul patojen
mikroorganizmalarin olusmasint onler, tatli su ekosistem-
lerinde suyun tutulmasi saglar, kiy1 erozyonunu ve sedimen-
tin karigmasini engeller, sucul canlilar i¢in besin, lireme ve
korunma habitatlar1 olusturur, biyoremediasyon yoluyla
suyu temizler (Tas ve Topaldemir, 2021; Yilmaz ve Tas,
2021; Lind ve ark., 2022; Topaldemir ve ark., 2023).

Makrofitlerin genis yayilis alanina sahip oldugu sulak alanlar
flora, fauna ve mikroorganizmalar bakimindan oldukca

Research Article

zengindir. Sulak alanlar tropikal ormanlardan sonra en zengin
biyolojik ¢esitlilige sahip ekosistemler olup (Ilgar, 2021) ac1
su, tuzlu su ve tatli su 6zelliklerine sahip ¢esitli tipleri vardir
(Butt ve ark., 2021). Ayrica, sulak alanlar yore insanina
giinlik yasaminda ekonomik ve saghik alanlarinda
biyokaynak olarak hizmet etmektedir (Deka ve ark., 2019).
Iklim degisikliginin olumsuz etkilerini azaltmanin yaninda
kirli suyun filtrelenmesine de yardimci olur (Fois ve ark.,
2021). Sulak alan bitkilerinin etnobotanik alanda kullanil-
mast ile yore insanlarinin sosyo-kiiltiirel yasamina da 6nemli
katkis1 bulunmaktadir (Bhusal ve ark., 2021).

Dogal kaynakli etkilerin yaninda 6zellikle antropojenik faali-
yetler sonucu yeryiizii hizla kirlenmektedir (Tas ve ark.,
2019). Kiiresel 1sinma ile yeryiiziinde ekosistemlerin denges-
inin bozulmasi, tarimsal faaliyetlerde kimyasal giibre ve pes-
tisitlerin kullanilmasi, sentetik besinlerin tiiketilmesi ve artan
diinya niifusu sonucu aglik sorunu gibi nedenlerle dogal
tiriinlerin tiiketimine yonelmek onemlidir. Makrofitlerin uy-
gun maliyetli, giivenli, bulundugu ortama bagli olarak yaygin
bulunmasi ve ¢cabuk ¢ogalabilmesi gibi 6zellikleriyle etnobo-
tanik arastirmalarda 6nem kazanmistir. Bu konuda yapilan bir
aragtirmada, Nepal’in Morang bolgesi sulak alanlarinda in-
sanlar tarafindan kullanilan toplam 54 makrofit tiirii tespit
edilmis olup, bunlardan 25 tiiriin ila¢ yapimimda kullanim
potansiyelinin bulundugu bildirilmistir (Koirala ve Jha,
2011). Bat1 Bengal sulak alanlarinda yapilan bir aragtirmada
etnobotanik o6zellige sahip 19 sucul makrofit tiirii tespit
edilmistir. Ayrica bu tiirlerin etnobotanik 6zellikleri de belir-
tilmistir (Chakraborty ve ark., 2016). Ayni konuda yapilan
baska bir arastirmada, Kuzey Bihar’in Darbhanga bdlgesinde
yayilig gdsteren ve tibbi 6neme sahip toplam 13 makrofit tiirii
(Verma, 2017), Kuzeydogu Hindistan’in Bat1 Assam bdlgesi
sulak alanlarinda ila¢ yapiminda kullanilan toplam 31 sucul
makrofit tiiri tespit edilmistir (Deka ve ark., 2019). Hima-
laya’nin bazi sulak alanlarinda yapilan bir aragtirmada tibbi
ozelligi olan toplam 30 makrofit tiirii belirlenmis (Butt ve
ark., 2021), toplam 22 makrofit tiiriiniin ise etnobotanik 6zel-
likleri agiklanmistir (Raha ve ark., 2022). Tiirkiye’de tibbi
bitki olarak su bitkileri géz ardi edilirken, Giiney Asya’da
oldukga yaygin kullanilmaktadir. Yapilan arastirmalarda
sulak alanlarda yaygin bulunan makrofitlerin dogal, ticari,
farmakolojik olarak kullanim potansiyelleri oldukca yiiksek-
tir. Antimikrobiyal, antioksidan, hepatoprotective (karaciger
rahatsizliklarinda), antidiyabetik, sitotoksik, antiviral,
agrilar1 azaltici ve yatistirict gibi etkileri nedeniyle has-
taliklarin tedavisinde kullanilmaktadir (Arya ve ark., 2022).
Juncus decipiens (Buchenau) Nakai tiiriiniin etnomedikal
Ozelliklerinin belirlenmesi amaciyla Cin’de yapilan bir
aragtirmada, bitkinin viicut ve kalp rahatsizliklarinin tedavis-
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inde kullanildig1 bildirilmistir. Calismada, bu makrofitin an-
timikrobiyal, antibakteriyal, antialgal dzellikler tagidig1 belir-
tilmigtir (Ullah ve ark., 2023). Pakistan’in Pencap eyaletinde
yapilan bir arastirmada, toplam 42 makrofit tiiriiniin yore
halki tarafindan etnomedikal amacli; astim, iilser, bel
soguklugu, mide agrisi, basur ve cilt hastalilarinin tedavis-
inde kullanildig: bildirilmistir (Ali ve ark., 2020). Makrofit-
ler, ilag yapiminda, tarimsal faaliyetlerde kullanilmasinin
yaninda canlilar tarafindan besin kaynagi olarak da tercih
edilmektedir (Verma ve ark., 2023). Su bitkileri gorsel 6zel-
liklerinden dolay1 su bahgeleri, siis havuzlari, yagmur suyu
toplama bahgeleri gibi peyzaj uygulama alanlarinda
kullanilmaktadir (Tas ve Topaldemir, 2021). Sulak alan
bitkilerinin hem peyzaj tasarim caligmalarim
zenginlestirecegi hem de farkli bir bakis agisi ve yorum
getirerek peyzaj planlama calismalarinda genis bir ¢esitlilik
sunacagi ifade edilmistir (Turgut ve Yilmaz, 2020). Hatta, Er-
zurum ve yakin ¢evresinde 1750-3176 m rakimlarda bazi al-
pin Dbitkilerin incelendigi arastirmada, peyzaj planlama
caligmalarinda degerlendirilebilecek, nemli ve taban suyu
yliksek alanlarda kullanilmaya uygun bitkilerin de belir-
lendigi goriilmektedir (Karahan ve Yilmaz, 2001).

Tiirkiye’nin ikinci, Karadeniz kiyisinin en biiyiik deltasi olan
Yesilirmak Deltasi’nda ve sulak alanlarinda bazi floristik ve
ekolojik calismalar yapilmistir. Deltadaki yerli ve yabanci
bitki tiirlerinin etnobotanik kullanimlarinin literatiire dayali
olarak arastirildig1 caligmada, alanda tibbi amacl kullanila-
bilecek 61 familya ve 141 cinse ait 160 tiir ve alt tiir taksonu
belirlenmistir (Mumcu ve Korkmaz, 2018). Bu bitkilerin
genelinin karasal, ¢cok az bir kisminin nemli ortam bitkileri
oldugu goriilmektedir. Yesilirmak Deltas1 sulak alanlarinda
zaman zaman agir1 ¢ogalan ve su ylizeyini kaplayan kizil
egreltinin (4zolla filiculoides Lam.) ekolojik ve ekonomik
ozelligi, yayilisi ve bu tiiriin agir1 yayilmasinin 6nlenmesi i¢in
yapilacak miicadele ¢alismalarina deginilmistir (Tas ve ark.,
2019). Yesilirmak Deltasi’nda yaygin bulunan sulak alan
bitkisi Ranunculus sphaerospermus (Boiss. & Blanche) tii-
riiniin su ve etanol oziitlerinin antioksidan ve antifungal
etkilerinin incelendigi ¢aligmada, bitkinin etanol 6ziitlerinin
antibakteriyal 6zellik gosterdigi tespit edilmistir (Ertiirk ve
ark., 2019). Deltadan toplanan submers su bitkisi Myriophy!-
lum spicatum L. ile Ulugdl (Ordu)’den toplanan ayni bitkinin
antimikrobiyal etkilerinin incelendigi in vitro aragtirmalar so-
nucunda, bitkinin etonol Oziitlerinin test organizmalari
iizerinde etki gosterdigi, hatta Mili¢’ten (Terme) toplanan
orneklerin antimikrobiyal etkisinin Ulugdl érneginden daha
etkili oldugu bildirilmistir (Ertiirk ve ark., 2020). Terme sulak
alanlarindan toplanan su bitkilerinin (Lemna trisulca L., Sal-
vinia natans (L.) All., Spridela polyrhiza (L.) Schleiden)
biyoaktivitelerinin incelendigi ¢alismada, bu bitkilerin tibbi

deger tasidig1 ve etnobotanik alanda kullanim potansiyelinin
bulundugu belirtilmistir (Sahin, 2020). Mevcut literatiirlere
gore, Tirkiye’de sadece Yesilirmak Deltasi’ndan bildirilen,
diinyanin en kiiciik ¢igekli bitkisi koksliz su mercimegi
Wolffia arrhiza (L.) Horkel ex Wimm. (Tas ve Topaldemir,
2021), deltadaki durgun sulak alandan toplanip Ordu Univer-
sitesi Hidrobiyoloji Laboratuvarinda kontrollii kosullarda
cogaltilmis ve ¢esitli biyodenylerde model organizma olarak
kullanmilmistir. W. arrhiza’nin gri su aritiminda kullabilecegi,
uzay arastirmalarinda astronotlara besin ve su kaynagi
olabilecegi belirtilmistir (Arslan Giinal ve Tas, 2022). Evsel
atik sulardan niitrient gideriminde W. arrhiza’nin diger su
merciklerine gore daha hizli ¢ogalmasi nedeniyle 6nemli bir
potansiyele sahip oldugu bildirilmistir (Arslan Giinal, 2023).
Kontrollii kosullarda floresan 1s1k, kirmizi, mavi ve mor LED
isiklar altinda W. arrhiza’nin yetistirilebildigi ve farkli
LED’lerin bitkinin element icerigini (C, H, N, S) degistirdigi
(Tas ve Sengiillendi, 2022), dogal ortamda %10 ham protein
icerigine sahip olan bu tiirin kirmiz1 LED ortaminda
yetistirildiginde protein miktarinin oldukga yiikseldigi (yak-
lasik %42) tespit edilmistir (Tas ve Sengiillendi, 2023). Del-
tadaki akarsularda yaygm bulunan bazi1 su bitkilerinin
(Myriophyllum spicatum, Ceratophyllum demersum) agir
metal biriktirme 6zelliklerinden dolay1 su kalitesinin belirlen-
mesinde biyoindikatér ve biyomonitér olarak kullanila-
bilecegi giincel arastirmalarda bildirilmistir (Ustaoglu ve
ark., 2022; Topaldemir ve ark., 2023).

Bu caligmada, Yesilirmak Deltasi’nin dogusunda yer alan
Terme sinirlart icerisinde bulunan bazi lentik ve lotik
ekosistemlerde etnobotanik ve tibbi potansiyele sahip olan
makrofitlerin tespit edilmesi amaglanmistir. Yapilan literatiir
aragtirmalarinda da goriildiigli iizere, Yesilirmak Deltasin-
daki sucul ekosistemlerde konusu etnobotanik-tibbi makrof-
itlerin tespitine yonelik bir caligmaya rastlanilmamigtir. Delta
sulak alanlarinda yapilan bu incelemedeki temel hedefimiz,
alanda dogal yayilis gosteren ve literatiir bilgileri dogrul-
tusunda etno-tibbi 6zellige sahip olan sucul makrofitlerin be-
lirlenerek ilgili konuda olusturulacak veri tabanina katki
saglamaktir.

Materyal ve Metot

Samsun iline bagli Terme ilgesi sinirlari igerisinde yer alan,
Yesilirmak Havzasi’nmin dogusundaki alt havza sulak alan-
larinda 5 yil boyunca (2017-2022) incelemeler yapilmistir
(Sekil 1). Gozlemler sirasinda sulak alanda dogal yayilig
gosteren, yaygin bulunan ve etnobotanik-tibbi 6zellige sahip
makrofitler toplanmis, fotograflanmis ve sulak alan 6zel-
likleri kaydedilmistir. Sulak alanlarda TS EN—14184’¢ uygun
olarak standart 6rnekleme metotlari uygulanmistir. Arastirma
alaninda bes yillik siire igerisinde her mevsim gozlem
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yapilmistir. Ciink{i makrofitlerin farkli donemlerde farkli
gelisim donemlerinin oldugu gozlemlenmistir. Gozlemler
sirasinda makrofitlerin vejetatif ve generatif organlarim
iizerinde birlikte tasidigi donemde toplanmasma dikkat
edilmistir (Sekil 2). Makrofitlerin toplandigi alandaki gore-
celi yogunluklar1 arazide kayit altina alinmistir. Goreceli
yogunluklar daha sonra TS EN-18184’te belirtilen
standartlara gore smiflandirilmigtir (Tablo 1). Ayrica
toplanan makrofitlerin fotograflamasi da yapilmistir (Sekil
4). Calisma alaninda bulunan sulak alanlarin sig olmasi
dolayisiyla herhangi bir alet ihtiyaci olmadan el yardimiyla
toplanmigtir. Sulak alanlarin dar ve kisa 6zelliklerinde dolayi
aragtirma yapilan her sulak alan igerisinde makrofitlerin
kapladigi alan ve bollugunun tespiti sirasinda kesit belirlen-
memis, sulak alan bir biitin olarak degerlendirilmistir.
Toplanan makrofitler 6nce alandaki su ile tizerindeki yabanci
maddelerden temizlenmis ve ardindan %/70’lik etanol iceris-
inde bulundurularak laboratuvar ortamina tasinmislardir. La-
boratuvara tagiman makrofitlerin tiirlerinin tayinlerine
yardimci olmak amaciyla binokiiler ve stereo mikroskoplar
kullanilmigtir.  Tirlerin  tayininde  ilgili  kaynaklar
kullanilmistir (Segmen ve Leblebici, 2008; DSI, 2009; Giiner
ve ark., 2018). Latince adlar1 tespit edilen makrofit tiirlerinin
Tiirkce adlar1 ise “Tiirkiye Bitkileri Listesi (Damarl
Bitkiler)” kaynagindan yararlanilarak yazilmistir (Giiner ve
ark., 2012).

soson

Topografya (m)
- i

0

Sekil 1. Arastirma alani, Samsun, Yesilirmak Deltast,
Terme sulak alanlari

Figure 1. Research area, Samsun, Yesilirmak Delta, Terme
wetlands

Tablo 1. Makrofitlerin Goreceli Kapladiklar1 Alan (%) ve
Bolluk Durumu (TS EN 14184’e Gore)

Table 1. Relative Area Covered (%) and Abundance of Macro-
phytes (According to TS EN 14184)

Bolluk Kaplama Alam (%)
Olcek Tammlayici Simif
1 Cok Nadir <0.1
2 Nadir 0.1-1
3 Yaygin 1-5
4 Bol 5-10
5 Dominant >10

Bulgular ve Tartisma

Antropojenik ve klimatik baskilara ragmen, Yesilirmak De-
lats1 Terme sulak alanlarinda yaylis gosteren makrofitleri
inceledigimiz mevcut aragtirmada, etnobotanik ve tibbi
kullanim potansiyeline sahip toplam 14 familyaya bagli 18
cins ve 22 makrofit taksonu tespit edilmistir. Tablo 2’de sucul
makrofitlerin  bolluk durumlart TS EN-18184’¢ gore
siiflandirilmigtir. Yetistikleri ortama gore makrofitler; su
istii (emers, emerged), su altt (submers, submersed),
bagimsiz yiizen (unattached floating) ve bagimli yiizen (at-
tached floating)  bitkiler (Wetzel, 2001) olarak
tanimlanmustir.

Terme Sulak Alaminda Tespit Edilen Etnobotanik-Tibbi
Potansiyeli Olan Sucul/Yart Sucul Makrofitler

Sulak alanlarda tespit edilen makrofitlerin bazi ekolojik ve
etno-medikal 6zellikleri fotograflar verilerek (Sekil 2, Sekil
3), alfabetik sekilde bilimsel adi, Tiirk¢e ad1 ve familyas1 be-
lirtilerek asagida agiklanmustir.

1. Acorus calamus L., Egirotu (Acoraceae, Egirgiller)

GOl kenarlarinda yayilis gosterir ve emers tip makrofittir
(TUBIVES, 2023). Bitkinin rizom, kdk ve yapraklarindan
glikozit, oksalik asit ve ugucu yag elde edilir (Ahmed ve ark.,
2007). Rizom antispazmotik, terletici, tiiberkiiloz, akciger ve
kalp tlimorlerini iyilestirici (Harikrishnan ve Hariharan,
1999), kronik ishal tedavisinde, dizanteri, antidiyabet ve
sinirsel rahatsizliklarda (Balakumbahan ve ark., 2010), istah
kaybin1 gidermede, c¢ocuklarda bogmaca rahatsizligin
iyilestirmede (Das ve ark., 2013), oksiiriik, balgam ve idrar
soktiiriicli, tonik spazmlar vb. insan sagligini koruma ve
iyilestirmede kullanilir (Tayjanov ve ark., 2021).
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Tablo 2. Terme sulak alanlarindaki bazi makrofitlerin bolluk durumlari (TS EN 18184’e gore)
Table 2. Abundance status of some macrophytes in Terme wetlands (according to TS EN 18184)

Bolluk Kaplama Alani (%)

Olgek Tamimlayici Sinif
1. Acorus calamus 1 Cok Nadir <0.1
2. Alisma plantago-aquatica 2 Nadir 0.1-1
3. Ceratophyllum demersum 3 Yaygin 1-5
4. Ceratophyllum submersum 2 Nadir 0.1-1
5. Cynodon dactylon 3 Yaygin 1-5
6. Cyperus difformis 2 Nadir 0.1-1
7. Cyperus rotundus 1 Cok Nadir <0.1
8. Lemna minor 3 Yaygin 1-5
9. Mentha aquatica 2 Nadir 0.1-1
10. Nasturtium officinale 2 Nadir 0.1-1
11. Nymphaea alba 1 Cok Nadir <0.1
12. Phragmites australis 4 Bol 5-10
13. Potamogeton crispus 3 Yaygin 1-5
14. Ranunculus repens 2 Nadir 0.1-1
15. Ranunculus sceleratus 2 Nadir 0.1-1
16. Salvinia natans 4 Bol 5-10
17. Schoenoplectus lacustris 1 Cok Nadir <0.1
18. Spirodela polyrhiza 3 Yaygin 1-5
19. Stuckenia pectinata 4 Bol 5-10
20. Typha angustifolia 2 Nadir 0.1-1
21. Typha latifolia 2 Nadir 0.1-1

2 Nadir

22. Veronica anagallis-aquatica

0.1-1

(1. Acorus calamus, 2. Alisma plantago-aquatica, 3. Ceratphyllum demersum, 4. C. sbmersum, 5. Cynodon actylon, 6. Cyperus
difformis, 7. C. rotundus, 8. Lemna minor, 9. Mentha aquatica, 10. Nasturtium officinale)

Sekil 2. Tibbi 6zelliklere sahip sulak alan makrofitleri
Figure 2. Wetland macrophytes with medicinal properties
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o 22 - 1 ~
(11. Nymphaea alba, 12. Phragmites australis, 13. Potamogeton crispus, 14. Ranunculus repens, 15. R. sceleratus, 16. Salvinia natans,
17. Schoenoplectus lacustris, 18. Spirodela polyrrhiza, 19. Stuckenia pectinata, 20. Typha angustifolia, 21. T. latifolia, 22. Veronica
anagallis-aquatica)

Sekil 3. Tibbi 6zelliklere sahip sulak alan makrofitleri
Figure 3. Wetland macrophytes with medicinal properties

Sekil 4. Bazi sulak alanlarin genel goriiniisii
Figure 4. General view of some wetlands
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2. Alisma plantago-aquatica L., Cobandiidiigii
(Alismataceae, Kurbagakasigigiller)

Hendekler, g6l veya nehir kiyilari, batakliklar, 1slak topraklar
veya ylizey sularinda yayilis gdsteren emers makrofit tiiriidiir
(TUBIVES, 2023). Rizomlarinda triterpenoid, seskiterpenler
ve diterpenler gibi sekonder metabolitler bulunmaktadir
(Tian ve ark., 2014). Bitkinin bu sekonder bilesikleri an-
titiimor, antibakteriyel ve antienflamatuar 6zellige sahiptir
(Huang ve ark., 2017). Kanseri iyilestirici (Li ve Qu, 2012),
idrar soktiirlicii, seker hastaligi, dizanteri, clizzam tedavis-
inde, bobrek ve sindirim rahatsizliklarinin giderilmesinde
(Ahmad ve ark., 2011), biiziicii, antihepatotoksik ve anti-
hiperkolesterol 6zelligi bulunur (Arenas ve ark., 2013).

3. Ceratophyllum demersum L., Kinali suboynuzu
(Ceratophyllaceae, Suboynuzugiller)

Orta ile yiiksek niitrient seviyesine sahip gol, golet, hendek
ve sakin sularda yayilig gosteren submers tip sucul makrofit-
tir (Keskinkan ve ark., 2004). pH degeri 7.6-8.8 araligina sa-
hip durgun, golgeli ve hafif akan sularda gelisir, ancak bu-
lanik ve tuzlu sular tercih etmezler. Bitkinin kimyasal
iceriginde glikozitler, terpenoidler, sekerler, amino asitler,
peptitler, proteinler, ugucu yag, fenolik bilesikler ve alka-
loidler bulunur (Syed ve ark., 2018). Bitki geleneksel olarak
kullanilmaktadir; renksiz ciltlerin tedavisi i¢in susam yagi ile
C. demersum suyu tavsiye edilir. Safra ve {ilser tedavisi i¢in
7 ila 10 giin boyunca giinde iki kez 10 ila 15 mL sulu bitki
oziitii verilir (Vaidyaratnam, 1997). Bitki safra salimini ve
kardiyotonigi kontrol etmek i¢in ates disiiriicii, akrep sokma-
larina karsit sogutucu olarak (Singh ve ark., 2013;
Chakraborty ve ark., 2016); ates diisiiriicii, iyilestirici, anti-
toksik, biiziicii, agr kesici, iltihap onleyici, hepatoprotektif,
ishal Onleyici ve solunum yolu enfeksiyonlarinda kullanilir
(Khare, 2004).

4. Ceratophyllum submersum L., Suboynuzu
(Ceratophyllaceae, Suboynuzugiller)

Tarim arazilerinin etrafindaki 6trofik sular tercih eden sub-
mers tip sucul bitki tiriidiir (Nagengast ve Gabka, 2017).
Bitkinin yapisinda fenolik sekonder bilesikler {iretilir (Sen,
2021). Bu bilesiklerin antitlimor, antibakteriyel, antidiyabetik
etkisi bulunmaktadir (Amudha ve ark., 2018). Ishal ve mide
agrisinin tedavisinde kullanilir (Hamel ve ark., 2018).

5. Cynodon dactylon (L.) Pers., Kopekdisi (Poaceae,
Bugdaygiller)

Kuru veya taglhik yamagclar, akarsu kenarlari, tathisu ba-
takliklar1 ve deniz kiyr kumullarinda yayilis gosteren yari
sucul emers bitki tiirtidiir (TUBIVES, 2023). Ugucu ve sabit

yaglar, flavonoidler, alkaloid, terpenler, saponin, tanen, re-
cine, karbonhidrat ve protein igermektedir. Bu sekonder
bilesiklerin antioksidan, antidiyabetik, antikanserojen, anti
alerjik etkileri vardir (Al-Snafi, 2016a). Hayvanlar i¢in yem
ve gida zehirlenmelerinde ilag olarak kullanilmasinin yani
sira yara, dizanteri, basur ve Oksiiriik i¢in iyilestirici olarak
(Hussain ve ark., 2010; Yadav ve ark., 2022), idrar ve safra
yollart iltihabinda, eklem ve romatizma rahatsizliklarinda
kullanilir (Hamel ve ark., 2018). Sudaki yumusakgalar icin
iyl bir besin kaynagidir, cildi iyilestirmek ve tanriya ibadet
etmek icin de kullanilir (Shendye ve Gurav, 2014).

6. Cyperus difformis L., Géocelebiiken (Cyperaceae,
Hasirotugiller)

Kumullar arasindaki nemli ¢okiintii alanlarda ve piring tar-
lalarinda yayilis gosteren yart sucul emers bitki tlirtidiir
(TUBIVES, 2023). Kimyasal bilesenlerdeki zenginligi
nedeniyle, Cyperus bitkileri halk tibbinda ¢oklu etkiler icin
yaygin olarak kullanilmaktadir (Soumaya ve ark., 2013; Al-
Snafi, 2016). Yetmis cinse ait 4000’den fazla tiire sahip olan
Cyperaceae familyasi, yapilarindaki ¢ok sayida biyoaktif
bilesik nedeniyle (6rnegin karyofillen oksit, siperotundon,
germakren D, a-siperon, a-korimbolol, a-pinen, mustakone
ve zierone) ¢ogunlukla geleneksel ilag olarak kullanilmak-
tadir. Cyperus tiirliniin ham 6zleri antidepresif, antiartritik,
antimikrobiyal, antienflamatuar, antioksidan, antikanser,
noroprotektif, antiobezite, vazodilatér, spazmolitik,
bronkodilatér ve Ostrojenik Ozellikler sergiler (Ahmad ve
ark., 2022). C. difformis’in igerdigi fitokimyasallarin gesitli
farmakolojik (antimikrobiyal, antioksidan, anti-inflamasyon,
anti-kanser, hepato-koruyucu, diiiretik, antiastim vb. gibi)
etkileri vardir (Ahmad ve ark., 2022). Bu tiiriin yapraklarinin
ham 6ziinde glikozitler, ligninler, kinonlar, tanenler ve terpe-
noidlerin varlig: bildirilmistir (Babu ve Savithramma, 2014).
Glikozitler, icerdikleri 6zellikler nedeniyle tipta 6nemlidir.
Kalbe etki eder ve kalp yetmezliginde kullanilir (Balch ve
Balch, 2000). Tanenler, ishal ve dizanteri gibi bagirsak bo-
zukluklarmin tedavisinde kullanilan biiziicii maddenin ana
bilesenidir. Tanenler ve tannik asit, sindirim sisteminin astar1
iizerinde pihtilasmis bir protein tabakasi olusturur. Terpe-
noidler, analjezik ve antiinflamatuar aktiviteleri vardir (Ah-
mad ve ark., 2022). Ligninler, kiiresel karbon dongiisiinde
onemli bilesenlerdir; ligninin mikrobiyal bozunmaya karsi
direnci, topraktaki kaliciligini arttirir (Cambell ve Sederoff,
1996). Kinonlarin, fotosentetik ve solunum elektron tagima
zincirlerinde zarin lipid fazi iginde mobil elektron tastyicilari
olarak hareket ettigi bilinmektedir (Fato ve ark., 1996). Saz
otunun tibbi degere sahip oldugunu gosteren yukarida belir-
tilen etnofarmakolojik ¢aligsmalar, birgok hastaligin tedavis-
inde kullanilabilen, tip alaninda iyilestirici olarak kullanila-
bilen, stabil, farmakolojik olarak aktif sekonder metabolitler
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patojenik bozukluklar dahil, ila¢ endistrileri ic¢in yeni
kaynaklar olusturabilir (Ahmad ve ark., 2022). Cyperus tii-
rleri, tedavi edici bitki, gida ve ilag yapiminda kullanil-
masinin yani sira gen kaynagi olarak da kullanilir (Yadav ve
ark., 2022).

7. Cyperus rotundus L., Topalak (Cyperaceae,
Hastrotugiller)

Nehir yatagi, nemli topraklar, ekili alanlar ve yol kenarlarinda
yayilis goOsteren yart sucul emers makrofit tiriidir
(TUBIVES, 2023). C. rotundus’tan monoterpenoidler,
seskiterpenoidler, flavonoidler, fenilpropanoidler, fenolikler
ve fenolik glikozitler, triterpenoidler ve steroidler, diterpe-
noidler, kinonoidler, alkaloidler, sakkaritler vb. 552 bilesik
tanimlanmigtir ve c¢ok sayida fitokimya arastirmasiyla
fazlastyla kamitlanmistir (Sivapalan, 2013; Soumaya ve ark.,
2013; Abbasi ve Kabir, 2018). Diinya ¢apinda geleneksel tip
sistemlerinde sinir, gastrointestinal sistem hastaliklar1 ve ilti-
haplanma gibi ¢ok sayida hastaligin tedavisinde ve Onlen-
mesinde yaygin olarak kullanilmaktadir. Geleneksel Cin
tibbinda, rizomlar1 siklikla karaciger hastaligi, mide agrisi,
meme hassasiyeti, dismenore ve adet diizensizliklerini tedavi
etmek i¢in kullanilir (Xue ve ark., 2023). Antiparazitik, anti-
oksidan, antibakteriyal, antikanser ve antiflamatur gibi
etkileri bulunmaktadir (All-Snafi, 2016b). Hayvan yemi ve
gida zehirlenmelerinde ilag olarak ates, dizanteri ve karin
agrism1  iyilestirmede kullamilir, gen kaynagi islevinin
yaninda topragi erozyona karsi korumakta, idrar soktiiriici,
antelmintikler etkilere kars1 ates, brongiyal astim ve 0ksiiriik
giderici (Yadav ve ark., 2022), diyabet hastaliginin tedavis-
inde, vitamin ve mineral ihtiyacini karsilanmasinda (Verma,
2017), kusma sorununun tedavisinde (Seethapathy ve ark.,
2014), sindirim sistemi sorunlarin1 gidermede, beyin ve kal-
bin ¢alismasini diizenlemede kullanilir (Ali ve ark., 2020).

8. Lemna minor L., Sumercimegi (Lemnaceae,
Sumercimegigiller)

Goller, nehirler, havuzlar, hendekler, batakliklar ve piring tar-
lalarinda yayilis gosteren suda serbest yiizen makrofit tiiriidiir
(TUBIVES, 2023). Karbonhidrat, protein, yag, flavonoid ve
eser elementler gibi maddeleri igerir. Antimikrobiyal, anti-
oksidan, sitotoksik ve immiinomodiilator (All-Snafi, 2019);
kasint1 Onleyici, skorbiit Onleyici, biiziicii, ates diisiiriici,
kizamik, 6dem Onleyici 6zellikleri vardir. Astim hastaliginin
tedavisinde, karaciger rahatsizligi sonucu olusan cilt ra-
hatsizligin1 tedavide, sivrisinekleri kovmada ve besin mad-
desi olarak tiiketilir (Butt ve ark., 2021). Idrar yollar1 sorun-
larinda ve kizamik gibi cilt hastaliklarinin tedavisinde
kullanilir (Ikram ve ark., 2014; Ali ve ark., 2020).
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9. Mentha aquatica L., Su nanesi (Lamiaceae,
Ballibabagiller)

Dere ve gol kenarlari, kiyilar ve batakliklarda yayilis gdsteren
emers bitki tiiriidiir (TUBIVES, 2023). Bitki yapisinda
fenolik bilesikler, flavonoid ve sterol bilesikleri {iretilir. An-
tienflamator ve antioksidan etkileri vardir (Conforti ve ark.,
2008). Yapraklarinda bulunan ugucu yag, antiseptik yaralarin
iyilestirilmesinde, bitkinin yapraklar1 ayrica anodin, biiziicii
ve antispazmodik, kolagog, gaz giderici, kusturucu, terletici,
uyarici, sogutucu, tonik ve mide agrisinda (Mulas, 2006), id-
rar soktiiriicii (Hamel ve ark., 2018), bagirsak paraziti, ishal,
mide ve karaciger rahatsizliklarinin tedavisinde kullanilmistir
(Asadollah-Pour ve ark., 2021).

10. Nasturtium officinale R.Br., Suteresi (Brassicaceae,
Turpgiller)

Dere, golet ve hendeklerde yayilis gosteren sucul ve yar
sucul emers tip makrofittir (TUBIVES, 2023). N. offici-
nale bitkisi, Almanya’da fitoterapide kullanilmak lizere
resmi olarak listelenmistir ve Avrupa Gida Giivenligi
Otoritesi (EFSA) tarafindan giivenli yenilebilir bir bitki
olarak kabul edilmektedir (Klimek-Szczykutowicz ve ark.,
2018). Bitkinin farmakolojik potansiyeli, zengin kimyasal
bilesimidir. Bitkideki sekonder metabolitlerin en 6nemli
grubu, izotiyosiyanatlar, polifenoller, vitaminler ve karote-
noidler gibi diger bilesiklere ek olarak glukozinolatlardir. Bu
degerli kimyasal bilesenler, N. officinale'nin gida ve
kozmetik endiistrilerindeki onemli konumunun nedenidir
(Boligon ve ark., 2013; Jeon ve ark., 2017). N. officinale, be-
sinsel Ozellikleri bilinen ancak kesfedilmemis ve yaygin
olarak bilinmeyen degerli biyolojik ozelliklere sahip bir
bitkidir. Geleneksel tipta, bu bitki hiperglisemi, hiper-
tansiyon, astim ve Oksiiriik i¢in bilinen bir ilagtir (Teixidor-
Toneu ve ark., 2016). Mevcut yayimlanmis ¢aligmalar N. of-
ficinale bitki 6zlerinin farmakolojik etkilerini (antikanser, an-
tioksidan, antibakteriyel, antienflamatuar, antipsoriatik ve
kalp koruyucu etkileri) kanitlamistir (Bahramikia ve Yazdan-
parast, 2008; Yehuda ve ark., 2012, Chai ve ark., 2015; Zeb,
2015; Shahani ve ark., 2017; Zafar ve ark., 2017). Yine,
baska bir ¢alismada bitkinin i¢erdigi sekonder bilesiklerin an-
tiviral, antienflamatuar, balgam soktiiriicii, diiiretik, anti-
hiperlipidemik, antidiyabetik ve antikanser etkileri oldugu
bildirilmistir (Yal¢inkaya ve ark., 2019). Mevcut farma-
kolojik ¢alismalar, 6zellikle antikanser ve antioksidan ak-
tivite olmak iizere saglig1 gelistirici etkilerini dogrulamistir.
Bu tiir ayrica kozmetik ve gida iiretiminde artan uygulama-
lara sahiptir (Klimek-Szczykutowicz ve ark., 2018). N. offic-
inale sebze olarak tiiketilen bir su bitkisidir (Bhusal ve ark.,
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2021), ancak c¢alisma alan1 olan bolgede
lendirilmemektedir.  Antialerjik ve  baharat
kullanildig1 da bildirilmistir (Ikram ve ark., 2014).

11. Nymphaea alba L., Niliifer (Nymphaeaceae,
Niliifergiller)

S1g sularda yayilis gosteren, bagiml yiizen yaprakli bir su
bitkisidir (TUBIVES, 2023). Nymphaeaceae iiyeleri gele-
neksel tipta yiizlerce yildir kullanilmaktadir. N. alba tiirleri
antioksidan polifenoller, flavonoidler ve kafeik asit, kinik
asit, p-kumarik asit, gallik asit, kuersetin, luteolin, orientin,
katesin, epikatesin, naringin, naringenin ve rutin
fitokimyasallar gibi tiirev asitler igerir. Yapilan ¢aligmalarda
bu fitokimyasallar hiicre dongiisiiniin farkli fazlar1 {izerinde
inhibe edici etkiler gostermistir ve ayrica farkli apoptotik
sinyal yolaklarinin ekspresyonunu diizenleyerek apoptozu
indiiklemekten sorumludurlar (Cudalbeanu ve ark., 2018; Iq-
bal ve ark., 2018, Gupta ve ark., 2019). Nymphaea cinsinin
cicek Ozlerinin 16semi, akciger kanseri, kolon kanseri ve
prostat kanseri dahil olmak iizere farkli kanser tiirlerinde
antineoplastik etkilere sahip oldugu bildirilmistir (Nazir ve
ark., 2015). Bitki kokleri dizanteri tedavisinde (Deka ve ark.,
2019), anksiyete bozuklugunda kullanilir, antikanserojen
ajan bulundurur (Al-Maliki ve ark., 2017). Tohumlar kahve
yerine tiiketilir, kalp ve akciger rahatsizliklarinda, sa-
kinlestirici amaclh, ishal tedavisinde ve vajinal ra-
hatsizliklarda tedavi amagli kullanilir (Butt ve ark., 2021). V.
alba yaprak ve koklerinin metanolik ekstraktlarinin antifun-
gal, antitimor ve antioksidan aktivitelerinin degerlendirildigi
caligmada, bitki ekstraktinin antioksidan aktivitesinin yiiksek
oldugu kanitlanmig ve antioksidan flavonoid olan quercetinin
varligi dogrulanmistir. Antifungal aktivite deneyleri, her iki
ekstraktin da C. glabrata CBS 138 susuna kars1 yiiksek anti-
fungal aktiviteye sahip oldugunu ve bir fungistatik ajan
olarak hareket ettigini gostermistir. Ayni1 ekstraktlar yumur-
talik A2780 ve meme MCF7 hiicrelerine kars1t umut verici bir
sitotoksik etki gostermistir ve kanserli olmayan V79 hiicrel-
erine kars1 daha az sitotoksik oldugu bildirilmistir; bu da kan-
ser hiicreleri i¢in daha segici bir profil oldugunu gostermekte-
dir (Cudalbeanu ve ark., 2019).

12. Phragmites australis (Cav.) Trin. ex Steud., Kamug
(Poaceae, Bugdaygiller)

Goller, nehirler, cukurlar, batakliklar, kanal kiyilar1 ve deniz
kiyilarinda yayilis gdsteren emers bitki tiiriidiir (TUBIVES,
2023). Bitkinin koklerinde Alkaloidler iiretilir. Uretilen sek-
onder bilesikler sitotoksik ve antioksidan etki gosterir (Chen
ve ark., 2013). P. australis’in kokii pndmoni, gastrit, diyabet,
bobrek taslar1 ve diger hastaliklarin tedavisi i¢in geleneksel
Cin tibbinda kullanilmistir (Chen ve ark., 2003; Luo ve ark.,
2009; Novello ve ark., 2016; Qian ve ark., 2019).

Bitkinin koki seker igerdigi igin pisirilerek tiiketilir. Bitki
saplar1 protein, karbonhidrat ve lif i¢erir. Kokleri antiemetik-
tir, panzehirdir, sogutucu ve ates diisiiriiciidiir. Tohumlar1 son
derece besleyici ve metabolizmayi artirici oldugu i¢in un ha-
line getirilerek tiiketilir (Rao ve ark., 2007).

13. Potamogeton crispus L., Susiimbiilii
(Potamogetonaceae, Susiimbiiliigiller)

Goller, kanallar ve nehirlerde yayilis gdsteren submers mak-
rofittir (TUBIVES, 2023). Bitkide diterpenoidler, alkaloidler,
flavonoidler, glikozitler, karotenoidler ve bazi yag asitleri
retilir. Potamogeton cinsi {iyeleri anti bakteriyel, anti viris,
anti alg ve sitotoksitite 6zelligi gosterir (Du ve ark., 2014). P.
crispus, polifenoller ve flavonoidlerin hayvan yemi ve biy-
olojik katki maddesi olarak kullanilabilir (Lupoae ve ark.,
2015), yeni karotenoid kaynaklarimin gelistirilmesi ve
kullanilmasi i¢in bir firsat saglayan karotenoidler agisindan
zengindir  (6rnegin; neoksantin, violaksantin, lutein,
rhodoksantin ve -karoten igeren karotenler ve ksantofiller),
ayn1 zamanda anti-oksidasyon, anti-timor ve bagisiklik
diizenleme gibi fizyolojik fonksiyonlara da sahiptir (Ren ve
Zhang, 2008). Karotenoid, anti-tiimdr, anti-oksidasyon, anti-
kanser, bagisiklik gelistirme ve diger saglik bakim yonlerinde
biiyiik neme sahip 6nemli bir dogal pigmenttir (Sato ve ark.,
2002). Biyolojik aktiviteye ve saglik islevine sahip bir tiir
dogal pigment olarak, karotenoidler, gida katki maddeleri,
fonksiyonel gida ve ilag endiistrisinin 6nemli bir gelisme
yoniidiir (Fu ve ark., 2023). Astaksantinin antioksidan kapa-
sitesi, in vitro serbest radikal aktiviteyi siiplirme aktivitesi,
yag sistemindeki lipid oksidatif bozunmasini inhibe etme ve
oksidaz aktivitesini inhibe etme gibi etkileri yapilan ¢aligma-
larla kanitlanmustir (Fu ve ark., 2023). Bu tiir idrar soktiiriicii
ve idrar yolu rahatsizliklarinin tedavisinde de kullanilir (Ali
ve ark., 2020).

14. Ranunculus repens L., Tiktakdana (Ranunculaceae,
Diigiincgicegigiller)

Nemli yerlerde yayilis goOsteren emers bitki tiiriidiir
(TUBIVES, 2023). Ranunculus cinsine ait tiirlerde Alkaloid,
flavonoid, fenolik asitler ve saponinler bulunur (Dochev ve
Zhalnov, 2015). Yapraklarmin ezilmesiyle yaralarin
iyilestirilmesinde, kas agrilar1 ve romatizmal hastaliklarin te-
davisinde kullanilir (Hussain ve ark., 2011). Antihemorajik
etkisi vardir (Mantle ve ark., 2000).

15.Ranunculus sceleratus L., Batak diigiincicegi
(Ranunculaceae, Diigiin¢icegigiller)

S1g su, hendek i¢leri ve ¢amurlu alanlarda yayilis gosteren
emers makrofittir (TUBIVES, 2023). Bitkide glikozitler, fla-
vonoidler ve steroidler iiretilir (Prieto ve ark., 2003). Bitkinin
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rizomlar1 dizanteri, sacgkiran, ishal rahatsizliklarinda, to-
humlari ise cildi temizlemede ve bobrek tedavisinde (Mei ve
ark., 2012), uyuz ve diger cilt hastaliklariin tedavisinde
(Verma, 2017), agrilar1 azaltmak icin kullanilir (Ikram ve
ark., 2014). Geleneksel Cin tibbinda, R. sceleratus bitkisinin
tamam ilkbaharin sonlarinda veya yazin baslarinda toplanir
(Gang ve ark., 1999), miikemmel terapotik etkilere sahip
yaygin bir geleneksel Cin sifali bitkisidir (Mei ve ark., 2012).
Taze veya kuru bitki, yemek borusu ve meme kanserini tedavi
etmek i¢in kullanilabilir (Li, 1999). Bu sifali bitki ac1 bir tada,
iyl bir dogaya ve spesifik toksisiteye sahiptir. Kan stazini
gidererek, sogugu disar1 atarak, sisligi gidererek ve karaciger
ve safra kesesinden asir1 1s1y1 uzaklastirarak kan dolagimini
tesvik etme yetenegine sahiptir. Ayrica i¢ apse, sitma, siraca,
yilan veya akrep zehiri ve akut ikterik hepatiti de tedavi ede-
bilir (Mei ve ark., 2012). Tibbi degerine ek olarak, R. sceler-
atus’un bagka potansiyel uygulamalar1 da vardir; organik atik
sular1 ve bol miktarda agir metal igceren endiistriyel atik sulari
aritma yetenegine sahip oldugunu gosterilmistir. Ayrica su
habitatlarinda 6trofikasyonun potansiyel bir biyo-gostergesi
olarak kabul edilmistir (Xu ve ark., 2004).

16. Salvinia natans (L.) All., Su egreltisi (Salviniaceae,
Suegreltisigiller)

S. natans, sucul ortamlarda yayilis gosteren, suda serbest
yiizen bir su egreltisi tiiriidiir (TUBIVES, 2023). Bitkide Al-
kaloid, flavonoid, fenol, glikozid, saponin, tanen ve triterpen
bilesikleri iiretilir. Kimyasallarla ilgili daha once yapilmis
birka¢ calismada, Salvinia cinsinin bilesiminde fenoli-
kler, triterpenoidler, kumarinler ve fenantrenlerin varligi
bildirilmistir. Pham ve ark. (2022), S. natans bitkisinden dort
steroid, {i¢ megastigman, ikilignan, bir fenantren ve bir
nepetolakton tiirevi iceren on bir bilesigi ilk kez izole
etmiglerdir. Megastigmanlar dogada 6nemli bir fitokimyasal
gruptur. S. natans ekstraktinin ve bilesenlerinin antioksidan,
antimikrobiyal, antipiretik, antienflamatuar ve analjezik ak-
tiviteler gosterdigi bildirilmistir (Narasimhulu ve ark., 2010;
Bolotova, 2015; Al Knani ve ark., 2023). Baska bir
calismada, S. natans’tan izole edilen dibenzoil glikozit olan
natansninin, sigan karacigerinde endiistriyel bir ¢oziicii olan
karbon tetra klorlir (CCly) kaynakl oksidatif strese ve
hiicresel dejenerasyona karsi koruyucu etkisi oldugu
gosterilmistir (Srilaxmi ve ark., 2010). Bu su egreltisi hayvan
yemi olarak da kullanilabir (Al-Maliki ve ark., 2017). Bunun
disinda, S. natans’m atik sudan agir metalleri uzaklastirmak
i¢in biiyiik bir potansiyele sahip oldugu (Co, Cu, Fe, Cr, Ni
ve Zn birikimi, kuru agirhigm %0.5’inin iizerinde),
dolayistyla  bitkinin  hiperakiimiilator kriterlerine uygun
oldugu bildirilmistir (Dhir ve Srivastava, 2011).
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17. Schoenoplectus lacustris (L.) Palla, Semerotu
(Cyperacae, Hasirotugiller)

Bataklik saz1 olarak bilinen bu tiir, durgun ve si1g sularda,
drenaj kanallarinda, batakliklarda Phragmites australis ile
beraber bulunur. Killi, sert, yumusak kiy1 kire¢ taslari,
aliivyonlu topraklarda yayilis gosteren emers tip makrofittir
(TUBIVES, 2023). Bitki polifenoller, isoprenoidler, flavo-
noidler, sinamik asit bilesiklerini iiretir (D’abrosca ve ark.,
2006). Bitkinin koklerinin su ile kaynatilmasiyla elde edilen
madde kabizlik ve idrar tikanikligini ¢6zer, ayrica bu madde
kanser tedavisinde (Ajaib ve ark., 2014), zengin nisasta
iceriginden dolayi besin olarak tiiketilir, kurutulmus tohumu
unlu mamullerde kullanilir (Butt ve ark., 2021).

18. Spirodela polyrhiza (L.) Schleid., Telli sumercimegi
(Lemnaceae, Sumercimegigiller)

Nehirler, goller ve havuzlarda yayilis gosteren, suda serbest
ylizen su mercimegi tiiriidiir (TUBIVES, 2023). Diinya
capinda yaygin olan bu tiir, gida, yem, biyoyakit ve yesil
giibre iretimi ve atik su aritimi igin biyoremediasyon
potansiyel bir biyolojik kaynaktir (Yao ve ark., 2017, Sharma
ve ark., 2019). S. polyrhiza 6z, kalsiyum iyon kanallarini,
enflamatuar mediatér salimimini ve mast hiicre degraniila-
syonunu inhibe ederek kasinti, egzama ve atopik dermatit
gibi enflamatuar ve cilt hastaliklari hafifletebilir; bu
nedenle S. polyrhiza, kozmetik ve ilag endiistrilerinde
kullanilma potansiyeline sahiptir (Seo ve ark., 2012; Nam ve
ark., 2017). Bitki fenolik bilesikler (Toyama ve ark., 2009),
flavonoidler (Kim ve ark., 2010) iiretir, antimikrobiyal, anti-
oksidan, antitirozinaz etkileri bulunur (Sahin, 2020). Organik
giibre (%6-7 azot) ve icerigindeki zengin proteinden dolay1
hayvan yemi olarak kullanilir. Ayrica sucul canlilar i¢in de
besin kaynagidir. Sularin aritilmasinda kullanilir. Bitkinin
stv1 Oziitiinden fidelerin gelisimde ve tohum veriminin artiril-
masi faaliyetlerinde degerlendirilir (Bolotova, 2015). Kanin
pihtilagmasina yardim eden fibrin ve fibrinojeni hidroliz eden
fibrinolitik proteaz igerir (Cho ve Choi, 2003). Son zaman-
larda, S.  polyrhiza, biyofarmasotik bitki arastirmalar
alaninda protein antijenlerinin {iretimi i¢in etkili bir bitki ek-
spresyon sistemi olarak kullanilmistir (Thu ve ark., 2015).

19. Stuckenia pectinata (L.) Borner, Sutaragi
(Potamogetonaceae, Susiimbiiliigiller)

Hafif tuzlu lagilinler ve havuzlar, tath si1g goller, kanallar ve
nehirlerde yayilis gosteren submers makrofit tiirtidiir
(TUBIVES, 2023). S. pectinata, cinsin en yaygn tiiriidiir ve
diinyanin tiim kitalarinda goriiliir (Du ve Wang, 2016). Bitki
fenolik bilesikler icerir. Sekonder bilesiklerin antioksidan ve
antibakteriyel etkileri vardir (Lupoae ve ark., 2015). Uretilen
sekonder bilesikler karaciger iltihabi tedavisinde kullanilir
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(Alive ark., 2020). Tiirler, agir kirli sularda besinlerin ve agir
metallerin uzaklastirilmasinda 6nemli bir rol oynamaktadir
(Sidhu ve ark., 2018).

20. Typha angustifolia L., Saz (Typhaceae, Sazgiller)

Goller, sazliklar ve 1slak yerlerde yayilis gdsteren emers tip
makrofittir (TUBIVES, 2023). Typha’nin diinyanim tropikal
ve 1liman bolgelerinde, gesitli derinlikteki batakliklarda ve
sulak alanlarda yayilis gosteren yaklasik 12 tiirii vardir. Sulak
alanlarin yaygin bir bitkisi, iyi bir besin, ila¢ ve lif kaynag
olarak kullanilabilen, heniiz kesfedilmemis bir taksondur
(Londonkar ve ark., 2013). T. angustifolia, biiyiik bir alle-
lokimyasal kaynagi olan tek ¢enekli bir bitkidir. Apse, di-
zanteri, bobrek tasi, ishal, olagandis1 rahim kanamasi gibi
cesitli rahatsizliklarin tedavisinde kullanilan polenleri de da-
hil olmak iizere bitkinin tiim kisimlar biyoaktiftir. 7. angusti-
folia, gesitli gram-pozitif ve gram-negatif bakterilere karsi
oldukga aktiftir (Jamshaid ve ark., 2022). T. angustifolia an-
tioksidan 6zellige de sahiptir (Chen ve ark., 2017). Yaralar1
iyilestirir, viicut savunmasina yardim eder, keratinositlerin
boliinmesini tegvik eder (Jamshaid ve ark., 2022). T. angusti-
folia polen tanelerinin sulu ve %70 metanol ekstraktlarinin
anti-inflamatuar aktivite sergiledigini ortaya konulmustur
(Varpe ve ark., 2012). Londonkar ve ark. (2013)’m1 yaptig1
bir ¢alismada, T. angustifolia yapragiin metanol ve sulu
ekstraktlarinin gram negatif organizmalara kars1 onemli anti-
bakteriyel aktivite sergiledigini bildirilmistir. Bunun nedeni
bu ekstraktlarda farkli sekonder metabolitlerin bulun-
masidir. Yapragm metanolik ekstrakti, minimum MIK
degerleri ile test edilen organizmalar i¢in maksimum inhi-
bisyon bdlgesi sergilemistir. Bu nedenle 7. angustifo-
lia’nin etnomedikalde ve yeni gii¢lii antimikrobiyal ajan i¢in
kullanilabilecegi ifade edilmistir. Narakornwit ve Charoent-
eeraboon (2022), 7. angustifolia’nin meyvesi, yapragi,
meyve sapl ve rizomunun antimikrobiyal aktivitelerini
arastirmiglar, elde edilen sonuglar, meyve etanolik
ekstraktinin Staphylococcus aureus ve Bacillus sub-
tilis’e karsi, meyve sapi1 ve rizom ekstraktlarma benzer
sekilde yiiksek aktiviteye sahip oldugunu, en diisiik antibak-
teriyel aktivitenin ise yaprak ekstraktinda bulundugunu
gostermislerdir. Candida albicans’a karsi sadece rizom 6ziitii
antifungal aktivite géstermistir. Bitkinin rizomlar1 yenilebilir,
saplar1 ve yapraklar1 halatlar, paspaslar ve sepet yapiminda
kullanilir. Sulak alanda yasayan memeliler tarafindan besin
olarak tiiketilir, kuslar bitkinin tohum killarin1 yuva astar
olarak kullanirlar (Yadav ve ark., 2022), bitkinin polenlerin-
den elde edilen s1v1 bobrek tedavisinde kullanilir (Kumar ve
ark., 2013).

21. Typha latifolia L., Cil (Typhaceae, Sazgiller)

Su kenarlari, goller ve kanallarda yayilis gosteren emers tip
makrofittir (TUBIVES, 2023). Bitki tanen, saponin, steroid,
Alkaloid, glikozid sekonder bilesikleri iiretir. Bitkide {iretilen
sekonder bilesikler antimikrobiyal etkiye sahiptir (Wangila,
2017). T. latifolia’nin saponinler ve fenol igeriginin maksi-
mum konsantrasyonda oldugu, minmum diizeyde alkaloitler
icerdigi bildirilmistir (Shinwari ve ark., 2019). Saponinler,
kalp kaslarinda Na ve Ca iyonlarinin dengesinin
saglanmasinda 6nemli rol oynamaktadir (Mungole ve ark.,
2010). Yine, saponinlerin kanseri dnleyici olarak kullanildigi
bildirilmektedir (Miller, 1996). Bu nedenle bitki ¢esitli has-
taliklarin tedavisinde farmakolojik olarak kullanilir (Shin-
wari ve ark., 2019). T. latifolia’nin kok, gbvde, yaprak ve
polenlerinde yapilan arastirmada, karbonhidrat proteini,
fenolik bilesik, tanen, flavanoidler gibi fitokimyasallar ve an-
tioksidan aktivitesi de incelenmistir. Calisma sonucunda, bu
bitkinin yeterli miktarda makromolekiil ve mikromolekiil
icerdigi, tim bitki kisimlarinin antioksidan aktivite
gosterdigi, icerdigi agir metaller ve iz minerallerin Diinya
Saglik Orgiitii’niin izin verdigi smirlar icinde oldugu bild-
irilmistir. Sonug olarak, Typha’nin hem besleyici hem de te-
davi edici oOzellikleri olan giivenli bir bitki oldugu bild-
irilirken, ayn1 zamanda 7. latifolia’nin koklerinin metal biri-
kimi i¢in uygun oldugu, Zn, Ni, Cu, Pb, Mn, Co ve Cd gibi
cesitli metaller i¢in biyoizlemede kullanilabilecegi belir-
tilmistir (Channa ve ark., 2019). Bitkinin yaprak ve polenleri
yatigtiricl, ditiretik ve bobrek ve agrili kanamalarin tedavis-
inde (Hussain ve ark., 2010), kan1 pihtilastirmada kullanilir
(Ikram ve ark., 2014; Ali ve ark., 2020).

22. Veronica anagallis-aquatica L., Sugedemesi
(Plantaginaceae, Sinirotugiller)

V. anagallis-aquatica dereler, hendekler, pinarlar, kiyilar,
1slak cayirlar ve sazliklarda yayilis gosteren emers tip mak-
rofittir (TUBIVES, 2023). 200'den fazla tiirii bulunan Veron-
ica cinsi, Kuzey ve Giiney Yarimkiirenin bir¢ok yerine
dagilmistir. Bu bitkiler geleneksel olarak tipta yara iyilesme-
sinde, romatizma tedavisinde ve farkli insan hastaliklarinda
kullanilmaktadir (Salehi ve ark., 2019). Tirkiye florasinda
26's1 endemik olmak iizere yaklasik 79 Veronica tiirii bulun-
maktadir. Veronica tiiriiniin farkli kisimlar1 Tiirk halk hekim-
liginde idrar soOktiiriicli, yara iyilestirme ve romatizmal
agrilara karst kullanilmaktadir (Harput-Hudaverdi ve ark.,
2008). Yine, bitkinin toprak iistli kisimlarinin siitte kaynatilip
lapa elde edildikten sonra karin agrisi i¢in karma siiriildiigii
veya kaynatilan otlar ¢ikarilmadan 1lik sulu 6zii Kuzeybati
Anadolu’da romatizmal agrilan hafifletmek i¢in banyo ilaci
olarak kullanildig: bildirilmistir (Fujita ve ark., 1995; Kiipeli
ve ark., 2005). Veronica tiirleri degerli bir biyoaktif bilesik
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kaynagmidir. Bitkilerinin 6zleri, antioksidan, antimikrobiyal,
antifungal, antiinflamatuar, skolisidal ve anti-kanser ak-
tivitelerinin yani sira asetilkolinesteraz, tirozinaz, lipoksije-
naz ve ksantin oksidaz {izerinde inhibe edici potansiyel
gosterir  (Sharifi-Rad ve ark., 2018). Geleneksel Cin
tibbinda, V. anagallis-aquatica grip, hemoptizi, laringofaren-
jit ve fitigin tedavisinde kullanilir (Su ve ark., 1999). Bitki
tanen, regine ve glikozit i¢erir (Dini ve Babakhanlou, 2003).
Yapilan bir ¢aligmada bu bitkinin gii¢lii antienflamatuar ak-
tiviteye sahip oldugu ve antinosiseptif etki gosterdigi bild-
irilmistir (Kiipeli ve ark., 2005). Bitki, karaciger bozukluklari
ve safra yolu tedavilerinde, farenjit, girtlak sorunu ve grip te-
davisinde (Duke, 2002), kanser tedavisinde, bel, sirt ve bacak
agrilarinda (De Beer ve Van, 2011) kullanilirken, biiziicii
ozelligi de vardir (Ikram ve ark., 2014). Bu makrofit, sebze
olarak da tiiketilir (Li ve ark., 2015). Veronica bitkilerinin
gida uygulamalar raporlarina bakildiginda, siit tiriinleri gibi
cesitli gidalara dahil edilmesinin, antimikrobiyal ve antioksi-
dan etkiler uygulayarak raf omriiniin iyilestirilmesine yol
actig1 gosterilmistir. Bu nedenle, bu bitkiler etkili dogal gida
koruyuculari olarak degerlendirilebilir (Kiipeli ve ark., 2005).

Canlilarin biiylime, gelisme ve iireme faaliyetlerinde dogru-
dan gorev almayan sekonder metabolitler organizmanin
savunmasinda, ¢evresine adaptasyonda ve ortami paylastig
diger tiirlere kars1 rekabette onemi vardir (Tiring ve ark.,
2021). Sekonder metabolitler genellikle 6zellesmis hiicrel-
erde, bitkilerin gelisimlerinin belli dénemlerinde veya stres
kosullar1 altinda iiretilirler. Suda (hidrofilik) veya organik
¢oziiclide ¢oziinen (lipofilik) sekonder metabolitlerden suda
¢oziinenler genellikle hiicrede vakoulde depolanirken,
lipofilik bilesikler ise latikiferlerde, regine kanallarinda,
glandiiler killarda, tilakoid membranda, trikomlarda ya da
kiitikulada depolanirlar (Bakir, 2020). Sekonder metabolitler
genel olarak terpenler, alkaloidler ve fenolik bilesikler olarak
li¢ gurupta toplanmustir.

Fenolik bilesiklerin yapisinda bir veya birden fazla hidroksil
gurubu bilesigi bulundururlar (Bakir, 2020). Fenolik bilesi-
kler; fenolik asitler, basit fenolikler, kumarinler, sinamik asit-
ler, ligninler, flavonoidler, tanenler, biflavoniller ve beta-
siyaninlerden olugsmaktadir (Karatas ve ark., 2019). Fenoller
bitkide genellikle pigmentlerle temsil edilmekte olup hiicre
duvarinda, tozlagmada, tohum gelisiminde, diismanlarina
kars1 savunmada ve bitkide yapisal fonksiyonlarda etkili
olabilen bilesiklerdir (Topcu ve Colgegen, 2015). Sucul
bitkilerden Ceratophylum demersum bitkisinde uygulanan
kimyasallara (benzenler) kars1 bitkiyi koruyan antioksidan-
larin (glutatyon izomerleri) olusturuldugu tespit edilmistir.
Yine aym tiirlin bazi mikrobiyolojik canlilara karsi anti-
mikrobiyal aktiviteyle allelopatik etki gosterdigi de tespit
edilmistir (Abu, 2017).

Terpenler sekonder metabolitlerin en genis gurubunu
olusturur. Yapisindaki izopren birimlerin sayist dikkate alina-
rak isimlendirilirler. Monoterpen, seskiterpen, diterpen ve
politerpen olarak smiflandirilir. Terpenler herbisid etkisi
bulunmakta, tohum ve tomurcuk dinlenmesini uyarir, bitkiyi
su stresine karsi hazirlar, bitki dokularini korur (Bakir, 2020).
Kahve bitkisindeki kafein ve tiitiin bitkisindeki nikotin gii¢lii
birer bocek kovucu kimyasallardir (Kircher ve Lieberman,
1967). Mentha aquatica tiiriine gelisimlerinin erken ve olgun
donemlerinde Mn verilmis ve bitkinin uygulanan mangana
kars1 ucucu yag biyosentezinin etkilendigi tespit edilmistir
(Nazari ve ark., 2018).

Alkaloidler bitkilerde herbivorlara ve diismalara kars1 bitkiyi
korur. Yapilarinda azot iceren bazik bilesiklerdir. Genel
olarak suda az organik coziiclilerde ise fazla ¢oziiniirler.
Sitrisinin, atropin, konin, morfin, efetrin ornekleri vardir
(Alaca ve Arslan, 2012). Acorus calamus yari sucul makrof-
itin rizomlarinda mikroskobik canlilara karsi Alkaloidler
olusturarak antimikrobiyel etki gostermistir (Kumar ve ark.,
2010).

Diinyanin biyolojik ¢esitliliginin ¢ok 6nemli bir pargasi olan
bitkiler insan refahinin temininde basvurulan temel kaynak-
lardandir. Tiirkiye iliman iklim kusaginin en zengin bitki
alanlanlarindan biridir (Demircan ve ark., 2006; Karahan ve
ark., 2006). Fakat ulusal bitki degerlendirme politikasi
gelistiremedigimiz i¢in Tiirkiye’de bitki potansiyelinden
yeterince yararlanilamamaktadir. Oysa Tiirkiye dogal
bitkileri, bitki gen kaynaklar1 ve biyolojik ¢esitlilik acisindan
Avrupa’nin ag¢ik bir dogal miizesidir (Yilmaz ve Karahan,
1999). Son ceyrek asirda artis hiz1 belirgin hale gelen kiiresel
iklim degisikligi sonucu kuraklik, su kaynaklarinin azalmasi,
¢Ollesme, ekosistemlerde bozulmalar, tiir ve genetik cesitlilik
kayiplari gibi sorunlar ortaya ¢ikmigtir (Topaldemir ve Tas,
2022). iklim degisikligi, yasama ortanmu su olan makrofit tii-
rlerinin yayiliglarini, ekolojik fonksiyonlarini ve habitatlarini
etkilemektedir. Degisen ortam kosullar1 sonucu yerel tiirlerin
sayisinin ve yayilis alanlarinin azalmasi, bunlarin yerini ise
istilact tiirlerin almasi muhtemeldir (Lind ve ark., 2022).
Yesilirmak  Deltasi’'ndaki  sulak  alanlarda  yapilan
incelemelerde, bazi serbest yiizen yaprakli makrofitlerden su
egreltileri (Azolla filiculoides LAM., Salvinia natans (L.)
All) ve su mercimekleri (Lemna minor L., Wolffia arrhiza
(L.) Horkel ex Wimm.) ile istilac1 balik (Carassius gibelio
Bloch) tiirlerinin asir1 ¢ogalmasi dikkat ¢ekmistir. Yapilan
gozlemlerde, Terme sulak alanlarinin 6zellikle antropojenik
baskilara maruz kaldigi tespit edilmistir. Bunlar arasinda nok-
tasal ve yayili kaynaklardan gelen evsel, tarimsal ve
hayvancilik faaliyeti sonucu olusan atik/atiksu gibi kirletici
unsurlar, sulak alan suyunun sondaj faaliyetleri ve kiiresel
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1sinma sonucu azalmasi, sulak alanlarin tarim arazilerine do-
niistiiriilmesi, sulak alan ¢evresinde konut, ahir ve isyeri gibi
yapilagsmalarin artmasi, asir1 hayvan otlatma, erozyon ve sel-
den kaynakli toprak kayiplari ve su kalitesinin bozulmasi,
Mili¢ Irmagi boyunca kurulan yakit istasyonlari, ¢esitli islet-
meler, kiyr kumullar1 iizerindeki yerlesim alanlar1 ve Ka-
radeniz sahil yolundan kaynaklanan atiklar, kanallar
temizleme ve kazima sirasinda ortamda bulunan tiirlerin zarar
gbérmesi ve sedimentte bulunan atiklarin suya karigarak su-
larin dogal 6zelligini bozmasi, bdlgedeki ¢esitli sanayi fab-
rikalarindan kaynakli hava kirliligi, kanalizasyon ve aritma
altyapisinin yetersiz olmasi sonucu atik maddelerin sulak
alanlara ulagmasi, 6zellikle yaz mevsiminde 6trofik yapidaki
sulak alanlarda ayrigmanin artmasi nedeniyle suyun fiziko-
kimyasal yapisinin degismesi sonucu gergeklesen balik
Oliimleri, kontrolsiiz ve asir1 avlanma gibi sorunlardir. Sekil
4’te sucul ekosistemlerin dogal yapisinin bozulmasi sonucu
makrofitlerin asir1 cogaldigi bazi sulak alanlar goriilmektedir.

Sonug¢

Bu ¢alismada Anadolu’nun kuzeyinde iliman bir iklim
yapisina sahip ve her mevsim yagis alan Terme sulak alan-
larinda yaygin bulunan makrofitlerden 22 taksonun etnobo-
tanik-tibbi  potansiyelleri  degerlendirilmistir.  ileride
yapilacak aragtirmalarla bu bitkilerin ve sulak alanda mevcut
olan diger tibbi sucul bitkilerin incelenmesine devam
edilecektir. Ciinkii sucul flora bakimmdan olduk¢a zengin
olan bdlgenin biyokaynak bakimindan 6nemli bir potansiyeli
vardir. Diinya genelinde ulagim ve seyahat imkanlarinin art-
masiyla toplumlar arasinda hastaliklarin yayilmasi da kolay
olmaktadir. Yakin tarihte tiim diinyay1 etkileyen COVID-19
salgin1 bunun agik bir 6rnegidir. Tarih 6ncesi ¢aglardan beri
insanlar tarafindan kullanilan sifali bitkilerle ilgili bilgilerin
bir kismi kullanildigir yorede kalmis veya unutulmustur.
Gelecekte bitkilerden ilag yapiminda daha etkili ve kisa sii-
rede faydalanabilmek icin karasal tibbi bitkiler gibi sucul
bitkilerin de degerlendirilmesine ihtiya¢ vardir. Bu bilgilerin
hem toplum iginde kullanim1 konusunda bilgiler derlenmeli
hem de bilimsel arastirmalarla igerigi ve etkileri belirlenerek
etnobotanik ve farmakolojik ¢aligmalarda arastirmalar
yapilmalidir. Elde edilen bilgilerin laboratuvar ortaminda bi-
limsel deneylerle test edilmesi ve etkilerinin ispatlanmasi
halk saglig1 icin faydali olacaktir.

Karasal bitkilere nazaran sucul bitkilerin etnobotanik degeri
iilkemizde g6z ardi edilmistir. Yapilan bilimsel arastirmalar
gostermektedir ki su bitkilerinin igerdigi biyoaktif bilegenler
nedeniyle ¢ok ¢esitli hastaliklarin tedavisinde ve halk hekim-
liginde kullanilabilir potansiyelleri vardir. Dogal bitkiler,
yasamin korunmasinda temel bir kaynaktir ve farkli receteler

olusturularak giiniimiizde giderek artan bir 6nem kazanmak-
tadir. Geleneksel ilaglar veya halk ilaglari, kemoterapotik
ajanlarin gelistirilmesi i¢in potansiyel olarak faydali yeni
bilesiklerin 6nemli bir kaynagidir. Bu nedenle, zengin sucul
ekosistemlere sahip Tiirkiye’deki sucul bitkilerin kullanim-
larinin arastirilmasina ve tibbi 6zelliklerinin kesfedilmesi i¢in
genis spektrumlu ve kapsamli ¢alismalarin yapilmasima ih-
tiyag¢ vardir. Ayn1 zamanda, dogal bitki kaynaklari, kuraklik
veya kaynak kithgindan kaynaklanan gida arzindaki
bosluklar1 doldurmak i¢in de kullamlabilir. Ozellikle gida
kaynaklarinin yetersiz oldugu bolgelerde yasayan insanlarin
diyetlerinin besin degerini dengelemede Onemli bir rol
oynayabilir. Tiirkiye’de yenilebilir su bitkileri, 6zellikle gida
olarak kullanim gelenegine sahip olan tiirler, insanlar igin
gelecekte Onemli bir tamamlayict gida kaynagi haline
gelecektir. Bu nedenle mevcut sucul ekosistemlerimizin ko-
runmasi ve yonetimi ¢ok 6nemli bir konudur.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi i¢in gergek, potansiyel veya
algilanan ¢ikar ¢catismasi olmadigini beyan etmislerdir.

Etik izin: Caligma etik izin gerektirmemektedir.
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ABSTRACT

This study aimed to investigate the impact of the cooking process on the metal content of Rapana
venosa (rapa whelk) meat. The research analysed macro and trace elements and heavy metals to
determine how cooking influenced their concentrations in the meat.

The findings revealed significant changes in the composition of macro elements following cook-
ing. Potassium (K) and sodium (Na) concentrations decreased, while magnesium (Mg) and phos-
phorus (P) concentrations increased. This suggested that cooking facilitated the transfer of these
elements from the meat to the cooking water, thereby affecting the nutritional composition of the
meat. Similarly, numerous trace elements exhibited alterations during cooking, with elements such
as iron (Fe), zinc (Zn), aluminium (Al), copper (Cu), manganese (Mn), selenium (Se), rubidium
(Rb), tin (Sn), barium (Ba), chromium (Cr), nickel (Ni), lithium (Li), molybdenum (Mo), and be-
ryllium (Be) decreasing in concentration. In contrast, zinc (Zn) and barium (Ba) increased. The
study also addressed heavy metals, where significant changes were observed in the concentrations
of arsenic (As), cadmium (Cd), mercury (Hg), and lead (Pb) following cooking. The results indi-
cated that cooking had the potential to reduce the levels of these toxic heavy metals, although it
also highlighted an increase in lead levels that warrants further investigation. In summary, this
research provides valuable insights into the changes in the metal content of rapa whelk meat in-
duced by the cooking process. The findings contribute to understanding this seafood's nutritional
aspects and metal composition, offering potential guidance for health recommendations and in-
spiring future investigations in this field.

Keywords: Rapana venosa, Toxic metals, Cooking impact, Nutritional changes, Trace elements
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Introduction

Food resources, particularly seafood, are a critical source of
minerals essential for human well-being (Bayrakli, 2021;
Yildiz et al., 2023). Minerals like calcium, potassium, zinc,
phosphorus, and iron are imperative for a healthy life (Duyar
& Bilgin, 2020). Nevertheless, the escalating metal concen-
trations in marine ecosystems, attributed to industrialisation
and urbanisation, have become a substantial concern among
consumers (Duyar et al., 2023). Seafood, in its natural state,
is acknowledged for its elevated heavy metal content, with
these metals being assimilated from their environments
through various natural processes inherent in complex marine
ecosystems. Notably, the dietary behaviours of marine organ-
isms can significantly influence the accumulation of metals
within their habitat (Duyar et al., 2023; Yildiz et al., 2023).

Metals, characterised by high bioaccumulation levels within
tissues and potential toxicity and biological degradation
(Stankovic et al., 2014), pose substantial health risks to hu-
mans (Zhuang et al., 2013). Indeed, trace elements such as
copper, manganese, zinc, and iron are essential for metabolic
processes in humans and other organisms but can prove toxic
at elevated levels (Makedonski et al., 2017). Metals with a
pronounced propensity for bioaccumulation in biological or-
ganisms, such as arsenic, lead, cadmium, and mercury, une-
quivocally exhibit toxicity (Mol et al., 2019). These metals
can impact central nervous system function, disrupt blood
composition, damage the kidneys, lungs, and liver, and sub-
stantially reduce energy levels (Hajeb et al., 2014).

Numerous studies have explored metal concentrations in ma-
rine gastropods like Rapana venosa, consistently demonstrat-
ing that the metal accumulation in these organisms closely
mirrors the metal concentrations within the marine environ-
ment (Ahmed et al., 2011; Y. Liang et al., 2017). However,
owing to their restricted mobility within the marine environ-
ment, these organisms are acutely susceptible to metal pollu-
tion (Hwang et al., 2017). Despite the significant potential of
Rapana venosa to serve as a basis for developing functional
foods with discernible health benefits for humans
(Panayotova et al., 2019), the biological accumulation of
heavy metals in gastropods underscores the potential threat to
human health through consumption (Gedik, 2018).

Extensive literature demonstrates that the cooking processes
of seafood can induce substantial alterations in metal content,
underscoring the critical importance of vigilant monitoring of
metal concentrations in seafood prior to consumption (Atta et
al., 1997; Ersoy et al., 2006; Hajeb et al., 2014; Hanaoka et
al., 2001; Ichikawa et al., 2006; Jorhem et al., 1994; Laparra
et al., 2003, 2004; Perello et al., 2008; Sengupta et al., 2006).

Consequently, this study seeks to investigate the fluctuations
in metal concentrations during the cooking of Rapana venosa
meat and to evaluate the potential health implications of these
changes.

This study represents a paradigm for evaluating the influence
of cooking processes on macro, trace elements and toxic
metal contents in seafood. The outcomes of this research en-
deavour will substantially contribute to understanding trace
elements and toxic metal concentration changes during the
cooking of Rapana venosa meat and their broader implica-
tions for safe and health-conscious seafood consumption.

Materials and Methods
Sampling and Study Area

Samples totalling 2000 grams were obtained from Sadiklar
Seafood Processing Company's plant in Dikmen-Sinop, Tur-
key. These samples were taken from products that had been
de-shelled, cleaned and in their consumable meat state before
being subjected to flash freezing.

The samples were sent to the Sinop University Scientific and
Technological Research Application and Research Center for
laboratory analysis. This centre has a laboratory infrastruc-
ture that ensures reliable analysis procedures following stand-
ardised protocols.

During the laboratory processing of rapa whelks, 1000 grams
were separated to form raw meat samples, while the remain-
ing 1000 grams constituted cooked meat samples. The cook-
ing process for rapa whelks was conducted by boiling them
in a stainless steel pressure cooker for 10 minutes using 500
ml of water.

Both groups of rapa whelk samples were individually homog-
enised, and four samples were taken from each group. Subse-
quently, label information was added, and the samples were
prepared for analysis. Water samples obtained at the begin-
ning and after the cooking process, which consisted of city
tap water, were also labelled and prepared for analysis.

Analyses of Elements Contents

All element analyses in the present study were performed in
triplicate groups, following the EPA Method 200.3 (Sample
Preparation Procedure for Spectrochemical Determination of
Total Recoverable Elements in Biological Tissues). Rapa
whelk meat samples (1.5 g) were digested in Teflon vessels,
including a mixture of concentrated supra pure grade HNO3
and H202 (7:1) according to (HPR-FO-67) temperature and
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pressure profile using a microwave digestion system (Mile-
stone SK10). After adding the acid, Teflon bombs closed,
heated at 200°C for 15 minutes, and kept at the same temper-
ature for another 15 minutes. The digested solution was trans-
ferred into a 50mL polypropylene falcon tubes and filled to
50 ml with ultra-pure water. Standard Reference Material
(CRM) and blank solutions were prepared using the same
procedures. The CRM materials UME CRM 1201 and SEM
2016 mix were used to evaluate the precision and accuracy of
the analyses. Inductively Coupled Plasma Spectrometry
(ICP-MS Agilent 7700X) was used to measure the concentra-
tion Calcium (Ca), Magnesium (Mg), Potassium (K), Phos-
phorus (P), Sodium (Na), Arsenic (As), Aluminum (Al), Cop-
per (Cu), Iron (Fe), Manganese (Mn), Mercury (Hg), Cad-
mium (Cd), Lead (Pb), Zinc (Zn), Selenium (Se), Chromium
(Cr), Nickel (Ni), Molybdenum (Mo) and Cobalt (Co)
through multi-element techniques. During these experiments,
all glassware and Teflon bombs were soaked overnight in
10% HNO3, rinsed twice with distilled water and air-dried to
avoid contamination before use. Additionally, according to
the device specifications, the Limit of Detection (LOD) and
Limit of Quantitation (LOQ) values are within the acceptable
range. The percentage recoveries of elements ranged between
96.85% and 99.9%, indicating good accuracy.

Statistical analysis

The students' t-test analysis used the SPSS statistical package
program (Version 10, SPSS Inc., Chicago, IL, USA) to ana-
lyse the data obtained from three periods. The differences
among the means were compared using Duncan’s multiple
range test. A significance level 0.05 was used, and the results
were shown as mean values + SD.

Results and Discussion

Concentrations of macro elements in rapa whelk meat were
determined as Mg > P > Ca > K > Na. Statistical analysis
revealed significant changes in macro element concentrations
in rapa whelk meat compared to initial values (p < 0.05) (Ta-
ble 1). As aresult of cooking rapa whelk meat, macro element
concentrations of K and Na decreased compared to initial val-
ues (8.16% and 17.39%, respectively). At the same time, in
water samples, there was an increase in the concentrations of
these macro elements in cooking water (227.90% and
43.92%, respectively). This suggests that the cooking process
facilitates the transfer of potassium and sodium from meat to
water. These results highlight that the cooking process can
affect the transfer of macro elements from meat to water and
emphasise the impact of these changes on the nutritional
composition of meat. Mg and P macro elements increased
significantly (27.45% and 24.71%, respectively) during the
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cooking of rapa whelk meat compared to initial concentra-
tions. These increases indicate that the chemical composition
of the meat changes during cooking, and the amounts of these
elements in the meat increase. However, Mg and P concen-
trations in cooking water samples decreased significantly
(49.98% and 86.07%, respectively). This suggests that these
elements may transfer from water to meat during the cooking
process. On the other hand, the Ca macro element increased
in both meat and cooking water concentrations compared to
initial values due to the cooking process.

The concentrations of trace elements in rapa whelk meat were
ranked as follows: Fe > Zn > Al > Cu > Mn > Se > Rb > Sn
>Ba> Cr>Ni> Li> Mo > Be (Table 1). The concentrations
of these trace elements in cooked rapa whelk meat varied sig-
nificantly from initial values (P < 0.05). The toxic metal and
trace elements content results obtained from the present study
in rapa whelk, as demonstrated in Table 2, are consistent with
the reported ranges provided in the literature. As a result of
the cooking process, a decrease was observed in the concen-
trations of Fe, Zn, Al, Cu, Mn, Se, Rb, Sn, Ba, Cr, Ni, Li, Mo,
and Be trace elements compared to the initial concentrations.
The reasons for these decreases could be that these elements
either passed from rapa whelk meat to water during cooking
or underwent chemical changes. Particularly, the decrease in
the concentrations of the Fe, Cu, and Li trace elements in
cooking water samples may indicate their dissolution from
meat or interaction with water. However, the concentrations
of Zn and Ba trace elements increased due to cooking com-
pared to initial concentrations. These increases may suggest
that these elements are concentrated in the meat during cook-
ing or increased due to other chemical processes. The trace
elements Al, Rb, and Cr increased significantly in cooking
water concentrations compared to initial values. These in-
creases may indicate that these elements dissolved from rapa
whelk meat into the water or interacted with water for other
reasons. The concentrations of other trace elements in cook-
ing water were detectable but below measurable levels, indi-
cating that these elements either did not transfer from meat to
water during the cooking process or transferred in very small
amounts. These results demonstrate that the cooking process
significantly impacts the trace element concentrations in rapa
whelk meat. It was observed that trace elements transferred
from meat to water or concentrated in the meat during cook-
ing. The reasons for these changes may be complex and re-
lated to chemical reactions, temperature effects, and other
factors. Further research may help us better understand the
effects of consuming cooked rapa whelks on human health
about these trace elements.
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The findings determined the concentration order of the exam-
ined toxic metals as follows: As > Cd > Hg > Pb. The statis-
tical analysis results indicate significant changes in the con-
centrations of toxic metals in rapa whelk meat compared to
their initial values after cooking (P < 0.05). These changes
reflect the effects of the cooking process on the toxic metal
content. As a result of cooking, the concentrations of As, Cd,
and Hg toxic metals decreased compared to their initial con-
centrations (31.45%, 27.90%, and 23.47%, respectively). It is
well known that toxic metals such as As, Cd, and Hg pose
risks to human health, and their seafood intake should be lim-
ited. Our findings suggest that the cooking process effectively
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reduces the levels of these toxic metals. This implies that
cooking rapa whelk meat may effectively reduce potential
health risks associated with toxic, toxic metals. However, an
important result to consider in this study is that the toxic Pb
metal showed an increase of 40.13% compared to the initial
concentration due to the cooking process. It is believed that
certain factors, especially during cooking, may increase lead
concentration in meat. This situation requires further exami-
nation because lead is a hazardous substance for human
health.

Table 1. Concentrations of Macro (ww g kg™'), Trace Elements (ww mg kg™), and Toxic metals (ww mg kg™') in Rapa Whelk
Meat and Water Samples (mg kg™') at Initial and Final Stages

Percentage Percentage
Elements Raw Rapa Whelk  Processed Rapa Change Initial Water Sample Water Sample After Change
Meat Whelk Meat (%) Cooking Process (%)
() 0
Mg 2.81 + 0.036°® 3.58 =+ 0.035* 2745 8.64 £+ 0.021* 432 <+ 0.0620® -49.98
P 147 + 0.020° 1.83 =+ 0.012*0 2471 0.04 + 0.003® 0.006 =+ 0.0004®> -86.07
Ca 1.23 + 0.015° 1.65 =+ 0.004* 34.16 49.01 + 0.151* 5475 + 0.7108* 11.71
K 1.20 + 0.018 1.10 =+ 0.005° -8.16 1.74 £ 0.016° 571 £ 0.0607* 22790
Na 0.55 + 0.006° 045 =+ 0.005> -17.39 1547 + 0.089® 2227 =+ 0.0629° 43.92
Fe 3349 + 0.320° 30.72 + 0.265° -8.28 0.002 =+ 0.0004* 0.001 =+ 0.0004> -47.50
Zn 16.85 + 0.146° 19.84 + 0.222° 17.78 * * *
Al 942 + 0.068 7.08 =+ 0.083° -24.82 0.002 = 0.0007* 0.003 =+ 0.0006°  82.10
Cu 8.65 * 0.059* 826 * 0.065° -4.51 0.005 £ 0.0002* 0.0002 * 0.0000° _95.50
Mn 141 + 0.022* 136 =+ 0.015 -3.22 * 0.012 = 0.0006 *
Se 047 + 0.024*° 042 =+ 0.032°> -10.68 * * *
Rb 037 £ 0.005* 0.34 = 0.002° -9.37 0.0003 + 0.0000 0.015 =+ 0.0001 5136.94
Sn 032 =+ 0.016% 0.26 =+ 0.009®° -21.01 * * *
Ba 0.24 =+ 0.004* 030 =+ 0.005* 22.31 0.036 £+ 0.0000 0.033 =+ 0.0005 -8.44
Cr 0.20 + 0.006* 0.07 =+ 0.001> -62.33  0.0001 £ 0.0000°® 0.0005 =+ 0.0000° 331.66
Ni 0.14 + 0.002* 0.08 =+ 0.002° -41.99 * 0.001 =+ 0.0000 *
Li 0.02 £+ 0.002* 0.02 =+ 0.001* -9.96 0.009 £ 0.0002* 0.003 =+ 0.0002® -67.44
Mo 0.01 + 0.001* 0.01 =+ 0.001°® -31.74 * * *
Be 0.004 =+ 0.003 * -4.38 * * *
As 3.67 + 0.055* 252 =+ 0.010° -31.45 * * *
Cd 031 + 0.003* 022 =+ 0.002° -27.90 * * *
Hg 0.03 + 0.000* 0.02 =+ 0.001° -23.47 * * *
Pb 0.01 * 0.000® 0.01 * 0.000° 40.13 * * *

"*" The symbol indicates that a specific element's concentration is below the detectable limits. Different letters used to annotate values
among meat samples indicate statistically significant differences (p < 0.05). Similarly, values marked with different letters among water
samples indicate statistically significant differences (p < 0.05).
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Cooking seafood has been reported to reduce the concentra-
tions of some toxic metals and trace elements in previous
studies by Laparra et al. (2003, 2004), Hanaoka et al. (2001),
Hajeb et al. (2014), Ichikawa et al. (2006), Perello et al.
(2008), Atta et al. (1997), Jorhem et al. (1994), Ersoy et al.
(2006), and Sengupta et al. (2006). However, other studies,
such as those by Burger et al. (2003), have reported that cook-
ing does not always reduce metal concentrations in fish meat.
These results indicate that the effects of the cooking process
on the behaviour of toxic metals in seafood are complex.
These findings may help us better understand the impact of
the cooking process on the toxic metal content of rapa whelk
meat. However, generalising the effect of cooking on metal
levels in seafood can be challenging. Depending on cooking
methods and conditions, metal levels in seafood can vary
based on the chemical properties of specific elements
(Houlbréque et al., 2011). Understanding how the cooking
process affects these toxic metals can contribute to develop-
ing health recommendations regarding the consumption of
whelk meat. Additionally, factors such as cooking method,
duration, temperature, and the cooking medium used are
among the various variables that influence the post-cooking
behaviour of toxic metals in seafood (Houlbréque et al., 2011;
Ouédraogo & Amyot, 2011). These factors are known to play
arole in determining the behaviour of toxic metals after cook-
ing and can lead to variations in results.

In the literature, various results have been reported regarding
the effects of cooking on the levels of toxic metals in seafood
and their implications for human health. For instance, some
studies have shown that the cooking process, despite increas-
ing the amount of toxic metals, reduces their bioavailability
(Amiard et al., 2008; Maulvault et al., 2011).

Conclusion

In conclusion, this study examined the metal content of rapa
whelk meat and investigated the cooking process's effects on
this content. Our findings indicate that both macro and trace
elements in rapa whelk meat change the cooking process.

Regarding macro elements, it was observed that the concen-
tration of potassium (K) and sodium (Na) decreased as a re-
sult of cooking, while magnesium (Mg) and phosphorus (P)
concentrations increased. These changes suggest that cooking
facilitates the transfer of these elements from the meat to the
cooking water and highlights the impact of the cooking pro-
cess on the nutritional composition of the meat.

In terms of trace elements, it was found that many trace ele-
ments change due to the cooking process. The concentrations
of iron (Fe), zinc (Zn), aluminium (Al), copper (Cu), manga-
nese (Mn), selenium (Se), rubidium (Rb), tin (Sn), barium
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(Ba), chromium (Cr), nickel (Ni), lithium (Li), molybdenum
(Mo), and beryllium (Be) decreased. In contrast, zinc (Zn)
and barium (Ba) increased. These changes are believed to be
related to the transfer of trace elements from the meat to the
cooking water or their concentration within the meat.

Regarding toxic metals, it was observed that the concentra-
tions of toxic metals such as arsenic (As), cadmium (Cd),
mercury (Hg), and lead (Pb) changed as a result of the cook-
ing process. These changes suggest that cooking may be an
effective method for reducing the levels of these metals, par-
ticularly considering the potential health risks associated with
toxic metals. However, the increase in lead levels due to the
cooking process requires further investigation.

In conclusion, this study, by examining changes in the metal
content of rapa whelk meat and investigating the effects of
the cooking process, sheds light on important factors that af-
fect the nutritional value and metal content of rapa whelk
meat. This research may contribute to developing health rec-
ommendations related to the consumption of rapa whelk meat
and serve as a guide for future studies.

Compliance with Ethical Standards

Conlflict of interest: The authors declare no actual, potential, or
perceived conflict of interest for this article.

Ethics committee approval: Ethical approval was not required for
this study.

Data availability: Data will be made available on request.
Funding disclosure: No funding provided.

Acknowledgements: We would like to extend our heartfelt grati-
tude to Sadiklar Seafood Processing Company for their invaluable
support in providing the samples for this study. We also thank The
Sinop University Scientific and Technological Research Applica-
tion and Research Center for their contributions in analysing the
samples. Their assistance played a significant role in the successful
completion of this research.

Disclosure: -



Aquatic Research 7(2), 74-82 (2024) e https://doi.org/10.3153/AR24007

Research Article

Table 2. Literature information on various toxic metals and trace elements contents reported for Rapa whelk

As Cd Cr Cu Fe Hg Mn Ni Pb Zn Region Reference

- 4.9 - - - - - 0.99 35 - MS, Istanbul Topguoglu et al. (1994) (ng/g dw)

- 1.0 - - - - - 2.17 32 - BS, Fatsa Topguoglu et al. (1994) (ng/g)

- 0.03-0.22 - - - - - - 0.08-0.46 - BS, Sinop Bat et al. (2000) (mg/kg dw)

- 1.78 <0.06 - - - - - <0.5 - BS, Igneada Topguoglu et al. (2002) (ug/g dw)

- 2.19 0.62 - - - - - <0.5 - BS, Amasra Topguoglu et al. (2002) (ng/g)

- 0.37 0.47 - - - - - <0.5 - BS, Persembe Topguoglu et al. (2002) (ng/g)

- <0.06 <0.02 - - - - - <0.5 - BS, Rize Topguoglu et al. (2002) (ng/g)

- 0.15-30.61 - 5.52-172.2 - - - 0.09-0.66  0.10-0.75  8.65-705 Bohai Sea, China Liang et al. (2004) (ng/g) dw

- 0.13-0.29 10.23-55.36 - - 0.007-0.05 - - 3.32-13.56 - BS, Kumkdy Miilayim and Balkis (2015) (mg/kg dw)
- 0.08-0.13 4.43-55.07 - - 0.06 - - 1.57-11.97 - BS, Karaburun Miilayim and Balkis (2015) (mg/kg)
- 0.08-0.24  2.42-51.99 - - 0.002-0.06 - - 1.93-16.35 - BS, Kiyikoy Miilayim and Balkis (2015) (mg/kg)
- 0.07-0.35 0.79-15.96 - - 0.005-0.6 - - 0.86-9.95 - BS, igneada Miilayim and Balkis (2015) (mg/kg)
- 1.64 - - - 0.62 - - 0.27 - BS, Romanya Jitar et al. (2015) (mg/kg)

2.2 0.005 0.04 5.1 4.2 0.11 0.26 0.023 0.32 8.6 BS, Krapetz Peycheva et al. (2017) ug/g

4.17 0.008 0.05 7.7 9.4 0.08 0.48 0.045 0.12 7.5 BS, Varna Peycheva et al. (2017) dw

- 0.89-1.75 0.23-0.37 12,89-21,09 - - 1.28-3.60 0.18-0.25 0.20-0.98 11.70-24.18  BS, Turkey Gedik (2018)

0.42-15.9 0.05-1.05 0.25-2.89 4.56-26.65 - 0.007-0.037 - 0.07-1.72  0.01-0.41  8.34-65.72 ECS, Xiangshan Bay ~ Liu etal. (2018)

- 1.113 - - - 0.034 - - 0.045 - BS, Varna Zhelyazkov et al. (2018)

28.7-51.1 5.8-14.8 0.66-3.53 19.4-39.3 273-1820 0.65-2.91 2.8-13.4 0.2-3.2 BDL-10.7 124-254 BS, Crimea Kapranov et al. (2021)(2021) ww
2.52-3.67 0.22-0.31 0.07-0.20 8.26-8.65 30.72-33.49  0.02-0.03 1.36-1.41 0.08-0.14 0.01 16.85-19.84 BS, Sinop PRESENT STUDY (mg/kg ww)

BDL: below detectible limits

MS: Marmara Sea; BS: Black Sea; ECS: East China Sea;
dw: dry weight basis; ww: wet weight basis
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ABSTRACT

Tugwi-Mukosi is a recently constructed reservoir in the Masvingo Province of Zimbabwe. The
objective of the study was to estimate the length-weight relationship (LWR) and condition factors
(K) of five freshwater fish species collected from the dam. Three hundred eighty-seven fish sam-
ples were caught by gill nets and sein between January and September 2021. The estimated expo-
nent value b varied between 2.814 and 3.228 among the fish species. The b values indicated that
three species (Oreochromis niloticus, Coptodon rendalli and Micropterus salmoides) followed
negative allometric growth (b < 3). In contrast, Clarias garipinus showed isometric growth (b =
3), while Oreochromis mossambicus exhibited positive allometric growth (b > 3). More than 94%
(R? > 0.94) of the weights (responses) variations were explained by the models, so the models fit
the data well. The K values of all the fish species, except for C. gariepinus, ranged between 1.3 -
2.2; this indicates that these species are doing well in the reservoir. This observation suggests that
Tugwi-Mukosi currently provides a favourable habitat for the fish species. The current study's
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findings will give valuable baseline data for assessing the status of fish populations and conducting
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Introduction

Fish in tropical and subtropical water systems exhibit var-
iability in growth due to changes in diet composition, en-
vironmental changes, and spawning conditions (Anderson
& Neumann, 1996). Fish body length and body weight are
useful empirical measures in studying fish growth, stock
assessment and, more generally, population ecology, com-
munity, and ecosystem ecology studies (Giarrizzo et al.,
2015; Baitha et al., 2018). Size reflects age, food, and other
physiological and environmental parameters in fish. In the-
ory, size represents age because fish never stop growing,
and size is governed by external circumstances rather than
vice versa. Size variation, therefore, has important impli-
cations for diverse aspects of fisheries science and popula-
tion dynamics (Erzini, 1994).

Since direct weight measurement in the field can be time-
consuming, length-weight regressions have been commonly
used to estimate weight from length (Sinovcic et al., 2004).
The length-weight relationship (LWR), also known as the bi-
ometric relationship model, is a mathematical model that en-
ables length-to-weight and weight-to-length conversions in
stock estimation models and biomass calculation using the
length frequency distribution.

According to the cubic law (W=L?), fish often grow in equal
lengths (Lagler, 1952). However, deviations in length-to-
weight ratios from the cube rule are always possible due to
the many environmental factors that influence the physico-
chemical properties of the waters in which different fish spe-
cies exist. Be that as it may, length-weight parameters of the
same species may change within populations due to feeding,
fishing and reproductive activity, etc. Therefore, data on the
functional LWR of fish species are important for fish stock
assessment and parameters a and b can be used for length-
weight conversion (Hajjej et al., 2010). However, it has been
argued that b may vary at different periods, reflecting gastric
fullness, general appetite condition and gonadal stages (Zaher
et al., 2015).

Length-weight is also used to estimate the condition factor of
the fish species (Blackhart et al., 2006), which shows the de-
gree of well-being of the fish in their habitat (Mac Gregoer,
1959). A high condition factor indicates that a fish is heavier
than a fish of the same length with a lower condition factor
and thus always refers to a deviation from the average LWR
for a population (Le Cren, 1951; Froese, 2006). The condition
factor of fish can be affected by factors such as stress, sex,
season, availability of feeds and other water quality parame-
ters (Khallaf et al., 2003). Studies of LWR and condition fac-
tor are important in fishery assessment and management as
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these biometric units allow us to gain insight into fish stocks'
overall health and development.

Tugwi-Mukosi (formerly Tokwe-Mukosi) Reservoir was
constructed across the confluence of the Tugwi and Mukosi
Rivers in the Chivi district of Masvingo Province in Zimba-
bwe. Construction of the reservoir began in 1998, was com-
pleted in December 2016 and commissioned in May 2017.
The reservoir started impounding water during the 2016/2017
rainy season but has not yet been fully utilised (Magqina et
al., 2021). There are 17 fishing cooperatives with fishing li-
censes, and the dam yields about 200 tonnes yearly. In addi-
tion, more than 100,000 kapenta and 200,000 fingerlings of
Oreochromis niloticus species were put in the dam in late
2021 for breeding purposes out of a target of 1,5 million fin-
gerlings (Herald, 2021). To date, nine fish species (Oreo-
chromis macrochir, Oreochromis niloticus, Oreochromis
mossambicus, Coptodon rendalli, Clarias gariepinus, Serra-
nochromis thurmbergi, Labeo cylindricus, Mesobola brevi-
analis and Micropterus salmoides) have been identified in the
lake with the cichlids constituting 66.7% of the fish commu-
nity (Magqgina et al., 2021). Despite their commercial im-
portance, no information on these fish species' length-weight
relationships and condition factors is available. Therefore,
the present study aimed to generate baseline data on these pa-
rameters of the five common fish species: Oreochromis ni-
loticus, Oreochromis mossambicus, Coptodon rendalli,
Clarias gariepinus and Micropterus salmoides. The study is
expected to provide valuable information on the health of the
fish populations in the reservoir.

Materials and Methods
Study Area

Located at the confluence of the Tugwi and Mukosi rivers,
the Tugwi Mukosi Dam (20°43'40" S, 30°54'11"” E) is Zim-
babwe’s largest inland water body. The dam is located in the
semi-arid region of the Masvingo province (Figure 1). The
area lies in Zimbabwe’s agro-ecological Region IV, which
has a long-term mean average precipitation of less than 600
mm/year, with the majority of rain falling between October
and April and a precipitation peak reached in February and
mean annual temperature is approximately 20°C (Chazireni
& Chigonda, 2018). Chromic luvisols with isolated patches
of caloric fluvisols occur in the area, and the geology is com-
posed of paragneiss and other high-grade sediments (Gumin-
doga et al., 2014)

Sampling was conducted at Zunga, Kushinga, Gororo and
Rarangwe (Figure 1). The sampled sites are also fishing
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grounds for both artisanal and commercial fishermen. Sam-
pling was done twice monthly using multifilament gillnets
and a seine net between January and September 2021, except
in July, where no sampling was done. The sampling effort
remained constant throughout the study. For the seine netting,
two hauls at each sampling site were performed using a 50 m
net with a mesh size of 12.7 mm in shallow areas less than
1.5m deep. At each site, multifilament gillnets of different
mesh sizes (38.1 mm- 177.8 mm) and 150 m long were laid
in a zigzag pattern late afternoon (1630 hours) and left over-
night. The nets were then pulled out the next morning at 0630
hours. All fish caught were identified to the lowest practical
taxon using external morphological characteristics and iden-
tification keys (Marshall, 2011; Skelton, 2001). The number
of fish caught for different species was recorded, and each
individual's total length (TL) and standard length (SL) were
measured to the nearest 0.1 mm. Weight was measured to the
nearest 0.1g

Data Analysis

The log transformation formula of Le Cren was used to es-
tablish LWRs (Le Cren, 1951). The length-weight equation
W = a L° was used to estimate the relationship between the
weight (g) of the fish and its total length (cm). Using the lin-
ear regression of the log-transformed equation:

257|119 264:!67 2?1[015

7716020 7720551 7725082
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Log (W) =log (a) + b log (L), the parameters a and b were
calculated. Where:

W= Weight (g)
L= Total length (cm)
a= Intercept or the initial growth index

b= Slope/ growth coefficient/ an exponent. b < 3 = negative
allometry

b > 3 = positive allometry
b equal 3 = isometric allometry

Additionally, 95% confidence limits (CL) of the b coefficient
were estimated for each species.

The condition factor ‘K’ was calculated by using the model,
K= W x 100/L? according to Pauly (1983), Where:

W is the weight of the fish (g)
L is the Total length of the fish (cm).

The degree of correlation between the length and weight was
computed by the determination coefficient R2.
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Figure 1. The location of the Tugwi-Mukosi dam in Masvingo province, Zimbabwe
(adapted from Magqina et al., 2021).
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Results and Discussion

Five fish species, namely, O. mossambicus, O. niloticus, C.
gariepinus, C. rendalli and M. salmoides, were collected in
the study. The total number of fish collected was 387, and the
most abundant species was O. mossambicus (151), followed
by C. rendalli (93), M. salmoides (60), C. gariepinus (47) and
O. niloticus (36). Total lengths ranged from 5 cm (O. nilot-
icus) to a total length of 64 cm (C. gariepinus), while weights
ranged from 4.0 g (O. niloticus) to 2550 g (O. niloticus).

Length-Weight Relationships (LWR)

Regression equations obtained from the log and length data
for all fish species showed a positive linear relationship be-
tween the weight and length variables (Figure 2). The inter-
cepts (a) and growth coefficients (b) of the regression models
of the fish species are shown in Table 2. The slope b for O.
mossambicus was 3.229 (3.079, 3.379 CL). This indicates
that O. mossambicus exhibits positive allometry (b > 3)
within the dam. The b values for O. niloticus, C. rendalli and
M. salmoides were 2.877 (2.796, 2.957 CL), 2.712 (2.449,
2.925 CL) and 2.814 (2.408, 3.220 CL) respectively. These
fish species showed negative allometry (b < 3). Clarias
gariepinus showed isometric allometry (b = 3) (2.660, 3.360
CL). All the fish species had a coefficient R? > 0.94 (Figure
2), indicating that most of the variation in the weight (re-
sponse) was explained by the model; hence, the model gives
a good fit for the data.

Condition Factor (K)

Table 2 shows the average condition factors for the five fish
species. O. niloticus and C. rendalli had the highest K value
(2.2), followed by O. mosambicus (1.7) and M. salmoides
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(1.3). Clarias gariepinus had the lowest (0.7) condition fac-
tor.

The fish length and weight distributions in Tugwi Mukosi
Reservoir showed large variability in fish size, indicating that
the sampling methods were non-selective. The sizes of the
fish caught ranged from the smallest (5.0 cm) to the largest
(64 cm). As for weight, O niloticus registered both the light-
est (4.0 g) and the heaviest (2550 g) specimens. The high
abundance of certain species, such as O. mossambicus, may
be evidence of shoaling behaviour within the reservoir.

The slope of regression line b expresses the relative body
shape of a fish (Le Cren, 1951). Differences in b value can
be attributed to combining one or more factors such as the
number of specimens, gonad maturity, sex, health, habitat,
seasonal effect, etc (Wootton, 1991). According to Bagenal
and Tesch (1978), values between 2 and 4 are consistent for
freshwater fish. The values of b observed in the current study
ranged from 2.814 to 3.228. These b values are in the range
2-4 suggested by Bagenal and Tesch (1978). In the case of C.
gariepinus, b was almost equal to 3.0, implying that the fish
were growing isometrically. This isometric growth pattern in
the length-weight relationship indicated that the fish species
did not increase in weight faster than the cube of their total
length. Therefore, as the body length increases, so does the
weight of the fish. When the value of b is less than 3.0, the
fish experiences a negative allometric growth, as was the case
with O. niloticus, C. rendalli, and M. salmoides in the current
study. This observation suggests that these species have rel-
atively slow growth rates and tend to be thinner. Positive al-
lometric growth, observed in O. mossambicus, occurs when
b exceeds 3.0. In this regard, the fish becomes heavier, re-
flecting the optimal growth conditions.

Table 1. Total lengths and total weights of the five fish species collected from Tugwi-Mukosi Reservoir,
Zimbabwe

Fish species N
Max

Total length (cm)

O. mossambicus 151 10.1 29.0
O. niloticus 36 5.0 52.5
C. rendalli 93 9.2 31.0

C. gariepinus 47 18.6 64.0
M. salmoides 60 11.0 33.0

Total weight (g)
Mean Length Max Mean Weight
17.6 10.0 368.0 122.8
25.0 4.0 2550.0 456.5
17.1 17.0 597.0 134.8
28.8 58.0 1948.0 194.0
21.2 15.3 488.0 137.1

Min= minimum. Max= maximum,
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Table 2. Length-weight parameters and condition factor for the five fish species collected
from Tugwi-Mukosi Reservoir

Species

Length-weight parameters

Condition
factor (K)

b (95% CL) R?

Oreochromis mossambicus ~ -2.052 3.228 (3.079, 3.379) 0.96 1.7
Oreochromis niloticus -1.501 2.877 (2.796, 2.957) 0.99 2.2
Coptodon rendalli -1.321 2.712 (2.449, 2.925) 0.96 2.2
Clarias gariepinus -2.186 3.012 (2.660, 3.360) 0.97 0.7
Micropterus salmoides -1.682 2.814 (2.408, 3.220) 0.95 1.3

The LWR parameters of the fish species were also compared
with data from published literature. In the present study, the
b value for O. niloticus (b=2.877) was lower than that from
Lake Chamo in Ethiopia (b=3.1779) (Shija, 2020), Garmat
Ali River in Iraq (6=3.109) (Mohamed and

Salman, (2021).) and almost the same with that from Lake
Naivasha in Kenya (b=2.860) (Waithaka et al., 2020) and Al-
Massira Dam in Morocco (b=2.838) (Ouahb et al., 2021).
However, our growth coefficient was higher than that for
Lake Mutirikwi (b=2.4478) in Zimbabwe (Runeta, 2014),
Wase Dam in Nigeria (6=1.520) (Yem et al., 2020) and Lake
Coatetelco in Mexico (h=2.469) (Gomez-Marquez et al.,
2008). A few other researchers have also reported isometric
growth of O. niloticus in tropical reservoirs (5=2.96) and sub-
tropical river systems (h=2.93) in India (Alam et al., 2019).
The growth coefficient for O. mossambicus (3.228) reported
in the current study is higher than that for Bhima River
(b=2.88) and Manchar Lake, Sindh, Pakistan (5=3.04)
(Shendge, 2005). The negative allometric value of C. rendalli
(b6=2.712) is consistent with the results of Runeta (2015)
(6=2.8738) in Lake Mutirikwi, Zimbabwe, and Asire Lake
(b=2.88), Nigeria (Ajagbe et al., 2016). The b value for C.
gariepinus (b=3.012) reported in the current study is the same
(6=3.013 as that reported by Torres (1992) in Lake Kariba
and slightly higher than that reported by Nhiwatiwa (2004)
(6=2.75) in two reservoirs in the Manyame catchment, Zim-
babwe, Malilangwe dam (b=2.81), Zimbabwe (Dalu et al.,
2012) and in Nigeria (b=2.794) King (1996). For M.
salmoides, the b value (h=2.814) was similar to that by Tar-
kan et al. (2006) (»=2.830) in Lake Iznik, Turkey, but lower
than those by Taylor and Weyl (2017) in Mankazana)
(b=3.296), South Africa and in Al-Massira Dam, Morocco
(6=3.282) Ouahb et al., (2021).

Our findings in this study show that the LWR parameters for
O. niloticus, O. ossambucus and C. gariuepinus differed from

similar studies elsewhere. These differences may be at-
tributed to food availability (Ricker, 1975), water quality
(Sparre et al., 1989), and biological, temporal, and sampling
factors (Mehanna & Farouk, 2021). Examples of sampling
factors are the catchment area, fish community, fish weights
as measured in each work, time of collection, and laboratory
personal and instrument errors. However, these factors were
not taken into consideration during the present study.

The coefficient of determination (R?) provides good fitness
of the regression equation. The R? values in all the fish spec-
imens were higher than 0.94, indicating a linear relationship
between the length and weight of the specimens. This obser-
vation is consistent with previous studies on fish species from
various water bodies (Egbal et al., 2011). These high values
of correlation coefficients obtained in the present study mean
a good quality of the linear regression prediction for the ana-
lysed fish species and suggest that extrapolation in future
catches can be done for this size range in the reservoir.

All fish species except C. gariepinus had K values greater
than one, indicating perfect conditions in the reservoir (Man-
orama & Ramanujam, 2014). The high condition factor val-
ues for the Cichlid species in the study confirmed that they
are well adapted to the reservoir environment, which is linked
to their ability to support various environmental conditions
(Beyeler & Dale, 2001). According to Montchowui et al.
(2008), Cichlids have highly variable diets and exhibit eco-
logical and behavioural adaptations, justifying their abun-
dance in lake environments. The K value of C. gariepinus
(0.7) observed in the current study is higher than that reported
by Keyombe et al. (2019) (K=0.567 - 0.644) in Nigeria but
smaller than that reported by Iyabo (2017) (K=0.93-0.99) in
Kenya. These differences in K values could be a result of sev-
eral factors such as reproductive cycles, availability of food,
as well as habitat and environmental factors (Morato et al.,
2001)
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Figure 2. Size weight relationship in the five fish species. A. O. mossambicus, B. O.
niloticus, C. C. rendalli, D. C. gariepinus, E. M. salmoides
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Conclusion

In conclusion, the present study on the length-weight param-
eters and their condition factors is the first report on these five
common fish species in Tugwi-Mukosi Reservoir. Three spe-
cies had negative allometric growth; one had positive allom-
etry, and another had isometric allometry. While most fish
species appear to be in good condition, the results of this
study suggest that Tugwi-Mukosi may not yet be an optimal
habitat for some resident fish species because it is a relatively
young reservoir. The high coefficient of determination values
obtained in the assessment of LWRs indicates a good quality
of linear regression prediction for the fish species analysed,
and this may indicate that future catches in the reservoir can
be extrapolated for this size range. These findings add to the
understanding of conservation and sustainable management
of these fish species in the Tugwi-Mukosi dam. Fisheries de-
cision-makers are therefore advised to regularly monitor and
manage anthropogenic activities on the reservoir and catch-
ment to minimise their effects on different habitats, fish
breeding areas, and littoral and pelagic zones in the interest
of the welfare of the fish species. However, it is worth noting
that O. niloticus introduced into the reservoir is an invasive
species and can seriously threaten native fish communities
through competition for food and habitat.
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ABSTRACT

The present study was carried out to determine the effect of dietary cadmium exposure on growth
performance, changes in manganese, zinc, copper, calcium, magnesium, iron, selenium, and cad-
mium metals in liver and muscle tissue, liver antioxidant enzymes, and the histology of the fish.
Rainbow trout (Oncorhynchus mykiss) with weights of 39.45 £1.13 g was used in the experiment
conducted in 2 groups and three replicates. The Control group was fed a cadmium-free diet, and
the Cadmium group was fed a diet containing 5.03 pg/kg of cadmium twice a day until satiation.
It was determined that cadmium intake through the diet affected growth rate and the feed evalua-
tion performance negatively. In fish exposed to cadmium, manganese, zinc, copper, calcium, mag-
nesium, iron, selenium, superoxide dismutase, catalase and glutathione peroxidase values in both
muscle and liver tissues were significantly (p<0.05) decreased, whereas cadmium levels in muscle
and liver and malondialdehyde levels in liver were significantly (p<0.05) increased. The histo-
pathological examination of the liver revealed that cadmium caused liver damage. These results
showed that rainbow trout exposed to dietary cadmium were highly sensitive to the metal, and the
decreased levels of metals such as copper, zinc, manganese, and selenium in the liver tissue, which
are involved in the antioxidant defence system, can be considered an indicator of the weakening
of the antioxidant defence system.

Keywords: Oncorhynchus mykiss, Cadmium, Feed, Growth, Antioxidant defense system,
Histology
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Introduction

Cadmium (Cd) is a metal that does not have any biological
function in living organisms (van Dyk et al., 2007) and is also
a metal in the group of heavy metals that cause pathogenic
and biochemical (enzymatic) changes (Liu et al., 2011; Noor
et al., 2020). Cd enters the bloodstream through the respira-
tory gills and digestive system, reaching all tissues and organs
(Squadro et al., 2013). Many factors, such as the concentra-
tion of the metal, contact time, fish species, size, and physico-
chemical properties of the water, as well as the route of entry
of the metal into the body, are effective in the accumulation
and distribution of the metal in the tissues of fish (Dang &
Wang, 2009; Giindogdu et al., 2009; Yesilbudak & Erdem,
2014; Li et al., 2018; Shekh et al., 2018; Ozen & Pak, 2020;
Varol et al., 2022; Kagar, 2024). Entering the body through
the digestive system, Cd is absorbed from the stomach and
small intestine (Ojo & Wood, 2007). The blood is transported
to organs by binding to metallothioneins (MT), albumin, and
proteins with thiol groups (Thevenod, 2003). Cd is mostly
stored in the metabolically active liver and kidney, bound to
MTs and thiol groups of proteins (Kargin, 1996). MTs are
fish's primary Cd-binding and storage proteins (Mcgeer et al.,
2012; Genchi et al., 2020). Liver MT protein synthesis results
in a high accumulation of Cd in the liver due to MT's rich
thiol group content (Giindogdu et al., 2009).

Oxidative stress is a condition that occurs due to the decrease
in antioxidant enzymes in parallel with the increase in free
radicals in the cell (Ozcan et al., 2015). Following exposure
to Cd, metals such as zinc (Zn), calcium (Ca), copper (Cu)
and iron (Fe) in enzymes are replaced by Cd, causing the re-
lease of these metals. Increasing metal concentration acceler-
ates the formation of free radicals. In addition, Cd binds to
thiol and sulthydryl groups of enzymes that capture free rad-
icals to inhibit antioxidant enzymes such as catalase (CAT),
superoxide dismutase (SOD) and glutathione peroxidase
(GPX), increasing free radicals (Matovi'c et al., 2015). Free
oxygen radicals (ROS) oxidise PUFAs (polyunsaturated fatty
acids) in cell membranes as a result of insufficiency of the
antioxidant system, leading to the disruption of the cell mem-
brane structure, breaks in mitochondrial and nuclear DNA, as
well as the breakdown of proteins and loss of enzymatic ac-
tivity (Romero et al., 2011; Ozcan et al., 2015). For this rea-
son, the concentration of CAT, SOD, and GPx enzymes in
fish exposed to heavy metals is measured in order to evaluate
the condition of the antioxidant defence system, thereby de-
termining the degree of toxicity (Talas et al., 2008; Almeida
et al., 2009; Pan et al., 2018; Li et al., 2018).

Malondialdehyde (MDA) levels in tissues and blood are im-
portant oxidative stress and antioxidant capacity indicators.
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MDA is an end product of the oxidation reaction of PUFAs
in cells. Increased MDA levels brought on by oxidative stress
indicate that organs and tissues have been damaged. There-
fore, in heavy metal toxicity studies conducted with fish, in
addition to histological analyses on tissue samples obtained
to determine the potential damage in tissues and organs re-
sulting from exposure to heavy metals, MDA levels in tissues
are examined as well (Pan et al., 2018).

It has been reported that information about oxidative stress
and antioxidant enzyme activities can be obtained from the
concentrations of specific metals in living tissues (Stephanie
Fontagne’-Dicharry et al., 2015; Eken, 2017). These metals
include Fe, which mediates the formation of HO from H202
or lipid hydroperoxides via the Fenton reaction, and copper,
Zn, manganese (Mn) and selenium (Se), cofactors for some
antioxidant enzymes. Cu, Zn and Mn are cofactors of SOD
enzyme and Se is a cofactor of GPx enzyme. These minerals
are critical for the antioxidant defence system to function
properly and serve many other essential purposes in living
things, including fish. Examples include involvement in bone
and tissue formation, cellular respiration, cellular homeosta-
sis, immune system, oxygen transport, energy metabolism,
electron transport, Ca absorption, fat, and carbohydrate me-
tabolism (Lall & Kaushik, 2021).

Energy is produced in the mitochondria within the cell. Cd
can accumulate in mitochondria, disrupting electron flow, af-
fecting aerobic respiration, and reducing adenosine triphos-
phate (ATP) production (Genchi et al., 2020). Structural and
functional alterations have been reported in the mitochondria
of aquatic organisms exposed to Cd. Studies on fish have also
reported that mitochondrial respiration decreases in parallel
with increased Cd concentration (Dai et al., 2020; Qiu et al.,
2021).

The growth performance of fish is an important parameter in-
dicating its overall health. Therefore, when assessing Cd tox-
icity, growth rate must be taken into account in addition to Cd
accumulation in tissues (Dang & Wang, 2009). Several stud-
ies concerning the toxicity of Cd also determined growth and
feed evaluation parameters (Abdel-Tawwab & Wafeek,
2014; Li & Xie, 2019; Hu et al., 2022). The objective of this
study was to assess the impact of dietary Cd on the growth of
rainbow trout, feed evaluation performance, Cd accumulation
in the tissues of the muscles and liver, the distribution of vital
minerals (Fe, Cu, Zn, Mn, Se, and Ca), liver antioxidant en-
zyme activity, and liver histology.
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Materials and Methods
Trial Planning and Sampling

The experiment was conducted at Sinop University, Faculty
of Fisheries, Research and Application Center. Rainbow trout
(Oncorhynchus mykiss) fry obtained from a private trout en-
terprise (Kuzey Su Uriinleri San. and Tic. LTD. STI) were
used in the experiment. Rainbow trout fry, which did not con-
tain Cd in their tissues, were used in the experiment. The fry
used in the experiment was fed with commercial trout feed in
stock tanks for 4 weeks to adapt to their new environment.
After the acclimatisation period, the fish were placed in cy-
lindrical fibreglass tanks with a capacity of 350 L. In each
tank, 30 rainbow trout with an average weight of 39.45+1.13
g were placed (180 fish). Six tanks were used in the experi-
ment set up in 2 groups and three replicates. The fish were
fed twice daily (9:00-16:00) until they were satiated for 48
days during the 52-day experiment. Fish were starved for 24
hours before sampling. Three fish from each tank were sam-
pled to determine the amount of cadmium accumulated in the
liver and muscle tissue of the fish at the beginning and 12-
day periods of the experiment, its metal composition, and also
to determine the nutritional content of the fish meat at the be-
ginning and end of the experiment. At the end of the experi-
ment, three fish samples were taken from each tank for liver
antioxidant enzyme parameters and histopathological exami-
nation of liver tissue. High doses of anaesthetic (400 mg/L,
MS-222, Fluka, Sigma-Aldrich, USA) were administered to
the fish during sampling. Water temperature, pH (WTW 3110
SET2), and O (Y SI Multiparameter Professional Plus) values
were 15.97 £0.47°C, 8.41 +£0.02 and 8.14 £0.12 mg/L, re-
spectively.

The control group was fed with commercial pellet feed
(Gimiisdoga Feed), and the Cd group was fed with commer-
cial pellet feed containing 5.03 mg/kg cadmium (Cd). For this
purpose, cadmium chloride (CdCl,) was added to the pellet
feed, the nutrient composition of which is given in Table 1.
While preparing the feeds containing CdCl,, 00 mL/kg oil-
water mixture (20 mL water + 80 mL sunflower oil to 1 kg
feed) and 9.79 mg/kg CdCl, were mixed into the spray bottle
until CdCl; dissolved in oil. The mixture was sprayed on the
pellet feed. The feeds were mixed for 10 minutes to ensure a
homogeneous distribution of CdCl, in the pellet feed. To
avoid any differences in the nutrient composition of the feeds,
100 mL/kg of an oil-water mixture was sprayed and com-
bined with the feed of the control group using a spray bottle.
The prepared feeds were packaged and kept at +4 °C until
used.

Table 1. Proximate composition of the diet

Nutrient composition

Moist (%) 7.3
Crude protein (%) 47.7
Crude lipid (%) 20.7
Ash (%) 12.1
NFE + crude fibre 19.5

Cd (ug/ kg) 5.03

Cu (mg/ kg) 13.80
Zn (mg/ kg) 163.57
Mn (mg/ kg) 68.81
Se (mg/ kg) 1.18

Fe (mg/ kg) 258.48
Ca (mg/ kg) 33947.89
Mg (mg/ kg) 1846.38

Cd: Cadmium; Cu: Copper; Zn: Zinc; Mn: Manganese;
Se: Selenium; Fe: Iron; Ca: Calcium; Mg: Magnesium
aNitrogen free extract (NFE) + Crude fiber = 100 —
(Crude protein + Crude lipid + ash)

Growth Performance

Condition Factor (CF), Specific Growth Rate (SBO), and
Feed Conversion Ratio (FCR) were calculated using the for-
mulas given below.

CF= (Fish weight/Cube of fish length) x 100

SGR, % = (Ln (Final weight)- Ln (Initial weight)/day) x 100
FCR = Feed consumption, g/ Weight gain, g

Nutrient Analysis

The AOAC (1995) (Association of Official Analytical Chem-
ists) protocols were applied to determine the nutrient compo-
sition of the fish muscle and experimental diets. Crude pro-
tein (Nx6.25) was determined by the Kjeldahl method, dry
matter content was determined by drying the samples at
105°C for 12 hours, crude ash was determined by incineration
in a muffle furnace at 550°C for 12 hours, and crude lipid
content was determined by ether-extraction using the Soxhlet
system.

Metal Analysis

Metal concentrations of the samples were determined by an
Inductively Coupled Plasma Mass Spectrophotometer (Ag-
ilent Technologies / 7700X ICP-MS Systems, Santa Clara,
U.S.) using the EPA 200.3 method. Multi-element standard
solutions supplied by Agilent (27-element mix: 8500-6940
2A and 8500-6940 Hg) were used for calibration curves. Ag-
ilent-supplied multi-element standard solutions (27-clement
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mix: 8500-6940 2A and 8500-6940 Hg) were used for cali-
bration curves (Milestone, 2018).

Liver Lipid Peroxidation and Antioxidant Enzyme Analysis

After being rinsed with a physiological saline solution con-
taining 0.59% NaCl, the liver tissue was stored at -80 °C until
biochemical analyses were performed; then, it was diluted
1/10 (w/v) in 0.1M sodium-phosphate buffer containing
1.17% KCI (pH 7.4) and homogenised on ice for 4 min (Ultra
Turax T-18). After centrifugation at 16000 rpm for 10 min at
+4 °C, supernatants were obtained (Nuve NF 800R).

Superoxide Dismutase (SOD) values were determined by the
method developed by Sun et al. (1988), and Catalase Activity
(CAT) was determined according to the method by Aebi
(1984). Glutathione peroxidase (GPx) enzyme activity was
measured according to the method of Paglia & Valentine
(1967). Total protein levels of tissue supernatants were deter-
mined by Lowry's method (Lowry et al., 1951), and
Malondialdehyde (MDA) levels were determined according
to the method of Ohkawa et al. (1979).

Histopathological Analysis

Histopathological analysis was performed as described in Dai
etal. (2020). Liver samples fixed in 10% neutral buffered for-
maldehyde were dehydrated in ethanol. The dehydrated tis-
sues were washed with xylene, embedded in parafilm, and cut
into 5 pum sections. Sections were stained with hematoxylin
and eosin, and the stained preparations were observed under
a light microscope.

Statistical Analysis

Growth, feed evaluation parameters, nutrient composition of
fish meat, lipid peroxidation and antioxidant enzyme activi-
ties in liver tissue were tested by T-test, Cu, Zn, Mn, Se, Fe,
Ca, and Mg concentrations in muscle and liver tissues were
tested by a two-way ANOVA. A one-way ANOVA tested
muscle and liver Cd concentrations—Tukey's test assessed
group differences in cases where metal concentrations in liver
and muscle tissues differed significantly. Statistical analyses
were executed using the SPSS Statistics 26 software. The val-
ues obtained were expressed as mean + standard deviation,
and differences below p<0.05 were considered significant.

Results and Discussion

Growth and feed evaluation data are given in Table 2. The
end-of-trial weight, CF, and SGR of rainbow trout-fed Cd-
containing feed were significantly (p<0.05) lower than those
of the control group. The best FCR values were found in the
control group (p<0.05).
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The findings of this study are consistent with those of several
other studies that found growth regression in fish exposed to
cadmium in their natural habitat, including those conducted
by Paul and Small (2021) on channel catfish (Ictalurus punc-
tatus), Abdel Tawwab et al., (2014) with Nile tilapia (Oreo-
chromis niloticus) for eight weeks, Hu et al. (2022) with
Zebra fish for 48 days, Lie and Xie (2019) with Silurus me-
ridionalis for eight weeks, and Dai et al. (2020) with Pro-
cypris merus exposed to 0, 0.25, and 0.5 mg/L Cd for 30 days.
In contrast to these studies, Dang & Wang (2009), in a 28-
day study in which they exposed Terapon jarbua to dietary
Cd, Giacomin et al. (2018) in a 35-day experiment in which
they exposed Amazaon tambaqui (Colossoma macropomum)
to dietary Cd, reported that dietary intake of Cd did not affect
growth. After 60 days of exposure to varying concentrations
of Cd, Almeida et al. (2002) reported that while Cd did not
affect growth parameters, it did reduce feed intake in Nile ti-
lapia (Oreochromis niloticus).

Table 2. Growth and feed utilisation

Initial Control Cd Group P value

Initial 39.45 £1.13

Weight

Initial CF 1.13 £1.16

FW 91.36 £4.56* 79.31 +4.51°  0.009
Final CF 1.40 £0.03* 1.36 £0.07° 0.205
SGR 1.74 £0.01*° 1.46 +£0.04*  0.000
FCR 0.92 +£0.13° 1.07 £0.10*°  0.047

CF: Conditional factor; FW: Final weight; SGR: Specific growth rate;
FCR: Feed conversion ratio. Values represent the mean and standard de-
viation. Different superscript letters indicate the significant differences
(P<0.05) between the treatments.

In studies conducted with copper, a heavy metal, negative ef-
fects on growth and feed evaluation have been determined. In
one of these studies, Glindogdu et al. (2009) recorded a de-
cline in growth and feed evaluation parameters in rainbow
trout (Oncorhynchus mykiss) fed with Cu-added feed com-
pared to the control group. According to Ali et al. (2003),
when the copper concentration in the water increased, the
Nile tilapia (Oreochromis niloticus) growth parameters and
feed intake significantly decreased. This decrease in growth
was associated with a decrease in food intake. It was further
discovered that copper exposure slowed muscle activity
while speeding up the metabolism in the liver and gills. Ac-
cording to reports, the decline in muscle activity may have
been a reaction to a decrease in energy demand, and the metal
may have impacted the nervous system of the fish. Further-
more, it was reported that because of the linear relationship
between growth and metabolic rate, changes in growth rate
are expected to cause changes in the metabolism as well. In a
similar study, Giacomin et al. (2018) reported a decrease in



Aquatic Research 7(2), 93-104 (2024) e https://doi.org/10.3153/AR24009

feed intake or feed evaluation rate following exposure to Cd,
bringing the possibility that Cd may reduce metabolism or di-
rectly affect brain hormones that regulate hunger and satiety
in addition to possibly impacting the palatability of the diet.

Deterioration in feed evaluation ratio means lower body
weight is attained with the consumed feed. The deterioration
detected in feed evaluation raises the first concern regarding
nutrient absorption from the feed. For the nutrients to be pro-
cessed by the fish body (energy production, synthesis of new
tissues, etc.), the digested nutrients must pass through the in-
testines and enter the bloodstream, reaching the cell and its
organelles. Transmission is impossible in case of structural
defects in the intestines or within cells and organelles, partic-
ularly in the cell membrane. Previous studies have observed
tissue damage following metal exposure (Liu et al., 2011; Pan
et al., 2018; Noor et al., 2020). PUFAs, which make the cell
membrane permeable, are known to oxidise and interfere
with cell permeability (Ozcan et al., 2015). The inability to
utilise nutrients as they enter the cell and mitochondria leads
to a failure to adequately produce the energy required for
growth, development, and survival. Moreover, the energy
generated may have been used to produce antioxidant defence
enzymes (SOD, CAT, GPx) to neutralise ROS released after
exposure to the metal and MTs, which enable the metal to be
eliminated from the body. These processes could also be con-
tributing factors to the decline in growth.

Table 3 shows the nutrient composition of fish meat. At the
end of the experiment, there was no significant difference
(p>0.05) in dry matter, crude protein, and crude ash values,
but lipid content in fish meat was determined to be higher
(p<0.05) in the Cd-treated group in comparison to the control

group. Similar to this study, Liu et al. (2011) reported that the
amount of lipids in the total body and liver tissue increased
with Cd exposure, and the reason for this increase was im-
paired lipid metabolism following Cd exposure.

Heavy metal concentrations in fish tissues are known to in-
crease with length of exposure (Giindogdu et al., 2009; Yesil-
budak & Erdem, 2014; Ozen & Pak, 2020). Through their
gills and gastrointestinal openings, fish absorb Cd from their
food and the water environment they live in. Cd is taken into
the body and spreads to different organs and tissues (Squadro
etal., 2013; Lietal., 2018). Cd is accumulated mostly in liver
and kidney tissue in fish (Bustamante et al., 2003; Cirillo et
al., 2012; Mashroofeh et al., 2013; Squadro et al., 2013; Li et
al., 2018). Most recent studies have focused on determining
the effects of heavy metals incorporated into the aquatic hab-
itat (Abdel Tawwab & Wafeek, 2014; Li et al., 2018). Fewer
studies have been conducted on the accumulation rate of
heavy metals from dietary intake in tissues, along with fish's
growth and feed evaluation performance. This study demon-
strated a significant (p<0.05) increase in Cd concentrations in
muscle and liver tissues of rainbow trout when exposed to Cd
through dietary intake for 48 days (Table 4). The highest Cd
concentration was detected in liver tissue. In previous studies
conducted with rainbow trout and other fish species, Cd con-
centration in liver tissue was higher than in muscle tissue in
all sampling periods (Rome’o et al., 2000; Kondera et al.,
2014; Ozen & Pak, 2020). The higher accumulation of Cd in
the liver can be explained by the metabolically active nature
of the liver, the presence of MTs in the liver and the binding
of Cd to MTs (Vallee, 1995; Thevenod, 2003). During the
experiment, the control group showed no Cd in either muscle
or liver tissue.

Table 3. Proximate composition of fish muscle

Initial Control Cd Group P value
Dry Matter 25.12 26.17 +0.10° 25.99 +0.16° 0.251
Crude protein 20.42 18.43 +0.412 18.28 £0.20° 0.341
Crude lipid 2.49 5.05 £0.18? 4.81 +0.28° 0.045
Ash 2.21 2.69 +0.10° 2.89 +0.11* 0.184

Values represent the mean and standard deviation. Different superscript letters indicate the significant differences (P<0.05)
between the treatments.
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A decrease in Cu, Zn, Mn, Se, Fe, Ca and Mg values in the
muscle and liver tissues of the Cd group was recorded in the
experiment (Table 4). Cu concentration in the muscle tissue
of the Cd group was significantly lower (p<0.05) at all peri-
ods compared to the control group. In comparison, the Zn
level in the muscle tissue of the control group showed a sig-
nificant difference (p<0.05) on the 48th day, while The Zn
level in the liver tissue was found to be the highest (p<0.05)
beginning on the 30th day. Mn level in muscle tissue showed
a significant (p<0.05) decrease from day 24, while Mn level
in liver tissue significantly (p<0.05) decreased from day 36
compared to the control group. Se level in the muscle tissue
did not change over time in the control group, whereas it
showed a significant (p<0.05) decrease in the Cd group from
day 12 compared to the control group. Although Se levels in
liver tissue decreased with time, a significant (p<0.05) differ-
ence was detected at day 36. The Fe level in muscle tissue
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started to decrease on the 12th day (p<0.05), and the lowest
Fe value was obtained on the 48th day in the Cd-fed groups
compared to the control group. The Fe level in the liver tissue
did not change with time in the control group, while a signif-
icant decrease (p<0.05) was detected in the Cd group at the
24th sampling period, and the lowest Fe value was detected
on the 48th day. The Ca content in muscle tissue showed a
significant decrease (p<0.05) starting from the 24th sampling
period in comparison to the control group, while the signifi-
cant (p<0.05) decrease in liver tissue started at the 12th sam-
pling period and the lowest Ca value was determined on the
48th day. Mg levels in muscle tissue were significantly lower
(p<0.05) in the Cd group compared to the control group in all
periods. While liver Mg concentration increased with time
(p<0.05) in the control group, it was found to be significantly
(p<0.05) lower and showed a decrease (p<0.05) with time
(p<0.05) in the Cd-fed group compared to the control group.

Table 4. Metal composition of muscle and liver of rainbow trout (units pug/kg ww for Cd, mg/kg ww for other metals)

Cd Cu Zn Mn Se Fe Ca Mg
Control
MUSCLE
12. day - 0.64+0.02° 7.57+0.012 0.3840.01>  0.66+0.022 4.99+0.01° 379.38+4.77%  350.32+3.43°
24. day - 0.69+0.012 7.15+0.02b¢ 0.35+0.03° 0.70+0.00? 5.08+£0.01%*  398.27+3.77*°  381.43+£1.32°
36. day - 0.63£0.03° 6.99+0.02b° 0.35+0.01° 0.70£0.02a 5.28+0.012 361.32+£3.06"  365.3742.57%®
48. day - 0.60+0.01° 8.11+0.00? 0.40+0.012 0.69+0.00? 4.76+0.02¢ 391.56+2,14*  350.98+3.45°
Cd Group
MUSCLE
12. day 3.20+0.154 0.54+0.01°¢ 7.78+0.28? 0.34+0.02° 0.47+0.01° 4.08+0.044 385.47+£5.93*  326.91+13.85°
24. day 5.90+0.14¢ 0.39+0.024 7.08+0.60b° 0.19+0.02°¢ 0.42+0.02° 3.24+0.12¢ 335.98+9.67°  309.14+8.694
36. day 10.03+0.36° 0.40+0.014 6.79+0.24¢ 0.19£0.01°¢ 0.39+0.01° 3.25+0.12¢ 282.11£2.92¢  291.8343.66°
48. day 14.23+0.69? 0.39+0.034 5.36+0.334 0.15+0.02°¢ 0.39+0.02¢ 3.03+£0.15F  120.62+17.30° 250.80+6.48"
P Value
Time 0.000 0.000 0.000 0.034 0.000 0.000 0.000
Group 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Time x Group 0.000 0.000 0.000 0.005 0.000 0.000 0.000
Control
LIVER
12. day - 69.71+0.02*  33.87+0.01* 1.59+0.012 1.04+0.05¢ 85.27+0.10*°  342.55+1.13¢  300.23+1.344
24. day - 72.84+0.04*  34.63+0.02* 1.63+£0.022 1.1740.03%  84.18+0.06* 376.28+1.86°  325.16+2.06°
36. day - 74.26+0.04*  32.98+0.02% 1.55+0.112 1.09+0.09¢ 85.43+0.19°  341.25+1.71°  331.36+1.47°
48. day - 73.99+0.04*  33.27+0.01% 1.68+0.10? 1.2840.10®  85.30+0.34*  348.96+2.06>  346.36+1.93%
Cd Group
LIVER
12. day 5.37+0.594 73.03+£3.13*  32.33+1.02 1.51+£0.282 1.34+0.012 82.64+3.59*  287.2240.88¢ 195.70+3.93¢
24. day 38.94+0.64°¢ 56.03+£5.85"  30.96+2.74° 1.46+0.032 1.04+0.03¢ 66.54+6.72Y  237.75+0.67° 179.07+2.71F
36. day 43.00+0.77° 42.21+0.47¢  24.59+1.01¢ 1.25+0.02° 0.81+0.044 56.10£2.38¢  169.21+1.85F 180.91+1.18F
48. day 68.274+0.40° 11.1140.399  23.58+0.36° 1.07+0.05° 0.73+0.024 48.19+1.83¢  117.03+£1.968  171.39+3.57¢
P value
Time 0.000 0.000 0.021 0.000 0.000 0.000 0.000
Group 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Time x Group 0.000 0.000 0.004 0.000 0.000 0.000 0.000

Values represent the mean and standard deviation. Different superscript letters indicate the significant differences (P<0.05) between the treatments.
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In previous studies conducted with fish species other than
rainbow trout, decreases in Cu, Zn, Mn, Se, Fe, Ca, and Mg
values in fish tissues were detected at various times following
exposure to Cd. For example, Castaldo et al. (2020) reported
that Mg content in the liver of common carp (Cyprinus car-
pio) decreased at the end of 1 week following exposure to a
mixture of Cu, Zn, Cd metal, while Mg content in the muscle
did not show any change. Paul et al. (2021) did not detect a
decrease in Ca, Cu, Fe and Zn values in muscle, liver, and
kidney tissues of channel catfish (Icfalurus punctatus) after
exposure to Cd in their sampling at three months, while they
detected a decrease in Ca, Cu, Fe and Zn values in muscle
and liver tissues at six months. Liu et al. (2021) reported that
Na content decreased in the carcass of catfish (Silurus merid-
ionalis) following exposure to Cd, while Ca content was not
affected by Cd exposure. According to the study results, the
type of fish could significantly impact the duration of the de-
cline in metal levels in tissues. Hence, Sheikh et al. (2018)
reported in their study conducted with rainbow trout and stur-
geon that life stage and fish species were important factors
influencing Cd uptake, while trout were more Cd sensitive
than sturgeon. The same study also reported that Cd intake
significantly decreased the total body Ca in trout but did not
have the same effect in sturgeon. Previous studies on fish
have found that gastrointestinal uptake of Cd occurs in all
parts of the stomach and intestines (Ojo & Wood, 2007;
Mcgeer et al., 2012). Kwong et al. (2010) reported in their
studies with trout that Cd follows the same pathway as Fe up-
take in the intestine, leading Cd to interfere with Fe uptake.

Free radicals cause lipid peroxidation (Nam, 2011). Although
Cd does not directly produce ROS, it indirectly causes the

production of free radicals by affecting the mitochondrial
electron transfer chain or increasing glutathione consumption
(Romero et al., 2011). Aldehydes formed by lipid peroxida-
tion in the presence of free radicals form cross-links with pro-
teins, nucleic acids and lipids. MDA is the most important
aldehyde among the degradation products of lipid peroxides
(Ahmed et al., 2024). MDA is a widely used indicator of ox-
idative damage in cells and tissues (Zengin, 2018). In the cur-
rent study, a significant (p<0.05) increase (Table 5) was de-
tected in the MDA value in samples taken from the liver tis-
sue of rainbow trout exposed to Cd in comparison to the con-
trol group. Another study with rainbow trout reported that
MDA value in the liver increased after exposure to Cd (2
ppm) for one week (Talas et al., 2008). According to one of
the studies conducted with different fish species, Li et al.
(2018) reported that exposure to Cd (62.5, 125, 250 and 500
ug Cd/L) for 56 days caused an increase in the MDA value in
the tissues of southern catfish (Silurus meridionalis) and the
highest MDA value was detected in the liver, Hu et al. 2022
reported that exposure of zebrafish to Cd (5, 10, 20 Microg/L)
for 48 days increased the MDA value. Similar increases were
reported in studies where the experimental period was kept
shorter. Souid et al. (2013) reported a significant increase in
MDA levels in the liver of sea bream (Sparus auratus) ex-
posed to Cd (0.5 mg/L) for 24 hours, while Zheng et al.
(2016) reported that MDA value increased in zebrafish
(Danio rerio) following exposure to Cd (1 mg/L) for 96
hours. Examining previous studies, the MDA value increased
in all conditions independent of Cd doses, metal exposure
method and metal exposure time. This indicates an accelera-
tion of lipid peroxidation by Cd in a very short time.

Table 5. Lipid peroxidation and antioxidant defence system enzymes

MDA SOD CAT GPx
(nmol/mg protein)  (U/mg protein) (U/mg protein)  (U/mg protein)
Control 0.52 +0.04° 22.32 +0.322 30.87 +0.29* 20.98 +0.56
Cd Group 10.02 +0.152 12.21 £0.29 4.986 +0.15" 15.06 +0.23>
P value 0.009 0.037 0.002 0.009

Values represent the mean and standard deviation. Different superscript letters indicate the significant differences
(P<0.05) between the treatments.

Fish have an antioxidant system that prevents cell damage
caused by ROS following exposure to heavy metals. It is
known that ROS are balanced by enzymatic (SOD, CAT,
GPx) and non-enzymatic (GSH, C vit, Se) antioxidant barri-
ers (Genchi et al., 2020). The findings of this study revealed
that Cd significantly (p<0.05) decreased the activity of SOD,
CAT and GPx enzymes and decreased the antioxidant capac-
ity compared to the control group (Table 5). Similar to the
results of this study, Talas et al. (2008) found that CAT, SOD

and GPx activities decreased in rainbow trout (Oncorhynchus
mykiss) after one week. The study conducted by Pan et al.
(2018) showed that Cd decreased SOD and GPx activity in
zebrafish at the end of 30 days, Li et al. (2018) found that
SOD activity decreased in southern catfish (Silurus merid-
ionalis) at the end of 56 days, while CAT activity remained
constant, Souid et al. (2013) reported that CAT activity in-
creased at the end of 24 hours, SOD activity peaked at the 4th
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hour. It decreased at the 24th hour in Sea bream (Sparus au-
ratus). Dabas et al. (2012) reported that in Freshwater mus-
sels (Channa punctatus) exposed to Cd (6.7, 13.4 and 20.1
mg/L) for 96 hours, GPx activity increased at all concentra-
tions, SOD activity increased depending on concentration and
time, while the highest CAT activity was detected in the liver.

Considering the results of this study along with the results of
the study conducted by Talas et al. (2008), the determination
of decreases in SOD, CAT and GPx values in weeks com-
pared to other fish species suggests that the trout has a lower
antioxidant defence system capacity. A low antioxidant de-
fence system may be related to the genetic structure of rain-
bow trout. Rainbow trout may have a less developed antioxi-
dant defence system against pollutants like heavy metals be-
cause of their capacity to live and breed in clean waters.

Due to liver tissue damage, the liver's detoxification ability is
significantly reduced (Liu et al., 2022). Histopathological
evaluation of the liver sections examined under a light micro-
scope revealed that the liver sections in the control group had
a normal histologic structure. Hepatocytes around the central
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veins were found to have one or two large nuclei, morpholog-
ically smooth contours, normal sinusoidal spaces, and no
pathologic lesions (Figure 1a). In the liver sections of Cd-
treated fish, it was determined that there were necrotic arcas
throughout the section, mainly around the central vein, nu-
merous foci of mononuclear cell infiltration, enlargement of
sinusoids and vacuolar degenerations in hepatocytes (Figure
1b, ¢

d). Similar to the results of this study, van Dyk et al. (2007)
observed hyalinisation, congestion of blood vessels, in-
creased vacuolation associated with lipid accumulation, and
cellular swelling in the liver of Tilapia (Oreochromis mos-
sambicus) exposed to Cd and Zn metals, while Dai et al.
(2020) observed hydropic degeneration and necrosis in the
liver of Procypris merus, a carp species, and Noor et al.
(2020) detected lesion and sinusoids in the liver cells of gold-
fish (Carassius auratus) exposed to Cd through their diet and
water environment. The results from the studies indicate that
exposure to Cd through their aquatic environment and diet
causes liver damage in fish.

.

Figure 1. Light microscopic image of liver sections of fish in control and cadmium groups (a: control group, b, ¢, d: cadmium
groups). Black arrow: mononuclear cell infiltration, red arrow: sinusoidal expansion, star: necrotic area, triangle: vacuolar
degeneration. Hematoxylin-Eosin, x40
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Conclusion

In the present study, dietary exposure of rainbow trout to Cd
caused decreased growth and feed evaluation performance,
decreased Se in the non-enzymatic antioxidant system of fish,
decreased Mn, Zn, Cu as cofactors in the structure of antiox-
idant enzymes and Ca, Mg, Fe in biochemical reactions, de-
creased liver SOD, CAT and GPx activities and liver damage.
All of these findings demonstrated that trout are highly sen-
sitive to Cd toxicity. The decrease in Mn, Zn, Cu and Se met-
als, in parallel with the decrease in liver enzyme activity,
showed that the amount of these metals could also be used as
biomarkers when evaluating the antioxidant defence system
capacity of the rainbow trout.
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Fakiiltesi, Balik¢ilik ve Su Uriinleri

Isleme Teknolojisi B8liimdi, Istanbul, Calismanin amaci, Marmara Ereglisi’nde kiigiik 6l¢ekli balik¢ilikta kullanilan av araglarinin tek-
Tirkiye nik ozelliklerini belirlemek ve Marmara Ereglisi'nin balik¢ilik potansiyelini ortaya koymaktir.

Calisma, 2022-2023 balik¢ilik sezonunda, Marmara Ereglisi balik¢i barinaginda gergekles-

tirilmistir. Caligma, 14 ticari balik¢1 ile yapilan anket ve kisisel gézlemlerin sonuglaridir. Buna
ORCID IDs of the author(s): gdre caligma siiresince 9°u solungag ve 6°si fanyali olmak iizere 15 farkli uzatma ag1, 5 farkh olta
T.Z.A. 0000-0001-8120-695X ve 1 tip algarna tespit edilmistir. Marmara Ereglisi’nde kiigiik 6lgekli balikcilik faaliyetinde 13’
hedef, 36’s1 hedef dis1 tiir olmak {izere toplamda 38 farkli balik tiirii avlanmaktadir. Bu ¢aligma ile
Marmara Ereglisi’ndeki kiiciik 6lgekli balikgiligin gerek kullanilan av araglar1 gerekse avlanan
tiirler yoniinden 6nemli bir potansiyele sahip oldugu sonucuna varilmistir. Bu ¢alisma, Marmara
Ereglisi’nde kullanilan av araglarinin teknik &zelliklerine odaklanan ilk ¢aligma olma 6zelligi
tagmaktadir.
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ABSTRACT
The fishing potential of Marmara Ereglisi (Tekirdag) and fishing gear used in small-scale
fishing activities
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E-mail: alicli@istanbul.edu.tr

The study aims to determine the technical characteristics of fishing gear used in the small-scale
fishery in Marmara Ereglisi and to give the fishing potential of Marmara Ereglisi. The study was
conducted during the 2022-2023 fishing season at the Marmara Ereglisi fishing shelter. Our results
are based on the surveys conducted with 14 commercial fishermen and personal observations.
Accordingly, 15 different set nets (9 gill nets and 6 trammel nets), five different fishing lines, and
1 type of beam trawl were identified. In the small-scale fishing activity in Marmara Ereglisi, 38
other fish species (13 target and 36 non-target) were caught. This study concludes that small-scale
fishing in Marmara Ereglisi has significant potential in the fishing gear used and the species seen.
The study is the first to focus on the technical specifications of fishing gear used in Marmara

@ O) \ Ereglisi.
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Geleneksel balikgilik, ticari balik¢iligin aksine balik¢inin az
miktarda sermaye ve enerjiyi kullanarak, varsa nispeten
kiiciik balik¢i1 tekneleri ile kiyiya yakin sahalarda baslica
bolgesel tiiketimi karsilamak amaciyla yapilan kisa balik
tutma seferidir (Anonymous, 2015). Ulkemizde kiiciik
Olgekli balikeilik; 12 m’den kiiciik balik¢i tekneleri ile av
sahasinin kiyr alani olarak kabul edildigi ve uzatma aglari,
paraketa, kaldirma aglari, olta ve tuzaklar gibi av araclari ile
giinii birlik yapilan aveilik faaliyetidir (Unal, 2003).

Tekirdag ilinde 2020 yili Tarim Raporuna gére 186 balikgi
teknesinin 176°s1 denizlerde faaliyet gosterirken bu teknele-
rin 150 adedinin boyu 12 m. nin altindadir (Anonymous,
2021). Tekirdag iline bagli Marmara Ereglisi, Barbaros,
Kumbag, Hoskdy, Miirefte ve Sarkdy Marmara Bolgesinin
onemli balik¢ilik merkezleri arasinda yer almaktadir (Oztiirk,
2009). Bolgede balikeilik faaliyeti iizerine yapilmis ¢alisma-
larda; Marmara karidesinin algarna takimlar1 kullanilarak av-
ciligt (Erden & Erim, 1971), kiy1 balik¢iligi ve sorunlar (Ak-
yol & Perg¢in, 2006), deniz balik¢iliginin sosyo-ekonomik du-
rumu ve pazarlama yapisi (Sahin (Ozen), 2006), Marmara
Ereglisi’nde kiigiik olgekli balik¢ilik faaliyeti ve balik¢inin
sosyo-ekonomik yapisi tizerinde durulmustur (Alich ve ark.,
2019). Balik¢ilik iizerine yapilan ¢alismalardan sadece Akyol
& Percin (2006)° nin ¢alismasinda bolgedeki av araglarinin
teknik 6zellikleri tizerinde durulmustur.

Ulkemizin kiiciik dlgekli balik¢ilik faaliyeti yoniinden ol-
dukca zengin bir potansiyele sahip olusu farkli av araglarinin
kullanimini beraberinde getirdigi gibi bu av araglarimin teknik
ozelliklerinde farklilagmasina sebep olmustur. Bu ¢aligma ile
Marmara Ereglisi’nde (Tekirdag) denizel su iiriinleri avinda
aktif olarak kullanilan av araglarinin teknik 6zellikleri ve ba-
likgilik potansiyelinin tespiti amaglanmistir.

Materyal ve Metot

Bu arastirma, 2022-2023 av sezonunda Marmara Ereglisi’nde
(Tekirdag) aktif olarak kiiciik 6lgekli balik¢ilik faaliyetinde

Research

bulunan 14 balik¢1 ile yapilan anket c¢alismasi ve kisisel
gozlemlere dayanmaktadir (Sekil 1). Arastirma materyalini
Marmara Ereglisi’nde kiiglik 6lcekli balik¢ilik faaliyetinde
kullanilan av araclar teskil etmektedir. Av araglarinin teknik
ozelliklerinin tespitinde; solunga¢ aglar1 igin; agin adi,
mantar bilyiikliigii (no), mantarlar arasi mesafe (cm), agin
iplik no (210d/), agin goz acgikligi (mm), agda kullanilan
kursun agirlik (g), kursunlar arasindaki mesafe (cm), mantar
numarasi, kursun ve kosma halati ¢aplari (mm) dikkate
alinmustir (Sekil 2).

Fanyali aglarda; agin adi, mantar biiyiikliigii (no), mantarlar
arast mesafe (cm), fanya ve tor aglarin iplik no (210d/),
fanya ve tor aglarinin goz acikligi (mm), agda kullanilan
kursun agirlik (g), kursunlar arasindaki mesafe (cm), mantar,
kursun ve kosma halati ¢aplar1 (mm) dikkate alinmistir (Sekil
3).

KARADENIZ

Istanbul
Tekirdag

Marmara Ereglisi
Marmara Denizi

Sekil 1. Marmara Ereglisi (Tekirdag)
Figure 1. Marmara Ereglisi (Tekirdag)
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Ek olarak; solunga¢ ve fanyali aglarin uzunlugu, derinligi,
kullanildig1 periyot, birakilma derinligi ve zemin yapisi,
solungac¢ ve fanyali aglar i¢in hedef olarak secilen tiirlerin
yaninda bu aglarca yakalanan tesadiifi tiirler de tespit
edilmistir.

Oltalarda; adi, beden misina ¢ap1 (mm), kdstek misina gap1
(mm), kdstek misina boyu (cm), kdstekler aras1 mesafe (cm),
igne tiirii, buyiikliigli ve sayisi, kursun agirlik (g) dikkate
alinmistir. Algarnada; kiris uzunlugu (m) ve yiiksekligi (cm),
torba uzunlugu (m), géz acikligt (mm) ve iplik numarasi
(210d/) dikkate alinmistir. Bulgular, benzer av araglarinin
Marmara Denizi i¢in tasarlanmis olanlari ile karsilastirilarak
benzerlik ve farkliliklar tablolar halinde getirilmistir.

Bulgular ve Tartisma

Solungag Aglart

Sekil 2’ de bir solungag¢ aginin sematik ¢izimi verilmektedir.
Berlam Ag

Agin mantar yaka halati 6 mm ¢apinda, boydaki mantar sayis1
160 adet, aralarindaki mesafe 60 cm dir. Kursun yaka halati
5 mm c¢apindadir. Agda 50 g agirhigindaki kursunlar
kullanilirken kursunlar arasindaki mesafe 60 cm dir. Agin
donam faktorii 0.5 tir. Kumlu, ¢amurlu ve taslik zemine
kiyiya paralel sabah erken saatlerde dokiilen ag aksam giin
batimindan 6nce toplanir. Bu aglar ile yil boyunca 10, 60 ve
70 kulag derinliklerde balik¢ilik yapilmaktadir.

Cinakop Ag

Mantar yaka halat1 6 mm ¢apindadir. Mantarlar arasindaki
mesafe 30 cm olup, boyda 330 adet mantar bulmaktadir. Kur-
sun yakada kalinliklar1 4 mm ve 5 mm olan iki halat bulun-
maktadir. Agdaki kursunlar arasindaki mesafe 30 cm dir. Ci-
nakop aginin donam faktorii 1/3 tiir. Cinakop ag1 agustos, ey-
lil, ekim ve kasim aylarinda 4-10 kulag derinlikteki tag ya da
kumluk zemine atildiktan hemen sonra toplanarak avlanma
gergeklestirilir.

Istavrit Ag

Mantar yaka halatt 6 mm capindadir. Mantarlar arasindaki
mesafe 50 cm olup, boyda 200 adet mantar bulmaktadir. Kur-
sun yakada 4 mm ve 5 mm capinda iki halat bulunur. Kursun-
lar arasindaki mesafe 40 cm dir. Istavrit aginin donam faktorii
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1/3 tiir. Istavrit ag1 kayalik zemine, kiy1ya paralel olarak, ni-
san-agustos aylarinda, 2-6 kulag arasindaki derinlige dokiil-
mekte ve 1-1.5 giin suda birakildiktan sonra toplanmaktadir.

Izmarit Ag1

Mantar yaka halati1 6 mm c¢apindadir. Boydaki mantar sayisi
200-250 adet olup, aralarindaki mesafe 40-50 cm dir. Kursun
yakada 4 mm ve 5 mm capinda iki halat bulunur. Kursunlar
arasindaki mesafe 30 cm dir. izmarit aginin donam faktorii
1/3 tiir. Bu aglar 15 nisan-15 haziran arasinda kullanilir. 2-5
kulag derinlige, kumlu ve camurlu zemine aksam saatlerinde
dokiilen ag ertesi giin erken saatlerde toplanmaktadir.

Kalkan Ag1

Agin mantar yaka halat ¢ap1 5 mm dir. Boyda yaklasik olarak
80-60 adet mantar bulunmaktadir. Kursun yakada her biri 3
ve 4 mm c¢apinda iki halat vardir. Agin tamaminda 200-800
adet arasinda degisen sayida kursun bulunurken, aralarindaki
mesafe 50 cm dir. Kalkan aglarn ile avcilik ocak aymdan 15
nisana kadar devam eder. Kalkan aglar1 10 kulag derinlige
dokiilmektedir. Camur ya da taslik zemine dokiilen kalkan
aginin suda kalig siiresi 3-7 giin arasinda degisir. Ag zaman
zaman sudan kaldirilarak kontrolleri yapilmaktadir.

Liifer Agi

Donam faktorii 1/3 tiir. Mantar yaka halati 6 mm capindadir.
Boyda yaklasik olarak 250 adet mantar bulunurken, aralarin-
daki mesafe 40 cm dir. Kursun yakada 4 mm ve 5 mm ¢apinda
iki halat bulunmaktadir. Boydaki kursun say1s1 200 adedi bu-
lurken, aralarindaki mesafe 30 cm dir. Bu aglar 15 agustos-
ekim arasinda sabah toplanmak tizere aksam kiyiya paralel ve
5 kulag derinlige birakilmaktadir.

Sardalye Ag1

Donam faktorii 0.50 dir. Mantar yaka halati § mm capinda,
boydaki mantar sayis1 50 adet, aralarindaki mesafe 1 kulagtir
(180 cm). Kursun yakada 8 mm capinda iki halat vardir. Kur-
sunlar arasindaki mesafe 2-3 kulag¢ arasindadir. Sardalye ag-
lar1 5-15 kulag, kumlu-camurlu zemine, temmuz-agustos-ey-
lil aylarinda dokiilmektedir.

Uskumru/Kolyoz Agt

Donam faktorii 1/3 tiir. Mantar yaka halati 8 mm capindadir.
Boydaki mantar sayis1 400, aralarindaki mesafe 25 cm dir.
Kursun yakada kalinliklar1 6 ve 6 mm veya 5 ve 6 mm olan
iki farkli capta halat kullanilabilir. Her birin agirhigi 100 g
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olan kursunlarin arasindaki mesafe 50 cm dir. Bu ag 5-8 kulag
arasindaki kayalik ve kumluk zemine temmuz ve agustos ay-
larinda dokdiliir.

Liifer/Palamut Agt

Donam faktorii 0.5 tir. Mantar yaka halati 8§ mm, mantarlar
arasindaki mesafe 30 cm dir. Kursun yaka halatlarinin kalin-
liklar1 6 mm ve 5 mm dir. Kursunlar arasindaki mesafe 20 cm
olup, her bir kursunun agirlig1 100 g dir. Bu aglar eyliil-kasim
aylar1 arasinda 10 kulag derinlige dokiiliir.

Arastirmada, Marmara Ereglisi’'nde ve Marmara Denizi’nde
ayni balik tiirleri i¢in benzer 6zellikteki aglarin tasarlandig
tespit edilmistir. Marmara Ereglisi’nde berlam ag1 icin seci-
len ag gozii ip kalinhg Istanbul kiy1 balikgiligindaki berlam
dip aglari, ¢inakop i¢in secilen ag gozii ip kalinligit Marmara
Adast, Istanbul kiy1 balikgiligindaki dip aglari ve Prens Ada-
lari’ndaki aglar ile benzer 6zelliktedir. Marmara Ereglisi’nde
istavrit aglarinda kullanilan ag gozii ip kalinlig1 Tekirdag ve
Istanbul kiy1 balik¢iliginda kullamlan dip uzatma aglari, iz-
marit ag1 i¢in secilen ip kalinh@ Istanbul kiyr balik¢iliginda
kullanilan izmarit aglar ile benzerdir. Marmara Ereglisi’nde
kalkan ag1 icin kullamilan ip kalinhig1 Istanbul kiyr balikgili-
ginda kullanilan aglar, liifer ag1 i¢in kullanilan ag gozii ip ka-
linlig1 Tekirdag ve Istanbul kiy1 balik¢iliginda kullanilan ag-
larla ve uskumru/kolyoz aglari icin secilen ag gozii ip kalin-
l1g1 Tekirdag kiy1 balik¢iliginda kullanilan aglarla benzerlik
gostermektedir (Tablo 1).

Fanyali aglar
Sekil 3’ de bir fanyali agin sematik ¢izimi verilmektedir.
Dil Ag1

Agm uzunlugu 15-20 boy arasindadir. Tor ag1 50, fanya ag1
6.5 goz derinligindedir. Mantar yaka halat1 5 ya da 6 mm ca-
pindadir. Boyda yaklasik160-250 adet mantar bulunurken,
aralarindaki mesafe 40-60 cm arasindadir. Kursun yakada 4
mm ve 5 mm ¢apinda iki halat bulunur. Kursunlar arasindaki
mesafe 35-60 cm arasinda degisir. Dil aginin donam faktorii
0.5 tir. Dil aglar1 yil boyunca, 10-45 kulag arasinda, kum ya
da ¢amurlu zemine, aksamiistii atilir ve sabah toplanir.

Marya A

Donam faktorii 1/3 tiir. Mantar yaka halatinin ¢capt 5 mm dir.
Bir boy agda yaklasik olarak 170 adet mantar bulunur. Kur-
sun yakada her biri 4 mm ¢apinda iki halat vardir. Bu halat-
lardan biri kosma halatidir. Kursunlar arasindaki mesafe 35-
40 cm dir. Kumluk zemine kryidan ag¢iga dogru dokiilen bu
ag bir gece suda bekletildikten sonra toplanir. Marya ag1 ka-
sim, aralik ve ocak aylarinda 3 kulag derinlige dokiilmektedir.

Palamut Ag

4 boy uzunlugundadir. Tor ag1 18 m derinligindedir. Mantar
yaka halat1 § mm ¢apindadir. Mantarlar arasindaki mesafe 30
cm dir. Kursun yaka halatinin ¢ap1 5 mm, kursunlar arasin-
daki mesafe 15 cm dir. Fanyali palamut aginin donam faktorii
0.5 tir. Eyliil, ekim ve kasim aylarinda kullanilan fanyal pa-
lamut ag1 5 kulag derinlige dokiiliir.

Pisi Ag

Pisi agmin uzunlugu 5-15-20 boy arasinda degismektedir.
Tor ag1 derinligi yaklasik olarak 70 goz-1 kulag¢ arasinda de-
gisir. Agin donam faktorii 0.5 tir. Fanya derinligi 5.5 goz-1
kulag arasinda degisir. Mantar yaka halat1 5 mm capindadir.
Boydaki mantar sayis1 200 adet aralarindaki mesafe 50 cm
dir. Kursun yakada caplar1 3 mm ve 4 mm olan iki halat bu-
lunur. Bir boy agda yaklasik olarak 250 adet kursun bulunur-
ken, aralarindaki mesafe 40 cm dir. Bu aglar, mayis, eyliil,
ekim ve kasim aylarinda 4-5-15 kula¢ derinlikte, kumlu-ga-
kill1 zemine ve yarim ay seklinde dosenir.

Tekir Ag1 1

Tekir agimin donam faktorii 1/2 dir. Tor ag1 70, fanya 6.5 goz
derinligindedir. Mantar yaka halati 5 mm, kursun yaka halati
3 mm ya da 4 mm dir. Agda yaklasik olarak 250 adet kursun
bulunur. Agin atilma derinligi 3-6 kulag arasindadir. Tekir ag1
(D) aksam saatlerinde atilip 1 saat suda birakildiktan sonra
toplanir (20:00-21:00). Tekir ag1 (I) mayis ve haziran ayla-
rinda kiyiya paralel ve kumluk zemine dokiilmektedir.
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Tablo 1. Marmara Denizi ve Marmara Ereglisi’nde kullanilan solunga¢ aglarinin teknik 6zellikleri

Table 1. Technical characteristics of gill nets used in Marmara Sea and Marmara Ereglisi

Agin goz Agda kullamlan | Mantar bii- Kursun Ag uzunlugu Ag derinligi
Ag acikhig ip numarasi yiikliigii agirhk (m) (m)
cesidi (mm) (210d/) (no) (2
44 50 3-8 yaprak
Galsama alamana* 64 210d/ 3-4 5 265-660 1 yaprak
Ceyhan ve 68 100 100-200 o6
20z
ark., (2005) aa
Cinakop* 48 - 4-5 50-100 300-500 3 yaprak
Mezgit* 56-64-72 210d/ 3-4 - - -
?;}éill & Istavrit* 32-34 210d/2-3 - 3-4 posta -
¢ Liifer birakmasi* 64 210d/ 3-4 - - 3-4-8-10 posta -
(20006) Uskumru-kolyoz* 46 210d/2-3 - - 4-5 posta -
Cinakop* 44 210d/3 6 100 546 120x5
Akyol ve Glumis* 21 210d/ 2 2 40 134 600
ark., (2009) Sardalye* 25.5 210/ 2 3 2000 133 520
Palamut* 84 210d/ 3 5 750 137 100x5
Cinakop* 46 210d/3 2-3 40-50 136.5 100-150
Istavrit* 34-36 210d/2-3 2-3 40-50 136.5 50-100
Yildiz & Kalkan* 320-330 210d/6-9 23 40-50 54.6 75
g%rf‘(l)“;l)ak’ Liifer* 64 210d/ 3-4 4 40-50 145.6 100
Mezgit* 50 210d/ 4 2-3 50-100 127.4 50-100
Mirlan* 52-60 210d/3 3-4 50 127.4 50-100
Tekir* 34-36 210d/2-3 2-3 40 145.6 50 goz
Alamana* 60-64 210d/ 3 4 50-100 300 100-200 kapak
Yildiz & Glumiis* 21 0.18 mm 2 40 127.4 100-200
Karaklulak, Izmarit* 48 210d/ 3 3 50 123.76 50
(2010 b) Palamut* 72-84 210d/ 3-4 5-6 250 163.8 100 kapak
Sardalye* 25.5-27 210d/2-3 3-4 40-50 127.4 60-600
Cinakop alamanasi™* 40 210d/ 3 5 50 216 200
Glumiis* 22 210d/ 2 2 30 127 100
Istavrit I* 27 210d/ 2 6 100 154.7 400
Akyol & 1stavr%t 1* 36 210d/2 2 50 100 240
Cevhan 1stavr1t 11T* 36 210d/2 2 50 100 120
cynan, Tzmarit (misina)* 44 0.40 mm 2 40 100 55
(2011) Liifer (misina)* 64 0.23 mm 3 40 100 50
Mezgit (misina)* 56 3 mm 3 40 100 60
Mezgit* 64 210d/3 4 40 125 500
Palamut* 68 210d/ 4 6 200 164 600
Goktirk & Glimiis 10 210d/ 1 1 13-16 100 300
Denigz, Liifer 32 210d/3 2 40-50 400 40-50
(2016) Liifer (Yiizey galsama) 32 210d/3 5-6 100 230 1-10
Berlam* 56 210d/ 3 3 50 15-20 boy 60 goz
Cinakop* 40 210d/ 3 5 100 4 boy 11 kulag
Istavrit* 30-32 210d/2-3 4-5 60-100 2-3 boy 200-250-400
Izmarit* 50 210d/ 3 4 100 2-3 boy 120 goz
glarf?a.ra Kalkan 160-180-200 210d/ 6-9 25 50 10 boy 9.5 goz
reghist Liifer* 64 210d/ 4 4 100 2 boy 100
Liifer-Palamut* 60 210d/ 4 8 100 4 boy 8-10 kulag
Sardalye* 48-56 210d/ 4 8 Zincir 3-4 boy 400-800
Uskumru- Kolyoz* 44 210d/ 3 6 100 4 boy 100 kulag

e TGB: Tam goz boyu
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Tekir Ag1 I1

Tor aginin derinligi 1.5 m dir. Agin donam faktorii 1/3 tiir.
Mantar yaka halati 4 mm dir. Boyda yaklasik olarak 300 adet
mantar bulunurken, aralarindaki mesafe 5 donamda 1 adettir.
Kursun yaka halati 4 mm ¢apinda olup, kursunlar arasindaki
mesafe, 4 donmada 1 adettir. Ag yaklasik olarak 6 kulac de-
rinlige dokiiliir. Agin denizde kalis siiresi 3 saattir. Tekir ag1
yaz aylarinda kayalik zemine kiyiya paralel olarak dokiiliir.

Solungac aglarinda ag gozii acikligi ve iplik numaralaridaki
benzerlikler fanyali aglarda da tespit edilmistir. Marmara
Ereglisi’nde tekir II. aginda kullanilan tor g6z agikligi Prens
Adalar1 kiyr balike¢iliginda kullanilan tekir aglari, tekir (I)
agindaki tor gozii ip kalinhig1 Prens Adalar1 ve Istanbul kiy1
balik¢iliginda kullanilan aglarla aynidir. Marmara Ereg-
lisi’ndeki dil aglarinin tor aginin ip kalinhig: Istanbul kiy1 ba-
likgiligindaki dil aglari icin de gecerlidir. Marmara Ereg-
lisi’ndeki marya aglarinin tor aginin ip kalinlig1 Tekirdag kiy1
balik¢iliginda kullanilan aglarla, fanya agimin ip kalinlig
Marmara Adasi ve Istanbul kiy1 balik¢iliginda kullanilan dip
uzatma aglar1 ile benzerlik tasimaktadir. Marmara Ereg-
lisi’nde pisi aglarindaki tor aginin ip kalinligr Tekirdag kiy1
balik¢iliginda kullanilan aglarla benzerdir (Tablo 2).

Marmara Denizi’'nde uzatma aglar1 {izerine yapilan
caligmalarda; liifer avinda 3 solungag ve 2 fanyali ag (Ceyhan
ve ark., 2005), Tekirdag kiy1 balik¢iliginda 4 solungag ve 7
fanyali ag (Akyol & Per¢in, 2006), Marmara Adast kiy1
balik¢iliginda 4 solunga¢ ve 3 fanyali ag (Akyol ve ark.,
2009), Istanbul kiy1 balikgiliginda 7 solungag ve 6 fanyali dip
ag1 (Y1ldiz & Karakulak, 2010 a), istanbul kiy1 balik¢iliginda
5 solungag ve 2 fanyali pelajik ag (Yildiz & Karakulak, 2010
b), Prens Adalari’'nda 10 solungag¢ ve 6 fanyali ag (Akyol &
Ceyhan, 2011), Prens Adalar1 igin yapilan bir diger ¢calismada
3 solungag ve 4 fanyali ag rapor edilmektedir (Goktirk &
Deniz, 2016). Marmara Ereglisi’'nde 9 solungac ve 6 fanyal
olmak tiizere toplamda 15 farkli uzatma ag tespit edilmistir.

Hedef ve Tesadiifi Tiirler

Marmara Denizi’nde uzatma aglarn ile Tekirdag ilinde 14
(Akyol & Per¢in, 2006), Marmara Adasi’'nda 4 (Akyol ve
ark., 2009), Prens Adalari’nda 25 (Akyol & Ceyhan, 2011),
ayni sahada yapilan diger bir ¢caligmada 20 farkli balik tiirii
rapor edilmistir (Goktiirk & Deniz, 2016). Marmara Ereg-
lisi’'nde hedef tiirler de dahil olmak tizere 9 farkli solungag
ag1ile 23 farkli balik tiiriiniin avlandigi tespit edilmistir. Sade

aglarla 10 farkl balik tiirii hedef olarak secilirken, 20 tiir te-
sadiifi olarak avlanmaktadir. Marmara Ereglisi’'nde 6 farkli
fanyal1 ag ile 29 farkli balik tiirii avlanmaktadir. Avlanan tiir-
lerden 28’1 tesadiifi tiirdiir (%90). Sonug olarak Marmara
Ereglisi’'nde 15 farkli uzatma agi ile 38 farkli balik tiirii avla-
nirken, bu tiirlerin 36’s1 hedef dis1 olarak avlanan tiir (%46).
Av araglarina gore tiir dagilimi tablo 3’ de verilmektedir.

Tekirdag ilinde su tirlinleri avinda en fazla kullanilan av arag-
lar1 sirasiyla; algarna, voli, uzatma, dip ve gir gir aglaridir
(Sahin (Ozen), 2006). Marmara Ereglisi’nde kullanim1 son
zamanlarda azalsa da algarna takimlar1 ve uzatma aglarinin
yaygin olarak, olta takimlart mevsimsel olarak kullanilmak-
tadir. Mevcut av arag¢larinin kullanim siiresi Tarim ve Orman
Bakanliginca yaymnlanan Su Uriinleri Sirkiileri ve tekne ba-
sina diisen birim av giicii belirleyici faktor oldugu ifade edil-
mektedir.

Olta takimi; olta ipi, beden, kostek ve igneyi bir arada bulun-
duran ve av yapabilen vasitalardir (Anonymous, 2020 b). Ca-
pariler ana beden, ara beden, kostekler ve 10-30 arasinda de-
gisen sayidan olta ignesi olan olta takimlar1 olup, igneye ucu-
cularin kuyruk ve kanatlarindaki kalem tiiyler, gogiis ve kanat
altlarindaki bir tarafi kambur diger tarafi genis kisa tiiyler ta-
kilmaktadir (Megep, 2008). Marmara Denizi’nde lifer
avinda, uzun olta, liifer oltasi, gezer liifer oltasi, liifer caparisi,
hirsizli olta, mavruka, mantarli olta ve at-cek oltas1 olmak
tizere 8 farkli olta takimi (Ceyhan & Akyol, 2005), Marmara
Adasi kiy1 balik¢iliginda istavrit ¢aparisi, izmarit sinek oltasi
ve karagdz tekli zokasi olmak iizere 3 farkli olta takimi (Ak-
yol ve ark., 2009), Prens Adalari’nda ¢inakop ¢aparisi, yemli
izmarit ¢aparisi, uzun olta, istavrit ¢aparisi, levrek oltasi, pa-
lamut c¢aparisi ve mantarli kefal oltas1 olmak tlizere 7 farkli
olta takim1 (Akyol & Ceyhan, 2011), Prens Adalari’'nda ya-
pilan diger bir ¢aligmada balik¢ilarin zargana ipek oltasi, ¢i-
nakop ¢aparisi ve liifer uzun oltasi olmak tizere 3 farkli olta
takim1 kullanilmaktadir (Goktiirk & Deniz, 2016). Aligh ve
ark. (2018) gore Galata Kopriisii’nde oltacilar istavrit, kefal,
izmarit, palamut ve sardalye takimlar1 olmak {izere 5 farkli
olta takim1 kullanmaktadir. Ciftci (2019)’e gére Marmara De-
nizi’'nde ¢inakop, istavrit, palamut ve liifer ¢aparileri en g¢ok
kullanilan olta takimlaridir. Marmara Ereglisi’nde istavrit, lii-
fer, ¢inakop ve palamut ¢aparileri ile liifer oltasi olmak tlizere
toplamda 5 farkli olta takiminin kullanildig1 ve caparilerde
ignede yesil flos iplerin tercih edildigi tespit edilmistir.
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Tablo 2. Marmara Denizi’nde ve Marmara Ereglisi’nde kullanilan fanyali aglarin teknik 6zellikleri

Table 2. Technical characteristics of the trammel nets used in Marmara Sea and Marmara Ereglisi

As Tor aginin Tor ag1 aginda Fanya aginin | Fanya aginda kulla- Mantar bii- Kursun
g. di goz agikhigi | kullanilan ip no goz agikhigr nilan ip numarasi yiikliigii agirhk
E (mm) (210d/) (mm) 210d/) (no) )
Ceyhan ve Liifer alamanas1™* 44-64 210d/ 2-4 220-400 210d/4-9 5-6-8 50-100
ark., (2005) Cinakop alamanas1* 43-46 210d/3-4 220-250 210d/9 4-5 40-50-100
Alamana* 46-50-60 210d/ 3-4 - - - -
Barbun* 32 210d/2 - - - -
Birakma* 70 210d/ 4 - - - -
Akyol & Per- 7 80 2104/ 4 - - - -
¢in, (2006) Marya* 64-72 210d/ 4 _ ; _ ;
Mezgit* 56-64-72 210d/ 3-4 - - - -
Pisi* 140 210d/ 4 - - - -
Akyol ve ark., A¥amana 56 210d/3 280 210d/ 6 6 100
(2009) Difana 44 210d/ 3 220 210d/ 6 3 100
Marya 80 210d/3 320 210d/ 6 2 40
Dil* 84 210d/2-3 400 3 50
Iskorpit* 80 210d/ 3 400 ;igjﬁ Z 2 50
Yildiz & Kefal* 56-64 210d/ 4 280 210d/9 4 100
Karakulak, Marya* 46-50 210d/ 3 120 210d/ 6.9 210d/ 6-9 3 50
(2010 a) Marya* 46-50 210d/3 120 210d/9 3 50
Pisi* 90 210d/ 3 240 210d/ 4-6 2 50
Tekir* 34-36 210d/2-3 120-360 2-3 40-50
Yildiz & Kara- | Voli* 46-64 210d/ 4 240-320 210d/ 6-9 3-10 50-100
kulak, (2010 b) | Zargana* 25.5 210d/ 2 180 210d/ 2 4 40
Barbun* 72 210/2 360 210d/2 2 30
Dil* 80 210d/ 4 120 210d/ 4 2 40
Akyol & Cey- | Izmarit* 44 210d/3 80 210d/3 2 40
han, (2011) Kalkan* 160 210d/2 500 210d/3 2 20
Marya* 76 210d/ 2 360 210d/ 4 4 50
Pisi* 120 210d/2 360 210d/2 4 50
Cinakop 18 210d/2 110 210d/2 2 8-9 kg
Géktiirk & De- L'iit'"er 23 210d/ 2 100 210d/ 3 2 30-50
niz, (2016) PlsliKalkan 100 210d/3 250 210d/3 2 8 kg
Tekir I 18 210d/2 110 210d/2 1 30-40
Tekir IT 23 210d/ 2 110 210d/ 2 2 8-9 kg 6rme
Dil* 64-68 210d/3 160-180 210d/ 6 3 50
Marya* 84 210d/ 4 160 210d/ 6 3 50
Marmara Ereg- | Palamut* 50 210d/3 160 210d/ 9 6 100
lisi Pisi* 140 210d/ 4 200 210d/ 6 2-5 50
Tekir (I)* 32 210d/2 90 210d/ 4 5 40
Tekir (I1)* 34 210d/ 2 90 210d/ 4 2 50
Tekir (III)* 36 210d/ 3 90 210d/ 6 2 30

*TGB: Tam goz boyu
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Tablo 3. Av araglarina gore hedef ve tesadiifi balik tiirlerinin dagilimi

Table 3. Distribution of target and bycatch fish species according to fishing gears

Research

Av araci Hedef Tiir Tesadiifi Tiir (ler)
Solungac¢ Ag1
Berlam A@ Bk Kirlangig, Fener, Diilger, Oksiiz, Mer?an, Iri goz istavrit, izmarit, Cinakop,
Dil
Cinakop Ag1 Cinakop Istavrit, Kolyoz, Uskumru
Istavrit Ag1 Istavrit [zmarit, Tekir, Zargana
[zmarit Ag1 Izmarit Istavrit, Kolyoz, Kupes, Cinakop
Kalkan ag1 Kalkan Irina, Fener, Kirlangic
Liifer Ag1 Lifer Kalkan, Kirlangi¢, Palamut, Zargana
Sardalye Ag1 Sardalye Hamsi
Uskumru/Kolyoz Ag1 Uskumru/Kolyoz Istavrit, Cinakop
Liifer/Palamut Ag1 Liifer/Palamut Torik
Fanyah Ag

Dil Ag1 Dil Kirlangig, Mazak, Berlam, Istavrit, Mezgit, Fener, Lipsos, iskorpit

Eskine, Dil, Kefal,

Kalkan, Levrek,
Marya Karagoz, Mina- Hedef tiir segilmemektedir

kop, Kirlangig,

Berlam
Palamut Palamut Cinakop, Kolyoz, Liifer, Sarikanat, Uskumru
Pisi Pisi Kalkan, Diilger, Kirlangi¢, Levrek, Fener
Tekir (I) Tekir Ispari, Dil, Gelincik, Istavrit, Kolyoz, Iskorpit, Kurbaga, Trakonya
Tekir (IT) Tekir Ispari, Istavrit, Mercan, Gelincik

Istavrit Caparisi

Marmara Denizi’nde istavrit ¢aparilerinde olta ignesine, be-
yaz renkte tiiylerin, giimiisi renkte cikolata kagitlarinin, istav-
rit baliginin alt yiizgeci ile kuyruk arasindaki parlak ve beyaz
bolgenin, beyaz renkte hindi veya kaz kuyrugu ya da kanat
titylerinin, martinin kuyruk veya kanat tiiylerinden 3 mm ge-
nigligindeki parcalarinin kullanildig1r ifade edilmektedir
(Uner, 1958, 1961, 1972, 1992; Bilge, 1974; Mengi, 1977;
Pasiner, 1998). Akyol ve ark. (2009)’ a gore istavrit ¢aparile-
rinde Marmara Adasi’nda beyaz horoz veya marti tiiyti, Prens
Adalari’nda sadece mart1 tiiyii kullanilmaktadir (Akyol &

Ceyhan, 2011). Giinlimiizde istavrit ¢aparilerinde ignede
mor, acik yesil, beyaz, yesil, turuncu, pembe ve mavi renk-
lerdeki flos iplikler tercih edilmektedir. Marmara Ereg-
lisi’nde istavrit ¢aparilerinde ignede yesil renkli floslar tercih
edilmektedir.

Marmara Ereglisi ve Marmara Denizi i¢in hazirlanan istavrit
caparilerinin beden ve kostek misinalari, igne biiyiikligii ve
igne tiiri karsilastirildiginda, Marmara Ereglisi’ndeki istavrit
caparilerinde sadece daha kalin misinalar kullanilmaktadir
(Tablo 4).
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Tablo 4. Istavrit avinda kullamlan ¢aparilerin teknik &zellikleri

Table 4. Technical characteristics of hook and line used in horse mackerel fishing

Beden Késtek mi- . Igne sa- Kursun
misinasi . Kostek Kaosteklerarasi Igne biiyiikliigii BT yis1 urs
sinasi ¢ap1 Igne tiirii agirhk
capi (o) boyu mesafe (adet) o)
(mm) g
Ozalpsan (1955) 0.25 mm 0.25 - 3-4 no - - =
- 0.20 12-13 cm 10
Uner (1958) 0.25 025 (e ) 6 no - 25 -
Qual 1799
- 0.20 13-14 cm L 20 150
Uner (1972) 0.25 o . 5-6 no (iriler i¢in) -
0.25 (igne harig) S i (e o) 25 200
Bilge (1974) 0.30 0.25 0.30 12-15 cm 7-8 no Diiz 12-20 -
. 0.25 .. 10-12-
Bilge (1978) 0.30 030 - 5-6-7 no Diiz/ Capraz 20 -
. 0.25 0.25 100
Mengi (1977) 030 030 12-20 cm - - 15-25 200
- 0.25 150
Uner (1984) 0.35 030 13 cm 13 cm 6 no - - 240
. 0.30 15 150
Pasiner (1998) 0.35 025 13 cm 13 cm 6 no - 25 240
Akyol ve ark., (2009) 0.50 0.25 10 cm 200 cm Sinek igne Capraz/Diiz 15-20 150
0.25
0.25 R, 15
Ertan (2010) 0.30 030 ) Balik bu}fuklugune _ 20 _
0.35 035 gore 25
0.40 )
Akyol & Ceyhan, (2011)|  0.40 0.30 20 cm 50 cm Sihus < 1 nealam Lo - 20 300
no biiyiik
0.15 10 no Capraz 10
Aligl ve ark., (2018) 0.25 - - 0o Diiz 10 60
Marmara Ercglisi 0.30 0.25 25 cm 25 cm 7 no Diiz 30 200
£ 0.35 0.30 50 cm 30 cm 6 no Diiz 90 350

Liifer-Cinakop Caparisi

Liifer 10-20 cm uzunluga eristiginde ¢inakop, 25-30 cm
uzunluga eristiginde liifer ismini alir. Marmara Denizi’nde ¢i-
nakop caparileri ocak ve nisan (Tiirgan, 1957), Prens Ada-
lari’nda beyaz tiiyler kullanilarak y1l boyu (Akyol & Ceyhan,
2011), yem olarak zargana ve glimiis baliklar1 kullanildiginda
eyliil ve mayis ayinda av yapilabilmektedir (Goktiirk & De-
niz, 2016). Liifer Marmara’da eyliil ve ekim ayinda ¢aparilere
horoz ya da beyaz renkte hindi tliyli takilarak avlanmaktadir
(Ceyhan & Akyol, 2005). Cinakop Marmara Ereglisi’nde ¢a-
parilere beyaz horoz tiiy takilarak subat ve mart aylarinda av-
lanmaktadir.

Halen Marmara Denizi'nde kullanilan ¢inekop ¢aparileri ile
Marmara Ereglisi’nde kullanilan ¢inekop caparileri karsilas-
tirlldiginda Marmara’ da ¢inakop ¢aparilerinde beden ve kos-
teklerde daha kalin misinalarin ve sayica daha fazla ignenin
tercih edildigi tespit edilmistir. Marmara Ereglisi'nde liifer

caparilerinde beden ve kosteklerde daha ince misinalar tercih
edilirken igne sayis1 digerlerine goére daha fazladir (Tablo 5).

Tarim ve Orman Bakanligi’nin 5/2 numarali su tirtinleri sir-
kiilerinde caparilerde igne sayist 10 adet olarak sinirlandiril-
maktadir (Anonymous, 2020 b). Marmara Ereglisi’nde sa-
dece cinakop caparilerinde olta ignesi sayisinin 10 adet ol-
dugu tespit edilmistir.

Palamut Caparisi

Ulkemizde palamut av1, Istanbul Bogazinda, kismen de Mar-
mara’da ¢aparilerle ile yapilmaktadir. Marmara Denizi’nde
palamut avi agustos ayinin basindan kasim ay1 ortalarina ka-
dar devam eder (Uner, 1969 b). Palamut su iistii ¢aparilerinde
olta ignesine vanoz halde iken marti, kaz, tercihen kirmizi
renkte horoz tiiyii, kir¢illi 6rdek tiiyii, palamut haline geldi-
ginde beyaz marti, kaz, kirmizi veya beyaz renkte horoz tiiyii
(Uner, 1961; Mengi, 1977), torik boyuna ulastiginda kirmizi
renkte horoz tilyii kullanilarak avlanir (Uner, 1961). Uner
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(1961)’ e gore palamut Bogazi¢i, Kumkapi, Adalar ¢evresine
geldiklerinde dipli palamut caparisine kirmizi renkte horoz
tiyll takilarak avlanmaktadir. Palamut Biiyiikkada civarinda
igneye beyaz horoz veya hindinin hav tiiyii takilarak avlan-
maktadir (Akyol & Ceyhan, 2011). Palamut Marmara Ereg-
lisi’nde igneye kir¢ili floslar takilarak avlanmaktadir. Pala-
mut ¢aparisi eyliil, ekim ve kasim aylarinda kullanilmaktadir.

Palamut ¢aparilerinde, Marmara Denizi’nde, Marmara Ereg-
lisi'ne gore bedende ve kostekte daha kalin misina, sayica
daha fazla ve daha biiyiik ignelerin kullanildig: tespit edilmis-
tir. Marmara Denizi’nde palamut ¢aparilerinde diiz ya da ¢ap-
raz igneler kullanilirken, Marmara Ereglisi’nde sadece diiz
ignelerin tercih edilmektedir (Tablo 6).

Liifer Oltas:

Liifer oltasi, uzun palali tek bir igne ya da celik bir bedene
sira ile baglanan en az 3 kisa saplt igne ile hazirlanan ve ¢o-
gunlukla lifer avinda kullanilan olta takimidir. Oltada yem
olarak yaprak haline getirilmis ya da biitiin halde zargana kul-
lanilmaktadir (Uner, 1969 a). Marmara Denizi’nde liifer uzun
oltasina yem olarak zargana, istavrit ve kolyoz baliklar takil-
maktadir (Ceyhan & Akyol, 2005). Prens Adalari’nda oltaya
zargana takilarak cinakop, liifer ve palamut avlanmaktadir
(Akyol & Ceyhan 2011; Goktiirk & Deniz, 2016). Marmara

Ereglisi’nde liifer oltasina zargana, istavrit ve kefal yavrular
takilarak eyliil-kasim aylarinda liifer avlanmaktadir.

Marmara Denizi ve Marmara Ereglisi’nde liifer av1 i¢in kul-
lanilan oltalar karsilastirildiginda, Marmara’da oltalarda daha
kalin misinalar ve daha biiyiik numaral1 igneler kullanilirken,
Marmara Ereglisi’ndeki olta takimlarinda kdstekte daha kalin
misinanin kullanilmaktadir (Tablo 7).

Algarna Takin

Algarna, dip troliiniin ag1z boliimiine, yatay ve dikey ac¢ikligi
sabitlemek i¢in donatilan bir ¢ergeve ve ag boliimiinden olu-
san av aracidir (Aydin ve ark., 2005). Marmara Denizi’nde
avciligin yasak oldugu zaman ve sahalar haricinde kullanilan
karides algarnalarinda agiz yiiksekligi en fazla 50 cm, ag goz
acikligi en az 32 mm ve torba boyu 11 m yi gegemez (Anony-
mous, 2020 a). Marmara Ereglisi’nde kullanilan karides al-
garnalarinda da kiris yiiksekligi 50 cm, torba uzunlugu 11 m,
ag goz acikliglr 32 mm (tam goz boyu), ag gozi ip kalinlig
210d/12 numara olarak tespit edilmistir (Tablo 8). Marmara
Ereglisi’nde algarlarna takimlarinda T.C. Tarim ve Orman
Bakanlig1 tarafindan hazirlanan ve Resmi Gazete *de yayin-
lanan “5/1 numarali Ticari Amagh Su Uriinleri Avciliginin
Diizenlenmesi Hakkinda Teblig” e gore dizayn edilmektedir.

Tablo 5. Liifer avinda kullanilan ¢aparilerin teknik 6zellikleri

Table 5. Technical characteristics of hook and line used in blue fish fishing

Lo Beden misi- | Kostek mi- |y 0 Kostekler | ligne bii- igne LTORE Kursun
el nast ¢ap sinasi ¢apt boyu arasi mesafe| yiik- ligii tiirii yist agirhk (g)
(mm) (mm) y y g (adet) g g
Cinakop 1 no (1799
Uner (1969 a) Sarikanat ggg 0.40 (12,(:1_3?1;?1) - kalite) - 25-30 -
Liifer ) & ¢
7-8 no (900
Uner (1969 a) Kofana 00'19000 828 - - kalite) - 25-30 ;28
Pasiner (1998) Cinakop 0.40 0.35 5 cm - Z Eg - 30-35 ggg
Pasiner (1998) inakop 0.40 0.35 20 cm - I no - | 2530 -
(Sari-kanat) ) ) ¢ 2 no
Ceyhan & Akyol, (2005) | Liifer g'gg 8'22 11.5 cm 262 cm i 0| iz 20 1000
Akyol & Ceyhan, (2011) | Cinakop 0.50 0.20 20 cm 10 cm 4 no Capraz 20 100
Goktiirk & Deniz, (2016)| Cinakop ggg 858 20 cm 10 cm 4 no Diiz 20 100
Liifer (I) 0.40 0.40 3 no .
Marmara Ereglis Liifer (II) 0.40 0.35 S0cm 100 cm 2 no bz 40 0
& Cinakop (I) 0.35 0.30 35 cm 50 cm 4 no Diiz 10 -
Cinakop (II) 0.35 0.30 25 cm 30 cm 2 no Diiz 10 200
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Tablo 6. Palamut avinda kullanilan caparilerin teknik 6zellikleri

Table 6. Technical characteristics of hook and line used in bonito fishing

Research

Olta cesidi Beden misi- | Kostek mi- | Koéstek Késtekler igne igne tiirii | ignesa- | Kursun
nasli ¢api sinasi ¢capi boyu arasi mesafe| bilyiik- ligii yist agirhk
(mm) (mm) (adet) (2)
Cinakop .
Uner (1969 a) Sarikanat 8'28 0.40 (f(zlji:r‘f‘) - 1l (L 2D e) ; 25-30 ;
Liifer ) £ i
- 0.90 0.60 . 200
Uner (1969 a) Kofana 0.100 0.80 - - 7-8 no (900 kalite) - 25-30 750
. . 3 no 200
Pasiner (1998) Cinakop 0.40 0.35 5cm - 410 - 30-35 240
. Cinakop 1 no
Pasiner (1998) (S lomn) 0.40 0.35 20 cm - 210 - 25-30 -
Ceyhan & Akyol, . 0.45 0.35 3 no .
(2005) Liifer 0.50 0.45 11.5 cm 26.2 cm 410 Diiz 20 1000
‘élml)& Ceyhan, | 0.50 0.20 20 cm 10 cm 4 no Capraz 20 100
Goktiirk & Deniz, . 0.40 0.20 ..
(2016) Cinakop 0.60 030 20 cm 10 cm 4 no Diiz 20 100
Liifer (I) 0.40 0.40 310 .
Marmara Ereglisi | Lafer (D) 0.40 0.35 S0cm 100 cm 2 no Dz 40 %0
& Cinakop (I) 0.35 0.30 35 cm 50 cm 4 no Diiz 10 -
Cinakop (II) 0.35 0.30 25 cm 30 cm 2 no Diiz 10 200
Tablo 7. Liifer avinda kullanilan oltanin teknik 6zellikleri
Table 7. Technical characteristics of hook and line used in blue fish fishing
. Ara beden Kostek o, . .
L5 egerll (nr:llrs;;la misina ¢apt  igina I%‘:L:’.‘: igne tiirii Igl(l: ds:t))fm Kursun (g)
Ceyhan & Akyol, (2005) | 0.60-0.80 | 0.40-0.60 | 0.40-0.60 | 4-5no Diiz 23 o
Akyol & Ceyhan, (2011) 0.60 0.60 0.60 - Diiz 1 50-170 (3 adet)
40
Goktiirk & Deniz, (2016) 0.60 0.60 0.30 - Diiz 1 60
100
Marmara Ereglisi 0.60 0.50 0.70 3 no Diiz 3 250
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Tablo 8. Algarna takimlarinin teknik 6zellikleri

Table 8. Technical characteristics of beam trawl

Kiri Torba
PR Agn iplik numa-
Boy Yiikseklik Boy Agn %qz agik- i l:"as1
18! (210 d/)
Erden & Erim, (1971) - 50 cm 3m 1.0 mm -
Erden & Erim, (1971) S5m 50 cm 132 m 2.2 mm 4x8 mm
Bayhan ve ark., (2006) 3.5m 60 cm 6.3 m 2.4 mm 210d/ 12 no
325m 50 cm 7m 1.2 mm 210d/ 12 no
Yazict ve atk., (2006) 25m 50 cm 6m 1.6 mm 210d/ 12 no
Zengin & Akyol, (2009) 5-6 m 50-60 cm 11 m 2.4 mm 210d/ 12 no
Bok ve ark., (2011) 7m 50 cm - 3.6-4.0 mm -
Ismen ve ark., (2018) S5m 50 cm 11 m 3.2 mm 210d/ 12 no
Daban ve ark., (2020) 5m 50 cm 6 m 3.2 mm -
Marmara Ereglisi Sm 50 cm 11 m 1.6 mm 210d/ 12 no

Marmara Ereglisi’nde algarna takimlarinin ¢gekim hizi 1.5-2.5
mil/saat arasinda degismektedir. Cekim sirasinda iki algarna
takim1 ayn1 zamanda kullanilacaksa aralarinda yaklasik ola-
rak 25 kulaglik mesafe birakilmaktadir. Algarna takimlari dip
yapisinin ¢amurlu oldugu 27-40 kula¢ arasindaki derinlik-
lerde ¢ekilmektedir.

Marmara Denizi’nde algarna ¢ekimlerinde Sarkdy, Eriklice,
Kalamis ve Miirefte kiyilarinda 9 (Erden & Erim, 1971), Gii-
neydogu Marmara Denizi’nde 27 (Bayhan ve ark., 2006),
Marmara Denizi’nin giineybatisinda 20 (Yazict ve ark.,,
2006), Silivri-Tekirdag arasinda kalan sahada 24 (Oztiirk,
2009), Marmara Denizi’nde 28 (Zengin & Akyol, 2009), Ku-
zey Marmara Denizi’nde 29 (Bok ve ark., 2011), Marmara
Denizi’nde farkli 6rnekleme sahalarinda 17 (Daban ve ark.,
2020) ve 6 farkli bolgede yapilan cekimde 49 farkli balik tiirii
avlanmaktadir (fhsanoglu & Ismen, 2020). Marmara Ereg-
lisi’nde algarna takimlari ile 11 farkli balik tiirii (barbun, ber-
lam, dil, fener, hani, istavrit, izmarit, kalkan, kirlangi¢, mez-
git ve tekir) avlanmaktadir. Bu tiirlerden hani, izmarit ve kir-
langi¢ baliklar1 en fazla avlanan tiirler arasinda oldugu tespit
edilmistir.

Sonug¢

Tekirdag Karadeniz ve Marmara Denizi’ne kiyist olan nadir
illerimizdendir. Balik¢ilik agirlikli olarak dip yapisinin ¢a-
mur, kum, tas ya da kayalik oldugu bolgelerde gergeklestiril-
mektedir. {ldeki baz1 sahalarin balik¢iliga kapali olmasi bol-
gedeki balik topluluguna gerek tiir cesitliligi gerekse miktar
yoniinden 6nemli derecede katki saglamaktadir. Bolgenin su

iirlinleri iiretiminde derin su pembe karidesi ya da Marmara
karidesi olarak bilinen Parapenaeus longirostris L. 1758 ve
deniz baliklar1 oldukga biiylik 6nem tasimaktadir. Algarna ta-
kimlarinin kullaniminin yasaklandigi donemlerde ise bolgede
agirlikli olarak uzatma aglar1 kullanilmaktadir.

Marmara Ereglisi’'nde algarna ve olta takimlari haricinde 15
farkli uzatma ag1 takimi kullanilmaktadir. Bu ag takimlar ile
hedef tiirler dahil olmak iizere 38 farkli balik tiirii avlanmak-
tadir. Bu tiirlerin 18’1 hedef dis1 olarak avlanan tiirlerdir
(%49). Bu tiir sayis1 yorenin kiiglik 6lgekli balik¢ilik faaliyeti
icin 6dnemli bir potansiyele sahip oldugunun bir gostergesidir.

Marmara Ereglisi ve Marmara Denizi’nde benzer av araglari
tizerine yapilmis caligmalarda, solungag ve fanyali ag takim-
larinda ag gozii agikligi ve ip kalinligi, olta takimlarinda be-
den ve kostek misina kalinligi ile ignelerin tiir ve biiyiiklii-
giinde benzerlikler goriilmiistiir. Bu sonug 6zellikle envanter
calismalari i¢in degerli olup, Marmara Denizi’nde benzer av
araglarinda belirli bir standardizasyona ulasildigin1 goster-
mektedir. Marmara Ereglisi’'nde algarna takimlarinn agiz
yiiksekligi, goz agikligi, torba boyu ve kirig boyu T.C. Tarim
ve Orman Bakanlig: tarafindan hazirlanan ve Resmi Gazete
’de yayinlanan “5/1 numarali Ticari Amach Su Uriinleri Av-
ciligimin Diizenlenmesi Hakkinda Teblig” e gore hazirlandig
icin algarna takimlarinin dizaynin da Bakanlik¢a belirlenen
sinirlar i¢inde kalinmaktadir.

Bu arastirma ve Marmara Denizi’ne kiyist bulunan diger sa-
halarda yapilacak benzer aragtirmalar birlikte Marmara De-
nizi’nin balik¢ilik potansiyelinin daha net ortaya konulmasini
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saglayacaktir. Bu caligmada tespit edilen her tiir tiir ¢esitliligi,
minimum av boyu ve popiilasyon biiyiikliigiiniin tespiti gibi
caligmalar1 beraberinde getirecektir. Segicilik parametreleri-
nin tespiti arastirmalar1 av aletlerinin gerekli oldugu taktirde
yeniden dizayn edilmesini saglayarak mevcut tiir ya da tiirler
iizerindeki av baskisini azaltarak, popiilasyonlarin korunma-
st ve siirdiiriilebilir balik¢ilig1 saglayacaktir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi i¢in gercek, potansiyel veya
algilanan ¢ikar ¢atigmasi olmadigini beyan etmislerdir.

Etik izin: Istanbul Universitesi Soyal ve Beseri Bilimler Arastir-
malar1 Etik Kurulu- 2023-1781318

Veri erisilebilirligi: Veriler talep iizerine saglanacaktir.
Finansal destek: -

Tesekkiir: Caligmamin veri toplama asamasinda yardimlarini esir-
gemeyen Marmara Ereglisi balik¢ilarina ve 6zellikle Numan Bay-
dar’a tesekkiir ederim.

Aciklama: -
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