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Bu arastirmada pelin otu (Artemisia vulgaris L)’ nun gékkusagi alabaliklarinda (Oncorhynchus mykiss, Wal-
baum) bagisiklik ve Vibrio anguillarum® a karsi direng saglayan uygun dozlarinin tespiti amaglanmastir. Pelin
otu, ortalama agirligi1 20.48 + 0.19 — 20.81 +0,04 g olan baliklarin yemlerine toz (%0, %0.1, %0.5, %1, %2)
ve etanol ekstrakti (250 ve 1000 mg/kg) olarak ilave edilmistir. Bazi hematolojik (hematokrit, eritrosit ve
16kosit degerleri) ve immunolojik (lizozim, fagositik ve NBT aktivite) dzellikler incelenmistir. NBT, lizozim
ve fagositik aktivitenin kontrol grubuna gére arttig1 belirlenmistir (p<0.05). Gokkusagi alabaliklar1, 45. giinde
V. anguillarum ile deneysel yolla enfekte edilmistir. Arastirma sonuglarimizda pelin otunun yemlere ilavesi
ile baliklarin, immun sistemi ve V. anguillarum’ a kars1 direncinin arttig1 belirlenmistir. Pelin otunun balik-
lardaimmunostimulant olarak kullanilabilecegi sonucuna varilmustir.

Anahtar Kelimeler: Artemisia vulgaris, Vibrio anguillarum, Bagisiklik, Oncorhynchus mykiss, Lizozim,
Fagositik aktivite

ABSTRACT

EFFECT OF WORMWOOD (Artemisia vulgaris L) ON RESISTANCE AGAINST
DISEASES AND NONSPECIFIC IMMUNE SYSTEM IN RAINBOW TROUT
(Oncorhynchus mykiss, Walbaum)

The present study was aimed at determining the effects of wormwood (Artemisia vulgaris L) on the immune
response and disease resistance against Vibrio anguillarum in rainbow trout (Oncorhynchus mykiss Wal-
baum). Wormwood was incorporated into the diets as powder (0%, 0.1%, 0.5%, 1%, 2%) and ethanol extracts
250 and 1000 mg kg* of rainbow trout O. mykiss (20.48 + 0.19--20.81 +0.04 g). Some haematological (WBC,
RBC, level) and immunological (NBTassay, lysozyme and phagocytic activity) parameters were determined
in fish blood. In NBTassay, lysozyme and phagocytic activity were enhanced in wormwood treated groups
compared with the control group (p<0.05). After 45 days, fish were challenged with V. anguillarum and
mortality (%) was recorded up to day 10 post-challenge. The best survival (100%) was in the 1% and 2%
wormwood diet groups. These results indicate that wormwood supplementation significantly increased the
immunity and makes O. mykiss more resistant to infection by V. anguillarum. It could be concluded that
wormwood could be used as immunostimulant for rainbow trout.

Keywords: Artemisia vulgaris, Vibrio anguillarum, Immunity, Oncorhynchus mykiss, Lysozyme,
Phagocyticactivity
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Giris

Antimikrobiyal maddelerin hayvansal tiretimde enfeksiyon-
larin tedavisi yani sira biiyiime destekleyici ve yem verimini
arttrmak amaciyla kullamldig:r bildirilmistir (Gorbach,
2001). Avrupa Birligi tarafindan 2006 yilindan itibaren hay-
vansal yemlerde antibiyotiklerin kullanimi yasaklanmustir.
Ulkemizde ise gerek bakteriyel dirence yol acabilecegi ge-
rekse hayvansal yan iiriinlerde kalint1 birakarak insan sagli-
g1 tehdit edebilecegi endisesiyle antibiyotiklerin yem
katki maddesi olarak kullanimi es zamanl olarak yasaklan-
mustir. Bu yasaklanma ile birlikte gerek gastro-intestinal
mikrofloranin saghgini koruyarak bakteriyel hastaliklarin
kontrol altina alinmasi gerekse hayvanlarin bagigiklik siste-
minin gii¢lendirilmesi ve biiylime performansinin destek-
lenmesi, mortalitenin azaltilmasi amaciyla antibiyotiklere
alternatif olabilecek bazi tibbi bitki tiirlerinin yem katki
maddesi olarak kullanilmasinm iyi bir alternatif oldugu bil-
dirilmektedir (Hermann vd., 2003; Goda, 2008; Keser ve
Bilal, 2008).

Baliklarda infeksiyoz hastaliklara karsi direncin arttirilmasi
icin, immunostimulantlar kullanilmaktadir. Bunlar asilarla
birlikte verildiklerinde spesifik savunma mekanizmasin ar-
tiran, tek baslarma verildikleri zaman da spesifik olmayan
savunma mekanizmasini aktive edebilen bilesiklerdir. Yay-
gin olarak kullanilanlar; biiyiime destekleyiciler; bitkisel
katki1 maddeleri; probiyotikler, beta-glukanlar, vitaminlerdir
(Goda, 2008). Son zamanlarda su iiriinleri yetistiriciliginde
de immunostimulant olarak tibbi bitkilerin kullanilmasi igin
artan bir ilgi vardir (Goda, 2008; Galina vd., 2009; Ulukdy
vd., 2009; Bilen ve Bulut, 2010; Citarasu, 2010; Abdel-
Tawwab vd., 2010).

Dogada yetisen bitki gruplarinda en fazla ugucu yag iceren
familyalardan biri de Asteraceae (Compositae)’ dir. Astera-
ceae familyasindaki bitki tiirlerinin antimikrobiyal ve anti-
oksidan ozellikler gosterdigi bildirilmektedir (Brisibe vd.,
2009, Diilger vd., 1999). Bu familyada yer alan pelin otu
bitkisi yapraklar1 antitumor, antiinflamatuar, antioksidatif,
antibakteriyel, antiviral ve antiparaziter 6zelliklere sahip bi-
lesenleri icermektedir (Abad vd., 2012). Ulkemiz, tibbi bitki
sayist yoniinden olduk¢a zengin potansiyele sahip olmasina
ragmen, giiniimiizde ekosisteme zarar vermeyen, dogal, gii-
venilir, antimikrobiyal etkili bu ajanlarin su trinleri sekto-
riine kazandirilmasi ve uygun dozlarin bilinmesi gerekmek-
tedir.

Bu arastirma ile, tilkemiz bitki florasinda yer alan ve doga-
dan toplanan 6nemli bir tibbi ve aromatik bitki tiirii olan pe-
lin otunun (Asteraceae) ilk kez gokkusagi alabaliklarinda
immunostimulant etkisi (spesifik olmayan bagisiklik siste-

minin gii¢lendirilmesi) ve hastaliklara kars1 direncin aragti-
rilmas1 amaglanmistir. Ayn1 zamanda tilkemiz tibbi bitkile-
rinin katma degerinin arttirilmasi hedeflenmistir.

Materyal ve Metot
Materyal

Arastirmada Kullanmilan Baliklarin Temini ve Arastirmanin
Uygulama Yeri

Aragtirmada kullanilmak iizere ortalama  agirliklan
20,48 + 0,19--20,81 +0,04 g ve boylar1 10-12 cm olan top-
lam 1470 adet ((70x3)x7=1470 adet) gokkusagi alabalig:
(Oncorhnychus mykiss), Aksu bolgesindeki Dingler alabalik
iiretim biriminden temin edilerek SDU Egirdir Su Uriinleri
Fakiiltesi Yetistiricilik Unitesine tasinmustir.

Arastirmada baliklar igerisinde 4000 It su bulunan 3 bolmeli
7 adet uzun beton havuza yerlestirilmistir (Sekil 1). Deneme
baliklar1 adaptasyon siiresince ticari alabalik pelet yemiyle
giinde iki kez doyuncaya kadar beslenmistir. Deneme siire-
since tanklardaki yem artiklar1 su kalitesinin bozulmamasi
icin sifon yardimiyla ortamdan uzaklastirilmistir. Arastir-
maya baslamadan once rastgele segilen 15 adet balik mikro-
biyolojik yonden (bakteri, mantar, parazit) incelenmis ve
herhangi bir enfeksiyon tasimadigi goriilmiistiir.

Aragtirmada kullanilan artezyen suyunun debisi 12 L/dk,
tanklardaki suyun ortalama sicakligi 12 £2°C, pH’ s1 7.3 ve
suda ¢oziinmiis oksijen miktar1 7.4 mg/L olarak 6l¢iilmiis-
tur.

Pelin Otunun Temini ve Teshisi

Aragtirmada kullamlan pelin otu bitkisi, Van bolgesi civa-
rindan toplanarak temin edilmis ve uluslararasi koda sahip
bir herbaryum olan Giil Herbaryumu’ nda (Siileyman Demi-
rel Universitesi, Fen-Edebiyat Fakiiltesi, Biyoloji Boliimii,
Isparta) sistematik uzmanlar1 Prof. Dr. Hasan OZCELIK ve
Dr. Belkis MUCA tarafindan klasik taksonomi metotlarina
gore teshis edilmistir. Ilgili tiiriin teshisinde Flora of Turkey
and the East Aegean Islands Vol V. (Davis, 1975) eseri kul-
lanilmustir. Ayrica tiir teshisi yapilirken bazi sistematik soz-
liklerden ve yardimci kaynaklardan da yararlanilmistir
(Baytop, 1984; Baytop, 1998; Se¢men vd., 2004). Pelin otu
bitkisinin toz halinin ve ethanol ekstraktinin ana bilesenleri
yoniinden kimyasal 6zellikleri Siileyman Demirel Universi-
tesi Deneysel ve Gozlemsel Arastirma Laboratuvarindaki
Gaz kromatografi cihaziyla (GC/MS kullanilarak) belirlen-
mistir. Gaz kromatografisi ¢alisma kosullar1 Tablo 1’ de ve-
rilmistir.
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Metot

Arastirmada Kullanilan Bitki Tiiriiniin Toz ve Etanol
Ekstrakt Seklinde Yeme Ilave Edilmesi

Aragtirmada kullanilan pelin otu bitkisi kurutulduktan sonra
mikser yardimiyla toz haline getirilmistir. Toz haline getiri-
len bitki tirid %0.1, %0.5, %1, %2 ve %0 oranlarinda ticari
alabalik yemine ilave edilmistir. Pelin otu bitkisinin etanol
ekstrakt1 ise 15 g kuru bitki 6rnegi 50 mL etanolde 2 saat
stire ile tutulduktan sonra siizme islemi igin whatman nol
filtre kagidindan gegirilmis, su banyosu yardimiyla buhar-
lastirma islemi yapilmustir. Ekstrakt 250, 1000 ve O (kontrol)
mg/kg oranlarinda ticari alabalik yemine aygicegi yag ile
birlikte spreyleme yontemi ile ilave edilmis ve gékkusagi
alabaliklar viicut agirliklarinin %3 oraninda 60 giin siireyle
beslenmislerdir. Kontrol grubundaki baliklar ise bitki ve
ekstrakt ilavesi yapilmayan ticari alabalik yemiyle viicut
agirhgmin %3’ i oraninda beslenmistir.

Arastrmada Kullanilan Bitki Tiiriiniin Gokkusag
Alabaliklarimin Spesifik Olmayan Bagistklik Sistemi
Uzerine Etkisinin Belirlenmesi

Arastirmada kullanilan bitki tiirlerinin spesifik olmayan ba-
gisiklik sistemine etkisinin belirlenmesi i¢in gokkusag ala-

baliklarindan 20. ve 45. giinde kan alinarak; 16kosit ve erit-
rosit sayisi, hematokrit yiizdesi, NBT, fagositoz, serum li-
zozim aktivitesi incelenmistir.

Baliklardan Kan Alimi

Aragtirmanin 20 ve 45. giinlerinde gokkusagi alabaliklart
(her gruptan 6 balik) Quinaldine (50 ppm) ile anestezi edil-
dikten sonra kuyruklar1 kesilerek kaudal venalarindan si-
ringa ile heparinli tiiplere kan almmustir (Dorucu vd., 2009).

NBT-Pozitif Hiicrelerin Sayimi

NBT-pozitif hiicrelerin sayiminda Anderson vd. (1992) ta-
rafindan tanimlanan metot kullanilmistir. Nitroblue tetrazo-
lium (NBT) soliisyonu steril PBS ile %0.2 oraninda taze ola-
rak hazirlanmistir. Lamel iizerine 50 pL kan damlatildiktan
sonra kagit mendillerin slatilip igine konuldugu nemli petri
kutularinda 22°C” de 30 dakika inkiibe edilmistir. Daha
sonra kirmizi kan hiicrelerini uzaklastirmak igin pH 7’ ye
ayarlanan fizyolojik tuzlu su ile lamel nazik bir sekilde y1-
kanmustir. Ardindan bir damla NBT soliisyonu damlatilmis
lam tizerine kirmizi kan hiicrelerinden arindirilmis lamel ka-
patilarak ve nemli petri kutularinda 22°C’ de 30 dakika in-
kiibe edilmistir. Pozitif koyu mavi boyanmus hiicreler mik-
roskopta x40 biiyiitmede her baliktan 5 lamelde ve 5 farkli
alanda sayilmis ve ortalamalari alinmustir.

» 'Jl - ‘;}" ﬂ',’: ‘f'
&7 5

Sekil 1. Siileyman Demirel Universitesi Egirdir Su Uriinleri Fakiiltesi beton havuzlari

Figure 1. Concrete ponds of Egirdir Fisheries Faculty at Siileyman Demirel University
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Tablo 1. Gaz kromatografisi ¢alisma kosullar

Table 1. Gas chromatography working condition

Injeksiyon kolonu 250° C

Dedektor 250° C

Akis hizi (mL/min) 15

Dedektor 70 eV

Tastyic1 gaz Helyum

Kapilar kolon Cp WAX52CB 50 m*0.32 mm, 1.2 pm

Sicaklik Programi

Kolon sicakhgi baglangigta 40°C olup, 230°C’

ye dakikada 4°C’ lik artigla ulagsmistir. 230°C’
de 10 dk siireyle sabit tutulmustur.

Bilgi bankasi Wiley, nist, tutor

Eritrosit ve Lokosit Sayimi

Kuyruklar kesilerek kaudal venadan alinan kan 6rnegi Natt-
Herick eriyigi ile eritrosit sulandirma pipeti araciligiyla 100
kat sulandirilarak Thoma laminda eritrosit ve total 16kosit
saymm yapilmistir (Kocabatmaz vd., 1982; Hoffman ve
Lommel, 1984).

Natt-Herrick soliisyonu i¢in, 3.88 g Sodyum kloriir, 2.5 ¢
Sodyum siilfat, 2.91 g Disodyum fosfat 12H,0,, 25 g Mo-
nopotasyum fosfat, 7.5 cc (%37) Formalin, 0.1 g Metil kir-
mizist ve 1000 cc Distile su karistirilarak hazirlanmustir.

Serum Lizozim Aktivitesinin Belirlenmesi

Alinan kan ornekleri +4°C’ de 24 saat bekletildikten sonra
5000 devirde sogutmali santrifiijiinde 10 dk santrifiij edil-
mistir ve serum kismi -20°C” de 30 giin iginde lizozim akti-
vitesi belirlenene kadar saklanmistir. Lizozim aktivitesini
belirlemek amaci ile diffiizyon agar (Agar plate, lysoplate)
metod kullanilmigtir (Ellis, 1990). Kisaca, PBS (Fosfat buf-
fer saline) igine %0.5 Agar ve %0,12 g liyofilize Micrococ-
cus lysodeicticus katilarak hazirlanmustir. Petrilerde agar ka-
tilastiktan sonra 5 mm ¢apinda gukurlar agilmistir. Daha 6n-
ceden alinan serum 25 pl olacak sekilde gukurlara ilave edil-
mistir. Petriler 36°C” de 20 saat inkiibe edildikten sonra ¢u-
kurlarin etrafinda olusan zonlarin ¢aplari 6lgiilmiistiir.

Hematokrit Degerinin Saptanmasi

Hematokrit degeri (%) mikrohematokrit yontemiyle belir-
lenmigtir. Mikrohematokrit tiiplerinin %’ i kan ile doldurul-
duktan sonra, tiiptin kan olmayan ucu alevde yakilarak ka-
patilarak hematokrit santrifiijde 10500 devir/dakika 5 da-
kika santrifiij edilmistir. Santrifiij islemi sonrasinda % he-
matokrit deger santrifiijiin skalasindan okunmustur. Her ba-
lik 6rnegi igin iki adet mikrohemotokrit tiipii hazirlanmigtir
(Tanyer, 1985).

Fagositik Aktivitenin Belirlenmesi

Lokosit hiicrelerinin fagositik aktiviteleri i¢cin PBS’ de
%0.87 oraninda hazirlanan Kongo red soliisyonunun 3 mL’
si maya hiicreleri siispansiyonuna (1.5 g) ilave edilmis ve 15
dakika oda sicakliginda bekletilmistir. Daha sonra 7 mL dis-
tile su eklenerek otoklavlanmistir. Bu metotta Kongo redle
boyanan maya hiicreleri fagosite ettirilerek dlgiilmistiir. Lo-
kosit soliisyonuna (250 pL) son konsantrasyonda 1:40 ora-
ninda maya hiicresi: 16kosit olacak sekilde 500 uL Kongo
red boyas ile boyanan ve otoklavlanan maya hiicreleri siis-
pansiyonu eklenmistir. Bu karisim oda sicakliginda 60 da-
kika inkiibe edilmis ve inkiibasyondan sonra 1 mL buzla so-
gutulmus HBSS (Hank’s Balanced Salt Solution) eklenmis
ve 1 mL Histopaque (1.077) her 6rnek tiipiiniin dip kismina
enjekte edilmistir. Ornekler 850xg de 5 dakika santrifiijle-
nerek makrofajlar maya hiicrelerinden ayrilmistir. Makro-
fajlar alinmis ve HBSS’ de 2 kez yikanmistir. Daha sonra
hiicreler 1 mL trypsin-EDTA soliisyonu (5.0 g/L trypsin ve
2.0 g/L EDTA, Sigma) ile tekrar siispanse edilerek 37°C’
de bir gece boyunca inkiibe edilmistir. Orneklerin absor-
bansi tripsin-EDTA kullanilarak 510 nm’ de olglilmiistiir
(Seeley vd., 1990).

Deneysel Enfeksiyon Uygulamalar

Aragtirmanin 45. giiniinde pelin otu bitkisi toz (%0.1, %0.5,
%1.0, %2.0 ve %0 oraninda) ve etanol ekstrakti (250, 1000
ve 0 mg/kg oraninda) ilaveli yemlerle beslenen gokkusagi
alabaliklarinda Vibriosis hastaligma kargt direng saglayip
saglamadigimn1 belirlemek i¢in baliklar Vibrio anguillarum
ile enfekte edilmistir. Deneysel enfeksiyonda kullanilan V.
anguillarum susu Fethiye bolgesindeki bir alabalik isletme-
sinden izole edilmis olup, bu sus Egirdir Su Uriinleri Fakiil-
tesi Balik Hastaliklar1 Anabilim Dali stok kiiltiirden alinarak
T-TSA’ ya ekimleri yapilmistir. Bu besiyerinde 22°C’ de
24-48 saat inkiibe edilmistir. Daha sonra TSB’ a alinarak
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subkiiltiirii yapilmistir. TSB besiyerinde 22°C’ de 24 saat
inkiibe edildikten sonra mililitredeki canli bakteri sayisi
(cob/mL) ve optik dansite degerleri (O.D.) spektrofotometre
ile tespit edilmistir (Ekici, 2010; Cagirgan, 2004; Altun,
2001; Santos vd., 1991).

Deneysel enfeksiyon yapilan baliklarda bagisikligin tespi-
tine gegmeden Once, test yapilacak balik populasyonunda
%50’ ini oldiren bakteri sayist (LDso) belirlenmistir. LDso
degerini saptamak i¢in her biri 25 er adet baliktan olusan
gruplara 2x107, 2x10°, 2x10% 2x10% ve 2x10! kob/mL yo-
gunlukta bakteri i.p. yolla injekte edilip, baliklar 25 giin bo-
yunca takip edilmistir. Deneysel enfeksiyon uygulamalari
neticesinde elde edilen sonuglar semilogaritmik grafik ka-
g1d1 lizerinde degerlendirilerek LDsp degeri belirlenmistir
(Ekici, 2010; Ellis,1999).

Denemenin 45. giiniinde her gruptan 10 adet toplamda 30
adet gokkusag: alabaligma 2x10% kob/mL LDso oranindaki
V. anguillarum patojeni i.p. enjeksiyon (0,1 mL) ile veril-
mistir. Deneysel enfeksiyon uygulamasindan sonra baliklar
21 giin boyunca izlenerek, dlimler giinlikk olarak kayit edil-
mis ve olii veya olmekte olan baliklarin i¢ organlarindan
reizolasyon i¢in T-TSA’ya ekimler yapilmistir. Ekimler so-
nucu oliimlerin V. anguillarum’ un neden oldugu enfeksi-
yondan kaynaklanip kaynaklanmadigi tespit edilmistir
(Ekici, 2010; Cagirgan, 2004; Altun, 2001; Santos vd.,
1991).

Bagisikhigin Degerlendirilmesi

Dogal immunostimulant maddelerin olusturdugu koruma,
baliklarin hayatta kalma yilizdesi (RPS= Relative Percent
Survival)’ ne gore degerlendirilmistir (Altun, 2001; Santos
vd., 1991).

v' RPS = [1-(Bitkisel iriinlerin kullanildig1 balik grupla-
rindaki mortalite (%)/Kontrol grubundaki mortalite
(%))] X 100

Istatiksel Analizler

Denemede elde edilen veriler (immunolojik parametreler,
mortalite ve RPS degerleri) SPSS 10.0 paket programinda
Anova testi ile degerlendirilmistir (SPSS Inc, Chicago, IL,
USA). Denemede incelenen ¢esitli parametrelerin énem de-
recelerini karsilastirirken sonuglar ortalama deger ve stan-
dart sapma olarak verilmistir.

Bulgular ve Tartisma
Pelin Otunun GC-MS Analiz Sonuclar

Bu arastirmada pelin otu bitkisinin kimyasal kompozisyo-
nunda 46 farkli bilesen elde edilmis olup isoamyl format

(%18), B-tuyon (%14.02), vinyl amil karbinol (%7.15), B-
karyofilen (%5.06)’ in ana bilesenler oldugu belirlenmistir.

Arastirmada Kullamilan Bitki Tiiriiniin Gokkusag: Alaba-
Iiklarimin Spesifik Olmayan Bagisiklik ~ Sistemi Uzerine
Etkisi

Aragtirmanin 20. gliniinde 16kosit sayiminda %2 gruplarinin
kontrol grubu ve diger gruplardan daha yiiksek oldugu 45.
giinde ise gruplar arasinda fark olmadigi belirlenmistir. Erit-
rosit sayisinin 20. giinde %0.5, %0.1 ve 1000 mg/kg grup-
larinda, 45. giinde ise %2, 250 mg/kg ve 1000 mg/kg grup-
larinda kontrol grubu ve diger gruplardan daha yiiksek ol-
dugu belirlenmistir. Hematokrit (%) degerinin 20. giinde
1000 mg/kg gruplarinda, 45. ginde ise %2 %0.1 ve 250
mg/kg grubunda kontrol grubu ve diger gruplardan daha
yitksek oldugu gorillmiistiir (Tablo 2).

20. giinde kontrol grubu ve diger gruplara gore %0.1 ve %1
gruplarinin en yiiksek NBT aktiviteyi verdigi ve 45. giinde
bu aktivitenin tiim gruplarda kontrolden daha yiiksek oldugu
dikkati ¢cekmistir. Lizozim aktivitesinin ise 20. ve 45. giin-
lerde kontrole gore tiim gruplarda artmis oldugu, en etkili
gruplarin %0.1 ve 1000 mg/kg oldugu goriilmiistiir. Fagosi-
tik aktivitenin tiim gruplarda kontrol grubuna gére 6nemli
Olgiide arttig1 ve en yiiksek aktivitenin %0,5 ve %0.1 dozla-
rinda oldugu bulunmustur (Tablo 2).

Gokkusagi Alabaliklarinda Pelin Otu Bitkisinin V. anguil-
larum Patojenine Kars: Direng Etkisi ve Nishi Yasama
Oranlart (RPS)

Deneysel enfeksiyon uygulama sonrasi gokkusagi alabalik-
larinda Vibrio anguillarum’ a karsi yasama orani bakimin-
dan sirasiyla %2, %1 ve 1000 mg/kg ekstrakt grubunun daha
iyi sonuglar verdigi belirlenmistir (p<0,05) (Tablo 3).

Hizla gelismekte olan su irlnleri yetistiriciliginde intensif
tretim sartlarinda infeksiy6z hastaliklar nedeniyle ekono-
mik kayiplar goriilmektedir. Bakteriyel enfeksiyonlarin te-
davisinde kullanilan antibiyotikler su iirtinlerinde ve son tii-
keticilerde olumsuz etkilere ve patojenik bakterilerin direng
kazanmasina neden olmaktadir. Ayrica, oral kemoterapi sin-
dirim sistemindeki yararli olan mikrobiyal floray1 inhibe et-
mektedir (Teuber, 2001; Hermann vd. 2003). Bu nedenle,
hastaliklara kars1 diren¢ kazandiran alternatif trtinlerin kul-
lanilmas1 giindemdedir (Xiang ve Zhou 2000; Irianto ve
Austin 2002; Lin ve Zhang., 2004; Abdel-Tawwab vd.,
2008; Ard’o vd., 2008; Goda, 2008; Kesarcodi-Watson vd.,
2008).

Su diriinleri yetistiriciliginde farkli tibbr bitki tiirlerinin im-
munostimulant etkilerinin incelendigi arastirmalar yapil-
maktadir (Terzioglu ve Diler 2016, Goda, 2008; Galina vd.,
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2009; Ulukoy vd., 2009; Bilen ve Bulut, 2010; Citarasu,
2010; Abdel-Tawwab vd., 2010; Pratheepa ve Sukumaran,
2014). Bu calismalarda, Pratheepa ve Sukumaran (2014),
farkli konsantrasyonlarda hazirlanan Euphorbia hirta ekst-
rakt1 ile beslenen ve deneysel yolla Aeromonas hydrophila
ile enfekte edilmis Cyrinus carpio baliklarinda eritrosit, he-
moglobin, 16kosit saymm gibi hematolojik reaksiyonlarin
bakteriyel enfeksiyonun olumsuz etkilerini azalttig: bildiril-
mistir. Ayn1 aragtirmada bitkiyle beslenen gruplarda NBT+
hiicre say1s1 ve lizozim aktivitesinin de kontrol grubuna gore
Onemli seviyede arttig1 tespit edilmistir.

Benzer olarak Bilen vd. (2013) ise tetra (Cotinus coggygria)
bitkisinin metanol ekstrakti ile koi baliklarin1 (Cyprinus car-
pio carpio) 3 farkli dozda 4 hafta beslemislerdir. Baliklarda
16kosit, NBT + hiicre sayisi ve lizozim aktivitesinin 6nemli
Olgiide arttigin1 belirlemislerdir. Ayrica Ndong ve Fall
(2011), hibrid tilapia (Oreochromis niloticus x O. aureus)
baliklarinin diyetine 0, 0.5 ve 1 g/kg sarimsak (Allium sati-
vum) ilavesinin bagisiklik sistemi tizerine etkisini degerlen-
dirmistir. 4 hafta sonunda 0,5 g/kg sarimsak ilave edilen di-
yetle beslenen balik grubunun kontrol grubuna gore toplam
l16kosit sayisi, fagositik aktivite ve lizozim aktivitesinde
onemli artig oldugunu belirlemislerdir.

Lizozim bakteri hiicrelerine karg1 etkili bir antimikrobiyal
peptid olup bagisiklik sistemi igin 6nemli bir parametredir.
Lizozim aktivitesi stres, su sicakligi, besin maddeleri, en-
feksiyon gibi faktorlerden etkilenebilmektedir. Bitkisel
ekstraktlarin balik yemlerinde yem katki maddesi olarak
kullanimi sonucu lizozim salgis1 yapan fagositik makrofaj
hiicrelerinde artig saglamaktadir. Ayrica lizozim aktivitesi-
nin artis1 kandaki monosit ve nétrofil varligr ile iliskili ol-
mas1 sonucunda lizozim artigt ile NBT+ hiicre sayisimin da
arttig1 tespit edilmistir (Pratheepa ve Sukumaran, 2014).
Spesifik olmayan bagisiklik ¢alismalari igin 16kosit sayimi
O6nemli bir parametre olup lokosit sayisindaki artis immu-
nostimulasyon igin bir kanit olarak kabul edilmektedir (Tre-
ves-Brown, 2000).

Awad ve Austin (2010) %1 oraninda Lupinus perennis,
Mangifera indica, Urtica dioica bitkileri ile 21 giin beslenen
gokkusagi alabaliklarinda Aeromonas hydrophila’ ya karsi
yapilan deneysel enfeksiyonda mortalitenin kontrole gore 3
farkli bitki grubunda onemli 6l¢iide azalmasi, s6z konusu
etkinin baliklarda lizozim, bakterisidal etki ve respiratory
burst aktivitelerinin artmasi ile baglantili bulunmusgtur. Ay-
rica hematolojik parametreler bakimindan U. dioica harig
diger bitkilerin eritrosit ve 16kosit degerleri , U. dioica’ da
ise hematokrit (%) sayisinda artis tespit edilmistir.

Dorucu vd. (2009), gokkusagi alabaliklar1 Nigella sativa
(¢orek otu) bitkisi ile %1, %2.5 ve %5 oranlarinda 21 giin
stire ile beslemislerdir. Hematolojik parametreler ve spesifik
olmayan bagisiklik sistemi iizerine etkiyi arastirdiklart bu
¢aligmanin sonunda %1, %2.5 gruplarinda hematokrit de-
gerlerinin kontrole gore degismedigi ancak %5 ¢orek otu di-
yeti ile beslenen balik gruplarinda hematokritin arttig1 16ko-
sit sayisinin degismedigi belirlenmistir.

Bu arastirmada ise 20. giinde pelin otu ile beslenen grup-
larda 16kosit sayimida %2 gruplarinin kontrol grubu ve di-
ger gruplardan daha yiiksek oldugu goriilmistir (p<0.05).
Eritrosit sayisimin 20. giinde %0.5, %0,1 ve 1000 mg/kg
gruplarinda, 45. giinde ise %2, 250 mg/kg ve 1000 mg/kg
gruplarinda kontrol grubu ve diger gruplardan daha yiiksek
oldugu tespit edilmistir. Hematokrit (%) degerinin 20.
giinde 1000 mg/kg gruplarinda, 45. giinde ise %2 %0.1 ve
250 mg/kg grublarinda kontrol ve diger gruplardan daha
yiiksek oldugu gorilmiistiir.

Bu galismada hematolojik bulgular bakimindan 20. giinde
%2 grubunda 16kosit sayim1 ve hematokrit degerlerinde ar-
tislar nedeniyle sirastyla Awad ve Austin (2010) ve Dorucu
vd. (2009)’ a benzer, Treves-Brown (2000)’ dan farkli so-
nuglar elde edilmistir.

Terzioglu ve Diler (2016) tarafindan Echinacea angustifolia
Hell)’ nin %1 ve %0.1 olmak iizere 2 farkli konsantrasyo-
nunun gokkusagi alabaliklarinda spesifik olmayan bagisik-
lik sistemi tizerine etkisini tespit etmek amaciyla yapilan bir
arastirmada, ¢alismanin 20.giiniinde %1 grubunda NBT ak-
tivitenin arttig1, %0.1> de ise kontrolle benzer oldugu,
45.giinde ise her 2 grupta da kontrole gore NBT aktivitenin
O6nemli seviyede arttig1 tespit edilmistir. Bu arastirmada da
20. giinde NBT aktivitenin artmaya basladig1 45. giinde ise
kontrole gore %2, %1, %0.5, %0.1, 250 mg/kg, 1000 mg/kg
gruplarinda kontrole gore 6nemli seviyede artmis olmasi
Terzioglu ve Diler (2016)’ nin bulgularimi desteklemistir.
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Tablo 2. 20 ve 45. giinlerde A. vulgaris’ in gokkusagi alabaliklarinda hematolojik ve immiinolojik parametreler tizerine etkisi

Table 2. Effect of A. vulgaris on hematologic and immunological parameters in rainbow trout at 20 and 45 days

20 01684011  0.90+0.03° 01434006 0097+0.02° 0.065-0.03 0.093+0.04*  0.088+0.02
= 1.125+0.15  1.300+0.63  1.175+038  1550+0.64 1.075+0.50 12754028  1.000+0.21
20 0.098+0.04®  0.080+0.03*  0.173+0.01° 0.150+0.02° 0.085+0.04* 0.135+0.04  0.103+0.02%
45 0.238+0.06°  0.118+0.04*  0.133+0.03*°  0.135+0.26° 0.178+0.06® 0.165+0.05®  0.115+0.19%
20 35254464  3350+1.29° 38.5042.64% 35754095 33.0044.08°  39.75+5.25°  36.75+1.70%
45 4575+1.18°  3550+2.59*  38.25+0.75®  4550+1.32° 44.75+1.10° 40.50+2.39%  41.7542.65"
20 3254125  19.004520°  4.4042.08%  14.30+5.15° 4.55+140°  4.60+2.01°  1.65+0.66°
45 355+0.77°  370+0.93®  2.3040.66°  2.60+124  4.20+028°  3.9042.12*  0.30+0.11°
20 7.00+1.73°  10.67+0.58°  9.00+1.00®  8.00+2.65° 9.00+1.00  9.00+0.00°  4.00+0.00°
45 10.67+0.58®  11.00+3.46®  8.00+1.00®  11.67+2.08° 10.00+1.73®  11.33+0.58°  7.00+3.46°
20 ) _ _ ) ) _ )

45 2.286+0.28¢  2.073+0.07°  2.867+0.03° 2.119+0.12° 1.759+0.19° 1.983+0.02*°  1.428+0.08?
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Tablo 3. Gokkusag alabaliklarinda A. vulgaris’ in koruyuculuk degerleri (RPS) ve 6liim oranlar1

Table 3. Relative percent survival (RPS) and mortality of A. vulgaris in rainbow trout

MORTALITE (%) RPS
% 2 0 +0.00? 100 +0.00¢
% 1 0 +0.00? 100 +0.00°
% 0,5 9.33 £2.30P 81.74 +4.19°
% 0.1 13.33 +2.30° 73.73 +£5.52°
250 22.67 £2.30¢ 55.47 +£5.44%
1000 4.00 +4.00° 91.99 £8.16°
Kontrol 51.00 +£1.73° -

Lizozim aktivitesinin ise 20. ve 45. giinlerde kontrole gore
tim gruplarda artmis oldugu, en etkili gruplarin %0,1 ve
1000 mg/kg oldugu goriilmiigtiir. Bu arastirmada spesifik
olmayan bagisikligin iki 6nemli parametresi olan lizozim ve
NBT aktivitelerinin 45. giinde pelin otu ile beslenen biitiin
gruplarda artis gostermis olup dolayisi ile bulgularimiz s6z
konusu parametrelerin birbiri ile baglantili olarak artabile-
cegi goristnii (Pratheepa ve Sukumaran, 2014) destekle-
mistir.

Fagositik aktivitenin tim gruplarda kontrol grubuna goére
6nemli ol¢iide arttigi ve en yiiksek aktivitenin %0.5 ve %0.1
dozlarinda oldugu bulunmustur. Pelin otunun gokkusagi
alabaliklarinda hematolojik ve immunolojik paramatreleri
olumlu olarak etkiledigi tespit edilen bu arastirmadaki bul-
gular, Bilen vd. (2013), Ndong ve Fall (2011) ve Dorucu vd.
(2009)’ un bulgularm desteklemistir.

Diler vd. (2016), gokkusagi alabaliklarinda yeme ilave edi-
len Origanum onites ugucu yaginin 0.125, 1.5 and 2.5
mL/kg oranlarmm gokkusagi alabaliklarda mortaliteyi
azalttigi 3.0 mL/kg grubunda ise L. garvieae’ ye kars1 %100
yasama orani sagladigini tespit etmislerdir. Diger bir ¢a-
lisma da Diler vd. (2014), Origanum vulgare ile beslenen
gokkusag1 alabaliklarinda Lactococcus vulgare ve Vibrio
anguillarum patojenlerine karsi direng meydana geldigini
bildirmislerdir.

Terzioglu (2012), %0.1 ve %1 oraninda yaban mersini ilave
edilen yemlerle beslenen gokkusagi alabaliklarinda lizozim
aktivitesini arttigin1 ve Vibrio anguillarum ile deneysel en-
feksiyon uygulamasi sonrasi yagama orammnin yiikseldigini
tespit etmistir.

Sahu vd. (2007), Lobeo rohita’ larda sarimsagin (Allium sa-
tivum) bagisiklik sistemi ve hastaliklara karsi direng {izerine
etkisinin incelendigi ¢aligmada %0 (kontrol), %0.1, %0.5,
%1.0 oranlarinda sarimsak (Allium sativum) ilave edilmis
yemlerle beslenmiglerdir. Sarimsak ilave edilmis diyetle

beslenen baliklarda kontrole gére serum bakteriyel aktivi-
tesi, lizozim, serum protein ve albiiminin arttig1 ve 60 giin
sonra Aeromonas hydrophila ile yapilan deneysel enfeksi-
yon sonrasi yasama Oranlarmin kontrol grubuna gore artmus
oldugu belirlenmistir.

Awad ve Austin (2010), yaptiklari ¢aligmada gokkusag: ala-
baliklarin1 % 1 oraninda Lupinus perennis, Mangifera in-
dica ve Urtica dioica ile beslemisler ve 14 giin sonra Aero-
monas hydrophila ile yapilan deneysel enfeksiyon uygula-
masi sonrasinda 6lim oraninda azalma oldugu tespit edil-
mistir. Caligmamizda gokkusagi alabaligina uygulanan de-
neysel enfeksiyon sonras1 %1 ve %2 oraninda pelin otu ile
beslenen gruplarin diger gruplara gére Vibrio anguillarum’
a karst %100 yasama orami sagladigi goriilmistiir. Pelin
otunun V. anguillarum’ a kars1 direng olusturmasi nedeniyle
bulgularimz Diler vd. (2016), Diler vd. (2014), Terzioglu
(2012), Sahu vd. (2007) ve Awad ve Austin (2010)” in yap-
t181 caligma sonuglarimi desteklemistir.

Sonug¢

Sonug olarak bu arastirmada, pelin otu bitkisinin terpenoid
bilesenler bakimindan zengin olmasi nedeniyle Vibrio an-
guillarum* a kars1 direng sagladigi, ayrica pelin otunun lizo-
zim aktivitesi, fagositoz aktivite ve NBT pozitif hiicre sayi-
sinda artig saglamasi nedeniyle bagisiklik sistemini stimiile
ettigi ve gokkusagi alabaliklarinda etkili bir immunostimu-
lant olarak kullanilabilecegi tespit edilmigtir.

Tesekkiir

Calismamiza 1120484 nolu Hizli Destek projesi ile destek
veren Tirkiye Bilimsel ve Teknik Arastirma Kurumu
TUBITAK ’a tesekkiir ederiz.
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ABSTRACT

Boron (B) is required for organisms as an essential nutrient, whereas could be toxic in definite doses. In this
study, for the first time, the effects of water-borne and food-borne B on fish sperm motility were initially
determined and these sperm samples were cryopreserved in liquid nitrogen aiming to reveal how the quality
of these samples are affected by cryopreservation. 12 mature male goldfish (Carassius auratus) individuals
for each treatment performed in triplicate for 45 days were used in the study. Fish were fed with diets con-
taining 1 mg, 5 mg and 10 mg of B per kg feed for foodborne experiments. In waterborne experiments, fish
were kept in aquariums containing 1 mg/L, 10 mg/L and 20 mg/L of B. In both fresh and cryopreserved
samples, the motility durations (s) and percentages of the sperm samples, vitality of spermatozoa (%) were
determined. In the fresh samples, percentages of sperm motility and viability in the both B treatments de-
creased compared to the control, while increasing B concentration. After cryopreservation, the sperm samples
in 5 mg of B per kg feed treatment has shown higher duration of sperm motility. Therefore, it is shown that
feed-borne B could improve sperm resistance to cold shock.

Keywords: Boron, Carassius auratus, Sperm motility, Sperm vitality, Cryopreservation



http://orcid.org/0000-0002-2888-8457
http://orcid.org/0000-0001-7487-6652

Journal of Aquaculture Engineering and Fisheries Research, 4(1), 12-19 (2018)

Journal abbreviation: 3 Aquacult Eng Fish Res

Introduction

Boron (B) is a micro-mineral and a trace element, with prop-
erties between that of a metal and a nonmetal which is pre-
sent in the environment (sedimentary rocks, soils, coal, sea-
water, etc.) in different forms such as borates, boric acid,
boric oxide and salts (Samman et al., 1998; Bustos-Obregon
and Olivares, 2012; Kabu and Akosman, 2013). Commer-
cially important deposits of boron-containing minerals are
found in the United States, Turkey, South America, Russia,
and China (Woods, 1994). There has been a long-standing
usage of B. For instance, it was used by the ancient Egyp-
tians in mummification and medicine. Nowadays, B miner-
als are used manufacture of glass fibers, ceramics, cleaning
materials (detergents), bleaches, alloys, fire retardants, fer-
tilizers, wood preservatives, cosmetics antifreeze, brake flu-
ids and motor oil, particularly in the United States, China
and Europe (Scialli et al., 2010).

A limit of 0.3 mg B/L could be acceptable for drinking water
(Simonnot et al., 2000). Generally, surface and ground wa-
ters are below this limit but in the regions of borate mines
and some industrial discharges B levels were determined
around 7 mg/L. (Okay et al.,1985; Recepoglu and Beker,
1991). On the other hand, the average concentration of B in
seawater is approximately 5 mg/L (Song and Huang, 1987).
Boron as borate compounds or boric acid is an essential el-
ement for plant growth, an essential nutrient in some ani-
mals and humans at defined concentrations (Blevins and
Lukaszewski, 1994; Devirian and Volpe, 2003; Nielson,
2008). The toxicological studies in mammals have shown
that the toxic effects of B on central nervous system, cardi-
ovascular system, and axial skeleton. But the most sensitive
endpoints originated from B toxicity are observed on the re-
productive system where effects are detected at much lower
dose levels (Ku et al., 1993).

Cryopreservation as an assisted reproduction method is the
use of very low temperatures (typically in liquid nitrogen)
to preserve structurally intact living cells like spermatozoa
(Pegg, 2007). Moreover, cryopreservation of sperm offers
many advantages such as improving artificial reproduction,
facilitating genetic manipulation (Chao and Liao, 2001).
Conceptually, the procedure of cryopreservation could be
divided into two main processes; the freezing and the thaw-
ing. These processes have potential to damage sperm cells
especially associated with loss of integrity of cell membrane
and oxidative stress (Suquet et al., 1998). B has a part in cell
membrane functions, anti-oxidative defense systems, struc-
ture of cell transporter, and cations metabolism, which are
very critical for sperm quality (Goldbach et al., 2001; Park
et al., 2004; Alavi and Cosson, 2006; Kabu and Akosman,
2013). Taking in consideration B functions in organisms, it

is motivated to study on the effects of B on sperm quality of
fish, and cryopreservation of this sperm. Thus, this study
aims to investigate the effects of water-borne and food-
borne B at different concentrations on fish sperm quality,
vitality of spermatozoa and mainly resistance to cryopreser-
vation of sperm obtained from fish exposed by B.

Materials and Methods

Two hundred and fifty-two (1.5-2 years old, 7.8 +1.2g, 18.6
+3.8cm) male which were never stripped before and sex-
ually mature sixty-three female goldfish (Carassius au-
ratus) purchased from commercial dealer were used for ex-
periments. Each treatment was done in three replicates using
three aquariums of which each contains 45 liters of water
with 12 male fish. The fish were kept 45 days in total in
aquariums, last two weeks 3 females were put into each
aquarium for matching and thereby making easier ab-
dominal stripping of male fish. The experiments carried out
the Aquarium Laboratory of Biology Department at Mugla
S. K. University using with tap water (pH 7.97+0.4; dis-
solved oxygen (DO) >8 mg/L, and boron (B) concentration
<0.001 mg/L) at 16+0.5°C on a 10-h dark and 14-h light
(10D:14L) photoperiod. After putting the female fish, tem-
perature of the aquarium water gradually increased to 22
+0.5°C on 8D:16L photoperiod during the last two weeks of
the experiments. Thus, any hormone injections were
avoided when obtaining sperm samples. DO and pH were
measured with a portable HQ40D multimeter (Hach Lange,
Germany) and a micro pH meter (WTW pH 320, Germany)
respectively while B concentrations were determined by an
ICP-MS procedure (Agilent 7700x, Germany) described as
in Geng et al. (2015).

Besides the control groups which fed with B free pellets and
in aquariums with tap water, the experimental design was
composed of two main groups; food-borne and water-borne
groups. All fish were fed daily with 2 mm feed pellets of
around 2% of total fish wet weight. The water-borne B treat-
ments were obtained adding 1, 10 and 20 mg/L of B concen-
trations to the aquariums. However, the pellets contained 1,
5 and 10 mg/kg of B concentrations were used in the food-
borne B treatments. Each aquarium was supplied with tap or
relevant B levels containing fresh water with 25% changes
of it every two days and aeration to maintain enough DO.
Eventually, together with the control group, there were
seven treatments in the experimental design. In the food-
borne B treatments, cornmeal oil (10 ml/kg feed) was used
to bind B to the fish feed (Ardo6 et al., 2008). The prepared
feed was maintained at room temperature. B concentrations
were adjusted using with boric acid (HsBOs, Sigma-Al-
drich, Germany) in all experiments. The condition factor (K)
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of the experimental fish was estimated from the relationship:
K = (W/L%)*100 (Bagenal and Tesch, 1978).

The fish fasted for 24 h before the start of the experiments
were anaesthetized in 50 pl/L of clove oil (Ogretmen et al.,
2014). Sperm samples were collected by manual abdominal
stripping by the help of pipette while avoiding any contam-
ination from water, urine or faeces.

Sperm samples of 3 males were selected from each aquar-
ium and then totally 9 samples were pooled as representative
of each treatment. The motility characteristics of the pooled
samples of spermatozoa (expressed as durations and per-
centages) were estimated by mixing an activation solution
containing 45 mM NaCl, 5 mM KCI, and 30 mM Tris—HCl,
pHS8.2 (Horvath et al., 2003) under a light microscope at
400x magnification at a semen:activation solution ratio of
1:100 on microscope slides.

Eosin-nigrosin staining for vitality of spermatozoa (%) was
performed according to the concept of using eosin to mark
dead cells, which take up eosin, and nigrosin as a black
background (Blom, 1950). 10 pul of semen was mixed in a
glass tube with firstly 50 pl of 0.5 % eosin and then 100 pL
of 10% nigrosin which dissolved in 0.9 % sodium chloride
in distilled water (modified from Bjorndahl et al., 2003).

Following the stripping and pooling of the semen samples,
they were placed in 12-ml glass test tubes on ice immedi-
ately under aerobic conditions. The pooled semen samples
were mixed in a ratio of 1:9 (v/v) with an extender composed
of modified Kurokura solution (62 mMol NaCl, 134 mMol
KCI, 2 mMol CaClz,1 mMol MgCls, and 2 mMol NaHCOs,
pH 8.2, 378 mOsm),10% DMSO, and 10% egg yolk
(Magyary et al., 1996). After dilution, the samples were
drawn into 0.25 ml straws (IMV, France) and sealed with
polyvinyl alcohol. Next, the straws were placed on a rack
2.5 cm above a liquid nitrogen surface for 10 min and then
plunged directly into the liquid nitrogen. At least seven
straws per a sperm sample were frozen. After a week of stor-
age in liquid nitrogen, the samples were thawed in a 30°C
water bath for 10 s. the activation solution described above
was also used to evaluate for the motility characteristics of
cryopreserved samples. A 1 pl drop of sample was placed
on a microscope slide, 100 pul of the activation solution was
added, and then the sperm suspensions were thoroughly
mixed for 2 s. The percentages of motile sperms and motility
durations were immediately recorded with a CCD video
camera (with a Nikon DS-U3 controller, Japan) mounted on
a phase-contrast microscope (Nikon Ci-S, Japan) at 400x
magnification at room temperature until the spermatozoa
trajectories become tight concentric circles (Rurangwa et

al., 2004). The obtained video records were scanned to de-
termine the percentages of progressive motility (%) and the
durations of progressive motility (s). The sperm motility
percentages were estimated as the percentage of cells that
exhibited progressive forward movement (Horvath et al.,
2003), and the durations of motility were determined as the
times until forward movement stopped and circular move-
ment began. The percentages of sperm motility were as-
sessed using an arbitrary scale with 10% interval increments
in which non-motility was recorded as 0% (modified from
Borges et al., 2005). An aliquot of each straw were deter-
mined, and the average motility characteristics were then
calculated.

The results are shown as the means + the standard deviation
(SD). Non-parametric Mann—Whitney U tests followed by
Kruskall-Wallis test were used. Prior to analysis, the origi-
nal percentage data were transformed by arcsine transfor-
mation. P values less than .05 were taken to indicate signif-
icant differences the treatments in terms of motility charac-
teristics.

Results and Discussion

As an essential nutrient, B is a necessary dietary for not just
to metabolisms of bacteria, fungi, plants, animals and but
also to humans (Hunt, 1994; Goldbach et al., 2001). B, like
other microelements, could be toxic in definite doses, de-
pending on how organisms taken in (Blevins and
Lukaszewski, 1994). The effects have been confirmed in
many experiments and studies on organ systems as well as
reproduction system. In some mammalian species such as
rats, mice, and dogs, the negative effects of oral administra-
tion of boric acid and borax were reported on the testis and
following on sperm and spermiation (Scialli et al., 2010). It
has been clearly indicated the nutritional essentiality of bo-
ron for normal reproduction and maturation in frog
(Xenopus laevis) (Fort et al., 1999). Also, the requirement
of B during embryonic development zebrafish (Danio rerio)
has been reported clearly. A supplementation of B concen-
tration of 45 umol/L of B supplementation to the water im-
proved hatching rates of fertilized eggs, comparing to 0.1
umol/L of B concentration in water (Rowe and Eckhert,
1999). Moreover, male reproductive studies especially
about their semen characteristics of B-exposed workers,
who work in boric acid production plant, B processing
plants or B mine in China and Turkey, has revealed the sci-
entific awareness of B effects on reproduction (Duydu et al.,
2012; Basaran et al., 2012; Scialli et al., 2010).

Regarding to K values, there were no significant differences
among the groups (P > 0.05) at both the beginning which is
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not represented and the end of the experiment (Figure 1).
The average K values in the control were found 3.94+0.79.
K values were calculated in water-borne treatments as
4.01£1.20, 3.91+£1.12 and 3.42+0.65, respectively in 1, 10
and 20 mg/L of B groups while 3.49+0.98, 4.91£1.92 and
4.19+1.36 were found for food-borne treatments 1, 5 and 10
mg/kg of B, respectively.

The percentages of sperm vitality obtained from samples at
the end of the experiment were represented in Figure 2.
Sperm vitality was found in the control as 97.2+0.6 %. In
contrast to K values, there were significant differences
among the percentages of sperm vitality (P <0.05). Increas-
ing with the B concentration, a decrease in sperm vitality
was observed. In water-borne groups, sperm vitality values
were calculated 92.5+0.4, 88.0+0.8 and 84.1+0.2 % as 1, 10
and 20 mg/L of B groups, respectively. In food-borne
groups (1, 5 and 10 mg/kg of B groups), the average values
of sperm vitality were found 91.842.3, 83.0+0.5 and
81.0£1.6 %, respectively.

Motility percentages and durations of both fresh pooled and
post-thaw sperm samples treated by boron (B) with water-

borne (1, 10 and 20 mg/L of B in water) and food-borne (1,
5and 10 mg/kg of B in pellets) were shown in Table 1, com-
paring with the control. The average motility percentages
and durations of the fresh sperm sample in the control were
91.742.9 % and 58.3£2.9 s, respectively. Percentages of
progressive motility were recorded as 66.7£5.8 and
58.3£2.9 % in 20mg/L. B and 10mg/kg B groups, respec-
tively. In the treatments, motility percentages were de-
creased while B concentrations were increased for both wa-
ter-borne and food-borne groups. This pattern was not ob-
served in motility durations. The highest average of progres-
sive matility percentage was found in 1mg/L of B group as
62.7+1.2 %. After the application of cryopreservation, the
average motility percentage and duration were recorded
48.342.9 % and 33.0+2.6 s in the control. No significant dif-
ference was found among the water-borne groups in terms
of post-thaw progressive motility values. Among the cryo-
preserved samples obtained from the food-borne groups, the
highest motility percentage and duration were in the 5
mg/kg of B as 53.3+5.8 % and 40.3+2.5 s. Especially the
average of progressive motility duration determined in this
treatment was higher than the value in the control (P < 0.05).

10

Condition factor (K)
)]
|
*

Control 10mg/L  20mg/L  1mg/kg

Treatments

1mg/L

5mb/kg 10rﬁg/kg

Figure 1. The condition factor (K) of the male fish in the control and the treatments (water-borne; 1, 10 and 20 mg/L of B
in water and food-borne; 1, 5 and 10 mg/kg of B in pellets) at the end of the experiment. No significant differ-
ences were found among the groups (n=36 for each group, P > 0.05). The box plot represents the median and
25/75th percentile, whereas asterisks indicate outliers.



Journal of Aquaculture Engineering and Fisheries Research, 4(1), 12-19 (2018)

Journal abbreviation: J Aquacult Eng Fish Res

100+

ra

95+

©
<

Fc

©
T

Sperm vitality (%0)

=d
e
80

75

Control 1Hg/L 10n‘qg/L ZOrﬁg/L lmd/kg Smd/kg 10m§/kg
Treatments

Figure 2. The percentages of sperm vitality (%) of the male fish in the control and the treatments (water-
borne; 1, 10 and 20 mg/L of B in water and food-borne; 1, 5 and 10 mg/kg of B in pellets) at the
end of the experiment. The same superscript letters did not differ from each other (n=36 for each
group, P <0.05). The box plot represents the median and 25/75th percentile.

Table 1. Motility percentages (%) and durations (s) of fresh pooled and post-thaw sperm samples of gold-
fish (C. auratus) treated by boron (B) with water-borne (1, 10 and 20 mg/L of B in water) and
food-borne (1, 5 and 10 mg/kg of B in pellets).

Fresh Pooled Sperm Samples Post-thaw Sperm Samples
Treatments Progressive motility  Duration of progres-  Progressive motility ~ Duration of progres-

(%) sive motility (s) (%) sive motility (s)
Control 91.7+2.9% 58.3+£2.9% 48.3+2.9% 33.0+2.6°
1mg/L 83 342 9 62.7+1.2° 25.0+5.0° 18.7+1.5°
10mg/L 86.7+£2.9% 54.7+1.5° 36,745 8 34.0+6.6™
20mg/L 66,75 8P 44.3+2.5° 31742 9P 23.7£2.1°
1mg/kg 85.0+5.0% 51.3+1.2¢ 48.3+2.9° 32.342.1°
5mg/kg 73345, gbde 56.0+1.0° 53.3+5.8° 40.3+2.5¢

10mg/kg 58.342.9° 49.3+1.20 33.3+2.9° 33.3£1.2°
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It has been shown that B supplemented diets improve testis
weight in Frog (Fort et al., 1999). In general, percentages of
sperm vitality significantly decreased with increasing B lev-
els (P <0.05). The lowest percentage of sperm vitality was
observed in 10 mg/kg of B in food-borne treatments. The
negative effects of B levels on progressive motility percent-
ages were recorded in fresh sperm samples (P < 0.05). Like
sperm vitality, the lowest percentage of sperm motility was
found in 10 mg/kg of B treatment. Similarly, a decrease in
motility percentages was also reported in frog and some
mammalian species (Fort et al., 1999; Scialli et al., 2010).
In humans, no adverse effects of B on male reproduction can
be demonstrated (Liu et al., 2005; Duydu et al., 2012). How-
ever, it was emphasized that the possibility of a bias in the
selection of subjects for semen evaluation may have been
emerged (Scialli et al., 2010). Also, B exposures of selected
subjects could be under the conditions of human handling
and use (Bolt et al., 2012).

Additionally, results of our study showed that durations of
progressive motility were also decreased with the exception
of the highest motility durations in 1 mg/kg of B food-borne
group, even higher than the control slightly but significantly
(P <£0.05). In cryopreserved sperm samples, while percent-
ages of progressive motility were close, duration of progres-
sive motility recorded in 5 mg/kg of B food-borne group
higher than those values in control significantly. B func-
tions, particularly at cell level, could induce this positive ef-
fect on motility duration. Cellular membrane functions of B
and its role in anti-oxidative defense systems have been sug-
gested clearly in plants (Goldbach et al., 2001; Cakmak and
Rombheld, 1997). Whereas B functions in plants are well
documented, its functions in animals have been started to
study lately. For instance, it was shown that a boron trans-
porter, called NaBC1, as mammalian homologue of the At-
BOR1 borate transporter, occurring ubiquitously in animal
cell membranes (Park et al., 2004), This NaBC1 transporter
conducts Na* which one of the major cations in semen
(Alavi and Cosson, 2006) and in the absence of borate. Also,
B has effects on energy metabolism and Ca*™* and Mg** me-
tabolisms which are substantial for sperm motility (Alavi
and Cosson, 2006; Kabu and Akosman, 2013).

Conclusion

In essence, results of our study showed that the motility
characteristics of sperm of C. auratus were inhibited by ex-
posing to water-borne and food-borne B. On the other hand,
after cryopreservation of the samples, the maotility charac-
teristics in the 5 mg/kg of B from the food-borne groups
were improved, comparing with the control group signifi-

cantly. Regarding the observable effects of B on sperm qual-
ity, using of B in studies on reproductive biology and fish as
a model species are to encourage for further studies. Our
study suggest the need for further studies of in vitro effect
of B on quality of sperm, particularly adding B to cryome-
dium at low doses. Furthermore, analysis of oxidative stress
of semen samples treated by B and also determining the ac-
cumulation of B in gonadal tissue and semen are needed to
be studied.
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oz

Bu calismada, Bat1 Karadeniz dip trol balik¢iliginda av kompozisyonun belirlenmesi ve derinligin av kompo-
zisyonuna olan etkisinin belirlenmesi amaglanmustir. Calisma verileri igneada ve Rumeli Feneri bélgelerinde
2012-2013 ve 2013-2014 balikeilik sezonlarinda 66 dip trol ¢ekiminden elde edilmistir. Toplam 32 tiir elde
edilen avcilik operasyonlarinda 20-50 m ve 50-100 m derinlik konturlarinda tiir kompozisyonun ve av oranla-
riin farkli oldugu belirlenmistir. Kemikli baliklar iki derinlik konturunda da tiir sayisi, birey sayisi ve toplam
agirlik bakimindan baskin gruptur. Hedef tiirler olan mezgit ve barbunya baliklar1 toplam avin agirlik¢a sira-
styla % 38.26 ve %22.88’ini olusturmustur. Calisma sonuglari, ideal bir balik¢ilik yonetiminin av kompozis-
yonunun ve koruma 6nceliklerinin iyi anlagildig: bir temele dayanmasi gerektigini gostermektedir. Bat1 Kara-
deniz demersal kaynaklar bakimindan en dnemli balik¢ilik alanlarindan biridir ve uzun vadede bir siirdiirebi-
lirlik i¢in derinlik gibi faktorleri gibi dikkate alan uzun siireli izleme ¢aligmalarina ihtiyag vardir.

Anahtar Kelimeler: Av kompozisyonu, Dip trolii, Derinlik, Bat1 Karadeniz

ABSTRACT

THE CATCH COMPOSITION OF BOTTOM TRAWL FISHING IN THE WESTERN
BLACK SEA (SILE-IGNEADA)

In this study, the determination of catch composition in bottom trawling and effect of depth was aimed in the
western Black Sea. Data was obtained by 66 bottom trawl hauls during 2012-2013 and 2013-2014 fishing pe-
riods in Igneada and Rumeli Feneri fishing regions. A total of 32 species were obtained where the species
composition and catch rates were different between 20-50m and 50-100 m depth contours. Bony fishes are
dominant group for both depth contours in terms of number of species, number of individuals, and total weight.
Target species, whiting and red mullet, consisted of 38.26% and 22.88% of total catch by weight, respectively.
The study results shows an optimal management should depends on a good understanding of how catch com-
position and conservation concern. Western Black Sea is one of the most important fishing ground in terms of
demersal resources and long-term monitoring of trawl catch composition which emphasize factors like depth
is needed for long term sustainability.

Keywords: Catch composition, Bottom Trawling, Depth, Western Black Sea
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Giris

Karadeniz’e 6zgili biyo-gesitlilik igerisinde yer alan ve en
biiyiik ticari degere sahip 24 tiir bulunmaktadir (Shlyakhov
ve Daskalov, 2009). Bu tiirler, 2000-2016 yillarinda ara-
sinda toplam avin yaklasik %99.5’ini olusturmustur. Geriye
kalan 9%0.5°lik kisim ticari degeri daha az olan baliklar ve
diger sucul organizmalar olusturur (TUIK, 2017). Karade-
niz balik¢ilik kaynaklari temel olarak 3 gruba ayrilir: pela-
jik, demersal ve anadrom baliklar. Bu her bir grup igeri-
sinde, avin %90°dan fazlasi birka¢ dnemli tiirle temsil edilir.
Karadeniz balik¢iligi perspektifinden en 6nemli demersal
baliklar kalkan (Psetta maxima), mezgit (Merlangius mer-
langus), tekir ve barbun (Mullus barbatus, M. surmuletus)
baliklaridir. Ancak bu demersal balik tiirlerinin Karade-
niz’de maksimum siirdiiriilebilir iiriin (MSY) limitleri asil-
maktadir (STECF, 2015).

Balik¢iligin deniz ekosistemine etkilerinden muhtemelen en
onemlisi bireylerin alikonmasidir (Pauly ve dig., 2002). Av-
cilik hedef tiirlerin ve iiretkenligi tehlikeye girebilen bazi
hedef disi tiirlerin 6liim oranlarini arttirir ve ayrica komiinite
demografisi ile besin zinciri topolojisi gibi yap1 ve fonksi-
yonun stabilitesini bozar (Pikitch ve dig., 2004). Ornegin,
balikeilik tiirlerin kismi bollugunu degistirir ve ekosistemde
sec¢ilime yon veren bir ekti gibi rol oynar (Law, 2000), boy-
lelikle komiinite yapist ve ¢esitliligi degistirir (Botsford ve
dig. 1997; Jennings ve Kaiser, 1998). Bu nedenle, hedef tiir-
lerin yani1 sira onlarla besin i¢in rekabet edenler, predatorleri
ve avlar1 da yonetim planinda veya balik¢iligin ekosisteme
etkilerinin degerlendirilmesinde goz dniinde bulundurulma-
lidir. Bundan dolay1, balik¢iligin deniz ekosistemine olan et-
kisini gdsteren en kullanisli 6l¢ii karaya ¢ikan ve 1skarta edi-
lenleri i¢eren avdir (Rochet ve Trenkel, 2003).

Karadeniz bolgesinde ise temel problemlerden biri balikgi-
lik aktiviteleri, av miktarlar1 ve kompozisyonlar1 ve balik
stoklarinin mevcut durumuna balik¢iligin etkileri hakkin-
daki kapsamli bilgilerin eksikligidir. Bu nedenle, yillik av
miktarlar1 ve kompozisyonlar1 hakkindaki raporlar ciddi
bosluklarla yayinlanir ve balik stoklarinin mevcut durumu
hakkindaki analizler yetersizdir (Raykov ve dig., 2011). Bu
caligma da ise bat1 Karadeniz’de demersal kaynaklarin avci-
liginda 6nemli bir avcilik teknigi olan dip trol balik¢iliginda
av kompozisyonun belirlenmesi amaglanmustir.

Materyal ve Metot

Bu ¢alismada, Istanbul Bogazi-Sile ve igneada-Kiyikdy bol-
gelerinde, 2012-2013 ve 2013-2014 balik¢ilik sezonu bo-

yunca aylik periyotlar halinde ticari av tekneleri ile trol ba-
likgiligina istirak edilmistir. Rumeli Feneri ve igneada ba-
lik¢1 barmaklari, Bati1 Karadeniz’de trol balik¢iliginin yogun
oldugu balikg¢1 yerlesimleridir. Gida, Tarim ve Hayvancilik
Bakanligi’nin yaymladigi 4/1 Numarali Ticari Amaglt Su
Uriinleri Avciligmin Diizenlenmesi Hakkinda Teblig (No:
2016/35)’e gore trol av sezonu Eyliil aymm 15’1 ile Nisan
aymin 15’1 arasinda belirlenmistir (Anon, 2016). Ancak bol-
gedeki trol balik¢ilar1 Eyliil aylarinda palamut go¢iinii izle-
yerek trol balik¢ilig1 yerine uzatma aglariyla palamut baligi
avciligl yapmaktadir. Bu nedenle Eyliil aylarinda balik¢ilik
orneklemeleri alinamamustir. Gergeklestirilen trol ¢ekimleri
20-50 m ve 50-100 m derinlik konturlarina gore degerlendi-
rilmistir. Toplamda 66 gegerli dip trolii avciliginda veriler
kaydedilmistir. Aylara ve derinliklere gore d6rnekleme say1-
lar1 Tablo 1°de gosterilmistir. Trol ¢ekimlerinin 17 adedi
sonbahar, 30 adedi kis ve 19 adedi ilkbahar mevsiminde ger-
ceklestirilmistir. 42 adet trol ¢ekimi 20-50 m derinlik kon-
turunda, 24 adet trol ¢ekimi ise 50-100 m derinlik kontu-
runda yapilmistir. Trol ¢ekimleri siiresince ¢ekim koordinat-
lar1, operasyon siireleri (saat), toplam av miktarlar (kg) ve
av kompozisyonu tekne iizerinde kaydedilmistir. Cekim sii-
releri 1-2,5 saat arasinda degismistir.

Calismada, avcilik operasyonlarina istirak edilen iki ticari
trol teknesinin toplam boylar1 19 ile 21 m ve motor giigleri
700-822 HP arasindadir. Arastirmada kullanilan Akdeniz
tipi algak agiz acan klasik dip trol aglarinin toplam boylar
32-35 m, agi1z genisligi 12-15 m, yiiksekligi ise 0.8-1.2 m
arasinda degismektedir. Trol aglarinin kollarinda 55 mm
tam gdz boyunda aglar kullanilirken, torba tam gozii agiklig
40 mm, muhafaza tam g6z ag¢ikligi 80 mm olarak dl¢tilmiis-
tiir. Teknelerde kullanilan geleneksel trol kapilar1 dikdort-
gen seklindedir ve agirliklart yaklagik 130-150 kg arasinda-
dir.

Cekim sirasinda tekne hiz1 ve baglangic-bitis koordinatlari
teknede bulunan ekosounder ve GPS satalayt yardimiyla
tespit edilmistir. Cekimler sonunda elde edilen toplam avi
olusturan tiirler birbirinden ayrilarak miimkiin olan en alt
taksonomik seviyede tayin edilmistir. Agdan ¢ikan {iriiniin
cok fazla oldugu durumlarda, av kompozisyonun belirlen-
mesi i¢in alt drnekleme yapilmistir (Avsar, 2005; Erko-
yuncu, 1995). Alt 6rnekleme yapilan ¢ekimlerde, ilk dnce
agdan ¢ikan biiyiik boyutlu tiirler (vatoz, kopek baligi vb.)
ve bireysel olarak temsil edilen tiirler ayrilmis daha sonra
toplam avin tamamini temsil edecek sekilde bir 6lcek (kasa
ya da kova) alt 6rnek alinarak tasnif edilmistir.



22

Journal of Aquaculture Engineering and Fisheries Research, 4(1), 20-34 (2018)

Journal abbreviation: J Aquacult Eng Fish Res

42°N

41.5°N 250 m

41°N 750 m

1000 m
1500 m
40.5°N
2000 m

2500 m

}
}
E

28°E 29°E 30°E 31°E
Sekil 1. Calisma haritas1 ve ¢ekim yapilan sahalar

Figure 1. Map of study and trawling fields

Tablo 1. Ornekleme sahalari ve derinlik konturlarmna gére drnekleme sayilari.

Table 1. Sampling numbers according to sampling fields and depth contours

Istanbul Bogazi-Sile  igneda-Kiyikoy

Yil Ay Derinlik Konturu Derinlik Konturu
20-50 50-100 20-50  50-100
2012 Ekim 1 2
2012 Kasim 1 2 2
2012 Aralik 2 2
2013 Ocak 2 1 2
2013 Subat 1 2 1 2
2013 Mart 1 2 1 2
2013 Nisan 2 2
Toplam 10 8 9 6
Istanbul Bogaz1-Sile Igneda-Kiyikdy
Yil Ay Derinlik Konturu Derinlik Konturu
20-50 50-100 20-50  50-100
2013 Ekim 1 2 2
2013 Kasim 2 2
2013 Aralik 2 2
2014 Ocak 2 1 2
2014 Subat 1 2 1 2
2014 Mart 1 2 2
2014 Nisan 2 2
Toplam 11 6 12 4
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Bulgular ve Tartisma

Toplam av igerisinde (6297,01 kg), kemikli baliklarin (Os-
teichthyes) orani agirlikca % 86.3 (5435.1 kg) olarak tespit
edilmistir (Tablo 2). Sayica ise kemikli baliklar % 90.9
oranlik bir ylizde ile temsil edilmektedir. Diger gruplarin
agirlikea ve sayica % oranlar1 Tablo 2‘de gosterilmistir.

Taksonomik gruplar, 20-50 m ve 50-100 m derinlik kon-
turuna gore tiir sayisi bakimindan incelendiginde kemikli
baliklar diger gruplarin toplamindan daha fazla bir yiizdeyle
temsil edilmektedir. Diger bir deyisle, bolgedeki trol avcili-
ginda kemikli baliklar baskin gruptur. Kikirdakli baliklar
kemikli baliklarin ardindan ikinci sirada yer alir. Diger
gruplarin siralamas iki derinlik konturunda farklilik goster-
mektedir. Avlanan tiirler incelendiginde, tiir ¢esitliliginin
derinlige bagli olarak degistigi tespit edilmistir. Calisma
sahasinda 20-50 m derinlik konturunda 32 tiir, 50-100 m
derinlikte ise 24 tiir olmak iizere toplam 32 ftiir tespit
edilmistir (Sekil 2). ANOVA tek yonlii varyans analizi
sonuclarina gore iki derinlk konturunda av oranlari
istatistiksel olarak fark gostermektedir (P<0.005).

20-50 m derinlik konturunda agirliksal olarak % 84,.3’luk
bir yilizdeye sahip kemikli baliklar grubunu sirasiyla % 7.91
ile eklem bacaklilar, % 5.2 ile yumusakcalar % 2.61 ile ki-
kirdakli baliklar ve % 0.09 ile derisi dikenliler takip etmek-
tedir (Tablo 3). 50-100 m derinlik konturunda ise %
89.44°1ik bir yiizdeye sahip kemikli baliklar grubunu sira-
styla % 6.72 ile yumusakgalar, % 3.41 ile kikirdakli baliklar,
% 0.4 ile eklembacaklilar ve % 0.05 ile derisi dikenliler ta-
kip etmektedir (Tablo 4).

Avlanan 6297.01 kg’lik toplam avin igerisinde mezgit baligi
kemikli baliklar igerisinde % 44.33 ve tiim gruplar igeri-
sinde % 38.26’lik oranlarla toplam ava en ¢ok katki yapan
tiir konumundadir (Sekil 3). Hedef tiirlerden bir digeri olan
barbunya balig1 ise mezgit baliginin ardindan kemikli balik-
lar icerisinde % 26.51 ve tiim gruplar igerisinde % 22,88’lik
oranlarla en ¢ok avlanan ikinci tiirdiir. Diger bir ifade ile bu
iki balik tiirii, bolgedeki trol aveiliginin en 6nemli ticari tiir-
leridir. Ekonomik olarak onem arz eden P. saltatrix, A. im-
maculata, T. mediterraneus ve P. maxima baliklar1 ise agir-
likga tiim gruplar igerisinde sirastyla % 8.72, % 3.57, % 2.56
ve % 2.19 oranlara sahiptir.

Sayica ise tiim bireylerin % 44.77’si mezgit, % 3551’1
barbunya, % 5.62°s1 L. depurator, % 3.45’1 istavrit ve
% 2.94’1 kara midyeden olugmaktadir (Sekil 4). Kemikli ba-
liklardan mezgit baliginin iki derinlik konturunda da ol-
dukca yogun bulunmasi bakimindan homojen bir dagilis
gostermektedir. Kikirdakli baliklar igerisinde R. clavata %
66.98 ile en ¢ok av veren kikirdakli balik tiirli olmustur. Yu-
musakgalar grubu i¢inde kara midye (% 60.48) ve eklemba-
caklilar grubu iginde ise L. depurator (% 98.82) kendi grup-
lar1 igerisinde en ¢ok avlanan tiirlerdir. Derisi dikenliler gru-
bunda ise iki tiir neredeyse esit oranda goriilmektedir.

Tim ¢ekimler birlikte degerlendirildiginde, Neogobius
melanastomus tiiri en sik goriilme frekansina (% 86.36),
Engraulis encrasicolus en az goriilme frekansina (% 4.55)
sahip iken M. merlangus euxinus en baskin tiir
konumundadir (Sekil 5). Dip trol avciliginda demersal
tiirlerin yani sira hamsi, istavrit ve liifer gibi pelajik tiirlerde
siklikla avlanmaktadir. Yedi tiir (M. merlangus euxinus, M.
barbatus, Liocarcinus depurator, Pomatomus saltatrix,
Mytilus galloprovincialis, Trachurus mediterranneus ve
Trachinus draco) % 1 ve lizeri baskinliga sahip iken (Sekil
6), 14 tiir toplam av igerisinde % 1 ve tizeri orana sahiptir
(Sekil 7).

Akdeniz havzasmin diger bolgeleriyle karsilastirildiginda
Karadeniz’in iiretkenligi yiiksek olarak degerlendirilir. Gii-
niimiizde, Karadeniz balik¢ilik kaynaklarindan elde edilen
balik hacmi % 85°den fazladir. Farkli tahminlere gore, balik
biyokiitlesi 1 milyon ton ile 6 milyon ton arasinda iken,
resmi kayitlara gore bu deger 1,5-3 milyon ton arasinda de-
gismektedir (Eremeev ve Zuyev, 2007).

Karadeniz’de dip trol aglariyla elde edilen tiir sayis1 18 ile
78 arasinda degismektedir (Tablo 5). En yiiksek tiir sayisi
bati1 Karadeniz’de Karakulak ve dig. (2015) tarafindan 78
tiir olarak bildirilmistir. Tiir sayisinda goriilen bu degisim-
ler, bolgesel farkliliklarin yani sira ¢calismalarda kullanilan
yontem farkliliklartyla agiklanabilir. Demersal stok tespit
caligmalarinda, trol torbasina daha kiigiik go6zIii aglar yerles-
tirilerek ag segiciligi minimum diizeye indirilebilmektedir.
Yiiksek tiir sayisina genellikle stok calismalarinda rastlanir-
ken, ticari teknelerle yapilan ¢aligmalarda elde edilen tiir sa-
yist 18 ile 34 arasinda degismektedir. Bu ¢aligmada ise 32
tiir elde edilmistir.
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Tablo 2. Taksonomik gruplarin agirliksal ve sayisal dagilimi.

Table 2. Distribution of taxonomic groups by weight and number

Agirlik (kg) % N (adet) %
Kemikli baliklar 5435.1 86.3 616759 90.9
Elrk“dakh balik- 184 2.9 181 0.02
Eklembacaklilar 309.54 491 38159 5.6
Derisi dikenliler 4.26 0.06 158 0.02
Yumusakgalar 364.11 5.78 22929 3.3
TOPLAM 6297.01 678186
Toplam 24
P 32
2
Yumusakgalar ; )
T 2
Derisi dikenliler ; )
1
Eklembacaklilar L 3
3
Kikirdakl baliklar ; 3
. 16
Kemikli baliklar
22
0 5 10 15 20 25 30 35

050-100 m m20-50 m

Sekil 2. 20-50 m ve 50-100 m derinlik konturlarinda taksonomik gruplara gore avlanan tiir sayist

Figure 2. Number of species according to taxonomic groups in 20-50 m and 50-100 m depth counturs
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Tablo 3. 20-50 m derinlik konturunda tiirlerin frekans (F), baskinlik (D) ve oransal degerleri.

Table 3. Frequency (F), dominancy (D) and relative values of species in 20-50 m depth contour

Tiirler N D% F% Toplam Av (kg) Grup ici % %
Kemikli baliklar

M. barbatus 240790 5852 97.62 D 1441 44.84 38.02
M. m. euxinus 71472 1737 57.14 D 566.5 17.63 14.95
P. maxima 61 0.01 7143 D 102.25 3.18 2.7
P. saltatrix 17574 427 4762 Y 549 17.08 14.49
A. immaculata 85 0.02 381 Y 10.11 0.31 0.27
T. mediterraneus 18202 4.42 5476 D 131.05 4.08 3.46
U. scaber 1979 048 76.19 D 65.4 2.04 1.73
T. draco 8845 215 9524 D 127.45 3.97 3.36
P. nasuta 449 0.11 4048 Y 18.17 0.57 0.48
P. flesus 65 0.02 3333 Y 2.9 0.09 0.08
G. mediterraneus 124 0.03 4286 Y 3.692 0.11 0.1
G. niger 662 0.16 8095 D 8.797 0.27 0.23
N. melanostomus 2775 0.67 90.48 D 71.05 2.21 1.87
M. batrachocephalus 1032 025 57.14 D 55.68 1.73 1.47
H. guttulatus 427 01 5714 D 1.321 0.04 0.03
S. porcus 2081 051 8095 D 46.55 1.45 1.23
A. kessleri 290 0.07 4286 Y 2.01 0.06 0.05
S. acus 152 0.04 4762 Y 2.84 0.09 0.07
E. encrasicolus 3 0 714 S 0.03 0.01 0
C. lucerna 15 0 26.19 Y 1 0.03 0.03
P. tentacularis 68 0.02 4048 Y 0.66 0.02 0.02
S. smaris 45 0.01 3095 Y 6.01 0.19 0.16
Toplam 367196 3213.47 84.3
Kikirdakl baliklar

R. clavata 120 0.03 7381 D 81.55 82.21 2.15
S. acanthias 6 0 952 S 7.35 7.41 0.19
D. pastinaca 6 0 1429 S 10.3 10.38 0.27
Toplam 132 99.2 2.61
Yumusakgalar

R. venosa 2766  0.67 78,57 D 140.38 71.22 3.7
M. galloprovincialis 4602 112 619 D 56.73 28.78 15
Toplam 7368 197.11 5.2
Eklembacaklilar

L. depurator 36588 8.89 97.62 D 295.9 98.79 7.81
C. crangon 55 001 381 Y 0.23 0.08 0.01
E. verrucosa 20 0 2857 Y 3.4 1.14 0.09
Toplam 36663 299.53 7.91
Derisi dikenliler

A. rubens 34 0.01 2143 S 1.36 41.68 0.04
M. glacialis 85 0.02 3571 Y 1.91 58.32 0.05
Toplam 119 3.27 0.09
GENEL TOPLAM 411478 3812.6 100

D: Devamly, Y:Yaygin, S:Seyrek
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Tablo 4. 50-100 m derinlik konturunda tiirlerin frekans (F), baskinlik (D) ve oransal degerleri.

Table 4. Frequency (F), dominancy (D) and relative values of species in 50-100 m depth contour

Tiirler N D F % Toplam Av (kg) Grupici% %
Kemikli baliklar

M. m. euxinus 232137 87.04 100 D 1843 82.96 74.19
P. maxima 28 0.01 66.67 D 35.85 1.61 1.44
A. immaculata 4066 1.52 7083 D 214.98 9.68 8.65
T. mediterraneus 5200 1.95 417 S 30 1.35 1.21
U. scaber 82 0.03 125 S 6.2 0.28 0.25
T. draco 82 0.03 2917 Y 13.98 0.63 0.56
P. nasuta 21 0.01 16.67 S 0.15 0.01 0.01
P. flesus 17 0.01 2083 S 1.6 0.07 0.06
G. mediterraneus 79 0.03 4583 Y 2.37 0.11 0.1
G. niger 442 0.17 3333 Y 7.57 0.34 0.3
N. melanostomus 2519 0.94 7917 D 29.92 1.35 1.2
:\Sé batrachocepha- 74, 0.3 25 Y 15.15 068 061
H. guttulatus 13 0 125 S 0.11 0 0.01
S. porcus 5 0 417 S 0.65 0.03 0.03
C. lucerna 1 0 417 S 0.06 0 0.01
S. sprattus 4081 1.53 3715 Y 20.02 0.9 0.81
Toplam 249563 2221.61 89.44
Kikirdakl: baliklar

R. clavata 36 0.01 50 D 41.7 49.17 1.68
S. acanthias 12 0 375 Y 38.35 45.22 1.54
D. pastinaca 1 0 417 S 4.75 5.6 0.19
Toplam 49 84.8 341
Yumusakgalar

R. venosa 235 0.09 833 S 35 2.1 0.14
" galloprovincia- 15055 575 875 D 1635 979 658
Toplam 15561 167 6.72
Eklembacaklilar

L. depurator 1496 0.56 833 S 10 100 0.4
Derisi dikenliler

A. rubens 30 0.01 2917 Y 0.89 87.75 0.04
M. glacialis 9 0 833 S 0.12 12.25 0.01
Toplam 39 1.01 0.05
GENEL

TOPLAM 266708 2484.43 100

D: Devamli, Y:Yaygin, S:Seyrek
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Sekil 3. Toplam av igerisinde tiirlerin agirliksal % dagilimu.

Figure 3. % distribution of species by weight within the total catch
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Sekil 4. Toplam av igerisinde tiirlerin sayisal % dagilimi.
Figure 4. % distribution of species by number within the total catch
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Sekil 5. Toplam av icerisinde siklik degeri % 25 ve iizerinde olan tiirler.

Figure 5. Species which have frequency of 25% and more within the total catch.
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Sekil 6. Toplam av icerisinde baskinlik degeri % 1 ve {lizerinde olan tiirler.
Figure 6. Species which have dominancy of 1% and more within the total catch.
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Sekil 7. Toplam av i¢indeki oransal degeri %1 ve lizerinde olan tiirler.
Figure 7. Species which have relative value of 1% and more within the total catch.
Tablo 5. Karadeniz’de yapilan farkli ¢alismalarda elde edilen tiir sayilari.
Table 5. Number of species obtained from different studies in the Black Sea.
. Kemikli  Kikirdakli Derisi
Bolge Toplam  "popp T gank  YUmusakea  gipenii
Ak ve dig (2011) Dogu 33 25 3 3 2
Panayotova ve Raykov (2011) Bati 26 19 3 2 2
Baskaya (2012) Bati 34 25 2 1 2 4
Aksu (2012) Bati 18 11 3 1 2 1
Ceylan ve dig. (2014) Bati 26 20 2 2 2
Akpinar (2015) Orta 65 35 3 12 2 12
Karakulak ve dig (2015) Bati 78 41 3 16 5 11
Bu ¢aligma Bati 32 22 3 2 2 3

Kemikli baliklar, yapilan tiim ¢alismalarda diger tiim grup-
larin toplamindan daha fazla tiir sayisi ile temsil edilmekte-
dir. Bu ¢alismada da kemikli baliklar 22 tiir ile baskin grup
olmustur. Yalnizca Aksu (2012) tarafindan Orta Karade-
niz’de yapilan bir caligsmada, bir deniz memelisi tiiriiniin trol
aglarina girdigi bildirilmistir. Ayrica derisi dikenliler grubu-
nun sadece Orta ve Bati Karadeniz’deki ¢alismalarda goriil-
digii tespit edilmistir.

Dip trol aglartyla avlanan temel gruplarin toplam av i¢indeki
oranlarma bakildiginda, kemikli baliklarin % 27.25 ile %
99.27 arasinda degisen oranlara sahip oldugu goriilmektedir

(Tablo 5). Kikirdakli baliklar grubunun Dogu Karade-
niz’deki av verimi diger bolgelere gore daha fazladir. Bu
farklilik, Dogu Karadeniz’de ticari trol avciliginin tamamen
yasak olmasi sebebiyle, kikirdakli balik topluluklarinin daha
az yipratilmasindan kaynaklanmis olabilir. Bingel ve dig.
(1996) tarafindan stok tespitine yonelik olarak yiiriitiilen bir
caligmada, yumusakca grubuna ait tiirler, trol torbasinda
daha kii¢lik gozlii bir agin kullanilmasi nedeniyle, diger ¢a-
lismalara nazaran daha yiiksek oranda elde edilmistir. Bu
caligmadaki trol av kompozisyonuna iligkin oranlar, Bati ve
Orta Karadeniz’de ticari balikgilarla yapilan ¢aligmalara pa-
ralellik gostermistir (Tablo 6).
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Dip trol aglarinda elde edilen tiirlerin toplam av igerisindeki
oranlari incelendiginde, genellikle mezgit ve barbunya bali-
ginin ilk siralarda yer aldiklar1 goriilmektedir (Tablo 7).
Bazi ¢aligmalarda (Aksu, 2012; Geng ve dig., 2002) bar-
bunya baligi oldukga diisiik oranlarla (% 1.29 ve % 3.2) tem-
sil edilirken, mezgit balig1 % 95.79 gibi yiiksek oranlara ula-
sabilmektedir. Kutaygil ve Bilecik (1973 ve 1976)’in 1969-
1973 yillar arasinda Karaburun-Kefken, Kefken-Eregli, Si-
nop ve Samsun illerinin dahil oldugu Orta ve Bat1 Karade-
niz’i igeren ¢aligmalarinda, barbunya orani sirasiyla % 0.35,
% 0.52, % 0.51 ve % 0.94 olarak hesaplanmistir. Ayrica,
tiim bolgeler i¢in diger ekonomik demersal tiirler igerisin-
deki barbunya av oranininise % 0.6 oldugu belirlenmistir.
Yapilan ¢esitli ¢alismalardan da anlagilacag: tizere, genel
olarak Orta ve Dogu Karadeniz’deki mezgit balig1 oraninin
barbunyadan daha yiiksek oldugu goriilmektedir. Bu ¢alis-
mada da, diger arastirmalarin sonuglarina benzer sekilde,
mezgit baliginin barbunyadan daha yiiksek bir oranda temsil
edildigi saptanmigtir. Bununla birlikte, iki tiir arasindaki
oran farki diger ¢aligmalardaki kadar yiiksek degildir. Dogu
Karadeniz’de yapilan birkag arastirmada, S. acanthias tiirii-
niin toplam av igerisinde oransal agidan mezgitten sonra
ikinci dnemli tiir oldugu bildirilmektedir (Ciloglu ve dig.,
2002; Ciloglu, 2005).

Zengin ve dig. (2013), mezgit ve barbunya baliginin Samsun
kita sahanliginda (Orta Karadeniz) genellikle farkli derinlik-
lerde avlandigini bildirmistir. Bu hususta balik¢ilar tarafin-
dan kullanilan “barbun suyu” ve “mezgit suyu” terimleri
giinliik kullanimda yaygin olarak goriilmektedir. Buradaki
“barbun suyu” terimi genellikle 50 m’den daha sig sulari,
“mezgit suyu” ise 50 m’den daha derin sular1 ifade etmekte-
dir. Derinlikle ilgili olan bu farklilik, bu ¢aligsmada da acik
bir sekilde ortaya ¢ikmigtir. Benzer bir durum, M. surmule-
tus ve M. barbatus tiirlerinin kiy1 sularinda avlanmasi, Mer-
luccius merluccius’un ise daha derin sularda avlanmasi sek-
linde Balearik Adalar1 ve Katalan kiyilari i¢in bildirilmistir

(Carbonell ve dig., 2003; Sa'nchez ve dig., 2004). Blanc-
hard (2001), derinlikle ilgili tercihlerde ortaya ¢ikan farkli-
liklarin, balik topluluklarimin biyo-ekolojik &zelliklerinin
yani sira baliklarin dagilim gosterdikleri alanlarin fiziksel
Ozelliklerindeki degisimlerden kaynaklandigini bildirmek-
tedir. Karadeniz’in Tiirkiye kiyilar1 boyunca farkli alt bol-
gelerdeki kita sahanlig1 genisliginde goriilen degisimin de
$0z konusu derinlik ayriminda rol oynayabilecegi diisiiniile-
bilir.

Mezgit balig1 neredeyse tiim ¢alismalarda avlanan tiirler ige-
risinde en ¢ok av veren tiir konumundadir. Bu durum mezgit
baligini, Karadeniz i¢in son derece énemli bir tiir konumuna
getirmektedir (Bradova ve Prodanov, 2003). ismen (2002)
Dogu ve Bati Karadeniz’i kapsayan ¢alismasinda, mezgit bi-
yomasinin 50 m’den derindeki sularda yogun olarak bulun-
dugunu bildirmistir. Ciloglu ve dig. (2002), Dogu Karade-
niz’de 35 m’deki mezgit baliginin oransal olarak 60 m ve 80
m’ye gore daha az oldugu ve toplam av i¢inde en fazla mez-
git miktarinin 80 m derinlikte oldugu rapor edilmistir. G6-
nener ve Bilgin (2006) ise Orta Karadeniz’de 75 m’den daha
derin sularda mezgit baliginin toplam avin % 65.8’ini, 75
m’den daha s1§ sularda ise toplam avin % 82.5ni olusturdu-
gunu belirtmistir. Aksu (2012) Sinop bdlgesinde derinligin
mezgit i¢in 6nemli bir parametre oldugunu ve 50 m’den
daha derin av sahalarinda av miktarinin her zaman yiiksek
oldugunu bildirmistir. Ayni ¢alismada, 50 m’den daha derin
sularda mezgit baliginin baskin oldugunu ve av miktarinin
% 97.22’sini olusturdugu tespit edilmistir. Bu ¢alismada ise,
mezgit baliginin 50-100 m derinlik konturunda toplam avin
biiyiik bir kismini1 (% 74.19), 20-50 m ise % 14.95’ini
olusturdugu ve bu sonuglarin diger ¢calismalardan elde edi-
len sonuglarla benzerlik gosterdigi goriilmektedir. Knudsen
ve dig. (2010) dominant bentopelajik bir tiir olan mezgitin,
Karadeniz’de Akdeniz’den daha yogun bir biyokiitleye sa-
hip olmasinin nedeni olarak soguk orta su tabakasinin (ter-
moklin) varligini gostermistir.

Tablo 6.Hata! Belgede belirtilen stilde metne rastlanmadi. Karadeniz’de temel gruplarin av igindeki agirliksal oranlari (%)

Table 6. Proportions (%) of main groups by weight in the Black Sea

Bt Kemikli Kikirdakli Yumusak Derisi ¢ Kabul Mer
Bingel ve dig. (1996) Dy 27.2 50.4¢ 19.69 0.3¢
Bingel ve dig. (1996) B 37.€ 14.37 32.93 1.1¢
Panayotova ve Raykov (2011) B 96.75------ 241 0.01
Ak ve dig (2011) D« 59.2 40.12 0.54 0.1
Aksu (2012) B 99.1 0.55 0.14 0.0: 0.
Bagkaya (2012) B 99.2 0.57 0.02 0.C 0.11
Akpinar (2015) @) 92 6 * * *
Bu ¢alisma B 86.2 2.92 5.78 0.C 4.9]

*Yumusakea, Derisi dikenli ve Kabuklu gruplarin toplam1 %2
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Tablo 7. Karadeniz’de tiirlerin toplam av igerisinde % oranlari

Table 7. % proportions of species within the total catch in the Black Sea

Tiir C;iloglu ve genq ve d(fgllo(gzl(l) (;/26) Ciloglu ve dig. Panayotova ve Bagkaya Aksu  Akpmar Bu galisma
dig. (2002) dig. (2002) Rize (2002) Trabzon Raykov (2011) (2012) (2012) (2015)

M. m. euxinus 42.95 63.3 40.2 44.7 18 16.8 95.79 51 38.26
M. barbatus 15.14 3.2 19.2 12.5 22 79.1 1.29 20 22.88
P. maxima 1.49 0.2 0.37 2.19
P. saltatrix 14.2 0.23 0.21 8.72
A. immaculata 2 0.6 3.57
S. acanthias 24.21 19 31.6 0.03 0.3 0.73
T. draco 3.25 3.9 2.3 0.05 0.02 2.25
P. nasuta 1 0.5 0.29
R. clavata 0.53 0.2 1.96
R. venosa 2.7 0.8 0.14 2.28
T. mediterraneus 18 0.23 0.07 2.56
P. flesus 2 0.4 0.008 0.07
L. depurator 0.1 0.02 4.86
S. porcus 1.49 2.9 1.3 0.08 0.1 0.75
S. sprattus 0.02 0.58 2.32
M. galloprovincia- 0.02 35

lis

Barbunya baliginin, Dogu Karadeniz’de en yogun 20-50 m
derinliklerde bulundugu, 1990-1992 yillar1 arasinda bar-
bunya biyokiitlesinin oransal olarak neredeyse tamamina
yakininin 0-50 m derinlikte oldugu bildirilmistir (Geng,
2000). Ak ve dig. (2011)’e gore, barbunya balig1 Trabzon
kiyilarinda 12 ay boyunca ve yogun olarak 20-40 m’de av-
lanmaktadir. Aksu (2012), barbunyanin Sinop bdlgesinde en
yogun 0-40 m’de avlandigini bildirmistir. Ayn1 ¢aligmada
ayrica sig sulara yaklastik¢a mezgit av oraninin azaldigi,
barbunya baligi i¢in ise bunun tam tersinin gecerli oldugu
kaydedilmistir. Samsun kita sahanliginda 2012-2013 yilla-
rinda yapilan ¢aligmada, barbunya stokunun genellikle 30-
50 m’nin altindaki derinliklerde lokalize oldugu tespit edil-
mistir (STECF, 2014). Ceylan ve dig. (2014)’nin ¢aligma-
sinda ise barbunya 10-57 m derinlik araliginda toplam avin
% 69.10’nu olusturmustur. Karakulak ve dig. (2015) igne-
ada’dan Karadeniz Ereglisi’ne kadar yaptiklar stok tespit
¢aligmasinda barbunyanin 0-20 m i¢in, mezgitin ise 20-50
ve 50-100 m derinlik konturlari igin belirleyici tiir oldugunu
bildirmislerdir. Bu ¢alismada da, barbunya balig1 20-50 m
derinlik konturunun baskin tiirii konumundadir ve Karade-
niz’in diger bolgelerinde yapilan calismalarda oldugu gibi
bu derinlik konturunda en ¢ok avlanan tiirdiir.

Gonener (2003), Orta Karadeniz bolgesi av sahalarinin dip

yapisinin degisimine bagl olarak barbunya ve mezgit av
miktarinin degisiklik gosterdigini belirtmistir. Ozdemir ve

dig. (2006) ayn1 bolgede yaptiklari ¢alismada, dip trolii av-
ciliginda tiir dagilimimin avcilik zamanina gore degisiklik
gosterdigini bildirmislerdir. Ozdemir ve Erdem (2011) ise
barbunya baligmin dip yapist ¢amurlu, midyelik ve kepez
yapilarla kapli olan av sahasinda diger av sahalarina gore
yaklasik 6.5 kat daha fazla, mezgit baliginin ise kumlu ve
taglik av sahasinda diger av sahalarindan yaklagik 2 kat daha
fazla miktarda avlandigini tespit etmislerdir.

Bu caligmada hedef tiirler haricinde kalkan, liifer, istavrit,
tirsi, kopek balig1 ve vatoz gibi tiirler de ticari degerleri ol-
dugu icin yan av olarak karaya ¢ikarilmistir. Bat1 Karadeniz
ve Sinop bdlgesinde ise, liifer, tirsi, istavrit ve kalkan bali-
ginin karaya ¢ikarildig: bildirilmistir (Aksu, 2012; Ceylan
ve dig., 2014). Ak ve Geng (2013) ise Karadeniz’de dip trol
aglarmin mezgit, barbunya, kalkan, kaya baligi, kopek ba-
l1g1 ve vatozlart avlamak i¢in kullanildigini ifade etmistir.
Bununla birlikte, Orta Karadeniz’de kaya baliginin da za-
man zaman degerlendirilen bir yan av oldugu belirtilmekte-
dir (Ozdemir, 2006). Ayrica, Orta Karadeniz’de vatoz ve
kopek balig: tiirlerinin belli donemlerde ekonomik bir de-
gere sahip olsalar bile genellikle 1skarta tiir olarak iglem gor-
diikleri tespit edilmistir (Ozdemir, 2006). Knudsen ve dig.
(2010) ise R. clavata tiiriiniin Tiirkiye’de pazarlanmadigini
ve dolayistyla biiyiik bir boliimiiniin 1skarta edildigini, buna
karsin s6z konusu tiiriin karaya ¢ikarilan av istatistiklerinde
yer aldigim bildirmistir. Ancak, Istanbul’da oldukca biiyiik
bir su triinleri halinin bulunusu nedeniyle baz: tiirlere olan
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talep diger illerden farkli olmaktadir. R. clavata tiirii ekono-
mik bir tiir olup bdlgede ihracat iiriinii olarak kullanilmak-
tadur. Istanbul balik hali yalmzca Istanbul degil yakn civar-
daki ¢evre illerden gelen arza da cevap vermektedir. Bu se-
beple diger illerde 1skarta edilen kdpek baligi ve vatoz gibi
tiirler de Istanbul balik¢isi tarafindan karaya cikarilabilmek-
tedir.

Sonuc¢

Tiir kompozisyonu, karaya ¢ikarilan avin zamana bagli mik-
tar1 ve av giiciindeki degisimler gibi temel veriler olmaksi-
zn bir balik¢iliktaki degisimleri izlemek miimkiin degildir
(Pauly, 1995). Bu nedenle uzun vadeli izleme ¢aligmalarina
ihtiya¢ duyulmaktadir. Bu calismanin sonuglart balikeilik
yonetimi ve balik¢ilik kaynaklarinin korunmasi i¢in olustu-
rulacak yonetim planlarinin bir parcasi olarak kullanilabilir.
Tim sonuglar dikkate alindiginda, Bati Karadeniz’de dip
trol balik¢iligr i¢in hedef tiirlere yonelik avciligin saglanma-
sinda derinlik parametresinin olduk¢a 6nem arz etmektedir.
Tiir segiciliginin saglanmasinda biiylik sorun yasanan dip
trol avciliginda kismen de olsa derinlik parametrelerine
bagli olarak gesitli teknik dnlemler alinmasi gerekmektedir.
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oz

Metil paration (MP) organik fosforlu tarimsal bir insektisit olarak genis bir alanda kullanilir. Bu ¢alisma,
MP’nin inci kefali (Chalcalburnus tarichi) tizerine akut ve kronik toksik etkilerini belirlemek i¢in yapilmistir.
Agirliklar: 3-7 g, boylar1 8-10 cm olan baliklar akut testte statik, kronik testte yari statik test yontemi kulla-
nilarak, MP’ye maruz birakilmigtir. Akut testte, 6.45-15.00 mg/L arasinda 9 farkli MP; kronik testte 1.47,
2.10, 3.00, 4.28, 6.11 mg/L MP konsantrasyonlar1 uygulanmustir. Akut testin sonunda, 96 saat LCso degeri
11.44 mg/L, ve LTso degeri 28.14-289.29 saat arasinda belirlenmistir. Kronik test 17.9 °C’de, 30 giin devam
ettirilmistir. Testin bitiminde baliklar disekte edilmis, hematolojik incelemeler i¢in kan, biyokimyasal ince-
lemeler igin beyin, karaciger ve kas dokusu alimmistir. Beyin dokusunda asetilkolinesteraz aktivitesinin azal-
dig1 (P<0.05) gorilmiistiir. Hemoglobin ve hematokrit degerlerinin 2.10, 4.28 ve 6.11 mg/L MP konsantras-
yonlarinda azaldigi (P<0.05) tespit edilmistir. Hemoglobin ve hematokrit degerleri esas alinarak etkisi goz-
lenen en diisiik konsantrasyon 2.10 mg/L, etkisi gozlenmeyen konsantrasyon 1.47 mg/L olarak belirlenmistir.
Sonug olarak MP inci kefali i¢in baz1 biyokimyasal ve hematolojik kriterlere gore akut ve kronik toksik bir
maddedir. Tirlin yasadig: tatlisu ortamlarinda MP konsantrasyonu 0.1144 mg/L’yi gegmemelidir. MP ta-
rimda kontrollii olarak kullanilmalidir.

Anahtar Kelimeler: Metil paration, Chalcalburnus tarichi, Akut toksisite, Kronik toksisite, AChE,
Hematoloji

ABSTRACT

DETERMINATION OF ACUTE AND CHRONIC TOXIC EFFECTS OF METHYL PARATHION
ON Chalcalburnus tarichi (Pallas, 1811)

Methyl parathion (MP) is widely used as an agricultural insecticide with organic phosphorus. This study was
conducted to determine acute and chronic toxic effects on Chalcalburnus tarichi of MP. Fish 8-10 cm in
length were exposed to MP using the static test in the acute test and the semi-static test in the chronic test. In
the chronic test, 1.47, 2.10, 3.00, 4.28, 6.11 mg Lt MP concentrations were applied. The 96 hour LCso value
was determined to be 11.44 mg L. The chronic test was continued at 17.9 °C for 30 days. The fish were
dissected, blood, brain, liver and muscle tissues were removed. The activity of acetylcholinesterase in brain
tissue decreased. Hemoglobin and hematocrit values were decreased at 2.10, 4.28 and 6.11 mg L™ concen-
trations. Based on hemoglobin and hematocrit values, the lowest observed effect concentration was
2.10 mg L™* and the no observed effect concentration was 1.47 mg L. In conclusion, MP is an acute and
chronic toxic substance for C. tarichi according to some biochemical and hematological criteria. In freshwater
environments where C. tarichi lives, the MP concentration should not exceed 0.1144 mg L™t. MP should be
used as a control in agriculture.

Keywords: Methyl parathion, Chalcalburnus tarichi, Acute toxicity, Chronic toxicity, AChE, Hematology
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Giris

Organik fosforlu (OP) pestisitlerin formulasyonu, uygulama
metodu, iklim ve bitkinin biiylime sathasina bagli olarak
hizl1 bir sekilde parcalandig bilinir. Bu sebeple giiniimiizde
diinyanin pek ¢ok yerinde tarimsal amaglar ve ev zararlilari
icin kullanilmaktadir (Singh ve Walker, 2006). Tarim alan-
lar1 ve yerlesim bolgelerinde yasayan zararli organizmalara
kars1 yapilan pestisit uygulamalar1 sonucu olusan kontami-
nasyonlar farkli yollarla su kaynaklarina ulagir (Milam ve
ark., 2004). Sucul ortamlarin pestisitler tarafindan kontami-
nasyonu balik gibi hedef dis1 organizmalar1 etkileyebilir
(Monteiro ve ark., 2006; Murthy ve ark., 2013; Lakshmaiah,
2016). Metil paration (MP) OP’li pestisit olup tarimsal bir
insektisit olarak genis bir alanda kullanilmaktadir. MP, 6n-
celikli olarak pamuk biti ve diger tarimsal {iriinlerdeki pek
cok zararli bocegi kontrol etmede kullanilir (Edwards ve
Tchounwou, 2005).

OP’li pestisitlerin baliklar tarafindan alinmasinda canlinin
biyokimyasal kompozisyonu etkilenir (Lakshmaiah, 2016).
MP ve OP’li bilesiklerin birincil etkisi hem omurgasiz hem
de omurgali organizmalarda asetilkolinesteraz (AChE) en-
ziminin  engellenmesidir  (Monteiro ve ark.,, 2006;
Lakshmaiah, 2016). MP, maruz kalan organizmalarin sinir
sistemi iizerinde siddetli bir etkiye sahiptir. Bu etki geriye
doniistimsiiz olarak AChE’yi gii¢lii bir sekilde inhibe etme-
siyle karakteristiktir (Edwards ve Tchounwou, 2005).
MP’nin, farkli familyalara ait baliklar iizerindeki toksisitesi
(Murty ve ark.,1984); balik dokularindaki AChE aktivite ve
icerigi (Sivaperumal ve Sankar, 2011; Salles ve ark., 2015);
Callichthys callichthys balig1 plazma kolinesteraz aktivitesi
ve davranis lizerine etkileri (Silva ve ark., 1993); tatlisu or-
ganizmalarinda biyolojik birikimi (De La Vega Salazar ve
ark., 1997); Oncorhynchus mykiss balig: farkli dokularinda
oksidatif stres biyomarkirlar1 (Isik ve Celik, 2008); Catla
catla balig1 hematolojik ve biyokimyasal parametrelerin de-
gisimi (Abhijith ve ark., 2012) ¢alisilmistir. Hematolojik pa-
rametreler, kirleticiler ve hastaliklar gibi maruziyetlerde
olusan farkli stres kosullarini takiben meydana gelen fizyo-
lojik degisimleri belirlemede balik tiirlerinde baligin saglik
durum indeksi olarak kullanilir (Alwan, 2013).

Balik, nispeten biiyiik viicudu, uzun 6émrii ve kolay erigim
gibi spesifik biyolojik karakterleri nedeniyle ¢evre izleme
programlarinda kirliligin gii¢lii biyoindikatorii olarak diisii-
niliir (Chupani ve ark., 2016). Cyprinidae familyasindan
olan Chalcalburnus tarichi Van Golii havzasi ve ¢evresin-
deki yerlesim yerlerinde taze ve tuzlanmig olarak tiiketil-
mektedir (Duyar, 2000). C. tarichi Van Go6lii havzasi sula-
rinda yasayan endemik bir tiirdir. C. tarichi Mayis-Haziran
aylarinda gole dokiilen akarsulara liremek iizere girer ve yu-

murtasini biraktiktan sonra geri doner. Yumurtalarin déllen-
mesi, kulugka donemi, yavrularin ¢ikisi ile bunlarin belirli
bir siire beslenmeleri bu akarsularda gerceklesir (Elp, 1996).
C. tarichi yaklasik 9700 ton/yil avciligi ile bolgede ekono-
mik olarak 6nemli bir yere sahiptir (Anonim, 2017a).

MP, Tiirkiye genelinde oldukga fazla kullanilmaktadir (Ka-
lipci ve ark., 2010). Van bolgesindeki meyve, sebze ve yem
bitkileri tariminda yaygin kullanimindan dolayi da C. tarichi
bu maddenin toksisite tehlikesi ile karsi karstyadir (Kankaya
ve Kaptaner, 2014). Yapilan arastirmalarda bu giine kadar
C. tarichi tizerinde MP’nin akut toksisitesi, AChE inhibis-
yonu ve hematolojisi ile ilgili bir caligmaya rastlanmamustir.
Bununla birlikte, MP’nin sublethal konsantrasyonlarina ma-
ruz kalan C. tarichi eritrositlerinde mikroniiklei olusumu
(Kankaya ve ark., 2012) ve baligin karacigerinde apoptosis
artist (Kankaya ve Kaptaner, 2014) calisilmigtir. Ayrica,
OP’li pestisitlerden malathionun C. tarichi tizerindeki akut
toksisitesi (Stiriicli, 2005) incelenmistir.

Bu ¢alisma, su ekosistemlerine tarimsal faaliyetler sonucu
karisan, Van Golii havzasinda yaygin olarak kullanilan
MP’nin C. tarichi tizerindeki akut toksisitesi, AChE inhibis-
yonu ve hematolojik degisimleri belirlemek amaciyla yapil-
migtir.

Materyal ve Metot

Biyodeneyde, ¢atal boyu 8—10 cm, agirlig1 3—7 g olan balik-
lar kullanilmigtir. Baliklar, dogal ortamdan, Van Golii’ne
dokiilen Karasu ¢aymdan (43°17'D, 38°39'K) elektrosok ile
yakalanarak oksijen destekli kaplarla laboratuvara getiril-
mistir. Baliklar, su akis1 ve havalandirmanin oldugu, kloru
giderilmig ¢esme suyu igeren fiberglas tanklara uygun yo-
gunlukta stoklanmigtir. Baliklar, ticari alabalik pelet yemi
ile beslenmistir. Ortama alismalari i¢in yaklasik 1.5 ay bek-
lenmistir.

Biyodeneyde 60x30x40 cm ebatlarindaki cam akvaryumlar
kullanilmistir. Stok tankindan alinan baliklar her bir akvar-
yuma rastgele secilerek 10 adet konulmustur. Akvaryumla-
rin etrafi baliklarin stresini 6nlemek i¢in kagitla kapatilmis-
tir. Caligmada kloru giderilmis ¢esme suyu kullanilmstir.
Biyodeney siiresince hava motoruyla akvaryumlarin suyu
havalandirilmistir. Deneme dogal fotoperiyotta yapilmustir.
MP stok soliisyonu, Tiirkiye’de tarim ilaglari tireten bir fir-
madan %80 teknik konsantrasyonda temin edilen
MP (CgH1oNOsPS) kullanilarak hazirlanmistir. MP dimetil
stilfoksit (DMSO) (Sigma) i¢inde ¢oziinerek hazirlanmistir.
Test baliklarinin 7 giin siireyle ortama aligmalar1 saglanmig-
tir. Testler iki tekerriirlii olarak yiiriitiilmiistiir. Akut toksi-
site testinde uygulanan MP konsantrasyonlar1 Macek ve
McAllister, (1970), Nagarathamma ve Ramamurthi,
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(1981)’nin rapor ettigi LCso degerleri dikkate alinarak ger-
¢eklestirilen tarama testi sonuglarina gore secilmistir. MP
konsantrasyonlar1 logaritmik oranda degisecek sekilde;
6.45,7.17,7.97, 8.86, 9.84, 10.94, 12.15, 13.50, 15.00 mg/L
MP, kontrol ve ¢oziicli kontrol grubu [35 mL DMSO (¢6-
ziicii olarak kullanilan en yiliksek miktar)] olarak uygulan-
mugstir. Test, statik test yontemi kullanilarak 96 saat devam
ettirilmistir (Unsal, 1998; Cetinkaya, 2005). Kronik toksi-
site testinde uygulanan MP konsantrasyonlari, akut toksisite
testi sonunda hesaplanan 96 saat LCso degeri dikkate alina-
rak; 1.47,2.10, 3.00, 4.28, 6.11 mg/LL MP, kontrol ve ¢dziicii
kontrol grubu olarak uygulanmistir. Test, yar1 statik test
yontemi kullanilarak 30 giin devam ettirilmistir (Unsal,
1998; Cetinkaya, 2005). Test ortam suyu iki giinde bir yeni-
lenmistir. Test boyunca baliklarin beslenme ve bakimlari
diizenli olarak yapilmistir. Arastirma boyunca akvaryumla-
rin su kalite kriterleri diizenli olarak izlenmistir (pH: 8.46,
¢cOzlinmils oksijen: 6.04 mg/L, sicaklik: 17.9 °C, toplam
sertlik CaCOs: 344 mg/L, elektriksel iletkenlik: 882 puS/cm,
ve toplam alkalinite CaCOs: 518 mg/L).

Kronik testin sonunda, anestezi edilen baliklarin kavdal ytiz-
geci kesilerek kavdal venadan akan kan heparinli tiiplere
alinmigtir.  Kan  orneklerinde  hemoglobin  miktari
(Kocabatmaz ve Ekingen, 1977; 1984), hematokrit tayini ve
eritrosit sayimi (Blaxhall ve Daisley, 1973; Houston, 1990)
24 saat icerisinde calisilmistir. Kan Ornekleri alindiktan
sonra baliklara otopsi yapilarak, AChE ve butirilkolineste-
raz (BChE) aktivitesini belirlemek (Ellman ve ark., 1961)
icin beyin, kas ve karaciger dokular1 ¢ikartilmis, agzi kilitli
kiigiik plastik posetler icerisinde analize kadar - 80 °C’de
saklanmigtir (Chuiko ve ark, 2003; Lionetto ve ark., 2003).

Akut toksisite denemesi boyunca baliklarda davranig
degisiklikleri kaydedilmistir. Elde edilen verilere gore
medyan lethal konsantrasyon (LCso) ve her bir
konsantrasyon i¢in medyan lethal zaman (LTso)
parametreleri ve bunlarin % 95°lik gliven smurlar1 probit
analiz metoduyla, SPSS bilgisayar programi kullanilarak
hesaplanmustir (Unsal, 1998; Cetinkaya, 2005).

Kronik toksisite denemesinde elde edilen verilere gore;
etkisi gdzlemlenen en diisiik konsantrasyon (LOEC), etkisi
gbzlenmeyen konsantrasyon (NOEC), NOEC ve LOEC’nin
geometrik ortalamasi alinarak maksimum kabul edilebilir
toksikant  konsantrasyonu  (MATC)  parametreleri
hesaplanmustir (USEPA, 1989; USEPA, 1991; Unsal, 1998;
OECD, 2000; Cetinkaya, 2005).

Kronik toksisite deneme sonuclarindan elde edilen

biyokimyasal analiz [verilere Vx+1 transformasyonu
yapilmistir  (Dlizglines ve ark., 1987)] degerlerinin

ortalamalar1 ve gruplar arasindaki farkliliklar varyans
analizi ve Duncan ¢oklu karsilastirma yontemiyle SAS
paket bilgisayar programi kullanilarak (SAS, 1998),
hematolojik sonuglar bilgisayar programi ile hesaplanmaistir.
Onem seviyesi P<0.05 olarak segilmistir.

Bulgular ve Tartisma

Akut toksisite testi boyunca konsantrasyona bagli olarak
davranis degisikligi ve 6liim gozlemlerine gore kontrol ve
DMSO kontrol gruplarinda herhangi bir anormal yiizme
davranis1 ve 6lim goriilmemistir. Tiim MP konsantrasyon-
larinda baliklarda durgunluk, yavas hareket, akvaryumun
bir kosesinde toplanma gozlenirken MP miktar arttikca ta-
banda yan yatma, dengesiz ylizme, diizensiz solunum, suyun
ylizeyine ani sigrama, kendi ekseni etrafinda dairesel hare-
ketler, bas asag1 veya yukar1 pozisyonda durma goriilmiis-
tir. 6.45 ve 7.17 mg/L MP konsantrasyonlarinda balik
Oliimii olmazken MP miktar1 artisina paralel olarak degisen
sayida balik 6liimleri gergeklesmistir. MP’ye maruz biraki-
lan bireylerde gézlemlenen morfolojik degismeler diizensiz
solunum, denge kaybi, hareketlerde yavaslama, kramp ben-
zeri davranislar, suyun yiizeyine ani sigrama hareketi, balik-
larin bas ve kuyruk kisminin dorsa-ventral veya lateral ola-
rak bir yay gibi kivrilmasi, kendi ekseninde dairesel hare-
ketler ¢esitli insektisit veya kimyasala maruz birakilan bir-
¢cok balik tiirlinde de (Murty ve ark., 1984; Rao ve Rao
1984b; Silva ve ark., 1993; Machado ve Fanta 2003) go6z-
lenmektedir. Bu semptomlarin MP’nin viicutta AChE akti-
vitesini engellemesi ve asetil kolin ile sinir uyarimlarinin
iletilememesinden kaynaklandigi ifade edilmektedir.

Metil paration akut toksisite testinde belirlenen 24, 48, 72
ve 96 saat LCsp degerleri ile bunlara ait giiven sinirlar1 Tablo
1’de verilmistir. Buna gore, LCso degerinin 24 saatte
14.55 mg/LL (13.41-16.52), 48 saatte 12.92 mg/L (11.98-
14.15), 72 saatte 11.63 mg/L (10.80-12.55) ve 96 saatte
11.44 mg/L (10.68-12.27) oldugu belirlenmistir. MP i¢in
diger bazi balik tiirlerinde belirlenen LCso degerleri Tablo
2’de verilmistir. Tablo 2 incelendiginde tatli su baliklari i¢in
MP LCsp degerlerinin, dolayisiyla baliklarin MP’ye karst to-
leranslarinin ¢ok genis bir aralikta degistigi goriilmektedir.
MP’nin farkli balik tiirlerine ait LCso degerleri dikkate ali-
narak yapilan toksisite siniflandirmasi ve bu ¢alismada elde
edilen 96 saat LCsp 11.44 mg/L degeri ele alindiginda
MP’nin inci kefaline olan toksisitesinin orta derecede ol-
dugu sdylenebilir. Inci kefalinin kendisiyle aym familyaya
mensup tiirlerden Cyprinus carpio, Pimephales promelas ve
Carassius auratus ile kiyaslandiginda MP igin daha yiiksek
bir LCso degeri goze ¢arpmaktadir. Bu sonug inci kefalinin
MP’ye kars1 ayni familya iiyelerinden daha toleransli oldu-
gunu gostermektedir. Ancak diger denemelerin yapildigi su
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kalitesi sartlar1 bilinmemektedir. Bu denemede ise suyun
pH degerinin 8.37 olmast MP’nin daha ¢abuk parcalanma-
sina ve boylece toksik etkisinin daha kisa siirede azalmasina
neden olabilir. Nitekim akut denemede asil 6liimler 1-3 giin
icinde gergeklesmis, bu siirede 6lmeyen baliklar sonraki
giinlerde yasamaya devam etmislerdir. Giivenli konsantras-
yon LCso degerinin %1°lik miktar1 olarak kabul edildigi igin
0.01 degeri ile ¢arpilarak elde edilmektedir (Anonim, 1995).
Buna gore giivenli konsantrasyon 0.1144 mg/L MP bulun-
mustur.

MP akut toksisite testinde belirlenen konsantrasyonlara gore
LTso degerleri ve % 95°lik giiven sinirlar1 Tablo 3’te veril-
migtir. Buna gore, 7.97, 8.86 ve 9.84 mg/L konsantrasyon-
larinda LTso degerlerinin 96 saatin {izerinde oldugu hesap-
lanmistir. Diger konsantrasyonlarda LTse degerlerinin 96
saatten daha az oldugu ve en kiigiik LTso degerinin
15.00 mg/L konsantrasyonda 28.14 saat oldugu belirlenmis-
tir. Konsantrasyon arttikca beklenildigi gibi LTso siireleri de
kisalmaktadir. Inci kefalinin birgok balik tiiriine gore MP
toksisitesine daha dayanikli oldugu goriilmektedir. Akut de-
nemede uygulanan 7.97-15.00 mg/L MP konsantrasyonlar
icin LTso degerinin 28.14-289.29 saat arasinda degistigi be-
lirlenmistir.

Tablo 1. inci kefali, metil paration akut toksisite testinde belirlenen 24, 48, 72 ve 96 saat LCs degerleri ile bunlara ait

giiven sinirlart.

Table 1. C. tarichi methyl parathion acute toxicity test 24, 48, 72 and 96 h LCsp values and confidence limits.

LCso (M /L
Saal L.Cso (mg/L) % 95 Gl'iV(engsmzrlarl
24 14,55 13.41-16.52
48 12.92 11.98-14.15
72 11.63 10.80-12.55
96 11.44 10.68-12.27

Tablo 2. Cesitli tatli su balik tiirleri igin farkli safliktaki metil parationun 96 saat LCso degerleri, giiven sinirlart ve deger-
lendirmeler (Anonim, 2017b’den kisaltilarak ve bu ¢alisma)

Table 2. For various freshwater fish species, 96 h LCs values of different purity of methyl parathion, confidence limits and assess-
ments (Abbreviated from Anonymous 2017b and this study)

MP’nin saflig1

LCs Giliven siir-

Test edilen balik tiirii %) (mg/L) lar Toksisite
Oncorhynchus mykiss 90 3.7 3.13-4.38 Orta
Lepomis macrochirus 80 2.4 - Orta
Pimephales promelas 80 9.5 - Orta
Carassius auratus 90 9.0 8.1-9.9 Orta
Cyprinus carpio 90 7.13 6.44-7.87 Orta
Ictalurus melas 90 6.64 4.97-8.88 Orta
Gambusia affinis 99 13.48 13.2-13.7 Orta
Chalcalburnus tarichi 80 11.44 10.68-12.27 Orta

Tablo 3. inci kefali, metil paration akut toksisite testinde belirlenen konsantrasyonlara gére LTso degerleri ve giiven smirlari.

Table 3. C. tarichi methyl paration acute toxicity test LTso values and confidence limits.

Konsantrasyon (mg/L) LTso (saat) LTso (saat) % 95 Giiven sinirlari

7.97 289.29 -

8.86 138.55 92.18-3278.41

9.84 168.08 111.25-1101.13

10.94 95.33 80.06-130.26

12.15 53.38 39.33-68.04

13.50 59.44 43.31-77.56

15.00 28.14 10.55-54.50
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Kronik denemede, test gruplarinda testin baglangicinda, sa-
atlik ve devaminda giinliik olarak morfolojik gézlemler ya-
pilmis ve oliimler kaydedilmistir. Kronik testte 6liimiin bek-
lenmedigi konsantrasyonlar se¢ilmesine ragmen, MP’nin
4.28 mg/L konsantrasyonunda 13 ve 16’inc1 giinde 2 (%10),
6.11 mg/L. konsantrasyonunda ise 7 ve 14’lincii glinde
4 (%20)baligin 6ldiigii gézlenmistir. Deneme boyunca, MP
uygulama gruplarinda bagka 6liim olmamistir. Zaman za-
man gruplardaki bazi baliklarda durgunluk diginda herhangi
bir anormal davranis belirlenmemistir.

30 giiniin sonunda baliklardan alinan kan 6rneklerinden 61-
¢lilen hemoglobin (Hb) ve hematokrit (Hct) degerleri, erit-
rosit (RBC) sayilari, ortalama eritrosit hacmi (MCV), erit-
rosit basina diisen ortalama hemoglobin miktar1 (MCH) ve
eritrosit bagina diisen ortalama hemoglobin konsantrasyon-
lar1 (MCHC) Tablo 4’de verilmistir. Buna gore 1.47 ve
3.00 mg/L’deki Hb degerinin kontrole gore azaldigi ve bu
azalmanin sadece DMSO kontroliine gore istatistiksel ola-
rak onemli oldugu belirlenmistir (P<0.05). MP’nin 2.10,
4.28 ve 6.11 mg/L konsantrasyonunda Hb degerlerinin
kontrollere gore azaldig1 ve bu azalmanin istatistiksel olarak
onemli oldugu (P<0.05) belirlenmistir. MP’nin 2.10, 4.28 ve
6.11 mg/L konsantrasyonunda ol¢iilen Het degerlerinin de
kontrollere gore azaldigi ve bu azalmanin istatistiksel olarak
o6nemli oldugu (P<0.05) belirlenmistir. MP’nin 2.10, 4.28 ve
6.11 mg/LL  konsantrasyonlarinda  Hct  degerlerinin
3.00 mg/L’ye gore azaldig1 ve bu azalmanin da énemli ol-
dugu belirlenmistir (P<0.05). Santhakumar ve ark. (1999),
Anabas testudineus baligin1 OP’li monocrotophosun suble-
tal konsantrasyonlaria (1.9-9.5 mg/L) 21 giin siireyle ma-
ruz birakmis ve Hb degerinin her iki konsantrasyon i¢in
onemli dlgilide distiiglinii ve Het degerinin azaldigini ancak
onemli olmadigini bildirmislerdir. John (2007), tath su ba-
lig1 Mystus vittatus’un OP’li metasystoxa kronik maruz bi-
rakilmasi sonrasi Hb ylizdesinin 6nemli 6l¢iide azaldigini ve
Hct degerinin azalmasina karsin énemli olmadigini bildir-
mistir. Farkli balik tiirleri iizerinde farkli pestisit gruplarinin
hematolojik etkilerinin belirlenmeye c¢aligildig1 aragtirma-
larda da (Kumar ve ark., 1999; Atamanalp ve Cengiz, 2002;
Saxena ve Seth, 2002; Atamanalp ve Yanik, 2003) Hb ve
Hct degerlerinin diistiigii rapor edilmistir. Benzer olarak
MP’ye maruz kalan inci kefalinde de Hb ve Hct degerle-
rinde diisiis oldugu gbzlenmistir.

Bu ¢alismada, MCH’nin sadece 4.28 mg/L konsantrasyo-
nunda 6nemli Olglide azaldigr (P<0.05) diger konsantras-
yonlarda degismedigi (P>0.05) tespit edilmistir. Kumar ve
ark. (1999), deltamethrine maruz birakilan Heteropneustes
fossilis baliginda MCH’nin azalisinin 6nemli oldugunu;
Atamanalp ve Yanik (2003), mancozebe maruz birakilan

gokkusagi alabaliginda, Svobodova ve ark. (2003), delta-
methrine maruz birakilan sazan baliginda MCH’nin azalis1-
nin 6nemsiz oldugunu ve John (2007), OP’li metasystoxa
maruz birakilan Mystus vittatus’'un MCH’nin artisinin
onemsiz oldugunu bildirmislerdir.

MP’nin biitiin konsantrasyonlarinda MCHC degerlerinin
kontrollere gore azaldigi, ancak bu azalmanin sadece
6.11 mg/L’de 6nemli oldugu belirlenmistir (P<0.05). Sant-
hakumar ve ark. (1999), OP’li monocrotophosuna maruz bi-
rakilan Anabas testudineus baliginda uygulanan pestisitin
artisina bagl olarak MCHC degerinin azaldigini; Atama-
nalp ve Yanik (2003), mancozebe maruz birakilan gokku-
sag1 alabaliginda MCHC nin, pestisite maruz birakma siire-
sine bagli olarak MCHC’nin baglangicta (1 ve 2’inci hafta
stiresince) onemli olarak azaldig1 ve 3’iincii haftada 6nemli
bir artigin oldugunu; Svobodova ve ark. (2003), deltameth-
rine maruz birakilan sazan baliginda MCHC degerinde
gruplar aras1 herhangi farkin olmadigini; John (2007), OP’li
metasystoxa maruz birakilan Mystus vittatus’un MCHC de-
gerinde artisinin 6nemsiz oldugunu tespit etmislerdir. He-
matolojik parametrelerdeki bu farkliliklar uygulanan kimya-
sal maddenin 6zelliklerine, maruz birakilan baligin tiiriine,
biiyiikliigline, denemede kullanilan suyun kalite kriterlerine
ve maruz birakma siiresine bagl olarak farkliliklar goster-
mektedir (Santhakumar ve ark., 1999; Kumar ve ark., 1999;
Saxena ve Seth, 2002; Katalay ve Parlak, 2002; Svobodova
ve ark., 2003; John, 2007).

Kronik denemenin sonunda baliklardan alinan kanda belir-
lenen hemoglobin ve hematokrit degerlerine gore LOEC de-
geri 2.10 mg/L, NOEC degeri 1.47 mg/L, MATC degeri
1.76 mg/L olarak belirlenmistir. inci kefali iizerine MP nin
kronik toksisite denemesi sonunda alinan kana ait hemoglo-
bin (Sekil 1) ve hematokrit (Sekil 2) LOEC ve NOEC de-
gerleri verilmistir.
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Tablo 4. Inci kefali, metil paration kronik toksisite testi balik kan drneklerinde, hemoglobin (Hb), hematokrit (Hct), eritrosit sayis1 (RBC), orta-
lama eritrosit hacmi (MCV), eritrosit bagina diigen ortalama hemoglobin miktar1 (MCH) ve eritrosit basina diigen ortalama hemoglobin
konsantrasyonlar1 (MCHC), ortalama+tstandart hata.

Table 4. In the fish blood samples, C. tarichi, methyl paration chronic toxicity test showed that hemoglobin (Hb), hematocrit (Hct), red blood cell (RBC), mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC), mean+tstandard error

Konsantrasyon Hb Hct RBC MCV MCH MCHC
(mg/L) (9/100 mL) (%) (10° mm?®) (um®) (ug/hiicre) (9/200 mL)
0.00 8.86+0.35% 37.1140.86 2.344+0.052 160.24+4.822 38.17+1.58% 23.90+0.84%
952.04 (DMSO) 9.48+0.312 38.04+1.082 2.34+0.082 165.00+6.20? 41.21+1.772 25.03+0.612
1.47 8.28+0.20 35.76+1.20% 2.32+0.142 162.24+8.822 38.26+2.28% 23.54+0.91%
2.10 7.42+0.23% 32.10+1.15° 2.68+0.272 154.64+21.79% 34.26+6.16% 22.53+0.923¢
3.00 8.07+0.51" 37.69+1.29? - - - 23.00+1.04%°
4.28 6.82+0.31¢ 33.16+1.85° 2.44+0.10° 140.36+6.312 29.58+1.33° 21.38+0.73%
6.11 6.71+0.25¢ 32.79+1.67° 2.47+0.322 178.65+24.342 34.06+5.42% 20.55+1.29¢
Genel ortalama 8.11+0.15 35.36+0.52 2.42+0.07 160.70+5.22 36.74+1.24 23.07+0.36

a, b, ¢, d Duncan ¢oklu karsilastirma testine gore, metil paration konsantrasyonuna bagli olarak gruplar arasi ortalama degerlerin farkliliklarini ifade etmektedir, ayni harfi tasiyan
ortalamalar arasindaki fark 6nemsizdir (P>0.05), (-) 3.00 mg/L MP konsantrasyonundaki baliklarda eritrosit sayimi1 yapilamamus, ortalama eritrosit hacmi ve eritrosit bagina diisen
ortalama hemoglobin miktar1 hesaplanamamugtir.

Tablo 5. Kronik testte baliklardan alinan kas, beyin ve karaciger dokularinda asetilkolinesteraz (AChE) ve butirilkolinesteraz (BChE) aktiviteleri.
Ortalama+standart hata. [verilere \/x_+1 transformasyonu yapilmistir, Diizgiines ve ark., (1987)] n=6

Table 5. Activities of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) in muscle, brain and liver tissues removed from fish in chronic test.
Mean =+ standard error. [ \/x_+1 transformation performed on the data, Diizgiines et al., (1987)] n=6

MP Enzimler
Dokular Konsantrasyonu AChE BChE
(mg/L) (EU/g doku) (EU/g doku)
Kas 0.00 1.0133+0.0053? 1.0049+0.00202

Kas 952.04 (DMSO) 1.0140+0.0087% 1.0037+0.00312
Kas 4.28 1.0128+0.0074* 1.0060+0.0036°
Beyin 0.00 1.4005+0.1343% 1.0070+0.00272
Beyin 952.04 (DMSO) 1.3744+0.1608% 1.0058+0.0034%
Beyin 4.28 1.1770+0.0774" 1.0050+0.00142
Karaciger 0.00 1.0951+0.0147% 1.0061+0.0009°
Karaciger 952.04 (DMSO) 1.0906+0.0075% 1.0066:£0.0005%
Karaciger 4.28 1.0557+0.0052% 1.0062+0.0003%

a ve b Duncan ¢oklu kargilagtirma testine gore, metil paration konsantrasyonuna bagli olarak doku gruplari arasi, ortalama degerlerinin farkli liklarini ifade etmektedir, ayn1 harfi
tastyan ortalamalar arasindaki fark 6nemsizdir (P>0.05).
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Sekil 1. Kronik testte kan hemoglobin degerleri esas alinarak belirlenen LOEC ve NOEC degerleri.

Figure 1. LOEC and NOEC values determined based on blood hemoglobin values in the chronic test.
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Sekil 2. Kronik testte kan hematokrit degerleri esas alinarak belirlenen LOEC ve NOEC degerleri.
Figure 2. LOEC and NOEC values determined based on blood hematocrit values in chronic test.
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Kronik deneme sonucunda baliklardan alinan kas, beyin ve
karaciger dokularinda &lglilen AChE ve BChE aktiviteleri
Tablo 5’te verilmistir. Buna gore, uygulanan 4.28 mg/L MP
konsantrasyonunda AChE aktivitesinin kas ve karaciger do-
kusunda degismedigi (P>0.05) ancak beyin dokusunda
onemli bir azalmanin oldugu (P<0.05) belirlenmistir. Bu-
nunla birlikte BChE aktivitesinin kas, beyin ve karacigerde
degismedigi (P>0.05) tespit edilmistir. Rao ve Rao (1984a),
MP’ye maruz birakilan Tilapia mossambica’da kas, solun-
gag, karaciger ve beyin dokularinda AChE aktivitesinin
azaldigini; Silva ve ark. (1993), OP’li MP igeren folidol
600’tin Callichthys callichthys’in plazma kolinesteraz akti-
vitesinde, denemenin baslangicindan 4 saat sonra % 90 ora-
ninda inhibisyon etkisine sahip oldugunu; Aguiar ve ark.
(2004), etken maddesi MP olan Folidol 600’{in subletal kon-
santrasyonuna maruz birakilan Brycon cephalus baliginin
beyin AChE aktivitesinin % 87 oraninda azaldigini; Alme-
ida ve ark. (2005), MP’ye 24 saat siireyle maruz birakilan
Brycon cephalus’da kas ve beyin dokusunda MP’nin diigiik
konsantrasyonunda AChE aktivitesinin azaldigini, inci ke-
falindeki bulguya benzer olarak temel inhibisyon etkisinin
beyinde gozlendigini bildirmislerdir. Bir ¢ok OP’li insekti-
sitlere maruz birakilan akuatik organizmalarin farkli doku-
larinda AChE aktivitesinin azaldig1r tespit edilmistir
(Wheelock ve ark. 2005; Chang ve ark. 2006; Attademo ve
ark. 2007). OP’li insektisitlere maruz birakilan akuatik or-
ganizmalarin farkli dokularinda BChE aktivitelerinde
o6nemli azalma oldugunu (Sturm ve ark. 2000; Chuiko ve
ark. 2002) ve farkli olarak BChE aktivitesinde herhangi bir
degisikligin olmadig1 (Wogram ve ark. 2001) bildirilmistir.
Benzer olarak inci kefalinde de 6l¢iilen dokularda BChE ak-
tivitesinde degisiklik goriilmemistir.

Sonug¢

Inci kefalinde MP toksisitesinin belirtileri, yiizme bozuk-
lugu, akvaryum tabanma dik vaziyette taban boyunca do-
lasma, denge kaybi, akvaryumun dibine diisme, yan yatma,
kendi ekseni etrafinda dairesel hareketler, suyun ylizeyine
ani sigrama hareketi, solunum sorunlari, bas ve kuyruk kis-
minin dorsa-ventral veya lateral olarak bir yay gibi kivril-
masi, asfeksi ve 6liim olarak gozlenmistir.

Inci kefalinin yasadigi tath su ortamlarinda en fazla
0.1144 mg/LL. MP’nin bulunmasi giivenli konsantrasyonu
olusturmaktadir. Sularda bu degerin lizerinde MP bulunma-
malidir.

Sonug olarak MP’nin biitlin konsantrasyonlarinda inci kefa-
linde davranis bozukluklarina neden oldugu gozlenmistir.
MP’nin inci kefali i¢in toksik bir madde oldugu dolayisiyla

Van Go6lii havzasinda yaygin olarak kullanilan MP’nin kont-
rollii kullanilmasi gerektigi sdylenebilir.
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ABSTRACT

The river nerite (Theodoxus fluviatilis, Linnaeus, 1758) is one of the most common gastropod grazer species
in Europe inland and brackish waters. Its feeding activity significantly impacts on periphyton which has a
decisive role on the water parameters and the population dynamics. In the present study, reproductive outputs
and larval phases of the river nerites were examined via field collected and laboratory cultivated samplings.
The length of capsules laid by adults was between 0.7 and 1.1 mm. Viable embryos were detected first on the
33 day post-spawning. After few development phases embryo reached a ready-to-hatch phase with comple-
tely developed foot and pigmented protoconch before hatching. There was never more than one embryo per
capsule. The earliest hatching was observed on the 53™ day of spawning. But most of the embryos did not
hatch even they were fully developed. The shell length of the hatchlings was about 0.8 and the width was 0.6
mm. It was estimated that the length of a newly hatched crawling juvenile can be about 1/7 of the length of
an adult.
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Introduction

Macrograzers play an important role in both sea and
freshwater benthic systems due to their feeding on periphy-
ton (Calow 1975; Underwood, 1981); the change in the
amount of periphyton in a system can be decisive on the
water parameters and the population dynamics of the orga-
nisms (Ramesh et al. 1999; Azim et al. 2004). The river ne-
rite (Theodoxus fluviatilis, Linnaeus, 1758) is one of the
most common gastropod grazer species in Europe
freshwater and brackish water systems and occurs in Wes-
tern Asia (Ozbek et al. 2004; Ustaoglu et al. 2003; Sahin and
Yildirim 2007; Symanowski and Hildebrandt, 2010; Gloer
and PeSiz 2012) and has a significant reduction effect on the
periphyton by its feeding activity (Réberg and Kautsky
2007; Peters and Traunspurger 2012).

Due to its versatile, wide distribution, complex habitat
(Bunje 2005) and ecological importance, considerably num-
ber of study was conducted on T. fluviatilis: the aspects
about phylogeny and dispersal range (Carlsson 2000; Bunje
2005), growth and population dynamics (Orton and Sibly
1990; Kirkegaard 2006; Graga et al. 2012), morphological
features (Zettler et al. 2004; Anistratenko 2005; Gloer and
Pesie 2015), feeding ecology and grazing (Jacoby 1985;
Réberg and Kautsky 2007; Peters and Traunspurger 2012)
and tolerance to the environmental stressors (Skoog 1976;
Kangas and Skoog 1978; Symanowski and Hildebrandt
2010) were studied before. But surprisingly, little is known
about the early life history and very little research were
made on the reproductive biology of this species, except se-
veral studies (Fretter and Graham 1962; Orton and Sibly
1990) and mostly focused on the productivity or pre-fertili-
zation (Giusti and Selmi 1982; Kirkegaard 2006; Graca et
al. 2012). In fact, information about the reproduction bio-
logy of family Neritidae is limited in general. Generally it is
difficult to make observation on the intracapsular phases of
nerites due to opaque structure of the capsules and therefore
information on the early phases of these species is limited.

Larval phases determine the postlarval characteristics (Ri-
vest 1983; Krug 1998; Collin et al. 2007) and dispersal po-
tential of the juveniles or/and adults (Pechenik 1999). In the
present study, larval phases of the river nerites were obser-
ved to prepare some descriptions on their early life phases.
And reproductive outputs of this species were examined via
field collected and laboratory cultivated samplings to obtain
knowledge that can be used in modelling, stock manage-
ment and cultivation studies.

Materials and Methods

All of the specimens (nerites and egg capsules) were collec-
ted gently with hand from Yuvarlak¢ay stream (Koycegiz,
Mugla, Turkey) between 2013 November and 2014 July.
The initial collected specimens were used in the pre-experi-
ments to find suitable experimental setup. Generally nerites
were found under rocks and rarely attached to roots. Egg
capsules were collected with the rocks that they already at-
tached, without detachment. All of the material were trans-
ferred to the laboratories alive at the same day in water filled
containers with portable aerator and -when necessary ice ad-
dition to prevent high water temperatures (above 20 C°).
The species identification was made morphologically accor-
ding to Zettler et al. (2004) and Gloer and PeSiz (2015), with
extracting and examining of the radulae and operculum of
the specimens under stereo microscope.

Nerites were grouped and taken to the 40 L stock aquariums,
equipped with aeration, heaters and filters. Observations
were maintained in six all glass experiment aquariums (fil-
led with 15 L water) with small rocks. While 5 of the aqua-
riums contained nerites, one aquarium contains only egg
capsules (from the field) with the rocks they already attac-
hed. Because the nerites were extremely sensitive to unste-
ady conditions (according to pre-observations), every two
aquariums were grouped and connected to a larger aquarium
(40 L) which equipped with aeration and filters (nerites had
no chance to escape from experiment aquarium to additional
aquarium). Therefore larger volume (about 70 L) and mini-
ature recirculating systems were set up in order to provide
more stable water conditions (Figure 1). Additionally, 15
glass jars (800ml) were placed in a large aquarium (filled
with water at the same level as the water in the jars) to record
the number of capsule per female; one randomly chosen ne-
rite was placed in each jar. The water temperature was kept
between 18-20° C to maintain reproduction activities and
embryonic development (Skoog 1976). The laboratories
were air-conditioned but ice addition with the plastic bags
to aquariums was made when necessary. Initial measure-
ments of the dissolved O, were made by portable multi-pa-
rameter meter (WTW Multi 3420); DO in aquariums never
dropped below 90% saturation, during the experimental pe-
riod.
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Figure 1. Photograph from a pre-experiment which has a
similar setup.

Nerites were measured with caliper prior to the experiments
and placed into the experiment aquariums. Experimental se-
tups monitored continuously. Biometric measurements of
the collected (from the field) and spawned (at the labora-
tory) capsules were made with an image analyses software
(Imagefocus3) using high resolution digital photographs ta-
ken by a microscope mounted digital camera (Cmex 5000
digital camera, Novex RZ stereo microscope) according to
Barroso and Matthews-Cascon (2009). Because of their
opaque structure, capsules opened with a scalpel in order to
examine intracapsular inclusions. Intracapsular examinati-
ons were made with the same microscope, camera and
software setup. After hatching, the characteristics of the
newly hatched juveniles were examined with the same setup
again.

Regressions of the shell length (SL, mm) against shell width
(SW, mm) of the nerites (n=63), length (CL, mm) against
width (CW, mm) of the egg capsules (n=79) and shell length
(SL, mm) against shell width (SW, mm) of the hatch-
lings/ready to hatch individuals (n=17) were made to desc-
ribe the general morphology. Given the size ranges of neri-
tes, capsules and hatchlings, results were logarithm (log10)
transformed prior to analyses to remove any potential effects
due to allometry (Mascaro et al., 2014). But linear regres-
sion of the actual sizes was also made to find relationship

formula. Changes in the sizes of the capsules during experi-
ments were tested with one way ANOVA.

Results and Discussion

The shell length and the width relation of the nerites were
found to be related (Figure 2). Mating was observed rarely
but continued until the end of the experiments (Figure 3a).
Egg laying was first observed in the middle of May at 18 C°
water temperature. The capsules were attached firmly to the
stones that placed into the aquarium. At the field, capsules
were found under rocks and rarely on tree roots. Capsules,
both in the natural environment and in the laboratory, were
circular-elliptical, rigid and translucent-opaque (Figure 3b,
Figure 5c); at the beginning they were white, and then dar-
kened to dark cream-light brown. The last capsule laying
event in laboratory was recorded at the end of July (18 C°).
The mean capsule length was 1002483 um (+SD, min=710,
max=1138) and the mean width was 832L +84 um (623-977
um) and following equation was found between length (L)
and the width (W) of the capsules: W=0.738+92.672
(R?=0.53) (Figure 4). Sizes of the capsules did not change
during the time between laying and hatching (ANOVA,
df=3, F=1.03, p=0.39). Capsules were filled with a transpa-
rent and viscose liquid and eggs.

Viable embryos were detected first on the 33" day post-
spawning with eyes (Figure 5a). At this phase, embryonic
shell (protoconch) started to form and its length was measu-
red 275 pm and the width was 222 um. After this phase a
rapid development was observed; the next week larvae re-
ached 310£29 um (250-360) shell length and 247+30 um
(190-290) shell width (Figure 5b). After few development
phases embryo reached a ready to hatch phase with comple-
tely developed foot and pigmented protoconch before the
exit (Figure 5¢). There was never more than one embryo per
capsule. The earliest hatching was observed on the 53" day
of laying (between 53-65 days). But most of the embryos
did not hatch even they were fully developed (having the
same characteristics with the hatched individuals).The shell
length of the hatchlings (Figure 5d) was 785+35 pm (n=5;
755-839), and the width was 624+42 pm (566-670). With
pooling all of the data from the hatchlings and ready to hatch
(but not naturally hatched) individuals, this equation was fo-
und between shell length (SL) and the width (W) of the
hatchlings: SL= 0.888W +228.91 (R*=0.71), (Figure 6).
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Figure 2. Regressions of shell length against shell width of the nerites within the 2.9-6.8 mm length and 2.22-4.66 mm
width ranges (n=63). Data are logarithm (Log10) transformed.
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Figure 4. Regressions of capsule length against capsule width within the 710-1138 capsule length range and 623-977um
capsule width range (n=79). Data are logarithm transformed.
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Figure 5. (a) Viable embryo, at the first observation; (b) pre-hatching larvae; (c) fully developed and ready to hatch
larva in the capsule; (d) crawling juvenile nerite. c, capsule; e, eye; pr, protoconch; f, foot; s, shell; sp, shell
pigmentations; L, length; W, width. Scale bars: 100 pm.
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Figure 6. Regressions of shell length (693-839 um range) against shell width (546-681um range) of the hatchlings and
ready to hatch individuals. Data are logarithm transformed.
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All of the members of family Neritidae lay their eggs in egg
capsules but different species have different development
modes. For example brackish water nerites Clithon spino-
sus, Neritina latissima, have generally short term planktot-
rophic larval stages (Ford 1979; Resh et al. 1992; Matthews-
Cascon and Martins 1999). Marine species like Nerita atra-
mentosa, N. plicata spend much longer period (up to 6
months) at the plankton as planktotrophic veligers (Un-
derwood 1975; Kano 2006). The development mode Theo-
doxus is intracapsular metamorphosis or direct develop-
ment, all of the larval phases are completed in the egg cap-
sules and crawling hatchlings are fully developed before the
hatching (Fretter and Graham 1962; Orton and Sibly 1990;
Bunje 2005). In the present study, all of the observed larvae
completed their metamorphosis in the capsules, and no es-
cape was detected until the end of larval period and beco-
ming miniatures of the adults. This result is compatible with
the earlier studies (Kirkegaard 2006) on T. fluviatilis. Velar
structures in planktotrophic species are well-developed that
suitable for swimming and feeding (Moran 1997) and also
can be well-developed in non-planktotrophic species and
can be used for intracapsular feeding (Giiler and Lok, 2014).
At the present study velar structures were not clearly obser-
ved but movement of the early embryos might have been
provided by an under developed velum. But Collin (2004)
showed that the possibility of the losing all velar characters
in two direct developer (nurse eggs, single embryo per cap-
sule) Crepidula (Gastropoda, Calyptraeidae) species and
this situation can be valid for T. fluviatilis too.

T. fluviatilis shows oophagic development with nurse eggs.
At the spawning, egg capsule contains 50 to 200 eggs, only
one of them develops and the others serve as nutrition for
the embryo (Bondesen 1940; Carlsson 2000). According to
the results of the study, each egg capsule contains only one
live embryo, so that only one live non-planktonic juvenile is
hatchling from each capsule. It is normal that non-planktot-
rophic or direct developer gastropods produce fewer hatch-
lings per capsule than species that spend their early life at
the plankton (Pechenik 1979; Collin 2003). However single
embryo production is rare and already fewer hatchlings per
capsule is a disadvantage for continuity of the generation
(Pechenik 1979). At this point the number of capsules laid
by one female comes forward as an important reproductive
success parameter. The number of capsule per female was
found quite different at the present study compared to the
reports of Kirkegaard (2006) from a field study. Kirkegaard
(2006) estimated that one female can lay approximately 40
capsules per spawning season at the field, but not dependent

on a direct observation. According to an earlier study, one
female can lay about 10 capsules per season (Bondesen
1940). At the present study one female laid maximum four
capsules; as far as can be observed. But the differences
simply can be associated with the differences of laboratory
and field conditions or different temperatures that could in-
duce different metabolic responses (Cumplido et al. 2011)
or any stressor/stressors at the laboratory conditions. More-
over sizes of the capsules were slightly different from the
findings of Kirkegaard (2006). Kirkegaard (2006) reported
between 0.9 and 1.1 mm for intact capsules and 0.5-0.8 mm
for empty capsules, and according to Neumann (1959)
empty capsules are sterile. We recorded between ~0.7 and
1.1 mm capsule size and none of them are empty or sterile
(both laboratory and field samples). The sizes of the capsu-
les did not change at the larval period, this observation may
support the explanation of Neumann (1959) that the empty
capsules are sterile. If the empty capsules were filled at the
beginning they must get larger by the time because sizes of
the filled capsules were found at the common sizes every
time (more than 0.9 mm by Kirkegaard (2006) and more
than 0.7 mm by the present study). We found that the cap-
sule sizes did not change at the larval period. So the small
capsules might be sterile and might be empty from the
spawning because they do not expand.

During the study only 5 hatching event was observed, altho-
ugh there are many more intact capsules available at the
experimental setup. The mechanism of hatching or larval re-
lease from the egg capsule is still unknown for many gast-
ropod species (Pechenik 1986; Tan and Lee 2009; Przes-
lawski 2011) including T. fluviatilis (to authors’
knowledge). For some marine species a chemical mecha-
nism was described. For example some Tritia species (fa-
mily Nassariidae) and Ocenebra erinaceous (Muricidae)
hatch or escape from the egg capsules with removal of the
plug of the capsules after an intracapsular chemical process
(Pechenik 1986; Hawkins and Hutchinson 1988). For neri-
tes, environmental factors at the natural habitat like currents
or waves can effect to the hatching mechanism (Przeslawski
2011). For example Lesoway and Page (2008) reported that
the embryos of Nerita atramentosa (Neritidae) do not hatch
at the laboratory conditions unless the egg capsules opened
artificially. Przeslawski (2011) suggested the effect of wave
action to explain this situation as well as her personal obser-
vations on the emerging time from capsule. Generally T. flu-
viatilis is morphologically adapted to live in streams with
swift currents and at the wave zone of lakes (Kirkegaard
2006). Considering the -relatively stationary environment of
the experimental setups, this suggestion may be explain our
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findings. Moreover other environmental factors like tempe-
rature can regulate or delay the realising time of larvae (or
post larva) as adaptation to increase chances of survival in
changing environmental conditions (Barroso and Matthews-
Cascon 2009; Przeslawski 2011).

The mean hatching size was recorded about 0.8 mm at the
present study. The sexual maturity size of T. fluviatilis is 5.5
mm in shell length (Skoog 1971) so the length of a newly
hatched juvenile can be calculated as about 1/7 of an adults’.
The size of these hatchlings can be considered normal for a
species with direct development but hatchling size/adult size
ratio is remarkable (Collin 2003). Big hatchlings are gene-
rally more resistant to environmental conditions (Pechenik
1979; Etter 1989) and less likely to be consumed by preda-
tors (Gosselin 1997). And it seems that T. fluviatilis tries to
produce the largest hatchlings possible. Similar situation
were reported before for two Crepidula species with the si-
milar embryonic development characteristics like single
embryo per capsule, nurse eggs, very big hatchlings (Collin,
2004).

Conclusion

In summary, T. fluviatilis can be described as a species with
no planktonic-planktotrophic larval stage and thus probably
has a limited dispersal potential. Moreover, only single
embryo production per capsule can be considered as an ad-
ditional disadvantage in terms of continuity of the genera-
tion. In contrast, egg capsules of the river nerites have a so-
lid-hard structure that can guarantee a successful larval stage
without any disruption. As we seen in our study, the hatch-
lings of T. fluviatilis are fully developed, quite big (when
considering the size of adults) and are miniature of the
adults. Despite their disadvantages, it is commonly assumed
that the species complete their development in this way are
more resistant to dangers of early life than planktotrophic-
planktonic relatives, and limited dispersal capacity may
have some advantages like post larval development in favo-
urable natal habitat (Pechenik 1999; Krug 1998).
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ABSTRACT

This study is about a questionnary developed to collect data related awareness of people about jellyfish and
injury cases. The questionnary was distributed to 226 people in the touristic areas of the west and the southwest
regions of Turkey, with the participants consisting of holiday-makers, people working in the tourism sector,
fishermen, divers as well as local dwellers. Overall, 78% of the participants had previous awareness of the
existence of jellyfish, whereas the remaining 22% had heard about jellyfish for the first time only. The most
known jellyfish species were Aurelia aurita, Cotylorhiza tuberculata, Chrysaora hysoscella and Rhizostoma
pulmo. In total, 42% of the participants had run into jellyfish at least on one occasion before. The most common
injuries were erythema, itching and blistering, and two people retained scars caused by Pelagia noctiluca. Of
the participants that were injured by jellyfish, 91% did not seek hospitalisation or health care, 76% were una-
ware of the measures necessary following jellyfish injury, and 96% of those who spotted jellyfish whilst swim-
ming or from the beach did not inform any academic institution or research organisation. Since jellyfish form
swarms that are usually carried around randomly by currents, it is mandatory that people be informed about
jellyfish blooms and possible related injuries. This is especially important since jellyfish injury cases are gen-
erally not being recorded from hospitals and health care providers throughout Turkey. The present question-
nary-based study has shown that even people affected by jellyfish injuries fail to notify relevant institutes or
organisations. Further questionnaries and related projects should be implemented so as to collect data of jelly-
fish injuries and to increase people’s awareness of jellyfish-related risks in other parts of Turkey.

Keywords: Questionnary-based study, Local ecological knowledge, Medusae, Injury, Jellyfish bloom
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Introduction

Jellyfish blooms are often observed around the world.
Coastal aggregations of jellyfish have become a serious
problem for the bathers on the coasts. Jellyfish stings
threaten on human health by toxic and allegic reactions
(Burnett, 2001; Fenner, 1998; Mariottini and Pane, 2010).
In Australia, many people effect by stings of the Irukandji
species every year even fatal cases are seen every 3-4 years
(Gershwin et al., 2013). Mediterranean jellyfish species are
not lethal but some species for example Physalia physalis,
Rhopilema nomadica, Carybdea marsupialis and Pelagia
noctiluca can cause serious problems on human (Mariottini
and Pane, 2010). From these species only R. nomadica and
P. noctiluca distribute in Turkey seas. P. physalis sting
causes severe pain and urticarial on humans (Lin and
Hessinger, 1979). Many injury cases by P. physalis were re-
ported in French coasts in 2008, 2010 and 2011 (Labadie et
al., 2012). C. marsupialis which was recorded from Aegean
coasts of Turkey (Cinar et al., 2014) venom effects on hu-
man skin and causes severe pain, burning sensation, ery-
thematous vesicular eruption and local oedema (Kokelj et
al., 1992; Milla et al., 2000; Sanchez-Rodriguez et al.,
2006). Also this species consumes zooplankton and ichthy-
oplankton and effects on fish populations directly and indi-
rectly (Larson, 1976; Nogueira Jr and Haddad, 2008; Bor-
dehore et al., 2011). According to Gordoa et al. (2013) P.
noctiluca has predation capacity on Atlantic Bluefin Tuna
eggs. Also this species which can cause erythema, edema,
itching, burning, vesicles and severe pain in the skin
(Scarpa, 1984; 1987; Kokelj and Burnett, 1988; Carli et al.,
1991; Carli et al., 1995) is the most dangerous native Medi-
terranean jellyfish (UNEP, 1984). R. nomadica which has
injured holiday makers and clogged fishing nets as a result
of its massive aggregations in the Levantine coasts of Tur-
key (Oztiirk and Isinibilir, 2010) causes hospital cases with
severe pain. Also, Chrysaora hysoscella is another danger-
ous jellyfish with long tentacles and isorhiza and eurytele
nematocysts (Vaissiere, 1983; Giilsahin, 2016). Rhizostoma
pulmo is moderately venomous species which is not caused
hospital cases (Mariottini and Pane, 2010). Erythema, burn-
ing, sneezing, rhinorrhea, urticaria can occurred by R. pulmo
injuries. Cotylorhiza tuberculata is unharmful scyphozoan
(Bernard, 1991). This species which its diameter can reach
up to 40 cm, causes feeling fear and nuisance on the swim-
mers when it occurred huge swarms in coastal areas (Kik-
inger, 1992; Bernard, 1991). Jellyfish consume zooplank-
ton, fish eggs and larvae are in competition with fish. Also,
jellyfish negatively effect on fishery and aquaculture activi-
ties (Purcell et al. 2007). Bosch-Belmar et al. (2017) showed
for the first time that jellyfish blooms effected negatively
aquaculture facilities in Tunisia, Italy, Spain and Malta by

causing gill disorders and mortality of farmed fish and clog-
ging net cages.

Marine ecosystems are affected by anthropogenic factors for
example settlement success of polips increase related by ris-
ing on marina, port and pier constructions (Purcell et al.
2007). Tourism is one of the important sectors of Turkey.
Turkey which surrounded by the Mediterranean Sea, the Ae-
gean Sea, the Marmara Sea and the Black Sea is an im-
portant location for the distribution of both native and alien
jellyfish species. The scyphozoans which distribute in Tur-
key coasts are Aurelia aurita, Rhizostoma pulmo, Coty-
lorhiza tuberculata, Phyllorhiza punctata, Rhopilema no-
madica, Cassiopea andromeda, Pelagia noctiluca, Chry-
saora hysoscella, Drymonema dalmatinum, Periphylla pe-
riphylla, Discomedusa lobata, Nausithoe punctata and Pa-
raphyllina ransoni (Cinar et al., 2014; Isinibilir et al., 2015;
Isinibilir and Yilmaz, 2016). In Marmara Sea and Bospho-
rus Strait, Aurelia aurita blooms are seen commonly from
spring to autumn (Isinibilir and Yilmaz, 2016; 2017). Also,
A. aurita shows blooms in the north Aegean Sea, especially
in Canakkale, Gelibolu, Edremit Bay, and also, in Izmir Bay
every year in late spring and early summer. This species
forms swarms in Fethiye almost every year. These blooms
can be seen even in the winter months (Giilsahin, 2017).
Also, C. tuberculata occurs in large numbers in August,
September and October in Gokova Bay, Mugla every year
(Giilgahin and Tarkan, 2011, Giilsahin, 2017). This species
showed high abundance in August and September in Giilliik
Bay (Oztiirk et al. 2006). R. pulmo is commonly found in
the western and the eastern Black Sea (Isinibilir and Y1lmaz,
2017). Especially, in the eastern areas this species shows
blooms in July and August every year (Gtlilsahin, 2017).
Cassiopea andromeda which is a lessepsian species is suc-
cesfully settled in Turkey. This species is seen with high
abundances in the southern Aegean Sea (Ozgiir and Oztiirk,
2008). Also, another lessepsian species R. nomadica was
recorded in the southern Aegean Sea and the Mediterranean
coasts of Turkey (Kideys and Giicii, 1995; Oztiirk and Isini-
bilir, 2010; Giilsahin and Tarkan, 2011). Especially, in the
Antalya, Iskenderun and Mersin Bays this species forms
swarms in the summer months, so the fishermen complain
about to blooms of this species (Sakinan, 2011; Turan et al.
2011). In July 2009, large amount of R. nomadica was
caught by trawl in Mersin Bay. This species composed 60%
of the total catch by all fishing gears in Antalya, Mersin and
Iskenderun Bays in March and April 2011. The fishermen
were affected these swarms of R. nomadica economically
(Turanetal., 2011).
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This study was performed to collect data related awareness
of people about jellyfish and injury cases. Since jellyfish
form swarms that are usually carried around randomly by
currents, it is mandatory that people be informed about jel-
lyfish blooms and possible related injuries. This is espe-
cially important since jellyfish injury cases are generally not
being recorded from hospitals and health care providers
throughout Turkey. Also, this study is aimed to create
awareness about the jellyfish blooms and their effects on hu-
mans on the citizen.

Materials and Methods

The questionnary was performed on 226 persons including
141 male and 85 female. The participants were holiday mak-
ers, fishermen, divers, people working in the tourism sector
and local dwellers in Izmir, Kusadasi, Akyaka, Bodrum,
Marmaris and Fethiye in July and August 2015. These loca-
tions are popular touristic areas, as well as fishing areas in
Turkey (Figure 1).

It was asked to the participants that whether or not knew the
jellyfish. Also, it was asked to the participants who con-
tacted with jellyfish to enumerate the pain levels between 1
(very mild) and 5 (very severe). Colored pictures of the scy-
phozoan species which distributed in Turkey coasts were

=f

“Mugla
Akyaka

Bodrum

P
Marmaris®

Figure 1. Study area

showed to the participants and were asked to show what they
had seen before which of these species. Also, it was asked
to the participants who knew the jellyfish that what should
be done in jellyfish injury. The questionnaire form was
showed in Figure 2.

Results and Discussion

Seventy eight percent of the participants declared they knew
the jellyfish. Also, number of the participants have ever
been in contact with a jellyfish was 74 (42%) among those
who know the jellyfish. This ratio was high when it was
thought of holiday makers for a limited time for vacation
because of their job or income levels. These people who
contact with a jellyfish described these organisms soft,
transparent, jelly-like and colourless. Colours of the jelly-
fish they meet were purple, white, blue, brown and yellow-
ish. Thirteen persons said they saw the jellyfish with bell
size 15-20 and 20-25 cm. only two persons have met 1-5 cm
bell sized jellyfish. Twelve persons have given information
about the tentacle length (Figure 3). Most of the participants
(62%) saw the whitish jellyfish which is thought to be A.
aurita.
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JELLYFISH AWARENESS QUESTIONNARY STUDY

1. Doyou know the jellyfish?

YES D NO D

2. Have you ever been in contact with a jellyfish?
ves [ No O

3. Can you describe the distinctive characteristics of the jellyfish which you contact? (Colour,
size, tentacle length, etc.)

4. Could you score the pain caused by the contact with a jellyfish?

1 (very mild pain) D
2 (mild pain)

3 (moderate pain) D
4 (severe pain) D
5 (very severe pain) D

5. Which experiences did you the following cases with pain?

ItchingD skin rash l:l open sare D erythema D skin blisters D
OthersD ceeee. [Please write)

6. Did you go to any hospital and health care provider when you contact with a jellyfish?
YES D NO D

7. Do you know what should be done in jellyfish injury?
YES I:l NO [:l

8. Do you have a scar caused by the jellyfish injury?
ves [ No o [

9. Can you show the jellyfish which you seen commonly from the photographs?

10. Did you give information to the universities, research arganisations, municipalities, coast
guards, fishing cooperatives and other institutions?

YES D NO D

If yes Please WL ....ceeceeeceee e s

Figure 2. The questionnary form

It was wanted from the participants to show the jellyfish
which they saw commonly from the photographs. A. aurita
and R. pulmo were commonly seen by the participants. Also,
C. tuberculata which form aggregations every summer in
Gokova Bay was one of the most common species for the
people who live in Mugla province. Other species which
were seen by the several people were C. hysoscella, R. no-
madica, P. noctiluca and C. andromeda (Figure 4). C. an-
dromeda which is the first lessepsian scyphozoan species re-
ported from the Mediterranean, lives upside-down on the
sandy and muddy bottom of the sea floor (Galil et al., 1990).
Therefore, this species was only observed by fishermen and
divers.

Five persons declared they had no pain. Other participants
determined their pain rates as shown in Figure 3. Only five
persons had very severe pain because of the jellyfish inju-
ries. Most of the participants described very mild, mild and
moderate rates of pain as expected (Figure 4). In the Medi-
terranean Sea, jellyfish species are not as dangerous as in
tropical waters (Bordehore et al., 2015; Mariottini and Pane,
2010; Mariottini et al., 2008). Therefore, jellyfish species
are distributed in Turkey coasts do not lead to the hospitali-
zation events. But, injury cases are also related to the aller-
gic responses of the patients (Mariottini and Pane, 2010).
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Description
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Hno tentacle
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Figure 3. Numbers of the participants who declared de-
scription, color, bell size and tentacle length of
the jellyfish.

Aurelia aurita
B Rhizostoma pulmo
Cotylorhiza tuberculata
B Chrysaora hysoscella
Rhopilema nomadica

Pelagia noctiluca

B Cassiopea andromeda

Figure 4. Common jellyfish species which were seen by
the participants

Most people said they were injured by jellyfish from their
legs. Localities where jellyfish injuries are most common
were Bodrum (18 persons), Fethiye (15 persons) and Mar-
maris (15 persons). Also, thirteen persons in Izmir, eight
persons in Akyaka and five persons in Kusadasi have stung
by jellyfish previously.

Common effects of the jellyfish injuries were itching and
erythema, according to the participants. Also, skin blisters
were seen at ten persons who injured by jellyfish. Skin rash
was very rare and no effect was seen on three persons (Fig-
ure 5). Only seven participants were gone to the hospital or
health care provider after the injury but sixty seven persons
did not need any medical treatment. The groups are the most
exposed to jellyfish injuries are fishermen and swimmers.

Seventy six percent of the participants declared that they did
not know what should be done about jellyfish injuries. Other
participants knew that they should use vinegar or ammonia.
According to Cegalon et al. (2013) ammonia inactivate the
nematocysts of scyphomedusae but in cubomedusae it must
be use vinegar to counteract nematocysts. Only two persons
who are fisherman and divers had scars due to the jellyfish
injury. They showed picture of the Pelagia noctiluca as the
reason of their scars.

96 percent of the participants which encountered before jel-
lyfish bloom or injured by jellyfish did not give an infor-
mation to the universities, research organizations, munici-
palities, coast guards, fishing cooperatives and other institu-
tions. Only seven persons have informed to the university
and municipality in Mugla coasts. This results showed that
most of the people do not cooperate with universities and

59



60

Journal of Aquaculture Engineering and Fisheries Research, 4(1), 55-63 (2018)

institutes in scientific matters. Especially tourism employ-
ees avoid to inform jellyfish blooms or injury cases because
they afraid of a decrease in the number of tourists. They do
not have any knowledge about scientific importance and
their effects on humans. Therefore, causes of blooms, ef-
fects on humans and scientific importance of jellyfish
should be explained in coastal municipalities, touristic areas
and diving centers. Also, trainings and seminars about what
should be done in jellyfish injuries should be given.

Hno pain

1 (very mild)
m 2 (mild)
® 3 (moderate)
m 4 (severe)

W5 (very severe)

Figure 5. Pain levels of the participants who contacted
with jellyfish.

10

—

N itching

 skin rash
erythema
skin blisters

B 110 symptoms

Figure 6. Symptoms on the participants caused by jellyfish

Figure 7. Sca f Pelagia noctiluca injury (Photograph by
Enis Karazincir)

Conclusion

The Aegean and the Mediterranean coasts of Turkey are im-
portant tourism areas. Increasing tourism constructions may
cause rising jellyfish blooms in these areas (Purcell et al.,
2007; Richardson et al., 2009; Duarte et al., 2013). There-
fore, it is inevitable that the tourism sector in collaboration
with universities and institutes. The persons working in
tourism sector must be conscious about need to do in jelly-
fish injuries.

Nevertheless, scientific point of view of people has not de-
veloped in Turkey. In the past, it was contacted with many
hotels about informing jellyfish blooms in all the Mugla
coasts but did not get any feedback. For this reason, this
study is important to create awareness about scientific re-
searches on people. With this study, forty nine persons of
the participants who do not know the jellyfish were in-
formed about these organisms. It was told to all of the par-
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ticipants what need to do in jellyfish injuries. And also, im-
portance of the scientific collaborations with universities
and research institutes was explained to the people.

Knowledge exchange between people and scientist can
solve the problems of each side. To this end, the National
Jellyfish and Gelatinous Organisms Watch Programme
(http://www.yayakarsa.org/index.php/en/) was started in
2014 in conjunction with the CIESM Jellywatch Pro-
gramme.

Jellyfish blooms cause nuisance on people even is not dan-
gerous. Most of the participants defined the jellyfish as dis-
gusting, irritating, burning and sticky. Jellyfish stings injure
the bathers with pain and other influences such as itching,
erythema, oedema, blisters etc. Sometimes people who in-
jured by jellyfish need medical treatment. But, jellyfish in-
jury cases are generally not being recorded from hospitals
and health care providers throughout Turkey. Also, there are
not lifeguards and medical centres in all the beaches in our
coasts. Therefore, the actual number of jellyfish injuries is
unknown. For this reason, further projects and question-
naires should be performed to collect data about jellyfish in-
juries. Additionally, trainings should be given in schools,
tourism enterprises and diving schools to create awareness
to inform jellyfish blooms and injuries.
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