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ARASTIRMA MAKALESI RESEARCH ARTICLE

Karadeniz'in Sinop kiyilarindan yakalanan bazi deniz baliklarinin metazoan
parazitleri

Metazoan parasites of some marine fish species collected at the Sinop
coasts of the Black Sea

Ahmet Ozer* » Ahmet Murat Olguner

Sinop Universitesi Su Uriinleri Fakiiltesi, 57000, Sinop , Tiirkiye
*Corresponding author: aozer@sinop.edu.tr

Abstract: In the present study that was conducted between the period October 2006 — April 2007, fish species of whiting (Merlangius merlangus Nordmann,
1840), twaite shad (Alosa immaculata Bennett, 1835), turbot (Psetta maxima L., 1758) and picarel (Spicara smaris L., 1758) were collected from Sinop coasts of
the Black Sea and investigated for metazoan parasites. At the end of this research study, it was determined that whiting, twaite shad and picarel had
Hysterothylacium aduncum (Rudolphi, 1802), turbot had Bothriocephalus scorpii (Miller, 1776) and twaite shad had Livoneca punctata (Uljanin, 1872).
Infestation/Infection prevalence (%) and mean intensity values according to host fish species were also determined and discussed.

Keywords: Whiting, turbot, twaite shad, picarel, metazoan parasites.

Ozet: Ekim 2006- Eyliil 2007 tarihleri arasinda yiriitiilen bu galismada, Karadeniz'in Sinop kiyilarindan yakalanan mezgit (Merlangius merlangus Nordmann,
1840), tirsi (Alosa immaculata Bennett, 1835), kalkan (Psetta maxima L., 1758) ve izmarit (Spicara smaris L., 1758) baliklari metazoan parazitler yoniinden
incelenmistir. Arastirma sonunda, mezgit, tirsi ve izmarit baliklarinda Hysterothylacium aduncum (Rudolphi, 1802), kalkan baliginda Bothriocephalus scorpii
(Mdiller, 1776) ve firsi baliginda Livoneca punctata (Uljanin, 1872) tirlerinin varligi belirlenmistir. Bu tirlere ait enfestasyon/enfeksiyon oranlari (%) ve

enfeste/enfekte balik basina ortalama sayilarinin konakg! balik tiirlerine gore dagilimlari da hesaplanmis ve tartisiimistir.

Anahtar kelimeler: Mezgit, kalkan, tirsi, izmarit, metazoan parazitler.

GIRIS

Karadenizde gerceklestirilen balikgilik faaliyetlerinde
ekonomik 6nemi olan balik tirleri pelajik, demersal ve
anadrom yasam sirenlerden olusmaktadir. Ekonomik
énemlerinin yiksekligiyle avcilik agisindan hedef turler olan
mezgit (Merlangius merlangus L., 1758) ve kalkan (Psetta
maxima L., 1758) baliklari demersal, tirsi baligi da (Alosa
immaculata Bennett, 1835) pelajik anadrom yasam sirerler.
izmarit baligi (Spicara smaris L., 1758) ise demersal olarak
yasayan ancak ekonomik degeri gok ylksek olmayan
dolayisiyla da avcilik agisindan  yan drlin - olarak
degerlendirilen bir tirdlr. Bu baliklar, sahip olduklar et
kalitelerinin ve lezzetlerinin yiksekligi ile insan gidasi olarak
siklikla tliketilmektedirler. Ancak, gerek Ulkemiz denizleri
gerekse de diinya denizleri géz 6nline alindijinda mezgit
baliklarinda nispeten daha fazla olmakla beraber, tirsi, izmarit
ve kalkan baliklarinin metazoan parazitleri (izerine yapilan
aragtirma sayis| oldukga sinirlidir (Cetindag, 1993, ismen ve
Bingel, 1999; Ozer vd. 2000; Ozer, 2002; Ozer vd. 2007).
Dolayisiyla, ekonomik degeri olan ve insan gidasi olarak
siklikla tiiketilen mezgit, tirsi, izmarit ve kalkan baliklarina ait
parazitler (izerine cesitli arastirmalarin yapiimasi geregi
aclkca gorllmektedir. Arastirmamizda bu baliklarda varligini
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belirledigimiz 3 farkli metazoan parazitin sadece tirleri degil,

konakgl baliklardaki enfestasyon/enfeksiyon oranlari ve
enfeste/enfekte  ballk basina ortalama sayillari  da
verilmektedir.

MATERYAL VE YONTEM

Ekim 2006-Nisan 2007 tarihleri arasinda yiritilen bu
arastirmada, balik érnekleri farkli goz agikiigindaki (mezgit 17-
18 mm; tirsi 30 mm; izmarit 17 mm; kalkan 160 mm) uzatma
adlarindan yakalanan ve Sinop'ta ticari olarak balikgilik
faaliyeti yirtten firmalardan temin edildi. Aragtirma sresince
229 adet tirsi (Alosa immaculata Bennett, 1835), 87 adet
mezgit (Merlangius merlangus L., 1758), 71 adet izmarit
(Spicara smaris L., 1758) ve 12 adet kalkan (Psetfa maxima
L., 1758) baligi incelendi. Baliklar agiz ve karin boslugu,
solungaglar ve i¢ organlar olmak (izere parazitier yoninden
incelendi. Parazit tirlerinin enfestasyon/enfeksiyon oranlari ve
enfeste/enfekte balik bagina ortalama parazit sayilari Bush vd.
(1997) tarafindan belirtildigi gibi degerlendirildi. Parazitlerden
nematod ve sestod drnekleri AFA (alkol-formol-asetik asit)
sollisyonunda, isopod Ornekleri ise % 5 lik formolde fiske
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edildi. Nematod turiiniin tanimlanmasinda Méller ve Anders
(1986), Petter ve Maillard (1988), Berland (1991), Koie (1993),
Moravec (1994); sestod tiirGiniin tanimlanmasinda Akmirza
(2002), Akmirza (2004), Tinar vd. (2006), Keser vd. (2007) ve
isopod tirtiniin tanimlanmasinda ise Trilles (1968), Colorni vd.
(1997) ve Bruce (1986)'dan yararlanildi.

BULGULAR

Karadeniz'in Sinop ili kiyilarindan ticari olarak yakalanan
tirsi, mezgit, izmarit ve kalkan baliklarinin metazoan
parazitlerinin belirlenmesi amaciyla Ekim 2006 - Nisan 2007
tarihleri arasinda gergeklestirilen bu arastirmada Arthropoda
alemine ait Cymothoidae ailesinden Livoneca punctata
Uljanin, 1872 (Sekil 1A), Platyhelminthes alemine ait

Bothriocephalidae ailesinden Bothriocephalus scorpii Miiller,
1776 (Sekil 1B) ve Nemathelminthes alemine ait Anisakidae
ailesinden Hysterothylacium aduncum (Rudolphi, 1802)
(Sekil 1C-E), olmak Uzere 3 farkli parazit tlirliniin varlig
belirlendi. incelenen tirsi baliginin hem Hysterothylacium
aduncum hem de Livoneca punctata ile enfekte oldugu
belirlenirken, kalkan baliginin sadece Bothriocephalus
scorpii, mezgit ile izmarit baliklarinin ise sadece
Hysterothylacium aduncum tiirli parazit ile enfeste/enfekte
olduklari  belirlendi. Tanimlanan parazitlerin  konakg!
baliklardaki  enfestasyon/enfeksiyon oranlari (%) ve
enfeste/enfekte balik basina ortalama parazit sayilari Tablo
1’de verildi.

Tablo 1. Parazit tiirlerinin konakg balik tiirlerindeki mikrohabitatlari, enfeksiyon oranlari (%) ve enfekte balik basina ortalama sayilari
Table 1. Microhabitats, infection prevalences (%) and mean intensities of parasite species in different host species

Parazit tiirii Konakgi  Mikrohabitat Bincelenen Enfeksiyon  Enfekte Ba!|k Basina Ortalama L(;Fr);iri't]
alik Sayisi Orani (%) Parazit Sayisi * S.H Sayisi
Hysterothylacium . Tirsi. Bagirsak 229 95.2 14.08 £ 1.10 3227
aduncum |zmarit Bagirsak 7 98.6 11.47£1.22 803
Mezgit Bagirsak 87 88.5 748 £0.97 576
Bothriocephalus scorpii Kalkan Bagirsak 12 33.3 1.50 £ 0.23 6
Livoneca punctata Tirsi Solungag 229 10.9 1.00 £ 0.00 25

Sekil 1. Aragtirmamizda tanimlanan parazit tirleri. A. Livoneca punctata (Skala: 200 um), B. Bothriocephalus scorpii (Skala: 250 pm), C.
Hysterothylacium aduncum larvasi (Skala: 100 um), D. Ergin Hysterothylacium aduncum bas bélgesi, E. Hysterothylacium aduncum
6zefagal ve barsak sekumlari bélgesi, F. Ergin Hysterothylacium aduncum kuyruk bélgesi

Figure 1. Identified parasite species in the present study. A. Livoneca punctata (Scale: 200 um), B. Bothriocephalus scorpii (Scale: 250 um),
C. Hysterothylacium aduncum larvae (Scale: 100 um), D. Head of mature Hysterothylacium aduncum, E. Oesophageal and intestinal
caecum of Hysterothylacium aduncum, F. Tail of mature Hysterothylacium aduncum
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TARTISMA VE SONUG

Karadeniz'in Sinop kiyilarinda aktif olarak avciligi yapilan
ve ekonomik degeri ylksek olan baliklarinda belirlenen
metazoan parazitierden Hysterothylacium aduncum ve
Bothriocephalus scorpii turleri, gelisme ve Uremeleri igin bir
veya birden fazla ara konakgiya ihtiyag duyan parazitierdir.
Diger yandan Livoneca punctata ise ara konakgl
kullanmaksizin direkt yagam ddnglstine sahip bir parazittir.
Ara konakgiya ihtiyag duyan parazitlerin gelisme ve Uremeleri
lizerine parazitin yasadi§i konakginin beslenme aligkanhgi ve
konakgl ballk ile ayni ortamda bulunan ara konakgilar
dogdrudan etkili iken, ara konakglya ihtiyag duymayan ve direkt
yasam donglstne sahip parazitlerin gelisme ve Uremelerine
ise su ortaminin fiziko-kimyasal Gzellikleri ve balik populasyon
yogunlugu dogrudan etkilidir (Oztlirk, 2005).

Deniz ve tatisudaki pek ¢ok balik tirlinin yaygin
nematodu olarak bildirilen H. aduncum tirinin ilk ara konakg!
olarak gesitli planktonik ve bentik poliket, amfipod, kopepod ve
ketognat gibi organizmalari kullandigi bilinmektedir (Moravec,
1994). Tirsi bali§i pelajik bir balik olup, Ureme dénemleri
tathisularda, biyimeleri de denizlerde gerceklesmektedir.
Boyca buylduklerinde ise omurgasizlari ve kiguk baliklari
besin olarak tiketirler. Mezgit bali§i bentik yasayan bir tir
olup, hamsi, sardalya ve ¢aga gibi baliklari avlamak igin st
tabakalara da cikarlar. Dipte ise demersal balik yumurtalari,
yenge¢ ve kurt yavrular, bocek, karides gibi canlilarla
beslenir. izmarit baliklari da yari demersal yasayan baliklar
olup, dipteki canlilarla da beslenirler (Whitehead, 1985;
Demirsoy, 1998).

Hysterothlacium aduncum tirl parazitin incelenen ftirsi,
mezgit ve izmarit baliklarindaki belirlenen enfeksiyon oranlari
sirastyla %95.2, %88.5 ve %98.6 olarak gerceklesmisken,
enfekte balik basina ortalama parazit sayilari da sirasiyla
14.08+1.10, 7.48+0.97 ve 11.47+1.22 olarak belirlenmistir.
Hystrothylacium aduncum tlirli parazite ait enfeksiyon orani ve
enfekte balik basina ortalama parazit sayisi tim Karadeniz
boyunca mezgit baliginda yapilan arastirmada balik boy
gruplarina gére %32.7 ile %90 arasinda (ismen ve Bingel,
1999); Sinop kiyllarindan yakalanan mezgit baliginda ergin
nematodlarda %31.97 ve 1.37 iken, larval nematodlarda %100
ve 12.82 (Ozer vd. 2000); Sinop’taki Sarikum lagiin géliindeki
pisi baliklarinda %10.47 ve 1.26+0.16 (Oztiirk, 2005);
Sinop'taki Sartkum laglninden yakalanan digli sazancik
baliklarinda %12.77 ve 1.69+0.14 (Oztlirk, 2005); Canakkale
Bogazrndan yakalanan dil, lifer, istavrit, kefal, gipura ve
hamsi baliklarinda sirasiyla %5 ve 1.0£0.0, %14.6 ve 1.3+0.8,
%21.4 ve 3.5+£2.4, %35 ve 2.1£2.2, %8.3 ve 1.0£0.0 (Keser
vd. 2007); Kuzey Denizi'ndeki mezgit baliklarinda %100 ve
16.1 (Klimpel ve Riickert, 2005); ispanya’nin Kuzeybatisindaki
mavi mezgit baliklarinda %11 ve 1,7£3,5 (Fernandez vd.
2005); italyanin Palermo Kérfezinden yakalanan tekir
baliklarinda %10.7 ve 1.0£0.0 (Hristovski vd. 1989); Baltik
Denizi'ndeki pisi baliklarinda %28-44 arasinda degistigi (Koie,
1999); Greenland ve Irminger denizinde Macrourus berglax
baliginda %28.6 ve 2.2 (Klimpel vd. 2006); Irminger

Denizi’nden yakalanan ayni balik tirlinde 2001, 2002, 2003
yillarinda sirasiyla %48.6, %28.6, %60 ve 1.5, 2.2, 4.2 (Palm
ve Klimpel, 2008); Kuzey Denizinde Aganus cataphractus,
Buglossidium luteum, Callionymus lyra ve Rhinonemus
cimbrius baliklarinda sirasiyla %100 ve 10, %74.3 ve 4.2,
%67 ve 1.5, %100 ve 8.5 (Klimpel vd. 2003); Portekiz
kiyllarindaki Microchirus azeiva ve Solea lascaris tirii
baliklarda %1.2 ve %0.6 (Marques vd. 2006); Baltik
Denizi'nden yakalanan Neogobius melanostomus baliginda
%2.8 ve 1.3+0.6 (Kvach ve Skora, 2007) olarak bildirilmistir.
Yukarida Dbildirilen degerlere bakildiginda bazi degerlerin
yapllan bu arastirmada elde edilen degerlerden oldukca
duslk, bazi dederlerin ise ylksek oldugu gorilmistir.
Hysterothylacium aduncum tlirliniin yasam déngisiinde ara
konakellar, cesitl omurgasizlar ve kiglik baliklardir.
Enfeksiyonun olusmasi, ikinci ve/veya Uglinci gelisim
asamasindaki (L2-L3) larval nematodun ya direkt olarak ya da
bunlar ile enfekte omurgasizin tliketiimesiyle gerceklesir
(Anderson, 2000; Oztlirk, 2005). Dogal olarak enfekte olmus
deniz omurgasizlarindaki enfektif H. aduncum larvalarinin ara
konakgl olarak poliket, amfipod, kopepod ve ketognat
tlrlerinin yer aldigi bildirilmektedir (Moravec, 1994; Anderson,
2000; Oztirk, 2005). Diger taraftan, bu parazit tirli mezgit ve
tirsi baliklarinda hem larval hem de ergin birey olarak
yasamaktadirlar. Bu parazite dair bu arastirmada belirlenen ve
literatirde  bildirilen enfeksiyon degerlerindeki farkliliklarin,
Uzerinde caligilan balik tirlerinin farkliligindan, yakalanma
zamani ve mevsimsel farkliliklardan, incelenen balik
miktarindaki farkliliklardan, ekolojik ortam kosullarinin benzer
yada farkli olmasindan, baliklarin besin tercihlerinden yada
baliklarin besinini olusturan H. aduncum ile enfekte ilk yada
ikinci ara konakg! canlilarin arastirma ortaminda bulunuslari
ve miktarindan kaynaklandigi dugtndlebilir.

Aragtirma stiresince belirlenen Livoneca punctata tliri
parazit yalnizca tirsi baliginin solungaglarinda bulunmus olup,
enfestasyon orani %10.9 ve enfeste balik basina ortalama
parazit sayisi da 1.0+0.0 olarak belirlenmistir. Bugline kadar
farkli isopod ttirleriyle ilgili yapilan calismalarda enfestasyon
orani ve enfeste ballk bagina ortalama sayilari Sinop
sahilinden yakalanan giimts baliginda (Atherina boyeri)
bulunan Mothocya epimerica turii icin %5 ve 1.18 (Ozer,
2002); Eilat Korfezi'nin Kuzeyinde Atherinomorus lacunosus
tliri baliktaki Livoneca sp. tirdi igin %3.6 (Colorni vd. 1997);
Sili kiyilarindaki toplam 6 istasyondan yakalanan Engraulis
ringens baliklarindaki Livoneca sp. tlrd igin %2 ve 1.0£0.0,
%15 ve 1.1£0.3, %3 ve 1.0£0.0, %15 ve 1.1£0.3, %10 ve
1.0£0.0 ve %0 (Valdivia vd. 2007); Kizil Denizde Scarus
ferrugineus baliklarinda bulunan Aega spora tiiri igin %20
(Bakhrebah, 2006); Gokgeada gevresinde Diplodua annularis,
diplodus vulgaris, Smaris smaris, Diplodus sargus, Scomber
japonicus, Boops boops baliklarinda yapilan bir ¢alismada
Anilocra physodes turi igin sirasiyla %1.72, %2.63, %5.88,
%20, %1.31, %2.51 (Akmirza, 2002) olarak bildirilmistir. Bu
calismadaki  bulgularla  karsilastiridiginda  enfestasyon
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oranlarinin diger arastirmalardan biraz daha ylksek olduklari
gortimektedir. Farkli bolgelerde gergeklestirilen yukaridaki
calismalarda ortaya c¢lkan enfeksiyon degerlerindeki
farkliliklarim  hem cografi alan hem de konakgl balik
tirlerindeki farkliliklarin ve de bu c¢alismalardaki isopod
tdrtindn farkli@inin sonucu oldugu distindlebilir.

Arastirma siresince tanimlanan Bothriocephalus scorpii
tird parazit yalnizca kalkan balidinda bulunmus olup,
enfeksiyon orani ve enfekte ballk basina ortalama parazit
sayllari sirasiyla %33.3 ve 1.5+0.23 olarak belirlenmistir.
Bothriocephalus scorpii tirii ile ilgili yapilan calismalarda
enfensiyon orani ve enfekte balik bagina ortalama sayilari
Gokgeada civarinda Trachinus draco (zerine yapilan bir
arastirmada %5.75 (Akmirza, 2004); Canakkale Bogazi'ndan
yakalanan dil, IUfer, istavrit, kefal, ¢ipura ve hamsi
baliklarindan sadece dil baliginda %5 ve 5.0+0.0 (Keser vd.
2007); Gokgeada civarinda yapilan bir baska arastirmadaki
Scorpaena porcus, Scorpaena scrofa ve Scorpaena notata
baliklarinda sirasiyla %6.5, %7.3 ve %1.7 (Senol, 2004);
Gokgeada civarindan yakalanan 28 tir baliktan sadece Solea
nasuta, Scorpaena porcus ve Scorpaena scrofa baliklarinda
sirasiyla %27.7, %7.89 ve %12.50 (Akmirza, 2002); Kuzey
Denizinden yakalanan dort balik tirinden yalnizca Agonus
cataphractus ve Rhinonemus cimbrius tirlerinde %15.7 ve 2.5
ve %214 ve 1.7 (Klimpel vd. 2003); Kuzey Denizinden
yakalanan iki kalkan baligindan ergin Rhombus maximus
tirlinde %100 ve 44.5, Scopthalmus rhombus tiriinde ise
%50 den az ve 1.8 (Davey ve Peachey, 1968); Portekiz
kiyllarindan yakalanan Soleidae familyasina ait 7 baliktan
sadece Dicologlossa cuneata ve Solea senegalensis tlirlerinin
her ikisinde %0.6 (Marques vd. 2006) olarak belirlenmistir. Bu
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calismadaki bulgularla karsilastinldiginda, diger enfeksiyon
oranlarinin Davey ve Peachey (1968) hari¢ bu arastirmadaki
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Ozet: Yapay resifler, kiytya sahip birgok tlkede balikgilik yénetimi aract olarak kullaniimaktadir. Bu calismanin amaci, kullanici gruplarin yapay resiflerden
faydalarini degerlendirmektir. Altinoluk'da (Edremit Korfezi, Ttirkiye’nin Kuzey Ege Kiyisi) kullanicilarin temel potansiyel faydalarini ortaya koymak iizere Bulanik
Esli Karsilastirma (BEK) Yontemi kullanildi. Sosyal, biyolojik ve ekonomik faydalari kapsayan yapay resiflerin 3 faydasi ticari balikgilar, rekreasyonel balikgilar ve
yore sakinlerine sunuldu. Ardindan, faydalarin adirliklari BEK Yontemi'nde ikili kiyaslamalar ile hesaplandi. Arastirma verisi ticari ve rekreasyonel balikgilar ile
yore sakinlerini kapsayan potansiyel kullanicilar ile soru formu kullanarak yiiz yiize gérismeler yoluyla toplandi. BEK Yontemi'nden elde edilen sonuglara gére,
ticari balikgilar yapay resiflerin ekonomik faydasini en yliksek diizeyde segerken, rekreasyonel balikgilar ve yore sakinleri yapay resiflerin biyolojik faydasini daha
yiiksek diizeyde segmistir. Sonug olarak, kullanicilarin algisini 6lgmeden gerceklestirilen yapay resif uygulamalari hedefleri karsilamayabilir. Yapay resiflerin ilgili
gruplarinin algisini élgmeyi amaglayan galismalar planlama siirecinde karar vericilere yol gdsterici olur.

Anahtar kelimeler: Yapay resifler, sosyal ve biyolojik faydalar, ekonomik faydalar, bulanik egli karsilastirma, tobit regresyon analizi.

Abstract: Artificial Reefs (ARs) are used in many coastal countries, mainly for fisheries management purposes. The aim of this study is to assess user's benefits
from artificial reefs. Fuzzy Pair-Wise Comparison (FC) Method was used to introduce users’ opinions on main potential benefits of ARs in Altinoluk (Edremit Bay,
North Aegean Coast of Turkey). Three benefits of artificial reefs including social, biological and economic were represented to commercial fishermen,
recreational fishermen and local residents. Then, the weights of the benefits were calculated by pair-wise comparisons in the FC Method. Survey data was
obtained by face-to-face interviews using questionnaire forms with potential users including commercial fishermen, recreational fishermen and local residents.
According to the results gathered from the FC Method, commercial fishermen ranked economic benefits of artificial reefs as highest whereas recreational
fishermen and local residents were agreed on biological benefits. In conclusion, ARs deployments without measuring perception of users may not meet the
objectives. Studies aiming to measure the perception of AR related groups guide decision makers during the process of planning.

Keywords: Artificial reefs, social and biological benefits, economic benefits, fuzzy pair-wise comparison, tobit regression analysis.

INTRODUCTION

There is a general lack of reports or studies about the
demand for artificial reefs and the socioeconomic efficacy of
these projects. Most studies that have been conducted focus
on areas with the greatest reef-building activity (Milon et al.
2000). Existing scientific literature regarding biological aspects
of artificial reefs (ARs) is also not sufficient to understand AR
deployments (Lok, 1995), moreover; there are limited number
of studies concerning social and economic aspects of ARs of
which majority conducted in United States.

As there are limited number of biological and
socioeconomic studies in the world, AR practices in Turkey
have increased in recent years, during which considerable

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

attention has been paid to the limited biological and technical
research that exists (Lok, 1995; Diizbastilar and Tokag 2003;
L6k and Gil, 2005; Ulas, 2007).

Additionally, the first economic study for ARs deployments
in Turkey was conducted to analyze investment in AR projects
(Tiryakioglu, 2008). This first socioeconomic study was
conducted more than a decade after Lok (1995), and recently,
a study of socioeconomic and management assessments of
ARs including its economic value has been concluded (Tunca,
2011; Tunca et al., 2012).

Although there have been 38 artificial reef projects
planned in Turkey, to date, only 26 of these projects have
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been completed. The main objectives of those projects were:
(1) to support small-scale and traditional fisheries, (2) to
create new sites for recreational fishing and diving, (3) to
protect biodiversity, especially in the littoral zone, (4) to protect
fish-spawning and nursery areas (e.g., Posidonia meadows)
from illegal trawling. There is no long term monitoring/data
collection for studies on ARs in Turkey except limited research
efforts of several universities (Lok, 2012).

While  conducting stakeholder's assessment via
socioeconomic researches, it is significant to identify
stakeholders’ opinions on ARs. Evaluation of different
stakeholders’ opinions covering objectives is supportive to
constitute future AR policy. Besides, attitudes and perceptions
of relevance groups are other considerable points to identify
economic and social behaviors.

The main purpose of this study is to determine
stakeholders’ opinions about possible benefits of ARs.
Additionally,  respondents’  socioeconomic  dimensions
affecting the selection of 3 alternatives; social benefits (SS),
biological benefits (BB) and economic benefits (EB) were
analyzed. This study is generally aimed to contribute
improvement of future AR deployments as well as provide
fundamental information for decision makers.

MATERIALS AND METHOD
Study site

The research was carried out in Altinoluk which is fishing
and tourism district with the 13,800 population located at
northern Aegean coast of Turkey (TSI, 2011). Small-scale
fishery dominates fishing activity and 95% (N=55) of fishers
are organized under the Altinoluk Fishery Cooperative in the
region. Altinoluk Fishery Cooperative was established in 2006
with the support and leadership of an extraordinary and
innovator local fisher. The cooperative keeps 7 employees
permanently during the whole year and 20 employees
temporarily during the summer time due to it also runs cafe,
restaurant and aquarium (Unal et al., 2009).

In the Altinoluk region, 6,680 concrete blocks were
proposed for deployment as a pilot project under the National
Artificial Reef Program. Ministry of Food, Agriculture and
Livestock allocated 5 Million TL (Turkish Lira) (1 TL = €0.4) for
the two-year project of ARs deployment in Altinoluk located in
North Aegean coast in Turkey. Enhancements of habitats,
commercial fishing, recreational fishing and diving tourism are
the main purposes of the project. Commercial fishing is
identified as important economic activity in the region because
fishermen’s livelihood depends on the marine resources.

Data collection and analysis

Field studies were conducted to collect data from target
survey groups. Target survey groups were found as 20 CF

(N=55) who are the members of The Altinoluk Fishery
Cooperative, 58 RF (N=400) who participate recreational
fishing on shore or on a boat, and 67 (N=13,800) LR who live
in the site for pilot project of National AR Project called
Altinoluk. Proportional sampling size formula was used to
determine sampling sizes for each group with the following
formulation (Equation 1):

_ Np@- p)
(N-Do;, +pL-p)

Where n is the sample size, N is the population of each
target group (CF, RF and LR), p is the contribution ratio to
ARs (0.50 is fitted to reach the maximum sample size), and
Op< is the variance.

(Equation 1)

Face-to-face interviews were conducted to collect data
from each group via specific questionnaires. Representative
sample size was calculated for each group according to 95%
confidence interval and 5% tolerances (Miran, 2003).

Fuzzy Pair-Wise Comparison Methodology

With the Fuzzy Pair-Wise Comparison (FC) Methodology,
it was aimed to put forward results on users’ priorities about
effects of ARs by making pair-wise comparisons among three
benefits including social, biological and economic. FC Method
shows similarity with the simple pair-wise comparison. For
each of them, two alternatives are compared by respondents.
In addition, priority levels of one alternative over another are
put forward with FC methodology.

In this method, unlike numerical size estimation method,
numerical value of each aim is based on compared objectives’
cluster. Partial membership is central concept of fuzzy set
theory. In the standard membership theory, a cluster is
accepted well-described only if each element of universal set
is element (1) or is not element (0) of set in question. In partial
membership, fuzzy set is take part in [0,1] closed interval.
Therefore, one element of cluster is given a value between 0
and 1. Fuzzy set theory is based on uncertain preferences. In
this method, first stage is to gather data. In the data gathering
phase the diagram is used below in Figure 1 (Glinden and
Miran, 2007).

1 0.5 0

Figure 1. Fuzzy pairing approach used for comparison between A
and B
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Alternatives A and B are placed points on opposite sides
of line. Respondents are required to put ‘X’ sign on line for the
purpose of state self preference. While comparing
alternatives; if which alternative is close to X’ signal, it can be
said that alternative close to ‘X' is preferred to other
alternative. Preference level of A to B, RAB, is measured
distance from ‘X to A. Total distance from Ato B is 1.

If RAB<0.5 B>A
If RAB=0.5 A~B
If  RAB>0.5 A>B
In the case of certain preferences RAB=1 or RAB=0

Number of paired comparisons concerning alternatives, K,
is defined as:

K=nx*(n-1)/2 (Equation 2)

Here, n states number of objectives. For each paired
comparison Rji (i) is obtained. Measurement of preference
level of j according to i: Ri=1 - Rj.

Second stage is to compose fuzzy preference matrix. After
data is gathered and operated through stages above, fuzzy
preference matrix of respondents can be composed. For this
below explanations are useful:

ij =

0 egeri=jVvi, j=1..n
r; eger i=jVi,j=1..,n

This method can be expressed by ixj dimensional fuzzy
preference matrix (R).

0 n, 1 I
0 g fj
Iy I
R =
0 ry
LT P

Third stage of method is to measure fuzzy weights. It is
possible to calculate preference level (i) concering each
alternative from respondents’ preference matrix. Following
formula is used for measurement of preference density of
each alternative separately.

I, =1—[§ R /(n—1)j/2

Last stage is to arrange alternatives. /; values vary
between 0 and 1. It is important to know how much the value
close to 1, because preference density becomes bigger if it
becomes close to 1. After ‘I’'s are gathered, alternatives are
put in order from most effective to least effective (Giinden and
Miran, 2007; Glinden et al., 2008).

Tobit model

TREG model is an extension of probit regression (PREG)
model. It is placed among limited dependent variable models
(Gujarati, 2008). In this model, dependent variable, Y holds an
asymmetry between positive and negative or 0 values
(Ramanathan, 1998). Common formulation of TREG model,
as is PREG model, is given based on an index function below
(Greene, 2003).

Yi=Rxi+ui, If Y7<=0, Yi = 0; I Yi<0, Y/ =0

As is in PREG model, estimators in PREG model are
calculated by maximum likelihood method (Gujarati, 2008).

RESULTS
Main possible effects of ARs

Priorities for SB, BB and EB given by CF were found as
0.26, 0.45 and 0.62, orderly. CF was found to have high
tendency to choose EB preference which may be expressed
by livelihood of CF in the region is depended on fisheries. RF
gave higher priority to BB (0.60) compared to SB and EB
which were weighted as nearly equal priorities (0.40 and 0.35,
orderly). Lastly, like in the case of RF, LR also indicated that
ARs have higher BB compared to SB and EB. According to
these results, ARs are perceived mostly as biological tools by
RF and LR whereas, CF is perceived ARs as an economic
tool (Table 1).

Table 1. Priorities of alternatives given by CF, RF and LR

Alternatives Mean SD Min Max

SB 0.26 0.21 0 0.65

CF BB 045 0.29 0 1.00
EB 0.62 0.25 0.29 1.00

SB 0.40 0.24 0.05 1.00

RF BB 0.60 0.31 0 1.00
EB 0.35 0.28 0 1.00

SB 0.34 0.19 0 1.00

LR BB 0.65 0.24 0.10 1.00
EB 0.38 0.21 0 0.90

Number of observations: 67
SD, Standard Deviation; Min, Minimum; Max, Maximum
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Tobit Regression Analysis

TREG analysis was used to find out respondents’
characteristics affecting preference of compared variables;
SB, BB or EB of ARs. Dependent and independent variables
used in the TREG model were defined in table 2. Age variable
signifies different age groups of respondents as 1: Under 25,
2: Between 26-45, 3: Between 46-60, 4: Higher than 61. Edu
variable describes respondents’ level of education in four
groups as 1: 1-5 years, 2: 6-8 years, 3: 9-11 years, 4: 12
years and higher. SocSec, as a dummy variable, represents
the ownership of a social security of respondents by close-
ended Yes/No answers. Inc variable indicates the
respondents’ monthly income by eight different groups as 1:
Lower than 500 TL, 2: Between 501-1,000 TL, 3: Between
1,001-1,500 TL, 4: Between 1,501-2,000 TL, 5: Between
2,001-2,500 TL, 6: Between 2,501-3,000 TL, 7: Between
3,001-3,500 TL, 8: Higher than 3,500 TL. While ResInd
variable exhibits the number of individuals that the
respondents are responsible to take care of, FamPop
demonstrates the total family population of respondents. Other
dummy variables including OwnHouse; respondents’ house
ownership status, HeardReef; Respondents’ status of
knowledge about AR concept and HeardPro; Respondents’

Table 2. Dependent and independent variables used for TREG models

status of knowledge about national AR project are assessed
by close ended Yes/No options. NEP shows respondents’
environmental attitudes calculated by New Environmental
(NEP) Paradigm Scale, with 1-5 scale, 1 is Absolutely non-
environmentalist; 5: Absolutely environmentalist. TotRecDay
and AfReef, respectively, shows the current number of days in
a year that respondents attend to a recreational activity and
the number of future visits that stated to be conducted by
respondents’ after AR deployment. Lastly, three dependent
variables which were also compared in FC method, LR_SB,
LR_BB and LR_EB indicates weighted score given by LR for
SB, BB and EB of ARs by 0-10 scale of pair-wise comparison
(Table 2).

Descriptive statistics of dependent and independent
variables used for TREG models were demonstrated in table
3. Most of respondents are included in ages between 26 and
45, whereas average education level is 9-11 years of
education. 81% of respondents have social security and
monthly incomes of respondents are averagely between 500-
1,000 TL. The number of individuals that the respondents are
responsible to take care of and the total number of family
population of respondents are found as below 1.

Variable | Definition
Age Respondents’ age ( 1: <25, 2: 26-45, 3: 46-60, 4:61< )
Edu Respondents’ education level ( 1:1-5, 2:6-8, 3:9-11, 4:12<)
SocSec Social security status of respondents (1:Yes; 0:No)
Inc Respondents’ monthly income ( 1: <"500, 2: "501-1,000, 3: “1,001-1,500, 4: “1,501-2,000, 5: "2,001-
2,500, 6: "2,501-3,000, 7: "3,001-3,500, 8: "3,500< )
= Resind The number of individuals that the respondents are responsible to take care of
§ g FamPop Respondents’ total family population
28 OwnHouse Respondents’ house ownership status (1:Yes; 0:No)
§ = HeardReef Respondents’ status of knowledge about AR concept (1:Yes; 0:No)
D HeardPro Respondents’ status of knowledge about national AR project
(1:Yes; 0:No)
NEP Respondents’ Environmental attitudes under New Environmental Paradigm (NEP) (1:Absolutely non-
environmentalist; 5:Absolutely environmentalist; 1-5 scale)
TotRecDay Respondents’ total number of recreational days in one year (trip, scuba diving or recreational fishing)
AfReef Number of visits that respondents are willing to attend after reef deployment
) LR_SB Weighted score for social benefits of ARs given by LR (0-10 Scale)
:,3_,- § % 8| LR BB Weighted score for biological benefits of ARs given by LR (0-10 Scale)
Q= LR _EB Weighted score for economic benefits of ARs given by LR (0-10 Scale)

55% of respondents have house, while 46% of them heard AR
concept before, 91% do not have any idea about proposed AR
project. Respondents are found to be mildly environmentalist
via New Environmental Paradigm Scale. The yearly total
recreational days of respondents are represented as
41.37+66.98, 18.18+22.65. Lastly, respondents gave highest

priority to the BB with 0.65 in 0-1 scale while EB and SB got
0.38 and 0.34 values, orderly (Table 3).

Only CF was accounted to put forward the relevance of
variables affecting rating for social, biological and economic
dimensions. Therefore, in Table 4, three Tobit model were
calculated to represent relationship between dependent and
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independent variables. First, variables affecting selection of
LR _Soc variable was found as positively correlated with
SocSec variable. Positive relationship was also found
between AfReef and LR_Bio variables. Lastly, LR_Econ
variable is negatively correlated with Resind variable and
positively correlated with FamPop variable. Lastly, for
commercial fishing as a source of livelihood, as expected, CF
gave first place to economic benefits alternative; however, RF
and LR ranked firstly biologic benefits alternatives of AR.
(Table 4).

Table 3. Descriptive statistics of dependent and independent
variables used for tobit models

Variable Mean SD Min Max
Age 2.25 0.70 1 4
Edu 2.84 0.96 1 4
SocSec 0.81 0.40 0 1
Inc 1.52 0.59 0 3
Resind 0.22 0.42 0 1
FamPop 0.48 0.50 0 1
OwnHouse 0.55 0.50 0 1
HeardReef 0.46 0.50 0 1
HeardPro 0.09 0.29 0 1
NEP 3.89 0.46 2.77 4.69
TRA 41.37 66.98 0 300
AfReef 18.18 22.65 0 1045
LR_Soc 0.34 0.19 0 1.00
LR _Bio 0.65 0.24 0.10 1.00
LR _Econ 0.38 0.21 0 0.90

Number of observations: 67
SD, Standard Deviation; Min, Minimum; Max, Maximum

DISCUSSION AND CONCLUSION

This study is mainly aimed to explore users’ possible
benefits from ARs using FC method in Altinoluk, Turkey.

Table 4. TREG results of variables.

Besides, the factors affecting perception of the benefits of
ARs are regressed for LR via TREG analysis.

EB of ARs was ranked as first by CF which explains CF’s
dependence on the marine resources as a source of livelihood
as one of the benefits of ARs is considered as fisheries
enhancement. However, RF gave higher priority to BB (0.60)
compared to SB and EB which were weighted as nearly equal
priorities (0.40 and 0.35, orderly). According to this result, RF
who are both not attending a commercial fishing activity and
also the second top visitor to the AR site in question were
supposed to give the most objective priority on benefits of
ARs. Lastly, LR also indicated that ARs have higher BB (0.65)
compared to SB (0.34) and EB (0.38).

LR who has a social security ranked the SB of ARs,
mostly. In addition, positive relationship was also found
between the numbers of visits that LR is willing to attend after
AR deployment and priority given for BB variables by LR.
Moreover, priority given for EB of ARs was found as
negatively correlated with the number of individuals that LR
responsible for and positively correlated with the total family
population of respondent. In conclusion, under the FC
method, commercial fishing as a source of livelihood for CF,
EB of ARs got first choice by CF, however; RF and LR ranked
BB of AR on the top.

In conclusion, understanding the stakeholders of ARs
before and after reef deployment by using methods like FC is
supportive to reach the objectives of ARs. This study proved
the possibility of using FC method to analyze benefits of ARs
through better decision making process for the management
of ARs.

Dependent Variables LR_Soc LR _Bio LR_Econ
Independent Variables Coeff SE Coeff SE Coeff SE
Age -0.03 0.04 0.09 0.06 0.00 0.04
Education 0.02 0.03 -0.02 0.04 0.01 0.03
SocSec 0.19™ 0.07 0.15 0.09 -0.06 0.07
Income -0.00 0.05 0.01 0.07 0.03 0.05
ResInd -0.07 0.08 -0.16 0.11 0.19* 0.08
Fampop 0.08 0.06 0.09 0.09 -0.18*** 0.07
OwnHouse -0.01 0.05 0.13 0.08 -0.09 0.06
HeardReef -0.04 0.06 0.05 0.09 -0.05 0.07
HeardPro 0.01 0.09 0.03 0.13 -0.03 0.09
NEP 0.02 0.06 0.08 0.09 -0.11 0.06
TRA -0.00 0.00 0.00 0.00 0.00* 0.00
AfReef 0.00 0.00 0.00* 0.00 0.00 0.00
Constant 0.14 0.27 0.25 0.37 0.85 0.28
Sigma 10.19 0.02 0.26 0.03 0.19 0.02
Logarithmic Likelihood 9.64 -16.37 7.65
Likelihood Ratio Chi-Squared 12.44 9.66 16.76
Probability > Chi-Squared 0.41 0.65 0.16

*** Coefficient significant at P<0.05 or better. ** Coefficient significant at P<0.05 or better.
* Coefficient significant at P<0.10 or better. Number of observations: 67; SE, Standard Error; Coeff, Coefficient.
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Siibye [Sepia officinalis (Linneaus, 1758)]'nin i¢ kabuk geligimi

The cuttlebone development of common cuttlefish [Sepia officinalis
(Linneaus, 1758)]
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Abstract:The cuttliebone development of Sepia officinalis, which is an important criterion for its embryonic development, was redefined as detail during the 30
stages of embryonic development. At stage 24+(XIV), the cuttlebone begins to be formed and the calcareous site can be seen. At stage 26(XV-XVI), first camber
can be seen on the cuttlebone, but there is no air in it. At stage 27(XVI-XVII), the first camber is completed, and at the inside instead of its gelatinous-fluid
contents, some gas appears in the form of irregular bubble squeezed. At stage 30(XX), newly hatchling has got 7-8 air cambers on the cuttlebone.

Keywords: Cuttlefish, Sepia officinalis, embryonic development, cuttlebone.
Ozet: Sepia officinalis’in dnemli embriyonik gelisim kriterlerinden biri olan i¢ kabuk gelisimi 30 safhalik embriyonik gelisim siirecinde detayli olarak yeniden

tanimlanmigtir. Safha 24+(XIV)'da stibye kemigi olusumu baglamistir ve kalsiyum karbonattan olugan kalkerli yapi gérilebilmektedir. Safha 26(XV-XVI)'da slbye
kemiginde ilk bolme gdrilebilir, ancak henliz hava ile dolmamistir. Safha 27(XVI-XVIl)de ilk bdlme tam olarak olusmustur, jelatinimsi akigkan yerini hava

kabarciklarina birakmistir. Safha 30(XX)'da yumurtadan yeni ¢ikmis juvenil 7-8 arasinda bdlme igeren i¢ kabuga sahiptir.

Anahtar kelimeler: Sibye, Sepia officinalis, embriyonik gelisim, i¢ kabuk.

GIRIS

ic kabuk, hem yiizerligi saglayan hem de iskelet gorevi
goren bir yapi olmasi itibari ile sibye [Sepia officinalis
(Linneaus, 1758)] igin hayati 6neme sahiptir (Denton ve
Gilpin-Brown, 1961a; Denton ve Gilpin-Brown, 1961b; Denton
ve Taylor, 1964; Boletzky, 1974, 1983; Le Goff vd., 1998;
Almonacid-Riosecol ~ vd., 2009).  Siibyede kalsiyum
karbonattan olusan bir i¢ kabuk hayvanin sirt bélgesinde
arkadan 6ne dogru konumlanmigtir ve hacimsel olarak
stibyenin yaklasik %10'u kadardir (Denton ve Gilpin-Brown,
1961a). i¢ kabuk, i¢c kabuk kesesi olarak adlandirilan, epitel
doku ile kaphdir. Kemigin Uzeri dorsalde deri tabakasiyla
kapliyken ventralde i¢ organlardan ayiran bir bagdoku bulunur
(Tompsett, 1939). i¢ kabuk epiteli, kendisini gevreleyen hiicre
disi ortamdan iyonik ve proteinli bilesenleri kalsiyum
karbonatli béliime tagir (Appellf, 1893; Wendling, 1987). i¢
kabuk, dorsal bir kabuk ve ventral bir bélimden olusur. Kabuk,
3 sert tabaka ve ince bir kalsiyum karbonat ihtiva eder; dista
“periostracum”, ortada “ostracum” ve igte yani organlara en
yakin yerde “hypostracum” yer alir (Naef, 1928). Bodlme
(phragmacone) gelisim boyunca biriken kalkerli katmanlardan
olusur. Ventral bélme yumusak alandir (phragmacone’un sirt
kisminin son bolimuidur) ve bir gizgili alan ya da dairesel
bélge ve bir boslukla sinirli iki ardigik katmandan meydana
gelir. Son bélme olustugunda ilk olusan bdlme, canlinin
posteriorunda yer alir ve sadece sivi igerir. Orta boimede,
bosluklar ¢ogunlukla nitrojen gazi ile doludur (Denton ve
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Taylor, 1964). Bu gaz béimelerinin ve digerlerinin arasinda
dairesel epitelyum ile baglantili olan gaz ve sivi igeren ara
bolmeler vardir. Osmotik mekanizmayla, kemikte bulunan sivi
iceri ve disari icsel gaz basincinda degisim olmaksizin
hareket ederek, canlinin yUzerligini baliklardaki hava
kesesinin yaptigi gibi ayarlamaktadir. Kemikteki her bir odacik
birbirinden bagimsizdir ve béylece bir bélmedeki gaz ve sivi
serbestce hareket edebilir. Kemidin %93'0 bosluklu bir yapi
icerir ki bunun sebebi canlinin hem y(zerligini saglayacak
kadar hafifleyebiimesine olanak vermek hem de artan
derinliklerdeki basinca direngli olabilmektir (Birchall ve
Thomas, 1983). Denton ve Gilpin-Brown (1961c) yaptiklari
calismayla i¢ kabugun 20 atm. basinca dayanabildigini
gostermislerdir. Bu veri yetigkin sibyelerin yaklasik 200 m
derinlige kadar inebilecegini gosterse de 150 m derinlige
kadar olan dagilimlarini agiklamaktadir (Ward ve Boletzky,
1984; Neige ve Boletzky, 1997).

Son yillarda vyapilan galigmalara  bakildiginda,
kafadanbacaklilarin embriyonik gelisimleri hakkinda ayrintili
bilgilere ulagmak igin embriyonik gelisimleri 30 safhada
incelenmeye baglanmistir (Arnold, 1965; Lemaire, 1970;
Segawa, 1987; Blackburn vd., 1998; Sen, 2003, 2004, 2005,
2009). Boylece birbirine karigan safha gegislerinin daha
ayrintih ve dogru tanimlanmasi saglanmistir. Naef (1928), S.
officinalis’in embriyonik gelisimi siiresince i¢ kabuk gelisimini
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ayrintil olarak 20 safhaya ayirmistir. Lemaire (1970) ise S.
oficinalis'in embriyonik gelisimini 30 safhalik gelisim serisi
icerisinde vermis, fakat i¢ kabuk gelisimine deginmemistir. Bu
calisma, S. officinalis igin i¢ kabuk gelisimini 30 safhada
inceleyerek, tlr icin hayati énemi olan bu organin embriyonik
gelisim siirecinde nasil olustugunu anlamak igin yapilmistir.

MATERYAL VE YONTEM

Calisma, Nisan-Mayis 2011 tarihinde Urla Limani (izmir)
civarindan uzatma aglari ile yakalanan 22 olgun (manto boyu
9-15.6 cm ve agirhdr 150-320 gr arasinda olan 10 erkek
stibye; manto boyu 10.6-14.8 cm ve agirhid 210-360 gr
arasinda olan 12 disi slibye) S. oficinalis bireyinden elde
edilen yumurtalar ile yapilmigtir. Yumurtlama periyodu
boyunca aydinlatma, tankin merkezinde bulunan 1 adet 40 W
beyaz flioresan lamba ile dogal fotoperiyotta yapilmistir.
Tanktaki deniz suyunun ortalama sicakhigi 17.4+1.1°C ve
ortalama tuzlulugu %.37+0.2 olarak éIglimustdr. Bu dénemde
stibyeler, taze cansiz sardalye (Sardina pilchardus), ve hamsi
(Engraulis encrasicolus) ile beslenmigtir. Yenmeyen yemler ve
artiklar ortamdan uzaklastiriimistir.

Sibye yumurtalarinin embriyonik gelisimi stiresince i¢
kabuk gelisimini saptamak icin ayni giin yumurtianmis olan
yaklagik 200 adet yumurta kullanilmistir. Bu islemler igin

yumurtalar, filtre edilmis strekli su girisi sistemine (%80/giin
su akisl) ve havalandirmaya sahip 430 litrelik dairesel
polyester tank igine vyerlestirilen ve iginde havalandirma
bulunan, su giris ¢ikisini saglamak igin 500 um goz acikli§ina
sahip plankton bezi ile gevril, 10 litrelik kovalara
konulmuglardir. Embriyonik gelisim boyunca ortalama su
sicakligr 20.7£1.4°C ve ortalama tuzluluk %037+0.5 olarak
olglilmistir. Aydinlatma tankin merkezinde bulunan 1 adet 40
W beyaz fllioresan lamba ile dogal fotoperiyot uygulanmistir,

Yumurtalarin embriyonik gelisim safhalari Naef (1928)
(Roma rakami ile gosterilmistir) ve Lemaire (1970)'e gore
tanimlanmigtir. Deneme suresince sibye i¢ kabugu geligimi
safha 23(XIll)’ten itibaren yumurta kapsliniin ve koryonunun
alinmasi ile canli embriyolar kullanilarak, Sony DSC W5
model dijital kamerayla, binokilerden direkt fotograf cekim
teknidi ile yapilmistir.

SONUG

Sepia officinalis'in  embriyonik gelisimi 20.7£1.4°C su
sicakliinda ve ortalama %037+0.5 tuzlulukta toplam 51 giin
stirmistlr. Bu slrecte i¢ kabuk gelisimi toplam 26 gnlik
periyotta  gerceklesmis ve safhalara gore asadida

aciklanmistir (Sekil 1).

Sekil 1. Embriyonik gelisim sirecinde S. officinalis’in i¢ kabuk gelisimi (A: Safha 23(XIIl); B: Safha 24(XIII-XIV); C: Safha 24+(XIV); D: Satha
25(XIV-XV); E: Safha 26(XV-XVI); F: Safha 26+(XVI); G: Safha 27(XVI-XVII); H: Safha 27+(XVII); I: Safha 28(XVII-XVIII); J: Safha
28+(XVIII); K: Safha 29(XVIII-XIX) ; L: Safha 29+(XIX); M: Satha 30(XX); Olgi: 1 mm).

Figure 1. The cuttlebone improvement of S. officinalis during embryonic development. (A: Stage 23(XIll); B: Stage 24(XIlI-XIV); C: Stage
24+(XIV); D: Stage 25(XIV-XV); E: Stage 26(XV-XVI); F: Stage 26+(XVI); G: Stage 27(XVI-XVII); H: Stage 27+(XVIl); I: Stage 28(XVII-
XVIN); J: Stage 28+(XVIII); K: Stage 29(XVIII-XIX); L: Stage 29+(XIX); M: Stage 30(XX); Scale: 1 mm).
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Embriyonik geligim serisi igerisinde i¢ kabuk gelisimi:

Saftha 23 (XIIl); ic kabuk bezi olusumu ve i¢ kabugun
olusacag! yer belirginlesmeye baslar.

Satha 24(XIII-XIV); i¢c kabuk bezi olusmustur, i¢ kabugun
olusacagl yer mantonun dorsalinde ve orta lst kisminda
belirgindir, ancak heniiz kalker yapi yoktur.

Safha 24+(XIV); i¢ kabuk olusumu baglamistir ve kalsiyum
karbonattan olusan kalkerli yapi gérilebilmektedir.

Saftha 25(XIV-XV); i¢ kabuk olusumu belirgindir, ancak
heniz ilk bélme olusmamustir.

Safha 26(XV-XVI); i¢ kabukta ilk bolme gdriilebilir, ancak
henlz hava ile dolmamigtir.

Safha 26+(XVI); ik bélmenin igi jelatinimsi bir akiskan ile
dolar ve ikinci bélmenin gelisimi baslar.

Satha 27(XVI-XVII); ilk bélme tam olarak olusmustur,
jelatinimsi akiskan yerini hava kabarciklarina birakmistir.

Safha 27+(XVII); tgiincti bolme olusumu baglamigtir.

Safha 28(XVII-XVIII); dgiinct bdlmenin tamamlanmasiyla
ikinci bdlmenin de igi havayla doimustur.

Saftha 28+(XVIIl); dordiincii bdlme olusumu baslamistir ve
i¢ kabukta 3. bolme net olarak gdrilebilmektedir.

Safha 29(XVIII-XIX); besinci bolme olusumu baslamistir,
bdylece dordincii bélme tamamlanmistir ve artik 4 bélmenin
de ici hava ile doludur.

Saftha 29+(XIX); besinci bolme olusmustur ve altinci
bdlme olusumu baglamistir.

Saftha 30(XX); yumurtadan yeni c¢ikmis juvenil 7-8
arasinda b6lme igeren i¢ kabuga sahiptir.

TARTISMA

Bu calismada, S. officinalis’in embriyogenesis siirecinde,
ic kabuk gelisimi, 30 safhalik gelisim semasina gdre
incelenmistir. I¢ kabugun ilk olusumu, i¢ kabuk bezinin ve ic
kabugun olusacagi yerin belirginlesmesiyle saftha 23(XIll)'te
baglamigtir. Safha 26(XV-XVl)da i¢ kabukta ilk bd&lme
gorllebilirse  de  olusumunu  satha  27(XVI-XVII)de
tamamladi§i tespit edilmistir. Safha 30°'da i¢ kabuk gelisimi
tamamlanmistir. Yumurtadan ¢ikan yavru sibyelerin ig
kabuklarini aktif olarak kullandiklari saptanmistir. i kabuk
gelisimi  ortalama 20.7+1.4°C'de toplam 26 gilinde
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tamamlanmigtir.

Lemaire (1970), S. officinalis’in embriyonik gelisimini 30
safhada tanimlamig, ancak i¢ kabuk gelisimine deginmemistir;
bu calismayla i¢ kabuk gelisimi safhalara gére detayl bir
sekilde tanimlanmigtir. Naef (1928) i¢ kabuk bezi olusumunu
ilk kez Safha XIV(24+)te tamimlamistir, oysa simdiki
calismada Safha 23(Xlll)te tanimlanmigtir. Ig kabukta ilk
odacik olusumunu Naef (1928) Safha XVII(27-27+)de
tanimlamis olmasina ragmen, simdiki calismada Safha
27(XVI-XVIlyde tespit edilmistir. Bu galismada kullanilan 30
safhalik embriyonik gelisim semasi igerisinde tanimlanan
stibye i¢ kabuk gelisim kronolojisi ile Naef (1928)'in bulgulari,
arastirmacinin kullandigi 20 safhalik embriyonik gelisim
semasindan dolayl ufak sapmalar olsa da, genel olarak
birbiriyle uyumlu bulunmustur. Ayrica, Sen (2009), i¢ kabukta
ilk odacigin olusmasini mirekkep kesesinde miirekkebin
goriildugl safha olan Safha 27°'de oldugunu bildirmistir. Bu
sonug ile Sen (2009)'in bulgusu ile uyumlu bulunmustur.

Kafadanbacaklilarda embriyonik gelisim siresi sicakliga
gore degiskenlik gosterir. Sicaklik arttikca slre kisalir,
dustlkce slre uzar (Mangold, 1963; Boletzky, 1983, 1987,
2003; Boletzky ve dig., 2006; Sen, 2004, 2005, 2009).
Siibyenin embriyonik gelisimi 20°C’de 40-45 giin, 15°C’de 80-
90 gln sirebilir (Boletzky, 1983). Mangold-Wirz (1963) bu
stirenin 21.4°C'de 31 giin, 18.4°C'de 47 giin, 17.2°C'de 52
guin, 15.9°C'de 69 gin ve 15°C'de 87 giin oldugunu
bildirmistir. Domingues vd. (2003), 16.6+1.2°C’de bu siirenin
48 gin ve 18.8+0.8°C'de 34 giin oldugunu rapor etmistir.
Skyes vd. (2009), laboratuarda yetistirilen slibyelerden elde
edilen yumurtalar igin embriyonik gelisimin 21.7£0.9°C'de 25
giin ve dogadan elde edilen anaglardan temin edilen
yumurtalar igin 30 glin siirdiguni belirtmistir. Bu ¢alismada
elde edilen embriyonik gelisim slresi, sicakliklar géz 6niine
alindiginda  (20.7£1.4°C'de 51 giin), arastirmacilarin
bildiklerinden daha uzundur. Bunun sebebi, inkibasyon
sliresince  embriyolarin  ortalama  sicakligin  altindaki
degerlerde daha uzun sire kalmis olmasidir.

Sonug olarak, bu galismayla, yiiksek ticari ve bilimsel
degere sahip S. officinalis’in embriyonik gelisiminde belirleyici
bir 6zellik olan ve bu canlilar i¢in hayati 6neme sahip i¢ kabuk
gelisimi, 30 safhalik embriyonik gelisim serisi icinde detayli
olarak yeniden tanimlanmistir. Bdylece ileride yapilacak
aragtirmalar icin tirin embriyonik gelisimi hakkinda daha
ayrintili bilgi edinilmistir.
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Some potentially toxic dinoflagellate cysts in recent sediments from izmir
Bay

lzmir Korfezi yiizey sedimentinde olasi toksik dinoflagellat kistleri
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Ozet: Otrofikasyon ve asiri gogalma olaylariyla taninan izmir Kérfezinde 2003-2011 yillari arasinda potansiyel toksik dinoflagellat kistlerinin dagilimi ve bollugu
incelendi. Lingulodinium machaerophorum, Operculodinium centrocarpum, Alexandrium affine tip, Alexandrium catenella/tamarense kompleks, Alexandrium
minutum tip potansiyel toksik kistler olarak bulundu. Lingulodinium machaerophorum en yiiksek konsantrasyonuna (toplam 24872 kist g-' kuru agirlik) 2008-2009
yilinda ulasti. Bu galisma ayrica son on yil igin izmir Kérfezi yiizey sedimentinde potansiyel toksik dinoflagellat kistlerinin dagilimi ve konsantrasyonlarinin kisa
bir derlemesini icermektedir.

Anahtar kelimeler: Toksik dinoflagellat kistleri, yizey sedimenti, Alexandrium spp., Lingulodinium machaerophorum, Operculodinium centrocarpum.

Abstract: The distribution and abundance of potentially toxic dinoflagellate cysts were investigated from the surface sediments in izmir Bay which is famous for
red-tide and eutrophication between 2003-2011. Lingulodinium machaerophorum, Operculodinium centrocarpum, Alexandrium affine type, Alexandrium
catenella/tamarense complex, Alexandrium minutum type were found as potentially toxic cysts. Lingulodinium machaerophorum reached to their highest
concentrations (total 24872 cyst g-' dry weight) in 2008-2009. This study also includes a short review of distribution and concentration of potentially toxic cyst

types in recent sediment of izmir Bay for last decade.

Keywords: Toxic dinoflagellate cysts, surface sediment, Alexandrium spp., Lingulodinium machaerophorum, Operculodinium centrocarpum.

INTRODUCTION

Dinoflagellates contain the largest number of harmful
species in phytoplankton and can be extremely toxic (Taylor,
1979; Smayda, 1990; Hallegraef, 1993). Some dinoflagellate
species produce a resting cyst in their life cycle. These
resistant cysts can germinate in optimal environments after a
certain resting period and vegetative cells are regarded as
seeds for future blooms (Anderson and Wall, 1978).

Marine microplankton and bloom events have been
searched in Turkish coastal water since 1955. Moreover
interspecific  relations and physicochemical parameters
connected with phytoplankton species have been investigated
as a part of phytoplankton studies in different areas. Since
red-tides and other noxious algal blooms were observed
almost every year mainly due to progressive eutrophication
from terrestrial inputs (Koray and Buyukisik, 1988; Koray,
1990, 1992, 1994, 2002; Koray et al., 1996). Phytoplankton
check list of Turkish coastal waters was published by Koray
(2001). Harmful algal bloom events according to areas for
Turkish Coastal waters and potentially toxic species list were
published in another study (Koray, 2004).

Recently, modern dinoflagellate cyst studies have become
a very important topic for some studies such as dinoflagellate

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

life cycle, harmful algal bloom, aquaculture and monitoring of
water quality (Uzar et al., 2010; Aydin et al., 2011). Cyst
studies also help to observe distribution and abundance of
dinoflagellate species. Modern dinoflagellate cyst studies are
important in studies of toxic and harmful algal blooms of
dinoflagellates (Orlova et al., 2004; Matsuoka et al., 2009).

The main aim of this study is to observe the distribution
and concentration of potentially toxic cyst types in recent
sediment of izmir Bay from 2003 to 2011 and to discuss
compared to other locations of Mediterranean Seas.

MATERIALS AND METHODS

The study area is one of the largest bays in the Eastern
Mediterranean. izmir Bay is limited freshwater inputs and has
typical tropic-subtropical characteristics (Sayin, 2003). The
bay is a highly disturbed environment due to the rapid
increase of the population and development of industry
(Kontas et al., 2004; Kiicliksezgin et al., 2006).

In this study, 20 surface sediment samples were collected
at different stations from izmir Bay between 2003 and 2011
(Figure 1).
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Fig. 1. Location of sampling stations in the outer, middle and inner
parts of izmir Bay, Aegean Sea (1a. Sampling stations in
2003, 1b. Sampling stations in 2008-2009, 1¢. Sampling
station in 2011).

Sediment samples were collected with the TFO (Tokyo
University Fisheries and Oceanography Laboratory Gravity
Corer) corer. The samples for dinoflagellate cyst analyses
were treated using standard palynological methods (Matsuoka
and Fukuyo, 2000). The upper 2 c¢cm of cores were cut and

immediately preserved in a refrigerator in the dark at 4.00 °C
to prevent cyst germination. In the palynological procedure,
sediments were processed with ca. 10% HCI (Hydrochloric
acid) and ca. 47% HF (Hydrofluoric acid) to remove calcium
carbonate and silicate materials. The samples were then
repeatedly washed with distilled water to remove acid until the
pH values were almost 7.00. The chemically treated samples
were sonicated for 30s and then successively sieved through
two different stainless steel meshes with 125 and 20 um
opening sizes. The sediments retained on a latter screen were
transferred into a plastic tube and suspended in 10 ml distilled
water and kept in a vial. Observations and counting carried
out on 1-0.5 ml aliquot of processed sample with Sedgewick-
Rafter chamber under an inverted microscope (Olympus IX71
with DIC) at magnifications 100, 200 and 400 times.
Alexandrium spp. cysts were also observed with an Olympus
BX51 fitted with a filter arrangement for ultraviolet excitation
(330-385 nm) following primuline-staining method of
Yamaguchi et al. (1995). Primuline-stained Alexandrium spp.
cysts exhibit an intense yellow-green fluorescence under a
fluorescence microscope with blue-light excitation. The
terminology used for describing the dinoflagellate cysts
essentially followed the works of Wall and Dale (1968),
Matsuoka and Fukuyo (2000), Cho and Matsuoka (2001),
Matsuoka et al. (2004), Wang et al. (2004), Bravo et al.
(20086), Touzet et al. (2008), Satta et al. (2010) and Aydin et
al. (2011). Because of the morphologically resembling species
with A. tamarense, A. catenella and A. fundyense, they are
recently grouped within A. catenella/famarense species
complex (Anderson et al., 2012). Because of the fact that we
reported these cysts as type or complex in this study.
Although  Alexandrium spp. cyst types were found in
processed samples, live cyst types were also checked in row
samples by sieving technique.

Cyst concentration in each sample was calculated as
cysts g' dry weight of sediment. In the literature, cyst
concentration is expressed as cysts per gram of dry sediment
weight. Surface sediments inevitably contain large and
variable water content. Calculating a cyst concentration based
on sediment volume, rather than dry weight, therefore,
introduced a variable factor (amount of water content) that will
hinder comparison with other studies. In order to facilitate
comparisons between our stations, as well as with other
studies, we have presented all our results as cysts per gram
dry weight.

RESULTS

Qualitative and quantitative analyses of potentially toxic
cyst types in surface sediment samples collected from izmir
Bay, Eastern Aegean Sea and their descriptive statistical
analyses are shown in Table 1, 2 and 3. Moreover, various
photo micrographs of these toxic dinoflagellate cysts are
presented in Figure 2.
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Five potentially toxic cyst types were found in surface
sediment samples collected from izmir Bay. They are
Alexandrium affine (Inoue et Fukuyo) Balech 1995 type,
Alexandrium  catenella/tamarense complex, Alexandrium
minutum Halim 1960 type, Lingulodinium machaerophorum
(Defl. et Cook) Wall 1967 and Operculodinium centrocarpum
(Defl. et Cook) Wall 1967 (Table 1 and Figure 2.)

The total potentially toxic dinoflagellate cyst concentration
according to sampling years is given Table 1. A. affine cyst
type was recorded range from 0 to 156 cysts g dry weight
sediment between 2003 and 2011. A. catenella/tamarense
complex concentrations were counted between 0 and 33 cysts
g! dry weight sediment between same years. A. minutum type

concentration was recorded between 0 and 84 cyst g* dry
weight sediment between 2003 and 2011. L
machaerophorum concentration was recorded from 7 to 6584
cysts g' dry weight sediment between 2003 and 2011.
Concentration of O. centrocarpum was ranged between 0 and
347 cysts g! dry weight sediment between 2003 and 2011. L.
machaerophorum concentration was highest in 2008-2009
(24872 cysts g dry weight sediment) compared to other cyst
types and common in all stations. O. centrocarpum was
observed in most of stations. A, minutum, A.

catenella/tamarense complex and A. affine type were in very
lower concentrations than any other cyst types between 2003
and 2011 (Table 2).

20 pm

15pm

Figure 2. Photomicrographs of potentially toxic dinoflagellate cysts collected in surface sediments from the izmir Bay, (2a: Alexandrium affine
type cyst type under normal light, 2b. Alexandrium affine type cyst type under UV light, 2¢c. Alexandrium catenella/tamarense
complex under normal light, 2d. Alexandrium catenella/tamarense complex under UV light 2e. Alexandrium minutum type cyst 2f.
Lingulodinium machaerophorum, 2g. Operculodinium centrocarpum).

Table 1. Total concentration of potentially toxic cysts between 2003, 2008-2009 and 2011.

Biological Name Paleontological Name 2003 2008-2009 2011
Alexandrium affine type None 118 49 200
Alexandrium catenella/tamarense complex None 0 74 70
Alexandrium minutum type None 73 9 180
Lingulodinium polyedrum Lingulodinium machaerophorum 2633 24872 1635
Protoceratium reticulatum Operculodinium centrocarpum 148 1025 518

Table 2. Qualitative and quantitative analyses of potentially toxic cyst types in surface sediment samples collected from Izmir Bay, eastern
Aegean Sea and their descriptive statistical analyses in different periods of 2003 — 2011 (cyst g' dry weight sediment).

2003 2008-2009 2011
Min Max Mean SD Min Max Mean SD Min Max Mean SD
Alexandrium affine type 20 42 2360 1596 0 28 449 9.00 0 156 50.00 7221
Alexandrium catenella/tamarense complex 0 0 000 000 O 33 6.73 10.41 0 25 1750 11.79
Alexandrium minutum type 10 51 1460 21.09 0 6 0.82 194 17 84 4500 28.15
Lingulodinium machaerophorum 202 897 526.60 329.92 7 6584 2261.09 2469.31 239 529 408.75 144.18
Operculodinium centrocarpum 5 123 2960 5285 0 9318 11248 158.72 77 240 129.50 76.73

111



Aydin and Uzar, Ege J Fish Aqua Sci 30(3): 109-114 (2013)

Table 3. Qualitative and quantitative analyses of potentially toxic cyst types in surface sediment samples collected from izmir Bay, Eastern
Aegean Sea and their descriptive statistical analyses in full study period (cyst g-' dry weight sediment).

Min Max Mean SD
Alexandrium affine type 0 156 18.35 35.35
Alexandrium catenella/tamarense complex 0 33 7.20 10.73
Alexandrium minutum type 0 84 13.10 22.87
Lingulodinium machaerophorum 7 6584 1457.00 2017.14
Operculodinium centrocarpum 0 347 84.55 97.16

DISCUSSION

The results of this study showed that izmir Bay was one of
the regions in the Aegean Sea where the potentially toxic
dinoflagellate cysts were accumulated. A. minutum and A.
catenella are well-known Paralytic Shellfish Poisoning (PSP)
toxins producers and have received increasing importance
and attention in the last few decades because of the impact
on aquaculture and human health (Bravo et al., 2006, 2008).
As is inner part of izmir Bay, it is known that harbours are
excellent sheltered habitats for at least these two Alexandrium
species, since low dispersion aids bloom formation and cyst
accumulation (Bravo et al., 2008).

A. minutum is widespread along the Mediterranean
coasts. This species is frequently detected year-round at low
concentrations and it proliferates recurrently in some
Mediterranean localities. However, A. catenella is currently
under going a major increase in distribution (Penna et al.,
2005). A. minutum was first described species in the
Mediterranean Sea forming a red water discoloration in
Alexandria harbour, Egypt (Halim, 1960) and it has since then
been widely reported from the Mediterranean (Koray and
Buyukisik, 1988; Delgado et al., 1990; Montresor et al., 1990;
Honsell, 1993; Giacobbe et al., 1996; Forteza et al., 1998;
Daly Yahia-Kefi et al., 2001; Vila et al., 2001; Tahri-Joutei et
al., 2003; Koray, 2004). These A. minutum blooms seem to be
restricted to nutrient-enriched coastal sites, particularly
harbours, estuaries and lagoons (Giacobbe et al., 1996; Vila
et al., 2005).

A. catenella had never been observed in the
Mediterranean before 1983 and was reported as a rare
species by Margalef and Estrada (1987). The first known
bloom in the Mediterranean Sea occurred in 1994 in Valencia
harbour (Spain) and from 1996 to 2000 recurrent blooms were
reported more to the north, along the Catalan coast (Vila et
al., 2001). In the last few years, the expansion of this species
has also been documented in all over the NW Mediterranean
Sea, from the Thau Lagoon (France) (Lilly et al., 2002), the
North Lake and Channel of Tunis (Tunisia) (Turki and Balti,
2005) and Olbia harbour (ltaly) (Luglie” et al., 2003; Satta et
al., 2010). Most of these events were related to harbours or
confined water areas.

In this study, potentially toxic cysts of A. minutum, A.
catenella/tamarense, A. affine, L. machaerophorum, O.
centrocarpum were observed in the surface sediments of the
izmir Bay. Although vegetative form of A. minutum was

reported first time in the izmir Bay by Koray and Buyukisik
(1988) and the vegetative forms of A. affine, A. catenella or A.
tamarense had not previously recorded from izmir Bay (Koray,
2001, Koray et al., 1992, Sabanci and Koray, 2001, 2005,
2012). But three species were first recorded as a cyst type in
the surface sediments by Uzar et al. (2010) and Aydin et al.
(2011).

A. minutum type was found very limited distribution and
concentration ranged between 0-84 cysts g' dry weight
concentration in sampling stations. A. minutum was reported
ca. 278 cysts g dry weight in Alexandria Harbour, Egypt by
Ismael and Khadr (2003). On the other hand, this cyst type
was found 3270 cysts g dry weight from Arenys de Mar
harbour in Spain (Garces et al., 2004). Bravo et al. (2006)
recorded this cyst type between 110 and 3270 cysts cm-3 wet
weight from Western Mediterranean coast. Rubino et al.
(2010) found A. minutum types ca. 207 cyst g dry weight in
lonian Sea, Mediterranean. Comperasion of the above cyst
concentrations, izmir Bay has lower cyst concentrations than
other Mediterranean ecosystems.

A. catenella/tamarense complex concentration ranged
from 0 to 33 cysts g' dry weight from izmir Bay stations
between 2003 and 2011 while A. tamarense cysts were
counted as 212 cysts ml' wet sediment from Scotland by
Joyce (2004), They were counted as 130 cysts g dry weight
by Genovesi-Giunti et al. (2005). However A. catenella cysts
varied from 105 to 3480 cysts cm? wet weight in
Mediterranean waters (Bravo et al., 2006). A. tamarense cysts
were 200 cysts g dry weight in Irish coastal waters (Touzet
et al., 2008). Rubino et al. (2010) observed that A. cf.
tamarense cysts were 3 cysts g-' dry weight in Western lonian
Sea.

L. machaerophorum was recorded in very high
concentration rates and varied between 7 and 6584 cysts g
dry weight compared to other cyst types during the study
(Table 1). L. polyedrum was very important bloom species
recorded in many harmful algal bloom events (Koray et al.,
1992; 1996; Koray, 2004). This cyst type was found in many
eutrophic areas (Dale et al., 1999; Matsuoka, 1999; Marret
and Zonneveld, 2003). Eutrophication of the inner bay of izmir
was a serious problem throughout the year and red tide
events were common (Kontas et al., 2004; Kuglksezgin et al.,
2006). This study showed that cyst concentration values of L.
machaerophorum increased for last decades in izmir Bay.
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Protoceratium  reticulatum (Claparade & Lachmann)
Butschli, 1885 (vegetative form of O. centrocarpum cyst) was
recorded in many studies from the sampling area (Koray et al.,
1992, 1996; Koray, 2001, 2004; Sabanci and Koray, 2001). P.
reticulatum is known to produce yessotoxins (Satake et al.,
1997). O. centrocarpum has a cosmopolitan distribution and
very broad tolerance in temperature and salinity (Marret and
Zonneveld, 2003). This study showed that the O.
centrocarpum had a widely distribution in izmir bay between
2003 and 2011.
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Dioktil adipat (DOA) 'in Sparus aurata (Cipura) karaciger ve solungag
histolojisi lizerine etkileri

The effects of dioctyl adipate (DOA) on liver and gill histology of Sparus
aurata ( Sea bream)

Melih Ureten* « Sema isisag Ugiincii

'Ege Universitesi, Fen Fakiiltesi, Biyoloji Béliimii, Zooloji Anabilim Dali, Bornova, 35100, izmir, Tirkiye
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Abstract: Although it is used widely as a second plasticizer in the polymer manufacturing process, the ecotoxicological effects of dioctyl adipate (DOA) was not
investigated in detail. The aim of this research was to determine the histopathological changes in the gills and liver of male sea bream, Sparus aurata exposed to
250, 500 and 750 ppm DOA for 15 days, with light microscopy. When compared with control, remarkable histopathological changes as vacuolation, dilatation of
the central vein, and a striking fusion were observed in the gills of experimental fish. It was also noted hypertrophy and hyperplasia in the epithelial, pillar, mucoid
and mitochondria-rich cells of the gills. The examining of livers from DOA-exposed specimens revealed a series of hepatocellular changes, including steatosis,
necrosis and fibrosis. In addition to haemorrage, the parenchimatic sinusoids and the central veins of hepatopancreas were widened. The study demonstrated
that the exposure to DOA results in multiple histological changes in both of the tissue investigated; moreover, all of the changes were associated with increasing
concentration of the chemical that exposed. Consequently, it was emphasized that DOA needs to be taken into more consideration as being an aquatic
ecotoxicant.

Keywords: Sparus aurata, dioctyl adipate, gill, liver, ecotoxicology.

Ozet: Polimer iretim siireclerinde ikincil plastiklestirici olarak gok yaygin kullanilan dioktil adipat (DOA) 'in ekotoksikolojik etkileri ayrintili olarak arastirimamistir.
Bu calismanin amaci 15 giin stireyle 250, 500 ve 750 ppm DOA'ya maruz birakilan erkek gipura baliklarinin (Sparus aurata) solungag ve karacigerlerindeki
histopatolojik degisimlerin isik mikroskobu ile belilenmesidir. Kontrol grubuyla karsilastiriidiginda, deneme grubu 6rneklerinin solungaglarinda vakuolizasyon,
merkezi venada genigleme ve garpici fiizyon olarak ayirt edilen 6nemli histopatolojik degisimler gézlenmistir. Ayrica solungacin epitel, pillar mukus ve mitokondri
zengini hicrelerinde belirgin hipertrofi ve hiperplazi de not edilmistir. DOA’ya maruz birakilan baliklarin karacigerlerinin incelenmesi yaglanma, fibrozis ve
nekrozis olarak bir dizi hepatoselliler degisim ortaya koymustur. Kanamaya ek olarak parankimatik sintzoidler ve hepatopankreasin merkezi venleri
genislemistir. Calisma, DOA etkisinin arastirilan her iki dokuda da goklu histolojik degisimlere yol agtigini, Ustelik bu degdisimlerin hepsinin uygulanan kimyasalin
artan konsantrasyonuyla baglantili oldugunu géstermektedir. Sonugta DOA'nin bir sucul kirletici olarak daha fazla dikkate alinmasi gerektigi vurgulanmistir.

Anahtar kelimeler: Sparus aurata, dioktil adipat, solungag, karaciger, ekotoksikoloji.

GIRIS

Plastikler ilk kez 20. Ylzyilin basinda Uretimis ve
kullanimi hizla yayginlasmistir. Gida ambalajlarindaki
kullanimlari da hizla artan plastiklerin gevresel etkilerinin
onemle degerlendirilmesi gerekir. Plastiklerin 1sI ve basingla
bicimlendirmesini  kolaylastirmak, ~ esnekligini  artirip
kirilganhigini azaltmak amaciyla kullanilan plastiklestiriciler
hareket halindeki kiigik molekullii katki maddeleridir ve dis
ortama, Ozellkle de temas halinde olduklari besinlere
gecebilirler (Vural, 1977).

ikincil plastiklestiriciler olan adipatlardan en yaygin
kullanilani dioktil adipat (DOA), 6zellikle Glkemizde polivinil
kloriir (PVC) dretiminin esas girdilerinden biridir. DOA'nin
buzdolabi sicakliginda 4°C’da bile besinlere gegebildigi

problemlerine, g6gls kanseri ve neden

olabilmektedir (Anonymous, 1999).

infertiliteye

Plastik Uretim atiklari dogrudan ya da dolayli olarak denize
desarj edilip besin zincirine girebilir. Bu ¢alismada, ozellikle
sucul ortamda yasayan canlilara etkisi neredeyse bilinmeyen
DOAnin, hem deniz balik¢iiginda, hem de kiiltir
balikgihginda ¢ok biyiik ekonomik deger tasiyan gipurada
(Sparus aurata) ilk etkilesim alanlarindan biri olarak
solungaglar ve baslica intoksikasyon merkezi olarak da
karaciger Uzerindeki etkilerinin histolojik olarak arastirimasi
amagclanmistir.

MATERYAL VE YONTEM

(Goulas ve Kontominas, 1996) ve gecisimin sicaklikla arttigi
bildirilmistir (Fouad vd., 1999). DOA, bazi deney hayvanlarinin
Ureme sisteminde baskilanmaya; insanlarda ise solunum
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Kurulunun 2008-49 Sayili Raporu uyarinca ylritlimistir.
Denemeler Ege Universitesi Fen Fakiiltesi Biyoloji Bolimii
Histoloji Laboratuarinda, Haziran-Temmuz aylarinda 8 hafta
stireyle  gerceklestirimistir. ~ Seferihisar-Sigacik'daki ticari
ciftliklerden temin edilen 20 adet, ortalama 50+5 gram
agirhgindaki erkek S. aurata drnekleri rastgele segilerek her
biri 100 litre hacmindeki dort adet deniz akvaryumuna esit
sayida konulup bir hafta stireyle ortama alitiriimistir.

Her biri kafa motoru, Hagos marka aktif karbonlu dis filtre
ve protein temizleyici ile donatilan akvaryumlarin suyu
Sigacik'tan getirilmek suretiyle haftada bir kez yenilenmistir.
Deneme dogal fotoperiyotta yapilmis, su sicakiigi 24+2 °C
olarak dlizenlenmis, baliklar Kili¢ Deniz Yem Fabrikasi'ndan
temin edilen ticari yem ile beslenmistir.

Kontrol grubuna higbir uygulama yapilmamis, i¢ denenme
grubu akvaryumuna, kisa yari 6mrii dikkate alinarak ¢ giinde
bir tamamlanmak suretiyle ve sudaki maximum ¢dzUundrligu
g0z oniinde bulundurarak sirasiyla 250, 500 ve 750 ppm DOA
eklenmigtir. 15 glnlik deneme siresi sonunda tim balik
ornekleri MS222 ile bayiltilarak ¢ikartilan solungag ve
karaciger dokulari Bouin fiksatifinde 24 saat slireyle tespit
edilmis, artan alkol serilerinden gegirilip seffaflastirilarak
parafine gémiimuUstir. Baird-Tatlock mikrotomla 5 pm
kaliniginda alinan kesitler Hematoksilen—-Eosin ile boyanip
Olympus BX51 marka 1slk mikroskobunda incelenerek
fotograflari gekilmistir.

BULGULAR
Genel Degerlendirme

Deneme ve kontrol gruplarinda higbir 6lim vakasi
olmamistir. Genel gorinimlerinde herhangi bir farklilik
izlenmeyen Orneklerde uygulama sirasinda ve uygulamayi
izleyen glnlerde ani hareketlenme, saldirgan davraniglar ve
dis uyarilara karsi asiri duyarlilik not edilmistir.

Kontrol Grubu

Bag ve kikirdak doku ile desteklenen merkezi konumdaki
primer lamellerden ayrilan sekonder lamellerden olusurlar
(Sekil 1). Primer lamellerin ortasinda merkezi vena sinlizoidi
yer alir (Sekil 1). Sekonder lamellerin dis ylizeyi ortu epiteli ve
aralarindaki salg! hticreleriyle kaplidir (Sekil 1). Aralarda iri
nukleuslu, acik renkli destek hiicreleri (pillar hicreleri) ile yine
aclk renkli ve iri gorintmleriyle mitokondri zengini hiicreler
ayirt edilir (Sekil 1).

250 ppm Deneme Grubu

Merkezi venada genisleme, solungag lamelleri arasinda
vakuolizasyon ve sekonder lamellerde dlzensizlesme (Sekil
2); epitel hicrelerinde hiperplazi ve deskuamasyon (Sekil 3);
mukus ve pillar hlcrelerinde hipertrofi; mitokondri zengini
hiicrelerde hiperplazi izlenmistir (Sekil 4).

500 ppm Deneme Grubu

Artan  konsantrasyon paralelinde merkezi venadaki

genisleme carpici bigimde artmigtir, lamellerde vakuolizasyon
strmektedir (Sekil 5). Sekonder lameller bazen tamamen
birlesmis haldedir (Sekil 6). Epitel hiicrelerinde deskuamasyon
stirmektedir, mukus ve pillar hiicrelerinde hipertrofi artmistir
(Sekil 7). Mitokondri zengini hlicreler yine hiperplaziktir (Sekil
7).

750 ppm Deneme Grubu

Vakuolizasyon artmis, nekrotik alanlar olugsmustur (Sekil
8). Epitel hiicreleri hiperplazik (Sekil 8) ve hipertrofiktir (Sekil
9). Mukus hicrelerinde hiperplazi ve salgi artigini dlstindiiren
hipertrofi izlenmigtir (Sekil 9). Hem bu hicrelerde, hem de
pillar  hiicrelerindeki  belirgin  hiperplaziyle  lameller
kalinlasmistir (Sekil 9).

e

%

Sekil 1 Kontrol grubu Primer lamel (PL), sekonder lamel (*),
merkezi vena (MV), mukus hicresi (M), epitel hiicresi (E),
pillar hticresi (P), mitokondri zengini hticre (MZH).

Figure 1. Control group. Primary lamellae (PL), secondary lamellae
(*), central vein (MV), mucous cell (M), epithelia (E), pillar
cell (P), mitochondria-rich cell (MZH).

. S '&I.. lq} -‘“ ll“::, >
Sekil 2. 250 ppm deneme grubu. Genigleyen merkezi vena (<€)
ve lamellerde vakuolizasyon (daire).
Figure 2. 250 ppm exposed group. Extended central vein (<€)
and vacuolization at lamellae (circle).
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50 pm

. e . . o Sekil 6. 500 ppm deneme grubu. Sekonder lamellerde fiizyon baslangici (*).
Sekil 3. fisegkzzmaiigﬁr?g) grubu. Epitel hiicrelerinde hiperplazi (daire) ve  gigyre 6. 500 ppm exposed group. Early fusion at secondary lamellae (*).

Figure 3. 250 ppm exposed group. Hyperplasia in epithelia (circle) and e, 41 S T
desquamation (D). g

50 um

ap Sekil 7. 500 ppm deneme grubu. Sekonder lamellerde fiizyon (*),

TR vakuolizasyon (elips), epitel hiicrelerinde ayrisma =% ), mukus

e hiicrelerinde hipertrofi (altigen), pillar hicrelerinde hipertrofi

Sekil 4. 250 ppm deneme grubu. Mukus hiicrelerinde hipertrofi ~(altigen (yuvarlatiimis  kare), mitokondri zengini hiicrelerde hiperplazi
icerisinde), pillar hiicrelerinde hipertrofi (yuvarlatiimis dikdértgen), (dikddrtgen) ve hipertrofi (licgen).

mitokondri zengini hiicrelerde hiperplazi (daire). Figure 7. 500 ppm exposed group. Fusion at secondary lamellae (*),

Figure 4. 250 ppm exposed group. Hypertrophy in mucous (in the hexagon), vacuolization (ellipse), separation in epithelial cells (— ),

and pillar cells (rectangle), hyperplasia in mitochondria-rich cells hypertrophy in mucous cells (hexagon), hypertrophy in pillar cells

(circle). (square), hyperplasia (rectangle) and hypertrophy (triangle) in

mitochondria-rich cells.

= NGAS ., e
% 204 {"‘ . ‘ .4‘"
Sekil 5. 500 ppm deneme grubu. Merkezi venada artan genisleme (%)
lamellerde vakuolizasyon (daire).

Figure 5. 500 ppm exposed group. Advanced expanson in central vein
(4P, vacuolization at lamellae (circle).

lamellerde vakuolizasyon (daire) ve nekroz ( %
Figure 8. 750 ppm exposed group. Hyperplasy in epithelia (*), vacuolization
and necrosis & ) at secondary lamellae (circle).
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T ‘ﬁ\, Wee gy g 50 um
> o BRI QS Vg
Sekil 9. 750 ppm deneme grubu. Epitel hiicrelerinde hipertrofi (=> ),mukus
hiicrelerinde hiperplazi ve hipertrofi (altigen), pillar hiicrelerinde
hiperplazi ve hipertrofi (yuvarlatilmis dikdértgen), mitokondri zengini
hticrelerde hipertrofi (kare).
Figure 9. 750 ppm expoed group. Hypertrophy in ephitelia( => ), hyperplasia
and hypertrophia in mucous cells (hexagon), hyperplasia and
hypertrophia in pillar cells (rectangle), hypertrophia in
mitochondrium-rich cells (square).

Karaciger
Kontrol Grubu

Yiginlar halinde gdzlenen cokgen sekilli ve belirgin
nukleuslu hepatositlerden olusan parankimada sinizoidler ve
sekilsiz bir merkezi venayl cevreleyen koyu boyanmig
alveoller halinde hepatopankreas yer alir (Sekil 10).

250 ppm Deneme Grubu

Az miktarda yaglanma sonucu vakuolizasyon ve bazi
sinlizoidlerde hafif kanlanma (Sekil 11); diger bazilarinda ise
hafif dilatasyon izlenmistir (Sekil 12). Aralarda kigik nekrotik
alanlar olusmustur (Sekil 12).

500 ppm Deneme Grubu

Hicre sinirlari secilememekte, merkezi vena endotel
hiicrelerindeki ~ displaziye sinlizoidlerdeki kanama eslik
etmektedir (Sekil 13). Hepatositlerde yag birikimiyle nukleuslar
perifere itilmis, parankimada iri yag hucrelerinden olusan
adaciklar gézlenmigtir (Sekil 14). Hepatopankreas gevresinde
melanomakrofaj birikimleri vardir (Sekil 15). Genisleyen yag
hiicrelerinin, hepatopankreas cevresinde de vyer almasi
ilgingtir (Sekil 15). Genis alanlara yayilmis fibroz doku ve
nekroz da gorllmektedir (Sekil 15).

750 ppm Deneme Grubu

Hepatopankreas  alveollerinin  sayilari  artmis  ve
kapladiklari alan kontrol grubuna gére oldukga genislemistir.
Cevrelerinde yaygin yag dokusu yi§ilimi ve nekrotik alanlar
bulunmaktadir, merkezi vena kanama dislndtrecek bicimde
boyanmistir (Sekil 16). Hepatopankreasta kirilma, par¢alanma
gibi ciddi deformasyonlar vardir (Sekil 16). Parankimada yer
yer kanama ve sinlizoidlerde dilatasyon devam etmektedir

(Sekil  17). Fibroz doku iyice vyayimistir (Sekil 17).
Hepatopankreas gevresinde melanomakrofaj  birikimleri
goriimektedir (Sekil 17). Hepatosit sinirlar  segilemez

durumdadir ve hucreler arasinda nekrotik  bolgeler

genislemektedir (Sekil 17).

i

Sekil 10. Karaciger parankimasinda hepatositler arasindaki sinizoidler ve

hepatopankreas (HP) alveolleri.

Figure 10. Hepatocytes between sinusioids and hepatopancreatic alveoli
(HP) in the liver parenchyma.

B% AP
Sekil 11. 250 ppm

=

nimiyle

AN SO RGN B
deneme grubu. Parankim

karakterize yaglanma (*), siniizoidlerde kanlanma (oklar).
Figure 11. 250 ppm exposed group. Vacuolar steatosis (*), congestion of
sinusoids (arrows).

(daire).
Figure 12. 250 ppm exposed group. Dilatation of sinusoids (D), slight
necrosis (circle).
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2

Sekil 13. 500 ppm \}eélleri yal'(lmur;gé yag

(daire) ve sinlizoidal kanama (oklar). hiicreleri yigiimi (*), melanomakrofaj birikimi (mmb) ve nekrotik
Figure 13. 500 pmm exposed group. Dysplasia in endothelial cells of central alanlar (n).
vein (circle) and sinusoidal congestion (arrows). Figure 16. 750 ppm exposed group. Lipocytes accumulation nearby extanded

hepatopancreatic alveoli (*), clusters of melanomacrophages; and
necrotic areas (n).

Sekil 14. 500 ppm deneme grubu. Yaglanma (dikddrtgen) ve sol yag PR T N SR e L : ane Ath Ly, 20um _§

hiicreleri, ayrica melanomakrofaj birikimi (mmb). Sekil 17. 750 ppm deneme grubu. Hemoraji (h), melanomakrofaj birikimi

Figure 14. 500 ppm exposed group. Steatosis (rectangle) and lipocytes (*), (mmb), nekrotik alanlar (n), siniizoidlerde dilatasyon (d) ve fibroz
and clusters of melanomacrophages (mmb). doku olusumu (f).

Figure 17. 750 ppm exposed group. Hemorrhage (h), clusters of
melanomacrophages (mmb), necrotic areas (n), dilatation of
sinusoids, and fibrosis.

TARTISMA VE SONUC

Deney stiresinde higbir balik 6lim0 kaydedilmemis, ancak
uygulama gruplarinin dig uyaranlara asiri tepki ve saldirgan
davranislar gosterdikleri gozlenmistir.

Dis ortamla dogrudan temas halinde bulunan ve
solunumun yani sira ozmoregllasyon, asit-baz dengesinin
dizenlenmesi ile azotlu atiklarin bosaltiimasinda da gorevli
olan solungaglar cevresel degisikliklerden ve sudaki
kimyasallardan deri ile birlikte dncelikle etkilenen yapilardir.

RS T 2 L
Sekil 15. 500 ppm deneme grubu. Hepatopankreas etrafinda yag hiicreleri " . . .
birikimi (*), fibrozis (f), nekroz (n) ve melanomakrofaj birikimi  sekonder lamellerde flzyon, epitel ve destek hiicreleri olan

Ozellikle agir metaller ve pestisitier gibi esitli kirleticilerin;

(mmb). pillar hiicreleri ile ozmoregiilasyonda gérev yapan mitokondri
Figure 15. 500 pmm exposed group. Lipocytes nearby hepatopancreas (), ~ zengini hiicrelerde hiperplazi, hipertrofi ve displazi gibi 6zgl
necrosis (n), fibrosis (f) and clusters of melanomacrophages. olmayan; ancak ciddi histolojik degisikliklere yol agtigi
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bilinmektedir (Diler ve Ozen, 2002; Fanta vd., 2003; Cengiz,
2006; Velmurugan vd., 2007; Katalay vd., 2007, Indirabai vd.,
2010).

Bulgularimiz hem bu raporlarla biyiik él¢lide ortlismekte,
hem de DOAnin bir tath su bali§i olan Labidochromis
caeruleus Uzerindeki etkilerinin izlendigi dnceki ¢alismamizin
(Isisag Uglincii vd., 2010a) sonuglarina biyik benzerlik
gostererek bu kimyasalin deniz baliklarini da olumsuz
etkiledigini ortaya koymaktadir. Solungag epitelinde gdzlenen
belirgin hasar displaziyle baslamaktadir; DOA konsantrasyonu
arttikga genis nekrotik alanlar ortaya ¢ikmakta ve doku
dizeyindeki bozulma ciddi boyutlara ulasmaktadir. ilerleyen
hiperplazinin beklenen sonucu olan sekonder lamellar fiizyon,
sucul ortamdaki kimyasalin dolasima gegis mesafesini artiran
fiziksel bir bariyer olarak degerlendirilir (Moeller vd., 2001).
Gozlemlerimiz  bu duslinceyi desteklemektedir, ¢ok iy
damarlanmig olan solunum yizeyinin daralip kalinlagsmasiyla
cevresel kimyasallarin kan dokusuna gegmesi bir Olgiide
engellenebilir.

Mukus hiicrelerinde hiperplazi ve hipertrofi de gesitli
kimyasallara tepki baglaminda degerlendirilen bir bulgudur
(Akaishi vd., 2004; Nero vd, 2006). Artan mukus salgisi
biyokimyasal bir bariyer olusturup tim solunum ylizeylerinde
oksijen gegisini belli 6lglide engelleyebilir ve fizyolojik
olumsuzluklara neden olabilir. Mitokondri zengini hiicrelerde
en disik konsantrasyondan baslayarak izlenen anomaliler de
bu tabloya eklendiginde, DOA'nin ¢ok dnemli bir fizyolojik
mekanizma olan ozmoregilasyonu olumsuz etkiledigini
sOylemek yanlis olmayacaktir.

Omurgalilarda  biyodoniisim  ve  zehirsizlestirme
sureglerinde gorevli esas organ olarak, toksik madde

etkilesiminde ~ Onemli  degisimler ~ gdsterir.  Yuksek
konsantrasyonlardaki maruziyetlerde karacigerin  toksik
bilesenleri indirgeme  mekanizmasi  bozulur.  Kursun,

kadmiyum, selenyum, civa gibi metaller; amonyum, arsenik,
kior ve fenoller gibi endiistriyel atiklar; aldrin, alaklor,
dikloroanilin ~ endrin,  dieldrin,  deltametrin,  diazinon,
karbosulfan, benomil, Folidol 600 ve propinek gibi
organofosfatll  ve organoklorinli  pestisitler ile  petrol
hidrokarbonlari  gibi cesitli maddelerin etkisi ile balik
karacigerinde ortaya ¢ikan histopatolojik degisimler hakkinda
cok sayida calisma bulunmaktadir (Cengiz ve Unlu, 2005;
Olojo vd, 2005; Ayas vd. 2007; van Dyk vd, 2007; de Meloa
vd, 2008; Ayoola ve Ajani; 2008; Miranda vd, 2008; Hinton vd,
2008; Capkin vd., 2010; Boran vd., 2010).

Kontrol ve 250 ppm deneme grubunda gorilen
yaglanmanin &zellikle ticari yem ile beslenen balik karacigeri
icin normal seviyede oldugu sdylenebilir. Calismamizda
ozellikle 500 ve 750 ppm DOA uygulanan gruplarda artan
yaglanma, karacierde olugsan hasarin en garpic
gostergesidir. Hinton ve Lauren (1990) stres kosullarinda
stirdiriilimeleri zorlasan yasamsal fonksiyonlar icin gerekli
enerjinin saglanmasi sirasinda hepatositlerin lipid ve glikojen
iceriklerinde degisimler oldugunu one slrerler. Pacheco ve

Santos (2002) ise artan yaglanmayi bozulan metabolizmanin
olusturdudu  hasarin  belirtisi ~ olarak  degerlendirirler.
Calismamizin  bulgulari ik planda Pacheco ve Santos
(2002)'un yorumunu dogrular gibi gorlinmekle beraber diger
géris de gergekten ilgingtir, karaciger stres yaratan kosullara
enerji metabolizmasindaki degisimlerle tepki verebilir. Buna
gore DOA'nin dnce gercekten stres yarattidi ve karacigerin de
buna yaglanma olarak nitelendirilen tepkiyi verdigi; ancak
konsantrasyon yiikseldikge yaglanmanin da ¢ok artarak
dokuyu ciddi oranda bozdugu diistiniimektedir.

Tim deneme gruplarinda sinlizoidlerde ve karaciger
parankimasinda izlenen kanlanma, dokudaki hasarin bir diger
belirtisi olarak daha 6nce bildirilenlere uygundur (Barlas,1999;
isisag Uglincii vd., 2010b).

Ortam kirliliginin bir sonucu olarak (Ayas vd., 2007) veya
pestisit uygulamalarinda (Velmurugan vd, 2007) rapor edilen
sinlizoid dilatasyonu, buylk olasilikla kalp yetersizligi
sonucunda kan akisinin bozulmasi ve kanin sinlizoidlere
dolmasiyla meydana gelmektedir (Anonymous, 2010).
Calismamizda izlenen dilatasyon DOA'nin kalp-damar sistemi
uzerinde de etkili olabilecegini dislndirmektedir; ¢lnku
sinlizoid genislemesiyle karakterize edilen dolagim bozuklugu
hepatositlerin  yeterince oksijen alamamasina ve bdylece
nekrotik alan olusumlarina yol acabilir.  Toksik madde
uygulanan birgok calismada tipik doku hasari olarak nekrotik
alanlar rapor edilmistir (Peters vd., 1987; Kranz ve Dethlefsen
1990; Koehler, 2004; Hinton vd., 2008). DOAnin
Labidochromis caeruleus tzerindeki uygulamasinda da genis
nekrotik alanlar olustugu bilinmektedir (isisag Ugiincii vd.,
2010b).

Ozellikle 500 ve 750 ppm DOA uygulanan drneklerde yine
genis alanlar halinde izlenen fibréz doku olusumu, Platichthys
flesus, Gymnocephalus cernua ve Osmerus eperlanus (Peters
vd., 1987); Pomatocentrus pavo (Weismann ve Miller, 2006)
ve yine Platichthys flesus (Koehler, 2004) tirlerinde rapor
edilenlere benzerdir.

Cok miktarda hidrolitk enzim ve hormon igeren
hepatopankreas, sindirim sistemi ile endokrin sistemdeki
islevleri uzantisinda toksik maddelerden ciddi bicimde etkilenir
(Dezfuli vd., 2000). Omegin Danio rerio'da dioksin uygulamasi
hepatopankreasta vakuolizasyona, sitoplazmik hacimde ve
zimojen granillerde azalmaya yol agar (Henry vd., 1997).
Artan konsantrasyonlarda DOA uygulamasi ile gevresinde yag
hicreleri yi§iliglari izlenen hepatopankreas yapisi buyuk
olglide bozulmustur.

Bagisiklik sistemi elemanlari olarak sucul ekosistemdeki
kirliligin  belirtecleri olan melanomakrofajlarin  (Wolke vd.,
1985) sayilari ve kapladiklari alan sadece kimyasal madde
uygulamalari ile degil, enfeksiyonlar sonucunda veya
dengesiz beslenmeyle de artabilir (Agius ve Roberts, 2003).
Calismamizda artan DOA konsantrasyonlarina paralel olarak
melanomakrofaj sayisinin artisi, bu genel degerlendirmelerle
ortlismektedir.
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Ozellikle PVC dretiminde kullanilan DOA gibi ikincil
plastiklestiriciler insan ve c¢evre saghgl agisindan dikkatle
izZlenmesi gereken kimyasallardir. Sunulan bulgular; sadece
sudaki ¢ozinurliginin disiik olmasina dayanilarak (Felder
vd., 1986) DOA'nin sucul ortamdaki toksisitesinin dikkate
alinamayabilecegine  dair  yargiya  ters  dismekte;
laboratuarimizda daha once yapilan DOA denemelerinin
sonuglarini ise dnemli 6lglide dogrulamaktadir: DOA, bir tatli
su baligi olan Labidochromis caeruleus’daki gibi; ekonomik
anlamda 6nemli bir deniz bali§i olan Sparus aurata'da da
solunga¢ ve karaciger dokularinda hasar olusturmustur.
Solungaglarda izlenen degdisim solunum ve ozmoreglilasyon
mekanizmalarini  etkileyebilecek dlizeydedir. Karacigerde
gozlenen ve dolasim sistemi ile iligkilendirilen bozulmalar
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genel metabolizmanin uygulamadan olumsuz etkilendiginin
kanitlaridir. Hepatopankreasta izlenen degisimler de, sindirim
enzimleri ile endokrin islevlerin uygulamadan etkilendigine dair
onemli isaretlerdir.

Kisaca, DOA'nin insan ve gevre sagligi tzerindeki etkileri
disundldugl kadar hafif degildir ve yakin gelecekte
plastiklestiricilerle ilgili bazi  ybnetim  dlzenlemelerinin
yapilmasi gerekebilir.
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Effects of synthetic and natural steroids on the growth, sex reversal and
gonadal development of rainbow trout, Oncorhynchus mykiss (Walbaum)

Dogal ve sentetik steroidlerin Gokkusagi alabaliginda, Oncorhynchus
mykiss (Walbaum) gonadal gelisim, cinsiyet doniigsiimii ve biiylime lizerine
etkileri
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Ozet: Tamami disi salmonid stoklarin iiretiminde sentetik cinsiyet hormonlarinin kullanimina dayanan erkeklestirme uygulamalari gibi dolayli yontemler yaygin
bir sekilde kullaniimaktadir. Ancak s6z konusu sentetik hormonlarin toksik etkiler ve yiksek maliyetler gibi dezavantajlari bulunmaktadir. Bu bakimdan mevcut
arastirmada, dogal steroidlerin kullanimi yolu ile tamami disi alabalik populasyonlarinin Gretimi igin dolayli yéntemlerin gelistiriimesi amaclanmistir. Bu ¢alismada
7000 prelarval gokkusag alabaligi yedi tanka esit olarak bélinmus ve bunlar sentetik hormonlar (3 ve 6 mg metiltestosteron -MT ve testosteron -T kg-'yem) ve
dogal hormonlar (50 ve 100 mg Tribulus terrestris -TT kg-') igeren ticari alabalik yavru yemleri (Skretting, France) ile keseli ddnemden sonraki 90 giin boyunca
beslenmistir. 90 gunliik ilk besleme periyodunun sonunda baliklar cinsiyetlerin makroskopik ve histolojik yéntemlerle belirlenebildigi déneme kadar hormon
icermeyen ticari alabalik yemi ile beslenmistir. Aragtirma sonunda 50 ve100 mg/ kg Tribulus terrestris (TT) igeren yemle beslenen baliklarin sira ile %55 ve 63U
erkek iken, 3 ve 6 mg/ kg testosteron (T) igeren yemle beslenen baliklarin sira ile %51 ve 53 oraninda erkek oldugu bulunmustur. Bu durum Tribulus terrestris’in
testosterona gore alabaliklarin dogrudan erkeklestirimesinde daha etkin oldugunu fakat gruplar arasinda fark bulunmamistir. Ayrica bu arastirma, Tribulus
terrestris igeren (100 mg/kg mg/ kg yemde) yemlerle beslenen alabaliklarin diger deneme gruplarindaki baliklara kiyasla daha yiiksek canli agiriga ulastigini
bildiren ilk calismadir. Kontrol ve deneme gruplari arasinda farklilagsmamis gonad yapilari bakimindan 6nemli bir farkliik gézlenmemistir. Sonug olarak
arastirmada, daha yiksek cinsiyet donlislim ve blylime oranlarina ulagsmak igin Tribulus terrestris’in daha yiiksek konsantrasyonlarinin (150, 200, 250 mg kg-')
etkilerini arastinimalidir. Ayrica bu konsantrasyonlarin gokkusagi alabaliginda, diger salmonid ve ticari tlrlerde kan testosteron seviyelerinin yanisira gonad
yapisina olan etkileri de belirlenmelidir.

Anahtar kelimeler: Testosterone, Tribulus terrestris, rainbow trout, histoloji, erkeklestirme, bliyime.

Abstract: Indirect methods such as masculinizing treatments by synthetic sex steroids has widely been used to produce all-female stocks in salmonids, but they
have some disadvantage such as toxicity and high cost. Therefore, the main objective of this research was to develop indirect methods for the production of all-
female populations of Oncorhynchus mykiss through the use of natural steroids.In this study seven thousand prelarval rainbow trout were divided evenly among
seven tanks and fed a commercial starter trout diet supplemented with synthetic (3, 6 mg testosterone and methyltestosterone kg-' diet) and natural steroids (50
and 100 mg Tribulus terrestris kg diet) during 90 days after hatching. Fish were then further reared on a commercial trout diet until sex ratios could be
determined through histological and macroscopic observations. The Tribulus terrestris (50 and100 mg/ kg) treatments yielded 55-63% males, while the
testosterone (3 and 6 mg/ kg) treatment yielded 51-53% male population. This demonstrates that Tribulus terrestris was effective in the direct masculinization of
rainbow trout compared to testosterone, but no significant difference was observed between groups. Also, this study was the first attempt that yielding higher
growth of Oncorhynchus mykiss fed with diets containing TT (100 mg kg-' diet) compared to other experimental groups. There were no marked differences in the
structure of the undifferentiated gonads between the control group and all treatment groups. In conclusion, the effects of higher concentrations (150, 200, 250 mg
kg") of TT should be investigated to reach the higher sex reversal and growth rates, and also determined the blood testosterone levels, gonadal structure of
rainbow trout and/or other salmonids, and cultivable fish species.

Keywords: Testosterone, Tribulus terrestris, rainbow trout, histology, masculinization, growth.

INTRODUCTION

Ingestion of synthetic steroid residues in sex reversed fish
may be potentially hazardous to human consumers. According
to the EU Directive 96/22/CE (29th April 1996), only the
“indirect feminization” approach is authorized in European
countries. This methodology requires steroid-induced
functional masculinization of genetic females into so called
‘neomales” and their crossing with normal females to produce
all-female progenies. The synthetic steroid, especially

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

methyltestosterone, has potential use in finfish culture due to
its anabolic and also androgenic actions. Many previous
efforts on the use of methyltestosterone have focused both on
the effectiveness of its growth-promoting properties in various
fish species (Higgs et al., 1977; Yu et al., 1979; Kuwaye et al.,
1980; Higgs et al, 1982; Boney et al, 1984; Degani and
Dosoretz, 1986; Manzoor Ali and SatyanarayanaRao, 1989),
and also on its ability to produce sex reversal when
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administered to fish larvae (Nagy et al, 1981; Owuso-
Frimpong and Nijjhar, 1981; Rothbard et al., 1983; Solar et al.,
1984; Schmelzing and Gall, 1991; Pandian and Sheela,
1995). Although it is apparent that methyltestosterone is a
good argument for sex reversal in aquaculture, it's human
food safety has been an unresolved issue. It has been well
known that higher dose exposures of methyltestosterone can
cause adverse health effects such as hepatotoxicity (Lucey,
1987; Hartleb and Nowak, 1990) and fetotoxicity in humans
(Wilkins et al., 1958; Grumbach and Ducharme, 1960; Wilkins,
1960; Schardein, 1980). Due to all these reasons the indirect
method is preferred to direct feminization in trout culture
because fish destined for market are not directly exposed to
steroids. Therefore, the resulting sex reversed male broodfish
must be only used for propagation and are not allowed to be
sold for human consumption.

Despite indirect protocols to produce all-female
populations using methyltestosterone (MT) having been
published for most salmonids (Pandian and Sheela, 1995;
Devlin and Nagahama, 2002), However, there is no record on
the masculinisation effect of Tribulus terrestris (TT) in indirect
sex reversal of rainbow trout instead of methyltestosterone.
Gokshura, Tribulus terrestris (TT), is an herb that is widely
distributed in China, Japan, Korea, the western part of Asia,
the southern part of Europe and Africa. TT contains a number
of different substances known as steroidal saponins.
Protodioscin, the most dominant saponin in TT, is thought to
be main substance responsible for increasing testosterone
production (Ganzera et al., 2001). Protodioscin has also been
found to increase the levels of non-hormonal phyto-
dehydroepiandrosterone (DHEA), (Adimoelja et al., 2005)
dihydrotestosterone and  dehydroepiandrosteronesulphate
(Gauthaman et al., 2000). It has been shown to raise
testosterone levels safely and naturally in humans and is
rumoured to be the secret behind the success of many top
Bulgarian weightlifters (Bucci, 2000). The administration of TT
to humans and animals improves the libido and
spermatogenesis (Tomova et al, 1981). In humans, it has
been used to treat impotence and has been found to increase
testosterone levels and improve athletic performance
(Adimoelja and Adaikan, 1997; Adimoelja, 2000; Adaikan et
al.,2000; Bucci, 2000; Gauthaman et al., 2002). In fish, Cek et
al. (2007a, b) and Turan and Cek (2007) reported the effects
of TT on sex reversal, survival rate and growth performance of
different fish species (Clarias gariepinus, Cichlasoma
nigrofasciatum and Poecilia reticulate). They found successful
sex reversal, spermatogenesis and better growth rates than
untreated progenies.

The objective of this research was to develop an
alternative method by the using TT in order to produce all-
male monosex populations for the safer trout farming.

MATERIALS AND METHODS

Farming conditions

The experiments were implemented at the Tekir Trout
Farm, a commercial hatchery (Kahramanmaras, Turkey).
Water was supplied from the spring of Ceyhan River, which
undergoes very limited variations in water temperature
between winter (10.5 °C) and summer (12.5 °C). Newly
hatched seven thousands larvae used in the sex reversion
trials were obtained from the commercial production involving
a large number of parents (>30 females and 20 males)
(Bromage et al., 1992). Broodstock and experimental fish
(alevin, fry, sub adult, broodstock) were fed with commercial
trout feeds during the experiments (Le Gouessant, Skretting).
Broodstock reproduced naturally by hand stripping under a
natural photoperiod regime without hormonal stimulation.
Fries were grown in fiber glass tanks until the fry stage and
were then transferred to concrete ponds for further growth. A
natural spring water was continuously used to provide 80%
oxygen saturation at least. Density during grow-out period did
not exceed 50 kg m=3Under the farm conditions, eggs began
to hatch at 300 degree x days (°d) after fertilization and this
was considered as the reference for the time of starting
hormonal treatments.

Preparation of herbal extracts and experimental diets

The TT extract (Origin: Bulgaria) was purchased from
Dietharmonie Corp. (France). The aqueous extracts of TT
were prepared by boiling 50 mg of the pure and finely ground
extract of TT in 250 ml distilled water for 10 minutes and 100
mg of TT in 500 ml distilled water for 20 minutes and then
filtering it through a Whatman paper filter twice (Gauthaman
and Adaikan, 2005; Cek et al., 2007a). The solutions were
freshly prepared each time when the experimental diets
finished. Diets were sprayed and mixed continuously by each
concentration of the TT solution. The diets were dried at room
temperature (25 °C) and stored frozen (-4°C) until their use.
Methyltestosterone (MT) and testosterone (T) (Sigma, St.
Louis, MO, USA) were dissolved in ethyl alcohol and sprayed
into the starter trout diets at a dose 0 (control diet) or 3, 6 mg
methyltestosterone and testosterone kg of feed. The ethyl
alcohol was allowed to completely evaporate at room
temperature and the diets were stored at -4°C.

Experimental design

Experiment was designed to evaluate the efficiency of oral
treatments of TT compared to other synthetic hormones.
Mixed sex (XX and XY) larvae were subdivided into seven
groups; a control group (Group A) and six oral-treated groups
receiving a diet of 3 mg testosterone kg-' diet (Group B), 6 mg
T kg (Group C), 3 mg 17a-methyltestosterone kg (Group
D), 6 mg MT kg (Group E), 50 mg Tribulus terrestris kg
(Group F) and 100 mg (TT) kg (Group G) delivered during 90
days from the first feeding. After the hormonal treatment, fish
in all experimental groups were fed the same commercial
grow-out trout feeds up to 9 months of age. At 9 months of
age, 51 to 64 individuals per group were weighed and
sacrificed using a lethal dose of anesthetic (2-phenoxy
ethanol). The gonads were dissected and sex was determined
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by visual observation of both gonads. At the termination of the
experiment the number of males and females were recorded
for each treatment. Gonadosomatic (GSI) and Hepatosomatic
indexes (HSI) were calculated according to (Devlaminget al.,
1982; Delahunty and Devlaming 1980) as follows: GSI =
(L+R)x100/BW; HSI = LWx100/BW; where, LW= liver weight
(9); L = left ovary weight (g); R = right ovary weight (g); BW =
body weight (g). Non-parametric tests were used to determine
whether the sex ratios observed were significantly different
from the expected sex ratios of the rainbow trout. x2 tests
were performed to analyze the statistical differences in the sex
ratios among groups at levels of P<0.05 or P<0.001. The sex
ratio of each experimental group was compared to a
theoretical equilibrated sex ratio (50:50). Individual body
weight was recorded at the time of sexing (0.1 g).
Differences in growth within sexes among treatments were
evaluated by ANOVA (Zar, 1996).

Histological procedures

One hundred forty eight specimens were sacrificed using
an overdose of 2-phenoxy ethanol. After using benzocaine
the artery of each fish was cut to prevent any bleeding in the
body cavity. Ovaries and testes from specimens were then
taken monthly during 90 days. Gonads were also dissected at
the termination of the experiment and they were directly fixed
in 10% neutral buffered formalin. After being, preserved in
formalin for about one week, transverse sections of the central
portion of the gonad samples were dehydrated in graded
ethanol, embedded in paraffin, sectioned at 4-5 um and
stained with haematoxylin and eosin (MERCK) for histological
examination (Cek and Yilmaz, 2009). Samples from small
larvae were not decalcified but large samples were placed
face down in a decalcifying for at least one hour. After
histological work, all slides were examined under a light
microscope (CH-2 Olympus-Japan). Sexual differentiation and
developmental stages of female and male gamete cells were
identified according to descriptions given by Bromage and
Cumaranatunga (1988), and Ceket al., (2001). The stages of
oocytes and spermatozoa development were classified on the
basis of observations of changes in the nucleus, nucleoli and
cytoplasm.

RESULTS

Effects of synthetic and natural steroids on the
growth and sex ratio of Oncorhynchus mykiss

The current study was the first attempt that yielding higher
male growth of Oncorhynchus mykiss fed diets containing TT
(Group G, 100 mg kg diet) compared to other experimental
groups, although females in control group had the highest
weight at the end of the study (P<0.05) (Table 1). Higher
concentration of TT (Group G) increased the gonadosomatic
index (GSI) in females. Also, higher concentrations of MT
(Group E, 6 mg MT kg diet) and TT (Group G) elevated the
HSI values of males significantly. In a similar manner, high
doses of testosterone (Group C, 6 mg T kg diet) and TT
(Group G) treatments increased HSI ratios in female rainbow
trouts (P<0.05) (Table 2).

The sex ratio observed in 100 fish in the control group of
the experiment was nearly the expected sex ratio of 1:1 (male:
female). TT treatments yielded 55-63% males, while the T
treatment yielded a 51-53% male population. The sex ratio
observed in the second series (Groups B and C) of the
experiment was almost equal to the expected sex ratio of 1:1
(male: female). In these groups, the difference between male
and female sex ratio were not statistically significant
(p>0.001). In the third series of the experiment, we achieved
100 and 92.59% masculinization in O. mykiss by oral
treatment for 90 days in diet containing 6 and 3 (MT) mg kg,
respectively. Fish groups (Group F and G) treated with 50 and
100 mg kg doses of TT showed less masculinizing effects
during the 90-day experimental period. At the termination of
the experiments, MT had resulted in a statistical significant
difference in the sex ratio (p<0.001) compared to the other
groups. MT was the most effective in terms of masculinization,
resulting in a maximum male ratio of 100%. Increased
concentration of TT caused an increase in the number of
males produced. Testosterone was not found to be effective in
producing male populations (Table 3).

Table1. Effects of synthetic and natural steroids on the growth (mean + standard error; weight, W, g; length, L, cm) of rainbow trout (Oncorhynchusmykiss) at the

end of the experiment”.

Male Female
Groups W L W L

A 98.80+10.74 19.02+0.75 98.80+5.86 19.83£0.49b
B 105.45+7.74 19.57+0.47 72.45+7.54 2 17.55+0.54 2
C 91.6446.40 19.42+0.59 96.27+6.07° 20.05+0.63"
D 103.76+3.91 19.74+0.19 *

E 100.81+7.55 19.25+0.52 **

F 95.06+7.45 19.67+0.54 81.24+4.792 19.04£0.4020
G 117.09£13.37 20.54+0.73 92.14+9.492 19.71£0.72b

A-controlgroup, B- lowdose of testosterone (3 mg kg-'diet), C-highdose of of testosterone (6 mg kg'diet), D- lowdose of methyltestosterone (3 mg kg-'diet), E-
highdose of methyltestosterone (6 mg kg-'diet), F- lowdose of Tribulus terrestris (50 mg kg-'diet), G- highdose of Tribulus terrestris (100 mg kg-'diet)
*Different letters in the same columns indicate the statistical differences between groups (P<0.05)

** No females were recorded
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Table 2. Effects of synthetic and natural steroids, and their different doses on the gonadosomatic (GSI) and hepatosomatic (HSI) indexes (%) of rainbow trout

(Oncorhynchusmykiss) at the end of 90 d*.

Groups Male Female
GSI| HSI GSI HSI

A 1.0940.72 1.15+0.1120 0.05£0.012 0.97+0.06b
B 1.62+0.98 1.16+0.08 2 0.06+0.022 0.7240.092
C 1.78+0.84 1.06+0.06 2 0.06+0.022 0.9940.03b
D 0.03+0.01 1.03+0.05° **

E 0.0240.01 1.26+0.082 **

F 0.1540.07 0.93+0.07 & 0.0740.0120 0.88+0.0220
G 0.48+0.40 1.23+0.130 0.08+0.01® 1.0440.07>

A-controlgroup, B- lowdose of testosterone (3 mg kg-'diet), C-highdose of of testosterone (6 mg kg-'diet), D- lowdose of methyltestosterone (3 mg kg-'diet), E-
highdose of methyltestosterone (6 mg kg-'diet), F- lowdose of Tribulus terrestris (50 mg kg-'diet), G- highdose of Tribulus terrestris (100 mg kg-'diet)
*Different letters in the same columns indicate the statistical differences between groups (P<0.05)

** No females were recorded

Table 3. Masculinizationeffect of thesynthetic (testosterone and 17a- methyl testosterone) and natural (Tribulus terrestris) steroids on the of rainbow trout,

Oncorhynchus mykiss*
Sex Treatment

A B C D E F G
Male (%) 48.00 53.70 51.85 92.59 100.00 55.55 63.46
Female (%) 52.00 46.30 48.15 7.41 0.00 4445 36.54
X2 0.667 0.296 0.740 39.185* 50.074* 0.667 3.769
Asymp Sig. 0.414 0.586 0.785 0.000 0.000 0.414 0.052
df 1 1 1 1 1 1 1

A-controlgroup, B- lowdose of testosterone (3 mg kg-'diet), C-highdose of of testosterone (6 mg kg-'diet), D- lowdose of methyltestosterone (3 mg kg-'diet), E-
highdose of methyltestosterone (6 mg kg-'diet), F- lowdose of Tribulus terrestris (50 mg kg-'diet), G- highdose of Tribulus terrestris (100 mg kg-'diet)

*Indicate the statistical differences from the other groups (P<0.001)

Effects of synthetic and natural steroids on sexual
differentiation and  gonadal  development  of
Oncorhynchusmykiss

There were no marked differences in the structure of the
undifferentiated gonads among the control group and all
treatment groups (synthetic and TT-treated groups) (Figure
1A). Sexual differentiation first recorded in the Group E (6 mg
MT kg' diet treated group) (Figure 1B). Latest sexual
differentiation was recorded in the TT-treated groups (Figure
1C). Gonadal differentiation in the control group were similar
to that of TT-treated groups. It was clearly indicated that, in all
treatment groups including control, the differentiation of the
primordial gonad into ovary took place at an earlier stage than
that of the testes (Figure 1B and C). Differentiation in the male
gonads detected just before the maturation stage. The slowest
testes development was observed in the control groups
(Figure 2A). In Group E, 6 mg kg' MT- treated groups, testis
has an increased number of sperm ducts and only a few
spermatogenetic cysts (Figure 2B). These testis’ showed
degeneration in seminiferous tubules which were free from
spermatocytes and spermatids. (Figure 2B). Histological
examination of the TT-treated testes revealed no damage to
the testicular structure (Figure 2C and F). All spermatogenesis
stages were present in T, MT and TT-treated male testes.
However, spermatogenesis was more advanced among the

TT-treated groups (Figure 2C and F) of O. mykiss compared
to the testosterone (Group B) and methyltestosterone treated
groups (Groups D and E).

It was clearly detected that the histological response of the
testis particularly in Group G (100 mg kg TT treatment group)
included an increased number of spermatogenic cysts and an
abundance of the late stages of spermatogenesis (Figure 2C
and F). These testes contained a preponderance of
spermatozoa in the lobular lumen. All stages of
spermatogenesis, including ruptured spermatozoa were
detected in the sperm ducts. Lobules containing numerous
spermatocytes from early stages (spermatogonia) to complete
spermatogenesis  (spermatocytes,  spermatids  and
spermatozoa) were observed. In comparison in the MT and
testosterone- treated groups, free spermatozoa were only
occasionally recorded, and the testis contained mostly
spermatogonia and spermatocytes (Figure 2B, E, D). Ovarian
development in the Group F (50 mg TT kg' diet-treated
group) was similar to that of the control and Group B (3mg T
kg diet) (Figure 3A, B, C). In the Group E (6 mg MT kg' diet
-treated group), no female ovaries were detected. All samples
were belong to the males, however in the Group D (3 mg MT
kg' diet) and Group C (6 mg T kg-! diet), the development of
the ovaries were defective (Figure 3D, E). Pre-vitellogenic
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oocytes were commonly affected by atresia. The first sign of
atresia in the previtellogenic oocytes was the shrinkage of
oocytes, which was closely accompanied by the development
of clear spaces in the peripheral ooplasm (Figure 3D, E). The
nucleoli that were generally arranged to form a regular layer in
the nuclear envelope of normal growing previtellogenic
oocytes from control, T and TT- treated groups (Figure 3B, C

was sampled from MT-and T- treated groups (Figure 3D, E).
Alpha () stages of atretic oocytes were clearly detectable as
well. On the basis of histological examination of the TT-treated
ovaries, it was concluded that TT revealed no damage to the
ovarian structure (Figure 3B, C and F). Up to three stages
were present in control, T and TT-treated female ovaries.
However oogenesis was more advanced among the TT-

and F) were distributed irregularly in the nucleoplasm which  treated groups (Figure 3B, C and F).

A — ”.ﬁl

Figure 1. Transverse section of larvae, showing differentiation of the gonads in different-treatment groups. A) Transverse section of larvae, showing
undifferentiated gonad, 40 day after hatching in the T- treated group, B) Transverse section of the trunk region of a 60 day old fish, taken from MT-
treated group, showing the differentiated ovary within the peritoneal body cavity, C) Differentiated ovary 60 day after hatching, taken from the TT-
treated group. Stained with Haematoxylin and Eosin (H&E).Oo, Oogonia, Bc, body cavity, Ug, undifferentiated gonad, Sc, somatic cells. Scale bars,
A2
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Figure 2. Comparison o
A)Histological cross-section through a single testicular lobe that were taken from control group, B) Histological cross-section through a single
testicular lobe, taken 6 mg kg-'MT-treated group, arrow shows increased number of sperm ducts.C) 50 mg kg-! TT- treated group, showing different
developmental stages of spermatogenesis D)6 mg kg' T-treated group, showing primary and secondary spermatocytes E) 3 mg kg-'"MT-treated
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group, showing sperm ducts and spermatids. F) 100 mg kg TT- treated group, showing free sperm inside the lumen. (Stained with H&E), Bc, body
cavity; Bv, blood vessel; A, artery; V, vein; S, spermatozoa; Sg, spermatogonia; Ps, primary spermatocytes; Ss, secondary spermatocytes; Lw,
lobular wall; Sd, sperm duct. Scale bars, a, 250um; b, 200 ym; d,e, 50 um; c,f, 25 um.

i
Ll

Figure 3. Comparison of histological sections from female Oncorhynchusmykiss ovaries taken from different treatment groups, at 90 days after hatching. A)
Arrows show oogonia taken from the control group. B and C) Samples taken from 50 mg kg Tribulus terrestris (TT) treated groups. D) Sections of
atreticprevitellogenic follicles that were taken from 3mg kg-' 17a-methyltestosterone-treated groups, showing their shrinkage and disorganization as
evidenced from the presence of white spaces (arrows between ooplasm and follicle wall E) Sections of atreticprevitellogenic follicle that were taken
from 6 mg kg T -treated groups. F) Sections of normal developed ovary, showing oocytes at stage three. Sections were taken from 100 mg kg TT-
treated groups. (Stained with H&E), PFC, pre-follicle cells; Oo, oogonia; Bv, blood vessel; Sti, stage 1 oocytes; Stza, stage 2a oocytes; Sta, stage 2b
oocytes; Sta, stage 2¢ oocytes; Sts, stage 3 oocytes; C, connective tissue; G, granulosa; N, nucleus; Ne, nuclear envelope; Nu, nucleoli; Op, ooplasm;
Bb, balbiani bodies (yolk nuclei); Th, theca; P, peritoneum (mesovarium), Bc, body cavity; Ta, tunica albugenia, PVA, pre-vitellogenic atresia; Oc,

ovarian cavity Scale bars, a,b= 25um, ¢=200 um, d,e,f= 250 pm.
DISCUSSION

The main objective of the present investigation was to
improve the indirect feminization methods in rainbow trout
through the use of a natural steroid (Tribulus terrestris, TT).
TT ftreatment is a more effective method than the
administration of synthetic hormone in terms of being more
environmental friendly. In addition, the persistence and fate of
synthetic hormones and hormone metabolites in fish, water
and sediment may represent potential environmentally and
health risks that have to be considered when using hormonal
sex control technology (Contreras-Sanchez et al., 2001).
Therefore fish offered to the consumer will not be treated with
synthetic hormones, and producers may have an alternative
method for producing monosex populations based on natural
products.

To this end, we used Tribulus terrestris (TT) and find out
that TT extract alone was effective at higher dose level (100
mg kg') in increasing the proportion of males in the
population, advancing spermatogenesis and improving the
growth performance among male individuals. In respect to
anabolic effect, the current study was the first and only
attempt reporting the anabolic performance of TT on growth
for O. mykiss (Table 1). In addition, the anabolic effects of
synthetic MT on growth had also been reported in rainbow
trout before (Ostrowski and Garling 1987). Growth promoting

effects of synthetic androgen treatments have previously been
reported in teleosts, possibly due to increased appetite and
enhanced food utilization and protein synthesis (Donaldson et
al., 1979; Mukhopadhyay et al.,1986; Jayaprakas and Sindhu,
1996; Fagerlund and Dye, 1979; Grau, 1993). In the present
study, the growth rate of fish treated with higher concentration
of Tribulus terrestris (TT) was found to be faster than that of
the controls, testosterone (T) and methyltestosterone (MT)-
treated groups (Table 1). The effects of the TT extract on body
weight have been studied by Cek et al. (2007a) in Cichlasoma
nigrofasciatum and in Poecilia reticulate (Gek et al. 2007b)
and by Turan and Cek (2007) in Clarias gariepinus. Cek et al.,
(2007) found an increase in body weight, sexual differentiation
and spermatogenesis. In addition, they concluded that TT had
no negative effect on the survival rate of C. gariepinus. In
addition, in our study, TT-treated fish exhibited high survival
(almost no mortality), improved spermatogenesis and
masculinization. While these findings are not contradictory
with the present results, there is a lack of information in the
literature on the effects of a plant extract on sex-reversal,
gonad differentiation and/or development, and growth
performance in O. mykiss. We demonstrate here, for the first
time, that TT- extracts are potent and able to induce a higher
rate of growth in male O. mykiss compared to other
experimental groups.
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Survival rates at the termination of the present
experiment, in the control were found similar to those
observed in the TT-treated groups, and were almost 100%. TT
was not found to be toxic to humans by Adimoelja (2000) and
to rabbits by Adaikan et al. (2000). Tapia et al. (1994); Waller
and Yamasaki (1996); and Aslani et al., (2004) studied the
toxicity of TT in livestock and concluded that the consumption
of TT by livestock led to the photosensitization syndrome
known as yellow thick head. In these studies, TT was not
purified and it was fed to the animals ad libitum for at least 2
months. Photosensitization has not been observed in humans
and is highly unlikely in fish at the recommended dosage
(personal communication from A. Adimolja). Kavitha and
Jagadessan (2002, 2003) studied the role of the TT extract on
mercury-intoxicated mice, Mus musculus. In their study, a
lethal dose of mercuric chloride was administrated through the
drinking water to female mice every day for 45 days. Its
toxicity altered the histo-architecture of the large intestine.
During the recovery period, the mice were dosed with a TT
extract of different solvent fractions for 15 days; these mice
showed a complete regeneration of the large intestine from
the toxic effect of the mercury. In the present study
photosensitization was not observed, and the survival ratios of
the TT-treated groups of O. mykiss were not different than that
of the control groups. However, the toxicity of TT in fish (if
present) needs to be studied. We also determined in this
study that TT was not harmful by inhalation and that
absorption through the skin did not cause irritation. Synthetic
androgens are harmful when inhaled, ingested and/or
absorbed through the skin and can cause irritation.

There are few study concentrates on the masculinizing
effect of Tribulus terrestris in fish and the other experimental
animals. A previous attempt by Gauthaman et al. (2002) to
determine the aphrodisiac properties of TT in normal and
castrated rats yielded successful results. They concluded that
the TT extract increases testosterone levels in rats. Also, in
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Abstract: In this study, catch efficiency of light sticks on pelagic swordfish longline were studied. This study was carried out from September 20t of 2012 to
December 31st of 2012 in Fethiye region and a total of 10 fishing operations were performed. All measurements were made on board. CPUE data of 50
swordfish that caught were compared in terms of total, lightened zone and dark zone. Mean CPUE was 131+22.72 kg/1000 hooks, CPUE of lightened zone was
352461.32 kg/1000 hooks and CPUE of dark zone was 20+4.76 kg/1000 hooks. A total of 9 different species were caught during operations. The target species,
Xiphias gladius had the highest ratio both in number (81.2%) followed by Muraena helena>Coryphaena hippurus=Ruvettus pretiosus>Carcharhinus plumbeus=
Lobotes surinamensis>Prionace glauca=Alopias vulpinus = Isurus oxyrinchus.

Keywords: Swordfish, Xiphias gladius, pelagic longline, light stick

Ozet Bu galismada, kilig baliklarinin pelajik paraketalar ile avciliginda isik cubuklarinin av verimi iizerine etkisi aragtirmigtir. 20 Eyliil 2012 — 31 Aralik 2012
tarihleri arasinda Fethiye bdlgesinde toplamda on operasyona ¢ikilmis ve dlgtimler tekne (izerinde yapilmistir. Yakalanan kilig baliklarinin (n=50) genel, 1sikli
bolge ve 1siksiz bélge olarak ayri ayri birim ¢aba basina disen av verimleri (CPUE) elde edilmis ve karsilastirimistir. Genel CPUE 131+22.72 kg/1000 igne,
151kl kisimda CPUE 352+61.32 kg/1000 igne ve 1siksiz kisimda CPUE 20+4.76 kg/1000 igne olarak elde edilmistir. Operasyonlar siiresince paraketada 9 farkli
tir yakalanmistir. Birey sayisi bakimindan Xiphias gladius (%81) en yiksek orana sahiptir ve bunu Muraena helena>Coryphaena hippurus=Ruvettus

pretiosus>Carcharhinus plumbeus= Lobotes surinamensis>Prionace glaucazAlopias vulpinus 2 Isurus oxyrinchus takip etmistir.

Anahtar kelimeler: Kilighaligi, Xiphias gladius, pelajik paraketa, 151k gubugu

# Bu calisma, M. Tolga Tiizen'in Yiiksek Lisans Tezinin bir bélimdcr.

GIRiS

Paraketa, deniz ylzeyinde samandiralarla tutturuimus bir
ana bedene bagli bir seri yemli kancalardan ibaret av
araglandir.  Agik deniz paraketa balik¢iigi  1950’lerde
baglamigtir. ik zamanlar tilina (Thunnus alalunga) ve kilig
baligini (Xiphias gladius) hedefleyen bu av araglarini kullanan
Japon balikgilar 1960’'larda Japonya'daki sashimi marketleri
icin sari yuzgeg¢ orkinos (Thunnus albacares) ve kocagéz
orkinos (Thunnus obesus) gibi ton baliklarini da hedeflemeye
baslamislardi (Sakagawa, 1989; Wildman, 1997). Simdilerde
dinya kilig avinin yarisindan fazlasi, orkinos hedefleyen bu
aclk deniz paraketalariyla tesadiifi olarak yakalanmaktadir
(Ward vd., 2000). Buna mukabil, Akdeniz’de pelajik
paraketalar ise sadece kili¢ baliklarini hedeflemektedir ve
Akdeniz kilig avinin %76’sI paraketalardan elde edilmektedir
(ICCAT, 2008).

Istk cubugu (ligh-stick), iki farkli kimyasal soliisyonun
karismasiyla cesitli renklerde uzun sureli 1s1k Ureten ticari bir
uriindlr (Ermoshkin vd., 2006). Isik icinde etken soliisyon
bulundugu cam tipin kinhp dis kisimdaki sollisyonla
tepkimeye girmesi sonucu olusur. Cam tlip icerisindeki etken
soliisyonda hidrojen peroksit ve dimetil ftalat ¢dzeltisi (1,2-

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

benzendikarboksilik asit dimetil ester) bulunur. Ikinci
sollisyonda bis (2-karbopentiloksi-3,5,6-triklorofenil) oksalat
[oksalik asit bis (2,4,6-triklorofenil) ester] ve dibtil ftalat
cOzeltisinde boya soliisyonu (1,2-benzendikarboksilik asit
dibitil ester) bulunur (Pedersen vd., 2003). Isik gubuklari
paraketa balikgihiginda yaygin bir bicimde hedef tiirl
cezbetmek ve av verimini artirmak amaciyla kostek tzerinde
kancanin yukarisina takilarak kullanilir (Witzell, 1999).

1975 yilinda kilig avciliginda 1s1k gubugu kullanimi ilk kez
Florida’da profesyonel kiralama tekneleri ve amatér oltacilar
tarafindan denenmistir. Av oraninin ylksek olmasi ile birlikte
paraketa tekneleri tarafindan da denenen isik gubuklari birgok
yerde kilig balik¢iiginda yaygin kullaniimaya baglanmistir
(Berkeley vd., 1981). 1980’lerin sonunda ise, Sili gibi Ulkelerde
kilic ag1 kullanan bazi balikgilar av oranlarini arttirmak icin bu
itk cubuklarini yizer aglarina takmislardir (Weidner ve
Serrano, 1997).

Istk gubuklarini iceren calismalar genellikle bunlarin
baliklar Uzerindeki cezbedici etkisini artirmaya yonelik
yaplimaktadir (Hazin vd., 2005). Degisik bolge ve zamanlarda
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yapilan bu aragtirmalar sonucunda, kilig baliklarinin mavi-yesil
dalga boylarini ayrt ettikleri (Fritsches ve Warrant,2004) ve
Isik gubugu kullaniminin paraketa ile avcilikta birim ¢abaya
disen av veriminin arttirimasinda rol oynadi§i ortaya
konulmustur (Berkeley vd., 1981; Wilson, 1988; Freeman,
1989; lto vd., 1998; Murray ve Griggs, 2003; Fritsches ve
Warrant 2004; Hazin vd., 2002, 2005; Aires-da Silva vd.,
2008).

Tirkiye'de ise kilig baliklari 1900’lerin bagindan itibaren
Marmara Denizi ve istanbul Bogazi'nda zipkin ve siiriiklenen
pelajik uzatma aglari (yizer aglar, drift-net) kullanilarak
avlanmigtir (Deveciyan, 1926; Uner, 1968). Bu av sahalarinda
1960’lara gelindiginde zipkinin ve uzatma aglarinin yaninda,
paraketalar da kullaniimaya baglanmistir (Artiz, 1964; Onat,
1970). Tirkiye sularinda 11 farkh tip kilig paraketasi tespit
edilmistir (Akyol ve Ceyhan, 2007).

Atlantik'te balikgilar, geceleri 20 - 90 m derinliklerde
kalamar gibi yemler kullanarak kimyasal isik cubuklari ile
(Ward vd., 2000) paraketalarini kullanmaktadir. Ttrkiye
denizlerinde ise bu tip bir uygulama bulunmamaktadir.

Trkiye'de 151k gubuklari tizerine yapilan bu ilk ¢alismanin
amaci, Fethiye yodresinde geleneksel pelajk kilig
paraketalarina 1sik cubuklari eklenerek, 1sikli ve Isiksiz
kisimlarda yakalanan kili¢ baliklarinin boyutlarinin ve birim
cabaya dlsen av verilerinin ortaya konmasi ve gikan hedef
dis! tlrlerin belirlenmesidir.

MATERYAL VE YONTEM

Bu arastirma, 20 Eylil 2012 — 31 Aralik 2012 tarihleri
arasinda Fethiye limanina bagli 14 m uzunlugunda, 360 HP
motor glicline sahip ‘Salih Reis I’ teknesi ile yUritiimUstir.
Arastirmanin yapildigi av sahasi, Fethiye — Rodos Adasi
arasindaki hattin glineydogusuna dogru (Akdeniz) Kas
acliklarina kadar olan 1500-2000 m derinligindeki ulusal ve
uluslararasi bélgedir (Sekil 1).

5000 PA Mono 4 100

50000 PA Mono o 150

Sekil 2. Omeklemede kullanilan paraketa
Figure 2. The longline used in sampling

30000000 PA Mono & 150

5000 PA Mono & 130

Ege Denizi

0% =
oQ
V]

Qﬁ

Akdeniz

$Sekil 1. Arastirma sahasi
Figure 1. Research area

Arastirmada 600 ignelik toplam uzunlugu 30 km olan
geleneksel bir pelajik paraketa kullaniimistir. Paraketa, giin
batiminda atilmis ve glin dogmadan hemen 6nce toplanmistir.
Beden icin 150, késtek igin 130°luk misina kullaniimistir.
Kostekler arasi mesafe 50 m olup, kosteklerin uzunlugu 5
m'dir. Paraketada 2 numara kanca kullanilmistir. Takim
toplamda 7 adet gakarli blylik samandira icermektedir (Sekil
2). Bu samandiralar her 100 ignede bir suya atiimaktadir. Her
5-6 ignede bir kiiclik samandira olarak pet sise kullanilmigtir.
Pet siselerin baglandigi misinanin uzunlugu 5 m'dir.

Her operasyonda 50 adet olmak (izere, 10 operasyon
sonunda toplam 500 adet i1sik gubudu kullaniimistir. Isik
gubuklari her operasyonda 600 ignelik paraketanin ilk 200
ignesinin bulundugu kisimda kullaniimistir.

Olgeksiz
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Yesil renk veren 1sik gubuklari her dért ignede bir
késteklerde kancanin 1.5 m yukarisina konumlandiriimigtir.
Yem olarak, uskumru ve kalamar tercih edilmistir. Yemler
genellikle igneye biitiin olarak takilmis, fakat blyiik olan bazi
uskumrular ortadan ikiye gapraz bigimde kesilerek takiimistir.

Operasyonlarda elde edilen kili¢ baliklarinin, alt geneden
dlgllen catal boylari (LJFL=Lower Jaw Fork Lenght, £1 cm)
ve agirliklari (£10 g) dlgilmistir.

Balikgihk glcti (f), f = (a/1000) x g formiliyle
hesaplanmistir (De Metrio ve Megalofonou, 1988). Buna gore
(2'/1000), denizde gunliik atilan ve 1000 igne olarak ele
alinmis gabanin bir Unitesi; g, ¢aligilan gin sayisidir. Birim
gabaya diisen av miktari ise adet olarak CPUEN = N/
biyokiitle olarak CPUEg= kg/f ‘dir.

Isikli kisim ve 1s1ksiz kismin agirlikga ve sayi olarak birim
cabaya disen av verimlerinin (CPUE) karsilagtiriimasinda
normalite ve esdegerliligi test etmek icin her veri Kolmogorov-
Smirnov (Zar, 1999) testi kullanilarak hesaplanmistir. Ancak
anlamli sonug elde edilemedidi icin degerlendirme student-t-
testi ile log(CPUE)+1 ddniisiml uygulanarak yapilmistir.
Biitlin sonuglar standart hata (£SH) ile verilmistir.

BULGULAR

Takiminin toplamda 600 olan igne sayisl, 1sIkli kisim igin
200 ve 1siksiz kisim icin ise 400 igne olacak sekilde iki
bolimde karsilastirimistir. Toplam 10 operasyonun sonucu
1sikli kisimdaki 200 ignenin CPUE 352+61.32 kg/1000 igne;
Istksiz kisimdaki 400 ignenin agirikca CPUE 20+4.76
kg/1000 igne olarak ve tim operasyonlarin CPUE ortalamasi
131£71.85 kg/1000 igne olarak hesaplanmistir. Paraketanin
Itk gubugu kullanilan kismi ile kullaniimayan kismindan elde
edilen CPUE verileri karsilastirildiginda aradaki fark istatistiki
acidan 6nemli bulunmustur (P<0,05). Birey sayisi olarak isikli
kisimda CPUE ortalamasi 17+2.8 adet/1000 igne, isiksiz
kisimda CPUE ortalamasi 4+0.66 adet/1000 igne ve toplamda
CPUE ortalamasi 8,3£1.26 adet/1000 igne olarak
hesaplanmigtir (Tablo 1).

Tablo 1. Kili¢ paraketasinda balikgilik ¢abasi (f) ve Birey / Biyokitle
olarak CPUE (N= sayi; B; Biyokiitle; CPUEN= Birim Cabaya
Disen Av Miktar (Birey);CPUEs= Birim Gabaya Digen Av
Miktari (Biyokitle); SH= Standart Hata)

Table 1. Fishing effort (f) and CPUE in longline for swordfish related
to number or biomass (N= Number; B= Biomass; CPUEn=
Catch Per Unit Effort (Number);CPUEs= Catch Per Unit
Effort (Biomass); SH= Standart Error)

Operasyon Igne

Soyi 210 Sayier N Blka)  CPUE 2SH CPUEs iSH

Isikli

200 34 7037 02 17 28 352 6132
Kisim
ISkSiZ 400 16 796 04 4 066 20 476
Kisim
Toplam 600 50 7833 06 83 126 131 22.72

Operasyonlarda kilig baligi disinda toplam sayisi 12 adedi
bulan 8 farkli hedef disi tiir (by-catch) daha yakalanmistir.
Bunlar; 2 adet kalas bali§i (Ruvettus pretiosus), 2 adet

lambuka (Coryphaena hippurus), 3 adet miren (Muraena
helena), 1 adet Uckuyruk (Lobotes surinamensis), 1 adet
dikburun canavar (Isurus oxyrinchus), 1 adet sapan baligi
(Alopias vulpinus), 1 adet kumsal kdpek bali§i (Carcharhinus
plumbeus) ve 1 adet mavi képek baligidir (Prionace glauca).
Birey sayilarina gére tim operasyonlarda kilighali§i %81 ile
en ylksek oranda bulunmustur (Sekil 3).

L oxyrinchus 1% __ 4. vulpinus 1% _C. plumbeus 2%

I [R glauca 2%

L surinan i

X, gladius 81%

$Sekil 3. Birey sayilarina gére av oranlari
Figure 3. Catch rates depends on number of specimens

Isikli kisimda yakalanan kilighaliklarinin catal boylari 62-
152 cm ile agirliklari 1700-66400 g arasinda degistigi ve
ortalama boyun 110.1+4.28 cm, ortalama agirligin
20697+61.32 g oldugu tespit edilmigtir. Isiksiz kisimda ise
kiligbaliklarinin boylari 67-113 cm ile agirliklari 1700-13800 g
arasinda degistigi ve ortalama boyun 80.4+4.39 cm, ortalama
agirligin 4975+2.8 g oldugu tespit edilmistir.

Isik ¢ubugunun kullanildigi  kisimda yakalanan kilig
baliklarinin isikli kancaya olan yakinliklari incelenmis ve 1sikli
kancada %35.4, isikli kdstedin bir 6ncesi ya da sonrasindaki
kancada %47.1 ve diger kosteklerde %17.6 oraninda kilig
baligi yakalandigi tespit edilmistir.

Yakalanan kili¢ baliklarinin 1s1kli kancaya olan yakinliklar
ve agirliklar arasindaki iliski incelendiginde, 1sikli kancalarda
yakalanan av miktari orani %35, isikli kdstegin bir dncesi ya
da sonrasindaki kancalarda yakalananlarin baliklarin agirlik
olarak orani %57 ve paraketanin 1sikli kismindaki diger
kosteklerde yakalanan kili¢ baliklarinin toplam miktara orani
ise %8 olarak bulunmustur (Sekil 4). Isik gubugu takilan
kostekler ~ ve  1sikl - bolgedeki  dier  kostekler
karsilastirildiginda; 1sikli kancaya komsu olan kdsteklerde
yakalanan kilig baliklarinin orani daha fazla bulunmustur.

Diger
kostekler %8 0435

&\ o

komsu késtek
%57

$Sekil 4. Isik gubuguna yakinliklarina gére yakalanan kili¢ baliklarinin
agirlikga oranlari
Figure 4. Catch rates in weight of swordfish, caught by closeness to
light sticks
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TARTISMA VE SONUG

Fethiye bélgesinde yaklasik on yil dnce yapilan bir
calismada (Erdem ve Akyol, 2005), geleneksel pelajik kilig
paraketasinin birim ¢abaya dlsen av verimi (CPUE) 16+27.8
kg/1000 igne olarak tespit edilmistir. Bu ¢alismada ise tim
operasyonlarin CPUE ortalamasi 131+71.85 kg/1000 igne
olarak oldukga ytiiksek bir degerde bulunmustur. Isikli kisimda
CPUE ortalamasi 352+193.91 kg/1000 igne olarak, Isiksiz
kisimda CPUE ortalamasi 20+15.05 kg/1000 igne olarak
bulunmustur. Akyol vd. (2012), Ege Denizi'nde kili¢ uzatma
aglariyla yaptiklari galismalarda CPUE ortalamasini 38+4.2
kg/1000 m ag olarak tespit etmislerdir. Bu bulgularla 151k
cubuklarinin paraketalarda kullanilmasi ile ayni uzunluktaki
geleneksel ag ve paraketa takimlarina gore ¢ok daha yliksek
bir av verimi saglandii ortaya konmustur.

Orsi Relini vd. (2008), kuzeybati Akdeniz’de sémiiriiime
ve iklimsel sartlarin balik bolluguna etkisini arastirdiklari
calismalarinda, 1990-2006 vyillari arasindaki kilighalig
paraketa avciiginin CPUE’sini ortalama 116 kg/1000 igne
olarak bulmuslardir. Ito vd. (1998), Hawaii orjinli kilighalig
paraketa balikgihginda 1991-1993 yillari arasinda CPUE
verilerini 9-12 adet/1000 igne olarak hesaplamiglardir. Bu
calismada, 1sik kullaniimadan elde edilen CPUE ortalamasi
4+0.66 adet/1000 igne olarak Hawaii sularina gore disik
oranda bulunmustur. Bu durum Hawaii sularinda kilig
stoklarinin daha verimli olduguna isaret etmektedir.

Bu galismada 8 adet hedef disi tir elde edilmistir. Hedef
disi tlrlerin sayisal bazda bitlin ava orani %19'dur. Bu hedef
disi turler icerisinde agirlikca inceleme yapildiginda 6zellikle
kopek baligi tirleri 6n plana ¢ikmistir. Aires-da-Silva vd.
(2008), Kuzeybati Atlantik'teki isik ¢ubuklarinin mavi kdpek
baliklari oranini arttirdigini bildirmistir. Bu ¢alismada ise
yalnizca bir adet mavi kdpek bali§i yakalanmis olmasina
ragmen, dikburun canavar, sapan baliji ve kumsal kdpek
baligi tirlerinden de yakalanmigtir. Isik gubuklarinin genel
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anlamda kopek baliklarini  gektigi  goérilmistir; fakat
ornekleme sayisi az oldugu igin 6n plana ¢ikan kopek balig
tirl  saptanamamigtir. Bunun vyaninda, pelajik kilighaligi
paraketa avciidinda miren baliginin yakalanmasi pek olasi
bir durum degildir. Bu sasirtici durum, bazi operasyonlarda
riizgér ve akinti etkisiyle oldukga uzun olan paraketa takiminin
zaman zaman kuglk adaciklar ve kayaliklara dogru
strliklenmis olmasiyla agiklanabilir. Bunun sonucu olarak g
adet miren bali§i, adaciklarin gevresinde derinligin ¢ok
azaldi§ bolgelerden yakalanmis olmalidir.

Surlklenen pelajik uzatma aglariyla aveiligin  artik
yasaklanmis olmasi sebebiyle kilighali§gi avciligi tlkemizde
sadece zipkin ve paraketa ile mimkin hale gelmistir;
dolayisiyla dnceki yillara oranla av miktarlarinda bir dusls
olmasi beklenmektedir. Bu yiizden (ilkemizde kilighalig
avciliginin devam ettirilebilmesi icin alternatif av araglarina
ybnelik calismalar yapiimasi gerekmektedir. Bu calismalardan
biri de dinyanin birgok yerinde kullanilan 1sikli cezbedicilerin
av verimi Uzerine olan etkisini arastirmak olmaldir. XXI.
ylzyllin baginda pelajik aglarin yasaklanmasindan sonra,
Akdeniz Ulkelerinin tamami pelajik paraketalara yonelmis, kilig
av miktari bakimindan Akdeniz toplam avinin %76's!
paraketalarla elde edilmistir (ICCAT, 2008). Dolayisiyla
ulkemizde de uzatma aglarini birakmak zorunda kalan filonun
paraketaya gecisi icin tesvik uygulanmali ve d&zellikle
Yunanistan'da yaygin kullanilan ve geleneksel paraketalarla
karsilastirildiginda daha kolay atip toplanabilen, Amerikan tipi
kilig paraketalar! (Tserpes ve Peristeraki, 2010) ile avciliga
gegis icin bir yonetim plani olusturulmalidir. Bunun yani sira,
av verimini artirmak igin 11k gubugu kullanimi 6nerilebilir.
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Abstract: Paralytic shellfish poisoning death rate is the highest in the shellfish poisonings. Paralytic shellfish poisoning is very important terms of public health,
because of filtration of toxins from the body through the consumption of shellfish toxin, the effect of these organisms represent a very short time and is not an
effective diagnosis and treatment resulting in death within 24 hours. Toxin is determined for the first time in mussels named Saxidomus giganteus. Toxin is not
affected by cooking, heating, freezing, steam application. In addition, dinoflagellate with toxin which are living under optimum conditions in the water, negatively
affect the health of other living creatures in the waters and environmental health. In this review, we are provided information about issues related to public health
and the environment such as the general properties of the toxin, toxin carrying organisms, biotransformation, analysis methods and detoxification.

Keywords: Paralytic Shellfish Poisoning, Harmful Algal Bloom, Symptoms, Analysis Methods for Toxin, Legal Regulation

Ozet: Kabuklu deniz hayvanlarinin tiiketimine bagl olarak gelisen zehirlenmelerin iginde en yiiksek dliim oranini paralitik kaynakli zehirlenmesi olusturmaktadir.
Paralitik gida zehirlenmesi, filtrasyon yoluyla toksini biinyelerine alan kabuklularin tiiketimiyle viicuda alinan toksinlerin etkisini ¢ok kisa sirede géstermesi ve
etkili bir tani ve tedavi edilmezse 24 saat iginde 6liimle sonuglanan tablolara sebebiyet vermesinden dolayi halk sagligi agisindan oldukga 6nemli bir konumdadir.
ilk kez Saxidomus giganteus isimli midyede belirlendigi igin ismi saksitoksin olarak tanimlanmistir. Toksinin pigirme, isitma, dondurma, buhar uygulamasi gibi
islemlerden etkilenmemesi halk sagligi agisindan énemini arttirmaktadir. Ayrica toksin tasiyan dinoflagellatiarin suda yasamalari igin optimum sartlar
sadlandiginda sayilarini hizli bir sekilde artirarak su ve gevre kirliligine neden olmaktadirlar. insan sadligi yaninda cevre sagli§i ve sularda yasayan diger
canlilarin sagligini da olumsuz etkilemektedirler. Bu noktadan yola gikarak bu derlemede toksinin genel dzellikleri, toksini tagiyan canlilar, biyotransformasyonu,

analiz ydntemleri, detoksifikasyonu gibi halk ve gevre saglhigini ilgilendiren konular hakkinda bilgi verilmistir.

Anahtar kelimeler: Paralitik Gida Zehirlenmesi, Zararli Alg Gogalmasi, Semptomlar, Toksin Analiz Y6ntemleri, Yasal Diizenleme.

GIRIS

Dinya’ da su Urinlerinin tlketimi gin gectikge artmakta,
hayvansal ~ protein  ihtiyacinin  yaklasik ~ %16'sini
karsllamaktadir. Tirkiye cografi kosullarindan dolayi kabuklu
deniz hayvanlari ve balik yetistiriciligi agisindan 6nemli bir
potansiyele sahiptir (Erol, 2007). Turkiye' de avlanan kabuklu
deniz hayvani ve yumusak¢a miktari 2012 verilerine gére
80685.5 tondur. Bunlarin icinde istakoz 8 ton, beyaz kum
midyesi 612254 ton, kara kil midye ise 2093.4 ton
avlanmaktayken hig istiridye avi bulunmamaktadir. Uretilen
toplam su Urinleri miktari 644852 ton, i¢ tiketim miktari
532346 ton’ dur. Buna ek olarak 74006.5 ton su Urlnu ihrag
edilirken; 65384.1 ton su (rind ithal edilmektedir. Kisi basina
diisen su Uriinleri tliketimi ise 7.1 kg’ dir (Anon., 2013a).

Kabuklu deniz hayvanlari ve baliklar hijyenik kosullar
dikkate alinmadan elde edildiklerinde gesitli saglik sorunlarina
sebep  olmaktadir.  Kabuklu  deniz  hayvanlarinin
beslenmesinde énemli bir yere sahip olan dinoflagellatlar ve
cesitli  bakteriler tarafindan  olusturulan  toksinler  bu
hayvanlarin tlketimine bagli olarak intoksikasyonlara yol
acmaktadir. Olusan intoksikasyonlar 6liimle sonuglanabilen
ciddi saglk problemleri ve blylk ¢apli ekonomik kayiplara
neden olmaktadir. Turkiye' de bu intoksikasyonlara iligkin
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genel durumu ortaya koyacak bir veri bulunmamaktadir.
insanlarda kabuklu kaynakli paralitk gida zehirlenmesine
neden olan toksinler, kabuklu deniz hayvanlarinda toksik etki
gostermez. Ancak, toksini blnyesinde tasiyan bu kabuklu
deniz hayvanlarinin tiiketimi insanlarda 6limle sonuglanabilen
zehirlenmelere sebep oldugu bilinmektedir (Erol, 2007).

Kabuklu Deniz Hayvanlarindan Kaynaklanan Paralitik
Zehirlenme Tanimi

Paralitk gida zehirlenmesi (PSP), toksini olusturan
dinoflagellatlarla  beslenen kabuklu deniz hayvanlarinin
tiiketilmesi sonucu insanlarda gastrointestinal ve nérolojik
semptomlara neden olan ciddi bir hastaliktir. Alexandrium
angustitabulatum, ~ Alexandrium  fundyense, Alexandrium
lusitanicum, Alexandrium tamiyavanichii (Gerssen vd., 2010),
Alexandrium catanella, Alexandrium minutum, Alexandrium
tamarense,  Pyrodinium bahamense ve Gymnodinium
catenatum adi verilen dinoflagellatlarin hidrofilik toksinleri
PSP’ ye neden olabilmektedir (Oikawa vd., 2002).
Dinoflagellatlarin yani sira siyanobakterilerin de PSP toksinleri
(PST) dUretebildigi ortaya konmustur (Negri, 1995). Diinya
¢apinda algal toksinlerden kaynaklanan yillik 50000- 500000
intoksikasyon vakasi; intoksikasyona bagli 6lim orani ise
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%1.5 olarak rapor edilmistir. Algal toksinler insan saglgini
olumsuz etkilerken, yogun bir sekilde balik ve epidemik olarak
da deniz memelilerinin ve kuslarinin 6limine neden
olmaktadir (Wang, 2008).

TOKSIN OZELLIKLERI

PSP’ye neden olan toksinlerin 30 farkli tiirevinin oldugu
saptanmigtir (Anon., 2011). PSP toksinlerinden ilk karakterize
edilmis olan saksitoksindir. PST'ler alkaloid yapili, suda
¢Oziinebilir ve protein yapisinda olmayan toksinlerdir (Kodama
ve Sato, 2000). PST'ler N-stilfokarbamil yapili toksinler harig
asidik ortamda isiya direngli ve daha kararli yapidadir. Oda
sicakliginda alkali ortamda kararsiz ve kolaylikla okside
olabilen yapidadir (Mons vd., 1998). Su ve metanol iginde
¢Oziinebilen PSTler, etanol ve asetik asitte kismen
¢Oziinebilmektedir ~ (Concon,  1988).  Hidroklorik  asit
sollisyonunda vyillarca toksisitesini kaybetmeden saklanabilir.
Saksitoksin pisirme, 1sitma (120 °C'deki suda aktivitesini
korur), dondurma ve buhar uygulamasi gibi islemlerden
etkilenmez fakat; gonyatoksin (2, 3) diisiik pH degerlerinde
Istya oldukga duyarlidir (Yen vd., 2006).

PSTler  hidrofiik ~ veya  hidrofobik  karakterde
olabilmektedir. Hidrofilik yapili PST’ ler yapisinda hig siilfat
grubu icermeyen veya bir ve iki sllfat grubu igeren
toksinlerdir. Hidrofobik  grubu  tasiyan  toksinler
siyanobakterilerden  tanimlanmigtir.  PST’ler  karbamil,
dekarbamil, N-siilfokarbamil ve hidroksilat saksitoksin (M1- 4)
olmak tizere dort gruba ayrilir. En toksik grup olan karbamil
grubunda saksitoksin (non-sulfat), neosaksitoksin (non-silfat)
ve gonyayoksin (monostilfat) bulunmaktadir. C1-4 (disilfat) ve
B1 toksinleri igeren N-silfokarbamil grup en az toksisiteye
sahiptir. Dekarbamil saksitoksin, dekarbamil neosaksitoksin ve
dekarbamil gonyatoksinleri (1-4) igeren dekarbamil grubudur.
Dekarbamil grubu toksinlerin etkisi heniiz tam olarak
bilinmemektedir. Saksitoksinler perhidropurin iskeletine sahip
olup vyapisal farklliklari karbamat, silfat, hidroksil,
hidroksibenzoat ~ veya  asetat  grubu  bulundurup
bulundurmamasina gére olusmaktadir (Wiese vd., 2010).

Saksitoksin, ilk olarak ABD'de 1950'li yillarda izole
edilerek biyolojik silah olarak kullanilmigtir (Kilig, 2006).
Saksitoksinin mermi basliklarina yerlestirilerek test edildigine
dair cesitli belgeler bulunmaktadir. Sicak gaz ortamda stabil
olmasi ve olusan klinik tablonun yilksek mortalitesi nedeniyle
énemli bir biyolojik silah ajanidir (Yen vd., 2006).

Toksini Taglyan Canlilar

Cift kabuklular PST ile ilgili en gok calisilan gruptur
(Lehane, 2001). Filtrasyon yoluyla beslenen yumusakgalar,
ozellikle midye ve istiridyeler, PST'lerin alisilmis tasiyicilari
olmalarina ragmen, filtrasyon yoluyla beslenmeyen karindan
bacakli deniz hayvanlari, bazi kabuklular ve baliklarin da bu
toksinleri tasidigini gosteren calismalar bulunmaktadir (Mons
vd., 1998). Sardalyalar da toksik dinoflagellatiari tliketmesi
sonucu PSTleri tagirlar (Oshima, 1989). Yapilan bir
calismada Taiwan'da yetigtirilen sut baliklart  PSTleri

biyoakiimile etmedigini ortaya g¢ikarmigtir. Onun yerine
toksinleri sindirim sistemlerinde tagirlar. Eger bu toksinleri
binyelerinde tagirken avlanirsa veya satisi yapilirsa tiiketicide
risk olusabilmektedir (Hallegraef, 1993). Bazi deniz memelileri
ve kuslar toksinlerin bulundugu ortamda yasamaya adapte
olmuglardir. Ornegin deniz samurlari saksitoksinin yiiksek
konsantrasyonlarini belirleyebilir. Buna bagll olarak da bu
toksik kabuklu Uriinleri yemekten kaginirlar (Kvitek vd., 1991).
Mavi-yesil kanatll martilar ise agizlarina aldiklari toksin iceren
deniz Grdnlerini geri ¢ikartarak kendilerine 6zgl bir savunma
tablosu gosterirler (Kvitek, 1991). ihmal edilmemesi gereken
ve insan saghgini olumsuz etkileyecek bir diger saksitoksin
tastyicisi sudur. Avustralya’ da igme sularinin %70'ini yiizey
sulari olusturmaktadir. iklim degisiklikleri, tarimsal atiklar, alg
birikimi gibi bircok faktér igme sularinin kalitesini olumsuz
etkilemektedir. Avustralya'da tatli sularda siyanobakteriler
oldukga yaygin bulunmaktadir. Buna bagli olarak toksin
birikimleri  gdzlenmektedir.  Yapilan galismalar  sonucu
Avustralya’da bir icme suyu aritma tesisinde su islenmeden
once 17 pglL, anitma isleminden sonra ise 1 g’ dan daha az
toksin igerdigi saptanmistir (Hoeger vd., 2004).

Toksinin Kabuklu Deniz Hayvanlarinda Biriktigi
Organlar

Deniz taraklarinda toksin sindirim bezlerinde oldukga
yogun bulunurken solungaglarinda, yumurtaliklarinda ve
kapanma kaslarindaki (adduktor kas) konsantrasyonu 80
Mg/100 gr'dan daha azdir. Toksin istiridyelerde tlketilen tek
kisim olan kapanma kaslarinda kolaylikla bulunmadigi igin
toksik alglere maruz kalsalar bile bu kisimlar halk sagligi icin
tehlike arz etmez (Cembella vd., 1993). Ayrica istiridyeler
daha ¢ok yosunlarla beslendiklerinden genellikle herhangi bir
sorun tegkil etmemelerine ragmen Ispanya’nin kuzeybati
sahillerinde istiridyelerde PST varli§i rapor edilmistir (Bravo
vd., 1999). Midyelerde yapilan bir galismada toksin birikiminin
en c¢ok oldugu organdan en az oldugu organa dogru
hepatopankreas (eklembacakli ve kabuklu hayvanlarda
sindirim sistemi organlarindan biri), i¢ organlar, solungaglar,
bacaklar ve kapanma kaslari seklinde siralamigtir (Kwong,
2006).

Toksinin Biyotransformasyonu

Saksitoksinler bir molekil formunun diger molekil
formuna donistigi kimyasal transformasyon gegirebilirler
(Oshima vd., 1990). Boylece toksinlerin transformasyonu
bitin toksisiteyi degistirebilir (Levin, 1992). Transformasyon
dinoflagellat hiicreleri veya su hayvanlar tarafindan
gerceklestirilir. Yapilan bir galismada, deniz taraklarinda ve
midyelerde, bazi kosullarda toksik alglerden alinan
saksitoksinin  transformasyona ugradi§i  gozlemlenmistir
(Oshima vd., 1990). Bu sekilde bir transformasyonun toksinin
baslangigtaki etkisini 11 kat azalttigi; ancak bazi kosullarda

asit hidroliz yoluyla SO's (sUlfir trioksit) gruplari ayrilarak
saksitoksin molekuliiniin toksisitesinin 6 kat artmasina neden
oldugu saptanmigtir (Mons vd., 1998). Bu noktada insanlarda
kabuklu deniz Urlnleri tiiketimi sonrasi mide asit ortaminda
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toksinin hidrolizi gergekleserek toksisitesi artmakta bdylece
toksin daha tehlikeli duruma gelebilmektedir (Sullivan, 1988).

Dinoflagellatlardaki toksin metabolizmasi hakkinda yeterli
bilgi olmamasina ragmen, toksin transformasyonunda baz
enzimlerin gérev aldigi bildirilmistir. Alexandrium turlerindeki
oksidaz aktivitesi ile toksinlerin oksidasyonlari katalizlenir.
Ancak bu enzim bu tlirlerin hepsinde bulunmayabilir (Oshima,
1995). Diger taraftan Gymnodinium tiirlerinde bulunan N-
slilfotransferaz enzimi ile donlsim gergeklesebilmektedir
(Yoshida vd., 1996). Bu enzim sistemlerinin varlig
dinoflagellat  tlirlerinin ~ karakteristik  toksin  profillerini
aclklayabilir (Oshima, 1995). Ayni sekilde kabuklularda
toksinlerin  transformasyonunu saglayan enzimlerin varlig
gosterilmis; fakat enzimlerin neler olduguna dair yeterli bilgi
edinilememistir ~ (Shimizu ve  Yoshioka, 1981).
Transformasyon, enzimatik olabildigi gibi enzimatik olmayan
yollarla  da  gergeklesebilmektedir. ~ Gonyatoksinlerin
saksitoksinlere transformasyonunu saglayan enzim kabuklu
deniz hayvanlarinda bulunamamasina ragmen,
transformasyon bu hayvanlarda gerceklesmektedir. Bu sekilde
gerceklesen transformasyon metabolik olup oldukga yavas
sekillenmektedir (Kodama, 2010).

Giney Sil'de PST'lerle kontamine kabuklu deniz
Urdnlerinin tiketimi sonucu élen insanlarin postmortem kan ve
doku analizlerinde bazi toksinlerin transformasyona ugradigi
saptanmistir. Toksinlerin transformasyonun belirlenmesinde
organizmada kalis siresi énemlidir. Saksitoksinin oksidasyona
ugrayarak neosaksitoksine dénustigu bildirilmistir (Garcia vd.,
2004).

Glikronidasyon, yabanci maddeleri ve birgok endojen
bilesenlerin polar suda ¢dzlnebilir bilesiklere ddnistiiren
mekanizmalardan biridir. Metabolizmanin son Urini olan
glikronitler ya idrar ya da safra yoluyla uzaklastirilirlar
(Burchell vd., 1995). Birgok yabanci madde viicuda girdiginde
direkt glikronide edimez. Once konjugasyon igin uygun bir
aliciya verilerek transformasyonu saglanir. Glikronidasyon
reaksiyonu onemli bir detoksifikasyon mekanizmasi olup
organizmanin Urettigi ksenobiyotiklerin metabolik dénligimunt
saflayarak idrar ve safra ile vicuttan uzaklasmasini
saglamaktadir (Garcia vd., 2009).

Bir grup arastirmaci yaptiklari bir calismada B-glikronidaz
enzimini kullanarak glikronik toksinlerin B-glikronidaz ile
hidrolizinden sonra floresan isik verme ozelligini dlgerek
glikronidasyon oranini belirlemiglerdir. Glikronik asit, toksinin
tetrahidropurin yapisindaki hidroksil karbonlari ile etkilesime
gegerek toksinden konjuge glukronik asit agiga ¢ikar. Glikronik
PST  kompleksinin  olusumu, insanlarda  toksinlerin
detoksifikasyon yolunun baslangicidir (Garcia vd., 2009).

Toksinin Etki Sekli

Filtrasyon yoluyla beslenen bircok deniz hayvaninin
sinirleri ve kaslarinda impuls iletimi kalsiyum kanallari ile
kontrol edilmektedir. Saksitoksin ve diger PST'ler ise sodyum
kanallari vasitasiyla aktarilan impulslari bloke etmektedir. Bu

durumdan dolay! PST’ler bu deniz hayvanlarinda onlara zarar
verecek toksisite meydana getirmezler (Kao, 1993). Birgok
algal toksinler sinirlerle kaslar arasindaki elektriksel baglantiy!
keserek insanlarda hastalia neden olurlar. Spesifik membran
reseptorlerini baglayarak hiicre i¢i sodyum, potasyum gibi
iyonlarin  konsantrasyonunu degistirirler (Anderson, 1994).
PST'ler uyarilabilir hicrelerde yiklli sodyum kanallarina
baglanarak sinir hiicresi boyunca sodyum gegisine engel olur.
Bdylece gelen sinyallerin iletimi engellenir (Bricelj vd., 2005).
Genellikle bitin  PSTler bu sekilde etki gdsterirken
neosaksitoksin, gonyatoksin gibi bazi analoglari sodyum
kanallarinda amino asit dizilimi bakimindan farkli olan, ayni ya
da farkli genler tarafindan kodlanan diger bélimlerini bloke
ederek etki gosterirler (Usup, 2004).

PST taslyan dinoflagellatlardan filtrasyon yoluyla beslenen
kabuklu deniz hayvanlarini tiketen kisilerde gevresel sinir
sistemine etki eden toksinlerin olusturdugu belirtiler yizde,
kollarda bacaklarda uyusukluktan felg olusumuna kadar
gitmektedir. ilerleyen vakalarda solunun yetmezii§i sonucu
0lim gergeklesir (Rapala vd., 2005). PST'lerin gevresel sinir
sistemi Uzerindeki etkisinin yaninda merkezi sinir sistemine de
etki ettigi konusunda tartismalar yapiimaktadir (Naseem,
1996).

Toksin Detoksifikasyonu

Toksinin su ile insanlara bulasmasini 6nlemek icin algal
saha olusumlarini dnlemek gerekmektedir. Bu nedenle
alglerin gelisimini 6nleyici kimyasallar maddeler yardimiyla
sularin  temiz  tutulmasi  gerekmektedir. Bakir silfat
uygulamalarinin algal saha olusumlarini énledigi bilinir. Ancak
alg hiicre sayisi ¢oksa hiicreleri pargalayip hucre igindeki
toksinin disari ¢ikmasina neden olabilmektedir. Suya karigan
toksin 1-2 ay bu ortamdan uzaklastirmak zor oldugu igin
hiicrelerin pargalanmasina sebep olabilecek uygulamalardan
kaciniimalidir. Buna ilave olarak ozon, klor, potasyum
permanganat algal saha olusumlarini dnlemek icin kullanilan

diger kimyasallardir (Newcombe vd., 2004). Kimyasal
uygulamalara ilaveten toksin tasiyan kabuklu deniz
hayvanlarinin 120 derecede 5-60 dakika sicaklik

uygulamasindan sonra toksinin %50-100 oraninda detoksifiye
oldugu ayni zamanda kabuklu deniz hayvanlarina uygulanan
pisirme islemi sirasinda pisirme suyuna ilave edilen yemek
sodasiyla 20 dakikalik bir kaynamadan sonra ise toksinin
%85 oraninda detoksifiye oldugu bildirilmistir (Anon., 2012).

ZARARLI ALGAL SAHA OLUSUMU (HAB)

Toksik  dinoflagellatlar, ~kabuklu deniz  hayvanlari
tarafindan beslenmek igin alindiginda toksinleri kabuklu deniz
hayvanlarinda birikerek insanlar ve diger tlketiciler igin
oldirlicu etki yapar. Bu durum zararli algal saha olusumunun
bir etkisi olarak ortaya ¢ikar (Hallegraef, 1993). Dinoflagellatlar
gelismek icin ik, dislk tuz oranli ve bol glines 151§1 alan
bélgeleri tercih ederler (Acres ve Gray, 1978). Deniz suyunun
ml'sinde 20 bin hlicreyi asarlarsa algal saha olusumu baslar.
Algal sahanin rengi alg tiiriine gére degisebildigi gibi sahanin
derinligine ve alg konsantrasyonuna bagl olarak da

141



Demirel and Gelik, Ege J Fish Aqua Sci 30(3): 139-146 (2013)

degisebilir. Sari, yesil, mavi veya kahverengi olabilir (Bower,
1981). Zararsiz toksik olmayan algler de suyun rengini
degistirebilir. Kabuklu deniz hayvanlari alg sahasi olusumu ile
hemen toksik Ozellik kazanmadi§i gibi ayni zamanda algal
saha olusumundan uzun slre sonrasina kadar toksisitesini
koruyabilir (Halstead ve Schantz, 1984).

Esasen alg populasyonunun yodunlugu kabuklu
intoksikasyonu icin bir parametre degildir. Mililitrede 200
dinoflagellat bulunmasi bile kabuklularda toksisiteye neden
olabilmektedir (Halstead ve Schantz, 1984). Toksik olmayan
algal saha olusumlari da yiiksek biyokitleli sahalarin olusumu
gibi cesitli yollarla zararl olabilir. Bu sahalarda zamanla
oksijen azalmaya baslar; dip kisimlara 11k gegisine engel olur
ve genisge bir alana etkiyerek bitkilerin ve hayvanlarin
Olimlerine sebebiyet verir. Baliklar ve kabuklu deniz
hayvanlari igin besin kaynadi olan sualti bitki ortlistinin
yogunlugunun azalmasina neden olarak ekosisteme olumsuz
etki yapmasinin yaninda kirlilik artigina da neden olmaktadir
(Anderson, 2009).

Algal saha, lag fazinda bulunan az sayida toksik
dinoflagellat hiicreleriyle veya sedimentte bulunan kist
formlarinin olusumuyla baslar (Hall, 1982). Tuzluluk oraninin
degismesi, su sicakhginin artmasi, besin kaynaklarinin
artmasi ve giines 15131 gibi cevresel faktorler kistik formun
vejetatif forma donlismesini  saglar. Saha olusumu
basladiginda  bliyime fazinda olan dinoflagellatiar
populasyonlarini yodun bir sekilde arttirirlar. Zamanla sudaki
besinlerin tikenmesi, karbondioksitin tikenmesi, cevresel
faktérlerin  olumsuzlasmasina bagli olarak blyime orani
azalmaya baslar. Durgunluk fazina gegen populasyon suda
‘kirmizi akint’’ (red tide) olusumuna neden olur. Devam eden
kétl cevre sartlari sonucu hiicreler dlmeye baglar. Bu
asamada birgok dinoflagellat tirler kist formuna gegerek bir
sonraki algal saha olusumu igin denizin dip kismina yerlegirler.
Bu dongii sirasinda yasli olan hiicreler toksik transformasyona
ugrarken en toksik hiicreler ireme fazinin tam orta noktasinda
olusmaktadir. Toksik dinoflagellatlar ortamda nitrojen varsa
daha fazla saksitoksin (retirler. Fosfor eksikliginde ise
hicreler ~saksitoksin  Uretmeye devam edecedi igin
dinoflagellatlar daha toksik hale gelir. Fakat azalan hiicre
¢ogalmasi toksinlerin yeni tretilen hiicrelere transferine engel
olur (Anderson vd., 1990).

TOKSIN ANALiZ YONTEMLERI
Biyolojik Denemeler

Farelerde yapilan biyolojik denemelerin en dnemli avantaji
PST lerle iligkili tlim toksinlerin belirlenebilmesidir. Elde edilen
sonuglarla insan sagligi acisindan risk degerlendirmesi
yapilabilmektedir (Humpage vd., 2010).

Agirhgr 20 gram olan farelere kabuklunun asit
ekstraktindan 1 ml enjekte edilmesi ile kisa zamanda 6ldukleri
rapor edilmistir. Toksisitesi yiksek ekstraktin seyreltilerek
verilmesi sonucu ise 5-15 dakikada 6lim goéralir. 20 gram
agirhgindaki fareyi 15 dakika iginde oldiiren enjekte edilen

toksin miktari bir fare Gnitesi (Mouse unit: MU)'dir. Bu deger
de 0.18 g saksitoksine es degerdir. 19-22 kg agirligindaki
fare  toplulugunun  gdzleminin  zamanla  glglesmesi,
belirlenecek limitlerin farelerin  soylarina goére degisiklik
gostermesi, 8liim zamanlarinin toksine gére degismesi, 6lim
zamaninin tam olarak belirlenememesi, isleminin yodun bir
emek istemesi, ¢cok sayida hayvan kullanilmasi sistemin
dezavantajlar olarak belirtiimektedir. Birgok Avrupa Ulkesinde
farelerin kullanimini  azaltmak amaciyla denizlerde toksik
alglerin  varsayimsal sayimina yonelik kalitatif bazi
yontemlerde kullaniimaktadir (Mons vd., 1998).

Kromatografik teknikler

Toksinlerin belirlenmesinde en yaygin kullanilan yéntem
HPLC (high performance liquid chromatography)'dir. Ancak,
bazi ¢alismalar algal saha olusumu sirasinda ¢ok sayida
ornekle analiz yapilmasinda guglikler olustugunu, baz
toksinlerin ayni oksidasyon (rlnlerinin olusumuna neden
oldugunu ve bu nedenle ekstraksiyon isleminin dogru olarak
sekillenmedigini gostermigtir. Her bir toksinin kimyasal yapilari
farkli oldugundan diizenli olarak toksin standartlari kullanilarak
sistemin kalibre edilmesi gerekmektedir. HPLC &nemli bir
belileme metodu olmasina ragmen énemli derecede beceri,
zaman gerektiren ve rutin olarak kontrolinin yapilmasi
gereken bir sistemdir (Mons vd., 1998). PSP toksinleri zayif
kromofor  Ozelliktedir. Alkali  soliisyonlarda  oksidasyona
ugradigi zaman asit sollisyonlarda floresan veren purin
formuna dontusmektedir. Bu reaksiyon pre ve post kolon
oksidasyonla gerceklestirilerek purinlerin floresan
dedektdriinde gosterilmesi esasina dayanmaktadir (Kodama
ve Sato, 2000). Yani floresan 6zelligi olan bir dedektor
kullanilir. Son zamanlara kadar sadece saksitoksin standardi
ticari olarak bulunmaktayken su zamanlarda saksitoksin,
neosaksitoksin ve gonyatoksin standartlari ticari olarak
bulunmaktadir (Mons vd., 1998). Bunlarin mevcudiyeti HPLC
ile elde edilen verilerin kalitesini 6nemli 6lgide arttirmaktadir
(Wright, 1995). Metodun en dnemli avantaji, pozitif Grneklerin
kisa zaman igerisinde sonug vermesi ve ylksek verimlilik
ozelliginde olmasidir (Etheridge, 2010).

KABUKLU KAYNAKLI PARALITIK ZEHIRLENMELER

Saksitoksin sindirim ve solunum yoluyla alindiginda
zehirlenme gelisir (Concon, 1988). Toksin suda kolayca
¢Ozinebildigi igin aerosol yolla da kolayca ortama
yayilabilmektedir. Toksin oral yolla alindi§inda LDso 10 pg/kg,
inhalasyon yolu ile LDso 2 pg/kg'dir (Kilig, 2006).

Zehirlenme siddetine bagl olarak semptomlar degisiklik
gostermektedir. Tlketilen gidadaki PSTlerin varlig, tiiketim
miktari, toksinlerin vicuttan uzaklastirimasina bagl olarak
semptomlar olusmaktadir. Tiketilen gidadaki miktar yiksek
dizeyde ise birka¢ dakika icinde semptomlar ortaya
clkmaktadir (Kao, 1993).

Hafif vakalarda 30 dakika igerisinde dudaklar gevresinde
karincalanma hissi veya uyusma hissedilmektedir. Bu etkiler
toksinlerin  agizdaki muk6z membran vyoluyla absorbe
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olmasiyla ortaya gikmaktadir. Belirtiler yavas yavas yiize ve
boyuna dogru ilerlemeye baglar. Ayak parmadi ve parmak
uclarinda aci veren agri, uyusma ile birlikte kulakta ginlama,
bas agrisi, uyku hali, bogaz ve deride kuruma, mide bulantisi,
kusma, ishal gibi semptomlarla karakterizedir. Bazi
zamanlarda gegici korlik gelismektedir. Semptomlar kisa sire
icerisinde gorilirken iyilesme uzun zaman almaktadir. Duyu
sinirleri motor sinirlerden daha ince oldugundan daima ilk
once etkilenmektedir. Bunu sonucu olarak da kas zayifligi
baslangi¢ semptomlardandir (Hallegraef, 1993; Kao, 1993).

Orta siddetli vakalarda karincalanma hissi kol ve
bacaklara dogru ilerler. Bunu takiben bas dénmesi ve
konusma bozuklugu, gérme bozuklugu olusur. Ataksi, motor
inkoordinasyonlar belirir. Solunum gli¢liigli bodaz sikillyormus
hissi ile belirmeye baglar (Hallegraef, 1993; Kao, 1993).

Siddetli vakalarda, muskuler paraliz yaygindir ve gittikce
derinlesir. Nabiz genellikle normaldir. TUketimden 2-24 saat

sonra  solunum  kaslarinin  paralizini  takiben  6lim
gozlenmektedir (Hallegraef, 1993; Kao, 1993).
Hastalarin  %100'inde agiz ¢evresinde uyusukluk,

%66.6'sinda vicudun alt ve Ust kisimlarinda uyusukluk,
%41'inde bas agrisi, %38.2'sinde kusma, %33.35'inde ylzde
uyusukluk, %25’inde karin agrisi, %20'sinde biling kaybi
goriimUstir (Garcia vd., 2005).

Toksinin  antidotu  olmadigindan  hastalar  acilen
semptomatik ve destekleyici tedavi altina alinmalidir
(Franquelo vd., 1998). Hastalar kontamine gidalar tiikettikten
hemen sonra hastaneye getirildiginde gastrik lavaji takiben
aktif kdmir uygulamasiyla toksin uzaklastirimaya calisilarak
daha fazla emilmesine engel olunur. Alkali ve sodyum iceren
sollisyonlar saksitoksinin sinir baglanti bolgelerindeki etkisini
bloke eder (Acres ve Gray, 1978).Toksinler alkali ortamda
hidrolize olurlar. Béylece zehirlenme siddeti azalir (Franquelo
vd., 1998). Bunlara ek olarak da solunum desteklenir. Yapilan
tedaviler sonucu ise hastalarin 24 saatten daha az bir sire
icerisinde durumu sabitlesir (Andrinolo vd., 2002; Andrinolo
vd., 1999).

Alkol tiketiminin zehirlenme (zerindeki etkisi hala tam
olarak anlagilamamistir. Bazi aragtirmacilar zehirlenmenin
yan etkilerine karsi koruyucu etkisi oldugunu soyler fakat
bunun mekanizmasi ortaya gikarilamamistir. Alkol didretik etki
yaparak idrar yoluyla daha ¢ok toksin uzaklastiriimasini
saglayabilir. Ayni zamanda karaciger enzimleri (zerinde
uyarici etki yapabilir. Alaska'da 47 salginda yapilan vaka-
kontrol ¢alismalarinda alkol tliketen kisilerde zehirlenme
riskinin azaldi§i belirlenirken, cinsiyet farkinin zehirlenme
olusmasi Uzerinde herhangi bir etkisinin olmadigi gortimastir
(Gessner ve Middaugh, 1995).

PARALITIK ZEHIRLENME KAYNAKLI SALGINLAR

PSP kaynakli élim oranlari degiskendir. Kuzey Amerika
ve dodu Avrupa’da meydana gelen salginlarda 200 kisinin
hastaliga yakalandigi bildirilmigtir. Bu vakalarda &lum
gorilmemistir. Ancak benzer salginlar gliney dogu Asya ve

Latin Amerika’da g6zlenmis %2-14 arasi olim orani tespit
edilmistir. Oliim oranlarindaki bu farklilik, kentsel bélgelerdek
zehirlenme durumlarinda saglik gérevlileri bu tarz zehirlenme
vakalarina karsi deneyimli olmalari hastalara gok ¢abuk tibbi
muidahale yapilabilmelerinden  kaynaklanmaktadir ~ (Kao,
1993). Endemik olarak gdzlenen zehirlenme vakalari 70'li
yillarin basinda Kuzey Amerika, Avrupa ve Japonya'da
bildirilmekteyken giinimizde Guney Amerika, Avustralya,
Giiney Asya, Hindistan'da goriilmektedir. Kuzey Amerika'da
PSP vakalari hem kuzey hem de gliney sahillerinde sezonal
olarak gérilmektedir (Hallegraef, 1993).

Florida’da 2002 yilinin Ocak ayinda gemi gezisi sirasinda
tuttugu bah@r tiketen bir kiside zehirlenme belirtileri
gbzlenmistir (Anon., 2013b). 1997 yilinda Amerika'da yaslari
13-61 arasinda degisen 11 vakada olim gorilmemistir
(Gessner vd., 1997). Dogu Timor'da 2000 yilinin Ocak ayinda
yengeg tiketen yetigkin bir erkedin saatler igerisinde 6ldugu
bildirilmistir (Llewellyn vd., 2002). Sil’de 2004 yilinda 2
yetiskin erkegin 7-9 adet midye tliketimine bagli olarak 225
Mg/kg toksine maruz kaldiktan 3-4 saat sonra olimleri
gerceklesmistir (Garcia vd., 2004). 2005 yilinda Sili'de 4
yetiskin erkek 53 pg/kg ile solunum bozuklugu yasamistir
(Garcia vd., 2005). 2005 yilinda orta Amerika’da bulunan
Nikaragua'da PSP vakalari goriimis ancak vakalarda 6lim
gorilmemistir (Anon., 2013b). En son Alaska’da 2010 yilinin
haziran ayinda paralitik gida zehirlenme tablosu gértlmis ve
iki kisinin hastaneye kaldirimasiyla sonuglanmistir (Anon.,
2013c).

YASAL DUZENLEME

853/2004/EC sayill Hayvansal Gidalar igin Spesifik Hijyen
Kurallari hitkiimleri ile Gida Tarim ve Hayvancilik Bakanliginin
Hayvansal Gidalar igin Ozel Hijyen Kurallari Yonetmeliginde
toplayicilar, canl cift kabuklu yumugsakcalari Bakanlik ve
uygun durumlarda gida isletmecisi ile isbirligi icerisinde
sadece yeri ve sinirlari belirli olan A, B veya C olarak
siniflandirilan dretim alanlarindan toplar. A sinifi Gretim
alanlarindan toplanan canli gift kabuklu yumugsakgalari, insan
tiiketimi igin bagka bir muameleye tabi tutmadan piyasaya arz
edebilir. B sinifi iretim alanlarindan toplanan canli ¢ift kabuklu
yumusakgalari, vyatirdiktan veya arindirma merkezinde
arindirdiktan sonra insan tiketimi icin piyasaya arz eder. C
sinifi  Uretim  alanlarindan  toplanan canli  ¢ift kabuklu
yumusakgalarl, en az iki ay olmak Uzere yeterli siire
yatirildiktan sonra, insan tliketimi igin piyasaya arz eder
(Anon., 2013d).

Gida isletmecisi, insan tiketimi icin piyasaya arz edilen
canl ¢ift kabuklu yumusakgalarin Gida Hijyeni Yonetmeliginin
gerekliliklerini karsilamak (zere mikrobiyolojik kriterlere ve
asagida belirtilen standartlara uygun olmasini saglar:

a) Canli ¢ift kabuklu yumusakgalarin kabuklari kirden ari
olmali, darbelere karsi yeterli dirence, kabuklar arasi sivi
miktarinin normal olmasi da dahil olmak (zere tazelik ve
canlilik ile ilgili duyusal ézelliklere sahip olmalidir.
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b) Tim viicutta veya vyenilebilen kisimda toplam
hesaplanan deniz biyotoksinlerinden felg edici kabuklu deniz
hayvanlari zehiri (PSP) i¢in, 800 pg/kg limitini gegemez. Deniz
biyotoksinleri i¢cin tanimlanan test yontemleri Bakanlik¢a
belirlenir. Sevkiyat merkezinden ayrilan veya diger bir sevkiyat
merkezine gelen tim canl ¢ift kabuklu yumusakcalarin
paketleri kapall olmalidir. Dogrudan perakende satisi
planlanan canli ¢ift kabuklu yumusakgalarin paketleri, son
tikketiciye arzina kadar kapali olmalidir. Canli ¢ift kabuklu
yumusakcalar, perakende satis icin paketlendikten veya
sevkiyat merkezinden ayrildiktan sonra, tekrar suya batiriimaz
veya Uzerlerine su plskirtliimez (Anon., 2013d).

854/2004/EC  sayill Hayvansal Gidalarin  Resmi
Kontrollerine lliskin Avrupa Parlamentosu ve Konsey Tiiziigii
hiikiimlerine paralel olarak hazirlanan Hayvansal Gidalarin
Resmi  Kontrollerine lliskin  Ozel Kurallari  Belirleyen
Yonetmelige gore ise yumusakgalarda toksin analizleri igin
numune alma sikligi, drtin alimina izin verildigi dénemlerde
genel olarak haftada bir kez yapilir. Toksinler veya bitkisel
planktonlar Uzerinde gergeklestirilen risk degerlendirmesi,
toksik epizotlara iliskin dlstk bir risk oldugunu gdsteriyorsa,
bu siklik belirli bélgelerde veya belirli tiirlerdeki yumusakgalar
icin azaltilabilir. Ancak bu risk degerlendirme sonucu haftalik
numune alma sikidinin yetersiz oldugunu gdsteriyorsa
numune alma sikligi arttirilir. Bu bolgelerdeki canli ¢ift kabuklu
yumusakgalarda ortaya ¢ikan toksin riskini degerlendirmek
amaciyla risk degerlendirmesi periyodik olarak gézden gegirilir
(Anon., 2013d).

KAYNAKLAR

Acres, J., Gray, J., 1978. Paralytic shellfish poisoning. Canadian Medical
Association Journal, 119, 1195-1197.

Anderson, D.M., Bricelj, V.M., Lee, J.H., Cembella, A.D., 1990. Uptake
kinetics of paralytic shellfish toxins from the dinoflagellate Alexandrium
fundyense in the mussel Mytilus edulis. Marine Ecology Progress
Series, 63: 177-188. doi: 10.3354/meps063177

Anderson D.M., 1994. Red Tides. Scientific American, 271(2): 52-58.
doi: 10.1038/scientificamerican0894-62

Anderson, D.M., 2009. Approaches to monitoring, control and management
of harmful algal blooms. Ocean Coastal Management,52(7):342.
doi: 10.1016/j.ocecoaman.2009.04.006

Andrinolo, D., Michea, L., Lagos, N., 1999. Toxic effects, pharmacokinetics
and clearance of saxitoxin, a component of paralytic shellfish poison
(PSP) in cats. Toxicon, 37(3): 447-464.
doi: 10.1016/S0041-0101(98)00173-1

Andrinolo, D., Iglesias, V., Garcia C., Lagos, N., 2002. Toxicokinetics and
toxicodynamics of gonyautoxins after an oral toxin dose in cats.
Toxicon, 40 (6): 699-709. doi: 10.1016/S0041-0101(01)00263-X

Anonymous, 2011. Red Tide
<http://serc.carleton.edu/microbelife/topics/redtide> (10.03.2012).

Anonymous, 2012. Centers For Disease Control and Prevention. Paralytic
shellfish outbreaks <www.cdc.gov> (26.02.2012).

Anonymous, 2013a. T.C. Bagbakanlik Tiirkiye Istatistik Kurumu. Avlanan
deniz drtinleri miktari <www.tuik.gov.tr> (25.07.2013).

SONUG VE ONERILER

Kabuklu deniz hayvanlarindan kaynaklanan kabuklu deniz
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zengin olmasl ve sanayide gelismenin olmasina ragmen
yasanan su ve cevre Kirlilikleri insan saghgini tehdit
etmektedir. Bu zamana kadar (lkemizde herhangi bir PSP
vakas! bildirimi yapilmamistir. Ancak toksini blinyelerinde
bulunduran planktonlar saganak yagmurlar, okyanus akintilari
gibi doga olaylari veya gemilerin demirlemesi sirasinda bagka
bdlgelere tasinabilmektedir. Tlrkiye’ de bu konu ile ilgili
calismalar son derece kisith olmasina ragmen izmir
Korfezinde PSP olaylarinin varligi ile ilgili belirgin deliller
bulunmaktadir.

Dinya capinda saksitoksin varliinin ve ayni zamanda
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giden sonuglari zehirlenmenin dnemini gdstermektedir. Bu
konu ile ilgili hem insan saglidiyla ilgilenen hem de gida, tarim
ve hayvancilik sektériinde calisan ilgili kisilerin bir araya
gelerek arastirmalar yapmalari ve bu arastirmalarla toplumu
bilinglendirmeleri gerekmektedir.
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