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0z Sandiras ve Gigekbaba Daglari zirvelerinde yer alan Kartal Gélii ve zirveye yakin Gokgeova Goleti, Honaz ilgesi yakinlarindaki Sakligdl ve Bozkurt ilgesi
yakinlarindaki Karagél'in Oligochaeta (Annelida) faunasini belilemek tzere 2009, 2010 ve 2011 yillari Haziran, Temmuz ve Agustos aylarinda 4 drnekleme
calismasi yapilmistir. Kalitatif degerlendirmeler sonucunda, drnekleme yapilan géllerin timiinden degisen sayilarda oligoket tirleri tespit edilmis, 3 ordo iceriginde
3 familyaya ait bireyler tanimlanmistir. 17’si Naididae (14’0 Tubificinae altfamilyasi, 3'l Naidinae altfamilyasi), 1'i Lumbriculidae ve 3'l Enchytraeidae olmak iizere
toplam 21 Oligochaeta taksonu saptanmistir.

Anahtar kelimeler: Alpin, gél, gblet, Denizli, Oligochaeta, prealpin

Abstract: : The Oligochaeta (Annelida) community compositions of high elevation lakes Kartal and Gékgeova Pond located on Sandiras and Cigekbaba mountains
(Denizli, Turkey) and Lake Sakligdl (Honaz), Lake Karagdl (Bozkurt) were studied. During the present study, four expeditions were conducted in June, July and
August of 2009, 2010, and 2011 in order to collect the oligochaetes from these lakes. As a result of qualitative assessments, oligochaete species have been
identified in varying numbers from all of the lakes sampled, 3 individuals belonging to 3 families have been identified. A total of 21 taxa were determined, 17 taxa
from Naididae (14 to subfamily Tubificina, 3 to subfamily Naidinae), 1 taxon from Lumbriculida and 3 taxa from Enchytraeidae.

Keywords: Alpine, Denizli, lake, Oligochaeta, pond, prealpine.

GIRiS

Yiiksek rakimli dag goéllerinde bulunan makroomurgasizlar
benzersiz ve cogunlukla ekstrem cevresel kosullara
adaptasyon saglamiglardir (Mani, 1968). Genelde, yiksek
rakimli yerler tipik olarak ovalarda bulunan bélgelerden daha
soguktur ve buzsuz ve karsiz gegirdikleri ddnem daha sinirlidir.
Makroomurgasizlarin gelisme periyotlari  kisith ve besin
kaynaklarinin eldesi de azaltimis ve dizensizdir. Buna ek
olarak, yiksek daglardaki makroomurgasizlarin dagilimi,
fizyografik bariyerler ve uygun habitat eldesinin azligi yizinden
zorlagmis ve karmasik bir hal almistir (Mani, 1968).

Arastirmamizin ana konusu olan ve bentik bdlgede yayilis
gosteren Oligochaeta tlirleri genelde serbest olarak su
tabaninda yasarlar ve sucul ekosistemlerdeki besin zincirinin
onemli halkalarindan birini olusturan
makroomurgasizlardandir. Glinkii ok sayidaki arastirmalar bu
canllarin baliklar ve bazi kabuklular tarafindan sevilerek
tiiketildiklerini, basta protein olmak (izere, Onemli besin

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

unsurlarini icerdiklerini ortaya koymustur (Thienemann, 1954;
Brinkhurst, 1974; Fittkau ve Reiss, 1986). Bunlarin disinda,
bazi aragtiricilar da bu canlilar degisik 6zelliklerine gére
biyoindikatér olarak kullanmiglardir (Sahin, 1991). Biyoindikator
oOzelliklerinden dolayl diger omurgasiz gruplariyla birlikte
(6zellikle Chironomidae, Gastropoda) kullanildiklari takdirde,
calisilan tath su ekosistemi hakkinda kimyasal yéntemlere gore
cok daha ucuza gelen dogru sonuglar verebilmektedirler (Yildiz
ve Balik, 2005).

Ulkemizde yiiksek daglar iizerinde lokalize olmus buzul ve
diger farkl orijinli géllerimizin limnolojisi Uzerine calismalar
glnimizde giderek artmaktadir (Balik vd., 2003; Ustaoglu vd.,
2004; Tasdemir vd., 2004 a, b; Ustaoglu vd., 2005; Yildiz vd.,
2005; Yildiz vd., 2007a; Yildiz vd., 2008; Ustaoglu vd., 2008;
Yildiz vd., 2009; Topkara vd., 2009; Tagdemir vd., 2010; Yildiz
vd., 2010a; Yildiz vd., 2012; Sari vd., 2015; Topkara ve
Ustaoglu, 2015).
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Yapilan bu galismada Sandiras Dagi zirvesinde yer alan
Kartal Goli ve zirveye yakin Gokgeova Goleti, Honaz ilgesi
yakinlarindaki Sakligdl ve Bozkurt ilgesi yakinlarindaki
Karagodl'Gn ekolojik 6zellikleri ile biyolojik (fauna) gesitliliklerinin
saptanmasl  disinlimistir. ~ Oligochaeta  faunasinin
belirlenmesi ise bu genis kapsamli calismanin bir parcasidir.

Arastirmaya konu olan bélge Uzerindeki bu tip su
yapilarinda henliz yapiimis galismalar bulunmamaktadir. Bu
agidan taksonomik olarak degerlendirebilecek bu galisma ilk
olma niteligi tasimaktadir ve tespit edilen tlrler de bu bélgedeki

& Cartsliosio

goller iin yeni kayit niteligindedir.
MATERYAL VE METOT

Sandiras ve Cicekbaba Daglari zirvelerinde yer alan Kartal
Golii ve zirveye yakin Gokgeova Goleti, Honaz ilgesi
yakinlarindaki Sakligdl ve Bozkurt ilgesi yakinlarindaki
Karagél'in Oligochaeta (Annelida) faunasini belirlemek (izere
2009-2011 vyillari yaz mevsimlerinde érnekleme calismalari
yapiimistir (Sekil 1, Tablo 1).

Sekil 1. Calisilan bdlgenin genel gortiniisti ve arastirma yapilan géller
Figure 1. General views of the studied localities and lakes surveyed

Tablo 1. Arastirma yapilan istasyonlar ve genel 6zellikleri
Table 1. Studied localities and their general features

ist. Lokalite Koordinat Rakim (m) Derinlik(cm) Makrofit
1 Kartal Golii 37°05'K - 28°51'D 1885 120 -

2 Gokgeova Goleti 37°03'K -28°48'D 1755 480 -

3 Karagol 37°44'K-29°29'D 1248 170 +

4 Sakligdl 37°46'K -29°23'D 953 800 +

GOl suyunun sicaklik dlglimleri  0,1°C  hassasiyetli
termometre, pH dlctimleri WTW 330 model pH metre, iletkenlik

olgtimleri YSI 30 model SCT-metre ve ¢oziinmiis oksijen WTW
330 model oksijen-metre kullanilarak yerinde 6élglim yapilmistir.
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Oligoket 6rnekleri 180 pm géz agikhigindaki el kepgeleri ve
Ekman-Birge Grab ile alinan camur 6érneklerinin 500 um géz
acikligindaki elekten gegirilmesiyle toplanmistir.

Arazide % 4'lik formolde fikse edilen bentik drnekler
laboratuarda bol su ile yikanip ayiklandiktan sonra % 70'lik
alkolde saklanmigtir. Ayiklanan drneklerin  CMCP-10 ile
preparasyonu yapildiktan sonra stereomikroskop ve binokiler
mikroskop kullanilarak tir tayinleri gerceklestirilmistir.

Tablo 2. Istasyonlarda 8lciilen fiziko-kimyasal parametreler
Table 2. Physicochemical parameters measured at stations

Orneklerin taksonomik incelenmesinde, Brinkhurst ve
Jamieson (1971), Nielsen ve Christensen (1959), Timm (2009),
Timm ve Veldhuiizen Van Zanten (2002)in yayinlarindan
yararlaniimigtir.

BULGULAR

Calismada gollerin  sularinda dlgilen fiziko-kimyasal
parametreler Tablo 2'de verilmistir.

Goller Parametreler 2009 2010 20
Haziran Agustos Temmuz Temmuz
Sicaklik (°C) 18 215 237 179
§ pH 8.45 9.06 8.58 8.25
g Gozlinmis Oksijen (mg/l) 8.5 8.6 8.6 6.0
S Tuzluluk (%0 S) 0 0.1 0.1 0.1
lletkenlik ( uS2sec) 84 108.5 102 100
B Sicaklik °C 19 205 23.3 251
3 pH 7.99 8,49 6.63 8.51
% Go6zlinmis Oksijen (mg/l) 7.2 6.7 57 49
& Tuzluluk (%o S) 0.1 0.1 0.1 0.1
8 iletkenlik (juSzs-c) 211 249 229 249
Sicaklik °C 256 24 259 *
] pH 7.89 8.05 8.02 *
g Gozinmis Oksijen (mgfl) 3.3 5.6 48 *
x Tuzluluk (%o S) 0.4 0.4 0.4 *
iletkenlik (uSzsec) 723 792 748 *
Sicaklik (°C) 225°C 23°C 25.1°C 275
5 pH 8.25 8.40 8.42 8.34
%’ Goziinmis Oksijen (mg/l) 52 57 55 43
”n Tuzluluk (%o S) 05 0.5 0.5 0.5
iletkenlik (juSzs-c) 960 1039 968 1038

* Yol galismasi yiiziinden géle ulagilamadi.

Calisma sonucunda, Ornekleme vyapilan istasyonlarin
tiiminden degisen sayilarda (Kartal Goli’'nde m? de 402 birey,
Gokgeova Golet’nde m?” de 94 birey, Karagdl'de m? de 40
birey) oligoket tlrleri tespit edilmis, 3 ordo dahilinde 3 familyaya
ait bireyler tanimlanmigtir. Bunlar, 17'si Naididae, (14’0
Tubificinae  altfamilyasi, 3’0 Naidinae altfamilyasi), 1'i
Lumbriculidae, 3'0 Enchytraeidae olmak (zere toplam 21
Oligochaeta taksonudur. Tespit edilen tirlerin sistematik olarak
dagiimi asadida verildigi gibidir.

Phylum: Annelida
Classis: Clitellata
Subclassis: Oligochaeta
Ordo: Tubificida
Familya: Naididae
Altfamilya: Naidinae

Nais elinguis Mdiller, 1774

Pristinella osborni (Walton, 1906)
Dero digitata (Mller, 1773)

Altfamilya: Tubificinae
Limnodrilus hoffmeisteri (Claparede, 1862)
Limnodrilus udekemianus (Claparede, 1862)
Limnodrilus profundicola (Verrill, 1871)
Tubifex tubifex (Miller,1774)
Tubifex tubifex f. bergi (Mller,1774)
Tubifex blanchardi (Vejdovsky, 1891)
Tubifex nerthus (Michaelsen, 1908)
llyodrilus templetoni (Southern, 1909)
Aulodrilus pluriseta (Piguet, 1906)
Aulodrilus pigueti (Kowalewski, 1914)
Potamothrix hammoniensis (Michaelsen, 1901)
Psammoryctides deserticola (Grimm, 1877)
Quistadrilus multisetosus (Smith, 1900)
Spirosperma nikolskyi (Lastockin and Sokolskaya, 1953)
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Ordo: Lumbriculida
Familya: Lumbriculidae
Lumbriculus variegatus (Mller, 1774)
Ordo: Enchytraeida
Familya: Enchytraeidae
Cognettia glandulosa (Michaelsen,1889)
Cognettia sphagnetorum (Vejdovsky, 1878)

Fridericia sp.

Tespit edilen Oligoket tirlerinin galisilan gdllere gore
dagilimlar Tablo 3'te verilmistir. Bu tablo dikkate alindiginda,
en fazla takson Kartal Goli'nde (17 takson) tespit edilmis, bunu
10 takson ile Gokgeova Goleti izlemektedir. Calisma boyunca
en bol bulunan tirler Tubificinae altfamilyasindan Limnodrilus
hoffmeisteri ve Tubifex tubifex tiirleridir.

Tablo 3. Tespit edilen tiirlerin istasyonlara gore dagilimi (P: Profundal, L: Littoral)
Table 3. The distribution of species determined according to stations (P: Profundal, L: Littoral)

Kartal Golii
P

Taksonlar

Gokgeova Goleti  Sakligol
P L P L P L

Karagol

Nais elinguis -
Pristinella osborni -
Dero digitata -
Limnodrilus hoffmeisteri +
Limnodrilus udekemianus -
Limnodrilus profundicola -
Tubifex tubifex +
Tubifex tubifex f. bergi +
Tubifex blanchardi -
Tubifex nerthus
llyodrilus templetoni
Aulodrilus pluriseta +
Aulodrilus piqueti -
Potamothrix hammoniensis +
Psammoryctides deserticola
Quistadrilus multisetosus
Spirosperma nikolskyi
Lumbriculus variegatus
Cognettia glandulosa
Cognettia sphagnetorum

Fridericha sp.

TARTISMA VE SONUG

Calismada en fazla taksonun tespit edildigi Kartal Gél,
Denizli ili, Beyagag¢ ilgesinin glneyindeki Cicekbaba Dagr'nin
zirvesinin  kuzeye bakan yamacinda yer alir. Denizden
yliksekligi 1903 metredir. Buzul vadisinde olusmus bir moren
seddi goli olan Kartal Goli ile cevresinde karagamin saf

mescere olusturmasi ve aralarinda anit agac 6zelligi gosteren
bireylerin  bulunmasi nedeniyle bu yorenin &zelliklerinin
korunarak bilim ve egitim calismalarinin hizmetine sunmak,
dogal 6zelligi bozulmadan korunmasinin saglanmasinin yani
sira, bu alanlarda ginimiz insaninin ve gelecek nesillerin
faydalanmasinin temini amact ile yorenin 1309 ha kismi Orman
Bakanhigi Milli Parklar ve Yaban Hayvani Koruma Genel
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Mudirligu tarafindan Tabiati Koruma Alani olarak ilan
edilmistir. Turkiye’nin en yagl Karagam ormani buradadir.
Kartal GolU ve “Anit Orman” civari, bitki florasi bakimindan gok
zengindir. Doga bilimcileri icin ilgi odagidir. Burada tespit edilen
tirlerin cogu gdle giren ve gikan sulardan elde edilmistir.

Gokgeova Goleti, Sandiras'in zirvesine dogru tirmanirken,
Gokgeova mevkii pinarlarinin - bulundugu Dikenli  Oluk
civarinda, "Altin Sivri" tepesi eteginde yer alan kaynayan
sulardan olusan ve akis yonl kapatilarak olusan yapay bir
golettir. Gorevlilerin bekledigi golet, ayni zamanda orman
yangini suyu olarak kullaniimak (izere korunmaktadir.

Denizli kent merkezine 55 kilometre uzaklikta bulunan
Cambagi  Mevkii'nde irili ufakli birgok gdl ve golet
bulunmaktadir. Bu gdllerin en biyikleri olan Karagél, Gambasi
KdyU'nlin yaslandigi dagin zirvesine yakin bir konumda bulunur
ve bu gdle kdyiin icinden gegilerek ulagilir. Cambasi Kdyi'niin
glneybatisinda bulunan genis bir ormanlik alanda yer alan bu
golin gevresinde gesitli su kaynaklari da bulunur ve gdl daha
cok bu kaynaklardan beslenir. Uzun yillar dnce 3-4 kiglk
gblden meydana gelen, zaman iginde biraz daha kigtlerek tek
bir gél haline gelen Karagdl'in yUzolgimi 1 kilometre,
denizden yiiksekligi ise 1250 m'dir. G6l, Denizli'nin ylksek
kesimlerindeki pek cok gdl gibi krater g6lidir ve pek ok krater
gélinde oldugu gibi Karagélin de tabani ¢amurdur. Bu
nedenle gdl yizeyinin énemli bir kismi sazlik bitki ortlist ile
kaplanmistir. Bahar aylarinda canlanarak géle yemyesil bir
g6rinim kazandiran bu sazliklar, yaz aylarindan itibaren kurur
ve sarlya déner. Bu dénemden itibaren géle koyu sari ve koyu
mavi renkler hakim olur (Geng, 2014).

Su kaynaginin bollugu ve bozulmamis dogal dokusu
sayesinde oldukga zengin bir flora ve faunaya sahip goliin
etrafinda dolasirken, karagcam basta olmak zere cesitli igne
yaprakli agaclar, calilar ve farkli otsu bitkilerle karsilasmak
mimkindr. Ayrica, cesitli balik ve kurbaga tlrleri ile ilging
bdcek tirleri de Karagdl'in dogal yasam alaninda kendini
gbstermektedir (Geng, 2014).

Honaz ilgesinde, Honaz Dagi Milli Parki (2571 m yliksekligi
ile Ege Bolgesi'nin en yiksek dagi olma 6zelligine sahip olan
Honaz Dag|, 21 Nisan 1995 tarihli Resmi Gazete'de yayinlanan
95/ 6717 sayili Bakanlar Kurulu karari ile Milli Park ilan edildi)
sinirlari iginde yer alan Sakligdl ise herhangi bir akarsuyla
beslenmemekte, sulari dibinden kaynamaktadir. 1080 metre
yikseklikteki Sakligdl'lin ¢api 300 metreyi gegmemektedir.
Suyunun berrak ve temiz olmasinin sebebi ise dibinden
kaynamasidir. Golde sazliklardan olugan 7 tonluk ylzen bir ada
mevcuttur. Ada rlizgarin etkisiyle zaman zaman vyer
degistirmektedir (Dagdelen, 2013).

Calismada dominant olarak tespit edilen Naididae
familyasina dahil Tubificinae altfamilyasi, giinimiizde her
yerde dagilim géstermesine ragmen aslinda orijini kuzey iliman
zondur (Timm, 1980).

Calismada dominant tir olan Tubifex tubifex, tath su
formudur. Cok farkli ortamlarda bulunur, &zellikle organik
madde ydniinden zengin habitatlara kars! oldukga toleranshidir.
Akarsu, kaynak ve havuzlarda bulunan en yaygin tlrlerden
birisidir. Gollerde, ozellikle litoralde, daha az siklikta gordlir.
Gollerin kirlenmis kisimlarinda ya da hizli étrofikasyonun
oldugu ve bentik yasamin bozguna ugradigi alanlarda ¢ok
bulunur. Kuzey Avrupa gdllerinin profundalinda ¢ok genis
yayilim gésterir (Timm ve Veldhuijzen Van Zanten, 2002).

Yiksek rakimli dag golleri ve buzul golleri faunal
kompozisyonlari agisindan nadir bulunan tlrleri igerirler ve
oldukga izole gevrelerden olusmuslardir. Bu trli su
ortamlarina adapte olan canlilar bu bakimdan genis
toleranslara sahiptirler (Dumnicka ve Galas, 2002). Ornegin bu
galismada dominant olarak rastladigimiz T. tubifex kozmopolit
ve P. hammoniensis ise ¢ok genis dagilima sahip olan
turlerdendir. T. tubifex, oldukga pollusyonlu habitatlarin bir
gostergeci olarak bilinse de, oligotrofik alpin gdllerde de
bulunur. Bu turuh ulkemizdeki diger dag gollerinde
bulunduguna dair bir ka¢ calisma mevcuttur (Geldiay ve
Tareen, 1972; Ustaoglu, 1980; Tasdemir vd., 2004a; Yildiz vd.,
2007a; Ustaoglu vd., 2008; Yildiz vd., 2009; Yildiz vd., 2010a;
Yildiz vd., 2012; Yildiz vd., 2015). Toros Daglari (zerinde
hemen hemen ayni rakimlarda bulunan yiiksek bir dag géli
olan Egrigol'de yapilan bir calismada da yine T. tubifex, T.
nerthus ve P. hammoniensis tespit edilmistir (Yildiz vd., 2005).

Diger bir dominant tir olan Limnodrilus hoffmeisteri,
kozmopolittir; birgok habitatta, Ozellikle kirli bolgelerde, en
yaygin olan tubificidtir. Tath sularin dip kisimlarinda bulunur
(Timm ve Veldhuijzen Van Zanten, 2002). Yasam tarzi
Tubifex'e benzer. Yaygin bir tiirdir. Ozellikle kirlenmis
bdlgelerdeki birgok habitatta en yaygin olan tubificidtir. Tatll
sularin sedimentlerinin biyoturbasyonunda énemlidir. Hem lotik
hem de lentik sulardan toplanirlar. Belki de, en temiz
ortamlardan (pristine) yiiksek derecede organik madde
bakimindan zengin bélgelere kadar yayilim gésteren en yaygin
tirdiir. Ozellikle kirli ve zengin ortamlarin karakteristigidir.
Gollerde sublittoral ve profundal zonun (st kisimlarindaki
sedimentlerde bulunur. Otrofik sartlarin indikatoriidur. Ayrica
kaynaklarda ve korfezlerin tatlisu kisimlarinda da bulunur
(Timm, 1970). Yaygin bir tlirdUr. T. tubifex tiri gibi yetistiriciligi
yapilabilen ekonomik bir tlirdir. Her zaman her yerde bulunan,
organik materyal ve kirlenmenin bol oldugu sedimentlerde
predominanttir (Marchese, 1987). Belirgin sekilde daha sicak
sulari tercih eder. Dislk nitrat igerikli derelerde ve yliksek
amonyak ierikli nehirlerde bulunur (Timm vd., 2001). Bu tlrin
Turkiye'deki  dagiimi T.  tubifex tirlyle benzerlik
gdstermektedir.

Tubifex nerthus tiirinin dagilimi Avrupa olarak verilmistir.
Tatli aci sularda (Timm ve Veldhuijzen Van Zanten, 2002) ve
genellikle nehirlerin gel-git alanlarindaki tath su bélimlerinde
bulunur (Yildiz ve Balik, 2005). Bu tir Turkiye'de yiksek dag
gollerinin bulundugu Bati Karadeniz Boélgesinde 1070 m
yukseklikteki Stllik Goli ve 820 metre yiikseklikteki Stinnet
Goli’'nde tespit edilmistir (Yildiz vd., 2008). Ayrica daha dlistik
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rakimlarda bulunan Sazligdl (Balik vd., 2001), Terkos Goli’'nde
(Camur-Elipek, 2003), Géller Bélgesi sucul ekosistemlerinde
(Yildiz ve Balik, 2005) ve Yuvarlakgay'da (Yildiz vd., 2007b)
tespit edilmistir.

Aulodrilus tlrleri aseksiel olarak drerler ve ¢ogunlukla
mezotrofik ya da yabani otlarla dolu istasyonlarda bulunurlar.
Tip icinde sedimente yapisik olarak bulunabilirler. Aulodrilus
pluriseta, kozmopolittir, genis varyasyon gdsteren habitatlarda
bulunur, fakat gamurlu substratli zenginlesmis ¢evrelerde daha
boldur. Tatli su formudur. Géller, nehirler, kanallar ve
havuzlarda yaygindirlar (Yildiz ve Balik, 2005). Bazi oligoket
tirleri ¢urimis dogal organik maddenin oldugu sulari tercih
eder gibi, ayrica kagit hamuru fabrikasi atiklarindan
kaynaklanan organik atiklarin oldugu sularda bile yasarlar. A.
pluriseta bunlardan birisidir (Sarkka, 1987). Oligotrofik sartlarin
indikat6ridir (Milbrink, 1980). Bu tir Ulkemizin degisik
bdlgelerinde yapilan galismalarda tespit edilmistir (Arslan ve
Sahin 2003; Ontiirk ve Arslan, 2003; Gamur-Elipek, 2003; Balik
vd., 2004; Yildiz ve Balik, 2005; Yildiz vd., 2007a; Yildiz vd.,
2008; Yildiz vd., 2010b; Tas vd., 2011; Yildiz vd., 2012).

Calismada tespit edilen ikinci ordo Lumbriculida ordosudur
ve Lumbriculidae familyasindan tek tirle temsil edilmistir. Bu
familya, kuzey iiman zonun termofob familyasidir. Esas olarak
dereler, kaynaklar ve soguk gdllerde populasyon olustururlar
(Timm, 1980). Yaygin 1liman zon tiirleri olan bu familya tyeleri,
kaynak dereleri ve su sicakliginin +4°C'nin (stline ¢ikmadig
kuzey gollerinin diplerinde bile basarili olarak populasyon
olugturabilirler.

Lumbriculus variegatus tiriniin Kuzey Yarimkiire, Giiney
Afrika, Avustralya ve Yeni Zelanda'dan dadiimi verilmistir.
Holarktik bdlgede bulunan iki lumbriculidten biridir. Genis
ekolojik valanslidir. Daha sicak yiizey sularinda genis yayilim
gosterir. Havuzlar, g6l kenarlari ve derelerde yaygindir,
buralarin littoral kisimlarinda bulunurlar. Ayrica gogu Oligoket
icin uygun olmayan bataklik sular ve efemerel havuzlarda dahi
bulunur (Timm, 1970). Hatta balik yetistirilen kanallarda,
vejetasyonlu ve bol yosunlu yerlerde blylik populasyonlar
olugtururlar (Yildiz ve Balik, 2005). Martinez vd. (2006), bu
tirin gevresel sartlarin hizli degistigi ve predator ataklarinin
yaygin olabilecegi sid havuzlarda yasadigini bildirmiglerdir. Bu
tirlin Ulkemizdeki dagilig alanlari yapilan bir cok calisma ile
saptanmistir (Geldiay ve Tareen, 1972; Balik vd; 2000; Arslan
ve Sahin., 2003; Duran vd., 2003; Balik vd., 2004; Yildiz ve
Balik, 2005; Arslan, 2006a; Arslan, 2006b; Yildiz vd., 2007a;
Yildiz vd., 2007b; Yildiz vd., 2009).

Calismada Enchytraeidae familyasina da rastlanmistir. Bu
familya da Kuzey Yarimkire kokenlidir. Ayni Lumbriculidae
familyasi gibi tek tlrle temsil edilmistir. Enchytraeid’ler, diger
oligoket familyalarina goére daha fazla habitat tiplerinde
yaygindirlar. Polar bdlgelerden (Arktik ve Antarktik) tropiklere,
gollerin diplerinden nehirlere ve okyanuslarin diplerine, kalici
buzlarin oldugu ya da karlarin oldugu ortamlarda ve buzlu
karalarda, lagim sularinin aktigi yataklarda, temiz deniz
kumlarinda, su ile agirlasmig toprakta ve tim toprak tiplerinde

bulunabilirler. Avrupa’da toprak kalitesini izlemede biyolojik
belirleyici olarak kullanilmaktadirlar (Yildiz ve Balik, 2005).

Cognettia tiirleri diistik pH degerlerine kars! toleranshidir;
sOyleki, dusik pH degerleri diger bazi tirlerin fizyolojik
reaksiyonlarin oranini azaltici rol oynar (Standen, 1982).
Cognettia glandulosa holarktik dagilima sahiptir. Toprakta ve
tatl sularda kiyilarda bulunur (Timm ve Veldhuijzen Van
Zanten, 2002). Islak topraklari tercih eder (Healy ve Bolger,
1984). Ulkemizde bu tiire Tunca Nehri (Kirgiz vd., 2005) ve
Kagkar Daglar’ndaki buzul géllerinde rastlanmistir (Yildiz vd.,
2010a; Yildiz vd., 2012).

Calismada tespit edilen Tubificida ordosuna bagl diger bir
familya Naididae'dir. 2 genus iginde 2 tiir ile temsil edilmigtir.

Naidid'ler gok cesitli sucul habitatlarda yasarlar, fakat
ozellikle tasli substratli nehirlerin bentik faunasinin énemli bir
kismini olustururlar. Bu familyanin tyelerinin gogu kozmopolittir
ve dunyanin her yerinde bulunur (Wetzel vd., 2000) ve gok
genis cevresel sartlara adapte olabililer (Brinkhurst ve
Jamieson, 1971). Genelde bakteriler ve alglerle, diger epifitik
materyallerle beslenirler (Brinkhurst ve Gelder, 1991). Bazilari
predatér (Chaetogaster spp.), bazilari mollusklarin (gastropod)
parazitidir.  Naidid tiirlerinin  dagiim ve  bolluklarinin
degerlendirilmesindeki ana faktérler, substratumun dogasi ve
vejetasyon gesitliliginin varligidir. Naidid'ler genelde, asekstel
Ureme ve gelisimin yiiksek temperatiirle tesvik edildigi, besinin
¢ok bol oldugu yaz aylarinda daha boldur (Learner vd., 1978).
Cogu kozmopolittir ve tim dlnyada bulunur. Kiltiirleri de
yapilabilen ekonomik bir familyadir.

Nais elinguis, kozmopolit bir tirdr. Nais variabilis ve Nais
communis tirleri gibi en yaygin Avrupa tiirleri arasinda yer alir
ve yine onlar gibi tash substratumlu ve organik madde
bakimindan zengin nehirlerde bollugu artar. Sik sik acisularda,
acisularda oldugu kadar tatli sularda (esas olarak kaynaklarda)
bulunur. Genis varyetedeki cevresel sartlarda (soguk, hizli
akan nehirlerden, ¢camurlu-kéti kokulu, zayif oksijenli alanlar)
bulunabilir (Timm ve Veldhuijzen Van Zanten, 2002). Ayrica sik
sik salinitesi %o 23'lerdeki acisulara bile alisabilir. Lateral
hareketlerle ylzer. Kumlu substratlarda kum parcaciklarini
stizerek (bakteriyel film tabakasinda) beslenir. Sicak
sezonlarda aktif olarak ¢ogalir (Mayis-Ekim). Brinkhurst (1971),
bu tirin organik kirlilige dayanikli tir olarak bilindigini
belirtmigtir. Eger organik kirliligin oldugu yerde bulunuyorsa,
oksijen eksikliginin olmadi§i durumlarda bulunabilir (Paoletti ve
Sambugar, 1984). Soguk kaynak sularinin karakteristik bir
taraddr (Timm vd., 2001). Brinkhurst (1962)’'ye gére ayrica
kirlenmis derelerde de gok bol bulunabilir (Timm vd., 2001).
Ayrica ¢ok genis varyetedeki yagama ortamlarinda bulunabilen
bir tiirdir. Ulkemizde bu tiiriin dagilimini gdsteren bir gok
calisma mevcuttur (Moubayed vd., 1987; Arslan ve Sahin,
2003; Balik vd., 2004; Arslan ve Sahin, 2004; Yildiz ve Balik,
2005; Arslan ve Sahin 2006; Arslan vd., 2007a; Arslan vd.,
2007b; Yildiz vd., 2007b; Yildiz vd., 2008; Yildiz vd., 2010b).
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Sonug olarak, bu géllerde yapilan ¢alismalarda elde edilen
tirler, tlkemizdeki diger dag ve alpin gdllerdeki daglarda tespit
edilen tlrlerle benzerlik gdstermektedir. Bu ¢alismada alpin
karakterde olan tek gdliimiiz Kartal Golu'dir. Kartal Golu giris
ve ¢lkis sularindan elde edilen tirler Kagkar Daglari’'ndaki buzul
gollerden tespit edilen soguk dag goli karakterine sahip
oligoket tirleridir. Oligotrofik ortamlara uyum saglamislardir
(Yidiz vd., 2012).
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Abstract: Although the history of artificial reef (AR) deployments in Turkey does not extend far back, there has been a considerable increase in the number of
ARs. First aim of this study was to indicate the socioeconomic characteristics of AR stakeholders, commercial fishermen, recreational fishermen and local residents
that are affected by ARs in Altinoluk under the Turkish National Artificial Reef Project. The AR relations of the interest groups were measured via reef-related
activities, such as commercial fishing, recreational fishing and diving. Mainly, the number of visits to the AR site made by these groups was taken into account.
Lastly, the non-market economic value of ARs from the residents was calculated as 3,594,606 via contingent valuation method. Variables affecting willingness-to-
pay and the amounts of individual willingness to pay were also assessed via probit model. The results of the present study have vital importance for decision-
making process of the AR deployment.

Keywords: Artificial reefs, stakeholders, contingent valuation, Altinoluk

Oz: : Tiirkiye'de yapay resif uygulamalarinin tarihi gok uzun olmamakla birlikte, son yillarda yapay resif uygulamalarinda dikkate deger bir artis bulunmaktadir. Bu
calismanin ilk amaci, Turkiye Ulusal Yapay Resif Projesi'nde Altinoluk'da yapay resiflerden etkilenen ticari balikgilar, amator balikgilar ve yore sakinleri gibi yapay
resif paydaslarinin sosyoekonomik dzelliklerini ortaya koymaktir. Bu guruplarin yapay resif ile iligkileri resif iliskili ticari balikgilik, rekreasyonel balikgilik ve dalis
gibi aktivitelerle tanimlandi. Temel olarak yapay resif alanina gergeklestirilen ziyaret sayilari dikkate alindi. Son olarak, yapay resif alanindan faydalanmak icin yore
sakinleri tarafindan yapay resiflere verilen pazar digi ekonomik deger kosullu degerleme metoduyla yaklasik 3,594,606 olarak hesaplandi. Bireysel ddeme istegi
miktarlari ve buna etki eden faktorler probit model ile degerlendirildi. Mevcut ¢alismanin sonuglari yapay resif yerlestirmesinin karar verme stirecinde ok blyuk
éneme sahiptir.

Anahtar kelimeler: Yapay resifler, paydaslar, kosullu degerleme, Altinoluk

INTRODUCTION

Scientific studies were initiated to contribute to the ecosystems. Artificial habitats, generally, deployed on the

sustainability of aquatic species in a variety of ecosystems,
such as seas, lakes and freshwaters within an ecological
context. Following these studies, artificial reef (AR)
deployments were accelerated and became very common
during the last three decades (Bortone et al., 2011).

Basically, ARs were previously defined as “one or more
natural and human made objects deployed in a marine
ecosystem to influence physical, biological and socioeconomic
processes related to living marine resources” (Milon et al.,
2000). This definiton can be broadened because of
deployment practices in lakes and in other freshwater

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

seafloor to conserve sensitive aquatic ecosystems or to
increase and contribute to the productivity of resources, have
positive effects on commercial and recreational fishing
(Seaman and Sprague, 1991).

Local organizations (official and non-official) and local
governments supported the use of ARs that were concrete
blocks or other scrap materials, such as old navy vessels and
aircrafts (LOk et al., 2002) that were also effectively used as
ARs by local governmental organizations in the decision-
making process (Lok and Tokag, 2000). AR deployments using
different shapes, sizes and materials have also been
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successful in the Mediterranean basin, Spain, Portugal and
other countries, such as the United States and Japan (Gomez-
Buckley and Haroun, 1994; Bombace et al., 2000; Sempere,
2001; Jensen, 2002; Claudet and Pelletier, 2004; MAGRAMA,
2008).

In addition to fisheries enhancement, ARs create services
for SCUBA divers, making ARs very important both
economically and socially (Roberts et al., 1985; Milon, 1989;
1988b; Ditton and Baker, 1999; Ditton et al., 2001; Oh et al.,
2008; Pendleton, 2004; Sutton and Bushnell, 2007; Whitmarsh
et al., 2008). All services provided by ARs are considered as
environmental goods and services that cannot be traded in the
market and that have a non-market value (Hanemann, 1994;
Bateman and Willis, 2002; Haab and McConnell, 2002). Water
supply for agricultural production, food supply, the balance and
sustainability of natural gases in the air, decreasing risk of
epidemics, the sustainability of natural life, recreational fishing,
scuba diving, hunting, hiking or trekking in a forest are
examples of non-market goods and services (Hanemann,
1994).

AR practices in Turkey have increased in recent years
during which limited attention was paid for the biological and
technical research (Lok, 1995; Diizbastilar and Tokag, 2003;
Ulas et al., 2007; Lok and Gil, 2005), and the first economic
study considering Turkish waters, was conducted to analyze
investment in AR projects (Tiryakioglu, 2008). In Turkey as the
other Mediterranean States, the lack of socioeconomic studies
of ARs results in uncertainties of the effects of AR deployments
on user groups, such as fishermen, divers, the tourism sector
and local people, and prevents the discovery of possible future
AR areas and planning of future projects. Therefore,
socioeconomic studies of AR areas covering market and non-
market values are needed to provide baseline information for
scientists and decision makers.

Mainly, we aim to identify socio-demographic and economic
characteristics of interest groups including expenditures and

attitudes towards ARs and also to calculate the non-market
economic value via Contingent Valuation Method in order to
provide supportive information for the decision makers.

MATERIAL AND METHOD
Study site

Field studies were conducted in the Altinoluk where is a
small town driven by tourism and fishery activities; the total
population reaches 250,000-300,000 in summer, with a
population of 13,800 in winter (Halil Atag, personal
communication, April 20, 2011) (Figure 1). The region has a
wide range of opportunities for recreational and commercial
fishing. In particular, boat-based and shore-based recreational
fishing activities were an important leisure-time activity for the
residents. In addition, the littoral zone of Altinoluk region is
composed of sand dunes and affected by cold spring waters,
which are carried by streams and brooks from Mount Ida.

The main objectives of the AR deployment are to protect
biodiversity, to support small-scale and traditional fisheries, to
create new sites for recreational fishing and diving, to protect
fish-spawning and nursery areas (e.g., Posidonia meadows)
from illegal trawling. The AR deployment was planned as a part
of the National Artificial Reef Master Plan.

In the Altinoluk region, approximately 7,000 concrete
blocks were proposed for deployment as an AR.
Enhancements of habitats, recreational fishing, commercial
fishing and diving tourism were the main purposes of the
deployment. Commercial fishing activities were identified as
crucially important because fishermen'’s livelihood depends on
marine resources. In addition, commercial fishermen are very
willing to contribute to such an AR deployment, which is thought
to be beneficial for long-term sustainable fisheries
management. However, scuba divers and recreational
fishermen who fish by boat will be the main beneficiaries of an
AR deployment.

Edremit Bay

W Forbden Ares
[0 Fishing Area

Figure 1. Location of study area on the map.
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Data Collection

The target survey groups were identified as 20 commercial
fishermen who are the members of the Altinoluk Fishery
Cooperative, 58 recreational fishermen who participate in
recreational fishing onshore or from a boat, 67 households in
Altinoluk and the authority of a single scuba-diving
organization. A proportional sampling-size formula was used to
determine the sampling sizes for each group (Equation 1)
(Miran, 2003).

___Np(-p)
(N-Do,, +pd-p)

Where n is the sample size, N is the population of each
target group (e.g., commercial fishermen: 55, recreational
fishermen: 400, local residents: 13,800), p is the contribution
ratio to ARs (0.50 is fitted to reach the maximum sample size),
and apx2 is the variance (Equation 1).

(Equation 1),

Face-to-face interviews were conducted to collect data via
specific questionnaire forms designed for each group. A
representative sample size was calculated for each group
according to 95% confidence intervals and 5% tolerances.

Data Analysis

A hypothetical marketplace is created in the contingent
valuation (CV) method, which was used successfully to study
unchangeable goods in the market (Haab and McConnell,
2002). The CV method has been used for special non-market
goods, such as improvements in water quality, days avoiding
diseases and fishing days (Haab and McConnell, 2002). In a
CV study, the main aim is to create a scenario related to any
environmental good or service, and respondents are asked
their WTP for an increase in the quantity and quality of the good
or service or willingness to accept (WTA) a required amount of
money for a certain change (Parkkila et al., 2010). There are
some different offer formats for questions used to determine
WTP, such as open-ended, dichotomous choice, bidding game
or payment cards (Bateman and Willis, 2002; Wedgwood and
Sansom, 2003).

Within the CV analysis of the present study, the stated goal
was to make a short introduction related to the current situation
of ARs, and future improvements were introduced as follows:
“Currently, the marine ecosystem in this region is poor of coral
reefs. This situation affects both the number of species and
biodiversity. The first question within the scenario was as
following: “To benefit from the AR site, would you be WTP (1
Euro = 2.5 Turkish Liras: Exchange Rates, 2011) for future
commercial fishing, recreational fishing and scuba diving
activities?” Then, the respondents’ WTP amounts were elicited
through a bidding-game question format (Table 1). Regarding
a new AR deployment, improvement and management, the
respondents’ mean WTP amounts were calculated, and the
accepted individual WTP amounts were then attributed to the
whole population of the sampling group to estimate the total

non-market economic value of ARs. The attribution of the WTP
amount was done by multiplying the estimated yearly number
of trips with the mean WTP. During the interview, the
respondents were asked to accept 10 for one daytrip to ARs,
then the bidding game was applied to reach the WTP.

Table 1. Bidding game used in the CV scenario.

Answer to the WTP question (Yes/No)
If Yes, Tr15 If No, Stop I No, T8 | Yes(Stop)/No
If Yes, £20 | Yes/No (Stop) | If No, 16 Yes E\ISJOP) /
Ifves, £25 | Yes/No(Stop) | IfNo,toa | Y€ S;"p) /
Ifves, £30 | Yes/No(Stop) | IfNo, B2 | Y€ (Nscf°p) /

*At the time of the readings €1 equaled tos

A probit regression model, of which the parameters are
nonlinear, is a discrete-choice model that was used to analyze
the relationship between the dependent variable and
independent variables. The objective of the model is to create
a relational choice probability of the dependent variable Pi (0-
1) with independent variables. In the probit model, a utility
index, li, is determined for each observation (Equation 2):

I =B, + B, X, +... +B, X, (Equation?2)

The greater li becomes, the greater utility is of i individual
from yi = 1 choice. The general presentation of the probit model
is shown below (Equation 3):

P= F(Ii)= F(ﬂ1 +B,X,, +"'+BkXik)= F(X;8)
(Equation 3)

In the formula above, F(li) is an added probability function
based on standard normal (0,1) random variables. The
estimators in the probit model are obtained by the maximum
likelihood (ML) method (Gujarati, 2004).

Probit models were used to estimate the mean willingness
to pay (MWTP) of the respondents. While the dependent
variable of the probit model is a dummy variable (1 or 0) for
approvals of a bidding-game question, independent variables
were composed of offered prices and socio-economic
variables. MWTP amounts were calculated using the formula
below (Equation 4; 5):

MWTP = — (Equation 4)

= ©

9= )_([% (Equation 5)

Where ﬁoﬁered orice 1S @ parameter of the offered price in the

probit model of a CV scenario, X s the mean value of
variables and . is the index value determined based on the
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mean values of other variables in the model in which an offered
price is not included.

RESULTS
Demographics

Results derived from questionnaires indicate that a total of
55.0% of the commerecial fishermen were in the 26-45 year age
group, while 40.0% of them were in the 46-60 year age group.
Among the recreational fishers interviewed, the 26-45 year age
group composed the highest portion and secondly the 46-60
year age group, as in the case of the commercial fishers.
Furthermore, 6 recreational fishermen older than 61 years and
1 recreational fisherman younger than 26 years were
interviewed. Among the household respondents who
participated in the research, the 26-45 year and 46-60 year age
groups had 53.7% and 31.3% of the respondents, respectively,
whereas respondents older than 61 years and younger than 26
years constituted minorities. A total of 65.0% of the commercial
fishers, 79.3% of the recreational fishers, 59.7% of the local
people and generally 68.3% of all of the respondents were
married. The most common education levels of commercial
fishermen were about eight years of secondary education. In
contrast, recreational fishermen have higher educational levels,
with an average of 9.3 years. The mean number of years of
education for the local people, 10.8, is slightly higher than the
general average for all of the respondents’ education levels (9.9
years).

The recreational fishermen had the highest proportion of
members with social security (89.7%). Following them, 80.6%
of the local people and 60.0% of the commercial fishermen had
social security. The primary occupation of the commercial
fishermen was commercial fishing (85.0%), whereas 3
commercial fishermen performed this activity as a second job
after retirement. A total of 34.5% of the recreational fishermen
were retired individuals. Following the retired individuals, public
servants and freely occupied individuals constituted the
majority of this group. For local people and recreational
fishermen, retired people composed the largest portion among
the interviewed individuals. Among all of the respondents,
retired persons composed the majority, with 40 individuals,
while freely occupied persons, public servants, workers for a
national company and fishermen almost homogeneously
composed the majority of the rest of the individuals (105).

Service, management, commercial fishing and free
occupations special to the region were the dominant second
occupations of the recreational fishermen interviewed:;
however, for the local people, construction, transportation,
technology and service sectors were determined as the most
common second occupations.

The average monthly income of the commercial fishermen
was 1,192.5, while 75% of them were in the 501-1,500 income
interval and 25% of them were in the 1,501-3,000 income
interval. Of the recreational fishing participants, 79% were in

the 501-1,500income interval, although the mean monthly
income was determined to be 1,354.1 greater than the
commercial fishers” monthly mean income. In contrast, the local
people’s monthly income was mostly in the 1,501-3,000 income
interval, with a mean income of 1,360.5. Moreover, for the local
people, 30% had an income of 3,001-5,000, and 15% were in
the 5,001-10,000 income interval. Overall, the 1,501-3,000 TL
(66%) and 3,001-5,000 TL (24%) income intervals composed
the majority.

The mean number of individuals that commercial fishermen
were responsible for was nearly 2 and that of the average
household population was 3. These numbers were different for
recreational fishermen, who were on average responsible for 1
individual, and the total family population was 3, as in the case
of commerecial fishermen.

The local people were on average responsible for 2
individuals, and the mean household number was 3. Generally,
the mean number of individuals that all of the respondents were
responsible for was nearly 2, and the mean household
population was nearly 3. A total of 80% of the members of
Altinoluk  Fishery Cooperative stated that the fishery
cooperative was successful, whereas the rest indicated that the
fishery cooperative was unsuccessful. Moreover, none of the
commercial fishermen who were interviewed were members of
a non-governmental organization (NGO). However, 91% of the
recreational fishermen had no membership in any NGO. Of the
9% who were NGO members, the respondents primarily took
part in fishery cooperatives, spear fishers’ associations, sport
shooting associations and sport fishing associations outside of
the region. A total of 73% of the local people assessed had no
membership in any NGO, while 27% indicated their
membership of local NGOs, city political party organizations or
recreational fishing, hunting and shooting organizations outside
of the region. In total, 60% of all of the respondents indicated
their ownership of the house in which they reside. The
ownership ratios among the groups were 75% for the
commercial fishermen, 60.3% for the recreational fishermen
and 55.2% for the local people.

General AR Knowledge and Sources

Among all of the groups, 80% of the commercial fishermen,
79.3% of the recreational fishermen, 46.3% of the local people
and generally 64.1% of all of the respondents said “Yes” in
response to the question, “Have you ever heard of the AR
concept?” Among the respondents who said, “Yes’, for the
commercial fishermen, a fishery cooperative was determined to
be the main source of information, and for the recreational
fishermen, the results showed that close social surroundings
become the first source of information prior to the fishery
cooperative. For the local people, the information source
varied, but again, close social surroundings were the most
stated choice. Among the research groups, 55% of the
commercial fishermen, 52% of the recreational fishermen, 9%
of the local people and 68% of all of the interviewed
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respondents indicated the following: “I am aware of the AR
deployments in Altinoluk within the National Artificial Reef
Project”.

Activities of Possible User Groups

For a possible AR deployment in the proposed AR zone,
95% of the commercial fishermen are current and potential
commercial users who confirmed that they conduct commercial
fishing activities in the zones. The technical and economic
dimensions of commercial fishermen are also taken into
account to identify the commercial pressure on the zone in
question. In terms of general commercial fishing days, 40% of
the commercial fishermen fish nearly 50 days in a year, and
35% fish 101-200 days in a year. For the AR deployment zone,
50% of the commercial fishermen stated that there are 101-200
days and 50% stated that there are 201-365 days for yearly
fishing periods, which shows a great relationship between the
AR site and commercial fishermen. The mean number of
commercial fishing days was 235, while that number showed a
disparity of 115 days in the AR site for commercial fishing.
However, the commercial fishermen stated that there are 31%
more commercial fishing days if the AR was established. In
addition, 80% of the commercial fishermen indicated that they
use the AR site for other purposes, such as recreational fishing
and recreational trips. Among these activities, recreational sea
trips were the most important.

In contrast, 69% of the recreational fishermen stated that
they use the AR site for recreational fishing by boat. The
average number of days of AR site use by the recreational
fishermen was 34 days, whereas this number showed an
extreme upward trend with a 158% increase to 89 days if the
AR were deployed. The yearly total number of recreational
fishing days was 124 days. Furthermore, 69% of the
recreational fishermen use the AR site for recreational trip and
recreational diving activities, 44.4% of them use the site for
recreational trip, 27.8% use the site for recreational diving, and
finally, 27.8% use the AR site for both recreational trip and
recreational diving purposes.

Of the local residents, 52% of them use the AR site for
recreational fishing, recreational trips and diving purposes, 63%
use the site only for recreational trips, 14% use the site only for
recreational fishing, 9% use the site only for recreational diving,
and 11% use the site for both recreational fishing and
recreational diving purposes. Generally, the local residents
stated that there are nearly 44 days for all of these activities in
a year. After an AR deployment, 75% of the local residents
indicated willingness to attend activities after reef deployment,
a significant increase from 52%. After an AR deployment, the
local residents indicated that they would spend 18.5 days for
recreational fishing and 5.2 days for recreational diving.

Finally, one diving club in the Altinoluk region, which is
open only in summer, was assessed. In the 2009 summer
season, nearly 300 dives were conducted by the club.
Generally, the diving club is composed of people who come

from outside of the region and abroad, so neither the number
of total divers was not determined, nor were interviews
conducted. The head of the diving club remarked that the main
beneficiaries of an AR deployment are diving clubs and
emphasized the importance of future possible use of ARs for
recreational dives.

Technical and Economic Characteristics of

Commerecial Fishing

The fishing-related expenses of commercial fishermen
were identified. Fuel expenses composed the largest share of
the expenses, with an average daily cost of 28.9, while bait,
food and other costs were on average 10.5, 15 and 10.8,
respectively. The mean daily catch of commercial fishermen
was 11.4 kg. Long-line, set nets or both were the main fishing
gears used by the commercial fishermen. Among these gears,
set nets composed the highest share (60%), while both set nets
and long-lines were used by 25% of the commercial fishermen.
Regarding the length of set nets, the commercial fishermen
who used gillnets and trammel nets generally fish with nets
shorter than 2,000 meters. Generally, the mean set-net length
was 2,820 meters, whereas that value was only 1,910 meters
for gillnets and only 1,740 meters for trammel nets.
Furthermore, 8 commercial fishermen only fish with thick long-
line, 4 commercial fishermen only use thin long-line, and 4
commercial fishermen use both of these long-line types. The
average length, age and engine power of the commercial
fishing vessels was 7.4+1.4 m, 15£7.8 years and 41+37.7
horse power, respectively.

Technical and Economic Characteristics of

Recreational Fishing

The proportion of only on-shore recreational fishing was
48%, only on-boat recreational fishing composed 29%, and
both on-boat and on-shore recreational fishing composed 14%
of the recreational fishing effort. Of the recreational fishermen,
86% fish with fishing rod and line, whereas 7% fish with a
fishing spear. For a one-day recreational fishing trip for
recreational fishermen, on average, 18.1 for transportation,
8.6 for bait, 6 for gear and 7.2 for other costs were the main
costs. The total yearly expenditures of recreational fishermen,
on average, included 605.4 for fishing gear, 335.9 for bait and
561.7 for transportation.

A total of 74% of the recreational fishermen stated that they
used small boats or vessels that have on average 5.7 meters
of length and 10.7 HP engine power for recreational fishing. A
total of 41.9% of the shore-based recreational fishermen go
fishing with their own vessel, while the rest use a friend’s
vessel. The fishers who own a vessel have on average 600 of
yearly repair and maintenance costs and 629.2 of yearly fuel
costs. The mean depth and distance from shore for recreational
fishing was 32 meters and 2,149 m, respectively.

WTP amounts

Within a CV scenario, the WTP amounts of the respondents
were determined for each group using a bidding-game format.
Generally, 75% of the commercial fishermen, 91% of the
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recreational fishermen and 85% of the local people were willing
to pay for a trip to an AR. The MWTP amounts were 18.4, 17.8
and 13.4 for the commercial fishermen, recreational fishermen
and local people, respectively (Table 2).

Table 2. Descriptive statistics of WTP amounts

5 c g 2 —
sE 2E @8 g
£ o S e E c
EG 5% 5] &
Sic S S
Mean 1840 1788 1336 15.86
Minimum 0 0 0 0
Maximum 100 100 50 100
gta’?d?rd 2449 1638 1031 1547
eviation
n 20 58 67 145

*At the time of the readings €1 equaled =|.'5'2.5

In terms of other individual characteristics, the commercial
fishermen between 46 and 60 years of age had significantly
higher WTP amounts than the younger individuals. In contrast,
a decreasing trend linear with age was observed for the stated
WTP amounts of the recreational fishermen. The local
residents included in different age groups reported MWTP
amounts quite close to the general MWTP amount.

The married individuals in the three groups reported
significantly higher WTP amounts than single or widowed
individuals. Individuals with different education levels did not
show any disparity in their stated WTP amounts. Moreover,
commercial fishermen who graduated from primary school
reported higher WTP amounts than the commercial fishermen
with more education. In contrast, the recreational fishermen
who had graduated at least from high school reported
significantly lower WTP amounts. The existence of social
security among the individuals did not show any considerable

Table 3. Dependent, independent variables and their definitions

effect on the stated WTP amounts. Interestingly, commercial
and recreational fishermen who had a second job reported
substantially and significantly lower WTP amounts than ones
who did not have a second job.

The WTP amounts and respondents’ monthly incomes
were compared. The commercial fishermen with a monthly
income under 1,000 reported higher WTP amounts than those
with higher monthly incomes. For the recreational fishermen
and local people, individuals included in the 3,000-5,000
income interval reported higher WTP amounts than ones who
had lower monthly incomes, as expected. The commercial
fishermen and local people who were responsible for more than
2 individuals had greater WTP than ones who were responsible
for fewer than 2 individuals, and the converse situation was
found for the recreational fishermen. The commercial fishermen
who had a total family population over 3 individuals reported
higher WTP amounts than the ones who had a family
population less than 3, and again, this pattern was opposite for
the recreational fishermen and local people. The commercial
fishermen and local people who owned a house reported higher
WTP amounts than ones who did not own a house. However,
the opposite situation was valid for the recreational fishermen.
Similarly, the commercial fishermen and local people who had
heard of the AR concept beforehand reported higher WTP
amounts than recreational fishermen. Moreover, the
commercial fishermen and recreational fishermen who were
aware of the AR project reported higher WTP amounts than
ones who were not aware of the project.

Econometric Model

Within the CV scenario, the WTP amounts of the
respondents and some demographic variables were used to
calculate MWTP amounts via a probit model. Only the local
people’s WTP was considered for the non-market economic
value of ARs. Definitions of the variables used in the probit
model are shown in Table 3.

Offered Price: Offered price within the bidding game

Income: Monthly income of individuals (1> Less than 15500, 2>%#501-1000, 3>E+1001-1500, 4>’b1501-2000, 5>’b2001-2500, 6>’|.‘J'2501-3000, 7>’b'

3001-3500, 8>More than ’b‘3500)

D_Age_Grp_2, 3, 4: Individuals included in 26-45, 46-60, 61 and over age groups, respectively

(Dummy Variable; 1,0)
D_Age_ Grp_3: Individuals included in age group (Dummy Variable; 1,0)
D_Age_ Grp_4: Individuals included in age group (Dummy Variable; 1,0)

D_Edu_ Grp_2: Individuals included in 6-8 year education level (Dummy Variable; 1,0)

D_Edu_ Grp _3: Individuals included in 9-11 year education level(Dummy Variable; 1,0)

D_Edu_ Grp_4: Individuals included in 12 years and above education level(Dummy Variable; 1,0)
D_Nat_Reef_Pro: Knowledge of individuals about the national reef project (Dummy Variable; 1,0)

D_Reef_Con: Awareness of the AR concept beforehand (Dummy Variable; 1,0)

D_Accept: Acceptance of offered price (Dummy Variable; 1,0)
MWTP: Calculated mean WTP amount obtained from probit model
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According to the probit model, a positive effect of income
on the stated WTP amounts was observed. In contrast, the
WTP amounts showed a decreasing trend as the age of
individuals increased. The respondents who had 8 years of
secondary education reported higher WTP amounts than the

Table 4. Estimation of probit model

ones who had over 8 years of education. The local people who
were aware of the AR project in the region reported lower WTP
amounts than those who were not aware of the AR project. A
positive relationship between WTP amounts and knowledge
about the AR concept was found (Table 4).

Explanatory - Standard b/
Variables eI I Error Standard Error PlizP>2] LEELIS
Constant 2.21 0.34 6.44 0.00
Offered_Price -0.11 0.01 -14.06 0.00* 13.36
Income 0.00 0.00 6.65 0.00* 1382.69
D_Age_Grp_2 210 0.29 -7.24 0.00* 0.55
D Age_Grp_3 232 033 701 0.00* 032
D_Age_Grp_4 -3.54 0.55 6.38 0.00* 0.03
D_Edu_Grp_2 0.34 0.24 1.38 0.17 0.27
D_Edu_Grp_3 -1.66 0.30 547 0.00* 0.33
D_Edu_Grp_4 -1.54 0.32 -4.78 0.00* 0.30
D_Nat_Reef_Pro -1.52 0.24 6.29 0.00* 0.09
D_Reef_Con 0.34 0.16 12.04 0.04* 047
Dependent variable | D_Accept
Number of Observations | 660
Logarithmic Likelihood Function | -273.60
Number of Parameters | 11
Constricted Logarithmic Likelihood | -442.94
McFadden Pseudo R-Square | 0.38
Chi squared | 338.69
Freedom degree | 10
Likelihood [Chi squared >p value] | 0
Hosmer-Lemeshow Chi squared | 11.82
P value (degree of freedom: 7) | 0.11
wrp (t) | 17.04
* | Statistically significant at a=0.05
Dependent variable | D_Accept
*At the time of the readings €1 equaled ’b‘2.5
The MWTP of the local people for a daily visit to the ARs .
was calculated using the probit model. In the case of an AR MWTP = (Equation 4)

deployment, 7 local individuals (10.1%) reported having an
unwillingness to visit the ARs sites, whereas 60 individuals
(89.6%) reported being willingness to visit 17.1 times in a year.

The total population of Altinoluk was estimated at 13,800
individuals, which was the attributed size of the local people’s
sample size. A total of 89.6% of the local people, i.e., 12,358
individuals in Altinoluk, are estimated to conduct recreational
fishing, diving or trip activities if an AR is deployed.

The MWTP of the local residents was calculated as follows
according to the probit model (Equation 4; 5):

ﬂoﬁered Price

9= )?,3 (Equation 5)

where Bogered orice 1S @ parameter of the offered price in the

probit model within the CV scenario, X is mean value of

dependent variable and 9 is the index value of the means of
other variables in the model that did not include an offered price
within the CV scenario. According to the probit model, the WTP
value was £17.04.
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Within the calculation below, first, the total number of
projected visits (TNV) was calculated on the basis of the
average yearly number of visits (NV) and number of individuals
(NI) who were willing to visit ARs (Equation 6): TNV = NV x NI
= 17.1 x 12,358 = 210,951. Then, the estimated economic
value (EEV) of the ARs was calculated by multiplying the TNV
and MWTP amount obtained using the probit model (Equation
7): EEV = TNV x MWTP = 210,951 x 17.04 = 3,594,606 that is
the estimated economic value (EEV) of the ARs due to the
recreational use by local residents.

Management Aspects

Results regarding the management of ARs showed that
80% of the commercial fishermen, 50% of the recreational
fishermen, 67% of the local residents and generally, 62% of all
of the respondents agreed on the allocation of the AR site for
different purposes. A few official and unofficial foundations
were voted upon, with different results for each group. A fishery
cooperative, a reef-guard station of a related ministry and the
coast guard were highly voted options for reef management.
Most of the commerecial fishermen interviewed had a tendency
to vote to give the management process to a fishery
cooperative. For the recreational fishermen, this opinion varied
among the different options of a reef-guard station (31% of the
votes), fishery cooperative (27.6%) and coast guard (10.4%).
In contrast, 30% of the local residents voted for a reef-guard
station, 16.4% voted for the cooperative and a reef-guard
station, and the rest of the local residents indicated that the
management of ARs should be in the hands of different
foundations. The general picture of AR management showed
that fishery cooperatives and a reef-guard station received the
greatest number of votes for reef management, with 27.6% of
the shares, while the rest of the votes varied among the
municipality, the coast guard, diving clubs and local residents.

DISCUSSION AND CONCLUSION

This study mainly represents information on socio-
demographic and economic dimensions of AR user and non-
user groups. Socio-demographic profile and economic profile
and AR use types of each survey group showed differences
among themselves. Additionally, the study provided information
on willingness to pay of residents with an estimation of non-
market economic value of ARs in the Edremit Bay.

First, the respondents agreed that ARs are biologically
useful materials have also good knowledge levels regarding the
biological effects of ARs in similar with the results from study
conducted by Ramos et al. (2007) and, current ARs can
contribute to the number of user groups and increase their
activities, including diving, boat-based recreational fishing and
other AR related recreational activities, by increasing the
number of recreational days which supports the hypothesis that
ARs create demand in local economy (Hanni and Mathews,
1977; Bell et al., 1998; Hiett and Milon, 2002). Additionally, the
presence of ARs triggered significant increases in the number
of future commercial and recreational trips compared to past
annual number of trips. These increases in the number of future

trips of all survey groups will likely to generate positive impact
in local and national economy.

Regarding the future management aspects of ARs, the
commercial fishermen stated that they preferred to give the
control and management of future ARs to a fishery cooperative;
however, the recreational fishermen and residents preferred to
the decision-making process to a reef guard and control station,
which is under the control of a local ministry. In contrast, almost
all respondents agreed on the distribution of the use rights of a
potential AR area among different use purposes, including
commercial fishing and recreational fishing that would be a
result to benefit for cooperative management of ARs.

Further, to identify the potential non-market economic value
of ARs, a CV method was conducted in an experimental
scenario. WTP amounts for daily fishing trips to the AR location
under a CV scenario were examined. The mean WTP of the
commercial fishermen ( 18.4 = €7.4) was greater than that of
the other groups possibly because of the CF's dependence to
the marine resources as a livelihood, however; this value was
slightly lower for non-commercial users, RF ( 17.9 = €7.2) and
LR (13.4=€54).

The residents’ mean WTP amount was calculated using the
probit model as 17.04. By attributing the economic value to the
total population, the non-market economic value from the
residents was calculated as 3,594,606, indicating the high
economic value of ARs. This value is similar to the WTP
amounts generated from studies conducted in the United
States. For instance, in Dade County, Florida, Milon (1988a)
assessed the WTP amounts of related user groups for a new
AR location. Within this study, positive advantages of ARs were
put forward, and a $707,000 yearly contribution of ARs was
estimated; a large part of this value was related to non-users.
Johns et al. (2001) determined the use value of artificial and
natural reefs in southwest Florida and for a new AR deployment
calculated a value of $4,000,000, close to the value found in
this study. From another perspective, Johns (2004) showed
$7,200,000 yearly expenditures resulting from reef use. By
considering the countrys’ economic development levels, the
values from different previous studies and current study have
not showed great difference among themselves (Table 5; Table
6).

This study has also confirmed the effectiveness of CV
method in pre-development assessment of ARs especially as
the possible user groups had good understanding and also
considerable knowledge on dimensions of ARs and, further, the
non-user benefits can be measured via CV method since they
cannot be measured with the travel cost method (Milon, 1989).
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Table 5. Some Market Value Estimates for ARs (adopted from Pendleton, 2004)

Market Value Per Person-Day

Author Location Habitat Type (62004, figures are rounded)
Hiett and Milon (2002) Gulf of Mexico Oil and Gas Structures $119
McGinnis et al.(2001) Southern California Platform Grace (Oil Rig) $64

. . $185 for resident
Ditton and Baker (1999) Texas Various types of ARs $194 for non-residents
Ditton et al.(2001), ) Ships, reef balls, and other private and ~ $50 for residents
Bell et al.(1998) North West Florida 1 jic ARs $90 for visitors

. Ships, reef balls, and other private and ~ $61 for residents

Johns et al.(2003) South East Florida oublic ARs $204 for visitors
Wilhelmsson et al.(1998) Eilat, Israel Navy Ship $28
Brock (1994) Waikiki Surplus yard oiler $26-$60

Table 6. Some Non-Market Value Estimates for ARs (adopted from Pendleton, 2004)

. . Market Value Per
Author Method Location Habitat Type Person-Day ($2004)
DIVING ON ARs
Ditton and Baker (1999) z\;uMs(:Hilif;Oto- Texas Various types of ARs 1.$75
Dition et al.(2001) ’ ¥ 2.$45
2. open-ended)
Bell et al.(1998) Travel Cost North West Florida P> Feef balls, and other $11
structures
Roberts et al.(1985) CVM Gulf of Mexico Petroleum Structures $339 annually per diver
Residents:
CVM . Ships, reef balls, and other $5.45 (new artificial reefs)
Johns et al(2003) (dichotomous choice) Southeast Florida private and public ARs $15.73 (to maintain
existing artificial reefs)
DIVING AND FISHING ON ARS
. . Network of 7
Milon (1988a) CWM Florida different reefs $29.04 to $42.77 per year
Milon (1989) CVM Florida j:g;fsa"d steel $4.48 t0 127.56 per year

This study has also confirmed the effectiveness of CV
method in pre-development assessment of ARs especially as
the possible user groups had good understanding and also
considerable knowledge on dimensions of ARs and, further, the
non-user benefits can be measured via CV method since they
cannot be measured with the travel cost method (Milon, 1989).

The residents who have knowledge on the current national
reef project in the region were less like for willing to pay to
benefit from AR site whereas, the residents who have previous
knowledge on AR concept were willing to pay much higher than
the ones who do not have knowledge. These results also can
be related to the findings in previous studies by Milon that
showed the respondents who have never utilized ARs had
positive values by taking into account their option (for future
benefits by their own use) or their existence (preserving for the
future) values (Milon, 1989). Low AR relevance cannot be
perceived as low or no willingness to pay. With the econometric
models used, different interactions among the studied variables
were determined. A positive effect of income on the stated WTP

amounts was identified. By analyzing WTP amounts according
to the different age groups, a negative relationship was found
between the WTP amount and age variables. In addition, the
probit model also showed significantly higher values for
respondents who had only 8 years of education. The
respondents who had knowledge of the National Reef Project
reported lower WTP than the rest, but this finding conflicted with
the positive correlation of WTP with knowledge of the AR
concept. In the light of these considerations, LR who are aware
of the certainty for the AR deployment do not have much WTP.

This study also demonstrates the potential of commercial
fishing, recreational fishing, recreational trip and recreational
diving activities on the AR zone in question. Generally, the
individuals who accepted to pay any monetary value stated that
they would gain benefits from an AR deployment. Sensitivity to
nature and interests in reef projects were identified as other
reasons for acceptance of a required payment. The existence
of a considerable number of individuals who are willing to pay
demonstrates the great economic value of ARs.
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Consequently, in this study, the non-market benefits of user
and non-user groups of ARs who were estimated to relate to a
proposed AR in the region were calculated. By considering
commercial fishermen, recreational fishermen, local residents
and a diving club to determine the technical, economic and
social activities of users and non-users, this study was
designed to identify the relationship of an AR with the local
economic activity. The effect of high commercial and
recreational use pressure on the market and non-market
economic benefits in especially some certain AR sites should
be determined in future studies. As an overall conclusion we
can say that in Turkey, with a few number of biological and
socioeconomic studies, it is difficult to understand potential AR
user groups and their relevance to ARs. Based on this first
study of the social and economic benefits of ARs, an efficient
planning, monitoring and management process can be
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0Oz: Bu calismada, Izmir balik hali calisanlarinin saglik sorunlari, halde is giivenligi ve halin bazi sosyal ve fiziki sartlar ortaya konmustur. Galigmanin verileri Ekim
2013 - Mayis 2014 tarihleri arasinda izmir balik halinde bazi calisanlarla yapilan anketler (n=35) sonucu elde edilmistir. Ayrica kurum doktoruyla da gériistilmiistir.
Sonugta, halin hijyen konusunda yetersiz kaldigi, sosyal alanlarin kisith oldudu, is glivenliginin ve verilen egitimlerin ise yetersiz oldugu ortaya ¢ikmistir. Balik
halleri agisindan Is Saglig ve Givenligi cok yeni bir konudur. Bu nedenle de bazi aksakliklar gézlemlenmistir. is Saghigi ve Givenliginin acilen ele alinarak balik
hallerindeki eksikliklerin gideriimesi blyiik 6nem arz etmektedir.

Anahtar kelimeler: Balik hali, personel, saglik, i kazasi, glivenlik

Abstract: : This study presents to the health problems, work safety and some social and physical conditions of Izmir wholesale fish market's employees. The data
were obtained from the questioners with workers (n=35) between October 2013 and May 2014. Additionally, we interviewed with medical doctor of institution. We
determined that there were lack of hygiene, social conditions, work security and safety courses in the market. Occupational safety and health is a new issue for
fish markets in Turkey. Because of that, paucities have been observed. It must urgently be handled and elimination of paucities is very important.

Keywords: Wholesale fish market, personnel, health, industrial injury, security

GIRiS

Diinya niifusunun giderek artmasiyla birlikte, olugan protein
acigini karsilayacak miktar ve kalitede gida temini endiseleri de
her gecen guin artmaktadir. Baligin zengin bir hayvansal protein
kaynadi olmasinin yani sira igerdigi doymamis yag asitleri
sayesinde hayvansal proteinin en saglikli kaynagi olan su
Uriinleri tiketimi giderek 6nem kazanmaktadir. Su Grlnlerinin
yiksek ihracat potansiyeline sahip olmasi, balik unulyag
sanayi sektorine hammadde teskil etmesi, gida guvenliginin
énemli bir unsuru haline gelmesi ve &nemli istihdam
olusturmasi gibi hususlarda her gegen gin 6nemi daha da
artmaktadir.

Turkiye’de 2013 yili su drdinleri dretimi 607.515 ton olarak
gerceklesmis olup, bunun 374.121 tonu avcilik, 233.394 tonu
yetistiricilik yoluyla elde edilmistir (TUIK, 2014). Elde edilen su
driinlerinin blytik bir kismi balik halleri araciligiyla i¢ pazara
sunulmaktadir. Tirkiye de glinimiizde 13 adet su Urinleri
toptan satis yeri bulunmaktadir. istanbul’da bulunan bir ézel
girisim haric, tm su drdinleri satis yerleri belediyeler tarafindan

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

kurulmus ve isletilmektedir (BSGM, 2012).

izmir balik hali, Ttrkiye'nin istanbul’dan sonraki ikinci biyik
halidir. Hal, Buca Kaynaklar mevkiinde 1997 yilindan bu yana
faaliyet gdstermektedir. Halde galisan memur sayisi 10, toplam
personel sayisi 89'dur. idari bina iki kattan olusmaktadir. Balik
hali 68 donim arazi lizerinde 5.000 m2 agik alan ve 5.000 m?
kapall satis yerinden olusmaktadir. Halin sehir merkezine
uzakhgi yaklasik 20 km'dir. Halde 3 adet sogutucu depo, 4 adet
soklama (-20°C/-40°C) unitesi, 12 idari biro ile 43 adet ticari
biro bulunmaktadir. Ayrica 3 adet tuvalet, 1 adet dus
bulunmaktadir. 1000 arag kapasiteli otoparki bulunan halde,
elektronik mezat, perakende satis Unitesi, aritma tesisi,
konferans salonu, tamirat odasl, sadlik odasi ve laboratuvar
bulunmamaktadir (Yildirim ve Akyol, 2012).

Bugiin itibariyle Ulkelerin en biyik sermayeleri vasifli
isgicidir.  Glndmizde teknolojinin  hizla ilerlemesine,
makinelesmeye ve yeni (retim yontemlerine ragmen, egitim
yetersizligi, ise yabancilagma ve isyerine ait olma duygusunun
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zayiflamasi gibi nedenlerle is kazalari ve meslek hastaliklari
sonucunda yasanan maddi ve manevi kayiplar drkutici
boyutlara ulasmistir. Bu nedenle temel hedef, is kazalar ve
meslek hastaliklarini bastan onleyici tedbirler almak ve bu
konularda bilgi sahibi olup, gerekli is Sagligi ve Giivenligi (ISG)
egditimlerinden gegcmek olmalidir. Nitekim ILO kaynaklarina
gére her yil 1,2 milyon kisi is kazalar ve meslek hastaliklari
nedeniyle hayatini kaybetmektedir. Yine ayni kaynaklara gére
her yil 250 milyon kisi is kazalari, 160 milyon kisi ise meslek
hastaliklari sonucunda zarara ugramaktadir (Biyikgi, 2010).

Norveg is teftis kurumu tarafindan yapilan galismalarda su
urdinleri sektérinde meydana gelen is kazalarinin nedenleri
siraslyla, makine, kayma-disme, kesici aletler, kimyasallar,
bot-tekne kazalari, igne batmasi, ylksekten diisme, goz
yaralanmalari ve digerleri olarak siralanmistir (Mert ve Ercan,
2014 atfen Mayers ve Durborow, 2012 )

Tiirkiye'de ISG konusu heniiz gok yenidir ve 6331 sayili is
Saghgr ve Glvenligi Kanunu 30 Haziran 2012'de Resmi
Gazetede (Sayi: 28339) yayimlanarak yiriirlige girmistir.
Tirkiye'nin is kazalari agisindan Avrupa birincisi oldugu
haberleri siklikla medyanin giindemine gelmektedir. Hem is
kazalart hem de meslek hastaliklari acisindan yapilan
calismalar ise yok denecek kadar azdir. Balikgilik ve meslek
hastaliklari/kazalari hususunda; bir su Uriinleri isleme tesisinde
is sagligi ve guvenligi risk analizi konusunda Atayeter ve
Terzioglu (2009); kigik Olcekli balikgilarin is saghg ve is
kazalari (zerine bir ¢alisma Pergin vd. (2012); su rlnleri
sektorinde is saghgr ve glvenligi uygulamalari konusunu
kapsayan bir galisma ise Mert ve Ercan (2014) tarafindan
gerceklestirilmistir.

Bu 6n calismada, izmir Balik Hali calisanlarinin, mevcut
saglik sorunlari ve is kazalar gesitliliginin belilenmesi ve
calisanlarin  bazi sosyo-demografik ~G6zelliklerinin  ortaya
konmasi amaglanmigtir.

MATERYAL VE YONTEM

Aragtirma, Ekim 2013 - Mayis 2014 tarihleri arasinda izmir
balk halinde aralikli bes c¢alismayla yirGtilmuUstir. Bu
donemdeki balik halinin fiziksel ve sosyal durumu, personel
saghgi, halin ¢alisma kosullarinin belirlenmesi i¢in hal midrd,
bazi hal ¢aliganlari (hamal, depocu, temizlikgi, sofdr, vb.) ve
komisyonculardan olusan 35 kisi (tim galisanlarin %35'i) ile
yiz ylze anketler yapilmis, kurum doktoruyla da gérustlerek
mevcut saglik sorunlari hakkinda bilgi alinmistir.  Anket,
rastgele segilmis ve anket yapmaya goniillii personele dogum
yeri, tarihi, dider meslegi, haldeki gérevi, iskolu, mesleki
tecriibesi, calisma saati, izin durumlari, gelirleri, medeni
durumu, egitimi, barinma, sosyal glvencesi, kronik hastaligi
olup olmadigi, doktora gitme sikligi, alkol/sigara kullanimi, is
kazasi gegirip gegirmedigi, is kazasi ¢esidi, vb. toplam 45
soruyu icermektedir. Elde edilen sonuglar, oransal ve aritmetik
ortalamalarla (+SH) degerlendiriimis olup, istatistiki olarak
onem dizeyleri tek 6rneklem x2 testi ve tek drneklem binominal
testi ile degerlendirilmigtir.

BULGULAR

Halde izmir Biiyiiksehir Belediyesine bagl Esrefpasa
Hastanesi tarafindan tahsis edilmis bir adet saglik gérevlisi
bulunmaktadir.  Tim  personel Egsrefpasa  Belediye
Hastanesi'nde alti ayda bir genel saglik kontroliine tabi
tutulmaktadir. Ankete tabi tutulan personelin bazi sosyo-
demografik dzellikleri Tablo 1°de 6zetlenmistir.

Tablo 1. izmir balik hali calisanlarinin bazi sosyo-demografik
Gzellikleri (parantez igerisindekiler minimum ve maksimum degerlerdir,
ort.: ortalama; SD: Standard sapma)

Table 1. Some socio-demographic properties of wholesale
fishmarket's employees (in paranthesis shown that min. and max.
values, ort.: mean; SD: standard deviation)

Ozellikler n=35
Personelin tecriibesi (yil, ort.+SD) 9,8+1,1 (3-25)
Hane halki sayisi (ort.+SD) 41+04 (1-11)
Baktigr kisi sayisi (ort.£SD) 3,1+£04 (0-10)
Gunlik caligma suresi (saat, ort.+SD) 8,5+0,2 (6-10)
Tim geliri balikhaneden olan (%) 77,1
Evli (%) 771
Ev sahibi (%) 57,1
Gelir memnuniyeti (%) -iyi 343
-orta 51,4
kot 14,3
Sosyal glivence (%) -SSK 82,9
-Bag-Kur 17,1
-Em. Sandigi -
-Yok -
Sosyal iyelik (%) -Dernek 18,9
-Sendika 51,4
-Yok 29,7
Egitim (%) -ilkokul 37,1
-Ortaokul 229
-Lise 229
-Yiiksekokul 8,6
-Okumamis 8,6

Balik hali calisanlarinin %77,1'i maasla, %8,6'si payla,
%8,6's! hasllat ortag! ve %5,7’si ise haftalikla ¢alismaktadiriar.
Gelir elde etme yontemleri arasindaki fark istatistiki olarak
énemli bulunmustur (p<0,05). Ayni zamanda ¢aliganlarin gelir
memnuniyeti arasinda da istatistiki olarak o6nemli fark
bulunmaktadir (p<0,05).

Minimum 6 saat, maksimumum 12 saat ¢aligan personelin
calisma saatleri arasindaki fark istatistiki olarak Gnemlidir
(p<0,05). Egitim diizeyleri agisindan irdelendiginde ise ilkokul
mezunlarinin istatistiki olarak 6nemli oranda balik halinde gérev
yaptigi tespit edilmistir (p<0,05).

Balik hali ¢aliganlarinin %34,3'l sadece sigara tiketirken,
%5,7'si sadece alkol; %25,7'si hem sigara hem alkol
tiketmekte; %34,3'U ise ne sigara ne alkol tiketmektedir (Sekil
1). Alkol tiiketim sikigi oldukga az olmakla beraber (haftada
veya ayda bir gibi), sigara tiketimi ise glnlik % paket ile 1
paket arasinda ifade edilmistir.
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Sekil 1. Balik hali calisanlarinin sigara ve alkol tiketim oranlari
Figure 1. The ratio of cigarette and alcohol consumptions of workers

Balik hali ¢alisanlarinin %11,4'Uniin kronik rahatsizlig
(tansiyon, meniskis, romatizma, astim) oldugu tespit edilmis
olup, tiim c¢alisanlarin %80’ininin doktora qittigi, doktora gidis
sikhginin ise oldukga seyrek oldugu; %46,4 ‘inin sadece
hastalaninca doktora gittigi, %25'inin ise yilda bir gittigi tespit
edilmistir.

Hal galisanlarina diizenli tahlil olarak kan, idrar ile rontgen
cekimi ve mantar-hepatit testi yapilmasinin yaninda bu
calismada saptanan genel saglik problemleri Tablo 2'de
gosterilmistir. Buna gére en gok rastlanan hastalik tipi %45,7 ile
kas-iskelet sistemi hastaliklaridir. Genel hastaliklar disinda
g0z, isitme, CGrolojik, sindirim sistemi gibi diger kronik
rahatsizliklar da bazi ¢alisanlarda mevcut olmakla birlikte gok
duslk frekansli oldudu icin detaylandiriimamistir.

Tablo 2. izmir balik hali galisanlarinda rastlanan hastalik tipleri
Table 2. lliness types of wholesale fishmarket's employees

Hastalik N (%)

Kas-iskelet sistemi rahatsizliklari 16 (45,7)
Cilt rahatsizliklari 12 (34,3)
Solunum sistemi rahatsizliklari 5(14,3)

Hal ¢alisanlarinin %54,3'G yaptiklari isin sagliklarina zarari
oldugunu diisiinmektedir. Is kazalar bakimindan 13 kisi
(%37,1) kuiglik ya da buytik bir is kazas! gegirdigini ifade etmis;
bunlardan UGl ciddi yaralanmaya (incinme, ezilme, catlak)
maruz kalmistir. Yaralanma ve dligsmelerin kayma, kasa ve buz
kalibinin ayagda dismesi seklinde gergeklestigi tespit edilmigtir.

is glvenligi sartiarr  bakimindan halin  durumunu,
calisanlarin %22,9'u iyi bulurken, %62,9'u orta, %14,3'i ise
kétli bulmaktadir. is kazalari ile ilgili egitim ve bilgilendirme
toplantilarinin halde bazen (nadiren) yapildigini belirtenlerin
orani %77,1'dir. Bu egitim ve seminerler daha ¢ok is glvenligi
uzmani tarafindan yapilmakla birlikte, bazen belediye, sendika
ve kurum doktorunca yapildigi ifade edilmistir.

Calisanlar, halin sosyal sartlarini orta ve kotl olarak
(%88,6) degerlendirmektedir. Halde ¢ikan yemekler ise
genellikle orta-iyi olarak (%91,4) degerlendirilmigtir.

TARTISMA VE SONUG

Tiirkiye'nin islem hacmi bakimindan Istanbul'dan sonra en
biiyik ikinci su Griinleri hali olan izmir balik hali alisanlari
Uzerine yapilan bu én calismada, halin fiziki sartlari, mevcut
saglik ve kaza problemleri ile halin sosyal sartlari ¢aliganlarin
gorisleriyle ortaya konmustur.

Balik halinde genellikle diisme, ¢arpma, kesilme, burkulma
gibi is kazalar siklikla meydana gelmektedir. Atayeter ve
Terzioglu (2009), disme kaynakli kazalarin yarisinin
merdivenden disme, nakliye/tasima kazalarinin ise agirlikli
olarak forklift kaynakli oldugunu saptamiglardir. Buna ilaveten
et ve balk sektdrlerinde yaralanma sebepleri arasinda;
kesikler, ezilmeler, burkulmalar ve kiriklarin 6n plana giktigini;
en ¢ok etkilenen organlar olarak da parmak, el, ayak bilegi, kol
ve gbzler olarak bildirmislerdir. Halde iSG egitiminin nadir
olarak verildigini ifade edenler (%77,1) blyik ¢ogunluktadir.
Ayni zamanda, balikhane gibi zor ¢alisma sartlarinin mevcut
oldugu yerlerde isgi giris-gikisi da oldukga fazla olmaktadir. Bu
durum, pek ¢ok kisinin ISG egitimini alamadan (ya da egitime
denk gelmeden) calisiyor oldugu anlamina gelmektedir. izmir
balik hali biinyesinde, izmir Biiyiiksehir Belediyesine bagli is
guvenligi uzmani, isyeri hekimi bulunmasina ragmen, halde
isyeri saglik ve glvenlik birimi ile acil midahale odasi
bulunmamaktadir.

Halde balik nakliyeleri halen el arabalari ile yapilmakta bu
nedenle isgilerde ergonomik agidan rahatsizliklar meydana
gelebilmektedir. Calisanlarda cogunlukla kas, kemik, eklem, cilt
rahatsizligi gibi saglik sorunlari yagsanmaktadir. Bu durum, agir
kasa kaldirmalari, soguk ve nemli ortam, is kiyafetlerine 6nem
vermeme, vb. sebeplerden olusmaktadir. Calisanlarin en az
%60"1 sigara tiiketmekte ve buna bagdli solunum sistemi
rahatsizliklari tim rahatsizliklar igerisinde Gglncu sirayr almig
bulunmaktadir.

Halde iscilere sorumlulugu disinda birden fazla is
yaptirimakta; bu durum ise galiganlar (zerinde fiziksel ve
psikolojik sorunlar yaratabilmektedir. Calisanlar, galisma
kosullarinin  agirhgindan ve uyku problemlerinden sikca
bahsetmektedir. Calismanin erken saatlerde baglamasi (sabah
05.00) olumsuz etki yapmakta, kronik uyku (insomnia)
problemlerine neden olmakta, isin agirligi ¢alisanlar tizerinde
meslek hastaliklarina ve ¢alisma isteginin kaybolmasina neden
olmaktadir. Ayrica uykusuzluk durumu dalginhga (dikkat
eksikligi) bagli is kazalarina da davetiye gikarabilmektedir.

Zeminden kaynaklanan ve yeterli bilgilendirme tabelasi
kullaniimamasindan dolayi kayma ve diismeye bagli sakatliklar
siklikla olusabilmekte, sonugta ciddi rahatsizliklara ve siresi
belirsiz is kayiplarina neden olabilmektedir. Ticari biro
elemanlari ve diger isgiler calisma esnasinda uygun kiyafet
giymemektedirler. Oysa bu is igin basi koruyucu baret, ucu celik
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koruyuculu bot ya da gizme, 1slanmaz tulum, kaymaz eldiven,
vb. is kiyafetleri zorunlu hale getirilmelidir.

Mezat alaninda Isitma sisteminin etkin
kullanilamamasindan dolayi 6zellikle kis aylarinda (stitmeye
bagl sagdlik sorunlari meydana gelebilmekte ve is kayiplarina
neden olmaktadir. Halin genel satis alaninda soguk zincir
geredi 1sitici  bulunmamakta, sadece biro gibi kapall
ortamlarda personel icin Isinma saglanabilmektedir.

Perrcin vd. (2012), Ege Denizi kiiglk Glgekli balikgilarinin
benzer olarak dzellikle kas-iskelet sistemi rahatsizliklarindan
(%84) muzdarip olduklarini bildirmiglerdir. Ayrica, denizde
calisan balikgilarin bu ¢alismaya gore ¢ok daha yliksek oranda
alkol (%68) ve sigara (%72) kullandiklari ortaya konmustur.

Halin temizlenmesinde dezenfektan kullaniimamakta
sadece su ve deterjan ile temizlik yapilmakta, ayni zamanda
tahta kasa kullaniminin halen devam ettigi gérilmektedir. Bu
durum slphesiz mikroorganizmalarin ortamda gogalmasinin
nedeni sayllabilir. Hali Hazirda su drtinleri toptan ve perakende
satis yerleri yonetmeliginin ( Resmi Gazete Tarihi: 19.06.2002,
Resmi Gazete Sayisi: 24790) 11-c maddesine gdre “hal
icerisinde tahta kasa veya dogrudan Urinlerle temas eden
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yerlerde, alet ve ekipmanlarda tahtadan Uretilmis malzemeler
kullaniimamalidir’ denmektedir. Buna ilaveten, Yildirm ve
Akyol (2012), izmir balik halinde ahsap kasa kullanimi ile bazi
hijyen kurallarinin (antiseptik banyo, uygun kiyafet, ¢op
depolama, aragtan satis, vb.) tam uygulanmamasindan
bahsetmislerdir. Gegen birka¢ yillik slreye ragmen, bu
sorunlarin halen devam ettigi gortimektedir.

Hal biinyesinde sadece restoran ve bifeden olugan sosyal
alanlar ¢aliganlarin ihtiyaglarini tam olarak karsilayamamakta,
sosyal alanlarin vyetersizligi calisanlarin hosnutsuzluguna
(%89) neden olmaktadir.

Sonugta, izmir balik hali yillik islem hacmi 40000 tonu
gecen énemli bir balik hali olmasina ragmen, ISG, hijyen ve
sanitasyon, sosyal sartlar hususlarinda yeterli olmadig
goriilmektedir. Saglik sorunlarinin izienmesi ve iSG konusunda
gerekli egitimlerin nadiren gergeklestirildigi ifade edildiginden,
bu hususta acilen tedbirlerin alinmasi, yeterli egitimlerin siklikla
yerine getirilmesi, tlim galisanlara yilda en az iki defa saglik
taramasi yapilmasi, hatta hal igerisinde tam zamanli ¢alisan
doktorun bulundugu bir revir kurulmasi, halin sosyal sartlarinin
iyilestirilmesi gerekliligi agiktir.
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Abstract: : Diazinon (Organophosphorus insecticide) can cause reactive oxidative stresses during metabolism of aquatic organisms. The study presented here
aimed to investigate the antioxidant effect of vitamin C on antioxidant enzyme activities and lipid peroxidation in rainbow trout exposed to subchronic dosage
diazinon. A total number of 360 Oncorhynchus mykiss were allocated into four treatment groups (with three replicates): control; diazinon (0.1 mg L 1); vitamin C
(300 mg kg 1 in diet) plus diazinon (0.1 mg L-1), and vitamin C (1000 mg kg-1 in diet) plus diazinon (0.1 mg L-1). After two and four weeks, blood samples were
collected and superoxide dismutase, catalase enzymes, total antioxidant capacity and malondialdehyte index were measured. The specimens exposed exclusively
to diazinon showed a significant decrease in superoxide dismutase and total antioxidant capacity activities and also an increase in catalase activity and
malondialdehyde index compared to those of the control group. The changes in oxidative stress parameters may be related to destructive free oxiradicals such as
superoxide and hydroxyl radicals produced in diazinon metabolism. In conclusion, vitamin C moderated activity of the antioxidant enzyme, increased the total
antioxidant capacity, and decreased cellular damages caused by destructive lipid peroxidation process in presence of diazinon.

Keywords: Diazinon, antioxidant, vitamin C, enzyme, malondialdehyde, catalase

INTRODUCTION

Organophosphorus pesticides are used in agriculture to
control pests. Organophosphorus pesticides decompose fast
and are less stable than chlorate pesticides causing them to be
consumed more than other pesticides. Diazinon is an
organophosphorus pesticides that is used against various
insects, household and garden pests (Virtue and Clayton,
1997), also, for pests of vegetables, tobacco, feedstuff and
ornamental house plants (Bailey et al., 2000). The average
residence times (half-life) of diazinon in lakes and rivers is
approximately 30 days (range: 14-184 days) and 39 days,
respectively (Arthur et al., 1983; Jarvinen and Tanner, 1892).
Diazinon is an organic, ingestional and dermal contact toxin.
Their lipophilic feature and solubility in lipid facilitates its
passing through the cell membrane. This toxin can enter the
fish body through the epithelium, skin and digestive system,
and owing to its lipophilic characteristics, it is transferred from
the blood to other tissues (Vale, 1998). The metabolism of
diazinon results in formation of metabolites that may upset the
balance between antioxidant factors and production of free
radicals. The occurrence of oxidative stress caused by diazinon
has already been demonstrated in trout, tilapia, and carp (Uner
etal., 2006).

Diazinon is decomposed in the fish body through
transformation into diazoxon in the phase | enzyme activities

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

such as cytochrome enzymes (CYP1A2 & CYP3A2) during
desulphurization process (Schlenk, 2005). Carp, guppy, and
zebra fish are all able to transform diazinon into diazoxon
(Keizer et al., 1995). Also, in Dace and Yellow Tail, hydroxy
diazinon and hydroxyl methyl diazinon are both the main
metabolites having hydroxyl factor (Fujii and Asaka, 1982;
Schlenk, 2005). In the initial phase of diazinon metabolism, an
active polar group like hydroxyl (OH-) is produced in isopropyl
hydroxyl pyrimidine structure (IMP), which is one of the
metabolites of this toxin. This compound is electrophilic and has
the capacity to form conjugated compounds and defecated. On
the other hand, these compounds are likely to turn into oxygen
free radicals including hydroxyl and superoxide anion and able
to target the cellular structures (Fujii and Asaka, 1982).

Generally, organophosphorus pesticides can increase lipid
peroxidation through direct influence on the plasma membrane
(Hazarika et al., 2003). Malondialdehyde (MDA) is produced
during lipid peroxidation caused by an organophosphate
pesticide like diazinon and is regarded as an index of oxidative
stress induction. MDA damages the cells during the lipid
peroxidation (Doba et al., 1985).

To overcome toxicological stress, fishes have enzymatic
defense mechanisms such as secretion of specific antioxidant
defense enzymes including superoxide dismutase (SOD),
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catalase (CAT) that form the cellular antioxidant defense
system being responsible for scavenging of free radicals (El-
Gendy et al., 2010). In this respect, the SOD enzyme is
considered as the main defense factor against superoxide
anion radicals and is somehow the first line of defense against
oxidative stresses. This enzyme is responsible for accelerating
the transformation of superoxide anions into molecular oxygen
and hydrogen peroxide (Das et al., 1997; McCord and Fridovich
,1969). The CAT enzyme is found in cells of aerobic organisms
and decomposes hydrogen peroxide to water and oxygen
(Aebi, 1984).

In addition, there are non-enzymatic antioxidant defense
mechanisms involving different chemical groups, e.g. vitamins,
carotenoids, amino acids and peptides which are established in
various cellular structures to deal with anti-oxidative effects.
These factors prevent production of radicals and play an
important role in maintaining homeostasis in aquatic organisms
(Zama et al., 2007).

The all antioxidant factors of the body of an organism, either
intracellular enzymes or antioxidant nutritional compounds
(non-enzymatic factors), are called total antioxidant capacity
(TAC) (Mahfouz et al., 2009).

Vitamin C (ascorbic acid) is one of the non-enzymatic
antioxidant factors both in extracellular (interstitial and
intercellular fluids) and intracellular fluids (cytosol), being able
to neutralize many oxyradicals (Bigard, 2001). The
characteristics of this vitamin as reviving factor to nullify wide
variety of produced free radicals during the pesticide
metabolism has been proven (Tsao, 1997). For instance,
inclusion of vitamin C to the diet of Oncorhynchus mykiss may
neutralize the revival of 02-, OH and H202 free radicals and
prevent damages of oxidative stresses (Verlhac and Gabaudan
, 1997; Verlhac et al., 1998). Also, vitamin C prevents the lipid
peroxidation process through inhibiting reactive oxygen
species in aqueous phase (Frei et al., 1988; Jialal et al., 1990).
Effects of pesticides on enzymatic mechanisms of fishes (e.g.
MDA index, SOD and CAT activities) have extensively been
investigated (Durmaz et al., 2006; Isik and Celik, 2008;
Monterio et al., 2009).

Most bony fishes are however unable to synthesize vitamin
C as they lack L glunolacton oxidase enzyme to convert
glucose, which makes it an essential vitamin needed to be
supplied with food (Moreau et al., 1999; Verlhac and Gabaudan
,1997). In general, supplying vitamin C to enhance resistance
of fishes against environmental stresses has become an
effective way through influencing the biochemical parameters
of the blood (Fabiana et al., 2007). In other words, the role of
ascorbic acid is to reduce and balance biochemical function
during the oxidative stresses which can result in reduction of
ROS through various physiological methods in the body of
organisms (Buettner and Moseley, 1993).

Organophosphorus pesticides are used in agriculture to
control pests. Many flowing water resources contain diazinon
that may cause a serious threat to fish health exposed to this

pesticide. Diazinon can cause reactive oxidative stresses
(ROS) during metabolism of aquatic organisms. The present
study evaluated the activity of antioxidant enzymes and lipid
peroxidation during oxidative stress in rainbow trout. Therefore,
the present study aimed to reduce the adverse effects of
environmental toxins in trout farming using an antioxidant
compound. In this respect, this study investigated the
antioxidative effects of dietary vitamin C in Oncorhynchus
mykiss exposed to subacute dosages of diazinon using SOD
and CAT activities, total antioxidant capacity (TAC) and MDA
index of blood serum.

MATERIAL AND METHOD

The chemicals were purchased from Sigma and Merck
(Sigma, Merck Co., Germany). The spectrophotometer, Unico
version UV-2100, sudatorium or Ben Murray (Shimaz Co.), and
centrifuge (Genofuge M16) were used in this study.

Experimental condition

A total number of 360 rainbow trouts (Oncorhynchus
mykiss) with an average weight and length of 121 + 18 g and
22.9 £ 1.6 cm ( SD), respectively, were purchased from a fish
farm. In this study, the 360 Oncorhynchus mykiss (mean
weight: 121 £ 18 g) were allocated into four groups (with three
replicates). The animals were acclimatized to the tanks for a
week with 10% of water was changed every day. The
physicochemical properties of water during the experiment
period were: temperature, 12.5+ 1 °C, pH, 7.8 £ 0.1, dissolved
oxygen, 8 + 0.5 ppm and water hardness, 205 + 16 (mg L 1
CaCO03). Diazinon (Partovnar® Co., Iran), in emulation form
(60%) and soluble in 40% zylon were used in preparing the
treatments. A stock solution of 10 ppt was prepared (Koprucu
et al. 2006) to make a final solution of 0.1 mg L 1 diazinon as
sub acute concentration, which was 10% of diazinon’s LC50 in
O. mykiss (Eisler 1998). Vitamin C was provided in
encapsulated powder form and stable in water with chemical
structure of L-ascorbic acid-2-phosphate (Tiger C-35, Tiger
Co., China). The chemical formula and molecular weight of
vitamin C were C6H909P and 256.11 g mol 1, respectively.
The 300-L tanks (containing 30 specimens) were treated as
follows: (1) control (no diazinon), (2) exposed to diazinon (0.1
mg L 1), (3) exposed to diazinon (0.1 mg L 1) and vitamin C
(300 mg kg 1 in the diet), (4) exposed to diazinon (0.1 mg L 1)
and vitamin C (1000 mg kg 1 in the diet). The experiment was
run for four weeks and the animals were fed at the rate of 2%
of their mean body weight.

Preparation of blood samples

The clover powder solution (100 ppm) was used to
anesthetize the specimens and collect the blood samples.
Thirty fish in each group were sampled. The blood samples
were taken from the base of the pelvic fin using a 2-mL syringe,
transferred to a 2-mL Eppendorf tube and centrifuged
immediately at 4500 rpm for 15 minutes to separate the serum
from the blood. Then, the samples were maintained at 70 °C.
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Biochemical analysis

Superoxide dismutase (SOD)

The Marklund method was used to measure superoxide
dismutase of the blood serum (Marklund and Marklund, 1974).
In this method, the activity of superoxide dismotase enzyme is
assessed colorimetrically using pyrogallol auto-oxidasion
process in the presence of hydrogen peroxide (H202). With
increasing the amount of superoxide dismutase enzyme in the
serum, the process of pyrogallol auto-oxidation is decreased.
This assessment was measured spectrophotometrically at 420
nm.

Catalase (CAT)

The Goth method was used to measure the activity of
catalase enzyme in the blood serum (Goth, 1991). In brief, the
serum and hydrogen peroxide were mixed for 10 minutes (at
room temperature), then Amonium molybdate ((NH4)
MO7024)) was used to stop the oxidation and determine the
catalase enzyme activity level. An increase of CAT activity
decreases the light absorption at 410 nm.

Total antioxidant (TAC)

The FRAP (Ferric-reducing ability of plasma) assay was
used to examine total antioxidant capacity level as proposed by
Koracevic et al. (2001). Briefly, the standard solution of
complex Fe-EDTA and peroxide hydrogen (H202) produces
hydroxyl radicals during fentone reaction. The reactive oxygen
causes the release of thiobarbituric acid (TBA), which is a
reactive acid. The production of TBA is measured
spectrophotometrically at 532 nm.

Malondialdehyte (MDA)

The Ledwozyw method was used to measure MDA index
(Ledwozyw, 1986). In this method, an increase of MDA level
increases the level of TBA inhibition, and in turn decreases the
color production, which is measured spectrophotometrically.
One mL of serum samples was mixed with two mL Tri-chloro
acetic acid, thiobarbituric acid (TBA) and hydrochloric acid in
acidic condition and then diluted to 200 mL using distilled water.
Next, the tubes containing the solution were settled in
sudatorium for 30 min. Then they were transferred in vitro until
they were cold. Later, the samples were centrifuged for 10 min
(300 rpm) and the supernatant solution was carefully decanted.
Finally, absorption was read at 535 nm.

Statistical Analysis

A significant difference among the specimens treated with
vitamin C and diazinon in SOD, CAT, TAC and MDA was
examined using a one-way ANOVA followed by the Tukey test.
Normality and homogeneity of variance were examined using
the Kolmogorov-Smirnov goodness-of-fit and the Levene tests,
respectively. The analyses was performed in SPSS version 16.

RESULTS
SOD

After two weeks, SOD decreased significantly in the
specimens treated with diazinon compared to the control group
(P < 0.05). Also, during the fourth week the reduction of SOD
in diazinon treated group (DZN) showed significant difference
with that of the control group (P < 0.05). (Fig. 1). No significant
difference was detected between the specimens received
vitamin C300+diazinon and diazinonin in SOD after two weeks
and four weeks (P > 0.05) (Fig. 1). There was a significant
decrease in SOD in those treated with vitamin C1000+diazinon
compared to those received only diazinon after two weeks (P <
0.05) and the fourth week (P < 0.05) (Figure 1).

CAT

There was a significant difference in CAT between the
specimens received diazinon compared with the control group
after two and four weeks (P < 0.05). No significant difference
was detected between the specimens received vitamin
C300+diazinon and diazinonin in CAT after two week (P > 0.05)
and four week (P > 0.05) (Figure 2). On the other hand, no
significant difference was detected in CAT between the control
group and the specimens received vitaminC1000+diazinon
after four weeks (P > 0.05) (Figure 2). Also there was a
significant decrease in CAT between diazinon group and
vitaminC1000+diazinon group after four weeks (P < 0.05).

TAC

At the end of the second week, the specimens received
diazinon showed a significant decrease in TAC compared to the
control group (P < 0.05) (Figure 3). Also, TAC increased
significantly in the specimens treated with vitaminC300 and
C1000+ diazinon compared to the DZN group (P < 0.05).While
After four weeks, there was no significant difference in TAC
between the treatments diazinon, vitaminC300+diazinon and
the control group (Figure 3). On the other hand, there was a
significant difference (P < 0.05) between the DZN group and
the treatment VitaminC1000+diazinon in the fourth week in
TAC showing an increase of TAC in VitaminC1000+diazinon
compared to the DZN group (Figure 3).

MDA

After two and four weeks, the specimens received diazinon
showed a significant increase in MDA compared with that of the
control group (P < 0.05) (Figure 4). While, after two weeks,
there was no  significant  difference  between
vitaminC1000+diazinon and the control group (P > 0.05). Also,
after four weeks, there was no significant difference between
vitamin C1000+diazinon and the control group in MDA (P >
0.05). However, there was a significant difference between
vitaminC300+diazinon and the control group within the two
week (P < 0.05) but after four weeks no significant difference
was detected between these two groups (P > 0.05) (Figure 4).
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Figure 1. Changes in Superoxide dismutase (SOD) activity level in
serum samples of fish treated with diazinon (0.1 mg L 1) and vitamin
C (300 and 1000 mg kg 1 per diet) after two and four weeks. Thirty fish
in each group were sampled. Different alphabetic letters (a, b, ¢, d)
show significant difference (P < 0.05) and similar alphabetic letters
show lack of significance difference among groups.

time

2 Weeks 4Weeks

5.00]

4,007

3.001

2,007

Mean TAC (mmoliL)

1.001

Control DZN

Vit C. Vit C. Vit C. Vit C.
300+DZN  1000+DZN 300+DZN  1000+DZN

Treatment groups

Figure 3. Changes in total antioxidant capacity (TAC) in serum
samples of fish treated with diazinon (0.1 mg L 1) and vitamin C (300
and 1000 mg kg 1 per diet) after two and four weeks. Thirty fish in each
group were sampled. Different alphabetic letters (a, b, c, d) show
significant difference (P < 0.05) and similar alphabetic letters show
lack of significance difference among groups.

DISCUSSION AND CONCLUSION

The present study investigated oxidative effects of inducing
subacute doses of diazinon on the activities of SOD and CAT
enzymes, TAC and MDA index. In addition, it examined effects
of dietary vitamin C in 300 and 1000 mg kg 1 on activity of
biochemical factors in Oncorhynchus mykiss during the
exposure to diazinon pesticide. The results showed that
diazinon induction (0.1 mg L 1) could decrease the activity level
of SOD due to the increase of superoxide anion radicals O2- as
a metabolite produced by diazinon, and the reason is using
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Figure 2. Changes in catalase (CAT) activity level in serum samples
of fish treated with diazinon (0.1 mg L 1) and vitamin C (300 and 1000
mg kg 1 per diet) after two and four weeks. Thirty fish in each group
were sampled. Different alphabetic letters (a, b, c, d) show significant
difference (P < 0.05) and similar alphabetic letters show lack of
significance difference among groups
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Figure 4. Changes in malondialdehyde(MDA) index level in serum
samples of fish treated with diazinon (0.1 mg L 1) and vitamin C (300
and 1000 mg kg 1 per diet) after two and four weeks. Thirty fish in each
group were sampled. Different alphabetic letters (a, b, ¢, d) show
significant difference (P < 0.05) and similar alphabetic letters show
lack of significance difference among groups

SOD for neutralizing oxidative factors. The role of geobiotics
especially pesticides in causing oxidative stress has already
been proven. Halliwell and Gutterdige (1984) found that these
compounds could produce the final product of O2- during the
oxidation-reduction reactions (redox) in cellular metabolism
processes. Also, decrease of SOD levels in presence of
diazinon in Oncorhynchus mykiss with the concentrations of
0.5-1 ppm in 24, 48 and 72 hours were reported (Isik and Celik,
2008). In a similar study, the effect of diazinon with
concentrations of 1, 0.1 ppm on Nile tilapia (Oreochromis
niloticus) during a 2-week period indicated a decrease in SOD
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level (Durmaz et al., 2006).The study presented here indicated
that after four weeks, SOD level in samples treated with dizinon
increased significantly compared to the second week.
However, this difference was not significant in comparison with
control group. Pesticides, including organophosphorous
pesticides, disable and inhibit antioxidants enzymes which are
inhibitors of SOD activity (Naqvi and Vaishnavi, 1993). This
increase may be due to continuous production of superoxide
anion O2- in cells, and induction and re-stimulation of cells for
enzyme production. In this respect, Oruc (2010) believes that
the excessive increase of O2- free radical production in the
sample tissues of Oreochromis niloticus in dealing with
chlorpyrifos organophosphorus toxins caused significant
increase in SOD level in a 30-day period.

The CAT level increased in the treated fish dealing with
diazinon in the second and fourth weeks. This result indicates
an increase in the level of peroxide hydrogen (H202), which
may be the result of SOD enzyme activity to neutralize super
oxide radicals. According to Xing et al. (2012) induction of sub-
acute dose of Atrazine and chlropyrifos either separately or
combined caused an increase in CAT activity level in the liver
tissues and gills of Cyprinus carpio after 40 days. In another
similar study, an increase was reported in activity level of
catalase enzyme during the use of diazinon in heart tissues and
red blood cells of rats (Akturk et al., 2006). Furthermore, based
on a study prescribing the oral use of diazinon to mice could
increase the concentration of oxygen free radicals and in turn
change the biochemical parameters of the blood (Abdou and
El-Mazody, 2007).

In the present study, total antioxidant level of serum in fish
treated with diazinon compared with control group after two
weeks. This decrease may be the result of continuous
production of free radicals in diazinon metabolism. In other
words, decrease of TAC level occurs after scavenging process
and inhibiting free radicals through enzymatic and non-
enzymatic factors of antioxidant defense system and using
these factors. In another work, it was observed that subacute
diazinon affected liver hepatocytes cells in Oncorhynchus
mykiss which resulted in decrease of TAC level (Banaee et al.,
2011). In a similar work, diazinon induction in examined mice
caused decrease of total antioxidant in muscle tissues of
treated samples (Amirkabirian et al., 2007).

In general, based on the studies, excessive production of
free radicals during the detoxification process of pesticides
could cause decrease in total antioxidant capacity in liver cells.
In other words, when oxidative process increases through
reactive oxygen species (ROS), the antioxidant capacity level
decreases (Monterio et al., 2006; Turkez and Togar, 2011).

In addition, the findings of this study showed that TAC level
increased in the end of fourth week in comparison with second
week, however the difference was not significant in comparison
with control group. The reason for this compensation in TAC
level could be attributed to the increase in catalase and
superoxide dismutase levels in the fourth week, as subacute

doses of diazinon has improved the chance for compensatory
and adaptive responses for the cells to reach a kind of
homeostasis. According to some studies, the increase of TAC
caused by oxidative stresses in biological systems could be due
to the increase in antioxidant activities via cellular defense
mechanism in order to reach homeostasis and somehow
adaptation in dealing with antioxidative stresses (Castillo et al.,
2006; Kohen et al., 2000).

In the current study was investigating the amount of cellular
damages, called lipid peroxidation, during diazinon induction
which was measured by MDA index. Based on the
measurements of MDA levels in serums of samples during two
and four weeks, the amount of this index increased in DZN in
comparison with control group, which indicated the increase in
lipid peroxidation level of cells. This increase could be the result
of production of hydroxyl radicals (OH) as a powerful oxidizing
agent and key factor in the beginning of lipid oxidation process
which was produced in diazinon metabolism.

Based on previous studies, awareness of the destructive
process of lipid peroxidation could be possible through
measurement and investigation of the products such as
Aldehydes, acetone and MDA produced in this process.
Meanwhile, increase of MDA level could indicate the increase
of lipid peroxidation and damages to cell membrane (De Zwart
et al., 1999; Valavanidis et al., 2006). One of the important
factors in occurrence of lipid peroxidation is organophosphorus
pesticides which could increase lipid peroxidation through
affecting plasma membrane. For example, decomposition of
diazinon can cause the production of oxygen free radicals
especially superoxide anions and strong hydroxyl radicals and
in turn the increase of MDA level, which was proved by Abdou
and El-Mazoudy (Abdou and El-Mazoudy, 2007; Hazarika et
al., 2003).

In the present study, SOD and CAT measurements showed
that vitamin C could decrease and moderate the activity level
of these two enzymes. In fact, the moderation of activity level
of mentioned enzymes was due to the role of this vitamin in
neutralizing superoxide anion free radical O2-, which resulted
in decrease of activities of these two enzymes. In general, acid
ascorbic has biologically acted in decreasing and balancing
biochemical reactions during oxidative stresses. This vitamin
can decrease the rate of reactive oxygen species (ROS)
produced in various physiological functions (Buettner and
Moseley, 1993). Based on the previous studies, vitamin C due
to its electronegativity can act as reviver, inhibitor and
scavenger of reactive oxygen species. Simply put, the
ascorbatic form of vitamin C can neutralize and revive
oxiradicals through electronegativity up to two levels. In this
way, this compound has the moderating effect on enzymatic
antioxidant defense activities (Deshpande et al., 1996).

In an experiment that was not using fishes, the role of
vitamin C as an antioxidant to protect against oxidative stresses
induced by imidoclopric pesticide in liver tissues of Swiss male
albino mice was investigated. The results indicated that use of
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vitamin C in the diet before and after dealing with this pesticide
could cause a balance in activities of CAT and SOD in liver
tissue (EI-Gendy et al., 2010). Also in another work, the effect
of vitamin E as an antioxidant in facing with chronic toxicity of
Atrazine in the diet of female African catfish (Clarias gariepinus)
was investigated, in which there was decrease in activity levels
of SOD and CAT enzymes in liver tissues (Kadry et al., 2012).
The results of this study were in line with some of the related
studies (El-Gharieb et al., 2010; Singh et al., 2011).

Moreover using vitamin C as non-enzymatic antioxidant
could increase total antioxidant capacity in diazinon treated
fish. In sum, regarding the fact that the non-enzymatic
antioxidant defense system of the cell especially vitamins play
the main and fundamental role in TAC, the increase of this
cellular defense part through using vitamin supplements -
especially vitamin C supplements - can have essential role in
increasing total antioxidant defense level of the cell.

It could be stated that total antioxidant is a series of
antioxidants present in the organisms’ cells which is an index
to indicate total rate of enzymatic and non-enzymatic
antioxidants (Prior and Cao, 1999). In other words, TAC is not
dependent only to the activity of one or two enzymes, but
includes a series of vitamins C, E, albunmin, Beta Carotene,
etc. in addition to intra cellular enzymes (Miller et al., 1993). In
a study conducted by Winston et al. (1998), it was revealed that
glutathione, ascorbic acid (vitamin C), uric acid and vitamin E
compose 70% of the total antioxidant. According to previous
studies, the use of vitamin E and selenium can be enhance non-
enzymatic antioxidant defense and adjust the levels of SOD
and CAT to their normal values. Such an intervention can also
increase TAC in fish ( Ali et al., 2015).

Geetha et al. (2010) reported that using chlorella extract
supplement as an antioxidant compound in diet of Grey mullet
(Mugil cephalus) in breeding environment could increase the
total antioxidant level (Geetha et al., 2010). Increasing the total
antioxidant capacity will increase the rate of free radical
removal (Karaoz et al., 2002). Also present study showed that
using vitamin C could decrease the MPA index and in turn
decrease the damages resulted from lipid peroxidation. This
decrease could be explained through two main and
fundamental characteristics of vitamin C in acting as scavenger
or removing free radicals especially hydroxyl radical and also in
recycling the vitamin E radicals called tocopheroxyl which has
an important role in preventing lipids oxidation processes.

The effect of vitamin C in protecting proteins, lipids,
carbohydrates and nucleic acids against attacks of free radicals
has been proved in natural metabolisms of animals (Jakeman
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Oz: Bati Anadolunun daglik alanlarinda yer alan Sakligél, Karagdl, Gokgeova Géleti, Kartal Gélii olmak lizere 4 gélden fitoplankton ve yiizey suyu émeklemeleri
yapilmistir. Bu géllere kis ulagiminin zor olmasindan dolayi, 2009, 2010, 2011 yillarinin yaz aylari drnekleme zamani olarak tercih edilmistir. Yapilan incelemeler
sonucunda, Cyanobacteria (5), Bacillariophyta (22), Ochrophyta (3), Chlorophyta (16), Charophyta (6), Miozoa (3) ve Euglenophyta (4) divizyolarina dahil 59 takson
teshis edilmistir. Sakligél'den 23, Gokgeova Goletinden 26, Kartal Gél'linden 21 ve Karagdl'den 24 fitoplankton taksonu saptanmistir. Sonug olarak, géllerin
fitoplankton kompozisyonu ve dider bazi ekolojik degerleri, inceleme yapilan géllerin verimlilik durumunun oligotrofik oldugunu gostermektedir. Bu galismada,
Tiirkiye'nin dag gollerinin fitoplankton kompozisyonu ve limnolojisi hakkindaki bilgilere katkilar saglanmasi amaglamistir.

Anahtar kelimeler: Dag Gélleri, fitoplankton, ¢evresel parametreler, trofik durum indeksi

Abstract: : Phytoplankton and surface water samples were taken from four lakes (Lake Sakligdl, Lake Karagol, Gokgeova Pond, Lake Kartal) located in the
mountainous areas of western Anatolia. Because of difficult access to the lakes during winter season, summer months of the years 2009, 2010 and 2011 were
preferred as sampling time. As a result of the investigations, 59 taxa belonging to Cyanobacteria (5), Bacillariophyta (22), Ochrophyta (3), Chlorophyta (16),
Charophyta (6), Miozoa (3) and Euglenophyta (4) divisions were identified. 23 taxa from Lake Sakligél, 26 taxa from Gékgeova Pond, 21 taxa from Lake Kartal and
24 taxa from Lake Karagél were determined. As a consequence, phytoplankton composition and some other ecological characteristics indicate that the trophic
status of the investigated lakes is oligotrophic. In this study, it was aimed to provide contributions to the knowledge on phytoplankton composition and limnology of
mountain lakes in Turkey.

Keywords: Mountain lakes, phytoplankton, environmental parameters, trophic state index

GIRIS

Dag golleri benzersiz doda glzellikleri yaninda  sicakliklari, yiksek U.V. isik, kuvvetli rlizgarlar, donma ve kar

barindirdiklari biyolojik gesitlilik nedeniyle korunmasi gerekli
olan ve oldukga 6zel sucul ekosistemlerdir. Genel olarak dag
gélleri, botanikgilerin vejetasyonun yukseklige bagh dagilimi
temel alinarak, alpin géller (agag sinirinin Ustd), subalpin géller
(bodur gali ve nemli cayirliklar) ve dag golleri (yiiksek boylu
agaglar) olarak siniflandirimaktadir (Pechlaner, 1971; Sari,
2010). Yuksek ve daglik alanlarda bulunan bu géller, ova gélleri
ile kiyaslandiginda nispeten kiguk olup, insan kaynakli tarimsal
veya evsel kirleticilerden hemen hemen hi¢ etkilenmezler.
Diger taraftan, bilinen o&trofikasyon stireclerinden veya
atmosferik olmayan kirleticilerden ¢ogunlukla korunan dag
gdlleri, sanayilesmenin hizla arttig1 son 20 yilda, havadan gelen
asitler ve nutriyentlerden etkilenmektedirler (Anonim, 1999).
Sahip olduklari kendine 6zgi iklimsel (yliksek irtifa, dislik hava

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

yagislari vb.) ve fiziko-kimyasal kosullar (asitlesme) nedeniyle
bu goller uzun zamandir limnologlarin oldukga ilgisini
cekmektedir (Heinonen, 1980; Willén vd., 1990; Tolotti, 2001).

Gollere ulagimin zor olmasi ve yilin blylk bir bolimiinde
buzla kapli olmasi nedeniyle, tlkemizde yliksek dag géllerinin
limnolojisi  Uzerine gergeklestirilmis sinirll sayida c¢alisma
bulunmaktadir. Bunlardan bazilari, Kagkar sira daglarinda yer
alan alpin ve subalpin géllerde (Sahin, 2000, 2001; Yildiz vd.,
2012) bazilar da Toros daglarinda yiiksek dag gollerinde
gerceklestirilen ¢alismalardir (Balik vd., 2003; Ustaoglu vd.,
2004, 2005; Yildiz vd., 2005). Daha disik ylkseltilerde
bulunan dag géllerinde ise fitoplankton Gzerine yapilmis olan az
sayida calisma vardir (Cirik ve Cirik, 1989; Kolayli ve Sahin,
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2007; Sémek ve Balik, 2009). Bu galisma ile dag gdllerinin
fitoplankton kompozisyonu ve limnolojisi izerine yapilmis
calismalara bir yenisi eklenerek, Turkiye'de yer alan bu tip
sucul ekosistemlerin biyogesitliliginin ve ekolojilerinin ortaya
cikariimasina katki saglanmasi amaglanmistir.

MATERYAL VE YONTEM

Bati Anadolu'nun daglik alanlarinda yer alan Sakligdl
(37°46'43"N - 29°23'56"E), Karagdl (37°44'16"N - 29°29'45"E),
Gokceova Goleti (37°03'49'N - 28°48724"E), Kartal Géli
(37°05'50"N - 28°51'01"E) olmak iizere 4 gdlden Grnekleme
calismalari yapilmis olup, bu bdlgelere kis boyunca ulagimin
zor olmasindan dolayr 2009, 2010, 2011 yillarinin sadece yaz
aylarinda gidilebilmistir (Sekil 1). Fitoplankton 6rneklemeleri 55
Mm gdz acikhgina sahip Hydrobios plankton kepcesi
kullanilarak  gergeklestirimistir.  Toplanan ~ drnekler  son
konsantrasyonlari % 4 olacak sekilde formaldehit ile tespit
edilmistir.

i
=
—

=
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—
&
-
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&=

Gokceova Goleti

Gokgeova Gola ‘

Kartaligsla

Su derinligi ve 1sik gegirgenligi olgiimlerinde, 30 cm
capinda standart Secchi diski kullanilmistir. Su sicakligi,
elektrik iletkenligi icin YSI 30 model SCT metre, ¢dziinmiis
oksijen igin WTW Oxi 330 model oksijen metre ve pH élgimleri
icin WTW pH 330 model pH metre kullaniimistir. Klorofil-a tayini
ise fluorometrik olarak (Turner 10 AU Fluorometre) yapilmistir.
Géllerin trofik durumunu saptamak igin Trofik Durum Indeksi
(TDI) “Trophic State Index (TSI)” ydnteminden yararlanilmitr.
indeks sonuglari Secchi derinligi ve Klorofil-a 8lgtimlerinin
ortalama degerleri kullanilarak asagida verilen formiillere gére
hesaplanmistir (Carlson ve Simpson, 1996).

TDI (SD) = 60-14341 In(SD) (SD :Secchi Derinligi ,m)
TDI (KIf-a) = 9,81 In(Klf-a) + 30,6 (KIf-a :Klorofil-a, ug/L).

Fitoplankton  tlrlerinin  tayin  edilmesinde  gesitli
arastirmacilarin ~ monografi ~ dlizeyindeki  eserlerinden
yararlaniimistir (Bourrelly, 1966, 1968, 1970; Philipose, 1967;
Sims, 1996; John vd.,, 2003; Komarek ve Zapomelova, 2007).
Teshis edilen taksonlarin sistematik hiyerarsideki guncel
konumlari algaebase.org internet sitesinden kontrol edilmistir
(Guiry ve Guiry, 2016).

Beyagag, Beyagac, T

Sekil 1. Calisma alanlar
Figure 1. The study areas
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BULGULAR

Goller arasinda deniz seviyesinden en yiiksekte olan Kartal
GOli (1885 m)'diir. Bunu sirasiyla Gokgeova Goleti (1755 m),
Karag6l (1248 m) ve Sakligdl (953 m) takip etmektedir. Sakligél
8 m ve Karagdl 1,7 m maksimum derinligindedir ve su bitkileri
barindirmaktadir. Gokceova Goleti ve Kartal Goéli'nde ise
sirasiyla 4,8 ve 1,2 m maksimum derinlik degerleri tespit
edilmigtir.  Gollerde drnekleme dénemi  boyunca, Isik

Tablo 1. Calisma alanlarindaki bazi gevresel parametre degerleri
Table 1. Some environmental parameter values in the study areas

gegirgenligi degerleri 60-330 cm arasinda, ylizey suyu sicaklik
degerleri 17,9 ile 27,5 °C arasinda, pH degerleri 6,63 ile 9,06
arasinda, ¢6ziinmis oksijen ve oksijen doygunlugu degerleri
sirasiyla 3,3 ile 8,6 mg/L ve % 48 ile 124 arasinda, tuzluluk
degerleri %o 0,1 ile 0,5 arasinda, iletkenlik degerleri 84 ile 1039
pS25°C arasinda, klorofil-a degerleri 0.383 ile 8.065 pg/L
arasinda degisim g6stermis olup, ¢evresel parametreler ile ilgili
ayrintilar Tablo 1°de verilmistir.

i 2009 2010 2011
-
‘S PARAMETRELER HAZIRAN AGUSTOS TEMMUZ TEMMUZ ORTALAMA
Isik Gegirgenligi (cm) 120 100 110 90 105,0
2 Sicaklik (°C) 18,0 21,5 237 17,9 20,28
‘] pH 8,45 9,06 8,58 8,25 8,59
= Goziinmis Oksijen (mg/L) 8,5 8,6 8,6 6,0 7,93
E C,Oksijen Doygunlugu (%) 114 124 124 96 114,5
g Tuzluluk (%o S) 0,1 0,1 0,1 0,1 0,1
lletkenlik (WS2s-c) 84 109 102 100 98,75
Klorofil-a (ug/L) 8,065 1,362 0,383 1,159 2,74
Isik Gegirgenligi (cm) 170 90 90 110 115,0
Sicaklik (°C) 19,0 20,5 23,3 25,1 21,98
<_ pH 7,99 8,49 6,63 8,51 7,91
2 E Cozlinmis Oksijen (mg/L) 72 6,7 57 49 6,13
&0 ¢ Oksijen Doygunlugu (%) 95 93 86 90 91,0
‘S © Tuzluluk (%o S) 0,1 0,1 0,1 0,1 0,1
lletkenlik (US2s-c) 211 249 229 249 234,50
Klorofil-a (ug/L) 2,069 1,490 1,441 4,442 2,360
Isik Gegirgenligi (cm) 60 80 * * 70,00
Sicaklik (°C) 25,6 240 25,9 * 2517
3 pH 7,89 8,05 8,02 * 7,99
©  (dzinmus Oksijen (mg/L) 3,3 5,6 48 * 4,57
é G,Oksijen Doygunlugu (%) 48 77 73 * 66,0
X Tuzluluk (% S) 0,4 0,4 0,4 * 0,4
iletkenlik (uSzs+c) 723 792 748 * 754,3
Klorofil-a (ug/L) 5,645 4,780 3,249 * 4,560
Istk Gegirgenligi (cm) 330 210 190 240 2425
Sicaklik (°C) 22,5 23,0 25,1 275 24,53
a pH 8,25 8,40 8,42 8,34 8,35
g Gozlinmus Oksijen (mg/L) 52 57 55 4,3 518
X G,Oksijen Doygunlugu (%) 68 73 77 77 73,75
@ Tuzluluk (%o S) 0,5 05 05 05 0,5
iletkenlik (uSzs+c) 960 1039 968 1038 1001,2
Klorofil-a (ug/L) 2,807 1,178 0,770 3,889 2,160

(*Olgiim yapilamadi)
(*The measurement could not be made)

Ege bdlgesinin Giiney dogusunda bulunan Sakligdl,
Gokgeova Goleti, Kartal Goll ve Karagdl'deki ortalama Secchi
derinligi  (Isik gegcirgenligi) ve klorofil-a &lglimlerinden

hesaplanan TDI (SD) sonuglari 47,3 ile 59,3 arasinda, TDI
(Klorofil-a) sonuglari 38,1 ile 45,5 arasinda, TDI (Ortalama) ise
42,7 ile 55,5 arasinda degisim gdstermistir (Sekil 2).
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TDi (SD) ® TDIi (Klf-a)

70
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B TDi (Ortalama)

KARAGOL SAKLIGOL

Sekil 2. Calisma alanlarinda hesaplanan Trofik Durum indeksi degerleri
Figure 2. Trophic State Index values calculated in the study areas

Aragtirilan  géllerde yapilan taksonomik incelemeler
sonucunda fitoplanktonik organizmalardan 6 divizyoya ait 59
takson tespit edilmistr (Tablo 2). Taksonlarin 5ii
Cyanobacteria, 25'i Bacillariophyta, 3’0 Ochrophyta, 16's!

Chlorophyta, 6’si Charophyta, 4'l Euglenophyta, 3’0 Miozoa
divizyolarina dahildir. Bu calismada Sakligél'den 23, Gokgeova
Goleti'nden 26, Kartal Gol'linden 21 ve Karagdl'den 24 takson
saptanmistir.

Tablo 2. Calisma alanlarindaki gllerin fitoplankton kompozisyonu (a: Sakligdl; b:Gékgeova Goleti; c:Kartal Golu; d: Karagél)
Table 2. Phytoplankton composition of lakes in the study area (a: Lake Sakligdl; b:Gékceova Pond; c: Lake Kartal; d: Lake Karagdl)

Cyanobacteria 2009 2010 2011
Anabaena sp. a a
Dolichospermum affine (Lemmermann) Wacklin, Hoffmann & Komarek b
Gomphosphaeria aponina Kitzing d
Pseudanabaena catenata Lauterborn d

Spirulina nordstedtii Nordstedt ex Gomont d

Bacillariophyta

Amphora ovalis (Kitzing) Kitzing c c
Cocconeis placentula Ehrenberg a
Cyclotella ocellata Pantocsek a ac
Cymbella cistula (Ehrenberg) Kirchner ab bd ab
Cymbella helvetica Kiitzing o o o
Cymbopleura inaequalis (Ehrenberg) Krammer a
Epithemia adnata (Kutzing) Brébisson d a
Epithemia sorex Kitzing o a
Fragilariforma virescens (Ralfs) Williams & Round bc

Fragilaria crotonensis Kitton bc b b
Hantzschia amphyoxis (Ehrenberg) Grunow b

Navicula radiosa Kiitzing cd cd
Neidium ampliatum (Ehrenberg) Krammer in Krammer & Lange-Bertalot o o
Nitzschia obtusa W.Smith a

Pinnularia maior (Kutzing) Cleve c
Pinnularia mesolepta (Ehrenberg) W.Smith b

Pinnularia subviridis A.Cleve b c
Rhopalodia gibba (Ehrenberg) Otto Miller b bd
Stauroneis anceps Ehrenberg c c c
Ulnaria acus (Kutzing) Aboal ab ab a
Ulnaria capitata (Ehrenberg) Compére ad a c
Ulnaria ulna (Nitzsch) Compére bed bed abc

Ochrophyta
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Dinobryon divergens O.E.Imhof d d
Dinobryon sertularia Ehrenberg d
Dinobryon sociale (Ehrenberg) Ehrenberg b b
Chlorophyta

Acutodesmus obliquus (Turpin) Hegewald & Hanagata d bd
Ankistrodesmus falcatus (Corda) Ralfs b
Botryococcus braunii Kitzing d d
Closteriopsis acicularis (Chodat) Belcher & Swale o
Closteriopsis longissima (Lemmermann) Lemmermann d
Desmodesmus abundans (Kirchner) Hegewald a
Desmodesmus communis (Hegewald) Hegewald acd c
Desmodesmus opoliensis (Richter) Hegewald b b
Monoraphidium irregulare (G.M.Smith) Komarkova-Legnerova bc bd ab
Mucidosphaerium pulchellum (Wood) Bock, Proschold & Krienitz b
Pandorina morum (O.F.Mller) Bory b

Pediastrum duplex Meyen bc b
Pseudopediastrum boryanum (Turpin) Hegewald in Buchheim et al. b b b
Scenedesmus nanus Chodat a

Tetraedron minutum (A.Braun) Hansgirg ab ab a

TARTISMA VE SONUC

incelenen gollerde saptanan derinlik degerlerine gore,
Sakligdl (8 m) harig, digerlerinin nispeten sig goller olduklar
anlagilmistir. Yiizey suyu sicakliklari, digerlerine oranla daha
ylksekte bulunan Kartal Gélii ve Gékgeova Goletinde oldukga
dugUktir. Bu durum séz konusu géllerin deniz seviyesinden
yiksekliklerinin beraberinde getirdigi iklim kosullarinin  bir
sonucudur. Calisma déneminde ortalama pH degerleri 7,91-
8,59 arasinda degisen bu gdllerin hafif alkali karakterli olduklari
saptanmigtir. Alg hiicrelerinin fotosentezde kullandiklari CO2'in
membran ylzeyinden difizyon yolu ile gegmesi pH 8-10
degerleri arasinda daha kolay oldugu, bunun sonucunda
fotosentez hizinin da arttigi bildirilmistir (Bozniak ve Kenedy,
1968). Buradan, incelenen dag gollerinin sahip oldugu hafif
alkali ortamin alg gelisimi igin kismen uygun oldugu sonucuna
varilabilir. Aragtirilan géller arasinda bazi dénemlerde oldukga
dustk ¢ézinmls oksijen degerleri tespit edilmistir. Derin
gollerde, oksijen tliketilen trofolitik reaksiyonlar genis
hipolimniyon tabakasinda gergeklesirken, si§ géllerde su
kolonunun tamaminda gergeklesmesi nedeniyle, si§ géllerin
ayni yizey alanina sahip derin géllere gére daha az oksijen
depoladiklari bilinmektedir (Lampert ve Sommer, 2007).

Aragtirilan  gollerin  klorofil-a  degerlerinin - Gokgeova
Goletinde 1,44-4,44 pg/L arasinda, Kartal Goliinde, 0,38-8,06
ug/L arasinda, Sakligdl'de 0,77-2,80 ug/L arasinda, Karagdl'de
3,29-5,64 ug/L arasinda degisim gdsterdigi saptanmistir.
Sakamoto (1966) klorofil-a derecesini 6trof goller igin 5-140
ug/L, mezotrof gdller igin 1-15 pg/L ve oligotrof gdller icin 0,3-
2,5 ug/L olarak bildirmistir.

Carlson (1977) tarafindan geligtirilen Trofik Durum indeksi
guinimizde gergeklestirilen bircok limnoloiik arastirmada lentik
habitatlarin  verimliliginin  belirlenmesinde  kullaniimaktadir
(Katip vd., 2015; Cigagna vd., 2016). TDi degerleri <30 veya
30-40 ise oligotrof, 40-50 ise mezotrof, 50-70 ise &trof ve 70-80
veya >80 ise hiperdtrof oldugu bildirilmistir (Carlson ve

Simpson, 1996). Arastirma alanimizdaki gdllerde Secchi disk
olglimleri sonucunda elde edilen 1sik gegirgenligi degerleri
oligotrofik géller ile kiyaslandiginda nispeten diisiktir
(Vollenweider ve Kerekes, 1982). Benzer sekilde klorofil-a
derisimlerinin - de  dlsik tespit edilmis olmasi, Isik
gecirgenligindeki azhigin fitoplankton kaynakli olmadigini
gostermektedir. Sig§ gol ve goletlerde su hareketleri sonucunda
bentik materyalin su kolonuna tasindi§i bilinmektedir (Round,
1973). Bu durumda si§ gollerde sadece isik gegirgenligi
degerleri dikkate alinarak yapilan trofik durum saptanmasi
yaniltici olacaktir. Bu arastirmada Klorofil-a ve Secchi diski
dlciim  degerlerinden yararlanilarak hesaplanan TDI ve
ortalama TDI degerlerine gére goller oligotrofik durumun
sinirinda veya ¢ok az Uzerinde tespit edilmistir.

Cyanobacteria Uyeleri (ilkemizde daha gok 6trof gdllerde
yaygin olarak tespit ediimis olup (Cirik-Altindag, 1982; Albay
vd., 2003; Somek ve Balik, 2009), yaz aylarinda besleyici
maddelerce zengin ve o&trof gdllerde asin  cogalmalar
gosterebilirler  (Vaitomaa, 2006). Bu arastirmada ise
Cyanobacteria Uyelerinden ¢ok az takson saptanmistir. Bu
taksonlara tilkemizde yer alan i¢ su ekosistemlerinde de siklikla
rastlaniimaktadir (Karacaoglu vd., 2004; Tas ve Gondlol, 2007;
Celekli vd., 2007).

incelenen géllerin fitoplanktonunda diyatomelerin takson
sayisi yoniinden digerlerine oranla fazla olmasi dikkat gekicidir
ve bunlarin gogunlugunu bentik diyatomeler olusturmaktadir.
Nispeten si§, kigik alana sahip gol ve gdletlerde gesitli su
hareketleri nedeniyle bentik orijinli pennat diyatomelerin pelajik
bdlgeye tasindiklari bilinmektedir (Round, 1973). Buna benzer
durumlar dlkemiz géllerinde de saptanmistir (Sen vd., 2001;
Akk6z ve Gller, 2004). Bu arastirmada, en fazla diyatome
trGiniin en s1§ gol olan Kartal Golii'nde tespit edilmis olmasi bu
durumu desteklemektedir. Arastirma alanimizdaki gollerde
siklikla tespit edilen Ulnaria acus turlinin besleyici mineral
maddelerce zengin ve turbiditesi ylksek sularda bulundugu, U.
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ulna tartndn ise otrof géllerin karakteristik trlerinden oldugu
bildirilmistir (Hustedt, 1930; Reynolds vd., 2002). Bu
arastirmada tespit edilen Bacillariophyta Uyelerinin ¢ogunun
cevresel degiskenlere toleransi yliksektir ve Ulkemizin
oligotrofik, mezotrofik veya étrofik oldugu bilinen birgok gél ve
akarsularinda yaygin olarak dagihm gostermektedir (Aysel,
2005).

Chlorophyta bdliimi arastirma alanimizda ikinci derecede
en fazla taksonla temsil edilen fitoplankton grubu olmustur.
Chlorophyta béliminin tamamini Chlorococcales Uyeleri
olusturmustur. Bu durum tlkemizde yer alan bir cok mezotrofik
ve otrofik géllerin fitoplankton kompozisyonu ile benzerlik
gostermektedir (Goniilol ve Obali, 1998; isbakan-Tas vd.,
2002; Ongun-Sevindik, 2010). Chlorococcales yelerinin
bulunusu oligotrofik devreden otrofik devreye gecis olarak
kabul edilmigtir (Hutchinson, 1957). Bunlardan Monoraphidium
irregulare aragtirma alanimizdaki butlin  géllerde tespit
edilmistir. Monoraphidium tirlerinin oligotrofik ve mezotrofik
gollerde baskin oldugu bilinmektedir (Legnerova, 1965).
Aragtirma  alanmizda  siklikla  tespit edilen  diger
Chlorococcales Uyelerinden olan Scenedesmus ve Pediastrum
tirlerine Ulkemizdeki oligomezotrofik rezervuarlarda ve étrofik
gollerde bol olarak rastlanmistir (Aykulu vd., 1983, Isbakan-Tas
vd., 2002; Kivrak ve Giirbliz, 2005; Ongun-Sevindik, 2010).

Charophyta bélimlinden ise 6 takson tespit edilmis olup,
bunlarin gogunlugunu Cosmarium ve Closterium cinslerine ait
tirler olusturmaktadir. Bu cinslere ait tirlere tlkemizdeki bircok
oligotrofik ve mezotrofik géllerde rastlanmaktadir (Akkdz ve
Guler, 2004; Baykal vd., 2004; Karacaoglu vd., 2004; Sahin ve
Akar, 2007). Palmer (1980) Desmidiaceae turlerinin gogunun
oligotrofik sularda, gok azinin ise dtrofik sularda bulunabildigini
bildirmistir. ipliksi yesil alglerden olan Mougeotia sp. aragtirma
alanimizdaki bitlin géllerde rastlanmistir. Mougeotia cinsine ait
tirlerin  oligomezotrofik ortamlarda dominant olabildigi
bilinmektedir (Salmaso, 2000).
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Oz: Farkli statiide yer alan okullara devam eden okul 8ncesi 5 ve 6 yas grubundaki toplam 120 gocuga su Griinleri hakkinda cesitli etkinlikler dahilinde egitim
verilmistir. Egitim TUBITAK tarafindan desteklenmistir. Verilen egitimin, gocuklarda su (riinleri hakkinda farkindalik olusumuna katkisinin belilenmesi amaciyla
egitim dncesi on test ve sonrasinda son test iki anket galismasi uygulanmistir. Calismada yapilan analizler dnce—sonra karsilastirmasi biciminde verilmistir. Anket
calimasi igerisinde yer alan sorular igin 6n test ve son teste iligkin ylizde oranlari hesaplanmis, egitimin yas gruplarina ve okullara gore fark yaratip yaratmadigini
gdrmek amaciyla on ve son testin yaslara ve okullara gére dagilimlari frekans ve yiizdeler olarak elde edilmis, ilgili istatistiksel testler yapilmistir. Anket ¢alismasi
sonuglarina gore egitimden 6nce 11 deniz canlisini taniyan gocuklarin orani %20 iken, egitim sonrasinda bu oran %65'lere yiikselmistir. Yine anket ¢alismasinda
cocuklara yoneltilen bilgi sorularina baliklar nasil nefes alir, baliklarin disleri var midir vb. verilen dogru cevap oranlari egitim dncesi ve sonrasinda 6nemli derecede
farkliliklar gdstermektedir. Denizlerin kirlenmesine neden olan faktdrler nelerdir, sorusu igin égrencilere gesitli seceneklerle birlikte tim segenekleri kapsayan “hepsi”
segenegi sunulmustur. Bu segenegi egitimden dnce dgrencilerin %28'i, editimden sonra %61'i tercih etmistir. Egitim éncesi ve sonrasinda yiizde olarak gérilen
farkligin istatistiksel olarak anlamli olup olmadigini belirlemek amaciyla istatistiksel testler kullanilmistir. Buna gére incelenen tiim degiskenler bakimindan test
oncesi ile test sonrasi arasindaki farkin énemli oldugu saptanmistir. %46's1 5, %54'i 6 yas grubunda bulunan dgrenciler igin yapilan analizlerden benzer sonuglar
elde edilmistir. Tim sonuglar verilen su drinleri egditiminin okul dncesi ¢ocuklarda farkindalik yaratmak ve toplumsal bilinglenme diizeyini yiikseltmek bakimindan
oldukga 6nemli oldugunu géstermektedir.

Anahtar kelimeler: Su irdinleri, egitim, farkindalik, okul 6ncesi

Abstract: : 120 pre-schoolers at 5-6 ages were trained on aquatic animals in various activities which were sponsored by Tiibitak. The aim of the project was to
determine contribution of the training to children’s awareness of aquculture and fisheries including two questionnaires such as pre and post -studies in tests.
Percentage ratios for the first and the last tests were calculated for the questions to see whether there were any differences in age groups and schools in frequencies
and percentages and finally statistical tests were performed. The results of the questionnaire process showed that rate of preschoolers who recognised 11 sea
species was 20% prior to the study whereas it increased up to 65% following it. Rates of right answers by preschoolers to questions such as how fish breathe and
whether they have teeth were significantly different before and after the training. The question of what factors pollute seas was covered in multiple choices including
the choice ” all” answered by 28 and 61% of childeren before and after the process, respectively. Therefore, statistical tests were used to find out whether the
percentage difference of pre and post training was statistically significant. Accordingly, it was found that the difference in pre and post training was significant
considering all studies variables with similar results obtained from the analyses for preschoolers, 46% and 54 % of whom were in 5 % and 6 age groups, respectively.
All the results showed that training is considerably important to build awareness of the aquatic animals in pre-school children and increase societal consciousness
level as well.

Keywords: Aquatic animals, training, awareness, pre-schooler
GiRiS
Ulkelerin kalkinmasinda egitim oldukga énemli bir konudur.  egitim ise egitimin en énemli dénemlerinden biridir (Baran vd.,

Bir llkede politika, ekonomi ve toplum agisindan gelismeler ~ 2007). Okul 6ncesi egitim gocuklari ilkdgretime hazirlayan,
bekleniyorsa once egitimi ele almak gereklidir. Okul dncesi  evdeki egitim ve yetistirme olanaklarini destekleyen dil ve
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sosyal agidan var olan esitsizlikleri erken dénemde ortadan
kaldirmayi amaglayan bir programdir. Okul dncesi egitimle
cocuklarin egitim almayan ¢ocuklarla karsilastirldiginda
kendini ifade edilme yeteneginin gelistigi, sosyallestigi, ailesi,
akranlari ve égretmenleriyle daha kolay iletisime gecebildigi,
akademik ve sosyal daha fazla doyum sagladigi belirtilmistir
(Aslanargun ve Tapan, 2011). Ayrica okul éncesi dénemde
dgretmenlerin egitim esnasinda gelisen teknoloji araglarini
kullanmasinin gocuklarin égrenmesi (izerinde ok etkili oldugu
bildirilmistir (Bagci vd., 2014).

Okul dncesi donemde verilen egitimin gocuklar (izerine
olumlu etkileri hakkinda gerek yurtici (Senemoglu, 1994; Baran
vd., 2007; Anliak vd., 2008; Aslanargun ve Tapan, 2011;
Kaynar ve Kogyidit, 2014; Helvaci, 2015) gerekse yurtdisinda
(Braza vd., 1994; Tarlowski vd., 2006; Handler vd., 2010; Kos
ve Jerman, 2013; Monreo, 2013; Amirova, vd., 2015; Burac,
2015; Kafol vd., 2015; Bastos ve Straume, 2016; JakeSové ve
Slezékova, 2016; Rylatt ve Cartwright, 2016; Ziv vd., 2016;
Wiegerova vd., 2016; National Geographic, 2016) yapilmis cok
sayida galisma bulunmaktadir. Yapilan bir calismada balikgilik
sektdrlinde direk veya indirekt olarak calisan bayanlarin
cocuklarini balikgilik uygulamalarinda etkiledikleri belirtiimistir
(Bidesi, 2015). Turkiye'de okul dncesi egitim kurumlarinda
calisan personelin gidalardaki hormon, katki maddeleri ve
genetigi  degistirilmis  Grlnler  hakkinda  disUncelerinin
belirlenmesi Uzerine yapilan ¢alisma sonucunda okul dncesi
egitim kurumlarinda calisan personele genetigi degistirilmis
iiriinler hakkinda egitim verilmesi énerilmistir (Ozer vd., 2009).
Okul dncesi 5 ve 6 yas grubu ¢ocuklarin saglikli egitimlerinde;
personel glvenligi, ilk yardim, hijyen gibi konularin
gelistiriimesinde farkli programlarin gelistirilebilecegi, aile ve
ogretmenlerinde bu programin  bir pargasi olabilecegi
vurgulanmistir (Aydos ve Tugrul, 2015). Yukarida belirtilen
calismalar okul 6ncesi dénemde gocuklara verilen egitimin
énemini ve okul 6ncesi donemde verilen egitimin cocuklarin
ileriki  yasamini  olumlu  yénde etkiledigini  agikca
gostermektedir. Bu nedenle galismada okul dncesi donemin
énemi gdz oninde bulundurularak egitimde hedef kitle olarak
okul 6ncesi 5 ve 6 yas grubu cocuklar segilmistir. Yine
yukaridaki galismalarda gérildigu Gzere okul 6ncesi ddnemde
uygulanan birgok farkli egitim uygulamasi ve degerlendirilmesi
Uzerine yapilan ¢ok sayida ¢alisma olmasina karsin su urdnleri
egitimin ~ okul  6ncesi  ¢ocuklarda  uygulanmasi  ve
degerlendirilmesi  Uzerine yurtiginde yapilmis  galisma
olmamakla birlikte yurtdiginda yapilmis proje galismalar
bulunmaktadir (Suzuki, 1992; Seread, 2006; Williams, 2007).

Yapilan ¢alismada okul 6ncesi farkli sosyal yapidaki 5 ve 6
yas grubundaki gocuklara deniz canlilari hakkinda farkindaligin
yaratilmasi, deniz canlilarini tanima, sevme, koruma ve
onlardan korkmama gibi duygularinin gelistiriimesinin yani sira
temiz bir gelecek icin denizlerimizi kirletmemenin 6nemini
vurgulamak amaglanmistir.  Yapilan calisma okul Oncesi
dénemde cocuklara su Urinleri  hakkinda farkindalik

yaratiimasi adina igerisinde cesitli editimlerin yer aldi§i proje
uygulanarak sonuglarinin degerlendirildigi 6nctl bir calismadir.
Calisma okul dncesi 5 ve 6 yas grubundaki farkli egitim
duizeyine sahip kisilerin yetistirdigi farkli sosyal yapidaki (devlet,
6zel okul vb.) toplam 120 adet c¢ocuga ulasilarak
gerceklestirilmistir. Egitim 5 ve 6 yas grubundaki ¢ocuklarin
seviyesine inilerek onlarin anlayacag! sekilde hikaye, oyun,
drama, spor, miizik, masaustti faaliyetleri gibi gesitli etkinliklerle
verilmistir. Bu nedenle galisma sonuglari okul 6ncesi egitimde
calisan 6gretmenler, akademisyenler, cocuk egitim ve geligimi
Uzerine ¢alisan uzmanlar igin yararli olacag! distintimektedir.
Ayrica calisma sonuglarindan su drtnleri sektériinde egitim ile
ilgili proje yapacak olan akademisyenler, ogretmenler, sivil
toplum kuruluglari, (niversite, devlet ve &zel kurumlarda
calisanlarda yararlanabilir.

MATERYAL VE YONTEM

Hedef kitle olarak okul dncesi 5 ve 6 yas grubundaki
cocuklar segilmistir. Clinkli deniz canlilari hakkinda farkindalik,
koruma ve gevre bilinci duygularinin gelisimi kiigik yaslarda
baslamaktadir. Egitim farkli sosyal gruplarda bulunan 4 farkli
anaokulunda bulunan 5 ve 6 yas grubundaki ¢ocuklara
verilmistir. Egitim 05-08.09.2011 ile 12-15.09.2011 tarihlerinde
8 ayr glinde 15 Kkisilik gruplar halinde toplam 120 gocuda
ulagilarak gerceklestirilmistir. Egitimin ardindan birer ginlik
09.09.2011 ve 16.09.2011 tarihlerinde doga gezisi etkinlikleri
yapiimistir. 5 ve 6 yas grubundaki gocuklarda 6grenmenin
kaliciligini arttirmak ve daha da zevkli hale getirmek igin minik
ahtapot ile arkadaslarini tanima yontemi kullanilmistir. Minik
ahtapot ve diger deniz canlisi arkadaglarini korumada deniz
kirliligini 6nlemenin ne kadar dnemli oldugu hikaye ve oyunlarla
gocuklara anlatilimistir. Bu amagla egitimde deniz canlilarini
6grenme, inceleme, gdzleme ve korumanin yani sira kirliligin
deniz canlilarina verdigi zararlari konu alan birgok etkinlik yer
almistir.

Egitim Oncesinde cocuklarin deniz canlilari hakkindaki
farkindaliklarinin saptanmasi amaciyla 15 sorudan olusan
anket sorulari kullanilmigtir. Anket sinif 6gretmenleri tarafindan
gocuklara uygulanmistir. Etkinlikler tamamlandiktan sonrada
ayni test tekrar uygulanarak gocuklarin deniz canlilarina kars!
farkindaliklarini élgmek planlanmistir. Bdylece farkli sosyal
yapida 5 ve 6 yas cocuklarinda egitim sonrasi gelisimlerin
saptanmasi amaciyla son test uygulanmistir. On testle
gocuklarin egitime baslamadan dnceki deniz canlilari hakkinda
bilgi dizeyleri saptanmistir. Egitim sonrasi uygulanan son
testle hem cocuklarin egitim sonrasi farkindalik ve bilgi
duzeylerinin dlglimesi yani sira farkli sosyal yapidaki gocuklar
arasinda da fark olup olmadiginin saptanmasi amaglanmistir.
Bu amagla anket sorularina iliskin olarak oncelikle frekans
tablolari ve ki-kare analizlerine iliskin sonuglar agiklamalari ile
birlikte verilmistir. Tim analiz sonuglari SPSS paket programi
kullanilarak (Ozdamar, 2013)'a gére yapilmistir.
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BULGULAR

Egitim kapsaminda gerceklestirilen etkinliklerin 6grenciler
izerinde bir fark yaratip yaratmadigini sayisal olarak ortaya
koyabilmek amaciyla anket galismasi yapilmistir. Ayni anketler
egitimden dnce mevcut durumu saptamak ve egitimden sonra
egitimin &grenciler (zerinde bir fark yaratip yaratmadigini
gérmek amaciyla uygulanmigtir. Dolayisiyla elde edilen tim
grafik, tablo ve analizler 6nce — sonra karsilastirmasi bigiminde
verilmistir. Her biri ayri bir detay verdiginden anket formunda
yer alan tim sorular ayri ayri degerlendirilmistir. Egitim 6ncesi
yapilan anket galismasindan elde edilen sonuglar “én test”
egitim sonrasi yapilan anket calismasindan elde edilen
sonuglar “son test” olarak ifade edilmistir. Buna dayall olarak
oncelikle anket calismasi igerisinde yer alan tim sorular igin
egitim 6ncesi mevcut durum ile egitim sonrasi durumu ortaya
koymak amaciyla dn test ve son teste gore elde edilen sonuglar
verilmis ve yizdelikler hesaplanmistir. Bu yizdeliklerin
anlamliligi da incelenmis ve sonuglar Tablo 1'de verilmistir.
Egitimin yas gruplarina gore yarattigi farki gérmek amaciyla 6n
ve son testin yaslara gore dagilimlari frekans ve yiizdelikler
olarak elde edilmistir. Daha sonra 5 ve 6 yas gruplarinin ayri
ayr kendi iglerinde 6n ve son teste gdre farklilk olusturup
olusturmadiklarinin belirlenebilmesi amaciyla anlamlilik testleri
yapilmis elde edilen sonuglar Tablo 2'de verilmistir. Bunun
yaninda her iki yas grubunun birbirleri ile 6n ve son testleri
karsilastiriimis ve elde edilen sonuglar Tablo 3'de verilmistir.
Son olarak egitim éncesi ve sonrasi alinan cevaplarin okullara
gore bir farklilk yaratip yaratmadigini gérmek amaciyla on ve
son test sonuglarinin okullara gére dagiliminin frekans ve
yizdelik degerleri verilmis ardindan bu ayrima iligkin
istatistiksel testler verilmistir. Istatistiksel test sonuglari Tablo
4'de verilmektedir. Anket ¢alismasinda yer alan sorulardan
elde edilen sonuglar nominal ve ordinal Glcek dizeyinde
oldugundan verilerin analizlerinde parametrik olmayan testler
kullaniimistir. llgili amag ve degiskene bagl olarak yapilan
analizlerin adlari, test istatistik degerleri ile anlamlilik degerleri
verilen tablolarda belirtilmistir. Yorumlar sirasinda p — degeri
(yanilma pay) ile karsilastirilarak verilmistir.

Yapilan anket calismasinda &grencilere ilk olarak
tanidiklari deniz canlilari sorulmustur. Buna gére egitimden
once en biyuk deger olmasi bakimindan 11 deniz canlisini
taniyan ogrenciler yaklasik %20 oraninda iken bu oran
egditimden sonra %65'lere ylkselmistir.

Ogrencilere baliklarin nasil nefes aldi§i sorulmus ve
“Solungag” dogru cevabini egitimden dnce dgrencilerin %18'i
egitimden sonra ise %82'si vermistir. Ogrenciler baliklarin
diglerinin olup olmadidi sorusuna egitimden &nce %43
oraninda “evet” dogru cevabini verirken, egitimden sonra dogru
cevap orani %94'e ylkselmistir. Ogrencilere baliklarin suda
nasil hareket ettikleri sorulmus ve “ylzgecleri ile” dogru
cevabini editimden dnce &grencilerin %55'i, editimden sonra
ise %88i vermistir. “Ahtapotun kag kolu vardir?” sorusuna
égrencilerin egitimden dnce %39'u, egitimden sonra ise %89'u
dogru cevap vermistir. Denizanasinin viicudunda en ¢ok
bulunan madde sorusuna egitimden 6nce égrencilerin %33'U

ve egitimden sonra %70 “su” cevabi ile dogru cevap
vermislerdir. Ogrencilere miirekkep baliginin kendini koruma
yontemi sorulmus ve “mirekkep puskurtlr” dogru cevabini
egitimden 6nce 6grencilerin %43'U, egitimden sonra ise %83'l
vermistir. Denizkestanesinin viicut yapisi sorusuna egitimden
once égrencilerin yarisi egitim sonrasinda ise %730 “dikenlidir”
dogru cevabini vermiglerdir. istiridyenin inci Girettigini egitimden
once dgrencilerin %29'u biliyorken, egitimden sonra bu oran
%80’e yikselmistir. “Yengegler nerede yasar?’ sorusuna
ogrencilerin egitimden Once ve sonra verdikleri cevaplar
incelendiginde “hem karada hem denizde yasar” dogru
cevabini egitim 6ncesinde %32'si verirken, egditim sonrasinda
bu oran %64’'e yikselmistir. Yunusun bir balik olmadigini
egitimden Gnce ogrencilerin %25'i biliyorken egitim ile birlikte
%76’s1 6grenmis duruma gelmistir. Ogrenciler genel olarak
balik yediklerinde zeki olacaklarini diistinmektedirler.

“Denizlerin kirlenmesine neden olan faktorler” sorusuna
ogrencilerin egitimden once ve sonra verdikleri cevaplar
kargilastinimistir. Ogrencilerin verdikleri yanitlar segeneklerin
kombinasyonlari seklindedir. Ortaya c¢ikan kombinasyon
sayisinin ¢ok olmasi nedeniyle her bir kombinasyonun &n test
ve son teste bagl olarak yizdeleri asagida verilmistir. Bunun
yaninda “Hepsi” segenegi verilen tim segenekleri kapsamasi
bakimindan 6nemlidir. Bu segenedi egitimden dnce
ogrencilerin %28'i, egitimden sonra ise %61'i tercih etmistir. Bu
sonug farkindalik yaratmak ve toplumsal bilinglenme diizeyi
bakimindan oldukca 6nemlidir.

‘Deniz  kirliliginin  sebep oldugu zararlar nelerdir?”
sorusunda &grencilere “cevreyi kirletir, kotli koku yayar,
hastalija neden olur, deniz canlilarinin élimine neden olur,
gida azalmasina neden olur, fikrim yok ve hepsi segenekleri
sunulmustur”. Alinan yanitlar ¢cok sayida kombinasyondan
olusmakla birlikte “hepsi” segenegi tlim segenekleri kapsayan
genel bir segenek olmasi bakimindan énemlidir ve egitimden
once ogrencilerin %33'U, egditimden sonra ise %73l bu
secgenegi tercih etmislerdir.

“Deniz kirliliginin 6nlenmesi icin sizce neler yapilmahdir?”
sorusunda 6grencilere “insanlarin bilinglendirilmesi, insanlarin
uyarilmasi, denizlerin temizlenmesi, ¢dp atilmamasi, hepsi ve
fikrim yok” segenekleri sunulmustur. Bu soruya egitimden 6nce
%32 oraninda “hepsi” cevabi verilmisken, egitimden sonra %73
oraninda “hepsi” cevabi verilmistir. “Hepsi” segenegi verilen
tlim segenekleri kapsamasi bakimindan énemlidir.

Elde edilen sonuglara gére genel olarak égrencilerin deniz
canllari hakkinda egitimden &nceki mevcut Dbilgileri ile
egitimden sonra geldikleri bilgi dizeyleri arasinda énemli bir
fark olustugu ylzdelere badli olarak agik¢a goriilmektedir.
Ancak bu farkliigin istatistiksel testler ile desteklenmesi daha
uygun olacaktir. Yukarida incelenen degiskenlerin on test ile
son test sonuglari arasinda istatistiksel anlamda énemli bir fark
olup olmadigini belilemek amaciyla yapilan test sonuglari
Tablo 1'de verilmektedir. Tabloda incelenen degiskenlerin
yapisina uygun olarak yapilan testlerin istatistik degerleri ile
anlamhlik seviyesi (p — degeri) verilmistir. McNemar testinin
yapildigi degiskenler én ve son testte ilgili soruya dogru ve
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yanlis cevap verimesi seklinde degerlendirilmistir. Yine
sonuglari kombinasyonlar seklinde elde edilen (deniz kirliligine
neden olan faktorler, deniz kirliliginin sebep oldugu zararlar,

Tablo 1. On test — son test sonuglarinin istatistiksel anlamlilik testleri
Table 1. Statistical significance tests for before - after test results

deniz Kirliliginin 6nlenmesi icin yapilabilecekler) degiskenler
“hepsi” segenegine gore yapilmistir.

Degisken Yapilan Test istatistik Degeri p - degeri
Taninan toplam deniz canlisi sayisi Wilcoxon Z=-17.75 0,000
Nefes alma organ! McNemar 7° =75,013 0,000
Baliklarin dislerinin olup olmamasi McNemar )(2 = 58,141 0,000
Hareket etme organlari McNemar ;(2 = 33,065 0,000
Antapotun kol sayisi McNemar ;52 = 56,145 0,000
Denizanasinin viicudunda en gok bulunan madde McNemar Zz =30,730 0,000
Miirekkep baliginin kendini koruma sekli McNemar }(2 =41,891 0,000
Denizkestanesinin viicut yapis! McNemar ;(2 =14,383 0,000
istiridyenin Grettigi madde McNemar Zz =52,174 0,000
Yengeglerin yagadiklari yer McNemar ZZ = 6,500 0,011
Yunus balik midir? McNemar 7° =50,704 0,000
Deniz kirliligine neden olan faktérler McNemar )(2 =24,532 0,000
Deniz kirliliginin sebep oldugu zararlar McNemar ;(2 =32,554 0,000
Deniz kirliliginin 6nlenmesi igin yapilabilecekler McNemar Zz =36,379 0,000

Elde edilen sonuglara gére egitim dncesi taninan toplam
deniz canlisi sayisi ile egitim sonrasi taninan toplam deniz
canlisi sayisi arasindaki fark énemlidir (Wilcoxon). McNemar
testi ikili bicimde siniflandirilan (dogru — yanlis) ve birimlerin bir
konudaki ilk gorislerin farkli bir uygulamadan sonra degisme
gosterip gdstermedigini test dncesi ve sonrasi degisimlerin
onemliligini test etmekte kullanilir (Gamgam ve Altunkaynak,
2012). Buna gére incelenen tiim ilgili degiskenler bakimindan
test Oncesi durum ile test sonrasi durum arasindaki farkin
onemli oldugu saptanmistir (p<0.05).

Yas Gruplarina ve Okullara Gore Analiz Sonuglari

Egitim dncesinde her iki yas grubunda da en ¢ok 11 deniz
canlisi bilinmektedir. Ancak 5 yas grubunda égrencilerin %26's|
11 deniz canlisini taniyor iken bu oran egitimden sonra % 67’ye
yikselmistir. Benzer degisim 6 yas grubu iginde gegerlidir. 6
yas grubundaki 6grencilerden %14’ egitimden 6nce toplam 11
deniz canlisini taniyorken egitimden sonra bu oran yine
%68 lere yiikselmistir. Ogrencilerin baliklarin nasil nefes aldig
sorusuna vermis olduklari cevaplarin yaga gore dagilimi egitim
oncesi ve sonrasinda Onemli degisim gdstermektedir.
“Solungag” dogru cevabini veren dgrenci sayi ve oranlarinda [5
yas grubu: (Once:%9,1, Sonra:%87,3), 6 yas grubu:

(Once:%26,2, Sonra:%78,5)] o6nemli  derecede  artis
goriilmektedir. Ogrencilerin baliklarin dislerinin olup olmadi
sorusuna verdikleri cevaplarin yasa gore dagilimi egitim éncesi
ve sonrasinda onemli degisim gostermektedir. “Evet’ dogru
cevabini veren ogrenci sayl ve oranlarinda [5 yas grubu:
(Once:%47,3, Sonra:%92,7), 6 yas grubu: (Once:%38,5,
Sonra:%95,4)] onemli  derecede artis  gérilmektedir.
Ogrencilerin baliklarin suda nasil hareket ettikleri sorusuna
verdikleri cevaplarin yasa gore dagilimi egitim Oncesi ve
sonrasinda énemli degisim gdstermektedir. “Yiizgegleri” dogru
cevabini veren ogrenci sayl ve oranlarinda [5 yas grubu:
(Once:%50,9, Sonra:%83,6), 6 yas grubu: (Once:%58,5,
Sonra:%92,3)] énemli derecede artis gériiimektedir. Ahtapotun
kac kolu vardir?” sorusuna 6grencilerin verdikleri cevaplarin
yasa gore dagilimi egitim 6ncesi ve sonrasinda 6nemli degisim
gostermektedir. “8” dogru cevabini veren Ogrenci sayi ve
oranlarinda [5 yas grubu: (Once:%38,2, Sonra:%81,8), 6 yas
grubu: (Once:%40, Sonra:%95,4)] onemli derecede artis
gorilmektedir. Denizanasinin vilcudunda en cok bulunan
madde sorusuna dgrencilerin verdikleri cevaplarin yasa gére
dagimi  egitim Oncesi ve sonrasinda O6nemli degisim
gostermektedir. “Su” dogru cevabini veren Gdrenci sayi ve
oranlarinda [5 yas grubu: (Once:%40, Sonra:%72,7), 6 yas
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grubu: (Once:%26,2, Sonra:%67,7)] nemli derecede artis
goriilmektedir. Ogrencilerin  “miirekkep baliginin  kendini
koruma y6ntemi” sorusuna verdikleri cevaplarin yasa gére
dagimi  egitim oOncesi ve sonrasinda Onemli degisim
gostermektedir. “Mrekkep pskdrtiir' dogru cevabini veren
Ogrenci sayl ve oranlarinda [5 yas grubu: (Once:%36,4,
Sonra:%78,2), 6 yas grubu: (Once:%47,7, Sonra:%87,7)]
onemli derecede artis gériilmektedir. Denizkestanesinin viicut
yapisi sorusuna ogrencilerin verdikleri cevaplarin yasa gore
dagiimi egitim dncesi ve sonrasinda degisim gdstermektedir.
“Dikenlidir” dogru cevabini veren 0grenci sayi ve oranlarinda [5
yas grubu: (Once:%41,8, Sonra:%80), 6 yas grubu:
(Once:%56,9, Sonra:%66,2)] o6nemli derecede artis
gorilmektedir. “Istiridye ne Uretir?” sorusuna 6grencilerin
verdikleri cevaplarin yasa gore dagiimi egitim oncesi ve
sonrasinda énemli degisim gdstermektedir. “inci” dogru
cevabini veren ogrenci sayl ve oranlarinda [5 yas grubu:
(Once:%25,5, Sonra:%78,2), 6 yas grubu: (Once:%32,3,
Sonra:%81,5)] 6nemli derecede artis gdrlilmektedir. Yunusun
bir balik olup olmadi§i konusunda 6grencilerin verdikleri
cevaplarin yasa gére dagilimi egitim dncesi ve sonrasinda
onemli degisim gostermektedir. “Hayir" dogru cevabini veren
Ogrenci sayl ve oranlarinda [5 yas grubu: (Once:%16,4,
Sonra:%74,5), 6 yas grubu: (Once:%32,3, Sonra:%76,9)]
onemli derecede artis gorilmektedir.

_ Denizlerin kirlenmesine neden olan faktorler [5 yas grubu:
(Once:%29,1, Sonra:%56,4), 6 yas grubu: (Once:%13,8,
Sonra:%60)], deniz kirliliginin sebep oldugu zararlar [5 yas
grubu:  (Once:%38,2, Sonra:%74,5), 6 vyas grubu:
(Once:%29,2, Sonra:%70,8)], deniz kirliliginin dnlenmesi igin

yapilabilecekler [5 yas grubu: (Once:%38,2, Sonra:%78,2), 6
yas grubu: (Once:%26,2, Sonra:%69,2)] sorularina 6grencilerin
verdikleri cevaplarin yasa gére dagiimi egitim oncesi ve
sonrasinda 6nemli degisimler gostermektedir. “Hepsi” segenedi
tim Onerilen secenekleri kapsadigindan énemli olup verilen
sonuglar bu segenege verilen oranlari gdstermektedir. Tim bu
sonuglara gére 120 6grenciden 55'i (%46) 5 yas grubu, 65'i
(%54) ise 6 yas grubunda bulunmaktadir. Tim incelenen
sorularda egitim dncesi ve sonrasinda her iki yas grubunda da
onemli derecede artis meydana geldigi ylizdelikler anlaminda
aclkca goriilmektedir. Yas gruplari arasinda dikkati ¢eken bir
diger nokta ise egitimden dnce ddrencilerin sorulara verdikleri
cevaplar cesitlilik gdsterirken egitimden sonra bu cesitlilik
azalmis ve dogru segenekte yogunlasmalar meydana gelmistir.
Bu da egitimin dgrenciler Gizerinde bilgi dlizeyi bakimindan fark
yarattigini gostermektedir.

Yas gruplarinin 6n ve son testte yiizdeliklere gore ortaya
koyduklari degisim istatistiksel olarak da incelenmis ve elde
edilen sonuglar Tablo 2 ve 3'te verilmistir. Bunun igin dncelikle
her yas grubunun kendi icinde (Tablo 2) ve birbirleri ile (Tablo
3) 6n ve son test sonuclari karsilastiriimistir. incelenen soruya
uygun olarak yapilan testler igin miimkiin oldugunca elde edilen
istatistik ve p — degerleri verilmeye ¢alisiimistir. p<0,05 olan
sonuglarda “ilgilenilen degiskenin ilgili yas grubunda én test ve
son test degerleri arasinda meydana gelen farklilik istatistiksel
anlamda énemlidir” seklinde yorumlanabilmektedir. Sonuglara
bakildiinda genellikle 6n ve son test sonuglari arasindaki
farkin énemli oldugu gérilmektedir. Dolayisiyla verilen egitimin
her iki yas grubunda da olumlu etki yaptigi saptanmistir.

Tablo 2. Yas gruplarinin kendi i¢lerinde 6n ve son test sonuglarinin istatistiksel karsilagtirmasi
Table 2. Statistical comparison of before - after test results within age groups

5 — yas grubu on test - son test

6~ yas grubu on test - son test

. sonuglari . sonuglari

Degisken Yapilan Test Istatistik Degeri p — degeri Istatistik Degeri p — degeri
Taninan toplam deniz canlisi sayisi Wilcoxon Z = -5,231 0,000 Z = —5,748 0,000
Nefes alma organi McNemar ;{2 = 4],023 0,000 12 = 329029 0,000
Baliklarin dislerinin olup olmamas! McNemar Zz = 2],333 0,000 )(2 = 35,()27 0,000
Hareket etme organlari Binomial 0,000 0,000
Ahtapotun kol sayisi McNemar Zz = 20,346 0,000 Zz =34,028 0,000
qur:;g:nasmm viicudunda en ¢ok bulunan McNemar zz =1 1,1 15 0,001 )(2 — 18,270 0,000
Miirekkep baliginin kendini koruma sekli McNemar ;{2 = 17’926 0,000 12 = 22,321 0,000
Denizkestanesinin viicut yapisi Binomial 0,000 0,286
istiridyenin Grettigi madde McNemar Zz = 23,758 0,000 Zz = 26,694 0,000
Yengeglerin yasadiklari yer Binomial 0,012 0,302
Yunus balik midir? McNemar ;{2 = 30,03 1 0,000 12 = 20,]03 0,000
Deniz kirliligine neden olan faktérler McNemar zz = 6,759 0,009 )(2 = 24’735 0,000
Deniz kirliliginin sebep oldugu zararlar Binomial 0,000 Zz =16,488 0,000
Deniz kirliliginin énlenmesi igin 2 2 _

yapilabilecekler McNemar x~ =14,700 0,000 x~ =20,250 0,000
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Tablo 3'te yas gruplarinin birlikte 6n testleri ve son
testlerinin karsilagtirimasindan elde edilen sonuglar verilmistir.
Buna gdre bazi degiskenler hari¢ genel olarak 5 yas grubu ile
6 yas grubunun birlikte on testleri ile son testleri arasindaki
farklar istatistiksel olarak anlamli bulunmamustir (p>0,05). Buna
gdre yas gruplarinin 6n ve son test degerleri arasindaki fark
anlamli oldugundan verilen egitim dgrenciler Uzerinde olumlu
etki yaratmistir. Ancak analiz sonuglarina gére meydana gelen
farklihk bir yas grubundan digerine degismemektedir ya da
meydana gelen farkliligin istatistiksel anlamda 6nemli bir fark
olusturmadidi sonucuna varilabilir. Bu da yas gruplarinin
birbirlerine yakin olmasina baglanabilir.

Anket ¢calismasinda yer alan sorularin bir kismi igin verilen
egitimin okullara gdre de herhangi bir farklilk yaratip
yaratmadigi tim okullarin 6n test ve son test sonuglarinin
karsilagtiriimasi seklinde yapiimis ve elde edilen sonuglar
Tablo 4'te verilmistir. Buna gére p>0,05 oldugu durumda egitim
oncesinde ilgili soru bakimindan bilgi diizeyleri anlaminda
énemli bir fark bulunmamaktadir yorumu yapilabilir. Benzer
yorum egitim sonrasi iginde gegerlidir. p<0,05 oldugunda ise
editim oncesinde ilgili soru bakimindan bilgi dizeyleri
anlaminda okullar arasinda fark vardir yorumu gegerli olacaktir.
Yine benzer yorum egitim sonrasi iginde yapilabilir.

Tablo 3. Yas gruplarinin birbirleri ile 6n ve son test sonuglarinin karsilastirmasi
Table 3. Statistical comparison of before - after test results between age groups

5 -6 yas grubu 6n test sonuglari

5 - 6 yas grubu son test sonuglari

Degisken Yapilan Test istatistik Degeri p - degeri istatistik Degeri p - degeri
Taninan toplam deniz canlisi sayisi Mann_l\_/g:it:ney u Z = —1,413 0,158 Z= _09523 0,601
Nefes alma organi Ki - kare ;(2 = 5’793 0,016 }(2 =1,602 0,206
Baliklarin dislerinin olup olmamasi Ki — kare zz =0,946 0,331 }(2 =0,383 0,536
Hareket etme organlari Ki - kare Zz = (),687 0,407 ){2 = 2,174 0,140
Ahtapotun kol sayist Ki - kare ;52 =0,041 0,839 ;(2 =5,676 0,017
Denizanesin vioudundaen ok e 41=2604 oo 2°=0360 o
glle[f(rltiakkep baliginin kendini koruma Ki — kare Zz — 1,565 0.211 Z2 — 1’940 0,164
Denizkestanesinin viicut yapis! Ki — kare Zz =2,719 0,099 }(2 = 2,865 0.091
istiridyenin irettigi madde Ki - kare Zz =0,677 0,411 ;(2 =0,210 0,647
Yengeglerin yasadiklar yer Ki - kare }(2 =0,881 0,348 )(2 = 0,057 012
Yunus balik midir? Ki - kare ZZ =4,039 0,044 Z2 =0,092 0.762
Deniz kirlligine neden olan faktdrler Ki - kare Zz =0,129 0,720 ;(2 =0,300 0,584
Deniz kirlliginin sebep oldugu zararlar Ki - kare ;{2 =1,074 0,300 ;(2 =0,213 0,644
5:;';:;‘2‘23;(’;; Onlenmesi cin Ki - kare 72 =199 0,158 7' =1221 0,269
Balik yemek zekayi arttirir mi? Ki - kare zz =0,043 0,836 }(2 =0,959 0,327
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Tablo 4. Okullarin birbirleri ile 6n ve son test sonuglarinin karsilastirmasi
Table 4. Statistical comparison of before - after test results between schools

Okullarin 6n test sonuglarinin
kargilagtirmasi

Okullarin son test sonuglarinin
kargilagtirmasi

Degisken Yapilan Test istatistik Degeri p - degeri istatistik Degeri p - degeri
Taninan toplam deniz canlisi sayis Moodt;giliedyan Zz =7,730 0,052 Zz =3,272 0,352
Nefes alma organi Ki - kare Zz = 5’948 0,114 Zz =8.526 0,036
Baliklarin dislerinin olup olmamasi Ki — kare Zz =12,043 0,007 ;(2 =0,098 0,992
Hareket etme organlari Ki — kare ;(2 =4,601 0,203 ;{2 =9,747 0,021
Ahtapotun kol sayis! Ki — kare Zz =6,480 0,090 ;(2 =3,451 0,327
Ejzi;::a;;rygevﬁcudunda en gok Ki - kare Zz — 3’475 0,324 Zz — 2,790 0425
glii(r”ekkep baliginin kendini koruma Ki — kare Zz — 6,136 0,105 ZZ — 2,696 0,441
Denizkestanesinin viicut yapis Ki - kare Zz = 8,466 0,037 /%/2 =12,116 0,007
Istiridyenin tirettigi madde Ki - kare ZZ =9,939 0,019 ;(2 = 7,687 0,053
Yengeglerin yasadiklari yer Ki — kare Zz =1,389 0,708 ZZ =3,102 0376
Yunus balik midir? Ki - kare ;(2 = 9,562 0,023 Zz = 12,241 0,007
Balik yemek zekay! arttirir mi? Ki - kare V4 2 -18.776 0,000 Zz =8.669 0,034

TARTISMA

Ulkemizde su Griinleri egitimi ile ilgili olarak gerceklestirilen
proje ve calismalar kronolojik sirast ile; Ege Universitesi Sualti
Arastirma ve Uygulama Merkezi tarafindan 1-7 Eylil 2006
tarinleri arasinda Urla Cesmealt'nda “Sualti Arastirma
Yéntemleri Yaz Okulu” diizenlenmistir. Yaz kampina katilan
lisans ve lisansUsti dgrenciler denizin altinda el becerileri ile
tamirat ve tadilat yeteneklerini gelistirmiglerdir. Ayrica
6grencilerin su altinda, agag kesmek, ¢ivi gakmak, vida sikmak
ve benzeri yetenekleri dgrenip gelistirmeleri amaglanmustir.
“Arastirma yapan veya yapacak olan lisanststi égrencilerin
bilgi ve becerilerini artirmak, calismalarinda karsilastiklari
sorunlara ¢oziim bulabilmek, benzer konularda calisan
aragtiricilarin, birbirleriyle ortak galisma kultirlerini geligtirmek
amaclanmigtir.  Kurs, TUBITAK-BIDEB  (Bilim insan
Destekleme Daire Bagkanli§l) maddi olarak desteklenmis,
Gesmealt'ndaki kursa, TSSF'nin (Turkiye Sualti Sporlari
Federasyonu) balik adam yeterliligine denk yeterlilige sahip 16
lisans Gstii 6grencisine proje kapsaminda “Basit Sualti isleri,
Sualtr Gorintileme Teknikleri, Sualti Ornekleme Yontemleri,
Sualti Olgme ve Arama” konularinda egitim verilmistir (Metin
vd., 2006).

Ege Universitesi Sualti Aragtirma ve Uygulama Merkezi
(SAUM) tarafindan 23-29 Temmuz 2007 tarihleri arasinda,
TUBITAK-BIDEB  “Lisansiisti  Yaz Okulu Destekleme
Programi” gergevesinde, SAUM'un Urla-iskele kampiisiinde
‘Sualti Arastirma Yontemleri Yaz Okulu” gergeklestirilmistir.
Sualti Arastirma Yontemleri Yaz Okulu, basta su drtinleri olmak

uizere biyoloji, tip, beden egitimi, gevre ve arkeoloji konularinda
lisanlsti  dizeyindeki  Ggrencilere,  sualtinda  bilimsel
calismalarda kullanilan veri toplama yéntemleri, basit su isleri
ve su altinda fotograf ve video ¢ekimini 6gretmeyi amaglamistir.
Bu kapsam da yaz okulunun iceriginde Basit Sualti Isleri Sualti
Ormekleme Yontemleri Sualti Gériintiileme Yéntemleri ve
Aragtirma  Amagli Kullanmlari Sualti Olgme ve Arama
Yéntemleri yer almistir (Metin vd., 2007) .

Ege Universitesi Su Uriinleri Fakilltesi Avlama ve isleme
Teknolojisi Bolimlnde yurutilen sosyal sorumluluk projesi
kapsaminda “Canli Balik Avciigi ve Kontrolli Ortama
Adaptasyonu” isimli deniz akvaryumlarina ydnelik canlilarin
zarar gormeden yakalanmasi ve adaptasyonunu amaglayan
projede, gelecek nesillere deniz ve canli deniz kaynaklarini
bilingli bir sekilde tanitiimasi amaciyla, 37 ilkdgretim 6grencisi
ve 2 dgretmen proje deniz ¢alismasina davet edilerek bilgiler
sunulmustur. Bu deniz calismasinda, &grencilere, Ege
Denizi’nde bulunan balik tirleri, denizel ekosistem, balikgilik
yontemleri ve sdrdrlebilir balikgilik konularinda bilgiler
verilmigtir. Ayrica canli balik avciligina yonelik 2 trol av
operasyonu gergeklestirilmistir. Calisma sonrasinda canli
olarak yakalanan balik tirleri, adaptasyon tanklarina alinarak
tirlerin canl olarak &grencilere tanitimi yapilmigtir (Ulas,
2011).

Gl (2011) tarafindan yapilan geng nesillere yonelik deniz
egitimi kampi ¢alismasinda kamp boyunca katilimcilara verilen
egitimlerde milli parklarimiz, balikgilik, denizcilik, su Grlinlerinin
tiiketimi, surdurdlebilir kaynak kullanimi ve denizlerdeki canli
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hayat hakkinda bilgiler verilerek uygulamalar yaptiriimistir.
Bunun yani sira ylizme egitimi almalari saglanarak ve denizci
dugumleri, akvaryum yapimi gibi edlenceli becerileri igeren
etkinlikler diizenlenmistir. Calismada benzer faaliyetlerin
kendini sorumlu hisseden her kurum ve kurulusga
diizenlenmesinin  son derece O6nemli oldugu vurgusu
yapiimistir.

Metin (2014) tarafindan 3-10 Mayis 2014 tarihinde
yiriitilen ‘Denize Uzanan Kardeslik' adi altinda sosyal
sorumluluk projesi kapsaminda Urla'da iki farkli glinde etkinligin
dizenlendigi Urla Denizcilik Meslek Yiksekokulu Sualti
Teknolojisi 1. Sinif dgrencilerinin katildi§1 organizasyonda
deniz canlilarinin tanitimi gergeklestirilmistir.

Gergeklestirdigimiz proje galismasi yukarida belirtilen tim
projelere gore icerik olarak benzerlik gdstermekle birlikte farkli
yas gruplarina uygulanmasi ve farkli egitim konularini
kapsamasi agisindan belirgin bir farklilik gdstermektedir.

Ukemiz disinda su driinleri  egitimi  hakkinda
gerceklestirilen bir projede ilkokul Ggrencilerinin su alti
duinyasini kesfetmeleri hedeflenmistir. Bu amagla kullanilacak
rehber bir kitapgik hazirlanmistir. Mercan resifleri, baliklar,
képek baliklari, balina ve yunuslar, deniz kaplumbagalari, besin
zinciri, denizlerin korunmasi calismanin esas konularini
olusturmustur (Seread, 2006). Ddrt yas gocuklarina ydnelik
denizaltinin tanitiimasi yoniinde yapilan bir programda kabuklu
deniz canlilari, baliklar, denizanasi, ahtapot, denizati,
denizyildizi, slnger, yengeg, kopekbalidi gibi gesitli deniz
canlilarinin aktivitelerle tanitimi gergeklestirilmistir  (Williams,
2007). Yapilan diger bir denizalti aktivite galismasinda
cocuklara deniz aslanlari ve foklar arasindaki ayirimlar
anlatilmistir (National Geographic., 2016). Cocuklar igin
okyanus aktivitesi konusunda yazilan kitapta deniz canlilarinin
ozelliklerinin oyunlarla dgrenilmesi hedeflenmistir (Suzuki,
1992). Okul oncesi gocuklara okyanus konulu uygulanan
programda; okyanustaki deniz canlilarinin gocuklara matematik
ve fen aktiviteleri ile tanitiimasinin yani sira programda sarki,
siir, gizim, dramatik oyun ve pisirme aktiviteleri gibi cok sayida
etkinlikte yer almigtir.

Su Urinleri egitimi disinda Ulkemizde gergeklestirilen
farkindalik galismalari: Anhak vd. (2008) tarafindan yapilan
projede, okuldncesi ve ilkdgretim birinci kademedeki egitim
programlarinda popiler bir yaklagim olarak kullanilan proje
yaklagimini, cocuklarin derinlemesine arastirma yoluyla, cesitli
konular hakkinda uzmanlagmalarina yardimei olacak sekilde
kullanmislardir. Calisma, (lkemizde bu yaklagimin, egitim
programlarinin biitinleyici bir pargasi olarak daha aktif ve
islevsel bigimde kullanimi saglamak ve yayginlasmasina
katkida bulunmak amaciyla gergeklestirilmistir. Bu galisma
kapsaminda ydrGtilen sit projesinin hedefi, cocuklarin, temel
bir besin maddesi olan site ydnelik ilgilerini artirarak konuyla
ilgili bilgileri derinlemesine dgrenmelerini saglamaktir. Calisma,
6 yasindaki 15 ¢ocuk ve ilgili sinifin 6gretmeniyle birlikte 5 giin
boyunca yiiriitilmastir. Bu galismanin baslangigta belirlenen
hedeflerine ulastigi, gocuklarin siitle ilgili tutumlarini olumlu

yonde gelistirdigi ve bu gelisimin davraniglarina da yansidig
gozlenmigtir. Beceren (2010) okul 6ncesi 4 - 6 yas grubu
cocuklarin égrenmeleri (izerine yapti§i ¢alismada gocuklarin
zeka tiplerinin ailesinin egitim durumuna ve sosyoekonomik
statlilerine bagli olarak degistigini bildirmistir. Okul &éncesi
gocuklara verilen egitimin ilkokula hazirlik (zerine etkisi
konusunda yapilan diger bir arastirma sonucunda erken
cocukluk déneminde verilen egitimin ¢ocuklarin genel okul
olgunlugunu, sosyal becerilerini ve dikkat toplama becerilerini
anlamli diizeyde etkiledigi sonucuna ulasilmistir (Kaynar ve
Kogyidit, 2014).

Su Urtinleri editimi hakkinda olmayan ve ulkemiz diginda
gergeklestirilen farkindalik calismalari: 2010 yilinda Kuzey
Amerika Cevre Egitimi Toplulugu (NAAEE) tarafindan erken
gocukluk donemindekilerin yararlanabilecedi cevre egitim
programi: Mikemmellik Kurallari isimli bir eser hazirlanmistir.
Pasifik Adasi okullarinda 3 ile 6 yas araligindaki gocuklara hava
hakkinda bilgiler veren egitim programi diizenlenmigtir. Bu
programda iklim sistemlerinde okyanuslarin rolint anlamak,
tartismak ve farkindalik yaratmak amaglanmistir. Okuléncesi
Doénemde Otlar ve Baharatlar Hakkinda Ogrenme isimli
calismada bitkilerin hayatimizdaki dénemi vurgulanarak kag
tane 4 yasindaki gocugun baharat ve otlari bildigi saptanmaya
calisiimistir. Slovenya’'da yasayan 36 gocuk ile gorisilmis ve
egitim oncesinde c¢ocuklarin tibbi amagli olarak bitkilerin
kullanildigini bilmedikleri belilenmistir (Kos ve Jerman, 2013).
Bunlara ilaveten okul 6ncesi ve erken gocukluk donemi icin
daha genel anlamda doga egitimi hakkinda bilgiler veren
calismalar bulunmaktadir (Handler ve Epstein, 2010; Monreo,
2013). Tim bu calismalarda cocuklarin farkindaliklarinin
gelismesinde ve sosyallesmesinde okul 6ncesi egitimin
énemini vurgulamaktadir.

Gergeklestirdigimiz bu galisma, yukarida bahsedilen tim
literatiirlerce  vurgulandigi  gibi  farkindalik  calismalarinin
dnemsendigi giinimizde ézellikle merak eden yas gruplarini
iceren okul dncesi dénemdeki gocuklara su Urlnleri hakkinda
egitim veren ilk arastirmadir. Bu nedenle ¢alisma sonucunda
elde edilen bulgular ileride yapilacak benzer proje ve
arastirmalara éncllik edecek niteliktedir.

SONUG

Farkl statlide yer alan okullara devam eden okul éncesi 5
ve 6 yas grubundaki toplam 120 dgrenciye su Urinleri hakkinda
cesitli etkinlikler dahilinde egitim verilmigtir. Verilen egitimin,
gocuklarda su (rlnleri hakkinda farkindalik olusumuna
katkisinin belirlenmesi amaciyla egitim éncesi (6n test) ve
sonrasinda (son test) iki anket ¢alismasi uygulanmistir.

Calismada yapilan analizler 6nce-sonra karsilastirmasi
bigiminde verilmistir. Anket galismasi igerisinde yer alan sorular
icin 6n test ve son teste iliskin yizdelikler hesaplanmig, egitimin
yas gruplarina ve okullara gére fark yaratip yaratmadigini
gérmek amaciyla 6n ve son testin yaslara ve okullara gére
dagilimlari frekans ve yiizdelikler olarak elde edilmis, ilgili
istatistiksel testler yapilmistir. Anket galigmasi sonuglarina
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gore egitimden énce 11 deniz canlisini tantyan gocuklarin orani
%20 iken, egitim sonrasinda bu oran %65’lere yukselmistir.
Yine anket calismasinda gocuklara yoneltilen bilgi sorularina
(“baliklar nasil nefes alir?”, “baliklarin digleri var midir?” vb.)
verilen dogru cevap oranlari egitim 6ncesi ve sonrasinda
onemli derecede farkliliklar gostermektedir. Cocuklara
baliklarin suda nasil hareket ettikleri sorulmus ve “yizgecleri
ile” dogru cevabini egitimden 6nce 6grencilerin %55'i egitimden
sonra ise %88'i vermistir. Yengegler nerede yasar?” sorusuna
ogrencilerin egitimden oOnce ve sonra verdikleri cevaplar
incelendiginde “hem karada hem denizde yasar” dogru
cevabini egitim 6ncesinde %32'si verirken, egditim sonrasinda
bu oran %64'e yikselmistir. Yunusun bir balik olmadigini
egditimden énce dgrencilerin %25'i biliyorken, egitim ile birlikte
%76’s1 6grenmis duruma gelmistir “Denizlerin kirlenmesine
neden olan faktorler nelerdir?” sorusu igin égrencilere cesitli
seceneklerle birlikte tlim secenekleri kapsayan ‘“hepsi”
secenedi sunulmustur. Bu segenedi editimden Once
6grencilerin %28'i, egitimden sonra %61'i tercih etmistir. “Deniz
kirliliginin sebep oldugu zararlar nelerdir?” sorusunda
ogrencilere “gevreyi kirletir, koti koku yayar, hastaliga neden
olur, deniz canlilarinin élimine neden olur, gida azalmasina
neden olur, fikrim yok ve hepsi segenekleri sunulmustur”.
Alinan yanitlar ¢ok sayida kombinasyondan olugsmakla birlikte
“hepsi” segenedi tim secenekleri kapsayan genel bir segenek
olmasi bakimindan 6nemlidir ve egitimden 6nce égrencilerin
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Abstract: : This study was conducted to investigate the effect of nonylphenol (NP) on the hematological parameters of rainbow trout, Oncorhynchus mykiss, after
3 and 7 days of exposure. The fish were intraperitoneally injected with 5 and 50 mg/kg doses of NP. The red blood cell count decreased significantly with both
doses of NP at 3 days post injection. The white blood cell values showed a significant increase at 3 days post injection with 50 mg/kg NP, and this increase was
also observed with 5 mg/kg NP at 7 days post injection. At 3 days post injection, hemoglobin was seen at significantly low levels, while the packed cell volume was
at higher values with both doses of NP. No significant differences were observed in the erythrocyte sedimentation rate. The mean corpuscular volume showed
significant increases at 3 days post injection, the mean corpuscular hemoglobin was observed to decrease with 5 mg/kg NP at 7 days post injection, and the mean
corpuscular hemoglobin concentration exhibited significantly lower values at 3 days post injection. In conclusion, this study indicated that the treatment
concentrations of NP induced distinct hematological changes in rainbow trout.

Keywords: Nonylphenol, hematological parameters, rainbow trout

0z Bu calisma, nonilfenole (NP) 3 ile 7 giin siireyle maruz birakilan gdkkusag alabaligi (Oncorhynchus mykissynin kan parametreleri iizerindeki etkisini
arastirmak igin yUriitiimistir. NP baliklara 5 ve 50 mg/kg dozunda intraperitonal olarak enjekte edilmistir. Enjeksiyondan 3 giin sonra NP'nin her iki dozunda
eritrosit sayisi 6nemli olarak azalmistir. Lokosit sayisi enjeksiyondan 3 giin sonra 50 mg/kg NP’de 6nemli olarak artis géstermis ve bu artis enjeksiyondan 7 giin
sonra 5 mg/kg NP'de de gdzlenmistir. Enjeksiyondan 3 giin sonra NP'nin her iki dozunda hematokrit yikselirken hemoglobin 6nemli olarak daha disiik seviyelerde
gorlilmustir. Eritrosit sedimantasyon oraninda 6nemli bir fark gézlenmemistir. Enjeksiyondan 3 glin sonra ortalama eritrosit hacminin énemli olarak arttigi
gorllmustur. Eritrosit bagina dlisen ortalama hemoglobin miktari enjeksiyondan 7 giin sonra 5 mg/kg NP'de azaldigi gzlenmistir. Eritrosit bagina diisen ortalama
hemoglobin konsantrasyonunun enjeksiyondan 3 giin sonra énemli olarak distigi gdsterilmistir. Sonugta bu galisma, NP’nin uygulama dozlarinin gokkusagi
alabaliginda belirgin hematolojik degisiklikleri uyardigini géstermistir.

Anahtar kelimeler: Nonilfenol, hematolojik parametreler, gékkusadi alabaligi

INTRODUCTION

Alkylphenol  polyethoxylates are extensively used reported to possess toxic and endocrine disrupting effects on

chemicals in a wide variety of applications in industrial and
agricultural areas. Nonylphenol (NP) ethoxylates, prominent
among them, are utilized as surfactants in detergents,
lubricants, antistatic agents, high-performance textiles, and
scouring agents and emulsifiers for agrochemicals. When
released into the environment, they are degraded into the more
harmful compound, NP, by microorganisms (Vazquez-Duhalt et
al. 2005). The occurrence of NP has been frequently detected
in aquatic areas such as sediments, rivers, lagoons, and
surface waters as a result of sewage discharge, and are

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

fish (Kannan et al. 2003; Corsi and Focardi, 2002). NP
accumulates in the tissues and causes organ toxicity in fish
(Uguz et al. 2003; Shao et al. 2005). It has been demonstrated
that NP primarily exhibits its adverse effects on the reproductive
system in fish, and a variety of reproductive abnormalities
including the feminization of males (Jobling et al. 1998), and
altered steroid levels (Villeneuve et al. 2002) have been
reported in the past. Due to its ability to bind to estrogen
receptors, it induces the female-specific vitellogenin protein in
male fish (Lech et al. 1996; Kinnberg et al. 2000; Li and Wang,
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2005). On the other hand, NP alters phase 1 and 2
biotransformation enzymes and weakens the capability of the
detoxification mechanism in the liver of fish (Hughes and
Gallagher, 2004; Vaccaro et al. 2005).

Hematological parameters have been widely preferred and
used to assess the status of fish health with diseases or under
stressful conditions (Blaxhall, 1972; Blaxhall and Daisley,
1973). Being fast and cheap, changes in these parameters
have been also used in determining the toxicity of various
environmental pollutants such as pesticides (Atamanalp et al.
2008; Svoboda et al. 2001) and heavy metals (Atamanalp et al.
2011; Mousavi and Yousefian, 2012) in different fish species.
To date, hematological changes were reported in only a few
limited studies on fish exposed to endocrine disrupting
chemicals, i.e. in Korean rock fish (Sebastes schlegeli) injected
with bisphenol A (Keum et al. 2005) and in juvenile common
carp (Cyprinus carpio) exposed to NP and ethynylestradiol
(Schwaiger et al. 2000). However, as far as we know, there are
no available data effects of endocrine disrupting chemicals on
the hematological parameters of rainbow trout (O. mykiss).
Therefore, the present study aims to investigate the effect of
NP on the hematological parameters of rainbow trout, a
frequently consumed fish world-wide, and an important test
organism recommended by the OECD guidelines (OECD,
1992).

MATERIAL AND METHODS

Rainbow trout (with an average weight of 156 + 29 g) used
in this study were obtained from a commercial fish farm and
transferred to the Yuzuncu Yil University, Faculty of Fisheries,
Practice and Research Facility in aerated containers. The fish
were acclimated for 2 weeks in 300-L fiberglass circular tanks
containing running dechlorinated tap water aerated by air
pumps before the treatments. During this period, the fish were
maintained under a natural photoperiod at an average
temperature of 14.5 °C, fed commercial trout pellets, and the
water in the tanks was cleaned daily to remove waste. All
experimental procedures were carried out according to national
animal care regulations.

After acclimation, NP (4-n-Nonylphenol; CsH240; (99.9%);
Riedel-de Haen) treatments were administered via a single
intraperitoneal injection at doses of 5 and 50 mg/kg. The
dosage concentrations of NP were chosen according to the
basis of the previous studies performed in the other fish species
(Arukwe et al. 1997; Hughes and Gallagher, 2004; Vaccaro et
al. 2005). The NP was dissolved in corn oil and the control
groups consisted of 2 separate groups, non-injected and corn
oil-injected fish. The experimental design consisted of 8 tanks
with 7 fish in each one. During the treatments, the fish were fed

commercial trout pellets, the water quality criteria in the tanks
were monitored (temperature: 14.5 °C; pH: 8.38; dissolved
oxygen: 5.66 mg/L; conductivity: 846 uS/cm; total hardness as
CaCO03: 375 mglL; and total alkalinity as CaCO3: 565 mg/L),
and the tanks were cleaned daily. Before the injections, the fish
were anaesthetized with Phenoxyethanol and weighted for the
determination of the dosage per kilogram of body mass of each
fish. At days 3 and 7 post vehicle-injection, the fish were
anaesthetized and blood (approximately 2 cc) was taken from
the caudal vein. The collected blood samples were placed in
heparinized tubes and processed for hematological analyses.

The total red blood cell (RBC) and total white blood cell
(WBC) counts were estimated according to the method of
Blaxhall and Daisley (1973), the hemoglobin (Hb) concentration
and erythrocyte sedimentation rate (ESR) were determined
according to the method of Kocabatmaz and Ekingen (1984),
and the packed cell volume (PCV) was determined according
to the method of Schalm et al. (1975). The mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and
mean corpuscular hemoglobin concentration (MCHC) were
calculated according to the method of Reddy and
Bashamohideen (1989).

All of the data were analyzed using analysis of variance in
the Statistical Package for the Social Sciences software,
version 16.0. Duncan’s multiple-range post hoc test was used
for the determination of the statistical differences. The results
were expressed as the mean + standard error of the mean
(SEM) and the differences were considered statistically
significant at p<0.05.

RESULTS

Hematological parameters of the treatment and control
groups are presented in Table 1. According to the results, the
RBC count decreased significantly with both doses of NP at 3
days post injection, and increased with 5 mg/kg but did not
change with 50 mg/kg at 7 days post injection. The WBC values
showed significant increases at 3 days post injection, and this
increase was also observed with 5 mg/kg of NP at 7 days post
injection; however, a marked decrease was observed in the
WBC count with 50 mg/kg of NP at 7 days post injection. Hb
was at significantly low levels at 3 days post injection. The PCV
was at higher values with both doses of NP at 3 days post
injection. No significant differences in the ESR were observed.
The MCV showed significant increases at 3 days post injection
but decreased with 5 mg/kg of NP at 7 days post injection. The
MCH was observed to decrease with 5 mg/kg of NP at 7 days
post injection. The MCHC exhibited significantly lower values
at 3 days post injection.

140



Alterations in the hematological parameters of rainbow trout (Oncorhynchus mykiss) injected with nonylphenol

Table 1. Effects of different concentrations of NP on the hematological indices of rainbow trout after 3 and 7 days of exposure (n=7)

Day 3 post injection

Day 7 post injection

Parameters Control Corn oil 5mglkg NP 50 mg/kg NP Control Corn oil 5mglkg NP 50 mg/kg NP
RBC 11520061 14940425 1072011 1.0120.06: 1224006  113%0.05% 13640415  1.15£0.07%

(108/mms)

ng?mma) 317£018%  295:003% 405048 42580410  330:023%  324:052%  353:067 21640272

Ho 7604017 7.65£0.19 6.740.100 6540275 7608029 763009 763018  7.60+0.06°

(g/100 mL)

(PZ)V 32384223 33324270 42244253b  3533:335  30624220:  27.384146:  27.6042372  31.24+3.05
(Erfnf/h) 020£001s  024%002 02020028  024%002 0194005  01940.01=  024%005:  0.260.05¢

mg) 286.0042025¢ 2000242215 379.59+17.96° 3608145343  280.95+10.11: 289.8747.00: 203.04+478:  299.14+12.20e
m‘;'/"ce”) 7528+278:  72404450:  7535+1175:  7353:323: 74051860  7203%4.84s 51824198  74.2441.97e
?g%ocmu 256043200 25904105¢ 17532005  2130:277  2583+177a  2837+1700  27.884240:  26.11£2.62¢

NP, nonylphenol; RBC, total red blood cell; WBC, total white blood cell; Hb, hemoglobin; PCV, packed cell volume; ESR, erythrocyte sedimentation rate; MCV,
mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration.
'Values are expressed meanszstandard error. Different superscripted letters indicate the statistical differences between the groups using Duncan’s multiple range

test (p<0.05).

DISCUSSION

NP treatments caused significant changes in the
hematological parameters. The RBC count, Hb, and MCHC
were significantly decreased at 3 days post injection. The RBC
count was increased at 7 days post injection with 5 mg/kg of
NP. Similar findings were reported with a significant decrease
in the RBC count, Hb, and MCHC in juvenile C. carpio after a
70-day exposure to NP and ethinylestradiol (EE2) (Schwaiger
et al. 2000). Vazquez and Nostro (2014) observed a significant
decrease in the RBC count and Hb in Cichlasoma dimerus after
a 60-day exposure to 300 pg/L of 4-tert-octylphenol. Another
study reported a significant decrease in the RBC count, Hb, and
MCHC in Clarias gariepinus after a 7-day exposure to 750 and
1000 pg/L of NP and octylphenol (OP), while there were
increases in the RBC count and Hb with 250 and 500 pg/L of
NP (Kumaran et al. 2011). Keum et al. (2005) also observed a
decrease in the RBC count and Hb in S. schlegeli after a 15-
day exposure to bisphenol A. Similarly, the RBC counts were
significant decreased in C. carpio after a 96-h exposure to
diazinon (Svoboda et al. 2001), in Salmo trutta caspius
exposed to mercuric chloride (Mousavi and Yousefian, 2012),
in C. gariepinus after a 96-h exposure to cassava mill effluent
(Adeyemo, 2005), and in C. gariepinus after a 14-day exposure
via intramuscular injection with aqueous leaf extracts in
Lepidagathis alopecuroides (Gabriel et al. 2009).

In the present study, the WBC counts were significantly
increased in the other treatment groups, while decreases in the

WBC count were observed at 7 days post injection with 50
mg/kg of NP. Schwaiger et al. (2000) also observed a decrease
in the total number of circulating leukocytes in carp after
prolonged exposure to 5 and 15 ug/L of NP and EE2-treated
fish. Likewise, this parameter was observed to increase in
treatment groups with NP and OP (Kumaran et al. 2011). The
MCV was significantly increased at 3 days post injection with
both NP doses, but was then seen to decrease at 7 days post
injection with 5 mg/kg of NP. The same significant increase in
the MCV was reported with 500, 750, and 1000 pg/L of NP,
while decreases were observed with 250 ug/L of NP (Kumaran
et al. 2011). In the same study, significant increases were
observed in the MCV with 250, 500, and 750 pg/L of NP, while
decreases were observed with 1000 pg/L of OP. Schwaiger et
al. (2000) reported a significant increase in the MCV in carp
after prolonged exposure to 15 pg/L of NP.

A significant increase in the PCV was observed at 3 days
post injection. In a study of C. gariepinus exposed to NP and
OP, Kumaran et al. (2011) observed a significant increase in
the hematocrit values with doses of 250 and 500 pg/L, and
decreases with doses of 750 and 1000 ug/L. In another study,
NP and EE2 caused to no significant changes in the PCV value
of juvenile C. carpio.

In the present study, no significant differences in the ESR
were observed between the treatment and control groups,
whereas in the MCH showed a significant decrease at 7 days
post injection with 5 mg/kg of NP. Likewise, Kumaran et al.
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(2011) also reported that the MCH decreased with 250 pg/L of
NP, and 750 and 1000 pg/L of OP. This study indicated that the
treatment concentrations of NP induced hematological
changes in rainbow trout.
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Abstract: : The aim of this study was determining of some population parameters of Spicara maena in the Sea of Marmara and North Aegean Sea. Samples of S.
maena were collected from commercial fishing, gillnet/trammel net and line fishing, between February-October 2013 in the Northern Aegean Sea (Dikili, Altinoluk,
Kiiglkkuyu) and the Sea of Marmara (Karabiga, Bandirma, Tekirdag). A total of 323 S. maena specimens were analysed. The total length of the specimens ranged
from 8.4 to 18.8 cm. The length-weight relationships for the Sea of Marmara and the Northern Aegean Sea were a=0.0030, b=3.53, SE+=0.080 and a=0.0100,
b=3.06, SEx=0.120 respectively. The b values showed that the growth of S. maena in the Northern Aegean Sea was isometric while the sample in the Sea of
Marmara showed positively allometric growth. Fish aged 1-4 years in the Sea of Marmara and 2-6 years in the North Aegean Sea were present in the samples.

Growth in length including both sexes was expressed using the von Bertalanffy equation, Lo=17.17 cm, k=0.52 y, t©=-1.04 y-' in the Sea of Marmara and L--=18.71

cm, k=0.35 y, th=-1.98 y-' in the Northern Aegean Sea. The otolith length-total length relationships in the Sea of Marmara and the Northern Aegean Sea were
OL=0.301xTL+1.049 and OL=0.249xTL+1.885, respectively.

Keywords: Spicara maena, otolith, length-weight relationship

0Oz: Bu calismanin amaci Marmara Denizi ve Ege Denizinde Spicara maena'nin bazi populasyon parametrelerini belilemekti. S. maena émekleri Subat-Ekim
2013 tarihleri arasinda ticari balikgilik, fanyali aglar ve olta balikciligi ile Kuzey Ege Denizi (Dikili, Altinoluk ve Kiiglikkuyu) ve Marmara Denizinden (Karabiga,
Bandirma ve Tekirdag) elde edilmistir. Calismada elde edilen toplam 323 adet S. maena bireyine ait total boy degerinin 8.4-18.4 cm arasinda oldugu belirlenmistir.
Boy-agrlik iliski parametreleri Marmara Denizi i¢in a=0,003, b=3,532 ve Kuzey Ege Denizi igin a=0,010, b=3,063 olarak hesaplamistir. Buna gére S. maena'nin
Kuzey Ege Denizinde izometrik ve Marmara Denizinde ise pozitif allometrik bliylime 6zelli§i sergiledigi gorlimiistir. Marmara Denizindeki bireylerin 1-4 yas
arasinda ve Kuzey Ege Denizindeki bireylerin ise 2-6 yas arasinda dagilim gésterdigi belirlenmistir. Her iki cinsiyet dahil olmak lzere von Bertalanfy biyime

parametresi degerleri Marmara Denizinde Lo=17,17 cm, k=0,52 yil, t=-1,04 yil-1 ve Kuzey Ege Denizinde L--=18,71 cm, k=0,35 yIl, t%=-1,98 yil-1 olarak
hesaplanmistir. Otolit boyu-total boy iliskisi Marmara Denizi igin OL=0,301xTL+1,049 ve Kuzey Ege Denizi igin OL= 0,249xTL+1,885 olarak tahmin edilmistir.

Anahtar kelimeler: Spicara maena, otolit, boy-agirlik iliskisi

INTRODUCTION

Spicara maena, which is the member of the Sparidae characteristics of them (Can and Bilecenoglu, 2005). It has
family, is found generally in the rocky parts of the seas with ~ YOmer teeth and 2-6 pieces long canine-formed teeth (Ekingen,
Posidonia, and in deep muddy areas (Tortonese, 1986). It is ~ 2004). Picarel species exhibits protogynous hermaphroditisym
commonly observed in the Mediterranean, Black Sea, Portugal, ~ characteristics (Ismen, 1995; Sahin and Geng, 1999; Yeldan et
Morocco and Canary Island waters (Jardas, 1996) in 170 m @ 2003; Matic-Skoko et al.,, 2004; Can and Bilecenoglu,
depths (Miller and Loates, 1997). Spicara maena species has ~ 200°)- It has the habit of feeding in an omnivorous manner
a wide body structure and is also called as blotched picarel ~Mainly feeds on crustacean (crab, shrimp, isopods, etc.),
(Aksiray, 1987; Bat et al., 2008; Can and Bilecenoglu, 2005), A Mollusks - (mussel, gastropods, ~cephalopods, efc.), and
beamy spot in the sides of their bodies with a color changing ~ 2°0Planktons (Can and Bilecenoglu, 2005).
from grey to brown and some stripes on their backs are the Studies on picarel species in the literature are mostly on the

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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biological properties of the species (growth, reproduction,
length-weight relations) in Eastern Mediterranean, Black Sea
and Mid-Aegean (Aksiray, 1987; ismen, 1995; Sahin and Geng,
1999; Mater et al., 2001; Yeldan et al., 2003; Ercan et al., 2006;
Avsar et al., 2007; Cicek et al. 2007; Kalayci et al., 2007; Cicek
and Avsar 2010; Soykan, 2010). On the other hand, there are
no studies conducted on the biological properties of the picarel
species in the Northern Aegean Sea and the Sea of Marmara.

In this study, the length-weight relation, otolith length-total
length relationship, age and growth parameters of the S. maena
were estimated from the Sea of Marmara and Northern Aegean
Sea. The results of the study are important in that they
contribute to the previous studies and also help to produce
strategies and policies for sustainable production.

MATERIAL AND METHODS

Samples of Spicara maena were collected from commercial
fishing, line fishing, gillnet and trammel net and between
February-October 2013 in the Northern Aegean Sea (Dikili,
Altinoluk and Kiiglkkuyu) and the Sea of Marmara (Karabiga,
Bandirma and Tekirdag) (Figure 1).

4. Pruneg g;,

41°N

40°N ﬁ

39°N
[

North Agean Sea

25°E 26°E 27°E

Figure 1. Sampling stations of Spicara maena in the Sea of Marmara
and North Aegean Sea

Total lengths (TL) of each speciemens were measured to
the nearest 1 mmand weighted to the nearest 0.01 g. The
gender determination in fish was made with macroscopic and
microscopic examination from the gonads (Nikolsky, 1963;
Celikkale, 1991; Avsar, 1998; Aslan, 2009). Male to female ratio
was estimated as the ratio of the total number of females to the
number of males plus females (Gelman et al., 2004).

The length-weight relation of the individuals was calculated
by using the W=a*L® equation. W: total weight (g), L: total length
(cm), a and b: regression coefficients (Ricker, 1975). And t-test
was applied to determine if the b value was significantly
different from the isometric expected value of 3 (Pauly, 1984).

In order to age determination sagittal otoliths in both sides
of the head were removed with thin forceps and were cleaned
from the tissue particles with 10% alcohol, they were kept in

Eppendorf tubes. The right otoliths were used to age
determination and measured under Olympus SZX 16 stereo
zoom microscope at 10x with reflected lights against dark
background and image analysis program. The lengths of
otoliths were measured over digital images. The opaque and
hyaline age rings were measured and the ages of the
individuals were determined (Figure 2).

Otolith Length

Figure 2. Otolith length and otolith width

The relation between total lengths and otolith lengths (OL)
were determined with linear regression analysis (OL=a+b*TL).
OL: otolith length, a and b are related parameters (Sparre and
Venema, 1998).

The growth parameters were measured by using von
Bertalanffy Growth Model (Ricker, 1975). L=Le [1-e*t0)], Ly
The average length of the fish at age t (cm), Le.: Maximum
length a fish can reach theoretically at infinity (cm), k: Growth
coefficient (year), t: Age (year), to: Theoretical age of the fish
before they are hatched (year).

The growth constants calculated in this study and the
constants calculated in other studies were compared by using
the Munro’s Phi index and the t test. When this test was being
applied, the growth constants (k) and (L-.) values, which were
obtained from the previous studies on the same species, were
used. For each of these values, @' values were calculated using
@' =log (k)+2xLog (L) formula. The hypothesis assuming that
there were no differences between the growth constants
calculated and the other constants in previous studies was
accepted (ts<t;) (Pauly and Munro, 1984; Avsar, 1998).

RESULTS
Length distribution

A total of 168 speciemens of Spicara maena from North
Aegean Sea and 155 from the Sea of Marmarawere sampled
between February-October 2013. Total length and weight
ranged from 8.4 to 18.1 cm with the mean of 13.8+0.10 cm and
5.4 10 82.3 g with the mean of 35.1+0.09 g for Sea of Marmara.
Total length and weight ranged from 12.8 to 18.8 ¢cm with mean
of 15.2£0.94 cm and 19.6 to 97.7 g with the mean 44.1£1.05 g
for North Aegean Sea, respectively (Table 1, Figure 3).
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Table 1. Length and weight of Spicara maena according to the regions

Region Sex Lmean(cm) Lwin-Max(cm) SE Whean(g) Whiin-max() SE n
Female 137 10.6-16.8 021 334 13.2-68.3 189 47
Sea of Marmara Male 13.9 8.4-18.1 0.14 35.9 54-82.3 1.25 64
Tota* 138 8.4-18.1 010 351 5.4-82.3 094 155
Female 146 12.8-16.8 014 404 23.1-60.4 113 50
Nonhszzgea” Male 156 13.4-18.8 018 502 248977 237 62
Tota 152 12.8-18.8 009 441 19.6-97.7 105 168

*: Female, Male and unsexed individuals, n: number of specimens, SE: standard error.
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Figure 3. Length-frequency for Spicara maena according to the regions

The length distribution of S. maena indicated that the most
frequent size classes were 14 cm in the Sea of Marmara and
15 cm in the North Aegean Sea (Figure 3). The sex ratio was
calculated as 1:0.73 and 1:0.81 males to females of Sea of
Marmara and Northern Aegean Sea, respectively. The overall
sex-ratio was not significantly different from the expected 1:1
ratio (p>0.05, X2).

Length-weight relationship

The length-weight relationship for S. maena from the Sea
of Marmara and North Aegean Sea were determined as
W=0.003xL3532 (R2=0.914) and W=0.010xL3063 (R2=0.781),
respectively (Figure 4). lt was determined that speciemens from
the Sea of Marmara showed positive allometric growth (b>3,
p<0.05) and the ones from North Aegean Sea showed isometric
growth (b=3, p>0.05).

It was determined that there is a statistically significant
difference between the length-weight relationships of the S.
maena individuals from the Sea of Marmara and North Aegean
Sea (ANCOVA, p<0.05).

Otolith length-total length relationship

The otolith lengths of the S. maena individuals from the Sea
of Marmara varied between 3.8 and 6.7 mm, whereas, the
otolith lengths of the S. maena individuals from North Aegean
Sea varied from 4.6 to 6.6 mm.

It was determined that there is a linear relation between the
total lengths of the samples and the otolith lengths. The otolith
lengths-total lengths relationship between the individuals from
of the Marmara and North Aegean Sea are OL = 0.301*TL +
1.049 ve OL= 0.249*TL+ 1.885, respectively (Figure 5).
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Figure 4. Length-weight relationship of Spicara maena according to
the regions

Age composition

When the age distribution of the S. maena individuals are
examined, it was determined that the samples in the Sea of
Marmara Sea showed a distribution between 1-4 years of age,
while the ones from North Aegean Sea showed a distribution
between 2-6 years of age (Table 2). The dominant age group
in both seas was determined as 2.

Otolith Length (mm)
wn
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OL=0.301xTL + 1.049
R*=0.718

+ Northern Aegean Sea
OL =0.249xTL + 1.885
R?=0.644

10 1 12 13 14 15 16 17 18 19
Total Length (cm)

Figure 5. The otolith lengths-total lengths relationships between the
individuals from the Sea of Marmara and Northern Aegean Sea

Growth Parameters

The growth parameters of the S. maena individuals in the
Sea of Marmara and Northern Aegean Sea were determined
as:

Lw=17.17 cm, k=0.52 y, t=-1.04 y' and L-.=18.71 cm
k=0.35y, to=-1.98 y! years, respectively (Figure 6 and 7).

Table 2. Length-age distribution of Spicara maena according to the regions

Sea of Marmara North Aegean Sea
Age n n% Length Range (cm) Mean length (cm) n n% Length Range (cm) Mean length (cm)
0 - - - -
1 7 5 10.3-12 11.29+0.23 - - -
2 98 73 12-15.4 13.58+0.08 73 44 12.8-15.3 14.18+0.06
3 2 16 14-16.5 15.1240.12 57 35 14.5-16.6 15.45+0.06
4 8 6 14.8-16.8 15.8740.23 17 10 15.1-17.3 16.28+0.13
5 15 9 16.1-18.0 17.34+0.12
6 3 2 16.8-18.8 17.8740.58

Length (cm)

45

0o | | |
0o 11 23 34

Figure 6. Growth curve of Spicara maena in the Sea of Marmara

Length (cm)

50
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Figure 7. Growth curve of Spicara maena in Northern Aegean Sea
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DISCUSSION

Length-weight relationship parameters of S.maena were
determined as a=0.003, b=3.532 in the Sea of Marmara and
a=0.010, b=3.063 were in the Aegean Sea, respectively. There
were only one study about length-weight relationship of
S.maena in the Sea of Marmara (Demirel and Murat Dalkara,
2012).

The parameters calculated as a=0.003, b=3.532 and
growth type were isometric contrary to present study. And other
studies in the Aegean Sea there were similarities and
differences between length-weight relationship values
determined in the present study. It is considered that the
difference between length-weight relationship values and
growth types stem from the region, time, and the number of the
individuals (Table 3).

Table 3. Previously reported length-weight relationship parameters of Spicara maena in Aegean and Mediterranean

References Region N  Sex L'(":;';ax a b SEb GP
Mytilineou et al. (1991) Greece 628 F 7.0-15.5 0.013 3.040 -
Mytilineou et al. (1991) Greece 359 M 7.5-155 0.010 3.112 - -
Petrakis and Stergiou (1995) Greece 33 F 11.7-18.4 0.001 2.663 0.160 A-
Petrakis and Stergiou (1995) Greece 441 M 11.9-17.7 0.001 3.389 0.054 A+
Dulcic adn Kraljevic (1996) E. Adriatic 220 - 14.5-27.5 0.043 3.037 -
Merella et al. (1997) Spain 1 - 15.3-18.2 0.015 2.900 - -
Dulcic et al. (2000) E. Adriatic 1130 T 7.8-27.5 0.009 3.120 0.025 At
Mater et al. (2001) Aegean Sea 240 F 9.2-14.9 0.116 2.163 -
Mater et al. (2001) Aegean Sea 172 M 11.3-15.5 0.046 2.566 -
Mater et al.. (2001) Aegean Sea 412 T 9.2-15.5 0.041 2.594 - -
Moutopoulos and Stergiou (2002) Aegean Sea 61 T 15.5-21.0 0.036 2.627 0.239 I
Moutopoulos and Stergiou (2002) Aegean Sea 721 T 14.3-23.5 0.009 3.155 0.041 A+
Moutopoulos andStergiou (2002) Aegean Sea 808 T 14.3-26.0 0.010 3.096 0.041 At
Dulcic and Glamuzina (2003) E. Adriatic 33 - 7.8-15.8 0.010 3.076 -
Borges et al. (2003) Portugal 45 - 10.2-19.2 0.010 3.076 -
Valle et al. (2003) Spain 92 - 4.7-21.2 0.006 3.262 - -
Cicek et al. (2006) Babadil L. 1381 - 42178 0.009 3.115 1.129 At
Karakulak et al. (2006) N. Aegean Sea 133 F 11.5-18.1 0.004 3.358 1.303 At
Karakulak et al. (2006) N. Aegean Sea 142 M 13.5-22.0 0.002 3.678 1.132 At
Karakulak et al. (2006) N. Aegean Sea 830 T 11.0-22.0 0.003 3.505 1.066 A+
Karakulak et al. (2006) N. Aegean Sea 50 T 12.6-21.9 0.018 2.867 1.103 A-
Karakulak et al. (2006) N. Aegean Sea 75 T 13.1-20.3 0.002 3.696 0.823 A+
Karakulak et al. (2006) N. Aegean Sea 172 T 11.5-22.0 0.004 3.354 1.102 At
Karakulak et al. (2006) N. Aegean Sea 533 T 11.0-21.3 0.007 3.178 1.039 At
Gigek et al. (2007) E. Mediterranean 1078 F - 0.008 3.139 0.016 A+
Cicek et al. (2007) E. Mediterranean 302 M - 0.010 3.065 0.012 A+
Gicek et al. (2007) E. Mediterranean 1380 T 5.3-17.8 0.008 3.137 0.010 A+
ismen et al. (2007) N. Aegean Sea 353 T 8.8-17.8 0.001 3.010 0.033 I
Sangun et al. (2007) E. Mediterranean 298 - 8.7-171 0.008 3.093 0.082 A+
Gokge et al. (2010) E. Mediterranean 17 - 13.3-17.9 0.022 2.800 0.220 I
Soykan et al. (2010) Aegean Sea 1766 F - 0.011 3.000 0.020 I
Soykan et al. (2010) Aegean Sea 398 M - 0.011 2.990 0.033 I
Soykan et al. (2010) Aegean Sea 2547 T 7.5-20.0 0.011 3.020 0.012 I
Demirel and Murat Dalkara (2012) Sea of Marmara 175 T 14.3-10.4 0.010 3.025 0.096 I
Bolognini et al. (2013) Adriatic Sea 1810 T 8.5-25.5 0.007 3.156 0.021 At
Present study Sea of Marmara 155 T 8.4-18.1 0.003 3.532 0.080 A+
Present study N. Aegean Sea 168 T 12.8-18.8 0.010 3.063 0.120 I

F:female, M:male, T:total specimens, GP: Growth pattern, A+: Positive allometric, A-: Negative allometric, I: Isometric, a = intercept, b = slope
of the regression, r2 = coefficient of determination
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It was determined that the individuals sampled from the Sea
of Marmara were between the ages |-IV; and the ones from
North Aegean Sea between II-VI. Mostly the individuals were
between the ages of 2 and 3 in both regions. Mytilineou and
Papaconstantinou (1991) conducted a study in Patraikos Gulf,
and reported that the S. maena (syn. S. flexuosa) individuals
were between the ages of |-V; Mater et al. (2001) conducted a
study in Izmir Gulf and reported that the age distribution of S.
maena (syn. S. flexuosa) was between I-IV; Cicek et al. (2007)
conducted a study in Babadillimani and reported that the age
group of the S. maena individuals was between I-V. It was
determined that there were similarities between the age groups
determined in the present study and the ones determined in
previous studies. It is considered that the reason for the biggest
and lowest age groups being different from the ones

determined in this study stems from the time and regions of the
studies being different and the fishing tools being selective.

The von Bertalanfy growth parameters of the S. maena
individuals in this study were determined as L.=17.17 cm
K=0.52 y, t=-1.04 y'; L=18.71cm, K=0.35 y, %=-1.98 y-' in
the Sea of Marmara and North Aegean Sea, respectively. It was
also determined that the phi-prime (&) index calculated for the
growth parameters varied between 1.92 and 2.15. It was
determined that there was not a statistically significant
difference between the growth performance indices calculated
in this study and the ones determined in previous studies
according to Munro’s Phi Test (ts<t;, p>0.05) (Table 4).

Table 4. Reported growth parameters of Spicara maena in Aegean and Mediterranean

References Region Sex L (cm) K to o'
Hattour et al. (1985) Mediterranean - 24.7 0.17 -0.97 2.00
Mytilineou et al. (1991) Mediterranean F 16.3 0.31 -1.89 1.92
Mytilineou et al. (1991) Mediterranean F 175 0.34 -1.90 2.02
Rizkalla (1997) E. Mediterranean F 23.8 0.20 232 2.05
Rizkalla (1997) E. Mediterranean M 26.3 0.18 -2.29 2.09
Dulcic et al. (2000) E. Adriatic T 228 0.28 -0.79 2.16
Mater et al. (2001) Aegean Sea F 17.1 0.31 -0.64 1.96
Mater et al. (2001) Aegean Sea M 18.3 0.25 263 1.92
Mater et al. (2001) Aegean Sea T 19.5 0.20 -0.40 1.88
Cicek et al. (2007) E. Mediterranean F 25.4 0.27 -0.35 2.24
Gicek et al. (2007) E. Mediterranean M 372 0.01 -3.39 1.14
Cicek et al. (2007) E. Mediterranean T 217 0.39 -0.14 2.26
Soykan et al. (2010) Aegean Sea T 22.0 0.26 117 2.09
Present study Marmara Sea T 17.2 0.52 -1.04 2.18
Present study N. Aegean Sea T 18.7 0.20 -1.98 2.09

L=theoretical asymptotic length, K=growth rate coefficient, to=theoretical agewhen fish length is zero, @'=growth performance index
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Oz: Bu calisma, balikgilik ve rekreasyon alani olarak kullanilan Mogan Géli'nde (Ankara - Tirkiye) Ocak-Mayis 2013 aylari arasinda yiiriitiimistir. Golde yasayan
balik tirlerinden Cyprinus carpio, Carassius gibelio, Tinca tinca ve Esox lucius tirlerinin erkek ve disi bireylerinin kan plazmasinda elektroforetik SDS-Page
(Sodyum Dodesil Siilfat Poliakrilamid Jel Elektroforezi) metodu ile vitellogenin (VTG) proteini arastiriimis ve tirler arasi karsilagtirma yapilmistir. Bu metot icin
Biometra marka dikey elektroforez cihazi kullaniimistir. Ureme déneminde C. carpio, T. tinca ve E. Lucius'un erkek bireylerinde vitellogenin proteini saptanmistir.
Gol ortamindaki gesitli kirleticilerin bu sonuglar tizerinde etkili oldugu disiinilmektedir. Bu calismada elde edilen bulgulara gore kullanilan testin iyi bir biyo-belirteg
oldugu anlagiimistir.

Anahtar kelimeler: Vitellogenin, elektroforez, Cyprinus carpio, Carassius gibelio, Tinca tinca, Esox lucius

Abstract: : This study was carried out between January and May 2013 in Mogan Lake (Ankara - Turkey) which is used as fisheries and recreation area. The
Vitellogenin (VTG) protein was investigated by the electrophoretic SDS-Page (Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis) method from the
blood plasma of female and male members of Cyprinus carpio, Carassius gibelio, Tinca tinca and Esox lucius species living in the lake and VTG proteins have
been compared. In this method, Biometra brand vertical electrophoresis device has been used. During the breeding period, VTG proteins have been determined
among male members of C. carpio, T. tinca, and E. lucius. It is taught that our results might be affected by various contaminants found in the lake. According to

results of our investigation, it was understood that this method is one of the effective bio-indicators.

Keywords: Vitellogenins, electroforesis, Cyprinus carpio, Carassius gibelio, Tinca tinca, Esox lucius

GIRIS

Giniimiizde teknolojik gelisime paralel olarak genetik
alaninda da 6nemli ilerlemeler gériilmektedir. Kullanilan birgok
kimyasal maddenin ya da bilesiklerinin sebebiyet verdigi
yapisal kromozom anomalilerinin tespiti de genetik biliminin

ilerlemesi ile mumkin hale gelmistir (Schiffmann ve De Boni,
1991; Fenech, 2000).

Vitellogenin deneyi ovipar omurgall hayvanlarda éstrojen
tespitinde en sik kullanilan in vivo biyo-deneylerden biridir
(Sumpter ve Jobling, 1995; Tyler vd., 1996). VTG proteini 17§-
estradiol (E2)'ye cevap olarak karacigerde (retilir ve karaciger
hepatositleri igerisinde muhafaza edilerek gelismekte olan
oositlere tasinir (Lazier ve McKay, 1993; Van den Belt vd.,
2003). Butin ovipar omurgalilar gibi teleost baliklarda da
VTG'nin ovaryumlara alinmasi reseptor-aracili endositoz ile
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gergeklesir. VTG reseptorleri oosit membraninda yerlesiktir.
Baglanma yerinin ¢ekim gucl ylksektir ve yaklasik 100 kDa
biyukltgindedir. Vitellogenezin baslamasi ile plazma VTG
duzeyleri hizla yukselir ve gelisim evresi boyunca yuksek kalir
(Allner vd., 1999; Tyler ve Sumpter, 1996). VTG gelismekte
olan oositin ihtiyaci olan aminoasitler, eneriji, lipit ve kalsiyumun
tamamini olmasa da biyik kismini kargilar. VTG'nin dretimi
ostrojene bagimlidir, dolayisi ile disilerle sinirlidir. VTG erkek
baliklarin  plazmasinda normalde c¢ok diisik diizeyde
bulunmaktadir (Allner vd., 1999; Tyler ve Sumpter, 1996).
Erkek baliklarda VTG geni bulunur, ancak sentezlenebilmesi
icin hem dogal hem de sentetik Gstrojenlere maruz kalarak
tetiklenmesi gerekir (Tyler vd., 1996). Endokrin bozucu
kirleticilerin (EDC) birgogu 6strojen uyarici etki yaparlar. Ayrica
birgok galismada EDC'lerin dogal steroid 17B-Ostrojeni taklit
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ettigi bildiriimistir. S6z konusu kirleticilerin dstrojenik aktivitesi
zayiftir (Donohoe ve Curtis, 1996; Coldham vd., 1997; Van den
Belt vd., 2003; Cek ve Sarihan, 2010).

Sucul ortamda birden ¢ok maddenin kirletici olarak
bulunmasi sinerjistik etki g6stererek toksisitelerinin artmasina
neden olmaktadir. Diger taraftan sbz konusu bilesiklerin
(ftalatlar, PCB'ler, poliklorin-bifeniller, vb.) lipofilik 6zelliginden
dolay! sucul canlilarda 100000 katina kadar biyoakimilasyon
gosterebilmektedir (Gek ve Sarihan, 2010).

Endokrin sistemde bozucu etki yaratan kimyasal maddeler,
baliklarin biyokimyasal sistemlerini agonistik veya antagonistik
olarak etkilerler (Colborn vd., 1993). Baliklar sucul besin
zincirinin en {st kademesinde bulundugundan ekosistem
etkilerinin  degerlendirimesinde indikatér olarak tercih
edilmektedir. Son yillarda yapilan arastirmalara gére insan
yapimi kimyasallardan kullanimda olan 100000'den fazla
Ostrojenik aktiviteli madde bilinmektedir (Tyler vd., 1996;
Bjorkblom vd., 2011; Cek ve Sarihan, 2010). Organoklorin
pestisitleri, alkil fenol kimyasallari ve ftalatlar kapsayan birgok
urtin ksenodstrojen olarak tanimlanmistir (Jobling ve Sumpter,
1993; Jobling vd., 1996; Routledge vd., 1998; Van den Belt vd.,
2001; Van den Belt vd., 2003). Birgok gevresel strojen sanayi
kaynaklidir. Bunlara ek olarak farmasétik ostrojenlerden 17a-
ethinylestradiol (EE2) ve dogal Ostrojenlerden E2, estron,
estriol atiksu aritma galismalarinin bir Grind olarak ortaya
clkmaktadir (Shore vd., 1993; Stumpf vd., 1996; Ternes vd.,
1999; Van den Belt vd., 2003).

Mogan Golii, Ankara igin dnemli sucul rekreasyon alani
olmasi ile birlikte floristik ve faunistik agidan zengin bir yapiya
sahiptir. G6l son vyillarda gevresel tehditlerin etkisiyle otrofik
ozelliktedir (Karul vd., 2000). Cevresindeki kirlilik unsurlarinin
gole tasinimi s6z konusudur. Tarimsal atik bazli kimyasallarin
yagmur ve drenaj sulari ile taginimi ve sivrisinek micadelesi
gibi uygulamalar sonucu dogrudan ya da dolayll olarak
bulagsma ile golin kirlilik yiku artmaktadir (Fakioglu ve Polatsi,
2005). Goldeki bazi balik tiirleri avlanmakta ve tiiketiimektedir.

Su kaynaklarinda EDC'ler ve dogal dstrojenler iz miktarda
bulunmaktadirlar. Sucul ekosistemlerin indikatér canlisi olan
baliklarin kaninda VTG gibi dstrojen bagiml proteinlerin
ekotoksikolojik risk degerlendirmesinde  dnemli  oldugu
belirtiimektedir (Allner vd., 1999). Bu nedenle Mogan Goli’'nde
yasayan baliklardan C. carpio, C. gibelio, T. tinca ve E. lucius
bireylerinde ireme donemlerine denk gelen aylarda
ekotoksikolojik etkilerin VTG analizi ile tespiti amaglanmigtir.
Deneyin hassasiyeti ve givenilebilirligi VTG'ye karsi Uretilmis
antikorun  &zelliklerine  bagimli  oldugundan, plazmada
elektroforetk ~ yontemle VTG varliginin  gdsteriimesi
ekotoksikolojik yonden tercih edilmektedir (Tyler ve Sumpter,
1990; Asturiano vd., 2005).

MATERYAL VE YONTEM

Bu calisma, Ankara’nin glineyinde yer alan ve énemli
rekreasyon alani olusturan Mogan Goli’'nde gerceklestirilmistir.

Mogan Golti, Ankara'nin glineyinde yer alan Gtrof sig bir tatlisu
géludir. Ornekler gdlde belirlenen 4 istasyondan temin
edilmistir (Sekil 1). Belirlenen istasyonlara ait koordinatlar
asagida verilmistir.

1. istasyon K 39° 47' 38" D 32° 47' 58"
2. Istasyon K 39° 47'8" D 32°48' 11"
3. Istasyon K 39° 45' 7" D 32° 46' 47"
4. Istasyon K 39° 46' 10" D 32° 47' 5"
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$Sekil 1. Mogan Golu 6rnekleme lokalizasyonlari
Figure 1. Mogan Lake sampling localizations

Goldeki balik tiirlerinin Greme ddénemlerini igeren Ocak-
Mayis 2013 aylari arasinda ornekler alinmistir. Balik
oérneklerinin avlanmasinda 18x18; 30x30; 40x40; 50x50; 60x60
ve 70x70 mm g6z acikliklarina sahip fanyali aglar kullaniimistir.
Balik drnekleri canli olarak laboratuvara getirilmis, total boylari
(mm) olcllmis ve agirliklar +1 g hassasiyetli terazi ile
tartilmigtir.  Orneklerin yas tayinleri pullardan yapilmigtir
(Lagler, 1956).

Her oOrnekten vitellogenin proteini analizi i¢in kaudal
venadan 5 mllik enjektor ile kan alinmigtir. Kanin
pihtilasmasini engellemek igin i¢ ylizeyi Nevparin marka
heparin ile tamamen heparinize edilmis enjektdrler
kullanilmigtir. Baliklarin kan 6rneklemesi sirasinda Quinaldin
(25 mg/L) ile anestezi uygulanarak aci hissi yok edilmistir
(Kelestemur ve Ozdemir, 2010). Kan ornekleri Hettich marka
sogutmali eppendorf santrifiljde plazmasi ayrilarak vitellogenin
analizi igin hazir hale getiriimigtir. Protein yapisinin
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bozulmamasi i¢in  -80 °C’ de muhafaza edilmistir. Deneyde
plazma igerisindeki her bir proteinin, molekdl agirliklarina gore,
jel Uzerinde tek bant olusturabilmesine imkan veren Sodyum
Dodesil Siilfat Poliakrilamid Jel Elekiroforezi (SDS-Page)
metodu ve bu metot icin Biometra marka dikey elektroforez
cihazi kullaniimigtir. Bu metotta proteinler Sodyum dodesil
stiifat (SDS) varliginda hazirlanan polimerize olmus jel
izerinde yuritilmektedirler (Allner vd., 1999; Asturiano vd.,
2005). Ayirici jel hacmen %10 konsantrasyon ile yukleme jeli
ise hacmen %5 konsantrasyon ile hazirlanmistir. Deney
sirasinda optimum manyetik ylrlitmenin saglanabilmesi icin
konsantre yiritme tamponu 1/5 oraninda distile su ile
seyreltilmistir. Hazirlanan her jel de 1. kuyuya Marker (Page
Ruler) koyulmustur. Dider jeller igin her yikleme kuyusuna
farkli 6rnege ait kan plazmasi olmak (izere 3 pl protein ile 7 pl
boya karistirilarak yiklenmistir. Son olarak elektrik akimi 70
Amper ve 140 Volt olacak sekilde proteinlerin jel igerisinde
yurGtlimesi islemi baglatiimigtir. Yurdtme islemi jelin alt
ucundan 1 cm. yiikseklikteyken sonlandiriimistir.

BULGULAR

Avlanan baliklardan Cyprinus carpio (L., 1758), Carassius
gibelio (Bloch, 1782), Tinca tinca (L., 1758) ve Esox lucius (L.,
1758) bireylerinin yas, total boy ve agirliklari saptanmistir. Baz
C. carpio ve T. tinca bireylerinde gonad gelisimi olmadidi igin
cinsiyet tayini yapilamamistir. C. gibelio bireylerinin tamaminin
disi oldugu belirlenmistir. Yas, boy ve adirlik verileri Tablo 1’ de
verilmistir.

Tablo 1. Balik tiirlerinin yas, boy ve agirlik dagilmi
Table 1. Age, length and weight distributions of fish species

Ortalama Boy o Ortalarrja
i Yasg N Agirhk Dagilimi
Tiir . Dagilimi (cm)
Dagilmi (Min-Max) (9)
(Min-Max)
' 5 3231 41040
C. carpio V- 26.00.3630)  (241.73-550.80)
s 28.28 366.94
C. gibelio I (2600-3000)  (30345-430.92)
_ 5 26.86 273.30
T. tinca IV 045028000 (201.75-347.71)
_ 1 44.03 544.56
E. lucius VA 70052000 (395.36-970.00)

Bu arastirmada SDS-Page deneyinde elde edilen jel
gdrintileri incelenmis, C. gibelio disinda kalan diger tim erkek
bireylerin en az birinde VTG tespit edilmistir. Vitellogenin analizi
icin elektroforez yontemi ile yuriitilen deney sonucunda daha
once VTG'si indiiklenmis &rnekler ile avlanan baliklara ait
ornekler karsilastiniimistir (Sekil 2, Sekil 3). C. carpio, T. tinca
ve E. lucius bireylerinin vitellogeninlerinin yalniz disilerde degil
erkeklerde de gorlildigu tespit edilmistir. Arastirmada C.
carpio, C. gibelio, T. tinca ve E. lucius’ un tim ergin disi
bireylerinde VTG saptanmistir. incelen tiilerden C. gibelio
disindaki diger tlrlerin en az bir erkek bireyinde VTG proteini
gortimUstir. Analizde cinsel olgunluga erismemis ve Ureme
periyodu disinda kalan baliklarin plazmalarinda vitellogenin
proteinine rastlanmamistir.

Sekil 2. VTG tespiti yapilan jel gorlintiisti-1: 1. Marker, 2. QC. carpio (25ug/L 6stradiol-beta’ya maruz birakilmig jivenil sazan plazmasi), 3. QE.
lucius, 4. 3E. lucius, 5. Q E. lucius, 6. QC. carpio, 7. 3C. carpio, 8. Q@ T. tinca, 9. Q T. tinca, 10. @ C. gibelio

Figure 2. VTG detected gel image-1: 1. Marker 2. @ C. carpio (25ug/l estradiol-beta inducted juvenile carp plasma), 3. QE. luciu,s 4. JE. lucius,
5. Q E. lucius, 6. QC. carpio, 7. 3C. carpio, 8. @ T. tinca, 9. @ T. tinca, 10. @ C. gibelio
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Sekil 3. VTG tespiti yapilan jel goriintiist-2: 1. Marker 2. Q C. carpio (25ug/L Gstradiol-beta’ya maruz birakilmis jivenil sazan plazmasi), 3. &
E. lucius, 4. Q T. tinca, 5. @ T. tinca, 6. & E. lucius, 7. & T. tinca, 8. & C. carpio, 9. @ C. carpio, 10. QC. gibelio.

Figure 3. VTG detected gel image -2: 1. Marker, 2. @ C. carpio (25ug/l estradiol-beta inducted juvenile carp plasma), 3. & E. lucius, 4. @ T.
tinca, 5. @ T. tinca, 6. & E. lucius, 7. &' T. tinca, 8. & C. carpio, 9. @ C. carpio, 10. QC. gibelio.

TARTISMA VE SONUG

Mogan Géli'nde yasayan C. carpio, C. gibelio, T. tinca ve
E. lucius bireylerinin kan plazmalarinda elektroforetik
vitellogenin analizi yapilmistir. Deneyin hassasiyeti ve
guvenilebilirligi VTG'ye karsi (retilmis antikorun 6zelliklerine
bagimii oldugundan, plazmada elektroforetik yontemle VTG
varliginin  gosteriimesi  ekotoksikolojk  yénden  tercih
edilmektedir (Tyler ve Sumpter, 1990; Asturiano vd. 2005).

Bu arastirmadaki bulgulara benzer olarak Tyler vd. (1996),
Cyprinidae familyasindan Leuciscus leuciscus ve Tinca tinca’
larin VTG'lerinin RIA testinde c¢apraz reaksiyon verdigini
bildirmistir. Cyprinidae disindaki diger 8 familyada (Clupeidae,
Salmonidae, Siluridae, Cyprinodontidae, Gasterosteidae,
Cichlidae ve Cottidae) ise vitellogenik baliklardan alinan
plazmada radyoimmiin (RIA) testinde ok diisiik oranda gapraz
reaksiyon rapor edilmistir. Sonug¢ olarak Cyprinidae
familyasindan olmayan baliklarin VTG'sinin, Cyprinidae’lerin
VTG’ sinden imminolojik olarak dnemli derecede farkli oldugu
bildiriimistir. Ayni ¢alismada disi baliklarin plazma VTG
dizeyleri Ureme ddnglisi boyunca dlglimis ve vitellojenik
ovaryum gelisiminin zirve yaptigi dénemde en yilksek seviyede
oldugu belirtilmistir. Meucci ve Arukwe (2005) Salmo salar’in
juvenil bireylerinde BPA (bisfenol A)'ya maruz kalmadaki VTG
ve zona radiata proteinlerini elektroforez ve ELIZA testi ile
arastirmig, BPA'nin iyi bir ekotoksikolojik biomarker olarak
gelistirilebilecegini belirtmislerdir. Maltais ve Roy (2009)
Kanada'dan ~ Moxostoma  hubbsi  ve  Moxostoma

macrolepidotum tlrlerinin dstradiol ile indiiklenen jivenil
bireylerinde hem plazma hem de mukusta vitellogenin tespit
etmiglerdir. Caligmalarinda elektroforez, ELIZA yéntemiyle 150
kDa molekul agiriginda bir biyik ve 120 kDa'da da kiglk bir
bant bulmuslardir. Boylece yiizey mukusunun vicut disinda
bulunan bir vitellogenin érnegi olarak gelistirilebilecegini 6ne
stirmislerdir. Ayrica tlirlin Greme biyolojisinin arastirimasinda
da kullanilabilecegini  belirtmiglerdir. Brion vd. (2000)
Oncorhynchus mykiss, Gobio gobio ve Leuciscus cephalus;
Asturiano vd. (2005) Liza aurata; Hennies vd. (2003) Cyprinus
carpio ve Perca fluviatilis; Roubal vd. (1997) Pleuronectes
vetulus; Ndiaye vd. (2006) Oreochromis niloticus; Allner vd.
(1999) Leuciscus idus ve Danio rerio  (Bstrojen
indliksiyonundan sonra); Nagler vd. (1987) Salmo gairdneri
(6strojen indlksiyonundan sonra); Yamaguchi vd. (2009)
Oryzias latipes; Yamanaka vd. (1998) Fundulus heteroclitus
tirlerinde yaptiklari galismalarda VTG proteini izole ederek
elektroforetik arastirmalar yapmiglardir. Bu calismalarda erkek
ve juvenil bireylerde VTG proteini tespiti ile Mogan Goli’'ndeki
erkek baliklarda VTG proteininin tespit edilmesi arasinda
benzerlik oldugu anlasiimigtir.

VTG proteini, gevresel kirleticilerin EDC aktiviteli olarak
ireme siklusunda antropojenik etki yaparak VTG sentezine
sebep olabilecekleri anlasiimaktadir. Cevresel kirleticilerin balik
tirlerinde  Ozellikle erkek bireylerin  dreme ddngistnde
aksamalara  ve  bozulmalara  sebep  olabilecegi
dustnilmektedir. Bu durumun da Mogan Géli'nde yasayan
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baliklarin endokrin sistemini etkileyen antropojenik kirlilik
kaynaklarina yani EDC aktiviteli bilesiklere maruz kaldigini
dustndirmektedir. Bu calismada kullanilan biyolojik ydntemin,
kirlilik tespiti yoniinde iyi bir biyo-belirteg olarak kullanilabilecegi
belirlenmistir.

Su sistemlerinde sadece su kalite parametreleri lizerinden
kirllik ve etkilerinin  belirlenmesi  beklenen  sonuglarin
alinmasinda vyeterli veriler olmayacaktir. Bu nedenle sucul
ekosistem bilesenlerinin énemli grubunu olusturan ve besin
kaynagl konumunda 6nem tasiyan baliklardaki genotoksik
arastirmalarin periyodik olarak yapilmasi gerekmektedir.
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Oz: Bu calisma izmirin Gesme ilgesindeki Gerence Kérfezinde yer alan ézel bir su diriinleri yetistiricilik isletmesine ait gipura-levrek iiretim tesisinde toplam 91 giin
slireyle gerceklestiriimistir. Deneme siiresince ortalama canli agirliklari 35,641 g olan Avrupa deniz levregi (Dicentrarchus labrax L.,1758) baliklari, 20m capli 4
adet dairesel ag kafes icinde 50.000’er adet olacak sekilde yerlestirilmistir. Ag kafeslerden A1 ve A2 (grup A) grubunda olan baliklara agi uygulamasi yapilmis, B1
ve B2 (grup B) grubunda yer alanlara ise asi uygulamasi yapilmamis ve bu gruptaki baliklar kontrol grubu olarak ayrilmistir. Calisma suresince ortam kosullari ve
enjeksiyon yontemiyle asi yapilan levrek yavrularinin asi yapilmayanlara gore gelisimleri karsilastiriimis, Mortalite oranlari, Yem Doniistim orani (FCR), Kondusyon
faktorli (CF) ve Spesifik Bliylime Orani (SGR) degerleri tespit edilmistir. Buna gdre asilamanin gelisim iizerinde pozitif etkisi oldugu gdzlenmis ve sonuglarla ilgili
onerilerde bulunulmustur.

Anahtar kelimeler: Avrupa Deniz Levregi, Dicentrarchus labrax, Asilama, Gelisim, FCR, SGR, CF

Abstract: : This study had been performed at gilthead sea bream-sea bass production facility of a special aquaculture company in Gesme Gerence Bay Region of
izmir for 91 days in total. In testing period, European sea basses which have 35,6+1 g average initial weight were put into 4 circular net cages in 20 m dimension.
50 000 fishes were used in each cage. Fishes in A1 and A2 (group A) net cages group were vaccinated with injection method. Fishes in B1 and B2 (group B) net
cages group were not vaccinated and they seperated as control group. Environmental conditions and growth rates of vaccinated and unvaccinated sea basses
were compared during the research period and Mortalite ratio, Feed Conversion Rate (FCR), Condition Factor (CF) and Specific Growth Rate (SGR) were
determined. According to this, there had been observed that vaccination had possitive effect on growing and there were made suggestions about the results.

Keywords: European Sea Bass, Dicentrarchus labrax, Vaccination, Growing, FCR, SGR, CF

GIRIS

Son yillarda artan su drdinleri Gretim miktarlarina paralel
olarak, yetistiricilik iginde maliyeti arttiran en 6nemli kalem olan
yemin yaninda balik hastaliklari da ikinci sirayi almaktadir.
Gulinki Uretimdeki bu biyliime ve gevresel etkilesimlerle birlikte
bakteriyel, viral, fungal ve paraziter hastaliklarda da artis
meydana gelmektedir. Balik hastaliklari nedeniyle Avrupa’'da
ve diinyada Uretilen baliklarin kalitesinde ve miktarinda énemli
dlclide kayiplarin oldugu bildirilmektedir. (Hill, 2005; Neary
vd.,2008). Hastaliklar ekonomik kayiplara neden olmalari

kesinlikle kontrol altinda tutulmasi gereken bir konudur.

Baliklari hastaliklardan koruma konusunda birgok yéntem
bildirilmekte olup, bu ydntemler hastalik etkenine gdre
degismektedir. Balik hastaliklarinin kemoterapotiklerle tedavisi
cogunlukla ekonomik degildir. Ayrica gevre kirliligi, rezidu gibi
bircok nedenle ilag uygulamalari sinirfandirimaktadir.
Profilaktik amagla kemoterapdtiklerin kullaniimasi, bakterilerde
direng gelisimine yol agarken, balik etindeki kemoterapdtik

yaninda ayrica ihracati olumsuz yonde etkilemeleri, ilag
masraflarinin Uretim maliyetini arttirmasi, bilingsiz kullanilan
ilaglarin  rezidli sorunu yaratmalari ve ¢evre Kkirliligi
olusturmalari, Bakteriyel direnci artirmalari ve bunlarin
sonucunda da is ve zaman kaybina yol agmalari nedeniyle

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

kalintilari tliketici sagligini olumsuz ydnde etkilemektedir.
Ayrica kemoterapétiklerle tedavi edilen baliklarda birkag ay gibi
kisa bir sure¢ sonrasinda hastaliklarin niiksettigi gorilmektedir
(Tanrikul, 1995). Viral balik hastaliklarinin tedavisi ise mimkin
olamamaktadir.
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Akhan vd., (2003), oksitetrasiklinin levrek baliklari Gzerine
etkisi ile ilgili hazirladiklari aragtirmalari  sonucunda,
oksitetrasiklinin levrek kanindaki toplam ldkosit sayisini
azalttigini bildirmistir. Hastaliklardan korunmada en gegerli
yontemler; hijyenik tedbirlerin alinmasi, hasta ve portérlerin
isletmeye sokulmamasi ve baliklarin agilanmasidir.

Tim bu nedenlerle ballk hastaliklarinin  énlenmesi
amactyla as! gelistirme galismalari dnem kazanmis olup, ticari
asllar gelistiriimistir. Bu siire¢ de balik ciftliklerinin gelismesine
ve garpici bicimde antibiyotik kullaniminin azalmasina neden
olmustur (Sommerset et al.,2005; Adams ve Thompson, 2006).

Glinlimuzde virtilensi ylksek insan ve hayvan hastaliklari
asllama ile kontrol altina alinabilmektedir. Balik hastaliklari igin;
Yersinia ruckeri,Vibrio anguillarium, Pasteurella piscicida ve
Aeromonas salmonicida bakterileri ile ticari agilar gelistirilmistir.
Bunlardan vibriozis, yersiniozis, frunkulozis ve pasteurellosis
asllari ticari olarak yaygin bir sekilde kullaniimaktadir (Johnson
vd., 1982). Balik hastaliklari konusunda son yillarda yapilan
calismalar,  mikroorganizmalarin  isletmeye  girmeden
onlenmesinin sart oldugunu ortaya cikarmistir. Clinkii bu tip
durumlar ekonomik kayiplara neden olabilmektedir. Bu nedenle
koruyucu énlemlerin alinmasi ile ciddi ve devamli bir sekilde
uygulanmasi gereklidir. Koruyucu 6nlemler arasinda baliklarin
immunizasyonla  korunmasi  6nem arz etmek olup,
hastaliklardan korunma uygulamalarinda ilk siray! almaktadir.
Cagirgan  (2004) Levreklerde vibriosisten  korunmada
uygulanan banyo, enjeksiyon ve oral yolla yapilan asilar
icerisinde en kolay uygulananinin oral yol oldugunu
bildirmektedir.

Baliklarda asilamanin, hastaliklardan kaynaklanan élim,
verim kayiplarl, tedavi igin kullanilan giderlerin ve ilag
kullanilmasi sonucu olugan cevre kirliligi ile balik ve diger deniz
urdinlerinde rezidli sorunlarinin azaltiimasi yaninda, yemden
yararlanmayl ve gelismeyi arttirma gibi olumlu etkileri
bulunmaktadir.

Viale vd., (2006), yaptiklari caligsmalarinda, off-shore
kiiltlir(inde vyetistirilen levrek baliklarini vibriozis hastalijina
karsi banyo yontemiyle asilamis, bir yil boyunca asili baliklarin
toplam Uretiminin (kg) asisiz baliklara gore en az %10 oraninda
daha yliksek oldugunu bildirmistir.

Bunlarin yaninda anestezi, asilarda adjuvan kullanimi vb.
gibi uygulamalarin olusturdugu strese bagli yem alimi ve
biyime negatif yonde etkilenebilmektedir (Midtlyng, 1996;
Berg vd.,2007; Neary vd.,2008). Ancak baliklarin agilamadan
sonraki ilk iki hafta icerisinde yem aliminin azaldig, tgiincl
haftadan itibaren ise bu durumun normal seviyelere geldigi
bildirilmektedir (Midtlyng vd., 1996; Rensholdt ve McLean,
1999; Sgrum ve Damsgard, 2004; Koskela vd., 2004). Ayrica
asl uygulamalarinin diger yetistiriciligi yapilan canli gruplarinda
oldugu gibi tliketici saghgi lzerinde herhangi bir olumsuz
etkisinin olmadigi da vurgulanmustir (Turk, 2000).

Bu calismanin amaci, yag bazl ticari bir aginin Levrek
baliklarinin yem alimi, biiylime ve gelismeleri (izerine etkilerinin

arastinimasidir.
MATERYAL VE YONTEM

Bu arastirma izmir ili, Cesme ilcesi Gerence Kérfezi
mevkiinde yer alan dzel bir su Grlinleri yetistiricilik isletmesine
ait gipura ve levrek Uretim tesisinde gercgeklestirilmistir. Galisma
20 m ¢ap ve 10 m derinlikte 4 adet dairesel HDPE 6zellikte ag
kafeste uygulanmistir. Calismada her ag kafeste 50 bin adet
olmak tizere toplamda 200 bin adet ortalama canli agirliklari
35,4+1 g olan levrek (Dicentrarchus labrax L., 1758) balii
kullanilmistir.

Buna gore iki ag kafes igin asl uygulamasi yapilimis (A1 -
A2) diger iki ad kafese ise asI uygulamasi yapiimamis (B1 - B2)
ve kontrol grubu olarak ayriimistir. A1 ve A2 kafeslerinde ki
baliklarda aktif bilesenleri formalin ile inaktive edilmis
Photobacterium damselae subsp. piscicida ve Listonella
anguillarum (serotip 01) ile katki maddesi non-mineral yag olan
divalent ticari agi kullaniimigtir.

Deneme baliklarinin beslenmesinde kullanilan yem dzel bir
firma tarafindan ticari 6zellikte pelet formunda extrude olarak
uretilmis 2-3 mm capli Levrek Biyitme yemidir. Yemde
kullanilan hammaddeler; balik unu, soya kispesi, balik yagi,
bugday unu, bugday gluteni, bezelye proteini, misir gluteni,
vitamin ve mineral olup, yemlere ait besin madde dzellikleri
Tablo 1'de belirtilmigtir.

Tablo 1. Deneme yemlerine ait besin madde degerleri
Table 1. Nutritional components of experimental feed

Besin Madde 2 mm Gapli Yem 3 mm Gapli Yem
Ham Protein min. (%) 48 46

Ham Yag min. (%) 18 18

Ham Seliiloz max. (%) 15 2

Ham Kl max. (%) 11 11

Nem max. (%) 10 10

NFE max. (%) 18 18

Eneriji (Kcal) min. 4500 4350

Vitamin A 18.000 (IU’kg), Vitamin D3 2500 (IU/kg), Vitamin E 250
(mglkg), Vit. C 240 (mg/kg), ~ Choline 600 (mg/kg)

Baliklarin deneme basindan itibaren her 30 glnde bir
deneme kafeslerinden rastgele ornekleme ile segilerek
biyometrik él¢timleri gergeklestirimistir. Bu amagla canli agirlik
olglimleri icin 0,01 g hassasiyetli terazi ve boy 6lglimleri igin boy
6lgme cetvelinden yararlanilmistir. Su kosullari igin multi
parametre cihazi ile su sicakliklari ve ¢ézlinmis oksijen
olglimleri gerceklestirilmistir.

Calismanin gergeklestirildigi 6zel isletmede mevcut olan ag
kafesleri deneme i¢in A ve B grubu olacak sekilde dizayn
edilmistir. A grubu baliklar agi uygulamasindan dnce bir giin
boyunca a¢ birakilmigtir. Ayni sekilde kontrol grubunu
olusturan grup icin de yem uygulamasi yapiimamistir. Calisma
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Eylil — Kasim Aylari arasinda toplam 91 gin stre ile
gerceklestirilmistir.

Asilama islemi igin baliklarin deneme kafeslerine
alinmadan dnce tamami (50bin adet) branda iginde stoklanarak
fenoksi-etanol ile (0,1 mlll) anestezi altina alinmigtir.
Denemede kullanilacak asinin oda sicakligina ulagsmasi
beklenmis, uygulama i¢in calkalanarak hazir hale getirilmistir.
Uygulama her bir balik icin 0,1 ml olacak sekilde baligin
peritonal kavitesine 45 derecelik agl ile enjeksiyon seklinde
uzman agi firmasi destegi ile gergeklestiriimistir. Arastirma
stiresince baliklara sabah ve aksam olmak (zere adlibitum
(yem alimi kesilene kadar) yem verilmistir. Deneme siresince
ag kafeslerdeki su sicakligi ve ¢dziinmiis oksijen glinliik olarak
Olglimistir. Baliklarin  bliyime ve yem degerlendirme
oranlarinin  belirlenebilmesi icin asadidaki formiillerden
yararlaniimigtir. (Bassompierre vd., 1998.; McLean vd., 1997,
Korkut vd., 2007);

FCR = Tiiketilen yem (Kg) / Kazanilan toplam canli agirlik (Kg),
SGR=((InW2 -InW1)/t(glin)) x 100,
CF=(W/L®*)x100

Deneme siresince elde edilen veriler istatistiki
degerlendirmeye alinmis ve bu islem icin SPSS 8,1 istatistik
programi kullanilmistir. istatistiksel degerlendirmede tek yonlii
Anova uygulanmig, daha sonra gruplar arasindaki farklilik igin
gruplarin  karsilagtirlmasinda ~ badimsiz  t-testinden
yararlanilmistir. Tim testlerde yaniima diizeyi >95% ( P< 0,05)
olarak kabul edilmistir.

Tablo 3. Deneme gruplarina ait bliylime ve gelisme parametreleri
Table 3.Growth and development parameters belongs to trial groups

BULGULAR

Deneme siresince baliklarin  blyime ve gelismeleri
uzerine etkin olan ortam kosullari (su sicaklik ve ¢oziinmis
oksijen) ile tiketilen yem miktarlari de@erleri igin elde edilen
verilere bagl olarak sonuglar degerlendirilmistir. Bu amagla
gunliik yem miktarlari, 6l balik sayilari ve su kosullari izienmis
ve kayit altina alinmistir. Buna gére su sicaklik degerlerinin
aylara gére dagilimlari Tablo 2'de belirtilmistir.

Tablo 2. Ortalama su sicakliklarinin aylara gére degisimleri (°C)
Table 2. Average water temperature changes by months (°C)

AYLAR N MiN. MAX. ORT.

EYLOL 28 23,0 248 23,740,38
EKiM 26 19,4 22,2 21,1£0,51
KASIM 26 17,3 20,2 19,4+0,49

Su sicakhid ile birlikte alinan ¢dziinmiis oksijen degerlerinin
ortalamasi 6,4+0,15mg/l seklinde olmustur. Bu siireg icinde
minimum deger Eylll ayinda 5,8+0,28mg/l ve maximum deger
ise Kasim ayi iginde 7,4+0,14mg/l olacak sekilde dlgllmustiir.
Gozlenen bu degerlerin deneme baliklarinin  yetistiricilik
kosullarini negatif yonde etkileyecek bir etkisinin olmadig
dikkate alinmistir (Korkut vd., 1995).

Deneme suresince elde edilen biyometrik dlgim
sonuglarina gére canli agirik ve total boy degisimleri ile
yemden yararlanma (FCR), blyime orani (SGR), kond(syon
faktori (CF) ve mortalite sayilar (adet) Tablo 3'te belirtilmistir.

Parametre A1 A2 B1 B2

ik Ortalama Canli Agirlik (g) 35,041,2 36,2+ 1,3 357+0,9 354+1,0
Son Ortalama Canli Agirlik(g) 100.3+2,0b 102,8+1,8° 88,4+1 .42 87,6+1,22
Kazanilan Canli Agirlik (g) 65,3 66,6 52,7 52,2

ik Ortalama Total Boy. (cm) 16,03+0,4 16,110,6 16,9403 16,5%0,2
Son Ortalama Total Boy. (cm) 21,240,22 21,410 42 19,840,52 19,6+0,52
ilk Balik Sayis! (adet) 50 000 50000 50000 50000
Son Balik Sayisi (adet) 48 305 48 460 41870 43435
Mortalite (adet) 16950 1540P 71302 65652
Mortalite (%) 3,3%° 3,08° 14,262 13,132
Kazanilan Biyomas (kg) 3154,300 3227 440 2206,552 2267,312
FCR 2,020 1,93 2,552 2,543
SGR 1,150 1,140 0,992 0,992

CF 1,053° 1,048° 1,139 1,1632

FCR: Yem donlistim orani, SGR: Spesifik blylime orani, CF: Kondiisyon faktérii. Farkl Ustlli sayilar (a,b) gruplar arasindaki farklihg

gostermektedir.

159



Ozkesici et al., Ege Journal of Fisheries and Aquatic Sciences, 33(2): 157-162 (2016)

Calisma baglangicinda baliklarin ortalama canli agirlik ve
total boy degerleri dikkate alindiginda gruplar iginde ve deneme
gruplari arasinda 6nemli bir fark (P>0,05) gdzlenmemistir
(Cizelge 3). Benzer sekilde, deneme sonunda asili grup ( Af,
A2) ile asisiz grup (B1, B2) iginde 6nemli bir fark bulunmamigtir
(P>0,05). Ancak asili ve agisiz gruplar (A ve B) arasinda
biyime, yemden vyararlanma, SGR, CF ve mortalite
bakimindan dnemli farklar bulunmustur (P<0,05).

TARTISMA VE SONUG

Calisma stresince oOlglilen su kosullarina ait degerler
mevsim ortalamalamasi iginde olup, asl uygulamasi yapilan ve
yaplimayan baliklarin yetistiricilik kosullari agisindan herhangi
bir olumsuz etkisi tespit edilmemistir. Zanuy ve Carillo (1985)
levrek baliginin hem deniz suyu hem de aci suda iyi bir yem
degerlendirme orani igin optimum su sicakliginin 19-25°C
arasinda oldugunu bildirmektedirler. Bu tire ait su
sicakliklarina bagli olarak optimum yem degerlendirme oranlari
Uzerinde yapilan diger bir calismada, LeRuyet et al (2004), 13,
16, 19, 22, 25 ve 29°C'lerde 8041 g ortalama canli agirliklarda
olan jlvenil Avrupa deniz levreklerinde bilyime ve gelisme
performanslari incelenmis ve buna gére, 29°C su sicakligina
kadar adapte oldugunu ve en iyi gelismenin 25°C'de
gerceklestigi belirtilmistir.

Benzer sekilde, Pylkko vd., (2002), alp alabaliklarinda
(Salvelinus alpinus) aslimaninin immun sistem (zerindeki
etkilerini 3 ayrn sicaklikta (10,3 ve 14,1, 18,1 °C'de)
incelemigler, sonugta tlim gruplarda asilamanin koruyucu
etkisinin oldugunu ve bu nedenle agsi etkinligini arttirmak igin bu
tirin daha yiiksek sicakliklarda tutulmasinin gereksiz
oldugunu, baliklarin en iyi gelistikleri optimum kosullarin
asllama etkinligi bakimindan da yeterli oldugunu bildirmigslerdir.

Asili (A) ve kontrol (B) gruplarinda calisma stiresince
hastalik belirtileri gézlemlenmemistir. Calismanin ilk iki ayinda
baliklarin yem aliminda ve buna bagl olarak agirlik artisinda
énemli bir farklilik gozlenmemistir. Ancak Kontrol grubundaki
baliklarin ¢alisma sonunda agili baliklardan énemli derecede
(P<0,05) diisuik agirlikta olduklari tespit edilmistir. Bu durum su
sicakliginin ortalama 19,4 °C ‘ye indigi Kasim ayinda gruplarin
toplam yem tliketim miktarinda da (A grubu; 1875 glay ve B
grubu; 1275 glay) kendini géstermistir.Benzer sekilde, Viale
vd., (2006), off-shore kafeslerdeki Avrupa Deniz Levreklerinde
Vibriosise karsi uyguladiklar ticari agi uygulamasi sonucunda,
asili gruptaki baliklarin kontrol grubu baliklarina oranla ok
daha iyi gelistiklerini bildirmiglerdir. Ancak c¢alismada elde
edilen bu sonucun aksine Lillehaug (1991) alabaliklarda
vibriozise karsl asl uygulamasi Uzerine yaptigi calismada
aslIsiz grupta agirlik artisinin agilananlara oranla daha ylksek
oldugunu gdzlemlemistir. Bunun sebebi olarak da asinin balik
lizerindeki yan etkilerini géstermistir. Ozellikle ya§ katki
maddesi iceren asllarin yan etkileri; enjeksiyon bélgesindeki
lezyonlar (Midtlyng vd., 1996b), bazi i¢ organlarda yapisma
(Midtlyng, 1996) olarak bildirimistir. Bununla beraber baz
arastiricilar Atlantic salmon (Salmo salar L.) (Midtlyng vd.,
1996b; Serum ve Damsgard, 2004) ve g6kkusadi alabali§inda

(Oncorhynchus ~ mykiss)  (Rensholdt  ve  McLean,
1999),asilamadan 2-4 hafta arasinda istahin azaldigini ve
dolayisi ile agilanan baliklarin kontrol grubuna oranla
biyimede onemli derecede dlslk kaldiklarini, istahin bu
stirelerden sonra tekrar geri kazanilarak kontrol gruplariyla ayni
seviyeye geldigi bildirmektedirler (Ransholdt ve McLean, 1999;
Koskela vd.,2004).

Calisma sonunda 4 grup icinde FCR degerleri
hesaplanmistir. Buna gére A1 grubu igin 2.02, A2 i¢in 1.93, B1
icin 2.55, B2 iginse 2.54 olarak bulunmustur. Calismada elde
edilen FCR degerleri asili grupta yemin ¢ok daha verimli
kullanildigini ve gruplar arasinda 6nemli bir farklilik oldugunu
gbstermektedir (P<0,05). Bununla beraber tim gruplar igin
FCR degerleri yetistiricilikte kabul gdren degerler arasinda
kalmaktadir ( FCR tankta 1.88 Lanari et al., 1991; ag kafeste
2.4 Korkut ve dig. 1995). Ancak Koskela vd., 2004 yaptiklari
galismada asilamanin yemden yararlanma orani (zerine etkili
olmadigini vurgulamaktadir.

Deneme sonunda SGR degerleri tim gruplar icin
hesaplanmis ve A1 icin 1,15, A2 igin 1,14, B1 ve B2 iginse 0,99
olarak hesaplanmigtir. Deneme gruplarinin biyime orani
bakimindan degerlendiriimesi yapildiginda agsili  baliklarin
asisiz baliklara oranla énemli derecede farklilik (P<0,05)
gosterdigi bulunmusgtur

Koskela vd., (1997), kondisyon faktori 1’e esitse baligin iyi
sartlarda biyudigini, 1.0'den biyiikse yagl oldugunu ifade
etmektedir. Bu calismada bitin gruplar igin hesaplanan
kondisyon faktori A1 ve A2 gruplari igin 1,053 ve 1,048, B1 ve
B2 gruplari igin 1,139 ve 1,163 olarak bulunmusgtur. Asilanan
baliklarin kondisyon faktori kontrol grubuna oranla dnemli
derecede iyi oldugu tespit edilmistir (P<0,05). Korkut vd.,
(1995) Levrek baliklarinda yetistiricilik sartlari  altinda
kondisyon faktoriinin 0.65 ile 1.29 arasinda oldugunu
belirtmektedirler. Buna gére tim gruplar icin elde edilen
kondisyon faktéri degerlerinin optimum degerler arasinda
kaldigi sdylenebilir.

Bu galismada elde edilen mortalite oranlarina bakildiginda
ise asl uygulamasi yapilan A1 ve A2 kafeslerinde sirasiyla %
3,39 ve 3,08 olurken bu oran B1 ve B2 grubunda % 14,26 ve
13,13'tlr. Yapilan istatistiki degerlendirmeye gére asili ve
asisiz gruplar arasinda mortalite bakimindan 6nemli derecede
farklihk oldugu (P<0,05) saptanmistir. Ozellikle mortalite
oraninin kontrol grubu igin su sicakhginin distigu aylarda
ylkseldigi gézlenmistir (B1 7130, B2 6565 adet). Calismada
elde edilen sonuca benzer sekilde Lillehaug (1990) yaptigi
calismada, ortalama mortalite oraninin asili baliklarda %1,87,
asisiz baliklarda ise %24,9 oldugunu bildirmistir. Angelidis
(2006), 3,3g'lik levrek baliklarina vibriozise karsi banyo
yontemiyle asi uygulamasi yapmistir. Bu enjeksiyondan 30 giin
sonra test edilen gruplardan 2 kez asilama yapilanlarda %0, 1
kez agllananlarda %10, kontrol grubunda ise %50 oraninda
mortalite gortldugind bildirmistir. Calismada enjeksiyon
yontemiyle asilama gucll bir bagisiklik sagladigi igin 2. kez
asilama yapilmasina gerek olmadigi tespit edilmistir. Ancak
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banyo ya da oral ydntemle yapilan asilamalarda 2. kez asilama
yaplimasi dnerilmektedir (Hjeltnes,1989; Lillehaug,1997).

Siwicki vd., (2002), asilamanin koruyuculuk etkisi ve
dayanma stiresi Uzerine, ortamdaki ve uygulama sirasinda
baliklarin maruz kaldiklari stresin ¢ok o6nemli bir faktor
oldugunu bildirmigtir. Bu arastirmacilar yaptiklari ¢alismada
agllama sirasinda kullanilan anestezinin spesifik ve nonspesifik
savunma mekanizmalari Gzerindeki pozitif etkisini gostermistir.
CGalisma  sonucunda  kimdilatif — mortalitenin  anestezi
kullanilanlarda enjeksiyon yonteminde %5, banyo yénteminde
%10, anestezisiz agllananlarda enjeksiyon ydnteminde %20,
banyo ydnteminde %35 kontrol grubunda ise %80 olarak ortaya
ciktigr bildirilmistir.

Baliklarda asilamanin sadladigi yararlar artik tim dinya
tarafindan kabul edilmektedir. Yapilan bazi ¢alismalar ézellikle
enjeksiyon ydntemiyle agilanan baliklarda istahin beli bir sire
azaldigini gbstermektedir. Bu durumun en 6nemli sebepleri
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Abstract: : This study was carried out between September 2007 and April 2008 in the Aegean Sea with an experimental longline. Traditional baits such as Sardina
pilchardus and Solen vagina were used with Sepietta sp. which is a discarded species from Aegean Sea demersal trawl fishery. 438 individuals belonging to 6
families were obtained and they totally weighed 43.1 kg. It was determined that almost half of the specimens were captured by Sepietta sp. Furthermore individuals
caught by this alternative bait composed 45% of the total catch in terms of weight. Results showed that Sepietta sp. was the most efficient bait among all baits
used in the study. The use of this species as a bait in longline fishery has also another importance from the perspective of evaluating a trawl discarded species.

Keywords: Longline, bait, Sepietta sp., small scale fishery.

0z: Bu calisma Eyliil 2007-Nisan 2008 tarihleri arasinda deneysel amagli hazirlanmis bir paragat takimiyla Ege Denizi'nde gerceklestiriimistir. Geleneksel yemler
olan Sardina pilchardus ve Solen vagina, Ege Denizi demersal trol avcilijinda iskarta edilen bir yem olan Sepietta sp. ile birlikte kullaniimigtir. Alti familyaya ait
toplam 438 birey yakalanmis ve toplam agirliklari 43,1 kg olarak bulunmustur. Yakalanan bireylerin yarisina yakin kismi Sepietta sp. ile yakalanmistir. Bununla
beraber bu alternatif yem ile yakalanan bireyler toplam avin agirlik olarak %45'ini olugturmuslardir. Sonuglar Sepietta sp.’nin tiim yemler iginde en etkili yem
oldugunu gdstermistir. Bu tlriin paragat balikgiiginda yem olarak kullaniminin, trol avcilijindan iskarta edilen bir tiiriin degerlendirilmesi agisindan ayri bir dnemi
bulunmaktadir.

Anahtar kelimeler: Paragat, yem, Sepietta sp., kiigik 6lcekli balikgilik

INTRODUCTION

Longline, as being one of the passive fishing gears has
been traditionally used all around the world (Lokkeborg and
Bjordal, 1992). Longline fishing is classified in small scale
fishery as a commercial fishing technique. It uses a long line,
called the main line, with many baited or unbaited hooks
attached at intervals by means of branch lines called snoods
(or gangions) (Bjordal, 2002). Longlines can be set near the
surface (pelagic longline) to catch pelagic fish such as tuna and
swordfish or along the sea floor (demersal longline) for
groundfish such as sea breams, halibut or cod. Catching

Joensen, 2004).

Longline fishery is very common in the Aegean and
Mediterranean coasts of Turkish Seas. Fishery is mostly
conducted daily by small vessels (6-10 m length) with one or
two fishermen. Longliners commonly use traditional baits such
as European pilchard (Sardina pilchardus), European anchovy
(Engraulis encrasicolus), common cuttlefish (Sepia officinalis),
tubular sea cucumber (Holothuria tubulosa) and banded dye-
murex (Hexaplex trunculus). Furthermore, gilthead seabream

efficiency of longlines may be affected by several technical,
biological and environmental factors such as the mainline and
snood material, the hook design and size, rigging, and the type
and size of the bait (Lokkeborg and Pina, 1997). There are
many factors that influence selectivity and catch in longline
fishery and the most important are bait and hook (Jacobsen and

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

(Sparus aurata), common dentex (Dentex dentex), pink dentex
(Dentex gibbosus), common pandora (Pagellus erythtinus),
white seabream (Diplodus sargus sargus), common two-
banded sea bream (Diplodus vulgaris), groupers (Epinephelus
spp.) and swordfish (Xiphias gladius) are the main target
species of demersal and pelagic longline fishery in Turkey.
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Genus Sepietta is a member of family Sepiolidae. It
includes 5 species; Rondeletiola minor, Sepietta neglecta,
Sepietta obscura, Sepietta oweniana, Sepietta petersi
(Sealifebase, 2016) and they are commonly named as bobtail
squid. All mentioned species except S. obscura are all in the
red list of IUCN with DD (data deficiency) status. These species
are a part of by-catch in trawl fishery and have been marketed
locally for human consumption in the Mediterranean region
(FAO, 2005). Furthermore Sepietta species have been
discarded due to its small size in the Aegean Sea demersal
trawl fishery (Soykan, 2011).

In this study, it was aimed to determine the potential use of
Sepietta sp. as an alternative bait for demersal longline fishery.

MATERIAL AND METHODS

izmir Bay (Urla), Dalyankdy (Cesme) and Karaburun were
the study area (Figure 1) as being one of the region’s most
important fishing grounds for demersal longlining. A total of 30
experimental fishing sets (2970 hooks) were performed during
September 2007-April 2008 with a 6 m length traditional type
boat. Furthermore depths of the sets ranged between 4-17
meters. Longline was prepared with traditional 14 no J hook
model (Mustad 1250D) which is commonly used by fishermen
in the Aegean Sea. Experimental longline included 99 hooks in
order to create the same probability of capture for each bait
(each bait was used on 33 hooks per operation). Baits were S.
pilchardus, S. vagina and Sepietta sp., and they alternated
along the main line with the same order. Bait pieces were
standardised to 3 cm long which is the average mantle length
of Sepietta sp. individuals in order to avoid the effect of bait size
on fish length. Point, barb and bend of the hooks were totally
covered with baits. Mainline and the branchlines were made of
nylon monofilament. Diameter of the mainline was 0.45 and the
snood was 0.30 mm with a snood length of 100 cm. The
distance between two snoods was 500 cm. Gear was deployed
during afternoon and drifted during sundown. Duration of the
operations were standardised to 3 hours. We recorded the
species and the bait type at the time of haulback. Afterwards,
fish samples were brought to the laboratory and total length
(TL) was measured in the natural body position to the nearest
mm. Total weight (W) was measured to the nearest 0.1 g. Catch
per unit effort (CPUE) and Yield per unit effort (YPUE)
calculations were based on the total catch per each bait. CPUE
and YPUE were calculated according to Godgy et al., 2003;

CPUE=_ 2" %100
> h*x t

YPUE=_ 2" %100
> h*x t

n; number of individuals
w; weight of individuals
h; number of hooks

t; number of operations

Only Diplodus annularis and Serranus scriba were
analysed statiscally due to insufficient data for the rest of the
species. Because of non-normal distribution and non-
homogeneity of variances (Levene test), statistical difference
between the bait type and the length for individuals of D.
annularis and S. scriba was tested by Kruskal-Wallis ANOVA.
Data were evaluated by MS Excel 2007 and Statistica 12.0
software.
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Figure 1. Study area of the longline trials; red points indicate the
sampling stations

RESULTS

As a result of 2970 hook samplings (30 experimental
longline deployments), 10 species belonging to 3 classis and 6
families were obtained. 438 individuals totally weighed 43.1 kg
and captured species of the study were given in the Table 1. D.
annularis and S. scriba were dominant in terms of number. It
was found that 45% of the catch was captured with Sepietta sp.
in terms of weight (Figure 2). 213 fish were hooked with
Sepietta sp., 147 by S. vagina and 78 with S. pilchardus. CPUE
values were calculated as 0.21 fish/100 hooks, 0.08 fish/100
hooks and 0.15 fish/100 hooks for Sepietta sp., S. pilchardus
and S. vagina respectively. It was determined that Sepietta sp
had the highest YPUE value (19.8 gr/hooks) followed by S.
pilchardus (13.8 gr/100 hooks) and S.vagina (10 gr/100 hooks).
As the target species of the demersal longline fishery in the
Aegean Sea are mostly the members of family Sparidae,
Sepietta sp. captured more than 50% (n=117) of the total
number of sparids in comparison to the other baits. No
significant statistical difference was found between the bait type
and the length for individuals of D. annularis and S. scriba
(Kruskal-Wallis ANOVA, p>0.05). The length range of D.
annularis was from 11.8 cm to 18.8 cm for Sepietta sp., 12.1
cm to 16 ¢cm for S. pilchardus and 11.5 ¢cm to 18.6 cm for S.
vagina. Another commercially important sparid, S. aurata, was
not represented with enough number of individuals for
statistical analyse, but the mean length and the mean weight of
specimen captured with S. pilchardus are dramatically greater
than that of Sepietta sp. (Table 1). On the other hand Sepietta
sp. captured the individuals of S. aurata two times more than S.
pilchardus did. It was found that the lengths of S. aurata
captured with Sepiefta sp. and S. pilchardus ranged from 18 cm
to 32.4 cm and 32 cm to 36 cm, respectively.
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Table 1. Descriptive statistics of captured specimen according to the bait type (SE; standart error)

Sepietta sp. Sardina pilchardus Solen vagina Total
" 0 Lmean Wmean " o Lmean Wmean " o Lmean Wmean " - -
+SE ts.e. tse. ts.e. tse.

MORONIDAE

Dicentrarchus labrax 3 21475 41.042.7 715.8+146.2 3 21475 50
RAJIDAE

Raja sp. 3 936.5 356429  312.2+36.4 3 936.5 22
SCORPAENIDAE

Scorpaena sp. 3 554.2 20.3+1.0  184.7+11.3 3 554.2 13
SERRANIDAE

Serranus scriba 60 3891 16+0.3 64.9+4.9 12 1191.5 17.50.7 99.3£9.3 72 4098.4 15.7£0.2 56.9+2.0 144 9180.9 213

Serranus cabrilla 3 307 194403  102.3+4.0 9 780 16.5+0.7 86.6+5.5 12 1087 25
SPARIDAE

Diplodus annularis 84 4000.2 14.080.2 476423 24 1062 13.8+0.3 443133 36 1594.5 13.8+0.3 443138 144 6656.7 15.4

Sparus pagrus 12 3624.1 21.9£0.8  302+31.8 3 4473 17112 149.1£30.5 3 160.7 10.9+0.9  53.6+12.3 18 42321 9.8

Sparus aurata 18 2950 229409 163.9%23.2 9 4197 342405 466.3£19.4 27 7147 16.6

Pagellus erythrinus 3 515.2 204404  171.7#47 3 5152 12
TRACHINIDAE

Trachinus draco 33 4288.6 212405 129.946.8 21 3097.5 22.5+0.2 147.5+3.9 27 33014 20.620.5 1223154 81 10687.5 248
TOTAL 213 19576.1 78 13633.5 147 9935 438 431446 100

b
Sardina ._S’ardina
pilchardus
32%
Figure 2. Distribution of the total catch according to the bait type in terms of number (a) and weight (b)
DISCUSSION Important selection factors in the longline fishery were

The longline is considered to be an environment-friendly
fishing gear (Lekkeborg, 2000). It is considered to be species
and size-selective, catching few non-target species, while the
proportion of large fish of the target species is high (Lakkeborg
& Bjordal, 1992). It has less impact on natural habitats, discards
of undersized and unwanted fish tend to be low and captured
fish is high quality (Lokkeborg, 2000). On the contrary, longline
fishing may cause the incidental mortality of sharks,
echinoderms and some other species, many of which are either
protected or endangered. Furthermore, there is no evidence of
ghost fishing by lost lines, which in the case of gill net is a
serious ecological problem (Hameed and Boopendranath,
2000). Therefore, it is very important to promote longline fishery
to establish ecosystem based fishery management.

reported to be the fish distribution, fishing strategy, feeding
range, fish competition, type and size of bait, and hook design
(Lokeborg and Bjordal, 1992). Nevertheless the most important
factors that influence the catch are the bait and the hook
(Jacobsen and Joensen, 2004). If a fish is to consider a bait as
food and eat it, then the bait must be more tempting than the
available food in the area (Jacobsen and Joensen, 2004). If two
kind of baits are used on the longline, then it could have a
synergistic effect (Lekkeborg, 1989), meaning the two baits
catch more fish than they would have on their own. There are
several factors which influence the quality of bait such as smell,
taste, texture and toughness/tenacity (Jacobsen and Joensen,
2004). For any bait, or combination of baits, to be successful in
catching fish, it is reasonable to assume that it must stimulate
both olfactory and gustatory responses (Jacobsen and
Joensen, 2004). In addition the bait must have a certain
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physical strength, to ensure that it is not lost during setting, and
that the bait is not torn off the hook while the fish biting
(Jacobsen and Joensen, 2004). Lokkeborg and Pina (1997)
reported that the catch efficiency is high when the bait is fresh
and operations more than two hours reduces the catch
efficiency. The baits used in our study have different features.
S. pilchardus have a powerful smell to attract fish around, but it
is very weak and vulnerable against even little biting attempts.
On the other hand S. vagina and Sepietta sp. are more visible
and visually attractive than S. pilchardus but they have less
potential to cover olfactory responses of fish. Furthermore S.
pilchardus and S. vagina are frequently used in the recreational
fishery of the Aegean Sea. Aimost half of the fish were captured
with Sepietta sp in the present work. The success of Sepietta
sp is considered to be due to its resistant structure and visibility.
Ozdemir et al. (2006) compared two baits; sardine and squid,
determined that squid as being more resistant and brighter, was
more efficient with a 78% catch rate. Cekig and Basusta (2004)
reported that the bait sardine caught more fish than that of cuttle
fish in iskenderun Bay. The differences between the results of
the studies are attributable to regional and operational factors
such as hook type and timing. Bait type should also be
considered not only for attractiveness or catchability but also
for bait loss. He (1996) reported that the rate of bait loss was
related to fishing ground depth, bait type and mainline type.

Regarding the catch composition, our results are similar
with that of Ulas and Duizbastilar (2001), both studies having 10
species mostly composed by sparids in the central Aegean
Sea. In our study, 43% of the total number of individuals
belonged to family Sparidae. Statistical analyse revealed no
significant difference between the length and bait type for D.
annularis and S. scriba which were the only two species
including sufficient number of individuals for statistical
evaluation. It is generally hard to get numerous numbers of
individuals from the same species in multispecies longline
fishery in comparison to trawl and purse seine. The mean
length of the most important commercially sparid, S. aurata was
found to be over the minimum landing size for S. pilchardus
(34.2 cm) and Sepietta sp. (22.9 cm) which is reported as 20
cm TL for Turkey (Anonymus, 2012). Kinacigil et al. (2008)
reported the first gonad formation of S. aurata at 18.5 and 17.8
cm TL for males and females respectively. Mean lengths of our
study for both baits were found to be over the first gonad
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Longline fishing in Turkey is still being performed by
traditional methods. Operational innovations such as boat,
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fishery based production. This study aimed to present the
potential use of alternative bait, Sepietta sp. and expose the
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Oz: : Bu galismada, hamsi (Engraulis encrasicolus) izerine 1985 yilindan giinimiize son 30 yilda yapilan popiilasyon dinamigi calismalarindan elde edilen sonuglar
degerlendirilmis ve Karadeniz'de hamsi balikgilik yonetim sisteminin olusturulmasina katki saglamak amaglanmistir. Arastirmalarda sunulan av kompozisyonu,
buyime parametreleri, yaslardaki ortalama boy degerleri, genel ortalama boy degerleri, lum oranlari ve isletme oranlari av sezonlarina ve bes yillik periyotlara
gore degerlendirilmistir. Cinsi olgunluga ulasmamis sifir yasindaki bireylerin av igerisindeki orani ortalama %27,4+3,6 (n = 26 ¢alisma) olup, bu oran 1985 — 1990
icin %32,749,04 (n = 7 galisma), 1990 — 1995 i¢in %39,67,76 (n = 5 galisma), 1995 — 2000 igin %24,2+3,56 (n = 7 ¢alisma), 2000 — 2005 igin %14,5+4,55 (n =
5 galisma) ve 2005 - 2010 icin ise %22,1+21,1 (n = 2 calisma) seklinde tespit edilmistir. Sifir yasindaki bireylerin bes yillik dénemlerdeki oranlari arasindaki
istatistiki fark 6nemsiz bulunmustur (one-way ANOVA, P = 0,2256). von Bertalanffy blyiime denklemi (VBBD) parametrelerinden asimptotik boy (L) degeri 14,1
- 23,5 cm arasinda (ortalama: 17,0+0,38 cm), bliylime katsayisi (K) degeri ise 0,139 — 0,920 yil-1 arasinda (ortalama: 0,331 £0,031 yil-1) tespit edilmistir. VBBD
Lt =17,0£0,4(1 - e-0,331+0,031(t+2,344+0,233) seklinde (n = 26 calisma) hesaplanmistir. L ve K degerleri arasinda K = 1105,3L-2,8958 (r2 = 0,6224, n =
26) seklinde (P < 0,05), dogal 6liim orani (M) ile K arasinda ise M = 0,7171K0,3073 (r2 = 0,2982; n = 26) seklinde (P < 0,05) bir iliski tespit edilmistir. Bu denklemlerin
regresyon katsayilari istatistiki olarak sifirdan farkli bulunmustur (P < 0,05). Hamsinin, L ve Lmaximum boy degerinin %60-70’lik oranina bir yagindayken hizli bir
sekilde buyuyerek ulastigi tespit edilmistir. Hamsinin yillik 6lim oranini (Z), balikgilik 8ltim oraninin (F) forse ettigi ve isletme oranin (E) ise 1985 — 1990 déneminden
2000 - 2005 dénemine kadar sirekli bir artis gosterdigi ve optimum degerin lzerinde oldugu (E > 0,5; F > M) belirlenmistir. Hamsi stokunun devamliligi ve en
yiiksek Urlinii elde etmek igin yillik av miktari ve av ¢cabasinin kontrol altina alinmasi, hamsi stok belirleme calismalari neticesinde kota uygulamasina gegilmesi ve
Karadeniz'de hamsi balikgilik yonetim sisteminin olusturulmasi dnerilmistir.

Anahtar kelimeler: Yas, biiyiime, 6lim oranlari, balikgilik yénetimi, Karadeniz, Tiirkiye

Abstract: In this study, the result on population dynamics of European anchovy (Engraulis encrasicolus) were evaluated from the present to the past 30 years in
the Black Sea and is intended to contribute to the creation of the Black Sea anchovy fishery management system. In studies presented catch composition, growth
parameters, the average length values in ages, the mean length values in general, mortality rates and exploration rates were evaluated in the fishing seasons and
five-years periods. 0 years of age composition of individuals not reached sexual maturity was estimated as 27.4 + 3.6% (n = 26 studies), and this ratio was
calculated as 32.7+9.04% for 1985 — 1990 period (n = 7 studies), 39.6+7.76% for 1990 — 1995 (n = 5 studies), 24.2+3.56% for 1995 — 2000 (n = 7 studies),
14.5+4.55% for 2000 - 2005 (n = 5 studies) and 22.1+21.1% for 2005 — 2010 (n = 2 studies). Zero-year-old age composition was not significantly difference in the
five-years periods (one-way ANOVA; P > 0.05). The von Bertalanffy growth function (VBGF) parameters; asymptotic length (L) values were ranged between 14.1
-23.5 cm (mean: 17.0£0.38 cm) and brody growth coefficient (K) values were ranged between 0.139 — 0920 year-1 (mean: 0.331 £0.031 year-1). The VBGF was
calculated as Lt = 17.0£0.4(1 - e-0.331£0.031(t+2.344+0.233) (n = 26 studies). A relationship between L« and K values was calculated as K = 1105.3L-2.8958
(r2 = 0.6224, n = 26). The relationship between natural mortality ratio (M) and K values was determined as M = 0.7171K0.3073 (r2 = 0.2982; n = 26). Regression
coefficients of this equations were found to be statistically different from zero (P < 0.05). Anchovy grew quickly reach at 1 age of 60-70% in the value of L« and
Lmaximum length values. The instantaneous mortality ratio (Z) of anchovy was designated by fishing mortality ratio (F). The exploration ratio (E) consistently show
an increase from 1985 — 1990 period to 2000 — 2005 period and it was determined as above the optimum value (E > 0.5; F > M). It has been proposed the creation
of the Black Sea anchovy fishery management system for sustainable anchovy fisheries in the Black sea.

Keywords: Age, growth, mortality ratios, fisheries management, Black Sea, Turkey
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GIRIS

Hamsi (Engraulis encrasicolus Linnaeus, 1758) ilkemizde
en ¢ok avlanan balik tlirii olup, hizli blyiyen, kisa émirli ve
cevresel faktdrlerden cok fazla etkilenen cevresel duyarlihig
ylksek bir tirdlr (Prodanov vd., 1997; Kideys vd., 1999; Bilgin,
2006; Bat vd., 2007). Karadenizde 3-4 yasina kadar
yasamakta (Prodanov vd., 1997), yaklasik 1 yasinda ve 9 cm
boyda iken cinsi olgunluga ulagmaktadir (Kayali, 1998).

Hamsinin  Karadenizde  yumurtlamasi,  termoklin
tabakasinin Ustiinde ve 0-20 m derinlikte, su sicakliginin 15°C
civarinda oldugu nisan - mayis ayinda baglar, yaz boyunca
yogun bir sekilde yumurtlar ve su sicakliginin 25 °C civarinda
oldugu eylil ayinin sonuna kadar yumurtlama faaliyeti devam
eder (Lisovenko ve Andrianov, 1996; Kideys vd., 1999; Satiimis
vd., 2003). Cinsi olguluga ulagmis bir disi bireyin ireme sezonu
boyuca 5000 — 40000 civarinda yumurtayi 4-5 batinda
yumurtladi§gi  rapor  edilmesine ragmen  (Slastenenko,
1955/1956), Karadeniz’de yapilan bir galismada bu oran
yaklasik 50 batinda ve 138000-230000 civarinda bildirilmistir
(Lisovenko ve Andrianov, 1996). Yani hamsi yaklasik 5 ay
stireyle glinde 2-3 kez yumurtlama 6zelligi gostermektedir.

Avlanan balik stoklari, biyime ve Ureme ile artmakta,
balikgilik kaynakli 6limler ve dogal dlimlerle ise azalmaktadir
(Erkoyuncu, 1995; Avsar, 2005). Tirkiye’de hamsi balikgilik
ybnetimine veri saglamak amaciyla; popilasyon dinamigi
kapsaminda 1985 yilindan giiniimiize son 30 yilda blylime,
Ureme ve 6llim oranlarini igeren bir gok ¢alisma yapilmistir. Séz
konusu caligmalar tablo 1'de gosterilmistir. Bu konuda bir
derleme Bilgin (2006) tarafindan 1985 — 2005 yillari arasini
kapsayan donemde hamsi igin sunulmus ve av sezonlarina
gdre von Bertalanffy biyime denklemi (VBBD) parametreleri
(Le, K ve 10), balikgilik (F) ve dogal dliim orani (M) ve isletme
orani (E) gibi parametrelerin degisimi 20 yillk periyot icin
degerlendirilmistir.

Bu galismada 1985’den 2015 yilina kadar Karadeniz'de
Turkiye sularindan 6rneklenerek yapilmig popilasyon dinamigi
calismalari incelenerek, hamsinin yas kompozisyonu, boy
kompozisyonu, vyaslardaki ortalama boy degerleri, von
Bertalanffy bliyime denklemi (VBBD) parametreleri ve 6lim
oraninin  degisimi  Karadeniz’de surdurdlebilir bir hamsi
balik¢iligi  yonetiminin  olusturulmasina  katki  saglamak
amaciyla incelenmistir. Sonuglar av sezonlarina ve 5er yillik
periyotlar 1985 - 1990, 1990 — 1995, 1995 - 2000, 2000 -
2005, 2005 - 2010 halinde degerlendirilerek, parametrelerin
birbirleriyle iliskileri matematiksel olarak formulize edilmis ve
yorumlanmistir.

MATERYAL VE YONTEM

Bu galismada, Tablo 1'de sunulan ve 1985 - 2015 vyillari
aras! Tlrkiye’nin Karadeniz kiyilarinda yapilan popllasyon

dinamigi  calismalarinin  sonuglari  degerlendirilmistir. Bu
kapsamda; calismalardaki yas kompozisyonu, yaslardaki
ortalama boy, von Bertalanffy biyime denklemi (VBBD)
parametreleri, boy agirlik iliskisi, toplam 8liim orani (Z), dogal
6lim orani (M), balikgilik élim orani (F) ve isletme orani (E)
degerlerinin av sezonlarina ve 5 yillik periyotlara gore aritmetik
ortalama ve standart hatalari ile iki dedisken (drnegin L ve K)
arasindaki regresyon denklemleri ile korelasyon katsayilari
belirlenmigtir. ikiden fazla degiskenli parametrenin ortalamalari
arasindaki fark tek yonll varyans analizi ile (one-way ANOVA)
PAST versiyon 2.14 programi (Hammer vd., 2001) kullanilarak
test edilmistir.

Korelasyon katsayisinin sifirdan farkli olup olmadig t-testi
ile asagidaki esitlige gbre (Esitlik 1) test edilmistir (Snedecor
and Cochran, 1989).

t:u 1)

burada n drnek sayisini ifade etmektedir. Hesaplanan t
degeri (n-2) serbestlik derecesinde tablo t degerinden bilyiikse
fark istatistiki olarak dnemlidir.

Sezonsal biyumenin belirlenmesinde Bilgin vd., (2013)
tarafindan yayinlanan makale verileri kullaniimis ve s6z konusu
makaledeki veriler Uzerinden 6miir uzunlugu Taylor (1958)
tarafindan 6nerilen asagidaki esitlige gore (Esitlik 2)
hesaplanmistir.

2,966
Py =1o + K

burada A95 6miir uzunlugunu (yil), K brody biyime
katsayisini (yil-1) ve t0 ise hamsinin yumurtadan gikmadan
onceki kuramsal yasini (yil) ifade etmektedir.

Disi ve erkekler icin sezonsal VBBD eqgrisi grafigi Bilgin vd.,
(2013) tarafindan yayimlanan mevsimsel VBBD parametreleri
(Le, K, 10, C ve ts) sonuglari kullanilarak Somers (1988)
tarafindan énerilen asagidaki esitlige gore (Esitlik 3) cizilmigtir.

[—K (t=t, )—[C%Jsin 27(ttg )+(C£Jsin 27(t, ~t )J

L=L|1-e 3)

burada Le, K ve t0 standart VBBD parametreleri, C:
sinusoidal salinim genligi, ts ise sinusoidal salinim baslangici
olup kis biiyime noktasinin (WP = ts+0,5) hesaplanmasinda
kullanilan parametredir.
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Tablo 1. Son 30 yilda (1985 ve 2015 aras!) Tirkiye'nin Karadeniz kiyilarinda yapilan populasyon dinamidi calismalari. +: veri var anlamindadir. Koyu olan kareler
ise veri yok anlamindadir. YK: Yag Kompozisyonu (%), YOB: Yaglardaki Ortalama Boy (cm), VBBD: von Bertalanffy Bliylime Denklemi Parametreleri, BAI: Boy
Agirlik ligkisi, OO: Oliim Oranlari. 0, I, II, Ill: yaglardaki % oranlari, L0, L1, L2, L3: yaglardaki ortalama boylari, Le, K, t0: von Bertalanffy Bilyiime denklemi
parametreleri, a ve b: boy agirlik iliskisi parametreleri, Lort: ortalama boy, Z: toplam 6lim orani, M: dogal 6lim orani, F: balikgilik 6lim orani, E: isletme oranidir.

Table 1. Population dynamics studies conducted in the last 30 years (between 1985 and 2015) in the Turkish Black Sea coasts. + there are data. Dark squares:
no data, AC: Age composition, MLA: mean length at ages, VDGF: von Bertalanffy growth function parameters, WLRs: weight-length relationships, MR: mortality
ratios, O, I, I, Ill: percentages at ages, L0, L1, L2, L3: mean length at ages, L, K, t0: VDGF parameters, a and b: weight - length relationships parameters, Lmean:
mean length, Z: instantaneous mortality ratio, M: natural mortality ratio, F: fishing mortality ratio, E: exploration ratio

S YK YOB VBBD BAI 00 I
o I I 1 Lo L1t L2 Ls L. K to a b Z M F E M/K Lort
1985-86 + + + o+ + + o+ o+ + o+ o+ + o+ + o+ + + + 1]
1986-87 + + + o+ + + o+ o+ + o+ o+ + o+ + o+ o+ + + + [2]
1987-88 + o+ o+ o+ _ + o+ o+ + o+ + o+ 4+ + + - 13]
1987-88 + + + o+ + + o+ o+ + o+ o+ + o+ o+ + + + [4]
1988-89 + + + o+ + + o+ o+ + o+ o+ . + o+ o+ + + + [4]
1988-89 + + + o+ + + o+ o+ + o+ o+ + o+ + o+ o+ + + + [5]
1989-90 + + + o+ + + o+ o+ + o+ o+ + o+ + o+ o+ + + + [6]
1990-91 + o+ 4+ - + + o+ + o+ o+ + o+ + o+ o+ + + + 7
1991-92 + o+ o+ o+ + o+ o+ o+ + o+ o+ + o+ + o+ 4+ + + + [8]
1992-93 + o+ o+ o+ + o+ o+ o+ + o+ o+ + o+ + o+ 4+ + + + [9]
1993-94 + o+ o+ o+ + o+ o+ o+ + o+ o+ + o+ + o+ 4+ + + + [10]
1994-95 + o+ o+ o+ + o+ o+ o+ + o+ o+ + o+ + o+ 4+ + + + [11]
1995-96 + + + o+ + o+ 4+ + o+ + o+ o+ + + - [12]
1996-97 + o+ 4+ - H + o+ 4+ + o+ + 0+ 4+ + + + [13]
1996-97 + 0+ o+ 4 + + o+ o+ + o+ 4+ + o+ + 0+ 4+ + + + [14]
1997-98 + 0+ o+ 4 + + o+ o+ + o+ 4+ + o+ + 0+ 4+ + + + [14]
1997-98 + 0+ o+ 4 + + o+ o+ + o+ 4+ + o+ + 0+ 4+ + + + [15]
1998-99 + + 4+ o+ + + o+ 4+ + o+ 4+ + o+ + o+ o+ + + + [16]
1999-00 + + 4+ o+ + + o+ 4+ + o+ 4+ + o+ + o+ o+ + + + [16]
2000-01 + + 4+ o+ + + o+ 4+ + o+ 4+ + o+ + o+ o+ + + + 17
2001-02 + + 4+ o+ + + o+ 4+ + o+ 4+ + o+ + o+ o+ + + + 17
2002-03 + + 4+ o+ + + o+ 4+ + o+ 4+ + o+ + o+ o+ + + + 17
2004-05 o+ o+ o+ + O+ o+ o+ + o+ o+ - + o+ o+ + + + [18]
2004-05 + o+ o+ 4+ + + o+ o+ + o+ 4+ + o+ + o+ 4+ + + + [19]
2005-06 + + 4+ o+ + + o+ 4+ + o+ 4+ + o+ + o+ o+ + + + [19]
s F __ F _ F § N
2010-11 + + + o+ + + o+ o+ + o+ o+ + o+ + o+ 4+ + + + [21]

[1]: Erkoyuncu ve Ozdamar (1989), [2]: Karagam ve Diizgiines (1990), [3]: Diizgiines ve Karacam (1989), [4]: Ozdamar vd. (1994), [5]: Unsal
(1989), [6]: Okur (1990), Mutlu (2000)'den, [7]: Geng ve Basar (1991), Mutlu (2000)'den, [8]: Geng ve Basar (1992), Mutlu (2000)'den, [9]:
Geng ve Basar (1993), Mutlu (2000)'den [10]: Mutlu (1994), [11]: Ozdamar vd. (1995), [12]: Mutlu (1996), Mutlu (2000)'den, [13]: Kayall
(1998), [14]: Mutlu (2000), [15]: Gozler ve Ciloglu (1998), [16]: Samsun vd., (2004), [17]: Samsun vd. (2006), [18]: Bilgin vd. (20086), [19]:
Sahin vd., (2008), [20]: Geng vd. (2010), [21]: Saglam ve Saglam (2013).
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BULGULAR
Yas kompozisyonu

Av sezonlarina gére hamsi tizerine yapilmis 26 calismanin
yas kompozisyonunun degisim grafigi sekil 1’de sunulmustur.
Hamsinin yas kompozisyonunda av sezonlarina gére énemli
dalgalanmalar gérilmustir.

Diger taraftan, avianan hamsi baliginin yag kompozisyonu
biitiin olarak degerlendirildiginde (Sekil 2), avciligin 1 yasindaki
bireylerin  Uzerinde yogunlastigi (ortalama: %42,33,3;),
avlanan baliklarin kompozisyonunu bir yasindaki bireylerden
sonra sifir yas (%27,4+3,6;), iki yas (%25+3,3;) ve az miktarda

100%

da U¢ yasindaki (%6+1,2) balklarin olusturdugu tespit
edilmigtir. Yas kompozisyonu sonuglari bes yillik dénemler
halinde (1985 - 1990), (1990 - 1995), (1995 - 2000), (2000 -
2005) ve (2005 — 2010) sekil 3'te sunulmusgtur. Sifir yagindaki
bireylerin % oranlari (1985 — 1990) igin %32,7+£9,04 (n = 7
calisma), (1990 - 1995) icin %39,6+7,76 (n = 5 galisma), (1995
- 2000) icin %24,2+3,56 (n = 7 calisma), (2000 — 2005) igin
%14,5£4,55 (n = 5 calisma) ve (2005 — 2010) igin ise
%22,1421,1 (n = 2 galisma) seklinde tespit edilmistir. Sifir
yasindaki bireylerin bes yillik dénemlerdeki oranlari arasinda
istatistiksel olarak fark Gnemsiz bulunmustur (one-way ANOVA,
P =0,2256).
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Sekil 1. Tirkiye sularinda avlanan (1985 - 2011) hamsi baliginin av sezonlarina gére yas kompozisyonu
Figure 1. Age composition in fishing seasons of anchovy fished in the waters of Turkey (1985 - 2011)
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Sekil 2. Tirkiye sularinda avlanan (1985 - 2010) hamsi baliginin genel yas kompozisyonu
Figure 2. General age composition of anchovy fished in the waters of Turkey (1985 - 2010)
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Sekil 3. Tiirkiye sularinda avlanan hamsi baliginin bes yillik dénemlerde yas kompozisyonu. Parantez icerisindeki rakamlar bes yillik dénemlerde arastirma sayisini

gostermektedir

Figure 3. Age composition in the five years periods of anchovy fished in the waters of Turkey. The numbers in parentheses indicate the number of researches in

the five years periods

Yaglardaki ortalama boy

Av sezonlarina gére yaglardaki ortalama boylarin degisimi
sekil 4'te gosterilmistir. Av sezonlarina gdre hesaplanan
ortalama boy degeri 8,5 - 11,6 ¢cm arasinda olup, avlanan
baliklarin ortalama boyu bir yasindaki baliklarin ortalama
boyuna (8,8 - 11,1 cm arasinda) yakin bir dalgalanma
gdstermistir.

Yaglardaki ortalama boy (1985 — 1990), (1990 — 1995),
(1995 - 2000), (2000 — 2005) ve (2005 — 2010) periyotlari iin
degerlendirildiginde (Sekil 5), sirasiyla sifir yaginda: 8,5+0,17
cm, 8,1+0,15 cm, 8,3+0,16 cm, 8,5+0,16 cm ve 7,8+0,62 cm,
bir yasinda: 10,3+0,11 c¢m, 10,1+0,34 cm, 10,6+0,13 cm,
10,3£0,20 cm ve 10,3£0,18 cm, iki yasinda: 12,5+0,29 cm,

15 1
14 1
13 1
12 A
11 1

10 1

Toplam boy (cm)

12,1£0,19 cm, 12,3+0,08 cm, 11,7£0,16 cm, 12,2+0,07 cm ve
¢ yasinda ise 13,4+0,23 cm, 13,2+0,16 cm, 13,3+0,06 cm,
13,1£0,23 cm, 13,3£0,52 cm olarak hesaplanmistir. Bes yillik
periyotlarda hesaplanan ortalama boylar arasindaki fark (sekil
7) istatistiki olarak 6nemsiz bulunmustur (One-way ANOVA, P
=0,105).

Avlanan hamsi baliginin yagslardaki ortalama boy degerleri
sezonlara bakiimaksizin  bir bitln halinde sekil 6’da
sunulmustur. Yagslardaki ortala boy degerleri, sifir yasinda
8,31£0,1 cm (n = 24 galisma), bir yasinda 10,3£0,1 cm (n = 24
calisma), iki yasinda 12,1£0,1 cm (n = 24 calisma) ve Ug

yasinda ise 13,3t0,1 cm (n = 22 calisma) olarak
hesaplanmistir.
L3
\_—\/\/\4
Lort
L1

1991-1992

1985-1986
1986-1987
1987-1988
1988-1989
1988-1989
1989-1990
1990-1991
1992-1993
1993-1994
1994-1995

1996-1997
1996-1997
1997-1998
1997-1998
1998-1999
1999-2000
2000-2001
2001-2002
2002-2003
2004-2005
2004-2005
2005-2006
2010-2011

Sekil 4. Tirkiye sularinda avlanan hamsi baliginin yaslardaki ortalama boylarinin degisimi. L0,1,2,3: yaslardaki ortalama boylar, Lort: ortalama boy
Figure 4. Changes of mean length at the ages of anchovy caught in waters of Turkey. L0,1,2,3: mean length in ages, Lmean: mean length
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Sekil 5. Tiirkiye sularinda avlanan hamsi baliginin bes yillik dénemlerde yaslardaki ortalama boylarinin degisimi. Dikey gubuklar standart sapmayi gostermektedir
Figure 5. Changes in the mean length at the ages in the five years periods of anchovy caught in waters of Turkey age five years
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Sekil 6. Tirkiye sularinda avianan hamsi baliginin yaslardaki ortalama toplam boy degerleri. Dikey gubuklar standart sapmayi gdstermektedir
Figure 6. Mean total length values at the ages of anchovy caught in waters of Turkey. Vertical bars indicate standard deviation
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Sekil 7. Tirkiye sularinda avlanan hamsi baliginin ortalama boyunun (Lortalama, cm) bes yillik dénemlerdeki degisimi
Figure 7. Changes of mean length (Lmean, cm) in the five years periods of anchovy caught in waters of Turkey
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Bir yasindaki bireylerin L~ ve Lmaximum boy
degerlerine ulagma oranlari

Av sezonlarina gére hamsi zerine yapilmis ¢alismalarin
bir yasindaki bireylerin L« ve Lmaximum boy degderlerine
ulasma oranlari (% olarak) degisim grafigi sekil 8'de
sunulmustur.

Bir yasindaki bireylerin ortalama boy degerlerinin Leo
degerine ulasma oraninin %42,2 - %69,7 arasinda oldugu

(ortalama: %60,8+1,4), Lmaximum boy degerine ulasma
oraninin ise %61,1 - %77,6 arasinda oldugu (ortalama:
%70,6+1,0) tespit edilmistir. Bu sonuglar, hamsi baliginin 1
yasina hizl bir sekilde ulastigini ve hizli biyime o6zelligi
gosteren  bir balk oldugunu gdstermektedir. Ayrica
Karadeniz'de hamsi (izerine yapilan ¢alismalar incelendiginde,
rapor edilen en uzun boylu hamsi, 1986 — 1987 av sezonunda
Karagam ve Diizgiines (1990) tarafindan dlgiilen 16,9 cm
uzunlugundaki deger olup, bu deger arastirmalarda rapor
edilen en uzun boydur.
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$Sekil 8. Bir yasindaki hamsi baliginin sonusmaz kuramsal uzunluguna, cm (L) ve Lmaximum boy (cm) degerlerine ulasma oranlari
Figure 8. The proportion of reach to asymptotic (L=, cm) and maximum length (Lmax , cm) of one year old anchovy
Von-Bertalanffy ~ biiyiime  denklemi (vBBD)  2.344+0,233 yil) oldugu belirlenmistir. ~ Tim  veriler

parametreleri

Av sezonlarina gére hamsi (izerine yapilmis 26 ¢alismada
hesaplanan VBBD parametreleri sonuglarina gére Leo
degerinin 14,1 — 23,5 cm (ortalama: 17,0+0,38 cm) arasinda, K
degerinin 0,139 - 0,920 yil-1 arasinda (ortalama: 0,331 £0,031
yil-1) ve t0 degerinin ise -6,145 ve -0,070 arasinda (ortalama: -

1985 — 1990 igin (n = 6 galisma): Lt = 17,2+1,14 (1 - e-
0,371+0,095(t+2,144+0,346))

degerlendirildiginde hamsi i¢in VBBD Lt = 17,0£0,4(1 - e-
0,331+0,031(t+2,344+0,233) seklinde hesaplanmistir.

Hamsi Uizerine yapiimis ¢alismalardan hesaplanan VBBD
parametreleri bes yillk donemlerde degerlendirildiginde ise
VBBD formdlli Lt = L~ + Std.Hata (1 - e-K + Std.Hata (t-
t0+Std.Hata)) formatinda asagidaki sekilde hesaplanmistir.

1990 - 1995 igin (n = 6 galisma): Lt = 16,5£0,55 (1 — e-
0,403+0,067(t+1,383+0,480))
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1995 — 2000 igin (n = 7 galisma): Lt = 16,6£0,27 (1 - e-
0,313£0,019(t+2,766+0,570))
2000 - 2005 igin (n = 5 galigma): Lt = 18,3+0,88 (1 - e-
0,219+0,022(t+2,957+0,284))
2000 - 2010 i¢in (n = 2 calisma): Lt = 15,8+0,55 (1 - e-
0,355+0,071(t+2,440+1,090))
1985 — 2010 igin (n = 26 galigma) Lt = 17,0£0,40 (1 - e-
0,331£0,031(t+2,344+0,233))

L ve K iligkisi

Av sezonlarina gdre hamsi (izerine yapilmis 26 ¢alismadan
elde edilen L ve K degerleri regresyona tabi tutuldugunda K
= 1105,3L-2,8958 (r2 = 0,6224, n = 26, P < 0,05) seklinde
ussel bir iliski tespit edilmis olup (Sekil 9), L~ ve K arasindaki
olarak sifirdan farkh

korelasyon katsayisi istatistiksel

hesaplanmistir (P < 0,05).

1.0 1
0.9 - © K =1105,3L 258
0.8 1 R? = 0,6224
0.7 - n=26
064 O P<0,05
I 05 -
2 g4 -
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Sekil 9. Tiirkiye sularinda avlanan hamsi baliginin sonusmaz kuramsal uzunlugu, (Le>, cm) ve Brody biiylime katsayisi (K, yil-1) arasindaki iligki
Figure 9. Relationship of between asymptotic length (Le°, cm) and brody growth coefficient (K, year-1) of anchovy caught in waters of Turkey

Oliim oranlari ve isletme orani

Av sezonlarina gore hamsi Uzerine yapimis 26
calismalardan hesaplanan 6lim orani parametreleri (Z =
toplam 8lim orani, M = dogal dlim orani, F = balikgilik 6lim
orani) sonuglarina gore balikgilik lim oraniyla toplam 6lim
oraninin av sezonlari boyunca benzer sekilde dalgalanmalar
gosterdigi, isletme oraninin ise iki calisma sonucu harig
optimum seviyenin (E = 0,5) Uzerinde oldugu belirlenmistir
(Sekil 10).

isletme oraninin  bes yilllk dénemlerdeki sonuglari
incelendiginde (Sekil 11), 1985 — 1990 ddneminden 2000 -
2005 dénemine kadar surekli bir artis gdstererek ortalama E =
0,8+0,1 seviyesine ulastigi, 2005 — 2010 déneminde ise
ortalama E = 0,7+0,1 seviyesinde oldugu belirlenmistir. Ancak
bes yillik periyotlardaki ortalama E degerleri arasinda istatistiki

olarak fark énemsiz bulunmugtur (one-way ANOVA, P =
0,03976).

M/K oraninin degisimi ve M - K iligkisi

Dogal 6lim oraninin bliylime katsayisina orani (M/K orani)
26 calisma verileri kullanilarak hesaplanmistir. M/K orani bes
yillik donemler halinde degerlendirildiginde 1,5 dederinin
Uzerinde oldugu belirlenmistir  (Sekil 12). Bes yillik
periyotlardaki M/K oranlari arasindaki fark istatistiksel olarak
6nemsiz bulunmustur (one-way ANOVA, P = 0,9525). Yine
hamsi Uzerine simdiye kadar yapilan 26 ¢alisma sonuglari
degerlendirildiginde M ile K arasindaki regresyon denklemi: M
= 0,7171K0,3073 (r2 = 0,2982; n = 26; P < 0,05) seklinde
hesaplanmistir (Sekil 13). Denklemin regresyon katsayisi
sifirdan istatistiksel olarak farkli bulunmustur (P < 0,05).
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Sekil 10. Tirkiye sularinda avlanan hamsi baliginin élim oranlari ve igletme oraninin av sezonlarina gére degisimi. Z: toplam dltim orani (yil-1), M: dogal 6lim
orani (yil-1), F: balikgilik éliim orani (yil-1), E: isletme orani

Figure 10. Changes of mortality and exploration ratios in fishing seasons of anchovy caught in waters of Turkey. Z: instantaneous mortality ratio (year-1), M: natural
mortality ratio (year-1), F: fishing mortality ratio (year-1), E: exploration ratio
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Sekil 11. Tirkiye sularinda avlanan hamsi baliginin isletme oraninin bes yillik donemlere gore disimi. Parantez igindeki rakamlar galisma sayisini gostermektedir

Figure 11. Changes of exploration ratios in the five years periods of anchovy caught in waters of Turkey. The numbers in parentheses indicates the number of
researches
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Sekil 12. Turkiye sularinda avlanan hamsi baliginin dogal élim orani (M, yil-1) degerinin biyiime katsayisina (K, yil-1) oraninin (M/K orani) bes yillik dénemler

halinde degisimi. Parantez igindeki rakamlar ¢alisma sayisini géstermektedir

Figure 12. Changes of the natural mortality/brody growth coefficient ratios in the five years periods of anchovy caught in waters of Turkey. The numbers in

parentheses indicates the number of researches
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Sekil 13. Tlrkiye sularinda avlanan hamsi baliginin dogal 6lim orani (M) ile blyiime katsayisi (K) arasindaki iliski
Figure 13. Relationship of between natural mortality ratio (M) and brody growth coefficient (K) of anchovy caught in waters of Turkey

TARTISMA VE SONUG

Hamsi av miktarinda 1967 yilindan giinimize kadar bilinen
birgok neden dolayr vyillara gére Onemli dalgalanmalar
gortimustir (Sekil 14).

Bu nedenlerden bazilari av cabasindaki kontrolsiiz
gelismeler ve agiri avcilik, kirlilik, Karadeniz ekosistemini ve
hamsi stoklarini etkileyen Minemiopsis leidyi ve Beroe ovata
gibi istilaci turlerin Karadeniz'e girmesi (Kideys, 1994; Kideys
vd., 1999; Shiganova vd., 2001), hamsinin besinini olusturan
birincil iretimdeki yillara gore farkliliklar (Bat vd., 2007; Kideys,
1994), deniz suyu sicakliginda ve tuzlulugundaki yillara gére
farkliliklar, prey — predatér iligkisi érnedin hamsi Uzerinden
beslenen ve halen Karadeniz’de populasyonlarinin durumu

bilinmeyen U¢ yunus tirinln (Phocoena phocoena, Tursiops
truncatus, Delphinus delphis) sayisi (Celikkale vd., 1988) ve bu
yunus tlrlerinin hamsi Uzerinden beslenme aligkanliklarinin
boyutu (Birkun, 2002), ayrica hamsi ile beslenen palamut gibi
baliklarin Karadeniz ekosistemindeki poptilasyon hareketligi ve
beslenme aliskanliklarinin hamsi stoklariyla iliskisinden (Sahin
vd., 2008; Ulman vd., 2013) kaynakli olabilecek bir gok faktor
hamsinin  Karadeniz'deki stoklarini etkilemekte ve bu
durumdaki dalgalanmalar hamsi av miktarinin yillara gére
dalgalanmasina neden olabilmektedir.

Birgok bitki tlrd, balik, kabuklular ve sriingen tirleri; basta
sicaklik olmak Uzere, besin madde miktari, 151k, Ureme
aktiviteleri gibi faktorlerin mevsimsel degisimlerinden dolay!
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biytmelerinde farklilik gbsterirler (Von Bertalanffy, 1951;
Somers, 1988). Blylimedeki bu farklilik mevsimsel biyime
degisimlerini igermeyen von Bertalanffy biyime denklemine
Somers (1988) tarafindan 2 parametre [C: biiyime salinim
genligi olup, bliylimedeki sinusoidal saliniminin biytkligun
ifade eder (0 < C < 1). ts: dig blikey biyime egrisinin
baslangicina denk gelen zaman] daha eklenerek mevsimsel
VBBD seklinde bildiriimistir. Hamsi, yukarida deginilen
nedenlerden dolayi bliylimede mevsimsel degisim gdsteren bir

baliktir. Bu mevsimsel biyime 6zelligi hamsi icin hesaplanmig
ve sekil 15'de gosterilmistir. Hamsinin bliyimesi ézellikle deniz
suyu sicakliginin distik oldugu subat — nisan aylar arasinda
yavaglamaktadir. Bu durum hamsinin beslenme aliskanliklari
ve besin madde miktariyla iliskili olabilir (Bilgin vd., 2013). Bilgin
vd. (2013) tarafindan rapor edilen mevsimsel VBBD

parametreleri Taylor (1958) tarafindan onerilen formiile
uygulandiginda hamsinin maksimum yasi 3,51 yil olarak
hesaplanmistir (Sekil 15).
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Sekil 14. Yillara gore avcilik yoluyla Uretilen hamsi miktari ve girgir (G) ve Girgir trol (GT) tekne sayilari. Veriler TUIK tarafindan yayinlanan 1967- 2013

periyodundaki dénemi kapsamaktadir (TUIK, 2013)

Figure 14. The amount of anchovy catches and number of purse seine (PS) and purse seine - trawl (PS-T) by years. The data covers the period 1967- 2013

published by the TSI
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$Sekil 15. Karadeniz'de girgir ve ortasu trolii ile avianan hamsi igin cinsiyetlere gére hesaplanan sezonsal von Bertalanffy bliyiime denklemi egrisi grafigi.
Sekillerin gizilmesinde Bilgin vd. (2013) tarafindan yayinlanan makalenin bulgular kullanilmistir. WP: kis noktasi. Maksimum yasin hesaplanmasinda formiilii

(Taylor, 1958) kullanilmigtir

Figure 15. The seasonal von Bertalanffy growth function curve graphs by sexes of anchovy caught by purse seine and mid-water trawl in the Black Sea. WP:
winter point. The results of the article published by Bilgin et al. (2013) is used for drawing figures. equation (Taylor, 1958) is used for calculation of the maximum

age

Hamsi balidi icin hesaplanan K degerleri av sezonlarina
gore degisim gostermektedir. Hesaplanan en blylk K degeri
1987 — 1988 av sezonunda Diizgiines ve Karagam (1989)
tarafindan rapor edilen 0,92 yil-1 dir. 2010 - 2011 av
sezonunda Karadeniz'de yapilan bir galismada (Bilgin vd.,
2013) ise disilerin K degerinin 1,25 yil-1 ve erkeklerin ise K
degerinin 0,99 yil-1 oldugu rapor edilmis ve 1987 — 1988 av
sezonundan sonra en yiksek K degerinin 2010 - 2011 av
sezonunda hesaplandigi gérilmistir. Yani, hamsi baligi hizli
biyime &zelligi gostermekte ancak blyime hizinda av
sezonlarina gére dalgalanmalar olmaktadir.

Calismalarin  sonuglarina gére, Karadenizde avlanan
hamsi baliginin yas kompozisyonunda av sezonlarina gore
dalgalanmalarin oldugu gértlmektedir. Calisma sonuglarina
gore, hamsi aveiliginin ézellikle 1 yagindaki bireylerin tzerinde
yodunlasti§i (%42), avlanan baliklarin kompozisyonunu bir
yasindaki bireylerden sonra sifir yas (%27), iki yas (%25) ve az
miktarda da U¢ yasindaki (%6) baliklarin olusturdugu tespit
edilmigtir. Burada sifir yasindaki bireylerin av miktarinin
fazlaligindan s6z edilebilir. Clinkli yukarida da deginildigi gibi
hamsi bir yasina kadar neredeyse blylye bilecedi boyun
yaklasik %60 - 70’lik kismini (Sekil 8) sifir yag doneminde
bliyimekte ve bu balklarin %25 civarinda avlandigi
dustnaliirse ekonomik ve ekolojik anlamda biiyliimeleri devam

ettigi halde avlaniyor yani biyimede asir avcilik yapiliyor
anlamina gelmektedir. Bu durumda ekonomik kayiplardan séz
edilebilir.

Av sezonlarina gére hamsi (izerine yapilmis calismalar
degerlendirildiginde, bir yasindaki bireylerin ortalama boy
degerlerinin L degerine ulasma orani yaklasik %60,
Lmaximum boy dederine ulasma orani ise yaklasik %70
civarindadir (Sekil 8). Cevresel parametreler dzellikle sicaklik
ve klorofil-a konsantrasyonu ile buna bagli olarak hamsinin
besinini olusturan birincil Gretimin yodunlugu (Agirbas vd.,
2010) ve dreme faaliyetleri stiresince bliylimeden ziyade gonad
gelisimi i¢in enerji harcanmasi blyimeyi etkileyen Onemli
faktorlerdir. Bir yasina kadar hamsi'nin biyimesi hizli olmakta
ve 1 vyasindan sonra blylime azalmaktadir. Bu durum
muhtemelen cinsel olgunluga ulasmasindan
kaynaklanmaktadir. Karadeniz’de hamsi bir yasinda cinsel
olgunluga ulagsmaktadir (Erkoyuncu ve Ozdamar, 1989).
Karadeniz ekosistemindeki hamsi baliginin biyolojik 6zellikleri
Uzerine yapilan bir arastirmada, hamsinin %50 cinsi olgunluk
boyu disiler igin 9,3+0,02 c¢m, erkekler igin ise 8,9+1,66 cm
olarak rapor edilmistir (Kayal, 1998). Yani bir yagindaki
baliklarin ortalama boylari da boy yasagi olan 9 cm civarinda
olup uygulanan boy yasaginin biyolojik agidan uygun oldugu
dustnilmektedir.
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Balik populasyonlarinda M/K orani énemlidir. Hizl biydyen
baliklarda K ile M degerleri ylksek olmakta, yavas blylyen
baliklarda ise diistk olmaktadir. Erkoyuncu (1995)'ya gore M/K
orani 0,5 gibi diisikse az avlanma ile baligin biyimesi
beklenmeli, M/K orani 5,0 gibi yliksekse maksimum drtlin elde
etmek icin ilk avlama boyu kiglk olacak sekilde miimkin
oldugunca gabuk aviamak gerekir. Bu deger ¢odu balik tlrd igin
0,8 ile 2,2 arasinda rapor edilmistir (Erkoyuncu, 1995). Hamsi
icin yapilan 26 calismada M/K orani 0,6 - 2,4 arasinda
(ortalama:; 1,6+0,07) hesaplanmistir. Hamsinin M/K degeri bir
cok balik tiirli igin rapor edilen 0,8-2,2 arasinda olup, ortalama
M/K degerine gére hamsinin avlanma hizinin normal degerler
arasinda oldugu séylenebilir.

Gegmisten glinimlize yapilan calismalarin sonuglarina
gore, Karadenizde avlanan hamsi baliinin yillik 6lim
oranlarini, balikgihk &lim oranlarinin arttirdigi rahatlikla
sOylenebilir (Sekil 10). Ayrica igletme oraninin (E) bes yillik
ddénemlerdeki sonuglari incelendiginde, isletme orani degerinin
1985 - 1990 déneminden 2000 — 2005 dénemine kadar sirekli
bir artis gosterdigi ve calisma sonuglarina gére isletme oraninin
da optimum degerin Uzerinde oldugu goriimistir.
Sardrdlebilir bir balikgilik iin isletme oraninin 0,5 seviyesinde
olmasi gerekmektedir. Diger bir ifadeyle avcilik 6lUm oraninin
dogal 6lim oranina esit oldugu (M = F) bir sekilde avcilik
yapildiginda hamsi  stoklarinin  optimum  bir  sekilde
isletilebilecedi sdylenebilir.

Avlanabilir asgari boyu 9 cm olan hamsi igin agirlikga % 15
oraninda kuglk boylara istisna taninmaktadir (Anonim, 2012).
Hamsinin mevcut 9 cm boy yasagi %50 cinsi olgunluk boyu ile
uyumlu olup, blyimede asir avciligi azaltmak, ekolojik ve
ekonomik hamsi avciligini sadlayabilmek icin avlanan sifir
yasindaki baliklarin  oraninin  (bu oran yaklasik %30
civarindadir) azaltiimasinin hamsi balikgilik yénetimi agisindan
uygun olacagi distnllmektedir. Ayrica ortalama isletme
oraninin (E) 0,7+0,03 oldugu hamsi stokunu daha verimli bir
hale getirmek igin isletme oraninin 0,5 diizeyine yakin olmasi
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