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Oz:

Deniz ¢opleri kiyisal veya deniz ortamina bosaltilmis,
atilmis veya birakilmis herhangi kalici, iiretilmis veya
islenmis kat1 materyaller olup, bircok deniz kdkenli ve
kara kokenli kaynaktan orijin alir. Genig bir spekt-
rumda ¢evresel, ekonomik, giivenlik, saglik ve kiiltii-
rel etkilere neden olan deniz ¢opleri, baglica plastikler,
tahtalar, metaller, cam, lastik, giysi, kagit, vs. ‘den
olugmaktadir. Avrupa Birligi tarafindan 2008 yilinda
yayinlanan Deniz  Stratejisi  Cergeve  Direktifi
(2008/56/EC) (DSCD), 2020 yilina kadar Uye Devlet-
lerin “lyi Cevre Durumu” (ICD) saglamalar1 veya siir-
darmeleri igin gerekli 6nlemleri icermektedir. DSCD
Ek 1°de belirlenen on bir niteleyici ‘tanimlayict’ dog-
rultusunda deniz bélgesi veya alt bolgesi diizeyinde
ICD belirlenmektedir ve bulunan 11 tanmimlayicidan
Tammlayici 10 deniz kati atiklar ile ilgilidir. Karade-
niz, Bulgaristan ve Romanya’nin Avrupa Birligi (AB)
iilkeleri arasimna katilmasi ile birlikte Avrupa igin
dnemli bir hale gelmistir. Ulkemiz ve tiim Karadeniz
Bolgesi’nde deniz ¢opleri konusunda yapilmis ¢alisma
az sayidadir. Bu nedenle mevcut durum hakkinda ye-
terli bilgi olmamakla birlikte olusturdugu ekolojik,
ekonomik ve sosyal zararlar goz Oniine alindiginda
arastirilmast gereken onemli bir konu oldugu diisii-
niilmektedir. Bu kapsamda yapilan bu derleme ile
DSCD altinda deniz ¢opleri ve Karadeniz Bolge-
si’ndeki durum irdelenmistir.

Anahtar Kelimeler: Deniz c¢opleri, Deniz Strateji
Cerceve Direktifi, Tanimlayici

10, Karadeniz

Abstract:

Evaluation of Marine Litter on the Marine
Strategy Framework Directive and
Current Status in the Black Sea

Marine litter can be defined as any persistent, manu-
factured or processed solid material disposed of or
abandoned in the marine and coastal environment and
originate from many land based and sea based sources.
Marine litter that cause a wide spectrum environmen-
tal, economic, safety, health and cultural impacts, is
mainly composed of plastics, wood, metals, glass,
rubber, clothing, paper, etc. Marine Strategy Fra-
mework Directive (2008/56/EC) (MSFD) published
by European Union (EU) in 2008, includes necessary
measures to provide or maintain "Good Environmental
Status” (GES) of the Member States up to 2020. In
Annex | to Directive 2008/56/EC is determined GES
according to 11 qualitative ‘descriptors' for marine re-
gions and sub-regions and Descriptor 10 is related to
marine litter. Black Sea has become important for Eu-
ropean with the participation of Bulgaria and Romania
to the EU. The number of studies on marine litter is
scarcely any in Turkey and entire the Black Sea re-
gion.Although not enough information about the cur-
rent situationwhen environmental, economic and visu-
ally negative effects are considered, this study topic is
thought to be an important subject to be investigated.
In this context, with this review marine litter under
MSFD and current situation in the Black Sea was
examined.

Marine litter, Marine Strategy Framework
Directive, Descriptor 10, Black Sea

Keywords:
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Deniz ¢opleri kiyisal veya deniz ortamina bosal-
tilmig, atilmis veya birakilmis herhangi kalici,
iretilmis veya islenmis kati materyallerdir
(UNEP 2005; Galgani ve dig., 2010). Insanlar ta-
rafindan yapilan veya kullanilan, denize kasitli
olarak atilan veya kazara kaybedilen, nehirlerden,
drenaj-kanalizasyon sistemlerinden veya riizgar-
lar ile taginan, sahillerdeki ve deniz ortamlarin-
daki kat1 atiklardir. Diger bir deyisle birgok deniz
ve kara kokenli kaynaktan kaynak alarak genis
bir spektrumda cevresel, ekonomik, guvenlik,
saglik ve kiiltiirel etkilere neden olan deniz ¢ople-
ri (Laist, 1987), baslica plastikler, tahtalar, metal-
ler, cam, lastik, giysi, kagit, vs. den olusmaktadir
(Corcoran ve dig., 2009).

Deniz ya da okyanus kokenli deniz ¢opi kaynak-
larinin ¢ogunlugu ticaret gemilerinden, feribot-
lardan ve yolcu gemilerinden, balik¢ilik gemile-
rinden, askeri filolar ve aragtirma gemileri, gezi
tekneleri, agik deniz petrol ve gaz platformlari,
sondaj kuyular ve yetistiricilik tesislerinden ge-
lir. Kara kokenli deniz ¢opleri ise sahiller, iskele-
ler, limanlar, marinalar, rihtim ve nehir kenarlari-
n1 igeren kiy1 ve i¢ kaynakli bolgelerden kaynak-
lanir. Deniz ¢oplerinin dagilimi ve depolanmasi
okyanus akintilar1, gelgit dongiileri, riizgar ve
deniz tabani topografyasini iceren bolgesel 6l¢ek-
li topografya tarafindan oldukga etkilenir (UNEP,
2009). Diinyanin tiim sularinda bolgesel miktar-
lar1, kaynaklar1 ve etkileri degismekle birlikte de-
niz ¢oplerine rastlanmaktadir. Deniz ¢opleri tiim
diinya okyanuslarini etkileyen her yana yayilmis,
kiyisal ve denizel ekosistemlerde kalici bir kirli-
lik problemi haline gelmektedir (Allosp ve dig.,
2006).

Avrupa Parlamentosunu Deniz Cevresi Politika-
lar1 alaninda yayimladig1 Deniz Stratejisi Cerceve
Direktifi (2008/56/EC) (DSCD), AB denizlerinde
Uye Devletlerin en ge¢ 2020 yilma kadar “lyi
Cevre Durumu” (ICD) saglamalar1 veya siirdiir-
meleri i¢in gerekli 6nlemleri almalar1 igin bir cer-
ceve olusturmaktadir. Madde 3(5)’te “ICD” sdyle
tanimlanmaktadir: “Deniz sularimin kendi i¢ ko-
sullarinda temiz, saglikli ve verimli ve ekolojik
acidan cesitli ve dinamik okyanuslar ve denizler
sagladig1 ve deniz cevresi kullaniminin stirdiirii-
lebilir bir diizeyde oldugu ve bdylece mevcut ve
gelecek nesillerin kullanimi ve etkinlikleri icin
potansiyelini korudugu ¢evre durumudur”.

Bu kategorilerde zararin kabul edilen seviyelerin
ve 1yi ¢evre durumunun tanimi, deniz ortaminin

(deniz dibi, deniz yiizeyi, su kolonu, kiy1 seridi)
farkli boliimlerinde ¢op miktarlari, ¢oplerin sos-
yal ve ekonomik durumlarin yan sira ekolojik
etkileri (6rnegin, denizel canlilar tarafindan sindi-
rilen plastikler, dolanma oranlar1) ve ¢Oplerin
(mikro-partikiiller) par¢alanmasi ile iligkili sorun-
lar degerlendirilerek etkileri dikkate alinmalidir.
Bu nedenle, 2020 yilina kadar deniz gevresinde
¢Oop miktarinda Olgiilebilir ve dikkate deger bir
azalis saglamak, ICD hedeflerine ulasiimay1 ve
bu durumun korunmasi amaglanmaktadir.

DSCD uygulamasinda yapilmas: gereken calis-
manin temel yonlerinden biri, EK-1"de verilen 11
niteliksel lyi Cevre Durumu tanimlayicilart i¢in

Olciitler ve metodolojik standartlar gelistirmektir
(Madde 9(3)) (Tablo 1).

Tablo 1. Niteliksel  iyi  c¢evre  durumu
tanimlayicilar1 (2008/56/EC)

Table 1. Qualitative descriptors for determining
good environmental status
(2008/56/EC)

T1 Biyogesitlilik

T2 Yabanci tiirler

T3 Balik¢ilik

T4 Besin zincirleri

T5 Otrofikasyon

T6 Deniz tabani biitiinliigii
T7 Hidrografik sartlar
T8 Kirleticiler

T9 Deniz rinlerindeki Kirleticiler
T10 Deniz kati atiklar
T11 Enerji ve glrtltii girisi

Avrupa Birligi sularinin ¢evresel durumunun de-
gerlendirilmesi igin Uye Devletler deniz sulart
icin asamal1 stratejiler hazirlayarak bu hedefi
gerceklestirmeye ¢alisirlar. ICD tanimlayicilarin-
dan Tanimlayic1 10 deniz ¢opleri ile ilgilidir.

Tanmimlayict 10.Denizel kati atiklarinin (¢épleri-
nin) ozellikleri ve miktarlart kiyisal ve denizel
cevreye zarar vermez (2010/477/EU).

Tamimlayici 10.1 Denizel ve kiyisal ¢evrede ¢op-
lerin Gzellikleri

. Sahile atilan ve/veya sahillerde biriken ¢op
miktarinda kompozisyonu, dagilimi ve
miimkiinse kaynak analizlerini igeren egi-
limler (10.1.1)

. Su kolonunda (ylzeyde yiizen dahil) ve
deniz tabaninda (dibinde) biriken ¢6p mik-
tarinda kompozisyonu, dagilimi ve miim-
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kiinse kaynak analizlerini i¢eren egilimler
(10.1.2)

. Mikro-partikillerin -~ (6zellikle  mikro-
plastiklerin) miktarinda, dagiliminda ve

miimkiinse kompozisyonundaki egilimler
(10.1.3)

Tammlayici 10.2 Su alti yasaminda ¢oplerin etki-
leri

. Deniz canlilar1 tarafindan mideye alinan
¢Op miktarinda (6rnegin mide analizleri)
ve kompozisyonundaki egilimler (10.2.1)

Deniz Copleri

Insanlar ve insan aktiviteleri kasitli veya kazara
bircok deniz ¢opiiniin kaynagidir. Deniz ¢opleri
karada olusan (kara kokenli kaynaklar) ve denizel
ortamda olusan (deniz kokenli kaynaklar) iki
kaynaktan orijin alir (NOAA, 2008).

Deniz ¢opleri ¢evresel, ekonomik, saglik ve gor-
sel acidan problemdir. Baglanma ve tiiketim do-
gal hayat i¢in deniz ¢Oplerinin neden oldugu dog-
rudan zararin baglica bigimleridir, diger tehditler
ise deniz tabaninda bogulma ve mekanik asin-
mayla bentik komiinitelerde bozulmay1 igerir.
Deniz ¢Opii parcalar1 okyanuslar arasinda istilact
tiirleri de tastyabilir. Balikgiliga, balik¢ilik tekne-
lerine ve aglarina zarar, enetji santralleri ve deniz
suyu aritma tesislerini engelleyerek ve sogutma
suyu girislerine zarar, sahillerin kirlenmesi (te-
mizleme ve uzaklastirma islemleri gerekmesi,
halk saglig1 nedeniyle plajlarin kapanmasi), ticari
liman ve marinalarin kirlenmesi de (temizleme ve
kaldirma islemleriyle sonuclanan) deniz ¢opleri-
nin verdigi ekonomik zarara atfedilebilir. Dalgig-
larin batik ¢oplerle kargilagmasiyla olusan kazala-
rin yani sira medikal atik igeren sular ve sahiller-
deki medikal ¢opler (fiziksel yaralanma, hastalik-
lar) insan sagligina zarar verir (UNEP 2009).

Her y1l okyanuslara giren toplam deniz ¢opu mik-
tarmin diinya genelinde yaklasik 6,4 milyon ton
oldugu, her giin yaklasik 8 milyon adet deniz ¢6-
pliniin okyanus ve denizlere girdigi ve okyanus
yuzeyinin her kilometrekaresinde 13.000 adet
plastik ¢opiin  yiizdiigii tahmin edilmektedir
(UNEP, 2005)

Deniz ¢opleri tiim diinya okyanuslarini etkileyen
her yana yayilmis bir kirlilik problemi haline
gelmistir. Plastik ve sentetik materyaller deniz
¢oplerinin en yaygin tipidir ve deniz ortaminin
plastik ¢oplerle kirlenme derecesi oldukca yuk-
sektir (Allosp ve dig., 2006).
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Plastik ve diger sentetik materyallerin kullanimi
oldukga hizli bir sekilde artmaktadir. Bu mater-
yallerin kullanim alanlarinin gelistirilip, uygula-
nip ve daha ¢ok insana ulasabilir olmasiyla birlik-
te deniz gevresine giren plastik ¢Oplerin mikta-
rinda artig gozlenmistir (Laist, 1987). Bu artis son
50 yildaki iiretim seviyesiyle aynit miktarda ol-
mustur. Fakat 20. yiizyilin son 20 yilindaki depo-
lanma oranini hizlandirmig ve plastikler suanda
diinya etrafindaki kumsallar ve okyanus sularinin
en yaygin kirleticileri olmuslardir.

Plastik ¢opler bugiin deniz organizmalar {izerin-
de de onemli zararli etkiye sahiptir. Tiim deniz
kusu tiirlerinin %44’linlin plastik tiikettigi bilin-
mektedir. Tiim diinya etrafinda 267 deniz orga-
nizmasi tiiriiniin plastik ¢oplerden etkilendigi bi-
linmektedir (Derraik, 2002). Plastik deniz ¢ople-
rinin sesil organizmalar tarafindan kolonizasyonu
yabanci tiirlerin okyanus ortaminda taginmasini
saglayarak deniz biyolojik ¢esitliligini tehdit ede-
bilir. Plastik ¢Oplerin deniz tabaninda toplanmasi
da denizel ekosistemler icin potansiyel bir tehli-
kedir. Bu ¢oplerin birikimi sedimani drten su ile
gozeneklerdeki su arasindaki gaz aligverisini en-
gelleyerek bentik canlilarin rahatsiz olmasina ve
bogulmasina neden olur (Moore, 2008).

Diinya okyanuslarinda var olan plastik ¢opler,
denizlerde mekanik erozyon ve kimyasal asin-
mayla bozunma ¢ok az oldugundan ciddi ¢evre-
sel sorunlara neden olmaktadir(Corcoran ve dig.,
2009). Bu iiriinlerin ¢ok yavas bozunmasi ve sii-
rekli artan miktarda ¢opiin asamali fakat diinya
kiyilar1 ve okyanuslarimizdaki miktarinin etkile-
yici bir artigina sebep olmaktadir (Laist, 1987).
Kumsallarda birikmesini takiben plastik mater-
yaller UV 1sinlarina ve riizgar, akinti, dalga ve
gel-git olay1 tarafindan kontrol edilen fiziksel su-
rece maruz kalirlar (Corcoran ve dig., 2009) ve
mikroplastik olarak adlandirilan daha kiigiik par-
calara (<5 mm) ayrilirlar (Moore 2008).

Yapilan ¢alismalarda sahiller, deniz tabani ve de-
niz suyunda plastik mikro ¢oplerin bulunusu
Mathalon ve Hill 2014; Cauwenberge ve dig.
2013; Collignon ve dig. 2012; Eriksen ve dig.,
2013 tarafindan rapor edilmistir. Ote yandan zo-
oplanktonik organizmalardan omurgasiz canlila-
ra, baliklara, deniz kuslart ve deniz memelilerine
kadar birgok denizel turde de plastik mikro ¢ople-
rin varhigt tespit edilmistir (Boerger ve dig.,
2010; Lusher ve dig., 2013; Codina-Garcia ve
dig., 2013; Di Beneditto ve Ramos, 2014). Besin
aginin tabanindan siizerek beslenen canlilar tara-
findan mikroplastik ¢oplerin tiiketildigi (Cole ve
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dig., 2013) ve trofik diizeyde aktariminin oldugu
(Setila ve dig., 2014; Farrel ve Nelson, 2013) ya-
pilan deneysel caligmalarda bildirilmistir. Plastik-
lerin hidrofobik kirleticileri absorbe ettigi bilin-
diginden bozunmaya ugramis plastik taneciklerin
ve parcaciklarin sindirimi toksisite endisesini art-
tirir. Uretim sirasinda plastiklere eklenenlerin ya-
ninda plastiklerin dogadan absorbe ettigi bilesik-
lerde genis bir aragtirma gerektiren karmasik so-
runlardir (Moore, 2008).

izleme

Cesitli programlar ve organizasyonlar [Uluslarasi
Denizcilik Orgiitii (International Maritime Orga-
nization- IMO), Birlesmis Milletler Cevre Prog-
rami (United Nations Environment Programme-
UNEP), Hiikiimetleraras1 Osinografik Komisyon
(Intergovernmental Oceanographic Commission-
IOC-UNESCO), Birlesmis Milletler Gida ve Ta-
rim Orgiitii (Food and Agriculture Organization-
FAO)] ve son zamanlarda AB DSCD (Avrupa
Birligi Deniz Strateji Cergeve Direktifi- Tanim-
layici 10) deniz ¢oplerini gevresel, ekonomik, in-
san saglig1 ve giivenligi acisindan estetik yonden
kuresel bir tehdit konusu olarak kabul etmektedir
(Moncheva ve dig., 2014).

Deniz Stratejisi Cergeve Direktifi (2008/56/EC)
(DSCD), AB denizlerinde Uye Devletlerin Iyi
Cevre Durumunu saglamalar1 veya siirdiirmeleri
icin gerekli onlemleri almalarinda bir g¢ergeve
olusturmaktadir. Bu siirecte asil adim deniz sula-
rinin durumunu diizenli olarak degerlendirebile-
cek izleme programlarinin kurulmasidir. 2010 y1-
linda deniz sularinda iyi ¢evre durumu {izeri kri-
ter ve metodolojik standartlar (izerine komisyon
kararim (Commission Decision 2010/477/EU)
takiben AB Deniz Yoneticileri, Cevre Genel Mu-
diirliigiinden Tanimlayici 10 Deniz (Coplerinin
(TSG-ML) daha da gelismesi igin Iyi Cevre Du-
rumu (WG GES) Calisma Grubu altinda bir Tek-
nik alt grup (TSG) kurulmasim talep etmislerdir.
Fransiz Deniz Arastirma Enstitiisii (IFREMER),
Avrupa Komisyonu Ortak Aragtirma Merkezi ve
Alman Cevre Ajansi bagkanligindaki TSG-ML,
Cevre Genel Midiirliigii (EC DG ENV) tarafin-
dan yoOnetilmektedir. Grup, Uye devlet delegeleri
ile ilgili kuruluglardan davetli uzmanlardan olus-
maktadir (Galgani ve dig., 2013b).

2011 yilindan bu yana TSG-ML "Deniz Copleri -
DSCD Gereksinimleri Uygulanmasi Igin Teknik
Oneriler" raporu ile farkli cevresel bolgelerde de-
niz ¢oplerinin izlenmesi mevcut secenek ve arac-
lar ve Avrupa’da var olan izleme programlar ya-
da caligsmalardan elde edilen verilerin derlenmesi

ile tavsiye saglamaya odaklanmstir (Galgani ve
dig., 2013b).

2011 yilinda yaymlanan raporda deniz ¢Opleri
acisindan ICD degerlendirilmesi i¢in yaklasimla-
rin Ozeti, belirtilen bolgeler i¢in yapilan 6rnekle-
meler, avantajlart ve dezavantajlar1 Tablo 2’de
verilmistir (Galgani ve dig.,2013a).

2013 yilinda Deniz Stratejisi Cer¢eve Direktifi
Iyi Cevre Grubu Tarafindan yayimlanan Avrupa
Denizlerindeki Deniz Coplerinin Izlenmesi igin
Kilavuz TSG-ML’nin 2012-2013 yillar1 arasin-
daki ¢aligmalarinin ¢iktist olan final raporudur.
Bu kilavuzun amaci iiye devletlere deniz ¢opleri
konusunda DSCD Tanimlayic1 10’nun izlenme-
sine baslangi¢ vermek igin gereken bilgi ve dneri-
leri igermektedir. Deniz ¢Oplerinin toplanmasi,
rapor edilmesi ve verilerin degerlendirilmesi igin,

. Genel yaklasim ve stratejiler, sahillerde
depolanmis ¢oplerin izlenmesi (Tanimlay:-
c 10.1.1),

. Su ytizeyindeki ¢oplerin izlenmesi (Tanim-
layict 10.1.2),

. Deniz tabaninda bulunan ¢oplerin izlenme-
Si (Tanumlayici 10.1.2),
. Denizel organizmalar tarafindan mideye

alinan ¢opler ve ¢oplerin biyota lizerindeki
diger etkilerinin izlenmesi (Tammlayict
10.2.1),

o Biyota ve deniz gevresinde bulunan mikro
coplerin izlenmesi (Tanimliayict 10.1.3)

konusunda kilavuz olusturmaktadir (Galgani ve
dig., 2013b).

Karadeniz’de Deniz Copleri

Diinyadaki sayili i¢ denizlerden biri olan Karade-
niz, dar bir bogazla yine kendisi gibi bir i¢ deniz
olan Marmara Denizi’ne, oradan da Ege Deni-
zi’ne ve Kerg bogazi ile Azak Denizi’ne agilmak-
tadir. Bu nedenle dogal dolasimi ¢ok az oldugun-
dan kendi kendini temizleme yetenegi sinirh
kalmaktadir. Karadeniz’e dokiilen Tiirkiye kiyila-
rindan Sakarya, Kizilirmak, Yesilirmak, batidan
Tuna, kuzeyden Dinyeper ve Dinyester nehirleri
beraberinde milyonlarca ton organik maddeyi ve
diger atiklar1 havzaya tasimaktadirlar. Karadeniz
ozellikle son yillarda kontrolsiiz balik aveiligi ve
gemi tagimaciligl, mineral igletmeleri, toksik atik-
larin dokiilmesi, kiy1 sehirlerinin evsel atiklarinin
bosaltilmasi1 ve nehirler yoluyla gelen kirleticiler-
le hizla kirlenmektedir.
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Tablo 2. Deniz ¢opleri agisindan ICD degerlendirilmesi igin yaklasimlarin 6zeti (Galgani ve dig.,2010;
Galgani ve dig. ,2013a)

Table 2. Summary of approaches for assessing GES with regards to marine litter (Galgani et al., 2010; Galgani et

al., 2013a)
Bolge Yaklasimlar Olumlu Yonler Yetersiz ve Olumsuz Yonler
Kompozisyonun, miktarlarin, Sedimandaki ¢ok kiiciik ogeler ve
. Uzunlugu bilinen sahilde ¢op kaynaklarin, egilimlerin, sosyal mikropartikiillerin miktart
Sahil P - . ’ . .
6gelerinin miktarinin sayimi zararlarin degerlendirilmesine  belirlenemez. Tim kiyilar
imkan tanir (gorsel, ekonomik) erisilebilir ya da uygun degil
Hava kosullarina baghdir. Genis
e - A . . N . Olgekte degildir, kiigik ¢opler
Deniz Ylzeyi Gemi gozlemcileri Yerel 6lgekte kesin degerlendirme

Deniz ylzeyi ve su
kolonu

Deniz ylzeyi

S1g deniz tabam

Deniz tabani, derin deniz
copleri

Deniz tabam, derin deniz
copleri

Denizel canhilarimin
dolanma oram

OSPAR Mart: Plastik
Ekolojik Kalite Amaci
(EcoQO)

Diger denizel
organizmalar tarafindan
sindirilme

Kiyi seritlerindeki
mikroplastik

Deniz ylzeyindeki
mikroplastik

Sosyo-ekonomik

Trol ve su filtrasyonu

Transektler boyunca deniz
yiizeyinde yiizen ¢op 6gelerinin
havadan sayimi

Dalgiglarla gorsel inceleme

Trol

Batiskaf ve uzaktan
kumandali araglar

Sahilde  bulunan  kuslarin

dolanma oranlar1

Sahile vurmus deniz kuslarinin
(Martilar) midelerindeki plastik
kutlesi

Kiitle halinde plastik bollugu

Sediman orneklerinden
parcaciklarin  ¢ikarilmast  ve
sonrasinda FT_IR spektroskopi
kullanilarak tanimlanmasi

Manta trol  (330pm) ve
sonrasinda FT-IR spektroskopi
kullanilarak tanimlanmasi

Aragtirma-tabanl
dogrudan
degerlendirilmesi

yontemlerle
maliyetlerin

Daha kiuguk copleri dikkate
alarak, yerel Olcekte kesin
degerlendirme

Gemicilik ya da  balikgiik

aktiviteleri ile miimkiin oldugunca
blyik alanlarda su yizeyindeki

¢oplerin yogunlugunun
belirlenmesi

Tim deniz tabani tiplerinde,
tekrarlanabilirlik, — goriilebilirligi
agiklama

Tekrarlanabilirlik, olasi
standartlagma

Tiim bolgelere erisilebilir

Var olan incelemelerin pargasi
olarak yurutlebilir

Islevsel ve Kuzey denizinde test
edildi. OSPAR  bolgelerinin
¢ogunda uygulanabilir

MartiEcoQO yaklagimma imkan
dahilinde benzer

Spesifik  polimerlerin  pozitif
tanimlanmasi

Spesifik  polimerlerin  pozitif
tanimlanmasi

Deniz ve kiyt sektorlerinde
ekonomik  yiikin  gostergesini
saglar

dikkate alinmaz, giiglii zamansal
degisiklik
Maliyetler, zamansal
degisiklik

glicli

Kiigiik ogeleri kapsamaz. Sadece
TetraPak boyutu lizerindeki
Ogelerin sayimi olasidir

Derinlik sinir1 (<40 m)

Sadece
yerler

troliin - miimkiin oldugu

Sadece kiigik bolgeler, maliyetler

Standart protokoliin gelistirilmesi
ve uygulamasina ihtiyag¢ var

Agik deniz habitatlarindaki deniz
yiizeyi ¢oplerine odakli; heniiz tim
AB Dbolgelerinde uygulanmiyor:
daha ¢ok gelistirilmeye ihtiyag¢ var

Gelistirilmeye ve test edilmeye
ihtiyac var

Analiz  zaman alict  ve tim
mikropartikiillerin ~ tanimlanmasi

olasi degildir. Bu ozellikle ¢ok
kiigiik pargaciklar (<100 um) igin
gecerlidir

Analiz  zaman alict  ve tim
mikropartikiillerin ~ tanimlanmasi
olas1 degildir

Deniz ¢Opi nedeniyle ekosistem
elemanlarinin ~ ve  servislerinin
bozulmasmin tam etkisi yansimaz
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Karadeniz havzasmin toplam niifusu 160-170
milyonun Gzerinde olup tim bu insanlarin giinliik
aktiviteleri bir sekilde Karadeniz’i etkilemekte-
dir. Biiyiik olasilikla bu niifus, kat1 atik proble-
minden kaynaklanan deniz ¢Opinln neredeyse
tiimiine neden olmaktadir (BSC, 2007). Karade-
niz’deki gemi trafigi, yapilan yasadist ve kontrol-
suz balik avciligl, denize takilan, yirtilan, kopan
veya genel olarak kaybedilen av araglar1 da deniz
¢Opli probleminin bir diger nedenidir.

Deniz ¢o6pu problemi Karadeniz bolgesindeki
halk sagligi, ¢evrenin korunmasi ve gelisimin
stirdiiriilebilirligi gibi baslica sorunlarla yakindan
ilgilidir. Ayrica niifus, yaban hayati, abiyotik do-
ga ve ekonominin bazi kollar1 iizerinde de olum-
suz etkileri vardir (BSC, 2007).

Karadeniz’e kiyis1 bulunan tiim iilkeler Karade-
niz’in kirlilige kars1 korunmasina yonelik (deniz
¢OpuU Sorununun azaltilmasi ve yonetimiyle ilgili)
bircok protokol ve anlagsma imzalamislardir. Bun-
lar; a) Karadeniz’in Kirlilige karsi korunmasi
sozlesmesi (Biikres Sozlesmesi), b) Denizlerin
Gemilerden Kirlenmesini Onleme Uluslararasi
Sozlesmesi (MARPOL 73/78), c) Tehlikeli Atik-
larin Sinir Otesi Tasinimina ve Bertarafina liskin
Basel Sozlesmesi d) Karadeniz Deniz Ortaminin
Kara Kokenli Kirlenmelere Karsi Korunmasi
(LBS) Protokolii ve e) Karadeniz Deniz Ortami-
nin Olaganiisti Durumlarda Petrol ve Diger Za-
rarli Maddelerin Kirlenmesiyle Miicadele Isbirli-
gine Ait Protokol antlasmalaridir. Ancak Kara-
deniz’e kiyisi olan tiim iilkelerde bu soruna yone-
lik yonetim stratejileri ve dizenlemeler yeterli
derecede gelistirilememistir.

Karadeniz’de deniz ¢opleri Gzerine tam bir rapor
Karadeniz Komisyonu (BSC, 2007) tarafindan
yaymlanmig ve soruna dikkat ¢ekilmistir (Topcu
ve dig., 2013). Konu hakkinda iilkemiz ve komsu
iilkelerin Karadeniz kiyilarinda yapilan bilimsel
caligmalar oldukca yetersizdir ve yapilan yayinlar
son 4 yilda hiz kazanmistir. Yapilan ¢alismalar,
calismanin yapildig1r bolgeleye gore gruplandi-
ginda; (i) sahil ¢opleri konusunda yapilmis ve
ulagilabilen yayinlar, (ii) yiizen ¢opler konusunda
yapilmig ve ulasilabilen tek yayin bulunmaktadir
ki kullanilan metodoloji gemiden gbzleme da-
yanmaktadir ve (iii) deniz tabant ¢Opleri konu-
sunda yapilmis ve erisilebilen ¢alismalar seklinde
ayrilmaktadir (Sekil 1) ve yapilan caligmalarda
metodolojiler degiskenlik gostermekte olup nis-
peten deniz tabanindaki ¢opler hakkinda yapilan
caligmalar daha fazladir (Tablo 3).

Sahil ¢opleri hakkinda iilkemiz Bati, Dogu ve
Glineydogu Karadeniz sahillerinde yapilan ca-
lismalar; bolgede denizel kaynakli kat1 atiklarin
oldukga fazla bulundugunu ve plastik ¢oplerin en
yuksek yuzdeye sahip ¢Op tipi oldugunu goster-
mektedir. Yapilan siniflandirmalarda baslica ¢op
tiplerini tanimlanamayan kiigiik plastik parcalar
ile icecek kaynakli atiklar olusturmaktadir. Topgu
ve Oztiirk (2010) tarafindan Bati Karadeniz’de
yapilan calismada toplanan ¢oplerinin birgogu-
nun kara kokenli kaynaklardan orijin aldig1 bildi-
rilmis olmasina ragmen tiimiiniin ¢evre bolgeden
orijin almadigin1 okunabilir ¢oplerin neredeyse
yarisinin yabanci oldugu bildirilmistir. Caligmada
rastlanan yabanci orijinli ¢oplerin iki ana kaynak-
tan orijin aldig1, bunlarin kiyisal akintilarla kom-
su llkelerden gelen karasal ¢oplerden ve Karade-
niz’deki uluslararas1 gemi trafiginden kaynaklan-
dig1 sonucuna varilmstir. Terzi ve Seyhan (2013)
tarafindan yapilan ve Dogu Karadeniz sahillerin-
deki deniz ¢Oplerinin incelendigi ¢alismada ba-
likgilik sezonunda (1 Eyliil- 15 Nisan) yuksek
oranda balikgilar tarafindan kullanilan kopiik ku-
tulara rastlanmistir bu durumun bu kutularin uy-
gunsuz sekilde elden ¢ikarilmasindan kaynaklan-
dig1 ve hafif olduklar i¢in akintilar ve riizgarlar
vasitasiyla bir bolgeden digerine kolayca tagina-
bildigi sonucuna varilmistir. Yapilan iki ¢aligma-
da da Sonbahar mevsiminde yiiksek olarak bulu-
nan ¢op yogunluklarinin iklim olaylarma baglh
oldugunu diigiiniilmektedir.

Yizen ¢oplerin durumu hakkinda erisilebilen tek
bir c¢alisma bulunmaktadir ve bu arastirmada,
Ker¢ Bogazi’nda (Ukrayna tarafi) deniz memeli-
lerinin arastirildig1 bir ¢aligma kapsaminda gemi-
den yapilan gbzlemlerde Ukrayna sinirlar igeri-
sinde su ytzeyindeki plastik ¢oplerin miktarlar:
tespit edilmistir (Birkun ve Krivokhizhin, 2006;
BSC, 2007°den alinmistir) ve ¢alismanin sonug-
lar1 Tablo 3’te verilmistir.

Deniz tabani ¢opleri konusunda yapilan tiim ¢a-
lismalarda plastik en yiiksek orana sahip ¢op tipi
olarak bulunmustur. istanbul kiyilarinda yapilan
caligmada dalgiglar kullanilarak temizleme islemi
yapilmis ve c¢ikan copler kategorize edilmistir
(STH, 2005; BSC, 2007°den alinmistir). Yapilan
diger caligmalarin tiimiinde trol kullanilarak be-
lirli derinliklerdeki ¢6p yogunluklar1 incelenmis-
tir (Topgu ve Oztiirk, 2010; Anton ve dig., 2013;
Terzi ve Seyhan, 2013;loakeimidis ve dig.,
2014).Topgu ve Oztiirk (2010) tarafindan Bati
Karadeniz’de deniz tabani ¢Oplerinin arastirildigi
calismada sonuglar ¢op yogunlugunun Akde-
niz’den daha yiiksek oldugunu gostermistir. Ayni
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calismada okunabilir durumda olan etiketlerin
bliylik ¢ogunlugunun yabanci orijinli oldugu bil-
dirilirken, Romanya kiyilarinda deniz taban1 ¢op-
lerinin arastirildigr bir bagka ¢alismada bulunan
terk edilmis balik aglarinin birgogunun yasadisi
avcilik yapan Tiirk, Bulgar ve Romen balik avci-
larin ait oldugu vurgulanmistir (Anton ve dig.,
2013).

Akdeniz ve Karadeniz’de secilen istasyonlarda
(Saronikos, Patras ve Echinades Korfezleri (Yu-
nanistan); Limassol Korfezi (Giiney Kibris); Kos-
tence Koyu (Romanya)] yapilan ve deniz taba-
nindaki ¢oplerinin miktar ve kompozisyonunun
arastinldign ¢alismada, DSCD ICD TSG-ML
(Galgani ve dig., 2013b) tarafindan yayinlanan
kilavuzda Onerilen yontemler kullanilmistir ve
elde edilen sonuglar yine kilavuzda 6nerilen yon-
temler kullanilarak degerlendirilmistir. Ayni ¢a-
lismada elde edilen sonuglarda da yapilan diger
caligmalarda oldugu gibi en yiiksek yiizdeye sa-
hip ¢op tipi plastik olarak bulunmustur. Mevcut
calisma bolgede yapilan en giincel yaymlardan
biri olup Kirlilik durumunu g6z 6niine sermekte-
dir. Ayrica verilerin degerlendirilmesinde ve top-
lanmasinda DSCD Deniz ¢opii teknik alt grubu
(TSG-ML) tarafindan gelistirilmis kilavuzdaki
onerilen yontemler kullanilmistir (Ioakeimidis ve
dig., 2014).

Avrupa Birligi (AB) Cevre Genel Miidirligi
(EC DG ENV) tarafindan desteklenen “MSFD
Guiding Improvements in the Black Sea Integra-
ted Monitoring System (MISIS) (Karadeniz Bi-
tiinlesik Izleme Sisteminde DSCD Rehberliginde
Iyilestirmeler)” baslikli proje kapsaminda Tem-
muz 2013 tarihinde deniz ortak ¢alismasi gercek-
lestirilmistir. Bu ¢alismada, DSCD’nde belirtildi-
&i sekilde su kolonu ve deniz tabani habitatlarina,
sediman ve biyotada kirleticilere, étrofikasyon ve
deniz kati1 atiklarina yonelik incelemeler yapil-
mistir. Bu ortak seferin sonuglar1 degerlendirile-
rek ¢cok detayli rapor hazirlanmistir ve bu raporun
deniz kati atiklarma yonelik caligma sonuglart
Tablo 3’te verilmistir. Bu raporun deniz ¢opleri
boliimiindeki amag, Karadeniz kiyisal ve sahanlik
alanlarinda deniz tabani ¢oplerinin pilot nicel bir
degerlendirmesidir ve ROV un (Remote Operati-
onal Vehicle) uygulanabilirligi test edilmistir.
Kuzeybati Karadeniz’de (Romanya, Bulgaristan
ve Turkiye) 3 kesitte 6 poligonda ydritilen bu
pilot ¢alismada arastirmada deniz tabani ¢opleri-
nin izlenmesinde ve biiyiik 6l¢ekli degerlendir-
mede Avrupa Denizlerindeki Deniz Coplerinin
[zlemesi Kilavuz (Galgani ve dig., 2013b) icin
uygun metodoloji kullanilmistir. Deniz ¢opleri
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alkarna kullanilarak toplanmis ve buna ek olarak
kiyisal bolgede (~ 40 m) ROV un deniz ¢oplerini
O0lgmek amaciyla kullanimini test edilmistir. Bu
calisma sonucunda diger ¢alismalardaki gibi en
yiiksek rastlanan ¢op olarak plastik bulunmustur
ve genelde kiyisal bolgelerde kita sahanligindan
daha fazla ¢6p bulundugu (Bulgaristan harig) ve
bunun yani sira 3 arastirma bdlgesinde de balikei-
lik ve turizmle iligkili aktivitelerin zamansal,
Ozellikle mevsimsel, varyasyonlarla deniz taba-
nindaki ¢oplerde biiyiikk oranda katkisi oldugu
bildirilmistir. Bulgaristan’da kita sahanliginda
yiiksek oranda ¢0p bulunusunun sebebinin ise bu
ozel bolgedeki yogun balikgilik ve gemi trafigi
ile iligkili olabilecegi disiiniilmektedir. Ayrica
calisma sonucunda elde edilen veriler 1s181inda
eksiklikler bildirilmis ve onerilerde bulunulmus-
tur (Moncheva ve dig., 2014).

Bolgede deniz ¢oplerinin canlilar iizerindeki etki-
leri hakkinda 6zel bir arastirma yapilmamis ol-
masina ragmen hayalet avciligin deniz memelileri
iizerindeki ciddi zararli etkiye sahip oldugunu
birkag kaynakta bildirilirken, balik¢iliktaki eko-
nomik kayip ve cevresel zarardan bahsedilme-
mistir. Ornegin, 1991 yilinda Ukrayna kiyilarinda
yiiriitiilen bir ¢alismada; 194 6li yunus ve musur
(Phocoena phocoena), 18424 kalkan (Psetta
maeotica), 143 mersin baligi (Acipenser spp.),
401 mahmuzlu camgdz (Squalus acanthias) ve
1359 vatoz (Raja clavata ve Dasyatis pastinaca)
dip galsama aglarina  dolanmig  olarak
bulunmustur (Birkun, 2002; Moncheva ve dig.,
2014’den almmustir). 2002 yilinda yapilmis bir
bagka ¢aligmada ise Romanya Miinasir Ekonomik
Bolgede terkedilmis yasadis1 galsama ve fanyali
aglara yakalanmis 35 Musur (P. phocoena) rapor
edilmistir (Radu ve dig., 2003; Moncheva ve dig.,
2014’den alinmistir).

Sonug

Deniz ¢opleri her yana yayilmig bir kirlilik prob-
lemi haline gelerek tiim diinya okyanuslarmni etki-
lemistir. Bu ¢opler sadece yogun niifuslu bolge-
lerde degil aym1 zamanda agik kaynaktan ve insan
etkilesiminden ¢ok uzaktaki bolgelere kadar her
yerde bulunmaktadir (UNEP, 2009). Karadeniz
bdlgesinde yapilan ¢alismalarda da gorulen kirli-
lik durumu deniz ¢Oplerinin sadece okyanuslarda
degil ayn1 zamanda kapali denizlerde de biiyiik
bir sorun oldugunu gdstermektedir.
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Tablo 3. Karadeniz Bolgesinde deniz ¢opleri konusunda yapilmis ¢caligmalarin 6zeti

Table 3. Summary of studies about marine litter in Black Sea region
Arastirma
alam

Sonuglar

Kaynaklar

Karadeniz kiyisindaki 15 nehrin ¢6p yiikii tahmin  Plastik materyal en yiiksek orana sahip ¢op tipi olarak bulunmustur. Yomra Nehri en yiiksek plastik ¢op (nehrin konumu ve
Giineydogu Sahil edilmeye ¢alisilmis ve Orneklenen deniz ¢oplerinin  nehir kiyisindaki endiistriyel kuruluslardan kaynaklanan) oranina sahip nehir olarak bulunurken Caglayan Nehri en ylksek Giineroglu. 2010
Karadeniz kompozisyon, dagilim, ¢op tipi ve oransal toplam yiik  tekstil ¢opii (gay yetistiriciligi ile tinlii olan bolgede kullanilan gay tasima ¢antalarindan kaynaklanan) oranma sahip nehir OEl,
belirlenmistir. olarak bulunmustur.
Kentlerin resmi kayitlarina gore Trabzon merkezde giinliik ¢op iiretiminin 1,115kg/kisi oldugu, Siirmene de 0.73 kg/kisi ve Of
Do Siirmene ve Of kiyilarindaki plaj ve kayaliklarda ki ta ise 0.79 kg/kisi oldugu belirlenmis bu orana gore kiyiya tasmabilecek ¢op miktari, giinliik olarak siirmene de 368 kg, Of’ta
Karg(%:niz Sahil karasal kokenli kati atiklarin nitel ve nicel durumu 712 kg olarak tespit edilmistir. Kiyilarda ¢oplerin alansal dagilimi irdelendiginde, Siirmene kiyilarinda tespit edilen toplam ¢op Eriiz ve dig., 2010
belirlenmistir. miktar1 1.373 kg, Of kiyilarinda ise 1.086 kg olarak hesaplanmistir. Uretilen ¢oplerin tiirevlerinin oransal agirlik dagilims;
plastik %49, tekstil %28, metal %12, straforlar %5, cam %S5 ve kagit %1 olarak bulunmustur.
Bat Mevsimsel olarak toplanilan ¢épler; tip, kullanim  Calisma sonucunda ¢dp yogunlugunu 0.085-5.058 adet/m? olarak bulunmustur. Céoplerin baglica tanimlanamayan kiigiik
Kara?:léniz Sahil sekli ve orijinlerine gore kategorize edilmis, ¢6p plastik parcalardan (2-7 cm) ve igecek kaynakli sise ve sise kapaklarindan olustugunu bildirilmistir. Etiketli ¢oplerin neredeyse Topgu ve dig., 2013
yogunlugunu belirlenmistir. yarisinin yabanct orijinli oldugu, %23’ Karadeniz bolgesindeki komsu iilkelere ait oldugu bildirilmistir.
o - . o . T Caligmanin sonucunda ise toplam 3233 parga ve 70,49 kg ¢op toplanmistir. Cop dagilimi 0,05-0,55 par¢a/m? ve 0,001-0,015
Dogu . Sahil Dogu _Karademzv saljlllnde sahil — gBplerinin kg/m? olarak bulunmustur. En ¢ok plastik ¢6pe rastlanmig (%71,58) bunu naylon (%16,29), kagit (%3,76) ve metal (%3,44)  Terzi ve Seyhan, 2013
Karadeniz kompozisyon ve yogunlugu arastirilmigtir. izlemistir
. . .. < Eriiz ve Ozseker, 2013;
Giiney dogu Sahil Kiyisal bolgeye brrakilmus katt atiklarin dagilum ve Calisma sonucunda; plastik %56, tekstil %23, metal %14 ve cam %7 olarak bulunmustur. Erliz, 2014’den
Karadeniz kompozisyonu aragtirilmistir. alinmistir
Kerc Boda Deniz memelilerinin arastirildigr bir calisma igin Birkun ve
(eUIira %]aZl Deniz yapilan bir seri gemiden gozlemlerde deniz ¢opii  Ukrayna sinirlar igerisinde; genel yiizen plastik obje yogunlugu 6,57 parga/km?, toplam yiizen plastik obje miktar1 158,620 Krivokhizhin, 2006;
¢ tY) yizeyi miktar1 hakkinda tutulan kayitlarda yiizen ¢Oplerin  parca oldugu ve bunlarin %5,25%ini plastik siselerin olusturdugu saptanmustir. BSC, 2007°den
arall miktar1 belirlenmistir. alimmistir
Deniz Istanbul il smirlari igerisinde gerceklestirilen deniz STH. 2005: BSC
istanbul ¢oplerinin arastirildigi bir seri dalis operasyonunda  Caligma sonucunda, ¢oplerin birgogunun cam, plastik ve metalden olustugu (%77) kaydedilmistir. N ’ !
tabani . .. . . Ak 2007’den alinmistir
¢oplerinin kompozisyonlar belirlenmistir.
. Tirkiye batt Karadeniz kiyilarinda derinligi 25-100 M oo 40 4o atik yogunlugunun biiyiik degiskenlik gosterdigi (128-1320 parca/km? ve 8-217 parca/km?) bildirilmistir. Cép
Bati Deniz arasinda degisen bolgelerde yapilan trol operasyonu - y >, - < . 8 o o . -
. . . . yogunlugunun Akdeniz’den daha yiiksek oldugu ve baglica plastikten olustugunu (%79,6 naylon, %10,3 sert plastik) ve  Topgu ve Oztiirk, 2010
Karadeniz taban1 ile deniz tabanindaki kati atiklarin bolluk ve . P e - S
- okunabilir olan 8 etiketin altisinin yabanci menseili oldugunu bildirilmistir.
kompozisyonu aragtirilmigtir.
VTS = —
) Karadeniz Romanya kiyilarinda yapilan bir seri trol zfapl’l'an 69 trol' operasyonunun %40’ 1nda ¢ope r"astla'nmlstlr'. Toplam ¢6p mlktarl..5§4,53 kg bulunmus, t'rol Operasyonlarm{n
Deniz . %58’inde plastik ¢oplere rastlanmistir. Plastik ¢oplerin gemi ve teknelerden ve biiyiik oranda Tuna Nehrinden kaynaklandig: .
Romanya operasyonu sonucunda elde edilen kati atiklarin o RN o o <o o e Anton ve dig., 2013
tabani . . . . sonucuna varmislardir. Rastlanan atiklarin oransal dagilimi; Yag %48, Aga¢ %37, metal %8, balik ag1 % 5, plastik %2 ve giysi
miktar ve kompozisyonu belirlenmistir.
%1 olarak bulunmustur.
. Samsun sahanlik alaninda dip trolii kullanilarak I ) s
Orta Deniz bentik coplerin arastinldizs calismada  coplerinin Calisma sonucunda ¢op miktart 2,3-116,89 kg/km? ve 121-366 par¢a’km? olarak bulunmustur. En yaygin ¢6p tipi naylon Terzi ve Sevhan. 2013
Karadeniz tabam sop ragiridist | galismaca - ¢op (%65,67) ve plastik (%19,40) olarak bulunmus bunlari kagit (%#4,48) ve metal (%4,48) izlemistir. yhan,
kompozisyon ve yogunlugu belirlenmistir.
Romanva- Deniz Akdeniz ve Karadeniz’de secilen istasyonlarda Calismada Karadeniz bolgesinde Kostence secilmis olup bolgede bulunan ¢oplerin miktart 291£237 parga/km? olarak Toakeimidis ve dis
many yapilan ¢aliymada deniz tabanindaki ¢oplerinin miktar ~ bulunmustur. Bolgeden toplamda 87 kg ¢op toplanmug ve en gok plastik ¢ope rastlanmis (%45,2+4,8) bunu cam (%22,4+2) ve ° &
Kostence tabani . o . . 2014
ve kompozisyonu arastirilmistir. metal (%21,942,3) izlemistir.
Kuzeybat Deniz tabani c¢oplerinin izlenmesinde ve bilyiikk Tiim calisma bolgelerinde ¢6p yogunlugu 304-20.000 parga/km? (SE=2015) arasinda degistigi ve ortalama 6359 parca/km?
Kara?j]eniz Olcekli ~degerlendirmede Avrupa Denizlerindeki  oldugu bulunmustur. Parga sayisinin giineyden kuzeye dogru diistiigii, Romanya kiyilarinda en yiiksek oldugu ve Bulgaristan
(Romanya Deniz Deniz Coplerinin Izlemesi Kilavuzundaki (2013) (9598 parga/km?) ve Tirkiye (7956 parga/km?) kiyalarinda ise yaklasik 3 kat daha az oldugu bildirilmistir. Deniz ¢6pii Moncheva ve dig.,
Bul aris%/aﬁ Tabam metodoloji kullanilarak Karadeniz kiyisal ve sahanlik ~ miktarmin kiyisal bélgelerde (9234 parga/km?) kita sahanhigindan (5603 parca/km?) genelde daha yiiksek oldugu (Bulgaristan 2014
Tgrki 6) ' alanlarinda  deniz ~ tabami  ¢oplerinin  pilot  hari¢) sonucuna varilmistir. C6p kategorilerinde en yiiksek orana sahip ¢op tipi plastik (%68) olarak bulunmugtur. ROV ile
Y degerlendirmesidir. yapilan caligmada ise avantaj ve dezavantajlar bildirilmistir.
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[ = Anton ve dig., 2013 (Romanya-Vama Veche, Sulina); = Toakeimidis ve dig., 2014 (Romanya-Kd&stence); 3
= Moncheva ve dig., 2014 (Tiirkiye, Romanya ve Bulgaristan kiyilar1); *= Topgu ve Oztiirk, 2010 (istanbul); 5 =
STH, 2005; BSC, 2007 (istanbul); ® = Terzi ve Seyhan, 2013 (Samsun); 7 = Topgu ve dig., 2013- (istanbul); & =
Terzi ve Seyhan, 2013 (Sinop, Samsun, Ordu, Giresun, Trabzon ve Rize sahilleri); ® = Giineroglu, 2010 (Trabzon
ve Rize sahilleri); ° = Eriiz ve dig., 2010 (Trabzon); ** = Eriiz ve Ozseker, (Trabzon) Eriiz, 2014’den alinmistir;
12= Birkun ve Krivokhizhin, 2006 (Ker¢ Bogaz1) BSC, 2007°den alinmustir. ]

Sekil 1. Karadeniz Bolgesinde deniz ¢dpleri konusunda yapilmis ¢alismalar (Y;Sahil ¢oplerinin
arastirildigl bolgeler, O;Deniz tabani ¢oplerinin arastirildigi bolgeler, A\;Deniz yiizeyi
coplerinin arastirildigi bolgeler)

Figure 1. Studies about marine litter in Black Sea region (7,@7; The regions studied about beach litter, O; The
regions studied about sea floor litter,/\; The regions studied about floating litter)

Bélgede hem sahil hem de deniz tabam ¢épleri lar1 goz ardi edilemedigi gibi plastiklerin parga-
konusunda yapilmis ¢alismalarda rastlanan ya- lanmas1 sonucu olusan ya da direkt olarak sucul
banci orijinli ¢opler Karadeniz’in akint1 sistemi ~ Ortama giren plastik mikro ¢oplerin varligi da
gbz dniine alindiginda ¢dplerin tasinma durumu- arastirilmasi gereken o6nemli konusular arasinda
nu ve onemini goz oniine sermektedir. Ayrica  Yer almaktadir. Plastik mikro ¢Oplerin besin agi-
denizel ¢oplerin canlilar iizerindeki etkileri diinya ~min tabanindaki siizerek beslenenler tarafindan
denizlerinde yapilan gesitli calismalarda bildiri- tilketildigi bilinmektedir. Uretim sirasinda plas-
lirken bolgede bu konuya yénelik olarak yapilmis tiklere eklenenlerin yani sira plastiklerin dogadan
caligmalarin yetersizligi de goz oniine alinmali ve absorbe ettigi bilesiklerin potansiyel tehlikesi
deniz ¢oplerinin canlilar iizerindeki etkilerini in-  Onemli bir risk olusturmaktadir. Béylece bozun-

celemeye yonelik arastirmalar yapilmalidir. maya ugramis plastik taneciklerin ve parcacikla-
o . rin sindirimi toksisite endisesini arttirmaktadir.

Yapilan caligmalar, materyal tipine gore olan si- By parcaciklar besin zinciri iizerinde biiyiik bir

miflandirmalarda plastik %oplerlr}‘ en yiksek yiz-  rigk olusturmasi nedeniyle hem deniz tiirleri hem

deye sahip ¢op tipi oldugunu gostermistir. Plas-  ge pizim icin potansiyel bir tehlikedir.

tiklerin dogada kaybolma siireleri dikkate alindi-

ginda uzun yillar boyunca ekosistemdeki varlik-
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Kiiresel ve bolgesel stratejilerin eksikligi, mevcut
uluslararasi, bolgesel ve ulusal programlarin uy-
gulanmasindaki aksakliklar ile yonetmelik ve
standartlarin uyusmazligr deniz ¢opili sorununun
devamimnin baslica nedenlerindendir (UNEP,
2011).

Cop kirliligini azaltmay: amaglayan eylemlerin
uygulanmasi igin kiyisal bolgelerdeki atiklarin
cografi kokeni hakkinda bilgi sahibi olmak, dii-
zenli ¢Op arastirmalar1 yapmak, yerel hava kosul-
lar1 ve kiyilarin jeomorfolojileri ile ilgili sonugla-
r1 analiz etmek gerekmektedir. izleme igin mev-
cut olan farkli ama uyumlu yontemlerin kiy1 seri-
di veya deniz alanlarindaki hakim akimlarin tiirii
gibi bolgesel farkliliklarin dikkate alinarak uyar-
lanmaya ve uyumlastirmaya ihtiyaci vardir (Gal-
gani ve dig., 2013a).

Sonu¢ olarak dinya ve ulkemiz denizlerinde ya-
pilan c¢alismalarda elde edilen verilerde deniz
coplerinin yogun miktarda bulunusu ve Karade-
niz’de yapilan caligmalarin yetersizligi géz oniine
alindiginda konunun daha ileri diizey arastirmalar
gerektirdigi kaginilmazdir. Yapilan c¢aligmalarin
hiz kazandig1 bu donemlerde deniz ¢oplerinin in-
celenmesine yonelik olarak kullanilan metodolo-
jilerin gesitlilik gostermesi, verilerin degerlendi-
rilmesi ve analizinde bir takim olumsuzluklara
yol acabilmektedir. Her ne kadar DSCD Deniz
¢oOpu teknik alt grubu (TSG-ML) tarafindan olus-
turulmus kilavuzdaki onerilen yontemlerin kulla-
nim1 deniz c¢Oplerinin degerlendirilmesi igin
uyumlu bir arag¢ olarak bilinse de 6nerilen yon-
temleri iceren daha genis bolgesel ve ulusal izle-
me ve degerlendirme programlarinin uygulanma-
st ile bolgesel ve ulusal yasal ve idari araglarin
gelistirilmesi gerekmektedir.

Tesekkiir

Bu calisma TUBITAK tarafindan desteklenen
“Deniz Stratejisi Cerceve Direktifi Kapsaminda
Sinop Sarikum Lagiinii Deniz Coplerinin Duru-
mu: Bir Ornek Calisma" baslikli ve 115Y002
numarali proje kapsaminda derlenmistir.
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Abstract:

The narrow-clawed crayfish (Astacus leptodactylus
Eschscholtz, 1823) is an indigenous species in Arme-
nia. In 1980s it was occasionally introduced in Lake
Sevan where its population started to grow. There is a
large scale fishery of the crayfish in the Lake, as its
demand remains high. Industrial stock of crayfishes at
the Lake monitored annually, shows statistically sig-
nificant decline in the 2004-2011 period. This decline
can be described by logarithmic model y = -577.5In(x)
+ 2158, F =50.27, P<0.001. The catch rate of crayfish
net-boxes also shows logarithmic decline F = 9.27,
P<0.05 in the 2004-2011 period. Since the net boxes
are designed to catch the larger size crayfishes only,
the decline indicates a decrease of average size among
crayfish population. The female fertility does not
show statistically significant correlation with the in-
dustrial stock of crayfish. It does, however, show neg-
ative correlation with the catch rate of the net boxes:
lpearson = -0.686, P<0.05; pspearman = -0.647, P<0.05.
The correlation can be explained as the big animals
are actively removed through harvesting, while small-
er animals are not captured; meanwhile the remaining
smaller animals produce fewer eggs. Decline of cray-
fish stock cannot be explained by diseases and inva-
sive species, but can be explained by overharvesting.
Continuation of harvesting aimed at supplying the ex-
isting demand might result to population decline of
more than 70% during next 17 years.

Keywords: Narrow-clawed crayfish, Astacus
leptodactylus, Abundance, Lake Sevan,
Armenia
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Introduction

The narrow-clawed crayfish (Astacus lepto-
dactylus Eschscholtz, 1823) is an indigenous spe-
cies in Armenia that initially inhabited freshwater
habitats of Ararat Plain. Unlike neighboring Tur-
key that hosts two freshwater crayfishes (Gliner
and Harlioglu 2009, Harlioglu and Guner 2007),
Armenia hosts only one species. In 1980s it was
occasionally introduced into Lake Sevan, and
fairly soon its population and distribution
throughout the Lake started to grow. The narrow-
clawed crayfish is actively consumed in the in-
ternal market of Armenia (e.g. over 300 tons
have been sold through various channels in in-
ternal market in 2011) and starting in the late
1990’s they began to be exported from Armenia.
The export volumes increased during the twelve
year period, 2000-2011 from 20 tons per year to
1120 tons per year (Statistical yearbook of Ar-
menia 2008, 2012). During this period the main
exported crayfishes stock came from Lake Sevan
while a much smaller portion was supplied by the
aquatic habitats of Ararat Plain and other water
reservoirs in the country. Meanwhile the data col-
lected by N. Badalyan (2012), in the period of
2004-2011 suggest decrease of the industrial
stock of narrow-clawed crayfishes in Lake Sevan.
In comparison to 2004, when the industrial stock
was estimated at 1800 tons, they have decreased
by 52% in 2011 to about 860 tons. At current,
there is reason to assume that in the mid-term the
situation with Sevan trout might be repeated,
which means that the population of narrow-
clawed crayfish may decline to a level making
self-reproduction nearly impossible.

At the same time, dozens of studies conducted on
various crayfish species show that they are criti-
cally essential component in lake ecosystems.
Being mainly polytrophic organisms, crayfishes
are key consumers and transformers of energy
between various components of ecosystems, as
they utilize representatives of all trophic levels
(Dorn and Wojdak 2004, Momot et al. 1978,
Momot 1995, Nystrém et al., 1996). Crayfishes
can be an essential element in lakes with low
productivity of phytoplankton, since in these
lakes the detritus and the submerged vegetation
(consumed by crayfishes) are the main source of

energy. When functioning as a main predator of
benthos animals, crayfishes are supporting stabil-
ity of a wide range of plant-animal communities
(Momot et al. 1978, Momot 1995). Crayfishes
are also important regulators of biogens, espe-
cially phosphorus transferring it from macro-
phytes to phytoplankton (Kholodkevich et al.
2005), and thus having influence on the level of
eutrophication. This is true also for the narrow-
clawed crayfish, which had rapidly occupied the
ecological niche vacated by the Sevan khramulya
(Varicorhinus capoeta sevangi Filippi, 1865) —
another detritivore, abundance of which has de-
clined due to overfishing (Gabrielyan 1987).

The population of narrow-clawed crayfishes at
Lake Sevan was studied by number of authors.
The studies have been dedicated on study of spa-
tial distribution, age and sex structure of the pop-
ulation, reproduction, and ecological peculiarities
of the species (Badalyan 2011, 2012a, 2012b,
Gabrielyan and Ghukasyan 2007, Ghukasyan et
al. 2006, 2007, 2008, 2010, 2011, Hovhannisyan
1998, Hovhannisyan and Ghukasyan 1996, Re-
ports of SCZH of NAS RA, 2010, 2011).

Taking above mentioned into account there is a
necessity to identify the population trends of the
narrow-clawed crayfish in the Lake. This will al-
low for modeling of the unfavorable scenario of
population decline, which will enable taking of
timely measures to mitigate critical changes of
the population. Thus the current article is focused
on analyzing the collected data, which is aimed at
determination of existing trends and their rela-
tions to various influencing factors and modeling
future trends in Lake Sevan’s population of nar-
row-clawed crayfish.

Materials and Methods

Lake Sevan is a largest freshwater Lake Sevan of
Armenia that has a surface area of about 1,250
km2, is situated on 1,896 meters above sea level,
which makes it one of the largest freshwater
high-mountain lakes of Eurasia; also it is the sin-
gle biggest source of water in Armenia (See coun-
try map in Figure 1).
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Figure 1. Position of Lake Sevan in Armenia

As a material for the current article we have used
statistical data published in official annual Re-
ports of Scientific Center for Zoology and Hy-
drobiology (SCZH). The data for these reports
have been collected in frames of annual monitor-
ing implemented by SCZH at 33 sites covering
the entire shore of the Lake with average dis-
tance between the sites 5.73+2.06 km. The cray-
fishes have been sampled using capturing meth-
od (Budnikov Tretyakov1952). The method is
based on sampling of crayfishes by standard
traps with cell size 21x21 mm. The method pro-
vides data on relative abundance of crayfishes. In
total there are more than 17,000 crayfishes sam-
pled and the initial data on industrial stock of
crayfishes (Kireev 1933), catch rate of the net-
boxes and crayfish female fertility was collected
and reported (Reports of Institute of Hydroecol-
ogy and Ichthyology of SCZH 2010, 2011). The
data of industrial stock is measured as estimate
of tons of crayfishes per annum; the data on
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catch rate of the net-boxes is measured as aver-
age number of captured individuals per net-box;
the data on female fertility is measured as aver-
age number of eggs per female. In addition in-
terviews of five fishery companies operating at
Lake Sevan have been conducted. The main aim
of the interviews was to identify cases of cray-
fish mortality due to major diseases listed for the
species (Harlioglu 2004, Longshaw 2011); for
implementation of interviews no formal ques-
tionnaires have been developed.

The processing of the collected data was im-
plemented in two stages: (1) the normality of dis-
tribution of collected data has been tested and (2)
subsequently the appropriate methods of correla-
tion or regression analysis have been selected.
Taking small sample sizes into account we have
been using Shapiro-Wilk test for testing the
normality. When the response data was normally
distributed we have been selecting linear regres-
sion, otherwise the non-linear models have been
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applied. To characterize the non-linear models
we have been using F-statistics and its probabil-
ity to determine the significance of the model
(Pagano & Gauvreau 1993, Wayne 2009). Dur-
ing data processing we have been using Mi-
crosoft Excel 2007 and SPSS 11.0 for Windows.

Results and Discussion

Analysis of the annual data on estimated in-
dustrial stock shows that the variable of industrial
stock did not show normal distribution and the
logarithmic regression method was selected as
the one that has higher probability of F-statistics.
Application of logarithmic regression model for
the estimated industrial stock shows that crayfish
population shows statistically significant tenden-
cy of consistent decrease, F = 50.27, P<0.001
(see Figure 2). The model is described by equa-
tiony = -577.5In(x) + 2158, where y is industrial
stock, and x is the year.

The next step in our analysis was to understand
some trends in catch rate of the net-boxes. The
distribution of the variable is out of normal as
well and the logarithmic method has also been
selected. The analysis allows determining of a
declining tendency of catch rate of the net-boxes,
F =9.27, P<0.05 (see Figure 3).

The latest might be indicating population decline
or decrease of average size of crayfishes; because
the size of the net-box cell made especially to let
the smaller crayfishes to escape the net-box. De-
crease of crayfishes’ size can mean changes in
age structure of population and decrease of num-
ber of old big crayfishes.

It is worth to mention that the catch rate of the
net-boxes has a correlation with industrial stock
at significance level of P < 0.01: rpearson =0.809,
P<0.01; pspearman = 0.814, P<0.01, which is an ad-
ditional confirmation of the observed tendencies.

Another pattern is observed during analysis of the
average fertility of females (see Figure 4), which
was growing during 2004-2007 but then starts
declining. Such dynamics can have a possible
explanation that the fertility has late response to
overharvesting; thus while the observed increase
might be a segment of a long-term tendency of
previous years, the decrease that follows might
be an indication of influence of overharvesting.
To understand the true characteristics of the ten-
dency a longer term investigations are required.

When comparing the catch rate of the net-boxes
versus female fertility the negative correlation

trend is determined at significance level of P <
0.05: rpearson = -0.686, P<0.05; pspearman = -0.647,
P<0.05. The fact of the relatively low signifi-
cance level of the correlation is probably a result
of relatively small sample size (n = 8). Such ten-
dency can be explained by overharvesting. Due
to consistent harvesting of large amount of cray-
fishes with size of 12 cm and more, the average
size of crayfishes is decreasing. It has the follow-
ing consequences: (1) smaller animals are not
captured because they are able to escape the net-
boxes, but the big animals are removed; (2) the
proportion of smaller animals in population is in-
creasing and those smaller females produce fewer
eggs. Continuation of the surveys will allow ob-
taining better statistical results.

The cases when decline of narrow-clawed cray-
fish’s population occur are well known in Tur-
key, Hungary, Russia, and Serbia (Aydin et al.
2012, Dartay and Atessahin 2013, Fedotov et al.
1998, Harlioglu and Harlioglu 2004, 2009, Puky
et al. 2005, Souty-Grosset et al. 2006). The inves-
tigations suggest several reasons of rapid and
dramatic decline of narrow-clawed crayfishes. In
Turkey the main driving force of the population
decline is still unclear and while some authors
refer to combination of overharvesting, crayfish
plague, and pollution with main stress to over-
harvesting (Harlioglu and Harlioglu 2004, 2009),
the others consider the crayfish plague as the
main factor among others, that causes strong de-
cline (Kokko et al. 2012, Svoboda et al. 2012). In
Hungary the species has been eliminated in Lake
Balaton and later in the lower stretch of the in-
flowing River Zala due to introduction of the Eu-
ropean eel (Anguilla anguilla), and in the Hun-
garian part of River Danube due to spread of in-
troduced crayfish species Orconectes limosus
(Puky et al. 2005). In Russia water pollution was
mentioned as the main cause for declines of local
population of the lower part of River Don (Fedo-
tov et al. 1998, Souty-Grosset et al. 2006). In
Serbia the species declined in some regions due
to introduction of Orconectes limosus (Holdich et
al. 2009). It is also confirmed by other investiga-
tions that the invasive species such as Pacifasta-
cus leniusculus and the Orconectes limosus can
be major threats to this species (L6zan 2000).
According to our data the epidemics of crayfish
plague, as well as other diseases, well known in
other parts of narrow-clawed crayfish’s distribu-
tion range have not been recorded. In accordance
to the information of State Environmental Effect
Monitoring Center the pollution level of the Lake
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by chemicals was not significantly changed. It let
us to conclude that the overharvesting might be
one of the main reasons of declining of narrow-
clawed crayfishes in Armenia. The fact of in-
crease of crayfish harvesting is conditioned by
the good demand for the product in the world
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Years
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(e.g. only in Europe the crayfish demand can
reach 10,000 tons per annum), which is proven
by the increasing export of crayfishes from Ar-
menia (see Figure 5) to the countries of European
Union, North America, Post Soviet countries, etc.
(Statistical yearbook of Armenia 2012).
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Figure 2. Dynamics of industrial stock of narrow-clawed crayfishes in Lake Sevan during the period
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Figure 3. Dynamics of catch-rate of net-boxes in Lake Sevan during the period 2004-2011
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Figure 4. Dynamics of fertility of narrow-clawed crayfish’s females in Lake Sevan during the period
2004-2011
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Figure 5. Dynamics of export volume of narrow-clawed crayfishes from Armenia during the period
2004-2011
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The existing approach in capturing of the cray-
fishes might cause significant decline of its popu-
lation in a mid-term perspective. Assuming that
nothing becomes changed in the crayfish captur-
ing policy during next decades, the equation of
the first logarithmic model (see figure 2) can be
applied for the forecasting the industrial stock.
The application of the equation shows that there
is a relatively high probability that in 2021 the
industrial volume of crayfishes in the Lake Sevan
will become below 500 tons, and that means de-
crease of the crayfish’s population at the Lake on
more than 70% during 17 years.

If the conditions causing the observed decline of
crayfish population remain the same, the fol-
lowing major consequences have to be expected
from the forecasted population decline. First
group of consequences is related economic as-
pects of crayfish harvesting. At current the nar-
row-clawed crayfishes are the only seafood prod-
uct that is exported to countries of European Un-
ion and North America (Statistical yearbook of
Armenia 2008, 2012), which have high food safe-
ty and quality standards. At current there are
more than twenty enterprises harvesting crayfish-
es, the export makes more than 15 millions USD
per annum (Statistical yearbook of Armenia
2012). Significant decline of resource will cause
collapse of some enterprises and decrease of ex-
port volume.

The second group of consequences which is not
that obvious is related to the feeding behavior of
crayfishes. In Lake Sevan the narrow-clawed
crayfishes are mainly detritivores, and they con-
sume the benthic deposits thus preventing in-
crease of organic pollution which might intensify
the eutrophication of the Lake. The Lake Sevan is
surrounded by four towns and 36 villages; it is
one of the major resorts of Armenia that hosts
tourists in the hotels based at the shore of the
Lake. In addition it is surrounded by fields of po-
tato, cabbage, and grains, which are consistently
fertilized. The sewage and the fertilizers are the
big sources of nitrogen and phosphorus. Con-
sistent supply of the Lake with fairly constant
amount of phosphates and nitrates in terms of de-
crease of detritivore might have negative effect
on the Lakes conditions and the water quality.
Further investigations aimed at comparing the
concentration of nutrients with other biotic pa-
rameters and modeling of the nutrient transfer
processes will allow understanding the character
and the scale of ecological consequences as well
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as preliminary determination of the time frame
for the mitigation.

Conclusion

Observed decline of the population of narrow-
clawed crayfish at Lake Sevan has statistical sig-
nificance. Most probable cause of the decline is
the overharvesting. In the scenario when no
changes in harvesting policy are made, most
probable consequences of overharvesting are de-
cline of its population by more than 70% in the
next 17 years, and decline of industrial stock to a
volume below 500 tons. It will have negative
economic and ecological consequences. Econom-
ic consequences are related to decrease of export
volume of crayfishes from Armenia. Ecological
consequences are related to imbalance in the
transfer of nutrients. Further investigations on
modeling of the ecological processes can provide
better understanding of the ecological conse-
guences and their mitigation.
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Oz:

2011 kig doneminde yapilan bu ¢alismada; Bingdl Yii-
zen Adalar’in zooplankton faunasi tespit edilmistir.
Rotifer’den 14, Cladocer’den 3 ve Copepod’dan 1 ol-
mak tizere toplam 18 tiir tespit edilmistir. Bu zoop-
lanktonik organizmalarmn % 87.74’UnlU Rotifer, %
6.83” Unl Kladoser ve % 3.36’sin1 kopepodit asama-
sindaki bireyler ve % 2.07’sin1 kopepod naupliilerinin
olusturdugu belirlenmistir. Rotiferler hem tiir hem de
tiirlere ait birey sayilar1 bakimindan en baskin grubu
olusturmustur. Bingdl Yiizen Adalar’in baskin tiirleri-
ni Copepod’dan Cyclops vicinus, Cladocer’den Di-
aphasoma branchyrum, ve Rotifer’den Trichocerca
capucina teskil etmistir. Ayrica Bingol Yiizen Ada-
lar’in bulundugu su kiitlesinin bazi fiziksel ve kimya-
sal parametreleri tespit edilmis ve zooplankton tiirleri
ile olan iliskileri ortaya konmaya ¢alisilmistir.

Abstract:

Zooplankton Fauna of Bingdl Floating
Islands in Winter Season

In this study was carried out winter season in 2011;
zooplankton fauna of the Bingol Floating Islands. To-
tally 18 zooplankton species were determined as fol-
lows; 14 Ratifera, 3 Cladocera and 1 Copepoda. It was
determined that this zooplanktonic organisms consist-
ed of 87.74 % Rotifera, 6.83 % Cladocera, and 3.36 %
copepodit stages, 2.07 % nauplii of copepoda. Rotif-
era were the dominant group with regard to both spe-
cies numbers, and individual numbers of species. Cy-
clops vicinus from Copepoda, Diaphasoma branchy-
rum from Cladocera, and Trichocerca capucina from
Rotifera were determined to be dominant species of
the Bingol Floating Islands. In addition, some physical
and chemical parameters of the water bodies located
under/around Bingol Floating Islands were determi-
ned and their interactions with the zooplankton species
were tried to be explained.

Anahtar Kelimeler: Zooplankton, Fauna, Bingdl Keywords: Zooplankton, Fauna, Bingdl Floating
Yuzen Adalar Islands
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Giris

Tim sucul ekosistemlerde oldugu gibi tath su
ekosistemlerinde de zooplankton tiir ¢esitliliginin
bilinmesi ve donemsel olarak incelenmesi son de-
rece 6nemlidir. Cunki zooplankterler bu ekosis-
temlerde ekolojik dengenin saglanmasinda etkili-
dirler. Tatl su ekosistemlerinde besin zincirinin
fitoplanktondan sonra ikinci halkasini zooplank-
tonik organizmalar teskil etmektedir. Bu orga-
nizmalar gol ekosistemlerinde omurgasiz canlila-
rin, baliklarin ve zaman zaman da kuslarin besin
kaynagini olusturarak st trofik basamaklara
enerji aktarmada etkili olurlar. Bunun yaninda
bazi cins ve tiirleri, i¢inde bulunduklar1 sularin,
su kalitesi, kirlilik ve trofik durumunu genel ola-
rak belirleyici indikatdr 6zelligi gostermeleri ba-
kimindan da onem tagimaktadirlar (Hecky ve
Kilham, 1973; Sladecek, 1983; Herzig, 1987).

Bir doga harikasi oldugu heniiz yeni kesfedilen
Yiizen Adalar’in hareket etmeleri ve kimilerinin
oldukea kii¢iik olmalarindan dolay1 ada olup ol-
madiklar1 seklinde tartismalara neden olmaktadir.
Ancak bilinen sabit adalarla olusum ve sekil ba-
kimindan ilgili olmasa da; etrafi sularla ¢evrili ve
bir su kiitlesi iizerinde bulunmalar1 bakimimdan
ada olarak kabul edilmeleri gerekmektedir. Din-
yadaki arastirilan binlerce Ornekle  Tiirki-
ye’dekilerin arasinda hicbir fark yoktur. Hatta
Tiirkiye’dekilerin daha gelismis ve giizel 6rnekler
olduklar1 anlagilmistir. Genel bir tanimlama ile,
yuzen adalar goller icerisinde muhtelif boyutlarda
bir veya bir¢cok parcadan olusan yiizer kara par-
casi (toprak) kiitleleridir. Kiitleler bitki koklerinin
sikica Oriilmesinden ve toprak karalagmasindan
olusmaktadir (Bulut, 2012). Bu yiizen adalarin
bulundugu su kiitlelerinin, olusumu, varligini
siirdlirebilmesi, ekosistemindeki canli ¢esitliligi
konusunda herhangi bir ¢alisma bulunmamak-
tadir. Kis donemi zooplankton faunasinin belir-
lenmesine yonelik bu calisma ile, goliin ekolojisi
hakkinda bilgi edinilmesi amaglanmistir. Bu
amagla yapilan bu calisma ilk kayit niteliginde
olacaktir.

Materyal ve Metot

Zooplankton ornekleri 2011 kig doneminde aylik
periyotlarda Bing6l Yiizen Adalar’in suyundan
almmustir. Zooplankton 6rnekleri 55 um gézagik-
ligina, 25 cm agiz ¢apina sahip plankton kepgesi
ile toplanmugtir. Orneklemeler vertikal ve hori-
zontal olarak goliin kiy1 ve merkezi kisimlarindan
yapilmistir. Toplanan ornekler, % 4’1tk formal-
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dehit ile muhafaza edilmistir. Tiirlerin teshisinde
Rotifera icin Ruttner-Kolisko (1974), Nogrady ve
Segers (2002); Cladocera icin Kotov ve Stifter
(2006), Flossner (1972), Negrea (1983); Copepo-
da icin Dussart (1969), Kiefer (1978), Einsle
(1996)’dan yararlanilmistir. Toplam zooplankton
icinde rotifer, kladoser kopepodlarin bolluk de-
gerleri % olarak hesaplanmigtir. Ayrica goliin ba-
71 fizikokimyasal parametreleri (sicaklik, pH, EC
degrleri aylik olarak Sl¢iilmistir (Tablo 2.). Si-
caklik, pH ve EC degerleri, Thermo Orion marka
3 Star | PH, EC meter model konduktivitimetre
ile 6l¢iilmiistiir. Toplam ¢6ziinmiis madde (TCM)
miktar1 EC degerinin 0.64 ile ¢arpilmasindan elde
edilmistir. Askida kati madde (AKM) miktari igin
filtrasyon yontemi kullanilmustir (Peker, 2007).

Calisma Alaninin Tanimm

Bing6l Yuzen Adalar, Bingdl ili Solhan ilgesi
Hazarsah K&yii, Turnalar Goli mevkiinde bulu-
nur (Sekil 1, Sekil 2). Bingdl valiligi, il gevre
miidiirliigii ve il turizm miidiirliigii bu alanin ko-
ruma alani olmasi yoniinde Onemli calismalar
sergilemis ve yiizen adalar 2005 yilinda Cevre
Orman Bakanligi Doga Koruma ve Milli Parklar
Genel Midiirligii tarafindan tabiat anitt olarak
ilan edilmistir (Bulut, 2012).

Kiigiik bir gol olan yiizen adalarin bulundugu ye-
rin olusumu eski bir heyelan kiitlesine baglan-
maktadir. Anadolu’da birgok yerde, heyelanlar
sonucunda olusan gegici ve siirekli goller bulun-
maktadir. Gegmiste 2000 m? den fazla yer tuttugu
soylenen g6l alam1 bugiin 600 m?" ye kadar da-
ralmistir. Eski gol yiizeyi simdi batakliga donis-
miistiir. Kenarlardaki bu organik madde baki-
mindan zengin yiizeylerde zemin esnek-oynak
olmasina ragmen {izerinde yiiriimek miimkiindiir
(Bulut, 2012). Derinligi 5 m’den fazla olan bu
acik alan, hareket edebilme kabiliyetine sahip,
lizerinde aga¢ ve ¢alilarin bulundugu 606.49 m?
alandan olusmaktadir (Dogan Demir vd., 2013).
Bu adalarin kalinlig1 85-192 cm arasinda degis-
mektedir (Tablo 1). Bu durum ada olusumunun
heniiz gelisme asamasinda oldugunu gostermek-
tedir. Goliin en ilging yani, ti¢ adanin birbirin-
den bagimsiz hareket edebilme kabiliyetine sahip
olmas1 ve higbir tarafla baglantisimin olmamasi-
dir. Ayrica adalar yaz-kis bu 6zelligini korumak-
tadir. Yiizen adalar, kecemsi ve saz gibi birbirini
tutan bitkilerin, sudan daha az yogunlukta bir ka-
ra kiitlesi olusturmasiyla ortaya ¢ikmaktadir. Bir-
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birine tutunan bu bitkiler, suyun Ustiinde sal gibi
ylizmeye baglamakta ve iizerinde bitkiler hatta
agaclar yetisebilmektedir. Riizgarin estigi yone
dogru yer degistiren adalar, sirikla da itilerek ha-
reket ettirilebilmektedir (Bulut, 2012).

Bulgular ve Tartisma

Zooplanktonik organizmalarin bulunusunda ve
dagilisinda sicakligin sinirlayici faktorler oldugu
belirtilmektedir (Mikschi, 1989). Bingél Yizen
Adalar’da pH degeri; kisin en yiiksek Subat (7.8),
en diisiik Aralik (7.1) ayinda olmak lizere, orta-
lama 7.63 olarak tespit edilmis olup alkali 6zel-
liktedir (Tablo 2). Zooplankton dagiliminda
pH’nin 6nemli derecede etkili oldugu ve yogun-
luk bakimindan alkali sinirin pH 8.5 oldugu bild-
irilmektedir (Berzins ve Pejler., 1987). Goélde
tespit edilen EC degeri kisin en yiiksek Aralik
(576 us/cm), en diisiik Ocak (516 ps/cm), olmak
iizere ortalama 536 us/cm olarak belirlenmistir.
Su iiriinleri agisindan kabul edilebilir EC degeri
maksimum 500 ps/cm (Mc Ke ve Wolf., 1963)
oldugundan, Bingdl Yiizen Adalar i¢in kisin bu-
lunan ortalama degerin kismen kabul edilebilir
degerde oldugu goriilmiistiir. Toplam ¢6ziinmiis
katilar (TCK) dogal kaynaklardan, evsel ve en-
distriyel atik sulardan ve tarimsal alanlardan
kaynaklanir. TCK miktarina katkida bulunan bas-
lica iyonlar karbonat, bikarbonat, sodyum, kloriir,
stlfat, nitrat, potasyum, kalsiyum, magnezyum
vb. dir. Ayrica kil, silt, organik yapidaki kiigiik
partikUller, inorganik maddeler, ¢oziinebilen or-
ganik bilesikler, plankton ve diger mikroskobik
organizmalar TCK’yi olusturular (Tas vd., 2010).
Bingdl Yiizen adalar’da TCK degeri kis done-
minde 330.24-366.72 mg/lt arasinda degisim gos-
termistir. Su  Kirliligi Kontrolii Yonetmeligi
(SKKY)’ne gore II. sinif su kalitesine uygundur.

Sudaki askida kati madde miktarina (AKM) etki
eden faktorler fitoplankton yogunlugu ve géle
ulasan sel sularidir. AKM miktarinin agir1 artmasi
ortamda balik vb. canlilar varsa onlarin 6liimler-

ine yol acar (Alabaster ve Lloyd, 1980). AKM su
ortamlarina evsel ve endiistriyel atiklarla da tasi-
nir. Bunun sonucunda da suyun bulaniklig: artar,
151k gecirgenligi azalir ve fotosentez olay1 olum-
suz etkilenir. Sedimentasyon sonucu tabanda ya-
sayan canlilarin substratumlart olumsuz etkilenir.
AKM miktarinin, 25-80 mg/L arast normal, 80
mg/L istii, sudaki canlilar acisindan sakincalt
olmaktadir (Tas vd., 2010). Bingdl Yiizen Ada-
lar’'in AKM miktar1 kis doneminde 21.4-25.2
mg/L arasinda degismistir. Elde edilen bu degerin
SKKY’nin géller igin belirledigi otrofikasyon
kontrolii (5-15 mg/L) sinir degerlerinin stiinde
oldugu goriilmektedir.

Turkiye’de 22 civarinda yiizen ada (Erzurum: Su-
lik GoOlii, Adiyaman: Cat Baraj Goli, Kayseri:
Sultansazligi, Denizli: Isikli Golii, Igel: Adahgél,
Afyon: Eber Golii, Konya: Aksehir Golii) oldugu
tahmin edilmektedir (Bulut, 2012). Bu yiizen
adalardan biri de Bingol Yiizen Adalari’dir. Bu
kadar fazla yiizen ada olmasina ragmen bunlarin
bulundugu su kiitlesinin ekolojilerini ortaya ko-
yan herhangi bir ¢alisma bulunamamigtir. Yilin
bir donemini kapsamasina ragmen, bu ¢alisma bu
anlamda ilk kayit niteliginde olmaktadir. Bundan
dolay1 kis donemi zooplankton faunasina dair ir-
delemelerin tath su kaynaklarinda yapilan diger
caligmalarla yapilmasi uygun goriilmiistiir.

Yapilan ¢alisma sonucunda, Bingdl Yiizen Ada-
lar’mn kis donemi zooplankton faunasi incelendi-
ginde, Rotifer’den 14, Cladocer’den 3 ve Co-
pepod’dan 1 tir olmak Uzere toplam 18 tir tespit
edilmistir (Tablo 3). Bing6l Yiizen Adalar’in kig
mevsiminde toplam zooplankton icinde baslica
dominant zooplankton grubunu % 87.74 ile Roti-
fer olusturmustur. Rotifer grubunu % 6.83 ile
Cladocer, % 3.36 ile copepodit agamasindaki ve ,
% 2.07 ile nauplii asamasindaki Copepod grubu
izlemistir. Rotifer i¢inde en baskin tiir Trichocer-
ca capucina (% 18), Cladocer’de Diaphanosoma
brachyurum (% 45) olmustur.
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Sekil 1. Bingol Yiizen Adalar’in fotografi
Figure 1. Fotograph of Bingol Floating Islands
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Sekil 2. Bingol Yiizen Adalar’in Krokisi (Bulut, 2012)
Figure 3. Plan of Bingol Floating Islands (Bulut, 2012)
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Yilin hemen her doneminde tatli sularda Rotifer
grubu zooplankton bulunmakla birlikte yogunluk
ve tiir ¢esitligi agisindan kis mevsimi en az olan
dénemdir (Saler-Emiroglu vd., 2000; Tellioglu ve
Yilmaztiirk, 2005; Saler vd., 2011; Saler ve ipek,
2011; Kaya ve Altindag, 2007). Saler ve Ipek
(2011), Gaban Deresi’nde kis doneminde 3 is-
tasyonda yaptiklar1 ¢alisma’da kis doneminde 7
Rotifer tiirli tespit etmislerdir. Altindag ve Yigit
(2004), Beysehir Goli’'nde ayn1 donemde 5 Roti-
fer tiirii belirlemislerdir. Saler (2004), Cemisge-
zek Bolgesi Keban Baraj Golii’nde kigin 5 Roti-
fer tiirli bildirmistir. Bu ¢alismada ise, 14 Rotifer
tiirii belirlenmistir. Baz1 tiirler goliin su kalitesini
ve trofik seviyesini belirlemede indikatordir
(Hecky ve Kilham 1973; Sladecek, 1983; Herzig,
1987).

Rotiferlerin baskin olarak bulunduklar1 goller 6t-
rofik goller olarak simiflandirilirken, kopepodla-
rin bol bulunduklart géller oligotrofik goller ola-
rak siiflandirilmaktadir (Herzig, 1987). Rotifer-
lerin kig doneminde bile bol ve tiir cesitliligi ac1-
sindan fazla oldugu Bingdl Yiizen Adalar’inda
ekolojik anlamda &trofik bir gol oldugu sdylene-
bilir.

Rotiferler, bir¢ok tath su ortamlarinda ve kil par-
tikiilleri etrafinda nemli topraklarda, buluna-
bilirler. Ayrica, gol dipleri gibi su ortamlarinin,
yani sira 0li agag diplerinde, toprak iginde ve ba-
taklik alanlarda da yasayabilirler (Orstan, 1999).
Bing6l Yiizen Adalar’in sig ve bataklik bir alan
oldugu diisiiniiliirse, rotiferlerin yasamasi ig¢in
uygun ¢evre kosullarina sahip oldugu sdylenebilir
ve kisin dahi tiir ¢esitliginin fazla olmasinin bun-
dan kaynakli oldugu diistiniilmektedir.

Bosmina longirostris, Cyclops vicinus, Keratella
cochlearis tdrleri otrofikasyon indikatoriidir
(Haberman, 1998). Bu organizmalarin sularda bol
bulunmas: bu sularin verimli sular oldugunu ve
kirlilik seviyesinin diisiik oldugunu gostermekte-
dir. Cyclops vicinus, Keratella cochlearis tirleri
Bingdl Yiizen Adalarda’ da tespit edilmistir. Kig
déneminde Cladocer’den Bosmina longirostris
tiirline sadece Aralik ayinda rastlanmigtir. Bos-
mina longirostris’in sonraki aylarda donemin kig
olmasindan dolay1 kist olusturarak resting asa-
maya gectigi disiiniilmektedir. Bunun yaninda
Diaphanosoma brachyrum turt epilimnetik su-
larda yaygin olarak bulunur (Balcer vd., 1984).
Epilimnetik sularda alt katman st katmandaki
sulara gore daha soguktur ve {ist tabakalarda daha

sicak sular bulunur. Ayrica, Diaphanosom tiirleri
otrofik ve besin igerigi yiiksek olan sular tercih
ederler (Balcer, vd, 1984). Ozdemir Mis ve vd.
(2009), Tahtali Baraj Golii’nde yaptiklar galig-
mada Diaphanosoma branchyrum tiiriini kis do-
neminde Aralik ayinda tespit etmislerdir ve yil
boyunca sadece iki donemde (Aralik ve Mart) go-
rilmiistiir. Bu calismada ise, kig doneminin tiim
aylarinda belirlenmistir. Ozdemir Mis, vd.
(2009), tarafindan Tahtali Baraj Golii’niinde son
yillarda derinliginin azaldigi ve gdliin s1§ kisim-
larinda su ¢ekilmesinin ¢ok belirgin oldugu, Ca-
liskan ve Elgi, (2007) tarafindan da ortalama 15
m derinlige sahip oldugu bildirilmistir. 5 m’lik
bir su kolonu ile olduk¢a s1g olan Bing6l Yiizen
Adalar’daki bulgular Ozdemir Mis vd. (2009),
bulgulartyla kismen ortiismektedir. Buna karsin
ortalama 20 m derinlige sahip oldugu bildirilen
Gelingiilli Baraj Goli'nde yilin higbir do-
neminde Diaphanosom turlerine rastlanmamistir
(Kaya ve Altindag, 2007). Bingdl Yiizen Ada-
lar’da 5 m bir su kiitlesine sahiptir (Dogan Demir
vd., 2013) ve dip kisimlar daha ¢ok bataklik 6zel-
ligi gostermektedir. Bundan dolay1 bu tiir de si1g
ve kisin 1lik olan sulari tercih etmektedir. Ciinkii,
Cladocer grubu soguk mevsimlerde resting yu-
murta olusturur ve havalarin 1sinmasiyla aktif ha-
le gegerler (Jacobi ve Meijering, 1978). Bundan
dolay1 kig doneminde Cladocer tiirlerinin az ol-
masinin da mevsimden kaynakli oldugunu soy-
lemek mumkdindur.

Cyclopoid kopepodlar, g6l ekosistemlerindeki en
onemli omurgasiz predatdrlerdir ve 6zellikle, gol-
lerde rotiferler tGzerinden beslenerek rotifer kom-
pozisyonunu ve bollugunu fazla oranda etkilerler
(Williamson, 1983). Cyclops vicinus turi ise, tat-
lisu gol ve goletlerinde en yaygin bulunan ko-
pepod tiiriidiir. Genellikle yazlari su kolonunda
gorulmemekle birlikte (Vijverberg, 1977; Santer
ve Lampert, 1995), baz1 gollerde yil boyunca da
goriilebilmektedir (George, 1976). Bu caligsmada,
kis déneminde, Cyclops vicinus belirlenen tek
kopepod tlrhddr. Bulut ve Saler (2013) Kalecik
Baraj Golii'nde yaptiklar caligmalarinda kig do-
neminde Copepod’ da 3 tir (Acanthocylops ro-
bustrus, Acanhodiaptomus denticornis, Cyclops
vicinus) belirlemiglerdir. Bulut ve Saler (2014),
Murat Nehri’nde (Elazig-Palu ilge merkezi sinir-
lar1 igindeki boliimiinde) Cyclops vicinus’u 2012
kis doneminde Ocak ay1 hari¢ diger aylarda tespit
etmislerdir. Bu calismada ise, ki doneminin tiim
aylarinda da rastlanmistir.
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Tablo 1. Bingo6l Yizen Adalar’a ait 6lcimler (Dogan Demir vd., 2013).

Table 1. Measures of Bingol Floating Islands

Ylzen Adalar K?élrg;lk ,(Arlnazr;
Agach Ada 192 66.23
Cahh Ada 91 32.25
Cimenli Ada 85 22.63

Tablo 2.  Bingol Yiizen Adalar suyunun kis donemine aitt bazi fiziksel ve kimyasal parametreleri

Table 2. Physical and chemical parameters of Bingol Floating Islands

PARAMETRE Aralik Ocak Subat
Sicaklik (° C) 8 05 0.9
PH 7.1 7.3 7.8
EC(us/cm) 573 516 520
AKM (mg/It) 25.2 21.4 23.15
TCM (mg/lt) 366.72 33024  332.8

Tablo 3. Bingél Yiizen Adalar kis donemi zooplankton faunasi

Table 3. Winter season zooplankton fauna of Bingol Floating Islands

SUBE: ROTIFERA Turler Aralik | Ocak | Subat
Sinif: Eurotatoria Brachionus rubens + + +
Takim: Ploimia Brachionus quadridentatus |+ + +
Keratella quadrata + + +
S - Keratella cochlearis + + -
Familya:Brachionidae Notholca acuminata " " n
Notholca squamula - + +
Familya: Gastrapodidae Ascomorpha saltants + + +
Familya: Asplanchnidae Asplanchna sieboldi + + +
Asplanchna priodonta + + -
Familya: Synchaetidae Polyarthra dolichoptera + + +
Familya: Notommatidae Cephalodella gibba + + -
Familya: Hexarthridae Hexarthra fennica + + +
Familya: Synchaetidae Synchaeta pectinata + + +
Familya: Trichocercidae Trichocerca capucina + + +
SUBE: ARTHROPODA
Altsube: Crustacea
Sinif:Brahchiopoda Bosmina longirostris + - -
Takim: Cladocera
Familya: Bosminidae
Familya: Daphniidae Daphinia sp. + + +
Familya: Sididae Diaphanosoma brachyurum |+ + +
Simif: Copepoda
Takim: Cyclopoida Cyclops vicinus + + +
Familya: Cyclopidae
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Sonug

Bingol Yiizen Adalar’da kis doneminde kaydedi-
len zooplankton faunasimi belirlemeye yonelik
olan bu calisma, birer doga harikas1 olan Yiizen
Adalarin ekolojisine dair ilk ¢aligsma ve ilk kayit-
larin verilmesi bakimindan 6nem tasimaktadir.
Yiizen Adalar’in ekolojisini ve planktonik orga-
nizmalarmin tiir ¢esitligini belirlemeye yonelik
arastirmalara rastlanmamistir. Bu agidan Yiizen
Adalar’in bulundugu su kiitlelerinin belirli do-
nemlerde ekolojisini ve yapisini anlamaya, yone-
lik ¢aligmalara ve bu alanlarin daha verimli eko-
lojisini bozmadan nasil degerlendirilebilecegine
katki saglayacagini diisiinmekteyiz. Bu caligma
sonucunda, kis doneminde kaydedilen tiirler de-
gerlendirildiginde, Bing6l Yiizen Adalar’in Gtro-
fik, organik madde bakimindan ¢ok zengin ve ve-
rimli bir su kalitesine sahip oldugu sonucuna va-
rilmigtir.
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Abstract:

In this study, growth performance, haematological and
non specific immune system parameters of Nile Tilap-
ia (Oreochromis niloticus L., 1758) fed with diets
which contain different levels of (0; 5.0; 7.5 and 10.0
g/kg) spirulina (Spirulina platensis) were investigated.
At the end of the feeding experiment (75 days), total
erythrocyte (RBC) and leukocyte counts (WBC),
hematocrit (Hct), hemoglobin (Hb), leukocyte cell
types (monocyte, lymphocyte, neutrophil, eosinophyl),
RBC indices (MCV, MCH, MCHC) and phagocytic
activity of blood taken from fish were determined in a
certain period. According to the results, the addition of
5.0 g/kg spirulina in diet highly increased the phago-
cytic activity of neutrophils and monocytes and also
the addition of 7.5 g/kg of spirulina in diet increased
the amounts of RBC and WBC.

Consequently, these two levels of spirulina can be
used as a protective agent against diseases by support-
ing the fish immune system.

Keywords:  Spirulina platensis, Haematology, Non-
Specific Immune Response,
Oreochromis niloticus.
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Introduction

In fish hatcheries, the indiscriminate use of anti-
biotics in prophylactic treatment has led to the
development of the resistent strains and the need
to swicth over to other antibiotics. The antibiotics
also may reduce the larval growth and inhibit de-
fence mechanisms of the fish larvae (Citarasu,
2010).

For this reason, prevention of insensible applica-
tion of medication, focusing on prophylactic drug
applications, improving the immune system of
the organism and to include high protein content
alternative additives in fish food rations is very
important from the health and the growth perfor-
mance of the organism.

Spirulina (Spirulina platensis), used in this re-
search, is a blue-green filamentous algae and play
an important role on phagocytic activity of mac-
rophages, stimulate of antibodies, antibacterial
effect and non-specific immune system (Wa-
tanuki et al., 2006; Hirohashi et al., 2002).

In this study investigated growth, the non-
specific immune function and haematological ef-
fects of spirulina (0; 5; 7.5 and 10 g/kg) in Nile
Tilapia (O.niloticus).

Materials and Methods

Experimental design and fish materials

This experiment was conducted in Dr. Nazmi
Tekelioglu Freshwater Research Station of Cuku-
rova University, Faculty of Fisheries. The three
hundred of Oreochromis niloticus (initial mean
weights; 10.00 £0.98 g) were randomly 20 fish
stocked into 12 net cages (1x1x1 m sizes) as
three replicates during 75 days. The fish were fed
two times a day with different levels of spirulina
(0; 5.0; 7.5 and 10.0 g/kg) diets during the whole
experimental period.

Experimental diets

Spirulina culture: Microalgae Spirulina platen-
sis stock cultures were maintained at 24 +2°C on
continuous illumination ~ with  flourescent
(Philipswhite, 36 watt) lights in erlenmayers (250
mL, 500 mL, 2 L) and carboys (5 L and 10 L) in
laboratory conditions. Their radiance, as meas-
ured by a Radiation Sensor LI-COR (LI-250),
was 80 pmol. Photon. m2s?. The stock cultures
were grown in spirulina medium (Boussiba et al.,
1992).
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Formulation of the experimental diets are pre-
sented in Table 1. Four isonitrogenic (35% crude
protein) and isolipidic (10% crude lipid) diets
were used. Also, different levels (0; 5.0; 7.5 and
10.0 g/kg) of Spirulina platensis powder added to
diets, air dried and stored at 4 °C during the ex-
periment.

Moisture and ash contents were determined
according to AOAC, 1995. The protein and lipid
contents of samples were determined using
Kjeldahl, Blingh and Dyer (1959) methods
(chloroform/methanol; 2:1, vol/vol), respectively
(Mattisek et al., 1988).

Somatic indexes, haematological and non-
specific immune analysis

After 75 days of feeding, 15 fish from each ex-
perimental diet were collected then weighed their
viscera and livers in order to find somatic index-
es. Before the haematological and non-specific
immune analysis, fish in all groups were anaes-
thetized with Quinaldine sulphate (20 ml/L 4-5
dk.) (Sigma Chemical Co., Germany).

After the blood samples were taken from the
caudal vein using a syringe from anaesthetized
fish and transferred into tubes with EDTA and
stored at 4°C. RBC and WBC were counted us-
ing Natt-Herrick solution and Thoma microslide.
Cyanmethaemoglobin  and  microhaematocrit
methods were used to determine Hb and Hct
(Blaxhall and Daisley, 1973; Tanyer, 1985).
MCV (Mean Corpuscular Volume) (p®), MCH
(Mean Corpuscular Haemoglobin) (pg) and
MCHC (Mean Corpuscular Haemoglobin Con-
centration) were calculated according to Mum-
ford et al., 1994.

The oxidative radical production of phagocytes
was measured by spectrophotometric assay of ni-
troblue tetrazolium (NBT) activity (Siwicki and
Anderson, 1993). Peripheric blood smears (PBS)
were stained with the mixture of May-Grinwald
and Giemsa. Percentages of leukocyte cell types
were determined using these preparations (Mum-
ford et al., 1994).
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Table 1. Experimental Diet Groups

Ingredients (g/kg) Control Spirulin
5.0 (g/kg) 7.5 (9/kg) 10 (g/kg)
Fish meal 425 425 425 425
Wheat meal 245 245 245 245
Corn meal 130 130 130 130
Dextrin 80 80 80 80
Fish oil+Sunflower oil (1:1) 50 50 50 50
CMC 20 15 12,5 10
DCP 10 10 10 10
Vit Mix 20 20 20 20
Min Mix 20 20 20 20
Spirulina 0 5.0 75 10
Chemical composition (% in dry matter)
Ash 12.37 11.91 11.91 11.84
Moisture 6.30 5.86 6,42 571
Protein 34.70 35.20 35.67 35.91
Lipid 10.45 10.12 10.13 10.34
Table 2. Some Growth Parameters of Tilapia (average initial body weight, 10.00+0.98 g)
Parameters Control Spirulina
5.0 (g/kg) 7.5 (g/kg) 10 (g/kg)
FBW 49.88+1.67° 43.21+4 457 44.67+1.08° 42.58+2.38°
FE? 0.71+0.04° 0.83+0.16° 0.65:+0.05% 0.78+0.14
SGR? 2.14+0.04° 1.94+0.13 1.99+0.03% 1.92+0.07°
VSl 8.88+0.58 7.8740.51 7.92+0.55 7.78+0.52
HSI5 3.87+0.25 3.43+0.46 3.95+0.35 3.32+0.27

1 Values are means+ SD. Values in the same line with different superscript are significantly different (p < 0.05).
2Feed Efficiency=Wet weight gain/dry feed intake

33pecific Growth Rate=100x[In(final body weight ((FBW))-In( initial body weight (IBW))]/day
4Viscerasomatic Index=100 x (Visceral area lipid weight/FBW). Initial level was: 7,95+1,08

SHepatosomatic Index=100x(Liver weight/FBW). Initial level was: 1,16+0,47

135



Journal of Aquaculture Engineering and Fisheries Research

Journal abbreviation: J Aquacult Eng Fish Res

Statistical analysis

The data obtained from the experimentation were
evaluated using SPSS 15.0 Windows software
package.

Results and Discussion
Results

The oxygen level, water temperature and pH val-
ues were respectively measured as 6.9 £1 mg/L,
23.3+1land 7.5 +1 °C.

Table 2, shows the final body weight (FBW),
feed efficiency (FE), specific growth rate (SGR),
visceral somatic index (VSI) and hepatosomatic
index (HSI) of tilapia with the experimental diets
featuring different spirulina levels during 75
days. According the results, FBW and SGR val-
ues were statistically different in between control
and experimental groups among the groups
(P<0.05). The other parameters (FE, VSI and
HSI) showed no significant differences among
the groups (P>0.05).

Haematological and Non-Specific Immune
Parameters

The values of health indicators in fish such as the
RBC, Hct and Hb levels and the RBC indices
were displayed in the Table 3. The highest RBC
amount was determined in fish fed with 7.5g of
spirulina. Hct amount was significantly higher in
groups fed with 10 g spirulina (P<0.05). The
MCV was identified to significantly lowest in the
group fed with 7,5 g spirulina and MCH was fo-
und to significantly lowest in the groups fed with
5 and 7.5 g spirulina (P<0.05). MCHC was found
to be significantly lowest in groups fed with 5.0
and 10 g spirulina (P<0.05).

The highest NBT activity values were obtained at
5.0 g/kg of dietary spirulina, mean while the low-
est value was obtained at 10 g/kg. The NBT ac-
tivity of fish fed diets containing 5% spirulina
was significant difference from those at the all
groups (P<0.05).

Leukocytes, which are the cellular elements of
the immune system in fish, were determined to be
present in elevated levels in fish fed with 7.5 g/kg
spirulina whereas the lymphocyte and eosinophil
cell concentrations were significantly higher in
the groups fed with 5.0 and 10 g/kg of spirulina.
The concentration of neutrophils functioning in
phagocytosis did not display a significant differ-
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ence between different groups whereas the mon-
ocyte level was lower in the group fed with 5.0
g/kg of spirulina (Table 4). The stained blood
photos were shown in Figure 1.

In various published studies have been shown
significant therapeutic effects of Spirulina or its
extracts on animals and humans (Watanuki et al.,
2006). Latest, Spirulina has been suggested as
immunomodulatory, especially, associated with
non-specific immune system (Duncan and
Klesius, 1996; Watanuki et al., 2006; Abdel-
Tawwab and Ahmad, 2009). Blackmoli (Poecilia
latipinna) larvae were tested using four different
types of foods. Larvae were fed microalgae Spir-
ulina, rotifer Brachionus plicatilis, Artemia and
an artificial diet. At the end of 21 days of culture
period the best performance in the form of live
weight gain and survival rate of larvae was ob-
served on spirulina diet (Tekelioglu et al., 2005).

Growth performance results from this study indi-
cated that Oreochromis niloticus had an optimum
growth. Ogunji et al. (2008) have used the same
species (initial weight; 2.85 g) in their study.
They found the final body weight between 119 to
16 g in 56 days experimental period. Generally
feed efficiency values for tilapias range between
0.65 and 0.80 for fish fed well prepared feeds (De
Silva and Anderson, 1995). Our results have an
acceptable growth and feed utilization values
compared with the previous results.

Spirulina platensis is widely used in many coun-
tries as a health food due to its protein content
and biochemical substances for immune system
(Richmond, 1992). Clarias gariepinus, which re-
ceived feed 5% spirulina had higher values for
red and white blood cell counts and the lysozyme
activity. The present study found that fish fed
with 5% spirulina exhibited higher red and white
blood cell counts and a higher immunity stimulat-
ing capacity (Promya and Chitmanat, 2011).

RBC, Hb and Hct values were determined to be
very high in Tilapia fed with 7.5 and 10 g of
spirulina. The studies conducted in recent years
indicated the positive effects of feeding 7.5 and
10 g of spirulina on health indicators of fish such
as the RBC indices and amounts (Duncan and
Klesius, 1996).
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Table.3 Haematological Parameters of Tilapia

Spirulina
Parameters Control 5.0 (g/kq) 75 (g/kq) 10 (g/kq)
RBC (108/mm?3) 2.34 £0.272 3.15 +0.25° 3.61 +0.05°¢ 3.08 +0.18°

Hct (%) 33.08 £2.37¢ 34.79 +2.582 34.37 £3.352 38.00 +1.70°
Hb (g/dL) 10.34 +0.59° 9.71 +0.792 10.57 +0.60° 10.69 +0.52°
MCV (1) 142.75 +18.76¢ 111.04 +10.45° 95.25 +9.50°8 123.80 £9.74°
MCH ( Pg) 44.63 £5.66° 31.08 £3.932 29.27 £1.582 34.77 £2.00°
MCHC (% g) 31.35+2.23° 28.11 £3.55¢2 30.98 +3.36° 28.17 £1.807

Values are means+ SD. Values in the same line with different superscript are significantly different (p<0.05).

Table.4 Non-Specific Immune Parameters of Tilapia

Spirulina

Parameters Control 5.0 (g/kg) 75 (g/kg) 10 (g/kg)
NBT (mg/mL) 1.22 £0.422 1.60 +0.21° 1.15 +0.162 0.95 +0.192
Leukocyte (x10%/mm?) 23.31 +0.82? 25.31 +1.85° 35.68 +1.00°¢ 24.77 £1.92°
Lymphocyte (%) 79.67 £2.41° 84.99 +3.81° 80.48 +1.77° 83.84 +2.96°
Monocyte (%) 17.60 +2.00° 11.39 +1.832 17.38 +1.47° 13.53 +2.30¢
Neutrophil (%) 2.38 £0.45% 2.42 £1.012 1.99 +0.69% 1.81 £0.642
Eosinophil (%) 0.60 +0.882 1.97 +0.46° 0.71 +0.212 0.82 +0.38°

Values are means+ SD. Values in the same line with different superscript are significantly different (p<0.05).

E: Erythrocyte M: Monocyte L: Lymphocyte
Figure. 1 The Blood Cells in Tilapia Fed with Different Levels of Spirulina
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The innate cellular immune system plays an es-
sential role in host-defense mechanisms. As
Siwicki and Studnicka, 1987 indicated that this
cellular immune system includes the phagocytic
cells such as monocytes/macrophages and neu-
trophils which play a fundamental role in protec-
tion and survival during adverse conditions.

Phagocytosis in fish is the primary mechanism of
the non-specific immune response to pathogenic
microorganisms. The NBT activity test is one of
the methods used to assess the phagocytic activi-
ty of neutrophils and monocytes (Siwicki and
Anderson, 1993). Abdel-Tawwab and Ahmad
(2009) indicated that tilapia fed diets containing
7.5 and 10g/kg spirulina showed a significant in-
crease in NBT values. In the present study, NBT
activity was significantly increased 5.0 g/kg of
dietary spirulina indicating an improved non spe-
cific immune response of the fish. These facts
support the present finding that lymphocyte and
eosinophils also showed significant difference at
5.0 g/kg of dietary spirulina (p<0.05). Watanuki
et al. (2006), investigated the effect of feeding
carp infected with Aeromonas hydrophila with
food containing Spirulina platensis on the im-
mune system. The results of the study indicated
reduced bacterial counts specifically in blood,
liver and Kidneys upon administration of spiruli-
na. Spirulina was reported to increase phagocytic
activity in blood and other tissues and were even
useful in establishing immunity upon birth in
carps. They highlighted the importance of en-
riched spirulina diets on the physiological param-
eters of fish.

Recent studies stressed the therapeutic effects of
spirulina as immunostimulant in different animal
species. Duncan and Klesius (1996), investigated
the specific and non-specific immune response of
channel catfish fed with Spirulina platensis. The
study indicated that spirulina caused increased
non-specific immune response and that they aid-
ed defense of the fish against Edwardsiella ic-
taluri. Specifically, the percent macrophage from
phagocytic cells and the number of red blood
cells were shown to display significant increase.

Several studies on Channel catfish, carp and Nile
Tilapia reported a reinforcement of the non-
specific immune system upon feeding on spiruli-
na and that spirulina acted as an immunostimula-
tor in fish.
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Conclusion

The growth performance of tilapia fed on spiruli-
na-supplemented diets was within acceptable lim-
its in the study and the total body nutrient quality
was determined to be at optimum levels. Addi-
tionally, the administration of spirulina at a con-
centration of 7.5 g/kg was shown to increase in
the erythrocyte and leukocyte concentrations that
even a lower dose of 5.0 g/kg was effective in
immune response cells.
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Abstract:

A female specimen of the Sparisoma cretense (Lin-
naeus, 1758), with 52.0 cm total length and 2200.0 g
total weight, was caught on the 26th July 2013 at Ka-
raburun (Izmir Bay, Aegean Sea). Its total length and
weight were the maximum observed values for the
species in Mediterranean Sea.

Keywords:  Mediterranean, Maximum length and
weight, Parrotfish
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Introduction

The parrotfish, Sparisoma cretense (Linnaeus,
1758) (Actinopterygii, Perciformes, Scaridae), is
an Atlanto-Mediterranean species that inhabits
rocky and sandy areas usually covered with al-
gae (Golani et al., 2006). Its habitat extends from
the 20 m depth down to 50 m (Froese & Pauly,
2013).

Parrotfish is distributed along the Turkish coasts
of Aegean (Ogretmen et al., 2005; Fricke et al.,
2007; Akyol et al., 2011) and Mediterranean Sea
(Fricke et al., 2007). It’s also recorded from
Koycegiz Lagoon/Dalyan River system by Akin
et al. (2005). Nevertheless, parrotfishes were ob-
served only rarely in the past, mostly in the Ae-
gean Sea (Akyol et al., 2011).

Very little is known about the species biology
and ecology. Due to being a target species in var-
ious fisheries, habitat loss and pollution, the par-
rotfish population has been evaluated as Endan-
gered (EN) in Turkey (Fricke et al., 2007), Least
Concern (LC) in Mediterranean (Abdul Malak et
al., 2011), and proposed for Annexes Il and V
for the EU Habitats Directive (Fricke et al.,
2007). Any biological data that can be generated,
like maximum length and weight, could be of
high value and importance.

Materials and Methods

On the 26th July 2013, one female specimen
of S. cretense (52.0 cm TL and 2200.0 g in
weight) was captured by spearfishing in a
marine cave at 19 m depth at Karaburun
(Izmir Bay, Aegean Sea). The sea tempera-
ture was 21.5 C°. The specimen’s (Figure 1)
total length was measured to the nearest cen-
timetre and weighed to the nearest gram. The
scientific name of the species was also
checked against FishBase (Froese & Pauly,
2013).

Results and Discussion

Our specimen from the Aegean Sea is close to
the maximum length ever recorded (52.2 cm TL;

Afonso et. al., 2008) (Table 1). The maximum
length reported in Froese & Pauly (2013) is 50.0
c¢cm TL and there are various studies providing
information about maximum lengths in Mediter-
ranean (Table 1). Our specimen proves that this
species can grow above the previous maximum
data found Most of the published observations of
S. cretense weremade in fisheries areas and fish-
eries pressure can lead to smaller maximum
lengths. It is a well known phenomenon, that in-
dividuals from populations exposed to high fish-
eries mortality/pressure will respond by repro-
ducing at reduced average sizes and ages (Helf-
man et al., 2009) and thus, with continued over-
fishing, maximum lengths may continue to de-
crease. In Turkey, the parrotfish has commercial
value and is one of the target species of the
small-scale fishery. So, contrary to the phenom-
enon termed "bigger-deeper” by Polloni et al.
(1979),, our relatively shallow specimen may
have reached the maximum length and weight
observed because it occupied an area not under
intensive fisheries zone. An alternative ex-
planation could be the absence of predation by
suitably large predators at this shallow depth.
Other factors that are known to influence growth
rates and maximum reached size are: tempera-
ture, food availability, nutrient availability, light
regime, oxygen, salinity, pollutants, current
speed, predator density, intra-specific social in-
teractions and genetics (Helfman et al., 2009).
These factors, often working in combination,
create large variations in size of fishes of the
same and different ages (Helfman et al., 2009)
however, they are unknown in the present case.

Maximum length is an important theoretical pa-
rameter in fisheries science. Directly and indi-
rectly, this measurement enters into most of the
models used in stock assessments. The maxi-
mum observed length is a tool used for a rapid
evaluation of growth rates in the absence of basic
data. Therefore, updating information about the
maximum size of a species which is commercial-
ly or recreationally exploited is important (Filiz,
2011).
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Table 1. Comparison of the maximum total lengths.

References n Max Length (cm)  Locality

Petrakis & Papaconstantinou (1990) - 32.0 Dodecanese (Greece)

Basusta & Erdem (2000) 2 22.8 Iskenderun Bay (esatern Mediterranean)

Stergiou & Moutopoulos (2001) 372 325 Aegean Sea (Greece)

Moutopoulos & Stergiou (2002) 22 350 Aegean Sea (Greece)

Ogretmen et al. (2005) 2 14.3 Gokova Bay (southern Aegean Sea)

Afonso et al. (2008) 645 52.2* Azores Island (Atlantic)

La Mesa et al. (2012) 6 298 I';Aampedusa' Italy (western
editerranean)

Froese & Pauly (2013) - 50.0 --

*indicates valid maximum length (Atlantic)
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Figure 1. General view of Sparisoma cretense, 52.0 cm TL and 2200.0 g, captured at Karaburun

(Izmir Bay, Aegean Sea).
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