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ABSTRACT

Subject of fuel consumption and savings in
fishing vessels which is extensively studied
in the international arena also have great
importance for Turkish fisheries. With the
widespread use of motorized fishing vessels,
it is realized that fuel costs could reach up to
50% of total fishing costs and could threaten
economic sustainability of fishing industry.
This study reviews up to date influential
fuel-saving factors in terms of operational
and technical modifications, and suggests
potential improvements to increase energy
efficiency in fishing vessels.

The most important factors in the
operational area are seen as: Energy audit,
flowmeter installation, reduction of cruising
and trawling speeds, periodical
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maintenance, and savings up to %50 are
achieved. In terms of technical
modifications: Choosing the appropriate
engine, gearbox and propeller, improving
hydrodynamic structure of vessel, and
reduction of drag force through
modernisation of fishing gears appear as
changes made in the first plan, and savings
up to %40 are achieved.

Although changes for energy saving requires
initial investment cost, it will contribute to
economic sustainability and ecosystem-
friendliness of fishing activities in the long
term.

Keywords: Fishing  vessels, fuel
consumption, energy efficiency, ecosystem
effect.
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OZET

Uluslararasi alanda yaygin sekilde incelenmekte olan balik¢1 gemilerinde yakat tiiketimi
ve tasarrufu konusu Tiirkiye balik¢iligi agisindan da biiyiik 6nem arz etmektedir.
Motorize teknelerin yayginlagsmasiyla, yakit giderleri toplam balik¢ilik giderlerinin
%50’sine kadar ¢ikabilmekte ve balikgilik sektoriinde ekonomik siirdiirebilirligi tehdit
etmektedir. Bu calisma yakit tasarrufuna etki eden faktorleri isletimsel ve teknik
degisiklikler Uzerinden derlemekte ve balik¢i gemilerinde enerji etkinligini arttirmaya
yonelik potansiyel iyilestirmeler 6nermektedir.

Isletimsel alanda en onemli faktdrlerin; enerji etiidii, yakit sayaci takilmasi, seyir ve
cekim hizinin azaltilmasi, periyodik bakimlarin yapilmasi oldugu goriilmiis ve %50’ye
varan tasarruf elde edilmistir. Teknik degisikliklerde ise; uygun makine, sanziman ve
pervanenin segilmesi, teknenin hidrodinamik yapisinin iyilestirilmesi, av araglarinin
modernizasyonu ile sliriiklenme kuvvetinin azaltilmasi 6n planda yapilan degisiklikler
olarak ortaya ¢ikmistir ve %40’a varan tasarruf elde edilmistir.

Enerji tasarrufuna yonelik degisimler ilk asamada yatinm maliyeti gerektirse de uzun
vadede balik¢iligin ekonomik siirdiiriilebilirligine ve ekosistem dostu bir faaliyet
olmasina katk1 saglayacaktir.

Anahtar s6zcikler: Balik¢1 gemileri, yakit tiiketimi, enerji etkinligi, ekosistem etkisi.

1. GIRIS

Diinyada avcilik yolu ile iiretilen toplam
balik miktari, filo kapasitesinin biiylimesi
ve  teknolojik  gelismelere  ragmen
artmamaktadir. Sektérde, maliyetlerdeki
petrol tirevi kalemlerin (yakit, ag vb.) artisi
ve daha wuzak av sahalarinda avcilik

faaliyetleri ~ gibi  balikgt  davranisi
degisikliklerinden kaynakl giderler
yikselmektedir.  Unal  (2002)  yakat

giderlerinin birgok etkene bagli oldugunu
belirtmis ve bu nedenle her bir tekne i¢in
ayrica hesaplanmasi zorunlulugunu ortaya
koymustur. Ticari balikcilikta yakit
giderleri toplam maliyetin  %25-50’sini
olusturmaktadir (Tyedmers., 2001; Lam
vd., 2011; Gaston vd., 2012; Cheilari vd.,
2013; FAO, 2014). 2000 yili i¢in yapilan
hesaplamalarda, kuresel olarak 80 milyon
ton iriin elde edilirken, yaklasik 50 milyar
litre yakit kullanildigi, bunun da diinya
petrol tiiketiminin yaklasitk %1,2 sini

olusturdugu gorilmektedir (Tyedmers vd.,
2005). Ayrica artan g¢evre bilinci ile birlikte
baligin hangi av araciyla yakalandigi, av
aracinin  yakit tiiketimi ve ekosisteme
saldig1 zararli gazlarin etkisi gibi konular da
Onem kazanmaktadir. TUm bu nedenlerle,
yakit tiketiminin tespiti ve azaltilmasi
balik¢ilik arastirmalarinin 6nemli konulari
arasinda yerini almistir.

Diinya genelinde yakit fiyatlari bazi
dalgalanmalarla birlikte bir artis egilimi
gostermektedir (Sekil 1). Ozellikle 2006-
2008 yillar1 arasinda meydana gelen fiyat
artiglart, balik¢ilikta yakit bagimliliginin
yeniden gundeme gelmesine ve enerji
tasarrufunun 6nemine dikkatleri ¢ekmistir
(Salz, 2006; Parente vd, 2008; Priour, 2009;
Driscoll ve Tyedmers, 2010; Suuronen vd.,
2012). Bu artiglar balik¢iligin ekonomik
stirdiirtilebilirligini tehdit etmektedir (Beare
ve McKenzie, 2006; Beare ve Machiels,
2012; Basurko vd., 2012; FAO, 2012a:
2012b; Vilaespasa vd., 2010; Marlen ve
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Salz, 2010; Eayrs vd., 2012). Cunki
avlanan {riinlin satis fiyatlar1  yakit
fiyatlarindaki artisin gerisinde kalmaktadir.
Omegin Avrupa’da 54 farkli balike
filosunu kapsayan bir analizde 2002 yilinda
yakit giderleri, triinlerin ilk satig fiyatinin
%14’UnU olusturmaktayken, 2008 yilinda
bu oran %20’ye yikselmistir (Cheilari vd.,

2013).

Farkli tip Dbalik¢1 gemilerinde yakit
kullanimmin  tespitine  yonelik  ilk
caligmalar, 1970’lerdeki petrol krizini

takiben baslamis, (Thomas vd., 2010),
nispeten duragan bir ddonemden sonra, 2006
yilinda Briiksel’de gerceklestirilen
‘Balik¢ilikta Enerji Etkinligi Konferansi’ ile
onemli bir ivme kazanmistir. Bu

konferansta ‘Balik¢iligin ¢ok yakit tiiketen
bir faaliyet olmaya devam edecegi ve
filonun yiiksek yakit fiyatlarina uyum
saglamak zorunda oldugu’ sonucuna
ulagilmistir. Polet vd. (2006) bazi tasarruf
onlemleri ve av araglarina yapilacak teknik
degisikliklerle stirdiiriilebilirligin
saglanabilecegini belirtmislerdir.
Calismalar genel olarak isletimsel ve teknik
olmak (zere iki alt baslikta ele alinmustir.
Bu derleme ‘Balikgilikta Yakat Tiiketimi ve
Tasarrufu’ icerikli agik kaynak ulasimi ile
elde edilmis ulusal ve uluslararasi tiim
eserleri kapsamakla beraber bunlara ait
temel bulgulart sunmay1 ve literatirdeki
bosluklara dikkat ¢ekmeyi amaglamaktadir.

4.5 -

3.5 -

2.5 -

1.5 -

Dizel galon fiyat1 (Dolar)

0.5 -

2000 2002 2004 2006

2008
Yil

2010 2012 2014 2016 2018

Sekil 1. 2000-2018 arasinda ortalama dizel yakit fiyatlar1 (energy.gov)

2. ISLETIMSEL OLARAK
YAPILABILECEK UYGULAMALAR

Baliker teknelerini yakit tiketimi yoninden
genellikle verimsiz olarak nitelendirmek
miimkiindiir. Bu degerlendirmenin en
yaygin nedeni ise genellikle balike1
teknelerinin eski tip donanimlara sahip
olmast ve enerjinin dogru
kullanilmamasidir (Notti vd., 2012). Enerji
etidu (energy audit) (Thomas vd., 2010),
gemide enerji tuketimini azaltmak ve
mevcut gelisme potansiyelini
degerlendirmek, enerjinin nasil

degistirildigini ve gemide nasil

10

kullanildigin1 analiz etmek i¢in kullanilan
en etkili ydntemlerden biridir. lyi
planlanmus bir enerji etiidil, gemiye yatirilan
birim para i¢in en iyi yatirim getirisini
garanti eder (Solla vd., 2012).

Modern balik¢ilik yontem ve araglarinin
kullanilmasmin yaninda isletenin en iyi
sartlarda gemiyi ve av araglarini kullanmasi
icin teknolojik cihazlarin yardimi 6nemli bir
faktor olarak ortaya c¢ikmaktadir. Balike1
gemilerinin  farkli  durumlarda enerji
tiiketimlerini belirlemek amaciyla, ¢alisma
stresi ve geminin o andaki hiziyla birlikte
yakit Ol¢im ve goriintiileme imkani veren
sistemler bulunmaktadir. Sala vd. (2011),
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CorFu-m olarak adlandirdiklar: sistemi
yari-pelajik iki trol gemisinde uygulamis,
seyir hizindaki 0,5 knot’lik bir azalma ile
%10-15 arasinda yakit tasarrufu elde
etmislerdir. Sistemin amaci1 isletimsel
verilerin toplanip incelenmesiyle geminin
en uygun sartlarda caligtirilmasidir. Clnk
etkin isletme tiim verilerin dikkate alinarak
ideal yakit tiiketiminin hangi sartlarda
oldugunu tespit etmek ile mimkin
olabilmektedir (Notti vd., 2012; Poos vd.,

2013). Yakit debisi 0Ol¢iim cihazi
(flowmetre), takometre, kiiresel konumlama
cihazi, ¢ok kanalli kayit ve goriintiileme
aygitlart  gibi cihazlar bu amagclarla

kullanilmaktadir. Ozellikle girgir ve trol
gibi uzun ve dlzensiz seferleri olan gemiler
icin enerji etutleri ile birlikte yakat tiketimi
izleme ve kontrol sistemleri dnerilmektedir
(Basurko vd., 2012). Sekil 2’de ornek
izleme ve kontrol cihazlar1 goriilmektedir.

Sekil 2. (a) Yakit tliiketimi Slgiimii icin kiitle akis1 sensorleri; (b) Yakit tliketiminin
gorsellestirilmesi i¢in geminin koprii {istiine monte edilmis ¢ok kanalli kaydedici; (c) GPS

veri kayit cihazi (Sala vd., 2010)

Yapilan arastirmalarin genelinde isletimsel
olarak o6n plana ¢ikan en Onemli
faktorlerden birinin seyir ve trol operasyonu
sirasindaki  hizin  azaltilmast  oldugu
gortlmektedir. Clinkii hiz artigiyla birlikte
yakit tiketimi katlanarak artmakta (Ronen,
1982; Tyedmers 2004; Corbett vd., 2009),
dolayisiyla seyirde veya ag ¢ekimi sirasinda
tatbik edilen hizin azaltilmasi ile maliyet
diistiriilebilmektedir  (Rossiter, 2006;
Abernethy vd., 2010). Trol gemisinde
¢cekim hizlarin optimize edilmesi ile farkl
caligmalarda  %13-18 arasinda  yakat
tasarrufu elde edilmistir (Parente vd., 2008;
Vilaespasa vd., 2010). Makine kullanim
degerleri lizerinden yapilan hesaplarla seyir
hizinin  optimize edilmesi ile 9%35,6
(Laurens ve Dasira, 2014) tasarruf
ongoriiliitken  benzer bir  calismada
modelleme yontemi ile %40’a (Poos vd.,
2013) varan tasarrufu hesaplanmistir.
Avustralya ticari  balik¢ilik  filosunda
yapilan bir enerji etlidii calismasinda ise, sac
bir Danimarka 18rib1 gemisi i¢in seyir hizi
azaltilmasimin en etkili enerji tasarrufu
yontemi oldugu ve ‘yakit gideri / kazang’

11

oraninin en iyl degere ulastig
edilmistir (Thomas vd., 2010).

Gemilerin kullandig1 ana makineler sevk ve
saft  sistemleri i¢cin  temel  unsur
niteligindedir ve geminin enerji tiiketiminde
en 6nemli etkenlerden biridir. Bu nedenle
makinelerin dizenli bakimlarinin
yapilmasi, isletmenin verimliligi acisindan
da 6nemli gortilmektedir (Vugt ve Marlen,
2010; Marlen ve Salz, 2010). Ayrica gemi
makinesinin sicaklik, nem, basing gibi
caligma sartlarinin  degistirilmesi  veya
iyilestirilmesi de izlenebilecek diger bir
yoldur. Gemi makinesinin bakimli olmasi,
ornek olarak valf ayarlar1 diizgiin, filtreleri
temiz, pompa ve enjektorlerinin servis
ayarlarinda ve diizglin c¢alisir halde
tutulmas1 %4 civarinda yakit tasarrufu
saglamaktadir (Johnson, 2011). Yeni ve
yakit verimi daha yiksek, elektronik
enjeksiyonlu ve daha kicuk bir gemi
makinesi ile de yillik %17,4’e varan yakit
tasarrufu elde edilebilmektedir (Thomas
vd., 2010). Makine yenilenmesi yiksek
maliyete sahip olsa da giivenilirlik ve bakim
ihtiyacinin =~ azligi  nedeniyle  daha

tespit
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avantajlidir.

Her balik¢i gemisinin  kendine 0zgii
avlanma ve seyir yontemleri bulunmaktadir.
Bu yontemler kullanicinin tercihlerine ve
gemi tipine gore enerji sarfiyatinda
farkliliklar gosterebilmektedir. Demirci ve
Karagiizel (2018), Iskenderun kérfezinde
yaptiklari bolgesel yakit analizi
caligmasinda farkli tip balik¢t gemilerinin
yakit  tiiketimleri  arasinda  yiiksek
farkliliklar oldugunu belirtmiglerdir. Bu
nedenle yapilan caligmalar gostermektedir
ki, limana yakin ¢alisma, gerektiginde hedef
turdn degistirilmesi ve ‘bireysel tabanli
modeller’ kullanilarak tekneye 6zgii etkin
avcilik faaliyetlerinin kullanilmasi enerji
verimliligi acisindan yapilabilecek
degisiklikler olarak goriilmiistiir (Bastardie
vd., 2010; Johnson, 2011; Poos vd., 2013).

3. TEKNIK OLARAK
YAPILABILECEK UYGULAMALAR

Teknik degisiklikler bu ¢aligmada av araci,
gemi yapist ve makinesi, alternatif enerji
kaynaklart alt basliklarina ayrilmistir.
Asagida her ne kadar degisiklikler ayri
boliimler icerisinde aktarilmaya caligilmig
olsa da konuda mevcut literatiiriin yapisi
geregi bazi degiskenler kendi basliginin
haricindeki ~ bolimlerde  de  beraber
incelenmis ve derlemede de bu sekilde
sunulmustur.

3.1 Av Araglarimin Yapisal Olarak

Degistirilmesi

Av araglar1 lizerinde yapilan calismalarin

genellikle  trol  balik¢iliginda  oldugu
goriilmektedir. Literatiirde yapilan
caligmalar ~ genel olarak trol  ag

malzemesinin veya yapisinin degistirilmesi,
kapilarin hafifletilmesi ve son olarak da tek
bir c¢alismada karsilasilan kirigli  trol
gemilerindeki degisiklikler olarak
goriilmektedir. Yakit sarfiyati az olan ve av
miktarinda istatistiksel bir fark bulunmayan
bir av aracinin daha az yakit tiikketen bir hale
getirilmesi ya da en azindan filo tarafindan
kullanilmasmin saglanmas1 hem enerji
israfin1 Onleyecek hem de olumsuz gevre
etkilerini azaltacaktir.

Bu hedefler dogrultusunda av
aracinin kismi yapisal degisikligi, tamamen
degistirilmesi veya matematiksel olarak
modellenmesi ile yakit sarfiyati azaltilmis
av araglar1 iiretilmeye calisilmaktadir. Sekil
3’te gorlilen calisma kapsaminda sonlu
elemanlar yontemi (Finite Element Method)
kullanilarak ti¢  boyutlu hesaplamalar
yardimiyla pelajik ve dip trol agilarinin suya
kars1 direnci azaltilip, taradigr alanin
arttirilmasiyla pelajik trol aginda birim
alana diisen kuvvet %43, dip troliinde ise
%27 azaltilmistir (Priour, 2009).

Sekil 3. Referans trol (solda) ve optimize edilmis trol (sagda) (Priour, 2009)

2000 yilinda yayinlanan bir calismada,
stirtiklenme direncinin %68’inin trol aginin
kendisinden, %24 {iniin trol kapilarindan ve
%8’inin  palamar ve celik halatlardan
kaynaklandigr goriilmektedir (Kunjipalu,

12

2000). Trol agmin en Onemli direng
bolgelerinin ise troliin 6n kisimlari olan
kanat, omuz ve karin kisimlari oldugu
belirtilmistir (Sala vd., 2008). Agn
tasarimin1 ~ optimize  edecek  sayisal
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hesaplamalarla, struklenme kuvvetinin
azaltilmasiyla %13-38 arasinda yakit
tasarruf degerleri elde edilmistir (Verhulst
ve Jochems, 1993; Sala vd., 2002: 2008;
Parente vd., 2008; Khaled ve Priour, 2010;
Priour, 2012; Balash ve Sterling, 2012).
Agin hangi materyalden yapildigi, kendi
agirhgimin  ve suyun ag lzerindeki
stirtiklenmesinin yarattig1 direncin
azaltilmas1 av araclar1 lizerine c¢alisilan
diger bir énemli konudur. italya’da yapilan
bir caligmada demersal trol gemileri i¢in ag
gbzlerinin  biylitiilmesi ve kanatlarin
yapisinin degistirilmesiyle ayni
dayaniklilikta daha ince ip kalinligina sahip
Dyneema® (Ultra Yulksek  Molekil

Agirlikli Polietilen) kullanilarak %30 yakat
tasarrufu elde edilmistir (Sala vd., 2008).
Sekil 4’te Dyneema® olarak adlandirilan
yikksek yogunluklu diisiik agirliga ve su
cekimine sahip halat goriilmektedir.

Sekil 4. Dyneema® halat yukarda yeni ve
asagida bir yil kullanilmis (Hansen vd.,
2013)

direng
Kapilarin
hafifletilmesi
Uzerinde

Kapilar, trollerin temel
kaynaklarindan biridir.
tasariminin  degistirilmesi,
velveya zeminin biraz

calistirilmasiyla direnci azaltilabilmektedir.

Literatirde  kapt  degisiminin  enerji
tasarrufuna etkisi agdaki diger
degisikliklerle  birlikte  incelenmistir.

Yapilan calismalar gostermektedir ki Kuzey
Denizi, Hint Okyanusu ve Amerika Birlesik
Devletleri gibi farkli bolgelerde yapilan
calismalarda, Ultra Yiiksek Molekiil
Agirlikli Polietilen ag malzemesi ve yari
pelajik kap1 ayn1 anda kullanilarak %28-40
arasinda yakit tasarrufu elde
edilebilmektedir [Vincent ve Roullot, 2006;
Eayrs vd., 2012; Hansen vd., 2013).
Ozellikle boyut olarak kiiciik ve yar1 pelajik
olarak belirtilen kapilar bu tasarrufta etkin
rol oynamaktadir.

Algarnalar yogun dip temasindan dolay1
yakit tiketimi en yiiksek olan av
araclarindandir. Hollanda’da  geleneksel
algarnalara alternatif olarak gelistirilen ve
elektrik akimi kullanarak baligin zeminden
yiikselip aga girmesini saglayan ‘Pulse
Trol’in %45-50 daha az yakat tiikkettigi, net
gelir miktarinda belirgin artis sagladig1 ve
ekosistem etkisinin daha disiik oldugu
bildirilmistir (Taal ve Hoefnagel, 2010;
Marlen, 2012). Karadeniz’de deniz
salyangozu avciliginda kullanilan {i¢ farkli
kizaga sahip algarna ile (Sekil 5’te bir adet
geleneksel, T ve iki adet yapisal degisiklik
yapilmis, M-1 ve M-2) vyapilan bir
calisgmada ise yakit Ol¢lim cihazi ve
kuvvetdlcer  kullanilarak  iki  farkl
zemindeki (kumlu ve kumlu-¢camurlu) yakit
tiikketim ve direng degerleri
karsilastirilmistir (Kaykag vd., 2017).
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Sekil 5. A) Geleneksel (T), B) M-1 C) M-2 (Kaykag¢ vd., 2017)
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Tiirkiye sularinda balik¢1 gemilerinde yakit
etkinligi konusunda yapilmis ve
yayinlanmis ilk eser olarak dikkat ¢ceken bu
calismada, M-1 her iki zeminde, sabit devir
sayist ve c¢ekim hizinda en diisiikk yakat

tiketimine sahip kizak olarak tespit
edilmistir (Kaykac vd., 2017).

3.2 Tekne Karinasimin Temizligi
Strtinme  kuvveti  konusunda  yakat

tiketimine en fazla etkiye sahip olan
faktorlerden bir tanesi karina bdlgesinde
meydana gelen kirliliktir. Karina temizligi
ve kirlenmeyi 6nleyici boyalar (antifouling)
yapilmadiginda istenilen hizlara
ulagabilmek icin daha fazla yakit
kullanilmasi1 kaginilmazdir (Poloczanska
vd., 2011; Schultz vd., 2011). Ayrica seyir
hizinda, yogun olarak kirlenmis gemi
karinasinin =~ %86, hafif kirlenmis bir
karinanin ise %10-16 arasinda gii¢ kaybina
neden olacag bildirilmistir (Schultz, 2007).
Kiigiik  balikgt  gemilerinde  karina
kirlenmesi nedeniyle bir ayda yakit
tiketiminin %7, alt1 ayda %44 oraninda
artirabilecegi belirtilmistir (Wilson, 1999).
Konuyla ilgili denizcilik literatliriinde
caligmalar olsa da balik¢1 gemilerine ait
yayimlanmis eserler sinirli sayidadir.

3.3 Pervane, Dumen ve Geminin Govde
Hidrodinamik Yapisinin Degistirilmesi

Pervane ve diimen sistemlerinin en buyuk
enerji ~ kaybinin  gergeklestigi  gemi
boéliimlerinden oldugu diisiiniildiiglinden,
bu kisimlarla ilgili akiskanlar dinamigi
calismalar1 dikkat cekmektedir. Alternatif
bir diimen geometrisi {izerine yapilan
hesaplamalar ve akinti tanklari
denemelerinde %5’e varan tasarruf elde
edilmistir (Collazo vd., 2010). Ayrica nozul
sistemi  kullanim1 ile pervanenin itme
glcunde %10-26 arasinda degisen artis
ortaya koyulmustur (Messina, 2006; Notti
ve Sala, 2012; Laurens ve Dasira, 2014).
Haimov vd. (2010) nozul sistemi
kullannominin pervanedeki kavitasyonu ve
geminin titresimini azaltip, seyir hizin
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arttiracagini bildirmislerdir. Akint1 tankinda
yapilan testlerle; geminin hidrodinamik
govde yapisi, pervanesi ve diimeninde
yapilan diizenlemelerle toplamda %50’ye
varan yakit tasarrufu elde edilecegi
akiskanlar dinamigi hesaplamalariyla ortaya
koyulmustur (Rihan vd., 2010; Sarasquete
vd., 2012).

Pervanelerin kanat sekilleri geleneksel
sistemde sabit olmakla beraber hareketli

kanat acgisina  sahip modelleri de
bulunmaktadir. Hareketli sistemin sabit
kanatli sisteme gore %6-15 arasinda

avantajli oldugu, ayrica pervane ve makine
arasindaki  devir  dislirlicii  sistemin
kademesinin arttirilmasiyla da  %5-12
arasinda yakit tasarrufu elde edilecegi
belirtilmistir (Vilaespasa vd., 2010).
Pervanenin boyutu, kanat sayisi, kanat
alani1 orani ve makine devrine uygunlugu da
onemli  bir  faktordir. En  verimli
pervanenin; kanat sayisi, kanat alan1 orani
ve gemiye Klerensi en az olan tipte ve devri
en diisik olan oldugu disiiniilmekle
beraber, artan verimliligin  yaninda
kavitasyon ve titresimin de artacagi
dolayisiyla ¢alisma konforunun diisecegi de
belirtilmistir (Wilson, 1999; Messina, 2006;
Johnson, 2011; Sarasquete vd., 2012).

3.4 Yumru Bas (Bulbous Bow) Kullanim

Hidrodinamik direncler agisindan daha az
verimli olan klasik gemi bas yapilarinin
yerine direnci azaltarak yakit tasarrufunu
arttiran yumru bag uygulamalarinin literatiir

calismalarinda Ozel bir baglikta
degerlendirildigi  goriilmektedir. Balike1
gemilerinde yumru bas kullaniminin

%10’luk yakit tasarrufu saglayacagi tahmin
edilmektedir (Watson 2002). Vilaespasa vd.
(2010), bes adet Katalan trol gemisinde
yaptiklar1 uygulamada sadece yumru bas ile
%3-5 arasinda bir tasarruf elde etmislerdir.
Bas tarafi daha ince, daha dar kemere, daha
s1g ki¢ bolgesi ve yumru bas ile daha hizli
ve yakit tiiketimi azaltilmig bir gemi yapisi
olacagi belirtilmistir (Rihan vd., 2010).
Ayrica boyu 18-24m araliginda olan balik¢1
gemilerine, sonradan yumru bas
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takilmasiyla ayn1 c¢alisma hizinda yakit
tiketiminde %15  azalma  oldugu
gorulmektedir (Johnson vd., 2011). Akint1
tanki testleriyle elde edilen matematiksel
hesaplama sonuglarinda yumru basin
boyunun 2.3m’den 3.4m’ye ¢ikarilmasiyla
ayni hiz degeri i¢in %30’luk enerji kazanci
elde edilmistir (Sarasquete vd., 2012).

3.5 Yakiat Sistemine Uygulanan Manyetik
Alan

Yakitin yanma verimini arttirmak amaciyla
yapilan ¢alismalarda (Vilaespasa vd., 2010;
Sala ve Notti, 2014), gemi yakit sisteminin
iizerine  bir manyetik alan aygiti
yerlestirilerek yakitin polarize olmasini
saglayan bir cihaz kurulmustur. Bu
manyetik alan cihazi ile deniz araglari
disinda %7-10 arasinda elde edilen yakit
tasarrufunun balik¢t gemilerinde %4-9

arasinda elde edilebilecegi belirtilmistir
(Vilaespasa vd., 2010; Sala ve Notti, 2014).
Sekil 6’da manyetik alan aygiti Ornegi
gorilmektedir.

Sekil 6. Manyetik alan aygiti (Sala ve Notti,
2014)

3.6 Alternatif Yakit Kaynaklar:
Ruzgar Enerjisi

ve

Petro-Dizel alternatifi olabilecek makine
yakitlar1 giintimiiz sartlarinda, biyodizel,
stvi petrol gazi (LPG), s1vi dogalgaz (LNG),
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sikistiritlmis dogal gaz (CNG), etanol ve
hidrojen olarak karsimiza ¢ikmaktadir.
Biyodizel dogrudan hazir sistem Uzerinde
kullanilabilirken (Regenatec, 2008), diger
yakaitlarin ise Gifte sistem (Dual) olarak veya
tamamen gaza cevrilerek kullanilabildigi
gorilmektedir (Sterling ve Goldsworthy,
2007).

Sterling ve Goldsworthy (2007) ruzgar
enerjisi kullamimiyla pervane sistemine
%6’l1ik gili¢ katkis1 yapilabilecegini tahmin
etmiglerdir. ~ Ayrica  rlizgar  enerjisi
kullanilarak geminin bag tarafindan ¢ekilen
bir parasiit sistemiyle yillik  yakit

maliyetinin %10-35 arasinda, anlik yakit
tiikketiminin ise %50’ye yakin azaltilabildigi
belirtilmistir (Brabeck, 2010). Sekil 7°de
‘Skysails’ olarak adlandirilan sistem 6rnek
olarak gortlmektedir.

Sekil 7. M/V Theseus “SkySails” sistemi
(Brabeck, 2010)

4. SONUC VE TARTISMA

Balik¢ilikta enerji tasarrufu ihtiyaci siklikla
dile getirilmekle birlikte, bu konudaki
akademik caligmalarin Tiirkiye’de halen
yeterli diizeyde ve biitlinlesik olmadigi
goriilmektedir.  Uluslararas1  literatiirde
yapilmis olan uygulamalar i¢in en yiiksek
yakit tasarruf oranlar1 Tablo 1’deki gibidir.
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Tablo 1. Uygulamalar i¢in en yiiksek yakit tasarruf oranlari

Operasyonel Uygulamalar Teknik Uygulamalar

Makine Devir ve Hiz Optimizasyonu %40 | Av Araclar1 ve Materyali %40

Periyodik Bakim %4 Hidrodinamik Yap1 %350

Makine Yenilenmesi %17,4 | Manyetik Alan Cihazi %9
Farkl1 Enerji Kaynaklari %350

Bu tabloda Ozetlenen degisimlerin ne
oranda tasarruf sagladiklar1 bir potansiyel
olarak diisliniilmelidir. Her gemi, av araci,
av sahasi ve av zamaninin kendine 6zgiin
nitelikleri vardir ve bu nitelikler literatlirde
bildirilmis olanlardan belirgin farkliliklar
gosterebilmektedir. Isletimsel uygulamalar
iizerine yapilan c¢aligmalarin sonuglari
incelendiginde makine devir ve hiz
optimizasyonunun deneysel yakit tasarrufu
degerleri en fazla %18’¢ (Parente vd., 2008)
ulagilirken,  matematiksel =~ modelleme
yapilarak %40 (Poos vd., 2013) yakit
tasarrufu degeri Ongoriilmustiir. Periyodik
bakim ve makine yenilenmesi uygulamalar1
literatiirde iki ¢alismada goriilmekte olup
enerji etlidii uygulamalar ile sirasiyla %4-
14 degerleri elde edilmistir (Thomas vd.,
2010; Johnson, 2011). Teknik uygulamalar
kisminda av araglar1 ve materyali bir biitiin
olarak diistintiliip degisiklikler deneysel
olarak birlikte uygulandiginda %40 yakit
tasarrufu degerine ulasilmaktadir (Hansen
vd., 2013). Hidrodinamik yap1 i¢in elde
edilen %50’ye varan yakit tasarrufu
akigkanlar dinamigi hesaplamalariyla elde
edilen sonuclar olup uygulamada yapilan

degisimin sonuclarint belirtmemektedir.
Bunun sebebi ise pervane, dimen, tekne
yapist  gibi  geminin  hidrodinamik

unsurlarinin ger¢ek anlamda degisiminin
yuksek maliyete sahip olmasidir. Manyetik
alan cihaz1 ve farkli enerji kaynaklar ile
ilgili literatiir ¢ok kisith olup balik¢i
gemileri Gzerinde denemesinin sadece birer
caligmada (Sala ve Notti, 2014; Brabeck,
2010) uygulamali  olarak  yapildigi
goriilmektedir. Sonuglarin ozellikle
uluslararas1  balikg¢ilikta giincel olarak
etkisinin  ve  kullanimmmin  oldugu
anlasilmakta ve  Tirkiye balik¢ilig
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acisindan etkisinin goriilmesi i¢in konuyla
ilgili calismalarin tesvik edilmesi 6nem arz
etmektedir.

Balik  stoklarinin  azalmasi ve yakit
fiyatlarinin yiikselmesi karsisinda gerekli
planlamalarin uygulanmamasi, balik¢iligin
stirdiiriilebilirligini tehdit etmektedir. Buna
ragmen birgok iilkenin balik¢iligi igin
mevcut tiilketim miktarlar1 tespitinin hem
balik stoklar1 hem yakit tiiketimi acisindan
yapilmadigr goriilmektedir. Tiiketimin tam
olarak belirlenmesini saglayacak yakit
debisi 6l¢iim cihazlar1 ve diger uygulamalar
sayesinde hem balik¢1 bilingli olarak
gemisini kullanip tasarruf edebilecek hem
de tiketimin ama¢ dist  olmasi
Onlenebilecektir. Baglangigta isletimsel
uygulamalar, devaminda ise teknik
uygulamalar ile ‘kazang / yakit gideri’
oraninin artacagi diistiniilmektedir.
Isletimsel ve teknik degisimlerin test ve
uygulamalari balike¢ilik sektoriinde
gelismis, oldukg¢a smirli sayida {ilkede
yapildig1 goriilmektedir. Ulke balik¢iligmin
av ara¢c ve yoOntemleri acisindan sahip
oldugu olanaklar g0z ontlinde
bulunduruldugunda, ‘enerji tiiketimine
yonelik tespitler ve tasarrufuna yonelik
degisiklikler’ konularinda 6nemli bir
arastirma  eksikligi  oldugu  dikkat
cekmektedir.  Enerji  ihtiyacin1  kendi
kaynaklartyla karsilayamayan {ilkeler i¢in
belirtilen uygulama ve degisimlerin
denemeleri yapilmali ve etkileri ortaya
koyulmalidir.
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OZET

Sinop iilkemizin en Onemli balikgilik merkezlerinden birisidir. Sahip oldugu liman ve
barinaklar, balik¢i tekneleri, balik¢ilik sanayi, binlerce yila dayanan balik¢ilik gelenegi ile bu
yerini gelecekte de devam ettirecektir. Bu caligmada liman, barinak ve ¢ekek yerlerinden
olusan 15 altyap1 ve yakin ¢evresinde kurulu bulunan balik¢1 kooperatifleri ziyaret edilmis,
balik¢ilik alt yapisi ve faaliyetleri hakkinda bilgiler toplanmistir. Calismada toplam 15
barinma yerine ait detayli plan ve krokiler ile 10 kooperatif ve bir kooperatif birligi hakkinda
bilgilere yer verilmistir. Barinma yerlerinden 4 adedi resmi kayitlarda goriinmemektedir.

Anahtar sozcukler: Balik¢1 kooperatifi, Balik¢ilik faaliyeti, Balik¢1 baragi, Cekek yeri,

Liman

1. GIRIS

Sinop Turkiye su drdnleri Gretimin buyuk
boliimiiniin  yapildigit  Karadeniz’in tam
ortasinda, gécmen ve yerli baliklar i¢in en
onemli gecis ve avlanma noktasindaki
konumu, genis dogal limani ve korunmus
dogasiyla gecmisten bugline Onemli bir
balik¢ilik  kenti  olmustur.  Arkeolojik
kalintilar insanlarin binlerce yildir Sinop’ta
bu durumun farkinda oldugunu
gOstermektedir. Hitit belgelerinde kentin
adinin “Sinuwa” olarak gectigi, bu sézciigiin,
“glizel baliklik” anlamina gelen S(wa)-in(a)-
uwa sozciiklerinden tiiretildigi ve Helen

dilindeki  kullanimina  kaynaklik  ettigi
bildirilmektedir (Umar, 2007).
Endiistriyel gelisimin hizlandigi 1950 li

yillarin sonunda Et Balik Kurumu tarafindan
biiyiik bir soguk hava deposu ve iskele inga
edilerek balikgiliktaki 6nemli yerini gelecege
tasimistir (Baysal, 1971). Besinci bes yillik
kalkinma planiyla birlikte 1980 1i yillarda
balik unu yagi sanayine verilen Onem ve
Sinop’a il bazinda saglanan tegviklerle su
irtinleri  sanayinin  merkezi  olmustur
(Anonim, 1984). Bugiin hayvancilik ve
kimya sanayi i¢in Onemli olan Ulkemizin
balik unu-yagi sanayinin biiylik boliimii
Sinop ili smirlarinda bulunmaktadir. Diger
su trilinleri igleme fabrikalar1 ve son yillarda
hizla artan soguk muhafaza tesisleri Sinop
ekonomisinde 6nemli bir yer tutmaktadir.

Halen mevcut tesisleri, balik¢ilik alt yapilari,
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balike1 teknesi varligi, balikgilik gelenegi ve
balik yetistiriciligine yonelik vizyonuyla
Sinop gelecegin balik¢ilik merkezi olma
potansiyelini korumaktadir. Kayitlara gore
ilde 11 balik¢1 barinagr ve toplam 1016 adet
balik¢1 teknesi mevcuttur. Balik¢1 kooperatif
ve birlikleri, liman ve barmaklar ile avcilikta
kullanilan av araglar1 konusunda derli toplu
ve net olmayan bazi bilgiler mevcutsa da
Sinop balik¢iligini  anlama bakimindan
yeterli oldugu soylenemez (Erdem ve ark.,
2017). lyi bir balik¢ilik ydnetimi ve mevcut
potansiyelin dogru kullanilabilmesi i¢in
balik¢ilik altyapilarinin durumunun,
kapasitesinin ve eksiklerinin dizenli olarak
takip edilmesi yararli olacaktir.

Ulkemizde bu konudaki en kapsamli ¢alisma

Ege Denizi  balik¢ciigt  ve  balikel
kooperatifleri Gizerine Tokag ve ark., (2010)
tarafindan  yapilmigtir. Bunun  disinda
Doganyilmaz-Ozbilgin  ve ark., (2010)

tarafindan yapilan Kuzeydogu Akdeniz’deki
balik¢iligin  ve balik¢1  kooperatiflerinin
mevcut durumu hakkinda detayli bilgilerin
verildigi c¢alisma bulunmaktadir. Karadeniz

bolgesindeki  illerde  bulunan  balikel
barinaklart ve balik¢t kooperatiflerinin
incelendigi baz1 ¢aligmalar da dikkati

cekmektedir (Dadayli, 2012; Balik ve Topgu,
2013; Boran ve Softa, 2016; Erdogan-
Saglam ve Samsun, 2016).

Bu c¢alisma ile Karadeniz’in  6nemli
balik¢ilik merkezlerinden biri olan Sinop ili
balik¢ilik altyapisinin  giincel durumunun
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ortaya konulmasi ve mevcut sorunlara
¢Oziim Onerileri sunulmasi amag¢lanmuistir.

2. MATERYAL VE METOT

Arastirma 1 Ocak-31 Aralik 2015 tarihleri
arasinda Sinop il merkezi ve deniz kiyisinda
yer alan Gerze, Ayancik ve Tiirkeli
ilgelerinde yer alan balik¢1 kooperatifleri ile
liman, balik¢1 barmaklar1 ve ¢ekek yerlerine
yapilan ziyaretler kapsaminda yiiriitiilmiistir.
Calismada liman, barmmak ve c¢ekek
yerlerinden olusan 15 altyapt ve yakin
¢evresinde kurulu bulunan balik¢1
kooperatifleri ziyaret edilmis, balik¢ilik alt
yapist ve faaliyetleri hakkinda bilgiler
toplanmistir. Calismada toplam 15 barinma
yerine ait detayli plan ve krokiler ile 10
kooperatif ve bir kooperatif birligi hakkinda
bilgilere yer verilmistir.  Ziyaretlerde
kooperatif baskanlarindan ve iiyelerinden su,
elektrik, ulasim ve soguk hava deposu ile
ilgiler veriler yanindan bdlgede yapilan
balik¢ilik faaliyetleri hakkinda da bilgiler
temin edilmistir.

3. BULGULAR

Bahikcilik Altyapilari ve Ozellikleri

Sinop ilinde kayitlarda 11 balik¢1 barmagi
gorilmekle birlikte ¢alisma kapsaminda
yapilan ziyaretler sonucunda balik¢ilarin
yararlandig1 barinak ve c¢ekek yerlerinin

toplam  sayisinin 15 adet  oldugu
belirlenmistir. Asagida  bunlar ilin
dogusundan  batisina  dogru  sirasiyla

incelenmektedir.

Gerze Tongel Sokak Balik¢1 Barinag

Barmmak 2012 yilinda  Sinop-Samsun
boliinmiis yolunun yapimi insa edilmis olup
baglant1 yollar1 gayet yeterli ve ulasim
olanag iyidir. Yonetimi halen Sinop 11 Ozel
Idaresi’ndedir. Yoreye ait ve daha onceden

Gerze Limani icinde barman 7-9 m
boyundaki tekneler buradan
yararlanmaktadir. Barmagin girisi dogu
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yoniinde olup 250 metre uzunlugunda
batidan doguya wuzanan L seklinde ana
mendirekten olusmakta, baglama rithtim,
baba ve aneleler ile herhangi bir bina veya
altyap1 bulunmamaktadir. Yorede etkili olan
karayel ve yildiz riizgarlarina kars1 korunakl
fakat poyraz ve lodos riizgarlarina karsi
korunaksizdir. Elektrik ve su balik¢ilarin
olanaklariyla saglanmakta olup yeterli
degildir. Barmak kapasitesi 20 adet kiigiik
tekneyle sinirlidir ve 10 metreden daha
bliyiilk  teknelerin  yanagmasi  miimkiin
degildir.

Barinak ve c¢evresinde ilkbaharda dip uzatma
aglariyla kalkan, iskorpit, eskine, ispari,
kefal, sonbahardan itibaren daha cok kefal,
palamut ve liifer avlanmaktadir. Agustos
ayindan itibaren palamut avciligir baglamakta
ve yisonuna kadar siirmektedir. YOrede
sonbahar ve kis doneminde g¢evirme agiyla
zargana, palamut ve liifer avciligr yaninda
amator balikci tekneleri tarafindan uzun olta
ve sttt yontemiyle lifer ve levrek
avlamaktadir.

KARADENIZ

Sekil 1. Gerze Tongel Sokak balik¢1 barmagi
(Orjinal)

Gerze Limam ve Balik¢1 Barimag

Gerze Balik¢1 Barmnagr 2003 yilinda insa
edilen Kosk Burnu’ndan giiney bati yoniine
dogru uzanan 540 metrelik ana mendirek ile
gliney dogu yoniinde uzanan 600 metrelik
tali mendirekten olusur. Limanda rihtimlar
bulunmakla  beraber derinligi  yeterli
olmadigindan 20 metreden biiylik tekneler
sadece liman icinde halen mevcut eski
iskeleye  yanagabilmektedir. =~ Mendirek
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yapilarinin  biiyiikliigiine ragmen kullanim
kapasitesi diisiik oldugu icin limanin iyi bir
taramaya ihtiyact vardir. Liman igerisinde
SS. Gerze Su Uriinleri Kooperatifi’nin binas1
ve kiicik capli tesisleri  mevcuttur.
Kooperatifin sahibi oldugu c¢ay bahgesi
kiralanarak hizmet vermektedir.

Limanda ortalama boylar1 8 — 10 metre olan
60 balikgr teknesinin  bulundugu ve
bunlardan 20 tanesinin aktif olarak balik¢ilik
yaptig1  belirlenmistir. Limanda barinan
tekneler eyliil ayindan itibaren salma ve voli
aglariyla palamut, lifer, kasim-mart aylari
arasinda  kalkan, ekim-subat arasinda
zargana, Ocak — Nisan arasinda iskorpit ve
bahar aylarinda mezgit ve barbunya avciligi
yapmaktadir.

i W Wm

Sekil 2. Gerze limanm1 ve balik¢1 barinagi
(Orjinal)

Sinop  Merkez

Barimnag

Demircikoy  Balikei

Sinop il merkezine 15 km uzaklikta organize
sanayi bolgesinin sahil kesiminde kurulu
olan barmak 925 m ana mendirek ile 285 m
uzunlugunda tali mendirekten meydana
gelmektedir. 2015 yili sonunda yol, su
elektrik  konularinda bazi iyilestirmeler
yapilmis olmasma ragmen barmak balikct
gemilerinin barinmasina ve balik indirmesine
uygun degildir. Halen eksik veya yetersiz
olan elektrik, su ve akaryakit temin
olanaklarmin artirilmasi, kooperatif ve diger
balik¢ilik hizmet binalarinin, buz ve balik
muhafaza olanaklariin olusturulmasi
gerekmektedir.
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Sinop merkezine yakin olmasma ragmen
Demircikdy Balik¢i Barmaginda balike¢i
gemilerinin barinmasina ve balik indirmesine
uygun sartlarin ¢ok uygun olmadigi i¢in aktif
balik¢ilik yapan balik¢1 sayis1 azdir. Belli
donemlerde Sinop’tan gelen kiy1 balikgilar
ille zaman zaman girgir  tekneleri
yararlanmaktadir. Barmak ve c¢evresinde
daha ¢ok palamut, barbunya, mezgit, zargana
ve kalkan avciligi yapildigi belirlenmistir.
Sayilar1 birka¢ adet olan amator baliket
tekneleri ise capari ve el oltast ile avcilik
yapilmaktadir.

Liman derinlik bakimindan uygun olmadigi
icin Ozellikle firtina sonrasi olusan olil
dalgalar 1ile sert lodos riizgarlarinda
rihtimlara bagl teknelerde hasar olugsmakta
hatta balik¢1 tekneleri batmaktadir. Limanin
daha fazla derinlestirilmesi ve lodostan
korunmalar1 i¢in tali mendirek icine kiigiik
balik¢1 teknelerinin baglanacagi bir rihtim
yapilmasma ihtiyag  vardir.  Barinakta

teknelerin kiyiya cekilmesi ve bakiminin
yapilmasi i¢in ¢ekek yeri yoktur. Baglanti
yolu balik yiiklii kamyonlarin kullanimi igin
uygun degildir. Elektrik ve su olanaklari
kisithdir.

—

KARADENIZ
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Sekil 3. Sinop merkez Demircikdy balikgi
barmagi (Orjinal)
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Sinop Merkez Balik¢1 Barinagi

Sinop batidan doguya dogru uzanan bir
kistaktan olusan cografi yapist nedeniyle
kuzey riizgarlarina kapali i¢ limani ile
Karadeniz’de tek dogal limandir. 1950 li
yillarin  sonuna kadar sehir igindeki
iskelelerden  balikgilik  ve  tasimacilik
sektoriine hizmet verilmis, o yillarda insa
edilen Et Balik Kurumu soguk hava deposu
ve balikk indirme iskelesiyle giiniin
kosullarinda ~ modern  bir  balike¢ilik
altyapisina kavusmustur. 1970 li yillarin
basinda bugiinkii limanin temelini olusturan
200 metrelik bir mendirek ve kucik bir
rthtim inga edilerek altyap1 giiclendirilmistir.
Sonraki yillarda gelisen balik isleme ve
ozellikle balik unu-yag1 sanayi nedeniyle bu
liman balik¢iliga olduk¢a 6nemli hizmetler
vermistir.

1980°’i wyillardan itibaren yetersiz kalan
limanda mendirek uzatmasi  yapilmis
olmasina ragmen bugiin 3-4 metre arasinda
degisen derinlik ve sadece 60-80 m
genigligindeki  haliyle  biliyilk  balike1
gemilerine hizmet verecek durumda degildir.
Ayrica si1g ve lodosa agik olmasi nedeniyle
zaman zaman kiiciik balik¢1 gemileri hasar
gormektedir. Biiyiik balik¢1 gemileri 2013
yilinda insa edilen Demircikdy limanina
yonlendirilmis olmakla birlikte halen Sinop
merkezinde balik¢1 gemilerinin iyi hizmet
aldigi sodylenemez. Hamsi ve palamut
sezonunda zaman zaman balik¢1 teknelerinin
iskeleden yararlanmasina izin verilmekte
olup iskele gemi barinmasina uygun degildir.
Sinop merkez balik¢1 baragi iginde 1980 li
yillardan buyana biiylik balik¢1 teknelerinin
ingast ve bakimi i¢in kullanilan bir g¢ekek
yeri mevcuttur. Sehrin i¢inde kalmasi, kara
ulasgiminin sikintili olmast ve ¢evrenin bir
turizm alanina doniismesi nedeniyle balik¢i
barmag1 ve ¢ekek yerinin belediyece 1slahi
diisiiniilmektedir. Fakat 2016 yili Temmuz
ay1 itibariyle barmagin balik¢1 kooperatifleri
ve belediye arasindaki statiisiinlin belirsizligi
devam etmektedir.

Sinop merkez balik¢1 bariagi bu bolgedeki
en aktif balikgilik faaliyetinin oldugu
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bolgedir. Bu baglamda yil igerisinde dip
uzatma aglarindan fanyali, sade ve kalkan
aglari ile aveilik yapilmakta bununla beraber
volicilik, el oltas1 ve capari, salma (akinti
agl) ile palamut avciligi aktif bir sekilde
yapilmaktadir. Ilkbahar mevsiminde
baslayan kalkan baligi aveiligi ayni zaman
periyodunda 32-40 mm ag gbz genisligine
sahip sade ve fanyali uzatma aglar ile
mezgit ve barbunya balig1i avciligr ile yil
boyu yapilmaktadir. Yaz aylarinin baslarinda
iskorpit avciligi  yapilmaktadir.  Aym
zamanda el oltast ve c¢apari ile c¢inekop,
mezgit baligt ve istavrit baligi avcilig
yapilmaktadir. Bolgede bulunan birkag girgir
teknesi ile hamsi avcilig1 ve bu tekneler ile
istavrit ve palamut avciligi da yapilmaktadir.
Sinop merkez balik¢t barmmaginda kiiglik
Olgekli balik¢ilik yapan tekneler yaklagik
olarak  %92’lik bir oranla yogunluk
gostermektedir. Sinop’ta liman bolumiu ve
iskele disinda sehir Oniinde yat baglamaya
uygun sekilde insa edilmis bir rithtim
bulunmaktadir. Rihtimda teknelere elektrik,
su ve yakit hizmeti gibi herhangi bir hizmet
verecek altyapi yoktur. Her tiirlii riizgara
acik olan bu rihtim halen firtinali havalar
haricinde tur teknelerine hizmet vermektedir.

KARADENIZ

Sekil 4. Sinop merkez balik¢1 barmagi
(Orjinal)

Sinop Merkez Akliman Dogal Barinma
Yeri

Korunakli bir koy durumundadir. 1970 li
yillarin basinda koyun agzindaki Karaada’y1
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ana karayla baglayan bir mendirek insa
edilerek liman daha kullanishh  hale
getirilmigtir. Mendirek {izerinde kisa bir
beton rithtim bulunmakta olup sadece kiigiik
teknelerin yanagmasina uygundur. Limanda
derinlik yer yer 1.5 m civarindadir. Biiyiik
bolimi dogu yonlii riizgarlardan ve firtina
sonrasi olusan solurganlardan
etkilenmektedir. 1990 I yillarda limanda
tarama yapilarak i¢ kesimde nispeten
korunakli bir alan olusturulmussa da
herhangi bir yanasma yeri, yakit, su ve
elektrik  temini igin  hizmet yapilan
bulunmamaktadir. Liman bazen girgir
tekneleri tarafindan dinlenme mekani olarak
kullanilmakta, i¢ boliimde birkag trol teknesi
balik  indirme ve sigmma  olanagi
bulmaktadir. Bunun disinda boylar1 5 m ile
12 metre arasinda degisen kiyr balik¢iligi
tekneleri barimaktadir.

Akliman sehirlesme ve 1s1ik kirliliginden
uzak Sartkum —Inceburun, Inceburun
Akliman arasindaki bolgedeki sakin ve
verimli avlaklarda uzatma aglariyla palamut,
levrek, zargana, iskorpit ve barbunya
avlanilan bir bolgedir. Ayrica diger
barinaklardan gelen teknelerin de katilimiyla
kis sonu — ilkbahar aylarinda kalkan ve
sonbahar aylarinda voli aglariyla palamut
avciliginin yogun yapildigr bir bdlgedir. Bu
barinakta siirekli kalan az sayida kiigiik tekne
mevsimine gore sabit uzatma aglariyla
palamut, barbunya, mezgit, zargana ve
kalkan avciligi ile ugrasmaktadir. Barinma
yeri ve c¢evresi dogal giizellige sahip olmasi
nedeniyle c¢ok miktarda amatdér balikel
teknesi de barinmakta olup temel avlanma
araglart ¢apari ve hedef tiirleri mevsimine
gore istavrit, ltfer ve dzellikle palamuttur.
Zaman zaman liman diger illerden gelen
salyangoz algarnast tekneleri tarafindan
barinma ve {riin indirme noktasi olarak
kullanilmaktadir.
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Sekil 5. Sinop merkez Akliman dogal
barmmma yeri (Orjinal)

Kozak Yalis1 Barinma Yeri

Erfelek ilgesi smirlar1 igindeki Serefiye
Koyt balik¢ilart ve deniz ticareti yapanlar
tarafindan ge¢misten bu giine kullanilan
kii¢iik bir barinma alanidir. Onceki yillarda
insan giicliyle diizenlenmis basit bir
mendirekten ibaret olan bu barmma yeri
daha sonra is makinesi yardimi ile
diizenlenerek daha kullanigh hale
getirilmistir. Barinagin i¢i ¢ok si1g olup
onceki yillarda tekne baglanabilen en ig
bolgesine  kum  yigilmis  durumdadir.
Firtinalardan sonra olusan solurganlardan
cok fazla etkilenen barinakta ancak birkag
kiigiik tekne barinabilmektedir. Herhangi bir
rithtim, soguk hava deposu veya balik
indirmeye yonelik yapi bulunmamaktadir.
Tekneler balik¢ilar tarafindan insa edilmis
kiiciik iskelelere yanasmakta ve barinak
iginde basinda bocurgat bulunan
kayikhanelerde bakimlar1 yapilmaktadir. Sert
deniz kosullarinda burada tekne barinmasina
olanak olmadigindan tekneler ya kiyiya
cekilmekte ya da yakindaki Gebelit Cayi’na
girmektedir. Barinakta wuzatma ve voli
aglariyla palamut kalkan basta olmak tizere,
iskorpit, lufer, barbunya, mezgit, zargana ve
kefal avciligt yapilmaktadir. Dip uzatma
aglariyla avcilik yil boyu aktif olarak
stirmektedir.

Kozak Yalisi

barmagr kotii  kosullarina
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ragmen halen geleneksel kiyr balik¢iliginin
yasatildig1 otantik bir balik¢ilik merkezidir.
Bu ve benzeri barinaklarin otantik 6zellikleri
korunacak  sekilde  sosyal  projelerle
desteklenmesi ve geleneksel balik¢iligin
yasatildigt  kiicik  merkezler  haline
getirilmesi  yararli olacaktir. Kapasitesi
artirllmaksizin mendiregin giliclendirilmesi,
cekek yerlerinin daha kullamigli  hale
getirilmesi, balik tuzlama, ¢iroz benzeri
geleneksel trun Gretiminin desteklenmesi bu
yonde atilabilecek adimlardir.

KARADENIZ
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Kozak Yalisi

Sekil 6. Kozak yalis1 barinma yeri (Orjinal)

Gebelit Barinma Yeri

Barmma yeri Ayancik Ilgesi Tarak¢1 Koyil
sinirlart igerisinde yer alir. Si1g bir halig

durumundaki  Gebelit  Deresi  igindeki
balik¢ilar tarafindan insa edilmis
iskelelerden ibaret bir barmma yeridir.

Barmnak igerisinde Tarak¢i ve Ayancik Su
Uriinleri Kooperatifleri iiyesi balikcilar ile
bazen Sinop ve Serefiye Kozakyalisi’ndan
gelen Dbalikgilar  barinmaktadir. Hemen
kiyida Tarak¢t Kooperatifine ait bir idari
bina ve soguk hava deposu bulunmaktadir.
Kayit yapildig1 giinlerde buz makinesi alim
calismalari devam etmekteydi. Barinma
yerinde kooperatife ait binadan buradaki
teknelerin  ihtiyacin1  giderecek  Olciide
elektrik ve su temin olanagi vardir.

Tekneler asir1 yagislar sonrast meydana
gelen sellerden etkilenmekte ve sert
firtinalarda dere agzindan tekne girisi
miimkiin olmamaktadir. Firtinali havalarda
teknelerin igeri girmesi zor oldugu igin

- 5
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balik¢ilar tarafindan barinakta yer alan
burundan dogu yoniinde bir mendirek
yapilarak barmagin koruma altina alinmasi
istenmektedir. Barmakta kalkan, palamut,
barbunya, iskorpit, cinekop ve zargana
avcili@i yapilmaktadir. Ayrica malozlama ile
istavrit aveiligi yapildig da bildirilmistir.

Barinagin deniz girisinin korunakli hale
getirilmesi buradan yararlanan ve yil boyu
aktif balik¢ilik faaliyeti yapan tekneler icin
yararli olacaktir. Fakat sel zararmin Oniine
gecmek miimkiin olmadigindan burasi ancak
gecici bir barinma yeri olabilir. Kooperatif
yetkilileri Ayancik merkezindeki Denizciler
Mabhallesi barmagmin yeniden insasindan
sonra Tarak¢t ve Ayancik Kooperatiflerini

birlestirerek tekneleri ve tesisleri oraya
tagimay1 diistindiiklerini belirtmistir.
KARADENIZ K

Sekil 7. Gebelit barinma yeri (Orjinal)

Alikdy Cekek Yeri

Avyancik ilgesi Alikdy sinirlar igerisinde yer
alan ¢ekek yeri kuzey dogu yoniinde 90
metrelik  zayif bir kaya engelinden
olusmaktadir. Riizgarli havalarda tekne
barinmasina uygun olmayip tekneler kiyiya
cekilmektedir. Cekek yerinde balikgilarin
basit bir sekilde insa ettigi kayikhaneler
disinda teknelere hizmet veren herhangi
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ilave yap1 bulunmamaktadir.

Cekek yerinde amator ve ticari belgeli kigik
tekneler barmmmakta olup ticari balik¢ilik
sadece belirli donemlerde ve kisitli olarak
yapilmaktadir.

: K
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Sekil 8. Ayancik ilgesi Alikdy ¢ekek yeri
(Orjinal)

Denizciler Mahallesi Balik¢1 Barinag

Ayancik ilce merkezinde barinak basit
mendirek, rithtim yapilari, balik¢1 kuliibeleri
ve cekeklerden meydana gelmektedir.
llgenin en &nemli balikgilik altyapisidir.
Halen yapimi devam etmekte olan Sinop-
Ayancik karayolu nedeniyle barmak yol
dolgusunun altinda kalacagindan yeni bir
barinagin yapimma ihtiya¢ vardir. ilgeye
yakin noktada rihtim hizmetleri ve diger
altyapilariyla daha uygun bir barinak
yapilmast halinde tiim ilgenin balik¢
teknelerine hizmet verebilecektir. Bu ydnde
baslatilan calismalar Tarak¢1 Kooperatifince
takip edilmekte olup yeni barmagin
tamamlanmas1 halinde kooperatiflerin yeri
ve yapisinda da revizyon planlanmaktadir.

Barinakta bulunan tekneler mevsimine gore
aktif olarak kalkan, palamut, barbunya,
iskorpit, ¢inekop ve zargana avciligl
yapmaktadir. Ayrica yil boyu diizenli olarak
kisa fanyali uzatma aglariyla (malozlama)
istavrit, izmarit, barbunya avcilig
yapilmaktadir. Barmnagin ilge merkezine
yakin olmasi nedeniyle ¢ok sayida amator
balike1 teknesi tarafindan kullanilmaktadir.
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Sekil 9. Denizciler mahallesi balik¢1 barinagi
(Orjinal)

Camurca - Kugu Yalis1t Barinma Yerleri

Bu alanlar Ayancik merkezini Caylioglu'na
baglayan yol iizerindeki, ilgeye 2.5 km
mesafede kiiciik iki korfezden olusan plaj ve
mesire yeridir. Korfez agzinda kiyr koruma
amacghi  olusturulan  basit  mendirekler
sayesinde ¢ekek ve Dbaglama imkani
olusmustur. Kuzey yonlii riizgar ve dalgalara
acitk olup teknelerin siirekli denizde
kalmalarina uygun degildir. Herhangi bir
altyapt bulunmamakta ve yakin kdylerde
yasayan halka ait birka¢ ufak tekne buralarda
barinmaktadir. Tekneler 1iyi havalarda
denizde, rilizgar oldugunda ise karaya
cekilerek muhafaza edilmektedir. Mevcut
teknelerin ¢ogu ticari balik¢ilik ruhsatina
sahip olmayan amatdr ya da ruhsatsiz
teknelerdir

Barinakta yogun bir balikgilik faaliyeti
gerceklesmemektedir. Birkag kiiclik o6lcekli
balikg1 teknesi belirli donemlerde amator
balik¢ilik veya kisa dip uzatma aglartyla
avcilik yapmaktadir.

Ayancik Camurca 6rneginde gorildigl gibi
Sinop kiyilarinda pek ¢ok yerde koylerin
kiyisinda kiiclik tekneler ve c¢ok kisith av
araclariyla yapilan avcilik yorenin geleneksel
balik¢ilik gegmisine dayanmaktadir. Avlanan
balik genellikle hane halki veya yakin g¢evre
tarafindan degerlendirilir ve satisa sunulmaz.
Diger yandan sehirlere yakin bolgelerde
yapilan benzeri avcilik genellikle ticari amag
tasir. Bunlardan bazilar1 araba arkasinda
taginan tekneler ile gol ve barajlardan 1ssiz
deniz kiyilarina kadar her yerde kontrolsiz
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ticari aveilik yaparlar.

KARADENIZ 1
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Sekil 10. Camurca - Kugu yalis1 barinma
yerleri (Orjinal)

Ustaburnu (Cayhoglu) Limam

Ustaburnu’nun dogu tarafindaki korunakli
alana 1985 yilinda insa edilmis olan liman
bati-dogu yoniinde 666 metre, giiney-kuzey
yoniinde 500 metre kuvvetli mendirege
sahiptir.  Arastirma  yapilirken  liman
igerisinde bagli 20 adet tekne belirlenmis
olup 6 tanesinin ticari avlanma ruhsati
mevcuttur. Diger tekneler amator balikgilik
veya donem donem kiiclik aglarla ticari
avcilik yapmaktadir. Liman igerisinde bir
adet buzhane mevcut olup kooperatife degil
sahsa aittir. Halen limana baglh bir adet trol
teknesi mevcuttur. Balik¢ilik sezonunda
limana yanasan biiyiik balik¢1 teknelerine
limanda elektrik, su ve tuvalet hizmeti
verilmemektedir.

Yore halki gecimini sadece balik¢iliktan
saglamaktadir. Bolgede yapilan barbunya
balig1 avciliginda balik¢ilar aglara nadir de
olsa mersin balig1 yakalandigini
bildirmislerdir. Bu bdolgede genellikle voli
aglari ile palamut avciligi, dip uzatma aglar
ile  barbunya ve iskorpit avciligl
yapilmaktadir. Kalkan avcilign ise pek
yapilmamaktadir. Limana kayith trol teknesi
zaman zaman trol avcilifi ve algarna ile
salyangoz avciligi yapmaktadir. Trol ve
girgir sezonunda diger illerden gegici olarak
gelen algarna, girgir ve trol tekneleri
limandan yararlanmaktadir. Yol cok kotii
oldugu i¢in zorunlu kalmadik¢a buradan
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balik indirilmemektedir.

Liman icerisinde 3 adet kucuk tekneler igin
cekek yeri mevcuttur. Balik¢ilar yunus ve
kunduzun aglarmma zarar vermesi ve 3 mil
icerisinde  kacak avcilik  yapan  trol
teknelerinden sikayet etmekte olup bu durum
diizenli olarak denizde ag birakmalarina
engel olmaktadir.

Yorenin yagh balik¢ilarindan edindigimiz
bilgiye gore; balik¢ilar tarafindan yoOrenin
antik donemlerdeki adina atfen Istefan
Limani olarak bilinen bu barmak siyasi bir
vaat olarak insa edilmis fakat bu biiyiikliikte
bir limanin ihtiya¢larim1 karsilayacak altyapi

ile  desteklenmemistir. Limanin  yolu,
elektrik, su ve akaryakit ihtiyaci ve
avlanacak  baliklarin  degerlendirilecegi

balik¢ilik endiistrisi ihmal edilmistir. 1990
yilinda liman igerisinde iilkemizde ilk Atlas
Okyanusu salmon balig1 yetistiricilik tesisi
kurulmus, daha sonra alanin yetersiz olmasi
ve firtinalardan etkilenmesi nedeniyle Sinop
I¢liman’a tasmnmistir. Liman Karadeniz’in en
onemli balik avi yataklarina yakin olup
baglant1 yollar1 ve diger altyapilarin ingasi
halinde 6nemli bir balik¢ilik endiistri bolgesi
olabilir. Ayrica limanin boyutlar1 dikkate
alindiginda  yeterli ~ baglanti  yollar
yapildiginda Karadeniz’in i¢anadolu’ya en
kisa yoldan acilan kapis1 haline gelebilir.
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Sekil 11. Ustaburnu
(Orjinal)

(Caylioglu) limani
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Tasgiiney (Ayvasil) Cekek Yeri

Tirkeli il¢esine ait Maden ve Tasgiiney
Koyl halki tarafindan 5-7 m arasindaki 11
adet teknenin kiyitya cekilerek barindigi bir
alandir. Teknelerin bazilarinin ticari avlanma
ruhsatlar1 olmamasina ragmen diizenli olarak
uzatma aglarnn ile baliga c¢ikmaktadirlar.
Cekek yerine ulasim c¢ok  kisithidir.
Balikg¢ilarin olusturdugu olanaklardan bagka
higbir altyap1 bulunmamaktadir.

Bu alan da Sinop’taki diger eski balik¢1
koyleri gibi geleneksel balik¢iligr yasatmak
icin uygun bir plot bélge olabilir. Bu amagla
ruhsatsiz teknelere boyut, motor gilicii ve
kullandiklar1 av araci vasiflar1 ve miktari
olarak sinirli bir 6zel ruhsat verilerek sistem
icerisine alinabilir.

KARADENIZ

[

A

Ta$guﬁcy

Sekil 12. Tasgliney (Ayvasil) c¢ekek yeri
(Orjinal)

Giizelkent (Helald1) Balik¢1 Barinagi

Giizelkent Limani giiney - kuzey yoninde
baslaylp dogu - bati yoniinde devam eden
650 metre ve glney-kuzey yoninde 190
metre uzunlugunda iki giiglii mendirekten
olusmaktadir. Limanda 250 metre beton
rthtim ile balik¢ilar tarafindan liman igine
insa edilmis iskeleler ve balik¢ilikla alakasiz
pek cok sayfiye kuliibesinden olusmaktadir.
Liman belde merkezine yakin olmasina
ragmen yolu heyelan yiiziinden sik sik
kullanilamaz hale gelmektedir.

Limanda 11 adet ruhsathi tekne mevcut fakat
bunlardan sadece 5 tanesinin aktif olarak
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balik¢ilik yaptigi tespit edilmistir. Baliket
barinagi igerisinde soguk hava deposu, balik
indirme noktasi ve mezat alan1 yoktur.
Barinak icerisinde yaklasik 50 adet baraka
mevcuttur. Bu bolgede avcilik yapan
balikgilar genel olarak 5 metreden kiiciik
ruhsatsiz  teknelerin avciligindan  sikayet
etmektedirler. Yilin eyliil-kasim aylarinda
palamut voliciligi yapilmaktadir. Az sayida
tekne ilkbahar mevsiminde barbunya ile
sezona baslamakta, kefal ve iskorpit avcilig
ile devam etmektedir. Glzelkent
avlaklarinda trol avciligr serbest oldugu igin
kalkan balig1 aveiligi pek yapilmamaktadir.
Liman trol ve girgir av sezonunda bir
barinma ve balik indirme yeri olarak
kullanilmaktadir. Yol sartlar1 yaninda halen
kisith  olan su ve elektrik olanaklar
gelistirildigi taktirde limanin daha kullanish
olma imkani vardir.

Glizelkent limani igerisinde aktif olarak
calisan  bir balikgt  gemisi  tersanesi
mevcuttur. Calismanin yapildigi 2015-2016
yillarinda tersanede 20 den fazla ve boylari
18 ile 30 metre arasinda degisen sac balik¢i
gemisi insa edilmistir. Daha onceki yillarda
Sinop Universitesi’ne ait Seydi Ali Reis
aragtirma gemisi bu tersanede insa edilmis
olup ayrica yogun olarak balik¢t gemisi
bakim onarim ve tadilat isleri de
yapilmaktaydi. Liman igerisindeki sayfiye
kuliibelerinin artmas1 nedeniyle tersanenin
ve limanin c¢alisma kosullar1  giderek
kotiilesmektedir. Limanda tersanecilik tesvik
edilip limanda gerekli  dizenlemeler
yapilarak geri kalmis bu beldenin gelisimine
katkida bulunulabilir.
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Sekil 13. Giizelkent (Helald1) balike1
barmagi (Orjinal)

Tiirkeli Balik¢1 Barinagi

Tirkeli ilgesi merkezinde yer alan barinak
batidan doguya wuzanan 525 metre ana
mendirek ile 325 metrelik tali mendirekten

meydana gelmektedir. Tali  mendirek
tzerinde 130 metrelik beton rihtim
bulunmaktadir.

Liman genel olarak atil durumda olup daha
cok girgir ve trol av sezonunda disaridan
gelen balikg¢1 gemileri tarafindan
kullanilmaktadir. Balik¢1 barmag: igerisinde
sahsa ait bir soguk hava deposu mevcut olup
mezat alan1 yoktur. Elektrik, su ihtiyaglar
kisitl saglanmaktadir.

Liman sinirlar1 igerisinde ¢aligmayan bir
beton tesisi yer almaktadir. Ayrica
mendirekte ticari balik¢ilik ruhsati olmayan
ilge esnaflarinca yaptirilmis sayist 30 u asan
sayfiye yapisi vardir. Balik¢ilar ve kooperatif
bagskani limanda ciddi sekilde siglasma
sorunu oldugu belirtilmektedir. Yilin sadece
belirli  donemlerinde birka¢c adet kiglk
Olcekli balik¢1 teknesi avcilik yapmaktadir.
Bunun haricinde aktif bir balik¢ilik faaliyeti
ger¢eklesmemektedir.
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Sekil 14. Tiirkeli balik¢1 barinagi (Orjinal)

Gullasu Cekek Yeri

Turkeli Gullusu Cekek Yeri igerisinde 21
adet tekne bagli durumda fakat bunlardan
sadece 6 tanesi aktif olarak balik¢ilik yaptigi
tespit edilmistir. Diger tekneler genel olarak
gurbetci insanlarin {ilkeye dondiiklerinde
kullandiklar1 ve memurlarin sportif amaclh
kullandiklar1 teknelerdir. Ayni zamanda
liman igerisinde 6 tane teknenin plakasi
mevcut oldugu belirlenmistir. Bu az sayidaki
aktif balik¢ilik yapan balikgilar genel olarak
palamut, ¢inekop avcilig1 ve barbunya balig
avcili@i yapmaktadirlar. Bu bolgede mezgit
avciligl ise pek yapilmamaktadir. Balik¢ilar
ile yapilan ikili goriismelerde limanin 50
metre uzunlugunda mendirege ihtiyaci
oldugu bildirmislerdir.

Bu bolgedeki balik¢ilik faaliyetleri az
sayidaki kiiciik olgcekli balikgilar tarafindan
gerceklesmektedir. Bu bolgede genellikle yil
boyu 32-40 mm ag géziine sahip dip uzatma
aglari ile barbunya bahig avcilig
yapilmaktadir. Eyliil ayindan itibaren voli
aglariyla palamut avciligi baslamakta ve
yilsonuna kadar stirmektedir. Mezgit ve
kalkan baligina yonelik avcilik bu bolgede
pek yapilmamaktadir. Barinaktaki amator
balikgilik tekneleri uzun olta ve sirt
yontemiyle cinekop ve seyrek olarak levrek
avlamaktadir.
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Sekil 15. Gillusu gekek yeri (Orjinal)
4. SONUC VE ONERILER

Ulkemizde bulunan cok sayidaki balikg1
limani, barinag1 ve ¢ekek yerinin eksiklikleri
bulunmakta olup, bu yerlerin
rehabilitasyonun yapilarak eksikliklerinin
giderilmesi gerekmektedir (Belen, 2012). Bu
rehabilitasyonlarla  balik¢ilara daha 1yi
imkanlarin sunulmasi balik¢ilik sektdriiniin
gelecegi  ve sirdiiriilebilirligi  agisindan
oldukca 6nemlidir.

Sinop genelde Turkiye, spesifik olarak da
Karadeniz balik¢iligi i¢in  Onemli  bir
ilimizdir. Sahip oldugu potansiyel bu 6nemi
ve sagladig1 fayday1 daha fazla artirabilecek
diizeydedir. Mevcut balik¢ilik altyapilari
potansiyelin dogru ve verimli kullanimini
saglayabilecek diizeyde degildir. Balike1
liman ve barinaklar1 balik bosaltma,
pazarlama, satis ve muhafaza, tekne ve
balik¢ilarin ihtiyaglarmin giderilmesi
acisindan  yetersiz durumdadir.  Altyap1
yetersizlikleri balik¢ilig1 yapilabilir ve tercih
edilen bir meslek olmaktan g¢ikartmaktadir.
Oysa balik¢ilik  kaynaklarimizin  dogru
degerlendirilmesi, vatandaglarimizin  her
acidan degerli bu besinlere saglikli sartlarda
ve bol miktarda wulagabilmesi devlet
politikas1 haline getirilmelidir. Mevzuatta ve
teknolojideki  gelismelere ragmen bu
gorevlerin  sahiplenilmemesi, sorunlarin
iletilmesi ve ¢oziilmesi ile ilgili girisimlerin
blrokrasi kademelerinde absorbe edilmesi 60
yildir yakinilan sorunlarin halen devam
etmesine  neden  olmaktadir.  Mevcut
limanlarin tekneler ve c¢aliganlarin barinmast,
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elektrik, akaryakit, buz temini, kat1 atik ve
sintine atiklarinin bosaltilmasi, teknelerin
bakim ve onarimi, avlanan irtinlerin saglikli
sartlarda bosaltilmasi, muhafaza edilmesi ve
pazarlanmas1 i¢in 6zel olarak planlanmig
yapilarla donatilmas1 gerekmektedir.
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ABSTRACT

Surface sediments collected from the
continental shelf off the Indus delta,
Pakistan, were studied to determine the
organic carbon content. The results suggest
that textural characteristics influence the
distribution of the organic carbon content in
the sediments of the Indus shelf. The surface
sediments of the Indus shelf are
predominantly silt, silty clay and clayey
silty sand. Generally, inner shelf sediments
contain 50-70% silt and ~20% clay. A belt
of coarser sediments containing >50% sand
occurs in the North West outer shelf region.
The fine clay content in the sediments
increases with depth, from 20% at the Indus

Article Info

Received: 08 January 2018
Revised: 05 June 2018
Accepted: 08 June 2018

river mouth to 60% at the continental slope
region. Sediments of the Indus shelf contain
a relatively high (~1.0%) content of organic
carbon, and their distribution indicates
textural influence. The coarse, silty
sediments (50-70% silt) have a low organic
carbon content of <1.0%. The fine-grained
clayey sediments (20-40% clay) are
characterized by relatively high (1-2%)
organic carbon content. The highest organic
carbon content of 2-3% occurs in fine-
grained sediments of the outer shelf and the
continental slope area, where 60% of the
sediments are clayey sediments.
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1. INTRODUCTION

In continental shelf areas, sediments contain
various amounts of organic carbon. The
organic carbon content of these sediments is
controlled by factors such as the primary
productivity of the area (Calvert, 1987
Pederson and Calvert, 1990; Calvert et al.,
1991), the bottom water dissolved oxygen
(Demaison and Moore, 1980; Canfield,
1994), the sediment grain size (Premuzic et
al., 1982; Mayer et al., 1985; Calvert, 1987;
Ergin et al., 1993), the sedimentation rate
(Betts and Holland, 1991) and sorption to
mineral surfaces (Mayer, 1994; Keil et al.,
1994a; Keil et al., 1994b). The relative
importance of the different factors controlling
organic  matter accumulation is a
controversial subject. Extensive studies on
sedimentary organic matter have been
undertaken to understand these factors
(Hedges and Keil, 1995; Arthur et al., 1998;
Hedges et al., 1999; Keil and Cowie, 1999;
Vanderwiels et al., 2009; Zonneveld et al.,
2010). Monsoonal upwelling and high
primary productivity (Prell and Kutzbach,
1992; Qasim, 1977) characterize the study
area in the northern Arabian Sea. Water
columns at depths between 150 and 1,500 m
have a broad, intense oxygen minimum zone
(Wyrtki, 1971; Von Stackleberg, 1972). The
occurrence of sediments rich in organic
matter on the continental margins of Oman,
Pakistan and India has been reported (Von
stackelberg, 1972; Prell et al, 1992;
Paropkari et al., 1992, 1993; Calvert et al.,
1995). The organic carbon distribution in the
surface sediments of the Arabian Sea and the
controlling factors have Dbeen studied
previously (Slater and Kropnick, 1984;
Fontugne and Duplessy, 1986; Shimield et
al., 1990; Calvert et al., 1995; Khan, 1999;
Keil and Cowie, 1999; Cowie et al., 1999;
Schulte et al., 2000; Cowie et al., 2009).
Detailed studies of the biogeochemical
characteristics of sediments undertaken by
Cowie et al. (1999) confirmed the
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accumulation of rich sediments of organic
matter, predominantly of marine origin.
Earlier studies showed that surface
productivity and dissolved oxygen are not the
only factors controlling organic carbon
distribution in this area. Paropkari et al.
(1992) suggested considering other factors
such as the texture of sediments,
sedimentation rates, shelf-slope morphology,
clay mineralogy and  hydrodynamic
processes. In the deep sea area of the Arabian
Sea, Khan (1999) showed the temporal
changes in organic carbon accumulation are
coupled both to paleo productivity and
sedimentation rates. Luckage et al. (2012)
investigated a sediment core of the Indus
Canyon and suggested that the Indus River
affects productivity and therefore organic
matter preservation in the coastal northeastern
Arabian Sea. Here, surface sediments
collected in the early eighties are re-evaluated
with respect to organic carbon. The sediment
texture and the carbonate content are
published elsewhere (Khan, 1993). Textural
data (Khan, 1993) is incorporated in this study
to understand the distribution of the organic
carbon content of the Indus shelf sediment. In
the present study, the spatial distribution of
organic carbon in surface sediments from
offshore of the Indus delta is investigated and
discussed based on sediment characteristics
only. This study supports the hypothesis that
sediment texture influences the organic
carbon distribution in the surface sediments
of the continental shelf off the Indus delta in
Pakistan.

1.1. Regional Geological Setting

The northeastern part of the Arabian Sea
between the Owen-Murray Ridge and the
Indian continental margin is a passive
continental margin.  This margin s
characterized by a 100-km-wide continental
shelf and a stable, gently inclined continental
slope. The shelf off the Indus delta is
relatively flat. The shelf break occurs at the
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135 m isobath (Giosan et al., 2006). The most
pronounced morphological feature of the
Indus shelf is the Indus Canyon (Islam, 1959;
Shepard and Dill, 1966; Giosan et al., 2006).
The Indus canyon crosses the ~100-km-wide
shelf and the continental slope and extends as
a fan-valley or channel-levee system onto the
Indus fan. The Indus Canyon has played a
significant role in funneling sediment from
the shelf edge to deeper areas towards the
Indus submarine fan (Islam, 1959; Nair et al.,
1982; Wells and Coleman, 1984). The Indus
River has been the major fluvial source of
Arabian Sea sediments since the Early
Miocene (Kolla et al., 1981; Clift et al., 2001;
Clift et al., 2004; Garzanti et al., 2005).

2. MATERIAL AND METHOD

2.1. Study Area

The Indus shelf extends between Cape Monz
and Sir Creek along the eastern continental
margin of Pakistan as shown in Fig. 1. Prior
to upstream damming, the Indus River
supplied 450x10° t/year of sediments to the
sea (Milliman et al., 1984; Milliman and
Syvitski, 1992). The sedimentation rate on
the Indus shelf is approximately 10 cm/year
(Gibbs, 1981). Sediments on the modern
Indus shelf are dominated by high silt and low
carbonate content (Nair et al., 1982; Khan et
al., 1993). The texture of the surface
sediments divides the study area broadly into
(i) near shore and inner shelf silt dominant
sediments (~20-70 m) (ii) northwestern outer
shelf zone and shelf break with sandy
sediments (~70-130 m) and (iii) a deeper zone
of continental slope featuring fine clayey
sediments (Khan et al., 1993). Seasonal
monsoonal upwelling results in high primary
productivity and creates an oxygen minimum
zone between depths of 200 to 1,500 m
(Wyrtki, 1971; Von Stackleberg, 1972; Prell
and Kutzbach, 1992).
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Fig.1. Location map of sediment sample
stations

2.2. Sampling and Analytical Methods
2.2.1. Sampling marine sediments

Surface sediment samples from the
continental shelf, off the Indus delta, Pakistan
(lat. 22° 47" 34" N to 24° 43’ 95" N and long.
65° 58" 32" E to 67° 54' 0" E) were collected
using a Peterson grab. The location of the
sediment samples is given in Fig. 1. At
stations 9, 23, 36, 39 and 40, owing to failure
of a grab sampler, sediments were not
collected. The grab samples were transferred
into plastic jars and transported onshore. The
top 4-5 cm of the sediment sample was
scraped with a spoon and stored in a jar for
analysis.

2.2.2. Textural Analysis

Grain size analysis was performed using
standard grain size analysis methods (Folk,
1980). Sand-sized (2 mm to 63 pum), silt (63
to 4 um) and clay (<4 um) fractions were
separated by wet sieving. A dispersant was
added to 50 gm of the sample and wet sieved
through a 63-pum sieve. The fraction retained
on the sieve was transferred to a pre-weighed
evaporating dish. After drying, we calculated
the coarser fraction (>63 um) in terms of sand
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content expressed as a percentage. Fine-sized
particles (silt and clay) were characterized
using their settling rates. Silt-sized material
(<63 pm) was washed through the sieve and
collected in a litter cylinder. The fine material
(<63 um) was concentrated by allowing a
settling time and, after drying, was measured
to determine the silt (<63 pum) percentage.
The remaining suspended material in the
liquid was measured to determine the clay
content after drying the decanted water
through evaporation.

2.2.3. Organic Carbon Analysis

Sediment samples were dried at 60-70° C.
Bulk samples were ground to powder and
homogenized. The powder sample was used
for the analysis of organic carbon. A wet
oxidation  method  using  potassium
dichromate and sulfuric acid as the oxidant
was used (El-Wakeel and Riley, 1957).
Gaudette et al. (1974) pointed out 100% yield
can be achieved using this method.

3. RESULTS

3.1. Sediments

The surface sediments are gray, light gray,
greenish gray, grayish green and brown in
color. Sediment type and grain size
characteristics of samples from the study area
published earlier (Khan et al., 1993) are given
in Table 1. In the present study, the textural
data have been studied to determine the
relationship with organic carbon content. The
texture of the sediments included coarse to
fine sand, silt clay and silty clay. The surface
sediments of the Indus shelf are dominated by
the silt size (<63 um) fraction, which ranges
between 40 and 80%. Texturally, sediments
are classified as clayey silt (Folk, 1980), and
the results are presented as a ternary diagram
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(Fig. 2). Skeletal remains and broken pieces
of foraminiferal ooze, pelecypods and
gastropod shells are the predominant biogenic
constituents. Sediment texture and the
percentage of sand, silt and clay at each
station are shown in Fig. 3, and their spatial
distribution pattern is shown in Fig. 4. Based
on sediment texture, the Indus shelf can be
classified into three distinct sedimentary
zones; (i) the innermost shelf zone (20-70 m),
dominated by clayey silt (Fig. 4a), (ii) the
northwestern shelf zone (70-100 m),
dominated by coarse grained clayey sand and
sand, (Fig. 4b) and (iii) the outer shelf zone
(>100 m) and inner continental slope area,
which contains silty clay sediments (Fig. 4c).
Sediments from the stations proximal to the
contour of 100 m depth in the eastern part of
the study area in Zone | are clayey silt (~40%
clay content, Fig. 4c) with some shell
fragments and abundant mica flakes. The silt
content is highest (~70%) in near-shore
stations (Fig. 4a). This amount decreases to
30% towards the outer shelf stations, where
the sand content increases and represents
Zone 1. Sediments on the western side of the
Indus Canyon in Zone Il are coarser and form
a sand belt between the 50-100 m isobaths
(Fig. 4b). In Zone Il, the shelf sediments
change from silt to fine sand with abundant
skeletal material. Sediments collected from
station numbers 18,19, 24, 26, 27, 28, 34, 37
and 38 show high sand content ranging from
50 to 70% (Fig. 3). The highest sand content,
(~60%),0ccurs in sediments from stations 18,
24, 27, 28, 34 and 37 (Fig. 3). Sediments of
Zone 11 in and around the lower reaches of
Indus canyon at the continental slope are fine
silt and clay with less shell material (Fig. 4c).
The clay size fraction is dominant in
sediments from stations 5, 6, 7, 10, 12, 16, 22,
25, 31, 32, 33 and 35 and ranges between 40
and 70% (Fig. 3).
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Fig. 2. Textural Characteristics of the Indus shelf sediments
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Fig. 3. Bar graph showing sand %, silt % and clay % in sediments of the Indus shelf
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Fig. 4. Spatial distribution of sand, silt and clay % in the Indus shelf sediments

3.2. Organic Carbon Content

Sediment descriptions and organic carbon
content are given in Table 1. The organic
carbon content of the surface sediments from
different stations is shown in a bar diagram
(Fig. 5), and the surface distribution across
the shelf is displayed in Fig. 6. The organic
carbon content in the sediments from the
continental shelf off the Indus delta ranges
between 0.5% and 3.2%. Sediments present
between the near shore zone and down to
approximately 50 m water depth are low in
organic carbon, which ranges from 0.5% to
1.0%. In general, organic carbon content in
sediments increases from the inner shelf to the
outer shelf regions. The sediments from the
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outer shelf stations (depth of ~100 m) exhibit
comparatively high amounts of organic
carbon (1-2%) compared to the inner shelf
sediments, which exhibit an organic carbon
content of 0.5% to 1.0%. Sediments from
stations 5, 6, 7, 15, 16, 17, 25, 26, 34, 35, and
37 (Fig. 5) exhibit a high organic carbon
content that ranges between >1.5% and 3.0%.
The highest organic carbon content of
~2.50% occurs in sediments from stations 5,
6, 25, 26, 34, and 36 at depths between 100
and 200 m. Station 5 and 6 are located in the
eastern part of the study area around the Indus
canyon, whereas stations 25, 26, 34 and 36 are
located westward and are clayey in nature.
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Table 1. Location, textural characteristics and organic carbon content of the Indus Shelf

sediments
Station | Depth(m) | Latitude | Longitude | Types of Color *Sand | *Silt | *Clay | Organic
No (N) (E) Sediments (%) (%) (%) | Carbon
%
1 13 23°.34' 67°.54' Clay-silt | Dark grey 716 | 77.96 | 14.88 0.88
2 25 23°.23' 67°.43' Clay-silt Dark grey 11.05 | 77.26 | 10.42 0.63
3 26 23°.10' 67°.32' Clay-silt | Dark grey 15.46 | 77.76 | 9.53 0.59
4 51 22°.56' 67°.22' Clay-silt Grey 9.16 | 73.74 4.3 0.8
5 113 22°47 67°.13’ Clay-silt | Grey 12.06 | 43.16 | 446 3
6 270 22°.54' 66°.58' Silty-clay | Dark grey 2.88 19 78.12 2.5
7 112 23°.05' 67.11" Silty-clay | Dark grey 1.65 | 36.78 | 62.13 2.4
8 49 23°.17' 67°.2' Clay-silt Dark grey 1.72 70 29 0.8
10 26 23°.41' 67°.37' Clay-silt | Grey 1.85 | 49.23 | 48.92 0.63
11 295 23°.35' 67°.24' Clay-silt | Light grey 4.2 64.4 | 30.6 0.8
12 712 23°.18 67°.14' Clay-silt | Brownish 1.2 60.1 | 384 0.9
grey
13 25 23°.45' 67°.18' Clay-silt Dark grey 1 65 33 0.95
14 80 23°.33' 67°.19' Clay-silt Dark grey 8 56 34 0.98
15 96 23°.22' 67°.01' Clay-silt Brownish 8 50 32 1.34
grey
16 137 23°.07' 66°.52’ Clay-silt | Brownish 9.72 | 49.18 | 41.38 15
grey
17 126 23°.25' 66°.39' Clay-silt Brownish 22.8 | 43.13 | 34.06 1.7
grey
18 90 23°.34' 66°.5' Clay-sand | Brownish 57.7 18.7 | 23.44 0.88
grey
19 59 23°.44' 67°.0' Clay-sand | Brownish 50 18.21 | 30.11 0.75
grey
20 23 23°.57 67°.09' Clay-silt | Greenish 9.3 70.2 | 18.8 0.5
grey
21 30 24°.17 67°.04' Sandy-silt | Grey 12 75.5 45 0.5
22 22 24°.05' 66°.54' Silty-clay | Grey 2.1 46.8 | 50.2 1.06
24 104 23°.42' 66°.32’ Silty-sand | Brownish 643 | 3219 | 35 0.97
grey
25 222 23°.30’ 66°.25' | Sandy-clay | Greenish 18.5 7.4 73.3 2.6
grey
26 216 23°.44' 66°.15' Silty-sand | Grey 46.23 | 45.19 | 9.42 1.9
27 102 23°.55' 66°.24' Silty-sand | Grey 63.11 | 33.34 6 1.2
28 80 24°.06' 66°.34' Clay-sand | Greenish 70.04 | 11.19 | 186 0.75
grey
29 79 24°.19’ 66°.44' Sandy-silt | Grey 17.18 | 78.7 4.02 1
30 30 24°.29' 66°.65' Clay-silt | Brown 2 70.69 | 27.28 0.5
31 27 24°.44' 66°.48’' Silty-clay | Grey 24 | 44.48 | 49.88 0.95
32 60 24°.32' 66°.37' Silty-clay | Grey 1.2 46.44 | 50.96 0.82
33 60 24°21' 66°.28’ Silty-clay | Grey 3.57 | 49.61 | 46.14 0.82
34 93 24°.09' 66°.17' Clay-sand | Grey 42,5 27.4 | 30.1 2
35 174 23°.58' 65°.51 Silty-clay | Brownish 19 30.4 | 50.6 1.8
grey
37 157 24°.12' 66°.58' Silty-sand | Dark brown 71.04 | 17.1 11.7 15
38 87 24°.22' 66°.03’ Silty-sand | Brown 73.16 | 23.85 | 2.84 1

*Published data (Khan, 1993)
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4. DISCUSSION

Textural characteristics (sand silt and clay
percentages) and the organic carbon content
of the Indus shelf sediments from the study
area are shown in bar diagrams in Figs. 3 and
5. The spatial distribution is also shown in
Fig. 6. From the sand, silt, and clay
percentages and their organic carbon content
distribution, it is evident that sediments with
a high clay percentage contain relatively high
amounts of organic carbon. The correlation
between the organic carbon content and the
sand, silt, and clay percentages is shown in
Fig. 7. These results suggest that organic
carbon tends to be associated with fine
sediments. Exceptions occurred only at
station numbers 26 and 34 with ~2% organic
carbon in coarser sediments (~50% sand).
Station no. 26 is at a depth of 216 m, and
station no. 34 is at 93 m. Increased organic
carbon in the coarse sediments of these
stations could be due to the bottom water
oxygen and organic productivity,
respectively.

It is known that particle size affects the
organic carbon content of sediments (Trask,
1953; Brodovskiy, 1965; Van Andel, 1964;
Hunt, 1996) and that clay contains more
organic matter than coarse-grained sediments
(Bush and Keller, 1981). In general, coarse
sediments are expected to have lower organic
matter content, either through less input or by
winnowing of the organic content with fine-
grained particles by erosive currents.
Researchers (Listizen, 1972; Krissek and
Scheidegger, 1983) have established a
relationship between the clay content and the
organic carbon content in marine sediments.
Surface sediments and their organic carbon
content determined in the present study (Fig.
6) reveal that bathymetry of the area and the
sediment texture are the important controlling
factors for the organic carbon content of
sediments of the continental shelf off the
Indus delta. The sediments are predominantly
terrigenous. In the western part of the shelf,
the sediments are coarser (silty sand) and
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show increased biogenic content largely
composed of skeletal material of calcareous
organisms (Khan, 1993). The spatial
distribution (Fig. 6) of sand, silt, clay and
organic carbon and the R? values (Fig. 7)
obtained for clay and sand suggest that the
organic carbon content in sediments has more
affinity towards fine clayey sediments.
Sediments at station no. 6, 7 and 25 that are
rich in clay content (50-70%) also show the
highest organic carbon content value, i.e.,
>2.5%. There are stations (e.g., 34, 35, 37,
and 38) from Zone Il of the sandy belt that
have relatively high organic carbon content.
In contrast, the clayey sediments from
stations 10, 30, 31, 32, 33 show relatively less
organic carbon. Textural characteristics of the
Indus shelf sediments suggest that there is a
relationship between the grain size and the
water depth. Sediments from shallow stations
(~50 m water depth) are predominantly silty
(50-70% silt) with low organic carbon
ranging between 0.5 and 1%. Deeper stations
from the outer shelf and the slope feature clay
as the predominant sediment, along with
higher organic carbon content (>2.0%). The
textural dependency of the organic carbon
content is evident from the fact that the fine-
grained sediments (<63 pm) have higher
values (Fig. 5) compared to the coarser
sediments. The relationship of a high
concentration of organic carbon with high
clay content is consistent with other published
data (Van Andel, 1964; Reinson, 1975).
Stackelberg (1972) and Paropkari et al.
(1987) have studied the distribution of
organic carbon in the sediments of the
western shelf of India. According to
Paropkari et al. (1987) the difference in the
organic carbon observed between the inner
shelf and outer shelf sediments could be
attributed to the differences in the grain size
of sediments, sedimentation rates, and
activity of benthic population and to the role
of oxygenated water. The high organic carbon
content  associated with  fine-grained
sediments of the slope region could be
ascribed to the influence of the oxygen
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minimum layer on the sea floor. Oxygen poor
water (<0.5 ml/l) extends from 200 m to 1,500
m in the Arabian Sea (Slater and Kroopnick,
1984). This oxygen minimum layer prevents
the destruction of organic carbon through
oxidation. High values of organic carbon in
clayey sediments found on the outer Indus
shelf and slope region could be a result of
both decreased bottom water oxygen and
sediment texture.

Organic Carbon %
™

R*=0.0011

Organic Carbon %

Organic Carbon %
~

Clay %
Fig. 7. Correlation between sand, silt, clay
and organic carbon %

5. CONCLUSION

The organic carbon content of the Indus shelf
sediments suggests a close relationship with
the sediment texture. The textural dependence
of the organic carbon content is evident from
the fact that the fine-grained sediments (<63
pum) tend to have higher values when
compared to the coarse sediments. The
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organic carbon content in surface sediments
of the outer shelf and the slope region is
higher, and clay is the predominant sediment
type. This study reveals the role of sediment
texture in the distribution of the organic
carbon content in sediments deposited off the
Indus shelf of Pakistan. In this study, the
observed spatial distribution pattern of the
clay percentage in sediments suggests that the
fine sediments are funneling through the
Indus canyon and depositing deeper offshore.
The organic carbon content distribution also
indicates a similar process. The presence of
fine, clayey sediments with a high OC content
from the eastern stations in the canyon
vicinity suggests that fine sediments may be
acting as carriers and depositing.
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OZET

Bu c¢alismada Karadeniz’de Anadara inaequavalvis (Bruguiere, 1789)’in viicut-kabuk boyu
iligkileri ve biiylime parametreleri tahmin edilmistir. Sonug¢ olarak, vicut ol¢tleri ile kabuk
boyutlar1 arasinda 6nemli bir iliski gézlenmistir. Buna ek olarak, Von Bertalanffy biiyiime
parametreleri L.=8.61 mm, K= 0.25 and to= -0.43 yr? olarak bulunmustur. Ayrica, 6liim
oranlar1 Z= 0.95 yr'l, M= 0.77 yr!, F= 0.18 yr? olarak hesaplanmistir. Bu ¢alisma, Anadara
inaequavalvis’in viicut-kabuk boyutlar1 arasindaki iliski ve 6liim oranlarinin tahmin edildigi ilk
calisma olma 6zelligi tasimaktadir. Bu tiir Avrupa Komisyonu’nun Deniz Stratejisi Cerceve
Direktifi 2. Grup’ta Iyi Cevre Statiisii’niin bir tanimlayicis1 olarak da kullanilmaktadir.

Anahtar sézcikler: Karadeniz, viicut-kabuk boyutlar

1. INTRODUCTION

Invasive species are defined as aquatic
organisms threating biological diversity by
introducing  into  natural  ecosystems
according to IUCN Guidelines for the
Prevention of Biodiversity Loss caused by
Alien Invasive Species (2000). The studies on
invasive/non-
native/alien/exotic/introduced/allochthonous
or non-indigenous species have been
available in aquatic environments since early
1980s. These species tend to survive and
subsequently reproduce (Gosling, 2003). The
invasive alien species (IAS) are introduction
resulting from human activities. For example,
since the increase in cargo transportation, a lot
of invasive species have been transported by
ballast water all around the world. Besides,
natural phenomenons are effects of
distribution of them such as climate change or
dispersal by ocean currents. IAS have
negative effects on biodiversity, ecosystem
processing, socio-economic life and human
health in invaded areas (Olenin et al., 2010).
The Black Sea has a fragile ecosystem and is
threatened by a lot of invasive species day by
day.

Ark clam or blood cockle (Anadara
inaequavalvis Bruguiere, 1789), originated
from the Indian Ocean, with a blood red color
due to a high consistent level of hemoglobin
in their bodies. It was introduced to the Black
Sea in 1981 (Zolotarev and Zolotarev, 1987)
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and since then it has been distributed along
the coast. The reason for invasion success is
that the heamolymph species which has
ability of binding oxygen in the lack of
oxygen (de Zwaan, Cortesi et al.,, 1991,
Holden and Pipe, 1994). Also, this species can
tolerate salinity, hypoxic and anoxic water
conditions just as veined whelk. It lives
mostly in clay or sand substrata (Sahin et al.,
2009). This species is economically important
in the Asian countries such as Malaysia, West
India, China, Thailand, and Korea (Acarli et
al., 2012). This species replaced Mytilus
galloprovincialis and it is under predation of
Rapana venosa at present in the Black Sea
(Erdogan Saglam et al., 2010). The
morphological characteristics changes of the
individual A. inaequivalvis can use an
indicator for the early determination of the
effect of pollutants on benthic habitats
(Kolyuchkina and Miljutin, 2013).

In this paper, we aimed to determine body-
shell dimension relations of invasive ark clam
and growth parameters for the Turkish Black
Sea. This paper results can use to compare in
future studies in order to the early pollution
detection for Good Environmental Status
(GES) in the Black Sea ecosystem. Besides,
obtained data of the ark clam will enlighten
and compare possibility for the future work.
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2. MATERIAL AND METHODS

In this study, 313 specimens for A.
inaequivalvis were obtained from Trabzon
between September 2010 and May 2011
(Figure 1). Samples were caught as discard
species by bottom trawls (40 mm mesh size in
cod-end). The length, width and height of
shell were measured with digital callipers
which are the nearest 0.01 mm (Figure 1). The
weight of shell and its body was weighted as

nearly 0.01 g. The length-weight relationship
was estimated by W = aL” where a and b are
constant, W refers to weight of shell (g), and
L refers to length of it (cm) (Ricker, 1975).
The difference of the calculated and measured
length was tested with student t test. A.
inaequivalvis ageing is hard issue therefore
age and growth and mortality parameters
estimated by FISAT 1I® (FAO-ICLARM
Stock Assessment Tool, 2006-2018)

Figure 1. Sampling station and measurements of the samples (Measurement of the ark clam
figure were modified from (Fischer and Bauchot, 1987)

3. RESULTS

The ark clam samples sizes were varied
between 1.3-7.9 cm total lengths, 0.52-62.58
g total weight. The mean length and mean
weight of ark clam were calculated as 4.23 cm
and 20.05 g, respectively. The majority of the
samples were detected in 3.0-4.0 cm
(33.46%) size class (Figure 2). According to
the regression analyses, there were strong
relationship between total weight and shell
height (R?>= 0.957), body weight and total
weight (R?= 0.938). The weak relationships
were observed between bodyweight and shell
height (R*= 0.849) and followed by body
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weight and shell weight (R?>= 0.859). The
relationships between body and shell
dimensions were given in Figure 3.

»-_II SENEE} P ——

% Frequency

0,00

Len.gth {em)

Figure 2. The length-frequency of ark clam
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Figure 3. Relationships between body measurements and weights of ark clam

The ages of ark clam were determined as five-
year class according to Bhattacharya’s
method using the length frequency data and
shown in Figure 4.

The ages of ark clam were estimated between
1 and 5 according to length class from the
Bhattacharya’s method (Figure 4). The
dominant age groups were observed as 2
(48.33%) and followed by the age groups 4
(19.70%), 3 (16.36%), 1 (8.55%) and 5
(7.06%). The mean measured length of the
ages were with Bhattacharya method as
2.62+0.27 cm for 1 age group, 3.65+0.50 cm
for 2 age group, 4.89+0.35 cm for 3 age
group, 5.79+£0.21 cm for 4 age group and
6.25+0.21 cm for 5 age group. The calculated
ages were also determined as 2.59 cm for 1
age group, 3.92 cm for 2 age group, 4.96 cm
for 3 age group, 5.77 cm for 4 age group, 6.40
cm for 5 age group. There was no difference
of the measured and calculated length and
shown in Figure 5 (P>0.05). The Von
Bertalanffy growth parameters of the ark clam
were calculated in ELEFAN 1 as Lt=8.61 (1-
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e0-25(+043)) " Instantaneous total mortality rate
(Z) of ark clam was calculated as 0.95 yr?,
natural mortality rate (M) as 0.77 yr?, fishing
mortality rate (F) as 0.18 yr* and exploitation
rate as 0.19 yr? from the Length-Converted
catch curve (Figure 6).

The recruitment pattern of ark clam A.
inaequivalvis was demonstrated in Figure 7.
When NORMSEP normal distribution
procedure was applied, two peak recruitments
were found in May and November.

The probability of capture was estimated of
the ark clam as L25=3.05 cm, Ls0=3.53 cm,
L7s=4.00 cm (Figure 8).

Frequency (10™)
- s

00 T
41
Length (cm)

Figure 4. Age classes of ark clam
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Figure 5. Differences calculated and
measured length of ark clam
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Figure 6. Catch curve for the mortality and
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Figure 8. The probability of capture of ark
clam

4. DISCUSSION

The body and shell dimension relations of the
ark clam were calculated in this study.
However, these results could not be but not
compared with any study because of absence
of the published scientific manuscript before.
The same situation is also applicable for the
mortality rates.

The ages and mean length of ark clam in this
study were estimated as 1-5 years, these
findings were also likewise with Sahin et al.
(2009). Although, L. of the ark clam is
calculated higher than Sahin et al. (1999).
This could be explained with obtaining of
larger size samples in this study than the
Sahin et al. (1999).

The mortality rates show that there is low
fishing pressure for ark clam in the Black Sea.
The exploitation rate (0.18 yr?) of the ark
clam is also highly lower than optimum
fishing level (0.5 yr) in the Turkish coast.
There are two recruitment peaks (the strong
peak and the slight one) in this study. The
strong recruitment curve time might be in July
and the slight curve time could be in
November. These findings are same with the
results of Sahin et al. (2006). The slight peak
in autumn might be caused of low lipid
content (lipid uses for the wintering) in the ark



Kasapoglu, Turkish Journal of Maritime and Marine Sciences, 4(1): 46-51

clam (Sahin et al., 2006). The reasons of the
strong curve in the spring and summer of the
ark clam might also be related with the high
sea temperature-chlorophyll-a and low
salinity conditions (Acarli et al., 2012).

5. CONCLUSION

The under controlling of invasive species is
difficult in an ecosystem. In addition to,
developing strategy provides bio-invasion
impact/dimension or bio-pollution index in
the invaded area for the GES according to
Non-Indigenous Species-Marine  Strategy
Framework Directive Task Group 2. A
monitoring strategy for the settled and
incomer of the invaders especially toxic and
harmful ones should be developed.
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ABSTRACT

The purpose of this study was to investigate
comparatively the sprat (Sprattus sprattus)
fisheries in the whole of the Black Sea and
in the Turkish coast of the Black Sea. With
this aim, the prior studies on the sprat
fisheries conducted from 1970 to recent
years in the Black Sea and Turkish coast of
Turkey were examined. Especially changes
in annual catch amounts and on likely
reasons were focused. As a result of
evaluating the obtained data, necessary
precautions for sustainable fisheries were
determined and solution proposals have been
presented. Sprat is the second most caught
fish species in recent years and an important
raw material resource for fish flour and fish
oil industry. Especially in the Samsun coast
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of Turkey, this is target species for
commercial pelagic trawl fisheries. Sprat
has been caught by Georgia, Russia
Federation, Ukraine, Romania and Bulgaria
from the Black Sea since the beginning of
1970s. In Turkey, the first sprat fishing
started in 1993 and increased gradually until
2007. Sprat catch increased rapidly from
2008 to 2011 and reached 87.141 tons in
2011 after which a sharp decline occurred
(12.092 tons in 2012 and 9.764 tons in
2013). Then, it increased again and reached
41.648 tons in 2014 and 76.996 tons in
2015. Trend of annual catch values showed
that there is no stability in the stock of this
species in Turkish waters of the Black Sea.

Keywords: Turkish Black Sea coast, sprat,
Sprattus sprattus, fishery.
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OZET

Bu ¢alismanin amaci, Karadeniz’in tamaminda ve Tiirkiye kiyilarinda yapilan g¢aca
(Sprattus sprattus) balik¢iligin1 karsilastirmali olarak incelemektir. Bu amacla, 1970
yilindan bugiine Karadeniz ve Karadeniz’in Tiirkiye kiyilarinda yliriitilmis ¢aca
balik¢iligina iliskin dnceki calismalar incelenmistir. Ozellikle yillik av miktarlarindaki
degisimler ve muhtemel nedenleri {izerinde durulmustur. Elde edilen verilerin
degerlendirilmesi sonucunda, siirdiiriilebilir balik¢ilik icin alinmasi gereken onlemler
belirlenmis ve ¢dziim Onerileri sunulmustur. Cacga, Karadeniz'deki ikinci en bol balik
tiirtidiir ve balik unu ve balik yag1 fabrikalar1 i¢in 6nemli bir hammadde kaynagidir.
Tiirkiye'nin 6zellikle Samsun kiyilarinda, orta su trolii balik¢iligi i¢in en énemli hedef
trddr. Bu tiir, 1970'lerin basindan beri Giircistan, Rusya Federasyonu, Ukrayna,
Romanya ve Bulgaristan tarafindan Karadeniz’den avlanmaktadir. Tiirkiye'de ise ilk caca
avciligr 1993 yilinda baslamis ve av miktar1 2007 yilina kadar tedrici olarak artig
gostermistir. Caca avi 2008'den 2011'e hizla artarak 2011'de 87.141 tona ulagsmis ve
ardindan 2012'de 12.092 tona ve 2013'de 9.764 tona kadar keskin bir diislis géstermistir.
Daha sonra tekrar artarak 2014 yilinda 41.648 ton, 2015 yilinda 76.996 ton seviyesine
ulagmistir. Yillik av degerlerinin egilimi, Karadeniz'deki Tiirk sularinda bu tiiriin
stokunda istikrar olmadigini1 gostermektedir.

Anahtar sozcukler: Karadeniz’in Turkiye kiyilari, ¢aca, Sprattus sprattus, balik¢ilik.

1. INTRODUCTION (Trachurus mediterraneus) and etc.

Fisheries activities in the Black Sea have
been sustained since ancient times. In recent
years, industrial, semi-industrial and small-
scale fisheries coexist using many different
fishing gears. With small pelagic species
such as anchovies intensively fishing, the
catch amount which was around 400
thousand tons in 1970, exceeded 900
thousand tons in 1988. During the period
from the end of the 1980s to the today, the
total annual landing varied between 300 and
600 thousand tons, mainly due to the rapid
collapse of pelagic fish stocks.

Fish stocks in the Black Sea are often shared
by fleets from 6 riparian countries. In this
sea, 68% of the total catch is fished by
Turkey. This country was followed by
Ukraine, Russian Federation and Georgia,
respectively. More than 90% of the fish
caught from the Black Sea consisted of
small pelagic fish species (less than 10
species) such as anchovy, horse mackerel
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Fisheries in this sea are affected by different
threats such as the effects of increased
pollution from human activities, habitat
degradation, the introduction of alien
species, overfishing and the impacts of
climate-driven changes in the marine
ecosystem (FAO, 2016a).

After the anchovy, the sprat (Sprattus
sprattus) is the second most abundant,
planktivory and pelagic fish species in the
Black Sea. For larger fish species, they are
an important food source. They are very
important for the ecosystem. Because they
represent the link between plankton and
predator fish. Thus its population level
exerts top down control on the lower
components of the food web, and bottom-up
control on the upper components of the
ecosystem of zooplankton and a main food
resource for top predators (dolphins, spiny
dogfish, mackerel, whiting, turbot etc.).
Anchovy and sprat populations show strong
fluctuations depending on environmental
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conditions. Food supply is one of the most
important  conditions determining the
population size of small pelagic fish
(Nikolsky, 1965).

As mentioned above, sprat is an important
fish species for Black Sea fishery in terms
of both its mission in ecosystem and
commercial value. Especially in the last 20
years, the fishing pressure on the sprat stock
has increased considerably and it affected
negatively the sprat stock. The present study
was focused on history and current status of
the sprat fisheries in the Black Sea and
Turkish waters of the Black Sea.

2. MATERIALS AND METHODS

2.1. Black Sea

The Black Sea is a sea isolated from the
World Oceans. It connected to the Oceans
via the Mediterranean Sea through Istanbul
and Canakkale straits and Gibraltar straits
and with the Sea of Azov in the northeast
through the Kerch Strait. It lies among
Bulgaria, Romania, Ukraine, Russia
Federation, Georgia and Turkey. The Black
Sea coast lines of Ukraine, Turkey, Russia
Federation, Georgia, Bulgaria and Romania
are 1.628, 1.400, 475, 310, 300 and 225 km,
respectively (European Commission, 2010).
The southern of Black Sea is covered by the
Turkish Exclusive Economical Zone (EEZ)
(172.199 km?), the northwest and the north-
central by the Ukraine EEZ (144.038 km?),
the northeastern by the Russian Federation
EEZ (66.854 km?), the southeast by the
Georgian EEZ (22.765 km?), and the
western by the Bulgarian (35.156 km?) and
Romanian EEZ’s (20.598 km?) (Oguz et al.,
2012).

Black Sea receives significant fresh water
input from rivers such as the Danube, the
Dnieper and the Don and its catchment area
is over one third of continental Europe. The
Black Sea has high river supply, but water
output through the Istanbul strait is
restricted. That is, water cycling is rather
limited. This created a typical stratification
in this sea and waters below ca. 150 m are
anoxic. With more than 80% of its waters
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being anoxic with a high content of
hydrogen sulfide, the Black Sea contains the
largest mass of lifeless water on Earth.
Marine organisms are concentrated in the
upper oxygenated layer, and the continental
shelf situated above the limit of anoxia hosts
abundant bottom life. While the continental
shelves of the Black Sea are wider in the
northwest and southwest regions, does not
exceed 20 km in the remaining parts of the
sea. The wide north-western shelf in
particular is the most important spawning
and feeding area for the Black Sea fish
species. In the Black Sea, all the waters are
under the jurisdiction of the coastal states
(European Commission, 2010).

Marine fisheries is an important economic
sector in the Black Sea countries, and
virtually all the commercial fish stocks in
the Black Sea are shared among riparian
countries. 48.3% of the total catch obtained
from the Black Sea are fished by Turkey.
32.70, 10.08, 4.14, 2.78 and 2.17% of total
catch were fished by Ukraine, Russia,
Georgia, Romania  and Bulgaria,
respectively (Ak and Genc, 2012). On the
other hand, according to FAO (2016b)
Turkey's share in the total catch was 68%
and it was followed by Ukraine, Russian
Federation and Georgia. The Black Sea is
characterized by a relatively low species
diversity and high productivity (Knudsen et
al., 2010). Over the last 50 vyears,
ichthyofauna in the Black Sea has
undergone major changes concerning either
its qualitative and quantitative structure and
the behaviors of various species.

2.2. Sprat (Sprattus sprattus)

Sprat is a small-bodied pelagic fish species
that is most abundant in shallow waters.
Sprat reaches sexual maturity at age 1. It
spawns throughout the year, but the most
intense  spawning  occurs  between
November and March. In the winter period,
eggs are encountered in the surface and
deeper waters and in the summer period
only at depths below 10 m (Radu et al.,
2010). In the summer period, the juvenile
and adult sprat leave the upper layer and
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thus avoid severe competition for food with
other  plankton-consumers  such  as
Mnemiopsis leidyi. During this period their
preferred food consists mainly of the cold-
water  Calanus and  Pseudocalanus
copepods living below the cold intermediate
layer of the water column (Totoiu et al.,
2016).

Sprat is a relatively short-lived fish species.
It is caught predominately age 1 and age 2.
Fish that is 4 years or older are rarely
caught. This species is widely distributed in
the Europe and North Africa, ranging from
Morocco to Norway, including the Black
Sea and Baltic Sea (Whitehead, 1985 and
1986), but stays largely within the 50 m
depth contour and is also common in
inshore waters. Its distribution is strongly
affected especially by hydrographic
conditions. It is known that larvae are the
most abundant in the vicinity of tidal mixing
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fronts (Valenzuela and Vargas, 2002). This
species can adapt to salinity changes in a
wide range and therefore this species is
abundant in estuaries (Araujo et al., 2000).

The Black Sea sprat is an important species
for the Black Sea ecosystem. Daytime it is
found in deeper waters and nights move
closer to the surface. It forms big schools
and migrates seasonally between inshore
and open sea (Ivanov and Beverton, 1985).
But there are no specific spawning or
feeding migrations. Mostly adults tend to
stay under thermocline, they only go up in
the spring and in the autumn. In warm water,
the offspring cover a large spreading area on
the surface (Radu et al., 2010). It is known
that this species is widely distributed in the
north-western part of the Black Sea. It is a
migratory fish species and has migration
routes in the Black Sea basin (Figure 1).
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Figure 1. Sprat migration routes in the Black sea basin (European Commission, 2013).
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Sprat is one of the most important fish
species in the Black Sea that is fished and
consumed by the riparian countries. It is the
most abundant small pelagic fish species in
the this sea together with anchovy and horse
mackerel and accounts for most of the
landings in the north-western part of the
Black Sea. Although there is no target
species except of Turkey, whiting is also
caught as a bycatch in the sprat fishery
(Raykov, 2006). In the Black Sea, sprat
fisheries is carried out during daytimes and
when they form large schools. This species
is generally fished with pelagic pair trawls
and purse seine nets.

Sprat lives at depth of 80-100 m during the
winter period, approaches the littoral region
in April and May, and migrate from the
coast to the open sea to avoid high water
temperature in the summer period. This
species is an important food for many top
predators. It is mainly landed for industrial
processing, but a small market exists for
human consumption. It is not the only raw
material for the fishmeal and oil industry,
but also fresh food for people (Ceylan and
Emir, 2015)

2.3. Data Collection and Analysis

To evaluate the sprat fisheries in the Turkish
Black Sea coast were gathered scientific
results from previous some studies in this
sea (Prodanov et al., 1997; Diizgiines and
Erdogan, 2008; Radu et al., 2010; Knudsen
etal., 2010; Oguz et al., 2012; Oztirk et al.,
2013; FAO, 2016a and etc.), catch data from
the FAO (2016b) and TUIK (2016) fishery
statistics and information and opinions of
fishermen on the sprat fisheries.

3. RESULTS AND DISCUSSION

3.1 Sprat fisheries in the Black Sea

The opportunities of marine fishing in the
Black Sea limited by its specific
characteristics (Limborg et al., 2009). The
exploitation of the fish recourses is
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restricted by the shelf area. Sprat is present
over the entire shelf, but the concentration
of fishing agglomerations is highly
influenced by environmental conditions,
especially the direction and intensity of
wind and water temperature (Radu et al.,
2013). Since the waters below 100-150 m of
the Black Sea are anoxic and contain
hydrogen sulfide, fishing conducted mostly
on the continental shelf (Shlyakhov and
Shlyakhova, 2011). The continental shelves
are widest in the northwest of this sea. Thus,
it is known that this species is widely in the
north-western part of the Black Sea.

The sprat stock in the Black Sea were
overfished by the former Soviet Union in
the 1950s and 1970s (Barros, 2011).
According to SAU (2016) statistics, the
sprat have been commercially fishing in the
Black Sea since the beginning of 1970s
(Figure 2). After the 1970s, the fishing
pressure on this species has increased
rapidly and high exploitation has caused to
decline of its stock. It is also suggested that
this decrease is due to the increase in the
abundance of the predatory ctenophore
Mnemiopsis leydi in the late 1980s
(Daskalov,  1998;  Shiganova and
Bulgakova, 2000). During 1980-2002, the
dramatic reduction and the disappearance of
the traditional predators from the Black Sea
ecosystem (bluefish, Atlantic mackerel,
bonito, dolphins) led to increase in the
pelagic fish stocks (sprat, anchovy, horse
mackerel) (Daskalov, 2002; Daskalov et al.,
2007). After the 1990 stock collapse,
recruitment, biomass and catches of sprat
began to increase, and the stock reached the
previous peak-level recorded in the 1980s
by the early 2000s (European Commission,
2010). However, the sprat catch decreased
again between 2003 and 2007. Between
2008-2011, the total catch of this species
has increased excessively because of
intensification of sprat fishing in Black Sea
coast of Turkey. This overfishing caused a
decrease in the sprat catch again.
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Figure 2. Distribution of the sprat catch captured by Turkey and other Black Sea countries

in the Black Sea from 1970 to 2013.

3.2. Sprat fisheries in the Turkish coast of
the Black Sea

The sprat is caught only in along
Yesilirmak-Kizilirmak shelf area in the
Turkish waters of the Black Sea (Figure 3).
In recent years, about 40 pairs of vessels
have operating to catch sprat in this shelf
area. In the Black Sea coast of Turkey, the
sprat are caught by pelagic pair trawls.
Fishing with these nets can be done at 0-24
m in the spring and 40-80 m in the autumn
(European Commission, 2013).

In Turkey, there was only two pelagic trawl
vessels between 1993 and 1996. It has
reached 8, 30, 70 and 82 in the 2000, 2005,
2010 and 2011 years, respectively. Thus, the
catch amount of sprat has steadily increased
until 2010, with increasing number of
pelagic trawl vessels (Figure 4).

In Turkish waters of the Black Sea, very
little sprat was caught until the mid-2000s.

S7

After those years, both the vessel number
and the catch amount increased sharply and
peaked in 2011. Then, the annual catch
collapsed in 2012 and 2013, but it started to
increase again in 2014 and 2015.

SAU (2016) fishery statistics shows that the
sprat has been caught by Turkish fishermen
since the early 1990s. But, it has become a
target species in the mid-2000s. Because, it
had no value as food until that years. In fact,
it is still so. However, between 1983 and
1995 a total of 25 fish flour and oil factories
were established by the government's credit
support (Ozdamar and Aral, 1995). Catch
amount of the anchovy was not enough to
provide food and the raw material of these
factories. The sprat was considered as an
alternative raw material for these factories.
Therefore, it has been used as a raw material
in the fish flour and oil factories since the
end of 1990s.
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Figure 4. Distributions of the annual sprat cath and vessel number in the Turkish waters of
the Black Sea (European Commission, 2013; TSI, 2016).

The sprat was caught with the traps and
other fishing nets until the 1970s. In the
Black Sea, pelagic trawl was used first time
by Bulgaria in 1970 and by Russia
Federation after 1976 for fishing sprat
(Zengin et al., 2002). At first, pelagic trawl
was used to catch the shark (Mustellus spp.)
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in the Turkish waters of the Black Sea in the
1990s (Zengin et al., 2002). During fishing
operations, some fishermen observed that
anchovy was also caught in this net. In
briefly, it has been using for the anchovy,
horse mackerel and sprat fishing in the
Samsun self since that years.
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Zengin et al. (2011) reported that the mesh
size of pelagic trawls used was 12 mm for
sprat fishery in the Samsun shelf. For this
mesh size, largely (80%) of the sprat catch
were composed of 2 and 3 aged mature
individuals having 8 and 9.3 cm average
total lengths, respectively. The rate of 1 year
old individuals in catch composition was
only 9%. It can be concluded that the actual
fishery already using 12 mm mesh size do
not make any negative impact on immature
population and can be defined as confident
in the Samsun shelf area. On the other hand,
the same study emphasized that the fishery
should be more deliberate in the period of
new recruitments namely in March, April
and May. Because, the ratio of young
individuals was found relatively higher in
the fall and winter than spring. In fall
(September, October and November) almost
all of the population was composed of
mature individuals. The length range for this
period was from 8.0 cm to 9.5 cm. In
February, while the spawning considerable
decreased, the rate of immature individuals
was 30% and new recruits started to be
observed. The rate of young individuals in
the population was 40.3% in March, 62.3%
in April and 55.5% in May.

The sprat catch reaches its maximum value
in the spring, especially between March and
May. It is suggested that increase in the
spring months is possibly related with the
vertical migration behavior of sprat
depending on season and sea water
temperature (Zengin et al., 2002). In
addition, the individual experience of the
fisherman and the quality of technical
equipment on the vessel are factors
influencing the amount of daily catch.

The management of population requires in
the spring period much more sensitivity
than in the fall and winter periods, as the
sprat school involving new recruits moves
toward the near shore ecosystem. Here, the
sprat shares habitat with other bentho-
pelagic macro fauna. In the Turkish coast of
the Black Sea, the bottom and pelagic
trawling are forbidden between 15 April and
31 August. Exceptionally, the sprat fishing
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is free from the April 15 to May 15 between
Samsun  Province Yakakent District
Cayagz1 Cape (41°41.040'N-35°25.193'E)
and Ordu Province Unye District Tagkana
Cape (41°08.725 'N-37°17.531'E) in the 24
m and deeper waters (RG, 2016). To protect
young individuals in this period, the
minimum fishing depth should be increased
from 24 m to 40 m. This is a reasonable
management strategy to conserve the young
population. On the other hand, along the
waters deeper than 40 m, the mesh size of
12 mm which is already in practice is
sufficient to maintain the population which
is largely composed of new recruits.
According to Zengin et al. (2011), the sprat
IS not exposed to a significant fishing
pressure in the last two decades for the
southern coast of Black Sea. At least, the
actual landing in 2010 confirms this
statement. The sprat fishery started at the
beginning of 2000s and increased rapidly in
the last decade in the Turkish coast. For this
reason, perhaps being the unique population
in Turkish coast that has not been previously
exploited—or slightly exploited-the sprat
population may likely give response to
heavy exploitation in future years. The
parameters of fishery did not reflect a
fishing pressure on the population until
2010, but threatens a steadily increased
fishing effort. Another important indicator
can be mentioned as the growing demand on
sprat by the regional fishing industry
producing fish oil and meal.

In fact, fishing of sprat started at the
beginning of 2000s and increased rapidly
until 2011 in the Turkish waters of the Black
Sea. Within this period, the vessel number
of the pelagic trawl increased gradually.
Therefore, this development probably
caused excessive sprat fishing. The
response to the steadily increased fishing
pressure appeared in 2011 as suddenly
decrease in the catch amount. According to
Zengin et al. (2011), another important
indicator can be mentioned as the growing
demand on sprat by the regional fishing
industry producing fish oil and meal.
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4. CONCLUSION

* The total sprat catch was very less at the
beginning of the 1970's. It peaked at the
beginning and end of the 1990s and 2000s.

» Sprat has been caught in Turkish coast of
the Black Sea since the early 1990s and its
proportion in the total sprat catch was very
low until the mid-2000s. However, in the
late 2000s, more than half of the total sprat
catch was caught from the coast of Turkey.

* Sprat is an important raw material resource
for fish flour and fish oil industry.

 The sprat is caught only in along
Yesilirmak-Kizilirmak shelf area in the
Turkish waters of the Black Sea.

» The sprat catch in Turkish coast of the
Black Sea showed significant fluctuations in
the recent years.

* According to regulations of sprat fisheries
in Turkey: - Sprat must be fished by pair
pelagic trawls during daytime, - Fishing
must be conducted at depths of 20-40 m in
the spring and in the deeper water (40-80 m)
in the autumn.

* In Turkey, pelagic trawls operate as paired
vessels. Vessels engaged in the sprat fishery
need to receive license eligible only for one
fishing period from Samsun City
Directorate of Food, Agriculture and
Livestock.

* In the Black Sea pelagic trawling starts in
1 September as same as bottom trawling, it
lasts until May 15. Bottom trawling ends in
April 15.

* Fishing with pelagic trawl is banned in
waters shallower of the Black Sea than 24 m
between 15 April and 31 August. But,
between 15 April and 15 May it is allowed
in waters deeper than 24 m limited with
offshore of Cayagz1 Cape (Samsun-
Yakakent) in west and Akcay estuary
(Samsun - Ordu city border) in east. The rate
of young individuals in the sprat population
is larger in the April and May periods than
other seasons and they move toward the
near shore ecosystem in these months. In
order to prevent the fishing of the young
individuals, the sprat fishery should not be
allowed at least in waters below 40 m depth
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from 15 April to 15 May.

* There are no regulations on sprat fishing
such as quotas, regional prohibit, etc.
Current arrangements are not sufficient for
sustainable sprat fisheries in the Black Sea.
* As in Romania and Bulgaria which are
European Union countries, quota should be
applied in other riparian countries for the
sprat fisheries.

» For more opening of the mouth of the
pelagic trawl, the fishermen add extra
weights to the lead line of pelagic trawl.
Thus, they catch benthic fish species instead
of pelagic species. In order to prevent this
illegal fishing, operations of pelagic trawl
vessels should be controlled more
frequently.
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weights were measured as 108.61 mm and
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OZET

Bu calismada, iki adet (biri disi ve digeri erkek) Gobius cruentatus tiirii kayabaligi Orta
Karadeniz Bolgesi’'nde 20 Ekim 2017 tarihlerinde olta ile, 2 m derinlikte 6rneklenmistir.
Orneklenen erkek ve disi bireyin boy ve agirliklar sirastyla 108.61 mm ve 13.85 g, 112.57 mm

ve 20.70 g olarak olglilmistiir. Bu bildirim
kayittir.

G. cruentatus turQ icin Orta Karadeniz’de ilk

Anahtar sozcukler: Kirmizi agizli kayabaligi, Gobius cruentatus, Karadeniz, Turkiye

1. INTRODUCTION

Gobius cruentatus (Gmelin, 1789) is a
benthic species prevalent in the North
Atlantic Ocean and the Mediterranean Sea.
Individuals prefer to inhabit coastal rocky
fields and the areas near cast stones (Miller,
1986). G. cruentatus is not native to the Black

Sea, and its first record along the Turkish
coasts of the Black Sea was noted by Engin et
al., (2007) for the Eastern Black Sea (Hopa
and Rize, Turkey). The species later was
recorded on the coasts of Sevastopol by
Boltachev et al., (2009) and on the coasts of
Anapa and Novorossiysk by Prokofiev (2016)
(Figure 1).
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Figure 1. Map of the Black Sea showing sites of records of Gobius cruentatus. 1 and 2)
Engin et al., (2007), 3 and 4) Boltachev et al., (2009), 5 and 6) Prokofiev, (2016), 7) This
study.
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2. MATERIAL AND METHOD

The samples used in the study, two Gobius
cruentatus specimens, one of each sex, were
captured by a fishing line on 20 October 2017
from a depth of 2 m at the Ordu/Fatsa harbor
located in the middle Black Sea region. The
specimens were sent to a laboratory for
necessary measurements to be carried out.

3. RESULTS

The total lengths of the male and female
specimens were 108.61 mm and 112.57 mm,

respectively, and the total weights of the male
and female specimens were 13.85 g and 20.70
g, respectively (Figure 2).

The gonads of the female fish were
determined to have reached maturity, and the
gonad weight was measured to be 1.47 g
(Figure 3). The number of eggs was 16250
eggs/1g. In addition, the diameters of the eggs
were measured (50 eggs), and the mean egg
diameter was determined to be 531.23+38.2
pm (minimum 385.84 um; maximum 689.55
pm). Table 1 shows the metric and meristic
characteristics of the specimens.
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Figure 2. Gobius cruentatus specimen (male)
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Figure 3. Gobius cruentatus specimen (female)
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Table 1. Some metric and meristic characteristics of Gobius cruentatus

Character Value

Male Female
Total length (mm) 108.61 112.57
Total weight (g) 13.85 20.70
Standard length (mm) 88.84 95.09
Max. body depth (mm) 19.06 23.88
Head length (mm) 24.11 26.63
Post-orbital distance (mm) 12.35 14.00
Eye diameter (mm) 6.54 6.61
Caudal peduncle minimal depth (mm) 8.02 8.67
Pre-dorsal distance (mm) 29.41 32.18
Length of dorsal 1 fin basis (mm) 16.87 17.72
Length of dorsal 2 fin basis (mm) 27.45 28.14
Length of pectoral fin basis (mm) 20.74 21.93
Length of ventral fin basis (mm) 19.46 22.01
Pre-anal distance (mm) 50.54 58.28
Length of anal fin basis (mm) 22.71 24.91
Dorsal 1 fins VI
Dorsal 2 fins I+14
Anal fins 1+13
Pectoral fins 20
Ventral fins 8
Caudal fins 16
Line-Lateral scales 52 54

4. DISCUSSION

The species has been speculated to exist in the
Black Sea since the early 2000s (Prokofiev,
2016). However, the presence of the species
in the Black Sea was first recorded in 2007
(Engin et al., 2007). This study is the second
study on the presence of G. cruentatus on the
Turkish coasts of the Black Sea and the fourth
study on its presence in the Black Sea (Engin
etal., 2007; Boltachev et al., 2009; Prokofiev,
2016). Marine species of the Mediterranean
Sea are known to pass through the Turkish
strait systems (Dardanelles and Bosphorus)
and adapt to the Black Sea, and the
“mediterraneanization” of the Black Sea has
long been observed. Reports mention the
presence of various Mediterranean species in
the northern regions of the Black Sea
(Boltachev and Yurakhno, 2002; Boltachev
and Karpova, 2014; Prokofiev, 2016). In
recent years, the number of reports on the
presence of the Mediterranean species along

the southern coasts of the Black Sea has
increased (Yankovaetal., 2013; Aydin, 2015;
Aydin and Sozer, 2016; Aydin, 2017a; 2017b;
2017c) which is an indicator of the ever-
escalating “mediterraneanization” of the
Black Sea.

The gonads of the female specimen were
determined to have reached maturity. That
indicates that the species has developed
reproductive traits in the Black Sea. This
study is the first to report on egg diameter and
egg count for the Black Sea.
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ABSTRACT

Three specimens of the Red Sea goatfish
Parupeneus forsskali were recorded from
two locations at a depth of 12-18 m. One
was observed during the SCUBA diving in
Fethiye Bay on 15 June 2016 and the other
two were collected via trawling during a
bentic survey in Aydincik coast on 24
December 2016. P. forsskali was first
recorded in the Mediterranean coast of
Turkey twelve years ago. This lessepsian
species appears to be continually spreading
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and easily establishing new populations in
the Mediterranean Sea coast of Turkey. Our
study indicated the westward expansion of
P. forsskali along to Mediterranean coasts.
The present study also investigated the way
of introduction and possible depths of its
spread in the Mediterranean Sea.
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OZET

Parupeneus forsskali’nin ug¢ bireyi 12-18 m derinliklerden iki bdlgeden kaydedilmistir.
Birinci birey 15 Haziran 2016 tarihinde SCUBA dalis1 sirasinda Fethiye Korfezi’nden
gozlenmis, diger iki birey 24 Aralik 2016'da Aydincik sahilinde yapilan bentik bir
tarama sirasinda trol ile oOrneklenmistir. P. forsskali ilk olarak on iki yil once
Tiirkiye'nin Akdeniz kiyilarinda kaydedildi. Bu lessepsiyen tiirler, siirekli yayilmakta ve
Tirkiye’nin Akdeniz kiyilarinda kolaylikla yeni populasyonlar olusturabilmektedir.

Calismamiz, P.

forsskali'nin batiya dogru genislemesini

Akdeniz  kiyilarinda

gostermistir. Bu ¢aligmada ayrica bu tiiriin Akdeniz’deki dagilim alanlar1 ve muhtemel

bulundugu derinlikler kaydedilmistir.

Anahtar sozcukler: Mullidae, Lessepsiyen, Aydincik sahili, Fethiye Korfezi, Tirkiye

1. INTRODUCTION

The Red Sea goatfish Parupeneus forsskali
(Fourmanoir and Guézé, 1976) is a tropical
fish species distributed throughout the Red
Sea and Gulf of Aden region (Randall,
2004; Randall and Heemstra, 2009; Froese
and Pauly, 2017). The Red Sea goatfish
usually found on sand bottoms near coral
reefs (Kumaran and Randall, 1984). It
commonly feeds on invertebrates (Hobson,
1974). The introduction of this species in
the Mediterranean Sea was thought to be
via the Suez Canal. First encounter of this
species in the eastern Mediterranean Sea
was reported from Tasucu-Mersin, Turkish
coast of Mediterranean Sea as a result of
observation carried out between 2000 and
2004 (Cmar et al.,, 2006). Eventually,
Yaglioglu and Ayas (2016) have also
indicated the presence of the species in the
same region. Recent studies indicated that
this species successfully inhabited different
locations in the eastern Mediterranean and
reports from Iskenderun Bay (Gurlek et al.,
2016) and Antalya Bay (Gokoglu and
Teker, 2016) of Turkey, and coast of Israel
(Sonin et al., 2013), Lebanon (Bariche et
al., 2013) and Cyprus (Chartosia and
Michailidis, 2016) and Syria (Ali et al.,
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2016) and finally Mugla coast and Rhodes
(YYapici and Filiz, 2017; Kondylatos and
Corsini-Foka, 2017).

Evidential range expansion of the species
indicated a quick establishment of the
populations of P. forsskali in the
Mediterranean Sea. Relatively rapid range
extension of the species was confirmed as a
results of this study with the addition of
two new locations; Aydincik in Mersin Bay
and Fethiye Bay. This is the first
confirmation of the presence of P. forsskali
in the western coast of Turkey.

2. MATERIAL AND METHOD

One specimen of P. forsskali was observed
and photographed during the diving and
benthic surveys in Fethiye coast in
southern Aegean on 15 June 2016 at a
depth of 12 m (Figure 1). Another two
specimens of P. forsskali were captured by
a commercial trawler at a depth 18 m in
Aydincik coast (Mersin), (36° 07' 38" N;
33° 19" 44" E) on 24 December 2016
(Figure 2). All measurements were made
with a digital caliper. The weight was
measured with a precision scale of 0.01 g.
Morphological and taxonomic descriptions
and color of the captured specimens were
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given according to Bariche et al. (2013),
Sonin et al. (2013) and Gurlek et al.
(2016).

Figure 1. Underwater observations of
Parupeneus forsskali from Fethiye coast
(western Mediterranean Sea, Turkey) in

June 2016

Figure 2. Two Red Sea goatfish,
Parupeneus forsskali caught off Aydincik
coast (North-eastern Mediterranean Sea,
Turkey) in December 2016

3. RESULTS

The descriptions of three specimens from
Fethiye and Aydincik were similar to that
of those reported from Turkey (Cinar et al.,
2006; Gilrlek et al., 2016), Lebanon
(Bariche et al., 2013) and Israel (Sonin et
al., 2013). Morphometric data of two
specimens obtained from fishing were
shown in Table 1. Data on the occurrence
of P. forsskali in the Mediterranean Sea is
summarized in Table 2.
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This species is characterized by a single
black stripe starting from tip of snout,
passing through eye and ending at the end
of second dorsal fin base. There is also a
black spot on caudal peduncle and the
lower edge of the spot is place just above
the lateral line.

Color: Body below the stripe is white; the
scale edges are narrowly reddish. The
background color at dorsal is pinkish. The
first dorsal, pectoral and ventral fins also
have a pink color while the second dorsal,
anal and caudal fins are rather yellowish.

4. DISCUSSIONS

Current data indicated that the occurrence
of P. forsskali is more common in the
Mersin Bay than in Iskenderun Bay or
Fethiye Bay. This observation suggests that
the habitat in Mersin Bay is more favorable
for the reproduction of the species (Ben
Rais Lasram et al., 2010).

Existing records of this lessepsian species
suggest that P. forsskali migrate westward
from the eastern Mediterranean Sea coast
of Turkey. Our study confirms westward
extension of P. forsskali along the
Mediterranean Sea to  southwestern
Mediterranean Sea coasts of Turkey.

5. CONCLUSIONS

The result of observation suggests that P.
forsskali is expanding their distribution and
establishing new populations all around
Mediterranean coast of Turkey.
Furthermore, Mersin and Fethiye coast
seem to be favorable niches for the rapid
range extension of this species. It is
important that the establishment of this
lessepsian fish species has to be monitored
closely with further studies in order to
determine the effect of the presence of the
species to local populations and
Mediterranean ecosystem.
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Table 1. Morphometric measurements of the specimen of Parupeneus forsskali from
Aydincik coast, Turkey. Morphometric measurements as proportions (%) are
given in parentheses.

Measurements (mm) Specimens
Samples 1 2
Sex Q Q
Metrics
Total length 152.00 114.40
Fork length 138.03 99.84
Standard length 129.65 91.46
Body depth 30.95 23.88
Head length 38.46 25.83
Eye diameter 7.31 6.95
Pre-anal length 79.31 55.08
Pre-pelvic length 39.92 27.88
Pre-pectoral length 40.65 30.31
Pre-orbital length 18.78 11.51
Pre-dorsal length 41.36 29.76
Meristics
Dorsal fin ray (Dy) VIII VIl
Dorsal fin ray (D2 9 9
Anal fin ray (A) 7 7
Ventral fin ray (V) I+5 I+5
Pectoral fin ray (P) 13 14
Weight () 40.15 15.20

Table 2. Review of P. forsskali species from different sampling area

References Record Location Country Depth Total Length
Date (m) (mm)

Cinar et al. (2006) 2000 Tasucu, Mersin Turkey 150 -

Cinar et al. (2006) 2004 Mersin Turkey - -

Bariche et al. (2013) 2012 Beirut Lebanon 40 209

Sonin et al. (2013) 2013 Haifa Israel 45 175

Gurlek et al. (2016) 2015 Iskenderun Bay Turkey 30 231

Yaglioglu and Ayas (2016) 2015 Yesilovacik Bay Turkey 100-110 190

Ali et al. (2016) 2015 off Jableh Syria 30 205

Gokoglu and Teker (2016) 2016 Gulf of Antalya Turkey 8-10 -

Yapici and Filiz (2017) 2016 off Turung, Mugla Turkey 10 -

Kondylatos and Corsini-Foka 2016 Rodos Greece 5-30 93.5-108.6

2017

I(Dreserzt study 2016 Aydincik Turkey 55 152.0-114.4

Present study 2016 Fethiye Turkey 12 -
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1. INTRODUCTION

Oil spill detection on sea/ocean surface has
been considered in many references due to
the increased interest in monitoring and/or
prevention of environmental accidents. The
typical approach is the usage of SAR
(Synthetic Aperture Radar) images obtained
by ships, coast or satellites (Akkartal and
Sunar, 2008; Likoka et al., 2015; Brekke
and Solberg, 2005; Salberg et al., 2014;
Santillan and Paringit, 2011; ElZaart and
Ghosn,  2013; Ramakrishnan  and
Majumdar, 2013; Fana et al., 2015). SAR
can be seen as an active sensor in the
microwave range Wwhich cannot be
influenced by any weather conditions
(Kwon and Li, 2012). The SAR antenna
records backscattered pulses, which are
processed by SAR processor to produce a
SAR image. When analyzing SAR data, the
SAR image is commonly analyzed instead
of EMW (Electro-Magnetic Wave) raw
data. Hence, the problem of SAR data
interpretation is resolved as an image
analysis problem. The area of image
processing and analysis is very wide and
advancing. Satellite surveillance is effective
for coverage of large surfaces with little
cost, like oceans. It is inevitable for
monitoring large oil spills.  Further
advantages of SAR over optical sensing are
the ability to function at any weather and
time of day or night at lower cost than
alternatives, such as airborne ocean
surveillance. Image processing/analysis is
not all-mighty and its result is the detection
of possible, not actual oil spills. Some other
quality should be added to differentiate
between possible (lookalikes) and actual oil
spills. Data fusion is proposed in various
forms to obtain such additional quality. In
this paper, data fusion of VTS ship tracking
and image data processing is proposed,
because Adriatic Sea (our zone of interest)
is narrow and small.

Repeated ecological accidents call for the
development of methods for fast and
reliable detection of oil spills on large sea
surfaces. There are many different
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researches and approaches to this issue.
Several of them are mentioned in the second
section.

The dangers of oil spills are more evident in
narrow seas and straits. We are especially
interested in an example of such a sea — the
Adriatic Sea, as a part of the Mediterranean,
in which there is tanker traffic and
exploitation of gas from rigs. Furthermore,
great plans from several governments exist
for further exploitation of oil and gas,
increasing the probability of accidents. The
detection and monitoring of oil spills in
narrow seas is important as well.

This paper is organized as follows. The
second section overview some researches in
this field. The third gives the mathematical
background. The fourth section describes
the proposed algorithm. Results are
presented in the fifth section. Finally,
conclusions are given.

2. LITERATURE OVERVIEW

Results in (Marghany, 2001) show that
texture analysis can be promising for
automatic oil spill detection by SAR data.
The classification of segmented structures
was further considered in (Karantzalos and
Argialas, 2008). The properties of such
structures were extracted in real-time.
Automatic segmentation was covered by
(Arvelynaetal., 2001; Keramitsoglou et al.,
2002; Saleh, 2004). Different approaches
were used in various references. Fuzzy logic
was used in i.e. (Ramakrishnan and
Majumdar, 2013). Wavelets for noise
reduction were used in (Amirmazlaghani et
al., 2009). RADARSAT and ENVISAT
SAR images were used in (Solberg et al.,
2004). A training sequence of 60 to 100
frames was used. Results for suspicious
areas are very encouraging. However, there
are problems with distinguishing oil spills
from seaweed agglomerates, especially in
the Baltic. Basically, algorithms incorporate
three main parts: detection of dark spots,
feature extraction and classification.
Adaptive threshold is used for the first part
in (Solberg et al., 2004). Classification



Vujovi¢ and Kuzmanié¢, Turkish Journal of Maritime and Marine Sciences, 4(1): 73-80

features are calculated in the second stage.
Finally, the third stage is the classification
of every spot (low to high reliability of spill
detection).

Morphological SAR image analysis was
used in (Gasull et al., 2002) to detect oil
spills. The goal was to segment oil spills
without prior knowledge. Final
confirmation is obtained by cross-
correlation with the ship's movement.
Reference (Lia and Zhangab, 2014) dealt
with morphological characteristics of the oil
spills in other to detect it correctly.
Publicly available software image was
enhanced to obtain better oil spill detection
results in (Vyas et al., 2015). Fuzzy solution
for oil spill classification was presented in
(Keramitsoglou et al, 2006). The
probabilistic approach to distinguishing oil
spills from lookalikes is presented in (Shu et
al., 2010). The manner of distinguishing
dark pixels caused by oil spills from
background dark pixels is proposed.
Texture entropy algorithm was presented in
(Bhogle and Patil, 2012), which is an
improvement  of the  Mahalanobis
classification (Marghany and Hashim,
2011).

Wavelet transform (WT) spectrum was
considered in (Dongmei et al., 2015). It was
used to classify thickness of the oil spill film
at the 5" level of decomposition by the db4
(Daubechies wavelet of 4™ order) kernel.
One of literature approaches in oil spill
detection (Logman et al., 2017) is to
combine a simple averaging method and the
Discrete Wavelet Transform (DWT). DWT
is used to check the frequency discrepancy
effect between the SAR images.

More complex is a method presented in
(Osman et al., 2017), where cross-
correlation and the Fast Fourier Transform
(FFT) are used to estimate oil flow in deep
waters.

Fast connection of the oil spill and the
sourced ship is presented in (Lupidi et al.,
2017). The authors developed wavelet
correlator, but in ship detection part of the
algorithm, not in part of oil spills detection.
(Song et al.,, 2017) used RADARSAT-2
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SAR images as a dataset for creation of
optimized wavelet neural networks (WNN).
As the neuron function, Morlet wavelet was
used. There were no explanation why this
wavelet and the WNN is compared only to
un-optimized WNN with the same wavelet.
Hyperspectral characteristics of the oil-
polluted sea ice was explored in (Liu et al.,
2018), where the 5™ level of the
decomposition of the DWT was used. The
wavelet family was also db4.

(Huang et al., 2018) used wavelet packages
to extract coefficients of the significance.
Then, NN was used to perform pattern
recognition — oil spill detection.

3. MATHEMATICAL BACKGROUND

WT is an integral transform, which can be
defined as in definition 2.1 (Mallat, 2009;
Jansen and Oonincx, 2005; Christopher and
Walnut, 2006).

Definition 2.1. Let y (t) € L,(R) be the

wavelet in the time domain and ¥ () the
same wavelet in the frequency domain. If
and only if exists the integral:

f (O *(t bjdt—
(1)

!

= (v, ®. )

CWT, (a,b) =

the following rules apply:

1° jy/(t)dt —Y(w=0)=0 2)

2° Translated (which is presented with

parameter b) and scaled (which is presented

with parameter a) function of y(t) is
1

described as
Wap() =—- w(
Jal

where a, b € R and a = 0. Function yAt) is

t—b

)

3)

called mother wavelet, and y/(ﬂj Is
a
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dilated version of mother wavelet at given
scale a. In practical applications, scale
parameter is alwaysa <1.
3° Normalization

7o @) = ()] and

2y = [l d=

—00

Then the CWT satisfies the sufficient and
necessary conditions and it is called
Continuous Wavelet Transform (CWT)
(Kingsbury and Magarey, 1997; Vujovic¢ et
al., 2012; Chandrasekhar et al., 2014).

rules apply:

% T|‘P(a))|2da):1 (@)

—00

4. PROPOSED ALGORITHM

The proposed algorithm exploits WT
characteristics to detect oil spills. However,
since oil spills resemble many other dark-
tone phenomena, the algorithm cannot be
claimed to detect oil spills exclusively and
nothing else. Therefore, data fusion is
included to differentiate between lookalikes
and actual oil spills. The proposed
algorithm’s flowchart is shown in Fig. 1.
The algorithm can be explained in four
steps:

Step 1: Input is a satellite radar image. This
image is inverted and the inverted image is
used as the second input. Both inputs are
decomposed by DWT. In the experiments,
we used Daubechies wavelet (Matlab
designation db10).

Step 2: Thresholds are calculated. For the
approximation of the inverted original
image, the threshold is set to about 80 to
90% of the maximum coefficients value
(threshold T1). To obtain detail coefficients
of the original image, the thresholds are set
to about 1% of the maximum of the details
of the original image (threshold T2).

Step 3: Approximation coefficients are
thresholded in such a way that coefficients
below the threshold are discarded. This
generates the candidates” mask of
approximation coefficients. Both sets of
detail coefficients are thresholded (details of
the original and the inverted image) with the
same threshold. Candidates’ mask of detail
coefficients is obtained if detail coefficients
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of the original and the inverted image are
both bellow the calculated threshold (step
2). Candidates’ masks (for approximation

and details) are denoised using
morphological closing operation. The
morphological closing operation is a

dilation followed by an erosion, using the

same structuring element for both
operations.
[ s

Invert the
input image

Thresholds calculation

Set details
coefficients <
threshold
to0

Candidates’ mask |
of approximation [
coefficients

Set
approximation
coefficients<
threshold
to0

Set details
coefficients <
threshold
to0

Set
approximation
coefficients <
threshold
to0

Candidates’
mask of
detail
coefficients

| morphological closing operation r ;

| An oil spill candidate : [ap_ifij,k) > T1] & [tdefij,k) < T2 & de_i(ijk) < T2)] =1

(oo
Resulting output

Figure 1. Flowchart of the proposed
algorithm

Grey-scale erosion is not used, because
thresholding produces a binary image.
Binary erosion of A by B is denoted as A —
B and defined as a set of operations, where
a set of pixel locations z is obtained by
overlapping foreground pixels in A with a
structuring element:
A-B={7|(B. cA)} ()
The binary dilatation of A by B, denoted by
A @B, is defined as a set of operations:

A@B={z|(B), n A= 2}, (6)

where B is the reflection of the structuring
element B. It is a set of pixel locations z,
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where the reflected se overlaps with
foreground pixels in A when translated to z
(Matlab help — imclose, 2012).

An oil spill candidate is identified if the
logical expression is truth:

[ap_i(i,j,k) > T1] & [(de(i,j,k) < T2
&de i(i,j,k) <T2)] =1 (7)
where ap_i denotes approximation
coefficients of the inverted image, and de
and de i the detail coefficients of the
original and the inverted image.

Step 4: Data fusion is the last step. In order
to validate that an oil spill candidate is
actually a spill, and not some other dark-
color phenomenon, data fusion must be
applied. The VTS data is correlated with
possible oil spills obtained by image
processing (step 3). If the correlation of the
candidate for oil spill with possible sources
(ships, rags, etc.) is high, than it is an oil
spill, and actions to protect the environment,
reduce damage and save lives should be
taken. If the correlation is low, than it is
some other phenomenon and no action
should be taken.

5. RESULTS

Dataset is obtained by RADARSAT-2.
Figure 2 shows an example of the original
(input to the proposed algorithm) image.
There are many dark areas which could be
oil spills.

Source

800

1000 1200

Figure 2. An example of the source image
imported in Matlab software package
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Figure 3.a illustrates the detection of
possible oil spills in the approximation
coefficients of the WT. White are areas of
possible oil spill locations. The figure is
obtained Dby the application of the
morphological filter (see step 3 in the
proposed algorithm). Figure 3.b shows the
same, but without the application of the
morphological filter. The morphological
filter can be concluded to give a more
compact mask of possible oil spills.

Detection in approximation
[§:::

100

Non-filtered detections in approximation

100

200 300

b)

400 500 600

Figure 3. Example of the results:

a) detection of possible oil spills in the
approximation coefficients of the WT,
b) non-filtered approximation coefficients
of the WT

Figure 4.a shows vertical detail WT
coefficients, which are too noisy to be
useful. The first instinct is to decrease the
noise threshold. However, since it is already
at about 1%, there is no realistic change.
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Diagonal details (Fig. 4.b) are even worse.
Static noise is too great to be denoised.
Horizontal details (Fig. 4.d) also contain
great noise, but after morphological filtering
(Fig. 4.c), it is reduced to a meaningful
image. Finally, Figure 5 shows the result of

(7).

Detection in vertical details

100 200 300

a)

Detection in diagonal details

400 500 600

b)

Detection in horizontal details

100

200 400 500 600
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Non-filtered detections in horizontal details

d)

Figure 4. Example of the results: a)
vertical details coefficients of WT,
b) diagonal details coefficients of WT,
c) horizontal details coefficients of WT
filtrated with morphological operations,
d) horizontal details coefficients of WT
filtrated without filtering

All coefficients detection

600

100

200 300 400 500

Figure 5. Fused detection for all
coefficients with proposed logical relation

6. CONCLUSIONS

A new algorithm for oil spill detection is
presented in the paper. The algorithm
exploits approximation coefficients and
detail coefficients. In order to obtain better
results, inverted image is first formed.
Approximation coefficients of the inverted
image are thresholded to extract white areas.
Details of the original and the inverted
image are thresholded with the same
threshold. If equation (7) is satisfied,
possible oil spill is detected. Validation is
proposed to be performed with data from the
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VTS, which must correlate the oil spill with
a possible source. Although, these results
are promising, further research should be
performed to obtain more reliable
conclusions about the usefulness of the
proposed algorithm in real situations.
Further work should include establishing of
ground-truth data for testing of various
algorithms in the field.

Step 4 of the proposed algorithm is vital to
final classification of look-alikes. Namely,
big dark regions could be many things, i.e.
algal blooms, wind shadows, result of image
acquisition (depending on polarization), dirt
from ships carried by ocean/sea currents,
etc. However, the proposed algorithm
differs from others, because different levels
of data are fused. The first data is low-
processed image data, and the second
highly-processed information. So, it can be

said that step 4 is like differential
diagnostics.
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OZET

Bu derlemede, Saroz Korfezi’'ndeki (Kuzey Ege Denizi) deniz baliklarinin giincellenmis tiir

cesitliligi  sunulmustur.

Saroz Korfezi’'nde gerceklestirilen kiy

balik¢iligt ve trol

calismalarindan toplanan sonuglardan 96 familyaya ait 280 balik tiirii tespit edilmistir. Saroz
Korfezi’'ndeki balikgilik uzatma aglari, paraketa ve olta gibi kiigiik Olcekli balik¢iliktan
olusurken, biiylik 6l¢ekli balikeilik oldukga sinirlidir.

Anahtar sézcukler: Thtiyofauna, balik gesitliligi, Saroz Korfezi, Gokgeada, Ege Denizi.

1. GIRIS

Turkiye’nin kuzey batisinda biyik ve verimli
korfezlerinden biri olan Saroz Korfezi,
konumu, jeomorfolojik yapisi, hidrografik ve
ekolojik ozellikleri nedeniyle Ege Denizi’nde
6zel bir 6dneme sahiptir. Toplam yiz6lcimii
41680 hektar olan Saroz Korfezi Edirne ve
Canakkale illerinin sinirlart  i¢inde yer
almakta olup %40’1 koruma altindadir.
Sularinin yiiksek oksijen igerigi ve korfeze
dokiilen akarsularin getirdigi bol besin tuzlar
nedeniyle tiir bakimidan zengin, 6nemli bir
balik¢ilik alanidir. Korfezde basta sardalya ve
hamsi olmak Uzere, istavrit, karagoz, kefal,
orkinos, liifer, mercan, mezgit, mirmir, sarpa,
tekir, torik ve kalamar bulunmaktadir. Saroz
Korfezi hala bol balik bulunan sayili
kiyillarimizdandir (Yilmaz ve Serbest, 2005).
22.12.2010 tarihinde 27793 sayili Bakanlar
Kurulu karart ile Saroz Korfezi’nin yaklasik
75 bin hektarlik boliimii Tiirkiye’nin 15. Ozel
Cevre Koruma (OCK) bélgesi olarak ilan
edilmistir. Topografik olarak Kuzeyde Saroz
Korfezi’nden baglayan ve Girit’in kuzeyine
kadar bir S seklinde uzanan ¢okuntl, Ege
Denizi’ni Kuzey-Giney  dogrultusunda,
Gokceada ve Limni Adasi’nin arkasindan
gecen derin cukur seklinde iki platoya
ayrrmistir  (Tirkoglu vd. 2004). Bu ki
platodan doguda kalan bolimu Turkiye’nin
kita sahanligin1 olusturmaktadir. Bu cukur,
korfezi dip balik¢iligi agisindan elverissiz
duruma getirmektedir. Ancak, c¢ukurun
kuzeyinde ve Semadirek Adasi’nin arkasinda
kalan oldukca genis ve s1g deniz dibi alan1 dip
balik¢iligr agisindan elverislidir (Kocatas vd.
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1992). Korfezin giiney kismi agiginda
bulunan Gokgeada deniz parki ve adanin
kuzeyi basta olmak tizere bu verimli korfezin
baz1 boltimleri 6zellikle biiytik dlgekli (girgrr,
trol) balik¢iliga; deniz parkinin bulundugu
Yildiz Koyu ile Ciftlik Koyu arasinda kiyidan
I mil uzunlugundaki alan ise her tiirli
balik¢iliga kapalidir (bkz. 4/1 nolu teblig; no:
2016/35).

Saroz Korfezi giineyi agiklarinda bulunan
Gokgeada, kiiciik olgekli balik¢iligin hakim
oldugu korfezin alt uzantisinda 6nemli bir
balik¢ilik merkezidir. Tirkiye’nin en biiyiik
adast olan Gokgeada, biyiik Olgekli
balik¢iliga kapalidir ve 1999 yilinda adanin
kuzey kiyilarinda kiiciik bir alanda
olusturulmus  Tirkiye’nin  ilk  “deniz
parkinin” da katkisiyla balik tiir gesitliligi
bakimindan olduk¢a zengin bir adadir. Yine
Akdeniz’de zipkinla kili¢ avinin yapildig iki
bélgeden  biri  olan  GoOkgeada-Saroz
Korfezi’'nde (digeri Sicilya Adasi) ada
balik¢ilari, Marmara adali balikgilarla birlikte
Gokgeada’nin Kalekdy limanini mesken tutan
30 kadar platformlu tekneleriyle Nisan-
Haziran aylar1 arasinda bu sahalarda
avlanmaktadir. Adada 7 tip fanyali, 9 tip sade
olmak tizere toplam 16 farkli uzatma ag ile 3
tip paraketa kullanilmaktadir. Ada civarinda
one ¢ikan tiirler ise kopekbaligi, melanur,
kilig, sinarit, mercan, lufer, kolyoz, palamut
ve 1stakoz-bocek gibi tdrlerdir (Akyol ve
Ceyhan, 2014).

Saroz Korfezi’nin kuzeyinde, Meri¢ Nehri
Deltasi’nda yer alan Enez Dalyan1 da 6nemli
bir balikgilik  sahasidir. Enez  lagun
kompleksi, Dalyan (Peso), Istk (Uzmene) ve
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Tasalt olmak Gzere (¢  lagunden
olusmaktadir. Bu dalyan 1972’den beri, S.S.
Enez Su Uriinleri Kooperatifi tarafindan
isletilmektedir. Kefaller, levrek, cipura ve
yilanbaliklar1 dalyandaki hedef tiirlerdir ve
bunlar dalyan kuzuluklari, uzatma aglar1 ve
pinterlerle avlanmaktadir (Akyol ve Ceyhan,
2010a). Korfezin diger onemli balikgilik
limanlar1 ise Enez, Sultanice, Ibrice,
Kavakkoy ve Kabatepe’dir. Korfez dahilinde
hedeflenen tiirler ve hedef dis1 balik tiirleri
son yillarda artan bilimsel caligmalarla ortaya
cikmaktadir. Kiiresel 1sinmayla birlikte bu
kuzey enlemlerindeki sahaya bazi egzotik
tirlerin de giris yapmaya basladig
bilinmektedir.  Yillar  igerisindeki  tlr
degisimlerinin izlenmesi igin farkl tarihlerde
rapor edilmis balik tiir listeleri elde etmek, bu
tip gog, istila ve rekabet olgularinin ortaya
konmasinda ve ayn1 zamanda, elde edilen bu
listeler iizerine arastirma programlari
kurgulamaya olan katkilar1 nedeniyle
onemlidir.

Bu ¢alismada, Saroz Koérfezi’nde (Gokgeada
dahil) yapilmis gesitli ¢aligmalarla saptanmig
balik tiir cesitliliginin ortaya konmasi
amaclanmistir.  Bdylece, korfezde ve
GoOkceada’da giiniimiize dek saptanmig
mevcut balik tiirleri Uzerine bir liste elde
edilerek, tartisilmig  ve konuyla ilgili
arastiricilara bir kaynak olusturulmustur.

Tablo 1. Saroz Korfezi’nin balik tirleri

CHONDRICHTHYES

ALOPIIDAE

Alopias vulpinus (Bonnaterre, 1788) [C]?°
SCYLIORHINIDAE

2. MATERYAL VE YONTEM

Saroz Korfezi ve GoOkgeada’da balik ve
balikgilik tizerine bugiine kadar yuritilen
toplam 28 calisma ve bir medya haberi
(fotografli bir lahosun gilincel kaydi)
derlenerek  bahsi gecen balik tiirleri
listelenmistir. Listeye esas olan baliklarin
bilimsel isimlendirmelerinde ve turlerin
dagilimlarinin belirlenmesinde FishBase ve
WoRMS temel alinmistir. Baliklarin orijinleri
ise  [A-M]  Atlanto-Mediterran,  [C]
Kozmopolit, [L] Lesepsiyen ve [M] Akdeniz
endemigi seklinde kodlanmuistir.

3. BULGULAR

Saroz Korfezi ve Gokceada’da 1998-2018
yillart  arasinda  yapilan  ¢alismalarin
derlenmesiyle elde edilen tir listesine gore
(Tablo 1), simdiye dek 96 familyaya ait
toplam 280 balik tiirii tespit edilmistir. Bu
tirlerin  %12,9’u  kikirdakli  baliklardan
olusmustur. Listeye dahil edilen baliklarin
orijinlerine gore dagilimi ise %77,5’i Atlanto-
Mediteran, %11,8’i Kozmopolit, %10’u
Endemik ve %0,7’si Lesepsiyen’dir.

Scyliorhinus canicula (Linnaeus, 1758) [A-M]?37:8:9.11.12,14,19,2022

Scyliorhinus stellaris (Linnaeus, 1758) [A-M]7:11.13.19.20
Galeus melastomus Rafinesque, 1810 [A-M]37:11.12.18.20
TRIAKIDAE

Mustelus asterias Cloquet, 1819 [A-M]7121920
Mustelus mustelus (Linnaeus, 1758) [A-M]37:11,12.14.19.20
Mustelus punctulatus Risso, 1827 [A-M]’
SQUALIDAE

Squalus acanthias Linnaeus, 1758 [C]>78911.19
Squalus blainville (Risso, 1827) [A-M]37:89:12.14.19.20.22
DALATIIDAE

Etmopterus spinax (Linnaeus, 1758) [A-M]3711:12.19.20
Dalatias licha (Bonnaterre, 1788) [C]*%%
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HEXANCHIDAE

Heptranchias perlo (Bonnaterre, 1788) [C]37

Hexanchus griseus (Bonnaterre, 1788) [C]37?°
CENTROPHORIDAE

Centrophorus granulosus (Bloch and Scneider, 1801) [C]’
ODONTASPIDIDAE

Carcharias taurus Rafinesque, 1810 [C]"°
CARCHARHINIDAE

Prionace glauca (Linnaeus, 1758) [C]*?2°

SPHYRNIDAE

Sphyrna zygaena (Linnaeus, 1758) [C]*

OXYNOTIDAE

Oxynotus centrina (Linnaeus, 1758) [A-M]789.12.19
SQUATINIDAE

Squatina squatina (Linnaeus, 1758) [A-M]71%13
RHINOBATIDAE

Rhinobatos rhinobatos (Linnaeus, 1758) [A-M]*?
TORPEDINIDAE

Torpedo nobiliana (Bonaparte, 1835) [A-M]*

Torpedo marmorata Risso, 1810 [A-M]}37:8910111213.19
RAJIDAE

Dipturus oxyrinchus (Linnaeus, 1758) [A-M]3#4789111219.20
Leucoraja naevus (Muller and Henle, 1841) [A-M]*712
Raja clavata Linnaeus, 1758 [A-M]34789.11,1214,19

Raja miraletus Linnaeus, 1758 [A-M]4347.8.9.1112.13

Raja asterias Delaroche, 1809 [M]8°12

Raja radula Delaroche, 1809 [M]%:2347:89.12.13

Rostroraja alba (Lacepéde, 1803) [A-M]34 711121319
DASYATIDAE

Dasyatis pastinaca (Linnaeus, 1758) [A-M]}347:89,11.12,131922
Bathytoshia lata (Garman, 1880) [A-M]*’

Dasyatis tortonesei Capapé, 1975 [M]*?

GYMNURIDAE

Gymnura altavela (Linnaeus, 1758) [A-M]*7
MYLIOBATIDAE

Mobula mobular (Bonnaterre, 1788) [A-M]*

Myliobatis aquila (Linnaeus, 1758) [A-M]1347:89.1L19
Aetomylaeus bovinus (Geoffroy Saint-Hilaire, 1817) [A-M]*7

HOLOCEPHALI
CHIMAERIDAE
Chimaera monstrosa Linnaeus, 1758 [A-M]71%1219

OSTEICHTHYES

CLUPEIDAE

Alosa fallax (Lacepéde, 1803) [A-M]410.12.13

Sardina pilchardus (Walbaum, 1792) [A-M]71214.15.16,18,24%,25%
Sprattus sprattus (Linnaeus, 1758) [A-M]7:81416.18.25*
Sardinella aurita Valenciennes, 1847 [A-M]%1213.15
Sardinella maderensis (Lowe, 1838) [A-M]*?
ENGRAULIDAE

Engraulis encrasicolus (Linnaeus, 1758) [A-M]%37:8.9.11.14,16,21,24*
ARGENTINIDAE

Argentina sphyraena Linnaeus, 1758 [A-M]37:91112.14,19,22
AULOPIDAE

Aulopus filamentosus (Bloch, 1792) [A-M]*?
CHLOROPHTHALMIDAE

Chlorophthalmus agassizi Bonaparte, 1840 [C]"121°
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MURAENIDAE

Muraena helena Linnaeus, 1758 [A-M]*213
CONGRIDAE

Conger conger (Linnaeus, 1758) [A-M]?3:7:8,9.11,12,13,14.19,20.22
OPHICHTHIDAE

Echelus myrus Linnaeus, 1758 [A-M]*?

Ophisurus serpens (Linnaeus, 1758) [A-M]’
SYNGNATHIDAE

Hippocampus guttulatus Cuvier, 1829 [A-M]*?
Nerophis ophidion (Linnaeus, 1758) [A-M]%2
Syngnathus acus Linnaeus, 1758 [A-M]*?16:21.22
Syngnathus abaster Risso, 1827 [A-M]*®

Syngnathus typhle Linnaeus, 1758 [A-M]71216.21
MERLUCCIDAE

Merluccius merluccius (Linnaeus, 1758) [A-M]%236.7.89.10.11,12,13,14,19,20,25*
GADIDAE

Gadiculus argenteus Guichenot, 1850 [A-M]37:11:12.19.22
Merlangius merlangus (Linnaeus, 1758) [A-M]37:89.12.24*
Micromesistius poutassou (Risso, 1827) [A-M]3 7111219
Trisopterus capelanus (Lacepéde, 1800) [M]37 891213
LOTIDAE

Gaidropsarus mediterraneus (Linnaeus, 1758) [A-M]t2:21.24*25"
Gaidropsarus biscayensis (Collett, 1890) [A-M]*?2!
Gaidropsarus vulgaris (Cloquet, 1824) [A-M]®"
Molva dipterygia (Pennant, 1784) [A-M]'%12

Molva macrophthalma (Rafinesque, 1810) [A-M]>"1°
Molva molva (Linnaeus, 1758) [A-M]*

MORIDAE

Lepidion lepidion (Risso, 1810) [M]®

Mora moro (Risso, 1810) [A-M]%

PHYCIDAE

Phycis blennoides (Briinnich, 1768) [A-M]37:8211.1920
Phycis phycis (Linnaeus, 1766) [A-M]*712132021
CAPROIDAE

Capros aper (Linnaeus, 1758) [A-M]37:8911.1922
BALISTIDAE

Balistes capriscus Gmelin, 1789 [A-M]*
BELONIDAE

Belone belone (Linnaeus, 1760) [A-M]121516.18.21
GONOSTOMATIDAE

Cyclothone braueri Jespersen and Taning, 1926 [C]?°
MACROURIDAE

Coelorinchus caelorhincus (Risso, 1810) [A-M]37:111219.22
Hymenocephalus italicus Giglioli, 1884 [A-M]"121°
Nezumia aequalis (Ginther, 1878) [A-M]%

Nezumia sclerorhynchus (Valenciennes, 1838) [A-M]*?
Trachyrincus scabrus (Rafinesque, 1810) [A-M]*?
MYCTOPHIDAE

Benthosema glaciale (Reinhardt, 1837) [A-M]22024*
Ceratoscopelus maderensis (Lowe, 1839) [A-M]*?
Diaphus holti Taning, 1918 [A-M]'%24"

Hygophum benoiti (Cocco, 1838) [A-M]*2

Hygophum hygomii (Litken, 1892) [C]?**
Lampanyctus crocodilus (Risso, 1810) [A-M]?°
Lobianchia dofleini (Zugmayer, 1911)[C]*?
Myctophum nitidulum Garman, 1899 [C]*
Notoscopelus elongatus (Costa, 1844)[M]*?
CHLOPSIDAE
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Chlopsis bicolor Rafinesque, 1810 [A-M]*?

CALLANTHIIDAE

Callanthias ruber (Rafinesque, 1810) [A-M]*
TETRAODONTIDAE

Lagocephalus lagocephalus (Linnaeus, 1758) [C]*

Lagocephalus spadiceus (Richardson, 1845) [L]*

Sphoeroides pachygaster (Muller and Troschel, 1848) [C]?
LOBOTIDAE

Lobotes surinamensis (Bloch, 1790) [C]*?

CENTROLOPHIDAE

Centrolophus niger (Gmelin, 1789) [A-M]2°2>"

ZEIDAE

Zeus faber Linnaeus, 1758 [C]37:8.91112131922

SERRANIDAE

Anthias anthias (Linnaeus, 1758) [A-M]*

Epinephelus costae (Steindachner, 1878) [A-M]*?

Epinephelis marginatus (Lowe, 1834) [A-M]*

Epinephelus aeneus (Geoffroy Saint-Hilaire, 1817) [A-M]?%2°
Serranus cabrilla (Linnaeus, 1758) [A-M]Y27:8.9.11,12,13,15,16,18,21,22,24*
Serranus hepatus (Linnaeus, 1758) [A-M]789.11.12,13,14,16,18,21,22,.24*
Serranus scriba (Linnaeus, 1758) [A-M]}278212.1315.16.18,21,22
MORONIDAE

Dicentrarchus labrax (Linnaeus, 1758) [A-M]?%2

CEPOLIDAE

Cepola macrophthalma (Linnaeus, 1758) [A-M]37:89.12.13,14,22,24*
TRACHICHTHYIDAE

Hoplostethus mediterraneus Cuvier, 1829 [C]3 7111219
CORYPHAENIDAE

Coryphaena hippurus Linnaeus, 1758 [C]*?

POMATOMIDAE

Pomatomus saltatrix (Linnaeus, 1766) [A-M]426712.13.14,21,28
CARANGIDAE

Lichia amia (Linnaeus,1758) [A-M]01221.28

Naucrates ductor (Linnaeus, 1758) [C]*?

Seriola dumerili (Risso, 1810) [C]*?*3

Trachurus picturatus (Bowdich, 1825) [A-M]’

Trachurus mediterraneus (Staindachner, 1868) [A-M]%23710.12.13,15
Trachurus trachurus (Linnaeus,1758) [A-M]%3789.11,12.13,15,19,21,22,24*
Trachinotus ovatus (Linnaeus,1758) [A-M]!216.18
POLYPRIONIDAE

Polyprion americanus (Bloch and Schneider, 1801) [A-M]?2°
SCIAENIDAE

Sciaena umbra Linnaeus, 1758 [A-M]*213.2L

Umbrina cirrosa (Linnaeus, 1758) [A-M]?%2

MULLIDAE

Mullus barbatus barbatus Linnaeus, 1758 [A-M]%367:8911.1213,14,15,16,18,19,21,24*
Mullus surmuletus Linnaeus,1758 [A-M]4267.211,12.13,14,16,18,21,24*
SPARIDAE

Boops boops (Linnaeus, 1758) [A-M]%2367:88,10,11.12131921,22,28
Dentex dentex (Linnaeus, 1758) [A-M]16.7:89.11,12,1321,22.28

Dentex gibbosus (Rafinesque, 1810) [A-M]?**

Dentex macrophtalmus (Bloch, 1791) [A-M]?7:89.14

Dentex maroccanus Valenciennes, 1830 [A-M]3789.11.1213,19
Diplodus annularis (Linnaeus, 1758) [A-M]%37:10.12.13,1415,.16,18,21,22
Diplodus puntazzo (Walbaum, 1792) [A-M]}7:1213.16,18,21,22
Diplodus sargus (Linnaeus, 1758) [A-M]/612.13.6.18.21,22,28
Diplodus vulgaris (Geoffroy Saint-Hilarie, 1817) [A-M]%?3671012.13,1516,18,21,22,28
Lithognathus mormyrus (Linnaeus, 1758) [A-M]$2612.13.1516,18,21,24*
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Oblada melanura (Linnaeus, 1758) [A-M]%2671213.1521,28
Pagellus acarne (Risso, 1827) [A-M]}7:821011,121516,18,19,21
Pagellus bogaraveo (Briinnich, 1768) [A-M]37:89.11.12.13.14,1516,18,19
Pagellus erythrinus (Linnaeus, 1758) [A-M]%36:7:8.9.10.11,1213,14,15,16,18,19.21
Pagrus pagrus (Linnaeus, 1758) [A-M]?789.12.13

Sarpa salpa (Linnaeus, 1758) [A-M]"26:10.12.13,1516,18,21.28
Sparus aurata Linnaeus, 1758 [A-M]?61221.22

Spondyliosoma cantharus (Linnaeus, 1758) [A-M]$3671012.13.1516,21,22
CENTRACANTHIDAE

Centracanthus cirrus Rafinesque, 1810 [A-M]?*°

Spicara smaris (Linnaeus, 1758) [A-M]*37:8:9,11,12,13,14,15,16,18,21,22
Spicara maena (Linnaeus, 1758) [A-M]*37:8:9,10,11,12,13,14,16,18,21,22
POMACENTRIDAE

Chromis chromis (Linnaeus,1758) [A-M]%1213.16.18,21,22
LABRIDAE

Coris julis (Linnaeus, 1758) [A-M]%237.12.13,1516,18,21,22

Labrus mixtus Linnaeus, 1758 [A-M]*213

Labrus bergylta Ascanius, 1767 [A-M]*213

Labrus merula Linnaeus, 1758 [A-M]%1213

Labrus viridis Linnaeus, 1758 [A-M]'%3

Symphodus cinereus (Bonnaterre, 1788) [A-M]%1216.18.21.22
Symphodus tinca (Linnaeus, 1758) [A-M]%71316.1821.22
Symphodus roissali (Risso, 1810) [A-M]%%1.22

Symphodus rostratus (Bloch, 1791) [M]*131621.22

Symphodus melops (Linnaeus, 1758) [A-M]*®

Symphodus doderleini Jordan, 1890 [M]*???

Symphodus mediterraneus (Linnaeus, 1758) [A-M]*213.16.18.21.22
Symphodus ocellatus (Linnaeus, 1758) [A-M]*216.18.21.22
Centrolabrus melanocercus (Risso, 1810) [M]!6:18.22
Thalassoma pavo (Linnaeus, 1758) [A-M]'%22

Xyrichtys novacula (Linnaeus, 1758) [A-M]*
AMMODYTIDAE

Gymnammodytes cicerelus (Rafinesque, 1810) [A-M]?**%"
TRACHINIDAE

Trachinus draco Linnaeus, 1758 [A-M]%236789121316,18,21,22
Trachinus radiatus Cuvier, 1829 [A-M]%712.22

Echiichthys vipera (Cuvier, 1829) [A-M]3%12.22

Trachinus araneus Cuvier, 1829 [A-M]}10.12.13
URANOSCOPIDAE

Uranoscopus scaber Linnaeus, 1758 [A-M]1237:89.12,13,1621,22,24*
TRACHIPTERIDAE

Trachipterus trachypterus (Gmelin, 1789) [C]*?
TRICHIURIDAE

Lepidopus caudatus (Euphrasen, 1788) [A-M]3711:12.19.25*
SCOMBRIDAE

Auxis rochei (Risso, 1810) [C]*?

Sarda sarda (Bloch, 1793) [A-M]6:1224%28

Scomber colias Gmelin, 1789 [A-M]%236.7.10,12,13,14,1528
Scomber scombrus Linnaeus, 1758 [A-M]?3:7:8,9.12,13,15,19.24%,28
Thunnus thynnus (Linnaeus, 1758) [A-M]*?

XIPHIIDAE

Xiphias gladius Linnaeus, 1758 [C]®1228

GOBIIDAE

Aphia minuta (Risso, 1810) [A-M]®

Buenia affinis Iljin, 1930 [M]?

Chromogobius quadrivittatus (Steindachner, 1863) [M]?
Chromogobius zebratus (Kolombatovic, 1891) [M]%
Deltentosteus quadrimaculatus (Valenciennes, 1837) [A-M]782
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Gobius auratus Risso, 1810 [A-M]?%

Gobius bucchichi Steindachner, 1870 [M]?1:22:23

Gobius cruentatus Gmelin, 1789 [A-M]?22

Gobius paganellus Linnaeus, 1758 [A-M]!222.23.24*
Gobius geniporus Valenciennes, 1837 [M]!6.18.21.22.23
Gobius cobitis Pallas, 1814 [A-M]%1221.23

Gobius kolambotovici Kovacic and Miller, 2000 [M]%
Gobius roulei de Buen, 1928 [A-M]®

Gobius niger Linnaeus, 1758 [A-M]7891213,14,21,2223
Gobius vittatus Vinciguerra, 1883 [M]®

Lesueurigobius friesii (Malm, 1874) [A-M]71214.23
Millerigobius macrocephalus (Kolombatovic, 1891) [M]®
Pomatoschistus marmoratrus (Risso, 1810) [A-M]*216.18.21
Pomatoschistus microps (Kroyer, 1838) [A-M]***
Pomatoschistus minutus (Pallas, 1770) [A-M]24"%
Pomatoschistus bathi Miller, 1982 [M]%3
Pomatoschistus pictus (Malm, 1865) [A-M]***
Pseudaphya ferreri (de Buen and Fage, 1908) [M]%
Thorogobius ephippiatus (Lowe, 1839)[A-M]%
Thorogobius macrolephis (Kolombatovic, 1891) [M]%
Zebrus zebrus (Risso, 1827) [M]%

Zosterisessor ophiocephalus (Pallas, 1814) [M]?%
DACTYLOPTERIDAE

Dactylopterus volitans (Linnaeus, 1758) [A-M]'%3
SEBASTIDAE

Helicolenus dactylopterus (Delaroche, 1809) [A-M]378911.12.19.20
BLENNIIDAE

Aidablennius sphynx (Valenciennes, 1836) [A-M]?%22
Blennius ocellaris Linnaeus, 1758 [A-M]37:89.12.14
Coryphoblennius galerita (Linnaeus, 1758) [A-M]*
Parablennius gattorugine (Linnaeus, 1758) [A-M]*2
Parablennius tentacularis (Brinnich, 1768) [A-M]'??
Parablennius sanguinolentus (Pallas, 1814) [A-M]*22
Parablennius incognitus (Bath, 1968) [A-M]#

Salaria pavo (Risso, 1810) [A-M]#

CLINIDAE

Clinitrachus argentatus (Risso, 1810) [A-M]?
SPHYRAENIDAE

Sphyraena sphyraena (Linnaeus, 1758) [A-M]%710.12.2L
Sphyraena viridensis Cuvier, 1829 [A-M]"2
MUGILIDAE

Chelon labrosus (Risso, 1827) [A-M]1%16:18.21

Liza aurata (Risso, 1810) [A-M]?1216.18.21

Liza ramada (Risso, 1827) [A-M]*2132

Liza carinata (Valenciennes, 1836) [L]*

Liza saliens (Risso, 1810) [A-M]*

Mugil cephalus Linnaeus, 1758 [C]*?

Oedalechilus labeo (Cuvier, 1829) [A-M]4121321
ATHERINIDAE

Atherina boyeri Risso, 1810 [A-M]62122

Atherina hepsetus Linnaeus, 1758 [A-M]!213.2L
Atherina presbyter Cuvier, 1829 [A-M]*?
SCORPAENIDAE

Scorpaena elongata Cadenat, 1943 [A-M]’

Scorpaena notata Rafinesque, 1810 [A-M]}23789.12131416,1821
Scorpaena porcus Linnaeus, 1758 [A-M]%2367.1213.16,18,21,22
Scorpaena scrofa Linnaeus, 1758 [A-M]7113.15.16,18.22
Scorpaena maderensis Valenciennes, 1833[A-M]"16.1822
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TRIGLIDAE

Chelidonichthys cuculus (Linnaeus, 1758) [A-M]719:22
Chelidonichthys lastoviza (Bonnaterre, 1788) [A-M]37:89.12.13.17.22
Chelidonichthys lucerna (Linnaeus, 1758) [A-M]?3.7:8:9.10,11,12,13,17,19,.21,22
Eutrigla gurnardus (Linnaeus, 1758) [A-M]37:8.9121417.19,22
Trigla lyra Linnaeus, 1758 [A-M]37:89.11.12,17.19.22
Lepidotrigla cavillone (Lacepéde, 1801) [A-M]37:89.11.1214.17.19
PERISTEDIIDAE

Peristedion cataphractum (Linnaeus, 1758) [A-M]"1219
TRIPTERYGIIDAE

Tripterygion delaisi Cadenat and Blache, 1970 [A-M]?
Tripterygion tripteronotum (Risso, 1810) [M]?
CITHARIDAE

Citharus linguatula (Linnaeus, 1758) [A-M]>78911.12.13.14,19,22
SCOPHTHALMIDAE

Lepidorhombus boscii (Risso, 1810) [A-M]357:11.12.19
Lepidorhombus whiffiagonis (Walbaum, 1792) [A-M]>7
Scophthalmus maximus (Linnaeus 1758) [A-M]’
Scophthalmus rhombus (Linnaeus, 1758) [A-M]>5712
PLEURONECTIDAE

Platichthys flesus (Linnaeus, 1758) [A-M]*

BOTHIDAE

Arnoglossus kessleri Schmidt, 1915 [M]®

Arnoglossus laterna (Walbaum, 1792) [A-M]1357:89,13,14,16,21,24*
Arnoglossus imperialis (Rafinesque, 1810) [A-M]7
Arnoglossus rueppelii (Cocco, 1844) [A-M]°

Arnoglossus thori Kyle, 1913 [A-M]%>789.13.16.21,.22

Bothus podas (Delaroche, 1809) [A-M]%1213.16.21
SOLEIDAE

Buglossidium luteum (Risso, 1810) [A-M]%1213
Microchirus ocellatus (Linnaeus, 1758) [A-M]>71213.14
Microchirus variegatus (Donovan, 1808) [A-M]>78912.13.24*
Monochirus hispidus Rafinesque, 1814 [A-M]571213
Pegusa impar (Bennet, 1831) [A-M]#

Pegusa nasuta (Pallas, 1814) [M]+>1214

Pegusa lascaris (Risso, 1810) [A-M]*213

Synapturichthys kleinii (Risso, 1827) [A-M]*2

Solea solea (Linnaeus, 1758) [A-M]3°>7:89.12.13.14,22,25%
CYNOGLOSSIDAE

Symphurus nigrescens Rafinesque, 1810 [A-M]5789
LOPHIIDAE

Lophius budegassa Spinola, 1807 [A-M]789.11.19

Lophius piscatorius Linnaeus, 1758 [A-M]3 7121314
CALLIONYMIDAE

Callionymus fasciatus Valenciennes, 1837 [M]’
Callionymus lyra Linnaeus, 1758 [A-M]789.14.24"
Callionymus maculatus Rafinesque, 1810 [A-M]?
Callionymus pusillus Delaroche, 1809 [A-M]8912.2L.24*
Synchiropus phaeton (Glinther, 1861) [A-M]'%22
STERNOPTYCHIDAE

Argyropelecus hemigymnus Cocco, 1829 [C]*2%°
Maurolicus muelleri (Gmelin, 1789) [C]"1%24*
STOMIIDAE

Stomias boa boa (Risso, 1810) [A-M]%°

OPHIDIIDAE

Ophidion barbatum Linnaeus, 1758[A-M]%378912.13
Ophidion rochei Miiller, 1845 [M]7141°

GOBIESOCIDAE

89



Coker and Akyol, Turkish Journal of Maritime and Marine Sciences, 4(1): 81-92

Diplecogaster bimaculata (Bonnaterre, 1788) [A-M]%*
Lepadogaster candolii Risso, 1810 [A-M]*2
CENTRISCIDAE

Macroramphosus gracilis (Lowe, 1839) [C]*
Macroramphosus scolopax (Linnaeus, 1758) [C]"*°
APOGONIDAE

Apogon imberbis (Linnaeus, 1758) [A-M]*
ANGUILLIDAE

Anguilla anguilla (Linnaeus, 1758) [A-M]*?
MOLIDAE

Mola mola (Linnaeus, 1758) [C]*?

Ranzania leavis (Pennant, 1776) [C]*?
ECHENEIDAE

Remora remora (Linnaeus, 1758) [C]*
ISTIOPHORIDAE

Tetrapturus belone Rafinesque, 1810 [M]*2

1Keskin ve Unsal (1998); ?Torcu-Kog vd. (2004); *ismen vd. (2007); *Y1g1n ve Ismen (2009); *Ozekinci vd. (2009);
6Akyol ve Ceyhan (2010b); "Cengiz vd. (2011); 8Altug vd. (2011); °Keskin vd. (2011); 1°Akmirza (2013); *Keskin
vd. (2014); ?Géniilal ve Giiresen (2014); ¥*Karakulak vd. (2006); **Bozkurt (2010); 3Cengiz (2013); 6Altin vd.
(2015); Y"Arslan Thsanoglu vd. (2016); Altin ve Ayyildiz (2018); **Oz ve Ismen (2017); 2°Goniilal (2017);

21K eskin vd. (2013); ??Dalyan vd. (2015);

ZEngin vd. (2016); 2*Tiirkoglu vd. (2004); »Coker ve Cihangir

(2015); %0zen vd. (2007); ZEryilmaz vd. (2003); 2Y1ldiz vd. (2012); 2Milliyet (2014). *inhtiyoplankton.

4. TARTISMA VE SONUC

Saroz Korfezi sularinda ve GoOkgeada
kiyilarinda simdiye dek yapilmig
calismalardan toplam 280 balik tiiriint iceren
bir liste elde edilmistir. Bolgede yapilmis
calismalarin azligi, derin deniz turlerinin tam
olarak belirlenememesi, 6rnekleme araglar
ve Dbunlarin seciciligi de gbéz Oniine
alindiginda, stiphesiz, bu tur listesi kdrfezdeki
mevcut balik tiirlerinin bir kismini1 kapstyor
olmalidir. Belirlenen tiir sayis1 Bilecenoglu
vd. (2014)’nin Ege Denizi i¢in bildirdigi
giincellenmis balik tiir sayisinin yaklasik
%64’udur. Kuzey enlemlerinde yer alan
Saroz Korfezi’nin balik tiir ¢esitliligi devam
edecek caligmalarla ve bolgeye ulagmasi
muhtemel egzotik ve yabanci balik tiirleriyle
sliphesiz daha da artabilir.

Bu derlemede, Dentex gibbosus, Hygophum
hygomi ve Gymnammodytes cicerelus tirleri
sadece ihtiyoplankton calismalariyla
saptanmistir. Bu tiirlerle beraber 34 ture ait
yumurta-larva da Saroz Koérfezi ve Gokceada
civarindan  bildirilmigtir.  Erginleri ister
mesopelajik ister demersal olsun farkl
derinliklerde yasayan bir¢ok tiirden baligin
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yumurta ve larvasi planktonda ergin tiirlere
nazaran daha pratik olarak basit bir kepceyle
elde edilebilmektedir. Leiby (1984), balik tiir
cesitliligi calismalarinda ihtiyoplanktonun
onemini  vurgulamaktadir ve bu tir
caligmalara daha fazla ihtiyag vardir.

Listede yer alan Spicara flexuosa ve S.
maena’ya ait ayr1 kayitlar, FishBase’de kabul
edilmis gegerli tiir ismi olan S. maena olarak
birlestirilmistir. Tiir isimleri giincellenmis ve
kabul edilen son hali ile verilmistir (6rnegin
Epinephelus alexandrinus yerine E. costae).
Daha once bir kayitta (Cengiz vd. 2011)
verilen Alosa agone tiirii tirsi baligi Avrupa
gollerinde yasayan bir tatl su formu oldugu
icin listeden c¢ikarilmistir. Ayrica, Molva
machrophthalma ve Atherina presbyter
sadece Bati Akdeniz’de bulunan tirler;
Myctophum nitidulum ve Macrorhamphosus
gracilis Akdeniz’de bulunmayan tirler olarak
bolge igin  siipheli  kayitlar  olarak
gorinmektedir. Bu durumu Yunanistan’in
Ege Denizi igin gilincellenmis balik tiir listesi
de teyit etmektedir (Papaconstantinou, 2014).
Bunun yani sira Bilecenoglu vd. (2014)’ne
gore, cok yakin tiirler olarak
Macrorhamphosus gracilis ile M. scolopax’in
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genetik ayrimi son analizlerde
yapilamamustir. S6z konusu siipheli tiirlerin
dogrulugunu kontrol etmek ise miize kayitlar

bulunmamasi sebebiyle mimkiin
goriinmemektedir.

Bu c¢alismada, Saroz Korfezi’nde iki
Lesepsiyen tir kaydedilmistir. Bunlardan

Lagocephalus spadiceus tiirii balon baligi
daha o©nce Canakkale Bogazi’ndan da
kaydedildigi i¢in (Tuncer vd., 2008) mantikl
olmakla beraber, Liza carinata turu kefal
ispata muhtactir. Sonugcta, Saroz Korfezi balik
faunasinin tam olarak belirlenmesi ve
izlenmesi icin daha kapsamli ve yeni
arastirmalara ihtiyag vardir.
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