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Efficiency Analysis of Samsun Port Which Is Located on the Europe-Caucasia-
Asia Transportation Corridor

Avrupa-Kafkasya-Asya Ulasim Koridorunda Yer Alan Samsun Limani’nin
Verimlilik Analizi

Turk Denizcilik ve Deniz Bilimleri Dergisi
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Mersin Universitesi Denizcilik Fakiiltesi, Denizcilik Isletmeleri Yonetimi Boliimii, Mersin

ABSTRACT

The improvement of sea borne trade
depends on adaptation of innovations and
developments in maritime transport, port
and logistic sectors. The integration of the
ports with adequate transport
infrastructure to international transport
network will contribute the improvement
the sector. The Samsun Port is located on
Transcaucasia Transport Corridor which
has wide hinterland interconnects the
markets and contributes seaborne trade. It
is required that long term plan and
arrangements including scientific studies
to reach a logistic center position in
Transcaucasia

Transport Corridor and to provide

Article Info

Received: 12 October 2017
Revised: 15 November 2018
Accepted: 19 November 2018

sustainable competitiveness in
international markets for medium term and
long term strategic planning of Samsun
Port. In this study, the productivity
analysis of Samsun Port are conducted and
required comments are put forward to
increase the efficiency of the port services.
The factors which effect performance of
the ports are gathered and interrelated and
level of importance of factors are
determined by Fuzzy DEMATEL (The
Decision Making Trial and Evaluation
Laboratory).

Keywords:  Transcaucasia  Transport
Corridor, Samsun Port, Hinterland,
Seaborne Trade.
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OZET

Deniz ticaretinin gelisimi uluslararasi deniz tasimaciligi, liman ve lojistik sektoriindeki
yenilikler ve gelismelere uyum saglamak ile miimkiindiir. Limanlarin yeterli ulastirma
altyapisinin uluslararasi ulasim aglari ile entegre edilmesi sektoriin gelisimine 6nemli bir
katki saglayacaktir. Transkafkasya Ulagim Kanali Koridoru da; genis hinterland
alanlarina sahip, pazarlar1 birbirine baglayan, bdlgesel alanda deniz ticaretinin
gelismesine olumlu katkilar saglayabilecek bir koridor olarak gosterilmektedir. Samsun
Limani, deniz ticaretine katki saglayan ve pazarlar1 birbirine baglayan genis bir
hinterlanda sahip Transkafkasya Koridoru hatti {izerinde yer almaktadir. Samsun
Limaninin orta ve uzun vadeli stratejik planlamasina yonelik, Transkafkasya koridoru
icerisinde lojistik iis pozisyonuna gelebilmesi ve uluslararasi piyasada siirdiiriilebilir
rekabet kosullarini yakalayabilmesi i¢in bilimsel ¢alismalari igeren uzun donemli plan ve
diizenlemelere ihtiyag¢ vardir. Bu noktadan yola ¢ikilarak ¢alismada, Samsun Limani’na
iligkin bir verimlilik analizi yapilmis olup, ortaya ¢ikan sonuglar dogrultusunda limanin
daha etkin ve verimli hizmet sunabilmesi igin Oneriler yapilmistir. Calismada, liman
caligma performansimni etkileyen c¢esitli etkenler bir araya getirilerek, bu etkenlerin
birbirleri ile olan iliskileri ve dnem dereceleri bulantk DEMATEL (The Decision Making
Trial and Evaluation Laboratory) yontemi yardimi ile incelenmistir.

Anahtar sozcikler: Transkafkasya, Samsun Limani, Hinterland, Deniz Ticareti.

1. GIRIS yatirimlarini hizlandirmistir. Bu kapsamda
tim Orta Asya Cumhuriyetlerini Bati
Avrupa Birligi (AB) tarafindan gelistirilen  ulagtirma giizergahlarina baglayan Kars-
Bagimsiz Devletler Toplulugu iilkelerinin  Bitlis Kars- Tiflis Demiryolu Hatt1 Projesi
Kafkasya velveya Karadeniz Uzerinden 2017 yilinda hayata ge¢mis olup, istanbul
Avrupa'ya baglantisin1 saglamak amaciyla  Tiip Bogazi Gegidi Projesi’nin 2019
bir Dogu-Bati Koridoru olan ¢ok modlu  yilinda tamamlanmasi planlanmaktadir
ulasim koridoru TRACECA “(Avrupa- (URL-1, 2018). Asya ile Avrupa arasinda
Kafkasya-Asya Ulasim Koridoru-Ipek  denizyolu ulasimini saglayan Samsun ve
Yolu) gelistirilmistir (Ulastirma  Haydarpasa Limanlarin da s6z konusu
Denizcilik ve Haberlesme Bakanligi, Programa dahil edilmesiyle Samsun
2017). Tiirkiye Traceca Anlasmasin1 1998  Limani daha da 6nem kazanmistir (Aytag
yilinda  imzalamig, 2001  yilinda vd. 2007).
Parlamento tarafindan onaylanmis ve 2002  Karadeniz’de Istanbul, Samsun, Odesa,
yilinda TRACECA programimna tam iiye Batum, Ilicevsk, Poti, Burgaz, Kostence ve
olarak dahil edilmistir. Avrupa ile Orta  Varna limanlari; Hazar Denizi’nde Aktau,
Dogu ulasim koridorlarinin {izerinde yer Bakii ~ ve  Tiirkmenbasi  limanlar
alan Tirkiye bir aktarma noktasi TRACECA Programi kapsamina
potansiyeline sahip olup, bdlgesel bir alinmistir. TRACECA  Koridorunun
ulastirma  ve  tasimacilik  merkezi  Tiirkiye {izerinden karayolu baglantisi
konumundadir (Ovali, 2008). Bu nedenle,  Istanbul-Samsun-Hopa  karayolu  ve
TRACECA Programi kapsaminda  Istanbul-Ankara-Kars-Tiflis  demiryolu
Haydarpasa ile Samsun Limanlar1  vasitasiyla saglanmasi planlanmaktadir
TRACECA koridoruna dahil edilmistir  (Ovali, 2008).
(Kisi vd., 2005). Buna istinaden Tiirkiye, Karadeniz Bdlgesinin en biiylik limam
kara ve demiryollariyla ilgili olarak ¢esitli ~ olan ve genis bir hinterlanda sahip Samsun
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Limani s6z konusu bolgede demiryolu
baglantisinin oldugu tek limandir. Samsun
Limani Rusya’nin Novorossiysk, Tuapse
ve Sog¢i; Kirim’n, Feodosiya, Sevastopol,
Yalta, Kiz-Ogul, Todor ve Yevpatorskiy;
Azak Denizi’nde Taganrog, Yalta, Jdanov,
Azov ve Genigesk; Giircistan’in Poti,
Suchumive Batumi; Ukrayna’nin, Odesa,
Ilichevski ve Nikolayev; Romanya’nin

Kostence; Bulgaristan’imin Varna
limanlar1 ile deniz tagimacilig
faaliyetlerini  yurutmektedir  (URL-2,
2018).

Samsun Limani; karayolu ve Samsun-
Sivas ve Samsun-Carsamba hatlar1 ile

TCDD demiryolu baglantisiyla
Anadolu’ya gidecek ve Anadolu’dan gelen
yiiklerin limana/limandan akisinda

Ankara, Kayseri, Sivas, Kirsehir, Konya,
Malatya, Nigde, Amasya, Corum, Yozgat,
Kastamonu, Tokat, Ordu, Sinop ve
Erzincan illerini kapsayan genis bir
hinterlanda hizmet vermektedir (DTO,
Sektor Raporu, 2016). Samsun Limani
karayolu ve demiryolu baglantilar1 ile
kombine tasimaciliga da uygundur.
Samsun uluslararasi 6l¢ekte de, Avrupa ile
Rusya’dan gelen yiiklerin Ortadogu ve
Orta Asya Ulkeleri'ne tasinmasinda
onemli bir merkez konumuna ve dis ticaret
potansiyeline sahiptir. Ayrica, Samsun
Liman1 Karadeniz iilkelerinin  Tiirk
Bogazlar1 ile baglantisin1  saglayan
Karadeniz’de merkezi bir konumda olmasi
disinda karayolu ve demiryolu baglantisi
ile Akdeniz’de 6nemli bir konumda olan
Mersin Limani’na, buradan da diinya
denizlerine ulasma imkani saglamaktadir
(Esmer ve Oral, 2012). S6z konusu avantaj
nedeniyle Samsun Liman1 aktarma yiiklere
hizmet verebilme bakimindan lojistik Us
olma potansiyeline sahiptir.

Samsun Limani, Isletme Hakkinin Devri
yontemiyle 31.03.2010 tarihinde 36 yil
siireyle 0zellestirilerek, Ceynak Lojistik ve
Ticaret AS’ ne devredilmistir (DTO, Sektor
Raporu, 2016). Samsun Limani’nin,
TRACECA Programi denizyolu
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kapsamina alinan Karadeniz’deki
limanlardan  biri  olmast  nedeniyle
TRACECA kapsamindaki bolge

iilkelerinin bolgesel bir ulastirma ve
tasimacilik merkezi konumuna gelecek
olup, uluslararas1 ticaretteki roliinii
guclendirecek,  bolgesel ve  ulusal
ekonomiye katki saglayacaktir. Samsun
Limani’'nin TRACECA kapsaminda bir
ulagtirma koridoru konumuna gelebilmesi
ve dolayisiyla bolgesel ve ulusal
ekonomiye katki saglamasi i¢in yeterli
altyap1 ve lstyapiya sahip olmasi, verimli

ve etkin isletilmesi, ellecleme
operasyonlarinin zamaninda ve hasarsiz
olarak en az maliyetle yapilmasi

gerekmektedir.

Bu amacgla calismada Samsun limaninin
etkinlik analizi ele alinmistir. Literatiirde
konuya iliskin yapilan benzer ¢alismalarda
Brooks (2006) yapmis oldugu calismada,
liman performans degerlendirme
kriterlerini ele almistir. Bu kriterlerin
bazilari; miisteri odakli yaklagim, liman
iicretleri (ylikleme/bosaltma ve terminal
maliyetleri, vergiler, liman masraflari, ving
kiralari), siire (gemi doniis, yiikiin limanda
bekleme, transit depo suresi), geminin
varts ve ayrilis sikliklar1 vb. olarak
belirlenmistir. Talley (1994) ise yapmis
oldugu calismada liman performanslarini
etkileyen en 6nemli kriterlerin; optimum

siirede elleglenen yiik miktari,
liman/tagimacilik maliyetleri ve hizmet
kalitesi oldugunu belirtmistir.

Venkatasubbaiah vd. (2014) cok kriterli
karar verme yontemi yardimai ile konteyner
terminallerinin  performans analizlerine
iliskin  yaptiklar1  c¢alismada  liman
verimliligini etkileyen faktorleri; gemi,
ving, rihtim, terminal alani, ekipman,
isgiicii verimliligi ve maliyet etkinligi
olarak belirlemislerdir. Ha ve Yang (2017)
yapmis  olduklari1 ¢alismada liman
performans gostergelerini DEMATEL ve
Analitik Ag Siireci (AAS) yoOntemleriyle
incelemislerdir. Bu c¢alisma sonuclarina
gore liman performansini etkileyen
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kriterler;  hizmet  gilivenligi,  ving
verimliligi, ellegclenen yiiklerin artisi,
geminin geri donlis siiresi, net kar marji,
hizmet maliyeti, gelir artigi, hasarh
yiiklerin oran1 ve deniz baglantis1 olarak
belirlenmistir.

Samsun  limanma  iligkin  yapmis
oldugumuz bu calismada  liman

verimliligini etkileyen kriterler; limanin

konumu, vin¢ (kreyn) sayisi, rithtim
uzunlugu, elleglenen yiik miktari, limanda
gemilerin  ortalama bekleme suresi,
depolama  alam1  yilikleme  hattinin
uzunlugu, kapasitesi, rihtim derinligi,
intermodal ulastirma baglantilar1  ve

personel sayis1 olarak ele alinmistir. Bu
kriterler bulanik ¢ok kriterli karar verme
tekniklerinden DEMATEL yontemi ile
degerlendirilmistir. Sonug¢ olarak liman
verimliligini etkileyen kriterler 6nem
derecelerine gdre sirastyla; limanin
konumu, intermodal ulastirma baglantilari,
yillik elleclenen toplam yiik miktari,
toplam rithtim uzunlugu, limanda ortalama
gemi bekleme stireleri, yiikleme hattinin
uzunlugu, liman i¢i toplam depolama alan
kapasitesi, rihtim derinligi, toplam kreyn
sayist ve personel sayis1 olarak tespit
edilmistir.

2. METODOLOJI

Yillar itibariyla degisken ivmeli olarak
buyume gosteren kuresel deniz ticaret
hacmi, beraberinde Diinya limanlarinin da
gelismesine  ve  degisimine  zemin
hazirlamaktadir. Bir¢ok uluslararasi liman
bu degisime uyum saglamakta iken bazi
limanlar ise istenilen performansi
gosteremeyerek giiniimiiz pazar sartlarini
karsilayamayacak  duruma  gelmistir.
Ozellikle bu limanlar  otomasyon
sistemlere uyum saglamada zorluklar
yasayarak ve teknolojik altyapi eksikligi
ile limanla entegrasyonunu saglayacak
demiryolu ve karayolu baglantilarinin
eksikliginden dolayi, transit tasimaciliktan
yeterli pay1 alamamaktadirlar (Onat, 2005;
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Ozdemir vd. 2016). Bu ¢alismanin amaci;
Samsun limani ele almarak, belirtilen
problemlerin ortaya c¢ikmasina sebebiyet
veren bilesenlerin nicel yodntem ve
teknikler ile belirlenebilmesi ve gelecege
yonelik uygulanabilir ¢éziimler sunulmasi
olarak aciklanabilir. Limanlarin verimlilik
Olciitlerinin ne oldugunun
belirlenebilmesi, karar almay1 gerektiren
cok sayida kriter ve sistemi bir arada
barindirmaktadir (Merk ve Dang, 2012).
Problemin ortaya ¢ikmasina neden olan
faktorlerin  kendi  aralarinda  farkh
Olgiilerde etkilesim igerisinde olmasi,
bagimsiz olarak diisiiniilmesinin Oniine
gecmektedir. Bu tarz sorunlar ele alinir
iken; fazla sayida bagimli verinin ele

almmast ve uygulanabilir ¢oziimlere
ulagabilmek i¢in mevcut alternatifler
arasindan  se¢im  yapilmasi  veya

siralanmasi, bulanik ¢ok kriterli karar
verme yontemleri yardimi ile yapilmasi
dogru bir yaklagim olarak
degerlendirilmektedir (Zhang ve Lu, 2002;
Yang ve Hung, 2007; Awad vd. 2013;
Ozdemir vd. 2016; Ozdemir vd. 2017).

Calismada bulanik ¢ok kriterli karar verme
tekniklerinden birisi olan DEMATEL
yardimi ile liman verimliligini etkileyen
Olgltler  incelenerek, bu  olgutlerin
aralarindaki iliski incelenmeye
calisilmistir. Belirlenen kriterlerin kendi
arasinda siralanarak, limanlardaki
verimliligi etkileyebilecek fiziksel
ozellikler ele alinmis ve bu etkenlerin
birbirleri arasindaki yap1 ve agirliklarinin
tespit  edilebilmesi icin  Bulanik
DEMATEL yonteminden yararlanilmistir.
Yapilan analizler sonucunda da denizcilik
sektoriiniin 6nemli bir bilegenini olusturan
liman yonetimi konusunda, alternatif
hareket secenekleri ve yeni hipotezler
belirlenerek uygun bir model 6nerilmistir.
(Calismadaki analiz agamasinda kullanilan

yontem bolim 2.1. bashgr (Bulanik
DEMATEL Y 6ntemi) altinda
Ozetlenmistir.
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2.1. Bulamk DEMATEL Yontemi
DEMATEL yo6ntemi, kriterlerin birbirleri

arasindaki iligkiler ile birlikte
agirliklarinin ortaya konulabilmesi
amaciyla Cenevre Battelle Memorial

Arastirma Merkezi tarafindan 1972 ve
1976  arasinda  gelistirilmis  etkili,
uygulanabilir ve pratik bircok kriterli karar
verme (CKKV) yontemi olarak kabul
edilmektedir. Yontemde; problemi
olusturan faktorlerin aralarindaki
etkilesimlerin grafiksel olarak ortaya
konulabilmesi, yontemi diger CKKV
tekniklerinden ayiran onemli farklardan
birisidir. Bu sayede yoOntem problemi
olusturan kriterler arasindaki iligkiyi ve bu
iligkinin tlirtine goére 6nem dagilimlarini ve
birbirleri arasindaki etkilesimleri tespit
edebilmektedir (Wu ve Lee, 2007; Bali vd.
2014; Ozdemir, 2016; Ozdemir vd. 2016).
DEMATEL yonteminin farkli uygulama
bi¢cimleri bulanmaktadir (Chang vd. 2011;
Lin, 2013; Sumrit ve Anuntavoranich,
2013; Tsai vd. 2015; Ozdemir, 2016).
Bulantk  DEMATEL’in  uygulanma
asamasi asagida genel olarak 6zetlenmeye
calisiimastir.

Bir bulanik C iiggensel bulanik kiimesinde
sayilar (r, y, z) seklinde 3 degerler ile
belirtilmekte ve buna iliskin iyelik

fonksiyonu da asagidaki gibi ifade
edilmektedir.
(0, x <1
- | ;_TI: , ksx<y
HC (X)= 9§ u—x
—_—, p<x<u
u-p
, x>u
Adim 1. Uzman gruptan

olusturulan ikili kargilastirma matrislerini
degerlendirmelerinden elde edilen sozel
ifadelerin tiggen bulanik sayilar ile ifade

edilebilmesi amaciyla bulanik
degerlendirme skalasindan yararlanilir.
Calismada bu amacgla literatiirden
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yararlanilarak kullanilacak olan skala
Tablo 1° deki gibi belirlenmistir (Ozdemir,
2016; Ozdemir vd. 2016; Ozdemir vd.
2017).

Tablo 1. Bulanik dilsel ifadeler ve tiggen
bulanik say1 karsiliklar

Dilsel Terimler chga]:;;:nkln;l;lSayl
Esit Onemli (0) (0;0;0,25)
Az Etkili (1) (0;0,25;0,50)
Oldukca Etkili (2) (0,25;0,50;0,75)
Cok Etkili (3) (0,50;0,75;1)
Kesin Etkili (4) (0,75;1;1)

Adim 2. Uzman grubun problemi
olusturan kriterler icin ikili karsilastirma
matrislerine gore goriislerinin alinmasi
saglanarak M= [1\7Il-j ] nxn ile ifade edilen
ve kriterlerin kendi aralarindaki iligki
bakimindan ikili karsilagtirmalar ile elde
edilen (nxn) boyutlu bir matris olusturulur.
Bu matris 1\7Il-j, “I”7 Kriterinin “j” Kriterini
etkileme derecesi anlamina gelmektedir.

Adim 3. Normallestirilmis Bulanik
Direk Iliski Matrisi: Normallestirilmis
bulanik direk iliski matrisi Z= [dij ] nxn
seklinde belirtilerek ve Formiil 1 ve
Formiil 2 yardimai ile hesaplanabilir.

M u

. kij pyij wj

Zy=5=(5 5070 @)
S=max;<i<n (27;:1 kij)

s = maxlsisn(zz'l:l Pij) 2)

S = MaXq<i<n (Z;‘l=1 uij)

Adim 4. Toplam Bulanik ligki
Matrisinin Tespiti: 3. Asama sonucunda
ulagilan normallestirilmis bulanik direk
iligki matrisi (Zk, Zp, Zu) olarak ii¢ ayri
matris biciminde ifade edilebilir. Bu
sayede toplam bulamik iligki matrisi
Formiil 3 yardimi ile hesaplanir. Formdil
3’de “I”” birim matrisini temsil etmektedir.
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T =7+72+73+...
SN A
~ ~N\—1
=2 (1-7) 3)

Formilde T = [£;; ] nyn ile gosterilebilir
ve & = Wi, Eijp o tij, ) ve “i”
kriterinin  “j” kriterine y0Onelik uzman
grubun goriisleri dogrultusundaki toplam
etkilesim derecesini ifade etmektedir.

Adim 5. Gonderici ve Alici
Gruplarin Tespiti: T matrisindeki “i.”
satirm toplami D; = Yj=1tijve “}.” stun
toplam1 R; = 2j=1tij olsun. D; “i”
kriterinin diger kriterler ile olan direk ve
dolayli toplam etkilesim seviyesini belirtir.
Diger yandan R; ise diger kriterlerden “i”
kriterinin aldig1 hem direk hem de dolayh
toplam etkiyi ifade etmektedir. (D +
R) toplamu1 “i” kriterinin hem goénderici
hem de alici toplam etkilesim degerini
gostermektedir. (D —R) farki ise “i”
kriterinin sisteme sagladigr toplam net
etkiyi belirtmektedir. (D —R) sonucu
pozitif olmasi durumunda “i” Kriteri
gobnderici grup veya etkileyen, negatif
oldugunda ise alici grup veya etkilenen
olarak isimlendirilmektedir. Eger “i”
kriteri icin (D — R) pozitif degerli ise bu
kriterin diger kriterler iizerinde daha
yiiksek etkiye ve daha yiiksek Oncelige
sahip oldugu ifade edilir. Eger “i” Kriteri
icin (D —R) negatif degerli olursa bu
kriterin diger kriterler iizerinde daha az
etkiye ve daha diisiik Oncelige sahip
oldugu ifade edilir.

Adim 6. Durulastirma: Bu asamada
bulanik say1 degerlerinin incelenebilir net
verilere ¢evrilmesi gergeklestirilerek, elde
edilen verilerin incelenebilmesi ve buna
iliskin yorumlarin yapilmasi olanakli hale
getirilir. Bu sayede problemi olusturan ana
faktorlerin birbirleri ile olan yapilar1 ve
onem dereceleri kiyaslanabilir. Bu amagla
calismada Formiil 4 ve 5°de gdsterilen
hesaplama yonteminden yararlanilmistir.
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k+p+u

3
k+p+u

3

(Di+ Ri)=
(Ei - R;)=

4)
(5)

Durulastirilmis verilere ulasildiktan sonra,
uygun esik deger tespit edilerek kriterlerin
aralarindaki etkilesimi kolayca
gorebilmemizi saglayan grafik diyagrami
olusturulur.

Adim 7. Kriter Agirliklarmin
Tespiti: Olusturulan  kriterlere iliskin
agirliklar Formiil 6 ve Formiil 7 yardimu ile
hesaplanabilir.

Wi=\/ [(D: + R )]2 +[(D; - R; )]2 (6)
W._ w (7)

i=2£1wi
3. YAPILAN CALISMA

Calismanin uygulama kismi 3 asamada
gerceklestirilmistir. Ilk olarak bahsi gecen
kriterler belirlenmis daha sonrada yontem
kisminda belirtilen asamalarda
kullanilmas1 amaciyla, sozel verilerin
iicgen bulanik sayilara doniistiiriilebilmesi
icin  ihtiyag duyulan say1 skalasi
belirlenerek, uzman grubun degerlendirme
verileri toplanmistir. Ikinci asamada
Bulanik DEMATEL yoéntemi yardimi ile
gerekli analiz ve hesaplama agamalar
uygulanmistir. Son asamada ise analizler
sonucu elde edilen veriler incelenerek,
probleme  iligkin  ¢6ziim  Onerileri
getirilmesi amaglanmistir.

Arastirma modeli siirecinde kriterlerin
belirlenmesinde literattirden
yararlanilmigtir. Ayrica iilkemizdeki bazi
liman vyetkilileri (Liman operasyon
miidiirdi, liman terminal sefi) ve limancilik
konusu tlizerinde uzmanlasmis
akademisyenlerle  (gemi ve liman
tecriibeleri olan) goriismeler yapilarak
kriterler tespit edilmeye ¢alisilmistir.
Literatiir taramas1 kapsaminda limanlar ile
ilgili yapilmis bir¢ok makale incelenmistir
(Slack, 1985; Murphy ve Daley, 1994,
Tongzon ve Sawant, 2007; Chang vd.
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2008; Da Cruz vd. 2013; Varan ve Cerit,
2014; Ozdemir vd. 2016; Solak Fiskin vd.
2016). Yapilan degerlendirmeler
sonucunda Tablo 2’de gosterilen 10
kriterin ¢alismada kullanilmasina karar
verilmistir.

Liman yoOnetimi konusunda uzman 3
akademisyen ve iilkemizdeki degisik
limanlarda calisan, liman
operasyonlarinda tist diizey yetkili 6 liman
yoneticisi olmak {izere toplam 9 kisilik
karar verici grup olusturulmustur. Karar
verici grubun goriislerinin alinabilmesi
amaciyla olusturulan ikili karsilastirma

matrislerini  igeren  anket  formlar
katilimcilara e-posta yolu ile
uygulanmigtir.

Tablo 2. Calismada kullanilacak kriterler.

Kriterler
K1 | Toplam Kreyn Sayisi
K2 | Toplam Rihtim Uzunlugu
K3 Yillik Elleglenen Toplam Yiik
Miktar1
Limanda  Ortalama  Gemi
K4 )
Bekleme Sireleri
Ko Liman I¢i Toplam Depolama
Alan1 Kapasitesi
K6 | Yiikleme Hattinin Uzunlugu
K7 | Rihtim Derinligi
Intermodal Ulastirma
K8
Baglantilar
K9 | Limanin Konumu

K10 | Personel Sayisi

Toplanan anket verilerindeki sozel ifadeler
Tablo 1’deki say1 skalas1 yardimi ile iiggen
bulanik sayilara doniistiiriilmiistiir. Daha
sonra bu veriler tek bir matris altinda
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toplanabilmesi ~ amaciyla  matrislerin
aritmetik ortalamasi almnarak ortak bir
matris elde edilmis ve bir sonraki agamada
Formil 1 ve Formiil 2 yardimi ile
normallestirilmis direk iliski matrisi Tablo
3’ deki gibi elde hesaplanmuistir.
Hesaplanan normallestirilmis direk iligki
matrisinin bulanik sayilar1 (Ak, Ap, Au)
ifade edilecek sekle donistlriilmustiir.
Daha sonra ise Formiill 3 yardimiyla
toplam  bulanik  iliski matrisi T~
hesaplanmigtir.  Kriterlerin  etkilesim
derecelerinin belirlenebilmesi amaciyla
(D+RY ve (DR degerleri
hesaplanmistir. Formiil 4 ve Formiil 5
kullanilarak durulagtirma hesaplamalari
yapilmis Formiil 6 ve Formiil 7 yardimu ile
de kriter agirliklar1 hesaplanmistir. Buna
iligkin sonuglar Tablo 4’deki gibidir.
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Tablo 3. Normallestirilmis bulanik direk iligki matrisi.

K1 K2 K3 K4 K5 K6 K7 K8 K9 K10
0,20;0,19;0,18 0,14;0,31;0,47 0;0;0,5
K1 0;0;0 0,09;0,11;0,14 0;0,06;0,11 0,20;0,19;0,17 | 0,21;0,27;0,33 | 0,11;0,13;0,17 | 0,18;0,21;0,23
0,15;0,34,0,47 0,13;0,35;0,39 0,03;0,08:0,11
K2 | 0,06;0,09;0,12 0;0;0 0,18;0,23;0,26 0;0;0,06 0,14;0,17;0,27 | 0,21;0,23;0,37 | 0,32;0,37;0,44
0,31;0,33,0,39 0,14;0,15;0,17 0,09;0,11;0,14
K3 | 0,03;0,08;0,11 | 0,03;0,08;0,11 0;0;0 0,25;0,37;0,38 | 0;04;0,17;0,23 | 0,04;0,17;0,33 | 0,27;0,35;0,39
0,11;0,27,0,31 0,08;0,11;0,17 0;0,06;0,09
K4 | 0,20;0,19;0,17 | 0,20;0,19;0,18 0;0;0,06 0;0;0 0,06;0,27:0,37 | 0,14:0,19;0,27 | 0,04;0,13;0,26
0,03;0,08;0,11 0,17;0,23;0,27 0,03;0,11;0,37
K5 | 0,17;0,17;0,18 | 0,09;0,09;0,14 | 0,13;0,16;0,18 | 0,18;0,21;023 0;0;0 0,13;0,16;0,18 | 0,17;0,21;0,37
0,09;0,09:0,14 0,06;0,27:0,37 0,09;0,27,0,44
K6 0;0,06;0,09 0;0;0,5 0,18;0,21;0,23 | 0,12;0,16;0,18 | 0,08;0,011;0,17 0;0;0 0;0;0,06
0,13;0,16;0,18 0,35;0,41;0,47 0,23;0,21;0,18
K7 | 0,09;0,09;0,12 0;0,04:0,08 0,17; 0,19;0,20 0,0;0,6;0,9 0,21;0,33,0,37 0,05;0,07;0,24 0;0;0
0;0;0 0;0;0,5 0,20;0,19;0,17
K8 | 0,09;0,09;0,12 | 0,06;0,09;0,12 0;0;0,06 0,11;0,13;0,17 | 0,06;0,09,0,18 | 0,09;0,37;0,41 | 0,27,0,35,0,47
0,03;0,08;0,11 0;0;0 0;0;0,5
K9 | 0,09;0,11;0,14 | 0,17;0,17;0,16 | 0,18;0,21;0,23 | 0,18;0,24;0,27 | 0,21;0,33;0,41 | 0,18;0,37;0,47 | 0,03;0,09;0,17
0,18;0,24;0,27 0;0,06;0,09 0;0;0
K10 | 0,09;0,09;0,14 | 0,09;0,11;0,14 0;0;0,5 0,0;0,08;0,21 0;0;0,5 0;0;0,06 0,20;0,19;0,17

100




Temiz et al., Turkish Journal of Maritime and Marine Sciences, 4(2): 93-105

Tablo 4. D ve R degerleri

D+ R D—-R D;+ R; D;,— R; w;
K1 3,62; 6,30; 11,12 0,14;0,18; 0,21 8,21 -0,49 0,071096
K2 6,18; 8,21; 15,48 0,31;0,29; 0,18 9,21 0,24 0,110716
K3 2,02;4,23; 8,11 -1,35; -1,20;-1,08 8,05 2,47 0,117716
K4 5,15;7,01, 12,74 0,21;0,37; 0,38 11,43 -0,31 0,101396
K5 6,22; 7,14; 14,45 -1,19;-0,61; -0,43 8,04 1,41 0,082096
K6 0,21; 0,29;0,36 -1,15;-0,71; -0,33 12,54 -1,67 0,091796
K7 2,52;5,37; 11,31 -0,91;-0,73;-0,18 12,08 -1,44 0,081796
K8 7,00; 11,02; 14,03 0,53; 0,34; 0,20 10,12 2,33 0,141598
K9 7,62;11,03; 15,11 0,33;0,34;0,14 9,38 -0,29 0,158591
K10 6,58; 7,17; 12,48 0,93; 0,24;0,17 12,42 0,58 0,043196

> 1

Sekil 1°’de problemi olusturan kriterlere
iliskin etki yonli grafik diyagrami
gorilmektedir.
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Sekil 1. Etki yonlii grafik diyagrami

Sekil  1’deki  grafige gore, liman
verimliligini etkileyen faktorler
bakimindan; yillik elleclenen toplam yiik
miktar1  (K3), intermodal ulagtirma

baglantilari1  (KS8), liman i¢i toplam
depolama alanmi1 kapasitesi (K5), personel
sayist (K10) ve toplam rihtim uzunlugu
(K2) kriterleri etkileyen faktorler iken
toplam kreyn sayist (K1), limanin konumu
(K9), limanda ortalama gemi bekleme
siireleri (K4), rihtim derinligi (K7) ve
yilikleme hattinin uzunlugu (K6) ise diger

kriterlerden etkilenen ozellik
gostermektedir.

4. SONUC VE ONERILER

Yapilan calisma ile limanlarin

verimliligini etkileyebilecek olan kriterler
belirlenmeye calisilmistir.  Calismanin
sonuglarina gére liman verimliligini
etkileyen kriterler nem derecelerine gore
sirastyla;  limanin ~ konumu  (K9),
intermodal ulastirma baglantilar1  (K8),
yillik elleglenen toplam yiik miktar1 (K3),
toplam rihttim uzunlugu (K2), limanda
ortalama gemi bekleme sureleri (K4),
yiikleme hattinin uzunlugu (K6), liman i¢i
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toplam depolama alani kapasitesi (K5),
rthtim derinligi (K7), toplam kreyn sayisi
(K1) ve personel sayist (K10) olarak tespit
edilmistir. Bu kriterler igerisinden yillik
elleclenen toplam yik miktart (K3),
intermodal ulastirma baglantilar1 (K8),
liman i¢i toplam depolama alani kapasitesi
(K5), personel sayist (K10) ve toplam
rthtim uzunlugu (K2) etkileyen kriterler
iken toplam kreyn sayist (K1), limanin
konumu (K9), limanda ortalama gemi
bekleme siireleri (K4), rthtim derinligi
(K7) ve yiikleme hattinin uzunlugu (K6)
ise etkilenen kriterler bulunmustur.

Analiz sonuglar1 dogrultusunda ilk iki
sirada yer alan, limanin konumu (K9) ve
intermodal ulastirma baglantilar1  (KS)
kriterleri  limanlarin ~ verimliligi  ve
etkinlikleri agisindan temel noktalar olarak
degerlendirilebilir. Limanlar iginde en
onemli unsurlardan birisi limanin ticari
hinterlandini ve talep bdlgelerini olusturan
alanlardir. Bolgenin en eski limani olan
Samsun Limani, 0Ozellestirme siireci
tamamlandiginda ismi Samsunport olarak
degistirilmistir. Samsun limani, bulundugu
bolgede Tiirkiye’nin en biiyiik limam
olmasi ve bu bdlgenin Avrupa’ya ve
Rusya’nin igleri ile Hazar Denizi’ne nehir
baglantisinin saglanmas1 ile Avrupa ve
Orta Asya kaynakli yiikler i¢in bir gecis
alan1 haline gelmis olmast limanmn
gelismeye acik bir durumda oldugunu
gostermektedir. Ayrica yine Samsun
limanin Karadeniz boélgesinde demiryolu
baglantisi olan tek liman olmast da
oldukca 6nemli bir avantaj saglamaktadir.
Bu bolgede Romanya’nin Kdstence liman
ile Rusya’nin en biiylik limanm1 olan
Novorossisk, Ukrayna’da ise Odessa ile
[lichevsk limanlarinda lojistik (s olma
potansiyeline sahip yeni bir konteyner
liman1 insast ve mevcut Kkonteyner
terminallerinin de fiziki acidan biiylitme,
kapasite arttirma faaliyetleri devam
etmekte olup, baz1 limanlarin da
hinterlandinin genisleyebilmesi amaci ile
karayolu ve demiryolu sebeke

baglantilarinin kurulabilmesi i¢in gerekli
caligmalarin  yapildig1  bilinmektedir.
Ozellikle Turkiye’nin stratejik 6nemi
yiiksek olan bu bolgede dis rekabet
kosullarinin  disinda kalmadan deniz
ticaretinde gelisme gosterebilmesi igin
liman gelistirme ¢aligmalarina ve projelere
agirlik verilmesi dogru bir yaklasim olarak
degerlendirilmektedir. Calisma
sonuglarma  goére liman  verimliligi
acisindan Onemli diger kriterler; yillik
elleglenen toplam yiik miktar1 (K3) ve
toplam rihtim uzunlugu (K2) olarak tespit
edilmistir.  Samsun limaninda  yillik
elleclenen toplam yiik miktart 2016 yili
sonu itibartyla 10.003.832 ton olup bu
rakam Turkiye’nin Karadeniz Bolgesinde
bulunan limanlar1 arasinda en fazla yiik
ellecleme kapasitesini olusturmaktadir.
Samsun limaninin mevcut kapasitesi suan
icin daha yuksek miktarlardaki yuke
hizmet verebilecek durumdadir. Bir diger
kriter olan rthtim uzunlugu
degerlendirildiginde ise Samsun limani su
an 7 ile 12 metre arasindaki derinliklerde,
1756 metrelik bir rihtim uzunluguna sahip
olup bu rihtimlarda genel kargo, konteyner
ve Ro-Ro gemilerine yonelik elleglemeler
yapilmakta olup tiim bu operasyonlarin
gelismis liman otomasyon sistemleri ile
desteklenmektedir. Limanin toplam rihtim
uzunlugu iilkemiz ve Karadeniz’deki dig
paydas limanlarin rihtim uzunluklar ile
mukayese edildiginde bulundugu o&l¢ek
bazinda yeterli seviyede olmasina karsin
maksimum derinliginin 12 metre olmasi,
limana giris yapmak isteyen biiyiik tonajli
gemiler acisindan sorun olarak
degerlendirilmektedir. Ozellikle
glinimuzde gemilerin tonajlarinin giderek
artmasi, Samsun limanin ileriye donik
olarak blyuk gemilere hizmet
veremeyecek olmasinin Oniine gecilmesi
acisindan limanda derinlestirme
caligmalarinin bir an 6nce yapilmasi dogru
bir yaklasim olacaktir. Ayrica Samsun ili
sinirlarinda bulunan ve Samsunport’un en
yakin rekabetgileri olarak gosterilen Toros
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ve Yesilyurt Limanlar1 ele alindiginda
Samsun limanmna gore daha fazla su
derinligine sahip olmalar1 bu limanlarin
daha avantajli olduklarin1 géstermektedir.
Fakat bu iskelelerin depolama alanlari ve
rthtim uzunluklarinin daha dar olmasi
nedeni ile rihtimlarin ayni anda tahliye,
antrepolama ve depolama olanaklar
Samsun Limani’na gore daha simrhidir.
Bununla birlikte Yesilyurt ve Toros
limanlarimi1 Karadeniz’in meteorolojik ve
osinografik etkilerinden gemileri
koruyabilecek mendirek, dalgakiran gibi
fiziksel alt yap1 elemanlari
bulunmamaktadir.

2002 yilindan itibaren Transkafkasya
Projesi siirecine alinan Samsun limani,
Orta Asya-Kafkasya-Orta Avrupa hatti
boyunca Onemli bir aktarma limani ve
lojistik Us olma Ozelliklerine haizdir.
Samsun’un stratejik 6nemi bu boélgenin
odak noktasinda bulunmasinin yaninda
karayolu ve daha da 6nemlisi demiryolu
baglantis1 ile Akdeniz’e kadar uzanabilen
bir hinterland aginin bulunmasi dolayisiyla
Akdeniz izerinden tim diinya denizlerine
dogrudan ulasabilme imkan1 ile de
aciklanabilir. Bu noktada, bolgesel
anlamda rekabetcisinin  kisithh  olmasi,
demiryolu ve aktif bir karayolu baglantisi
bulunmasi ayrica stratejik konumunun
dogurmus oldugu avantajlar1 géz Oniinde
bulundurarak lojistik us olma
potansiyelinin degerlendirilebilmesi igin
Samsun limani ileriye doniik yatirim ve
geligsmelere ihtiya¢ duymaktadir.

Yapilan calisma ile olduk¢a 6nemli bir
koridor iizerinde yer alan Samsun limanina
yonelik  bir  degerlendirme  Ornedi
yaptlmaya  calisilmistir.  Caligmanin
limanin  gelecege  yonelik  stratejik
hedeflerin belirlenmesine katki
saglayacagl diisliniilmektedir. Calismada
kullanilan teknik ile uzman goriislerinin
degerlendirilmesi saglanmis ve bu sekilde
daha gercekei sonuclar ortaya
konabilmistir. Ayrica gelecekte yapilacak
olan ¢aligmalarda c¢ok kriterli karar verme

yontemlerinin degisik kombinasyonlari
kullanilarak daha kapsamli aragtirmalar

yapilabilir.  Aynm1  zamanda  yapilan
caligmanin literatiirdeki  bir  eksikligi
kapatarak daha  proaktif  ¢ozimler
sunabilecek farkli arastirmalara yol
gosterici nitelikte oldugu da
diistiniilmektedir.
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ABSTRACT
Length composition of anchovy (Engraulis
encrasicolus, L.) and sprat (Sprattus

sprattus L.), important small pelagic species
of Black Sea, were determined in this study.
Growth parameters and mortality rates for
anchovy and sprat, using length composition
data of fishes, were estimated. A total of 150
tons anchovy and 75 tons sprat (225 tons
fish) were caught end of the 13 midwater
trawl tows in the study. Length of 1516
numbers anchovy and 4214 numbers sprat
were measured in the study. Maximum,
minimum and average length of species
were established 15.2 cm, 5.2 cm,
11.28+0.04 cm; 12.8 cm, 5.7 cm, 8.5+0.01
cm respectively.
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Growth and population parameters of
anchovy and sprat were calculated;
asymptotic length (L) 17.01 cm, 13.38 cm,
Brody growth coefficient (K) 0.28, 0.23;
instantaneous rate of mortality (Z) 2.73
year?, 2.88 year?; rate of natural mortality
(M) 0.41 year?, 0.52 year?, rate of fishing
mortality (F) 2.18 year?!, 1.51 year?,
exploitation rate (E) 0.80 year?, 0.82 year
respectively. Growth and population
parameters, calculated by the length
composition for species, were compared
with other studies.
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parameters, mortality rates, exploitation
rate.
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OZET

Bu c¢alismada Karadeniz’in 6nemli kiiciik pelajik tiirleri olan hamsi (Engraulis
encrasicolus, L.) ve caca (Sprattus sprattus L.) baliklarinin boy kompozisyonu verileri
kullanilarak biiyiime parametreleri ve 0liim oranlar1 tahmin edilmistir. Aragtirmada 13
ortasu trol ag1 ¢ekimi yapilarak 150 tonu hamsi, 75 tonu ¢aca olmak tlizere toplam 225 ton
balik avlanmistir. Yapilan 6rneklemede 1516 adet hamsi ve 4214 adet caca baliginin boyu
Olclilmiistiir. Tiirlerin maksimum, minimum ve ortalama boylar1 sirasiyla 15.2 ¢cm, 5.2
cm, 11.28+ 0.04 cm; 12.8 cm, 5.7 cm, 8.5+ 0.01 cm olarak tespit edilmistir. Hamsi ve
¢acanin biiyiime ve populasyon parametreleri sirasiyla; asimptotik boy (L) 17.01 cm,
13.38 cm; biiyiime katsayis1 (K) 0.28, 0.23; anlik 6liim katsayis1 (Z) 2.73 yilt, 2.88 yil™?;
dogal 6liim katsayis1 (M) 0.41 yil™t, 0.52 yil}, balikcilik 6liim oran1 (F) 2.18 yil?, 1.51
yil't ve sémiriilme oran1 (E) 0.80 yil™, 0.82 yil™! olarak hesaplanmistir. Tiirler icin boy
kompozisyonundan hesaplanan biliylime ve populasyon parametreleri yapilan diger
calismalarin sonuglari ile karsilastirilmistir.

Anahtar sozcukler: Hamsi, ¢aca, buylime parametreleri, 6liim oranlari, somiiriilme orani

1. GIRIS

Diinya su {iriinleri iiretiminde oldugu gibi
iilkemizde de pelajik tiirler ilk sirada yer
almaktadir. Bu tiirler icerinde 102 595 ton
ile birinci sirada hamsi, ikinci sirada ise 50
225 ton ile caca baligt bulunmaktadir
(TUIK, 2017). Insan gidas1 olarak tiiketilen
hamsi baligindan maksimum ve devamli
yarar  saglayarak avcilifinim  devam
ettirilmesi gerekmektedir (Erdem ve ark.,
2007). Karadeniz’de avlanan ve insan besini
olarak kullanilmayan ancak {ilkemiz balik
unu-yagir sanayinde hammadde olarak
onemli bir yere sahip olan diger bir tiir ise
cacadir (Erdem ve Ozdemir, 2008). Her iki
tiir temelde farkli alanlarda degerlendirilse
de Dbalik¢iligimizin  basarisinda  ortak
paydada yer almaktadir (Ozdemir ve ark.,
2006a). Caga balig1 6zellikle, balik unu-yagi
sektori icin hammadde konumundaki hamsi
iizerindeki baskinin azaltilmasinda tek
alternatif tirdir (Ozdemir ve ark., 2007).

Hamsi ve caca tiirlerinin gelecek yillarda
balik¢iligimiza ve su iriinleri iiretimimize
olumlu katkilar saglayabilmesi i¢in stok
durumunun  biyolojisi ve populasyon

dinamiginin bilinmesi yaninda, bu bilgilerin
guincellenerek diizenli olarak takip edilmesi
gerekmektedir (Samsun ve ark, 2006;
Kalayci ve ark, 2006; Ozsandikg1, 2015).

Baliklarin ~ biliyime  ve  populasyon
parametrelerinin  hesaplanmasinda  pul,
otolit ve kemiksi yapilarindaki yas

halkalarmin okunmasi yoluyla g¢ogunlukla
yas tayininden elde edilen veriler
kullanilmaktadir (Giimiis ve Polat, 1999;
Yilmaz ve Polat, 2002; Polat ve ark., 2009).
Ancak bu yontemlerin hassas ve okumalarin
zaman almasi nedeniyle, populasyonu tam
temsil edecek sayida ve dikkatlice boy
Olctimleri almarak elde edilen boy
kompozisyonu verilerinin kullanilmasiyla
da bircok parametrenin hesaplanmasi
mumkindir (Erkoyuncu, 1995; Sparre ve
Venema, 1998; Ozbilgin ve ark., 2004;
Ozdemir ve ark., 2006b; Ozdemir ve ark.,
2009).

Bu caligmada Karadeniz’in 6nemli kiigiik
pelajik tdrleri olan hamsi (Engraulis
encrasicolus, L.) ve ¢aga (Sprattus sprattus
L.) baliklarinin boy kompozisyonu ve bu
veriler kullanilarak baliklarin biliylime ve
populasyon parametreleri tahmin edilmistir.
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Elde edilen blyime ve populasyon
parametreleri  tiirler  lizerine  farkli
yontemlerle yapilan diger ¢calisma sonuglar
ile karsilastirilmistir.

2. MATERYAL VE YONTEM

Arastirma 2008-2009 avcilik sezonunda
Orta Karadeniz Bolgesi Samsun ili
kiyilarinda  yiiriitilmiistiir.  Arastirmada
kullanilan ortasu trolii aglar ¢ift tekne ile
cekilmektedir. Agin torba ag goz agikligl 24
mm dir. Yapilan her bir ag c¢ekimi 120
dakika ve 2.5 knot c¢ekim hiz1 ile
gerceklestirilmistir. Her c¢ekim sonunda
ortasu troli ile avlanan hamsi ve caca
baliklarinin toplam av miktari
kaydedilmistir. Her c¢ekim sonrasinda
toplam av icerisinden alt ornekleme ile
alinan baliklarin 1 mm hassasiyetli 6lgim
tahtasinda cm olarak total boylar1 ve 0.01
hassasiyetle g olarak agirliklar1 6l¢iilmiistiir.
Elde edilen boy kompozisyonu verileri ile
tirlerin ~ populasyon parametrelerinden
maksimum boy (L), biiylime katsayis1 (K),
anlik 6liim katsayisi (Z), dogal 6liim orani
(M), balik¢ilik 6liim orani (F) ve isletme
orani (E) hesaplanmistir.

Von Bertalanfy Buyume Denklemi (VBBD)
parametrelerinden maksimum (asimptotik)
boy (L«) ‘un ve anlik 6liim katsayist Z’ nin
tahmininde Wetherral ve ark. (1987),
blylme katsayis1 (K)’nin tahminde ise
Pauly (1980) ’nin a=logK+2LogLoo formiilii
kullanilmigtir. Hesaplamalarda kullanilan K
degerleri daha onceki calismalarda degisik
yontemlerle elde edilen K degerleridir.
K’nin tahmini i¢in kullanilan “a” degeri
(aort)  tlrler  Gzerine yapilan  diger
caligmalarda bulunan “a” degerlerinin
ortalamalar1 alinarak bulunmustur.

L. ve Z nin tahmininde Liom = Y (Li)/>.f
olmak Uzere Liem=a+bLi regresyon
denklemi kullanilarak L. = a/(1-b) ve Z/K=
(b/(1-b)  esitliklerinden  hesaplanmuistir.
Dogal 6lim oram1 M ise; InM= -0.0152 -
0.279 InL, + 0.6543 InK+0.4634 InT

formiilii ile hesaplanmigtir (Sparre ve
Venema, 1998). Burada T ilgilenilen balik
stogunun  bulundugu bodlgedeki yillik
ortalama su sicakligi degeri olup 10 °C
olarak tespit edilmistir. Tiirlerin balik¢ilik
olim oran1 F=Z-M ve stoktan yararlanma
(isletme) oram1 E=F/Z formiilleri ile
hesaplanmustir.

Ayrica tiirlerin  boy-agirlik  iligkisinin
belirlenmesinde Pauly (1984) tarafindan
onerilen W=aLP® esitliginden, “b” degerinin
test edilmesinde “t” testinden
yararlanilmistir.

3. BULGULAR

Aragtirma siiresince 225 ton balik avlanmig
olup bu miktarin 150 tonu hamsi ve 79 tonu
ise caca Dbaliklarindan olusmaktadir.
Hesaplamalarda kullanilmak {izere 1516
adet hamsi ve 4214 adet caca baliginin
bireysel olarak total boylar1 Olglilmiistiir.
Hamsi icin ortalama boy 11.28+0.04 cm,
caca ic¢in 8.5£0.01 cm hesaplanmistir.
Hamsi baligi i¢in boy-agirhik iliskisi
W=0.009612816¢ (n=1516, r=0.984), caca
baligi icin  W=0.0089L282%° (n=4214,
=0.981) olarak hesaplanmistir. Hamsi ve
caca baliklar1 i¢in  biliylime negatif
allometrik bulunmustur.

Hamsinin boy dagilimina bakildiginda en
fazla yakalanmanin 11 cm’lik boy grubunda
oldugu tespit edilirken ikinci sirada 12
cm’lik boy grubu yer almistir. Avlanan
hamsinin % 78’lik bolimd minimum av
boyunun iizerindedir. Hamsi baliklarinin
boy smiflarina gére dagilimi ve bu veriler
kullanilarak hesaplanan % N ve Lior
degerleri Tablo 1. de verilmistir.

Hamsi baliginin boy smifi degerleri ile

dogrusal  dagilim  gosteren  degerler
arasindaki iliskiye ait regresyon
denklemindeki a ve b katsayilan

kullanilarak maksimum boy (L») 17.01 cm
olarak belirlenmistir (Sekil 1).
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Tablo 1. Hamsi baligina iliskin veriler

Boy sinifi (cm) N (adet) % N Liort
6 6 0.40 10.56
7 36 2.37 10.57
8 127 8.38 10.66
9 170 11.21 10.91
10 252 16.62 11.19
11 550 36.28 11.51
£
S5 12 298 19.66 12.27
g2
§s 13 60 3.96 13.30
Q =
e 14 12 0.79 14.35
I3
¥ 15 4 0.26 15.19
16 1 0.07 16.01
Toplam 1516
17 1
16 1
15 1 Lion=1.31854+0.92247
14 I‘:(O.998)
5
— 13 A
12 1
11 1 ¢
. +» * *
1':' T T T T T T T T T T T 1
s 6 7 & &8 1m0 1 12 13 14 153 16 17

B o Sinfr {cmij

Sekil 1. Hamsi baligina ait L. ve Z/K’ nin hesaplanmasinda kullanilan degerler

Hamsi baliklarinin populasyon
parametreleri sirasiyla; K degeri 0.23, anlik
olim katsayis1 (Z) 2.73 yill, dogal 6liim
katsayist (M) 0.41 yil?, balik¢ilik &lim
katsayis1 (F) 2.18 yil, isletme orami (E)
0.80 y1l"! olarak hesaplanmuistir.

Caca baliklarinin  boy kompozisyonu
incelendiginde en fazla yakalanmanin 2050
adet bireyle 9 cm lik grubunda oldugu, bunu

8 cm lik boy grubunun izledigi
belirlenmistir. Caganin boy simiflarina gore
dagilimi  ve bu veriler kullanilarak
hesaplanan % N ve Liort degerleri Tablo 2.
de gosterilmistir. Caca baliginin boy sinifi
degerleri ile dogrusal dagilim gosteren
degerler arasindaki iligkiye ait regresyon
denklemindeki a ve b katsayilan
kullanilarak maksimum boy (L») 13.38 cm
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olarak belirlenmistir (Sekil 2). Caga
baliklarinin ~ populasyon  parametreleri
strastyla; K degeri 0.28 anlik 6liim katsayisi
(Z) 2.88 y1l'%, dogal 6liim katsayis1 (M) 0.52

yil}, balik¢ilik 6liim katsayisi (F) 1.51 yilt,

isletme

orani

hesaplanmastir.

Tablo 2. Caga baligina iliskin veriler

(E) 0.82 it

olarak

Boy sinifi (cm) N (adet) % N Liort
6 6 0.14 8.82
7 68 1.61 8.82
8 1412 33.51 8.85
?f: = 9 2050 48.65 9.29
EZ3 10 580 13.76 10.18
=3
g5 11 73 1.73 11.27
f >
12 24 0.57 12.04
13 1 0.02 13.01
Toplam 4214
14 -
153 4 Lio = 0.90907+0.93204
17 r=(0.998) .
5
811
]
10
N * * *
8 T T T T T T T 1
4 5 & 7 % @ 10 11 12 13 14

Boy smfi (cn)

Sekil 2. Caga baligina ait Lo ve Z/K’ nin hesaplanmasinda kullanilan degerler
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4. TARTISMA VE SONUC

Hamsi ve ¢aca baliklar1 Karadeniz’de ortasu
troll ile avlanan onemli kicuk pelajikler
arasindadir. Son yillarda iiretimdeki artigi
ile ¢aga balig1 palamut, istavrit, sardalya ve
lifer gibi pelajik tiirleri geride birakarak
ikinci sirada yer almaya baslamistir (TUIK,
2017). Calismada 13 ortasu trolii ag1 ¢ekimi
sonuncunda hamsi ve caca tlrlerinden
olusan 250 ton balik avlanmistir. Hamsi %
67 lik oran ile ¢aga baligindan daha fazla
avlanan tiir olmustur.

Arastirmada hamsi icin elde edilen ortalama
boyun (11.28+0.04 cm) su Urdnleri
tebliginde belirtilen minimum avlama
boyundan (9 cm) yiliksek oldugu tespit
edilmistir. Toplam avlanan hamsi miktar1
icinde sadece % 22 lik bolumu 9 cm lik
boyun altinda yakalanmistir. Karadeniz’de
yapilan ¢alismalarda ortasu trolii ile avlanan
hamsinin ortalama boyunu Bilgin ve ark.
(2006) 11.3 cm, Samsun ve ark. (2006) 11.3
cm; Ozdemir ve ark. (2006) 10.2 cm; Erdem
ve ark. (2007) 10.8 cm; Erdem ve Ozdemir
(2008) 10.6 cm, Saglam ve Saglam (2013)
11.6 cm olarak belirlemistir.

Erdem ve Erkoyuncu (1997) torba g6z
aciklig1 22 mm olan ortasu trolii ile avlanan
hamsinin % 50 segicilik boyunu 11.07 cm
olarak tespit ederek, av aracinin girgir agina
gore daha secici oldugunu bildirmistir. Tiim

bu sonuclar ortasu trolinin hamsi
avcilifindaki  basarisini da  ortaya
koymaktadir.

Arastirmada hamsinin biiylimesi negatif
allometrik olarak (b=2.8166, giiven aralig1
2.7588-2.8744, p<0.05) belirlenirken, “b”
degeri diger ¢alisma sonuglar1 (Ozdamar ve
ark., 1994; Sahin ve ark., 2004; Samsun ve
ark., 2004; Bilgin ve ark., 2006; Kalayc1, ve
ark., 2007; Yankova ve ark., 2011; Saglam
ve Saglam, 2013; Ozdemir ve Duyar, 2013)
ile benzerlik gostermektedir. Satilmis ve
ark. (2014) ise hamsi baliginin izometrik
(b=3) biyume, Erkoyuncu ve Ozdamar
(1989) ile Ozdamar ve ark. (1995) da tiiriin
pozitif ~ allometrik  (b>3) blylme

gosterdigini belirtmektedir.

Caga baliginin biiyiimesi de hamside oldugu
gibi negatif allometrik olarak (b= 2.8259,
giiven aralig1 2.7845-2.8676, p<0.05) tespit
edilmistir. Karadeniz’de ¢caganin boy agirlik
iligkisi  ilizerine yapilan c¢alismalarin
(Kalayct ve ark., 2006; Yankova ve ark.,
2011, Ozdemir ve Duyar, 2013; Ozdemir ve
ark., 2015) sonuglari ile elde edilen sonuglar
yakinlik gostermektedir. Avsar (1995) ve
Sahin, (1999) ise ¢aga baliginin biiylimesini
pozitif allometrik (b>3), Satilmis ve ark.
(2014) da tdrin blylimesinin izometrik
(b=3) oldugunu ifade etmektedir.
Populasyon = dinami8i  ¢alismalarinda
ornekleme zamani, sahasi, yontemi, ornek
miktart gibi degiskenler baligin yas, boy,
agithk  ve cinsiyet kompozisyonunu
degistirebilmektedir ~ (Gulland,  1966).
Bunlara bagli olarak baligin beslenme
aktivitesi, midesinin bos veya doluluk
durumu, gonad gelisim evresi, iireme
donemi, yumurtlama Oncesi ve sonrasi
sathalarinin da “b” degeri iizerinde bir
etkisinin oldugu soylenebilir.

Calisma sonunda boy kompozisyonundan
elde edilen populasyon parametreleri, yas
ve Bhattacharya yontemi kullanilan
arastirma sonuclarindaki bazi parametreler
ile benzerlik gosterirken bazilart ile
farkliliklar gostermistir.

Hamsi icin boy kompozisyonu yontemi ile
yas  kompozisyonu  yonteminin Lo
degerlerinin  birbirine  yakin  oldugu
belirlenirken Bhattacharya yontemi Lo
degerinden diisiik bulunmustur. Anlik 6liim
katsayis1 (Z) ve balik¢ilik 6liim katsayisi
(F), Saglam ve Saglam (2013) disindaki
diger ¢alisma sonuclarindan yiiksek tahmin
edilmistir (Tablo 3). Bu iki parametrenin
farklilig1 aragtirmanin yapildigi av sahasi,
av mevsimi, av araci tipi, av aract kullanim
siiresi, balik stirii yapisi, 6rnekleme yontemi
ve oOrnek  miktar1  ile  baliklarin
etkilenebilecegi bir¢ok ¢evresel faktorden
kaynaklanabilir (Gulland, 1966).
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Tablo 3. Cesitli aragtirmacilarin hamsi igin farkli yontemlerle elde ettikleri parametreler

Arastirmacilar Metot Lo K Z M F E

Erkoyuncu ve Ozdamar, 1989 ) 16.76 0.32 156 0.46 1.10 0.71
Mutlu ve ark., 1993 (Y) 15.82 0.34 161 053 1.08 0.67
Ozdamar ve ark., 1994 (Y) 17.51 0.27 1.23 045 0.78 0.63
Ozdamar ve ark., 1995 () 16.80 0.31 125 047 0.78 0.62
Kayali, 1998 (B) 17.42 0.28 2.08 0.68 1.40 0.67
Gozler ve Ciloglu, 1998 (YY) 16.97 0.26 137  0.49 0.88 0.64
Mutlu, 2000 (YY) 15.82 0.34 207 067 1.40 0.68
Samsun ve ark., 2004 (Y) 17.07 0.28 1.64  0.46 1.44 0.66
Sahin ve ark., 2006 (Y) 16.10 0.29 093  0.39 0.54 0.58
Bilgin ve ark., 2006 (Btch) 21.17 0.19 185 034 1.51 0.82
Saglam ve Saglam, 2013 (Y) 16.37 0.43 284  0.66 2.18 0.77
* Bu ¢aliyma (B) 17.01 0.23 273 041 2.18 0.80

(B): Boy kompozisyonu

Isletme oranlarmin (E) optimum olan 0.5
degerinden oldukga yiiksek ¢ikmas tiirler
iizerinde son yillarda artan bir av baskisi
oldugunu gostermektedir. Avsar (1995)
caca baligi i¢in isletme oraninm1 0.55 olarak
tespit ederken, Kalayci ve ark. (2006) ile
mevcut calismadaki E degerinin oldukca
yiikselerek 1.5 kat arttigi goriilmektedir.
Bununla birlikte Romanya kiyilarinda ¢aca
baliginin igletme oranini Daskalov ve ark.
(2012) (E) 0.54, Radu ve ark. (2013) (E)
0.46 olarak bildirmektedir (Tablo 4).
Romanya kiyilarinda tiir iizerinde bir av
baskisinin olmadigi ve optimum oranda
isletildigi soylenebilir.

(Y): Yas kompozisyonu

(Btch): Bhattacharya metodu

Cacga avcilig stirii yapisi geregi en etkin
ortasu trolt ile avlanabilmektedir. Son
yillarda Karadeniz’de ortasu trolii ile ¢aga
avciligt  giderek  artmaktadir.  Ayrica
Karadeniz’de ortasu trolii ile aveiligin dar
bir sahada yapilmasi stoklarin hizli bir
sekilde yipranmasina neden olabilmektedir.
Bu nedenle Karadeniz’de ¢aca avciliginin
daha genis sahalara yayilarak yapilmasi
balik unu-yagi tretiminde yogun olarak
degerlendirilen hamsi {izerindeki baskiy1
azaltirken, hem c¢aga balig1 iiretiminin
yiikselmesine katki saglayabilecek hem de
stokun hizla yipranmasmin da Oniine
gecilebilecektir.
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Tablo 4. Bazi arastirmacilarin ¢aga baligi igin farkli yontemlerle elde ettikleri parametreler

Arastirmacilar Metot Lo K Z M F E
Ivanov, 1983 ) 1341 045 - - - -
Avsar, 1995 (Y) 13.76 041 164 074 091 055
Sahin, 1999 () 1388 036 - - - -
Panayotava, 2001 ) 14.80 0.20 . - - -
Kalayct ve ark., 2006 (Btch) 1410 028 232 047 152  0.80
Daskalov ve ark., 2012 ) 1520 040 130 057 073 056
Radu ve ark., 2013 () 1263 053 107 093 08l 046
Tserkova, 2013 () 13.68 027 - - - -
* Bu galisma (B) 1338 028 288 052 151 082

(B): Boy kompozisyonu

Patterson  (1992) stoktan yararlanma
oraninin E=0.5 olmasmin kiigiikk pelajik
stoklarin uygun isletilebilmesinde 6nemli
bir kriter oldugunu belirtmektedir. Bilgin
(2006) Karadeniz’de hamsi tizerine son 20
yilda (1985-2005) yapilan c¢alismalardan
elde edilen populasyon parametrelerini
kullanarak ortalama isletme oranini (E) 0.68
olarak hesaplamistir. Bu oranlar 6zellikle
basta Karadeniz’in ve su {riinleri
uretimimizin en onemli tird olan hamsi
baliginin siirdiirtilebilirligi ve maksimum
iriin elde edilmesi agisindan bazi yasal
tedbirlerin alinmasini glindeme
getirmektedir. Av  baskisinin  siirekli
yiikselmesi ve bu seviyede avciliga devam
edilmesi balik stoklarinin asir1
yipranmasina hatta tamamen c¢okmesine
neden olabilir.

Sonug olarak ¢alismada her iki tiir i¢in, yas
yontemine gore daha kolay bir yontem olan
boy kompozisyonu tespiti ile baliklarin
bliyime ve populasyon parametrelerinin
hesaplanabilecegi  belirlenmistir.  Elde
edilen sonuglarin balik stoklarinin ve
populasyonun durumu hakkinda onemli
bilgiler yansitabildigi goriilmektedir. Bu
sonuglarin balik¢ilik yonetiminde, avciligi
yapilan tiirler i¢in avcilik stratejilerinin
belirlenmesinde ve su {irlinleri avciligiin
yasal diizenlemelerinde dikkate alinmasinin

(Y): Yas kompozisyonu

(Btch): Bhattacharya metodu

baliklarimizin ve balik¢iligimizin gelecegi
acisindan yararl olacagi kanisindayiz.
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ABSTRACT

In this study on the determination and
optimization of fuel consumption in
trawlers, a system has been established
which could display and record of instant
and total fuel consumption, speed, position
and engine rpm in Lamas-1 research vessel.
The ideal rpm values for cruising and
trawling operation have been determined as
1000 rpm and 1400 rpm through the system
respectively. The values obtained from
cruise trials have been proved that speed
increase of approximately 1 knot have been
a hundred percent (100%) increase in the
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fuel consumption. Furthermore, obtained
ideal rpm value for trawl operation has
been achieved up to 28% fuel savings. CO-
emissions have been calculated from
obtained cruising and trawling fuel
consumptions. CO, emissions of optimized
rpm values have been compared for both
cruising and trawling operation values, and
the reduction of 88% and 43% attained
respectively.

Keywords: Trawl  fisheries,  fuel
consumption, energy efficiency, CO2
emission.
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OZET

Trol gemilerinde yakit tiiketiminin tespiti ve optimizasyonu f{izerine yapilan bu
caligmada Lamas-1 arastirma gemisine anlik ve toplam yakit tiiketimi, hiz, konum ve
makine devrini gosteren ve kaydedebilen bir sistem kurulmustur. Sistem araciligiyla
seyir ve trol operasyonu igin ideal devir degerleri sirasiyla 1000 rpm ve 1400 rpm
olarak belirlenmistir. Seyir denemeleri sonucunda elde edilen degerler, yaklasik 1 knot
hiz artis1 i¢in yakit tiiketiminin %100 arttigin1 gostermistir. Trol operasyonunda ise elde
edilen ideal devirin %28’¢ varan yakit tasarrufu sagladigi bulunmustur. Trol operasyonu
ve seyir i¢in elde edilen yakit tiiketimleri lizerinden CO2 emisyonlar1 hesaplanmuistir.
Optimize olarak tespit edilen devir degerlerinin CO2 emisyonlar1 hem seyir hem trol
operasyonu i¢in diger verilerle karsilastirilmis ve sirasiyla %88 ve %43 emisyon

azalmasi elde edilmistir.

Anahtar sozcukler: Trol balikeiligi, yakat tiikketimi, enerji etkinligi, CO2 emisyonu.

1. GIRIS

Yakit tiiketimi ve enerji tasarrufu konusu
makine giicuyle hareketini saglayan balik¢i
gemilerinin en 6nemli gider kalemlerinden

birisini  olusturmaktadir.  Uluslararasi
literatiirde ~ balik¢ilik  {izerine  yapilan
caligmalar, yakit tiikketiminin toplam
giderlerin ~ %25-50’sini  olusturdugunu

belirtmektedir (Tyedmers, 2001; Lam ve
ark., 2011; Gaston ve ark., 2012; Cheilari
ve ark., 2013; FAO, 2014). Bu maliyetin
azaltilmast igin en uygun seyir ve trol
cekim hizlarmin tespit edilmesi ve
kullanilmas: islemlerinin yaygin olarak
arastirildigr dikkat ¢ekmektedir (Sala ve
ark., 2010; 2011; Poos ve ark., 2013,
Laurens ve Dasira, 2014). Farkli
durumlarda enerji tuketimlerini belirlemek
amaciyla yapilan bir ¢calismada yaklasik 30
metre boyunda ve esit makine giicline
(1207 HP) sahip iki trol gemisine yakit
Olcim ve gemi c¢alisma  verilerini
goruntileyebilen bir sistem (CorFu-m)
kurulmustur. Bu gemilerden biri demir
govdeli ve CPP (Controllable Pitch
Propeller-Ayarlanabilir ~ Pervane  Agcili)
digeri ise ahsap govdeli ve FPP (Fixed
Pitch Propeller-Sabit Pervane Agili) yapiya
sahiptir. Seyir hizindaki 0,5 knot’lik bir

azalma ve pervanenin dakikadaki devir
sayisindaki kiiclik bir diisiisle iki gemide de
%10-15 arasinda bir yakit tasarrufu elde
edilmistir (Sala ve ark., 2010). Makine
kullanim  degerleri iizerinden yapilan
hesaplamalarla kirigli trol gemileri igin
seyir hizinin optimize edilmesiyle %35,6
(Sala ve ark., 2011) tasarruf éngorilurken
benzer  bir  ¢alismada  modelleme
yontemiyle %40’a (Poos ve ark., 2013)
varan yakit tasarrufu tespit edilmistir.
Adriyatik’te 1000-1200 HP, 25-35 m boy,
farkli pervane ve govde yapist ozelliklerine
sahip iki adet orta su trol gemisi Uzerinde
yapilan ¢alismada da benzer yakit Sl¢liim ve
goriintiilleme sistemi kullanilarak
belirledikleri en uygun seyir hiz1 degeriyle
%15’e yakin tasarruf elde edilmistir
(Laurens ve Dasira, 2014). Ulusal
caligmalarda makine devri ve gemi hizinin
balik¢t  gemilerinde yakit tiiketimine
etkisini inceleyen bir caligmaya
rastlanmamaktadir. Ayrica yakit tiikketimini
anlik olarak Ol¢iip kaydedebilen ve elde
edilen degerlerin karsilastirildig: bir sistem
de ilk defa bu ¢alismada kullanilmustir.

Uluslararas1  bircok ¢alismada balike1
gemilerinin  ekosistem etkisi (zerinde
odaklanildig1, ozellikle 1 kg iriin igin
tilkketilen yakitin ve salinan CO2’nin yaygin
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olarak arastirildigi goriilmektedir (Cheilari
ve ark., 2013; Driscoll ve Tyedmers, 2010;
Suuronen ve ark., 2012). Avrupa’da
balikgilik sektoriindeki 54 filoya ait toplam
yakit tiiketimleri ve maliyetleri, {iriin
agirliklar1 ve degerleri, gemilerin sayist ve
yillarmi kapsayan bir ¢alisma yapilmstir.
Toplam maliyetler dahilinde 2002-2008
yillar1 arasinda yakit fiyatlarindaki artigin
ekonomik  performansa ve  enerji
verimliligine etkisi  degerlendirilmistir.
2008 yilinda baligin kilogrami basina 1,81
kg CO2 emisyonu gergeklesmis olup, orta
su trolleri ve ¢evirme aglar1 i¢in bu miktar
0,21 kg, 40 m’den biiytik kirisli troller i¢in
ise 95 kg CO: olarak bildirilmistir
(Cheilari ve ark., 2013). 1995-2006 yillar1
arasinda  Atlantik’te  ringa  tiirlinlin
yakalanmasi {izerine yapilan bir ¢alismada
kullanilan yakit ve salimman CO2 gazinin
miktar1 ve etkisi hesaplanmistir. Girgir, tek
tekneyle cekilen orta su troli ve gift
tekneyle cekilen orta su troli icin CO2
emisyonlart sirastyla 65 kg/t, 337 kg/t ve
365 kg/t olarak tespit edilmistir (Driscoll
ve Tyedmers, 2010). Ozellikle trol gibi
diger av araglarina nispeten daha yiiksek
yakat tiiketimi olan av araclari i¢in ¢evreye
olumsuz etkisi azaltilmis ve yakit verimi
yuksek; (LIFE: Low-Impact and Fuel-
Efficient) balik¢iligin olusturulmasi
gerektigi vurgulanmistir (Suuronen ve ark.,
2012). Yakat tiiketiminde oldugu gibi CO2
emisyonlariin da balik¢i gemileri ig¢in
sayisal yontem kullanilarak hesaplandigi
bir calismaya ulusal literatiirde
rastlanilmamistir.  Uluslararas1  bir¢ok
yayinda caligildigr literatiirde tespit edilen,
hem balikginin hem tiiketicinin 0zellikle
Avrupa’da onem verdigi ekosistem etkisi
konusunda ilk sayisal hesaplama bu
arastirma ile yapilmistir.

2. MATERYAL VE YONTEM

2.1. Yakit Ol¢iim Cihazinin Kurulumu
ve Testleri

Calisma Orta Dogu Teknik Universitesi
Deniz Bilimleri Enstitlisi’ne ait Lamas-1
arastirma gemisinde, Mersin Korfezi olarak

tanimlanan; batida Tasucu'ndan baslayarak
doguda Karatas'a kadar uzanan bdlge
sinirlart i¢inde gergeklestirilmistir. Lamas-
1 1459 m boyunda ve 23 groston
biiyiikliigiinde ahsap malzemeden yapilmis
bir gemidir (Sekil 1). Gemide Volvo Penta
D7A-TA model 6 silindirli, 4 stroklu, 237
HP bir ana makine ve 8,8 HP bir jenerator

mevcuttur. Gemi ana makinesi ve
jeneratorii dizel yakit enerjisiyle
caligmakta, ana makine yakit pompasi
cikisinda 2-4 bar arasinda  basing

olusmaktadir. Gemi ana makinesinin en
yiiksek yakit tiiketimi saatte 40 litredir.
Mevcut haliyle makinenin en yiiksek devri
2300 rpm (devir/dakika), dretici firma
tarafindan en yiiksek torka ulasilan devir
sayist ise 1600 rpm olarak belirtilmistir.
Geminin yeni karina bakimindan sonraki
maksimum hizi 12 knot, maksimum yakit
kapasitesi de 3200 litredir. Her ki
tamburunda 6 mm c¢apinda 1200 m
uzunlugunda celik tel mevcuttur. Kopri
istiinde mevcut devir saati kadrani, veri
elektronik olarak gelmesine ragmen 100
rom’lik dilimler halinde anlik devri
gostermektedir. Koprii iistiinde ayrica
Raymarine a7 seri, 10 Hz bilgi alim hizina
sahip, dokunmatik panelli bir GPS (Global
Positioning System; Kuresel Konumlama
Sistemi) cihazi, Furuno marka yanki
iskandili (echo sounder), su Ustl radar1 ve
haberlesme cihazlar1 mevcuttur.

Sekil 1. Lamas-1 aragtirma gemisi

Geminin anlik ve toplam yakit tiiketimini
0lecmek amaciyla, ana makine yakit girisine
bir adet, yakit geri doniisiine bir adet olmak
Uzere toplamda iki adet FLS marka,
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ULFO03.H.0.2 tipi diisiik debiler igin
minyatiir  tiirbin debi  6lglim  cihazi
baglanmistir (Sekil 2).

Sekil 2. Debi 6l¢lim cihazi (Debimetre)

Debi o6l¢iim cihazi 24 Volt dogru akim
besleme baglantisiyla, -10°C ile 60°C
arasinda, 6 bar en yiiksek basinca kadar
caligmakta ve %1 hassasiyetle saatte 250
litreye kadar ana makine pompa ¢ikisinda
ve geri dOniisiinde tiiketilen yakitt
Olgebilecek oOzelliktedir. Makinenin anlik
devrini dijital olarak 9%0,5 hassasiyette
Olcebilen bir elektronik takometre ana
makine saft1 lizerine kurulmustur (Sekil 3).

Sekil 3. Devir Olcer (Takometre)

Debi oOlgerler ve takometre cihazlarinin
urettikleri sinyaller, dat4540 frekans/puls-
akim veya frekans/puls voltaj cevirici
araciligiyla, 4-20mA, 0-20mA veya 0-10
volta cevrilmektedir. 4-20mA, 0-20mA
veya 0-10 volt degerleri dat3017-i analog
modiil 8 kanalli sinyal c¢eviriciye
aktarilarak analog bilgiyi dijital 16 bit
formatina ¢evirmektedir. Dat3017-i analog
modiile ayn1 zamanda RST model GPS
araciliftyla anlik zemine gore hiz ve
konum bilgileri de aktariimaktadir.

Blendajli  kablolarla dat3017-i analog

modiile aktarimi yapilan tiim bilgiler 800
milisaniyelik  degerlendirme  araligiyla
koprii iistiine monte edilmis olan ht-60ts
dokunmatik ekran operator paneline (Sekil
4) 10 saniyelik araliklarla ortalamalari
yazilim tarafinca alinarak ¢ikarilabilir
harici  bellege aktarilmaktadir. Panel
disartya veri aktarimi i¢in 64 gigabayt
kapasiteye kadar arttirilabilen USB 2.0
cikisina ayrica 5,7" (diyagonal)
dokunmatik  ekrana, 320x240 ekran
¢ozlinlirligiine, 32 bit islemci sistemine
sahiptir. Boylece kopri Ustinde tim
verileri ekran lizerinde okuyup kayit altina
almak miimkiin olmaktadir.

00 ANLIK

TOPLRM SARIT

"BB.00ME:

0

BOYLAM
3425423813

_d.mo‘.cam

Sekil 4. Dokunmatik ekran operator paneli

Denemelerin kiyaslanabilir dogru sonuglar
alabilmesi  icin  Meteoroloji ~ Genel
Midiirligii  iizerinden alinan verilerce
rizgdr hizinin en fazla 1-3 km/saat ve
havanin agik oldugu sartlarda islemler
yapilmistir.  Ayrica  makine  devri
degistirildiginde akaryakit tiiketiminin yeni
devirde sabitlenecegi ana kadar gegen
maksimum siire bu bolimde O6lgiilmiistiir.
Akaryakit tiketim verilerinin 100’er rpm
arttirtlarak alinan degerlerinin ilk artig
anindaki 20 saniyelik siire¢ tiiketimin
sabitlenme  sureci  olarak  gorulerek
regresyon analizine dahil edilmemistir.

2.2. Seyir I¢in Ideal Devir Sayisinin
Belirlenmesi

Bu c¢alisma Mersin Korfezi’'nde Aralik
2017-Ocak 2018 arasinda, Tirtar Limani
aciklar1  15-36  metre  derinliklerde
yiriitilmistir. Seyir degerleri i¢cin 4007
adet devir verisi degerlendirilmis olup
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yapilan seyir denemeleri rlizgar her zaman
geminin  pupasindan  gelecek  sekilde
gergeklestirilmistir.

Bu amagla seyir sirasindaki birim mesafede
tiiketilen en diislik akaryakit miktar1 i¢in en
uygun makine devir sayisi denemeleri
yapilmistir. Gemi ayni rotada seyrederken,
makine devri 1000-2000 rpm arasinda her
2 dakikada 100 rpm arttirilarak seyir
gerceklestirilmistir.  Toplam 10 seyirde
yapilan bu O6l¢iimlerin her biri igin 22,
toplam sure olarak 220 dakika seyir

yapilmustur.
Oncelikle her devir i¢in tiiketilen akaryakit
miktar1 regresyon analizine tabi

tutulmustur ve makinenin 100’lik devir
dilimlerindeki ortalama saatteki tliketim
miktar1 tespit edilmistir. Sonra GPS
verileriyle her devir i¢in gemi hizina
regresyon analizi  uygulanmistir  ve
makinenin 100’lik rpm dilimlerindeki
ortalama saatteki hiz1 tespit edilmistir. Son
olarak, her 100 rpm’lik (x) devir verileri o
devir i¢in elde edilen akaryakit tiikketiminin

(L/saat) (cx), hiza (mil/saat) (vx)
bolinmesiyle, bir mil mesafenin Kkat
edilebilmesi i¢in gerekli yakit miktari

ax=Cx/Vx (L/mil) hesaplanmistir. Daha sonra
(ax) degeri ile devir say1 arasindaki iliski
analiz edilerek bir milin en disiik yakitla
seyredilebilmesi i¢in uygulanmasi gereken
devir degeri ve bu degerden uzaklastikga
artan tiketimin oran1 hesaplanmistir.
Regresyon analizleri Regresyon analizleri
“Excel” (Microsoft Corporation, Redmond,
WA) programi kullanilarak yapilmstir.

2.3. Trol Cekimi icin Ideal Devir
Sayisinin Belirlenmesi

Geminin trol c¢ekimi sirasindaki birim
mesafede tiiketecegi en diisiik akaryakit
miktar1 i¢in uygulanmasi gereken makine
devir sayisi, ¢ekim denemeleri riizgar her
zaman geminin pupasindan gelecek sekilde
tespit edilmistir. Gemi ayni rotada trol
cekimi yaparken makine 1300-1600 rpm
arasinda her 10 dakikada bir 6nce 100
birim arttirilarak sonra 1600-1300 rpm
arast ayni yontemle azaltilarak trol ¢ekimi
gerceklestirilmistir. 355  adet  devir

verisinin degerlendirildigi trol ¢ekiminin
toplam siiresi 70 dakikadir. Calismada 600
goz tek yaka demersal trol ag
kullanilmustir (Sekil 5).

Mat mm

—
e

8
BPPO 22
16 Comp @ 30

012345 i0m
———

Sekil 5. 600 goz tek yaka demersal trol
agini teknik plan1 (Ozbilgin ve ark., 2013)

Makine devrinin hizla ve yakitla iligkisi
regresyon  analizleriyle  incelenmistir.
Ayrica bir mil i¢in tiiketilen yakit miktart
(ax) ile devir sayisi arasindaki iliskiye de
ayn1 sekilde regresyon analizi uygulanarak
en disiik yakitla bir mil trol ¢ekiminin
diizgiin bir sekilde uygulanabilmesi igin
gereken devir degeri ve bu degerden
uzaklagtikga  artan  tiiketimin  orani
hesaplanmis ve kutu-biyik grafigi ile
gosterilmistir. Regresyon analizleri
“Excel” (Microsoft Corporation, Redmond,
WA) programi kullanilarak yapilmstir.

2.4. CO2 Emisyonunun Hesaplanmasi

Toplam CO2 emisyonu hesaplamalarinda
Hiikiimetleraras1 Iklim Degisikligi Paneli
(Intergovernmental Panel on Climate
Change, IPCC) Tier 1  yontemi
kullanilmigtir. Bu yontemde birim zaman
ya da toplamda yanmada kullanilan yakitin
miktari deger olarak gigagrama
cevrilmistir. IPCC tablolarindan elde edilen
dizel yakita ait yanma faaliyetlerinden
kaynaklanan net kalorifik deger, karbon
emisyon faktori ve meydana gelen
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yanmada karbonun oksitlenme orani ayni
tablodan elde edilerek carpilmistir. Ayrica
elde edilen deger, CO2 molekdler
agirhginin  karbonun molekil agirligina
orant ile ¢arpilarak, oksitlenmis karbon
emisyon degeri, CO2 emisyon degerine
dontstiiriilmiistiir.  Elde edilen CO2
emisyon degeri ton CO2 veya 102 ile
carpilarak Gg (Gigagram) CO2 birim
degerinde yani kiloton CO2 biriminde ifade
edilmisgtir.

CO2 emisyonu = Tiiketilen Yakit Miktar1
(Kt) x Cevrim Katsayilar1 (43 TJ/Kt) x
Emisyon Faktorii (Dizel Yakit Igin: 20,2
tC/TJ) x Verimlilik Katsayis1 (0,99) x CO>
Cevrim Katsayis1 (44/12) (1) (Pekin,
2006).

Kt = Kiloton = Gigagram

TJ/Kt = Net Kalori Degeri

3. BULGULAR

3.1. Yakat Tuketimi Olgumleri

Gemi ana makinesinin en disiik devri 800
rpm olsa da 1000 rpm altinda gemi ana
makinesinin verimli olarak calisgamadigi
tespit edilmistir. Bu nedenle seyir igin
makinenin verimli ¢alistigt devir araligi
1000-2000 rpm olarak belirlenmistir. Seyir
aninda anlik ve toplam yakit tiketiminin,
devir sayisinin, hizin  ve konumun
degisimleri takip edilmis, degisimler kayit
altma alinmugtir. iki giinliik denemelerin
sonucunda cihazin degerleri diizenli olarak
okuyup kayit edebildigi tespit edilmistir.

3.2. Seyir Ici Ideal Devir Sayisi

Oncelikle makine devir sayisinim yakit
tiketimiyle ve seyir hiziyla olan iliskileri
regresyon analiziyle incelenmistir. Yakit
tiketimi igin y=0,5434e%992% ve seyir hiz1
icin ise y=0,0037x+1,5854 denklemleriyle
anlamli  (p<0,05) istatistiksel veriler
sunmaktadir. (Sekil 6 ve 7)

50 y = 0,5434¢0.0021x
R2=0.9426

Yakat Tiiketimi (L/saat)

1000 1200 1400 1600 1800 2000
Rpm (Devir/dakika)

Sekil 6. Seyir
tiiketimi iligkisi

icin devir sayisi-yakit

12 y =0,0037x+ 1,5854
R>=0,8228

10

Hiz (knot)

== S " ]

1000 1200 1400 1600 1800 2000
Rpm (Devir/dakika)

Sekil 7. Seyir icin devir sayisi-hiz iligkisi

Birim mesafedeki yakit tiketimi ve devir
sayist iligkisi (Sekil 8) igin de regresyon
analizi  yapilmistir. Analiz sonucunda
y=0,1685e%%91%% denklemi elde edilmis ve
istatistiksel olarak anlamli (p<0,05) bir
iligki bulunmustur.
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Ln

y= 0.1685g00016x

[¥%) 4
h 4= Ln
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=
S h = Ln ko Lh W

1 mil icin tiiketilen yakit (L/mil)

1000 1200 1400 1600 1800
Rpm (Devir/dakika)

2000

Sekil 8. Seyir igin birim mesafedeki yakit
tiketimi ve devir sayisi iliskisi

“X’” bagimsiz degiskeni devir i¢in 1000-
2000 arasinda degerlendirilmis ve en diigiik
devir sayisi olan 1000 rpm en az yakit
tilketimiyle en fazla mesafenin alindigi
durum olarak belirlenmistir (Tablo 1).

Tablo 1. Seyir durumu verileri

Rpm 1 mil i¢in Hiz Yakit
(Devir/Dakika)  tuketilen  (knot) tuketimi
yakit (L/saat)
(L/mil)
1000 0,83 5,28 4,43
1100 0,97 5,65 5,47
1200 1,14 6,02 6,75
1300 1,34 6,39 8,33
1400 1,58 6,76 10,27
1500 1,85 7,13 12,68
1600 2,17 7,50 15,64
1700 2,55 7,87 19,29
1800 3,00 8,24 23,80
1900 3,52 8,61 29,37
2000 4,13 8,98 36,23

Yapilan seyir denemelerinde en uygun
seyir hiz1 ayn1 zamanda en diisiik makine
devir sayist ve hizinin elde edildigi 1000
rpm olarak belirlenmistir. Ayrica devir
sayisinin hizla artis1 dogrusal bir denklemle

aciklanirken yakit tiiketiminin {stel bir
artis karakteristigine sahip oldugu tespit
edilmigtir. Arttirilan her 300-400 rpm
araliginda hizda ortalama 1 knot civarinda
bir artig olurken, yakit tiiketim degerlerinin
ortalama 9%100’e yakin arttif1 tespit
edilmigtir. Yapilan gozlemler
dogrultusunda seyirde ortalama kullanilan
devir sayisinin 1800-1900 rpm araliginda
oldugu goriilmiistiir. Devir sayisinin %10
azaltilarak seyir yapilmast hizda %10
civarinda diislise sebep olurken ortalama
%30 yakit tasarrufunun elde edilmesini
saglamaktadir.

3.3. Trol Cekimi icin Ideal Devir Sayisi

Ayn1 hat iizerinde en dugik yakat
tiketimiyle en uygun trol ¢ekim makine
devir sayisinin tespit edilebilmesi igin devir
sayisi, hiz ve yakit tliketimleri sirasiyla
belirlenmistir. Oncelikle makine devir
sayist hiz ve ardindan da yakit tiiketimiyle
iliskisi regresyon analiziyle belirlenmistir.
Devir sayisi-hiz iligkisi i¢in y=0,0027x-
1,3066 ve devir-yakit iligkisi igin
y=0,0262x-23,507 denklemleri elde
edilerek regresyon analizi sonucu (p<0,05)
olmak iizere istatistiksel olarak anlamli bir
veri sunmaktadir (Sekil 9 ve 10).

3.4
35 y =0,0027x - 1.3066
. R2=0.8536
= 7
228 X
& ’
N 2.6
E X
2.4 -
2,2
5
1200 1300 1400 1500 1600 1700

Rpm (Devir/dakika)

Sekil 9. Trol ¢ekimi makine devir sayisi-
hiz iligkisi
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Sekil 10. Trol ¢ekimi makine devri-yakit

y =0,0262x- 23,507

R*= 0,824
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Sonug olarak ise trol c¢ekiminde 1 mil
mesafenin kat edilebilmesi icin en uygun
devir sayist degeri regresyon analizi
sonucunda  y=0,0038x  (Sekil  11)
denklemiyle istatistiksel acgidan anlamli
sekilde elde edilmistir (p<0,05).

E£RB
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1T 647
6,18 6,17
5,08 5,99
5,76
5,57 5,p0
5,36
5,09
4,59 B8
4,05

Devir

1300 1400 [ 1500 [0 1600

Sekil 11. Trol ¢ekimi birim mesafedeki tiketim ve devir sayisi iliskisi kutu-biyik grafigi

Tablo 2. Trol ¢cekiminde operasyonundan elde edilen veriler

Rpm 1 mil icin tiiketilen yakat (L/mil) Hiz (knot) Yakiat Tiiketimi
(Litre/saat)
1300 4,93 2,2 10,55
1400 5,09 2,47 13,17
1500 5,76 2,74 15,79
1600 6,17 3,01 18,41
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Elde edilen bulgular hem 1 mil igin
tiketilen toplam yakit hem de saatlik yakit
tilketiminde makine i¢in en uygun degerin
1300 rpm oldugunu géstermistir (Tablo 2).
Ancak ortalama ¢ekim hizinin 2,2 knot
olarak elde edildigi bu devirde kapilarin
veya av aracinin farkli zemin veya akinti
durumlarinda diizgiin sekilde ¢alismasinin
sorun  olusturabilecegi  diislinlilmiistiir.
1400 ve 1300 rpm degerlerinde 1 mil i¢in
tilketilen yakit ve saatlik tiiketilen yakit
miktarlarinda sirasiyla %3 ve %2,5’1ik artis
goriilse de av araciin diizgiin ve verimli
calisabilmesi ve Kkutu-biyik grafigindeki
1300 rpm yakit tiiketim degerleriyle
arasinda belirgin istatistiksel tiiketim farki
gorilmemesi nedeniyle 1400 rpm en uygun
deger olarak kabul edilmistir. ideal devir
degeri 1400 rpm olarak kabul edilmesiyle

1500 rpm igin yakit tiiketiminde saatte
%16, 1600 rpm igin saatte %28 yakit
tasarruflar1 elde edilmistir. Ayrica 1 mil
mesafede tiiketilen yakit miktarinda da
1500 ve 1600 rpm verilerine kiyasla
sirastyla %7 ve %16 yakit tasarrufu
saglanmustir.

3.4. CO2 Emisyonu

Seyir ve trol cekiminde tlketilen dizel
yakit miktar1 iizerinden IPCC Tier 1
yontemi kullanilarak CO2 emisyon miktari
hesaplanmistir (Tablo 3 ve 4). Hesaplama
sonucunda 1 ton dizel yakit i¢in yaklasik
3,153 ton CO, emisyonu meydana geldigi
belirlenmis olup tim hesaplamalarda bu
deger kullanilmistir.

Tablo 3. Seyir icin CO2 emisyon bulgulari

Rpm Toplam yakat tiketimi COz
(Devir/Dakika) (L/saat) emisyon
miktarlari
(kg/saat)
1000 4,43 13,97
1100 5,47 17,25
1200 6,75 21,28
1300 8,33 26,26
1400 10,27 32,38
1500 12,68 39,98
1600 15,64 49,31
1700 19,29 60,82
1800 23,80 75,04
1900 29,37 92,60
2000 36,23 114,23
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Tablo 4. Trol ¢ekimi icin CO2 emisyon bulgulari

Rpm Toplam yakat tiketimi COzemisyon
(Devir/Dakika) (L/saat) miktarlari
(kg/saat)
1300 10,55 33,26
1400 13,17 41,52
1500 15,79 49,78
1600 18,41 58,05

Seyir durumunda 1000-2000 rpm arasinda
CO. emisyonunda %88’e yakin artis
goriilmiis olup ideal olarak bulunan 1000
rpm hem yakitta tasarruf saglarken hem de
ekosisteme zarar1 azaltilmis makine
kullanim degeri olarak tespit edilmistir.
Trol ¢ekiminde ise 1300-1600 rpm
arasinda benzer sekilde %43’e yakin CO2
emisyonunda artis bulunmustur.

4. SONUCLAR VE TARTISMA

Bu c¢alismada trol gemilerinde yakit
tiikketiminin ve ekosisteme verilen zararin
belirlenmesi  ve azaltilmasi amaciyla
Lamas-1 aragtirma gemisiyle seyir ve trol
cekimi icin optimize edilmis makine
kullanim degerleri tespit edilmistir. Bu
arastirmanin yapilmasinda gemiye anlik ve
toplam yakit tiikketimini, seyir hizini,
konumu ve makine devir sayisini
goruntileyen ve kaydedebilen cihazlar
kurulmus ve bu tarz bir sistem ulusal
alanda ilk kez kullanilmigtir. Sistem
sayesinde seyir icin 1000-2000 rpm
araliginda yapilan denemelerde 4007 adet
devir verisi degerlendirilmis ve en uygun
seyir hizinin en disik seyir devri ve
hizinin elde edildigi 1000 rpm ve 5,28 knot
oldugu tespit edilmistir. 5,28-8,98 knot
seyir hizi araliginda verimli gekilde
caligabildigi goriilen gemide 1 knot hiz
artisinin elde edilebilmesi i¢in toplam yakit
tiketiminin  %100’e yakin arttig1 tespit
edilmigtir.  Ortalama  1800-1900 rpm
araliginda seyir yapan gemide makine

devir sayisinda yapilacak sadece %10
civarinda bir azalmanin %30’a yakin yakit
tasarrufu  sagladigi  bulunmustur. Hiz
denemeleri farkli bircok arastirmada
gorilmekte olup (Sala ve ark., 2010; 2011;
Poos ve ark., 2013; Laurens ve Dasira,
2014), gemi makinesinin ¢alismasi ve yakit
tiketiminin sistem zerinden takip edilerek
en uygun degerlerin belirlenmesi veya hiz
diistimleri ile yakit tiiketiminde belirgin
tasarruflar elde edilmistir. Ancak balik¢inin
zaman kisitlamas1 oldugu durumlarda,
devir sayis1 uygulamasinin ne kadar etkin
olacaginin  cevabmin  ticari  sahada
arastirilarak goriilmesi gereklidir.

Trol ¢ekimi icin ise 1300-1600 rpm ve 2,2-
3,01 knot degerleri arasinda yapilan
denemelerde 355 adet devir verisi
degerlendirilmistir. 1300 rpm ve 2,2 knot
degerleri en diisiik yakit tiiketimine sahip
bulunsa da  operasyonun  giivenligi
acisindan 1400 rpm ve 2,47 knot tercih
edilmis ve %28’e¢ ulasan yakit tasarrufu
elde edilmistir. Trol cekimleri gemi
makinesinin  yiiksek  giic  {rettigi,
dolayisiyla normal seyir halindeki devir
sayist degerinden daha fazla yakit
tlketimlerinin gerceklestigi
operasyonlardir (Poos ve ark., 2013). Trol
operasyonundaki tuketimi azaltmak icin
yapilan calismalarda hiz  diistimleri
yapilarak siiriiklenme direnci digiiriilmiis
ve av miktarinda istatistiksel olarak onemli
bir degisim olmaksizin net gelir miktarinda
belirgin artislar elde edilmistir (Parente ve
ark., 2008). Devir sayisindaki degisimlerin
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yakit tiiketimine etkisi belirgin olmakla
birlikte, bu degisimlerin operasyondaki
rolinu net olarak gorebilmek icin sisteme
yuk hucreleri  (kantar) eklenerek trol
telindeki  ve  torbadaki  direnclerin
degerlerinin de  gorlilmesi  gerektigi
diistiniilmektedir.

Seyir ve trol operasyonlarinda elde edilen
degerler ile IPCC Tier 1 ydntemi
kullanilarak CO; emisyonlar1 her bir devir
degeri icin hesaplanmigtir. Optimizasyon
sonucu elde edilen seyir icin 1000 rpm, trol
cekimi i¢in 1400 rpm degerleriyle sirasiyla
%88 ve %43 CO; emisyon miktarinda
azalma elde edilmistir. Balik¢1 gemilerinde
kullanilan makinelerinin  CO. emisyon
degeri olarak ekosisteme etkisinin sayisal
yontemler kullanilarak ulusal alanda ilk
kez hesaplanip tespit edildigi bu calisma
bulgular1 uluslararas: ¢cok sayida ¢alismada
gorilmektedir (Cheilari ve ark., 2013;
Driscoll ve Tyedmers, 2010; Suuronen ve
ark., 2012) Thomas ve ark., 2010; Hansen
ve ark., 2013; Marlen, 2012). Bu etkinin
belirlenmesi  i¢in  Olgiim  cihazlarinin
kullanimi miimkiin olmakla birlikte diger
ekosisteme zararl gazlarin etkileri de tespit
edilebilmektedir. Baslangi¢c olarak yapilan
bu calismanin gelistirilerek balik¢inin ve

tiiketicinin konu hakkinda
bilinclendirilmesi gereklidir. Yeni
caligmalarda bu alandaki eksikliklerin

giderilmesi i¢in diger balik¢ilik cesitlerinin
yakit  tliketimlerinin  ve  ekosistem
etkilerinin neler oldugu ve bu etkilerin

azaltilmast  i¢cin  alinmasi  gereken
Onlemlerin calisilmasi Onem arz
etmektedir.
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ABSTRACT

Fluctuating asymmetry was calculated for
the otolith width, length, area and
perimeter of Merlangius merlangus caught
in the Middle Black Sea. In the present
study, M. merlangus samples were divided
nine-total length groups. All total length
groups were examined for asymmetry
values in the otolith characters, the highest
asymmetry values were found in the Group
I1l. The lowest asymmetry values in four
otolith characters such as area, length,
perimeter, and width were calculated in the
Group | and Group IX. In this study, it was
determined that the otolith asymmetry
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levels of M. merlangus in the Middle
Black Sea were varied between the four
otolith characters, the otolith area has the
highest and the otolith length has the
lowest asymmetric feature. In addition,
there was no significant relationship
between the asymmetry values of the four
otolith characters and total length. The
asymmetry in these otolith characters may
be a result of the stress from different
pollutants in the Black Sea.
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OZET

Orta Karadeniz'den yakalanan Merlangius merlangus’un otolit genisligi, uzunlugu, alani
ve gevresi i¢in dalgali asimetri degerleri hesaplanmistir. Bu c¢alismada elde edilen M.
merlangus 6rnekleri dokuz total boy grubuna ayrilmistir. Tiim total boy gruplari, otolit
karakterlerindeki asimetri degerleri agisindan incelenmis ve en yiiksek asimetri degerleri
Grup III'de bulunmustur. Alan, uzunluk, ¢evre ve genislik gibi dort otolit karakterindeki
en diisiik asimetri degerleri Grup I ve Grup IX'de hesaplanmistir. Bu ¢alismada, Orta
Karadeniz'deki M. merlangus'un otolit asimetri diizeylerinin bu dort otolit karakteri
arasinda farklilik gosterdigi, otolit alaninin en yiiksek ve otolit boyunun ise en diisiik
asimetrik 6zellige sahip olugu belirlenmistir. Ayrica bu dort otolit karakterinin asimetri
degerleri ile total boy gruplari arasinda anlamli bir iliski yoktur. Bu tiiriin otolit
karakterlerinde gozlenen asimetri Karadeniz’deki farkli kirleticilerden kaynakli stresin
bir sonucu olabilir.

Anahtar sozcukler: Sagittal otolit, Merlangius merlangus, Dalgali asimetri, Cevresel

faktorler, Karadeniz
1. INTRODUCTION

Otoliths are three pairs of calcareous
structures and they are found in the inner
ear of the Teleost fish. They can be affected
the different environmental factors such as
fish size, diet, stress. Because of their
species-specific shapes, otoliths are very
useful tools to study the various events
which characterize fish’s life cycles
(Mérigot et al., 2007). In recent years, the
otoliths have used as a powerful tool about
age, growth, ecological interactions, life
history, and environmental conditions of
fishes inhabiting aquatic ecosystems such
as rivers, lakes, and seas (Zenteno et al.,
2014). Otoliths are available bony structure
in marine and freshwater fish species;
therefore, they are also used different
studies such as taxonomy, shape analysis,
prey-predator relationship and otolith
asymmetry.

One of the most important problems in
aquatic systems is pollution from different
pollutants and the pollutants can cause
stress on living things in aquatic systems.
It is important that stress factors are
previously identified to protect the habitat
and reduction of the population. Thus,
researchers are interested in monitoring

sub-lethal  biological responses and
environmental quality (Allenbach, 2011).
Many studies in this area have shown that
individual morphological variability can
provide a valuable early sign of genetic and
environmental stress (Barton, 2002; Jawad,
2003; Jawad et al., 2012). Environmental
degradation can be affected all aquatic
organisms and their population at a level of
mass mortality, fecundity, extinction (Bird
et al, 1995; Kasuya et al., 2002
Koprivnikar et al., 2006). Moreover, other
effects such as reduced growth, diseases,
morphological anomalies, may be occurred
(Sexton et al., 1992; Baumann et al., 1996;
Bird, 1997; Schmidt, 1997; Galloway et
al., 2004).

Fluctuating Asymmetry (FA) occurs when
symmetry is the normal state and there is
no tendency for one side to have a larger
value than the other. FA originates from
small deviations which seen on perfect
bilateral symmetry (Zenteno et al., 2014).
FA can show the specific trait of bilateral
variation for an individual (Somarakis et
al., 1997a; Somarakis et al., 1997b).
Namely, the value of the difference
between right and left otolith pairs (R-L) is
zero and otolith shape has a normal form of
bilateral symmetry. FA can be examined

129



Kontas et al., Turkish Journal of Maritime and Marine Sciences, 4(2): 128-138

different organisms such as plants and
animals. It is also a useful bioindicator of
environmental stress which may be arisen
natural or  anthropogenic  factors
(Allenbach, 2011). Fluctuating asymmetry
has been shown to be a sensitive indicator
of different type contaminants in aquatic
systems and provides a cheap method and
reliable data on lethal stress in wild fish
populations (Lutterschmidt et al., 2016).

Symmetry and asymmetry are two
important conditions that influence the life
of the living creatures in water or land
habitats. Asymmetry is known as the
differential development of a bilateral
character between the left and right sides of
an organism. Fish species are influenced by
ecological factors and they are a suitable
organism to investigate the results of
different ecological effects on bilateral
characters species. Asymmetry which is
generated based on environmental stress is
caused drastic effects on vestibular and
auditory functions of fish (Lychakov et al.,
2006) but there is limited information
about this subject for marine and
freshwater species. It has been proposed
that asymmetry studies can provide
valuable information for adaptation in
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natural populations (Jones, 1987). The
whiting Merlangius merlangus is one of
the most abundant demersal fish species in
the Black Sea and It is commercially
important fish species in Turkish waters
(Kalayci and Yesilcicek, 2014; Nedreaas et
al., 2014). Besides, there is no information
about the fluctuating asymmetry of whiting
otolith dimensions in Middle Black Sea
population. Therefore, the main objective
of the study to calculate fluctuating
asymmetry for four sagittal otolith
characters such as length, width, area, and
perimeter of the M. merlangus in the
Middle Black Sea.

2. MATERIAL AND METHOD

Merlangius merlangus samples were
provided from the commercial fishermen
in the Middle Black Sea (Ordu, Turkey)
(Figure 1). The total length of each M.
merlangus was measured (nearest 0.1 cm)
and their right and left sagittal otoliths were
heedfully removed and then stored dry in
the well plate until the examination. Left
and right sagittal specimens which were
undamaged were examined.
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Figure 1. Sampling area of Merlangius merlangus in the Middle Black Sea.
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The otolith morphometric measurements in
this study were measured (nearest 0.001
mm) as the longest distance between
anterior and the posterior edges for otolith
length, and the longest distance from dorsal
and ventral margins for otolith width
(Figure 2). Otolith area (OA) and perimeter
(OP) of each sagittal otolith were also
recorded. All otolith measurements were
performed by using the Leica Application
Suit image analyzing software (Version
3.7.0). The differences between right and
left sagittal otolith measurements were
tested using the paired t-test. Since the total
length of fish samples affected otolith
measurements, the fish samples were
divided into total length groups and the
otolith measurements were taken into
consideration for the total length groups.
The otolith fluctuating asymmetry was
investigated for each total length groups
using their otolith measurements.

Figure 2. Left and right sagittal otoliths of
Merlangius merlangus.

The  statistical  analysis  included
calculating the squared coefficient of
asymmetry variation (CV,2) for otolith
length, width, area and perimeter according
to Valentine et al. (1973). Moreover, in the
current study, linear regression models
(y=ax+b) was used to determine the

relationships; between total length groups
and squared coefficient of otolith
asymmetry and between total length and
right-left otolith differences in Merlangius
merlangus.

3. RESULTS

A total of 93 whiting samples which are
suitable for measuring the total length were
used in this study. The examined whiting
specimens were ranged from 10.8-18.7 cm.
The whiting samples were divided nine-
total length groups. In the present study,
the total length groups were arranged as I,
100-109 mm, II; 110-119 mm, 111; 120-129
mm, IV; 130-139 mm, V; 140-149 mm, VI,
150-159 mm, VII; 160-169 mm, VIII; 170-
179 mm and IX; 180-189 mm.

We examined 186 sagittal otoliths which
are removed in pairs belonging to 93
whiting individuals from the Middle Black
Sea. A total of 744 measurement values
from the four otolith characters (OL, OP,
OW, and OA) were tested by normality test
(P>0.05). Right and left sagittal otolith
measurement values were evaluated for
each otolith character. According to the
paired t-test result, the differences between
the left and right sagittal otolith
measurements were statistically significant
(P<0.001) for each character (Table 1).
Average otolith measurements for length,
width, area, and perimeter were found
7.446, 2.478, 13.498, and 17.763 for all
otolith samples, respectively (Table 2).
Fluctuating asymmetry values of the
sagittal otolith characters (length, width,
area, perimeter) of Merlangius merlangus
are shown separately for all total length
groups (Table 2). The asymmetry was
calculated as 4.710 for length, 4.772 for
width, 11.776 for the area and 8.335 for
perimeter in all total length groups. It was
observed that the values of all otolith
characters increased in total length.
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Table 1. The measurements of sagittal otolith pairs of whiting specimens

Otolith Dimensions Left Right
Mean = SE Mean + SE
(Min.-Max.) (Min.-Max.)
Length* 7.524+0.132 7.367+0.129
5.379-9.973 5.336-9.731
Width* 2.511+0.036 2.445+0.035
1.883-3.296 1.869-3.110
Area* 13.803+0.429 13.193+0.410
7.735-22.865 7.506-21.219
Perimeter* 18.094+0.318 17.431+0.307

13.051-24.651

12.612-23.732

* Paired-t test; P<0.001

According to the otolith length (OL), width
(OW), area (OA) and perimeter (OP)
asymmetry level results, the otolith area
has the highest level of asymmetry
between the four otolith characters. The
otolith length was determined to be the
lowest asymmetric otolith character among
all otolith characters for M. merlangus
from the Middle Black Sea. The otolith
characters were sorted from highest to the
lowest asymmetry levels as follows; OA >
OP > OW > OL (Table 2).

In this study, all otolith characters in the
nine length groups showed asymmetric
features for M. merlangus samples. When
the total length groups are examined in
terms of asymmetric values among the
total length groups, some differences
appear between the otolith characters.
When all total length groups were
examined for asymmetry values in the four
otolith characters, the highest asymmetry
values were found in the Group Il
According to the all otolith length, width,
area, and perimeter results, the squared
coefficient of asymmetry coefficient was
calculated as a zero value for Group | and
Group IX (Table 2). Moreover, it was
determined that the percentage of
asymmetric individuals was highest in
terms of both four otolith characters and
nine total length groups (Table 2).

The relationships between total length
groups and squared coefficient of otolith
characters asymmetry were described by a
regression model and a linear equation.
The equations of total length groups and
squared coefficient of otolith asymmetry
relationships  with  R2  were y=-
2.4053x+23.648; R2=0.0583 for otolith
area, y=-0.3829x+5.5970; R2=0.0409 for
otolith width, y=-0.1433x+4.4042;
R2=0.0094 for otolith length and y=-
0.0551x+6.1161; R2=0.0007 for otolith
perimeter (Figure 3). The results of the
asymmetry were shown that Fluctuating
asymmetry was not correlated with total
fish length for all otolith characters (Figure
3).

The relationships between total length and
right-left  otolith  differences  were
described by the regression model and the
linear equation for each otolith characters
in Merlangius merlangus. The equations of
total length group and right-left otolith
differences relationships with R2 were
y=0.0724x-0.4342; R2=0.1084 for otolith
area, y=0.0041x+0.0131; R2=0.0252 for
otolith width, y=0.0161x-0.0466;
R?=0.0438 for otolith length and
y=0.0747x-0.3632; R2=0.0900 for otolith
perimeter (Figure 4).
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Table 2. Squared coefficient of asymmetry and character means by total length groups of
Merlangius merlangus.

Total Percentage of
Otolith Grou Length N c\2 Character Character Asvmmetric
Character P Range @ Mean Min-Max Symr
individual
(mm)
| 100-109 1 0 5.607 5.564-5.650 100
I 110-119 16 2.869 5.950 5.336-6.677 100
i 120-129 14 13.216 6.354 5.764-7.576 100
£ S v 130-139 7 2.468 6.697 5.636-7.376 100
2 % 140-149 11  2.053 7.369 5.992-8.960 100
o4 \ 150-159 15 2.046 8.145 7.262-9.160 100
ViI 160-169 18 4741 8.354 6.592-9.382 100
VIl 170-179 10 5.794 9.289 8.289-9.973 100
IX 180-189 1 0 9.352 9.345-9.359 100
Total 100-189 93 4710 7.446 5.336-9.973 100
| 100-109 1 0 1.998 1.969-2.026 100
I 110-119 16  3.172 2.050 1.869-2.297 100
i 120-129 14 16.904 2.165 1.980-2.554 100
£ < v 130-139 7 1.713 2.246 1.983-2.368 100
E = \% 140-149 11 1.908 2.498 2.097-2.896 100
o= \ 150-159 15 1616 2.669 2.368-2.918 100
ViI 160-169 18 3.042 2.752 2.425-3.037 100
VIl 170-179 10 4.787 2.957 2.640-3.296 100
IX 180-189 1 0 3.046 3.010-3.082 100
Total 100-189 93 4772 2.478 1.869-3.296 100
| 100-109 1 0 7.812 7.718-7.906 100
I 110-119 16  2.087 8.702 7.506-10.260 100
i 120-129 14 84.134 9.823 8.317-13.614 100
€ < v 130-139 7 2.312 10.707 8.050-12.016 100
E S \% 140-149 11 1.130 13.396 10.390-18.374 100
o< \ 150-159 15 3541 15.522 12.594-18.635 100
ViI 160-169 18  5.187 16.541 13.137-19.908 100
VIl 170-179 10 6.202 19.676 15.948-22.865 100
IX 180-189 1 0 20.287 20.159-20.415 100
Total 100-189 93 11.776 13.498 7.506-22.865 100
| 100-109 1 0 13.070 12.946-13.193 100
I 110-119 16  5.498 14.035 12.612-15.874 100
o i 120-129 14 17.906 15.172 13.801-18.242 100
< & v 130-139 7 3.049 15.864 13.362-17.232 100
§ £ \% 140-149 11 2791 17.622 15.046-20.659 100
O E \ 150-159 15 3.509 19.496 17.422-21.852 100
ViI 160-169 18 10.895 20.087 16.576-22.610 100
VIl 170-179 10 8.918 22.101 19.154-24.447 100
IX 180-189 1 0 22.542 22.112-22.972 100
Total 100-189 93 8.335 17.763 12.612-24.651 100
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4. DISCUSSION AND
CONCLUSIONS

In marine systems, adult pelagic fish are at
less risk than benthic or coastal species due
to their higher mobility and the presence of

higher-looking capacities against
pollutants such as petroleum and
hydrocarbons floating in the water

(Sabljic, 2009). Pelagic fish species are
less stressed than demersal fish species or
pelagic fish species are more resistant to
stress than demersal fish species
(Simonovi¢ et al., 2017). In stressed
ecosystems, the elimination of stress-
sensitive species from the ecosystems and
also the increased rates of disease and
parasites can usually lead to a decrease in
species richness in this system (Perry and
Vanderklein, 2009).

Although bilaterally symmetric living
beings are expected to exhibit symmetrical
biostructures in favorable environmental
conditions, however, several animals
cannot have a perfect symmetry even in
ideal environmental conditions. Because
small inconsistencies that can arise as a
result of several factors such as nutrient
access, extreme temperatures, parasites,
diseases, and behavioral stress in the
organism can affect the developmental
process of the species, may some
structures of the organism asymmetrical
(Palmer and Strobeck, 1992; Markow,
1995). Because fish are easily affected by
their habitat, some ecological effects can
be easily observed on their metabolism,
growth, resistance to their disease, their
reproductive potential, health situation and
even their survival rate, when they are
exposed to pollution or low oxygen for
long periods of environmental stress
(Barton et al., 2002). Such stress-related
effects can be transferred to population or
community levels and effects at the
population level can vary depending on the
type, intensity, and duration of stress
exposure in the species (Adams and

Greeley, 2000). The pollution-induced
stress can be affected the otoliths of fish to
gain an asymmetric structure. Moreover,
the asymmetry of morphological characters
is negatively correlated with fitness of
several animal taxa (Mgller and Nielsen,
1997; Martin and Lopez, 2001; Bergstrom
and Reimchen, 2003).

When the literature is reviewed in this area,
there is no studies have been conducted on
the fluctuating asymmetry of the whiting
otolith area and otolith area until now.
However, there are studies on the
fluctuating asymmetry of otolith size and
width of different fish species. In our study,
the fluctuating asymmetry value of otolith
width (4.772) was found higher than the
otolith length (4.710). This result is similar
to several studies. For instance, Jawad et al.
(2012) reported that the asymmetry value
of otolith length (2.100) was lower than
otolith width (9.000) for Sardinella
sindensis and also otolith width (21.600)
was higher than otolith length (2.900) for
Sillago sihama from the Persian Gulf Near
Bandar Abbas. In addition, Jawad (2012)
showed that the fluctuating asymmetry
value of otolith width (10.290) higher than
otolith length (5.060) in Lutjanus
bengalensis from the Muscat City, Sea of
Oman. However, in several studies, it has
been reported that otolith length has a
higher fluctuating asymmetry value than
otolith width. For instance, Al-Mamry et al.
(2011) reported that otolith length
asymmetry (88.710) was higher than
otolith width (41.750) in Rastrelliger
kanagurta from the Muscat waters at Oman
Sea. Similarly, EI-Regal et al. (2016) noted
that the asymmetry of otolith length
(14.049) was higher than otolith width
(10.436) in Chlorurus sordidus and otolith
width asymmetry value (11.962) was lower
than otolith length (15.190) in Hipposcarus
harid from Hurghada, Red Sea coast of
Egypt. These differences among studies
may be due to the size of the sample, the
species of fish, pelagic or demersal, habitat
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differences, and even genetic
predisposition Some authors have shown
that there is a positive correlation between
asymmetry coefficient and the total fish
length (Al-Hassan et al., 1990; Al-Hassan
and Hassan, 1994; Al-Hassan and Shwafi,
1997; Jawad, 2001). However, this kind of
relationship has not been observed in the
present study.

The present study examines fluctuating
asymmetry in the four otolith characters of
the whiting in the Middle Black Sea and
presents new data for the species in this
habitat population. There are no studies to
date on the fluctuating asymmetry of these
four otolith characters of these fishes that
have spread in the Black Sea. Pollution-
induced stress can be one reason that causes
the fluctuating asymmetry in whiting
individuals. The pollution in the Black Sea
is mainly influenced by the content of river
waters poured into the sea. For instance, the
Danube River discharges chrome, copper,
nickel, mercury, lead, zinc and
hydrocarbons to the Black Sea (Alkan et
al., 2008). As a result of the present study,
it is believed that fish from the coasts of the
Middle Black Sea are exposed to a local
environmental stress that can be detected
by the FA and that this stress is most likely
caused by the presence of continuous
industrial discharges of heavy metals from
domestic  industrial  activities  and
wastewaters.

The high asymmetry value of the otolith
area might indicate the vulnerability of the
individual which may develop an
asymmetry in this otolith character under
stress conditions. It could be assumed that
otolith area is less sensitive to change of
environmental  variables, including
pollution. On the other hand, the low
asymmetry value of the otolith characters
studied in this study can be explained on
the basis that these characters are less
vulnerable to environmental stresses. It
should not be forgotten that species
diversity is the best-documented indicator

of environmental impact on aquatic
animals, and several biotic indices have
been included (Rapport, 1989; Karr, 1991).
It is very important to identify and focus on
factors affecting species diversity in terms
of the sustainability of species diversity.

5. REFERENCES

Mérigot, B., Letourneur, Y., Lecomte-Finiger, R.,
(2007). Characterization of local population of the
common sole Solea solea (Pisces, Soleidae) in the
NW Mediterranean through otolith morphometrics
and shape analysis. Marine Biology 151(3): 997-
1008.

Zenteno, J.1., Bustos, C.A., Landaeta, M.F., (2014).
Larval growth, condition and fluctuating asymmetry
in the otoliths of a mesopelagic fish in an area
influenced by a large Patagonian glacier. Marine
Biology Research 10(5): 504-514.

Allenbach, D.M., (2011). Fluctuating asymmetry
and exogenous stress in fishes: a review. Reviews in
Fish Biology and Fisheries 21(3): 355-376.

Barton, B.A., (2002). Stress in Fishes: A Diversity
of Responses with Particular Reference to Changes
in Circulating Corticosteroids. Integrative and
Comparative Biology 42(3): 517-525.

Jawad, L.A., (2003). Asymmetry in some
morphological characters of four sparid fishes from
Benghazi, Libya. Oceanological and
Hydrobiological Studies 32: 83-88.

Jawad, L.A., Al-Mamry, J.M., Al-Mamari, D.,
(2012). Fluctuating Asymmetry in the Otolith Width
of Carangoides caeruleopinnatus (Carangidae)
Collected from Muscat City Coast on the Sea of
Oman. Croatian Journal of Fisheries 70(3): 125-
133.

Bird, G.A., Schwartz, W.J., Joseph, D.L., (1995).
The effect of 210Pb and stable lead on the induction
of menta deformities in Chironomus tentans larvae
and on their growth and survival. Environmental
Toxicology and Chemistry 14(12): 2125-2130.

Kasuya, T., Yamamoto, Y., lwatsuki, T., (2002).
Abundance decline in the finless porpoise
population in the Inland Sea of Japan. The Raffles
Bulletin of Zoology, Supplement 10, 57-65.

136



Kontas et al., Turkish Journal of Maritime and Marine Sciences, 4(2): 128-138

Koprivnikar, J., Forbes, M.R., Baker, R.L., (2006).
Effects of atrazine on cercarial longevity, activity,
and infectivity. Journal of Parasitology 92(2): 306-
311.

Sexton, O.J., Andrews, R.M., Bramble, J.E.,
(1992). Size and growth rate characteristics of a
peripheral population of Croataphytus collaris
(Sauria; Crotaphytidae). Copeia 1992(4): 968-980.

Baumann, P.C., Smith, I|.R., Metcalfe, C.D.,
(1996). Linkages between chemical contaminants
and tumors in benthic Great Lakes fish. Journal of
Great Lakes Research 22(2):131-152.

Bird, G.A., (1997). Deformities in cultured
Chironomus tentans larvae and the influence of
substrate on growth, survival and mentum wear.
Environmental Monitoring and Assessment 45(3):
273-283.

Schmidt, C.W., (1997). Amphibian deformities
continue to puzzle researchers. Environmental
Science & Technology 31(7): 324A-326A.

Galloway, T.S., Brown, R.J., Browne, M.A.,
Dissanayake, A., Lowe, D., Jones, M.B., Depledge,
M.H., (2004). A multibiomarker approach to
environmental assessment. Environmental Science
& Technology 38(6): 1723-1731.

Somarakis, S., Kostikas, 1., Tsimenides, N.,
(1997a). Fluctuating asymmetry in the otoliths of
larval fish as an indicator of condition: conceptual
and methodological aspects. Journal of Fish
Biology 51(Supplement A): 30-38.

Somarakis, S., Kostikas, |I., Peristeraki, N.,
Tsimenides, N., (1997b). Fluctuating asymmetry in
the otoliths of larval anchovy Engraulis
encrasicholus and the use of developmental
instability as an indicator of condition in larval fish.
Marine Ecology Progress Series 151(1-3): 191-
203.

Lutterschmidt, W.l., Samantha, L.M., Schaefer,
J.F., (2016). Fluctuating asymmetry in two
common freshwater fishes as a biological indicator
of urbanization and environmental stress within the
Middle Chattahoochee Watershed. Symmetry
8(11): 1-17.

Lychakov, D.V., Rebane, Y.T., Lombarte, A.,
Fuiman, L.A., Takabayashi, A., (2006). Fish
Otolith asymmetry: morphometry and modelling.
Hearing Research 219(1-2): 1-11.

Jones, J.S., (1987). An asymmetrical view of fitness.
Nature 325: 298-299.

Kalayci, F., Yesilcicek, T., (2014). The size
selectivity of whiting (Merlangius merlangus
euxinus) caught by gillnet in the eastern Black Sea
of Turkey. Journal of the Marine Biological
Association of the United Kingdom 94(7): 1539-
1544,

Nedreaas, K., Florin, A., Cook, R., Fernandes, P.,
Lorance, P., (2014). Merlangius merlangus. The
IUCN Red List of Threatened Species 2014:
e.T198585A45097610,
http://www.iucnredlist.org/details/198585/0
adresinden alinmustir.

Valentine, D.W., Soule, M.E., Samollow, P.,
(1973). Asymmetry in fishes: a possible statistical
indicator of environmental stress. Fishery Bulletin
71: 357-370.

Sabljic, A. (2009). Environmental and Ecological
Chemistry-Volume 11, 452 p., United Kingdom,
EOLSS Publishers Co Ltd.

Simonovi¢, P., Piria, M., Zuliani, T., Ili¢, M.,
Marinkovié, N., Krac¢un-Kolarevi¢, M., Paunovié,
M., (2017). Characterization of sections of the Sava
River based on fish community structure. Science of
the Total Environment 574: 264-271.

Perry, P., Vanderklein, E.L. (2009). Water Quality:
Management of a Natural Resource, 656 p.,
Hoboken, John Wiley & Sons.

Palmer, A.R., Strobeck, C., (1992). Fluctuating
asymmetry as a measure of developmental stability:
Implications of non-normal distributions and power
of statistical tests. Acta Zoologica Fennica 191: 57-
72.

Markow, T.A., (1995). Evolutionary ecology and
developmental instability. Annual Review of
Entomology 40(1995): 105-120.

Barton, B., Morgan, J.D. & Vijayan, M.M. (2002).
Physiological and condition-related indicators of
environmental stress in fish. In “Biological
indicators of aquatic ecosystem stress” (Adams
S.M. ed), American Fisheries Society. pp. 111-148,
Bethesda.

Adams, S.M.,  Greeley, M.S.,  (2000).
Ecotoxicological indicators of water quality: using
multi-response indicators to assess the health of
aquatic ecosystems. Water, Air, & Soil Pollution
123(1-4): 103-115.

137


http://www.iucnredlist.org/details/198585/0

Kontas et al., Turkish Journal of Maritime and Marine Sciences, 4(2): 128-138

Mgller, A.P., Nielsen, J.T., (1997). Differential
predation cost of a secondary sexual character:
sparrow hawk predation on barn swallows. Animal
Behaviour 54(6): 1545-1551.

Martin, J., Lopez, P., (2001). Hind limb asymmetry

reduces escape performance in the lizard
Psammodromus algirus.  Physiological and
Biochemical Zoology 74(5): 619-624.

Bergstrom, C.A., Reimchen, T.E., (2003).

Asymmetry in structural defenses: insights into
selective predation in the wild. Evolution 57(9):
2128-2138.

Jawad, L.A., Sadighzadeh, Z., Al-Mamary, D.,
(2012). Fluctuating asymmetry in the otolith length,
width and thickness in two pelagic fish species
collected from the Persian Gulf near Bandar Abbas.
Annales, Series Historia Naturalis Archives 22(1):
83-88.

Jawad, L.A., (2012). Fluctuating asymmetry in the
otolith dimensions of Lutjanus bengalensis
(Lutjanidae) collected from Muscat coast on the sea
of Oman. Biological Journal of Armenia 2(64):
117-121.

Al-Mamry, J.M., Jawad, L.A., Ambuali, A., (2011).
Fluctuating asymmetry in the otolith length and
width of adult Indian mackerel Rastrelliger
kanagurta (Cuvier, 1817) collected from Muscat
waters at the Sea of Oman. Journal of the Black Sea
/ Mediterranean Environment 17(3): 254-259.

El-Regal, M.A., Jawad, L.A., Mehanna, S., Ahmad,
Y., (2016). Fluctuating Asymmetry in the Otolith
of two Parrotfish Species, Chlorurus sordidus
(Forsskal, 1775) and Hipposcarus harid (Forsskal,
1775) from Hurghada, Red Sea coast of Egypt.
International Journal of Marine Science 6(37): 1-
5.

Al-Hassan, L.A.J., Al-Doubaikel, A.Y., Wahab,
N.K., Al-Daham, N.K., (1990). Asymmetry
analysis in the catfish, Heteropneustes fossilis
collected from Shatt al-Arab River, Basrah, Irag.
Rivista de Idrobiologia 29(3): 775-780.

Al-Hassan, L.AJ., Hassan, S.S., (1994).
Asymmetry study in Mystus pelusius collected
from Shatt al-Arab River, Basrah, Irag. Pakistan
Journal of Zoology 26(3): 276-278.

Al-Hassan, L.AJ., Shwafi, N.AA. (1997).
Asymmetry analysis in two marine teleost fishes
collected from the Red Sea coast of Yemen.
Pakistan Journal of Zoology 29(1): 23-25.

Jawad, L.A., (2001). Preliminary asymmetry
analysis of some morphological characters of
Tilapia zilli (Pisces: Cichlidae) collected from three
localities in Libya. Bollettino Museo Regionale di
Scienze Naturali Torino 18(1): 251-257.

Alkan, A., Serdar, S., Fidan, D., (2008). Kirlilik ve
Karadeniz, SUMAE Yunus Arastirma Biilteni 8(1):
6-7.

Rapport, D.J., (1989). Symptoms of pathology in
the Gulf of Bothnia (Baltic Sea): ecosystem
response to stress from human activity. Biological
Journal of the Linnean Society 37(1-2): 33-49.

Karr, J.R., (1991). Biological integrity: a long-
neglected aspect of water resource management.
Ecological Applications 1(1): 66-84.

138



Research Article

Turkish Journal of Maritime and Marine Sciences ~ Volume: 4 Issue: 2 (2018) 139-145

Mortalities and Exploitation Rate of Mediterranean Horse Mackerel, Trachurus
mediterraneus (Steindachner, 1868) in the Central Black Sea

Orta Karadeniz’deki istavrit, Trachurus mediterraneus (Steindachner, 1868)
Baliginin Oliim ve Somiiriilme Oranlar1

Turk Denizcilik ve Deniz Bilimleri Dergisi

Osman SAMSUN?, Okan AK

Cilt: 4 Say: 2 (2018) 139-145

YOL?, Tevfik CEYHAN?"

1Sinop University, Faculty of Fisheries, Department of Fishing Technology, Sinop, Turkey
2Ege University, Faculty of Fisheries, Department of Fishing Technology, Zzmir, Turkey

ABSTRACT

This study provides some actual
information about length, weight, age, and
mortality rates of Mediterranean horse
mackerel  (Trachurus  mediterraneus)
population in the central Black Sea in order
to detect whether fishing pressure or not. A
total of 1467 specimens were monthly
collected from commercial purse-seiners,
which especially landed to Sinop fishing
port between September 2016 and March
2017. A total of 109 otoliths were used for
age reading. Total length and weight of T.
mediterraneus specimens were ranged
from 7.1 cm to 20.3 cm (average: 14.02
+0.04 cm) and 3.2 g to 67.7 g (average:
23.8 £0.19 g). The samples were grouped
densely between 12 and 15 cm and about
84% of samples in this study were within
the legal size. Length-weight relationship
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was calculated as W = 0.0067 x TL30848 (2
= 0.94). Age groups of horse mackerel in
the central Black Sea were between | and
I11. Mean lengths according to age groups
were 9.9 £0.36 cm, 14.1 £0.11 cm and 16.7
+0.13 cm, respectively. Also, von
Bertalanffy Growth Parameters were L, =
19.14 +0.46 cm, K = 0.65 £0.03, to = -0.08
+0.007 year. Mortalities (M, F and Z) and
exploitation rate (E) of T. mediterraneus
from the Central Black Sea were 0.84 year
1,0.87 year?, 1.712 year* and 0.51 year™,
respectively. The rates of exploitation and
minimum landing size indicate that there is
no overfishing on T. mediterraneus
population in the area for the time being.

Keywords: Atlantic horse mackerel,
Trachurus mediterraneus, length, weight,
exploitation, Black Sea
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OZET

Bu ¢alisma orta Karadeniz Bolgesindeki istavrit (Trachurus mediterraneus) populasyonu
tizerinde balik¢ilik baskisi olup olmadiginin tespiti amaciyla tiir {izerindeki boy, agirlik,
yas ve 0liim oranlar1 gibi guncel bilgileri icermektedir. Toplamda 1467 adet birey Eylil
2016 ve Mart 2017 tarihleri arasinda Ozelikle Sinop Limani’ndaki ticari girgir
teknelerinden aylik olarak toplanmistir. 109 adet bireyden yas okumak amactyla otolit
cikarilmigtir. T. mediterraneus bireylerinin boy dagilimlar1 7,1 cm ile 20,3 cm (ortalama:
14,02 £0,04 cm) arasinda degismekte iken agirlik dagilimlarinin 3,2 g ile 67,7 g
(ortalama: 23,8 +£0,19 g) arasinda oldugu tespit edilmistir. Ornekler 12-15 cm boy gruplari
arasinda yogunlasmis ve elde edilen bireylerin %84’Unin yasal avlanma boy degerinin
lizerinde oldugu tespit edilmistir. Boy-agirlik iliskisi W = 0,0067 x TL3%4 (r2 = 0,94)
olarak tespit edilmistir. Ornekler I ile III yas gurubu arasinda dagilim gostermektedir.
Yaslara gore ortalama boylar I. yas i¢in 9,9 0,36 cm; II. yas i¢in 14,1 £0,11 cm; III. yas
icin 16,7 £0,13 cm dir. von Bertalanffy Buyume parametreleri ise L, = 19,14 +0,46 cm,
K = 0,65 0,03, to = -0,08 £0,007 y1l olarak hesaplanmistir. Orta Karadeniz’den elde
edilen T. mediterraneus bireylerinin dogal &liim oran1 (M) 0,84 y1l'l, Balik¢ilik kaynakli
6liim oran1 0,87 y1l™t ve toplam 6liim oran1 1,712 y1l™? olarak hesaplanmistir. Somiiriilme
orani (E) ise 0,51 yil! olarak tespit edilmistir. Sémiiriilme orani ve karaya ¢ikarilan
rtinlerin boy gruplarina bakildiginda su an igin bu bolgede T. mediterraneus
populasyonu lzerinde bir av baskisinin olmadigi soylenebilir.

Anahtar sozciikler: Istavrit, Trachurus mediterraneus, boy, agirlik, somiiriilme,
Karadeniz.

1. INTRODUCTION

Mediterranean horse mackerel (Family
Carangidae) are pelagic-oceanic active
migratory fish and swims in large schools
in mid-water but feeds also near the
bottom. They feed on crustaceans (mainly
shrimps and mysids) and schooling fish
such as sardines and anchovies. Common
length is 30 cm and maximum length is 60
cm FL (Golani et al., 2006; Froese and
Pauly, 2017). Distribution is in Eastern
Atlantic: Bay of Biscay to Mauritania
including the Mediterranean Sea (Froese
and Pauly, 2017).

Trachurus mediterraneus (Steindachner,
1868) is common in all Turkish seas; it
also inhabits in the Black Sea and the Sea
of Azov. T. mediterraneus is a very
commercial fish species along the coasts of
Black Sea. Its fishing is conducted with
different fishing gears including pelagic
trawl, set nets, purse seine, and hand line

(Aydin and Karadurmus, 2013).

Total catch amount of Mediterranean horse
mackerel  (including Atlantic  horse
mackerel, Trachurus trachurus) in the
Black Sea in 2016 was about 7349 tons.
Catch amount of both horse mackerels in
the Black Sea is 2/3 in all horse mackerel
(as T. mediterraneus and T. trachurus)
production of Turkey (TUIK, 2017). It is
seen that there is an intensive fishing on
horse mackerel stocks in the Black Sea.
Thus, this study provides some actual
information such as length, weight, age
and mortality rates of Mediterranean horse
mackerel population in the southern Black
Sea in order to detect whether fishing
pressure or not.

2. MATERIAL AND METHOD
A total of 1467 specimens of T.

mediterraneus from the Black Sea were
monthly collected from commercial purse-
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seiners, which especially landed to Sinop
fishing port between September 2016 and
March 2017.

Total length (TL) of fish has been
measured to nearest £ 0.1 cm and £ 0.1 g.
Length-weight relationship (LWR) was
computed from the following formula: W
=ax TLP. The logarithmic transformation
was performed as logW=loga + blogL
where W is weight (g), L is length (cm), a
is the intercept and b is the slope of the
linear regressions.

A total of 109 otoliths were used for
ageing. Sagittal otoliths were removed,
wiped clean, and stored dry, and then
otoliths were placed in glycerol and were
examined (10X magnification) under
reflected light using a binocular
microscope (SOIF XSZ-7GX).
Non-seasonal growth parameters (L., K,
and to) were estimated with the wvon
Bertalanffy growth formula (VBGF) in the
FAO-ICLARM Stock Assessment Tools
(FISAT 1) computer program (FAO,
2006-2008) using individual lengths-at-
age. The von Bertalanffy growth equation
for length, L, = Lo, [1 — e X(&%)], where
L. is the asymptotic length, K the growth
curve parameter, and to the theoretical age
when fish length would have been zero,
was applied.

Natural mortality of Mediterranean horse
mackerel was computed from Pauly
(1980)’s following multiple regression
formula: In M = -0.0152 - 0.279 * In L.+
0.6543 * In K + 0.463 * In T. But Pauly
(1983) proposed that the formula can be
calculated lower percent 20 for schooling
fishes. The converted formula: M = 0.8 *
exp (-0.0152 -0.279 * In Lo + 0.6543 * In
K + 0.463 * In T). Where M is natural
mortality in a given stock, L is asymptotic
length, K is growth coefficient and the
value of T is the annual mean temperature
(in °C) of the sea water. The mean annual
habitat temperature (according to World
Sea Temperatures, 2018) is assumed as
13°C.

Total mortality (Z) was estimated from the
mean size in the catch, developed by
Beverton and Holt (1957). Z can be
estimated from mean length in the catch
from a given population by means of Z =
K (Loo' Lmean) / (Lmean' Lc) Where Lo and
K are parameters of the von Bertalanffy
growth equations; Erkoyuncu (1995)
stated that if Lc is not available, L’ can use
in the formula instead of the L, i.e. Lc =
L’. Lmean IS the mean length computed
from L' upward, the latter being a length
not smaller than the smallest length of fish
fully represented in catch samples (Pauly
and Soriano, 1986). Note that L’ is the
lower limit of the corresponding length
interval (Sparre and Venema, 1992).
Fishing mortality (F) can be estimated
from F=Z-M. Once values of F and M are
available, an exploitation ratio (E) can be
computed from E = F / Z (Sparre and
Venema, 1992). Which allows one to
assess if a stock is overfished or not, on the
assumption that the optimal value of E
(Eopt) is about equal to 0.5 (Pauly, 1980).
The null hypothesis of isometric growth
(Ho: b = 3) was tested by t-test, using the
statistic: ts= (b-3)/Sb, where Sb is the
standard error of the slope for a = 0.05
(Sokal and Rohlf, 1987). The difference
between the observed mean lengths and
calculated mean lengths in all age groups
was tested by Paired Sample t-test (Zar,
1999). The comparisons of growth
performance indices were also performed
by unpaired two-tailed t- tests. The
significance level a for a given hypothesis
in all statistical tests performed in this text
is at 0.05. All of the means were given with
standard error (£ SE). All calculations
were performed using the IBM SPSS
Statistics Ver. 20 software package.

3. RESULTS
Length and weight of Mediterranean horse

mackerel specimens were ranged from 7.1
cm to 20.3 cm (average: 14.02 £0.04 cm)
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and 3.29to 67.7 g (average: 23.8 £0.19 g).
The samples were grouped densely
between 12 and 15 cm in this study were
within the legal size (Figure 1).

Minimum landing size (MLS) is 13 cm for

35 H

T. mediterraneus according to Turkish
Fisheries Regulation Circular (TFRC).
Thus, 84% of all samples in this study are
over legal size (Figure 2).

Trachurus mediterraneus
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Figure 1. Length frequency of Trachurus mediterraneus in the Black Sea.

I i 16.2% <MLS

83.8% >MLS

Figure 2. MLS percentages for Trachurus
mediterraneus in the Black Sea.

The LWR equation was calculated as log
(W) =-2.1758 + 3.0848 log (TL) (and W
=0.0067 x TL3%4) (R2= 0.94) (Figure 3).
It seems that there is a positive allometry
in terms of b value.

1.8 | log (W) =-2.1758+ 3.0848log (TL) R*=0.94

0.5 0.7 0.9 1.1 13 1.5
log (TL)

Figure 3. Length-weight relationship of
Trachurus mediterraneus in the Black
Sea.

Age groups of Mediterranean horse
mackerel in the Black Sea were ranged
from 1 to 1ll. Mean lengths according to
age groups were 9.9 x0.36 cm, 14.1
+0.11cm and 16.7 +£0.13 cm, respectively.
Also, von Bertalanffy growth parameters
were L, =19.14 +0.46 cm, K =0.65 +0.03,
to = -0.08 £0.007 year (Figure 4).
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18
16

14

Figure 4. Age-length curve of Trachurus
mediterraneus in the Black Sea.

Observed and calculated lengths according
to age groups were shown in Table 1.
There is a significantly differences
between observed and calculated lengths
(P<0.05).

Table 1. Observed and calculated lengths
of Trachurus mediterraneus according to
age groups in the Black Sea

Age 1 2 3
Lobs. 9.85 14.1 16.7
Lcal. 9.70 14.2 16.6

Mortalities (M, F and Z) and exploitation
rate (E) of T. mediterraneus from the
Central Black Sea were 0.84 year?, 0.87
year!, 1.712 vyear! and 0.51 vyear?,
respectively. The mean annual habitat
temperature (T), Lmean and L’ are assumed
as 13°C, 14 cm and 12 cm, respectively.

4. DISCUSSION

There is gap on the population biology of
T. mediterraneus in the Black Sea. Only a
few studies were carried on merely length-
weight relations. LWR of T. mediterraneus
seems that there is a positive allometric
growth (b = 3.085). Other LWR
parameters and minimum and maximum

lengths and weights of Mediterranean
horse mackerel in the Black Sea were
shown in Table 2. There was usually
allometric growth (except Sahin et al.
2009) on T. mediterraneus in the Black
Sea according to the previous studies. In
this study, the maximal length has been
also seen among the other studies.

Age groups of T. mediterraneus in the
present study were ranged from I to Il1; the
largest group was II. Sahin et al. (2009)
reported similarly that age groups of I and
Il accounted for the majority of the T.
mediterraneus population in the Eastern
Black Sea. L value (19.14 cm) is different
with Sahin et al. (2009)’s study (26.1 cm).
This variation may be due to the
calculation methodology or age reading
verifying. Sahin et al. (2009) reported that
the 54% of fish caught was under MLS,
while 16.2% of fish was under MLS in this
study. This reduction of <MLS might be
arisen by strict surveillance of net meshes
or accurate resource management.

Thus, the existing of larger fish in our
samples may suggest that there is no heavy
fishing pressure on T. mediterraneus
stocks in the Black Sea. Moreover, the
estimate of fishing mortality (F = 0.87) is
some lower than natural mortality (M =
1.07), and according to exploitation rate (E
=0.51), T. mediterraneus fishery goes with
equilibrium.

T. mediterraneus is very commercial
pelagic species for the Black Sea region.
The current findings are in line with past
studies indicating that most Mediterranean
and Black Sea stocks are over-exploited
(Vasilakopoulos et al., 2014; Cardinale
and Scarcella, 2017).Thus, the fish stock
should be monitored and further studies on
the stock status are needed for sustainable
fisheries management.
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Table 2. Substantial LWR records of Trachurus mediterraneus in the Black Sea

Authors n L min-Lmax Win-Wmax a b R?

Sahin et al. (2009) 1312 9.2-19.0 - 0.009 2.955 0.94
Ozdemir et al. (2010) 902 7.2-18.0 3.6-49.8 0.007 3.045 0.98
Yankova et al. (2011)" 1432 7.0-18.4 4.5-55.0 0.005 3.168 0.92
Ozdemir and Duyar (2013) 526 9.4-15.1 4.6-25.2 0.003 3.302 0.90
Kasapoglu and Diizgiines (2014) 624 6.2-19.5 1.7-64.3 0.005 3.138 0.97
This study 1467 7.1-20.3 3.2-67.7 0.007 3.085 0.94

“Bulgarian waters
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ABSTRACT

The aim of this work is to identify main
impact factors affecting variations in the
geomorphology of the Mariana Trench
which is the deepest place of the Earth,
located in the west Pacific Ocean:
steepness angle and structure of the
sediment compression.

The Mariana Trench presents a complex
ecosystem with highly interconnected
factors: geology (sediment thickness and
tectonics including four plates that
Mariana trench crosses: Philippine,
Pacific, Mariana, Caroline), bathymetry
(coordinates, slope angle, depth values in
the observation points). To study such a
complex system, an objective method
combining various approaches (statistics,
R, GIS, descriptive analysis and graphical
plotting) was performed.

Methodology of the research includes
following clusters: R programming
language for writing codes, statistical
analysis, mathematical algorithms for
data processing, analysis and visualizing
diagrams, GIS for digitizing bathymetric
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profiles and spatial analysis. The statistical
analysis of the data taken from the
bathymetric profiles was applied to
environmental factors, i.e. coordinates,
depths, geological properties sediment
thickness, slope angles, etc. Finally, factor
analysis was performed by R libraries to
analyze impact factors of the Mariana
Trench ecosystem. Euler-Venn logical
diagrams highlighted similarities between
four tectonic plates and environmental
factors.

The results revealed distinct correlations
between the environmental factors
(sediment thickness, slope steepness,
depth values by observation points,
geographic location of the profiles)
affecting Mariana Trench morphology.
The research demonstrated that coding on
R language provides a powerful and highly
effective statistical tools, mathematical
algorithms of factor analysis to study
ocean trench formation.

Keywords: Factor Analysis, Marine
Geology, Pacific Ocean, R Programming
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1. INTRODUCTION

This  research  focuses on  the
geomorphological formation factors of
the Mariana Trench (Fig. 1), a long and
narrow topographic depressions of the sea
floor located in the west Pacific Ocean.
Mariana Trench is the deepest part of the
ocean floor, a distinctive morphological
feature of the convergent plate
boundaries, along which lithospheric

plates move towards each other, located
about 200 km parallel to a volcanic island
arc (Karato et al., 2001).

Figure 1. Study area: Mariana Trench

A trench marks the position at which the
subducting slab descends beneath another
lithospheric slab  (Deschamps and
Lallemand, 2003).

1.1. Geology: Sedimentation

Thin Quaternary clayey sediments overlie
a 400 m thick alternating sequence of the
Early Cretaceous quartz-trachyte pillow
lava and Early to Late Cretaceous
radiolarian cherts in the oceanward slope
of the Mariana Trench (Hirano et al.,
2002). The sediment cover is less than 10
m thick and is composed of soft, bedded
clay with sand-size ash fragments. This
clayey sediment covers a very gentle
terrace 500 m wide (Curtis and Moyer,
2005). The turbidite currents are being
generated on the outer shelf and upper
continental slope, due to the precipitation
and transport via the submarine canyons
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to the axial part of the trench. The speed
of such sedimentation in the bottoms of
trenches closely depends on the volumes
of the incoming sediments ranging from
300 to 3000 mm/thousand years (Ishizuka
et al., 2018). As a result of such
sedimentation, over one kilometer of
sediments have accumulated in the
southern Aleutian and Chilean trenches
over the last several hundred thousand
years. On the bottom of the deep ocean
trenches a longitudinal main channel is
usually formed under the influence of
turbidite currents (Pabst et al., 2012). It
creates  favorable  conditions  for
distinctive movements of the sand
sediments that shape large elongated
accumulations of the sediments (Ernst,
2001). As a hadal trench, Mariana Trench
belongs to the one of the deepest 45% of
the ocean’s depth range, and its unique
topography disrupts the continental shelf-
slope-rise to abyssal plain continuum,
resulting in an array of deep isolated
habitats. The often abrupt and distinct
topography is likely to further promote
speciation through high hydrostatic
pressure, remoteness from surface derived
food sources and geographic isolation
(Eustace et al., 2016).

1.2. Geomorphology: Cracks

Mariana Trench is notable for its well-
developed systems of cracks in the
structure. Cracks of the Mariana Trench
are abundantly developed at the edge of the
terrace, in the middle and upper part of the
terrace (Heuret and Lallemand, 2005).
The explanation of the formation of these
cracks is, besides gravitational instability,
that horizontal extension is due to the
trench-ward increase of the dip angle of the
ocean floor surface, and that this might
cause slope instability due to gravity pull.
The cracks on the surface of the seabed on
the oceanward slopes of the Mariana
Trench are attributed to tensile rock failure
induced by a combination of slope
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instability and earthquake shaking
(Schellart, 2007). The cracks of the
Mariana Trench are found on the
horizontal or very gentle slopes just above
steep cliffs, and are mostly elongated in
directions nearly parallel to the strike of
the cliffs, although some are aligned,
branching or merging have no vertical nor
lateral displacement, that could be
explained by open tension fractures.
Surface edges of the Mariana Trench
cracks are generally very sharp, indicating
their young origin, with a noticeable
pressure ridge caused by mud overflow
during closure of one crack. The cracks
were formed at the horizontally stretched
surface of the down-going subducting
oceanic plate under tensional stress. This
tensional stress may have been caused by a
combination of gravitational slope
instability plus additional inertia during
earthquake shaking which occurs close to
these areas (DeMets et al., 1990). Thus, the
cracks were formed at topographically
specific areas, where gravitational
instability or instability occurs at the edges
of the slope or top of the ridge (Ishizuka et
al., 2010).

1.3. Tectonics: Slab Movement

Understanding the mechanisms of trench
migration (retreat or advance) is crucial to
characterizing the driving forces of Earth’s
tectonics plates, the origins of subducting
slab morphologies in the deep mantle, and
identifying  the  characteristics  of
subduction zones systems, which are
among the fundamental issues of solid
Earth science (Yoshida, 2017).

Recent studies revealed (Faccenna et al.,
2009) that Mariana Trench advance toward
the upper plate corresponding to the
subduction of very old, Mesozoic oceanic
lithosphere. The Mariana Arc lavas are
relatively enriched in Molybdenum (Mo)
and have §%*° Mo significantly greater
than MORB (apart from the samples from
the island of Agrigan). This implicates the

addition of a Mo-rich fluid with §%/**Mo
~+0.05% to the mantle wedge beneath
most islands (Freymuth et al, 2015).
Recently updated analyses of global plate
motions indicate that significant trench
advance is also rare on Earth, being largely
restricted to the Marianas—Izu—Bonin arc
(Cizkova and Bin, 2015). The effects of
trench migration on the descent of
subducted slabs are discussed by Griffiths
et al., 1995. The global plate tectonics
movements shaping the seafloor
bathymetry can be described as follows.
The seafloor spreading creates an axial
rift and corrugated hills. Spreading
ridges are formed by nearby faults where
the most destructive earthquakes occur.
Subduction of the cooled plate into the
mantle causes creation of the deep ocean
trenches and here, as a consequence, the
major  earthquakes and tsunamis
originate. The plates act as giant
radiators of the heat cooling, thickening,
and gradually subsiding by progressing
from ridge to trench. It explains the
appearance of the double seismic zone
beneath the Mariana Island arc
(Samowitz and Forsyth, 1981). In such a
way, tectonic plates form the large-scale
pattern of the system of ridges and deep
ocean basins.

The deformation of the upper plates, as
well as the surface migration of the
ocean trenches of the Pacific Ocean are
the prevailing observables of the
dynamics of the inter parts of the plates,
as described in various research papers
(e.g., Miller et al., 2004). Therefore, the
classification of the tectonic plate
boundaries according to their cross-
correlation with the kinematical and
geometrical properties of the plate
boundaries  should  reflect their
geodynamics. Various research papers
have discussed a problem of the slab
movement around the trench (e.g.
Fujioka et al., 2002; Funiciello et al.,
2008; Heuret et al., 2012.)

148



Lemenkova, Turkish Journal of Maritime and Marine Sciences, 4(2): 146-155

2. MATERIAL AND METHOD

2.1. GIS Data Processing

The GIS part of the research is
performed in the QGIS by creating 25
bathymetric profiles crossing Mariana
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Figure 2. Violin plots showing depth data distribution for observation points of the
25 bathymetric profiles of the Mariana Trench

Data includes tectonic plates, topography
of the profiles, slope angle, depths, aspect
class, location of the igneous volcanic
areas, sediment thickness. In the QGIS
several tasks were performed using
thematic plugins (e.g. coordinate re-
projecting). The geospatial data have been
uploaded to form the GIS project
(bathymetric features, sediment thickness,
location of the igneous volcanic zones).
Multiple thematic layers were upload into
the GIS system that include among others
marine geology data stores in layers,
settings, coordinate system, parameters,
etc. The geometry of the profiles has been
digitized along the Mariana Trench, the
attributes (profiles names and coordinates)
have been entered. Every profile had a
length of 1.000 km and the distance
between each two neighbor profiles 100
km along the path of the trench. The GIS
processing resulted in bathymetric 25
profiles. The GIS project has been re-
projected into the UTM cartesian
coordinate system (square N-55).

2.2. Analysis of Data Distribution

The violin plots (Fig. 2) were created to
show  Kernel  probability  density
distribution of the bathymetric
observations, as multimodal distributions
with multiple peaks. Kernel density
distribution plot as shown on the Fig. 2 was
created using library {violinmplot} of R in
a combined plot, which includes calculated
quantiles for 0.25 and 0.75 of the data pool.
The kernel density estimation (KDE) is a
non-parametric way to estimate the
probability density function of a random
variable of the observation depth. The
KDE has been performed by smoothing
data points across the sample points in the
profiles 1:25 of the Mariana Trench.
Kernel density estimates can be endowed
with properties such as smoothness or
continuity of the bathymetric data by using
a suitable kernel. Technically, besides
{violinplot} library, a kernel density
estimation function can be implemented in
R through the density, the {bkde} function
in the {KernSmooth} library, as well as
through the {kde} function in the {ks}
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library. To use the {kde.R} function, it is
not required to install any packages or
libraries, while {violinplot} package was
installed and activated prior to the current
work.

2.3. Factor Analysis

To perform factor analysis and principal
component analysis, an approach based on
the use of R scripting was used (Fig. 3). To
this end the R libraries for scripting
simulations were used aimed to model
principal  factors that affect the
morphology of the trench.

Filo Edt Forms Workspece Packiges 8 Dsta  Misc  Window Help

Figure 3. A programming script for factor
analysis written on R code.

For the factor analysis the entire modeling
process including grid generation, model
setup, execution and analysis of the results
with visualized correlation matrix showing
the more important factors impacts
according to their values, has been carried
out from a single R script, with the results
of the correlation matrix shown on Fig. 4.
The standardized loadings based upon
correlation matrix of factor analysis of the
Mariana Trench (Fig. 5) show the impact
values of each factor. For this research the
fa() function from R was used (Fig. 3),
which received the following primary
arguments: r: the correlation matrix;
Nfactors: number of factors to be

extracted; rotate: one of several matrix
rotation methods, such as “varimax” or
“oblimin” (Fig. 8).

# R File Edit Format Workspace Packages&Data Misc Quartz Window Help
® ® R Console
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Figure 4. Correlation matrix of factors of
the Mariana Trench. R Programming

Next, an alternative to factor for the
components analysis was performed using
{FactoMiner} library by cluster analysis
ICLUST (Fig. 9). This goal is the same as
factor or components analysis, but
methodologically, it  reduces the
complexity of the data and attempts to
identify homogeneous sub-groups. Here,
the exploratory factor analysis aims to
extract a more regular impact factors of the
geologic  morphology  development,
whereas cluster analysis and hierarchical
dendrogram extract the groups and classes
in a total cloud of the bathymetric
observation points.

Finally, the factor analysis results in the
illustrating cross-influences of the most
notable factors: geological,
geomorphological, tectonic, geographic
and environmental parameters.
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Figure 5. Standardized loadings based
upon correlation matrix of factor analysis

This enables to quantitatively analyze
correlation between the actual shape of the
trench and its environmental impact
factors (Fig. 6). Fm: one of several
factoring methods, such as “pa” (principal
axis) or “ml” (maximum likelihood), as
shown on the Fig. 3.
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Figure 6. Exploratory factor analysis

The omega testing was done to find out
two alternative estimates of the reliability
that take into account the hierarchical
structure of the inventory data are o (Fig.
10 and Fig. 11). These were called using

the omega function for factor analysis, R.
The computed coefficient  omega
(hierarchical) (wh) is an estimate of the
general factor saturation of the performed
test. Various factoring methods have been
tested in this research to better describe
data factors. Nevertheless, the fa() function
provided the best results used for common
factoring (Fig. 7). In this research the
oblique rotation (rotate = “oblimin”) has
been used, which recognizes that there is
likely to be some correlation between
geomorphological ~ factors  affecting
Mariana Trench formation. The principal
axis factoring (fm = “pa”) was used in this
research, as the identifying the underlying
constructs in the data was not necessary in
this case.

Parallel Analysis Scree Plots

\ FA Simulated Data

eigenvalues of principal components and factor analysis

Factor/Compenent Number

Figure 7. Parallel analysis scree plots

The exploratory factor analysis (EFA)
matrix is shown on Fig. 8. Finally, the
Euler-Venn plot (Fig. 12) has been drawn
to visualize all possible crossings between
the variables using {venn} library of R
calling following script:

x <-list(Philippine = MDF$plate_phill,
Pacific = MDF$plate_pacif, Mariana =
MDF$plate_maria,

Caroline = MDF$plate_carol,

Aspect = MDF$aspect_class,

Morphology = MDF$morph_class,
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Slope = MDF$slope_class)
venn(x, ilabels = TRUE, col = "navyblue",
zcolor = "style")

3. RESULTS

Once all the cross-section profiles had
been inspected, the assessment of the
bathymetric observation points and other
environmental parameters (depth,
sediment thickness) has been met by the
factor analysis correlation matrix (Fig. 8).

Factor Analysis
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Figure 8. EFA correlation matrix.

The factor loadings (Fig. 5) enable to
assess the results of the factor solutions.
Thus, we can see that the sediment
thickness (factor solution = 0.65), slope
angle steepness (factor solution = 0.61),
and Mariana Plate location (factor solution
= 0.74) have high factor loadings >0.5
around 0.7 on the first factor (PA1).
Therefore, these factors are the most
influencing and representative for the
morphology of the trench. The sediment
thickness is mostly impacted by the slope
steepness degree. Two geophysical
indicators were particularly tested in the
comparative analysis (Fig. 5). It was
furthermore found that slope degree and
amplitude has important impact on the
sediment thickness, while the aspect
degree has lesser effect.
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Secondly, the second column (PA2)
reveals (Fig. 5) that calculated tg° slope
angle has a factor solution 0.98
(extremely high), following by depth
distribution (factor solution = 0.76).
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Figure 9. iCLUST analysis

The location of the Caroline and Philippine
Plates do not affect that much Mariana
Trench having negative factor solutions -
0.79 and -0.70, respectively), as well as a
much lower loading on PA2 (factor
solutions = 0.25 and 0.12) and that it has a
slight loading on factor PA1.
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Fhilippine_plate- )

Aspect_degre

Figure 10. General factor saturation (oh)
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This suggests that statistics is less related
to the concept of Caroline and Philippine
Plates than Mariana Plate and its
geomorphic environmental settings, such
as tg° slope angle, sediment thickness,
slope angle steepness.

Omega

Fhilippine_plate

0.6—>Pepth_Meark—0'9 U

"

Espect_degreej-‘-' ’

Figure 11. General factor saturation
through omega coefficient: 3 factors ()

Furthermore, on the resulting table (Fig. 5)
one can see that each factor accounted for
the 20% (0.26% and 0.18%) of the
variance in responses, leading to a factor
solution that accounted for 100% of the
total variance (Cumulative proportion
PA2: 1.00) in the Mariana Trench
morphology formation.

Finally, these factors are correlated in-
between at 0.15 and recall that this choice
of the oblique rotation allowed for the
recognition of this relationship. The
hypothesis testing was sufficient, with
following factors having the highest score:
tg°® slope angle, sediment thickness,
Mariana Plate location.

4. DISCUSSIONS

Current studies have revealed that there are
factors influencing Mariana Trench
geomorphic structure the most, namely:
sediment thickness of the basement, slope
angle steepness degree, angle aspect,
bathymetric factors, such as depth at
basement, means, median and minimal
values, closeness of the igneous volcanic
areas causing possible earthquakes, and
geographic location across four tectonic
continental plates including Mariana,
Pacific, Philippine and Caroline.

The bathymetry of the ocean floor reflects
plate tectonics processes, including trench
movement, deformation and bending
which is associated with mantle
convection at the global scale. Therefore,
studying combination of these factors is a
prerequisite for the correct understanding
of the complex processes that take place in
the abyssal environment of the Mariana
Trench. The tectonic plates, sediment
thickness and location of the igneous
volcanic areas around the cross-section
profiles play an essential role in the
morphology of the trench. Complex
distribution of various environmental
factors on the adjacent abyssal plains of the
ocean contributes to the formation of the
geomorphic features of the ocean bottom
in the Mariana Trench.

5. CONCLUSIONS

The main innovative idea of this research
was integrated usage of R programming
language and statistical analysis towards
marine geological studies. Geological
studies of such complex geomorphic-
oceanological system as Mariana Trench
has specific points that distinguish it from
the study of the valleys located on
continents.

First, the rocks of the ocean floor are a
closed object, which it is studied mainly
by geophysical, i.e. remote, methods.
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These observations include the study of
cores obtained from drilling vessels or
platforms, samples collected while
dredging the seabed.

Secondly, the knowledge of the geology
of the ocean is connected with a thorough
understanding of the basics of geophysics,
geography, geomorphology,
oceanography, cartography, informatics
and principles of the data interpretation.

Pacific Mariana

Caroline

Philippine

Hillshade

Figure 12. Euler-Venn logical diagram on
correlation of impact factors affecting
Mariana Trench. Upper: four tectonic
plates. Below: environmental factors.

Therefore, a complex variety of methods
IS necessary to study Mariana Trench that

has been demonstrated in this research by
R programming language.

Current research was intended to
highlight the problem of the Mariana
Trench  very complex  formation
consisting of a variety of environmental
factors. Mariana Trench is formed as an
ocean seafloor geomorphological
structure located in the zones of the
continental margin  tectonic  plates
bending. Moreover, a special attention
was paid to the application of the
algorithms of factor analysis: scripts with
screen shots of codes, correlation matrix,
as well as visualization of factor analysis.
As a case study of this research, the
application of R programming towards
geoscience studies successfully revealed
impact factors affecting the abyssal
morphology of the Mariana Trench. It
contributed towards question of how we
can measure and analyze the structure of
trench in the least reachable location of
the World Ocean.
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ABSTRACT

In the present study, sampling was monthly
collected from commercial fishing longline
boats operating in the southeastern
Mediterranean Sea (Arsuz coast) during
September 2017-April 2018 and the
relationship between fish length and otolith
dimensions (length, width and weight) of
151 redcoat samples were examined. Right
otolith pairs were used for calculations
since there were no statistical differences
between left and right otoliths (P>0.05).
Total fish lengths of all samples ranged
from between 11.4-21.0 cm. Otolith lengths
and otolith widths were calculated between
0.35-0.86 cm and 0.26-0.56 cm for all
samples. Otolith weights were determined

Article Info

Received: 12 July 2018
Revised: 31 July 2018
Accepted: 05 August 2018

between 0.010-0.059 g. Total fish length-
otolith length, total fish length-otolith
width and total fish length-otolith weight
relationships were determined as OL=
0.0512TL+0.186  (r’=0.865),  OWi=
0.0255TL+0.0021 (r’=0.825) and OW=
0.00002TL2%7 (r>=0.936) on the total of
151 specimens, respectively. Linear
relationships between total fish length-
otolith length and total fish length-otolith
width were found in all fish. The results of
study will have new contributions to the
field and useful to fisheries management.

Keywords: Sargocentron rubrum,
Holocentridae, Otolith biometry, Turkey

*(corresponding author)
E-mail: deniz.erguden@iste.edu.tr

156



Kabakli and Ergiiden, Turkish Journal of Maritime and Marine Sciences, 4(2): 156-162

OZET

Bu calismada, Eyliil 2017-Nisan 2018 ddnemlerinde Giineydogu Akdeniz'de (Arsuz
kiyilarinda) faaliyet gosteren ticari balik¢i parekete teknelerinden aylik olarak
orneklenen 151 adet Kizil Akdeniz gé¢meni Hindistan baligi bireylerinin balik boyu ve
otolit boyutlar1 (uzunluk, genislik, agirlik) arasindaki iligkisi incelenmistir. Sag ve sol
otolitler arasinda istatistiksel fark bulunmadigindan, hesaplamalarda sag otolit ciftleri
kullanildi (P> 0.05). Tiim 6rneklerin toplam balik uzunluklar1 11.4-21.0 cm arasinda
degismistir. Tiim 6rnekler igin otolit uzunluklar1 ve otolit genislikleri 0.35-0.86 cm ile
0.26-0.56 cm arasinda hesaplandi. Otolit agirliklar1 ise 0.010-0.059 g olarak belirlendi.
Toplam balik boyu-otolit uzunlugu, toplam balik boyu-otolit genisligi ve toplam balik
boyu-otolit agirlik iliskisi Sirastyla, toplam 151 &rnek iizerinde; OL = 0.0512xTL +
0.186 (r> = 0.865), OWi = 0.0255xTL + 0.0021 (r?> = 0.825), OW = 0.00002xTL>578 (r
= 0.9366) olarak belirlendi. Tiim baliklarda toplam balik boyu-otolit uzunlugu ve
toplam balik boyu-otolit genisligi arasinda dogrusal iliski bulunmustur. Calismanin

sonuglari, alana yeni katkilar saglayacak ve balik¢ilik yonetimine faydali olacaktur.

Anahtar s6zcukler: Sargocentron rubrum, Holocentridae, Otolit biyometri, Tlrkiye

1. INTRODUCTION

The redcoat Sargocentron  rubrum
(Forsskal, 1775) is associated with the
species (at depths ranging from 1-84 m)
found in coastal reefs or wrecks in lagoons,
bays, or harbors (Lieske and Myers, 1994;
Randall, 1998). This species may also
occur in caves and cracks of rocks during
the day (Kuiter and Tonozuka, 2001) and
its distribution in the Indo-West Pacific:
Red Sea to the western Pacific where it
ranges from southern Japan to New
Caledonia, Vanuatu and New South Wales,
Australia and Tonga Redcoat commonly
feeds on crustaceans, fishes, and mollusca
(Randall et al., 2003; Froese and Pauly,
2018).

In bony fishes, the otolith sagitta are the
largest pair among the three pairs of
otoliths that the fishes have in their inner
ear (Harvey et al. 2000). Fishery biologists
have used sagitta in different aspects of
biological studies due to their large size
and distinct growth rings (Boehlert, 1985;
Sumerfelt and Hall, 1987).

The use of the relationship between otolith
size and fish size did not become a
common practice until the early second
half of the twentieth century till Trout
(1954) and Templemann and Squires
(1956) demonstrated their usage in
retrieving the fish size from the size of
their otolith (Echeveria 1987; Aydin et al.,
2004; Jawad et al., 2011).

There are scarce studies (Rivaton, and
Bourret, 1999) about redcoat in the world
that refer to aspects of otolith characters.
No information currently exists on the
otolith characters of S. rubrum in the
Mediterranean coast of Turkey.

In this study, relationships total fish length
and otolith morphology of redcoat was
examined for the first time. This study is an
important new contribution for sustainable
fisheries management in the area.

2. MATERIAL AND METHOD
A total 151 redcoat samples was monthly

collected from commercial fishing longline
boats operating in the southeastern
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Mediterranean Sea (Arsuz and Iskenderun
coast) during September 2017-April 2018
(Figure 1).

All  captured 151 individuals were
measured to the nearest 0.1 cm for total
length (TL; most anterior point to the
posterior tip of the caudal fin). Sagittal
otoliths were removed, wiped clean, and
stored dry in U-plates, then placed in
glycerol for examination under reflected
light using a trinocular microscope.

The right otolith was used for otolith width
and otolith length. Otolith length (OL) and
otolith width (OWi) (£ 0.001 mm) were
determined by Olympus SZX-7. Otolith
length was defined as the greatest distance
between anterior and posterior edge and
otolith width was described as the greatest
distance from dorsal to ventral edge
(Figure 2).

Otoliths were weighted using Precisa
precision scales (OW) (x 0.0001 g). The
paired t-test was used to check the
differences between left and right otolith.
The fish length-otolith length and fish
length-otolith width relationships were
examined by using the linear regression
model and following equation: y = a + bx,
where: x; fish length, y; otolith length-
otolith width, a; intercept value, b;
coefficient value. However, the total fish
length-otolith weight relationship was
described using non-linear power model as:
y = ax®. Relationships with the highest
coefficient variation of determination (r?)
were adopted as the best predictor (Zar,
1999). Descriptive statistics were derived
using SPSS 21.0 package program.
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Figure 1. Sampling area

Figure 2. Sagittal otolith (right) of the
redcoat, Sargocentron rubrum in the
Southeastern Mediterranean Sea, Turkey
(Total length of the fish = 151, otolith
length = 6.1 mm; OL = otolith length, OW
= otolith width.

3. RESULTS

In this study, the relationship between fish
size and otolith size of 151 redcoat samples
were examined. Total fish lengths of all
samples ranged from between 11.4-21.0
cm. Otolith lengths determined between
0.35-0.86 c¢m, otolith width 0.26-0.56 cm,
for all samples. Otolith weights were
determined between 0.010-0.059 g (Table
1).

The right otolith pairs were used for
calculations since there were no statistical
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differences between left and right otoliths
(P>0.05). A linear regression model was
used to determine the relationship between
fish length and otolith size, whereas an
exponential regression model was used to
describe the relationships between fish
total lengths and weights of otoliths.

Total fish length-otolith length, total fish
length-otolith width and total fish length-
otolith weight relationships were found
OL= 0.0512xTL+0.186 (r’=0.865), OWi=
0.0255xTL+0.0021 (r?>=0.825) and OW=
0.00002xTL2%7 (r?=0.936), on the total of

151 specimens, respectively (Figure 3,
Figure 4 and) Figure 5). It has been
determined that there is high correlation
relationship between otolith sizes and fish
sizes. Linear relationship between total fish
length-otolith length and total fish length-
otolith width were found in all fish.
Calculated regressions were revealed a
high coefficient of determinations ranging
from 0.825 to 0.936. The otolith length,
otolith width and otolith  weight
measurements are given in Table 1.

Table 1. Fish and Otolith measurement of S. rubrum in Iskenderun Bay

Measurements N Min. (cm) Max. (cm) Mean (cm)+SE
Fish total length 151 11.40 21.00 16.01+1.867
Otolith length 151 0.35 0.86 0.63+0.102
Otolith width 151 0.26 0.56 0.41+0.051
Otolith weight 151 0.010 0.059 0.033+0.008

N: sample size, min: minimum, max: maximum, TL: total length (cm), OL: otolith length (cm), OWi:

otolith width (cm), SE; Standart Error
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Figure 3. Relationships total fish length- otolith length for S. rubrum
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Figure 5. Relationships total fish length-otolith weight for S. rubrum

Otoliths commonly are used to determine
the taxon and age of fishes. This
information is useful for population
management, predator-prey studies, and
archaeological research (Harvey et al.,
2000).

In our study, the smallest otolith size was
determined as 0.35 c¢cm and the largest
otolith size as 0.86 cm. averages and
standard deviation as 0.63£0.10. Minimum
fish length, 11.40 cm, maximum fish
length, 21.00 cm, average and standard
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deviation was determined as 16.01+1.86
cm. According to the results of the
regression analysis, it were found that the
relationships between the fish length-
otolith length and the fish length-otolith
width was strong correlations.

Rivaton and Bourret (1999) reported that
the smallest otolith size was determined as
7.5 mm and the largest otolith size as 9.4
mm for left and right sagitta in the Lagon
Nouvelle-Calédonie. This finding is close
in agreement with the result of Rivaton and
Bourret (1999).

In the present study, the otoliths of S.
rubrum did not show significant
differences in sizes between left and right
sagitta. Similarly, Hunt (1992) revealed
that investigation of sagitta morphometric
parameters in eight species of the NW
Atlantic Ocean, no statistically significant
difference between left and right otoliths.
Besides, Harvey et al. (2000) stated that 63
species of the Eastern North Pacific Ocean,
the relationship between otolith length and
body weight was no statistically significant
differences between left and right otoliths
all with except for one species.

Previous studies usually focused on the
relationship between fish size and only one
sagitta sizes (Wyllie 1987, Gamboa 1991,
Granadeiro and Silva 2000, Harvey et al.
2000, Waessle et al. 2003, Battaglia et al.
2010). On the other hand, the present paper
supplies  additional information by
considering both the otolith length (OL)
and otolith width (OWi). It is more reliable
to calculate more than one equation (TL-
OL and TL-OWi) since the tip of the
otolith rostrum or the dorsal or ventral
edges of the otolith may be damaged,
making it impossible to measure the OL or
OWi.

4. CONCLUSIONS

The description of otolith morphometry
provided in this study for S rubrum is given
for the first time in this study area. The
results of the present paper address to this
need, providing TL-OL, TL-OWi and TL-
OW relationships for the redcoat, S.

rubrum. Besides, the results of study will
have new contributions to the field and
useful to fisheries management.
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ABSTRACT

This paper reports the presence of new
striped piggy, Pomadasys stridens
specimens in the Turkish Aegean Sea.
Four specimens, measuring between 136
and 140 mm in TL, were captured off
Marmaris coast, Mugla in southern
Aegean Sea on 16 March 2018. This short
paper presents second record of the fish in
the Aegean Sea that indicates beginning of
its established population in the area.

Keywords: Pomadasys stridens, presence,
measurement, Marmaris, Aegean Sea

Article Info

Received: 02 August 2018
Revised: 13 September 2018
Accepted: 20 September 2018

*Corresponding Author
E-mail: okan.akyol@ege.edu.tr

163



Akyol and Coker, Turkish Journal of Maritime and Marine Sciences, 4(2): 163-166

OZET

Bu makale, Ege Denizi’nde yeni Pomadasys stridens bireylerinin bulunusunu rapor
etmektedir. 16 Mart 2018 tarihinde 136 ve 140 mm arasinda total boyda 6lgiilen dort birey
gliney Ege Denizi’nde Marmaris kiyilar1 (Mugla) agigindan yakalanmistir. Bu kisa
makale, Ege Denizi’nde bunlarin populasyonunun yerlesmeye basladigini gosteren ikinci

kaydini sunmaktadir.

Anahtar sozcukler: Pomadasys stridens, bulunus, 6lgiim, Marmaris, Ege Denizi

1. INTRODUCTION

Striped piggy, Pomadasys stridens
(Forsskal, 1775) is one of the five
Haemulid fish, however, single Lessepsian
migrant in the Mediterranean Sea (Froese
and Pauly, 2018). It inhabits coastal waters
and swims in schools over sandy substrates
to a maximum depth of 25 m (Golani, et al.
2006; Froese and Pauly, 2018). It feeds on
demersal invertebrates, spawning season is
in spring and summer, and its eggs and
larvae are planktonic (Golani et al. 2006).
Pomadasys stridens is known from the
Indian Ocean; Red Sea, off South Africa,
off Western India and from the East Africa
to Mozambique to the Arabian Gulf
(Golani et al., 2002; Froese and Pauly
2018). It entered the Mediterranean from
the Red Sea via the Suez Canal, where it is
found from the Gulf of Iskenderun, Turkey
to Egypt (Golani et al. 2006).

In the Mediterranean Sea, P. stridens has
been recorded for the first time in the Gulf
of Genoa, Italy by Torchio in 1969 (Golani
et al. 2002). It was later recorded by Ben-
Tuvia (1976) in Bardawil Lagoon, Egypt.
Recently, it has been recorded from
Yumurtalik Bay, Iskenderun, Turkey (n=6;
TL range: 133-158 mm) on 18 October
2009 (Bilecenoglu et al. 2009); from Israel
coasts (n=18; TL range: 69-145 mm) in
2008-2011  (Edelist,  2014);  from
Iskenderun Bay (n=335; TL range: 76-177
mm) in 2011-2012 (Erguden et al., 2015);
from Cape Greco, Cyprus (n=1; TL: 149
mm) on 20 September 2014 (Iglésias and
Frotté, 2015); from Bitter Lakes in Suez

Canal, Egypt (TL range: 70-199 mm)
between January 2013 and January 2014
(ElI-Azim et al., 2017); from Gokova Bay
(n=1; TL: 130 mm) on 03 November 2015
(Akyol and Unal, 2016) and this was the
first record of P. stridens in the Aegean
Sea.

2. MATERIAL AND METHOD

On 16 March 2018, four specimens of P.
stridens (Figure 1) was captured by a
trammel net, targeted red mullets, from
Marmaris Bay, SE Aegean Sea (36°50°.00
N - 28°15°.00 E) at a depth of 12 m. The
specimens were fixed in 5% formaldehyde
solution and stored in the fish collection of
the Mugla Sitki Kogman University,
Fisheries Faculty (MUSUM/PIS/2018-2).

|l|||I|HJIHIrHIIJIIHIHHJHHI!IIF{HI'HHI’IIII'IIIIIIIII‘"Hllllllllll’|El||Ill|‘IIII|IIII’||IIIIII|1HII‘HH\HIW\ | ‘
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Figure 1. Pomadasys stridens, caught
from Marmaris Bay, SE Aegean Sea (ref.
MUSUM/PIS/2018-2) (Photograph: T.
Coker)
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3. RESULTS AND DISCUSSION

The specimen was measured to the nearest
millimeter (Table 1). All determined
measurements, and color patterns are in
accordance with the descriptions of Ben-
Tuvia and McKay (1986), Golani et al.
(2002, 2006), Bilecenoglu et al. (2009),
Akyol and Unal (2016) and Froese and
Pauly (2018).

The recent records show that P. stridens
especially  settled in  north-eastern

Mediterranean coasts of Turkey. However,
one specimen found in Cape Greco,
Cyprus (lglésias and Frotté, 2015) and the
recent two records (Akyol and Unal, 2016
and this study) from the Aegean Sea also
show that P. stridens is advancing
westward step by step. Therefore, this
short paper presents additional record of
the fish in the Aegean Sea that indicates
beginning of its established population in
the area.

Table 1. Morphometric measurements, ratios and counts of Pomadasys stridens, captured

from Marmaris Bay, SE Aegean Sea

Specimens 1 2 3 4
Size Proportion | Size  Proportion | Size Proportion| Size Proportion

Measurements (mm) % (mm) % (mm) % (mm) %

Total length (TL) 136 136 140 137

Standard length (SL) 116 85.3TL 116 85.3TL 125  89.3TL 117 85.4TL

Maximum body depth 34 25.0TL 34 25.0TL 37 26.4TL 33 24.1TL

Pre-dorsal fin length 33 24.3TL 33 24.3TL 36 25.7TL 35 255TL

Pre-pelvic length 34 25.0 TL 33 243 TL 35 25.0 TL 34 248 TL

Pre-anal fin length 76 559 TL 76 55.9 TL 79 56.4 TL 76 55,5 TL

Head length (HL) 32 235TL 33 24.3TL 36 25.7TL 32 234 TL

Eye diameter 9 28.1 HL 9 27.3 HL 10 27.8 HL 10 31.3HL

Preorbitary length 9 28.1 HL 9 27.3 HL 10 27.8 HL 9 28.1 HL

Counts

1st Dorsal fin rays Xl Xl XI1 XI1

2nd Dorsal fin rays 13 14 13 13

Anal fin rays 11+8 11+8 1+8 1+8

Pectoral fin rays 16 16 17 16

Ventral fin rays I+5 I+5 I+5 I+5

Weight (g) 39 36 41 36
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ABSTRACT

The aim of this study is to analyze the
market structure and competitiveness
levels of cruise port sector in Turkey. In
this context, initially, the cruise tourist
movement for the period of 2003-2017 is
presented. For the specified time span,
“Concentration Analysis (CR;-CR5)” and
“Herfindahl-Hirschman Index (HHI)” are
used to comprehend the market structure.
Then, the competitiveness of regions and
cruise ports is analyzed using “Shift-Share
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findings, although the cruise port sector in
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Especially, Cesme and Bodrum regions are
found as rising stars in spite of sharp
decline in 2016 and 2017.

Keywords: Cruise port, Cruise Tourist,
Competitiveness, Concentration, Turkey

*Corresponding Author
E-mail: eakgul@bandirma.edu.tr

167



Akgul, Turkish Journal of Maritime and Marine Sciences, 4(2): 167-179

OZET

Bu ¢alismada, Tiirkiye’deki kruvaziyer limancilik sektorii pazar yapisinin ve rekabetgilik
diizeylerinin analizi amag¢lanmistir. Bu baglamda 6ncelikle 2003-2017 yillar1 arasindaki
kruvaziyer yolcu hareketlerine verilmistir. S6z konusu zaman araligina yonelik olarak
“Yogunlasma Oranm1 (CR3; — CRg)” ve “Herfindahl-Hirschman Endeksi (HHI)”
yogunlagma analizleri uygulanarak sektoriin pazar yapisi anlagilmaya calisilmistir.
Ardindan, 2003-2007, 2008-2012 ve 2013-2017 dénemlerini kapsayacak sekilde ii¢ ayr1
zaman araligina gore Tiirkiye’deki kruvaziyer bolgelerinin ve limanlarinin rekabetcilik
duzeyleri, Pay-Degisim Etkisi (Shift-Share Analysis) yontemi ile incelenmistir. Elde
edilen bulgulara gore, Tiirkiye’deki kruvaziyer limancilik sektdriiniin oligopol pazar
yapisina sahip olmasina ragmen, oOzellikle son yillarda rekabet baskisinin arttigi
gdzlenmistir. Ozellikle 2016 ve 2017 yillarinda Tiirk limanlarini ziyaret eden kruvaziyer
turist sayisindaki dramatik azalmaya ragmen Cesme ve Bodrum bdlgelerinin, parlayan
y1ldiz olarak beklenenin iizerinde kruvaziyer turisti agirladig1 saptanmistir.

Anahtar sozcikler: Kruvaziyer Liman, Kruvaziyer Turist, Rekabetcilik, Yogunlasma,
Turkiye

dinamik ve en  hizlhi  biiyiiyen
sektorlerinden birisi haline gelmistir (Sun

1. GIRIS

Turizm, kiiresellesmede anahtar bir role
sahip olup, dogas1 geregi diinya
ekonomisinin ~ en  uluslararasilasmis

sektorlerinden birisidir (Gui ve Russo,
2011: 129).  Turizm  endustrisinin
kiiresellesmesinde  kruvaziyer turizmi;
diinya cografyas1 iizerindeki genis pazar
alani, farkli milliyetlerdeki turistlere
yonelik  uygulamalar1  ve  mobilize
varliklara sahip olmasi nedeniyle, adeta bir
sembol niteligindedir (Rodrigue ve
Notteboom, 2013: 31).

“Deniz-kum-giines” seklindeki geleneksel
turizm aktivitelerinden sikilan turistlere
yonelik farklt deneyimler iceren bir
alternatif turizm ¢esidi olarak kruvaziyer
turizmini tercih eden turist sayisi; 1960’11
yillarin ~ sonlarindan itibaren, yiiksek
kapasiteli gemilerin kullanilmaya
baslanmasi, yeni destinasyon
seceneklerinin cogalmasi, sirketler
tarafindan yapilan promosyonlar ve
gemilerde gergeklestirilen etkinlik
cesitlerinin artmasina bagli olarak biiyiik
oranda artig géstermistir (Sezer, 2014: 51,
Dike¢ vd. 2014: 73). Bu nedenle
kruvaziyer sektor, turizm endustrisinin en

vd. 2011: 747).

Kruvaziyer turizmi, son 30 yil igerisinde,
oncelikle Kuzey Amerika bdlgesinde,
ardindan Avrupa’da ve son yillarda da
Avustralya ve Yeni Zelanda bdélgesinde
yaratilan talep ile dinamik biiyiime oranina
sahip bir turizm c¢esidi haline gelmistir
(Orive vd., 2015: 2). Ozellikle Akdeniz
havzasi, diinya kruvaziyer destinasyonlari
arasinda en cok turist ¢eken bolgelerden
birisi haline gelmistir (Lekakou vd. 2009:
7). Bu gelismelere bagli olarak kruvaziyer
sektoriinde dogrudan ve dolayli katma
deger ve istihdam artis1 gozlenmis olup,
CLIA (2018) raporuna gore dinya
genelinde 1 milyonu askin seviyede
istthdam s6z konusudur. Bu istihdamin
yaklagik yarisini, Avrupa tek basma
iiretmekte olup, sektorde ¢alisanlarin maas
ve diger kazanglar1 toplam1 12.77 milyar €
seviyesine ulagsmistir (CLIA, 2017).

Gemi ve ziyaret edilen limanlar,
kruvaziyer turizminin en onemli iKki
bilesenidir (Oral ve Esmer 2010: 826).
Diinya genelindeki pazar paymin, 2018
itibariyle %79,9’unun sadece ¢ sirket
(Carnival Cruise Lines-CCL, Royal
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Caribbean International - RCI e
Norwegian Cruise Line - NCL) arasinda
paylasildig1r oligopol bir piyasanin var
oldugu ve yiliksek yatirm maliyetleri
iceren kruvaziyer gemi isletmeciligi
yerine, kruvaziyer liman isletmeciligine
agirhik vermek daha yerinde olacaktir
(Cruise Market Watch, 2018).

Gemilerin ve ziyaretgilerin ihtiyaclarin
en iyl sekilde karsilandigi, dogal ve
kiiltiirel cazibe noktalarinin bulundugu,
yakin gezi bdlgelerine turlarin organize
edildigi, aligveris ve konaklama gibi
bircok gemi dis1 aktivitenin yapildig
yerler olan kruvaziyer limanlar, bu
ozellikleri ile 4-5 wyildizli yiizer otel
seklindeki ultra liikks gemiler kadar degerli
bir cekim gucilne sahiptir (Sun vd., 2011:
747).

Tirkiye, yogun 1ilgi goéren Akdeniz
havzasinda ozellikle 2000’li  yillarin
basindan itibaren populer bir kruvaziyer
destinasyonu haline gelmis olup bu
sektordeki hizli gelismeden payimi almistir
(Atlay ve Cerit, 2015: 65). Genis bir
cografi alan1 kapsayan iilkemizi tek bir
turistik cekim merkezi olarak pazarlamak
yerine, destinasyon bazindaki pazarlama
faaliyetlerine agirlik verilmelidir (Ersun ve

Arslan, 2011: 229). Bu baglamda
destinasyon pazarlama stratejileri arasinda
limanlar, kruvaziyer hatlarin

giizergahlarinin belirlenmesinde kilit bir
role sahiptir. Dolayisiyla, hizmet alinacak
limanin  kruvaziyer gemilerine uygun
altyapt ve lstyapiya sahip olmasi,
kapasitesi ve liman yeri olarak secilen
bolgenin turizm agisindan ¢ekim noktast
olmasi, rekabetci {istiinliik elde etmede
onemli bir rol oynamaktadir (Oral ve
Esmer 2010: 826).

Ulusal Olcekteki caligmalar
incelendiginde, Tirkiye’deki kruvaziyer
sektoriiniin pazar yapist ve Kruvaziyer

limanlarin rekabetcilikleri uzerine
yapilmis  herhangi  bir  calismaya
ulasilamamistir. S6z konusu boslugu

doldurmaya yonelik olarak hazirlanan bu

calismanin ikinci bolimiinde, ulusal ve
uluslararas1 Olgekte kruvaziyer sektorii
tizerine  yapilmig  caligmalara  yer
verilmistir. Uciincii béliimde; kullanilan
veriler, aragtirmanin modeli ve analizde
kullanilan yontemler hakkinda kisa bilgiler
verilmigtir.  Dordiincii  boliimde  ise
kruvaziyer yolcu hareketleri incelenmis ve
belirtilen zaman araligindaki  pazar
yapisint  ve rekabetcilik  diizeylerini
belirlemeye  yonelik olarak  analiz
sonuglart  paylagilmistir. Elde edilen
bulgulara yonelik ¢ikarimlar ve gelecekte
yapilabilecek ¢alismalara yonelik oneriler
sonug¢ kisminda belirtilmistir.

2. YAZIN TARAMASI -
KRUVAZIYER LIMANLAR

Kruvaziyer turizmi, yarattig1 katma deger
ve istihdam olanaklar1 bakimindan bir¢ok
akademik c¢alismada arastirma konusu
haline gelmistir (Wang vd., 2014: 36).

Ancak genel egilime bakildiginda
kruvaziyer sektort ile ilgili olarak
genellikle talep ve miisteri davraniglari
iizerine  yogunlasildig;  ulusal ve

uluslararas1 Olcekte kruvaziyer limanlar
iizerine ayni oranda ¢alismanin olmadigi
gozlenmistir (Di Vaio vd., 2011: 30).

Uluslararasi Olcekte bakildiginda
kruvaziyer limanlar {izerine kisith sayida
calismanin oldugu saptanmistir (Sun vd.,
2011: 747). Marti (1990), artan arz tonaji
karsisinda  cografi  kriterlere  gore
kruvaziyer liman segim surecini analiz
etmistir. McCalla (1998), kruvaziyer
limanlarin mevcut durumu ile konumun
liman basarisindaki etkilerini
karsilagtirmali olarak incelemistir.
Lekakou vd. (2009), kruvaziyer hatlarin
ana liman secimlerini etkileyen faktorleri
belirlemislerdir. Vaggelas ve Pallis (2010),
kruvaziyer limanlarinda verilen hizmetleri
siniflandirarak analiz etmislerdir. DiVaio
vd. (2011), italya’da faaliyet gdsteren
kruvaziyer limanlarinin goreli
etkinliklerini incelemislerdir. Cai vd.
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(2013), kruvaziyer ana limanlarinin
rekabetciliklerini aragtirmislardir. London
ve Lohmann  (2014)  destinasyon
paydaslar1 ile hatlar arasindaki gic
dagilimim karsilagtirmiglardir. Wang vd.
(2014), kruvaziyer hatlarin liman se¢im
kriterlerini  belirlemislerdir.  Castillo-
Manzano vd. (2014), kruvaziyer liman
kapasitesini etkileyen faktorlerin tespit
etmiglerdir. Pallis ve Arapi (2015),
Akdeniz bolgesindeki kruvaziyer limanlar
aras1 yolcu hareketlerini istatistiksel olarak
analiz etmislerdir.

Ulusal olcekte  yapilan  calismalara
bakildiginda ise kruvaziyer limanlarin
arastirmacilar tarafindan farkli konularda
incelendigi  goriilmiistiir. Bu konular
arasinda; destinasyon marka imaj1 (Adan,
2014; 1Inan vd., 2011), destinasyon
pazarlama stratejisi (Karabiyik ve Inci,
2012), icsel pazarlama ve hizmet kalturi
(Atlay ve Cerit, 2015), bolgesel pazar
analizleri (Oral ve Esmer, 2010; Esmer
vd.,, 2012; Sezer, 2014) kruvaziyer
turistlerin satin alma davraniglar1 (Dikeg
vd., 2014) ile ana liman olma potansiyeli
(Bagis ve Dooms, 2014) yer almaktadir.
Yillar itibariyle Tiirkiye kruvaziyer
limanlarini ziyaret eden turist
hareketlerine gore pazar yapisinin ve s6z
konusu limanlar arasi  rekabetcilik
seviyelerinin istatistiksel olarak analiz
edildigi bir calismaya rastlanmamastir.

3. ARASTIRMANIN TASARIMI

Bu ¢alismada oncelikle, 2003-2017 yillar
arasinda  Tirkiye’yi  ziyaret  eden
kruvaziyer turistlerin sayisindaki degisime
yer verilmis ve Tirkiye’deki kruvaziyer
liman isletmeciliginin pazar yapisini
anlamaya yonelik olarak da “Yogunlagsma
Oram1  (CR; — CRg)” ve “Herfindahl-
Hirschman Endeksi (HHI)” yogunlasma

analizleri uygulanmigtir. Ardindan, 2003-
2007, 2008-2012 ve 2013-2017 zaman
araliklarma gore Tirkiye’deki kruvaziyer
bolgelerin  rekabetcilik duzeyleri, Pay-
Degisim Etkisi (Shift-Share Analysis)
yontemi ile incelenmistir.

3.1. Veri ve Orneklem

Bu calismada, belirtilen zaman araliginda
s0z konusu limanlar1 ziyaret eden
kruvaziyer yolcu sayilart (PAX) analizler
kapsaminda dikkate alinmistir. Veriler,
“Ulastirma, Denizcilik ve Haberlesme
Bakanligt  Deniz  Ticareti Genel
Miidiirliigii Istatistik Bilgi Sistemi’nden
elde edilmistir. Elde edilen verilere gore
kruvaziyer turistlerin belirtilen zaman
araliginda toplam Sekil 1°deki haritada
gosterilen 26 kruvaziyer limanini ziyaret
ettigi saptanmaistir.

BLACK SEA

........

Sekil 1. Ornekleme dahil edilen kruvaziyer
limanlar

Soz konusu limanlar, turist hareketleri ve
pazar yapist ile ilgili analizlere dahil
edilmistir. Fakat, limanlarin rekabetcilik
diizeyleri belirlenirken, pazar payr %]1’in
altinda olan toplam 14 liman 6rneklemden
cikarilmig ve geriye kalan 12 liman
goreceli olarak incelenmistir. Ozetle,
calismanin genel yapist  Sekil 2’de
gosterilmektedir. Veriler, Microsoft Excel
programu ile analiz edilmistir.
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Turkive Kruvaziyer Limanlarindaki Turist Hareketleri

Tirkive Kruvaziver Limanlan

Y

Pazar Yapisi

Rekabetgilik
Dibzeyi

—>| Yogunlasma Oram (CR=-CRs)

—3| HHI

4’| Pay-Degisim Etkisi

Sekil 2. Arastirmanin genel yapisi

3.2. Arastirmanin Yontemi
3.2.1. Pazar Yapisi

Turkiye’deki kruvaziyer liman
isletmeciliginin piyasa yapisinin analizi ile
tam rekabet, monopol, oligopol gibi piyasa
yapilarindan hangisinin 6zelliklerine sahip
oldugunun belirlenmesi amaglanmaktadir.
Yik ve yolcu limanlarinin
yogunlasmalarini analiz etmek amaciyla
“Herfindahl-Hirschman Endeksi (HHI)”
yontemi siklikla kullanilan yontemlerden
birisidir (Notteboom, 1997; Fageda, 2000;
Notteboom, 2010; Liu vd. 2011, Varan ve
Cerit, 2014; Pallis ve Arapi, 2015). Bu
yontemin matematiksel ifadesi asagida
gosterilmektedir.

n 2
D=2 yelop <1 )
(Xi=1 PAX;j) n
Yukaridaki formiile gore j kruvaziyer
liman  sisteminde; D;  yogunlasma
endeksini, PAX;; i limaninin pazar payinu,
n ise toplam liman sayisini1 gdstermektedir.
Eger turistlerin tamami tek bir limam
ziyaret  ediyorlarsa, endeks  tam
yogunlasma halinde olup 1 degerine sahip
olacaktir. Diger taraftan bakildiginda, eger
toplam turist trafigi mevcut limanlar
arasinda esit olarak dagilirsa da endeks en

diistik seviyesinde

olacaktir.
Buna gore endeks 0,01 seviyesinin altinda

. . 1
seviyesi olan -

ise yiiksek seviyede rekabetin oldugu bir
piyasadan bahsedilebilir. Endeksin 0,25 ve
istiinde bir deger almasi halinde ise
yogunlagmanin fazla oldugu oligopol bir
piyasanin var oldugundan soz edilebilir
(Pallis ve Arapi, 2015: 9).

HHI  analizi ile  birlikte  ayrica
“Yogunlagsma Orani (CR3; — CRs)” analizi
yapilarak her iki yontem test edilmistir. Bu
oran, en ¢ok turistin ziyaret ettigi ilk {i¢ ve
ilk bes limanin pazar paylarinin kareleri
toplamu1 ile hesaplanmaktadir. S6z konusu

yontem matematiksel olarak asagida
gosterilmektedir.
CR, = XiLyi S} (2)

Yukaridaki formiilde CR,, n adet limanin
yogunlagsma oranini, s;; ise j Kruvaziyer
sistemi igerisindeki i. limanin pazar payini
gOstermektedir.

3.2.2. Rekabetcilik Analizi

Ornekleme dahil edilen  kruvaziyer
limanlarinin rekabet¢iliklerini 6lgmek igin
Pay-Degisim Etkisi (Shift-Share Analysis)
yontemi kullanilmistir. Bu yontemin bazi
caligmalarda “Degisim Payr Analizi”
seklinde Tiirkgeye ¢evrildigi goriilmiistiir.
Halbuki bu yontem ile, analizin yapildig
zaman araliginin ilk ayagindaki toplam
turist sayisina gore elde edilen pazar payi
dikkate alinarak, son ayagindaki toplam
turist sayisina gore beklenen pazar payi ile
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elde edilen pazar pay arasindaki degisim
hesaplanmaktadir. Buna gore s6z konusu
liman1 ziyaret eden turist sayisinin
beklenenden ne kadar geride kaldig1 veya
tam tersi ne kadar artis gosterdigi analiz
edilmektedir. Beklenen pay ve ortaya
cikan degisimin etkisine gore yapilan
rekabetcilik analizi nedeniyle s6z konusu
yontem “Pay-Degisim Etkisi” olarak bu
calismada Tiirkge’ye ¢evrilmistir.

S6z konusu ybntem, ekonomistler
tarafindan ilk olarak, iretime katilan
toplam istihdamin bolgesel degisimlerinin
belirlenmesinde  kullanilmistir  (Marti,
2008: 742). Ardindan bu yontem limanlar
arasindaki rekabetin belirlenmesinde de
siklikla kullanilan bir ydntem haline
gelmistir (Marti, 1982; Notteboom, 1997;
Fageda, 2011; Varan ve Cerit, 2014, Pallis
ve Arapi, 2015).

“Pay Etkisi” soz konusu limani ziyaret
eden turist sayisindaki beklenen artis1 ifade
etmekteyken, “Degisim  Etkisi” ise
beklenen paydan uzaklig ifade etmektedir.
Her bir limana ait degisim etkilerinin
toplam1 sifira esit olacaktir. Yontemin

matematiksel ifadesi asagidaki
gosterilmektedir.
BUYUME, = PAX i, — PAXG, @)

= PAY, + DEGISIM,

[ 2iPAX,
PAY, =| &L "% g | pAX, (4)
PAX. :

i=1 ity

i > PAX,
DEGISIM, = PAX, —=2—". PAX, (5)
©D L PAX, '

Yukaridaki formiile gore t, ve t; zaman
araliginda; i limanindaki net biiyiime
BUYUME;, i limaninin pay etkisi PAY;Ve i
limana gelen turist sayisindaki toplam
degisim DEGISIM; ile gosterilmistir.
PAX;i limanini ziyaret eden turist sayisini,

n ise sistemdeki toplam liman sayisini
ifade etmektedir.

4. ARASTIRMANIN BULGULARI

4.1. Tiirkiye Limanlarinda Kruvaziyer
Turist Hareketleri

Tiirkiye’deki kruvaziyer limanlarinmi yillar
itibariyle ziyaret eden turist ve gemi

hareketlerine asagidaki grafiklerle
Ozetlenmektedir.
2,500,000 2,000
2,000,000 L 1500 &
T E
1,500,000 L 1.000 ‘0_'3
1,000,000 I E
500,000 o o
o llll m, °
835858888 3328%

GGGGGGGGGGGGGGG
wwwwwwwwwwwwwww

o Turist ess=Gemi

Sekil 3. 2003-2017 yillan
Turkiye  limanlarim1  ziyaret
kruvaziyer turistler

arasinda
eden

Sekil 3’ te goriildiigii gibi, 2003 yilindan
itibaren Turkiye’yi ziyaret eden kruvaziyer
yolcularin sayist, 2016 yilina kadar genel
itibariyle siirekli artis gostermistir. 2003
yilinda 581.848 turist ziyaret etmisken,
2006 yilinda 1 milyon, 2011 yil1 itibariyle
de 2 milyon sinir1 agilmistir. 2009, 2012,
2014, 2016 ve 2017 yillarinda, bir 6nceki
yila gore toplam turist sayisinin azaldig
gorilmektedir. 2009'da yasanan diisiisi,
sektoriin talep kaynagi olarak kabul edilen
gelismis  iilkelerde yasanan  kiresel
finansal krizin etkisi olarak
yorumlanabilir. Diger yillardaki diisiistin
nedeni olarak, hem komsu iilkelerde hem
de ilkemiz smirlart icerisinde, 6zellikle
metropol sehirleri kapsayacak sekilde,
yasanan teror olaylarmma bagli olusan
giivenlik kaygilar1 gosterilebilir.
Kruvaziyer turist sayisinin bir dnceki yila
gore ylizdesel degisimi Sekil 4° te
gosterilmektedir.
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Sekil 4. 2003-2017 Yillar1 Aras1 Tiirkiye Limanlar Ziyaret Eden Kruvaziyer Turist
Sayisinin Bir Onceki Yila Gore Yiizdesel Degisimi

Buna gore, her ne kadar s6z konusu zaman
araliginda kruvaziyer turist sayisinda
dikkate deger bir artis yasansa da yillik
bliyiime oranlarmin dalgali bir yapiya
sahip oldugu goriilmektedir. Ozellikle
2016 ve 2017 yillarinda yasanan dramatik
daralmanin biiyiikliigii goriilmektedir.

Zaman araliginin baslangici olan 2003 yili
referans alindiginda ise yolcu sayilarinin
yizdesel degisimi ise Sekil 5 te
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0.00% 1

135.18%
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155.08%

gosterilmektedir.

Gorildiigii tizere 2017 yilindaki disiis
sonras1t gelinen seviye, 2003 yilinda
ulkemizi ziyaret eden toplam kruvaziyer
turist sayisi, yartya diismiistiir. Kruvaziyer
turist trafigindeki bolgesel degisimlerin
anlasilmasi icin, Sekil 6’de gosterildigi
gibi s6z konusu limanlar bulunduklar
bolgeye gore gruplandirilmistir.

285.11%

24.72%

195.45%
207.66%

7.94%

s000% 4 04 05 06 O7 08 09

-100.00% -

10 11 12 13 14 15 1%26%

Sekil 5. 2003-2017 Yillar1 Arasi Tiirkiye Limanlar1 Ziyaret Eden Kruvaziyer Turist
Sayisinin 2003 Yilina Gore Yiizdesel Degisimi
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Sekil 6. Yillar itibariyle turist trafigindeki bolgesel degisim

Sekil 6’da goriildiigii tlizere, 2003-2015
zaman araliginda, Ege bolgesini ziyaret
eden turist sayisinda kayda deger bir artis
yasanmistir. Buna gore, diger bolgelerle
kiyaslandiginda Ege bolgesinin kruvaziyer
turistler tarafindan daha ¢ok tercih edildigi
anlagilmaktadir. Ayrica, Marmara bolgesi
de son yillarda o©ne ¢ikan bolgeler
arasindadir. 2016 ve 2017 yillarinda
yasanan dramatik diisiis ise etkisini biitiin
bolgelerde gostermistir.

4.2. Yogunlasma Analizi

Turkiye’deki  kruvaziyer limanlarinin
pazar yapisini analiz etmek amaciyla
“Yogunlasma Oram1 (CR; — CRs)” ve
“Herfindahl-Hirschman Endeksi (HHI)”
yontemleri uygulanmistir. Elde edilen
bulgular kiyaslamali olarak Tablo 1’de
gosterilmektedir.

Tablo 1. Tiirkiye’deki Kruvaziyer Limanlarinda Yogunlagsma Analizi Sonuglari

Yillar CR;3
2003 0.28
2004 0.16
2005 0.22
2006 0.24
2007 0.26
2008 0.24
2009 0.25
2010 0.22
2011 0.22
2012 0.22
2013 0.21
2014 0.20
2015 0.21
2016 0.04
2017 0.01

CR: HHI
028 028
018  0.19
024 024
025 025
026 026
024 024
025 025
023 023
023 023
023 023
022 022
021  0.22
022 022
004 004
001  0.01
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2003-2015 zaman arahig  dikkate
alindiginda, Tirkiye’deki  kruvaziyer
limanlarinda yiiksek seviyede yogunlagsma
oldugu, diger bir ifadeyle, toplam turist
trafiginin biiylik bir kisminin sinirh sayida
liman tizerinden gergeklestigi teyit
edilmistir. Buna gore s6z konusu zaman
aralig1 dikkate alindiginda oligopol piyasa
yapisinin var oldugu sdylenebilir. Ancak,
2016 ve 2017 wyillarinda elde edilen
bulgular ile onceki yillar elde edilen
bulgular birbirleri ile ¢elismektedir. Buna
gore, 2016 yili sonuglarina  gore
yogunlasma ortadan kalkmis, hatta 2017
y1l sonu itibariyle tam rekabet piyasasinin
varhigim1 isaret edecek seviyeler ortaya
cikmigtir. Ancak unutulmamali ki son iki
yila ait veriler bolgemizde ortaya ¢ikan ve
akabinde {ilkemiz smirlar1 igerisinde
yansimalar1 olan giivenlik sorunlarina
yonelik kaygilara bagli olarak dramatik bir
sekilde diislis sergilemistir. Bu durumda
nicel verilerin analizi ve yorumlanmasi
sirasinda kesin yargilara varmak oldukga
guctar.

4.3. Rekabetcilik Analizi

Turkiye’de faaliyet goOsteren kruvaziyer
limanlarinin  rekabetgilik  seviyelerinin
belirlenmesine yonelik olarak uygulanan
“Pay-Degisim Etkisi (Shift-Share
Analysis)” yonteminin bulgulart 2003-
2007 zaman araligina yonelik olarak Tablo
2’de, 2008-2012 zaman araligina yonelik
olarak Tablo 3’te ve 2013-2017 zaman
araligina yonelik olarak ise Tablo 4’te
verilmistir.

Elde edilen bulgulara gore, 2003-2007
yillar1 arasinda Izmir yiiksek bir turist
trafigine erigmistir. 2003 yili referans
alindiginda 2008 yilinda beklenenden ¢ok
fazla turist artis1 yasanmustir. izmir disinda
Akdeniz bolgesinin 6nde gelen turistik
bolgelerinde yer alan Alanya da
beklenenin ¢ok Uzerinde turist kruvaziyer
agirlamistir. Antalya, Kusadasi, Istanbul,

Dikili, Bodrum, Trabzon ve Canakkale
beklenen seviyelerin altinda kalmiglardir.
2003-2007 yillar1 arasinda beklentilerin
¢ok iizerinde performans sergileyen Izmir,
ayn1  performanst 2008-2012  yillar
arasinda da gostermis ve beklentilerin
tizerinde kruvaziyer turist agirlamistir.
Tablo 3’te gosterildigi tizere; Antalya,
Cesme ve Trabzon’u beklenenden daha
fazla kruvaziyer turist ziyaret etmistir. Bu
donemde kaybedenler ise sirasiyla;
Kusadasi, Alanya, Istanbul, Marmaris,
Bodrum, Dikili, Canakkale ve Sinop
seklindedir.

Analizin yapildig1 son zaman aralig1 olan

2013-2017  yillar1  arasinda  biiylik
degisimler oldugu Tablo 4’te
goriilmektedir.  Calismanin  yapildig:

zaman araligi dikkate alindiginda en
yiiksek kruvaziyer turistin agirlandig yil
olarak  gorilen 2013 yili  ile
kiyaslandiginda, 2017 yilindaki toplam
ziyaretin yaklasik %84 diismesine ragmen
Cesme’nin 2017 yilinda, 2013 yilindaki
paymin da iizerine ¢iktig1 ve beklentileri
fazlasiyla karsiladig1 goriilmektedir. Hatta,
Kusadasi’ndan sonra en ¢ok turist ¢eken
ikinci bolge olarak da dikkat cekmektedir.
Cesme ile paralel sekilde yildiz1 parlayan
bir diger bodlge olarak Bodrum one
cikmaktadir. Ik iki zaman araliginda
beklentilerin  altinda kaldigir  goriilen
Kusadasi, her ne kadar eski yillarini aratan
seviyelerde kalsa da, turist kayb1 acisindan
diger bolgelere kiyasla daha az hasar alan
bolge olarak One c¢ikmistir. Antalya,
Alanya ve Marmaris beklentilerin izerinde
performans gosteren diger bolgeler olarak
tespit edilmistir. {lk iki zaman araliginda
birinci sirada yer alan izmir ise son yillarda
beklenenin cok altinda kalarak Istanbul’un
ardindan en kotii performans gosteren
ikinci kent olarak saptanmistir.
Beklenenden daha koti performans
gosteren  bolgeler sirasiyla; Trabzon,
Dikili, Sinop ve Canakkale seklindedir.
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Tablo 2. Pay-Degisim Etkisi Analizi (2003-2007)
Pay oo .
Liman 2003 2007 Etkisi GeBr.?e'fle““ Degisim
(Beklenen dylme Etkisi
1 IzMIR 3.271 287.357 4.422 284.086 279.664
2 ALANYA 30.737 93.937 41,551 63.200  21.649
3 CESME 0 0 0 0 0
4  SINOP 0 0 0 0 0
5 GANAKKALE  3.629 5.207 4.906 1578  -3.328
6 TRABZON 3.204 2.950 4.331 -254  -4.585
7 MARMARIS 32.977 60.039 44,579 27.062 -17.517
8 BODRUM 15.416 9.892 20.840 -5.524  -26.364
9 DIKILI 16.661 2.631 22.523 -14.030  -36.553
10 ISTANBUL 200.079  422.896  270.470 222.817  -47.653
11 KUSADASI 225330  466.677 304.605 241.347 -63.258
12 ANTALYA 48.012 15.680 64.903 -32.332  -97.235
DIGER 2.532 1.134
TOPLAM 581,848 1,368,400
Tablo 3. Pay-Degisim Etkisi Analizi (2008-2012)
Pay Etkisi e
Liman 2008 2012  (Beklenen Cerseklesen  Degisim
- Blyume Etkisi
Bilyiime)
1 1zMiR 318.45 552.764 97.259 234.313  137.054
2 ANTALYA 25.057 159.430 7.653 134.373  126.720
3  CESME 1.819 4,787 556 2.968 2412
4  TRABZON 4.813 8.015 1.470 3.202 1.732
5  SINOP 3.136 3.708 958 572 -386
6  CANAKKALE 8.776 4.184 2.680 -4.592 -7.272
7 DIKILI 10.424 4.865 3.184 -5.559 -8.743
8  BODRUM 52.862  52.832 16.145 -30 -16.175
9  MARMARIS  101.87 110.279 31.114 8.405  -22.709
10 ISTANBUL 489.54 596.027 149.514 106.483  -43.031
11  ALANYA 57.000  25.743 17.409 -31.257  -48.666
12 KUSADASI 518.87 564.317 158.471 45.445 -113.026
DIGER 12.742 8.722
TOPLAM 1,605,370 2,095,67
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Tablo 4. Pay-Degisim Etkisi Analizi (2013-2017)

Pay Etkisi

Liman 2013 2017  (Beklenen Cerseklesen  Degisim
- Blyume Etkisi
Bilyiime)

1 CESME 62.741 66.021 -54.148 3.280 57.428
2 KUSADASI 577.68 119.884 -498.568 -457.801 40.767
3 BODRUM 28.546 31.817 -24.636 3.271 27.907
4 ANTALYA 163.57 40.301 -141.172 -123.274 17.898
5 ALANYA 40.843 12.190 -35.249 -28.653 6.596
6 MARMARIS 152.68 23.736 -131.774 -128.949 2.825
7 CANAKKALE 7.467 848 -6.444 -6.619 -175
8 SINOP 7.460 103 -6.438 -7.357 -919
9 DIKILI 7.655 99 -6.607 -7.556 -949
10 TRABZON 8.115 103 -7.004 -8.012 -1.008
11  izMIR 486.49 9.172 -419.865 -477.321 -57.456
12 ISTANBUL 689.41 1.332 -594.997 -688.085 -93.088

DIGER 8.094 1.281

TOPLAM 2,240,776 306,887

5. TARTISMA VE SONUC

Tiirkiye; tarihsel ve dogal giizellikleri ile
cesitli dini ve kiiltiirel 6zellikleri bir arada
barindirmasindan, oryantal ve modern
kiiltlirin  bir arada bulunmasindan ve
egzotik bir hava yaratmasindan dolay:
cazibesini  kolay vyitirmeyecek  bir
destinasyondur. Bu ¢aligsma ile, kruvaziyer
turizmin ana sac ayaklarindan birisi olan
kruvaziyer limancilik sektort, istatistiksel
analizler sonucu elde edilen bulgulara gore
degerlendirilerek, hem literatiir hem de
uygulayicilar i¢in bir katki saglanmasi
amaglanmistir.

Turkiye’yi ziyaret eden kruvaziyer turist
hareketleri dikkate alindiginda, turistlerin
kabul edildigi limanlar 6zelinde oligopol
bir piyasa oldugu; yani toplam pazar
payinin birkag¢ limanda yogunlastig1 tespit
edilmistir. Ancak, son yillarda piyasadaki
yogunlagsmanin yillar itibariyle azalmasina
bagli olarak, bolgeler ve akabinde limanlar
arast rekabet¢i baskinin arttigi sonucu
cikarilabilir. Bu durum, limanlarin
rekabet¢i istiinliiklerini korumalar1 veya
arttirmalar1 adina karar vericilerin farkli
stratejiler gelistirmesini zorunlu
kilmaktadir.

Giivenlik konusu basta olmak iizere bazi

makro faktorler de ziyaretcilerin ve en
onemlisi o limana ugrak yapan hatlarin
tercihleri Gzerinde 6nemli etkilere sahiptir.
Turkiye’deki  kruvaziyer turizmi son
yillarda, hem c¢evresindeki bdlgelerde
yasanan siyasi ve ekonomik krizlerden
hem de kendi icerisinde yasadigi belli bagh
sorunlardan dolay1 etkilenmektedir. Bu
durum, 2016 ve 2017 yillarindaki
verilerden goriilmektedir. Oyle ki, 2017 yil
sonu itibariyla Tirkiye’yi ziyaret eden
toplam kruvaziyer turist sayis1 2003 yil
toplaminin yaklasik yarisinda kalmistir ki
bu durum 2013 yihi ile karsilastirildiginda
yaklasik %85 dusiiktir. S6z konusu
dramatik diisiise ragmen Cesme limaninin,
kruvaziyer hatlarinin genellikle tercih
ettigi  limanlarn  geride  birakarak
Tiirkiye’deki kruvaziyer turizm pazarinda
dikkate deger bir paya ulastigl
goriilmiistiir. Ayn1 sekilde Bodrum, payini
gittikge arttiran destinasyonlardan birisi
haline gelmistir.

Yarattigr katma deger ve sahip oldugu
potansiyel diisiiniildiigiinde siiphesiz bu
durumu kabullenmemek gerekir. Her ne
kadar givenlik konusu kruvaziyer hatlar
tarafindan rotalarin belirlenmesinde ana
itici faktor olarak gorunse de, bu durumun
sonsuza kadar siirmeyecegi de aciktir.
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Gemilere ve turistlere verilen liman
hizmetleri gibi mikro cevresel faktorler ile
birlikte bu tiir kaygilarin giderilmesi igin
ilgili destinasyonlarin cazibesinin
arttirtlmasi ve yeni destinasyonlarin cazip
kilinmasina yonelik tanitim faaliyetleri bu
zorlu siirecin  atlatilmasinda  faydali
olacaktir. Gelecekte yapilacak ¢aligmalara
yonelik olarak, 6zellikle 2016 ve 2017
yillarindaki dramatik diislis neticesinde
pazar  yapisindaki  bozulma  farkh
analizlerin uygulanmasi ile test edilebilir
ve bulgular tartisilabilir. Ayrica, Cesme ve
Bodrum limanlarinin  bdylesine  koti
kosullara ragmen pazar paylarini nasil
arttirdiklarinin tespit edilmesine yonelik
olarak nitel ¢aligmalar yapilabilir.
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