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OZET

Karadeniz hamsisi (Engraulis encrasicolus ponticus) sonbaharda yumurtlama alanlarindan Karadeniz’in
giineydogu kiyilarindaki kiglama alanlarina dogru genis ¢apli bir kiglama go¢ti gergeklestirir. Hamsi Anadolu
kiyilarina vardigr zaman Tiirkiye balik¢iligt icin 6nemli bir destek olusturur. Karadeniz hamsisi gegmiste stok
¢okmesi problemi ile karsilasmis oldugundan basarili bir go¢ icin gereken mekanizmalarin anlagilmasi ve
elverisli go¢ yollarinin aydinlatilmast énemlidir. Hamsi kiglama go¢tinii incelemek amactyla 2D (iki boyutlu)
Lagrangian parcacik takibi modeline biitiinlesik balik davranis modeli kullanilmistir. Pargaciklar AVISO deniz
ylizey yiiksekligi anomalisi veri seti kullanilarak hesaplanan jeostrofik yiizey akinti sahasina birakilmistir ve
deniz yiizey sicakligi verisi Karadeniz i¢in verilen AVHRR sicaklik tiriiniinden elde edilmistir. Balik davranisi
iki farkli simiilasyon seti ile etiit edilmistir, bunlar: (a) davranis dahil edilmeden, sadece akintilarla yatay taginim,
ve (b) en yiiksek sicakliga dogru yiizme davranisi’dir. Simiilasyonlar 2001-2003 arast ¢ok farkli fiziksel
kosullarin hakim oldugu yillarda gerceklestirilmistir.

Uydu datasi analizleri, 2001 yilinda sahanlik sinir1 cephe girdabi ve Sinop ve Kirim Yarimadasi arasinda giiney
yonlii cephenin varliginin, 2003 yilinda ise, sahanlik sinir1 cephe girdabi ve onun dogu bitisingindeki siklonik
girdap, Kirim Girdabi, merkez basenden i¢i yari-stabil siklonik hiicre ve Cevre Akimntisi(‘Rim Current’)’ nin
hamsinin tasinimina olanak saglayacak olusumlar oldugunu gostermektedir. Ote yandan, ‘davrams dahil
edilmeden’ yapilan simiilasyonlarin analizleri hamsilerin sadece pasif hareket ile kiglama bolgesine
ulasamalarinin miimkiin olmadigint gostermistir. Ancak, en yiiksek sicakliga dogru yiizme hareketinin kislama
gociine kilavuz olarak dahil edildigi simiilasyonlarda go¢ yollarinin antisiklonik girdaplarin ¢ervesindeki gorece
ilik cephe akintilariin etrafinda toplantig1 gozlenmistir.Ana go¢ yollart bu sekilde Kirim’dan Sinop bolgesine
dogru, ve Bati Girdabi’nin igerisinden ge¢cmektedir. Bununla beraber, sicakliktaki yillar-arasi degiskenligin
sicak/soguk yillarda gé¢ yollarinin diziliminde hatir1 sayilir degisikliklere neden oldugu ortaya ¢ikmistir. Buna
ilaveten, yapilan simiilasyonlarda sicakliga yonelim davranisinin gog siiresinin 6nemli olciide kisalttigr (2-4
hafta) gortilmektedir.

Simiilasyon sonuglart fiziksel g¢evredeki yildan yilda degiskenlik ile modiile edilen yiiksek derece degiskenlik
gosteren go¢ yollart olduguna igaret etmektedir. Aktif ylizme davranisinin, daha uygun kosullara yonelim ve hiz
kazandirma yolu ile kiglama gogli acgisindan kritik derecede 6nemli bir rol oynadigi saptanmistir. Dahasi,
bulgular sahanlik {izerinden taginim mekanizmast gibi belirli fiziksel kosullarin hamsinin bagarili bir gog
gerceklestirebilmesi agisindan 6nemli oldugunu ortaya ¢ikarmistir.
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ABSTRACT

Black Sea anchovies (Engraulis encrasicolus ponticus) undertake extensive overwintering migration in fall from
spawning/nursery grounds to overwintering areas located at the south-eastern coast of the Black Sea. When
arriving at the Anatolian coast, they support important fisheries in Turkey. Black Sea anchovy has experienced
stock collapses in the last decades, therefore it is of importance to understand the mechanisms that set the scene
for a successful migration and explore routes feasible for migration. To investigate anchovy overwintering
migration, a fish behavior model embedded into a 2D Lagrangian particle tracking model is used. Particles are
released in a geostrophic surface circulation field calculated from AVISO sea surface heights anomaly data and
sea surface temperature data are obtained from AVHRR temperature product for the Black Sea. Fish behaviour is
investigated in two different simulations: (a) no behavior, transport by advection only, and (b) movement
towards the highest temperature. The simulations are performed during years of very different physical
conditions from 2001 to 2003.

Satellite data analyses show that in 2001, the presence of shelf-break front eddy and the southward filament
between the Sinop and Crimean Peninsula, and in 2003, the shelf-break front eddy, the adjacent cyclonic eddy at
its east side, the Crimea Eddy, the quasi-stable cyclonic inner cell in the central inner basin and the Rim Current
are the features that facilitate efficient transport of anchovy. But the ‘no behavior’ analyses results show that
anchovies can not reach overwintering area with passive movement alone. However, simulating behavior by
including swimming towards the highest temperature as the guide for overwintering migration changes transport
pathways towards warmer frontal currents at the edge of anticyclonic eddies. Main transport pathways are then
from Crimea towards Sinop region and the pathways through the Western Gyre. However, interannual variability
in temperature results in considerable differences in the pathways during warm/cold years. Migration duration is
significantly shorter (2- 4 weeks) when the temperature following behavior is simulated.

Simulation results indicate highly variable migration pathways that are modulated by year-to-year variability in
the physical environment. The active swimming behaviour is shown to play a critically important role in
overwintering migration in terms of orientation to better conditions and speed. Moreover, the findings suggest
that certain physical conditions like cross-shelf transport mechanism are of importance for anchovy to complete
a successful migration.
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