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Oz:

Akim sitometri (AS), 0.2-150 pm biiyikliigiindeki
partikallerin genellikle de hicrelerin tek tek, bir 1s1k
demetinin dniinden, bir s1v1 i¢inde gecerken, anlik ola-
rak olctimlerini yapan daha sonra da ¢oklu fiziksel
Ozelliklerini analiz eden bir teknolojidir. Akim sito-
metri, hiicre biyolojisini bircok agidan aragtirmak ve
istenilen hucreleri izole etmek i¢in kullanilir. Akim
sitometri ¢ok sayida tek hiicrenin birgok Kkarakteris-
tiklerini hizli bir sekilde 6lgtiigiinden hiicre tabanh
analizde altin standart olarak kabul edilmistir. Diger
tekniklerle karsilastirildiginda, Akim sitometri’nin
hizli veri eldesini ve cok parametreli analizi kolay-
lastirmas1 popularitesinin artmasina ve uygulama
alanlarinin genislemesine yol agmstir. Bu derlemede,
Akim sitometri’nin su Urunleri alanindaki mevcut du-
rumu ve uygulamalari hakkinda 6zet bir sekilde
bilgi verilmistir.

Anahtar Kelimeler: Akim Sitometri, Baliklarda
fagositik aktivite, Hiicre tabanli
analiz, Akuatik toksikoloji,

Plankton, Hemosit

Abstract:

Flow Cytometry and its Applications in Aqutic
Sciences

Flow cytometry (FCM) is a technology that simulta-
neously measures and then analyzes multiple physical
characteristics of 0.2-150 pum sized particles, usually
cells, as they flow one by one in a fluid stream
through a beam of light. Flow cytometry is used for
investigating many aspects of cell biology and for iso-
lating the cells desired. Since Flow cytometry
measures the multiple characteristics of large numbers
of individual cells rapidly, it has been accepted as the
gold Standard in cell based analysis. Since Flow cy-
tometry facilitates rapid data acquisition and eases
multiparameter analysis, leading to increased popu-
larity and widespread applications as compared to oth-
er analyzing techniques. In this review, the current sta-
tus and utilization of Flow cytometry in aquatic sci-
ences are briefly presented.

Keywords: Flow Cytometry, Phagositic activiy of
fish, Cell-based analysis, Aquatic
toxicology, Plankton, Haemocyte
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Giris

Akim sitometri (AS), siispansiyon halindeki hiic-
relerin veya partikiillerin belli bir hizda, siv1 bir
sistem igerisinde, bir 151k kaynaginin oniinden tek
tek gegerken farkli 6zelliklerine gore tanimlandi-
g1 bir sistemdir (Shapiro, 2003; Ozdemir ve Ar-
tac, 2013). Analiz igin hucrelerin veya partikdille-
rin iginden tek sira halinde gegtigi boru ¢apiyla
baglantili olarak 0.2-150 um biiytkliginde par-
tikiiller veya hiicreler uygundur. Kat1 dokulardan
alman hiicre 6rnekleri analiz edilecekleri zaman
stspanse hale getirilmelidir (BD Biosciences,
2000).

AS her bir hiicrenin bircok fiziksel ve kimyasal
karakteristiginin anlik olarak 6l¢iiliip daha sonra-
da analiz edilebildigi bir uygulamadir. Olgulebi-
len ozellikleri; hiicrelerin ya da partikillerin bi-
yuklukleri, granlllik durumu ya da hicre ici
kompleksligi ve florasan yogunlugudur (BD Bi-
osciences, 2000). Hiicrelerin sayim1 ve analizinde
mikroskobik yontemlere gore tek hiicre seviye-
sinde, daha hizli ve dogru sonuglar elde edilmesi,
karisik popiilasyonlar igerisinde her bir hiicrenin
ayr1 ayri Ozelliklerin tespitine ve analizine imkan
saglamasindan dolay1 geleneksel yontemlerin al-
ternatifi olmustur (Manti ve dig., 2015).

AS hiicrelerin sayiminda, incelenmesinde ve si-
niflandirilmasinda kullanilan gelismis bir tekno-
lojidir. AS’deki gelismeler monoklonal antikor
teknolojisindeki gelismelerle paralellik gosterir
(Shapiro, 2003). Ayrica arastimacilara ve klinis-
yenlere 3 6nemli 6zellik sunar. Birincisi AS po-
pulasyondaki her bir hiicreyi ayr1 ayr1 analiz eder.
Bu sekilde popiilasyonda ¢ok az miktarda bulu-
nan hiicrelerin incelenmesi miimkiin olur. ikinci
olarak olagantistii derecede hizlidir. Rutin 6rnek
analizlerinde 100.000 hiicre/sn. analiz edilip sayi-
labilir. Son olarak AS bir hiicrenin birgcok ozelli-
gini anlik olarak Olgme kapasitesine sahiptir.
Coklu parametrelerin bir araya getirilmesi aras-
tirmacilara bir hiicre diizeyinde daha oncekinden
hizl1 bir sekilde veri elde edilmesini saglar. Bu
kapasitelerinden dolay1 AS arastirmacilar ve kli-
nisyenler icin coklu uygulamalarda kullandiklar
giclu bir arag olmustur (BD Flow Cytometry,
2008).

Biyolojik partikiiller florokrom olarak adlandiri-
lan bir veya daha fazla florasan boya ile boyan-
diklarinda hiicrenin metabolik aktivitesi, DNA

icerigi, yilizey ve hiicre i¢i isaretleyicileri hakkin-
da ilave bilgiler saglanir (Flow cytometry, 2006).

Modern AS’nin baglangici Fulwyler’in Coulter
prensibini kullanarak hiicre buyikliklerine gore
vede hicrelere elektrik yuklemeleri yaparak hiic-
re smiflandiricis1 gelistirmesiyle olmustur. Daha
sonra ayni anda ¢ok parametreli 6lgtimler yapabi-
len AS’ler gelistirilmistir. 1970’li yillarin ortala-
rinda ticari olarak kullanilmaya baslanmistir
(Flow Cytometry, 2006). ilk olarak tip alaminda
hematolojik ¢aligmalarda, kan hiicrelerinin say1-
minda kullamilmistir. AS hematolojide birgok
farkli alanda kullanilmasinin yani sira pek ¢ok
klinik uygulama ve arastirma alaninda da kulla-
nilmaktadir. Ozellikle molekuler yontemlerle
kombine edilerek organ nakil Gniteleri ve aras-
tirma laboratuvarlar1 ile mikrobiyoloji, patoloji,
histoloji, biyokimya gibi klinik laboratuvarlarda
da kullanilan 6nemli bir arastirma ydntemi ol-
mustur (BD Flow Cytometry, 2008).

AS’nin essiz giicii; her bir hiicreyi anlik olarak
bir ¢ok parametreyle hizli ve kantitatif olarak &l-
¢iim yapabilmesi ve daha sonra istenen hiicrelerin
izole edilebilmesidir (Melamed, 2001). Tlaveten,
nadir populasyonlarda ve stem hicreler, dentritik
hiicreler, antijen spesifik T hiicreler ve genetik
transfektanlar gibi hiicreleri tespit etmede duyar-
lidir (Flow Cytometry, 2006).

AS bagisiklik sistemi hiicrelerinin metabolik ak-
tivitesini izlemek icin hem memelilerde hemde
baliklarda 6nemli bir potansiyel sunmustur (Sto-
sik ve dig., 2002). Molekiiler etkilesimler, protein
yapist ve DNA dizilimleri hakkinda bilgi sagla-
nabilmektedir. Saflik oranm1 %99’dan daha fazla-
dir. Bu siniflandirtlmis partikiiller daha sonraki
caligmalar i¢in kullanilabilir.

AS c¢esitli bilim dallarindaki insanlarin kullanabi-
lecegi karmagik bir yapidir. Immunologlar, eko-
loglar, arastirmaci veya klinik laboratuvarda cali-
sanlar, bir¢ok farkli uygulama igin kullanabilir.
Bugiin su firiinlerinde, bagisiklik ¢aligmalarinda,
antibiyotik duyarlilik ¢alismalarinda, ilag, immu-
nostimulant ve as1 etkinligini 6lgmede rutin ola-
rak kullanilan bir yontem olmustur (Yentsch ve
dig., 1983; Wang ve dig., 2010). Sonu¢ olarak
AS uygulamalar1 her gegen giin boya kimyasinda,
elektronik ve bilgisayar teknolojisindeki ilerle-
melere ve farkli analizler icin monoklonal antikor
uretimine bagl olarak stirekli gelisme gostermek-
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tedir. Hiicre tabanli analiz yapan higbir teknoloji
bu kadar hizli bir sekilde gelismemistir. AS en-
diistrisini gelistirme ¢abalar1 arasinda otomasyon
ve laboratuvar entegrasyonu yapilarak daha genis
alanlarda kullanimi da hedeflenmektedir (Mela-
med, 2001).

Bu derlemede AS’nin genel kullanimi ve galigma
prensibi kisaca Ozetlendikten sonra su Uriinlerin-
deki AS’nin kullanim alanlarindan, triploid ¢a-
lismalari, planktonik organizmalarin tanimlanma-
s1 ve popiilasyon yapilarinin tespit edilmesi, ba-
liklarda ve diger akuatik organizmalarda bagigik-
lik sisteminin ¢esitli etkenlere verdigi yanitin in-
celenmesi, akuatik mikroorganizmalarin tespiti
ve sayilmasi gibi bir ¢ok farkli alanlarda yapilan
calismalar hakkinda bilgi verilip, diinyada siirekli
artan kullaniminin iilkemizde de basta su {iriinleri
sektorii olmak tlizere yaygimlastirilmasina katki
saglanmas1 amaglanmistir.

AS’nin Calisma Prensibi

Stispansiyon halinde hazirlanan ve floresan ile
boyanan hiicreler tek sira halinde akis kanalindan
gecerken lazer 15181 ile karsilasirlar (Melamed,
2001). Her bir hiicre yada partikiil lazer 1g1ginin
oniinden gegerken 1s1k sagar ve florasan 1gikta sa-
labilir. Uzerinde florasan molekili bulunan par-
tikiiller bu florasan 15181 yayar. Sacilmis 151k ve
florasan 151k uygun bir sekilde yerlestirilmis lens-

¢ = Optik
Sistem

¢ Dedektirler
ve Filtreler

Isik
Raynagi

Bilgisayar

ler tarafindan toplanir. Isik demeti dagiticist ve
filtrelerin kombinasyonu ile sagilmis 151k ve flo-
rasan 1g1k uygun detektorlere yonlendirilir. De-
dektorler tarafindan alian bu sinyaller daha son-
ra elektronik sistemler tarafindan yorumlanabile-
cek dijital sistemlere doniistiiriiliir. Her partikil
veya hiicre i¢in bir veri toplanir. Bu sinyaller bil-
gisayar ortamina aktarilarak hiicrelerin biiyiikli-
gii, graniilaritesi, igyapist ve floresan yogunlugu
hakkinda bilgi verir. Bu veriler 6rnek igindeki alt
popiilasyonlar hakkinda bilgi elde etmek i¢in de
analiz edilebilir (Yentsch ve dig., 1983; Demers
ve dig., 1989). Sekil 1’de AS’nin temel galigma
prensibi gosterilmistir. Bazi AS’lere kullanici is-
teklerine bagl olarak hem tanimlama hemde si-
niflama yapacak ekipmanlar eklenebilmektedir.

Hiicre Karakteristiklerinin Olguilmesi

Bir hiicre lazer 151k demetinin éniinden gecerken
151k Sekil 2’de goriildiigi gibi farkli yonlere sagi-
lir. fleri sagilma hiicrenin biiyiikliigii, 90 derece-
lik yan sagilma da hiicre i¢i kompleksligi hakkin-
da bilgi verir. Bu bilgiler her bir noktanin bir
hlcreyi temsil ettigi noktasal grafikte gosterilir
(Sekil 3).

Bugiin AS ile aym1 anda hiicrelerin birden fazla
popiilasyonlar1 lizerine arastirmacilar calisabilir
ve hiicre kompleksligi ve biyiikligii hakkinda
bilgi elde edebilir (Tung ve dig., 2007).

Omek
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Sekil 1. AS’nin temel ¢aligma prensibi ve genel géruniimu (Shapiro, 2003).

Figurel. Basic working principle of FCM and genreal overview (Shapiro, 2003).
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AS Cihazinin Temel Bilesenleri

Bir AS 3 temel par¢adan olusur: akis sistemi, op-
tik sistem ve elektronik sistem. Akis sisteminin
amaci partikiilleri bir siv1 igerisinde lazerle tek
sira halinde temas edecegi sekilde tagimaktir. Ca-
lisilacak 6rnege gore, akis hizi partikiillerin igin-
den gectigi boru ¢apina ve gesitli parametrelere
gore ayarlanabilir (Sekil 4). Daha yiiksek hizli
akis, immiin fenotipleme gibi kalitatif ¢alisma-
larda kullanilirken, daha diisiik hizli akis daha
cok DNA analizi gibi uygulamalar igin énemlidir
(Shapiro, 2003; Ormerod, 2008; Seoane ve dig.,
2014).

Optik sistem uyar1 optikleri ve toplama optikle-
rinden olusur. Uyari optikleri lazer 1g1g1mm1 sekil-
lendirmekte ve odaklamada kullanilan lazerler-
den ve lenslerden olusur. Toplama optikleri par-
tikiillerin lazerle temasindan sonra sagilan 1siklar
toplamak i¢in kullanilan toplama lenslerinden ve
belirli dalga boylarinda toplanmis 15181, uygun
optik detektorlere yonlendiren filtrelerden olusur.
Calisilacak parametre sayisina bagli olarak, lazer,
optik filtre ve dedektor sayilari arttirtlabilir (Sha-
piro, 2003; Ormerod, 2008; Seoane ve dig.,
2014).

Elektronik sistem tespit edilen 1s1k sinyallerini,
bilgisayarda islenebilecek elektronik sinyallere
cevirir. Veriler bilgisayar sisteminde toplanir ve

Lazer
isini

yazilim programlari ile analizi yapilir. Optik sin-
yallerin veri aktarimini saglamak {izere dijital
sinyallere, voltaj degerlere, ¢evrimi saglanir. Vol-
taj degerinin yiiksekligi, genisligi ve alan1 hesap-
lanir. Bilgi aktarimi gorevi goriir. Bazi hiicre si-
niflama 6zelligi ile donatilmigs AS’ lerde elektro-
nik sistem bu siniflandirma da kullanilir (Demers
ve dig., 1989; Ormerod, 2008; Seoane ve dig.,
2014).

Verilerin Degerlendirilmesi ve Saflastirma

Hucreler analiz edilirken bilgisayar sisteminde
toplanan veriler farkli grafikler kullanilarak ifade
edilir. Nokta alan (dot-blot) ve histogram en ¢ok
kullanilan grafiklerdir. Nokta alan grafiginde her
bir nokta tek bir hiicreyi gdstermektedir. Histog-
ram ise tek bir parametrenin floresan yogunlugu-
nu ifade etmektedir (Rahman, 2006).

AS ile hiicre popiilasyonlart hem analiz edilebilir
hem siiflandirilabilir. Bu tek tip hiicreyle ¢alis-
mak isteyen aragtirmacilar i¢in ¢ok Snemli bir
ozelliktir. Hiicreleri ayirmak icin baska yontem-
ler olmasina karsin, AS ile yapilan ayirma isle-
minde daha saf ve fazla miktarda hiicre elde edi-
lebilmektedir. Istenen hiicreler tiiplere, plakalara
ve lamlara ayrilabilmekte ve hicre kiltirt gibi
caligmalarda kullanilmaktadir (Demers ve dig.,
1992).

Side Scatter Sinyali
Hicre kompleksligini verir

Forward scatter
Hilcre bilyukl "L':lgun“ il

wverir

-

Sekil 2. Lazer 1sinmin 6niinden gegerken partikiillerden sagilan 1siklar (Seoane ve dig.,2014).

Figure 2. Light scattering from the particles passing by the laser (Seoane ve dig.,2014)
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Sekil 3. Farkli kan hucrelerinin gosterildigi noktasal grafik (BD Flow Cytometry, 2008).
Figure 3. Dot plot showing various blood cell types (BD Flow Cytometry, 2008).
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Sekil 4. Boru ¢aplarina gore hidrodinamik odaklanmanin diizelenmesi (BD Biosciences, 2000).

Figure 4. Hydrodynamic focusing of the sample core through a flow cell (BD Biosciences, 2000).
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Bazi sistemlerde ayni anda 4 smiflandirma yapi-
labilir. Saflastirma ya mekanik yolla ya da elekt-
rostatik yolla yapilir. Elektrostatik yolla 100.000
hlicre/sn.’ye ulasilabilirken, mekanik yolla en ¢ok
300 hucre/sn.’ye ulasilabilmektedir (BD Flow
Cytometry, 2008).

Su Uriinlerinde AS Uygulamalar1

AS’nin su lriinlerinde ¢ok yaygim bir kullanim
alan1 bulunmaktadir. Bu kullanim alanlarindan
bazilari, gesitli gruplar halinde 6zetlenmistir.

Triploid Calismalarinda

AS su tiriinleri alaninda ilk olarak 1980’li yillarda
hem baliklarda hem diger su iiriinlerinde triploidy
caligsmalarinda kullanilmaya baslanmistir (Thor-
gaard, 1982; Yentsch, 1983; Allen, 1983; Le-
commandeur ve dig., 1994). Thorgaard 1982 yi-
linda kendiliginden gézlenen ve uyarilarak olus-
turulan triploid gokkusagi alabaliklarinda (On-
corhynchus mykiss) kirmizi kan hiicresinin DNA
igeriginin AS ile analiz ederek tanimlanabilece-
gini belirtmistir. Sazan ve salmonlarda poliploid
durumun olup olmadigini, baliklarda kan hiicrele-
ri ve granulosit 6rnekleri, istiridyelerde ise hemo-
lenfler AS ile inceleyerek basarili bir sekilde tes-
pit etmislerdir (Allen, 1983). Chaiton ve Allen
1985’te Pasifik istiridyelerinde kromozom sayila-
rina bagh olarak larval asamada ploidy AS ile
giivenilir bir sekilde kisa siirede tespit etmisler-
dir. Lecommandeur ve dig. (1994) larval asama-
da gokkusagi alabaliginda ploidynin saptanma-
sinda hizli ve basit bir metot olarak AS’yi kul-
lanmistir. Bunun i¢in gokkusagi alabaligr yumur-
talar1 dogrudan bir buffer icine almarak niikleik
asitin serbest kalmasi saglanmis ve DNA florok-
rom boya ile boyanarak AS ile analiz edilmistir.
Baylelikle AS ile birkag dakika iginde diploid ve
triploid ayrimi histogramlarla yiiksek kalitede
saptanabilmistir. Su iriinlerinde biyoteknolojide
sperm ve embriyo dondurma galismalarinda da
AS kullanilmistir (Lezcano ve dig., 2004). Lez-
cano ve dig. (2004) penaeid karides (Litopenaeus
vannamei) sperm veya embriyolarin dondurula-
rak saklanmasi ¢aligmalarinda farkli soliisyonlar
kullanarak dondurulan hucrelerin ¢6zuldikten
sonra canliligiin belirlenmesinde optik mikros-
kobun yani sira AS’yi kullanmustir. Bunun igin
propidiumiodine kullanarak hiicrelerin DNA’ la-

rin1 igaretlemis ve AS ile canli hiicreleri ayirt
ederek spermin Kalitesini belirlemislerdir. Ozel-
likle hizli bir yontem olmasi agisindan dondu-
rulma islemi sirasinda kullanilan kimyasal solus-
yonlarin hiicrede yaptig1 etkilerin arastirilmasin-
da, osmotik sok sonucu hiicrede olusabilecek
olan siskinlik ya da biiziisme gibi morfolojik bo-
zukluklarmn tespiti yani sira ¢Oziinme isleminde
canlt ve 6li hiicrelerin ayirt edilmesinde de AS
kullanilmaktadir (Lezcano ve dig., 2004).

Planktonik Calismalarda

Deniz ekosistemi biyik 6lctide plankton ve onu
kusatan ¢evrenin etkilesimine bagimlidir. Plank-
ton deniz biyomasmin % iinii olusturur. AS’nin
planktonik organizmalarda kullanilmasiyla mik-
robiyal planktonun dogal popiilasyonlarinin eko-
lojik ve fizyolojik ¢aligmalarinda, ekosistemin
yapist ve dinamigi hakkinda 6nemli gelismeler
saglanmistir (Yentsch ve dig., 1983; Demers ve
dig., 1989). Fitoplankton deniz besin zincirinin
temelidir. Atmosferdeki karbon ddénglsiinde
anahtar bilesendir ve sera etkisinin diizenlenme-
sinde anahtar rol oynar. Fitoplankton tarafindan
uretilen dimethylsulfoniopropionate (DMSP) bu-
lut olusumunda 6nemli rol oynar. Fitoplanktonun
gerek sayilarinda, gerek boyutlarinda, gerekse de
tlr kompozisyonunda herhangi bir nedenle mey-
dana gelebilecek degisimler tiim deniz canlilarini
ve ayni zamanda etkilesim iginde bulundugu bi-
yosferi de etkileyecektir (Develi, 2009). Bu yiiz-
den akuatik ortamda son derece bol miktarda bu-
lunan, taksonomik olarak ¢ok ¢esitli, dinamik bir
yapilart olan planktonik organizmalarin takibi
son derece dnemlidir (Seoane ve dig., 2014). Ge-
nig bir yelpazeye sahip fitoplanktonun deniz or-
tamiyla etkilesimini daha iyi anlamak; kiiresel
1sinma, iklim degisikligi ve kirlilik lizerine daha
derin bilgilere sahip olmamiza ve deniz ekosis-
temi Gzerine blyuk Olcekte etkilerini tahmin et-
memize olanak saglar. Bugiine kadar bu konuda-
ki arastirmalar i¢in klasik ve teknolojik birgok
yontemler kullanilmistir (Mohammed, 2015).

AS 30 yil1 askin bir siire pikoplankton seviyesin-
den mikroplankton seviyesine kadar bir¢ok farkl
alanda tek hiicre seviyesinde bu arastirmalarda en
¢ok kullanilan yéntemlerden biri olmustur (Veld-
huis ve Kraay, 2000; Bonato ve dig., 2015; Bona-
to ve dig., 2015). Bu organizmalarin tanimlanma-



Journal of Aquaculture Engineering and Fisheries Research Yazici and Yardimci, 2(4): 159-175 (2016)

Journal abbreviation: J Aquacult Eng Fish Res

sinda, biyomas ve yogunluklarinin saptanmasinda
hizli, kolay ve guvenilir olcimler yapabilen
AS’den faydalanma yoluna gidilmistir. Veldhuis
ve Kraay (2000) AS’nin her bir alg hicresinin
fizyolojik durumu hakkinda detayl bilgi verdigi-
ni ve yeni boyama yodntemleriyle bu hicrelerin
arasinda 6lii ve canlilik ayiriminin yapilabildigini
belirtmistir.

Demers ve dig. (1989) fitoplanktonun cevresel ve
fizyolojik durumunu akim sitometriyle incelemis-
ler ve ortamdaki besin durumunun fitoplanktonik
organizmalarin biiyiikliikleri tizerine etki ettikle-
rini 6ne sirmusler. Marie ve dig. (1997), dogal
orneklerdeki hiicresel DNA’y1 boyayarak hem
hicrelerin sayimimi hem de hiicre dongiilerinin
AS ile analizini yaparak okyanus ortamindaki pi-
koplankton dinamigini ve yapisim1 anlamada
AS’nin ¢ok faydali olabilecegini belirtmistir.

Vives-Rego ve dig. 2000 yilinda yaptiklar1 bir
calismada AS’nin akuatik ve ¢evresel mikrobiyo-
lojide kullanmilan ¢ok degerli bir ara¢ oldugunu
belirtmislerdir. AS’nin hiicre biiyiikliginii ve
dagilimini bunlara ek olarak heterojen bir popu-
lasyondaki tek bir hicrenin fizyolojik ve biyo-
kimyasal karakteristikleri gibi bircok 6zelliklerini
hizl1 ve direk olarak tespit etmede kullanilan bir
yontem oldugunu 6ne siirmiislerdir (Vives-Rego
ve dig. 2000).

Planktonik ekosistemdeki canli biomasin énemli
bir kismini olusturan, son derece kiiglik yapila-
rindan ve cesitliliginden dolay1 calisilmas1 zor
olan nanoplanktonik organizmalar Rose ve dig.
(2004) tarafindan AS ile incelenmis ve bu orga-
nizmalarin akuatik sistemdeki trofik dinamigin ve
enerji akigiin anlagilmasina katki sagladigini be-
lirtmiglerdir. Duhamel ve dig. (2008) yaptiklart
calismada fitoplankton populasyonlarinda hiicre
seviyesinde fosfataz aktivitesininin tespiti ile ilgi-
li AS kullanmistir. Lucasa ve dig. (2010) tropikal
karides havuzlarinda yaptiklar1 yem girisindeki
artisa eszamanli olarak stok karides biomasini in-
celedigi calismada AS ile havuzlarda 110 glnluk
periyotta fitoplankton ve bakteriyoplankton stok
ve dinamiklerini izlemislerdir. Calisma sonucun-
da AS’nin su drunleri sistemlerinde fitoplankton
ve bakteri dinamigi komplekslerini anlamamizi
gelistirmede ve hastalik gelisimi tizerine potansi-
yel etkilerini izlemede faydali oldugunu 6ne Sur-
miglerdir.

Hematolojik ve Immiinolojik Calismalarda

AS tek hiicre seviyesinde ¢oklu 6lgiimlerin kolay
ve hizli bir sekilde uygulanabilmesine olanak
saglamasindan dolay1 balik hematolojisi, patolo-
jisi ve immiinolojisi alanlarinda ki aragtirmalar
i¢in de biiyiik potansiyeller tasir. immunologlar
rutin olarak AS’yi 16kosit alt popiilasyonlarini
fenotipik olarak karakterize etmek i¢in kullanirlar
(Chilmonczyk ve Monde, 1998). Immun sistem
hicrelerin metabolik aktivitelerini izlemek icin
potansiyel bir firsat sunar. Cesitli omurgali tiir-
lerdeki 16kosit kompozisyonun 6lciilmesinde ru-
tin olarak kullanilir. Bu da immun sistemin mev-
cut durumu hakkinda énemli bir bilgi saglar (Sto-
sik ve dig., 2002).

Valet (1984) kan hiicrelerin saymmi ve farkli alt
gruplara ayrilmasina yonelik AS kullanarak yeni
bir yontem kullanmustir. Ellsaesser ve dig. (1985)
kanal kedi baligindaki (Ictalurus punctatus) I6ko-
sitleri mikroskop ve AS yontemi kullanarak ta-
nimlanmuslar ve ayirmiglar, stresli ve enfekte ba-
liklarda 6nemli hematolojik degisiklikler oldugu-
nu belirtmislerdir. Donald ve dig. (1987), kanal
kedi baliklarinin 6n bobrek, dalak ve kandan elde
ettikleri hicrelerinde bulunan spesifik olmayan
sitotoksik hticreleri AS yéntemini kullanarak ana-
liz etmislerdir. Thuvander ve dig. (1987), gokku-
sag1 alabaliginin periferal 16kositleri arasinda fa-
gositik hucrelerin oranini in vitro olarak tespit
etmek icin AS ve elektron mikroskobu yontemini
kullanmiglardir. Morgan ve dig. (1993) bazi sal-
monid baliklarda farkli kan hiicre tiplerinin oran-
larin1 6lgmek i¢in AS yontemini kullanmiglar ve
bu yontemin balik kanindaki hiicre popiilasyon
dinamigini izlemek i¢in hizli ve giivenilir bir
yontem oldugunu belirtmislerdir.

Rombout ve dig. (1993) sazanlarda AS yodntemi
kullanarak, baliklarda mukozal bagisikligi anla-
mak i¢in mukus ve serum Ig arasindaki farklart
arastirmiglardir. Baliklarda mukozal bagisiklik
patojenik olarak yogun ortamlarda yasayan balik-
larda cok o6nemli olabilmektedir. Kemenade ve
dig. (1994) sazanlarda (Cyprinus carpio) makro-
faj ve notrofillerin fagositik aktiviteleri in vitro
olarak AS kullanarak analiz etmislerdir. Rombout
ve dig. 1996 yilinda yaptiklar1 bir diger ¢alisma-
da ise spesifik monoklonal antikor kullanarak sa-
zanlarda trombositleri karakterize etmislerdir.
Koumans-van Diepen ve dig. (1994) sazanlarda
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B hicreleri ve plazma hicrelerinin bobrek, dalak,
timiis ve kandaki ontojenik gelisimlerini AS yon-
temiyle tespit etmisler ve sonuglarin sazanlarda
humoral bagisiklik sisteminin anlagilmasina katki
sagladigin belirtmislerdir.

AS cesitli balik tiirlerinde hiicresel immun fonk-
siyonlarin1 ve balik 16kosit alt popiilasyonlarini
analiz etmek i¢in hizli ve tekrarlanabilir bir yon-
tem olarak kullanilmaktadir. Chilmonczyk ve
Monge (1998) gokkusagi alabaliginda spesifik
olmayan hiicresel bagisiklik sistemiyle ilgili ¢a-
lismada bu yontemi kullanmis ve patojen ve balik
arasindaki iliskiye yonelik faydali bilgiler elde
ettigini belirtmistir. {laveten bu savunma meka-
nizmalarimi 6lgmek igin (fagositik aktivite, oksi-
datif burst ve dogal sitotoksik test) patolojik sart-
lar altinda hiicresel cevaplarin diizenlenmesini
analiz etmislerdir. Farkli birgok balik tiirii bu-
lunmasi verilerin yorumlanmasini zorlagtirmasina
ragmen, AS’nin baliklarda immiinolojik ¢aligma-
lar ve balik patolojisinin Klinik boyutuyla ilgili
calismalarda faydali bir teknik oldugunu belirt-
miglerdir (Chilmonczyk ve Monge, 1998).

Cuesta ve dig. (1999) ¢ipuralarda (Sparus aurata)
kanser hiicrelerine kargi 6n bobrek 16kositlerde
spesifik olmayan sitotoksik aktivitesini 6lgmek
icin kolay ve hassas iki renkli AS ve mikroskobik
yontemleri kullanmiglardir. Bu yontemin balik-
larda spesifik olmayan sitotoksik hiicrelerin akti-
vitelerini 6lgmede etkin bir yontem oldugunu be-
lirtmiglerdir. Pettersen ve dig. (2000) AS ile, im-
munofloresans ve immunoenzim histokimya yon-
temlerini kullanarak Atlantik salmon (Salmo sa-
lar) baliklarinda kanda, dalakta ve 6n bobrekteki
spesifik monoklonal antikor geligimini arastir-
muglardir. Barreda ve dig. (2000) AS kullanarak
gold fish baliklarinda makrofaj gelisim asamala-
rinin nasil oldugunu gostererek, makrofaj biyolo-
jisinin ve baliklarin enfeksiyoz etkenlere karsi
immun cevab olusturma mekanizmasinin anla-
silmasina 6nemli katki saglamislardir.

Esteban ve dig. (2000), levrek baliklarinda (Di-
centrarchus labrax) kan hiicrelerinin alt populas-
yonlarini AS kullanarak ilk kez izole etmisler da-
ha sonra mikroskobik olarak karakterize etmis-
lerdir. Elektron mikroskobuyla AS’nin birlikte
kullanimiyla levreklerde periferal kandaki farkli
hicre tiplerinin yuksek kesinlikte karakterize edi-
lebildigini belirtmislerdir.

Stosik ve dig. (2002) sazanlarda cesitli ontogenik
evrelerde nétrofillerin solunum patlamas: analizi
AS ile yapmslar ve elde edilen verilerin daha 6n-
ce yapilan calismalarla paralellik gosterdigini be-
lirtmislerdir. Inoue ve dig. (2002) sazanlarda AS
yontemi ile kan hiicrelerini hizli ve basit bir ge-
kilde analiz ederek kan hiicre populasyonlarini
tanimlamig ve 5 farkli gruba ayrildigini belirtmis-
lerdir. Ayrica her bir kan hiicresini saymada AS
yoéntemini kullanmiglardir.

Milston ve dig. (2003), cevresel faktorlerin Chi-
nook salmonlarin (Oncorhynchus tshawytscha)
humoral bagisiklik sistemi iizerine etkilerini in
vitro kosullarda AS ile aragtirmiglardir. Bu yon-
temin balik immiinoloji ¢aligmalarinda faydali bir
yontem oldugunu belirtmislerdir. Kollner ve dig.
(2004) AS ve immuno-elektron mikroskop kulla-
narak gokkusagi alabaliklarinda trombositlerin
fonksiyonlarin1 ve immun cevaptaki potansiyel
rollerini arastirmiglardir. Korytar ve dig. (2013)
cok renkli AS kullanarak gokkusagi alabalikla-
rinda I6kosit alt gruplarini tanimlamistir. Bu ¢a-
lismadan elde edilen bulgularla hem patolojik
hem fizyolojik cevap sirasinda immun sistem
hiicre komponentlerinin dogru bir sekilde olgiil-
mesinin miimkiin oldugunu ve bu durumunda
immun sistemi daha iyi anlamamizi ve gelecek-
teki as1 gelistirme c¢aligmalar1 i¢in milkemmel bir
potansiyel sagladigini 6ne siirmiislerdir. Bu yon-
temin hizl, basit ve dogru sonuglar veren bir
yontem oldugunu belirtmiglerdir. Bu g¢alismayla
ayrica lenfoid organlar arasinda hiicre trafiginin
nasil olduguna yonelik detayli bilgi sahibi olun-
dugu vurgulanmigtir. AS’de kullanilan kapilama
(gating) yontemiyle hiicreler gruplara ayrilarak
90 dk i¢inde ¢ok yiiksek adette hiicre kinetiginin
hizl1 ve dogru bir sekilde Ol¢iilmesi saglanmustir.
Calismanin ilk agsamasinda 16kositler eritrositler-
den ayrilmigtir. Sonraki asamada hiicre debrisleri
¢ikarilmistir. En son asamada da 6 adet monok-
lonal antikor ve ¢esitli florokromlar kullanilarak
l16kosit alt gruplari kapilama sistemiyle gruplara
ayrilarak tanimlanmistir (Korytar ve dig., 2013).

Ito ve dig. (2014) 3 balina kdpek baliginda kan
parametrelerinin 6lciminde AS yodntemini kul-
lanmiglar ve bu yontemin basit, hizli, pratik ve
glvenilir bir hematolojik yontem oldugunu 6ne
stirmiiglerdir. Ayrica bu yontemin diger kikirdak-
l1 baliklarin hematolojik analizinde de kullanila-
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bilecegini 6ne siirmiislerdir. Bununla birlikte len-
fosit, trombosit ve 3 farkli graniilosidin etkili bir
sekilde ayrilmasina ihtiya¢ duyuldugunu belirt-
mislerdir.

Alcox ve Ford (1998) deniz bivalvierinde hema-
tositlerin say1 ve oOzelliklerindeki ¢esitliligi ve
cevresel kosullar altindaki iligkilerini rapor ettigi
calismada AS ile istiridye hemosit popiilasyonu-
nu kucik granaller iceren, graniller iceren ve
graniil icermeyen olmak tizere 3 farkli tip hlicre
yapisinda oldugunu belirtmislerdir. Hegaret ve
dig. (2003) ani sicaklik degisimi gibi g¢evresel
strese maruz kalmis istiridyelerdeki (Crassostrea
virginica) bagisik yamiti AS kullanarak arastir-
miglardir. Bu c¢aligsmada istiridye hemositleri ka-
rakterize edilmis, sayilmig, canlilik durumlart ve
fagositik aktiviteleri tespit edilmistir (Hegaret ve
dig., 2003). Goedken ve De Guise (2004) yaptik-
lar1 calismada AS’nin bivalve immiin sistemini
ve istiridyelerde hastalik patogenezisini anlamada
¢ok faydali bir ara¢ oldugunu belirtmiglerdir.

Bihari ve dig. (2003) Adriyatik denizinde farkli
17 noktadan toplanan midyelerde (Mytilus gal-
loprovincialis) kaslarindaki hemositlerde DNA
hiicre dongiilerindeki farkliliklar1 tespit etmek
icin AS kullanmig ve kas hemosit DNA sinda
hiicre dongiisii karakteristiklerindeki degisiklikle-
ri tespit etmek i¢in ¢ok giiclii bir teknik oldugunu
vurgulamuslardir. Istiridyelerde (Crassostrea ari-
akensis) yapilan bir diger ¢alismada ise Donaghy
ve dig. (2009) AS’ yi hemositlerin morfolojik ve
imminolojik aktivitelerini incelemek amaciyla
kullanmig, hyalinosit, granulosit ve blast benzeri
hiicre olmak {izere 3 tip hemosit hiicre tanimla-
mistir. Taylor ve dig. (2009) dogal ve yetistirici-
lik ortamindaki Kerevitlerin fizyolojik durumu-
nun incelenmesinde AS’yi hemositlerin karakte-
rizasyonunda kullanmis, omurgasiz hemosit sinif-
landirmasinda belirtildigi gibi, hiicreleri hyaline,
semigraniler ve granuler hemosit olmak (zere
tanimlamistir. Gelistirdikleri metotla 3 farkli gol-
deki dogal ve iiretimi yapilan kerevit populasyon-
larinin total hemosit degerlerini ve diferansiyel
hemosit degerini hesaplamiglardir. AS’nin kere-
vitlerin fizyolojik durumunu tespit etmede ¢ok
faydali bir arag oldugunu belirtmiglerdir (Taylor
ve dig., 2009).

Akuatik Organizmalarin Fagositik Aktivitelerinde

Baliklarda bagisiklik sisteminde rol alan hiicrele-
rin fagositik aktiviteleri; cevresel Kkirleticilerin
immunotoksik etkilerini, su Uriinlerinde kullani-
lan immunostimulant ve asilarin etkinligini ve
patojenlere karst baliklarin immun cevabini 6lg-
mek gibi ¢esitli amaglar i¢in kullanilmaktadir. AS
ile huicreler buyuklik, grandllik durumu ve flora-
san sinyallerini emis durumuna gore alt poplas-
yonlara ayrilir ve florasan maddelerin fagositik
hiicreler tarafindan absorbe edilmelerine ve solu-
num patlamasindan dolay1 boyalarin azalmalarina
bagl olarak oSlciimler yapilir. Orneklerde ince-
lenmek istenmeyen hicreler kapilama (gating)
yontemiyle disarida birakilir. Boylelikle hem fa-
gositik aktivite hemde solunum patlamas: analizi
sonuglarinin etkilenmesi 6nlenmis olur (Haug-
land ve dig., 2014).

Esteban ve dig. (1998) cipura baliklarindaki 106-
kositlerin Vibrio anguillarum’a kars1 fagositik
aktivitelerini 6lgmek ve fagositik hicreleri karak-
terize etmek icin AS ydntemini optimize edecek
bir caligma yapmuglardir. Caligma sonucunda
Vibrio anguillarum bakterisinin makrofajlar ve
asidofilik granulositler tarafindan aktif bir sekilde
fagosite edildiklerini tespit etmislerdir (Esteban
ve dig., 1998).

AS’nin fagositik hiicre oranlarinin tam ve dogru
olarak sayilmasinda ve fagositik aktivitelerin 6l-
cllmesinde uygun bir yontemdir ve giinlimiizde
birgok imminolojik caligmada hastalik siiresince
veya agilama sonrasinda fagositoz aktivitesinin
Olgllmesinde yaygin olarak kullanilmaktadir
(Lehmann ve dig., 2000; Ortuno ve dig., 2000).

Ortuno ve dig. (2000) in vitro kosullarda ¢ipura
on bobrek Iokositlerinin solunum patlamasi akti-
vitesi esnasinda hidrojen peroksit iiretiminin ki-
netigini dlgmek icin AS yontemini kullanmustir.
Sazanlarda ¢esitli ontogenik evrelerde nétrofille-
rin solunum patlamasi analizi AS ile yapilmustir.
Elde edilen veriler daha dnce yapilan ¢aligmalarla
paralellik gdstermistir (Stosik ve dig., 2002). Mo-
ritomo ve dig. (2003) Ayu (Plecoglossus altive-
lis) baliginin kan ve bobregindeki Notrofil burst
aktivitesini sazan, gokkusagi alabaligi, yilan bali-
&1 ve havuz baliginin Nétrofil burst aktivitesiyle
AS yontemi kullanarak karsilastirmustir. Harford
ve dig. (2006), Avustralya’da tath sularda yasa-
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yan 3 baligin (Macquaria ambigua, Bidyanus
bidyanus, Melanotaenia fluviatilis) fagositoz ak-
tivitesini 6lgmek i¢in AS yontemini kullanmuis ve
gelecekte immunotoksik teslerde kullanilabilece-
gini 6ne stirmiislerdir.

Newaj-Fyzul ve dig. (2007), gokkusagi alabali-
ginda patojenik olan Aeromonas enfeksiyonlarina
kars1 probiyotik etkinligi gelistirmek i¢in Bacillus
subtilis bakterisini kullanmislardir. Bu bakteriyle
etkilesimde gokkusagi alabaliginin kan hiicrele-
rinde meydana gelen degisiklikleri AS ydntemi
ile ol¢lilmiistiir. Gomez ve dig. (2014 ) ¢ipuralar-
da peritonal exudattaki mast hiicrelerinin fraksi-
yonlarmin analizinde AS y6ntemini daha sonra
da elektron mikroskobu kullanarak balik mast
hiicrelerinin diger hiicrelerden ayrilmasinin daha
gelismis omurgalilarin inflamasyon mekanizma-
sin1 anlamamizda 6nemli bir adim oldugunu be-
lirtmislerdir. Corytar ve dig. (2013) cok renkli
AS kullanarak gokkusagi alabaliklarinda 16kosit
alt boéliimlerini tanmimlamis ve bu ¢alismadan elde
edilen bulgularla hem patolojik hem fizyolojik
cevapta daha iyi as1 gelistirme ¢aligmalarina katki
saglayacagini belirtmistir. Atienza ve dig. (2015)
su trilinlerinde kullanilabilecek potansiyel probi-
yotiklerin bagisiklik sistemi iizerine etkilerini;
16kosit canliligi, solunum patlamasi ve fagositik
aktiviteleri yoniinden in-vitro olarak 6lgmek igin
AS’ nin ¢ok faydali bir ara¢ oldugunu belirtmis-
lerdir.

Toksikoloji Calismalarinda

Su ortamindaki biitiin kirleticiler biyotik komiini-
teleri etkiler ve ekosistemin yapisim1 degistirir.
AS su iriinlerinde toksikoloji ¢alismalarda, im-
munostimulantlar, probiyotikler ve cevresel kirle-
ticilerin immunotoksikolojik degerlerinin 6lgul-
mesinde kullanilmaktadir. Ornegin bakir yiiksek
konsantrasyonlarda mikroalgler igin toksik etki
gosterebilir. Mikroalglerde biylimeyi ve fotosen-
tezle iliskili diger parametreleri etkiler (Cid ve
dig., 1995; Shelleyve dig., 2009).

Cid ve dig. (1995) deniz diatomlarindan olan
Phaeodactylum tricornutum’da fotosentez ve
iligkili parametreleri {izerine etkisinin arastirildig
calismada Klorofil a seviyesi AS ile pigment ana-
lizi ise HPLC (yiiksek performansl likit kroma-
tografi) ile yapilmistir. Sauve ve dig. (2002) ce-
sitli metal bilesiklere deneysel kosullarda in vitro

olarak maruz birakilan bazi deniz ve tatlisu bi-
valvialarindaki hemositlerin fagositik aktivitele-
rini AS kullanarak tespit etmislerdir.

Hadjoudja ve dig. (2009) havuzlarda plankton
patlamasina karsi algasit olarak kullanilan bakir
siilfata 24 ve 48 saat siireyle kisa siireli maruz bi-
rakilmig Microcystis aeruginosa ve Chlorella
vulgaris adli cyanobakteriler lizerine bakir toksi-
sitesinin etkisini AS, Wu ve dig. (2012) ise inor-
ganik civa ve metil civanin toksik etkisinin bir
deniz diatomu olan Thalassiosira weissflogii’in
biliyiime oranina ve fotosentez yapmasina etkisini
AS ve FLIM yontemleri kullanilarak arastirmis-
tir. Shelley ve dig. (2009) AS kullanilarak chlo-
rothalonil, cypermethrin ve pentachlorophenol
isimli 3 pestisidin jiivenil gokkusag: alabaliginin
immun sistemi Uzerine etkisi in vivo olarak ince-
lemistir.

Akuatik tiirlerde kimyasal yaralanmalarin meka-
nizmasini anlamak i¢in AS uygulamasi ¢ok fay-
dal1 bir yontem olmustur. Cevrede ¢ok fazla mik-
tarda bulunan kirleticilerden olan PBDE baliklar-
da, yaban hayatinda ve insan dokularinda kalinti-
ya sebep olur. Bu kimyasalin alabalik solungagla-
rina verdigi zarar1 anlamak icin Shao ve dig.
(2009) AS ile bir ¢alisma yapmis ve AS’ nin aku-
atik turlerde kirleticilerin baliklardaki yaralanma
mekanizmasini anlama firsati sagladigini belirt-
mislerdir. Danion ve dig. (2011) ¢alismada kro-
nik hidro karbon (petrol) kullanilmigtir ve petrol
kirliliginine maruz kalan levrek baliklarinin sag-
lik durumu ve immun sistem tizerine etkisini de-
neysel olarak arastirmigtir. Ham petrollin kas ve
safradaki konsantrasyonu gaz kromatografisi ve
kitle spekrometrisiyle olgulirken l6kosit ve fark-
lilasmus 16kosit hiicreleri klasik hematolojik yon-
temlerle yapilmustir.

AS ile hicre 6lumleri ve I6kositlerin fagositik ak-
tiviteleri arastirilmistir. Xian ve dig. (2012) kap-
lan Kkarideslerinin (Penaeus monodon) hemositle-
ri lizerine nitritin toksititesini invitro olarak aras-
tirdig1 calismada reaktif oksijen ve nitritoksik
Uretimi, esteraz aktivitesi yani sira hematosis
hiicrelerin apoptozu AS kullanarak incelenmistir.
Bir bagka calismada da As ile Xian ve dig. (2013)
kaplan karideslerinin hemositleri tzerine kadmi-
yumun toksik etkisini arastirmis ve intraseliiler
nitrit oksit dretimimin ol¢imu igin AS metodu ile
4-amino-5-methylamino-2',7'- difluorofluorescein
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diacetate (DAF-FM DA) isaretli fluoresen bir
prob kullanarak hemositlerdeki nitritoksiti sap-
tamistir.

Polisiklik aromatik hidrokarbonlar (PAH) toksik
ve kanserojen etkiye sahip organik yapida bile-
siklerdir ve cevrede uzun siire kalmalar1 sonu-
cunda c¢evre kirlenmesine sebep olurlar. Mikro-
organizmalar tarafindan PAH’larin parcalanmala-
rinin arastirtlmasi ¢evrenin daha kisa bir siirede
temizlenmesi agisindan 6nemlidir (Alver ve dig.,
2012). Ayrica PAH’lar balik popiilasyonlari igin-
de kanserojen ve immunotoksik potansiyeline sa-
hiptir. Nogueira ve dig. (2009) AS ile jiivenil yi-
lan baliginin (Anguilla anguilla) (dmba) 7,12-
dimethylbenz[a]anthracene’e akut olarak maruz
kalmasi sirasinda veya sonrasinda karaciger, so-
lunga¢ ve kan hcrelerindeki molekiiler cevabi
analiz etmisler ve bu ¢alismada hidrokarbon kirli-
ligine kars1 molekiiler biyomarker gelistirmisler-
dir. MacDonald ve dig. (2012) petrollii kumlar-
dan tiiremis naftenik asidin gokkusagi alabaligi
tizerine immunotoksik etkisini arastirmada, im-
mun sistemi harekete gegirmek igin inaktive
edilmis Aeromonas suslar1 kullanmistir. Kandaki
ve lenfatik dokudaki T-lenfositler, B-lenfositler
trombositler ve myeloid hicrelerin AS ile sayil-
masiyla immun sistem hiicreleri {izerine toksik
etkileri tespit edilmistir. Phalen ve dig. (2013) ise
PAH’1n alabaliklarda immun doku hiicre popu-
lasyon seviyesi Uzerine etkisini tespit etmek icin
yaptiklar1 ¢aligmada yeni immunotoksikolojik
model gelistirilmesinde temsilen benzo[a]pyrene
kullanilmis ve AS yontemi ile dalak, n bobrek
ve kandaki farklilagmis 16kositlerin tam sayimi
yapilmistir. AS farkli bilim dallaryla igbirligi ya-
pilarak ta yaygin bir sekilde kullanilabilir.

Akuatik Mikroorganizmalarin Tespitinde ve
Sayiminda

Mikroorganizmalar yiiksek konsantrasyonlarin-
dan ve aktivitelerinden dolay1 akuatik ekosiste-
min temel pargalarindandir. Bu yiizden onlarin
davraniglarint ve farkli problemlerdeki rollerini
anlamak son derece 6nemlidir. Klasik yontemler
bu aragtirmalart yapmada genellikle yetersiz kal-
maktadir. AS son zamanlarda akuatik cevredeki
mikroorganizmalar ile ilgi ¢caligmalarda kullanil-
mistir. Yapilan calismalar gostermistir ki AS
akuatik mikrobiyal ekoloji icin gelecek vaat eden
bir yontem olmustur (Troussellier ve dig., 1993).

AS hem tek hiicre hem de populasyon diizeyinde
mikrobiyal analize olanak sagladig1 i¢in her ge-
cen giin akuatik mikrobiyoloji alaninda esansiyel
bir ara¢ olmustur (Troussellier ve dig., 1993).
Diger tekniklerle karsilastirildiginda hizli veri
toplanabilmesi ve ¢ok parametreli analizler yapi-
labilmesi AS’nin popilaritesinin artmasina ve
bircok farkli alanda uygulanmasina olanak sag-
lamistir. Baglangigta sadece mikroorganizma sa-
yimu yapilabilirken zamanla yeni florasan boyala-
rin ve elektonik sistemlerin gelistirilmesiyle ko-
Mmiinite yapisinin analizi ve tek hiicre seviyesinde
mikroorganizmalarin fizyolojik analizleri de ya-
pilabilmistir. En énemli 6zelliklerinden biri ince-
lenecek mikroorganizmalarin kiiltiire alinip alin-
masina bakilmaksizin analizlerinin yapilabilme-
sidir (Meyers, 2000).

Baliklarda hastaliklara yol agan patojen mikroor-
ganizmalarin teshisinde de AS kullanilmaktadir.
Endo ve dig. (1998) AS’yi patojen olan Lacto-
coccus garvie'nin hizli tespitinde de kullanmig ve
L. garvie’ye kars1 antiserum hazirlamis ve immii-
nolojik a¢idan incelemistir.

Joachimsthal ve dig. 2003 yilinda yaptiklar1 bir
calismada AS’ nin deniz suyu ve gemilerin balast
suyundaki mikroorganizmalarin analizinde ol-
dukea hizli ve hassas bir yontem oldugunu gos-
termislerdir. Ayrica AS’ nin saglik riski olusturan
mikroorganizmalarin 6lii ve canli olarak bulun-
masini sagladigini belirtmislerdir.

Kollner ve dig. (2002), Aeromonas salmonicida
ile enfekte edilmis gokkusagi alabaligindaki 10-
kosit popiilasyonlarinin sicakliga bagli olarak ak-
tive olmasin1 AS ile arastirmiglar ve spesifik an-
tikor cevabin daha diisiik sicakliklarda daha iyi
gelistigini 6ne siirmiislerdir.

Flavobacterium psycrophilum alabaliklarda so-
guk su hastalig1 etkeni olarak bilinen ve ciddi ka-
yiplara yol acan bir patojendir. Bu yiizden bu
hastalik etkeninin erken teshisi, hastaligin on-
lenmesi ve tedavisinde son derece 6nemlidir. Bu
patojenin teshisinde immunomanyetik ayirma
yontemi ve AS ile birlikte kullanilmis ve iki saat-
ten daha kisa bir siirede bakterinin tespiti yapila-
bilmistir (Hibi ve dig., 2008).

Oligotrofik sulardan izole edilmis bakterilerdeki
fosfataz aktivitesi de AS ile Sl¢iilmiistiir. Bu se-
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kilde heterotrofik bakterilerin sinirlamasina karsi
verdigi fizyolojik cevabi anlamamizi saglayan bir
yontem olarak kabul edilmistir (Duhamel ve dig.,
2008). Duan ve dig. (2013) tarafindan iyi pisme-
mis deniz trUnlerinden insanlara gegebilen bir
zoonoz etkeni olan Vibrio parahaemolyticus’un
anlik tespiti i¢in ¢ift renkli AS gelistirilmistir.

Olii veya canli bakterilerin ve toplam bakteri
miktariin dogru olarak tespiti birgok mikrobiyo-
lojik uygulamada 6nemlidir. Klasik olarak kulla-
nilan kiiltiir tabanli testler zaman alir. Yavas geli-
sen ve kiiltiire alinamayan bakterilerde (Czec-
howska ve dig., 2008; Alsharif ve Godfrey, 2002)
ve gergek zamanli sonuglara ihtiya¢ duyulan du-
rumlarda Klasik yontemler yetersiz kalirken AS
ile basarili sonuglar elde edilmistir.

AS ile olii ve canli bakteriler hiicre membraninin
Propidium iodide gibi boyalar1 gecirme durumu-
na gore ayirt edilebilirler. Béylece 6rnekteki bak-
teriler 6lii, canli veya total olarak AS ile sayilabi-
lirler (Alsharif ve Godfrey, 2002). Nuding ve Za-
bel (2013) AS kullanarak, 10 tane farkli bakteri-
nin tanimlanmasini ve ¢esitli antibiyotiklere karsi
duyarliliklarini tespit etmistir.

AS uygulamasi medikal ve gevresel ortamdaki
virls ve virlis konaker iligkileri ile ilgili arastir-
malarda biyuk potansiyele sahiptir (Corina ve
dig., 2004). Intraseliiler bir patojen olan Infeksi-
y6z Pankreatik Nekrozis (IPN) virtst deneysel
uygulamadan sonra salmon lokositlerinde AS ile
tespit edilmigstir. IPN virlisli ile asilanmuis, asi-
lanmamis ve intraperitonal olarak viriis ile enfek-
te edilmis salmonlar farkli zamanlarda analiz
edilmistir. Calisma sonucunda AS’nin in-Vivo
uygulamadan sonra intraselller virlis tespitinde
ve tastyici baliklarda viriis tespitinde (Rodriguez
Saint-Jean ve dig., 2001; Corina ve dig., 2004)
hassas oldugu gosterilmistir (Renneseth ve dig.,
2013).

Sonug

AS bilesenlerindeki gelismelere ve gelisen talep-
lere gore siirekli gelisme gdstermektedir. 11k ¢ikis
noktasi sadece hiicre sayimi iken zaman igerisin-
de bu hiicrelerin yapilari, gelisme agamalari, ige-
rikleri, fizyolojik tepkileri gibi farkli alanda da
bilgi sahibi olmamiza olanak saglamistir. Bugiin
otomatize hale getirilmis siirlimleriyle rutin ola-

rak akuatik ortamin izlenmesi mumkiin olmakta-
dir.

AS ile biyolojik indikator olarak kullanilan canli-
larda hiicresel diizeyde fizyolojik ¢calismalar yapi-
larak ortamdaki canlilarda klasik yolla tespit edi-
lemeyen biiylime sinirlandirict etkenleri erken bir
asamada tespit etmek miimkiin olmaktadir. Bu
sekilde antibiyotik ve diger canlilar igin toksik
olabilecek maddelerin hedef kitle disindaki canli-
larin iizerine etkileri kisa bir siirede tespit edilebi-
lebilmektedir (Seoane ve dig., 2014).

AS’nin diger bir giicli yan1 farkli molekiiler tek-
niklerle birlikte kullanilarak, tek hiicre seviyesin-
den popiilasyon seviyesine kadar akuatik mikro-
biyolojinin ¢ok genis uygulama alanlarinda kul-
lanilan giiclii bir teknik olmasidir. Kullanilan flo-
rasan boyalarin ve monoklonal Antikorlarin art-
masiyla AS mikrobiyal cesitliligi ileri derecede
arastirmak icin kullanilabilecektir. Daha ileri
asamalarda AS portatif ve online olarak akuatik
sistemdeki mikrobiyal topluluklarin yonetimi ve
izlenmesinde daha hizl1 ve etkili bir sekilde kul-
lanilabilecektir (Wang ve dig., 2010).

AS rutin olarak plankton analizi yapilmasiyla ok-
yanuslarda dahil olmak (zere akuatik ortamdaki
pikoplankton gibi ¢ok kiigiik olanlart dahil olmak
Uzere planktonik organizmalarin yapisini ve di-
namiklerini anlamamiza katki saglayacaktir (Ma-
rie ve dig., 1997). Su iriinlerinde potansiyel im-
munostimulant, probiyotik tespiti ve as1 gelistir-
me c¢alismalarinda diger molekiiler tekniklerle
uyumlu bir sekilde kullanilabilecektir. Memeli-
lerde kullanilan boyalarin biiyiik bir ¢ogunlugu
baliklardaki arastirmalar i¢inde uygundur. Bu
ylzden AS kan yapici hiicreler ve hiicresel aktivi-
teleri ile ilgili caligmalarda ¢ok faydali bir arag
olarak ortaya c¢ikmaktadir (Chilmonczyk ve
Monge, 1998; 1999).

Literatur

Alcox, K.A. & Ford, S.E. (1998). Variability in
molluscan hemocytes: a flow cytometric
study. Tissue Cell, 30(2), 195-204.

Allen, S.K. (1983). Flowcytometry: Assaying ex-
perimental polyploid fish and shellfish. Ag-
uaculture, 33(1-4), 317-328.

Alsharif, R. & Godfrey, W. (2002). Bacterial de-
tection and Live/Dead discrimination by



Journal of Aquaculture Engineering and Fisheries Research Yazici and Yardimci, 2(4): 159-175 (2016)

Journal abbreviation: J Aquacult Eng Fish Res

flow cytometry. Immunocytometry systems,
BD Biosciences, San Jose, USA.

Alver, E., Demirci, A. & Ozcimder, M. (2012).
Polisiklik  Aromatik Hidrokarbonlar ve
Saghga Etkileri. Mehmet Akif Ersoy Univer-
sitesi Fen Bilimleri Enstitusi Dergisi, 3(1),
45-52.

Barreda, D.R., Neumann, N.F. & Belosevic, M.
(2000). Flow cytometric analysis of PKH26-
labele goldfish kidney-derived macrophages.
Developmental & Comparative Immunolo-
ay, 24(4), 395-406.

BD Biosciences (2000). Introduction to flow cy-
tometry: A learning guide. Available at:
https://tr.scribd.com/doc/184733295/Introdu
ction-to-Flow-Cytometry-A-Learning-Guide
(Accessed April 8, 2015).

BD Flow Cytometry (2008). Technical Bulletin.
https://www.bdbiosciences.com/documents/
BD Research FlowCyto TechBulletin.pdf
(Accessed May 18, 2015).

Bihari, N., Mic¢i¢, M., Batel, R. & Zahn, R.K.
(2003). Flow cytometric detection of DNA
cell cycle alterations in hemocytes of mus-
sels (Mytilus galloprovincialis) off the Adri-
atic coast, Croatia. Aquatic Toxicology,
64(2), 121-129.

Bonato, S., Christaki, U., Lefebvre, A., Lizon, F.,
Thyssen, M. & Artigas, L.F. (2015). High
spatial variability of phytoplankton assessed
by flow cytometry, in a dynamic productive
coastal area, in spring. The Eastern English
Channel, Estuarine, Coastal and Shelf Sci-
ence, 154, 214-223.

Chaiton, J.A. & Allen, S.K. (1985). Early detec-
tion of triploidy in the larvae of Pacific oys-
ters, Crassostrea gigas, by flow cytometry.
Aguaculture, 48(1), 35-43.

Chilmonczyk, S. & Monge, D. (1999). Flow cy-
tometry as a tool for assessment of the fish
cellular immune response to pathogens. Fish
& Shellfish Immunology, 9(4), 319-333.

Chilmonczyk, S. & Monge, D. (1998). Cellular
Immune Response in Rainbow Trout (On-
corhynchus mykiss): Flow Cytometric Study.
Acta Veterinaria Brno, 67, 207-213.

Cid, A., Herrero, C., Torres, E. & Abalde, J.
(1995). Copper toxicity on the marine mi-
croalga Phaeodactylum tricornutum: effects

on photosynthesis and related parameters.
Agquatic Toxicology, 31(2), 165-174.

Corina, P. & Brussaard, D. (2004). Optimization
of Procedures for Counting Viruses by Flow
Cytometry. Applied and Environmental Mi-
crobiology, 70(3), 1506-1513.

Cuesta, A., Esteban, M.A. & Meseguer, J.
(1999). Natural cytotoxic activity of gilthead
seabream (Sparus aurata L.) leucocytes: As-
sessment by flow cytometry and microsco-
py. Veterinary Immunology and Immuno-
pathology, 71(3-4), 161-171.

Czechowska, K., Johnson, D.R. & Van der Meer,
J.R. (2008): Use of flow cytometric methods
for single-cell analysis in environmental mi-
crobiology. Current Opinion in Microbiolo-
gy, 11, 205-212.

Danion, M., Le Floch, S., Kanan, R., Lamour, F.
& Quentel, C. (2011). Effects of in vivo
chronic hydrocarbons pollution on sanitary
status and immune system in sea bass (Di-
centrarchus labrax L.). Aquatic Toxicology,
105(3-4), 300-11.

Demers, S., Davis, K. & Cucci, T.L. (1989). A
Flow Cytometric Approach to Assessing the
Environmental and Physiological Status of
Phytoplankton. Cytometry, 10, 644-652.

Demers, S., Kim, J., Legendre, P. & Legendre, L.
(1992). Analyzing Multivariate Flow Cy-
tometric Data in Aquatic Sciences. Cytome-
try, 13, 291-298.

Develi, E.E. (2009). Denizel Fitoplanktonun
Ekolojik Onemi ve Kiiresel iklim Degisi-
Kligindeki Roll. Mersin Universitesi Egitim
Fakdltesi Dergisi, 5(2), 285-293.

Donaghy, L., Kim, B.K., Hong, H.K., Park, H.S.
& Choi, K.S. (2009). Flow cytometry stud-
ies on the populations and immune parame-
ters of the hemocytes of the Suminoe oyster,
Crassostrea ariakensis. Fish & Shellfish Im-
munology, 27(2), 296-301.

Duan, N., Wua, S.J., Yu, Y., Ma, X.Y., Xia, Y. &
Chen, X.J. (2013). A dual-color flow cytom-
etry protocol for the simultaneous detection
of Vibrio parahaemolyticus and Salmonella
typhimurium using aptamer conjugated
guantu dots as labels. Analytica Chimica Ac-
ta, 804, 151-158.

Duhamel, S., Gregori, G., Wambeke, F.V., Mau-
riac, R. & Nedoma, J. (2008). A method for


https://tr.scribd.com/doc/184733295/Introduction-to-Flow-Cytometry-A-Learning-Guide
https://tr.scribd.com/doc/184733295/Introduction-to-Flow-Cytometry-A-Learning-Guide
https://www.bdbiosciences.com/documents/BD_Research_FlowCyto_TechBulletin.pdf
https://www.bdbiosciences.com/documents/BD_Research_FlowCyto_TechBulletin.pdf

Journal of Aquaculture Engineering and Fisheries Research Yazici and Yardimci, 2(4): 159-175 (2016)

Journal abbreviation: J Aquacult Eng Fish Res

analysing phosphatase activity in aquatic
bacteria at the single cell level using flow
cytometry. Journal of Microbiological
Methods, 75(2), 269-278.

Ellsaesser, C.F., Miller, N.W., Cuchens, M.A.,
Lobb, C.J. & Clem, L.W. (1985). Analysis
of Channel Catfish Peripheral Blood Leuco-
cytes by Bright-Field Microscopy and Flow
Cytometry. Transactions of the American
Fisheries Society, 114(2), 279-285.

Endo, H., Nakayama, J., Ushio, H., Hayashi, T.
& Watanabe, E. (1998). Application of flow
cytometry for rapid detection of Lactococcus
garvieae. Applied Biochemistry and Bio-
technology, 75(2- 3), 295-306.

Esteban, M.A., Mulero, V., Mufioz, J. & Me-
seguer, J. (1998). Methodological aspects of
assessing phagocytosis of Vibrio anguilla-
rum by leucocytes of gilthead seabream
(Sparus aurata L.) by flow cytometry and
electron microscopy. Cell and Tissue Re-
search, 293(1), 133-141.

Esteban, M.A., Mufioz, J. & Meseguer, J. (2000).
Blood cells of sea bass (Dicentrarchus
labrax L.). Flow cytometric and microscopic
studies. The Anatomical Record, 258(1), 80-
89.

Flow cytometry, Guide to flow cytometry 2006.
Dako, Carpinteria  California, USA.
http://www.dako.com/08065_15dec05_guid
e_to_flow cytometry.pdf (Accessed April
18, 2015).

Goedken, M., De Guise, S. (2004): Flow cytome-
try as a tool to quantify oyster defence
mechanisms. Fish & Shellfish Immunology,
16(4), 539-52.

Hadjoudja, S., Vignoles, C., Deluchat, V., Le-
nain, J.F., Jeune, A. & Baudu, M. (2009).
Short term copper toxicity on Microcystis
aeruginosa and Chlorella vulgaris using
flow cytometry. Aquatic Toxicology, 94(4),
255-264.

Harford, A.J., O'Halloran, K. & Wright, P.F.A.
(2006): Flow cytometric analysis and opti-
misation for measuring phagocytosis in three
Australian freshwater fish. Fish & Shellfish
Immunology, 20(4), 562-573.

Haugland, G.T., Renneseth, A. & Wergeland,
H.l. (2014). Flow cytometry analyses of
phagocytic and respiratory burst activities

and cytochemical characterization of leuco-
cytes isolated from wrasse (Labrus bergylta
A). Fish & Shellfish Immunology, 39(1),
51-60.

Hegaret, H., Wikfors, G.H. & Soudant, P. (2003).
Flow cytometric analysis of haemocytes
from eastern oysters, Crassostrea virginica,
subjected to a sudden temperature elevation
Il. Haemocyte functions: aggregation, via-
bility, phagocytosis, and respiratory burst.
Journal of Experimental Marine Biology
and Ecology, 293(2003), 249-265.

Hibi, K., Ushio, H., Fukuda, H., Mitsubayashi,
K., Hayashi, T., Ren, H. & Endo, H. (2008).
Immunomagnetic separation using carbonyl
iron powder and flow cytometryfor rapid de-
tection of Flavobacterium psychrophilum.
Analytical and Bioanalytical Chemistry,
391(4), 1147-1152.

Inoue, T., Moritomo, T., Tamura, Y., Mamiya,
S., Fujino, H. & Nakanishi, T. (2002). A
new method for fish leucocyte counting and
partial differentiation by flow cytometry.
Fish & Shellfish Immunology, 13(5), 379-
390.

Ito, K., Ghattas, S., Yanagisawa, M., Uchida, S.,
Sakail, H. & Yanail, T. (2014). Assessment
of Flow Cytometry in Counting Blood of
Whale Sharks as a Rapid and Reliable
Method.International Journal of Scientific
Research, 3(12), 389-397.

Joachimsthal, E.L., Ivanov, V., Tay, JH. & L.
Tay, S.T. (2003). Flow cytometry and con-
ventional enumeration of microorganisms in
ships ballast water and marine samples. Ma-
rine Pollution Bulletin, 46(3), 308-313.

Kemenade, B., Groeneveld, A., Rens, B. & Rom-
bout, J. (1994). Characterization of macro-
phages and neutrophilic granulocytes from
the pronephros of carp (Cyprinus carpio).
Journal of Experimental Biology, 187, 143-
158.

Korytar, T., Dang Thi, H., Takizawa, F. &
Kollner, B. (2013). A multicolour flow cy-
tometry identifying defined leukocyte sub-
sets of rainbow trout (Oncorhynchus
mykiss). Fish & Shellfish Immunology,
35(6), 2017-2019.

Koumans-van Diepen, J.C.E., Taverne-Thiele,
JJ.,, van Rens, B.T.T.M. & Rombout,
J.HW.M. (1994). Immunocytochemical and


http://www.dako.com/08065_15dec05_guide_to_flow_cytometry.pdf
http://www.dako.com/08065_15dec05_guide_to_flow_cytometry.pdf

Journal of Aquaculture Engineering and Fisheries Research Yazici and Yardimci, 2(4): 159-175 (2016)

Journal abbreviation: J Aquacult Eng Fish Res

flow cytometric analysis of B cells and
plasma cells in carp (Cyprinus carpio L.); an
ontogenetic study. Fish & Shellfish Immu-
nology, 4(1), 19-28.

Kollner, B., Fischer, U., Rombout, J.HW.M,,
Taverne-Thiele, J.J. & Hansen, J.D. (2004).
Potential involvement of rainbow trout
thrombocytes in immune functions: a study
using a panel of monoclonal antibodies and
RT-PCR. Developmental & Comparative
Immunology, 28(10), 1049-1062.

Kollner, B. & Kotterba, G. (2002). Temperature
dependent activation of leucocyte popula-
tions of rainbow trout, Oncorhynchus
mykiss, after intraperitoneal immunisation
with Aeromonas salmonicida. Fish & Shell-
fish Immunology, 12(1), 35-48.

Lecommandeur, D., Haffray, P. & Philippe, L.
(1994). Rapid flow cytometry method for
ploidy determination in salmonid eggs. Ag-
uaculture and Fissheries Management, 25,
345-350.

Lehmann, A.K., Sgrnes, S. & Halstensen, A.
(2000). Phagocytosis: measurement by flow
cytometry. Journal of Immunological Meth-
ods., 243(1-2), 229-242.

Lezcano, M., Granja, C. & Salazar, M. (2004).
The use of flow cytometry in the evaluation
of cell viability of cryopreserved sperm of
the marine shrimp (Litopenaeus vannamei).
Cryobiology, 48(3), 349-56.

Lucasa, R., Courties, C., Herbland, A., Goul-
letquer, P., Marteau, A.L. & Lemonnier, H.
(2010). Eutrophication in a tropical pond:
Understanding the bacterioplankton and
phytoplankton dynamics during a vibriosis
outbreak using flow cytometric analyses.
Aguaculture, 310(1-2), 112-121.

MacDonald, G.Z., Hogan, N.S., Kollner, B.,
Thorpe, K.L., Phalen, L.J., Wagner, B.D. &
Heuvel, M.R. (2012). Immunotoxic effects
of oil sands-derived naphthenic acids to
rainbow trout. Aquatic Toxicology, 126, 95-
103.

Manti, A., Papa, S. & Boi, P., (2015). What Flow
Cytometry Can Tell Us About Marine Mi-
cro- Organisms— Current Status and Future
Applications Department of Earth, Life and
Environmental Sciences, University of Ur-
bino “Carlo Bo”, Italy,

http://cdn.intechopen.com/pdfs-
wm/37421.pdf (Accessed April 10, 2015).

Marie, D., Partensky, F., Jacquet, S. & Vaulot, D.
(1997). Enumeration and Cell Cycle Analy-
sis of Natural Populations of Marine Pico-
plankton by Flow Cytometry Using the Nu-
cleic Acid Stain SYBR Green I. Applied and
Environmental Microbiology, 63, 1186-193.

Melamed, M.R. (2001). A Brief History of flow
cytometry and sorting. Methods in Cell Bi-
ology Volume 63, Part A.

Meyers, S.P. (2000): Developments in Aquatic
Microbiology, International Microbiology,
3, 203-211.

Milston, R.H., Vella, A.T., Crippen, T.L., Fitz-
patrick, M.S., Leong, J.C. & Schreck, C.B.
(2003). In vitro detection of functional hu-
moral immunocompetence in juvenile Chi-
nook salmon (Oncorhynchus tshawytscha)
using flow cytometry. Fish & Shellfish Im-
munology, 15(2), 145-158.

Mohammed, J.S. (2015). Micro and nanotechnol-
ogies in plankton research. Progress in
Oceanography, 134, 451-473.

Morgan, J.A.W., Pottinger, T. G. & Rippon, P.
(1993). Evaluation of flow cytometry as a
method for quantification of circulating
blood cell populations in salmonid fish.
Journal of Fish Biology, 42(1), 131-141.

Moritomo, T., Serata, K., Teshirogi, K., Aikawa,
H., Inoue, Y., ltou, T. & Nakanishi, T.
(2003). Flow cytometric analysis of the neu-
trophil respiratory burst of ayu, Plecoglossus
altivelis: comparison with other fresh water
fish. Fish & Shellfish Immunology, 15(1),
29-38.

Mufioz-Atienza, E., Aradjo, C. Lluch, N., Her-
nandez, P.E., Herranz, C. Cintas, L.M. &
Magadén, S. (2015): Different impact of
heat-inactivated and viable lactic acid bacte-
ria of aquatic origin on turbot (Scophthalmus
maximus L.) head-kidney leucocytes. Fish &
Shellfish Immunology, 44(1), 214-223.

Newaj-Fyzul, A., Adesiyun, A., Mutani, A.,
Ramsubhag, A., Brunt, J. & Austin, B.
(2007). Bacillus subtilis AB1 controls Aer-
omonas infection in rainbow trout (On-
corhynchus mykiss, Walbaum). Journal of
Applied Microbiology, 103(5), 1699-1706.


http://cdn.intechopen.com/pdfs-wm/37421.pdf
http://cdn.intechopen.com/pdfs-wm/37421.pdf

Journal of Aquaculture Engineering and Fisheries Research Yazici and Yardimci, 2(4): 159-175 (2016)

Journal abbreviation: J Aquacult Eng Fish Res

Nogueira, P., Lourenco, J., Rodriguez, E.,
Pacheco, M., Santos, C., Rotchell, J.M. &
Mendo, S., (2009). Transcript profiling and
DNA damage in the European eel (Anguilla
anguilla L) exposed to 7,12-
dimethylbenz[a]anthracene. Aquatic Toxi-
cology, 94(2), 123-130.

Nuding, S. & Zabel, L.T. (2013). Detection,
Identification, and Susceptibility Testing of
Bacteria by Flow Cytometry. Journal of
Bacteriology & Parasitology, S5:005.

Ormerod, M.G. (2008). Flow Cytometry—A Basic
Introduction.
http://flowbook.denovosoftware.com/

Ortuno, J., Esteban, M.A. & Meseguer, J. (2000).
Kinetics of hydrogen peroxide production
during in vitro respiratory burst of seabream
(Sparus aurata L.) head-kidney leucocytes,
as measured by a flow cytometric method.
Fish & Shellfish Immunology, 10(8), 725-
729.

Ozdemir, H. & Artag, H. (2013). Akim sitometri
ve temel Ozellikleri. Selguk Pediatri, 1(1),
12-15.

Pettersen, E.F., Bjerknes, R. & Wergeland, H.I.
(2000). Studies of Atlantic salmon (Salmo
salar L.) blood, spleen and head kidney leu-
cocytes using specific monoclonal antibod-
ies, immunohistochemistry and flow cytom-
etry. Fish & Shellfish Immunology, 10(8),
695-792.

Phalen, L.J., Kdllner, B., Leclair, L.A., Hogan,
N.S. & Heuvel, M.R. (2013). The effects of
benzo[a]pyrene on leucocyte distribution
and antibody response in rainbow trout (On-
corhynchus mykiss). Aquatic Toxicology,
147, 121-128.

Rahman, M. (2006). Introduction to flow cytome-
try. Serotec Ltd. Oxford (UK). Published by
Serotec Ltd.

Rombout, J.H.W.M., Taverne, N., Van de Kamp,
M. & Taverne-Thiele, AJ. (1993): Differ-
ences in mucus and serum immunoglobulin
of carp (Cyprinus carpio L.), Developmental
& Comparative Immunology, 17(4), 309-
317.

Rombout, J.H.W.M., Van diepen, J.C.E.K., Em-
mer, P.M., Tavernethiele, J.J. & Taverne,
N., 1996. Characterization of carp thrombo-

cytes with specific monoclonal antibodies.
Journal of Fish Biology, 49, 521-531.

Rgnneseth, A., Haugland, G.T. & Wergeland,
H.l. (2013). Flow cytometry detection of in-
fectious pancreatic necrosis virus (IPNV)
within subpopulations of Atlantic salmon
(Salmo salar L.) leucocytes after vaccination
and during the time course of experimental
infection. Fish & Shellfish Immunology,
34(5), 1294-305.

Rose, J.M., Caron, D.A., Sieracki, M.E., Poulton,
N. (2004). Counting heterotrophic nano-
planktonic protists in cultures and aquatic
communities by flow cytometry. Agquatic
Microbial Ecology, 34, 263-277.

Saint-Jean, S.R., Borrego, J.J. & Perez-Prieto,
S.1,, (2001). Comparative evaluation of five
serological methods and RT-PCR assay for
the detection of IPNV in fish. Journal of Vi-
rological Methods, 97, 23-31.

Sauve, S., Brousseau, P., Pellerin, J., Morin, Y.,
Senécal, L., Goudreau, P. & Fournier, M.
(2002). Phagocytic activity of marine and
freshwater bivalves: in vitro exposure of
hemocytes to metals (Ag, Cd, Hg and Zn).
Agquatic Toxicology, 58(3-4), 189-200.

Seoane, M., Rioboo, C., Herrero, C. & Cid, A.
(2014). Toxicity of three antibiotics used in
aquaculture on the marine microalgae Tetra-
selmis suecica (Kylin) Butch. Marine Envi-
ronmental Research, 101, 1-7.

Shao, J.L., Dabrowski, M.J., White, C.C., Ka-
vanagh, T.J. & Gallagher, E.P. (2010). Flow
cytometric analysis of BDE 47 mediated in-
jury to rainbow trout gill epithelial cells.
Aquatic Toxicology, 97(1), 42-50.

Shapiro, H.M. (2003). Practical Flow Cytometry.
4th Edition, Wiley-Liss, New York.

Shelley, L.K., Balfry, S.K., Ross, P.S. & Kenne-
dy, C.J. (2009). Immunotoxicological effects
of a sub-chronic exposure to selected cur-
rent-use pesticides in rainbow trout (On-
corhynchus mykiss). Aquatic Toxicology,
92(2), 95-103.

Stosik, M., Deptula, W., Wiktorowicz, K.,
Travnicek, M. & Baldy- Chudzik, K. (2002).
Respiratory burst in neutrophilic granulo-
cytes of carps (Cyprinus carpio): cytometric
studies. Veterinary Medicine - Czech, 47(1),
17-20.


http://flowbook.denovosoftware.com/

Journal of Aquaculture Engineering and Fisheries Research Yazici and Yardimci, 2(4): 159-175 (2016)

Journal abbreviation: J Aquacult Eng Fish Res

Taylor, S., Landman, M.J. & Ling, N. (2009).
Flow Cytometric Characterization of Fresh-
water Crayfish Hemocytes for the Examina-
tion of Physiological Status in Wild and
Captive Animals. Journal of Aquatic Animal
Health, 21(3), 195-203,

Thorgaard, G.H., Rabinovitch, P.S., Shen, M.W.,
Galla, G.A.E., Propp, J. & Utters, F.M.
(1982). Triploid Rainbow Trout Identified
By Flow Cytometry. Aquaculture, 29, 305-
3009.

Thuvander, A., Norrgren, L. & Fossum, C.
(1987). Phagocytic cells in blood from rain-
bow trout, Salmo gairdneri (Richardson),
characterized by flow cytometry and elec-
tron microscopy. Journal of Fish Biology,
31(2), 197-208.

Troussellier, M., Courties, C. & Vaquer, A.
(1993). Recent applications of flow cytome-
try in aquatic microbial ecology. Biology of
the Cell, 78(1-2), 111-121.

Tung, J.W., Heydari, K., Tirouvanziam, R., Sa-
haf, B., Parks, D.R. & Herzenberg, L.A.
(2007). Modern Flow Cytometry: A Practi-
cal Approach. Clinics in Laboratory Medi-
cine, 27(3), 453-468.

Valet, G. (1984). A new method for fast blood
cell counting and partial differentiation by
flow cytometry. Blut, 49(2), 83-90.

Veldhuis, M.JW. & Kraay, G.W. (2000). Appli-
cation of flow cytometry in marine phyto-
plankton research: current applications and
future perspectives. Scientia Marina., 64(2),
121-134.

Vives-Rego, J., Lebaron, P., & Nebe-von Caron,
G. (2000). Current and future applications of
flow cytometry in aquatic microbiology.
FEMS Microbiology Reviews, 24(4), 429-48.

Wang, Y., Hammes, F., Roy, K.D., Verstraete,
W., & Boon, N. (2010). Past, present and fu-
ture  applications of flow cytometry in
aquatic microbiology. Trends in Biotechnol-
ogy, 10, 28(8), 416-24.

Wu, Y., Zeng, Y., Qu, J.Y., & Wang W. (2012).
Mercury effects on Thalassiosira weiss-
flogii: Applications of two-photon excitation
chlorophyll fluorescence lifetime imaging
and flow cytometry. Aquatic Toxicology,
110-111, 133-140.

Xian, J.A., Wang, A.L., Hao, X.M., Miao, Y.T.,
Li, B., Ye, C.X., & Liao, S.A. (2012). In
vitro toxicity of nitrite on haemocytes of the
tiger shrimp, Penaeus monodon, using flow
cytometric analysis. Comparative Biochem-
istry and Physiology Part C: Toxicology &
Pharmacology, 156(2), 75-9.

Xian, J.A., Wang, A.L., Miao, Y.T. & Li, B.
(2013): Flow cytometric analysis of in vitro
cytotoxicity of cadmium in haemocytes from
the tiger shrimp, Penaeus monodon. Bulletin
of Environmental Contamination and Toxi-
cology, 90(1), 46-50.

Yentsch, C.M., Horan, P.K., Muirhead, K.,
Dortch, Q., Haugen, E., Legendre, L., Mur-
phy, L.S., Perry, M.J., Phinney, D.A., Pom-
poni, S.A., Spinrad, RW., Wood, M.,
Yentsch, C.S., & Zahuranec, B.J. (1983).
Flow cytometry and cell sorting: A tech-
nigque for analysis and sorting of aquatic par-
ticles. Limnology and Oceanography, 28(6),
1275-1280.



2(4): 176-184 (2016)

doi: 10.3153/JAEFR16019

Journal of

Aquaculture Engineering and Fisheries Research

E-ISSN 2149-0236

ORIGINAL ARTICLE/ORIJINAL CALISMA

FULL PAPER

TAM MAKALE

BEHAVIORAL AND PHYSIOLOGICAL STRESS RESPONSES
OF Java barb (Barbonymus gonionotus) TO ENVIRONMENTAL

SALINITY CHALLENGE

Fahima Binte AMIN, Tania FARHANA, Golam Mohammod MOSTAKIM,

Md. Mahiuddin ZAHANGIR, Mahbuba Monir MISHU, M. Sadiqul ISLAM
Department of Fisheries Biology & Genetics Bangladesh Agricultural University Mymensigh-2202, Bangladesh

Received: 02.07.2015
Accepted: 15.12.2015
Published online: 22.06.2016

Corresponding author:

M. Sadiqul ISLAM, Department of Fisheries Biology &
Genetics Bangladesh Agricultural University Mymensigh-
2202, Bangladesh

E-mail: sadiqul1973@yahoo.com

Abstract:

Salinity impose stress on the physiology of the ex-
posed freshwater fish population can modify their
structure. In this study some indicators of behavioral
and physiological stress responses were examined dur-
ing exposure of Java barb (Barbonymus gonionotus) to
different saline concentrations. Based on the result of
median lethal salinity level (LCso) (12.9ppt), one sub-
lethal (12ppt) and two lethal salinity levels (14ppt and
16ppt) were selected to study the acute stress respons-
es of fish for a period of 72h. A number of physiologi-
cal responses, such as disturbance in body fluid, alter-
ations of blood biochemical and hematological param-
eters and behavioral responses were detected with in-
creasing ambient salinity. Fish exposed to different
sub-lethal and lethal salinities exhibited clinical signs
agitated behavior, respiratory distress, abnormal nerv-
ous behavior and death were recorded. From the pre-
sent investigation, it was observed that higher salinity
may affect the physiological and behavioral stress re-
sponses in freshwater fish.
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Introduction

Environmental changes in organisms are always
associated with a number of physiological re-
sponses. Theoretically these responses can be
measured in fish and in other vertebrates in the
form of changes in hormonal or substrate concen-
tration in the plasma or alterations in the blood
parameters (Donaldson, 1981). Salinity is an im-
portant factor in the environmental condition of
fish by influencing osmotic pressure and metabo-
lism (Mustafayev and Mekhtiev, 2008); causing
changes physiological functions, habits, and sur-
vival of fish (Wang and Zhu, 2002).

Fish species which inhabits only the freshwater
environments may be extinct in the coastal areas
due to saltwater intrusion and increase of the sa-
linity. As compared to terrestrial inhabitants, fish
and other aquatic creatures are subject to a
broader variety of stressors because their homeo-
static mechanisms are highly dependent on pre-
vailing conditions in their immediate surround-
ings. Examples of additional stressors for aquatic
animals other than terrestrial animals include
fluctuations in water salinity, pH, hardness, alka-
linity, dissolved solids, water level or current,
and exposure to waterborne pathogens or toxi-
cants. Being an aquatic animal the fish have to
face various stressors and have to cope with regu-
lar and unexpected fluctuation of different water
parameters to survive, and adapt physiologically
with alteration and modification of different or-
gans and its behavior (Jasmin, 2013).

Java barb (Barbonymus gonionotus) a stenohaline
freshwater fish species which was native to Asia
but now spread worldwide and colonized in vari-
ous environments was used in the experimental
stages of the study. It can tolerate a range of dif-
ferent salinities from freshwater up to 13 ppt
(BFRI, 1993), but the behavioral and physiologi-
cal mechanisms that underlie the salinity toler-
ance of freshwater species are not well under-
stood. The present study examines the possible
effects that osmoregulatory processes can have
on the behavioral and physiological responses in
Java barb that are subjected to increasing levels
of environmental salinity.

Materials and Methods

Healthy and moderate sized (8.02 +£1.44cm and
5.51 £1.16g) Java barb (B. gonionotus) were col-
lected from the local fish farm (Digarkanda,

Mymensingh) and reared in the cemented rectan-
gular tank and allowed to acclimatize to the la-
boratory conditions for 15 days to remove the
suspected unhealthy subjects (handling and
transportation stress) at 24-25°C. A total of 280
individuals were randomly assigned. Fishes were
fed twice a day with zooplankton (enriched with
Daphnia, Keratella, etc.) and commercial dry
pellets (Krishibid Fish Feed Ltd.). The fishes
were considered well adapted to laboratory con-
ditions when mortality was recorded less than 1%
during acclimatization period of 15 days. Fish of
both sexes were used without discrimination.

The different levels of salinity concentrations
used were achieved by serial dilution of brine
water (150 ppt) with dechlorinated tap water, to
get the desired concentrations. Pre-acclimatized
fish were directly exposed to the different salinity
levels (0, 2, 4, 6, 8, 10, 11, 12, 13, 14, 15 and
16ppt) for range finding test and determination of
LCio-100 by static bioassay. The OECD Directive
No. 203 (1992) “Fish, acute toxicity test” was fol-
lowed for the toxicity assay. Aeration was ap-
plied to the aquaria (45x30x30 c¢cm?®) in order to
obtain a homogeneous concentration of salt and
to maintain standard DO concentration. Several
inspections were made during the experimental
period and dead fish if any, were removed imme-
diately. Fish were considered as dead when res-
piratory movement of the opercula stopped and
there was no response to touch. The salinity con-
centrations below the median lethal concentration
(LCso) value and above the LCso values were con-
sidered as sub-lethal and lethal salinity concen-
trations, respectively.

To observe the behavioral stress responses, fish
were exposed to tap water (dechlorinated) (Oppt)
and considered as control, one sub-lethal concen-
tration (12ppt) and two lethal concentrations
(14ppt and 16ppt) of salinity for 72h. The abnor-
mal stress behaviors were observed by visual as-
sessment as suggested by Aysel and Ayhan
(2010). Behavioral responses of fish such as con-
vulsions, equilibrium status or imbalance, fin
movement, hyperactivity and swimming rate
were observed. Some other behavioral criteria
were also observed as stress responses such as
shoaling, body and eye color etc. Behavioral
stress responses were observed at different time
intervals (2, 4, 6, 12, 24, 48, 72h) and scored as 0
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to 5 (very weak, weak, moderate, strong, and
very strong) according to degree of responses.

To obtain blood samples, fish were caught gently
in a small scoop net and then quickly taken out
from the water and fish were anaesthetized by
5mg/1 of clove oil to avoid any handling stress in
order to minimize an error in normal blood val-
ues. Blood was obtained from the renal artery by
cutting off the tail peduncle. Blood glucose was
measured by using a digital blood glucose kit. A
drop of blood sample was placed on the strips
connected to the GLUCOLAB™ Auto-coding
blood glucose test meter and results were record-
ed. The values were expressed in mmol/l. Hema-
tological analyses were carried out by standard
methods suggested by Blaxhall and Daisley
(1973). To examine red blood cell (RBC) and
white blood cell (WBC) counts, collected blood
was gently pushed into sterilized eppendorf tubes
containing anticoagulant (EDTA) to give a final
concentration of 5mg EDTA per cm® blood.
Blood samples were mixed gently and counts
were made using a Neubauer hemocytometer.

Dehydration of fish body was measured to ob-
serve the effect of the sub-lethal and lethal con-
centrations of salinity. Weights were recorded
from the beginning to end of the experiment at
different time intervals (0, 1, 3, 6, 12, 24, 48,
72h).

Median lethal concentration (LCso) values were
calculated from the data obtained in acute toxici-
ty bioassays, by Finney’s (1971) method of “pro-
bit analysis”. The data were subjected to an anal-
ysis of variance (ANOVA), followed by compar-
ison of means using Tukey's HSD test to deter-
mine significance of each data treatment. In addi-
tion, the significance of differences of the values
of RBC and WBC were determined by using “t
test”. Significant differences were indicated by P-
values <0.05. All statistical analyses were per-
formed using SPSS16.0.

Results and Discussion
Median concentration (LCso)

A study was carried out to find the range of salin-
ity tolerance of Java barb from Oppt to 16ppt.
There was no mortality observed up to 10ppt but

almost 100% mortality was observed at 16ppt in
72h exposure period. Based on range finding test
the LCso of salinity for Java barb was determined
between 10ppt and 16ppt. At salinity concentra-
tion of 11lppt 20% mortality and at 13ppt 50%
mortality was found, 100% mortality was oc-
curred at 16ppt. Probit analysis showed that the
LCso of the fishes was about 12.90ppt.

Lethal and sub-lethal effects of salinity on
behavioral stress responses

The fish exhibited a normal behavioral activity
without mortality when exposed to Oppt. At sub-
lethal concentration of salinity (12ppt) a low
stress responses were noticed like aggression,
stunned posture, erratic swimming etc. Stress re-
sponses like impatience or agitated activeness or
erratic movement observed at lethal concentra-
tions (14ppt and 16ppt) (Table 1, Figure 1). At
the beginning of experiment (up to 3 hours) the
fish showed frequent movement from surface to
bottom, then aggression and sometime showed
jumping activity at the lethal concentrations of
salinity. They also expressed highly increased
opercular movements accompanied by excessive
secretion of mucus which indicates the respirato-
ry distress. Fish were scattered here and there.
Then the fish became very weak with a fade and
gloomy body and eye color, settled at the bottom
and finally died.

Effects of salinity on biochemical and
hematological parameters

Variations on the biochemical parameter such as
blood glucose levels at both treatments (6.5ppt,
50% of LCso and 9.68ppt, 75% of LCsy) were
found to be increased within an hour and highest
about from 6-12h. Then glucose level gradually
decreased and got back to its original states with-
in 24h (Figure 2). A significant (P<0.05) de-
crease of RBC values were registered up to 24h
in fish that were exposed to sub-lethal salinities
(6.5ppt and 9.68ppt) compared to control (Oppt)
group (Figure 3). On the other hand, the pattern
was different for WBCs: values showed a signifi-
cant increase up to 24h in a salinity of 9.68ppt
(75% of LCso), but subsequently returned to nor-
mal values within 72h as in the control group
(Figure 4).
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Table 1. Behavioral and clinical signs of Java barb after exposure 72h to different salinities

Behavioral signs

Clinical signs

Salinity (ppt)

12 14

[EEN
(op]

Agitated behavior

Aggression

[EEN

Jumping

SP
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Respiratory distress
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Abnormal nervous behavior

SSM

SM

SD

DP
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Death

0

0 3

5

Air gulping (AG), erratic swimming (ES), frequent surface to bottom movements (FSBM), vertical posture with
exposed snouts (VPES), excessive mucus secretion (EMS), sluggish and swirling movements (SSM), state of
motionless (SM), sudden darts (SD), different postures (DP), opercula movement (OM), stunned posture (SP);
none (0), very weak (1), weak (2), moderate (3), strong (4), very strong (5)

Lethal and sub-lethal effects of salinity on
osmotic challenge

In this study lethal and sub-lethal effect of salini-
ty on the osmotic change was determined by ob-
serving variations of body weight of exposed fish
to different salinity concentrations (Figure 5). At
12ppt, a gradual and slow decrease of weight was
noticed up to 12h of exposure and within 24h
body weight got back to its original state. On the
other hand, at lethal concentrations of a sudden
decrease of average weight (body fluid reduced
up to 19%) of fish were recorded at the beginning
hours of exposure. Then the weight decreased
gradually and got back to its original state (Fig-
ure 5a, b).

The stress response of a freshwater Java barb to
different salinity concentrations was evaluated
using the levels of biochemical and hematologi-
cal parameters of blood and behavior as indica-
tors. Aquaculture urges for more accurate infor-
mation on stress control, in order to be assured of
good health status of fish, especially those trans-
ferred to a new environment. Environmental sa-
linity fluctuation can act a stressor and leads to
give information on behavioral and physiological
responses.

Behavioral endpoints serve as valuable tools to
distinguish and evaluate effects of exposure to
environmental stressors, and fish behavioral al-
terations can provide important indices for eco-
system assessment (Kane et al., 2005). Through-
out the study period fish exhibited low behavioral
stress responses when exposed to sub-lethal con-
centration of salinity (12ppt). Impatience or agi-
tated activeness or erratic movements were ob-
served when exposed to lethal concentrations
(14ppt and 16ppt). From the beginning up to 3
hours of the lethal salinity exposure fish showed
frequent movement from surface to bottom, ag-
gression and sometime showed jumping activity.
In addition, fish expressed highly increased oper-
cular movements accompanied by excessive se-
cretion of mucus which indicating respiratory
distress of fish. Lawson and Anetekhai (2011)
and Aysel and Ayhan (2010) also noted similar
behavioral stress responses after exposing fish in
higher salinities.

The osmotic gradient between the plasma and the
environment is reduced in freshwater fishes when
exposed to increase salinity. Kilambi and Zdinak
(1980) stated decreasing survival rates with in-
creasing salinity is characteristics of freshwater
stenohaline fish, and it has been postulated that
this is due to increasing osmotic pressures at
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higher salinities. In the present study a gradual
and slow weight loss was noticed within 1-3 h of
sub-lethal salinity exposure whereas at lethal
concentrations a rapid decrease of weight was
observed and then the weight increased gradual-
ly. Similar trend also reported by Augley et al.
(2008) and Maceina and Shireman (1979). Nor-
ton and Davis (1977) suggested that the major
limiting factor affecting the survival of freshwa-

ter fish in saltwater is the absence of efficient
branchial and renal mechanisms that can readily
adjust to hypertonic media. This inability to ad-
just to increase salinity results in increased elec-
trolyte concentrations and osmotic  stress
(Furspan et al., 1984) which causes an increase in
osmotic pressure and deterioration of cell func-
tion.

Degree of behavioral stress responses of Java barb at different salinity levels (AB= agitated
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Figure 2. Sub-lethal effects of salinity on blood glucose levels at different time intervals in Java barb.
Values are means = SD. Asterisk (*) indicates significant difference at P<0.05. N = 5 fish

at each salinity
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Figure 3. Effects of sub-lethal exposure of salinity on RBC levels at different time intervals in Java
barb. Values are means + SD. Asterisk (*) indicates significantly different (one-way analy-
sis of variance, P<0.05, N =5 fish at each salinity)
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Figure 4. Effects of sub-lethal exposure of salinity on WBC levels at different time intervals in Java
barb. Values are means + SD. Asterisk (*) indicates significantly different (one-way analy-
sis of variance, P<0.05, N =5 fish at each salinity)
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Figure 5. a) Hydration levels and b) percentage of reduced body fluid of fishes during exposure to
sub-lethal and lethal concentrations of salinity for a period of 72h. Values are means + SD.
N = 5 fish at each salinity.

The significant decrease in RBC counts at sub- certain RBC cells as observed at sub-lethal treat-

lethal concentration might be due to haemolysis ~Ments, the reduced blood oxygen carrying capaci-
and shrinkage of blood cells by the effects of sa- 1y can be compensated either through increasing
linity. The reduction in the RBC counts of Java 0xygen affinity and capacity of hemoglobin
barb following exposure to salinity indicated a and/or increase in RBC production (Das et al.,
reduced blood oxygen carrying capacity (Das et  2006).

al., 2006). In the context of distortion and lysis of
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An increased WBC counts established leukocyto-
sis, which is considered to be an adaptive value
for the tissue under environmental stress. The
increase in WBC count at sub-lethal concentrati-
ons can be correlated with an increase in anti-
body production which helps in survival and re-
covery of the fish exposed to toxicants (Joshi et
al., 2002). This also helps in the removal of cel-
lular debris of necrosed tissue at a faster rate
(John, 2007). As a protective response of the
body during stress, WBC increases through sti-
mulation of leukopoietic process and enhanced
release of leukocytes to the blood circulation.
The released catecholamines, adrenaline and nor-
adrenaline, increase the conversion of liver gly-
cogen to blood glucose to satisfy the greater
energy demands of the body to stress (Begg and
Pankhurst, 2004). The variation of the WBC and
increased blood glucose levels in the present
study indicated elevated stress levels in the Java
barb which were most likely due to the distur-
bance in the acid-base balance, respiratory home-
ostasis and ionic regulation during exposure to
sub-lethal salinity. Consistent supports to the
above with several results which showed a signi-
ficant increase in the WBC (Akinrotimi et al.,
2012; Far et al., 2012; Geetha, 2014).

Conclusion

The present study which aimed to mimic of fluc-
tuating salinities, has shown that short-term ex-
posure of fish to salinities as high as 14ppt led to
extreme physiological disturbances as revealed in
changes observed in their behavioral and physio-
logical characteristics. From the overall study the
perceptible concern might be that the Java barb
can tolerate a definite range of salinity level
without being affected significantly, but extreme
changes in salinity may cause some effects on
physiology and behavior of the fish.
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Abstract:

Carp (Cyprinus carpio) is the most common species of
the Cyprinidae family and is among the important
species commercially caught in the Gelingiillii Reser-
voir, Yozgat, Turkey. In this study, the reproductive
biology of mirror carp and scaled carp in Gelingiilli
Reservoir was studied in terms of the gonadosomatic
index (GSI), fecundity, and ovarian histology. Ovaries
were classified into 5 maturity stages based on histo-
logical data, as follows: 1. Chromatin-nucleolus stage
(oocyte diameter is 20-60 pm); 2. Peri-nucleolar stage
(oocyte diameter is 60-200 pum); 3. Cortical alveolar
stage (oocyte diameter is 200-600 pm); 4. Vitellogenic
stage (oocyte diameter is 600-1000 pm); 5. Maturation
stage (oocyte diameter is 1000-1400 pm). When ovu-
lation was completed, post-ovulatory follicles and
atretic follicles were noted in the ovaries. The spawn-
ing period in both populations extended from April to
July, but peak-spawning activity occurred in April and
May. Absolute fecundity reached 2.133 million eggs
in mirror carp and 1.628 million eggs in scaled carp.
Ovaries that contained both yolk stage oocytes and
postovulatory follicles indicated that carp is a multiple
spawner. Histological analysis in the present study
showed that female mirror carp and scaled carp had

mature eggs that contributed to sustaining the both
populations in Gelingiillii Reservoir.

Keywords: Cyprinus carpio, Spawning season, Fe-
cundity, Gonadal development, Gelin-
giillii Reservoir, Introduced fish
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Introduction

As the human population continues to increase
the world is faced by significant nutritional chal-
lenges. As such, the importance of inland fisher-
ies in natural and artificial lakes in meeting hu-
man nutritional requirements and providing em-
ployment opportunities is increasing (Wel-
comme, 2001). Today, carp (Cyprinus carpio) is
one of the valuable species for inland fisheries
and aquaculture settings in many countries; there-
fore, it is widely introduced into natural lakes and
reservoirs throughout the world (Kottelat and
Freyhof, 2007). Governmental organizations are
responsible for fish introductions into lakes and
reservoirs in Turkey in order to support inland
fisheries. Until recent time, two domestic forms
of common carp -mirror carp and scaled carp-
have been the most preferred fish for introduction
programs in Turkey.

The carp (C. carpio) is the most common species
of the Cyprinidae family and it is commonly
found in warm, still or slowly flowing waters, es-
pecially in well vegetated lakes (Kottelat and
Freyhof, 2007). Several studies on biology of
carp have been previously undertaken in several
region including Turkey, and they have mainly
focused on life-history properties and yield as-
sessment (e.g: Hulata et al., 1974; Karako¢ and
Sarithan, 1987; Fernandez-Delgado, 1990; Vilizzi
and Walker,1999; Karatas, 2000; Balik and
Cubuk, 2001; Kirankaya and Ekmekgi, 2013;
Vilizzi et al., 2015). Studies of fish reproduction
often favour commercial or valuable fish species
such as carp (Smith and Walker, 2004). Crivelli
(1981) studied maturation and spawning of carp
in southern France and Jankovic (1971) exam-
ined oogenesis of carp from Lake Skadar. Histo-
logical interpretation of ovarian development is
one of the most favourable studies in fish popula-
tions, since histological examinations provide de-
tails within the maturation cycles (Sivakumaran
et al., 2003). However, limited information is
available on histological development of carp
gonads, especially of carp introduced into artifi-
cial lakes and ponds. Gupta (1975) examined de-
velopment of carp gonads in warm water aquaria
under controlled conditions, but some other re-
searchers (e.g. Dubost et al., 1997; Sivakumaran
et al., 2003; Smith and Walker, 2004) histologi-
cally assessed the development of carp gonads in
natural environments. Although histological stud-
ies may highlight vulnerable aspects of the repro-
ductive biology of commercially valuable intro-

duced fish such as carp, there is no study about
histological development of gonad of carp in
Turkey.

The carp is among the important species com-
mercially caught in the Gelingiilli Reservoir,
Yozgat, Turkey. The Gelingiillii Reservoir is lo-
cated in Central Anatolia (35°032'02" E,
39°36'30"N, 1050 m a.s.l) and is the result of the
dam that was completed on the Delice River,
tributary of the Kizilirmak River at the end of
1993. During some summer periods, there has
been a significant decrease in the water level of
the reservoir, which was built in order to provide
an agricultural water supply in an arid region. Af-
ter completing the dam, the State Hydraulic
Works (DSI) introduced mirror carp into the res-
ervoir in 1994 and replenished the stock in sub-
sequent years in order to advance commercial
fishery in the region. The reproductive success of
mirror carp in the harsh continental climate of the
region was considered doubtful, as the species is
a warm water culture form; therefore, scaled carp
were introduced into the reservoir beginning in
September 2000 as a candidate species for fishery
enhancement.

The present study aimed to describe the repro-
ductive pattern of mirror and scaled carp popula-
tions introduced into Gelingiillii Reservoir. We
examine trends in gonadosomatic index, fecundi-
ty and gonad histology to better understand their
reproductive biology. We use these to identify
the potential of both populations to establish self-
sustaining populations in Gelingiillii Reservoir.

Materials and Methods

Sampling was performed between March and
November 2006. In total, 64 mirror carp and 51
scaled carp were caught using gill nets with mesh
ranging in size from 20 x 20 mm to 100 x 100
mm. Total length (TL) and fork length (FL) were
measured to the nearest 0.5 cm and total body
weight (W) was recorded to the nearest 0.01 g.
Fish samples were dissected for sex determina-
tion, and ovaries were removed and weighed to
the nearest 0.01g. For histological analysis sam-
ples obtained from the middle part of each ovari-
um were fixed in 10% formalin.

Monthly changes in water temperature were
monitored. While the water temperature varied
between 8 and 10 °C in the first 5 m below the
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surface in the spring, it can increase to 20 °C dur-
ing summer.

The spawning season of mirror and scaled carp
was investigated by using monthly variation in
the mean GSI and ovarian maturity stages. Tem-
poral changes in gonad development were deter-
mined based on the gonadosomatic index (GSI)
and the following equation: GSI = (GW/W) x
100, where GW is gonad weight and W is total
body weight. ANOVA was used to determine the
significance of difference in the GSI by month.

The absolute fecundity (AF) was estimated as AF
= Wg x D, where Wg is gonad weight and D is
number of the oocytes per gram of ovarian tissue
(Begenal and Braum, 1971).

For histological examination the ovary parts that
were fixed in 10% formalin were washed in run-
ning water and stored in 70% alcohol until sec-
tioning. In all, 115 female gonads were histologi-
cally examined. A transverse section from the
central part of each gonad was dehydrated in al-
cohol, embedded in paraffin, and subsequently
sectioned transversely to 5-7 um using a micro-
tome. The sections were fixed on glass slides
with distilled water and stained using hematoxy-
lin and eosin (H&E) (Culling et al., 1985; Rob-
erts, 2001). Ovary developmental staging was
based on the terminology proposed by West,
1990 and Wallace and Selman, 1981.

Results and Discussion

In total, 64 mirror carp and 51 scaled carp speci-
mens were collected, with FL ranging from 29.7
cm to 71.5 em (SD = 13.23) and 26.3 cm to 57
cm (SD= 8.17), respectively. Body weight of the
specimens varied from 897 g to 12,500 g (SD =
2497) in mirror carp and 555 g to 4220 g (SD =
900) in scaled carp.

GSI differed significantly both in mirror and
scaled carp according to the month they were col-
lected (ANOVA: F = 2.46, p<0.05 for mirror
carp; F = 4.61, p<0.05 for scaled carp). Monthly
variation in mean GSI is shown in Figure 1.
Mean GSI in mirror and scaled carp was 10 and
11.9, respectively, in March, peaked at 13.38 in
mirror carp and 12.92 in scaled carp in April, and
then gradually decreased to 0.37 and 0.42, re-
spectively, in mirror carp and scaled carp in Au-
gust. These data show that mirror carp had a pro-
longed breeding period - observed from April to
August - whereas scaled carp spawned between
April and July.

Absolute fecundity (AF) reached 2,133,990 in
mirror carp and 1,628,526 in scaled carp. Mean
AF ranged from 308,713 to 830,297 in mirror
carp and 116,540 to 604,031 in scaled carp (Fig-
ure 2). AF in mirror carp was significantly higher
than in scaled carp (ANOVA: F =2.84, P < 0.05).
No mature eggs were observed in the gonads of
scaled carp in July or mirror carp in August.
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Figure 1. Monthly variation in gonadosomatic index of mirror carp and scaled carp
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Figure 2. Monthly variation in absolute fecundity of mirror carp and scaled carp

For examination of the ovarian cycle, the ob-
served oocytes of female mirror carp and scaled
carp were classified into 5 developmental stages,
and the characteristic features of each stage are
given below. This categorization was based on
previously published criteria: Oocyte size, ap-
pearance of nucleus in the cell and nucleolus
number, type of cytoplasmic objects and their lo-
cation in the cytoplasm (Wallace and Selman,
1981; West, 1990).

a. Chromatin nucleolus stage (Figure 3a)

This stage is characterized by the youngest and
smallest oocytes. The large nucleus is surrounded
by the cytoplasm and the oocytes appear baso-
philic after staining. Oocyte diameter is 20-60
pum.

b. Peri-nucleolus stage (Figure 3b)

In this stage oocyte cytoplasm stains deeply with
hematoxylin and appears darker than the nucleus.
Many nucleoli varying in size are observed with-
in the nucleus periphery. Oocyte diameter is 60-
200 pm.

c. Cortical alveolus stage (Figure 3c¢)

At the beginning of this stage the cortical alveoli
begin to appear near the nucleus in the cyto-

plasm. As these spherical structures are stained
with hematoxylin-eosin they seem to be empty.
The cytoplasm becomes paler and homogenous.
Oocytes continue to grow while cortical alveoli
increase in size and number. Chorion (zona pel-
lucida) first appears during this stage of oocyte
development. Oocyte diameter is 200-600 um.

d. Vitellogenic stage (Figure 3d)

This is the longest stage of oogenesis and begins
with the appearance of yolk globules around the
nucleus. Cortical alveoli are displaced to the pe-
ripheral cytoplasm due to the increase in size and
number of yolk globules. Oocytes almost reach
maximum size during this stage. Chorion be-
comes rather distinct and oocyte diameter is 600-
1000 um.

e. Mature oocyte stage (Figure 3e)

This is the final stage of oogenesis. The nucleus
moves towards the animal pole where the micro-
pyle is situated. The nucleus membrane breaks up
and nucleoli are scattered in the cytoplasm. The
yolk globules completely fuse together and cover
the entire the cytoplasm. Oocyte diameter is
1000-1400 pm.
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Figure 3. Histological observations of the oocytes of Cyprinus carpio: (a) chromatin stage (C) (ar-
row; hematoxylin-eosin), (b) perinucleolus stage (PN) (arrow; hematoxylin-eosin), (¢) cor-
tical alveolus stage (A) (K-chorion; hematoxylin-eosin), (d) vitellogenic stage (V) (hema-
toxylin-eosin), (e) mature oocyte stage (Vg) (hematoxylin-eosin), (f) different oocyte de-

velopmental phases (hematoxylin-eosin).

The reproductive characteristics of fish vary ac-
cording to species, and the physical, chemical,
biological, and hydrographic properties of the
water systems in which they live (Dubost et al.,
1997; Karatag, 2000; Balik et al., 2006). Estab-
lishment of a self-sustained population in a new
environment depends on the reproductive success

of introduced fish species (Minos et al., 2010).
Definition of the stages of gonadal development
used to evaluate such reproductive characteristics
as breeding period and fecundity facilitates the
collection of data on the reproductive success of
a fish species.
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In the present study, breeding season, GSI and
fecundity were evaluated in order to determine
the reproductive success of mirror carp and
scaled carp populations in a reservoir environ-
ment located in a region with a harsh continental
climate. It was previously reported that female
mirror and scaled carp in Gelingiilli Reservoir
begin to reach sexual maturity at age 3 years
(Kirankaya and Ekmekgi, 2013); sexually mature
(age >3 years) individuals were examined in the
present study.

According to histological analysis and monthly
changes in GSI, the mirror carp breeding period
was April-August, versus April-July in scaled
carp. Mean GSI in female mirror carp was 10.00
in March, whereas the maximum was 13.38 in
April, after which time it gradually decreased
(Figure 1). This changes in mean GSI indicated
that spawning had begun. Similarly, GSI in fe-
male scaled carp was 11.93 in March and reached
the maximum of 12.92 in April; the minimum
mean GSI was 0.42 in August. According to
these data, spawning in female mirror carp began
during May when the water temperature was
18°C and continued during June and July, where-
as scaled carp spawned between April and July.
The wide range of GSI in both the mirror carp
and scaled carp populations in the present study
between April and June indicates that the samples
included females with asynchronous ovaries that
had both spawned and not spawned. Gupta
(1975) found that carp specimens have laid all
their eggs fractionally under controlled warm wa-
ter aquaria conditions.

Histological analysis of ovaries in mirror carp
and scaled carp yielded findings that mirrored the
monthly changes observed in GSI. In both fish
populations mature oocytes were first observed
from the beginning of April until July. When ov-
ulation was complete, post-ovulatory follicles
(consisting of granulosa and theca cells) and
atretic follicles were noted in the ovaries. Vazir-
zadeh et al. (2014) showed that wild carp popula-
tions from the south-eastern Caspian Sea were
asynchronous multiple spawner. Sivakumaran et
al. (2003) also reported that wild carp was both
single and multiple spawners in South Victorian
water of Australia. Smith and Walker (2004) also
stated that spawning was asynchronous in com-
mon carp population from River Murray and each
female may have spawned up to three discrete
batches of eggs.

Ovarium structure in animals with cyclical repro-
duction characteristics varies according to the
different phases of the cycle; there are 3 types of
ovary—synchronous, group synchronous, and
asynchronous (Wallace and Selman, 1981; Na-
gahama, 1983). According to histological analy-
sis of ovarium tissues taken from mirror carp and
scaled carp during the breeding period, it was de-
termined that mirror carp and scaled carp have
asynchronous ovaries and that different oocyte
developmental phases are seen together (Figure
3f). It is known that fish species with asynchro-
nous ovaries have a prolonged breeding season
(Dubost et al., 1997; Smith and Walker, 2004).
Generally, ovaries in multiple-spawners contain
both post-ovulatory follicles and vitellogenic oo-
cytes simultaneously; in this type of ovary, post-
ovulatory follicles gradually disappear, but vitel-
logenic oocytes continue developing (Igbal et al.,
2007). In the present study, vitellogenic oocytes
and mature oocytes were observed with post-
ovulatory follicles simultaneously, indicating that
carp is a multiple spawner, spawning more than
once in a single spawning season. Yoneda et al.,
1998 reported that there were post-ovulatory fol-
licles and vitellogenic with matured oocytes in
the ovaries of Lophiomus setigerus between May
and November, which is evidence of multiple
spawning.

Histological analysis in the current study showed
that female mirror carp and scaled carp had ma-
ture eggs that contributed to sustaining the popu-
lation. It was previously reported that there were
0+ age mirror carp fry in Gelingiillii Reservoir,
whereas there were no scaled carp fry during the
same period, and that there might be problems for
the scaled carp population in terms of the spawn-
ing area and larval development in the reservoir
(Kirankaya and Ekmekgi, 2013). Carp is known
as a phytophilic fish species (Nikolsky, 1963)
that depends on submerged macrophytes in the
littoral zone for egg laying. Thus, there is a
strong relationship between the structure of the
littoral zone and reproductive success of phyto-
philic fish. Reservoirs are unstable land-water
ecotones exposed to irregular changes in water
level, and macrophyte colonization in such water
is weak due to a narrow littoral zone and a high
degree of steepness (Duncan and Kubecka,
1995). A narrow littoral zone and irregular water
level in the littoral zone negatively affect carp
spawning, egg development, and larval growth,
as they lay their eggs on littoral macrophytes
(Fernando and Holcik, 1991; Duncan and Ku-
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becka; 1995). During the study period, it was de-
termined that there was a tendency to decrease in
water level in Gelingiilli Reservoir (Kirankaya
and Ekmekg¢i, 2013). In this case, the narrow lit-
toral zone, which has rare submerged macrophyte
colony, might be more declined and therefore
breeding area for carp might be limited. It is also
possible that different populations with phyto-
phylic features compete for use of this limited re-
production area. In an earlier study 0+ age mirror
carp were observed with rate of 1.5%, but no 0+
age scaled carp were noted (Kirankaya and Ek-
mekei, 2013), which suggests that mirror carp
may have better adaptation for reproduction to
the limited environments than scaled carp, and
that scaled carp has lower reproduction perfor-
mance in this environment. On the other hand, F;
values indicate that scaled carp had lower repro-
ductivity than mirror carp.

Conclusion

In conclusion, data of the current study shows
that there were no completely atrophied gonads
and that ovaries contained both vitellogenic and
mature eggs during the breeding season. These
findings suggest that there were no developmen-
tal problems that prevented reproduction of mir-
ror carp and scaled carp, but as reservoirs have
typical limnological features, the area in which
these fish can lay eggs is limited; therefore, it
might be that this is a factor that determines the
reproductive success of carp in this environment.
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Abstract:

This paper reviews smart fish farming systems that
demonstrate how complex science and technology can
be made easy for application in seafood production
systems. In this context, the focus of this paper is on
the use of artificial intelligence (Al) in fish culture. Al
mimics some of the capabilities of human brain via its
Artificial Neural Network (ANN) in performing cer-
tain tasks in a fish hatchery that are crucial for aqua-
culture systems. Water quality is of utmost importance
for survival, growth and all other living activities of
captive stocks of fish. The Al-based systems can be
designed for controlling the main parameters of water
quality such as salinity, dissolved oxygen, pH and
temperature. This systems approach uses software ap-
plication that runs on an application server connected
to multi-parameter water quality meters such as those
offered by YSI. The software captures these parameter
values from YSI device and checks if they are within
the optimum range. If not, then an alarm system is
triggered for immediate remedial action that can be
executed by personnel handling the hatchery man-
agement roles. This improves accuracy, saves cost and
action time to ensure sustainability life-supporting
system in the hatchery. Despite complexity in evolv-
ing this system, the application is simple enough to be
operated by an organized fish farming community.
Because this study introduces a rather new approach

to aquaculture management, presentation of a detailed
background scenario was deemed necessary to put the
pertinent issues in the right perspective.
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Introduction

A great deal of knowledge has been generated in
aquaculture and this has contributed to industrial-
ization of this sector. Industrialization is associat-
ed with introduction of technology since a large
number of parameters have to be controlled in
modern-day aquaculture systems. Some of these
operations require sophisticated tools and special-
ly designed facilities which have evolved through
intensive research and a great deal of innovation.
Advancements in technology generally have sup-
ported the modernization of aquaculture since
many products of technology not developed spe-
cifically for application in farming systems have
found applications in this area. Some technologi-
cal inventions are tailor-made for aquaculture op-
erations. For example, design of semi-
submersible cages, automatic time-controlled
feeders and water recirculating and remediation
systems require specific technology applications
based on sound scientific knowledge. The visible
benefits from technology have provided a sup-
porting basis for advancing the aquaculture sys-
tems to the next higher level which is the applica-
tion of computer controls and artificial intelli-
gence (Al) for a greater degree of automation, ef-
fective management and decision-making.

Researchers working with fish stocks have been
using empirical statistical and mathematical
models expressed in equation form for evaluating
length-weight relationship, condition coefficient,
food electivity index, food conversion ratio and
specific growth rate among other parameters.
These measurements are widely used to assess
the condition of cultured fish and effect of certain
factors to modulate the system to improve pro-
duction efficiency. There are qualitative compo-
nents that constitute biological or environmental
complexities which are beyond the capabilities of
statistical formulas or models to solve. In such
situations, application of Al is helpful and re-
quires developing means to automate or mimic
the computational processes of the brain to exer-
cise control on culture systems. Artificial Neural
Networks (ANN) and fuzzy logic are the main
fields of AI for simulating, to some extent, hu-
man intelligence in machines. Neural network
models are designed to emulate the core princi-
ples of the central nervous system which includes
the pathways through which the sensory nerves
carry the sensation perceived by sensory recep-
tors to the brain in the form of an electrical im-

pulse while motor nerves carry the brain’s mes-
sage to effector organs where it is translated into
action. ANN is a very simplified model of this
sort of neural processing. It is worth emphasizing
that these systems are nowhere near the complex-
ity of human nervous system. Probably, it is no
exaggeration to state that the human brain as the
one of the most complex matter in the universe.
The brain functions require many interconnected
processing elements called as ‘neurons’. Data fed
at one end of the network produces output at the
other end. In between these ends are layers of
neurons. ANN despite being inspired by neurons
in the brain, do not actually simulate neuron
mechanisms. They are in much smaller number
and much simpler than their biological neuronic
counterparts.

ANN is designed for dealing with data and signal
processing within a designed system where
knowledge is embodied in the form of parameters
of a dynamical system. In a hatchery system
where there is fish (a biological entity) and non-
biological components (water quality parameters
such as temperature, pH, and dissolved oxygen,
salinity) and the waste produced by fish, the ana-
lytical gadgets can quantify the chemical changes
that can be channeled to a central command sys-
tem (programs in a computer) which responds by
sending signals (motor pathways) to regulators
(for example, aerators, water flow control devic-
es) which in turn act according to information fed
into the system in the form of algorithm. As ag-
uaculture progresses in this 21* century, ANN
will be built in smart models comprising highly
complex and sophisticated algorithms that require
enormous amount of computer processing using
specially developed software programs.

Aquaculturists realize that by controlling the en-
vironmental conditions and system inputs (for
example, dissolved oxygen, salinity, feeding rate
and stocking density), physiological rates of cul-
tured species and metabolic outputs (for example,
ammonia, pH and growth) can be regulated.
These are exactly the kinds of practical meas-
urements that will allow commercial aquaculture
facilities to optimize their efficiency by reducing
labor and utility costs, and decreasing the envi-
ronmental impacts. Anticipated benefits for ag-
uaculture process control systems are: (1) in-
creased process efficiency, (2) reduced energy
and water losses, (3) reduced labor costs, (4) re-
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duced stress and disease, (5) improved account-
ing, and (6) improved understanding of the pro-
cess (Phillip, 2000). A small number of Al sys-
tems available today have limited applications
and these are based on a proven methodology for
implementing management systems that are both
intuitive as well as inferential.

The purpose of applying process control technol-
ogy to aquaculture in developed countries en-
compasses many socio-economic factors, includ-
ing variable climate, high labor costs, increased
competition for water supply and land resources
and a regulatory bureaucracy. These factors are
pushing aquaculture industry there toward the use
of intensive, recirculating, water filtration sys-
tems and off-shore pens and cages (Fridley,
1993; McCoy, 1993; Lee, 1995; Hayden,
1997; Helsley, 1997).

High efficiency, automated control systems
should: (1) simultaneously reduce the need for
high quality make-up water and the volume of
pollutant-laden effluent for land-based recircula-
tion systems, and (2) reduce labor costs for on-
site supervision and normal feed wastage associ-
ated with off-shore aquaculture (Lee, 1995).

Use of computer monitoring and automation in
aquaculture is a new development. The applica-
tions are visible in algae and food production
(Lee, 1993), feed management (Hoy, 1985), fil-
tration systems (Whitson et al., 1993; Lee et al.,
1995; Turk et al., 1997; Lee et al., 2000 ), vision
systems (Whitsell and Lee, 1994; Whitsell et al.,
1997), environmental monitoring and control
(Hansen, 1987; Ebeling, 1991, 1993; Munasinghe
et al., 1993; Rusch and Malone, 1993) and inte-
grated systems management (Lee, 1991; Lee et
al., 1995, Lee et al., 2000 and Turk et al., 1997).
A good example of Al based system in aquacul-
ture is that of aquaculture solar thermal water
heating system control. The system consists of
solar collector unit to supply hot water during the
day hours, biogas heater as auxiliary unit during
the night and cloudy days, storage tank to keep
water temperature at high degree and thermostat-
ic valve to control hot water flow rate to the
pond. The principle of operation of this system
can be explained through the three layers of an
Al based aquaculture system (Figure 1). The in-
put layer requires input of data such as air tem-
perature, pond temperature and error, the hidden
layer performs various logical calculations from
the input provided by the input layer and the out-

put layer provides water supply based on the time
of the day and weather.

This movement toward intensification and auto-
mation parallels the development of other forms
of agriculture which share many characteristics
with intensive aquaculture systems, and all these
are commodity markets.

Some computer programs can even mimic the ac-
tions of acknowledged process experts (Bechtold,
1993, 1994). They require defined rules (‘if” and
‘then’ statements) or graphical knowledge (flow
charts or logic trees) to be formulated by process
experts. This necessitates the rather tedious task
of recording a process expert knowledge into the
form of rules and then validating the expert sys-
tem against the expert decisions. Often, experi-
enced process experts find this process antagonis-
tic, especially when they contradict the outcomes
of their earlier rules. The process requires a pa-
tient expert and an even more patient computer
programmer to refine or change the rules. The
most significant consequence of a knowledge-
based expert system is that it provides a process
expert the ability to quickly distribute intelli-
gence throughout the aquaculture industry.

Al contributes to decision-support systems with a
focus on interactive problem-solving and experi-
ential learning in knowledge-based systems. Uti-
lizing knowledge that captures the semantics and
pragmatics of the real-world problem-solving set-
tings will certainly help in the growth of aquacul-
ture industry with reduced risks and more profit
without cost inflation.

An Al tool called as ‘Expert System’ (ES) is be-
ing used in some aquaculture industries motivat-
ed towards technology-intensive culture. It is a
kind of computer program which can help in
finding solution to some aquaculture problems by
simulating the experts. ES stores a vast
knowledge and experience of experts and practi-
tioners in a certain domain and assists the farmers
in applying the right method to solve their prob-
lems related to captive stocks. This goes beyond
the generic thinking to specific knowledge appli-
cation in a systems approach.

Jiang et al. (2012) stressed the importance of
case-based reasoning (CBR) to capture, store and
reuse knowledge as a core component of a deci-
sion-support. CBR is a reasoning method that
solves a new problem by examining how a simi-
lar problem was solved before. This method
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comprises a problem statement, a solution and an
outcome, and has four steps:

1. Retrieve- a new problem described as a
query case.
2. Reuse —taking up this case and either reus-

ing it directly or adapting it to a solution
that fits the query case.

3. Revise —taking the solution for evaluation,
generally by applying it and getting it ex-
amined by a domain expert, and

4. Retain —learning it from the revised prob-
lem-solving experience by updating it to a
case base.

Al tools provide a basis for decision-support,
with a focus on interactive problem-solving and
experiential learning in a knowledge-based sys-
tem, utilizing knowledge that captures the seman-
tics and pragmatics of real-world problem-
solving setting with application in aquaculture.

Why Al in modern aquaculture?

a) Before KM tools and collaborative work-
spaces were available, people had to access
centrally managed and controlled data-
bases. New knowledge creation and
knowledge sharing were based on the
productivity of a few people in a central
team which, by comparison, was a slow
process. The Al systems can be designed
in a way that stakeholders can participate
in new knowledge creation from their ex-
periences in a meaningful way and blend it
with knowledge generated by scientific tri-
als, and the whole process becomes faster
and easier than before. This also obviates
the need for centrally controlled databases.
Al systems are adaptable based on infor-
mation that might emerge as a result of ex-
periments conducted using new approaches
under changing conditions.

b) Knowledge bases enable people in a re-
search institute or industry to create, col-
laborate, develop, and access new
knowledge, more often as participants, to
rapidly generate feedback and even create
and edit new knowledge, where appropri-
ate.

c) Knowledge bases give a full context to a
knowledge topic by structuring 'what, why,
who, where, when, how' sort of queries.

d) It is good that some of the knowledge ba-
ses like wikis do not require involvement
of the IT department, although their sup-
port should be acknowledged. This means
that knowledge bases can be created rapid-
ly by the users themselves which will be
very helpful in the aquaculture sector, as
most of the stakeholders might not be tech
savvy and thus they can also make use of
KM tools to contribute to the knowledge
base and retrieve vital information using
these tools.

Application of Al based software in water
quality management system

Water quality management in aquaculture:
Water quality is a critical factor when culturing
any aquatic organism. Optimal water quality var-
ies by species and must be monitored to ensure
growth and survival. The quality of the water in
the production systems can significantly affect
the organism's health and the costs associated
with getting a product to the market. Water quali-
ty parameters that are commonly monitored in
the aquaculture industry include temperature, dis-
solved oxygen, pH, alkalinity, hardness, ammo-
nia, and nitrites. Water quality directly affects the
growth of aquaculture stocks, leading to a decline
in production and economic benefits. Some of the
most important parameters to consider while
monitoring the water quality are pH, dissolved
oxygen, salinity and water temperature.

Need for automation in water quality man-
agement: Water quality management is an essen-
tial part of aquaculture, and generally requires
human intervention whenever there is a change in
any one of the parameters that results in deterio-
ration of quality of the rearing medium. In order
to minimize human intervention which would re-
sult in cost saving and timely solution of the
problem the automation via development of an
Al system would enable such type of an opera-
tion.

The user interface consists of four input boxes
which will capture the values for salinity level,
pH level, dissolved oxygen and temperature of
the water of the fish tank. The logic is pro-
grammed in the four buttons for checking the op-
timum levels of the four parameters. This acts as
the ‘brain’ of the software program which does
the logical calculations and determines if the lev-
els are within the optimum range or out of it.
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Artificial neural networks in water quality
management system

We know that artificial neutral networks to some
extent replicate the functions of the brain, thus
the water quality management system can also
use the same principles in determining the range
for the four parameters of the water that are cap-
tured through the input layer via the YSI device.
The software code captures the values via a
hardware interface, and after the values have
been captured the hidden (or logical) layer then
performs the logical calculations using various
“if” “else” conditions to check whether the values
are within the optimum range or not. If the values
are out of the range, then the application displays
remedial solutions and also at the same time trig-
gers an action via an Al based device which per-

The logical calculations are performed
by the hidden layer which then
triggers the command to the Al based
dgvice

The input layer function is where the
captured values from the YSI meter
are taken.

Hidden

forms the actual remedial solutions. As an exam-
ple, a software prototype developed for Asian sea
bass in our hatchery stores the range of critical
water quality parameters: salinity (10 — 30 ppt),
dissolved oxygen (4-9 ppm), pH (7.5-8.5) and
temperature (26-32°C). The so-called brain of the
system stores codes for the four parameters that
can check if the captured values are within or
outside the range. The program can be connected
to an alarm system to notify the hatchery staff if
the values are outside the range. Also, color cod-
ing can also be selected for each parameter and
also for values which are above or below the crit-
ical range to inform the hatchery personnel the
exact nature of the problem involving the water
quality parameters.

Output is in the form of remedial
message displayed by the system

Output

Figure 1. Artificial neural network (https://en.wikipedia.org/wiki/Artificial neural network)
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We know that artificial neutral networks to some
extent replicate the functions of the brain, thus
the water quality management system can also
use the same principles in determining the range
for the four parameters of the water that are cap-
tured through the input layer via the YSI device.
The software code captures the values via a
hardware interface, and after the values have
been captured the hidden (or logical) layer then
performs the logical calculations using various
“if” “else” conditions to check whether the values
are within the optimum range or not. If the values
are out of the range, then the application displays
remedial solutions and also at the same time trig-
gers an action via an Al based device which per-
forms the actual remedial solutions. As an exam-
ple, a software prototype developed for Asian sea
bass in our hatchery stores the range of critical
water quality parameters: salinity (10 — 30 ppt),
dissolved oxygen (4-9 ppm), pH (7.5-8.5) and
temperature (26-32°C). The so-called brain of the
system stores codes for the four parameters that
can check if the captured values are within or
outside the range. The program can be connected
to an alarm system to notify the hatchery staff if
the values are outside the range. Also, color cod-
ing can also be selected for each parameter and
also for values which are above or below the crit-
ical range to inform the hatchery personnel the
exact nature of the problem involving the water
quality parameters.

Conclusion

Smart aquaculture system described in this paper
makes best use of available knowledge, resources
and technology to increase production efficiency
of aquaculture systems with reduced inputs and
costs. Aquaculture industry can benefit by lever-
aging the broadband and digital technology in
which many countries, including Malaysia, have
made significant progress. It serves as a show-
case of applying innovative approaches to in-
creasingly important seafood production systems
by way of aquaculture. The instrumentation tech-
nology has advanced in recent decades and so-
phisticated gadgets such as those offered by YSI
can continuously monitor water quality with a
payload of multiple sensors. It is practically fea-
sible to align the sensors to wireless communica-
tion system to build an integrated sensor-
network-wireless platform which can provide an
accurate digital and real-time monitoring of aq-
uaculture water quality (temperature, salinity,
pH, dissolved oxygen, in a local or remote way

through hand phone. The remedial action which
is handled by a neural arc connected to robotic
facility requires separate hardware design and
operating program. Besides monitoring and con-
trol of water quality, this sensor-digital combina-
tion will also help share information among
farms by way of common devices and apps, in-
crease the ability to analyze diverse information
from more sources using cloud computing.

The anticipated next step is aligning the Al with
robotics. Al is the most important and exciting
area in robotics. Al system installed in a comput-
er gathers data and facts through sensors or hu-
man input. Based on the program developed, the
computer runs through the various actions and
predicts which action will be most appropriate
based on the collected information. Obviously,
the computer will solve the problems it is pro-
grammed to solve. On its own, a computer does
not have the analytical ability. The robot soft-
ware is in the form of commands that tell a me-
chanical device (robot) what functions to perform
and control its action. In a robot which can be
used for aquaculture operations, the information
flow programming is based on the concept that
when the value of a variable (for example, dis-
solved oxygen) changes, the value of other varia-
bles (for example, dissolved gases in water, fish
survival) should also change, and the robot
through ANN should respond by mechanical con-
trol for finding solution to the problem. The sys-
tem can be operated using mobile phones operat-
ing on android operating system, tablet comput-
ers or personal computers. With penetration of
mobile phones to all sections of the society even
in interior areas, this will be a convenient tool to
manage aquatic farming as the main or supple-
mentary food producing system.

Robot’s domain or its capabilities are limited for
specific applications. Aquaculture is a complex
process where there are many variables, for ex-
amples, dissolved gases, pH, stocking density and
food consumption among others. Certainly, soft-
ware programs will be complicated and so will be
the roles of a robot. There will be certain roles
that despite the information it receives, the robot
might not be able to solve the problem except to
alert the hatchery operators to take the action.
Take the case of fish stocking density in a hatch-
ery tank. A single sensor in the form of a webcam
can be connected to image detector in a computer
that processes the image based on shape, color,
and uses Al to inform which species and how
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many of them have survived a treatment. At this
stage of knowledge, removal of dead fish speci-
mens and addition of new specimens can be han-
dled by human beings working in the hatchery.

Al and robotics will increasingly find application
in aquaculture in the current century as we go
away from the coastal aquaculture to the deep sea
where sea conditions are rough and extended
human presence is neither economical nor practi-
cal for operations such as feeding the fish or reg-
ular daily monitoring.

Controlling the problem of biofouling is yet an-
other important operation well suited for fish
farming. It is quite well known that biofouling
reduces water exchange in a sea cage, leading to
shortage of oxygen-rich water entering the facili-
ty. This reduces fish growth, increases incidence
of diseases and causes mortality. The cage also
becomes heavier and its lifespan reduces. It re-
quires a great deal of human labor to keep the
cage free from biofouling. The net cleaning oper-
ations can be performed by robots.
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Introduction

Recent marine communities are being altered and
remodelled depending on natural changes which
occured over geological times. However, the
man-made effects associated with advancement
of civilization are destructive rather than forma-
tive in marine ecosystems. Main and collateral
effects of anthropogenic factors cause the reshuf-
fling of geographical distribution of plant and an-
imal species (Galil, 2007). Considering the Medi-
terranecan Sea, nowadays, the increasing of sea
water temperature, caused by the global warm-
ing, produces and/or enhances the shift and
poleward migration of many taxa that are now
extending their natural biogeographical range.
Thus some species, typically known as thermo-
philic are currently colonizing the northern sec-
tors. Following literature Azzurro (2008, 2010,
and references within), thermophilic fishes of the
Mediterranean can be categorized into two major
groups:

1) Native or indigenous fishes, with tropical or
subtropical affinity and origin, entered in the
Mediterranean during previous interglacial phas-
es of the Quaternary. These species occur typical-
ly in the southern Mediterranean, where water
temperature is warmer than average. The north-
ward spread of the native warm water biota has
been termed as “meridionalization”.

2) Exotic (or non-indigenous fishes), have recent-
ly entered the Mediterranean, mainly from the
Red Sea or from the Atlantic Ocean. These spe-
cies have taken advantage of suitable pathways
for dispersal in the western and eastern sectors of
the Mediterranean, respectively. The increase of
water temperature allows the successful introduc-
tion and spreading of tropical exotic species in
the Mediterranean Sea, a phenomenon that has
been called ‘tropicalization’. Another definition
that has been used is “demediterraneization”
(Quignard and Tomasini, 2000) and represented
the process of biotic homogenization of the
Mediterranean Sea.

Bianchi (2007) suggested that the phenomenon of
the tropicalization of the Mediterranean results
from the combination of four factors: Atlantic in-

flux, lessepsian migration, introductions by hu-
mans, and present-day sea warming. The same
author tends to include in this phenomenon also,
the northwards range extension of native thermo-
philic species, observed in the recent decades. On
this basis, it can be suggested therefore that the
native thermophilic species appearing northern
than the known range could serve as sentinels by
providing the first indication of changes in sea-
water temperature (Azzurro, 2008).

Parrotfishes consist of 10 genera and 88 species,
two in the Mediterranean, the native Sparisoma
cretense (Linnaeus, 1758) and the Lessepsian
migrant Scarus ghobban Forsskal, 1775 (Nelson,
2006; Golani et al., 2006). The parrotfish Spari-
soma cretense is thermophilic species, mainly
distributed along the eastern and southern coasts
of Mediterranean Sea to the west coast of Europe
and Africa from Portugal to Senegal, in depth
ranging from shallow waters to 50 m approxi-
mately (Bauchot, 1987; Petrakis and Papacon-
stantinou, 1990).

In this work, the presence of the Mediterranean
parrotfish is documented for the first time in the
northeastern coasts of the central Aegean Sea, as-
certaining the tendency of its population to
spread northwards in the basin.

Materials and Methods

On March 19" 2014, a single adult male and two
female’s specimens of S. cretense (Figure 1.)
were collected by a trammel net (mesh size: 20
mm, 1.5 m deep and 300 m long) at a depth of 22
m (on rocky bottom) in Sigacik Bay (N Aegean
Sea /38° 13" N - 26° 40" E) (Figure 2). The spec-
imens were fixed in 70% ethanol, deposited in
the Faculty of Fisheries Museum Collection,
Mugla Sitki Kogman University and cataloged
under the number MUSUM/PIS/2014-1. Metric
characters of the specimens were measured with
a digital calliper (to the nearest 0.01 mm), where-
as the meristic characters were counted under a
stereo zoom microscope having x 20 magnifica-
tion.

Yapici et al., 2(4): 201-207 (2016)



Journal of Aquaculture Engineering and Fisheries Research Yapici et al., 2(4): 201-207 (2016)

Journal abbreviation: J Aquacult Eng Fish Res

41° 41°

40° 40°

10 [ 33
N [
37 L 37
g |
-
IONIAN SEA RMODES [
350 CRETE [ 350
. T Ll T T LS L] L) L] Ll T Ll L LS L3 Ll T L] L] T Ll L] L] 1 i
e e 26° 28°

Figure 1. Map of central Aegean Sea indicating sampling area (with asterisk).
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Figure 2. Photograph of three specimes', Sparisoma cretense, caught in the Aegean Sea
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Results and Discussion

The specimens were identified based on criteria
presented in Bauchot (1987) and sexual discrimi-
nation was perfomed according to their colour
morph (de Girolamo et al., 1999) and confirmed
by visual examination of the gonads. Selected
main morphometric features of specimens are
presented in Table 1.

Warming of the sea is admitted as a major factor
that influences the remodelling of the Mediterra-
nean marine biodiversity (Bianchi, 1997; Bianchi
and Morri, 2004; Lejeusne et al., 2010). Although
the occurrence of the native parrotfish S. cretense
is chiefly documented from the warm-water sec-
tors of the Mediterranean, in the last two decades
an advancement of its distribution towards north-
ern and colder sectors of the basin has been re-
ported (Adriatic: Guidetti and Boero, 2001, 2002;
Dul¢i¢ and Pallaro, 2001; Bello et al., 2004; Az-
zurro et al., 2011; Kruschel et al., 2012, Ionian
Sea: Perdikaris et al., 2012). It could be seen
therefore as an indicator species of global warm-
ing by scientists. A similar trend is observed in
the Aegean Sea. In the Hellenic Aegean waters,
the occurrence of the parrotfish, well known from
of the south, southeastern and central part of the
basin, has been recently reported also from the
North (Lesvos, Limnos Islands) (Papaconstan-
tinou, 2014). Along the Aegean Turkish coasts,

Table 1.

the species is present in the Southeastern coasts
(Akmn et al., 2005; Ogretmen et al., 2005; Oz et
al., 2007), and also up to the North (Eryilmaz,
2003). Studies based on data including last three
decades showed that seawater temperature in-
creased approximately 1-2°C  (Pancucci-
Papadopoulou et al., 2012; Bianchi et al., 2014)
and warming trend is 0.06°C/year in the south
Aegean Sea (Lasram et al., 2010; Skliris et al.,
2011, Shaltout and Omstedt, 2014). As it is well
known, the SST gradient of whole Aegean sub-
basin is significantly controlled by water ex-
change between cold/fresh Black Sea water en-
tering through the Dardanelles Strait and
warm/saline Levantine basin water entering
through the Cretan Arc Straits (Zervakis et al.,
2000; Poulain et al., 2012). Besides, the Aegean
SST varies zonary and seasonally, even at the
same latitude, due to the Etesian winds and water
currents (Kotroni et al., 2001). However, recent
studies have demonstated that sea warming trend
of the Black Sea has been increasing significant-
ly. Moreover, future scenarios showed that ever-
increasing warming trend in Black Sea leads to
decrease in heat changes between Black Sea and
Aegean Sea (Kotroni et al., 2001; Shaltout and
Omstedt, 2014). Therefore, it has been triggerred
tropicalization and meridionalization phenome-
non underlie changes in the Aegean marine fau-
na.

The main morphometric and meristic characters of Sparisoma cretense in the Aegean Sea

Specimens

P1 P2 )

Morphometric characters (mm)

Total length 222.0 235.0 255.0
Standart length 201.0 210.0 226.0
Body weight (g) 190.34 221.79 267.96
Head length 55.33 58.04 69.60
Eye diameter 10.96 11.02 13.04
Interorbital distance 16.44 16.68 17.07
Preorbital distance 18.49 22.58 29.52
Predorsal length 55.26 58.63 71.43
Preanal length 113.49 115.24 136.48
Body depth 60.15 61.65 73.89
Meristic characters

Dorsal fin rays VIII - 10 VIII - 10 XI-10
Anal fin rays -9 Ir-9 Ir-9
Pectoral fin rays 12 12 12
Pelvic fin rays [-5 I-5 I-5
Lateral line 22 21 21
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Consequently, on one hand the Aegean is testing
the tropicalization phenomenon, being evidently
subjected to alien invasions mainly in its south
sub-basin, and, on the other hand, it is facing the
meridionalization phenomenon, showed by the
poleward migration of thermophilic native spe-
cies, including the parrotfish. Nevertheless, the
relationship between tropicalization, meridionali-
zation, and biodiversity is not straightforward due
to water warming, moving and/or removed geo-
graphical barriers, spatial overlap between alien
and indigenous species (Coll et al., 2010).

Conclusion

The presence of S. cretense at Sigacik Bay fills
first of all a gap of knowledge on its occurrence
in the area between the south and north eastern
coasts of the Turkish waters of the Aegean Sea,
ascertaining the enlargement of its distribution
towards the north. Thus, monitoring the occur-
rence of thermophilic indicator species, such as
the parrotfish, will help to predict possible
changes on the Mediterranean marine ecosys-
tems.
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Bu calisma, Sinop ilindeki 44 adet endiistriyel (orta ve
biiylik 6lgekli) balik¢t teknesinin 2008-2009 av mev-
simindeki balik¢ilik faaliyetlerine dayali olarak sosyo-
ekonomik gostergelerini saptamak amaciyla yiritiil-
miistlir. Balik¢1 tekneleri balik¢ilik tipine gore girgir
(1 adet), trol (8 adet) ve trol-girgir (35 adet) olmak
lizere li¢ gruba ayrilmigtir. Balik¢ilikla ilgili teknik,
sosyal ve ekonomik veriler, balik¢1 gemilerinin sahip-
leri veya isletenleri ile yiliz ylize gériigme teknigi uy-
gulanarak anketlerin doldurulmasiyla toplanmistir.
Toplanan  veriler kullanilarak ~ Sinop  ilindeki
endiistriyel balikg1  teknelerinin  sosyo-ekonomik
gostergeleri belirlenmistir. Elde edilen sonuglara gore,
Sinop ilindeki endiistriyel balik¢r teknelerinin
%29,55’inin negatif ekonomik performans gosterdigi
saptanmigtir. Trol teknelerinin %75’i, trol-girgir
teknelerinin de %20’si negatif ekonomik performans
sergilemislerdir. Bunun diginda, girgir ve trol tekneleri
kar marji bakimindan alternatif yatirnm araglarindan
daha diisiik getiri saglamiglardir.

Anahtar Kelimeler: Endiistriyel balikg1r tekneleri,
Yerel sosyo-ekonomik goster-
geler, Sinop

Abstract:

Socioeconomic Indicators of Industrial Fishing
Vessels: A Case Study of Sinop Province

This study was carried out to determine the socio-
economic indicators in the 2008/2009 fishing season
of the industrial (medium- and large-scale) fishing
vessels 44 nos. in the province of Sinop. Fishing ves-
sels were grouped as purse-seiner (1 nos.), trawler (8
nos.) and trawler-purseseiner (35 nos.) according to
fishery types. Technical, economic and social data re-
lated with fishing activity were collected by filling of
questionnaires forms using face-to-face survey with
vessel’s owner or operator. From collected data, local
socio-economic indicators of the industrial fishing
vessels were determined. According to obtained re-
sults, 29.55 per cent of the industrial fishing vessels in
Sinop Province were determined to show the negative
economic performance. 75 per cent of trawler vessels
and 20 per cent of trawler- purse-seiner vessels were
shown the negative economic performance. Otherwi-
se, purse-seiner and trawler vessels were provided low
return more than alternative investment tools by profit
rate.

Industrial fishing vessels, Local socio-
economic indicators, Sinop (Turkey)
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Giris

Balikgilik ¢ok eskiden beri insanlik i¢in temel gi-
da kaynagi oldugu gibi bu faaliyetle ilgilenenlere
istthdam ve ekonomik faydalar saglamistir
(Anonymous, 1999). Balik¢ilik faaliyeti pek ¢cok
tilkenin ekonomik gelismesine ve tiiketici refahi-
na katki saglamaya bagladiktan sonra diinyanin
pek cok bolgesindeki balikgilik kaynaklarr asiri
avcilikla 6nemli 6l¢iide kiigiilmiis, hatta tehlikeye
atilmistir. Asirt avciliga globallesen balik paza-
rinda fiyatlarin diismesi kadar avlama teknoloji-
sindeki gelismeler de neden olmustur. Bunun
tizerine birgok devlet ferdi ya da topluca tahrip
olan balik¢ilik kaynaklarint ve balikeiligi iyiles-
tirme ¢abalarnt  gOstermeye  baslamislardir
(Franquesa ve ark., 2001).

Diinyadaki pek ¢ok balik¢ilik alaninda balikeilik
yonetimi yetkilileri kaynaklar1 korumak igin ce-
sitli yonetsel tedbirleri uygularken, giicliiklerle
kargilagsmislardir. Balikgilik yoneticileri, av mik-
tarindan ziyade av cabasinin kontroliine iliskin
kararlara yonelmislerdir. Bu kararlar tekneyi ve
balik¢iy1 esas alacagindan, bagka bir argiimanin
daha devreye sokulmasi gerektigi fikrinde bir-
lesmiglerdir. Balik¢ilik kaynagi ya da sektoriin
sosyal ve ekonomik agidan siirdiiriilebilir olabil-
mesi i¢in bu argiimanin zamana bagli olarak ba-
likgilig1 karsilagtirmaya imkan saglamasi gerekti-
gini diislinmiislerdir. Bunun da, balik¢ilik kay-
naklarmin ve balik¢iligin yonetiminde biyolojik
gostergelerle birlikte sosyo-ekonomik gostergele-
rin kullanilmasiyla miimkiin olabilecegine kanaat
getirmislerdir (Sabatella ve Franquesa, 2004).

Sosyo-ekonomik gostergeler, balik¢ilik yoneti-
minde uygulanan yonetsel politikalarin global,
ulusal, bolgesel ve yerel diizeyde performansini
tahmin etmeye yardimci olurlar. Bu sekilde ba-
likgilik kaynaklarinin ve faaliyetlerinin kolayca
anlagilmalarini saglayarak, zamana bagli olarak
balikeilik hakkinda daha net tahminler ve karsi-
lagtirmalar yapilmasini saglarlar (Anonymous,
1999). Sosyo-ekonomik gdstergeler, her iilkedeki
balike¢ilik sektoriiniin sosyo-ekonomik durumu-
nun bilinmesi ve degerlendirilmesi i¢in temel bil-
giyi olusturdugundan, filolarda, bolgelerde, iilke-
lerde, iretim degisikliklerinde, fiyatlarda, gider-
lerde, ekonomik verimde, istihdamda, teknolojide
ve balik¢ilik kaynaklarindaki degisikliklerin ba-
likgilik faaliyetlerine etkilerini analiz etmede kul-
lanilabilir (Franquesa ve ark., 2001).

Politik veya analitik amaglar icin topla-
nan/iglenen verileri ya da veri kombinasyonlarini
iceren balik¢ilik gostergeleri balikgilik sistemle-
rinin durumunun degerlendirilmesi ve iyilestiril-
mesi i¢in sistemler {izerindeki politik degisiklik-
leri dlgen pratik ve ucuz araglardir (Anonymous,
1999; Le Gallic, 2002; Sabatella ve Franquesa,
2004). Gostergeler, balik¢ilik yonetiminde karar
verme isleminde paydaslar arasindaki iletigimi ve
gecerli yonetsel bilgiyi sagladiklart gibi hedefler
ve aksiyonlar arasinda koprii gorevi de goriirler.
Kisaca, balik¢iligin biyolojik, ekonomik ve sos-
yal agidan tam bir resmini ¢ikarmaya yardimci
olurlar. Bundan dolayi, balik¢ilik yoOnetiminde
kullanilacak gostergelerin belirlenmesi, tahmini
ve degerlendirilmesi hilen tartisilmakta ve pek
¢ok bilimsel ve teknik dokiimana konu olmakta-
dir (Accadia ve Spagnolo, 2006).

Tiirkiye’de bugiine kadar balik¢ilik yonetiminde
karar verme isleminde ¢esitli iilkelerde kullanilan
biyolojik  gostergeler  kullanilmig,  sosyo-
ekonomik gostergeler ise hi¢ dikkate alinmamis-
tir. Cilinkii Tiirkiye’de deniz balik¢iliginin sosyo-
ekonomik gostergelerini belirlemeye yonelik kiy1
balikgiligma iliskin tek arastirma (Unal ve
Franquesa, 2010) vardir. Orta ve biiylik olgekli
balik¢iligin sosyo-ekonomik gostergelerinin sap-
tanmasina yonelik arastirmalar ¢ok az sayidadir.

Karadeniz Bolgesi’nde yer alan Sinop; Karade-
niz’de av mevsiminin bagladigina dair ilk isaretin
alindig1 yer olmasinin yam sira Tiirkiye’de deniz
baliklar1 avciligimin %5-7’sini olusturmasi ve ba-
lik unu/yagi iretiminin yarisindan fazlasini
(%52’sini)  gergeklestiren isleme tesisleriyle
onemli bir balik¢ilik merkezidir (Anonim
2009a,b).

Sinop ilindeki igleme tesislerinin yegane ham-
madde kaynagi endiistriyel balik¢i teknelerinden
saglanmasina ragmen, bu teknelerin sosyo-
ekonomik gostergelerinin saptanmasina yonelik
bir arastirma bulunmamaktadir. Bu arastirmada
Sinop ilindeki endiistriyel balik¢1 teknelerinin
sosyo-ekonomik gostergeleri belirlenerek, balik-
cilik yonetimi yetkililerine yonetsel uygulamalar
i¢in veri seti temin edilmesi ve bundan sonra ya-
pilacak caligmalar i¢in alt yap1 olugturmasi amag-
lanmustir.

Korkmaz and Coskun, 2(4): 208-216 (2016)
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Materyal ve Metot

Arastirma, Sinop ilindeki dort balik¢i limani ve
barinakta (Merkez, Akliman, Ayancik ve Gerze)
yirttilmistiir (Sekil 1).

Sinop ilindeki 44 adet endiistriyel balik¢1 teknesi
kullandiklar1 temel avlama aracina gore girgir (1
adet), trol (8 adet) ve trol-girgir (35 adet) olmak
lizere ii¢ gruba ayrilmis (Ferraris, 2002) ve tam
sayim yontemi (Yamane 2001) uygulanmustir.

Sinop ilindeki endiistriyel balik¢i teknelerinin
2008-2009 av mevsimindeki sosyo-ekonomik
gostergelerini saptamak amaciyla filonun teknik
ozellikleri, balik¢ilarin sosyal durumu ve balik¢i
teknelerinin gelir-gider verileri, Mayis 2009°da
tekne sahibi veya isleteni ile yliz ylize goriisme
yapilarak, anketlerin doldurulmasi yoluyla top-
lanmistir (Franquesa ve ark., 2001; Sabatella ve
Franquesa, 2004).

Sinop ilindeki balik¢i teknelerinin balik¢ilik gi-
derleri degisken (mazot ve yag, iscilik giderleri,
buz, kasa, komisyon, vergi riisum ve harclar vb.)
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ve sabit giderler (sigorta, amortisman, faiz) ola-
rak iki baglikta incelenmistir. Akaryakit ve yag
giderlerinin hesaplanmasinda, Ozel Tiiketim
Vergisi (OTV)’siz mazot fiyat1 1.60-1.65 TL/L,
Ozel Tiiketim Vergi (OTV)’li mazot fiyat1 2.40-
2.50 TL ve yag fiyat1 da 4 TL/L olarak alinmustir.
Iscilik giderleri; tasima iscilerine ddenen iicretler,
tayfa ticretleri ve kaptana 6denen iicretlerin top-
lami olarak hesaplanmigtir. Tayfa {icretleri nakdi
olarak 6denebildigi gibi tayfa pay1 (avlama gider-
leri diistildiikten sonra av pay1) seklinde de d6den-
diginden tayfa payi hesaplanirken, tekne sahibi
de daima bir tayfa olarak degerlendirilmistir (De
Stefano ve ark., 2006). Amortismana tabi demir-
baslarin (tekne, aglar, mekanik ve elektronik
ekipman) amortisman degerleri, dogru hat yon-
temiyle (Shang, 1981; De Stefano ve ark., 2006;
Atay ve Korkmaz, 2011) hesaplanmistir. Serma-
yenin firsat maliyeti, resmi bankalarin ortalama
nominal faiz haddi (%10) esas alinarak reel faiz
olarak hesaplanmustir.
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Sekil 1. Sinop ilinde arastirmanin yiiriitiildiigli liman ve barinaklar

Figure 1. Research harbours and shelters in Sinop Province
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Sinop ilindeki endiistriyel balik¢1 teknelerinin ye-
rel sosyo-ekonomik gostergeleri, Anonymous
(1999 ve 2001), Franquesa ve ark. (2001) ve Sa-
batella ve Franquesa (2004)’e gore hesaplanmis-
tir.

Teknik Gostergeler

e VFP (Teknenin Fiziksel Verimliligi):
Teknelerin ortalama avi (kg/Tekne).

e PFP (Giiclin Fiziksel Verimliligi): Tek-
nedeki birim motor giiciine diisen av
(kg/HP).

e CFP (Kapasitenin Fiziksel Verimliligi):
Tekne birim kapasitesine diisen av
(kg/GRT).

e MFP (Insanin Fiziksel Verimliligi): Tek-
nede istihdam edilen insana diisen av
(kg/Kist).

e HFP (Av Saatinin Fiziksel Verimliligi):
Teknenin av saatine diisen av (kg/Saat),
burada (kg/Giin).

Ekonomik Gostergeler

e PV (Tekne Verimliligi): Her teknenin ka-
raya c¢ikardigi avin ilk satig degeri
(TL/Tekne).

e PP (Gii¢ Verimliligi): Teknenin birim
giicine diisen avin ilk satis degeri
(TL/HP).

e PGT (Kapasite Verimliligi): Teknenin bi-
rim kapasitesine diisen avin ilk satis de-
geri (TL/GT).

e MP (insan Verimliligi): Teknede istih-
dam edilen insana diisen avin degeri
(TL/Insan).

e PVH (Av Saatinin Verimliligi): Avlama
saatine diisen avin degeri (TL/Av Saati),
burada (TL/Giin).

e IC (Yatirim Sermayesi): Avlama faaliye-
tine yatirilan teknelerin sermayesi (TL).

e OP (Firsat Maliyeti): Tekne sahibinin pa-
rasin1 avlama faaliyetine degil de baska
bir ise yatirmis olmasi (6rnegin; bir ban-
kaya faize) durumunda kazanacagi mik-
tar (TL).

e GEP (Briit Fayda=Briit Nakit Akis): Fir-
sat maliyeti dahil diger biitiin balik¢ilik

giderleri diisiildiikten sonra tekne sahibi-
nin kazanci (TL).

o NEP (Net Fayda=Net Nakit Akig): Briit
faydadan amortisman gideri diisiildiikten
sonra tekne sahibinin kazanci (TL).

e PR (Kar Orani): Firsat maliyeti eklenmis
yillik net faydanin yatirnm sermayesine
yiizde orami [{(Net Fayda+Firsat Maliye-
ti)/Yatirim Tutar1}*100].

e GAYV (Briit Katma Deger): Av filosunun
incelenen bdliimiiniin ulusal ekonomiye
yaptig1 katki (=lcretlertkar+firsat mali-
yeti+amortisman) (TL).

Sosyal Gostergeler

e SC (Ucret Gideri): Balik¢ilarm geliri
(TL).

e AW (Ortalama Ucret): Teknede istihdam
edilen personelin ortalama ticreti (TL).

Pazar Gostergeleri

e LP (Karaya Cikarilan Avin Fiyati): Kara-
ya ¢ikarilan avin ortalama birim fiyati
(TL/kg).

Bulgular ve Tartisma
Balikgi Filosunun Yapisal ve Teknik Ozelikleri

Sinop ilindeki endiistriyel balik¢1 filosunun ¢o-
gunlugunu (%79.54) trol-girgir tekneleri olus-
turmaktadir. Tam boyu en biiyiik (47 m), yasi en
kiigiik (8 yil), motor giicli (1900 HP), tonaji (448
GRT), tayfa sayis1 (25 tayfa), tagima iggisi sayisi
(15 is¢i), avlanma giinii (240 giin), av miktar1
(3073 t) ve mazot tiikketimi (180 t) en yiiksek olan
balik¢1 teknesinin girgir teknesi oldugu belirlen-
migtir. Girgir teknesini sirasiyla trol-girgir ve trol
tekneleri izlemektedir. En fazla tiir (ortalama 7.2
tiir) avlayan tekneler, trol-girgir tekneleridir.
Toplam istihdamin en yiiksek oldugi balik¢1 tek-
neleri trol-girgir (317 balike1), en diisiik oldugu
balik¢1 teknesi ise girgir (42 balikgi) teknesidir
(Tablo 1).

Endustriyel Balik¢i Teknelerinin Gider Yapisi

Sinop ilindeki endiistriyel balik¢1 teknelerinin
toplam giderleri (girgir: 1 999 307.55 TL, trol:
121 594.88 TL, trol-girgir: 478 306.31 TL) iceri-
sinde en yiiksek gider kalemini oran olarak isgilik
gideri (girgir: %42.46, trol: %29.83, trol-girgir:
%32.81) olusturmustur. Iscilik giderini sirasiyla
satis gideri ve mazot gideri izlemistir (Tablo 2).

Korkmaz and Coskun, 2(4): 208-216 (2016)
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Tablo 1. Sinop ilindeki endiistriyel balik¢1 filosunun yapisal ve teknik zellikleri (X£8.)

Table 1. Structural and technical characteristics of the industrial fishing fleet in Sinop Provice (F+5y)

Filo Yapisi ve Ozellikleri Girgir Trol Trol-Girgir
Tekne boyu (m) 47.00 15.52 £1.55 20.97 £1.25
(12.00-24.80) (12.00-42.50)
Tekne yas1 (Yil) 8.00 16.37 +£1.60 16.03 £1.11
(11.00-24.00) (6.00-36.00)
Teknenin motor giicii (HP) 1 900.00 320.00 £65.00 613.00 £81.00
(145.00-700.00) (145.00-2100.00)
Teknenin tonaj1 (GRT) 448.00 21.60 +£5.30 72.10+13.80
(10.50-52.00) (10.00-430.00)
Tayfa sayis1 (Adet) 25.00 4.00 +0.40 5.30+0.30
(3.00-6.00) (3.00-10.00)
Tasima is¢isi sayisi (Adet) 15.00 0.75 +0.75 2.71 £0.64
(0.00-6.00) (0.00-14.00)
Avlanan tiir sayis1 (Adet) 6.00 5.10 £0.50 7.20+0.30
(2.00-7.00) (4.00-12.00)
Avlanma giinii sayis1 (Giin) 24 000.00 213.7£10.5 228.60 £3.30
(180-240) (150-240)
Av miktart (t) 3073.90 3.50+0.70 428.30 £126.90
(1.40-73.91) (1.69-3.635.35)
Mazot tiiketimi (t/y1l) 180.00 13.30 +4.40 39.00 £6.10
(5.00-43.00) (6.00-160.00)
Toplam istihdam (Kisi) 42 46 317

Tablo 2. Sinop ilindeki endiistriyel balik¢1 filosunun gider dagilimi (%)
Table 2. Cost distribution of the industrial fishing fleet in Sinop Province (%)

Gider Kalemleri Girgir Trol Trol-Girgir
Yiyecek 1.75 2.26 £0.45 3.00 +£0.35
Giysi 0.23 0.34 +0.06 0.21 +£0.02
Mazot ve yag 14.83 16.28 £1.78 14.59 £0.90
Kasa 2.40 0.50 +0.22 2.74 +0.29
Buz 0.00 0.45 +£0.04 0.34 +£0.04
Satis giderleri* 20.51 19.47 +0.71 25.00 +1.17
Iscilik 42.46 29.83 +1.97 32.81 +2.03
Bakim-onarim 3.15 9.13 £0.93 5.59 £0.45
Diger giderler 0.01 0.31+0.13 0.56 £0.18
Firsat maliyeti 8.52 9.43 £0.81 7.98 £0.62
Amortisman 6.14 12.00 +0.80 7.18 +£0.49
Toplam 1999 307.55 TL 121 594.88 TL 478 306.31 TL

*Komisyon, vergi, riisum ve harg giderlerini kapsar. Exchange Rate: 1 USD=1.46 TL
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Endustriyel Balik¢i Teknelerinin Yerel Sosyo-
ekonomik Gostergeleri

Teknik Gostergeler:

Sinop ilindeki endiistriyel balik¢1 teknelerinden
girgir teknesi; VFP (3 073 910 kg), PFP
(1 617.85 kg/HP), CFP (6 861.41 kg/GRT), HFP
(12 807.96 kg/Giin) ve MFP (73 188.33 kg/insan)
bakimindan trol ve trol-girgir teknelerinden daha
iyi performans sergilemistir (Tablo 3).

Ekonomik Gostergeler:

Sinop ilindeki endiistriyel balik¢r teknelerinden
girgir teknesi PV (2 050 400.00 TL), PP
(1 079.16 TL/HP), PVD (8.543,33 TL/Giin), IC
(3 113 500.00 TL), OP (170 308.45 TL), GAV
(1 145 587.05 TL) ve GEP (173 907.95 TL) ba-
kimindan en iyi ekonomik performansi gésterme-
sine karsilik, NEP (51 092.45 TL) bakimindan
trol-girgirlarin yarist kadar performans goster-
mistir. Ekonomik gostergeler bakmindan en dii-
silk performansi trol tekneleri gostermistir. PR
bakimindan da gerek girgir (%7.11) gerekse trol
(%4.18) tekneleri alternatif yatirim araglarindan
daha distik getiri saglamislardir. Trol-girgir tek-
nelerinin ekonomik gdstergeler bakimindan en iyi
performans1 gosteren balik¢1 tekneleri oldugu
saptanmistir (Tablo 4).

Sosyal Gostergeler:

Istihdam edilen her balikg1 tarafindan elde edilen
ortalama {icretin ve licret giderinin en yiiksek ol-
dugu balik¢1 teknelerinin girgir teknesi (sirasiyla
25 883.84 TL/Balik¢1 ve 848 863.60 TL), en dii-
siik oldugu balike1 teknelerinin ise trol tekneleri
(swrastyla 5 893.56 TL/Balik¢1 ve 36 259.58 TL)
oldugu belirlenmistir (Tablo 5).

Pazar Gostergeleri:

Karaya ¢ikarilan avin birim fiyatininin en yiiksek
oldugu (3.81 TL/kg) balike¢1 teknelerinin trol tek-
neleri, en diisiikk oldugu (0.67 TL/kg) baliker tek-
nesinin ise girgir teknesi oldugu saptanmistir
(Tablo 6).

Sinop ilindeki endiistriyel balik¢1 teknelerinin
sosyo-ekonomik gostergelerine yonelik daha 6n-
ce yapilmis ¢alisma olmadigindan mevcut duru-
mu karsilastirmak miimkiin olmamakla birlikte,
Celiker ve ark. (2006)’nin Karadeniz Bolge-
si’ndeki balik¢ teknelerinin ekonomik 6zellikle-
rine iliskin baz1 sonuglar karsilastirilabilir.

Sinop ilindeki endiistriyel balik¢r teknelerinden
trol teknelerinin yas1 (16.37 yil) Karadeniz Bol-

gesi’ndeki trol teknelerinin yas1 (16.90 yil) ile
benzer, trol-girgir teknelerinin yagsi (16.03 y1l) ise
Karadeniz Bolgesi’'ndeki trol teknelerinden daha
biiyiiktiir (12.53 yil). Girgir teknesi motor giicii
(1900 HP) bakimindan Karadeniz Bolgesi tekne-
lerine (477.86 HP) gore 4 kattan fazla giicliidiir.
Ancak bu durumun Sinop’taki girgir teknesi say1-
sinin (1 adet) az olmasindan kaynaklandig: diisii-
niilmektedir.

Sinop ilindeki endiistriyel balik¢i teknelerinden
girgir teknesi PV (2 050 400.00 TL) bakimindan
ildeki trol (116 596.00 TL) ve trol-girgir (583
825.00 TL) teknelerinden daha yiiksek, Karade-
niz Bolgesi girgir teknelerinin ortalama briit geli-
rinin (889 949 TL) iki katindan fazladir. Bu fark-
liliga, Sinop’taki girgir teknesinin boyunun
(47 m), Karadeniz Bolgesi’ndeki girgir tekneleri-
nin ortalama boyundan (27.89 m) ¢ok biiyiik ol-
masiin neden oldugu diisiiniilmektedir. Girgir
teknesi kapasite bakimindan trol-girgir tekneleri-
nin 6 kati, trol teknelerinin de 2 kat1 olmasina
ragmen, PGT ve MP agisindan trol-girgir teknele-
rinden disiikk performans gdstermistir. Ciinkii
girgir teknesi tam boy bakimindan Sinop ilindeki
endiistriyel balik¢r teknelerinin en biiyiigii olup,
kapasitesi (tonaj1) ve istihdami da yiiksektir. Ay-
rica, trol-girgir tekneleri girgir ag1 disinda trol ag1
da kullandigindan, fiyat agisindan daha degerli
dip baliklarini avlamalar1 da bu farklilikta rol oy-
namig olabilir.

Girgir teknesi toplam istihdamin, yatirim serma-
yesinin ve firsat maliyetinin en yiiksek oldugu
balikgr teknesi oldugundan, yarattigi GAV
(1 145 587.05 TL), trollerin 23 Kkati, trol-
girgirlarin ise 3 katindan fazla olmustur. Yiiksek
GAV yaratmis olan girgir teknesi boyca biiyilik
oldugundan, yatirim sermayesinin firsat maliyeti
ve amortismani da yiiksektir. Bu nedenle, PR ba-
kimindan alternatif yatirim araglarindan diisiik
getiri (%7.11) saglamistir. Trol tekneleri ise NEP
(-4 998.70 TL) bakimindan negatif performans
gostermigler ve PR agisindan da alternatif yatirim
araclarindan diisiik getiri saglamiglardir. Trol
teknelerinin ekonomik gostergeler bakimindan
diisiik performans gosterdikleri gibi girgir ve trol-
girgir teknelerine gore istihdam edilen balikgilara
da daha diisiik sosyal katki saglamislardir. Benzer
durum, Foca (izmir) (Unal, 2002), Kerala (Hin-
distan) Xavier (2014), Fransa, Norveg ve Alman-
ya (Tietze ve ark., 2005) trol balik¢iliginda da
gbzlenmistir. Tasucu trol balik¢iliginda ise pozi-
tif ekonomik performans kaydedilmistir (Rad ve
Delioglan, 2008). Sinop ilindeki trol-girgir tekne-
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leri NEP (105 618.70 TL) bakimindan en iyi per-  getirisinden daha yiiksek oranda (%28.57) bir ge-
formans1 gosteren balikgi tekneleridir. Nitekim  tiri saglamislardir.
PR bakimindan da alternatif yatirnm araglariin

Tablo 3. Sinop ilindeki endiistriyel balik¢1 teknelerinin teknik gostergeleri (X+S;)

Table 3. Technical indicators of the industrial fishing vessels in Sinop Province (IT&S:_)

Teknik Girgir Trol Trol-Girgir
Gostergeler
VFP 3073910 35056 £7 527 428 310 £126 918
(13 990-73 910) (16 880-3 635 650)
PFP 1617.85 124.03 +£32.27 479.57 £84.57
(60.83-335.42) (65.18-1 731,12)
CFP 6 861.41 1 943.26 +479.40 4207.15 £659.56
(950.14-4 632) (707.23-16 120.74)
HFP 12 807.96 165.83 +£33.57 1 803.64 +527,90
(66.62-307.96) (73.39-15 147.29)
MFP 73 188.33 6 238.75 =1 195.05 33 755.02 +6 884.21
(3231-12159) (2779.17-139 821.15)

Tablo 4. Sinop ilindeki endiistriyel balikg1 teknelerinin ekonomik gostergeleri (X+55)

Table 4. Economic indicators of the industrial fishing vessels in Sinop Province (}_Eisf)

Ekonomik Gostergeler Girgir Trol Trol-Girgir
PV 2 050 400.00 116 596.00 22 013.00 583 825.00 £100 925.00
(69 005-254 422) (73 611-2 275 437)
PP 1079.16 382.62 +31.58 889.03 +£84.23
(300.02-562.37) (316.67-2 426.14)
PGT 4 576.79 5 989.69 +549.43 8 674.49 +£646.50
(3 386.30-807.70) (3 293.53-20 929.77)
MP 48 819.05 19 943.28 £960.87 56 657.19 £5 993.00
(15 966.67-24 720.00) (14 166.67-135 260.42)
PVD 8543.33 543.40 +89.17 2491.46 +416.20
(316.67-1 060.09) (320.05-9 480.99)
IC 3 113500.00 | 206 419.00 +40 822.00 606 700 £113 438
(114 150-420 900) (92 350-3 242 525)
OP’ 170 308.45 11291.10 £2 232.95 33 186.48 £6 205.04
(6 244.00-23 023.23) (5 051.54-17 366.12)
GEP 173 907.95 8 790.32 +2 707.54 133 231 24 +£29 616.97
(652.79-22 488.77) (-12 069.84-896 916.49)
NEP 5109245 -4 998.70 £3 720.2 105 618.70 +28 228.37
(-18 750.42-13 488.01) (-34 588.66-839 208.07)
PR 7.11 4.18 28.57
GAV 1 145 587.05 58 838.92 £8 863.19 350 358.64 +65 340.35
(36 143.35-109 650.63) | (34 737.32-1454701.79)

*Nominal Ulusal faiz %10 alinmis ve reel faiz hesaplanmistir. Exchange Rate: 1 USD=1.46 TL
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Tablo 5. Sinop ilindeki endiistriyel balikg1 teknelerinin sosyal gostergeleri (X+55)

Table 5. Social indicators of the industrial fishing vessels in Sinop Province (X+5z)

Sosyal Gostergeler Girgir Trol Trol-Girgir
AW (TL/Kisi) 25 883.84 5 893.56 +438.07 22 352.04 +4 725.01
(4 500.00-8 571.43) (4 638.33-132 763.85)
SC (TL) 848 863.60 36 259.58 £7 470.50 189 514.85 +44 545.12
(18 000.00-77 648.89) (20 000.00-1 065 346.95)

Diinyada farkli avlama sahalarinda avlama filola-
r1 negatif ekonomik performans gdsteren iilkeler,
siirdiiriilebilir gelisme ve siirdiiriilebilir balikgilik
kapsaminda avlama filolarim1 sayica ve kapasite
olarak kiigiiltmeye yonelik politikalar uygulama-
y1 slirdiirmektedirler. Nitekim Tiirkiye’nin iiyelik
miizakereleri yaptig1 Avrupa Birligi (AB) de ¢ev-
resel, sosyal ve ekonomik siirdiiriilebilirlik ¢erge-
vesinde avlama filolarinda say1 ve kapasite olarak
kiigiilme politikasini devam ettirmektedir. AB
Komisyonu’nun 2014 yili Raporuna gére AB av-
lama filosu 2012 yilinda tekne sayisinda %1.6,
tonajda (GT) %2 ve motor giiciinde (kW) de %1
oraninda kiigiilme gerceklestirmistir (Anony-
mous, 2014). 01.01.2014 yil itibariyle 86 612
avlama gemisinden olusan AB avlama filosu,
2008-2014 doneminde ortalama olarak sayica
%2, tonaj olarak (GT) %13 ve motor giicii (kW)
bakimindan da %6 kiiciilmiistiir (Anonymous,
2015).

Sonuc¢

Sonug olarak, Sinop ilindeki endiistriyel balikei
teknelerinin %29.55’inin ekonomik gdstergeler-
den NEP bakimindan negatif performans goster-
digi belirlenmistir. Bu teknelerin %75’1 trol,
%20’si de trol-girgir tekneleridir. Bu tekneler, PR
bakimindan da alternatif yatirim araglarinin geti-
risinden diistik getiri saglamiglardir. Bu sonuglara
gore Sinop ilindeki endiistriyel balik¢i tekneleri-
nin yaklasik %30°u yapmis olduklar1 masraflari
karsilayamayip, zarar etmislerdir. Bu balik¢1 tek-
nelerinden tam boylar1 12.00-21.00 m arasinda
degisen 9 adedi, 12 Haziran 2012 Tarih ve 28
328 Sayili Resmi Gazetede Yayimlanan “Balik¢i
Gemisini  Avciliktan Cikaranlara Yapilacak
2012/51 Nolu Destekleme Tebligi” kapsaminda
desteklemeden yararlanmak amaciyla Gida Tarim
ve Hayvancilik Bakanligi’na miiracaat etmisler
ve balik¢iliktan ¢ikmiglardir. Tiirkiye’de balikgi-
lik kaynaklar tizerindeki asir1 avlanma baskisim
azaltmak, balik¢ilik kaynaklarinin ve balik¢iligin
siirdiiriilebilir olmasina hizmet edecek balikgilik
yonetimi politikalar1 uygulanmasina yonelik uy-

gulamalar siirdiiriilmektedir. Siiphesiz bu pratik
uygulamalarin etkilerinin balikgilikla ilgili sosyo-
ekonomik gostergelerde ne gibi degisiklikler ya-
rattiginin belirlenmesi gerekir.

Tesekkiir

Sinop ilindeki trol, girgir ve trol-girgir tekneleri-
nin kaptanlar1 veya isletenleri ile yiizyiize goriis-
mede yardimei olan Sinop Universitesi Su Uriin-
leri Fakiiltesi 0gretim tiyesi Sn. Yrd. Dog. Dr.
Yakup Erdem’e ve ankete katilan tiim balik¢ilara
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