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Oz:

Bu ¢alismada, Mugla Kdycegiz Lagiinii’ne giren farkli kefal tiirleri-
nin duyusal, kimyasal ve mikrobiyolojik agidan et kalitesinin tespit
edilmesi amaglanmistir. Ayrica her bir kefal tiirliniin et verimi de be-
lirlenmistir. Bu ¢alisma Temmuz 2015 ile Haziran 2016 arasinda ger-
¢eklestirilmistir. Koycegiz Lagiinii’'nden avlanan dort kefal tiiriniin
(Mugil cephalus, Liza aurata, Liza saliens ve Chelon labrosus) et ve-
rimi, duyusal, kimyasal (pH, TVB-N, TMA-N, TBA) ve mikrobiyo-
lojik (Toplam mezofilik bakteri, toplam psikrotrofik bakteri ve top-
lam koliform bakteri) agidan kalite degerleri tespit edilmistir. M. cep-
halus; May1s ve Eyliil aylari arasinda, L. aurata; Ocak, Subat, Mart,
Haziran, Temmuz, Eyliil, Kasim ve Aralik aylarinda, L. saliens; Ma-
yis, Temmuz ve Agustos aylarinda, C. labrosus ise Ocak, Mart, Ma-
yis, Haziran, Temmuz, Agustos ve Eyliil aylarinda temin edilmistir.
Calisma sonuglarina gore; duyusal agidan tiim kefal tiirlerinin gok
taze (birinci kalite) baliklar oldugu panelistler tarafindan belirlenmis-
tir. Kefal baliklarmim kimyasal ve mikrobiyolojik analiz verilerine
gore; biitiin tiirler i¢in tiiketilebilir limit degerlerinin ¢ok altinda bu-
lunmustur. M. cephalus, L. aurata, L. saliens ve C. labrosus tiirlerinin
et verimi ise; digi bireyleri i¢in sirasiyla % 39.60, 38.37, 47.31 ve
49.56; erkek bireyleri i¢in % 42.40, 40.04, 44.73 ve 46.51 olarak be-
lirlenmistir.

Keywords: Koycegiz Lagiinii, Kefal baliklari, Et verimi,
Et kalitesi

Abstract:

DETERMINATION OF SENSORY, CHEMICAL AND
MICROBIOLOGICAL QUALITY OF DIFFERENT MULLET
(MUGILIDAE) SPECIES CAUGHT FROM KOYCEGIZ
LAGOON

In this study, it is aimed to detect the sensory, chemical and microbi-
ological quality aspects of diffrerent mullet species that enter Mugla
Koycegiz Lagoon. The meat yield of each mullet is also determined.
This study was conducted between July 2015 and June 2016. Meat
yield, sensory, chemical (pH, total volatile base nitrogen (TVB-N),
thiobarbituric acid (TBA), trimethyl-amine nitrogen (TMA-N) and
microbiological (total viable bacteria, total psychrotrophic bacteria
and total coliform bacteria counts) analysis were carried out for four
mullet species (Mugil cephalus, Liza aurata, Liza saliens and Chelon
labrosus) caught in Koycegiz Lagoon. M. cephalus was seen on along
May and September months; L. aurata was seen on January, Febru-
ary, March, June, July, November and December; L. saliens was seen
on May, July and August; C. labrosus was seen on January, March,
May, June, July, August and September. According to results of this
study; all grey mullet species were sensorially evaluated as very fresh
fish (first quality) by panelists. Chemical and microbiological analy-
sis results were found to be under the consumable limit for all mullet
species. Meat yield of M. cephalus, L. aurata, L. saliens and C.
labrosus was 39.60, 38.37, 47.31 and 49.56% for female and 42.40,
40.04, 44.73 and 46.51% for male, respectively.

Keywords: Koycegiz Lagoon, Grey mullets, Meat yield, Meat
quality
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Giris

Ege bolgesinde ekonomik 6neme sahip yiiksek ve-
rimli pek ¢ok lagiin bulunmaktadir. Lagiinler; ki-
yis1 bulundugu denizden, kum veya diger sedi-
mentlerden olusan dogal veya yapay setlerle ayril-
mis ve olusan bogazlar ile denize baglantili alan-
lardir. Bu alanlar hem ekolojik hem de ekonomik
acidan oldukga biiyiik 6neme sahiptir. Mugla’nin
Ortaca ilgesinde bulunan Kdycegiz Lagiinii, 28.38
km k1y1 seridi uzunluguna sahip, 32.8 km?’si deni-
zel olmak iizere toplam yiizol¢limii 461.5 km? ve
deniz derinligi ise en fazla 100 m olan bir lagiin-
diir. Koycegiz Lagiinii tatli su ile denizi birlestiren
ekolojik bir yap1 olmasi nedeniyle; tuzluluk degeri
farklilik géstermekte ve buna bagli olarak, ¢ok ce-
sitli canli gruplan goézlemlenebilmektedir. Lagii-
niin balik iiretimindeki pay1 %0.07 iken, kefal ba-
lig1 iiretiminde pay1 ise %1.8’tir. Balik {iretimi 48
kg/ha/y1l’dir ve balik verimliligi 109 ton ile 444
ton aras1 degismektedir. Kdycegiz Lagiinii Dalyan
Su Uriinleri Kooperatifi (DALKO) tarafindan ki-
ralanmuis, {ilke ve bolge ekonomisine katma deger
katan bir balik¢1 kooparatifidir (Buhan vd., 1998;
Erdem, 2006; Bann ve Basak, 2013).

Koycegiz Lagiinii'nden avlanan en 6énemli ticari
tirlerden olan kefal baliklar1 Mugilidae familya-
sina aittir. Ortalama 30-50 cm boyunda, bazi tiir-
lerde ise boyu 70 cm kadar olabilmektedir (Cay-
han, 2009). Kefal tiirleri tropik ve iliman bolge-
lerde tuzlu ve tath sularda yasayabilen ekolojik
faktorlere ¢ok toleransli pelajik bir balik tiiriidiir.
Koéycegiz Lagiin kuzuluklarina giren baliklarin %
90’lik boliimiinii kefal tiirleri olusturmaktadir. Ke-
fal tiirleri arasinda yaz mevsiminde yumurtlayan
Mugil cephalus ve Liza saliens tiirleri ile kig mev-
siminde yumurtlayan Liza ramada, Liza aurata ve
Chelon labrosus tiirleri oldugu belirtilmektedir
(Yerli, 1989; Akin vd., 2005; Cayhan, 2009;
MEGEP, 2011). Buhan vd. (1998) Koycegiz Dal-
yan’inda kefal popiilasyonlarinin nisbi yogunlu-
gunu sirasiyla M. cephalus (%34.92), L. aurata
(%33.5), L. saliens (%13.55), L. ramada (%12.5)
ve C. labrosus (%5.52) olarak belirtmistir.

Balik kalitesi; mikrobiyolojik, teknolojik ve duyu-
sal kalite ile besleyicilik ve tazelik gibi lirline 6zgii
niteliklerle, fiziksel 6zelliklerin birlesiminden olu-
san karmasik bir kavram olarak tanimlanmistir
(Serdaroglu ve Purma, 2006). Tazelik kayb1 ve so-
nucunda olusan bozulma, fizyolojik, kimyasal,
mikrobiyolojik ve biyokimyasal siireclerin birbir-
leri ile etkilesimleri sonucunda ortaya ¢ikmaktadir
(Cetinkaya vd., 2011). Baliklarda tazelik, kalite

degisimleri ve bunlara yonelik bir¢ok ¢alisma ya-
pimistir  (EI-Sherif ve El-Ghafour, 2016;
Alparslan vd., 2014; Baygar vd., 2012; Kandem
vd., 2008; Alasalvar vd., 2001).

Bu calismada; Mugla ilinin Ortaca ilgesinde yer
alan ve Tiirkiye i¢in hem ekolojik hem de ekono-
mik olarak dneme sahip Koycegiz Lagiinii 'ne gi-
rig yapan dort farkl kefal tlirtiniin aylik olarak ba-
liklarin tazelik agisindan duyusal, kimyasal ve
mikrobiyolojik kalitesindeki degisimlerin belir-
lenmesi ve et veriminin ortaya konulmasi amag-
lanmustir.

Materyal ve Metot
Materyal

Calismada materyal olarak, Koycegiz Lagiinii
(Mugla)’nde ticari oneme sahip kefal (Mugilidae)
tiirleri kullanilmistir. Ornekler, DALKO Su Uriin-
leri Kooperatifi’nin islettigi kuzuluklardan Tem-
muz 2015 ile Haziran 2016 arasinda on iki ay bo-
yunca dalyan balik¢iginin hasatina bagli olarak;
her ay yakalanan baliklar arasindan temin edilmis-
tir. Her kefal tiirlinden rastgele secilmis otuz adet
balik kullanilmistir. Yirmi adet balik boy-agirlik
Olciimleri ve et verimi i¢in on adet balik ise duyu-
sal, kimyasal ve mikrobiyolojik analizler i¢in ay-
rilmistir. Baliklar hi¢bir kimyasal islem uygulan-
madan, soguk zincir sartlarina uygun bir sekilde,
iki saat icerisinde Mugla Sitk1 Kogman Universi-
tesi Su Uriinleri Fakiiltesi Kalite Kontrol Analiz
Laboratuarlarina getirilmistir.

Et Veriminin Belirlenmesi

Ornekler laboratuvara getirildikten sonra, tiir-cin-
siyet ayrimlari yapilarak et verimi dlgtimleri yapil-
mustir. Basg, ylizgegler, tiim i¢ organlar ve omurga
alindiktan sonra baliklarin et agirliklan tartilarak;
toplam viicut agirligina orani, yenilebilir net et ve-
rimi olarak ifade edilmistir (Erkoyuncu vd., 1994).

Duyusal Analizler

Her bir kefal tiirli i¢cin duyusal analizler Varlik vd.
(1993)’e gore hedonik skala kullanilarak 10 kisilik
panelist grubu tarafindan gergeklestirilmistir. De-
gerlendirme 3 puan lizerinden yapilmis, her bir
ozelik i¢in verilen toplam puanlarin aritmetik or-
talamas1 alinarak kalite siniflarina ayrilmigtir
(Tablo 1). Duyusal degerlendirmede; 2.7 ve iizeri
puan alanlar ¢ok taze (birinci kalite), 2-2.7 ara-
sinda puan alanlar taze (ikinci kalite), 1-2 puan
arasinda puan alan 6rnekler ticari (iglincii kalite),
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I’in altinda puan alan baliklar ise tiiketilemez ola-
rak degerlendirilmistir.

Kimyasal Analizler

Kefal orneklerinin pH degeri Manthey vd.
(1988)’e gore pH metre (Inolab WTW Series) kul-
lanilarak belirlenmistir. Homojenize edilen drnek
icerisindeki TVB-N miktar1 Antonocoupoulos
(1973y’e gore, TMA-N miktar1 Schormiiller
(1968)’e gore, TBA miktar1 ise Tarladgis vd.
(1960)’a gore yapilmustir.

Mikrobiyolojik Analizler

Her bir gruptan analiz giliniinde 10 g kefal 6rnegi
tartilmis ve tizerine otoklavlanmis 90 mL % 0.1
peptonlu su eklenerek buradan diliisyonlar elde
edilmistir. Hazirlanan diliisyonlardan Plate Count
Agar (PCA) (Merck) ekim yapilmig toplam bak-
terii¢in 37 °C’ de 24-48 saat; toplam psikrofil bak-
teri icin ise 7°C’ de 10 giin siire ile inkiibasyona
birakilmis  ve  koloni saymmi  yapilmigtir
(FDA/BAM, 2001). Toplam koliform bakteri
EMS yontemine gore yapilmis ve 35+1°C‘de 48
saat inkiibasyondan sonra gaz olusumu gozlenen

tipler  pozitif  olarak  degerlendirilmistir
(FDA/BAM, 2002).
Tablo 1. Duyusal analiz skalas1 (Varlik vd., 1993)
Table 1. Sensory analysis scale
Degerlendirilen Ozelliklere Verilen Puan
3 2 1 0
Goriiniis
Deri Kuvvetli parlak Kuvvetli fakat par- ~ Mat renklerde, siit Cansiz soluk renkl-
renklerde, berrak lak olmayan benzeri mukoz sivi  erde, bulanik mu-
mukoz sivi mevcut, renklerde, hafif bu-  mevcut koz s1vi mevcut
renk degisikligi yok  lanik mukoz sivi
meveut
Gozler Kornea dis biikey, Kornea dis biikey Kornea diiz Kornea ortast
saydam, pupilla si-  ve hafifce ¢okiik yanardoner renkte, ¢okmiis siit benzeri
yah parlak renkte hafif yanardoner pupilla bulantk goriiniiste, pupilla
renkte, pupilla siyah  goriiniiste gri renkte
bulanik goriiniiste
Solungaglar Parlak kirmizi Solgun pembe Donuk pembe Kirli boz renkte,
renkte, mukoz s1v1 renkte, az miktarda  renkte, berrak olma- mukoz s1ivi mevcut
mevcut degil mukoz stvi meveut  yan mukoz sivi me-
veut
Balik Eti Mavimsi beyaz Balmumu saris1 Hafif bulanik Bulamk
renkte, renk degisi-  renkte
kligi mevcut degil
Omurga Boyunca Renk degisikligi Hafif pembe Pembe Kirmizi

Baliketi Rengi
Organlar

Baliketi

Omurga

Periton

Deri, Solungaclar,
Karn Boslugu

mevcut degil
Bobrekler, i¢ organ-
lar ve aorttaki kan
parlak kirmizi
renkte

Yiizeyi parlak, sert
ve elastiki

Baliketine sikica tu-
tunmus, ayrilacagi
zaman kolayca
kirilabilir

Sikica tutunmus

Deniz yosunu ko-
kusu belirgin

Bobrekler ve i¢ org-
anlar mat kirmizi,
kan donuk renkte

Bobrekler, i¢ organ-
lar ve kan soluk
kirmizi renkte

Diger Vasiflar

Sertligi ve elasti-
kiyeti azalmig

Baliketine sikica tu-
tunmus

Tutunmus halde

Yiizey sarims1
renkte, cansiz ve
mat, hafifce
gevsemis
Baliketinden ayrila-
bilir

Ayrilabilir halde

Koku

Deniz yosunu ko-
kusu azalmig

Deniz yosunu ko-
kusu kaybolmus,
hafif asidik

Bobrekler, i¢ organ-
lar ve kan kahver-
engimsi renkte

Yiizeyi olduk¢a
piiriizsiiz, gevsek ve
pullar deriden ko-
layca ayrilabilir
Baliketinden ko-
layca ayrilabilir

Kolaylikla ayrila-
bilir halde

Asidik
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istatistiksel Analiz

Arastirmada elde edilen veriler IBM SPSS Statis-
tics v.21 paket programi (SPSS, CHICAGO, IL,
USA) kullanilarak degerlendirilmistir. Grup orta-
lamalar1 arasindaki farkin énemli olup olmadig:
One-Way ANOVA kullanilarak belirlenmis,
onemli ¢ikan farklarin hangi gruplar arasinda ol-
dugu Tukey c¢oklu karsilastirma testi ile istatistik-
sel olarak tespit edilmistir. Istatistiksel nem sevi-
yesi P<(.05 olarak kabul edilmistir.

Bulgular ve Tartisma
Et Verimi Analiz Bulgular

Kefal tiirlerinin biyometrik analiz verileri deger-
lendirildiginde; M. cephalus igin en kii¢iik ve bii-
yiik boyun sirasiyla 24.4 cm (Eyliil) ile 47.6 cm
(Haziran), en diisiik ve yiiksek agirligin ise sira-
siyla 121.57 g (Eyliil) ile 1000.6 g (Haziran) ara-
sinda degistigi tespit edilmistir. L. aurata kefal tii-
riinde en kiiclik ve biiyiik boy 26.2 cm (Haziran)
ve 48.9 cm (Aralik), en diisiik ve yiiksek agirlik
ise 121.58 g (Subat) ve 1005.16 g (Aralik) olarak
tespit edilmistir. L. saliens kefal tiiriinde en kiigiik
ve biiylik boy sirasiyla 25.4 cm ve 35.4 cm ile
Agustos ayinda en diigiik ve yliksek agirlik agirlik
ise 121.4 g (Agustos) ile 398.88 g (Mayis) ara-
sinda bulunmustur. C. labrosus kefal tiirlinde en
kiiciik ve biiyiik boy sirastyla 23.0 cm (Eyliil) ile
42.5 cm (Haziran), en diislik ve yiiksek agirlik ise
122.9 g (Eyliil) ile 809.55 g (Haziran) olarak be-
lirlenmistir.

Acarli vd. (2009) Homa Lagiinii’'nde yaptiklar
arastirmada M. cephalus, L. saliens, Liza ramada,
L. aurata ve Chelon labrosus tiiriiniin en kii¢iik ve
en biiylik boy araligini sirasiyla 21.5-68.0cm 16.2-
36.8cm, 30.5-43.8cm, 22.0-34.0cm ve 28.1-
33.5cm olarak belirlemiglerdir. Kasimoglu ve
Yilmaz (2011), Gokova Korfezinden bir yil
boyunca avlanan M. cephalus kefal tiiriiniin
min/max boylarinin 17.0/50.5cm ve min/max
agirliklarinin = 46.0/452.5g olarak bildirmisgtir.
Hossucu (2001)’de Giilliikk Lagiinii’ndeki kefal
populasyonlarinin  bazi biiylime 6zelliklerini
belirledigi caligmasinda M. cephalus
populasyonunda ortalama total boy ve agirlik
degerlerinin 31 cm ve 332 g; L. saliens igin
ortalama boy ve agirliginin 25.3 cmile 151.5 g; C.
labrosus igin de ortalama boy ve agirliginin 25.3
cm ile 151.5 g arasinda oldugunu ifade

etmisleridir.  Calisma  sonuglarimiz  diger
caligmalara ile karsilastirildiginda; boy dagilimlari
arasinda benzerlik oldugu ancak agirliklar
arasinda farkliliklar gosterdigi belirlenmistir.
Farkliligin  kullanilan av araglarindan, av
mevsiminden, baligin olgunluk durumundan,
yakalandiklar1 bolgenin cografik durumundan ve
besin ortamindaki degisikliklerden
kaynaklanabilecegi diisiiniilmektedir.

Calismamizda dort farkli kefal tiirii i¢in elde edi-
len et verimi bulgular1 Tablo 2’de gosterilmistir.
M. cephalus kefal tiirii i¢in et verimi sonuglar1 de-
gerlendirildiginde, aylara bagl olarak disi ve er-
kek bireylerin et verimi degiskenlik gostermistir.
En diisiik et verimi disilerde %29.66 (Haziran)
olarak belirlenmistir. L. aurata kefal tiiriiniin et
verimi erkek bireylerde disi bireylere oranla daha
yiiksek bulunmus, disi ve erkek bireylerde en dii-
stik et verimi sirasiyla %33.63 ve 35.04 iken, en
yiiksek et verimi ise sirastyla %43.30 ve 43.59 ola-
rak belirlenmistir. L. saliens tiirii i¢in erkek birey-
ler temin edilememistir. Disilerde et verimi en dii-
siik %43.75 iken en yiiksek %47.32 olarak tespit
edilmistir. C. labrosus kefal tiirlinde disilerde go-
riillen et verimi erkeklere oranla daha yiiksek bu-
lunmustur.  Et  verimi  tiirler  arasinda
kiyaslandiginda C. labrosus kefal tiirlinlin disi ve
erkek bireylerindeki % et verimi en yiiksek
bulunmustur.

Et verimi ile ilgili 6zellikler iiriiniin islenmesini
dogrudan etkileyen bir faktordiir. Bundan dolay1
iiretimin verimliliginin tespiti agisindan, et verimi-
nin tespit edilmesi 6nemlidir (Alagéz Ergiliden,
2013). Tiiketici tercihi agisindan da et verimliligi
onemlidir (Caglak ve Karsli, 2013). Baliklarda et
verimi, baligin tiiriine, cinsiyetine, yasina, iireme
mevsimine, beslenme durumuna, avlandig1 sira-
daki mide igerigine gore degismektedir. Ozellikle
disi baliklarda yumurtlama zamaninda yumurtalar
viicut agirhiginin %30-40’n1 olusturur ve et verimi
bu durumda ¢ok diisiiktiir (Giilyavuz ve Unliisa-
yin, 1999). Ureme doneminde 6zellikle disilerin
gonad agirliklar1 artacagindan et verimi diiser.
Basc¢inar ve Okumus (2005) {ireme doneminde ba-
liklarin gonad olusturmalar1 nedeniyle et verimle-
rinin ve et kalitelerinin diistiigiinii; Karadeniz’de
pelajik olarak av veren diger tiirlere gore, Pasifik
kefalinin et verimindeki diigiikliigiin temel nedeni
bu oldugu bildirmislerdir.
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Tablo 2. Kefal tiirlerinin et verimi analiz sonuclari

Table 2. Meat yield analysis results of mullet species

M. cephalus L. aurata L. saliens C. labrosus
Disi Erkek Disi Erkek Disi Erkek Disi Erkek
Ocak - - 35.50+1.70 40.44+2.31 - - 52.79£1.49 51.65+2.73
Subat - - 38.2543.18 42.25+3.38 - - - -
Mart - - 41.57+4.04 41.84+0.05 - - 47.00£3.06 45.92+1.15
Nisan - - - - - - - -
Mayis | 45,03+2.25 < - - 47.32+1.67 < 50.16+1.17 49.03+1.38
Haziran | 29.66+1.96 36.52+2.63 42.75+2.34 40.35+1.06 48.73+2.05 46.43£3.21
Temmuz 43.65+3.07 42.74+1.20 36.45£3.52 41.0944.24 43.75+0.78 < 50.52+1.62 49.09+0.95
Agustos 30.43+1.82 J - - 45.254+2.13 < 42.084+3.51 42.62+1.65
Eyliil 33.514£5.32  41.10+4.50 43.30£5.64 43.59+1.26 - - 49.56+1.70 47.32+4.53
Ekim - - - - - - -
Kasim - - 33.63£1.51 35.04+1.43 - - - -
Arahk - - 37.194£2.33  42.65+1.99 - - - -

* Erkek bireye rastlanilmamugtir
-Ornek bulunamamistir

Duyusal Analiz Bulgular:

Caligmamizda panelistler tarafindan tiim kefal tiir-
leri tazelik agisindan tam puan alarak birinci kalite
olarak degerlendirilmistir. Orak ve Kayisoglu
(2008)’de yaptiklart calismada 3 {lizerinden yapi-
lan duyusal degerlendirmede taze Mugil cephalus
orneklerinin de tam puan aldig1 belirtilmistir. Dal-
yan kuzuluklarindan canli olarak alinan kefal ba-
liklari, isletmeye alinarak buz uygulamasi yapil-
diktan sonra hemen taze olarak satisa sunulmakta-
dir. Bu acidan baliklarin tazelik agisindan birinci
kalitede ¢ikmas1 dogal olarak degerlendirilmekte-
dir.

Kimyasal Analiz Bulgular

Tazeligini kaybetmis olan baliketinin kimyasal bi-
lesimi, taze baliketinin kimyasal bilesiminden
farklhidir. Et tazeligini yitirdikge trimetilamin ok-
sit, protein gibi kimyasal maddelerin miktarlari
azalirken aminoasit, trimetilamin, amonyak,
ugucu asit gibi bilesiklerin miktarlar1 artmaktadir
(MEGEP, 2013). Varlik vd., (1993) tiiketime
uygun su uriinlerinde TMA-N degerinin 1-8
mg/100g arasinda olmas1 gerektigini ifade
ederken, Avrupa Birligi tarafindan kabul edilen
limit degerin ise 12 mg/100g oldugu bilinmektedir
(Goulas ve Kontominas, 2005). Kalite kriteri agi-

sindan tek basina kesin bir sonu¢ vermemekle bir-
likte pH degeri taze balikta ndtr degerine yakin
olup 6-6.5 arasinda degismektedir. Tiiketilebilir li-
miti 6.8-7.0 arasinda olup depolama siiresince ya-
vas yavas artmaktadir (Varlik vd., 1993). Balik ve
iriinlerinin tazelik derecesinin belirlenmesinde
¢ok fazla kullanilan kimyasal degiskenlerden biri
de toplam ugucu bazik azot (TVB-N) degeridir.
Bakteri ve endojen enzim aktivitesi ile birlikte
TVB-N miktar1 da artmaktadir (Kyrana vd.,1997).
Yapilan bir¢ok calismada farkl: sinir degerleri dik-
kate alinmig, bu degerlerin 20-35 mg/100 g ara-
sinda degistigi bildirilmistir (Connell, 1995; Kim
vd., 2002). Ludorf ve Meyer (1973) deniz gidala-
rinda kabul edilebilir iist limitin 30-35 mg/100g
oldugunu ileri siirmiistiir. Bir diger kalite kriteri
olarak; yaglarin acilagma derecesinin
belirlenmesinde kullanilan tiyobarbitiirik asit
sayisinin (TBA) ¢ok iyi bir materyalde 3’ten az,
iyi bir materyalde 5’ten fazla olmamasi gerektigi,
tiikketilebilirlik sinir degerinin ise 7-8 arasinda
oldugu bildirilmistir (Varlik vd.,1993).

Her kefal tiirii i¢in kimyasal analiz bulgular1 Tablo
3’de toplu olarak verilmistir. Analiz sonuglari
incelendiginde M. cephalus kefal tiiriiniin en
diistik ve en yiiksek pH, TVB-N, TMA-N ve TBA
degeri sirasiyla 6.20-6.44, 15.55-19.55 mg/100g,
0.16-0.36 mg/100g ve 0.23-0.48 mg MA/kg olarak
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belirlenmistir. TVB-N degeri Eyliil, Mayis ve
Haziran aylarinda en yiiksek iken diger aylarda
daha diisiik tespit edilmistir. L. aurata kefal tirii
icin bu degerler sirasiyla 6.23-6.55, 14.59-21.32
mg/100g, 0.07-0.27 mg/100g ve 0.22-0.41 mg
MA/kg olarak L. saliens kefal tiirii i¢in 6.23-6.54,
14.91-19.27 mg/100g, 0.15-0.27 mg/100g ve
0.18-0.47 mg MA/kg olarak C. labrosus kefal tiirii
icin ise 6.31-6.62, 17.18-21.06 mg/100g, 0.20-
0.40 mg/100g ve 0.18-0.38 mg MA/kg olarak
belirlenmistir. Her bir kefal tiiriinlin TMA-N ve
TBA degerleri tiiketilebilir sinir degerlerinin ¢ok
altinda kaldigr tespit edilmistir. Aylara bagh
olarak C. labrosus pH degerleri diger kefal
tiirlerinden daha yiiksek bulunmustur.

Mostafa ve Salem, (2015)’te islenmis Mugil cep-
halus’un mikrobiyolojik ve besinsel karakterinin
arastirdigi calismada taze Orneklerde pH, TBA,
TVB-N ve TMA degerlerini sirasiyla 6.26, 0.47
mg malonaldehit/kg, 22.4 mg/100g ve 2.76
mg/100g olarak belirlemislerdir. Kamdem vd.
(2008)’nin avladiklar1 L. ramada, L. aurata ve L.
saliens tiirlerinin bazi giivenlik indeksleri ve besin
iceriklerini belirlemek amaciyla yaptiklar calig-
mada taze L. saliens ve L. aurata tiirlerinin TVB-
N degerlerini 12.52 mg/100 g ve 12.54 mg/100 g
olarak ortaya koymuslardir. El-Sherif ve El-
Ghafour (2016)’da yaptiklar1 calismada M. cepha-
lus tlirtiniin pH, TVB-N ve TMA-N degerlerini si-
rastyla 6.11, 12.22 mg/100gr ve 0.62 mg/100gr
olarak tespit etmiglerdir. Banglades’te yapilan di-
ger bir calismada, farkl tiirlerin besinsel kompo-
zisyonu, TVB-N, TMA-N ve pH degerlerini or-
taya koymuslardir. Taze Mugil cephalus tiiriine ait
TVB-N, TMA-N ve pH’in sirastyla 20.50 +0.48
mg/100g, 13.51 £0.30 mg/100g ve 6.77 £0.15 ola-
rak bildirilmistir (Azam vd., 2004). Mostafa ve
Salem (2015) ve Orak ve Kayisoglu (2008) yap-
tiklar1 calismada TMA-N degerleri bizim bulgula-
rimizdan daha yiiksek bulunmustur. Kamdem vd.
(2008), El-Sherif ve El-Ghafour (2016) ve Azam
vd. (2004)’te belirledikleri TVB-N bulgular ise
bizim bulgularimizdan daha diisiik olmustur. TBA
degerleri diger caligmalarla benzerlik gostermistir.
Farkli yerlerden ve farkli mevsimlerde avlanan
baliklarda TMA olusumu farkli miktarlarda
olmaktadir. Yazin ve sonbaharda avlanan
baliklardaki TMA artis1, kisin ve ilkbaharda
avlanan baliklara oranla daha hizli olabilmektedir
(Serdaroglu ve Deniz, 2001). Kimyasal analiz
sonuglarimiza gore kefal tiirlerinin tiiketilebilir
sinir degerlerinin ¢ok altinda kaldig1 ve baliklarin
taze oldugu gorilmiistir. Bu durum baliklarin

kimyasal kalitelerinin olduk¢a iyi
gostermektedir.

oldugunu

Mikrobiyolojik Analiz Bulgulari

Balik ve diger su iiriinlerinin denizel ortamdan
kaynaklanan ayrica tasima ve igleme esnasinda
bulagan bir¢ok mikroorganizma aktivitesi sonucu
bozulma meydana geldigi bildirilmistir. Taze su
iiriinlerinde toplam canli bakteri miktarinin kabul
edilebilirlik smir degeri 7 log kob/g olarak
bildirilmigtir (ICMSF, 1986; Sallam, 2007).
Psikrofilik  bakteriler  diisiik  sicakliklarda
depolanan su iiriinlerinin bozulmasinda 6nemli
mikroorganizma  grubunu olusturmaktadir
(Sallam, 2007). Taze su fiirlinlerinde toplam
psikrotrofik bakteri miktarinin kabul edilebilirlik
sinir degeri 7 log kob/g olarak bildirilmistir
(ICMSF, 1986; Sallam, 2007). Toplam koliform
bakteri sayisinin ise su lriinleri i¢in tiiketilebilir
sinir degeri ICMSF (1986) ve EU (2005) gore taze
ve dondurulmug baliklarda <100 EMS/g olarak
belirtilmistir.

Y1l boyunca dort kefal tirii i¢in belirlenen
mikrobiyolojik analiz  verileri Tablo 4’te
verilmigtir. Calismamizda M. cephalus kefal
tiirliniin en yiiksek toplam canli ve psikrotrofik
bakteri yiikii sirasiyla 2.8 log (kob/g) ve 2.6 log
(kob/g) olarak belirlenmistir. Toplam koliform
bakteri yiiki biitiin aylarda <3 EMS/ml altinda
tespit edilmistir. L. aurata kefal tiiriiniin en yiiksek
toplam canli, psikrotrofik ve koliform bakteri
yiikii sirasiyla 3.4 log (kob/g) (Ocak), 4.1 log
(kob/g) ve 3.6 EMS/ml olarak belirlenmistir. L.
saliens kefal tirliniin en yiiksek toplam canli,
psikrotrofik ve koliform bakteri yiikii sirasiyla 3.2
log (kob/g) (Agustos), 3.3 log (kob/g) ve 3.6
EMS/ml olarak tespit edilmistir. C. labrosus kefal
tiriiniin en yiiksek toplam canli, psikrotrofik ve
koliform bakteri yiikii sirasiyla 4.3 log (kob/g), 3.1
log (kob/g) ve 3.8 EMS/ml olarak tespit edilmistir.
Mikrobiyolojik analiz bulgulart
degerlendirildiginde toplam canli, psikrotrofik ve
koliform bakteri a¢isindan tiim kefal tiirlerinin
tiketilebilir sinir degerler igerisinde kaldig1
goriilmektedir.
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Table 3. Chemical analysis results of different mullet species

TVB-N
(mg/100g)
TMA-N
(mg/100g)
TBA
(mgMA/kg)
pH

TVB-N
(mg/100g)
TMA-N
(mg/100g)
TBA
(mgMA/kg)
pH

TVB-N
(mg/100g)
TMA-N
(mg/100g)
TBA
(mgMA/kg)
pH

TVB-N
(mg/100g)
TMA-N
(mg/100g)
TBA
(mgMA/kg)

6.52+0.01*
18.00+0.25¢

0.27+0.08°

0.41+0.00°

6.62+0.00°
21.06+1.66*

0.28+0.00°

0.18+0.07¢

6.55+0.01*
20.78+1.24°

0.24+0.03"

0.24+0.01¢

6.55+0.02*
14.59+0.41°

0.07+0.04¢

0.34+0.09°

6.58+0.03*
20.35+1.51°

0.21£0.02¢

0.36+0.04*
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= 6.20+0.06°
= 18.35+1.70°

- 0.16+0.02¢

- 0.23+0.01°¢

- 6.23+0.01°¢
- 18.95+0.41°

- 0.23+0.01*
- 0.18+0.01°¢

- 6.31£0.01°
= 19.09+1.27¢

- 0.27+0.01¢

- 0.21£0.07¢

Ayni satirda iissel olarak verilen kiigiik harfler aylar arasindaki istatistiki farki gostermektedir (P<0.05)

-Ornek bulunamamustir

166

6.21+0.06"
18.70+2.57°

0.19+0.01°
0.33+0.01°

6.35+0,01°¢
19.42+1.13¢

0.24+0.01°

0.23+0.01¢

6.45+0.00°
18.17+0.76¢

0.200.04¢

0.27+0.02°

6.29+0.00°
15.5540.28¢

0.18+0.01°
0.23+0.04¢

6.41+0.01°
20.06+2.02¢

0.17+0.04¢
0.22+0.01¢

6.35+0.01°
19.27+£0.91°

0.15+0.03°
0.47+0.04*

6.36+0.01¢
19.99+0.30¢

0.20+0.02¢

0.38+0.12*

6.44+0.02*
16.63+0.80¢

0.36+0.06"

0.34+0.02°

6.54+0.03*
14.91+0.58¢

0.27+0.10*
0.33+0.02°

6.55+0.01°
17.18+1.24

0.36+0.08"

0.22+0.03¢

6.31£0.02%®°
19.55+1.48°

0.27+0.06*
0.48+0.02°

6.40+0.01°
21.32+1.52¢

0.34+0.08*

0.35+0.04°

6.57+0.03*
19.07+0.79¢

0.40+0.11°

0.25+0.01°

6.23+0.02¢
20.93+0.22°

0.16+0.03¢

0.27+0.01¢

6.51+0.02*
20.04+0.32¢

0.24+0.19°

0.35+0.01°
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Tablo 4. Farkli kefal tiirlerinin mikrobiyolojik sonuglart

Table 4. Microbiological analysis results of different mullet species

Toplam Bakteri (log kob/g) Toplam Psikrotrofik (log kob/g) Toplam Koliform (EMS/ml)
M. L. aurata L.saliens C. labrosus M. L.aurata  L.saliens C. labrosus M. L.aurata L.saliens C. labrosus
cephalus cephalus cephalus
Ocak - 3,4+0,03° - <1 log? - <1 log? - 2,6 £0,06° - <3¢ - <3b
Subat - 2,4+0,07° - - - 3,1+ - - <3¢ -
0,07
Mart - 2,9 £0,05% - 2,9+ 0,00° - 3,5+0,05° - 2,9 + 0,04 - 3,6+ - 3,6 £0.14°
0.21?
Nisan - - - - - - - - - - - -
Mayis <1 log® - <1 log® <1 log? <1 log® - <1 log® <1 log® <32 - 3,6 <3b
0.04°
Haziran <1 log® <1 log¢ - <1 log¢ <1 log® <1 log¢ - <1 log* <30 <3° - <3P
Temmuz <1 log’ 3,2+0,08° <1 log® 4,3 +0,00* <1log" 2,8 +0,09¢ <1log" 3,1+0,19° <3 29+ <3¢ 3,8+ 0,06
0,11°
Agustos 2,6 £0,10% - 3,2+0,05° 3,6+0,06° 2,6+0,05° - 3,3+0,07* 3,1+0,15° <32 - <3b <3b
Eyliil 2,8+0.21*  2,6+0,05 - <1 log¢ <1 log" <1 log - <1 log* <3 <3° - <3b
Ekim - - - - - - - - - - - -
Kasim - 2,9 + 0,06 - - - 4,1+0,022 - - - <3¢ - -
Aralik - 2,7+0,07° - - - 3,9 +£0,05° - - - 3,6 + - -
0.07%

Ayni satirda issel olarak verilen kiigiik harfler aylar arasindaki istatistiki farki gostermektedir (P<0.05) : Lower case letters on the same line show the difference between the months.
-Ornek bulunamamustir, -
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El-Sherif ve El-Ghafour (2016) Mugil cepha-
lus’un kalite kriterlerini tespit ettikleri calismada
taze balikta toplam bakteri yiikiinii 2.05 log
(kob/g) olarak belirlemiglerdir. Kamdem vd.
(2008)’nin avladiklar1 L. ramada, L. aurata ve L.
saliens tiirlerinin bazi giivenlik indekslerini (pato-
jenik mikrobiyal tiirler, agir metal ve biyojenik
amin konsantrasyonlarmin varligini) belirlemek
amaciyla yaptiklar ¢alismada taze L. saliens ve L.
aurata tiirlerinin toplam bakteri miktarlarini sira-
siyla 3.58 log (kob/g) ve 3.78 log (kob/g) olarak
tespit etmislerdir. Yapilan diger bir ¢aligmada is-
lenmis Mugil cephalus baliklarinin ¢aligmanin ba-
sindaki Enterobactericeae yiikii 4.5 log (kob/g)
olarak bildirilmistir (Mostafa ve Salem, 2015).
Yapilan diger arastirma bulgular ile ¢alisma so-
nug¢larimiz arasinda agisindan benzerlikler goriil-
mektedir.

Sonuc¢

Sonug olarak; o6zellikle {ireme donemi de olmak
tizere genel olarak erkek baliklarin et veriminin
disi baliklarina oranla daha yiiksek bulundugu (i¢-
lerinde en yiiksek et verimine sahip olan tiiriin ise
C. labrosus oldugu) ayrica incelenen dort kefal
tiirii 6rnekleri arasinda en kii¢lik boya sahip olan
tiirlin; 23 cm ile C. labrosus, en biiyiik boya 48.9
cm ile L. aurata, en disiik agirhga 121.4 gila L.
saliens, en biiyiik agirhiga ise 1005.16 g ile L. au-
rata oldugu belirlenmistir. Duyusal agidan kefal
baliklarmin birinci kalitede taze olduklari, kimya-
sal ve mikrobiyolojik yonden tiim kefal tiirlerinin
tilketilebilir sinir degerler icerisinde kaldig1 ve tii-
ketime yonelik herhangi bir sakinca bulunmadigi
belirlenmistir. Bu baglamda dalyanlarda yakala-
nan kefal baliklarimin tiiketilebilir degerler iceri-
sinde olmasi bir¢ok insanin kefal baligina olan ba-
kis agisini da degistirecektir. C. labrosus disindaki
incelenen ¢ tiir kefal baliginin et veriminin diger
deniz baliklarina oranla daha diisiik bulunmasinin
baglica nedeninin kalin ve agir pul yapisina sahip
olmasindan kaynaklandig1 diistiniilmektedir. Et
veriminin diisiik olmasi tiiketici ve liretici acisin-
dan dezavantaj olustursa da 6zellikle bu tiir balik-
larin pul ve kemik gibi atiklarinin degerlendiril-
mesi ile katma degeri yiiksek yeni is sahalar1 ya-
ratmakla birlikte kefal ile calisacak akademisyen-
ler i¢in de atik degerlendirilmesi konusunda yeni
projeler icin ¢aligma ortami olusturacagi 6ngortil-
mektedir.

Tesekkiir

Bu galigma 1150839 proje nosu ile TUBITAK
Hizl1 Destek Programi (1002) tarafindan destek-
lenmistir. Desteklerinden dolayr TUBITAK biri-
mine ve projeye katkilarindan dolayr DALKO
Dalyan Su Uriinleri Kooperatifi Bagkani ve gali-
sanlarina ¢ok tesekkiir ederiz.
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Abstract:

The present paper aims to describe the marine flora oc-
curring on the continental shelf of Gokceada Island
(North Aegean) based on the review of the long-term
researches (1973-2016) which provided qualitative in-
formation on many taxa including Cyanobacteria,
Chlorophyta, Ochrophyta, Rhodophyta and Trache-
ophyta.

Eight species (Polysiphonia brevearticulata, Cera-
mium codii, Gymnothamnion elegans, Spermotham-
nion repens, Lophosiphonia cristata, Hydrolithon cru-
ciatum, Leathesia marina, Caulerpa racemosa) and
one variety (Caulerpa racemosa var. cylindracea) rec-
orded during the present study are the new records for
Gokgeada Island. The new recorded species belonging
to Rhodophyta were found as opportunistic-filamen-
tous and crustose epiphytic forms on Posidonia ocean-
ica leaf blades during the years 2009-2016. The pres-
ence of Caulerpa racemosa, the Mediterranean inva-
sive algae and its dispersal around the island proves the

ecological threat on the coastal ecosystem of the island
due to the touristic boat achorings and bottom trawling.

Rhodophyta had the highest number of species domi-
nated the macroalgal composition with 178 species fol-
lowed by the contributions of Ochrophyta and Chloro-
phyta and Cyanobacteria with 78, 64 and 25 species,
respectively. As for the marine phanerogams (Trache-
ophyta) that contribute as key ecosystems to the biolog-
ical diversity were recorded as 1% of the systematic
groups in the region presenting three genus (Cymo-
docea, Posidonia, Zostera) but covering vast areas.

After all the future goals of this research are to develop
a checklist of marine flora along the littoral zones of
Gokgeada Island (North Aegean) presenting the last bi-
odiversity situation and a detailed herbarium collection
for the museum of Istanbul University Gokceada Ma-
rine Research Department.

Keywords: Macroalgae, checklist, Gokgeada Island,
North Aegean, Eastern Mediterranean
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Introduction

The North Aegean Sea representing one of the
main parts of the Eastern Mediterranean can be
defined as the convergens zone, where colder
Black Sea waters coming from the Dardanelles
Strait encounter warmer waters of Mediterra-
nean Sea coming to the basin (Ugkag, 2005).

Gokgeada, the largest island of Turkey is situ-
ated in the North Aegean Region (40.150°N,
25.817° E) and has a coastline of 92 km and its
surface area is 279 km? Due to the Turkish
Straits System, the region is subjected to strong
hydrodynamism such as currents and waves.
Thus the ecologically important macroalgal
communities vary forming new individuals ac-
cording to the deviations of seasonal and hy-
drodinamic factors.

Considering Turkey’s islands with their bioge-
ographical features, these regions reserve sig-
nificant biological diversity and have the po-
tential of becoming specially protected areas
(SPAMIs, MPAs) in the Mediterranean.

As a part of the Eastern Mediterranean that is
characterized by low nutrient concentrations
and primary production, the North Aegean Sea
is comparatively more productive than the
southern part (Siokou-Frangou et al. 2002) due
to the intensive freshwater inputs from Nestos
and Maritsa Rivers and Kavak River flowing
into the Saros Gulf (North Aegean).

Representing the features of the North Aegean,
Gokgeada Island is also affected by the increas-
ing nutrient concentrations due to the antropo-
genic pressures on the freshwaters and coastal
shelves. These high concentrations of nutrients
deteriorate the water quality (Aktan &
Gumiisoglu 2010) and alter the species compo-
sition (Piazzi et al. 2004) in which the oppor-
tunistic species dominate. Since the island has
subjected to touristic pressures in every sum-
mer months, cyanobacterial mattes that acts as
quality elements indicating high levels of nu-
trients have dominated evidently on Posidonia
oceanica seagrass leaves (Aktan &
Gumiisoglu, 2010, 2014). According to these
phenomena, the species composition can be
evaluated as an indicator in the assessment of
ecosystem status.

North Aegean Region is also sensitive to pres-
sures such as coastal recreational activities,
discharges of domestic wastewaters, artisanal
and commercial fishing, collection of rare spe-
cies and invasion by alien species (Chinti-
roglou et al. 2005).

In the Aegean Coasts of Turkey, detailed stud-
ies on marine macrophytes had started after
early 1970’s (Zeybek and Giiner, 1973; Oztiirk
and Giiner, 1986; Cirik et al, 1990).

As for the Gokgeada Island, the studies on ma-
rine flora carried out between 1973-1985 has
been conducted by Yazici (1974) in Gokgeada
Fisheries and Sponge-Fishing Research De-
partment (former name of Gok¢eada Marine
Research Department) where sea sponges were
cultivated under uncontrolled conditions.
These studies were not published and can be
found in the libraries of Gokg¢eada Marine Re-
search Department and Istanbul University
Fisheries Faculty as reports and herbariums.

Zeybek et al. (1986) listed marine algae of Tur-
key belonging to four seas (Black Sea, Mar-
mara Sea, Aegean Sea and Mediterranean Sea)
that has been evaluated as a new record and it
had comprised the studies on Gokgeada Island.

In detailed Cirik et al.(1990) put forward the
presence of 115 taxa systematically in
Gokeeada Island and Aysel et al. (2001) pub-
lished a checklist of marine flora in the island
based on the researches conducted from 1973
to 2001. Afterwards Aktan & Giimiisoglu
(2014) and Giiresen et al. (2015) contributed
new records to the marine flora of the island
based on the epiphytic flora on Posidonia oce-
anica leaf blades and rhizomes.

In this manner the main purpose of this paper
is to present an updated list of marine flora
along the littoral zones of Gokgeada Island
(North Aegean) with believing to assess the
last situation and lead to the further ecological
studies that will be conducted around the re-
gion and finally to develop a detailed herbar-
ium collection with the samples collected for
the museum of Istanbul University Gokgeada
Marine Research Department.
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This study was created on the basis of literature
review before 2001 and additional field re-
searches performed between 2009-2016
around Gokgeada Island by Gokgeada Marine
Research Department, Istanbul University
(Figure 1). The samples have been collected
from the infralittoral zones by SCUBA diving
and preserved in 4% formalin for the further
taxonomic identifications. All samples were
identified to species levels under the divisions
of Cyanobacteria, Rhodophyta, Ochrophyta,
Chlorophyta and Tracheophyta and for the no-
menclature of the higher taxa we followed
WoRMS and AlgaeBase (Guiry and Guiry,
2016)

List of the species are mainly based on litera-
ture review, a total of 349 species and 22 vari-
eties belonging to five divisions are known
from the Gokgeada Island. The species list of
each divisio and classis are presented in Table
1. Among these 83 species had been firstly re-
ported from the island by Yazict (1974) that
contributed to the marine flora with two spe-
cies from Cyanobacteria; 36 species from
Rhodophyta; 26 species from Ochrophyta; 19
species from Chlorophyta and 2 species from
Tracheophyta.

HWUE H'SU0E
1 1

After, Aysel et al (2001) added 256 species and
25 varieties from the island. The remaining six
species (Polysiphonia brevearticulata (Figure
3), Ceramium codii (Figure 4), Gymnotham-
nion elegans (Fig. 5), Spermothamnion repens
(Figure 6), Lophosiphonia cristata, Hydro-
lithon cruciatum (Figure 7)) belonging to
Rhodophyta; one species (Leathesia marina)
belonging to Ochrophyta; one species
(Caulerpa racemosa (Figure 8)) and one vari-
ety (Caulerpa racemosa var. cylindracea) be-
longing to Chlorophyta recorded during the
present study are the new records for Gokgeada
Island. The new recorded species belonging to
Rhodophyta were found as filamentous and
crustose epiphytic forms on Posidonia ocean-
ica leaf blades during the years 2009-2015.

Rhodophyta had the highest number of species
dominated the macroalgal composition with
178 species followed by the contributions of
Ochrophyta and Chlorophyta, Cyanobacteria
and Tracheophyta with 78, 64, 25 and four spe-
cies, respectively (Figure 2).

Considering the percentages, Rhodophyta con-
stitutes 51% of macroalgal flora in the island,
followed by Ochrophyta, Chlorophyta and Cy-
anobacteria with 23%, 18% and 7%, respec-
tively.
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Figure 1. The study area - the infralittoral zones of Gok¢eada Island.
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Tracheophyta

Cyanobacteria
7 % (25)

Chlorophyta
18 % (64)

Ochrophyta
23 9% (78)

1 %(4)

Rhodophyta
51 % (178)

Figure 2. The percentages of five divisions reported from Gokgeada Island with the species

numbers in parentheses.

Exotic Species

The present paper also reports a total of 11 ex-
otic species (Acanthophora nayadiformis, As-
paragopsis armata, Asparagopsis taxiformis,
Bonnemaisonia hamifera, Colaconema codi-
ola, Polysiphonia fucoides belonging to Rhod-
ophyta; Cladosiphon zosterae, Ectocarpus si-
liculosus var. hiemalis, Pylaiella littoralis be-
longing to Ochrophyta; Caulerpa racemosa
var. cylindracea and Codium fragile subs. frag-
ile belonging to Chlorophyta) distributed
around the continental shelf of Gokgeada Is-
land.

Whereas Codium fragile subs. fragile that is
widely distributed in the Mediterranean Basin
was introduced accidentally via shipping (bal-
last waters) or current systems from the North-
ern Pacific into the Mediterranean (Verlaque et
al, 2015); Indo-West Pacific originated Acan-
thophora nayadiformis, Asparagopsis armata
and Caulerpa racemosa and its variety
Caulerpa racemosa var. cylindracea were in-
troduced into the Mediterranean by the Suez
Canal. Accordingly in the recent years, the dis-
persal of C. racemosa with invasive distinc-
tions can be seen around the coasts of

Gokgeada Island and it spread on the mobile
sediments around the island; especially cover-
ing vast areas in the southern coasts. Regarding
the northern costs C. racemosa can be usually
seen as wrapped around the rhizomes of the
seagrass meadows and in the gaps between the
meadows that were developped due to the boat
anchorings and bottom trawlings (Piazzi et al.
1994). Its new variety Caulerpa racemosa var.
cylindracea was also recorded in the southern
coasts during the present study.

Regarding the marine phanerogams (Trache-
ophyta) that are the key ecosystems in the Med-
iterranean representing the hotspots of the bio-
logical diversity were recorded as 1% of the
systematic groups in the region presenting
three genus (Cymodocea, Posidonia, Zostera).

Especially Posidonia oceanica (Figure 9)
meadows covers vast areas on the seafloor
forming continuous belts and sometimes
patches around the island.

In the species list (Tab. 1), Mesophyllum li-
chenoides, Cystoseira amentacea, C. mediter-
ranea, C. spinosa, Dictyopteris polypoides
fasieses, coralligenous bio-constructions, Po-
sidonia oceanica, Zostera marina, Z.noltei
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seagrass meadows have been included in the
action plans for conserving marine phanero-
gams and establishing marine protected areas
in the scope of the Marine Coastal Areas Con-
servation Systems Project conducted by the co-
operations of Ministry of Environment and
Ministry of Agriculture and Rural Affairs and

e 8.+ &

Figﬁre 4. Ceramium codii

Turkey Legation of United Nations Develop-
ment Programme (UNDP Turkey), the Re-
gional Activity Centre/Specially Protected Ar-
eas (RAC/SPA) (UNEP MAP RAC/SPA,
1999). Posidonia oceanica is also protected by
the national legal framework; Turkish Circular
on Water Products (2012).
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Figure 6. Spermothamnion repens
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Figure 8. Caulerpa racemosa
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Tady

Figure 9. Posidonia oceanica

Table 1. The species list of each divisio and classis with references from the Gokgeada

Taxa Species
CYANOBACTERIA
Cyanophyceae Aphanocapsa litoralis Hansgirg, 1892

Aphanocapsa marina Hansgirg in Foslie, 1890

Blennothrix lyngbyacea (Kiitzing ex Gomont) Anagnos. & Komarek, 1988
Calothrix confervicola C.Agardh ex Bornet & Flahault 1886

Calothrix contarenii Bornet & Flahault, 1886

Calothrix parasitica Thuret ex Bornet & Flahault, 1886

Gloeocapsopsis crepidinum (Thuret) Geitler ex Komarek, 1993
Gomphosphaeria aponina Kiitzing, 1836

Heteroleibleinia infixa (Frémy) Anagnostidis & Komarek, 1988
Leibleinia gracilis (Rabenhorst ex Gomont) Anagnos. & Komarek, 1988
Leptolyngbya tenuis (Gomont) Anagnostidis & Komarek, 1988

Lyngbya adriae Ercegovic, 1957

Lyngbya aestuarii Liebman ex Gomont, 1892

Lyngbya confervoides C.Agardh ex Gomont, 1892

Lyngbya lutea Gomont ex Gomont, 1892

Lyngbya majuscula Harvey ex Gomont, 1892

Microcoleus codii Frémy, 1932

Microcystis zanardinii (Hauck) P. Silva in P.C.Silva, Basson & Moe, 1996
Rivularia atra Roth ex Bornet & Flahault, 1886

Rivularia polyotis Roth ex Bornet & Flahault, 1886

Schizothrix tenerrima (Gomont) F.E.Drouet 1968

Spirocoleus fragilis (Meneghini) in P.C.Silva, Basson & Moe, 1996
Spirulina subsalsa Oersted ex Gomont, 1892

Symploca hydnoides Kiitzing ex Gomont, 1892

Trichocoleus wuitneri (Frémy) Anagnostidis, 2001
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RHODOPHYTA

Stylonematophyceae Chroodactylon ornatum (C.Agardh) Basson, 1979
Stylonema alsidii (Zanardini) Drew, 1956
Compsogonophyceae Erythrotrichia carnea (Dillwyn) J. Agardh, 1883
Erythrotrichia vexillaris (Montagne) Hamel, 1929
Sahlingia subintegra (Rosenvinge) Kornmann, 1989
Bangiophyceae Bangia atropurpurea (Mertens ex Roth) C.Agardh, 1824
Pyropia leucosticta (Thuret) Neefus & Brodie, 2011
Porphyra umbilicalis Kiitzing, 1843
Florideophyceae Acanthophora nayadiformis (Delile) Papenfuss, 1968
Acrochaetium kylinii Hamel, 1927
Acrochaetium mediterraneum (Levring) Athanasiadis, 2002
Acrochaetium microscopicum (Négeli ex Kiitzing) Négeli, 1858
Acrochaetium moniliforme (Rosenvinge) Borgesen, 1915
Acrochaetium savianum (Meneghini) Nageli, 1862
Acrochaetium secundatum (Lyngbye) Nageli, 1858
Acrosorium ciliolatum (Harvey) Kylin, 1924
Acrosymphyton purpuriferum (J. Agardh) Sjostedt, 1926
Aglaothamnion cordatum (Bergesen) Feldm.-Mazoyer, 1941
Aglaothamnion hookeri (Dillwyn) Maggs & Hommersand, 1993
Aglaothamnion tenuissimum (Bonnemaison) Feldm.-Mazoyer, 1941
Ahnfeltiopsis furcellata (C.Agardh) P. Silva & DeCew, 1992
Alsidium corallinumC.Agardh, 1827
Alsidium helminthochorton (Schwendimann) Kiitzing, 1843
Amphiroa beauvoisii Lamouroux, 1816
Amphiroa cryptarthrodia Zanardini, 1844
Amphiroa rigida Lamouroux, 1816
Anotrichium barbatum (C.Agardh) Négeli, 1862
Anotrichium furcellatum (J. Agardh) Baldock, 1976
Anotrichium furcellatum var. profundum Feldm. Mazoyer
Anotrichium furcellatum var. radiacans (J. Agardh) Collins
Anotrichum tenue (C.Agardh) Naegeli, 1862
Antithamnion cruciatum (C.Agardh) Nageli, 1847
Antithamnion tenuissimum (Hauck) Schiffner, 1916
Apoglossum ruscifolium (Turner) J. Agardh, 1898
Asparagopsis armata Harvey, 1855
Asparagopsis taxiformis (Delile) Trevisan, 1845
Boergeseniella fruticulosa (Wulfen) Kylin, 1956
Bonnemaisonia asparagoides (Woodward) C.Agardh, 1822
Bonnemaisonia hamifera Hariot, 1891
Botryocladia botryoides (Wulfen) Feldmann, 1941
Callithamnion corymbosum (Smith) Lyngbye, 1819
Callithamnion granulatum (Ducluzeau) C.Agardh, 1828
Catenella caespitosa (Withering) Irvine, 1976
Centroceras clavulatum (C.Agardh) Montagne, 1846
Ceramium ciliatum (Ellis) Ducluzeau, 1806
Ceramium ciliatum var. robustum (J. Agardh) Mazoyer
Ceramium circinatum (Kiitzing) J. Agardh, 1851
Ceramium codii (Richards) Mazoyer, 1938
Ceramium deslongchampsii Chauvin ex Duby, 1830
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Ceramium diaphanum var. elegans (R.) Roth, 1806

Ceramium diaphanum (Lightfoot) Roth, 1806

Ceramium gaditanum (Clemente) Cremades, 1990

Ceramium gaditanum var. mediterraneum (Debray) Cremades, 1990
Ceramium rubrum var. barbatum Feldmann-Mazoyer, 1941
Ceramium tenerrimum (Martens) Okamura, 1921

Ceramium virgatum Roth, 1797

Champia parvula (C.Agardh) Harvey, 1853

Chondria capillaris var. patens (Schiffner) Aysel V.

Chondria capillaris var. subtilis (Hauck) Aysel V.

Chondria capillaris (Hudson) Wynne, 1991

Chondria dasyphylla (Woodward) C.Agardh, 1817

Chondria mairei G.Feldm., 1949

Choreonema thuretii (Bornet) Schmitz, 1889

Chylocladia verticillata (Lightfoot) Bliding, 1928

Coccotylus truncatus (Pallas) Wynne & Heine, 1992

Colaconema codicola (Bergesen) Stegenga, Bolton & Anderson, 1997
Colaconema daviesii (Dillwyn) Stegenga, 1985

Compsothamnion thuyoides (Smith) Négeli, 1862

Corallina officinalis Linnaeus, 1758

Corallophilla cinnabarina (Grateloup ex Bory) Norris, 1993
Crouania attenuata (C.Agardh) J. Agardh, 1842

Cryptonemia lomation (Bertoloni) J. Agardh, 1851

Cryptopleura ramosa (Hudson) Newton, 1931

Dasya baillouviana (Gmelin) Montagne, 1841

Dasya corymbifera J. Agardh, 1841

Dasya hutchinsiae Harvey, 1833

Dasya ocellata (Grateloup) Harvey, 1833

Dasya punicea (Zanardini) Meneghini ex Zanardini, 1841

Dasya rigidula (Kiitzing) Ardissone, 1878

Dasya sinicola (Setchell & Gardner) Dawson, 1959
Dermocorynus dichotomus (J.Agardh) Gargiulo, Morabito & Manghisi, 2013
Dipterosiphonia rigens (Shousboe ex C.Agardh) Falkenberg, 1901
Ellisolandia elongata (Ellis & Solander) Hind & Saunders, 2013
Erythrocystis montagnei (Derbes & Solier) P.Silva, 1952
Gayliella flaccida (Harvey ex Kiitzing) Cho & Mclvor, 2008
Gayliella mazoyerae Cho, Fredericq & Hommersand, 2008
Gayliella taylorii (Dawson) Cho & Boo, 2008

Gayliella transversalis (Collins & Hervey) Cho & Fredericq, 2008
Gelidiella nigrescens (Feldm.) Feldm. & Hamel, 1934

Gelidiella ramellosa (Kiitzing) Feldm. & Hamel, 1934

Gelidium crinale (Hare ex Turner) Gaillon, 1828

Gelidium crinale var. polycladum (Kiitzing) Hauck

Gelidium pulchellum (Turner) Kiitzing, 1868

Gelidium pusillum (Stackhous) Le Jolis, 1863

Gelidium spathulatum (Kiitzing) Bornet, 1892

Gelidium spinosum (Gmelin) P.Silva, 1996

Gracilaria bursa-pastoris (Gmelin) Silva, 1952

Gracilariopsis longissima (Gmelin) Steentoft, Irvine & Farnham, 1995
Grateloupia filicina (Lamouroux) C.Agardh, 1822



Journal of Aquaculture Engineering and Fisheries Research, 3(4): 171-187 (2017)

Journal abbreviation: J Aquacult Eng Fish Res

Griffithsia opuntioides J. Agardh, 1842

Gymnogongrus griffithsiae (Turner) Martius, 1833
Gymnothamnion elegans (Schousboe ex C.Agardh) J.Agardh, 1892
Halopithys incurva (Hudson) Batters, 1902

Halurus flosculosus (Ellis) Maggs & Hommersand, 1993
Halymenia floresii (Clemente) C.Agardh, 1817

Herposiphonia secunda f. tenella (C.Agardh) Wynne, 1985
Herposiphonia secunda (C.Agardh) Ambronn, 1880
Heterosiphonia crispella (C.Agardh) Wynne, 1985

Hydrolithon cruciatum (Bressan) Chamberlain, 1994
Hydrolithon farinosum (Lamouroux) Penrose & Chamberlain, 1993
Hypnea musciformis (Wulfen) Lamouroux, 1813

Hypoglossum hypoglossoides (Stackhouse) Collins & Hervey, 1917
Jania longifurca Zanardini, 1844

Jania rosea (Lamarck) Decaisne, 1842

Jania rubens (L.) Lamouroux, 1816

Jania rubens var. corniculata (Linnaeus) Yendo, 1905

Jania squamata (L.) Kim, Guiry & Choi, 2007

Jania virgata (Zanardini) Montagne, 1846

Laurencia obtusa (Hudson) Lamouroux, 1813

Laurencia obtusa var. gracilis (C.Agardh) Zanardini, 1847
Laurencia pyramidalis Bory ex Kiitzing, 1849

Lejolisia mediterranea Bornet, 1859

Liagora viscida (Forsskal) C.Agardh, 1822

Lithophyllum corallinae (P.Crouan & H.Crouan) Heydrich, 1897
Lithophyllum cystoseirae (Hauck) Heydrich, 1897

Lithophyllum racemus (Lamarck) Foslie, 1901

Lithothamnion glaciale Kjellman, 1883

Lomentaria articulata (Hudson) Lyngbye, 1819

Lomentaria clavellosa (Lightfoot ex Turner) Gaillon, 1828
Lomentaria compressa (Kiitzing) Kylin, 1931

Lomentaria uncinata Meneghini, 1840

Lomentaria verticillata Funk, 1955

Lophosiphonia cristata Falkenberg, 1901

Lophosiphonia obscura (C.Agardh) Falkenberg, 1897

Melobesia membranacea (Esper) Lamouroux, 1812
Mesophyllum expansum (Philippi) Cabioch & Mendoza, 2003
Mesophyllum lichenoides (Ellis) Lemoine, 1928

Monosporus pedicellatus (Smith) Solier, 1845

Nemalion elminthoides (Velley) Batters, 1902

Neosiphonia sertularioides (Grateloup) Nam & Kang, 2012
Nitophyllum punctatum (Stackhouse) Greville, 1830
Osmundaria volubilis (Linnaeus) Norris, 1991

Osmundea pinnatifida (Hudson) Stackhouse, 1809

Palisada perforata (Bory) Nam, 2007

Palisada thuyoides (Kiitzing) Cassano, Senties, Gil-Rodriguez & Fujii, 2009
Peyssonnelia bornetii Boudour. & Denizot, 1973

Peyssonnelia coriacea Feldmann, 1941

Peyssonnelia dubyi P.Crouan & H.Crouan, 1844

Peyssonnelia rubra (Greville) C. Ag., 1851
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Peyssonnelia squamaria (Gmelin) Decaisne, 1842

Phycodrys rubens (Linnaeus) Batters, 1902

Phyllophora crispa (Hudson) Dixon, 1964

Phyllophora pseudoceranoides (S.G.Gmelin) Newroth & A.R.A.Taylor, 1971
Phymatolithon calcareum (Pallas) Adey & McKibbin, 1970
Phymatolithon lenormandii (Aresch.) Adey, 1966

Pleonosporium borreri (Smith) Naegeli, 1862

Plocamium cartilagineum (Linnaeus) Dixon, 1967

Pneophyllum confervicola (Kiitzing) Chamberlain, 1983
Polysiphonia breviarticulata (C.Agardh) Zanardini, 1840
Polysiphonia brodiei (Dillwyn) Sprengel, 1827

Polysiphonia denudata (Dillwyn) Greville ex Harvey, 1833
Polysiphonia deusta (Roth) Sprengel, 1827

Polysiphonia dichotoma Kiitzing, 1843

Polysiphonia elongata (Hudson) Sprengel, 1827

Polysiphonia flocculosa (C.Agardh) Endlichter, 1843
Polysiphonia fucoides (Hudson) Greville, 1824

Polysiphonia furcellata (C.Agardh) Harvey, 1833

Polysiphonia opaca (C.Agardh) Moris & De Notaris, 1839
Polysiphonia scopulorum Harvey, 1855

Polysiphonia stuposa Zanardini ex Kiitzing, 1864

Polysiphonia tenerrima Kiitzing, 1843

Polysiphonia tripinnatal. Agardh, 1842

Pterocladiella capillacea (Gmelin) Santelices & Hommersand, 1997
Pterocladiella melanoidea (Schousboe ex Bornet) Santelices & Hommersand, 1997
Pterosiphonia pennata (C.Agardh) Sauvageau, 1897
Pterothamnion crispum (Ducluzeau) Négeli, 1862

Pterothamnion plumula (Ellis) Nageli, 1855

Ptilothamnion pluma (Dillwyn) Thuret, 1863

Rhodophyllis divaricata (Stackhous) Papenfuss, 1950
Rhodymenia ardissonei var. robustior (Ercegovic) Antolic & Span, 2013
Rhodymenia ardissonei (Kuntze) Feldmann, 1937

Rhodymenia pseudopalmata (Lamouroux) P.Silva, 1952
Rubrointrusa membranacea (Magnus) Clayden & Saunders, 2010
Rytiphloea tinctoria (Clemente) C.Agardh, 1824

Scinaia furcellata (Turner) J. Agardh, 1851

Spermothamnion repens (Dillwyn) Rosenvinge, 1924
Sphaerococcus coronopifolius Stackhouse, 1797

Spyridia filamentosa (Wulfen) Harvey, 1833

Titanoderma pustulatum (Lamouroux) Naegeli, 1858

Wrangelia penicillata (C.Agardh) C.Agardh, 1828

OCHROPHYTA

Phaeophyceae Acinetospora crinita (Carmichael) Sauvageau, 1899
Ectocarpus siliculosus (Dillwyn) Lyngbye, 1819
Ectocarpus siliculosus var. dasycarpus (Kuck.) Gallardo, 1992
Ectocarpus siliculosus var. hiemalis (P.L.Crouan & H.M.Crouan) Gallardo, 1992
Ectocarpus crouanii Thuret, 1863
Feldmannia caespitula (J. Agardh) Knoepffler-Péguy, 1970
Feldmannia lebelii (Areschoug ex P.L.Crouan & H.M.Crouan) Hamel, 1939
Feldmannia irregularis (Kiitzing) Hamel, 1939
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Feldmannia padinae (Buffh.) Hamel, 1939

Feldmannia paradoxa (Montagne) Hamel, 1939

Feldmannia mitchelliae (Harvey) H.-S.Kim, 2010

Hincksia fuscata (Zanardini) P.Silva, 1987

Hincksia sandriana (Zanardini) P.Silva, 1987

Streblonema fasciculatum Thuret, 1863

Streblonema sphaericum (Derbes & Solier) Thuret, 1863
Pylaiella littoralis (Linnaeus) Kjellman, 1872

Cladostephus spongiosus (Hudson) C.Agardh, 1817
Cladostephus spongiosus f. verticillatus (Light.) Prud. van Reine, 1972
Sphacelaria cirrosa (Roth) C.Ag, 1824

Sphacelaria fusca (Hudson) Gray, 1821

Sphacelaria rigidulaKiitzing, 1843

Sphacelaria tribuloides Meneghini, 1840

Halopteris filicina (Grateloup) Kiitzing, 1843

Halopteris scoparia (Linnaeus) Sauvageau, 1904
Dictyopteris polypodioides (De Candolle) Lamouroux, 1809
Dictyota dichotoma (Hudson) Lamouroux, 1809

Dictyota dichotoma var. intricata (C.Agardh) Greville, 1830
Dictyota fasciola (Roth) Lamouroux, 1809

Dictyota implexa (Desfontaines) Lamouroux, 1809

Dictyota mediterranea (Schiffner) Furnari, 1997

Dictyota mediterranea var. crassa (Schiffner) V. Aysel, B.Dural, E.S.Okudan, M. Alpaslan &I. Uysal, 2001
Dictyota spiralis Montagne, 1846

Padina pavonica (Linnaeus) Thivy, 1960

Colpomenia sinuosa (Mertens ex Roth) Derbés & Solier, 1851
Hydroclathrus clathratus (C.Agardh) Howe, 1920

Petalonia fascia (Miiller) Kuntze, 1898

Petalonia zosterifolia (Reinke) Kuntze, 1898

Scytosiphon lomentaria (Lyngbye) Link, 1833

Scytosiphon lomentaria var. fistulosus Kiitzing

Scytosiphon lomentaria var. fistulosus vergens (Schiffner) V. Aysel, B.Dural, E.S.Okudan, M. Alpaslan & 1. Uysal, 2001
Stictyosiphon adriaticus Kiitzing, 1843

Cutleria multifida (Smith) Greville, 1830

Taonia atomaria (Woodward) J. Agardh, 1848

Zanardinia typus (Nardo) P. Silva, 2000

Giraudia sphacelarioides Derbes & Solier, 1851

Myriotrichia repens Hauck, 1879

Asperococcus bullosus Lamouroux, 1813

Asperococcus ensiformis (Delle Chiaje) Wynne, 2003
Asperococcus fistulosus (Hudson) Hooker, 1833

Punctaria latifolia Greville, 1830

Striaria attenuata (Greville) Greville, 1828

Eudesme virescens (Carmichael ex Berkeley) J. Agardh, 1882
Cladosiphon contortus (Thuret) Kylin, 1940

Cladosiphon zosterae (J. Agardh) Kylin, 1940

Leathesia marina (Lyngbye) Decaisne, 1842

Liebmannia leveilleiJ. Agardh, 1842

Mesogloia vermiculata (Smith) Gray, 1821

Sauvageaugloia divaricata (Clemente) Cremades, 1990
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Corynophloea umbellata (C.Agardh) Kiitzing, 1843
Microcoryne ocellata Stromfelt, 1888

Myriactula arabica (Kiitzing) Feldm., 1937

Myriactula rivulariae (Suhr ex Areschoug) Feldmann, 1937
Elachista stellaris J.E. Areschoug, 1842

Halothrix lumbricalis (Kiitzing) Reinke, 1888

Myrionema orbiculare]. Agardh, 1848

Myrionema strangulans Greville, 1827

Nemacystus flexuosus (C.Agardh) Kylin, 1940
Spermatochnus paradoxus (Roth) Kiitzing, 1843
Stilophora tenella (Esper) P.C.Silva, 1996

Nereia filiformis (J. Agardh) Zanardini, 1846

Cystoseira amentacea (C.Agardh) Bory, 1832

Cystoseira amentacea var. stricta Montagne, 1846
Cystoseira barbata (Stackhouse) C.Agardh, 1820
Cystoseira compressa (Esper) Gerloff & Nizamuddin, 1975
Cystoseira corniculata (Wulfen) Zanardini, 1841
Cystoseira crinita (Desfontaines) Duby, 1830

Cystoseira elegans Sauvageau, 1912

Cystoseira foeniculacea (Linnaeus) Greville, 1830
Cystoseira foeniculacea f. schiffneri (Hamel) Gomez Garreta, Barceld, Ribera & Rull Lluch, 2001
Cystoseira mediterranea Sauvageau, 1912

Cystoseira spinosa Sauvageau, 1912

Sargassum acinarium (Linnaeus) Setchell, 1933
Sargassum hornschuchii C.Agardh, 1820

Sargassum latifolium (Turner) C.Agardh, 1820

Sargassum vulgare C.Agardh, 1820

CHLOROPHYTA
Chlorophyceae Neodangemannia microcystis Wynne, Furnari, Kryvenda et Fried., 2014
Ulvophyceae Ulothrix flacca (Dillwyn) Thuret, 1863

Ulothrix implexa (Kiitzing) Kiitzing, 1849

Blidingia minima (Naegeli ex Kiitzing) Kylin, 1947

Ulva clathrata (Roth) C.Agardh, 1811

Ulva compressa Linnaeus, 1753

Ulva flexuosa Wulfen, 1803

Ulva flexuosa subsp. flexuosa Wulfen, 1803

Ulva intestinalis Linnaeus, 1753

Ulva kylinii (Bliding) H.S.Hayden, Blomster, Maggs, P.C.Silva, M.J.Stanhope& J.R.Waaland, 2003
Ulva linza Linnaeus, 1753

Ulva linza var. minor Schiff.

Ulva prolifera Miiller, 1778

Ulva lactuca Linnaeus, 1753

Ulva gigantea (Kiitzing) Bliding, 1969

Ulva rigida C.Agardh, 1823

Ulva rigida f. densa (Kjellman) Feldmann

Bolbocoleon piliferum Pringsheim, 1862

Entocladia cladophorae (Hornby) Starmach, 1972

Phaeophila endophytum (M&bius) Nielsen, 1972

Ulvella scutata (Reinke) Nielsen, Kelly & Wysor, 2013
Neostromatella monostromatica Wynne, Furnari & Nielsen, 2014
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Ulvella lens P.Crouan & H.Crouan, 1859
Anadyomene stellata (Wulfen) C.Agardh, 1823
Chaetomorpha aerea (Dillwyn) Kiitzing, 1849
Chaetomorpha linum (Miiller) Kiitzing, 1845
Chaetomorpha mediterranea (Kiitzing) Kiitzing, 1849
Chaetomorpha melagonium (Weber & Mohr) Kiitzing, 1845
Chaetomorpha ligustica (Kiitzing) Kiitzing, 1849
Chaetomorpha capillaris (Kiitzing) Boergesen, 1925
Cladophora albida (Nees) Kiitzing, 1843

Cladophora coelothrix Kiitzing, 1843

Cladophora glomerata (Linnaeus) Kiitzing, 1843
Cladophora hutchinsiae (Dillwyn) Kiitzing, 1845
Cladophora laetevirens (Dillwyn) Kiitzing, 1843
Cladophora lehmanniana (Lindenberg) Kiitzing, 1843
Cladophora sericea (Hudson) Kiitzing, 1843
Cladophora dalmatica Kiitzing, 1843

Cladophora pellucida (Hudson) Kiitzing, 1843
Cladophora pellucida f. tenuissima Ercegovic, 1927
Cladophora prolifera (Roth) Kiitzing, 1843
Rhizoclonium riparium (Roth) Harvey, 1849
Rhizoclonium tortuosum (Dillwyn) Kiitzing, 1845
Valonia macrophysaKiitzing, 1843

Valonia utricularis (Roth) C.Agardh, 1823

Bryopsis cupressina Lamouroux, 1809

Bryopsis cupressina var. adriatica (J. Agardh) Wynne, 2005
Bryopsis corymbosal. Agardh, 1842

Bryopsis duplex De Notaris, 1844

Bryopsis pennataLamouroux, 1809

Bryopsis plumosa (Hudson) C.Ag, 1823

Pedobesia simplex (Meneghini ex Kiitzing) Wynne & Leliaert, 2001
Codium adhaerensC.Agardh, 1822

Codium bursa (Olivi) C.Agardh, 1817

Codium dichotomum Gray, 1821

Codium effusum (Rafinesque) Delle Chiaje, 1829
Codium fragile (Suringar) Hariot, 1889

Codium fragile subsp. fragile (Suringar) Hariot, 1889
Codium tomentosum Stackhouse, 1797

Codium vermilara (Olivi) Delle Chiaje, 1829
Halimeda tuna (Ellis & Solander) Lamouroux, 1816
Pseudochlorodesmis furcellata (Zanardini) Bergesen, 1925
Flabellia petiolata (Turra) Nizamuddin, 1987
Dasycladus vermicularis (Scopoli) Krasser, 1898
Acetabularia acetabulum (L.) P.Silva, 1952

Caulerpa racemosa (Forsskal) J. Agardh, 1873
Caulerpa cylindracea Sonder, 1845

TRACHEOPHYTA

Monocots Cymodocea nodosa (Ucria) Ascherson 1870
Posidonia oceanica (Linnaeus) Delile, 1813
Zostera (Zostera) marina Linnaeus, 1753
Zostera (Zosterella) noltei Hornemann, 1832
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Conclusion

According to the results that reported 349 species
and 22 varieties have been related to the rather
good coastal ecosystem health around the study
region.

The coastal zone of Gokgeada Island hasn’t de-
gredated due to the irregular water-front construc-
tions and industrial facilities. Furthermore a rich
fauna and flora can be seen around the island due
to the island and the Saros Gulf is on the way of
the migration path of the marine species between
the Black Sea and Mediterranean and act as a hab-
itat for spawning and breeding. In the view of that
a marine protected area named “Gokgeada Under-
water Marine Park” was established in 1999 for
the first time on the Turkish coasts to protect this
characteristic marine site and to conserve the hab-
itats of the endangered and endemic species.
Therefore non-sustainable fishing, night spear
fishing and tourism pressures have been pre-
vented.

Despite these conditions, all the alien species that
recorded in this study continue to be regarded as a
biogeographical threat for the Mediterranean Re-
gion and their effects have to be monitored around
the island as a biodiversity hotspot area in the
North Aegean.

Acknowledgements

We would like to thank to the Sedat Ozan
GURESEN and Onur GONULAL from Istanbul
University Gokg¢eada Marine Research Depart-
ment for sharing their sources based on the reports
of Yazici (1974).

References

Aktan, Y., & Giimiisoglu, A. (2014). Composition
of the functional macroalgal groups on Po-
sidonia oceanica (L.) Delile leaves. Proceed-
ings of the 5. Mediterranean Symposium on
Marine Vegetation, 27-28 October 2014. Por-
toroz, Slovenia.

Aktan, Y., & Glimiisoglu, A. (2010). An other
threat on Posidonia oceanica beds: mucilage
effect in Gokgeada Island, North Aegean Sea,
Turkey. Proceedings of the 4. Mediterranean
Symposium on Marine Vegetation, 2-4 De-
cember 2010. Yasmine, Hammamet, Tunis.
El Asmi, S., Langar, H., Belgacem, W. Eds.,
RAC/spa publ., 251 p.

Aysel, V., Dural, B., Okudan, E.S., Alpaslan, M.,
& Uysal, 1. (2001). Gokgeada (Ege Denizi,
Canakkale, Tiirkiye) Deniz Florasi. Pp 125-
141. Turkish Marine Research Foundation.
Ulusal Ege Adalari Toplantisi, 10-11
Agustos 2001. Gokgeada, Turkey.

Chintiroglou, C., Antoniadou, C., Vafidis, D., &
Koutsoubas, D. (2005). A review on the bio-
diversity of hard substrate invertebrate com-
munities in the Aegean Sea. Mediterranean
Marine Science, 6(2), 51-62.

Cirik, S., Zeybek, N., Aysel, V., & Cirik, S.
(1990). Note preliminaire sur la végétation

marine de l'ile Gokgeada (Mer Egée-Nord,
Turquie). Thalassographica, 13(1), 33-37.

Guiry, M.D., & Guiry, G. M. (2016). AlgacBase.
World-wide electronic publication, National

University of Ireland, Galway.
http://www.algaebase.org  (Accessed 23
March 2016)

Giiresen, A., Aktan, Y., Keskin, C., & Orfanidis,
S. (2015). Macroalgalassemblages on Po-
sidonia oceanica rhizomes in the North-East-
ern Aegean Sea (Eastern Mediterranean).
Proceedings of the 4th Mediterranean
Seagrass Workshop, 18-22 May. Sardinia, It-
aly.

Oztiirk, M., & Giiner, H. (1986). Tiirkiyenin Ege
ve Akdeniz kiyilarindaki Ectocarpales (Phae-
ophyta) lyelerinin yayilimi ve taksonomisi,
Tiirk Biyoloji Dergisi, 10, 459-472.

Piazzi, L., Balestr, E., & Cinelli, F. (1994). Pres-
ence of Caulerpa racemosa in the Northwest-
ern Mediterranean. Cryptogamie Algologie,
15, 183-189.

Piazzi, L., Balata, D., & Cinelli, F. (2004). Species
composition and morphological groups of
macroalgal assemblages around Gorgona Is-
land  (north-westernMediterranean  Sea).
Cryptogamie Algologie, 25, 19-38.

Siokou-Frangou, I., Bianchi, M., Christaki, U.,
Christou, E., Giannakourou, A., Gotsis, O.,
Ignatiades, L., Pagou, K., Pitta, P., Psarra, S.,
Souvermezoglou, E., Van Wambeke, F., &
Zervakis, V. (2002). Carbon flow in the
planktonic food web along a gradient of oli-
gotrophy in the Aegean Sea (Mediterranean
Sea). Journal of Marine Systems, 33-34, 335-
353.



Journal of Aquaculture Engineering and Fisheries Research, 3(4): 171-187 (2017)

Journal abbreviation: J Aquacult Eng Fish Res

Uckag, S. (2005). Sea surface variability in the Ae-
gean Sea, E.U. Journal of Fisheries &
Aguatic Sciences, 22, 129-135.

UNEP MAP RAC/SPA. (1999). Action Plan for
the Conservation of Marine Vegetation in the
Mediterranean Sea. http://www.rac-
spa.org/sites/default/files/action_plans/ap-
veg2012en.pdf (Accessed 23 March 2016)

Verlaque, M., Ruitton, S., Mineur, F. & Boudour-
esque, C-F. (2015). CIESM atlas of exotic
species of the Mediterranean. Macrophytes.
Many photograph and maps. Monaco:
CIESM Publishers, 362 pp.

WoRMS Editorial Board. (2016). World Register
of Marine Species. http://www.marinespe-
cies.org (Accessed 23 March 2016).

Yazici, M. (1974). Researches on the algae popu-
lations around Gokgeada (North Aegean) and
their hidrographical observations. Istanbul
University Fisheries and Sponge-Fishing Re-
search Institute. Report 2. Istanbul University
Gokceada Marine Research Department Li-
brary.

Zeybek, N., Giiner, H., & Aysel, V. (1986). The
Marine Algae of Turkey.In: Proceedings 5th
Optima Meeting Istanbul, 8-15 September,
1986. (Anon. Eds). Pp., 169-197.

Zeybek, N., & Giner, H. (1973). Canakkale
Bogazi ve Bozcaada deniz algleri, Ege Uni-
versitesi, Fen Fakiiltesi, Ilmi Raporlar Serisi
145, P. 19.



188

E-ISSN 2149-0236

Journal of

Aquaculture Engineering and

.

REVIEW ARTICLE

b |
g,
b e
4
& N

Fisheries Research

DERLEME MAKALE

A REVIEW: APPLICATIONS OF GEOGRAPHIC
INFORMATION SYSTEMS (GIS) IN MARINE AREAS

Seyma Merve Kaymaz ORCID ID: 0000-0002-1936-0626 , Murat Yabanh ORCID ID: 0000-0002-9615-2222

Mugla Sitk1 Kogman University, Fisheries Faculty Department of Aquatic Sciences, Mugla, Turkey

Received: 17.04.2017
Accepted: 26.07.2017
Published online: 30.09.2017

Corresponding author:

Seyma Merve KAYMAZ, Mugla Sitki Kogman Uni-
versity, Fisheries Faculty Department of Aquatic Sci-
ences, 48000, Mentese, Mugla, Turkey

E-mail: seyma.merve87@gmail.com

Abstract:

In this review, the focus is the research of scientists
which studied different GIS applications in marine ar-
eas. Based on literature review, the scientists stressed
the use of GIS to assess and predict effects on marine
environment. Marine spatial data are fundamental for a
sustainable environmental management of marine ar-
eas, largely surrounded by countries with borders to the
sea. In modern age, known as “’information age’’, data
acquisition, analysis and management are essential for
rapid, precise and economical resolutions. GIS applica-
tions were recommended to supply a principle from
combining past and present circumstances in order to
predict future for marine areas. This review provides an
example to how GIS applications can be used in the
monitoring, conservation, management, sustainable de-
velopment and environmental protection stages of ma-
rine areas.

Keywords: GIS applications, Marine areas, Spatial
data, Management, Decision support
system

JOURNAL OF AQUACULTURE ENGINEERING AND FISHERIES RESEARCH

E-ISSN 2149-0236

3(4): 188-198 (2017)  doi: 10.3153/JAEFR17021
© 2015-2017 ScientificWebJournals (SWJ)



Journal of Aquaculture Engineering and Fisheries Research, 3(4): 188-198 (2017)

Journal abbreviation: J Aquacult Eng Fish Res

Introduction

Geographic Information Systems (GIS) for land
usage were launched about 35 - 40 years ago, how-
ever it was only about 15 years that they were also
applied to the sea (Goodchild, 2000). The assis-
tance for study into universal Earth systems and
the impacts of anthropogenic ecological change
progressively increased, geographers started to de-
velop their focus on research broader then previ-
ous traditional borders determined in the 1970 and
1980s. Marine GIS gained a substantial signifi-
cance in the 1990s with the arrival and popularity
of Earth System Science, an interdisciplinary ini-
tiative seeking to know the whole Earth system
(atmosphere, oceans, seas, ice cover, environment,
land etc.) world-wide (Nierenberg, 1992; Wil-
liamson, 1994).

Other factors boost the exposure of marine geog-
raphy, and eventually marine GIS, comprise in-
creasing global ecological understanding and ap-
prehensions, increased comprehension of the part
of marine life in preserving the global environ-
ment, new techniques for marine investigation be-
ginning with the United Nations Convention on
the Law of the Sea in 1994, and the designation of
the International Year of the Ocean in 1998 (Psuty
et al., 2002).

An understanding of the dynamics of marine area
and living resources are essential for the explana-
tion of the relationships between marine environ-
ment and species in any anthropogenic attempt to
manage marine areas. Development of spatial
thinking becomes very significant in several
points throughout the study of methods in the ma-
rine environment using GIS, from collecting data
to develop and to make decision by GIS. Many au-
thors have studied spatial cognition in geograph-
ical environments (Slater 1982; Golledge and
Stimson 1987; Blades 1991; Nyerges 1991;
Golledge 1995; Nyerges and Golledge 1997;
Lloyd 1997). Other main steps in developing spa-
tial thinking are the understanding of various GIS
data models (Blades 1991; Lloyd 1997) as well as
the appreciation of spatial analysis in GIS (Cances
et al. 2000).

Applications of GIS technology in several marine
disciplines are versatile. Data acquired by differ-
ent methods and integration of principles from dif-
ferent technological disciplines are joined with the
aim to assist the determination of the changing as-
pects of the marine environment. GIS suggests so-
lutions for an increasing number of problems in

the marine environment and at the same time de-
liver different visions to the unknown depths of
the seas. Marine troubles (in the coastal zone and
pollution) have inherent spatiotemporal character-
istics. By means of GIS, it is possible to collect
and use several environmental parameters and un-
derstand their effects on the marine environment
(Valavanis, 2002).

GIS among the several technologies is developed
to enable an integrated management assisting data
assembly, combination and analysis processes on
these features.

Oceanographic GIS is used in a variety of ways,
such as data distribution tools, mapping tools and
monitoring analysis tools and in a variety of disci-
plines, such as coastal zone assessment and man-
agement, ocean surface processes, marine geology
and geomorphology, marine eutrophication, envi-
ronmental and bio-economic characterisation of
coastal and marine systems, submerged marine
habitats and marine habitat assessment, marine oil
spill and pollution, ocean policy and management,
climate change and sea-level rise, deep ocean
mapping, flooding and natural hazard assessment
and development of environmental sensitivity in-
dices maps (Charlier, 2000; Valavanis, 2002).

The understanding of negative effects harming
marine and coastal environments is required to in-
tervene. By means of monitoring and modelling, it
is possible to improve successful marine policy
design and sustainable marine practices. The use
of marine and coastal area information provides a
helpful tool for generating planning procedures
and more (Earle, 1999). Through the use of GIS it
is possible to better identify and understand the
threats affecting the areas. Authorities can simply
understand marine and coastal areas conditions
through reports supported by the data of statistics,
tables and maps. GIS also serves to get immediate
access to updated data on exceeding parameters,
the whole sample details, parameter difference
trends, and yearly summary of marine water qual-
ity status. Moreover GIS assists in making better-
informed decisions and increasing awareness on
problems correlated to marine water quality and
besides to develop sustainability with the focus on
the country (ESRI, 2014).

Short Literature Review

Several authors stressed the importance of the use
of GIS in marine field for the growth of a sound
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marine GIS (Hamre, 1993) by describing some of
the significant differences between terrestrial and
marine applications of GIS, and presenting the re-
sults of an integrated system for the consideration
and improvement of the protection area (Li and
Saxena, 1993). Marine GIS evaluates important
point of spatial data management for marine appli-
cations (Lucas et al., 1994) and it also joins time-
dependent metadata with in-situ data for marine
features and estimation of climate change (Wright
et al., 1995). In the following years, development
of new theoretical data model for sea bathymetry
(Li et al., 1995), ocean discarding and monitoring
of ecological impacts (Hall et al., 1995), finding of
waste charging sites on the seafloor (Chavez Jr.
and Karl, 1995), and new spatial data structure
were included to marine GIS (Gold and Condal,
1995).

Beusen et al. (1995) developed a GIS-based model
that integrated geohydrological data for the esti-
mation of loads of nitrogen and phosphorus in the
coastal seas of Europe.

Several authors have already introduced methods
for the measurement of data uncertainity as well
as that of model sensitivity analysis in studies us-
ing GIS (Hwang et al., 1998; Crosetto et al., 2000;
Gahegan and Ehlers, 2000).

Li et al. (1998) created a monitoring and manage-
ment GIS for Malaysia’s shoreline together with
an international and interdisciplinary team sup-
ported by the Asian Development Bank. The tool
includes time series data (such as observations of
wind and wave), spatial data (such as topography,
shoreline and buoy locations, bathymetry, parcel)
together with social and economic data and aerial
photographs. The coastal GIS consists of three
subsystems (coastal engineering management,
shoreline erosion monitoring, coastal data inven-

tory).

Van Zuidam et al. (1998) presented a research pro-
gramme to the International Institute for Aero-
space Survey and Earth Sciences, in which remote
sensing, GIS, modelling and in situ measurements
were used to develop and evaluate the scenarios
for coastal zone management. Methodologies in-
cluded hypothesis generation based on optimum
remote sensing datasets, parameter estimation,
evaluation and validation and calculation of the
coastal landscape development influenced by both
human impacts and natural processes.

Neilson and Costello (1999) introduced basic in-
formation on seabed types accessible on Ireland

marine charts to label the high-tide mark shoreline
in GIS according to the corresponding dominant
seabed types. The application of this approach is
suggested for all the coastal area for which basic
seabed information exists and it could be used as
basic information for research purposes and man-
agement.

Capobianco (1999) and Belfiore (2000) discussed
the important role of new technologies in coastal
management in Europe noting that many Euro-
pean Communities (EC) funded demonstration
projects have reported the successful use of GIS
for resource inventories, analysis and monitoring.

West (1999) developed a GIS-based decision sup-
port system for South Florida’s coastal resources.
The system uses a variety of datasets, GIS anal-
yses and other embedded modelling and features a
user interface for dynamic interaction. The tool
was built for the Florida Department of Commu-
nity Affairs to support a diverse set of decisions
made by policy officials involved with Florida’s
coastal resources.

Stanbury and Starr (1999) developed a GIS for the
Monterey Bay National Marine Sanctuary that al-
lows manipulation of many terrestrial and marine
datasets (land cover classification, benthic habitat
types, fisheries, watersheds) aiming to create a
broad spatiotemporal database for the evaluation
of natural resources, permitting and monitoring
coastal developments and assessing environmen-
tal impacts.

Garcia et al. (2000) incorporated the main physical
components (marine processes, lithology, land-
forms and river discharge) with the main human-
made components (population growth and urbani-
sation) in a GIS to develop a sensitivity index for
the Costa del Sol coastline, Southern Spain.

MacDonald and Cain (2000) used GIS to rank the
environmentally sensitive areas of the UK coast-
line based on assessments of pollution risks asso-
ciated with shipping (description of different haz-
ards, vessels routing patterns and historical fre-
quencies of shipping accidents).

Li et al. (2001) applied various spatial modelling
and analysis methods in high-resolution imagery
to detect shoreline changes along the South shore
of Lake Erie by representing the shoreline as a dy-
namically segmented linear model linked to a
large amount of data describing shoreline changes.
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The Use of Several GIS Applications in
Marine Areas

Combined analyses of several datasets in a GIS
environment provides meaningful information for
natural processes. The depiction of the analysed
data in some type of display such as maps, graphs,
lists, reports or summary statistics provides for the
communication media of GIS results or outputs.

Marine GIS is called upon to describe the intimate
relations among the wind and sea currents that
trigger certain oceanographic processes and ex-
plain the impact of these processes to the behav-
iour of marine organisms, behaviour of spatial
temporal marine quality by taking species biology
and ecology into consideration (Li and Saxena,
1993; Lockwood and Li, 1995).

GIS is also used for defining fish habitat and or-
ganising and executing living marine resources
(the dynamics of marine objects), tracking marine
mammals and analyzing their hunting and migrant
lines, assessing the efficiency of marine protected
areas, and answering to environmental ruins (Fig-
ure 1; Figure 2) (Meaden, 2000; NOAA, 2017).

Today, the integration of data within GIS is a rou-
tine task in marine GIS developments. The multi-
disciplinary data are used in GIS analysis in a va-
riety of tasks and studies, such as global change,

rectification and registration of satellite imagery,
change detection of marine processes and visuali-
sation of these processes (Figure 3) (Asrar, 1997,
Ehlers, 1997; Faust and Star, 1997; Jensen et al.,
1997).

Another integration between similar disciplines is
represented by environmental modelling and GIS.
Today, modelled output is routinely integrated
into GIS applications, particularly for the study
and forecasting of large-scale oceanographic, dy-
namic of ecological processes and atmospheric
processes (Goodchild et al., 1993; Johnston et al.,
1996).

GIS database enables the availability of data to
achieve a synoptic status of the environment such
as marine resources management, which includes
the improvement of the productivity of marine
ecosystems, the prevention of marine pollution,
preservation of the quality of seafood and the pro-
tection of peculiar ecosystems like mangroves and
corals (Aswathanarayana, 1999).

An interactive real time data delivery GIS system
allowed the analysis and screening of satellite sur-
face temperature (Figure 4) and visible imagery
together with data overlays (for example gridded
wind fields, bathymetry and observation data of
marine) (Leshkevich and Liu, 2000).

Figure_ 1. Sea Turtle Tracks (Caretta caretta) (McClellan et. al., 2011)




192

Journal of Aquaculture Engineering and Fisheries Research, 3(4): 188-198 (2017)

Journal abbreviation: J Aquacult Eng Fish Res

® WHAP Location

Hawaii Marine Managed Areas
- Fishenies Replenishment Area
- Fisheries Management Area

- Marine Lfe Conservation Distrcit

Figure 2. Marine Protected Areas (Alyssa, A., 2004)

The latest advances in remote sensing data uses
GIS for estimating coastal and estuarine habitat
conditions and trends. Latest advances in the ap-
plication of GIS also assist in the integration of
supplementary data layers to advance the accuracy
of satellite images by providing to coastal planners
and managers a tool to assess the impacts of alter-
native management practices (Klemas, 2001). GIS
additionally had developed its capability in recent

years to visualize and analyse spatio-temporal re-
lations and problems. Several of the data models
have dedicated problems related to multidimen-
sional data which has been caused in different
methods for the definition of the best path to store,
query and present data solved by GIS and to visu-
alize, spatio-temporal query and analysis are im-
portant for scientists and this interest provides col-
laboration between industry and academia in ma-
rine areas (Figure 5) (Wright et. al., 1997).
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Discussion and Conclusion

The use of GIS has long been a strong tool of gov-
ernment as well as business. Today, the marine ge-
ographical interpretation by means of GIS became
a key tool in the field of marine policy making,
planning and conservation. The important role that
GIS plays to the cooperation of organisations in
various international agreements for the manage-
ment and the use of the marine areas include mar-
itime transport, fisheries, recreation, disposal of
waste, conservation and research. Additionally
GIS as scientific discipline represents a significant
tool for the management of coastal and marine ar-
eas particularly in providing the scientific basis for
policy interventions through the development of
integrated products that facilitate the lack of com-
munication among decision makers and scientists.
Carrying marine ecological data into GIS needs
the understanding of causes related to these data
and their features. The environmental spatio-tem-
poral instability of the marine requirements obvi-
ously needs to be recognised and modelled. Appli-
cations of GIS technology in various oceano-
graphic disciplines are multifaceted. They deal
with data acquired with a variety of different
methods and integration principles from different
technological disciplines in an attempt to facilitate
the resolution of the dynamics of the marine envi-
ronment. GIS applications provide a significant
opportunity in the management procedures, where
the involvement of directors and administrators is
essential for the use of GIS as a decision support
system.
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Abstract:
The natural population of all sturgeon species has been Keywords: Sterlgt, Mi.crosatellite, Allozymes,
seriously affected by overexploitation in combination with a Identification, Restocking

substantial loss and degradation of habitats during the 20™
century. Fish species undergoing to restocking require
information about the genetic identity of the existing fish
populations. The genetic pattern of sterlet (broodstock and
offspring) were analyzed, using allozymes and seven
microsatellite loci (LS19, LS34, LS39, LS54, LS68, Aox45 and
Aox27) as markers for species identification. From the seven
microsatellite loci three (LS57, Aox23 and Aox45) have shown
a tetrasomic profile. The most polymorphic locus for the
broodstock was LS-57 with 12 alleles in population, followed
by Aox45, LS-68 and LS-54 with 10 alleles. For offspring, the
most polymorphic locus was Aox 23 with 11 alleles. Other loci
presented a lower level of polymorphism range between 2 to 8
alleles identified for the analyzed individuals. The average
observed and expected heterozygosities were 0.429 and 0.413
in the broodstock and 0.500 and 0.423 in the offspring,
respectively. The preliminary data showed that selected
allozymes and microsatellite markers allow identification of the
stellate sturgeon from Bulgarian farms and could be applied to
test and control the broodstocks used for restocking
programmes.
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Introduction

Most sturgeon species are near extinction and have
been listed in the Appendices to CITES (Conven-
tion on International Trade in Endangered Species
of Wild Fauna and Flora (Raymakers, 2007).
From six sturgeon species distributed in the Lower
Danube River, five are supposed to be critically
endangered and only one Acipenser ruthenus is
classified as vulnerable according to IUCN Red
List 2010.

Instead of the five year prohibition (2010-2015) of
sturgeon catches in Bulgaria to protect the stur-
geon biodiversity, illegal catches in combination
with a substantial loss and degradation of habitats
are the main causes of decreases in stellate stur-
geons stocks and the number of adult spawners.

Genetic-biochemical markers for sturgeon identi-
fication (fillet and caviar) were applied for the
Bulgarian part of the Lower Danube and the Black
Sea (Dobrovolov et al., 2004, Dobrovolov et al.,
2005). Sturgeon hybrids were determined on mor-
phological and genetic level in Bulgarian Black
Sea waters and the Danube River. Three different
hybrids of various offspring generations with par-
ticipation of Acipenser ruthenus were identified
(Tsekov et al., 2008). The increasing presence of
natural sturgeon hybrids in the Danube River and
the Black Sea is another evidence for decreasing
sturgeon stocks. Not only their reproduction is en-
dangered, but also the genotypes of sturgeons are
changed. The decreases of natural population and
uncontrolled restocking resulting in production of
hybrids will decrease natural genetic diversity of
sturgeon species in their original distribution area
(Havelka et. al., 2011).

Today many molecular methods are available for
studying various aspects of wild populations, cap-
tive brood stocks and interactions between wild
and cultured stocks of fish and other aquatic spe-
cies (Yudha et al., 2012). Use of molecular data to
assess the genetic structure in Danube sturgeon in-
dividuals is necessary because a classification as
pure species or as hybrids, based only on morpho-
logical data can be misleading and inaccurate
(Dudu et al., 2011).

The population structure and relationships of stur-
geon can be easily identified using microsatellite
markers. The application of these methods will al-
low an appropriate broodstock management both
in aquaculture and in sturgeon restocking pro-
grammes (Rosenthal et al., 2006).

Between seven and nine microsatellite loci varia-
tions were applied for species and hybrids (bester)
identification in sterlet sturgeon (Acipenser
ruthenus) from the Lower Danube (Dudu et al.,
2013; Dudu et al., 2015).

In the case of conservation studies in sturgeons,
the microsatellites are useful for the characteriza-
tion of genetic diversity and structure of popula-
tions; selection of breeders introduced in assisted
reproduction programmes with the aim of sustain-
ing the wild population by releasing in the river of
juveniles resulted in aquaculture conditions from
wild genitors (Dudu et al., 2013).

The aim of this study was to examine the genetic
variability of Acipenser ruthenus broodstock and
offspring using seven microsatellite DNA markers
and allozymes, considering its possible applica-
tion for further restocking programs of the Bulgar-
ian part of the Lower Danube.

Materials and Methods
Microsatellites

Fin clips were collected from 14 Acipenser
ruthenus individuals (brood stock and offspring),
captured in 2014-2015 from aquaculture (sturgeon
farm”Fishinvest”, Montana, Bulgaria), doing re-
stocking of the Bulgarian part of Danube. Sterlet
brood stock samples were caught in May 2014
from the Danube River (Belene region, river km
505-565) from the wild population and breed in a
mentioned above sturgeon farm.

Total DNA was extracted from ethanol-preserved
fin clips by using ,,Omega Bio-tek”, E.Z.N.A. Tis-
sue DNA Kit (D3396-10, USA). For PCR ampli-
fication seven primer pairs: LS19, LS34, LS54,
LS59, LS68, Aox23 and Aox45, tested for North-
American sturgeons and sterlet in the Lower Dan-
ube (Dudu et al., 2013) were used (Table 1) for
fragment analyses.

Two multiplex PCR reactions were performed: a
4-plex reaction for LS-19, LS-34, LS-57 and LS-
68, and a 3-plex reaction for LS-54, Aox23 and
Aox45. For microsatellite loci detection, we used
the forward primers labeled with four different flu-
orescent dyes: PET, VIC, 6-FAM and NED.

Multiplex PCR reactions were carried out in a 20
pL final volume with the following reaction
components: 10 pl PCR Mastermix (Bioneer),
primers (1 pL from each primer), 2 pL target DNA
and ultrapure water to reach the final volume.
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PCR amplifications were performed in gradient
PCR (Swift MaxPro Thermal Cycler), using the
following program: a first denaturation step at
95°C for 10 minutes, 40 cycles of denaturation at
95°C for 30 seconds, annealing at 55°C for 30 sec-
onds, and extension at 72°C for 60 seconds and a
final extension step at 72°C for 20 minutes. After
amplification the PCR products were tested on 2%
agarose gel.

The length of amplified fragments were deter-
mined using an Applied Biosystems Genetic Ana-
lyzer AB 3130. The analyses of sample data were
performed using the GeneMapper v.4 software.
Calculation of the observed and expeted heterozy-
gosity and Fst was prepared using Genalex soft-
ware (Peakall & Smouse, 2012).

Table 1. Primer sequences

Allozymes: For electrophoretic analyses, the
samples were stored at —20°C until the analyses in
the laboratory. For analysis of the esterases (EC
3.1.1.1-EST) and general muscle proteins
(PROT), a homogenate of white dorsal muscle
was used. The proteins were separated by
horizontal starch gel electrophoresis (Dobrovolov,
1973). The staining of different enzymes was
performed as previously decribed (Shaw &
Prasad, 1970). The buffer systems (Dobrovolov,
1976) were used for the electrophoresis. The
nomenclature of loci and alleles used here
followed essentially previously published
recommendations (Shaklee et al., 1990).

Locus Primer sequences (5°-3’)
LS-19 F:6 FAM catcttagccgtctgtggtac
R: caggtccctaatacaatgge
LS-34 F: VIC-tacataccttctgcaacg
R: gatcccttctgttatcaac
LS-54 F: NED- ctctagtctttgttgattacag
R: caaaggacttgaaactagg
LS-57 F: PET-gcttggttgctagtttgc
R: gtacagtatgagaccacaggc
LS-68 F: NED-ttattgcatggtgtagctaaac
R: agcccaacacagacaatatc
Aox23 F:6FAM-cagtgtgctagcttctcaata
R: gttagcttaaccatgaattgtg
Aox45 F: PET-ttgtccaatagtttccaacgc
R: tgtgctcctgcttttactgtce

Results and Discussion

Restocking with sturgeon fishes has been fulfilled
in the Bulgarian section of the Danube River since
1998 and continued to 2005 (data from MoEW).
The species used for this purposes were Acipenser
guildenstaedti (506 873 numbers, by weight of 19
to 280 grams), Huso huso (38 950 numbers, 5 to
350 grams) and Acipenser ruthenus (1 300 num-
bers, 50 to 180 grams) (Table 2).

Nowadays restocking programs were renewed
with the introduction of the Acipenser ruthenus
samples in 2014 and 2015 in the Lower part of the
Danube River. According to this program in Octo-
ber 2014 on Danube river km 565, 10 523 samples
were restocked. During June 2015 totally 40 660
samples were restocked on the 743 and 369 river
km.

Genetic-Biochemical Data

The samples were tested for species identity using
first biochemical genetical markers pointed for
sturgeon species (Dobrovolov et al., 2005).
Analyses of (PROT) showed ten monomorphic
zones, species specific for sterlet (broodstock and
offspring), (Figure 1A). Electrophoretical spectra
on the samples analyzed were typical for sterlet
described earlier (Dobrovolov et al., 2005; Tsekov
etal., 2008). Esterases were polymorphic with two
esterases zones, but they did not show species
diversity (Figure 1B). The polymorphism
observed could be used as a marker for
identification of sterlet populations (Acipenser
ruthenus).
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Figure 1. A. Electrophoregrams on general muscle proteins (PROT) and
B. general unspecified esterases (EST) on Acipenser rutenus,
1-4- broodstock, 5-8 — offspring, 0 — origin.

Table 2. Aquaculture produced sturgeon fingerlings released in Danube River for (1998-2005)

Year Total | Acipenser Average Huso Average | Acipenser Average
number | gueldenstaedti weight (g) huso weight (g) | rutenus weight
1 2 3 4 5 6 7 8
1998 1500 1000 250 200 300 300 180
1999 30 100 27 400 230 2700 320 - -
2000 21150 20 400 200 750 350 - -
2001 28 100 28 100 200 - - - -
2002 23 530 22 530 280 - - 1 000 50
2003 166 617 161 317 82 5300 5 - -
2004 | 211126 211126 18,87 - - - -
2005 65 000 35000 15 30 000 15 - -
Total | 547123 506 873 - 38 950 - 1300 -

On the base of morphological and genetic data
three different sturgeon hybrids with participation
of sterlet (Acipenser gueldenstaedti x Acipenser

ruthenus,

Acipenser

stellatus

x  Acipenser

ruthenus, Huso huso x Acipenser ruthenus) were

described along the Bulgarian Black Sea coast and

the Danube river (Tsekov et al.,

2008).

Electrophoretical data on the sterlet samples

analyzed did not show hybrid spectra.
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Microsatellite Data

In this study, we have successfully amplified all
seven species specific microsatellite loci for
Acipenser ruthenus (Figure 2A - D). The loci LS-
57, Aox23and AoX45 are considered to be

tetrasomic, while the loci LS-19, LS-34, LS-54
and LS-68 are considered to have a disomic profile
(Fig 2A-D). The same pattern of each
microsatellite locus were pointed for the sterlet
species (Dudu et al., 2013).
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Figure 2. Electrophoretic profiles in Acipenser ruthenus for: A. LS-19 and LS-34; B. LS-57 and LS-

68; C. Aox 45 and LS-54; D. Aox 23.
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Genotypes were determined for all individuals.
The number of allele peaks depends on the level
of ploidity of the analyzed species and on whether
the individual tested is heterozygote or homozy-
gote.

All seven loci presented polymorphic profile. The
size of the alleles at individual loci varied between
68 — 209 bp. For the broodstock a high level of
polymorphism was observed for LS-57 - 12 alleles
in range of 130-203 bp, 10 alleles of 125-209 bp
for LS-54, LS-68 and Aox 45. For offspring a high
level polymorphism was observed for Aox 23 - 11
alleles in range 100-185 bp. Other loci (LS-19,
Aox23, LS-34 for broodstock and LS-19, LS-54,
LS-68, LS-34, LS-57 and Aox 45 for offspring)
present a lower polymorphism in population, only
2 to 8 alleles being identified for all individuals.
The size of the alleles (bp) and the number of al-
leles of each locus are presented in Table 3.

The heterozigosity is among the most important
statistical values that can offer essential infor-
mation about the diversity and history of the pop-
ulation, stock or aquaculture strain. The loci LS-
57, Aox23 and Aox45 are considered to be tetra-
somic, while the loci LS-19, LS-34, LS-54 and
LS-68 are considered to have a disomic profile
(Dudu et al., 2013).

For the disomic loci the assessment of the genetic
variability was realized by determining the values
of observed (Ho) and estimated heterozygosity
(Hg).The values of Ho for Acipenser ruthenus
(broodstock and offspring) 0,429 and 0,500 were
a little bit higher than these of expected heterozi-
gosity (He) - 0,413 and 0,423 (Table 4). Fsrwas
calculated (— 0,002) and indicated no differentia-
tion between the populations.

The analysis of a higher number of loci and indi-
viduals will provide more precise information of
the genetic diversity by means of nuclear markers.
Analyses of microsatellites and mtDNA could be
used for identification of hybrids and the pure-
stock of sturgeon species (Burcea et al., 2014).
The application of these methodologies at fish
farms would allow to precise species identifica-
tion, avoiding the usage of hybrids in reproduc-
tion and repopulation programs, that might lead
to the alteration of the native populations.

The multiplex PCR reaction is a good method for
evaluation of intraspecific genetic diversity used
for the first time in Bulgaria for this species and
allow characterizing the genetic variation of the
sturgeon.

Table 3. The size of the alleles (bp) and N (number of alleles of each locus) analyzed on A. rhutenus

(broodstock and offspring).

Broodstock Offspring
Locus Size N Size N
LS-19 130-139 5 130-139 2
Aox 23 100 -185 7 100 -185 11
LS-54 160-170 10 160-170 8
LS-68 162-209 10 162-209 8
LS-34 68-188 5 68-188 6
LS-57 130-203 12 130-203 7
Aox45 125-147 10 125-147 7
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Table 4. Genetic diversity in sterlet broodstock and offspring

Locus Broodstock Offspring
Ho He Ho He
LS 19
0,857 0,490 | 1,000 | 0,500
LS34 0,286 0,490 | 0,286 | 0,490
LS54 0,143 0,337 10,429 | 0,459
LS68 0,429 0,337 0,286 | 0,245
Mean 0,429 0,413 | 0,500 | 0,423
The one and same size of the alleles and number Conclusions

of the alleles in each locus for the two groups
(broodstock and offspring) were visualized as an
evidence for the origin of the offspring. They are
included in the size range, marked for Acipenser
rhutenus from the Lower Danube (Dudu et al.,
2011, Dudu et al., 2013; Dudu et al., 2015), which
proved the species identity used for restocking of
the Danube River during the 2014-2015. Hybrids
were not identified in the samples analyzed using
allozymes.

Restocking of sturgeons (Acipencer guilden-
staedti, Huso huso and Acipencer rhutenus) into
natural populations in Bulgarian part of the Lower
Danube River between 1998-2005 were not based
on the genetical identification of broodstock and
juveniles. Only in 2014 and 2015 introduction of
the A. rhutenus samples was done after application
of molecular markers (allozymes and microsatel-
lites) for species identification to avoid uncon-
trolled restocking and to ensure the distribution of
the native sterlet sturgeon progeny in the Lower
Danube.

Microsatellite analysis is a useful method for spe-
cies identification of sturgeons, which is con-
firmed with the data, received for Acipenser
rhutenus and could be applied for species identifi-
cation in restocking programs. Such analyses are
necessary to issue a permission for restocking the
local rivers (Fopp-Bayat et al., 2015).

Genetic identification on the base of microsatel-
lites and allozymes of the parental samples and
their progeny was applied for characterization of
the genetic variation in Acipenser rhutenus sam-
ples used for restocking purposes of Bulgarian
part of the Lower Danube. The data received is im-
portant to avoid hybridization and implementation
of non-native for the river sturgeons’ species as
well as to protect the biodiversity of sturgeons in
the Lower Danube River.
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Abstract:

Spatio-temporal distribution and population structure
of Enoplus quadridentatus Berlin, 1853 associated with
mussel beds were investigated seasonally (October
2013, January 2014, May 2014 and July 2014) along
the coasts of Sinop Peninsula, the northernmost point
of Turkey located at the Black Sea. A 20x20 cm quadrat
was used by scuba divers to collect samples at five sta-
tions, of which four of them were located on rocky sub-
strata and one on a concrete pier pile. Nematode densi-
ties ranged between 0 — 996 ind.m™ and found high in
October and May. A total of 1100 individuals and 9
species belonging to 8 families were recruited. E.
quadridentatus Berlin, 1853 was the dominant species
in most of the nematode assemblages inhabiting mussel
beds and had a contribution of 74% to the total fauna.
The density of the species varied among the seasons
with peaks in May and October, consistent with the
general nematode densities. Population composition re-
vealed seasonal changes. In general, females were dom-
inant in the population and ovigerous females were rec-
orded only in January and May. Juveniles were found
during all seasons, but formed dense populations in July
and May. It seems that the reproduction of the species
is continuous throughout the year.

Keywords: Black Sea, Enoplus quadridentatus,
Freeliving marine nematodes, Population
dynamics, Mussel beds
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Introduction

Free-living marine nematodes are known to be the
most diverse and most abundant group of metazo-
ans living in the benthic zone of marine environ-
ments (Heip et. al., 1982). They can be found both
in macrobenthic and in meiobenthic samples, alt-
hough their diversity is so much low in macroben-
thic samples with a general dominance of larger
taxa such as the members of the order Enoplida.

The genus Enoplus Dujardin, 1845 is a large group
of the marine family Enoplidae which has 36 valid
species (Lee et al., 2015). It is one of the dominant
genera at the intertidal zone with a cosmopolitan
distribution in the world seas. Species identify-
cation can be made based on several characteris-
tics such as the shape of the tail, spicule, guber-
naculum and morphometric ratios.

Enoplus quadridentatus Berlin, 1853 was origin-
nally described from the Mediterranean Sea. The
species has three synonyms in literature (Gerlach
et al., 1974). A few years after its description, it
was reported again as a new species under the
name Enoplostoma hirtum Marion, 1870 from the
Mediterranean Sea.

It has been described from Black Sea as a new spe-
cies to science under the name Enoplus euxinus
Filipjev, 1918. After that, several other authors
(Paladian, 1965; Kisseleva and Slavina, 1964; Ser-
geeva, 1974) followed Filipjev and reported the
species as E. euxinus Filipjev, 1918 from the
Black Sea. The species has also been found in the
Sea of Marmara (Turkey) (Allgen, 1941), however
given under the name Enoplus hirtus (Marion
1870).

Only three species, Enoplus quadridentatus Ber-
lin, 1853, Enoplus littoralis Filipjev, 1918 and
Enoplus maeoticus Filipjev, 1916 have been re-
ported up to now from the Black Sea (Gerlach and
Riemann, 1974; Zaitsev and Alexandrov, 1998).
In Turkish seas, two species of the genus Enoplus
have been recorded so far. E. quadridentatus was
found in the Sea of Marmara, Bosphorus and
Black Sea coasts of Turkey (Allgen, 1941; Ser-
geeva, 1973; Urkmez, 2015) and E. meridionalis
was reported from the Aegean coast of Turkey
(Cmnar et al., 2000).

Mussel beds may have influence on biodiversity
by inhibiting or assisting the occurrence of some
species by changing the environmental properties
(Ragnarsson and Raffaelli, 1999). Mussels also
clear the water by filter feeding in contrast to the

other organisms that change habitats, such as
seagrasses (Kautsky and Wallentinus, 1980). Bio-
deposition is also high in mussel beds providing
food for deposit-feeders (Norkko et al., 2001).
Furthermore, the presence of mussels cause hy-
drodynamic changes at the bottom surface causing
decrease in oxygen and increase in sulphide levels
in the sediment (Ragnarsson and Raffaelli, 1999).

In the Black Sea, the free-living nematode fauna
of the M. galloprovincialis and M. phaseolina fa-
cies have been previously studied in southern area
of the Crimean Peninsula (Sergeeva, 1974). The
role of Mytilus galloprovincialis in the formation
of meiobenthic communities in the Black Sea
with a special emphasis on free-living nematodes
as the dominant group of free-living nematodes
has been described for the first time in Sevastopol
(Crimea, Russia) on the results of experimental
studies in natural conditions (Sergeeva, 1985a, b).
It has been established that this mussel acts as an
ecological factor determining the development of
the species composition, abundance and trophic
structure of the nematode assemblages. The biodi-
versity and ecology of mussel beds have also been
studied by scientists in Turkey (Topaloglu and Ki-
hara, 1993; Cinar and Gonliigiir-Demirci, 2005;
Cinar et al., 2008). However the species lists gen-
erally cover macrofauna and free-living nematode
asseblages have never been examined.

The aim of this paper is to describe nematode as-
semblages and the spatial and temporal patterns of
Enoplus quadridentatus Berlin, 1853 associated
with mussel beds located along the coasts of Sinop
Peninsula, Southern Black Sea.

Materials and Methods

Sinop Peninsula is a coastal region located at the
northernmost point of Anatolia (Turkey) project-
ing towards the Black Sea. It lies in the middle of
the eastern and western Black Sea basins of the
Turkish coast. The peninsula is surroundded by
the sea at its three sites. Four field studies were
conducted at five stations in October 2013 and
January, May and July 2014 around the peninsula.
Stations M2, M3, M4 and M5 were natural rocky
habitats whereas station M1 was a concrete pier
pile at the city harbour (Figure 1). Mussel sam-
ples (Mytilus galloprovincialis Lamarck, 1819 and
Mytilaster lineatus (Gmelin, 1791) facies) were
collected as three replicates at all the sampling sta-
tions using a 20x20 cm metal frame (quadrat)
equipped with a bag made of a plankton net. On
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board, samples were wet sieved through 0.5 mm
mesh and obtained material was fixed in separate
jars containing 4% seawater formaldehyde solu-
tion.

Temperature, salinity, pH, dissolved oxygen con-
centration, total dissolved solids (TDS) and con-
ductivity were recorded in situ using a YSI 6600
V2 probe.

The material was wet sieved under fresh water in
the laboratory and sorted into taxonomic groups
under a stereo microscope, and preserved in 70%
ethanol. Nematodes were transferred to anhydrous
glycerol with slow evaporation method and moun-
ted on glycerine slides. Specimens of Enoplus
were examined and photographed using a LEICA

Sinop
Péninsula

Figure 1. Map of the study area

research microscope equipped with a software
platform LAS V.4 (Leica Application Suite) and a
NIKON Eclipse Ni-U research microscope with
Nomarski differential interference contrast (DIC)
optics. Specimens were also categorized as males,
females, ovigerous females or juveniles. The ma-
terial was deposited at the Sinop University.

Community parameters such as number of spe-
cies, number of individuals, density (ind.m?),
quantitative dominance index (D%), Margalef
species richness (R), Pielou's evenness index (J)
and Shannon diversity index (H') were estimated
for each station in each sampling period. PRIMER
software was used for the calculation of diversity
indices (Clarke and Warwick, 2001).

Black Sea
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Results and Discussion

Temperature showed variation during the study
period. The lowest temperature was recorded in
January 2014 (9.79 °C) and the highest in July
2014 (22.08 °C). Dissolved oxygen (DO) ranged
between 7.9 and 10.4 mgl™'. Salinity did not show
high variation and recorded between 18.22 and
18.49. Total dissolved solids and pH revealed con-
sistent levels throughout the study period (Table

).

A total of 1100 individuals of free-living marine
nematodes were counted and analysed from the 60
samples collected at five stations and four sam-
pling seasons along the coasts of Sinop Peninsula.
Nematode communities were present at all the
months sampled. Highest mean densities were rec-
orded at station M2, in May (996 ind.m™) and Oc-
tober (626 ind. m™). No nematodes were recruitted
at station M5 in January and at station M4 in July.

Identifications yielded 9 free-living marine nema-
tode species (Anticoma acuminata (Eberth, 1863)
Bastian, 1865; Chromaspirina sp., Enoplus
quadridentatus Berlin, 1853; Euchromadora sp.,
Linhomoeus sp., Oncholaimus dujardinii de Man,
1876, Thoracostoma sp., Symplocostoma tenu-
icolle (Eberth, 1863) Wieser, 1953; Unidentified
species A) belonging to 8 families (Anticomidae,
Desmodoridae,  Enoplidae, = Chromadoridae,
Linhomoeidae, Oncholaimidae, Leptosomatidae,
Enchelidiidae) and 4 orders (Enoplida, Desmodor-
ida, Chromadorida, Monhysterida). All the identi-
fied genera were monospecific. In total, Enoplus
quadridentatus Berlin, 1853 was the dominant
species in mussel beds (74 % of total specimens).
Its contribution to nematode assemblages was
high at all stations except St. M1 (January and
May) and St. M4 (January) (Figure 2).

Table 1. Depth, coordinates and seasonal environmental parameters of the sampling stations (S: station,
D: depth (m), AD: abiotic data, T: temperature (°C), TDS: total dissolved solids, S: salinity

(0%), DO: dissolved oxygen (mgL™")).

S D  Coordinates AD  Oct/13 Jan/14 May/14  Jul/14
T 17.2 9.8 15.4 22.1

TDS 19.1 19.5 19.1 19.2

5 42°1'19.2"N S 18.3 18.5 18.2 18.3
35°9'4.57"E pH 6.7 6.6 6.8 7.0
DO 8.7 9.8 9.5 8.2

T 17.0 9.9 12.4 21.9

TDS 19.2 19.5 19.3 19.2

4 42°1'18.26"N S 18.3 18.5 18.4 18.3
35°12'54.43"E pH 6.9 6.8 6.9 7.0
DO 8.7 9.7 9.5 8.1

T 17.4 10.0 12.3 21.5

TDS 19.1 19.4 19.3 19.2

5 42°22.78"N S 18.2 18.5 18.4 18.3
35°11'50.05"E  pH 6.9 6.8 6.9 7.0
DO 8.6 9.7 9.6 8.4

T 17.0 10.0 12.4 233

TDS 19.1 19.4 19.3 19.2

4 42°5'36.6"N S 18.2 18.5 18.4 18.3
34°58'57.79"E pH 6.9 6.8 6.9 6.9
DO 8.7 10.1 9.9 7.9

T 16.9 9.9 12.1 23.5

TDS 19.1 19.4 19.4 19.1

5 42°2'15.97"N S 18.2 18.5 18.5 18.2
35°9'49.57"E pH 6.9 6.8 6.9 7.0
DO 8.6 9.8 10.4 8.2
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Figure 2.  a) Spatio-temporal distribution of mean nematode densities (ind. m™?) with +standard errors
b) Contribution of E. quadridentatus to nematode assemblages at stations in each sampling
month

211



Journal of Aquaculture Engineering and Fisheries Research, 3(4): 207-218 (2017)

Journal abbreviation: J Aquacult Eng Fish Res

According to Filipjev (1918) and Platt and War-
wick (1983), general features of the species in-
clude a total body length of 3.1-4.8 mm with a
maximum diameter of 110-60 um (a=23-35), jaw
length equal to %2 head width (Figure 3a), tail a lit-
tle over 3 anal body diameter, spicules 1.7 anal
body diameter, preclocoacal supplement half the
spicule length, with a characteristic tube lining the
distal third (Figure 3b). Scales on spicules variable
up to eight (Figure 3c). Body tapers very little an-
teriorly and seems truncated. The middle of the
body is swollen, more in the females. The body
tapers to the anus in the male very slightly. The
body width increases with growth. E. quadriden-
tatus Berlin, 1853 is very similar to E. communis
Bastian, 1865 but it is smaller and has a relatively
longer tail and a shorter spicule.

Systematic accounts:

Class Enoplea Inglis, 1983

Order Enoplida Filipjev, 1929
Family Enoplidae Dujardin, 1845
Genus Dujardin, 1845

Enoplus quadridentatus Berlin, 1853

Table 2 shows the total number of species and in-
dividuals, diversity and evenness indices as well
as the dominant species at each occasion. E.
quadridentatus had the highest percentage at most
of the cases except two occasions: one with the
dominance of Oncholaimus dujardinii de Man,
1876 at station M1 in May (39%) and in the other
case E. quadridentatus shared the same percent-
age (33%) with Symplocostoma tenuicolle
(Eberth, 1863) Wieser, 1953 and O. dujardinii de
Man, 1876 at station M4 in January. Highest spe-
cies diversity was found at station M1 in January
2014 (2.78) and the lowest at station M4 in July
2014 and station M5 in January 2014. Table 2 pre-
sents the other community parameters of the sta-
tions.

Temporal fluctuations were recorded in the mean
densities of the species. In total, October and May
revealed the highest values (1156 and 1103 ind.m"
?). Mean densities were considerably low in Janu-
ary and July (260 and 200 ind.m™). Spatial distri-
bution showed that the highest number of individ-
uals (1516 ind.m™) was found at station M2 when
the total densities of four seasons were taken into
consideration.

The population pattern of E. quadridentatus was
consistent during the study period and individuals

were recorded during all the four sampling seasons
in mussel beds. The density of the species varied
among the seasons. Dense populations were recor-
ded at station M2 in May 2014 (843 ind.m?) and
October 2013 (560 ind.m™), showing a prominent
seasonal fluctuation (Figure 4). No individuals
were found at station M5 in January and at station
M4 in July 2014.

When all the samples considered, 209 males
(26%), 267 females (34%), 82 ovigerous females
(10%) and 237 juveniles (30%) were analysed
(Figure 5). In total, females shared the largest part
in the population (44%) and the males had the
smallest part (26%) during the study period. In
general, male to female ratio was 0.59:1. Ovige-
rous females made up 76.5% of all females in the
population examined and they were recorded only
in January and May (Figure 6) at all the stations.

Consistent with the population density trends,
highest number of adults were found in October
and they more abundantly found at station M2
compared to the other stations. Juveniles were rec-
orded during the four sampling months but they
were dominant particularly in July (79%) and May
(56%). Ovigerous females disappeared as the tem-
perature rises from May towards July and they
were not found in October samples. Seasonal fluc-
tuations in the population structure of the spe-cies
are presented in Figure 6.

The nematode diversity of the mussel beds around
Sinop Peninsula was low with a total of 9 free-liv-
ing nematode species. Enoplus quadridentatus
Berlin, 1853 was found to be the dominant species
at most cases. This species was also reported from
mussel beds of Sevastopol, Crimea, under the
name E. euxinus Filipjev, 1918. In recent years, it
was found to be dominant in Mytilus spp. beds at
Romanian coasts (Mihaela Muresan, pers.
comm.). Muresan (2012) also reported it under the
name E. euxinus Filipjev, 1918 and stated it to be
one of the most common species below 50 m at the
Romanian coasts and also reported it from peri-
azoic waters (Muresan, 2014). E. quadriden-tatus
was listed among the species of Ukrainian waters
as well (Zaitsev and Alexandrov, 1998).

The species has been previously reported from soft
bottoms of Turkish waters from the Bosphorus
(Sergeeva, 1973) and from Sinop, central Black
Sea coast (Urkmez, 2015). Allgen (1941) reported
it from algae samples he collected at shallow
rocky shores of Bandirma (Sea of Marmara).
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Figure 3.Enoplus quadridentatus, light microscopy photographs (a-c), DIC photographs (d-g) a. Total
body of male b. Posterior region of male showing tail, spicules, gubernaculum and precloacal
supplement c. Vulva region of female with eggs d. Head region e. Precloacal supplement in
male f. Spicule plates in male g. Spicule of male
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Table 2. Number of species (Sp), Density (D, ind.m™), Margalef species richness (R), Pielou’s even-
ness (J7) and Shannon’s diversity (H”) indices of each station and season showing the dominant

species (S: station).

S Months Sp D R J' H' Dominant species (%)
Oct/13 6 325 0.86 0.58 1.50 Enoplus quadridentatus (62)
Jan/14 8 194 133 0.93 2.78 E.quadridentatus (26)
May/14 7 241 1.09 0.88 2.47 Oncholaimus dujardinii (39)
Jul/t4 2 16 0.36 0.70 0.70 E. quadridentatus (80)
Oct/13 7 627 093 026 0.74 E.quadridentatus (89)
Jan/14 3 73 047 0.44 0.70 E.quadridentatus (86)
May/14 4 997 0.43 040 0.80 E.quadridentatus (85)
Ju/l14 1 50 0.00 0.00 0.00 E.quadridentatus (100)
Oct/13 6 321 0.87 0.40 1.02 E.quadridentatus (83)
Jan/14 5 196 0.76 0.50 1.16 E.quadridentatus (72)
May/14 4 56 0.75 0.56 1.12 E. quadridentatus (76)
Jul/t14 3 23 0.64 0.69 1.09 E.quadridentatus (71)
Oct/13 3 127 0.41 090 1.42 E.quadridentatus (50)
Jan/14 3 9 091 1.00 1.58 E.quadridentatus (33), S. tenuicolle (33)
May/14 4 77 0.69 0.74 1.48
Jul/t4 0 0 0.00 0.00 0.00 E.quadridentatus (60)
Oct/13 1 63 0.00 0.00 0.00 E.quadridentatus (100)
Jan/14 0 0 0.00 0.00 0.00
May/14 2 136 0.20 0.15 0.15 E.quadridentatus (98)
Jul/l4 3 133 0.41 0.34 0.54 E.quadridentatus (90)

Although E. quadridentatus was mostly the dom-
inant species, station M1 showed different compo-
sitions and it was replaced by Oncholaimus dujar-
dinii in May and by the second dominant species,
Thoracostoma sp. in January. The difference may
be due to the fact that station M1 was the only
sampling area on a concrete pier pile with mussels
attached as fouling organisms, while the other sta-
tions were mussel beds on natural rocky habitats.
Another point was that, the size of the adults
seemed to vary depending on the season and in fe-
males, depending on the number of eggs in the
genital tract. This observation was also mentioned
by Filipjev (1918) in the Crimean population of E.
quadridentatus.

Seasonal dynamics and different spatial distribu-
tion patterns were observed in the density of this
species associated with mussel beds along the
coasts of Sinop Peninsula. E. quadridentatus
seems to make denser populations in October and
May in mussel beds. Ovigerous females were rec-
orded at three seasons from January and declining

towards July Juveniles were found during each
season with an increasing share beginning from
October to July. These may indicate that the spe-
cies have a continuous reproduction during the
year.

Several other members of the order Enoplida have
previously been studied in terms of their popula-
tion structure at tropical sandy beaches. Venekey
et al. (2011) found that Mesacanthion hirsutum
Gerlach, 1953 may have a continuous reproduc-
tion and, certain species of the genus Oncholaimus
have also been studied by Skoolmun and Gerlach
(1971) and Smol et al. (1981). They reported one
or two generations per year. It was also stated that
the annual number of generations is more than one
or two, with a continuous reproduction in many
species (Heip et al., 1982). However seasonal
sampling is a limiting factor in the present study
to tell more about the life cycle of a species since
many species complete their life cycle in very
short periods (Tietjen and Lee, 1972; Moens and
Vincx, 2000).
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Figure 6. Seasonal population structure at sampling stations.

Conclusions

As a conclusion, the present paper contributes to
the study of free-living marine nematodes in Tur-
key focusing on the mussel beds from the Turkish
Black Sea coast. Although it may give an idea
about the nematode composition of Mytilus gallo-
provincialis and Mytilaster lineatus facies, the
macrobenthic sampling design using 0.5 mm mesh
size is a limiting factor to examine the smaller
meiobenthic nematodes and this may result in un-
derestimation of nematode density and diversity of
the habitat in focus. However, this study stands as
the first paper about population structure of a ma-
rine nematode in Turkish Seas. E. quadridentatus
Berlin, 1853 and it seems to have a continuous re-
production cycle throughout the year. On the other
hand, it is not possible to obtain all the necessary
information on reproductive cycles of free-living

nematodes by taking samples from their natural
environment. Laboratory experiments are also
needed to clearly specify the reproduction cycle of
a marine nematode spesies.
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Oz:

Bu ¢alisma, Nazik Goli fitoplanktonunun mevsimsel
dedipimlerinin belirlenmesi amaciyla, 3 istasyonda ve
Ocak 2014-Subat 2015 tarihleri arasinda mevsimsel su
ve fitoplankton 6rnekleri alinmigtir. Nazik Golii’nden
alynan su 6rneklerinde sicaklik, pH, ¢cdziinmiip oksijen,
oksijen doygunlugu, elektriksel iletkenlik 6l¢iimleri ve
kloriir, siilfat, nitrat, toplam azot, toplam fosfor ve klo-
rofil a analizleri yapilmistir. Yapilan ¢alisma sonu-
cunda, Nazik Golii’niin genel sartlar bakimindan I. sinif
su kalitesine sahip oldugu belirlenmistir. Gélde Bacil-
lariophyta’ya ait 46, Charophyta’ya ait 3, Chlo-
rophyta’ya ait 2, Cyanophyta’ya ait 5 ve Dinophyta’ya
ait 1 olmak iizere toplam 57 takson kaydedilmistir. Bu
gruplara ait alglerden en fazla tiirle temsil edilenler Ba-
cillariophyta’dan Cymbella, Fragilaria, Navicula ve
Nitzschia (4’er takson) olmustur. Istasyonlarda tespit
edilenlere gore bakildiginda takson sayisi, en fazla 52
taksonla III. istasyonda, en az 37 takson olarak I. istas-
yonda kaydedilmistir.

Anahtar Kelimeler: Nazik golii, Fitoplankton,
Mevsimsel degisim, Bitlis,

Tiirkiye

Abstract:

THE SEASONAL VARIATIONS OF
PHYTOPLANKTON OF NAZIiK LAKE (BITLIS,
TURKEY)

This study was carried out to determine phytoplankton
and water quality of Nazik Lake within the boundaries
of Bitlis province. The study was conducted between
January 2014 and February 2015, and surface water
samples were taken at sesonality intervals from three
sampling stations on the lake. The measurements of
temperature, pH, dissolved oxygen, saturation of oxy-
gen, electrical conductivity and analysis of chloride,
sulfate, nitrate, total nitrogen, total phosphorus and
chlorophyll a were performed in water samples. Nazik
Lake has first class quality of water regarding the re-
sults of the surface water measurements and analysis.
A total of algal taxa have been recorded; 46 taxa from
Bacillariopyhta, 3 from Charophyta, 2 from Cya-
nophyta and 1 from Dinophyta. Among these algae,
Cymbella, Fragilaria, Navicula ve Nitzschia (4 taxa)
were the noticable genera represented in higher num-
bers of species. With respect to the stations, the highest
number of the taxa was recorded in station III with 52
taxa and least taxa in the station I (37 taxa).

Keywords: Nazik lake, Phytoplankton, Seasonal
distribution, Bitlis, Turkey
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Giris

Diinyadaki hizli niifus artigina paralel olarak
ortaya ¢ikan besin ihtiyacini karsilamak ve protein
acigin1 kapatmak amaciyla tath su balikeiligi
giderek Onem kazanmaktadir. Bu nedenle de
birgok balik tiiriiniin 6zellikle larval donemlerin-
deki besin kaynaklarindan birini olugturan, besin
zincirinin birinci ve en 6nemli halkasi olan fito-
planktonik organizmalar ile ilgili caligmalara hiz
verilmistir.

Gollerdeki fitoplanktonlarla ilgili caligmalarin
sayisinda  son  yillarda  Onemli  artiglar
kaydedilmistir (Sen vd, 1994; Elmaci & Obali
(1998); Koger & Sen, 2012, 2014; Yilmaz &
Aykulu, 2010). Gollerde fitoplankton tiir ¢esitliligi
ve kompozisyonu degisen ortam sartlarina bagl
olarak yillara gore degisim gostermekte ve gollerin
trofik seviyesi hakkinda 6nemli bilgiler vermekte-
dir (Reynolds, 1984). Su Cerceve Direktifi'ne
gore, gollerde fitoplankton kompozisyonu, bollugu
ve biyokiitlesi izlenmesi gereken biyolojik kalite
unsurlarindan biridir ve diizenli araliklarla izlen-
mesi gerekmektedir (WFD, 2000). Ayrica su
kiitlelerinde trofik seviyenin belirlenmesi igin fito-
planktonik canlilar, gdsterge organizma grubu
olarak degerlendirilmektedir (OECD, 1982).

Bu arastirmada, Bitlis il smirlart igerisinde
bulunan ve daha Once herhangi bir bilimsel
calismanin yapilmadigi tespit edilen Nazik
Goli’niin fitoplankton kompozisyonu ve mevsim-
sel degisiminin goliin baz fiziksel ve kimyasal su
kalitesi parametreleri ile ortaya konulmasi

Materyal ve Metot

Van Golii’ne 25 km uzaklikta bulunan ve Ahlat’in
16 km kuzeybatisinda yer alan Nazik Golii, 44.5
km? yiizélgiimiine ve 30 km? alana sahiptir. Deniz
seviyesinden yiiksekligi 1816 m olup, ortalama
40-50 m derinlige sahiptir Nazik Golii, ilkbaharda
eriyen kar sulari, yagmur sular1 ve c¢evresindeki
kiigiik akarsu kaynaklartyla beslenmektedir.
Golin fazla sular glineydogu ucundan Karmig
Cayr’na dogru akmaktadir. Bu akint1 iizerinde ku-
rulan bir regiilatorle fazla sular kontrole alinmis
olup, Ahlat Ovasi ile Adabag ve Sarikum Koyleri
arazisinin sulamasinda kullanilmaktadir. G6liin en
onemli Ozelliklerinden birisi kis mevsiminde gol
ylizeyinin tamamen kalin bir buz tabakasi ile
kaplanmasidir. Nazik gdl sularmin tath olmasi ve
besin bakimindan zengin olmasi sebebiyle bu
golde sazangiller familyasina ait baliklar
yasamakta ve bol miktarda aynali sazan iiretimi
yapilmaktadir.

Ocak 2014-Subat 2015 tarihleri arasinda belir-
lenen ti¢ istasyondan (I. istasyon 42 13 43.87 D,
38 51 20.84 K; II. istasyon 42 18 33.94 D, 38 53
25.27 K; 1I1. istasyon 42 18 50.58 D, 38 50 55.49
K) mevsimsel olarak alinan su ve plankton nu-
muneleri incelenmek {izere Elazig Su Uriinleri
Aragtirma Enstitlisii Mudiirliigii Laboratuarlarina
getirilmistir (Sekil 1) (URL-1, 2017).

Sekil 1. Nazik Goli ve 6rnekleme istasyonlar1 (URL-1, 2017)

Figure 1. Location of sampling sites (URL-1, 2017)
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Araziye ¢ikilmadan 6nce drnekleme malzemeleri
hazirlanmig ve 1 L hacimli polipropilen siseler
herhangi bir temizlik maddesi kullanilmadan
yikama fir¢as1 ve musluk suyu ile yikanip distile
sudan gegirilmistir. Su numuneleri kiyidan elle
daldirma yoéntemi ile 1 L hacimli polipropilen
siselere konularak alinmis, koruma maksatli her-
hangi bir kimyasal madde eklenmemistir. Numune
sigeleri, lizerine tarih ve 6rnekleme noktasi bilgile-
rini igeren etiketler yapistirilarak en kisa siirede la-
boratuvara ulagtirilmigtir.

Sicaklik, pH, ¢Oziinmiis oksijen, % oksijen
doygunlugu, elektriksel iletkenlik YSI profesy-
onel plus marka 13A101246 seri nolu cihazla
arazide yerinde ol¢lilmiigtiir.

Toplam Sertlik, EDTA metodu kullanilarak ti-
trimetrik olarak tayin edilmistir. (APHA, 1995).
Siilfat, kloriir ve nitrat analizleri ise Dionex ICS
Model iyon kromatografi cihaz1 kullanilarak kro-
matografik metotla tayin edilmistir (APHA,
1995). Yine toplam azotasitle ayristirma igleminin
ardindan askorbik asit metodu ile, toplam fosfor
persiilfat ayristirma isleminin ardindan 2.6-
dimetilfenol metodu ile Hach-Lange DR 6000
spektrofotometre cihazinda tayin edilmistir (ISO,
1986).

Klorofil a, 6rnegin gegcirildigi filtrelerin (0,45 pm
gozenek agikligina sahip nitroselilloz yapida
membran filtre) sulu alkali asetonla ekstraksiyonu
ardindan ¢ift 151n yollu Helios-a model UV-Vis
spektrofotometrede 750 ve 665 nm dalga boy-
larinda absorbans dlgiilerek (Wetzel and Likens,
1991) ve monokromatik metotla hesaplanarak
(Lorenzen, 1967) tayin edilmistir.

Plankton oOrnekleri gozenek agikligi 55 u olan
plankton agiyla bes tekrarli olarak alinip 250
ml’lik  kavanozlara  konularak laboratuara
getirilmigtir. Tiir teshisleri Olympus marka
CX21FS1 model mikroskop ile saymmlari ise

Olympus marka CKX41 model inverted mikros-
kop ile yapilmistir. Her istasyona ait numune
sisesinden homojen bir dagilim saglandiktan sonra
1 mL su 6rnegi alinmis ve mL’deki birey sayilari
tespit edilmistir (Round, 1953). Her plankton nu-
munesi i¢in bes tekrarli sayim islemi yapilmis ve
bu sayimlarin ortalamasi alinarak sonuglar deger-
lendirilmistir. Sonuglar “mL’deki birey sayis1”
olarak verilmistir.

Fitoplankton tiir teshisleri i¢in baglica Krammer
ve Lange-Bertalot (1986,1988,1991a,b), John vd.
(2003)’den faydalanilmis ve tiirlerin giincel isim-
leri Guiry ve Guiry (2017)’den kontrol edilmistir.

Bulgular ve Tartisma

Nazik Golii'nde yapilan bu arastirmada mevsimsel
olarak olgiilen su kalitesi parametrelerine ait de-
gerler Tablo 1’de verilmistir. Tablodan da goriil-
diigii tizere, Nazik Golii yiikksek pH degerlerine sa-
hip alkali bir gol 6zelligi gostermektedir. Gol yiik-
sek ¢ozlinmiis oksijen miktar1 ve oksijen doygun-
lugu (%) ile dikkat ¢ekmektedir. Nazik Goli
CaCOs/L degerleri dikkate alindiginda, orta sert su
ozelligine sahip bir gol durumundadir. Chlorophll
a miktarlar1 goliin oligotrofik 6zelligini ortaya
koymaktadir. Tablo 1 ‘deki diger parametrelere ait
degerler de Nazik Golii’niin "Yeriistli Su Kalitesi
Y onetmeligi”nde belirtilen gol, gdlet ve baraj gol-
lerinde trofik siniflandirma sistemine” gore oligot-
rofik g6l siifinda yer aldigimi desteklemektedir
(Anonim, 2012). Biitiin istasyonlarda yil boyunca
Olcililen degerler Yeriistii Su Kalitesi Yonetme-
ligi’nde bildirilen kita i¢i su kalite standartlarina
(URL-2, 2017) gore degerlendirildiginde; Nazik
Goli'niin sicaklik ve iletkenlik bakimindan I. sinif,
pH bakimindan IV. smif, oksijenlendirme para-
metreleri bakimindan (¢6ziinmiis oksijen, oksijen
doygunlugu) 1. sinif ve nutrient parametreleri ba-
kimindan incelendiginde toplam fosfor disindaki
(III. smif) parametrelere ait degerlerin I. sinif su
kalitesinde oldugu tespit edilmistir.
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Tablo 1. Nazik Golii'niin fizikokimyasal 6zelliklerinin istasyonlara gore mevsimsel dagilimi

Table 1. Seasonal changes in physical and chemical properties of Lake Nazik at stations

Parametreler 1. Istasyon 2. istasyon 3. Istasyon
Min Max  Ortalama Min Max Ortalama Min Max Ortalama
Su Sicaklig1(°C) 7.5 27.6 16.4 8.7 28.2 16.9 9.1 28.6 17.2
pH 9.1 9.3 9.2 9 9.4 9.2 9.1 9.6 9.4
Cozlinmiis Oksijen (mg/L) 7.54 10.4 9.05 8.03 10.4 9.58 7.62 10.2 9.30
Oksijen doygunlugu (%) 89 107 100.67 92 101 97 85 101 95
Elektriksel iletkenlik(pS/cm) 243 296 265.67 238 265 247.33 236 274 250
Toplam sertlik(mg CaCOs/L) 108 133 123.67 108 181 138 120 182 141
Kloriir(mg/L) 8.48 10.52 9.7 9.20 9.56 9.37 9.60 12.06 10.72
Siilfat(mg/L) 942 10.21 9.91 9.26 12.20 10.70 9.20 10.69 10.09
Nitrat(mg/L) 1.054 1.120 1.09 1.095 1.739 1.41 1.093 1.781 1.42
Toplam azot(mg/L) 1.57 2.64 2.25 2.06 2.66 2.35 1.82 2.87 2.38
Toplam fosfor(mg/L) 0.185 0.405 0.284 0.121  0.423 0.260 0.181 0.456 0.295
Klorofil a (ng/L) 1.28 28I 2.10 1.33 2.62 1.82 1.36 2.65 2.02

Caligma siiresince Nazik Golii'nde Bacillari-
ophyta’ya ait 46, Charophyta’ya ait 3, Chloro-
phyta’ya ait 2, Cyanophyta’ya ait 5 ve Di-
nophyta’ya ait 1 olmak {izere toplam 57 takson
kaydedilmistir. Bu gruplara ait alglerden en fazla
tiirle temsil edilen genuslar Bacillariophyta’dan
Cymbella, Fragilaria, Navicula ve Nitzschia (4’er
takson) olmustur. Istasyonlarda tespit edilen tak-
son sayisi, en fazla III. istasyonda (52 takson), en
az 1. istasyonda (37 takson) kaydedilmistir.
Kaydedilen takson ve mlL’deki birey sayilar1 (30
takson ve 189 birey/mL) bakimindan III. istasyon
en zengin, II. Istasyon (24 takson ve 132 bi-
rey/mL) ise en fakir olmustur.

Bu c¢alisma sonucunda yapilan Shannon-Weaver
(H") indeks sonuglarina gore tiir zenginliginin en
yiiksek oldugu istasyon III. istasyondur (H’=2,53).
En diisiik oldugu istasyon L. istasyondur (H'=2,48)
(Shannon & Weawer, 1949). Calismada da ilkba-
har ve yaz aylar fitoplanktonun ortaya g¢ikis
sikligi bakimdan ¢ok verimli bir dénem olarak
kaydedilmistir (Tablo 2).

Ayrica ¢alismamizda istasyonlardaki tiir ¢esitliligi
ve zenginligini ortaya koymak amaciyla Margalef
tiir zenginligi (Margalef, 1968) ve Evenness in-
deksi (Pielou, 1969) uygulanmistir (Tablo 2).
Margalef ve Evennes indekslerine gore en yiiksek
tiir zenginligi I11. istasyonda ve sonbaharda (12.72

ve 0.70) hesaplanirken en disilk Margalef tiir
zenginligi ise 1. istasyonda (8.69), Evenness in-
deksine gore ise II. istasyonda (0.51) yaz
mevsiminde hesaplanmigtir.

Istasyonlar arasindaki benzerliklere bakildiginda,
Sorensen benzerlik indeksine gore en yiiksek ben-
zerlik 0.83 ile II. ist. ile III. ist. arasinda
kaydedilmistir (Sorensen, 1948)(Tablo 3).

Nazik Golii fitoplanktonunda kaydedilen alglerin
istasyonlara gore dagilimlar1 Tablo 4’te, gruplara
gore dagilimi ise Sekil 2’de verilmistir.

Calisma boyunca tiim istasyonlarda kaydedilenler
algler Bacillariophyta’dan Amphora ovalis,
Aneumastus tuscula, Aulacoseira granulata var.
angustissima, Ctenophora pulchella, Cymato-
pleura elliptica, Cymbella affinis, C. cymbiformis,
Diatoma vulgaris, Epithemia turgida, Fragilaria
acus, F. brevistriata, Gomphonema truncatum,
Gyrosigma acuminatum, Navicula reinhardtii,
Rhopalodia gibba, Stephanodiscus hantzschii, Su-
rirella ovalis, Tabularia fasciculata, Ulnaria del-
icatissima var. angustissima ve U. ulna, Charo-
phyta’dan Closterium aciculare, Chlorophyta’dan
Microspora tumidula, Cyanophyta’dan Aphani-
zomenon flos-aquae, Microcystis aeruginosa,
Nostoc caeruleum ve Dinophyta’dan Ceratium hi-
rundinella olmustur (Tablo 4).
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Tablo 2. Fitoplanktona gore istasyonlardaki tiir ¢esitliligi ve zenginligi indeksleri

Table 2. Phytoplankton species diversity index

Listasyon [Ikbahar Yaz Sonbahar Kis
Shannon-Weaver 2.49 2.14 2.73 2.56
Margalef 9.13 8.69 11.50 8.96
Evenness 0.61 0.52 0.66 0.63
IListasyon
Shannon-Weaver 2.69 2.06 2.73 2.59
Margalef 10.05 8.87 10.85 9.76
Evenness 0.66 0.51 0.68 0.64
II.istasyon
Shannon-Weaver 2.23 2.34 2.83 2.74
Margalef 10 10.41 12.72 10.68
Evenness 0.55 0.58 0.70 0.68
Tablo 3. Fitoplanktona gore istasyonlarin benzerlikleri
Table 3. Sorensen similarity index for phytoplankton
Istasyonlar Listasyon [Listasyon II1.istasyon

Listasyon 1 0.70

IListasyon
II1.istasyon

1

0.76
0.83

1

Tablo 4. Nazik Golii fitoplanktonunun istasyonlara gore dagilimlar

Table 4. Distribution of algae in the phytoplankton at stations

Bacillariophyta

Amphora ovalis (Kiitzing) Kiitzing
Aneumastus tuscula (Ehrenberg) D.G.Mann & A.J.Stickle

Aulacoseira granulata var. angustissima (O.F.Miiller) Simonsen

Campylodiscus noricus Ehrenberg ex Kiitzing
Craticula ambigua (Ehrenberg) D.G.Mann

Ctenophora pulchella (Ralfs ex Kiitzing) D.M.Williams & Round

Cyclotella meneghiniana Kiitzing
Cymatopleura elliptica (Brébisson) W.Smith
Cymatopleura solea (Brébisson) W.Smith
Cymbella affinis Kiitzing

Cymbella cistula (Ehrenberg) O.Kirchner
Cymbella cymbiformis C.Agardh

Cymbella helvetica Kiitzing

Diatoma vulgaris Bory de Saint-Vincent
Epithemia sorex Kiitzing

Epithemia turgida (Ehrenberg) Kiitzing
Fragilaria acus (Kiitzing) Lange-Bertalot
Fragilaria brevistriata Grunow

Fragilaria capucina subsp. rumpens (Kiitzing) Lange-Bertalot
Fragilaria crotonensis Kitton
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Gomphonema truncatum Ehrenberg

Gyrosigma acuminatum (Kiitzing) Rabenhorst
Gyrosigma attenuatum (Kiitzing) Rabenhorst
Handmannia comta (Ehrenberg) Kociolek & Khursevich
Hantzschia amphioxys (Ehrenberg)

Navicula cryptocephala Kiitzing

Navicula digito-radiata (Gregory) Ralfs

Navicula reinhardtii (Grunow) Grunow

Navicula rhynchocephala Kiitzing

Nitzschia palea (Kiitzing) W.Smith

Nitzschia rostellata Hustedt

Nitzschia sigma (Kiitzing) W.Smith

Nitzschia sigmoidea (Nitzsch) W.Smith

Pinnularia mesolepta (Ehrenberg) W.Smith
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot
Rhopalodia gibba (Ehrenberg) Otto Miiller

Rhopalodia gibba var. ventricosa (Kiitzing) H.Peragallo & M.Peragallo

Sellaphora pupula (Kiitzing) Mereschkovsky
Stephanodiscus hantzschii Grunow in Cleve & Grunow
Surirella ovalisBrébisson

Surirella robusta Ehrenberg

Tabularia fasciculata (C.Agardh) D.M.Williams & Round

Tryblionella hungarica (Grunow) Frenguelli
Tryblionella levidensis W.Smith

Ulnaria delicatissima var. angustissima (Grunow) M.Aboal & P.C.Silva

Ulnaria ulna (Nitzsch) Compére

Charophyta

Closterium aciculare T.West

Cosmarium formosulum Hoff in Nordstedt
Staurastrum cingulum (West & G.S.West) G.M.Sithm
Chlorophyta

Microspora tumidula Hazen

Scenedesmus arcuatus (Lemmermann) Lemmermann
Cyanophyta

Aphanizomenon flos-aquae Ralfs ex Bornet & Flahault
Lyngbya patealis C. Sheaths

Merismopedia glauca (Ehrenberg) Kiitzing
Microcystis aeruginosa (Kiitzing) Kiitzing

Nostoc caeruleum Lyngbye ex Bornet & Flahault
Dinophyta

Ceratium hirundinella (O.F .Miiller) Dujardin
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Sekil 2. Nazik Golii fitoplanktonunun gruplara gére dagilim

Figure 2. Distribution of phytoplankton groups in Lake Nazik

Calisma siiresince Nazik Golii’'nde 1. istasyonda
Bacillariophyta’ya ait 29, Charophyta’ya ait 1,
Chlorophyta’ya ait 1, Cyanophyta’ya ait 5 ve Di-
nophyta’ya ait 1 olmak {izere toplam 37 takson
kaydedilmistir (Tablo 5). Takson sayisi, en fazla
sonbahar (27 takson), en az yaz mevsiminde (17
takson) kaydedilmistir. I. istasyonda Stephanodis-
cus hantzschii ilkbahar (%27.40) sonbahar
(%60.87) ve kis (%6.80) mevsimlerinde en yliksek
birey sayilariyla kaydedilen diyatome olmustur.
Ulnaria ulna, U. delicatissima var. angustissima
ve Aulacoseira granulata var. angustissima Kisg
mevsiminde yiksek birey sayilanyla S
hantzschii’e eslik etmislerdir. Aulacoseira granu-
lata var. angustissima ise yaz fitoplantonunda
yiiksek birey sayilariyla dikkat ¢eken diyatome
olmustur (Tablo 3). Diyatomelerden Aulacoseira
granulata var. angustissima, Ctenophora pul-
chella, Epithemia turgida, Fragilaria acus, Gom-
phonema  truncatum, Navicula reinhardtii,
Nitzschia sigma, Rhopalodia gibba, Stephanodis-
cus hantzschii, Surirella ovalis, Ulnaria delicatis-
sima var. angustissima % 75 lik ortaya ¢ikig
sikligina sahip olmustur. Diyatomelerden hi¢ bir
takson tiim yil boyunca alinan biitiin 6rneklerde
kaydedilmemesine ragmen karsin, mavi yesil al-
glerden Aphanizomenon flos-aquae ve Micro-
cystis aeruginosa %100 ortaya ¢ikis sikliklariyla
dikkat cekmiglerdir. Ancak, mavi-yesil alglerin bi-
rey sayilart diyatomelere oranla c¢ok diisiik
olmustur. Dinoflagellardan Ceratium hirundinella

bu istasyonda ortaya ¢ikis siklig1 bakimindan dik-
kat ¢ekmesine ragmen, diisiik birey sayilariyla
fitoplanktonda 6nemsiz kalmistir (Tablo 5).

Calisma siiresince Nazik Golii’nde II. istasyonda
Bacillariophyta’ya ait 34, Charophyta’ya ait 2,
Chlorophyta’ya ait 2, Cyanophyta’ya ait 3 ve Di-
nophyta’ya ait 1 olmak iizere toplam 42 takson
kaydedilmistir (Tablo 6). En fazla takson (24) son-
bahar, en az (19) yaz mevsiminde kaydedilmistir.
1I. istasyonda Stephanodiscus hantzschii ilkbahar
(%24.74), yaz (%11.32)sonbahar (%27.27) ve kis
(%13.39) mevsimlerinde tiim fitoplankterler
arasinda en yiiksek birey sayilartyla kaydedilen
takson olmustur. Buna karsilik F. brevistriata yaz
mevsiminin  hakim  organizmas:  olmustur
(%A47.17). Aulacoseira granulata var. angustis-
sima ilkbahar ve kis mevsimlerinde yiiksek birey
sayilartyla 6nemli diger bir diyatome olmustur.
Z1t olarak bu diyatome diger iki mevsimde birey
sayist bakimindan 6nemsiz olmustur (Tablo 6). S.
hantzschii ~ ve C. affinis’%100 ortaya c¢ikis
sikliklariyla dikkat ¢ekerken, 4. ovalis, C. pul-
chella ve N. reinhardtii ylksek ortaya cikis
sikliklartyla bu istasyonun diger Onemli di-
yatomeleri olmuslardir. Bu istasyonda mavi-yesil
algler arasinda yalnizca Nostoc caeruleum ortaya
¢ikis siklig1 bakimidan dikkat ¢ekmistir (%100).
Mavi-yesil algler kis mevsimi disindaki tim
mevsimlerde fitoplanktonda gozlenmislerdir. Di-
noflagellat C. hirundinella ise bu istasyonda yal-
nizca sonbahar ve kis mevsiminde fitoplanktonda
kaydedilmistir (Tablo 6).
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Tablo 5. Nazik Golii fitoplankton tiirlerinin I. istasyonda mevsimsel degisimi (birey/mL)

Table 5. Seasonal succession of phytoplankton species at station I (individual/mL)

Bacillariophyta ILKBAHAR YAZ SONBAHAR KIS
Amphora ovalis (Kiitzing) Kiitzing - 1 - 5
Aneumastus tuscula (Ehrenberg) D.G.Mann & A.J.Stickle - 3 - 1
Aulacoseira granulata var. angustissima (O.F.Miiller) Simonsen - 30 10 20
Ctenophora pulchella (Ralfs ex Kiitzing) D.M.Williams & Round 4 - 2 4
Cyclotella meneghiniana Kiitzing - 4 - -
Cymatopleura elliptica (Brébisson) W.Smith 2 - - 3
Cymbella affinis Kiitzing - - 3 5
Cymbella cistula (Ehrenberg) O.Kirchner 3 - - 12
Cymbella cymbiformis C.Agardh - 5 4 -
Diatoma vulgaris Bory de Saint-Vincent - - 10 -
Epithemia turgida (Ehrenberg) Kiitzing 2 - 2 5
Fragilaria acus (Kiitzing) Lange-Bertalot 4 3 7 -
Fragilaria brevistriata Grunow 10 - 12 -
Fragilaria crotonensis Kitton - - - 1
Gomphonema truncatum Ehrenberg 2 3 4 -
Gyrosigma acuminatum (Kiitzing) Rabenhorst - - 1 -
Navicula cryptocephala Kiitzing 5 - 2 -
Navicula reinhardtii (Grunow) Grunow - 3 4 5
Nitzschia sigma (Kiitzing) W.Smith 1 1 2 -
Nitzschia sigmoidea (Nitzsch) W.Smith - 1 - -
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot - - 4 1
Rhopalodia gibba (Ehrenberg) Otto Miiller 4 2 5 -
Sellaphora pupula (Kiitzing) Mereschkovsky - 3 1 -
Stephanodiscus hantzschii Grunow in Cleve & Grunow 20 - 42 7
Surirella ovalisBrébisson 1 3 2 -
Tabularia fasciculata (C.Agardh) D.M.Williams & Round 1 - - -
Tryblionella hungarica (Grunow) Frenguelli - 1 - -
Ulnaria delicatissima var. angustissima (Grunow) M.Aboal & 5 - 4 13
P.C.Silva

Ulnaria ulna (Nitzsch) Compére - - 9 11
Charophyta

Closterium aciculare T.West - - 2 1
Chlorophyta

Microspora tumidula Hazen 2 - 3 -
Cyanophyta

Aphanizomenon flos-aquae Ralfs ex Bornet & Flahault 3 1 10 2
Lyngbya patealis C. Sheaths - - - 1
Merismopedia glauca (Ehrenberg) Kiitzing - - 32 -
Microcystis aeruginosa (Kiitzing) Kiitzing 1 2 3 1
Nostoc caeruleum Lyngbye ex Bornet & Flahault - 1 2 -
Dinophyta

Ceratium hirundinella (O.F .Miiller) Dujardin 3 - 2 5
H’ 249 2.14 2.73 2.56
mL’deki birey sayisi 73 69 184 103
Takson Sayisi 18 17 27 19
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Tablo 6. Nazik Golii fitoplankton tiirlerinin II. istasyonda mevsimsel degisimi (birey/mL)

Table 6. Seasonal succession of phytoplankton species at station I (individual/mL)

Bacillariophyta ILKBAHAR YAZ SONBAHAR KIS
Amphora ovalis (Kiitzing) Kiitzing 2 - 3 1
Aneumastus tuscula (Ehrenberg) D.G.Mann & A.J.Stickle - 3 1
Aulacoseira granulata var. angustissima (O.F.Miiller) Simonsen 10 - - 12
Campylodiscus noricus Ehrenberg ex Kiitzing - - - 2
Craticula ambigua (Ehrenberg) D.G.Mann - 1 4 -
Ctenophora pulchella (Ralfs ex Kiitzing) D.M.Williams & Round 3 - 5 4
Cymatopleura elliptica (Brébisson) W.Smith - 2 - 6
Cymatopleura solea (Brébisson) W.Smith - - 2 -
Cymbella affinis Kiitzing 2 1 5 1
Cymbella cymbiformis C.Agardh 1 18
Cymbella helvetica Kiitzing 5 - 3

Diatoma vulgaris Bory de Saint-Vincent 5
Epithemia sorex Kiitzing - 4 3 -
Epithemia turgida (Ehrenberg) Kiitzing 3 - - 2
Fragilaria acus (Kiitzing) Lange-Bertalot 2 3 - -
Fragilaria brevistriata Grunow - 50 6 -
Fragilaria capucina subsp. rumpens (Kiitzing) Lange-Bertalot 7 - 8 -
Gomphonema truncatum Ehrenberg - 3 3 -
Gyrosigma acuminatum (Kiitzing) Rabenhorst 2 - 1 -
Handmannia comta (Ehrenberg) Kociolek & Khursevich - 2 - -
Hantzschia amphioxys (Ehrenberg) | - - -
Navicula digito-radiata (Gregory) Ralfs - 3 - 1
Navicula reinhardtii (Grunow) Grunow 1 - 3 12
Navicula rhynchocephala Kiitzing - - - 3
Nitzschia palea (Kiitzing) W.Smith 3 - 7 -
Nitzschia sigmoidea (Nitzsch) W.Smith - 4 3 -
Pinnularia mesolepta (Ehrenberg) W.Smith - - - 1
Rhopalodia gibba (Ehrenberg) Otto Miiller 3 1 4 2
Stephanodiscus hantzschii Grunow in Cleve & Grunow 24 12 36 15
Surirella ovalis Brébisson 4 - 4 -
Surirella robusta Ehrenberg - 2 - 7
Tabularia fasciculata (C.Agardh) D.M.Williams & Round - - 6 -
Ulnaria delicatissima var. angustissima (Grunow) M.Aboal & 2 - 3 -
P.C.Silva

Ulnaria ulna (Nitzsch) Compére 5 - - 6
Charophyta

Closterium aciculare T.West 3 - - 2
Staurastrum cingulum(West & G.S.West) G.M.Sithm - 2 3 -
Chlorophyta

Microspora tumidula Hazen 4 - - -
Scenedesmus arcuatus (Lemmermann) Lemmermann - 8 4 -
Cyanophyta

Aphanizomenon flos-aquae Ralfs ex Bornet & Flahault 7 - 12 -
Microcystis aeruginosa (Kiitzing) Kiitzing - 3 - 3
Nostoc caeruleum Lyngbye ex Bornet & Flahault 4 1 3 -
Dinophyta

Ceratium hirundinella (O.F .Miiller) Dujardin - - 1 8
H’ 2.69 2.06 2.73 2.59
mL’deki birey sayisi 97 106 132 112
Takson Sayisi 21 19 24 21
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Caligma siiresince Nazik Goli’nde III. istasyonda
Bacillariophyta’ya ait 42, Charophyta’ya ait 3,
Chlorophyta’ya ait 2, Cyanophyta’ya ait 4 ve Di-
nophyta’ya ait 1 olmak {izere toplam 52 takson
kaydedilmistir (Tablo 7). Takson sayisi, 30 takson
olarak en fazla sonbaharda, en az ise 20 takson
olarak ilkbahar mevsiminde kaydedilmistir.

I11. istasyonda Stephanodiscus hantzschii ilkbahar
(%45.00) sonbahar (%28.57) ve kis (%10.43)
mevsimlerinde en yiiksek birey sayilariyla
kaydedilen diyatome olmustur (Tablo 7). Aulaco-
seira granulata var. angustissima kis (%20.87),
Navicula rhynchocephala ise yaz (%10.49) fito-
planktonunun hakim diyatomeleri olmuslardir. M.
rhynchocephala’nin ii¢ mevsim fitoplanktonda
kaydedilmezken, yalnizca yaz mevsiminde ve
yiiksek birey sayilariyla ortaya c¢ikmasi dikkat
cekici olmustur. Zit olarak, S. hantzschii yazin
kadedilmemesine ragmen, diger iic mevsimde
(ilkbahar %45.00, sonbahar %28.57 ve kis
%10.43) fitoplanktonda en yiiksek birey sayilaryla
kaydedilmistir. Cymbella affinis, Rhopalodia
gibba, ve Ulnaria ulna % 100 ortaya ciks
siklartyla dikat c¢ekmislerdir. Ancak bu di-
yatomelerin birey sayilar1 yil boyunca ¢ok diisiik
olmustur. Epithemia turgida, Navicula crypto-
cephala ve Stephanodiscus hantzschii daha diistik
ortaya ¢ikis sikligina sahip olmalarina ragmen, bi-
rey sayilari bakimindan bu istasyonun en énemli
algleri olmuslardir. Mavi yesil alglerden Aphani-
zomenon flos-aquae ve Microcystis aeruginosa
yiiksek ortaya ¢ikis sikliklariyla dikkat ¢ekmel-
erine ragmen birey sayilar1 bakimmdan 6nemsiz
kalmiglardir. Dinoflagellat Ceratium hirundinella
ortaya cikig sikligi bakimindan 6nemli olmasina
ragmen, diigik birey sayilariyla fitoplanktonda
onemli olamamuistir (Tablo 7).

Nazik Goli'nde kaydedilen fitoplanktonun
mevsimlere gore dagilimi Tablo 8’de verilmistir.
Calisma boyunca her mevsimde kaydedilen algler
Bacillariophyta’dan Amphora ovalis, Aulacoseira
granulata var. angustissima, Cymbella affinis,
Navicula reinhardtii, Rhopalodia gibba, Stepha-
nodiscus hantzschii ve Ulnaria ulna, Cyano-
phyta’dan Aphanizomenon flos-aquae ve Micro-
cystis aeruginosa olmustur (Tablo 8). Bu takson-
lardan tiim ¢alisma boyunca her istasyonda
kaydedilenler ise Bacillariophyta’dan Amphora
ovalis, Aneumastus tuscula, Aulacoseira granu-
lata var. angustissima, Ctenophora pulchella, Cy-
matopleura elliptica, Cymbella affinis, C. cym-
biformis, Diatoma vulgaris, Epithemia turgida,
Fragilaria acus, Fragilaria brevistriata, Gompho-

nema truncatum, Gyrosigma acuminatum, Navic-
ula reinhardtii, Rhopalodia gibba, Stephanodis-
cus hantzschii, Surirella ovalis, Tabularia fascic-
ulata, Ulnaria delicatissima var. angustissima ve
U. ulna, Charophyta’dan Closterium aciculare,
Chlorophyta’dan Microspora tumidula, Cyano-
phyta’dan Aphanizomenon flos-aquae, Micro-
cystis aeruginosa ve Nostoc caeruleum ve Di-
nophyta’dan Ceratium hirundinella olmustur.

Calisma siiresince Nazik Golii’'nde ilkbahar
mevsiminde Bacillariophyta’ya ait 29, Charo-
phyta’ya ait 1, Chlorophyta’ya ait 1, Cyano-
phyta’ya ait 3 ve Dinophyta’ya ait 1 takson olmak
iizere toplam 35 takson, yaz mevsiminde ise Ba-
cillariophyta’ya ait 35, Charophyta’ya ait 2, Chlo-
rophyta’ya ait 1 ve Cyanophyta’ya ait 4 takson
olmak iizere toplam 42 takson kaydedilmistir
(Tablo 8). Sonbahar fitoplantonunda Bacillari-
ophyta’ya ait 29, Charophyta’ya ait 2, Chloro-
phyta’ya ait 2, Cyanophyta’ya ait 4 ve Di-
nophyta’ya ait 1 takson olmak iizere toplam 38
takson kaydedilirken, kis mevsiminde Bacillari-
ophyta’ya ait 22, Charophyta’ya ait 1, Cyano-
phyta’ya ait 3 ve Dinophyta’ya ait 1 takson olmak
tizere toplam 27 takson belirlenmistir (Tablo 8).

Nazik Goli'nde kaydedilen takson sayilari
bakimindan en zengin III. Istasyon (23 takson) en
fakir ise I. Istasyon (19 takson) olmustur. Mevsim-
sel olarak bakildiginda takson sayisi, en fazla yaz
mevsiminde (42 takson), en az kig mevsiminde (27
takson) kaydedilmistir (Tablo 8).

Calisma siiresince Nazik Golii’'nde Bacillari-
ophyta’ya ait 46, Charophyta’ya ait 3, Chloro-
phyta’ya ait 2, Cyanophyta’ya ait 5 ve Di-
nophyta’ya ait 1 olmak iizere toplam 57 takson
kaydedilmistir. Bu gruplara ait alglerden en fazla
tirle temsil edilen genuslar Bacillariophyta’dan
Cymbella, Fragilaria, Navicula ve Nitzschia
olmustur. Yurdumuzda gergeklestirilen pek ¢ok
aragtirmada da, g6l fitoplanktonunda di-
yatomelerin hem takson sayist hem de birey
sayilar1 bakimindan en 6nemli grup olduklar1 ra-
por edilmistir (Obali vd, 1989, Sen vd., 1994;
Kiling, 1998; Akbulut & Yildiz, 2002; Akkoz vd,
1998; Atict & Obal1 2002; isbakan Tas vd. 2002;
Karacaoglu vd, 2004; Maraglioglu vd. 2005; Cel-
ekli & Kiilkdyliioglu, 2006; Y1lmaz, 2007; Yilmaz
& Aykulu 2010; Yilmaz & Giilegal 2012) . Fito-
planktonda yer alan diyatomelerin biiyiik bir kismi
pennaid formlar olurken, sentrik diyatomeler ¢ok
az sayida tiirle (Aulacoseira granulata, Cyclotella
meneghininana, Hadmannia comta ve Stephano-
discus hantzschii) temsil edilmistir.
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Tablo 7. Nazik Golii fitoplankton tiirlerinin III. istasyonda mevsimsel degisimi (birey/mL)

Table 7. Seasonal succession of phytoplankton species at station III (individual/mL)

ILKBAHAR

YAZ

SONBAHAR

Bacillariophyta

Amphora ovalis (Kiitzing) Kiitzing

Aneumastus tuscula (Ehrenberg) D.G.Mann & A.J.Stickle
Aulacoseira granulata var. angustissima (O.F.Miiller) Simonsen
Campylodiscus noricus Ehrenberg ex Kiitzing

Craticula ambigua (Ehrenberg) D.G.Mann

Ctenophora pulchella (Ralfs ex Kiitzing) D.M.Williams & Round
Cyclotella meneghiniana Kiitzing

Cymatopleura elliptica (Brébisson) W.Smith
Cymatopleura solea (Brébisson) W.Smith

Cymbella affinis Kiitzing

Cymbella cistula (Ehrenberg) O.Kirchner

Cymbella cymbiformis C.Agardh

Cymbella helvetica Kiitzing

Diatoma vulgaris Bory de Saint-Vincent

Epithemia sorex Kiitzing

Epithemia turgida (Ehrenberg) Kiitzing

Fragilaria acus (Kiitzing) Lange-Bertalot

Fragilaria brevistriata Grunow

Fragilaria capucina subsp. rumpens (Kiitzing) Lange-Bertalot
Fragilaria crotonensis Kitton

Gomphonema truncatum Ehrenberg

Gyrosigma acuminatum (Kiitzing) Rabenhorst

Gyrosigma attenuatum (Kiitzing) Rabenhorst

Hantzschia amphioxys (Ehrenberg)

Navicula cryptocephala Kiitzing

Navicula digito-radiata (Gregory) Ralfs

Navicula reinhardtii (Grunow) Grunow

Navicula rhynchocephala Kiitzing

Nitzschia palea (Kiitzing) W.Smith

Nitzschia rostellata Hustedt

Nitzschia sigma (Kiitzing) W.Smith

Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot
Rhopalodia gibba (Ehrenberg) Otto Miiller

Rhopalodia gibba var. ventricosa (Kiitzing) H.Peragallo & M.Peragallo
Sellaphora pupula (Kiitzing) Mereschkovsky
Stephanodiscus hantzschii Grunow in Cleve & Grunow
Surirella ovalis Brébisson

Surirella robusta Ehrenberg

Tabularia fasciculata (C.Agardh) D.M.Williams & Round
Tryblionella levidensis W.Smith

Ulnaria delicatissima var. angustissima (Grunow) M.Aboal & P.C.Silva
Ulnaria ulna (Nitzsch) Compere

Charophyta

Closterium aciculare T.West

Cosmarium formosulumHoff in Nordstedt

Staurastrum cingulum (West & G.S.West) G.M.Sithm
Chlorophyta

Microspora tumidula Hazen

Scenedesmus arcuatus (Lemmermann) Lemmermann
Cyanophyta

Aphanizomenon flos-aquae Ralfs ex Bornet & Flahault
Merismopedia glauca (Ehrenberg) Kiitzing

Microcystis aeruginosa (Kiitzing) Kiitzing

Nostoc caeruleum Lyngbye ex Bornet & Flahault
Dinophyta

Ceratium hirundinella (O.F Miiller) Dujardin
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Tablo 8. Nazik Golii'nde kaydedilen fitoplankterlerin mevsimlere gére dagilimi

Table 8. Seasonal distribution of phytoplankton species in Lake Nazik

ILKBAHAR YAZ SONBAHAR KIS

Bacillariophyta

Amphora ovalis (Kiitzing) Kiitzing

Aneumastus tuscula (Ehrenberg) D.G.Mann & A.J.Stickle
Aulacoseira granulata var. angustissima (O.F Miiller) Simonsen
Campylodiscus noricus Ehrenberg ex Kiitzing

Craticula ambigua (Ehrenberg) D.G.Mann

Ctenophora pulchella (Ralfs ex Kiitzing) D.M.Williams & Round
Cyclotella meneghiniana Kiitzing

Cymatopleura elliptica (Brébisson) W.Smith

Cymatopleura solea (Brébisson) W.Smith

Cymbella affinis Kiitzing

Cymbella cistula (Ehrenberg) O.Kirchner

Cymbella cymbiformis C.Agardh

Cymbella helvetica Kiitzing

Diatoma vulgaris Bory de Saint-Vincent

Epithemia sorex Kiitzing

Epithemia turgida (Ehrenberg) Kiitzing

Fragilaria acus (Kiitzing) Lange-Bertalot

Fragilaria brevistriata Grunow

Fragilaria capucina subsp. rumpens (Kiitzing) Lange-Bertalot
Fragilaria crotonensis Kitton

Gomphonema truncatum Ehrenberg

Gyrosigma acuminatum (Kiitzing) Rabenhorst

Gyrosigma attenuatum (Kiitzing) Rabenhorst

Handmannia comta (Ehrenberg) Kociolek & Khursevich
Hantzschia amphioxys (Ehrenberg)

Navicula cryptocephala Kiitzing

Navicula digito-radiata (Gregory) Ralfs

Navicula reinhardtii (Grunow) Grunow

Navicula rhynchocephala Kiitzing

Nitzschia palea (Kiitzing) W.Smith

Nitzschia rostellata Hustedt

Nitzschia sigma (Kiitzing) W.Smith

Nitzschia sigmoidea (Nitzsch) W.Smith

Pinnularia mesolepta (Ehrenberg) W.Smith

Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot
Rhopalodia gibba (Ehrenberg) Otto Miiller

Rhopalodia gibba var. ventricosa (Kiitzing) H.Peragallo & M.Peragallo
Sellaphora pupula (Kiitzing) Mereschkovsky

Stephanodiscus hantzschii Grunow in Cleve & Grunow
Surirella ovalis Brébisson

Surirella robusta Ehrenberg

Tabularia fasciculata (C.Agardh) D.M.Williams & Round
Tryblionella hungarica (Grunow) Frenguelli

Tryblionella levidensis W.Smith

Ulnaria delicatissima var. angustissima (Grunow) M.Aboal & P.C.Silva
Ulnaria ulna (Nitzsch) Compére

Charophyta

- + - +
I
+ - - +
- + + -
+ - + +
+ + -
+ + - +
- + + -
[
+ - - +
- + + +
+ + -
- - + +
- + + -
+ - + +
+ + + -
+ + +
+ + + -
+ - - +
+ + + -
+ + + -
+ - - -
- + - -
+ + - -
+ + + -
- + - +
[
- + - +
+ + + -
+ + - -
+ + + -
- + + -
- - - +
- - + +
I
- + - -
- + + -
+ + + -
- + - +
+ - + -
- + - -
- + - -
+ - + +

Closterium aciculare T.West + - + +
Cosmarium formosulum Hoff in Nordstedt - + - -
Staurastrum cingulum(West &G.S.West) G.M.Sithm - + + -
Chlorophyta

Microspora tumidula Hazen + - + -
Scenedesmus arcuatus(Lemmermann) Lemmermann - + + -
Cyanophyta

Aphanizomenon flos-aquaeRalfs ex Bornet & Flahault e
Lyngbya patealis C. Sheaths - - - +
Merismopedia glauca (Ehrenberg) Kiitzing - + + -
Microcystis aeruginosa (Kitzing) Kitzing R
Nostoc caeruleum Lyngbye ex Bornet & Flahault + + + -
Dinophyta

Ceratium hirundinella (O.F Miiller) Dujardin + - + +
Takson Sayisi 35 42 38 27
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Bacillariophyta’dan Cymbella affinis, Stephano-
discus hantzschii, Ulnaria ulna, Cyanophyta’dan
Microcystis aeruginosa, Aphanizomenon flos-aq-
uae ortaya sikligit bakimindan diger biitiin al-
glerden ¢ok daha 6nemli olmustur. Bu alglerin
aragtirma boyunca alinan biitiin Grneklerde
kaydedilmis olmasi, bu alglerin mevsimlere bagh
olarak Nazik Goli’'nde degisen fiziksel ve
kimyasal sartlara karsi sergiledikleri yiiksek tol-
eransa dikkat cekmektedir. Ozellikle Stephanodis-
cus hantzschii her li¢ istasyonda da ortaya ¢ikis
sikliginin yanisira birey sayilar1 bakimindan da
fitoplantonun en 6nemli liyesi olmustur. Kiigiik bir
sentrik diyatome olan, Stephanodiscus hantzschii
diinyadaki pek ¢ok akarsu ve rezervuarlarda iyi
¢ogalmalar gosterdigi rapor edilmistir. (Kilham
vd, 1986; Kobanova & Genkal 1989; Leitao 1995;
Jung vd, 2003). S. hantzschii’nin Nazik Goli’'nde
oldugu gibi, Kore’de Han ve Nakdong nehirl-
erinde de her yil bloom olusturmast bu di-
yatomenin iyi ¢ogalma 6zelligine dikkat cemekte-
dir (Cho vd, 1998; Hong vd, 2002).

Microcystis aeruginosa ve Aphanizomenon flos-
aquae ortaya ¢ikis sikligi bakimindan 6nemli al-
gler olmalarina ragmen fitoplanktondaki birey
sayilar1 bakimindan hicbir mevsimde ve ista-
syonda fazla cogalamamislardir.

Istasyonlardaki  fitoplankton  biyomaslarinin
birbirine yakin olmasi dikkat ¢ekmistir. Nazik
Goli'nde o6rnekleme yapilan istasyonlarda yil
boyunca belirlenen fiziksel ve kimyasal sartlarin
birbirine benzemesi, bu istasyonlardaki fitolank-
ton biyomaslarinin birbirine yakin olmasi (Kloro-
fil a 1.82-2.10 pg/L) iizerinde etkili olmus
gorinmektedir. Gergekten istasyonlarda belir-
lenen elektriksel iletkenlik degerleri 250-265
uS/cm; yiizey su sicakligi 16.4-17.2 °C; pH 9.2-
9.4; siilfat 9.9 -10.7mg/L; nitrat 1.09-1.42mg/L;
toplam azot 2.25-2.66 mg/L; toplam fosfor 0.26-
0.29 mg/L gibi ¢ok dar araliklarda degisim
gostermistir.

Nazik Golii, yiiksek alkali su ve oligtrof bir g6l
ozelligine sahip oldugundan aragtirmanin bulgu-
larinin benzer 6zelliklere sahip Hazar Golii fito-
planktonuyla karsilagtirilmasinin yararli olacagini
diigtiniilmiistiir. Her iki gdliin fitoplanton toplu-
lugu arasinda 6nemli benzerlikler gbze ¢arpmak-
tadir.

Hazar Goéliinde yapilan ilk ¢calismada Sen (1988),
littoral bolge planktonik ve epilitik alglerini
incelemistir. Calisma siiresince tespit edilen alg
tiirleri, birka¢ mavi-yesil alg tiirii hari¢ genellikle

diyatomelerden ibaret olmustur. Bu o6zellikler
Hazar Golii fitoplantonu ile Nazik Golii fitoplank-
tonu arasindaki benzerligi ortaya koymaktadir.
Sen calismasinda Cyclotella meneghiniana, Cym-
bella helvetica, C. ventricosa ve Gomphonema ol-
ivaceum’u en yogun populasyonlara sahip di-
yatomeler olarak kaydedmistir. Hazar Goliiniin
Sivrice Ilgesi tarafindaki koyun temiz ve kirli kes-
imlerindeki fitoplankton ve bentik alg florasini
arastiran Yildirim (1995), fitoplanktona ait 31 tak-
son tespit etmistir. Calismasinda diyatome
gelismeleri ile su sicakligi ve silisyumun etkili
oldugunu belirten Yildirim (1995), 6zellikle fito-
planktonda Gomphonema olivaceum, Cymbella
helvetica, C. ventricosa ve Navicula cryptoceph-
ala tiirlerinin en dikkat ¢ekici tiirler oldugunu be-
lirlemistir. Bu tiirlerin disinda Cocconeis placen-
tula, Cyclotella meneghiniana, Cymbella affinis,
C. cuspidata, Epithemia turgida, Hantzschia am-
phioxys, Navicula gracilis, N. reinhardtii,
Nitzschia linearis, N. palea, N. sigma N. sig-
moidea, Rhopalodia gibba ve Ulnaria ulna tiirle-
rini yogun olarak tespit etmistir. Bu diyatomeler
daha diisiik birey sayilariyla da olsa Nazik Golil
fitoplanktonunda da tespit edilmislerdir. Sen vd.
(1995)’nin Hazar Go6lii alglerinin trofik diizeyi ile
ilgili yaptiklart ¢alismada Cymbella, Epithemia,
Fragilaria, Gomphonema ve Navicula’ya ait tii-
rlerin goliin trofik diizeyinin belirlenmesinde
onemli diyatomeler olduklarini tespit ettikleri
bulgu ¢alismamizin bulgularimi desteklemektedir.

Alp (2002), Hazar golii’niin DSI egitim tesisleri
ile Gezin Beldesi arasinda kalan kismin kiy1 (litto-
ral) alglerini inceledigi ¢alismasinda Cymbella,
Epithemia, Gomphonema ve Navicula tiirlerine ait
bireylerin arastirilan bolgede bol ve yaygin olarak
ortaya ¢iktigini belirlemistir. Hazar Goli’niin
Sivrice Ilgesi ile Behrimaz Cay1 arasinda kalan
kisminin littoral alglerini inceleyen Sonmez & Sen
(2011) tespit ettikleri 94 taksonun biiyiik ¢ogun-
lugunun diyatomelerden olustugunu ve en iyi di-
yatome gelismelerinin yaz aylarinda gézlendigini
belirtmislerdir. Calismalarinda Cocconeis placen-
tula var. lineata, Cyclotella meneghiniana, Cym-
bella affinis, C. cymbiformis, C. parva, Epithemia
argus, E. sorex, Fragilaria brevistriata, Gompho-
nema constrictum var. capitata, Navicula lanceo-
lata, N. reinhardtii, N. tuscula, N. viridula var.
rostellata, Rhoicosphenia abbreviata ve Rhopalo-
dia gibba tiirlerinin siirekli hem fitoplankton hem
de epilitik ve epipsammik 6rneklerde kaydetmel-
eri Hazar Goli fitoplankton kompozisyonuyla
Nazik Golii fitoplanktonu arasindaki benzerlikleri
desteklemektedir.
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Koger & Sen (2012, 2014), calismalarinda Hazar
Goli agik bolgesinde su kalitesi ve fitoplankton
dagilimint incelemis ve diger calismalarda da
oldugu gibi fitoplankton iiyelerinin ¢ogunlugunun
diyatomelerden olustugunu (50 takson) rapor
etmislerdir. Diyatomelerden Cocconeis placen-
tula, Cyclotella meneghiniana, Cymbella affinis,
C. cymbiformis, Epithemia turgida, Ulnaria ulna,
F. ulna var. acus, Gomphonema clavatum ve G.
olivaceum tirlerini aragtirma siiresince siirekli
kaydetmislerdir. Koger & Sen (2012, 2014)’in,
onemli olarak kaydettikleri Cocconeis placentula,
Cocconeis placentula var. lineata, Cyclotella
meneghiniana, Cymbella affinis, C. cymbiformis,
C. helvetica, C. leptoceros, Epithemia turgida,
Fragilaria capucina var. rumpens, Gomphonema
clavatum, Gomphonema olivaceum ve Rhopalo-
dia gibba Nazik GoOli fitoplanktonunda da yer
almis ve 6nemli olmuslardir. Buna karsilik, Nazik
Goli fitoplanktonunda Aulacoseira granulata var.
angustissima ve Stephanodiscus hantzschii tim
istasyonlarda ve mevsimlerde diger alglere oranla
cok daha yiiksek nispi yogunluklarla kaydedilmis
ve ortaya ¢ikis sikliklari diger fitoplankton tiyeler-
ine oranla daha yiiksek olmustur. Bu husus her iki
gol fitoplanktonundaki ender farklilklardan biri
olarak degerlendirilmistir.

Sonmez & Sen (2011), Hazar Go6lii littoral bolgesi
epilitik diyatomelerinin gelismeleri ile ilgili
caligmalarinda 67 takson tespit etmislerdir. Di-
yatomelerin en ¢ok Cymbella, Epithemia, Gom-
phonema ve Navicula cinslerine ait tiirlerden
olustugunu ve Gomphonema truncatum, Navicula
reinhardtii, N. trivialis ve Rhoicosphenia abbrevi-
ata tiirlerinin ¢aligma siiresince en yiiksek birey
sayilariyla kaydedildigini belirtmislerdir. Nazik
Goli fitoplanktonunda siirekli kaydedilen Epithe-
mia turgida, E. sorex, Gomphonema truncatum ve
Rhopalodia gibba Sénmez & Sen (2011)’in
caligmalarinda kaydedilen tiirler arasinda yer
almustir.

Gollerdeki fitoplanktonun gelismesinde fiziksel
ve kimyasal faktorlerin, 6zellikle 151k, sicaklik,
azot ve fosforun 6nemli oldugu vurgulanmaktadir
(Lund, 1965; Hutchinson, 1967; Odum, 1971;
Round, 1984; Moss, 1998; Reynolds, 1984; Wet-
zel, 2001). Ayrica gollerde en iyi gelisme gosteren
diyatomelerin Cymbella, Epithemia, Fragilaria,
Gomphonema ve Navicula cislerine ait tiirler

oldugu bildirilmistir (Reynolds, 1984). Bu bulgu-
lar Nazik Goli fitoplanktonu icin de gegerli
olmustur.

Sonug¢

Bu calismada elde edilen fizikokimyasal para-
metrelere ait bulgular Yeriistii Su Kalitesi Yonet-
meligi’nde belirtilen kita i¢i yeriistii su kaynak-
larinin  smiflandirilmasina gore degerlendirild-
iginde, genel olarak Nazik Golil sularmin 1. simif
yani yiiksek kaliteli su simifinda yer aldigi
goriilmektedir (Anonim, 2012). Yeriisti Su
Kalitesi Yonetmeligi’nde 1. sinifa dahil olan su-
larin  dezenfeksiyon ile igme suyu yaninda
rekreasyonel amagclar, alabalik ve diger hayvan
iretimleri, ¢iftlik ihtiyact ve baska amagclar icin
kullanilmasinin uygun oldugu bildirilmektedir.
Dolayistyla Nazik Goli’niin su kalite 6zelliginin
korunmasi énemlidir. Bu ¢aligma genel olarak iyi
bir su kalitesine sahip olan Nazik Golii’niin, tatl
su ekosistemlerinin korunmasi, akilc1 kullanilmasi
ve stirdiiriilebilir gelismenin saglanabilmesi, 6zel-
likle azot ve fosfor yiikiiniin azaltilmasi ve gole
giren kirleticilerin miktar ve niteliginin kontrol
edilebilmesi i¢in Onleyici tedbirlerin alinmasi ger-
ekliligini ortaya koymustur.

Nazik Goli fitoplantonu tiir kompozisyonu
bakimindan degerlendirildiginde ¢ogunlukla di-
yatomelerden  olustugu  belirlenmigtir.  Di-
yatomeler takson zenginliklerinin yanisira birey
sayilar1 bakimindan da en 6nemli fitoplankterler
olmuslardir. Diger alg gruplar1 (mavi-yesil algler,
yesil algler ve dinoflagellatlar) hem takson sayisi
hem de birey sayilari bakimindan diyatomelerle
rekabet edememislerdir. Nazik Golii fitoplankton
biyomasinin oldukea diisiik oldugu belirlenmistir.
Bunun baglica nedeni alglerin ¢ogalmasi i¢in ger-
ekli olan nutrientlerin miktarlarim disiik ol-
masidir.
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