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Research Article

YUMURTALIK KIYISAL SULARINDA (KUZEY DOGU AKDENiz) ]
MESOZOOPLANKTON STOKLARININ 2012-2017 YILLARI ARASINDAKI
ZAMANSAL DEGISIMI

Tuba Terbiyik Kurt

Cite this article as:

Terbiyik Kurt, T. (2019). Yumurtalik kiyisal sularinda (kuzey dogu akdeniz) mesozooplankton stoklarinin 2012-2017 yillar1 arasindaki zamansal degi-
simi. Aquatic Research, 2(1), 1-15. https://doi.org/10.3153/AR19001

Cukurova Universitesi, Su Uriinleri 0z
Fakiiltesi, Temel Bilimler Boliimii,
01330, Saricam, Adana Pelajik ekosistemin temel taslarindan olan zooplanktonun kalitatif ve kantitatif degisimi ekosistemde meydana gelen gev-

resel degisimlerinde gostergesi olarak bilinmektedir. Bu baglamda, ¢alismada mesozooplanktonun miktarsal durumu ve
grup kompozisyonu karakterize edilerek Iskenderun Korfezi kiyisal sularindaki meveut durumun tespit edilmesi amaglan-
mustir. Mesozooplankton drneklemeleri Nisan 2012 ve Aralik 2017 yillar1 arasinda mevsimsel siklikta dipten ylizeye ver-
tikal olarak 5 istasyonda gergeklestirilmistir. Toplam 32 zooplankton grubu bulunmus olup, bunlardan 15 tanesi holop-
lankton grubu, gerisi meroplankton gruplaridir. Holoplankton olan gruplar genellikle ¢alisma alaninda baskin olmakla bir-
likte, sadece 2013 ve 2015 y1l1 yaz mevsimlerinde Echinodermata baskin olarak gozlenmistir. Calisma alaninda holoplank-
tonda genellikle Copepoda baskin grup olarak gozlenirken, sicak periyotlarda Cladocera ve Echinodermata baskindir. 2015
yili sonbaharinda ise Doliolida baskin grup olarak gozlenmistir. Bolluk ve biyokiitle degerleri arasindaki fark istatistiki
olarak 6nemsiz olarak bulunmakla birlikte (p>0,05), mevsimsel degisimler istatistiki agidan 6nemli ¢ikmistir (sirastyla,

Submitted: 23.09.2018 p<0,01, p<0,05). Mesozooplankton biyokiitle degerleri ilkbahar mevsiminde 0,5-21,6 mg/m?, yazin 2,2- 23,7 mg/m?, son-
baharda 2-27,9 mg/ m® ve kigin 1,3-17,3 mg/m’ arasinda degisim gostermistir. Sonug olarak, iskenderun Kérfezi’nde me-
Accepted: 18.10.2018 sozooplankton mevcut stoklarinin miktari tiim 6rnekleme periyodu boyunca kiigiik 6lgekte dalgalanms olup, grup kompo-

sizyonu bakimidan meroplanktona bagli olarak kismen degisim gostermistir.
Published online: 01.12.2018

Anahtar kelimeler: Mesozooplankton, Bolluk, Biyokiitle, Grup Kompozisyon, Iskederun Korfezi
ABSTRACT

TEMPORAL CHANGES OF MESOZOOPLANKTON STANDING STOCKS IN COASTAL
WATERS OF YUMURTALIK (NORTHEASTERN MEDITERRANEAN) IN YEARS 2012-2017

The variation in qualitative and quantitative situation, as well as composition of zooplankton, major keystones in the pelagic
ecosystem, are known as be an indicators of changing environmental conditions. In this In the present work, we particularly
Tuba TERBIYIK KURT sought to determine the current situation of the coastal waters in Iskenderun Bay by characterizing the quantitative status
q a.q and group composition of mesozooplankton. Mesozooplankton samplings was taken vertically at 5 stations from surface
E-mail: tlerinatsiii et to bogtton? betwre)en April 2012 and Dpecember 2017 at sgasonal scale.pA t%)tal of 32 Zooplanktor}; groups were identified, of
which 15 were holoplankton and the rest were meroplankton. Although holoplanktonic groups are generally predominant,
only Echinodermata was dominant in summer of 2013 and 2015. In the study area, Copepoda was generally seen as a
dominant group in holoplankton, while Cladocera and Echinodermata were dominant in warmer periods. Doliolida was
only observed as the dominant group in the only autumn of 2015. Although variations in abundance and biomass among
years was statistically insignificant (p>0.05), seasonal changes were statistically significant (p<0.01, p<0.05, respectively).
Mesozooplankton biomass varied between 0.5-21.6 mg / m* in the spring season, 2.2- 23.7 mg/m® in the summer, 2-27.9
mg/m?’ in the autumn and 1.3-17.3 mg/m’® in winter.
As aresult, the mesozooplankton standing stocks in of Iskenderun Bay fluctuated at a small scale during the whole sampling
Available online at period, however, group composition was partly differed due to variations in meroplankton groups.
http:/aquatres.scientificwebjournals.com
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Giris

Zooplankton besin aginda bitkisel canlilarla karnivor canli-
lar arasinda madde ve enerji akigini saglayarak pelajik eko-
sistemin sekillenmesinde rol oynayan 6nemli bir canli gru-
budur (Lenz, 2000; Skjoldal ve ark., 2000). Ikincil iiretim-
den sorumlu olan bu canlilarin miktari, daha st trofik sevi-
yedeki canlilarin miktarsal durumu hakkinda bilgi vermek-
tedir (Lenz, 2000). Ayrica abiyotik ve biyotik faktorler, in-
san kaynakli kirleticiler gibi ¢evresel kosullardaki keskin
degisimlere karsi hassas olan bu canlilarin mevcut stok tes-
piti ve degisimlerinin belirlenmesi ekosistemdeki degisim-
lerin tahmini i¢in olduk¢a 6nemlidir (Gajbhiye, 2002).

Iskenderun Kérfezi, etrafinda birgok kurulusun bulundugu,
farkli bolgelerde farkl karasal girdilere maruz kalan bir bol-
gedir. Endiistriyel, tarimsal, balik¢ilik, deniz tasimaciligi ve
turizm faaliyetlerinin yani sira nehir girdilerinin de etki-
sinde olan korfezde, giin gectikge karasal baskilar artis gos-
termektedir (Cogun ve ark., 2005; Terbiyik Kurt ve Polat,
2015). Bu baglamda bdlgede zooplankton topluluklarinin
miktarsal durumunun tespiti ve zooplankton gruplarindaki
degisimlerin toplam bolluk lizerindeki etkisinin belirlen-
mesi, ayrica yillar arasi degigimlerinin uzun soluklu izlen-
mesi bilyiik nem tasimaktadir. Iskenderun Kérfezi’nin zoo-
plankton kompozisyonu ile ilgili farkli ¢alismalar bulun-
maktadir. Bu ¢alismalarda genellikle tek yil i¢indeki mev-
simsel durumun tespiti ve tiir kompozisyonundaki degisim-
ler incelemistir (Giicii, 1987; Toklu ve Sarithan, 2003; Terbi-
yik Kurt ve Polat, 2013a; Terbiyik Kurt ve Polat, 2014;
Toklu- Alich ve Sarthan, 2016; Terbiyik Kurt, 2018). Ay-
rica ¢aligma bolgesinde zooplankton grup ve boy dagilim
ile de 3 yillik bir calisma mevcut olmakla birlikte, bu ¢alis-
manin tarih aralig1 2009-2011 yillarin1 kapsamaktadir (Ter-
biyik Kurt ve Polat, 2015). Bu ¢aligsma ise dnceki ¢aligma-
larin devamu niteliginde olup, yillar arasi degisimlerin daha
iyi ortaya konmasi agisindan biiyiik 6nem tasimaktadir.

Yapilan bu ¢aligma ile zooplankton mevcut stogunun duru-
munun ortaya konmasi ve bu stoktaki dalgalanmalarda rol
oynayan zooplankton gruplarinin degisiminin incelenmesi
amaglanmugtir.

Materyal ve Metot
Calisma Alan

Iskenderun Kérfezi, Dogu Akdeniz’in kuzey batisinda yer
alan, karanin igeriye girinti yapmasiyla olusmus, genis bir

agiz kismiyla acik denizle baglantisi olan bir korfezdir.
Korfezin genigligi 35 km, uzunlugu 65 km olup, 2275
km*’lik bir alan1 kaplamaktadir (Sekil 1). Korfez ortalama
derinligi 70 m olup, maksimum derinlige (yaklasik 100 m)
korfez agiz agikliginda rastlanir. Korfeze dokiilen en biiyiik
tath su kaynagi Ceyhan Nehri olup, debisi 180 m® sn’dir
(Yilmaz ve ark., 1991; Avsar, 1999). Korfezin akint1 sistemi
genis bir agiz agiklig1 sayesinde riizgar ve dip akintilarindan
biiyiik 6l¢iide etkilenmektedir (Iyiduvar 1986).

Ornekleme ve Analiz Prosediirleri

Calisma, 2012-2017 yillar1 arasinda Iskenderun Korfezi ki-
yisal bolgesinde belirlenmis olan 5 istasyonda mevsimsel
olarak gerceklestirilmistir (Sekil 1). Zooplankton 6rnekleri
200 mikrometre ag goz agikligina sahip WP-2 kepgesi ile
dipten yiizeye dogru toplanmigtir. Her bir istasyondan biri
biyokiitle 6l¢limii, digeri ise zooplankton bolluk ve grup
kompozisyonun belirlenmesi i¢in kullanilmak {izere iki kez
zooplankton ¢ekimi yapilmis olup, ¢ekim derinligi 5 ila 15
m arasinda degismistir. Alinan 6rnekler %4’liik deniz suyu-
formaldehit ¢ozeltisi ile fiksedilmistir. Biyokiitle dl¢timleri
i¢in kullanilan zooplankton 6rnegi dnce siizme diizenegi va-
sitasiyla siiziilmiis ve daha sonra 60°C’de 24 saat kurutul-
duktan sonra vakumlu desikatdr i¢inde 1 saat bekletilerek
agirhigi Olgiilmiis olan filtrelerden siizlilmiistiir. Siiziintlyi
igeren filtrelere de ayn1 kurutma ve tartim islemleri uygu-
lanmigtir. Filtrelerin son agirliklarindan ilk agirliklan ¢ika-
rilarak zooplankton kuru agirlik degerleri hesaplanmistir.
Bolluk ve zooplankton grup kompozisyonun belirlenmesi
icin kullanilacak 6rneklerden folsom ayiraci ile alt 6rnek
alimmis, daha sonra bu alt 6rnekler Olympus SZX16 stereo-
mikroskop altinda sayilmistir. Bolluk ve biyokiitle degerleri
sirasiyla birey/m’ ve mg/m’ olarak standardize edilmistir.
Toplam zooplankton bolluk ve biyokiitlesinin mevsimsel ve
yillara gore degisim grafigi kutu-bryik diyagrami ile med-
yan ve kartiller kullanilarak olugturulmustur. Ayn1 sekilde
yillara ve mevsimlere gore zooplankton degisminin anlam-
lilik diizeyini belirlemede ise tek yonlit ANOVA testi uygu-
lanmustir. Istatistiki analizler i¢in SPSS 17 paket program
kullanilmigtir. Test uygulanmadan 6nce karekok transfor-
masyonu uygulanmistir. 2012-2015 yili aras1 toplam Clado-
cera degerleri Terbiyik Kurt ve Polat (2017) ve 2012 yil1 zo-
oplankton biyokiitle ve bolluk verileri Terbiyik Kurt ve Po-
lat (2013b)’den alinmustir.
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Figure 1. Study area
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Calisma alaninda, mesozooplankton biyokiitlesi 0.5 ile 27.9
mg/m?’ arasinda degisim gostermistir (Sekil 2). En diisiik de-
ger 2015 yilinin ilkbahar mevsiminde 5 nolu istasyonda goz-
lenirken, en yiiksek 2012 yilinin sonbahar mevsiminde 1
nolu istasyonda Sl¢lilmiistiir. Yillik ortalama biyokiitle de-
gerleri bakimindan en diisiik 2015 yilinda en yiiksek 2013-
2014 yillarinda gdzlenmistir (Tablo 1). Mesozooplankton
bolluk degerleri ise 96-15291 birey/m’® arasinda degisim
gostermistir (Sekil 3). En diisiik deger 2012 yilinin ilkbahar
mevsiminde 4 nolu istasyonda gozlenirken, en yiiksek 2014
yilinin yaz mevsiminde 3 nolu istasyonda 6l¢iilmiistiir. Yil-
lik ortalama bolluk degerleri bakimidan en diisiik 2016 y1-
linda en yiiksek 2013 yilinda gdzlenmistir (Tablo 1). Me-
sozooplankton bolluk ve biyokiitle degerlerinde yillar arasi
degisim istatistiki agidan 6nemsiz iken (p>0.05), mevsimler
arasi fark ise istatistiksel agidan 6nemli bulunmustur (sira-
styla, p<0.01, p<0.05). Mesozooplankton biyokiitlesinin
daha ¢ok sicak mevsimlerde artig gosterdigi kis mevsiminde
minimum seviyelerde oldugu gézlenmistir (Sekil 4). 2012-
2017 yillar1 boyunca maksimum bolluk yillara gore degis-
mekle birlikte ilkbahar, yaz ve sonbahar mevsimlerinde
gozlenmistir. (Sekil 4). Kiyisal alanlarda su sirkiilasyonla-
rindaki degisimler, nehir girdileri ve evsel atik gibi karasal
girdilerdeki dalgalanmalar olduk¢a degisken olup, ¢ok kisa
zaman diliminde dahi gevresel faktorlerde genis 6lcekte de-

36.77
3587

L
T
6

3

T T T
35.89 3591 35.93

giskenliklere neden olmaktadir (Walsh, 1988). Bu degis-
kenlik bagta plankton olmak iizere kiyisal ekosistemdeki
canlilar1 biiyiik 6l¢lide etkilemekte hatta organizmalarin bo-
luk ve biyokiitlesinin mevsimsel dongiisiinii baskilayabil-
mektedir (Calbet ve ark., 2001). Caligma alaninda yillar ara-
sindaki degisimlerin abiyotik ve biyotik parametrelerin 6r-
nekleme periyotlarindaki degisimiyle iliskili oldugu diisii-
niilmektedir. iskenderun Kérfezi’nde zooplankton bollu-
gundaki degisimin sicaklik (Terbiyik Kurt ve Polat, 2013a)
fitoplankton bollugu ve tuzluluk (Terbiyik Kurt ve Polat,
2015), biyokiitlesindeki degisimin ise klorofil a ve fitop-
lankton bollugu (Terbiyik Kurt ve Polat, 2013a) ile iligkili
oldugu rapor edilmistir. Caligma alaninda 2012-2015 yilla-
rinda tuzluluk degerlerinin yaz periyodunda diisiik oldugu
gozlenmistir (Terbiyik Kurt ve Polat, 2017) Caligma alani-
nin kuzeyinde bulunan Kizlar Cay1 belli periyotlarda az da
olsa tuzluluk degerlerinde diisiise neden olmakta, buda
P. avirostris’in artisgmi tetikleyerek zooplankton mevcut
stoklarinin artisin1 saglamaktadir (Terbiyik Kurt ve Polat,
2014). Benzer negatif iliski zooplanktonun biiyiik ¢ogunlu-
gunu olusturan toplam Cladocera, Copepoda ve Appendicu-
laria gruplar iginde gozlenmistir (Terbiyik Kurt ve Polat,
2015). Polat (2002) Iskenderun Kérfezi'nde kiyisal istas-
yondaki klorofil-a dalgalanmalarinin lokal besleyici ele-
ment girdilerinden kaynakli olabilecegini bildirmistir. Tath
su girdileri sonucu gergeklesen diigiikk tuzluluk ve yiiksek
besin konsantrasyonu fitoplankton gelisimi i¢in uygun or-
tam olusturarak klorofil-a diizeyinde artis1 saglamakta (Pa-
nayotidis, 1994), dolayisiyla zooplankton mevcut stogunuda
etkileyebilmektedir.
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Sekil 2. Mesozooplankton biyokiitle degerlerinin yillar arasi kutu biyik grafigi.

Figure 2. Box plot graph of mesozooplankton biomass values over the years.
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Sekil 3. Mesozooplankton bolluk degerlerinin yillara arasi kutu biyik grafigi.

Figure 3. Box plot graph of mesozooplankton abundance values over the years.
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Sekil 4. Ortalama mesozooplankton bolluk ve biyokiitle degerlerinin yillar arasindaki mevsimsel degisimi.

Figure 4. Seasonal variations of mean mesozooplankton abundance and biomass values over the years.

Tablo 1. Mesozooplankton bolluk (birey/m?) ve biyokiitlesinin (mg/m?) yillik degerlerinin tanimlayici istatistikler

Table 1. Descriptive statistics of the annual mean values of mesozooplankton abundance (individual /m?) and biomass (mg /m ?)

Std. . Mak.

Ort. Min. Ortalamanin 95% giiven aralig1
sapma
Alt sinir Ust sinir
Biyokiitle 2012 8.3 7.1 0.7 27.9 5.1 11.7
2013 9.5 6.6 2.0 21.9 6.4 12.6
2014 9.3 6.1 1.4 23.7 6.5 12.1
2015 6.4 4.5 .5 16.9 4.4 8.5
2016 9.0 4.7 2.27 18.1 6.8 11.2
2017 7.9 4.1 1.30 17.0 5.9 9.8
Toplam 8.4 5.6 .5 27.9 7.4 9.4
Bolluk 2012 3105 2690 96 8197 1845 4364
2013 4315 2413 954 9203 3185 5444
2014 3703 3934 363 15291 1862 5544
2015 3374 4164 106 15009 1425 5323
2016 2723 1505 524 6211 2019 3427
2017 3654 2668 998 8750 2405 4902

Toplam 3479 3013 96 15291 294 4023
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Niel Korfezi (Jamet ve ark., 2001), iskenderun Kérfezi (Ter-
biyik Kurt ve Polat, 2013a), Saronikos Korfezi (Siokou-
Frangou, 1996), Napoli Korfezi (Mazzocchi ve Ribera d’Al-
cala, 1995), Marsilya Giiney kiyilar1 (Gaudy ve Champal-
bert, 1998), Trieste Korfezi (Mozetic ve ark. 1998), Mersin
Korfezi (Zenginer- Yilmaz ve Besiktepe 2010), Balerik de-
nizi kryisal sular1 (Fernadez de’Puelles ve ark., 2003), Bla-
nes kiyisal alanlar1 (Calbet ve ark., 2001) gibi farkli kosullara
ve antropojenik baskilara sahip alanlarda yapilan ¢alisma-
larda pik zamanlar1 bolgesel olarak degisiklik gdstermistir.
Bu c¢alismalar dikkate alindiginda ¢ogunlugunda zooplank-
ton piklerinin ilkbahar, yaz ve sonbaharda gergeklestigi, kig
mevsimi ise goreceli olarak diigiik diizeylerde kaldig1 rapor
edilmistir. Fakat karasal girdilerin baskin oldugu bolgelerde
kis pikleride gerceklesebilmektedir (Jamet ver ark., 2001; Ja-
met ve ark., 2005). Calisma alaninda en diigiik mevsimsel or-
talama biyokiitle degeri kis mevsimde goézlenirken, en yiik-
sek deger sonbaharda gozlenmistir (Tablo 2). Mesozoop-
lankton biyokiitle degerleri ilkbahar mevsiminde 0.5-21.6
mg/m’, yazin 2.2- 23.7 mg/m’, sonbaharda 2-27.9 mg/ m® ve
kisin 1.3-17.3 mg/m’ arasinda degisim gostermistir (Sekil 5,
Tablo 2). En diisiik mevsimsel ortalama bolluk degeri kisin,
en yiiksek deger yazin gozlenmistir (Tablo 2). Mesozoop-
lankton bolluk degerleri ilkbahar mevsiminde 96-9203 bi-
rey/m’, yazin 1864-15291 birey/m’, sonbaharda 785-8197
birey/m’ ve kisin 363-2986 birey/m* arasinda degisim goster-
mistir (Sekil 6, Tablo 2). Calismada gozlenen bolluk ve bi-
yokiitle degerleri, Iskenderun Korfezi ve Akdeniz’de yapilan
calismalarda rapor edilen degerlere yakindir. Zooplankton
bolluk degerleri Napoli  kiyilarinda 223-11148  bi-
rey/m*(Mazzocchi ve Ribera d’Alcala 1995), Yunanistan ki-
yisal sularinda 391- 8243 birey/m® (Ramfos ve ark., 2005),
Vranjic baseninde (dogu Adriyatik Denizi) 2261-20435
birey/m® (Vidjak ve ark., 2006), Kibris kiyisal sularinda 153-
498 birey/m® (Hannides ve ark., 2015), Annaba Korfezi’nde
1200-6000 birey/m® (Ounissi, ve ark., 2016) olarak rapor
edilmistir. Biyokiitle degerleri ise Yunanistan kiyisal sula-
rinda 1.5-28.4 mg/m’ (Ramfos ve ark., 2005), 0.8-5.2 mg/m’

(Hannides ve ark., 2015), Annaba Korfezi’nde 6.70-25.70
mg/m’ (Ounissi, ve ark., 2016) olarak 6l¢iilmiistiir. Iskende-
run Korfezi kiyisal sularinda daha 6nce mesozooplankton
bollugunun 438-10892.7 birey/m® arasinda, biyokiitlesinin
ise 2.2 — 52.9 mg/m® arasinda degistigi rapor edilmistir (Ter-
biyik Kurt ve Polat, 2013a; Terbiyik Kurt ve Polat, 2015).
Buna karsin, minimal degerler incelendiginde mevcut ¢alis-
mada 6zellikle 2015 yilinin ilkbahar doneminde bolluk ve bi-
yokiitle degerlerinin rapor edilen degerlerden oldukga diisiik
oldugu dikkati ¢ekmistir. Caligma alaninda dnceki ¢aligma-
larda en yiiksek biyokiitle degerleri 2010-2011 yillar1 hari-
cinde benzer olarak sonbaharda gozlemlenmistir (Terbiyik
Kurt ve Polat, 2013a; 2015) ve muhtemelen Calanopia ellip-
tica, Labidocera pavo gibi biiyiik boyutlu tiirlerin mevsimsel
bulunurlugu ile iliskilidir (Terbiyik Kurt ve Polat, 2013a).
Zooplankton mevcut stoklar1 bolgede yapilan diger ¢aligma-
larla birlikte ele alindiginda mesozooplankton bolluk deger-
lerinin 2010-2011 y1l1 sonras1 2008-2009 periyodundaki ra-
por edilen degerlere gore yillik ortalamasi artarken, biyo-
kiitle degerleri ise aksine azalmistir (Sekil 7). 2010 yili ya-
zinda gerceklesen sicak hava dalgasi Tiirkiye’de pozitif si-
caklik anomalilerinin varligina yol agmis olup, Orta ve Dogu
Avrupa’yi etkileyen sicak hava dalgasi kuzey yonlii dola-
simla Tiirkiye’de ortalama ylizey hava sicakliklarmin uzun
siire yiiksek seviyede kalmasina neden olmustur (Acar-Deniz
ve Gonencgil, 2017) ve yirminci yiizyil ortalamasi ile karsi-
lastirildiginda, Kuzey Yarimkiire birlestirilmis kara ve okya-
nus yiizey sicakligi bakimindan en sicak yili, kiiresel okya-
nus ylizeyi sicakligr bakimindanda 2005 yili ile ayni olup,
liglincii en sicak yildir (Celik ve Ozalp, 2011). Bu periyot
sonrast gergeklestirilen bu calismada nispeten yillik olarak
daha az degisken mesozooplankton bolluk ve biyokiitle de-
gerleri gdzlenmistir. Calisma bolgesinde 2008 ve 2009 me-
sozooplankton ortalama bolluk degerleri ¢alisma alaninda
gozlenen degerlerden daha diisiik iken, biyokiitle bakimin-
dan daha yiiksektir. 2010-2011 yillarinda ise mesozooplank-
ton bollugu Penilia avirostris asir1 artigi ile pik yapmis olup
(Terbiyik-Kurt ve Polat, 2013a; 2015), 2008-2017 yillar1 ara-
sindaki en yiiksek bolluk degerine ulasmstir.
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Sekil 5. Mesozooplankton biyokiitle degerlerinin mevsimsel kutu biyik grafigi.

Figure 5. Box plot graph of of mesozooplankton biomass values over the seasons

Tablo 2. Mesozooplankton bolluk (birey/m?) ve biyokiitlesinin (mg/m*) mevsimsel degerlerinin tanimlayic1 istatistikleri

Table 2. Descriptive statistics of seasonal mean values of mesozooplankton abundance (individual/m®) and biomass (mg/m?)

Ort. Std. sapma Min. Mak. Ortalamanin 95% giiven aralig1
Alt sinir Ust sinir
Biyokiitle  Ilkbahar 7.3 59 0.5 21.6 5.1 9.5
Yaz 9.4 53 2.2 23.7 7.4 11.3
Sonbahar 11.0 6.1 2.0 279 8.8 133
Kis 6.0 3.8 1.3 17.3 4.6 7.4
Toplam 8.4 5.6 0.5 27.9 0.5 9.4
[Ikbahar 3308 2629 96 9203 2327 4290
Yaz 6272 3598 1864 15291 4929 7615
Bolluk Sonbahar 2909 2001 785 8197 2162 3656
Kis 1426 765 363 2986 1140 1711

Toplam 3479 3013 96 15291 2934 4023
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Sekil 6. Mesozooplankton bolluk degerlerinin mevsimsel kutu biyik grafigi.

Figure 6. Box plot graph of mesozooplankton abundance values over the seasons
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Sekil 7. Mesozooplankton yillik ortalama bolluk (birey/m?) ve biyokiitlesinin (mg/m*) calisma alaninda yillara gore degi-
simi. (2008 verileri Terbiyik Kurt ve Polat (2013)’den, 2009-2011 yillar1 aras1 veriler Terbryik Kurt ve Polat
(2015)’ten alinmistir).

Figure 7. The variation of annual mean mesozooplankton abundance (individual / m*) and biomass (mg / m?) in the study area over
the years. ( Data set for 2008 and 2009-2011 periods were obtained from Terbiyik Kurt and Polat (2013a)a and Terbiyik
Kurt and Polat (2015), respectively).
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Mesozooplankton Gruplar

Toplam 32 zooplankton grubu tespit edilmis bunlardan 15’1
holoplankton olup, digerleri meroplankton gruplaridir
(Tablo 3). Holoplankton gruplarinin sayis1 2012 yilinda 14
ve 2014 yilinda 12 olarak gozlenmistir. Geri kalan yillarda
ise 13 grup tespit edilmistir (Tablo 3). Meroplankton grup-
larmin sayisal degerleri yillar ve mevsimler aras1 10 ile 15
arasinda dalgalanmistir. Bolgede daha 6nce yiirtitiilen ¢alis-
malardan, Terbiyik Kurt ve Polat (2013a) 26, Terbryik Kurt
ve Polat (2015) 30 ve Toklu-Ali¢lt ve Sarihan (2016), 22
zooplankton grubu gozlemlediklerini rapor etmis olup, mev-
cut calismada grup ¢esitliliginin daha yiiksek oldugu goriil-
mektedir. Holoplankton ve meroplanktonun goéreceli oran-
lar1 mevsimsel olarak belirgin sekilde degisim gostermis
(Sekil 8) ve bu degisim yillar arasinda da goriilmiistiir. Bu
dalgalanmalar, farkli meroplankton gruplarinin bolluklarin-
daki artigtan ileri gelmistir. 2012 ve 2013 mevsimi Bival-
via’'nin artis;, 2013, 2015 ve 2016 yilinda Echinoder-
mata’nin artigi, 2014 yilinda bahar mevsiminde Gastropoda
ve 2017 yilinda bahar déneminde Cirripedia’nin artis1 me-
roplanktonun oransal olarak artigina yol agmistir (Sekil 9).
Ozellikle 2013 ve 2015 yaz mevsimi’ndeki Echinodermata
artist meroplanktonun holoplakton {izerinde baskinligina
yol agmustir.

Ornekleme periyodu boyunca 2017 hari¢ Copepoda baskin
olarak gozlenmistir (Tablo 4). 2017 yilinda Cladocera do-
minant grup olarak bulunmustur. 2013 ve 2015 yillarinda ise
Echinodermata asir1 artarak yaz zooplanktonda dominant
hale gelmistir (Tablo 5). Diger yillarin yaz mevsiminde ise
Cladocera zooplanktonda baskin grup olarak bulunmustur.
Sonbahar ve kig mevsiminde 2015 yili disinda Copepoda
baskinligin1 korumustur. 2015 yili sonbaharinda Doliloida

baskin olarak gozlenirken, kig mevsiminde Copepoda do-
minant olarak g6zlenmistir (Tablo 5). Kismen farkliliklar ol-
masina ragmen, sistemde zooplanktonu domine eden tiirle-
rin her y1l ve mevsimlerde hemen hemen benzer oldugu dik-
kati gekmektedir. Meroplankton gruplarinda ise ilkbahar di-
sindaki mevsimlerde ayni gruplarin baskin oldugu goézlen-
mistir. Korfezde diger ¢aligmalarda da holoplankton grup-
lar1 arasinda Copepoda’nin genellikle baskin oldugu ve
Cladocera ve Appendicularia gruplartyla birlikte zooplank-
tonun ¢ogunlugunu olusturduklar bilinmektedir (Terbiyik
Kurt ve Polat, 2013a; Terbiyik Kurt ve Polat 2015). Bu
gruplar, oligotrofik kosullarin hakim oldugu ekosistem-
lerde, mikrobiyal besin aginda piko- ve nanoplanktonik can-
lilarin algal topluluklar arasinda bolluk bakimindan domi-
nant olduklar1 periyotlarda, fitoplankton ile meso- ve mak-
rozooplankton arasinda 6nemli rol oynayabilmektedir. (Ro-
man ve ark., 1988; Nielsen ve ark., 1993). Buna bagl ola-
rak, Cladocera ve Pelajik tunikatlar (Appendicularia, Dolio-
lida gibi) bu boyuttaki canlilardan kolaylikla besin olarak
yararlanabildiklerinden, zooplankton komuniteleri i¢inde
sicak periyotta bolluk bakimindan avantajli konumdadir.
Ozellikle Cladocera tiirii olan P. avirostris sicak periyotta
Iskenderun Kérfezi’'nde bolluk bakimindan dominanttir
(Terbiyik Kurt ve Polat, 2013a; 2014; 2017) ve bu tiir 2 pm
kadar kiiciik canlilar1 dahi besin olarak tiiketebilmektedir
(Turner ve ark., 1988; Atienza ve ark., 2006). Meroplankton
gruplarindaki bolluk dalgalanmalar1 erginlerin iireme peri-
yotlara gore degisebilmekle birlikte, Echinodermata’nin
yillik ortalama degerleri géz Oniine alindiginda Copepoda
ve Cladocera ile birlikte sistemde baskin oldugu goriilmek-
tedir. Onceki caligmalarda ise bu denli yiiksek bir Echino-
dermata artig1 olmamustir (Terbiyik Kurt ve Polat, 2013a;
2015).
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Sekil 8. Holoplanktonun ve meroplanktonun oransal dagiliminin mevsimsel ve yillar aras1 degisimi.

Figure 8. Seasonal and annual variations of the proportional distribution of holoplankton and meroplankton.
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Sekil 9. Calisma bolgesinde yaygin bulunan mesozooplankton gruplarinin baskinlik diiseylerinin (%) yillar arasindaki
mevsimsel degisimi.

Figure 9. Seasonal variation of the dominancy (%) of the common mesozooplankton groups in the study area

Tablo 3. Ornekleme alaninda bulunan tiim mesozooplanktonik gruplarin mevsimsel bulunurluklar
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Table 3. Seasonal presence of all mesozooplanktonic groups in the sampling area

Zooplankton gruplari Ilkbahar Yaz Sonbahar  Kis
Acantharia *

Amphipoda * * * *
Appendicularia * * * *
Ascidiacea * * *
Ihtiyoplankton * s * *
Bivalvia * * * *
Bryozoa * *

Cephalochordata *

Cephalopoda *
Chaetognatha * * * *
Cirripedia * * * *
Cladocera * * * *
Ctenophora * * * *
Copepoda * * * *
Cumacea *

Decapoda * * * %
Doliolida * * * *
Echinodermata * * * *
Foraminifera * * * *
Gastropoda * * #* *
Heteropoda * * *
Hydrazoa * * * *
Isopoda * * * *
Nemertea * * * %
Ostracoda * * * %
Phoronida(Actinotrach larva) * *
Platyhelminthes * *
Polychaeta * * * *
Pteropoda * * #* *
Salpa * * * *
Siphonophora * * * *
Stomatopoda * s * *

Diger * * * *
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gerleri
Table 4. Annual mean, standard deviation, minimum, maximum abundance and biomass values of dominant mesozooplankton gro-
ups

2012 Ortalama + Std. Sapma Minimum Maksimum
Copepoda 1691.9 1565.8 70.6 5100.4
Cladocera 612.4 1165.2 3.1 3844.2
Appendicularia 312.5 534.7 24 1966.0
Doliolida 160.7 255.6 0.0 937.0
Bivalvia 105.6 86.5 0.8 292.8

2013 Ortalama + Std. Sapma Minimum Maksimum
Copepoda 1597.1 1147.0 396.9 4978.8
Cladocera 1002.6 1714.9 3.1 6082.1
Echinodermata 988.0 1692.2 0.0 5437.9
Appendicularia 195.2 169.5 12.5 577.3
Chaetognatha 166.4 163.0 1.6 527.1
Doliolida 134.0 251.8 0.0 861.7

2014 Ortalama + Std. Sapma Minimum Maksimum
Copepoda 1322.5 1255.3 162.4 5241.6
Cladocera 1207.1 1899.2 0.0 7027.5
Echinodermata 371.2 660.2 0.0 2271.4
Gastropoda 3394 541.2 1.0 1810.2
Appendicularia 153.2 140.4 20.4 652.5
Chaetognatha 102.6 124.7 18.8 443.4

2015 Ortalama + Std. Sapma Minimum Maksimum
Echinodermata 1315.8 3088.6 0.0 12180.9
Copepoda 858.4 622.5 53.3 24423
Cladocera 603.6 802.6 11.0 2992.9
Doliolida 285.0 504.7 0.0 1867.7
Appendicularia 101.5 90.7 2.4 332.6

2016 Ortalama + Std. Sapma Minimum Maksimum
Copepoda 1372.7 563.7 377.4 2815.8
Cladocera 613.1 640.3 6.3 1748.4
Echinodermata 185.8 337.0 0.0 1524.7
Appendicularia 122.5 139.1 0.0 514.5

2017 Ortalama + Std. Sapma Minimum Maksimum
Cladocera 1539.1 2260.1 4.2 6358.2
Copepoda 1432.4 583.6 620.4 3146.1
Cirripedia 143.1 279.2 0.0 903.5
Appendicularia 127.2 123.7 20.9 393.2
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Tablo 5. Mesozooplanktonik gruplar icindeki baskin tiirlerin yillar arasinda mevsimsel dagilimi

Table 5. Seasonal distribution of dominant groups in mesozooplankton

Ilkbahar Yaz Sonbahar Kis

2012 Copepoda Cladocera Copepoda Copepoda
Pteropoda Copepoda Appendicularia  Bivalvia
Appendicularia  Doliolida Doliolida Echinodermata
Cladocera Bivalvia Bivalvia Hydrozoa

2013 Cladocera Echinodermata  Copepoda Copepoda
Copepoda Copepoda Doliolida Appendicularia
Appendicularia  Cladocera Chaetognatha Pteropoda
Chaetognatha Bivalvia Bivalvia

2014 Copepoda Cladocera Copepoda Copepoda
Gastropoda Copepoda Appendicularia  Appendicularia
Cladocera Echinodermata  Chaetognatha Bivalvia
Echinodermata Bivalvia Chaetognatha

2015 Copepoda Echinodermata  Doliolida Copepoda
Cladocera Cladocera Copepoda Doliolida
Cirripedia Copepoda Cladocera Appendicularia

2016 Copepoda Cladocera Copepoda Copepoda
Cladocera Copepoda Doliolida Bivalvia
Appendicularia  Echinodermata  Chaetognatha Hydrozoa
Echinodermata Doliolida

2017 Copepoda Cladocera Copepoda Copepoda
Cladocera Copepoda Chaetognatha Bivalvia
Cirripedia Appendicularia Hydrozoa
Appendicularia  Chaetognatha Chaetognatha

Sonuc Etik Standart ile Uyumluluk

Sonug¢ olarak c¢alisma alaninda mesozooplankton mevcut
stoklarinin miktarinda yillar arasinda belirgin farkliliklar
bulunmamakla birlikte, mevsimsel pik zamanlar1 zooplank-
ton gruplarinin piklerindeki mevsimsel degisime bagli ola-
rak kismen degisiklik gdstermistir. Caligma alan1 mesozo-
oplankton mevcut stoklar1 bakimindan Akdeniz kiyisal
bolge karakteristigini yansitmaktadir. Bununla birlikte, zo-
oplankton hem balik larvalarinin hemde bazi ergin balikla-
rin besinini olusturdugundan, zooplanktondaki degigim ti-
cari balik populasyonlarinida etkilemektedir. Zooplankton-
daki yillar arasindaki mevsimsel pik degisimlerinin balik
populasyonlarini ne 6lgiide etkilediginin aragtirilmasi balik-
cilik agisindan biiyiik 6nem tagimaktadir.

Cikar catismasi: Yazarlar bu yazi igin gercek, potansiyel veya
algilanan ¢ikar ¢atigsmasi olmadigint beyan etmislerdir.

Tesekkiirler: Calismanin yiiriitiillmesi esnasinda yardimlarini
esirgemeyen Prof. Dr. Sevim Polat’a ve drnekleme caligmalarinda
yardimet olan Dr. Sinan Mavruk ve Yiiksek Lisans 6grencileri
Giirkan Akbulut ve Haluk Y1lmaz’a tesekkiirii bir borg bilirim.
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Introduction

The lack of sufficient data for the reference values of the
biochemical parameters (including APPs) could be the rea-
son that they are not frequently used in routine practice in
the determination of blood indices in poikilothermic ani-
mals. Once established the values of these acute phase pro-
teins can be used to assess the state of fish stress response,
tissue damage or metabolic disturbances (Koynarski et al.,
2018). The acute phase proteins (APPs) are reactants syn-
thesized during an acute phase response (APR). The synthe-
sis and role of APPs may differ depending on the animal
species. The APPs whose circulating concentrations in-
crease during APR are called positive (e.g. fibrinogen, ceru-
loplasmin, C-reactive protein etc.), and proteins whose con-
centrations decrease are called negative (e.g. albumin, trans-
ferrin) (Cray, 2013).

However, there is not enough information on the progress of
the APR in the common carp after short-term exposure to
organophosphate insecticides in the literature available to
us.

Fibrinogen (Fib) is an APP, a B-globulin, present in the
plasma of all vertebrates, which is also produced in the liver
(Ceron et al., 2005). Fibrinogen is involved in homeostasis,
providing a substrate for fibrin formation, and in tissue re-
pair, providing a matrix for the migration of inflammatory-
related cells (Tothova et al., 2011).

Ceruloplasmin (Cp), alfa 2 glycoprotein, has molecular
weight of about 132 000 D and binds 6 copper ions. The
copper-Cp complex is secreted by the liver into the plasma
and can contribute copper to cells. Cp is a the acute phase
protein, playing important anti-inflammatory roles, as a
copper transporter from hepatocytes to other tissues, inhi-
bits the peroxidation of membrane lipids and it is a scaven-
ger of free radicals and superoxide. It protects polyunsatu-
rated fatty acids in red blood cell membranes from active
oxygen radicals (Yonar et al., 2010). Cp has been found in
several fish species, including common carp (Cyprinus car-
pio), European plaice (Pleuronectes platessa), tilapia (Ore-
ochromis niloticus), grey mullet (Mugil cephalus) and Eu-
ropean eel (Anguilla anguilla) (Di Giulio and Meyer, 2008).

Albumin is the major negative APP in all species. The serum
albumins are found not in all fish (Andreeva, 2010). Its
main function is the regulation of the colloidal osmotic pres-
sure of the blood and the transport of some endogenous and
exogenous compounds.

Contamination of water by insecticides is mainly due to in-
tensive agriculture combined with surface runoff and sub-
surface drainage, usually within a few weeks after applica-
tion. In fish, different insecticides can be absorbed through

10.3153/AR19002

gills, skin or alimentary ducts (Banaee, 2013). Hence, pol-
lutants such as organophosphate insecticides (OPs) may sig-
nificantly damage certain physiological and biochemical
processes when they enter into the organs of fishes (Naga-
raju and Rathnamma, 2013). OPs impair the enzymatic
pathways involved in metabolism of carbohydrates, fats and
protein within cytoplasm, mitochondria, and proxisomes. It
is believed that OPs exhibit this effect through inhibition of
acetylcholinesterase (AchE) or affecting target organs di-
rectly. OPs induce cellular oxidative stress via affecting mi-
tochondrial function and therefore disrupt neuronal and hor-
monal status of the body (Karami-Mohajeri and Abdollahi,
2011).

The present study has been undertaken to understand the al-
terations occurring in blood circulating proteins, i.e. fibrino-
gen and ceruloplasmin (as positive APPs) and albumin as a
negative APP and to evaluate their potential value as early
sensitive biomarkers in common carp induced by ameliora-
tive activities on exposure to organophosphate insecticides.
The used insecticide is combined organophosphate-pyreth-
roid (chlorpyrifos and cypermethrin).

Material and Methods

The fish samples were obtained from the Tundzha River
near the city Nikolaevo, Bulgaria. The region was chosen
because of the agricultural activities of the district. One hun-
dred thirty-seven common carp fish samples, were taken
twice and transported in a conveying tank, reinforced with
oxygen to the Animal Veterinary Hospital of Trakia Univer-
sity, Stara Zagora, Bulgaria. The first sample was obtained
as part of regular monitoring (control sample), and the sec-
ond sample was taken outside of schedule because of suspi-
cion of possible organophosphate use in the neighboring ag-
ricultural lands (suspect sample). A number of changes were
observed in the behaviour of fish exposed to OPs within the
month of April. After arriving at the Animal Veterinary
Hospital the fish were electro-anesthetized by subjected to
an electrical current (DC) with high voltage (~ 300 V), low
capacitance (47 uF) and low amperage (4.7 mA) for 3 s. Out
of water, fish handling and blood samples were taking by
wearing latex gloves to minimize damage to the skin, mucus
covering and delicate piscine cuticle. Blood was drawn from
the vena caudalis using a needle (18G) in container with
heparin as anticoagulant. The blood was collected (2.5-3.0
ml) in Eppendorff vials and centrifuged at 2500 rpm for 15
min (Janetzki T30, Germany). Plasma was immediately sep-
arated and stored at -20°C until analysis.

The concentration of fibrinogen was estimated by nephelo-
metric determination. Manual method for ceruloplasmin de-
termination based on the oxidation of different compounds
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has become widely adopted for routine use in clinical chem-
istry laboratories. The Ravin’s method described by Bestu-
jeva and Kolb, (1982) is based on the in vitro oxidase activ-
ity that ceruloplasmin shows with substances such as p-phe-
nylenediamine (PPD). A colored oxidation product is
formed from the oxidation of p-phenylendiamine by Cp.
The Cp activity was measured colorimetrically at A =
530 nm using Spekol Spectrocolorimeter (Spekol 11, Carl-
Zeiss Jena, Germany). The concentrations of albumin were
determined by a kit (Giesse, Diagnostics, Italy) on a Semi-
Auto Chemistry Analyzer (Mindray BA-88, Mindray Bio-
Medical Electronics, Shenzhen, China).

After that fish were sacrificed by decapitation, and organs
(hepatopancreas and kidney) were collected, body weight
and length were measured (1529.3 £15.2 g and 49.5 +£2.3
cm) and prepared for histopathological analysis. The speci-
mens for histopathological examination were fixed in 10%
neutral formalin and processed routinely. The 4 pm cross
sections were stained with haematoxylin-eosin.

The statistical analysis was performed using one-way anal-
ysis of variance (ANOVA). The results were processed with
software Statistica v.6.1 (StatSoft Inc., 2002). All results are
presented as mean and standard error of the mean (Mean +
SEM). The statistical significance of parameters was deter-
mined in the LSD test at P<0.05.

Results and Discussion

The changes in the concentrations of the studied acute phase
proteins in the present study are shown in Table 1. The blood
concentrations of fibrinogen were slightly influenced by

pesticide effect. In control group the Fib levels were 1.23
+0.05 g/L but suspected fishes showed significant differ-
ences (P<0.05) and slightly elevation — 1.54 £0.06 g/L.. An-
other positive APP which was examined — ceruloplasmin,
remained unchanged in both groups. In control common
carp the Cp values were 28.22 £2.09 mg/L and in the other
group, the concentrations were the same — 28.87 +2.49
mg/L. This study indicated significant differences (P<0.05)
in albumin values in treated group (17.00+1.17 g/L) in com-
parison to the control group (21.60 +1.14 g/L). OPs treated
fish exhibited came to the surface of water, increased oper-
cular movement, mucus secretion and progressively became
lethargic. Most of them showed abnormal swimming move-
ments including loss of orientation.

Histopathological, the kidney exhibited cloudy swelling and
granular dystrophy. The boundaries between epithelial cells
lining the basal membrane of kidney tubules were indistinct.
Cell cytoplasm appeared cloudy, and in some cells it had a
finely granular pattern. Some epithelial cells were separated
from the kidney tubules and were found in tubular lumen.
The changes in the hepatopancreas were more prominent. A
high-grade granular dystrophy was observed. Hepatocytes
were swelled and enlarged, and the boundaries among the
cells were not distinct. The cytoplasm was finely granular
and irregularly stained. At some sites, in single cells or cell
clusters, the dystrophy has evolved into necrobiotic pro-
cesses. As a result, the nuclei of affected cells exhibited a
various stage of karyolysis or were completely lysed, and
cell boundaries disappeared (Figure 1). Vascular hyperae-
mia was observed in the connective tissue stroma.

Table 1. Plasma concentrations of fibrinogen (g/L), ceruloplasmin (mg/L) and albumin (g/L) in control and pesticide-
treated groups of common carp. Results are expressed as means =+ standard errors on the means (SEM).

Parameters Control group Suspect group
Fibrinogen (g/L) 1.23 £0.05 1.54 £0.06*
Ceruloplasmin (mg/L) 28.22 £2.09 28.87 £2.49
Albumin (g/L) 21.60 +1.14 17.00 £1.17*

* (P<0.05) indicate significant differences between suspect and control common carp.
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Figure 1. Photomicrograph of common carp: A. hepatopancreas treated with organophosphorus insecticides at the end of
the month, showing nuclei cell lysis (NCL) and the structure of the organ was indistinct. B. kidney treated with
organophosphorus insecticides showing nuclei cell lysis (NCL) and the structure of the organ was indistinct. C
and D. hepatopancreas and kidney from control groups (H&E magnification x20)

The use of pesticides are one of the most important factors
contributing to the reduction in the fish population and other
aquatic organisms. These pesticides are carried away by ra-
ins and floods to the large water resources and disturbs the
physicochemical characteristics of water (Tripathi et al.,
2011). The primary mechanism of action of OPs is as neu-
rotoxic agents. They are effective inhibitors of AChE
throught the interaction of the nucleophilic active site serine
of the enzyme derivative. This enzyme is important for the
neurological functioning of the sensory, integrative and ne-
uromuscular systems in fish. Most insecticides have an ef-
fect on behavior of fish through influence on the nervous
system and as a result, it can lead to disorders in the fish
response to environmental stimuli. The effect of certain in-
secticides on the activity of AchE may also lead to a decre-
ased mobility in fish (Banaee et al., 2013).

The acute-phase response (APR) is highly conserved in evo-
lution. One of its characteristics is the alteration of the con-
centration of a variety of hepatocyte-derived APPs in blood.
These proteins function as transport molecules, participate
in tissue repair, mediate or inhibit inflammatory processes,
and are part of the mechanism that controls homeostasis
(Wang et al., 2007).

The mechanism of the APR and of induction of APP synt-
hesis in fish has not been completely investigated. The
fishes have limited APP production in the liver in response
to inflammatory stimuli compared to APR in mammals.
This agrees with other investigations on ectotherms such as
plaice, channel catfish, and fresh water murrel, which react
with weak or restricted inducible APP production (Simko,
1998). However, since there is evidence that some major
acute phase cytokines and their receptors are evolutionarily
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highly conserved (Aoki et al., 2008) it is likely that the basic
signalling mechanisms of the APR in fish are similar to
those described in mammals. Several cytokine homologues,
namely IL-1pB, IL-10, tumor necrosis factor (TNF a and f3)
have been cloned in fish species (including carps). Expres-
sion of IL-8 has been demonstrated in various teleost species
e.g., rainbow trout, common carp, catfish, pink salmon, had-
dock, in response to inflammatory stimuli (Whyte, 2007).
TNF expression studies, have demonstrated that TNFa
mRNA expression and regulation in trout, carp and flounder
is similar to that observed in mammals following similar ac-
tivation kinetics. Two TNFs (a and B) are present in mam-
mals, and both the TNF a-like gene has been cloned and an-
alyzed in number of fish species including carp but seems
that TNFa have more prevalent role in teleosts. Some stud-
ies of fishes (trout, carp, catfish, turbot, and sea bream) sug-
gested that TNF-a and -P are important activators of macro-
phages (Uribe et al., 2011).

In mammals, nonspecific response is performed predomi-
nantly of cytotoxic cells, known as natural killer cells. Nev-
ertheless, the nonspecific cytotoxic cells of catfish are mor-
phologically distinct from the large granular lymphocytes of
mammals; they are suggested to be functionally similar.
Also, these cells are agranular, small lymphocytes that are
commonly found in lymphoid tissues (kidney and spleen),
but are rarely found in the blood. Nonspecific cytotoxic cells
have shown activity in other fish species, including common
carp, rainbow trout, damsel fish and tilapia.

The studies in this manuscript were focused on investigating
and comparing quantitative changes induced by non-inflam-
matory stimuli in plasma proteins (Fib, Cp, Alb) of common
carp. Teleost fishes may be good indicators of contamina-
tion by pollutants because their biochemical responses are
quite similar to those found in mammals (Banaee et al.,
2008). Some researchers selected in advance some of the
APPs and measurement their quantities in blood samples
taken from control and experimental fish (trout, salmon,
carp, catfish, plaice, murrel and tilapia). These investigators
made it possible to understand that in elasmobranchs and
teleosts are present homologs of some known APPs and
concentrations of some of them increase in response to in-
flammatory stimuli. The changes in the concentrations of
APPs are due largely to changes in their production by
hepatocytes (Gabay and Kushner, 1999). As in animals,
hepatocytes are the prime source of APP in fish (Bayne and
Gerick, 2001).

Measurement of Cp which is nonspecific immunity param-
eter probably can be used as bio indicator of the health status
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of the fish. Y1ldiz and Ergoniil (2010) reported that Cp val-
ues decreased after formalin exposure both in sea bream and
sea bass and did not return to control values within 48 h re-
covery. In our study, Cp levels did not show change either
in control group or in suspected fishes. The reduction may
be the result of the defense mechanism of the host cell
against an increased oxidation caused by the inflammatory
stimuli. According Dunier et al. (1991) some blood parame-
ters of nonspecific immunity (ceruloplasmine, lysozyme,
hemagglutinins) were slightly affected by organophospho-
rus insecticide which are used in aquaculture to eliminate
fish ectoparasites. Mikulikova et al. (2013) investigated the
effect of herbicides on Cp levels in common carp and their
research show that ceruloplasmin activity was not affected
by the exposure.

In our study was not observed rising of concentrations of
Cp. The interesting is that in healthy common carp the levels
were 28.22 +2.09 mg/L and these values were the same as
the group exposed to the treatment with pesticide — 28.87
+2.49 mg/L. These results suggest that Cp should not be
used to evaluate the APR in common carp after short-term
exposure to spraying with pesticides.

The concentrations of fibrinogen in common carp are be-
tween 2.0-2.6 g/L (Feeney and Brown, 1974). They are
within the expected normal range for humans and domestic
animals (2-4.5 g/L). In our study we observed that Fib con-
centrations in common carp were 1.23 +0.05 g/L

Usually, the structure of acute-phase proteins and acute-
phase responses are similar in all species, having universal
character in animal kingdom (Tirziu, 2009) but only a few
inducible APPs were detected in the trout plasma and their
degree of inducibility appears to be much lower than that of
manmalian APPs (Simko, 1998). It could be that teleosts
require longer periods for APP production after an inflam-
matory stimuli. Thus, this indicates that salmonids do not
exhibit the same degree of acute phase protein response as
seen in mammals (Simko, 1998). Magnadottir et al. (2011)
showed a relatively slow humoral and cellular response to
APR induction (by using the turpentine injection) in Atlan-
tic cod, as well as slightly reduced serum protein level and
little effect on the pentraxins.

In mammals, hepatic expression and plasma concentrations
of haptoglobin, a1-acid glycoprotein, antitrypsin, fibnnogen
and pentraxins increase along with many others during the
APR (Gruys et al., 1998). By comparison, plasma changes
in corresponding proteins do not change in fish to a degree
observed in mammals, suggesting that the acute phase pro-
tein response of ectotherrnic vertebrates is limited (Simko,
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1998). However, it would seem that hepatic protein induc-
tion responses in fish are more limited than in mammals.

Changes in the concentration of serum protein, albumin and
globulin have been used as indicators of stress response in
fish (Sala-Rabanal et al., 2003). In the present study, albu-
min concentration decreased in the pesticide-treated fish
which show that the metabolism of albumin was probably
affected. Mikulikova et al. (2013) reported that Alb levels
reflected to the exposure to pesticides with delay. They ob-
served a reduction in albumin values in common carp. Ac-
cording them this parameter was influenced although it was
not evident at the total protein levels. Reducing the plasma
concentration of negative APP is probably caused by a pref-
erential synthesis in liver of positive APPs which are im-
portant components of systemic defence mechanisms (Gruts
et al., 1998).

Ramesh and Saravanan (2008) observed that in the pesticide
treated fish, protein levels decreased. According to Vani et
al. (2012), in Indian carp exposed to sub-lethal dose of cy-
permethrin (a synthetic pyrethroid) there is reduction of Alb
levels (from 20.9 g/L - controls to 10.3 g/L for suspect
group). They suggest that this may be attributed to the stress
mediated mobilization of these compounds to satisfy the
growing energy demand from fish to cope with a state where
there is presence of toxics substances. Another possible re-
ason for the lowered amount of albumin may be a decreased
albumin synthesis in the hepatocytes. In the present study,
similar findings have been observed in fishes. Our results
showed a significant decrease in values of Alb compared to
the control - concentrations reduced from 21.6 g/Lto 17 g/L.
The control values in our study were close to the control date
reported by Vani et al. (2012) (20.9 g/L) and near to the lev-
els detected by Koynarski et., (2018) which showed that the
reference range for Alb in cyprinids are between 5.3 and 22
g/L. In another study (Kopp et al., 2011) has examined the
influence of cyanobacterial toxins on albumin levels of the
common carp and have revealed that this parameter is not
significantly different from the control group and has only a
slight decrease. Lower levels may indicate diminished liver
activity, but the decline in values may be caused by other
factors.

Fishes exposed to insecticides showed abnormal behavior
changes like swimming near the water surface with delayed
movements, lethargic and erratic swimming, loss of naviga-
bility, loss of equilibrium etc. Similar changes in the behav-
ior were observed by Banaee et al. (2013).

Histopathological analysis reported important alterations in
liver, including changes in nuclear shape, morphological de-
rangement and necrosis. Similar histopathological changes

were observed in the liver tissue of carp, tilapia and catfish
exposed of different insecticides (Banaee, 2013).

Conclusion

Collectively, these findings suggest that the carp do not
exhibit a strong APP synthesis during the early stages of an
APR after spraying with organophosphorus insecticides.
The concentrations of fibrinogen are not significantly in-
crease as well as the levels of ceruloplasmin remained un-
changed. The possibility remains that there might be limited
early change or that responses may be delayed beyond the
period of examination. Likewise, it remains possible that
carps might have an acute phase protein expression response
to more powerful inflammatory stimuli than the organop-
hosphorus pesticides administration examined in this study.
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oz

Tatlisu algleri sucul ekosistemlerde biyoaktif maddelerin 6nemli kaynaklaridir. Bu sekonder metabolitler
kozmetik, gida ve ilag endiistrisinde kullanilmaktadirlar. Cladophora glomerata (Linnaeus) Kiitzing ve
Mougeotia sp. tatli sularda yaygin olarak bulunan filamentli makroalg olup, birgok organizma igin yasam
alan1 ve besin kaynagidir. Bu ¢alismanin amaci, dogal habitatta yetisen iki makroalg C. glomerata ve Mo-
ugeotia sp.’nin pigment, protein, karbonhidrat, lipit ve kiil oranlarinin tespit edilerek, biyokiitle tiretmek
icin dogal ortamlarinin platform olarak kullanilmasidir. C. glomerata ve Mougeotia sp."nin (% kuru agirlik)
iizerinden sirasiyla; protein (%14.26 ve %6.15), karbonhidrat (%64.52 ve %70.91), lipit (%0.55 ve %1.00)
ve kiil (%20.73 ve %18.74) miktarlar1 tayin edilmistir. C. glomerata’nin toplam klorofil miktar: (9.06
+0.07pg/mL) ve toplam karoten miktari (756.4 £0.05pug/mL) olarak 6l¢iilmiistiir. Mougeotia sp.’nin toplam
klorofil miktar1 (2.18 +£0.17pg/mL) ve toplam karoten miktari (196.4 +0.005 pg/mL) olarak tespit edilmis-
tir. Bu sonuglar C. glomerata ve Mougeotia sp.’nin beslenme, farmasétik ve kozmetik {iriinler i¢in kullani-
labilecegini gostermektedir.

Anahtar kelimeler: Cladophora, Mougeotia, Karbonhidrat, Lipit, Protein
ABSTRACT

BIOCHEMICAL COMPOSITIONS OF Cladophora glomerata (LINNAEUS) KUTZING AND
Mougeotia sp. SPECIES COLLECTED IN BULK FROM NATURAL FRESHWATER
ENVIRONMENTS

Freshwater algae are important sources of bioactive substances in aquatic ecosystems. These secondary
metabolites are used in the cosmetics, food and pharmaceutical industries. Cladophora glomerata (Lin-
naeus) Kiitzing and Mougeotia sp. are common filamentous macroalgae in freshwater and are the habitat
and food source for many organisms. The aim of this study is to determine the pigment, protein, carbohy-
drate, lipid and ash ratios of two macroalgae C. glomerata and Mougeotia sp. grown in natural habitat and
to use the natural environment as a platform to produce biomass. Biochemical analysis of C. glomerata and
Mougeotia sp. (% dry weight): protein (14.26 % and 6.15 %), carbohydrate (64.52 % and 70.91 %), lipid
(0.55 % and 1.00 %) and ash (20.73% and 18.74 %) were determined respectively. The total amount of
chlorophyll (9.06 £0.07 pg/mL) and total carotene amount (756.4 +0.05 pg/mL) of C. glomerata were
measured. Total amount of chlorophyll (2.18 +£0.17 pg/mL) and total carotene amount (196.4 +0.005
png/mL) of Mougeotia sp. were determined. These results suggest that C. glomerata and Mougeotia sp. may
be used for nutritional, pharmaceutical and cosmetic products.

Keywords: Cladophora, Mougeotia, Carbohydrate, Lipid, Protein
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Algler tek veya ¢ok hiicreli, gruplar halinde koloni olustu-
ran, basit yapili, boyutlar1 3-10 p ile 70 cm olabilen fotosen-
tetik organizmalardir. Fotosentez ile ilk iiretimi gerceklesti-
ren algler, gida zincirinin birinci halkasini olusturduklar
i¢in sucul ekosistemlerde 6nemli rolleri bulunmaktadir (Ak-
koz ve ark., 2009). Cevrenin fiziksel ve kimyasal degisim-
lerine bagli olarak alglerin dagilimina; substrat, sicaklik,
151k, turbidite, tuzluluk, pH, O, ve CO, miktari, besleyici
tuzlar, oligoelementler ve vitaminler gibi faktorler etki eder
(Cirik ve Cirik, 2011). Algler, ekosistemde enerji dongiisii-
niin kritik islevlerine sahiptir. Alg biyokiitlesi fikokolloidle-
rin (aljinat, karragen ve agar) ekstraksiyonunda, farmasotik
madde kaynagi ve diinyanin farkli bolgelerinde gida katki
maddesi olarak kullanilmaktadir (Ramaraj ve ark., 2014).

Genel olarak, makro ve mikroalglerden elde edilen {iriinler,
yiksek oranda mineral, vitamin, protein, aminoasit, uzun
zincirli goklu doymamis yag asitleri ve karbonhidrat iceren
diistik kalorili gidalar olarak kabul edilmistir. Tatl su algleri
tarafindan iiretilen primer veya sekonder metabolitler potan-
siyel biyoaktif bilesiklerdir. Bugiine kadar yapilan ¢alisma-
larda, biyolojik aktiviteleri kimyasal olarak benzersiz olan
bir¢ok bilesik alglerden izole edilmistir ve bunlar gelistir-
mek icin ¢aligmalar halen devam etmektedir (Ryan ve ark.,
2010). Alglerin hiicre i¢i protein miktarlari tiirden tiire degi-
siklik gosterir (%10-70). Yag icerikleri ise %1-5 arasinda
degismektedir. Buna ragmen igerdigi esansiyel yag asitleri
diger kara bitkilerinden ¢ok daha fazladir. Yag asitlerinin,
organizmadaki yaglar i¢in yap1 taglar1 olarak hizmet gérme-
leri ve hiicre membranlarinin yapi taglari olmalari nedeniyle
insan ve hayvan beslenmesinde onemli fonksiyonu bulun-
maktadir (Demirel ve Ozpinar, 2003).

Sucul ortamlarda balik miktar1 dogrudan suda bulunan ve
yiksek besin degeri olan bitkisel organizmalar ile alg popii-
lasyonlarina baglidir. Ayrica algler fotosentez sonucu suyun
karbondioksit miktarini azaltip, oksijen miktarim yiikselte-
rek baliklarin yagsamalar1 i¢in uygun ortam olusturmaktadir-
lar. Baliklar, ®-3 yag asidini kendileri sentezleyemedikle-
rinden bunu kii¢iik deniz canlilar1 ve deniz bitkilerinden alir-
lar. Beslenmedeki bu dongii insanlara kadar uzandigindan
sucul ortamlarda alglerin 6nemi bir kez daha ortaya ¢ikmak-
tadir.

Filamentli yesil algler, tatli su habitatlarinda alg toplulukla-
rinin 6nemli bilesenini olusturur. Filamentler miikkemmel bir
adaptasyon seklidir ve alglerin dar alanlar1 daha iyi kullanil-
masina ve daha iyi emilim kontroliine olanak saglar (El-
Swaify, 2017). Cladophora cinsi liyeleri Cladophorales or-
dosuna mensup olup, dallanmis filamentli yesil alglerdir.
Deniz ve tatl sularda birgok organizma i¢in yagam alani ve
besin kaynagidir. Diinyadaki tatl sularda en yaygin bulunan

10.3153/AR19003

filamentli makroalg grubunu olustururlar. Genellikle kaya-
liklar iizerinden kiytya dogru genisleyerek biiyiir ve kotii ko-
kulu, kege seklinde algal y1gin olusturur. Hiicreleri oldukca
biiylik ve silindirik sekilli, kloroplastlar1 ags1 yapida olup,
iiremeleri izogami seklindedir (Dodds ve Gudder, 1992).
Cladophora baskin olarak bentik organizma grubudur. Me-
tabolizmas1 ve morfolojisi hidrodinamik kosullarla ilgilidir.
Cladophora tiirlerinin yetismesi i¢in azot ve fosfor sinirla-
yic1 besinlerdir (Dodds ve Gudder, 1992). Cladophora tiir-
lerinin, doymus ve doymamus yag asitleri, steroller, terpeno-
idler ve fenolik bilesikler gibi biyoaktif maddeler icerdigi
ortaya ¢cikmigtir (Fabrowska ve ark., 2015). Cladophora tiir-
leri, siniflandirilmasi en zor olanlar arasindadir. Bu durum,
cogunlukla yasam alanlarindaki, yas ve ¢evre kosullarindan
biiyiik 6l¢iide etkilenerek goriintimlerindeki biiyiik farklilik-
larindan kaynaklanmaktadir. Tatli sularda yasayanlar, hiicre
boyutlarinda ve dallanma diizeninde farklilik gosteren ce-
sitli morfolojik formlardan olusur. Cladophora Kiitzing cin-
sinin thallus organizasyonu, dallanmis veya dallanmamus,
uniseriat filamentlerden daha karmasik yapilara kadar uza-
nir (El-Swaify, 2017). C. glomerata filamanlar1 apikal veya
interkalar biiyiime ile koyu yesil renk olusturan, sirayla ve
diizenli olarak dallanmis, genislemis filamentlerden olusan
dallar, genellikle alt tabakaya bagl iist sinirlarda kalabalik,
dallarin apekslerine dogru hafifce silindirik hiicreleri tagi-
yan ikincil dallardan olusur (Naw ve Win, 2011).

Tath su makroalgi Mougeotia, Zygnematales ordosuna
mensuptur. Zygnematales ordusu igerisinde en yaygin ve iyi
bilinen ti¢ cinsten (Spirogyra, Zygnema) biri olan Mougeo-
tia cinsi, kiiclik durgun su kiitleleri, kii¢iik akarsular, gol ve
goletler dahil olmak {izere genis bir habitat yelpazesinde bu-
lunur. Diinya ¢apinda 138 Mougeotia tiirli tanimlanmigtir
(John ve ark., 2002). Goniilol (2017) tarafindan olusturulan
ve kendi akademik ¢aligmalar ile diger alg sistematigi ve
ekolojisi konusunda yapilmis olan yayinlardan derlenen ice-
riklerden olusan “Tiirkiye Algleri Veri Tabani”ninda yer
alan giincel verilere gore Tiirkiye’de 17 adet Mougeotia tiirii
tespit edilmistir. Mougeotia tiirleri tath sularda yayilis gos-
teren, dallanmamusg lifli yapidadir. Hiicre duvari, karakteris-
tik olarak diiz ve paraleldir. Genellikle hiicrenin uzunlugunu
dolduran, eksensel plaka veya serit seklinde tek bir klorop-
last1 vardir. Kloroplast diiz veya kivrilmig olarak, bazen de
hiicrenin ortasina kadar dar bir gerit olarak goriilebilir. Bir
veya daha fazla pirenoide sahiptir. Hiicreleri, uzun dallan-
mamig serbest ylizen filamentler olusturur. Mougeotia’da
kloroplastlar sitoplazmik iplikcikler iizerinde asilidir ve
1518a bagl olarak hiicre iginde hareket edebilir. Bu nedenle
bazen yiizeyde, bazen kenarda ve bazen de kivrilmig olarak
gorilebilir (Bellinger ve Sigee, 2015).
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Denizlerde yasayan makro alglerle ilgili calismalar fazla ol-
makla birlikte, tatl su ortamlarinda gelisen makroalglerle il-
gili calismalar ¢ok daha azdir (Bharadwaj ve ark., 2014b;
Ge ve ark., 2018; Mitova, 1999; Tipnee ve ark., 2015;
Wongsawad ve Peerapornpisal, 2015). Bu ¢alismanin
amaci, tatlisularda yigin halinde iireme gosteren Cladop-
hora ve Mougeotia cinslerine ait iki makroalgin dogal or-
tamlarindan toplanip, biyokimyasal kompozisyonlarinin be-
lirlenmesi, besin degerlerinin tespit edilmesi ve biyokiitle
iiretmek i¢in dogal ortamlarinin platform olarak kullanilma-
sidir.

Materyal ve Metot
Makroalglerin Toplanmasi ve Teghisi

Makroalg numuneleri; Cladophora glomerata (Linnaeus)
Kiitzing ve Mougeotia sp. Ankara’da farkl iki tatlisu havu-
zundan toplanmistir (Sekil 1a, b, c, d). Tiirlerin teshisinde
tiir teshis anahtarlar1 kullanilmistir (Huber-Pestalozzi, 1982;
Huber-Pestalozzi ve ark., 1982; John ve ark., 2002; Prescott,
1951). Alglerde tiir teshisleri yapilirken goz oniine alinan
birgok kriter bulunmaktadir. Ipliksi alglerin teshisleri ise ol-
dukea zordur. Ipliksi alglerin teshisleri sirasinda, digerlerin-
den ayirt edici baz1 yapilarin varliklari, iremeleri sirasinda
olugturduklar1 zygospor ve konjugasyona ait belirleyici
ozellikleri, flamentin uzunlugu ve genisligi teshis kriterleri
arasinda yer almaktadir. Ancak Mougeotia cinsi i¢in bu ya-
pilar tam olarak gézlemlenemediginden tiir diizeyinde teshis
yapilamamig ve bu nedenle cins diizeyinde verilmistir.

Hasat ve Orneklerin Hazirligi

Toplanan 6rnekler, tatli su ile yikanip iyice durulanarak kum
ve diger dokiintiilerden temizlenmistir. Laboratuvara getiri-
len numuneler daha sonra tekrar damitilmis su ile yikanmig
ve epifitler elle ayrilmistir (Sekil 1e). Numunelerin igeri-
sinde farkl tiirlerin olup olmadig1 mikroskop incelemesi ile

(2)

(b)
Sekil 1. (a-b) Cladophora glomerata, (c-d) Mougeotia sp., (¢) hasat makroalg ornegi

(©)

yapilmistir. Toplam ve homojen numuneler (35°C, 72 saat)
kurutulmustur. Elde edilen toz 6rneklerin kimyasal kompo-
zisyon analizleri yapilincaya kadar oda sicakliginda (25°C)
saklanmustir.

Pigment Ekstraksiyon Analizi

Makroalg ekstresinin pigment tayini i¢in spektrofotometrik
yontem uygulanmigtir. Yas numuneden 0,5 gram tartilmig
ve lizerine 25 mL methanol (%96) ilave edilmistir. Bir da-
kika boyunca santrifiijde 1000 rpm'de homojenlestirilmis ve
homojenat siiziilmiistiir. Siipernatant ayrildiktan sonra, ab-
sorbans Thermo Scientific spektrofotometrede (Genesys
10S UV-Vis) 400-700 nm'de okunmustur. Klorofil-a 666
nm, klorofil-b 653 nm ve toplam karoten 470 nm maksimum
absorbansda tespit edilmistir. Ekstraksiyon sonrasinda pig-
ment konsantrasyonu; klorofil (Khl) igerigi (Khl-a, Khl-b,
toplam Khl-(a+b)) ve toplam karoten, Lichtenthaler ve
Wellburn’a (1985) gore asagidaki formiiller kullanilarak he-
saplanmigtir.

Khl-a = (15.65XA666 — 7.340XA653)
Khl—b = (27.05XA653 — 11.21XA666)
ToplamKhl-(a+b) = Klorofil-a + Klorofil-b

ToplamKaroten = (1000 A470 — 2.860 Khl-a — 129.2 Khl-
b/245)

Ham Besin Madde Analizleri

Orneklerin toplam protein, karbonhidrat, lipit ve kiil analiz-
leri AOAC (1990) standart metotlarina gore belirlenmistir.

Istatistiksel Analiz

Tiim galigmalar ii¢ tekrarli yapilmis ve ortalama (+) standart
sapma (SD) olarak verilmistir. Istatistiksel analizler Micro-
soft Excel kullanilarak yapilmustir.

(d)

Figure 1. (a-b) Cladophora glomerata; (c-d) Mougeotia sp.; (e) harvested macroalgae sample
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Bulgular ve Tartisma
Alglerin Morfolojik Olarak Tanimlanmalar

Her iki tiire ait alg 6rneklerinin morfolojisi, laboratuvarda
mikroskop altinda dikkatle incelenerek, C. glomerata ve
Mougeotia sp. olarak tanimlanmistir. C. glomerata’nin
hiicre genigligi 25-35 pm, hiicre uzunlugu 55-127.5 pm ola-
rak Olgililmiistiir. Mougeotia sp. tlirliniin ise hiicre genisligi
10 pm, hiicre uzunlugu 45-90 um olarak tespit edilmistir.
Tiirlerin tanimlanmasinda tiir teshis anahtarlar1 kullanilmis-
tir (Huber-Pestalozzi, 1982; Huber-Pestalozzi ve ark., 1982;
John ve ark., 2002; Prescott, 1951). Isik mikroskobu altinda
gozlemlenen C. glomerata ve Mougeotia sp.’nin morfoloji-
lerine ait resimler (Sekil 2a ve 2b)’de gosterilmistir.
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Sekil 2. Makroalglerin mikroskop fotograflar1 (a) C. glo-
merata, (b) Mougeotia sp.

Figure 2. Microscopic images of macroalgae (a) C. glomerata (b)
Mougeotia sp.
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Tirlerin sistematik siniflandirmasi:

Empire: Eukaryota
Kingdom: Plantae
Subkingdom: Viridiplantae
Infrakingdom: Streptophyta
Phylum: Charophyta

Class: Conjugatophyceae
(Zygnematophyceae)
Order: Zygnematales
Family: Zygnemataceae
Genus: Mougeotia

Empire: Eukaryota
Kingdom: Plantae
Subkingdom: Viridiplantae
Infrakingdom: Chlorophyta
Phylum: Chlorophyta
Subphylum: Chlorophytina
Class: Ulvophyceae

Order: Cladophorales
Family: Cladophoraceae
Genus: Cladophora

Kiiltiirlerin Pigmentleri

C. glomerata ve Mougeotia sp.’nin %96 metanol ekstreleri-
nin absorbsiyonu spektrofotometre ile dlgiilerek klorofil ve
karoten tayinleri yapilmigtir. Sonuglar (Tablo 1)'de sunul-
mustur.

Fotosentez, inorganik bilesiklerin ve 151k enerjisinin fotoo-
totroflar tarafindan organik maddeye doniistiiriildigli essiz
bir giines 15181 doniiglimii siirecidir. Tiim fotosentetik orga-
nizmalar, 151k enerjisini toplamak igin organik pigmentler
icerir. U¢ ana pigment sinifi bulunmaktadir ki bunlar; klo-
rofil, karoten ve fikobilindir (Masojidek ve ark., 2013). Alg-
lerin klorofil/karoten miktar1 ve verimi alg tiirlerine, takso-
nomik kompozisyonlarina, fizikokimyasal ve biyolojik fak-
torlere bagli olarak degismektedir (Ramaraj ve ark., 2013).
Klorofil, algal biyokiitleden elde edilen en 6nemli ve degerli
biyoaktif bilesiktir. Ilag ve kozmetik iiriinlerinde sadece
katk1 maddesi olarak degil, ayn1 zamanda dogal gida boyasi
olarak da kullanilir. Ayrica antimutajenik ve antioksidan
Ozelliklere sahiptir (Giindogan ve ark., 2005; Hosikian ve
ark., 2010). Karotenoidler farmasotik, endiistriyel ve ekono-
mik degeri olan bilesiklerdir ve potansiyel antioksidan ola-
rak kabul edilmektedir (Giordano ve ark., 2012). S6z ko-
nusu pigmentlerin ekonomik énemlerinden dolayi, bu calis-
mada iki makroalgin toplam klorofil ve karoten miktarlar
tespit edilmistir.

C. glomerata’nin klorofil-a miktar1 (5.07 £0.21 pg/mL),
klorofil-b miktar1 (3.99 £0.03 pg/mL), toplam klorofil mik-
tar1 (9.06 £0.07 pg/mL) ve toplam karoten miktar (756.4
+0.05 pg/mL) olarak Ol¢iilmiistiir. Bizim sonuglarimizla
benzer sekilde Naw ve Win (2011) yilinda Cladophora’nin
morfolojisi ve besinsel degerleri hakkinda yapmis olduklari
caligmada klorofil-a miktarini %0.31-0.65 arasinda, toplam
karoteni ise %0.21-0.38 arasinda tespit etmistir.

Calismamizda Mougeotia sp.’nin klorofil-a, klorofil-b, top-
lam klorofil ve toplam karoten ortalamalar1 sirastyla (1.47
+0.13 pg/mL), (0.71 £0.01 pg/mL), (2.18 £0.17ug/mL) ve
(196.4 £0.005 pg/mL) seklinde tespit edilmistir. Mougeotia
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cinsi ile ilgili yapilmig bu konudaki ¢aligmalar oldukca az-
dir. Muntean ve ark. (2007) yaptig1 ¢alismada, Mougeotia
susunun, gida liretimi i¢in bir bilesen olarak kabul edilmek
iizere 6nemli seviyelerde karotenoidler icerdigini belirtmis-
tir. Diislik seviyelerde de olsa bes provitamin A karotenoid-
leri igerdigini ve dnemli bir karoten ve giiglii bir antioksidan
olan luteinin yiiksek degerlerde oldugunu tespit etmistir.
Ayni1 ordoya mensup Spirogyra varians’in klorofil-a miktari
(6.0 ng/mL), klorofil-b miktar1 (3.0 pg/mL), toplam klorofil
miktar1 (9.0 pg/mL) olarak tespit edilmis, bu klorofil oram
bizim tlirlimiizden daha yiiksek bulunmustur. Ancak toplam
karoten miktar1 (1.8 pg/mL) ile bizim tiirlimiize kiyasla daha
disiiktiir (Tipnee ve ark., 2015). C. glomerata ve Mougeotia
sp. tiirlerinin klorofil ve karoten iiretimi i¢in umut verici al-
ternatif kaynak ozelligi tasidigi goriilmektedir.

Kiiltiirlerin Biyokimyasal Kompozisyonlari

C. glomerata ve Mougeotia sp.nin protein, karbonhidrat, li-
pit ve kiil icerigi (Tablo 2)' de gosterilmistir.

Protein, gidalarin besin degerine katkida bulunan en 6nemli
bilesendir. Pek ¢ok su yosunu, kuru agirliklarinin makul bir
miktarina kadar protein {iretme kabiliyetine sahiptir, bu da
organik giibre, hayvan yemi ve insan beslenmesi i¢in iyi bir
protein kaynagi olusturmaktadir (Dawczynski ve ark.,
2007). Hasni (2007), C. glomerata’nin protein igeriginin
%7.81- %14.57 oldugunu bildirmistir. Calismamizda (%
kuru agirlik) iizerinden C. glomerata’nin protein miktari
%14.26 olarak tespit edilmistir. Bu oran Hasni (2007) nin
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elde ettigi degerle paralellik gostermektedir. Messyasz ve
ark. (2015) calisgmamizda oldugu gibi tatli sudan topladigi
C. glomerata’nin protein miktarin1 %14.45 olarak ¢lgmiis-
tiir ki bu sonug elde ettigimiz protein miktarina ¢ok yakindir.
Naw ve Win (2011) ise kurutulmus Cladophora sp.’nin pro-
tein iceriginin yaklasik %17.97 - %30.23 oldugunu, yas nu-
munenin protein igeriginin %40.51 oldugunu tespit etmis-
lerdir. El-Swaify (2017) Cladophora sp.’de toplam proteini
%3.1 olarak bulmustur. Bu sonug¢ bizim elde ettigimiz pro-
tein miktarina gore daha disiiktiir. Calismamizda Mougeo-
tia sp.nin (% kuru agirlik) iizerinden protein miktarlar
%6.15 olarak tespit edilmistir. Bharadwaj ve ark. (2014a)
Mougeotia’nin biyokimyasal kompozisyonu iizerine yaptigi
caligmada protein miktarimi 25.4 mg/mL olarak 6l¢miistiir.

Karbonhidrat metabolizma ve metabolik siirecler icin vaz-
gecilmez bir bilesendir. Alg karbonhidratlarinin antiviral,
diyet lifi ve antioksidan 6zelliklerinden dolay1 insan ve hay-
van beslenmesinde 6nemli faydalari oldugu gesitli arastir-
macilar tarafindan belirtilmistir. Ayrica, karbonhidratlarin
tiirleri ve bollugu alg tiirleri arasinda farklilik géstermekte-
dir (Wijesekara ve ark., 2011). Caligmamizda karbonhidrat
miktart C. glomerata’da (%64.52) ve Mougeotia sp.'de
(%70.91) olarak tespit edilmigtir. Yapilan diger ¢alisma-
larda C. glomerata’nmin karbonhidrat miktar1 (%52.54-
%60.98) oraninda bulunurken (Fabrowska ve ark., 2015)
Mougeotia sp.min karbonhidrat miktar1 32 mg/mL (Bha-
radwaj ve ark., 2014a) olarak rapor edilmistir.

Tablo 1. C. glomerata ve Mougeotia sp.’nin klorofil-a, klorofil-b, toplam klorofil ve toplam karoten miktari

Table 1. Chlorophyll-a, chlorophyll-b, total chlorophyll and total carotene amount of C. glomerata and Mougeotia sp.

Kiiltiirler Klorofil-a (ug/mL)  Klorofil-b (ug/mL)

Toplam Klorofil (ng/mL)

Toplam Karotenoid (ug/mL)

5.07 £0.21
1.47 £0.13

3.99 +0.03
0.71 £0.01

C. glomerata
Mougeotia sp.

9.06 0,07
2.18 +0.17

756.4 +£0.05
196.4 £0.005

Tablo 2. C. glomerata ve Mougeotia sp.’nin toplam protein, karbonhidrat, lipit ve kiil miktar

Table 2. Total protein, carbohydrate, lipid and ash content of C. glomerata and Mougeotia sp.

Kiltiirler Protein (%) Karbonhidrat (%) Lipit (%) Kiil (%)
C. glomerata 14.26 64.52 0.55 20.73
Mougeotia sp. 6.15 70.91 1.00 18.74
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Son zamanlarda algal lipit {iretimi iizerine arastirmalar yo-
gunlasmustir. Insan ve hayvan gidasi, kimya ve ilag endiist-
rileri ile kozmetik sanayinde algal lipitlerin kullanilmasina
yonelik yogun ilgi gosterilmektedir. Ozellikle algal lipitler
yag, hayvan yemi ve biyodizel iiretiminde siklikla kullanil-
maktadir. Caligmamizda C. glomerata’nin lipit miktar
(%0.55) olarak bulunmustur. Bulunan bu miktar El-Swaify
(2017) (%0.3)’den daha yiiksek iken, Cetingiil ve ark.
(2000) (%0.93) ve Naw ve Win (2011) (%4.6 - %10.75) ta-
rafindan tespit edilmis olan lipit miktarindan daha diigiiktir.
Mougeotia sp. kiltiiriinde lipit orant (%1.00) olarak tespit
edilirken Ge ve ark. (2017) ayn1 ordodan Spirogyra sp.'nin
lipit miktarin1 %2.8 olarak bulmuslardir. Calismamiz sira-
sinda C. glomerata’da toplam kiil miktar1 %20.73 olarak bu-
lunmustur. El-Swaify (2017) C. glomerata’da kiil miktarini
%10 ve Akkoz ve ark. (2009) %2.4, Cetingiil ve ark. (2000)
%27.62, Naw ve Win (2011) %18.90- %36.80 Messyasz ve
ark. (2015) %39.25 olarak tespit etmislerdir. Khuantrairong
ve Traichaiyaprn (2011) ise Cladophora sp. iizerinde yap-
tiklar1 ¢alismada kiil i¢eriginin, farkli fosfor konsantrasyon-
larinda %14.7'den %16.86'ya kadar degistigini bulmustur.
Kiil miktart Mougeotia sp.’de %18.74 olarak tespit edilmis-
tir.

Sonuc¢

Sonug olarak, bu ¢aligmada kullanilan makroalglerin, biyo-
kimyasal bilesimi, kayda deger miktarda pigment, protein
ve karbonhidrat igerigine sahip oldugunu ortaya koymakta-
dir. Bu tiirlerin, besin kalitesinin artirilarak gida sanayiinde
alg bazli liriinlerin gesitlendirilmesi i¢in ticari degerinin ar-
tirllabilecegi diigiiniilmektedir. Ayrica dogal ortamlarindaki
makroalglerin ticari amag ile toplanarak kullanilabilecegini
gostermektedir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi i¢in gergek, potansiyel veya
algilanan ¢ikar ¢atigmasi olmadigini beyan etmislerdir.
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ABSTRACT

Two specimens of the Atlantic pomfret, Brama brama was caught by a driftnet off southern coast
of Izmir, Sigacik Bay at a depth of 147 m on 20 June 2018. Moreover, one of the individuals had
the maximum size with 710 mm TL and 5696 g throughout the Mediterranean. This short note
presents a new official record of B. brama on the ichthyofaunal richness of the Turkish Aegean
Sea.

Keywords: Rare species, Measurement, Maximal size, Sigacik Bay, Aegean Sea
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Introduction

The Bramidae family known as ‘breams’ consists of 18 spe-
cies in all oceans, only one in the Mediterranean (Golani et
al. 2006). Brama brama (Bonnaterre, 1788) is offshore epi-
pelagic fish descends down to 400 m, seasonal migrant oc-
curring in small schools. It is opportunistic feeders on small
fishes, cephalopods, amphipods and euphausiids. Spawning
occurs between August and September in Mediterranean,
later in eastern Atlantic. It is cosmopolitan in all major
oceans; from central Norway southwards including the
western Mediterranean, however, it is rare in the eastern ba-
sin (Haedrich, 1986; Golani et al., 2006). In this paper, we
report on the occurrence of the Atlantic pomfret, Brama
brama as an incidental catch from swordfish fishery in the
deep-waters of S1gacik Bay (Izmir, Aegean Sea).

Material and Methods

On 20 June 2018, two specimens of Brama brama (Figure
1), was caught by a driftnet targeting swordfish off southern
coast of Izmir, Sigacik Bay (lat 38°014334 N, long
26°378288 E) at a depth of 147 m in dawn time (Figure 2).
The species was identified according to Haedrich (1986),
Golani et al. (2006) and Froese & Pauly (2018). The sam-
ples, fixed in 6% formaldehyde solution, have been pre-
served in the fish collection of the Fisheries Faculty, Ege
University (ESFM-PIS/2018-06).

10.3153/AR19004

Results and Discussion

Morphometric measurements, ratios and meristic counts of
Brama brama were indicated in Table 1. In the Aegean Sea,
Geldiay (1969) mentioned the B. brama (as B. raji) in Izmir
Bay, NE Aegean Sea only by name, but no solid details. B.
brama has been recorded in the Greek waters of southern
Aegean Sea (Corsini-Foka, 2009), and the four specimens,
caught by longline off Rhodes, Nisyros and Kalymnos Is-
lands were ranged from 465 to 700 mm TL (1000 - 4500 g).
In the eastern Ionian Sea, Mytilineou et al. (2013) reported
just 12 specimens of B. brama (range: 315 — 643 mm TL;
348 — 3638 g in weight). According to Froese & Pauly
(2018), although, maximum length of B. barama was re-
ported as 1000 mm TL in waters of Cuba and maximum
published weight was 6000 g. Thus, the specimen with 710
mm and 5696 g in this paper has the maximum size in the
Mediterranean.

Conclusion

The occurrence of B. brama in Izmir coasts is not unex-
pected due to the recent records of the species from the
Rhodes, Nisyros and Kalymnos Islands in Greek southern
Aegean Sea. However, this record reveals that the rare B.
brama goes towards to upper latitudes of the Turkish Ae-
gean Sea.

Table 1. Morphometric measurements, ratios and meristic counts of Brama brama, captured from Sigacik Bay, Izmir,

Aegean Sea

Specimens 1 2

Measurements Size (mm)  Proportion | Size (mm)  Proportion
%TL %TL

Total length (TL) 660 710

Standard length (SL) 528 80.0 575 81.0

Fork length (FL) 569 86.2 620 87.3

Pre-dorsal fin length 140 21.2 178 25.1

Pre-pectoral fin length 144 21.8 155 21.8

Pre-anal fin length 245 37.1 278 39.2

Pectoral length 190 28.8 198 27.9

Head length (HL) 140 21.2 147 20.7

Eye diameter 34 5.2 34 4.8

Preorbitary length 36 5.5 41 5.8

Meristic counts

Dorsal fin rays I11+32 II1+32

Anal fin rays I1+23 I1+23

Pectoral fin rays 20 20

Ventral fin rays I+5 I+5

Weight (g) 3960 5696
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Figure 2. Sampling location of Brama brama in the Aegean Sea
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Introduction

The last comprehensive checklist of the freshwater fishes of
Turkey has reported that a total of 409 fish species inhabit
in the freshwater systems and 194 of them is endemic to An-
atolia (Cigek et al., 2018). The genus, Gobio is known to be
one of the richest genera because of its adaptations to differ-
ent habitats (Turan et al., 2016). Recently, a total of 14 spe-
cies belonging to the genus Gobio was recognised from
Turkish inland waters, and except Gobio bulgaricus and Go-
bio kovatschevi all of these species are the Anatolian endem-
ics (Naseka et al., 2006; Kottelat and Freyhof, 2007; Turan
et al., 2012; Turan et al., 2016; Turan et al., 2017; Turan et
al., 2018). Gobio sakaryaensis is one of the endemic gudg-
eons and it was described from the Tozman and Porsuk
streams in the Sakarya River drainage (northwestern Anato-
lia, Black Sea basin) (Turan et al., 2012).

One of the most important lakes in the Marmara region of
northwest Turkey, the Lake Sapanca is used for fisheries,
recreation and potable water resource (Albay et al., 2003).
The lake is fed by numerous streams (e.g. Masukiye, Yanik,
Mahmudiye, Kurtkdy, Istanbul, Liman, Sarp, Arifiye,
Maden) and it has one outflowing river (Cark Stream) con-
nected to Sakarya River (Ercan et al., 2013). The Lake
Sapanca and its streams have a rich fish diversity and a total
of 27 fish species has been reported from the lake basin
(Ozulug etal.,2007; Tarkan et al., 2007; Tarkan et al., 2008;
Okgerman and Altug, 2008). This study aims to report the
unrecorded fish species, G. sakaryaensis for the Lake
Sapanca Basin and provide its length-weight relationship.

Material and Methods

The routine ichthyological surveys of the Lake Sapanca Ba-
sin between 2008 and 2009 were conducted using a portable
SAMUS 750-MP electroshocker. The Masukiye Stream

10.3153/AR19005

where G. sakaryaensis specimens were collected is flowing
from the westward of the lake (Figure 1). The fish samples
were killed immediately upon capture with an overdose
clove oil and they fixed in 5% formaldehyde solution.

Measurements were made point-to-point with calipers and
recorded to 0.1 mm. Meristic counts were made under a bin-
ocular microscope. Methods for counts and measurements
follow Kottelat and Freyhof (2007). Standard length (SL)
was measured from anteriormost point of the head to the end
of the hypural complex. The length of the caudal peduncle
is measured from behind the base of the last anal-fin ray to
the end of the hypural complex, at mid-height of the caudal-
fin base. Lateral line scales are counted from the anterior-
most scale (the first one to touch the shoulder girdle) to the
last scale at the end of the hypural complex. The last two
branched rays articulating on a single pterygiophore in the
dorsal and anal fins are noted as “1'4”. Scales on the caudal
fin itself are indicated by "+". Gill rakers were counted on
the anterior gill arch. Valid species name was attributed ac-
cording to Eschmeyer et al. 2018. Fish specimens were de-
posited as museum material in the Collection of Istanbul
University, Faculty of Aquatic Sciences in 70% ethanol.

The samples were measured for standard length (SL) to the
nearest 0.1 cm and weighed for total body weight (W) on a
digital balance with a 0.01 g accuracy. The LWR was cal-
culated using the equation: W=aL’, where W is the total
weight (g), L is the standard length (cm), @ and b are regres-
sion parameters (Le Cren, 1951; Froese, 2006). The equa-
tion (W=aL’) was converted into the natural logarithmic
form (InW=Ina+bInSL)) and parameters a (regression inter-
cept) and b (slope) were calculated by the regression analy-
sis (King, 2007).

Maden Stream

Degirmen
Stream

fasukiye Stream Lake Sapanca

Istanbul Stream
4 km

Sapanca Stream N

Cark Stream

Arifiye Stream

Figure 1. Sampling site (Masukiye Stream) in the Lake Sapanca Basin.
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Results and Discussion

Gobio sakaryaensis

Figure 2. Gobio sakaryaensis, 59 mm SL; Turkey: Masukiye Stream in the Lake Sapanca Basin

Materials examined: 17, 43-59 mm SL, Adapazari1 prov.,
Masukiye Stream, tributary to the Lake Sapanca, Sakarya
River drainage, 40.713970°N 30.131155°E, 05 February
2009 — 1, 48 mm SL, Adapazar1 prov., Masukiye Stream,
tributary to the Lake Sapanca, Sakarya River drainage,
40.713970°N 30.131155°E, 18 October 2008.

A total of 18 G. sakaryaensis specimens was caught from
the Masukiye Stream. Morphometric data of the species was
given in Table 1.

Dorsal fin with 3 simple and 7/4—8": branched rays. Anal fin
with 3 simple and 6% branched rays. Pectoral fin with 15—
16 rays. Pelvic fin with 8 rays. Lateral line complete, reach-
ing to caudal-fin base, perforating 38-39 [(38(3), 39(7)]
scales on body and 2 on caudal-fin base. Breast scaled com-
pletely. 68 scales between posterior extremity of pelvic-fin
base and anus. 4-5 (mode 4) gill rakers. Pharyngeal teeth in
two rows, 3.5-5.3, serrated, hooked at tip.

The length-weight relationship of the species was calculated
and the sample size (n), length and weight ranges, parame-
ters of the LWR equation (a and &) with 95% confidence
intervals, r> values were summarized in Table 2.

Gobio sakaryaensis reported in this study has not previously
been recorded from the Lake Sapanca Basin, and this find-
ing has increased the number of the fish species living in the
basin. It is thought that G. sakaryaensis, known to live in the
Sakarya River Basin, may had come to the Sapanca Lake
Basin with Cark Creek, which connects the Sakarya River
to the lake. The occurrence of this species in the Lake
Sapanca Basin shows that its distribution range has ex-
tended.

Not unexpected, there is a small difference in the morpho-
metric of our materials (Table 1) and the data given by Tu-
ran et al. (2012): head length (% 24.8 —27.0 in our materials
vs. % 27.2 —30.0 in Turan et al. (2012)), body depth at dor-
sal-fin origin (% 19.3 — 21.3 in our materials vs. 21.5 —24.4
in Turan et al. (2012)), predorsal length (% 46.6 — 48.4 in
our materials vs. % 48.7 — 52.8 in Turan et al. (2012)) and
prepelvic length (% 46.7 — 49.8 in our materials vs. % 49.8
—51.0 in Turan et al. (2012)). This difference is likely to be
the result of differences in measuring fish, larger variations
in fish sizes/numbers or seasonal variations.

The value of b in the LWRs is expected to be ranged be-
tween 2.5 and 3.5 (Froese, 2006). In present study, the value
of b for G. sakaryaensis was within this range and, therefore
the results can be used as valid. According to innal and
Erk’akan (2015), the b value of G. sakaryaensis in Camkoru
Pond (Ankara, Turkey) was calculated 3.217. The differ-
ences in the b values of the same species are possible af-
fected by temporal and spatial variations due to different
habitats, size range, sex, and season, gonad maturity, feed-
ing habit and diseases, although these two estimated values
of b (3.217 for Camkoru Pond population and 3.176 for
Masukiye Stream population) were similar.
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Table 1. Morphometric data of G. sakaryaensis caught from the Magukiye Stream in the Lake Sapanca Basin (n = 10).

Mean + SD Min. — Max.
Standard Length (SL, mm) 49.68+4.53 45.55-59.01
in percent of SL
Head length 25.81 +£0.68 24.76 — 27.00
Body depth at dorsal-fin origin 20.06 £0.55 19.31 -21.25
Predorsal length 47.58 +0.51 46.63 —48.39
Prepelvik length 48.55 +1.06 46.67 —49.82
Preanal length 70.33 £1.35 67.39 — 71.88
Depth of caudal peduncle 9.86 £0.19 9.58 —10.17
Length of caudal peduncle 21.63 £0.58 20.98 — 22.57
in percent of head length
Head depth at eye 63.28 £1.09 62.10 — 65.12
Head depth at nape 51.92£1.35 50.20 — 53.98
Snout length 38.83£1.29 36.70 — 40.45
Eye diameter 28.28 £1.29 26.06 — 30.52
Interorbital width 23.66 +0.79 22.53 —24.82

Table 2. The descriptive statistics and estimated parameters of length-weight relationship of Gobio sakaryaensis in
Magsukiye Stream (n: number of individuals, SL: standard length, W: body weight, Min: minimum, Max: maxi-
mum, a. intercept, b: slope, 95% CI: 95% confidence limit, r*: coefficient correlation).

SL, cm W, g Regression Pa-

Species n rameters 95% CL of a 95% CL of b r?
Min.-Max. Min.-Max. a b
G. sakaryaensis 18 4.3-6.5 1.266-4.093  0.013 3.176  0.008-0.022 2.857-3.495 0.969
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