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Fen-Edebiyat

Oz:

Curi Deresi’nde yasayan balik tiirlerini belirlemek
amaciyla yapilan bu arastirma, Haziran 2012-Haziran
2013  tarihleri  arasinda  mevsimsel  olarak
gerceklestirilmistir. Balik orneklerinin
yakalanmasinda; farkli g6z agikligina sahip aglar,
serpme, olta takimi ve elektrosoker cihazi
kullanilmistir. Arastirma alanindan yakalanan 190
numunenin degerlendirilmesi sonucu 4 familyaya ait
(Cyprinidae, Gobiidae, Mugilidae, Salmonidae) 9 tiir
teshis edilmistir. Bunlar; Alburnus chalcoides, Barbus
tauricus, Carassius  gibelio, Mugil cephalus,
Neogobius cephalarges, Neogobius melanostomus,
Squalius cephalus, Vimba vimba ve Salmo labrax dir.
Yakalanan oOrneklerin  degerlendirilmesi  sonucu,
Tiirkiye i¢ sularinda yayilisi hizla artan istilact balik
tirlerinden Carassius gibelio’nun Ordu ili derelerinde
de yayilmaya bagladigi belirlenmistir.

Anahtar Kelimeler: Ordu, Curi Deresi, Balik
Faunasi, Taksonomi, Istilaci
Balik Tiirti

Abstract:

The Fish of the Curi Stream (Ordu) and Invasive
Fish Species Carassius gibelio (Bloch, 1782)

The research which aims to find out the fish species
inhabiting in Curi Stream was done between June
2012 and June 2013 with seasonal. In catches of fish
samples; fishing nets with different scales, fishing cast
nets, fishing tackle and electroshocker are used. After
the evaluation of totally 190 samples caught from the
research area, 9 species belonging to 4 families
(Cyprinidae, Gobiidae, Mugilidae, and Salmonidae)
have been identified. They were determined as Albur-
nus chalcoides, Barbus tauricus, Carassius gibelio,
Mugil cephalus, Neogobius cephalarges, Neogobius
melanostomus, Squalius cephalus, Vimba vimba and
Salmo labrax. The evaluation of captured specimens’
results, Carassius gibelio which is rising rapidly
spreading invasive fish species from inland water of
Turkey, was determined that they have started to
spread in the Ordu.

Keywords: Ordu, Curi Stream, Fish Fauna,
Taxonomy, Invasive Fish Species
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Giris

Ihtiyofauna arastirmalar1, biyolojik cesitliligin
ortaya  ¢ikarilmasi, gen  kaynaklariin
korunmas1 ve siirdiiriilebilirligi  agisindan
onemlidir. Ulkemiz i¢ su balik faunasi, usulsiiz
yontemlerle (dinamit, elektrik soku, sonmemis
kireg, zehirleme) zamansiz, asir1 ve iireme
periyoduna dayali aveilik, tathisu kaynaklarina
predator baliklarin asilanmasi ve gevre kirliligi
gibi faktorlerden dolayr siirekli degisime
ugramaktadir. Bunun sonucunda, bir yandan
endemik tiirlerimiz yok olurken, bir yandan da
istilac1 tiirler belirmistir. Bu da elimizdeki
bilgilerin siirekli gilincellenmesi gerektigini
ortaya ¢ikarmaktadir. Son yillarda, biitiin diinya
iilkelerinde oldugu gibi, iilkemizde de faunanin
yeniden belirlenerek tehlikede olan tiir ve
alttlirlerin koruma altina alinmalari i¢in yapilan
caligmalar hiz kazanmistir (Ugurlu ve Polat,
2000).

Aragtirma alaninda, daha 6nce balik faunasini
belirlemeye yonelik herhangi bir bilimsel
caligma yapilmamigtir. Curi Deresi’nin balik
faunasi tespit edilerek, mevcut durumun ortaya
cikarilmast ile bu konuda ileriki yillarda
yapilacak olan bilimsel c¢alismalara katki
saglanmasi amaclanmistir. Curi  Deres‘inde
yasayan baliklarin, maruz kaldigi son ekolojik
durumun belirlenmesi ve Tirkiye tath su
baliklar1 sistematigindeki eksik halkalardan
birisini olusturan Ordu ilinde Curi Deresi’ni
icine alan tath su balik faunasinin ortaya
cikarilmasi planlanmaistir.

Materyal ve Metot

Curi Deresi Ordu ilinin Akkus il¢esindeki
daglarin eteklerinden dogar (Sekil 1). Iki
yandan aldig1 kiicilk kollarla
Unye’den Karadeniz’e  dokiiliir
2012).  Catalpmar  ilgesine

biiyiliyerek
(Anonim,
yakin

bir

-
inizer

-
e

konumdadir. Cografi konum olarak; enlem: 41°
08" 36" ve Dboylam: 37° 13" 41"
koordinatlarindadir. Yagis alam 242 km?
kolektér uzunlugu 49 km, memba ile mansap
arasindaki kot farki 1620 m olup, debisi
Qumaxioo= 485 m*/s, Qumaxsoo= 637 m’/s’ dir.
Tagskin ve kiy1 oyuntusu zararina neden
olabilecek potansiyele sahiptir (CDR, 2011).

Curi Deresi’'nde yasayan balik tiirlerini tespit
etmek amaciyla 5 farkli istasyondan balik
ornekleri yakalanmistir. Bu c¢aligmadaki balik
orneklemelerinde; farkli g6z agikligma sahip
fanyali aglar, serpme aglar, olta takimi ve
“SAMUS 725 MP” elektrosoker cihazi
kullanilmigtir. Toplanan O6rneklerin renk ve

desenlerini  belirlemek  amaciyla  fikse
edilmeden once laboratuvarda renkli
fotograflart  ¢ekilmistir.  Baliklar  saklama

kaplarinda yan yatirilarak miimkiin oldugunca
diizgiin sekil wverilerek, Orneklerin iizerini
ortecek sekilde % 4’liikk formaldehit ¢ozeltisi
ilave edilmis ve bu sekilde sertlesmeleri
saglanmistir. Orneklerin diagnostik
karakterlerinin tespit edilmesi amaciyla metrik
ve meristik Ol¢limleri alinmigtir. Arastirma
alaninin  sicaklik, ¢6ziinmiis oksijen ve pH
degerleri Hach lange multi parametre cihaz ile
arazide Olgiilmiistiir. Diger analizler Ordu
Universitesi Hidrobiyoloji aragtirma
laboratuvarinda Hach lange spekrofotometre ile
Olgiilmiistiir.

Aragtirma alanindan yakalanan baliklarin sis-
tematikteki yerlerini belirlemek amaciyla famil-
ya, cins ve tiir diizeyindeki teshisleri yapilirken
Berg (1962, 1964, 1965), Kuru (1980a, 1980b),
Celikkale (1988), Balik ve ark. (1992), Mater
ve ark. (2002), Ekingen (2004), Ugurlu (2006),
Geldiay ve Balik (2009), Ugurlu ve Polat
(2007)’den yararlanilmstir.

1. Kavakhk
2. Hacibel
3. Cavusogullan
4. Armutlu

=, mamoglu

3
T

Sekil 1. Arastirma Sahas1 ve Ornekleme Istasyonlari.

Figure 1. The research area and sampling stations.

Bostanci et al., 2(1): 11-19 (2016)
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Bulgular ve Tartisma

Curi Deresi’ nin Baz Fiziko-Kimyasal
Ozellikleri

Arazi caligmalar1 sirasinda istasyonlardan alinan
su Orneklerinin fiziko-kimyasal o6zellikleri tablo
1’de goriildiigi sekilde belirlenmistir.

Curi Deresi’ndeki baliklar iliman iklim kusaginda
yasayan, sicaklik istekleri genel olarak 13-20°C,
pH aralig1 ise 7-7.8, O, degerleri 3.6-7.9 arasinda
degisen tiirlerdir. Bu ¢alismayla birlikte ilk kez
belirlenen Curi Deresi’ nin fiziko-kimyasal
ozellikleriyle bu sucul ekosistem sicaklik ve O,
bakimindan bu baliklar i¢in uygundur. Suyun ba-
zik oldugu goriilmektedir.

Balik Faunasi

Arastirma bolgesinden yakalanan numunelerin
degerlendirilmesi sonucu teshis edilen tiirlerin
Tiirk¢e isimleri literatiirden ve yore halkindan,
taksonomik ozellikleri ise bulgulardan yararlani-
larak verilmistir. Curi Deresi’nde Haziran 2012-
Haziran 2013 tarihleri arasinda mevsimlik olarak
yiirlitiilen arazi ¢alismasinda yakalanan balik 6r-
neklerinin tiirlere gore yiizdelik dagilimi sekil
2’de goriilmektedir. Derede V. vimba (% 20) A.
chalcoides (% 19) ve M. cephalus (% 19) tiirleri-
nin daha bol, istilaci tiir olan C. gibelio’nun ise %
10’luk yogunlukla bulundugu goériilmektedir.

4% 2%1%

9%

B Alburnus chalcoides

B Barbus tauricus

W Carassius gibelio

B Squalius cephalus

= Vimba vimba

16% B Mugil cephalus

Neogobius melanostomus
Neogobius cephalarges

Salmo labrax

Sekil 2. Yakalanan baliklarin ytizdelik dagilimai.
Figure 2. The percentage distribution of captured fish.

Bostanci et al., 2(1): 11-19 (2016)
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Tiirlerin Taksonomik Ozellikleri
Familya: Cyprinidae

Alburnus chalcoides (Giildenstéidt, 1772)
Tiirkge Ad1: Tuna Inci Balig

Taksonomik o6zellikler: (n= 37, sekil 3) SB: 89-151
mm. SB/VY: 4.65-6.44 SB/BB: 4.3-5.04 BB/GC:
3.48-4.6 IM/GC: 1.05-1.42 D: 111 (7) 8 A: III 14-
15 P: I 14-16 V: 1I 8-9 L.lat.: 60- 65 L.tran.: 11-
12/3-4 FD: 2.5-5.2.

Alburnus chalcoides’in meristik karakterleri Berg
(1964), Kuru (1975b), Ozulug (1999), Sar1 ve ark.
(2006), ilhan (2006), Geldiay ve Balik, (2009),
Ugurlu ve Polat (2007), Polat ve ark. (2008)’ nin
tespit ettigi degerlerle uyumludur. ilhan (2006),
buldugu L.lat. degerleri bizim buldugumuz

degerlerden daha diisiiktiir.

Sekil 3. Alburnus chalcoides (Giildenstadt, 1772)
Figure 3. Alburnus chalcoides (Giildenstédt, 1772)

Barbus tauricus Kessler, 1877
Tiirkge Adi: Biyikli Balik

Taksonomik ozellikler: (n=30, sekil 4) SB: 82-
178 mm. SB/VY: 4.53-6.53 SB/BB: 3.2-4.6
BB/GC: 4.49-9.13 IM/GC: 1.38-3.19 D: IV (7) 8

A: TII 5 P: T 15-16 V: II (7)- 8 L.lat.: 56- 62
L.tran.: 11-13/7-9 FD: 2.3.5-5.3.2.

Barbus tauricus’un meristik karakterleri ile Kuru
(1975b), Ozulug (1999), Ozdemir ve ark. (2003),
Sar1 ve ark. (2006), Ugurlu (2006), Polat ve ark.
(2008)’nin tespit ettigi degerlerle uyumludur.
Ozulug (1999)’a gére linea lateral pul sayis, elde
ettigimiz degerlerden daha yiiksektir.

Sekil 4. Barbus tauricus Kessler, 1877
Figure 4. Barbus tauricus Kessler, 1877

Carassius gibelio (Bloch, 1782)

Tiirkge Adi: Glimiisi Sazan, Japon Sazani, Havuz
Balig1

Taksonomik ozellikler: (n=19, sekil 5) SB: 68-
118 mm. SB/VY: 2.56-2.78 SB/BB: 3.21-3.96
BB/GC: 3.85-5.03 IM/GC: 1.63-2.16 D: IV 17-
19 A: 116 P: 113-16 V: 1I 8 L.1at.: 29-30 L.tran.:
7/6 FD: 4.4.

C. gibelio 'nun meristik karakterleri Berg (1964),
Ozulug (1999), Sas1 ve Balik (2003), Ugurlu
(2006), ilhan (2006), Geldiay ve Balik (2009),
Ugurlu ve Polat (2007)’in bildirdigi degerlerle
benzerlik gostermektedir. Sas1 ve Balik (2003)’a
gore pektoral yiizgecteki dallanmus 151n sayisi,
elde ettigimiz degerlerden daha yiiksektir.

Tablo 1. Curi Deresi’ nin baz1 fiziko-kimyasal 6zellikleri.

Table 1. Some physico-chemical properties of Curi Stream.

SOs NO; POs NHsz NHy FS Sicakhk pH O

mg/LL. mg/LL. mg/LL. mg/L mg/LL dH °C mg/L
1. Istasyon 113 0.031 0.196 0.19 020 17.1 20.6 7.7 3.6
2.istasyon 27 0.013 0.008 022 023 7.1 188 76 4.7
3. istasyon 13 0.031 0.668 0.67 071 5.65 17.6 7.5 5.01
4. istasyon 12 040 0.098 045 048 3.1 168 7.5 5.07
5. istasyon 10  0.003 0.528 0.29 030 3.06 13.7 78 1.9




Journal of Aquaculture Engineering and Fisheries Research

(2016)

Bostanci et al., 2(1): 11-19

Journal abbreviation: J Aquacult Eng Fish Res

Sekil 5. Carassius gibelio (Bloch, 1782)
Figure 5. Carassius gibelio (Bloch, 1782)

Squalius cephalus (Linnaeus, 1758)
Tiirkge Adi: Tath su kefali

Taksonomik oOzellikler: (n=17, sekil 6) SB: 90-
162 mm. SB/VY: 4.18-6.05 SB/BB: 3.73-4.38
BB/GC: 3.61-5.65 IM/GC: 1.42-2.51 D: III 8 A:
1T (8) 9 P: I (15)16-17 V: II 8 L.lat.: 44-46
L.tran.: 7-7.5/3-4 FD: 2.5-5.2.

Squalius cephalus’un meristik karakterleri Kuru
(1975b), Ozulug (1999), Barlas ve ark (2000),
Ugurlu (2006), ilhan (2006), Geldiay ve Balik
(2009), Polat ve ark. (2008)’nin bildirdigi
degerlerle benzerlik gostermektedir. Barlas ve
ark (2000)’nin bildirdigi anal ve ventral yiizgec-
lerdeki basit 1g1n sayisi elde ettigimiz degerlerden
daha diisiiktiir.

Sekil 6. Squalius cephalus (Linnaeus, 1758)
Figure 6. Squalius cephalus (Linnaeus, 1758)
Vimba vimba (Linnaeus, 1758)

Tirk¢e Adi: Egrez, Karaburun Baligi, Kavinne
Balig1

Taksonomik ozellikler: (n=38, sekil 7) SB: 83-
174 mm. SB/VY: 3.81-5.89 SB/BB: 3.74-4.68
BB/GC: 3.27-5.68 IM/GC: 1.14-1.96 D: 1II 8 A:
IIT 18-19 P: 1 15-16 V: 11 9 L.lat.: 56-59 L.tran.:
9-10/5-6 FD: 5-5.

Vimba viryba’nm meristik  karakterleri Kuru
(1975b), Ozulug (1999), Barlas ve Dirican

(2004), Ugurlu (2006), ilhan (2006), Geldiay ve
Balik (2009)’1in bildirdigi degerlerle benzerlik
gostermektedir.

Sekil 7. Vimba vimba (Linnaeus, 1758)
Figure 7. Vimba vimba (Linnaeus, 1758)
Familya: Mugilidae

Mugil cephalus Linnaeus, 1758
Tiirkge Adi: Has Kefal

Taksonomik ozellikler: (n=37, sekil 8) SB: 60-
137 mm. SB/VY: 4.08-5.64 SB/BB: 3.29-4.33
BB/GC: 3.63-7.43 IM/GC: 1.38-3.23 DI1: IV
D2:1(7) 8 A: 111 8-(9) P: I-11 15-16 V: 1 5 Sq:42-
48.

Mugil cephalus’un meristik karakterleri; Berg
(1965), Balik ve ark. (1992), Ugurlu ve Polat
(2003), ilhan (2006), Ugurlu (2006), Geldiay ve

~ | Balik (2009), Ugurlu ve Polat (2008), Kaya

(2009)’un bildirdigi degerlerle benzerlik goster-

| mektedir. Ancak Balik ve ark. (1992), ilhan

(2006), Geldiay ve Balik (2009), Kaya (2009)’a
gore pektoral yiizgeglerde basit 151n bulunmama-
s1, bulgularimizla uyusmamaktadir.

Sekil 8. Mugil cephalus Linnaeus, 1758
Figure 8. Mugil cephalus Linnaeus, 1758
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Familya : Gobiidae
Neogobius cephalarges (Pallas, 1814)
Tiirk¢e Adr: Kiiciik Kaya Baligt

Taksonomik ozellikler: (n=3, sekil 9) SB: 104-
122 mm. SB/VY: 4.58-5.75 SB/BB: 3.35-3.51
BB/GC: 6.05-7.21 IM/GC: 1.22-1.51 D1: V-VII
D2:116-18 A: 112-13 P: 16-17 V: 5 Sq:57-59.

Neogobius cephalarges’in meristik karakterleri;
ilhan (2006), Geldiay ve Balik (2009)’m bil-
dirdigi degerlerle benzerlik gostermektedir. Fakat
Geldiay ve Balik (2009)’a gore ventral yiizgec-
lerde basit 151n bulunmasi, bulgularimizla uyus-
mamaktadir.

Sekil 9. Neogobius cephalarges (Pallas, 1814)
Figure 9. Neogobius cephalarges (Pallas, 1814)
Neogobius melanostomus (Pallas, 1814)

Tiirkge Adi: Kum Kaya Baligi, Benekli Kaya
Baligi

Taksonomik ozellikler: (n=7, sekil 10) SB: 96-
116 mm. SB/VY: 4.37-5.46 SB/BB: 3.6-4.11
BB/GC: 4.48-5.69 IM/GC: 1.08-1.26 D1: (IV)-VI
D2:114-15 A:T11-12 P: 17-18 V: 15 Sq: 45-50.

Neogobius melanostomus’un meristik karak-
terleri; Kuru (1975a), Ugurlu (2006), ilhan
(2006), Geldiay ve Balik (2009), Polat ve ark.
(2008)’nin bildirdigi degerlerle benzerlik goster-
mektedir.

Sekil 10. Neogobius melanostomus (Pallas, 1814)

Figure 10. Neogobius melanostomus (Pallas, 1814)

Familya: Salmonidae
Salmo labrax Pallas, 1814

Tirkge Adi: Benekli alabalik, Denizalasi, Ka-
radeniz alabalig1

Taksonomik o6zellikler: (n=2, sekil 11) SB: 133-
171 mm. SB/VY: 4.86-5.66 SB/BB: 3.89-4.23
BB/GC: 3.30-4.55 IM/GC: 1.21-1.78 D: IV 10 A:
M1 7-8P: 112 V: 11 7-8 L. lat.: 114-116.

Salmo labrax natio fario ekotipinin meristik
karakterleri; Berg (1962), Kuru (1975a), Kutrup
(1993), Ugurlu (2006), Geldiay ve Balik
(2009)’1n bildirdigi degerlerle benzerlik goster-
mektedir.

Sekil 11. Salmo labrax Pallas, 1814
Figure 11. Salmo labrax Pallas, 1814
Sonuc¢

Bu c¢alisma sonucunda Curi Deresi’nde Cyp-
rinidae familyasindan A. chalcoides, B. tauricus,
C. gibelio, S. cephalus, V. vimba, Gobiidae fa-
milyasindan N. melanostomus, N. cephalarges,
Mugilidae familyasindan M. cephalus, Salmoni-
dae familyasindan S. labrax’in yasadigi tespit
edilmistir. Yapilan faunistik g¢aligmalar sonucu
istilact bir tiir olan C. gibelio’nun Curi Dere-
si’nde varlig1 tespit edilmistir. Tiirkiye i¢csularin-
da birey sayisi ve cografik dagilimi hizla artan C.
gibelio’yu iilkemize kimin getirdigi veya igsula-
rimiza nasil girdigi net olarak bilinmemekle bir-
likte, baliklandirma faaliyetleri yapan kamu
ve/veya Ozel kurumlar ile bireysel baliklandirma
yapan kisilerin etkilerinden kaynaklandig: diisii-
niilmektedir. 1980'li yillarda Meri¢ Nehri yolu ile
Tiirkiye i¢su faunasina katilan C. gibelio, 6zellik-
le yetkili kamu kurumlariin C. carpio ile yaptig
baliklandirma calismalari ile neredeyse tiim Tiir-
kiye igsularina bulagmis olabilecegi kanisi bu-
lunmaktadir. Benzer sekilde Polat ve Ugurlu
(2007) Samsun ilinin tamaminda tath sularinin
balik faunasim1 belirledikleri arastirmalarinda
arazi ¢aligmasinin yapildigi 2002-2005 yillar iti-
bariyle toplam 42 farkli gol, golet, dere, cay, 1r-
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mak ve baraj golinde C. gibelio’nun yasadigini
tespit etmislerdir. Ordu iline sinir olan Samsunda
bu kadar fazla lokalitede yasiyor olmasi dogal
yayilig faktoriine ilave olarak balik¢ilarin dahi
kullandiklar1 1slak aglarla biitiin ortamlarda av-
lanma yapmasiyla tiiriin yayilis alaninin Ordu ili-
ne dogru gegmesinde etkin rolii oldugunu diisiin-
diirmektedir.

Canlilarin beslenme, iireme ya da olumsuz
ekolojik kosullardan korunma amaciyla go¢ ede-
rek habitat degistirmeleri aslinda bir doga olayi-
dir. Sorun antropojenik sebeplerle dogal yayilis
alani i¢inde olmayan habitatlara taginan tiirlerdir.
Baliklandirma, yetistiricilik, biyolojik miicadele
calismalar1 dogrultusunda, dogal yayilis alam
icinde olmayan habitatlara taginan tiir ya ortama
uyum saglayip yeni bir popiilasyon olusturur ya-
da ortama uyum saglayamayip yok olur (Geldiay
ve Balik 2009). Igsularimiza bilingsiz, rastgele
veya kasten taginan, hizla yeni popiilasyonlar
meydana getiren istilac1 tiirler, tireme alan1 ve be-
sin rekabetini lehine ¢evirdiginde baskin tiir hali-
ne gelip biyoistila yapabilir. Istilac1 tiirlerin varo-
lan biyogesitliligin azalmasi, ekolojik degisimler
ve ekonomik kayiplar gibi olumsuz etkileri tah-
min edilemeyecek boyutlara ulagabilir. Ekolojik
hosgoriisii genis, lireme kabiliyeti yiiksek, giiclii
bir yapiya sahip olan istilac1 tiirler {izerinde yasa-
yan organizmalar da (parazitler, bakteriler...)
yerli tiirler i¢in, sorunun bir bagka boyutudur. C.
gibelio 1988 yilinda Trakya Bolgesi’'nde ilk kez
bildirilmesinden (Baran ve Ongan, 1988) bu yana
gecen siirede yurdumuz tath sularinda hizla ya-
yilmigtir. Bu tiir, ginogenetik lireme stratejisi,
yilda birden fazla dol vermesi ve yiliksek yumurta
verimi (Fan ve Shen 1990, Pipoyan ve Rukhkyan
1998) gibi 6nemli iireme kabiliyetlerine ilave
olarak, dogal tiirlerle besin ve habitat rekabetine
girebilmesi gibi Ozellikleriyle de, hem durgun
hem de yavas akan sularda kolaylikla baskin tiir
olabilmekte ve girdigi ortamlar igin istilact bir
ozellik gosterebilmektedir (Tarkan ve ark., 2006).
Yapilan calismalarda C. gibelio'nun dogal balik
tiirleri lizerine olan etkilerinin arastirilmasi sonu-
cunda, tiirlin artan yogunluguna karsilik ortamda
tabii olarak bulunan diger balik tiirlerinin belirgin
bir sekilde azaldig1 belirlenmistir (Tarkan ve ark.,
2012). Bu g¢alismanin 6rnekleme asamasinda ya-
kalanan ve %10’luk oranda oldugu goriilen C.
gibelio’nun takip edilerek ileriki yillarda nasil bir
durum sergileyecegi, tabii tiirleri nasil etkileye-
cegi degerlendirilmeli ve ildeki diger derelerin
balik faunasi da belirlenerek onlara da bulasip

bulagsmadig1 kontrol edilmelidir. Diger derelere
yayilmasina yol acacak olan 6zellikle antropoje-
nik etkiyi azaltabilmek i¢in yore halki ve kamu
kurumlan bilgilendirilmelidir.

Asil sorun kan damarlar1 gibi akarsular araci-
ligryla birbirine baglh i¢su kaynaklarimizda hizla
yayilarak biyolojik kirlenmeye sebep olan istilact
tirlere yonelik koruma, izleme, degerlendirme
calismalarinin yeterli diizeyde olmamasi ve bu
konuyla ilgili yonetmelik bulunmamasidir. Yur-
dumuz gerek lotik gerekse lentik tiim tath su ha-
bitatlarinin 6ncelikle mevcut fauna elemanlarinin
belirlenmesi ve hidroelektrik santraller (HES),
yasa dis1 avcilik, ¢evre kirliligi gibi faktorlerin
olusturacagi olumsuz etkilerin degerlendirilerek
tedbirlerin alinmasi gerekmektedir.

Kisaltmalar

Aragtirma sahasindan yakalanan balik 6rnek-
lerinin metrik ve meristik karakterleri i¢in kulla-
nilan simgeler ve kisaltmalar:

A = Anal Yiizge¢, BB = Bas Boyu, D = Dorsal
Yiizgeg, D1 = Birinci Dorsal Yiizgeg, D2 = ikinci
Dorsal Yiizgeg, FD = Farinks Disi Sayisi, GC =
Goz Cap, IM = Interorbiter Mesafe, L.lat. =
Linea Lateralde bulunan pul sayisi, L.tran. =
Linea Transversalde bulunan pul sayisi, P = Pek-
toral Yiizgeg, SB = Standart Boy, Sq = Boyuna
pul sayisi, V = Ventral yiizge¢, VY = Viicut yiik-
sekligi, Qmax100 =100 yil frekansh tagkin pik
debisi, Qmax500 = 500y1l yinelenmeli tagkin pik
debisi, N = Ornek sayisi.

Tesekkiir

Bu c¢alisma Ordu Universitesi tarafindan
desteklenen arastirmanin (No:TF-1238)  bir
boliimiidiir.

Kaynaklar

Anonim (2012): Unye’nin  Akarsulari.
http://uniye.tripod.com/akarsu.htm (Erisim
tarihi: 10.07.2013).

Baran, 1., Ongan, T. (1988): Gala Golii’niin lim-
nolojik o&zellikleri, balik¢ilik sorunlari ve
oOneriler, Gala Goli ve Sorunlar1 Sempoz-
yumu, Dogal Hayati Koruma Dernegi. Gala
Bilimsel Yayinlar Serisi, Istanbul. s: 46-54.

Berg, L.S. (1962): Freshwater Fishes of the U. S.
S. R. and Adjacent Countries, Academy of
Sciences of the U. S. S. R. Zoological Insti-
tute, Guide to the Fauna of the U. S. S. R.
Volume: I, Number: 27, Fourth edition,




Journal of Aquaculture Engineering and Fisheries Research

Journal abbreviation: J Aquacult Eng Fish Res

Translated from Russian, Published for the
National Science Fondatition, Israel Prog-
ram for Scientific Translations, Washington,
511 p.

Berg, L.S. (1964): Freshwater Fishes of the U. S.
S. R. and Adjacent Countries, Academy of
Sciences of the U. S. S. R. Zoological Insti-
tute, Guide to the Fauna of the U. S. S. R.
Volume: II, Number: 29, Fourth edition,
Translated from Russian, Israel Program for
Scientific Translations, 504 p.

Berg, L.S. (1965): Freshwater Fishes of the U. S.
S. R. and Adjacent Countries, Academy of
Sciences of the U. S. S. R. Zoological Insti-
tute, Guide to the Fauna of the U. S. S. R.
Volume: III, Number: 30, Fourth edition,
Translated from Russian, Israel Program for
Scientific Translations, 518 p.

Balik, S., Mater, S., Ustaoglu, M., Bilecik, N.
(1992): Kefal Baliklar1 ve Yetistirme Tek-
nikleri, T.C. Tarim Orman ve Koyisleri Ba-
kanhigi, Su Uriinleri Arastirma Enstitiisii
Midirliigi, Seri: A, Yayin No: 6, Bodrum,
66 s.

Barlas, M., Yilmaz, F., Dirican, S., Yorulmaz, B.
(2000): Yuvarlak Cay (Kdycegiz- Mugla)’in
Balik Faunasinin Arastirilmasi, Dogu Ana-
dolu Bélgesi IV. Su Uriinleri Sempozyumu,
Erzurum, 28-30 Haziran, 423—435.

Barlas, M., Dirican, S. (2004): Dipsiz-Cine
(Mugla-Aydin) Cayr’ nin Balik Faunasi, Ga-
zi Universitesi Fen Bilimleri Dergisi, 17(3):
35-48.

CDR (2011): Ordu Cevre Durum Raporu. 7.C.
Ordu Valiligi Cevre ve Sehircilik Il Miidiir-
liigii. 224s.

Celikkale, M.S. (1988): Icsu Baliklar1 Yetistirici-
ligi, Cilt: 11, Karadeniz Teknik Universitesi
Basimevi, Genel Yayin No: 128, Fakiilte Ya-
yin No: 3, Trabzon, 473 s.

Ekingen, G. (2004): Tiirkiye Deniz Baliklar1 Tan1
Anahtari, Mersin Universitesi Yayinlar
No.12, Su Uriinleri Fakiiltesi Yaymnlari, No:
4, Mersin, 193 s.

Fan, Z., Shen, J. (1990): Studies on the evolution
of bisexual reproduction in crucian carp
(Carassius auratus gibelio Bloch). Aquacul-
ture, 84: 235-244,

Geldiay, R., Balik, S. (2009): Tirkiye Tatlisu
Baliklar1 (Ders Kitab1), Ege Universitesi Fen

Fakiiltesi Kitaplar Serisi, No: 46, Bornova—
[zmir, 644 s.

[lhan, A. (2006): Bati Karadeniz Bolgesi Tatlisu
Baliklarinin Taksonomik ve Ekolojik Ozel-
liklerinin Arastirilmasi, Doktora Tezi, Ege

Universitesi, Fen Bilimleri Enstitiisii, {zmir,
186 s.

Kaya, F. (2009): Goksu Nehri’nde Yasayan Bazi
Ekonomik Baliklarin Karyolojilerinin Ince-
lenmesi, Doktora Tezi, Mersin Universitesi,
Fen Bilimleri Enstitiisti, Mersin, 132 s.

Kuru, M. (1975a): Dicle-Firat, Kura-Aras, Van
Goli ve Karadeniz Havzasi Tatlisularinda
Yasayan Baliklarin (Pisces) Sistematik ve
Zoocografik Yonden Incelenmesi, Dogentlik
Tezi, Atatiirk Universitesi, Erzurum, 186 s.

Kuru, M. (1975b): Dogu Anadolu Bdlgesinin
Balik Faunasi, Atatiirk Universitesi Yayinla-
11 No: 348, Fen Fakiiltesi Yaywnlari, Atatiirk
Universitesi Basimevi, Erzurum, 65s.

Kuru, M. (1980a): Tiirkiye Tatlisu Baliklar1 Ka-
tologu, Hacettepe Universitesi Fen Fakiiltesi
Yayimlart Yardimer Ders Kitaplar Dizisi,
Seri: 12, Boliim: 1, Sayi: 1, Hacettepe Uni-
versitesi Fen Fakiiltesi Basimevi, Beytepe,
73 s.

Kuru, M. (1980b): Key to the Inland Water Fis-
hes of Turkey, Part I, II, 1II, Hacettepe Bul-
letin of Natural Sciences and Engineering,
9: 103-133.

Kutrup, B. (1993): Trabzon Yoresindeki Tatlisu
Baliklarinin Taksonomisi ve Ekolojik Ozel-
likleri Uzerine Arastirmalar, Doktora Tezi,
Karadeniz Teknik Universitesi, Fen Bilimle-
ri Enstitiisii, Biyoloji Anabilim Dali, Biyolo-
ji Programi, Trabzon, 73 s.

Mater, S., Kaya, M., Bilecenoglu, M. (2002):
Tiirkiye Deniz Baliklar1 Atlasi, Ege Univer-
sitesi Su Uriinleri Fakiiltesi Yaymlar1 No:
68, Yardimci Ders Kitaplar: Dizini No: 11,
Ege Universitesi Basimevi, Bornova-izmir,
169 s.

Ozdemir, N., Yilmaz, F., Barlas, M., Yorulmaz,
B. (2003): Namnam Cay1 (Kdycegiz) Balik
Faunasi1 ve Ekolojik Ozellikleri, XII. Ulusal
Su Uriinleri Sempozyumu, Elaz1g, 2—5 Eyliil,
166—170.

Ozulug, M. (1999): A Taxonomic Study on the
Fish in the Basin of Biiylikgekmece Dam

Bostanci et al., 2(1): 11-19 (2016)



Journal of Aquaculture Engineering and Fisheries Research
(2016)

Bostanci et al., 2(1): 11-19

Journal abbreviation: J Aquacult Eng Fish Res

Lake, Turkish Journal of Zoology, 23: 439—
451.

Pipoyan, S. Kh., Rukhkyan R.G. (1998): Repro-
duction and development of Carassius aura-
tus gibelio in water bodies of Armenia. Jo-
urnal of Ichthyology, 38(5): 374-379.

Polat, N., Ugurlu, S., Kandemir, S. (2008): Asag1
Kizilirmak Havzasi (Samsun) Balik Funasi,
Journal of FisheriesSciences.com, 2(3): 489-
498.

Polat, N., Ugurlu, S. (2007): Samsun ili Tath Su
Balik Faunasi. Ladik Dogay1 ve Cevreyi Ko-
ruma Dernegi, 272s.

Sari, M.H., Balik, S., Ustaoglu, M.R., ilhan, A.
(2006): Distribution and Ecology of
Freshwater Ichtyofauna of the Biga Peninsu-
la, North-western Anatolia, Turkey, Turkish
Journal of Zoology, 30: 35-45.

Sas1, H., Balik, S. (2003): Top¢am Baraj Gélii
(Cine-Aydin) Balik Faunasinin incelenmesi,
Siileyman Demirel Universitesi Su Uriinleri
Fakiiltesi Dergisi, 9: 46-50.

Tarkan, A.S., Gaygusuz, O., Giirsoy, C., Acipi-
nar, H., Bilge, G. (2006): Marmara Bolge-
si’nde yeni bir bir istilaci tiir Carassius gibe-
lio (Bloch, 1782): Basarili mi1, basarisiz mi1?
1. Baliklandirma ve Rezervuar Yonetimi
Sempozyumu, Antalya. s:195-203.

Tarkan, A.S., Gaygusuz, O., Giirsoy Gaygusuz,
C., Sag, G. Copp, G.H. (2012): Circumstan-
tial evidence of gibel carp Carassius gibelio
reproductive competition exerted on native
fish species in a mesotrophic reservoir. Fis-
heries Management and Ecology, 19: 167-
177.

Ugurly, S. (2006): Samsun {li Tatli Su Balik Fa-
unasinin Tespiti. Doktora Tezi, Ondokuz
Mays Universitesi, Fen Bilimleri Enstitiisii,
Samsun.

Ugurlu (Helli), S., Polat, N. (2003): An Investi-
gation on Fish Fauna in Lake Simenit (Ter-
me- Samsun), Firat Universitesi Fen ve Mii-
hendislik Bilimleri Dergisi, 15(4): 485-494.

Ugurlu, S., Polat, N. (2006): Mili¢ Irmag1 (Ter-
me, Samsun) Balik Faunasi, Ege Universite-
si, Su Uriinleri Dergisi, 23(3-4): 441-444.

Ugurly, S., Polat, N. (2007): Cakmak Baraj Golii
(Samsun) Balik Faunasi, Firat Universitesi
Fen ve Miihendislik Bilimleri Dergisi, 19(4):
443-448.

Ugurly, S., Polat, N. (2008): The Fish Species
Inhabiting in the Engiz Stream (Samsun-
Turkey), International Journal of Natural
and Engineering Sciences, 2(1): 97-99.



2(1): 1-10 (2016)

doi: 10.3153/JAEFR16001

Journal of

Aquaculture Engineering and Fisheries Research
E-ISSN 2149-0236

ORIGINAL ARTICLE/ORIJINAL CALISMA

FULL PAPER

TAM MAKALE

GROWTH RESPONSE OF Cyprinus carpio FINGERLINGS
FED DIETS CONTAINING HYDROTHERMALLY PROCESSED

Citrullus lanatus SEED MEAL

Lateef Oloyede TIAMIYU', Victoria Offuene AYUBA,
Victor Tosin OKOMODA!, Saidu UMAR?

! University of Agriculture, Department of Fisheries and Aquaculture, Makurdi, Nigeria

2 Bauchi state Agricultural Development programme, Bauchi, Nigeria

Received: 05.01.2015
Accepted: 16.04.2015
Published online: 07.10.2015

Corresponding author:

Victor Tosin OKOMODA, University of Agriculture,
Department of Fisheries and Aquaculture, Makurdi,
Nigeria

E-mail: okomodavictor@yahoo.com

Abstract:

The effect of incorporating hydrothermally processed
watermelon whole seeds in the diet of fish was inves-
tigated on growth, feed utilization and body composi-
tion of carp (Cyprinus carpio) fingerlings. Fish diets
(35% crude protein) were formulated using water
melon hydrothermally processed for 0 (DT1), 10
(DT2), 20(DT3), 30 (DT4) and 40 minutes (DT5)
boiling time. Twenty fingerlings (1.50+0.00g each)
were randomly allocated in triplicate to 70 liters plas-
tic bowls, for each treatments, aeration was provided
to culture bowls throughout the 12weeks feeding trial.

Result of the study reveals that fish fed DT (30
minutes) had the best performance in terms of mean
weight gain, feed conversion ratio, feed conversion
efficiency, protein efficiency ratio, apparent net pro-
tein utilization and specific growth rate (P>0.05).
Hence, hydrothermal processing of watermelon seeds
for 30minutes is recommended for better growth in C.
carpio.
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Introduction

Common carp (Cyprinus carpio) a benthic omni-
vore, is a native to Asia and Eastern Europe
(Taylor, 1977). Carps is the most cultured fresh-
water fish species all over the world, (FAO,
2012), reputed as a popular food fish and a highly
cultivable species with year round breeding under
tropical and subtropical conditions. Common
carp also plays an important role in polyculture
system in seasonal reservoirs and ponds
(Chakraborty 1982). It is the only exotic carp
that is known to breed naturally in lakes, it has
high fecundity and hatchability (Nathaniel,
2001), and can grow to a maximum length of
1.5m and a maximum weight of over 37.5kg
(Panek, 1987). Today it remains the best choice
for utilizing pond resources (FAO, 2011). Carp
represent the species of choice due to their high
growth rate, significant tolerance to environmen-
tal stresses, easy to reproduce and unquestionable
market demand (FAO 2004).

Feed is the main operating cost in fish production
and therefore adequate information on the nutri-
tional requirements is necessary in order to for-
mulate and produce economically, balanced and
complete diet geared towards satisfying the need
of different fish species (Ejidike, 2004). Feed ac-
counts for the highest proportion of operational
inputs in fish culture. Hence efforts are geared
toward reducing production cost through the Uti-
lization of unconventional feed stuff in animal
nutrition.

Watermelon belongs to the genus Citrullus and
family Cucurbitaceae (Huxley 1992). The water
melon fruit, loosely considered a type of melon,
possesses a smooth exterior (green and yellow)
and a juicy, sweet, usually red, yellow or orange
interior flesh (Jeffrey, 2005). Moreover, they are
used as domestic remedy for urinary tract infec-
tion, hepatic congestion, catarrh, (Deible, 2001;
Amadi et al., 2003). Water melon is rich in min-
erals, protein, vitamins, carbohydrate and fibre
(Duke and Ayensu, 1985; Tarek and Khaled,
2011).

Watermelon seeds are one among the underuti-
lized fruit byproducts (FAO STAT, 2009) despite
it presumed high nutrient level.. This study is at-
tempt to investigate the nutritional potential of
using different hydrothermally processed water-
melon (Citrullus lanatus) seed meal as an uncon-
ventional and a byproduct protein supplement in
the diet of Cyprinus carpio.

Materials and Methods
Experimental Site

The feeding trial was carried out at the fish farm
of Bauchi State Agricultural Development Pro-
gramme (BSADP) Bauchi, Nigeria. Circular plas-
tic bowls system of 70 litres capacity were used.
The experiment lasted for twelve weeks. Aeration
was provided using air pumps and water in bowls
was siphoned after every two days to avoid foul-
ing, water was renewed weekly and their quality
parameter monitored closely to ensure that each
experimental unit remain within the acceptable
limits for culture of the fish ( e.i. temperature at
room temperature, oxygen >5mgL™', pH between
6.5-7.5).

Experimental Fish

The Cyprinus carpio (common carp) fingerlings
were obtained from the Fish Farm of Bauchi state
Agricultural Development Programme (BSADP)
along Dass Road Bauchi. 300 Fingerlings of
mean weight 1.50 +0.00g were acclimated for
two weeks. After the period of acclimatization,
twenty fingerlings were randomly distributed into
each plastic bowls.

Diet Formulation

Raw watermelon seeds (6 kg) were cleaned, sun-
dried and milled, raw meal was obtained and then
stored for diets formulation. Soybean used for the
study were toasted for 30 minutes in an electric
oven set at 100°C and milled after cooling to get
soybean meal (SBM). Yellow maize used for the
experiment were milled to get yellow maize meal
(YMM) all were stored in air tight and moisture
free container.

The experimental diets of the feeding trial were
formulated using Pearson square method. Iso-
nitrogenous diet of 35% crude protein were for-
mulated with Fishmeal included at 25.72, Maize
meal at 27.07, Soybeans meal at 25.72, vita-
min/mineral premises at 1, salt at 0.50 while wa-
termelon seed meal at 20.00. The five diets for-
mulated were included with hydrothermally pro-
cessed watermelon seed meal boiling for 0
minutes (DT)) i.e. raw watermelon seed meal as
control, diet 2 boiled for 10minutes (DT>), diet 3
boiled for 20minutes (DT3), diet 4 boiled for
30minutes (DT4) and diet 5 boiled for
40minutes(DTs). The feed ingredients for each of
the treatment were weighed, ground, mixed thor-
oughly and warm water was added then stirred to
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form consistent dough which was passed through
a 2mm die pelleting machine. The pellets pro-
duced were collected on a flat sheet of plate for
easy spread and sundried to constant weight; the
dried pellets were micronized and stored for the
feeding trail. Analysis was carried out to deter-
mine the nutrient composition of the raw water-
melon seed meals soybeans, yellow maize, as
well as the experimental fish before and after the
experiments.

The dietary treatments were in triplicates using
completely randomized design (CRD). After
2weeks period the fish were weighed and ran-
domly distributed in bowls, each treatment was in
triplicate with 20 fingerlings of C. carpio. The
experimental fish were fed twice daily (9.00am
and 4.00pm) at 5% body weight for twelve weeks
(Eyo, 1999 Ayinla, 2005 and Tiamiyu et. al.,
2007).

The fingerlings were weighed every week to de-
termine weight gain and feed quantity given was
adjusted accordingly. The growth parameters de-
termined include mean weight gain, specific
growth rate, feed conversion ratio, protein effi-
ciency ratio, and apparent net protein utilization
and survival rate.

Computation of the Growth Parameters

Calculation of the growth parameters were done
following the formulae described by Osborne, at.
al., (1919), Brown, (1957) and Balfour, (1998).

Mean Initial Weight: Twenty (20) C. carpio
fingerlings were counted and weighed, the total
weight obtained was divided by 20, to obtain the
mean initial weight of the fingerling.

MIW= Nw/N

Where MIW =Mean Initial Weight
N =Number of fingerlings

W = Weight of fingerling

Mean Final Weight: The surviving fingerlings
were counted and weighed, the weigh  obtained
was divided by the number of the surviving fin-
gerlings to obtain the mean final weight.

MFW = stW/st
Where  MFW =Mean Final Weight (g)
N¢=No. of surviving fish

W = Weight of the fish

Mean Weight Gain =

Mean Final Weight — Mean Initial Weight
Survival Rate
Survival (%) = % x 100
No =Initial total number of fingerlings

Ne=Total number of fish mortality at the end
of feeding trial (12 wks)

Specific Growth Rate (SGR) This parameter
was determined according to Brown (1957).

SGR=2Ea 15y 150

&= L
Where In = natural logarithm
W, = final weight
W, = initial weight
T, - t; = time duration (in days)

Feed Conversion Ratio (FCR) According to
Balfour (1998).

Fevd Intoke
Wetghe Fain

FCR =

Protein Efficiency Ratio (PER) It was deter-
mined according to Osborne, at. al. (1919).

PER = Wetghe Catn
PFrotein ieCaloe

Where protein
g Frotein tn Diet »Total Feed Consumed
Intake=

100

Apparent Net Protein Utilization (ANPU)
According to Balfour (1998).

Frotein Cotned
Proteln Congum ed

ANPU = ¥ 100

Where protein gain= Final Carcass-Initial Carcass Protein

The proximate composition of differently pro-
cessed watermelon seed meal were carried out at
Grand cereals Jos, according standard methods as
stated by AOAC (2000).

Data Analysis

Data obtained from the feeding trials were sub-
jected to analysis of variance (ANOVA) and
where significant differences were observed be-
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tween treatments, the means were compared us-
ing Fishers Least Significant Difference of the
means (LSD). Genstat Discovery Edition 4 and
Minitab 14 software were used for statistical
analysis.

Results and Discussion

The proximate composition of the experimental
diets containing hydrothermally processed wa-
termelon seed meal is presented in Table 1. The
result shows that the contained approximately the
same crude protein level of 35%CP. However,
the reference diet coppens (DTs) differed signifi-
cantly (P<0.05) with protein value of 52.24%.
The ether extract of the formulated diets ranges
from 11.24 +0.07% to 13.74 +£0.13%. DT:
(10mins) had the highest ether extract of 13.74
+0.13% and ash content of 11.81 £0.07% after
DT (reference diet). Conversely, DT; (control)
contained the least values of 11.24 +0.07% and
10.25 +0.07% respectively. Moisture content of
the diets differed significantly (P<0.05) with
highest value in DT3 (11.37 +£0.10%) while DT;
(9.98+0.11%) had the lowest value. The highest
value of crude fibre was found in DT4 (9.95
+0.14%), lowest in DT; (8.16 +£0.10) and DTs
(2.01 £0.01%) being the least. Nitrogen free ex-
tract (NFE) ranged from DT, (18.26 +0.15%) to
DT, (25.20 £0.12%) among experimental diets.

The growth parameters for common carp finger-
lings in the treatments (T — Ts) in terms of mean
initial weight (MIW), mean final weight (MFW),
mean weight gain (MWG), feed conversion ratio,
(FCR), feed conversion efficiency (FCE), protein
efficiency ratio (PER), apparent net protein utili-
zation (ANPU), specific growth rate (SGR) and
survival rate (SR) are shown in Table 2. The re-
sult obtained from the feeding trial varied signifi-
cantly (P<0.05) among the treatments. The mean
final weight (MFW) and mean weight gain
(MWG) were the highest in DT (14.43 +£0.24¢g
and 12.93 +0.24g) and DT4 (12.58 +0.05g and
11.08 +£0.5g) respectively. DTs had least values
of MFW 9.78+0.04g and MWG 8.28+0.04g. The
feed conversion ratio (FCR) and feed conversion
efficiency (FCE) followed similar pattern as ob-
served in MFW and MWG. The best FCR (1.77
+0.1) and FCE (56.40 +£0.25) were obtained in
fish fed DT, after the reference (DTs) values of
1.74 £0.02 and 57.57 +0.75 respectively. The
worst values of FCR 2.03 +£0.10 and FCE 49.35
+0.30 were recorded with fish fed DTs. The pro-
tein efficiency ratio (PER), apparent net protein
utilization (ANPU) and specific growth rate

(SGR) were highest in fish feed DT4 with the fol-
lowing values 1.62 £0.01%, 22.98 +0.49% and
2.53 £0.00% respectively. The least values were
observed in fish fed DTs with values 1.39
+0.01%, 19.03 £0.32 and 2.23 +0.00 respective-
ly. All the values of these parameters differed
significantly (P<0.05). The overall survival rate
(SR) ranged from 95.00+2.89% to 100.00
+0.00%. The fish fed DT, and DTs had the high-
est (SR) 100.00 +£0.00%. While fish fed DT; had
the lowest value of 95.00+2.89%. This showed
that the fish fed the experimental diet had good
survival rate (SR) as there was no significant dif-
ference (p>0.05) in the percentage survival rate.

Figure 1 shows the weekly growth trend of com-
mon carp fingerlings fed at different period of
hydrothermally processed watermelon seed meal
diets. It was found that the common carp finger-
ling gained weight in all the weeks in response to
the dietary treatments. Weight gain increased
tremendously from week 4 to the end of the feed-
ing trial (Week 12). Fish fed DT4 picked up from
the fifth week and became the best after DT (ref-
erence diet). DTs progressed hand in hand with
DT, DT, and DTj3 but started declining from the
8™ week and ended up with the least growth at
the termination of the feeding trial.

The effect of the diets containing varying hydro-
thermally processed watermelon seed meal on the
body composition of the common carp finger-
lings at the end of the feeding trial (Table 3) re-
veals that crude protein, ether extract and ash in-
creased, whereas moisture content, crude fibre
and nitrogen free extract decreased at the end of
the experiment when compared with their initial
composition of the experimental fish (P<0.05).

Fish fed DTs (20mins) had the highest carcass
moisture content of 79.82 £0.54% while the low-
est value of 78.81 £0.42% was recorded for DT>
(10mins) and differed significantly (P<0.05)
among all the treatments. The crude protein in
carcass of all the treatments differed significantly
(P<0.05). The highest crude protein value of
13.92 £0.19% was found in the carcass of fish
fed DT4 (30mins) followed by DT, (10mins) with
the value of 13.70 +£0.10% whereas fish fed DT,
(Omin) had the least value of 12.38+0.09%, how-
ever, the protein content has improved when
compared with the initial protein. There was no
significant difference (P>0.05) in the carcass of
fish fed DT, DT,, DT3;, DT4 and DTS5, however,
fish fed DT¢ (reference diet) and initial carcass
differed significantly (P<0.05) in terms of ether
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extract. The highest ether extract was recorded in
carcass of fish fed DTs (reference diet) with the
value of 4.02 £0.06% while the lowest value of
1.87 £0.06 was recorded in the initial carcass.
There was significant difference (p<0.05) in the
crude fibre in the carcass of fish fed the experi-
mental diets. The crude fibre varied from 0.07
+0.01% to 0.58 £0.02%. The highest crude fibre
was observed for fish fed DT, while the least was
observed in fish fed DTs. The initial carcass val-
ue was 0.10 £0.00%. The highest ash content was
recorded for fish fed DT; with value of 3.35
+0.05% while the least ash content value of 2.85
+0.07% was found in fish fed DTs. The nitrogen
free extract (NFE) differed significantly (p<0.05),
the least value of 1.12+0.03% was observed in
fish fed DTs (40mins) whereas the highest value
2.05 +£0.05% was recorded in DT; (Omin). How-
ever, the value of 3.93 £0.02% of nitrogen free
extract of the initial carcass was significantly
higher than that found in all the treatments.

The proximate composition of the experimental
diets of this study revealed that all the diets met
the targeted crude protein requirement for com-
mon carp. According to Craig and Helfrich
(2002) crude protein level in aquaculture feeds
generally average 18-20% for marine shrimps 30-
40% for catfish, 20-30% for tilapia and 38-42%
for hybrid striped bass but protein requirements
are usually lower for herbivorous and omniv-
orous fish species (e.g carp) than carnivorous
fish. The protein requirement of carp varies be-
tween 25-35%, depending upon age reported by
Hossain et.al. (1997). However, providing exces-
sive levels of dietary protein is both economically
and environmentally wasteful because protein is
the most expensive dietary component and excess
protein increases the excretion of nitrogenous
waste (Hossain et. al., 1997).

Crude fibre in each of the diets exceeded the
recommended level of 4% as suggested by
Cowey (2007) in the present study. According to
Gatlin (2010) the quantity of crude fibre in fish
diet is usually less than 7% of the fish diet to
limit the amount of undigested materials entering
the culture medium. A high fibre and ash content
reduces the digestibility of other ingredients in
the diets resulting in poor growth of the fish
(Abowei et. al., 2011). Despite the higher levels
of the crude fibre in the diets than what were
reported by the authors mentioned, the growth of
the experimental fish was not adversely affected.
This might be due to the heat treatment given to
the watermelon seed before inclusion into the

diets. This is in agreement with the report of Bell,
et. al., (1980) that cooking renders feedstuff more
palatable, digestible and destroy bacteria, at the
same time the fibre shrinks and become softer
and looser. In addition Udensi et al., (2007),
reported that boiling cowpea seeds in water for
15 to 45 min reduced antinutritional factors.
Similarly, Wang et al., (2009) reported that
boiling and soaking resulted in reductions of
antinutritional factors in flours made from
different lentil varieties. Khattab et al., (2009)
concluded that there can be a complete removal
of trypsin inhibitor activity for pea seeds through
roasting or boiling.

The result of the study revealed that the percent-
age lipid and the carbohydrate that is nitrogen
free extract (NFE) differed significantly, however
the values fall within the recommended range as
stated by Craig and Helfrich (2002) that the lipid
content of fish diet is between 10-25%, as well
up to about 20% of dietary carbohydrate can be
used by fish. Lipid content of diet is important as
a sources of dietary energy, but is also fundamen-
tal for supplying adequate amount of essential
fatty acid (Sargent, et. al., 2002). It was also ob-
served in the result that the moisture contents of
the experimental diets were higher than 10%, ex-
cept in DT (9.98+0.11%) this is contrary to the
recommendation of Craig and Helfrich (2002)
that the moisture content of fish feed must not
exceed 10% dry diet. Andras et al., (2011) re-
ported that moisture content is very critical for
fish feed to avoid mould; higher moisture content
in diet promote mould and other microbial agent,
mould carries risk of contamination and disease
factors and may also cause toxicological prob-
lems.

In the present study it was observed that the mean
weight gain (MWG) of the experimental fish in-
creased with increasing hydrothermal processing
duration of the watermelon seed in all the treat-
ment except in DTs.which might be due longer
boiling period. This agrees with the report of
Kaankula (1998) who reported that the nutritive
value of legume seeds is improved when subject-
ed to heating.
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Table 1. Proximate Composition of hydrothermally processed watermelon seed meal diets

Moisture Crude Protein Ether Extract Crude Fibre Ash NFE

Treatment % % % % % %
Diet 1 9.9840.11° 35.16+0.08° 11.24+0.07¢ 8.16+0.10¢ 10.254+0.07¢ 25.20+0.122
Diet 2 11.02+0.28% 35.08+0.10° 13.74+0.13° 9.09+0.05° 11.81+0.07° 19.26+0.15°
Diet 3 11.37+0.10° 35.2940.08° 11.84+0.10¢ 9.32+0.09" 11.50+0.10° 20.68+0.24°
Diet 4 10.72+0.10° 34.8940.08" 12.1440.07%¢ 9.95+0.14* 11.3940.08° 20.93+0.12°
Diet 5 11.23+0.122 35.41+0.08° 12.3440.11¢ 9.38+0.04° 10.63+0.09¢ 21.01+0.11°
Diet 6 10.9740.13% 52.24+0.20° 16.55+0.13% 2.01+0.01° 14.80+0.10° 3.43+0.12¢

Means in the same column followed by different superscripts differed significantly (P<0.05)
Diet 1 (DT,;): 0% Minutes
Diet 2 (DT;): 10% Minutes
Diet 3 (DT:): 20% Minutes
Diet4 (DTy): 30% Minutes
Diet 5 (DTs): 40% Minutes
Diet 6 (DTg): Coppens as reference diet

Table 2. Growth and Nutrient Utilization of the C. carpio Fingerlings Fed hydrothermally processed watermelon seed meal diets

Treatment  MIW MFW MWG FCR FCE PER ANPU SGR Survival

Diet 1 1.50+£0.00 10.99+0.05¢  9.49+0.05¢ 1.80+0.00°  55.60+0.15°  1.58+0.01° 19.73+0.10%  2.374+0.01¢  96.67+3.33™
Diet 2 1.50+0.00 11.56+£0.07°  10.06+0.07°  1.80+0.02°  55.52+0.58"  1.54+0.02° 21.53+0.18°  2.43+0.01°  100.00+0.00™
Diet 3 1.50+0.00 11.68+0.03°  10.18+0.03¢  1.78+0.01°  56.11+0.18"  1.59+0.00* 20.31+0.15°  2.44+0.00°  95.00+2.89™
Diet 4 1.50+£0.00 12.58+0.05°  11.08+0.05°  1.77+0.01*  56.40+0.25®  1.62+0.01° 22.9840.49*°  2.53+0.00° 96.67+3.33"
Diet 5 1.50+0.00 9.78+0.04° 8.2840.04°  2.03+0.01*  49.35+0.30°  1.39+£0.01¢ 19.03+0.32¢  2.23+0.00°  100.00+0.00™
Diet 6 1.5040.00 14.43+0.24*  12.93+0.24*  1.74+0.02°  57.57+0.75*  1.10£0.02° 16.42+0.37°  2.69+0.02*°  98.33+1.67™

Means in the same column followed by different superscripts differed significantly (P<0.05)
MIW: Mean Initial Weight
MFW: Mean Final Weight
MWG: Mean Weight Gain
FCR.: Feed Conversion Ratio
FCE: Feed Conversion Efficiency
PER.: Protein Efficiency Ratio
ANPU: Apparent Net Protein Utilization
SGR: Specific Growth Rate
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Figure 1. Weekly Weight Gain of C. carpio Fed different period of hydrothermally processed

watermelon seed meal diets

Table 3. Carcass proximate Composition of C. carpio Fingerlings Fed hydrothermally processed

watermelon seed meal diets (%).

Ether

Treatment Moisture Crude Protein  Extract Crude Fibre  Ash NFE

Initial 80.20+0.06 11.75+0.06° 1.87£0.06°  0.10+0.00°  2.15+0.01° 3.93+0.022
Diet 1 78.94+0.60" 12.38+0.09¢ 2.70£0.08°  0.58+0.02° 3.35+0.05° 2.054+0.05°
Diet 2 78.8140.42° 13.70+£0.10°  2.68+0.09°  0.08+0.01>  2.93+0.06° 1.80+0.01¢
Diet 3 79.82+0.54% 12.64+0.08¢ 2.68+0.08°  0.09+0.01*  2.97+0.08*  1.80+0.01°
Diet 4 78.90+0.06" 13.92+0.19° 2.62+0.09°  0.09+0.01*  2.85+0.07° 1.624+0.01¢
Diet 5 79.55+0.23%  13.36+0.11° 2.70+0.08"  0.07+0.01° 3.20£0.15®  1.1240.03¢
Diet 6 78.58+0.22° 14.57+0.16* 4.02+0.06*  0.04+0.01¢  2.56+0.06° 0.23+0.01°

Means in the same column followed by different superscripts differed significantly (P<0.05)

FCR, FCE, PER, ANPU and SGR followed the
same trend with MWG which increased with in-
creasing period of heat treatment of the seeds;
however, the increase in heat treatment duration
beyond 30miunts was not able to bring further
improvement in the growth parameters of the
fish, thus a decline in the performance of the ex-
perimental fish fed DTs. This could be due to
overheating of the seed which might have re-
duced or destroyed the amino acids and the micro
nutrients content of the watermelon seeds. Tam-
minga et. al., (2004) reported that if boiling of
protein supplement fails to improve or results in

decreased animal’s performance the reasons
might be that boiling condition may not be opti-
mal the feed ingredient being either under boiled
or over boiled. Ullah,(1982) reported that heat
treatment will affect the nutritional value of leg-
umes through destruction or inactivation of pre-
sent factors as well as some impairment in the
protein value, because over heating may result in
damaging the protein quality by lowering digest-
ibility (denaturation) and causing the loss of sul-
phur amino acids. According to the report of
Buyukcapar and Kamalak, (2007) several factors
depress growth, including reduced nutrients and
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energy digestibility and efficiency of energy uti-
lization.

The result shows an excellent survival rate in all
the treatments, which ranged from 95.00 £2.89 to
100.00 £0.00% indicating that C. carp has high
survival rate. Abba (2007) pointed out that a sur-
vival rate of 98.30 to 100% can be achieved with
C. carp. Similarly, Manjappa et al., (2011) re-
ported survival rate of 96.26 to 98.14%.

Furthermore, EL Adawy and Taha (2001) report-
ed that watermelon seeds are rich in growth and
health promoting nutrients which might be the
reason for good nutrient utilization and survival
rate attained in this feeding trial, in addition the
present study revealed that the proximate analysis
of the carcass fish fed the experimental diets
were affected in terms of crude protein and fat
content by the hydrothermally processed water-
melon seed meal. Both the crude protein and lipid
content of the initial fish carcass were lower
compared with carcass of fish fed the trial diets at
the end of experiment. This is an indication of
protein addition and true growth involving an in-
crease in the structural tissues such as muscles
and various organisms (Fafioye et al., 2005).
Reinitz and Hitzel (1980) reported that the type
of feed ingested and their nutritional quality is
known to be one of the main factors affecting fish
carcass composition.

Despite the observed differences in the initial
compared to final experimental fish fed different
hydrothermally processed diet did not show dif-
ference in fat content of carcass. This could mean
that high lipid of the diets did not affect fat con-
tent of the fish carcass. Thus conforming to the
report of Izquierdo et al., (2003), that dietary li-
pid source di not affect lipids deposition in either
liver or muscle of Seabass or Seabream. Also ac-
cording to El- Marakby (2006) no change in total
lipid and ash content was observed in fish fed dif-
ferent oil sources. This is contrary to the report of
Chou and Shiau (1996); Ahmadi (2004) and Pei
et. al. (2004), who reported that increase of die-
tary levels herein is usually associated with an
increase in whole-body lipid content, while crude
protein decreased.

It was also observed in the result, the fish fed
with higher lipid diets (DT, and DTs) contained
higher ash content in their carcasses. This agrees
with the report of Abbas (2007), that dietary lipid
affect ash content slightly.

Conclusion

It is extablished that feeding Carp hydrothermally
processed watermelon seed meal at 30minutes
boiling performed better than all the diets. How-
ever, all the diets show excellent survival rate
ranging from 96.67+3.33% to 100+0.00, which is
indicative that the experimental diets were not
harmful to the fish and can support their growth.
Hydrothermal processing of watermelon seeds
for 30minutes is therefore recommended for bet-
ter growth and cost effective rearing of Carp.
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Oz:

Izmir Kérfezi’nde Ciliata tiir komposizyonu ve bollugu Ka-
sim 2008 ile Temmuz 2010 tarihleri arasinda 9 istasyonda
(0.5 m, 50 m, 10.0 m ve 15.0 m) mevsimsel olarak
incelenmistir. Yapilan ¢aligmalar sonucunda Ciliata sinifina
ait toplam 17 taksa saptanmustir. Stenosemella nivalis,
Tintinnopsis cylindrica ve Undella hyalina hemen hemen
tiim istasyonlarda gozlenen baskin tiirlerdir. Caligmada en
diisiik tiir say1s1 3 tiir ile Nisan 2009 déneminde, en yiiksek
tiir sayis1 ise 12 tiir ile Mart 2010 doneminde saptanmistir.
Ciliata smifindaki en diigiik hiicre yogunlugu Nisan 2009
déneminde (0.039x10° hiicre It!), en yiiksek hiicre
yogunlugu Temmuz 2010 déneminde (152x10° hiicre 1t!)
gozlenmistir. Bu donemde, yiiksek hiicre yogunluguna
neden olan tirler Helicostomella subulata, Salpingella
decurtata ve Steenstrupiella steenstrupii' dir. Bu {i¢ tiir de
evsel ve endiistriyel atiksularin etkisi altinda bulunan i¢
korfez istasyonlarinda en yiiksek hiicre yogunluguna
ulagsmiglardir. Shannon- Wiener ¢esitlilik indeks degeri
0.032-2.165 bits arasinda degismekte, en diisiik gesitlilik
indeks degeri ise 22 nolu istasyonda, en yiiksek cesitlilik
indeks degeri ise 20 nolu istasyonda saptanmistir. Ayrica
yapilan ¢aligmada tintinnid bollugunun fitoplankton bollugu
ile negatif yonlil bir iliski gosterdigi saptanmistir.

Anahtar Kelimeler: Tintinnid tiir komposizyonu, bolluk,
cesitlilik indeksi, Izmir korfezi, Ege
Denizi

Abstract:

Species Composition of Tintinnids in the Neritic
Water of Izmir Bay (Aegean Sea, Turkey) and
Seasonal Variations

Tintinnid species composition and abundance were
examined seasonal at 9 stations (0.5 m, 5.0 m, 10.0 m and
15.0 m) in Izmir Bay between November 2008 and July
2010. During the study period, belonging to the class Ciliata,
17 taxa were determined. Stenosemella nivalis, Tintinnopsis
cylindrica and Undella hyalina were the dominant species
observed in almost all the stations. The lowest number of
species was found in April 2009 with 3 species whereas the
highest number of species was determined in March 2010
with 12 species. The minimum and the maximum cell
density of the class Ciliata were observed in April 2009
(0.039x10° cell 1t), and July 2010 (152x10° cell It!)
respectively. In this period, the species with respect to the
high cell density were Helicostomella subulata, Salpingella
decurtata and Steenstrupiella steenstrupii. These three
species reached their maximum cell densities in the stations
located in the inner bay where the environment was under
the influence of domestic and industrial wastewaters. The
Shannon-Wiener diversity index values varied between
0.032 (Station 22) and 2.165 (Station 20). Additionally, a
negative relationship was determined between tintinnid and
phytoplankton abundance.

Keywords: Tintinnid species composition, abundance,

diversity index, Izmir Bay, Aegean Sea
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Giris

Diinya okyanuslarmin pelajik besin zincirinde
mikrozooplanktonun (20 ile 200 pm) ekolojik
Oonemi kesin olarak tanimlanmistir. Mikrozoop-
lankton denizel ortamdaki plankton kommunite-
sinin en 6énemli bilesenini olusturmaktadir. Cilia-
ta'lar genellikle mikrozooplanktonda baskin tiir-
lerdir, nanoplankton ve pikoplanktonun baslica
tiketicileridir (Fenchel, 1987). Nano-
pikoplanktonun olusturdugu fitoplankton artigla-
rina hizl bir sekilde cevap verdikleri i¢in plank-
tonik besin zincirinde anahtar role sahiptir. Sert
lorikalarindan dolay1 tintinnidler denizel siliyat-
larin en iyi bilinen grubudur ve farkli su kiitlele-
rinin indikator tiirleri olarak tanimlanmaktadir
(Kato and Taniguchi, 1993).

Arastirmalarin  biiyiik  bir kismi siliyatlarin
beslenme aktivitesi ve biiylime orani ile fitop-
lanktona esdeger oldugunu gdstermistir (Hansen
ve ark., 1997). Ayrica bazi herbivor siliyatlar i¢in
beslenmede seciciligin, av biiylikliigli ve yiizey
ozellikleri ile temel olusturdugu rapor edilmistir
(Jonsson, 1986). Cesitli c¢aligmalar bakteri
(Hollibaugh ve ark., 1980), diyatome ve dinofla-
gellatlar (Heinbokel and Beers, 1979; Stoecker ve
ark., 1981, 1983, 1984) ve diger ufak proto-
zoolarin, tintinnidlerin besinini olusturdugunu
gostermektedir. Hatta bu besinler arasinda zarar-
li-zehirli asir1 ireme gosteren tiirler de (Alexand-
rium tamarense, Gymnodinium mikimotoi) bu-
lunmaktadir (Watras ve ark., 1985; Nakamura ve
ark., 1996) ve bunlarin toksitelerinden dolayi si-
liyat populasyonunda biiyiik kayiplara neden ol-
dugu daha onceki ¢alismalarda verilmistir (Niel-
sen ve ark., 1990; Buskey and Hyatt, 1995). An-
cak zararl alglerle beslenen siliyatlarin beslenme
aktiviteleri laboratuvar c¢aligmalar1 ile sinirh
kalmistir (Jeong ve ark., 1999). Stoecker ve ark.,
(1984) tarafindan yapilan bir ¢calismada &zellikle
Favella cinsine ait bazi tiirlerin, agir1 iireme gos-
teren dinoflagellatlar {izerinde predatér olarak
Ozellestigi rapor edilmistir.

Ege Denizi’nde Ciliata smifi {izerine yapilan
taksonomik caligmalar ilk olarak izmir Kérfe-
zi’nde (Ergen, 1967) baslamis olup, bunu daha
sonra diger ¢alismalar izlemistir (Koray ve Ozel,
1983; Koray, 1987; Koray ve ark., 2000; Colak
Sabanci ve Koray, 2001). Bu calismada, Izmir
Korfezi’'nde dagilim gdsteren siliyat tiir kompo-
sizyonlarinin belirlenmesi, asir1 iireme gosteren
tiirlerin istasyonlara ve mevsimlere gore dagilim-
larin ¢ikartilmasi amaglanmistir.

Materyal ve Metot

Tiirkiye’nin en biiyiik dogal korfezi olan Izmir
Korfezi (enlem 38° 20° N, boylam 26° 30’ E ve
enlem 38° 40’ N boylam 27° 10’ E) Ege Deni-
zi’ne agilan kapali bir korfezdir ve korfezin yii-
zey alan1 500 km?, su kapasitesi 11.5 milyon m’
ve toplam 64 km uzunluga sahiptir (Sekil 1). iz-
mir Korfezi topografik olarak 3 kisimda incele-
nir; i¢ korfez, orta korfez ve dis korfezdir. Kara-
burun Yarimadasi ile Gediz Deltas1 arasinda ku-
zeybati-giineydogu dogrultusunda uzanan daha
genis ve daha derin kesimi dis korfez olarak ad-
landirilir ve derinligi 45 ile 70 m arasinda degisir.
I¢ ve orta korfezde derinlik dogudan batiya dogru
giderek artar. I¢ korfezin en derin yeri orta ke-
simlerde yer alir ve 21 m civarindadir (Kontas ve
ark., 2004).

Bu arastirmada izmir Kérfezi’'nin Ciliata sinifi
topluluk yapis1 segilen 9 istasyonda (ist. 1, Ist. 4,
Ist. 8, Ist. 11, Ist. 17, Ist. 20, Ist. 22, Ist. 24 ve Ist.
26) 0.5 m, 5.0 m, 10.0 m ve 15.0 m derinlikler-
den olmak tiizere 2008-2010 yillar1 arasinda (Ka-
sim 2008, Subat 2009, Nisan 2009, Temmuz
2009, Kasim 2009, Subat 2010, Mart 2010 ve
Temmuz 2010) mevsimsel olarak incelenmistir
(Sekil 1). Siliyat 6rneklemesi i¢in her bir istas-
yonda belirlenen derinliklerden 2 litrelik nansen
sigesi ile 5 litrelik su 6rnegi alinmig ve bu mater-
yal lugol ile fikse edilmistir. Laboratuvara getiri-
len 6rnekler organizmalarin ¢dkmesi igin 1 hafta
stiresince bekletilmis ve iisteki sivi kismin sifon-
lanmasiyla 6rnekler 250 cc’lik meziirlere akta-
rilmistir. Bunu takiben meziirlerde ¢okelen or-
nekler 10 cc’lik cam tiiplere alinmistir ve bu ma-
teryalin iizerine sonu¢ konsantrasyon %4 olacak
sekilde formaldehit eklenmistir. Tiipler ornekle-
rin yogunluguna gore 1-5 cc’ye kadar tekrar kon-
santre edilmis ve homojenizasyon saglandiktan
sonra sayima baslanmistir. Sayim isleminde tek
damla yontemi (=single drop technique) kulla-
nilmis olup, sayim islemi tamamlandiktan sonra
baslangi¢c hacimleri bilinen 6rneklerden elde edi-
len siliyat sayim sonuglar1 geri hesaplama yoluy-
la hiicre 1t' sekline doniistiiriilmiistiir (Venrick,
1978; Semina, 1978). Siliyat tiirleri Nikon La-
bophot-2 arastirma mikroskoplarinda yapilan in-
celemelerle tayin edilmis ve tiir tayinlerinde Tre-
gouboff ve Rose (1957), Koray ve Ozel (1983),
Balkis ve Toklu Aligli (2009), Lee ve Kim
(2010)’dan yararlanilmustir.
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Elde edilen verilerin istatistiksel olarak deger-
lendirilmesinde, Shannon- Wiener ¢esitlilik in-
deksi (H'), Pielounun diizenlilik indeksi (J) ve
Bray-Curtis'in benzerlik indeksi kullanilmistir.
Ayrica benzerlik indeksi kullanilarak olusturulan
matriks yardimiyla parametrik olmayan MDS
analizi yapilmustir. Istatistiksel analizler Primer
5.0 ve Statgraphics Plus 5.1 kullanilarak yapil-
mistir.

Bulgular ve Tartisma

2008-2010 yillarinda Izmir Kérfezi’nde yiirii-
tillen bu ¢aligmada, 15 cinse ait toplam 17 taksa
saptanmistir  (Tablo 1). Stenosemella niva-
lis (Meunier) Kofoid et Campbell, Tintinnopsis
cylindrica Daday ve Undella hyalina Daday
hemen hemen tiim istasyonlarda gozlenen en
baskimn tiirlerdir. Codonellopsis schabi (Brandt)
Kofoid et Campbell, Salpingella decurtata
Jorgensen  ve  Steenstrupiella  steenstru-
pii (Claparéde et Lachmann) Kofoid et Campbell
ise diger baskin tiirlerdir.

Ciliata tiir sayisinin istasyonlara gére dagilimlar
incelendiginde, minimum tiir sayis1 6 tiir ile
istasyon 4 ve 8’de, maksimum tiir sayis1 ise 11
tiir ile istasyon 1’de saptanmistir. Bununla birlik-

te tlir sayisinin mevsimlere gore dagilimlari ince-
lendiginde minimum tiir sayisinin 3 tiir ile Nisan
2009 doneminde, maksimum tiir sayisi ise 12 tiir
ile Mart 2010 déneminde saptanmustir (Sekil 2).

Ciliata smifinin istasyonlara gore birey sayilar
incelendiginde, Ozellikle i¢ korfezde bulunan
istasyonlarda yiiksek hiicre yogunluklar1 gézlen-
mig ve en yiiksek hiicre yogunlugu istasyon 22 ve
istasyon 24’de saptanmustir. Ciliata sinifindaki en
yiiksek hiicre yogunlugu Temmuz 2010 done-
minde gozlenmistir (Sekil 3). Bu donemdeki ar-
tis, H. subulata, S. decurtata ve S. steenstrupii
tirlerinin  yliksek hiicre konsantrasyonlarina
ulasmasi ile agiklanabilir. H. subulata istasyon 22
tiim derinliklerinde, istasyon 24’iin ise 0.5 ve 5.0
m’sinde asir1 iireme gdstermistir. En yiiksek hiic-
re yogunluguna istasyon 22’nin 5.0 m’sinde
ulasmis (28.5x10° hiicre 1t") ve diger derinlikler-
de de benzer dagilim gdstermistir. S. decurtata
istasyon 24’lin tiim derinliklerinde saptanmig ve
en yiiksek hiicre yogunluguna 5.0 m’de ulagmistir
(0.59x10° hiicre It"). S. steenstrupii ise istasyon
24’in tiim derinliklerinde ve istasyon 22’in ise
sadece 0.5 m’sinde asir1 lireme gostermistir, en
yiksek hiicre yogunluguna istasyon 24’iin 10.0
m’sinde ulasmustir (0.3x10° hiicre 1t™).

Tablo 1. Izmir Kérfezi’'nde Kasim 2008-Temmuz 2010 déneminde saptanan Ciliata tiirlerinin istasyon-

lara gore dagilimlari

Table 1. Distribution of Ciliata species observed in Izmir Bay in stations between November 2008 and July 2010.

TURLER

ist.1  istd4 ist8 st Qst17 ist20 ist22 ist.24 Ist.26

Amphorides quadrilineata (Claparede et Lachmann) Strand
Codonellopsis schabi (Brandt) Kofoid et Campbell
Dadayiella ganymedes (Entz sen.) Kofoid et Campbell
Eutintinnus fraknoi (Daday) Kofoid et Campbell

Favella azorica (Cleve) Jorgensen

Favella ehrenbergi (Claparede et Lachmann) Jorgensen
Helicostomella subulata (Ehrenberg) Jorgensen

Metacylis joergensenii (Cleve)

Rhabdonella spiralis (Fol) Brandt

Salpingella decurtata Jorgensen

Steenstrupiella steenstrupii (Claparéde et Lachmann) Kofoid et Campbell

Stenosemella nivalis (Meunier) Kofoid et Campbell
Tintinnopsis campanula (Ehrenberg) Daday
Tintinnopsis cylindrica Daday

Undella claparedei

Undella hyalina Daday

Xystonella longicauda (Brandt) Laackmann

* * * *
* * * * * * *
* * * *
*
* * *
* * &
* & * * *
* * *
*
* * ® * * * *
* * * * * * *
* * & * * * * *
* * *
* * * * * * * *
*
* * * * * * * *
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Bu aragtirmanin sonucuna goére Shannon- Wiener degisimleri incelendiginde en yiiksek ve en diisiik
cesitlilik indeks degeri 0.032-2.165 bits arasinda indeks degerleri 0.013-1.000 arasinda degismek-
degismekte, en yiiksek cesitlilik indeks degeri 20 te, en yiiksek diizenlilik indeks degeri 4 nolu is-
nolu istasyonun 0.5 m’sinde, en diisiik gesitlilik ~ tasyonun 15.0 m’sinde, en disiik diizenlilik in-
indeks degeri ise 22 nolu istasyonun 10.0 deks degeri ise 22 nolu istasyonun 10.0 m’sinde
m’sinde saptanmigtir (Sekil 4). Diizenlilik indeks saptanmustir.
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Sekil 1. Izmir Kérfezi’nde caligilan istasyonlar
Figure 1. Sampling stations in [zmir Bay.
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Sekil 2. 2008-2010 yillar1 arasinda Ciliata tiir say1sinin istasyonlara ve mevsimlere gore dagilimlart

Figure 2. Distribution of Ciliata species number in stations and seasons between 2008 and 2010.
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Sekil 3. 2008-2010 yillar1 arasinda Ciliata birey sayisinin istasyonlara ve mevsimlere gére dagilimlar

Figure 3. Distribution of Ciliata individual number in stations and seasons between 2008 and 2010.
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Sekil 4. 2008-2010 yillar1 arasinda istasyonlara gore cesitlilik ve diizenlilik indeks degisimleri (mean
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Figure 4.
+standard deviation)

Ciliata smifi kiimelenme analizi sonuglarina gore
3 grup saptanmistir. A grubunda C. schabi,
Favella  ehrenbergi (Claparede et Lachmann)
Jorgensen, H. subulata, S. decurtata, S. steenst-
rupii, S. nivalis, Tintinnopsis campanula (Ehren-
berg) Daday, T. cylindrica ve U. hyalina kendi
aralarinda kiime olusturmustur. B grubunda FEu-
tintinnus fraknoi (Daday) Kofoid et Campbell,
Rhabdonella spiralis (Fol) Brandt, Undella cla-
paredei ve Xystonella longicauda (Brandt) La-
ackmann kendi aralarinda kiime olusturmus, C
grubunda ise Favella azorica (Cleve) Jorgensen
ve Metacylis joergensenii (Cleve) kendi iginde
kiime olusturmustur. Amphorides quadrilineata
(Claparede et Lachmann) Strand ile Dadayiella

ist. 1 Qst.4  dst.8 dst 11 st 17 dst.20 st 22 ist.24 ist.26
istasyonlar

The variations of species diversity and evenness indexes in stations between 2008 and 2010 (mean

ganymedes (Entz sen.) Kofoid et Campbell bu
gruplarin disinda kalmistir (Sekil 5).

Yapilan arastirmada Ciliata sinifina ait toplam 17
tiir saptanmig olup, maksimum tiir zenginligi 11
tiir ile istasyon 1’de, minimum tiir sayis1 ise 6 tiir
ile istasyon 4 ve 8’de saptanmistir. Yapilan kanti-
tatif degerlendirmeler sonucunda istasyonlara
bagh olarak farklar agik¢a belirlenmis, en diisiik
hiicre yogunlugu Nisan 2009 doéneminde
0.039x10° hiicre It olarak belirlenmis, en yiiksek
hiicre yogunluguna Temmuz 2010 doneminde
152x10° hiicre 1t ile ulasmustir. H. subulata, S.
decurtata ve S. steenstrupii yiksek hiicre kon-
santrasyonlari ile dikkati ¢eken tiirlerdir. Sapta-
nan tintinnidlerden Helicostomella cinsi yaygin
olarak neritik sularda bulundugu rapor edilmistir

20-29 (2016)
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(Pierce ve Turner, 1993) ve bu genusa ait H. su-
bulata tiirii 6zellikle ilkbahardan sonbahara kadar
bol olarak saptandig1 ve baskin oldugu dénemde
diger tintinnidler {izerinde ¢ogunlukla baskin ol-
dugu rapor edilmistir (Bojani¢ ve ark., 2006; ve
ark., 2008). H. subulata kis doneminde muhteme-
len kist formuna doniisiip sedimente ¢okmesin-
den dolayi, bu dénemde neredeyse tamamen su
kolonundan uzaklasir (Paranjape, 1980). Aras-
tirma donemi boyunca H. subulata istasyon 22 ve
24’de asir1 lireme gostermis ve en yiiksek hiicre
yogunluguna Temmuz 2010 déneminde rastla-
mlmstir. Pierce ve Turner (1993) tarafindan ya-
pilan ¢aligmada tiirlerin biocografik dagilimlarina
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gore Amphorides, Codonellopsis, Eutintinnus,
Salpingella ve Steenstrupiella kozmopolitan;
Rhabdonella sicak su tirii ve Favella, Metacylis
ve Tintinnopsis genusuna ait tiirler ise neritik ola-
rak degerlendirilmektedir. Lee ve Kim (2010) ta-
rafindan yapilan ¢alismada Salpingella genusuna
ait tlirler oseanik tiir olarak rapor edilmistir. An-
cak bu calismada S. decurtata Temmuz 2010 do-
neminde evsel ve endiistriyel atiksularin etkisi
altinda bulunan kiy1 istasyonunda en yiiksek yo-
gunluga ulasmistir. S. steenstrupii’ de istasyon
bazinda S. decurtata ile benzer sekilde dagilim
gostermistir ve en yliksek hiicre yogunluguna ay-
n1 istasyonda ulagmustir.
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Figure 5. The results of hierarchical cluster analysis in Ciliata class between 2008 and 2010.

sayisina ulagmasi dikkat ¢ekmektedir. Colak Sa-
banci ve Koray (2012) tarafindan yapilan calis-
mada dinoflagellat bollugunun Nisan 2009 ve
Temmuz 2009 déneminde maksimuma ulastig
saptanmistir. Yapilan calismada P. triestinum
hemen hemen tiim istasyonlarda gézlenmekle be-
raber en yiliksek hiicre yogunluguna istasyon
24°’tin 0.5 m’sinde; Gonyaulax polygramma
Stein, Gomnyaulax spinifera (Claparede &
Lachmann) Diesing ve Lingulodinium polyedrum
(Stein) Dodge tiirleri istasyon 22’nin 0.5 ve 5.0
m’sinde asir1 lireme gostermis, her {i¢ tiirde en
yiksek hiicre yogunluguna 5.0 m’de ulagmustir.
DSP ile karakteristik olan Dinophysis ve Proro-
centrum tlrleri tim arastirma donemi boyunca
saptanmis, Ozellikle i¢ ve orta korfez istasyonla-
rinda en yiiksek hiicre konsantrasyonlarina ulas-

Tintinidler ve fitoplankton arasinda negatif bir
iligkinin oldugu daha 6nceki yapilan ¢aligmalarda
birgok kez rapor edilmistir (Balkis, 2004; Balkis
ve Toklu Aligli, 2009; Lee ve Kim, 2010). Ancak
Kimor ve Golandsky (1977) ile Sorokin (1977)
tarafindan yapilan ¢aligmada, fitoplankton ve tin-
tinnid bollugu arasinda gii¢lii pozitif korelasyon
oldugu rapor edilmistir. Balkis (2004) yaptig1 ca-
lismada tintinidlerin tiir ve birey sayisinin 6zel-
likle Ekim ve Kasim ayinda arttigin1 ve buna pa-
ralel olarak fitoplankton bollugunun diistiigiinii
rapor etmistir. Mart ayinda ise diyatom bollugu-
nun arttig1 sirada tintinid bollugunun azaldigini
ifade etmistir. Izmir Korfezi’nde yapilan bu ca-
lismada, tintinidlerin 6zellikle Temmuz 2010 do-
neminde ve kiyisal istasyonlarda en yiiksek birey
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mislardir. Izmir Korfezi’nde meydana gelen asir1
tiremelerden sorumlu olan Prorocentrum tiirleri
daha onceki calismalarda bir¢ok kez rapor edil-
mistir (Colak Sabanci ve Koray 2001; 2005 ve
2011a). izmir Kérfezi’nde asir1 {iremeler sirasin-
da gozlemlenen diger bir tiir de Noctiluca scintil-
lans (Macartney) Kofoid’dir. Ancak Izmir Korfe-
si’'nde gergeklestirilen calismalarda N. scintillans
agir1 Uremeleri artik dikkati ¢eker diizeyde olus-
mamaktadir (Colak Sabanci ve Koray 2005;
2011a). Baz1 dinoflagelat tiirleri 6rnegin Cera-
tium furca, Dinophysis caudata Saville-Kent, L.
polyedrum, N. scintillans, Prorocentrum micans
Ehrenberg, Prorocentrum lima (Ehrenberg) Dod-
ge, Prorocentrum triestinium Schiller ve Scripsi-
ella trochoidea (Stein) Balech ex Loeblich III
red-tide dan sorumlu olan tiirlerdir. Red-tide
diinyanin pek ¢ok tropik ve subtropik bolgelerin-
de oldugu gibi Izmir Koérfezi’'nde de izlenmekte-
dir. Temmuz 2009 doneminde, Temmuz 2010
donemine paralel olarak siliyat bollugunun art-
mas1 beklenirken, bu dénemde dinoflagellat bol-
lugunun artmasi, ozellikle zehirli-zararli mikro-
alglerin ortamda asir1 ¢ogalma gostermesi siliyat
bollugunu baskiladigini diisiindiirmektedir.

Aym sekilde tintinnid bollugu ile diyatom bol-
lugu arasinda da negatif yonli bir iliski saptan-
mistir. Colak Sabanci ve Koray (2011b) tarafin-
dan yapilan ¢alismada, en yiiksek hiicre yogunlu-
gu Subat 2009 ve Subat 2010 déneminde goz-
lenmistir. 2009 déneminde; Rhizosolenia setigera
Brightwell ve Pseudo-nitzschia pungens (Gru-
now ex. P.T. Cleve) Hasle, 2010 déneminde; Ske-
letonema costatum (Greville) Cleve baskinligi
nedeniyle sorumlu tiirlerdir. En yiiksek hiicre yo-
gunlugu istasyon 26’da saptanmig ve bunu istas-
yon 22 ve 24’iin izledigi rapor edilmistir. Dinof-
lagellatlar kadar olmasa da diyatom bollugunun
da siliyat bollugu ile negatif bir iliskide oldugu
goriilmektedir.

Nanoflagellatlarin, Ciliata'larin baglica besinini
olusturdugu cesitli calismalarda ¢ogu kez rapor
edilmistir (Burkill ve ark., 1987; Dolan ve Coats,
1990; Paranjape, 1990; Sherr ve Sherr, 1994).
Diyatomlar ve dinoflagellatlarin ortamda bulun-
madig1 zamanlarda nanoflagellatlarin ortamda
bol bulunmasi, tintinidler ve fitoplankton arasin-
daki negatif korelasyonu agiklayabilir. Ancak bu
calismada nanoflagellatlar ile ilgili elimizde her-
hangi bir data bulunmadigi i¢in tintinid ile iliskisi
yorumlanamamigtir. Ayrica denizel planktonda
bol olarak bulunan miksotrofik ve hetetrofik di-
noflagellatlar, fitoplankton ve bakteriler (Hansen,
1991; Bockstahler ve Coats, 1993a) iizerinde

onemli tliketiciler oldugu bilinmekle beraber, ay-
n1 zamanda siliyatlarin da (Bockstahler ve Coats,
1993b) tiiketicileridir. Miksotrofik dinoflagellat-
lardan Ceratim ve Dinophysis cinsleri; hetetrofiik
dinoflagellatlardan Noctiluca scintillans ve Pro-
toperidinium (Protoperidinium depressum, P. di-
vergens ve P. steinii) cinsine ait tiirler tiim istas-
yonlarda ve mevsimlerde gozlenmekle beraber
yiiksek hiicre konsantrasyonlarina ulagsmamiglar-
dir (Colak Sabanci ve Koray, 2012).

Bu arastirmanin sonucuna gore, en yiiksek ce-
sitlilik indeks degeri Kasim 2008 doneminde
2.715 bits, en diisiik gesitlilik indeks degeri ise
Nisan 2009 (0.594 bits) ve Temmuz 2010 done-
minde (0.950 bits) olarak saptanmigtir. Kasim
doneminde tiir ¢esitliliginin fazla olmasi, tiirlerin
diizgiin dagilis sergilemesi ve diisiik birey sayisi
cesitlilik indeks degerinin yiikselmesine neden
olmustur. Nisan 2009 donemi tiir ¢esitliligi baki-
mindan en az tiir ile temsil edilmekte (H. subula-
ta, S. decurtata ve S. nivalis); Temmuz 2010 do-
nemi ise agirt Uremelerin gézlendigi donem ola-
rak saptanmigtir. Diisiik cesitlilik indeksi, genel-
likle tiir zenginliginin az oldugu yada baskin tiir-
lerin agir1 tireme gosterdigi sirada rapor edilmek-
tedir (Coelho ve ark., 2007).

A. quadrilineata ile D. ganymedes tiirleri oseanik
tiir olarak rapor edilmis (Lee ve Kim, 2010),
MDS analizi sonuglarina gore bu iki tiir digerle-
rinden farkli bir yap1 sergilemis ve tiim gruplarin
disinda kalmistir. Salpingella cinsine ait tiirler
oseanik tiir olarak (Lee ve Kim, 2010); H. subu-
lata hem neritik (Pierce ve Turner, 1993) hem de
soguk su tiirii (Lee ve Kim, 2010) olarak rapor
edilmistir. Ancak yapilan ¢aligmada her iki tiirde
(S. decurtata ve H. subulata) neritik bolgede,
ozellikle evsel ve endiistriyel atiksularm etkisi
altinda bulunan istasyonlarda saptanmis ve
Temmuz 2010 doneminde en yiiksek hiicre yo-
gunluguna ulagmustir.

SONUC

Yapilan ¢alismada fitoplankton bollugu ile tinti-
nid bollugu arasinda negatif yonlii bir iliskinin
oldugu aciktir. Istasyonlarda fitoplankton bol-
lugunun artt1§1 donemde tintinid bollugunun daha
diisiik yada tam tersinin oldugu saptanmigtir. Bu
da tintinid bollugunun av ve avci iligkisi baki-
mindan fitoplankton bollugunu etkilemis olabile-
cegini gostermektedir.
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Abstract:

This study was completed with periodical surveys in
Tohma Stream between April 2013- May 2014 period
seasonally. During the study, a total of 32 species (22
belong to genus Rotifera, § to Cladocera and 2 Cope-
poda) were identified in Tohma Stream. During the
study period, Keratella cochlearis (Rotifera), was
found in every station in all seasons. Also, it was
found that the most common family in the study was
Brachionidae (8 species) from Rotifera. All of the zo-
oplanktonic species have been detected for the first
time in Tohma Stream.
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Introduction

Zooplanktonic organisms are a very important
step in the construction of modern aquatic food
weebs. Zooplankton provides an important food
source for larval fish and shrimps in natural
waters and in aquaculture ponds. Zooplankton
play a crucial role in aquatic food webs both in
terms of biamass and energy fluxes by exploiting
and recycling microscopic phytoplankton
(Vannier et al.,, 2003). They produce massive
quantities of nutrient-rich particles that constitute
a permanent and exploitable resource for benthic
communities. It is therefore important to include
the state of these communities in any
investigation on a river system, whether in
ecological studies or risk assessment of pollutants
(Butterfield, 2002).

In freshwater ecosystems, three groups of
zooplankton, namely Rotifera, Cladocera, and
Copepoda, have been reported (Berzins and
Pejler, 1987). Some species have been reported
as characteristic indicators of water quality and
trophic level of lakes (Sladecek, 1983; Herzig,
1987; Saksena, 1987).

Many studies were carried out on zooplanktonic
organisms in Turkey. Ozdemir and Sen (1994),
Goksu et al. (1997, 2005), Saler and Sen (2002),
Ustaoglu (2004), ipek and Saler (2008), Saler and
Ipek (2009), Bozkurt and Giiven (2010), Saler et
al. (2011a, b), Ipek and Saler (2012) , Bozkurt
and Akm (2012) were some of them.

Tohma Stream is an important water source,
because it supplies the major portion of irrigation
and fisheries needs in its province. Therefore, we
carried out this study to explain the zooplankton
fauna of Tohma Stream as no previous relevant
data were available.

Materials and Methods

Tohma Stream is an important tributaries of
Eupharate River and 107 km far away from
Malatya city center (URL, 2014). Sampling was
made seasonally between April 2013- May 2014
period from three stations which were defined to
characterize whole Tohma Stream The
coordinates of the stations were given in Table 1.
Zooplankton samples were collected with a
standart plankton net (Hydrobios Kiel, 25 cm
diameter 55 pum mesh size) vertical and
horizontal hauls and the specimens were
preserved in 4% formaldehyde solution in plastic
bottles. Zooplankton species were examined
under Leitz inverted microscope. Relevant

literatures as Edmondson (1959), Scourfield and
Hardig (1966), Dussart (1969), Flossner (1972),
Harding and Smith (1974), Kiefer (1978), Koste
(1978 a, b), Dumont and De Ridder (1987),
Reedy (1994) were used for the identification and
classification of the species. Water temperature
and dissolved oxygen were measured with Oxi
315i/SET oxygen meter and pH with Lamotte
(pH 5-WC) pH meter in situ.

Table 1. Coordinates of the stations in Tohma

Stations Locations
1 38%33'57.97"N 37°29'37.77"E
2 38°33'59.69""N 37°29'36.72"E

3 38°34'02.68""N 37°29'31.16"E

Results and Discussion

In Tohma Stream, 32 zooplankton species were
identified, including 22 Rotifera, 8 Cladocera and
2 Copepoda groups. Based on the number of
individual’s rotifers were the dominant group in
the stream (69.69%) followed by Cladocera
(24.24%) and Copepoda (6.06%). Dominant
Rotifera species was Keratella cochlearis
followed by Polyarthra dolichoptera and Filinia
longiseta. Ceriodaphnia reticulata was the
dominant Cladocera species. Cyclops vicinus was
the dominant Copepoda species. The seasonal
distributions of species are given in Table 2.

There was a decrease in total zooplankton species
richness in winter (21 species) (Table 2). The
most taxa were observed in autumn (31 species)
In spring and summer 30 species were recorded.
According to the stations, the most number of
species were recorded in the third station in
spring with 25 species (18 belonging to Rotifera,
5 to Cladocera and 2 to Copepoda) and which the
least were in the third station in winter with 6
species (4 belonging to Rotifera, 1 to Cladocera
and 1 to Copepoda).

Temperature, dissolved oxygen and pH values of
the Tohma Stream were recorded in the field and
shown in the Table 3.

Zooplankton species are important indicators for
aquatic habitats since most of them are used to
determine the quality, the trophic level and level
of population in lakes and streams. For example,
species from Rotifera as Keratella cochlearis and
Polyarthra dolichoptera are indicators of
productive habitats, while Notholca acuminata
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and Notholca squamula are indicators of cold wa-
ters (Kolisko, 1974). All of these species were
detected in Tohma Stream. K. cochlearis and P.
dolichoptera were observed in every seasons. N.
acuminata and N. squamula were observed in
cold seasons (autumn and winter). In lotic
habitats, true plankters often predominate and
fast growing rotifers are often dominant (Hynes,
1970). One of the fast growing rotifers, K.

Copepoda in Turkish inland waters (Saler and
Ipek, 2009; Saler et al. 2011,a,b; Bozkurt and
Giliven 2010, Gaygusuz and Dorak, 2013). In this
study 22 species were found to belong to Rotifera
among 32 zooplankton species .

According to Stember and Gannon (1978),
Rotifera forms an important part of biomass in
eutrophic water systems. In Tohma Stream this

. . . data was supported with Rotifera species
cochlearis was observed in every sampling dominance in every Seasons
period. Species richness of Rotifera was found Y ’
quite high when compared to Cladocera and
Table 2. Seasonal distribution of zooplankton in the stations of Tohma Stream
Seasons Autumn Winter Spring Summer
Stations 1 2 3 1 2 3 1 2 3 1 2 3
SPECIES
Rotifera

Ascomorpha saltans Bartsch,1870
Asplanchna priodonta Gosse,1850
Brachionus angularis Gosse, 1851
Brachionus quadridentatus Hermann, 1783
Cephalodella forficula (Ehrenberg, 1830)
Cephalodella gibba (Ehrenberg, 1830)
Colurella uncinata (Miiller, 1773)
Euclanis dilatata Ehrenberg,1832
Epiphanes senta (Miiller, 1773)

Filinia longiseta (Ehrenberg,1834)
Kellicottia longispina (Kellicott,1879)
Keratella cochlearis (Gosse,1851)
Keratella quadrata (Muller,1786)
Keratella valga (Ehrenberg, 1834)
Lepadella acuminata (Ehrenberg, 1834)
Lepadella patella (Miiller, 1773)
Notholca acuminata (Ehrenberg, 1832)
Notholca squamula (Miiller,1786)
Philodina roseola Ehrenberg, 1832
Polyarthra dolichoptera Idelson, 1925
Pompholyx sulcata Hudson, 1885
Rotaria rotatoria (Pallas, 1766)
Cladocera

Bosmina longirostris (Miiller,1785)
Ceriodaphnia reticulata (Jurine,1820)
Coronatella rectangulata Sars,1861
Daphnia cucullata Sars,1862

Daphnia magna (Straus, 1820)
Disparalona rostrata (Koch,1841)
Leptodora kindtii (Focke, 1844)
Leydigia leydigi (Schoedler,1863)
Copepoda

Acanthodiaptomus denticornis (Wierzejski, 1887)
Cyclops vicinus Uljanin, 1875

-+ - - - - -+ o+ - -+
-+ + -+ - -+ + -+
- -+ -+ -+ 4+ o+ -+
-+ + - - - -+ 4+ - -
+ 4+ - - - -+ + - - 4+
+ - 4+ - -+ -+ -+ -
-+ - - - - -+ 4+ + -
-+ - + - -+ - + + - +
+ + - o+ - -+ o+ + -+
+ + + + - - + + 4+ 4+ + +
+ - -+ - -+ + 4+ 4+ + o+
+ + + + 4+ + + + 4+ 4+ + +
e T R
+ - 4+ - - 4+ o+ o+ -+ o+
+ -+ - - -+ 4+ o+ - -
-+ + - 4+ - + 4+ - - 4+
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+ - - -+ 4+ - - - - - -
-+ + - - -+ 4+ -+ o+
+ + + + - - + + 4+ 4+ + +
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-+ - - - -+ - + + - -
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Table 3. Seasonal values of temperature, dissolved oxygen and pH recorded in Tohma Stream

Seasons Autumn Winter Spring Summer
Stations 1 2 3 1 2 3 1 2 3 1 2 3
Parameters

Temperature (°C) 110 96 89 64

Dis. Oxygen(mg/L) 81 87 82 103

pH 76 74 72 79

59 6.1 141 153 149 21.0 199 212

96 93 86 85 79 76 75 19

&1 79 83 85 &1 79 &0 77

All the recorded zooplankton species in the pre-
sent study are widely distributed around the
world. Also many of the recorded species are
common in Turkey (Gilindiiz 1997, Ustaoglu,
2004, Ustaoglu et al, 2012).

Only 8 species of Cladocera were observed in
stream. Among the identified species Leydigia
leydigi, Daphnia cucullata and Disparalona ros-
trata were rarely found in the stream.
Ceriodaphnia reticulata, Coronatella
rectangulata and Daphnia magna were observed
throughout all seasons. Cyclops vicinus and
Acanthodiaptomus  denticornis  were  the
representatives of Copepods. Both species were
recorded in all seasons.

The ecological features of the recorded species
show that most of them are cosmopolitan and
littoral inhabiting (Kolisko, 1974). Additionally,
among the recorded species, Bosmina
longirostris and Cyclops vicinus, Polyarthra
dolichoptera, Keratella cochlearis are well
known indicators of eutrophy (Ryding and Rast,
1989). Brachionus and Keratella species are
inhabitants of moderately mesotrophic waters
(Saksena 1987). In Tohma Stream Keratella
cochlearis was observed in all seasons in every
station. Studies in the literature revealed the fact
that Cyclops vicinus is the indicator of eutrophic
state, Bosmina longirostris and Ceriodaphnia
reticulata are the indicators of oligotrophic-
eutrophic waters (Makarewicz, 1993). C. vicinus
and C. reticulata were recorded in the stream in
all seasons.

Acharya, et al. (2005), were observed that with
smaller body cladoceran like Bosmina were
highly abundant in the rivers generally. In Tohma

Stream Bosmina longirostris was recorded in
every seasons except winter.

According to the results of this study, the
frequency of occurrence of zooplanktonic species
was showed an increase in autumn. The number
of species in spring and summer, showed near
values with the number of taxa in autumn. The
zooplanktonic species seasonal diversities of
some lotic systems as Haringet Stream, Seli
Stream, Pulimir Stream, Asi River, Kiirk
Stream, Peri Stream and Gorgilisan Stream were
showed similarities with our findings (Ozdemir
and Sen, 1994; 1pek and Saler, 2008; Saler et al.,
2010; Bozkurt and Giiven 2010, Saler et al.,
2011a, b; Ipek and Saler, 2012). In all of these
streams number of zooplankton taxa were
increased in spring and summer months and
decreased in winter months.

Akbulut and Yildiz (2005), were observed 40
rotifera species in the 5 different localities from
Euphrates River Basin, and Brachionus (6
species) Lecane (5 species) were the abundant
genera and many of these species were same with
Tohma stream zooplankton species. In Tohma
Stream species from Brachionidae were recorded
with 9 species.

Water temperature were changed between 5.9-
21.2°C, dissolved oxygen 7.5-10.3 mg/L, pH 7.2-
8.5 (Table 3). These values were convenient for
zooplankton life in aquatic habitats (Kolisko,
1974)

Conclusion

Zooplankton of Tohma Stream consist of
Cladocera, Copepoda and Rotifera groups.
Rotifers were dominant zooplanktonic group in
Tohma Stream and represented with 22 species.
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Rotifera has also showed higher diversity in all
stations when compared to the other groups. No
previous study was previously carried out on the
zooplankton fauna of Tohma Stream. Present
study, will be a base for further studies and ac-
quirements of Turkey’s lotic  habitats
biodiversity.
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Ilo-Idimu River is a tropical zone lying between
60.47°N of the equator and 20.33°E, and 30.18°E of
the Greenwich meridian. The aim of this research is to
determine the concentration of heavy metals in
Sarotherodon galilaeus; a predominant fish species in
Ilo-Idimu River, and its public health significance.
Water samples were collected from the River at
different locations and depth. Samples were also taken
with the use of dissecting instruments from the scale,
skin, flesh, gill, and gut of S. galilaeus. Atomic
Absorption Spectrophotometer was used to determine
the concentration of heavy metals in the water samples
and various body parts of the fish. From the result
obtained, the levels of heavy metals concentrations

ranged between 0.00-3.14, 0.00-2.18, 0.52-3.08, 0.00-
0.68 and 0.00-1.48 mg/kg in the gill, flesh, gut, skin
and scale respectively. The highest level of heavy
metals was recorded in the gill while the lowest was
recorded in the skin. The concentration of each of the
heavy metals was significantly different across body
parts (P<0.05) except lead. Concentration of most of
these heavy metals exceeded the maximum
permissible limit. Our results indicated that there is
inherent danger in consuming fishes from Ilo-Idimu
river.
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Introduction

Pollution of the aquatic environment is a serious
and growing problem throughout the world. In-
creasing number and amount of industrial,
agricultural and  commercial chemicals
discharged into the aquatic environment have led
to various deleterious effects on the aquatic
organisms, including fish. Heavy metals
contamination of aquatic ecosystem has attracted
the attention of several investigators in both the
developed and developing countries of the world.
The fact that heavy metals cannot be destroyed
through biological degradation; their ability to
accumulate in the environment make them
deleterious to the aquatic environment and
consequently, to man. Rivers represent the most
complex aquatic systems in terms of transport
and interactions of heavy metals with
geochemical and biological processes. It was also
observed that freshwater fish represent an
important source of protein to human.
Nevertheless, indiscriminate  discharge of
domestic, agricultural and industrial effluent into
the water body limits its effective natural
production and availability (Ogbuagu et al,
2005).

In a polluted environment, especially industrial
area where effluent is being discharged regularly
into the streams, from where it flows down to the
river, there is a high possibility of heavy metal
accumulation. Most of these metals are very
poisonous and can have lethal effects on fish,
other aquatic living resources and man when they
find their way into the food chain. Some of these
metals get into the river through metal scrapes,
dissolved metals and their salts, loose enamel,
glasses etc (Okonkwo and Eboatu, 1999).
Examples of these heavy metals include mercury,
cadmium (Cd), chromium (Cr), cobalt (Co), lead
(Pb), zinc (Zn) etc. These metals can cause
specific health problems. For instance, Cd causes
kidney malfunctioning leading to hypertension
(Okonkwo and Eboatu, 1999). Furthermore,
exposure to Pb may result in human breast lesion
(Sigddiqui et al., 2006). Accumulation of higher
concentration of heavy metals could predispose
animals to illness (Harper et al., 1999).
Therefore, there is a global call for research to
determine the pollutant level, especially heavy
metals in aquatic and terrestrial animals since
people depend mainly on these animals as source
of protein.

There have been previous works on investigation
of heavy metals concentration in adjourning
water bodies such as Badagry and Epe lagoons in
Lagos, where Olowu et al (2010) had carried out
several researches on determination of heavy
metals in fish tissues, water, and sediments. But
to the best of our knowledge, there has been no
reported work in literature on investigation of
heavy metal in Ilo-Idimu River.

This river is located in a low land, and by gravity
effluent from the neighbouring industries and
domestic sewage run down into it. The health
hazard which the people in this community are
exposed to, especially those who depend on the
living aquatic resources from this river prompted
this investigation on assessment of heavy metal
concentration in S. galilaeus; a predominant fish
species in [lo-Idimu River, and its public health
significance.

Materials and Methods
Study area

The study area is Ilo-Idimu river, Sango-Ota,
Ogun State. The river is located in Ado-Odo/Ota
Local Government Area. The area is a tropical
zone lying between 60.47°N of the equator and
20.33°E, and 30.18°E of the Greenwich meridian.
The river is also at the boundary between Lagos
and Ogun State, Nigeria.

Sampling

Samples of S. galilaeus were obtained from
various locations at Ilo-Idimu river, Ota which
covers different environmental conditions. The
sampling locations include the upper region of
the river, the middle and the lower region.
However, this sampling was not intended to
differentiate or compare fishes in each of these
locations as regard heavy metals, rather this
regional sampling was only done for the purpose
of sampling only, because fish is a migratory
animal. The weight of the fish samples ranged
from 30.98-56.23 g, the standard length from
9.78-15.00 cm and the head length from 2.86-
3.55 cm.

Determination of heavy metals

Fe, Zn, Cu and Pb were determined using AOAC
(1990) method. Two grams (2 g) of each of the
samples were heated in a muffle furnace at 600°C
until it changed to ash. Thirty millilitres (30ml)
of 0.1IM H»>SO4 was used to digests the ash, and
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the solution was made up to 100ml with de-
ionized water and then filtered. The concentra-
tions of these heavy metals in the scale, skin,
flesh, gill and gut of S. galilaeus were measured
by AAS; model 210 VGP at the Central Teaching
and Research Laboratory of Bells University of
Technology, Ota. The instrument setting and
operational conditions were done in accordance
with the manufacturers’ specifications. Results
were expressed in mg/kg dry weight for the body
parts and mg/litre for the water samples.

Statistical analysis

The values of heavy metal concentration in water
and fish samples were subject to a one-way

analysis of variance (ANOVA) using SPSS 18.0
statistics for significance evaluation.

Results and Discussion

Table 1. shows the levels of heavy metals in the
water and body parts (scale, skin, flesh, gill and
gut) of S. galilaeus from Ilo-Idimu River. Heavy
metals were found at various level of
accumulation in the studied fish. The
concentrations of heavy metal in water were
measured in milligrams per litre while their
concentrations in the fish samples were measured
in milligram per kilogram.

Table 1. Mean concentration of heavy metals in the water and in different body parts of S. galileaus
from Ilo-Idimu river, Ota

Heavy Water Gill Flesh Gut Skin Scale

metals (mg/L) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Zinc 0.24£0.01*  0.35+0.02°  0.53+0.02° 0.52+0.01°  0.57£0.01°  0.94+0.02°

Iron 1.05+0.57*  3.14+0.01°  0.64+0.01*  3.07+0.02° 0.64+0.03*  0.94+0.02°
Lead 1.08+0.32*  0.00+0.00°  0.00+0.00°  0.68+0.01° 0.00£0.00°  0.00+0.00°
Copper  0.25+0.04*  1.71£0.03* 2.28+0.01° 1.22+0.01°  0.64+0.02° 1.69+0.01°

Foot note:

» for water and each body part separately, mean + S.D with superscript of the same alphabet shows no

significant difference (P>0.05)

» for water and each body part separately, mean £+ S.D. with superscript of different alphabet shows that

there was significant difference (P<0.05)

Table 2. Recommended limit by National and International organisations on safety standard

Water (mg/L) Fish (mg/g)
Metals FDA WHO EPA WHO
Pb 0.005 0.01 0.05 1.5
Zn - 3.0 5.0 150
Cu 1.0 1-2 1.0 -
Fe - 0.3 0.1 -

Source: WHO (1986); EPA and FDA (1976) as reported by Opanuwa et al (2012)
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The level of heavy metal pollution in the water
and their uptake by S. galilaeus; a predominant
fish species in Ilo-Idimu river was determined in
this study. According to the result obtained, the
levels of heavy metals ranged between 0.00-3.14,
0.00-2.18, 0.52-3.08, 0.00-0.68 and 0.00-1.48
mg/kg in the gill, flesh, gut, skin and scale
respectively. This result shows that the highest
level of heavy metals was recorded in the gill
(0.00-3.14 mg/kg) while the lowest was recorded
in the skin (0.00-0.68 mg/kg) (Table 1.). All the
body parts revealed varied levels of significance
difference for each of the heavy metals
concentration at P<0.05 except lead. There is a
marked (P<0.05) difference in the concentration
of all heavy metals between water and gut
samples except lead (P>0.05). Similar result was
observed in the scale and flesh (P<0.05) except
for iron which does not reveal any significant
difference in each case. The concentration of
heavy metal in the gill also revealed a high
significance (P<0.05) difference when compared
with water. In the skin sample of the studied fish,
the difference is highly significant (P<0.05) when
compared with water sample except iron
(P>0.05).

The concentration of most of the heavy metals
that were analysed in the fish body parts were
beyond the maximum permissible limit
recommended by international organization on
safety standard (Table 2.) except in the skin
where Cu was within the recommended dose by
Environmental Protection Agency (EPA). Also,
the concentration of Zn in the fish body parts was
below the maximum limit by EPA and World
Health Organization (WHO). Lead was present
only in the gut and is beyond the maximum
permissible limit by EPA whereas it is within the
recommended limit by WHO. The water sample
also depicts a high concentration beyond the
permissible limit for Fe and Pb as recommended
by WHO. The corresponding concentrations of
Cu and that of Zn in the water were within the
acceptable limit by Food and Drug
Administration (FDA) and WHO.

However, the high accumulation of Cu and Fe in
the gill and gut may be due to the fact that gills
serve as the respiratory organ in fishes through
which metal ions were absorbed. This result
corroborates the previous report by Bebianno et
al (2004). Gill is in direct contact with the
contaminated medium (water) and due to its very
thin epithelium, it can easily receive heavy

metals during filtration of water (Etuk and
Mbonu, 1999). The high concentrations of Fe,
Cu, and Pb in the gut may also be due to the fact
that gut is the primary channel through which
food substances get into the body of the fish. This
result is similar to what Khaled (2004) observed
in different fish species from El Max Bay
Alexandria. Furthermore, high concentrations of
some of the metals were found in the intestine
because intestine is part of the viscera muscles
which concentrates toxic metals (Kemdrin,
1979). The high accumulation of Fe in the gill of
the studied fish is similar to what Mohammad
(2008), Robinson and Avenant-Oldewage (2006)
and Uysal et al (2008) obtained in Oreochromis
niloticus, Oreochromis mossambicus and Liza
aurata respectively. In a study reported by
Christopher et al (2009) on the distribution of Pb,
Zn, Cd, As and Hg in bones, gills, livers and
muscles (flesh) of Tilapia (O. niloticus) from
Henshaw town beach market in Calabar, his
results showed that the muscle and gill of Tilapia
harbour the least concentrations of heavy metals,
Zn and Pb inclusive.

Olowu et al (2010) also recorded a low
concentration of Zn in Tilapia and Catfish from
two fish stations in Lagos and concluded that
both fish species may be considered safe for

consumption, but the need for continuous
monitoring to prevent bioaccumulation is
necessary.

Conclusion

This study shows that fish takes up and bio-
accumulates heavy metals in various quantities
depending on their concentrations in the water
and the route they pass in to the body such as the
gill and gastro intestinal tract. This agrees with
the results of Oluyemi et al (2008) and Kemdrin
(1979) who reported on the level of heavy metals
in aquatic organism from different water bodies.
Their results showed that aquatic animals (fish
inclusive) bio-accumulate heavy metals in a
considerable amount, and because these metals
are not bio-degradable, they tend to stay in the
fish tissues for a very long time which upon
consumption of these fishes, the heavy metals get
transferred to man, leading to heavy metal
poisoning especially if present in higher
concentrations.

Finally, since the concentration of most of these
heavy metals in the studied fish and water are
more than the recommended limit most
especially Cu, Fe and Pb, the people in this area
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should be discouraged from consuming this fish
species until its safety is ascertained.

Based on the findings during this study, the
following recommendations are suggested.

. The Government, through Ministry of
Environment, should enforce a regulation
that will ensure that effluent or sewage
were properly treated before being
discharge into the river, and this must be
strictly adhered to by all industries and
establishment concerned.

o The government should undertake
effective and regular monitoring of this
aquatic environment. This will helps to
improve the quality of water and fishes in
this river.

o Further research should be carried out on
Heavy metal concentration in the body
parts of other fish species in this river.
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