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0z: Ege Denizi (Dogu Akdeniz)'de, derin su pandalid karidesi Plesionika heterocarpus (A. Costa, 1871)'un {ireme, bilyiime ve populasyon dinamikleri galigiimigtir.
Bireyler aylik olarak, Mayis 2008 ve Nisan 2009 arasinda Sigacik Kérfezi'nden 128-550 m derinlikler arasindan toplanmigtir. Arastirma stirecinde, toplam 2749 P.
heterocarpus bireyi (1112 erkek ve 1637 disi) toplanmistir. Karapaks boyu (CL), erkek bireyler igin 11,30 mm ve 12,30 mm arasinda disi bireyler igin 11,50 mm ve
13,00 mm arasinda élgliimistiir. Yil boyunca, disilerin ortalama boy (CL) ve agirigi (W) erkeklerin ortalama boy ve agirligindan siirekli olarak yiiksek gikmistir.
Yumurtal disiler yil boyunca gdzlenmistir. Ana Greme dénemleri Mart ve Adustos aylari olarak belirlenmistir. Mevsimsel olarak incelenen tim gruplarda allometrik
katsayisi (b) 3'ten az bulunmustur. Von Bertalanffy bliyime parametreleri disilerde L..: 26,25 mm, k: 0,38 yilY, erkeklerde L..: 23,63 mm, k:0,49 yil* olarak
hesaplanmistir.

Anahtar kelimeler: Pandalidae, Plesionika heterocarpus, Decapoda, Ege Denizi, Dogu Akdeniz

Abstract: Reproduction growth and population dynamics of the deep-water pandalid shrimp Plesionika heterocarpus (A. Costa, 1871) were studied in the Aegean
Sea (Eastern Mediterranean). Individuals were collected monthly between May 2008 and April 2009 from 128 to 550 m of depth in Sigacik Bay. A total of 2749
individuals (1112 males and 1637 females) of P. heterocarpus were collected during the surveys. Males ranged from 11.30 mm to 12.30 mm CL, and females
ranged between 11.50 mm and 13.00 mm CL. The mean size (CL) and weight (W) values of females were consistently exceeding that of males throughout the
year. Ovigerous females were observed throughout the year. Main reproductive months can be defined in March and August. In all the groups examined seasonally,
the values of allometric coefficient b were less than 3. Estimates of the Von Bertalanffy growth parameters are: L..: 26.25 mm, k: 0.38 year" in females, L..: 23.63
mm, k: 0.49 year in males.

Keywords: Pandalidae, Plesionika heterocarpus, Decapoda, Aegean Sea, Eastern Mediterranean

GIRiS

Plesionika heterocarpus (A. Costa, 1871)’un hem iliman
hem de tropikal sularda dagilimi vardir (Holthuis, 1980).
Akdeniz boyunca 80-700 metre arasinda bulunur ve cesitli
Akdeniz bélgelerinde derin su trol balikgiiginin hedef disi
avlarin (by-catch) 6nemli bir kismini olusturur (Company ve
Sarda, 1997, 2000; Fanelli vd, 2004). Turkiye’nin Marmara, Ege
ve Akdeniz sahillerinden bilinen P. heterocarpus, Akdeniz
disinda Bati ve Dogu Atlantik ile Dogu Afrika’dan Japonya'ya
kadar olan kiyllarda dagiim gosterir (Holthius, 1980).
Akdeniz'de, P. heterocarpus kita sahanliginin siniri boyunca,
dogu kismina gdre daha yaygin oldugu bati kisminda avlanir.

kismini olustursa da, gok az c¢alisma Akdeniz'deki tiirlerin
biyolojisi ve ekolojisi Uzerinde odaklanmigtir. Bu calismalar
genelde dreme biyolojisi (Company ve Sarda, 1997; Campisi
vd. 1998; Marsan vd., 2000; Maiorano vd., 2002; Company vd.,
2003), biytiime (Company ve Sarda, 2000; Maiorano vd., 2002)
ve beslenme aligkanliklari (Cartes 1993a; 1993b) tzerine olup
Akdeniz'in bati ve orta bélgelerine odaklanmistir. Akdeniz'in
dogu kismina iligkin, P. heterocarpus’un biyoekolojisi hakkinda
bilgiler oldukga yetersizdir ve genelde mevcudiyet, derinlik
dagiimi ve bolluk hakkindadir (Katagan vd., 1988; Koukouras
vd., 1998; Politou vd., 1998, 2000; Kallianiotis vd., 2000;
D'onghia vd., 2003; Ates vd., 2015; Ozcan ve Katagan, 2009,

Kuzey ve Orta Adriyatik Denizi'nde bulunmaz (Holthuis, 1980).

Plesionika tiirleri (P. heterocarpus ve P. martia) her ne
kadar derin su trol balikgiliinin hedef disi avlarin dnemli bir

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

2011). Bolgedeki tdirlerin biyolojisi tzerine detayli bir calisma
olan Chilari vd. (2005), Dogu Iyonya Denizindeki P.
heterocarpus’un populasyon yapisl, blylimesi, cinsiyet orani,
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uremesi, ilk olgunlagma buytkligu ve fekonditesi hakkinda bilgi
saglamaktadir.

Bu galismanin amaci, Sigacik Korfezi'nde dagilim gosteren
P. heterocarpus’un bazi biyolojik 6zellikleri hakkinda bilgi sahibi
olmak ve tir hakkindaki mevcut bilgilere katki saglamaktir.

MATERYAL VE METOT

P. heterocarpus Ornekleri Mayis 2008 ve Nisan 2009
arasinda aylik olarak Ege Denizi Sidacik Korfezinden
(38°05'13"K-26°35'08"D ile 37°59'27"K-26°54'47"D)
toplanmustir. Ornekler sifir ya da dstik segicilikte degistirilmis
trol agi ornekleme torbasinda ticari bir trol teknesi ile
toplanmislardir. Tarama hizi, substrat durumuna bagli olarak,
2,3 ile 2,7 deniz mili arasinda degismistir. 128 ile 550 m
arasindaki derinliklerden toplam 36 ¢ekim yapilmistir. Tim
gekimler glin 1si§inda gergeklesmistir. Yakalanan bireylerden
toplam 2749 adet P. heterocarpus numunesi laboratuar analizi
i¢in dondurularak saklanmistir (Sekil 1).
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38.0°N

Ege Denizi
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Sekil 1. Ornekleme bolgesi ve Siacik Kérfezinin cografik konumu
Figure 1. Sampling area and geographical position of Sigacik Bay

Cozllen hasar gérmemis her bir P. heterocarpus
numunesinin karapaks boyu (CL) g6ziin arka sinirindan
karapaksin dorsal arka sinirina kadar dijital kumpas ile en yakin
0,01 mm’ye kadar 6l¢tilmistir. Bu galismada toplam boy yerine
karapaks boyu kullanilmistir. Bunun temel nedeni, bireylerin
rostrum veya telson kisimlarinda meydana gelmis veya
gelebilecek kopmalardan analizin etkilenmesini engellemektir.
Karapaks boyu ve adirliklari arasinda lineer baglantilar
saglayabilmek icin numunelerin yas agirliklari (W) (Kurutma
kagidi ile kurutulmamig) 0,01 gram hassasiyetli dijital terazi
yardimiyla belirlenmistir. Yumurtali disilerden yumurtalar alinip
incelenmistir ve numunelerde parazit olusumu gézlenmemistir.
Cinsiyet tayini icin erkek ve disi bireylerin ikinci pleopodiari
incelenmistir.  Erkek  bireyler ikinci pleopod  ¢iftinin
endopodunda Appendix masculina (Zariquiey Alvarez, 1968)
bulunup bulunmadigina bagli olarak bir stereomikroskop
altinda belirlenmistir (Sekil 2).

Sekil 2. P. heterocarpus’un genel gérinlst (1), ikinci pleopod, disi
birey, (2), ikinci pleopod, erkek birey (3), birinci evre yumurta (4), ikinci
evre yumurta (5), Uglincil evre yumurta (6). (Foto: M. Ozbek)

Figure 2. Lateral view of P. heterocarpus (1), second pleopod, female
(2), second pleopod, male (3), first stage eggs (4), second stage eggs
(5), third stage eggs (6). (Photo: M. Ozbek)

Populasyon parametrelerinden L« ve k’'nin tahmininde von
Bertalanffy biyime denkleminden (Lt = L=(1 — e-k(t - t))
faydalanilmigtir.  Orneklenen disi ve erkek bireylerde
mevsimlere bagli karapaks boyu-agirlik iligkilerini tespit etmek
igin hesaplamalar yapilmigtir. Boy (CL) — Agirlik (W) iligkilerini
hesaplamak igin dssel regresyon esitligi kullaniimistir (Ricker,
1975):

W = aCL?

Bu esitlikte; W yas agirlik (g), CL karapaks boyu (mm), a
kesim ve b allometrik katsayisini ifade etmektedir.

Yumurtali disilerde yumurtalar alinip incelenmis ve yumurta
gelisiminin evreleri asagidaki U¢ agamall 6lgede (Company ve
Sarda, 1997) gbre degerlendirilmistir.

Birinci evre: Yogun g6k mavisi renginde ve embriyo
pigmentasyonu gdriilmeyen yeni yumurtlamaya ait yumurtalar

lkinci evre:  Soluk  yesil
pigmentasyonu gériilen yumurtalar

renkli, hafif goz

Ugiincii evre: Embriyo géz pigmentasyonu agikga
gorilen ve embriyonun olgunlastigi renksiz yumurtalar.

BULGULAR

Yapilan calismada, Sigacik Kérfezi'nden 1488 yumurtal disi,
149 yumurtasiz disi ve 1112 erkek olmak (izere toplam 2749 P.
heterocarpus ~ bireyinin  bazi  morfometrik  Ozellikleri
incelenmistir.

Yillik cinsiyet orani dikkate alindiginda, disilerin erkeklere
oranla daha fazla sayida bireyle temsil edildikleri dikkati
cekmekte olup, sadece Arallk ve Subat aylarinda erkek
bireylerin sayisinin disi bireylerden daha fazla oldugu
gorilmustir (Sekil 3).

Disi ve erkek bireylerde mevsimsel olarak yapilan boy-
agirlik iligkileri analizlerinde elde edilen degerler sirasiyla
asagidaki gibidir (Tablo 1).
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Sekil 3. incelenen bireylerin aylara gore birey sayilari ve disi bireylerin populasyondaki oranlari
Figure 3. Number of specimens according to the sampling dates and ratios of females in the population

Tablo 1. Erkek ve disilerde mevsimlere gére karapaks boyu, adirlik, birey sayisi ve boy agirlik iliskisi degerleri
Table 1. Carapace length, weight, number of specimens and parameters of the length-weight relations of males and females according to

seasons
Karapaks boyu (mm) A?g;:l)lk
n a b r
Min. Maks. Min. Maks.

5 Erkek 9,76 14,66 0,93 3,01 123 0,0045 2,3493 0,8084
]

2 Disi 10,65 17,24 1,13 3,66 269 0,0013 2,8946 0,7972
N Erkek 9,58 13,65 0,91 2,76 257 0,0092 2,0941 0,6077
&

g Disi 9,76 14,52 1,19 3,33 628 0,0165 1,9196 0,6518
_‘cz Erkek 9,31 15,28 0,98 2,65 303 0,0218 1,7597 0,7115
§ Disi 8,76 16,00 0,93 4,32 521 0,0090 2,1561 0,6148
- Erkek 9,06 15,62 0,84 347 328 0,0095 2,0708 0,6518
< Disi 9,72 17,65 0,77 3,98 320 0,0077 2,2070 0,7154

Orneklenen bireylerde erkek, disi ve yumurtali disi olmak
lizere boy-agirlik iligkilerinde elde edilen sonuglar Sekil 4'te
verilmigtir.

incelenen tim gruplarda ve tiim mevsimlerde allometrik
katsayisi (b) 3'ten az bulunmus olup, negatif allometri
goriilmektedir. Sadece ilkbahar déneminde disi bireylerde
allometrik katsayisi 2,8945 degerine ulasarak 3'e yaklagsmistir.

Von Bertalanffy blylme parametreleri disilerde L..: 26,25
mm, k: 0,38 yilY, erkeklerde L: 23,63 mm, k:0,49 yil! olarak
hesaplanmistir.

Hazirlanan kutu grafiginde disi (W_F) ve erkeklerin (W_M)
agirliklarinin karsilastiriimasi yapilmistir. Disilerin ortalama
agirliklari 2,30 + 0,49 g, erkeklerin ortalama agirliklari ise 1,78
1 0,34 g olarak tespit edilmistir. Benzer sekilde, disi (CL_F) ve
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erkeklerin (CL_M) karapaks boylarinin karsilastirimasi da
yapiimigtir. Digilerin ortalama karapaks boylari 13,06 + 1,06
mm erkeklerin ortalama karapaks boylari ise 12,32 £ 0,96 mm
olarak tespit edilmistir (Sekil 5).
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Sekil 4. Erkek, disi ve yumurtali disi bireylerde yillik boy-agirlik iliskileri
Figure 4. Annual length-weight relations of male, female and
ovigerous female specimens

frekans
b |
frekans
3 s 8

Sekil 5. Disi ve erkek bireylerde agirlik ve karapas boylarinin kutu ve
frekans grafikleri.

Figure 5. Box-whisker and frequency graphs of weights and carapace
lengths of male and female specimens.

Disi (W_F) ve erkek (W_M) bireylerin agirliklar bir frekans
grafigine dokilerek erkek ve disi bireyler arasindaki agirlik farki
gosterilmistir (Sekil 4). Bu durumda disi bireylerin biyik bir
kismi 2,0 ile 2,2 g arasinda agirliga sahip iken erkek bireyler
1,6-1,8 g arasinda agirlia sahiptirler. Benzer sekilde disi
(CL_F) ve erkek (CL_M) bireylerin karapaks boylari bir frekans
grafigine dokilerek erkek ve disi bireyler arasindaki boy farki
ortaya konulmustur. Bu durumda disi bireylerin blyik bir kismi
11,50-13,00 mm arasinda karapaks boyuna sahip iken erkek
bireyler 11,30-12,30 mm arasinda karapaks boyuna sahiptirler.

Yumurtalarin gelisim evreleri incelendiginde, U¢ evreye
dahil olan yumurtalar tlim yil boyunca gdzlemlenmistir. Birinci
evredeki yumurtalarin Mart'ta, ikinci evredeki yumurtalarin
Haziran’da ve Uglincl evredeki yumurtalarin Ekim ve Kasim
aylarinda yogun olduklari tespit edilmistir (Sekil 6).
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Sekil 6. Yumurta evrelerinin aylara gére oransal dagilimi
Figure 6. Proportional distributions of the stages of eggs according to
months
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Yumurtali digilerin, yil boyunca degisen oranlarda
populasyonda temsil edilmeleri sebebiyle, tirlin kesin
yumurtlama periyodunun tespiti zorlagsmaktadir. Yaptigimiz
galismada iki temel yumurtama sezonu olabilecegi
dlstndlmektedir. Bu sezonlardan biri Agutos, digeri ise Mart
aylari olabilir (Sekil 6).

TARTISMA VE SONUG

P. heterocarpus ve P. martia Dogu Akdeniz’de en bol
bulunan pandalid krustase tlrleri arasinda yer almakta olup,
350-550 m araligindaki derinliklerde yapilan ticari trol
aveiliginin en onemli hedef disi (by-catch) av veren tirlerini
olusturmaktadir (Chilari vd., 2005).

P. heterocarpus’un Akdeniz'deki vertikal dagilimi hakkinda
onceki calismalar incelendiginde, tirlin genellikle 46-699 m
derinlikler arasinda, siklikla da 250 m civari derinliklerde
dagilim gésterdigi rapor ediimektedir (Company ve Sarda,
1997). Fanelli vd. (2004) Akdeniz'in orta kisminda yaptiklari
calismada P. heterocarpus bireylerinin 100-600 m derinliklerde
dagilim gosterdigini bildirmektedir. Ozcan ve Katagan (2009),
Sigacik Kérfezi'nde 200-600 m derinlikleri arasinda yaptiklari
galismada, P. heterocarpus bireylerine 300-400 m konturunda
daha siklikla rastlamis olup, az sayida bireyin 400-600 m
derinlikten 6rneklendigini belirtmektedir. Bizim ¢alismamizda
orneklemeler 128-550 m derinlikler arasinda 36 trol gekimi ile
yapilmis olup, her derinlikte P. heterocarpus bireylerine
rastlanmistir. Calismanin yapildi§i en derin yerler olan 550 m
civari derinliklerde 300-400 m konturuna gore daha az sayida
bireye rastlanmistir ve bu haliyle Ozcan ve Katagan (2009)'daki
verilerle paralellik arz etmektedir.

Bircok decapod tiriinde oldugu gibi P. heterocarpusta da
disi bireylerin karapaks boyu ve agirlik bakimindan erkek
bireylerden daha biyik olduklari tespit edilmistir (Tablo 1, Sekil
5). Tirkiye'nin Kuzeydogu Akdeniz derin sularinda yapilmis bir
calismada (Can vd., 2006), P. martia bireylerinde de benzer
sonuglar elde edilmis, disi bireyler ile erkek bireyler arasindaki
farkin digiler lehine oldugu ve istatistiki agidan onemli
bulundugu (p<0,05) belirtiimektedir. Pandalid decapod’lardan
P. edwardsii ve P. martia iizerinde yapilmis diger ¢alismalarda
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Oz: Bu calismada Mugla Akyaka Kadin Azmagrindan toplanan yesil makroalg Enteromorpha intestinalis'in besinsel kompozisyonunun mevsimsel olarak
belirlenmesi ve gida amagli kullaniminin tespiti amaclanmigtir. Ortam kosullari ve ardindan etlivde kurutma isleminden sonra, E. intestinalis gay, gorba ve baharat
seklinde hazirlanmis ardindan duyusal degerlendirmeye alinmistir. Besinsel kompozisyon analiz sonuglarina gére; ancak E. intestinalis'in igerdigi daha yliksek
miktarda protein, ilkbaharda kil ve C vitamini, sonbaharda ¢oklu doymamis yag asitleri nedeniyle, kullanim alanina bagli olarak 12 ay boyunca degerlendirilebilecegi
distintilmektedir. Duyusal analiz bulgularina gére ise; elde edilen Urlinler Tirk damak tadina cok yakin olmasa da, Urtinlerin farkli iceriklerle gesitlendirilmesinin
kabul edilebilirliklerini arttirdi§i sonucuna varilmistir.

Anahtar kelimeler: Enteromorpha intestinalis, makroalg, besinsel kompozisyon, duyusal analizler

Abstract: The aim of this study was to determine the nutritional composition of green macroalgae Enteromorpha intestinalis, collected from Mugla Akyaka Kadin
Azmag seasonally and investigate for consumption as food. After drying process in ambient conditions and then oven, E. intestinalis was prepared as tea, soup
and spice and offered to the panelist team for sensorial test. Based on the nutritional composition analysis results, E. intestinalis can be utilized in a variety of ways
depending on its intended field of usage, due to its higher content of crude protein in summer, ash and vitamin C in spring and polyunsaturated fatty acids in
autumn. According to sensory analysis; processed products are not very close to the Turkish palate, although flavoring of these products with different additives
increased the acceptability.

Keywords: Enteromorpha intestinalis, macroalgae, nutritional composition, sensory analysis

INTRODUCTION

Macroalgae is an important coastal source for human
consumption and environment in many countries (Ratana-
arporn and Chirapart, 2006). Because of its health benefits it
had been used in many fields such as food, medicine,
cosmetics, agriculture since ancient times. The importance of
algae in human nutrition is due to the fact that it has the
necessary ingredients at desired levels for healthy nutrition.
Especially high protein, vitamins and minerals in its structure
and the low amount of lipid puts the consumption of algae after
fish for healthy nutrition as an attractive food. Green algae
(Chlorophyta) are mostly used in the food industry due to their
high content of protein, vitamins and minerals (Ova Kaykag et
al., 2008).

Seasonal changes in the life cycle of algae also change
their chemical structure (Cetingtil, 2001). Macroalgae, which
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are beneficial for human health has oppurtunities to be used in
many fields. Due to its nutritional content, it is utilized in many
countries but although our country is surrounded by sea and
has several inland waters and rich flora, macroalgae is not
preferred as food.

In this study, our purpose was to determine nutritional
composition of Enteromorpha intestinalis which is found in
Mugla Akyaka Kadin Azmagi for each season in order to
increase the interest and the awareness about the algae which
has beneficial components for human health. After determining
nutritional composition, alternative products like tea, soup and
spice were prepared from this macroalgae to increase
acceptability and were invastigated whether they are appealing
to the Turkish palate with sensory analysis.
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MATERIALS AND METHODS

Collection of material and drying procedure

E.intestinalis was used as material. Sampling was carried
out in Akyaka Kadin Azmag (Mugla). For nutritional
composition and other analysis, samples were collected
manually from the coordinates of 37°3 11.83' N-28°19 47.32 E
and 0.5-1m depth, between August 2013-April 2014, over four
seasons; in August, November, January and April. Necessary
permissions were taken from Republic of Turkey Ministry of
Food, Agriculture and Livestock, General Directorate of
Fisheries and Aquaculture. Collected samples were placed in
opaque plastic bags and were brought to Mugla Sitki Kogman
University, Faculty of Fisheries Quality Control Laboratory by
placing in styrofoam boxes within half an hour. Subsequently
the samples which were purified from debris (stone and sand)
by washing with pure water and were kept in -18°C about one
month for each sampling period until analysis were carried out.

Before starting analysis, algae samples were thawed at
25+2°C ambient temperature. After thawing process, kept at
25+2°C ambient temperature for the following 24 hours,
according to Turan (2007) the samples were dried at 40°C in
drying oven for 24 hours and milled by commercial blender
(Waring commercial blender, Torington, USA).

Nutritional composition analysis

Seasonal crude protein (AOAC, 2002), crude lipid (AOAC,
2006), moisture (AOAC, 1995), ash (AOAC, 1990),
carbohydrate (Varlik et al., 2007), chlorophyll-a (Rohani-
Ghadikolaei et al., 2012), fatty acid (AOAC, 2001), vitamin
(AOAC, 2000; Gokmen et al., 2000; Reyes and Subryan, 1989)
and mineral (Hussain et al., 2011) analysis were carried out for
dried E. intestinalis. All analysis were carried out with dry
material since the products were going to be prepared as dried
material.

Product preparation and sensory analysis

Tea, soup and spice were produced for evaluation at
sensory panels. After literature review and pre-trials,
appropriate concentration ratios were determined as 1%, 3%,
5% and at these concentrations seaweed tea was prepared
using 100% natural tea bags. All concentration groups were
brewed at 100+2°C. Brewing lasted 3, 5 and 10 minutes.
Sensory analysis were carried out for prepared seaweed teas
for two panel days. At the first panel each concentration group
that were brewed in three different brewing time were prepared
as 9 different groups and offered to sensory evaluation (Table
1). The most admirable group in terms of concentration and
brewing time was defined as control group for second panel. In
the second panel, mint-lemon or apple-cinnamon mix were
added to the control group with different concentrations to give
different flavours (Table 2).

Table 1. Seaweed teas prepared at different brewing time and

concentrations
1% concentration (A} 3% concentration (B) 5% concentration (C)
*3 minutes (A-31 +3 minutes (B-3) =3 minutes (C-3)
5 minutes (A-S) +*5 minutes (B-5) *5 minutes (C-5)
» 10 minutes brewing (A-10) * 10 minutes brewing (B-10) »10 minutes brewing (C-10)

Table 2. Seaweed teas prepared at different content and ratios

Control group

Mint-lemon seaweed tea Apple-cinnamon seaweed tea

) ratiofB) ratio{C)
= 195 concentration, 5 minutes =2 1B-2) =200
brewing ~4:11B-4) LE S (i

~8:11B-8) =81 (08

The most appropriate ingredient for seaweed soup was
determined after pre-trials. Accordingly soups were prepared
with wheat flour, corn flour, potato starch, corn starch for
thickening, onion powder, salt, sugar, pepper, sunflower oil and
noodle for flavouring. Dried and milled seaweed powders were
added to this mix at different concentrations; 10% (B), 15% (C),
20% (D) and were presented to sensory analysis with seaweed-
free group (A) by adding 150 ml drinking water (Table 3).
Furthermore, milk cream was added to each group while
cooking.

Table 3. Seaweed soup content for one panelist

A (%) B (%) C (%) D (%)
Seaweed - 10.00 15.00 20.00
Wheat flour 15.00 15.00 13.00 11.00
Salt 6.50 6.50 6.50 6.50
Onion powder 4.00 4.00 4.00 4.00
Potato starch 10.00 7.15 6.50 6.00
Sugar 1.50 1.50 1.50 1.50
Black pepper 0.01 0.01 0.01 0.01
Corn flour 13.50 10.00 8.50 7.50
Corn starch 11.00 7.50 6.50 5.00
Noodle 20.00 20.00 2.00 20.00
Sunflower oil 3.50 3.50 3.50 3.50
Milk cream 15.00 15.00 15.00 15.00

Seaweed spices were prepared with dried and milled
seaweeds. Different groups containing spices were prepared
with 2:1 seaweed and spice mix ratio (2 parts of seaweed, 1
part of spice mix) (Table 4). During sensory panel, spice
mixtures were mixed with sunflower oil and served on toast
breads.
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Table 4. Spice mix contents

Afgg B(@ C(g Do
Seaweed 30 30 30 30
Thyme * 75 5 3.75
Red pepper flakes * 7.5 5 3.75
Onion powder * * 5 3.75
Cumin * * * 375

Panels for tea, soup and spice products derived from E.
intestinalis were carried out with 30 panelists in Sensory Panel
Room between 10.00-11.30 am and 14.00-15.00 pm. Sensory
criterions  for products were detected according to
characteristics of products and scoring test evaluated between
1-9 points (1 point; Extreme poor, 2 points; Too bad, 3 points;
Poor, 4 points; Better than bad, 5 points; Average, 6 points;
Better than middle, 7 points; Good, 8 points; Very good, 9
points; Excellent) (Anonymous, 2010). Drinking water was
presented to panelists for rinsing their mouths between sample
tasting, each sample was encoded with 3 digit letters or
numbers. In each panel, opinions of panelists were recorded.

Statistical analysis was performed using the Statistical Package
for Social Sciences (SPSS for Windows, SPSS Inc., Chicago,
IL, USA). Experiments were performed in triplicate (N=3) for

three independent samples and a completely randomized
design (CRD) was used. Data were presented as mean values
standard deviations and a probability value of P>0.05 was
considered significant. Analysis of variance (ANOVA) was
performed and the mean comparisons were done by Duncan's
multiple range tests.

RESULTS
Nutritional composition analysis results

As a result of nutritional composition analysis for dry
material; protein content of dried material in summer, autumn,
winter and spring was determined as 13.4241.31%,
4.67+0.81%, 6.29+0.99% and 12.34+2.92%, respectively. The
highest protein content was detected in summer with
13.42+1.31%, the lowest content was in autumn with
4.67£0.81% (P<0.05). Crude lipid content was determined
between 0.02+£0.01%-1.31£0.57% values seasonally, the
highest content obtained in summer (P<0.05). Moisture values
investigated seasonally were determined between 10.74+0.11-
12.15+0.18%. Big differences were not observed seasonally
(P>0.05). Highest ash content was obtained in spring
(17.35+1.47%)(P<0.05). Carbohyrate and chlorophyll-a
content changed between 58.03+2.31-70.64+0.76% and 4.07-
5.89%, respectively (Table 5).

Table 5. Nutritional composition values of E. intestinalis obtained seasonally

Protein(%) Lipid(%) Moisture(%) Ash(%) Chlorophyll-a(%) Carbohydrate(%)
Summer 13.42+1.31a 1.31£0.57a 12.14+1.11a 14.81£0.23b 4.07* 58.03+2.31b
Autumn 4.67+0.81b 0.2240.10b 12.15+0.18a 11.75+0.55¢ 4.90* 70.6410.76a
Winter 6.29+0.9%b 0.22+0.06b 11.23£0.10b 12.45+0.70c 5.04* 69.01+1.03a
Spring 12.34+2.92a 0.02+0.01b 10.74£0.11b 17.35+1.47a 5.89* 59.79+1.33b

Values were given as average and + standard deviation of 3 paralleled analysis. There are statistically important (P<0.05) differences between values indicated
by different letters in the same column. *Values were not evaluated statistically because they contain single data.

For fatty acids it stands out; high contents of linoleic acid
(C18:2) (%11.11) in winter, linolenic acid (C18:3) (%14.93) and
Cis-11,14-eicosadienoic acid (C20:2) (%17.76) in autumn,

Table 6. Results of fatty acid composition obtained seasonally

among polyunsaturated fatty acids. High contents of palmitic
(C16:0) and palmitoleic (C16:1) acid among saturated and
monounsaturated fatty acids were detected (Table 6).

Summer Autumn Winter Spring
Caproic acid (C6:0) 1.82 - -
Lauric acid (C12:0) 0.73 0.43 - -
Tridecanoic acid (C13:0) 0.24 - -
Myristic acid (C14:0) 5.06 2.38 1.82 1.81
Pentadecanoic acid (C15:0) 1.99 - -
Palmitic acid (C16:0) 20.00 28.54 43.29 2510
Palmitoleic acid (C16:1) 2.83 15.00 2.38 3.59
Heptadecanoic acid (C17:0) 0.82 - -
Stearic acid (C18:0) 6.80 1.94 25.06 15.15
Oleic acid (C18:1) 21.71 3.52 10.85 20.11
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Summer Autumn Winter Spring
Linoleic acid (C18:2) 3.77 7.51 11.11 19.42
Trans-linolenic acid (C18:3n6) 6.69 1.53 - -
Linolenic acid (C18:3) 1.71 14.93 2.36 6.90
Cis-11,14-eicosadienoic acid (C20:2) 17.76 - 5.52
Cis-8,11-14-eicosatrienoic acid (C20:3) 0.37 - -
Cis-5,8,11,14,17 eikosapentaenoik asit(C20:5n3) 3.32 1.89 2.40
Behenic acid (C22:0) 0.67 - -
Cis-13,16-Dokosadienoik acid (C22:2) 3.89 - -
Tricosanoic acid (C23:0) 19.93 - -

According to mineral contents investigated in the study,
calcium was observed in each season with the maximum

The maximum calcium content (15977 mg/kg) was obtained in
autumn. Micro minerals were obtained in this order; Fe> Mn>

contents compared to other minerals. Cu>Zn (Table 7).
Table 7. Results of studied mineral analysis seasonally (mg/kg)
Summer Autumn Winter Spring

Fe 305.30 338.70 218.50 250.40
Cu 15.10 14.60 21.90 18.60
Zn 12.10 11.90 5.90 8.70
Mn 80.30 80.70 90.20 86.70
Ca 14780 15977 14879 14962
K 972.20 1052.70 1022.50 938.60

Mineral analysis results were not evaluated statistically because of containing single value.

The maximum vitamin A (0.156+2.83mg/100g) and vitamin E
(7.91£0.11mg/100g) amounts were detected in winter, the
difference between other seasons statistically significant
(P<0.05).

Table 8. Results of vitamin analysis obtained seasonally (mg/100g)

While there was no difference statistically (P>0.05) between
seasons in terms of vitamin Bz, the highest B1 and B3 value were
observed in spring and were statistically significant from other

seasons (P<0.05) (Table 8).

Summer Autumn Winter Spring
Vitamin A (Retinol) 0.145+0.71° 0.033+0.50¢ 0.156+2.832 0.081+1.54¢
Vitamin B1 (Thiamine) 0.12+0.00° 0.12+0.00° 0.11+0.00° 0.17+0.022
Vitamin B2 (Riboflavin) 0.97+0.012 0.95+0.012 0.95+0.062 0.89+0.022
Vitamin B3 (Niacin) 0.73+£0.02 0.81£0.03° 0.81+0.05 2.42+0.092
Vitamin B6 (Pyridoxine) 0.23+0.022 0.18+0.0120 0.20+0.022b 0.15+0.01b
Vitamin C (Ascorbic acid) 2.78+0.08 3.41+0.00 2.56+0.020 147+2.002
Vitamin E (Tocopherol) 2.75+0.29¢ 1.23+0.01¢ 7.9140.11a 5.13+1.03°

Values were given as average and + standard deviation of 3 paralleled analysis. There are statistically important (P<0.05) differences between

values indicated by different letters in the same line

Sensory Analysis Results

According to the first panel of seaweed tea sensory analysis
results, considering overall acceptability values the most

appreciated group was A-5 with 6.52+1.44 points (good), the
least appreciated group was C-10 with 5.29+1.75 points
(middle) and the difference between two groups was
statistically significant (P<0.05) (Table 9).
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Table 9. Sensory anaylsis results of seaweed teas prepared at different concentrations and brewing times

A-3 A-5 A-10 B-3 B-5 B-10 C-3 C-5 Cc-10

Colour 5.94+1.672c  6.29+1.422  6.09+1.332> 6.00+1.65%c 555+2.08c 552+2.06ebc 522+1.80bc 5.00+1.95¢  5.32+1.872bc
Clarity 6.29+1.422>  6.71£1.192  6.42+1.26% 6.00£1.24%c  574+1.63 577+1.69¢ 519+£1.92c 523+1.71c  529+1.79¢
Flavour 574+1612  6.10£1.832 59441862 6.39+1.672  6.42+1.95  6.35+1.682  590+1.82¢ 6.42+1.782 6.06+1.952
Odour 7.35£1.232  7.32+1.332  7.13£1.572> 6.35£1.84c  6.16+£1.86c  574+1.83«¢ 4.58+1.61¢ 5.16+1.81¢ 4.71+1.64¢
Fish/ 5214195 51041992 5551962 5.10+2.14a  5.1442.012 53442412  562+2.03¢= 4.93+2.432 548+1.962
seaweed aroma

After-taste liking 5.84+1.42:c  6.35+1.232 6.10+1.68% 581+1.51ac 55541 77ac 558+1.75%c 53242 14bc  503+2.27¢  5.13+2.05b¢
Overall acceptability 6.05+1.40% 6.52+1.442 6.23+1.59® 5.90+1.492 565+1.87¢> 573+1.70%> 539+1.84> 5.39+1.78> 529+1.75

Values were given as average and + standard deviation of 3 paralleled analysis. There are statistically important (P<0.05) differences between
values indicated by different letters in the same line.

For overall acceptability criterion of seaweed teas
constituted for second panel, it was detected that the most
admirable group was B-2 with 6.53+1.50 points (good), the
least admirable group was A with 5.00+1.76 points (middle).

The difference between two groups was statistically significant
(P<0.05). Each criterions dealed individually and in terms of
overall acceptability it is observed group B-2 reached maximum
point (Table 10).

Table 10. Sensory analysis results of seaweed prepared at different contents

A B-2 B-4 B-8 C-2 C-4 C-8
Colour 6.63+1.542 6.53+1.502 6.44+£1.292 6.53+£1.592 6.06+1.632 6.19£1.712 6.50+£1.632
Clarity 7.28+1.372 6.59+1.582 6.72+1.22e6  7.06+1.4126  591+1.53 5.94%1.720 5.94+1.50°
Odour 4.53+2.11¢ 6.75+1.72c  6.06+1.632  5.29+1.99 6.16+1.922  6.40+1.602 6.19+1.962
Flavour 5.13+1.38¢ 6.70+1.53vc  6.12+1.9126  543%+1.79 6.17£1.66%  6.20+1.6726  5.93+1.9500¢
Fish/seaweed aroma 5.08+2.19° 6.71£1.382 5.55+1.50®  5.48+2.09° 570+1.78%  595+1.64%0  557+1.47%
Overall acceptability 5.00+1.76° 6.53+1.502 6.25+1.302 5.72+1.73®  6.16+1.63° 6.47+1.812 6.06+1.612

Values were given as average and + standard deviation of 3 paralleled analysis. There are statistically important (P<0.05) differences between
values indicated by different letters in the same line.

Seaweed soup that was investigated in terms of overall
acceptability, the most appreciated group was observed as

group B with 6.43+1.87 points, its difference from group C and
D was statistically significant (P<0.05) (Table 11).

Table 11. Sensory analysis results of seaweed soup prepared at different concentrations

A B c D
Appearance 6.50+2.062 6.13+2.052 5.7342.02° 5.43+1.83°
Colour 6.70+2.14a 6.2042.042 5.734£2.10° 5.70+1.95°
Odour 6.35+1.682 6.45+1.862 6.26+1.832 5.52+1.900
Fish/seaweed aroma - 6.40+1.902 5.90+1.90° 5.62+1.97°
Flavour 6.43+1.722 6.53+1.812 5.80+1.77° 5.97+1.75°
Consistency 6.53+1.662 6.63+1.542 6.57+1.682 6.13+1.852
Dissolution rate 6.30+2.452 6.20+2.072 6.00+1.8420 5.70+1.76°
After-taste liking 6.07+1.482 6.17+1.882 5.67+1.81° 5.67+1.66°
Overall acceptability 6.33+£2.072 6.43+1.872 5.83+1.66° 5.73+1.68°

Values were given as average and + standard deviation of 3 paralleled analysis. There are statistically important (P<0.05) differences between
values indicated by different letters in the same line.
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Table 12. Sensory analysis results of seaweed spice prepared with different concentrations

A B C D
Appearance 5.97+1.83° 7.00+1.132 6.65+1.36% 7.19+1.012
Colour 6.37+1.77° 7.10+1.2420 7.00+1.3420 7.30+1.242
Odour 5.50+1.89° 6.93+1.662 7.10+1.562 6.60+1.302
Fish/seaweed aroma 5.36+1.91° 6.36+1.662 6.56+1.792 6.21+1.56%
Flavour 4.72+1.96° 6.34+1.562 6.41+1.622 5.90+1.182
After-taste liking 4.63+2.11° 6.17+£1.932 6.40+1.792 5.67+1.652
Overall acceptability 4.93+2.03° 6.33+1.632 6.60+1.712 6.00+1.392

Values were given as average and + standard deviation of 3 paralleled analysis. There are statistically important (P<0.05) differences

between values indicated by different letters in the same line.

When seaweed spices invastigated in terms of overall
acceptability, group C was the most appreciated with 6.60+1.71
points. Group A was the least appreciated group with
4.9342.03 points. The difference between group A and C was
statistically significant (P<0.05) (Table 12).

DISCUSSION

Macroalgae has rich a nutritional composition in terms of
protein, fatty acids, vitamins and minerals and they constitute
quite valuable for nutrition. In this study, high protein contents
were determined and specimens had quite high amounts in
summer and spring compared to other seasons. Cetingll
(2001) specified that the maximum protein content of algae is
observed mostly in rapid growing period of the species and, the
minimum content, when thallus structure deteriorates. Ova
Kaykag et al. (2008) indicated fluctuations among seasons
arise due to the changing of the factors such as temperature,
salinity, nitrogen and nutrients of aquatic environment in which
the species live. Akkoz et al. (2011) determined the protein
content for E. intestinalis as 15.02+1.02% which was obtained
from Konya Acigdl. McDermid and Stuercke (2003) determined
protein content of E. intestinalis collected from Hawaii as
11.40+0.80% on dry material, Manivannan et al. (2008) also
determined protein content of E. intestinalis collected from
Mandapam (India) coastal region as 16.38+0.50%. These
results have similarities with the protein content in summer
season in our study. The differences between protein values
might arise due to differences of geographic region, species,
the season of sampling, laboratory conditions, analysis
variables and etc.

It was thought that the maximum lipid value obtained in
summer depends on the maximum growth of the algae.
Siddique et al. (2013) reported that consumable algaes are not
good lipid sources and contain crude lipid below 4%. Lipid
content of green algaes show difference between 0.60% and
4.30% (Parekh et al., 1977). Mamatha et al. (2007) determined
lipid content of Enteromorpha compressa that was used for
snacks, 0.30%, Akkdz et al. (2011) determined 1.63+0.09% for
E. intestinalis obtained from Konya Acigdl. The values obtained
in our study shows similarities with the values obtained in other
studies.

Pillai (1956) indicated moisture changes depend on growth
stages of algaes and they have higher moisture content at
young stages. Aguilera-Morales et al. (2005) determined
moisture content in dry material of Enteromorpha spp. as
9.00+0.74 g/100g.

In the study the highest ash content (17.35+1.47%) was
observed in spring (P<0.05) with the increase of sunlight and
photosynthesis. Aguilera-Morales et al. (2005) determined ash
content of Enteromorpha spp. as 36.38+0.42 g/100g. Changes
of ash content show differences according to algae species,
geographic origin and mineralization method (Nisizawa et al.,
1987; Sanchez-Machado et al., 2004; Siddique et al., 2013).
High levels of ash content is an indicator of high mineral content
(Yaich et al., 2011; Siddique et al., 2013).

Firat et al. (2007) indicated carbohydrate content of
Chlorophyceae is 1-47%. Mamatha et al. (2007) determined
carbohydrate content of E. compressa that was used for snacks
as 48,20%. Rohani-Ghadikolaei et al. (2012) also determined
carbohydrate of U. lactuca and E. intestinalis as 59.1% and
35.5%, respectively. Also they determined chlorophyll-a value
of E. intestinalis as 5.6% similar to our study.

Despite containing low levels of lipid, algaes have higher
ratio than other land plants (Darcy-Vrillon, 1993). While land
plants generally produce w-6 fatty acids, some certain sea and
fresh water plants produce w-3 fatty acids. Yaich et al. (2011)
determined linoleic and linolenic acid of Ulva lactuca as 2.43
and 3.20% respectively. Rohani-Ghadikolaei et al. (2012)
determined EPA for E. intestinalis obtained from Persian Gulf
of Iran as 0.3% and DHA is non-defined. Norziah and Ching
(2000) determined fatty acids of Gracilaria changgi which was
collected from Malaysia and found EPA as 33.1046.30%,
palmitic acid as 22.00+2.70% and oleic acid as 21.90+3.40%.
This result was similar with palmitic and oleic acid amounts that
were found to be dominant in our study.

Garcia-Sartal et al. (2013) reported macroalgaes
bioaccumulate essential elements like Ca, Fe at high levels and
more than land plants. It is known that karst sources occur from
CaCOs and the amount of calcium occurs discharge of karst
sources collecting to Kadin Azmagi (Cesur et al., 2014).
Important differences which occur seasonally may be
associated with the increase in temperature, nutrient content
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and other dissolved material in water by accession of materials
to food chain with rain water. Aguilera-Morales et al. (2005)
determined potassium (1.10+0.56 g/100g), calcium (2.10+0.79
g/100g) amounts for Enteromorpha spp. and these results were
similar with our results. Akkdz et al. (2011) determined zinc
content of E. intestinalis as 20.76+1.32% obtained from Konya
Acigdl.

Burtin (2003) reported that vitamin C content of green and
brown algae may change between 50-300 mg/100g in dry
material. Sarojini and Sarma (1999) concluded vitamin C
content of 24 species of green algae annually ranged from 8.96
to 99.52 mg/100g. This result was similar with the vitamin C
content that reached 147+2.00 mg/100g in our study. Vitamin
C content of macroalgae may change seasonally in significant
amounts. It was observed in the studies that vitamin C content
of most of macroalgae reach the maximum amount twice a year
including vegetative part of early growing phase of thallus and
other proliferation phase. It is thought that differences that
occur in vitamin contents may arise due to genetic differences
among green, red and brown algae, region and seasonal
differences.

According to the first seaweed tea panel; it is thought that
A-5 was the most appreciated group because of its lowest
algae concentration, the lightest colour and was the most
pleasing to eye as well as, sensing less peculiar to seaweed
odour with short brewing time, lightest seaweed aroma. For
second seaweed tea panel it was commented that due to mint-
lemon content, group B-2 repress fish/seaweed aroma that is
unfamiliar to Turkish palate, gained more appreciation. When
compared to first panel it is observed that points increased in
second panel, this increase is thought to be because of the
addition of mint-lemon and apple-cinnamon flavors which are
familiar tastes for our palate and they repress seaweed aroma.
Lee et al. (2008) prepared green tea at different brewing time
and temperature; as a result of sensory analysis green teas that
brewed at 60°C 3 minutes and 80°C 1 minute were appreciated
the most.

Intensive seaweed particles in groups C and D for seaweed
soups did not leave a good feel in the mouth and, due to
intensive seaweed aroma these groups were appreciated less.
In their study Kiling et al. (2013) prepared soups with Ulva rigida
and Gracilaria verrucosa with the addition of flour, salt, yoghurt,
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0z: Bu calismada, 24 ve 96 saat siire ile 10 ve 30 g/L subletal bakir pritiyona (CuPT) maruz kalan denizel kirliligin indikatdr canlilarindan kara midyelerin (Mytilus
galloprovincialis) total hemosit sayilari Uzerindeki etkisi incelenmistir. Toplam hemosit sayisi (THS) saglik gostergesi ve stres indikatoru olarak kullanilan bir
parametredir. Yapilan mikroskobik sayimlar sonunda Bakir pritiyona maruz kalan midyelerde toplam hemosit sayilari kontrol grubuna gore azaldigi belirlenmistir.

Anahtar kelimeler: Mytilus galloprovincialis, Hemosit, Bakir pritiyon

Abstract: In the present study, total hemocyte counts of Mytilus galloprovincialis (Black mussel), indicator species for marine pollution, was investigated after
exposed to 10 and 30 ug/L sublethal CuPT for 24 and 96 hours. The total hemocyte counts were significantly decreased at group exposed to CuPT for control

group. Total hemocyte counts are good biomarker for determining the effects of antifouling agents and other contaminants to the marine ecosystems.

Keywords: Mytilus galloprovincialis, Hemocyte, Copper Pyrithion

GIRiS

Teknolojik degisikliklerin getirdigi cevre kirliligine bagli
olarak, deniz canlilari birgok toksik maddeye maruz
kalmaktadir. Son yillarda antropojenik aktivitenin artmasinin ve
endistriyel kirlenmenin sonucunda deniz gevresinde pek ok
toksikant birikmektedir. Fouling organizmalarin yerlesiminden
kacinmak igin en yaygin metot antifouling boyalarla denizel
yapilari kaplamaktir. Antifouling driinlerin aktif maddesi olarak
kullanilan tributiltin (TBT)'in zararlarinin fark edilmesi ve
yasaklanmasinin ardindan bu alanda kullanmaya misait olan
baska aktif maddeler 6nem kazanmistir. Zehirli boyalarda
(TBT) Tribdtilinin” in yaygin kullanimininin ciddi ¢evre sorunlari
yaratmas! sebebiyle diuron, bakir pritiyon (CuPT) ve ginko
pritiyon (ZnPT) gemilerin korunmasi i¢in dinya ¢apinda
alternatif bir bilesik olarak tanitiimasi gergeklestirilmistir
(Gatidou vd., 2007) ilk defa 1990’larda piyasaya arz edilen ve
antifouling Uriinlerde en ¢ok kullanilan aktif maddelerden biri de
booster grubu bir biyosit olan bakir pritiyondur (Yebra vd.,

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

2004). Ginko pritiyon ve bakir pritiyon, deniz suyunda direkt
glnes 15131 altinda hizli bir fotodegradasyona ugradigi icin
toksisitesi dusuktir ve deniz suyunda kaliciligi yoktur notr
haldedir. ZnPT, CuPT gibi metal pritiyonlarin 1sigin sinirli
oldugu marina ve limanlarda, gemilerin gélgesinde kalan
sularda ve sedimentlerde veya yiksek tirbiditeli su
kolonlarinda kalici oldugu bildirilmistir (Turley vd., 2000; Turley
vd., 2005).

Ginko pritiyon sedimentte bakir varliginda bakir pritiyon ve
mangan pritiyon formlarina dénlsmektedir. Sucul gevrede
olusturabilecedi olumsuz toksik etkiler, deniz trafiginin ¢ok
yogun oldugu denizel ekosistemlerde  toksisitesinin
belirlenmesi agisindan bliylik 6nem tagimaktadir (Bao vd.,
2014). Sucul organizmalar arasinda 6nemli bir yer tutan
midyeler biyodeneyler ve toksikolojk calismalar igin
biyoindikatér olarak en uygun organizma gruplarindan birini
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olugtururlar. Bu canlilar sedenter yasam sirdirmeleri ¢ok
miktardaki suyu solungaglariyla filtre ederek beslenmeleri ve
ekonomik 6neme sahip deniz Grlnl olarak tiketilmelerinden
dolayi toksikolojik ve ekotoksikolojik ¢alismalarda siklikla tercih
edilen indikatr tirlerdir.

Midyelerde toplam hemosit sayisi (THS) sadlik gdstergesi
ve stres indikatdrii olan bir parametredir. Toksik maddeye
maruz kalan bivalve tirlerinde hemosit sayilarinda degisikler
meydana gelerek immun sistem giicliniin zayiflamasina neden
olur (Auffet vd., 2006). Toplam hemosit sayisi, deniz
organizmalarinin hastaliga karsi direncini ve hayatta kalma
kapasitesini etkilemektedir (Pipe ve Coles 1995; Dyrynda vd.,
2000). CuPT nin (bakir pritiyon) midyeler tizerindeki immino
toksik etkisi hakkindaki galismalar oldukga azdir. Bu ¢alismada,
24 ve 96 saat stre ile subletal bakir pritiyona (CuPT) maruz
kalan denizel kirliligin indikator canlilarindan  Mytilus
galloprovincialis tlirlintin total hemosit sayilari Gizerindeki etkisi
incelenmigtir.

MATERYAL VE METOT

izmir 1li, Foca ( N38°40.037' E26°44.748") bolgesinden
toplanan (Sekil 1). Mytilus galloprovincialis uygun sartlarda
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Sekil 1. Bakir pritiyona maruz kalan midyelerin toplam hemosit
sayilarindaki (THS) degisim

Figure 1. Changes in total hemocyte counts (THS) of mussels
exposed to copper pyrithione

TARTISMA VE SONUG

Cevresel kirleticilerden olan toksik metaller diferansiyel
hemosit sayilarinda degisiklige neden olmaktadir. Hicresel
seviyede (Cd) kadmiyumun, Chora vd. (2009) iskelet yapisin,
hiicre adezyonu ve hiicre seklini bozdugunu, Brousseau vd.
(2000), hemosit canliigi ve hemosit populasyonlarinda
degisikliklere neden oldugunu belirtmislerdir (Olabarrieta vd.,
2001). Bivalve tlirlerde hemositler morfolojik olarak grandilli ve
granilsiz olmak (izere 2 sinifa ayrilirlar, granGlli hicreler
basofilik ve eosinofilik olmak (zere iki tiptedir (Chandurvelan
vd., 2013).

laboratuvara getirilerek bir hafta slre ile akvaryumlarda
adaptasyona (pH: 7.88, Sicaklk: 175 £ 1°C ) tabi
tutulmuslardir. Yapay deniz suyu olarak Coral Pro Salt (Red
Sea Europe, France) %035 tuzlulukta hazirlanmistir. 15 L'lik
akvaryumlarda 15’er midye (ort. boy 4.21 c¢cm, n = 60)
stoklanmis, 96 saatlik stire ile 10 ve 30 pg/L bakir pritiyona
maruz birakilmigtir.24 ve 96 saat sonunda hemolenf drnekleri
insulin enjektord yardimiyla adiktér kasi uyarilarak alinmistir.

Hemolenf ornekleri 1:1 oraninda hemolenf ve %4 lik
formalin olacak sekilde 2.5 luk enjektorlerle gekilmistir. Daha
sonra 1slk mikroskobu altinda toplam hemosit sayisi Thoma
lami kullanilarak sayiimigtir. istatistik degerlendirmede Kruskall
Wallis testi uygulanmustir.

BULGULAR

96 saatlik sure ile 6n deneylerle belirlenen 10 ve 30 pg/L
bakir pritiyona maruz birakilan midyelerde 24 ve 96 saat
sonunda hemositometre ile yapilan sayim sonucunda bakir
pritiyona maruz kalan midyelerde toplam hemosit sayilarinin
kontrol grubu midyelerine gére azaldigi saptanmistir (Sekil 1).
Yapilan mikroskobik incelemede toplam hemosit sayisindaki
azalmanin 24 saat maruziyette daha fazla oldugu belirlenmistir.

Granilli hicrelerin  fagositozda 6nemli rol oynadigi
dustnilmektedir. Bu iki hiicre tiplerinin fonksiyonel farklari bu
galismada ve diger galismalarda tam olarak anlasiimamistir
ancak bivalve hemositlerinin hyallinositleri hakkinda az da olsa
bilgi vardir. Bununla beraber Hyalinositlerin rolii tam olarak
bilinmemektedir. Hyallinositlerin ekstrasellliler matriks Gretimi
ve homeostatik fonksiyonda rol oynadigi daha &nceki
calismalarda gosterilmistir. (Wang vd., 2012). Hyalunositler,
granlositiere gore daha kiglk ve grantlstizdir merkezde
biytk nukleusa sahiptir. Bununla beraber her iki hiicre tipinin
sitotoksik immtn cevapla iliskili olduguna inanilmaktadir (Wang
vd., 2012). Ayni zamanda epitel regenerasyonun erken
evresinde dnemli rol oynadidi distintilmektedir (Wang vd.,
2012). Ayrica diferansiyel hemosit sayimlari, metal maruziyeti
sonucu degisiklik gostermekle beraber  Eosinofilde azalma
buna karsin bazofilde artis g6zlenmistir (Cima., 1999). Cift
kabuklu yumusakcalarda sistemin hiicresel ve humoral
komponentleri, gevresel kirletici ile karsilastiklarinda immun
cevabi baskilayabildigi yada harekete gecirdigi belirlenmistir
(Cima., 1999; Pipe vd., 1999).

Bu calismada, bakir pritiyona maruz kalan midyelerde
toplam hemosit sayilari kontrol grubuna gére azalmistir
(Tablo1). Toplam hemosit sayisindaki diisist hasat sonrasi
elden gegirme sirasinda stresin artigi ve saglik durumunun
kotiilesmesinin ~ bir  gostergesi  olarak  kullanilabilecegi
belirtilmistir (Le Moullac ve Haffner., 2000). Cevresel stres,
hemopoetik dokularin mitotik aktivitesini degistirebilir, bu durum
hemosit dénistiiminde distsle sonuglanmaktadir (Le Moullac
ve Haffner., 2000). Bu bulgulara benzer olarak ¢alismamizda
bakir pritiyonun yarattigi strese bagl olarak toplam hemosit
sayllarinin diistigu soylenebilir.
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Sonug olarak, total hemosit sayisinin  biyosidal Uriin
kullaniminin denizel ekosisteme etkisini géstermede basit, hizli
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0z: Bu calismada, Bati Karadeniz dip trol balikgiliginin genel karakteri ile gekim siiresi, hedef, 1skarta ve toplam av miktari gibi bazi parametreler arasi iliskiler
regresyon ve korelasyon analizi ile incelenmistir. Galisma verileri igneada ve Rumeli Feneri bdlgelerinde 2012-2014 yillari arasinda 66 gegerli dip trol gekiminden
elde edilmistir. Sonug olarak 2010-2014 yillari arasinda dip trol balikgilarinin denize ¢iktiklari giin sayisi 99 ile 167 arasinda degistigi tespit edilmistir. Cekim stiresi
arttikga toplam av artarken iskarta av miktari da artmaktadir. Karadeniz demersal kaynaklarinin stirdiriilebilir kullaniminin saglanmasi i¢in yalnizca karaya gikan
av (zerinden diizenlemeler yapmak yerine balikgilik girdi kontrollerinin de (denize gikilan glin sayisi ve gekim siresi gibi) balikgilik yoneticileri tarafindan
planlanmasi gerekmektedir.

Anahtar kelimeler: Denize ¢ikilan giin, ¢ekim siiresi, korelasyon, girdi kontrolii

Abstract: In this study, general characteristics of bottom trawl fishery and relationships of inter parameter such as haul duration, total and discard catch were
defined by regression and correlation analysis. Data of study was obtained by 66 valid bottom trawl hauls in igneada and Rumeli Feneri regions between the years
2012-2014. Accordingly, days at sea of bottom trawlers varied between 99 and 167 days for between years of 2010 and 2014. The total amount of catch increases
as haul duration increases. In the meantime, however, discard amount increases as well. To be able to provide the sustainable exploitation of Black Sea demersal
resources, controls of fishery inputs (days at sea and haul duration etc.) should be planned by fishery authorities instead of regulations based on only landings.

Keywords: Days at sea, haul duration, correlation, input control

GIRiS

Avcilik, oldukga dinamik bir yapiya sahip olan su Urinleri
uretiminin temel kaynagidir (Yucel, 2006). Ttrkiye'nin 2016
yilinda 554 859 bin ton olan su uriinleri Gretiminin yaklasik %
54,3'si avcllik yoluyla elde edilmekte, bu Uretimin % 63,8'i
Karadenizden saglanmaktadir (TUIK, 2017). Bu durum
Karadeniz'i Turkiye balik¢ilik kaynaklari icerisinde avcilik yolu
ile Uretimde lider konuma getirmektedir. Demersal balik tirleri,
dlinya genelinde oldugu gibi llkemizde de pelajik stoklardan
daha az avlanmasina karsin ekonomik getirisi oldukga yiiksek
olan tiirlerdir (Geng, 2000). Oztiirk ve Karakulak'a (2003) gére
ise Karadeniz’de demersal balikgilik kiyisal poplilasyona ve
deniz ekosistemine ¢ok dnemli ektiye sahip 6nemli bir balikgilik
sektoridur. Bu bolgede barbun (Mullus barbatus), mezgit
(Merlangius merlangus) ve kalkan (Scopthalmus maximus) gibi
cok degerli demersal balik tlrleri avlanilimaktadir. 2016 yilinda
Karadeniz'’de toplam Uretim iginde bulunan demersal balik
tdrlerinin yillik av miktari mezgit igin 10.977,5 ton, barbun icin

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

2708,8 ton ve kalkan igin 199,7 ton olarak gergeklesmistir
(TUIK, 2017).

20. ylzyilin ik yillarr ile 6nceki yillar karsilastirildiginda,
balikgilik teknolojisi konusunda gelismis Ulkelerin devamli
olarak balik Uretimlerini arttirdiklari gdrdlmastir (Thurow,
1982). Balikcilik faaliyetlerinin yogunlastigi Ulkeler, balikgilik
kaynaklarini en fazla kullanan Ulkelerdir. Bu durum stoklarin
asiri bir sekilde kullanilmasina neden olmustur (Thurow, 1982).
Diinya Gida Tarim Orgiitii (FAO) tarafindan izlenen 600 deniz
baligi stokunun %3’ sémlrilmemis, %20'si kismen
sémardims, %52'sinin tamamen sémurilmas, %17’sinin agiri
sémirtimis, %7’sinin tlkenmis, %1'inin yenilenmekte oldugu
bildirilmistir (FAO, 2011). Bu sdmurilme miktarlari dikkate
alindiginda balik¢iligin etkileri agikga gortiimektedir.

Deniz ekosistemi  balikgilik aktivitelerinden
sekillerde etkilenebilir (ICES, 2000 ve 2003) ;
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1. Hedef balik ve kabuklu poplasyonlari lizerinde mortalite
etkisi,

2. Deniz tabani, dip baliklari ve omurgasizlarla iligkili olarak
habitatlarda meydana gelen degisim,

3. Ekosistemin yapi, fonksiyon ve biitinliiginde gorilen
degisim.

4. Ticari balik ve kabuklu popllasyonlarin kiiguk bireyleri,
ticari olmayan balik, bentik omurgasiz, deniz kusu ve deniz
memelilerini iceren hedef disi popllasyonlarin bolluk ve
kompozisyonda hedef digi ve 1skartayla olan iligkisi.

Iskarta, bir av operasyonunda avlanan ve ekonomik, yasal
ya da kisisel nedenlerle denize dokilen kismi ifade eder
(Kinacigil vd., 1999). Iskarta, minimum karaya ¢ikarma
boyundan kiiguk bireylerin avianmasi, pazar degeri dlisik veya
ticari de@eri olmayan tiirlerin avlanmasi, avin zarar gérmesi ve
kotanin dolmasi gibi ¢ok cesitli nedenlerden dolayi ortaya ¢ikar
(Feekings vd., 2012). Dip troll, demersal tirlerin avciliginda
kullanilan en énemli balikgilik teknigi olup Diinya'da karaya
clkan avin yaklasik %22’si, 1skartanin ise %50'si dip trol
avciligindan kaynaklanmaktadir (Kelleher, 2005). Ayrica, en
karmasik iskarta problemleri, tlrlerin karisik bulundugu dip trol
balikgihginda gorulir (Johnsen ve Eliasen, 2011; Catchpole
vd., 2005b). Ancak Tirkiye'de sinirli sayida ¢alisma trol
balikgiiginda iskarta konusuna odaklanmaktadir (Metin vd.
2000; Kinacigil vd., 2001; Ozbilgin vd. 2006; Aksu, 2012;
Ceylan vd. 2014)

Iskarta miktarinin belirlenmesi, ekosistem yaklagimli bir
balikgilik yonetimi hedefi olarak yakin zamanda énemli hale
gelmistir (Borges vd., 2005). Eger balikgilik yonetimi icin
onleyici araglar dnerilecekse neyin ne kadar iskarta edilecegini
belirleyen faktérlerin anlagilmasi esastir (Rochet ve Trenkel,
2005). Iskartanin azaltimasi igin kullanilan yéntemler
incelendiginde ise iki kontrol mekanizmasi gorilmektedir (Hall,
1996); birim cabadaki i1skarta av miktarinin (DPUE) ya da
balikgilik eforunun distriimesi (Hall vd., 2000). Fakat 1skarta
miktarinin azaltimasi i¢in yapilan birgok arastirma DPUE
Uzerine odaklanmaktadir. Bati Karadeniz, dip trol balikgiligr igin
cok énemli bir balikgilik sahasidir ve igneada’dan Sinop’a
kadar bu balikilik sahasinin kullanan 322 dip trol balikgisi
bulunmaktadir (Kaykag vd., 2014). Bati Karadeniz dip trol
balikgiliginda iskarta miktarinin belirlenmesi ve 1skarta oraninin
derinlige goére degisimine yonelik bir calisma bulunmaktadir
(Yildiz ve Karakulak, 2017). Bu galismada ise, Bati Karadeniz
dip trol balikgihginin genel dzellikleri, denize gikilan giin sayisi
gibi bazi balikgilik girdilerinin tespiti ile gekim suresi, toplam ve
hedef av miktarinin iskarta miktari zerine etkisi incelenmistir.

MATERYAL VE METOT
Calisma Sahasi

Karadeniz, Akdeniz Genel Balikgilk  Komisyonu
(GFCM)'nun alt alanlarinin en biiyigu ve bélgenin en karmagik
ekosistemlerinden birisidir (GFCM, 2012). Karadeniz'in Tirkiye
sularinda trol avciligina en elverigli olan sahalar, batida
igneada-Kefken arasi, doguda ise Sinop, Samsun ile Ordu illeri
arasinda kalan sahalardir. Bu sahalarin diginda kalan litoral

saha oldukga kirikli ve trol cekimi i¢in mlsait olmayan
sahalardir (Kara, 1980). Orta ve Bati Karadeniz kiyilari bu
bakimdan tlkemizin énemli trol av sahalaridir. Karadeniz'de
1947 yilinda 1 trol teknesi, 1952 yilinda 2 trol teknesi mevcut
iken 1953 yilinda trol balikgiligindan tamamen vazgegilmistir.
Ancak, 1955 yilinda Samsun ilinde soguk hava deposuna sahip
1 dip trol teknesi, bu tip balik¢ihigin devam etmesinde énci
olmustur (Oker, 1956). 1964 yilinda Istanbul’a kayitii 20 trol
teknesi mevcut iken (Arisoy, 1964) bugln bu sayi oldukga
artarak glinimuzde 155’e ylkselmistir.

Balikgilik verileri

Bu calismada, istanbul Bogazi-Sile ve Igneada-Kiyikdy
bélgelerinde, 2012-2013 ve 2013-2014 balikgilik sezonu
boyunca aylik periyotlar halinde ticari av tekneleri ile trol
balikgiligina istirak edilmistir. Rumeli Feneri ve igneada balikgi
barinaklari, Bati Karadeniz'de trol balikgiliginin yogun oldugu
balikgi yerlesimleridir. Toplamda 66 gegerli dip trolli avciliinda
veriler  kaydedilmistir.  Trol g¢ekimleri siresince gekim
koordinatlari, operasyon siireleri (saat), toplam ve iskarta av
miktarlari (kg) tekne izerinde kaydedilmistir. Calisma boyunca
av guverteye dokildiginde hangi kismin alikonulup hangi
kismin iskarta edilecegine balikgi karar vermistir.

Calismada, avcilik operasyonlarina istirak edilen iki ticari
trol teknesinin toplam boylari ve motor gugleri sirasiyla 19 m ve
700 HP ile 21 m ve 822 HP. Arastirmada kullanilan Akdeniz tipi
algak agiz acan klasik dip trol aglarinin toplam boy, agiz
genisligi ve yuksekligi sirasiyla 32 m, 12 m ve 0,8 m ile 35 m,
15 m ve 1,2 m'dir. Trol aglarinin kollarinda 55 mm tam géz
boyunda aglar kullanilirken, torba tam gézi agikhgr 40 mm,
muhafaza tam gdz acikligi 80 mm olarak Olgulmistir.
Teknelerde kullanilan geleneksel trol kapilari dikdortgen
seklinde genellikle 1,60X80 cm boyutlarinda ve agirliklari
yaklasik 130-150 kg arasindadir. Balikgilardan alinan bilgiye
gore teorik olarak dip trol adlarinin yaklagik yatay agiz agikligi
5 m, dikey agiz acikhgr 2 m, kapilar arasi mesafe 150 m,
palamar halat 80-90 m'dir.

Cekimler sirasinda tekne hizi ve baglangig-bitis
koordinatlari teknede bulunan Kiresel Konumlama Sistemi
(GPS) vyardimiyla tespit edilmigtir. Cekimlerin yapildigi
derinlikler ise teknede bulunan Echo-sounder yardimiyla
kaydedilmistir. Dip trol tekneleri ile ilgili bilgiler 2010-2014 yillari
igin Su Uriinleri Bilgi Sisteminden (SUBIS) Gida, Tarim ve
Hayvancillk Bakanligi Istanbul il Midiirligii  yardimiyla
suzUlerek hesaplanistir.

Veri Degerlendirme

Verilerin degerlendirilmesinde Microsoft Office Professional
Plus 2013 Excel ve SPSS 21.0 programlari kullaniimistir.
Korelasyon analizi igin  Sperman  Korelasyon testi
uygulanmistir. Korelasyon testi sonuglarinin yorumlanmasinda
korelasyon katsayisi; 0,90-1,00 ise gok yuksek, 0.70-0.89 ise
gugld, 0,50-0,69 ise orta, 0,26-0,49 ise zayif ve 0,00-0,25 ise
cok zayif olarak kabul edilmistir (Balci ve Ahi, 2016). Regresyon
analizinde ise en kiiclik kareler metodu kullaniimigtir.
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BULGULAR

Gida, Tarim ve Hayvancilik Bakanligrnin yayinladigi 4/1
Numarali Ticari Amagli Su Uriinleri Avciliginin Diizenlenmesi
Hakkinda Teblig (No: 2016/35)'e gore trol av sezonu Eylil
ayinin 15'i ile Nisan ayinin 15'i arasinda gergeklesmektedir
(Anon, 2016). Ancak bélgedeki trol balikgilar Eyldl aylarinda
palamut (Sarda sarda) goctini izleyerek trol balikgili§i yerine
uzatma aglariyla palamut baligi avciigi yaptigi gozlenmistir.
Bolgede ki balikgl tekneleri hava sartlari ve ¢ikan Urln
miktarina gore glinde 4-6 (4,5 £ 0,13)arasi ¢ekim yapmaktadir.
Sabah giines dogmadan 05:00-05:30 gibi balik¢i limanindan
ayrilan tekneler aksam 18:00-20:00 gibi limana geri

donmektedir. Analiz edilen 66 ¢ekim boyunca gekim slresinin
1ile 2,5 (2,0 £ 0,04) saat arasinda degistigi kaydedilmistir.

Hedef tlrler olan barbun ve mezgit baliklarini avlamak igin
sezon bagslangici olan Eylil ayinda denize gikan tekne sayisi
kis aylarina gére oldukca distktir (Sekil 1). Ayrica,
sonbaharda sik esen riizgarlar nedeniyle tekne sayilari Ekim
ayinda da diger aylara gore disik dizeyde kalmaktadir.
Denize ¢ikan trol tekne sayilarinin 2014 yili disinda, genellikle
Ocak ve Subat aylarinda yiikseldigi, Mart ayindan sonra
duslse gectigi, Nisan ayinda ise en duslk seviyeye indigi
goérilmektedir.
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Sekil 1. Bati Karadeniz'de yillar ve aylara gore denize ¢ikan dip trol teknelerinin sayisi.
Figure 1. Number of bottom trawl vessels go for fishing by years and months in the western Black Sea

Trol balikgilari bir yilda toplam yedi ayhk bir avcilik
dénemine sahiptir. Trol teknelerinin dip trolli balik¢iligi igin
denize ¢iktiklari giin sayisi 99 ile 167 gin (139,5 £ 7,32)
arasinda degismektedir (Sekil 2).

200 ~
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Sekil 2. Bati Karadeniz'deki dip trolli teknelerinin yillara gére denize

ciktilari guin sayilari
Figure 2. Number of days at sea of bottom trawl vessels by years in

the western Black Sea

Analiz edilen 66 cekim boyunca elde edilen tir sayisi 4 ile
24 arasinda degismis ortalama tiir sayisi 13 + 0,63 olarak
hesaplanmistir (Tablo 1). En yliksek tiir sayisi 24 tiir ile 2012
yili Kasim ayinda 20-50 m derinlik konturunda, en az tir sayisi

4 t(ir ile 2013 yil Mart ayinda 50-100 m derinlik konturunda elde
edilmigtir. Derinlige bagl incelemelerde, trol gekimleri
sonucunda ortalama tir sayisi (S) 20 — 50 m derinlik
konturunda 16, 50-100 m derinlik konturunda ise ortalama 8 tlir
olarak belirlenmistir (Sekil 3). Daima iskarta edilen tir sayis|
20-50 m derinlik konturunda 24, 50-100 m derinlik konturunda
ise 18 olarak hesaplanmistir.

25,00

Tiir Sayisi (adet)

=

Sekil 3. Derinlik konturlarina gore dip trol aglari ile Bati Karadeniz'de
avlanan tir sayilarinin minimum, maksimum, standart sapma ve

ortalama degerleri
Figure 3. Minimum, maximum and average number of species caught
by bottom trawl nets in the western Black Sea in comparison with

depth contours
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Tablo 1. Bati Karadeniz'de derinlik konturlarina gore dip trol aglari ile avlanan tirlerin listesi ve degerlendirime durumu
Table 1. The list of species caught and valuation by bottom trawl bottom trawl nets in the western Black Sea in comparison with depth contours

Tiirler 20-50 m 50-100 m Deger
Osteichthyes

Merlangius merlangus euxinus + + Avin blyik kismi alikonulan
Mullus barbatus + - Avin blyik kismi alikonulan
Pomatomus saltatrix + - Tamamen alikonulan
Alosa immaculata + + Avin blyik kismi alikonulan
Trachurus mediterraneus + + Avin blyuk kismi alikonulan
Trachinus draco + + Tamamen iskarta
Scopthalmus maximus + + Tamamen alikonulan
Neogobius melanostomus + + Tamamen iskarta
Uranuscopus scaber + Tamamen iskarta
Mesogobius batrachocephalus + + Tamamen iskarta
Scorpaena porcus + + Tamamen iskarta
Sprattus sprattus - + Tamamen iskarta
Pegusa nasuta + + Tamamen iskarta
Gobius niger + + Tamamen iskarta
Gaidropsarus mediterraneus + + Tamamen iskarta
Spicara smaris + - Tamamen iskarta
Platichthys flesus + + Tamamen Iskarta
Syngnathus acus + Tamamen iskarta
Arnoglossus kessleri + - Tamamen iskarta
Chelidonichthys lucerna + + Tamamen iskarta
Hippocampus guttulatus + + Tamamen iskarta
Parablennius tentacularis + - Tamamen iskarta
Engraulis encrasicolus + - Tamamen iskarta
Chondricthtyes

Raja clavata + + Yalnizca biiyik bireyleri alikonulan
Dasyatis pastinaca + + Tamamen iskarta
Squalus acanthias + + Yalnizca biiyik bireyleri alikonulan
Mollusca

Rapana venosa + + Tamamen iskarta
Mytilus galloprovincialis + + Tamamen iskarta
Crustacea

Liocarcinus depurator + + Tamamen iskarta
Eriphia verrucosa + - Tamamen iskarta
Crangon crangon + - Tamamen iskarta
Echinodermata

Marthasterias glacialis + + Tamamen iskarta
Asterias rubens + + Tamamen iskarta

Gekim siresi ile toplam av ve iskarta av miktari arasinda
yaplilan korelasyon analizine gore ¢ekim siresi ile bu iki av
miktar arasindaki iligkinin anlamli oldugu ortaya g¢ikmistir
(P<0,05). Ancak bu anlamli iligkilerin kuvveti orta derecelidir
(Toplam av-gekim stiresi R=0,689; Iskarta-cekim stiresi
R=0,489; Tablo 2). Toplam av ile hedef av ve 1skarta av miktari
arasinda yapilan korelasyon analizine gdre toplam av ile bu iki
deder arasindaki iligkinin anlaml oldugu ortaya cikmistir
(P<0,05). Bu anlamli iligkilerin kuvveti ise giigliidur (Toplam av
- Iskarta av R=0,762; Toplam av - hedef av R=0,874; Tablo 2).

Cekim siresi ile toplam av ve iskarta av miktari arasinda
yaplilan regresyon analizine gére ¢ekim siresi ve bu iki deger
arasinda pozitif bir iligki vardir (Sekil 4 ve 5). Cekim stresi
arttikca toplam av ve iskarta av miktari artmaktadir. Toplam av
ile hedef av ve i1skarta av miktari arasinda yapilan regresyon
analizine gore toplam av ile bu iki ¢ikti arasinda pozitif bir iligki

vardir (Sekil 6 ve 7). Toplam av arttikca hedef av ve iskarta av
artmaktadir (Sekil 8 ve 9). Ancak, ¢ekim suresi ile toplam av ve

Iskarta av miktar1 arasindaki regresyon modellerinde,
tanimlayicilik  katsayilari  (R2ynin  dusukligi regresyon
modelinin  agiklayicillk  gicinin  disik  oldugunu
gdstermektedir.
Table 2. Correlation relationships related to trawl hauls
Tablo 2. Trol gekimlerine ait korelasyon iligkileri
liski tiiri P R, W
Toplam av-Cekim siresi P<0,05 0,689 Orta
Iskarta av-Cekim siiresi P<0,05 0,489 Orta
Toplam av-Iskarta av P<0,05 0,762 Gliglu
Toplam av-Hedef av P<0,05 0,874 Gliglu
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Sekil 4. Cekim sresi ve toplam av miktari arasindaki regresyon iligkisi
Figure 4. Regression relationship between haul duration and total
catch
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$Sekil 5. Cekim siresi ve iskarta av miktari arasindaki regresyon iligkisi
Figure 5. Regression relationship between haul duration and discard
catch
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Sekil 6. Iskarta av ve toplam av miktari arasindaki regresyon iligkisi
Figure 6. Regression relationship between total catch and discard
catch
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Sekil 7. Hedef av ve toplam av miktari arasindaki regresyon iligkisi
Figure 7. Regression relationship between total catch and target catch
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Sekil 8. Toplam av ve iskarta avin 6rnekleme periyodu boyunca
degisimi

Figure 8. Fluctuation in total catch and discard catch during study
period
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Sekil 9. Toplam av ve hedef avin érnekleme periyodu boyunca
degisimi
Figure 9. Fluctuation in total catch and target catch during study period
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TARTISMA VE SONUG

Karadeniz, kiyisi olan dlkelerin ekonomisini etkileyen
onemli bir balikgilik alani olarak gdriinmektedir (Eremeev ve
Zuyev, 2007). Balikgilk ise Karadeniz —ekosisteminin
degisimlerinden en ¢ok etkilenen sektérdir. Ayni zamanda,
balikgilik aktiviteleri ekolojik durumun kétilesmesine ve balik
stoklarinin azalmasina etki eden en &nemli fakt6rdir.
Karadeniz'in ihtiyofauna kompozisyonunda meydana gelen
degisimler, birincil olarak bazi popUlasyonlarin  birey
sayllarindaki degisimleri igerir (Radu vd., 2013). Birgok balik
tlrlndn av miktarlari, ticari balikgilik icin dnemlerini yitirecek
kadar dismustiir. Karadeniz'den elde edilen avin dinamikleri
(degiskenligi), balikgilik ¢abasi ve sémiiriilen stoklarin dretim
kapasitesi arasindaki farklihklar gercedi tam olarak
yansitmaktadir (Radu vd., 2013).

Bati Karadeniz'de dip trol balikgilarinin denize giktiklari gtin
sayisina etki eden faktorler; firtinali giin sayis|, yeterli tayfaya
sahip olup olmama durumu ve ticari pelajik balik yogunlugudur.
Dip trol tekneleri sezon baginda palamut ve lifer avciligina
yoneldigi igin bu baliklarin av durumuna gdre deniz gikip
¢lkmamaya karar vermektedir. Bu durum neredeyse Kasim
ayinin 15'ine kadar devam edebilmektedir. Zengin vd. (2017)
Karadeniz'in diger 6nemli dip trol sahalarini iceren Samsun
bdlgesinde yaptiklari ¢alismada, bir ticari trol teknesinin giinde
yaklasik 12 ile 14 saat arasinda denizde kaldigini ve bu stirede
her bir operasyon yaklasik 1,5 saat stirecek sekilde yaklasik 5-
6 operasyon gergeklestirdigini bildirmistir. Bu calismada da
benzer sonuglar Bati Karadeniz dip trol balik¢iligi igin tespit
edilmistir. Ancak, bazi uygun balik¢ilik sahalarinda gekim
stirelerinin 2,5 saate kadar ¢iktigi gdzlemlenmistir.

Iskartanin azaltiimasina yonelik yonetim tedbirleri, girdi ve
¢ikti kontrolleri olan teknik énlemleri igerir (Condie, 2013). Girdi
kontrolleri,  balikgilk igin  harcanabilecek  zamanin,
kullanilabilecek av araci miktarinin ve tekne sayl ve
bayukltklerinin - sinirlandiriimasi  yoluyla toplam  avcilik
miktarinin kontérlini amaglayan énlemleri igerir (Pope, 2002).
Iskartay! ele alan birgok yaklasim ya av araci segiciliginin
gelistiriimesi ya da zaman ve bdlge yasagH (izerinde
durmaktadir (Davis, 2002; Cook, 2003; Broadhurst vd., 2006).

Gekim sUresinin i1skartaya etki ettigi tespit edilmistir; fakat
acik bir egilim bulunmamaktadir (Feekings ve Madsen, 2012).
Bazi calismalar da ise uzun gekimlerin distk iskarta oraniyla
sonuglandi§i belirtilmistir (Murawski, 1996; Machias vd., 2001).
Buna karsin, Rochet ve Trenkel (2005) iskartanin dogrusal
olamayan bir sekilde artti§ini ve uzun ¢ekimlerde baligin zarar
gdérmesinden dolayl veya a§ g6zleri tikanarak kagisa engel
olundugu icin 1skartanin artiyor olabilecegini ifade etmistir. Bu
calismada benzer sekilde toplam av miktar arttikca dogrusal
olmasa da iskarta miktarinin artti§i belirlenmistir. Bu artisa
sebep olan nedenin tam olarak belirlenmesi igin Stepputtis vd
(2016) calismasinda oldugu gibi operasyonlar sirasinda trol
torbasinin  ylksek ¢ozlnirlikli  kameralar  yardimiyla
izlenecegi calismalara ihtiyag dogmaktadir.

Baska calismalarda ise ¢ekim hizinin da iskarta miktarina
etki ettigi belirlenmistir (Hall vd., 2000; Broadhurst vd., 2006).
Bir baligin ylizme hizi ve dayanikhligi balik boyuna bagl oldugu
icin (Beamish, 1978), cekim hizi alikonulan balik miktarina ve
biyukligine etki eder (Broadhurst vd., 2006). Siiriklenen av
araglarina yonelik zamansal ve mekansal kisitiamalar diginda,
cekim siresi ve ¢ekim hizinin dlzenlenmesi tir ve boy
seciciliginin artmasini ve iskartanin dismesini saglayabilecek
en basit operasyonel degisimlerdir (Broadhurst vd., 2006).
Boylelikle, kisa gekim sirelerinin uygulanmasi daha az tir
cesitliligine ve daha yodun hedef tlirlere sahip avlarla
sonuglanabilir (Murawski, 1996). Bati Karadeniz'de iskarta
olarak etkilenen tir sayisi 18 ile 24 arasinda oldugu
gorlimektedir. Karadeniz’de 1skarta olarak etkilenen tir
sayisinin yiksek olmayisi tir gesitliliginin diisiik olmasindan
kaynaklanmaktadir.

Karaya cikarilan av diizenlemesini temel alan balikgilik
yonetim sistemleri, her ne kadar arzu edilmese de, siklikla
yiksek iskarta ile sonuglanabilir (Crean ve Symes, 1994).
Alternatif olarak filodaki balikgi tekne sayisi ve tekne boyunun
velveya denize ¢ikilan giin sayisinin sinirlandiriimasi yoluyla
balikgilik diizenlemesi yapilabilir. Bu dizenleme iskartay ve
ayrica balikgilik gelirini dlsurebilir ginkli karaya gikan av
sinirlanacaktir.  Filo etkinligi dlzenlenmedikge, yapilan
dlzenlemeler ekonomik kaybin azaltiimasini arttirabilir ve
sonug olarak iskartadaki diistis ortadan kalkacaktir (Frandsen,
2011).

Catchpole vd., (2006) bildirdigine gore denize ¢ikilan giin
sayisi Kuzey Denizi ile Baltik Denizi arasindaki Kattegat ve
Skagerrak bdlgelerinde sinirlandinmigtir ve bu uygulama
balikgillk cabasina nazaran iskarta miktarinin dlismesini
saglamistir fakat balikgilar icin oldukga maliyetli olmustur. Bu
sinirlama balikgilari av araglarinin avcilik etkinligini arttirmaya
yonelik olarak tegvik etmistir. Ayrica, Frandsen (2011) Kattegat
bélgesinde denize ¢ikilan giin sayisinin “Isve¢ lzgaras!”
kullaniliyorsa sinirlandirilamayacagini  bildirmigtir. Balikgilik
zamanindaki sinirlandirma balikgilarin segici av araglarinin
kullanimina adaptasyonu igin tesvik edici bir uygulamadir. Bu
uygulamadan da anlagilacagi (lzere balikgik zamani
kisitlamalari kullanilan av aracina ydnelik kurallarla kombine
edilerek kullaniimalidir.

Ekonomik de@eri olan balik tlrlerinin  ¢odunlugu
Karadenize kiyisi olan dlkelerin minhasir ekonomik
bdlgelerinde paylagiimaktadir (STCEF, 2011 ve 2012; Nicolaev
ve Radu, 2008). Karadeniz'de bir bdlgesel balikgilik ydnetim
organizasyonu olmadidi igin, ortak paylasilan ve gé¢ eden
tirlerin  avciiginda  ortak  bir  balikgilik  yénetimi
uygulanmamakta, her bir kiyisal Ulke ayri bir balikgik yonetimi
duzenlemektedir (Radu vd., 2013). Dip trol balikgihgi
Karadeniz'e kiyisi olan (lkelerde Tirkiye disinda yaygin bir
avcilik metodu dedgildir. Bu sebeple trol balik¢iliginin
dizenlenmesi ile ilgili bdlgesel mekanizmalar degil ulusal
y6netim otoritesi kararlar almak zorundadir. Ancak, Tirkiye'de
uygulanan balikgilik yonetiminde henliz 1skarta konusunda her
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hangi bir yonetmelik ya da uygulama bulunmamaktadir. Son
yillarda ticari demersal balik stoklarinin av miktarlarinda
yasanan dlsuslerde degerlendirildiginde dip trol aglarinin
gevreye olasi etkilerinin azaltimasi ve ekosistemin korunmasi
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Yizer ag kafeslerde kullanilan polietilen dikmelerin rotasyon ve enjeksiyon
yontemleri ile Uretimlerinin karsilagtiriimasi
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Oz: Deniz ve ig sulardaki baraj gollerindeki balik yetistiriciligi calismalarinda kullanilan yiizer a§ kafes sistemlerinin en 8nemli bilesenlerinden bir tanesini dikmeler
olusturmaktadir. Dikme Uretiminde gegmisten glintimize kullanilan en yaygin yéntem rotasyon sistem iken son yillarda plastik isleme teknolojilerinin gelismeye
baglamasi ile birlikte, pek ok alanda oldugu gibi dikme Uretiminde de enjeksiyon ydnteminin kullaniimasi giindeme gelmistir. Bu calismada ticari bir kafes Gretim
tesisinde iki dretim metodunun is glict, kullanilan hammadde 6zelikleri ve birim zamandaki tretim kapasitesi ile eneriji tiiketimi ve Gretim maliyetleri agisindan
karsilastirimasi yapilmigtir. Elde edilen sonuglarda, enjeksiyon ydntem ile dretimin segilmesi durumunda is guiciinlin yari yariya azaltilabilecegi, rotasyon sistemde
kullanilan toz yapidaki diistik yogunluklu polietilen (LDPE) malzeme yerine graniil formdaki hammaddenin de segilebilecegi, bir saatlik zaman diliminde enjeksiyon
yontemle %50 oraninda daha fazla sayida dikme Uretilebilecedi goriilmiistiir. Bununla birlikte her iki yéntemin kullanimi sirasinda harcanan enerji miktar géz
onlinde bulunduruldugunda enjeksiyon sistem ile Gretimin %80 oraninda enerji tasarrufu saglayabilecedi gorilmus, retim maliyetlerinin de %9.2 oraninda
azaltilabilecegdi hesaplanmistir.

Anahtar kelimeler: Aj kafes, dikme, rotasyon, enjeksiyon

Abstract: One of the important components of net cages that have been used for aquaculture activities in marine and freshwater environment, are brackets.
Rotation system have been used to produce brackets for a long time; but as plastic process technology has just well developed, using of injection method has
become more popular. This study presents a comparasion between both production methods on ingredient utilization, production capacity per hour, energy
consumption and production costs in commercial production conditions. According to the results, obtained injection metdod can reduce the number of employee
up to fifty percent, instead of using powder LDPE material as an ingredient in the rotation method, injection method can use graniile form of LDPE, the number of
brackets were produced in a hour can be increased up to 50%. In terms of energy consumption, the injection method can provide up to 80% profit and finally
producing brackets with injection method reduce the production costs 9.2%

Keywords: Net cage, bracket, rotation, injection

GIRiS

Yiizer ag kafesler, yetistiriciligi yapilan sucul canlilar icin
belki de dodadaki yasam ortamlarina en yakin &zellikleri
sunabilen yetistiricilik ortamlarindan bir tanesidir. Tatli su
baliklarinin yetistiriciliginde baraj géli ve gbletlerde, deniz
baliklarinin  yetistiriciliginde kiyr ve kiyi 6tesi alanlarda
kullanilan ag kafeslerin gegmisi yiizyillar 6ncesine kadar
uzanmaktadir (Coche, 1978; Beveridge, 1987; Huguenin,
1997). Dinyanin su Grlnleri yetistiriciligi uygulamalarinda 6nde
gelen (lkelerinin 6zellikle deniz baliklarinin yavru asamadan
itibaren yetistiriciliine ait faaliyetler incelendiginde, kiyi
sularinda gozlenen hizli kirlilik, turizm yatinmlari gibi 6nc
nedenlere bagli olarak, bu galismalarin agik deniz ortamlarina

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

yerlestirilen ag kafeslerde sirdirlildigi gorilmektedir. Agik
deniz yetistiriciligi kiyisal alanlardaki yetistiricilik modelleri ile
kiyaslandiginda, agik denizde strdlrilen yetistiricilik
calismalarinin daha kuvvetli akinti, dalga boyu ve riizgar
siddetine maruz kaldi§i gérulmektedir. Bu zorlu fiziksel kogullar
nedeniyle kullanilan a§ kafes materyalinin de ayni oranda
saglam ve dayanikli olmasini gerekmektedir (Loland, 1991;
DeCew vd., 2005; Suhey vd., 2005).

AJ kafes yapisinin dayaniklih§i iizerinde énemli rolii olan
en onemli parca dikmedir. Glinlimizde ag kafes dikmelerinin
imalatinda rotasyon ve enjeksiyon olmak uzere iki yontem
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kullaniimaktadir. Rotasyon sistem ag kafes endustrisinde
yillardan beri kullanilan bir y6ntem olmasina ragmen
enjeksiyon sistem daha yeni bir dikme Uretim modeli olarak
karsimiza gikmaktadir. Bu galismada, rotasyon ve enjeksiyon
sistemle imal edilen a§ kafes dikmelerinin iscilik, hammadde
tiketimi, kullanilan sistemlerin enerji tiketimi ve birim Gretim
maliyetlerine iligkin bilgiler ticari bir Uretim ortaminda yapilan
kiyaslamalar 11§inda sunulmaktadir.

MATERYAL VE METOT

Denemelerde kullanilan rotasyon sistemi ve iiretim
metodu

Bu calisma izmir ili Torball ilgesinde ag kafes Gretimi yapan
ozel bir fabrikada stirdirilimistir. Rotasyon sistemle (retim
yapmak igin bir dikme kalibi ile rotasyon firini kullanilmigtir
(Sekil 1a ve 1b).

Sekil 1a. Rotasyon sistem dikme kaliplari (orijinal)
Figure 1a. Rotation system stitch patterns (original)

Sekil 1b. Rotasyon sistemde kullanilan firin (orijinal)
Figure 1b. Furnace used in rotation system (original)

Rotasyon sistem ile dretim yapmak icin 6zel bir plastik
firmasindan Rotomoulding marka diisiik yogunluklu ve siyah
granil yapidaki polietilen hammadde (LDPE) temin edilmistir.
Hammadde &giitilerek toz hale getirilmis, sekil 1a’da gésterilen

kaliplara dékilmus ve kalip kapaklari kapatiimistir. Dértlii kalip
ile farkli yonlere donerek galisan sistem, 450 °C sicakliga
ayarlanmis firina konulmus ve 90 dakika stire ile bu sicakliga
ve rotasyon hareketine maruz birakilmistir. Tamamen kalibin
seklini alan Uriin firindan cikarilmis ve oda sicakliginda 30
dakika sire ile sogumaya birakilmistir. Belirtilen bu yontemle
dért isci kullanilarak toplam 100 adet kafes dikmesi Gretilmistir.

Denemelerde kullanilan enjeksiyon sistemi ve lretim
metodu

Enjeksiyon sistemle Uretim yapabilmek igin ilgili fabrikanin
arastirma ve gelistirme biriminde Uretilen enjeksiyon

makinesinden yararlanilmigtir (Sekil 2a ve 2b). Bu makine
ekstruder, kelepge, piston, hidrolik Unite, sogutucu ve kumanda
panelinden meydana gelmektedir.

$Sekil 2a. Enjeksiyon sistemde kullanilan ekstruder (orijinal)
Figure 2a. Extruder used in injection system (original)

Sekil 2b. Enjeksiyon sistemin hidrolik Unitesi
Figure 2b. Hydraulic unit of the injection system

Enjeksiyon sistemle (retim yapabilmek igin, rotasyon
sistemde belirtildi§i gibi, Rotomoulding marka siyah granil
LDPE temin edilmistir. Rotasyon sistemden farkli olarak
enjeksiyon sistemde granil hammadde herhangi bir dgttme
islemine gerek kalmaksizin sistemin ekstruder birimine
konulmus, hidrolik Gnite yardimi ile kalip igerisine hammadde
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basilmistir. Enjeksiyon yontemde iki isgiden yararlanilarak 100
adet kafes dikmesi imal edilmistir.

BULGULAR

Rotasyon ve enjeksiyon yontemle imal edilen kafes
dikmelerine iliskin kiyaslama Tablo 1'de ve Sekil 3'te
sunulmaktadir.

Tablo 1. Rotasyon ve enjeksiyon yéntemle Uretilen dikmelerin
kiyaslanmasi

Table 1. Comparison of rotations and syringes produced by injection
method

- Rotasyon Enjeksiyon
Kiyaslama Kriteri Yéntem Yéntem
Uretimde galisan personel 4 9
saylsl
Hammadde yapisi LDPE, toz LDPE, grandl
Harcanan hammadde
(kg/dikme) 17kg 17k
Bir saatte Uretilen dikme sayisi 2 4
Enerji tiiketimi (kw/saat) 400 80
Uretim maliyeti (Avro/dikme) 76 70

Sekil 3. Rotasyon sistemle (solda) ve enjeksiyon sistemle (sagda)
uretilen kafes dikmeleri

Figure 3. Cage trims produced by rotation system (left) and injection
system (right)

Elde edilen sonuglar rotasyon sistemle yapilan dretimin
daha fazla isgilik gerektirdigini, enjeksiyon sistemin ise isgilik
giderlerini yari yariya dusirebilecegini gbstermistir. Rotasyon
sistemde satin alinan hammaddenin islenebilmesi igin bir
éguticd yardimi ile toz formuna getirilmesi gerekmektedir. Bu
calisma kapsaminda imalati yapilan ve gelistirilen enjeksiyon
sistem ise hammaddeyi dogrudan graniil formunda kullanarak
hammaddenin toz haline getirimesine gerek kalmadan uretim
yapabilmektedir. Bu sistem ayni zamanda orijinal hammadde
ile benzer ézelliklere sahip granil yapidaki geri déntsim artigi
urdinleri de kullanabilmektedir.

Her iki Uretim sisteminde kullanilan hammadde miktarinin
ayni oranda ve bir dikme Uretimi i¢in 17 kg oldugu gdrilmastr.
Buna kargilik birim zamanda enjeksiyon yontemle Uretilen
dikme sayis rotasyon sistemle Uretilenin iki katina ulagmistir.
Enerji tiketimi degerleri incelendiginde ise enjeksiyon sistem
ile Uretim yapiimasi durumunda %80 oraninda tasarruf
saglanabilecegi goralmistar. Uretim maliyetleri
hesaplandiginda ise enjeksiyon ydntemle dretilen kafes
dikmelerinin rotasyon sistemle iretilenlere oranla %9.2 daha
duslk maliyet ortaya koydugu sonucuna varilmistir.

TARTISMA VE SONUC

Bu calismada giintimlizde ag kafes dikmelerinin Gretiminde
kullanilan iki ydntem olan rotasyon ve enjeksiyon sisteme dair
kiyaslamalar yapilmistir. Rotasyon sistem dinyada yaygin
olarak bilinen bir sistem olmakla birlikte, enjeksiyon sistem
genel anlamda saglayabildigi daha fazla teknolojik gelisme
sayesinde son yillarda daha fazla kullanim alani bulmaya
baslamigtir (Lader ve Enerhaug, 2005).

Fredrikson vd. (2003), enjeksiyon sistemle iretilen kafes
dikmelerinin rotasyon sistemle kiyaslandiginda dayaniminin
daha yliksek oldugunu belirtmektedir. Bunun en énemli nedeni
olarak da rotasyon sistemde kalip bosluklarinin tamamen
hammadde ile doldurulamamasi, buna karsilik enjeksiyon
sistemde hammaddenin hidrolik sistem kullanilarak basilmasi
nedeniyle kalip icerisinde higbir boslugun kalmamasi
gosterilmektedir. Bir a§ kafes sisteminde olasi fiziksel
darbelerde ilk kirlan parganin kafes dikmeleri oldugu
dusuntlirse enjeksiyon sistemin basarisi ortaya ¢ikmis
olacaktr.

Tsukrow vd. (2003), kafes dikmelerinin (retiminde
enjeksiyon yéntemin tercih edilmesi durumunda ve bu sistemin
sagladigi yuksek basing sayesinde atik LDPE driinlerin de bir
hammadde olarak kullanilabilecegdini, bu sayede bir geri
donlstim imkani saglanabilecegini bildirmektedir. Gercekten
de enjeksiyon ydéntem hem kullanilacak hammaddenin
6gutiimesine gerek duymamasi hem de dogada en uzun
strede yok olabilen polietilen bazli Grinlerin  yeniden
kullanimina izin vermesi nedeniyle daha ¢evreci bir dretim
metodu olarak da adlandirilabilir. Elde edilen sonuglardan da
gorilecegi lizere enjeksiyon yontemde kullanilan Gretim modeli
daha az enerji gerektirmektedir. Akdeniz cografyasi ve 6zellikle
de Turkiye'deki enerji maliyetlerinin ne derece yiksek oldugu
g6z 6niinde bulundurulursa bu sistemin verimliligi bir kez daha
vurgulanmig olacaktir. Son olarak da denizlerde ag kafeste
uretilen gipura ve levrekler icin bir fizibilite vermek yararli
olabilir. Yilda 1000 tonluk gipura-levrek dretimi igin bir
yatirimcinin 30 metre gapinda 20 adet ag kafese sahip olmasi
gerekmektedir. Bu captaki bir kafes igin 44 adet dikme
kullanilmasi gerekmektedir. Bu durumda kurulacak ag kafes
sistemindeki dikme sayisi 880 adet olacak, bu dikmelerin
enjeksiyon sistemle imal edilmesi durumunda dikme Ureticisine
toplam 61.600 Avro, rotasyon sistemle Uretilmesi durumunda
ise toplam 66.880 Avro 6denmesi gerekecektir. Bu hesaplama
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Isiginda bir yatinmeinin sadece kafes dikmelerine ddeyecegi
ucret enjeksiyon ydntemde yaklasik %10 daha ucuz olacaktir.

Sonug olarak; enjeksiyon yontem kullanilarak imal edilen
dikmelerin a§ kafes sistemlerinde daha yaygin olarak
kullaniimaya baslanmasi, isgilik ve enerji tilketim maliyetlerini
azaltacak, birim zamanda Uretilen parga sayisini arttiracak bir
uretim modeli olarak gésterilebilir. Bununla birlikte, enjeksiyon
sistemle Uretim, rotasyon sistemle kiyaslandiginda artik ve
granil yapidaki plastik maddeleri de hammadde olarak
kullanabildiginden gevreye saygili bir Gretim modeli olarak da
adlandirilabilir. Bu calismada ag kafes dikmelerinin imalat
asamasindaki kiyaslamalarina yer verilmistir; gelecekte
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0z: Bu calismada, 6 ay boyunca dondurulmus alabalik filetolarinin kalitesi iizerine dogal bir koruyucu olarak karanfil yaginin (0.5% ve 1%vAw) etkisi degerlendirildi.
Vakum paketlenmis drnekler -18°C’de depolandi. Depolama suiresince mikrobiyolojik (Toplam anaerob bakteri, psikrofilik bakteri, laktik asit bakterileri ve maya-kiif)
ve duyusal (koku, renk, tekstiir) parametreler incelendi. Mikrobiyal gelisme kontrol grubunda depolama stiresince en yiiksekti. Karanfil yagi vakum paket ile birlikte
kullanildi§1 kombinasyonlarda dondurulmus alabalik filetolarinin duyusal kalitesi tizerine olumlu etki gésterdi. Sonuglarimiza gére karanfil yagi, etkili antibakteriyel
ve dogal bir koruyucu olarak dondurulmus gokkusagi alabaligi kalitesini artirmak igin vakum paket ile birlikte kullanilabilir.

Anahtar kelimeler: Esansiyel yadlar, karanfil yadi, dondurulmug depolama, Gékkusagi alabaligi, mikrobiyolojik kalite, duyusal kalite

Abstract: The present study evaluated clove oil (0.5% and 1%v/w) use as a natural preservative on the quality of frozen rainbow trout fillets during of six months.
Vacuum packed samples were stored at -18 “C. Microbiological parameters (total anaerobe, psychrophilic bacteria, lactic acid bacteria, mold-yeast) and sensory
quality (odour, color and texture) were determined during the storage period. Microbial growth was high over a period of frozen storage for control samples. The
existence of clove oil demonstrated to develop the sensory quality of frozen rainbow trout fillets when used in combination with vacuum pack. According to our
results, clove oil as natural protective and influential antibacterial can be used in conjunction with vacuum pack to augment frozen stored rainbow trout quality.

Keywords: Essential oil, clove oil, rainbow trout, frozen storage, microbiological quality, sensory quality

INTRODUCTION

Frozen and chilled storage are widely used protection
methods for fish and fish product, owing to the microbiological
growth and some biochemical processes can be minimized with
these methods. But, the quality of fish muscle will also
deteriorate throughout frozen storage as the fishes have high
protein and unsaturated fatty acid contents (Simeonidou et al.
1997; Tironi et al. 2010; Dusukcan et al. 2014). That's why,
some measures must be taken to extend the shelf life of fish in
cold storage.

Clove oil is a plant widely cultivated in the world. Its
antimicrobial potential was established when its essential oil
extracts killed many Gram positive and Gram negative
organisms including some fungi. The antimicrobial activity of
clove is attributable to eugenol, oleic acids and lipids found in
its essential oils (Nzeako et al. 2006). Clove oil has been listed
as a “Generally Regarded As Safe” substance by the United
States Food and Drug Administration when administered at

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

levels not exceeding 1500 ppm in all food categories.
Nontraditional preservation techniques are being developed to
satisfy consumer demand with regard to nutritional and sensory
aspects of foods. This increasing demand has opened new
dimensions for the use of natural preservatives derived from
plants and animals. In biopreservation, storage life is extended,
and/or safety of food products is enhanced by using natural
compounds (Nzeako et al. 2006; Yildiz Oguzhan, 2015).
Besides, plant and spices extracts possessing an antioxidant
activity preserve the cells from the harm caused by the free
radicals and they have an major role in the antioxidant defense
(Tuna Kelestemur, 2011; Tuna Kelestemur and Ozdemir,
2013).

The impact of essential oils on the shelf-life of fish and fish
products has been studied (Harpaz et al.,2003; Mahmoud et
al., 2006; Goulas and Kontominas, 2007), but there are very
limited study (Solanki et al., 2016) on fish, treated with clove oil.
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Therefore, the objective of the present study was to
determine the effect of vacuum pack and in combination with
the addition of clove oil, as a natural preservative, on the shelf-
life extension of rainbow trout (Oncorhynchus mykiss) fillets by
evaluating microbiological and sensory quality.

MATERIALS AND METHODS

Preparation of fish samples and storage conditions

Clove oil was acquired from Kalsec® (Kalsec®, Inc,
Kalamazoo). Fresh rainbow trout (O. mykiss) samples (varying
from 250 to 280 g weight and total rainbow trout 150) were
obtained Keban Alabalik Co. aquaculture farm located in Keban
Dam Lake. Fish samples were placed in ice box and transferred
within 1 h to the fish-processing laboratory of the Faculty of
Fisheries of Firat University. Fishes were immediately weighed,
gutted, headed and filleted. Then fillets were washed with water
and were divided to three lots.

First group: Control (Control group, no clove oil)
Second group: 0.5 Co (0.5 % v/w Clove oil added)
Third group: 1 Co (1% v/w Clove oil added)

Clove oil was added onto the surface (two sides) of each
fillet using a micropipette followed by mild uniform distribution
(directly with gloved fingers) of the oil for each sample. The
clove oil ratio was determined by preliminary studies. All
samples were vacuum-packaged and stored in -18 °C and
analysed once a month during 6 month to determine the
microbiological and sensory attributes.

Microbiological analysis

Rainbow trout (10 g) obtained from each fillet were
transferred aseptically to a Stomacher bag containing 90 ml of
sterile 0.1% peptone water (Buffer Peptone Water, LAB M) and
homogenised for 1 min using a laboratory blender (Stomacher
400, Lab. Blender, London, UK) at high speed. Tenfold
successive dilutions were made with 0.1% peptone water from
these homogenates as required. Petri dishes for determination
of the total anaerobe on brewer anaerobe agar and then
incubated at 30 °C for 3 days. Psychrophile was determined
on Plate Count Agar (PCA, Merck 1.05463) after incubation at
7°C for 10 days. Lactic acid bacteria were enumerated on de
Man Rogosa Sharpe agar (MRS, Oxoid, CM361) incubated at
30°C for 5 days. Yeast and mold bacteria were enumerated on
Potato Dextrose Agar (PDA, Merck 1.10130) incubated at 22
°C for 5 days enumerated. Microbiological counts were
expressed as log colony-forming units (cfu) per gram of sample
(Harrigan 1998; ICMSF, 1986).

Sensory analysis

Ten experienced panelists, staff members of the
department of fish processing and technology, who had
experience on fish and fish products were chosen to evaluate
the quality of fillets. Panelists were asked to evaluate
appearance, odor and texture of raw samples. Appearance,

odor and texture were scored on a 10-point hedonic scale. A
score of zero was used as a rejection attribute point
(Simeonidou et al., 1997).

Statistical analysis

The study has been composed of three independent
repetitions. By using the SAS program, the data was
processed. According to General Linear Model (GLM)
procedures, averages of the least squares were designated
through Fisher's Least Significant Difference (LSD) test and the
statistical significance level was taken as 0.05 hereby (SAS
1999).

RESULTS AND DISCUSSION
Microbiological changes during frozen storage

Deterioration of fish mainly occurs as a result of
bacteriological activity leading to loss of quality and subsequent
spoilage. Changes in the microbial flora (total anaerobe,
psychrophilic bacteria, lactic acid bacteria, mold-yeast) of
rainbow trout fillets during frozen storage are illustrated in Fig.1

Initial (1t month) total anaerobe counts was 0.95 log cfu/g
in all groups (Fig. 1). After storage of two months, significant
differences (p<0.05) were found between control group and
clove oil treated groups. Bacteria populations increased in all
groups during storage. However, the lowest bacteria counts
were obtained from Group 1Co. At the end of the storage
period of 6 months 4.55, 3.14 and 2.06 log10 cfu/g were
measured for Control, 0.5 Co and 1 Co group, respectively.
These results show that the addition of clove oil had effect on
the total anaerobe bacteria of frozen trout. Similar studies show
the effectiveness of essential oils such as clove applied to
mean samples to prolong their shelf life, inhibiting
microorganism growth and measuring the antioxidant activity
and therefore increasing the product's shelf life (Burt, 2004)

The psychrophilic bacteria counts of control and other
groups were recorded during frozen storage. Initial populations
of psychrotrophic bacteria of Control, 0.5 Co and 1 Co samples
were 214, 188 and 1.16 log10 cfulg, respectively.
Psychrophilic bacteria counts of Control, 0.5Co and 1Co groups
were 8.11, 7.12 and 7.20 log10 cfu/g at the end of the storage
period, respectively. Based on the statistical analysis, clove oil
treated groups had significantly lower (p<0.05) counts when
compared to control samples during storage. Control and
0.5Co, 1Co samples exceeded the value of 6 log cfu/g for
psychrotrophic bacteria count, considered as the upper
acceptability limit for fish and fish products, after 4 months and
6 of storage, respectively. Therefore, compared with the control
samples, a shelf life extension of 2 months was achieved for
clove oil treated samples, as determined by psychrotrophic
bacteria counts. Our results for psychrophilic bacteria are in
agreement with findings of fresh fish species stored with other
essential oils (Erkan, 2007; Ozyimaz 2007; Attouchi and
Sadok; 2011; Emir Coban and Patir 2013).

32



The effect of clove oil on frozen storage stability and quality of rainbow trout (Oncorhynchus mykiss)

3 o =—b=—Control 03Co =de=1Co
2
= 4
=
£
g 2
1'_:; D T T T T T
=~ 1. 2. 3. 4. 3. 6.
Storage Time (Months)
=i C ontrol 03Co =be=1Co
S 4

b

Lactic acid bacteria
=

1. 2. 3. 4. 5. 6.
Storage Time (Months)

sl _ onitrol 03Co ==e=1Co
g &
E
g °
=
£ 4
i
=
;" |:| T T T T T
= 1. 2. 3. 4. 3. .
Storage Time (Months)
g 4 == Comntrol 05Co =ae=1Co
E
§ 61
-
=
| . /
£ 7 W
D T T T T T

1. 2. 3. :
Storage Time (Months)

Figure 1. Changes in the microbial flora of rainbow trout fillets during frozen storage. Control: without clove oil vacuum packaged 0.5 Co: added
clove il 0.5 % v/wt, vacuum packaged 1 Co: added clove oil 1 % v/wt, vacuum packaged

Vacuum-packed food is stored in the absence of oxygen
and some microorganisms have restricted growth. Instead, the
bacterial population occurs mainly of lactic acid bacteria. In
vacuum-packed seafood, lactic acid bacteria are problematic
as they produce typically sour odors and flavours. Lactic acid
bacteria counts of Control, 0.5Co and 1Co groups (LAB) were
determined as 1.50, 1.51 and 1.40 log10 cfu/g, respectively at
the beginning of storage. LAB counts in all groups increased
during storage (Fig 1). Increases in treated groups were less
than the control group. These results may explain the inhibitory
effects of essential oils on LAB (Burt, 2004; Emir Coban and
Patir 2013). Kostaki et al (2009), reported that the treatment of
fresh fish fillets (sea bass) with a mixture of thyme oil reduced
the final LAB counts by approximately 1 log, compared with
control group. Likewise, Kykkidou et al. (2009) reported that
thyme—oregano oil treatment was effective in eliminatingthe
growth of TVC and LAB in modified atmosphere packaged fish
under refrigerated storage. They are also in agreement with
those reported by other researcher (Erkan 2007; Chouliara et
al.2007; Kykkidou et al. 2009; Atrea et al. 2009; Emir Coban
and Patir 2013).

In the present study, the number of yeast-mold of control
and clove oil treated samples were determined as 1.26 and
0.95 log10 cfulg, respectively at the beginning of storage.
Yeast—-mold amount increased in all groups during storage (Fig
1). Yeast-mold populations were highest in the control
samples, as expected, compared to the added clove oil
samples. Clove oil causes a decrease in the number of
bacterial cells, demonstrating they can be used to protect a
food matrix such as fish, prolonging the bacteria lag period and
that's why prolonging its shelf life. Similar findings have been
found by Suhr and Nielsen (2003) and Emir Coban and Patir
(2013).

Sensorial changes during frozen storage

The acceptability of fish products during frozen storage
depends on the changes in their sensory attributes. Fish
products were considered to be acceptable for human
consumption until the sensory score reached 4 (Amerine et
al.1965; El-Hanafy et al. 2011). The sensory scores of frozen
trout fillet with clove oil are presented in Fig 2.

33



Emir Coban et al., Ege Journal of Fisheries and Aquatic Sciences, 35(1): 31-35 (2018)

et 11 1 111] ] 0.5 Co ===]1Cao

fith month 2nd ronth

Sth month 3rd month

dth rnonth
Odour changes according to storage time

e 0T ] 05 Co ==]1Cao
1st month
10
aith month 2nd rmonth
Sth month 3rd month

Ath month

Colorchanges according to storage time

e 13 11 01| 05Co ==—1Co
1zt month
10
Bith month 4 2nd month
‘ ) ‘
Sth month 3rd ronth
Ath month

Texture changes according to storage time

Figure 2. The results of the sensory evaluation of rainbow trout fillets during frozen storage Control: without clove oil vacuum packaged 0.5 Co:
added clove oil 0.5 % viwt, vacuum packaged 1 Co: added clove oil 1 % viwt, vacuum packaged.

All the samples at 1t months had high odour scores ranged
from 8.5 to 8.7, which means that all samples at initially were in
excellent quality. During the storage period, there was a
significant loss in the fish quality for all samples. Odour score
of control, 0.5Co and 1 Co groups were determined as 5, 6.4,
7.2, respectively at 6 months. Similar findings were reported
by other researcher (Ozyilmaz 2007; Chouliara et al. 2007;
Emir Coban and Patir 2013). Plant extract applied groups were
more preferred than control groups like in our study.

Initially the best odour score were found in control samples,
however the score significantly decreased at the end of the
storage period. The samples treated with 0.5% clove oil were
the most preferred fillets followed by the samples with 1% clove
oil. (Fig 2).

Chemical and physical changes of proteins occurring
during frozen storage may result in texture deterioration. This

is an important problem because it negatively affects sensory
quality. Texture modification is mainly a result of damage
caused to the protein structure. In Fish, most of these changes
are caused by the production of formaldehyde in the muscle
(Sotelo et al. 1995). The formaldehyde liberated reacts with
proteins to form crosslinks. These changes also causes loss of
taste and odor. The rainbow trout fillets treated with clove oil
were the most preferred samples in terms of sensory
characteristics, whereas control samples had low sensory
Scores.

CONCLUSION

Consumer demands for foods with a prolonged shelf life are
of major importance. Ensuring food safety and at the same time
meeting demands for retention of nutrition and quality attributes
has resulted in increased interest in alternative preservation
techniques for inactivating microorganisms.
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This study has clearly shown that preservation of frozen fish
applying clove oil have longer shelf life than normal. Moreover,
as fish has good sensory quality, a proper preservation
technique suggested in this paper is highly relevant.
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0z: Bu calismada, Istanbul ili Anadolu yakasinin farkli bélgelerinde halkin kullanimina agik olan dogal kaynak suyu gesmelerinin bir yillik periyot iginde (2014
yili/12 ay) bakteriyolojik kalite parametrelerinin incelenmesi ve insan sagligi agisindan degerlendiriimesi amaglandi. Bu amagla belirledigimiz 10 adet dogal kaynak
suyu istasyonundan bir yil siireyle (2014 yili/12 ay) her ay bakteriyolojik analizler igin numuneler alindi. Bakteriyolojik analizler; membran filtrasyon yontemi
kullanilarak Koliform bakteri, Escherichia coli, Fekal koliform ve Enterokok sayimi ile tespit edildi. Bir yil siireyle toplanan 95 6megin, yapilan bakteriyolojik analizleri
neticesinde 46'sinin ulusal ve uluslararasi standartlara gore igilebilir nitelikte, 49'unun ise igilemeyecek nitelikte oldugu gorildii. Orneklerimizin % 47,4'inde
Koliform Bakteri; % 27,4'lnde Enterokok; % 17,9'unda Escherichia coli ; % 14,7’'sinde Fekal koliform tespit edilerek standartiara uygun olmadigi belirlendi.
Orneklerimizin % 48,4'Un(in ise standartlarda belirtilen degerlere uygun oldugu tespit edildi.

Anahtar kelimeler: Escherichia coli, Dogal kaynak sulari, Bakteriyolojik analizler

Abstract: The main purpose of this study was to investigate the bacteriological quality parameters of drinking fountains found in the Anatolian side of Istanbul on
an annual basis (2014 year/ 12 month) and their evaluation in terms of human health. Samples were taken monthly from 10 different public drinking fountains for
bacteriological analysis for a year in 2014. Bacteriological analysis were carried on using the membrane filtration technique; Coliform bacteria, Escherichia coli,
Fecal coliform and Enterococcus counting. 95 samples were collected in total and bacteriological analysis performed on these showed that 46 % of the samples
were drinkable and 49 % of them were not drinkable according to the national and international standards for drinking water quality. Additionally, 47,4 % of the
samples had Coliform bacteria, 27,4 % had Enterococcus, 17,9 % had Escherichia coli and 14,7 % had Fecal coliform which showed that they were out of the
standards. On the other hand, 48,4 % of the samples were compatible with the values indicated in the standards.

Keywords: Escherichia coli, Natural spring waters, Bacteriological analysis

GIRiS

Su, yasaminin tlim formlarini destekleyen ve dolayisiyla
yasam igin vazgeciimez olan en temel bilesiktir. Kentsel,
endstriyel ve iklimsel gelismede dngérilen degisiklikler icme
suyunun batinlagint ve strddrdlebilirligini tehdit etmektedir.
Diizensiz kentlesme, asiri nifus artisi, bozulan gevre sartlariyla
sera gazlarindaki artis ve asir sanayilesme ile artan endiistriyel
atiklar gibi nedenlerle igilebilir su kaynaklari giderek azalmakta,
kimyasal ve bakteriyolojik kirliligin boyutlari her gecen giin
artmaktadir (Muluk vd., 2013). Sularda patojenik bakteri,
mantar, alg, patojenik protozoa gibi organizmalarin bulunmasi
ile olusan kirlilik biyolojik kaynakli su kirliligini olusturur. igme
suyu ve kaynaklarda fekal kirlenme kontroli birincil dneme
sahiptir. Escherichia coli (E.coli) gibi fekal indikator bakteriler
diski kirlenmesinin en énemli gostergesidir (Murcia vd.,2017;

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

WHO, 2011). insan ve hayvan digkilariyla kirlenmis sularla tifo,
dizanteri, kolera ve birgok bagirsak enfeksiyonu ve asalaklar
yayilabilir (Giiler ve Cobanoglu, 1994).

Diinya Saglik Orgiiti (WHO) kaynaklarina gére Amerika
Birlesik Devletlerinde bile her yil sudan kaynaklanan yaklasik
70.000 hastalik vakasi bildirilmektedir. Bu hastaliklarin en
biyik kaynagi foseptik ve kanalizasyondur (Sonmez ve
Gizmecioglu, 2007). Suda bulunan bakteriler, Spirillum, Vibrio,
Pseudomonas, Achromobacter, Chromobacterium  cinsi
bakterilerden olusan suyun dogal mikroflorasi olan bakteriler;
Bacillus, ~ Streptomyces,  Enterobacteriaceae’nin  saprofit
tiirlerinden olusan topraktan suya karigsan mikroorganizmalar;
Fekal koliformlar, Enterococcus faecalis, Clostridium
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perfringens ve diger bagirsak patojenlerinden olusan insan ve
hayvan digkisi ile kirlenme sonucu suda bulunabilen
bakterilerdir.  Salmonella tipleri, Shigella  dysenteriae,
Vibrio cholerae, Bacillus anthracis, Francisella tularensis,
Pasteurella tipleri, Leptospirae tipleri, Chlamydiae psittaci gibi
tirler su kirliligine neden olan bakterilerdir (Guzman-Fernandez
vd., 2016; Can, 2011).

Koliform Bakteriler, fakiiltatif anaerobik, Gram-negatif,
sporsuz, gubuk seklinde, 48 saatte 35°C'de laktozu fermente
ederek gaz olusturan bakterilerdir (APHA,2012). Koliform
grubu bakteriler; Enterobacteriacaea familyasi iginde yer alirlar.
Su mikrobiyolojisi agisindan dnemli olan E.coli, Citrobacter,
Klebsiella, Enterobacter, Hafnia, Serratia, Edwardsiella,
Proteus, Providencia, Arizona ve Erwinia cinsleri koliform grubu
bakterilerdir. Koliformlar, insan ve sicakkanli hayvanlarin
bagirsak sistemlerinde  bulunurlar. Bu agidan fekal
kontaminasyonun en iyi indikatorleri olarak degerlendirilirler.
E.coliigme suyunda kesinlikle bulunmamalidir ve digki kaynakli
kilenmesinin kesin kanitidir (Hyland vd., 2003; Shafi vd.,
2017). Enterobacteriaceae familyasinin bir Gyesi olan E.coli,
beta-galaktosidaz ~ ve  beta-glukorinidaz ~ enzimlerinin
bulunmasiyla karakterizedir. Boyu 2-6 um ve eni 1-1.5 um olan
basil seklinde, Gram negatif, bazen hareketli, fakltatif
anaerop, 1-2 mm ¢apinda S tipi koloniler olusturan bakterilerdir.
Glikoz, laktoz, maltoz, mannitol ve ksiloz'u fermente ederek asit
ve gaz olustururken, siikroz, salisin, rafinozu fermente etme
etkisi degiskendir. Adonitol ve inozitol'li ise genellikle fermente
etmezler (Rifaat vd., 2014). Bu galismanin amaci istanbul ili
Anadolu yakasinin farkli bdlgelerinde halkin kullanimina agik
olan dogal kaynak suyu gesmelerinin bir yilllk ddonem iginde
(2014 yil/12 ay) bakteriyolojik kalite parametrelerinin
incelenmesi ve insan sagligi agisindan degerlendiriimesidir.

MATERYAL VE METOT
Dogal kaynak suyu gesmelerinin dzellikleri

istanbul ili Anadolu yakas’nda bulunan degisik yerlesim
alanlarindan farkli bolgeleri temsil edebilecek sekilde 10 adet
kaynak suyu gesmesi belirlenerek (N1-N10), Ocak 2014-Aralik
2014 arasinda 12 ay sireyle her ay bakteriyolojik analizler igin
numuneler alindi. Numune alma islemleri; TS EN 1SO 5667-1
(2008), TS EN ISO 5667-3 (2013) ve TS ISO 5667-5 (2008)
standartlarina gére yapildi. Bakteriyolojik analizler icin numune
alma, musluklarin temizlenmesi, dezenfeksiyonu ve suyun
bosa akitimasiyla ilgili islemler TS EN 1SO 19458 2006
standardina gére uygulandi. Numune alma kaplari olarak,
Pasteur firminda (kuru sicak hava ile) 160°C’de en az 2 saat
bekletimek suretiyle sterilizasyonu saglanmig olan 700 mf'lik
koyu renkli cam sigeler kullanildi. Bakteriyolojik analizler igin
sterilize edilmis, temiz, kuru, hasarsiz, 700 ml hacimli, kapakla
sikica kapatilabilen, numune bilesimini koruyacak uygun
malzemeden yapilmis koyu renkli cam siseler numune kabi
olarak kullanildi. Toplanan numuneler portatif buzluklarda buz
kaliplari ile tasinarak Orneklerin  1sinmasi  engellendi.
Numuneler laboratuvarda agilincaya kadar sizdirmaz bir
sekilde muhafaza edildi.

Membran filtrasyon yontemi

Membran filtrasyon ydntemi, blylk partikil icermeyen
sivilarin analizlerinde kullanilir. Bunun basinda da su analizleri
gelmektedir. Amag sivi 6rnek igerisindeki partikiillerin fiziksel
olarak tutulmasini saglamaktir. Bunu gergeklestirmek igin
uygun por gapina sahip filtreler kullanildi. Bu galismada
koliform bakteri ve E.coli sayisi, enterokok bakteri sayisi, fekal
koliform bakteri sayisi tayin ydntemlerinde membran filtrasyon
yontemi kullanildi. Membran filtrasyon sisteminde analiz
yapilirken ilk dnce galisma alani dezenfekte edildi. Besiyerleri
3,5 ml steril distile su ile islatildi. Paslanmaz celik hunilerin i¢
ylizeyi, kapadi ve filtre tutucu atesten gegirildi. Pens atesten
gegcirildi ve kisa bir sireligine sogumasi saglandi. Membran
gikarilarak membran filtre tutucu (zerine yerlestirildi. Musluk
acilip, vakum pompasi calistirilarak numune filtre edildi. Hava
kabarciklari olusturmadan filtre besiyeri (izerine yerlegtirildi.
Besiyerlerinin uygun sicaklik ve sirelerde inkiibasyonunun
sonunda Ureyen koloniler degerlendirildi (TSE, 2006).

Koliform bakteri ve E.coli sayisi tayin yontemi

Koliform Bakteri ve E.coli sayiminda; TS EN ISO 9308-1,
E.coli ve koliform bakterilerin tespiti ve sayiminda membranla
stizme yontemi kullanildi. Membran filtrasyon sistemi
galismadan dnce steril edildi. Tiire 6zgii Tergitol besiyeri Uretici
firmanin verdigi talimatlara gére 3,5 ml steril saf su ile 1slatildi.
0.45 pm por gapina sahip steril membran filtre, steril pens
kullanilarak membran filtrasyon sisteminin porlu tablasi (izerine
yerlestirildi. Tabla Uzerine dikkatlice huni sistemi yerlestirildi ve
kilittendi. Calisilacak numunenin 250 ml'si bakterileri tutan
membran filtre Gzerinden, steril edilmis membran filtrasyon
sisteminden stiz(ildi. Numune vakum ile filtrelendi. Huninin
kilidi acilarak membran filtre steril pens ile havadan
olugabilecek kontaminasyonlari énlemek icin hemen Tergitol
besiyeri lzerine, membran filtre ile besiyeri arasinda hava
kalmayacak sekilde yerlestirilerek (36+2)°C’de (21£3°C) saat
inkiibasyona birakildi. Membran filtre Gizerinde sari ve turuncu-
sari renkli koloniler ve membran filtre altinda ise sari nokta
olusturan laktoz pozitif bakteriler sayildi.

Tergitol besiyerinde koliform bakteri kirmizi koloniler, E.coli
ve Enterobacter aerogenes ise turuncu-sari koloniler
olustururlar. Besiyerinde Ureyen bu laktoz pozitif kolonilerden 5
tipik ve 5 atipik (parlak olmayan) koloni alinarak TSA besiyerine
her koloniden ayri ayri ekim yapildi ve (3622)°C’de (21£3°C)
saat inkiibe edildi. Inkiibasyon sonrasinda olusan kolonilerden
dogrulama deneyi olarak oksidaz ve indol deneyleri yapildi.
Oksidaz testi icin N,N-Dimethyl-1,4- phenylene diammonium
chloride (0,1 pmol) ve a-naphthol (1,0 pymol) igeren oksidaz
stripler kullanildi. Steril plastik 6ze yardimiyla koloninin bir
kismi oksidaz strip izerine s(r(ldi. 30 saniye i¢inde koyu mavi-
mor rengin ortaya ¢iktiginin gérliimesi pozitif reaksiyon olarak
kabul edildi. indol testinde TSA besiyerinde tireyen kolonilerden
triptofan sivi besiyeri bulunan cam tiipe birer 6ze dolusu inokiile
edildi ve (44+0.5)°C’de (21+3°C) saat inkiibasyona birakildi.
icerisine 0.2 ml-0.3 ml kovacs reakifi ilave edilmek suretiyle
indol Uretimi incelendi. Sivi besiyeri yiizeyinde kiraz kirmizisi
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bir rengin olusmasi indol Uretimini dogrular ve testin pozitif
oldugunu gdsterir. Oksidaz negatif reaksiyon veren bitin
koloniler kolifom bakteri, oksidaz negatif ve indol pozitif
reaksiyon veren butlin koloniler ise E.coli olarak sayildi.
Membran filire (izerinde sayilan karakteristik koloniler ve
yapilan dogrulama testlerinin  sonuglarinin da dikkate
alinmasindan sonra 1ISO-8199’a uygun olarak numunenin 250
ml'sinde mevcut koliform bakteri ve E.coli sayilari hesaplandi.
Analiz sirasinda pozitif kontrol olarak E.coli (ATCC 25922),
negatif kontrol olarak da Staphylococcus aureus (ATCC 25923)
kullanildi (TSE, 2011).

Enterokok bakteri sayisi tayin yontemi

Enterokok bakteri sayimi tayininde, TS EN 1SO 7899-2
membran filtrasyon yéntemi kullanildi. Membran filtrasyon
sistemi ¢alismadan 6nce steril edildi. Ture 6zgu Azid besiyeri
uretici firmanin verdigi talimatlara gore 3,5 ml steril saf su ile
islatildi. 0.45 pum por gapina sahip steril membran filtre, steril
pens kullanilarak membran filtrasyon sisteminin porlu tablasi
Uzerine yerlestirildi. Tabla (zerine dikkatlice huni sistemi
yerlestirildi ve kilitlendi. Caligilacak numunenin 250 ml'si
bakterileri tutan membran filtre (izerinden steril edilmis
membran filtrasyon sisteminden siz{ildi. Numuneler, vakum
ile filtrelendi. Huninin kilidi agilarak membran filtre steril pens ile
havadan olugabilecek kontaminasyonlari énlemek igin hemen
Azid besiyeri lizerine, membran filtre ile besiyeri arasinda hava
kalmayacak sekilde yerlegtirilerek (36+2)°C'de (44+4°C) saat
inkiibasyona birakildi. inkiibasyondan sonra tipik olarak
koloninin ortasinda veya etrafinda, kirmizi, mor veya pembe
renk olusumu ile ortaya gikan ttim koloniler dikkate alindi. Tipik
kolonileri igeren membran ve koloniler steril pens ile, ters yiz
etmeden 6nceden 44°C'de 1sitiimis Bile Aesculin Agarli (BAA)
petri kabina aktarildi. (44+0.5)°C'de 2 saat inkiibe edildi. Iki
saatin sonunda plaklar hemen okundu. Cevresindeki
besiyerinde ten renginden siyah renge kadar degisebilen
renkler olusturan ttim tipik koloniler pozitif reaksiyon vermis
olarak kabul edilerek bagirsak enterokoku olarak sayildi (TSE,
2002).

Fekal koliform bakteri sayisi tayin yontemi

Fekal koliform bakteri sayimi tayininde American Public
Health Association (APHA, 2012) yontemi kullanildi (APHA,
2012).

istatistiksel analizler

Bu calismada elde edilen verilerin istatistiksel yonden
degerlendirilmesinde  Statistica®ver.9.1 software (StatSoft,
Inc., Tulsa, USA, 2009) kullanilmigtir. p<0.05 degeri anlamli
kabul edilmistir. Anadolu yakasina igme suyu saglayan en
dnemli kaynak suyu ¢esmeleri ve bulunduklari bélgeler Tablo
1.’de verilmistir.

Tablo 1. Anadolu yakasi dogal kaynak suyu gesmeleri ve bolgeleri
Table 1. The spring water fountains and their areas on Anatolian side

Istasyon/Numune Kaynak suyu Bulunduklan bélgeler
cesmeleri
N1 Basiblyik Basibuyiik Mahallesi
(Maltepe)
N2 Ferah Bliyik Camlica
Mahallesi (Camlica)
N3 Goztepe Goztepe Mahallesi
(Kadikdy)
N4 Haminnine Kiigik Camlica
Mahallesi (Camlica)
N5 icerenkdy icerenkdy Mahallesi
(Atasehir)
N6 Kayisdag Kayisdag Mahallesi
(Atasehir)
N7 Kozyatagi Kozyatadl Mahallesi
(Kadikdy)
N8 Sahrayicedit Sahrayicedit Mahallesi
(Kadikdy)
N9 Tatlisu 1 Esenkent Mahallesi
(Maltepe)
N10 Tatlisu 2 Esenkent Mahallesi
(Maltepe)
BULGULAR VE TARTISMA
Bu calismada Istanbul ili Anadolu Yakasi’'nda degisik
yerlesim alanlarindan  farkli  bdlgeleri temsil niteligi

tasiyabilecek 10 adet kaynak suyu cesmesinden bir yillik
strede (2014 yili /12 ay) temin edilen 95 6rnekte yapilan
bakteriyolojik analizlerde 46 &rnegin ulusal ve uluslararasi
standartlara gore bakteriyolojik bakimdan igilebilir nitelikte, 49
ornegin ise igilemeyecek nitelikte bakteriyolojik kirlilige sahip
oldugu gérildi. Numunelerimizin % 47,4'linde Koliform bakteri;
% 27,40nde Enterokok; % 17,9'unda E. coli ; % 14,7’sinde
fekal koliform tespit edilerek standartlara uygun olmadigi
goraldu.

Omeklerin % 48,4'li ise standartlarda belirtilen degerlere
uygun oldugu tespit edildi. Bakteriyolojik analizlerimizin
sonucunda fekal koliform  bakterilerin  ve  ozellikle
E.colinin tespiti kaynak suyu cesmelerine fekal bulasma
oldugunu géstermesi bakimindan olduk¢a dnemlidir.
Bakteriyolojik  yogunluk 06zellikle sicakliklarin  yiikseldigi
ilkbahar-yaz aylarinda daha yogun olarak tespit edildi. Koliform
bakteri konsantrasyonu en yodun olarak eylil ayinda N5
(igerenkdy Mahallesi, Atagehir) kaynak suyu gesmesinde
17000 kob/250ml olarak; en yodun E.coli konsantrasyonu
mayis ayinda N8 (Sahrayi Cedid Mahallesi, Kadikdy) kaynak
suyu ¢esmesinde 180 kob/250ml olarak; en yogun Enterokok
konsantrasyonu haziran ayinda N2 (Blylik Camlica Mahallesi,
Camlica) kaynak suyu ¢esmesinde 70 kob/250ml olarak; en
yogun fekal koliform konsantrasyonu ise mayis ayinda N8
(Sahrayi Cedid Mahallesi, Kadikdy) kaynak suyu gesmesinde
180 kob/250ml olarak belirlendi. istasyonlara gére Ocak-Aralik
2014 aylar arasindaki bakteriyolojik analiz sonuglari Tablo
2.de gosterilmistir.
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Tablo 2. Ocak-Aralik 2014 arasi dogal kaynak sularindaki bakteriyolojik analizler
Table 2. The bacteriological analysis of natural spring water between January-December 2014

Istasyonlar Aylar

Koliform bakteri kob/250 ml 500 520 1100 130 - - 130 - - - - 150
E.coli kob/250 ml 0 0 0 0 - - 58 - - - 0
Enterokok kob/250 ml 10 10 25 30 - - 13 - - - 35
Fekal koliform kob/250 ml 0 0 5 6 - - 60 - - - - 0
Koliform bakteri kob/250 ml 0 0 0 0 3 13 0 480 3 50 80 0
E.coli kob/250 ml 0 0 0 0 3 0 0 0 3 0 5 0
Enterokok kob/250 ml 0 0 0 0 68 70 43 0 5 0 40 0
Fekal koliform kob/250 ml 0 0 0 0 3 0 0 0 3 0 80 0
Koliform bakteri kob/250 ml 0 0 0 - - - - - - - - -
E.coli kob/250 ml 0 0 0 - - - - - - -

Enterokok kob/250 ml 0 0 0 - - - - - - -

Fekal koliform kob/250 ml 0 0 0 - - - - - - -

Koliform bakteri kob/250 ml 0 0 0 0 18 0 -0 320 0 0 0 0
E.coli kob/250 ml 0 0 0 0 0 0 0 0 0 0 0 0
Enterokok kob/250 ml 0 0 0 0 0 0 0 0 0 0 0 0
Fekal koliform kob/250 ml 0 0 0 0 0 0 0 0 0 0 0 0

Koliform bakteri kob/250 ml 0 0 120 250 120 4800 300 140 17000 0 20 0
E.coli kob/250 ml 0 0 50 90 0 0 0 20 5 0 20 0
Enterokok kob/250 ml 0 0 0 0 0 0 30 8 10 0 0 0
Fekal koliform kob/250 ml 0 0 50 90 0 0 0 25 5 0 20 0

Koliform bakteri kob/250 ml 0 0 0 0 0 1000 160 200 0 0 0 0
E.coli kob/250 ml 0 0 0 0 0 10 20 25 0 0 0 0
Enterokok kob/250 ml 0 0 0 0 0 0 18 25 0 0 0 0
Fekal koliform kob/250 ml 0 0 0 0 0 15 20 25 0 0 0 0

Koliform bakteri kob/250 ml 0 0 0 30 230 3700 210 - - 5 80 0
E.coli kob/250 ml 0 0 0 0 0 25 0 - - 0 0 0
Enterokok kob/250 ml 0 0 0 0 0 0 30 - - 0 0 0
Fekal koliform kob/250 ml 0 0 0 0 0 25 0 - - 0 0 0
N Bim 4 2 3 4 5 & 7T 8 9 M0 M 12
Koliform bakteri kob/250 ml 0 0 0 0 3000 - - - - - - 160
E.coli kob/250 ml 0 0 0 0 180 - - - - - - 100
Enterokok kob/250 ml 0 0 0 5 8 - - - - - - 5
Fekal koliform kob/250 ml 0 0 0 0 180 - - - - - - 100

Koliform bakteri kob/250 ml 0 10 0 0 2200 70 0 30 1200 220 190 0
E.coli kob/250 ml 0 0 0 0 0 0 0 0 0 0 3 0
Enterokok kob/250 ml 0 0 0 0 0 0 0 0 30 5 0 0
Fekal koliform kob/250 ml 0 0 0 0 0 0 0 0 3 5 3 0

Koliform bakteri kob/250 ml 75 85 0 0 90 2000 0 - - 0 40 0
E.coli kob/250 ml 0 0 0 0 0 3 0 - - 0 0 0
Enterokok kob/250 ml 25 30 0 0 0 0 15 - - 3 0 0
Fekal koliform kob/250 ml 10 15 0 0 0 3 5 - - 0 0 0

~
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Diinya Saglik Orgiiti (WHO, 2011), ABD Gevre Koruma
Ajansi (EPA, 2008), Avrupa Birligi (EC, 1998), Ttrk Standartlari
Enstitlisi Igme Suyu Standardi (TSE, 2005), ve Saglk

Tablo 3. igme sularinda olmasi gereken bakteriyolojik kalite parametreleri

Bakani§i insani Tiketim Amagli Sular Hakkindaki
Yonetmelikte belirtilen bakteriyolojik parametreler ile ilgili sinir
degerler (2013) Tablo 3.'de verilmigtir.

Table 3. The bacteriological quality parameters that should be in drinking waters

B ABD Gevre Avrupa TSE Igme suyu Insani tiiketim amagl
Diinya Saglik Teskilati
Koruma Ajansi Birligi standart1 266 sular hakkindaki
(WHO, 2011) B
(EPA, 2008) (EC, 1998) (2005) yonetmelik
KoliformBakteri (kob/250ml) 0 0 0 0 0
E. coli (kob/250ml) 0 0 0 0 0
Enterokok (kob/250ml) 0 0 0 0
Fekal kolifrom kob/250ml) 0

Bu calismada, istanbul ili Anadolu yakasinda bulunan,
halkin kullanimina sunulmus dogal kaynak suyu gesmelerinin
bir yillik siregte (2014 yili/12 ay) bakteriyolojik kalite
parametrelerinin incelenmesi ve elde edilen verilerin insan
sagligi acisindan degerlendiriimesi amaglanmistir. Halkin
yararina sunulan kaynak suyu gesmelerinin igme ve kullanma
amaglarina yonelik olarak kullanilabilmeleri igin insan sagligini
tehdit edici unsurlari barindirmamalari ve insan saglijina
uygun su kalitesine sahip olmalari gerekmektedir. Bu
baglamda, kaynak suyu cesmelerimizin su kalitesi
parametreleri agisindan WHO, EPA, EC ve Tirk Standartlari
Enstitlisi TS 266 icme suyu standardi ve Saglik Bakanhg
insani tiketim amagli sular hakkindaki yonetmelikte ifade edilen
oOzelliklere uygunluklari degerlendirildi.

icme suyu kaynakli en énemli tehdit edici faktor patojen
mikroorganizmalarin varhdidir (Dunn, 2014). Sularin mikrobiyal
kalitesinin tespiti fekal indikatér mikroorganizmalarin analizine
dayanmaktadir. Bunlar E.coli veya alternatif termotolerant
koliformlar olarak segilen organizmalardir. Yani fekal koliformlar
ve E.coli yaygin olarak sularda fekal kontaminasyon géstergesi
olarak kullaniimaktadir ve bu sekilde kesin olarak bu sularin
patojenik enterik bakteri varligi ile iligkili oldugu gdsterilmistir
(Ochoo vd., 2017). E.coli igme suyunda bulunmamalidir ve
digki kirlenmesinin kesin kanitidir. Enterokoklar insan ve
hayvanlarin gastrointestinal sisteminde kommensal yasayan,
firsatgl patojenlerdir ve idrar yolu enfeksiyonu, endokardit ve
sepsise neden olan bakterilerdir (Poulsen vd., 2012; Shafi vd.,
2017). Gumis ve arkadagslarinin 2012 yilinda yaptidi bir
calismada Karaman il merkezindeki 72 tath su gesmesinden
28'inde (%38,8) bakteriyolojik kirlilik saptanmistir. Orneklerden
%31,94’inde koliform Bakteri, %18'inde Escherichia coli,
%12.5'inde hem koliform hem E.coli bulunmustur (Glimus,
2012). Yelekgi vd. 2012 yilinda yapti§i diger bir galismada Kilis
ili sebeke sularindan alinan 90 &rnekten, bes tanesinin
mikrobiyolojik  kirlilikten yani koliform bakteri ve E.coli
bakimindan igmeye uygun olmadidi tespit edilmistir. Sekerci

vd. 2012 yilinda yapti§i galismada ise Erzurum il merkezinde
rastgele segilen 45 gesmeye ait mikrobiyolojik analizler
sonucunda 10 ornekte (%22.7) hem toplam hem de fekal
koliform bakteriye rastlanmistir. Agaoglu vd. 2007 yilinda
yaptiklari benzer bir arastirmada Van ili merkezindeki
kaynak/cesme sularindan alinan 6rneklerin %56's!; ilgelerdeki
kaynak/cesme sularinin ise  %76’si  koliform  grubu
mikroorganizmalar y6niinden standartlara uygun
bulunmamigtir. Yigit 2002'de yaptigi calismada istanbul i
Arnavutkdy Beldesi civarindaki 14 farkli kaynak /kdy
cesmelerinden sadece 3 tanesinde akan sularin mikrobiyolojik
olarak uygun oldugu, diger kaynak sulari ve kdy ¢esmelerinden
akan sularin ise icme suyu olarak kullanilamayacagi
bildirilmistir. Glngen vd. 2000 yilinda Bursa, Uludag'daki
kaynak sularinin su kalitesinin incelenmesi amaciyla yaptiklari
arastirmada kaynaklardan alinan 280 adet numunenin
%7.69'unda koliform bakteri tespit edilerek mikrobiyolojik
agidan standartlara aykiri olduklari rapor edilmistir. igme
sularinin - mikrobiyal  kalitesinin  tespiti  fekal indikator
mikroorganizmalarin  analizine  dayandigindan  halkin
kullanimina sunulan kaynak suyu gesmelerinin fekal koliform,
E.coli ve Enterokok gibi fekal indikatér mikroorganizmalari
barindirmamasi gereklidir.

Bakteriyolojik analizlerimizin sonucunda fekal koliform
bakterilerin ve E.col’nin tespit edilmesi kaynak suyu
gesmelerine fekal kontaminasyon oldugunu gostermesi
yonunden gok 6nemlidir. Sonug olarak, halkin kullanimina agik
olan kaynak suyu g¢esmelerinin su kalitesi agisindan saglig!
tehdit edici nitelikte olmasi dnemli sagdlik sorunlara neden
olmasi muhtemeldir. icme ve kullanma sularinda patojen
mikroorganizmalarin neden olacagi bakteriyolojik kirlenmenin
tespiti ve muhtemel salgin hastaliklari  6nlemek igin
bakteriyolojk  kontrollerinin  strekli  olarak  yapilmasi
gerekmektedir. Bu nedenle kaynak suyu cesmeleri diizenli
araliklarla denetlenmeli ve sagligi tehdit edici &zellikler
gosterdigi takdirde bu durum giderilene kadar halkin
kullanimina sunulmamalidir.
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Abstract: In this study, products of smoked fish were prepared from rainbow trout (Oncorhynchus mykiss, Walbaum 1792). Smoked fish with different sauce were
prepared by targeting an increase in the consumption of trout which has a considerable production potential and is a delicious fish. 4 groups (A, B, C and D) applied
with different sauces were prepared in the study. Samples were stored in a refrigerator (4 °C) during storage. The aim of the study is to determine the chemical,
microbiological and sensorial changes, the shelf life of products during the storage period of products. Study had 2 replicates and analyses had 3 parallels.

As a result, the qualities of chemical, microbiological and sensorial of the smoked samples prepared in our study were examined. The evaluation of data showed
the shelf life as 14 days for A, 28 days for B, 21 days for C and 35 days for D with sauces. When the data obtained were evaluated, the shelf life was determined
as 14 days for A, 28 days for B, 21 days for C and 35 days for D with sauces.

Keywords: Rainbow trout, smoked, different sauce, shelf life

Oz: Galismada, gokkusagi alabaliklarindan (Oncorhynchus mykiss, Walbaum 1792) fiime Griinler hazirlanmistir. Farkli soslar ilave edilen fiime baliklar, snemli
miktarda dretim potansiyeli ve lezzetli bir balik olan alabalik tiiketiminde bir artisi hedefleyerek hazilanmistir. Calismada farkli soslar uygulanarak 4 grup (A, B, C
ve D) elde edilmistir. Ornekler, muhafaza siiresince buzdolabi kosullarinda (+4 °C) muhafazaya alinmistir. Bu arastirmada, iriinlerin muhafaza kalitesini ve raf
omrini etkileyen kimyasal degisikliklerin belilenmesi amaglanmistir. Galisma 2 tekerrirlli ve analizler 3 paralelli olarak yapilmistir.

Sonug olarak, alismamizda hazirlanan tiitstilenmis 6rneklerin, kimyasal, mikrobiyolojik ve duyusal 6zellikleri belirlenmistir. Elde edilen veriler degerlendirildiginde

orneklerin raf 6mru, A grubu igin 14 gtin, B grubu igin 28 giin, C grubu igin 21 glin ve D grubu igin 35 giin olarak belirlenmistir.

Anahtar kelimeler: Gékkusadi alabalidi, titsileme, farkli sos, raf 6mrii

INTRODUCTION

Smoking of food products for storage is one of the oldest
known food storage methods. It is applied to all kinds of meat
and meat products, cheese and seafood including the
crustaceans (Stolyhwo and Sikorski, 2005). Previously
performed solely for protecting the product, smoking now also
aims at offering the product to the consumers in different forms
by changing the taste of the product (Varlet et al., 2007). The
smoking process preserves fish by means of the synergistic
action of different factors, such as salt incorporation. The
principle of storage through smoking is to remove a certain part
of the water that the fish contains and to prevent the
development of microorganisms by ensuring the passage of
bactericides in the smoke into the fish. These changes delay
the microbiological and oxidative changes that lead to spoilage,
extending the shelf-life of the processed fish (Cornu et al.,
2006; Rizo et al., 2015). One of the processing technologies
applied on the fish is smoking. Smoking technology and
consumption of smoked products developed and became

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

widespread in Japan and other Far Eastern countries, Canada,
European Union (EU) countries and Scandinavian countries. In
our country, consumption of smoked products is rather
uncommon when compared to other countries and some
enterprises perform smoking by using this technology and sell
these products to foreign countries (Bilgin et al., 2007).

Rainbow trout (Oncorhynchus mykiss, Walbaum 1792),
which is the most commonly farmed species in our country, is
a delicious fish. Thus, this highly favored species is subjected
to freezing or smoking processes in addition to fresh
consumption.

In this study, differently sauced smoked fish were prepared
by targeting an increase in the consumption of trout which has
a considerable production potential and is a delicious fish. The
impacts of the sauces used on the shelf life were studied by
examining the chemical, microbiological and sensorial changes
of these products.
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MATERIALS AND METHODS
Fish material and treatments

The experimental material consisted of farmed rainbow
trout (Oncorhynchus mykiss) weighing 1.0 kg. After slaughter
(gill cut and bleeding) fishes were eviscerated, cleaned and
placed on ice (iceffish, 1/3) into the strafor boxes and
transported (4 °C) to the laboratory in one hour period. Study
had 2 replicates and analyses had 3 parallels.

Preparation of smoked fish and storage conditions

Fish were processed as smoked. all fish were filleted and
by hand to remove skin, bones, fins and visible adipose tissue
In this study, flow diagram of the production of smoked fish is
shown in Figure 1.

N
« Supllied
Rainbow * Transferred laboratory

Trout

* Filletted
+ Washing

* 40 %salt solution
*10 min

* 1 hour

Drained

+ Simple olive oil N
+ 100 mL olive oil+5g garlic
Zick ol 100 mL olive oil+5g thyme

el « 100 ml olive oil+5g garlic+5g thyme
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-
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Dipped in + Olive oil+Thyme (Group C)
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\ +30 min at 30 °C )
+30 min at 50 °C
+3hours at 70 °C )
N
* 7 hours at 10 °C
J
N
* Vacuum
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N
«At4°C
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Figure 1. The flow diagram of smoked trout filets with different sauces

Chemical analyses

pH value of the samples was measured with a digital
electronic pH meter (Thermo Scientific Orion 3-Star Benchtop,
Cambridge, UK) (AOAC, 2002). TVB-N amounts in the
products produced for the study were determined by the
method reported by Varlik et al. (1993). TBA value was
determined as described by Tarladgis et al. (1960). 10 g
homogenized samples were washed into the distillation flask
and 2 g magnesium oxide and a drop or two of antifoam
solution were added. The contents were boiled and distilled into
10 ml of 3 percent boric acid solution with added indicator in a
500 ml conical flask. After distillation, contents of the conical
flask were titrated with 0.1N HCI (Schormiiller, 1968).

Microbiological analyses

Each sample was first treated as follows: a sample (10 g)
was taken from each fish fillet, placed aseptically into a
stomacher bag (Seward Medical, Worthing, UK) containing 90
mL of 0.1% buffer peptone water, and the mixture was
homogenized for 60 s using a Stomacher (Lab Blender 400,
London, U.K.) at room temperature. For microbial enumeration,
0.1 mL samples of serially dilutions (1:10, diluent, 0.1%
peptone water) of fish homogenates was spread onto plates of
various agar materials. Total aerobic mesophiles was
determined using plate count agar (PCA, Oxoid, CM325) after
incubation at 30 °C for 72 h. Aerobic pychrophiles was counted
using plate count agar (PCA, Merck 1.05463, Merck, KgaA
Darmstat, Germany) after incubation for 7-10 days at 5 °C.
Yeast and mold counts were determined using Potato Dextrose
agar (PDA, Merck 1.10130). Yeast and mold were incubated at
22 °C for 3-5 days. All colonies were counted and the data were
reported as colony forming units (log cfu g ) (Harrigan,1998).

Sensorial evaluation

The attributes of trout (odor, color, appearance and overall
acceptability) were evaluated by a panel of seven experienced
panelists in the analysis days of sampling. Sensory evaluation
was conducted in individual booths under controlled conditions
of light, temperature and humidity. Sensory analysis was
performed using the methods of (Altug Onogur and Elmaci,
2011).

Panelists were asked to evaluate on a 5-point hedonic
scale ranging from very poor (1) to very good (5) where: 1 —
very poor, 2 — poor, 3 — normal, 4 — good and 5 — very good.

Statistical analysis

All measurements were accomplished in triplicate and the
results are given as the mean and standard deviation. A one-
way variance analysis (ANOVA) was applied by using the IBM-
SPSS ® 22 version software (Chicago, lllinois, USA) and the
Duncan's Multiple Range Test comparisons at P value of <0.05
were carried out to indicate significant differences (Ozdamar,
2001).
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RESULTS AND DISCUSSION

Chemical, microbiological and sensory changes of the
rainbow trout fillets smoked with different sauces during the
storage are shown in Figure 2-3-4.

Chemical changes

In all groups of rainbow trout fillets smoked with different
sauces during storage, pH values decreased at the beginning
while different changes were observed in the subsequent days
of the storage (Figure 2). In group A, pH value, which was 6.92,
increased to 7.12 at the end of the storage. In group B, pH
value, which was 6.84 at the beginning, continued declining
during the storage and rose to 7.05 at the 35" day when
spoilage was detected. In group C, pH value, which was 6.84
at the outset, did not change much in time and was determined
as 6.92 at the 28t day. Also difference between pH values
during storage determined relative to groups in the study was
not found statistically significant (p>0.05). In group D, pH value,
which was 6.90, first decreased and then increased to 7.20. It
is reported that pH value increases during storage of the
products, and this results from trimethylamine, ammoniac and
other nitrous compounds which develop due to microorganism
activities (Tokur et al., 2006). In the study conducted with
smoked fillets, Unal (1995) determined that pH value changed
between 6.05 and 6.26 in the sample stored in fridge
conditions. These values confirm that the changes in the pH
values of the rainbow trout fillet samples, which were smoked
with different sauces and stored at 4 £0.5°C, are not significant.
Bilgin et al. (2007) reported that the pH value of S. trutta
macrostigma samples which were hot smoked and stored at 4.0
+0.5°C was 6.290 +£0.010 at the end of storage. This value is
similar to the values found in this study.

As to the TVB-N values of the smoked sauced trout fillets,
it was detected that increases occurred when compared to the
initial values and, as the highest increase, the sample with the
sauce D reached 33.54 mg/100 g at the 42 day. The group
with the sauce A spoiled at the end of the 21st day and TVB-N
value was determined as 33.32 mg/100 g. Group B spoiled at
the end of the 35! day with TVB-N value of 34.25 mg/100 g
while the group with the sauce C spoiled at the 28t day with a
TVB-N value of 33.21 mg/100 g (Figure 2). Also difference
between the TVB-N values during storage determined within
groups in the study was found statistically significant (p<0.05).
It was reported that the TVB-N value can increase in smoked
fish during storage and fish cannot be consumed when it TVB-
N value exceeds 35 mg (Varlik et al., 1993). Bilgin et al. (2007)
reported that the TVB-N values of the fillets changed within a
range from 13.968 to 34.378 mg/100 g during the storage
period. These values show similarity to our values.

As for the TBA value which is the measure of rancidity and
emerges due to the oxidation of fats in fisheries, 1-3 mg MA kg-
Tis defined as good quality while the range of 3-8 mg MA kg!
is defined as low quality. When it reaches 8 mg MA kg, the
product is defined as inconsumable (K6se and Erdem, 2001;
Varlik et al., 2000). When TBA values were examined in our

study, while TBA values differed from 1.67 to 2.26 mg MA kg!
in all groups at the beginning, they changed slightly during the
storage period and TBA values were determined as 3.85 mg
MA kg at the 21st day for the group A, 3.26 mg MA kg at the
35t day for the group B, 2.60 mg MA kg-' at the 28" day for the
group C and 2.52 mg MA kg-' at the 42nd day for the group D,
in which the latest spoilage was observed (Figure 2). According
to the statistical assessments, difference between the control
group and the groups in which sauces were used after the 2nd
week was significant (p<0.05). In the groups where the sauce
contained thyme, TBA values increased less than the other
groups. This result can be explained with the antioxidant nature
of thyme. Unliisayin et al. (2003) reported that the TBA values
of C. auratus which were hot smoked and stored for 28 days at
40C, increased. These results are parallel to our values. Salama
and Khalafalla (1993) conducted a study on conger eel (A.
vulgaris) and used two different salt concentrations as 7.5 %
and 15 %. They examined the changes during storage after the
samples were smoked. They reported that the TBA values
displayed irregular changes and that the samples with higher
salt concentrations spoiled less.

pH
+

Storage Days
0. 7. 14 21, 28 35 42

A 692 665 691 712
B 684 6,75 6,68 685 6,85 7,05
C 684 69 68 685 6,92
D 690 6,79 680 694 6,98 7,00 7,20
[=2)
S 1
%’ F =
£ al
= =4
o
>
'—
Storage Days
0. 7. 14,  21. 28. 35 42
A 13,35 16,89 24,86 33,32
B 1348 14,86 19,49 28,58 28,65 34,25
C 13,32 17,63 19,74 2543 33,21
D 13,36 16,98 17,80 20,76 24,56 28,79 33,54
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Storage Days
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B 132 232 237 262 318 326
C 188 215 224 228 260
D 126 202 215 213 209 225 252

Figure 2. The chemical changes of smoked rainbow trouts with
different sauces

Microbiological determinations

When microbiological analyses of the trout fillets sauced
and smoked in different ways were examined, increases in
numbers of mesophile psicrophile bacteria and yeast-mold
were observed in all analysis groups depending on the storage
duration (Figure 3).

While aerobic mesophiles were 2.10 log cfu g-! in group A
at the outset, aerobic mesophile numbers were lower in the
other groups. At the end of the storage period, aerobic
mesophile numbers increased and reached 5.99 log cfu g,
5.45log cfu g, 4.44 log cfu g and 5.23 log cfu g in group A,
group B, group C and group D, respectively. In the control
group, the differences among the storage days were found
significant (p<0.05). Although aerobic mesophile numbers
increased in the groups where sauces were used during the
storage, these increases were not as high as in the control
group (Figure 3). The differences between the control group
and the groups where sauces were used was found to be
statistically significant (p<0.05) while the difference between
group C and group D at the 28t day was found significant
(p<0.05). Dondero et al. (2004) reported that increases in
aerobic mesophile numbers were associated with storage
duration and temperature. Kolsarici and Ozkaya (1998)
reported that aerobic mesophile number of hot smoked trout
samples was 4.32 log cfu g' at the beginning of the storage
while it was determined as 7.36 log cfu g-' at the end of storage
at +4+1°C. These values are similar to our findings. Schulze
(1985) reported that aerobic psychrophile number increased
depending on the storage duration in trout samples which were
smoked in whole and as fillets and stored at 4°C and 10°C.

The number of psychrotrophic bacteria can increase in the
food products stored in the fridge conditions and may lead to
food-related diseases. Some researchers have reported that
there are pathogens frequently encountered in the smoked
products stored in fridge conditions. In this study, it was
determined that the aerobic psychrophile number was far below

the limit value of 6 log cfu g'. The number of psychrotrophic
bacteria, which was 1 log cfu g-' at the beginning, did not show
statistically significant differences among the groups and the
storage days until the 14t day of the storage (Figure 3). At the
21st day of the storage, statistically significant differences were
observed between the control group and the groups where
thyme and garlic were added (p<0.05). In the control group,
differences were observed between the 21st day and the other
days. In the groups where the sauce contained thyme,
differences of the days following the 21st day were significant.
Deng et al. (1974) reported that aerobic psychrophile numbers
in the smoked fish might increase slightly during storage.

When yeast and mold values were examined, while they
were around 1.00 log cfu g'in all groups at the beginning, they
displayed slight increases in time. At the end of storage, they
were determined as 1.65 log cfu g*; 1.69 log cfu g-'; 1.65 log
cfu g; and 2.15 log cfu g-' in group A, group B, group C and
group D where the latest spoilage was observed (Figure 3).
Dondero et al. (2004) reported that yeast and mold values
might increase slightly.

Mesophile log cfu g-1

Storage Days
0 7 14.  21. 28. 35 42

—A 210 319 461 599
—B 124 184 239 332 395 545
C 165 209 246 381 444
—D 135 152 204 248 329 424 523

+ Storage Days
0 7 14.  21. 28. 35 @ 42

—A 100 169 230 39
—B 1,00 100 100 135 1,00 200
C 100 124 145 246 124
—D 1,00 100 100 135 100 1,00 1,00
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Figure 3. The microbiological changes of smoked rainbow trouts with
different sauces

A: Olive oil B: Olive oil + Garlic C: Olive oil + Thyme D: Olive oil +
Garlic + Thyme

Sensory evaluation

Rainbow trout fillets, which were smoked with different
sauces, were assessed in terms of sensory changes during the
storage period such as taste, smell and general acceptability
and were scored between 1 and 5, and it was determined that
they are highly popular products. After all sensory
assessments, it was concluded that the samples of the group
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Abstract: Five Agauopsis species were determined at 8 sampling stations, various depths and habitats in the West Mediterranean Sea Coast of Antalya, Turkey.
Among them Agauopsis nonornata is new for the Mediterranean Sea, Agauopsis brevipalpus, Agauopsis conjuncta, Agauopsis ibssi and Agauopsis pteropes are
new for the Eastern Mediterranean Sea. Each species is illustrated, briefly described here with their worldwide geographical distributions and habitat informations.

Keywords: Acari, Halacaridae, Agauopsis, Turkey, Antalya

0z: Bu calismada, Antalya'nin Bati Akdeniz kiyilarindaki 8 istasyonda cesitli derinlik ve habitatlardan 5 Agauopsis tilrii tespit edilmistir. Bu tiirlerden Agauopsis
nonornata, Akdeniz igin, Agauopsis brevipalpus, Agauopsis conjuncta, Agauopsis ibssi ve Agauopsis pteropes Dogdu Akdeniz kiyilari igin yenidir. Her bir tliriin

illustrasyonlari yapiimis, kisa tanimlari, habitat bilgileri ve dinyadaki dagilimlari verilmigtir.

Anahtar kelimeler: Acari, Halacaridae, Agauopsis, Tiirkiye, Antalya

INTRODUCTION

Halacaridae is a family of aquatic (freshwater, brackish and
marine) ecosystems, meiobenthic and covered by chitinous
cuticle. To date, about 1120 species of halacarids have been
reported worldwide, from habitats including macroalgae,
sponge colonies, hydrozoans, bryozoans, barnacles, mussels,
polychaetes, mud, and sandy habitats (Bartsch, 2006). They
live in sediments from the littoral zone to the deep sea (Bartsch,
1989). The family are distributed on 64 genera. Of them
Agauopsis Viets is the one of the richest in genera which has
more than 80 species (WoRMS, 2017).

MATERIALS AND METHODS

Sandy deposits (detritus-riched, fine to coarse), various
macroalgae, marine phanerogams (Cymodosa nodosa and
Posidonia oceanica), bivalves (Mytilus galloprovincilalis and
Ostrea sp.) samples were collected by hand intertidally or
various depths (0-30 m) usually using SCUBA or snorkelling
diving at localities along the West Coast of Antalya.
Immediately after collection, mites were extracted by washing

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

the substrates. The meiofauna retained in the set of sieves (63
pm, 500 pm, 1 mm) was sorted under binocular microscope
(Nikon SMZ 10A). In the laboratory, mite specimens were
cleared in lactic acid and mounted in glycerine jelly. Figures
were drawn with the aid of a camera lucida (Nikon Eclipse
E400). The specimens were kept in the first author’'s personal
collection in Antalya.

The following abbreviations used in the text and figure
legends: AD, anterior dorsal plate; AE, anterior epimeral plate;
dp-1 to dp-4,dorsal gland pores numbered from anterior to
posterior; ds-1 to ds-6, dorsal setae (excluding those on
posterior epimeral plate) numbered in sequence from anterior
to posterior; GA, genitoanal plate; GO, genital opening; OC,
ocular plate; PD, posterior dorsal plate; PE, posterior epimeral
plate; P-2 to P-4, second to fourth palpal segments; I-1V, leg |
toleg IV.

RESULTS

A total of 152 Agauopsis specimens belonging to five
species were found along the West Mediterranean Sea Coast
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of Antalya, Turkey: Agauopsis brevipalpus (137 indiv.),
Agauopsis conjuncta (8 indiv.), Agauopsis ibssi (2 indiv.),
Agauopsis nonornata (2 indiv.) and Agauopsis pteropes (3
indiv.). The descriptions of the species that will be presented
as follows:

Systematics

Class ARACHNIDA Cuvier, 1812
Subclass ACARI Leach, 1817
Family HALACARIDAE  Murray, 1877

Genus AGAUOPSIS, Viets, 1927

Aguopsis brevipalpus (Trouessart, 1889)  Figs. 1,2,11,12

Material examined: Ten females, five males among Corallina
officinalis (2m depth), Jania rubens (3m) at Ornekkdy Beach
(36°50'49"N; 30°48'18"E); twenty females, seventeen males,
four deutonymphs and two protonymphs among Amphiora
rigida (3m), C. officinalis and J. rubens (1m), Laurencia viscida
(6m) at Yakamoz Beach (36°50'44"N; 30°47'57"E); two
females, two males from fine sand (5m) at Bilem Beach
(36°51"17"N;30°44'38"E); twelve females from Cystoseria
barbata, Ostrea sp., Mytilus galloprovincialis (5m) at Kemer
(36°35'56"N; 30°34'29"E); six females, four males, two
deutonymphs from C. officinalis (3m), C. barbata, (7m) at
Faselis (36°31'30"N; 30°33'8"E); eleven females, six males
from Galaxura oblongata (2m), J. rubens (5m) at Finike
(36°16'44"N; 30° 8'25"E); twelve males from Mesophyllum
expansum (10m) at Kas (36° 9'25"N; 29°37'42"E); twenty two
females from Bryopsis plumosa, Cladophora sp. (1m), Padina
pavonica (3m) at Kalkan (36°15'43"N; 29°24'41.54"E).

Short description: Length of females 330-525 um, of males
300-400 pm. Length of deutonymphs 350-390 pm,
protonymphs 280-290 um long. Idiosoma wide and heavily
armed in adults. AD and PD with slightly raised longitudinal
costae; costae with canaliculi. AD with small frontal process
and with distincly raised H-like costa. Gland pores small. ds-2,
ds-3 and ds-4 are small and their position on integument of
idiosoma. ds-5 on PD. AD of female 175 pum long, 150 ym
wide and has one pair of gland pores. Pair of ds-1 level with
gland pore on AD. OC of female 95 pm long, 90 um wide, with
two cornea. OC with rounded angles. PD of female 200 um
long, 175 um wide. AE of female 200 pum long, 370 um wide.
PE of female 200 ym long, 75 um wide. GA of female 150 um
long, 175 um wide. Female GA with 3 pairs of perigenital setae.
Gnathosoma 200 um long, 112 pm wide, slender. Total palp
lenghtis 125 pm. Rostrum about as long as gnathosomal base.
Leg | much wider and longer than adjoining segments.
Telofemur I, 2.5 times longer than high, with two ventral spines
(Figs. 1,2, 11 & 12).

Distribution: A. brevipalpus is one of the most encountered
species in the genus of Agauopsis. It has been commonly
found on the coast of North Atlantic and its adjacent basins
(Mediterranean Sea, Black Sea) (Bartsch, 2009). It was
recorded first time from Turkey, (Black Sea-Sinop) by Bartsch

(2004). In this study, we recorded it from Antalya, Turkey. This
is the second record from Turkey.

Remarks: With regard to the external morphological
characters, the specimens are correspond with Black Sea
(Sevastapol) (Bartsch, 1996) and Mediterranean Sea (Croatia)
(Viets, 1940) specimens.

Agauopsis conjuncta Viets, 1940 Figs. 3,4,13,14

Material examined: Four females, four males from
Cymodocea nodosa (15 m) at Kas (36°09'25"N, 29°37'42"E).

Short description: Length of females 355-360 um, of males
325-330 um. Ds-1 on AD, ds-2 on OC, ds-3,4 on PD. AD of
female 130 um long, 95 pm wide. Its shape like “horse shoe”.
OC of female 100 um long, 50 um wide, each with 2 cornea
and eyespot. PD of female 125 um long, 100 pm wide, two-
three rosette pores wide in most of their lenght. AE of female
112 um long, 212 um wide. GA of female 162 um long, 112
pm wide. PE of female 162 um long, 63 um wide. Gnathosoma
88 pm long, 50 um wide. Total palp length of females 63 um.
Telofemur | ventrally with one spine seta (25 um long), dorsally
with 3 spine setae (Figs. 3, 4, 13 & 14).

Distribution: This species was described by Viets (1940) for
the first time from Adriatic Sea (Croatia-Rovinj and Split). Later
on, it recorded from Tyrrhenian Sea (Livorno) by Morselli and
Mari (1985). After 32 years, this is the third record of this
species from the world.

Remarks: A. conjuncta was originally described by Viets
(1940) from the various habitats which was collected from the
Adriatic Sea (Croatia-Rovinj and Split). When compared with
the original description, our specimens are exhibit all the
characters of the type species.

Agauopsis ibssi Bartsch, 1996 Figs. 5,6,15,16

Material examined: One female, one male from fine sand (12
m) at Kas (36°09'25"N, 29°37'42"E).

Short description: Length of female 415 ym, of male 350 pm.
Dorsal plates are punctate and slender. Each rosette pore with
wide and shallow, pit-like ostium and, in deeper integumental
layers, 6-10 canaliculi. Gland pores inconspicuous. AD of
female 150 pm long, 175 um wide, very weakly developed H-
like costa. OC of female 95 um long, 85 um wide. PD of female
262 pm long, 187 um wide. AE of female 162 um long, 300
um wide. GA of female 162 um long, 150 um wide. PE of
female 162 pum long, 85 um wide. Gnathosoma 162 um long,
75 um wide. Palps slender, total palp length of female 87 um
(Figs. 5, 6, 15 & 16).

Distribution: Records of this species are presented only from
Black Sea (Crimea, Sevastopol) (Bartsch, 2004).

Remarks: A. ibssi is distinguished from the A. brevipalpus by
the following characters: PD is uniformly porose, tarsus | and
the spines of leg | are longer than A. brevipalpus. The two
species also differ in their habitats, A. brevipalpus lives
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amongst dense scrubs of algae whereas A. ibssi is
psammophilous (Bartsch, 1996).

Agauopsis nonornata Bartsch, 1999 Figs. 7,8,17,18

Material examined: Two females from detritius riched
sediment with Posidonia oceanica (12 m) at Bilem Beach
(36°51'17"N, 30°44'38"E).

Short description: Length of females 350-385 um. AD of
female 145 um long, 110 um wide with a small dome shaped
areola posterior to frontal spine on AD. Costae on AD and PD
with polygons, each polygon with alveolus, about 3 um wide.
OC of female 85 um long, 25 ym wide, each with 2 corneae,
posterior portion with small cauda. PD of female 195 um long,
135 um wide. AE of female 125 um long, 212 um wide,
garland-like areolae on AE. GA of female 137 umlong, 112 um
wide. PE of female 125 um long, 37 um wide. Gnathosoma
100 pm long, 63 um wide. Palps 4-segmented, total palp
lenght is 45 um. Leg | stout and longer than following legs.
Basifemur | with prominent distoventral lamella. Telofemur |
ventrally with proximal and middle lamellar protuberances
equipped with spine (Figs. 7, 8, 17 & 18).

Distribution: A. nonornata had been known only from
Galapagos Islands since 1977. In this study, the species is
recorded for the first time from Turkey.

Remarks: A. nonornata belongs to the ornata group. This
species can be easily distinguished from other Agauopsis
species by the presence garland-like arranged porose polygons
(garland-like areolae) on AE and the presence distoventral
lamella on basifemur I.

Agauopsis pteropes Bartsch, 1986 Figs. 9,10,19,20

Material examined: Three females from detritus-riched
sediment with P. oceanica (12 m) at Bilem Beach (36°51'17"N,
30°44'38"E).

Short description: Length of females 350-385 ym. AD of
female 145 pm long, 110 um wide, anterior margin of AD with
frontal process which is not sharply. OC of female 85 um long,
25 um wide with a pair of cornea. PD of female 195 ym long,
135 pum wide. AE of female 175 um long, 250 ym wide. GA of
female 125 um long, 125 pm wide. PE of female 150 um long,
62 pum wide. Gnathosoma 100 pm long, 75 um wide. Total
palp lenght is 63 pm. Leg | stout and longer than following
legs.

Distribution: This species was found first time from Gulf of Lion
(France-Mediterranean Sea). This is the second record for the
Mediterranean Sea.

Remarks: This species can be easily distinguished from other
Agauopsis species by having fin like cuticular lamellae on
telofemura Ill, IV and tibia Ill, IV.

Figures 1-10. Dorsal and ventral views of five female Agauopsis
species
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Figures 11-20. Shape of leg | (lateral view) and gnathosoma (ventral
view)

DISCUSSION

So far, only eight species of Agauopsis have been recorded
from the Mediterranean Sea. These are:  Agauopsis
brevipalpus, Agauopsis conjuncta, Agauopsis ibssi, Agauopsis
marinovi, Agauopsis microrhyncha, Agauopsis pteropes,
Agauopsis spinipes and Agauopsis tricuspis (Trouessart, 1889;
Police, 1909; Viets, 1940; Petrova, 1976; Bartsch, 1986;1996
and 1999). Only two records of Agauopsis have been recorded
from the Turkish waters up to date. These are: A. brevipalpus
and A. microhyncha. First one reported from Sinop (Black Sea)
by Bartsch (2004). The latter reported from Antalya
(Mediterranean Sea) by Durucan & Boyaci (2016). Their
distribution and habitats are outlined (Table 1).

The present records of A. nonornata brings the total
number of known species in the genus Agauopsis from
Mediterranean Sea 8 to 9. With the present study, the number
of Agauopsis species in Turkey has raised from 2 to 6.
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Table 1. List of all Mediterranean Agauopsis species with additional information *This study

Species Distribution Habitats References
Agauopsis Northeastern Atlantic: Le Croisic (France), UK, Ireland, bryozoan colonies, Trouessart, 1889; Morselli and
brevipalpus Spain, Azores, Canary Islands Mediterranean and Black phanerogamae, sand, Mari, 1982;1985; Bartsch, 2004
Sea: Tunusia; Algeria; Sozopol, Burgas, Anchialo, various algae, Aplysina
Mesemvria (Bulgaria); Rovinj, Split (Croatia); Livorno, aerophoba, Arca noae,
Salento (ltaly); Vama Veche, Costinesti, Agigea, Mamaia Geodia sp., Ostrea sp.
(Romania); Caucasian Coast (Russia); Odessa, Crimea,
Sevastapol (Ukraine);Sinop, Antalya* (Turkey)
Agauopsis Mediterranean Sea: Rovinj, Split (Croatia); Livorno (Italy); sand, various algae, Arca  Viets, 1940; Morselli and Mari,
conjuncta Antalya*(Turkey) noae, Geodia sp., 1985
Cymodosa nodosa (15
m), Zostera sp.
Agauopsis Mediterranean and Black Sea: Crimea, Sevastopol coarse sand (5-12m), fine Bartsch, 1996
ibssi (Ukraine); Antalya* (Turkey) sand (12m)
Agauopsis Northeastern Atlantic: lle-Grande (France) coarse sand (45-55cm)  Bartsch, 1984; 1996; 2004
marinovi Mediterranean Sea: Italy Black Sea: Crimea, Sevastopol
(Ukraine); Cap Galata (Bulgaria)
Agauopsis Northeastern Atlantic: Manche Channel (France); Spain algae,sponge and Trouessart, 1889 Viets,
microrhyncha Mediterranean Sea: Rovinj, Split (Croatia); Monaco; Italy; bryozoan habitat (58m), ~ 1940; André, 1946; Durucan
Antalya* (Turkey) fine sand (12m) and Boyaci, 2016
Agauopsis Northwestern Atlantic and Caribbean Sea: Caribbean intertidal and upper Bartsch, 1977;1999
nonornata Sea; Pacific: Galapagos Islands; Mediterranean Sea: sublittoral habitats,
Antalya* (Turkey) P. oceanica (12m)
Agauopsis Northeastern Atlantic: Canary Islands Mediterranean sediment with detritius Bartsch, 1986
pteropes Sea: Gulf of Lion (France), Antalya* (Turkey) (37m,45 m), P.oceanica
(12m)
Agauopsis Mediterranean Sea: Naples, (ltaly) algae (3m) Police, 1909
spinipes
Agauopsis Northeastern Atlantic: Spain to UK and Ireland algae, barnacles, Benard, 1962;
tricuspis Mediterranean Sea: Adriatic Sea (near Venice) mussels Green and MacQuitty, 1987
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on the narrow-clawed crayfish inhabiting in some water sources of Turkey
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Abstract: The zebra mussel, Dreissena polymorpha (Pallas, 1771) is considered as a harmful invasive epibiont species for hydroelectric and nuclear power plants
as it reduces or blocks water flow in the plant systems. Although D. polymorpha is reported that it cleans the water, increases water visibility, and filters out
pollutants, it has likewise negative impacts on the population and size of some fish and aquatic species. In the present study, zebra mussels were observed for the
first time. On the narrow-clawed crayfish living in some water sources in Turkey. Specimens were collected from two natural lakes (Cildir Lake, Egirdir Lake) and
five ponds (Altinyazi Dam Lake, Keban Dam Lake, Kugiikgekmece Lake, Karpuzlu Dam Lake, Kadikéy Dam Lake) in Turkey. Attachments of the zebra mussel to
the different body parts of the narrow-clawed crayfish were documented in the present study. Cochran’s Q test results showed that the numbers of mussels clinging
to the different parts of the crayfish varied (P=0.000) (P <0.001). The difference between the holding regions of zebra mussels on crayfish specimens may cause
some adverse effects on the host. Particularly the intensive grip on the carapace partially obstruct the movement, feeding, mating, avoiding predators, and shelter.
mussel individuals in the pleopodal region may have difficulty holding and transporting eggs. This study is the first report about the occurrence of D. polymorpha
on Astacus leptodactylus in Turkish waters.

Keywords: Dreissena polymorpha, Zebra mussel, Astacus leptodactylus, body colonization, Turkey

Oz: Zebra midyeleri, Dreissena polymorpha (Pallas, 1771) hidroelektrik ve niikleer giig sistemlerinde su akisini engellediginden zararl bir istilaci epibiont tiirii
olarak kabul edilir. D. polymorpha suyun temizlenmesi, su gériniirliginiin arttiriimasi ve kirleticilerin filtrelenmesi olarak rapor edilmesine ragmen, bazi baliklarin
ve sucul tirlerin populasyonu ve blyUklugu tizerinde olumsuz etkilere sahiptir. Bu ¢alismada, zebra midyesi TUrkiye'deki bazi su kaynaklarindaki tatlisu 1stakozu
tzerinde ilk defa gdzlemlenmistir. Bireyler Turkiye'deki iki dogal gdl (Gildir Gold, Egirdir Golii) ve bes goletten (Altinyazi Baraj Goll, Keban Baraj Gold,
Kiiglikgekmece Golu, Karpuzlu Baraj Gélii, Kadikdy Baraj Géli) toplanmistir. Bu galismada, kerevitlerin farkli vicut bdlimlerine zebra midyesinin tutunmasi
belgelenmistir. Cochran’s Q test sonuglari; kerevitin degisik boltimlerine tutunan midye sayilarinin farklilik gésterdigini ortaya koydu (P=0.000) (P <0.001). Zebra
midyelerin tatiisu istakozlarinin (izerinde tutunma bélgeleri arasinda farkliigin tespit edilmesinin konakgi agisindan bazi olumsuzluklara neden olabilecegi
dustinilmektedir. Ozellikle carapax bélgesinde yogun tutunmalarin; hareket (beslenme, giftlesme, predatérlerden kaginma ve barinma). Pleopodal bdlgedeki midye
bireyleri ise yumurta tutunumu ve taginimini zorlastirabilir. Bu ¢alisma Tiirkiye sularindaki Astacus leptodactylus iizerinde Dreissena polymorpha'nin varligi ile ilgili
ilk rapordur.

Anahtar kelimeler: Dreissena polymorpha, Zebra midyesi, Astacus leptodactylus, viicut kolonizasyonu, Turkey

INTRODUCTION

Invasions and their negative impact on native communities
are considered as important threats to biodiversity (Geiger et
al. 2005). Invasive species may change the behavior and
habitat use of native species. Population structure, distribution
and abundance of the species are affected by invasive species
(Simon and Townsend, 2003). Zebra mussel, Dreissena
polymorpha (Pallas, 1771) is an invasive Ponto-Caspian
bivalve and has invaded the European’s river and channel

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

systems during the last two centuries (Gongalves et al. 2013).
It has been introduced to the northwestern Russia, the southern
Scandinavia, Britain, Ireland and the north America (Gongalves
et al. 2013; Minchin and Rosenthal, 2002) and found the east
into the western Asia and the south into Turkey (Mackie et al.
1989). These invasions cause dramatic changes on benthic
ecology and have both negative and positive effects on benthic
ecosystem. Zebra mussel increases colonies of gastropod, but
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limits their body size. D. polymorpha has positive effect on
deposit feeding taxa and negative effect on filter-feeding taxa
(Ward and Ricciardi 2007).

Environmental and anthropogenic factors affect the spread
of D. polymorpha in a new area. Water quality, alkalinity and
high levels of calcium in fresh water increase the populations of
zebra mussel juveniles. The levels of pH, temperature, and
potassium in water positively affect colonization and population
structure of the zebra mussel (Stier et al. 2001). The narrow-
clawed crayfish, Astacus leptodactylus is a suitable substrate
for the settlement of fouling organisms. Livings such as
cyanobacteria and chlorophyta, ciliata, corixid eggs, mites,
ostracods, oligochaetes, polychaetes, rhabdocoel flatworms,
rotifers, Argulus eggs, bryozoans, and zebra mussels are settle
down on crusts of freshwater crayfish (Alderman and Polglase
1988; Amato, 2001; Brazner and Jensen 2000; Cannon and
Jennings 1987; Duri§ et al. 2007; Edgerton et al. 2002;
Lamanova, 1971; Romero and Jiménez 2002; Morado, 1995;
Harlioglu, 1999; Sprague and Couch, 1971; Sasl and Berber,
2005; Quaglio et al. 2006). The zebra mussels modify the
natural movement of crayfish and they may affect the
anthropogenic structure (Ahne, 1985; Feist et al. 2001; Molloy
et al. 1997; Muhlegger et al. 2009). Due to the zebra mussels
are colonized on crayfish, the specimens of crayfish spend
more energy. These factors (feeding, nursing, mating, molting
etc.) lead to a reduction in life chances (Brazner and Jensen
2000). This study was aimed to describe the effects of
microhabits on the crusts of A. leptodactylus specimens found
in two lakes and five dam lakes in Turkey.

MATERIALS AND METHODS
Sampling stations

A total of 228 specimens of A. leptodactylus were collected
August 2009 - December 2009 from two lakes (Egirdir Lake
(38°3'24"N-30°51'58"E), Cildir Lake 41°1'20"N-43°13'55"E)
and five dam lake (Altinyazi Dam Lake (41°3'28"N-
26°3527"E), Keban Dam Lake (38°50'39"N-39°10'30"E),
Kiigiikgekmece Lake (41000'59"N-28074'89"E), Karpuzlu Dam
Lake (40°49'58"N-26°17'38"E), Kadikdy Dam Lake
(40°47'38"N-26°46'26"E)) located of Turkey. Crayfish
specimens were sampled using the single-entry two pints fyke
nets of 34 mm mesh size by researchers. Sampled crayfish

were separated to sex. Then, the body parts of crayfish were
divided according to the zebra mussel’s attachment. The zebra
mussels were observed in the different parts of crayfish were
photographed. It was observed whether the individuals of D.
polymorpha removed from holding parts caused any damage
on crusts of A. leptodactylus specimens. All crayfish specimens
with the zebra mussels were proportionally recorded. Cochran
Q test and MDS (Multidimensional Scaling Analysis) were
applied to determine the chances in the cling aspects of D.
polymorpha on the crusts of A. leptodactylus.

The Q statistic is distributed approximately as chi- square
with (a-1) degree of freedom (Zar, 1999).

Cochran Q-test:

Test statistic for Cochran Q test:

f i w i %
N (T2 TG, 172}
l.ﬂ—if'|3?=15§——'ui_i;1 |
Q: 'T‘EJ Ez
vb p =18
aj=1®j P

Where; a is the number of group, b is the number of block,
Gi is the sum of the 1’s in group I, Bj is the sum of the 1's in
block |

RESULTS

A total of 228 individuals of crayfish individuals were
captured from the different locations in Turkey. The body length
range of the crayfish was between 99.28 and 146.14 mm. The
mean body length of the crayfish is 138.02+2.063 mm in
Altinyazi Dam Lake, 118.2+4.56 mm in Keban Dam Lake,
129.06+£5.68 mm in Cildir Lake, 115.28+1.61 mm in
Kiglkcekmece Lake, 116.39+4.44 mm in Egirdir Lake,
133.46+2.68 mm in Karpuzlu Dam Lake and 125.7242.61 mm
in Kadikdy Dam Lake. Although the zebra mussels prefer the
different body parts of crayfish, the carapace is the most
attached part with a ratio of 25.6%. Totally, 28 specimens of the
zebra mussel were observed on the carapace. The lowest rate
(0.73%) was recorded on the oviducts of crayfish. Only one
individual clung to the oviduct. The body lengths of D.
polymorpha specimens clunged to the bodies of crayfish are
mostly less than 5 mm (Table 1).

Table 1. The body part preference on the body of crayfish by D. polymorpha.

Sampling sites N N M F C R AD cv An CcD T P o
Altinyazi Dam Lake 18 3 3 - 1 1 1 1 0 2 1 1 0
Keban Dam Lake 51 3 3 - 1 0 0 0 1 3 0 1 0
Gildir Lake 34 3 3 - 2 1 1 0 1 1 0 1 0
K.Cekmece Dam Lake 26 12 2 10 5 5 5 0 4 8 7 0 0
Egirdir Lake 48 1 - 1 1 1 0 0 1 0 0 0 0
Karpuzlu Dam Lake 24 13 10 3 3 1 3 2 0 3 6 10 0
Kadikdy Dam Lake 27 14 9 4 0 7 4 1 11 1 0 1
Total 228 49 26 23 17 9 17 7 8 28 15 13 1

N: number of crayfish examined, N': number of crayfish carrying D. polymorpha, M: Male, F: Female, C: Chela, R: Rostrum, AD: Abdomen, CV: Carapace ventral, An: Antenna, CD:

Carapace dorsal, T: Telson, P: Pleiopod, O: Oviduct
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Crayfish specimens show reactions with respect to the
change of the body regions invaded by the zebra mussels (Fig.
3). Holding locations on the crayfish by the zebra mussels are
no accidental for both sexes of A. leptodactylus. According to

Derived Stimulus Configuration

Euclidean distance model

the results of the MDS analysis, sexuel difference in crayfish
have a decisive effect about holding of zebra mussels. The
body length of crayfishes in both sexes is decisive in choosing
the region to be attached by D. polymorpha (Fig. 1, 2).
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Figure 1. Multidimensional scaling analysis for female crayfish, a: carapace dorsal, b: abdomen, c: antenna, d: rostrum, e: carapace ventral, f:
oviduct. g: chela, h: telson, I: pleopod; j: length.
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Figure 2. Multidimensional scaling analysis for male crayfish, a: carapace dorsal, b: abdomen, c: antenna, d: rostrum, e: carapace ventral, g:

chela, h: telson, i: pleipod, j: length.
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Figure 3. Zebra mussel specimens on the various body parts of crayfish, A. leptodactylus.(A, C, D, G: on carapace dorsal, B, E: on eyes, F: on
carapace ventral and pleiopod, H: on cheliped)

58



First observation of the zebra mussel (Dreissena polymorpha (Pallas, 1771)) on the narrow-clawed crayfish inhabiting in some water sources of Turkey

DISCUSSION

D. polymorpha composes dense populations on any
available hard substrate. Its veliger larvae settles
predominantly on shells or near older zebra mussels (Griffiths
et al. 1989). The specimens of D. polymorpha can also settle
on a crayfish exoskeleton (Rogers et al. 2003). The first
observation of D. polymorpha as host on crayfish was given by
Laurent and Suscillon (1962) from male specimens of D.
polymorpha on O. limosus observed in France. This
phenomenon was confirmed for the Lake of Geneva (Lac
Léman) by Laurent (1994) on O. limosus. Lamanova (1971)
reported the zebra mussels on crust of crayfish, Astacus
leptodactylus cubanicus co-inhabiting to the original distribution
area of the zebra mussel.

Smietana (1996) reported the occurrence of the zebra
mussels on O. limosus in the Dabie Lake (Poland). Lajtner et
al. (2005) reported the specimens of D. polymorpha attached
to the carapace of crayfish, O. limosus in Croatia. While rare, a
similar phenomenon has been observed in Lake Michigan (the
North America) (Brazner and Jensen 2000) and the individuals
of D. polymorpha occurred on the body of the rusty crayfish,
Orconectes rusticus.

D. polymorpha was introduced to Czech waters via two
directions (by the Danube and Morava rivers) (Beran, 2002).
Petrusek et al. (2006) carried out a study on the invasion of O.
limosus by D. polymorpha in about 60 localities of Czech
Republic in 2003-2004. According to Petrusek et al. (2006), the
carapace of specimens of crayfish were colonized by mussels
and this manner shows that this phenomenon is rather rare.
Besides, this unusual situation clarifies the lack of available
hard substrates for larval veliger settlement, although other
environmental variables such as nutrients, water temperature,
and chemistry measured are optimal for the zebra mussel
population. The high calcium ion concentration, pH, summer
temperatures up to 25°C, absence of spring algal bloom and
round-year clean water indicate moderate tropic relations. All
these environmental variables are well comparable with
existing knowledge on D. polymorpha requirements (McMahon,
1996; Bowman et al. 1998; Toomay et al. 2002).

The microhabitats used by the zebra mussel for
colonization are interesting. Brazner and Jensen (2000) refer
that D. polymorpha mostly colonized the carapace of O.
rusticus rather than the parts of the body such as chelae, telson,
and uropod. Duri§ et al. (2007) reported that the mussel
specimens of one-year old were concentrated mainly on the
anterior dorsal surface of the abdomen, although some
remained on both the ventral abdomen and telson, and the
anterior dorsal of cephalothorax.

Due to the zebra mussels colonize on crayfish, crayfish
specimens spend more energy. Besides, crayfish can be easily
recognized by the predators (Brazner and Jensen 2000).
Moreover, D. polymorpha clinked to the different parts of
crayfish inhibit the movement, sight, prey capture, reproduction,

and molting ability (Lamanova, 1971; Bauer, 1989; Brazner and
Jensen 2000).

This study showed that the females of crayfish invaded by
D. polymorpha specimens have no fertilized eggs and this is
another negative effect. On the other hand, the zebra mussels
prefer especially the bodies of crayfish on soft-bottoms (Duri$
etal. 2007). Thus, due to erosion in inland water resources the
bottom structure change and it can be soft (Quinn and Janssen
1989).

Toomey et al. (2002) reported that the small (5-10 mm)
specimens (%55 of total population) of the zebra mussel are
more navigate in their environment when compared to bigger
individuals (10-20 mm). Toomey et al. (2002) concluded that
the reason of this is the small mussels produce the smaller
byssus and these small specimens leave more often from their
substrate. In the present study it was recorded that the most of
D. polymorpha clinked to crayfish in this study are small.

According to previous studies, the most of D. polymorpha
attached to the crayfish had a length that is less than 5 mm and
these specimens were younger than 1 year old (Ackerman et
al. 1994; Duri§ et al. 2007).

When the regional distributions of the species are
considered approximately 50% of crayfish captured in Kadikdy
Dam Lake, Karpuzlu Dam Lake, and Kiigiikcekmece Dam Lake
have zebra mussels on them. Due to intensive fisheries
activities in the areas cited, we think that larvae of Zebra
mussels may be transported to near lake systems by fishing
gears. In Turkey, transport of fishing gears used in inland water
fishery is frequently observed between the lakes, ponds and
reservoirs. This manner facilitates the transport of many
disease agents and fouling organisms between locations. Also,
uncontrolled fish and freshwater lobster infestations can cause
similar results. Especially Dreissena polymorpha can stay alive
for a long time outside of water (Altinayer et al., 2001). In
particular, the research and fishing activities carried out by
fishermen in the areas close to each other in Thrace Region
have facilitated the transport of Dreissena polymorpha.

Our statistical results shows, that difference of holding
regions on crayfish specimens is so important, regarding the
cling ability of the mussels on the body parts of the crayfish.
Furthermore, the clinging regions of the mussels on the
crayfish’s body sections are no accidental. The females of
crayfish exhibit mostly the keeping behavior during their nest
periods and are less active. Therefore, the zebra mussels have
a better hold to the female crayfish. Differences between the
sticking places of the zebra mussels were also observed (Duris
et al., 2007). Duri$ et al. (2007) stated that these differences
are based on the parts cited are easily cleaned by individual
crayfish.

Although the zebra mussels are consumed by crayfish, they
have many unfavorable effects on crayfish. Consequently, the
similar studies on invasion of Zebra mussel in various
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geographical areas of Turkey should be carried out to have
more detailed information on the subject in future.

Studies on its distribution and invasion should be increased
to have more information about ecological effects of Dreissena
polymorpha. In DNA studies, the origins, differences and
similarities of the populations at locations can be determined
(Rohfritsch et al., 2013). Recently, it has been determined
which populations are present in geographical areas invaded
by D. polymorpha. In addition, it can be determined from which
gene pool these populations are distributed (Lalias et al., 2015;
Anglés d’Auriac et al., 2017).

Thanks to the results of such studies, more knowledge is
available about limiting effects of characteristics such as growth
and reproduction of Zebra mussels on crayfish populations and
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Abstract: Various fishing gears are being used for harvesting fish and shrimp in Barito River, Indonesia. However, the use of lighted traps is still poorly studied. A
set of fishing gears associated with light emitting diode (LED) and incandescent lamps was used as sampling tools. The trials consisted of 113-trap hauls/lamp
type using 1-night submersion time of 15 h. The light traps were standardized to a catch per unit effort (CPUE). The light traps sampling accounted for 397
specimens assigned to 11 species of 7 families. There was highly significant difference in the number of catches between shrimp and fish (P<0.001). Shrimp sizes
ranged of 24—-85 mm total length and 0.3-10 g weight, while for fish 27-310 mm and 0.4-101 g. Yellow and red LED light traps seemed to be effective in catching
Macrobrachium rosenbergii as well as white LED ones for Oxyeleotris marmorata. Both species solely showed positive allometric growth type (b = 3.42 and 3.28),
while other species displayed negative allometric growth pattern (b = 0.82-2.71) with the condition factor (K) values ranged of 0.36-1.56. A new native species
Macrobrachium sp. were found and considered as multichromatic species. The size and shape of the light traps did not affect number of catch. The mean CPUEs
for incandescent and LED light traps were 0.07+0.06 and 0.13+0.20 fish net-1 night-1. No significant difference in the relative catching efficiency between both
light trap types was observed.

Keywords: Allometric growth, incandescent lamp, LED lamp, Macrobrachium sp., condition factor, traps, Barito River

INTRODUCTION

South Kalimantan is one of the five provinces in Kalimantan
(formerly called Borneo) with capital city of Banjarmasin. It is
bordered with East Kalimantan at the north, with Makassar
Strait at the east, with Java Sea at the south and with West
Kalimantan and Central Kalimantan at the west. South
Kalimantan is also often known as Province with a thousand-
river where the Barito River is the largest and the longest river
in Indonesia with more than 6.000 km long. Barito River has the
depths of 8-10 m and a width of 400-750 m. It is the main river
that is mutually associated with creeks and swamps vicinity;
about 90% are still affected by the tidal Java Sea. The Barito
River allows for transportation, drinking water sources, floating
market and fisheries activities. A great attention has been
devoted by academicians and researchers to expose the
characteristic habitats and fish species in the river (MacKinnon
etal., 1996; Prasetyo et al., 2005; Asyari, 2006), the abundance
and diversity of plankton types (Rahman, 2008), as well as
fishing activities (Utomo and Prasetyo, 2005; Rupawan, 2006;
Utomo and Asyari, 2007; Rosadi et al., 2016).

Local people usually collect fish and shrimp in Barito River
using hook and line, gill net, lift net and traps, among others. In
the past, a total of 350 species was found in this river, but now
it is estimated only about 150 species (Hortle, 1995). Prasetyo

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

and Asyari (2003) reported that the number of fish species in
this river was to become 140 species. Some important fish
species like Arowana Scleropages formosus, clown knifefish
Notopterus chitala, mad barb Leptobarbus hoevenii and the
greater bony lipped barb Osteocheilus melanopleura seemed
to disappear from the river. They are extremely vulnerable to
the destructive fishing as well as water pollution from plywood
industry and dockyard. Therefore, fishing technology
development that environmentally friendly and efficient, should
be promoted. The use of lights would be a promising option for
responsible fishing practices.

Light trap is one of the good examples for collecting many
species of different habitats when other fishing gear like towed
net are not useful (Brogan, 1994; Hernandez and Shaw, 2003).
The LED lamp is one of the most recent advance lamps being
promoted in light fishing-based fisheries (Yamashita et al.,
2012; Hua and Xing 2013; Mills et al., 2014; Puspito et al.,
2015) instead of incandescent, halogen, and metal halide
illuminations (Baskoro et al., 2002; Matsushita et al., 2012) or
chemical light sticks (Kissick, 1993; Marchetti et al., 2004). As
for the difference in light sources, each lamp has its unique
optics and intensity output even same electrical power use.

The use of lighted traps in Barito River is still poorly studied
(Ahmadi, 2012). Therefore, several potential biases should be
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deliberated before light traps ready to be used quantitatively.
We performed this study to address the following questions,
e.g. how effective traps with low-powered lights applied in
highly turbid water? What species will be attracted to the light
traps? Are individual species collected in different numbers
using specific colors/relative intensities of light? Do size and
shape of the light trap affect number of catch? We updated and
extended database on the light traps testing to get more
knowledge in this area of study. The information obtained may
be useful for both commercial purpose and fisheries
management.

MATERIALS AND METHODS
Study area

Trapping experiments with lights were carried out in Barito
River of South Kalimantan Province (Figure 1), located on
03°19'S 114°34'E and 03°20'S 114°36'E determined with the
GPS 60 (Garmin Co. Ltd., Taiwan).
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Figure 1. The map showing the study sites for trapping experiment
with lights in Barito River

The experimental conditions encompassed highly turbid
water (total suspended solids ranged from 182-567 mg L),
slow flowing, blocked water, and rarely vegetated habitat with
water depths from 2-4 m. The transparency of water varied
from 45 to 55 cm (Secchi-disk reading at noon). The surface
water temperature was recorded daily and ranged from 27 to
29 °C throughout the trials. The experimental designs were
described as follows:

Traps and lamps used

Experiment 1: Collapsible trap fishing with different light
intensities of incandescent lamps. The four collapsible box-
shaped traps were constructed with iron rod frame (80x60x28
cm), covered with polyethylene netting and had two slit all-web

entrances at the ends consisting of two netting panels forming
a horizontal “vV” with 58 c¢m slit at the narrow end (Kagotoku
Shiroyama Kenmousha, Ise, Japan). Each of the four traps has
one incandescent lamp. The lamps used were (i) Japanese
squid fishing tackles (Yo-zuri Co. Ltd. Japan) consisting of
(squid fishing light/SIL-1 (10x3 cm; 0.45 W) and SIL-2 (16x3
cm; 0.9 W) powered by 1.5 and 3.0 V dry-cell batteries
respectively, and, (i) acrylic box-shaped lamps consisting of
DIM (dimmed) and LIGHT, of which a 4.5 W lamp was placed
inside a waterproof acrylic box (1418115 ¢cm) generated by 6 V
dry-cell batteries. For DIM, the wallls of the box were lined with
a white-paper. Light intensity of each lamp was 215 Ix (SIL-1),
398 Ix (SIL-2), 1010 Ix (DIM) and 2050 Ix (LIGHT) determined
in air using an illuminometer (IM-2D, Topcon, Ltd. Tokyo).

Experiment 2: Collapsible trap fishing with different
coloured incandescent or LED lamps. Five collapsible box-
shaped traps were modified in their funnel entrances by
replacing the two slit all-web entrances at the ends with two
open slackness nylon monofilaments 23 mm mesh size.
Additional net bag was placed at the bottom of the trap to
prevent juveniles from dropping. Each of the five traps was
assigned with one colour of LED Torpedo flashers (24x5 cm,
Yuli Co. Ltd. China) or one colour of incandescent lamps
YL/YS—1 (22x5 ¢m, Yuli Co. Ltd. China), consisting of blue,
green, yellow, red and extra white.

Experiment 3: Wire-square trap fishing with different
coloured LED lamps. Five wire-square traps were made of iron-
wire frame (25x25x22 cm), covered with black 3/5 inch
hexagonal mesh wire (16 gauge PVC-coated wire), and had
four entry funnels located on each side with a 5 ¢cm inside ring
entrance. A trap door on top (23x24 cm) was used to release
the catches. Each of the five traps was assigned with one colour
of LEDs. Each colour (blue, green, yellow, red and extra white)
was placed inside the squid lamp case (SIL-2) powered by 3 V
dry-cell batteries (0.06 W). Light intensity of LEDs was set at
equal quanta intensities by placing a grey fibreglass window
screen (Dio Chemicals, Ltd., Tokyo) inside of the lamp to
standardize the lights used.

Experiment 4: The acrylic-square trap fishing with different
coloured LED lamps for sampling juvenile species. Five acrylic-
square traps were constructed with 3 mm acrylic plates and had
8 entrance slits with 1 cm wide opening on each side. The
acrylic plates were attached vertically with two sheets of PVC
(24x24 cm) top-down and reinforced with four iron rods (25 cm
long) on each corner. The trap was equipped with two floats at
the surface, four wire-stairways (23x23 cm) attached to lower
part of PVC sheet on each side and a collection wire-jar at the
bottom (18x18x7 cm). A lamp was placed downright in the
middle of trap. Each of the five traps was assigned with one
colour of LEDs following the same procedure in Experiment 1.
Traps and lamps used in the present study are shown in Fig 2.

Experiment 5: Various traps fishing with the white LED and
incandescent lamps. Four traps with different sizes and shapes
were investigated. These traps were: (1) PVC box-shaped trap:
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PVC rod frame (67x53x20 c¢m) covered with black 150 mm
hexagonal mesh wire (16 gauge PVC-coated wires); ten entry
funnels are located on each side of the trap with a 5.2 cm inside
ring entrance; (2) Wire fish trap: heart-shaped, 45 ¢cm high and
40 c¢cm wide, with 1.2 cm square mesh wire and 2.5 ¢cm wide
opening of entrance slit; (3) Bamboo fish trap: heart-shaped, 42

cm high and 30 cm wide with horizontal gap 1.5 cm and 2.5 cm
wide opening of entrance slit; and (4) Minnow nets: cylindrical-
shaped, 60 cm long by 30 cm wide, covered with 1.3 cm
polyethylene netting and 7 cm inside the ring entrance. Each of
the four traps was associated with 0.06 W white LED or 1.5 W
incandescent squid fishing lamp (SIL-2; Experiment 1).
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Figure 2. The traps and lamps used to sample shrimps and fish from Barito River
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Sampling and data analysis

The light traps with constant light pattern were deployed
randomly at the bottom of the riverbank and illumination began
1 h before sunset and retrieved the next morning. On each
sampling date, each trap was separated from the others about
2.5 m to minimize any significant light contamination between
traps. Such trap arrangement was considered sufficient for the
existing turbidity conditions and illumination intensities. Each
experimental group was repeatedly used for 6-night fishing.
The trials consisted of 113-trap hauls/lamp type using 1-night
soaking time of 15 h. Both incandescent and LED light traps
were standardized to a catch per unit effort (CPUE) of total
catch per night-trip. After refrieval, the catches were counted
and identified for species and sex, and measured for total
length (TL) in mm and weight (W) in g.

The length-weight relationships of species were estimated
by using the equation: W = .Lb. The parameters a (intercept)
and b (slope) were estimated by linear regression of the
transformed equation: log W =log a + b * log L. The b values
were calculated to find out whether the species was growing
allometrically or isometrically. The exponent b values of length-
weight relationship of species were compared to the
hypothetical value of 3. When the b value is greater than 3
indicating positive allometric, less than 3 is negative allometric,
and equal to 3 is isometric (Anderson and Neumann, 1996).

Positive allometic means that weight increases more than
length. Negative allometric means that length increases more
than weight. Isometric means that length and weight are
growing at the same rate. The parameter b is also known as
allometry coefficient that has an important biological meaning,
indicating the rate of weight gain relative to growth in length.
The condition factor of species was calculated using Fulton’s
condition factor, K = 100W/L3 (Gayanilo and Pauly, 1997),
where: L = total length (cm) and W = weight (g). In addition, the
Mann-Whitney test was employed to compare the number of
catch between two light traps. Kruskal-Wallis test was used to
investigate if there were significant differences in the total
catches among the lighted traps. A post-hoc analysis test was
performed using the Multiple Comparison to see which catch
differed significantly among the traps. Lastly the t-test was used
to evaluate the relative catching efficiency of incandescent and
LED light traps across all trials. All tests were analysed at the
0.05 level of significance using SPSS-16 software.

RESULTS

A total of 397 native specimens belong to 11 species
comprised 344 shrimps (1 family) and 53 fishes (6 families)
collected from a series of trapping experiments with lights in
Barito River as presented in Table 1.

Table 1. Catch species composition sampled from Barito River using the lighted traps.

Group/Family Species Incandescent lamps LED lamps Total
Ordinary % Colour % Colour % catch
Shrimps 344
Palaemonidae Macrobrachium sp 65 19 51 15 223 66 339
Palaemonidae M. rosenbergii 0 0 1 20 4 80 5
Fish 53
Gobiidae Glossogobius giuris 5 26 4 21 10 53 19
Eleotridae Oxyeoleotris urophthalmus 4 24 0 0 13 76 17
Eleotridae Oxyeoleotris marmorata 1 14 1 14 5 71 7
Pleuronectidae Flounder pleuronectes 2 67 1 33 0 0 3
Mastacembelidae Mastacembelus erythrotaenia 1 33 1 33 1 33 3
Cyprinidae Puntioplites bulu 1 50 0 0 1 50 2
Cyprinidae Osteochilus melanopleura 0 0 1 100 0 0 1
Bagridae Mystus gulio 1 100 0 0 0 0 1
Crab 2
Parathelphusidae Parathelphusa convexa 0 0 0 0 2 100 2

The shrimp was dominated by the long arms shrimp
Macrobrachium sp. (98.55 %) with the sizes ranged of 24-85
mm TL (58.1£15.15 mm) and 0.3-10 g W (3.242.57 g), and the
rest of catch was giant river prawn M. rosenbergii (1.45%) with
the sizes ranged of 71-75 mm TL (56.8+17.63 mm) and 0.5-5
g (2.6+2.27 g). The fish comprised tank goby Glossogobius
giuris (35.85 %, 135.7+£19.68 mm TL, and 31.3+9.08 g),
Sinuous gudgeon Oxyeleotris urophthalmus (32.08 %,
123.6+42.06 mm TL, and 29.5+23.48 g), Marble gudgeon
Oxyeleotris marmorata (13.21 %, 140.5+£23.35 mm TL, and

41.0+£22.82 g), Flatfish Flounder pleuronectes (5.66 %,
100.7£37.90 mm TL and 17.0+14.11 g), Spotted fire eel
Mastacembelus erythrotaenia (5.66%, 278.3+38.84 mm TL,
and 76.7+22.05 g), Bulu barb Puntioplites bulu (3.77 %,
70.1+14.14 mm TL and 2.5+2.12 g), greater bony lipped barb
Osteochilus melanopleura (1.89 %, 170 mm TL, and 64 g),
Long whiskers catfish Mystus gulio (1.92 %, 40 mm, and 1 g).
The sizes of fish captured varied from 27 to 310 mm TL and
from 0.4 to 101 g. The body sizes of each species caught are
given in Table 2.The four collapsible box-shaped traps fishing
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with different light intensities of incandescent lamps in
Experiment 1 were evaluated. A total of 46 specimens were
collected from this trial. The CPUEs of individual trap ranged
from 0.14+0.16 to 0.44+0.46 fish net! night' (Table 3). There
was no significant difference in the total number of catches
among the four traps (x2=1.184, df=3, P>0.05). The overall, the
traps had some success in catching Macrobrachium sp (total
39), Glossogobius giuris (5), Mystus gulio (1) and
Mastacembelus erythrotaenia (1). The LIGHT and DIM traps
collected the same number of Macrobrachium sp. (13) were
observed. The average total length of Macrobrachium sp
ranged from 63.8421.24 mm to 73.3£3.06 mm, while the
average weight varied from 5.4+3.84 g to 6.4+2.08 g.

The five collapsible box-shaped traps containing different
coloured incandescent or LED lamps were investigated in
Experiment 2. The light traps sampling accounted for 211
specimens (total 60 for incandescent lamp and 151 for LED

lamp). The CPUEs of incandescent light trap ranged from
0.78+0.51 to 2.78+1.39 fish net' night!, while for LED light
trap ranged from 3.00+4.33 to 3.6746.06 fish net night
(Table 3). There were no statistically significant differences in
the total number of catches among the five traps (x2=2.970,
df=4, P>0.05). The colour of lights had strong effects on the
number of shrimp and fish collected especially Macrobrachium
sp. and Glossogobius giuris. The use of traps with coloured
LED lamps seemed to be more effective in catching
Macrobrachium sp. (total 138) than incandescent ones (total
51) (T=1.412, P<0.05). The average weight of catches for
incandescent and LED lighted traps was 5.22+11.64 g and
5.32+13.17 g respectively. Furthermore, sex ratio of male to
female Macrobrachium sp. was 1:2.3 indicating many more
females caught than males. We collected 48 egg-bearing
females during the whole sampling period. From the length
measurement, male chelae were 1.5 times of its total length
and 1.3 times for females of the same body size.

Table 2. Descriptive statistic of length-weight relationships of catch species sampled from Barito River. N = number of catch, TL = total length,
W = weight, a = intercept, b = slope, R? = coefficient of determination, K = condition factor.

Species N - TL (mm) - W© WITL  a b R K
Min  Max MeantSD Min Max  Mean+SD
Macrobrachium sp 339 24 85 58.1#1515 03 10 3.2+2.57 0.06 10° 3.04 085 1.31
Macrobrachium rosenbergii 5 38 74 56.8£17.63 0.5 5 2.6+2.27 0.05 2x10° 3.42 097 1.05
Glossogobius giuris 19 95 165 135.7+19.68 9 44 31.3+9.08 0.23 10* 251 0.90 1.15
Oxyeoleotris urophthalmus 17 27 194 123.6%42.06 0.4 90 29.5%23.48 0.24 5x10° 2.71 0.99 1.29
Oxyeoleotris marmorata 7 115 172 140.5+23.35 19 77 41.0+22.82 0.29 3x10° 3.28 099 1.36
Flounder pleuronectes 3 60 135 100.7+37.90 4 32 17.0+14.11 0.17 10* 251 0.99 1.46
Mastacembelus erythrotaenia 3 235 310 278.3+38.84 58 101 76.7+22.05 0.28 4x10° 175 0.81 0.36
Puntioplites bulu 2 60 80 70.1+14.14 2 5 25+2.12 0.04 284 0.82 1.00 0.95
Osteochilus melanopleura 1 170 170 170 64 64 64 0.38 NA NA NA 1.30
Mystus gulio 1 40 40 40 1 1 1 0.03 NA NA NA 156

The similar results were demonstrated in Experiment 3.
There were no significant differences in the total number of
catches among the five wire-square traps with different
coloured LED lamps (x2=1.368, df=4, P>0.05). A total of 82
individuals collected from lighted traps. The CPUEs of
individual trap ranged from 0.31£0.19 to 0.50+0.60 fish net-
Tnight! (Table 3). The shrimp was dominated by
Macrobrachium sp. (total 65), while the fish was represented by
Oxyeleotris urophthalmus (10). The least number of catch was
Glossogobius giuris (1) caught by red trap. The average weight
of catches was 7.84+9.11 g.

Unexpected results were found in Experiment 4 where the
trials with the five acrylic-square traps containing different
coloured LED lamps had no success in catching both fish and
shrimp juveniles. The only three juveniles of Macrobrachium sp.
were collected from the blue and yellow light traps due to the
considerable breakage on the entrance slits of traps, which

allowed the animals to escape from the traps. The mean weight
of the catches was 2.27+2.37 g. Total CPUE obtained was
0.60+£0.00 shrimp net' night* (Table 3).

The performance of PVC box-shaped trap, wire fish trap,
bamboo fish trap, and minnow nets associated with
incandescent lamp (SIL-2) or white LED was examined in
Experiment 5. There were no significant differences in the total
catch among the respective four traps (x2ep=1.737,
X2nc=6.978, df=3, P>0.05). Overall, the minnow nets were most
effective among the traps (total 14 for LED lighted trap and 20
for incandescent ones) especially for catching Macrobrachium
sp. The other traps collected less number of catch for all trials.
The mean weight of catches for LED and incandescent light
traps were 7.33£8.02 g and 7.1548.63 g respectively. The
mean CPUEs of incandescent light trap ranged from 2.22+1.95
to 0.8940.51 fish net' night', while for LED light trap ranged
from 0.22+0.19 to 1.56+0.19 fish net" night! (Table 3).
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Table 3. Total catch and MeanSD of CPUEs of each light trap group by experimental order

Exp-1 Total Incandescent Lamp
catch SIL-1 SIL-2 DIM LIGHT Total
Total 46 1.83 0.83 2.33 2.67 1.92
Mean CPUE 8+7.20 0.31+0.27 0.1410.16 0.39+0.50 0.4410.46 0.32+0.30
Exp-2 Total Incandescent Lamp
catch Blue Green Yellow Red White Total
Total 60 2.33 4.67 8.33 2.33 2.33 4.00
Mean CPUE 20+11.53 0.78+0.77 1.56+1.07 2.78+1.39 0.78+0.77 0.78+0.51 1.33£0.77
Exp-2 Total LED Lamp
catch Blue Green Yellow Red White Total
Total 151 11.00 10.33 9.00 10.33 9.67 10.07
Mean CPUE 50+67.31 3.67+6.06 3.4414.03 3.00+4.33 3.44+3.98 3.22+4.22 3.36+4.49
Exp-3 Total LED Lamp
catch Blue Green Yellow Red White Total
Total 82 1.83 2.83 3.00 3.00 3.00 273
Mean CPUE 148,24 0.31£0.19 0.47+0.52 0.50+0.26 0.50+0.60 0.50+0.47 0.46+0.27
Exp-4 Total LED Lamp
catch Blue Green Yellow Red White Total
Total 3 1.00 2.00 - - 0.60
Mean CPUE 3+0.00 1.00£0.00 2.00+0.00 - 0.60+0.00
Exp-5 Total Incandescent Lamp
Box-shaped Wire-stage Bamboo- Minnow nets
catch Total
trap trap stage trap
Total 1 2.00 2.67 - 6.67 2.83
Mean CPUE 11+3.21 0.67+1.15 0.8940.51 2.22+1.95 0.94+0.27
Exp-5 Total White LED Lamp
Box-shaped Wire-stage Bamboo- Minnow nets
catch Total
trap trap stage trap
Total 7 0.67 1.33 0.67 4.67 1.83
Mean CPUE 7+1.53 0.22+0.38 0.44+0.19 0.22+0.19 1.56+0.19 0.61+0.13
Table 4. The daily total catch and CPUEs of Incandescent and LED light traps
Sampling Day Daily Total Catch Daily CPUE
Incandescent LED Incandescent LED
1 18 28 0.115 0.167
2 15 16 0.096 0.095
3 7 16 0.045 0.095
4 3 6 0.019 0.036
5 2 8 0.013 0.048
6 1 8 0.006 0.048
7 9 6 0.058 0.036
8 15 9 0.096 0.054
9 10 7 0.064 0.042
10 9 14 0.058 0.083
1 19 9 0.122 0.054
12 32 128 0.205 0.762
Total 140 255 0.897 1.518
Mean + SD 12+8.79 21+34.20 0.07 £ 0.06 0.13+£0.20
Z no of trap 13 14 - -
2 fishing trial 12 12 -
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The results clearly confirmed that Macrobrachium sp.
showed isometric growth type (b=3.04), while M. rosenbergii
exhibited positive allometric growth pattern (b=3.42). The R2
values of 0.85 and 0.97 indicated that variations in weight of
shrimp were influenced by variation in the length of shrimp by
85% and 97% respectively. The K values (condition factor) for
both shrimps were 1.31 and 1.05 respectively. Among the fish
group, the only Oxyeleotris marmorata displayed positive
allometric growth pattern (b=3.28, K=1.36), while the other fish
species showed negative allometric growth pattern (b=1.75-
2.71 and K = 0.36-1.56). The R2values ranged of 0.81-1.00
which meant that variations in weight of fish were influenced by
variation in the length of fish by 81-100 % (Table 2).

The relationship between the relative catching efficiency and
the ratio of CPUES to lamp type of incandescent and LED light
traps were expressed in the following logarithmic equations: y
=0.1672Ln(x)+1.019 (R*=0.8932) and y = 0.1777Ln(x)+0.9847
(R2=0.7266), respectively (Figure 3). Although the mean CPUE
of LED light traps (0.13+0.20 fish net" night') was higher than
that of incandescent light traps (0.07+0.06 fish net! night),
however, no statistically significant difference was observed
(t=-0.848, df=22, P<0.05). The comparative daily total catch
and CPUE of both light traps are given in Table 4

y =0.1672Ln(x) + 1.019

1.00 -
R®=0.8932

0.80 1 ° o}
3
c

=0.1777Ln(x) + 0.9847
S 0.60 y /7Ln()
= R’ =0.7266
L
2 0.40 1
&
5
X 0.20
0 0.2 0.4 0.6 0.8

CPUE/Lamp type

Figure 3. The relationship between relative catching efficiency
and the ratio of daily CPUE to lamp type of incandescent (@)
and LED (C) light traps

DISCUSSION

Fish and other aquatic species have colour receptions in
their eyes that could recognize various intensities of light that
lead to their aggregation in the lighted areas (Arimoto et al.,
2010). The present study clearly demonstrates that trapping
with low-powered underwater lamps are adaptable applicable
in high turbid water of Barito River. Data on phototactic
response showed that the colours or relative light intensity of

incandescent and LED lamps uses in this study had strong
effects on the number of catches sampled, where LED light
traps are outperformed to the incandescent ones. It is a good
starting point in view of commercial purposes where yellow and
red LED light traps seemed to be effective in catching M.
rosenbergii, as well as white ones for catching Oxyeleotris
marmorata. In this case, M. rosenbergii were less active in
responding to the lights compared to Macrobrachium sp. of the
same genus. Among the catches, the only M. rosenbergii
(b=3.42) and Oxyeleotris marmorata (b=3.28) showed positive
allometric growth type. This means that the both species are
considered healthy and in good shape. Kunda et al. (2008)
reported isometric growth (b=3.075) of M. rosenbergii in rice
field of India. While Sampaio and Valenti (1996) observed high
b value of 3.43 (positive allometric) for M. rosenbergii under
culture environment in Brazil. Wider ranges of size need to be
investigated in order to determine how the relationships change
with shrimp size or life stage (Chow and Sandifer, 1991). The
ratios of W/TL for Macrobrachium sp. (0.06) and M. rosenbergii
(0.05) in the present study (Table 5) were more or less found in
other shrimp species from different geographical areas (Okayi
and lyorkyaa, 2004; Nwosu and Wolfi, 2006; Lalrinsanga et al.,
2012; Gopalakrishnan et al., 2014; Gautam et al., 2014; Wong
et al, 2015). Compared to other species such as
Macrobrachium felicinium and Atya gabonensis in Nigeria
(Okayi and lyorkyaa (2004), Metapenaeus monoceros and
Penaeus monodon in India  (Dineshbabu, 2006;
Gopalakrishnan et al., 2014), Macrobrachium lamarrei in
Bangladesh (Ara et al., 2014) and Acetes indicus in Malaysia
(Wong et al., 2015), these ratios were lower than those
presented in this research.

In the current study, the b values were generally in good
agreement with the results obtained from other geographical
areas (Table 5). Variation in b values of animals living in this
river will also help understand why certain species are able to
survive in the waters. For example, Macrobrachium sp. was
abundantly found in this river and they could be considered as
multichromatic species because of showing photopositive for
all colours. They are most likely support higher biomass in the
aquatic food web as the whole. Experimental evidence showed
that female-biased attraction to the lights. The sex ratio of male
to female was 1 : 1.1, indicating that females were more
responsive to the tested colours than males over trapping
experiment periods. This implies that light traps could be
potentially used for broodstock purposes, especially to collect
them from the wild. About 40% of total female caught by light
traps was the egg-bearing females. In many cases, females
carrying the eggs are usually inactive during the breeding
season and are not attracted to food or bait (Richards et al.,
1996; Holdich, 2002; Faller et al., 2006), however, the light
traps can do. As for comparison, it is interestingly noted that at
the same body size (72 mm), the male of Macrobrachium sp.
(112 mm long) has chelae twice longer than that of M.
Australiense (51 mm; Short, 2000).
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Table 5. Comparative parameters of length and weight relationship of Macrobrachium sp. from Barito River and other shrimp species from
different geographical areas. N = number of catch, TL = total length, W = weight, a = intercept, b = slope, R? = coefficient of determination, A+ =

positive allometric, A- = negative allometric, | = isometric

Species (pooled) N WITL a b R? G.Ir_;;v;h Country References

Macrobrachium sp 339 006 10% 3.040 0.850 I Indonesia Present study

M. rosenbergii 5 0.05 2x106 3420 0970 A+ Indonesia Present study

M. rosenbergii 733 0.00 8.8x102 3.389  0.949 A+ India Lalrinsanga et al. (2012)

M. lamarrei 1018 013 103 2845 0945 A- Bangladesh Ara et al. (2014)

M. felicinium 55 1.04  1.6x103 3.003 0.998 | Nigeria Okayi & lyorkyaa (2004)

Atya gabonensis 150 174 14x102 2989  0.990 | Nigeria Okayi & lyorkyaa (2004)

M. vollenhovenii 1069  0.00 0.000 3483  0.993 A+ Nigeria Nwosu & Wolfi (2006)

Metapenaeus monoceros 363 034  6x10°8 3.085  0.907 | India Dineshbabu (2006)

Litopenaeus vannamei 313 0.02 6x10¢ 3458  0.999 A+ India Gautam et al. (2014)

Penaeus monodon 633 066  -1.340 2609 0.778 A- India Uddin et al. (2016)

P. monodon 873 159  -1.811 2721 0.707 A India Gopalakrishnan et al.
(2014)

P. monodon 249 0.18  4x10°3 3.218  0.966 | Sri Langka Piratheepa et al. (2013)

Acetes Sibogae 53 0.14  0.001 3403  0.931 A+ Malaysia Wong et al. (2015)

Acetes japonicas 74 012  0.005 2883  0.850 A- Malaysia Wong et al. (2015)

Acetes serulatus 381 020 0.009 2749 0829 A- Malaysia Wong et al. (2015)

Acetes indicus 604 0.56  0.007 2.829  0.941 A- Malaysia Wong et al. (2015)

The K value 1.31 for Macrobrachium sp. from this study
were slightly higher than M. rosenbergii (1.09) under rice fields
(Kunda et al., 2008), Atya gabonensis (1.014) from river (Okayi
and lyorkyaa, 2004) or P. monodon (0.727) under cultured
(Gopalakrishnan et al., 2014). Meanwhile, the K values of 0.36-
1.56 for fish are also commonly found in some fish species from
other habitats. These values showed that most of the species
in this river were in good condition. Variation in the value of the
mean K may be attributed to biological interaction involving
intraspecific competition for food and space (Arimoro and
Meye, 2007) and the difference in aggressive behaviour
(Deekae and Abowei, 2010) between shrimps. On the other
hand, the factors affecting the variation values of K may include
sex, stages of maturity, and state of stomach contents
(Gayanilo and Pauly, 1997; Abowei et al., 2009).

For internal evaluation, the use of incandescent squid
fishing tackle with diamond shape in its surface (e.g. SIL-1,
0.45 W) in Experiment 1 was able to increase the distribution of
the amount of lights and showed an equal effective to the acrylic
box-shaped lamps with all directional  luminous
(Dimmed/Lighted, 4.5 W). The SIL-1 or SIL-2 seemed to be
more effective when operated in clear water than turbid water.
Whenever they are applied in turbid water the use of higher
intensities is recommended and the results are still open for
discussion. The use of acrylic box-shaped lamps for sampling
Macrobrachium sp. from Barito River is reflected to be similarly
effective for catching American crayfish (Procambarus clarkii)
from a pond in Japan (Ahmadi et al., 2008).

It is beyond our expectation that acrylic-square light traps
in Experiment 4 were only used for one night fishing due to
impracticability during their operation. The acrylic entrance slits

apart from the trap body because of losing adhesiveness when
soaked and from water pressure. In consequence of this
problem, the traps caught insignificant number of juvenile
shrimp and none of fish was caught. Acrylic-square trap was
initially tested in indoor tank belonging to the Faculty of Fishery,
Kagoshima University Japan and had some success in
catching the juvenile of P. clarki. We used the trap to
pronounce their exploratory behaviour in the tank under light-
adapted conditions, and later explored to collect the animal
from a pond (unpubl. data). For further use, a redesign of the
current acrylic-square trap is required to improve the function
of its catch efficiency.

In summary, trapping with low-powered underwater lamps
is applicable in high turbid water of Barito River. The colours of
lights had strong effects on the number of shrimp collected. The
size and shape of the light traps did not affect number of catch.
The use of LEDs is considered more advantage than
incandescent bulbs, because they are more energy efficient,
more colours available, and more durable. For further research,
it is necessary to determine which important species to be
targeted by the lighted traps, so that the issues on the bycatch
could be pointed out.
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0z: Bu calismada, Cyprinidae familyasindan Pseudophoxinus genusuna ait, Anadolu i¢sulari igin endemik olan 8 tiiriin (P. alii, P. anatolicus, P. antalyae, P.
burduricus, P. crassus, P. hittitorum, P. fahrettini, P. meandricus) boy-adirlik iliskileri belirlenmistir. Bu amagla, 8 tire ait toplam 481 adet birey incelenmistir. EGim
“b” degeri 2,793 (P. anatolicus) ve 3,742 (P. meandricus) arasinda degismektedir. Bliylime tipi, P. anatolicus tiirinde negatif allometrik, diger tiirlerin tamaminda
ise pozitif allometrik olarak belirlenmistir.

Anahtar kelimeler: Cyprinidae, Pseudophoxinus, kirmizi liste, biiyiime tipi

Abstract: In this study, length-weight relationships (LWRs) of 8 endemic fish species to Anatolia from Pseudophoxinus genus belonging to Cyprinidae family (P.
alii, P. anatolicus, P. antalyae, P. burduricus, P. crassus, P. hittitorum, P. fahrettini, P. meandricus) are presented. To this end, a total of 481 individuals was
examined. The slope “b” values varied between 2.793 (P. anatolicus) and 3.742 (P. meandricus). The slope (b) of the LWRs indicated positive allometry in all
species with the exception of P. anatolicus, which indicated negative allometry.

Keywords: Cyprinidae, Pseudophoxinus, red list, growth type

GIRiS

Cyprinidae familyasi uyelerinden olan Pseudophoxinus
genusu, son yillarda tanimlanan yeni tlrlerle birlikte
icsularimizda 21 tlirle temsil edilmektedir (Cigek vd. 2015).
Pseudophoxinus cinsine ait tirler, Tirkiye disinda Libnan,
Suriye, Balkan Yarimadasi, Israil, Urdiin, Iran ve Azerbaycan
sularinda dagihm gostermektedir (Atalay, 2005). Turlerin
Anadolu igsularindaki dagdiimi ise lkenin gineybati
béliimiinde yogunlagmistir. S6z konusu trlerin hemen hemen
tamami sadece Anadolu i¢sularina 6zgi olup, endemik dzellik
tasimaktadirlar. Pseudophoxinus cinsi baliklar, genelde kiguk
clsseli baliklar olduklarindan insan gidasi  olarak
tiiketimemekle birlikte, yéresel olarak tiketilen tirleri de vardir
(Geldiay ve Balik, 2007). Uzerlerinde avcilik baskisi olmamakla
birlikte, yasam alanlarinin olduk¢a sinirli olmasi, bilingsiz su
kullanimi, barajlar, kuraklik, yabanci tiirler ve alan kurutma gibi
tehditler dolayisiyla tirlerin blyik g¢ogunlugun nesli tehlike
altindadir (JUCN, 2017).

Boy-agirlik iliskisine ait bulgular, balik biyolojisi agisindan
son derece dnemlidir. Boy-agirlik iliskisi parametreleri (a ve b),
baligin boyundan agirliginin tahmin edilmesine, kondisyon
indeksinin hesaplanmasina, farkl habitatlardaki
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populasyonlarin - morfolojilerinin - ve  yasam  siireglerinin
karsilastiriimasina imkan verir (Petrakis ve Stergiou, 1995).

Bu calismada, Anadolu icsularina &zgli olmalari
dolayisiyla, biyolojik zenginligimiz icin 6nemli yeri olan
Pseudophoxinus tiirlerinden sekizinin (P. alii, P. anatolicus, P.
antalyae, P. burduricus, P. crassus, P. hittitorum, P. fahrettini,
P. meandricus) boy ve agirlik iliskilerinin belirlenmesi ve bu
vesileyle nesli tehlike altinda olan bu tirlerin korunmasina
yonelik cabalara yardimci olunmasi amaglanmistir.

MATERYAL VE METOT

Calismada elde edilen veriler, farkli calismalar kapsaminda
Egirdir, Sutgiiler, Sarkikaraagac-Isparta, Kepez, Kirkgdz,
Manavgat-Antalya, Beysehir, Bozkir, Cihanbeyli, Cumra,
Seydisehir-Konya, Bozdodan-Aydin ve Yarigli-Burdur'dan
toplanip, Ege Universitesi Su Uriinleri Fakiiltesi Miizesi igsu
Baliklari Koleksiyonunda korunmakta olan balik Grneklerine
aittir. Baliklarin 6rneklenmesinde akarsularda “SAMUS 725 G”
model elektrogoker cihazi, gdllerde ise hamsinoz gozIu tiil igrip
kullaniimigtir. Elde edilen balik érnekleri fotograflanip, ylksek
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dozda fenoksietanole (1 ml/lL) maruz birakilarak Gtenazi
yapildiktan sonra formalin ile tespit edilmigtir. Baliklarin tir
teshislerinde, Bogutskaya (1992), Freyhof ve Ozulug (2009,
2010), Kiigiik (2007), Kiigik vd. (2012, 2013)'nin yaptiklari
galismalardan yararlanilmistir.

Orneklerin boy dlgiimleri, bilyiik boylu bireylerde 1 mm
hassasiyetteki balik 6lclim tahtas, kiigtik boylu bireylerde dijital
kumpas ile, adirlik dlgimi ise 0,01 g hassasiyetteki dijital terazi
ile yapilmistir.

Boy-agirlik iliskisinin incelenmesinde W=aL? denkleminden
yararlaniimigtir (Ricker, 1975). Burada ‘W’ gram cinsinden
baligin total agirhigini, ‘L’ cm cinsinden baligin total uzunlugunu,
‘a” ve “b’ katsayilari ise regresyon parametrelerini ifade
etmektedir. Biylmenin izometrik ya da allometrik olduguna
karar vermek igin, hesaplanan t-test degeri tablodaki kritik

degerle karsilagtirimistir.

BULGULAR

Pseudophoxinus genusundan 8 farkli tlre ait 481 bireyin
incelendigi ¢alisma sonucunda turlere ait total boy ve total
agirlik degerleri ile regresyon parametreleri; kesisim “a”, egim
“b” degeri ile edimin standart hatasi “se(b), korelasyon katsayisi

“r" ve bliyiime tipleri tespit edilmistir (Tablo 1).

P. hittitorum ve P. crassus turlerinin, total boy ve ortalama
boy bakimindan diger tirlerden daha buylk degerlere sahip
oldugu goérllmektedir. Birey sayisi az olmakla birlikte, P.
burduricus tiri de en kiigiik boy degerlerine sahiptir (Tablo 1).

Blylme tipi agisindan bakildiginda sadece P. anatolicus
tlrinin negatif allometrik, geriye kalan 7 tiriin ise pozitif
allometrik bilyime gosterdikleri belirlenmistir (Tablo 1).

Tablo 1. Pseudophoxinus tirlerinin boy-agirlik iliskisi parametreleri (n: birey sayisi, TL: Total boy, W: Agirlik, SH: standart hata, a ve b: regresyon
parametreleri, SH(b): edimin standart hatas, r: korelasyon katsayisi, A-: negatif allometrik (t-test; -t > to0s, n>200 = 1,65), A+: pozitif allometrik

(ttest; t> toos, n>200 = 1,65)

Table 1. The Length-weight relationship parameters of Pseudophoxinus species (n: number of fish sample, TL: total length, W: weight, SH:
standart error, a and b: parameters of relationship, SH(b): standard error of slope (b), r: correlation coefficient, A-: negative allometric (f-test; -t >

to,05, n>200 = 1,65), A+: pozitive allometric (t-test; { > to,05, n>200 = 1,65)

TL (cm) W(g)
Tiir n Min-Mak Min-Mak a b SH(b) r t-test
(Ort£SH) (Ort£SH)
P.ali 42 (;" 885;013%%) (;372570%%) 00077 3259 04132 0939  1069A
p.anatolicus 306 (é 8701101 1’%% (305’:11081%‘;) 00173 2793 0037 0950 5616~
P.antalyae 7 ( 43621353&) (2?1%??,?858) 00073 3410 04107 0995 3813~
P.burduricus 7 (3,263(;3,';85) (0%2)%:12\;:’6) 00089 3352 0121 094 292~
P.crassus 29 (532;0752%) (1%%13532;59) 00066 3370 0,05 0993  6604%
P hittitorum 27 (151’%(1’53327) (32621641226%22) 00075 3216 0,035 0997 6143~
P fahrettini 53 (gfgi%o%%) (;gfig’ffs) 00067 3273 0076 0973  3500%
P.meandricus 10 (7?421'3'324) (6:3385811028155) 00035 3742 0203 0977  3662%
TARTISMA VE SONUG Diiden, Manavgat ve Kepez'den tlre ait 42 birey incelenmis

P. alii, dagilim alani, Antalya civarindaki Aksu ¢ay, llica ve
Komdrculer dereleri ile simirhdir (Kiglk, 2007). IUCN Kirmizi
listede (EN: Endangered) Tehlike kategorisinde yer almaktadir.
Tarln varh@ini tehdit eden unsurlar; su kullanimi, barajlar,
kirlilik ve iklim degisikliginin neden oldugu yagis azalisinin yani
sira bélgedeki hizli ekonomik gelisme sonucu suya olan
ihtiyacin artmasidir. Populasyonun biyikligi bilinmemekle
birlikte, azalista oldugu; ancak korumaya yonelik bir calisma
olmadidi bilinmektedir (Freyhof, 2014). Tire ait en biyik total
boy 14,3 cm olarak rapor edilmistir (innal, 2013). Calismamizda

olup, total boy dagilimi 4,8-11,8 cm arasinda degisim
gostermistir. |ki calismadaki egim “b” degeri t-testi ile
karsilastiriimis ve farklilk saptanmigtir (&-test; ¢ > to,05) (Tablo
2).

P. anatolicus, Eregli'deki Akgdl, Beysehir ve Sugla gdlleri
havzalarindan bilinmektedir. IUCN Kirmizi listede (EN:
Endangered) Tehlike kategorisinde yer almaktadir. Tirln
varligini tehdit eden unsurlar; su kullanimi, barajlar, iklim
degisikliginin sonucu olarak asiri kuraklik ve yabanci tlr
istilasidir. Akgdl ve Sugla géllerinin kurumus olmasi, Beysehir
gélinde ise Sander lucioperca’nin varli§gi biyik tehdit
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olusturmaktadir.  Populasyonun  biyikligu  bilinmemekle
birlikte, azalista oldugu tahmin edilmektedir. Beysehir Golt milli
park olmakla birlikte, korumaya yonelik bir ¢calisma olmadig
bilinmektedir (Freyhof, 2014). P. anatolicus tlrlne ait iki farkli
galisma sonucunda total boy degerinin 12,5-23,4 cm arasinda
dedistigi bildirilmistir (Yogutguoglu vd. 2016; Demirci, 2016). Bu
calismada ise, Beysehir civarindan toplanmig 306 bireye ait en
biyuk total boy degeri 11,3 cm olarak belirlenmistir. E§im “b”
degeri 6nem kontrolline gdre galismamizda bulunan deger,
diger iki calismadaki degerlerden farklilik gostermistir (t-test; t
> foos). Bu farklilik incelenen birey sayisi veya galismalarin
farkli zaman/mevsimlerde yapilmis olmasi ile agiklanabilir
(Tablo 2).

P.antalyae, Antalya civarindaki Kirkgdbz ve Duden
kaynaklari ile Kirkgdz kaynagindan Anatalya korfezine kadar
olan alanda yasamaktadir. IUCN Kirmizi listede (VU:
Vulnerable) Hassas kategorisinde yer almaktadir. Yasam
alanlarini olusturan kaynaklar igin su an igin herhangi bir tehdit
olmamakla birlikte, Kirkgézden akan derenin kanala
doénlsturilmesi ve tarimsal kirlilik sorun olusturabilir. Tdrin
populasyonu kaynaklarda zengin olmakla beraber azalma
egdilimindedir. Tire yonelik herhangi bir koruma faaliyeti
bulunmamaktadir (Freyhof, 2014). P. antalyae tiiri icin en
biyik boy degeri 17,0 cm olarak bildirilmistir (Erk'akan vd.
2013). Calismamizda Kirkgéz-Antalya'dan 7 bireye ait boy
dagilimi ise 3,8-8,3 cm arasinda degismektedir. Regresyon
parametre énem kontrolli test edilmis ve her iki ¢alismanin
sonuglari benzer gikmistir (&-test; t < fo,05) (Tablo 2).

P. burduricus, Burdur Goli ve Salda Goli havzalar ile
Degirmendere deresi, Karamanli Deresi, Diger Bahar, Sazak
Bahgesi Yarigl Goélu ve gevresinde dadilim gdstermektedir.
IUCN Kirmizi listede (EN: Endangered) Tehlike kategorisinde
yer almaktadir. Su kullanimi, kirlilik ve iklim degisikligi turd
etkileyen 6nemli tehdit unsurlaridir. Bélgedeki barajlardan akan
derelerin yaz déneminde kurumasi ve kuraklik tirtin devamlilig
icin sorun teskil etmektedir. Populasyonun blyGkIigu
bilinmemekle birlikte, yasam alanlarini etkileyen kuraklik ve su
kayiplari nedeniyle son 20 yilda habitat kayiplari olmustur ve
bu sekilde devam ettigi takdirde populasyonlarin azalmasi
olasidir. ~ Tdrlin  korunmasina  ydnelik  bir  calisma
bulunmamaktadir (Freyhof, 2014). Pseudophoxinus tirleri
icerisinde kiigik clsseli olanlardan biri olan P.burduricus igin
en biyik standart boy degeri 8,7 cm olarak rapor edilmistir
(Kiictik vd. 2013). Calismamizda Yarigh Goli'nden, tlire ait 7
birey incelenmis olup, total boy dagiimi 2,0-4,4 cm olarak
belirlenmistir. Regresyon parametre dnem kontrol test edilmis
ve sonuglar arasinda fark olmadigi tespit edilmistir (t-test; ¢ <
to,05) (Tablo 2).

P. crassus, Tuz Golli Havzasindaki Cihanbeyli deresi ile,
Gokgol, Esmekaya'nin glineyindeki kaynaklar, Nigde ve
Aksaray civarindaki derelerden  bilinmektedir.  Ayrica,
glinimizde tamamen kurutulmus olan Samsam Goli'nden de
varhigi rapor edilmistir. IUCN Kirmizi listede (EN: Endangered)
Tehlike kategorisinde yer almaktadir. Samsam Golii drenaji ve
iklim degisikligine bagl yagis azalmasi ile birlikte agir su gekimi

tir icin en biyuk tehditlerdir. Tlrln populasyon vyapisi
bilinmemekle birlikte, bdlgedeki birgok tehdit nedeniyle azalmig
olabilecedi ve hala da azalmakta oldugu disunilmektedir.
Tarin korunmasi yoniinde herhangi bir eylem plani
bulunmamaktadir (Freyhof, 2014). Tire iliskin en blylk total
boy degeri 19,8 cm olarak kaydedilmistir. (Yodutguoglu vd.
2016). Bu calismada da insuyu-Cihanbeyliden 29 birey
incelenmis ve en biyik total boy degeri 17,6 cm olarak
belirlenmistir. Regresyon parametre 6nem kontroli sonucunda
her iki calismada elde edilen degerlerin birbirine benzer oldugu
belirlenmistir (f-test; { < fo,05) (Tablo 2).

P. fahrettini, Képri Cay’nin  memba sularindan
bilinmektedir. IUCN Kirmizi listede (EN: Endangered) Tehlike
kategorisinde yer almaktadir. Tlrlin yasam alanlarindan su
cekimi, barajlar tarafindan su tutulmasi ve iklim degisikligine
bagli olarak yagis azalmasi sonucu kurakhi§in siddetinin
artmasi dnemli tehdit unsurlaridir. Tirln populasyon durumu
bilinmemekle birlikte, tehditler nedeniyle yavas da olsa azalista
oldugu disunulmektedir. Tirln korunmasina yonelik galisma
bulunmamaktadir (Freyhof, 2014). P. fahrettini tlrd, genus
icerisinde iri clsseli olanlardan biridir ve en blylk gatal boy
degeri 28,1 cm olarak bildirilmistir (Koca ve Olmez, 2013). Bu
galismada Kopricayi-Isparta'dan incelenen 53 06rnegin en
blylk total boy degeri ise 10,5 cm olarak oélclimistr.
Regresyon parametreleri dnem kontrolli igin yapilan test
sonucu her (g calismada elde edilen degerlerin birbirlerinden
farklilik gosterdigi belilenmistir (t-test; t > to0s). Bu farkllik,
incelenen birey sayisi ve boy degerlerinin oldukga genis bir
aralikta dagilim gdstermesi ile agiklanabilir (Tablo 2).

P. hittitorum, Beysehir Goli'nin dogusunda yer alan
Eflatunpinari  kaynagi ve golin glneyindeki Bakaran
deresinden bilinmektedir. IUCN Kirmizi listede (EN:
Endangered) Tehlike kategorisinde yer almaktadir. Bu tir igin
de digerleri ile benzer sekilde, ortamdan su gekimi, barajlar
tarafindan su tutulmasi, Kkirlilik ve iklim degisikliinden
kaynaklanan yadis azalmasi blyik tehdittir. Tehditler
nedeniyle yavas da olsa azalista oldugu distnilmekle birlikte
populasyon buyikligi bilinmemektedir. Yasam alani olan
Eflatunpinari kaynag, icerisinde bulunan anitlar nedeniyle
koruma altinda olsa da bu koruma biyogesitliligin korunmasina
yonelik degildir (Freyhof, 2014). P. hittitorum turd icin rapor
edilmis en blyuk boy, 10,4 cm standart boy degeridir (Freyhof
ve Ozulug, 2010). Cumra ve Bozkir-Konya'dan tire ait 27
bireyin incelendigi ¢alismamizda en biy(k total boy degeri 21,9
cm olarak odlctlmistir. Boy-agirhk iliskisi ile ilgili olarak
herhangi bir calisma bulunmadigindan calismamizda
hesaplanan parametre degerleri tir icin ilk &zelligi tasimaktadir
(Tablo 2).

P. meandricus, Afyon Sandikli civarindaki Karadirek deresi
ile, Isikli Golu kaynagi ve Hotamig Goli’'nden bilinmektedir.
Ancak, Hotamis populasyonu batakligin bosaltimasi nedeniyle
yok olmustur (Freyhof, 2014). IUCN Kirmizi listede (CR:
Critically Endangered) Kritik Diizeyde Tehlike kategorisinde yer
almaktadir. Ozellikle Karadirek deresinden yapilan su gekimi,
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barajlar tarafindan su tutulmasi, kirlilik ve iklim degisikliginden
kaynaklanan yagis azalmasi tir icin tehdit olusturmaktadir.
Populasyonun buytkligi hakkinda bilgi bulunmazken, tehditler
nedeniyle yavas da olsa azalmakta oldugu distinlimektedir.
Korunmasina yonelik bir eylem bulunmamaktadir. Ancak, tirtn
kritik olarak tehlikede olmasi bir an 6nce korumaya yonelik
tedbir alinmasi gerektiginin gostergesidir (Freyhof, 2014). P.

meandricus igin en biylk total boy de@eri 9,4 cm olarak
bildirilmistir  (Ladiges, 1960). Calismamizda Bozdogan-
Aydin'dan tlre ait 10 adet birey incelenmis olup, total boy
dagihmi 6,5-89 cm arasinda degismistir. Blylime
parametrelerine iliskin glinim(ize degin bir calisma yapiimamis
olmasi dolayisiyla elde edilen veriler P. meandricus igin ilk
oOzelligindedir (Tablo 2).

Tablo 2. Farkli galismalardaki Pseudophoxinus tirlerine ait boy, agirlik degerleri ve biiylime parametreleri. (n: birey sayisi, TL: Total boy, W:
Agirlik, a ve b: regresyon parametreleri, SH(b): egimin standart hatas|, r: korelasyon katsayisi, A-: Negatif Allometrik, A+: Pozitif Allometrik.

Table 2. The length, weight values and growth parameters of Pseudophoxinus species in different studies. (n: number of fish sample, TL: total
length, W: weight, a and b: parameters of relationship, SH(b): standard error of slope (b), r: correlation coefficient, A-: Negative Allometric, A+:

Pozitive Allometric).

. TL (cm) W(g)
Tiir n Min-Mak Min-Mak a b SH(b) r Yazar
P i 105 34-143 0,40-38,10 0017 3012 - 0,988  Innal, 2013
' 42 4801180  1,70-27,35 00077 3259 0132 0939  Bugalisma
36 150232 364015490 00041 3380 092 yodrweg v
P.anatolicus 52 12,5-23,4 37,4-179,5 00500 2,680 0,40  Demirci, 2016
306 400-11,30  0,56-18,04 00173 2793 0037 0950  Bugcalisma
P antalvae 39 5,3-17,0 1,60-94,50 00070 3338 - 0993  Erkakan vd. 2013
-antaly 7 3,80-8,30 0,65-9,85 00073 3410 0107 0995  Bugcalisma
! § Yogurtguoglu  vd.
P burduricus 25 2,96,8 0,30-4,40 00079 3,290 0994  ,om
7 2,00-4,40 0,10-1,25 00089 335 0121 0994  Bugcalisma
91 5,2-19,8 1,80-133,10 00075 3280  — 0990  ogurtguoglu vd.
P.crassus 2016
29 380-17,60  0,61-92,15 00066 3370 0056 0993  Bugcalisma
151 5,3-19,3 0,0044 3,401 0,971 Ayyildiz vd. 2015
P.fahrettini (75;) 6,5-28,1 5,25-265,64 00300 2610 - 0,962 g&cg ve Olmez,
53 4,60-1050  1,08-1533 00067 3273 0076 0973  Bucalisma
P.hittitorum 27 580-21,00  2,26172,02 00075 3216 0035 0997  Bucalisma
P.meandricus 10 6,50-8,90 3,50-12,45 0,0035 3,742 0,203 0,977 Bu calisma

Sonu¢ olarak, son kayitlara gére igsularimizdan
tanimlanmis olan 21 tirden (Cigek vd. 2015) P. kervillei ve P.
zeregii haricindeki tlirlerinin tamami Anadolu igsularina 6zgi
olan (Kiglk vd. 2012) Pseudophoxinus cinsi baliklar Tirkiye
isu biyolojik cesitliliginde oldukga énemli bir yer tutmaktadir.
Ancak, yukarida da deginildigi gibi, yasam alanlarinin sinirli
olmasi, 6zellikle tarimda bilingsiz su kullanimi, barajlar, iklim
degisikligi sonucu olusan kuraklik, tarim alani agmak amagl
olarak sulak alanlarin kurutulmasi ve yagam ortamlarina
yabanci tirlerin (Sander lucioperca, Carassius gibelio,
Pseudorasbora parva vb.) girmesi gibi nedenlerle tirlerin
hemen hemen tamaminin nesli ciddi olarak tehdit altindadir.
Oyle ki, Egirdir Yag baligi olarak bilinen P. handlirschi tiirintin
dogada neslinin tiikendigi (Kuglk, 2012), P. elizavetae, P.
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Abstract: This study aimed to determine the selectivity properties of multifilament gillnets and trammel nets for Prussian carp (Carassius gibelio Bloch,1782) in
Marmara Lake (Manisa, Turkey). A total of 36 fishing trials were performed with three different stations on a monthly in 2012. Nets with same mesh sizes (4, 6, 8
and 10 cm) and characters were used in gillnets and trammel nets. SELECT method was utilized to estimate the selectivity parameters. Normal scale and normal
location model gave the best fit for gillnet and trammel nets respectively. A total of 2234 Carassius gibelio were caught ranges between 8.80-27.50 cm in total
lengths. The model length for 4 cm mesh size was estimated as 12.24 cm for gillnets and 12.63 cm for trammel nets. No statistical differences were found between
estimated model lengths for different sex groups. Model lengths are much higher than first maturity size which 11.5 cm was given by different authors. This situation
makes it impossible combating with this invasive species. Therefore, special fishing equipment or devices are needs to be investigated just for caught C. gibelio.
In addition, C. gibelio was the second species by production rate in Turkey inland fisheries; therefore, it should be economically evaluated using different processing
techniques.

Keywords: Gillnet selectivity, trammel net selectivity, Prussian carp, Carassius gibelio, Marmara Lake

0z Bu calismada, Marmara Golirndeki giimiisi havuz baligi (Carassius gibelio Bloch, 1782) igin multifilament sade ve fanyall uzatma aglarinin segicilik
ozelliklerinin belirlenmesi amaglanmistir. Arastirma 2012 yilinda, aylik olarak 3 farkli istasyonda toplam 36 balikgilik denemesi ile gerceklestirilmistir. Calismada
ayni gbz acikliklarina (4, 6, 8 ve 10 cm) ve teknik dzelliklere sahip sade ve fanyali uzatma aglar kullaniimistir. Segicilik parametrelerinin tahmininde SELECT
metot'dan yararlaniimistir. En disik sapmayi vermesinden dolay sade aglar icin normal scale, fanyali aglar iginde normal location en uygun model olarak
degerlendirilmistir. 8,80-27,50 cm total boy araliginda toplam 2234 C. gibelio yakalanmistir. 4 cm ag g6z acikligi icin model boyu sade aglar igin 12,24 cm fanyali
aglar igin 12,63 cm tahmin edilmistir. Farkl cinsiyet gruplari igin tahmin edilen model boylar arasinda istatistiksel olarak bir fark bulunamamistir. Tahmin edilen
model boylari, farkli yazarlar tarafindan verilen 11,5 cm'lik ilk tireme boyundan oldukga yiiksektir. Bu durum, istilaci bir tir olan C. gibelio ile uzatma aglari kullanarak
miicadele etmeyi imkansiz kilmaktadir. Bu nedenle, sadece C. gibelio yakalamasi igin 6zel balikgilik ekipmanlarinin veya cihazlarinin gelistirimesi gerekmektedir.
Ek olarak, C. gibelio Uretim orani itibariyle Tiirkiye'de i¢c su balikgiliginda ikinci siradadir; bu nedenle, farkli isleme teknikleri kullanilarak ekonomik olarak
degerlendiriimesi gerekmektedir.

Anahtar kelimeler: Sade ag segiciligi, fanyali ag segiciligi, giimiisi havuz baligi, Carassius gibelio, Marmara gélii

INTRODUCTION

In recent years, habitat destruction, pollution, overfishing
and unconscious fishing give rise to decrease fishing
population and this reflects the yield production. The proportion
of assessed fish stocks fished within biologically sustainable
levels declined from 90% in 1974 to 71.2% in 2011, when 28.8
percent of fish stocks were estimated as fished at a biologically
unsustainable level. Of the stocks assessed in 2011, fully fished
stocks accounted for 61.3% and underfished stocks 9.9%
(FAO, 2014). Overfishing and low selectivity fishing gears is
indicated as the most important reason for this condition

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

(Alverson et al., 1994). For sustainable fishery, fish should
spawn at least once time during the lifetime. Therefore,
adequate fishing management requires selectivity. Selectivity is
the ability to select captured fish by species, size or a
combination of these during fishing operations. Size selectivity;
fishing gears catch adult fish and allow juvenile fish to escape
(Armstrong et al., 1990; Wileman et al., 1996).

A set gillnet consists of a single netting wall kept more or
less vertical by a floatline and a weighted ground line. A
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trammel net consists of two/three layers of netting with a slack
small mesh inner netting between two layers of large mesh
netting within which fish will entangle (FAO, 2017). Both are
passive fishing gears and used commonly marine and inland
fishermen all around world and as well as in Turkey. Planning
an experiment involves prior knowledge of the factors that can
affect gear selectivity. Holst et al. (1998) published manual for
gillnet selectivity and they presented that parameter; related to
gears (gang and net dimensions, mesh size, hanging ratio,
vertical slack, twine characteristics, floatation and weight,
soaking time and arrangement of nets in the fleet - sequence
and joining between nets), related to the fish (fish abundance,
fish availability to the net, fish behaviour towards the net, fish
size, fish shape (girth at different body points), presence of by-
catch, presence of predators, net saturation, patchy distribution
in the net) and fishing operations (dimension of boats (low-lying
vs. high-lying boats), net handling techniques, environmental
parameters, light level, sea state and currents, seabed type,
depth, occurrence of water/bottom debris).

There are many selectivity studies conducted on both gill
and trammel nets. Moth-Poulsen (2003) investigated seasonal
variations of trammel nets selectivity for Pleuronectes platessa
in the Danish demersal fishery. Significant seasonal differences
reported in selectivity by researcher. Carol and Garcia-Berthou
(2007) studied gillnet selectivity and its relationship with body
shape for eight freshwater fish species in Catalonia (NE Spain).
It was found that percent in depth and percent in girth have
significant positive correlation and both showed information
about fish shape. Ayaz et al. (2010) investigated effects of
hanging ratio on gill net selectivity for Diplodus annularis. There
is no effect of hanging ratios on size selectivity of D. annularis
by this study result. Ayaz et al. (2011) researched effect of twine
thickness on selectivity of gillnets for Boops boops and authors
reported that there is a differences in the size selectivity existed
between gillnets with different twine thicknesses.

Carassius gibelio was first reported in Turkey (from Lake
Gala, Thrace region of Turkey) by Baran and Ongan (1988).
Over subsequent years, rapid increases in abundance and
distribution have been observed in many parts of Turkey (Sas!
and Balik, 2003; Ozcan, 2007; Ekmekgi et al., 2013; ilhan and
Sari, 2013; Ozulug et al., 2013; Dereli and Dingtiirk, 2016). C.
gibelio is the second in the most fishing species as 7652 tons
in 2016 in inland waters of Turkey’s (Anonymous, 2017). Due
to the large quantities captured it has become an important
income source for inland fishers, despite the low commercial
values (0.42 USD/kg). There are some biological and selectivity
studies conducted on the species. (Emiroglu et al., 2010; Cilbiz
et al., 2014a, 2014b; ihan et al., 2014; Sasi, 2008, 2015;
Korkmaz and Kusat, 2016). However, there is no study,
affected of the sex factor, compared identical mesh size of gill
and trammel net selectivity at same time experiments. In this
study it was aimed that determination of the selectivity
properties of gill and trammel net with 4, 6, 8 and 10 cm

stretched mesh size, also researching effect of sex factor on
gilinet and trammel selectivity.

MATERIALS AND METHODS
Study area

The study was conducted on Lake Marmara which altitude
is 79 m and surface between 3200-6800 ha based on depth
differences. Lake depth is changes coupled with year by year,
it is about average 3-4 m (Ari and Derindz, 2011). Experiments
were carried out in the three different stations identified eastern,
middle and western areas as in the longitudinal length of the
lake (Figure 1). In order to ensure homogeneity between
stations, twelve nets were used on each station (totally 36 nets)
on a monthly basis in 2012.

Sampling and data collection

Multifilament gillnets and trammel nets were used in the
fishing trial. Experimental gilinets have 4, 6, 8 and 10 cm
stretched mesh size and 210 denier/2 twine thickness. Each
panel has 35 m in length, 50 vertical meshes and 0.50 hanging
ratio. Trammel nets inner panels have same character with
gillnets. The outer panel has 210 denier/6 twine thickness,
vertical mesh number 7 meshes and stretched mesh size was
25c¢cm.

All nets were connected each other with float line and lead
line randomly and set at the bottom of sampling station in the
afternoon and was hauled the following day. Average fishing
time for per catching operation was 16 hours. Caught fish were
classified to the nets and total lengths were measure with 1 mm
precision measurement board.

27”5]7'0"5 28“9'0"E 28"3;'0"E 28"6['0"E

38°42'0"N- [F38°42'0"N

38°39'0"N -38°39'0"N

Station |
[ ]

Station Il
° Station Ill
[}

38°36'0"N-{ -38°36'0"N

Mo 15 3 6 Kilometers e

[V B s R PR S
A 1:150.000

T
27°57'0"E

T T T
28°0'0°E 28°3'0"E 28°6'0"E

Figure 1. Study area
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Selectivity analysis

As indirect estimation method, SELECT (Share Each
Length’s class Catch Total) method was used to determine
selectivity (Millar, 1992; Millar and Holst 1997; Millar and Fryer,
1999). Data obtained from experiments were analysed by R
(3.4.2) based RStudio (1.0.136) (R Development Core Team
2017). R-codes are developed by Millar (2009) and Millar
(2010). Length selectivity of each mesh size was described by
five different models (normal location, normal scale, gamma,
lognormal and bi-normal) of the SELECT method (Millar and
Fryer, 1999; Park et al., 2011). The equations for each model
are given in below.

Normal Location:

(L_ k-mj)z

exp| —
P 20°

Normal Scale:

(L—kl.mj)2

exp| —
U ke

Log-Normal:

lexp +log R A
L a m) 2

Table 1. Lengths and weights of gillnets and trammel nets catch

Gamma:
a-1
; exp a _1_L
(e -1)km, k.m;
Bi-modal:
L —-k.m. L —k,.m.
exp ——( e 2’)2 +C.exp ——( =]
2k; .m; 2k, .m;

The most suitable model was chosen taking into account
the lowest deviation value. The Kolmogorov-Smirnov (K-S) test
was used to compare the catch size frequency distributions of
different sex groups caught by same mesh size of gillnets and
trammel nets (Karakulak and Erk 2008; Siegel and Castellan
1989). One-way ANOVA with Tukey and t-test were utilized for
multi comparing and binary comparing, respectively. RStudio
(1.0.136) software was used all statistical calculations.

RESULTS

A total of 2234 C. gibelio was caught with the total length
and weight ranging from 8.80-27.50 cm and 10.9-378.4 g,
respectively. A total catch consists of 47.6% gillnet and 52.4%,
trammel nets specimens. Mean total lengths are 14.35+0.10
cm for gillnet and 14.98+0.10 cm for trammel nets. Significant
differences were found between the mean lengths of gill and
trammel nets (p < 0.001). Mean weights are 55.14+1.46 g for
gillnet and 63.98+1.41 g for trammel nets. Also significant
differences were found between the mean weights of gill and
trammel nets (p < 0.001) (Table 1).

Gillnet Trammel net
Parameters
MeantSE Min. Max. MeantSE Min. Max. p
Total length (cm) 14.35+0.10 8.80 27.50 14.98+0.10 10.20 26.90 <0.001
Total weight (g) 55.14+1.46 10.90 378.40 63.98+1.41 17.70 358.90

Samples consist of 78.2% female and 21.8% male
individuals. Inverse ratio was found between increasing mesh
size and the ratio of male individuals in the total catch. Species
male individuals were not caught either with 10 cm mesh sized
trammel or gill nets.

The 4 cm is the most effective mesh size to catch fish for
both gillnets and trammels net (Table 2). This situation might

be due to the mean lengths of the specimens which caught in
the 4 cm mesh size. When mesh size increases, catching ratios
are decrease but mean length of the sizes are increases
(Figure 2). Same mesh size of gill and trammel net mean
lengths were found close each other. No clear differences were
found (p > 0.05) between them except 4 cm mesh size (p <
0.001) (Table 2).

81



Aydin et al., Ege Journal of Fisheries and Aquatic Sciences, 35(1): 79-87 (2018)

Table 2. Average total length of catch caught by different net type and mesh sizes

Mesh Gillnets Trammel nets

Sizes (cm) N N % MeanzSE N N % MeanzSE P
4 733 68.6 12.52+0.042 696 59.5 12.79£0.072 <0.001
6 292 273 17.78+0.07° 424 36.2 17.70£0.08° > 0.05
8 31 29 22.01+0.47¢ 47 4.0 22.10£0.29¢ > 0.05
10 8 0.7 26.79+0.21¢ 3 0.3 25.97+0.63¢ > 0.05

Length-frequency distributions are given in Figure 2. In
general, it is observed that length intervals of fish individuals
caught by gillnet are narrower than trammel net. For example;
Caught fish individuals length interval was between 10-18 cm
for 4 cm mesh size gill net, while same mesh size trammel nets
catches length interval was found to be 10-22 cm.

Model length and selectivity parameters of gillnet and
trammel nets were given in Table 3. From the table, normal
scale and normal location gave the best fit for gillnet and
trammel nets, respectively by the lowest deviance approach.
Model length of gillnet and trammel nets for 4 cm mesh size
were estimated 12.24 + 0.13 and 12.63 = 0.09 cm,
respectively. From the result, it can be said that trammel nets
caught smaller fish than gillnets.
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Selectivity curves of gilinet and trammel nets and deviance
residual plots of gillnets and trammel nets were given in Figure
3. There is no significant abnormality in the distribution.

The model estimated for 4 cm mesh size nets was tuned
for nets with 6, 8 and 10 cm mesh size regarding to scale of
length and spread values. Modelled lengths for different mesh
size and gender groups were given in Table 4. As general
tendency, modelled lengths were found too close each other.
However, it was found that there is no significant different
between groups (female, male and combined sex) of estimated
models for 4, 6, 8 and 10 cm mesh size of the nets (F=0.002,
p=0.998 for gillnets; F=0.018, p=0.982 for trammel nets).
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Figure 2. Length frequency distributions of C. gibelio by different net and mesh sizes
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Table 3. Selectivity model parameters of C. gibelio and estimated selection curves for gillnets and trammel net with 4 cm mesh size

Gillnets Trammel Nets

Models Parameters

Estimates Mode1 Spread1 Deviance df Estimates Mode1 Spread1 Deviance df

Normal location k 2.92(0.02) 11.71(0.09) 1.93(0.09) 56.78 52 3.15(0.02) 12.63(0.09) 2.81(0.09) 108.09 52
= o 1.93(0.09) 2.81(0.09)
(5]
§Norma| scale ki 3.06(0.03) 12.24(0.13) 1.25(0.07) 55.66 52 3.40(0.02) 13.60(0.09) 2.04(0.06) 163.40 52
= ka 0.09(0.01) 0.26(0.01)
& Lognormal u1 2.49(0.01) 12.01(0.12) 1.39(0.08) 73.21 52 2.59(0.008) 13.03(0.10) 2.23(0.08) 128.19 52
I o 0.11(0.005) 0.16(0.005)
 Gamma k 0.03(0.004) 12.09(0.12) 1.34(0.07) 65.69 52 0.08(0.005) 13.22(0.10) 2.14(0.07) 13410 52
a 83.16(8.70) 40.05(2.42)
Bi-normal ki No fit
ke
ks
ka
c
Normal location k 2.95(0.02) 11.82(0.09) 1.96(0.10) 56.34 52 3.23(0.02) 12.95(0.10) 2.87(0.09) 111.25 52
o 1.96(0.10) 2.87(0.09)
o Normal scale ki 3.09(0.03) 12.37(0.14) 1.24(0.07) 5555 52 3.47(0.02) 13.90(0.10) 2.01(0.05) 164.38 52
3 ka 0.09(0.01) 0.25(0.01)
éLognormal u1 2.51(0.01) 12.16(0.13) 1.41(0.08) 73.21 52 2.62(0.009) 13.38(0.11) 2.29(0.08) 128.19 52
g o 0.11(0.005) 0.16(0.005)
21;’Gamma k 0.03(0.004) 12.24(0.13) 1.35(0.07) 56.34 52 0.08(0.005) 13.56(0.10) 2.16(0.07) 13410 52
§ a 84.16(8.70) 41.05(2.42)
'_U% Bi-normal ki No fit
i ke
ks
ka
c
Table 4. Model length and spread values of C. gibelio for trammel nets and gillnets
(Female) (Male) (Combined sex)
Mesh size
(cm) Model Length Spread Value Model Length Spread Value Model Length Spread Value
(cm) (cm) (cm) (cm) (cm) (cm)
4 12.26 1.27 12.07 1.07 12.24 1.25
o 6 18.39 1.91 18.11 1.61 18.36 1.88
é. 8 2452 2.54 2414 2.14 24.48 2.50
10 30.65 3.18 30.18 2.68 30.60 313
4 12.02 0.76 12.35 2.76 12.63 2.81
g 6 18.03 1.14 18.53 4.14 18.90 4.07
3
% 8 24.04 1.52 24.70 5.52 25.20 542
@D
? 10 30.05 1.90 30.88 6.90 31.50 6.78
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Figure 3. Selectivity curves and deviance residual plot of gillnets and trammel nets. (A: Gillnet; B: Trammel Net; 1: Selectivity curve ; 2:

Deviance residual plot)

It is not found any difference between length frequency
distributions of C. gibelio's sex groups, which are caught by the
same mesh size (6 cm) of gillnet, excluding comparison
between males and combined sex (Table 5). There was not

Table 5. Kolmogorov-Smirnov (K-S) test result (F: female, M: male, C:

significant difference in length frequency distributions between
all gender groups caught by 4 cm mesh size and females and
combined sex of 6 cm mesh size of trammel-net, while there
was significant difference between remaining comparisons.

combined sex)

Gillnet Drmax C.V. Decision Trammel Nets Dimax (A2 Decision
4 (F) 4 (M) 0.2091 0.4554 HoNotReject 4(F) 4 (M) 0.3724 0.1631 HoReject
4 (F) 4(C) 0.1243 0.4163 HoNotReject 4 (F) 4(C) 0.1618 0.1345 HoReject
4(M) 4(C) 0.1877 0.3908 HoNotReject 4 (M) 4(C) 0.2365 0.1486 HoReject
6 (F) 6 (M) 0.2833 0.3071 HoNotReject 6 (F) 6 (M) 0.3683 0.2681 HoReject
6 (F) 6(C) 0.0307 0.1390 HoNotReject 6 (F) 6(C) 0.0414 0.1235 HoNotReject
6 (M) 6(C) 0.3556 0.3345 HoReject 6 (M) 6(C) 0.4152 0.2849 HoReject
8 (F) 8 (M) 0.8000 0.6569 HoNotReject 8 (F) 8 (M) 0.4444 0.4995 HoNotReject
8 (F) 8(C) 0.1143 0.3384 HoNotReject 8 (F) 8(C) 0.0784 0.2834 HoNotReject
8 (M) 8(C) 0.6286 1.3793 HoNotReject 8 (M) 8 (C) 0.1686 0.6373 HoNotReject

Ho: There are no significant difference between length frequency distributions (a=0.05, K=1.36). C.V.= Critical Values
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DISCUSSION

In this study, gillnets and trammel nets selectivity
parameters were compared for Prussian carp (Carassius
gibelio Bloch, 1782) in Marmara Lake (Manisa, Turkey).
Trammel nets (52.43%) are more productive than gillnets
(47.67%) in present study. However, it was presented that gill
net (59.6 %) catch is higher than trammel net (40.4%) from
Egirdir Lake (Cilbiz et al., 2014a). This difference might be
mesh size of the gears. Because they used different mesh size
both in gill nets (32, 40, 50, 60, 70, 80 and 90 mm) and trammel
(100, 110, 120,130 and 140 mm) nets. It is well known that
increasing mesh size can lead to decrease catch size of given
species. There are adverse relationship between increasing
mesh size and retention of male individuals. Female specimens
were caught three times more than male specimens same
results were reported by Uysal et al., (2014); Emiroglu (2008);

Sari et al., (2008). This was due to the female specimens ratio
was higher than male specimens in advances age groups.

Selectivity results of 40, 50, 60, 70, 80 and 90 mm mesh
size are 11.68, 17.52, 23.26 and 29.20 c¢m for gillnet, 11.68,
17.52, 23.36 and 29.20 cm for trammel net, respectively. These
are close to presented by Cilbiz et al (2014a, b). Cilbiz et al.
(2014a) found that 8.74, 10.92, 13.65, 16.38, 19.11, 21.84 and
24.57 cm for multifilament (210d/2 no) gillnet mesh size of 32,
40, 50, 60, 70, 80 and 90 mm and also 27.20, 29.92, 32.64,
35.36 and 38.08 cm for multifilament trammel nets (inner panel;
210d/2 no, outer panel; 210d/6 no) mesh size of 100, 110, 120,
130 and 140 mm, respectively, from the Egirdir lake according
to Bi-modal model. Besides, model lengths were estimated as
8.77, 10.96, 13.70, 16.44, 19.18, 21.92, 24.66 for 32, 40, 50,
60, 70, 80, 90 mm monofilament gill nets and 24.90, 27.39,
29.88, 32.37, 34.86 for 100, 110, 120, 130 and 140 mm
monofilament trammel nets (Cilbiz et al., 2014b).

Table 6. Some selectivity study results for C. gibelio analysed with SELECT method for combined sex

Author Location Net type Mesh size (cm)  Model length (cm)
Cilbiz et al. (2014a) Lake Egirdir, Turkey '\GAiLljllr?g:amem 40 10.92
Cilbiz et al. (2014b) Lake Egirdir, Turkey Monofilament
40
Gillnet 10.9
Cilbiz et al. (2015) Lake Manyas, Mpnofilament 40 1176
Turkey Gillnet
Present study Lake Marmara, My|t|f||ament 40 11.66
Turkey Gillnet
Multifilament
Trammel Net 40 12.21

Generally model lengths obtained from trammel nets are
higher than same mesh size of gillnet (Table 6). These
differences might be due to between fishing principles of gill
and trammel nets. Because size range of trammel nets
specimens more wider/larger than gillnet specimens (Table 1).

There was no statistical difference between the predicted
model sizes for different sex groups. In this context it can be
thought that the sex factor is not important both gill and
trammels net selectivity for C. gibelio. Despite difference
between frequency distributions, it is thought that model lengths
related to sex-related very close to each other. The main
reason of the situation is that morphometric characteristic of
male and female individuals (ilhan et al., 2014). Boron et al.,
(2011) presented that C. gibelio maximum body depth, head
depth and head width, which are very important gill/trammel net
selectivity, are very close for both male and female individuals.

The first reproduction size is very important in fighting with
C. gibelio through catching. Balik et al., (2004) reported that Lso
maturation length of C. gibelio as 10.3 cm with fork length.
Combatting with fish that after Lieo all individual reached
maturation length of approximately 15 cm must begin at least

in this length. When fork lengths are converted to the total
lengths according to the equations by Gaygusuz et al., (2006),
(11.5 cm total length), the 50 mm or above multifilament mesh
sizes should be used. However, to combat with the species
through catching, lowered the legal mesh size up to 50-60 mm
likely cause some negative results on the other species in the
environment, so it is an issue that needs to be considered.

Even C. gibelio is not target species, it has been existed
many inland waters as an invasive species from the first time
introduced in Turkey. Marmara Lake has low altitude, shallow
and temperate; this leads to a longer breeding period of C.
gibelio and is more advantageous than many local varieties in
population density. According to Anonymous (2017) data of five
years, C. gibelio is the second species by production rate after
(Alburnus tarichi) in inland waters of Turkey. Therefore, C.
gibelio should be economically evaluated for alternative
processing techniques. There is no minimum mesh size
regulation for C. gibelio. However, 60 and 130 mm mesh size
are obligators for Esox lucius and Cyprinus carpio, respectively
in Manisa province.
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According to our results, the optimal catch length of 60 mm
mesh sizes are 18.36 and 18.90 cm for gillnet and trammel net,
respectively. This situation makes it impossible combatting with
this species. Therefore, special fishing equipment and devices

are needs to be investigated just for catching C. gibelio.
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Abstract: The dataset of the study consists of total length, fork length, head girth, maximum girth and weight measurements of 136 bluefish. The relationship
between the total length and fork length of the product was TL=1.1348xFL—0.8184; the relationship between the total length and weight was W=0.0103xL297. The
relationships between the total length and head girth and between the total length and maximum girth of the sample were linear: the relationship of the total length
and head girth was Ggii=0.5092xTL—0.0874; the relationship of the total length and maximum girth was Gmax=0.5989xTL—0.8540. The statistical relationship
between length and girth was used to obtain a theoretical gillnet selectivity equation for the species. In conclusion, a relationship of
S(/)=[(C—Gqn)/0.4952]x[1-P((C—Gmax)/0.4255)] was determined between the stretched size of the mesh used in bluefish fishing and the catch rate. Using this
equation, and considering the legal length and length at first maturity, the minimum mesh size of the gillnet for sustainable fishery was determined.

Keywords: Direct estimation, Sechin method, length-girth relationship, length-length relationship, length-weight relationship

0z: Calismanin veri setini, 136 adet liifer balig izerinde yapilan; total boy, catal boy, operkulum gevresi, viicut gevresi ve airlik dlgiimleri olusturmaktadir. Tirdin
total boyu ile catal boyu arasinda TL=1,1348xFL—0,8184, total boyu ile a§irli§i arasinda ise W=0,0103xL29" seklinde bir iliski oldugu tespit edilmistir. Ornekleme
ait total boy-operkulum gevresi ve total boy-viicut gevresi arasinda ise sirasi ile Ggi=0,5092xTL—0,0874 ve Gnax=0,5989xTL—0,8540 seklinde dogrusal bir iliskinin
oldugu hesaplanmigtir. Boy ile gevre arasinda kurulan istatistiksel iligkiler kullanilarak, tire ait kuramsal uzatma agi segicilik denklemi elde edilmistir. Sonug olarak,
tirlin aveili§ginda kullanilabilecek agin tam géz boyu ile yakalanma oranlari arasinda S(/)=®[(C—Ggi)/0,4952]x[1-®((C—Gmax)/0,4255)] seklinde bir iligkinin oldugu
tespit edilmistir. Elde edilen bu denklemden faydalanilarak, tiiriin yasal ve ilk Greme boylari dikkate alinarak, stirdiiriilebilir bir aveilik igin kullanilacak sade uzatma
aginin minimum tam g6z boyunun ne olmasi gerektigi belirlenmistir.

Anahtar kelimeler: Direkt tahmin, Sechin metodu, boy-gevre iliskisi, boy-boy iligkisi, boy-adiriik iliskisi

INTRODUCTION

Bluefish (Pomatomus saltatrix Lin., 1766), the only member
of the Pomatomidae family (Whitehead et al., 1986), is a rapidly
migrating, pelagic and predatory species (Haimovici and Krug,
1996). Their distribution extends to a wide area including the
Atlantic, Pacific and Indian Oceans, and they inhabit the
continental shelves of warm and temperate seas (Wilk, 1977).
They have a high commercial value around the world (Froese
and Pauly, 2016). In Turkey, in addition to gillnets and hooks
(Hossucu, 2000), they are also caught with purse seine and
trawl. According to the statistics from the General Fisheries
Commission for the Mediterranean (GFCM), the average fish
production of Turkey in the last decade was 7,252.8+1,355.6
tons and the majority of the production was from the Black Sea
and the Marmara Sea (x+SE) (FAO, 2016).

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

The bluefish is a symbol for various non-governmental
organizations committed to preserving marine life in Turkey; it
is used in many campaigns regarding this issue. Discussions
on its legal catch length have always reached an impasse and
as a natural consequence of these long-lasting discussions, the
legal length has undergone many changes: The first legal
length was determined to be 15 cm fork length (FL) during the
fishing season in 1986-1987; over time, the legal length
reached 18 cm (FL) and 20 cm (TL). Until today, the lowest
legal length was 14 cm (TL) during the 11-year long fishing
season beginning in 2000; no length ban was implemented
during the 1999-2000 fishing season. The length ban for the
current fishing season is 18 cm total length (Anonymous, 2016).
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In Turkey, in addition to its high economic value, bluefish is
historically and traditionally highly valued. Few species that are
similarly valued are also given names based on their lengths:
bluefish are named “defneyapragi” (<10 c¢cm), “ginekop” (10-20
cm), “sarikanat” (20-25 c¢m), “kofana” (35-40 cm) and “sirtikara”
(>40 cm TL) (Deveciyan, 1915; Tirgan, 1959).

In this study, the theoretical catch rate of gillnet was
determined by utilizing the morphological structure of bluefish,
and by considering this rate mesh sizes of gilinet for fishing
above the legal length and length at first maturity were
calculated.

MATERIALS AND METHODS

The material of the study consists of morphological
measurements obtained from 136 bluefish. The samples were
collected from different fishing gears (line and net fishing)
intended for sampling with large length range. Total length (TL),
fork length (FL), head girth (Ggi) and maximum girth (Gmax) of
individual fish were measured at 0.1 mm and the total body
weight was recorded at 0.01 g sensitivity.

Linear regression was used to determine the relationships
between total length and fork length (TL-FL), total length and
head girth (TL-Ggu), and total length and maximum girth (TL-
Gmax) of the samples:

y=bXx+a

In the equation, x represents the independent variable, y
represents the dependent variable, a and b represent the
regression intercept and slope. The relationship between length
and weight of the species was calculated with:

W=axlbt

In the equation, W represents the weight at each L length,
while a and b represent the regression coefficient (Ricker,
1973). The intercept and slope parameters of the relationships
were estimated by linear regression analysis on log-
transformed length and weight data.

Growth type of the species was determined using the
Student's t-test. The power of the correlation between
established relationships was determined with the
determination coefficient (R2).

A theoretical selectivity model, which is based on the
relationship between the fish length and girth, and is also
known as the Sechin method, was used to estimate the
selectivity parameters and selectivity curve (Sechin, 1969;
Kawamura, 1972). This model is suited to species with a

morphology that allows for gilled and wedged; and the model is
based on determining two length groups (Ggil < C < Grmax);

a) Determination of length groups small enough to get their
heads into the mesh,

b) Determination of length groups large enough to be
retained by the mesh.

In the study, the equations that were modified from Sechin
(1969) by Reis and Pawson (1999) by simplifying and applying
the equations to commercial fishery data were adopted:

Pretained — P{Grmx > C}zl_q)[c _Gn‘ax J
O,

max

Ppassing _ P{Ggin < C}: q)[c - Ggillj

Oyin

S(l ) — Pretained < P passing

In the equations, S represents the estimated catch rate at
each / length, C represents the mesh size (stretched mesh
sizex2), Gmax and Ggi represent the maximum girth and head
girth for each /fish length; @ represents the cumulative normal
standard distribution function, ogin and omax represent the
standard deviation of the relationships between fish length-
head girth and fish length-maximum girth. Using these
equations, a normal distribution curve is obtained from two
transverse sigmoid curves’ combination. All calculations were
carried out using MS-Excel® functions.

RESULTS

In the study, the total length of the smallest sample was
16.5 cm, whereas the total length of the largest sample was
35.3 cm. The average length of the samples was 23.25 cm and
the standard error was #0.34 cm. A relationship,
W=0.0103xL297 (R2=0.987) was determined between the
weight and length of the species. At 95% confidence interval,
standard error of b (slope) value of this relationship was £0.07,
and therefore the growth type of the species was determined to
be isometric (t-test). The linear and strong relationship between
the fork length (FL) and total length (TL) of the samples was
determined as TL=1.1348xFL—-0.8184 (R2=0.999).

A linear relationship, Gmax=0.5989xTL—0.8540 (R?=0.968,
omax=0.4255) was determined between the total length and
maximum girth of the bluefish. In addition, a linear relationship,
Ggi=0.5092xTL—0.0874  (R2=0.942, 0w=0.4952) was
determined between the total length and head girth of the
species (Figure 1).
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Figure 1. Total length-head girth and total length-maximum girth relationships of the bluefish (Pomatomus saltatrix) (e and |: TL-Gmax; © and |:

TL-Ggin).

The morphometric relationship between the length, head
girth and maximum girth revealed the following relationship
between the stretched mesh size and catch rate:

5(1)= q)(c —(0.5092 x TL 70.0874)} 17®(c —(0.5989 x TL — 0.854))
0.4952 0.4255

This relationship showed that the stretched mesh size of
the gillnet that allows for fishing above the 18 cm legal length
was 55 mm. This mesh size, the probability of catching
individuals at 18 cm legal length was 6%o, optimum catch length
was 20.75 cm total length and catch rate at optimum catch
length was 77.8% (Figure 2).
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Figure 2. Estimated gillnet selectivity of 55 mm stretched mesh size
for the bluefish (Pomatomus saltatrix) (LS: Legal size, OCL: Optimum
catch length)

In Turkey, the length at first maturity was reported as 25.4
cm fork length (Ceyhan et al, 2007). Total length
measurements are accepted as the main measurement
standard in legal regulations; therefore, this value should be
converted to total length for practical use. The relationship

equation obtained in this study for total length and fork length
revealed that the length at first maturity was 28.0 ¢cm total length
for bluefish. A gillnet with an 85 mm stretched mesh size
allowed for fishing above the length at first maturity.
Theoretically, with this mesh size, 5% of the individuals at first
maturity length were caught, optimum catch length was 31.45
cm and the catch rate for individuals at optimum catch length
was 97.5% (Figure 3).
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Figure 3. Estimated gillnet selectivity of 85 mm stretched mesh size
for the bluefish (Pomatomus saltatrix) (FML: Length of first maturity,
OCL: Optimum catch length)

DISCUSSION

The total length-fork length relationship established in this
study was used to convert previous researchers’ findings
regarding fork length to the total length. Froese and Pauly
(2016) reported that, based on the measurements of pictures
of the species, the total length of the species was 1.0834 times
the fork length. van der Elst (1976), for individuals inhabiting the
South African coast, and Bal et al. (2015), for individuals
sampled from the southern Marmara Sea, reported the
relationship between the total length and fork length. The
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findings of our study were mostly similar to the findings of
Froese and Pauly (2016) and Bal et al. (2015), whereas the

findings of van der Elst (1976) were considerably different from
all of these studies (Table 1).

Table 1. Total length-total weight and total length-fork length relationships of the present and previous studies for the bluefish (Pomatomus

saltatrix)

L-w GT LR L-L Study
TL=1.0834xFL+0 Froese and Pauly, 2016
TL=1.306%FL+3.06 van der Elst, 1976

W=0.0388xL256 -A Erkoyuncu et al., 1994

W=0.0130x 28621 -A 132-21.7 Kalayci et al., 2007

W=0.0325x L2527 -A 10.6-24.0 Bok etal., 2011

W=0.0107x L2957 | 12.3-43.7 TL=1.13xFL-0.342 Baletal., 2015

W=0.0103xL2¢7 | 16.5-35.3 TL=1.1348xFL-0.8184 Present study

L-W: Total length-total weight relationships. GT: Growth types (I: Isometry, —A: Negative allometry). LR: Sampled length range (cm, TL). L-L: Total length-fork

length relationships.

In addition, considering that equations for total length-fork
length, total length-head girth and total length-maximum girth
would not suffice to draw meaningful conclusions without the
weight data of the species, length-weight relationship for the
sample was also determined. Although the length-weight
relationship determined in this study was similar to the findings
of Bal et al. (2015), it completely differed from the findings of
Erkoyuncu et al. (1994), Kalayci et al. (2007) and Bok et al.
(2011). The reason for finding negative allometric growth may
be that the samples consisted of individuals of smaller sizes
(Table 1). Such a result might be obtained if the datasets used
for length-weight relationship calculations consist of juveniles
that have not reached their mature body shape (Safran, 1992),
or consist of old individuals that have lost their body shape due
to fat deposition (Froese, 2006), or include an insufficient
sample size of individuals with a very narrow length (ilkyaz et
al., 2010).

The determination coefficients of the relationships between
the total length-head girth and the total length-maximum girth
revealed strong relationships between these parameters.
These parameters directly affect the accuracy of the results
obtained from the theoretical catch probability that forms the
method of this study. Therefore, these strong relationships
were considered to positively affect the results. In addition,
steepness and width of the selectivity curves that were plotted
with the model are closely associated with the morphology of
species. Curves of fusiform fish species are narrow and steep,
whereas curves of compressiform species are broad and flat
(Hovgard and Lassen, 2000). This is also directly associated
with the catch rate at optimum catch length calculated for the
mesh size. In this study, the equation for mesh size length-
catch rate generated a characteristic bell-curve suited to the
morphology of the species.

van der Elst and Adkin (1991) reported that the length at
first maturity for male individuals of the species inhabiting the
Natal (South Africa) region was 24 cm, whereas the length at
first maturity for female individuals was 25 cm fork length.
Kailola et al. (1993) determined this parameter as 30 cm total

length at 2 years of age for eastern coasts of Australia. Salerno
et al. (2001) reported that the length at first maturity for male
individuals of the species inhabiting the coasts of the USA was
33.9 cm, whereas the length at first maturity for female
individuals was 33.4 cm fork length. It is expected for this
parameter to differ between stocks from different environments
and the established length value for the stock in Turkey is one
of the lowest among the values established for different
geographical conditions. The legal catch length for the species
should be supported by scientific findings and indicate mature
individuals that have completed their first reproductive cycle.
However, the legal catch length implementation in Turkey is
considerably below the required length.

In this study, due to the two different catch lengths for
bluefish fishing obtained by a legal study and a scientific study,
two different catch lengths were used in the calculations for
bluefish fishing. By using the mesh size-catch rate equation
given in this study, the catch rate of the desired mesh size for
any length group can be calculated. Considering the legal catch
length, the use of gillnets with a 55 mm stretched mesh size is
deemed appropriate, whereas considering the scientific
findings, the use of gillnets with an 85 mm stretched mesh size
is appropriate. The optimum catch length of the gillnet that
allows for fishing above the legal length is notably below the
scientifically approved length at first maturity and even the
largest fish length that can be captured with this length is below
the scientific length (Figure 2). Since different names are used
for different sizes in Turkey, individuals at 25 ¢cm or above are
called bluefish, however the size that the current legal
regulation allows for fishing is “ginekop” (the name of the
bluefish with a length between 10 and 20 ¢cm TL). In other
words, the fishing length allowed in Turkey is considerably
below the fishing length that should be legally implemented for
sustainable fishery. Gillnets with an 85 mm stretched mesh
should be used to catch bluefish at acceptable sizes; that is,
28.0 cm total length or above.

Although direct estimation methods also allow for
estimating gillnet selectivity parameters by using morphometric
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measurements of many fish species (Sechin, 1969; Kawamura,
1972) or fishing individuals whose length-frequency information
is known (llkyaz, 2005), indirect estimation methods are mostly
preferred for determining these parameters (Hovgard and
Lassen, 2000). The direct estimation model ignores
coincidentally captured individuals that were caught on other
body parts. However, this method is suited to the bluefish with
a morphology that allows for gilled and wedged because there
are no extremities on the body. In addition, the direct estimation
model does not consider whether or not the length groups
suited to capture are in the fishing area. In practical
environments, the lack of the length size classes can affect the
result to a limited extent. On the other hand, Ozekinci (2005)
showed the similarity of direct and indirect selectivity estimation
results.

In Turkey, by using indirect methods, Sumer et al. (2010)
studied the selectivity of 40 and 44 mm monofilament and
multifilament gillnets, while Acarli et al. (2013) studied the
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0Oz: Bu calisma, 2014 Yili Ocak-Aralik dénemleri arasinda lifer Pomatomus saltatrix (Linnaeus, 1766) baliginin biiyiime ve {ireme 8zelliklerini arastirmak igin
Marmara Deniz'nden aylik ticari balikgilardan rastgele yéntemle 6rnekleme yapilarak toplam 1023 émek incelenmistir. Oreklerin total boy dagilimi 12,3-47,3 cm
araliginda degisim gésterdigi belirlenmistir. Tim 6rnek bireylerin boy-agilik iliskisi W=0,0107L29%7 olarak hesaplanmistir. Yapilan t-testi ile buyime seklinin
izometrik (b=3, P>0,05) oldugu tespit edilmistir. Yas-boy degerleri kullanilarak von Bertalanffy boyca bliyime denklemi L=48,7[1-e0.247(t+1.677)] bliylime performans
indeksi (¢) ise 2,757 olarak hesaplanmistir. Aylik Gonadosomatik indeksin (GSI) takibi ile Gremenin agirlikli olarak Mayis ile Agustos aylari arasinda gerceklestigi
ve Temmuz ayinda zirveye ulastigi tespit edilmigtir.

Anahtar kelimeler: Liifer, Pomatomus saltatrix, biiyiime, tireme, Marmara Denizi

Abstract: This study was carried out to investigate the growth and reproductive characteristics of bluefish Pomatomus saltatrix (Linnaeus, 1766) in Marmara Sea.
A total 1023 samples, collected monthly from commercial fishermen between January and December 2014, was investigated. Total length distribution of the
samples varied between 12,3-47,3 cm. The length-weight relation of all sample individuals is calculated as W = 0,0107L2957, |t was determined that the growth
pattern was isometric (b=3, P>0,05) by the constructed t-test. Using the age-length values, the growth equation of von Bertalanffy was calculated as L=48,7[1-e-
0.247+1,677)] Growth performance index (@) was computed as 2,757 for all specimens. The monthly values of gonad somatic index (GSI) of females indicated that
spawning occurred mainly between May and August with a peak in July.

Keywords: Bluefish, Pomatomus saltatrix, growth, reproduction, Marmara Sea

GIRiS

Pomatomidae familyasi tek tirle temsil edilmekte olup alt
tirleri yoktur. Lifer Pomatomus saltatrix (Linnaeus, 1766),
genellikle diinyanin kita sahanligindaki sicak, 1liman sularinda
yayilim gosterir (Briggs 1960). Kuzey ve Orta Pasifik Okyanusu
disinda biitiin denizlerde kitasal kenar ve haligler igerisinde gog¢
eden (Oseanodrom) bir tirdir. Lufer baliklar Atlantik
Okyanusu'nun Amerika Kita sahanligi bdliminde yer alan
Latin  Amerika (Ulkelerinden Kiiba, Venezuela, Brezilya,
Uruguay'dan Arjantin’e kadar olan bélgede yayilim gésterirler.
Atlantik Okyanusunun Avrupa yliziine bakan tarafta ise Avrupa
kitasinda yer alan Portekiz kiyilarindan baglamak izere Bati
Afrika kiyisinda bulunan Senegal ve Giiney Afrika kitasinda
bulunan Angola'ya kadar olan bdlgede dagilim gdstermektedir.
Hint Okyanusu béllimiinde yer alan Giiney Afrika’nin dogu
kiyllari ile Glney ve Bati Avustralya'yi igerisine alan genis bir

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

alanda yayihm gbsterirler (Briggs 1960; Wilk 1977). Ayrica
Akdeniz'in ézellikle kuzey bélgelerinde olmak (izere tamaminda
ve Karadeniz ile Azak Denizinde bulunmaktadir (Slastenko
1956; Tortonose 1975).

Ulkemiz, dinya Uzerinde iiman iklim kusaginda yer
aldigindan lifer bali§i P. saltatrix (Linnaeus, 1766) dért bolge
denizimizde de bulunmakta, Karadeniz ile Ege arasinda
mevsimsel beslenme ve Ureme g6gi yapmaktadir (Bilecenoglu
vd., 2002). Ekonomik degeri yiiksek olan bu tir ile ilgili yapilmis
cesitli calismalar mevcuttur (Tlrgan, 1959; Artiiz, 2003; Bulut
vd., 2004; Ceyhan, 2005; Turan vd., 2006; Ceyhan ve Akyol,
2006; Ceyhan vd., 2007; Cengiz vd., 2012; Bal vd., 2015;
Ozpicak vd., 2017; Zengin vd., 2017; Bal vd., 2018).

Bu calisma ile Marmara Denizi'ndeki Liifer baliklarinin
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biyime ve Ureme ozellikleri aragtiriimig, ekonomik 6nemi
ylksek olan bu tirin stoklarinin korunmasina ve bdlge
balikgiliginin ydnetimine katki vermesi amaglanmistir.

MATERYAL VE METOT

Calisma materyalini teskil eden liifer baliklari P. saltatrix
(Linnaeus, 1766) Marmara Denizi'nde (Sekil 1) avcilik yapan
ticari teknelerden 2014 vyilinda Ocak-Aralik periyodunu
kapsayan donemde aylik olarak rastgele rnekleme yontemi ile
temin edilmistir.
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Sekil 1. Ornekleme alan
Figure1. Sampling area

Laboratuvara getirilen érneklerin total boy élglimleri 1 mm
aralikl balik élguim cetveli ile agirliklari ise 0,01 g hassasiyetli
dijital terazi ile yapilmistir. Boy agirlik iliskisi W=a.Lb formdilii
kullanilarak hesaplanmistir. Formiildeki W baligin g cinsinden
toplam agirigini, L ise baligin cm cinsinden toplam boyunu
ifade etmektedir. a ve b ise bliyime sabitleridir. Cinsiyet ve
Ureme dbneminin tespiti icin gonadlar incelenmigtir.
Gonadosomatik indeks (GSI) degerleri;  GSI= Gonad
agirhgi/Viicut agirh@*100 formGlli kullanilarak hesaplanmistir
(King, 1995).

Yas belirleme islemi igin, givenilir yapi olarak bildirilen
otolitlerden yararlaniimistir (Barger, 1990; Ceyhan ve Akyol,
2006; Yilmaz, 2006). Sagittal otolitler, incelemeye alinmadan
once %3'luk NaOH cozeltisine konarak Uzerindeki yagd ve
dokular temizlenmistir (Chugunova, 1963). Temizlenen
otolitler, daha sonra yapilacak yas belirleme calismasi igin sag
ve sol otolitler ayr olacak sekilde eliza kaplarina
yerlestirilmistir. Yas okumalari Ustten aydinlatmali triokler
mikroskopta (Leica M125), icerisinde %37’lik alkol bulunan
siyah zeminli petriye yerlestirilerek distal yizeyden 10x1,25
biyltmede okunmustur. Yas okumalarinda hata oranini en aza
indirmek igin iki farkli okuyucu ile deg@erlendirilmistir. von
Bertalanffy biiylime denklemi Li=L[1-e*0)] kullanilarak 6rnek

bireylerin, yas boy iliskisi belirlenmistir. Burada; L: total boy
(cm), k: brody buytume katsayisi, Lt t yagindaki bir baligin boyu
(cm), to: balik boyunun sifir oldugu varsayilan teorik yasi (yil),
L~ baligin ulagabilecedi maksimum (asimptotik) boyu (cm), e
logaritma taban sabitidir (e =2,71828).

Balik stoklarinin biiylime ve gelisim durumlarinin bagka bir
gostergesi de biylime performans indeksidir. Ayni tiriin farkli
stoklari arasinda blytime farkiiligin belirlenmesinde kullanilan
biyime performans indeksi @=logo(k)+2log1o(L~) formalii
kullanilarak hesaplanmistir  (Munro ve Pauly, 1983).
Formliildeki ¢ biliyime performansi indeksi, W agirlik (g), k
brody bliylime katsayisi, L~ baligin ulagabilecedi maksimum
(asimptotik) boyu ’'dur. a ve b parametreleri, denklemin
logaritmik formunu kullanarak en kiguk kareler yontemiyle
hesaplanmigtir. Biylme tirGnin hipotezleri t-testi ile test
edilmigtir. Bitlin tanimlayici istatistikler ile grafik gizimleri Excel
kullanilarak tiretilmistir (Microsoft Excel® 2010).

BULGULAR

Calisma kapsaminda toplam 1023 adet lifer baligi
incelenmistir.  Arastirma  slresince incelenen bireylerin
minimum 12,3 cm ile maksimum 47,3 cm boy araliklarinda
oldugu tespit edilmistir. Boy dagilimlarina gére; 19 cm
boyundaki bireylerin diger boy gruplarina gére baskin oldugu
ve Omeklerin tamaminin  %7,5'lik kismini  teskil ettigi
belirlenmistir. Calismada 20 cm boy degerinin altindaki birey
sayisl arastirma boyunca incelenen d&rneklerin %74,5'ini
olusturdugu tespit edilmistir. Genel olarak érneklerin tlimii igin
boy-frekans dagilimlari incelendiginde total boy aralik
degerlerinin daha ¢ok 17-22 cm araliinda yogunlastigi
belirlenmistir. incelenen bireylerin 534 adedini olugturan disi
baliklarin 13,1-42,2 cm boy araliklarinda dagilim gésterdigi
ortalama boy degerlerinin 21,2+0,71 cm oldugu tespit
edilmigtir. 489 adet olarak belirlenen erkek bireylerde ise boy
dagiimlari 12,3-47,3 cm araliginda oldugu, ortalama boy
degerinin 20,9+0,67 cm oldugu belirlenmistir. Calisma boyunca
incelenen &rneklerin cinsiyet gruplarina gére boy-frekans
dagiimlari Sekil 2'de verilmistir.

Aragtirma alani iginde 6rneklenen bireylerin boy-agirlik
iliskisi, W=0,0107L29574 olarak hesaplanmistir. Yapilan t testiile
biyime seklinin izometrik (b=3, P>0,05) oldugu tespit
edilmistir. Otolitlerden yapilan yas okumalari ile Grnekleme
alaniigin bireylerin Q ile IV yas aralijinda olduklari tespit edilmis
olup sirastyla; 0 yas, 255 adet ortalama 16,07£0,25 cm, | yas
578 adet ortalama 23,54+0,36 cm, |l yas 145 adet ortalama
28.80+0.11 cm, lll yas 41 adet ortalama 31,60+0,18 cm, IV yas
4 adet ortalama 39,90+0,45 cm olarak hesaplanmigtir (Sekil 3).

Yaglara gore toplam drnek bireyler icin von Bertalanffy
boyca biyime esitligi Lt = 48,7[1-et0247-(1677)] - biylme
performans indeksi ise (¢') 2,757 olarak hesaplanmistir.
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$Sekil 3. Pomatomus saltatrix'in bilyime egrisi (Marmara Denizi)
Figure 3. Growth curve of Pomatomus saltatrix (Marmara Sea)

Ureme ddneminin tespiti icin toplam 1023 adet émegin
gonadi incelenmigtir. Aylik yapilan inceleme ile gonad
agirliklarinin deniz suyu sicakiiginin yikselmeye bagladigi
Mayis ayindan sonra artmaya basladigi, Temmuz ayinda ise
en ylksek dedere ulastiktan sonra hizli bir ivme ile dislse
gectigi gortimastir. Dolayisiyla, Greme déneminin gonadlarin
bosalmaya basladi§i Haziran ve Adustos aylarini kapsayan
donemler oldugu tespit edilmistir (Sekil 4).

Sekil 4. Liiferin gonadosomatik indeks (GSI) degerlerinin aylik
dagilimi
Figure 4. Monthly distribution of gonadosomatic index (GSI) values of
bluefish

Orneklemede aylik veriler dikkate alindiginda en yiiksek
gonadosomatik indeks degerleri Temmuz ayinda, disilerde
8,333+1,182  erkeklerde ise  7,629+1,781  olarak
hesaplanmistir. En dustk deder ise disilerde Kasim ayinda
0,462+0,200, erkeklerde Aralik ayinda 0,545+0,263 olarak
hesaplanmistir (Tablo 1). Aylik olarak disi ve erkek bireyler
arasindaki fark dnemsiz bulunmustur (P>0,05).
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Tablo 1. Esey gruplarina gére aylik gonadosomatik indeks degerleri
Table 1. Monthly gonadosomatic index values according to sex groups

Disi Erkek Toplam

Aylar N GSIS.H. N GSIS.H. N GSI+SH

Ocak 96 0.666+0.384 77 0.625+0.409 173 0.648+0.395
Subat 19 1.078+0.910 35 0.858+0.386 54 0.936+0.623
Mart 80 0.986+0.547 59 1.047+0.601 139 1.012+0.569
Nisan 21 2.054+1.194 18 1.299+1.523 39 1.706+1.390
Mayis 56 1.929+2.901 68 2.21643.721 124 2.087+3.360
Haziran 28 6.049+1.894 28 4.498+2.500 56 5.274+2.330
Temmuz 19 8.333+1.182 25 7.629+1.781 44 7.93141.575
Adustos 19 4.593+2.316 19 4.776+1.224 38 4.684+2.324
Eylil 54 0.897+0.745 54 0.587+0.529 108 0.742+0.662
Ekim 54 0.598+0.348 49 0.597+0.425 103 0.598+0.386
Kasim 1 0.462+0.200 15 1.000+1.088 26 0.77240.867
Aralik 77 0.667+0.279 42 0.545+0.263 119 0.624+0.279
Toplam 534 1.625%2.244 489 1.561%2.390 1023 1.594+2.308

N: 6rnek sayisi; GSI: gonadosomatik indeks; S.H.: standart hata.

TARTISMA VE SONUG

Bu calismada, lifer bali§inin Marmara populasyonunun
biiyime ve (reme ozellikleri aragtinimigtir. Orneklerin boy
dagilimlarinin  12,3-47,3 c¢m arasinda degistigi ve &rnek
dagilimi igerisinde 19 cm boyundaki bireylerin baskin oldugu
tespit edilmigtir.

Ulkemizde ve Diinya'da liifer baliklari ile ilgili yapilan
calismalarda farkli arastirma alanlari i¢in boy araliklari farklilik
arz etmektir. Sonuglar, genellikle bulgularimiz ile paralellik
gbstermesine karsin farkli arastirma sonuglari da mevcuttur.
Bélgeler arasinda ortalama boy gruplarina karsilik gelen yas
degerlerinin farkli oldugu, bunun nedeninin blyimeyi etkileyen
cevresel faktdrlerden sicaklik ve besin bolluguna bagli olarak
ayni yas gruplarinin diger bolgelere gore boyca ve agirlikga
daha hizli biyiameyle iligkili oldugu disuntimektedir (Dhieb,
2006). Tablo 2'de verilen farkli bdlgelerde yapilmis énceki

galisma sonuglarinin timinde boy agirlik iligkisinin derecesinin
yiksek oldugu ancak blylime katsayisi olan b degerinin ise
birbirlerinden farkli oldugu gérulmistir. Boy-agirlik iligkisi
parametrelerinden b degeri ile biyiime indeksi (¢') bolgeler
arasinda degisebildigi gibi ayni tlirlerin benzer habitatlar
arasinda da farklilik gdsterebilir.  Boy-adirlik iligkisi
parametrelerinde gdrtilen farkliliklar, habitatlar veya ekolojik
kosullardaki degisikliklerden kaynaklanabilmektedir (Le Cren,
1951). Ayrica, bu farkliliklar drnekleme blyUkIigune, balikgilik
av ekipmanlarina, mevsime ve tremeye baghdir. Yaptigimiz bu
arastirma sonuglarinin Ceyhan (2005) ile uyumlu oldugu diger
arastirma sonuglari ile farklilk arz ettigi gérdlmistir. Bunun
baglica sebebinin galisma alanlarinin benzer olmasi ile iligkili
oldugu tahmin edilmektedir. P. saltatrix' in boy agirlik iliskisi
parametreleri ile biyime indekslerinin farkli bélgelerde
yapilmis oOnceki ¢alisma sonuglari Tablo 2 ve Tablo 3'te
verilmistir.

Tablo 2. Luferin boy agirlik iligkisi parametreleri ile ilgili dnceki ¢alisma sonuglari
Table 2. Previous study results of length-weight-relation parameters of bluefish

Arastirmacilar Arastirma alani Boy (cm) Adirlik (g) Boy-agirlik iligkisi parametreleri
Min.-Maks. Min.-Maks. a b r2 n

Tirgan (1959) Marmara Denizi 2297

Alpaz ve Kinacigil (1988) izmir Korfezi 15.0-40.5 0.0202 2.96 400

Oliver vd. (1989) Giiney Florida 0.0002 2.90

Barger (1990) Meksika Korfezi 0.0002 2.80 611

Barger (1990) Atlantik Okyanusu 0.0001 2.77 588

Bernardes ve Rossi (2000) Giiney Brezilya 15-20.7 6.0E-06 3.05 0.91 24

Morato vd. (2001) Atlantik Okyanusu 8.6-91 0.091 3.01

Frota vd. (2004) Brezilya Kiyilari 48.0-75.5 977.8-3143 0.0595 2.50 0.96 67
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Ceyhan (2005) Kuzey Ege ve 8.4-45.3 7-996.7 0.0063 3.22 0.92 2817
Marmara Denizi
Kalayci vd. (2007) Orta Karadeniz 13.2-21-7 23.21-88.19 0.0130 2.86 0.92 143
Karachle ve Stergiou (2008) Ege Denizi 13.1-18.5 0.002 3.44 0.99 6
Ozdemir vd. (2009) Orta Karadeniz 9.2-234 10.1-135.5 0.003 3.32 0.98 820
Ozdemir vd. (2010) Orta Karadeniz 9.7-23.1 9.8-126.9 0.0030 3.39 0.99 529
Ak vd. (2009) Dogu Karadeniz 11.6-22.2 12.0-131.0 0.003 3.33 0.97 14
Bok vd. (2011) Marmara Denizi 10.6-24.0 12.1-107.6 0.032 2.52 0.85 290
Kasapoglu ve Diizglines (2013) Karadeniz 12.5-20.2 16.0-75.19 0.009 3.00 0.86 25
Cengiz (2014) Canakkale Bogazi 76.5 4800 1
Samsun vd. (2017) Orta Karadeniz 16.1-27.5 32.5-227.9 0.007 3.15 0.95 820
Samsun vd. (2017) Orta Karadeniz 8.5-29.6 5.9-263.1 0.0046 3.25 0.95 790
Bu Calisma Marmara Denizi 12.3-47.3 18.9-794.1 0.010 2.95 0.97 1023
Tablo 3. Luferin biylime parametreleri ile ilgili farkli bolgelerde yapilmis ¢alisma sonuglari
Table 3. Study results on the growth parameters of bluefish in different regions
Arastirmacilar Arastirma Alani N L k to ¢
Lassiter (1962)  Kuzey Karolina 290 67.5 0.34 -0.25 3.19
(ilkbahar)
Lassiter (1962) (Yaz) Kuzey Karolina 154 128.5 0.10 -1.37 3.22
Richards (1976) Giiney izlanda 64 79.5 0.32 -0.08
Wilk (1977) Florida >25000 87.9 0.24 -0.11 3.27
Champagnat (1983) Kuzey Bati Afrika 8771 104.4 0.228 -0.52 3.29
Barger (1990) Atlantik Okyanusu 842 101.9 0.10 -2.49 3.29
Barger (1990) Meksika Korfezi 1190 94.4 0.18 -1.03 3.21
Salerno vd. (2001) Atlantik Okyanusu 3334 87.2 0.26 -0.93 3.30
Ceyhan (2005) Kuzey Ege ve Marmara 2817 51.0 0.228 -1.26 2.77
Dhieb (2006) Giiney Dogu Tunus 577 48.3 0.195 -0.99 2.67
Bu Calisma Marmara Denizi 1023 48.7 0.247 -1.677 2.75

Yapilan arastirmada, ortalama gonadosomatik indeks
degerleri 0,462-8,333 arasinda degistigi, Gremenin deniz suyu
sicakliginin 25°C oldugu Temmuz ayinda gergeklestigi tespit
edilmistir.

Kuzeybati  Akdeniz’de yapillan bir  arastirmada,
yumurtlamanin, su sicakhiginin 25°C oldugu Temmuz ayinda
gerceklestigi bildirilmistir (Sabates ve Martin, 1993). Farkli bir
arastirmada Karadeniz’de tremenin Ukrayna ve Bulgaristan
kiyilarinda 20-26°C su sicakliginda oldugu rapor edilmistir
(Gordina ve Klimova, 1996). Agassiz ve Whitman (1885) gére
Giiney ingiltere kiyilari boyunca deniz suyu sicakliginin yilin en
yiksek sicaklik degerlerine ulasmadi§i slirece (reme
gerceklesmemektedir.  1960-1962  yillarinda  Virginia
aciklarinda yapilan bir arastirmada benzer sekilde dremenin
Temmuz Agustos aylarinda gerceklestigi tespit edilmistir
(Norcross vd., 1974). Bu sonuglar trliin su sicakhigina bagl

Ureme doéneminin tespit edildigi calisma bulgularini
desteklemektedir.
Gineydogu Tunus kiyillarinda yapilan bir baska

arastirmada ise ortalama gonadosomatik indeks degerlerinin
1,54 ile 7,75 arasinda degistigi Uremenin ise Ekim ayinda
gerceklestigi belirtiimis ancak lliferin Greme donemi igin gerekli
olacak deniz suyu sicakliginin (ortalama 25 °C) Glney Dogu
Tunus kiyllarinda ancak bu dénemde yikseldigi belirtilerek

Ureme donemi icin esas kosulun su sicakligi oldugu
vurgulanmistir (Dhieb, 2006).

Marmara Denizi'nde yapilmis bu ¢alisma ile tlirlin blyime
ve Ureme 6zellikleri belirlenmistir. Yas kompozisyonu igerisinde
0 ve | yash bireylerin agirlikta oldugu tespit edilmistir. S6z
konusu bu durumun daha Onceki benzer galismalarin
sonuglarinda oldugu gibi kullanilan av araci ve yogun av
baskisina bagll olarak gerceklestigi, llferin yeterince
biylyemeden ve dreme firsati bulamadan avlandigi sonucunu
aclk bir sekilde gbstermistir. Bu nedenle, yogun av baskisini
ortadan kaldiracak tedbirlerin alinmasi elzemdir. Aksi takdirde
mevcut olumsuz durumun devam etmesi halinde giderek
azalan stoklar yakinda yok olma tehlikesi ile karsi karsiya
kalacak, korunmasi gereken Gnemli tlirler arasindaki yerini
alacaktir.

Bu galisma sonuglari arastirma sahasi igerisindeki tiriin
mevcut stoklarinin takibi ve surdirilebilir balikgilik ydnetimine
katki verecegi gibi yapiimasi planlanan sonraki calismalar igin
kaynak teskil edecektir.
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proje kapsaminda gerceklestiriimistir. Tarimsal Arastirmalar ve
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Abstract: In this research, the culture characteristics of the fifth generation of Black Sea trout (Salmo trutta labrax PALLAS, 1814) were evaluated. First of all, trout
were cultured in recirculating aquaculture system (RAS) and they kept in RAS until smoltification. After that, they were transported to marine cages till market size.
Thus, the ratios of specific growth rate (SGR), feed conversion (FCR), mortality and condition factor (CF) were specified from hatching to 16" month and the results
were evaluated as pre-smoltification and after-smoltification individually. Moreover, the meat yield and proximate composition of Black Sea trout’s fifth generation
was specified in market size. Samplings were carried out monthly between February 2014 and May 2015. Fish were started to feed in 0.105+0.007g until they
reached to 335.50+44.39g in May 2015. According to results; SGR, CF, FCR and mortality were determined as between 0.98-2.70, 0.86-1.15, 1.02-1.30 and 7.67-
7.78% until smoltification stage, respectively. However, they were detected between 0.68-2.36, 1.04-1.20, 0.98-1.35 and 0.01-5.82% after smoltification. Also, the
meat yield, viserosomatic index (VSI) and hepatosomatic index (HSI) were found to be 60.30%, 9.28% and 1.65% in market-size respectively. According to chemical
analyses, trout meat contains crude protein as 15.22%, fat as 7.21%, ash as 1.51% and water (moisture) as 75.17%. In the view of the results, culture
characteristics, proximate composition and meat yield were found similar to other cultured trout species. With these features, the fifth generation can be
recommended to aquaculture sector considering the economic value of the Black Sea trout in Turkey.

Keywords: Black Sea Trout, feed conversion ratio, proximate composition, condition factor, Salmo labrax, endemic

Oz: Bu calismada, Karadeniz alabaligi (Salmo trutta labrax PALLAS, 1814)In besinci neslinin killtiir karakteristikleri belilenmistir. Oncelikle alabaliklar kapali
devre yetistiriclik tnitesi (RAS)nde Uretilmis ve smolt boya gelene dek burada tutulmuslardir. Sonrasinda, alabaliklar deniz kafeslerine transfer edilmisler ve
porsiyonluk boya gelene kadar orada tutulmuslardir. Bu nedenle; spesifik biiylime orani (SGR), yem dontstim orani (FCR), 6llim orani ve kondiisyon faktdri (CF)
parametreleri yumurtadan gikistan 16. aya kadar belirlenerek sonuglar smolt éncesi ve smolt sonrasi olarak verilmistir. Ayrica, beginci nesil Karadeniz alabaliginin
porsiyonluk boydaki et verimi de hesaplanmistir. Orneklemeler, Subat 2014 ile Mayis 2015 arasinda aylik olarak yapilmistir. Baliklar 0,105+0,0079 iken beslenmeye
baslanmis ve Mayis 2015’e kadar 335,50+44,39g'a ulasmiglardir. Sonuglara gére; smoltifikasyon dncesi SGR, CF, FCR ve élim orani sirasiyla 0,98-2,70, 0,86-
1,15, 1,02-1,30 ve %7,67-7,78 araliklarinda belirlenmistir. Ancak bu parametreler smoltifikasyon sonrasi 0,68-2,36, 1,04-1,20, 0,98-1,35 ve %0,01-5,82 olarak
belirlenmistir. Ayrica; pazar boydaki et verimi, viserosomatik indeks (VSI) ve hepatosomatik indeks (HSI) degerleri sirasiyla %60,30, %9,28 ve %1,65 bulunmustur.
Kimyasal analizlere gore, alabalik eti %15,22 ham protein, %7,21 ham yag, %1,51 ham kil ve %75,17 su (nem) icermektedir. Sonuglar agisindan, killtir ozellikleri,
besin bilesimi ve et verimi diger kiiltlire alinan alabalik tiirlerine benzer bulunmustur. Bu 6zellikleri ile, Karadeniz alabaliginin eknomik degeri de g6z dnlinde
bulundurularak, besinci nesil yetistiricilik sektériine 6nerilebilir.

Anahtar kelimeler: Karadeniz alabaligi, yem déniigiim orani, besin bilesimi, kondisyon faktéri, Salmo labrax, endemik

INTRODUCTION

The aquaculture has increasing all over the World and
culturing of new species are achieved day by day (FAO, 2017).
Salmonidae species are integral part of the aquaculture sector
(Emre and Kurum, 1998; Herrmann et al., 1993; Katz, 2016)
with their extensive economic value (Yeakley and Hughes,
2013) and they adapted to many countries having various
environmental conditions since 1970 (Knapp et al., 2007). In
Europe, Atlantic salmon (Salmo salar) and rainbow trout

© Published by Ege University Faculty of Fisheries, lzmir, Turkey

(Oncorhynchus mykiss) which have great importance for
aquaculture sector (Alexandre and Palstra, 2017; Janssen et
al., 2015; Liu et al., 2016) are cultured extensively for a long
time (Elliot, 1975; Taranger et al., 2015) consisting almost 60%
of total finfish production (European Commision, 2015).
Economic profitability of aquaculture and the rising importance
of product varity made Salmonids as significant (Bagliniere and
Maisse, 1991). For this reason, there are lots of Salmonidae
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species around the world which are cultured (Okumus, 2000).

Black Sea trout (Salmo trutta labrax) is also belongs to
Salmonidae family and endemic species for eastern Black Sea
(Geldiay and Balik, 1996; Innal and Erk’akan, 2006). Black Sea
trout reproduce in up of the rivers where the same river they
were hatched from the egg usually and they migrated to sea
after smoltification for feeding parallel with growing (Geldiay
and Balik, 1996; Slastenenko, 1956; Solomon, 2000;
Svetovidov, 1984). This species has three ecotypes such as
river, sea and lake and all of them found in Black Sea region of
Turkey (Tabak et al., 2001). However, Black Sea trout is listed
within important and vulnerable species by Black Sea
Biodiversity and Landscape Conservation Protocol (2003).
Despite the IUCN Red list (2016) state that Salmo trutta labrax
not yet been assessed for their database, this species
endangered according to several domestic lists (GRID, 1999;
Peev et al., 2011) in Black Sea countries such as Bulgaria,
Georgia and Russia. For this reason, the culture adaptation
studies of this species were started by the Central Fisheries
Research Institute (CFRI) from Turkey with the aim of
conservation of Black Sea trout since 1998. After the success
of the Black Sea trout culture, the culturing of this species has
become prevalent especially in Eastern Black Sea region.
Nowadays, nineteen fish farm which are registered to Republic
of Turkey, Ministry of Food, Agriculture and Livestock are
culture Black Sea trout legitimately and their culture reached
1440 ton per year in 2015 (TSI, 2016). Ultimately, the fifth
culture line (F5) was achieved today with the works carried out
such years. In this study; culture characteristics, meat yield and
proximate composition of the latest culture line (fifth) of Black
Sea trout were evaluated.

MATERIALS AND METHODS
Fish material

Broadstocks caught from their natural habitats which they
are rivers of Firtina, Caglayan and Kapistre in northern Black
Searegion in 1999 and they were adapted to culture conditions.
In this study, fourth generation (F4) of Black Sea trout used as
broadstocks and fifth generation (F5) which is latest culture line
produced by Central Fisheries Research Institute in 2014-2015
breeding season were used in main study. The fertilised eggs
of Black Sea trout are develop till 28th day, hatch in 41th day
(Firidin et al., 2012) and larvae are consumes their yolc sac
completely until 30th day after the hatching (Cankiriligil et al.
2016). In January, obtained larvae were started to feed and
growing was started to monitoring in February 2014.
Approximately 4000 larvae were used in this study. All
experiments were carried out in accordance with ethical
conduct amendments of ARRIVE guidelines (Kilkenny et al.,
2010) and European Union Directive as 2010/63/EU (European
Commission, 2010).

Tank material and rearing conditions

Main study was carried out in both recirculation aquaculture
system (RAS) at around 10°C and marine cages within the
range of 6.5 °C - 29 °C sea temperature and %0.17 salinity
between Fabruary 2014 and May 2015. After that, the growing
of larvae till smoltification were carried out in recirculating
system having 1x1x05m fiber tanks with 6.9 It/min flow rate and
10 % water exchance per day. Stock density was set as 10
kg/m? for fish until smoltification (Cakmak et al., 2010). After
smoltification, fish were transported and stocked as 20 kg/m?® to
marine cage unit having 4x4x3m net cages (operated in
40°57'35.07"N, 39°5121.17"E) in December in order to
complete their life-cycle. Water temperatures were measured
three times a day with thermometer in both RAS and marine
cage units and were shown in Figure 1.
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Figure 1. Yearly temperature records of freshwater re-circulating
aquaculture system and marine cages. The lowest sea temperatures
were recorded as 6.5°C in marine cages and 11.97°C in RAS unit.
The highest tempretaures were recorded as 29°C in marine cages and
15.28°C in RAS unit.

Feeding

In the study, commercial rainbow trout feed which they are
different size were used for feeding fish (Table 1). Firstly, fish
were fed with daily equal to 3 percent of live fish weight and in
time, this ratio was decreased to 1.5 percent parallel with fish
growing. In feeding, 300-500 granul feed was used as pre-
growing feed and in time, different sized granul feed in range of
500-800u and 6mm were used respectively. Feeding was
carried out 5 times per day in starting and 3 times per day in
growing.

Table 1. Commerical rainbow trout feed ratio

Composition Pre-growing Growing
Protein (min %) 50.0 49.0

Fat (min %) 15.0 15.0
Ash (max %) 12.0 12.0
Cellulose (max %) 2.0 3.0
Moisture (max %) 12.0 10.0
Phosphor (min %) 1.5 1.5
Metabolizable energy (kcal/kg) 4150.0 4000.0
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Determination of growth characteristics

In this study, Fulton’s condition factor (CF), weight gain
(WG), specific growth rate (SGR), feed conserving ratio (FCR),
survival rate (SR), meat yield, hepatosomatic index (HIS) and
viserosomatic index (VSI) were determined in order to
determinate growth characteristics of Black Sea trout’ fifth
generation. The mesaurements were carried out monthly. Fish
lenght measured with Von-Bayer scale and the weight was
determined by using digital balance with an accuracy of 0.01g
(Holden and Reitt, 1974).

The equations given below were used in order to calculate
these characteristics.

Fulton’s condition factor (CF) (Ricker, 1975);
CF = (W /L3)x100 W:Weight(g), L: Lenght (cm).
Weight gain (Ji et al., 2011);

GR% =[(W2- W1)/W1] x 100
weight (g), W2: Final weight

Wy Starting

The specific growth (Bagenal and Tesch, 1978; Houde and
Scheckter, 1981);

SGR % = [(InW2 - InW1) /t] x 100 Ws: Starting
weight (g), W2: final weight (g), t: duration.

Feed conversiton ratio (Ebrahimi and Ouraji, 2012);

FCR = Fo / Wg Fo: Consumed feed amount (g), Wag:
Weight gain.

Survival rate (Kritsanapuntu et al., 2013);

SR:100 x (n1/n0) ns: Final living fish quantity, no:
starting living fish quantity.

The meat yield was calculated with edible meat after the
fish filleted and seperated all organs such as gonad, digestive
tract, gill and others. An equation was used to estimation of
meat yield given below (Oztan, 2005). Also, viserosomatic
index and hepatosomatic index were calculated according to
this equation.

Meat yield = [Meat weight (g)
/ Total weight (g)] x 100

VSI = [Viscera weight (g)/ Total weight (g)] x 100
HSI = [Liver weight (g)/ Total weight (g)] x 100

Proximate composition analysis

Total moisture, crude protein, fat and ash contents were
determined to identify proximate composition. In the analyses,
30 market-sized fish was used. Trout fillettes were used as
whole and sectioned from three different body parts. First of all
proximate composition of whole fillets were determined.
Subsequently, fillets were cut into two pieces throughout from
anus to dorsal, vertically. The meat tissue from anus to caudal
fin named as caudal section. Second part of the fillet were also

divided two pieces throughout to linea laterallis and upper part
was named as dorsal, lower part was named as abdomen
sections. Ultimately, Moisture content was analysed by Horwitz
(2000). Samples dehydrated in drying oven at 110°C for 6 hours
in each sample (Horwitz, 2000). Crude protein was determined
by Kjeldahl (AOAC, 2000) method. In this method, the samples
were digested with sulphuric acid and Kjeldahl catalyst
containing selenium. Afterwards, the samples were distilled
with sodium hydroxide. Further, the samples were titrated with
HCI and obtained data were calculated by using 6.25 nitrogen
conversion factor for fish and fishery products. The crude fat
was specified by Folch et al. (1957). According to this method,
fat content of fish meat was extracted from 5 gram of fish meat
with 10 milliliter chloroform:methanol mixture (2:1) for 12 hours.
The extracted samples were evaporated with a rotary
evaporator at 55°C until the mixture was concentrated.
Afterwards, Total crude ash was determined by Horwitz (2000)
method. According to the method, the samples were at 600°C
for 6 hours in burned by muffle. Ultimately, the obtained data of
total fat and ash were estimated as percentages.

Statistical analyses

Differences between groups means were determined by
one-way analysis of variance ANOVA using Tukey's multiple
comparison tests. The level of significance was set as 0.05
(Zar, 1999). All statistics analyses were calculated using IBM
SPSS Statistics package programme version 21.0.

RESULTS AND DISCUSSION

The results were evaluated as pre-smolt and after-smolt
along with their culture environment. In the beginning, fish
mean weight determined as 0.105+£0.007g and they reached to
smolt lenght with 12.67£0.69cm length and 19.84+3.16¢
weight in 10t month. Cakmak et al. (2007) stated that,
smoltification of Black Sea trout occurs between 11.25-11.50
cm and after smoltification they can adapt to marine conditions
quickly same as Atlantic salmon (Salmo salar) (Davidson and
Good, 2016). After smoltification, trouts were transferred to
marine cages and they reached to 335.50+44.39g in feeding
trial ends (Table 2). The SGR were determined as highest in 4th
month with 2.70 and in 12t month with 2.36, lowest in 2rd month
with 1.18 and in 15t month with 0.68, in pre-smolt and fillet-size
respectively. In smolt size, SGR was determined as 0.98. The
condition factor was calculated lowest in pre-smolth with
0.86+0.09 and highest in after smolt with 1.20+0.10. In smolt
size, CF was calculated as 0.97+0.08. The decrease of
condition factor occurring in smolt size related to fish
transporting to marine cages as well as stress caused by
saltiness of Black Sea The mean of feed conversion ratio was
determined as 1.10£0.12 in pre-smolt, 1.18+0.12 in after smolt
respectively. The survival rate was determined as
93.8943.75% in fresh water and 99.44+0.96% in marine cages.
Finally, the mean weight of trout individuals calculated as
335.50gr as well as maximum as 347.85gr and minimum as
257.95gr. Growing parameters of Black Sea trout were shown
in Table 2.
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Table 2. Growing parameters of Black Sea trout alevin from hatching to 16th month beetween February 2014 and May 2015. CF: Condition
factor, GR: Growth rate, SG: Spesific growth, SGR: Spesific growth rate, Fl: Feed intake (biomass day %).

n:50 Lenght Weight CF GR SG SGR FI

Feb 2.30£0.10" 0.11£0.01' 0.86+0.099 - - - -
Mar 2.600.14n 0.15+0.02' 0.88+0.069 32.38 0.11 1.18 %3
Apr 3.00+0.25" 0.24+0.06' 0.88+0.099 52.52 0.24 1.85 %3
May 3.80+0.34m 0.50+0.13' 0.88+0.069 124.53 0.88 2.70 %3
Jun 4.70+0.30' 1.09£0.22' 1.00+0.06 120.38 1.91 217 %2.5
July 6.50+0.59¢ 3.16+0.79" 1.13+0.08¢f 274.64 9.60 2.21 %2.5
Aug 8.10+0.69 6,03+1.54M 1.11£0.07¢ 28.24 3.70 2.16 %2
Sep 9.48+0.81' 10.04+2.709 1.15+0.08¢ 99.80 16.77 1.70 %2
Oct 10.80+0.75" 14.78+3.229" 1.1410.07« 33.76 11.33 1.29 %2
Nov 12.67+0.699 19.84+3.161 0.97+0.08bed 28.66 12.87 0.98 %2
Dec’ 14.10+£1.13f 32.146.228 1.04+0.09bc 73.86 42.67 1.61 %1.5
Jan 17.7241.17¢ 65.33+11.05¢ 1.170.07bc 119.62 120.13 2.36 %1.5
Feb 21.91+1.23¢ 124.19+23.724 1.17+0.08bc 69.99 154.37 2.14 %1.5
Mar 25.49+1.12¢ 196.63+24.71¢ 1.1820.06b¢ 57.51 215.63 1.53 %1.5
Apr 27.20+1.340 241.15£31.20° 1.20+0.0920 25.95 1563.27 0.68 %1.5
May 30.30+1.632 335.50+44.39° 1.20+0.1020 41.46 308.40 1.10 %1.5

* Values are expressed as mean +SD (n = 3), mean values in column with different superscripts were significantly different (P <0.05).

The first generations of Black Sea trouts (F1) which they
have 2.47£0.017 cm length and 0.093£0.0018g weight in
starting were breeded for year in freshwater. According to
results; trouts reached to 11.6+0.337 cm and 17.12+1.645 in
one year. Afterwards they transported to marine cages and they
showed quick growth rates in that environment as 20.1+0.589
cm and 101.77+8.957 g within three months. Their condition
factor risen from 0.63+ 0.016 to 1.04+ 0.010 in end of the
feeding trial. Moreover; their FCR were stated as2.52+1.41 and
2.830.70, survival rate were stated as 90.14+12.52% and
91.85+£14.30% in pre-smolt and after-smolt era, respectively
(Tabak et al., 2001). Along with these, Black Sea trouts (F1)
cultured in Abkhazia, Georgia reached to 20.9 cm length and
90.3 weight within 20 months (Solomon, 2000). In this study,
the quick smoltification untill 10t month and reaching fillet-size
in 15 month are achieved with selected breeding studies
carried out since 1999 as well as decreases of mortality and
feed conversion ratios in both pre-smolt and after smolt stages.
According to results, condition factor was found higher to other
studies carried out with first generations of Black Sea trout. The
increase of condition factor in fifth generations also means to
high meat yield and this condition were supported meat yield
calculations. According to calculations, the meat yield of Black
Sea trout’s fifth genereation was calculated as 60.30£1.91% in
fillet size. Atasaral Sahin et al. (2011) found meat yields raitos
as 65.39% for Salmo trutta labrax, 67.28% for Salvelinus
fontinalis and 69.83% for their hybrid. Also, Akhan et al. (2010)
stated that meat yield of Rainbow trout that reared in Black Sea
is vaired between 66.06+3.03% and 70.96+2.55%. After the
trouts cleaned their bones, skin and whole viscera, they lose
approximately %40 lose their total weight. Some cases, the
meat yield can be observed lowly by reasons of gonadal
growing caused by reproduction season as well as high VSI
and HSI rates caused by over-feeding of some ilinesses. Thus,
viserosomatic index and hepatosomatic index were found as
9.27+1.12%, 1.65+0.86%, respectively. In the Black Sea trout's

reproduction season, the size of gonads become larger until
spawning and this situation meat yield are observe lowly
(Cakmak et al., 2007). The reproduction season starts in
November and continue to mid-january, in culture conditions
(Cakmak et al., 2007). In our study, fillet-sized fish which they
are not reached reproduction stage yet were used and this
caused to low viserosomatic index rate as 9.27+1.12%.

Uysal and Alpbaz (2002) states that, wild Abant trout
(Salmo trutta abanticus) and rainbow trout (Oncorhynchus
mykiss) reached from 0.088+0.01g, 0.093+0.01g to
5.250+0.34g, 133.9649.24g within 350days, respectively.
Besides that, their condition factor as 0.90+0.01, 1.15+0.03
and mortality rate as 71%, 35% were determined. According to
another research, brook trout (Salvelinus fontinalis) which they
have 6.02+1.69 g weight in feeding trial was started is growth
to 230.28+75.73g in saltwater, 318.50+£99.39 g in freshwater.
Also, feed conversion ratiso and mortality rate were determined
as 1.71 and 58.5% in saltwater as well as 1.73 and 49.2% in
freshwater (Okumus et al., 1998). Also, Ustaoglu and Bircan
(1998) stated that rainbow trout (Oncorhynchus mykiss)
breaded in marine cages has 1.92+0.11 FCR, %17.92 mortality
and 1.38+0.04 condition factor and they reached from 139.7¢g
to 513.5+14.93g in the end of the 109 days of feeding trial. In
our results, condition factor, survival rate and growth rate were
found higher than the Abant trout (Salmo frufta abanticus)
which is endemic species for Turkey and being cultured for the
purpose of relasing to the rivers. Furthermore, while growth and
mortality rates of rainbow trout cultured in freshwater which are
one of the most cultured species in both fresh water and seas
in Turkey (TSI, 2016) were found more than this study,
condition factors were found statistically same. Our results also
show that, Black Sea trout has lower growth rate and condition
factor than rainbow trouts cultured in saltwater. When we
compared to our results to data of other trout species cultured
in Turkey, it is obvious fact that, the fifth generation of Black
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Sea trout is promising species for aquaculture sector in terms
of culture characteristics.

The lifelong alterations in the growth parameters of Atlantic
salmon have been determined and listed below; mean smolt
length as 14.8 cm (10.5-21.5 c¢m), mean smolt age as 2.91
years (1,04-5,85), mean survival rate from egg to smolt as
%1.5 (%0.2-3.2), comeback length as 56.8 cm (48.5-70.0 cm),
maturing in sea as 1.6 year(1.00-2.64) and rate of smolt to
grilse as %7.4 (%1.3-17.5) (Hutchings and Jones, 1998). The
mortality rate, specific growth rate and feed conversion rate
belonging to Atlantic salmon which fed by nourishments
included different levels of phospholipid, have been determined
and listed as %3.57+0.90-%5.50+0.67; (SGR) 1.34+0.14-
1.45+0.08; (FCR) 0.76+0.09-0.89+0.14, respectively (Taylor et
al., 2015). The individuals of Atlantic salmon have been
weighted as 5,5 g on the average in the beginning of the
experiment which nourished with products included different
amounts of fish flour, wheat gluten flour and soya protein. At
the end of an eighteen-week experimental period, final weight,
total feed consumption and FCR values were detected and the
values ranges between 19.23-27.29 g; 35.44-40.18 g; 1.85-
2.63, respectively (Burr et al., 2012). Other individuals of the
species which were of 31.5 g on the average wight in the
beginning have been observed for twelve-week period in the
same study. Feeding products contained fish oil, chicken flour,
corn and soya proteins were used during the experiment. At the
end of the period; the final weight, total feed consumption, FCR
and survival rate values were measured and the values range
between; 101.7-109.9, 70.0-75.9g, 0.86-0.95 and 92.4-96.3,
respectively. It is highly possible to accept the potential
efficiency of the Black Sea trout in the aquaculture sector due
to the approximate values of breeding performance of the
Rainbow trout which cultured for more than a hundred year and
of the brown trout cultured worldwide. It is recommended for the
administrations to separate the broodfish from the broodstock
after the age of 6 in which a decreasing performance in
breeding is seen, in the applications of brood management.
While rainbow trout adapted itself into sea water in the month
of November which has the most proper sea water
temperature, Black Sea trout until the 5th generation could be
grown to the size that it can hardly be adaptated to sea water
in the late period. To grow the F5 Black Sea trouts, which were
produced in 2014 — 2015 producing period by CFRI, into smolt

Table 3. Proximate composition of Black Sea trout's fifth generation

size will increase the profit by providing usage in advantages of
sea water in producing.

According to proximate composition analysis; fifth
generation of Black Sea trout meat has 75.17+1.21% moisture,
15.22+0.48% crude protein, 7.21£0.20% crude fat and
1.51£0.12% crude ash in fillet sized individuals. However,
some chemical differences were observed by body parts. The
meat obtained from dorsal section has highest crude protein as
16.71+0.44% and ash as 1.71+0.11%, the tail section has
highest ratio of water as 76.20£1.02%. In abdomen, ratio of fat
was determined as 10.38+0.51% and this amount is
approximately two times higher than the meats sectioned from
dorsal and tile sections. Proximate composition of Black Sea
trout was shown in Table 3. The meat of Black Sea trout has
high amount of protein, fat and ash. However, proximate
composition of body parts shows differences. Abdomen section
has highest fat ratio, lowest protein and moisture ratio. Contrary
to this, dorsal section has highest protein and lowest fat ratios.
Fish use dorsal muscles and tail for swimming and navigation.
For this reason, these sections have more muscles and protein
than the abdomen as might be expected (Videler, 1993; Wardle
et al., 1995). The abdominal part of the muscle tissues are
major fat storage sites in Salmonids (Nanton et al., 2007).
Likewise, Black Sea trout is rich in terms of fatty acids (Sahin
et al., 2011) and moisture and fat are exist inversely correlated
in food according to Dean (1990). Also, muscles need to
carbohydrates which are mostly stored in muscles in the form
of glycogen (Torgersen et al., 2014) in order to compensate
energy requariment for swimming (Palstra and Planas, 2011).
For this reason, carbohydrate raitos were found more in dorsal
and tail sections than the abdomen. Other studies that aim to
evaluate proximate composition of Salmonid species in Turkey
found similar results to ours. Salmo trutta macrostigma has
78.904£1.001%, 16.2240.012%, 2.55+0.157%, 1.33£0.020% ,
Salmo trutta abanticus has 78.02+0.10, 18.91+0.18%,
1.44£0.03, 1.20£0.19 (Uysal et al., 2002), Salmo trutta forma
fario has 78.30+0.36, 17.36+0.13, 2.71£0.21, 1.16+0.03 (Kaya
et al., 2014), Salvelinus fontinalis has 23.46+0.15%,
69.5140.37%, 9.92+0.07%, 8.05+0.18 (dry weight basis)
(Sahin et al., 2011), Oncorhynchus mykiss has 77.78+1.10%,
15.47+0.21%, 4.11£0.55, 1.9440.04% (Cankiriligil & Berik,
2017) moisture, crude protein, fat and ash, respectively.

% Dorsal Abdomen Caudal Whole meat
Moisture 75.43+1.21b 72.87+0.89¢ 76.20+0.412 75.17+1.42
Protein 16.71+0.442 14.49+0.24¢ 15.2140.510 15.22+0.48
Fat 4.71+0.52¢ 10.38+0.512 6.03+0.47° 7.2140.20
Ash 1.71+£0.112 1.5440.22b 1.45+0.31¢ 1.51+0.12
Carbohydrate 1.44+0.032 0.72+0.01¢ 1.11£0.01° 0.89+0.02

* Values are expressed as mean +SD (n = 3), mean values in row with different superscripts were significantly different (P <0.05).

Values of whole meat were not used in statistical analyses.
It is fact that, best way of supplying fish source regularly and

constantly to food sector is aquaculture in terms of
sustainability (Anderson, 2007; Broitman et al., 2017).
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According to Teletchea and Fontaine (2014) aquaculture
industry can focus on domestication of native fish species in
future. Besides, 60% of European consumers like to try new
fish products and species (European Commission, 2017).
Thus, Black sea trout culture is becoming prevalent to
aquaculture and seafood sector with all these developments. In
sum, the growth performance and culture characteristics of
individuals belongs to fifth culture line were evaluated in this
study considering the profitable economic production models
that use to culturing of Black Sea trout in Turkey. Moreover, the
meat yield and proximate composition of F5 culture line were
determined with the purpose of reveal that Black Sea trout as a
valuable and nutricious fish species same as other prominent
Salmonids. It is excpected that the study will submit further data
to science community as well as becoming a source for Black
Sea Trout culturing sector having a great importance for the
food sector and the consumer.

CONCLUSION

Black Sea trout same as Rainbow trout are bred to a certain
length in fresh water facilities and transplanted to cages in the
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